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Invitation Letter

Dear Colleagues,
 
&,(�LV�FHOHEUDWLQJ�LWV�RQH�KXQGUHGWK�DQQLYHUVDU\��$�FHQWXU\�GXULQJ�ZKLFK�RXU�NQRZOHGJH�RI�OLJKWLQJ�
IXQGDPHQWDOV�KDV�WDNHQ�HQRUPRXV�OHDSV�IRUZDUG��EULQJLQJ�QHZ�DSSOLFDWLRQV�RI�OLJKW�VXSSRUWHG�E\�
ERWK�WHFKQRORJLFDO�DGYDQFHV�DQG�HFRQRPLF�VXFFHVV��$�FHQWXU\�WKDW�EHJDQ�ZLWK�WKH�UHYROXWLRQ�RI�
WKH�HOHFWULF�OLJKW�DQG�HIIRUWV�WR�EULQJ�ERWK�WKH�HOHFWULF�OLJKW�EXOE�DQG�WKH�SRZHU�LW�UHTXLUHG�LQWR�FRP-
PRQ�XVH�HQGV�ZLWK�WKH�QHHG�WR�UHGXFH�HQHUJ\�GLVWULEXWLRQ�DQG�XVH��DQG�EULQJV�D�WHFKQRORJ\�WKDW�
SURPLVHV�WR�DFKLHYH�WKLV�IRU�OLJKWLQJ�
&,(¶V�PLVVLRQ�³WR�SURPRWH�ZRUOGZLGH�FRRSHUDWLRQ�DQG�H[FKDQJH�RI�LQIRUPDWLRQ�RQ�PDWWHUV�DVVR-
FLDWHG�ZLWK�OLJKW�DQG�OLJKWLQJ´�LV�DV�UHOHYDQW�WRGD\�DV�LW�ZDV�RQH�KXQGUHG�\HDUV�DJR�
$V�ZH�PRYH�LQWR�D�QHZ�FHQWXU\��NQRZOHGJH��WHFKQRORJ\�DQG�WKH�HFRQRP\�EULQJ�QHZ�FKDOOHQJHV��
DPRQJ�WKHP�

• /LJKW�LV�LPSRUWDQW�IRU�YLVLRQ��DQG�LV�DOVR�FUXFLDO�IRU�KHDOWK�DQG�PRRG
• /LJKW�LV�LQ�QHHG�RI�PHDVXUHPHQW��DSSURSULDWH�WR�DSSOLFDWLRQ�DQG�HIIHFW
• /LJKW�LV�D�FRPPRGLW\��EXW�LW�LV�DOVR�DUW�DQG�GHVLJQ��LQWHUDFWLYH�DQG�SHUVRQDOLVHG
• /LJKW�LV�D�FRPPRGLW\��EXW�LW�FDQ�DOVR�EH�GLVUXSWLYH��D�SROOXWDQW��DQ�LUULWDQW��D�ZDVWH

2XU�XQGHUVWDQGLQJ�RI�QHZ�WHFKQRORJLHV�DQG�WKH�LPSDFWV�RI�OLJKW�PXVW�EH�XVHG�WR�HQKDQFH�WKH�SR-
VLWLYH�DQG�UHGXFH�WKH�QHJDWLYH�HIIHFWV�RI�OLJKW��/LJKW��OLNH�OLIH��VKRXOG�VKRZ�YHUVDWLOLW\��LQWHOOLJHQFH�
DQG�VXVWDLQDELOLW\��UHDOLVLQJ�WKDW�³WKH�PRUH�WKH�EHWWHU´�LV�QRW�DOZD\V�QHFHVVDU\�RU�EHVW�
,Q�FHOHEUDWLRQ�RI�D�FHQWHQDU\�RI�NQRZOHGJH��DQG�LQ�UHFRJQLWLRQ�RI�RXU�QHZ�FKDOOHQJHV��ZH�SUHVHQW�
D�FRQIHUHQFH�FHQWUHG�DURXQG�WKUHH�WKHPHV�
 

Rhythm of life, rhythm of light
Intelligent lighting

City at night
 
:H�ZRXOG�OLNH�WR�FHOHEUDWH�RXU�FHQWHQDU\�LQ�WKH�FRPSDQ\�RI�RXU�YDOXHG�&,(�PHPEHUV��ZLWK�WKHLU�
YDVW�WHFKQRORJLFDO�H[SHUWLVH��DQG�ZLWK�WKRVH�ZKR�XVH�DQG�DSSUHFLDWH�OLJKW�DV�DUW�DQG�KHDOLQJ�RU�
LQVSLUDWLRQ��SURYLGLQJ�D�VSHFLDO�IRUXP�IRU�GLVFXVVLRQ�DQG�LQWHUDFWLRQ�
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Invitation Letter

,W�LV�RXU�KRQRXU�WR�LQYLWH�\RX�WR�GLVFXVV�WKHVH�VXEMHFWV�GXULQJ�D�WZR�GD\�FRQIHUHQFH��DV�SDUWLFL-
SDQWV�RU�DV�FRQWULEXWRUV��:H�KDYH�FKRVHQ�WKH�YHQXH�LQ�3DULV�IRU�LWV�YHU\�REYLRXV�ORQJ�KLVWRU\�LQ�
OLJKWLQJ��7KLV�LV�DOVR�ZKHUH�WKH�&,(�ZDV�RI¿FLDOO\�FUHDWHG�DQG�KRVWHG�
 
:H�DUH�ORRNLQJ�IRUZDUG�WR�PHHWLQJ�\RX�LQ�3DULV�

Ann Webb
3UHVLGHQW�RI�WKH�&,(

&\ULO�&KDLQ
3UHVLGHQW�RI�&,(�)UDQFH
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,QWHUQDWLRQDO�6FLHQWL¿F�&RPPLWWHH

�LQ�DOSKDEHWLFDO�RUGHU���

-HDQ�%DVWLH��',9���)5�� 3K'���UHWLUHG�IURP�,10�&1$0�DV�+HDG�RI�WKH�
� 2SWLFDO�5DGLDWLRQ�0HDVXUHPHQW�'HSDUWPHQW�

3HWHU�%ODWWQHU��',9���&+�� 3K'��+HDG�RI�2SWLFV��)HGHUDO�,QVWLWXWH�RI�0HWURORJ\�
� �0(7$6���&+��'LUHFWRU�&,(�'LYLVLRQ��

&\ULO�&KDLQ��',9���)5�� 3K'��LQWHUQDWLRQDO�H[SHUW�LQ�/LJKW�DQG�/LJKWLQJ�IRU�
� WKH�)UHQFK�*RYHUQPHQW��0LQLVWU\�RI�7HUULWRU\�
� (TXDOLW\��7UDQVSRUW��+RXVLQJ�0(7/���0LQLVWU\�RI�
� (FRORJ\��6XVWDLQDEOH�'HYHORSPHQW�DQG�(QHUJ\�
� 0(''(�

-HDQ�0LFKHO�'HOHXLO��',9��)5�� 3K'��3URI��DW�WKH�(QYLURQPHQW�DQG�8UEDQ�3ODQQLQJ�
� 'HSDUWPHQW��,16$�HQJLQHHU�VFKRRO��)5

'RPLQLTXH�'XPRUWLHU��',9���)5�� 3K'��9LFH�'LUHFWRU�RI�/$6+�ODERUDWRU\��(173(�
� HQJLQHHULQJ�VFKRRO��)5

&KULVWLQH�)HUQDQGH]�0DORLJQH���',9���)5�� 3K'��3URI��'LUHFWRU�RI�6,&�ODERUDWRU\��8QLYHUVLW\�RI�
� 3RLWLHUV��)5

0DUF�)RQWR\QRQW��',9���)5�� 3K'��3URI�DW�$DOERUJ�8QLYHUVLW\�LQ�&RSHQKDJHQ��'.

5RQ�*LEERQV��',9���86�� 3K'��),(6��'LUHFWRU��&HQWHU�,QIUDVWUXFWXUH�%DVHG�
� 6DIHW\�6\VWHPV��9LUJLQLD�7HFK�7UDQVSRUWDWLRQ�
� ,QVWLWXWH��86��$VVFRFLDWH�'LUHFWRU�&,(�'LYLVLRQ��

7HUHVD�*RRGPDQ��933��*%�� 3ULQFLSDO�5HVHDUFK�6FLHQWLVW�LQ�WKH�2SWLFDO�5DGLDWL
� RQ�0HDVXUHPHQW�*URXS�DW�WKH�1DWLRQDO�3K\VLFDO�
� /DERUDWRU\��13/���*%��&,(�9LFH�3UHVLGHQW�
� 3XEOLFDWLRQV

-DFTXHV�/HFRFT��',9���)5�� $SSOLFDWLRQ�6XSSRUW�0DQDJHU��7KRUQ�/LJKWLQJ��)5

5RQQLHU�/XR��',9���*%�� 3K'��3URIHVVRU�RI�=KHMLDQJ�8QLYHUVLW\��&1���
� /HHGV�8QLYHUVLW\��*%���&RORXU�DQG�,PDJLQJ�
� 6FLHQFH��1DWLRQDO�7DLZDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�
� 7HFKQRORJ\��&KDLU���'LUHFWRU�&,(�'LYLVLRQ��

-DQ�0RURYLF��',9���*%�� 3K'��6HQLRU�&RORU�6FLHQWLVW��+HZOHWW�3DFNDUG�
� &RPSDQ\��*%��'LUHFWRU�&,(�'LYLVLRQ��

-RKQ�2¶+DJDQ��',9���*%�� 3K'��8.�+HDOWK�3URWHFWLRQ�$JHQF\�9LVLWLQJ�)HOORZ���
� /RXJKERURXJK�8QLYHUVLW\��*%��'LUHFWRU�&,(�
� 'LYLVLRQ��



7

,QWHUQDWLRQDO�6FLHQWL¿F�&RPPLWWHH

Yoshi Ohno (Chair, US)� 3K'��1,67�)HOORZ�DQG�WKH�*URXS�/HDGHU�IRU�
� /LJKWLQJ�DQG�&RORU�*URXS�DW�6HQVRU�6FLHQFH�
� 'LYLVLRQ��1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV�DQG�
� 7HFKQRORJ\��86��&,(�9LFH�3UHVLGHQW�7HFKQLFDO

3HWHU�6FKZDUF]��',9���+8�� 'LUHFWRU�&,(�'LYLVLRQ��

-HQQLIHU�9HLWFK��',9���&$�� 3K'��6HQLRU�5HVHDUFK�2I¿FHU�LQ�WKH�1DWLRQDO�
� 5HVHDUFK�&RXQFLO�RI�&DQDGD��,QVWLWXWH�IRU�
� 5HVHDUFK�LQ�&RQVWUXFWLRQ��&$

)UDQoRLVH�9LpQRW��',9���)5�� 3K'��3URI��(PHULWXV�DW�WKH�1DWLRQDO�0XVHXP�RI�
� 1DWXUDO�+LVWRU\��01+1���)5

3HWHU�=ZLFN��&%�� 3K'��7HFKQLFDO�0DQDJHU�&,(�&HQWUDO�%XUHDX
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,QWHUQDWLRQDO�2UJDQL]LQJ�&RPPLWWHH

Conference Presidency:
Ann Webb
&\ULO�&KDLQ
 
Members (in alphabetical order):
0DULH�3LHUUH�$OH[DQGUH
0DUF�)RQWR\QRQW
7HUHVD�*RRGPDQ
<RVKL�2KQR
0DUWLQD�3DXO
/RUQH�:KLWHKHDG
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/RFDO�2UJDQL]LQJ�&RPPLWWHH

(in alphabetical order):

0DULH�3LHUUH�$OH[DQGUH
Jean Bastie
&\ULO�&KDLQ��&KDLU�
eULF�'XPRQW
'RPLQLTXH�'XPRUWLHU
Alain Azaïs
-HDQ�-DFTXHV�(]UDWL
&KULVWLQH�)HUQDQGH]�0DORLJQH
$ODLQ�)ORULV��
0DUF�)RQWR\QRQW
-DFTXHV�/HFRFT
(ULF�/RLV\��,QVLJKW�2XWVLGH��(YHQW�2UJDQL]HU�
*DsO�2EHLQ
/HR�7UDXVQLWK��&%�2I¿FH�0DQDJHU�
)UDQoRLVH�9LpQRW
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Conference
Information
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&RQIHUHQFH�,QIRUPDWLRQ

CONGRESS LANGUAGE
7KH�FRQJUHVV�ODQJXDJH�LV�(QJOLVK��1R�VLPXOWDQHRXV�WUDQVODWLRQ�ZLOO�EH�SURYLGHG�

CERtifiCAtE Of AttENdANCE:
8SRQ�DUULYDO�DOO�UHJLVWHUHG�GHOHJDWHV�ZLOO�UHFHLYH�D�FHUWL¿FDWH�RI�DWWHQGDQFH�WRJHWKHU�ZLWK�WKHLU�
GHOHJDWHV¶�EDJ�RU�VHQW�DIWHU�WKH�FRQIHUHQFH��UHJLVWUDWLRQ�NLW��

AbStRACt SUbmiSSiON/REGiStRAtiON/ACCOmmOdAtiON:
$OO�UHJLVWUDWLRQ�SURFHGXUHV�IRU�WKH�&,(������FRQIHUHQFH�ZLOO�EH�FRQGXFWHG�RQOLQH�
,Q�FDVH�\RX�KDYH�QR�DFFHVV�WR�WKH�LQWHUQHW�SOHDVH�FRQWDFW�WKH�FRQIHUHQFH�RUJDQL]HUV�DV�LQGLFD-
WHG�EHORZ��,W�ZLOO�JODGO\�IRUZDUG�WKH�QHFHVVDU\�UHJLVWUDWLRQ�IRUPV�WR�\RX�

CONfERENCE ORGANiZER & Sponsoring
&,(�)UDQFH
����UXH�GH�O¶$PLUDO�+DPHOLQ
������3$5,6
)UDQFH
FRQWDFW��&,(FHQWHQDU\#DIH�HFODLUDJH�FRP�IU
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&RQIHUHQFH�,QIRUPDWLRQ

CONfERENCE VENUE
&1$0
�����UXH�6DLQW�0DUWLQ
������3DULV
)UDQFH

5RRPV��$PSKLWKpkWUHV�3DLQOHYp��6D\�	�)DXUH

GENERAL mAp
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&RQIHUHQFH�,QIRUPDWLRQ

CONfERENCE ANd mONdAy EVENiNG SitE – mONdAy ANd tUESdAy
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&RQIHUHQFH�,QIRUPDWLRQ

SympOSiUm SitE – thURSdAy & fRidAy

tEChNiCAL mEEtiNG ANd wORkShOp SitE – wEdNESdAy tiLL fRidAy
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&RQIHUHQFH�,QIRUPDWLRQ

CENtENARy CELEbRAtiON pARty – tUESdAy NiGht

RAtp – thURSdAy NiGht
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CiE-fRANCE
&,(�)UDQFH�LV�D�QDWLRQDO�PLUURU�FRPPLWWHH�RI�WKH�&,(�WKDW�EULQJV�WRJHWKHU�WRS�OHYHO�UHVHDUFKHUV�
DQG�VFLHQWLVWV�±�LW�LV�WKH�)UHQFK�UHSUHVHQWDWLYH�IRU�WKH�,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�,OOXPLQDWLRQ�
,WV�PDLQ�PLVVLRQV�DUH�
��WR�UHSUHVHQW�)UDQFH�LQ�WKH�&,(��LQ�SDUWLFXODU�LQ�WHUPV�RI�LWV�SDUWLFLSDWLRQ�LQ�WKH�GHYHORSPHQW�RI�
VWDQGDUGV��UHFRPPHQGDWLRQV�DQG�WHFKQLFDO�UHSRUWV�
��WR�YRWH�RQ�GRFXPHQWV�SURSRVHG�E\�WKLV�LQVWLWXWLRQ�
��WR�GLVVHPLQDWH�LQ�)UDQFH�RI�LQWHUQDWLRQDO�ZRUNV��ERWK�WKURXJK�LWV�LQYROYHPHQW�LQ�WKH�$)(�UHFRP-
PHQGDWLRQV�DQG�WKH�RUJDQLVDWLRQ�RI�FRQIHUHQFHV�IRU�WKH�JHQHUDO�SXEOLF�
)LQDOO\��&,(�)UDQFH�DOVR�FRQVWLWXWHV�WKH�$)(¶V�VFLHQWL¿F�FRPPLWWHH��PDNLQJ�LW�SRVVLEOH�WR�LGHQWLI\�
D�QHWZRUN�RI�H[SHUWLVH�RQ�WKH�VXEMHFWV�FRYHUHG�E\�LWV�DFWLYLW\�

thE fRENCh LiGhtiNG ASSOCiAtiON (ASSOCiAtiON fRANçAiSE dE 
L’ÉCLAiRAGE - AfE)
7KH�$)(�EULQJV�WRJHWKHU�D�JURXS�RI�DFWRUV�IURP�WKH�¿HOGV�RI�OLJKW��OLJKWLQJ�DQG�YLVLRQ���DUFKLWHFWV��
XUEDQ�SODQQHUV��GHVLJQHUV��GHFRUDWRUV��GRFWRUV��UHVHDUFKHUV��RSKWKDOPRORJLVWV��FLYLO�HQJLQHHUV��
KLJKZD\V�DJHQFLHV��HOHFWULFLDQV�DQG�HOHFWULFLW\�FRPSDQLHV��ZKROHVDOHUV��GLVWULEXWRUV�DV�ZHOO�DV�
WKRVH�ZKR�PDQXIDFWXUH�ODPSV��OLJKWLQJ�DQG�WKH�V\VWHPV�DQG�FRPSRQHQW�SDUWV�IRU�PDQDJLQJ�OLJK-
WLQJ�

7KH�$)(¶V�PLVVLRQ�LV�
��WR�IRUPXODWH�VFLHQWL¿FDOO\�EDVHG�RSLQLRQV�RQ�WKH�SUDFWLFDO�PDWWHU�RI�OLJKWLQJ�
��WR�FRQWULEXWH�WR�LQGHSHQGHQW�VFLHQWL¿F�SURMHFWV�DLPHG�DW�TXDQWLI\LQJ�WKH�HIIHFWV�RI�OLJKW�RQ�YLVLRQ�
DQG�RQ�KHDOWK�
��WR�FRPPXQLFDWH�ZLWK�WKH�LQWHUQDWLRQDO�VFLHQWL¿F�DQG�WHFKQLFDO�FRPPXQLW\��LQ�SDUWLFXODU�WKURXJK�
WKH�PRQLWRULQJ�RI�ZRUNV�XQGHUWDNHQ�E\�WKH�,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�,OOXPLQDWLRQ��&,(��YLD�LWV�
VFLHQWL¿F�FRPPLWWHH�&,(�)UDQFH�
��WR�SURYLGH�D�SODWIRUP�IRU�DOO�WKH�VWDNHKROGHUV��WKHUHIRUH�FRQWULEXWLQJ�WR�WKH�GLVVHPLQDWLRQ�RI�JRRG�
SUDFWLFHV�LQ�WKH�¿HOG�RI�OLJKWLQJ�
��WR�LQIRUP�FRQVXPHUV�DERXW�WKH�EHQH¿WV�RI�JRRG�TXDOLW\�OLJKWLQJ���LQ�WHUPV�RI�VDIHW\��KHDOWK�DQG�
WKH�PDQDJHPHQW�RI�HOHFWULF�HQHUJ\�IRU�WKH�FRPIRUW�DQG�ZHOO�EHLQJ�RI�DOO�
7KH�$)(�SXEOLVKHV�UHFRPPHQGDWLRQV�DQG�WHFKQLFDO�JXLGHV�FRQFHUQLQJ�OLJKWLQJ��D�OHDGLQJ�UHYLHZ�
RQ�OLJKW�DQG�OLJKWLQJ��RUJDQLVHV�LQIRUPDWLRQ�GD\V�DQG�WUDLQLQJ�VHVVLRQV�RQ�OLJKWLQJ�±�LWV�WHFKQLTXHV�
DQG�DSSOLFDWLRQV��DLPHG�DW�OLJKWLQJ�SURIHVVLRQDOV��(YHU\�WZR�\HDUV��WKH�$)(�RUJDQLVHV�1DWLRQDO�
/LJKW�'D\V��-1/���DW�UHJLRQDO�OHYHO��ZKLFK�DUH�DWWHQGHG�E\�RYHU�����SDUWLFLSDQWV�
KWWS���ZZZ�DIH�HFODLUDJH�FRP�IU�

thE NAtiONAL CONSERVAtORy Of ARtS ANd tRAdES (LE CONSERVAtOiRE 
NAtiONAL dES ARtS Et mÉtiERS - CNAm)
7KH�1DWLRQDO�&RQVHUYDWRU\�RI�$UWV�DQG�7UDGHV��&1$0�� LV�D�PDMRU�KLJKHU�HGXFDWLRQ� LQVWLWXWLRQ��
GHGLFDWHG�WR�OLIHORQJ�HGXFDWLRQ��6HYHUDO�RI�LWV�FRXUVHV�LQ�WKH�¿HOGV�RI�LQGXVWULDO�VFLHQFHV�DQG�LQ-
IRUPDWLRQ�WHFKQRORJLHV�DUH�OLQNHG�WR�WKH�VXE�GRPDLQ�RI�Ã0HWURORJ\µ�DQG�SURYLGH�D�VFLHQWL¿F�EDVLV�
WR�WKH�EXVLQHVV�RI�OLJKWLQJ�

$�:RUG�IURP�WKH�3DUWQHUV
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7KH�&1$0�KRXVHV�D�VHFWLRQ�RI�WKH�/1(�&1$0��D�ODERUDWRU\�VKDUHG�EHWZHHQ�WKH�/1(��QDWLRQDO�
WHVWLQJ�ODERUDWRU\��DQG�WKH�&1$0��1DWLRQDO�&RQVHUYDWRU\�RI�$UWV�DQG�7UDGHV��7KH�/1(�&1$0�
DFWV�DV�D�QDWLRQDO�UHIHUHQFH�IRU�DOO�¿HOGV��H[FHSW�IRU�WLPH�PHWURORJ\�DQG�LRQLVLQJ�UDGLDWLRQ�,WV�UH-
VHDUFK�LV�DLPHG�DW�LPSURYLQJ�FXUUHQW�VWDQGDUGLVDWLRQV�RU�IXQGDPHQWDO�FRQVWDQWV�DV�ZHOO�DV�GHYH-
ORSLQJ�QHZ�RQHV�,W�LV��LQ�SDUWLFXODU��LQ�FKDUJH�RI�PDLQWDLQLQJ�WKH�&DQGHOD��WKH�LQWHUQDWLRQDO�EDVH�
XQLW�IRU�WKH�PHDVXUHPHQW�RI�OXPLQRXV�LQWHQVLW\�
KWWS���LQP�FQDP�IU�SUHVHQWDWLRQ�LQVWLWXW�QDWLRQDO�GH�PHWURORJLH�

CERtU, thE miNiStRy Of ECOLOGy, SUStAiNAbLE dEVELOpmENt ANd 
ENERGy (mEddE) ANd thE miNiStRy Of EqUALity Of tERRitORiES ANd 
hOUSiNG (mEtL)
7KH�0(''(�DQG�WKH�0(7/�DUH�)UHQFK�JRYHUQPHQW�PLQLVWULHV�LQ�FKDUJH�RI�DVSHFWV�OLQNHG�WR�WKH�
HQYLURQPHQW�DQG�HQHUJ\��EXW�DOVR�VXVWDLQDEOH�GHYHORSPHQW��XUEDQ�SODQQLQJ��PRELOLW\��LQIUDVWUXF-
WXUHV�DQG�WUDQVSRUW��SXEOLF�EXLOGLQJV�DQG�KRXVLQJ��7KHLU�UHVSHFWLYH�PLVVLRQV�PHDQ�WKDW�WKHVH�PL-
QLVWULHV�DUH�WKRVH�ZKLFK�DUH�WKH�PRVW�FORVHO\�LQYROYHG�LQ�WKH�PDWWHUV�UHODWLQJ�WR�OLJKWLQJ��LWV�LPSDFW�
RQ�WKH�HQYLURQPHQW�DQG�HQHUJ\�SROLFLHV��LWV�HI¿FLHQF\�LQ�WKH�VDIHW\�RI�WUDQVSRUW�DQG�LWV�DELOLW\�WR�
RIIHU�VXVWDLQDEOH�VROXWLRQV�
7KH�*UHQHOOH��)UHQFK�IRUXP�IRU�VXVWDLQDEOH�GHYHORSPHQW�� ODZ�QRWDEO\�DGGUHVVHV�WKH�LVVXHV�RI�
HQHUJ\�VDYLQJ�DQG�OLJKW�SROOXWLRQ��ELRGLYHUVLW\��QLJKW�VNLHV�HWF���OLQNHG�WR�DUWL¿FLDO�OLJKWLQJ�
6HYHUDO� RI� WKH� H[SHUWV�ZRUNLQJ� IRU� WKH�0(''(�DQG� WKH�0(7/�DUH� UHVSRQVLEOH� IRU�PRQLWRULQJ�
SURMHFWV�EHLQJ�FDUULHG�RXW�E\�WKH�,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�,OOXPLQDWLRQ��7KH�SUHVLGHQW�RI�&,(�
)UDQFH�KDV�DOVR�EHHQ�UHFRJQLVHG�DV�DQ�ÃLQWHUQDWLRQDO�H[SHUWµ�E\�WKHVH�PLQLVWULHV�
&(578�±�&HQWUH�G¶eWXGHV�VXU� OHV� UpVHDX[�� OHV� WUDQVSRUWV�� O¶XUEDQLVPH�HW� OHV�FRQWUXFWLRQV�SX-
EOLTXHV�±�FRQVWLWXWHV� WKH�6WXG\�&HQWUH�KHDGLQJ� WKH�6FLHQWL¿F�DQG�7HFKQLFDO�QHWZRUN� IRU� WKHVH�
WZR�0LQLVWULHV�HVSHFLDOO\�LQ�WKH�OLJKWLQJ�¿HOG��,WV�DLPV�DUH�WR�FDSLWDOL]H��GHYHORS�DQG�GLVVHPLQDWH�
NQRZOHGJH�DQG�PHWKRGRORJLHV�RQ�D�ZLGH�UDQJH�RI�XUEDQ�LVVXHV��IRU� ORFDO�DXWKRULWLHV�� LQVWLWXWHV�
DQG�FRPSDQLHV�ZKLFK�DUH�LQYROYHG�LQ�SXEOLF�VHUYLFH�DFWLYLWLHV�
KWWS���ZZZ�FHUWX�IU�FHUWX�HQJOLVK

thE fRENCh NAtURAL hiStORy mUSEUm (mNhN)
7KH�01+1�LV�ERWK�D�VFLHQWL¿F�LQVWLWXWLRQ�DQG�D�SXEOLF�VHUYLFH��UHVSRQVLEOH�IRU�FDUU\LQJ�RXW�UHVHDUFK�
DQG�WKH�GLVVHPLQDWLRQ�RI�NQRZOHGJH��LW�KDV�¿YH�PDLQ��IRXQGLQJ�PLVVLRQV��IXQGDPHQWDO�DQG�DSSOLHG�
UHVHDUFK��PDQDJHPHQW�DQG�FRQVHUYDWLRQ�RI�FROOHFWLRQV��WHDFKLQJ�DQG�SHGDJRJ\��GLVVHPLQDWLRQ�
RI�NQRZOHGJH�DQG�H[SHUWLVH��$SDUW�IURP�WKHLU�FRQFHQWUDWHG�DFWLYLWLHV�RQ�WKH�WKHPH�RI�ELRGLYHUVLW\�
DQG�WKH�HQYLURQPHQW��WKH�0XVHXP�KDV�WUDGLWLRQDOO\�FDUULHG�RXW�UHVHDUFK�LQWR�OLJKW�UDGLDWLRQ�DQG�
FRORXU�DQG�FRQWLQXHV�WR�WKLV�GD\�ZLWK�LWV�ZRUN�RQ�WKH�HIIHFWV�RI�OLJKW�RQ�WKH�OLYLQJ�HQYLURQPHQW�DQG�
RQ�PDWHULDOV�
,Q�DVVRFLDWLRQ�ZLWK��DQG�LPPHGLDWHO\�IROORZLQJ�WKH�FRQIHUHQFH�HQWLWOHG�µ&,(�&HQWHQDU\��3DULV�������
7RZDUGV�D�QHZ�FHQWXU\�RI�OLJKW¶��WKH�0XVHXP�LV�RUJDQLVLQJ�D�³&,(�6\PSRVLXP�RQ�FRORXU�YLVLRQ�LQ�
PHPRU\�RI�<YHV�/H�*UDQG´�
KWWS���ZZZ�PQKQ�IU�PXVHXP�IRI¿FH�WUDQVYHUVH�WUDQVYHUVH�DFFXHLO�[VS

$�ZRUG�IURP�WKH�3DUWQHUV
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Afternoon

LED Photometry and Performance of 
Photometers

(Chair: Armin Sperling, DE)

Lighting the City - Luminaires and Design
(Chair: Peter Schwarcz, HU)

Concepts in Lighting Quality
(Chair: Anna Pellegrino, IT)

14:00
-

14:15

OP40
Roman Dubnicka, SK
ANALYSIS OF PERFORMANCE 
PARAMETERS OF ILLUMINANCE 
METERS PER CIE DS 023 QUALITY 
INDICES FOR SPECIFIC FIELD 
MEASUREMENTS

OP44
Dionyz Gasparovsky, SK
LIGHTING PROPERTIES AND 
EFFICIENCY OF LUMINAIRES 
EXCEEDING THEIR LIFETIME

OP48
Raphael Labayrade, FR
VISUAL QUALITY ASSESSMENT OF 
LED SPOTS IN COMPARISON TO LOW-
VOLTAGE HALOGEN SPOTS

14:00
-

14:15

14:15
-

14:30

OP41
Christophe Martinsons, FR
INFLUENCE OF CURRENT AND 
VOLTAGE HARMONIC DISTORTION 
ON THE POWER MEASUREMENT OF 
LED LAMPS AND LUMINAIRES

OP45
Yukio Akashi, JP
VISUAL MECHANISMS OF 
DISCOMFROT GLARE SENSATION 
CAUSED BY LEDS

OP49
Ronnier Luo, TW
ASSESSING COLOR HARMONY IN A 
ROOM USING LED LIGHTINGS

14:15
-

14:30

14:30
-

14:45

OP42
Udo Krüger, DE
SPECTRAL MISMATCH CORRECTION 
FACTOR ESTIMATION FOR WHITE 
LED SPECTRA BASED ON THE 
PHOTOMETER'S F1' VALUE

OP46
Xiaoyan Zhu, CN
THE LUMINAIRE BEAM-SHAPE 
INFLUENCE ON DISCOMFORT GLARE 
FROM LED ROAD LIGHTING

OP50
Chloé Pagot, FR
EVALUATION OF INDOOR LIGHTING 
SITUATIONS IN PUBLIC ACCESS 
BUILDINGS AND OUTDOOR 
SITUATIONS AT NIGHT BY VISUALLY 
IMPAIRED PEOPLE

14:30
-

14:45

14:45
-

15:00

OP43
Petri Kärhä, FI
RADIOMETRIC DETERMINATION OF 
THE JUNCTION TEMPERATURE OF 
AN LED

OP47
Mathias Niedling, DE
INFLUENCE OF A GLARE SOURCES 
SPECTRUM ON DISCOMFORT AND 
DISABILITY GLARE UNDER MESOPIC 
CONDITIONS

OP51
Nozomu Yoshizawa, JP
A STUDY ON THE APPEARANCE OF 
PAINTINGS IN THE MUSEUM UNDER 
VIOLET AND BLUE LED

14:45
-

15:00

15:00
-

15:20
Discussion Discussion Discussion

15:00
-

15:20
15:20

-
15:50

15:20
-

15:50
Brightness and Colour, Individual or 

Shared Percepts
(Chair: Miyoshi Ayama, JP)

Lighting the City - Spaces
(Chair: Dionyz Gasparovsky, SK)

Well-being, Glare and Comfort
(Chair: Alessandro Rizzi, IT)

15:50
-

16:05

OP52
Laurent Blondé, FR
COLORIMETRIC OBSERVER 
CATEGORIES AND THEIR 
APPLICATIONS IN COLOR AND 
VISION SCIENCES

OP55
Katja Bülow, DK
INTEGRATION OF RHYTHMIC URBAN 
LIGHTING INTO ARCHITECTURAL 
CONCEPTS

OP58
Shau-Wei Hsu, TW
RELATIONS BETWEEN FLICKER  
GLARE  AND PERCEPTUAL RATINGS 
OF LED BILLBOARDS UNDER 
VARIOUS CONDITIONS

15:50
-

16:05

16:05
-

16:20

OP53
Janos Schanda, HU
INDIVIDUAL CHANGES OF 
BRIGHTNESS PERCEPTION

OP56
Roselane Bezerra, PT
REINVENTING URBAN SPACES 
THROUGH LIGHT AND COLOUR: 
CACILHAS PROJECT 

OP59
Yi-Chun Chen, TW
FLICKER AND VISUAL COMFORT 
EVALUATIONS OF LED PANEL 
DISPLAY

16:05
-

16:20

16:20
-

16:35

OP54
Miki Kozaki, JP
A PROPOSAL OF PREDICTIVE 
EQUATION FOR "SPATIAL 
BRIGHTNESS" CONSIDERING THE 
EFFECT OF LOOKING AROUND AND 
ITS APPLICATION TO REAL PROJECT

OP57
Thomas Conniasselle, BE
IMPRESSION OF LIGHT AND FEELING 
OF SECURITY IN THE CITY - 
EXPERIMENTING MESOPIC VISION

OP60
Ronnier Luo, TW
INVESTIGATION OF DISCOMFORT 
GLARE OF RGB LED BILLBOARD AT 
NIGHT

16:20
-

16:35

16:35
-

16:50
Discussion Discussion Discussion

16:35
-

16:50

16:55
-

17:30

16:55
-

17:30
17:30

-
17:40

CLOSING CEREMONY
17:30

-
17:40

DAY TOPIC

KEYNOTE SPEECH / PLENARY TALK POSTER

BREAK OPENING/CLOSING CEREMONY

Cyril Chain, FR
TOWARDS A NEW CENTURY OF LIGHT

Keynote: Towards a New Century of Light
(Chair: Yoshi Ohno, US)

Colour Key

COFFEE BREAK

Tuesday, April 16

Morning

09:00
-

09:10

09:00
-

09:10

09:10
-

09:40

09:10
-

09:40

09:40
-

10:00

09:40
-

10:00

10:00
-

10:20

10:00
-

10:20

10:20
-

10:35

10:20
-

10:35

10:35
-

11:00

10:35
-

11:00

11:00
-

11:20

11:00
-

11:20

11:20
-

11:40

11:20
-

11:40

11:40
-

12:00

11:40
-

12:00

12:00
-

12:20

12:00
-

12:20

12:20
-

14:20

12:20
-

14:20

Monday, April 15

COFFEE BREAK

Keynote: 
Jean Bastie, FR

ONE HUNDRED YEARS OF CIE AND EVOLUTION OF LIGHTING

OP01
Gertrud Olsson, SE

ONE AND A HALF MILLENNIUM OF COLOURED LIGHT

OPENING CEREMONY

OP02 (Invited Talk)
Jean-Jacques Ezrati, FR

BACK ON A HUNDRED YEARS OF TECHNOLOGICAL DEVELOPMENT 
IN THE SERVICE OF THE MUSEUM LIGHTING

OP03
Steve Fotios, GB

RELATIVE WEIGHTING OF LIGHTING ALONGSIDE OTHER ENVIRONMENTAL FEATURES IN AFFECTING PEDESTRIAN
REASSURANCE

OP04
Ambroise Romnée, BE

A NEW REAL TIME INTELLIGENT MANAGEMENT MODEL FOR STREET LIGHTING

OP05
Ingrid Heynderickx, NL

ESTIMATING EYE ADAPTATION FOR TYPICAL LUMINANCE VALUES IN THE FIELD OF VIEW WHILE DRIVING IN 
URBAN STREETS

Discussion

Plenary Session 2: Hot Topics  in Outdoor Lighting
(Chair: Ron Gibbons, US)

Keynote & Plenary Session 1:  History of Lighting and Art
(Chair: Ann Webb, GB)

Discussion

LUNCH
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Afternoon

Colour Quality Assessment
(Chair: Ronnier Luo, GB)

Health and Wellbeing
(Chair: John O'Hagan, GB)

Workplace Lighting Concepts
(Chair: Yasuko Koga, JP)

14:20
-

14:35

OP06
Peter Bodrogi, DE
SEMANTIC INTERPRETATION OF 
COLOUR RENDERING INDICES AND 
COLOUR FIDELITY INDICES: A 
COMPARISON OF CRI AND CRI2012

OP12
Andreea Biro, RO
LIGHT AS A MOTOR FOR INNOVATION
AND WELLBEING

OP18
Miyoshi Ayama, JP
DISCOMFORT GLARE OF WHITE LED 
SOURCES OF DIFFERENT SPATIAL 
ARRANGEMENTS

14:20
-

14:35

14:35
-

14:50

OP07
Sophie Jost, FR
COLOUR RENDERING OF FACE 
COMPLEXION AND HAIR UNDER LED 
SOURCES

OP13
Ann Webb, GB
THE RHYTHM OF THE SUN VS 
MODERN LIFE AND CULTURE IN SUN 
EXPOSURE FOR VITAMIN D 
SYNTHESIS

OP19
Celine Villa, FR
SUITABLE LUMINOUS ENVIRONMENT 
FOR VARIOUS ACTIVITIES IN SHARED 
OFFICE

14:35
-

14:50

14:50
-

15:05

OP08
Yoshie Imai, JP
A STUDY OF COLOR RENDERING 
PROPERTIES BASED ON COLOR 
PREFERENCE OF OBJECTS IN 
ADAPTATION TO LED LIGHTING

OP14
Andreas Wojtysiak, DE
APPLICATION STUDIES ON NON-
VISUAL EFFECTS OF LIGHT WITH 
TRADITIONAL AND SOLID STATE 
LIGHT SOURCES

OP20
Youko Inoue, JP
STUDY ON ILLUMINANCE BALANCE 
BETWEEN WORKING AREA AND 
AMBIENT  EFFECTS OF 
DISTRIBUTION OF LUMINOUS 
INTENSITY OF AMBIENT LIGHATING 
AND THE ORDER AND SPEED OF 
ADJUSTMENT

14:50
-

15:05

15:05
-

15:20

OP09
Ayako Tsukitani, JP
OPTIMIZATION OF COLOR QUALITY 
FOR LANDSCAPE LIGHTING BASED 
ON FEELING OF CONTRAST INDEX

OP15
Tommy Goven, SE
VISUAL AND NON-VISUAL EFFECTS 
OF DIFFERENT SPECTRAL POWER 
DISTRIBUTIONS FROM LIGHT 
SOURCES - LIGHT EMITTING DIODES 
(LED) VS. 3-PHOSPHORUS 
FLUORESCENT TUBES 

OP21
Naoyuki Suzuki, JP
A STUDY ON THE PERMISSIBLE 
RANGE OF UNUNIFORMITY BY 
AMBIENT LIGHTING IN A 
WORKPLACE

15:05
-

15:20

15:20
-

15:35

OP10
Balázs Nagy, BR
THE EFFECT OF AMBIENT 
ILLUMINATION SPECTRUM ON 
VISUAL PERFORMANCE

OP16
Maria Ámundadóttir, CH
MODELING NON-VISUAL RESPONSES 
TO LIGHT: UNIFYING SPECTRAL 
SENSITIVITY AND TEMPORAL 
CHARACTERISTICS IN A SINGLE 
MODEL STRUCTURE

OP22
Annika Kronqvist, SE
REVIEW OF OFFICE LIGHTING 
RESEARCH

15:20
-

15:35

15:35
-

15:50

OP11
Justine Decuypere, BE
SIMULATION OF THE RETINA 
RESPONSE TO MESOPIC VISUAL 
SCENES 

OP17
Pierre Boulanguez, FR
BLUE-LIGHT HAZARD OF LEDS - 
COMPARISON OF THE 
PHOTOBIOLOGICAL RISK GROUPS 
OF FIFTEEN LEDS ASSESSED USING 
THE STANDARD PROTOCOL AND A 
NEW SPECTRAL IMAGING 
APPROACH

OP23
Ásta Logadóttir, DK
COMPARISON OF USER 
SATISFACTION WITH FOUR 
DIFFERENT LIGHTING CONCEPTS

15:35
-

15:50

15:50
-

16:20
Discussion Discussion Discussion

15:50
-

16:20

16:20 16:20

16:20
-

18:00 Poster Viewing 16:20
-

18:00

COFFEE BREAK (during Poster Viewing)

Monday, April 15
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Morning

08:30
-

08:50

08:30
-

08:50

08:50
-

09:10

08:50
-

09:10

09:10
-

09:30

09:10
-

09:30

09:30
-

09:50

09:30
-

09:50

09:50
-

10:10

09:50
-

10:10
10:10

-
10:40

10:10
-

10:40

Advanced Correction Methods for 
Spectroradiometry and Goniophotometry

(Chair: Peter Blattner, CH)

Lighting the City - Applications and 
Economics

(Chair: Yandan Lin, CN)

Integrating Daylight and Electric Lighting
(Chair: Dominique Dumortier, FR)

10:40
-

10:55

OP28
Yuqin Zong, US
DETECTOR-BASED METHOD FOR 
CALIBRATION OF 
SPECTRORADIOMETERS USING AN 
AUTOMATED KHZ TUNEABLE OPO 
LASER SYSTEM

OP32
Jean-Michel Deswert, BE
INTELLIGENT STREET LIGHTING AND 
LEDS: BUSINESS CASE AND RETURN 
ON EXPERIENCE

OP36
Mandana Sarey Khanie, CH
INVESTIGATION OF GAZE PATTERNS 
IN DAYLIT WORKPLACES: USING EYE-
TRACKING METHODS TO OBJECTIFY 
VIEW DIRECTION AS A FUNCTION OF 
LIGHTING CONDITIONS

10:40
-

10:55

10:55
-

11:10

OP29
Günther Heidel, DE
PRACTICAL EXPERIENCES WITH 
STRAY LIGHT CORRECTION ON 
ARRAY SPECTROMETERS FOR LED-
PRODUCTION 

OP33
Steve Fotios, GB
CRITICAL PEDESTRIAN TASKS: 
USING EYE-TRACKING WITHIN A 
DUAL TASK PARADIGM

OP37
Birgit Painter, GB
CAPTURING THE USER EXPERIENCE 
OF ELECTROCHROMIC GLAZING IN 
AN OPEN PLAN OFFICE

10:55
-

11:10

11:10
-

11:25

OP30
Jianping Wang, CN
STRAY LIGHT CORRECTION IN 
GONIOPHOTOMETRY 
MEASUREMENT

OP34
Ronald Gibbons, US
A FIELD TEST OF THE SPECTRAL 
IMPACTS OF ROADWAY LIGHT 
SOURCES

OP38
Cláudia Amorim, BR
LIGHTING AND DAYLIGHTING 
QUALITY: CRITICAL REVIEW OF 
CRITERIA AND RECOMMENDATIONS 
AND ITS INSERTION IN BRAZILIAN 
CONTEXT

11:10
-

11:25

11:25
-

11:40

OP31
Cong Chen, CN
DETERMINATION OF SCANNING 
RESOLUTION BASED ON NYQUIST 
SAMPLING THEOREM IN 
GONIOSPECTRORADIOMETRY

OP35
Riad Saraiji, AE
PEDESTRIAN CONTRAST PROFILE

OP39
Yoshiki Nakamura, JP
JUST SUFFICIENT LIGHTING 
CONDITION UNDER HYBRID-
LIGHTING OF REAL DAYLIGHT AND 
ARTIFICIAL LIGHT

11:25
-

11:40

11:40
-

12:00
Discussion Discussion Discussion

11:40
-

12:00
12:00

-
14:00

12:00
-

14:00

OP25
John Mardaljevic, GB

A ROADMAP FOR UPGRADING NATIONAL/EU STANDARDS FOR DAYLIGHT IN BUILDINGS

Plenary Session 3: Hot Topics in Interior Lighting
(Chair: Marc Fontoynont, FR)

Tuesday, April 16

LUNCH

OP24
Jennifer Veitch, CA

WHAT WE KNOW ABOUT WINDOWS AND WELL-BEING  AND WHAT WE NEED TO KNOW

OP26
Naomi Miller, US

FLICKER IN SOLID-STATE LIGHTING: MEASUREMENT TECHNIQUES  AND PROPOSED REPORTING AND 
APPLICATION CRITERIA

COFFEE BREAK

Discussion

OP27
Jonathon Porritt, GB

THE REBOUND EFFECT - AN OVERIEW OF THE IMPLICATIONS FOR LIGHTING ENERGY
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Afternoon

LED Photometry and Performance of 
Photometers

(Chair: Armin Sperling, DE)

Lighting the City - Luminaires and Design
(Chair: Peter Schwarcz, HU)

Concepts in Lighting Quality
(Chair: Anna Pellegrino, IT)

14:00
-

14:15

OP40
Roman Dubnicka, SK
ANALYSIS OF PERFORMANCE 
PARAMETERS OF ILLUMINANCE 
METERS PER CIE DS 023 QUALITY 
INDICES FOR SPECIFIC FIELD 
MEASUREMENTS

OP44
Dionyz Gasparovsky, SK
LIGHTING PROPERTIES AND 
EFFICIENCY OF LUMINAIRES 
EXCEEDING THEIR LIFETIME

OP48
Raphael Labayrade, FR
VISUAL QUALITY ASSESSMENT OF 
LED SPOTS IN COMPARISON TO LOW-
VOLTAGE HALOGEN SPOTS

14:00
-

14:15

14:15
-

14:30

OP41
Christophe Martinsons, FR
INFLUENCE OF CURRENT AND 
VOLTAGE HARMONIC DISTORTION 
ON THE POWER MEASUREMENT OF 
LED LAMPS AND LUMINAIRES

OP45
Yukio Akashi, JP
VISUAL MECHANISMS OF 
DISCOMFROT GLARE SENSATION 
CAUSED BY LEDS

OP49
Ronnier Luo, TW
ASSESSING COLOR HARMONY IN A 
ROOM USING LED LIGHTINGS

14:15
-

14:30

14:30
-

14:45

OP42
Udo Krüger, DE
SPECTRAL MISMATCH CORRECTION 
FACTOR ESTIMATION FOR WHITE 
LED SPECTRA BASED ON THE 
PHOTOMETER'S F1' VALUE

OP46
Xiaoyan Zhu, CN
THE LUMINAIRE BEAM-SHAPE 
INFLUENCE ON DISCOMFORT GLARE 
FROM LED ROAD LIGHTING

OP50
Chloé Pagot, FR
EVALUATION OF INDOOR LIGHTING 
SITUATIONS IN PUBLIC ACCESS 
BUILDINGS AND OUTDOOR 
SITUATIONS AT NIGHT BY VISUALLY 
IMPAIRED PEOPLE

14:30
-

14:45

14:45
-

15:00

OP43
Petri Kärhä, FI
RADIOMETRIC DETERMINATION OF 
THE JUNCTION TEMPERATURE OF 
AN LED

OP47
Mathias Niedling, DE
INFLUENCE OF A GLARE SOURCES 
SPECTRUM ON DISCOMFORT AND 
DISABILITY GLARE UNDER MESOPIC 
CONDITIONS

OP51
Nozomu Yoshizawa, JP
A STUDY ON THE APPEARANCE OF 
PAINTINGS IN THE MUSEUM UNDER 
VIOLET AND BLUE LED

14:45
-

15:00

15:00
-

15:20
Discussion Discussion Discussion

15:00
-

15:20
15:20

-
15:50

15:20
-

15:50
Brightness and Colour, Individual or 

Shared Percepts
(Chair: Miyoshi Ayama, JP)

Lighting the City - Spaces
(Chair: Dionyz Gasparovsky, SK)

Well-being, Glare and Comfort
(Chair: Alessandro Rizzi, IT)

15:50
-

16:05

OP52
Laurent Blondé, FR
COLORIMETRIC OBSERVER 
CATEGORIES AND THEIR 
APPLICATIONS IN COLOR AND 
VISION SCIENCES

OP55
Katja Bülow, DK
INTEGRATION OF RHYTHMIC URBAN 
LIGHTING INTO ARCHITECTURAL 
CONCEPTS

OP58
Shau-Wei Hsu, TW
RELATIONS BETWEEN FLICKER  
GLARE  AND PERCEPTUAL RATINGS 
OF LED BILLBOARDS UNDER 
VARIOUS CONDITIONS

15:50
-

16:05

16:05
-

16:20

OP53
Janos Schanda, HU
INDIVIDUAL CHANGES OF 
BRIGHTNESS PERCEPTION

OP56
Roselane Bezerra, PT
REINVENTING URBAN SPACES 
THROUGH LIGHT AND COLOUR: 
CACILHAS PROJECT 

OP59
Yi-Chun Chen, TW
FLICKER AND VISUAL COMFORT 
EVALUATIONS OF LED PANEL 
DISPLAY

16:05
-

16:20

16:20
-

16:35

OP54
Miki Kozaki, JP
A PROPOSAL OF PREDICTIVE 
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KS01

One Hundred yeArS Of CIe And evOLutIOn Of LIgHtIng

Bastie, J.

France

Celebrating the centenary of the CIE is a good opportunity to look back at its history in order to 
point out the major achievements which were realised during these hundred years. Although, it is 
usually admitted that CIE was founded in Berlin in 1913, its birth is a little more complicated and, 
in fact, it spreads between 1900 and 1921 and Paris took a special place in this birth.
6WDUWLQJ�LQ������ZLWK�D�ZRUNLQJ�SURJUDP�OLPLWHG�WR�WKH�GH¿QLWLRQ�RI�WKH�UXOHV�IRU�SKRWRPHWULF�PHD-
VXUHPHQWV�RI�LQFDQGHVFHQW�JDV�PDQWOHV�DQG�WR�WKH�XQL¿FDWLRQ�RI�VFUHZ�WKUHDGV�XVHG�LQ�JDV�HQJL-
neering, the “Commission Internationale de Photométrie”, CIP, the ancestor of the CIE, progressi-
YHO\�LQFUHDVHV�LWV�DFWLYLWLHV�WR�DOO�WKH�¿HOGV�RI�OLJKWLQJ�DQG�EHFRPHV��YHU\�TXLFNO\�WKH�³&RPPLVVLRQ�
Internationale de L’Eclairage”.
$W�LWV�¿UVW�PHHWLQJ�LQ�=XULFK��LQ�������WKH�&,3�UHFRPPHQGHG�WKH�RUJDQLVDWLRQ�RI�DQ�LQWHUQDWLRQDO�
comparison of the various photometric standards used at that time by the national metrological 
laboratories. Although, this comparison activity of the CIE is not well known it continues in various 
¿HOGV�XQWLO�WKH�HQG�RI�WKH���¶V�RU�WKH�EHJLQQLQJ�RI�WKH���¶V��,Q�WKLV�¿HOG�WKH�&,(�ZDV�D�IRUHUXQQHU�
since now international comparisons of standards are organised on a regular basis by the Bureau 
International des Poids et Mesures and the regional metrological organisations.
$QRWKHU�DFWLYLW\�ZKLFK�KDV�VWDUWHG�YHU\�HDUO\�DW�WKH�&,(��DQG�ZKLFK�LV�VWLOO�DFWLYH��LV�WKH�GH¿QLWLRQ��
the compiling and the publication of the International Lighting Vocabulary. At the CIE meeting of 
3DULV�LQ�������WKH�GH¿QLWLRQV�RI�WKH�OXPLQRXV�ÀX[��LOOXPLQDWLRQ�DQG�OXPLQRXV�LQWHQVLW\��DQG�WKHLU�
XQLWV�ZHUH�DGRSWHG��7KHUH�ZDV�WKH�WKUHH�¿UVW�WHUPV�RI�WKH�YRFDEXODU\��7KH�ODVW�HGLWLRQ�RI�WKH�YR-
FDEXODU\�SXEOLVKHG�LQ�������KDV������WHUPV�
The contribution of the CIE was also very important for encouraging and coordinating fundamen-
WDO�UHVHDUFKHV�LQ�WKH�¿HOG�RI�OLJKW��7KH�PRVW�NQRZQ�DFKLHYHPHQWV�RI�WKH�&,(�ZHUH�LQ�WKH�¿HOGV�RI�
photometry and colorimetry.
7KH�VWDQGDUG�SKRWRSLF�REVHUYHU�ZDV�GH¿QHG�LQ������E\�WKH�IXQFWLRQ�9�Ȝ��IROORZHG�E\�WKH�VWDQGDUG�
VFRWRSLF�REVHUYHU�LQ������GH¿QHG�E\�WKH�IXQFWLRQ�9¶�Ȝ���7KHVH�WZR�SKRWRPHWULF�REVHUYHUV�KDYH�
EHHQ�HQGRUVHG�E\�WKH�&RPLWp�,QWHUQDWLRQDO�GHV�3RLGV�HW�0HVXUHV��UHVSHFWLYHO\�LQ������DQG�������
Recently, in 2010 and 2011, the CIE published technical reports on photometry in the mesopic 
region opening the way for photometric measurements on the whole light intensity range.
)RU�FRORULPHWU\��WKH����VWDQGDUG�REVHUYHU��LQ�FRQQHFWLRQ�ZLWK�WKH�&,(������;<=�FRORXU�VSDFH�DQG�
WKH�VWDQGDUG�LOOXPLQDQWV�$��%�DQG�&�ZHUH�GH¿QHG�LQ�������,Q�������WKH�����&,(�VWDQGDUG�REVHUYHU�
DQG�WKH�QHZ�VWDQGDUG�GD\OLJKW�LOOXPLQDQW�'�����ZHUH�DGGHG��7KH�&,(/$%�DQG�WKH�&,(/89�FR-
ORXU�VSDFHV�ZHUH�GHYHORSHG�LQ������DQG�DUH�QRZ�ZLGHO\�XVHG��0RUH�UHFHQWO\��LQ������DQG�������
colour difference formulas were recommended 
$W�WKH�HQG�RI�WKH���¶V�WKH�&,(�KDV�EHHQ�UHFRJQLVHG�E\�,62�DQG�,(&�DV�DQ�LQWHUQDWLRQDO�VWDQGDU-
GL]DWLRQ�ERG\�IRU�WKH�¿HOG�RI�OLJKW�DQG�OLJKWLQJ��7KH�&,(�KDV�DOVR�VLJQHG�D�0HPRUDQGXP�RI�8Q-
derstanding with the Bureau International des Poids et Mesures and has representatives in two 
consultative committees.
Now the CIE is turned towards a new century of light.



42

Abstracts

OP01

One And A HALf MILLennIuM Of COLOured LIgHt

Olsson, g.

Royal Institute of Technology, KTH School of Architecture, Stockholm, Sweden.

What is coloured light? It can be colour applied with a coloured light source. It can be a material 
WKDW�UHÀHFWV�OLJKW�FRORXU�WR�VXFK�D�GHJUHH�WKDW�WKH�URRP�LV�SHUFHLYHG�WR�EH�FRORXUHG�E\�OLJKW��,Q�
DGGLWLRQ��D�WUDQVSDUHQW�RU�WUDQVOXFHQW�PDWHULDO��OLNH�3OH[LJODV��FDQ�EH�SHUFHLYHG�DV�LPPDWHULDO��DQG�
thereby it can be interpreted as luminous light.
,Q�WKH�5DYHQQD�EDVLOLFDV��WKH�%\]DQWLQH�WHFKQLTXH�ZLWK�ZDOOV�GRQH�ZLWK�PRVDLFV�ZDV�QHZ�LQ�WKH�
�WK�DQG��WK�FHQWXULHV��7KH�PRVDLF�PDVWHUV�DFTXLUHG�XQGHUVWDQGLQJ�RI�WKH�FKDQJHV�FRORXUV�XQ-
derwent with distance, and also of the interaction of light and material. The new material that the 
Byzantine mosaic masters introduced, was coloured glass – and gold. These materials interact 
LQ�D�VSHFLDO�ZD\�ZLWK�YLVLRQ�DQG�OLJKW��7KH�VXUIDFH�LV�VKLQ\��KDUG��DQG�UHÀHFWLYH��7KH�JROG�SLFNV�XS�
OLJKW�DQG�UHÀHFWV�JROG�OLJKW�EDFN�LQWR�WKH�URRP�

In medieval times, the Venetian’s introduced coloured plane glass. The material was used for 
VWDLQHG�JODVV�ZLQGRZV��URVH�ZLQGRZV��LQ�FKXUFKHV��)RU�H[DPSOH��WKH�DEERW�6XJHU�UH�GHVLJQHG�
LQ������ WKH�PRQDVWHU\�FKXUFK�6DLQW�'HQLV� WR� WKH�YHU\�¿UVW�*RWKLF�FDWKHGUDO�� ,Q� WKH�VDQFWXDU\��
polycrome windows with glass pictures, created illuminated walls. According to the abbot, the 
cathedral with coloured light became a tribute to the Real Light.
The spectacular illumination of architecture has a long prehistory. Since the Renaissance, public 
DQG�SULYDWH�IHVWLYDOV�LQ�(XURSH�RIWHQ�LQFOXGHG�DUFKLWHFWXUDO�LOOXPLQDWLRQ�DQG�¿UHZRUNV�DW�QLJKW��2QH�
H[DPSOH�LV�WKH�¿UHZRUNV�RQ�&DVWHO�6DQW¶$QJHOR�LQ�5RPH��WKH�IHVWLYLW\�UHPHPEHUHG�WKDQNV�WR�DQ�
RLO�SDLQWLQJ�IURP������
,Q�DQ�RSHQ�VSDFH�QHDU�WKH�(LIIHO�7RZHU��WKH�ZKROH�:RUOG�([KLELWLRQ�LQ������FORVHG�ZLWK�WKH�VR�
FDOOHG�&KDWHDX�G¶(DX��2XW�RI�WKH�3DODLV�GH�O¶eOHFWULFLWp�ÀRZHG�D�FDVFDGH�RI�ZDWHU��FRORXUHG�ZLWK�
UHG��EOXH��DQG�\HOORZ�OLJKW��'XULQJ�WKH�GD\��WKH�EXLOGLQJV�RI�WKH�3DULV�([SR��ZHUH�WKHPVHOYHV�DOUHD-
dy alive with polychrome. Many of the building surfaces, were faced with coloured ceramic tiles, 
D�UHÀHFWLQJ�PDWHULDO�ZLWK�VWURQJ�H[SUHVVLRQ�

7KH� *HUPDQ� SRHW� 3DXO� 6FKHHUEDUW� GHVFULEHV� LQ� ����� D� WUDQVOXFHQW� DUFKLWHFWXUH� LQ� FRORXUHG�
JODVV��+LV�ERRN�*ODVDUFKLWHNWXU�UHÀHFWV�KLV�LGHRORJLFDO�DQG�WHFKQLFDO�LQWHUHVW�LQ�FRORXUHG�JODVV��
Scheerbart’s utopian view is that via the illumination, the coloured glass in the house would gene-
rate coloured light through the windows and out to the surroundings.
,Q�WKH�����V�WKH�%DXKDXV�DUWLVW�/DV]OR�0RKRO\�1DJ\�H[DPLQHV�WUDQVSDUHQF\�DQG�FRORXUHG�OLJKW��
He tries to create a stage design only with light and shadows, generating an architecture that see-
PHG�FRPSOHWHO\�LPPDWHULDO��,Q�WKH�EDOOHW�SURGXFWLRQ�7DOHV�RI�+RIIPDQ��WKH�6WDWH�2SHUD�LQ�%HUOLQ�
�������HYHU\WKLQJ�RQ�VWDJH�ZDV�WUDQVSDUHQW��7KH�WUDQVSDUHQW�PDWHULDO�FROOHFWHG��VFDWWHUHG��DQG�
UHÀHFWHG�WKH�OLJKW��7KH�PDQLIROG�UHÀHFWLRQ�E\�PLUURUV�FUHDWHG�DQ�LOOXVLRQ�RI�VZD\LQJ��7KH�FRORXUV�
ZHUH�SHUFHLYHG�DV�LPPDWHULDO��$�FRORXU�GLGQ¶W�VLPSO\�EHORQJ�WR�DQ�REMHFW�RU�PDWHULDO�EXW�ZDV�PL[HG�
ZLWK�VKDGRZV�DQG�UHÀHFWHG�RXW�LQWR�WKH�URRP�
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)LQDOO\��LQ�FRQWHPSRUDU\�DUFKLWHFWXUH��ZH�¿QG�FRORXUHG�OLJKW�FUHDWHG�E\�WKH�DUWLVW�-DPHV�7XUUHOO��
+H�KDV�GHVLJQHG�D�QXPEHU�RI�SHUPDQHQW�FRORXU� OLJKW� LQVWDOODWLRQV� LQ�DUFKLWHFWXUH�� IRU�H[DPSOH�
LQ�%DKQKRI�=XJ��������LQ�6ZLW]HUODQG�DQG�LQ�$GPLQLVWUDWLRQ�%XLOGLQJ�IRU�$*��������LQ�/HLE]LJ��,Q�
([SRPHGLD�/LJKW�&XEH�������� LQ�6DDUEU�FNHQ�� WKH�DUFKLWHFWV�.UDPP�	�6WLJO�KDYH�GHVLJQHG�D�
facade in constant change. The light colours transfer via a computer, and the facade transforms 
LQ�D�SURJUHVVLYH�SXOVDWLRQ��7KH�*DOOHULD�:HVW�)DVKLRQ�0DOO��������LQ�6HXO��6RXWK�.RUHD�KDV�EHHQ�
WUDQVIRUPHG�E\�81�6WXGLR�DQG�$UXS�/LJKWLQJ�LQWR�D�JORZLQJ�OLJKW�ER[��0HVVDJHV�DQG�SDWWHUQV�RI�
FRORXU�DUH�PRYLQJ�DURXQG�WKH�IDFDGH��7KH�OLJKWLQJ�DUWLVW�2ODIXU�(OLDVVRQ¶V�<RXU�UDLQERZ�SDQRUDPD�
(2011) is a circular panoramic walkway, in the rainbow’s colours. It is constructed on the roof of 
the cubic museum building in Aarhus, Denmark.
7KLV�SDSHU�LV�D�VXUYH\�RI�������\HDUV�ZLWK�FRORXUHG�OLJKW�IURP�%\]DQWLQH�WLPH�WR�FRQWHPSRUDU\�
architecture. Viewed retrospectively, how do we inherit the tradition with coloured light in contem-
porary architecture? Do we recollect the illuminated parks 110 years ago; the gold shimmering 
mosaic light in the Ravenna basilicas from the 500s; the
WUDQVSDUHQF\�LQ�WKH�*RWKLF�FDWKHGUDOV�WKDW�DOORZHG�UHÀHFWLRQ�DQG�GLVSHUVDO�RI�OLJKW"�'R�ZH�UHFDOO�
the idea of coloured light as a utopia in modernism?

references:

%HQMDPLQ��:DOWHU�������7KH�$UFDGHV�3URMHFW��>����@�7UDQVO��E\�+RZDUG�(LODQG�DQG�.HYLQ�0F/DXJK-
OLQ��SUHSDUHG�RQ�WKH�EDVLV�RI�WKH�*HUPDQ�YROXPH�HGLWHG�E\�5ROI�7LHGHPDQQ��&DPEULGJH��0$�/RQ-
don: The Belknap Press of Harvard University Press.
Forty, Adrian. 2000. Words and Buildings. A Vocabulary of Modern Architecture. London: Thames 
	�+XGVRQ��.ULVWDOOLVDWLRQHQ��6SOLWWHUXQJHQ��%UXQR�7DXWV�*ODVKDXV��������.DWDORJ�:HUNEXQG�$U-
chiv. Angelika Thiekötter (Ed.) Basel: Birkhäuser Verlag.
2OVVRQ��*HUWUXG�� ������ ³(Q� WUDQVOXFHQW� XWRSL� L� IlUJDW� JODV´� >$�7UDQVOXFHQW�8WRSLD� RI�&RORXUHG�
*ODVV@��.RQVWHUQD�RFK�VMlOHQ��(VWHWLN�XU�HWW� KXPDQYHWHQVNDSOLJW� SHUVSHNWLY�� >7KH�$UWV�DQG� WKH�
6RXO��$HVWKHWLFV�IURP�D�+XPDQ�6FLHQFHV�3HUVSHFWLYH@�.RQIHUHQVHU�������±����6WRFNKROP�� WKH�
5R\DO�6ZHGLVK�$FDGHP\�RI�/HWWHUV��+LVWRU\�DQG�$QWLTXLWLHV�
— 2009. The Visible and the Invisible: Color Contrast Phenomena in Space. Diss, Stockholm: In-
stitution of Architecture, Theoretical and Applied Aesthetics, Royal Institute of Technology (KTH).
5RZH��&ROLQ�	�5REHUW�6OXWVN\��������7UDQVSDUHQF\��%DVHO��%LUNKlXVHU�
6FKHHUEDUW��3DXO��������*ODVDUFKLWHNWXU���������%HUOLQ��*HEU��0DQQ�9HUODJ�
²�������7KH�*UD\�&ORWK���*UDXHV�7XFK�XQG�]HKQ�3UR]HQW�ZHLVV��������&DPEULGJH��0,7�3UHVV�
6RQWDJ��6XVDQ��������$JDLQVW�,QWHUSUHWDWLRQ�DQG�2WKHU�(VVD\V���������1HZ�<RUN��3LFDGRU�
7DXW��%UXQR��������'LH�6WDGWNURQH���������%HUOLQ��*HEU��0DQQ�9HUODJ�
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BACK On A Hundred yeArS Of teCHnOLOgICAL deveLOPMent 

In tHe ServICe Of tHe MuSeuM LIgHtIng

ezrati, J.-J.

France

,W�PD\�EH�VXJJHVWHG�WKDW�OLJKWLQJ�GHVLJQ��RI�H[KLELWLRQ��VWDJH��DUFKLWHFWXUH��HWF���LV�VHOI�GH¿QHG�DV�
DUW��WHFKQLFDO��LQ�D�ZD\�LW�PD\�EH�FRQWUROOHG�DQG�XVHG�H[SUHVVLYHO\��OLNH�DQ\�RWKHU�PHGLXP��6LQFH�
it must be produced and canalised by technology, light is also the fruit of science and knowledge.
$W�WKH�EHJLQQLQJ�RI�WKH�ODVW�FHQWXU\�WKH�DUW�RI�DUWL¿FLDO�OLJKWLQJ�ZDV�DW�LWV�SUHPLVHV��*DV�ZDV�ZL-
GHO\�XVHG� LQ�GHSDUWPHQW�VWRUHV�DQG� WKHDWUHV��0XVHXPV��EHFDXVH�RI� WKH� ULVN�RI� ¿UH��SUHIHUUHG�
to wait for the advent of electric lighting. Natural light remained the only source of lighting in 
H[KLELWLRQ�URRPV�LQ�PRVW�PXVHXPV��,W�ZDV�QRW�XQWLO�DURXQG������WKDW�PXVHXPV�ZHUH�HTXLSSHG��
RSHQLQJ� WKH�HUD�RI�DUWL¿FLDO� OLJKWLQJ�ZKLFK��E\� LWV�ÀH[LELOLW\��HVWDEOLVKHG� WKH� IRXQGDWLRQV�RI� OLJK-
WLQJ�GHVLJQ��/LJKW�VRXUFHV�DQG�HTXLSPHQWV�DUH�RQO\�WKH�VXSSRUW�RI�WKH�DUW��DQG�QRW�WKH�UHYHUVH�
)URP� ¿ODPHQW� ODPS� WR� OLJKW� HPLWWLQJ� GLRGHV�� IURP� UKHRVWDWV� WR� GLJLWDO� WHFKQRORJ\�� WHFK-
nology is evolving in the service of art, whose bases have always been the same: ge-
neral lighting and localized lighting, choice of colour temperature, intensity, etc. 
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reLAtIve WeIgHtIng Of LIgHtIng ALOngSIde OtHer envIrOnMentAL feAtureS 

In AffeCtIng PedeStrIAn reASSurAnCe

fotios, S., 8QZLQ��-�
6FKRRO�RI�$UFKLWHFWXUH��8QLYHUVLW\�RI�6KHI¿HOG��6KHI¿HOG��8QLWHG�.LQJGRP�

7KH�GHFLVLRQ�WR�ZDON�IROORZV�¿YH�KLHUDUFKLFDO�IDFWRUV��IHDVLELOLW\��DFFHVVLELOLW\��VDIHW\��FRPIRUW�DQG�
SOHDVXUHDELOLW\�>�@��,I�WKH�QHHGV�RI�IHDVLELOLW\�DQG�DFFHVVLELOLW\�DUH�PHW��WKHQ�WKH�SRWHQWLDO�SHGHVW-
rian can begin to consider the needs of safety, and this is driven by characteristics such as the 
SUHVHQFH�RI�YDQGDOLVP��JUDI¿WL��OLWWHU�DQG�WKUHDWHQLQJ�ORLWHULQJ�LQGLYLGXDOV��$�UHDVRQ�ZK\�URDG�OLJK-
ting may be installed in residential areas is to increase pedestrian reassurance after dark, which 
in past studies has been addressed under the label of perceived safety or fear of crime. While 
several studies have suggested that lighting affects reassurance it is possible that fear of crime 
LV�LQÀDWHG�E\�WKH�SURFHGXUH�ZLWK�ZKLFK�LW� LV�PHDVXUHG�>�@��)RU�H[DPSOH��UHVSRQVHV�WR�D�VXUYH\�
carried out before and after changes to the installed road lighting may be a reaction to an obvious 
FKDQJH��H[DJJHUDWLQJ�WKH�LPSDFW�RI�OLJKWLQJ��,PSURYHG�OLJKWLQJ�GRHV�QRW�DOZD\V�DLG�UHDVVXUDQFH�
>�@��/LJKWLQJ�DOORZV�SHGHVWULDQV�WR�VHH�WKHLU�HQYLURQPHQW�PRUH�FOHDUO\��KRZHYHU�LI�WKLV�PDNHV�JUDI-
¿WL��OLWWHU�DQG�ORLWHULQJ�LQGLYLGXDOV�PRUH�YLVLEOH��WKHQ�EHWWHU�OLJKWLQJ�ZLOO�QRW�LPSURYH�UHDVVXUDQFH�
This paper presents an alternative method for determining whether lighting affects reassurance 
developed in conjunction with an environmental psychologist and a criminal sociologist. The aim 
LV�WR�SODFLQJ�OLJKWLQJ�LQ�WKH�RYHUDOO�FRQWH[W�RI�UHDVVXUDQFH�DW�QLJKW�WLPH��E\�WKH�FRQVLGHUDWLRQ�RI�
other attributes such as spatial features, familiarity and the presence of other people, thus giving 
D�KROLVWLF�SLFWXUH�RI�WKH�SHGHVWULDQ�H[SHULHQFH�

Test participants (53) were asked to take photographs of two roads where they would feel con-
¿GHQW�ZDONLQJ�DORQH�DW�QLJKW�WLPH��DQG�WZR�URDGV�ZKHUH�WKH\�ZRXOG�QRW�IHHO�FRQ¿GHQW��7KH�VDP-
SOH� LQFOXGHG�DSSUR[��HTXDO�QXPEHUV�RI�\RXQJHU��PHDQ���\��DQG�ROGHU��PHDQ���\��SHRSOH�DQG�
JHQGHUV��7KHLU�SKRWRJUDSKV�ZHUH�VXEVHTXHQWO\�XVHG�DV�SURPSWV�GXULQJ�D�WKUHH�VWDJH�LQWHUYLHZ��
Stage 1: participants were asked to give general reasons regarding the issues that affect their 
FRQ¿GHQFH�ZKHQ�ZDONLQJ�DORQH�DW�QLJKW�DQG�WKLV�GLVFXVVLRQ�ZDV�FDUULHG�RXW�ZLWKRXW�WKH�DLG�RI�DQ\�
visual prompts. Stage 2: participants were asked to give reasons for the presence or absence of 
feelings of reassurance in locations of their own choosing, using their photographs of these lo-
cations as prompts. Thus, these discussions of reassurance focused on real locations familiar to 
the test participant, rather than being judgements based on photographs of unfamiliar locations. 
6WDJH����HYDOXDWLRQV�RI�VDIHW\�LQ�WKH�VFHQHV�SUHVHQWHG�LQ�¿YH�SKRWRJUDSKV�RI�RXWGRRU�ORFDWLRQV�DW�
QLJKW�WLPH��WKHVH�LPDJHV�KDYLQJ�EHHQ�SUH�VHOHFWHG�E\�WKH�H[SHULPHQWHU�

Reasons given for feelings of reassurance were collated into seven categories (presence of road 
lighting, access to help, spatial features, familiarity, mobility, presence of threatening others and 
presence of CCTV) chosen to include established theory (e.g. spatial features includes factors 
UHODWHG�WR�SURVSHFW�DQG�UHIXJH�>�@��DQG�LVVXHV�UDLVHG�E\�WKH�SDUWLFLSDQWV��3RVLWLYH�DQG�QHJDWLYH�
reasons were included, e.g. “it was really dark with just one street light” indicated that poor road 
lighting contributed to low reassurance, while “pretty well lit on both sides of the road” indicated 
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WKDW�URDG�OLJKWLQJ�FRQWULEXWHG�WR�VDWLVIDFWRU\�UHDVVXUDQFH��7KH�IUHTXHQF\�E\�ZKLFK�WKHVH�UHDVRQV�
ZHUH�XVHG�WR�H[SODLQ�IHHOLQJV�RI�UHDVVXUDQFH�ZHUH�XVHG�WR�LQWHUSUHW�WKHLU�UHODWLYH�LPSRUWDQFH�
)LJ���� VKRZV� WKH� IUHTXHQF\�E\�ZKLFK� WKHVH�FDWHJRULHV�ZHUH�XVHG� WR�H[SODLQ� IHHOLQJV�RI� UHDV-
VXUDQFH�ZLWKRXW� WKH�DLG�RI�YLVXDO�SURPSWV�����RI� WKH����SDUWLFLSDQWV�PHQWLRQHG�DGHTXDWH� URDG�
OLJKWLQJ�DV�D�UHDVRQ�IRU�IHHOLQJ�UHDVVXUHG�����SHRSOH�PHQWLRQHG�GDUNQHVV�RU�D�ODFN�RI�DGHTXDWH�
OLJKWLQJ�DV�D�UHDVRQ�IRU�QRW�IHHOLQJ�UHDVVXUHG��2YHUDOO����SHRSOH�������H[SUHVVHG�WKH�SUHVHQFH�
absence of lighting as a factor contributing to reassurance. The presence or absence of access 
WR�KHOS�ZDV�WKH�RQO\�IDFWRU�PHQWLRQHG�ZLWK�HTXDO�IUHTXHQF\�DV�URDG�OLJKWLQJ��VSDWLDO�IHDWXUHV�DQG�
IDPLOLDULW\�ZHUH�PHQWLRQHG�OHVV�IUHTXHQWO\�

)LJ����VKRZV�WKH�IUHTXHQF\�E\�ZKLFK�WKH�FDWHJRULHV�ZHUH�XVHG�WR�H[SODLQ�IHHOLQJV�RI�UHDVVXUDQFH�
in stage 2 of the interview which used photographs provided by test participants as prompts for 
particular locations, for each of the 210 locations. For 130 locations, road lighting was mentioned 
DV�D�UHDVRQ�IRU�WKH�SUHVHQFH�RU�DEVHQFH�RI�UHDVVXUDQFH��7KLV�LV�D�VLPLODU�IUHTXHQF\�WR�VSDWLDO�
IHDWXUHV��OHVV�IUHTXHQW�WKDQ�DFFHVV�WR�KHOS��EXW�PRUH�IUHTXHQW�WKDQ�IDPLOLDULW\�RU�WKH�SUHVHQFH�RI�
WKUHDWHQLQJ�RWKHU�SHRSOH��2YHUDOO����������RI�WKH����WHVW�SDUWLFLSDQWV�PHQWLRQHG�VWUHHW�OLJKWLQJ�
DV�D�UHDVRQ�IRU�IHHOLQJ�UHDVVXUHG�RQ�WZR�VWUHHWV�RI�WKHLU�FKRLFH�DQG����������PHQWLRQHG�ODFN�RI�
DGHTXDWH�VWUHHW�OLJKWLQJ�RU�GDUNQHVV�DV�D�UHDVRQ�IRU�QRW�IHHOLQJ�UHDVVXUHG�RQ�WZR�VWUHHWV�RI�WKHLU�
choice.

These results suggest that road lighting can play an important role in improving reassurance and 
SURYLGHV�PRUH�FRQ¿GHQFH�WKDW�WKH�HIIHFW�RI�OLJKWLQJ�ZDV�QRW�HQKDQFHG�E\�REYLRXV�FKDQJHV�RI�OLJK-
ting in test images. What is not yet known is how this effect varies with light level; further research 
is on-going to address this.
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figure 1 – reasons given for feelings of 

reassurance: response without visual 

prompt 

figure 2 – reasons given for feelings of 

reassurance: discussion using photo-

graphs provided by participant
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OP04

A neW reAL tIMe InteLLIgent MAnAgeMent MOdeL fOr Street LIgHtIng 

romnée, A., Bodart, M.
8QLYHUVLWp�FDWKROLTXH�GH�/RXYDLQ��/RXYDLQ�OD�1HXYH��%HOJLXP�

The energy consumption of public lighting is a major item in the cost that have to be borne by the 
public authorities in Belgium. The last developments of the LED technology combined with intelli-
gent control systems of lighting can help saving energy.
Concerning the intelligent control of lighting, the European standards give only few recommenda-
tions and no guidelines on the method that should be set up.
7KH�PDQDJHPHQW�V\VWHPV�FXUUHQWO\�XVHG�GR�QRW�FRQVLGHU�DQ\�ODPS�ÀX[�YDULDWLRQ�DFFRUGLQJ�WR�
UHDO�WLPH�WUDI¿F��$W�EHVW��WKHVH�PDQDJHPHQW�V\VWHPV�GHFUHDVH�WKH�ODPS�ÀX[��DQG�WKXV�WKHLU�DE-
VRUEHG�SRZHU��GXULQJ�FHUWDLQ�¿[HG�SHULRGV�RI�WLPH��DFFRUGLQJ�WR�DQ�DYHUDJH�RI�WKH�WUDI¿F��PHD-
VXUHG�GXULQJ�D�VSHFL¿F�SUHYLRXV�WLPH��7KLV�W\SH�RI�PDQDJHPHQW�VROXWLRQ�LV�LQWHUHVWLQJ�IRU�URDGV�
KDYLQJ�FRQWLQXRXV�WUDI¿F�GXULQJ�WKH�ZKROH�QLJKW��L�H��KLJKZD\��EXW��LQ�FDVH�RI�DFWLYLW\�SDUNV��ZKHUH�
WKH�QLJKW�FLUFXODWLRQ�LV�VLJQL¿FDQWO\�UHGXFHG�GXULQJ�WKH�QLJKW��D�PRUH�DGYDQFHG�PDQDJHPHQW�V\V-
tem could bring higher energy savings.

For this reason, we have developed a model of intelligent lighting that combines the mesopic CIE 
PRGHO�ZLWK�WZR�RULJLQDO�SULQFLSOHV�RI�GLPPLQJ���WKH�VSUHDGLQJ�RXW�RI�WKH�PD[LPXP�SRZHU�DQG�WKH�
power transfer curve. (The spreading out will be developed later in the article because it is cur-
rently the subject of a patent deposit.)
7KH�LQWHJUDWLRQ�RI�WKH�PHVRSLF�YLVLRQ¶V�PRGHO�DOORZ�WR�UHGXFH�WKH�PD[LPXP�SRZHU�RI�WKH�ODPSV��
ZKLOH�PDLQWDLQLQJ�D�VLPLODU�SHUFHLYHG�SKRWRPHWU\�WR�WKH�RQH�UHTXLUHG�LQ�SKRWRSLF�YLVXDO�FRQGLWLRQV�
7KH�SRZHU�WUDQVIHU�FXUYH�LV�WKH�VHFRQG�RULJLQDO�SULQFLSOH�RI�GLPPLQJ��WKH�ODPS�SRZHU�LV�PRGL¿HG�
according to the speed and the position of the vehicle (or the pedestrian).
0RUH�SUHFLVHO\��WKH�ODPSV�DUH�GLPPHG�IURP�D�PD[LPXP�SRZHU�GHWHUPLQHG�E\�WKH�FODVV�RI�OLJKWLQJ�
to a minimal safety power following a continuous dimming curve developed using a mathematical 
model of normal distribution.

The objective of the transfer curve implementation is to switch on to their full power only the lamps 
ZKLFK�DUH�ORFDWHG�LQ�WKH�XVHU�DUHD�RI� LQWHUHVW��7KLV�DUHD�RI� LQWHUHVW� LV�GH¿QHG�DFFRUGLQJ�WR�WKH�
YLVLELOLW\�GLVWDQFH�RI�WKH�GULYHU��WKLV�GLVWDQFH�EHLQJ�GH¿QHG�E\�WKH�XVHU�VSHHG�
Beyond the visibility distance, the lamps are dimmed, according to the user’s position. The grada-
tion of the lamp power is continuous and follows a sigmoidal curve.
%HKLQG�WKH�XVHU��ODPSV�DUH�JUDGXDOO\�WXUQHG�RII�XVLQJ�D�V\PPHWULFDO�FXUYH��ZKRVH�FRHI¿FLHQW�RI�
symmetry is itself adjustable according to the user’s speed.
The integration of the LED technology, the mesopic vision model and the implementation of in-
telligent management system can bring substantial energy savings. A simple simulation model 
applied on the site that will be soon renovated according to this principles predicts a saving of 
������N:K�\HDU��� �������
The developed intelligent management model makes it possible to illuminate economically in the 
right place at the right time in the right direction and with the right intensity.
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The values of the parameters used in the power transfer curve will be soon validated on site.
7KH�SRZHU�WUDQVIHU�FXUYH�PRGL¿HV�WKH�ODPS�SRZHU�DFFRUGLQJ�WR�WKH�VSHHG�DQG�WKH�SRVLWLRQ�RI�WKH�
user.

)LJXUH���±��7KH�SRZHU�WUDQVIHU�FXUYH�PRGL¿HV�WKH�ODPS�SRZHU�DFFRUGLQJ�WR�WKH�VSHHG�DQG�
the position of the user
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eStIMAtIng eye AdAPtAtIOn fOr tyPICAL LuMInAnCe vALueS In tHe fIeLd Of 

vIeW WHILe drIvIng In urBAn StreetS

Heynderickx, I.1, &LRFRLX��-�2��=KX��;�3
1. Philips Research , Eindhoven, Netherlands.
2. Delft University of Technology, Delft, Netherlands.
3. Philips Research Asia, Shanghai, China.

Introduction 

*ODUH� W\SLFDOO\�RFFXUV�ZKHQ�D� OXPLQDQFH�FRQVLGHUDEO\�KLJKHU� WKDQ� WKH�RQH�ZH�DUH�DGDSWHG� WR�
IDOOV�LQWR�RXU�¿HOG�RI�YLHZ��(VSHFLDOO\�ZKHQ�GULYLQJ�D�FDU��RXU�H\HV�DUH�DGDSWHG�WR�UHODWLYHO\�ORZ�
OXPLQDQFH�OHYHOV��DQG�DV�D�FRQVHTXHQFH��URDG�OLJKWV��VWUHHWV�OLJKWV�RU�KHDGOLJKWV�RI�FDUV�PD\�EH�
perceived as glary, hampering visibility of objects on the road, or at least generating visual dis-
comfort.
0RGHOV�WR�SUHGLFW�JODUH�IRU�URDG�OLJKWLQJ�H[LVW�>���@��7KH\�PRGHO�SHUFHLYHG�JODUH�DV�D�IXQFWLRQ�RI�
the luminance of the light source, its eccentricity with respect to the line of sight, and the back-
ground luminance. These models assume that the human eye is adapted to the background 
OXPLQDQFH��ZKLFK�XQGHU�H[SHULPHQWDO�FRQGLWLRQV�LQ�D�ODERUDWRU\�VHW��XS�LV�D�JRRG�DSSUR[LPDWLRQ��
2Q�UHDO�URDGV��KRZHYHU��RXU�H\HV�FRQWLQXRXVO\�VFDQ�WKH�HQYLURQPHQW��DQG�KHQFH��WKH�OXPLQDQFH�
GLVWULEXWLRQ�IDOOLQJ�LQWR�RXU�¿HOG�RI�YLHZ�LV�VSDWLDOO\�FRPSOH[�DQG�FRQWLQXRXVO\�FKDQJHV�RYHU�WLPH�
9LVLELOLW\�DQG�OLJKW�DGDSWDWLRQ�DUH�YHU\�ZHOO�VWXGLHG�IRU�VSDWLDOO\�FRPSOH[�SDWWHUQV�WKDW�DUH�VWDEOH�
RYHU�WLPH�>�@�RU�IRU�VLQJOH�SDWFKHV�RI�OLJKW�WKDW�FKDQJH�RYHU�WLPH�>�@��EXW�QRW�IRU�UHDO�VLWXDWLRQV�H[LV-
WLQJ�RI�FRPSOH[�OLJKW�SDWWHUQV�WKDW�DOVR�FKDQJH�RYHU�WLPH��$V�D�¿UVW�VWHS�WR�GHWHUPLQH�WKH�W\SH�RI�
H[SHULPHQWV�QHHGHG�WR�HVWDEOLVK�KXPDQ�H\H�DGDSWDWLRQ�XQGHU�WKHVH�FRPSOH[�FLUFXPVWDQFHV��ZH�
PHDVXUHG�W\SLFDO�OXPLQDQFH�GLVWULEXWLRQV�LQ�WKH�¿HOG�RI�YLHZ�ZKLOH�GULYLQJ�D�FDU�LQ�XUEDQ�VWUHHWV��LQ�
RXU�FDVH��PRUH�VSHFL¿FDOO\�LQ�WKH�1HWKHUODQGV��

experimental set-up 

6LQFH�RXU�KHDG�PRXQWHG�H\H�WUDFNHU�ZDV�LQVXI¿FLHQWO\�VDIH�WR�XVH�DQG�LQVXI¿FLHQWO\�DFFXUDWH�WR�
record eye movements while driving, we used a laboratory set-up in which the participants were 
UHTXHVWHG� WR� ORRN�DW�D�UHFRUGHG�YLGHR�RI�GULYLQJ� LQ�XUEDQ�VWUHHWV�DV� LI� WKH\�ZHUH�GULYLQJ� WKHP-
selves. While watching the video on a display screen, the participant’s eye movements were 
recorded with a remote eye-tracker (SMI RED). While the driving scenes were recorded local 
luminance values in these scenes were simultaneously captured with a luminance camera (Pro-
metric 1423E-1) calibrated with a luminance spot meter (Konica Minolta CS-100). By relating the 
SDUWLFLSDQWV¶�H\H�¿[DWLRQV�WR�WKH�OXPLQDQFH�YDOXHV��ZH�FRXOG�HVWDEOLVK�WKH�OXPLQDQFH�GLVWULEXWLRQ�
LQ�WKH�¿HOG�RI�YLHZ�RI�D�GULYHU�DV�D�IXQFWLRQ�RI�WLPH�

data analysis 

7R�DQDO\VH�WKH�H[SHULPHQWDO�GDWD�ZH�¿UVW�FDOFXODWHG�D�VHULHV�RI�VDOLHQF\�PDSV�RYHU�WLPH�IURP�WKH�
H\H�¿[DWLRQV�SHU�SDUWLFLSDQW�DQG�RYHU�DOO�SDUWLFLSDQWV��VHH�H�J���>�@���(DFK�UHVXOWLQJ�VDOLHQF\�PDS�
(of the series over time) was then weighted with the luminance map of the urban scene (at the 
VDPH�WLPH�VORW���)URP�WKH�VHULHV�RI�UHVXOWLQJ�OXPLQDQFH�ZHLJKWHG�VDOLHQF\�PDSV��ZH�H[WUDFWHG�WKH�
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time course of the luminance falling on the fovea. We then applied the temporal adaptation model 
IRU�IRYHDO�OLJKW�VWLPXODWLRQ�>���@�WR�WKLV�WLPH�FRXUVH��WR�GHWHUPLQH�WKH�H[WHQW�WR�ZKLFK�WKH�DFWXDO�
³SHUFHLYHG´�OXPLQDQFH�RQ�WKH�UHWLQD�LV�GDPSHG�DV�D�FRQVHTXHQFH�RI�WHPSRUDO�DGDSWDWLRQ�

temporal adaption

7R�SHUIRUP�WKH�GDWD�DQDO\VLV��GHVFULEHG�DERYH��ZH�KDG�WR�PDNH�VRPH�DVVXPSWLRQV��2QH�XQNQRZQ�
was the visual angle over which to integrate the luminance weighted saliency in order to estimate 
the luminance falling on the fovea. Making the visual angle too small implies that the actual lumi-
QDQFH�YDOXH�EHFRPHV�YHU\�VHQVLWLYH�WR�WKH�SDUWLFXODU�¿[DWLRQ�RI�HDFK�SDUWLFLSDQW��DQG�WKHUHIRUH��
becomes less representative. Making the visual angle too big implies that the luminance weighted 
saliency is integrated over a region, also including a large part of the background. Using various 
YDOXHV�RI�WKLV�DQJOH�ZH�GHWHUPLQHG�WKDW�IRU�DQ�DQJOH�RI��R�WKH�OXPLQDQFH�YDOXH�RI�WKH�UHWLQD�ZDV�
stable. Secondly, we neglected the time needed for light adaptation, and used the model for early 
GDUN�DGDSWDWLRQ�>�@�WR�HVWLPDWH�WKH�DFWXDOO\�SHUFHLYHG�OXPLQDQFH�IRU�WKH�DFWXDO�OXPLQDQFH�VWHSV�
at the fovea, analysed on a seconds time frame. Figure 1 illustrates the time course of the lumi-
QDQFH�RQ�WKH�IRYHD��RQ�D�ORJ�VFDOH��EOXH�FXUYH��DQG�WKH�SHUFHLYHG�OXPLQDQFH�DV�D�FRQVHTXHQFH�
of adaptation (red curve, hardly visible).

Conclusion

7KH�PDLQ�FRQFOXVLRQ�IURP�WKLV�JUDSK�LV�WKDW�IRU�W\SLFDO�OLJKW�ÀXFWXDWLRQV�GXULQJ�GULYLQJ�DOVR�GDUN�
DGDSWDWLRQ�LV�VR�IDVW�LQ�WKH�¿UVW�WHQWKV�RI�D�VHFRQG�WKDW�WKH�SHUFHLYHG�OXPLQDQFH�SUDFWLFDOO\�IROORZV�
the actual luminance on the fovea.
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figure 1
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Colour Quality Assessment
(Chair: Ronnier Luo, United Kingdom)
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SeMAntIC InterPretAtIOn Of COLOur renderIng IndICeS And COLOur 

fIdeLIty IndICeS: A COMPArISOn Of CrI And CrI2012

Bodrogi, P., .UDXVH��1���%U�FNQHU��6���.KDQK��7�
Laboratory of Lighting Technology, Technische Universitaet Darmstadt, Darmstadt, Hessen, 
*HUPDQ\�

1. Introduction:

&,(�7&������UHFRPPHQGHG�D�PHWKRG�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�WKH�FXUUHQW�&,(�FRORXU�UHQ-
GHULQJ�LQGH[��WKH�&5,�����FRORXU�¿GHOLW\�LQGH[��,W�KDV�VHYHUDO�DGYDQWDJHV�LQFOXGLQJ�DQ�LPSURYHG�
VHW� RI� UHÀHFWLQJ� VDPSOHV��PRGHUQ� FRORXU� GLIIHUHQFH�HYDOXDWLRQ�E\�&$0���8&6� LQVWHDG�RI� WKH�
obsolete U*V*W* method of the current CRI and a new scaling by a new function which better 
UHÀHFWV�KXPDQ�SHUFHSWXDO�UHVSRQVHV��7KLV�IXQFWLRQ�LV�SDUWLDOO\�EDVHG�RQ�DQ�H[SHULPHQW�RI�WKH�SUH-
VHQW�DXWKRUV��VHH�³([SHULPHQWDO�0HWKRG´���,WV�FRQWLQXRXV�FRORXU�VLPLODULW\�VFDOH��EHWZHHQ�����DQG�
�����ZDV�ODEHOOHG�DW�LWV�LQWHJHU�YDOXHV�E\�D�VHW�RI�FDWHJRULHV�WR�DOOHYLDWH�LWV�VHPDQWLF�LQWHUSUHWDWLRQ�
IRU�QRQ�H[SHUWV�XVLQJ�WKH�WHUPV�RI�QDWXUDO�ODQJXDJH��YHU\�JRRG������JRRG������PRGHUDWH������ORZ�
�����EDG������YHU\�EDG������7ZR�IXUWKHU�YLVXDO�H[SHULPHQWV�DSSO\LQJ�D�VLPLODU�PHWKRG�ZHUH�FDUULHG�
RXW�ZLWK�GLIIHUHQW� OLJKW�VRXUFHV�DQG�GLIIHUHQW� UHÀHFWLQJ�FRORXU�VDPSOHV� LQFOXGLQJ�KRPRJHQHRXV�
colour patches and real objects. Their aim was the same i.e. to scale colour similarity. These two 
H[SHULPHQWV�KDYH�EHHQ�GHVFULEHG�HOVHZKHUH�LQ�GHWDLO�

2. experimental Method:

(OHYHQ�OLJKW�VRXUFHV�ZHUH�XVHG�DW�����.��DQ�LQFDQGHVFHQW�UHIHUHQFH�DQG�WHQ�WHVW�OLJKW�VRXUFHV�RI�
GLIIHUHQW�FRORXU�UHQGHULQJ�SURSHUWLHV�ZLWK�5D�YDOXHV�UDQJLQJ�EHWZHHQ����DQG�����PL[WXUHV�RI�ZKLWH�
DQG�5*%�/('V���7KH\�LOOXPLQDWHG�D�VWLOO�OLIH�RI�FRORXUHG�WHVW�REMHFWV��VHH�)LJXUH�������VXEMHFWV�
assessed the change of colour appearance of the individual objects when the light source was 
changed from the reference to one of the test light sources using the above mentioned colour 
VLPLODULW\�VFDOH��2EVHUYHUV�KDG�WR�PRYH�D�VOLGHU�E\�WKH�DLG�RI�WKH�PRXVH�DV�ORQJ�DV�WKH�SRVLWLRQ�RI�
the slider agreed with their colour similarity rating, see Fig. 1. Colour differences between the test 
and reference appearance of the same object were measured instrumentally at the same time.

3. Semantic interpretation of CAM02-uCS colour differences:

7KH�DERYH�PHQWLRQHG�WKUHH�H[SHULPHQWV��WKH�RQH�GHVFULEHG�LQ�6HFWLRQ���DQG�WKH�WZR�VLPLODU�H[-
SHULPHQWV�GHVFULEHG�HOVHZKHUH��UHVXOWHG�LQ�D�XQL¿HG�GDWDVHW�RI�VHPDQWLF�FRORXU�VLPLODULW\�YDOXHV�
�5��EHWZHHQ�WZR�FRORXU�DSSHDUDQFHV�RI�D�UHÀHFWLQJ�FRORXU�VDPSOH��XQGHU�D�WHVW�OLJKW�VRXUFH�DQG�
a reference light source. Based on this dataset, these values (R) were predicted by a prediction 
FXUYH�XVLQJ�WKH�SK\VLFDOO\�PHDVXUHG�DQG�FDOFXODWHG�&$0���8&6�FRORXU�GLIIHUHQFHV��ǻ(¶��EHW-
ZHHQ�WKH�WZR�VWLPXOL��L�H��WKH�UHÀHFWLQJ�FRORXU�VDPSOH�XQGHU�WKH�WHVW�OLJKW�VRXUFH�DQG�WKH�UHIHUHQFH�
light source.

4. Aims of the present paper:

$V�WKH�QHZ�FRORXU�¿GHOLW\�LQGH[�&5,�����LV�EDVHG�RQ�&$0���8&6��ǻ(¶���WKH�DERYH�PHQWLRQHG�
VHPDQWLF�LQWHUSUHWDWLRQ�IXQFWLRQ�5�ǻ(¶��FDQ�EH�DSSOLHG�WR�LQWHUSUHW�WKH�QHZ�JHQHUDO�FRORXU�¿GHOLW\�
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LQGH[��5D�������GLUHFWO\��2QH�DLP�LV�WKH�YDOLGDWLRQ�RI�WKH�ODVW�VWHS�L�H��WKH�UH�VFDOLQJ�LQ�WKH�&5,�����
method. Another aim is to specify the semantic categories corresponding to the values of the new 
JHQHUDO�FRORXU�¿GHOLW\�LQGH[��5D��������H�J��GRHV�5D����� ���UHSUHVHQW�D�JRRG��JRRG�YHU\�JRRG��
or a very good similarity between the colour appearance of the test light source and the reference 
LOOXPLQDQW"�7KH�DQVZHU�WR�WKLV�TXHVWLRQ�LV�LPSRUWDQW�IRU�QRQ�H[SHUW�OLJKW�VRXUFH�XVHUV��$Q�DLP�LV�
to derive a mean semantic interpretation function R(Ra) for the current general colour rendering 
LQGH[�DQG�WR�FRPSDUH�LW�ZLWK�5�5D��������$QRWKHU�DLP�LV�WR�TXDQWLI\�WKH�HUURU�FDXVHG�E\�WKLV�QRQ�
uniformity for the current special colour rendering indices, in terms of semantic interpretation. In 
WKLV�DEVWUDFW��RQO\�RQH�H[DPSOH��EOXH�WURXVHUV��LV�VKRZQ��7KH�DLP�LV�WR�SRLQW�RXW�WKH�DGYDQWDJH�RI�
XVLQJ�WKH�QHZ�VSHFL¿F�FRORXU�¿GHOLW\�LQGLFHV��5L�������

5. Semantic interpretation of the indices:

In Fig. 2, the semantic interpretation of the following four indices is shown: Ra (the current CIE 
JHQHUDO�&5,���5D�������JHQHUDO�FRORXU�¿GHOLW\�LQGH[�DFFRUGLQJ�WR�WKH�QHZ�&5,�����PHWKRG���DQ�
REMHFW�VSHFL¿F�FRORXU�UHQGHULQJ�LQGH[��5L��IRU
WKH�H[DPSOH�RI�WKH�PHDVXUHG�VSHFWUDO�UHÀHFWDQFH�IXQFWLRQ�RI�D�SDLU�RI�EOXH�WURXVHUV�DQG�WKH�RE-
MHFW�VSHFL¿F�QHZ�FRORXU�¿GHOLW\�LQGH[��5L�������IRU�WKH�VDPH�REMHFW��$V�FDQ�EH�VHHQ�IURP�)LJ�����
WKH�IXQFWLRQ�5�5D�������UHYHDOV�D�OLQHDU�WHQGHQF\��7KLV�YHUL¿HV�WKH�ODVW�VWHS��UH�VFDOLQJ��RI�WKH�
CRI2012 method. The mean function R(Ra) - obtained in a calculation - is non-linear implying that 
the CRI scale does not represent the human perceptual response. For a given category (e.g. “mo-
derate” colour similarity), the values of the current Ri for “blue trousers” (computed for different 
WHVW�OLJKW�VRXUFHV��DUH�KLJKHU�WKDQ�WKH�YDOXHV�RI�WKH�FXUUHQW�JHQHUDO�FRORXU�UHQGHULQJ�LQGH[��5D��
LPSO\LQJ�WKDW�WKH�VFDOH�RI�WKLV�VSHFLDO�FRORXU�UHQGHULQJ�LQGH[�LV�YLVXDOO\�LQFRPSDWLEOH�ZLWK�WKH�5D�
VFDOH�DQG�ZLWK�WKH�VFDOH�RI�RWKHU�VSHFLDO�FRORXU�UHQGHULQJ�LQGLFHV��2QH�UHDVRQ�LV�WKH�SHUFHSWXDO�
non-uniformity of U*V*W*. This can also be seen from Table 1 summarizing the semantic inter-
pretation of the four indices.
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figure 1 – Left - Colour similarity scale labelled with categories for easy semantic inter-

pretation with a slider (black bar on the red arrow); right – still life with coloured test 

objects: the observer could switch back and forth between the test and the reference 

light sources illuminating the objects to assess colour similarity by moving the slider on 

the left scale 

figure 2 – Semantic interpretation of four indices: ra (CIe CrI), ra,2012 (CrI2012), ob-

MHFW�VSHFL¿F�FRORXU�UHQGHULQJ�LQGH[��5L��IRU�³EOXH�WURXVHUV´�DQG�REMHFW�VSHFL¿F�FRORXU�
¿GHOLW\�LQGH[��5L�������IRU�WKH�VDPH�REMHFW
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Category very good good-very 

good

good Moderate-good Moderate Low

R 1.0 1.5 2.0 2.5 3.0 4.0
Ra 100 94 �� �� �� ��

Ra,2012 100 95 �� �� �� ��

Ri 100 95 91 �� �� ��
Ri,2012 100 95 �� �� �� ��

table 1
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OP07

COLOur renderIng Of fACe COMPLeXIOn And HAIr under Led SOurCeS

Jost, S., Fontoynont, M. R.
/$6+��(173(��9DXO[�HQ�9HOLQ��)UDQFH�

Introduction

Skin colour, is arguably one of the most important factors affecting the acceptability of a lighting 
installation and is, consciously or unconsciously, often a criterion to evaluate the colour rendering 
of sources. Lighting system that render skin poorly will be unacceptable and rejected by occup-
DQWV�DQG�D�OLJKWLQJ�WKDW�ÀDWWHUV�SHRSOH�PD\�EH�SUHIHUUHG�
7KLV�VWXG\�LQYHVWLJDWHV�WKHVH�TXHVWLRQV�DQG�WHVWV�WKH�SHUFHLYHG�FRORXU�UHQGHULQJ�RI�OLJKW�VRXUFHV�
RQ�IDFH�FRPSOH[LRQ�DQG�KDLU�E\�FRPSDULQJ�SDUWLFLSDQWV¶�SUHIHUHQFHV�IRU�WKHLU�RZQ�VNLQ�FRORXU�YLH-
ZHG�XQGHU�VHYHUDO�GLIIHUHQW�OLJKW�VRXUFHV��7KH�DLP�LV�WR�LGHQWLI\�WKH�PL[LQJ�RI�/('V�ZKLFK�YDULRXV�
REVHUYHUV�ZLOO� MXGJH�DV� WKH�PRVW�DSSURSULDWH� IRU�FRPSOH[LRQ�DQG�KDLU�DQG� WR�GHWHUPLQH�ZKLFK�
metric describe best subjects advice.

experiment

,Q�RUGHU�WR�VWXG\�WKHVH�TXHVWLRQV��D�YLHZLQJ�ER[�ZDV�VSHFLDOO\�GHVLJQHG��¿JXUH�����7KH�GHYLFH�
LV�HTXLSSHG�ZLWK�D�PLUURU�VXUURXQGHG�E\�VRXUFHV�KLGGHQ�XQGHU�GLIIXVHUV��¿JXUH�����7KH�OXPLQRXV�
SODWHV�DUH�OLW�ZLWK�ÀXRUHVFHQFH�WXEHV�RU�/('V�VRXUFHV��FRRO�ZKLWH��UHG��DPEHU��EOXH�DQG�JUHHQ��
'XULQJ� WKH�H[SHULPHQW� WKH�ER[� LV� WRWDOO\�FORVHG��QR�RWKHU� OLJKW�SHQHWUDWLRQ��� WKH�UHIHUHQFH� OLJKW�
VRXUFH�LV�VXSSOLHG�E\�WZR�ÀXRUHVFHQW�WXEHV�0DVWHU�7/�+2��������:�DQG�ZH�VHOHFWHG����FOXVWHUV�
RI�/('V��7KH�LOOXPLQDQFH�OHYHO�RQ�WKH�IDFH�RI�WKH�REVHUYHU�ZDV�����OX[�����OX[�DQG�WKH�FRORXU�
WHPSHUDWXUH�LV�����.�����.�
���REVHUYHUV�WRRN�SDUW�LQ�WKH�H[SHULPHQW��7KUHH�VNLQ�W\SHV�DQG�GLIIHUHQW�FRORXU�RI�KDLU�ZHUH�WHVWHG��
:H�DOVR�XVHG�D�FRS\�RI�WKH����VDPSOH�HGLWLRQ�RI�WKH�*UHWDJ0DFEHWK�&RORU&KHFNHU�&KDUW��0&&��
WR�VHH�WKH�LQÀXHQFH�RI�D�PXOWLFRORXUHG�FKDUW�RQ�WKH�DQVZHUV�RI�SDUWLFLSDQWV�
A categorical rating was proposed to the subjects. The observers were asked to determine the 
DFFHSWDELOLW\�RI�WKH�FRORXU�DSSHDUDQFH�IRU�WKH�GLIIHUHQW�WDUJHWV��VNLQ��KDLU�DQG�0&&��RQ�D���SRLQWV�
VFDOH�� ,Q�D�VHVVLRQ�� WKH�REVHUYHUV�KDYH�WR�H[SUHVV�RQ���� OLJKW�VRXUFHV�SUHVHQWHG�VHTXHQWLDOO\�
�WKH�ÀXRUHVFHQFH� LV�SUHVHQWHG� IRXU� WLPHV��7KH�H[SHULPHQW�ZDV�DVVLVWHG�E\�D�FRPSXWHU�ZKLFK�
randomly change the order of the presentation of the stimuli for each participant and recorded the 
DQVZHUV��(DFK�VHVVLRQ�ODVWHG�DSSUR[LPDWHO\����PLQXWHV�

results

We obtain inter-observer variability which is inherent to perceptive test but the none statistical si-
JQL¿FDQFH�GLIIHUHQFH�DQG�WKH�ORZ�LQWUD�REVHUYHU�YDULDELOLW\�SHUPLW�WR�FRQFOXGH�WKDW�WKH�WHVW�LV�ZHOO�
XQGHUVWRRG�DQG�WKDW�LW�ZDV�QRW�WRR�GLI¿FXOW�WR�DFKLHYH�
Analyses of variance on skin show that the effect of lamp and the interaction between lamps and 
FRORXU�RI�VNLQ�ZHUH�VLJQL¿FDQW��$129$V�RQ�KDLU�DQG�0&&�VKRZ�WKDW�WKH�HIIHFW�RI�OLJKW�VRXUFHV�
ZDV�VLJQL¿FDQW��7R�LQWHUSUHW�WKHVH�¿QGLQJV��SRVW�KRF�DQDO\VLV��ZHUH�DSSOLHG�DQG�SHUPLW�WR�FODVVLI\�
sources in different preferred categories.
,Q�WKH�KLJKHVW�UDWHG�FDWHJRU\�ZH�¿QG�ÀXRUHVFHQFH�DQG���/('�FOXVWHUV��:KLFK�SHUPLW�WR�FRQFOXGH�
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WKDW�VRPH�/('V�PL[LQJ�DUH�DV�JRRG�DV�ÀXRUHVFHQFH�IRU�WKH�FRORXU�UHQGHULQJ�RI�VNLQ�
&OXVWHU�RI�/('V�ZLWK�5*$�RU�5*%�DUH�QRW�DSSUHFLDWHG�DQG�VKRXOG�EH�DYRLGHG�
The cluster of LEDs preferred are those with a greatest amount of red, this underlines the impor-
WDQFH�RI�WKH�TXDOLW\�DQG�WKH�TXDQWLW\�RI�UHG�/('�LQ�D�FOXVWHU�
The investigation of interaction between lamp and skin colour shows that Asian people tend to 
prefer highly saturated sources more than the other population and dislike the none saturated 
ones more.

$GGLWLRQDO�$129$V�ZHUH�SHUIRUPHG�WR�H[DPLQH�ZKHWKHU�DJH��VH[��JODVVHV�� MRE��H[SHUWLVH�DQG�
locus of lamp lin the
FKURPDWLFLW\�GLDJUDP�KDYH�LQÀXHQFH�RQ�WKH�UHODWLYH�SUHIHUHQFH��1RQH�HIIHFW�ZHUH�VWDWLVWLFDOO\�VLJ-
QL¿FDQW�H[FHSW�WKH�ORFXV��7KH�VRXUFHV�ZLWK�FKURPDWLFLW\�FRRUGLQDWHV�FORVH�WR�WKH�3ODQFNLDQ�ORFXV�
DUH�VLJQL¿FDQWO\�SUHIHUUHG�RYHU�WKH�RWKHUV��ZKLOH�WKH�VRXUFHV�ZLWK�ORFXV�QHDU�WKH�JUHHQ�UHJLRQ�DUH�
VLJQL¿FDQWO\�GLVOLNHG��/LJKW�VRXUFHV�UHODWLYHO\�ULFKHU�LQ�UHG�WKDQ�JUHHQ�ZHUH�SUHIHUUHG
The study of averages and standard deviations seems to show that skin colours provides a more 
sensitive indicator of colour rendering than do the other targets. These results were also found 
by Rea (1).

Some studies have found that the Test-Color method recommended by the CIE (2) does not ac-
FXUDWHO\�SUHGLFW�WKH�RXWFRPH�RI�YLVXDO�H[SHULPHQWV���������2XU�H[SHULPHQW�SHUPLW�WR�H[DPLQH�WKLV�
TXHVWLRQ�E\�FRPSDULQJ�PHWULFV�ZLWK�YLVXDO�SHUFHSWLRQ�
We calculated different colour rendering metrics:
• 6SHFLDO��5L��DQG�JHQHUDO�FRORXU�UHQGHULQJ�LQGH[��5D��UHFRPPHQGHG�E\�WKH�&,(�
• 7KH�1,67�&RORXU�4XDOLW\�6FDOH��&46��DQG�WKH�SURYLVLRQDO�LQGH[�4I��4S�DQG�4J�
• 7KH�IXOO�VSHFWUXP�FRORXU�LQGH[��)6&,�
• 7KH�JDPXW�DUHD�LQGH[��*$,��DGDSWHG�WR�WKH�FRORXU�RI�0&&�DQG�&5,�
• 7KH�0HPRU\�&RORXU�5HQGHULQJ�,QGH[

The comparisons between visual ranking vs metrics underline that neither CRI nor R13 which 
UHSUHVHQWV�WKH�VSHFLDO�FRORXU�UHQGHULQJ�LQGH[�RQ�WKH�KXPDQ�FRPSOH[LRQ�JLYH�DQ�DFFXUDWH�HVWLPD-
WLRQ�RI�WKH�YLVXDO�UHQGHULQJ�RI�VNLQ�FRPSOH[LRQ�
Corelations show that skin colour rendering seems to be better determined by MCRI and Qp.
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figure 1 – viewing box

3KRWRELRORJLFDO�$VVHVVPHQW�7RN\R��-DSDQ������MXQH�������
(4) Narendran, N.; Deng, L. Color rendering properties of LED light sources. Presented at Second 
International Conference on Solid State Lighting, SPIE Congress, Seattle, USA, 2002.

figure 2 –  Subject evaluating is appea-

rance
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OP08

A Study Of COLOr renderIng PrOPertIeS BASed On COLOr PreferenCe Of 

OBJeCtS In AdAPtAtIOn tO Led LIgHtIng

Imai, y., T. Kotani, T., T. Fuchida, T.
7RVKLED�&RUSRUDWLRQ��.DZDVDNL��-DSDQ�

1 Introduction

:KLWH�/('� OLJKW�VRXUFHV�DUH�HI¿FLHQW�� ORQJ�OLIH��DQG�FRPSDFW��/('� OLJKWLQJ�VRXUFHV�KDYH�PRUH�
ÀH[LEOH�LQ�VSHFWUDO�GHVLJQ�WKDQ�FRQYHQWLRQDO�OLJKW�UHVRXUFHV�
7KH�FDOFXODWLRQ�PHWKRG�RI�WKH�&,(�FRORU�UHQGHULQJ�VSHFL¿FDWLRQ�LV�EDVHG�RQ�FRORULPHWULF�¿GHOLW\�
to the reference illuminant. Therefore, the CIE color rendering indices of white LED light sources 
is not suitable for measuring emotional feeling as preference or naturalness of illumination. It is 
H[SHFWHG�WKDW�WKH�LQKHUHQW�VSHFWUDO�SRZHU�GLVWULEXWLRQV�RI�ZKLWH�/('�OLJKW�VRXUFHV�LQWHUDFW�ZLWK�
WKH�VSHFWUDO�UHÀHFWDQFH�RI�WHVW�FRORU�VDPSOHV��,W�LV�DVVXPHG�WKDW�WKH�RUGHU�RI�PDJQLWXGH�RI�FRORU�
differences when color samples are illuminated by a white LED light source is different from that 
by other light sources. However, the interrelated effects of chromaticity, color rendering, and other 
aspects of spectra on lighting are still not well understood. It needs to investigate the effect of 
distinctive sensibility with LED lighting.
:H�GHYHORSHG�WKH�OLJKWLQJ�V\VWHP�ZLWK�YDULRXV�VSHFWUDO�GLVWULEXWLRQV�RI�/('�OLJKWV�>�@��,Q�DGGLWL-
RQ��VXEMHFWLYH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�XQGHU�/('�LOOXPLQDWLRQ�ZLWK�YDULRXV�VSHFWUDO�SRZHU�
distributions. It was suggested that the relationship between the preference evaluation and the 
saturation of object colors has a higher correlation than the relationship between the preference 
evaluation and the Ra of various LED lighting.
In this paper, we carry out detail investigation including memory colors in order to make it clear 
that the relationship between the preference evaluation and the saturation of object colors.

2 Methods

6XEMHFWLYH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�DOVR�LQ�WKLV�VWXG\�XVLQJ�WKH�VSHFWUDOO\�DGMXVWDEOH�OLJKWLQJ�
system (SALS). Then, they were analyzed by focusing in particular on the relationship between 
the preference evaluation and the saturation of object colors.
7KHUH�ZHUH� WKH� IROORZLQJ� WKUHH�SRLQWV�GLIIHULQJ� IURP�RXU�SUHYLRXV�H[SHULPHQW�� ���� WKH�VXEMHFWV�
observed one object at a time, (2) the sample objects were selected in consideration of memory 
color objects, and (3) the evaluation criteria were limited to preference, naturalness, vivid, and 
near to memory.
SALS had the advantage that evaluation in a real-life setting could be performed, because the 
VXEMHFWV�ZHUH�DEOH�WR�EH�FRPSOHWHO\�DGDSWHG�LQ�OLJKWLQJ�HQYLURQPHQW�DW�����OX[�RU�KLJKHU��6$/6�
consisted of 1,500 high-power LEDs of eight color channels (red, orange red, amber, yellow, 
JUHHQ��EOXH�JUHHQ��EOXH�DQG�ZKLWH��FRYHULQJ�WKH�����QP�WR�����QP�UHJLRQ��7KH�/('V�ZHUH�FRQW-
rolled by computer programs directly and it could illuminate with various CCT and with the color 
rendering properties.
&RORU�DSSHDUDQFH�XQGHU�WKH�/('�OLJKWLQJ�ZLWK�&&7�����.������.�DQG�5D���WR�5D���ZHUH�HYD-
OXDWHG�VXEMHFWLYHO\��$SSOH��RUDQJH��OHPRQ��FDXOLÀRZHU��HJJ�DSSOH��SODQWV�DQG�KXPDQ�VNLQV�ZHUH�
selected respectively for memory color samples. In addition, wool yarns with orange, cyan and 
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yellowish green color also were selected. About 30 subjects observed one of the sample objects 
at a time.

3 experimental results

7KH�H[SHULPHQWDO�UHVXOWV�ZHUH�DQDO\]HG�PDLQO\�LQ�WHUPV�RI�SUHIHUHQFH�DQG�VDWXUDWLRQ��)LJXUH���
shows the relationship between the preference evaluation data and the C* values of the orange 
sample in the LED lightings. These scores were 30 persons‘ average value. Figure 2 shows the 
relationship between the preference scores and C* of a wool yarn with orange color. The results 
LQ�)LJ���DQG�)LJ���VKRZ�WKDW�WKH�UDQJH�LQ�SUHIHUHQFH�IRU�FRORU�VDWXUDWLRQ�RI�WKH�REMHFW�H[LVWHG�DV�
WKH�SUHYLRXV�H[SHULPHQWV�IRU�WKH�VHYHUDO�VDPSOHV��:KHQ�WKH�REMHFW¶V�FRORU�ZDV�QRW�RQO\�VRPEHU�
EXW�DOVR�WRR�YLYLG��WKH�H[SHULPHQWDO�SUHIHUHQFH�VFRUH�ZDV�ORZ�
In addition, the preference score in Fig.1 is different from that in Fig.2 at the same C* value. In ge-
neral, the color of clothes and wool yarns was not supposed to be correspond to memory colors. 
,W�ZDV�FRQ¿UPHG�WKDW�WKH�RSWLPDO�UDQJH�LQ�SUHIHUHQFH�HYDOXDWLRQ�FKDQJHG�ZLWK�WKH�REMHFWV�DQG�WKH�
memory colors.
Furthermore, in order to analyze in detail, the regression analysis was applied. The preference 
score was high correlation by the secondary regression. That is, it was suggested that the score 
RI�WKH�SUHIHUHQFH�WR�REMHFWV�FDQ�EH�DSSUR[LPDWHG�ZLWK�VXI¿FLHQW�DFFXUDF\��7KH�LQYHVWLJDWLRQ�DERXW�
the color of memory color is useful and may be able to be applied for evaluation of preference. 
+RZHYHU��FRORU�LQYHVWLJDWLRQV�IRU�HDFK�REMHFW�DUH�GLI¿FXOW�IURP�D�SHUVSHFWLYH�RI�KXJH�QXPEHU�RI�
REMHFWV��YDULDELOLW\�RI�VXEMHFWV�DQG�FRPSOH[LW\�RI�PRGHOV��,W�LV�QHFHVVDU\�WR�H[DPLQH�D�VLPSOH�HYD-
luation method for preference.

4 Conclusion

)URP�WKH�H[SHULPHQWDO�UHVXOWV�LQ�YDULRXV�/('�OLJKWLQJ��LW�WXUQHG�RXW�WKDW�WKH�UDQJH�LQ�WKH�SUHIHUHQFH�
IRU�FRORU�VDWXUDWLRQ�RI�DQ�REMHFW�H[LVWV�DV�SUHYLRXV�H[SHULPHQWV�IRU�VHYHUDO�VDPSOHV��,Q�DGGLWLRQ��
it was suggested that the memory color relates to the preference evaluation. However, investiga-
WLRQV�IRU�PHPRU\�FRORU�RI�HDFK�REMHFW�DUH�GLI¿FXOW�IURP�WKH�DVSHFW�RI�KXJH�QXPEHU�RI�REMHFWV�DQG�
FRPSOH[LW\�RI�PRGHOV��,W�LV�QHFHVVDU\�WR�H[DPLQH�D�VLPSOH�HYDOXDWLRQ�PHWKRG�IRU�SUHIHUHQFH��DOVR�
taking memory color into consideration.
7KLV�UHVHDUFK�SURMHFW�KDV�EHHQ�VXSSRUWHG�E\�1('2��1HZ�(QHUJ\�,QGXVWULDO�7HFKQRORJ\�'HYHORS-
PHQW�2UJDQL]DWLRQ�RI�-DSDQHVH�*RYHUQPHQW�
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figure 2 – C* versus experimental preference score for wool yarns with orange 

figure 1 – C* versus experimental preference score for orange
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OP09

OPtIMIZAtIOn Of COLOr QuALIty fOr LAndSCAPe LIgHtIng BASed On feeLIng 

Of COntrASt IndeX

tsukitani, A., Saito, T.
(6�/LJKWLQJ��3DQDVRQLF�&RUSRUDWLRQ��.DGRPD�&LW\��2VDND��-DSDQ�

Background

Recently, Light-Emitting-Diode (LED) lamps have been installed in various places for energy sa-
YLQJ��,Q�RXWGRRU�OLJKWLQJ��KLJK�HI¿FLHQF\�/('�ODPSV�KDYH�EHHQ�UHSODFLQJ�FRQYHQWLRQDO�OLJKW�VRXU-
ces. Not only illuminance level for visibility but also color rendering property is important, espe-
FLDOO\�ZKHQ�OLJKWLQJ�XS�WUHHV��ÀRZHUV�DQG�EXLOGLQJV�IRU�DWWUDFWLYH�DSSHDUDQFHV�
2Q�WKH�RWKHU�KDQG��WKH�SUREOHPV�RI�FRORU�UHQGHULQJ�LQGH[��&5,��KDYH�EHHQ�GLVFXVVHG��1RZ��YD-
rious color rendering methods are proposed as alternatives or supplements. Feeling of contrast 
LQGH[��)&,��LV�RQH�RI�WKHP��)&,�LV�GHVLJQHG�WR�PHDVXUH�WKH�YLVXDO�FODULW\�DQG�IHHOLQJ�RI�FRQWUDVW�
that a light source provides when illuminating colored objects. FCI is derived using a simple trans-
formation of the gamut area consisting of highly saturated red, green, yellow and blue in CIE LAB 
color space. In calculation, CIE chromatic adaptation transform (CIE 109-1994) are used. For all 
W\SH�LOOXPLQDQWV��WKH�UHIHUHQFH�LOOXPLQDQW�LV�'����7KH�)&,�RI�LOOXPLQDQWV�ZKLFK�KDYH�ODUJHU�JDPXW�
DUHD�WKDQ�'���DUH�JUHDWHU�WKDQ�����
In case of landscape lighting, it might be considered good appearance when the color of leaves 
RU�ÀRZHUV�UHQGHUHG�WR�KLJK�VDWXUDWLRQ��6R��WKHUH�LV�SRVVLELOLW\�WKDW�KLJK�)&,�OLJKW�VRXUFHV�VKRZ�WKH�
objects attractively.

Objective

This study aims to reveal the characteristics of light sources which show the color of plants attrac-
tively. The usefulness of FCI is also considered in this study.

Methods

���VSHFWUXPV�ZHUH�GHVLJQHG�DV�WHVW�LOOXPLQDQWV�RI�SV\FKRSK\VLFDO�H[SHULPHQW��'HVLJQ�SDUDPH-
WHUV�ZHUH�)&,�DQG�FRUUHODWHG�FRORU�WHPSHUDWXUH��&&7���)&,�ZDV�VHW�DW���OHYHOV�����WR������&&7�
ZDV�VHW�DW���OHYHOV������.������.���:H�PRGL¿HG�D�VSHFWUXP�RI�%�<�W\SH�/('�WR�UHDFK�WDUJHW�YD-
lues. The FCI value can be changed by controlling the intensity sharply in a narrow range of wave-
length which affects FCI value or broadly in a wide range. So we designed spectrums by these 
WZR�ZD\V�IRU�HDFK�)&,�OHYHO��7KH�UHODWLRQVKLS�EHWZHHQ�)&,�DQG�5D�LQ�WKH�H[SHULPHQWDO�LOOXPLQDQWV�
is shown in Fig.1. Very high FCI (>140) illuminants do not have very high Ra values because they 
cause saturation enhancement. Some high FCI illuminants and low FCI illuminants have almost 
same Ra values, but their color shift direction is opposite. The relationship between FCI and Ra 
is shown in Fig.1. Duv is set within -5 to +5. Two spectrums of commercially available LED lamps 
ZHUH�XVHG�DV�UHIHUHQFH�LOOXPLQDQWV��&&7 ����.��)&, �����&,(�5D ����'XY ����&&7 ����.��
)&, �����&,(�5D ����'XY ���
7KHVH�VSHFWUXPV�ZHUH�JHQHUDWHG�E\�(/6�9,6��1LNRQ���ZKLFK�KDV�D�[HQRQ�ODPS��JUDWLQJ�V\VWHP�
DQG�OLTXLG�FU\VWDO�¿OWHUV�
We prepared 3 kinds of plants for observation objects. They were potted marguerites as green 
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objects, leaves of red tip photinia as red objects and leaves of ginkgo as yellow objects. Two sets 
RI�SODQWV�ZHUH�SODFHG�LQ�WZR�ER[HV��7KH�ER[HV�ZHUH�SODFHG�VLGH�E\�VLGH��DQG�LOOXPLQDWHG�ZLWK�WKH�
reference illuminant and the test illuminant respectively. The illuminance at the object plane was 
���O[��7HVW�LOOXPLQDQWV�ZHUH�FRPSDUHG�ZLWK�WKH�UHIHUHQFH�LOOXPLQDQW�ZKLFK�KDV�VDPH�&&7�
,Q�WKH�H[SHULPHQW�����REVHUYHUV�����PDOH�����IHPDOH��ZHUH�DVNHG�WR�UDWH�WKH�FRORU�TXDOLW\�E\�WZR�
methods. Firstly, observers assessed the color of plants by magnitude estimation method. For 
H[DPSOH�� LI� WKH\�WKLQN� WKDW� WKH�FRORU�TXDOLW\�RI�RQH�WHVW� LOOXPLQDQW� LV����� WLPHV�DV�PXFK�DV�WKDW�
RI�WKH�UHIHUHQFH�LOOXPLQDQW��WKH\�JLYH�����WR�WKH�WHVW� LOOXPLQDQW��2EVHUYHUV�ZHUH�LQVWUXFWHG�WKDW�
FRORU�TXDOLW\�PHDQV�RYHUDOO� LPSUHVVLRQ�RI�WKH�FRORU�DSSHDUDQFH�RI�SODQWLQJ�IURP�WKH�YLHZ�SRLQW�
RI�DWWUDFWLYHQHVV�DQG�DGHTXDWHQHVV��7KH�FRORUV�RI�WKUHH�SODQWV�ZHUH�DVVHVVHG�FROOHFWLYHO\�DQG�
LQGLYLGXDOO\��1H[W��WKH\�DVVHVVHG�WKH�LPSUHVVLRQ�RI�VHW�RI�SODQWV�XVLQJ���ZRUG�SDLUV�RQ�DEVROXWH�
HYDOXDWLRQ��7KH�ZRUG�SDLUV�ZHUH�YLYLG���IDGHG��IUHVK���QRW�IUHVK��QDWXUDO���XQQDWXUDO��EULJKW���GDUN��
EHDXWLIXO���QRW�EHDXWLIXO��$OO�WHUPV�ZHUH�SUHVHQWHG�LQ�-DSDQHVH��7KH\�DVVHVVHG�WKH�LPSUHVVLRQ�RQ�
D���SRLQW�VFDOH�DERXW�HDFK�ZRUG�SDLUV�

results

The result of magnitude estimation revealed that illuminants which have higher FCI values were 
more preferable especially in collective estimation and individual estimation of green and red. 
0RVW�SUHIHUUHG�LOOXPLQDQW�ZDV�)&, �����&,(�5D ���LQ�����.�FRQGLWLRQ��&KDQJHV�LQ�WKH�HYDOXDWL-
on of yellow were smaller than that of other colors. It was also shown that higher FCI illuminants 
show the plants more vividly, freshly, brightly and beautifully. Under the illuminants of which FCI 
YDOXHV�ZHUH�RYHU��������RI���REVHUYHUV�HYDOXDWHG�WKDW�KLJKHU�)&,�LOOXPLQDQWV�PDNHV�SRRUHU�DS-
pearances in naturalness. The appearance of plants under test illuminants which have high CIE 
Ra values (90 to 95) were not evaluated as most natural. There was no difference between the 
UHVXOWV�RI�����.�FRQGLWLRQ�DQG�WKDW�RI�����.�FRQGLWLRQ�
Conclusion
High FCI illuminants show the color of plants attractively even if they don’t have good CIE Ra 
values. So, for landscape lighting, light sources which render the color of objects to high satura-
tion are suitable rather than light sources which render the color of objects faithfully. However, 
for landscape lighting, it is important that everyone feel comfortable, so light sources which show 
WKH�FRORU�XQQDWXUDOO\�IRU�VRPH�SHRSOH�DUH�QRW�DSSURSULDWH��$V�D�UHVXOW�RI�WKLV�H[SHULPHQW��LW�LV�QRW�
appropriate to use light sources whose FCI values are too high (150 or higher).
We can evaluate color rendering property based on preference by clarifying the optimal values of 
)&,�IRU�ODQGVFDSH�OLJKWLQJ��$QG�ZH�FDQ�GHVLJQ�RSWLPDO�VSHFWUXP�IRU�LW�E\�XVLQJ�)&,��)RU�RWKHU�¿HOG�
where objects colors are preferred when they are rendered to high saturation, there is possibility 
WKDW�ZH�FDQ�RSWLPL]H�FRORU�TXDOLW\�E\�XVLQJ�)&,�
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figure 1
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tHe effeCt Of AMBIent ILLuMInAtIOn SPeCtruM On vISuAL PerfOrMAnCe

nagy, B. v.1,2, Telles Salgueiro Barboni, M.1��-��2OLYHLUD��-�3��)L[�9HQWXUD��'�1
1. Institute of Psychology, University of Sao Paulo, Sao Paulo, SP, Brazil.
2.�'HSDUWPHQW�RI�0HFKDWURQLFV��2SWLFV�DQG�(QJLQHHULQJ�,QIRUPDWLFV��%XGDSHVW�8QLYHUVLW\�RI�
Technology and Economics, Budapest, Hungary.
3. Institute of Electrotechnics and Energy, University of Sao Paulo, Sao Paulo, SP, Brazil.

Introduction: 

In lighting practice ambient illumination is generally characterized by photometric parameters rela-
ted to measured or simulated illuminance values. In some cases, especially when the observer’s 
position can be determined luminance values are also considered. The colorimetric parameters 
RI�WKH�LOOXPLQDWLRQ�DUH�XVXDOO\�GH¿QHG�E\�WKH�FRUUHODWHG�FRORXU�WHPSHUDWXUH�RI�WKH�OLJKW�VRXUFHV��LQ�
rare cases of the luminaires. In carefully designed projects the CIE 1931 colour coordinates might 
also be taken in account. However we can state that the spectral characteristics of the lamps are 
almost never applied in practical lighting calculations.
In our current research study our intention is to show how the spectral characteristics of the 
ambient illumination affect human visual performance supporting the importance of considering 
LOOXPLQDWLRQ�VSHFWUXP�LQ�VSHFL¿F�YLVXDO�WDVNV��

Methods: 

To have the illumination spectrum as the single varied parameter a special lighting booth was de-
signed and constructed incorporating four different light source types creating indirect illuminati-
RQ��7KH�PHDQ�DPELHQW�OXPLQDQFH�DQG�FRUUHODWHG�FRORXU�WHPSHUDWXUH�DORQJ�ZLWK�WKH�&,(������[��\�
FRORXU�FRRUGLQDWHV�ZHUH�DGMXVWHG�WR�EH�HTXDO�ZLWKLQ����IRU�WKUHH�RI�WKH�IRXU�DPELHQW�LOOXPLQDWLRQV�
�/� ����������FG�P2��&&7� �����������.��[� ������������������\� �������������������ZKLOH�WKH�
IRXUWK�OLJKW�VRXUFH�W\SH�VHUYHG�DV�D�FKURPDWLF�UHIHUHQFH�ZLWK�LWV�&&7�RI�DSSUR[������.��7KH�VLPL-
larity of luminance distribution of the ambient in the case of each light source type was realized 
accurately positioning the light sources.
Two age groups of human test subjects were involved in the research (20 subjects in the age 
group of 20 to 35 years and 10 subjects above the age of 55). Individuals with colour vision de-
IHFWV�RU�YLVXDO�DFXLW\�OHVV�WKDQ�������ZHUH�H[FOXGHG�IURP�WKH�WHVW�JURXS��7KH�VXEMHFWV�ZHUH�IXOO\�
VXEPHUJHG�LQ�WKH�LOOXPLQDWHG�DPELHQW�IRU�DW�OHDVW�¿YH�PLQXWHV�SULRU�WR�WHVWLQJ�WR�HQVXUH�DGHTXDWH�
adaptation. Several standard clinical and laboratory visual tests were applied in each ambient to 
test the visual parameters of the subjects. Basic colour vision tests such as the Ishihara plates 
DORQJ�ZLWK�WKH�/DQWKRQ\�'��G�FRORXU�RUGHULQJ�WHVW�ZHUH�XVHG�DV�OLJKW�UHÀHFWLQJ�FRORXU�YLVLRQ�WHVWV�
while the Cambridge Color Test (CCT) was presented on a computer monitor along with the Cont-
UDVW�6HQVLWLYLW\�)XQFWLRQ��&6)��WHVW��)RU�WKHVH�ODWWHU�WZR�WKH�96*�����YLGHR�FDUG�RI�WKH�&DPEULGJH�
Research Systems was used with the computer display placed outside the illuminated ambient 
LQ�D������YLVXDO�DQJOH�DYRLGLQJ�DOO�SRVVLEOH�UHÀHFWLRQV�RU�JODUH�IURP�WKH�LQVLGH�LOOXPLQDWLRQ��7KH�
relatively small visual angle and the fact that the display was turned off during adaptation phases 
were to minimize possible interference of visual adaptation to the display’s photometric and co-
lourimetric parameters. All monitor tests were also applied in dark ambient to serve as absolute 
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UHIHUHQFH��7R�WHVW�UHDGLQJ�SHUIRUPDQFH�D�PRGL¿HG�SDSHU�YHUVLRQ�RI�WKH�UHDGLQJ�WHVW�IURP�WKH�,62�
9241-304 standard was applied.

results: 

The Ishihara test was completed with no errors in all illumination conditions. This result shows that 
the test is not sensitive for the illumination spectrum in the case of colour normals.
,Q�WKH�'��G�WHVW�WKH�ORZHVW�HUURU�YDOXHV�ZHUH�IRXQG�IRU�WKH�LQFDQGHVFHQW�����������������DQG�WKH�
����.�����������������LOOXPLQDWLRQV�ZKLOH�WKH�/('�DQG�WKH�����.�ÀXRUHVFHQW�ODPSV�JDYH�KLJKHU�
���������������DQG����������������HUURU�UDWHV�
7KH�&6)�WHVWV�GLG�QRW�JLYH�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�UHJDUGLQJ�WKH�FRPSDULVRQ�RI�FRQ-
WUDVW�VHQVLWLYLW\�DW�WKH�XVHG�VSDWLDO�IUHTXHQFLHV�DQG�FKURPDWLF�DQG�DFKURPDWLF�VWLPXOL��+RZHYHU�
DSSO\LQJ�D�UDQNLQJ�DQDO\VLV�WKH�UHVXOWV�LQGLFDWH�WKH�PRVW�HIIHFWLYH�SHUIRUPDQFH�XQGHU�WKH�����.�
(ranked best in all test conditions) illumination and the least effective with the incandescent lamps 
�UDQNHG�ZRUVW�LQ�����RI�WKH�WHVW�FRQGLWLRQV��
7KH�UHDGLQJ�WHVW�UHVXOWV�KDYH�GHPRQVWUDWHG�EHWWHU�SHUIRUPDQFHV�XQGHU�����.�)/�DQG�/('�LOOXPL-
QDWLRQ�IRU�WKH�DJH�JURXS�RI�������DQG�XQGHU�����.�)/�IRU�WKH�DJH�JURXS�DERYH����\HDUV��+RZHYHU�
WKH�GLIIHUHQFHV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW�GXH�WR�WKH�ODUJH�LQWHUSHUVRQDO�YDULDWLRQV�
7KH�ODUJHVW�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV��S���������ZHUH�IRXQG�LQ�WKH�&&7�WHVWV�ZKHUH�WKH�
����.�)/�LOOXPLQDWLRQ
FOHDUO\�DIIHFWHG�WKH�WULWDQ�GLVFULPLQDWLRQ���������������YV����������ZKLOH�WKH�SURWDQ�DQG�GHXWDQ�
GLVFULPLQDWLRQV�ZHUH�PRUH�DIIHFWHG�E\�WKH�����.�ODPSV�ZLWK�WKH�LQFDQGHVFHQW�KDYLQJ�WKH�ODUJHVW�
effect supposed to be related to its continuous spectral power distribution.
The tendencies of the differences were generally the same for the two age groups. However the 
JURXS�RI�������KDG�VPDOOHU�GLIIHUHQFHV�LQ�DOO�WHVWV�JHQHUDOO\�ZLWKRXW�VWDWLVWLFDO�VLJQL¿FDQFH��7KLV�
latter fact might also be related to the relatively smaller number of participants from this group.

Conclusions: 

,Q�JHQHUDO�VXEMHFWV�KDYH�VKRZQ�EHWWHU�UHVXOWV�XQGHU�WKH�����.�LOOXPLQDWLRQ�LQ�VHYHUDO�WHVWV�HYHQ�
WKRXJK�WKH�WKLV�OLJKW�VRXUFH�ZDV�D�ÀXRUHVFHQW�W\SH��,Q�WKH�FRPSDULVRQ�DPRQJ�WKH�WKUHH�����.�
illuminations the LED ambient resulted best in monitor tests and provided the highest score in the 
UHDGLQJ�WHVW��$V�H[SHFWHG�IURP�LWV�FRORXU�UHQGHULQJ�FKDUDFWHULVWLFV�WKH�LQFDQGHVFHQW�ODPS�LQGXFHG�
better results in the colour ordering test. Based on the visual tests performed we can state that 
indeed the spectral characteristics of the ambient illumination affect visual parameters however 
WKH�FKURPDWLF�FKDUDFWHULVWLFV�RI�WKH�OLJKW�VRXUFH�KDV�VHHPLQJO\�VLJQL¿FDQW�HIIHFW�DV�ZHOO�
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SIMuLAtIOn Of tHe retInA reSPOnSe tO MeSOPIC vISuAL SCeneS

decuypere, J.1, &DSURQ��-�2, Dutoit, T.1, Renglet, M.1

1.�8QLYHUVLW\�RI�0RQV���80216��0RQV��%HOJLXP�
2.�8QLYHUVLWp�&DWKROLTXH�GH�/RXYDLQ���8&/��/RXYDLQ�OD�1HXYH��%HOJLXP�

This paper presents an image-based approach to lighting design in mesopic lighting conditions. 
Firstly, we generate a multispectral image of a visual scene from the considered view point (a 
SHGHVWULDQ�ZDONLQJ�DORQJ�DQ�XUEDQ�VWUHHW�IRU�H[DPSOH���6HFRQGO\��ZH�WUDQVIRUP�WKLV�PXOWLVSHFWUDO�
image into perception maps using a computational model of the retina. Finally, we analyse those 
perception maps and compare them by varying parameters in the multispectral image (spectrum 
of the light source, photometric distribution, geometry of the street, type of building, materials...). 
The aim is to determine which light spectrum gives the best results in a given situation.

1. Multispectral image

We have implemented a generator of multispectral images. The characteristics of the scene are 
GH¿QHG�DV�ZHOO�DV�WKH�VSHFWUDO�DFFXUDF\��QXPEHU�DQG�ZLGWKV�RI�VSHFWUDO�UDQJHV�����UDQJHV�IURP�
����QP�WR�����QP�E\�VWHSV�RI����QP�IRU�H[DPSOH���7KH�VSHFWUXP�RI�HDFK�OLJKW�VRXUFH�DQG�WKH�
VSHFWUDO�UHÀHFWDQFH�RI�HDFK�PDWHULDO�QHHG�WR�EH�GH¿QHG�ZLWK�WKH�VDPH�DFFXUDF\��7KHQ��WKH�JHQH-
UDWRU�FDOOV�WKH�5DGLDQFH�UD\�WUDFLQJ�VRIWZDUH�V\VWHP�VHYHUDO�WLPHV�����LQ�WKLV�H[DPSOH��LQ�RUGHU�WR�
FDOFXODWH�WKH�VSHFWUXP�RI�HDFK�SL[HO�

2. retina model

We have been developing a non-chromatic computational model of the retina that mimics the 
various steps of processing within the retina in front of a mesopic visual scene. This model con-
VLVWV�RI�VHYHUDO�VSDWLR�WHPSRUDO�¿OWHUV�DQG�IXQFWLRQV�WKDW�VLPXODWH�WKH�IXQFWLRQLQJ�RI�WKH�OD\HUV�RI�
the retina. We have evaluated its ability to predict many visual phenomena occurring in mesopic 
YLVLRQ�E\�YLUWXDOO\�UHSURGXFLQJ�SV\FKRSK\VLFDO�WHVWV�>�@�
7KH�PRGHO�FDQ�EH�GLYLGHG�LQWR�WZR�PDLQ�VWHSV��7KH�¿UVW�VWHS�LV�WKH�WUDQVGXFWLRQ�RI�WKH�OXPLQRXV�
VLJQDO�E\�URGV�DQG�FRQHV�>�@��7KLV�WUDQVGXFWLRQ�GHSHQGV�RQ�WKH�LQWHQVLW\�DQG�VSHFWUXP�RI�WKH�VLJ-
nal as well as on the adaptation state of the cells. We use a spatio-temporal model of adaptation. 
7HPSRUDOO\�� ORZ�SDVV�¿OWHUV�VLPXODWH�WKH�WLPH�FRXUVH�RI�WKH�YDULRXV�PHFKDQLVPV�RI�DGDSWDWLRQ��
6SDWLDOO\��D�*DXVVLDQ�¿OWHU�VLPXODWHV�WKH�DGDSWDWLRQ�RI�D�FHOO�GXH�WR�LWV�QHLJKERXULQJ�FHOOV��7KH�VL]H�
RI�WKH�*DXVVLDQV�JURZV�XS�ZLWK�HFFHQWULFLW\��DFFRUGLQJ�WR�WKH�VL]H�RI�SK\VLRORJLFDO�UHFHSWLYH�¿HOGV�
of retinal cells. The second step models the retinal processing (horizontal, bipolar, ganglion cells) 
XVLQJ�FODVVLFDO�¿OWHUV�XVHG�LQ�FRPSXWDWLRQDO�YLVLRQ�PRGHOV�>�@��7KH�PDLQ�IXQFWLRQ�LV�WKH�FRQYROXWL-
RQ�RI�D�GLIIHUHQFH�RI��*DXVVLDQV�¿OWHUV�ZLWK�WKH�WUDQVGXFWLRQ�UHVXOW��HDFK�*DXVVLDQ�EHLQJ�FRQYRO-
YHG�ZLWK�DQ�H[SRQHQWLDO�GHFD\�IXQFWLRQ�WR�VLPXODWH�WKH�ODWHQF\�RI�WKH�GLIIHUHQW�W\SHV�RI�FHOOV��$V�D�
result, we produce perception maps of the parvocellular and the magnocellular pathways of the 
retina. The model considers the variable density of rods and cones and the increase of receptive 
¿HOGV�VL]HV�ZLWK�HFFHQWULFLW\�
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3. results

Figure 1 shows the results of the computational model on the same scene with two different light 
source spectra. All other elements were similar in both situations during the generation of the 
multispectral image. The photopic luminance maps are thence very similar while the scotopic 
luminance maps vary. This allows us to compare the effect of the two light spectra on the retina. 
7KH�¿UVW�RQH�LV�DQ�+LJK�3UHVVXUH�6RGLXP��+36��VSHFWUXP��6�3 �����ZKLOH�WKH�VHFRQG�RQH�LV�D�
0HWDO�+DOLGH��0+��VSHFWUXP��6�3 �������:H�FDQ�QRWLFH�RQ�WKH�UHVSRQVH�PDSV�WKDW�WKH�0+�JLYHV�
D�EHWWHU�GHWHFWLRQ�RI�HGJHV�LQ�WKH�SHULSKHU\�RI�WKH�YLVXDO�¿HOG��)RU�H[DPSOH��WKH�ERUGHUV�RI�WKH�
windows and the shape of the pedestrian walking on the opposite side of the street are sharper. 
7KH�GHWHFWLRQ�LV�DOVR�TXLFNHU�ZLWK�0+�WKDQ�ZLWK�+36�

4. discussion

In the mesopic range, rods and cones of the retina are simultaneously activated. This leads to a 
VKLIW�RI�WKH�VSHFWUDO�VHQVLWLYLW\�RI�WKH�H\H�WR�VKRUWHU�ZDYHOHQJWKV�>�@��$V�D�UHVXOW��D�PHVRSLF�VFHQH�
LOOXPLQDWHG�E\�VRXUFHV�ZLWK�D�KLJKHU�6�3�UDWLR��WKDW�VWLPXODWHV�VWURQJHU�WKH�URGV��SURGXFHV�KLJKHU�
responses within the retina, especially in its periphery. If the materials and geometry of an en-
vironment are known, our model could be used during the lighting design of this environment in 
order to choose between different light sources. Point of views of pedestrians and drivers may be 
then taken into account.

>�@�'HFX\SHUH�-��&DSURQ�-�/��'XWRLW�7��5HQJOHW�0� ��������0HVRSLF�&RQWUDVW�0HDVXUHG�ZLWK�D�
&RPSXWDWLRQDO�0RGHO�RI�WKH�5HWLQD��3URFHHGLQJV�RI�&,(������³/LJKWLQJ�4XDOLW\�DQG�(QHUJ\�(I¿FL-
HQF\´��+DQJ]KRX��&KLQD��SS��������
>�@�3DWWDQDLN�6�1��7XPEOLQ�-�(��<HH�+��*UHHQEHUJ�'�3���������7LPH�'HSHQGHQW�9LVXDO�$GDSWDWLRQ�
IRU�5HDOLVWLF�5HDO��7LPH�,PDJH�'LVSOD\��3URFHHGLQJV�RI�6,**5$3+�������SS��������
>�@�:RKUHU�$��.RUQSUREVW�3��9LHYLOOH�7���������9LUWXDO�5HWLQD���D�ELRORJLFDO�UHWLQD�PRGHO�DQG�VLPX-
lator; with contrast gain control. Sophia Antipolis : INRIA.
>�@�&,(���������5HFRPPHQGHG�6\VWHP�IRU�0HVRSLF�3KRWRPHWU\�%DVHG�RQ�9LVXDO�3HUIRUPDQFH��
Vienna : CIE.
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figure 1 – Comparison of luminance maps and response maps for a scene illuminated 

with HPS and the same scene illuminated with MH
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LIgHt AS A MOtOr fOr InnOvAtIOn And WeLLBeIng

Biro, A., Bianchi, C.
Romanian National Committee of CIE, Bucharest, Romania.

The fascination of light is present everywhere in art and architecture. The playful game of sha-
dow and light, color and contrast, creates and shapes the atmosphere of space. Light, from the 
perspective of its functional and aesthetic role in the interior space, is a factor that generated 
constant innovation in architecture and technology in the past, present and it will continue to do 
so in the future.
The need of light has a strong impact on human life. We can say that light has a physiological 
role, as it helps us see, understand our environment, orientate in space and perceive three di-
mensional objects. It has a psychological effect, as it can determine our sense of wellbeing, it can 
PDNH�XV�IHHO�VDIH�XQVDIH��JRRG�RU�EDG��FRPIRUWDEOH�RU�QRW��LW�VWLPXODWHV�DWWHQWLRQ�DQG�EDQLVKHV�
monotony. Also light has a chronobiological effect on the human body, as the circadian rhythm 
regulates active and passive phases of biological activity, according to the time of day and year.
In the past, interior spaces were determined by the physiological role of light. At the beginnings 
RI�DUFKLWHFWXUH��LQWURGXFLQJ�GD\OLJKW�LQWR�EXLOGLQJV�KDG�D�VWURQJ�LQÀXHQFH�RQ�WKH�FRQ¿JXUDWLRQ�RI�
VSDFH��:KHQ�WKH�¿UVW�EXLOGLQJV�ZHUH�FUHDWHG��WKH�GLPHQVLRQV�RI�LQWHULRU�VSDFHV�ZHUH�VKDSHG�E\�
the distance to which natural light was able to penetrate through the openings left in the outer 
walls.
,Q�GLIIHUHQW�SDUWV�RI�WKH�ZRUOG��DUFKLWHFWXUH�DGDSWHG�WR�WKH�VSHFL¿F�FOLPDWLF�FRQGLWLRQV�DQG�RULJLQDO�
building typologies were developed in order to ensure the proper use of daylight in the interior 
VSDFH��7KH�SRVLWLRQ�DQG�GLPHQVLRQ�RI�WKH�RSHQLQJV�ZDV�VWURQJO\�LQÀXHQFHG�E\�WKH�JHRJUDSKLF�
ORFDWLRQ�RI�WKH�EXLOGLQJV�DQG�WKH�QHHG�WR�SURWHFW�WKHVH�RSHQLQJV�JHQHUDWHG�D�VHULHV�RI�¿QGLQJV��
IURP�RLOHG�SDUFKPHQW�WR�WKLQ�VODEV�RI�PDUEOH��XQWLO�WUDQVSDUHQW�JODVV�ZDV�¿QDOO\�SURGXFHG�LQ�ODUJHU�
sheets.
7KH�GHYHORSPHQW�RI�DUWL¿FLDO� OLJKW�VRXUFHV�ZDV�D�FUDGOH� IRU� LQQRYDWLRQ�� ,Q� WKH� ODVW�FHQWXU\��ZH�
arrived from the use of candles and gas lamps to the general use of electric light; we built power 
plants and vast networks, which transport electricity to large distances. We illuminated interior 
VSDFHV�DQG�ÀRRGHG�LQ�OLJKW�HQWLUH�FLWLHV�
:H� GHYHORSHG� UHJXODWLRQV� IRU� LQWHULRU� OLJKWLQJ�� QHZ� OLJKW� VRXUFHV� FRPSHWHG� LQ� HI¿FLHQF\� DQG�
lifespan and luminaires were created to house these new sources, protect them from direct view 
DQG�GLVWULEXWH�OXPLQRXV�ÀX[�LQ�ZHOO�GHWHUPLQHG�GLUHFWLRQV��'XULQJ�WKH�ODVW�GHFDGHV��WKH�H[SORVLYH�
development of lamps and luminaires was boosted by the implementation of new technologies, 
WKH�XVH�RI�QHZ�PDWHULDOV�DQG�RSWLFDO�V\VWHPV�DQG�ZDV�GULYHQ�E\�WKH�XUJH�WR�PD[LPL]H�HFRQRPLF�
HI¿FLHQF\�DQG�PLQLPL]H�HQYLURQPHQWDO�LPSDFW��7KH�GHVLJQ�RI�OXPLQDLUHV�LV�D�¿HOG�ZKHUH�LQQRYDWL-
on is only limited by creativity.
,Q�RXU�GD\V�WKH�HPSKDVLV�LV�SXW�RQ�WKH�SV\FKRORJLFDO�UROH�RI�OLJKW�DQG�RQ�HQHUJ\�HI¿FLHQF\��,QWHULRU�
lighting received an innovative approach. We seek to create comfortable visual environments, 
we think about atmosphere, mood, health, we search ways to combat monotony and stimulate 
attention. We think in terms of lighting systems and not individual luminaires. We have lighting 
designers who develop lighting concepts.
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The economic and energy crisis together with the need for better lighting conditions have gene-
UDWHG�D�ZKROH�UDQJH�RI� LQQRYDWLRQV� LQ� WKH�¿HOGV�RI�DUFKLWHFWXUH��EXLOGLQJ�PDWHULDOV�� WHFKQRORJ\��
design and concept development.
We try to reduce the energy consumption for interior lighting by harmoniously integrating natural 
light into interior lighting concepts. As we push for the use of natural light, the need to control the 
DFFHVV�RI�GLUHFW�VXQOLJKW�JHQHUDWHV�D�VHULHV�RI�LQQRYDWLRQV�LQ�WKH�¿HOG�RI�EXLOGLQJ�PDWHULDOV�DQG�
VRODU�FRQWURO�¿[WXUHV��7KXV��ZH�KDYH�GHYHORSHG�VSHFWUDOO\�VHOHFWLYH�ORZ�HPLVVLYLW\�JODVV��ZKLFK�
transmits visible light, but reduces the transfer of ultraviolet and infrared radiations from the sun 
and reduces glare.
2Q�WKH�RWKHU�KDQG��LQ�WKH�FDVH�RI�ODUJH�JOD]HG�VWUXFWXUHV��D�ZLGH�YDULHW\�RI�VRODU�VKDGLQJ�V\VWHPV�
optimize the use of daylight while reducing the heat accumulation and glare.
We developed intelligent buildings, where interior lighting and solar control systems are integra-
ted into the buildings energetic structure and are automatically controlled by building manage-
ment systems, which ensure comfortable interior environments and reduce energy consumption.
But, innovations related to lighting are still open to endless possibilities. The future, as we see it 
WRGD\��LV�IRFXVHG�RQ�WKH�FKURQRELRORJLFDO�HIIHFW�RI�OLJKW��ZKLOH�HQHUJ\�HI¿FLHQF\�LV�VWLOO�LPSHUDWLYH�
We are developing electric lighting systems that mimic the changes of natural light throughout the 
day in order to enhance the wellbeing of the users of interior spaces.
Also, the future is about using active solar technologies, such as photovoltaic panels to capture, 
FRQYHUW�DQG�GLVWULEXWH�VRODU�HQHUJ\��HYHQ�IURP�WKH�RSDTXH�SDUWV�RI�EXLOGLQJV�WKDW�DUH�H[SRVHG�WR�
sunlight.
,W�LV�DERXW�K\EULG�VRODU�OLJKWLQJ�V\VWHPV��ZKLFK�FROOHFW�DQG�FKDQQHO�VXQOLJKW�WKURXJK�RSWLFDO�¿EHUV�
into hybrid luminaires, in order to supplement electric lighting.
7KH�IXWXUH�EHORQJV�WR�VRODU�DUFKLWHFWXUH�DQG�WR�WKH�DFWLYH�DQG�SDVVLYH�WHFKQLTXHV�RI�XVLQJ�VRODU�
energy. Architects have to orient buildings according to the sun, choose materials with favorable 
thermal mass and light dispersing properties, carefully select window types, size and orientation, 
LQFRUSRUDWH�FOHUHVWRU\�ZLQGRZV��OLJKW�VKHOYHV��VN\OLJKWV�DQG�VRODU�WXEHV��SURYLGH�H[WHULRU�VKDGLQJ�
GHYLFHV�DQG�XVH�SKRWRYROWDLF�SDQHOV�LQ�RUGHU�WR�H[SORLW�VRODU�HQHUJ\�LQ�HYHU\�SRVVLEOH�ZD\�
Looking into the future, we rest connected to the past. We turn back to the sun and apply all the 
knowledge and technologies that we have accumulated during centuries of innovations, in order 
WR�KDUQHVV�LWV�EHQH¿WV�DQG�PLQLPL]H�WKH�XVH�RI�HOHFWULF�HQHUJ\�
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OP13

tHe rHytHM Of tHe Sun vS MOdern LIfe And CuLture In Sun eXPOSure fOr 

vItAMIn d SyntHeSIS

Webb, A. r., .LIW��5���6PHGOH\��$���5KRGHV��/���%HUU\��-�
University of Manchester, Manchester, United Kingdom.

The sun provides us with more than just light (visible radiation) for vision, its spectrum also inclu-
des radiation of ultraviolet and infra-red wavelengths. The short wavelength cut-on of the solar 
VSHFWUXP�EHJLQV�LQ�WKH�89%����������QP���PLUURULQJ�WKH�VSHFWUDO�GHFOLQH�LQ�DEVRUSWLRQ�E\�R]RQH��
7KLV�VKRUW�ZDYHOHQJWK�UDGLDWLRQ��VSHFL¿FDOO\�LQ�WKH�89%�ZDYHEDQG��LQLWLDWHV�WKH�V\QWKHVLV�RI�YL-
tamin D in human skin. For the vast majority of people this sunlight-driven source accounts for 
DERXW�����RI�WKH�ERG\¶V�YLWDPLQ�'�VXSSO\��WKH�UHPDLQGHU�EHLQJ�DFFRXQWHG�IRU�E\�GLHW��3ROHZDUGV�
of sub-tropical regions the availability of solar UVB radiation, and thus the ability to produce vita-
PLQ�'��EHFRPHV�LQFUHDVLQJO\�VHDVRQDOO\�GHSHQGHQW��,Q�DQ�DJULFXOWXUH�EDVHG�VRFLHW\�ZLWK�H[WHQ-
VLYH�RXWGRRU�H[SRVXUH�RQH�ZRXOG�H[SHFW�WR�REVHUYH�D�FRUUHVSRQGLQJ�VHDVRQDO�F\FOH�LQ�YLWDPLQ�'�
VWDWXV��,Q�RXU�PRGHUQ��KLJK�WHFK�VRFLHW\�WKHUH�LV�QR�QHHG�WR�IROORZ�WKH�UK\WKP�RI�WKH�VXQ�DQG�H[SR-
VXUH�WR�DQ\�DYDLODEOH�89�UDGLDWLRQ�FDQQRW�EH�DVVXPHG��,Q�DGGLWLRQ��SHRSOH�WUDYHO��PRYLQJ��EULHÀ\�
or permanently, to regions where the solar environment is not matched to their skin type and often 
take cultural norms associated with their original environment with them. These changes, in life-
style and the match between location and skin type, become superimposed on the annual cycles 
RI�WKH�VXQ�LQ�GHWHUPLQLQJ�WKH�PDMRU�VRXUFH�RI�YLWDPLQ�'��:H�H[SORUH�SDWWHUQV�RI��89��VXQ�H[SRVXUH�
of different sub-groups of the Manchester population, both school children and adults, fair skinned 
DQG�SLJPHQWHG��DQG�DVVRFLDWH�WKHLU�H[SRVXUH�ZLWK�YLWDPLQ�'�VWDWXV�
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OP14

APPLICAtIOn StudIeS On nOn-vISuAL effeCtS Of LIgHt WItH trAdItIOnAL And 

SOLId StAte LIgHt SOurCeS

Wojtysiak, A., Lang, D.
&7�5,�$33�/4��265$0�*PE+��0XQLFK��*HUPDQ\�

Beyond vision, light affects humans physiologically and psychologically with considerable impact 
on health and wellbeing. With increasing knowledge and understanding of non-visual effects of 
light is has become feasible to address effects known for decades and attributed to natural day-
OLJKW�ZLWK�PRGHUQ�DUWL¿FLDO�OLJKWLQJ�V\VWHPV��7KHUH�LV�JHQHUDO�FRQVHQVXV�DPRQJ�OLJKWLQJ�H[SHUWV�
WKDW�QDWXUDO�GD\OLJKW�FDQ¶W�EH�IXOO\�UHSODFHG�E\�DUWL¿FLDO� OLJKW��DV�FRPSOH[�G\QDPLF�FKDQJHV�DQG�
their impact on wellbeing are not likely to be understood in conceivable time. But despite these 
limitations, there is also a growing consensus to include recently developed knowledge on non-
YLVXDO�HIIHFWV�RI�OLJKW�LQWR�LQWHULRU�OLJKWLQJ�VROXWLRQV��7KH�LGHD�LV�WR�SURYLGH�WKH�OLJKWLQJ�VWLPXOL�UHTXL-
red for the human biology even in the indoor environment.

Lighting for human biology

1RQ�YLVXDO� SKRWRUHFHSWLRQ� YLD�PHODQRSVLQ� H[SUHVVLQJ� SKRWRUHFHSWRUV� �LQWULQVLF� SKRWRVHQVLWLYH�
5HWLQDO�*DQJOLRQ�&HOOV�� LS5*&V�� WKLUG�SKRWRUHFHSWRU�� UHTXLUHV�EOXH�VSHFWUDO�SURSRUWLRQV� LQ� WKH�
OLJKW�DURXQG�WKH�PD[LPXP�VHQVLWLYLW\�RI�WKH�SKRWRSLJPHQW�DW�����±�����QP��/DERUDWRU\�UHVHDUFK�
results as well as the arrangement and dendritic shape of receptor cells indicate that the “sen-
sor system” is tuned to the sky as natural stimulus. To effectively address this system in indoor 
environments, a comparable broad light distribution in the upper part of the room and with con-
VLGHUDEOH�EOXH�IUDFWLRQ�LQ�WKH�VSHFWUXP�VKRXOG�EH�XVHG��2XU�LQWHUQDO�WLPLQJ�V\VWHP��WKH�VR�FDOOHG�
biological clock, needs the rhythmic lighting change as it appears in nature to synchronize internal 
processes and to be in line with the outer world. Light acts via non-visual pathways as the main 
timer, adjusts the internal clock setting and stabilizes the circadian rhythm. The right light and 
the right darkness at the right times support daytime performance and simultaneously nocturnal 
recovery of humans.

Application studies

,Q�GLIIHUHQW�DSSOLFDWLRQ�¿HOGV��ZH�KDYH�WUDQVIHUUHG�WKH�VFLHQWL¿F�¿QGLQJV�LQWR�FKURQRELR¤ORJLFDOO\�
DGDSWHG� OLJKWLQJ�VROXWLRQV��7RJHWKHU�ZLWK�SDUWQHUV� IURP� LQGXVWU\�DQG� LQGHSHQGHQW� VFLHQWL¿F� UH-
VHDUFK��ZH�VWXGLHG�WKH�RXWFRPH�LQ�WHUPV�RI�EHQH¿FLDO�HIIHFWV�IRU�KHDOWK�DQG�ZHOOEHLQJ��&RJQLWLYH�
SHUIRUPDQFH�DQG�FLUFDGLDQ�HIIHFWV�LQ�WZR�RI¿FH�OLNH�ODERUDWRU\�VHWWLQJV�DQG�LQ�D�UHDO�RI¿FH�¿HOG�
have been studied with the Institute for Cognition and Perception of the University of Tuebingen, 
WKH�$*�6OHHS�5HVHDUFK�RI�WKH�8QLYHUVLW\�&OLQLFV�&KDULWp��%HUOLQ��DQG�WKH�,QVWLWXWH�IRU�0HGLFDO�3V\-
FKRORJ\�DW�/XGZLJ�0D[LPLOLDQ�8QLYHUVLW\�LQ�0XQLFK��6RFLDO�-HWODJ�LQ�ROGHU�VFKRRO�SXSLOV�DQG�FRJ-
nitive performance was addressed in cooperation with the Centre for Neuroscience and Learning 
DW�WKH�8QLYHUVLW\�RI�8OP��*HUPDQ\��'D\WLPH�DFWLYLW\�DQG�FRPPXQLFDWLRQ�DV�ZHOO�DV�VOHHS�ZDNH�
rhythms in the elderly are being investigated in long-term studies by the K-Licht consortium (Dorn-
birn, Austria) in three nursing homes in Vienna, Austria. Reduction of jetlag and improvement of 
ZHOOEHLQJ�IRU�DLU�WUDYHO�SDVVHQJHUV�ZHUH�WHVWHG�LQ�FROODERUDWLRQ�ZLWK�WKH�QDSFDEV�*PE+�DQG�WKH�
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*HQHUDWLRQ�5HVHDUFK�3URJUDP�RI� WKH�/08�0XQLFK�� ,Q�DGGLWLRQ� WKLV�ZDV�VWXGLHG�ZLWK�SDUWQHUV�
IURP�DLUFUDIW� LQGXVWU\� �$LUEXV��'LHKO�$HURVSDFH�� DQG� VFLHQWL¿F� UHVHDUFK� �%HUJLVFKH�8QLYHUVLWlW�
:XSSHUWDO��)UDXQKRIHU�,QVWLWXWH�IRU�%XLOGLQJ�3K\VLFV��LQ�UHDOLVWLF��ORQJ�WHUP�QLJKW�ÀLJKW�VLPXODWLRQV��
2WKHU�VWXGLHV�DUH�RQJRLQJ�DQG�H[SHFWHG�WR�GHOLYHU�QHZ�UHVXOWV�VRRQ��7DNHQ�WRJHWKHU��ZH�VHH�IURP�
application studies and basic research that aligning of body’s rhythms with natural ones is a key 
IDFWRU�IRU�PRRG��SHUIRUPDQFH��DQG�KHDOWK��,Q�WKH�SUHVHQWDWLRQ��ZH�ZLOO�KLJKOLJKW�RQ�RXU�H[SHULHQFHV�
LQ�¿QDOL]HG�DQG�RQJRLQJ�VWXGLHV�WR�HOLFLWLQJ�QRQ�YLVXDO�OLJKWLQJ�HIIHFWV�LQ�DSSOLFDWLRQ�¿HOGV�DV�UDLVHG�
above.
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vISuAL And nOn-vISuAL effeCtS Of dIfferent SPeCtrAL POWer dIStrIBu-

tIOnS frOM LIgHt SOurCeS – LIgHt eMIttIng dIOdeS (Led) vS. 3-PHOSPHOruS 

fLuOreSCent tuBeS.

goven, t.B.1, Laike, T.2

1.�/LJKWLQJ�7HFKQRORJ\�	�5HVHDUFK�'HSW��)DJHUKXOW��6WRFNKROP��6ZHGHQ�
2. Lund University, Faculty of Engineering, Lund, Sweden.

Abstract

7KLV�DEVWUDFW�VKRZV�D�FRPSDULVRQ�RI�WKH�VXEMHFWLYH�H[SHULHQFH�EHWZHHQ�LQGLUHFW�OLJKW�IURP�/('�
DQG�7��ÀXRUHVFHQW�WXEHV�DW�GLIIHUHQW�DPELHQW�OLJKW�OHYHOV�LQ�DQ�LQGRRU�ZRUNLQJ�HQYLURQPHQW��7KH�
WHVW�ZDV�FRQGXFWHG�DV�D�ODERUDWRU\�VWXG\�FRQWDLQLQJ����VXEMHFWV��UDQJLQJ�IURP����WR����\HDUV�RI�
DJH��7KH�H[SHULHQFH�RI�WKH�HQYLURQPHQW�ZDV�PHDVXUHG�E\�XVLQJ�VHPDQWLF�VFDOHV��)XUWKHUPRUH�
WKH�H[SHULHQFH�RI�WKH�OLJKWLQJ�VLWXDWLRQ�ZDV�FRQGXFWHG�E\�PHDQV�RI�VHPDQWLF�VFDOHV�

experimental design and methods

7KH�H[SHULPHQWDO�VLWHV�ZKHUH�DUUDQJHG�DV�WZR�HTXDOO\�HTXLSSHG�RI¿FH�URRPV�ZLWKRXW�ZLQGRZV�
DQG�ZLWK�WKH�IROORZLQJ�GLPHQVLRQV��ZLGWK �����PP��OHQJWK �����PP�DQG�URRP�KHLJKW �����PP�
(DFK�URRP�ZDV�HTXLSSHG�ZLWK�D�GHVN�DQG�D�FKDLU�DQG�WKH�GHVN�ZDV�SURYLGHG�ZLWK�ÀDW�GLVSOD\�
VFUHHQ�HTXLSPHQW��/&'��DQG�VRPH�PDJD]LQHV�IRU�UHDGLQJ��$�FORFN�ZDV�SRVLWLRQHG�LQ�WKH�FRUQHU�
at the upper the side of the front wall. There were no other decorations in the room. The ceiling 
FRQVLVWHG�RI�GLIIXVH�ZKLWH�SDQHOV�ZLWK�D�UHÀHFWDQFH�RI�����DQG�WKH�ZDOOV�ZHUH�SDLQWHG�GLIIXVH�
ZKLWH�ZLWK�D�UHÀHFWDQFH�RI�����

7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�ZKHWKHU�DPELHQW�OLJKW�LQ�WKH�QRUPDO�¿HOG�RI�YLHZ�
ZDV�H[SHULHQFHG�DV�EULJKWHU�DW� OXPLQDQFH�OHYHOV�RI�����DQG����FG�P2 on the walls comparing 
/('�)RUWLPR�YV��7��ÀXRUHVFHQW�WXEHV�DW�����.��
The spectral irradiance from the different light sources as well as from the indirect perceived light 
ZDV�PHDVXUHG�DQG�HYDOXDWHG�XVLQJ�D�VSHFWURUDGLRPHWHU�$YDVSHF�������$YDQWHV�
0HDVXUHPHQWV�ZHUH�UHSHDWHGO\�FDUULHG�RXW�RI�WKH�KRUL]RQWDO�LOOXPLQDQFH���OXPLQDQFH�DW�WKH�ZRUN-
SODFH�DV�ZHOO�DV�WKH�YHUWLFDO�LOOXPLQDQFH�OXPLQDQFH�RI�WKH�DPELHQW�OLJKW�RI�WKH�IURQW�ZDOO��7KH�DYH-
rage values were then calculated out of these measurements.

Two hypotheses were stated:
• $PELHQW�OLJKW�IURP�WKH�/('�PD\�EH�H[SHULHQFHG�PRUH�EULJKW�WKDQ�IURP�7�
• $PELHQW�OXPLQDQFH�OHYHOV�XS�WR����FG�P2�PD\�QRW�EH�H[SHULHQFHG�DV�JODULQJ�

Results were investigated in terms of: 
• Room appearance
• ([SHULHQFHG�EULJKWQHVV
• ([SHULHQFHG�OLJKWLQJ�TXDOLW\
• Biological aspects – hormone analyses
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Subjects

50 subjects were selected to participate in the study based on the screening criteria and partly in 
order to obtain a suitable distribution of age and gender. However eight subjects had to be discar-
ded due to different reasons, such as illness or severe headache. The remaining group consisted 
RI����ZRPHQ�DQG����PHQ�EHWZHHQ����DQG����\HDUV�RI�DJH��P ����6' �����7KH�JURXS�UHSUHVHQ-
ted a variety of occupations both blue-collar workers and white-collar workers. 31subjects wore 
glasses and 5 used contact lenses.

Statistics

The statistical treatment of data was mainly conducted by means of analysis of variance SPSS: 
0$129$��HLWKHU�ZLWK
a simple factorial design or with a design including repeated measures and both within-group and 
between-group variance. Both these designs allow for analysis of covariance. Tests were carried 
out for all main effects and interactions.
6WDWLVWLFDO�OHYHO�RI�VLJQL¿FDQFH�ZHUH�VHW�WR�S������DQG�ZLWK�D�WHQGHQF\�DW�S������,Q�D�IHZ�FDVHV�
PLVVLQJ�YDOXHV�ZHUH�UHSODFHG�ZLWK�LQGLYLGXDO�PHDQV��7KLV�ZLOO�QRW�LQÀXHQFH�JURXS�GLIIHUHQFHV�EXW��
for the repeated measures may tend to reduce the variations.

results

5HVXOWV�VKRZ�WKDW�WKH�H[SHULHQFHG�EULJKWQHVV�IURP�/('�ZDV�VLJQL¿FDQW�KLJKHU�LQ�ERWK�DPELHQW�
OLJKW�OHYHOV�DQG�WKHUH�ZDV�DOVR�D�WHQGHQF\�WR�H[SHULHQFH�OLJKW�TXDOLW\�DV�EHWWHU�IURP�/('�DV�EHWWHU�
WKDQ�IURP�WKH�7��WXEHV�DW����FG�P2.

room appearance

7KH�WZR�WHVW�URRPV�LQ�WKH�WZR�GLIIHUHQW�DPELHQW�OLJKWLQJ�FRQGLWLRQV�ZHUH�SHUFHLYHG�TXLWH�QHXWUDO��
7KH�URRPV�ZHUH�SHUFHLYHG�QHLWKHU�SOHDVDQW�QRU�XQSOHDVDQW��QHLWKHU�FRPSOH[�QRU�PXFK�XQL¿HG�
DQG�QR�VLJQL¿FDQW�GLIIHUHQFHV�ZKHUH�IRXQG�EHWZHHQ�SHUFHSWLRQV�RI�WKH�OLJKW�VRXUFHV�DW�VDPH�&5,�
and CCT.

experienced brightness

,Q�JHQHUDO�WKH�UHVXOWV�VKRZ�WKDW�WKH�H[SHULHQFHG�EULJKWQHVV�IURP�/('�ZDV�VLJQL¿FDQW�KLJKHU�LQ�
ERWK�DPELHQW�OLJKW�OHYHOV�WKDQ�IURP�7��WXEHV��'LIIHUHQFHV�LQ�H[SHULHQFHG�OLJKW�LQWHQVLW\�EHWZHHQ�
7������.�YV��/('�����.��&5, ���DW�GLIIHUHQW�DPELHQW�OLJKW�OHYHOV��S ������)XUWKHUPRUH��WKH�GLI-
IHUHQFH�LQ�EULJKWQHVV�LQFUHDVHG�DW�WKH�KLJKHVW�DPELHQW�OLJKW�OHYHO�RI����FG�P2.

experienced lighting quality

7KHUH�ZDV�D�WHQGHQF\�WR�H[SHULHQFH�WKH�OLJKW�IURP�/('�DV�EHWWHU�WKDQ�IURP�WKH�7��WXEHV��S �����
DW����FG�P2��+RZHYHU��WKH�OLJKWLQJ�TXDOLW\�ZDV�UHGXFHG�IRU�/('�DW�WKH�KLJKHU�DPELHQW�OLJKW�OHYHO�
RI����FG�P2��DOWKRXJK�QRW�VLJQL¿FDQW�

Biological aspects - Hormone analyses

7KH�FRUWLVRO�OHYHOV�VKRZHG�D�VLJQL¿FDQW�LQFUHDVH�ZKHQ�WKH�DPELHQW�OLJKW�IURP�WKH�GLIIHUHQW�URRP�
VXUIDFHV�ZDV�LQFUHDVHG�IURP�����FG�P2�WR�����FG�P2 at all three times measured over the whole 
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figure 2 – experienced lighting quality

GD\��'LIIHUHQFHV�LQ�FRUWLVRO�OHYHOV�GXULQJ�WKH�GD\�DQG�EHWZHHQ�WKH�WZR�DPELHQW�OLJKW�OHYHOV��S ������
S �����1 �����1R�VLJQL¿FDQW�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�7�������.�DQG�/('������.�
7KH�UHVXOWV�LQGLFDWH�WKDW�WKHUH�DUH�GLIIHUHQFHV�LQ�WKH�H[SHULHQFH�RI�EULJKWQHVV�DQG�OLJKWLQJ�TXDOLW\�
IURP�UHÀHFWHG�OLJKW�IURP�EULJKW�LQWHULRU�VXUIDFHV�EHWZHHQ�/('�XVHG�LQ�WKLV�VWXG\�DQG�7��ÀXRUHV-
cent tubes at the same CCT of 4000K. This is due to the differences in the spectral distribution in 
the shorter wavelengths. This must be considered while evaluating measured photometric data.
The study is a cooperative work between Lund University, Fagerhult and the study was sponsored 
the Swedish Energy Agency.

figure 1 – experienced brightness on front wall at different light levels 
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MOdeLIng nOn-vISuAL reSPOnSeS tO LIgHt: unIfyIng SPeCtrAL SenSItIvIty 

And teMPOrAL CHArACterIStICS In A SIngLe MOdeL StruCture

Ámundadóttir, M.L.1, Andersen, M.1, St. Hilaire, M.A.2, Lockley, S.W.2

1. Interdisciplinary Laboratory of Performance-Integrated Design (LIPID), School of 
$UFKLWHFWXUH��&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��(1$&���(FROH�3RO\WHFKQLTXH�)pGpUDOH�GH�
Lausanne (EPFL), Lausanne, Switzerland.
2.�'LYLVLRQ�RI�6OHHS�0HGLFLQH��'HSDUWPHQW�RI�0HGLFLQH��%ULJKDP�	�:RPHQ¶V�+RVSLWDO�DQG�
Harvard Medical School, Boston, MA, United States.

The discovery of a novel type of photoreceptor that mediates non-visual light responses in hu-
mans has sparked a growing interest in the role of lighting design on health. These intrinsically 
SKRWRVHQVLWLYH�UHWLQDO�JDQJOLRQ�FHOOV��LS5*&V��FRQWDLQ�WKH�SKRWRSLJPHQW�PHODQRSVLQ��0HODQRSVLQ�
LV�PRUH�VHQVLWLYH�WR�VKRUW�ZDYHOHQJWK�OLJKW�ZLWK�SHDN�VHQVLWLYLW\�EOXH�VKLIWHG��a����QP��UHODWLYH�WR�
the scotopic rod-based vision (~505 nm) and photopic cone-mediated vision (~555 nm).
7KHUH�DUH�DW�OHDVW�¿YH�PDLQ�FKDUDFWHULVWLFV�RI�OLJKW�H[SRVXUH�WKDW�FRQWULEXWH�WR�WKH�QRQ�YLVXDO�OLJKW�
UHVSRQVH��LQWHQVLW\��VSHFWUXP��GXUDWLRQ�SDWWHUQ��KLVWRU\�DQG�WLPLQJ��7KHVH�FKDUDFWHULVWLFV�VKRXOG�
all be considered when developing a model of non-visual light responses. Currently, there is no 
PDWKHPDWLFDO�PRGHO�WKDW�LQFRUSRUDWHV�DOO�¿YH�FKDUDFWHULVWLFV�WR�SUHGLFW�WKH�QRQ�YLVXDO�HIIHFWV�RI�
light on humans. In this paper, a modular model structure is proposed that consists of elements 
ZLWK�D�FOHDU�SK\VLRORJLFDO�LQWHUSUHWDWLRQ�DQG�DLPV�WR�EULQJ�WRJHWKHU�H[SHULPHQWDO�DQG�WKHRUHWLFDO�
perspectives.

It is known that the non–visual system has a non-linear response to both the intensity and durati-
RQ�RI�OLJKW�H[SRVXUH��)XUWKHU�FRPSOH[LWLHV�DULVH�EHFDXVH�LS5*&V�DOVR�UHFHLYH�LQSXW�IURP�URG�DQG�
cone photoreceptors. The relative contribution of the three different types of photoreceptors to 
non-visual responses in humans remains unclear. Unless the light is under the threshold of acti-
YDWLRQ�IRU�PHODQRSVLQ��DW�ORZ�OLJKW�OHYHOV�DQG�DW�WKH�VWDUW�RI�D�OLJKW�H[SRVXUH��FRQH�DQG�PHODQRSVLQ�
containing photoreceptors contribute similarly to non-visual responses. The relative contribution 
RI�FRQH�LQSXWV�VHHPV�WR�GHFUHDVH�DFURVV�WKH�GXUDWLRQ�RI�D�FRQWLQXRXV�OLJKW�H[SRVXUH��KRZHYHU��
and therefore, to model these effects, the non-visual system should be represented with a time-
varying spectral sensitivity function.

A block-structured model is proposed to model the non-linear response of the non-visual system. 
The model is represented by inter-connections of different blocks or elements. The prelimina-
U\�PRGHO�VWUXFWXUH�FRPSULVHV�WKUHH�EORFNV�� WZR�EORFNV�FRQWDLQLQJ�FDXVDO�¿OWHUV�VHSDUDWHG�E\�D�
EORFN�FRQWDLQLQJ�D�VWDWLF�QRQ�OLQHDU�LQWHQVLW\�UHVSRQVH�FXUYH��7KH�WZR�¿OWHUV�UHÀHFW�WKH�WHPSRUDO�
SURFHVVLQJ�EHWZHHQ�WKH�OLJKW�VWLPXOXV�DQG�WKH�RXWSXW�UHVSRQVH��7KH�¿UVW�¿OWHU�LV�DVVRFLDWHG�ZLWK�
WKH�WHPSRUDO�LQWHJUDWLRQ�RI�WKH�UHWLQD��7KH�VHFRQG�¿OWHU�UHÀHFWV�WKH�DGDSWDWLRQ�RI�WKH�QRQ�YLVXDO�
V\VWHP�WR�FRQWLQXRXV�OLJKW�H[SRVXUH��([SHULPHQWDO�¿QGLQJV�KDYH�VKRZQ�WKDW�WKH�KLJKHVW�UDWH�RI�
DFWLYDWLRQ�RI�WKH�QRQ��YLVXDO�V\VWHP�RFFXUV�DW�WKH�RQVHW�RI�WKH�OLJKW�H[SRVXUH�ZLWK�D�UHGXFHG�EXW�
VXVWDLQHG�UHVSRQVH�WKDW�VDWXUDWHV�DIWHU�D�IHZ�KRXUV�RI�FRQWLQXRXV�OLJKW�H[SRVXUH�
The spectrum of the light stimulus that is given as an input to our model must be weighted ac-
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cording to the spectral sensitivity of the system. Due to the differences in temporal properties 
between cone and melanopsin-containing photoreceptors, the magnitude of non-visual respon-
ses will strongly depend on the spectral distribution and temporal characteristics of the light sti-
PXOL��7KXV��OLJKW�H[SRVXUHV�RI�GLIIHUHQW�GXUDWLRQV�PD\�SURGXFH�VHQVLWLYLW\�IXQFWLRQV�ZLWK�GLIIHUHQW�
weights for the relative contribution of cone and melanopsin-containing photoreceptors. A transi-
tion from a predominantly cone response to a predominantly melanopsin response causes a shift 
LQ�WKH�SHDN�ZDYHOHQJWK�VHQVLWLYLW\�IURP�����WR�����QP�

7KH�VHQVLWLYLW\�RI�WKH�QRQ±YLVXDO�V\VWHP�DOVR�GHSHQGV�RQ�WKH�KLVWRU\�RI�OLJKW�H[SRVXUH��7KH�SUH-
vious light history affects the intensity threshold of the non–visual response. A fourth block in 
WKH�PRGHO�LV�D�IHHGEDFN�ORRS�WKDW�FDQ�H[WHQG�WKH�G\QDPLF�UDQJH�RI�WKH�V\VWHP�DQG�SURGXFH�D�
G\QDPLF� LQWHQVLW\�UHVSRQVH� FXUYH��7KH� ¿IWK� EORFN� FRQWDLQV� WKH� HIIHFW� RI� OLJKW� H[SRVXUH� RQ� WKH�
non–visual system, which is known to depend on the timing of circadian rhythms such that the 
magnitude of response can be described by a phase response curve. Due to the modular nature 
RI�WKH�PRGHO�VWUXFWXUH��RWKHU�H[LVWLQJ�PRGHOV�RI�FLUFDGLDQ�UK\WKPV�FDQ�EH�OLQNHG�WR�RXU�PRGHO�WR�
make a complete system.

,W�LV�LPSRUWDQW�WR�DGYDQFH�UHVHDUFK�LQ�WKLV�¿HOG�WR�HQVXUH�WKDW�OLJKWLQJ�GHVLJQ�LV�EDVHG�RQ�D�PRUH�
complete understanding of the underlying mechanism of the non-visual system. The proposed 
model structure is modular and can be adapted as more knowledge accumulates. The long-term 
goal of the present model is to establish a computational scheme that can be used to study and 
model human non-visual processing of light. Such a model holds promise because it aims to un-
derstand and functionally describe the underlying mechanism of the non-visual system. Further 
UHVHDUFK�LV�QHHGHG�WR�UH¿QH�DQG�YDOLGDWH�PRGHO�SUHGLFWLRQV��DQG�WR�DVVHVV�WKH�PRGHO¶V�UHOLDELOLW\�
DQG�DGHTXDF\�WR�HIIHFWLYHO\�LQIRUP�GHVLJQ�GHFLVLRQV��8OWLPDWHO\��WKH�SURSRVHG�PRGHO�PD\�OHDG�WR�
a new approach to support healthy lighting design.
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BLue-LIgHt HAZArd Of LedS – COMPArISOn Of tHe PHOtOBIOLOgICAL rISK 

grOuPS Of fIfteen LedS ASSeSSed uSIng tHe StAndArd PrOtOCOL And A neW 

SPeCtrAL IMAgIng APPrOACH 

Boulenguez, P.1, Carré, S.1, Perraudeau, M.1, Martinsons, C.2

1.�&HQWUH�6FLHQWL¿TXH�HW�7HFKQLTXH�GX�%kWLPHQW��1DQWHV��3D\V�GH�OD�/RLUH��)UDQFH�
2.�&HQWUH�6FLHQWL¿TXH�HW�7HFKQLTXH�GX�%kWLPHQW��&67%���6DLQW�0DUWLQ�Gµ+qUHV��,VqUH��)UDQFH�

,Q� WKLV�SDSHU��ZH�SUHVHQW�D�FRPSDUDWLYH�VWXG\�RI� WZR�DVVHVVPHQW�PHWKRGV� IRU� WKH� >(1�����@�
SKRWRELRORJLFDO�ULVN�JURXS�RI�ODPSV��7KH�PHDVXUHPHQW�PHWKRG�LQ�>(1�����@�LV�FRPSDUHG�WR�DQ�
original imaging spectrophotometry approach, more adapted to sources whose spectra vary with 
the emission position and the direction (e.g. LEDs, dichroic lamps...).
7KH�VWDQGDUG�>(1�����@�FODVVL¿HV�ODPSV�DQG�ODPS�V\VWHPV�LQWR�IRXU�SKRWRELRORJLFDO�ULVN�JURXSV��
labeled from ‚no risk‘ to ‚high risk‘. A lamp‘s group is determined according to threshold‘s values 
LQ�WKH�UHFHLYHG�KD]DUG�UDGLDQFH�GRVH��-�P- 2 sr-1��DW�VSHFL¿HG�GLVWDQFHV�����P�����P���P��DQG��P��
DQG�IRU�D�VHW�RI�VSHFL¿HG�DFWLQLF�DFWLRQ�VSHFWUD��/HW�XV�UHPLQG�WKDW�WKH�KD]DUG�UDGLDQFH�GRVH�LV�WKH�
time integrated hazard-radiance, which in turn, is declined into blue-light hazard radiance LB, for 
LQVWDQFH��GH¿QHG�DV�/B� ���6Ȝ BȜ dȜ where SȜ is the source’s spectrum and BȜ the blue-light hazard 
actinic action spectrum.
7KH�PHDVXUHPHQW�SURWRFRO�IRU�WKH�EOXH�OLJKW�KD]DUG�UHFRPPHQGHG�LQ�>(1�����@�FDQ�EH�GHVFUL-
EHG�DV�D�WKUHH�VWDJHG�SURFHGXUH������WKH�VRXUFHµV�OXPLQRXV�ÀX[HV�SURSDJDWLQJ�ZLWKLQ�VSHFL¿HG�
VROLG�DQJOHV�DUH�PHDVXUHG�ZLWK�D� OX[PHWHU�DQG�D�GLDSKUDJP��RU�DQ� LPDJLQJ� OXPLQDQFHPHWHU��
(2) the source‘s spectrum is measured in an integrating sphere; and (3), the photopic sensitivity 
associated with the measurements in (1) is converted into the blue-light hazard actinic action 
spectrum using the spectral distribution measured in (2). This approach therefore assume that 
the spectrum of the source does not varies with the position on its surface or with the propagation 
direction (i.e. uniform spectrum).
:KLOH�SUDFWLFDO�DQG�VDIH�IRU�PRVW�VRXUFHV��LW�LV�LQDGHTXDWH�IRU�/('V��DV�VSHFWUD�RI�WKHVH�VRXUFHV�
YDU\�RYHU�PLQXWH�GLVWDQFHV�XSRQ� WKHLU�VXUIDFHV�DQG�HPLVVLRQ�GLUHFWLRQV� >/('��@��2II�WKH�VKHOI�
ÃZKLWHµ�/('V�DUH�LQGHHG�RIWHQ�FRPSRVHG�RI�D�EOXH�HPLWWLQJ�GLRGH�H[FLWLQJ�D�\HOORZ�HPLWWLQJ�SKRV-
SKRU�HPEHGGHG�LQ�DQ�HSR[\�GRPH��7KH�HPLWWHG�VSHFWUD�RI�D�JLYHQ�/('�WKXV�GHSHQG�RQ�WKH�GLRGH�
itself, on whether rays originate from the diode or casing material in its vicinity, and on the thick-
QHVV�RI�WUDYHUVHG�SKRVSKRUHVFHQW�PDWHULDO��7KH�PLQLPXP�LQWHJUDWLRQ�VXUIDFH�LQ�>(1�����@�LV�D�
disk of 0.35 millimeter diameter (at 20 centimeters and for 0.25 second integration time), which 
is much smaller than the total surface of most LEDs. The uniform spectrum assumption can thus 
lead to inaccuracies in the assessment of their groups of risk.
5HVXOWV� RI� D� FRPSDUDWLYH� VWXG\�� FRQGXFWHG� LQ� D� FROODERUDWLRQ� EHWZHHQ� WKH� FHQWUH� VFLHQWL¿TXH�
HW� WHFKQLTXH�GX�EkWLPHQW� �&67%��DQG� WKH�DJHQFH�QDWLRQDO�GH�VpFXULWp�VDQLWDLUH� �$16(6���DUH�
presented in this paper, assessing the impact of the uniform spectrum assumption on the mea-
VXUHPHQW�RI�WKH�JURXS�RI�ULVN��7R�WKDW�HQG��¿IWHHQ�RII�WKH�VKHOI�ODPSV�ZHUH�PHDVXUHG�XVLQJ�WKH�
>(1�����@�SURWRFRO��DQG�D�VHFRQG�PHWKRG�WKDW�GRHV�QRW�UHOLHV�RQ�WKLV�DVVXPSWLRQ�
7KLV�VHFRQG�PHWKRG�LV�SUHVHQWHG�LQ�GHWDLO�LQ�WKH�¿QDO�YHUVLRQ�RI�WKH�SDSHU��DQG�PDNHV�XVH�RI�VSHF-
WUDO�LPDJLQJ��6XPPDUL]LQJ��LW�UHOLHV�RQ�DQ�RULJLQDO�LPDJLQJ�VSHFWURSKRWRPHWHU�>%RXOHQJXH]����@��
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DVVHPEO\�RI�D�OLTXLG�FU\VWDO�WXQDEOH�¿OWHU��/&7)���D�KLJK�G\QDPLF�UDQJH�FDPHUD��DQG�D�QDUURZ�
)29�REMHFWLYH� �VHH�)LJXUH�����'HGLFDWHG�VRIWZDUH�DFTXLUHV�K\SHUVSHFWUDO� LPDJH�FXEHV� �L�H��D�
VSHFWUXP� IRU�HDFK�SL[HO��� WKHQ�FRPSXWHV�EOXH�KD]DUG� UDGLDQFH�GRVHV�E\�D�GLUHFW�ZHLJKWLQJ�RI�
these spectra with the blue-hazard actinic action spectrum.
The comparative study showed that for some lamps characterized by a directional emissivity, the 
uniform spectrum assumption can lead to an underrating of the photobiological group of risk.

referenCeS

>(1�����@�³3KRWRELRORJLFDO�VDIHW\�RI�ODPSV�DQG�ODPS�V\VWHPV´��&(,�,(&�,QWHUQDWLRQDO�6WDQGDUG�
�������-XO\������
>(1�(&/�������&@� ³3UHPLHUV�SDV�YHUV� O¶pWXGH�FRPSDUDWLYH�GHV�HIIHWV�VDQLWDLUHV�GHV�pFODLUDJHV�
DUWL¿FLHOV�3DUWLH�����ULVTXHV�SKRWRELRORJLTXHV�HW�U\WKPHV�FLUFDGLHQV´��FHQWUH�VFLHQWL¿TXH�HW�WHFK-
QLTXH�GX�EkWLPHQW��&67%��DQG�DJHQFH�QDWLRQDOH�GH�VpFXULWp�VDQLWDLUH��$16(6��7HFKQLFDO�5HSRUW��
Carré, S. December 2011.
>%RXOHQJXH]����@�Ä0XOWLVSHFWUDO�,PDJLQJ�$VVHVVPHQW�RI�6RXUFHV�DQG�0DWHULDOV�IRU�3KRWRVLPXOD-
WLRQ³��8QLYHUVLW\�RI�3DULV�(VW�3K'�'LVVHUWDWLRQ��%RXOHQJXH]��3���-DQXDU\������
>/('��@�Ä/LJKW�HPLWWLQJ�GLRGHV��/('��IRU�GRPHVWLF�OLJKWLQJ��DQ\�ULVNV�IRU�WKH�H\H"³��3URJUHVV�LQ�
5HWLQDO�DQG�(\H�5HVHDUFK��%HKDU�&RKHQ�)��0DUWLQVRQV�&��9LpQRW�)��=LVVLV�*��%DUOLHU�6DOVL�$��&H-
VDULQL�-3��(QRXI�2��*DUFLD�0��3LFDXG�6��$WWLD�'��-XO\������

figure 1 – Overview of the spectral imaging apparatus used to assess the photobiologi-

cal group of risk. A hyperspectral image cube of the lamp is acquired using a composite 

imaging spectrophotometer, custom assembly of a high-dynamic range camera, a liquid 

FU\VWDO�WXQDEOH�¿OWHU��/&7)���DQG�D�QDUURZ�IRY�REMHFWLYH��6SHFWUD��RQH�IRU�HDFK�SL[HO��DUH�
next converted into blue-hazard action weighted values. the black and white image in the 

center corresponds to the blue-light hazard radiance of the Led in the lower-left corner.
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dISCOMfOrt gLAre Of WHIte Led SOurCeS Of dIfferent SPAtIAL ArrAnge-

MentS

Ayama, M.1, Tashiro, T.1, Kawanobe, S.2, KImura-Minoda, T.2, Kohko, S.3, Ishikawa, T.1

1.�8WVXQRPL\D�8QLYHUVLW\��8WVXQRPL\D��7RFKLJL��-DSDQ�
2.�6WDQOH\�(OHFWULF�&R�/WG���<RNRKDPD��.DQDJDZD��-DSDQ�
3.�,ZDVDNL�(OHFWULF�&R�/WG���7RN\R��-DSDQ�

1. Introduction

In recent few years, usage of white LED in general lighting, such as indoor lighting for stores, 
VWUHHW�OLJKWLQJ��RU�IRUZDUG�OLJKWLQJ�RI�DXWRPRELOHV��LV�UDSLGO\�LQFUHDVLQJ��0D[LPXP�VL]H�RI�/('�FKLS�
FRPPHUFLDOO\�DYDLODEOH�LV�D�IHZ�PP�VTXDUH��DQG�/('�OLJKW�KDV�ERWK�DGYDQWDJH�DQG�GLVDGYDQWDJH�
due to such small size of luminous area. Compactness and freedom of design are distinguished 
advantages, whereas inhomogeneity in a luminaire and glaring due to the array of small devices 
with high luminous intensity are disadvantages. Especially on discomfort glare, LED light is so-
metimes very dazzling, and manufacturers receive complaints from clients and consumers. How-
HYHU��WKH�SUHVHQW�UHJXODWLRQ�IRU�GLVFRPIRUW�JODUH��8*5�IRU�H[DPSOH��LV�DSSOLFDEOH�IRU�OLJKW�VRXUFHV�
DVVXPLQJ� WKDW� HDFK� OLJKW� VRXUFH� LQ� WKH� YLVXDO� ¿HOG�RI� REVHUYHU�KDV�D�KRPRJHQHRXV� OXPLQRXV�
surface. Whether the present regulation for discomfort glare is applicable for inhomogeneous light 
VXFK�DV�/('�KDV�QRW�\HW�UHDFKHG�FRQVHQVXV�LQ�WKH�¿HOG�RI�LOOXPLQDWLRQ�HQJLQHHULQJ�
In this study, in order to investigate the relationship between discomfort glare evaluation and 
VRPH�SKRWRPHWULF� TXDQWLW\� IRU� /('� OLJKW� VRXUFH��ZH� FDUULHG�RXW� �� H[SHULPHQWV�XVLQJ�GLIIHUHQW�
spatial arrangements.

2. experiments

,Q�([SHULPHQW����HIIHFW�RI�KRPRJHQHXLW\�RI�/('�VRXUFH�ZDV� LQYHVWLJDWHG��7KUHH�NLQGV�RI�/('�
sources were employed as stimuli. Each of the sources is composed of nine LED elements whose 
FRORU�WHPSHUDWXUH�ZDV�DERXW������.��DUUDQJHG�LQ�D�WKUHH�E\�WKUHH�PDWUL[�ZLWKLQ�DQ�DUHD�RI����FP�
[����FP��L�H�������GHJ�[�����GHJ�LQ�YLVXDO�DQJOH��7KH�¿UVW�RQH�ZDV�PDGH�RI�UDZ�/('�HOHPHQWV��WKH�
second one was made of the LED elements covered by a lens cap, and the third one was the LED 
PDWUL[�FRYHUHG�E\�WUDQVOXFHQW�JODVV�WR�REWDLQ�D�URXJKO\�KRPRJHQHRXV�VXUIDFH��7KH\�ZHUH�FDOOHG�
Type I, II, and II, respectively. Detail of this part was presented in the CIE20101).
,Q�([SHULPHQW����HIIHFW�RI�WKH�SLWFK�OHQJWK�RI��[��/('�PDWUL[�ZDV�WHVWHG��7KH�SLWFK�OHQJWKV�RI������
�����������������������������������DQG�����GHJ�LQ�YLVXDO�DQJOH�ZHUH�HPSOR\HG��'HWDLO�RI�WKLV�SDUW�ZDV�
presented in the CIE20112).

,Q�([SHULPHQW����HIIHFW�RI�WKH�GHQVLW\�RI�/('�ZLWKLQ�D�¿[HG�DUHD�RI�����GHJ�[�����GHJ�ZDV�H[DPL-
QHG��0DWULFHV�RI���[������[����DQG���[���ZHUH�XVHG�DV�WKH�VWLPXOL�
7KH�EDFNJURXQG�OXPLQDQFH�ZDV�FKDQJHG�EHWZHHQ�IRXU�OHYHOV���������DQG����FG�P2�IRU�([SHULPHQW�
��DQG����,Q�DGGLWLRQ�WR�WKHVH�FRQGLWLRQV��GDUN�EDFNJURXQG�FRQGLWLRQ�ZDV�HPSOR\HG�LQ�([SHULPHQW�
1. For each of the conditions, seven intensity levels that cover from unnoticeable level to unbe-
DUDEOH�OHYHO�ZHUH�GHWHUPLQHG�LQ�SUHOLPLQDU\�H[SHULPHQWV��DQG�WKH\�ZHUH�FRQWUROOHG�E\�LQVHUWLQJ�
GLIIHUHQW�QHXWUDO�GHQVLW\�¿OWHUV�LQ�IURQW�RI�WKH�/('�VRXUFH��6FDOLQJ�SURFHGXUH�LV�FRPPRQ�WR�DOO�H[-
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periments. We used Matsuda‘s response scale3), where 1, 5, and 9 corresponds to unnoticeable, 
beginning to feel discomfort glare, and unbearable, respectively.
7KH�H[SHULPHQWHU�SUHVHQWHG�WKH�REVHUYHU�WKH�OLJKW�VRXUFH�DW�D�FHUWDLQ�LQWHQVLW\�IRU�WKUHH�VHFRQGV��
The observer subjectively evaluated the degree of discomfort glare using Matsuda‘s scale. Stimu-
lus of different intensity was presented in a random order.

2. results and Summary

In the previous presentation, we proposed “effective glare luminance” as that the sum of lumi-
QDQFH�LQ�WKH�VRXUFH�DUHD�GLYLGHG�E\�WKH�WRWDO�VL]H�RI�DUHD�ZKHUH�VRPH�OXPLQDQFH�YDOXH�H[LVWV����
7KH�DUHD�LV�FDOOHG�³HIIHFWLYH�DUHD´�DQG�GHULYHG�E\�WKH�VXP�RI�SL[HOV�ZLWKLQ�WKH�OXPLQDLUH�DUHD�WKDW�
have luminance value in the HDR image of LED source. Unfortunately, we found serious mis-
FDOFXODWLRQ�,Q�WKH�DQDO\VLV�RI�([SHULPHQW����DQG�JRRG�DJUHHPHQW�EHWZHHQ�WKH�VRXUFH�W\SHV�ZLWK�
different homogeneity has not obtained using the raw value of effective glare luminance. In this 
VWXG\�ZH�PRGL¿HG�LW�E\�XVLQJ�GLIIHUHQW�ZHLJKWLQJ�FRHI¿FLHQWV�IRU�GLIIHUHQW�OHYHO�RI�OXPLQDQFH��7KH�
higher the luminance, the larger the weighting factor, and then, sum up the luminance value of 
HDFK�SL[HO�LQ�WKH�HIIHFWLYH�DUHD�
:H� IRXQG� WKDW�QHLWKHU� WKH� LOOXPLQDQFH�DW� WKH�REVHUYHUµV�H\H�QRU�HTXLYDOHQW� YHLOLQJ� OXPLQDQFH��
FRXOG�H[SODLQ�WKH�VFDOLQJ�UHVXOWV�RI�GLVFRPIRUW�JODUH�XVLQJ�OLJKW�VRXUFHV�RI�GLIIHUHQW�VSDWLDO�DUUDQ-
JHPHQWV������6FDOLQJ�UHVXOWV�IRU�([SHULPHQW���
���DQG���ZHUH�SORWWHG�DJDLQVW�WKH�HIIHFWLYH�JODUH�OXPLQDQFH�XVLQJ�GLIIHUHQW�ZHLJKWLQJ�FRHI¿FLHQWV��
Curves in the same background condition but having different spatial arrangement agree with 
HDFK�RWKHU��:HLJKWLQJ�IDFWRU�IXQFWLRQ�ZKLFK�SURYLGHV�WKH�EHVW�¿W�IRU�DOO�H[SHULPHQWDO�UHVXOWV�EH-
FRPH�DQ�H[SRQHQWLDO�IXQFWLRQ��&RUUHODWLRQ�EHWZHHQ�H[SHULPHQWDO�DQG�WKHRUHWLFDO�YDOXHV�LV�VWURQJ�
JLYLQJ�WKH�YDOXH�RI�U�� �����DV�VKRZQ�LQ�)LJXUH����OW�LV�WKXV�VXJJHVWHG�WKDW�HIIHFWLYH�JODUH�OXPL-
QDQFH�LV�D�VWURQJ�FDQGLGDWH�IRU�D�SURSHU�LQGH[�RI�GLVFRPIRUW�JODUH�IRU�OLJKW�VRXUFHV�KDYLQJ�GLIIHUHQW�
spatial luminance distribution.
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OP19

SuItABLe LuMInOuS envIrOnMent fOr vArIOuS ACtIvItIeS In SHAred OffICe

villa, C., Labayrade, R.
(173(��9DXO[�HQ�YHOLQ��)UDQFH�

7KH�DUWLFOH�SUHVHQWV�D�SV\FKRYLVXDO�H[SHULPHQW�DERXW�OXPLQRXV�HQYLURQPHQW�LQ�RI¿FH�VKDUHG�E\�
WZR�XVHUV�FRQGXFWHG�RQ�WKH�LQWHUQHW�ZLWK������VXEMHFWV��7KH�RI¿FH�LV�OLW�E\�GD\OLJKW��FRQWUROOHG�E\�
DQ�H[WHULRU�VKDGLQJ�V\VWHP��DQG�E\�DUWL¿FLDO�OLJKW��FRPSRVHG�E\�FHLOLQJ�VRXUFHV�DQG�D�WDVN�ODPS�
RQ�HDFK�GHVN��7KH�JRDO�ZDV�WR�VWXG\�LI�OXPLQRXV�HQYLURQPHQWV��GH¿QHG�ZLWK�WKH�RULHQWDWLRQ�RI�WKH�
VKDGLQJ�GHYLFH��WKH�SHUFHQWDJH�RI�FHLOLQJ� OXPLQRXV�ÀX[��WKH�VWDWH�RI�HDFK�WDVN� ODPS��VZLWFKHG�
RQ�RII���VXLWDEOH�IRU�ERWK�XVHUV�FRQGXFWLQJ�YDULRXV�DFWLYLWLHV��SDSHU�EDVHG�ZRUN��FRPSXWHU��EDVHG�
work, meeting with a visitor) can be identify. Twelve psychovisual tests have been conducted 
depending on: 1) the point of view (user close to the window, user far from the window); 2)the 
conducted activity (paper-based work, computer-based work, meeting with a visitor); 3) the type 
of sky (overcast, sunny (for one position of the sun)).

)RU�HDFK�SV\FKRYLVXDO�WHVW�����VWLPXOL�ZHUH�DVVHVVHG��%\�HPSOR\LQJ�LQFRPSOHWH�EORFN�H[SHULPHQ-
WDO�GHVLJQ��HDFK�WHVW�UHTXLUHG�D�SDQHO�RI�����VXEMHFWV�ZKLFK�MXGJHG����DPRQJ����VWLPXOL��(DFK�
VWLPXOXV�ZDV�MXGJHG����WLPHV������ ��������,Q�WRWDO������� ������MXGJPHQWV�RI�OXPLQRXV�HQ-
vironments were collected. From the collected database, the following issues were investigated:
• Are results related to considered sky type?
• Do preferred luminous environments vary according to the conducted activity?
• $UH�OXPLQRXV�HQYLURQPHQWV�UHODWHG�WR�WKH�SRVLWLRQ�RI�WKH�XVHU�LQ�WKH�RI¿FH"
• Does individual control with task lamp make it possible to identify luminous environments that 

satisfy both users? 
• 'RHV�LQGLYLGXDO�FRQWURO�ZLWK�WDVN�ODPS�RQ�RQH�GHVN�KDYH�DQ�HIIHFW�RQ�WKH�OLJKWLQJ�TXDOLW\�IRU�

the user on the other desk?

To sum up results, for a desk far from the window, suitable luminous environment do not differ 
DFFRUGLQJ� WR� WKH�DFWLYLW\��2Q� WKH�RWKHU�KDQG��VXLWDEOH� OXPLQRXV�HQYLURQPHQWV� IRU�XVHU�FORVH� WR�
the window are different according to the realised activity, in particular under sunny conditions. 
In addition, individual control of task lamp does not have negative effects on the satisfaction of 
WKH�RWKHU�XVHUV��2Q�WKH�FRQWUDU\��WKH\�KHOS�WR�EDODQFH�OXPLQDQFHV�LQ�WKH�URRP�DQG�ZHUH�MXGJHG�
especially suitable for computer-based work.
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OP20

Study On ILLuMInAnCe BALAnCe BetWeen WOrKIng AreA And AMBIent,

effeCtS Of dIStrIButIOn Of LuMInOuS IntenSIty Of AMBIent LIgHtIng And 

tHe Order And SPeed Of AdJuStMent

Inoue, y.

1DUD�:RPHQµV�8QLYHUVLW\��1DUD��-DSDQ�

This research aims at offer of comfortable TAL (Task and ambient lighting). TAL is the method of 
securing illuminance for the working area with task lighting, and holding down the circumference 
to the minimum illuminance. Today improvement in the practicality of TAL goes pressing need due 
to reduce energy consumption.
,Q�WKH�SUHYLRXV�SDSHU�������&,(�/LJKWLQJ�4XDOLW\���WKH�DOORZDQFH�EDODQFH�7�$�EHWZHHQ�ZRUNLQJ�
DUHD�DQG�DPELHQW� LV�SURSRVHG�ZLWK�FRQVLGHUDWLRQ�E\� WKH� LQLWLDO� OLJKWLQJ�FRQGLWLRQ��1H[W�� LQ���WK�
session of the CIE 2011, the effects of the distribution of luminous intensity of task lighting and 
WKH�IURQW�ZDOO� LOOXPLQDQFH�RQ�WKH�DOORZDQFH�EDODQFH�7�$��YLVXDO�SHUIRUPDQFH�DQG�LPSUHVVLRQ�LV�
discussed.
,Q�WKLV�SDSHU��WKH�SXUSRVH�LV�WR�H[DPLQH�WKH�LQÀXHQFH�RI�WKH�LOOXPLQDQFH�GLVWULEXWLRQ�E\�DPELHQW�
lighting and the order and speed of adjustment on following elements such as the task and ambi-
ent ratio, visual performance and impression.
In order to propose comfortable and low consumption energy TAL, in addition to the luminous 
LQWHQVLW\�GLVWULEXWLRQ�RI�HDFK�LQVWUXPHQW��WKH�RUGHU�RI�OLJKWLQJ�DQG�DGMXVWPHQW�VSHHG�DUH�H[DPL-
ned and consumption energy comparison is performed. Furthermore, a comfortable adjustment 
speed without the darkness feeling in the case of shifting to TAL from uniform lighting, and the 
JODUH�IHHOLQJ�LQ�WKDW�FDVH�RI�EHLQJ�UHYHUVH�LV�H[DPLQHG�

.H\ZRUGV��7$/��$OORZDQFH� UDWLR� RI�7�$�� /XPLQDQFH� GLVWULEXWLRQ��$GMXVWPHQW� RUGHU��$GMXVWPHQW�
VSHHG��'DUNQHVV��*ODUH��9LVXDO�SHUIRUPDQFH��&RQVXPSWLRQ�HQHUJ\

1. Laboratory and evaluation

The laboratory has the luminous ceiling (FL 4500K), the wall washer (LED 4400K), the spotlight 
�/('�����.���WKH�GHVN�VWDQG��/('�����.��DQG�ZKLWH�ZDOOV�
Controling ambient lighting means being adjusted to the critical condition that is possible to work 
comfortably with constant task illuminance by subjects. Task illuminance is kept constant with the 
automatic control of task lighting. Before and after controling ambient lighting, subjects evaluate 
the following.
Visual performance : analyzed with the correct and wrong percentage of marked Landolt rings, 
DQG�VSHHG��RQO\�H[DPLQDWLRQ�RQ�WKH�LOOXPLQDQFH�GLVWULEXWLRQ�RI�WDVN�OLJKWLQJ�
,PSUHVVLRQ���H[DPLQHG�ZLWK�HYDOXDWLRQ�RQ�VSDFH�DQG�D�GHVN�VXUIDFH
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���'H¿QLWLRQ�RI�LOOXPLQDQFH��DQG�(YDOXDWLRQ
7KH�FRQGLWLRQ�RI�7�$ ��LV�XQ�XQLIRUP�E\�RQO\�WDVN�OLJKWLQJ��DQG�WKDW�RI�7�$ ��LV�XQLIRUP�E\�RQO\�
DPELHQW�OLJKWLQJ��,W�LV�GH¿QHG�WKDW�HDFK�LOOXPLQDQFH�LV�DV�IROORZV�
����7DVN� LOOXPLQDQFH�7� � WKH�ZRUN�DUHD� LOOXPLQDQFH� � WKH� WRWDO� LOOXPLQDQFH�RI� WKH�FHQWHU�RI� WKH�
working area
����$PELHQW�LOOXPLQDQFH�$� �WKH�ZRUN�DUHD�LOOXPLQDQFH�E\�RQO\�DPELHQW�OLJKWLQJ
����3HULSKHU\�LOOXPLQDQFH�3 �KH�DYHUDJH�LOOXPLQDQFH�RI�IRXU�FRUQHUV�RI�WKH�GHVN
����(QYLURQPHQW�LOOXPLQDQFH�(� �WKH�DYHUDJH�LOOXPLQDQFH�RI�VHYHQ�VSRWV�WKDW�DUH�IURQW�ZDOO��VLGH�
walls and four corners of the desk
����:DOO�LOOXPLQDQFH�:� �WKH�YHUWLFDO�LOOXPLQDQFH�RI�WKH�FHQWHU�RI�IURQW�ZDOO

���,QÀXHQFH�RI�WKH�GLVWULEXWLRQ�RI�OXPLQRXV�LQWHQVLW\�RI�DPELHQW�OLJKWLQJ
6XEMXFWV�DUH����\RXQJ�IHPDOHV��7DVN�LOOXPLQDQFH�LV�VHW�WR����������DQG�����O[��7KH�LQLWLDO�OLJKWLQJ�
condition is that of only task lighting. Subjects control ambient lighting, this time, one of ambient 
lighting is turned on.
Allowed ambient illuminance are high in order of the luminous ceiling, the wall washer, and the 
spotlight. By the spotlight, wall illuminance is higher than environment illuminance, that is, irradi-
ating front wall locally can hold down
environment illuminance. In the case of the same task illuminance, although impression on TAL 
which controled each ambient lighting is better than the condition of only task lighting, it is worse 
WKDQ�FRQGLWLRQ�RI�RQO\�WKH�OXPLQRXV�FHLOLQJ��:KHQ�HDFK�UHTXLUHG�DPELHQW�LOOXPLQDQFH�LV�VHFXUHG��
WR�HQHUJ\�FRQVXPSWLRQ�E\� WKH� OXPLQRXV�FHLOLQJ�� WKH�ZDOO�ZDVKHU� LV�������DQG� WKH�VSRWOLJKW� LV�
������

���,QÀXHQFH�RI�WKH�RUGHU�RI�DGMXVWPHQW
6XEMXFWV�DUH���\RXQJ� IHPDOHV��7DVN� LOOXPLQDQFH� LV�VHW� WR���� O[��7KH� LQLWLDO� OLJKWLQJ�FRQGLWLRQ� LV�
only task lighting or allowed TAL. After adjusting to the initial lighting condition, wall illuminance is 
changed by the spotlight. Wall illuminance-increase is set to 4 stages. Subjects control the lumi-
nous ceiling again. Allowed TAL is the combination of task lighting and the luminous ceiling. It is 
average condition of each subject when controling ambient lighting from the condition of only task 
lighting three times.
In each initial lighting condition, allowed environment illuminance is so high that wall illuminance-
increase is large. For any wall illuminance-increase, allowed environment illuminance is low when 
WKH�LQLWLDO�OLJKWLQJ�FRQGLWLRQ�LV�RQO\�WDVN�OLJKWLQJ��7KLV�LV�WKH�VDPH�UHVXOW�WKDW�DOORZHG�7�$�LV�VPDOOHU�
when adjusting high environment illuminance. Since environment illuminance is high, impression 
is slightly better when the initial condition is only task lighting than allowed ambient illuminance. 
After controling ambient lighting, the lower the wall illuminance is, the larger the difference of 
impression on the initial condition is. In which the initial condition, impression on the condition of 
DOORZHG�DPELHQW�LOOXPLQDQFH�DSSUR[LPDWH�DOPRVW�WKH�VDPH�ZKHQ�ZDOO�LOOXPLQDQFH�LV�KLJK�HQRXJK�
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���,QÀXHQFH�RI�WKH�VSHHG�RI�DGMXVWPHQW
6XEMXFWV�DUH����\RXQJ�IHPDOHV��7DVN�LOOXPLQDQFH�LV�VHW�WR����O[�������DQG�����O[��7KH�LQLWLDO�OLJKWLQJ�
FRQGLWLRQ�LV�DOORZDQFH�7�$�RU�RQO\�XQLIRUP�DPELHQW�OLJKWLQJ�
The adjustment speed which the ambient illumination of the permission minimum at the time of 
work is made to decrease from uniform lighting and which raises the ambient illumination from 
7$/�WR�XQLIRUP�OLJKWLQJ�LV�FODUL¿HG��7KH�DGMXVWPHQW�PHWKRG�RI�WKH�DPELHQW�OLJKWLQJ�IRU�DYRLGLQJ�WKH�
feeling of darkness and glare at the time of using TAL is considered.
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A Study On tHe PerMISSIBLe rAnge Of ununIfOrMIty By AMBIent LIgHtIng In 

A WOrKPLACe 

Suzuki, n.1, Yoshizawa, N.2, Mochizuki, E.3, Tanaka, H.2

1.�(QGR�/LJKWLQJ�&RUS���7RN\R��7RN\R��-DSDQ�
2.�7RN\R�8QLYHUVLW\�RI�VFLHQFH��1RGD��&KLED��-DSDQ�
3.�&KLED�,QVWLWXWH�RI�7HFKQRORJ\��1DUDVKLQR��&KLED��-DSDQ�

1. Introduction

7KH�DFFLGHQW�RI�WKH�)XNXVKLPD�QXFOHDU�SRZHU�SODQW�FDXVHG�E\�WKH�*UHDW�(DVW�-DSDQ�(DUWKTXDNH�
�LQ�0DUFK�������DQG�VHTXHQWLDO�VKXWGRZQV�RI�RWKHU�QXFOHDU�SRZHU�SODQWV�OHDG�WR�D�VHULRXV�VKRU-
WDJH�RI�HOHFWULF�HQHUJ\�LQ�-DSDQ��7KH�:RUNLQJ�*URXS�LQ�$UFKLWHFWXUDO�,QVWLWXWH�RI�-DSDQ�>:*�RQ�
LQYHVWLJDWLRQ�LQWR�OXPLQRXV�HQYLURQPHQW�LQ�RI¿FHV�ZLWK�XUJHQW�HOHFWULFLW\�VDYLQJ�FDXVHG�E\������
HDUWKTXDNH@�KDV�LQYHVWLJDWHG�WKH�DFWXDO�VLWXDWLRQV�RI�RI¿FH�EXLOGLQJV�LQ�-DSDQ�ODVW�\HDU�WR�LGHQWLI\�
HIIHFWLYH�ZD\V�WR�VDYH�HOHFWULFDO�SRZHU�FRQVXPSWLRQ�IRU�OLJKWLQJ��7KH�UHVXOWV�RI�WKH�¿HOG�PHDVXUH-
PHQWV��FRQGXFWHG�LQ����GLIIHUHQW�RI¿FH�VSDFHV��PDLQO\�ORFDWHG�LQ�7RN\R��VKRZHG�WKDW�WKH�QXPEHU�
of illuminated lamps was reduced (partial lighting) and the desktop illuminance was reduced by 
DOPRVW�KDOI�FRPSDUHG�ZLWK�WKDW�EHIRUH�WKH�HDUWKTXDNH�LQ�PRUH�WKDQ�KDOI�RI�WKH�PHDVXUHG�RI¿FHV�
,Q�-DSDQHVH�RI¿FH�EXLOGLQJV��LW�LV�TXLWH�FRPPRQ�IRU�WKH�RFFXSDQWV�WR�ZRUN�WRJHWKHU�ZLWK�WKH�RWKHUV�
LQ�D�GHHS�SODQ�RI¿FH�VSDFH��DQG�WKH�VSDFH�LV�KLJKO\�LOOXPLQDWHG�WR�PDNH�WKH�OLJKWLQJ�HQYLURQPHQW�
uniform in general. However, turning off some lamps deteriorates luminous uniformity, and that 
may cause discomfort glare, low brightness levels in spaces and so forth. Therefore, the permis-
VLEOH�UDQJH�RI�OXPLQRXV�XQXQLIRUPLW\�LQ�RI¿FH�VSDFHV�VKRXOG�EH�LGHQWL¿HG�WR�EDODQFH�WKH�HQHUJ\�
VDYLQJ�DQG�WKH�TXDOLW\�RI�OLJKWLQJ�HQYLURQPHQW�
This study investigated how ununiformity with ambient light affects the occupants‘ evaluation of 
WKH�ZRUNSODFH��7KH�H[SHULPHQWV�ZHUH�FRQGXFWHG� LQ�DQ�DFWXDO�RI¿FH�VSDFH�IRU���PRQWKV�XQGHU�
various lighting conditions.

2 experimental method

7KH�VL]H�RI�WKH�H[SHULPHQWDO�URRP�ZDV����P�LQ�ZLGH�DQG�����P�LQ�GHSWK��ZKHUH����/('�OXPL-
naires with 4,000 K of CCT were mounted on the ceiling. Electrical power consumption for each 
/('�OXPLQDLUH�ZDV������:DWW��(LJKW�GLIIHUHQW�H[SHULPHQWDO�FRQGLWLRQV�FRPELQLQJ�ZLWK�WKH�DYHUDJH�
illuminance on the desk and luminous uniformity, as shown in Table1 and Figure1, were prepared. 
6RPH�FRQGLWLRQV�ZHUH�SUHVHQWHG�UHSHDWHGO\�WR�WHVW�WKH�LQÀXHQFH�RI�WKH�RFFXSDQWVµ�DGMXVWPHQW�WR�
the new lighting environments. Luminous uniformity was set by covering some of the luminaires 
and the average illuminance was set by dimming. Each condition was set on Friday night and the 
RFFXSDQWV�ZHUH�H[SRVHG�WR�HDFK�FRQGLWLRQ�IRU�RQH�ZHHN��IURP�QH[W�0RQGD\�WR�)ULGD\��8QLIRUPLW\�
ratio of illuminance in Table1 was calculated by dividing minimum illuminance by average illumi-
ance in the space.
About twenty occupants aged 20 to 50 evaluated the luminous environments, such as brightness 
RQ� WKH�GHVN��EULJKWQHVV�VHQVDWLRQ�RI� WKH�ZKROH�RI¿FH�VSDFH��GLVFRPIRUW�JODUH�DQG�VDWLVIDFWLRQ�
levels in the workplaces and so forth, on the latter half of the week.
,Q�WKH�H[SHULPHQWV��LOOXPLQDQFH�RQ�WKH�GHVN�DQG�YHUWLFDO�LOOXPLQDQFH�DW�WKH�RFFXSDQW¶�H\HV�ZHUH�
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recorded at intervals of one minute, and luminance distributions from the viewpoints of the occu-
pants’ eyes were also measured at intervals of one hour.

3 results and discussion

Figure 2 shows the results of satisfaction levels with the luminous environment of each condition 
LQ�WKH�RI¿FH�VSDFH��,W�FDQ�EH�VHHQ�WKDW�WKH�RFFXSDQWV�HYDOXDWHG�GLIIHUHQWO\�DOWKRXJK�WKH�OLJKWLQJ�
FRQGLWLRQV�ZHUH�WKH�VDPH��VHH�1R���	�1R����RU�1R����	�1R������2QH�RI�WKH�SRVVLEOH�UHDVRQV�IRU�
WKLV�ZDV�WKDW�WKH�RFFXSDQWV�ZHUH�H[SRVHG�WR�EULJKWHU�HQYLURQPHQW�LQ�WKH�SUHYLRXV�ZHHN�DQG�WKH\�
PLJKW�VHQVH�WKH�RI¿FH�VSDFH�PXFK�GDUNHU� WKDQ�EHIRUH�DQG�WKH�VDWLVIDFWLRQ� OHYHO�ZDV� ORZHUHG��
+RZHYHU��XQGHU�WKH�FRQGLWLRQV�RI�1R���	�1R����>���O[�DQG�+LJK�8QLIRUPLW\@�WKH�SHUFHQWDJHV�RI�
WKH�RFFXSDQWV�ZKR�ZHUH�VDWLV¿HG��GLVVDWLV¿HG�ZLWK�WKH�VSDFH�ZHUH�DOPRVW�WKH�VDPH��VR�LW�FDQ�EH�
LPSOLHG�WKDW�WKH�HYDOXDWLRQV�XQGHU�WKH�FRQGLWLRQV�RI�����O[�FRXOG�EH�UHSURGXFHG�LQ�WKH�VHFRQG�FLU-
FOH��,Q�WKH�VHFRQG�FLUFOH��WKH�SHUFHQWDJH�RI�WKH�RFFXSDQWV�ZKR�ZHUH�ÄGLVVDWLV¿HG³�KDG�D�QHJDWLYH�
correlation with uniformity ratio of illuminance regardless of the same average illuminance.

4 Conclusion and future works

In the present work, to address the effects of non-uniformity of illuminance in workspaces, the 
H[SHULPHQWV� LQ�DQ�DFWXDO�RI¿FH�ZLWK�DERXW����RFFXSDQWV�KDV�EHHQ�FRQGXFWHG�� ,W� LV�SUHGLFWDEOH�
IURP�WKH�UHVXOWV�WKDW�WKH�SHUFHQWDJH�RI�WKH�RFFXSDQWV�ZKR�ZHUH�ÄGLVVDWLV¿HG³�ZLWK�WKH�OXPLQRXV�
HQYLURQPHQW� LQ� WKH�RI¿FH�VSDFH�KDG�D�QHJDWLYH�FRUUHODWLRQ�ZLWK�XQLIRUPLW\� UDWLR�RI� LOOXPLQDQFH�
UHJDUGOHVV�RI�WKH�VDPH�DYHUDJH�LOOXPLQDQFH�LQ�WKH�RI¿FH�VSDFH��'HWDLOHG�DQDO\VLV�RI�OXPLQDQFH�
GLVWULEXWLRQ�DQG�JODUH�LV�XQGHU�ZD\��DQG�ZH�DUH�JRLQJ�WR�VWDUW�WKH�VDPH�H[SHULPHQWV�LQ�WKH�ODER-
ratory from November 2012.

figure 1
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table 1 – Circle of Lighting conditions

)LJXUH�����6DWLV¿HG�RI�WKH�:RUNVSDFH

No  Lighting 
condition

 Average 
,OOXPLQDQFH�O[�

 Uniformity Ratio Electrical Power 
Consumption(W)

 Notes

1 A ��� ���� 944.9
2 B ��� ���� �����
3  C  520 ���� ������  wall is bright
4  D  522  0.52 ������  wall is dark
5  F  523 ����� ������
�  B  520 ����� ������
�  C ���� ����� ������  wall is bright
�  D  510  0.50 �����  wall is dark
9  E  522  0.34 ������

10 B  522 ����� ������
11  F ���� ����� ������
12 �* ����  0.50 ������  wall is bright
13  H  309  0.29  401.9
14  F  300 �����  390.0
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OP22

revIeW Of OffICe LIgHtIng reSeArCH

Kronqvist, A.K. 

'HSW��RI�&LYLO�(QJLQHHULQJ�DQG�/LJKWLQJ�6FLHQFH��-|QN|SLQJ�8QLYHUVLW\��-|QN|SLQJ��6ZHGHQ�

Background

$V�RI¿FH�WDVNV�DUH�WUDQVIRUPHG�WKH\�DUH�UHVXOWLQJ�LQ�WKH�FRPSXWHU�VFUHHQ��9'7��RFFXS\LQJ�WKH�
YLVXDO�¿HOG�DQG�GHPDQGLQJ�D�FRQWUDVW�UHODWLRQVKLS�WKDW�GLIIHUV�IURP�WUDGLWLRQDO�SDSHU�ZRUN��3LFFROL��
6RFL��=DPEHOOL�	�3LVDQLHOOR���������6WXGLHV�KDYH�VKRZQ�WKDW�LOOXPLQDQFH�SUHIHUHQFHV�LQ�FRPSXWH-
ULVHG�RI¿FHV�GLIIHU�IURP�SUHIHUHQFHV�LQ�WUDGLWLRQDO�RI¿FHV��9HLWFK�	�1HZVKDP������D��(VFX\HU�	�
)RQWR\QRQW���������DQG�WKDW�WKH�RI¿FH�OLJKWLQJ�UHFRPPHQGDWLRQV�DQG�VWDQGDUGV�QHHG�WR�EH�DGMXV-
ted to suit VDT based tasks.
Humans are affected by light (Fig. 1), and studies have found an arousal effect of light (Cajochen 
HW�DO���������/RFNOH\�HW�DO���������5HYHOO��$UHQGW��)RJJ�	�6NHQH��������9DQGHZDOOH�HW�DO����������
as well as a support of social and biological processes. Light also provides a trigger for circadian 
rhythms (Czeisler et al., 1995), hormonal balances (Cajochen et al., 2005) and processes impor-
WDQW�WR�RXU�JHQHUDO�ZHOO�EHLQJ��)LJXHLUR��%LHUPDQ��3OLWQLFN�	�5HD���������'HSHQGLQJ�RQ�DYDLODEOH�
QDWXUDO�GD\OLJKW�WKH�QHHG�IRU�DUWL¿FLDO�OLJKW�WR�VXSSRUW�KXPDQ�SK\VLRORJLFDO�DQG�SV\FKRORJLFDO�SUR-
FHVVHV�YDULHV��%HJHPDQQ��YDQ�GHQ�%HOG�	�7HQQHU��������3DUWRQHQ�	�/|QQTYLVW��������)OHLVFKHU��
.UXHJHU�	�6FKLHU]��������1LFRO��:LOVRQ�	�&KLDQFDUHOOD��������5�JHU��*RUGLMQ��%HHUVPDD��GH�9ULHV�
	�'DDQ��������5HYHOO��$UHQGW��)RJJ�	�6NHQH��������.�OOHU��%DOODO��/DLNH��0LNHOOLGHV�	7RQHOOR��
������$DQ�KHW�5RW��0RVNRZLW]�	�<RXQJ��������+RIIPDQ�HW�DO��������+XEDOHN��%ULQN�	�6FKLHU]��
������/LJKWLQJ�IXUWKHUPRUH�KDV�DQ�LQÀXHQFH�RQ�YLVXDO�DFXLW\��DV�ZHOO�DV�RQ�SHUIRUPDQFH��VRFLDO�
interaction, safety and orientation. It indirectly supports other visual needs by creating a stimu-
ODWLQJ�HQYLURQPHQW��/RH��0DQV¿HOG�	�5RZODQGV�������/RH�	�5RZODQGV��������/RH��0DQV¿HOG�	�
Rowlands, 2000). Study participants see and appreciate differences in lighting conditions and 
YLVXDO�DSSUDLVDO�LV�LQÀXHQFHG�E\�DSSHDUDQFH�DV�D�ZKROH��%R\FH��������
7KH�TXDOLW\�RI�DPELHQW�OLJKW�QHHGV�WR�EH�GH¿QHG�ERWK�WR�VXSSRUW�WDVNV�DVVRFLDWHG�ZLWK�9'7V�DQG�
to promote health and performance. This review is intended to suggest areas of interest for further 
UHVHDUFK�DV�ZHOO�DV�WR�LGHQWLI\�ZHDNQHVVHV�LQ�FRQWHPSRUDU\�UHVHDUFK�UHODWHG�WR�RI¿FH�OLJKWLQJ�

Method

7KH�UHYLHZ�LV�EDVHG�RQ�VHDUFKHV�LQ�GDWDEDVHV�DYDLODEOH�DW�WKH�8QLYHUVLW\�RI�-|QN|SLQJ��6ZHGHQ��
IURP�1RYHPEHU������WR�-DQXDU\�������5HVHDUFK�SHUIRUPHG�SULRU�WR������ZDV�YLHZHG�ZLWK�FDX-
WLRQ�VLQFH�WKH�PRGHUQ�9'7�GLVSOD\V�D�WHFKQRORJ\�GLIIHUHQW�IURP�WKH�ROGHU�W\SH��DQG�RI¿FH�OD\RXW��
ZRUN�WDVNV�DQG�WRROV�KDYH�XQGHUJRQH�VLJQL¿FDQW�FKDQJHV�LQ�WKH�ODVW�GHFDGH�
Selected keywords were combined in a 12*12*11 search of the chosen databases.
(LJKW\�VL[�SXEOLVKHG�VWXGLHV�ZHUH�FKRVHQ�DQG�VRUWHG�LQWR�WKUHH�GLIIHUHQW�FDWHJRULHV��)LJ������1RW�
only articles published in peer-reviewed journals and conference proceedings were included, but 
DOVR�VFLHQWL¿F�UHSRUWV�RI�LQWHUHVW�SXEOLVKHG�HOVHZKHUH�
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results

7KH�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�UHYLHZHG�VWXGLHV�UDQJHV�IURP���������DQG�FDQ�GLIIHU�EHWZHHQ�
SHULRGV�LQ�WKH�VDPH�VWXG\��'H�.RUW�HW�DO����������'HPRJUDSKLF�LQIRUPDWLRQ�LV�RIWHQ�H[FOXGHG��VLGH�
stepping considerations derived from ageing, gender and culture. The gender distribution in the 
UHYLHZHG�VWXGLHV�LV�VRPHWLPHV�KHDYLO\�VNHZHG���%R\FH�HW�DO���������5�JHU�HW�DO���������3DUWRQHQ�
HW�DO���������$DQ�KHW�5RW�HW�DO���������+XEDOHN�HW�DO���������
The interior design in many of the reviewed studies is subdued and in some cases even non-
H[LVWHQW�LQ�RUGHU�WR�DYRLG�LQÀXHQFLQJ�WKH�UHVXOWV�
([SHULPHQWDO�VHWWLQJV�XVLQJ�D�EDVHOLQH�VHWWLQJ�IRU�FRPSDULVRQ�GR�QRW�DOZD\V�LQFOXGH�LQIRUPDWLRQ�
about the type of luminaires nor overall lighting design for the baseline condition. Several of the 
studies additionally did not account for neither spectral power distribution nor CCT. The CCT of 
light is so intimately connected with other parameters, such as colour rendering and illuminance, 
that contradictory results are found in studies of similar character.

discussion

7KLV�UHYLHZ�VWXG\�LQFOXGHV�GLIIHUHQW�W\SHV�RI�VWXGLHV�EXW�WKH�H[SHULPHQWDO�VHWWLQJV�DQG�WHVWHG�YDUL-
ables vary, impeding comparison. Even if they aim to describe the same phenomenon, the studies 
DUH�XQLTXHO\�GHVLJQHG�DQG�LQFOXGH�DQG
H[FOXGH�YDULDEOHV�VHHPLQJO\�DW�UDQGRP��,W�LV�ZRUU\LQJ�WKDW�WKH�VFDUFLW\�RI�LQIRUPDWLRQ�RQ�OLJKWLQJ�
layout, glare incidences and light source properties obstructs evaluations. Additionally, technical 
advancements have shortened the lifespan of many studies. The research community needs to 
clarify threats to internal validity such as selection bias or instrumentation, and sample charac-
WHULVWLFV� WKUHDWHQLQJ� H[WHUQDO� YDOLGLW\� VKRXOG� EH� GLVFXVVHG�� ([LVWLQJ� UHFRPPHQGHG�PRGHOV� IRU�
assessing lighting conditions in VDT applications show no agreement with the results of subjects 
ZLWK�D�JURXS�DJH�RI������0RJKEHO�	�:LHQROG��������HPSKDVLVLQJ�WKH�QHHG�WR�FRQVLGHU�DJH��5H-
search further claims that women are generally more sensitive to changes in light settings than 
PHQ��.QH]���������VWUHVVLQJ�WKH�QHHG�IRU�DQ�HTXDO�JHQGHU�GLVWULEXWLRQ�
0RUHRYHU�D�SRVVLEOH�HIIHFW�RI�WKH�H[SHULPHQWDO�OLJKWLQJ�HQYLURQPHQWV�GLVFXVVHG�LQ�WKLV�UHYLHZ�LV�
D�GLVWRUWLRQ�RI�WKH�UHVXOWV�DQG�VXSSUHVVLRQ�RU�IDLOXUH�WR�LQYLWH�WKH�K\SRWKHVLVHG�UHVSRQVHV��([SH-
rimental settings that are uncomfortable to the participants create situations causing stress and 
LQFUHDVHG�DURXVDO��PDNLQJ�WKH�DSSOLFDWLRQ�RI�REVHUYDWLRQV�GLI¿FXOW�

Conclusion

Although there is much relevant research, knowledge is fragmented and lacks coordination. Ligh-
WLQJ�SODQQLQJ�UHVHDUFK�VXIIHUV�IURP�WKH�IDFW�WKDW�D�QRUPDO�RI¿FH�VHWWLQJ�LV�WRR�XQREWUXVLYH�WR�VWL-
PXODWH�D�UHVSRQVH��7R�GH¿QH�WKH�FRQFHSW�RI�JRRG�OLJKWLQJ�TXDOLW\�D�FRPSOHWH�DQG�VWULQJHQW�VHW�RI�
test parameters should be applied to secure results that are comparable.
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figure 1 – Lighting impact 

figure 2 – Map of research included in the review article
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OP23

COMPArISOn Of uSer SAtISfACtIOn WItH fOur dIfferent LIgHtIng COnCePtS

Logadottir, A.1, Iversen, A.1��0DUNYDUW��-�1, Corell, D. D.2, Thorseth, A.2, Dam-Hansen, C.2

1. Danish Building Research institute, Aalborg University, Copenhagen, Denmark.
2. DTU Photonics, Technical University of Denmark, Roskilde, Denmark.

7KLV�VWXG\�DLPV�DW�FRPSDULQJ�XVHU�VDWLVIDFWLRQ�IRU�GLIIHUHQW�OLJKWLQJ�FRQFHSWV�LQ�DQ�RI¿FH�HQYLURQ-
ment using an LED lighting system. The lighting concepts being compared are:
D��$�FRQYHQWLRQDO��FHLOLQJ�PRXQWHG��VWDWLF�OLJKWLQJ�FRQFHSW�SURYLGLQJ�HYHQO\�GLVWULEXWHG�����OX[�DW�
GHVNWRS�KHLJKW������P��ZLWK�FRUUHODWHG�FRORXU�WHPSHUDWXUH��&&7��RI������.�

&RQFHSWV�E��WR�G��KDYH�FHLOLQJ�PRXQWHG�OXPLQDULHV�SURYLGLQJ�HYHQO\�GLVWULEXWHG�����.������OX[�
PHDVXUHG�DW�GHVNWRS�KHLJKW������P��LQ�WKH�URRPV��DV�ZHOO�DV�

E��7DVN�OLJKW�ZLWK�DGMXVWDEOH�LOOXPLQDQFH�IURP���WR�����OX[�RQ�WKH�WDVN�DUHD�DQG�&&7�RI������.�
F��7DVN�OLJKW�ZLWK�DGMXVWDEOH�&&7�IURP������WR�����.�DQG�LOOXPLQDQFH�RI�����OX[�RQ�WKH�WDVN�DUHD�
d) Task light with automatically controlled CCT following the measured CCT of daylight measured 
LQ�WKH�ZLQGRZ�DQG�LOOXPLQDQFH�RI�����OX[�RQ�WKH�WDVN�DUHD�

The aim is to identify which of the four chosen lighting concepts is rated as most preferred by the 
test subjects.

The lighting system used in this study is a custom made LED system including ceiling mounted 
luminaries and a task light on each desk. The system includes a miniature spectrometer that is 
placed in the window. The different lighting concepts a) – d) are pre-programmed and can be 
chosen by the researchers.

The study is a laboratory study with restricted daylight contribution. The different concepts were 
WHVWHG�LQ�WZR�SDUDOOHO�URRPV�VHW�XS�DV�DQ�RI¿FH�ZLWK�WZR�VXEMHFWV�LQ�HDFK�URRP�SHUIRUPLQJ�RI¿FH�
WDVNV��$�WRWDO�RI����VXEMHFWV�SDUWLFLSDWHG�LQ�WKH�VWXG\��6XEMHFWV�ZHUH�H[SRVHG�WR�IRXU�OLJKWLQJ�FRQ-
FHSWV��GXUDWLRQ�RI�����KRXUV��DQG�WKH�FRQFHSW�ZDV�UDWHG�XVLQJ�DQ�RQOLQH�TXHVWLRQQDLUH�DW�WKH�HQG�
RI�HDFK�VHVVLRQ��$Q�HTXDO�DPRXQW�RI�VXEMHFWV�VWDUWHG�RXW�ZLWK�HDFK�RI�WKH�OLJKWLQJ�FRQFHSWV��7KH�
order of the concepts during the day was randomized. At the end of the day, the subjects were 
asked to compare the different lighting scenarios according to their preference.

7KH�TXHVWLRQQDLUHV�DQVZHUHG�DW�WKH�HQG�RI�HDFK�VHVVLRQ�LQFOXGHG�UDWLQJ�WKH�FRORXU�RI�WKH�OLJKW�
(on a scale from warm to cold), light level (on a scale from too low to too high), satisfaction with 
the colour and light level, if they considered the lighting to suit their work task, if they considered 
WKH�OLJKWLQJ�QRUPDO�DQG�LI�WKH\�ZHUH�ERWKHUHG�E\�QRLVH�RU�ÀLFNHU��$GGLWLRQDO�TXHVWLRQV��UHJDUGLQJ�
FKDQJHV� LQ� OLJKW� OHYHO�DQG� OLJKW�FRORXU��DSSHDUHG� LQ� WKH�TXHVWLRQQDLUH�ZKHQ� WHVWLQJ�FRQFHSW�G��
DXWRPDWLF�FRQWURO�RI�WDVN�OLJKW��7KH�TXHVWLRQQDLUHV�DQVZHUHG�DW�WKH�HQG�RI�WKH�GD\�FRQWDLQHG�UD-
ting of satisfaction with each lighting concept, preference for concept, preference for adjustment 
possibilities and concept preferences according to their task.
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The results show that lighting concept c) with the adjustable CCT of the task light was the most 
preferred lighting concept followed by concept b) adjustable illuminance of the task light. Concept 
d) the automatically controlled task light came in third and concept a) without task light was the 
OHDVW�SUHIHUUHG��:KHQ�DVNHG�LI�WKH�VXEMHFWV�SUHIHUUHG�GLIIHUHQW�OLJKWLQJ�DFFRUGLQJ�WR�WKHLU�WDVN������
agreed. The preference results showed that concept b) rated highest for computer work, while 
concept c) rated highest for reading and writing on paper.
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Plenary Session 3: Hot topics in Interior Lighting
(Chair: Marc Fontoynont, France)
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OP24

WHAt We KnOW ABOut WIndOWS And WeLL-BeIng, And WHAt We need tO KnOW

veitch, J.A.1, &KULVWRIIHUVHQ��-�2��*DODVLX��$�'�1
1.�1DWLRQDO�5HVHDUFK�&RXQFLO�RI�&DQDGD��2WWDZD��21��&DQDGD�
2.�9(/8;�$�6��+¡UVKROP��'HQPDUN�

,QWHUHVW�LQ�XVLQJ�OLJKW�WR�WKH�EHQH¿W�RI�EXLOGLQJ�RFFXSDQWV�WKURXJK�GD\OLJKWLQJ�DQG�OLJKWLQJ�GHVLJQ�
KDV�QHYHU�EHHQ�KLJKHU��6FLHQWL¿F�DGYDQFHV�VXFK�DV�WKH�GLVFRYHU\�WKDW�LQWULQVLFDOO\�SKRWRUHFHSWLYH�
UHWLQDO�JDQJOLRQ�FHOOV��LS5*&V��DUH�UHVSRQVLEOH�IRU�HQWUDLQLQJ�FLUFDGLDQ�UK\WKPV�WR�SDWWHUQV�RI�OLJKW�
and dark, and furthermore that those cells are most sensitive to short-wavelength optical radia-
WLRQ��OHG�WKH�&,(�LQ������WR�SURPXOJDWH�¿YH�³SULQFLSOHV�RI�KHDOWK\�OLJKWLQJ´��&,(�����������������
The same report also suggested that these principles should lead to a renewed emphasis on ar-
chitectural daylighting. Daylight is rich in that area of the spectrum, and bright at the times of day 
that seem most important to these processes.

The science has moved rapidly in the ten years since the last substantive reviews of the state of 
the art on the health and well-being effects of daylight and windows, making it time for a renewed 
H[DPLQDWLRQ�RI�WKH�OLWHUDWXUH��:H�UHFHQWO\�UHYLHZHG�WKLV�OLWHUDWXUH�ZLWK�D�IRFXV�RQ�UHVLGHQWLDO�EXLO-
GLQJV��EXW�LQ�WKH�SURFHVV�LGHQWL¿HG�PXFK�WKDW�DSSOLHV�WR�DQ\�EXLOGLQJ�W\SH��7KLV�FRQIHUHQFH�SDSHU�
will focus on what is known generally about the effects of windows on human well-being and will 
FRQFOXGH�ZLWK�D�VHW�RI�UHVHDUFK�TXHVWLRQV�WKDW�DUH�DV�\HW�XQDQVZHUHG�

research Summary:

Windows admit light that we use to see tasks using visual processing. Visual performance is very 
well understood to be determined by task contrast, task size, and retinal illuminance, but mode-
rated by ocular health and age. Vision science uses strong research methods that have led to 
predictive models for achromatic tasks performed at photopic luminance levels. Chromatic tasks, 
however, are less well understood by visual performance models.
Windows contribute to spatial appearance. Spaces with windows are generally preferred over 
those without, and provide a combination of prospect and refuge that is pleasing. Although the 
UHVHDUFK�GHVLJQV�XVHG�WR�VWXG\�WKHVH�HIIHFWV�DUH�VWURQJ��WKHUH�LV�WRR�OLWWOH�VSHFL¿FLW\�IURP�ZKLFK�
to derive design guidance concerning window sizes or shapes. Furthermore, there is some evi-
GHQFH�WKDW�GHVLUHV�IRU�SULYDF\�LQ�GLIIHUHQW�URRP�W\SHV�LQÀXHQFH�ZLQGRZ�SUHIHUHQFHV�DQG�WKDW�WKHVH�
might also vary across cultures.

Sunlight provision provides light and warmth; in homes and in some non-domestic buildings this is 
sometimes seen as therapeutic. Sunlight nonetheless needs to be linked to appropriate controls 
WR�PLQLPL]H�SRVVLEOH�WKHUPDO�DQG�RU�YLVXDO�GLVFRPIRUW�WR�WKH�RFFXSDQW��7KH�GHJUHH�RI�YLVXDO�GLV-
comfort can be predicted in part by vertical eye illuminance, glare source luminance, solid angle 
and position; however there is some evidence that task focus, the glare source being sunlight, 
DQG�WKH�TXDOLW\�RI�WKH�H[WHULRU�YLHZ��PLJKW�PRGHUDWH�WKH�H[SHULHQFH��'DWD�FRQFHUQLQJ�KRZ�LQGLYL-
duals use shading devices to prevent discomfort is inconclusive.
:LQGRZV�DOVR�SURPRWH� UHVWRUDWLRQ� IROORZLQJ� VWUHVVIXO� H[SHULHQFHV�E\�SURYLGLQJ�D� YLHZ�RI� RXW-
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doors. Most of this research has focused on a nature view, but there is limited evidence that the 
TXDOLW\�RI�WKH�YLHZ�DOVR�SOD\V�D�UROH��$Q�DWWUDFWLYH�YLHZ��ZKHWKHU�RI�D�EXLOW�RU�QDWXUDO�VFHQH��PLJKW�
SURPRWH�FRJQLWLYH��DIIHFWLYH��DQG�SK\VLRORJLFDO�UHVWRUDWLRQ��2I�WKHVH�WKUHH�IRUPV�RI�UHVWRUDWLRQ��WKH�
cognitive effects are best understood.

Turning to the non-visual processes that are mediated by retinal photoreception, we see that 
VLQFH�WKH������&,(�UHSRUW������LW�KDV�EHFRPH�FOHDUHU�WKDW�WKHUH�DUH�DW�OHDVW�WZR�FKDQQHOV��RQH�IRU�
FLUFDGLDQ�UHJXODWLRQ��DQG�RQH�UHJXODWLQJ�PRRG�DQG�DOHUWQHVV��7KH�SDWK�IURP�WKH�LS5*&V�WR�WKH�
suprachiasmatic nucleus of the hypothalamus takes information about irradiance to the brain cen-
tres that govern circadian rhythms. There is not yet consensus concerning the action spectrum of 
WKH�LS5*&V��QRU�FRQFHUQLQJ�WKH�HIIHFWV�RI�SRO\FKURPDWLF�OLJKW�H[SRVXUHV��7KH�RULJLQDO�REVHUYDWLRQ�
RI�&,(����������������WKDW�GD\OLJKW�±�WKURXJK�ZLQGRZV�RU�RXWGRRUV�±�FRXOG�EH�D�JRRG�VRXUFH�RI�
VKRUW�ZDYHOHQJWK�DQG�EULJKW�GD\WLPH�OLJKW�H[SRVXUH�WR�UHJXODWH�FLUFDGLDQ�UK\WKPV��VWDQGV�
The realization that mood and alertness might operate according to a separate pathway is com-
paratively new. Limited evidence, but consistent across methodologies, suggests that acute bright 
OLJKW�H[SRVXUH�E\�GD\�FDQ�LQÀXHQFH�VHURWRQLQ�PHWDEROLVP��OHDGLQJ�WR�LPSURYHG�PRRG�DQG�PRUH�
cooperative social behaviours. The spectral sensitivity function of these effects is not known. Win-
GRZV��RI�FRXUVH��UHPDLQ�DQ�H[FHOOHQW�VRXUFH�RI�WKLV�EULJKW�OLJKW�H[SRVXUH��:LQGRZV�DOVR�H[SRVH�
skin to radiation at both the ultraviolet and infrared ends of the spectrum. Although heat transfer
can predict the thermal effects of windows based on the window properties and the environmen-
WDO�FRQGLWLRQV�RQ�ERWK�VLGHV��WKH�WKHUPDO�FRPIRUW�HIIHFWV�RI�ZLQGRZV�DUH�YHU\�GLI¿FXOW�WR�SUHGLFW��
&RQGLWLRQV�WKDW�RQH�SHUVRQ�ZLOO�¿QG�DFFHSWDEOH��DQRWKHU�ZLOO�QRW��2Q�WKH�XOWUDYLROHW��89��HQG�RI�WKH�
VSHFWUXP��TXHVWLRQV�UHPDLQ�DERXW�WKH�QHFHVVDU\�89�GRVH�WR�SURPRWH�YLWDPLQ�'�PHWDEROLVP��EXW�
WKHUH�DUH�QR�TXHVWLRQV�FRQFHUQLQJ�ZKHWKHU�ZLQGRZV�VKRXOG�EH�GHVLJQHG�WR�GHOLYHU�WKLV�GRVH��7KH�
risks to materials and individuals are too great to use windows in this way.

Conclusions:

Daylight through windows allows us to see, regulates important physiological functions in daily 
cycles, and promotes positive feelings and alertness. Views through windows and of spaces with 
ZLQGRZV�PDNH�VSDFHV�ORRN�SOHDVDQW�DQG�SURYLGH�WKH�PHDQV�WR�H[SORUH�DQG�RYHUORRN�WKH�HQYL-
URQPHQW��FRQWULEXWLQJ�WR�VDIHW\�DQG�UHVWIXOQHVV��)XUWKHU�H[SORUDWLRQ�RI�WKHVH�UHVHDUFK�GLUHFWLRQV�
will provide the necessary details to integrate these effects with the building sciences, leading to 
practical guidance for the architectural community concerning the right balance between the con-
siderations for daylight, view, ventilation, temperature control, and energy use.
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OP25

A rOAdMAP fOr uPgrAdIng nAtIOnAL/eu StAndArdS fOr dAyLIgHt In BuIL-

dIngS

Mardaljevic, J.1, &KULVWRIIHUVHQ��-�2
1.�6FKRRO�RI�&LYLO�	�%XLOGLQJ�(QJLQHHULQJ��/RXJKERURXJK�8QLYHUVLW\��/RXJKERURXJK��8QLWHG�
Kingdom.
2.�9(/8;�$�6��+¡UVKROP��'HQPDUN�

It is now widely accepted in the research community, and increasingly so amongst practitioners, 
WKDW�WKH�VWDQGDUGV�JXLGHOLQHV�IRU�GD\OLJKW�LQ�EXLOGLQJV�DUH�LQ�QHHG�RI�XSGDWLQJ��7KH�EDVLV�IRU�WKH�
majority of EU guidelines is the half-century-old daylight factor. The daylight factor (DF) considers 
relative illumination under a single overcast sky. Thus the DF is insensitive to prevailing climate 
DQG�RULHQWDWLRQ�RI� WKH�EXLOGLQJ�RU� VLWH��7KH�H[SHUW� GD\OLJKW� GHVLJQHU� GRHV�RI� FRXUVH�DSSUHFLD-
WH� WKHVH� LQWULQVLF�GH¿FLHQFLHV� LQ� WKH�')�DSSURDFK�� ,I�VXI¿FLHQWO\�H[SHULHQFHG�� WKH�GHVLJQHU�FDQ�
roughly guesstimate the likely daylighting performance of the space and so recommend suitable 
IDFDGH�WUHDWPHQWV�WR�WHPSHU�WKH�OXPLQRXV�HQYLURQPHQW��7KH�H[SHUW�GHVLJQHU�PD\�UHFRPPHQG�GLI-
IHUHQW�WUHDWPHQWV�IRU�WKH�QRUWK��VRXWK�DQG�HDVW�ZHVW�HOHYDWLRQV��$QG�WKH�DGYLFH�ZRXOG�PRVW�OLNHO\�
change if the building were relocated from, say, Stockholm to Madrid. After all, ‘climate-adapted 
design’ is a notion that relates closely to vernacular architecture. If however the client demands 
that the daylight credit from a particular guideline document (e.g. BREEAM, LEED, etc.) must be 
achieved, then the success of the design will hinge to a large degree on the nature of the ‘target’ 
VRXJKW���LQYDULDEO\�VRPH�PHDVXUH�EDVHG�RQ�WKH�GD\OLJKW�IDFWRU��,Q�ZKLFK�FDVH��WKH�EHVW�WKH�H[SHUW�
designer can do is try to make good the failings that might, and often do, result from compliance 
FKDVLQJ��7KH�FOLHQW�PD\�HYHQ�GHFLGH�WKDW�WKH�H[SHUW�LV�QRW�UHTXLUHG�VLQFH�WKH�IDFDGH�WUHDWPHQW�ZLOO�
be ‘optimised’ by someone using a software tool: tweaking here and there until the compliance 
target is reached. Thus a desire to achieve the compliance target for daylight can have a profound 
effect on the facade design.

Attempts to advance standards beyond the daylight factor have, so far, met with limited success. 
There are a number of reasons for this - which will be discussed more fully in the presentation. 
$�NH\�UHDVRQ�WR�QRWH�KHUH�LV�WKDW��ZLWK�RQH�ODUJHO\�RYHUORRNHG�H[FHSWLRQ��LW�DSSHDUV�WR�EH�LPSRV-
sible to advance the DF methodology by incremental means. The incremental ‘advances’ that 
have been suggested include the various ‘clear sky options’ described in LEED and ASHRAE. 
7KH�UDWLRQDOH�IRU�WKH�µFOHDU�VN\�RSWLRQV¶�KDV�QHYHU�EHHQ�SURSHUO\�H[SODLQHG��)XUWKHUPRUH��DV�ZLOO�
EH� VKRZQ�� WKH� EDVLV� IRU� WKHVH� DSSURDFKHV� DSSHDUV� WR� EH� ÀDZHG� LI� QRW� DFWXDOO\� XQVRXQG�� )RU�
H[DPSOH��QRWZLWKVWDQGLQJ�WKH�ODFN�RI�FODULW\�LQ�WKH�JXLGHOLQHV��WKH�JHQHUDO�XQGHUVWDQGLQJ�LV�WKDW�
some of the options recommend that the user predict absolute values of illuminance under clear 
sky conditions without a sun - a physically impossible illumination scenario in nature. In contrast, 
FOLPDWH�EDVHG�GD\OLJKW�PRGHOOLQJ��&%'0��GHOLYHUV�SUHGLFWLRQV�RI�OXPLQRXV�TXDQWLWLHV�XQGHU�FRQ-
ditions that are realistic: time-varying sun and sky conditions derived from standardised climate 
¿OHV��0HWULFV�IRXQGHG�RQ�&%'0�KDYH�EHHQ�SURSRVHG��H�J��GD\OLJKW�DXWRQRP\��'$��DQG�XVHIXO�
daylight illuminance (UDI). Climate- based metrics been used effectively on a number of projects 
large and small, e.g. from the New York Times Building to residential dwellings. However, CBDM 
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tools are either the preserve of research or freely-available but largely unsupported. For CBDM 
to become mainstream it needs to be taken up by one or more major software houses. Here lies 
D�FODVVLF�µFKLFNHQ�DQG�HJJ¶�FRQXQGUXP��2Q�RQH�KDQG��WKRVH�ZKR�GUDIW�JXLGHOLQHV�DUH�UHOXFWDQW�
to recommend metrics founded on CBDM because tools to predict the metrics are generally not 
DYDLODEOH��DW�OHDVW�QRW�DV�µVXSSRUWHG¶�VRIWZDUH��2Q�WKH�RWKHU�KDQG��WKH�VRIWZDUH�YHQGRUV�DUH�XQ-
derstandably loathe to dedicate the resources to develop and maintain CBDM tools because - in-
asmuch as climate-based metrics are not in the guidelines - there will be no real market for these 
new tools. This presents something of an impasse to all those who strive to advance daylighting 
standards beyond the current guidelines.

A way around this impasse is presented here. In order to obtain ‘buy-in’ from all stakeholders (e.g. 
standards bodies, designers, end-users, tool developers, etc.) it is important that they all recog-
QLVH�WKH�EHQH¿W�RI�WKH�FKDQJHV�SURSRVHG��7KHVH�EHQH¿WV�VKRXOG�LQFOXGH��D�PRUH�UREXVW�DSSURDFK�
WR�HYDOXDWLQJ�GD\OLJKW�LQ�EXLOGLQJV�XVLQJ�H[LVWLQJ�WRROV�ZLWK�PRGHVW�HQKDQFHPHQWV��D�PHWKRGRORJ\�
that allows for later progression to more reality-based evaluations; a transition ‘roadmap’ with 
clear market horizons to ensure that software vendors invest the necessary resources to develop 
advanced tools (i.e. for CBDM). To initiate this process, it is proposed to move the basis of day-
light evaluation from relative values based on a single sky (i.e. the DF), to the annual occurrence 
RI�DQ�DEVROXWH�YDOXH�IRU�LOOXPLQDQFH��H�J������OX[��HVWLPDWHG�IURP�WKH�FXPXODWLYH�DYDLODELOLW\�RI�
GLIIXVH�LOOXPLQDQFH�DV�GHWHUPLQHG�IURP�VWDQGDUGLVHG�FOLPDWH�¿OHV��7KLV�LV�DQ�DSSOLFDWLRQ�RI�DQ�HV-
tablished but largely neglected approach. This proposal offers several advantages. Firstly, since 
WKH�HVWLPDWH�LV�GHULYHG�IURP�GD\OLJKW�IDFWRUV��LW�UHTXLUHV�RQO\�D�PRGHVW�HQKDQFHPHQW�WR�H[LVWLQJ�
VRIWZDUH�WRROV�WKDW�SUHGLFW�')V��1H[W��LW�SURYLGHV�VRPH�µFRQQHFWLYLW\¶�WR�WKH�SUHYDLOLQJ�FOLPDWH��$�
WDUJHW�WKDW�KDV�EHHQ�SURSRVHG�IRU�WKH�QHZ�PHWULF�LV�WKDW�D�VLGH�OLW�GHVLJQ�VKRXOG�DFKLHYH�����OX[�
across half of the work plane for half of the year when the sun is above the horizon. To achieve 
WKLV�IRU�VD\��6WRFNKROP��KDOI�RI�WKH�VHQVRU�SRLQWV�PXVW�KDYH�D�')�RI������RU�JUHDWHU��ZKHUHDV�IRU�
WKH�0DGULG�WKH�µWDUJHW¶�')�ZRXOG�EH�������7KHUH�DUH�RWKHU�DGYDQWDJHV���WKH�PHGLDQ�DSSURDFK�
informs on the spatial distribution of daylight whereas an average daylight factor value does not. 
The presentation describes how this approach allows for ‘smooth’ transition to full-blown CBDM 
evaluations.
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OP26

fLICKer In SOLId-StAte LIgHtIng: MeASureMent teCHnIQueS, And PrOPOSed 

rePOrtIng And APPLICAtIOn CrIterIA

Miller, n.J., Poplawski, M.E.
3DFL¿F�1RUWKZHVW�1DWLRQDO�/DERUDWRU\��3RUWODQG��25��8QLWHG�6WDWHV�

6ROLG�VWDWH�OLJKWLQJ�LV�DOUHDG\�EULQJLQJ�HQHUJ\�HI¿FLHQF\��H[FHOOHQW�FRORU��ORQJ�OLIH��FRQWUROODELOLW\��
DQG�XQLTXH�RSWLFV�DQG�IRUP�IDFWRUV�WR�DUFKLWHFWXUDO�OLJKWLQJ��+RZHYHU��WKH�ÀLFNHU�IRXQG�LQ�VRPH�
66/�VRXUFHV�RU�V\VWHPV�FDQ�EH�D�VLJQL¿FDQW�EDUULHU�WR�DGRSWLRQ��)XUWKHUPRUH��WKH�SDLULQJ�RI�GLP-
PLQJ�FRQWUROV�ZLWK�66/�VRXUFHV�FDQ�LQFUHDVH�ÀLFNHU��RU�HYHQ�LQGXFH�LW�LQ�VRXUFHV�ZKLFK�GR�QRW�
H[KLELW�ÀLFNHU�ZKHQ�RSHUDWHG�RQ�D�VWDQGDUG�VZLWFK�

Flicker has been shown to induce photosensitive epilepsy, migraines and headaches, and increa-
sed autistic behaviors in certain people. Reduced task performance, stroboscopic motion effects, 
GLVWUDFWLRQ��DQG�DQQR\DQFH�FDQ�DOVR�UHVXOW�IURP�H[SRVXUH�WR�D�ÀLFNHULQJ�OLJKW�VRXUFH��9DULRXV�OLJKW�
VRXUFH�FKDUDFWHULVWLFV��LQFOXGLQJ�PRGXODWLRQ�GHSWK��IUHTXHQF\��DQG�ZDYHIRUP�VKDSH�KDYH�EHHQ�
VKRZQ�WR�DIIHFW�ÀLFNHU�VHQVLWLYLW\��6LPLODUO\��WKH�HIIHFWV�RI�ÀLFNHU�DUH�DOVR�NQRZQ�WR�EH�GHSHQGHQW�
XSRQ�H[SRVXUH�WLPH��DGDSWDWLRQ�OXPLQDQFH��FRQWUDVW��WKH�VL]H�RI�WKH�UHWLQDO�DUHD�EHLQJ�VWLPXODWHG��
WKH�GLVWDQFH�WR�D�ÀLFNHULQJ�VRXUFH�DQG�LWV�ORFDWLRQ�LQ�WKH�YLVXDO�¿HOG��$Q�,(((�&RPPLWWHH�KDV�EHHQ�
GLOLJHQWO\�DSSO\LQJ�H[LVWLQJ�UHVHDUFK�WR�D�ULVN�DVVHVVPHQW�RI�NQRZQ�KHDOWK�HIIHFWV�UHVXOWLQJ�IURP�
ÀLFNHULQJ�OLJKW�VRXUFHV�ZLWK�YDULRXV�FKDUDFWHULVWLFV��'HVSLWH�ZKDW�LV�NQRZQ��ÀLFNHU�LV�UDUHO\�UHSRU-
ted in product literature, and there is little to no guidance for practitioners applying LED products 
WKDW�PD\�ÀLFNHU�LQ�DUFKLWHFWXUDO�OLJKWLQJ�DSSOLFDWLRQV�

7KH�DXWKRUV�KDYH�GHYHORSHG�D�PHDQV�IRU�PHDVXULQJ�DQG�UHSRUWLQJ�OLJKWLQJ�ÀLFNHU��7KH�GDWD�FROO-
HFWLRQ�DQG�DQDO\VLV�WHFKQLTXHV�ZLOO�EH�SUHVHQWHG��DORQJ�ZLWK�PHDVXUHPHQWV�IURP�D�ZLGH�YDULHW\�
of conventional and SSL products operated using both simple switches and various dimming con-
WUROV��7KH�TXDOLWDWLYH�HYDOXDWLRQ�RI�FRPPHUFLDOO\�DYDLODEOH�66/�SURGXFWV�IRU�ÀLFNHU�DQG�RWKHU�OLJK-
WLQJ�TXDOLW\�FKDUDFWHULVWLFV�ZLOO�DOVR�EH�SUHVHQWHG��EDVHG�RQ�VXUYH\V�RI�SURIHVVLRQDOV�ZLWK�YDULRXV�
OLJKWLQJ�LQGXVWU\�UROHV�ZKR�ZHUH�H[SRVHG�WR�PXOWLSOH�VDPSOHV�RI�D�VSHFL¿F�SURGXFW�W\SH�LQVWDOOHG�LQ�
D�FRPPRQ�OLJKWLQJ�DSSOLFDWLRQ��)LQDOO\��FXUUHQW�HVWLPDWLRQV�RI�ULVN�ZLOO�EH�GLVFXVVHG�LQ�WKH�FRQWH[W�
RI�UHDO��ZRUOG�OLJKWLQJ�GHPDQGV�WR�SURSRVH�ÀLFNHU�UHSRUWLQJ�UHTXLUHPHQWV�DQG�GHVLJQ�FULWHULD�IRU�
RXWGRRU��KHDOWKFDUH��HGXFDWLRQ��UHWDLO��DQG�RI¿FH�DSSOLFDWLRQV��7KH�DXWKRUV�KRSH�WKHVH�VWUDZ�PDQ�
criteria can help guide practitioners in their evaluation of lighting products and conversations with 
SURGXFW�PDQXIDFWXUHUV��DQG�FOLHQWV�UHJDUGLQJ�WKHLU�SRWHQWLDO�VHQVLWLYLW\�WR�ÀLFNHU�
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OP27

tHe reBOund effeCt - An OverIeW Of tHe IMPLICAtIOnS fOr LIgHtIng energy

Mucklejohn, S.2, Porritt, J.1, Tulej, S.1

1.�)RUXP�IRU�WKH�)XWXUH��&KHOWHQKDP��*ORXFHVWHUVKLUH��8QLWHG�.LQJGRP�
2. Ceravision Limited, Bletchley, United Kingdom.

(QHUJ\�HI¿FLHQF\�KDV�ORQJ�EHHQ�FRQVLGHUHG�DQ�HVVHQWLDO�WRRO�WR�WDFNOH�ULVLQJ�JOREDO�HQHUJ\�FRQ-
sumption and the associated climate change impacts. However, estimates of possible energy 
VDYLQJV�WKURXJK�HQHUJ\�HI¿FLHQF\�IUHTXHQWO\�IDLO�WR�DFNQRZOHGJH�WKH�LPSDFW�RI�SRVVLEOH�µUHERXQG�
HIIHFWV¶�WKDW�DFFRPSDQ\�WKH�LQWURGXFWLRQ�RI�HQHUJ\�HI¿FLHQW�WHFKQRORJLHV��7KH�WHUP�µUHERXQG�HI-
fect’ is an umbrella term for a variety of mechanisms that reduce the potential energy savings 
IURP�LPSURYHG�HQHUJ\�HI¿FLHQF\��ZLWK�VLJQL¿FDQW�LPSOLFDWLRQV�IRU�FXUUHQW�FOLPDWH�FKDQJH�PLWLJDWLRQ�
policies.

,Q�������:LOOLDP�6WDQOH\�-HYRQV�>�@�SXW�IRUZDUG�WKH�LGHD�WKDW�HFRQRPLFDOO\�MXVWL¿HG�HQHUJ\�HI¿FL-
ency improvements will increase rather than reduce energy consumption, based on observations 
UHODWHG�WR�FRDO�XVH�DQG�VWHDP�HQJLQHV��7KLV�QRWLRQ�LV�QRZ�NQRZQ�DV�WKH�Ã-HYRQV�3DUDGR[�µ�$V�HQ-
JLQHV�EHFDPH�PRUH�HI¿FLHQW�DW�SXPSLQJ�ÀRRG�ZDWHU�RXW�RI�PLQHV��JUHDWHU�SURGXFWLRQ�RI�ORZHU�FRVW�
coal was enabled thus making it more affordable for steam engines to consume coal for many 
RWKHU�XVHV��2QH�VXFK�LPSRUWDQW�XVH�ZDV�LQ�SXPSLQJ�DLU�LQWR�EODVW�IXUQDFHV��LQFUHDVLQJ�WHPSHUD-
WXUHV�DQG�ORZHULQJ�WKH�DPRXQW�RI�FRDO�UHTXLUHG�WR�PDNH�LURQ��WKXV�ORZHULQJ�WKH�FRVW�RI�LURQ��7KLV�
FUHDWHG�D�SRVLWLYH�IHHGEDFN�F\FOH�ZKLFK�OHG�WR�WKH�GHYHORSPHQW�RI�UDLOZD\V�ZKLFK�VXEVHTXHQWO\�
lowered the cost of transporting both coal and iron.

Three types of price-induced rebound effects are recognized:
1. 'LUHFW� UHERXQG�HIIHFW� ��ZKHUH� LQFUHDVHG�HI¿FLHQF\��DQG� WKH�DVVRFLDWHG�FRVW� UHGXFWLRQ��RI�D�

product or service results in its increased consumption because it is cheaper.
2. ,QGLUHFW�UHERXQG�HIIHFW���ZKHUH�VDYLQJV�IURP�HI¿FLHQF\�FRVW�UHGXFWLRQV�HQDEOH�PRUH�LQFRPH�WR�

be spent on other products and services.
3. (FRQRP\�ZLGH�UHERXQG�HIIHFW� ��ZKHUH�PRUH�HI¿FLHQF\�GULYHV�HFRQRPLF�SURGXFWLYLW\�RYHUDOO�

resulting in more economic growth and consumption at a macroeconomic level.

$OWKRXJK�WKHUH�LV��LQ�JHQHUDO��QR�GLVSXWH�WKDW�WKH�UHERXQG�HIIHFW�H[LVWV��WKHUH�LV�PXFK�GLVDJUHH-
PHQW�DERXW�WKH�PDJQLWXGH�DQG�LPSDFW��:KHUH�UHERXQG�HIIHFWV�DUH�JUHDWHU�WKDQ������RI�WKH�H[-
SHFWHG�WHFKQLFDO�HQHUJ\�VDYLQJV��ÃEDFN¿UHµ�LV�VDLG�WR�RFFXU�
7KH�UHERXQG�HIIHFW�DVVRFLDWHG�ZLWK�HQHUJ\�HI¿FLHQF\�LQ�OLJKWLQJ�LV�HVWLPDWHG�DW���WR������LQ�GH-
YHORSHG�FRXQWULHV�IRU�SULYDWH�KRXVHKROGV�DQG���WR�����IRU�LQGXVWU\�DQG�FRPPHUFH�>�@��7KH�HYHU�
JURZLQJ�GHPDQG�IRU�DUWL¿FLDO�OLJKW�LQ�WKH�KRPH��H�J��RXWGRRUV�OLJKWLQJ��VHFXULW\�OLJKWLQJ��DQG�DOVR�LQ�
RI¿FHV�DQG�IDFWRULHV�WR�LQFUHDVH�SURGXFWLYLW\�DW�QLJKW��KDV�EHHQ�ZHOO�GRFXPHQWHG�>�@��7KLV�KDV�OHG�
WR�D�VSHFWDFXODU�LQFUHDVH�LQ�WRWDO�OLJKW�FRQVXPSWLRQ��ZKLFK��IRU�H[DPSOH��E\������LQ�WKH�8.�ZDV�
�������WLPHV�KLJKHU�WKDQ�LQ������>�@��+RZHYHU��VLQFH�WKHQ�PDQ\�LQFDQGHVFHQW�OLJKW�VRXUFHV�KDYH�
been phased out to be replaced initially by CFLs, with the prospect that CFLs will themselves 
soon be displaced by LED sources.



109

Abstracts

The ‚Addressing the Rebound Effect‘ project initiated by the European Commission set out to:
• Review the current, state of the art, knowledge and practice on the rebound effect occurring in 

WKH�(8�IURP�(8�SROLFLHV�RQ�UHVRXUFH�HI¿FLHQF\��ZDVWH�SUHYHQWLRQ�DQG�6XVWDLQDEOH�&RQVXPS-
tion and Production (SCP) (direct, indirect and economy-wide) as well as wider international 
H[SHULHQFHV�

• Analyse ways to prevent, reduce or counteract the rebound effect and their effectiveness;
• Develop guideline recommendations for addressing rebound in policy in order to achieve the 

PD[LPXP�HQYLURQPHQWDO�EHQH¿W�WKURXJK�WKHVH�SROLFLHV�
7KH�¿QDO�UHSRUW�IURP�WKH�SURMHFW�>�@�FRQFOXGHV�WKDW�WKH�H[LVWHQFH�RI�WKH�UHERXQG�HIIHFW�GRHV�QRW�
PHDQ�HI¿FLHQF\�EDVHG�SROLFLHV�DQG�WHFKQRORJLHV�DUH�QRW�YDOXDEOH�LQVWUXPHQWV�IRU�HQYLURQPHQWDO�
improvement. It means that understanding the magnitude of the take back in anticipated envi-
ronmental savings from the rebound effect is important when developing interventions. It also 
FODUL¿HV�WKDW�ZKHUH�UHERXQG�HIIHFWV�DUH�VLJQL¿FDQW��HI¿FLHQF\�SROLFLHV�QHHG�WR�EH�PRUH�DPELWLRXV��
DQG�WKDW�SROLFLHV�DORQH�ZLOO�QRW�EH�VXI¿FLHQW��2WKHU�PHDVXUHV�ZLOO�EH�UHTXLUHG��LQ�SDUWLFXODU�LQWHU-
ventions focused on sustainable consumption
An important factor in mitigating rebound effects is through behaviour change initiatives. Predic-
WLQJ�UHVSRQVHV�WR�HQHUJ\�HI¿FLHQF\�PHDVXUHV��KRZHYHU��LV�QRW�VWUDLJKWIRUZDUG��7KH�XVH�RI�HQHUJ\�
and other resources is inevitably deeply embedded in cultural norms and established infrastruc-
tures. It is suggested that new measures may be needed to support individuals, institutions and 
businesses to better manage their energy usage such that rebound effects are minimised.
$Q�DOWHUQDWLYH�DSSURDFK�LV�VLPSO\�WR�YLHZ�WKH�SRWHQWLDOO\�DGYHUVH�FRQVHTXHQFHV�RI�WKH�UHERXQG�
HIIHFW�DV�WKH�SULQFLSDO�UHDVRQ�IRU�LPSURYLQJ�WKH�TXDOLW\�RI�OLIH�ZLWKRXW�LQFUHDVLQJ�WKH�GHPDQG�IRU�
HOHFWULFDO�HQHUJ\�JHQHUDWLRQ��7KXV��WKH�SXUVXLW�RI�HQHUJ\�HI¿FLHQW�OLJKWLQJ�V\VWHPV��ZKLOH�HQVXULQJ�
D�KLJK�TXDOLW\�YLVXDO�H[SHULHQFH�IRU�WKH�HQG�XVHU��ZLOO�FRQWLQXH�WR�PDNH�PDMRU�FRQWULEXWLRQV�WR�VXV-
tainable economic growth in the coming decades.
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Advanced Correction Methods for Spectroradiometry and 
goniophotometry
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OP28

deteCtOr-BASed MetHOd fOr CALIBrAtIOn Of SPeCtrOrAdIOMeterS uSIng 

An AutOMAted KHZ tuneABLe OPO LASer SySteM

Zong, y. 

1,67��*DLWKHUVEXUJ��0'��8QLWHG�6WDWHV�

We describe a detector-based method for calibration of spectroradiometers using a fully auto-
PDWHG�RSWLFDO�SDUDPHWULF�RVFLOODWRU��232���7KH�QHZ�PHWKRG�LV�EDVHG�RQ�PHDVXUHPHQWV�RI�WKH�
WRWDO�HQHUJ\�RI�D�SXOVHG�232�WUDLQ�XVLQJ�D�WHVW�VSHFWURUDGLRPHWHU�DQG�D�VWDQGDUG�GHWHFWRU�ZLWK�D�
FXUUHQW�LQWHJUDWRU��DOVR�FDOOHG�FKDUJH�DPSOL¿HU��IRU�REWDLQLQJ�WRWDO�LQWHJUDWHG�HOHFWULF�FKDUJHV��7KH�
H[SDQGHG�XQFHUWDLQW\�RI�WKLV�PHWKRG�LV�H[SHFWHG�WR�EH��������ZLWK�D�FRYHUDJH�IDFWRU�RI�N� �����
which is almost an order of magnitude improvement compared to that using conventional source 
based calibration method.

1. IntrOduCtIOn

Spectroradiometers are typically calibrated against broadband spectral standard sources (e.g., 
GHXWHULXP�ODPSV�IRU�WKH�XOWUDYLROHW��89��VSHFWUDO�UHJLRQ�DQG�TXDUW]�WXQJVWHQ�KDORJHQ�ODPSV�IRU�WKH�
UV, visible, and infrared (IR) regions). Using the conventional source-based calibration method, 
KRZHYHU��WKH�FDOLEUDWLRQ�XQFHUWDLQW\�IRU�VSHFWUDO�LUUDGLDQFH�UDGLDQFH�UHVSRQVLYLW\�LV�OLPLWHG�WR�RQ�
WKH�RUGHU�RI������,Q�WKH�GHHS�89�DQG�89�UHJLRQV�WKH�FDOLEUDWLRQ�XQFHUWDLQWLHV�DUH�PXFK�ODUJHU�GXH�
to relatively low spectral radiant power of the calibration source and spectral stray light inside the 
VSHFWURUDGLRPHWHU�>�@�
:H�KDYH�SUHYLRXVO\�GHYHORSHG�D�PHWKRG�IRU�GHWHFWRU�VSHFWUDO� LUUDGLDQFH�UDGLDQFH�UHVSRQVLYLW\�
FDOLEUDWLRQV�ZLWK�DQ�H[SDQGHG�XQFHUWDLQW\�RI���������N� ����XVLQJ�D�QV�SXOVHG�RSWLFDO�SDUDPHWULF�
RVFLOODWRU��232�� ODVHU�V\VWHP�ZLWK�NLORKHUW]��N+]��UHSHWLWLRQ�UDWH�>�@��7KH�232�ODVHU�V\VWHP�LV�
UHODWLYHO\�ORZ�FRVW�DQG�LV�IXOO\�DXWRPDWHG�RYHU�D�ZLGH�WXQHDEOH�UDQJH�DSSUR[LPDWHO\�IURP�����QP�
to 2500 nm. In this paper we describe a new, detector-based method for calibration of spectro-
UDGLRPHWHUV�XVLQJ�WKH�232�ODVHU�V\VWHP�LQ�RUGHU�WR�UHGXFH�FDOLEUDWLRQ�XQFHUWDLQWLHV�VLJQL¿FDQWO\��
7KH�QHZ�PHWKRG�LV�EDVHG�RQ�PHDVXUHPHQWV�RI�WKH�WRWDO�HQHUJ\�RI�D�SXOVHG�232�WUDLQ�XVLQJ�WKH�
test spectroradiometer and the standard detector with a current integrator (also called charge 
DPSOL¿HU��IRU�REWDLQLQJ�WRWDO�HOHFWULF�FKDUJHV�

2. tHe deteCtOr-BASed MetHOd

A schematic diagram of the detector-based method for calibration of spectroradiometers is shown 
LQ�)LJXUH���DV�DQ�H[DPSOH��7KH�FDOLEUDWLRQ�V\VWHP�LV�FRPSRVHG�RI�D���N+]�SXOVHG�232��D�ODVHU�
VKXWWHU�DQG�LWV�FRQWUROOHU��D�PXOWLPRGH�¿EUH�RSWLF��DQ�XOWUDVRXQG�EDWK��DQ�LQWHJUDWLQJ�VSKHUH��D�WHVW�
spectroradiometer with an irradiance probe, a standard detector, a monitor detector, two electro-
PHWHUV��7KH�ODVHU�VKXWWHU�LV�XVHG�WR�FRQWURO�WKH�OHQJWK�RI�232�SXOVH�WUDLQ��7KH�232�LV�FRXSOHG�
LQWR�WKH�LQWHJUDWLQJ�VSKHUH�WKURXJK�WKH�PXOWLPRGH�¿EHU�RSWLF�WR�IRUP�D�XQLIRUP�LUUDGLDQFH�VRXUFH��
7KH�XOWUDVRQLF�ZDWHU�EDWK�LV�XVHG�WR�UHPRYH�VSHFNOH�IURP�WKH�FRKHUHQW�232�UDGLDWLRQ�RQ�WKH�GH-
tectors. The two electrometers are set to ‘Coulomb’ mode to measure the total electric charges 
from the standard detector and the monitor detector, respectively.
The spectroradiometer measures total electric charges of its detectors over the integration time. 
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Charge measurements between the test spectoradiometer (or the standard detector) and the 
monitor detector are synchronized. Calibration of the test spectroradiometer is performed using 
a substitution method. The test spectroradiometer and the standard detector are aligned, in turn, 
WR�PHDVXUH�D�SXOVHG�232�WUDLQ�RYHU�D�SHULRG�RI�WLPH��7KH�PRQLWRU�GHWHFWRU�LV�XVHG�WR�FRUUHFW�ÀXF-
WXDWLRQ�RI�WKH�SXOVHG�232�EHWZHHQ�WKH�WHVW�VSHFWURUDGLRPHWHU�PHDVXUHPHQW�DQG�WKH�VWDQGDUG�
GHWHFWRU�PHDVXUHPHQW��7KH�HQWLUH�PHDVXUHPHQW�VHTXHQFH�LV�FRQWUROOHG�E\�D�FRPSXWHU�

3. SuMMAry

$�GHWHFWRU�EDVHG�PHWKRG��XVLQJ�D�N+]�232�ODVHU�V\VWHP��IRU�FDOLEUDWLRQ�RI�VSHFWURUDGLRPHWHUV�
LV�GHVFULEHG��7KH�232�ODVHU�V\VWHP�LV�UHODWLYHO\�ORZ�FRVW�DQG�LV�IXOO\�DXWRPDWHG�RYHU�D�ZLGH�WX-
QHDEOH�UDQJH�DSSUR[LPDWHO\� IURP�����QP�WR������QP��7KH�HVWLPDWHG�H[SDQGHG�XQFHUWDLQW\� LV�
H[SHFWHG�WR�EH��������ZLWK�D�FRYHUDJH�IDFWRU�N� �����ZKLFK�LV�DOPRVW
an order of magnitude improvement in calibration uncertainty compared to that using the conven-
tional source based method.

referenCeS

���<��=RQJ��HW�DO��6LPSOH�VSHFWUDO�VWUD\�OLJKW�FRUUHFWLRQ�PHWKRG�IRU�DUUD\�VSHFWURUDGLRPHWHUV��$SSO��
2SW�������������������������
���<��=RQJ��HW�DO��$�QHZ�PHWKRG�IRU�VSHFWUDO�LUUDGLDQFH�DQG�UDGLDQFH�UHVSRQVLYLW\�FDOLEUDWLRQV�XVLQJ�
kilohertz pulsed tunable optical parametric oscillators, Metrologia, 49, S124-S129, (2012)

figure 1 – Schematic diagram of the detector-based method for calibration of spectrora-

diometers



113

Abstracts

OP29

PrACtICAL eXPerIenCeS WItH StrAy LIgHt COrreCtIOn On ArrAy SPeCtrOMe-

terS fOr Led-PrOduCtIOn

Heidel, g., Marchl, W. 
265$0�2SWR�6HPLFRQGXFWRUV�*PE+��5HJHQVEXUJ��*HUPDQ\�

Array spectrometers are the instruments of choice for LED-measurement in laboratory as well as 
in production. Unfortunately their measurement accuracy can be affected by stray light effects. 
Stray light means a light, consisting of wavelengths which hit the detector array at a location 
which is actually not detecting these special wavelengths. The stray light behaviour of a spect-
roradiometer can be derived by illuminating the spectrometer’s optical entrance with a tuneable 
laser system, which can be adjusted to every wavelength of the spectrometers scan range, and 
for each illumination measure the spectral answer of the spectrometer. The idea is to use the 
NQRZOHGJH�RI�WKH�WXQHDEOH�ODVHU�PHDVXUHPHQW�WR�EXLOG�D�PDWUL[�WR�FRUUHFW�WKLV�QHJDWLYH�HIIHFW�
7KLV�SUHVHQWDWLRQ�VKRZV�RXU�H[SHULHQFHV�ZLWK���DUUD\�VSHFWURPHWHUV�ZLWK�GLIIHUHQW�PRQRFKURPD-
tor designs in terms of accuracy improvement for LED measurement by using stray light correc-
tion.

The evaluation has been performed as follows:
Step 1: We let measure the two spectrometers with the tuneable laser system ‘Tulip’ at PTB in 
%UDXQVFKZHLJ��*HUPDQ\��
Step 2: We calibrated the two systems with a tungsten standard lamp and corrected the measu-
UHG�VSHFWUXP�ZLWK�WKH�VWUD\�OLJKW�PDWUL[�EHIRUH�WKH�VSHFWUDO�FRUUHFWLRQ�FXUYH�ZDV�FDOFXODWHG�
6WHS����:H�PHDVXUHG����/('V����SLHFHV�RI���GLIIHUHQW�FRORXUV��UXQQLQJ�DW�VWHDG\�VWDWH�FRQGLWLRQ��
$�¿UVW�VHW�RI�GDWD�ZDV�WDNHQ�XQGHU�µQRUPDO¶�FDOLEUDWLRQ��L�H���ZLWKRXW�VWUD\�OLJKW�FRUUHFWLRQ��RI�WKH�
array spectrometer and a second set of data was taken with the stray light corrected calibration.
Step 4: We measured the 12 LEDs with a double monochromator, which is supposed to have 
nearly no stray light. We used a bandwidth of 1nm to get results which are really close to reality.
Step 5: We interpreted the results when comparing the two data sets (corrected and uncorrected) 
with the double monochromator references for each of the two array spectrometers.

The results revealed that the readings of the stray light corrected array match closer to the refe-
rence readings of the double monochromator readings, especially for the system with the worse 
stray light behaviour. But we also found some ‘over-correction’ for the superior array spectrometer.
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StrAy LIgHt COrreCtIOn In gOnIOPHOtOMetry MeASureMent

Wang, J., Qiao, B., Luo, Y. 
+DQJ]KRX�=KHMLDQJ�8QLYHUVLW\�6HQVLQJ�,QVWUXPHQWV�&R��/WG��+DQJ]KRX��&KLQD�

1 general

The uncertainties of photometric measurement in goniophotometers are mostly involved by the 
SKRWRPHWULF�GHWHFWRU��VSDWLDO�DQJOH��VWUD\�OLJKW��WHPSHUDWXUH�HIIHFWV��PLUURU�ÀDWQHVV�DQG�SRODUL]D-
tion etc. However, the stray light is currently become a key issue in advanced goniophotometers.
,Q�WKH�IDU�¿HOG�JRQLRSKRWRPHWU\�PHDVXUHPHQW�� OXPLQRXV�LQWHQVLW\�RI�D�WHVWHG�OLJKWLQJ�VRXUFH�LQ�
a certain direction is obtained by multiplying illuminance at a given detecting distance with the 
VTXDUH�RI�WKH�GLVWDQFH�IURP�WKH�WHVWHG�VRXUFH��,W�LV�YHU\�LPSRUWDQW�WKDW�WKH�SKRWRPHWULF�GHWHFWRU�
should be set to receive the beam of the source only in a given detecting direction, not response 
to the beam outside the detecting direction. However, in a actual photometric laboratory, although 
ÀRRUV��ZDOOV��FHLOLQJV�DQG�HTXLSPHQW�VXUIDFHV�LQ�WKH�ODERUDWRU\�DUH�PDGH�ZLWK�PDWW�EODFN�SDLQW��
WKHUH�LV�DW�OHDVW����RI�WKH�UHÀHFWHG�OLJKW�IURP�WKH�EODFN�VXUIDFH�>�@��DQG�WKH�UHÀHFWLRQ�OLJKW�ZLOO�EH�
very high when the incident beam angle is larger, such as grazing incidence of the beam (Figure 
1). Therefore, the detected light of the goniophotometer shall include true beam of the source 
HPLWWLQJ�LQ�WKH�GHWHFWLQJ�GLUHFWLRQ�DQG�VWUD\�OLJKW�UHÀHFWHG�IURP�VXUIDFHV�LQ�WKH�ODERUDWRU\��DQG�LW�
LV�JHQHUDOO\�XQDEOH�WR�GLVWLQJXLVK��)LJXUH�����,Q�WKH�FDVH�RI�QHDU�¿HOG�JRQLRSKRWRPHWU\�PHDVXUH-
ment, the situation is very similar.

2 Methods

6WUD\�OLJKW�LV�DQQR\LQJ�JHQHUDOO\�LQ�RSWLFDO�V\VWHPV�EHFDXVH�RI�GLI¿FXOW�HOLPLQDWLRQ��$�VWUD\�OLJKW�
FRUUHFWLRQ�PDWUL[�KDV�EHHQ�GHYHORSHG�LQ�DUUD\�VSHFWURPHWHUV>�@��%\�XVLQJ�WKH�FRUUHFWLRQ�PDWUL[��
PHDVXUHPHQW�HUURUV�DULVLQJ�IURP�VWUD\�OLJKW�DUH�FRUUHFWHG�E\�D�VLPSOH��IDVW�PDWUL[�PXOWLSOLFDWLRQ��
%XW�LQ�JRQLRSKRWRPHWU\�PHDVXUHPHQW��WKH�PHWKRG�WR�FRUUHFW�WKH�VWUD\�OLJKW�HIIHFWLYHO\�LV�YHU\�H[-
pectant in order to improve the uncertainty of goniophotometry.
In a type of goniophotometer installed in free space of laboratories because of limitation of beam 
SDWK�DV�LQ�WKH�¿JXUH����D�GLDSKUDJP�FDQ�EH�LQWHJUDWHG�LQ�IURQW�RI�WKH�SKRWRPHWULF�KHDG�WR�UHGX-
FH�WKH�VWUD\�OLJKW��+RZHYHU��D�SUHIHUDEOH�PHWKRG�LQ�PRVW�IDU�¿HOG�JRQLRSKRWRPHWHUV�WR�HOLPLQDWH�
stray light is to set several diaphragms with relative apertures of detecting beam size between 
WKH�WHVWHG�VRXUFH�DQG�SKRWRPHWULF�GHWHFWRU�>�@��1RQHWKHOHVV��ODUJH�SDUW�RI�VWUD\�OLJKW�UHÀHFWHG�E\�
back surface in reverse measurement direction of the source, and scattered by the edges of the 
GLDSKUDJPV�ZLOO�VWLOO�H[LVW�
7KHUH�DUH�WZR�W\SHV�RI�JRQLRSKRWRPHWHU�VWUXFWXUH��¿[HG�GHWHFWRUV�ZLWK�URWDWLQJ�WHVWHG�OLJKW�VRXU-
FHV�DQG�URWDWLRQ�GHWHFWRUV� LQ� WKH�VSDFH�DW�JLYHQ�GLVWDQFH�ZKLFK� LQFOXGH�WKH�W\SH�RI�HTXLYDOHQW�
URWDWLRQ�RI�PLUURUV�LQ�PLUURU�JRQLRSKRWRPHWHUV��,Q�¿UVW�RQH��WKH�UHFHLYLQJ�JHRPHWU\�RI�WKH�GHWHFWRU�
related to laboratory room is consistence in the measurement, and in another type the detector 
direction varies with the measurement direction of the sources. Whatever the structures of the 
JRQLRSKRWRPHWU\�ODERUDWRULHV��ZH�FDQ�PHDVXUH�VSDWLDO�FRHI¿FLHQW�RI�VWUD\�OLJKW�LQ�WKH�ODERUDWRU\��
and then obtain the corrected intensity by detracting stray light related to tested source.
the measurement of stray light by synchronous rotation of the light sources, combined with the 
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rotation of the detector A unidirectional output collimated light source which can spatially be ro-
WDWHG�LV�SUHSDUHG�WR�LQVWHDG�RI�WKH�WHVWHG�OLJKW�VRXUFH�IRU�PHDVXUHPHQW�RI�VSDWLDO�FRHI¿FLHQW�RI�
stray light. In a given detector direction, we can obtained an m × n array of spatial light distribution 
PDWUL[��0HDQZKLOH��FRQVLGHULQJ�WKH�GHWHFWRU�GLUHFWLRQ�YDULDWLRQ�LQ�WKH�JRQLRSKRWRPHWHU�DV�PLUURU�
goniophotometer), or position variation of the mechanism of the goniophotometer, the spatial light 
GLVWULEXWLRQ�PDWUL[�VKRXOG�EH�FRQVLGHUHG�DW�HDFK�DQJXODU�GLUHFWLRQ�RI�WKH�JRQLRSKRWRPHWHU��DQG�
¿QDOO\�DQ�M�îP�î�Q�PDWUL[�VKDOO�EH�FRQVWLWXWHG��WKHUHE\�WR�REWDLQ�WKH�GLVWULEXWLRQ�VSDWLDO�VWUD\�OLJKW�
FRHI¿FLHQW�RI�WKH�JRQLRSKRWRPHWHU�V\VWHP�
Then, in the measurement of of light sources, the true luminous intensity distribution can be ob-
WDLQHG�E\�GHWHFWHG�LQWHQVLW\�,¶�P��Q��DQG�WKH�VSDWLDO�OLJKW�GLVWULEXWLRQ�PDWUL[�IXQFWLRQ�RI�D�XQLGLUHF-
tional beam h(j, m, n), through FFT convolution as following,
� ,�P��Q� �)����)�K�M��P��Q����)�,¶�P��Q���� � � ����
Angle j is the detector direction of the goniophotometer.

3 results

,Q�RXU�H[SHULPHQWV��VLJQL¿FDQWO\�LPSURYHG�WKH�JRQLRSKRWRPHWHU�XQFHUWDLQW\�DIWHU�XVH�RI�WKH�FRU-
rection of stray light, particularly for luminaires with narrow beam, the effect is more obvious. The 
ÀX[�HUURU�LQ�PHDVXUHPHQW�RI�D�QDUURZ�EHDP�VRXUFH�LV�UHGXFHG�IURP�����WR�DERXW����

4 Conclusions

The effect of stray light is the main uncertainty in the goniophotometry measurement. So we de-
VLJQHG�D�GLUHFWLRQDO�EHDP�WR�PHDVXUH�WKH�VWUD\�OLJKW�FRHI¿FLHQW�RI�WKH�JRQLRSKRWRPHWU\�V\VWHP��
And uncertainty of measurement in the goniophotometer by applying spatial correction of stray 
OLJKW�FRHI¿FLHQW�FDQ�EH�LPSURYHG�JUHDWO\�
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)LJXUH���±�5HÀHFWHG�OLJKW�LQ�WKH�EODFN�VXU-
face 

figure 2 – Stray light in the darkroom
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deterMInAtIOn Of SCAnnIng reSOLutIOn BASed On nyQuISt SAMPLIng tHeO-

reM In gOnIOSPeCtrOrAdIOMetry

Chen, C.,�/L��4���<DQJ��3���3DQ��-��
(9(5),1(�&RUSRUDWLRQ��+DQJ]KRX��=KHMLDQJ��&KLQD�

1. Objective

In goniospectroradiometry, it is important to determine appropriate scanning resolution for the 
PHDVXUHPHQWV�RI�UDGLRPHWULF��SKRWRPHWULF�DQG�FRORULPHWULF�TXDQWLWLHV��$V�ZH�NQRZ��DQ�LQDGHTXD-
te resolution will increase the error of the measurement results, e.g. the measurement of total 
UDGLDQW�OXPLQRXV�ÀX[�E\�LQWHJUDWLQJ�LUUDGLDQFH�LOOXPLQDQFH��+RZHYHU��D�KLJKHU�VFDQQLQJ�UHVROXWL-
RQ�UHTXLUHV�PRUH�PHDVXUHPHQW�WLPH��6R��KRZ�WR�GHWHUPLQH�WKH�VFDQQLQJ�LQWHUYDO�DSSURSULDWHO\"�
+HUH��ZH�SURSRVHG�D�GHWHUPLQDWLRQ�PHWKRG�IRU�VFDQQLQJ�UHVROXWLRQ�EDVHG�RQ�1\TXLVW�6DPSOLQJ�
Theorem (NST).

2. Methods

$FFRUGLQJ�WR�1\TXLVW�6DPSOLQJ�7KHRUHP��WKH�UHDO�VLJQDO�FDQ�EH�UHFRYHUHG�FRPSOHWHO\�DV�ORQJ�DV�
the scanning resolution satisfy the following terms
ǻ&�����I&BPD[���ǻȖ�����IȖBPD[��� � ���
ZKHUH�ǻ&�DQG�ǻȖ�DUH�VFDQQLQJ�LQWHUYDOV��I&BPD[�DQG�IȖBPD[�DUH�WKH�PD[LPXP�IUHTXHQF\�LQ�&��
Ȗ�GLUHFWLRQV��UHVSHFWLYHO\��6R��LW�VHHPV�WKDW�HYHU\WKLQJ�ZLOO�EH�VROYHG�DFFRUGLQJ�WR�WKLV�WHUP��8Q-
IRUWXQDWHO\��LW�LV�QRW�WKDW�VLPSOH��EHFDXVH�WKHUH�LV�QR�ZD\�WR�REWDLQ�WKH�PD[LPXP�IUHTXHQF\�EHIRUH�
the measurement.
In order to apply the NST in the measurement, we shall establish the determination procedure 
EDVHG�RQ�VDPSOLQJ�DQG�UHFRYHU\�RI�WKH�WHVWHG�TXDQWLW\��7KH�WHVWHG�TXDQWLW\�FDQ�EH�H[SUHVVHG�E\�
D�FRPE�IXQFWLRQ��DV�VKRZ�DV�(TXDWLRQ������
JV�&�Ȗ� FRPE�&�Ĭ�FRPE�Ȗ�ī�J�&�Ȗ��� � ���
7KHQ�� WKH� VLJQDO� FDQ� EH� UHFRYHUHG� E\� )RXULHU�7UDQVIRUP� DQG� ¿OWHULQJ� LQ� IUHTXHQF\� VSHFWUXP��
ZKLFK�FDQ�EH�H[SUHVVHG�DV�(TXDWLRQ�����
J�&�Ȗ� )�^*V�I&��IȖ�+�I&��IȖ�`�� � � ���
ZKHUH�*V�I&��IȖ��LV�IUHTXHQF\�VSHFWUXP�RI�J�&�Ȗ���+�I&��IȖ��LV�WKH�¿OWHULQJ�IXQFWLRQ��,W�LV�UHDVRQDEOH�
WR� LJQRUH�WKH�VOLJKW�FRPSRQHQWV�RI�IUHTXHQF\�VSHFWUXP��EHFDXVH�WKHVH�FRPSRQHQWV�FRQWULEXWH�
OLWWOH�WR�WKH�WRWDO�VLJQDO��6R��LW�FDQ�EH�MXGJHG�ZKHWKHU�WKH�WHUP�RI�)�IV��)PD[�į�LV�VDWLV¿HG��ZKHUH�
IV�LV�VDPSOLQJ�IUHTXHQF\��,I�QRW��GHFUHDVH�WKH�VFDQQLQJ�LQWHUYDO��DQG�UHSHDW�WKH�SURFHGXUHV�DJDLQ�
XQWLO�WKH�MXGJPHQW�WHUP�LV�VDWLV¿HG��6R��WKH�VFDQQLQJ�UHVROXWLRQ�FDQ�EH�GHWHUPLQHG��DQG�WKH�UHFR-
vered signal will match with the real one as good as possible.
2I�FRXUVH��WKH�PDWFKLQJ�UHVXOW�EHWZHHQ�UHFRYHUHG�DQG�UHDO�VLJQDO�LV�GHSHQGHQW�RQ�WKH�YDOXH�RI�
į��7KH�GHWDLOV�DERXW�WKH�LQÀXHQFH�RI�į�DQG�UHODWHG�PDWKHPDWLFDO�DQDO\VLV�ZLOO�EH�LQWURGXFHG�LQ�WKH�
full paper.

3. results

According to the method introduced above, some simulations are made to verify the determinati-
on procedure. A spatial distribution of CCT is constructed as the real signal. Then, it is measured 
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E\�DERYH�PHWKRG�XQGHU�WKH�GLIIHUHQW�VHW�YDOXH�RI�į��7KH�PHDVXUHPHQW�UHVXOWV�DUH�VKRZQ�LQ�)LJ���
(a), (b) and (c). It can be seen the matching between the real and recovered signal will be better 
DQG�EHWWHU�ZKHQ�WKH�YDOXH�RI�į�GHFUHDVHV��6R��LW�VHHPV�WKH�GHWHUPLQDWLRQ�SURFHGXUH�ZRUNV�ZHOO��
DQG�WKH�GHWHUPLQHG�VFDQQLQJ�UHVROXWLRQ�LV�DOVR�DFFHSWDEOH�LQ�SUDFWLFDO�PHDVXUHPHQW��2I�FRXUVH��
the determination method may need to be improved for other kinds of signals, which will be stu-
died in full paper.

4. Conclusion

In this paper, a determination method for scanning resolution based on NST is proposed. Accor-
ding to the simulation results, it can be seen the method works well, and the determined scanning 
resolution may be also acceptable in practical measurement. So, it will be very meaningful for the 
improvement of measurement error.

)LJXUH���±��D��5HFRYHUHG�DQG�UHDO�VLJQDO�ZKHQ�į ������WKH�GHWHUPLQHG�YDOXH�RI�VFDQQLQJ�
interval is 21 degree;

�E��5HFRYHUHG�DQG�UHDO�VLJQDO�ZKHQ�į �������WKH�GHWHUPLQHG�YDOXH�RI�VFDQQLQJ�LQWHUYDO�LV�
14 degree;

�F�5HFRYHUHG�DQG�UHDO�VLJQDO�ZKHQ�į �������WKH�GHWHUPLQHG�YDOXH�RI�VFDQQLQJ�LQWHUYDO�LV�
7 degree.
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Lighting the City - Applications and economics
(Chair: Yandan Lin, China)
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InteLLIgent Street LIgHtIng And LedS: BuSIneSS CASe And return On eXPe-

rIenCe

deswert, J.2, Putteman, K.1

1. EANDIS, Melle, Belgium.
2. Laborelec, Linkebeek, Belgium.

The innovations in street lighting are driven by the energy savings, the increase of security and 
the reduction of the maintenance costs. In order to answer these challenges, the Belgian grid ope-
rators, among which EANDIS, started in 2009 studies on two technologies: the intelligent street 
lighting and the LED. The goal of these studies is to verify the technical feasibility and reliability 
but also to calculate the economical interest. This paper shows the main results and conclusions 
about these two technologies.

Led luminaires in street lighting

)RU�/('�OXPLQDLUHV��WKH�¿UVW�UHVXOWV��������VKRZHG�YHU\�ELJ�GLIIHUHQFHV�LQ�TXDOLW\�EHWZHHQ�WKH�OX-
PLQDLUHV�DYDLODEOH�RQ�WKH�PDUNHW��QR�V\VWHPDWLF�HQHUJ\�SUR¿W�DQG�KLJKHU�7RWDO�&RVW�RI�2ZQHUVKLS�
compared to High Intensity Discharge lamps. Nevertheless, some very promising LED luminaires 
and the increasing demand of the municipalities pushed the grid operators to continue the studies.
%DVHG�RQ� ODERUDWRU\�PHDVXUHPHQWV�DQG�VHYHUDO�¿HOG� WHVWV�� WKH�%HOJLDQ�JULG�RSHUDWRUV�ZULWH�D�
QDWLRQDO�WHFKQLFDO�VSHFL¿FDWLRQ�IRU�/('�OXPLQDLUHV�LQFOXGLQJ�UHTXLUHPHQWV�UHJDUGLQJ�WKH�SHUIRU-
mance, endurance and lifetime. For some applications like bycle paths and residential areas, LED 
lighting is now one of the accepted technologies.
6RPH�TXHVWLRQV�VWLOO�UHPDLQ�DERXW�/('�OXPLQDLUHV�OLNH�WKH�PDLQWHQDQFH�IDFWRUV��)XWXUH�ZRUN�ZLOO�
IRFXV�RQ�WKH�PDLQWHQDQFH�IDFWRU�RI�/('�OXPLQDLUHV��,V�PDLQWHQDQFH��IRU�H[DPSOH�FOHDQLQJ��QHH-
GHG�WR�JXDUDQW\�WKH�OLJKWLQJ�UHTXLUHPHQWV"

Intelligent Street Lighting

Regarding Intelligent Street Lighting, market studies and business cases show the interest of 
some features like the dimming of the light sources, the use of sensors to control the lighting of 
cycle paths or the compensation of the maintenance factor.
1H[W� WR� WKH� WKHRUHWLFDO� LQWHUHVW�� WKH�JULG�RSHUDWRUV�VWDUW� ODERUDWRU\�DQG�¿HOG� WHVWV��7KHVH� WHVWV�
VKRZ�VRPH�XQH[SHFWHG�LVVXHV�UHJDUGLQJ�WKH�HDVH�RI�LQVWDOODWLRQ�DQG�WKH�UHOLDELOLW\�RI�WKH�FRPSR-
nents (like sensors). The endurance of these components has also to be proven.
6LPSOH�,QWHOOLJHQW�6WUHHW�/LJKWLQJ�V\VWHPV�DUH�DOUHDG\�LQ�XVH��EXW�PRUH�FRPSOH[�V\VWHPV��LQFOX-
ding light point control and sensors) have to be tested more in detail. This new technology and 
IHDWXUHV�ZLOO�KLJKO\�LQFUHDVH�WKH�FRPSOH[LW\�RI�WKH�VWUHHW�OLJKWLQJ�LQVWDOODWLRQ��LQFUHDVH�WKH�GHIDXOW�
risk), but also drastically change the way of managing the street lighting.
The LED technology is particularly well adapted to Intelligent street lighting. Indeed, LEDs have 
DV�DGYDQWDJHV�WR�VWDUW�LPPHGLDWHO\��WR�EH�HDVLO\�GLPPDEOH�DQG�WR�EH�HI¿FLHQW��LI�WKH�OXPLQDLUH�LV�
correctly designed). The combination of LED and ISL is thus a part of the future in street lighting
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figure 2 – More complex Intelligent Street 

Lighting systems (including light point 

control and sensors) have to be tested 

more in detail

figure 1 – Based on laboratory measure-

PHQWV�DQG�VHYHUDO�¿HOG�WHVWV��WKH�%HOJLDQ�
grid operators write a national technical 

VSHFL¿FDWLRQ�IRU�/('�OXPLQDLUHV
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OP33

CrItICAL PedeStrIAn tASKS: uSIng eye-trACKIng WItHIn A duAL tASK PArA-

dIgM

fotios, S., 8WWOH\��-���+DUD��1�
6FKRRO�RI�$UFKLWHFWXUH��8QLYHUVLW\�RI�6KHI¿HOG��6KHI¿HOG��8QLWHG�.LQJGRP�

([LVWLQJ�GHVLJQ�FULWHULD�IRU�URDG�OLJKWLQJ�SURYLGH�UHFRPPHQGHG�KRUL]RQWDO�LOOXPLQDQFHV�IRU�GLIIHUHQW�
W\SHV�RI�KLJKZD\��5HFRPPHQGHG� LOOXPLQDQFHV� IRU� UHVLGHQWLDO�VWUHHWV�UDQJH�EHWZHHQ��� OX[�DQG�
���OX[��+RZHYHU��WKHUH�DSSHDUV�WR�EH�OLWWOH�HPSLULFDO�EDVLV�IRU�WKHVH�LOOXPLQDQFHV�>�@��2QH�UHTXL-
rement for establishing an empirical basis for recommended illuminances on residential roads is 
understanding what visual tasks are important to pedestrians after dark. There is little previous 
research investigating critical pedestrian tasks. In one recent study it was found that pedestrians 
VSHQW���������RI�WKHLU� WLPH�ORRNLQJ�DW�WKH�SDYHPHQW�>�@��KRZHYHU��WKH�DXWKRUV�DFNQRZOHGJHG�
WKDW�LW�ZDV�GLI¿FXOW�WR�FRQ¿UP�ZKHWKHU�D�SHUVRQ�ZDV�DFWXDOO\�DWWHQGLQJ�WR�WKH�REMHFW�WKHLU�JD]H�ZDV�
¿[DWHG�RQ�RU�WKDW�LW�ZDV�LPSRUWDQW�IRU�WKH�WDVN�RI�ZDONLQJ�

7KLV�LVVXH�UDLVHV�TXHVWLRQV�RYHU�KRZ�WR�UHOLDEO\�GHWHUPLQH�ZKDW�YLVXDO�WDVNV�DUH�LPSRUWDQW�WR�SH-
destrians in residential roads. The current study used eye-tracking within a dual-task paradigm. 
$WWHQWLRQ�LV�D�¿QLWH�UHVRXUFH��WKH�YLVXDO�WDVNV�UHTXLUHG�ZKHQ�ZDONLQJ�GRZQ�D�VWUHHW�XVH�VRPH�DW-
tentional capacity but it is unlikely they use all or even most of the capacity available under normal 
FLUFXPVWDQFHV�DV�LW�LV�QRW�D�FRJQLWLYHO\�WD[LQJ�WDVN��7KHUHIRUH�WKH�H\H�PRYHPHQWV�ZH�PDNH�WKDW�
are relevant to the task of walking on a street will be intermingled with eye movements that are not 
relevant to that task, and periods in which our vision may not be connected to our mental proces-
ses, e.g. if we are daydreaming. Research has shown that introducing additional tasks that use 
up attentional capacity can reduce task-unrelated thoughts and the effects of visual ‘distractors’ 
WKDW�IRFXV�RXU�YLVXDO�DWWHQWLRQ�DZD\�IURP�WKH�WDVN�LQ�KDQG�>�@��7KLV�¿QGLQJ�DSSOLHV�HTXDOO\�ZHOO�WR�
LQWHUQDO�GLVWUDFWHUV��H�J��ZKHQ�ZH�H[SHULHQFH�³PLQG�ZDQGHULQJ´��DV�H[WHUQDO�GLVWUDFWHUV��8VLQJ�XS�
attentional capacity in task-relevant processing can reduce instances of task-unrelated thoughts 
>�@��7KHVH�¿QGLQJV�VKRZ�WKDW�WKH�DOORFDWLRQ�RI�DWWHQWLRQ�WR�WDVN�XQUHODWHG�VWLPXOL�DQG�WKRXJKWV�FDQ�
be reduced by increasing the load on the attention mechanism, e.g. through increased cognitive 
processing produced by a concurrent dual-task.

The current research used a dual-task approach to determine the important visual tasks of pe-
GHVWULDQV��(\H�WUDFNLQJ�HTXLSPHQW�ZDV�XVHG�WR�PRQLWRU�H\H�PRYHPHQWV�DQG�¿[DWLRQV�ZKLOVW�SDUWL-
cipants walked down a road in two sessions: once during daytime and once after dark. The route 
walk was divided into two sections: low obstacle density and high obstacle density street. Whilst 
walking along the test route, participants were also given a concurrent cognitive task. It was pro-
posed that noting the instances when performance on the secondary task was interrupted (e.g. a 
delayed or incorrect response) would identify the instances when the pedestrian was distracted 
E\�VRPHWKLQJ�FULWLFDO�WR�WKHLU�ZDONLQJ�WDVN��3DUWLFLSDQWV�ZHUH�TXHVWLRQHG�DERXW�WKHLU�H[SHULHQFH�
GXULQJ� WKH� H[SHULPHQW� LPPHGLDWHO\� DIWHU� WKHLU� ¿QDO� WHVW� VHVVLRQ�� DQG� DJDLQ� VKRUWO\� DIWHUZDUGV�
ZKLOVW�UHYLHZLQJ�WKH�¿[DWLRQ�SRLQW�YLGHR�FDSWXUHG�E\�WKH�H\H�WUDFNLQJ�HTXLSPHQW�
The results will be used to identify critical visual tasks for pedestrians, through analysis of fre-
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TXHQF\�GXUDWLRQ�RI�REVHUYDWLRQ��GLVWDQFH�RI�REVHUYDWLRQ�DQG�H\H�UHODWHG�PHWULFV�LQFOXGLQJ�SXSLO�
GLODWLRQ��PHDQ�QXPEHU�RI�VDFFDGHV�DQG�PHDQ�QXPEHU�RI�¿[DWLRQV� �RYHUDOO�DQG�DW�FDWHJRULVHG�
UHJLRQV�RI�LQWHUHVW���7KH�TXHVWLRQV�WDUJHWHG�DUH�
• The low obstacle density street will produce results indicative of easier visual tasks involved in 

walking, relative to the high obstacle density.
• 7KH�KLJK�REVWDFOH�GHQVLW\�VWUHHW�ZLOO�SURGXFH�PRUH�¿[DWLRQV�DQG�D�JUHDWHU�SURSRUWLRQ�RI�ORRNLQJ�

time regions of interest that are thought to be important in walking safely on a street
• Regions of interest for walking down a street are likely to include the immediate pavement 

area, pavement edges, areas further ahead of the participant to provide visual information for 
strategic planning of travel, and other pedestrians

• 7KH�DIWHU�GDUN�VHVVLRQV�DUH�H[SHFWHG�WR�SURGXFH�UHVXOWV�LQGLFDWLYH�RI�PRUH�GLI¿FXOW�YLVXDO�WDVNV�
involved in walking, relative to the daylight sessions.

7KH�PHWKRGV�XVHG�LQ�WKLV�VWXG\�ZLOO�DOORZ�PRUH�FRQ¿GHQW�FRQFOXVLRQV�DERXW�WKH�YLVXDO�WDVNV�WKDW�
are important to pedestrians at night, compared with previous research.
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A fIeLd teSt Of tHe SPeCtrAL IMPACtS Of rOAdWAy LIgHt SOurCeS

gibbons, r., 0H\HU��-��
Virginia Tech Transportation Institute, Blacksburg, VA, United States.

The purpose of this project was to provide an initial investigation into the effects of different light 
source spectral distributions on detection and color recognition of roadway objects and pedest-
rians. This project included an investigation of both the light source spectrum from the overhead 
lighting as well as that from the vehicle headlamps. In order to investigate this, high-pressure 
sodium (HPS) and solid state (LED) overhead lighting systems were considered, as well as head-
ODPSV�¿OWHUHG�WR�UHVHPEOH�/('�DQG�WKH�DPEHU�+36�VRXUFHV��7KH�H[SHULPHQW�ZDV�FRQGXFWHG�RQ�
WKH�9LUJLQLD�6PDUW�5RDG��ZKLFK�LV�D�FORVHG�WHVW�FRXUVH�RXW¿WWHG�ZLWK�D�YDULDEOH�OLJKWLQJ�V\VWHP�

Methodology

Participants, driving a test vehicle under controlled combinations of overhead and headlamp ligh-
ting, evaluated the detection and color recognition of pedestrians and wooden targets. The road-
ZD\�ZDV� LOOXPLQDWHG�ZLWK�ERWK�����.�/('�VRXUFHV�DQG�+36�VRXUFHV��$�GLPPLQJ�V\VWHP�ZDV�
installed and the systems were controlled to have the same average horizontal illuminance under 
the each of the sources. Two different dim levels of overhead lighting were tested. Small red, 
green, blue and gray targets as well as pedestrians clothed in red, blue, gray and black clothing 
ZHUH�ORFDWHG�DW�YDULRXV�SRLQWV�DORQJ�WKH�URDGZD\��ERWK�LQ�WKH�OLQH�RI�WUDYHO��RQ�D[LV��DQG�RII�WR�WKH�
VLGH�RI�WKH�OLQH�RI�WUDYHO��RII�D[LV���3DUWLFLSDQWV��IURP���GLIIHUHQW�DJH�JURXSV��\RXQJHU������\HDUV�
ROG�DQG�ROGHU�!����\HDUV�ROG���ZHUH�GULYLQJ�DQ�LQVWUXPHQWHG�WHVW�YHKLFOH�DW�WZR�GLIIHUHQW�VSHHGV�
����PSK�DQG���PSK���3DUWLFLSDQW�YLVLRQ�ZDV�QRW�FRQVWUDLQHG�WR�D�VSHFL¿F�OLQH�RI�VLJKW�UDWKHU�WKH\�
were driving as they normally would on a roadway. The vehicle recorded both the detection di-
VWDQFH�DQG�WKH�FRORU�UHFRJQLWLRQ�GLVWDQFH��7KLV�WHVW�YHKLFOH�ZDV�HTXLSSHG�ZLWK�D�KHDGOLJKW�¿OWHU�
system that could be changed to vary the spectral output and the intensity. Two different spectral 
output (blue and amber) along with two different intensity levels for the headlamp were used in 
the investigation.

results

The detection and recognition distances were evaluated using an Analysis of CoVariance (AN-
&29$��PHWKRGRORJ\��7KH�DQDO\VLV�ZDV�FRQGXFWHG�VHSDUDWHO\� IRU�REMHFWV� WKDW�DSSHDUHG� LQ� WKH�
URDGZD\�DV�ZHOO�DV�WKRVH�DSSHDULQJ�WR�WKH�VLGH�RI�WKH�URDGZD\��RII�D[LV���7KH�UHVXOWV�LQGLFDWH�WKDW�
for detection distance the age of the participant, the color of the target or the clothing color of the 
pedestrian and the interaction of object color, overhead lighting type and overhead lighting inten-
VLW\�ZHUH�VLJQL¿FDQW��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�KHDGODPS�FRORU�DQG�LQWHQVLW\�GLG�QRW�LPSDFW�
the detection and recognition distance.
$V�H[SHFWHG��ROGHU�SDUWLFLSDQWV�ZHUH�RXW�SHUIRUPHG�E\�WKH�\RXQJHU�SDUWLFLSDQWV�ZLWK�WKH�DYHUDJH�
GHWHFWLRQ�GLVWDQFH�EHLQJ�DSSUR[LPDWHO\����IW�VKRUWHU�IRU�WKH�ROGHU�SDUWLFLSDQW�WKDQ�WKH�\RXQJHU�
7KH�LQWHUDFWLRQ�RI�WKH�RYHUKHDG�OLJKWLQJ�W\SH�DQG�WKH�OLJKWLQJ�LQWHQVLW\�IRU�RQ�D[LV�SHGHVWULDQ�RE-
ject provides and interesting comparison. At high levels of overhead lighting intensity, the LED 
systems outperformed the HPS with the HPS outperforming the LED at low levels of intensity. 
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7KLV�LV�VKRZQ�LQ�)LJXUH����7KLV�UHVXOW�LV�FRXQWHU�WR�WKH�H[SHFWDWLRQ�WKDW�ZRXOG�UHVXOW�IURP�D�0HVR-
SLF�OLJKWLQJ�DQDO\VLV�ZKHUH�WKH�/('�ZRXOG�EH�H[SHFWHG�WR�SHUIRUP�DW�D�KLJKHU�OHYHO��+RZHYHU��LW�LV�
important to remember that these objects were placed in the roadway and could be considered 
WR�EH�IRYHDO�WR�WKH�GULYHU�ZKHUH�D�0HVRSLF�LPSDFW�ZRXOG�QRW�EH�H[SHFWHG��$QRWKHU�FRQVLGHUDWLRQ�
is that the LED systems are much more uniform than the HPS. This may also have contributed to 
this result as the object contrast may be impacted by the roadway luminance.
:KHQ�WKH�2II�$[LV�SHGHVWULDQ�REMHFWV�ZHUH�FRQVLGHUHG�D�PXFK�PRUH�SUHGLFWDEOH�UHVXOW�ZDV�IRXQG��
The LED systems outperformed the HPS systems. This is shown in Figure 2. Here, although the 
RYHUDOO�GHWHFWLRQ�GLVWDQFH�ZDV�OHVV�WKDQ�WKDW�RI�WKH�RQ�D[LV�REMHFWV��WKH�/('�V\VWHP�VKRZHG�D�
marked improvement to that of the HPS.
In terms of the target color and the pedestrian clothing color, the red and green targets showed a 
slight improvement in detection distance under the LED source as compared to the HPS source 
and the gray clothed pedestrian
SHUIRUPHG�EHWWHU�XQGHU� WKH�+36�V\VWHPV��7KLV� LQGLFDWHV� WKDW� WKH� UHÀHFWHG�VSHFWUDO� OXPLQDQFH�
from the light sources and the target can impact the contrast and therefore impact the detection 
distance.

Conclusions

The conclusions from this investigation indicate that:
1. 2YHUKHDG�OLJKWLQJ�LV�D�VLJQL¿FDQW�IDFWRU� LQ�WKH�GHWHFWLRQ�DQG�FRORU�UHFRJQLWLRQ�RI�SHGHVWULDQ�

clothing and that the object location, the type of overhead lighting and the intensity all play a 
role in determining the visibility distance.

2. 3HGHVWULDQ�FORWKLQJ�FRORU�DQG�7DUJHW�FRORU�SOD\V�D�VLJQL¿FDQW�UROH�LQ�SHGHVWULDQV�EHLQJ�GHWHF-
ted and their clothing color recognized.

3. Headlamp color appears to have a minimal impact on detection and color recognition of pe-
destrians and targets.

4. 6SHFWUDO�FRPSRQHQWV�RI�RYHUKHDG�OLJKWLQJ�PD\�SOD\�D�PXFK�PRUH�VLJQL¿FDQW�UROH�LQ�SHGHVWUL-
ans located peripherally, than those along the roadway.

5. 7KH�LPSURYHPHQW�RI�FRORU�UHFRJQLWLRQ�RI�SHGHVWULDQV�DQG�WDUJHWV�RII�D[LV�WR�WKH�URDGZD\�XQGHU�
WKH�EOXHU�/('�RYHUKHDG�OLJKWLQJ�LV�FRQVLVWHQW�ZLWK�WKH�H[SHFWDWLRQV�RI�WKH�EHKDYLRU�RI�WKH�KX-
man eye regarding night driving and mesopic vision.
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figure 2 – Impact of Overhead Lighting type for both On and Off Axis Pedesrtains

figure 1 – Impact of Overhead Lighting type and Intensity for On-Axis Pedestrians 
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PedeStrIAn COntrASt PrOfILe

Saraiji, r., 2RPPHQ��0��
United Arab Emirates University, El Ain, United Arab Emirates. 

7KH�QLJKW�WLPH�YLVLELOLW\�RI�SHGHVWULDQV�LV�D�FRPSOH[�SKHQRPHQRQ��:KHUHDV��YLVLELOLW\�LQGLFHV�IRXQG�
in the literature rely on the target contrast, street lighting design standards such as CIE (115) and 
,(61$�53���XVH�YHUWLFDO�,OOXPLQDQFH�DV�D�GHVLJQ�WDUJHWV��6HPL�F\OLQGULFDO�,OOXPLQDQFH�LV�DQRWKHU�
PHWULF�WKDW�FDQ�EH�XVHG�ZKLOH�GHVLJQLQJ�WKH�YLVXDO�HQYLURQPHQWV�IRU�SHGHVWULDQV��7KH�TXHVWLRQ�LV�
whether drivers need to see the face of a pedestrian to recognize its presence or can they realize 
the presence of pedestrian by recognizing any part of a pedestrian.

6LQFH�SHGHVWULDQV�DUH�WKUHH�GLPHQVLRQDO�E\�QDWXUH�DQG�WKHLU�,OOXPLQDQFH�SUR¿OH�FKDQJHV�IURP�WRS�
to bottom or from their left to their right, pedestrian contrast is not constant along the height. The 
contrast might also be different from one side (right side) of the pedestrian to the other side (left 
side). This is coupled with the fact that the background luminance might be different from top to 
bottom.

7KH�REMHFWLYH�RI�WKLV�ZRUN�LV�WR�H[SORUH�WKH�YDULRXV�SHGHVWULDQ�FRQWUDVW�SUR¿OHV�WKDW�FRXOG�H[LVW�WR�
understand pedestrian night time visibility.

Methodology to characterize Pedestrian Contrast

A pedestrian and its background was divided into zones shown in Figure 1. Each zone has a 
constant luminance. The background is divided into three zones, upper, middle and lower back-
JURXQG��:KHUHDV��WKH�SHGHVWULDQ�LV�GLYLGHG�LQWR�VL[�]RQHV��WRS�OHIW�DQG�WRS�ULJKW��PLGGOH�OHIW�DQG�
PLGGOH�ULJKW��ERWWRP�OHIW�DQG�ERWWRP�ULJKW��7KH�UHVXOW�LV�VL[�FRQWUDVW�]RQHV�����FRQWUDVW�RI�WKH�XS-
per left zone (CLU), 2) contrast of the upper right zone (CRU), 3) contrast of the middle left zone 
(CLM), 4) contrast of the middle right zone (CRM), 5) contrast of the lower left zone (CLL) and 
���FRQWUDVW�RI�WKH�ORZHU�ULJKW�]RQH��&5/���7KXV��WZR�FRQWUDVW�SUR¿OHV�FRXOG�EH�GHYHORSHG��RQH�IRU�
the right side of the pedestrian and one for the left side as shown in Figure 1. When one starts to 
H[SHULPHQW�ZLWK�DOO�WKH�SRVVLELOLWLHV�RI�KRZ�WKRVH�FRQWUDVW�]RQHV�FRXOG�YDU\��ZH�TXLFNO\�UHDOL]H�WKDW�
WKH�FRQWUDVW�SUR¿OH�FDQ�EH�YHU\�GLYHUVH�DQG�FRPSOH[��)XUWKHU�HODERUDWLRQ�RQ�WKH�YDULRXV�SRVVLEL-
OLWLHV�ZLWK�YDU\LQJ�EDFNJURXQG�OXPLQDQFH�ZRXOG�UHVXOW�LQWR������SUR¿OHV���2QH�FDQ�FODVVLI\�WKRVH�
SUR¿OHV�DV�

'RPLQDQW�SUR¿OH
1RQ��GRPLQDQW�SUR¿OH
9HUWLFDOO\�RSSRVLWH�SUR¿OH
9HUWLFDOO\�V\PPHWULF�SUR¿OH
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)XUWKHUPRUH��XVLQJ�WKLV�WKHRUHWLFDO�DSSURDFK�WR�WKH�FRQWUDVW�SUR¿OH��RQH�FDQ�LQIHU�WKDW�WKH�SHGHVW-
rian contrast could be:
Bi-polar (i.e. contrast polarity is different from left side as opposed to the right side) Dynamic (i.e 
changes as the driver gets closer to the pedestrian)
7R� IXUWKHU� XQGHUVWDQG� WKH� G\QDPLF� RI� SHGHVWULDQ� FRQWUDVW�� 'LDOX[� FRPSXWHU� VLPXODWLRQV� ZHUH�
PDGH��$�VWUHHW���PHWHU�ZLGH�DQG�����P� ORQJ�ZLWK���P�VLGHZDONV�ZDV�PRGHOOHG��6L[����PHWHU�
KLJK�SROHV�ZHUH�XVHG�ZLWK����PHWHU�VSDFLQJ��7KH�W\SH�RI�VWUHHW�OLJKW�XVHG�ZDV�D�����:�������OP�
Led luminaire with spill control optic. Five 3-D pedestrians were placed 2.25 m apart across the 
VWUHHW��6LPXODWLRQV�ZHUH�SHUIRUPHG�E\�SODFLQJ�WKH�¿YH�SHGHVWULDQV�RQ����SHGHVWULDQ�JULGV�DORQJ�
the length of the street.

results

The luminance values of 12 points along the right side of the pedestrians were obtained with 12 
points on the right background. Similarly the luminance values of 12 points along the left side of 
the pedestrians with 12 points of the background on the left side were found. The contrast C of 
HDFK�SRLQW�L�ZDV�WKHQ�REWDLQHG�E\�XVLQJ�WZR�HTXDWLRQV�

&BL �/B7L�/B%L��/B%L
2U�
&BLAµ �/B7L�/B%L��/B*L

Whereby, LTi is the pedestrian luminance at point i, LBi is the background luminance at point i and 
/*L�LV�WKH�JUHDWHU�YDOXH�RI�WKH�OXPLQDQFHV�DW�SRLQW�L��&¶�ZDV�XVHG�WR�OLPLW�WKH�YDOXHV�RI�WKH�FRQWUDVW�
WR�EHORZ������$Q�H[DPSOH�RI�WKH�RXWFRPH�RI�WKH�VLPXODWLRQ�LV�VKRZQ�LQ�)LJXUH���

the Concept of dominant Contrast

7KH�DIRUHPHQWLRQHG�¿QGLQJV�OHDG�XV�WR�EHOLHYH�WKDW�SHGHVWULDQ�FRQWUDVW�LV�YHU\�FRPSOH[�E\�QD-
WXUH��7KLV�FRPSOH[LW\�DGGV�PRUH�GLI¿FXOW\�WR�D�UDWKHU�FRPSOH[�WDVN�RI�QLJKW�WLPH�YLVLELOLW\��,Q�DQ�
HIIRUW�WR�VLPSOLI\�WKLV�FRPSOH[LW\��WKH�FRQFHSW�RI�GRPLQDQW�FRQWUDVW�LV�SURSRVHG��7KH�GRPLQDQW�FRQ-
WUDVW��'&��LV�GH¿QHG�DV�WKH�FRQWUDVW�RI�DQ\�SDUW�RI�WKH�SHGHVWULDQ�WKDW�ZRXOG�SURYLGH�WKH�KLJKHVW�
recognition of the presence of pedestrian. The Dominant contrast ignores all the points that have 
low contrast and averages the points that are considered to have a dominant contrast.

Conclusion

Pedestrian contrast changes along the height as well as the width of the pedestrian. The contrast 
could be bipolar and dynamic. The Bipolarity results from the change in pedestrian contrast from 
negative to positive along the height or the width of the pedestrian. The dynamic contrast is a re-
sult of the change of the luminance of the background and the luminance of the pedestrian as the 
driver’s eyes get closer to the pedestrian and see the pedestrian and its background from different 
perspectives. Furthermore, the position of the pedestrian along the lateral as well as the longitu-
dinal direction of the street has a direct impact on its contrast. The concept of Dominant contrast 
LV�SURSRVHG��7KH�GRPLQDQW�FRQWUDVW�LV�GH¿QHG�DV�WKH�FRQWUDVW�RI�DQ\�SDUW�RI�WKH�SHGHVWULDQ�WKDW�
would provide the highest recognition of the presence of pedestrian.
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)LJXUH���±�3HGHVWULDQ�&RQWUDVW�]RQH�DQG�&RQWUDVW�SUR¿OHV�

figure 2 – variation in Contrast values when the distance between the pedestrian and the 

GULYHU�LV�FRQVWDQW�DW�'� ����P�ZKLOH�WKH�ORFDWLRQ�RI�WKH�OHIW�SHGHVWULDQ�FKDQJHV�DORQJ�WKH�
longitudinal direction of the street from g2.5 to g42.5
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Integrating daylight and electric Lighting
�&KDLU��'RPLQLTXH�'XPRUWLHU��)UDQFH�
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InveStIgAtIOn Of gAZe PAtternS In dAyLIt WOrKPLACeS: uSIng eye-trACKIng 

MetHOdS tO OBJeCtIfy vIeW dIreCtIOn AS A funCtIOn Of LIgHtIng COndItIOnS

Andersen, M.1, Sarey Khanie, M.1��6WROO��-�2, Einhauser, W.2 
1.�,QWHUGLVFLSOLQDU\�/DERUDWRU\�RI�3HUIRUPDQFH�,QWHJUDWHG�'HVLJQ��/,3,'���(FROH�3RO\WHFKQLTXH�
Fédérale de Lausanne (EPFL), Lausanne, Vaud, Switzerland.
2.�8QLYHUVLW\�RI�0DUEXUJ��0DUEXUJ��*HUPDQ\�

There is a general consensus that glare is the main cause of occupant interactions with shading 
and thus a major source of potential dissatisfaction from occupants. The more common type of 
glare for interior spaces, referred to as discomfort glare, induces negative reactions that are criti-
cal to be solved with proper design and lighting controls, though no observable disability. Despite 
numerous efforts in coming up with glare indices through surveys conducted either with lumi-
QDLUHV�RU��PRUH�UHFHQWO\��ZLWK�GD\OLJKW��SUHGLFWLQJ�RFFXSDQW�GLVFRPIRUW�ZLWK�D�JODUH�LQGH[�VWLOO�SRVHV�
important challenges in design. A major limitation shared by all known glare indices is to ignore 
where we actually look and what causes a view pattern. Actual changes in view direction will have 
a strong impact on the assumed position of the glare source and indirect implications on glare 
DGDSWDWLRQ�RU�DQJXODU�VL]H��WKXV�XOWLPDWHO\�D�VLJQL¿FDQW�LQÀXHQFH�RQ�JODUH�HYDOXDWLRQ�RXWFRPHV��
LI�OLJKWLQJ�DQG�SHUFHLYHG�FRPIRUW�LQ�WXUQ�LQÀXHQFH�WKH�SUHIHUUHG�OLQH�RI�VLJKW��WKLV�LQÀXHQFH�VKRXOG�
DOVR�EH�UHÀHFWHG�LQ�WKH�JODUH�LQGH[�

:KLOH�HDUO\�VWXGLHV�DOUHDG\�SRLQWHG�RXW�WKDW�YLVXDO�FRQWH[W��WDVN�DQG�H[SHUWLVH�DOO�SOD\�D�NH\�UROH�
in driving eye movements, we now know that they can override each other depending on the 
VSHFL¿F�FRQGLWLRQV��<HW�VXUSULVLQJO\� IHZ�VWXGLHV�FDQ�EH� IRXQG�RQ� WKH�UHODWLRQVKLS�EHWZHHQ�H\H�
PRYHPHQWV�DQG�EXLOGLQJ�LQGXFHG�YLVXDO�FRQWH[W��VXFK�DV�D�ZLQGRZ��DQG�QRQH�RI�WKHVH�OLQNHG�H\H�
movements to comfort perception.

Eye movements as a variable for visual comfort studies can actually not be addressed with psy-
chophysical procedures typically used for glare evaluation: the latter rely on subjective occupant 
SHUFHSWLRQ�ZKHUHDV�SHRSOH�DUH�REOLYLRXV�WR�WKHLU�VSHFL¿F�KHDG�DQG�H\H�PRYHPHQWV��)URP�SUHYL-
RXV�ZRUN�GHPRQVWUDWLQJ�WKH�SURIRXQG�LQÀXHQFH�WKDW�FRJQLWLYH�IDFWRUV�KDYH�RQ�H\H�PRYHPHQWV��
one can hypothesize that there are clear relations between gaze patterns, glare and luminous 
environment, which could be revealed using wearable eye-tracking technology. Recent advances 
in eye-tracking methods indeed open up opportunities to uncover relationships between gaze and 
glare in realistic scenarios and hold promise for getting a better grip on the dynamics of visual 
comfort.

:H�K\SRWKHVL]H�WKDW�OLJKWLQJ�SDUDPHWHUV�ZLWKLQ�D�ZRUNVSDFH¶V�YLVXDO�FRQWH[W�±�HVSHFLDOO\�VHDWLQJ�
UHODWLYH�WR�ZLQGRZ�DQG�GD\OLJKW� OXPLQDQFH�FRQWUDVWV�±�KDYH�D�SURIRXQG� LQÀXHQFH�RQ�JD]H�DQG�
WKXV�RQ�JODUH�DQG�RFXODU�OLJKW�H[SRVXUH��WKHUHE\��XOWLPDWHO\��DOVR�D�GLUHFW�LQÀXHQFH�RQ�SHUIRUPDQFH�
DQG�ZHOO�EHLQJ��([WHQVLYH�JODUH�GLVFRPIRUW�VKRXOG�ELDV�WKH�YLHZ�DZD\�IURP�JODU\�DUHDV�ZKHUHDV��
IRU�VRPH�WDVNV��GLVFRPIRUW�ZLOO�LQFUHDVH�EOLQN�UDWH�DQG�GHPDQG�D�KLJKHU�FRJQLWLYH�ORDG��UHÀHFWHG�
in less spread eye positions and increased average pupil size.
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To start uncovering these relationships, this paper aims to identify which eye-tracking parameters 
FRXOG�VHUYH�DV� WKH�PRVW� UREXVW�SUHGLFWRUV�RI�JODUH�GLVFRPIRUW� WKURXJK�D�VHULHV�RI�XVHU�H[SHUL-
PHQWV�LQ�DQ�RI¿FH�OLNH�ODERUDWRU\�VHWWLQJ�ZLWK�IXOO\�FRQWUROODEOH�OLJKWLQJ�SDUDPHWHUV�DW�)UDXQKRIHU�
,6(�� 'XULQJ� D� XVHU� VWXG\�� D� VHTXHQFH� RI� GLIIHUHQW� ZHOO�FRQWUROOHG� GD\OLJKWLQJ� FRQGLWLRQV� LV� EH�
generated, ranging from dim and low contrast to bright and high contrast, while environmental 
parameters (illuminance, luminance distribution from HDR images) are monitored. For each day-
OLJKWLQJ�VFHQDULR�� WKH�SDUWLFLSDQWV�ZHUH�DVNHG� WR�SHUIRUP�D�VHTXHQFH�RI�VWDQGDUG�RI¿FH� WDVNV��
during which we measured subjective (self-evaluated) comfort and performance, as well as gaze 
EHKDYLRU��(\H�WUDFNLQJ�SDUDPHWHUV�ZHUH�UHFRUGHG��VDFFDGH�IUHTXHQFLHV��GZHOO�WLPHV��HWF��XVLQJ�
a wearable eyetracker (EyeSeeCam). For each task, eye- tracking parameters and subjective 
comfort ratings were assessed as dependent variables, while contrast and brightness conditions 
were the independent variables.
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OP37

CAPturIng tHe uSer eXPerIenCe Of eLeCtrOCHrOMIC gLAZIng In An OPen 

PLAn OffICe 

Kelly, R.1, Painter, B.1��0DUGDOMHYLF��-�2, Irvine, K.1

1. IESD, De Montfort University, Leicester, United Kingdom.
2. Loughborough University, Loughborough, United Kingdom.

Introduction

(OHFWURFKURPLF��(&��JOD]LQJ�VKRZV�SURPLVH�DV�D�YLDEOH�DOWHUQDWLYH�WR�¿[HG�WUDQVPLWWDQFH�JOD]LQJ�
with traditional shading devices. In an EC window, users can control glare from direct sun or bright 
patches of sky by adjusting the transmittance (or ‘tint’) of the glazing. If the minimum transmit-
tance is low enough, it should be possible to control visual and thermal comfort without the use 
RI�ZLQGRZ�EOLQGV��7KLV�FRXOG�VLJQL¿FDQWO\�LPSURYH�WKH�OHYHO�RI�DFFHVV�WR�GD\OLJKW�DQG�YLHZV�WR�RXW-
side. Furthermore, EC glazing could reduce energy usage through a reduction of electric lighting 
use and a reduction of solar heat gain.
7KLV�SDSHU�RXWOLQHV�D�FDVH�VWXG\�LQWR�WKH�DSSOLFDWLRQ�RI�(&�JOD]LQJ�LQ�D�W\SLFDO�RI¿FH�HQYLURQPHQW��
DQG�ZLOO�IRFXV�RQ�WKH�FKDOOHQJH�RI�FDSWXULQJ�WKH�H[SHULHQFH�RI�WKH�XVHUV�

Background

7KH�SRWHQWLDO�RI�(&�JOD]LQJ�LV�SDUWLFXODUO\�VLJQL¿FDQW�ZKHQ�DSSOLHG�WR�FRQWHPSRUDU\�RI¿FH�EXLO-
GLQJV�ZLWK�KLJKO\�JOD]HG�IDFDGHV��2IWHQ��WKHVH�EXLOGLQJV�VXIIHU�IURP�SUREOHPV�RI�YLVXDO�GLVFRPIRUW�
and solar gain. This in turn can lead to poor daylighting since the blinds are regularly left closed for 
H[WHQGHG�SHULRGV��9DQ�'HQ�:\PHOHQEHUJ���������(&�JOD]LQJ�FRXOG�UHGXFH�WKLV�SUREOHP�E\�OHVVH-
QLQJ�WKH�GHSHQGHQFH�RQ�WUDGLWLRQDO�VKDGLQJ�GHYLFHV�VXFK�DV�EOLQGV�DQG�H[WHUQDO�VKDGLQJ�GHYLFHV�
Previous research into the application of EC glazing in buildings has been based on scale models, 
computer simulations and full scale test rooms, with a small number of studies including human 
participants. Recently, Lee et al (2012) investigated the performance of EC glazing in a confe-
rence room in Washington DC, US. However, the transient occupancy patterns of the conference 
room ruled out a systematic evaluation of user acceptance. Thus there appears to be a paucity of 
EC performance evaluation in real world settings and over long-term monitoring periods.

Case study outline

$�FDVH�VWXG\�LV�FXUUHQWO\�XQGHUZD\�LQ�WZR�DGMDFHQW�RSHQ�SODQ�RI¿FHV�RQ�WKH�'H�0RQWIRUW�8QLYHU-
sity campus (Leicester, UK). The rooms have large southeast facing windows, which have been 
UHSODFHG�ZLWK�GRXEOH�JOD]HG�(&�SDQHOV��PDQXIDFWXUHG�E\�6$*(�*ODVV�±�WKH�¿UVW�LQVWDOODWLRQ�RI�LWV�
kind in the UK. The control system is zoned so that individual panes can be controlled indepen-
dently. Figure 1 shows the interior of the two rooms before and after the EC glazing installation.
(DFK�URRP�DFFRPPRGDWHV�IRXU�SHRSOH�ZKRVH�ZRUN�LV�DGPLQLVWUDWLYH�LQ�QDWXUH��DQG�ZKR�DUH�RI¿FH�
based for the majority of their working hours.

The programme of monitoring began towards the end of 2012 and will continue for at least 12 
months. It will assess the impact of the EC glazing on the physical environment and record the 
H[SHULHQFH�RI�WKH�URRP�RFFXSDQWV�
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$�UHIHUHQFH�FDVH�ZLOO�EH�FUHDWHG�E\�¿[LQJ�WKH�(&�JOD]LQJ�LQ�WKH�FOHDU�VWDWH�DQG�UHLQVWDWLQJ�ZLQGRZ�
blinds. Both rooms will undergo the same changes at the same time, with the response of partici-
pants being measured over time. As such this is a within-subject study.
The main challenge of the study design is to achieve a balance between minimising participant 
EXUGHQ�RQ�RQH�KDQG��ZKLOVW�FDSWXULQJ�JRRG�TXDOLW\�LQIRUPDWLRQ�DW�UHJXODU�HQRXJK�LQWHUYDOV��7KH�
need to minimise participant fatigue is particularly important here due to the small number of par-
ticipants.

The study design includes three main “layers”, each with a different density of observation.
1. $�GDLO\�H[SHULHQFH�IRUP�DOORZV�XVHUV�WR�UHFRUG�WKHLU�H[SHULHQFH�LQ�YHU\�JHQHUDO�WHUPV��XVLQJ�

D�WUDI¿F�OLJKW�V\VWHP��³JRRG´��³EDG´�RU�³QHXWUDO´��$OWKRXJK�UHFRUGHG�DW�D�KLJK�IUHTXHQF\��WKLV�
approach is minimally intrusive. At the same time it provides a coarse data set of occupant 
perception that can be linked with physical monitoring data.

2. /HVV�IUHTXHQWO\��DQ�RQOLQH�TXHVWLRQQDLUH�LV�DGPLQLVWHUHG��ZKLFK�JRHV�LQWR�PRUH�GHWDLO�DERXW�GLI-
IHUHQW�DVSHFWV�RI�WKH�H[SHULHQFH��IRU�H[DPSOH�LQ�WHUPV�RI�YLVXDO�FRPIRUW�DQG�JODUH��7KH�TXHV-
tionnaire has been designed to collect a good level of detail while still being short enough to 
EH�FRPSOHWHG�UHODWLYHO\�TXLFNO\��7KLV�LV�D�PRUH�WUDGLWLRQDO�DSSURDFK�WKDW�ZLOO�IDFLOLWDWH�D�GHHSHU�
analysis of the links between physical conditions in the room and occupant perception of the 
glazing performance.

3. )LQDOO\��HYHQ�OHVV�IUHTXHQWO\��RQH�WR�RQH�VHPL�VWUXFWXUHG�LQWHUYLHZV�ZLOO�EH�FDUULHG�RXW�LQ�ZKLFK�
GHHSHU�H[SORUDWLRQ�RI�WKH�VXEMHFWLYH�QDUUDWLYH�LV�SRVVLEOH��:KLOH�WKLV�LV�QHFHVVDULO\�PRUH�WLPH�
LQWHQVLYH��LW�ZLOO�DGG�LPSRUWDQW�TXDOLWDWLYH�GDWD�WKDW�FDQ�KHOS�SXW�WKH�PHDVXUHPHQW�GDWD�IURP�
WKH�RWKHU�OHYHOV�LQWR�FRQWH[W�

Each layer of observation has been carefully designed with the aim of collecting data at a useful 
OHYHO�RI�GHSWK�DQG�IUHTXHQF\�WR�HQDEOH�D�UHDOLVWLF�SLFWXUH�RI�WKH�XVHUV¶�H[SHULHQFH�WR�HPHUJH�DQG�
facilitate meaningful analysis.

Summary

(&�JOD]LQJ�KDV�VLJQL¿FDQW�SRWHQWLDO�WR�WUDQVIRUP�WKH�ZD\�ZH�XVH�JODVV�LQ�DUFKLWHFWXUH��7KLV�FDVH�
VWXG\�H[SORUHV�WKDW�SRWHQWLDO�E\�DVVHVVLQJ�WKH�LPSDFW�RI�WKH�WHFKQRORJ\�RQ�HQG�XVHUV�LQ�D�UHDO�
ZRUOG�VHWWLQJ��%\�PHDVXULQJ�WKH�VXEMHFWLYH�DV�ZHOO�DV�WKH�QRQ�VXEMHFWLYH�HIIHFWV�LQ�D�W\SLFDO�RI¿FH�
VHWWLQJ�XQGHU�QRUPDO�XVH��D�YDOXDEOH�GDWD�VHW�LV�H[SHFWHG�
7KLV�SDSHU�H[SORUHV�WKH�FKDOOHQJHV�RI�UHDO�ZRUOG�UHVHDUFK��LQ�SDUWLFXODU�ZLWK�UHJDUGV�WR�EDODQFLQJ�
the need for data collection with limiting participant burden. A data collection approach is descri-
bed that has been designed for, and is applied to, a long-term study of EC glazing performance 
LQ�DQ�RI¿FH�VHWWLQJ�
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LIgHtIng And dAyLIgHtIng QuALIty: CrItICAL revIeW Of CrIterIA And reCOM-

MendAtIOnS And ItS InSertIOn In BrAZILIAn COnteXt

)HUQDQGHV��-���Amorim, C.��6RX]D��-��
University of Brasília, Brasilia, DF, Brazil.

7KH�GLVFXVVLRQV�DERXW�OLJKWLQJ�TXDOLW\�VXJJHVW�VROXWLRQV�WKDW�LQFRUSRUDWH�LGHDV�RI�YLVXDO�FRPIRUW��
KHDOWK��HQHUJ\�HI¿FLHQF\�DQG�WKH�UHODWLRQ�EHWZHHQ�DUFKLWHFWXUDO�GHVLJQ�DQG�XVHU�EHKDYLRU��%HIRUH�
HYDOXDWLQJ�OLJKWLQJ�TXDOLW\��LW�LV�VWLOO�LPSRUWDQW�WR�GHWHUPLQH�ZKDW�FULWHULD�DUH�LPSRUWDQW�WR�TXDQWLI\�
OLJKW��5HFHQW�UHVHDUFKHV��%2<&(��������267(5+$86��������$025,0��������DOHUW�WKDW�YDOXHV�
found in international standards are modifying illuminance levels due to political and economical 
reasons disregarding human needs (visibility, performance in tasks, visual comfort, social acti-
YLWLHV��KHDOWK��ZHOO�EHLQJ�DQG�VDIHW\���7KHUH�KDV�EHHQ�VLJQL¿FDQW� LQFUHDVH� LQ� LOOXPLQDQFH� OHYHOV�
LQ�RI¿FHV�EHWZHHQ������DQG�������7KH�PDLQ�UHDVRQV�ZHUH�WKH�LPSURYHPHQW�LQ�OLJKWLQJ�V\VWHPV�
DQG�WKH�IDVW�HFRQRPLFDO�ERRP�RI�XQGHYHORSHG�FRXQWULHV��$IWHU�������WKHUH�ZDV�D�GHFUHDVH�LQ�LO-
luminance levels recommendations because of energetic crisis and an interruption in economical 
GHYHORSPHQW��7KH�QHHG�LQ�WKH�����¶V�ZDV�WR�XVH�DUWL¿FLDO�OLJKW�LQ�D�UDWLRQDO�ZD\��:KHQ�VWDQGDUGV��
UXOHV�DQG�FHUWL¿FDWLRQV�DUH�FRPSDUHG�WKHUH�LV�QRW�D�FRQVHQVXV�DPRQJ�OLJKW�YDOXHV�DQG�WKLV�IDFW�
gets even worse when these documents are historically analyzed. In Brazil, the highlight is the re-
view of Standard ABNT 5413 (“Illuminance in Interior Environments”), in which was proposed the 
DGRSWLRQ�RI�,62�&,(������±�/LJKWLQJ�RI�LQGRRU�VSDFHV��7KLV�DGRSWLRQ�EULQJV�DGYDQWDJHV�LQ�WHUPV�
RI�HYDOXDWLRQ�RI�TXDOLW\�RI�OLJKW��EXW�LW�FRXOG�EH�LQWHUHVWLQJ�WR�TXDQWLI\�WKH�LPSDFW�RI�WKLV�6WDQGDUG�LQ�
HQHUJ\�HI¿FLHQF\�RI�EXLOGLQJV��0RUHRYHU��LW�LV�LPSRUWDQW�D�PRUH�FRPSOHWH�GLVFXVVLRQ�RI�WKLV�VWDQ-
GDUG�LQ�%UD]LOLDQ�FRQWH[W��2Q�WKH�RWKHU�KDQG��LW�LV�DOVR�HVVHQWLDO�WR�SRLQW�GLIIHUHQW�PLQLPXP�OHYHO�
RI�LOOXPLQDQFHV�SURYLGHG�IURP�DUWL¿FLDO�RU�GD\OLJKW��7KH�IDFW�LV�WKDW�KXPDQ�EHLQJV�UHDFW�GLIIHUHQWO\�
to different light sources. In this paper, the intention is to revise the main standards, rules, recom-
PHQGDWLRQV��FHUWL¿FDWHV�DQG�OLWHUDWXUH�WH[WV�DERXW�GD\OLJKWLQJ�TXDOLW\�DQG�LWV�LQVHUWLRQ�LQ�%UD]LOLDQ�
FRQWH[W�
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OP39

JuSt SuffICIent LIgHtIng COndItIOn under HyBrId-LIgHtIng Of reAL dAy-

LIgHt And ArtIfICIAL LIgHt

nakamura, y., Fujita, N. 
%XLOW�(QYLURQPHQW��7RN\R�,QVWLWXWH�RI�7HFKQRORJ\��<RNRKDPD��-DSDQ�

/LJKWLQJ�GHVLJQHUV�DUH�UHTXLUHG�VWURQJO\�WR�SURPRWH�HQHUJ\�HI¿FLHQW�OLJKWLQJ�EHFDXVH�RI�WKH�JOR-
bal environmental problem. As is well known, one of the most effective ways to energy saving in 
OLJKWLQJ�LV�DFWLYH�XVH�RI�GD\OLJKW��$UWL¿FLDO�OLJKWLQJ�¿[WXUHV�VKRXOG�EH�UHJDUGHG�DV�VHFRQGDU\�OLJKWV��
H[FHSW�DW�QLJKW��ZKLFK�SURYLGH�ZLWK�PLQLPDO�DPRXQW�RI�OLJKW�ZKHQ�DQG�ZKHUH�GD\OLJKW�LV�LQVXI¿FL-
HQW��7KLV�PHDQV�GHVLJQHUV�VKRXOG�SODQ�D�K\EULG�OLJKWLQJ�RI�GD\OLJKW�DQG�DUWL¿FLDO�OLJKW��<HW��XQIRU-
tunately, the method for the hybrid-lighting has not been established.

The authors have suggested that the method would be a kind of luminance-base lighting design 
because in such hybrid-lighting designers should estimate the occupants’ adaptation level and a 
luminance image could be a tool for its estimation. In the previous study1) our group conducted 
DQ�H[SHULPHQW�ZLWK�DQ�LPLWDWHG�RI¿FH�URRP��ZKHUH�D�IDOVH�ZLQGRZ�DQG�VHYHUDO� OLJKWLQJ�¿[WXUHV�
ZHUH�LQVWDOOHG��DQG�WULHG�WR�NQRZ�MXVW�VXI¿FLHQW�OLJKWLQJ�FRQGLWLRQ��-6/&��RI�YDULRXV�OLJKWLQJ�LQVWDO-
lation with window. From the result we could suggest the possibility to estimate the effect of ad-
aptation by use of a luminance image and a brightness image. However real daylight apparently 
GLIIHUV�IURP�WKH�OLJKW�RI�D�IDOVH�ZLQGRZ�PDGH�IURP�VHYHUDO�ÀXRUHVFHQW�WXEHV��7KHUHIRUH�WKH�DXWKRUV�
FRQGXFWHG�DQ�H[SHULPHQW�WR�HVWLPDWH�-6/&�RI�WKH�UHDO�K\EULG�OLJKWLQJ�ZLWK�DQ�LPLWDWHG�RI¿FH�URRP�
with a real side window, from which real daylight entered the room.

:H�DUUDQJHG�DQ�H[SHULPHQWDO�URRP�����P�ZLGH�����P�GHHS�DQG����P�KLJK��$�ZLQGRZ�ZLWK�D�YH-
netian blind, through which real daylight entered the room, was installed on the south side wall. 
7KH�URRP�LV�PDGH�WR�LPLWDWH�D�VPDOO�RI¿FH�URRP��7KH�ZDOO�DQG�WKH�FHLOLQJ�DUH�SDLQWHG�LQ�OLJKW�JUD\��
DQG�WKH�ÀRRU�LV�FRYHUHG�ZLWK�JUD\�FDUSHW��$�GHVN�ZLWK�D�FRPSXWHU�GLVSOD\�RQ�LW�DQG�D�FKDLU�ZHUH�
set in the room. Following lighting conditions were adopted;
1. only real daylight through the window
2. real daylight and a LED task light
3. UHDO�GD\OLJKW��JHQHUDO�OLJKW�E\�FHLOLQJ�DWWDFKHG�/('�¿[WXUHV��DQG�D�/('�WDVN�OLJKW
4. UHDO�GD\OLJKW��ORFDOL]HG�JHQHUDO�OLJKW�E\�FHLOLQJ�DWWDFKHG�/('�¿[WXUHV��DQG�D�/('�WDVN�OLJKW
5. real daylight and wall light by ceiling mounted LED wall washers

The distance of the desk from the window was set as a parameter (1.5m and 4.5m), and the fa-
cing direction of the desk was also set as a parameter (facing window, facing the side wall, and 
IDFLQJ�WKH�RSSRVLWH�ZDOO�RI�WKH�ZLQGRZ���7KH�H[SHULPHQW�ZDV�FDUULHG�RXW�IURP���WK�$XJXVW�WR��WK�
6HSWHPEHU�LQ�VXPPHU��IURP���WK�6HSWHPEHU�WR���WK�2FWREHU�LQ�DXWXPQ��DQG�ZDV�SODQQHG�HYHQ�
LQ�ZLQWHU��(DFK�H[SHULPHQW�VWDUWHG�DW�DURXQG���R¶FORFN�DQG�FRQWLQXHG�WLOO�VXQVHW��DQG�WKH�GD\OLJKW�
FRQGLWLRQ�DQG�FRUUHFW�WLPH�VFKHGXOH�YDULHG�DPRQJ�WKRVH�H[SHULPHQWDO�GD\V��7ZHOYH�SHUVRQV����
PDOH�DQG���IHPDOH��SDUWLFLSDWHG�WKH�H[SHULPHQW�
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,Q�WKH�H[SHULPHQW�WKH�VXEMHFW�¿UVW�HQWHUHG�WKH�H[SHULPHQWDO�URRP�ZLWK�WKH�ZLQGRZ�EOLQG�IXOO\�RSH-
QHG��$IWHU���PLQXWHV�DGDSWDWLRQ��WKH�VXEMHFW�ZDV�DVNHG�ZKHWKHU�KH�VKH�IHOW�JODUH��DQG�ZKHQ�JODUH�
declared, the blind was adjusted till no glare. Then the subject was asked to work with a sheet of 
SDSHU�VHW�EHIRUH�WKH�NH\ERDUG�DQG�ZDV�DVNHG�WR�HVWLPDWH�LQVXI¿FLHQF\�RI�OLJKW��WKHQ�WR�ZRUN�ZLWK�
the monitor on the desk, and then to view the whole room from the corners of the room respec-
WLYHO\��:KHQ�LQVXI¿FLHQF\�GHFODUHG��DUWL¿FLDO�OLJKW�ZDV�DGGHG�WLOO�WKH�VXEMHFW�GHFODUHG�-6/&��7KH�
lighting condition was measured by illuminance and a luminance image taken from the subject’s 
view point.
We obtained around a thousand case data till now. From those data we obtained tentative results 
as follows;

JSLC for paper work

7KH�LOOXPLQDQFH�RU�WKH�OXPLQDQFH�RQ�WKH�SDSHU�VXUIDFH�XQGHU�-6/&�ZDV�VWURQJO\�FRUUHODWHG�WR�WKH�
average luminance of the luminance image taken from the subject view point as shown in Figure 
1. It suggested we could not neglect the effect of adaptation and the effect could be estimated by 
WKH�DYHUDJH�OXPLQDQFH��7KH�DXWKRUV�IXUWKHU�H[DPLQHG
brightness values converted from the luminance image like the previous study, and found the 
EULJKWQHVV�YDOXH�RQ�WKH�SDSHU�FRXOG�EH�UHGXFHG�WLOO���1%�ZKHQ�XQLIRUPO\�LOOXPLQDWHG�E\�UHDO�GD\-
OLJKW��7R�REWDLQ�PRUH�FRQVLVWHQW�LQGH[��WKH�DXWKRUV�ZLOO�WU\�WR�DSSO\�FRQWUDVW�LPDJH�DQDO\VLV��ZKLFK�
can obtain contrast value between the paper and the background objectively.

JSLC for monitor work

Like the previous study, there was no relation between the luminance of the monitor and the 
EDFNJURXQG�OXPLQDQFH�LQ�-6/&��EXW�ZDV�FOHDU�UHODWLRQ�EHWZHHQ�WKH�EULJKWQHVV�YDOXH�RI�WKH�PRQL-
tor and the background. However large individual difference was observed especially in the high 
average luminance conditions as shown in Figure 2. The difference of color temperature might 
LQÀXHQFH�WKH�UHVXOW��)XUWKHU�H[DPLQDWLRQ�ZLOO�EH�FRQWLQXHG�

JSLC for room appearance

6HYHUDO�FDVHV�RI�-6/&�ZHUH�IRXQG�WR�JR�RXWVLGH�RI� WKH�ERUGHUOLQHV�VXJJHVWHG� LQ� WKH�SUHYLRXV�
study. Further analytical study was carried out, and the combination of the contrast image and the 
DSSUR[LPDWH�LPDJH��ZKLFK�DUH�WKH�FRPSRQHQWV�RI�EULJKWQHVV�LPDJH�FRQYHUVLRQ��ZDV�VXJJHVWHG�
WR�EH�D�EHWWHU�LQGH[�WR�MXGJH�-6/&��7KH�DQDO\VLV�ZLOO�EH�FRQWLQXHG�

1) Nakamura,Y., Suzuo,S. and Aoki,T.:Lighting Design Method Applicable Both to Day Lighting 
DQG� WR�(OHFWULF�/LJKWLQJ�8VLQJ�/XPLQDQFH� ,PDJH��3URFHHGLQJV�RI� WKH���WK�6HVVLRQ�RI� WKH�&,(�
6RXWK�$IULFD�������SS��������������
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figure 1 – relation between paper luminance and average luminance in JSLC 

figure 2 – relation between monitor luminance and average luminance in JSLC
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Led Photometry and Performance of Photometers
�&KDLU��$UPLQ�6SHUOLQJ��*HUPDQ\�
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OP40

AnALySIS Of PerfOrMAnCe PArAMeterS Of ILLuMInAnCe MeterS Per CIe dS 

023 QuALIty IndICeS fOr SPeCIfIC fIeLd MeASureMentS

dubnicka, r., Rusnak, A., Pipa, M.
Institute of Power and Applied Electrical Engineering, Faculty of Electrical Engineering and In-
formation Technology at Slovak University of Technology in Bratislava, Bratislava, Slovakia.

,OOXPLQDQFH�PHWHUV�DQG� OXPLQDQFH�PHWHUV�DUH�ZLGHO\�XVHG� LQVWUXPHQWV� IRU�PDQ\�W\SHV�RI�¿HOG�
measurements. Characterization of performance of these devices was formerly made according 
WR�&,(���������UHFHQWO\�XSGDWHG�E\�WKH�GUDIW�VWDQGDUG�&,(�'6�����(������ZKLFK�ZKHQ�DSSUR-
ved by the CIE national commities, it will be published as a CIE Standard and later on as a joint 
,62�&,(�6WDQGDUG��%XW�WKH�SUREOHP�RI�XVHU�DV�GHVFULEH�WKLV�GUDIW�VWDQGDUG�LV�WKH�FKDUDFWHULVWLFV�
of these photometers alone do not allow the estimation of the measurement uncertainty for a 
VSHFL¿F�PHDVXUHPHQW�WDVN�HYHQ�LI�RQ�WKH�RWKHU�KDQG�LW�GHVFULEHV�WKDW�LQVWUXPHQWV�ZLWK�³EHWWHU´�
characteristics in most cases allow smaller uncertainties than instruments with “worse” proper-
WLHV��2IWHQ�XVHUV�GR�QRW�NQRZ�DFFRUGLQJ�WR�TXDOLW\�LQGLFHV�HYDOXDWH�PHDVXUHPHQW�XQFHUWDLQWLHV�RI�
WKHLU�PHDVXUHPHQW�HVSHFLDOO\�LQ�WKH�¿HOG�SKRWRPHWULF�PHDVXUHPHQWV�RI�LOOXPLQDQFH�RU�OXPLQDQFH��
7KLV�DPELJXLW\�DSSHDUV�LQ�WKH�¿HOG�SKRWRPHWULF�DW�WKH�YHUL¿FDWLRQ�PHDVXUHPHQWV�RI�LOOXPLQDQFH�RI�
lighting systems after realisation of lighting project or others measurements. This paper concerns 
DERXW�DQDO\VLV�RI�PHDVXUHPHQW�XQFHUWDLQWLHV�IRU�VSHFL¿F�¿HOG�PHDVXUHPHQWV�RI�LOOXPLQDQFH�ZLWK�
GLIIHUHQW�FODVVHV�RI� LOOXPLQDQFH�PHWHUV�GH¿QHG�E\� WKH�GUDIW�VWDQGDUG�&,(�'6�����(�������7KH�
PDLQ�DLP�RI� UHVHDUFK�ZRUN�ZDV�PDGH�DERXW�¿HOG�PHDVXUHPHQWV� IRU� LQGRRU�ZRUNSODFHV�XQGHU�
well-known conditions. Lighting system parameters (i.e. average illuminance level etc.) and spec-
trum of used light sources (luminaires) in the measured rooms was known to compare results of 
PHDVXUHPHQWV�ZLWK�VWDWHG�H[SDQGHG�XQFHUWDLQWLHV� IRU�����FRYHUDJH� LQWHUYDO��8QFHUWDLQWLHV�RI�
PHDVXUHPHQW� LQ�WKLV�VSHFL¿F�PHDVXUHPHQWV�ZDV�LQYHVWLJDWHG�IRU�GLIIHUHQW�W\SHV�RI� LOOXPLQDQFH�
PHWHUV�IURP�ZRUVH�FODVVHV�WR�WKH�EHVW�FODVVHV�DVVXPLQJ�TXDOLW\�LQGLFHV�SUHVFULEHG�LQ�WKH�GUDIW�
standard. From results of this work can be assumed or predicted the accuracy of measurement of 
used illuminance meters with concrete class to avoid ambiguity for user who performs investiga-
WHG�VSHFL¿F�PHDVXUHPHQWV�
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InfLuenCe Of Current And vOLtAge HArMOnIC dIStOrtIOn On tHe POWer 

MeASureMent Of Led LAMPS And LuMInAIreS

Martinsons, C.1, =RQJ��<�2, Miller, C.2��2KQR��<�2��2OLYH��)�1, Picard, N.1

1. CSTB, Saint Martin d‘Heres, France.
2.�1,67��*DLWKHUVEXUJ��0'��8QLWHG�6WDWHV�

Solid-state lighting (SSL) products such as LED lamps and luminaires are rapidly replacing other 
light sources in both consumer and professional markets. This massive transition of the lighting 
LQGXVWU\�UHOLHV�RQ�WKH�LQFUHDVLQJ�SHUIRUPDQFH�RI�66/�SURGXFWV��0DQ\�UHTXLUHPHQWV�DUH�VHW�E\�UH-
JXODWLRQV�DQG�FHUWL¿FDWLRQV�LQ�RUGHU�WR�JXDUDQWHH�WKDW�WKHVH�SURGXFWV�DUH�VDIH�DQG�SUHVHQW�D�PLQL-
PXP�OHYHO�RI�OLJKW�TXDOLW\�WRJHWKHU�ZLWK�EHWWHU�HQHUJ\�HI¿FLHQF\��7KH�FRPSOLDQFH�RI�WKH�SURGXFWV�LV�
EDVHG�RQ�VSHFL¿F�PHDVXUHPHQW�VWDQGDUGV��VXFK�DV�WKH�,(61$�/0����IRU�SKRWRPHWULF�DQG�HOHF-
WULFDO�SURSHUWLHV��,Q�WKLV�VWDQGDUG�DQG�RWKHU�OLJKWLQJ�VWDQGDUGV��WKH�DFFHSWHG�¿JXUH�RI�PHULW�IRU�WKH�
HQHUJ\�HI¿FLHQF\�RI�66/�SURGXFWV�LV�WKH�OXPLQRXV�HI¿FDF\�H[SUHVVHG�LQ�OXPHQ�SHU�ZDWW��OP�:��

$�JUHDW�ERG\�RI�ZRUN�KDV�EHHQ�GHYRWHG�WR�LPSURYLQJ�WKH�PHDVXUHPHQW�RI�WKH�OXPLQRXV�ÀX[��OP��
RI� /('V�DQG�66/�SURGXFWV��7KH�SKRWRPHWULF�PHWKRGV� XVHG� IRU� LQFDQGHVFHQW� DQG� ÀXRUHVFHQW�
OLJKW�VRXUFHV�SUHVHQWHG�VRPH�GLI¿FXOWLHV�IRU�/('�EDVHG�ODPSV�DQG�OXPLQDLUHV��7KH�FRPSOHWLRQ�RI�
/0����LQ�WKH�86$�LQ������ZDV�DQ�LPSRUWDQW�PLOHVWRQH�DV�LW�HVWDEOLVKHG�UHOHYDQW�SKRWRPHWULF�WHVW�
protocols that were well accepted by testing laboratories and lighting manufacturers.
:KHUHDV�WKH�PHDVXUHPHQW�RI�WKH�OXPLQRXV�ÀX[�RI�66/�SURGXFWV�FDQ�QRZ�EH�DFKLHYHG�ZLWK�XQFHU-
WDLQWLHV�RI�DERXW����E\�WHVWLQJ�ODERUDWRULHV��WKH�OXPLQRXV�HI¿FDF\�LV�VWLOO�D�GLI¿FXOW�SDUDPHWHU�WR�
assess because the measurement of the electrical power also presents some challenges that 
have not yet been studied in depth.

6SHFL¿F�LVVXHV�DSSHDU�LQ�WKH�PHDVXUHPHQW�RI�WKH�HOHFWULFDO�SRZHU�RI�/('�ODPSV�DQG�OXPLQDLUHV��
As it has been shown in several reports and publications, many SSL electronic drivers generate 
KDUPRQLF�FXUUHQWV�LQ�D�ZLGH�IUHTXHQF\�UDQJH��,Q�(XURSH��WKH�HPLVVLRQ�RI�KDUPRQLF�FXUUHQWV�E\�
66/�SURGXFWV�LV�QRW�\HW�UHJXODWHG��+RZHYHU��PDQ\�/('�ODPSV�ZHUH�IRXQG�WR�H[FHHG�WKH�OLPLWV�VHW�
IRU�ÀXRUHVFHQW�ODPSV��,(&�������������ZKLFK�FDQ�SRWHQWLDOO\�EH�D�FRQFHUQ�ZKHQ�/('�ODPSV�HYHQ-
WXDOO\�UHSODFH�WKH�PDMRULW\�RI�ÀXRUHVFHQW�ODPSV��$V�ZLWK�RWKHU�HOHFWURQLF�HTXLSPHQW��WKH�LPSDFW�RI�
harmonic currents emitted by SSL products is well-known by utility companies and manufacturers 
RI�HOHFWULFDO�GLVWULEXWLRQ�HTXLSPHQW��,W�LV�TXLWH�XVXDO�WKDW�66/�SURGXFWV�JHQHUDWH�KDUPRQLF�FXUUHQWV�
DW�IUHTXHQFLHV�H[FHHGLQJ�����N+]�RU���0+]��ZHOO�DERYH�WKH�OLPLW�RI�DERXW���N+]�WKDW�LV�FRQVLGHUHG�
LQ�,(&�����������

The topic of this paper is to clarify the impact of these harmonic currents on the measurement 
RI� WKH�DFWLYH�SRZHU� LWVHOI��:KHQ�KLJK� IUHTXHQF\�FXUUHQWV�DUH�JHQHUDWHG� LQ�DQ�HOHFWULFDO�FLUFXLW��
the resulting voltage, current and power readings become very sensitive to two factors: (i) the 
bandwidth of the measurement devices and (ii) the impedance of the power supply circuit which 
EHFRPHV�KLJKHU�DW�KLJK�IUHTXHQF\�GXH�WR�LQGXFWLYH�HIIHFWV�
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7KH�DQDO\VLV�RI�WKH�HOHFWULFDO�QHWZRUN�HTXDWLRQV�RI�D�W\SLFDO�PHDVXUHPHQW�FLUFXLW�VKRZV�WKDW�WKH�
DFWLYH�SRZHU�LQFOXGHV�D�IXQGDPHQWDO�WHUP�DW�WKH�PDLQV�IUHTXHQF\�DQG�D�VHULHV�RI�WHUPV�DW�KDUPR-
QLF�IUHTXHQFLHV�DSSHDULQJ�WKURXJK�WKH�FRXSOLQJ�RI�WKH�KDUPRQLF�FXUUHQWV�ZLWK�WKH�LPSHGDQFH�RI�
the power supply circuit (source impedance).
7KH�PDWKHPDWLFDO�H[SUHVVLRQ�RI�WKH�DFWLYH�SRZHU�LV�XVHG�WR�JLYH�DQ�HVWLPDWH�RI�WKH�HUURU�EHWZHHQ�
WKH�PHDVXUHPHQW�SHUIRUPHG�ZLWK�D�SHUIHFW�VHW�XS��LQ¿QLWH�PHDVXUHPHQW�EDQGZLGWK��QXOO�VRXUFH�
impedance) and measurements performed with a limited bandwidth and realistic source impe-
dance.

The total harmonic distortion of the current and voltage waveforms (respectively THDi and THDv) 
DUH�FRPPRQO\�XVHG�LQ�HOHFWULFDO�HQJLQHHULQJ�WR�PHDVXUH�WKH�TXDOLW\�RI�$&�HOHFWULFDO�GLVWULEXWLRQ�
FLUFXLWV��:KHQ�D�SLHFH�RI�HTXLSPHQW��VXFK�DV�DQ�/('�ODPS��JHQHUDWHV�KDUPRQLF�FXUUHQWV�LQ�DQ�
imperfect electrical distribution circuit, harmonic voltage components appear and distort the sinu-
soidal voltage waveform.

,Q�WKLV�SDSHU��VHYHUDO�H[SUHVVLRQV�RI�WKH�HUURU�WHUPV�LQ�WKH�DFWLYH�SRZHU�ZHUH�HVWDEOLVKHG�DV�IXQF-
tions of THDi and THDv. As a result, it is possible to build a criterion to estimate the systematic 
error induced by THDi and THDv in the measurement of the active power. This criterion can be 
LQWURGXFHG�LQ�VWDQGDUG�PHDVXUHPHQW�SURWRFROV�DV�D�SULRU�UHTXLUHPHQW�WR�FKHFN�LI� WKH�HOHFWULFDO�
set-up is suited to perform the measurement of the electrical power of a given lamp or luminaire.
,Q�RUGHU�WR�YHULI\�WKH�UHOHYDQFH�RI�WKLV�DSSURDFK��DQ�H[SHULPHQWDO�VHW�XS�ZDV�GHVLJQHG�WR�SURYLGH�
accurate measurements of the voltage, current and power of LED lamps. High bandwidth voltage 
and current probes connected to a fast digitizing oscilloscope were used to measure the current 
and voltage waveforms. The active power was simultaneously measured by two different me-
thods: a commercial high bandwidth power analyzer on the one hand, and on the other hand, a 
numerical integration carried out in the time domain.

Using this set-up, it was possible to compare the active power measurements performed with 
GLIIHUHQW�EDQGZLGWKV�RQ�/('�ODPSV�JHQHUDWLQJ�KLJK�IUHTXHQF\�KDUPRQLF�FXUUHQWV�XS�WR�DERXW�����
N+]��7KH�DFWLYH�SRZHU�ZDV�W\SLFDOO\�XQGHUHVWLPDWHG�E\�DERXW����ZKHQ�WKH�PHDVXUHPHQW�EDQG-
ZLGWK�ZDV�OLPLWHG�WR���N+]��WKH�,(&�����������OLPLW�IRU�PHDVXULQJ�WKH�SRZHU�RI�OLJKWLQJ�HTXLSPHQW�
The set-up allowed us to study the effects of the source impedance of the measurement of the 
DFWLYH�SRZHU��$JDLQ��V\VWHPDWLF�HUURUV�RI�DERXW���� WR�����FDQ�EH� LQWURGXFHG�ZLWK� LQFUHDVLQJ�
source impedance.

7KH�WKHRUHWLFDO�DQG�H[SHULPHQWDO�UHVXOWV�SUHVHQWHG�LQ�WKLV�SDSHU�ZLOO�KHOS�LPSURYH�WKH�HOHFWULFDO�
testing protocols used in SSL measurement standards under completion or revision.
7KH�DXWKRUV�DUH�JUDWHIXO�WR�WKH�)UHQFK�,QVWLWXW�&DUQRW�IRU�SURYLGLQJ�WKH�¿QDQFLDO�VXSSRUW�IRU�WKLV�
ZRUN�WKDW�EHJDQ�GXULQJ�WKH�VWD\�RI�&KULVWRSKH�0DUWLQVRQV�DW�1,67�DV�D�JXHVW�UHVHDUFKHU�LQ�-XO\�
and August 2012.
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SPeCtrAL MISMAtCH COrreCtIOn fACtOr eStIMAtIOn fOr WHIte Led SPeCtrA 

BASed On tHe PHOtOMeter‘S f1’ vALue

Krüger, u.1, Blattner, P.2

1.�7HFKQR7HDP�%LOGYHUDUEHLWXQJ�*PE+��,OPHQDX��*HUPDQ\�
2. METAS, Bern, Switzerland.

The spectral matching of photometers is important for LED measurements. However there is no 
JHQHUDO�HVWLPDWLRQ�IRU�WKH�VSHFWUDO�PLVPDWFK�FRUUHFWLRQ�IDFWRU�>�@�IRU�WKH�PHDVXUHPHQW�RI�ZKLWH�
LEDs known in the literature until now.

The authors will give a general estimation of the range of possible spectral mismatch correction 
IDFWRUV�IRU�ZKLWH�/('�PHDVXUHPHQWV�LQ�IXQFWLRQ�RI�WKH�TXDOLW\�RI�WKH�VSHFWUDO�PLV�PDWFK�RI�WKH�
photometer. For this purpose a database of 120 different photometers with f1’ values in the range 
RI������XS�WR������DQG�����ZKLWH�/('�VSHFWUD��3KRVSKRUH�W\SH�DV�ZHOO�DV�5*%�W\SH�/('V�EDVHG�
on measurements as well as simulations) was used to calculate the spectral mismatch correction 
IDFWRU��)URP�DOO�GDWD�D�JHQHUDO�REVHUYDWLRQ�LV�GHULYHG�WKDW�WKH�PLQLPXP�DQG�PD[LPXP�VSHFWUDO�
mismatch correction can be calculated based on the f1’ value of the photometers.
5HJUHVVLRQ�OLQHV�IRU�WKH������TXDQWLOHV�ZHUH�FDOFXODWHG�WR�GHULYH�WKH�IROORZLQJ�DSSUR[LPDWLRQV�
7KH�VSHFWUDO�PLVPDWFK�FRUUHFWLRQ�IDFWRU�)�IRU�ZKLWH�/('V�LV�HVWLPDWHG�WR�OLH�LQ�WKH�UDQJH�GH¿QHG�
by

_)�±��_��������I�¶)RU�SKRVSKRU�W\SH�ZKLWH�/('V�
_)�±��_��������I�¶)RU�5*%�W\SH�ZKLWH�/('V

These estimations of the range of possible spectral mismatch correction factors can also be used 
IRU�WKH�HVWLPDWLRQ�RI�WKH�FRQWULEXWLRQ�WR�WKH�PHDVXUHPHQW�XQFHUWDLQW\��$V�DQ�H[DPSOH�WKH�VSHFWUDO�
PLV�PDWFK�RI�D�SKRWRPHWHU�ZLWK�D�TXDOLW\�LQGH[�I�¶RI����ZLOO�FRQWULEXWH�DERXW������WR�WKH�FRPELQH�
XQFHUWDLQW\�IRU�WKH�PHDVXUHPHQW�RI�D�ZKLWH�/('�RI�5*%�W\SH��7KLV�XQFHUWDLQW\�FRXOG�RQO\�EH�UH-
duced if the spectrum of the source and the spectral response of the photometer is known.
In their contribution the authors will describe the background of their calculation as well as the 
data basis (photometers and LED spectra) in detail.

>�@�&,(�'UDIW�6WDQGDUG�'6�����(�������&KDUDFWHUL]DWLRQ�RI�WKH�3HUIRUPDQFH�RI�,OOXPLQDQFH�0H-
ters and Luminance Meters, 2012



145

Abstracts

figure 1 – Minimal and maximal spectral mismatch correction factor for phosphor type 

white Leds depending on the f1’ value of the photometers used

figure 2 – Minimal and maximal spectral mismatch correction factor for rgB type white 

Leds depending on the f1’ value of the photometers used



146

Abstracts

OP43

rAdIOMetrIC deterMInAtIOn Of tHe JunCtIOn teMPerAture Of An Led

Kärhä, P.1, Vaskuri, A.1, Baumgartner, H.1��$QGRU��*�2��2NVDQHQ��-�3, Riuttanen, L.4, Ikonen, E.5

1. Aalto University, Department of Signal Processing and Acoustics, Espoo, Finland.
2.�+XQJDULDQ�7UDGH�/LFHQVLQJ�2I¿FH��0.(+���%XGDSHVW��+XQJDU\�
3. Aalto University, Department of Biomedical Engineering and Computational Science, Espoo, 
Finland.
4. Aalto University, Department of Micro- and Nanosciences, Espoo, Finland.
5. Centre for Metrology and Accreditation (MIKES), Espoo, Finland.

-XQFWLRQ�WHPSHUDWXUH�7j is an important parameter affecting the lifetime of an LED. In an assem-
bled LED lamp, LEDs are not electrically accessible, thus obtaining Tj is challenging. We have 
studied the relationship between the junction temperature and spectrum for various LEDs in order 
to develop a method for determining the junction temperature from the LED spectrum.

7KH�KLJK�HQHUJ\�VLGH�RI�DQ�/('�VSHFWUXP�LV�W\SLFDOO\�H[SHFWHG�WR�IROORZ�WKH�0D[ZHOO�%ROW]PDQQ�
GLVWULEXWLRQ�>�@��$OWKRXJK�WKH�0D[ZHOO�%ROW]PDQQ�GLVWULEXWLRQ�E\�LWVHOI�PD\�QRW�EH�VXI¿FLHQWO\�DFFX-
UDWH�IRU�GHWHUPLQLQJ�WKH�WHPSHUDWXUH�RI�EOXH�TXDQWXP�ZHOO�/('V��ZH�KDYH�VWXGLHG�WKH�SRVVLELOLW\�
of calibrating the measurements to enable accurate determination of the junction temperature of 
red, blue and white phosphor LEDs.

9DULRXV�/('V�ZHUH�H[WUDFWHG�IURP�VROLG�VWDWH�ODPSV��7KH�MXQFWLRQ�WHPSHUDWXUH�±�YROWDJH�FKDUDF-
teristics of the LEDs submerged in an oil bath were determined over a wide temperature range 
of 30 – 150 °C using short current pulses. Spectra of the LEDs were then measured at varied 
WHPSHUDWXUHV��0D[ZHOO�%ROW]PDQQ�GLVWULEXWLRQ�ZDV�¿WWHG�WR�WKH�����WR������LQWHQVLW\�UHJLRQ�LQ�WKH�
KLJK�HQHUJ\�VLGH�RI�WKH�/('�VSHFWUXP��7KH�¿W�JDYH�WKH�LQYHUVH�GHULYDWLYH�WHPSHUDWXUH�7ID for the 
/('��)LJXUH���VKRZV�DQ�H[DPSOH�¿W�IRU�D�VHW�RI�VSHFWUD�IRU�D�EOXH�/('�H[WUDFWHG�IURP�D�3KLOLSV�
Masterled lamp at various temperatures and the obtained TID ’s. We also studied the characteristic 
temperatures Tc�>�@�REWDLQHG�IURP�WKH�7ID�¶V��*HQHUDOO\��7ID and Tc deviate from Tj .

Figure 2 shows the relationship between the TID and Tj�IRU�VL[�VSHFLPHQV�RI�WKH�EOXH�3KLOLSV�0DV-
terled LEDs. There is a linear dependence between the Tj and TID. The slope is rather similar, 
������ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI��������IRU�DOO�VL[�/('V��+RZHYHU��WKH�LQWHUFHSW�WHUP�LV�FRQVL-
GHUDEO\�GLIIHUHQW�IRU�DOO�/('�VSHFLPHQV�YDU\LQJ�EHWZHHQ�����DQG�������.��7KHVH�UHVXOWV�LQGLFDWH�
that Tj can be obtained for any of the LEDs from the spectrum using the average of the slopes. 
2QH�PHDVXUHPHQW�H�J��DW�WKH�URRP�WHPSHUDWXUH�LV�QHHGHG�WR�¿[�WKH�LQWHUFHSW�WHUP��:LWK�WKHVH�
conditions, the standard deviation of the radiometrically obtained temperatures at e.g. Tj� ������&�
would be 5 K. We also studied the effect of the current (density) on the temperature determinati-
on. Currents were varied by a factor of 2.5. The effect on the inverse derivative temperatures was 
OHVV�WKDQ�������IRU�WKH�EOXH�/('V�

7KH�PHDVXUHPHQWV�ZHUH�UHSHDWHG�IRU�WKUHH�UHG�/('V�H[WUDFWHG�IURP�DQ�2VUDP�3DUDWKRP�&ODV-
VLF�$���ODPS��DQG�WKUHH�ZKLWH�/('V�H[WUDFWHG�IURP�DQ�2VUDP�3DUDWKRP�&ODVVLF�$���ODPS��7KH�
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VORSH�ZDV���������������IRU�WKH�UHG�/('V�DQG���������������IRU�WKH�ZKLWH�/('V��7KH�LQWHUFHSW�
WHUPV�ZHUH����±����.�IRU�WKH�UHG�/('V�DQG����±����.�IRU�WKH�ZKLWH�RQHV��'HWDLOHG�UHVXOWV�ZLOO�EH�
presented in the conference.
:H�FRQFOXGH�WKDW�WKH�0D[ZHOO�%ROW]PDQQ�GLVWULEXWLRQ�ZRUNV�VDWLVIDFWRULO\�ZLWK�UHG�/('V�DQG��ZLWK�
calibration, also with some white and blue LEDs. However, LEDs at different wavelengths need to 
be calibrated separately because the relationship between the TID and Tj depends heavily on the 
wavelength. It also varies from a manufacturer to another and, as was noted with the blue Philips 
LED, the behaviour may even vary considerably between specimens of similar LEDs. Neverthel-
ess, determination of the junction temperature from the LED spectrum seems to give access to 
LED lifetime estimation via a new method.
$FNQRZOHGJHPHQW��7KH�ZRUN�OHDGLQJ�WR�WKLV�VWXG\�ZDV�SDUWO\�IXQGHG�E\�WKH�(053�(1*���3URMHFW�
Ä0HWURORJ\�IRU�6ROLG
State Lighting.“ The EMRP is jointly funded by the EMRP participating countries within EURAMET 
and the European Union.
>�@�=��9DLWRQLV��3��9LWWD��DQG�$��=XNDXVNDV��³0HDVXUHPHQW�RI�WKH�-XQFWLRQ�7HPSHUDWXUH�LQ�+LJK�
3RZHU�/LJKW�(PLWWLQJ�'LRGHV�IURP�WKH�+LJK�(QHUJ\�:LQJ�RI�WKH�(OHFWUROXPLQHVFHQFH�%DQG�´�-��
$SSO��3K\V���������������������

figure 2 – relationship between the junc-

tion temperatures t
j
 and the inverse deri-

vative temperatures t
Id

 for six blue Philips 

Masterled Leds denoted as A-2, A-3, ..., 

A-6, B-3.

figure 1 – Spectra of a blue Led extracted 

from a Philips Masterled lamp at tempe-

UDWXUHV�����±�����.��FRORUHG�OLQHV���¿WWHG�
Maxwell-Boltzmann distributions (black 

lines), and the obtained inverse derivative 

temperatures t
Id

 (legend). the current of 

the Led was 205 mA. 
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Lighting the City - Luminaires and design
(Chair: Peter Schwarcz, Hungary)
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OP44

LIgHtIng PrOPertIeS And effICIenCy Of LuMInAIreS eXCeedIng tHeIr LIfe-

tIMe

gasparovsky, d. 

)((	,7��6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\��%UDWLVODYD��6ORYDNLD�

/LJKWLQJ�TXDOLW\�RI�LOOXPLQDWHG�SUHPLVHV�GHSHQG�VLJQL¿FDQWO\�RQ�WKH�VWDWH�LQVWDOOHG�OXPLQDLUHV�DV�
well as on their luminous, energy related, mechanical and other properties. Unlike light sources 
ZKLFK� XQGHUJR� UHJXODU� UHSODFHPHQWV�� OXPLQDLUHV� SXW� LQWR� RSHUDWLRQ� DUH� H[SHFWHG� WR� VHUYH� IRU�
several years or even decades, being maintained by simple cleaning. Lifetime of luminaires is 
not clearly marked and usually there is no time schedule for replacement of luminaires. As a con-
VHTXHQFH��LQ�PDQ\�H[LVWLQJ�EXLOGLQJV�WKHUH�DUH�VWLOO����WR����\HDUV�ROG�OXPLQDLUHV�ZKLFK�DUH�VWLOO�
RSHUDWHG��,W�LV�LQ�TXHVWLRQ�ZKHWKHU�VXFK�OXPLQDLUHV�VWLOO�KDYH�DFFHSWDEOH�OXPLQRXV�DQG�HOHFWULFDO�
HI¿FLHQF\�IRU� IXUWKHU�RSHUDWLRQ�RU�VKRXOG�EH�UHSODFHG�UHJDUGOHVV�RQ�SD\EDFN�RI� LQYHVWPHQWV�WR�
modernization.

This paper aims to discover current properties of old-type luminaires in comparison to recent tech-
nologies and also in comparison to their declared catalogue parameters. To follow the objectives, 
hundreds of measurements have been performed in lighting laboratories of the Slovak University 
RI�7HFKQRORJ\��,QYHVWLJDWLRQ�LV�IRFXVHG�RQ�WKH�PRVW�FRPPRQ�ÀXRUHVFHQW�OXPLQDLUHV�ZLWK�ORXYUHV�
and different kinds of diffusers (smooth, prismatic, pyramidal structured). Luminaires of different 
age (at least 20 years) have been harvested from buildings during re-construction of their ligh-
ting systems. Luminaires have been measured in their actual condition and after cleaning, with 
actually inserted lamps and with reference lamps. Luminaires have been subjected to measu-
UHPHQW�RI� OXPLQRXV�ÀX[�DQG� OXPLQRXV�HI¿FLHQF\� �LQ�SKRWRPHWULF� LQWHJUDWRU��� OXPLQRXV� LQWHQVLW\�
distribution curve (on goniophotometer), spectral transmittance of diffusers in order to assess the 
yellowishing effect of UV radiation (by means of spectrophotometer), electrical characteristics of 
the lamp-ballast system. Fluorescent lamps taken from these luminaires have been separately 
PHDVXUHG�WR�WKHLU�OXPLQRXV�ÀX[�DQG�HI¿FDF\�

As luckily catalogues of measured cluster of luminaires are still available in archives, it was pos-
sible to compare the results of measurements to declared values and thus to assess the non-
UHFRYHUDEOH� OXPLQRXV�ÀX[� ORVVHV��15//���15//�LV�JHQHUDOO\�QHJOHFWHG� LQ�FDOFXODWLRQV�DQG� LW� LV�
QRW�LQFOXGHG�LQ�WKH�PDLQWHQDQFH�IDFWRU�DFFRUGLQJ�WR�WKH�&,(����SXEOLFDWLRQ��HVWLPDWHG�WR�EH�OHVV�
WKDQ�����GXULQJ� WKH� OLIHWLPH�RI�D� OXPLQDLUH� LQ�QRUPDO�HYLURQPHQWDO�FRQGLWLRQV��+RZHYHU�� LI� WKLV�
WLPH�LV�H[FHHGHG�VHYHUDO�WLPHV��15//�DIIHFWV�WKH�RSWLFDO�HI¿FLHQF\��/�2�5���RI�OXPLQDLUH��7KH�UH-
sults showed that e.g. in case of prismatic or pyramidal diffusers dust deposits in narrow grooves 
cannot be removed by normal cleaning. Degradation of diffusers due to long-term absorption of 
UV radiation causes decrease of transmittance. Furthermore, both dust and UV degradation are 
responsible to changes in the luminous intensity distribution of prismatic covers.
Brief cost analysis of simple luminaire replacement based on comparison of both optical and 
HOHFWULFDO�HI¿FLHQF\�RI�ROG�W\SH�DQG�UHFHQW�OXPLQDLUHV�LV�DOVR�JLYHQ�LQ�WKH�SDSHU��7KH�SDSHU�LV�FRP-
pleted by proposal of determination of nominal lifetime of luminaires upon selected criteria.
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OP45

vISuAL MeCHAnISMS Of dISCOMfOrt gLAre SenSAtIOn CAuSed By LedS

Akashi, y., Asano, S., Kakuta, Y., Fujita, T. 
8QLYHUVLW\�RI�)XNXL��)XNXL��)XNXL��-DSDQ�

LED luminances have increased because of recent innovation in LED technology. It has become 
important to reduce discomfort glare from LEDs and LED luminaires. Recent studies have sug-
gested that light sources with more short-wavelength radiation increases not only the perception 
of brightness but also the degree of discomfort glare (Kimura and Ayama, 2011; Bullough, 2009).
,Q�RUGHU�WR�SURYLGH�FRPIRUWDEOH�LQWHULRU�HQYLURQPHQW��LW�LV�LPSRUWDQW�WR�PLQLPL]H�JODUH�ZKLOH�PD[L-
PL]LQJ�WKH�SHUFHSWLRQ�RI�EULJKWQHVV��7R�WKLV�HQG��ZH�DWWHPSWHG�WR�GH¿QH�WKH�PHFKDQLVPV�RI�GLV-
comfort glare sensation in terms of the spectral sensitivities of retinal receptors. Recent studies 
suggested S-cones contribute to the sensation of discomfort glare the most among retinal recep-
tors. However, it is reasonable to consider rods, contributing the brightness perception with cones 
at mesopic light levels, as major contributors to the discomfort glare sensation.

:H�FRQGXFWHG�D�JODUH�HYDOXDWLRQ�H[SHULPHQW�E\�XVLQJ�/('V�ZLWK�WKUHH�GLIIHUHQW�VSHFWUDO�SRZHU�
GLVWULEXWLRQV��,Q�WKH�H[SHULPHQW��ZH�XVHG�DQ�H[SHULPHQWDO�VHWXS�FRQVLVWLQJ�RI�D�����P������P�SDU-
WLWLRQ��UHÀHFWDQFH��������DQG�D�JODUH�OLJKW�VRXUFH�ORFDWHG�EHKLQG�WKH�SDUWLWLRQ��,Q�RUGHU�WR�FKDQJH�
the spectral power distribution (SPD) of the glare source, three types of LEDs (cyan, amber, and 
ZKLWH��ZHUH�XVHG��7KH�SDUWLWLRQ�KDG�¿YH�FLUFXODU�KROHV��YLVXDO�DQJOH����GHJUHHV��DW�WKH�VDPH�KHLJKW�
as the subject eyes. Each subject, sitting before the partition, saw the glare source through each 
RI�WKH�KROHV��ORFDWHG�DW�HFFHQWULFLW\�DQJOHV�RI�����FHQWHU������������RU�����RII�D[LV��$V�DPELHQW�OLJK-
WLQJ��D�WUL�SKRVSKRU�ÀXRUHVFHQW�ODPS�ZDV�XVHG�WR�PDLQWDLQ�D�FRQVWDQW�OXPLQDQFH�IRU�WKH�SDUWLWLRQ�
VXUIDFH�DW�D�OXPLQDQFH�RI�����FG�P2. The independent variables were the spectral power distri-
bution (SPD) and eccentricity angle of the glare source. The dependent variable was measured 
luminance on the borderline between comfort and discomfort (BCD).

,Q� WKH�H[SHULPHQW�� D� VXEMHFW�ZDV�HVFRUWHG� WR� WKH�H[SHULPHQWDO� URRP�E\�DQ�H[SHULPHQWHU� DQG�
seated in front of the partition at a distance of 1 m. After adapting to the background luminance, 
WKH�VXEMHFW�SODFHG�KLV�KHU�FKLQ�RQ�D�FKLQ�UHVW��:KLOH�WKH�VXEMHFW�¿[DWHG�RQ�WKH�FHQWUDO�YLVXDO�¿HOG��
D�JODUH�VRXUFH�ZLWK�RQH�RI�WKH�63'V�ZDV�SUHVHQWHG�DW�RQH�RI�WKH�HFFHQWULFLW\�DQJOHV��7KH�H[SH-
rimenter gradually increases the luminance of the glare source until the subject recognized the 
OXPLQDQFH�RI�WKH�JODUH�VRXUFH�DV�WKH�PD[LPXP�OLPLW�RI�DFFHSWDQFH��7KHQ��WKH�H[SHULPHQWHU�UHFRU-
ded the source luminance as a BCD luminance for the condition. This procedure was repeated for 
DOO�WKH�RWKHU�H[SHULPHQWDO�FRQGLWLRQV��,Q�WKH�H[SHULPHQW�����VXEMHFWV��EHWZHHQ����DQG����LQ�DJH��
SDUWLFLSDWHG�����PDOH�DQG����IHPDOH�XQLYHUVLW\�VWXGHQWV��

Figure 1 illustrates averaged BCD luminances and standard deviations for the four eccentricity 
angles of the glare sources. BCD luminances for the cyan LED were lower than the white and the 
$PEHU�/('V�IRU�DOO�WKH�HFFHQWULFLW\�DQJOHV��S��������,QWHUHVWLQJO\��WKH�F\DQ�%&'�OXPLQDQFHV�ZHUH�
almost constant for all the eccentricity angles while the white and the amber BCD luminances gra-
GXDOO\�LQFUHDVHG�DV�WKH�HFFHQWULFLW\�DQJOH�LQFUHDVHG��7KH�DERYH�GHVFULEHG�H[SHULPHQWDO�UHVXOWV�
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FRQ¿UPHG�WKDW� OLJKW�VRXUFHV�ZLWK�PRUH�VKRUW�ZDYHOHQJWK�UDGLDWLRQV�SURYLGHG�KLJKHU�GHJUHHV�RI�
discomfort glare.
%DVHG�RQ�WKH�H[SHULPHQWDO�GDWD��ZH�GLVFXVVHG�ZKLFK�UHWLQDO�UHFHSWRUV�FRQWULEXWH�WR�WKH�GLVFRPIRUW�
JODUH�VHQVDWLRQ��:H�GHYHORSHG�(TXDWLRQ�����LQ�)LJXUH���WKDW�GH¿QHV�D�PRGL¿HG�%&'�OXPLQDQFH�
WKDW�FRUUHVSRQGV�WR�WKH�JODUH�VHQVDWLRQ�EHWWHU�WKDQ�WKH�H[LVWLQJ�%&'�OXPLQDQFH��$V�(TXDWLRQ�����
LQGLFDWHV��ERWK�FRQHV�DQG�URGV�FRQWULEXWH�WR�WKH�VHQVDWLRQ�RI�GLVFRPIRUW�JODUH��7KH�LQÀXHQFH�RI�
6�FRQHV�LV�DOVR�FRXQWHG�LQ�WKH�+HOPKROW]�.RKOUDXVFK�HIIHFW��7KH�³[´�LV�D�IDFWRU�GHWHUPLQLQJ�WKH�
SURSRUWLRQ�RI�FRQH�DQG�URG�FRQWULEXWLRQV��7KH�³[´�YDOXHV�ZHUH�GLIIHUHQW�DPRQJ� WKH�HFFHQWULFLW\�
DQJOHV�RI�WKH�JODUH�VRXUFH�LQ�WKLV�H[SHULPHQW��7KH\�ZHUH�������������������DQG������IRU�����������
and 20 degrees respectively. This is because the proportion of cone and rod differs among the 
eccentricity angles.

7R�FRQ¿UP�WKH�FRQVLVWHQF\�RI�WKH�DERYH�GHVFULEHG�PRGL¿HG�%&'�OXPLQDQFH��ZH�FRQGXFWHG�DGGL-
WLRQDO�JODUH�HYDOXDWLRQV�E\�XVLQJ�KDSORVFRSLF�JODUH�PDWFKLQJ�LQ�ZKLFK����\RXQJ�DQG����ROGHU��!���
\HDUV�ROG��VXEMHFWV�SDUWLFLSDWHG��7KH�H[SHULPHQWDO�UHVXOWV�FRQ¿UPHG�WKDW�WKH�PHFKDQLVPV�RI�WKH�
JODUH�VHQVDWLRQ�GHULYHG�IURP�WKH�KDSORVFRSLF�JODUH�PDWFKLQJ�ZHUH�FRQVLVWHQW�ZLWK�(TXDWLRQ�����
DOWKRXJK�WKH�FRHI¿FLHQWV�LQ�WKH�HTXDWLRQ�ZHUH�GLIIHUHQW�

figure 2figure 1
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tHe LuMInAIre BeAM-SHAPe InfLuenCe On dISCOMfOrt gLAre frOM Led rOAd 

LIgHtIng 

Zhu, X.1, Demirdes, N.1��*RQJ��;�1��/DL��-�1��+H\QGHULFN[��,�2,3

1. Philips Research Asia-Shanghai, Shanghai, China.
2. Philips Research Laboratories, Eindhoven, Netherlands.
3. Delft University of Technology, Delft, Netherlands.

Objective:

Discomfort glare in road lighting has been studied by various groups in the past with traditional 
URDG� OLJKWLQJ� OXPLQDLUHV��5HFHQW�\HDUV��DV�D�QHZ�HQHUJ\�HI¿FLHQW� OLJKW�VRXUFH��/('V�DUH� LQWUR-
duced in road lighting at a high pace. However there is a rising concern about discomfort glare 
caused by LED road luminaires to the road users, namely drivers and pedestrians. To better 
understand the mechanism of discomfort glare generated by LED sources in a road lighting ap-
SOLFDWLRQ��D�VHULHV�RI�SHUFHSWLRQ�H[SHULPHQWV�KDYH�EHHQ�FDUULHG�RXW�DW�3KLOLSV�5HVHDUFK�/DE�LQ�
6KDQJKDL��VXFK�DV�LQÀXHQFH�RI�OLJKW�VRXUFH�&&7��OXPLQDLUH�EHDP�VKDSH�HWF��7KH�VWXG\�RI�&&7�
LQÀXHQFH�RQ�GLVFRPIRUW�JODUH�KDV�DOUHDG\�EHHQ�SUHVHQWHG�LQ������&,(�FRQIHUHQFH�RI�³/LJKWLQJ�
TXDOLW\�DQG�HQHUJ\�HI¿FLHQF\´�
,Q�WKLV�VWXG\��³WKH�OXPLQDLUH�EHDP�VKDSH´�LQÀXHQFH�RQ�GLVFRPIRUW�JODUH�LV�LQYHVWLJDWHG�
Due to the small LED chip and its precise optical control, often LED luminaires are designed to 
have a beam shape with very sharp cut-off. However, this sharp cut-off could be one of the rea-
sons of discomfort glare sensation of drivers while driving.

Methods:

$�ODERUDWRU\�VHWXS�LV�GHVLJQHG�WR�XVH�D�PXOWL�VRXUFH�IUDPH�ZLWK����/('V�WR�PLPLF�WKH�PDQ\�/('�
OXPLQDLUHV�DKHDG�LQ�WKH�YLVXDO�¿HOG�RI�GULYHUV��7KH�HPLWWLQJ�VL]H�RI�HDFK�/('�ZDV�GHVLJQHG�DQG�
GRZQVFDOHG�LQWR�WKH�ODE�VHWWLQJV�DFFRUGLQJ�WR�WKH�UHDO�ÀDVK�DUHD�RI�WKH�OXPLQDLUH�LQ�WKH�W\SLFDO�URDG�
OLJKWLQJ�FRQ¿JXUDWLRQV�WDNHQ�LQWR�FRQVLGHUDWLRQ��7KH�LQWHQVLW\�RI�HDFK�/('�ZDV�PRGXODWHG�DFFRU-
GLQJ�WR�GLIIHUHQW�EHDP�VKDSHV�DW�WKH�GULYLQJ�VSHHG�RI���NP�K��$�VHULHV�RI�H[SHULPHQWV�ZHUH�GRQH�
WR�HYDOXDWH�WKH�EHDP�VKDSH�LQÀXHQFH�RQ�GLVFRPIRUW�JODUH�VHQVDWLRQ�ERWK�VWDWLF�DQG�G\QDPLF�FRQ-
GLWLRQV��,Q�WKH�H[SHULPHQWV��WKH�VXEMHFWV�ZHUH�DVNHG�WR�HYDOXDWH�WKH�GLVFRPIRUW�JODUH�LQ�GLIIHUHQW�
lighting situations using De Boer scale. In the static situation, subjects were asked to evaluate the 
discomfort glare with and without multiple sources in the background scene, in the meanwhile, 
their pupil size changes were recorded by eye tracking system. In the dynamic situation, subjects 
were asked to look straight ahead while the multiple LED lights were modulated at different slope 
of eye illuminance at a given time period.

results:

)URP�ODE�H[SHULPHQW��VLJQL¿FDQW�GLIIHUHQFH�KDV�EHHQ�IRXQG�ZKHQ�WKH�PXOWLSOH�VRXUFHV�DKHDG�LV�
visible in the viewing scene as compared with the invisible situation due to the sharp cut-off beam 
of LED luminaires in static situation (see Fig.1).
%HVLGHV��VLJQL¿FDQW�GLIIHUHQFHV�KDYH�EHHQ�IRXQG�ZLWK�GLIIHUHQW�EHDP�VKDSHV�RQ�GLVFRPIRUW�JODUH�
under dynamic situation (see Fig. 2).
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%DVHG�RQ� WKHVH�¿QGLQJV�� IXUWKHU�DSSOLFDWLRQ�DQDO\VLV�KDV�EHHQ�GRQH� IRU�YDULRXV� W\SHV�RI� URDG�
FODVV�DQG�LQVWDOODWLRQ�FRQ¿JXUDWLRQV��5HVXOWV�ZLOO�EH�SUHVHQWHG�LQ�WKH�¿QDO�SDSHU�

Conclusions:

The improperly designed beam shape could be one of the major causes of driver’s discomfort 
glare sensation. 

figure 2 – Mean de Boer rating scores under dynamic lighting conditions with three dif-

ferent beam shapes

figure 1 – Boxplot of de Boer rating and relative change of pupil diameter at two 

background lighting conditions (with multi-source and without multi-source) for static 

situation
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InfLuenCe Of A gLAre SOurCeS SPeCtruM On dISCOMfOrt And dISABILIty 

gLAre under MeSOPIC COndItIOnS

niedling, M., Kierdorf, D., Völker, S. 
78�%HUOLQ��%HUOLQ��*HUPDQ\�

,Q�WKH�QH[W�IHZ�\HDUV�WKH�XVDJH�RI�/('�OXPLQDLUHV�IRU�VWUHHW�OLJKWLQJ�ZLOO�LQFUHDVH�VWURQJO\��$W�WKH�
same time there are complaints about higher glare from LED street lights. As compared to con-
ventional lamps for street lighting (HPS, MHL), there is a higher blue content in the LED-spectrum 
which could affect glare perception.

,W�LV�DOUHDG\�NQRZQ�WKDW�WKH�FRORXU�RI�OLJKW�LQÀXHQFHV�GLVFRPIRUW�JODUH��������������������������6RPH�
studies focused on the contribution of the blue cone to glare sensitivity. Depending on the setup 
RI�WKH�UHVHDUFK�WKH�UHVXOWV�ZHUH�GLIIHUHQW�����������7KHUH�DUH�DOVR�GLIIHUHQW�IXQFWLRQV�WR�GHVFULEH�D�
GLVFRPIRUW�JODUH�VHQVLWLYLW\�VSHFWUXP�����������&RQVLGHULQJ�WKH�GLIIHUHQFHV�LQ�H[FLWDWLRQ�RI�WKH�EOXH�
cone from LEDs and HPS-lamps (Fig.1) and the different places of presentation compared to 
other studies there is a need to investigate this topic for the mentioned application.

+\SRWKHVLV��7KHUH�LV�DQ�LQÀXHQFH�RI�WKH�KLJKHU�EOXH�FRQWHQW�RI�/('V�RQ�GLVFRPIRUW�JODUH��7KH�
more blue there is in the spectrum the higher is the glare rating. However, there is no detectable 
LQÀXHQFH�RQ�GLVDELOLW\�JODUH��WKUHVKROG�FRQWUDVW���7KH�JODUH�VHQVLWLYLW\�FXUYH�LQ����� LV�VXLWDEOH�WR�
GHVFULEH�WKH�LQÀXHQFH�RI�WKH�VSHFWUXP�RQ�GLVFRPIRUW�JODUH�

7R�H[DPLQH�WKH�LQÀXHQFH�RI�WKH�VSHFWUDO�SRZHU�GLVWULEXWLRQ�RQ�GLVFRPIRUW�DQG�GLVDELOLW\�JODUH�XQ-
GHU�PHVRSLF�FRQGLWLRQV�DQ�H[SHULPHQWDO�VHW�XS�KDV�EHHQ�GHVLJQHG��)LJ������1DUURZ�EDQG�VWLPXOL�
were presented to the subjects to determine the effects of several parts of the visible spectrum 
RQ�WKUHVKROG�FRQWUDVW�DQG�JODUH�UDWLQJ��0RUHRYHU�UHDO�H[LVWLQJ�EURDGEDQG�VWLPXOL�ZLWK�WKH�VDPH�
VL]H�DQG�OXPLQDQFH�ZHUH�SUHVHQWHG�WR�YHULI\�WKH�UHVXOWV�����VXEMHFWV��������\��WRRN�SDUW�LQ�WKLV�
investigation.

)RU�QDUURZ�EDQG�VWLPXOL�D�VLJQL¿FDQW� LQÀXHQFH�RI� WKH�VSHFWUDO�SRZHU�GLVWULEXWLRQ�RQ�GLVFRPIRUW�
and disability glare could be found. The shorter the wavelength the higher the glare rating and the 
WKUHVKROG�FRQWUDVW��)RU�EURDGEDQG�VWLPXOL�D�VLJQL¿FDQW�LQÀXHQFH�RQ�GLVFRPIRUW�JODUH�ZDV�GHWHF-
WHG��7KH�PRUH�EOXH�WKHUH�LV�LQ�WKH�VSHFWUXP�WKH�KLJKHU�LV�WKH�JODUH�UDWLQJ��7KHUH�ZDV�QR�LQÀXHQFH�
on threshold contrast.

���'H�%RHU��-�%���2EVHUYDWLRQV�RQ�GLVFRPIRUW�JODUH�LQ�VWUHHW�OLJKWLQJ��LQÀXHQFH�RI�WKH�FRORXUV�RI�
OLJKW������&,(�&RQIHUHQFH�=�ULFK������
���6LYDN��0���6FKRHWWOH��%���0LQRGD��7���)ODQQDJDQ��0��-���%OXH�FRQWHQW�RI�/('�KHDGODPSV�DQG�
discomfort glare, University of Michigan, Report No. UMTRI-2005-2, 2005
����%XOORXJK��-��'���6SHFWUDO�VHQVLWLYLW\�IRU�H[WUDIRYHDO�GLVFRPIRUW�JODUH��-RXUQDO�RI�0RGHUQ�2SWLFV�
���������������%RGURJL��3���:ROI��1���.KDQK��7��4���6SHFWUDO�VHQVLWLYLW\�DQG�DGGLWLYLW\�RI�GLVFRPIRUW�
JODUH�XQGHU�VWUHHW�DQG�DXWRPRWLYH�OLJKWLQJ�FRQGLWLRQV������&,(�&RQIHUHQFH��6XQ�&LW\�±�6RXWK�$I-
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figure 2 – view of the experimental set-up

rica, 2011
���)HNHWH��-���6LN�/iQ\L��&���6FKDQGD��-���6SHFWUDO�GLVFRPIRUW�JODUH�VHQVLWLYLW\�LQYHVWLJDWLRQV��2SK-
WKDOPLF�DQG�3K\VLRORJLFDO�2SWLFV��������������

figure 1 – excitation of the blue cone from Led and HPS 



156

Abstracts

Concepts in Lighting Quality
(Chair: Anna Pellegrino, Italy)



157

Abstracts

OP48

vISuAL QuALIty ASSeSSMent Of Led SPOtS In COMPArISOn tO LOW-vOLtAge 

HALOgen SPOtS

Labayrade, r. 

(173(��/<21��)UDQFH�

COnteXt.

7KLV�SDSHU�SUHVHQWV�WKH�H[SHULPHQWDO�VHW�XS�DQG�UHVXOWV�RI�D���\HDU�ORQJ�VWXG\�FDUULHG�RXW�LQ�WKH�
FRQWH[W�RI� WKH�)UHQFK�$'(0(��)UDQFH¶V�HQYLURQPHQW�DQG�HQHUJ\�PDQDJHPHQW�DJHQF\��3DFWH�
LED project (2009 – 2012).
This project was aimed at assessing whether LEDs could replace 20W and 35W low-voltage ha-
ORJHQ�ODPSV��RIIHULQJ�VLPLODU�TXDOLW\�RI�OLJKW�
,W�VWDUWHG�E\�D�SKRWRPHWULF�EHQFKPDUN�RI�D�QXPEHU�RI�/('�ODPSV�DJDLQVW�H[LVWLQJ�KDORJHQ�ODPSV��
to identify which characteristics a LED lamp should present to match as close as possible those 
RI�DQ�KDORJHQ�ODPS��,�ZDV�IRXQG�WKDW�VSHFLDO�DWWHQWLRQ�VKRXOG�EH�SDLG�WR�ÀX[��EHDP�DQJOH��FRORU�
temperature, and IRC. Moreover to ensure power savings, the LED lamps replacing the 20 W 
�UHVS�����:��KDORJHQ�VSRW�VKRXOG�XVH�QR�PRUH�WKDQ�����:��UHVS���:��

eXPerIMentS And reSuLtS.

������� ODPSV�ZLWK� WKH� LGHQWL¿HG�FKDUDFWHULVWLFV�ZHUH�SURGXFHG�E\� WKH�SURMHFW�FRQVRUWLXP��7KH�
ODPSV�ZHUH�GHVLJQHG�WR�RSHUDWH�ZLWK�H[LVWLQJ�KDORJHQ�WUDQVIRUPHUV�DQG�ZDOO�GLPPHUV�DQG�WR�¿W�LQ�
WKH�H[LVWLQJ�OXPLQDULHV�ZLWKRXW�DQ\�WHFKQLFDO�DGMXVWPHQW�EHLQJ�QHHGHG��7KHQ��YDULRXV�WHVWV�ZHUH�
FRQGXFWHG�WR�DVVHVV�WKH�YLVXDO�TXDOLW\�RI�WKRVH�/('�ODPSV�
1. In laboratory;
2. In controlled environments: hotels;
3. In uncontrolled environments: hotels, restaurants, cafes and small shops.

1) teStS In LABOrAtOry

,Q�WKH�ODERUDWRU\�WHVWV��SV\FKRYLVXDO�H[SHULPHQWV�ZHUH�FDUULHG�RXW�����REVHUYHUV�ZHUH�DVNHG�WR�
H[SUHVV�WKHLU�SUHIHUHQFHV�LQ�WHUPV�RI�WKH�OLJKWLQJ�TXDOLW\�SURGXFHG�E\�OLJKW�VRXUFHV�RQ�GLIIHUHQW�
targets (painting, fruits and vegetables), in a paired-comparison protocol. The light sources used 
included various halogen lamps, various LED lamps, and the LED lamp specially designed during 
WKH�SURMHFW��$QDO\VHV�ZHUH�FDUULHG�RXW�XVLQJ�7KXUVWRQH�ODZ�RI�FRPSDUDWLYH�MXGJPHQWV��FDVH�9��2Q�
DYHUDJH��REVHUYHUV�SUHIHUUHG�WKH�OLJKWLQJ�SURGXFHG�E\�KDORJHQ�ODPSV��EXW��������ZRXOG�EH�ZLOOLQJ�
WR�UHSODFH�KDORJHQ�ODPS�E\�/('�ODPS��2EVHUYHUV�WKDW�GLG�QRW�DJUHH�WR�SHUIRUP�WKLV�UHSODFHPHQW�
felt that the lighting produced by the LED lamps was too dark and less natural with respect to the 
one produced by the halogen lamps.

2) teStS In COntrOLLed envIrOnMent

In the controlled tests, lamps were installed in three Accor hotels in Lyon, France. Hotel guests 
DQG�VWDII�ZHUH�WKHQ�ZDONHG�WKURXJK�WZR�VLPLODU�VHWWLQJV��FRUULGRUV��KRWHO�URRPV��EDWKURRPV��RQH�
of which had halogens and the other had LEDs installed. They didn’t know about the installations, 
EXW�ZHUH�LQWHUYLHZHG�LQ�JHQHUDO�WHUPV�DERXW�WKH�OLJKW�TXDOLW\��,Q��������RI�WKH�VFHQHV�FRPSDUHG�
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LQ�WKUHH�$FFRU�+RWHOV��JXHVWV�DQG�VWDII�ZHUH�HTXDOO\�SOHDVHG�ZLWK�WKH�VFHQHV�OLW�E\�KDORJHQ�DQG�
LED spots.

3) teStS In unCOntrOLLed envIrOnMent.

2XW�RI�WKH��������SURGXFHG�/('�ODPSV�������ZHUH�VHQW�WR�KRWHOV��UHVWDXUDQWV��FDIHV�DQG�VPDOO�
VKRSV� WKURXJKRXW�)UDQFH��ZKRVH�RZQHUV�ZHUH�DVNHG� WR� UHSODFH�H[LVWLQJ� ODPSV�ZLWK� WKH�/('�
lamps. They were given simple instructions to follow, and then asked to evaluate both the ease of 
LQVWDOODWLRQ�DQG�WKH�TXDOLW\�RI�OLJKW��,Q�VRPH�FDVHV�WKHVH�SHRSOH��NQRZQ�DV�µGHPRQVWUDWRUV¶��DOVR�
took the lights home for evaluation in a domestic environment. In terms of the ‘demonstrators’ 
ZKR�ZHUH�UHSODFLQJ� ODPSV��������IRXQG�WKH� OLJKW�TXDOLW\�RIIHUHG�E\�WKH�/('V�WR�EH�HTXLYDOHQW�
WR�RU�EHWWHU�WKDQ�WKDW�RI�ORZ�YROWDJH�KDORJHQ�ODPSV��DQG�������VDLG�WKDW�WKH\�ZRXOG�EH�ZLOOLQJ�WR�
UHSODFH�WKHLU�H[LVWLQJ�KDORJHQ�ODPSV�ZLWK�WKH�/('V�

dISCuSSIOn.

The results of the tests carried out indicate that end users do see a difference between the light 
produced by LED lamps and the light produced by halogen lamps (thus the photometric cha-
UDFWHULVWLFV�RI�WKH�/('�ODPS�GR�QRW�PDWFK�H[DFWO\�WKRVH�RI�KDORJHQ�ODPSV��HVSHFLDOO\�LQ�WHUPV�RI�
spectrum and optics, which is not dichroic for LED lamps), but that the majority of them would be 
happy with the lighting produced by LED lamp.
7KH�UHVXOWV�RI�WKHVH�H[SHULPHQWV�VXJJHVW�WKDW�D�ZLGH�DGRSWLRQ�RI�/('�LV�IRUHVHHDEOH��DQG�WKHUH-
IRUH�D�GLVVHPLQDWLRQ�RI�WKHLU�DGYDQWDJHV��HQHUJ\�HI¿FLHQF\��HQYLURQPHQWDO�EHQH¿WV�DV�VKRZQ�E\�
Life Cycle Analyses, and short return on investment period.



159

Abstracts

OP49

ASSeSSIng COLOr HArMOny In A rOOM uSIng Led LIgHtIngS

Wen, C.1, &KHQ��-�1, Luo, r.2

1. National Taiwan University of Science and Technology, Taipei, Chinese Taipei.
2. Colour, Imaging and Design Research Centre, University of Leeds, Leeds, United Kingdom.

Objective:

7KH�SXUSRVHV�RI�LOOXPLQDWLRQ�DUH�QRW�RQO\�WR�VDWLVI\�WKH�YLVXDO�SHUIRUPDQFH��EXW�DOVR�WR�H[WHQG�WR�
mood creations or landscape designs in the way of spatial colored lighting. Color may well be 
WKH�PRVW�LPSRUWDQW�HOHPHQW�LQ�DQ�LQWHULRU�VSDFH��,WV�WRWDO�DSSHDUDQFH�LV�DIIHFWHG�E\�WKH�UHÀHFWLRQ�
of the surface and light. In addition, colored lighting given in their surroundings can affect users‘ 
aesthetic feeling and creates graceful lighting effect to alter the mind and spatial perception. Whe-
never and wherever color and light apply in an interior, we always strive to achieve color harmony 
in each room. To analyze the various effects of color related to interior environments, many stu-
dies address the psychological properties of color while some more considered about the effect 
that color has on spatial dimension. Most studies were performed in laboratories using small color 
patches. The present research is aimed primarily at establishing the nature of color harmony for 
color spatial light pairs on wall and their relations to colour harmony in paint or wallpaper.

Methods:

7KLV�VWXG\�XVHG�KLJK�SRZHU�IXOO�FRORU�5*%�/('�ODPSV��D�VHW�RI�GLJLWDO�GULYHU�DQG�SRZHU�VXSSOLHU��D�
FRQWUROOHU�DQG�D�SHUVRQDO�FRPSXWHU�WR�JHQHUDWH�D�YDULHW\�RI�FRORUHG�LOOXPLQDWLRQ�WKURXJK�D�XQLTXH�
PL[LQJ�PHFKDQLVP�RI�/('��7KH�H[SHULPHQWV�ZHUH�GLYLGHG�LQWR�WZR�VWDJHV��7KH�¿UVW�VWDJH�SHU-
formed the colorimetric characterization of full colored LED lamps and the characteristics of light 
source and luminance characteristics. The results were used to establish a platform to control 
WKH�H[SHULPHQWDO�FRQGLWLRQV��$W�WKH�VHFRQG�VWDJH��D�SV\FKRSK\VLFDO�H[SHULPHQW�ZDV�FRQGXFWHG�
WR�UHSRUW�WKH�VFRUHV�RI�FRORU�KDUPRQ\�IRU������SDLUV�RI�FRORUHG�OLJKW�E\�¿YH�IHPDOH�DQG�¿YH�PDOH�
SDUWLFLSDQWV��7KH�UHVXOWV�ZHUH�UHSRUWHG�LQ�D�VL[�FDWHJRU\�SRLQW�VFDOH�����H[WUHPHO\�SRRU�KDUPRQ\��
2: remarkably poor harmony; 3: poor harmony; 4: good harmony; 5: remarkably good harmony; 
H[WUHPHO\�JRRG�KDUPRQ\���7KH�WHVW�FRORUV�SORWWHG�LQ�&,(/$%�FRORU�VSDFH�DUH�JLYHQ�LQ�)LJXUH���
LQFOXGLQJ� WKH����&RORU&KHFNHU�FRORUV� LJQRULQJ� WKH���QHXWUDO�FRORUV�DQG�����FRORUV�VHOHFWHG� WR�
XQLIRUPO\�FRYHU�WKH�FRORU�VSDFH��,Q�WRWDO�������FRORU�FRPELQDWLRQV�ZHUH�DVVHVVHG��(DFK�SDLU�RI�
FRORUHG�OLJKW�ZDV�SUHVHQWHG�IRU�D�SHULRG�RI���VHFRQGV�GXULQJ�WKH�H[SHULPHQW��7KH�UHVXOWV�ZHUH�
used to analyze the impact of lightness difference, hue difference, chroma difference and color 
difference on color harmony.

results:

7KH�YLVXDO�UHVXOWV�LQ�WHUPV�RI�WKH�RYHUDOO�PHDQ�]�VFRUHV�RI�FRORU�KDUPRQ\�IRU�WKH����&RORU&KH-
cker colors are shown in Figure 3. It can be seen that observers scored higher in red colors 
(CC09 and CC15). In contrast, they scored lower harmony in blue sky (CC03) and foliage color 
�&&�����7KH�H[SHULPHQWDO� UHVXOWV� UHYHDOHG�D�VWURQJHU�FRORU�KDUPRQ\�SHUFHSWLRQ�DV� LQFUHDVLQJ�
the lightness difference of two colored lights (see Figure 4). In contrast, subjects perceived lower 
color harmony as larger difference in chroma between two colored lights (see Figure 5). In other 
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ZRUGV��FORVH�FKURPD�YDOXH�RI� WZR�FRORUHG� OLJKWV��OLWWOH�FKURPD�GLIIHUHQFH��IUHTXHQWO\�JHQHUDWHG�
high color harmony. Regarding to hue difference of two colored lights, the results showed that two 
FRPSOHPHQWDU\�KXHV�ZHUH�MXGJHG�DV�GLVKDUPRQ\�DV�VKRZQ�LQ�)LJXUH����7KLV�LPSOLHV�WKDW�D�SDLU�RI�
FRORUHG�OLJKWV�ZLWK�VLPLODU�KXH�ZLOO�KLJKO\�OLNHO\�WR�SURGXFH�FRORU�KDUPRQ\��)LQDOO\��)LJXUH���FOHDUO\�
shows that color harmony will be impaired for larger color difference of a pair of colored light. All 
WKH�HIIHFWV�IRXQG�KHUH�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�FRORU�KDUPRQ\�PRGHOV�GHYHORSHG�E\�2X�HW�
al and Szabo et al using surface color patches.

Conclusions:

In this article, various effects on color harmony induced by pairs of colored lights were investi-
gated. The visual results were also compared with those found earlier using surface colors. This 
implies that the some fundamental color harmony rules also apply to colored LED light.

figure 1

Lr: Lightness of reference color Cr: Chroma of reference color

hr: Hue of reference color Lt: Lightness of test color

Ct: Chroma of test color ht: Hue of test color

Ȉ /U��/W ǻ/ �/W���/U

ǻ& _�&W���&U�_ ǻ+ �KW���KU

ǻ(��&RORU�GLIIHUHQFH ǻ/[ǻ/��ǻ&[ǻ&��ǻ+[ǻ+��ǻ([ǻ(

/U�[�/W��/U�[�&W��/U�[�KW &U�[�/W��&U�[�&W��&U�[�KW

KU�[�/W��KU�[�&W��KU�[�KW

table 1 – Initially selected variables
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figure 2
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evALuAtIOn Of IndOOr LIgHtIng SItuAtIOnS In PuBLIC ACCeSS BuILdIngS And 

OutdOOr SItuAtIOnS At nIgHt By vISuALLy IMPAIred PeOPLe

Pagot, C.1, Chain, C.2, Langevin, S.1, Becker, K.1, Pernot, M.1, Bochin,E.1

1. Streetlab with Vision Institute, Paris, France.
2. CERTU , Lyon, France.

Visual impairment affects about 2 million people in France and in front of the increase of the 
ageing population, pathologies such as the age-related macular degeneration represent a real 
FRQFHUQ�RI�SXEOLF�KHDOWK�DQG�FRQFHUQ�DERXW������RI�WKH�ZRUOG�SRSXODWLRQ��(YHQ�LI�GHYLFHV�RU�WHFK-
nical assistants facilitate the partially-sighted people in their daily life, the environment arrange-
ment in terms of adapted light conditions is essential.

7KH�DFFHVVLELOLW\�RI�SXEOLF�SODFHV�UHTXLUHV�WR�FRQVLGHU�DOO� IRUPV�RI�GH¿FLHQFLHV� LQFOXGLQJ�YLVXDO�
LPSDLUPHQW��1DWLRQDO�UHJXODWLRQV�RI�)HEUXDU\���WK�������ODZ��DQG�$XJXVW��VW�������SHUIRUPDQFH�
LQ�SXEOLF�VSDFHV�DQG�KRXVLQJ�� LQWURGXFH�VRPH� UHTXLUHPHQWV�GHDOLQJ�ZLWK� OLJKWLQJ� OHYHOV��JODUH�
DQG�YLVXDO�FRQWUDVW��+RZHYHU��WKH�NQRZOHGJH�XSRQ�ZKLFK�WKHVH�UHTXLUHPHQWV�DUH�EDVHG�LV�UDWKHU�
weak.

$PRQJ�VRPH�VLJQL¿FDQW�ZRUNV�UHDOL]HG�RQ� OLJKWLQJ�FRQGLWLRQV� LQ�UHDO�VLWXDWLRQ�ZLWK�YLVXDOO\� LP-
SDLUHG�SHRSOH��&HUWX�OHG�VRPH�H[SHULPHQWV�DOUHDG\�SUHVHQWHG�DW�&,(�FRQIHUHQFHV��:KHQ�PRYLQJ��
it is necessary to localize the area, to orient towards the wished direction and to detect all kind 
of obstacles and facilities. The lighting level and uniformity, as well as the choice of light sources 
orientation and positioning to prevent from glare, are essential points to take into account during 
the lighting design. This dimension has also been underlined during the CIE workshop on elderly 
DQG�YLVXDOO\�LPSDLUHG�SHRSOH�LQ�-XO\������

Facing the lack of numerous studies and in order to improve the regulations on accessibility, 
the Ministry of Ecology, Sustainable development and Energy (MEDDE), Certu, RATP (public 
transportation network of the City and the suburb of Paris) and Streetlab with the Vision Institute 
decided to launch a project. Its aim consists in assessing different lighting shemes, which would 
be tested by visually impaired people (and a few well seeing ones) in order to evaluate their per-
IRUPDQFH�WR�DFKLHYH�VRPH�WDVNV�OLNH�PRYLQJ��UHDFKLQJ�D�VSHFL¿F�SODFH��GHWHFW�D�EXV�VKHOWHU���
$W� ¿UVW��DQ� LQGRRU�H[SHULPHQW�ZDV�GH¿QHG��ZLWK�KRUL]RQWDO� �FRUULGRUV��DQG�YHUWLFDO� �VWDLUFDVHV��
LWLQHUDULHV��7KHQ��D�VHFRQG�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�RXWGRRU�DQG�QLJKW�FRQGLWLRQV�LQ�RUGHU�WR�
evaluate urban lighting in tasks of moving. In both studies, participants were tested on their abili-
WLHV�RU�GLI¿FXOWLHV�WR�DFKLHYH�WKH�WDVNV��REMHFWLYH���DQG�RQ�WKHLU�IHHOLQJ�DQG�FRPIRUW��VXEMHFWLYH��LQ�
the situations. The visual scenes were all characterized on a photometric aspect (lighting level, 
uniformity, contrast, glare...)

)RU�HDFK�H[SHULPHQW�����SDUWLFLSDQWV�ZHUH�VHOHFWHG�DQG�IRXU�JURXSV�ZHUH�LGHQWL¿HG��YLVXDOO\�LP-
paired people with a central vision loss (age-related macular degeneration, Stargardt disease); 
visually impaired people with a peripheral vision loss (retinitis pigmentosa); well-sighted but long-
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sighted people in control group; well-sighted people without longsightedness in another control 
group. These inclusive criteria were validated and approved by an ophthalmologist. To complete 
DQG�UH¿QH�RXU�UHVXOWV��D�IXQFWLRQDO�YLVXDO�DVVHVVPHQW�ZDV�DGPLQLVWHUHG�WR�DOO�WKH�SDUWLFLSDQWV��,W�
LQFOXGHG�D�YLVLRQ�¿HOG��YLVXDO�DFXLW\�DQG�FRQWUDVW�VHQVLWLYLW\�H[DPLQDWLRQ�

&RQFHUQLQJ� WKH� H[SHULPHQWDO� FRQGLWLRQV�� SDUWLFLSDQWV� KDG� WR� HYDOXDWH� VHYHQ� LQGRRU� VFHQDULRV�
�KRVSLWDO��9LVLRQ�,QVWLWXWH�DQG�PHWUR�VWDWLRQ��DQG�VL[�RXWGRRU�VLWXDWLRQV�DW�QLJKW�LQFOXGLQJ�WKH�HQW-
rance of a subway station (light transitions). We made sure that the different situations were hete-
URJHQHRXV��'XULQJ�WKH�WHVWV��RWKHUV�REMHFWLYH�DQG�VXEMHFWLYH�GDWD�ZHUH�FROOHFWHG��2EMHFWLYH�GDWD�
FRQFHUQHG�DW�WKH�VDPH�WLPH�H[SHULPHQWHU�REVHUYDWLRQV�LQ�VLWX�DV�ZHOO�DV�TXDQWLWDWLYH�PHDVXUHV��
8VHU�IHHGEDFNV�ZHUH�FROOHFWHG�XVLQJ�D�TXHVWLRQQDLUH�DQG�DOORFDWLQJ�DSSUHFLDWLRQ�PDUNV�FRQFHU-
ning the global situation, the lighting atmosphere, the light level, the discomfort when moving, 
the glare, the darkness, the shadows and the contrasts. For each of these variables, statistical 
treatments were performed.

7KH�¿UVW�UHVXOWV��LQGRRU�H[SHULPHQW�LV�GRQH��RXWGRRU�LV�VWLOO�LQ�SURJUHVV��VKRZ�WKDW�ZKHQ�D�VLWXDWLRQ�
LV�SUHIHUUHG��WKHUH�LV�QR�VLJQL¿FDQW�GLIIHUHQFH�OLQNHG�WR�WKH�YLVXDO�SDWKRORJLHV��6LWXDWLRQV�ZKHUH�WKH�
light levels were too dark and especially not uniform with transition from dark to very bright places 
and vice versa gave bad results. Homogeneity is thus essential for visually impaired people. Vi-
sual contrast is also a key parameter in order to help in orientation, to detect useful information 
(handles, steps) and obstacles. There is a trend to appreciate warmer ambiances (lower CCT), 
ZLWK�LQGLUHFW�OLJKWLQJ�DQG�GLIIXVH�PDWHULDOV��DYRLGLQJ�JODUH���DYRLGLQJ�EULJKW�ZKLWH�FRORU�RQ�WKH�ÀRRU�
and the walls.
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23��
A Study On tHe APPeArAnCe Of PAIntIngS In tHe MuSeuM under vIOLet And 

BLue Led 

yoshizawa, n.1, Fujiwara, T.2

1.�7RN\R�8QLYHUVLW\�RI�6FLHQFH��1RGD��&KLED��-DSDQ�
2.�7RNRV\D��6KLEX\D�NX��7RN\R��-DSDQ�

1.IntrOduCtIOn

LED lighting systems have recently started to be introduced on museum displays. The charac-
teristics of LEDs, such as lower energy consumption, longer lifetime, smaller size can be great 
advantages for museum lightings. However, there is not enough practical information about the 
color rendering and long-term damage on artworks yet, especially for curatorial and technical 
staffs in museums. This study focuses on the appearance of paintings under LEDs and a new 
ZD\�RI�XVLQJ�WKHP�LQ�PXVHXPV��,Q�WKLV�SDSHU�WKH�UHVXOWV�RI�RXU�¿UVW�DQG�VHFRQG�H[SHULPHQWV�RQ�
the appearance under violet and blue LED compared with the appearance under a halogen lamp 
will be presented.

2.eXPerIMentAL PrOCedureS

>([SHULPHQW��@��([SHULPHQW��ZDV�GRQH� LQ�D�PRFNXS�PRGHO��7KH�ÀRRU��FHLOLQJ�DQG�ZDOOV�RI� WKH�
VSDFH�ZHUH�SDLQWHG�ZLWK�D�PDWW�QHXWUDO�JUH\�SDLQW��UHÀHFWDQFH������/('�KDORJHQ�VSRWOLJKWV�ZHUH�
attached to a lighting track, 1120mm away from the front wall. As to lighting conditions for LEDs, 
JHQHUDO�FRORU�UHQGHULQJ�LQGH[�5D��OHYHOV�ZHUH�DERXW�������������DQG�FRUUHODWHG�FRORU�WHPSHUDWXUH�
OHYHOV�ZHUH�����������������������.��$�KDORJHQ�ODPS�ZDV�XVHG�DV�D�VWDQGDUG�FRQGLWLRQ�DQG�5D�
ZDV�����DQG�FRORU�WHPSHUDWXUH�ZDV�����.�RQO\��7KH�SDLQWLQJ�LOOXPLQDQFH�OHYHOV�XVHG�ZHUH�����
��������������OX[��7KHUHIRUH�WKHUH�ZHUH����OLJKWLQJ�FRQGLWLRQV�LQ�DOO��)LJXUH��VKRZV�VSHFWUDO�SR-
ZHU�GLVWULEXWLRQV�RI�/('V�DQG�KDORJHQ�DW�����.�DQG����OX[��7KUHH�RLO�SDLQWLQJ�FRSLHV�ZHUH�XVHG�
for the subjective assessment. These copies were selected to cover a range of subjects, styles 
DQG�YDULRXV�FRORUV��7KH�SDLQWLQJV�ZHUH�DV� IROORZV��3DLQWLQJ$�3RUWUDLW�RI�DQ�ROG�PDVWHU���WK&���
PaintingB-Landscape of an impressionist(19thC), Painting C-Abstract(20thC).
The subjects, 10 for each condition, were architectural students aged around 20. All subjects 
ZHUH�FKHFNHG�IRU�FRORU�YLVLRQ�GH¿FLHQFLHV�XVLQJ�WKH�,VKLKDUD�WHVW�
Subjects were asked to make a visual appraisal of each of the paintings as a whole and some 
VSHFL¿HG�GHWDLOV�LQ�HDFK�SDLQWLQJV��VXFK�DV�OLSV��VNLQ��VN\��UHG�ÀRZHUV��JUHHQ�SODQWV��EURZQ�HDUWK��
white cloth and so on. For the assessments of the painting as a whole, eight scales were used, 
chosen to cover pleasantness and discrimination of detail in the painting. For the assessment of 
WKH�GHWDLOV����WR���VFDOHV�ZHUH�XVHG��7KHUH�ZHUH�QLQH�VWHSV�LQ�HDFK�DVVHVVPHQW�VFDOH��Ä0RLVWXUH-
QHVV³�ZDV�DQ�LPSRUWDQW�VFDOH�LQ�WKLV�H[SHULPHQW�EHFDXVH�LQ�RXU�SLORW�VWXG\�VRPH�PXVHXP�OLJKWLQJ�
professionals pointed out that the paintings under LEDs seemed to appear a bit drier than the 
appearance under halogen lamps.
>([SHULPHQW��@��7KH�H[SHULPHQW�RI�WKH�DSSHDUDQFH�RI�UHDO�SLFWXUHV�LQ�D�PXVHXP�LV�QRZ�XQGHUZD\�

3.reSuLtS And dISCuSSIOn

>([SHULPHQW�@7ZR�PDMRU�IDFWRUV�ZHUH�GHULYHG�IURP�WKH�IDFWRU�DQDO\VLV�RI�WKH�DVVHVVPHQWV�RI�WKH�
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SDLQWLQJV�DV�D�ZKROH��)DFWRU���LQFOXGHV�SOHDVDQWQHVV��FRORUIXOQHVV��GHWDLO�GLVFULPLQDWLRQ��DGHTXD-
F\�RI�WKH�OLJKW�OHYHO��H[KLODUDWLRQ��FRQWUDVW\QHVV��DQG�IDFWRU���LQFOXGHV�PRLVWXUHQHVV�DQG�ZDUP-
ness.
7KH�RXWSXWV�RI�ORJLVWLF�UHJUHVVLRQ�DQDO\VHV�DW�����.�VKRZ�WKH�UHODWLRQVKLS�EHWZHHQ�SOHDVDQWQHVV�
of the paintings and their illuminances, and it also show the painting illuminance at which more 
than half of the subjects take the appearance of the paintings pleasant. There is a tendency that 
the lower the Ra is, the higher the necessary painting illuminance is to produce pleasant feelings. 
7KHUH�LV�OLWWOH�GLIIHUHQFH�EHWZHHQ�5D����QHDU�XOWUDYLROHW�/('�DW�����.��DQG�5D�����KDORJHQ�DW�
����.��DW�WKLV�SDLQWLQJ�LOOXPLQDQFH�YDOXH�EXW�5D����JHQHUDOO\�JHW�D�ELW�KLJKHU�DSSUDLVDO�WKURXJ-
KRXW� WKH�H[SHULPHQW� WKDQ�/('V��:KHQ�WKH�GHWDLOV�RI� WKH�SDLQWLQJV�ZHUH�FRQVLGHUHG�� WKH�UHODWL-
RQVKLS�EHWZHHQ�PRLVWXUHQHVV�RI�WKH�UHG�OLSV�[�������\�������DQG�5D��VKRZQ�LQ�)LJ����VKRZV�DQ�
increase in moistureness as the Ra becomes higher, however there is statistically no difference 
between Ra95 and Ra100. When the paintings were assessed as a whole, there is a increase 
LQ�PRLVWXUHQHVV�RI�WKH�SDLQWLQJV�LQ������DQG�����.�DV�WKH�5D�EHFRPHV�KLJKHU��EXW�LQ������DQG�
5000K there is little difference in moistureness among Ra.

4.future PLAn

$Q�VHTXHQW�H[SHULPHQW�ZLWK�&,(�&5,�7HVW�&RORU�6DPSOHV�XQGHU�WKH�VDPH�/('V�KDV�EHHQ�DOUHDG\�
FRQGXFWHG��:H�ZLOO�DOVR�SUHVHQW�WKH�UHVXOWV�RI�WKH�H[SHULPHQW�LQ�WKH�PXVHXP�XVLQJ�UHDO�SLFWXUHV�
RQ�&,(�IUDQFH���������

figure 1 – Spectral power distributions of Leds and halogen at 2700K / 200lx 
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figure 2 – Moistureness and ra : red lips
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Brightness and Colour, Individual or Shared Percepts
�&KDLU��0L\RVKL�$\DPD��-DSDQ�
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COLOrIMetrIC OBServer CAtegOrIeS And tHeIr APPLICAtIOnS In COLOr And 

vISIOn SCIenCeS

Sarkar, A.1, Blonde, L.2

1. ColorModules Inc., Stamford, CT, United States.
2.�7HFKQLFRORU�5HVHDUFK�	�,QQRYDWLRQ��5HQQHV��)UDQFH�

The most fundamental aspect of applied colorimetry is the trichromacy of our visual system, re-
sulting from three different cone types in the retina. Trichromacy leads to observer metamerism, 
in which two stimuli with very different spectral power distribution can produce a color match for 
a given observer, but will result in a mismatch for another observer with different color vision cha-
racteristics (different color matching functions). This variability among observers with normal color 
vision is not typically taken into account in colorimetry, as it is assumed that a single average ob-
server model can reasonably represent the whole population of color-normal human observers. 
7KLV�PRGHO�LV�UHSUHVHQWHG�HLWKHU�E\�WKH�&,(������6WDQGDUG�&RORULPHWULF�2EVHUYHU�IRU�VPDOO�¿HOGV�
�����������RU�E\�WKH�&,(������6XSSOHPHQWDU\�6WDQGDUG�&RORULPHWULF�2EVHUYHU�IRU�ODUJHU�¿HOGV��7KLV�
DSSUR[LPDWLRQ�KDV�ZRUNHG�UHDVRQDEO\�ZHOO�RYHU�WKH�SDVW�GHFDGHV�LQ�D�ODUJH�PDMRULW\�RI�LQGXVWULDO�
color applications. However, large discrepancies in individual observer color-matches have oc-
casionally been noticed in some of the more recent digital image applications, in particular tho-
se involving wide-gamut displays with peaky primaries, and applications involving Light-Emitting 
Diode (LED) or Laser based light sources. These discrepancies become most evident when two 
color-reproducing systems with very different spectral characteristics are used for color-matching.
As a practical means of accounting for this observer variability, the concept of colorimetric obser-
ver categories has been introduced in a recently concluded doctoral thesis research. Each such 
FDWHJRU\� UHSUHVHQWV�D�XQLTXH�FRORULPHWULF�REVHUYHU�PRGHO�� ,Q� WKLV�ZRUN��HLJKW�VXFK�FDWHJRULHV�
ZHUH�GHULYHG�WKURXJK�VWDWLVWLFDO�DQDO\VLV�RI�H[LVWLQJ�H[SHULPHQWDO�DQG�SK\VLRORJLFDO�GDWDVHWV�RI�
FRORU�PDWFKLQJ�IXQFWLRQV��$Q�H[SHULPHQWDO�PHWKRG�ZDV�GHYHORSHG�LQ�RUGHU�WR�FODVVLI\�D�FRORU�QRU-
PDO�KXPDQ�REVHUYHU�DV�EHORQJLQJ�WR�RQH�RI�WKHVH�FDWHJRULHV��7KLV�REVHUYHU�FODVVL¿FDWLRQ�PHWKRG�
ZDV�¿UVW�LPSOHPHQWHG�XVLQJ�WZR�GLVSOD\V��,W�ZDV�VKRZQ�WKDW�KXPDQ�REVHUYHUV�ZLWK�QRUPDO�FRORU�
YLVLRQ�FRXOG�EH�FODVVL¿HG�LQWR�RQH�RI�WKHVH�FDWHJRULHV�EDVHG�RQ�WKHLU�FRORU�YLVLRQ��6XEVHTXHQWO\��
D�FRPSDFW�DQG�LQH[SHQVLYH�SURRI�RI�FRQFHSW�SURWRW\SH��GHVFULEHG�DV�WKH�2EVHUYHU�&DOLEUDWRU�LQ�
this paper, was developed.

While this paper starts with an overview of the derivation of observer categories and the observer 
FODVVL¿FDWLRQ�PHWKRG��LWV�WKH�PDLQ�REMHFWLYH�LV�WR�H[SORUH�SRWHQWLDO�EHQH¿WV�RI�DSSO\LQJ�WKH�FRQFHSW�
RI�REVHUYHU�FDWHJRULHV�LQ�YDULRXV�VFLHQWL¿F�VWXGLHV�DQG�LQGXVWULDO�DSSOLFDWLRQV�RI�FRORU�DQG�YLVLRQ�
sciences. Toward this goal, various aspects of practical implementation of an observer depen-
GHQW�FRORU�LPDJLQJ��2'&,��ZRUNÀRZ��SURSRVHG�LQ�WKH�WKHVLV�ZRUN��ZLOO�EH�GLVFXVVHG�LQ�GHWDLO��7KLV�
ZRUNÀRZ�PDNHV�LW�SRVVLEOH�WR�UHSURGXFH�FRORUV�DQG�GLJLWDO�LPDJHV�RQ�DQ�RXWSXW�GHYLFH�DFFRUGLQJ�
to an observer’s category, thus achieving personalized color reproduction. Such capability can 
potentially be very useful in certain professional applications like color correction (color grading) 
LQ�FLQHPD�SRVW�SURGXFWLRQ��VRIW��SURR¿QJ�RQ�PRGHUQ�GLVSOD\V��DQG�SRVVLEO\��LQ�FRORU�TXDOLW\�DVVX-
rance software applications.
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2EVHUYHU�FODVVL¿FDWLRQ�FDQ�DOVR�SURYH�WR�EH�YHU\�XVHIXO� LQ�VFLHQWL¿F�VWXGLHV�WKDW� LQFOXGH�YLVXDO�
H[SHULPHQWV�LQYROYLQJ�FRORU�VWLPXOL��6XFK�FODVVL¿FDWLRQ�PD\�GHPRQVWUDWH�LPSRUWDQW�WUHQGV�LQ�WKH�
YLVXDO�GDWD�WKDW�KDYH�QRW�EHHQ�UHYHDOHG�RU�H[SORUHG�VR�IDU��)RU�H[DPSOH��LW�PLJKW�EH�SRVVLEOH�WR�
EHWWHU�H[SODLQ�RXWOLHUV�LQ�REVHUYHU�GDWD�LQ�D�SV\FKRSK\VLFDO�H[SHULPHQW��:LWK�UHJDUG�WR�FRORU�VFL-
HQFH��WKHUH�DUH�PDQ\�XQDQVZHUHG�TXHVWLRQV�WKDW�QHHG�WR�EH�H[SORUHG��)RU�H[DPSOH��ZKDW�DUH�WKH�
effects of applying observer categories on suprathreshold color difference judgment data? Can 
WKH�DSSOLFDWLRQ�RI�REVHUYHU�FDWHJRULHV�KDYH�DQ�LQÀXHQFH�RQ�WKH�SHUFHSWXDO�XQLIRUPLW\�RI�D�FRORU�
VSDFH"�3UHOLPLQDU\�UHVXOWV�REWDLQHG�GXULQJ�WKH�WKHVLV�UHVHDUFK�HQFRXUDJH�XV�WR�H[SORUH�WKHVH�
aspects in more detail.

,W�PXVW�EH�HPSKDVL]HG�WKDW�WKHUH�LV�QR�XQLTXH�ZD\�WR�GHULYH�REVHUYHU�FDWHJRULHV��,W�LV�H[SHFWHG�
that future research on the topic would yield more optimized categories. Further, whether or not 
PXOWLSOH�REVHUYHU�PRGHOV�FRXOG�\LHOG�VLJQL¿FDQW�EHQH¿W�LQ�VSHFL¿F�LQGXVWULDO�DSSOLFDWLRQV�UHTXLUHV�
IXUWKHU�UHVHDUFK��+RZHYHU��LW�LV�EH\RQG�GRXEW�WKH�FRQFHSW�RI�REVHUYHU�FODVVL¿FDWLRQ�RSHQV�XS�QHZ�
SRVVLELOLWLHV�DQG�UDLVHV�LQWHUHVWLQJ�TXHVWLRQV�LQ�WKH�GRPDLQV�RI�FRORU�DQG�YLVLRQ�VFLHQFHV��.HHSLQJ�
ZLWK�WKH�VSLULW�RI�&,(�FHQWHQDU\�FRQIHUHQFH��WKLV�SDSHU�LV�SULQFLSDOO\�H[SORUDWRU\�LQ�QDWXUH��DLPLQJ�
WR�VWDUW�D�WKRXJKW�SURYRNLQJ�GLDORJ�LQ�WKH�VFLHQWL¿F�FRPPXQLW\�RQ�WKH�WRSLFV�RI�REVHUYHU�PHWDPH-
rism and colorimetry.
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IndIvIduAL CHAngeS Of BrIgHtneSS PerCePtIOn

Schanda, J. d.2, Vidovszky-Nemeth, A.1

1. Department of Electrical Power Engineering, Budapest University of Technology and 
Economics, Budapest, Hungary.
2. Department of Electrical Engineering and Information Systems, University of Pannonia, 
Veszprem, Hungary.

In two earlier papers1,2 the brightness luminance relationship of near white lights, composed of 
different blue spectra, but of the same green and red spectra, was investigated. It could be shown 
that colour normal observers can be grouped into three classes, some observers found lights of 
HTXDO�OXPLQDQFH��EXW�GLIIHUHQW�VSHFWUDO�GLVWULEXWLRQ�DV�HTXDOO\�EULJKW��EXW�RWKHUV�IRXQG�OLJKWV�ZLWK�
shorter wavelength blue light as brighter, while a third group found the lights with longer wave-
length blue component as brighter. Houser reported at the CIE Session in Sun City about the 
visual optimization of trichromatic light sources by selecting different red components3.

$ERYH�UHFHQW�UHVXOWV�DQG�WKH�¿QGLQJV�RI�6DUNDU�RQ�GLIIHUHQW�REVHUYHU�W\SHV4, where he has found 
major differences in the L and M cone fundamentals, moved us to investigate also the possible 
observed brightness differences if dissimilar red LEDs are used to produce the metameric white 
OLJKWV��$Q�REVHUYDWLRQ�ERRWK�KDV�EHHQ�FRQVWUXFWHG�ZKHUH�VL[�GLIIHUHQW�W\SHV�RI�/('V�ZHUH�PRXQ-
WHG�EHKLQG�DQ�RSDO�GLIIXVHU��7KH�VL[�VWULQJV�RI�/('V�FRXOG�EH�LQGHSHQGHQWO\�HQHUJL]HG�IURP�D�PXO-
WL�FKDQQHO�VWDELOL]HG�FRPSXWHU�FRQWUROOHG�FXUUHQW�VXSSO\��7KH�VL[�/('�W\SHV�KDG�SHDN�ZDYHOHQJWK�
DW�����QP������QP������QP������QP�DQG�����QP��UHVSHFWLYHO\��)RXU�PHWDPHULF�ZKLWH�OLJKWV�KDYH�
been constructed using these LEDs, with spectral power distributions as shown in Figure 1. The 
OLJKW�RI�WKH�/('�VWULQJV�LOOXPLQDWHG�DW�WKH�ERWWRP�RI�WKH�LQVLGH�EODFN�FDELQHW�D�ZKLWH��QRQ�ÀXRUHV-
FHQW�SDSHU��:LWK�WKH�DERYH�VHWWLQJV�WKH�UHÀHFWHG�OLJKW�IURP�WKH�ZKLWH�SDSHU�SURGXFHG�D�OXPLQDQFH�
LQ�WKH�REVHUYHUV�H\H�RI������FG�P���VU��������FG�P���VU����RI������.�����.��$OO�FKURPDWLFLWLHV�ZHUH�
EHORZ�WKH�3ODQFNLDQ�ZLWK�DQ�DYHUDJH�'�X�Y� ����������������7KH�FRORXU�UHQGHULQJ�RI�WKHVH�OLJKWV�
LV�YHU\�ORZ��IRU�WKRVH�XVLQJ�WKH�EOXH�/('�ZLWK�WKH�����QP�SHDN�ZDYHOHQJWK�LW�LV�FRPSDUDEOH�WR�D�
high pressure sodium lamp (but with high CCT white light), the lack of shorter wavelength blue 
OLJKW�LQ�WKH�RWKHU�WZR�VRXUFHV�GULYHV�WKH�5D�LQWR�QHJDWLYH��-XVW�WR�DYRLG�DQ\�LQÀXHQFH�RI�EDG�FRORXU�
UHQGHULQJ�WKHUH�DUH�RQO\�ZKLWH�DQG�EODFN�VXUIDFHV�LQ�WKH�YLVXDO�¿OHG�RI�WKH�REVHUYHU���1HYHU�WKH�
less some observers complained to see some discolorations.)

,Q�WKH�PLGGOH�RI�WKH�ZKLWH�SDSHU�D�VPDOO�PLUURU�ZDV�SODFHG�WKDW�UHÀHFWHG�WKH�OLJKW�RI�DQ�5*%�/('��
which was placed behind a diffuser. This served as the reference light. The luminance and chro-
PDWLFLW\�RI�WKH�5*%�/('�FRXOG�EH�FRPSXWHU�FRQWUROOHG�DQG�WKH�WDVN�RI�WKH�REVHUYHU�ZDV�WR�PDWFK�
LW�ZLWK�WKH�UHÀHFWHG�OXPLQDQFH�IURP�WKH�ZKLWH�SDSHU��WKH�DUUDQJHPHQW�ZDV�VLPLODU�DV�GLVFXVVHG�
LQ����&RPSDUHG�WR�WKH�SUHYLRXV�H[SHULPHQW�D�PDLQ�GLIIHUHQFH�ZDV�WKDW�D�FRQWLQXRXV�VSHFWURPHWULF�
supervision of the test and reference lights was installed.

&RPSDUHG�WR�HDUOLHU�H[SHULPHQWV�D�KLJKHU�FRUUHODWHG�FRORXU�WHPSHUDWXUH�ZDV�VHOHFWHG��KRSLQJ�WR�
get better insight into the differences the blue lights could provide, as their relative magnitude was 
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KLJKHU�DV�ZLWK�WKH�ROGHU�H[SHULPHQWV��$OVR�E\�XVLQJ�WKH�EOXH�DQG�F\DQ�OLJKW�RI�WKH�����QP�DQG�����
QP�/('V�SURYLGHG�JRRG�GLVFULPLQDWLRQ�EHWZHHQ�WKH�FRQH�DEVRUSWLRQ�DQG�WKH�SRVVLEOH�LQÀXHQFH�
RI�WKH�URGV�DQG�RI�WKH�LS5*&V�
The selection of the two red LEDs should provide possibility to understand whether observers can 
be categorized as proposed by Sarkar4.
$W�WKH�WLPH�RI�VXEPLWWLQJ�WKH�$EVWUDFW�WKH�H[SHULPHQWV�DUH�VWLOO�LQ�SURJUHVV��EXW�RQH�FDQ�DOUHDG\�
VHH�WKDW�UHJDUGLQJ�WKH�LQÀXHQFH�RI�WKH�GLIIHUHQW�EOXH�VSHFWUDO�SDUWV�WKH�SUHYLRXV�UHVXOWV�FDQ�EH�
FRQ¿UPHG��7KH�SLFWXUH�UHJDUGLQJ�WKH�LQÀXHQFH�RI�WKH�GLIIHUHQW�UHG�FRPSRQHQWV�LV�VWLOO�QRW�FOHDU�
HQRXJK�WR�GUDZ�GH¿QLWH�FRQFOXVLRQV��7KHVH�VKRXOG�EH�SUHVHQWHG�DW�WKH�3DULV�PHHWLQJ�RI�WKH�&,(�

references:
1.$�9LGRYV]N\�1HPHWK�DQG�-�6FKDQGD��:KLWH� OLJKW�EULJKWQHVV±OXPLQDQFH� UHODWLRQVKLS�� /LJKWLQJ�
5HV��7HFKQRO������������������
2.$�9LGRYV]N\�1HPHWK�DQG�-�6FKDQGD��%ULJKWQHVV�SHUFHSWLRQ��&,(�/LJKWLQJ�4XDOLW\�	�(QHUJ\�(I-
¿FLHQF\�&RQI��+DQJ]KRX��&KLQD������
3..:�+RXVHU��9LVXDO�2SWLPL]DWLRQ�RI�7ULFKURPDWLF�/LJKW�6RXUFHV�WKURXJK�3HDN�:DYHOHQJWK�$GMXVW-
PHQW�RI�WKH�5HG�3ULPDU\��&,(���WK�6HVVLRQ�6XQ�&LW\������
4.$�6DUNDU��,GHQWL¿FDWLRQ�DQG�$VVLJQPHQW�RI�&RORULPHWULF�2EVHUYHU�&DWHJRULHV�DQG�7KHLU�$SSOLFD-
tions in Color and Vision Sciences. These de Doctorat, Uni. de Nantes, 2011.

figure 1
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tHe effeCt Of LOOKIng ArOund And ItS APPLICAtIOn tO reAL PrOJeCt

Kozaki, M.1, Ko, B.1, Koga, T.1, Hirate, K.1, Mizuno, M.2, Suzuki, N.2

1.�7KH�8QLYHUVLW\�RI�7RN\R��7RN\R��-DSDQ�
2.�(QGR�/LJKWLQJ�&RUS���7RN\R��-DSDQ�

In conducting a lighting plan, it is important to grasp how brightness is perceived, which can‘t sim-
SO\�EH�PHDVXUHG�E\�SKRWRPHWULF�TXDQWLWLHV�OLNH�LOOXPLQDQFH�DQG�OXPLQDQFH��DQ�LQGLFDWRU�H[SUHV-
VLQJ�³6SDWLDO�%ULJKWQHVV´�LV�QHFHVVDU\��7KLV�UHVHDUFK�SURSRVHV�D�SUHGLFWLYH�HTXDWLRQ�IRU�³6SDWLDO�
Brightness” which can be measured precisely and easily when planning lighting, and attempts to 
apply to real project.
7KH�¿UVW�VWHS�LV�WR�FRQGXFW�D�IXQGDPHQWDO�UHVHDUFK�IRU�³%ULJKWQHVV´��ZKHQ�JLYHQ�D�IUHH�YLHZ�ZLWKLQ�
D�¿[HG�YLVXDO�WDUJHW�¿HOG��DQG�WR�¿QG�LWV�LQÀXHQWLDO�IDFWRUV�

This research considers the effect of adaptation luminance and contrast, as previous studies 
pointed out as effective factors in senses of brightness. When looking around, view point moves 
freely, which allows shorter gaze time than time needed for adaptation. We assume that adaptati-
RQ�OXPLQDQFH�LV�HTXDO�WR�DYHUDJH�OXPLQDQFH�RI�WKH�ZKROH�YLVXDO�¿HOG��)RU�FRQYHQLHQFH�WR�KDQGOH�
VWDWLVWLFDO�TXDQWLWLHV��DULWKPHWLF�PHDQ�RI�OXPLQDQFH�LV�XVHG�DV�DYHUDJH�OXPLQDQFH��$OWKRXJK�FRQ-
WUDVW�LV�H[SHFWHG�WR�UHGXFH�³%ULJKWQHVV´��LQ�FDVH�RI�OXPLQDQFH�GLVWULEXWLRQ�RI�D�YLVXDO�¿HOG��OXPL-
nance variation is more appropriate than simply using contrast.
,Q� RUGHU� WR� FRQVLGHU� UHODWLRQVKLS� EHWZHHQ� DYHUDJH� OXPLQDQFH� RI� YLVXDO� ¿HOG� DQG� ³%ULJKWQHVV´��
([SHULPHQW���HYDOXDWHG�³%ULJKWQHVV´�XQGHU�FRQVLVWHQW�OXPLQDQFH��5HVXOWV�RI�WKLV�H[SHULPHQW�DQG�
previous studies showed similarity. Despite minor differences in conditions, “Brightness” when 
JLYHQ�D�IUHH�YLHZ�ZLWKLQ�D�¿[HG�YLVXDO�WDUJHW�¿HOG��FDQ�EH�H[SODLQHG�ZLWKLQ����UG�SRZHU�RI�DGDS-
WDWLRQ�OXPLQDQFH�� DYHUDJH�OXPLQDQFH���ZKLFK�ZDV�DOVR�XVHG�WR�H[SODLQ�VHQVHV�RI�EULJKWQHVV�LQ�
SUHYLRXV�VWXGLHV��,Q�RUGHU�WR�LQFUHDVH�SUDFWLFDOLW\��WKLV�UHVHDUFK�DGRSWV��»�UG�SRZHU�RI�DYHUDJH�OX-
minance for its high correlation in a rounded number. Thus, average luminance L and “Brightness” 
%�DUH�H[SUHVVHG�DV�EHORZ��%� �����î/A�»���&RUUHODWLRQ�UDWLR�������HT��
�:KHQ�/ �����% ����
([SHULPHQW���ZDV�FRQGXFWHG�WR�YHULI\�SK\VLFDO�TXDQWLW\�H[SUHVVLQJ� OXPLQDQFH�YDULDWLRQ�DQG�WR�
consider its effect on “Brightness. Images with various luminance variations were shown to sub-
MHFWV�WR�HYDOXDWH�³%ULJKWQHVV´��7DEOH���VKRZV�SK\VLFDO�TXDQWLWLHV�DVVXPHG�WR�H[SUHVV�OXPLQDQFH�
variation, and its correlation with luminance variation was observed. Results showed that lumi-
QDQFH�YDULDWLRQ�FDQ�EH�H[SUHVVHG�E\�VWDQGDUG�GHYLDWLRQ�RI� OXPLQDQFH� ORJDULWKP�&�RI�D� WDUJHW�
YLVXDO�¿HOG�

$IWHU�FRUUHFWLRQ�RI�&�LQ�HT�����IROORZLQJ�HTXDWLRQ�ZDV�IRXQG�EHVW�VXLWHG�E\�LWV�KLJK�FRUUHODWLRQ�EHW-
ZHHQ�HYDOXDWLRQ�DQG�SUHGLFWLYH�YDOXH�RI�³%ULJKWQHVV´�JLYHQ�LQ�([SHULPHQW����¿JXUH����
% ����������î�&�î/A�»��&RUUHODWLRQ�UDWLR��������HT���
7KH�SURSRVHG�SUHGLFWLYH�HTXDWLRQ�HQDEOHV�WR�SUHGLFW�³%ULJKWQHVV´�LQ�D�UHVWULFWHG�YLVXDO�¿HOG��ZKLFK�
is based on the results of previous studies that considers senses of brightness of a certain visual 
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WDUJHW�ZLWKLQ�D�YLVXDO�¿HOG��%DVHG�RQ�WKLV�LGHD��WKHUH�LV�D�SRWHQWLDO�WR�HODERUDWH�LQWR�D�SUHGLFWLYH�
HTXDWLRQ�RI�³6SDWLDO�%ULJKWQHVV´��$OWKRXJK�IXUWKHU�H[DPLQDWLRQ�RQ�YLVXDO�¿HOG�UDQJH�DQG�UHVROXWLRQ�
to measure luminance distribution are yet to be done, simple use of measured luminance distri-
EXWLRQ�HQDEOHV�WKH�SUHGLFWLYH�HTXDWLRQ�WR�EH�KLJKO\�XQLYHUVDO�

$V�IRU�WKH�VHFRQG�VWHS��([SHULPHQW����FRQGXFWHG�LQ�D�OLJKWLQJ�UHQRYDWLRQ�SURMHFW�RI�D�FDU�GHDOHU��DL-
med to verify both improvement of lighting environment and reduction of energy use while “Bright-
QHVV´�LV�PDLQWDLQHG��7KH�*UHDW�(DVW�-DSDQ�(DUWKTXDNH�RQ�0DUFK���WK������SURPSWHG�FRQFHUQV�
over lack of energy. In such circumstances, an opportunity arose to propose lighting renovation 
plan. Studies were conducted comparing investigation results before and after renovation.
Following aspects were investigated before and after; luminance distribution, horizontal and ver-
WLFDO�LOOOXPLQDQFH��DQG�UHÀHFWLRQ�UDWH�RI�PDWHULDOV��,Q�DGGLWLRQ��OLJKWLQJ�HQYLURQPHQW�HYDOXDWLRQ�ZDV�
FRQGXFWHG�WKURXJK�¿YH�VFDOH�UDWLQJ�PHWKRG�IRU�¿IWHHQ�LWHPV�RI�SV\FKRORJLFDO�HYDOXDWLRQ��LQFOXGLQJ�
“Brightness” from both inside and outside the building.

,Q�RUGHU�WR�PHHW�WKH�JRDO��VL[�UHQRYDWLRQ�SULQFLSOHV�ZHUH�SURSRVHG�����XVH�/('�����HIIHFWLYH�XVD-
JH�RI�OLJKW�E\�LQFUHDVLQJ�ZDOO�UHÀHFWDQFH�����HIIHFWLYH�XVH�RI�GD\OLJKW�����UHGHVLJQLQJ�RI�OLJKWLQJ�
HQYLURQPHQW�DFFRUGLQJO\�WR�HDFK�IXQFWLRQ�����FRQVLGHU�ERWK�KRUL]RQWDO�DQG�YHUWLFDO�LOOXPLQDQFH�����
consider evaluation from both inside and outside the building.
Results show that “Brightness” and rating scale value of “Brightness” in each space inside the 
EXLOGLQJ�DQG�LWV�SUHGLFWLYH�YDOXHV�LPSURYHG�LQ�ERWK�GD\�DQG�QLJKW��6WDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�
was shown at night. Additionally, issues seen before renovation, such as “how inside displayed 
cars look”, and “whether the shop looks open”, improved.
2Q�WKH�RWKHU�KDQG��HQHUJ\�XVH�EHIRUH�DQG�DIWHU�WKH�UHQRYDWLRQ��¿JXUH����GHFUHDVHG�E\�����XQGHU�
IXOO�XVH��DQG�Ļ����DW�GD\�DQG�Ļ����DW�QLJKW�XQGHU�VWDQGDUG�XVH��8VDJH�RI�/('�HQDEOHV�KLJK�
HI¿FLHQF\��EXW�GHFUHDVLQJ�SODQQHG�OXPLQRXV�ÀX[�YHUL¿HV�YDOLGLW\�RI�WKLV�PHWKRG�XVLQJ�³%ULJKWQHVV´�

figure 1 - Average Luminance
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7DEOH���±�&RUUHODWLRQ�FRHI¿FLHQW�EHWZHHQ�HYDOXDWHG�YDOXHV�RI�OXPLQDQFH�YDU��DQG�SK\VLFDO�
quantity of luminance values

figure 2 - Above: before. Below: after
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IntegrAtIOn Of rHytHMIC urBAn LIgHtIng IntO ArCHIteCturAL COnCePtS

Bülow, K.H. 

Institute of Technology, The Royal Danish Academy of Fine Arts, Schools of Architecture, Design 
and Conservation. School of Architecture, Copenhagen, Denmark.

rhythmic phenomena of urban lighting

2Q�RQH�KDQG��XUEDQ�OLJKWLQJ�H[SUHVVHV�LWVHOI� LQ�D�FRPSOH[�YLVXDO�HQYLURQPHQW�PDGH�E\�WKH�LQ-
WHUSOD\�EHWZHHQ�PDQ\�VHSDUDWH�OLJKWLQJ�VFKHPHV��DV�VWUHHW�OLJKWLQJ��VKRS�OLJKWLQJ��WUDI¿F�OLJKWLQJ��
luminous commercials, light from buildings etc. and on the other, a noticable order of patterns 
appear when urban lighting is observed as luminous formation and rhythm. Without intention, it 
is like streams of car lights gliding through the streets at night and formation of blinking caution 
lights for plains on the top of a group of high rise buildings show fragments of topographical layout 
in the urban landscape. Already in the beginning of the 1920’ies a fascination of urban lighting 
ZDV�H[SUHVVHG�E\�(ULFK�0HQGHOVRKQ�LQ�WKH�SKRWRJUDSKLFDO�UHSRUW�³$0(5,.$��%LOGHUEXFK�HLQHV�
Architekten” and he put the power of urban lighting in words like this: “During the day the city gets 
loaded with energy, in the night it spreads everything alive. With the criss-cross of car lights, with 
the luminous shout from business commercials, with the vertical light from high-rise buildings. A 
OLJKW�FLUFXV��DQG�YHU\�VHOGRP��OLNH�KHUH��LQ�WKH�UK\WKP�RI�DUFKLWHFWXUH´�>�@

What Mendelssohn means about “rhythm of architecture”, the paper behind this abstract is not 
going more deep into than to presume, that Mendelsohn means the same kind of rhythm in ar-
FKLWHFWXUH�WKDW�6WHHQ�(LOHU�5DVPXVVHQ�ZULWH�DERXW��ZKHQ�H[SODLQLQJ�KRZ�D�EXLOGLQJ�RU�D�IDoDGH�
LV�H[SHULHQFHG�DV�D�UK\WKPLF�FRPSRVLWLRQ��>�@�*RLQJ�GRZQ�WKH�OLQH�RI�0HQGHOVVRKQ¶V�ZRUGV��KH�
H[SHULHQFH�WKH�FKDQJH�EHWZHHQ�GD\�DQG�QLJKW�DQG�GLIIHUHQW�W\SHV�RI�HOHFWULFDO�OLJKW�VRXUFHV�DV�
OXPLQRXV�VWUXFWXUHV�DQG�VHTXHQFHV�±�EXW�DOVR�DV�VRPHWKLQJ�QRQH�DUFKLWHFWXUDO�DQG�FKDRWLF�PDGH�
of natural forces based on both nature and man-made artefacts. Is it possible, though, to integrate 
the rhythmic patterns of urban lighting into architecture and make them into an aesthetic contribu-
WLRQ�WR�WKH�H[SHULHQFH�RI�XUEDQ�HQYLURQPHQW"�$QG�ZKDW�TXDOLWLHV�GRHV�VXFK�DQ�DHVWKHWLF�SURYLGH"

examples found:

,Q�+R[WRQ�6TXDUH�%DU�DQG�.LWFKHQ� LQ� WKH�6KRUHGLWFK�DUHD�RI�/RQGRQ�� WKH� OLJKWV� IURP�FDU�KHDG�
lights sweep through the premises of the bar. There are many bars for people to meet after work 
LQ�WKLV�DUHD��LQ�ZKLFK�WKLV�EDU�GLVWLQJXLVK�LWVHOI�E\�WKH�QRWLFHDEOH�UK\WKPLF�VHTXHQFH�RI�SDXVHV�DQG�
strokes made by the light of the approaching cars. The creation of this concept is made by the fre-
TXHQF\�RI�FDUV�FRPLQJ�WRZDUGV�WKH�EDU��DFFHVV�IRU�WKH�OLJKW�WR�HQWHU�E\�D�ODUJH�ZLQGRZ�LQ�WKH�UHDU�
end of the premises and the situation of a one-way street, which turns right in front of the window. 
Also the electrical light of the bar is dimmed, so that the light from the cars is a noticeable force, 
which strikes the bodies of people being in the bar.
:HVWIULHGKRI�8�EDKQVWDWLRQ�LQ�0�QFKHQ�LV�RXW�RI�����VWDWLRQV�LQ�WKH�0�QFKHQ�XQGHUJURXQG�V\V-
WHP��7KH�V\VWHP�KDV�EHHQ�H[WHQGHG�JUDGXDOO\�VLQFH������FRQWDLQLQJ�PDQ\�GLIIHUHQW�VWDWLRQ�GH-
signs. Westfriedhof U-bahnstation is characterized by 11 huge lampshades coloured on the inside 
going from blue in one end of the platform, to red in the middle and yellow in the other end of the 
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SODWIRUP��1H[W�WR�WKH�¿[HG�OLJKW�]RQHV�>�@��PDGH�E\�WKH� OLJKW�FRPLQJ�IURP�WKH� ODPSVKDGHV�� WKH�
rhythm of shifting daylight-zones entering from above appears clearly in the ‘blue’ end. Also, the 
directed light from the lampshades emphasize people movement and the lights from trains and 
ÀLSSLQJ�LQIRUPDWLRQ�VLJQV��ZKLFK�LV�VLWXDWHG�RXWVLGH�WKH�OLJKW��GLUHFWHG�IURP�WKH�ODPSVKDGHV�

the aesthetic of rhythmic integration

7KH�H[DPSOHV�DERYH�VKRZ�WKDW�LW�LV�SRVVLEOH�WR�LQWHJUDWH�DQG�PL[�µQDWXUDO¶�UK\WKPLF�SKHQRPHQD�
into urban spaces by simple ecological construction of visual perception. By relating to a certain 
physical lay-out and balancing between perceived intensities it is possible to make rhythmic ligh-
WLQJ�SKHQRPHQD�DSSHDU�YLVLEOH� LQ�D�FHUWDLQ�FRQWH[W��6XFK�HFRORJLFDO�EDODQFHV�DUH�ZHOO�NQRZQ�
within architectural lighting, but what is nonetheless important are the choices made of what to 
PDNH�YLVLEOH�DQG�KRZ��,Q�WKH�FDVHV�RI�+R[WRQ�6TXDUH�%DU�DQG�.LWFKHQ�DQG�:HVWIULHGKRI�8�
bahnstation the visibility of luminous rhythmic phenomena contribute to the identity of these urban 
places, based on the activity of rhythms functioning in a certain place – rhythm thus contribute to 
both place-telling, time-telling and function-telling aspects.

7KH�)UHQFK�SKLORVRSKHUV�*LOOHV�'HOHX]H�DQG�)HOL[�*XDWWDUL�FRPSDUH�WKH�FRQVWUXFWLRQ�RI�D�VWUXF-
WXUH�H[SUHVVHG�E\�UK\WKP�ZLWK�PXVLF��DUW�DQG�DOVR�DQLPDO�PDGH�WHUULWRULHV��>�@�7KH�WHUULWRU\�LV�D�
time-space based concept (like the bird with its certain pattern of rhythmic singing and moving 
DURXQG�LQ�RUGHU�WR�PDLQWDLQ�LWV�WHUULWRU\��DQG�VXFK�FRQFHSWV�FUHDWH�QRWLFHDEOH�µQRWHV¶�LQ�FRQWH[WV�RI�
FRPSOH[LW\��ZKLFK�LQ�WKH�FDVH�RI�XUEDQ�HQYLURQPHQW�FRXOG�EH�LQWHUSUHWHG�DV�PDQ\�YLVLEOH�VFDOHV��
agendas, things, messages etc. in function at the same time. As the lighting of urban environment 
make even more now than in Mendelsohn’s time, a ‘light circus’, there is aesthetic potential in re-
garding the rhythm of urban lighting phenomena as potential actors in architectural concepts. It is 
a way to connect the powers of urban environment to the people in it, and give them the possibility 
to discover different powers at work as a place- and time establishing mechanism. The light circus 
is there - why not make use of it?

>�@�0HQGHOVRKQ��(ULFK��������$0(5,.$��%LOGHUEXFK�HLQHV�$UFKLWHNWHQ��5XGROI�0RVVH�%XFKYHUODJ�
Berlin
>�@�5DVPXVVHQ��6WHHQ�(LOHU��������([SHULHQFLQJ�$UFKLWHFWXUH��0,7�3UHVV
>�@� /LJKW�]RQH� LQ� WKH�PHDQLQJ� RI� DQ� H[SHULHQFHG� SRRO� RI� OLJKW��0DGVHQ��0HUHWH� ������� /LJKW�
zones(s): as concept and tool. An architectural approach to the assessment of spatial and form-
giving characteristics of daylight. www.thedaylightsite.com
>�@�$�7KRXVDQG�3ODWHDXV��&DSLWDOLVP�DQG�6FKL]RSKUHQLD��������'HOHX[H��*LOOHV�DQG�*XDWWDUL��)H-
OL[��$WKORQH�3UHVV
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figure 1
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OP56

reInventIng urBAn SPACeS tHrOugH LIgHt And COLOur: CACILHAS PrOJeCt 

Bezerra, r.g.1, 6LP}HV��=�0�2
1. Social Studies Center, University of Coimbra, Coimbra, Portugal.
2. Faculty of Architecture, Lisbon Technical University, Lisboa, Portugal.

A challenge for contemporary cities is the implementation of urban policies that are able to rein-
YHQW�FLW\�VSDFHV�ZKLFK�DUH�GHJUDGHG��$FFRUGLQJ�WR�WKLV��LW�LV�FRPPRQ�WKH�LPSOHPHQWDWLRQ�RI�UHTXD-
OL¿FDWLRQ�SURMHFWV�WKDW�VHHN�IRU�EXLOGLQJ�D�QHZ�LGHQWLW\�IRU�WKHVH�VSDFHV�ZLWK�WKH�SXUSRVH�RI�GHYH-
loping and promoting tourism and activities related to leisure, culture and knowledge. Those are 
JOREDO�PRGHOV�RI�UHTXDOL¿FDWLRQ�WKDW�DVVRFLDWH�WUDGLWLRQDO�HOHPHQWV�WR�WKH�SUHVHQW��,Q�WKLV�FRQWH[W��
elements that have an aesthetic or symbolic component –material or immaterial –-are the most 
susceptible for a restructuration that adjusts the tradition to modernity. Based on the observation 
DQG�DQDO\VLV�RI�DQ�LQWHUYHQWLRQ�SURMHFW�LQ�WKH�FLW\�RI�$OPDGD�LQ�3RUWXJDO��ZH�GHYHORSHG�D�UHÀHFWLRQ�
on the idea of how the intervention projects are considering the light and colour in the construction 
of the new identity of urban spaces. We consider that this issue is fundamental to the reinvention 
process of the cities because both – light and colour – has a poetic presence but also structure, 
G\QDPL]H�DQG� FRQ¿JXUH�SODFHV��7KHVH�HOHPHQWV� FRQVLGHU� WKH� UHODWLRQ�RI� LQGLYLGXDOV� WR� VSDFH�
and time and achieve philosophical, religious, social, psychological dimensions, among others, 
DV�ZHOO�DV�UHYHDO��TXHVWLRQ�DQG�UHGH¿QH�WKH�DI¿QLW\�RI�LQGLYLGXDOV�ZLWK�VSDFH��7KH�FRQWH[WXDOL]D-
tion and use of these elements can transform the city in a scenario that renews and innovates 
continuously through aspects that shape sensitive places. Nevertheless, in our understanding 
some intervention projects are disregarding these elements in different scales of perception of 
the urban space (general, punctual and detail) that can generate spatiality whose environment is 
less pleasant and responsive to individuals. Regardless of the technological advances and the 
FRPSOH[LW\�RI�VRPH�LQWHUYHQWLRQ�SURMHFWV�WKH�FRQFHSWXDOL]DWLRQ�RI�OLJKW�DQG�FRORU�KDV�GHYHORSHG�
YHU\�VORZO\��)URP�WKH�DQDO\VLV�RI�WKH�3ODQ�RI�5HKDELOLWDWLRQ�RI�5XD�&kQGLGR�GRV�5HLV��LQ�WKH�SDULVK�
of Cacilhas in Almada, and aware of the idea that many values of the urban man remain anchored 
in ancient archetypes related to light and colour - that are determinant in achieving spaces and in 
WKH�H[SHULHQFH�RI�KXPDQ�EHLQJV�±�ZH�SURSRVH�D�VWXG\�RI�FRORXU�DQG�OLJKW�LQ�WKLV�UHTXDOL¿HG�DUHD�
which includes, in particular, the permanent colours (local materials), non-permanent colours 
�FOLPDWH��YHJHWDWLRQ���OLJKW�DQG�VKDGRZ��WH[WXUHV��DJLQJ�DQG�UHQHZDO�RI�PDWHULDOV��,Q�DGGLWLRQ��WKH�
PDLQ�SXUSRVH�RI�RXU�FRPPXQLFDWLRQ�LV�WR�SUHVHQW�WKH�VWXG\�DQG�UHÀHFW�RQ�WKH�FRQFHSWLRQ�WKDW�LQ-
tervention urban projects need to overcome merely the material of objects constructed to project 
on the constructed shapes and spaces, aesthetic emotional and symbolic values.

Keywords: City. Identity. Light. Colour. Spaciality.

BIBLIOgrAPHy:

%$51$%e��3���������$�OX]�QDWXUDO�FRPR�GLUHWUL]�GH�SURMHWR��$UTXLWH[WRV�>RQOLQH@��5HWULHYHG�IURP�
WKH� :RUOG� :LGH� :HE� RQ� 2FWREUH�� ������ �KWWS���ZZZ�YLWUXYLXV�FRP�EU�UHYLVWDV�UHDG�DUTXLWH[-
WRV�����������!
%$&+(/$5'��*����������$�SRpWLFD�GR�HVSDoR��6mR�3DXOR��0DUWLQV�)RQWHV�(GLWRUD��/GD�%$5526��



180

Abstracts

$����������$�DUWH�GD�SHUFHSomR��XP�QDPRUR�HQWUH�D�OX]�H�R�HVSDoR��6mR�3DXOR��$QQDEOXPH
%(=(55$��5RVHODQH�*RPHV���������2�EDLUUR�3UDLD�GH�,UDFHPD�HQWUH�R�ÄDGHXV³�H�D�ÄERHPLD³��
XVRV�H�DEXVRV�QXP�HVSDoR�XUEDQR��)RUWDOH]D��/DERUDWyULR�GH�(VWXGRV�GD�2UDOLGDGH�±�8)&��(G��
([SUHVVmR�*Ui¿FD�
)5$1d$��5����������$V�FRUHV�GR�%RQ¿P��6DOYDGRU��5RVD�$OLFH�)UDQoD
/$�&(&/$��)����������&RQWUD�D�DUTXLWHFWXUD��&DVDO�GH�&DPEUD��&DOHLGRVFySLR�
/($&+��1����������$�DQHVWpWLFD�GD�DUTXLWHFWXUD��/LVERD��$QWtJRQD�
0(5/($8�3217<��0���������/H�9LVLEOH�HW�/¶LQYLVLEOH��6DLQW�$PDQG��*DOOLPDUG�
6(11(77��5����������&DUQH�H�3HGUD��2�FRUSR�H�D�FLGDGH�QD�FLYLOL]DomR�RFLGHQWDO��5LR�GH�-DQHLUR��
(GLWRUD�5HFRUG�62$5(6��+��	�6,0®(6��=����������7KH�FRQVWUXFWLRQ�RI�D�VFHQLF�LPDJLQDU\�LQ�WKH�
Porto city throught ambiences of light and colour. In: 11th Congress of the International Colour 
Association. Proceedings AIC 2009 – Paper n.1455, Sidney, Colour Society of Australia, Inc., pp. 
1-5.
6,0®(6��=�� ��������&RORXU�DQG�QDWXUH�DV�PHWDSKRUV� LQ� WKH�SRHWLF�RI�PDWHULDOLW\��8QSXEOLVKHG�
Master Thesis, Faculty of Architecture, The Technical University of Lisbon, Lisbon, Portugal.
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IMPreSSIOn Of LIgHt And feeLIng Of SeCurIty In tHe CIty - eXPerIMentIng 

MeSOPIC vISIOn 

Conniasselle, t.1, Collard, B.2��'HVZHUW��-�1
1. Lighting, Laborelec, Linkebeek, Belgium.
2. Sibelga, Brussels, Belgium.

,Q�FLWLHV��WKH�ZLGHVSUHDG�XVH�RI�ZKLWH�OLJKWV�LV�JLYLQJ�ULVH�WR�TXHVWLRQV����,V�WKH�LQFUHDVHG�YLVXDO�
effectiveness thought to result from the mesopic model real and does it offset the higher operating 
FRVWV"�0RUHRYHU��LV�LW�UHDOO\�FRQFHLYDEOH�IRU�SHGHVWULDQV�WR�UHGXFH�WKH�OXPLQRXV�ÀX[�RI�WKH�OLJKWLQJ�
GXULQJ�WKH�TXLHW�KRXUV�RI�WKH�QLJKW"�)LQDOO\��LV�ZKLWH�OLJKW�UHDOO\�DFFHSWHG�E\�ORFDO�UHVLGHQWV�DFFXV-
tomed for years to an environment lit by high-pressure sodium lamps?

7R�DQVZHU�WKHVH�WKUHH�TXHVWLRQV��6LEHOJD�DQG�/DERUHOHF�FUHDWHG�DQ�DFWXDO�WHVW�VLWH�LQ�WKH�FRP-
PXQH�RI�,[HOOHV��LQ�%UXVVHOV�
This lies in a small working-class district dating from the early 19th century and comprises a 
central street and four perpendicular streets, all with the same morphological and town-planning 
characteristics.
$OO�WKHVH�VWUHHWV�ZHUH�¿WWHG�ZLWK�WKH�VDPH�OLJKWLQJ�V\VWHP��PRXQWHG�RQ�WKH�VDPH�ODPSSRVWV�DQG�
ZLWK�D�VLPLODU�OD\RXW��7KH�FHQWUDO�VWUHHW�ZDV�¿WWHG�ZLWK�KLJK�SUHVVXUH�VRGLXP�ODPSV�ZKLOH�WKH�IRXU�
RWKHU�URDGV�KDG�ZKLWH�OLJKW�VRXUFHV��HLWKHU������.�RU������.�/('V�RU������.�DQG������.�FHUDPLF�
burner lamps).

$OO�WKH�OLJKWV�LQ�WKH�¿YH�VWUHHWV�LQ�TXHVWLRQ�ZHUH�UHPRWH�FRQWUROOHG�XVLQJ�UDGLR�IUHTXHQF\�DQG�FRXOG�
be adjusted to provide variable levels of illumination.
2YHU�����SHRSOH�WRRN�SDUW�LQ�VL[�WHVW�HYHQLQJV�ZLWK�D�WKUHHIROG�REMHFWLYH�
• To determine the compared effectiveness of the white- and yellow-coloured lights in terms of 

the feeling of security and visual impression;
• To determine the admissible dimming levels from the point of view of pedestrians;
• To determine participants’ preferences depending on the colour of the light sources.

2QH�RI�WKH�PDLQ�FRQFOXVLRQV�LV�WKDW�WKH�OLJKWLQJ�OHYHOV�FDQ�EH�ORZHUHG�EHWZHHQ����DQG�����E\�
using white light (Metal halide or LEDs luminaries) instead of the High Pressure Sodium techno-
logy. In term of luminosity, people have shown a preference for cold white light (>4000K). Never-
WKHOHVV��WKLV�NLQG�RI�OLJKW�LV�MXGJHG�OHVV�SOHDVDQW�E\�PRUH�WKDQ�����RI�WKH�LQWHUURJDWHG�SHRSOH�

The results are interesting in that they show real convergence as the test evenings progressed, 
GHVSLWH� WKH� DSSDUHQWO\� UDQGRP� OHYHOV� WKDW� SDUWLFLSDQWV� H[SHULHQFHG��:KHWKHU� WKH� SDUWLFLSDQWV�
were young or old, male or female, lighting professionals or not, lived in the district or not, the 
UHVXOWV�DUH�FRPSDUDEOH��8OWLPDWHO\��WKH\�FRQVWLWXWH�DQ�LPSRUWDQW�HOHPHQW�LQ�H[WHQGLQJ�WKH�GHEDWH�
WR�FRYHU�WKH�UHOHYDQFH�RI�ZKLWH�OLJKW�LQ�XUEDQ�HQYLURQPHQWV�DQG�WKH�DQWLFLSDWHG�FRVW�HI¿FLHQF\�RI�
dimming systems in cities.
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figure 1

figure 2
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Well-being, glare and Comfort
(Chair: Alessandro Rizzi, Italy)
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reLAtIOnS BetWeen fLICKer, gLAre, And PerCePtuAL rAtIngS Of Led BILLBO-

ArdS under vArIOuS COndItIOnS

Hsu, S.1, Chung, T.1, Pong, B.1, Chen, Y.2, Hsieh, P.2, Lin, M.2

1. Center for Measurement Standards, Industrial Technology Research Institue, Hsinchu, Chine-
se Taipei.
2.�,QVWLWXWH�RI�/LJKWLQJ�DQG�'LVSOD\�6FLHQFH��1DWLRQDO�&HQWUDO�8QLYHUVLW\��-KRQJOL��&KLQHVH�7DLSHL�

Objective

Since the rapid growth of application technologies of LED, the controllable lightings or billboards 
made by LED are more and more popular. Many of these products are pushed to much higher 
FRQWUDVW�LQ�VSDWLDO�DQG�RU�WHPSRUDO�FRQ¿JXUDWLRQV�WR�DWWUDFW�DWWHQWLRQV��+RZHYHU��WKHVH�PDQQHUV�
PD\�SURGXFH�XQFRPIRUWDEOH�YLVXDO�H[SHULHQFH�IRU�WKH�JODUH�DQG�RU�ÀLFNHU�RI�WKH�/('�VRXUFHV��7R�
investigate these two features of the new lightings or displays, we have systematically performed 
WKH�LPDJLQJ�OXPLQDQFH��WHPSRUDO� LOOXPLQDQFH��DQG�HUJRQRPLF�H[SHULPHQWV�RQ�FRPPHUFLDO�/('�
ELOOERDUG�OLJKWV��&RUUHVSRQGLQJ�SDUDPHWHUV�ZHUH�FDOFXODWHG�IURP�WKH�H[SHULPHQWV�DQG�VWXGLHG�WR�
¿QG�WKH�UHODWLRQV�EHWZHHQ�WKHP�

Methods

$�FRPPHUFLDO�/('�ELOOERDUG�ZDV�SODFHG� LQ�D� ODERUDWRU\� IRU� WHVWLQJ� WKH�YDULDWLRQV�RI�ÀLFNHU�DQG�
JODUH�ZLWK�WKH�OLJKWLQJ�SURSHUW\�RI�WKH�ELOOERDUG��7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�E\�GLVSOD\LQJ�
D�ÀDVKLQJ�VTXDUH�SDWWHUQ�RQ�WKH�/('�ELOOERDUG��7KH�OHQJWK�RI�WKH�VTXDUH�ZDV�VHW�DV������������
RU����SL[HOV��WKH�GLJLWDO�OHYHO�ZDV�VHW�DV��������������RU������DQG�WKH�ÀDVKLQJ�IUHTXHQF\�ZDV�VHW�
DV�����������������RU����+]��$Q�LOOXPLQDQFH�GHWHFWRU�ZLWK�D�SUHDPSOL¿HU�ZDV�XVHG�WR�PHDVXUH�WKH�
temporal iluminance in front of the billboard. The measured waveforms were processed with a 
GLJLWDO�ORZ��SDVV�¿OWHU��DQG�WKHQ�WKH�ORZ�SDVV�ÀLFNHU�LQGH[HV��/3),��ZHUH�FDOFXODWHG��$�FDOLEUDWHG�
DSLR was used as the imaging luminance measurement device (ILMD) to measure the imaging 
luminance. It was placed at same position of the detector and with same lighting conditions of the 
IRUPHU�H[SHULPHQWV��7KH�&,(�����XQL¿HG�JODUH�UDWLQJ��8*5��ZDV�FDOFXODWHG�IURP�WKH�PHDVXUHG�
imaging luminance.

Another commercial LED billboard was placed in another laboratory for testing the relations bet-
ZHHQ�WKH�ÀLFNHU��JODUH��DQG�SHUFHSWXDO�UDWLQJV�XQGHU�YDULRXV�OLJKWLQJ�FRQGLWLRQV��7KH�DUHD�RI�WKH�
GLVSOD\HG�VTXDUH�ZDV�VHW�DV���������RU������RI�IXOO�VFUHHQ��WKH�DYHUDJH�OXPLQDQFH�ZDV�VHW�DV�
�����������������RU������FG�P2��DQG�WKH�ÀDVKLQJ�IUHTXHQF\�ZDV�VHW�DV�������������RU����+]��7KH�
instruments and procedures for the temporal illuminance and imaging luminance measurements 
DUH�VDPH�DV�WKH�SUHYLRXV�SDUDJUDSK��(UJRQRPLFV�H[SHULPHQWV�RQ�WKLUWHHQ�VXEMHFWV��WHQ�\RXWKV�
and three elders) were performed to investigate the perceptual ratings of the light properties of 
WKH�ODERUDWRU\��7KH�GH�%RHU�UDWLQJ�VFDOHV�RI�ÄFRPIRUW³�DQG�ÄÀLFNHU³�ZHUH�H[DPLQHG�E\�WKH�VXEMHFWV�

results

The measured temporal illuminance has parasitic components of 240 Hz (from PWM of billboard), 
���+]��IURP�UHIUHVKLQJ�UDWH�RI�ELOOERDUG���DQG�EDFNJURXQG�LOOXPDLQQFH�RI�DERXW������O[��$IWHU�ORZ�
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SDVV�SURFHVVHG�ZLWK�D�YLVLRQ�OLNH�¿OWHU��WKH�FRPSRQHQWV�DERYH����+]�DUH�PRVWO\�UHPRYHG��7KHQ�
WKH�ORZ�3DVV�ÀLFNHU�LQGH[�DV�D�IXQFWLRQ�RI�DYHUDJH�LOOXPLQDQFH��(DYJ��DQG�ÀDVKLQJ�IUHTXHQF\��I��
is calculated and shown in Fig. 1(a). It can be observed that the LPFI is increased with average 
LOOXPLQDQFH�DQG�GHFUHDVHG�ZLWK�IUHTXHQF\�H[FHSW���+]��7KLV�IHDWXUH�LV�¿WWHG�ZLWK�YLVLRQ
H[SHULHQFH�RQ�ÀLFNHU��ZKLFK�LV�SURJUHVVLYHO\�VLJQL¿FDQW�DV�FRQWUDVW�RI�LOOXPLQDQFH�LQFUHDVHG��DQG�
GURSSHG�DV�IUHTXHQF\�ODJHU�WKDQ����+]��7KH�VKXWWHU�VSHHG�RI�WKH�,/0'�ZDV�VHW�DV����³�a�³�LQ�
RUGHU�WR�KDYH�VWDEOH�LPDJH�RI�WKH�ÀDVKLQJ�SDWWHUQ��8*5�RI�WKH�PHDVXUHG�OXPLQDQFH�LPDJHV�ZHUH�
DXWRPDWLFDOO\�FDOFXODWHG�E\�RXU�SURFHVVLQJ�VRIWZDUH��)LJ����E��VKRZV�WKH�PHDVXUHG�8*5�DV�D�
IXQFWLRQ�RI�ÀDVKLQJ�IUHTXHQF\��DYHUDJH�OXPLQDQFH�RI�VRXUFH��/V���DUHD�RI�VRXUFH��$���DQG�EDFN-
JURXQG�OXPLQDQFH��/E���,W�FDQ�EH�REVHUYHG�WKDW�8*5�LV�QHDUO\�LQGHSHQGHQW�RQ�IUHTXHQF\�DQG�LV�D�
spatial contrast sensitive parameter.

The overall comfort ratings by the subjects were summarized and compared with the measured 
/3),�DQG�8*5��$V�VKRZQ�LQ�)LJ����D���DIWHU�VHSDUDWHO\�OLQHDU�UHJUHVVLRQV�ZLWK�ORJ�/3),��DQG�8*5��
WKH�FDOFXODWHG�FRPIRUW�UDWLQJ�LV�QRW�ZHOO�¿WWHG�ZLWK�WKH�H[SHULPHQWV��7KH�3HDUVRQµV�FRUUHODWLRQV�DUH�
�����DQG������IRU�¿WWLQJV�ZLWK�ORJ�/3),��DQG�8*5��UHVSHFWLYHO\��+RZHYHU��DV�VKRZQ�LQ�)LJ����E���E\�
OLQHDU�UHJUHVVLRQ�ZLWK�ERWK�ORJ�/3),��DQG�8*5��WKH�FDOFXODWHG�FRPIRUW�UDWLQJ�LV�PXFK�PRUH�¿WWHG�
ZLWK�WKH�H[SHULPHQWV�ZLWK�3HDUVRQµV�FRUUHODWLRQ�RI�������7KH�FRPIRUW�UDWLQJ�FDQ�EH�ZULWWHQ�DV������
�������8*5�±�����ORJ�/3),��
7KLV�UHVXOW�LQGLFDWHV�WKDW�WKH�FRPIRUW�SHUFHSWLRQ�RQ�WKH�ÀDVKLQJ�/('�ELOOERDUG�LV�D�FRPELQDWLRQ�RI�
ÀLFNHU�DQG�JODUH��ZKLFK�FDQ�EH�PHDVXUHV�DQG�FDOFXODWHG�E\�WKH�QRYHO�GHYHORSHG�PHWKRGV��7KH�
SHUFHSWXDO�ÀLFNHU�UDWLQJ�FDQ�ZULWWHQ�DV�������������8*5�±�����ORJ�/3),��ZLWK�3HDUVRQµV�FRUUHOD-
WLRQ�RI�������$OWKRXJK�WKH�IDFWRU�FRUUHVSRQGLQJ�WR�8*5�LV�VPDOOHU�WKDQ�WKDW�RI�FRPIRUW�UDWLQJ��WKH�
SHUFHSWXDO�ÀLFNHU�UDWLQJ�LV�VWLOO�LQÀXHQFHG�E\�JODUH�

Conclusions

,Q�VXPPDU\��ZH�KDYH�SHUIRUPHG�ERWK�REMHFWLYH�DQG�VXEMHFWLYH�HYDOXDWLRQV�RQ�WKH�ÀDVKLQJ�/('�
ELOOERDUGV�SODFHG�LQ�LQWHULRU�VSDFHV��7KH�REMHFWLYH�ÀLFNHU�DQG�JODUH�HYDOXDWLRQV�ZHUH�FDUULHG�RXW�
E\�WHPSRUDO�DQG�VSDWLDO�PHDVXUHPHQWV��UHVSHFWLYHO\��7KH�SURSHUWLHV�RI�REWDLQHG�ÀLFNHU�DQG�JODUH�
LQGH[HV� DUH�PDWFKHG�ZLWK� SK\VLFDO� SKHQRPHQD��7KH� VXEMHFWLYH� HYDOXDWLRQ� UHVXOWV� FDQ� EH� H[-
SUHVVHG�E\�VLPSOH�HTXDWLRQV�ZLWK�REMHFWLYH�SDUDPHWHUV�/3),�DQG�8*5��,W� LV�H[SHFWHG�WKDW� WKH�
HTXDWLRQV�PD\�EH� LPSURYHG�E\�PXFK�PRUH�H[SHULPHQWV��DQG�PD\�EH�XVHG�DV�QHZ�HYDOXDWLRQ�
LQGH[HV�IRU�WKH�ÀDVKLQJ�/('�OLJKWHG�HQYLURQPHQWV�
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figure 1 – (a) LPfI as a function of average iluminance and frequency. (b) ugr as a func-

tion of source luminance, area of source, background luminance and frequency.

figure 2 – (a) Comfort ratings calculated from separately linear regressions with 

log(LPfI) and ugr versus those from experiments. (b) Comfort ratings calculated from 

linear regressions with both log(LPfI) and ugr versus those from experiments.
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OP59

fLICKer And vISuAL COMfOrt evALuAtIOnS Of Led PAneL dISPLAy

Hsieh, P.1, Lin, M.1, Chang, E. C.2, Chen, y.1

1.�'HSDUWPHQW�RI�2SWLFV�DQG�3KRWRQLFV��1DWLRQDO�&HQWUDO�8QLYHUVLW\��-KRQJL��&KLQHVH�7DLSHL�
2.�,QVWLWXWH�RI�&RJQLWLYH�1HXURVFLHQFH��1DWLRQDO�&HQWUDO�8QLYHUVLW\��-KRQJL��&KLQHVH�7DLSHL�

This study investigated the discomfort glare produced by the high brightness LED panel and 
DLPHG�WR�UHGXFH�GLVFRPIRUW� IHHOLQJV�E\�PRGXODWLQJ�IRXU� LPSRUWDQW�IDFWRUV��ÀLFNHU�IUHTXHQF\�� OX-
PLQDQFH��SDQHO�DUHD�VL]H�DQG�DPELHQW� LOOXPLQDQFH��7ZHQW\�¿YH�FRQGLWLRQV�ZHUH�FKRVHQ�E\�WKH�
orthogonal design. The results show that visual comfort is not affected by ambient illuminance 
EXW�E\�ÀLFNHU�IUHTXHQF\��OXPLQDQFH��DQG�DUHD��:H�FRQFOXGHG�WKDW�WKH�UDQJH�RI�ÀLFNHU�IUHTXHQF\�
DURXQG���+]�WR����+]�LV�QRW�VXLWDEOH�IRU�/('�SDQHO�GLVSOD\�DQG�WKH�ORZHU�OXPLQDQFH�WKH�EHWWHU��
There are some evidences pointing out that these four factors have interactions with each other. 
The interaction must be considered in the future research.

IntrOduCtIOn

Traditional panels are substituted by high brightness LED panels progressively. However, LED 
SDQHOV�QRW�RQO\�KDYH�KLJK�EULJKWQHVV�DQG�KLJK�GLUHFWLYLW\�EXW�DOVR�ÀDVK�ZKHQ�GLVSOD\LQJ�DGYHUWLVH-
ments. These conditions have led to concerns about glare and light pollution. This study attempts 
WR�¿QG�WKH�DSSURSULDWH�ÀLFNHU�IUHTXHQF\��OXPLQDQFH��DUHD�DQG�DPELHQW�LOOXPLQDQFH�WR�DYRLG�YLVXDO�
GLVFRPIRUW��7KH�H[SHULPHQWDO�GHVLJQ�DQG�WKH�UHVXOWV�DUH�SUHVHQWHG�KHUHLQ�

MetHOd

$�/('�SDQHO�ZLWK�VL]H�RI���������PA��DQG�ZLWK�FRUUHODWHG�FRORU�WHPSHUDWXUH��&&7��RI�����.�ZDV�
XVHG��$PELHQW�LOOXPLQDQFH�ZDV�SURYLGHG�E\�ÀXRUHVFHQW�ODPSV�ZLWK�&&7�RI�����.�EHKLQG�WKH�SD-
QHO��)LJXUH���VKRZV�WKH�H[SHULPHQWDO�VHWXS��2EVHUYHUV�VWDUHG�DW�WKH�FHQWHU�RI�WKH�SDQHO���PHWHUV�
away with their eyes at 1.3 meters height. There are four independent variables with 2 to 5 levels, 
LQFOXGLQJ�ÀLFNHU�IUHTXHQF\����+]����+]�����+]�����+]�����+]���OXPLQDQFH������FG�PA��������FG�
PA��������FG�PA��������FG�PA����DUHD�������PA��������PA��������PA���DQG�DPELHQW�LOOXPLQDQFH�
���O[�����O[���2UWKRJRQDO�GHVLJQ�ZDV�XWLOL]HG�WR�VHOHFW����NH\�FRQGLWLRQV�IURP�WRWDOO\�����FRQGLWLRQV�
>�@��7KH�ZLWK�LQ�VXEMHFW�GHVLJQ�ZDV�DGRSWHG�WR�DYRLG�LQWHU�VXEMHFW�YDULDWLRQV��(DFK�VXEMHFW�H[SH-
ULHQFHG�WKH����FRQGLWLRQV�LQ�D�UDQGRP�RUGHU�����VXEMHFWV����PDOHV�DQG���IHPDOHV��SDUWLFLSDWHG�LQ�
WKH�H[SHULPHQW����VXEMHFWV�DUH�OHVV�WKDQ����\HDUV�ROG��DQG�WKHLU�DJH�DYHUDJHG�������ZLWK�D�VWDQ-
GDUG�GHYLDWLRQ��67'��RI�������7KH�RWKHU���VXEMHFWV�DUH�RYHU����\HDUV�ROG��ZLWK�DQ�DYHUDJH�DJH�RI�
�����DQG�D�67'�RI�������$OO�VXEMHFWV�KDYH�QRUPDO�RU�UHFWL¿HG�YLVLRQ��ZLWK�QR�FDWDUDFW�DQG�IDPLOLDO�
HSLOHSV\��8QGHU�HDFK�FRQGLWLRQ��WKH�SDUWLFLSDQWV�VWDUHG�DW�WKH�/('�SDQHO�IRU����VHFRQGV�DQG�¿OOHG�
RXW�WKH�TXHVWLRQQDLUH�DW�WKH�HQG�RI�HDFK�WULDO��7KH�H[SHULPHQWDO�GDWD�ZDV�DQDO\]HG�LQ�VWDWLVWLFDO�
software SPSS.

Questionnaire

7KHUH�DUH�WZR�TXHVWLRQV�LQ�WKH�TXHVWLRQQDLUH��RQH�IRU�ÀLFNHU�FRPIRUW�UDWLQJ�DQG�WKH�RWKHU�IRU�JODUH�
comfort rating.
'H�%RUH�UDWLQJ�VFDOH�LV�XVHG�WR�HYDOXDWH�YLVXDO�FRPIRUW��,W�LV�D���SRLQW�VFDOH�ZLWK�TXDOL¿HUV�DW�WKH�
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RGG�SRLQWV���� �XQEHDUDEOH���� �GLVWXUELQJ���� �MXVW�SHUPLVVLEOH���� �VDWLVIDFWRU\�DQG��� �MXVW�QRWL-
ceable.

experimental procedure

1. )LOO�RXW�WKH�SHUVRQDO�LQIRUPDWLRQ�IRUP��,W�KHOSV�WKH�H[SHULPHQWHU�WR�VFUHHQ�VXEMHFWV��9LHZ�WKH�
LOOXVWUDWLRQ�¿OP����PLQ�� 
7KH�¿OP�JLYHV�WKH�GHWDLOV�RI�WKH�H[SHULPHQW�DQG�HQVXUHV�WKDW�HYHU\�VXEMHFW�UHFHLYHV�WKH�
same instructions.

2. Put the electromyography electrode under the eye and calibrate the signal (2 min). Subject is 
then asked to close their eyes for adaption (3 min).

3. After adaption, the subject is instructed to stare at the LED panel (30 sec).
4. $IWHU�WKH�REVHUYDWLRQ��WKH�VXEMHFW�¿OOV�RXW�WKH�TXHVWLRQQDLUH�
5. The subject closes the eyes and rest (1 min).
��� %DFN�WR�VWHS���DQG�H[SHULHQFH�DOO�FRQGLWLRQV�

reSuLtS

7DEOH���VKRZV�WKH�VLJQL¿FDQFH�DQDO\VLV�RI�WKH�H[SHULPHQW�DQG�SRVWHULRUL�FRPSDULVRQV�RQ�WKH�YDUL-
DEOHV�WKDW�SDVVHG�WKH�VLJQL¿FDQFH�WHVW��7KH�JUHDWHU�VLJQ�³!´�LPSOLHV�D�PRUH�FRPIRUWDEOH�VLWXDWLRQ��
7KH�UHVXOWV�VKRZ�WKDW�ÀLFNHU�FRPIRUW�DQG�JODUH�FRPIRUW�DUH�QRW�VLJQL¿FDQWO\�LQÀXHQFHG�E\�WKH�DP-
ELHQW�LOOXPLQDQFH�EXW�E\�WKH�ÀLFNHU�IUHTXHQF\��OXPLQDQFH�DQG�DUHD��)LJXUH���SURYLGHV�WKH�SRVWHULRUL�
FRPSDULVRQ�RI�ÀLFNHU�IUHTXHQF\�YHUVXV�JODUH�FRPIRUW��,W�LV�HYLGHQW�WKDW���+]�DQG����+]�DUH�PRUH�
GLVFRPIRUW� WR�VXEMHFWV�� ,Q�DGGLWLRQ��3HDUVRQ�FRUUHODWLRQ�FRHI¿FLHQW�RI�ÀLFNHU�FRPIRUW� UDWLQJ�DQG�
JODUH�FRPIRUW�UDWLQJ�LV�IRXQG�DV�ODUJH�DV��������WKDW�LV�WR�VD\�WKHUH�LV�KLJK�FRQVLVWHQF\�EHWZHHQ�
them. We also found that females are more critical on comfort rating than males.

COnCLuSIOn

)OLFNHU�IUHTXHQF\��OXPLQDQFH��DQG�SDQHO�VL]H�DUH�NH\�IDFWRUV�WKDW�DIIHFW�WKH�YLVXDO�FRPIRUW�RI�RXW-
GRRU�/('�SDQHO�GLVSOD\��%DVHG�RQ�WKH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\��WKH�VXJJHVWHG�IUHTXHQF\�UDQJH�
LV�EHWZHHQ���+]�WR���+]�RU�PRUH�WKDQ����+]��7KH�OXPLQDQFH�UDQJH�RI�/('�SDQHO�IURP�����FG�
PA��WR������FG�PA��LV�D�EHWWHU�FKRLFH�IRU�ERWK�WKH�ÀLFNHU�DQG�JODUH�FRPIRUW�FRQFHUQ��6WXGLHV�RI�
LQWHUDFWLRQV�EHWZHHQ�ÀLFNHU�IUHTXHQF\��OXPLQDQFH�DQG�DUHD�DUH�LQ�SURJUHVV�

referenCe

>�@�7��%��%DUNHU��4XDOLW\�(QJLQHHULQJ�E\�'HVLJQ��7DJXFKL¶V�3KLORVRSK\��4XDOLW\�3URJUHVV����������
SS��������������
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figure 1 – experimental setup

)LJXUH���±�3RVWHULRUL�FRPSDULVRQ�RI�JODUH�FRPIRUW�YHUVXV�ÀLFNHU�IUHTXHQF\
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7DEOH���±�6LJQL¿FDQFH�DQDO\VLV�RI�WKH�H[SHULPHQW�DQG�SRVWHULRUL�FRPSDULVRQV

Dependent 
Variable

Variable F-value P-value 3RVWHULRUL�FRPSDULVRQV�IRU�YDULDEOHV�WKDW�SDVVHG�WKH�VLJQL¿-
cance test

Flicker 
Comfort

Flicker fre-
TXHQF\

������ 0.000**

)UHTXHQF\����+]�!���+]� ����+]� ���+]�����+]�!����+]��
��+]�!����+]�/XPLQDQFH������FG�PA��!������FG�PA��$UHD��

�����PA��!������PA�

Luminance ����� 0.000**
Area 4.901 �����

Ambient 
illuminance

0.095 �����

*ODUH�
Comfort

Flicker fre-
TXHQF\

������ 0.000**

)UHTXHQF\����+]�!���+]� ����+]� ���+]�����+]�!����+]������
+]�!���+]� ����+]�/XPLQDQFH������FG�PA�� �����FG�PA��!�
�����FG�PA�� ������FG�PA��$UHD�������PA��!������PA�

Luminance ������ 0.000**

Area ����� 0.004**
Ambient 

illuminance
����� �����

Blink Rate Flicker fre-
TXHQF\

����� 0.239

Luminance: nsLuminance 3.329 0.020**
Area ����� 0.255

Ambient 
illuminance

����� 0.394

6LJQL¿FDQW�DW�S�YDOXH� ������RU�OHVV��QV��QRW�VLJQL¿FDQW
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OP60

InveStIgAtIOn Of dISCOMfOrt gLAre Of rgB Led BILLBOArd At nIgHt

Wen, C.1, Lai, P.1, Pong, B.2, Luo, r.3

1. National Taiwan University of Science and Technology, Taipei, Chinese Taipei.
2. Industrial Technology Research Institute, Hsinchu, Chinese Taipei.
3. Colour, Imaging and Design Research Centre, University of Leeds, Leeds, United Kingdom.

Objective:

Mesopic vision is gaining high attention from lighting researchers and industry people re-cently. 
0RVW�QLJKW�WLPH�RXWGRRU�DQG�WUDI¿F�OLJKWLQJ�VFHQDULRV�DUH�LQ�WKH�PHVRSLF�UDQJH�>�@��$V�NQRZQ�DV�
WKH�3XUNLQMH�HIIHFW�� WKH�SHDN�RI�VSHFWUDO� OXPLQRXV�HI¿FLHQF\�VKLIWV�WR�WKH�VKRUW�ZDYHOHQJWK�UDQ-
JH�LQ�PHVRSLF�UHJLRQ��)XOO�FRORU�5*%�/('V��ZKLFK�DUH�EHFRPLQJ�D�SRSXODU�DQG�HQHUJ\�HI¿FLHQW�
source for dynamic lighting and displaying information, generally have more wide color gamut 
than conventional lamps for outdoor lighting like high pressure sodium (HPS) lamps. In addition, 
achromatic and chromatic color stimuli with same luminance are generally different in brightness 
(or perceived lightness). The brightness of the latter is higher than the former. The phenomena 
DUH�ZHOO�NQRZ�DQG�LGHQWL¿HG�ZLWK�WKH�+HOPRKRO]�.RKOUDXVFK�HIIHFW��+�.�HIIHFW��>�@��7KRVH�LPSO\�
that LEDs have a potential risk over conventional lamps in terms of discomfort glare.
Researchers at the Environmental Protection Administration (EPA) in Chinese Taipei are inves-
tigating the new technologies and the impacts of light or display must to be used to enhance the 
SRVLWLYH�DQG�UHGXFH�WKH�QHJDWLYH�HIIHFWV�RI�/('�OLJKW��HVSHFLDO�LQ�IXOO�FRORU�5*%�/('�GLVSOD\V�DW�
night. This paper presents results from an ongoing study that compares discomfort glare for diffe-
UHQW�FRORU�JDPXWV�RI�5*%�/('�ELOOERDUG�XVLQJ�WKH�GH�%RHU�UDWLQJ�VFDOH��7KH�5*%�/('�ELOOERDUG�
tested included nine still color pictures at two different ambient illumination levels. The subjective 
UHVXOWV�ZHUH�DOVR�FRPSDUHG�ZLWK�SUHYLRXV�GLVFRPIRUW�JODUH�HTXDWLRQV��)LQDO��WKH�GLVFRPIRUW�JODUH�
RI�5*%�/('�ELOOERDUG�DUH�GHVFULEHG�WR�GHYHORS�D�QHZ�GLVFRPIRUW�JODUH�HTXDWLRQ�IRU�RXWGRRU�LQ�
night.

Methods:

7ZHQW\�SDUWLFLSDQWV�ZLWK�QRUPDO�FRORU�YLVLRQ� MRLQHG�LQ�WKH�H[SHULPHQWV��DQG�DOO�RI� WKHP�SDVVHG�
Farnsworth Munsell Dichotomous D-15 Test. Participants were divided into two groups, one was 
���WR����\HDUV�ROG�DQG�WKH�RWKHU�ZDV�ROGHU�WKDQ����\HDUV��7KH�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�D�
GDUN��ZLQGRZOHVV�ODERUDWRU\��6XEMHFWV�VDW�LQ�D�FKDLU�DQG�ZHUH�DVNHG�WR�¿[�WKHLU�KHDG�DQG�ZDWFK�
WKH�ELOOERDUG�RQ�D[LV��7KH�H\H�SRVLWLRQ��ORFDWHG���P�DZD\�IURP�WKH�DSSDUDWXV��HQVXUHG�WKDW�VXE-
jects‘ eyes were located at the same horizontal angle to the center of the LED array. Each subject 
was tested individually and was allowed to hold a tablet showing the de Boer discomfort glare 
UDWLQJ�VFDOH�WR�XVH�DV�DQ�LQSXW�GHYLFH��7KH�H[SHULPHQWDO�VHWXS�LV�LOOXVWUDWHG�LQ�)LJXUH����$W�WKH�
EHJLQQLQJ�RI�WKH�H[SHULPHQW�WKH�URRP�OLJKWV�ZHUH�WXUQHG�RII�DQG�WKH�VXEMHFW�ZDV�DOORZHG�WR�DGDSW�
to the dark room and 4 training pictures with 3 different gamut types were given for 10 minutes. 
Each session was presented in random order to each subject, and each subject saw a different 
order than any other subject. For each condition, the subject rated his or her discomfort using the 
GH�%RHU�VFDOH��2QFH�WKH�VXEMHFW�UDWHG�WKH�FRQGLWLRQ��WKH�/('�ELOOERDUG�SUHVHQW�D�PLGGOH�JUD\�FRORU�
IRU�D�SHULRG�RI���WR����VHFRQGV�ZKLOH�WKH�H[SHULPHQWHU�VZLWFKHG�WR�WKH�QH[W�WHVWLQJ�SLFWXUH��7KLV�
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process was repeated until all conditions were presented.
7KHUH�ZHUH���VHVVLRQV�LQ�WRWDO�LQFOXGLQJ���VXUURXQG�OXPLQDQFH�OHYHOV�������FG�P2�����FG�P2), 3 
JDPXW�W\SHV��IXOO�/('�JDPXW�����/('���VWDQGDUG�5*%�����/('�������/('�JDPXW�����/('����
7KHUH�ZHUH�VDPH���SLFWXUHV�IRU�HDFK�VHVVLRQ��3DUWLFLSDQWV�ZHUH�UHTXHVWHG�WR�UHSHDW�DOO�VHVVLRQV�
three times. The study was based on a randomized factorial design with repeat measures on four 
factors that include gamut types, observer age, surround luminance and images.

results:

$Q�DQDO\VLV�RI�YDULDQFH�EDVHG�RQ����VXEMHFWV�LQGLFDWHG�D�VLJQL¿FDQW�GLIIHUHQFH�LQ�GLVFRPIRUW�JODUH�
GXH�WR�/('�JDPXW��)������� ��������S����������LPDJH��)������� �������S����������DJH��)������� �
�������S���������DQG�VH[��)������� ���������S����������7KHUH�ZDV�D�VLJQL¿FDQW�LQWHUDFWLRQ�HIIHFW�RQ�
GLVFRPIRUW�JODUH�EHWZHHQ�JDPXW�DQG�DJH��)������� ��������S����������DV�VKRZQ�LQ�)LJXUH����7KHUH�
ZDV�D�VLJQL¿FDQW�LQWHUDFWLRQ�HIIHFW�RQ�GLVFRPIRUW�JODUH�EHWZHHQ�LPDJH�DQG�DJH��)������� �������S�
���������DV�LOOXVWUDWHG�LQ�)LJXUH����7KH�LQWHUDFWLRQ�EHWZHHQ�LPDJH�DQG�VH[�ZDV�DOVR
VWDWLVWLFDO�VLJQL¿FDQW��)������� �������S���������
$OWKRXJK�SRVW�KRF� WHVWV� LQGLFDWH� WKDW�ZLGH�JDPXW�RI�5*%�/('�ELOOERDUG�H[KLELWHG� WKH�KLJKHVW�
GLVFRPIRUW�VFRUHV��0HDQ���/('� �������0HDQ���/('� �������0HDQ���/('� ��������ZLWK�VWD-
WLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�GHWHFWHG�DPRQJ�WKUHH�JDPXW�VHWWLQJV��7KHVH�WKUHH�PHDQ�YDOXHV�
represent between “3: disturbing” and “5: just acceptable” in de Boer ratings. Thus, the full color 
JDPXW�GRHV�QRW�FDXVH�H[FHVVLYH�GLVFRPIRUW�JODUH��\HW�VPDOO�FRORU�JDPXW�HQDEOHV�PRUH�GLVFRPIRUW�
glare.

discussion and Conclusions:

7ZR�TXDQWLWDWLYH�PHWKRGV�ZHUH�XVHG�WR�SUHGLFW�GH�%RHU�UDWLQJV�RI�GLVFRPIRUW�JODUH�IRU�FRPSDULVRQ�
ZLWK�WKH�DFWXDO�GH�%RHU�VXEMHFWLYH�UDWLQJV��7KH�¿UVW�PHWKRG�LQFOXGHG�WKH�6FKPLGW�&ODXVHQ�DQG�
%LQGHO¶V�HTXDWLRQ�>�@��DQG�WKH�VHFRQG�PHWKRG�ZDV�SURSRVHG�E\�%XOORXJK�>�@��5HVXOWV�UHYHDOHG�
WKDW�ERWK�PHWKRGV�FRXOG�QRW�SUHGLFW�ZHOO�RQ�WKH�DFWXDO�GH�%RHU�UDWLQJ�LQ�WKLV�H[SHULPHQW��)LQDOO\��
ZH�SURSRVH�D�QHZ�HTXDWLRQ�IRU�SUHGLFWLQJ�WKH�GLVFRPIRUW�JODUH�RI�5*%�/('�%LOOERDUG�DW�QLJKW�

references

>�@&,(�3XEOLFDWLRQ�1R������/LJKW�DV�D�WUXH�YLVXDO�TXDQWLW\��SULQFLSOHV�RI�PHDVXUHPHQW�������
>�@<RVKLQREX�1D\DWDQL��³6LPSOH�(VWLPDWLRQ�0HWKRGV�IRU� WKH�+HOPKROW]�.RKOUXVFK�(IIHFW�´�&RORU�
5HVHDUFK�DQG�$SSOLFDWLRQ��9RO���������SS����������������
>�@6FKPLGW�&ODXVHQ�+-��%LQGHOV�-7+��Ä$VVHVVPHQW�RI�GLVFRPIRUW�JODUH�LQ�PRWRU�YHKLFOH�OLJKWLQJ�³�
/LJKWLQJ�5HVHDUFK�	�7HFKQRORJ\����������������
>�@%XOORXJK��-�'���%URQV��-�$���4L��5��DQG�5HD��0�6���������³3UHGLFWLQJ�GLVFRPIRUW�JODUH�IURP�RXW-
GRRU�OLJKWLQJ�LQVWDOODWLRQV�´�/LJKWLQJ�5HVHDUFK�	�7HFKQRORJ\�������������
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figure 1 – the experimental setup. (a) 1.6 x 1.28 m Led billboard with delta rgB arrange-

ment; (b) viewing dimension.

figure 3 - interaction effect between 

gamut and age

figure 2 - interaction effect bet-

ween gamut and age
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Keynote: towards a new Century of Light
�&KDLU��<RVKL�2KQR��8QLWHG�6WDWHV�
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KS02

tOWArdS A neW Century Of LIgHt

Chain, C.

CERTU, Lyon, France

During the two-day conference, the international community of professionals involved in Light 
DQG�/LJKWLQJ�ZLOO�H[FKDQJH�YLHZV�RQ�WKH�FXUUHQW�VWDWH�RI�NQRZOHGJH�DQG�SUDFWLFH��UHVXOWLQJ�IURP�
a very long history. For CIE, we celebrate the most recent century of activity. And it is a symbolic 
moment, like the end of a chapter.
Not the end of a book though. A new chapter is already on its way, and this last keynote presen-
tation will be an opportunity to try and glance into the future, based on the discussions we have 
KDG��WKH�WDONV�ZH�KDYH�KHDUG��WKH�SUDFWLFDO�H[DPSOHV�ZH�KDYH�VHHQ�DQG�KHDUG��IURP�WKH�GHEDWHV��
in and out the currents where users, academic researchers, and industrials have shaped. This 
ZLOO�WKXV�EH�DQ�DWWHPSW�WR�GUDIW�WKH�VWDUW�RI�D�QHZ�FKDSWHU�DQG�SXW�D�PDUN�RQ�WKH�QH[W�SDJHV�WR�EH�
written.
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INFORMATION ENTROPY AND THE COLORIMETRY OF SPECTRA

Price, L.L. 

Physical Dosimetry, Health Protection Agency, Didcot, Oxfordshire, United Kingdom.

The application of information entropy (Shannon, 1948) to spectra is discussed, with a focus on 
UHFHQW�ZRUN�LQ�WKH�¿HOGV�RI�FRORXU�UHQGHULQJ�SURSHUWLHV�RI�LOOXPLQDQWV��:KLWH�HQWURS\�DQG�6SHFWUDO�
entropy are proposed as useful concepts for simplifying and understanding the dynamics relating 
the challenge of colour rendering to colorimetry. Fig. 1 presents the Planckian locus illuminants as 
DQ�H[DPSOH�RI�WKH�SURSRVHG�LQGLFHV��&RORXU�HQWURS\�LQGH[� �:KLWH�HQWURS\��6SHFWUDO�HQWURS\���$�
further hypothesis relating entropy to colour discrimination is presented, with results comparable 
to experimental data (see Fig. 2). Allowing for adaptation, it is hypothesised that human colour 
GLVFULPLQDWLRQ�LV�IXQFWLRQDOO\�UHODWHG�WR�WKH�:KLWH�HQWURS\�FRQFHSW�DQG�ZDYHOHQJWK�

Shannon CE. A mathematical theory of communication. Bell Sys Labs Tech J, 1948. 27:379-423 
Jul, 623-56 Oct. Price LLA. Entropy, colour and colour rendering. J Opt Soc Am A, 2012. In press.
Judd DB. Chromaticity sensibility to stimulus differences. J Opt Soc Am, 1932. 22:72-108.

Figure 1 Figure 2
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TOWARDS A FIELD SIZE INDEPENDENT METAMERISM

Polster, S., Schierz, C.
TU Ilmenau, Ilmenau, Germany.

7KH�SUHVHQWDWLRQ�ZLOO�JLYH�D�GH¿QLWLRQ�RI�D�¿HOG�VL]H� LQGHSHQGHQW�PHWDPHULVP�DQG�GHVFULEH�D�
PHWKRG�IRU�FDOFXODWLQJ�WKH�YLVXDO�FRORU�VKLIW�GXH�WR�D�FKDQJH�LQ�WKH�REVHUYHU�¿HOG�VL]H��FRPSDULQJ�
GLIIHUHQW�5*%:�/('�V\VWHPV�
One of the outstanding characteristics of LED light sources is their compact size, which allows 
WKH�LQWHJUDWLRQ�RI�OLJKW�VRXUFHV�LQ�FRQ¿QHG�VSDFHV��$UHDV�WKDW�KDYH�IRUPHUO\�EHHQ�OLW�E\�RQH�ODPS�
are now lit by a large number of small light sources. There are two ways of incorporating LEDs in 
RUGHU�WR�OLJKW�ODUJH�DUHDV��2QH�ZD\�LV�WR�XVH�RQO\�ZKLWH�/('V�RI�D�GH¿QHG�FRORU��,Q�WKDW�FDVH�WKH�
/('V�KDYH�WR�EH�VHOHFWHG�VR�WKDW�WKH\�HPLW�H[DFWO\�WKH�VDPH�FRORU�LQ�RUGHU�WR�JLYH�D�KRPRJHQRXV�
impression of the lighted area. The other way is to use sets of LEDs that form a certain color 
JDPXW�LQ�ZKLFK�DOO�FRORUV�FDQ�EH�PL[HG�E\�FRQWUROOLQJ�WKH�/('�RXWSXW�RI�HYHU\�VLQJOH�/('�ZLWK�D�
PL[LQJ�DOJRULWKP��$V�WKH�VSHFWUD�RI�WKH�/('�OLJKW�VRXUFHV�XVHG�ZLOO�DOZD\V�YDU\�WR�D�FHUWDLQ�GHJUHH�
LW�LV�PDLQO\�LPSRUWDQW�WR�KDYH�DQ�H[DFW�ZD\�WR�GHVFULEH�WKH�FRORU�SURSHUWLHV�RI�/('V��8VLQJ�D�ODUJH�
number of single light sources with differing spectral radiant power distributions the question ari-
ses which characteristics the different light sources need to conform to in order to let the surface 
DSSHDU�KRPRJHQRXV�IURP�DQ\�SRLQW�RI�YLHZ�

6SHFWUD�RI�WKH�VDPH�FRORU�LPSUHVVLRQ�KDYLQJ�GLIIHUHQW�UDGLDQW�SRZHU�GLVWULEXWLRQV�DUH�GH¿QHG�DV�
PHWDPHUH�VSHFWUD��+RZHYHU� WKLV�GH¿QLWLRQ� LV� UHVWULFWHG� WR�FRORU�VWLPXOL�RI�D�GH¿QHG�REVHUYHU��
:KHQ�LPSOHPHQWLQJ�D�ODUJH�LOOXPLQDWHG�DUHD�WKH�DPELWLRQ�KDV�WR�EH�WR�FUHDWH�D�KRPRJHQRXV�LP-
SUHVVLRQ�IURP�ZKDWHYHU�GLVWDQFH�REVHUYHG��7KDW�PHDQV�WKH�VDPH�FOXVWHU�RI�/('V�ZLWK�SRVVLEO\�
GLIIHUHQW�VSHFWUDO�SRZHU�GLVWULEXWLRQV�KDV�WR�JLYH�D�XQLIRUP�DSSHDUDQFH�XQGHU�DQ\�JLYHQ�DQJOH��
7KHUHIRUH��FRQVLGHULQJ�WKH�KRPRJHQRXV�LOOXPLQDWLRQ�RI�ODUJH�VXUIDFHV��WKH�GH¿QLWLRQ�RI�PHWDPH-
ULVP�QHHGV�WR�EH�VWUHWFKHG�WR�LQFOXGH�GLIIHUHQW�REVHUYHU�¿HOG�VL]HV��,Q�RUGHU�WR�DFKLHYH�WKLV��WKH�
¿UVW�WDVN�DW�KDQG�LV�WR�GH¿QH�FRORU�VSDFHV�LQ�ZKLFK�PHWDPHUH�VSHFWUD�DUH�DFWXDOO\�PDSSHG�WR�WKH�
VDPH�FRORU�FRRUGLQDWHV�IRU�D�JLYHQ�REVHUYHU�¿HOG�VL]H��2Q�WKLV�EDVLV�WKH�FDOFXODWLRQ�RI�WKH�FRORU�
VKLIW�GXH�WR�D�FKDQJH�LQ�WKH�REVHUYHU�¿HOG�VL]H�ZLOO�EH�LPSOHPHQWHG��7KHUHIRUH�LW�ZLOO�EH�SRVVLEOH�
WR�WHVW�DQ\�VHWV�RI�5*%:�/('V�IRU�WKHLU�FRPSDWLELOLW\�IRU�D�FRPELQHG�XWLOL]DWLRQ�

An experimental setup was designed to create a database of differing LED spectra with the same 
VWLPXOXV�UHVSRQVH��7KH�DLP�ZDV�WR�FRPSDUH�/('�VSHFWUD�ZLWK�D�JUHDW�YDULHW\�RI�GLIIHUHQW�VSHFW-
UDO�SRZHU�GLVWULEXWLRQV��,Q�WRWDO�VHYHQ�GLIIHUHQW�FRORU�PDWFKLQJ�H[SHULPHQWV�ZHUH�FRQGXFWHG��7KH�
FRPSDUHG�VSHFWUDO�UDGLDQW�SRZHU�GLVWULEXWLRQV�UDQJHG�IURP�5*%�/('�VSHFWUD��5*%:�/('�VSHF-
tra to near-continuous LED spectra. The near-continuous Led-spectrum was created by imple-
PHQWLQJ�DQ�/('�OLJKW�VRXUFH�ZLWK�HLJKW�GLIIHUHQW�/('V�VSUHDG�RYHU�WKH�YLVLEOH�VSHFWUXP�LQ�RUGHU�WR�
FUHDWH�VSHFWUD�ZLWK�D�PLQLPXP�RI�SHDNV�RU�GLSV��,Q�HDFK�RI�WKH�H[SHULPHQWV�D�WRWDO�RI����REVHUYHUV�
made color matches at color temperatures of 3500K, 5000K and 6500K in a 2°-, 5°- and 10°-ob-
VHUYHU�¿HOG��,Q�RUGHU�WR�FDOFXODWH�WKH�YLVXDO�FRORU�VKLIW�GXH�WR�D�FKDQJH�LQ�WKH�REVHUYHU�¿HOG�VL]H�LW�
LV�QHFHVVDU\�WR�ZRUN�ZLWK�FRORU�PDWFKLQJ�IXQFWLRQV�WKDW�PHHW�WKH�GH¿QLWLRQ�RI�PHWDPHUHV��WKDW�PH-
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DQV�JLYLQJ�WKH�VDPH�WULVWLPXOXV�YDOXHV�IRU�WKRVH�VWLPXOL�WKDW�PDWFK�LQ�FRORU�IRU�D�GH¿QHG�REVHUYHU��
'LIIHUHQW�FRORU�PDWFKLQJ�IXQFWLRQV�UDQJLQJ�IURP�WKH�&,(�6WDQGDUG�REVHUYHUV�IURP������DQG������
to the cone fundamentals proposed in the technical report CIE 170-1:2006 by the CIE TC1-36 
in 2006, were utilized. The color differences between the color coordinates of the reference light 
VRXUFHV�DQG�WKH�PDWFKHG�WHVW�OLJKWV�ZHUH�FRPSDUHG�DQG�WKH�EHVW�¿W�PRGHO�IRU�WKH�RXWFRPH�RI�WKH�
conducted color matching experiments was established. Then this set of color matching functions 
ZDV�UH¿QHG�LQ�D�ZD\�WR�¿W�WKH�H[LVWLQJ�GDWDEDVH��+RZHYHU�WKH�SUHVHQWHG�PHWKRG�RI�FDOFXODWLQJ�
WKH�FRORU�VKLIW�GXH�WR�D�FKDQJH�LQ�REVHUYHU�¿HOG�VL]H�ZLOO�ZRUN�IRU�DQ\�JLYHQ�VHWV�RI�FRORU�PDWFKLQJ�
IXQFWLRQV�IRU�D����DQG�����REVHUYHU�

7KH�FDOFXODWLRQ�PHWKRG�LQ�RUGHU�WR�HVWLPDWH�WKH�FRORU�VKLIW�GXH�WR�D�FKDQJH�LQ�WKH�REVHUYHU�¿HOG�
VL]H�LV�VLPSO\�EDVHG�RQ�WKH�FDOFXODWLRQ�RI�D�FRORU�GLIIHUHQFH�LQ�D�JLYHQ�FKURPDWLFLW\�GLDJUDP��7KH�
SUHVHQWHG�FDOFXODWLRQ�PHWKRG�ZLOO�IRFXV�RQ�WKH�FRPSDULVRQ�RI�DQ\�WZR�JLYHQ�5*%:�/('�V\VWHPV�
that are to be tested for their compatibility with each other. In order to calculate the resulting color 
GLIIHUHQFH�WKH�DOJRULWKP�IRU�WKH�FRORU�PL[WXUH�FDOFXODWLRQ�KDV�WR�EH�GH¿QHG��7KHQ
the mix spectra for a certain color coordinate in the 2° chromaticity diagram are calculated for 
ERWK�5*%:�/('��V\VWHPV��7KH�UHVXOWLQJ�VSHFWUD�ZLOO�JLYH�WKH�VDPH�FRORU�LPSUHVVLRQ�LQ�D����RE-
VHUYHU�¿HOG��7KHQ�WKH�FRORU�FRRUGLQDWHV�LQ�WKH�����FKURPDWLFLW\�GLDJUDP�ZLOO�EH�FDOFXODWHG�IRU�ERWK�
5*%:�PL[�VSHFWUD��7KH�UHVXOWLQJ�FRORU�GLIIHUHQFH�LV�WKH�LQGLFDWRU�IRU�WKH�DELOLW\�RI�WKH�GLIIHUHQW�
5*%:�/('�V\VWHPV�WR�EH�XVHG�WRJHWKHU�LQ�WKH�DSSOLFDWLRQ�RI�KRPRJHQRXVO\�LOOXPLQDWLQJ�D�ODUJH�
VXUIDFH�DUHD��7KH�LQYHVWLJDWLRQ�KDV�VR�IDU�EHHQ�OLPLWHG�WR�D�FRPSDULVRQ�EHWZHHQ�WKH����DQG�����
¿HOG�VL]H�DV�WKH�FRQH�IXQGDPHQWDOV�SURSRVHG�E\�7&�����GLG�QRW�LQYROYH�¿HOG�VL]HV�ODUJHU�WKDQ�
10°.

(YHQ�VR�WKLV�PHWKRG�KDV�RQO\�EHHQ�YDOLGDWHG�IRU�WKH�JLYHQ�VHW�RI�WHVW�VSHFWUD�DW�WKUHH�GLIIHUHQW�
FRORU�FRRUGLQDWHV�WKH�DXWKRUV�EHOLHYH�WKDW�WKH�PHWKRG�VKRXOG�KROG�IRU�RWKHU�FRORUV�DV�ZHOO��)XUWKHU�
LQYHVWLJDWLRQV�DUH�QHFHVVDU\�

:\V]HFNL�*�6WLOHV�:�6���&RORU�6FLHQFH�&RQFHSWV�DQG�0HWKRGV��4XDQWLWDWLYH�'DWD�DQG�)RUPX-
ODH��-RKQ�:LOH\	6RQV��,QF�������D
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PP003

TESTING A COLOUR-DIFFERENCE FORMULA FOR THE AUTOMOTIVE INDUSTRY USING 

THE EXPERIMENTAL VISUAL DATASETS EMPLOYED IN CIEDE2000 DEVELOPMENT

Melgosa, M.1, Gómez-Robledo, L.1���0DUWtQH]��-�2, Perales, E.3��0DUWtQH]�9HUGX��)�0�3, Dauser, 
T.4

1.�8QLYHUVLW\�RI�*UDQDGD��)DFXOW\�RI�6FLHQFHV��2SWLFV�'HSDUWPHQW��*UDQDGD��*UDQDGD��6SDLQ�
2.�8QLYHUVLW\�RI�*UDQDGD��&RORXU�LQ�,QIRUPDWLFV�DQG�0HGLD�7HFKQRORJ\��&,0(7��(UDVPXV�0XQ-
GXV�0DVWHU��*UDQDGD��*UDQDGD��6SDLQ�
3.�8QLYHUVLW\�RI�$OLFDQWH��&RORXU�	�9LVLRQ�*URXS��8QLYHUVLW\�,QVWLWXWH�RI�$SSOLHG�3K\VLFV�WR�6FLHQ-
ces and Technologies, Alicante, Alicante, Spain.
4.�$8',�$*��,�3*�����,QJROVWDGW��%DYDULD��*HUPDQ\�

&RORXU�GLIIHUHQFH�IRUPXODV�DUH�LPSRUWDQW�WRROV�IRU�REMHFWLYH�SDVV�IDLO�FRORXU�GHFLVLRQV�LQ�SURGXFWV�
PDQXIDFWXUHG�E\�GLIIHUHQW�LQGXVWULHV��7KH�JRDO�LV�WKHVH�REMHFWLYH�GHFLVLRQV�EDVHG�RQ�LQVWUXPHQWDO�
FRORXU�PHDVXUHPHQWV�UHOLDEO\�SUHGLFW�DQG�UHSODFH�VXEMHFWLYH�FRORXU�GLIIHUHQFH�HYDOXDWLRQV�SHU-
IRUPHG�E\�REVHUYHUV¶�SDQHOV�>�@��DV�LQWHQGHG�E\�WKH�ODVW�WZR�&,(�UHFRPPHQGHG�FRORXU�GLIIHUHQFH�
IRUPXODV��&,(���>�@�DQG�&,('(�����>�@�

&XUUHQWO\��WKH�DXWRPRWLYH�LQGXVWU\�LV�FRQFHUQHG�ZLWK�WKH�GHYHORSPHQW�RI�VXFFHVVIXO�FRORXU�GLIIH-
rence formulas for gonioapparent paint materials where different appearance effects (e.g. spark-
OH��JUDLQLQHVV��ÀRS��HWF���SOD\�D�UROH�LQ�DGGLWLRQ�WR�FRORXU�>�@��$8',�KDV�SURSRVHG�WKH�$8',�����
FRORXU�GLIIHUHQFH� IRUPXOD� >�@� IRU�SDVV�IDLO�GHFLVLRQV� LQ� WKH�DXWRPRWLYH� LQGXVWU\��XVLQJ�PDWHULDOV�
ZLWK�VROLG�FRORXUV��L�H��KRPRJHQHRXV��QRQ�JRQLRFKURPDWLF�FRORXUV��DV�ZHOO�DV�PDWHULDOV�ZLWK�ÀRS�
effects. This paper deals only with the performance of the AUDI2000 colour-difference formula 
(Figure 1) for solid colours. AUDI2000 is based on CIELAB lightness, chroma, and hue differen-
FHV��ZLWK�VSHFL¿F�ZHLJKWLQJ�IXQFWLRQV��6/��6&��6+���ZKHUH�&DE�KDV�EHHQ�FRQVLGHUHG�KHUH�WKH�
arithmetical mean of the CIELAB chroma of the two samples in the colour pair, and the parametric 
factors were assumed as kL=kC=kH=1 (CIEDE2000 reference conditions).
:H� FRPSDUH�$8',�����ZLWK�&,(/$%� >�@��&,(���� DQG�&,('(����� FRORXU�GLIIHUHQFH� IRUPXODV��
XVLQJ�WKH�H[SHULPHQWDO�GDWDVHWV�ZLWK�VROLG�FRORXUV�HPSOR\HG�DW�&,('(�����GHYHORSPHQW�>�@��IRXU�
UHOLDEOH�H[SHULPHQWDO�GDWDVHWV�IURP�GLIIHUHQW�ODERUDWRULHV��%)'�3��/HHGV��5,7�'X3RQW��DQG�:LWW��
RQ�D�FRPPRQ�VFDOH��DQG�WKH�&RPELQHG�:HLJKWHG�GDWDVHW��&20�:HLJKWHG���7R�WHVW�WKH�SHUIRU-
PDQFH�RI�GLIIHUHQW�FRORXU�GLIIHUHQFH�IRUPXODV�ZH�ZLOO�XVH�WKH�675(66�LQGH[�>�@��675(66�YDOXHV�
DUH�ZLWKLQ�WKH�UDQJH��������ORZ�675(66�YDOXHV�LQGLFDWLQJ�JRRG�SHUIRUPDQFH�RI�D�JLYHQ�IRUPXOD��
)URP�675(66�YDOXHV��)�WHVWV������FRQ¿GHQFH�OHYHO��ZLOO�EH�SHUIRUPHG�>�@�WR�DVFHUWDLQ�ZKHWKHU�
RU�QRW�WZR�FRORXU��GLIIHUHQFH�IRUPXODV�VKRZ�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�IRU�D�JLYHQ�YLVXDO�
dataset.

)URP�675(66�YDOXHV�DQG�)�WHVWV�ZH�FRQFOXGH�WKDW��,��$8',�����LV�EHWWHU��ORZHU�675(66��WKDQ�
&,(���IRU�WKH�&20��:HLJKWHG��%)'�3�DQG�/HHGV�GDWDVHWV��)�WHVWV�LQGLFDWLQJ�WKDW�WKH�GLIIHUHQFH�
EHWZHHQ�ERWK�IRUPXODV�LV�VWDWLVWLFDOO\�VLJQL¿FDQW�IRU�WKH�&20�:HLJKWHG�DQG�%)'�3�GDWDVHWV��+RZ-
HYHU��$8',�����LV�ZRUVH�WKDQ�&,(���IRU�WKH�5,7�'X3RQW�DQG�:LWW�GDWDVHWV��EXW�WKHLU�GLIIHUHQFHV�
DUH�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW�IRU�HLWKHU�RI�WKHVH�WZR�GDWDVHWV��,Q�VXPPDU\��&,(���DQG�$8',�����
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�ZLWK�6&�DQG�6+�IXQFWLRQV�GLIIHULQJ�DSSUR[LPDWHO\�E\�D�IDFWRU�RI�����DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�
IRU�DQ\�RI�WKH�YLVXDO�GDWDVHWV�WHVWHG��,,��&,('(�����LV�EHWWHU�WKDQ�$8',�����IRU�DOO�GDWDVHWV��DV�
PLJKW�EH�H[SHFWHG��EHDULQJ�LQ�PLQG�WKDW�&,('(�����ZDV�RSWLPLVHG�IRU�WKHVH�VSHFL¿F�GDWDVHWV��
+RZHYHU��WKH�GLIIHUHQFH�EHWZHHQ�&,('(�����DQG�$8',�����LV�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW�IRU�WKH�
%)'�3��5,7�'X3RQW��DQG�:LWW�GDWDVHWV�

7DEOH���VKRZV�WKH�UHOHYDQFH�RI�HDFK�RI� WKH�ZHLJKWLQJ�IXQFWLRQV��6/��6&��6+��SURSRVHG� LQ� WKH�
$8',�����DQG�&,(���FRORXU�GLIIHUHQFH�IRUPXODV��,I�D�ZHLJKWLQJ�IXQFWLRQ�LV�YHU\�LPSRUWDQW�LQ�D�JL-
YHQ�IRUPXOD��ZKHQ�RPLWWHG�WKH�675(66�YDOXH�ZLOO�JUHDWO\�LQFUHDVH��)URP�DOO�SRVLWLYH�YDOXHV�LQ�7D-
ble 1, we conclude that all weighting functions in AUDI2000 and CIE94 play a role. For CIE94, the 
SC function is much more important than the SH function in all datasets, but this cannot be stated 
for the SC and SH functions in AUDI2000. In addition, the chroma dependence in the SL function 
RI�$8',�����LV�YHU\�RULJLQDO��DQG�PDUNHGO\�LPSURYHV�WKLV�IRUPXOD��:H�IRXQG�WKDW�6/�IXQFWLRQV�ZLWK�
FKURPD�GHSHQGHQFH�PD\�LPSURYH�WKH�SHUIRUPDQFH�RI�&,(����6/� ���IRU�GLIIHUHQW�GDWDVHWV�

Conclusions

)RU�WKH�YLVXDO�GDWDVHWV�RI�VROLG�FRORXU�SDLUV�HPSOR\HG�DW�&,('(�����GHYHORSPHQW��$8',�����
ZLWKRXW�ÀRS�WHUPV�SURYLGHV�JRRG�UHVXOWV�LQ�FRPSDULVRQ�ZLWK�WKH�RQHV�IRXQG�IURP�&,(���DQG�&,(-
'(������,Q�SDUWLFXODU��$8',�����ZLWKRXW�ÀRS�WHUPV�LV�YHU\�VLPLODU�WR�&,(����EXW�DGGLQJ�D�FKUR-
PD�GHSHQGHQW�6/�IXQFWLRQ��ZKLFK�PD\�EH�LQVSLULQJ�LQ�IXWXUH�GHYHORSPHQWV�RI�FRORXU�GLIIHUHQFH�
formulas.
$FNQRZOHGJHPHQWV��5HVHDUFK�3URMHFWV�),6�����������DQG�'3,�����������&�������0LQLVWU\�RI�
(FRQRP\�DQG�&RPSHWLWLYHQHVV� �6SDLQ���ZLWK�(XURSHDQ�5HJLRQDO�'HYHORSPHQW�)XQGV� �(5')��
support.

>�@�0��0HOJRVD�HW�DO���³&RORXU�'LIIHUHQFH�(YDOXDWLRQ´��LQ�$GYDQFHG�&RORU�,PDJH�3URFHVVLQJ�DQG�
$QDO\VLV��,6%1��������������������(GLWRU��&��)HUQDQGH]�0DORLJQH���6SULQJHU�������
>�@�&,(�3XE������������³,QGXVWULDO�&RORXU�'LIIHUHQFH�(YDOXDWLRQ´��&,(�&HQWUDO�%XUHDX�������
>�@�&,(�3XE�� ���������� ³,PSURYHPHQW� WR� ,QGXVWULDO�&RORXU�'LIIHUHQFH�(YDOXDWLRQ´��&,(�&HQWUDO�
Bureau, 2001.
>�@��VW�%<.�*DUGQHU�,EHULDQ�$XWRPRWLYH�0HHWLQJ��8QLYHUVLW\�RI�$OLFDQWH��6SDLQ���������KWWS���ZHE�
FVLGLRPDV�XD�HV�FRQJUHVRV�LEHULDQDXWRPRWLYH�LQGH[�KWPO��/DVW�$FFHVV��2FWREHU���WK��������
>�@�7��'DXVHU��³$XGL�&RORU�7ROHUDQFH�)RUPXODV´��3ULYDWH�&RPPXQLFDWLRQ��0DUFK�������
>�@�,62��������������(��&,(�6�������(�������-RLQW�,62�&,(�6WDQGDUG��&,(�&RORULPHWU\�²�3DUW����
&,(������/DE�&RORXU�6SDFH�
>�@�0�5��/XR�HW�DO���³7KH�'HYHORSPHQW�RI�WKH�&,(������&RORXU�'LIIHUHQFH�)RUPXOD��&,('(����´��
Color Res. Appl. 26, 340-350 (2001).
>�@�3�$��*DUFtD�HW�DO���³0HDVXUHPHQW�RI�WKH�5HODWLRQVKLS�%HWZHHQ�3HUFHLYHG�DQG�&RPSXWHG�&RORU�
'LIIHUHQFHV´��-��2SW��6RF��$P��$����������������������
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Figure 1

Table 1 - Increase of STRESS values when each one of the weighting functions proposed 

by AUDI2000 and CIE94 are removed at a time, considering the experimental datasets 

employed at CIEDE2000 development

&20�:HLJKWHG BFD-P Leeds RIT-DuPont :LWW
AUDI2000-SL 7.7 4.4 13.3 12.9 10.4
AUDI2000-SC 4.0 4.2 7.7 1.7 1.1
AUDI2000-SH 8.2 7.4 7.0 7.8 8.6

CIE94-SC 14.1 11.2 10.2 15.5 21.7
CIE94-SH 3.7 3.7 0.1 2.1 4.8



205

Abstracts

PP004

COLOUR RENDERING EVALUATION OF THE LED LIGHT SOURCE BY THE RELATIVE 

EVALUATION 

Kobayashi, S.1, Komatsubara, H.1, Nasuno, N.1, Fuchida, T.2, Hashimoto, K.3

1. Japan Color Research Institute, Saitama-shi, Saitama, Japan.
2.�7RVKLED�&RUSRUDWLRQ��0LQDWR�NX��7RN\R��-DSDQ�
3.�3URIHVVLRQDO�0HPEHU�RI�WKH�,OOXPLQDWLQJ�(QJLQHHULQJ�,QVWLWXWH�RI�-DSDQ��&KL\RGD�NX��7RN\R��
Japan.

Objective:

7KH�SXUSRVH�RI�RXU�VWXG\�LV�WR�FODULI\�WKH�UHODWLRQVKLS�EHWZHHQ�FRORXULPHWULF�FKURPDWLFLW\�YDOXHV�
DQG� VXEMHFWLYH� HYDOXDWLRQ� UHVXOWV� UHJDUGLQJ� FRORXU� DSSHDUDQFH� RI� WKH� WHVW� VDPSOHV� XQGHU� WKH�
WUDGLWLRQDO�ÀXRUHVFHQFH�ODPSV�DQG�WKH�ZKLWH�/('�ODPSV��LQ�RUGHU�WR�REWDLQ�IXQGDPHQWDO�GDWD�IRU�
HYDOXDWLQJ�FRORXU�UHQGHULQJ�SURSHUWLHV�RI�OLJKW�VRXUFHV�LQFOXGLQJ�/('V�

Methods:

+DSORVFRSLF�YLHZLQJ�PHWKRG�ZDV�HPSOR\HG��7KH�OHIW�H\H�YLHZHG�WKH�WHVW�FRORXU�VDPSOH�LOOXPL-
QDWHG�E\�WKH�YLUWXDO�UHIHUHQFH�OLJKW�VRXUFH�LQ�WKH�UHIHUHQFH�YLHZLQJ�ERRWK��7KH�ULJKW�H\H�YLHZHG�
WKH�VDPH�WHVW�FRORXU�VDPSOH�LOOXPLQDWHG�E\�WKH�WHVW�OLJKW�VRXUFH�LQ�ULJKW�WHVW�YLHZLQJ�ERRWK��7KH�
REVHUYHU�GLUHFWO\�HYDOXDWHG�WKH�FRORXU�GLIIHUHQFH�EHWZHHQ�WKH�WZR�WHVW�FRORXU�VDPSOHV�XVLQJ�WKH�
FRORXU�GLIIHUHQFH�VFDOHV�LQ�WKH�UHIHUHQFH�YLHZLQJ�ERRWK��7KH�LOOXPLQDQFH�OHYHO�RI�WKH�OHIW�DQG�WKH�
right booth was kept at 1000lx.
7KH�YLUWXDO�UHIHUHQFH� OLJKW�VRXUFHV�ZDV�XVHG�WKUHH�YHU\�KLJK�FRORXU�UHQGHULQJ�W\SH�ÀXRUHVFHQW�
ODPSV�ZLWK�&&7�����.������.������.��DQG�:H�XVHG�WKH�WKUHH�W\SHV�RI�WHVW�OLJKW�VRXUFHV�LQFOX-
GLQJ�WKH�ZKLWH�/('�OLJKW�VRXUFHV��5*%�SULPDU\��FRORXU�/('�/('�5*%��%OXH�/('�<HOORZ�3KRV-
SKHU�/('�/('�%<��DQG�WKH�WUL�EDQG�W\SH�ÀXRUHVFHQW�ODPSV��7UL�)/��IRU�HDFK�WKH�YLUWXDO�UHIHUHQFH�
light sources.
The test colour samples were 15 chips, 10 for high and 5 for medial chroma, 40x40mm rectangle 
VKDSH��7KH�EDFNJURXQG�LV�FRYHUHG�E\�1��VKHHW��,Q�RUGHU�WR�HYDOXDWH�WKH�GLIIHUHQFH�RI�FRORXU�DW-
WULEXWH�LQGHSHQGHQWO\��ZH�HPSOR\HG�WKH�WKUHH�W\SHV�RI�FRORXU�VFDOHV��OLJKWQHVV��FKURPD��DQG�KXH�
colour scale.
7KH�REVHUYHUV�������SHRSOHV��ZHUH�DVNHG�WKH�PXOWLSOH�QXPEHU�RI�D�FRORXU�GLIIHUHQFH�VFDOH�DV�HTXL-
YDOHQW�WR�WKH�FRORXU�GLIIHUHQFH�EHWZHHQ�WKH�WZR�WHVW�FRORXU�VDPSOHV��7KH�SHUFHLYHG�FRORXULPHWULF�
YDOXH�RI�WKH�WHVW�FRORXUV�XQGHU�WKH�WHVW�OLJKW�VRXUFH�LV�FRPSHQVDWHG�ZLWK�WKUHH�PXOWLSOH�QXPEHU�
YDOXHV�WKDW�REVHUYHU�DQVZHUHG��FRORXULPHWULF�GLIIHUHQFH�RI�WKH�WKUHH�FRORXU�GLIIHUHQFH�VFDOHV�DQG�
FRORXULPHWULF�YDOXH�RI�WKH�WHVW�FRORXUV�XQGHU�WKH�YLUWXDO�UHIHUHQFH�OLJKW�VRXUFH��2Q�WKLV�RFFDVLRQ��
ZH�PDGH�WKH�FRORU�DGDSWDWLRQ�UHYLVLRQ�WKDW�&,(�GD\�OLJKW�RU�3ODQFNLDQ�UDGLDWRU�DVVXPHG�VWDQGDUG�
illuminant. The CCT of reference illuminant is the same as that of test light source.

Results:

7KH�FRORXULPHWULF�YDOXHV�RI����WHVW�FRORXU�VDPSOHV�XQGHU�WKH�WHVW�OLJKW�VRXUFH�DQG�WKH�UHVXOWV�JL-
YHQ�E\�WKH�VXEMHFWLYH�HYDOXDWLRQ�IRU�WKH�WHVW�OLJKW�VRXUFHV�RI�����.��WUL�)/��/('�%<�DQG�/('�5*%�
were shown in Fig.1 to Fig.3.
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$V�VKRZQ�LQ�)LJ����DQG�)LJ����WKH�FRORXULPHWULF�UHVXOWV�RI�7UL�)/�DQG�/('�%<�ZHUH�VLPLODU�WR�WKH�
UHVXOWV�RI�WKH�VXEMHFWLYH�HYDOXDWLRQ�
+RZHYHU��LW�ZDV�VKRZQ�IRU�/('�5*%�WKDW�WKH�FRORXULPHWULF�UHVXOWV�ZHUH�VOLJKWO\�GLIIHUHQW�IURP�WKH�
VXEMHFWLYH�UHVXOWV��&RORXU�GLIIHUHQFH�ZKLFK�D�VXEMHFW�REVHUYHG�LQ�/('�5*%�ZDV�FRQVLGHUDEO\�ODU-
ger than the colour difference of standard scale, and Size of the difference was larger than tri-FL 
DQG�/('�%<�

Conclusions:

&RORXULPHWULF�UHVXOW�DQG�HYDOXDWLRQ�UHVXOW�LQ�WUL�)/�DUH�VLPLODU��6LPLODUO\��,Q�/('�%<��&RORXULPHWULF�
UHVXOW�DQG�D�VXEMHFWLYLW\�UHVXOW�DUH�VLPLODU��7KH�UHODWLRQV�RI�VXEMHFW�UHVXOWV�DQG�FRORXULPHWULF�UH-
VXOWV�LQ�7UL�)/�DOPRVW�DFFRUG�ZLWK�UHODWLRQV�RI�VXEMHFW�UHVXOWV�DQG�FRORXULPHWULF�UHVXOWV�LQ�/('�%<��
7KHUHIRUH��ZH�FDQ�HYDOXDWH�WKH�FRORXU�UHQGHULQJ�HYDOXDWLRQ�RI�/('�%<�E\�D�FRORXULPHWULF�PHWKRG�
LQ�WKH�VDPH�ZD\�DV�FRQYHQWLRQDO�ÀXRUHVFHQW�ODPSV�
In addition, about LED-RGB, chroma of subject colour was appreciated in comparison with chro-
PD�RI�FRORXULPHWULF�YDOXH��:H�VXSSRVH�WKDW�WKH�UHDVRQ�LV�LW��/('�5*%�VKRZHG�WKH�FKURPD�RI�WHVW�
FRORXU�FKLS�YHU\�KLJKO\�IURP�WKH�FKURPD�GLIIHUHQFH�RI�WKH�FRORXU�VFDOH��7KHUHIRUH��WKH�REVHUYHU�
FRXOG�QRW�EXW�HYDOXDWH�YHU\�GLI¿FXOW�H[WUDSRODWLRQ��)XUWKHUPRUH��HDFK�DQVZHU�ZDV�GLIIHUHQW�JUHDWO\�
by subjects being different than other sources of light. If we suppose this to be the cause that a 
VOLJKWO\�GLVDJUHHPHQW�SURGXFHG��ZH�FDQ�VXSSRVH�WKDW�ZH�FDQ�DJUHH�WR�WKH�HYDOXDWLRQ�UHVXOW�WKDW�
D�FRORXULPHWULF�UHVXOWV�DQG�D�VXEMHFWLYH�UHVXOWV�DUH�VLPLODU�WR�DERXW�WHVW�OLJKW�VRXUFH�/('�5*%�
7KLV�UHVHDUFK�SURMHFW�KDV�EHHQ�VXSSRUWHG�E\�1('2��1HZ�(QHUJ\�,QGXVWULDO�7HFKQRORJ\�'HYHORS-
PHQW�2UJDQL]DWLRQ�RI�-DSDQHVH�*RYHUQPHQW��
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Figure 1-3
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PP005

AFFECTIVE EVALUATION ON COLOR SAMPLES ILLUMINATED BY LED LIGHT SOURCES 

- INFLUENCE OF ILLUMINANCE LEVEL

Nakajima, Y., Fuchida, T.
*UDGXDWHV�6FKRRO�RI�-RVKLEL�8QLYHUVLW\�RI�$UW�DQG�'HVLJQ��6DJDPLKDUD�FLW\��-DSDQ�

Introduction

7KH�VSHFWUDO�SRZHU�GLVWULEXWLRQV�RI�/('�OLJKW�VRXUFHV�DUH�GLIIHUHQW�IURP�WKRVH�RI�FRQYHQWLRQDO�OLJKW�
VRXUFHV��WKHUHIRUH�WKH�SUREOHPV�RI�/('�LOOXPLQDWLRQ�RQ�FRORU�UHQGLWLRQ�KDYH�EHHQ�SRLQWHG�RXW�IURP�
VXEMHFWLYH�HVWLPDWLRQ�
&KURPDWLF�REMHFWV�ORRN�PRUH�YLYLG�ZKHQ�LOOXPLQDQFH�LQFUHDVHV��RQ�WKH�RWKHU�KDQG�WKH\�ORRN�GDU-
NHU�DQG�GXOO�ZKHQ�LOOXPLQDQFH�GHFUHDVHV�+XQW�HIIHFW���7KH�OLJKWLQJ�HQYLURQPHQW�RI�D�PXVHXP�LV�
FDUHIXOO\�FRQWUROOHG�QRW�WR�JLYH�DQ\�GDPDJH�DJDLQVW�DUWZRUNV��,Q�FDVH�RI�DQ�H[KLELWLRQ�RI�-DSDQHVH�
SDLQWLQJV�IRU�H[DPSOH��WKH�LOOXPLQDQFH�OHYHO�LV�UHJXODWHG�WR�FRQVWUDLQ�DW�ORZ��XQGHU����O[�LQ�FDVH�RI�
WKH�PRVW�VHYHUH�FDVH�QRW�WR�JLYH�FRORU�IDGH�GDPDJH�DV�OHVV�DV�SRVVLEOH�
+RZHYHU��DW�WKH�YLHZ�SRLQW�RI�DSSUHFLDWLRQ�RI�DUWZRUNV��ORZ�LOOXPLQDQFH�PHDQV�WKH�GHFUHDVH�RI�
inherent color appearance of artworks because artworks will lose brightness and colorfulness at 
low illuminance.
C.Cuttle1) reported that three-band lights were suitable for a museum lighting because they would 
KDYH�WKH�SHUIRUPDQFH�RI�WKH�VDPH�YLVXDO�VDWLVIDFWLRQ�ZLWK�WKDW�RI�LQFDQGHVFHQW�ODPSV�DW�HTXDO�
illuminance.
R.Berns2) studied the performance of a white LED light with red-green-blue prime colors and con-
cluded that the rgb- LED light sources had unique color enhancement effects and those effects 
might be useful for low illuminance exhibition of artworks at a museum.
7KH�SXUSRVH�RI�RXU�VWXG\�LV�WR�H[DPLQH�VXEMHFWLYHO\�WKH�FRORU�HQKDQFHPHQW�HIIHFWV�RI�/('�5*%�
LOOXPLQDWLRQ�FRPSDUHG�ZLWK�RWKHU�OLJKW�VRXUFHV�DW�YHU\�ORZ�LOOXPLQDQFH�OHYHO�DQG�DOVR�WR�LQYHVWL-
JDWH� WKH�FRPSDULVRQ�EHWZHHQ� WKH�VXEMHFWLYH�FRORU�DSSHDUDQFH�DQG� WKH�FDOFXODWLRQ�DQDO\VLV�RI�
&,(&$0���

Methods

:H�LQYHVWLJDWHG�VXEMHFWLYHO\� WKH�FRORU� UHQGHULQJ�SURSHUWLHV�RI� WKUHH�NLQGV�RI� OLJKW�VRXUFHV�� WKH�
FRQYHQWLRQDO�ÀXRUHVFHQW� ODPS��)/�::�5D�������.���WKH�EOXH�/('�DQG�\HOORZ�SKRVSKRU�W\SH�
/('�OLJKW�VRXUFH��/('��%<�5D�������.��DQG�WKH�/('�OLJKW�VRXUFH�FRPSRVHG�RI�UHG��JUHHQ�DQG�
blue LEDs (LED-RGB,Ra19,2880K).
7KH�VXEMHFWLYH�H[SHULPHQW�RI�DIIHFWLYH�HYDOXDWLRQ�E\�VHPDQWLF�GLIIHUHQWLDO�PHWKRG��VHYHQ�FDWH-
gorized scale) on the two-color harmonies (the pairs of color chips) illuminated by each test light 
VRXUFH�ZLWK�GLIIHUHQW�LOOXPLQDQFH�OHYHOV�ZDV�FDUULHG�RXW��7HQ�NLQGV�RI�WKH�DGMHFWLYH�SDLUV�ZHUH�XVHG�
IRU�DIIHFWLYH�HYDOXDWLRQ��7DEOH���
+DSORVFRSLF�YLHZLQJ�PHWKRG�ZDV�HPSOR\HG�LQ�WKH�H[SHULPHQW��7KH�OHIW�H\H�YLHZHG�WKH�OHIW�UHIH-
UHQFH�ERRWK�LOOXPLQDWHG�E\�)/�('/��5D��������.��DQG�WKH�ULJKW�H\H�YLHZHG�WKH�ULJKW�WHVW�ERRWK�
VHSDUDWHO\��7KH�LQVLGH�RI�WKH�ERRWK�ZDV�SDLQWHG�E\�1���(DFK�REVHUYHU�HYDOXDWHG�FRORU�HPRWLRQ�
of the test color samples on the right booth compared with color emotion of the reference color 
samples on the left booth.
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Results

7KH�H[SHULPHQWDO�UHVXOWV�FOHDUO\�VKRZHG�WKDW�DIIHFWLYH�HYDOXDWLRQ�RQ�WKH�WZR�FRORU�KDUPRQLHV�ZDV�
VWURQJO\�LQÀXHQFHG�E\�WKH�FRORU�UHQGHULQJ�SURSHUWLHV�RI�WKH�WHVW�OLJKW�VRXUFHV��(VSHFLDOO\�ZH�IRXQG�
WKDW�LI�D�SDLU�RI�FRORUV�KDG�UHG�RU�JUHHQ�IRU�HDFK�SDUW��DIIHFWLYH�HYDOXDWLRQ�E\�/('�5*%�EHFDPH�
DSSDUHQW�LQVWHDG�E\�RWKHU�OLJKW�VRXUFHV��)LJXUH���VKRZHG�WKH�VXEMHFWLYH�HYDOXDWLRQ�SUR¿OHV��DYH-
rage of all subjects) of the pair(a) (a pair of red and green color samples) for each illuminance le-
YHO��,W�ZDV�VKRZQ�WKDW�WKH�DIIHFWLYH�HYDOXDWLRQ�UHVXOWV�XQGHU�/('�5*%�ZHUH�FOHDUO\�GLIIHUHQW�IURP�
WKRVH�RI�/('�%<�DQG�)/�::�DW�DOO�LOOXPLQDQFH�OHYHOV�
Figure 2 showed the color gamuts of the special pairs of color samples, namely each color sam-
ples had red or green part in the pairs, under 700 lx and 10 lx of each test light sources on the 
D0�E0�FKURPD�FRRUGLQDWHV�RI�&,(&$0����$V�VKRZQ�LQ�WKH�)LJ����WKH�FRORU�DSSHDUDQFH�RI�WKH�
test color samples shifted to particularly reddish and greenish direction than yellowish and blueish 
GLUHFWLRQ�LQ�FRORUIXOQHVV��0RUHRYHU�WKH�FRORU�HQKDQFHPHQW�HIIHFW�E\�/('�5*%�ZDV�NHSW�IURP�KLJK�
LOOXPLQDQFH�OHYHO�WR�YHU\�ORZ�LOOXPLQDQFH�OHYHO��1H[W��ZH�FDOFXODWHG�WKH�JDPXW�DUHD�LQ�)LJ���DQG�
VKRZHG�WKH�QXPHULFDO�YDOXHV�LQ�7DEOH����$V�VKRZQ�LQ�)LJ���DQG�7DEOH����WKH�JDPXW�DUHD�RI�/('�
5*%�KDV�WKH�PD[LPXP�DW�HYHU\�LOOXPLQDFH�OHYHOV��DQG�WKRVH�RI�/('�%<�DQG�)/�::�ZHUH�DOPRVW�
the same.
)URP�WKLV�VWXG\��ZH�FRQ¿UPHG�WKDW�/('�5*%�KDG�FRORU�HQKDQFHPHQW�HIIHFW�HYHQ�LQ�YHU\�ORZ�LO-
luminance and kept the good color rendering properties in low illuminance. Therefore, LED-RGB 
FRXOG�EH�XVHG�IRU�FRORU�DSSUHFLDWLRQ�DUHD��IRU�H[DPSOH�D�PXVHXP�RU�D�FKXUFK��LQ�YHU\�ORZ�LOOXPL-
nance.
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WKH�YLHZLQJ�ERRWK�DQG�WKH�OXPLQDLUHV�DQG�WKH�PHDVXUHPHQW�LQVWUXPHQWV�
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)LJXUH�����7KH�VXEMHFWLYH�HYDOXDWLRQ�SUR¿OHV�RI�WKH�SDLU��D��RI�FRORUV�IRU�HDFK�LOOXPLQDQFH�
level

Figure 2 - The color gamuts of the three pairs of color samples on the aM-bM chroma 

coordinates
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Table 2 - The gamut area of aM-bM coordinates of the six color samples of the three pairs 

of color samples

DGMHFWLYH VHYHQ�FDWHJRUL]HG�VFDOH�����VWURQJO\���������VWURQJO\ DGMHFWLYH
dull

VWURQJO\�����YHU\�����PRGHUDWHO\�����QHXWUDO����
PRGHUDWHO\����YHU\����VWURQJO\���

YLYLG
dislike like
dirty beautiful

unconfortable confortable
muddy clear
KHDY\ light
dark bright
cool warm

SDVVLYH DFWLYH
sober loud

Table 1 - The pairs of the adjectives for SD evaluation.

RGB %< ::
700 lx 3599 2673 2290
10 lx 1739 1279 1191
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PP006

SUBJECTIVE ASSESSMENT OF UNIQUE COLOURS AS A TOOL TO EVALUATE THE 

QUALITY OF WHITE LIGHT SOURCES

da Pos, O.1, Fiorentin, P.2, Scroccaro, A.2, Fontana, C.1, Guerra, D.1 , Gardin, E.1, Filippi, A.1

1.�8QLYHUVLW\�RI�3DGXD���'LSDUWLPHQWR�),633$��3DGRYD��3'��,WDO\�
2.�8QLYHUVLW\�RI�3DGXD���'LSDUWLPHQWR�'L�,QJHJQHULD�,QGXVWULDOH��3DGXD��,WDO\�

2QH�HVVHQWLDO�SUREOHP�LQ�HYDOXDWLQJ�WKH�TXDOLW\�RI�D�OLJKW�VRXUFH�LV�WKH�PHDVXUH�RI�FRORXU�¿GHOLW\��
meant as the reproduction of the same colours under different sources. The colour rendition of a 
test source, in comparison with a reference source, is usually measured by the colour difference 
EHWZHHQ�VHWV�RI�FRORXUV�LQ�WKH�WZR�FRQGLWLRQV��7KH�VXEMHFWLYH�FRXQWHUSDUW�RI�WKHVH�PHDVXUHV�LV�D�
GLUHFW�FRPSDULVRQ�RI�WKH�FRORXUV�SHUIRUPHG�E\�DQ�DFWXDO�REVHUYHU��DQG�WKLV�SRVHV�PHWKRGRORJLFDO�
SUREOHPV�DV�UHJDUG�WR�HLWKHU�WKH�DGDSWDWLRQ�VWDWH�LQ�FRQFXUUHQW�REVHUYDWLRQV�RU�WKH�PHPRU\�LQÀX-
HQFH�GXH�WR�WKH�GHOD\HG�FRPSDULVRQ��7KLV�VWXG\�LV�GLUHFWHG�WR�VROYH�WKHVH�SUREOHPV�

,Q�WKH�¿UVW�H[SHULPHQW�ZH�VWXGLHG�D�VHULHV�RI����FRORXUV��SUHVHQWHG�VLQJXODUO\�LQ�WKH�ORZHU�SDUW�RI�D�
FDOLEUDWHG�PRQLWRU��GLYLGHG�LQ�WZR�JURXSV��FRQWDLQLQJ���XQLTXH�KXHV�[���QXDQFHV�HDFK��LQ�WKH�FDVH�
RI�UHG��LQ�WKH�¿UVW�JURXS�FRORXUV�GLIIHUHG�LQ�³UHGQHVV´�DORQJ�WKH�UHG�ZKLWH�LQWHUYDO��ZKLOH�LQ�WKH�RWKHU�
JURXS�DORQJ�WKH�UHG�EODFN�LQWHUYDO��DQG�VLPLODUO\�IRU�WKH�RWKHU�KXHV���$�VHULHV�RI�VHYHQ�FRORXUV�RI�
WKH�VDPH�XQLTXH�KXH�ZHUH�SUHVHQWHG�LQ�WKH�XSSHU�SDUW�RI�WKH�PRQLWRU��YDU\LQJ�WRZDUGV�WKH�ZKLWH�
IRU�EODFNLVK�VDPSOHV��DQG�WRZDUGV�WKH�EODFN�IRU�WKH�ZKLWLVK�RQHV��7KH\�VHUYHG�DV�D�UHIHUHQFH�WR�
PDNH�HDVLHU�WKH�HYDOXDWLRQ�RI�WKH�DPRXQW�RI�WKH�WLQW�XQGHU�FRQVLGHUDWLRQ��)RXU�REVHUYHUV�SHUIRU-
med the task of choosing the patch of the series which showed the same redness (or another 
KXH��RI�WKH�WHVW�SDWFK��,QWHUSRODWLRQ�DQG�H[WUDSRODWLRQ�ZHUH�SRVVLEOH��(DFK�REVHUYHU�UHSHDWHG�WKH�
WDVN�IRXU�WLPHV�LQ�GLIIHUHQW�SHULRGV��5HVXOWV�ZHUH�UHFRUGHG�LQ�WKH�IRUP�RI�WKH�FRORXUIXOQHVV��0¶��
of the chosen patches, and their mean compared with the colourfulness of the test patch. Linear 
functions were obtained with slope around 0.7 when the tests where blackish, and around unity 
ZKHQ�WKH�WHVWV�ZHUH�ZKLWLVK�� ,Q� WKLV� ODWWHU�FDVH�FRORXUIXOQHVV�ZDV�VOLJKWO\�RYHUHVWLPDWHG�IRU�DOO�
KXHV��ZKLOH�LQ�WKH�¿UVW�FDVH�WKLV�KDSSHQHG�PDLQO\�IRU�WKH�UHG�KXH��5HVXOWV�VKRZHG�WKDW�HYDOXDWLRQ�
RI�WKH�KXH�DWWULEXWH�LV�FRQVLVWHQW�DPRQJ�REVHUYHUV�

*LYHQ�WKH�SRVLWLYH�UHVXOWV�RI�WKLV�SUHOLPLQDU\�H[SHULPHQW��D�VHFRQG�H[SHULPHQW�ZDV�SHUIRUPHG�LQ�
ZKLFK�SULQWHG�SDSHUV�ZHUH�XVHG�IRU�WKH�HYDOXDWLRQ�RI�WKH�KXH�DWWULEXWH��)RXU�UHIHUHQFH�VHULHV�RI�
ten samples each were printed with colours of each unique hue, the samples were distributed in 
uniform steps from the most chromatic (with the limitation of our printer) to white, and other four 
VHULHV�IURP�WKH�PRVW�FKURPDWLF�WR�EODFN��&RORXUV�ZHUH�REVHUYHG�LQ�D�YLHZLQJ�ERRWK��OLW�E\�D�/('�
����.�VRXUFH��7ZR�ZKLWLVK�FRORXUV�SHU�KXH�ZHUH�HYDOXDWHG�LQ�D�¿UVW�UXQ��DQG�WZR�EODFNLVK�FRORXUV�
LQ�D�VHFRQG�UXQ��7KH�SURFHGXUH�ZDV�WKH�VDPH�DV�EHIRUH�� IRU� WKH�UHG�KXH�� WHQ�REVHUYHUV�ZHUH�
asked to chose the colour of the reference series which showed the same redness (the same way 
for the other hues) of the test colour. As before, also in this experiment when the test colour was 
ZKLWLVK��WKH�UHIHUHQFH�VHULHV�ZDV�EODFNLVK��DQG�WKH�UHYHUVH��5HVXOWV�� LQ�WHUPV�RI�FRORXUIXOQHVV��
ZHUH�LQ�DJUHHPHQW�ZLWK�WKH�SUHYLRXV�RQHV��VXEMHFWLYH�HYDOXDWLRQV�RI�FRORXUIXOQHVV�DOPRVW�DOZD\V�
FRUUHVSRQGHG�WR�LQVWUXPHQWDO�PHDVXUHPHQW�UHVXOWV�RQ�WKH�WHVW�VDPSOHV��VKRZLQJ�WKDW�REVHUYHUV�
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FRXOG�FRQVLVWHQWO\�HYDOXDWH�KRZ�PXFK�WLQW�LV�SHUFHLYHG�LQ�D�FRORXU�
7KH�WKLUG�H[SHULPHQW�ZDV�GHYLVHG�WR�VHH�ZKHWKHU�HYDOXDWLRQ�RI�WKH�KXH�DWWULEXWH�FRXOG�FRQVLVWHQW-
ly be made for mixed colours (in the Hering sense, according to whom a colour appears mixed 
ZKHQ�WZR�GLIIHUHQW�KXHV�DUH�YLVLEOH�LQ�LW���:H�SULQWHG�WKUHH�VDPSOHV�IRU�IRXU�PL[HG�KXHV��DOO�WKH\�
ZHUH�DOPRVW�����VLPLODU�WR�RQH�KXH�DQG�����WR�WKH�RWKHU�KXH��DFFRUGLQJ�WR�WKH�1&6�QRWDWLRQ���
the colours were either whitish, or blackish, or highly chromatic. Two experimenters performed 
WKH�WDVN�WKUHH�WLPHV�ZLWK�WKH�IRXU�PL[HG�KXHV��WXUTXRLVH��SXUSOH��RUDQJH�DQG�OLPH��LW�FRQVLVWHG�LQ�
choosing from the reference series of colours (ten samples of unique hues from the most chroma-
tic to black) the sample which appeared of the same amount of tint as the test sample. Later ten 
PRUH�REVHUYHUV�SHUIRUPHG�WKH�VDPH�WDVN�WZLFH�RQO\�ZLWK�WXUTXRLVH�DQG�SXUSOH�VDPSOHV��ZKLOH�WHQ�
PRUH�REVHUYHUV�SHUIRUPHG�WKH�VDPH�WDVN�ZLWK�WKH�RWKHU�WZR�PL[HG�WHVW�FRORXUV��7KH�H[SHFWDWLRQ�
was that the chosen colours from the two reference series had to show the same colourfulness, 
EHFDXVH�WKH�WHVW�FRORXU�ZDV�QRPLQDOO\�PLGZD\�EHWZHHQ�WZR�FRQVHFXWLYH�XQLTXH�KXHV��H�J������
UHGGLVK�DQG�����\HOORZLVK���$V�UHJDUG�WR�WKH�ZKLWLVK�DQG�EODFNLVK�VDPSOHV�WKH�UHVXOWV�ZHUH�LQ�
agreement with the expectations, but not for the chromatic ones. In this latter case, considering 
WKH�RUDQJH�VDPSOH��HYDOXDWLRQV�RI� LWV�VLPLODULW\�ZLWK�UHG�DQG�\HOORZ�WLQWV�SURYLGHG�YDOXHV�ORZHU�
WKDQ�WKH�QRPLQDO�RQHV��LQ�WHUPV�RI�1&6�QRWDWLRQ���PRUHRYHU�\HOORZQHVV�ZDV�FKRVHQ�KLJKHU�WKDQ�
redness. Analogous results were obtained for the other chromatic samples. This result can ap-
pear as an anomaly, therefore it is worth to be more deeply analyzed. The methodology tested in 
WKHVH�H[SHULPHQWV�VHHPHG�WR�JLYH�UDWKHU�FRKHUHQW�DQG�FRQVLVWHQW�UHVXOWV�

,Q�DOO�WKH�H[SHULPHQWV�WKH�XVH�RI�WKH�UHIHUHQFH�VHULHV�RI�VDPSOHV�ZDV�YHU\�KHOSIXO��WKH\�VKRZHG�
KRZ�PXFK�WKH�WLQW�FRXOG�YDU\�IURP�WKH�PRVW�FKURPDWLF�FRORXU�WR�ZKLWH��RU�WR�EODFN��DQG�PDNH�HDVLHU�
to compare the amount of the tint in the test colour in order to chose the corresponding reference 
VDPSOH��1H[W�VWHS�ZLOO�EH�WR�UHPRYH�WKH�UHIHUHQFH�VHULHV�RI�FRORXUV�DQG�SHUIRUP�WKH�HYDOXDWLRQV�
only on the basis of the redness, blueness, greenness, yellowness, whiteness, and blackness, 
ZKLFK�DOO�SHRSOH�KDYH�LQ�WKHLU�PLQG�DV�VWUXFWXUHV�RI�RXU�FRORXU�SHUFHSWLRQ�V\VWHP��7KLV�¿QDO�VWHS�
FRXOG�VKRZ�WKDW�LW�LV�SRVVLEOH�WR�HYDOXDWH�FRQVLVWHQWO\�DOO�WKH�EDVLF�DWWULEXWHV�RI�DOO�FRORXUV�ZLWKRXW�
WKH�QHHG�RI�GLUHFW�FRPSDULVRQV��LPSRUWDQW�UHTXLUHPHQW�LQ�WKH�HYDOXDWLRQ�RI�FRORXU�¿GHOLW\�UHODWLYH�
to the quality of light sources.
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PP008

USER EVALUATION OF EIGHT LED LIGHT SOURCES WITH DIFFERENT SPECIAL CO-

LOUR RENDERING INDICES R9

Iversen, A.1, 0DUNYDUW��-�1, Logadottir, A.1, Corell, D.D.2, Thorseth, A.2, Dam-Hansen, C.2

1.�'DQLVK�%XLOGLQJ�5HVHDUFK�LQVWLWXWH��$DOERUJ�8QLYHUVLW\��.¡EHQKDYQ��'HQPDUN�
2.�'78�3KRWRQLFV��7HFKQLFDO�8QLYHUVLW\�RI�'HQPDUN��5RVNLOGH��'HQPDUN�

Objective

7KH�LQÀXHQFH�RI�WKH�VSHFWUDO�SRZHU�GLVWULEXWLRQ�RI�ZKLWH�/('�OLJKW�VRXUFHV�RQ�WKH�FRORXU�DSSHD-
UDQFH�RI�REMHFWV� LV�XQGHU�GLVFXVVLRQ��1HZ�PHWULFV�DUH�EHLQJ�SURSRVHG� IRU� LPSURYHPHQW�RI� WKH�
shortcomings of the Colour Rendering Index (CRI). But as long as CRI is the standard used, there 
LV�D�SRVVLELOLW\�WR�WDNH�LQWR�DFFRXQW�DQG�HYDOXDWH�WKH�VSHFLDO�FRORXU�UHQGHULQJ�LQGLFHV�5i, along 
with the General Colour Rendering index, Ra. Especially R9 for the strong red test-colour sample, 
TCS09, is not used for the calculation of Ra, but is especially pertinent since the rendition of sa-
turated red is important for the appearance of skin tones. The aim of this experimental study was 
WR�HYDOXDWH�WKH�LQÀXHQFH�RI�59 on colour perception of objects illuminated by different white LED 
OLJKW�VRXUFHV�DYDLODEOH�RQ�WKH�PDUNHW�WRGD\�

Method

(LJKW�/('�UHWUR¿W�OLJKW�VRXUFHV�ZHUH�FKRVHQ�IRU�WKHVH�H[SHULPHQWV��IURP�D�VXUYH\�RI�/('�SUR-
ducts on the Danish market. Here 266 white LED light sources were tested for their photometric 
DQG�FRORULPHWULF�SURSHUWLHV�>�@��7KH�FKRRVHQ�/('�OLJKW�VRXUFHV�KDV�VLPLODU�FRUUHODWHG�FRORXU�WHP-
SHUDWXUH��&&7��RI�����.�������.�DQG�5D�RI�����������EXW�YDU\LQJ�5���7KH�PHDVXUHG�FRORULPHWULF�
properties of the LED light sources are shown in table 1.

���WHVW�VXEMHFWV�HYDOXDWHG�WKH�/('�OLJKW�VRXUFHV�ZLWK�59 ranging from 3 to 25. The test set-up con-
VLVWHG�RI�IRXU�LGHQWLFDO�EODFNHG�RXW�URRPV��)LJXUH�����(DFK�URRP�ZKHUH�GLYLGHG�LQ�WZR�VXE�DUHDV�
E\�QRQ�WUDQVOXFHQW�IDEULF��)RU�HDFK�VXE�DUHD�RQH�/('�OLJKW�VRXUFH�OLW�WKH�ZKLWH�ZDOO��ZKHUH�D�0XQ-
VHOO�&RORU�FKDUW��0DFEHWK�&RORU&KHFNHU��ZDV�PRXQWHG��7KH�/('�OLJKWV�ZHUH�FDUHIXOO\�SODFHG�DW�
D�GLVWDQFH�IURP�WKH�0XQVHOO�FKDUW�WKDW�UHVXOWHG�LQ�D�ZDOO�LOOXPLQDQFH�RI�����O[��)RU�HDFK�WHVW�URRP�
WKH�WHVW�VXEMHFWV�HYDOXDWHG�WZR�/('�OLJKW�VRXUFHV�DJDLQVW�HDFK�RWKHU�

7KH�H[SHULPHQW�FRQVLVWHG�RI����WHVW�URXQGV��)RU�HYHU\�WHVW�URXQG���VXEMHFWV�HYDOXDWHG�WKH�VHW�XS�
starting with one person in each room. The subjects rotated between the rooms systematically to 
HQVXUH�WKDW�WKH�H[SHULPHQW�ZDV�EDODQFHG�LQ�WKH�RUGHU�LQ�ZKLFK�WKH�/('�OLJKW�VRXUFHV�ZHUH�HYDOX-
DWHG��0RUHRYHU��WKH�ORFDWLRQ�RI�WKH�/('�OLJKW�VRXUFHV�ZDV�FKDQJHG�DIWHU�HDFK�WHVW�URXQG��$W�WKH�
HQG��HDFK�RI�WKH�/('�OLJKW�VRXUFHV�KDG�EHHQ�HYDOXDWHG�DJDLQVW�WKH�VHYHQ�UHPDLQLQJ�OLJKW�VRXUFHV�
twice by four test subjects.

8SRQ�HYDOXDWLRQ��WKH�WHVW�VXEMHFWV�ZHUH�DVNHG�WR�¿OO�LQ�D�TXHVWLRQQDLUH��DERXW�����7KH�FRORXU�DS-
SHDUDQFH�RI�WKH�0XQVHOO�FKDUW�����7KH�DSSHDUDQFH�RI�D�ZKLWH�SDSHU�����7KH�DELOLW\�WR�UHDG�WZR�OLQHV�
RI�WH[W�����7KH�DSSHDUDQFH�RI�WKH�VNLQ�WRQHV�RQ�WKHLU�KDQG�DQG����,Q�ZKLFK�W\SH�RI�URRP�WKH\�ZRXOG�
ORFDWH�WKH�OLJKW�VRXUFH�LI�JLYHQ�WKH�FKRLFH�
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7KH�VXEMHFWV�ZHUH�JLYHQ���PLQXWHV�WR�HYDOXDWH�WKH�WZR�/('�VRXUFHV�LQ�HDFK�URRP�

Results

For the selected LED sources it is expected that the special colour rendering indices9 has a pro-
QRXQFHG�HIIHFW�RQ�WKH�DSSHDUDQFH�RI�VNLQ�WRQHV��:H�H[SHFW�WKDW�D�YDOXH�59 below 20 has a major 
effect on the colour appearance while an R9�DERYH����GRHV�QRW�DOWHU�WKH�DSSHDUDQFH�IRU�XQWUDLQHG�
SHRSOH�WR�QRWLFH�D�FKDQJHG�FRORU�DSSHDUDQFH��PDLQO\�EHFDXVH�RI�D�UHODWLYHO\�IDVW�FRORXU�DGDSWD-
tion of the eye.
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Figure 1 - Sketch showing the test set-up

Table 1 - Measured colorimetric properties of the eight LED light sources used in the 

tests

Light Source CCT CRI R9 'XY������
1 2988 79.6 17.0 3.2
2 3056 78.8 3.0 1.9
3 2939 81.2 25.5 -5.4
4 2965 79.8 21.6 -4.6
5 2959 81.9 26.7 5.6
6 2909 81.4 23.5 1.6
7 2950 81.3 9.6 -0.78
8 2704 82.8 17.3 8.6
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SPAN OF FUNDAMENTAL COLORS OF PEOPLE WITH COLOR VISION DEFECT

Sagawa, K., Itoh, N.
)DFXOW\�RI�+XPDQ�6FLHQFH�DQG�'HVLJQ��-DSDQ�:RPHQµV�8QLYHVUVLW\��7RN\R��-DSDQ�

Introduction

6SHFL¿FDWLRQ�RI�VSDQ�RI�IXQGDPHQWDO�FRORUV�LQ�D�FRORU�VSDFH��H�J�0XQVHOO�&RORXU�6SDFH��LV�XVHIXO�
IRU�FRQVSLFXRXV�FRORXULQJ�RI�REMHFWV�RU�FUHDWLQJ�GLVWLQFW�FRORXU�FRPELQDWLRQV�LQ�YLVXDO�VLJQV��6D-
JDZD�DQG�7DNDKDVKL��������DQG�,WRK�DQG�6DJDZD��������KDYH�VKRZQ�WKH�VSDQV�RI�IXQGDPHQWDO�
FRORXUV�EDVHG�RQ�VXEMHFWLYH�FRORXU�VLPLODULW\� MXGJHPHQW��EXW�QRW�RQ�FRORXU�GLVFULPLQDWLRQ��DQG�
KDYH�H[SUHVVHG�WKRVH�DV�DUHDV�RI�WKH�VLPLODU�FRORUV�LQ�WKH�0XQVHOO�&RORU�6SDFH��'DWD�ZHUH�WDNHQ�
IRU�\RXQJHU�DQG�ROGHU�SHRSOH�DV�ZHOO�DV�IRU�ORZ�YLVLRQ�LQ�RUGHU�WR�XVH�WKH�GDWD�LQ�D�ZLGHU�DSSOL-
FDWLRQ�¿HOGV��7KH�GDWD�FROOHFWLRQ�LV�VWLOO�EHLQJ�FRQWLQXHG�LQ�D�V\VWHPDWLF�ZD\�WR�SHRSOH�ZLWK�FRORU�
YLVLRQ�GHIHFWV�ZKR�KDYH�ODUJHO\�GLIIHUHQW�FKDUDFWHULVWLFV�IURP�SHRSOH�RI�QRUPDO�FRORU�YLVLRQ��7KH�
present study aims to show the data on the span of fundamental colours taken for people with 
colour defects.

Background

&,(�SXEOLVKHG�D� WHFKQLFDO� UHSRUW�&,(���������� ³&,(�*XLGH� WR� ,QFUHDVLQJ�$FFHVVLELOLW\� LQ�/LJKW�
DQG�/LJKWLQJ´�WR�DGGUHVV�WKH�QHHG�IRU�SURYLGLQJ�DSSURSULDWH�OLJKWLQJ�IRU�SHRSOH�ZLWK�VSHFLDO�UHTXL-
UHPHQWV�VXFK�DV�ROGHU�SHRSOH��SHRSOH�ZLWK�ORZ�YLVLRQ��$OWKRXJK�WKH�UHSRUW�LQFOXGHV�XVHIXO�LQIRU-
PDWLRQ�FRQFHUQLQJ�YLVXDO�SURSHUWLHV�RI�WKH�YLVXDO�GLVDEOHG�EXW�VWLOO�QHFHVVDU\�GDWD�IRU�LQFUHDVLQJ�
lighting accessibility is missing. The present study is able to offer the useful data that will be used 
IRU�EHWWHU�OLJKWLQJ�DQG�VLJQLQJ�WR�SHRSOH�ZLWK�FRORU�YLVLRQ�GHIHFWV�

Method

0HWKRG�WR�PHDVXUH�WKH�VSDQ�RI�IXQGDPHQWDO�FRORU�LV�WKH�VDPH�DV�ZH�XVHG�LQ�WKH�PHDVXUHPHQW�IRU�
ROGHU�SHRSOH�DQG�SHRSOH�ZLWK�ORZ�YLVLRQ��6DJDZD�DQG�7DNDKDVKL��������,WRK�DQG�6DJDZD���������
but the numbers of the reference colors and the test ones were slightly differed to a total of 16 
reference colours and of 200 test colors.

7KH�VXEMHFWV�ZDV�JLYHQ�RQH�RI�WKH�����WHVW�FRORXUV�DQG�DVNHG�WR�VHOHFW�DQ\�IURP�D�WRWDO�RI����UH-
ference colors that were displayed in front of the subject and looks similar to the test one in colour 
appearance. There was no limitation for the number of selection and no choice was allowed if 
nothing similar to the test. This trial was continued until all the judgment for the 200 test colours 
were done.

%\�FROOHFWLQJ�WKH�GDWD�IURP�D�QXPEHU�RI�VXEMHFWV�WKH�SUREDELOLW\�RI�SHRSOH�ZKR�MXGJHG�³VLPLODU´�
was obtained to any combination of the reference and test colors. These probability data were 
XVHG�WR�VSHFLI\�WKH�DUHD�RI�VLPLODULW\�LQ�WKH�0XVQHOO�&RORU�6SDFH�WR�HDFK�RI�WKH�UHIHUHQFH�FRORUV�
6XEMHFWV�ZHUH�DOO�FRORU�GHIHFWV����SURWDQRSHV�DQG���'HXWHUDQRSHV�PHGLFDOO\�GLDJQRVHG��6L[�PRUH�
subjects of abnormal trichromats (P and D type) were participated but the data were not included 
in the present analysis.



217

Abstracts

Results and Discussion

Figure 1 (a) and (b) shows the areas of two fundamental colors, red (5R5/12) and green (5G5/8) 
UHVSHFWLYHO\�ERWK�GH¿QHG�E\�WKH�����VLPLODULW\��PHDQLQJ�����RI�WKH�VXEMHFWV�MXGJHG�WKH�FRORXUV�
VLPLODU�WR�WKH�UHIHUHQFH���'DWD�DW�WKH�0XQVHOO�9DOXH���SODQH�DUH�RQO\�VKRZQ��7KUHH�FRQWRXUV�GUDZQ�
by red, green, and black lines in the plane mean the red colour area for protanoeps, deutera-
QRSHV��DQG�FRORU�QRUPDOV�UHVSHFWLYHO\�

It is clearly shown that the spans of both red or green fundamental colors are largely different from 
WKH�RQH�VKRZQ�IRU�FRORU�QRUPDOV�LQ�WKH�VDPH�¿JXUH��7KH�JHQHUDO�IHDWXUH�RI�WKH�SURWDQRSHV�DQG�
deuteranopes is that the red and green areas are both intruding to each other i.e. the red area to 
the green one or the green area to the red one meaning that reddish and greenish colours are 
being confused each other by those with color defects. Areas of some other fundamental colors 
are all different from those of color normals.

(Figure (a) and (b) to be inserted)
)LJXUH����$UHDV�MXGJHG�VLPLODU�WR�WKH�IXQGDPHQWDO�FRORU�RI�UHG�GH¿QHG�DV��5������D��DQG�RI�JUHHQ�
as 5G5/8 (b). Areas contoured by red, green and black line mean the span of protanope, dueter-
DQRSH��DQG�FRORXU�QRUPDOV�UHVSHFWLYHO\�
'DWD�DW�0XQVHOO�9DOXH���DUH�VKRZQ��

Conclusion

,W�ZDV�FRQFOXGHG�WKDW�WKH�VSDQV�RI�IXQGDPHQWDO�FRORXUV�RI�SHRSOH�ZLWK�FRORU�YLVLRQ�GHIHFWV�DUH�
FRQVLGHUDEO\�GLIIHUHQW�IURP�WKH�RQHV�RI�SHRSOH�ZLWK�QRUPDO�FRORXU�YLVLRQ��7KH�GLIIHUHQFH�VKRXOG�EH�
WDNLQJ�LQWR�DFFRXQW�ZKHQ�ZH�GHYHORS�YLVXDO�VLJQV�VXFK�DV�WUDI¿F�VLJQV�WKDW�DUH�DLPHG�YLVLEOH�HYHQ�
IRU�WKRVH�ZKR�KDYH�FRORXU�YLVLRQ�GHIHFWV�
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THE COLOR OF WHITE LIGHT

Hertog, W., +LJXHUD�3RUWLOOD��-�(���3HUiOYDUH]��0���&DUUHUDV��-�
IREC Barcelona, Sant Adrià de Besòs, Barcelona, Spain.

Objectives

Since long it is assumed that a light source with chromaticity coordinates located on the black 
ERG\�ORFXV�DSSHDUV�DFKURPDWLF�ZKLWH�WR�WKH�KXPDQ�H\H�>�@�>�@��5HFHQW�VWXGLHV��KRZHYHU��LQGLFD-
WH�WKDW�WKLV�PLJKW�QRW�EH�QHFHVVDULO\�WUXH�>�@��7KH�SV\FKRSK\VLFDO�H[SHULPHQW�EHORZ�GHVFULEHV�D�
PHWKRG�RI�PHDVXULQJ�WKH�SHUFHLYHG�DFKURPDWLF�ZKLWH�SRLQW�RI�TXDVL�EODFN�ERG\�VSHFWUD�RI�GLIIH-
rent correlated color temperatures both in a state of no chromatic adaptation and in a state of full 
FKURPDWLF�DGDSWDWLRQ�� ,Q�FRQWUDVW� WR�SUHYLRXV�VWXGLHV�� WKLV�H[SHULPHQW� WDNHV�SODFH� LQ�D�UHDO�OLIH�
HQYLURQPHQW�ZKHUH�WKH�OLJKWLQJ�RI�WKH�URRP�FDQ�EH�VSHFWUDOO\�DOWHUHG�>�@�

Methods

7KH�H[SHULPHQWDO�VHWWLQJ�LV�D�PRGHUQO\�IXUQLVKHG�OLYLQJ�URRP�HQYLURQPHQW��:KLOH�KDYLQJ�FRORUHG�
REMHFWV�LQ�WKH�URRP�KDV�DQ�LPSDFW�RQ�WKH�FKURPDWLF�DGDSWDWLRQ�RI�WKH�YLVXDO�V\VWHP��LW�GRHV�SUR-
YLGH�D�PXFK�PRUH�UHDOLVWLF�HQYLURQPHQW�WKDQ�D�ODERUDWRU\�YLHZLQJ�ERRWK�>�@��7KH�URRI�RI�WKH�URRP�
LV�HTXLSSHG�ZLWK�VL[�ZLUHOHVVO\�FRQWUROOHG�VSHFWUDOO\�WXQDEOH�/('�OLJKW�¿[WXUHV�HYHQO\�LOOXPLQDWLQJ�
WKH�ÀRRU�DUHD�DQG�ZDOOV�XQWLO�D�KHLJKW�RI����FP��$IWHU�DQ�,VKLKDUD�FRORU�WHVW�DQG�D�¿YH�PLQXWH�LQ-
WURGXFWLRQ�WR�WKH�H[SHULPHQW��HDFK�RI�WKH����REVHUYHUV�ZLOO�LQGLYLGXDOO\�WDNH�SDUW�LQ�WZR�GLIIHUHQW�
WHVWV��7KH�LQWURGXFWLRQ�WDNHV�SODFH�LQ�D�GDUN�HQYLURQPHQW�WR�PDNH�VXUH�WKH�YLVXDO�V\VWHP�RI�WKH�
REVHUYHU�LV�QRW�LQÀXHQFHG�E\�DQ\�OLJKW�VRXUFH�EHIRUH�WKH�H[SHULPHQW�VWDUWV�

7KH�¿UVW�SDUW�RI� WKH�H[SHULPHQW�SURYLGHV�D� WZR�VHFRQG�EXUVW�RI� OLJKW�DW�DQ� LOOXPLQDQFH� OHYHO�RI�
���OX[��7KH� UDQGRPO\� VHOHFWHG� VSHFWUXP�SUHVHQWHG� WR� WKH� REVHUYHU� LV� VHOHFWHG� IURP�D� OLVW� RI�
TXDVL�EODFN�ERG\�VSHFWUD�ZKHUH�WKH�GRPLQDQW�ZDYHOHQJWK�RI�WKH�VHOHFWHG�VSHFWUXP�ZLWK�D�FRUUH-
ODWHG�FRORU�WHPSHUDWXUH�UDQJLQJ�IURP�����.�WR������.�FRUUHVSRQGV�WR�WKH�GRPLQDQW�ZDYHOHQJWK�
RI�RQH�RI�WKH�LQGLYLGXDO�/('V�XVHG�LQ�WKH�WXQDEOH�OLJKW�¿[WXUHV��&KDQJLQJ�WKH�UHODWLYH�LQWHQVLW\�RI�
WKDW�SDUWLFXODU�ZDYHOHQJWK�DOORZV�WKH�RSHUDWRU�WR�PRYH�WKH�FRORU�FRRUGLQDWHV�RI�WKH�LOOXPLQDWLRQ�
VHHQ�E\�WKH�REVHUYHU�DORQJ�WKH�LVRWKHUP�RI�WKDW�SDUWLFXODU�FRORU�WHPSHUDWXUH��7KH�H[FLWDWLRQ�SXULW\�
FDQ�EH�XVHG�DV�DQ�H[SUHVVLRQ�IRU�WKH�GHYLDWLRQ�RI�WKH�VKRZQ�VWLPXOXV�IURP�WKH�EODFN�ERG\�ORFXV��$�
SRVLWLYH�SHUFHQWDJH�LQGLFDWHV�D�GHYLDWLRQ�DERYH�WKH�EODFN�ERG\�ORFXV�ZKLOH�D�QHJDWLYH�SHUFHQWDJH�
LQGLFDWHV�RQH�EHORZ�WKH�FXUYH�

$IWHU�WKH�EXUVW�WKH�REVHUYHU�UDWHV�WKH�KXH�RI�WKH�VWLPXOXV�E\�LQGLFDWLQJ�KRZ�PXFK�PDJHQWD��JUHHQ��
\HOORZ�DQG�EOXH�V�KH�KDV�VHHQ��(DFK�REVHUYHU�UHWXUQV�WHQ�WLPHV�ZLWKLQ�D�SHULRG�RI�RQH�ZHHN�UH-
sulting in 250 measurements. The results of these measurements will tell us the preferred achro-
PDWLF�ZKLWH�SRLQW�ZLWKRXW�WDNLQJ�LQWR�DFFRXQW�WKH�FKURPDWLF�DGDSWDWLRQ�RI�RXU�YLVXDO�V\VWHP�
(YHQ�DIWHU�DFKLHYLQJ�IXOO�FKURPDWLF�DGDSWDWLRQ��VRPH�OLJKW�VRXUFHV�DSSHDU�WR�KDYH�D�VOLJKW�KXH��
7KH�VHFRQG�SDUW�RI�WKH�H[SHULPHQW�DLPV�DW�¿QGLQJ�WKH�DFKURPDWLF�ZKLWH�SRLQW�DQG�SUHIHUUHG�ZKLWH�
SRLQW�DW�D�FHUWDLQ�FRORU� WHPSHUDWXUH�DIWHU�FRPSOHWH�FKURPDWLF�DGDSWDWLRQ��7R�DFKLHYH�WKLV�HDFK�
RI�WKH����REVHUYHUV�LV�SUHVHQWHG�ZLWK�DQ�LQWHUDFWLYH�XVHU�LQWHUIDFH��7KH�URRP�LV�LOOXPLQDWHG�ZLWK�
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a random quasi-black body stimulus of 250lux at a certain correlated color temperature ranging 
IURP�����.�WR������.�DQG�D�FRPSXWHU�NH\ERDUG�LV�SUHVHQWHG�WR�WKH�REVHUYHU��%\�XVLQJ�D�FRP-
ELQDWLRQ�RI�NH\V�WKH�REVHUYHU�KDV�WKH�DELOLW\�WR�FRQWURO�WKH�PRYHPHQW�RI�WKH�FRORU�FRRUGLQDWHV�RI�
WKH�URRP�OLJKWLQJ�DORQJ�WKH�LVRWKHUP�RI�WKDW�SDUWLFXODU�FRORU�WHPSHUDWXUH��7KH�REVHUYHU�LV�DVNHG�
to dial-in a fully achromatic white light. Immediately after that s/he is asked to dial in his preferred 
KXH��(DFK�REVHUYHU�UHWXUQV���WLPHV�UHVXOWLQJ�LQ�����PHDVXUHPHQWV��PHDVXUHPHQW�VWDUWLQJ�ZLWK�D�
randomly selected correlated color temperature.

Results

7KH�UHVXOWV�RI�WKLV�H[SHULPHQW�ZLOO�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�RQ�WKH�SHUFHLYHG�DFKURPDWLF�ZKLWH�
point and the preferred white point both in a non adapted state and in a state of full chromatic 
DGDSWDWLRQ��%\�XVLQJ�D� UHDOLVWLF� OLYLQJ� URRP�HQYLURQPHQW� WKH� UHVXOWV�RI� WKH�H[SHULPHQW� FDQ�EH�
transferred immediately to real-world applications.
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PP011

AN INTELLIGENT COLOR TEMPERATURE CONVERSION FUNCTION WITH MULTI-PRIMA-

RY COLORS FOR INDOOR SOLID-STATE LIGHTING

Huang, T.1, 2X�<DQJ��0�1, Luo, R.2

1.�'HSDUWPHQW�RI�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ��1DWLRQDO�&KLDR�7XQJ�8QLYHUVLW\��&KLQHVH�
Taipei, Hsinchu city, Chinese Taipei.
2.�&RORXU�DQG�,PDJLQJ�6FLHQFH��8QLYHUVLW\�RI�/HHGV��/HHGV��8QLWHG�.LQJGRP�

Color temperature (CT) represents a color property of a light source or the white point of a display 
GHYLFH��+RZHYHU��WKH�FKURPDWLFLW\�RI�PDQ\�QDWXUDO�DQG�DUWL¿FLDO�OLJKW�VRXUFHV��LQFOXGLQJ�GD\OLJKW��
LQFDQGHVFHQW�ODPSV��GLVSOD\�EDFNOLJKW��DQG�HWF���LV�QRW�RQ�WKLV�ORFXV��,QVWHDG�RI�&7��FRUUHODWLYH�FR-
ORU�WHPSHUDWXUH��&&7��LQGLFDWHV�D�OLJKW�VRXUFH¶V�FKDUDFWHULVWLFV�ZKRVH�WKH�OLJKW�VRXUFH�FKURPDWLFL-
W\�LV�RII�WKH�3ODQFNLDQ�ORFXV��0RUHRYHU��WKH�$16,��$PHULFDQ�1DWLRQDO�6WDQGDUG�,QVWLWXWH��SURSRVHV�
a standard document (ANSI C78.377) to gauge eight BINs which include warm, normal, and cold 
PRGHV��IRU�6ROLG�6WDWH�/LJKWLQJ��66/��SURGXFW��7KLV�VWDQGDUG�VSHFL¿HV�WKH�UDQJH�RI�FKURPDWLFLWLHV�
recommended for general lighting with indoor SSL products, and guarantees the white light chro-
maticities of products can be communicated to consumers.

+RZHYHU��GLVSOD\V�DQG�OLJKWLQJ�UHTXLUH�LQWHOOLJHQW�&7�FRQYHUVLRQ�IXQFWLRQ�IRU�XVHUµV�LQGLYLGXDO�SUH-
IHUHQFHV�LQ�YDULRXV�DSSOLFDWLRQV�DQG�GLIIHUHQW�HQYLURQPHQWV�LQ�UHFHQW�\HDUV��7KH�&7�FRQYHUVLRQ�
function is particularly important and requisite in different CT illumination for different applications 
ZKHQ� WKH� YLJRURXV�GHYHORSPHQW� RI� /('� OLJKWLQJ� FRPHV�ZLWK�PXOWL�SULPDU\� FRORU� �03&��/('V��
+RZHYHU��ZKHQ�ZH�DGRSW�RQH�/('�OLJKWLQJ�PRGXOH�RI�03&�IRU�WKH�YDULRXV�&7�LOOXPLQDWLRQ�LQ�GLIIH-
UHQW�HQYLURQPHQWDO�FRQGLWLRQV��KRZ�FDQ�RQH�EH�VXUH�WKDW�DQ�OLJKWLQJ�RXWFRPH�DSSHDUV�DV�WKDW�ZH�
LQWHQG�LQ�D�XQNQRZQ�HQYLURQPHQWDO�FRQGLWLRQV"�,Q�GLVSOD\V��&7�FRQYHUVLRQ�LV�RQH�NH\�DSSURDFK�LQ�
WKH�FRORU�PDQDJHPHQW�V\VWHP�IRU�LPSURYLQJ�LPDJH�EURZVLQJ��8VLQJ�5*%�FKDQQHO�JDLQ�WR�DGMXVW�
WKH�&7�RU�WKH�ZKLWH�SRLQW�LQ�GLVSOD\V�LV�D�GLUHFW�DQG�FRVW�HIIHFWLYH�ZD\�WR�LPSURYH�LPDJH�EURZVLQJ��
6LPLODUO\��LQ�03&�OLJKWLQJ��FKDQJLQJ�03&�JDLQ�WR�FRQYHUW�&7�LV�RQH�FRQYHQLHQW�PHWKRG��+RZHYHU��
PD[LPDO�EULJKWQHVV�UHGXFHV�ZKHQ�FRQYHUWLQJ�IURP�RULJLQDO�ZKLWH�SRLQW�WR�DQRWKHU�

2XU�SUHYLRXV�VWXG\�SURSRVHV�D�JHQHUDO�FRORU�JDPXW�ERXQGDU\��&*%��WKHRU\�RI�DQ�DGGLWLYH�PXOWL�
primary color system based on color mixing theory. And it can determine the CGB by its apexes 
LQ�&,([\<�VSDFH��$IWHU�GHWHUPLQLQJ�WKH�[\<�FRRUGLQDWHV�RI�WKH�WKUHH�RU�PXOWLSOH�SULPDULHV��WKH�H[W-
remes of CGB can be automatically obtained. This methods of constructing the CGB only require 
the chromaticity coordinates and brightness of the primaries and extraneous light. Further, when 
ZH�XQGHUVWDQG�WKH�FRPSRVLWLRQ�RI�WKHVH�H[WUHPHV�RI�&*%��&&7�FRQYHUVLRQ�ZLWK�PD[LPDO�EULJKW-
QHVV�RQ�WKH�LVRWHPSHUDWXUH�OLQH�IRU�03&V�GLVSOD\�RU�OLJKWLQJ�FDQ�EH�UHVROYH�E\�WKH�VDPH�FRQFHSW�
WKDW�WKH�RSWLPL]LQJ�SRLQW�LV�RQH�RI�WKH�LQWHUVHFWLRQV�GHWHUPLQHG�E\�WKH�OLQHV�RI�JUDYLW\�FHQWHU�DQG�
WKH� LVRWHPSHUDWXUH� OLQH��6LPLODUO\��ZH�SURSRVHV� WZR�PHWKRGV� WR�GHWHUPLQH� WKH�RSWLPDO�FRQYHU-
WLQJ�SRLQW�LQ�WKH�&7�TXDGUDQJOH�ZKLFK�FRPSOLHV�ZLWK�$16,�&���������:H�WDNH�IRXU�SULPDU\�FRORU��
UHG�5���\HOORZ�<���JUHHQ�*���EOXH�%���DV�DQ�H[DPSOH�DV�¿JXUH���VKRZLQJ��7KH�RXWVLGH�TXDGUDQJOH�
5<*%�LV�WKH�FRORU�JDPXW�RI�OLJKWLQJ��7KH�JDPXW�RI�LQVLGH�VPDOO�TXDGUDQJOH�H[WHQGV�RXWZDUG�IURP�
WKH�ZKLWH�SRLQW�:��:H�SURSRVHV�WZR�VROXWLRQV�IRU�&7�FRQYHUVLRQ�ZLWK�PD[LPDO�EULJKWQHVV�LQ�WZR�
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FRQGLWLRQV�WKDW�WKH�OLQH�RI�FHQWHU�RI�JUDYLW\�PD\�RU�PD\�QRW�LQWHUVHFW�ZLWK�WKH�&7�TXDGUDQJOH��$V�
¿JXUH���VKRZLQJ��WKH�&7�TXDGUDQJOH�$�LQWHUVHFWV�ZLWK�WKH�OLQH�RI�FHQWHU�RI�JUDYLW\��ZKHUHDV�WKH�
TXDGUDQJOH�%�GRHV�QRW��:KHQ�WKH�&7�TXDGUDQJOH�$�LV�FKRVHQ�WR�EH�WKH�WDUJHW�&7��WKH�SRLQW�F�LV�
WKH�RSWLPDO�FRQYHUWLQJ�SRLQW�RI�WKH�UDQJH�RI�&7�TXDGUDQJOH�$��EHFDXVH�WKH�H[SDQGHG�FRORU�JDPXW�
IURP�WKH�UHIHUHQFH�ZKLWH�SRLQW��:��¿UVW�PHHWV�WKH�SRLQW�F��WKH�DUHD�RI�WKH�H[SDQGHG�FRORU�JDPXW�LV�
VPDOOHU�WKDQ�WKDW�PHHWLQJ�RWKHU�FRORU�SRLQWV�LQ�WKH�UDQJH�RI�&7�TXDGUDQJOH�$��:KHQ�WKH�&7�TXD-
GUDQJOH�%�LV�FKRVHQ�WR�EH�WKH�WDUJHW�&7��WKH�SRLQW�G�LV�WKH�RSWLPDO�FRQYHUWLQJ�SRLQW�RI�WKH�UDQJH�RI�
&7�TXDGUDQJOH�%��%HFDXVH�WKH�SRLQW�G�LV�¿UVW�PHW�E\�WKH�H[SDQGHG�FRORU�JDPXW�IURP�WKH�UHIHUHQFH�
white point, the color gamut area is the smallest under the range of CT quadrangle B. Finally, the 
simulations based on four primary color show the optimal point with the maximal brightness in the 
TXDGUDQJOH�RI�����.�&7�WKDW�WRXFKHV�WKH�OLQH�RI�FHQWHU�RI�JUDYLW\�DV�¿JXUH���VKRZLQJ��7KH�SHU-
FHQWDJH�EHWZHHQ�WKH�PD[LPDO�DQG�WKH�PLQLPDO�EULJKWQHVV�LV�DERXW�����RI�WKH�PLQLPDO�EULJKWQHVV��
7KHUHIRUH��WKLV�SDSHU�SURSRVH�DQ�LQWHOOLJHQW�FRORU�WHPSHUDWXUH�FRQYHUVLRQ�IXQFWLRQ�WR�REWDLQ�PRUH�
brightness with multi-primary color LEDs.

Figure 1 - The optimal converting points of the CT quadrangle A and CT quadrangle B 



222

Abstracts

Figure 2 - The percentage between the maximal and the minimal brightness in the quad-

rangle of 6500K CT is about 13% of the minimal brightness
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PP012

INFLUENCE OF SPECTRAL POWER DISTRIBUTION OF LIGHT SOURCES ON THE CO-

LOUR APPEARANCE OF GONIOCHROMATIC COLOURS

Perales, E.1, Chorro, E.1��:HQHU��&�2��9LTXHLUD��9�1, Gómez, O.1��0DUWtQH]�9HUGX��)�0�1
1.�8QLYHUVLW\�RI�$OLFDQWH��6DQ�9LFHQWH�GHO�5DVSHLJ��6SDLQ�
2.�&RQVXOWDQW�IRU�,QWHUIHUHQFH�3LJPHQWV��0XHQVWHU��*HUPDQ\�

Introduction

'XULQJ�WKH�ODVW�\HDUV�WHFKQRORJLF�LQQRYDWLRQ�LQ�DOO�DUHDV�KDV�PDGH�SRVVLEOH�WKH�DSSHDUDQFH�RI�
effect pigments whose main properties are the change in lightness, hue and chroma depending 
RQ�WKH�DQJOH�RI�LOOXPLQDWLRQ�DQG�REVHUYDWLRQ��7KHUH�LV�YHU\�GHPDQGLQJ�UHTXHULPHQWV�WR�HYDOXDWH�
YLVXDOO\�HIIHFWV�FRORXUV��IRU�WKLV�UHDVRQ��LW�LV�YHU\�LPSRUWDQW�WR�FRQWURO�WKH�LOOXPLQDWLRQ�WR�MXGJH�YL-
sually the colour appearance of these new materials.
1HZ�OLJKWLQJ�ERRWKV�KDYH�EHHQ�GHVLJQHG�ZLWK�GLUHFWLRQDO�OXPLQRXV�LQFLGHQFH�DQG�GLIIHUHQW�YLHZLQJ�
SRVLWLRQV�WR�GR�D�YLVXDO�DVVHVVPHQW�XQGHU�FRQWUROOHG�LOOXPLQDWLRQ��1RZDGD\V��LQ�WKH�PDUNHW��WKHUH�
LV�D�OLJKWZHLJKW�FDELQHW�QDPHG�*RQLR��9LVLRQ�%R[���*9%��ZKRVH�OXPLQDLUH�LV�D�Z/('�ODQWHUQ��
DQG�D�KHDY\�FDELQHW�QDPHG�%\NR�VSHFWUD�HIIHFW���%6(��ZKRVH�OXPLQDLUH�LV�D�ÀXRUHVFHQW�WXEH��,Q�
ERWK�FDVHV��WKH�RSWR�PHFKDQLFDO�GHVLJQ�ZDV�GHVLJQHG�WR�FRYHU�WKH�PRVW�QXPEHU�RI�PHDVXUHPHQW�
JHRPHWULHV�DYDLODEOH�LQ�WKH�FXUUHQW�PXOWL�JRQLR�VSHFWURSKRWRPHWHUV�ZLWK�GLIIHUHQW�'���VLPXODWRUV��
,Q�D�SUHYLRXV�ZRUN�>�@��ERWK�GLUHFWLRQDO�OLJKWLQJ�ERRWKV�ZHUH�FDOLEUDWHG�DQG�DQDO\]HG�DQG�LW�ZDV�
UHYHDOHG�WKDW�WKH�WZR�FDELQHWV�XVH�OLJKW�VRXUFHV�ZLWK�GLIIHUHQW�FRORULPHWULF�SURSHUWLHV�
7KHUHIRUH��WKH�SXUSRVH�RI�WKLV�DQDO\VLV�LV�WR�HYDOXDWH�KRZ�WKH�FRORXU�DSSHDUDQFH�RI�HDFK�FRORXUHG�
VDPSOH�YDULHV�LQ�IURQW�RI�WKH�LOOXPLQDWLRQ��ERWK�LQ�VSHFWUDO�FRQWHQW�DQG�JHRPHWULF�SRVLWLRQ�VRXUFH�
REVHUYHU�

Materials and Method

The goniochromatic set consists of 18 metallic colour samples with three kinds of special-effect 
SLJPHQWV�DW�GLIIHUHQW�FRQFHQWUDWLRQV��;LUDOOLF�&U\VWDO�6LOYHU��;LUDOOLF�0LFUR�6LOYHU�DQG�,ULRGLQ�6LOYHU-
ZKLWH�������7KH�VSHFWUDO�UHÀHFWDQFH�ZDV�UHDG�E\�WKH�%<.�PDF�PXOWL�JRQLR�VSHFWURSKRWRPHWHU�DW�
VL[�JHRPHWULHV�LQ�DFFRUGDQFH�ZLWK�$670�VWDQGDUGV�>���@��2Q�WKH�RWKHU�KDQG��ZH�XVHG�WKH�35�����
tele-spectroradiometer to measure the spectral power distribution (SPD) of the luminaire of each 
OLJKWLQJ�ERRWK��%6(�DQG�*9%��E\�XVLQJ�LWV�FRUUHVSRQGLQJ�ZKLWH�UHIHUHQFH��%D624) (Figure 1).
Table 1 summarizes the colorimetric parameters associated with each luminaire installed in both 
OLJKWLQJ�FDELQHWV�DQG�WKRVH�DVVRFLDWHG�ZLWK�WKH�&,(�'���LOOXPLQDQW��$FFRUGLQJ�WR�7DEOH����WKH�ÀX-
RUHVFHQW�GD\OLJKW�RI�WKH�%6(�LV�QRW�D�JRRG�'���VLPXODWRU��,Q�FRQWUDVW��WKH�Z/('�ODPS�RI�WKH�*9%�
is a good D65 simulator, though the colour rendering is lower. The spectral data were transformed 
LQWR�&,(/$%�YDOXHV�IRU�HDFK�PHDVXUHPHQW�JHRPHWU\�DIWHU�GRLQJ�D�FKURPDWLF�DGDSWDWLRQ�WR�'���
EDVHG�RQ�&$7���>�@�LQ�RUGHU�WR�HYDOXDWH�WKH�SHUFHSWLEOH�FKURPDWLF�YDULDELOLW\�RI�WKHVH�FRORXU�VDP-
ples under each lighting booth.

Results

$IWHU�FDOFXODWLQJ�WKH�&,(/$%�YDOXHV�IRU�DOO�FRORXU�VDPSOHV�DW�GLIIHUHQW�PHDVXUHPHQW�JHRPHWULHV��
we compared the perceptible colour gamut associated with the 18 samples under different light 
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VRXUFHV�RI�HDFK�OLJKWLQJ�ERRWK�E\�SORWWLQJ�WKH�FKURPDWLF�GLDJUDPV�D�YV��E�DQG�&ab�YV��/�
)LJXUH���VKRZV�WKH�SHUFHSWLEOH�FKURPDWLF�YDULDELOLW\�RI�WKHVH�VDPSOHV�IRU�WKH�VL[�JHRPHWULHV��7KH�
SHUFHSWLEOH�FRORXU�JDPXW�XQGHU�WKH�&,(�'���LOOXPLQDQW��%6(�DQG�*9%�OXPLQDULHV�DUH�SORWWHG�E\�
EODFN��UHG��DQG�EOXH�GRWV��UHVSHFWLYHO\��$V�VKRZQ�LQ�)LJXUH����WKHUH�DUH�VDPSOHV�ZLWK�OLJKWQHVV�
YDOXHV�JUHDWHU�WKDQ������YHU\�W\SLFDO�RI�HIIHFW�SLJPHQWV��2Q�WKH�RWKHU�KDQG��WKH�FKURPDWLF�SHUFHS-
tion associated with these colour samples changes with the considered light source. The colour 
GLIIHUHQFH�ZDV�FDOFXODWHG�EDVHG�RQ� WKH�&,('(�����FRORXU�GLIIHUHQFH� IRUPXOD� >�@�EHWZHHQ� WKH�
VHW�RI�&,(/$%�YDOXHV�REWDLQHG�XQGHU�%6(�DQG�*9%�OXPLQDLUHV�DIWHU�GRLQJ�WKH�FKURPDWLF�DGDS-
WDWLRQ��$V�VKRZQ�LQ�7DEOH����WKH�DYHUDJH�FRORXU�GLIIHUHQFH�EHWZHHQ�FRORXU�VDPSOHV�LV�DURXQG�����
ǻ(CIEDE2000. That is a perceptible difference for all colour samples. On the other hand, the maxi-
mum differences are related to the measurement geometries (45as-15 and 45as15) closer to the 
specular direction.

Conclusions

7KH�GLUHFWLRQDO�OLJKWLQJ�ERRWKV�IRU�WKH�DXWRPRWLYH�LQGXVWU\�KDYH�YHU\�GLIIHUHQW�VSHFWUDO�DQG�FRORUL-
PHWULF�SURSHUWLHV��7KLV�FDXVHV�D�GLIIHUHQW�SHUFHSWLEOH�FKURPDWLF�YDULDELOLW\�IRU�WKHVH�QHZ�PDWHULDOV�
with special-effect pigments. Therefore,
GXH�WR�WKH�YHU\�GHPDQGLQJ�UHTXHULPHQWV�WR�HYDOXDWH�YLVXDOO\�HIIHFWV�FRORXUV��LW� LV�QHFHVVDU\�WR�
JHW�QHZ�OLJKWLQJ�WHFKQRORJLHV�ZKLFK�DUH�DEOH�WR�UHSOLFDWH�DW�VSHFWUDO�OHYHO�WKH�&,(�'���LOOXPLQDQW�

Acknowledgements

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�WKH�(XURSHDQ�8QLRQ�DQG�6SDQLVK�0LQLVWU\�RI�(FRQRP\�DQG�&RPSH-
WLWLYHQHVV�XQGHU�WKH�JUDQW�'3,�����������&������

References

>�@�7��%URFN�HW�DO���(XURSHDQ�&RDWLQJV�+DQGERRN��+DQQRYHU��9LFHQW]�1HWZRUN��������
>�@�)�0�0DUWtQH]�9HUG~�HW�DO���³&RPSDULVRQ�RI�FRORULPHWULF�IHDWXUHV�RI�VRPH�FXUUHQW�OLJKWLQJ�ERRWKV�
IRU�REWDLQLQJ�D�ULJKW�YLVXDO�DQG�LQVWUXPHQWDO�FRUUHODWLRQ�IRU�JRQLR�DSSDUHQW�FRDWLQJV�DQG�SODVWLFV´��
&,(�������/LJKWLQJ�4XDOLW\�	�(QHUJ\�(I¿FLHQF\�����������������
>�@�$670�(���������6WDQGDUG�3UDFWLFH�IRU�0XOWLDQJOH�&RORU�0HDVXUHPHQW�RI�0HWDO�)ODNH�3LJPHQ-
WHG�0DWHULDOV��&RQVKRKRFNHQ��$670��������
>�@�$670�(���������6WDQGDUG�3UDFWLFH� IRU�0XOWLDQJOH�&RORU�0HDVXUHPHQW�RI� ,QWHUIHUHQFH�3LJ-
PHQWV��&RQVKRKRFNHQ��$670��������
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Figure 2

Figure 1
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Table 2 - Maximum, minimum and average colour difference based on CIEDE2000 calcu-

lated for each measurement geometry

x y Tc (K) Ra
D65 0.3127 0.3290 6500 99.58
BSE 0.3506 0.3769 4896 86.24
*9% 0.3185 0.3141 6278 69.07

Table 1 - CIE-1931 colorimetric data, correlated colour temperature and general colour 

UHQGHULQJ�LQGH[��5D��RI�WKH�ODPSV�XVHG�LQ�WKLV�ZRUN

Geometries 45as-15 45as15 45as25 45as45 45as75 45as110
ǻ( max 6.75 5.39 4.16 3.84 4.63 5.31
ǻ( min 0.92 0.94 0.99 0.92 1.08 1.03
ǻ( mean 2.95 2.82 2.52 2.27 2.34 2.21
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D1 - Vision and Colour

Mesopic Vision
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PP013

EFFECT OF HIGH LUMINANCE SOURCES TO PERIPHERAL ADAPTATION STATE IN ME-

SOPIC RANGE 

Uchida, T.1, 2KQR��<�2
1. Panasonic, Osaka, Japan.
2.�1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV�DQG�7HFKQRORJ\��*DLWKHUVEXUJ��0'��8QLWHG�6WDWHV�

Objective:

CIE has recommended a new photometry system for the mesopic range in the CIE 191. The sys-
WHP�LV�H[SHFWHG�WR�HQDEOH�OLJKWLQJ�LQGXVWU\�WR�GHYHORS�PRUH�HQHUJ\�HI¿FLHQW�DQG�RU�YLVXDO�HIIHFWLYH�
outdoor lighting products by taking into account the Purkinje effect to photometry.
+RZHYHU��WKHUH�DUH�VRPH�UHPDLQLQJ�LVVXHV�IRU�LPSOHPHQWDWLRQ�RI�WKH�PHVRSLF�SKRWRPHWU\�V\V-
WHP��7KH�GH¿QLWLRQ�RI�YLVXDO�DGDSWDWLRQ�¿HOG�LV�RQH�RI�WKHP��$OWKRXJK�WKH�V\VWHP�UHTXLUHV�LWV�XVHU�
WR�NQRZ�WKH�SKRWRSLF�DQG�VFRWRSLF�OXPLQDQFH�RI�WKH�DGDSWDWLRQ�¿HOG�DV�D�UHSUHVHQWDWLYH�¿JXUH�RI�
WKH�DGDSWDWLRQ�VWDWH�RI�REVHUYHUV¶�H\H��WKH�&,(�����KDV�QRW�GH¿QHG�WKH�VKDSH�DQG�VL]H�RI�WKH�¿HOG�
0DQ\�IDFWRUV�UHJDUGLQJ�DGDSWDWLRQ�VWDWH�RI�KXPDQ�H\HV�FDQ�EH�VHSDUDWH�WR�WZR�SDUWV�LQ�WHUPV�RI�
DSSOLFDWLRQ�GHSHQGHQF\��WKH�PRYHPHQW�RI�OLQH�RI�VLJKW�DQG�RWKHU�IDFWRUV��H�J��YHLOLQJ�OXPLQDQFH��
VSDWLDO�QHXUDO�LQWHUDFWLRQV�RQ�UHWLQD�RU�YLVXDO�FRUWH[�HWF����7KH�VHFRQG�IDFWRUV�DUH�IXQGDPHQWDOO\�
independent from application, while the line of sight usually depends on it.
7R�HYDOXDWH�WKH�VHFRQG�IDFWRUV¶�HIIHFW��D�VHULHV�RI�YLVLRQ�H[SHULPHQWV�KDYH�EHHQ�FRQGXFWHG�E\�
authors. The experiments showed that surrounding luminance distribution, which is 12 degrees 
IDU�IURP�D�SHULSKHUDO�WDVN�SRLQW��GRHV�QRW�KDYH�VLJQL¿FDQW�HIIHFW�WR�DGDSWDWLRQ�VWDWH�DW�D�SRLQW�RQ�
UHWLQD�WKDW�ORRNV�DW�WKH�WDVN�SRLQW��+RZHYHU��WKH�H[SHULPHQW�ZDV�FRQGXFWHG�RQO\�DW�ORZ�OXPLQDQFH�
OHYHOV�VXFK�DV�����FG�P-2 or 0,42 cd m-2 for the surrounding luminance distribution, although out-
GRRU�OXPLQDLUHV�XVXDOO\�KDYH�PXFK�KLJKHU�OXPLQDQFH��7KXV��LW�LV�VWLOO�QRW�FOHDU�ZKHWKHU�VXFK�KLJK�
OXPLQDQFH�VRXUFHV�DIIHFW�WKH�DGDSWDWLRQ�VWDWH�VLJQL¿FDQWO\�RU�QRW�
7KHUHIRUH��WKLV�VWXG\�HYDOXDWHV�WKH�HIIHFW�RI�KLJK�OXPLQDQFH�VRXUFHV�WR�DGDSWDWLRQ�VWDWH�DW�D�SHUL-
pheral task point in the mesopic range.

Methods:

9LVLRQ�H[SHULPHQWV�WR�PHDVXUH�OXPLQDQFH�FRQWUDVW�GHWHFWLRQ�WKUHVKROG�DUH�EHLQJ�FRQGXFWHG�WR�
estimate the effect to adaptation state by high luminance sources.
$�OLTXLG�FU\VWDO�GLVSOD\��/&'��VXEWHQGHG�LQ�����[�����RI�YLVXDO�DQJOH�LV�HPSOR\HG�WR�SUHVHQW�WDUJHW�
VWLPXOXV�DQG�LWV�EDFNJURXQG��7KH�WDUJHW�LV�SUHVHQWHG�DW�����IDU�IURP�¿[DWLRQ�SRLQW��$�/('�VRXUFH��
ZKLFK�KDV�������GLDPHWHU��LV�VHW�DV�WKH�KLJK�OXPLQDQFH�VRXUFH�DW�����DERYH�WKH�WDUJHW��7KH�YHUWL-
FDO�LOOXPLQDQFH�DW�VXEMHFWV¶�H\H�FDXVHG�E\�WKH�/('�VRXUFH�LV���O[��&&7V�RI�WKH�WDUJHW��EDFNJURXQG�
and the LED source are 5000K.
Fig. 1 shows the adaptation and task conditions. These patterns emulate road lighting scene at 
night, which has lit road surface and dark sky. Firstly, subjects adapt to the adaptation patterns in 
WKH�XSSHU�URZ�RI�)LJ����IRU���PLQXWHV��7KHQ��WKH\�REVHUYH�WKH�WDVN�SDWWHUQV��ZKLFK�DUH�SUHVHQWHG�
for 0,6 seconds. The target is presented for 0,2 seconds while the task patterns are presented. 
Subjects are asked to answer whether they saw the target or not.
The difference between condition A and C is only the existence of high luminance source in adap-
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tation pattern. If the source affect to adaptation state, task performance at condition C should be 
GLIIHUHQW�IURP�DW�FRQGLWLRQ�$�VLJQL¿FDQWO\��:H�FDQ�DOVR�HVWLPDWH�WKH�UHDO�DGDSWDWLRQ�OXPLQDQFH�DW�
condition C by comparing task performance at condition C with those at condition A and B.

Results:

6R�IDU��SUHOLPLQDU\�H[SHULPHQWV�KDYH�EHHQ�FRQGXFWHG��)LJ����VKRZV�UHVXOW�RI�D�VXEMHFW��7KH�OXPL-
QDQFH�FRQWUDVW�GHWHFWLRQ�WKUHVKROG�DW�FRQGLWLRQ�&�LV�VLJQL¿FDQWO\�KLJKHU�WKDQ�DW�FRQGLWLRQ�$��EXW�
lower than at condition B. It means that real adaptation luminance at condition C is between 0,2 
cd m-2 and 2,0 cd m-2, which are nominal adaptation luminance at condition A and B.

Conclutions:

7KH�UHVXOW�VKRZV�WKDW�D�KLJK�OXPLQDQFH�VRXUFH�KDV�VLJQL¿FDQW�HIIHFW�WR�DGDSWDWLRQ�VWDWH�DW�D�SHUL-
pheral task point. It suggests that some light sources in outdoor lighting scenario (e.g. luminaires, 
KHDGOLJKWV�RI�RQFRPLQJ�YHKLFOHV��VKRS�ZLQGRZV�DGMDFHQW�WR�URDG�HWF���FRXOG�DIIHFW�WKH�DGDSWDWLRQ�
VWDWH�WKDW�FKDQJHV�OXPLQRXV�HI¿FLHQF\�IXQFWLRQ�
7R�HYDOXDWH�WKH�PDJQLWXGH�RI�WKH�HIIHFW�RI�VXFK�SRWHQWLDO�KLJK�OXPLQDQFH�VRXUFHV�LQ�RXWGRRU�OLJK-
ting, more detailed relation between facial illuminance caused by a source and real adaptation 
luminance at a peripheral task point should be characterized. Further experiments, results and 
DQDO\VLV�IURP�WKLV�SRLQW�RI�YLHZ�ZLOO�EH�GLVFXVVHG�LQ�WKH�SDSHU�DQG�WKH�SUHVHQWDWLRQ�
Acknowledgement:
7KLV�VWXG\� LV� IXQGHG�E\�WKH�1HZ�(QHUJ\�DQG�,QGXVWULDO�7HFKQRORJ\�'HYHORSPHQW�2UJDQL]DWLRQ�
(NEDO) in Japan.

Figure 1 - Adaptation and Task Conditions 
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Figure 2 - Luminance Contrast Detection Thresholds of a Subject
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PUTTING SHADOW INTO NUMBERS

Yao, H., Li, X.
<DPLQJ�/LJKWLQJ�FRPSDQ\��6KDQJKDL��&KLQD�

Objective:

³:KHUHYHU� WKHUH� LV� OLJKW�� WKHUH� LV� VKDGRZ´��(DFK� OLJKW� VRXUFH� FUHDWHV�RQH�VKDGRZ�SHU�REMHFW��
DQG�PRUH� OLJKW�VRXUFHV�FUHDWH�PRUH�VKDGRZV��:LWK� WKH�ZLGH�DSSOLFDWLRQ�RI�/('� OLJKW�VRXUFHV��
SRLQW�OLNH�OLJKW�VRXUFH�EULQJ�LQ�D�QHZ�WHUP�DV�³PXOWL�VKDGRZ´��:LWK�PRUH�WKDQ�RQH�VKDGRZV�QHDU�
DQ�REMHFW�RYHUODSSLQJ�ZLWK�HDFK��OLJKWLQJ�TXDOLW\�FRXOG�EH�DIIHFWHG��6KDGRZ�LV�SDUW�RI�WKH�OLJKWLQJ��
DQG�LW�SOD\V�D�YHU\�LPSRUWDQW�UROH�LQ�OLJKWLQJ�GHVLJQ��6KDGRZV�JLYH�DQ�LPDJH�GLPHQVLRQ��7KH\�DGG�
WH[WXUH�DQG�FUHDWH�IRUFH�OLQHV��7KHUH�DUH�³ZDQWHG´�VKDGRZV�ZKLFK�FRXOG�FUHDWH�LQWHUHVWLQJ�OLJKWLQJ�
HIIHFWV�� WKHUH�DUH�DOVR�³XQZDQWHG´�VKDGRZV��ZKLFK�FRXOG�EH�GLVWXUELQJ�DQG�HYHQ�FDXVH�VDIHW\�
LVVXHV�LQ�FHUWDLQ�HQYLURQPHQW��:H�FRXOG�QRW�JHW�ULG�RI�VKDGRZV��EXW�ZH�FRXOG�³¿OO�LQ´�VKDGRZV�E\�
DGGLQJ�OLJKW�WR�WKH�GDUN�DUHDV�ZLWK�DQ�H[WUD�OLJKW�VRXUFH��ÀDWWHQLQJ�WKH�YLVXDO�FRQWUDVW�DQG�PDNLQJ�
WKH�VKDGRZ�OHVV�REYLRXV��+RZHYHU��KRZ�³REYLRXV´�LV�³REYLRXV´"�+RZ�WR�TXDQWLWDWLYHO\�GHVFULEH�D�
VKDGRZ"�+RZ�WR�FRPSDUH�GLIIHUHQW�VKDGRZV"�+RZ�WR�V\VWHPDWLFDOO\�HYDOXDWH�VKDGRZ�HIIHFWV"�
(YHQ�WKRXJK�WKHUH�KDV�EHHQ�VRPH�UHVHDUFK�ZRUN�DV�ZHOO�DV�SUDFWLFDO�H[SHULHQFHV�LQ�FRQWUROOLQJ�
VKDGRZV��WKHUH�LV�QRW�PXFK�TXDQWLWDWLYH�UHVHDUFK�RQ�WKLV�VXEMHFW��,Q�WKLV�SDSHU��ZH�WU\�WR�HVWDEOLVK�
D�VFLHQWL¿F�PHWKRG�WR�PHDVXUH��DQDO\]H��TXDQWL]H�DQG�HYDOXDWH�VKDGRZV�

Methods:

To make shadows, there are three main participants: the light source, the object, and the projec-
WLRQ�VXUIDFH��7KHUH�DUH�WKUHH�GLIIHUHQW�VFHQDULRV�ZKHUH�³PXOWL�VKDGRZ´�FRXOG�EH�REVHUYHG��PXOWL�
shadow could be caused by one single luminaire which is composed of more than one light sour-
FHV��IRU�H[DPSOH�D�/('�OXPLQDLUH���PXOWL�VKDGRZ�FRXOG�EH�FDXVHG�E\�PRUH�WKDQ�RQH�OXPLQDLUHV��
and in a more complicated situation, multi-shadow could be caused by more than one luminaires 
which are composed of more than one light sources. As the study is in progress, the experiments 
DV�ZHOO�DV�WKH�UHVXOWV�VKRZQ�KHUH�DUH�LQWHQGHG�WR�EH�SUHOLPLQDU\�RQHV��:H�VWDUWHG�RXU�UHVHDUFK�
with the second situation.

2XU�H[SHULPHQWV�KDYH�EHHQ�FDUULHG�RXW�LQ�WKH�+LJK�ED\�)DFWRU\�ODE�DW�<DPLQJ�/LJKWLQJ�$SSOLFDWLRQ�
&HQWHU�ZKHUH�OXPLQDULHV�FRXOG�EH�FRQYHQLHQWO\�DGMXVWHG�WR�FUHDWH�GLIIHUHQW�OLJKWLQJ�FRQGLWLRQV�WR�
meet our experimental needs. To simplify the situation, we started with a simple object and two 
OLJKWLQJ�FRQGLWLRQV��:H�WDSHG�D�SLHFH�RI�UHFWDQJXODU��VKDSHG�FDUGERDUG�RQ�WKH�VLGH�ZDOO�DV�REMHFW��
DQG�WXUQHG�RQ���DQG���OXPLQDLUHV�RQ�WKH�FHLOLQJ�UHVSHFWLYHO\�WR�FUHDWH�WZR�GLIIHUHQW�VKDGRZ�LPD-
JHV��FDVH�$�DQG�FDVH�%��RQ�WKH�ZDOO��:H�PHDVXUHG�DQG�DQDO\]HG�WKH�VKDGRZV�ZLWK�WKH�3UR0HWULF�
CCD camera system.

Results:

In both cases, we obtained the luminance distribution images, and mapped out the Cross Section 
Charts along a horizontal reference line (as shown in graph1 and graph2). The Cross Section 
Chart is a composite analysis tool. The left side of the Cross Section Chart is composed of the 
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Bitmap graph and the right side of the chart displays the cross section graph. This display shows 
WKH� UHODWLYH�SHUFHQWDJH�YDOXHV�RI� OXPLQDQFH�RYHU� WKH�PD[�YDOXH�DW�HDFK�SRVLWLRQ�DFURVV�HDFK�
cross section reference line.
(YHQ� WKRXJK� WKH� WZR�VKDGRZ� LPDJHV�DUH�YHU\�VLPLODU� IURP� WKH�ELWPDS�JUDSK�RQ� WKH� OHIW� �DOVR�
REVHUYHG�E\�WKH�H\HV���ZH�QRWLFHG�GLVWLQFWLYH�GLIIHUHQW�IHDWXUHV�RQ�WKH�WZR�FURVV�VHFWLRQ�JUDSKV��
where the shadow image in case B shows more complicated structures than in case A. Each step 
RQ�WKH�FXUYH�UHÀHFWV�RQH�DGGLWLRQDO�VKDGRZ��7KH�UHODWLYH�ZLGWK��KHLJKW�RI�GLIIHUHQW�IHDWXUHV�RQ�WKH�
OXPLQDQFH�SHUFHQWDJH�FXUYH�DORQJ�ZHOO�GH¿QHG�UHIHUHQFH�OLQHV�FRXOG�JLYH�RXW�YHU\�ULFK�TXDQWLWD-
WLYH�LQIRUPDWLRQ�IRU�D�PXOWL�VKDGRZ�

Conclusions:

3UHOLPLQDU\� UHVXOWV�DUH�YHU\�SURPLVLQJ��DV�GLIIHUHQW�VKDGRZV�FRXOG�EH�TXDQWLWDWLYHO\� LGHQWL¿HG��
This research is still in progress, and our next step is to carry out more systematical study on the 
TXDQWL¿FDWLRQ�RI�VKDGRZV��:H�ZRXOG� LGHQWLI\�D� IHZ�³VKDGRZ�LQGH[´�QXPEHUV�WKDW�FRXOG�EH�WKH�
¿QJHUSULQW�RI�D�JLYHQ�VKDGRZ��:LWK�WKHVH�³VKDGRZ�LQGH[´��ZH�ZRXOG�H[SHFW�WR�EH�DEOH�WR�HYDOXDWH�
WKH�HIIHFWV�RI�VKDGRZ�LQ�OLJKWLQJ�GHVLJQ�TXDQWLWDWLYHO\�

Figure 1

Figure 2
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PP015

EILV ONLINE – AN EXCELLENT PRINCIPLE

Liljefors, A.

KTH Architecture, Lighting 1983-2002, Stockholm, Sweden.

H,/9�RSHQV�WR�WKH�SRVVLELOLW\�RI�GLUHFW�DFFHVV�WR�WHUPV�DQG�GH¿QLWLRQV�DFFRUGLQJ�WR�WRSLFDO�VFLHQFH�
RI�UHODWHG�VXEMHFWV��H,/9�LQ�PDLQ�OHDQV�XSRQ�ODVW�SULQWHG�HGLWLRQ��,/9�������QRZ�LQ�FHUWDLQ�UHVSHFWV�
QRW�LQ�DFFRUGDQFH�ZLWK�WRSLFDO�VFLHQFH��7KH�GLJLWDO�YHUVLRQ�RQ�OLQH��WKRXJK��KDV�WKH�JUHDW�DGYDQ-
WDJH�RI�DFFRPSOLVKLQJ�PRWLYDWHG�UHYLVLRQV�VXFFHVVLYHO\�
&RPPHQWV�WR�WHUPV�RI�H,/9�VKRZ�WKH�XUJHQW�QHHG�IRU�FOHDU�WHUPV�DQG�GH¿QLWLRQV�LQ�FRQFRUGDQFH�
ZLWK� WRSLFDO� VFLHQFH��6XFK�HVWDEOLVKHG� WHUPV�RI� H,/9�ZLOO� FRQ¿GHQWO\� VXSSRUW� DQ\�SURIHVVLRQDO�
communication within the area of lighting.

127(��&LWDWLRQV�EHORZ�IURP�&,(�,/9����SW�
$XWKRUµV�FRPPHQWV�����SW

&,(�H,/9�����
D��1RZ� SXEOLVKHG� YHUVLRQ� HGLWHG� DQG� UHZULWWHQ� DIWHU� GHWDLOHG� GLVFXVVLRQV� DPRQJ� WKH�1DWLRQDO�
Committees of current member-countries of CIE. Experts of different topics related to lighting he-
UHE\�H[SHFWHG�WR�JXDUDQWHH�VFLHQWL¿F�WRSLFDOLW\�DQG�UHOLDELOLW\��6R�IDU�WKRXJK��WKLV�HOHPHQWDU\�FODLP�
QRW�IXO¿OOHG��7KLV�VWDWHPHQW�GHYHORSHG�EHORZ�E\�FRQFUHWH�H[DPSOHV�

��������YLVLEOH�UDGLDWLRQ
DQ\�RSWLFDO�UDGLDWLRQ�FDSDEOH�RI�FDXVLQJ�D�YLVXDO�VHQVDWLRQ�GLUHFWO\
E��7KLV�WHUP�IDOVL¿HG������E\�(LQVWHLQµV�GHWHFWLRQ�RI�HOHFWURPDJQHWLF�HQHUJ\�FRPSRVHG�E\�QRW�
YLVLEOH�SKRWRQ�ÀRZV�� �UHI�����9LVLRQ�SK\VLRORJ\� �UHI����VWDWHV�QR�GLUHFW�FRQQHFWLRQV�ZLWK�SKRWRQ�
VWLPXOL���������QP�DQG�TXDOLWLHV�RI�YLVXDO�SHUFHSWLRQ��Ä9LVLEOH�UDGLDWLRQ³�DQG�DQ\�FRQFOXVLRQ�ODLG�
hereupon are pure nonsense.

17-659 light
VHQVDWLRQV�DQG�SHUFHSWLRQV�WKDW�LV�VSHFL¿F�WR�YLVLRQ
YLHZ�RI�LWV�DELOLW\�WR�H[FLWH�WKH�KXPDQ�YLVXDO�V\VWHP
7KLV�WHUP�KDV���PHDQLQJV�WKDW�VKRXOG�EH�FOHDUO\�GLVWLQJXLVKHG��:KHQ�QHFHVVDU\�WR�DYRLG�FRQIXVL-
RQ�EHWZHHQ�WKHVH���PHDQLQJV�WKH�WHUP�ÄSHUFHLYHG�OLJKW³�XVHG�LQ�WKH�¿UVW�VHQVH�
127(���/LJKW�LV�QRUPDOO\��EXW�QRW�DOZD\V��SHUFHLYHG�DV�D�UHVXOW�RI�WKH�DFWLRQ�RI�D�OLJKW�VWLPXOXV�
RQ�WKH�YLVXDO�V\VWHP��F��6WDWHG�DPELJXLW\�KDV�LWV�ULVH�LQ�WKH�ZURQJIXO�DVVXPSWLRQ�RI�OLJKW�EHLQJ�
YLVLEOH�UDGLDWLRQ��7KH�WZRIROG�GH¿QLWLRQ�RI�WKH�WHUP�OLJKW��VWDWLQJ�HTXDO�SK\VLFDO�VWLPXOXV�DQG�YLVXDO�
SHUFHSWLRQ�FRQÀLFWV�ZLWK
���VFLHQFH�RI�SK\VLFV�VLQFH�������SKRWRQV�QRW�YLVLEOH��UHI����
YLVLRQ�SK\VLRORJ\����������H[FHSW�IRU�WKH�YLVLEOH�VSHFWUXP��QR
DQG�TXDOLWLHV�SHUFHLYHG��UHI����
YLVLRQµV�SK\VLFDO�VWLPXOL�EHLQJ�YLVLEOH�UDGLDWLRQ�VWLOO�WKH�IRXQGDWLRQ�RI�&,(�/LJKWLQJ�7HFKQRORJ\�DQG�
&,30�3KRWRPHWU\�
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��������VSHFWUDO� OXPLQRXV�HI¿FLHQF\� �RI�D�PRQRFKURPDWLF� UDGLDWLRQ�RI�ZDYHOHQJWK�Ȝ�� >9�Ȝ�� IRU�
SKRWRSLF�YLVLRQ��9µ�Ȝ�� IRU�VFRWRSLF�YLVLRQ@� UDWLR�RI� WKH� UDGLDQW�ÀX[�DW�ZDYHOHQJWK��ȜP�� WR� WKDW�DW�
ZDYHOHQJWK��Ȝ��VXFK�WKDW�ERWK�SURGXFH�HTXDOO\�LQWHQVH�OXPLQRXV�VHQVDWLRQV�XQGHU�VSHFL¿HG�SKR-
WRPHWULF�FRQGLWLRQV�DQG�OP�LV�FKRVHQ�VR�WKDW�WKH�PD[LPXP�YDOXH�RI�WKLV�UDWLR�LV�HTXDO�WR����127(6�
1-5 no comments
H�7KH�LGHD�RI�ÄVSHFWUDO�OXPLQRXV�HI¿FLHQF\³�HPDQDWHV�IURP�WKH�EDVH�RI�&,(�/LJKWLQJ�7HFKQRORJ\�

��������YLVLEOH� UDGLDWLRQ� ��DQ\�RSWLFDO� UDGLDWLRQ�FDSDEOH�RI� FDXVLQJ�D�YLVXDO� VHQVDWLRQ�GLUHFWO\�
3HUFHLYHG�E\�D�YLVLEOH�VSHFWUXP��EULJKWQHVV�YDULHV�RYHU�WKH�SDUW���������QP�±�IURP�]HUR�E\�HQGV�
RYHU�PD[LPXP�E\�WKH�PLGGOH��FD�����QP��7KH�ORJLF�FRQFOXVLRQ�KHUHRI�±�ODLG�XSRQ�VWDWHG�GLUHFW�
FRQQHFWLRQ�ZLWK�EULJKWQHVV�DQG�SHUFHSWLRQ�±�JDYH�ULVH�WR�H[WHQVLYH
1. characteristic of all
2. radiation that is considered from the point of
2. direct connections with photon stimuli
The false assumption of
NOTE 1
VWXGLHV�RI�OXPLQRXV�HI¿FDF\��SHUIRUPHG�E\�PHPEHU�FRXQWULHV�RI�&,(�����������
7KHVH�LQYHVWLJDWLRQV�� WKRXJK��UHJDUGHG�YLVXDO� MXGJPHQWV�RI�SHUFHLYHG�EULJKWQHVV�XQGHU�PRQR-
chromatic stimuli
RI�FHUWDLQ�HIIHFW��HDFK����QP�RYHU���������QP��0RQRFKURPDWLF�VWLPXOL�KHUHE\�FOHDUO\�VWDWHV�WKH�
9�Ȝ���FXUYH�D�VSHFLDO�FDVH��YDOLG�VROHO\�IRU�YLVXDO�SHUFHSWLRQ�E\�VXFK�VWLPXOL�

$FFRUGLQJ� WR� FXUUHQW� YLVLRQ� VFLHQFH� �UHI�� ��� YLVXDO� SHUFHSWLRQ� JHQHUDOO\� IRXQGHG� XSRQ� SKRWRQ�
VWLPXOL�DEVRUEHG�E\�FRRSHUDWLRQ�RI�FRQHV�60/��WKHVH�FRYHULQJ�WKH�UDQJH���������QP�LQ�ZKROH��
7KXV��3KRWRPHWU\�KDV�QR�UHOHYDQFH�WR�YLVXDO�SHUFHSWLRQ�LQ�JHQHUDO��DQG�VKRXOG�EH�UHSODFHG�E\�D�
QHZ�PHDVXUHPHQW�V\VWHP�ODLG�XSRQ�WRSLFDO�VFLHQFH�RI�YLVLRQ��0RGHUQ�YLVLRQ�SK\VLRORJ\��UHI�����
VWDWHV�YLVXDO�SHUFHSWLRQ�LQ�JHQHUDO�SHUIRUPHG�E\�D�SURFHVV�ZKHUH�GLUHFW�FRQQHFWLRQV�ZLWK�SKRWRQ�
VWLPXOL�DQG�SHUFHLYHG�TXDOLWLHV�GR�QRW�H[LVW��7KH�YLVLRQ�SURFHVV�UHODWHV�WR�SKRWRQ�VWLPXOL���������
QP��VLPXOWDQHRXVO\�DEVRUEHG�E\�FRRSHUDWLRQ�RI�FRQHV�60/��7KHVH�SURFHVVHV�IXUWKHU�DFFRXQWHG�
IRU�E\�¿QDO�SDSHU��

References: 

���(LQVWHLQ��$��3K\VLFV�������QREHOSUL]H�RUJ����*UDQLW��5��+.�+DUWOLQH��*�:DOG��9LVLRQ�3K\VLRORJ\�
1930-50, nobelprize.org
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PP016

THE LIGHT DIRECTION AND DIRECTIONAL LIGHT—TOWARDS A NEW QUANTIFICATION 

OF AN ESSENTIAL LIGHTING QUALITY CRITERION

Liedtke, C., 9|ONHU��6���.QRRS��0�
7HFKQLVFKH�8QLYHUVLWlW�%HUOLQ��%HUOLQ��*HUPDQ\�

Facing the introduction of modern light technologies such as LED and OLED, we rise to the chal-
lenge to tap the full potential offered by new lighting concepts in interiors. This is not just a matter 
RI�D�ODPS�UHWUR¿W�RU�D�PRGHUQ�OXPLQDLUH�GHVLJQ��PRUHRYHU�LW�LV�D�PDWWHU�RI�FKDQJH�UHJDUGLQJ�WKH�
HYDOXDWLRQ�RI� OLJKWLQJ�TXDOLW\��:H�KDYH�WR�UHWKLQN� WKH�XVDJH�RI� WKH�SUHVHQW²ZHOO�HVWDEOLVKHG²
quality criteria. These are to be examined carefully towards their applicability regarding LED and 
2/('��UH¿QHG�DQG�SRVVLEO\�UHGH¿QHG�
The light direction and directional lighting, as being a part of present quality criteria for interior 
OLJKWLQJ��DQG�LWV�UHOHYDQFH�UHJDUGLQJ�/('�DQG�2/('�OLJKWLQJ�LV�RI�SDUWLFXODU�LPSRUWDQFH��,Q�/('�
lighting, we are now facing the problem to use a light source that emits strongly directed light, 
QRW�FRPSDUDEOH�WR�DQ\�OLJKW�VRXUFH�EHIRUH��,V�WKH�GLUHFWHG�OLJKW�RI�DQ�/('�D�GLVDGYDQWDJH��ZKLFK�
QHHGV�WR�EH�FRPSHQVDWHG"�2U�LV�WKLV�WKH�FKDQFH�RI�D�QHZ�TXDOLW\�LQ�LQWHULRU�OLJKWLQJ�DQG�QHHGV�WR�
FRQVLGHUHG�DV�D�EHQH¿W"�$UH�ZH�DVNLQJ�WKH�VDPH�TXHVWLRQV�IRU�2/('�OLJKWLQJ�UHJDUGLQJ�DQ�DEVR-
OXWHO\�GLIIXVHG�OLJKWLQJ�RQH�GD\"
In order to answer these questions, research at TU Berlin deals with the light direction and direc-
tional lighting in terms of characterisation, measurement and rating and aims at the application in 
lighting design practice.

To build a new model for characterising the light direction, it is essential to consider this parameter 
DV�EHLQJ�UHODWHG�WR�WKH�HQWLUH�VSDFH��,Q�WKH�SUHVHQW�WHFKQLFDO�SRLQW�RI�YLHZ�WKH�OLJKW�GLVWULEXWLRQ�
DQG�OHYHOV�LQ�LQWHULRUV�DUH�W\SLFDOO\�UHODWHG�WR�VXUIDFHV��H�J��LOOXPLQDQFH�DW�WKH�WDVN�DUHD�DQG�WKH�
OXPLQDQFH�GLVWULEXWLRQ�DW�ZDOOV�DQG�FHLOLQJV��+RZHYHU��WKLV�DSSURDFK�LV�XQUHZDUGLQJ�WR�GHVFULEH�
the light direction, while the rating of the distribution regarding a main light incidence direction and 
the balance of directional and diffused lighting is based on the spatial perception.
7KH�LVVXH�RI�D�VSDWLDO�FKDUDFWHULVDWLRQ�RI�WKH�LOOXPLQDWLRQ�ZDV�D�PDLQ�SDUW�RI�VHYHUDO�SULRU�DSSURD-
FKHV²DOO� LPPDWHULDO� LQ� WRGD\¶V� OLJKWLQJ�GHVLJQ�SUDFWLFH²ZKLFK�DUH� WDNHQ� LQWR�FRQVLGHUDWLRQ� LQ�
FUHDWLQJ�D�QHZ�PRGHO�RI�OLJKW�GLUHFWLRQ��:LOKHOP�$UQGW�GHVFULEHG�D�VSDWLDO�DSSURDFK�IRU�LOOXPLQD-
WLRQ�DOUHDG\�LQ�����������+H�FKDUDFWHULVHG�WKH�µFRQFHQWUDWLRQ�RI�OLJKW¶�RU�µEULJKWQHVV�SRWHQWLDO¶�LQ�
D�WKUHH�GLPHQVLRQDO�JULG�LQ�D�URRP�DQG�FDOOHG�WKLV�LQGLFDWRU�³5DXPKHOOLJNHLW´��WRGD\�ZHOO�NQRZQ�
DV�VSKHULFDO�LOOXPLQDQFH��+H�DGYLVHG�WKH�XVDJH�RI�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKLV�VSKHULFDO�LOOXPL-
QDQFH��DV�UHSUHVHQWLQJ�WKH�VSDWLDO�H[SHULHQFH��WR�GHVFULEH�D� OLW�HQYLURQPHQW�� ,Q�WKH�VDPH�\HDU�
DQRWKHU�VSDWLDO�DSSURDFK�ZDV�SXEOLVKHG�E\�+HLQULFK�/LQJHQIHOVHU������+LV�PRGHO��FDOOHG�³LOOXPL-
QDQFH�GLVWULEXWLRQ�VROLG´�� LV�D�GLVWLQJXLVKLQJ�FRPSRQHQW� IRU� WKH�TXDQWL¿FDWLRQ�RI� WKH�EDODQFH�RI�
directional and diffused lighting. For each point in space the solid shows the distribution of illumi-
QDQFH�OHYHOV²PHDVXUHG�LQ�DOO�GLUHFWLRQV��FHQWUHG�LQ�WKH�SRLQW²JUDSKLFDOO\��7KH�PHDVXUHG�OHYHOV��
UHSUHVHQWLQJ�WKH�LOOXPLQDQFH�PDJQLWXGHV�LQ�D�VSHFL¿F�GLUHFWLRQ��DUH�WKHQ�FRQQHFWHG�WR�D�WKUHH�
GLPHQVLRQDO�VROLG��7KH�EDODQFH�RI�GLUHFWLRQDO�DQG�GLIIXVHG�OLJKWLQJ�FDQ�EH�GLUHFWO\�LGHQWL¿HG�E\�WKH�
VKDSH�RI�WKH�VROLG�VXUIDFH��H�J��D�VSKHULFDO�VKDSH�UHSUHVHQWV�D�FRPSOHWHO\�GLIIXVHG�OLJKWLQJ��7KH�
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WKLUG�VLJQL¿FDQW�DSSURDFK�LV�WKH�WKHRU\�RI�WKH�OLJKW�¿HOG��H[WHQVLYHO\�LOOXVWUDWHG�E\�*HUãXQ�LQ������
�����&RPSDUDEOH�LQ�VWUXFWXUH�WR�WKH�HOHFWURPDJQHWLF�¿HOG��WKH�OLJKW�¿HOG�FKDUDFWHULVHV�WKH�OLJKW�GLV-
WULEXWLRQ�LQ�IRUP�RI�ÀX[�OLQHV��ZKLFK�YLVXDOLVHV�WKH�ÀRZ�RI�OLJKW�LQ�WKH�VSDFH�YHU\�ZHOO�
$IWHU�LGHQWL¿FDWLRQ�RI�WKH�SRWHQWLDOV�DQG�OLPLWDWLRQV�RI�HDFK��DOO�WKUHH�PHWKRGV�DUH�XVHG�WR�IRUP�WKH�
basis for a new model to characterise the light incidence at any point in space and subsequently 
IRU�WKH�ZKROH�VSDFH��$W�WKH�¿UVW�WLPH�WKLV�PRGHO�SURYLGHV�D�TXDQWL¿FDWLRQ�RI�WKH�OLJKW�LQFLGHQFH�DQG�
WKH�EDODQFH�RI�GLUHFWLRQDO�DQG�GLIIXVHG�OLJKWLQJ��ZKLFK�LV�HVVHQWLDO�WR�DFKLHYH�KLJK�TXDOLW\�/('�DQG�
OLED lighting. In further research steps this will lead to a new measurable and rateable indicator, 
which can be taken into account in the lighting design process easily.
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D2 - Measurement

Measurement of Material
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PP018

LIGHT DIFFUSING POWER OF TRANSLUCENT GLAZING

Matusiak, B.S.

Arch. Design, Form and Colour Studies, NTNU, Trondheim, Norway.

1HZ�VROXWLRQV� IRU�HQHUJ\�HIIHFWLYH�PXOWLOD\HU�JOD]LQJ�KDYH�EHHQ�GHYHORSHG�GXULQJ� WKH� ODVW� IHZ�
\HDUV��0DQ\�RI�WKHP�KDYH�D�GLIIXVLQJ�OD\HU�RU�GLIIXVLQJ�VXUIDFH�RQ�PLQLPXP�RQH�VLGH��$OVR�QHZ�
PDWHULDOV�KDYLQJ�JUHDW�WKHUPDO�LQVXODWLRQ�DELOLW\�KDYH�EHHQ�GHYHORSHG��H�J��VLOLFD�DHURJHO�WKDW�DUH�
W\SLFDOO\�VHDOHG�EHWZHHQ�WR�OD\HUV�RI�JODVV��0RVW�RI�WKH�WUDQVOXFHQW�LQVXODWLRQ�PDWHULDOV�DOVR�KDYH�
D�VWURQJ�GLIIXVLQJ�HIIHFW�RQ�OLJKW��&DQ�WKLV�HIIHFW�EH�PHDVXUHG"�+RZ"
For the purpose of this study Translucent Glazing comprises of all types of facade glazing which 
diffuse light, although the diffusing effect may be different for each of them.
The selection of glazing can be critical to the success of an architectural project. It is especially 
LPSRUWDQW�IRU�WKH�YLVXDO�LPDJH�RI�D�WUDQVOXFHQW�IDoDGH��ERWK�LQVLGH�DQG�RXWVLGH��DQG�IRU�WKH�OLJKW�
distribution in interiors. The impression of spaciousness and friendliness of interiors, the modeling 
of objects and human faces as well as the atmosphere of an interior depends strongly on light 
distribution.

The notion of Light Diffusing Power (LDP) is a new measurement and rating system proposed by 
$GYDQFHG�*OD]LQJ�/WG�KWWS���ZZZ�DGYDQFHGJOD]LQJV�FRP�OGS��
7KH�UDWLQJ�RI�WUDQVOXFHQW�JOD]LQJ�SURSRVHG�E\�$GYDQFHG�*OD]LQJ�/WG�LV�EDVHG�RQ�PHDVXUHPHQWV�
of the radiant intensity of light after passing a material sample that is illuminated by a quartz ha-
logen spotlight positioned to make the incident angle of 45 degrees.
7KH�PHWKRG�LV�QRW�RSWLPDO�IRU�EXLOGLQJV�VLWXDWHG�DW�KLJK�ODWLWXGHV��H�J��2VOR��ZKHUH�WKH�DYHUDJH�
\HDUO\�VRODU�DQJOH�DW�QRRQ�LV�DERXW����GHJUHHV��$OVR�WKH�ZD\�RI�UDWLQJ�SURSRVHG�E\�$GYDQFHG�
*OD]LQJ�/WG�PD\�EH�GLVFXVVHG��,W�WDNHV�LQWR�FRQVLGHUDWLRQ�RQO\�WKH�SDUW�RI�OLJKW�ÀX[�WKDW�LV�GLIIXVHG�
XSZDUGV��QHJOHFWLQJ�WKH�UHVW�RI� LW��6XFK�UDWLQJ�GHSHQGV�YHU\�PXFK�RQ�LQFLGHQFH�DQJOH�RI� OLJKW��
0RVW�WUDQVOXFHQW�PDWHULDOV�ZLOO�GLIIXVH�����RI�WUDQVPLWWHG�OLJKW�ÀX[�XSZDUGV�LI�WKH�LQFLGHQFH�DQJ-
OH�LV����ZKLOH�WKH�SHUFHQWDJH�RI�XSZDUG�OLJKW�ÀX[�IRU����GHJ�LQF��DQJOH�PD\�YDU\�IURP�QHDUO\���WR�
QHDUO\�����

$Q�DOWHUQDWLYH�PHWKRG�LV�SURSRVHG�LQ�WKH�SDSHU��,W�FRPSULVHV�RI�WKH�XVDJH�RI�D�OLJKW�VRXUFH�WKDW�
PLPLFV�VXQOLJKW�H�J��WKH�$UWL¿FLDO�6XQ�GHYHORSHG�DW�1718�)DFXOW\�RI�$UFKLWHFWXUH��VHH�SKRWR����
7KH�$UWL¿FLDO�6XQ�HQDEOHV�YHU\�HYHQ�LOOXPLQDWLRQ�RI�FRQVLGHUDEO\�ODUJH�VXUIDFHV��XS�WR�����[�����
PP��VRPHWKLQJ�WKDW�LV�QHFHVVDU\�ZKHQ�IXOO�VFDOH�VDPSOHV�RI�EXLOGLQJ�IDoDGH�HOHPHQWV�DUH�WR�EH�
HYDOXDWHG�

The proposed method starts with measurements of angle-dependent luminance on the back side 
RI�WKH�VDPSOH�ZKLOH�LW�LV�HYHQO\�LOOXPLQDWHG�RQ�WKH�IURQW�VLGH��VHH�¿JXUH���
,W�PD\�EH�REVHUYHG�WKDW�PDWHULDOV�KDYLQJ�YHU\�VWURQJ�GLIIXVLQJ�SRZHU�WUDQVPLW�OLJKW�TXLWH�HYHQO\�
LQ�DOO�GLUHFWLRQV��WKHRUHWLFDOO\�WKH\�DUH�/DPEHUWLDQ¶V�GLIIXVHUV��2Q�WKH�RWKHU�KDQG��PDWHULDOV�WKDW�
KDYH�ZHDN�GLIIXVLQJ�SRZHU�WUDQVPLW�PRVW�OLJKW�LQ�WKH�GLUHFWLRQ�RI�LQFLGHQFH�OLJKW�DQG�LQ�GLUHFWLRQV�
close to it.
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:H�SURSRVH�WR�FDWHJRUL]H�WKH�OLJKW�GLIIXVLQJ�SRZHU�RI�EXLOGLQJ�VDPSOHV�GHSHQGLQJ�RQ�WKH�SHUFHQ-
WDJH�RI�OLJKW�ÀX[�WUDQVPLWWHG�E\�WKH�VDPSOH�LQ�WKH�GLUHFWLRQ�RI�LQFLGHQFH�OLJKW�DQG�GLUHFWLRQV�FORVH�
WR�LW��XS�WR���������RU�����IURP�WKH�GLUHFWLRQ�RI�LQFLGHQFH�OLJKW���WR�WKH�OLJKW�ÀX[�WUDQVPLWWHG�E\�WKH�
sample in all measured directions.

7KH�IROORZLQJ�FDWHJRULHV�DUH�SURSRVHG��9HU\�VWURQJ��6WURQJ��0RGHUDWH�DQG�:HDN�
7KH�QHZ�HYDOXDWLRQ�PHWKRG�ZDV�XVHG�LQ�WKH�VFLHQWL¿F�SURMHFW�³7UDQVOXFHQW�IDFDGHV´�VSRQVRUHG�
by the Norwegian Research Council. The Light Diffusing Power of 7 different building material 
samples was measured.

3KRWR�����$UWL¿FLDO�6XQ��1718��)DFXOW\�RI�DUFKLWHFWXUH

Figure 1 - The measurement method
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PP019

EVALUATION OF REFLECTIVE AND TRANSPARENT DISPLAYS USING BRDF/BTDF MEA-

SUREMENT SYSTEM

Hwang, J., Lee, D.
Korea Research Institute of Standards and Science, Daejeon, Korea, Republic of.

7R�PHDVXUH�WKH�FKDUDFWHULVWLFV�RI�QHZO\�GHYHORSHG�UHÀHFWLYH�WUDQVSDUHQW�GLVSOD\V�IRU�HQHUJ\�VD-
YLQJ��ZH�GHYHORSHG�D�ELGLUHFWLRQDO�UHÀHFWDQFH�WUDQVPLWWDQFH�GLVWULEXWLRQ�IXQFWLRQ��%5')�%7')��
measurement system.

,Q�HYDOXDWLQJ�WKH�QHZ�GLVSOD\V�RI�WKH�UHÀHFWLYH�DQG�WUDQVSDUHQW�GLVSOD\V��LW�LV�LPSRUWDQW�WR�PHD-
VXUH�WKH�DQJXODU�GLVWULEXWLRQ�RI�UHÀHFWDQFH�DQG�WUDQVPLWWDQFH��:H�GHYHORSHG�%5')�%7')�PHD-
VXUHPHQW�V\VWHP�ZLWK�WZR�FRQ¿JXUDWLRQV��2QH�XVHV�PRQRFKURPDWLF�OLJKW�VRXUFH�IRU�¿QH�WXQLQJ�RI�
ZDYHOHQJWK�DQG�D�SKRWRGLRGH�DV�D�GHWHFWRU��7KH�ZDYHOHQJWK�WXQDEOH�VRXUFH�FRQVLVWV�RI�D�WXQJV-
WHQ�KDORJHQ�ODPS�DQG�D�PRQRFKURPDWRU��7KH�RWKHU�FRQ¿JXUDWLRQ�KDV�D�ZKLWH�OLJKW�VRXUFH�DQG�D�
spectroradiometer, which offers high speed measurement. A goniometer with two rotation stages 
for a sample and a detector offers the measurement of BRDF/BTDF.

$V�DQ�H[SHULPHQWDO�GHPRQVWUDWLRQ��ZH�PHDVXUHG�%5')�%7')�RI�D�FRORU�UHÀHFWLYH�GLVSOD\�DQG�
D�WUDQVSDUHQW�GLVSOD\��7KH�H[SHULPHQWDO�GDWD�IRU�DQJOH�GLVWULEXWLRQ������GHJ��a����GHJ���DW�YLVLEOH�
ZDYHOHQJWK�UDQJH�ZHUH�REWDLQHG��:H�HYDOXDWHG�WKH�UHÀHFWLRQ�WUDQVPLVVLRQ�SURSHUWLHV�RI�GLVSOD\V��
)RU� WKH� UHÀHFWLYH�GLVSOD\�� WKH� UHÀHFWLRQ�FKDUDFWHULVWLFV� LQFOXGLQJ� UHJXODU�DQG�GLIIXVH� UHÀHFWLRQV�
ZHUH�HYDOXDWHG��)RU�WKH�WUDQVSDUHQW�GLVSOD\��ZH�REWDLQHG�DQJXODU�GLVWULEXWLRQ�RI�WUDQVPLWWDQFH�DQG�
analyzed the characteristics in terms of haze.

,Q�FRQFOXVLRQ��ZH�GHYHORSHG�%5')�%7')�PHDVXUHPHQW�V\VWHP�WR�HYDOXDWH�WKH�QHZO\�GHYHORSHG�
GLVSOD\V�RI�UHÀHFWLYH�DQG�WUDQVSDUHQW�GLVSOD\V��$V�DQ�H[SHULPHQWDO�H[DPSOH��ZH�PHDVXUHG�%5')�
%7')V�RI�WKH�GLVSOD\V�DQG�HYDOXDWHG�WKH�SURSHUWLHV��:H�H[SHFW�WKDW�WKH�%5')�%7')�V\VWHP�ZLOO�
EH�XVHIXO�LQ�HYDOXDWLQJ�WKH�QHZ�UHÀHFWLYH�WUDQVSDUHQW�GLVSOD\V�

Figure 1 - Schematic design of BRDF/BTDF system
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PP020

BI-DIRECTIONAL SCATTERING DISTRIBUTION DATA OF SOLAR SHADING: CHARACTE-

RIZATION AND PERFORMANCES

Deneyer, A., Deroisy, B.
Laboratory Light and Building, Belgian Building Research Institute, Limelette, Belgium.

1.CONTEXT

6RODU�VKDGLQJ�GHYLFHV�KDYH�EHHQ�XVHG� IRU�PDQ\�\HDUV� WR�SURWHFW�EXLOGLQJ�RFFXSDQWV� IURP�WKH�
QHJDWLYH�HIIHFWV�RI�VRODU�UDGLDWLRQ��GLIIXVH�GD\OLJKW�DQG�GLUHFW�VXQOLJKW���'XH�WR�LQFUHDVHG�IRFXV�
RQ�HQHUJ\�HI¿FLHQF\�DQG�EHWWHU�DZDUHQHVV�IRU�WKH�EHQH¿FLDO�HIIHFW�RI�GD\OLJKW�DFFHVV�LQ�EXLOGLQJV�
VRODU�VKDGLQJ�V\VWHPV�KDYH�EHFRPH�FULWLFDO� LVVXHV�WR�JXDUDQWHH�WKHUPDO�DQG�YLVXDO�FRPIRUW�RI�
occupants.

2.INTRODUCTION

1R�DFFXUDWH�SHUIRUPDQFH�FKDUDFWHUL]DWLRQ�IRU�WKH�FRPSRUWPHQW�RI�WKH�VRODU�VKDGLQJ�LV�DYDLODEOH�
DQG�XVHG��7KH�PRVW�VLPSOL¿HG�PRGHOV�FRQVLGHU�VRODU�VKDGLQJ�DV�D�XQLIRUP�SDUDOOHO�OD\HU�ZKLFK�
UHGXFHV�LQFRPLQJ�OLJKW�ÀX[HV�E\�D�¿[HG�IDFWRU�ZLWKRXW�WDNLQJ�LQWR�DFFRXQW�WKH�DQJXODU�GHSHQGHQW�
material properties that affect light and energy distribution patterns.
7KH�UHDO�VLWXDWLRQ�LV�LQGHHG�PRUH�FRPSOH[��7KH�¿UVW�LVVXH�LV�WKDW�LQFLGHQW�UDGLDWLRQ�LV�QRW�RQO\�GL-
rect solar beam radiation but the diffuse sky component also needs to be considered. The second 
LVVXH�LV�WKDW�OLJKW�LQWHUDFWV�ZLWK�WKH�µZLQGRZ�VRODU�VKDGLQJ¶�FRPSOH[�DQG�WKDW�PXOWLSOH�UHÀHFWLRQV�
and transmissions determine the distribution patterns.These physical phenomena can only be 
FDOFXODWHG�XVLQJ�DGYDQFHG�VLPXODWLRQ�WHFKQLTXHV��)RU�DFFXUDWH�DQDO\VLV�RI�OLJKW�DQG�HQHUJ\�UDGL-
DWLRQ�UD\�WUDFLQJ�WHFKQLTXHV�DUH�UHTXLUHG��7KH�YLVXDO�SHUIRUPDQFH�DVVHVVPHQW�ZLOO�EH�GRQH�ZLWK�
simulations and checked to real conditions by comparison to an experimental setup for a typical 
room.

3.BI DIRECTIONAL SCATTERING DISTRIBUTION FUNCTIONS

The use of bi directional scattering distribution function functions allows a detailed characterizing 
of the real properties of materials and surfaces.
Bi-directional scattering distribution functions were measured for different solar shading materials 
�ZRYHQ�VKDGH��VFUHHQ�DQG�DOXPLQLXP�VXUIDFHV�ZLWK�GLIIHUHQW�¿QLVKHV��
7KH�UHÀHFWHG�DQG�WUDQVPLWWHG�FRPSRQHQWV�DUH�GH¿QHG�DQG�PHDVXUHG�VHSDUDWHO\�DV�%5')��%L�
GLUHFWLRQDO� UHÀHFWDQFH� GLVWULEXWLRQ� IXQFWLRQ�� DQG�%7')� �%LGLUHFWLRQDO� WUDQVPLWWDQFH� GLVWULEXWLRQ�
IXQFWLRQ��DV�LOOXVWUDWHG�LQ�¿JXUH���

4.FORWARD RAY-TRACING SIMULATIONS AND MEASUREMENTS

0RVW�OLJKWLQJ�VLPXODWLRQ�VRIWZDUH�FRQVLGHU�DOO�VXUIDFHV�DV�SHUIHFW�GLIIXVH�PDWHULDOV��'LUHFWLRQDOLW\�
RI�WKH�DUWL¿FLDO�OLJKW�VRXUFH�LV�WDNHQ�LQWR�DFFRXQW�E\�XVLQJ�GHWDLOHG�SKRWRPHWULF�¿OHV�IRU�WKH�OXPL-
naire but angle-dependent properties of materials are generally ignored.

6SHFL¿F�VRIWZDUH�DSSOLFDWLRQV�DUH�DEOH� WR� WDNH�YDULRXV�EL�GLUHFWLRQDO�VFDWWHULQJ�GLVWULEXWLRQV� IRU�
materials into account. Software packages integrating BSDF-data and using forward raytracing 
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DOJRULWKPV�DUH�FRPPRQO\�XVHG�LQ�DHURVSDFH�DQG�DXWRPRWLYH�LQGXVWULHV��7KH�35262/,6�SURMHFW�
of the Belgian Building Research Institute is applying thesetools to the building industry in order 
to simulate complex fenestration system and daylight redirecting system.

7KH�XVH�RI�%6')�'DWD�LQWR�WKH�/LJKW�7RROV�VRIWZDUH�DOORZV�WR�HVWLPDWLWH�DQG�YLVXDOL]H�GLUHFW�DQG�
diffuse light penetration.

Comparisons of on-site measurements and software simulations will help understanding the mo-
GHOOLQJ�RI�%6')�GDWD��YDOLGDWLQJ�WKH�VRIWZDUH�DQG�SUHGLFWLQJ�WKH�SHUIRUPDQFHV�RI�VRODU�VKDGLQJV�
XQGHU�VRODU�UDGLDWLRQ��VHH�¿JXUH����

)LJXUH�����5HSUHVHQWDWLRQ�RI�%7')�DQG�%5')�LQ�YHUWLFDO�SODQH�IRU�GLIIHUHQW�VSHFL¿F�LQFL-
GHQW�DQJOHV����������������������������������������IRU�WKH�%6')�±����DQG�����IRU�WKH�%5')��
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Figure 2 - Luminance maps for a viewpoint in the testroom under clear sky at 10 Augus-

tus and 7 September for different solar shading material
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PP021

MEASUREMENT OF TYPICAL ROAD SURFACE REFLECTANCE IN CHINA

Li, W.1, Zeng, X.1��&KHQJ��:�1, Demirdes, N.1, Heynderickx, I.2,3��/LX��0�4, Shen, H.4

1. Philips Research China, Shanghai, China.
2.�3KLOLSV�5HVHDUFK�/DERUDWRULHV��(LQGKRYHQ��1HWKHUODQGV�
3.�'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��'HOIW��1HWKHUODQGV�
4.�'HSDUWPHQW�RI�/LJKW�6RXUFHV�DQG�,OOXPLQDWLQJ�(QJLQHHULQJ��)XGDQ�8QLYHUVLW\��6KDQJKDL��&KL-
na.

7KH�UHÀHFWLRQ�FKDUDFWHULVWLFV�RI�URDG�VXUIDFHV�DUH�HVVHQWLDO�IRU�SURSHUO\�GHVLJQLQJ�D�OLJKWLQJ�LQ-
VWDOODWLRQ��&,(��,QWHUQDWLRQDO�/LJKWLQJ�&RPPLWWHH��KDV�HVWDEOLVKHG�D�³URDG�VXUIDFH�FODVVL¿FDWLRQ�
V\VWHP´��ZKLFK�FRQWDLQV� UHÀHFWLRQ� WDEOHV�RI� UHSUHVHQWDWLYH�VWDQGDUG� URDG�VXUIDFHV�DQG� LV�ZHOO�
DGRSWHG�E\�VHYHUDO�FRXQWULHV��+RZHYHU��DIWHU�VHYHUDO�GHFDGHV�RI�GHYHORSPHQWV�LQ�URDG�PDWHUL-
DOV��UHFHQW�VWXGLHV�VKRZHG�WKDW�WKH�UHÀHFWLRQ�FKDUDFWHULVWLFV�RI�PDWHULDOV�FXUUHQWO\�XVHG�IRU�URDG�
surfaces are different from the ones considered in the standard. As a consequence, the CIE r- ta-
EOH�QHHGV�WR�EH�XSGDWHG�WR�SURSHUO\�HYDOXDWH�FXUUHQW�OLJKWLQJ�DSSOLFDWLRQ�RQ�WKH�URDG�IURP�YLVXDO�
SHUIRUPDQFH�DQG�HQHUJ\�FRQVHUYDWLRQ�DVSHFWV��7KLV�SDSHU� UHSRUWV�DQ�H[SHULPHQWDO� VHW�XS� IRU�
PHDVXULQJ�UHÀHFWDQFH�RI�VHOHFWHG�URDG�VDPSOHV�LQ�&KLQD��7KH�H[SHULPHQWDO�VHW�XS�FRQVLVWV�RI�D�
VSHFL¿FDOO\�PRGL¿HG�JRQLRSKRWRPHWHU�DSSOLHG�LQ�D�ODERUDWRU\�HQYLURQPHQW��7KH�URDG�VDPSOHV�DUH�
FRQVLGHUHG�UHSUHVHQWDWLYHV�IRU�WKH�PDWHULDOV�DQG�XVH�FRQGLWLRQV�FXUUHQWO\�LQ�XVH�LQ�&KLQD�DFFRU-
GLQJ�WR�OLWHUDWXUH�DQG�D�¿HOG�VWXG\�

0HDVXUHPHQW�PHWKRGRORJ\��%DVHG�RQ� OLWHUDWXUH�DYDLODEOH�RQ�UHOHYDQW�DOJRULWKPV�� ODERUDWRU\�RU�
in-situ measurement systems and methodologies, we built a laboratory measurement system for 
URDG�VXUIDFH�UHÀHFWDQFH��7KH�PHDVXUHPHQW�V\VWHP�LV�EXLOW�XSRQ�DQ�H[LVWLQJ�JRQLRSKRWRPHWHU��
VHH�)LJXUH����$�FROOLPDWHG�OLJKW�VRXUFH�LV�¿[HG�RQ�D�URWDWLQJ�DUP�RI�WKH�JRQLRSKRWRPHWHU�WR�SURYLGH�
WKH�LQFLGHQW�OLJKW�EHDP��,Q�WKH�RSWLFDO�SDWK�RI�WKH�LQFLGHQW�EHDP��WKH�OLJKW�LV�UHÀHFWHG�E\�0LUURU���
DQG�0LUURU���WR�IXUWKHU�UHGXFH�LWV�DQJXODU�VSUHDG��$V�D�FRQVHTXHQFH��WKH�OLJKW�SDWK�EHWZHHQ�WKH�
OLJKW�VRXUFH�DQG�PHDVXUHG�VDPSOH�VXUIDFH�LV����PHWHUV��7KH�SRVLWLRQ�RI�WKH�OLJKW�VRXUFH��0LUURU�
��DQG�0LUURU���DUH�GHVLJQHG�VR�WKDW�WKH�PDLQ�RSWLFDO�D[LV�RI�WKH�OLJKW�VRXUFH�LV�DOZD\V�SDVVLQJ�
through the center of the road sample.The road sample is installed horizontally on a holder and 
centered at the intersection of Axis 1 and 2. The luminance meter is also installed on a holder, 
VXFK�WKDW�WKH�URDG�VDPSOH�LV�VHHQ�WKURXJK�0LUURU����ZKLFK�FDQ�EH�DGMXVWHG�WR�LQVXUH�D����DQJOH�RI�
REVHUYDWLRQ��6RIWZDUH�LV�SURJUDPPHG�WR�V\FKURQL]H�WKH�JRQLRSKRWRPHWHU�DQG�OXPLQDQFH�PHWHU��
WR�SURYLGH�DXWRPDWLF�PHDVXUHPHQWV�DQG�WR�VDYH�WKH�PHDVXUHPHQW�GDWD�

Trial runs with this measurement system on standard diffuse panels and real asphalt road sam-
SOHV�KDYH�EHHQ�FDUULHG�RXW��7KH\�SURYH�WKDW� WKH�V\VWHP�LV�FDSDEOH�RI�PHDVXULQJ�URDG�VXUIDFH�
UHÀHFWLYLW\�RYHU�WKH�IXOO�LQFLGHQW�DQJOH�IURP����WR������DQG�ZLWK�D]LPXWK�DQJOHV�IURP����WR�������7KH�
angular position reproducibility of the goniophotometer is 0.1°. And the measurement reproduci-
ELOLW\�RI�WKH�OXPLQDQFH�PHWHU�LV����

5RDG�VDPSOH�VHOHFWLRQV��7KH�UHÀHFWLRQ�FKDUDFWHULVWLFV�RI�URDG�VXUIDFHV�DUH�LQÀXHQFHG�PDLQO\�E\�
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WKHLU�VXUIDFH�PDWHULDO��URFN��DJJUHJDWH��W\SH��WUDI¿F�YROXPH�DQG�DJH�RI�WKH�VXUIDFH���%\�GRLQJ�D�
OLWHUDWXUH�VWXG\��¿HOG�VXUYH\�DQG�LQWHUYLHZ��ZH�IRXQG�WKDW�DOVSKDOW�LV�WKH�GRPLQDQW�PDWHULDO�LQ�URDG�
FRQVWUXFWLRQV�LQ�&KLQD��7KH�W\SLFDO�DOVSKDOW�UHFLSHV�DUH�60$����DQG�$&�����+HQFH��WKH�VDPSOHV�
VHOHFWHG�IRU�WKH�PHDVXUHPHQWV�DUH�FDWRJRUL]HG�LQWR�PDWHULDO�UHFLSH��60$��$&��DQG�VHUYLFH�WLPH�
(newly made, 2~6 years used). The used road surface samples are all collected from real in-use 
URDGV�LQ�6KDQJKDL�ZLWK��a��\HDUV�RI�VHUYLFH�WLPH�

5HVXOWV�DQG�GLVFXVVLRQV��:H�FXUUHQWO\�SHUIRUP�WKH�URDG�UHÀHFWDQFH�PHDVXUHPHQWV�ZLWK�WKLV�V\V-
WHP��6RPH�UHÀHFWDQFH�GDWD�ZLOO�EH�SXEOLVKHG�DQG�GLVFXVVHG�ODWHU�LQ�WKH�IXOO�SDSHU�

)LJXUH�����6FKHPDWLF�GLDJUDP�RI�PHDVXUHPHQW�V\VWHP�IRU�URDG�VXUIDFH�UHÀHFWDQFH
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D2 - Measurement

Measurement of LEDs
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PP026

OPTIMAL THERMAL MANAGEMENT OF LED LIGHTING SYSTEMS REGARDING EFFICI-

ENCY AND COSTS

Tarbeyevskaya, A.1, 7DUEH\HYVND\D��$�2, Herbold, C.3, Hornberg, A.1, Neumann, C.3, Schierz, 
C.2

1.�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�(VVOLQJHQ��=$)+�/('�2$6<6��*RHSSLQJHQ��*HUPDQ\�
2.�'HSDUWPHQW�RI�/LJKWLQJ�7HFKQRORJ\��,OPHQDX�8QLYHUVLW\�RI�7HFKQRORJ\��,OPHQDX��*HUPDQ\�
3. Karlsruhe Institute of Technology, Light Technology Institute, Karlsruhe, Germany.

Thermal impact in packaged high-power LEDs is critical to the reliability and performance of the 
GHYLFH��0RVW�VLJQL¿FDQWO\��WKH�/('¶V�OLIHWLPH�DW�JLYHQ�SKRWRPHWULF�DQG�FRORULPHWULF�FKDUDFWHULVWLFV�
FDQ�EH�LPSURYHG�E\�ORZHULQJ�WKH�MXQFWLRQ�WHPSHUDWXUH��7KH�RSWLPDO�FRROLQJ�VROXWLRQ�GHSHQGV�RQ�
WKH�VWURQJO\�DSSOLFDWLRQ�VSHFL¿F�ERXQGDU\�FRQGLWLRQV�DQG�UHTXLUHPHQWV�FRQFHUQLQJ�GHVLJQ��IXQF-
WLRQDOLW\��¿QDQFLDO�EXGJHW�DQG�PDQ\�RWKHU�DVSHFWV�

,Q�WKLV�SDSHU��D�V\VWHPDWLF�DSSURDFK�IRU�WKH�DFKLHYHPHQW�RI�RSWLPDO�FRROLQJ�VROXWLRQ�RI�/('�OLJK-
WLQJ�V\VWHPV�LV�SUHVHQWHG��)RU�WKLV�SXUSRVH��D�YDULHW\�RI�IDFWRUV��VXFK�DV�WKHUPDO�FRQGXFWLYLWLHV�
and capacitances, material and geometric properties, fastening methods, are discussed on a con-
FUHWH�H[DPSOH�RI�D�/('�VSRWOLJKW��7KLV�FRQWULEXWLRQ�VKRZV��WKDW�WKH�FKRLFH�RI�LQFRUUHFWO\�VSHFL¿HG�
HOHPHQWV�FDQ�FDXVH�GLVDGYDQWDJHV��ZKLFK�VKRXOG�EH�UHFWL¿HG�DW�D�PRUH�DGYDQFHG�VWDJH�RI�GHYLFH�
GHYHORSPHQW�E\�FRVW�GULYLQJ�DQG�FRPSOH[�PHDVXUHV��7KH�H[SHULPHQWDO�DSSURDFK�WR�GHULYH�WKH�
/('�MXQFWLRQ�WHPSHUDWXUH�LV�GHWHUPLQHG�E\�WUDQVLHQW�WKHUPDO�DQDO\VLV��$�YHU\�JRRG�DJUHHPHQW�LV�
obtained between numerical and experimental results.
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PP027

APPLICATION OF LIGHT-EMITTING DIODES IN OPTICAL METROLOGY

Lee, D.1, Park, S.1, Shin, D.1, Kim, S.1, Jeong, K.1��0DKPRXG��.�2, Park, S.1

1. KRISS, Daejeon, Korea, Republic of.
2. UST, Daejeon, Korea, Republic of.

/LJKW�HPLWWLQJ�GLRGHV��/('V��DUH�RSHQLQJ�D�QHZ�HUD�RI� OLJKWLQJ�QRW�RQO\�LQ�WKH�HYHU\GD\�OLIH��,Q�
VFLHQFH�DQG�HQJLQHHULQJ��/('V�DOVR�RIIHU�QHZ�SRVVLELOLWLHV� WR� LPSURYH� WKH�FRQYHQWLRQDO� LQVWUX-
PHQWDWLRQ�DQG�PHWKRGRORJ\��+LJK�VSHFWUDO�SRZHU��KLJK�GLUHFWLRQDOLW\��KLJK�HI¿FLHQF\�DQG�VWDELOLW\��
VPDOO�VL]H��DQG�JRRG�DYDLODELOLW\�RI�/('V�DUH�RI�SDUWLFXODU�LQWHUHVW�LQ�WKH�¿HOG�RI�RSWLFDO�PHWURORJ\��
where light sources are used as a tool for measurement.

,Q�WKLV�SUHVHQWDWLRQ��ZH�VXPPDUL]H�RXU�UHFHQW�ZRUNV�RI�/('�DSSOLFDWLRQV�LQ�RSWLFDO�PHWURORJ\��:H�
FODVVLI\�WKH�DSSOLFDWLRQV�LQWR�WKUHH�FDWHJRULHV��7KH�¿UVW�FDWHJRU\�XVHV�WKH�TXDVL�PRQRFKURPDWLF�
HPLVVLRQ�SURSHUW\�RI�/('V�WR�PDNH�D�VSHFWUDOO\�WXQDEOH�VRXUFH��1RZDGD\V��D�ZLGH�DUHD�RI�ZDYH-
OHQJWK�FDQ�EH�FRYHUHG�E\�/('V�RI�GLIIHUHQW�FRORXUV��:H�SUHVHQW�WZR�H[SHULPHQWDO�UHDOL]DWLRQV�RI�
WXQDEOH�VRXUFHV��RQH�IRU�PHDVXULQJ�WKH�GLIIHUHQWLDO�VSHFWUDO�UHVSRQVLYLW\�RI�SKRWRYROWDLF�GHWHFWRUV�
DQG�WKH�RWKHU�IRU�PHDVXULQJ�WKH�QRUPDOL]HG�VSHFWUDO�UHVSRQVLYLW\�RI�LPDJLQJ�VHQVRUV�

The second category of application is based on the pulsed operation of LEDs. LEDs can be mo-
GXODWHG�ZLWK�KLJK�EDQGZLGWK��DQG�WKH�PRGXODWLRQ�FDQ�EH�UHOLDEO\�FRQWUROOHG�YLD�WKH�SRZHU�VXSSO\��
:H�SUHVHQW�WZR�H[SHULPHQWDO�DSSOLFDWLRQV�RI�SXOVHG�/('V��RQH�IRU�PHDVXULQJ�WKH�QRQ�OLQHDULW\�RI�
RSWLFDO�GHWHFWRUV�ZLWK�DQ�DFFXUDF\�OHYHO�RI�������DQG�WKH�RWKHU�IRU�UHDOL]LQJ�D�FRQWUROODEOH�ÀDVKLQJ�
OLJKW�VRXUFH��ZKLFK�LV�XVHG�WR�FKDUDFWHUL]H�D�ÀDVKLQJ�SKRWRPHWHU�IRU�HIIHFWLYH�LQWHQVLW\�PHDVXUH-
ment.

7KH�WKLUG�FDWHJRU\�XVHV�WKH�KLJK�VWDELOLW\�DQG�GXUDELOLW\�RI�/('V�WR�GHYHORS�WKH�VWDQGDUG�FDOLEUDWL-
RQ�VRXUFHV�IRU�SKRWRPHWU\�DQG�UDGLRPHWU\��:H�GHYHORSHG�D�/('�EDVHG�LQWHJUDWLQJ�VSKHUH�VRXUFH�
for calibration and characterization of luminance meters, colorimeters, and spectro-radiometers. 
7KH�/('V�DWWDFKHG�WR�WKH�LQWHJUDWLQJ�VSKHUH�FDQ�EH�ÀH[LEO\�FKDQJHG�WR�PHHW�WKH�UHTXLUHPHQW�RI�
YDULRXV�DSSOLFDWLRQV�
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PP028

SPATIAL COLOR DISTRIBUTION OF WHITE LED LUMINAIRES

Bensel, S., 9|ONHU��6�
%HUOLQ�,QVWLWXWH�RI�7HFKQRORJ\��6FKRRO�,9��(OHFWULFDO�(QJLQHHULQJ�DQG�&RPSXWHU�6FLHQFH��&KDLU�RI�
Lighting Technology, Berlin, Germany.

The number of SSL products in general lighting applications is rapidly increasing. Therefore hig-
her quality demands are set up for white LEDs. A thorough characterization of luminaires also 
includes colorimetric data such as the correlated color temperature (CCT) as well as the color 
rendering index (CRI).

6R�IDU��VWDQGDUGV�KDYH�UHFRPPHQGHG�SURYLGLQJ�VSDWLDOO\�DYHUDJHG�YDOXHV�IRU�FRORU�TXDQWLWLHV�>���
�@��)RU�KLJK�SRZHU�ZKLWH�/('V��VWXGLHV�>����@�KDYH�VKRZQ�WKDW�FRQWUDU\�WR�LQFDQGHVFHQW�ODPSV�WKH�
FRUUHODWHG�FRORU�WHPSHUDWXUH�FDQ�YDU\�VLJQL¿FDQWO\�ZLWK�WKH�YLHZLQJ�DQJOHV�ș�DQG�ĳ��)RU�H[DPSOH�
WKH�VR�FDOOHG�DQJXODU�&&7�GHYLDWLRQ�RI�D�ZKLWH�/('�ZLWK�������.�KDV�UHDFKHG�XS�WR�������.�>�@�
ZKHUHDV�LQ�WKLV�FRORU�WHPSHUDWXUH�UHJLRQ�D�GHYLDWLRQ�DORQJ�WKH�EODFN�ERG\�UDGLDWLRQ�FXUYH�RI�������
.�KDV�EHHQ�IRXQG�YHU\�GLVWXUELQJ��7KH�WROHUDQFH�WKUHVKROG�IRU�&&7�GHYLDWLRQV�IRU�ZDUP�ZKLWH�OLJKW�
VRXUFHV�LV�PXFK�ORZHU�>�@�

&&7�GHYLDWLRQ�RYHU�DQJOH�VHHPV�WR�EH�D�UHOHYDQW�TXDOLW\�FULWHULRQ��6LQFH�WKH�VSHFWUDO�SRZHU�GLVWUL-
bution of LED luminaires is depending on the angle of radiation and the optical system, measure-
ment and documentation of a spatial color distribution for LED luminaires should be obligatory. In 
this study the following setup for measurement of spatial color distributions was used.

7KH�VHWXS��)LJXUH����FRQVLVWV�RI�D�FHQWULF�PRYLQJ�PLUURU�JRQLRSKRWRPHWHU�FRPELQHG�ZLWK�DQ�DUUD\�
VSHFWURUDGLRPHWHU��7KH�VSHFWURUDGLRPHWULF�GHWHFWRU�FDQ�EH�PRYHG�LQ�ORQJLWXGLQDO�GLUHFWLRQ��)RU�
WKH�SUHVHQWHG�PHDVXUHPHQWV�WKH�GHWHFWRU�ZDV�VHW�LQ�D�GLVWDQFH�RI�VHYHQ�PHWHUV��$�VWUD\�OLJKW�HOL-
mination tube with different apertures is mounted in front of the optical probe of the spectrometer. 
Depending on the distance between light source and detector, the apertures can be adjusted. A 
simultaneous characterization of photometric, spectroradiometric and colorimetric data is possi-
ble.
6R�IDU�WZHQW\�GLIIHUHQW�ZDUP�ZKLWH�/('�UHWUR¿WV�KDYH�EHHQ�H[DPLQHG�ZLWK�FRQVWDQW�DQJOH�ĳ�DQG�
YDU\LQJ�DQJOH�Ȗ�����WR�������ǻȖ� ������LQ�WKH�&,(�&�JDPPD�FRRUGLQDWH�V\VWHP��&&7�GHYLDWLRQV�
from 30 K to 300 K were found. The calculated tolerance thresholds for warm white sources are 
VKRZQ�LQ�7DEOH���>�@�

)RU�VRPH�/('�VDPSOHV��ZLWK�LQFUHDVLQJ�DQJOH�Ȗ�FULWLFDO�GHYLDWLRQV�RI�WKH�FRUUHODWHG�FRORU�WHPSH-
UDWXUH�IURP�PDLQ�EHDP�GLUHFWLRQ�FRXOG�EH�REVHUYHG��RQH�H[DPSOH�LQ�)LJXUH����

Further results on the spatial color distribution of white LED luminaires will be presented at the 
conference. 
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>�@,(6� /0�������� (OHFWULFDO� DQG� 3KRWRPHWULF� 0HDVXUHPHQWV� RI� 6ROLG�6WDWH�/LJKWLQJ� 3URGXFWV��
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>�@&KHQ��&��<���&KHQ��&��&���&KLX��&��<��HW�DO���2SWLPDO�ZKLWH�/('�SDFNDJH�ZLWK�KLJK�XQLIRUPLW\�LQ�
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>�@%LHVNH��.���hEHU�GLH�:DKUQHKPXQJ�YRQ�/LFKWIDUEHQlQGHUXQJHQ�]XU�(QWZLFNOXQJ�G\QDPLVFKHU�
Beleuchtungssysteme, Dissertation 2010, TU Ilmenau.

Figure 1 - Measurement Setup
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Figure 2 - CCT deviations for a warm white LED sample

Table 1 - Tolerance thresholds for CCT deviations

ǻ&&7
CCT barely recognized GH¿QLWHO\�VHHQ YHU\�GLVWXUELQJ
2700 27 60 134
3000 34 76 171
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PP029

EVALUATION OF LED SOURCE DEGRADATION

Govorov, P.P.1, 5RPDQRYD��7�2��1RVDQRY��0�2, Pylypchuk, R.3, Korol, O.1

1.�8NUDLQLDQ�&RPPLWWHH�IRU�OLJKWLQJ��.KDUNRY�QDWLRQDO�DFDGHP\�RI�PXQLFLSDO�HFRQRP\��.KDUNRY��
Ukraine.
2.�'RQEDV�1DWLRQDO�$FDGHP\�RI�&LYLO�(QJLQHHULQJ�DQG�$UFKLWHFWXUH��0DNHHYND��8NUDLQH�
3.�263�9DWUD�&RUSRUDWLRQ�/7'��7HUQRSLO��8NUDLQH�

$V�LV�NQRZQ�>�@��WKH�YDOXH�RI�/('�OLJKW�ÀRZ�)�LQ�WKH�SURFHVV�RI�/('�RSHUDWLRQ�LV�QRW�FRQVWDQW��7KLV�
LV�UHODWHG�WR�SURFHVVHV�ZLWKLQ�WKH�GLRGHV�WKHPVHOYHV�DQG�UHTXLUHV�FRQVLGHUDWLRQ�IRU�WKHLU�GHJUD-
GDWLRQ�RYHU�WLPH�
,Q�YLHZ�RI�D�ZLGH�UDQJH�RI�LQLWLDO�/('�SDUDPHWHUV��WKH�WDVN�RI�SUHGLFWLQJ�WKHP�LV��LQ�JHQHUDO�IRUP��
D�VWDWLVWLFDO�RQH��WKH�SURFHVV�RI�OLJKW�ÀRZ�FKDQJHV�RYHU�WLPH�)�W��EHLQJ�D�UDQGRP��QRQ�VWDWLRQDU\�
one.

7KH�H[WHQW�RI�OLJKW�ÀRZ�GHFUHDVH�ǻ)�IRU�DQ\�RSHUDWLQJ�WLPH�WQ�ZLWK�UHVSHFW�WR�WKH�LQLWLDO�YDOXH�)��
FDQ�EH�GH¿QHG�DV
ǻ)�W�� �)PD[���)�W����)PD[� �>����H�Į�W�WPD[�@�������� � ���

)�W��EHLQJ�WKH�YDOXH�RI�/('�HPLVVLRQ�ÀRZ�DIWHU�W�KRXUV�RI�RSHUDWLRQ��
)PD[�EHLQJ�WKH�PD[LPXP�YDOXH�RI�/('�HPLVVLRQ�ÀRZ�DW�W WPD[�
Į�EHLQJ�WKH�GHJUDGDWLRQ�FRHI¿FLHQW��ZKLFK�LV�GHWHUPLQHG�RQ�WKH�EDVLV�RI�WKH�H[SUHVVLRQ�>�@��

Į� ������W�OQ�)�W����)�

7KH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�UDQGRP�SURFHVV�RI�OLJKW�ÀRZ�FKDQJH�±�GHQVLW\�I�)��DQG�LQWHJUDO�
GLVWULEXWLRQ�IXQFWLRQ�)�)��±�FDQ�EH�GHWHUPLQHG�LQ�WKH�IRUP�>����@
I�)�� �����ı)��¥�ʌ��H��)L�P)���ı)���� � � � ���
)�)�� �����ı)�¥�ʌ����)�H��)L�P)���ı)��G)�� � � ���

)L�EHLQJ�WKH�UDQGRP�YDOXH�RI�OLJKW�ÀRZ�)��P)�EHLQJ�WKH�PDWKHPDWLFDO�H[SHFWDQF\�RI�FDVXDO�YDOXH�
)��P)� ��L �Q)L���Q��ı)�EHLQJ�WKH�VWDQGDUG�URRW�PHDQ�VTXDUH�GHYLDWLRQ�RI�UDQGRP�YDOXH�)��DQG�
ı)� �¥')���')�EHLQJ�WKH�GLVSHUVLRQ�RI�FDVXDO�YDOXH�)��')� ����Q�)L�P)�����Q��
8QGHU�FRQGLWLRQV�RI�HYHQ�GHQVLW\�RI�OLJKW�ÀRZ�GLVWULEXWLRQ��ZH�JHW�
f(F) = 1 / F2 - F1        (4) 
)�� �P)�±�ȕ��ı)�)�� �P)���ȕ��ı)�� � � � ���
ȕ�EHLQJ�WKH�VWDWLVWLFDO�FRHI¿FLHQW��GHWHUPLQHG�E\�WKH�SUHVHW�SUREDELOLW\�OLPLW�([�LQ�DFFRUGDQFH�ZLWK�
WKH�SULQFLSOH�RI�SUDFWLFDO�FRQ¿GHQFH�>�@�
)RU�WKDW�ODZ��WKH�FDOFXODWHG�PLQLPDO�)ȝ�DQG�PD[LPDO�)P�YDOXHV�RI�OLJKW�ÀRZ�DUH�GHWHUPLQHG�IURP�
the following conditions:
���)ȝ�I�)�G)� �)�)ȝ�� ([�� � � � � � ����
���)P�I�)�G)� �)�)P�� ����([�� � � � � ���
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Ex being the integral probability limit.
By substituting the expressions (4) and (5) into (6) and (7), we get:
)ȝ� �)��������([����)�([�� � � � � ����
)P� �)��������([����)�([� � � � � ���

8QGHU�WKHVH�FRQGLWLRQV��D�/('�LV�GHHPHG�WR�EH�RXW�RI�VHUYLFH�LI�LWV�OLJKW�ÀRZ�KDV�GHFUHDVHG�WR�
D�FHUWDLQ�HQG�YDOXH�)N��$FFRUGLQJO\��WKH�REMHFWLYH�RI�DVVHVVLQJ�WKH�H[WHQW�RI�GHJUDGDWLRQ�FDQ�EH�
DFKLHYHG�WKURXJK�DQ�H[SHULPHQW�ODVWLQJ�XQWLO�WKH�OLJKW�ÀRZ�RI�DOO�OLJKW�HPLWWLQJ�GLRGHV�JRHV�GRZQ�
WR�D�FHUWDLQ�YDOXH�)Q��¿J�����D���,Q�WKLV�FDVH��WKH�HYDOXDWLRQ�LV�SHUIRUPHG�RQ�WKH�EDVLV�RI�FKDUDFWH-
ULVWLFV�RI�REVHUYDWLRQV�RI�D�VHW�RI�WLPH�YDOXHV�7Q��7Q����7Q����RI�DFKLHYLQJ�LQ�WKH�H[SHULPHQWLQJ�RI�
SURFHVV�RI�OHYHO�)Q��OLJKW�FLUFOHV���7KXV��VHUYLFH�WLPH�YDOXHV�DUH�SUHGLFWHG�RQ�WKH�EDVLV�RI�OHYHO�)N�
�GDUN�FLUFOHV��RU�RI�FDOFXODWHG�PLQLPDO�WLPH�YDOXH�7N��
$Q�DOWHUQDWLYH�ZD\�LV�WR�SUHGLFW�WKH�FKDUDFWHULVWLFV�RI�OLJKW�ÀRZ�GLVWULEXWLRQ�IRU�PRPHQW�RI�WLPH�W¶�
�GDUN�FLUFOHV���)LJ�����E��IRU�WKH�REVHUYHG�OLJKW�ÀRZV�IRU�WLPH�VHFWLRQ�W��OLJKW�FLUFOHV��
The conducted research has shown that at a constant working temperature the change in the 
/('�SRZHU�DQG�WKH�IUHTXHQF\�RI�/('�VZLWFKLQJ�RQ�SUDFWLFDOO\�KDYH�QR�LPSDFW�RQ�WKH�H[WHQW�RI�
their degradation. This makes it possible to considerably simplify the conduct of experiments 
ZKHQ�VWXG\LQJ�/('�OLJKW�ÀRZ�RYHU�D�ORQJ�SHULRG�RI�WLPH�
7KH�XVH�RI�WKH�GHYHORSHG�SUHGLFWLRQ�PRGHOV�DQG�WHFKQLTXHV�PDNHV�LW�SRVVLEOH�WR�HYDOXDWH�WKH�
extent of LED degradation and to assess, on that basis, the quality of their operation.
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)LJXUH�����([SHULPHQWDO�FXUYHV�RI�/('V�DQG�SUHGLFWLRQ�RI�DJLQJ��WKH�KRUL]RQWDO��D���YHUWL-
FDO��E�

)LJXUH�����'HSHQGHQFH�RI�WKH�FKDQJH�RI�OLJKW�ÀX[�)��DQG�)��RI�WKH�/('V�RQ�WKH�WLPH
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PP030

THE FEATURES OF THE TESTING PROGRAM FOR LED LUMINAIRES AT VNISI TESTING 

CENTRE 

Bartsev, A., 6WRO\DUHYVND\D��5���%HO\DHY��5�
7HVW�FHQWHU��91,6,��/LJKWLQJ�UHVHDUFK�LQVWLWXWH���0RVFRZ��5XVVLDQ�)HGHUDWLRQ�

7KH�LQGRRU�DQG�RXWGRRU�LOOXPLQDWLRQ�KDV�WR�EH�FRUUHVSRQGLQJ�WR�WKH�QRUPV��EXW�¿UVWO\��WKH\�KDYH�
to be healthy. That means we need to measure to get the characteristics in some numbers, which 
can to guarantee the quality of product by quantities. That is task for testing centers to check the 
quality of product at the luminaire market.
The new product needs the new approach in testing program. At Russian lighting market we can 
PHHW�PXFK�GLIIHUHQW�TXDOLW\�DQG�WKHUHIRUH��ZH�KDYH�WR�SXW�EDUULHUV�IRU�EDG��RU�SRWHQWLDOO\�GDQJH-
rous, product to be spread in country.
7KLV�SDSHU�GHYRWHG�WR�WKH�WZR�QHZ�PHWKRGRORJLHV�IRU�/('�OXPLQDLUH�WHVWLQJ�SURJUDP�WKDW�DUH�LQ�
ZD\�WR�EH�HVWDEOLVKHG�DV�DQ�LQGLYLGXDO�RSWLFDO�VWDQGV�IRU�PHDVXUHPHQWV�
-Stand for additional test of the stability and restorability of luminous and colour parameters of 
/('�OXPLQDLUHV�DW�WHPSHUDWXUH�ORDGLQJ�
-Stand for LED luminaire BLH Radiance measurements.
7KH�QHZ�5XVVLDQ� QDWLRQDO� VWDQGDUG�ZDV� FUHDWHG� E\� VSHFLDOLVWV� IURP�91,6,� LQ� ����� DQG�ZDV�
FRQ¿UPHG�E\�*2667$1'$57�RI�5XVVLDQ�)HGHUDWLRQ�LQ�������,W�LV�GHYRWHG�WR�WKH�OXPLQDULHV�IRU�
outdoor and indoor illumination, to the requirements of luminous characteristics and to methods 
of their testing.

0HWURORJLFDO�FKDUDFWHULVWLFV�DQG�UHTXLUHPHQWV�RI�GHYLFHV�IRU�OXPLQDLUHV�FRORXULPHWULF�DQG�SKRWR-
metric parameters measurements are also included in the document.
As an a step of testing there is an additional test to stability and restorability of luminous and co-
lour parameters of LED luminaires at temperature loading included in national Russian standard.
Testing is going on at climatic chamber with measurements of CCT (spectral distribution measu-
UHPHQWV�E\�PLQL�VSHFWURPHWHU�DQG�RSWLFDO�¿EHU�SXWWHG�LQVLGH�WKH�FKDPEHU��DQG�LOOXPLQDQFH�PHD-
surements in some reference plane behind the chamber window by a photometric head, or with 
RSWLFDO�¿EHU��ZKLFK�RQH�HQG�LV�SXWWLQJ�LQVLGH�WKH�FKDPEHU�WRR��$OO�PHDVXUHPHQWV�DW�HDFK�FKDPEHU�
temperature are compared with results of measurements at 25°C in this climatic chamber. Those 
UHVXOWV�DUH�WDNHQ�WR�EH�HTXDO��&&7��DQG�SURSRUWLRQDO��OXPLQRXV�ÀX[��WR�&&7�DQG�OXPLQRXV�ÀX[�
measurements in normal laboratory conditions at 25°C by goniophotometer and spectrometer. 
The temperature points of measurements inside the climatic chamber are: +25°C, +50°C, +25°C, 
PLQXV����&������&��/('�OXPLQDLUH�KDV�SRVLWLYH�UHVXOW�RI�WHVWLQJ�LI�OXPLQRXV�ÀX[�GHFUHDVH�LV�QRW�
PRUH�WKDQ������GXULQJ�WKH�PHDVXUHPHQW�SURFHGXUH��DQG�&&7�FKDQJH�LV�QRW�PRUH��WKDQ�������.��
The LED luminare, the test instruments and results of testing are presented on Fig.1 and in Table 
���7KH�UHVXOWV�RI�PHDVXUHPHQWV�LQ�WKH�FOLPDWLF�FKDPEHU�DUH�FRQ¿UPLQJ�WKH�VWDELOLW\�DQG�UHVWRUD-
ELOLW\�RI�FRORXU�DQG�OXPLQRXV�FKDUDFWHULVWLFV�RI�WKH�/('�OXPLQDLUH�>�@�

Another type of measurements nowadays is the blue light hazard (BLH) measurements of ligh-
WLQJ�GHYLFHV��,Q�RUGHU�WR�HVWLPDWH�%/+�RI�/('�OXPLQDLUHV�ZH�XVH�WKH�QHZ�DSSURDFK�RI�SK\VLROR-
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JLFDO�HIIHFWLYH�%/+�UDGLDQFH�/E�HYDOXDWLRQ�>�@��7KLV�DSSURDFK�LV�EDVHG�RQ�FRPELQDWLRQ�RI���W\SH�
PHDVXUHPHQWV��RQH�LV�UDGLDQFH�UHODWLYH�VSHFWUDO�GLVWULEXWLRQ�PHDVXUHPHQWV�RI�OXPLQDLUH�OXPLQRXV�
ERG\��DQG�WKH�VHFRQG�LV�LUUDGLDQFH�LQWHJUDO�PHDVXUHPHQWV�E\�VHOHFWLYH�SKRWRHOHFWULF�GHWHFWRU�ZLWK�
ZHOO�NQRZQ�VSHFWUDO�VHQVLWLYLW\��VHH�)LJ�����7KH�PDLQ�WDVN�VROYHG�E\�WKLV�ZD\��LV�D�UHDOL]DWLRQ�RI�WKH�
ÄDOWHUQDWLYH³�PHWKRG�RI�%/+�UDGLDQFH�PHDVXUHPHQW�>�@�DQG�ZLWK�WDNLQJ�LQWR�DFFRXQW�SK\VLRORJLFDO�
DVSHFWV�RI�YLVXDO�SHUFHSWLRQ�
$SSURDFK�VXJJHVWHG�LQ�WKH�SDSHU�DQG�LWV�LQVWUXPHQW�UHDOL]DWLRQ�FDQ�EH�DSSOLFDEOH�IRU�GH¿QLWLRQ�RI�
RWKHU�HIIHFWLYH�UDGLDQW�FKDUDFWHULVWLFV��5HWLQDO�7KHUPDO�+D]DUG�IRU�H[DPSOH��EXW�ZLWK�WDNLQJ�LQWR�
account conditions of their physiological basis.
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$SSOLFDWLRQ´��/LJKW�	�(QJLQHHULQJ������������SS�������
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IEC:2008)

)LJXUH�����D��±�OXPLQDLUH�RQ�EDVLV�RI����/('V�;5�±(������W\SH�ZLWK�GULYHU�/3&���±����
�0HDQZHOO���ĭY ����OP��3 �����:��L ������$��LW¶V�VSHFWUDO�GLVWULEXWLRQ�DW�GLIIHUHQW�WHPSHUD-

WXUHV�E��±�FOLPDWLF�FKDPEHU��F��±�SKRWRPHWULF�KHDG��G��±�PLQLVSHFWURPHWHU
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Table 1 - Results of test with temperature loading

Figure 2 - Measurements and calculation of physiological effective BLH radiance Lb eva-

luation

Chamber temperature, °C /XPLQRXV�ÀX[��UHO�XQ� /XPLQRXV�ÀX[��OP Correlated colour temperature, K
25 1,000 620 7207
50 0,935 - 7360
25 0,997 - 7318
-40 1,183 - 7310
25 1,011 - 7306
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D2 - Measurement

Measurement Systems
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PP032

CHARACTERIZATION OF A PHOTOPIC-SCOTOPIC LUMINANCE METER FOR MEASURE-

MENTS IN THE MESOPIC REGION

Shpak, M.2,�.lUKl��3�1��3RUURYHFFKLR��*�3��6PLG��0�3, Ikonen, E.2 
1.�$DOWR�8QLYHUVLW\��0HWURORJ\�5HVHDUFK�,QVWLWXWH��(VSRR��)LQODQG�
2.�&HQWUH�IRU�0HWURORJ\�DQG�$FFUHGLWDWLRQ��0,.(6���(VSRR��)LQODQG�
3.�&HVNê�0HWURORJLFNê�,QVWLWXW��3JUDJXH��&]HFK�5HSXEOLF�

:H�SUHVHQW�D�SKRWRSLF�VFRWRSLF�OXPLQDQFH�PHWHU�FKDUDFWHUL]HG�IRU�PHDVXUHPHQWV�LQ�WKH�PHVR-
pic region. Recommended system for mesopic photometry was published by CIE in 2010, and 
DFFRUGLQJ�WR�WKLV�V\VWHP��WKH�PHVRSLF�OXPLQRXV�HI¿FLHQF\�IXQFWLRQ�LV�D�OLQHDU�FRPELQDWLRQ�RI�WKH�
SKRWRSLF�DQG�VFRWRSLF�OXPLQRXV�HI¿FLHQF\�IXQFWLRQV�LQ�WKH�UDQJH�RI������±��FG�P2. The ratio in 
ZKLFK�WKH�IXQFWLRQV�DUH�FRPELQHG�LV�GHWHUPLQHG�E\�WKH�DGDSWDWLRQ�FRQGLWLRQ�RI�WKH�REVHUYHU�

Our instrument is a spot luminance meter with two detection channels for the scotopic and pho-
WRSLF�GHWHFWLRQ��7KH�PDLQ�SDUWV�RI�WKH�LQVWUXPHQW�DUH�DQ�REMHFWLYH�OHQV��D�¿HOG�VWRS�GH¿QLQJ�WKH�
¿HOG�RI�YLHZ��D�EHDPVSOLWWHU�DQG�WZR�GHWHFWLRQ�FKDQQHOV�ZLWK�D�SKRWRSLF�DQG�D�VFRWRSLF�¿OWHULQJ�
UHVSHFWLYHO\��7KH�VLJQDO� LV�PHDVXUHG�ZLWK�VLOLFRQ�SKRWRGLRGHV�DQG�D�FXVWRP�EXLOW�GXDO�FKDQQHO�
VZLWFKHG�LQWHJUDWRU�DPSOL¿HU��6\VWHP�FRQWURO�DQG�GDWD�FROOHFWLRQ�DUH�SHUIRUPHG�ZLWK�D�SRUWDEOH�
computer, where luminances from the two channels are combined in an appropriate ratio to obtain 
D�PHVRSLF�YDOXH�

7KH� LQVWUXPHQW� LV�FKDUDFWHUL]HG� IRU� WKH� UHODWLYH�VSHFWUDO� UHVSRQVLYLW\�RI�ERWK�FKDQQHOV�XVLQJ�D�
radiance source consisting of an integrating sphere with monochromatic light or with a set of 
���LQGLYLGXDOO\�VHOHFWDEOH�/('V�ZLWK�NQRZQ�VSHFWUD��7KH�OLQHDULW\�FKDUDFWHUL]DWLRQ�LV�FKDOOHQJLQJ�
DV�WKH�VLJQDO�OHYHOV�UHTXLUHG�IRU�WKH�VFRWRSLF�HQG�RI�WKH�UDQJH�DUH�H[WUHPHO\�ORZ��7KH�OLQHDULW\�LV�
FKDUDFWHUL]HG�ZLWK�DQ�LQWHJUDWLQJ�VSKHUH�DV�WKH�UDGLDQFH�VRXUFH��E\�YDU\LQJ�WKH�DPRXQW�RI�LUUD-
diance on the input port of the sphere. This is performed by changing the distance between the 
LQFDQGHVFHQW�VRXUFH�DQG�WKH�VSKHUH��7KLV�SUHVHUYHV�WKH�UHODWLYH�VSHFWUDO�GLVWULEXWLRQ�RI�WKH�VLJQDO��
3RZHU�UDWLRV�DUH�REWDLQHG�IURP�WKH�LQYHUVH�VTXDUH�ODZ�DQG�IURP�WKH�PRQLWRU�GHWHFWRU�DWWDFKHG�WR�
the sphere.

7KH�UHVXOWV�IRU�WKH�VSHFWUDO�UHVSRQVLYLWLHV��FRUUHVSRQGLQJ�VSHFWUDO�PDWFKLQJ�TXDOLW\�IDFWRUV�I¶��DQG�
linearity will be presented at the conference. The work leading to this study was partly funded by 
WKH�(053�(1*���3URMHFW�Ä0HWURORJ\�IRU�6ROLG�6WDWH�/LJKWLQJ�³�7KH�(053��(XURSHDQ�0HWURORJ\�
5HVHDUFK�3URJUDPPH�� LV� MRLQWO\� IXQGHG�E\� WKH�(053�SDUWLFLSDWLQJ�FRXQWULHV�ZLWKLQ�(85$0(7�
and the European Union.
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PP033

LOW NOISE DETECTION SYSTEM FOR MESOPIC AND SCOTOPIC PHOTOMETRY

Porrovecchio, G.1, 6KSDN��0�2��6PLG��0�1��.lUKl��3�2, Ikonen, E.2 
1.�&0,��3UDKD����&]HFK�5HSXEOLF�
2.�$$/72�8QLYHUVLW\��(VSRR��)LQODQG�

The CIE recommended system for mesopic photometry is based on a linear combination of pho-
WRSLF�DQG�VFRWRSLF� OXPLQRXV�HI¿FLHQF\� IXQFWLRQV��$Q� LQVWUXPHQW�KDV�EHHQ�EXLOW� LQ�FROODERUDWLRQ�
EHWZHHQ�$DOWR�8QLYHUVLW\�DQG�&0,�FDSDEOH�WR�PHDVXUH�VLPXOWDQHRXVO\�SKRWRSLF�DQG�VFRWRSLF�OX-
PLQDQFHV�RYHU�WKH�PHVRSLF�UDQJH�RI�������±���FG�P2. The main challenge posed on the detection 
V\VWHP�RI�WKLV�LQVWUXPHQW�LV�WKH�PHDVXUHPHQW�RI�WKH�ORZ�SRZHU�OLJKW�OHYHOV�ZKLFK�FDQ�EH�DV�ORZ�DV�
����S:�ZLWK�D�QRLVH�QRW�KLJKHU�WKDQ�����7KH�LQVWUXPHQW�GHWHFWLRQ�V\VWHP�LV�FRPSRVHG�E\�VLOLFRQ�
GHWHFWRU�DQG�D�FXVWRP�PDGH�VZLWFKHG�LQWHJUDWRU�DPSOL¿HU�
Each component of the detection system generates noise. The main source of noise of the silicon 
GHWHFWRU�IRU�ORZ�SKRWRQ�ÀX[�PHDVXUHPHQWV�LV�GXH�WR�WKH�UDQGRP�WKHUPDO�JHQHUDWLRQ�RI�FDUULHUV�
LQ�WKH�VHPLFRQGXFWRU�VXEVWUDWH�WKDW� LV�SURSRUWLRQDO�WR�WKH�VHQVLWLYH�DUHD�RI�WKH�GHWHFWRU�DQG�LWV�
WHPSHUDWXUH��$W�URRP�WHPSHUDWXUH�WKH�VHOHFWHG�VLOLFRQ�GHWHFWRU�ZLWK�D�VHQVLWLYH�DUHD�RI�����PP�[�
����PP�W\SLFDOO\�H[KLELWV�D�VKXQW�UHVLVWRU�YDOXH�RI�����0ȍ�DQG�D�QRLVH�HTXLYDOHQW�SRZHU�RI����I:�
Hz�»��IRU�D�UHVSRQVLYLW\�YDOXH�RI�DERXW�����$�:�DW�����QP��)RU�PHDVXUHPHQW�RI�OLJKW�SRZHU�OHYHOV�
ORZHU�WKDQ�S:�ZLWK�D�WDUJHW�QRLVH�EHORZ����WKH�QRLVH�FRQWULEXWLRQ�RI�WKH�SKRWRGLRGH�LWVHOI�EHFR-
PHV�QRW�QHJOLJLEOH��7KH�RWKHU�VRXUFH�RI�QRLVH�LV�JHQHUDWHG�E\�WKH�HOHFWURQLFV�WKDW�FRQYHUWV�WKH�
SKRWRGLRGH¶V�SKRWRFXUUHQW�WR�D�PHDVXUDEOH�TXDQWLW\��7KH�WUDGLWLRQDO�PHWKRG�HPSOR\V�D�UHVLVWRU�DV�
D�IHHGEDFN�RI�DQ�RSHUDWLRQDO�DPSOL¿HU��7KH�PDLQ�OLPLW�RI�WKLV�DSSURDFK�HPHUJHV�ZKHQ�WKH�YDOXH�RI�
WKH�IHHGEDFN�UHVLVWRU�DSSURDFKHV�WKH�YDOXH�RI�WKH�VKXQW�UHVLVWRU�RI�WKH�SKRWRGLRGH��,Q�VXFK�FDVH�
WKH�SKRWRGLRGH�QRLVH�LV�DPSOL¿HG��$OWHUQDWLYHO\�WKH�VZLWFKHG�LQWHJUDWRU�DPSOL¿HU�XVHV�D�IHHGEDFN�
capacitor to store the charge generated by the photodiode. The longer it integrates the higher is 
WKH�RXWSXW�YROWDJH��$�FXVWRP�PDGH�GXDO�FKDQQHO�VZLWFKHG�LQWHJUDWRU�ZLWK�LQWHUQDO����ELW�DQDORJ�
YROWDJH�FRQYHUWHU�KDV�EHHQ�GHYHORSHG�IRU�WKH�PHVRSLF�SKRWRPHWHU��$Q�RQ�ERDUG�PLFUR�FRQWURO-
OHU�JHQHUDWHV�WKH�WLPLQJ�IRU�WKH�LQWHJUDWLRQ�DQG�IRU�WKH�$'&�FRQYHUVLRQ�DQG�LW�SURYLGHV�WKH�GDWD�
FRPPXQLFDWLRQ�ZLWK�D�UHPRWH�KRVW�3&��7KH�V\VWHP�KDV�¿YH�GHFDGHV�G\QDPLF�UDQJH��LW�FDQ�UHDFK�
YHU\�KLJK�WUDQVLPSHGDQFH�YDOXHV���������ZLWK�DQ�LQWHJUDWLRQ�WLPH�RI�����VHFRQG�DQG�DQ�LQWHJUDWLRQ�
FDSDFLWRU�RI�����S)��7KH�QRLVH�HTXLYDOHQW�SRZHU�RI�WKH�GHWHFWLRQ�V\VWHP�DW�LWV�KLJKHVW�VHQVLWLYLW\�
VHWWLQJ�KDV�EHHQ�PHDVXUHG�WR�EH�DV�ORZ�DV����I:�+]�»�.
A series of measurements where carried out with the two channel photopic - scotopic luminance 
PHWHU�DW�GLIIHUHQW�OXPLQDQFH�OHYHOV��7KH�V\VWHP�ZDV�GHYHORSHG�LQ�WKH�IUDPHZRUN�RI�WKH�(053�
(1*���3URMHFW�³0HWURORJ\�IRU�6ROLG�6WDWH�/LJKWLQJ³��7KH�LQWHJUDWLRQ�WLPH�RI�WKH�VZLWFKHG�DPSOL¿HU�
was set to 0.8 s. A numerical integration was performed on 150 samples. The noise is stated as 
WKH�UHODWLYH�VWDQGDUG�GHYLDWLRQ�RI�PHDQ��VHRP��RI�DOO�WKH�VDPSOHV��$V�VKRZQ�LQ�WKH�WDEOH�EHORZ�
WKH�SRZHU�OHYHO�LUUDGLDWLQJ�WKH�SKRWR�GHWHFWRU�LV�DURXQG���S:�DW����PFG�P2�DQG����I:�DW���PFG�
m2 which is well below the target mesopic lower limit.

7KH�DXWKRUV�DFNQRZOHGJH�¿QDQFLDO�VXSSRUW�E\� WKH�(XURSHDQ�0HWURORJ\�5HVHDUFK�3URJUDPPH�
�(053��
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Table 1 - Noise performance of detection system in scotopic-mesopic regime

/XPLQDQFH�>FG�P2@ �3RZHU�>S:@ �5HODWLYH�VHRP��
0.4  57.5  0.02
0.05  7.5  0.2
0.01  1.8  0.8
0.001  0.2  4
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PP035

EFFECT OF ROTATION AXIS ON THE VALUE OF PHOTOMETER DIRECTIONAL RESPON-

SE INDEX F2

Poikonen, T.1, Pulli, T.1��.lUKl��3�1, Ikonen, E.2

1.�$DOWR�8QLYHUVLW\��0HWURORJ\�5HVHDUFK�,QVWLWXWH��(VSRR��)LQODQG�
2.�&HQWUH�IRU�0HWURORJ\�DQG�$FFUHGLWDWLRQ��0,.(6���(VSRR��)LQODQG�

Photometer manufacturers use CIE quality indices for describing the performance of their inst-
UXPHQWV��4XDOLW\�LQGH[�I2�TXDQWL¿HV�WKH�PDWFKLQJ�RI�WKH�SKRWRPHWHU�GLUHFWLRQDO�UHVSRQVH�ZLWK�WKH�
cosine function. In order to obtain a cosinusoidal directional response, photometers are equipped 
with diffusing input optics. The characterization of the directional response is carried out in at least 
two mutually perpendicular planes by measuring a small light source far away and by changing 
WKH�DQJOH�RI�LQFLGHQFH�RQ�WKH�DFFHSWDQFH�DUHD�RI�WKH�SKRWRPHWHU��>�@
A method for the uncertainty analysis of quality index f2�ZDV�UHFHQWO\�UHSRUWHG�XVLQJ�0RQWH�&DUOR�
VLPXODWLRQ�>�@��7KH�ODUJHVW�FRQWULEXWLRQ�WR�WKH�XQFHUWDLQW\�RI�I2 was due to the alignment uncer-
tainty (±0.5 mm) of the photometer in the longitudinal direction parallel to the optical axis. The 
directional response measurements were conducted at a distance of d = 2.5 m from the light 
source. The axis of rotation was initially set to coincide with the front surface of the photometer 
GLIIXVHU��$FFRUGLQJ�WR�WKH�VLPXODWLRQV��WKH�YDOXHV�RI�I2 changed if the photometer was displaced 
IURP�LWV�LQLWLDO�SRVLWLRQ��7KH�HIIHFW�ZDV�YHUL¿HG�E\�GLVSODFLQJ�WKH�SKRWRPHWHUV�E\�XS�WR������PP�
in the measurements. This is analogous with a case, in which the photometer has diffuser offset 
>�@��7KH�VLPXODWLRQV�VKRZHG�WKDW�WKH�I2�RI�WKH�SKRWRPHWHUV�FRXOG�EH�LPSURYHG�E\�FKDQJLQJ�WKH�
SRVLWLRQ�RI�WKH�D[LV�RI�URWDWLRQ��7KH�YLUWXDO�PLQLPD�RI�I2 were found with offsets of 41.6 mm, -18.6 
PP�DQG�������PP��3RVLWLYH�YDOXHV�KHUH�PHDQ�WKDW�WKH�D[LV�RI�URWDWLRQ�ZDV�LQVLGH�WKH�SKRWRPHWHU��
7KH�YLUWXDO�PLQLPD�RI�I2�ZHUH�ORZHU�E\�IDFWRU�RI�����±�����FRPSDUHG�WR�WKH�I2�YDOXHV�PHDVXUHG�ZLWK�
correct position of the rotational axis.

7KH�HIIHFW�ZDV�ODWHU�YHUL¿HG�E\�PHDVXULQJ�WZR�GLIIHUHQW�SKRWRPHWHUV�E\�YDU\LQJ�WKH�URWDWLRQDO�D[LV�
up to ±110 mm. Initial measurements at a distance of d = 2.66 m showed that photometer P1 was 
a high quality instrument with f2� ������������������ZKHUHDV�SKRWRPHWHU�3��ZDV�RI�ORZ�TXDOLW\�
with f2� �������������������)LJXUH���VKRZV�WKH�VLPXODWHG��EODFN�FXUYHV��DQG�PHDVXUHG��V\PEROV��
YDOXHV�RI�I2 for both photometers. Due to the high quality matching of P1, its f2 only increased by 
YDU\LQJ�WKH�URWDWLRQDO�D[LV��DV�LV�WKH�FDVH�ZLWK�VLPXODWHG�SKRWRPHWHU�3FRV�ZLWK�D�SHUIHFWO\�FRVLQX-
soidal response (dashed line). Due to the mechanical limits of the measurement setup, P2 was 
¿QDOO\�PHDVXUHG�FORVHU�WR�WKH�OLJKW�VRXUFH�DW�D�GLVWDQFH�RI�G� �����P��7KHQ��WKH�YLUWXDO�PLQLPXP�
of f2 was found using an offset of -87 mm, resulting in f2� ����������ZKLFK�LV�ORZHU�E\�IDFWRU�RI�����
FRPSDUHG�WR�WKH�QRPLQDO�YDOXH�RI�I2.

+RZHYHU��LW�PXVW�EH�HPSKDVL]HG�WKDW�DOWKRXJK�WKH�UHVXOWV�DUH�LQWHUHVWLQJ��XVLQJ�VXFK�D�ODUJH�RII-
VHW�YDOXH�LQ�WKH�PHDVXUHPHQWV�GRHV�QRW�LPSURYH�WKH�WUXH�GLUHFWLRQDO�UHVSRQVH�RI�WKH�SKRWRPHWHU��
DQG�VKRXOG�QRW�EH�XVHG�IRU�GHWHUPLQLQJ�WKH�YDOXH�RI�TXDOLW\�LQGH[�I2. The effect is caused by the 
¿QLWH�PHDVXUHPHQW�GLVWDQFH� W\SLFDOO\�XVHG� IRU� WKH�FKDUDFWHUL]DWLRQ�� DQG�GLVDSSHDUV�DW� LQ¿QLW\��
8VLQJ�D�SKRWRPHWHU�IRU�LOOXPLQDQFH�PHDVXUHPHQWV�ZLWK�VXFK�DQ�RIIVHW�YDOXH�PRVW�SUREDEO\�GRHV�
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QRW�REH\� WKH� LQYHUVH�VTXDUH� ODZ�HLWKHU��$OWKRXJK� WKH�&,(�3XEOLFDWLRQ���� >�@� UHFRPPHQGV� WKDW�
the position of the axis of rotation should coincide with the center of the acceptance area of the 
SKRWRPHWHU��LW�VWLOO�JLYHV�D�SRVVLELOLW\�WR�GHVFULEH�DQ\�RWKHU�SRLQW�IRU�WKLV�D[LV��7KLV�LVVXH�VKRXOG�EH�
DGGUHVVHG�LQ�DQ\�IXWXUH�YHUVLRQ�RI�WKH�&,(�3XEOLFDWLRQ��VR�WKDW�WKH�TXDOLW\�LQGH[�I2 measured by 
different manufacturers could be more reliably compared with each other.

Figure 1 - Measured and simulated f
2
 of photometers P1 and P2 as a function of offset d

0
. 

For colors and symbols, see text.
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PP036

USING OF CCD BASED FIBRE OPTIC SPECTRORADIOMETERS IN PHOTOMETRIC MEA-

SUREMENTS UNDER DIFFERENT CONDITIONS

Dubnicka, R., 5XVQDN��$���3LSD��0�
Institute of Power and Applied Electrical Engineering, Faculty of Electrical Engineering and In-
IRUPDWLRQ�7HFKQRORJ\�DW�6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\�LQ�%UDWLVODYD��%UDWLVODYD��6ORYDNLD�

6SHFWURUDGLRPHWHUV�DUH�XVLQJ�SHRSOH�ZKR�ZDQW�WR�PHDVXUH�DQG�LQYHVWLJDWH�VSHFWUXP�RI�UDGLDWLRQ�
IURP�WKH�VRXUFH��7KLV�FDQ�EH�GRQH�DOVR�LQ�WKH�YLVLEOH�SDUW�RI�UDGLDWLRQ�L�H��VSHFWUDO�PHDVXUHPHQW�RI�
OLJKW��,W�LV�LPSRUWDQW�LQ�PDQ\�DSSOLFDWLRQV��7KH�VSHFWUXP�RI�WKH�OLJKW�LV�YHU\�LPSRUWDQW�IRU�FRORULPHW-
ry, spectrophotometry and so on. The usage of spectroradiometers is usually mainly oriented into 
WKH�ODERUDWRULHV�FRQGLWLRQ��,Q�WKH�ODERUDWRULHV�DUH�ZLGHO\�XVHG�FRQYHQWLRQDO�&]HUQ\�7XUQHU�VLQJOH�
or double spectroradiometers. 

Under well-known condition can be performed precise measurements with low uncertainties. But 
WKDW�VSHFWURUDGLRPHWHUV�DUH�QRW�VXLWDEOH�IRU�PHDVXUHPHQW�LQ�WKH�¿HOG�PHDVXUHPHQWV�GXH�WR�GLI-
IHUHQW�UHDVRQV��UREXVWQHVV��SULFH��VHQVLWLYLW\�RQ�WKH�HQYLURQPHQW�HWF����7KHUHIRUH�LW� LV�RIWHQ�LP-
SRVVLEOH�WR�XVH�WKHP�IRU�WKLV�W\SH�RI�PHDVXUHPHQW��5HTXLUHPHQW�RI�VSHFWURUDGLRPHWU\�LQ�WKH�¿HOG�
measurement is increasingly desirable because of new types of lamps (for example LED etc.) and 
OXPLQDLUHV�HYHQ�PRUH�DW� WKH�PHDVXUHPHQWV�XQGHU�PHVRSLF�FRQGLWLRQ��1HFHVVLW\�RI�NQRZOHGJH�
RI�VSHFWUXP�FDQ�EH�YHU\�XVHIXO�IRU�H[DPSOH�DW�WKH�¿HOG�YHUL¿FDWLRQ�RI�OLJKWLQJ�V\VWHP��WR�PHDVX-
rement of performance outdoor lighting systems under mesopic condition and so on. Therefore 
recently many types of portable spectroradiometers are appearing on the market. It can be found 
RQ�WKH�PDUNHW�PDQ\�W\SHV�RI�SRUWDEOH�VSHFWURUDGLRPHWHUV�IURP�JULG�VSHFWURUDGLRPHWHUV�ZLWK�¿EUH�
optics to the sophisticated types with traditional optics (lenses). As detector they are using CCD 
array detector. Described spectroradiometers can be used for many applications and user can 
EX\�WKHP�DW�WKH�GLIIHUHQW�SULFH�OHYHOV�ZLWK�GLIIHUHQW�SHUIRUPDQFH�DQG�DFFXUDF\��HVSHFLDOO\��LI�XVHU�
wants to measure absolute radiometrics or photometrics quantities under different conditions. 
3RUWDEOH�VSHFWURUDGLRPHWHUV�FDQ�EH�XVHG�LQ�HDVLHU�ZD\�LQ�WKH�¿HOG�PHDVXUHPHQWV�WKDQ�FRQYHQ-
tional types. 

7KH\�SURYLGH�PRUH�ÀH[LEOH�VROXWLRQV�IRU�¿HOG�PHDVXUHPHQWV��%XW�RQ�WKH�RWKHU�KDQG�PDQ\�SURE-
OHPV�RFFXU�ZKLFK�VKRXOG�EH�FRQFHUQHG�E\�WKH�XVHU�WR�DYRLG�HUURUV�DW�WKH�PHDVXUHPHQW��(UURUV�
can be partially corrected by calibrations done before the measurement. Then can be usage of 
SRUWDEOH�VSHFWURUDGLRPHWHUV�YHU\�XVHIXO�HVSHFLDOO\�XVLQJ�&&'�¿EUH�RSWLFV�VSHFWURUDGLRPHWHUV��
There exist some problems to ensure good measurement results. It is for example noise of CCD 
HOHPHQW��OLQHDULW\�RI�WKH�&&'�HOHPHQW��VWUD\�OLJKW�HWF��7KHVH�SDUDPHWHUV�FDQ�VLJQL¿FDQWO\�LQÀX-
ence the measurement. Also people who are performing spectroradiometric measurements usu-
DOO\�GR�PHDVXUHPHQWV�ZLWKRXW�DVVXPSWLRQ�RI�DFFXUDF\�RI�XVHG�GHYLFH��7KH�ZRUN�DERXW�XVDJH�RI�
&&'�¿EUH�RSWLFV�VSHFWURUDGLRPHWHU�LQ�WKH�¿HOG�PHDVXUHPHQWV�ZDV�PDGH��

7KLV�SDSHU�FRQFHUQV�RI�XVDJH�RI�SRUWDEOH�&&'�¿EUH�RSWLFV�VSHFWURUDGLRPHWHUV�LQ�WKH�¿HOG�PHD-
VXUHPHQWV�LQ�PDQ\�DSSOLFDWLRQV��&RPPHUFLDO�&&'�¿EUH�RSWLFV�VSHFWURUDGLRPHWHU�ZDV�XVHG�DV�
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illuminance meter or luminance meter which was able to real-time measurement of the spectrum 
DQG�SURYLGH�GLUHFWO\�IURP�WKHVH�VSHFWURUDGLRPHWULF�PHDVXUHPHQWV�DEVROXWH�SKRWRPHWULF�RU�FROR-
ULPHWULF�TXDQWLWLHV��$OVR�LW�FRQFHUQ�FRPSDULVRQ�RI�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�DEVROXWH�UD-
GLRPHWU\�EHWZHHQ�FRQYHQWLRQDO�W\SH�DQG�&&'�¿EUH�RSWLFV�VSHFWURUDGLRPHWHU��$W�WKH�HQG�LW�SUHVHQW�
UHVXOWV�RI�LQYHVWLJDWLRQ�DQG�UHVHDUFK�ZRUN�DERXW�SRVVLELOLW\�RI�XVDJH�RI�WKHVH�W\SHV�RI�VSHFWURUD-
diometers under mesopic condition.
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PP037

AN IMPROVED CCT-TLF CALIBRATION METHOD FOR SPHERE-SPECTRORADIOMETERS

Pan, J.,�/L��6���/L��4���+XDQJ��<�
5(6($5&+�,167,787(�2)�(9(5),1(�&25325$7,21��+DQJ]KRX��&KLQD�

1.Introduction

6SKHUH�VSHFWURUDGLRPHWHUV�DUH�XVXDOO\�FDOLEUDWHG�E\�WRWDO�VSHFWUDO�UDGLDQW�ÀX[��765)��VWDQGDUGV��
7KH�GLI¿FXOW\�LV�WKDW�RQO\�YHU\�IHZ�QDWLRQDO�ODEV�FDQ�SURYLGH�765)�VWDQGDUGV�ZLWK�ORZ�XQFHUWDLQ-
WLHV�IRU�LQGXVWULHV��7KH�FRUUHODWHG�FRORU�WHPSHUDWXUH�DQG�WRWDO�OXPLQRXV�ÀX[��&&7�7/)��VWDQGDUGV�
DUH�DOVR�XVHG�LQ�LQGXVWU\�IRU�WKH�FDOLEUDWLRQ�RI�VSKHUH��VSHFWURUDGLRPHWHUV��+RZHYHU��WKH�JHQHUDO�
CCT-TLF calibration method usually has larger uncertainty than the TSRF one. This paper will 
LQWURGXFH�DQ� LPSURYHG�&&7�7/)�FDOLEUDWLRQ�PHWKRG�ZLWK�YHU\� ORZ�FDOLEUDWLRQ�XQFHUWDLQWLHV�DQG�
SURYLGH� WKH�FRUUHVSRQGLQJ�XQFHUWDLQW\�DQDO\VLV� FRPSDULQJ�ZLWK�765)�FDOLEUDWLRQ�PHWKRG��7KH�
UHVXOWV�LQGLFDWH�WKDW�WKH�XQFHUWDLQW\�RI�WKH�LPSURYHG�&&7�7/)�VWDQGDUG�LV�DW�WKH�VDPH�OHYHO�ZLWK�
756)�VWDQGDUG��7KH�&&7�7/)�VWDQGDUGV�XVHG�LQ�WKH�LPSURYHG�FDOLEUDWLRQ�PHWKRGV�FDQ�EH�D�FRVW�
HIIHFWLYH�VXEVWLWXWH�RI�765)�VWDQGDUGV�IRU�VSKHUH��VSHFWURUDGLRPHWHUV�

2.Theory and Calibration Methods

����&&7�7/)�DQG�,PSURYHG�&&7�7/)�FDOLEUDWLRQ�PHWKRG
The high quality halogen lamps are usually used as the standards for the calibration of sphere-
VSHFWURUDGLRPHWHUV��,I�WKH�FRUUHODWHG�FRORU�WHPSHUDWXUH��&&7��DQG�WKH�WRWDO�OXPLQRXV�ÀX[��7/)��RI�
the standard was calibrated, its TSRF can be calculated according to Planck blackbody function. 
The calculated TSRF was applied in the calibration of sphere- spectroradiometer, and it is so 
FDOOHG�JHQHUDO�&&7�7/)�FDOLEUDWLRQ�PHWKRG��,Q�JHQHUDO�&&7�7/)�PHWKRG��WKH�GHYLDWLRQ�EHWZHHQ�
the calculated TSRF and the real TSRF of the standard leads to much calibration uncertainty. Fig. 
��VKRZV�WKH�GHYLDWLRQ�RI�WKH�FDOFXODWHG�765)�DQG�WKH�UHDO�765)�RI�IRXU�&&7�7/)�VWDQGDUGV�DW�
IRXU�GLIIHUHQW�&&7V��7KH�YDOXH�RI�LV�WKH�UDWLR�RI�WKH�UHDO�765)�DQG�WKH�FDOFXODWHG�765)�
Fig. 1 of four CCT-TLF standards
For lower uncertainty calibration, TSRF standard are often used in sphere-spectroradiometers. 
7KH�GLI¿FXOW\�IRU�LQGXVWULHV�LV�WKDW�RQO\�YHU\�IHZ�QDWLRQDO�ODEV�FDQ�SURYLGH�765)�VWDQGDUGV�ZLWK�
ORZ�XQFHUWDLQWLHV��$Q�LPSURYHG�&&7��7/)�FDOLEUDWLRQ�PHWKRG�FDQ�UHDFK�YHU\�ORZ�FDOLEUDWLRQ�XQFHU-
WDLQW\��,Q�WKH�LPSURYHG�&&7�7/)�PHWKRG��WKH�YHU\�ORZ�XQFHUWDLQW\�SKRWRPHWULF�VWDQGDUG�DQG�DQ�
HIIHFWLYH�FRUUHFWLRQ�PHWKRG�ZDV�DSSOLHG��7KH�IXOO�SDSHU�ZLOO�LQWURGXFH�WKH�GHWDLOV�RI�WKLV�PHWKRG�

2.2 Calibration Uncertainty Analysis
7KH�W\SLFDO�XQFHUWDLQWLHV�RI�765)�VWDQGDUG��JHQHUDO�&&7�7/)�VWDQGDUG��LPSURYHG�&&7�7/)�VWDQ-
GDUG�LQ�GLIIHUHQW�ZDYHOHQJWK�SRLQWV�DUH�OLVWHG�LQ�7DEOH���
7DEOH���7KH�VWDQGDUG�XQFHUWDLQWLHV�RI�W\SLFDO�765)��JHQHUDO�&&7�7/)��DQG�LPSURYHG�&&7�7/)�
6WDQGDUG�/DPS7\SH6WDQGDUG�8QFHUWDLQW\���
380nm440nm500nm650nm780nm
Typical TSRFB0.770.640.550.500.50
*HQHUDO�&&7�7/)%���������������������,PSURYHG�&&7�7/)%��������������������
Uncertainty budgets and more detailed analysis will be described in the full paper. 
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3.Practical Measurement and Measurement Uncertainty Analysis

Typical CFLs, halogen lamps, and LED lamps are measured under both of the calibration me-
WKRGV�RI�WKH�LPSURYHG�&&7�7/)�DQG�765)��7KH�PHDVXUHPHQW�UHVXOWV��WKH�FRPSDULVRQ�DQG�WKH�
uncertainty analysis will be reported in the full paper.

4.Discussion and Conclusion

7KH�IXOO�SDSHU�ZLOO�DOVR�JLYH�GLVFXVVLRQ�DQG�FRQFOXVLRQ�IRU�WKH�VSHFL¿HG�TXDQWLWLHV�RI�WHVW�ODPSV�
VXFK�DV�WRWDO�OXPLQRXV�ÀX[��FRORU�FRRUGLQDWH��&&7��FRORU�UHQGHULQJ�LQGH[��DV�ZHOO�DV�VSHFWUDO�SR-
ZHU�GLVWULEXWLRQ�LQ�GLIIHUHQW�ZDYHOHQJWK�EDQGV��,W�ZLOO�DOVR�FRQFOXGH�WKDW�WKH�LPSURYHG�&&7�7/)�
FDOLEUDWLRQ�PHWKRG�VKRZV�JRRG�SHUIRUPDQFH�DV�WKH�765)�FDOLEUDWLRQ�PHWKRG�DQG�WKH�LPSURYHG�
&&7�7/)�FDOLEUDWLRQ�PHWKRG�KDV�FRVW�DQG�UHDOL]DWLRQ�DGYDQWDJHV�

Figure 1 - The ratio of the real TSRF and the calculated TSRF for four CCT-TLF standards

Table 1 - The standard uncertainties of typical TSRF, general CCT-TLF, and improved 

CCT-TLF

Standard 
Lamp

Type 6WDQGDUG�8QFHUWDLQW\���

380nm 440nm 500nm 650nm 780nm
Typical TSRF  B  0.77  0.64  0.55  0.50  0.50
General CCT-

TLF
 B  3.38  2.11  0.70  0.62  1.39

,PSURYHG�
CCT-TLF

 B 1.05  0.82  0.69  0.61  1.09
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PP038

TEST OF AN OPEN HARDWARE COLORIMETER

Bonanomi, C., Calore, E., Gadia, D., Rizzi, A.
8QLYHUVLWj�GHJOL�6WXGL�GL�0LODQR��0LODQR��,WDO\�

One of the most common (and frustrating) situations for a photographer or a graphic designer is 
to spend hours to enhance a digital photograph with an image processing software, just to realize 
LQ�WKH�HQG�WKDW�WKH�FRORUV�DSSHDU�YHU\�GLIIHUHQWO\�LI�VHHQ�RQ�DQRWKHU�PRQLWRU�RU�SULQWRXW�
7KH�PDLQ�UHDVRQ�IRU�WKLV�VLWXDWLRQ�LV�WKDW�WKH�VDPH�5*%�WULSOHW��RQ�GLIIHUHQW�GHYLFHV��FDQ�OHDG�WR�
GLIIHUHQW�SHUFHLYHG�FRORUV��&RQVHTXHQWO\��D�FRQWURO�RI� WKH�SURFHVVLQJ�SLSHOLQH�IURP�D�FRORU�PD-
QDJHPHQW�SRLQW�RI�YLHZ�LV�QHHGHG��IURP�WKH�DFTXLVLWLRQ��WR�WKH�YLVXDOL]DWLRQ�DQG�HYHQWXDOO\�WR�WKH�
printing.
Ideally, a mapping between the digital color representation and the acquired/reproduced percei-
YHG�FRORU�VKRXOG�H[LVW�IRU�HDFK�GHYLFH��DFTXLVLWLRQ�V\VWHPV��PRQLWRUV�DQG�SULQWHUV���DOWKRXJK�LW�LV�
RIWHQ�LPSRVVLEOH�LQ�SUDFWLFH��VLQFH�QRW�DOO�WKH�GHYLFHV�FDQ�UHSUHVHQW�WKH�VDPH�FRORU�JDPXW��7KXV��
D�FRUUHFW�SUR¿OLQJ�RI�WKH�GHYLFHV�PD\�VLJQL¿FDQWO\�UHGXFH�WKH�SHUFHLYHG�FRORU�GLIIHUHQFHV�

$�FRPPRQ�WRRO�XVHG�IRU� WKH�SUR¿OLQJ�RI�YLVXDOL]DWLRQ�GHYLFHV� LV�WKH�FRORULPHWHU��'LIIHUHQW�NLQGV�
RI�FRORULPHWHUV�KDYH�EHHQ�SURSRVHG��ZLWK�GLIIHUHQW�VSHFL¿FDWLRQV�DQG�SHUIRUPDQFHV��7KH\�DUH�
based on different working principles, from tristimulus colorimeters to actual spectrophotometers, 
and their prices range from few hundreds to thousands of Euros.

'HVSLWH�RI� WKLV��PRVW�RI� WKH�DYDLODEOH�GHYLFHV�� LQGHSHQGHQWO\� IURP� WKHLU�FRVW��DUH�SURGXFHG�E\�
FRPSDQLHV�WKDW�GR�QRW�UHOHDVH�WR�WKH�XVHUV�GHWDLOHG�KDUGZDUH�VSHFL¿FDWLRQV��HOHFWURQLF�VFKHPD-
WLFV��OLVW�RI�FRPSRQHQWV��HWF���QHLWKHU�¿UPZDUH�RU�GULYHU�VRIWZDUH�VRXUFH�FRGH�
0RVW�RI� WKH�XVHUV�GR�QRW� IHHO� WKH�QHHG�RI�GHWDLOHG�KDUGZDUH�VSHFL¿FDWLRQV�RU�VRIWZDUH�VRXUFH�
FRGH��EXW� IRU�UHVHDUFKHUV� LW�PD\�EH�D�JUHDW�YDOXH�WR�REWDLQ�GHWDLOHG�KDUGZDUH�VFKHPDWLFV�DQG�
software source code together with the rig. Such a knowledge could be used for academic pur-
SRVHV��WR�VWXG\�ZKLFK�DOJRULWKPV�DUH�LPSOHPHQWHG�RQ�WKH�GHYLFH��EXW�DOVR�WR�H[DFWO\�XQGHUVWDQG�
hardware limitations or to apply customizations for experimental or research purposes.

In this paper we will describe and analyze a recently introduced colorimeter called ColorHug, that 
may be of particular interest for the research community, since it is an open hardware project and 
WKDW��FRQVHTXHQWO\��JUDQWV�WKH�SXEOLF�DYDLODELOLW\�RI� LWV�KDUGZDUH�VFKHPDWLFV�DQG�RI� LWV�¿UPZDUH�
DQG�GHYLFH�GULYHU�DV�IUHH�VRIWZDUH��XQGHU�WKH�*3/Y���*HQHUDO�3XEOLF�/LFHQVH�YHUVLRQ����

7KH�&RORU+XJ� LV�D� ORZ�FRVW��OHVV�WKDQ����¼�� WULVWLPXOXV�FRORULPHWHU�GHYLFH��GHVLJQHG�DQG�SUR-
duced by Hughski Limited, London. It is based on the TCS3200 programmable color light-to-
IUHTXHQF\�FRQYHUWHU�SURGXFHG�E\�7$26��QRZ�$06�7$26�86$�,QF���DQG�LW�LV�LQWHUQDOO\�JRYHUQHG�
by a PIC18F46J50 microcontroller. It can be easily connected to a computer through a regular 
86%�FDEOH�IRU�GDWD�UHDG�RXW�DQG�WKH�VDPH�FRQQHFWLRQ�FDQ�EH�XVHG�DOVR�IRU�¿UPZDUH�XSJUDGLQJ��
7KDQNV�WR�WKH�VRIWZDUH�RSHQQHVV�RI�LWV�¿UPZDUH�DQG�GULYHUV��GHULYHG�E\�WKH�*3/�/LFHQVH��HYHU\-
ERG\�FRXOG�PRGLI\�WKH�PLFURFRQWUROOHU�SURJUDP�WR�FKDQJH�LWV�GDWD�UHDG�RXW�DQG�KDQGOLQJ�EHKDYL-
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our.
$�SDUW�IURP�LWV�KDUGZDUH�DQG�VRIWZDUH�RSHQQHVV�WKH�IXQFWLRQV�RI�WKLV�GHYLFH�DUH�VLPLODU�WR�RWKHU�
FRPPHUFLDO�GHYLFHV�RI�WKH�VDPH�UDQJH��EXW�LW�LV�ZRUWK�WR�PHQWLRQ�LWV�SHFXOLDULW\�RI�EHLQJ�DEOH�WR�
VWRUH�FXVWRP�&&0;�PDWULFHV�RQ�WKH�GHYLFH��WKDW�LV�D�QRW�VR�FRPPRQ�IHDWXUH�
,Q�WKLV�ZRUN�ZH�ZLOO�SUHVHQW�WKH�UHVXOWV�RI�GLIIHUHQW�WHVWV�RQ�WKH�&RORU+XJ��HYDOXDWLQJ�LWV�SHUIRU-
PDQFH� LQ� FRPSDULVRQ� WR� RWKHU� FRORULPHWHUV� DQG�SURIHVVLRQDO� WRROV�� EXW�PRUHRYHU�ZH�ZLOO� DOVR�
discuss the new opportunities offered to the research community by the open hardware and free 
software approach.
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PP039

GLARE EVALUATION SYSTEM USING PHOTOGRAPHIC PHOTOMETRY

Yamada, T.

,:$6$.,�(/(&75,&�&2���/7'���7RN\R��-DSDQ�

It is feared that a chronic electricity shortage is encountered by operation stopping the nuclear po-
ZHU�SODQW�E\�WKH�LQÀXHQFH�RI�WKH�DFFLGHQW�RI�WKH�)XNXVKLPD�1R����QXFOHDU�SRZHU�SODQW�DVVRFLDWHG�
ZLWK�WKH�*UHDW�(DVW�-DSDQ�(DUWKTXDNH�WKDW�RFFXUUHG�RQ�0DUFK����������LQ�-DSDQ�
+HQFH�WKH�/('�OXPLQDLUHV�ZLWK�JRRG�HQHUJ\�HI¿FLHQF\�KDYH�EHJXQ�WR�VSUHDG�UDSLGO\�DW�DQ�HDUOLHU�
stage than expected. On the other hand it often happens that the LED luminaires become pro-
blems concerning glare because of their high luminance. There is a possibility to require extra 
OLJKWLQJ�HQHUJ\�WR�VHFXUH�WKH�YLVLELOLW\�RI�YLVXDO�WDUJHW�EHFDXVH�WKH�YLVXDO�SHUIRUPDQFHV�RI�H\HV�
ORZHU�ZKHQ�ODUJH�JODUH�LV�JHQHUDWHG��GLVDELOLW\�JODUH���+HQFH�LW�LV�FRQVLGHUHG�WKDW�HYDOXDWLQJ�WKH�
JODUH�DSSURSULDWHO\�LV�DQ�LPSRUWDQW�WDVN��*ODUH�FDQ�EH�HYDOXDWHG�E\�FDOFXODWLQJ�RU�PHDVXULQJ�WKH�
HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�IURP�WKH�OLJKW�VRXUFH��/YO��DQG�WKH�HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�ZLWK�
WKH�UHÀHFWHG�OLJKW�IURP�WKH�ÀRRU�RU�ZDOO��/YH���/YO�FDQ�EH�REWDLQHG�E\�FDOFXODWLQJ�WKH�GLUHFW�LOOXPL-
QDQFH�IURP�HDFK�OXPLQDLUH�WR�WKH�YLHZ�SRLQW��XVLQJ�WKH�YLHZ�SRLQW�SRVLWLRQ��OXPLQDLUH�SRVLWLRQ�DQG�
OXPLQRXV�LQWHQVLW\�GLVWULEXWLRQ�GDWD��+RZHYHU��/YH�FDQQRW�EH�REWDLQHG�IURP�LOOXPLQDQFH�FDOFXOD-
WLRQ�DFFXUDWHO\��0RUHRYHU�WKH�PHDVXUHPHQW�RI�WKH�HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�QHHGV�WR�XVH�D�
VSHFLDO�JODUH�OHQV��+RZHYHU��/YH�DQG�/YH�FDQQRW�EH�FODVVL¿HG�DFFXUDWHO\�E\�WKH�PHDVXUHPHQW�
ZLWK�WKH�JODUH�OHQV��+HQFH�LW�LV�GLI¿FXOW�WR�HYDOXDWH�JODUH�DFFXUDWHO\��,Q�DGGLWLRQ��REWDLQLQJ�WKH�JOD-
UH�OHQV�LV�GLI¿FXOW�QRZ��+HQFH�JODUH�HYDOXDWLRQ�RI�/('�OXPLQDLUHV�KDV�EHHQ�KDUGO\�GRQH�LQ�D�UHDO�
HQYLURQPHQW��7KHQ��ZH�KDYH�GHYHORSHG�WKH�V\VWHP�FDSDEOH�RI�PHDVXULQJ�WKH�HTXLYDOHQW�YHLOLQJ�
OXPLQDQFH�PRUH�HDVLO\��DW�KLJK�VSHHG�DQG�DFFXUDWHO\�IRU�JODUH�HYDOXDWLRQ�E\�XVLQJ�SKRWRJUDSKLF�
SKRWRPHWU\��:H�GLG�EDVLF�H[SHULPHQW�LQ�WKH�ODERUDWRU\�DW�WKH�EHJLQQLQJ��WR�FRQ¿UP�WKH�PHDVX-
UHPHQW�DFFXUDF\�RI�WKH�HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�XVLQJ�WKH�SKRWRJUDSKLF�SKRWRPHWU\�WHFKQR-
ORJ\��1H[W��ZH�YHUL¿HG�WKH�PHDVXUHPHQW�DFFXUDF\�RI�WKH�HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�E\�XVLQJ�
WKH�GHYHORSHG�V\VWHP�LQ�WKH�DFWXDO�¿HOG��)LJ����VKRZV�D�OXPLQDQFH�GLVWULEXWLRQ�RI�D�J\PQDVLXP�
DFWXDOO\�PHDVXUHG��7DEOH���VKRZV�D�UHVXOW�RI�FRPSDULQJ�WKH�FDOFXODWLRQ�YDOXH�IURP�WKH�LOOXPLQDQFH�
GLVWULEXWLRQ�RI�WKH�HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�DQG�WKH�PHDVXUHPHQW�UHVXOW�E\�SKRWRJUDSKLF�SKR-
WRPHWU\��7KH�WDEOH�VKRZV�WKH�FRPSDUDWLYH�DJUHHPHQW�EHWZHHQ�WKH�FDOFXODWLRQ�UHVXOW�DQG�PHDVX-
UHPHQW�UHVXOW�FRQFHUQLQJ�WKH�/YO��7KLV�FRQ¿UPV�WKH�YDOLGLW\�RI�WKLV�V\VWHP��&RQFHUQLQJ�WKH�/YH��
KRZHYHU��D�GLIIHUHQFH�LV�REVHUYHG�EHWZHHQ�WKH�FDOFXODWLRQ�UHVXOW�DQG�PHDVXUHPHQW�UHVXOW��,W� LV�
HVWLPDWHG�WKDW�WKLV�LV�EHFDXVH�WKH�HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�E\�FDOFXODWLRQ�GRHV�QRW�LQFOXGH�WKH�
HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�ZLWK�WKH�UHÀHFWHG�OLJKW�IURP�WKH�ZDOO�RU�FHLOLQJ�IDFH��+HQFH�XVLQJ�WKLV�
V\VWHP�HQDEOHV�WKH�DFFXUDWH�PHDVXUHPHQW�RI�WKH�HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�FRQVLGHULQJ�WKH�
UHÀHFWHG�OLJKW��ZKLFK�KDV�EHHQ�GLI¿FXOW�LQ�LOOXPLQDQFH�FDOFXODWLRQ��:KHQ�REWDLQLQJ�WKH�HTXLYDOHQW�
YHLOLQJ�OXPLQDQFH�IURP�WKH�OXPLQDQFH�GLVWULEXWLRQ��KRZHYHU��WKH�UHVROXWLRQ�JUHDWO\�LQÀXHQFHV�WKH�
result of measurement. Fig. 2 shows a result of obtaining the luminance distribution of the same 
OXPLQDLUH�E\�WKH�LPDJH�ZLWK�GLIIHUHQW�UHVROXWLRQ��,W�LV�FRQ¿UPHG�WKDW�WKH�OXPLQDQFH�GLVWULEXWLRQ�LQ�
WKH�OXPLQDLUH�JUHDWO\�GLIIHUV�DV�VKRZQ�LQ�WKH�¿JXUH�GHSHQGLQJ�RQ�WKH�UHVROXWLRQ�RI�WKH�LPDJH��7DEOH�
��VKRZV�D�UHVXOW�RI�D�PHDVXUHPHQW�RI�WKH�HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�REWDLQHG�IURP�HDFK�LPDJH��
7KH�WDEOH�VKRZV�JRRG�DJUHHPHQW�RI�WKH�/YH�UHJDUGOHVV�RI�UHVROXWLRQ��,W�LV�FRQ¿UPHG��KRZHYHU��
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WKDW�WKH�/YO�GLIIHUV�JUHDWO\�GHSHQGLQJ�RQ�WKH�UHVROXWLRQ��,Q�WKH�IXWXUH��ZH�ZLOO�YHULI\�D�SURSHU�UHVR-
OXWLRQ�WR�PHDVXUH�WKH�OXPLQDQFH�GLVWULEXWLRQ��WR�HYDOXDWH�JODUH�DFFXUDWHO\�EDVHG�RQ�KXPDQµV�YLHZ�
angle characteristic.

Figure 2 - Comparison of luminance distribution by resolu-

tion

Table 2 - Comparison of calculation results of the equivalent veiling luminance

Calculation result from illuminance 
distribution

0HDVXUHPHQW�UHVXOW�E\�SKRWRJUDSKLF�
photometry

(TXLYDOHQW�YHLOLQJ�OXPLQDQFH�ZLWK�UH-
IUHFWHG�OLJKW�/YH>FG�P2@

1.34 2.05

(TXLYDOHQW� YHLOLQJ� OXPLQDQFH� IURP�
OLJKW�VRXUFH�/YO>FG�P2@

0.55 0.62

Table 1 - Comparison of calculation results of the equivalent veiling luminance 

Low resolution High resolution
(TXLYDOHQW�YHLOLQJ�OXPLQDQFH�ZLWK�UH-
IUHFWHG�OLJKW�/YH>FG�P2@

2.04 2.05

(TXLYDOHQW� YHLOLQJ� OXPLQDQFH� IURP�
OLJKW�VRXUFH�/YO>FG�P2@

0.41 0.62

Figure 1 - Image of lumi-

nance distribution
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PP040

COMPARISON ON TOTAL LUMINOUS FLUX MEASUREMENT OF SPECTROGONIPHOTO-

METER AND GONIPHOTOMETER

Zhao, W.1, Liu, H.1, Liu, J.2, Zhao, H.1, Cui, T.3

1.�2SWLFV��1DWLRQDO�,QVWLWXWH�RI�0HWURORJ\��%HLMLQJ��&KLQD�
2.�%HLMLQJ�1RUPDO�8QLYHUVLW\��%HLMLQJ���&KLQD�
3.�;LDPHQ�,QVWLWXWH�RI�0HDVXUHPHQW�DQG�7HVWLQJ��;LDPHQ��)XMLDQ��&KLQD�

The traditional goniphotometer is always using a silicon detector as photohead. The photohead 
LV�PDGH�RI�VLOLFRQ�GLRGH�DQG�D�VHULHV�RI�FRORU�¿OWHUV��7KH�VSHFWUDO�UHVSRQVLYLW\�6�Ȝ��LV�GHVLJQHG�
WR�VLPXODWH�WKH�UHODWLYH�OXPLQRXV�HI¿FLHQF\�IXQFWLRQ�9�Ȝ���'XH�WR�WKH�GLIIHUHQFH�H[LVWLQJ�EHWZHHQ�
WKH�6�Ȝ��DQG�9�Ȝ��� WKH�FRORU�FRUUHFW�IDFWRU� LV�UHFRPPHQGHG�ZKHQ�FDUU\LQJ�RXW�D�WRWDO� OXPLQRXV�
ÀX[�PHDVXUHPHQW��7R�FDOFXODWH�WKH�FRORU�FRUUHFW�IDFWRU��6�Ȝ��VKRXOG�EH�SUHFLVHO\�PHDVXUHG�¿UVW��
+RZHYHU��WKH�EOXH�DQG�UHG�DUHD�RI�6�Ȝ��LV�QRW�VR�HDV\�WR�JHW�EHFDXVH�WKH�VLJQDO�LV�UHODWLYHO\�ZHDN��
$QRWKHU�SUREOHP�LV�WKDW�VRPH�ODPSV��IRU�H[DPSOH��ZKLWH�/('V��KDYH�QRQ�XQLIRUP�FRORU�VSDWLDO�
distribution. That is, the color correct factor is not a constant and depends on the sampling angle, 
different situation from the tungsten lamp.

7KH�XWLOL]LQJ�RI�D�VSHFWURJRQLRSKRWRPHWHU�VHHPV�DQ�DOWHUQDWLYH�FKRLFH�WR�FRQTXHU�WKRVH�LVVXHV��
The spectrogoniophotometer is using an array spectroradiometer instead of silicon photohead to 
measure the spectral irradiance and calculate the illuminance by the mathematical function. The 
PHDVXUHPHQW�SURFHVV�LV�IUHH�RI�FDOFXODWLQJ�FRORU�FRUUHFW�IDFWRU�DQG�WKH�6�Ȝ��PHDVXUHPHQW��ZKLFK�
many test engineers are not familiar with.

This work is going to show using spectrogoniophotometer to implement the measurement of the 
WRWDO�OXPLQRXV�ÀX[��WKH�FRORU�VSDWLDO�GLVWULEXWLRQ��DQG�PDNH�D�FRPSDULVRQ�EHWZHHQ�WKH�VSHFWURJR-
niophotometer and the traditional goniphotometer.

The spectrogoniophotometer is of a horizontal type. The spectroradiometer is calibrated in situ 
by a standard luminous intensity lamp and a standard spectral Irradiance lamp. The total lumi-
QRXV�ÀX[�LV�JLYHQ�E\�H[SUHVVLRQ������7KH�WUDGLWLRQDO�JRQLSKRWRPHWHU�RQO\�UHSODFHV�WKH�VSHFWURUD-
GLRPHWHU�ZLWK�D�VLOLFRQ�SKRWRKHDG��2WKHU�UHPDLQV�WKH�VDPH��7KH�WRWDO�OXPLQRXV�ÀX[�LV�JLYHQ�E\�
expression (2). If we consider the color correct factor, the expression (2) should be rewritten as 
the expression (3).

:H�VHH�OLWWOH�GLIIHUHQW�IRU�WKH�WZR�GHYLFHV�ZKHQ�WHVWLQJ�WKH�WXQJVWHQ�ODPSV��7KH�HVWLPDWHG�UHSHD-
WDELOLW\�RI�WKH�VSHFWURJRQLRSKRWRPHWHU�DQG�WKH�JRQLSKRWRPHWHU�DUH�ERWK�DERXW�������
7KH�FRORU�FRUUHFW�IDFWRU�VSDWLDO�GLVWULEXWLRQ�)�ĳ��ș��IRU�RXU�JRQLSKRWRPHWHU�FDQ�EH�PHDVXUHG�E\�
WKH�VSHFWURJRQLRSKRWRPHWHU��)LJXUH���LV�RQH�VHFWLRQ�RI�)�ĳ��ș��RI�D�ZKLWH�/('�VDPSOH��,W�VKRZV�
WKH�YDULDWLRQ�RI�)�ĳ��ș��IRU�GLIIHUHQW�GLUHFWLRQ��:H�UHFRPPHQG�FRQVLGHULQJ�WR�LQWURGXFH�)�ĳ��ș��
ZKHQ�LPSOHPHQW�D�WRWDO�OXPLQRXV�ÀX[�PHDVXUHPHQW�IRU�ZKLWH�/('V�E\�D�JRQLSKRWRPHWHU�
,Q�FRQFOXVLRQ��D�VSHFWURJRQLRSKRWRPHWHU� LV�XVHG� WR�PHDVXUH� WKH� WRWDO� OXPLQRXV�ÀX[�RI�D� OLJKW�
VRXUFH�IUHH�RI�FDOFXODWLQJ�FRORU�FRUUHFW� IDFWRU�DQG�WKH�VSHFWUDO�UHVSRQVLYLW\�6�Ȝ��PHDVXUHPHQW��
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)LJXUH�����RQH�VHFWLRQ�RI�)�ĳ��ș��RI�D�ZKLWH�/('�VDPSOH

Color spatial distribution is also measured by the spectrogoniophotometer and used for color 
FRUUHFW�IDFWRU�VSDWLDO�GLVWULEXWLRQ�)�ĳ��ș���ZKLFK�LV�UHFRPPHQGHG�WR�LQWURGXFHG�IRU�WKH�WUDGLWLRQDO�
goniphotometer

Figure 2 - the expressions
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PP041

IMAGING SPECTROPHOTOMETRY WITH A HIGH STABLE AND MONOCHROMATIC LED-

BASED TUNABLE SOURCE

Mahmoud, K. 1, Park, S.1,2, Lee, D.1

1.�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��867���'DHMHRQ��.RUHD��5HSXEOLF�RI�
2. KRISS. Korea, Daejeon, Korea, Republic of.

The use of imaging spectrophotometers for capturing of spectrophotometric quantities with spa-
tial resolution has attracted increasing interest. Capturing spectral frames combines the strength 
RI�FRQYHQWLRQDO�LPDJLQJ�ZLWK�WKDW�RI�VSHFWURSKRWRPHWU\�WR�DFFRPSOLVK�WDVNV�WKDW�HDFK�FDQQRW�EH�
SHUIRUPHG�VHSDUDWHO\��$PRQJ�WKH�DGYDQWDJHV�RI�WKHVH�LPDJLQJ�WHFKQLTXHV�LW�VKRXOG�EH�QRWHG�WKDW�
LW�FDQ�EH�XVHG�IRU�FDUU\LQJ�RXW�FHUWDLQ�W\SHV�RI�PHDVXUHPHQWV��H�J��UHÀHFWDQFH�RU�WUDQVPLWWDQFH�
HYDOXDWLRQ�IRU�LQKRPRJHQHRXV�VDPSOHV��WKDW�VKRXOG�RWKHUZLVH�EH�SHUIRUPHG�E\�PHDQV�RI�VFDQ-
ning methods.

In this paper, we present a new instrumentation for spectrophotometric measurements with using 
DQ�LQVWUXPHQW�EDVHG�RQ�GLIIHUHQW�FRORU�/('V�ZKLFK�FRYHU�ZDYHOHQJWK�UDQJH�IURP�����QP�WKURXJK�
950 nm. The instrument consists of multiple LEDs, a single-grating monochromator, a small-size 
LQWHJUDWLQJ�VSKHUH��DQG�D�&&'�FDPHUD��7XQLQJ�WKH�ZDYHOHQJWK�FRXOG�EH�DFKLHYHG�E\�D�SURSHU�
VHOHFWLRQ�RI�/('�LQ�DFFRUGDQFH�ZLWK�WKH�PRQRFKURPDWRU�VHWWLQJ�LQ�WKH�FRUUHVSRQGLQJ�ZDYHOHQJWK��
High spectral purity with a narrow spectral bandwidth suitable for the application could be rea-
OL]HG��7KH�VFKHPDWLF�GLDJUDP�RI�WKH�VHWXS�DQG�WKH�GHWDLOHG�YLHZ�RI�WKH�XVHG�LQWHJUDWLQJ�VSKHUH�DUH�
VKRZQ�LQ�¿JXUH����D��DQG��E��VXFFHVVLYHO\��$V�VKRZQ�LQ�¿JXUH���EHORZ��WKH�ZKROH�VHWXS�LV�FRPSDFW�
for practical uses with using a small-size (custom-made) integrating sphere for the purpose of 
KDYLQJ�XQLIRUP�LOOXPLQDWLRQ�RYHU�WKH�ZKROH�VDPSOH�XQGHU�WHVW�

,Q�¿JXUH����E���SRUW�$� LV�XVHG�IRU� LQSXW�UDGLDWLRQ��SRUW�%� LV�XVHG�IRU�DWWDFKLQJ�WKH�VDPSOH�WR�EH�
studied, port C is the output port through which the CCD (monochrome) camera can capture the 
LPDJHV��DV�VKRZQ�LQ�¿J�����D����DQG�SRUW�'�LV�XVHG�IRU�DWWDFKLQJ�D�GHWHFWRU�IRU�PRQLWRULQJ�SXUSR-
ses. The sample is attached tightly to port B so that it is illuminated with highly uniform irradiation, 
ZKLFK�LV�RQH�RI�WKH�PDLQ�UHTXLUHPHQWV�RI�D�SUHFLVH�PHDVXUHPHQW��7KH�GHYHORSHG�LQVWUXPHQW�FDQ�
be used in both cw and pulsed mode operation (of the LEDs), which would open up new facilities 
IRU�D�YDULHW\�RI�LQWHUHVWLQJ�DSSOLFDWLRQV�
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)LJXUH�����6FKHPDWLF�GLDJUDP�RI�WKH�VHWXS���D��WRS�YLHZ�RI�WKH�ZKROH�VHWXS��DQG��E��GH-

tailed view of the used integrating sphere
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D2 - Measurement

Miscellaneous
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PP042

LIGHTING QUALITY AND CHARACTERIZATION OF LAMPS AND LUMINAIRES: BRAZIL 

GETS READY FOR THE ADVANCEMENT OF SOLID STATE ILLUMINATION

Costa, C.L. , 9LHLUD��5�5���3HUHLUD��5�&���6LOYD��3�9���2OLYHLUD��,�$���6DUGLQKD��$�6���9LDQD��'�'���
%DUERVD��$�+���6RX]D��/�3���$OYDUHQJD��$�'�
',237��,10(752��'XTXH�GH�&D[LDV��%UD]LO�

Objective

2YHU� WKH�SDVW� IHZ�\HDUV�KDV� LQFUHDVHG� WKH� OLJKWLQJ� OLWHUDF\�RI�ERWK�SURGXFHUV�DQG�FRQVXPHUV��
&RQVXPHUV�DQG�WUDGHUV�DUH�PRUH�ZLOOLQJ�WR�EX\�WKH�OLJKW�¿[WXUHV�WKDW�DUH�QRW�RQO\�RI�JRRG�TXDOLW\�
but also present alleged protocols for lighting and electrical characteristics, as well as the report 
RI�FRQIRUPLW\�WR�QRUPDWLYH�GRFXPHQWV�LVVXHG�E\�TXDOL¿HG�H[SHUWV��7KH�2SWLFDO�0HWURORJ\�'LYLVLRQ�
RI� WKH�1DWLRQDO� ,QVWLWXWH�RI�0HWURORJ\��4XDOLW\�DQG�7HFKQRORJ\� �,QPHWUR��KDV�VWDUWHG� WKH�FRORUL-
metric characterization of lamps by implementing correlated color temperature (CCT) and color 
rendering index (CRI) measurements of incandescent lamps, followed by the CFL, LEDs, and 
/('�ODPSV�DQG�OXPLQDLUHV��+HUH�ZH�SUHVHQW�D�EULHI�DQDO\VLV�IRU�WKH�YHUL¿FDWLRQ�RI�WKH�FRORU�TXDOLW\�
performance of samples of CFL and LED luminaires for public as well as indoor illumination that 
are sold in the Brazilian market.

Methods

7KH�5REHUWVRQ�PHWKRG�LV�DSSOLHG�WR�REWDLQ�WKH�&&7��:H�IROORZ�*DUGQHU�WR�GHULYH�DQDO\WLFDO�H[-
SUHVVLRQ�IRU�XQFHUWDLQW\�LQ�X�DQG�Y�FKURPDWLFLW\�FRRUGLQDWHV�DQG�DQ�XQFHUWDLQW\�LQ�&&7�FRXOG�EH�
DFKLHYHG��7KH�&5,�XQFHUWDLQWLHV�DUH�REWDLQHG�E\�DSSO\LQJ�WKH�,62�*XLGH�0HWKRG�WR�GHULYH�DQD-
lytical expressions for the uncertainties following the works of Gardner and A. el Bially et all.
0HDVXUHPHQWV�RI�WKH�VSHFWUDO�SRZHU�GLVWULEXWLRQ��63'��DUH�UHDOL]HG�LQ�WZR�GLVWLQFW�VHWXSV��DFFRU-
GLQJ�WR�WKH�ODPS�RU�OXPLQDLUH�XQGHU�WHVW��$�VHWXS�IRU�VSHFWUDO�UHÀHFWDQFH�PHDVXUHPHQWV�LV�PRXQWHG�
on an optical table where a CCD spectroradiometer is mounted on a rotating arm allowing mea-
VXUHPHQWV�RYHU�D�FRQWLQXRXV�UDQJH�RI�REVHUYDWLRQ�DQJOHV�IURP�D�UHIHUHQFH�WLOH�LOOXPLQDWHG�E\�WKH�
test lamp. A goniophotometer with rotating mirror arm, used for the photometric characterization, 
is associated with a CCD spectroradiometer in order to perform the LED luminaires colorimetric 
measurements. The SPD measurements are carried out in the standard 0°:45° illumination obser-
YDWLRQ�JHRPHWU\�IURP�WKH�UHÀHFWHG�OLJKW�RI�WKH�OXPLQDLUH�RQ�WKH�UHIHUHQFH�WLOH��7KH�UHVXOWV�DUH�WKH�
FRPELQDWLRQ�RI�WZR�SDUDPHWHUV��WKH�DQJOH�ĭ�UHSUHVHQWLQJ�WKH�SRVLWLRQ�RI�WKH�OXPLQDLUH�DURXQG�LWV�
RZQ�D[LV�DQG�WKH�DQJOH�ș�UHSUHVHQWLQJ�WKH�SRVLWLRQ�RI�WKH�PLUURU�UHODWLYH�WR�JRQLRSKRWRPHWHU�DQG�
/('�OXPLQDLUH��7KHUH�DUH�WZR�VHWV�RI�PHDVXUHPHQWV��DFFRUGLQJ�WR�WKH�SURFHGXUH�,(6�/0��������
Repeated measurements allows for repeatability and reproducibility analysis for the uncertainty 
budget. The CCT and CRI calculations take into account the measurements geometry and the 
SURFHGXUHV�LQ�,(6�/0�������

Results

)LJXUH���H[HPSOL¿HV� WKH�SRODU�SKRWRPHWULF�GLDJUDP�GLVWULEXWLRQV� IRU� WKH�66/� OXPLQDLUH�VDPSOH�
&���DQG�)LJXUH���VKRZV�WKH�FRUUHVSRQGLQJ�DYHUDJHG�63'��7KH�FRORULPHWULF�TXDQWLWLHV��&&7�DQG�
&5,��DQG�WKH�DVVRFLDWHG�XQFHUWDLQWLHV�REWDLQHG�IRU�D�VHW�RI�ÀXRUHVFHQW�ODPSV�DUH�VKRZQ�LQ�7DEOH�
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���7DEOH���DVVHPEOHV�RXU�¿UVW�UHVXOWV�LQFOXGLQJ�XQFHUWDLQWLHV�FDOFXODWLRQV��IRU�66/�OXPLQDLUHV�IRU�
public lighting. The luminaires and lamps tested are from different trademarks. The expanded 
measurement uncertainty (U) is declared as the combined standard uncertainty multiplied by a 
IDFWRU�RI�N� ����ZKLFK�FRUUHVSRQGV�WR�D�FRYHUDJH�SUREDELOLW\�RI����������7KH�H[SHULPHQWDO�YDOXHV�
IRXQGHG�IRU�WKH�ÀXRUHVFHQW�VDPSOHV�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�YDOXHV�JLYHQ�E\�WKH�WUDGHUV�

Conclusions

7KH�2SWLFDO�0HWURORJ\�'LYLVLRQ�RI�,QPHWUR�KDV�GHYHORSHG�PHDVXUHPHQW�V\VWHPV�IRU�WKH�GHWHU-
PLQDWLRQ�RI�&&7�DQG�&5,�IRU�GLIIHUHQW�OLJKW�VRXUFHV��7KH�&&7�DQG�&5,�FDOLEUDWLRQ�VHUYLFHV�QRZ�
RIIHUHG�E\�WKH�ODERUDWRU\�ZLOO�FRYHU�WKH�LQFUHDVLQJ�GHPDQG�E\�WKH�%UD]LOLDQ�OLJKWLQJ�VHFWRU��7KLV�
ZRUN�GHDOV�ZLWK�WKH�GHWHUPLQDWLRQ�RI�WKH�&&7�DQG�&5,�DQG�UHVSHFWLYH�XQFHUWDLQWLHV�RI�/('�OXPL-
QDLUHV�IRU�SXEOLF�OLJKWLQJ��DQG�DOVR�ZLWK�/('�ODPSV�DQG�&)/V��DYDLODEOH�DW�WKH�%UD]LOLDQ�PDUNHW��
$Q\�DWWHPSW� WR�GHYHORS�HQHUJ\�HI¿FLHQW� OLJKWLQJ�VWUDWHJLHV�PXVW��DV� WKH�¿UVW�SULRULW\��JXDUDQWHH�
that the quality of the lighting products is as high as possible. The results for the photometric and 
FRORULPHWULF�FKDUDFWHUL]DWLRQV�SUHVHQWHG�LQ�WKLV�ZRUN�GHPRQVWUDWH�WKDW�WKLV�LV�DFKLHYDEOH��VKRZLQJ�
WKH�HIIRUWV�RI�%UD]LOLDQ�PDUNHW�LQ�WKH�VHDUFK�IRU�KLJKO\�HI¿FLHQW�OLJKWLQJ�SURGXFWV�

Figure 2 - Averaged SPD obtained for a SSL luminaire: sample C

Figure 1 - Polar luminous intensity distribution graph for a SSL luminaire: sample C
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Table 1 - Nominal and measured values of CCT and CRI of samples of compact and tubu-

ODU�ÀXRUHVFHQW�ODPSV

Table 2 - Nominal and measured values of CCT and Ra of sampled LED luminaires

)/825(6&(17�/$036 Nominal CCT (K) Nominal CRI CCT (K) CCT ± 
UCCT

CRI Ra ± 
URa

Sample A - CFL Parallel Triple-Tube 
��:

2700 80 2687 ± 32 82 ± 5

6DPSOH�%���&)/�7ULSOH�7XEH��: 2700 - 2840 ± 33 81 ± 5
6DPSOH�&���&)/�7ULSOH�7XEH���: 4000 - 4044 ± 44 79 ± 5
6DPSOH�'���&)/�7ULSOH�7XEH���: 4000 - 4190 ± 57 85 ± 5
Sample E - CFL Parallel Triple-

7XEH���:
6400 80 6109 ± 395 76 ± 5

6DPSOH�)���&)/�7ULSOH�7XEH���: 6400 - 6170 ± 432 76 ± 5
Sample A T8 - 26 mm, with G13 

EDVH����:DWWV
3000 52 2973 ± 30 51 ± 4

Sample B T8 - 26 mm, with G13 
EDVH����:DWWV

4100 60 4133 ± 57 61 ± 4

Sample C T8 - 26 mm, with G13 
EDVH����:DWWV

6500 75 6288 ± 158 75 ± 4

66/�/80,1$,5(6 Nominal  0 deg. Plane measure 90 deg. Plane measure
CCT 
(K)

UCCT 
(K)

 Ra  URa  CCT 
(K)

UCCT 
(K)

 Ra  URa  CCT 
(K)

 UCCT 
(K)

 Ra  URa

Sample A 72 LEDs 
���:DWWV

 4500  275  >70  -  4669  83  77  4  4665  83  78  4

Sample B 90 LEDs 
����:DWWV

 5000  300  -  -  4958  138  65  4  4903  146  64  4

Sample C 96 LEDs 
����:DWWV

 -  -  -  -  5244  151  73  4  5292  177  73  4
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PP043

REALIZATION OF THE CANDELA AT INMETRO

Coelho, C.T.,�$OYHV��/�
2SWLFDO�0HWURORJ\�'LYLVLRQ��1DWLRQDO�,QVWLWXWH�RI�0HWURORJ\��4XDOLW\�DQG�7HFQRORJ\��'XTXH�GH�
Caxias, Rio de Janeiro, Brazil.

ABSTRACT 

The measurements system for the illuminance and luminous intensity at Inmetro consists of four 
standard photometers on trap detector specially constructed at Inmetro for the realization of the 
FDQGHOD��:H�H[SHFW�WR�LPSURYH�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�SKRWRPHWULF�FDOLEUDWLRQ�DQG�SURYL-
de calibration of diferent type of standards lamps.

1. INTRODUCTION

The candela, the base unit of luminous intensity of the International System of Units (SI), accor-
GLQJ�WR�WKH�DGRSWHG�GH¿QLWLRQ�E\�WKH�&RQIpUHQFH�*pQpUDOH�GHV�3RLGV�HW�0HVXUHV��&*30��VLQFH�
������KDV�EHHQ�GH¿QHG�LQ�WHUPV�RI�WKH�ZDWW�
7KH�FDQGHOD�KDV�EHHQ�UHDOL]HG�E\�PDQ\�1DWLRQDO�0HWURORJ\�,QVWLWXWHV��10,��IROORZLQJ�WKH�GHWHF-
WRU�EDVHG�PHWKRG��GHGXFHG�IURP�WKH�LOOXPLQDQFH�SURYLGHG�E\�FDOLEUDWHG�GHWHFWRU�DQG�WKH�GLVWDQFH�
IURP�OLJKW�VRXUFH�WR�WKH�SKRWRPHWHU��ZKRVH�UHODWLYH�VSHFWUDO�UHVSRQVLYLW\�V�Ȝ�rel has been adapted 
WR�WKH�VSHFWUDO�OXPLQRXV�HI¿FLHQF\�IXQFWLRQ�9�Ȝ��
,Q� WKLV�DUWLFOH��ZH�SUHVHQW� WKH�UHVXOWV� IRU� OXPLQRXV� LQWHQVLW\� �FG��� OXPLQRXV�UHVSRQVLYLW\� �$�OX[���
DQG�LOOXPLQDQFH��O[��EDVHG�RQ�DQ�DEVROXWH�FU\RJHQLF�UDGLRPHWHU�WKURXJK�WKH�VSHFWUDO�UHVSRQVLYLW\�
power scale at Inmetro.

1. PRINCIPLE OF REALIZATION

$�VWDQGDUG�SKRWRPHWHU�FRQVLVWV�RI�D�VLOLFRQ�SKRWRGLRGH��D�9�Ȝ��¿OWHU��DQG�D�SUHFLVLRQ�DSHUWXUH��
The photometer measures the luminous intensity IY (cd) when used with a point light source at a 
distance r from the aperture plane. The luminous intensity IY is then determined from the following 
equation
IY = EY r

2 = (Km i F)/((s(555)(A/r2))    (1)
ZKHUH�L�LV�WKH�RXWSXW�SKRWRFXUUHQW��LQ�$��.m�LV�WKH�PD[LPXP�VSHFWUDO�OXPLQRXV�HI¿FDF\��HTXDO�WR�
����OP�:��V������LV�WKH�VSHFWUDO�UHVSRQVLYLW\�V�Ȝ��DW�����QP��LQ�$�:��$�LV�WKH�DSHUWXUH�DUHD�RI�WKH�
photometer, in m2��U�LV�WKH�GLVWDQFH�IURP�WKH�SRLQW�OLJKW�VRXUFH�WR�WKH�DSHUWXUH�SODQH��LQ�P��)�LV�WKH�
VSHFWUDO�PLVPDWFK�IDFWRU�DQG�WKH�OXPLQRXV�UHVSRQVLYLW\�LV�JLYHQ�E\�WKH�HTXDWLRQ
sY= (A s(555))/(Km F)     (2)

2 MEASUREMENT OF LUMINOUS INTENSITY

The detector-based realization of the candela was realized on a ten meter long photometric bench. 
At the left side of the photometric bench, the luminous intensity lamp was mounted on stages with 
VL[�GHJUHHV�RI�IUHHGRP�WKDW�DOORZV�DFFXUDWH�SRVLWLRQLQJ�RI�WKH�ODPS�¿ODPHQW��7KH�GLVWDQFH�EHW-
ZHHQ�WKH�¿ODPHQW�SODQH�DQG�WKH�DSHUWXUH�VXUIDFH�RI�VWDQGDUG�SKRWRPHWHU�ZDV�¿[HG�
The photometric measurement was realized with a set of four standard photometers based on a 
silicon trap detector calibrated against cryogenic radiometer, a high-precision aperture with nomi-
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QDO�YDOXH�DUHD�RI���PP�DQG�D�9�Ȝ��¿OWHU��$�WHPSHUDWXUH�FRQWUROOHU�¿OWHU�KROGHU�EDVHG�RQ�3HOWLHU�HOH-
PHQW�ZDV�XVHG��$OO�FRPSRQHQWV�RI�HDFK�VWDQGDUG�SKRWRPHWHU�ZHUH�LQGLYLGXDOO\�FKDUDFWHUL]HG�DQG�
WKH�UHODWLYH�VSHFWUDO�UHVSRQVLYLW\�DW�����QP�RI�HDFK�VWDQGDUG�SKRWRPHWHU�ZDV�ZHOO�GHWHUPLQHG�
$�VHW�RI�¿YH� OXPLQRXV� LQWHQVLW\�VWDQGDUG� ODPSV�RI� W\SH�:L��*�DW�FRUUHODWHG�FRORU� WHPSHUDWXUH�
close to 2856 K (CIE standard illuminant A) was operated with a stable dc power supply.
3KRWRFXUUHQWV�JHQHUDWHG�E\�WKH�VWDQGDUG�SKRWRPHWHU�ZHUH�DPSOL¿HG�ZLWK�FDOLEUDWHG�FXUUHQW�YRO-
WDJH�FRQYHUWHU�DQG� WKH�YROWDJH�ZDV�PHDVXUHG�ZLWK�FDOLEUDWHG�GLJLWDO�PXOWLPHWHU��7KH�DPSOL¿HU�
FRQYHUVLRQ�IDFWRU�XVHG�ZDV�W\SLFDOO\���6�9�$��7KH�WHPSHUDWXUH�LQVLGH�WKH�VWDQGDUG�SKRWRPHWHU�
DQG�WKH�DPELHQW�WHPSHUDWXUH�ZHUH�VHW�WR�������&�DQG�����&���UHVSHFWLYHO\�

3 RESULTS

$OO�VWDQGDUG�SKRWRPHWHUV�KDG�VSHFWUDO�PLVPDWFK�IDFWRU�FORVH�WR�RQH�DQG�LWV�UHODWLYH�VSHFWUDO�UH-
VSRQVLYLW\�DW�����QP�ZDV�HYDOXDWHG�ZLWK�DQ�UHODWLYH�VWDQGDUG�XQFHUWDLQW\�RI�DERXW���������N ����
7KH�DSHUWXUH�DUHD�ZDV�PHDVXUHG�ZLWK�D�UHODWLYH�VWDQGDUG�XQFHUWDLQW\�RI����������N ����7KH�OXPL-
QRXV�UHVSRQVLYLW\�RI�WKH�VWDQGDUG�SKRWRPHWHUV�ZDV�GHWHUPLQHG�E\�XVLQJ�WKH�HTXDWLRQ�����ZLWK�D�
UHODWLYH�VWDQGDUG�XQFHUWDLQW\�RI�DERXW�������N ���
7KH�UHODWLYH�VWDQGDUG�XQFHUWDLQW\�RI�WKH�GLVWDQFH�PHDVXUHPHQW�ZDV��������N ���DQG�SKRWRFXU-
UHQWV�ZHUH�PHDVXUHG�ZLWK�D�UHODWLYH�VWDQGDUG�XQFHUWDLQW\�RI���������N ����7KH�OXPLQRXV�LQWHQVLW\�
RI�WKH�ODPS�ZDV�JLYHQ�E\�WKH�HTXDWLRQ�����DQG�WKH�YDOXHV�ZHUH�GHWHUPLQHG�ZLWK�D�UHODWLYH�XQFHU-
WDLQW\�RI�DERXW�������N ���

4 CONCLUSIONS

)URP� WKH� REWDLQHG� UHVXOWV� DQG� FRQVLGHULQJ� WKH� NQRZQ� YDOXHV� RI� FDOLEUDWHG� OXPLQRXV� LQWHQVLW\�
ODPSV�E\�RWKHUV�10,��LW�FDQ�EH�VWDWHG�WKDW�D�JRRG�DJUHHPHQW��,Q�D�EULHI�IXWXUH�ZH�H[SHFW�WR�LPSUR-
YH�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKH�GHWHFWRU�EDVHG�UHDOL]DWLRQ�RI�WKH�XQLW�RI�OXPLQRXV�LQWHQVLW\��
$W�SUHVHQW�WLPH��LQ�RUGHU�WR�YDOLGDWH�WKH�RSWLFDO�SRZHU�VFDOH�WUDFHDEOH�WR�FU\RJHQLF�UDGLRPHWHU�RI�
,QPHWUR��D�ELODWHUDO�FRPSDULVRQ�RI�SRZHU�VSHFWUDO�UHVSRQVLYLW\�ZLWK�1,67�LV�JRLQJ�RQ�

5 REFERENCES

>�@�3��*LDFRPR��³1HZV�IURP�WKH�%,30´��0HWURORJLD��9RO������SS��������������
>�@�(��,NRQHQ��3��.lUKl��$��/DVVLOD��)�0DQRRFKHKUL��+��)DJHUOXQG�DQG�/�/LHGTXLVW��³5DGLRPHWULF�
5HDOLVDWLRQ�RI�WKH�FDQGHOD�ZLWK�D�7UDS�GHWHFWRU´��0HWURORJLD����������������������
>�@�<��2KQR��³26$�+DQGERRN�RI�$SSOLHG�3KRWRPHWU\´��&KDSWHU���±�3KRWRPHWULF�6WDQGDUGV��'H-
cember 1, 1996.
>�@�&URPHU�&�/��(SSHOGDXHU��*���+DUGLV�-�(���/DUDVRQ��7�&���2KQR��<���DQG�3DUU��$�&���Ä7KH�1LVW�
'HWHFWRU�%DVHG�/XPLQRXV�,QWHQVLW\�6FDOH³��-�5HV�1DW��,QVW��6WDQG��7HFQRO�����������������
>�@�6DPHGRY�)��DQG�%D]NLU��g��Ä5HDOL]DWLRQ�RI�SKRWRPHWULF�EDVH�XQLW�RI�FDQGHOD�WUDFHEOH�WR�FU\R-
JHQLF�UDGLRPHWHU�DW�80(³��(XU��3K\V�-��$SSO�3K\V��������������������
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PP044

THE DEVELOPMENT OF EVALUATION FOR DISCOMFORT GLARE IN LED LIGHTING OF 

INDOOR WORK PLACE: THE EFFECT OF THE LUMINANCE DISTRIBUTION OF LUMI-

NOUS PARTS ON SUBJECTIVE EVALUATION

Higashi, H., Koga, S., Kotani, T.
Toshiba Corporation, Kawasaki, Japan.

Objective:

:LWK�WKH�LPSURYHPHQW�LQ�OXPLQRXV�HI¿FLHQF\�RI�/('�OLJKW�VRXUFH��WKH�JHQHUDO�OLJKWLQJ�EHJLQV�WR�
UHSODFH�WKH�/('�OXPLQDLUHV�ZLWK�WKH�H[LVWLQJ�RQHV��+RZHYHU��WKH�SHUIRUPDQFH�RI�/('�OXPLQDLUHV��
including their luminance, area of luminous part, and so on, differs from that of existing luminaires. 
Therefore, the mere replacement of existing luminaires with LED ones sometimes causes diffe-
UHQFH�LQ�GLVFRPIRUW�JODUH��%HFDXVH�RI�WKHVH�IDFWRUV��WKH�VWXGLHV�RI�HYDOXDWLRQV�IRU�GLVFRPIRUW�JODUH�
LQ�/('�OLJKWLQJ�KDYH�JRWWHQ�D�ORW�RI�DWWHQWLRQ�UHFHQWO\�
7KH�GHVLJQ�RI�GLVFRPIRUW�JODUH�LQ�OLJKWLQJ�RI�LQGRRU�ZRUN�SODFH�XVHV�8*5��8QL¿HG�*ODUH�5DWLQJ���
+RZHYHU��LW�LV�QRW�FOHDU�ZKHWKHU�WKH�8*5�LV�DSSOLFDEOH�WR�GLVFRPIRUW�JODUH�LQ�/('�OLJKWLQJ��,Q�RXU�
SUHYLRXV�VWXGLHV��LW�ZDV�VKRZQ�WKDW�LW�ZDV�GLI¿FXOW�WR�GHVLJQ�XVLQJ�8*5�LQ�/('�OLJKWLQJ�WKDQ�WKDW�LQ�
FL one, and there was luminance distribution of luminous part causing it. Because the luminaires 
XVHG�LQ�WKH�H[SHULPHQW�GLIIHUHG�LQ�WKH�GLVWULEXWLRQV�RI�OXPLQRXV�LQWHQVLW\�DQG�WKH�ÀX[HV��KRZHYHU��
LW�ZDV�LQVXI¿FLHQW�WR�FRQFOXGH�WKDW�WKH�IDFWRU�RI�WKH�UHVXOWV�ZDV�WKH�OXPLQDQFH�GLVWULEXWLRQV��,Q�WKLV�
SDSHU��ZH�KDYH�H[DPLQHG�DERXW�WKH�DIIHFW�RI�WKH�OXPLQDQFH�GLVWULEXWLRQV�IRU�VXEMHFWLYH�HYDOXDWLRQ�
of discomfort glare using the luminaires, which the distributions of luminous intensity were close 
and the luminance distributions had a difference.

Method:

7KH�H[SHULPHQW�ZDV�SHUIRUPHG�LQ�D�URRP�VLPXODWHG�RI¿FH�URRP��7KH�URRP�KDG�WKUHH�ZDOOV�DQG�QR�
window and its dimensions were: width 2,4m, length 5,0m, ceiling height 2,4m. Figure3 shows the 
SRVLWLRQ�RI�HDFK�OXPLQDLUH�LQ�WKH�URRP��7KH�URRP�KDG�D�NLQGV�RI�LQWHULRU�UHÀHFWLRQ�IDFWRU��FHLOLQJ�
DQG�ZDOO�ZHUH������ÀRRU�ZDV������7R�VLPXODWH�DQ�DFWXDO�RI¿FH�URRP��WKH�GHVN��WKH�ODSWRS�DQG�
FKDLU�ZHUH�SODFHG�LQ�WKH�URRP��,W�ZDV�H[DPLQHG�RQ����VXEMHFWV�����IHPDOHV�����PDOHV��YDU\LQJ�LQ�
age from 25 to 59 years.
,Q�WKH�H[SHULPHQW��D�VXEMHFW�ZDV�DVNHG�WR�HYDOXDWH�WKH�GHJUHH�RI�GLVFRPIRUW�JODUH�XQGHU�HDFK�
FRQGLWLRQ�XVLQJ�D�VFDOH�ZLWK�VHHLQJ�¿[DWLRQ�SRLQW�LQ�WKH�FHQWUH�RI�WKH�IURQW�RI�ZDOO��7KHUH�ZHUH�WZR�
SRVLWLRQV��3���3���HYDOXDWHG�LW��)RU�\RXU�UHIHUHQFH��LW�ZDV�H[DPLQHG�WR�HYDOXDWH�LW�LQ�GLUHFW�YLHZ�
of the luminaire and a whole room. The scale of table 1 was used. The scale was displayed on 
WKH�ODSWRS��DQG�WKH�HYDOXDWLRQ�PDGH�D�YHUEDO�UHVSRQVH�LQ�-DSDQHVH��,Q�WKH�DQDO\VLV��WKH�VHOHFWHG�
FDWHJRU\�ZDV�FRQYHUWHG�LQWR�D�YDOXH�RI�8*5�ZLWK�WDEOH����7KH�YDOXH�ZDV�XVHG�DV�WKH�VXEMHFWLYH�
JODUH�UDWLQJ�LQ�HDFK�HYDOXDWLRQ��7DEOH���VKRZV�WKH�FRQGLWLRQV�HPSOR\HG�LQ�WKH�H[SHULPHQW��7KH�
conditions were presented in random order and each condition was done once.

Result:

)LJXUH���VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�8*5�DQG�WKH�VXEMHFWLYH�JODUH�UDWLQJ�ZLWK�VHHLQJ�¿-
xation point in each position. The UGR of X-axis is calculated by the information of experimental 
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URRP�DQG�WKH�GLVWULEXWLRQ�RI�OXPLQRXV�LQWHQVLW\�LQ�HDFK�FRQGLWLRQ��7KH�<�D[LV�LV�PHDQ�RI�DOO�VXE-
MHFWV¶�GDWD�LQ�HDFK�FRQGLWLRQ��7KH�V\PEROV�DUH�WKH�FRQGLWLRQV�RI�OXPLQDQFH�XQLIRUPLW\��$FFRUGLQJ�
WR�)LJ�����WKH�VXEMHFWLYH�JODUH�UDWLQJ�LQFUHDVHG�ZLWK�WKH�8*5��DQG�DV�WKH�OXPLQDQFH�XQLIRUPLW\�GH-
FUHDVHG��WKH�SUR¿OHV�FKDQJHG�LQ�D�GLVFRPIRUW�ZD\��)LJ���DOVR�LQGLFDWHG�WKDW������RI�WKH�OXPLQDQFH�
XQLIRUPLW\�GLIIHUHG�IURP�WKH�RWKHUV�RI�WKDW�LQ�ORZHU�8*5��$�VLPLODU�UHVXOW�LQ�WKH�RWKHU�HYDOXDWLRQV�
was shown.

)URP�WKH�UHVXOWV��ZH�IRXQG�WKDW�WKH�DYHUDJH�OXPLQDQFH�ZDV�VDPH�ZKHQ�WKH�VXEMHFWLYH�JODUH�UDWLQJ�
was different dependently of the luminance distribution of luminous part. The results will facilitate 
WKH�VWXG\�RI�VRXUFH�LQGHSHQGHQW�HYDOXDWLRQ�IRU�GLVFRPIRUW�JODUH��)XUWKHU�ZRUN�LQ�WKLV�VWXG\�LV�RQ�
WKH�ZD\�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�WKH�HYDOXDWLRQ�IRU�GLVFRPIRUW�JODUH�DQG�LWV�DSSOLFDWLRQ�LQ�
the luminance distribution of luminous part.
7KLV�UHVHDUFK�SURMHFW�KDV�EHHQ�VXSSRUWHG�E\�1('2��1HZ�(QHUJ\�,QGXVWULDO�7HFKQRORJ\�'HYHORS-
PHQW�2UJDQL]DWLRQ�RI�-DSDQHVH�*RYHUQPHQW�

Figure 1 - The sectional view in the experimental room
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Table 1 - The value of UGR correspond to each category. 

Figure 2 - The UGR versus the subjective glare rating

Table 2 - The experimental 20 conditions

UGR Categories
31 Intolerable
28 Just intolerable
25 Uncomfortable
22 Just uncomfortable
19 Unacceptable
16 Just unacceptable
13 Perceptible
10 Just perceptible
7 Imperceptible

Horizontal illuminance E (5 conditions) 100 300 500 750 1500 lx
Luminance uniformity U (4 conditions) 0,01 0,07 0,4 0,8
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PP045

THE DEVELOPMENT OF EVALUATION FOR DISCOMFORT GLARE IN LED LIGHTING OF 

INDOOR WORK PLACE: THE MODIFICATION OF G-CLASSIFICATION USING LUMINANCE 

DISTRIBUTION OF LUMINOUS PARTS.

Koga S., Higashi, H., Kotani, T.
6WUDWHJLF�%XVLQHVV�3URPRWLRQ�2I¿FH�1HZ�/LJKWLQJ�6\VWHPV�'LYLVLRQ��7RVKLED�&RUSRUDWLRQ��.D-
wasaki, Japan. 

Objective:

It is one of important factor of designing the comfort lighting space that limiting discomfort glare 
RI� LQGRRU�ZRUN�SODFH�� ,Q�-DSDQ��WKH�*�FODVVL¿FDWLRQ� LV�XVHG�WR�HYDOXDWH�WKH�GLVFRPIRUW�JODUH�RI�
OXPLQDLUHV��*�FODVVL¿FDWLRQ�LV�VWDQGDUGL]HG�PHWKRG�E\�-,6��-DSDQHVH�,QGXVWULDO�6WDQGDUGV���-,6�
LV�ORFDO�VWDQGDUG�LQ�-DSDQ��*�FODVVL¿FDWLRQ�LV�LQGH[�WR�HYDOXDWH�WKH�GHJUHH�RI�OLPLWHG�GLVFRPIRUW�
JODUH�RI� OXPLQDLUH��XVLQJ�OLPLW�YDOXH�RI�RQH�ZLWKLQ�SUHVFULEHG�YHUWLFDO�DQJOH��2XU�SUHYLRXV�VWXG\�
VKRZHG� WKDW� WKHUH�ZHUH�FDVHV� WKDW�*�FODVVL¿FDWLRQ�FRXOGQ¶W�HYDOXDWH� OXPLQDLUH�ZLWK�GLVWULEXWHG�
OXPLQDQFH��DQG�WKHUH�ZDV�D�QHHG�IRU�WKH�QHZ�*�FODVVL¿FDWLRQ�LQ�FRQVLGHUDWLRQ�RI�WKH�OXPLQDQFH�
XQLIRUPLW\�RI�OXPLQRXV�SDUWV��,Q�WKLV�SDSHU��LQ�RUGHU�WR�VXJJHVW�WKH�QHZ�PHWKRG�RI�*�FODVVL¿FDWLRQ�
XVLQJ�OXPLQDQFH�GLVWULEXWLRQ�RI�OXPLQRXV�SDUWV��ZH�DQDO\]HG�WKH�SUHYLRXVO\�FRQGXFWHG�H[SHULPHQW�
DERXW�GLVFRPIRUW�JODUH��XVLQJ�/('�OXPLQDLUHV�ZLWK�VHYHUDO�GLVWULEXWHG�OXPLQDQFH��DQG�LQYHVWLJDWHG�
WKH�UHODWLRQVKLS�EHWZHHQ�*�FODVVL¿FDWLRQ�DQG�OXPLQDQFH�XQLIRUPLW\�RI�OXPLQRXV�SDUWV�

Methods:

7KH�H[SHULPHQWV�ZHUH�FRQGXFWHG�LQ�WKH�URRP�DVVXPHG�WR�EH�DQ�RI¿FH�URRP��7KH�GLPHQVLRQV�RI�
the room were 2,4m in width, 5m in depth and 2,4m in height, and there was no window in the 
URRP��7KH�WKUHH�VDPH�OXPLQDLUHV�ZHUH�VHW�LQ�WKH�URRP��:H�SUHSDUHG�WKH�URRPV�ZKLFK�KDG�WZR�
NLQG�RI�UHÀHFWDQFH�RI�WKH�LQWHULRU��2QH�ZDV��WKH�FHLOLQJ��WKH�ZDOO��WKH�ÀRRU�DUH�����������DQG������
7KH�RWKHU�ZDV��WKH�FHLOLQJ��WKH�ZDOO�� WKH�ÀRRU�DUH�����������DQG������,Q�WKH�H[SHULPHQWV�����
NLQGV�RI�WKH�/('�OXPLQDLUHV�DQG���NLQGV�RI�WKH�ÀXRUHVFHQW�ODPS�OXPLQDLUHV��)/�OXPLQDLUHV��ZHUH�
HYDOXDWHG��7KH�VXEMHFWV�HYDOXDWHG�WKH�GLVFRPIRUW�JODUH�ZLWK�VHHLQJ�¿[DWLRQ�SRLQW�LQ�WKH�FHQWUH�RI�
front of wall after their eyes were fully adapted to the lighting conditions. There were two positions 
�3���3���HYDOXDWHG�LW��7KH�GLVWDQFH�EHWZHHQ�WKH�SRVLWLRQ�DQG�IURQW�RI�ZDOO�ZDV��3�����P��3�����P��
7KH�HYDOXDWLRQ�VFDOH�KDG���VWHS�����LPSHUFHSWLEOH����LQWROHUDEOH��LQ�WDEOH����,Q�WKH�H[SHULPHQW��ZH�
used the category corresponding to Japanese. 20 Japanese subjects (10 females and 10 males) 
in age from 25 to 59 years participated.

Result:

)LJXUH���VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�*�FODVVL¿FDWLRQ�DQG�WKH�VXEMHFWLYH�JODUH�UDWLQJ� LQ�
UHÀHFWDQFH�FRQGLWLRQ�RI�ZDOO������7KH�KRUL]RQWDO�D[LV� LV� WKH�*�FODVVL¿FDWLRQ��7KH�YHUWLFDO�D[LV�
LV�WKH�DYHUDJH�RI�VXEMHFWLYH�JODUH�UDWLQJ��7KH�FRUUHODWLRQ�FRHI¿FLHQW�RI�)/�OXPLQLUHV�ZDV�����DQG�
WKDW�RI�)/� OXPLQLDUHV�ZDV�������7KH�UHVXOW�RI� WKHVH� LQGLFDWHG�WKDW� LW� LV�GLI¿FXOW� WR�HYDOXDWH�/('�
OXPLQDLUHV�XVLQJ�*�FODVVL¿FDWLRQ��,Q�RUGHU�WR�LPSURYH�WKH�GDWH�VSUHDG�RI�VXEMHFWLYH�JODUH�UDWLQJ�LQ�
/('�OXPLQDLUHV��ZH�VWXGLHG�WKH�UHODWLRQVKLS�EHWZHHQ�RQH�DQG�WKH�OXPLQDQFH�XQLIRUPLW\��DQG�KDYH�
GHYHORSHG�WKH�QHZ�PHWKRG�WKDW�*��FODVVL¿FDWLRQ�LV�PRGL¿HG��7KH�PRGL¿HG�1HZ�*�FODVVL¿FDWLRQ�
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�Q�*�FODVVL¿FDWLRQ��ZDV�FDOFXODWHG�XVLQJ�WKH�YDOXH�RI�WKH�OXPLQDQFH�XQLIRUPLW\�RI�OXPLQRXV�SDUWV��
)LJXUH���VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�Q��*�FODVVL¿FDWLRQ�DQG�WKH�VXEMHFWLYH�JODUH�UDWLQJ�LQ�UH-
ÀHFWDQFH�FRQGLWLRQ�RI�ZDOO�������7KH�JUDSK�VKRZHG�D�KLJKHU�FRUUHODWLRQ�FRHI¿FLHQW�RI�Q�*�FODVVL¿-
FDWLRQ�WKDQ�RQH�RI�*��FODVVL¿FDWLRQ��,Q�WKH�FDVH�RI�)/�OXPLQDLUHV��WKH�FRUUHODWLRQ�FRHI¿FLHQW�RI�ERWK�
PHWKRGV�ZDV�KLJK�YDOXH��,Q�WKH�FDVH�RI�/('�OXPLQDLUHV��WKH�RQH�RI�Q�*�FODVVL¿FDWLRQ�ZDV�������
7KH�UHVXOW�VXJJHVWV�WKDW�WKH�Q��*��FODVVL¿FDWLRQ�KDG�D�FRUUHODWLRQ�EHWWHU�WKDQ�WKH�*��FODVVL¿FDWLRQ�

Conclusion:

:H�KDYH�VWXGLHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�*�FODVVL¿FDWLRQ�DQG�WKH�OXPLQDQFH�XQLIRUPLW\�RI�
luminous parts. In the case of LED luminaires with distributed luminance, we showed the new 
PHWKRG�FDQ�HYDOXDWH�EHWWHU�WKDQ�*��FODVVL¿FDWLRQ�
7KLV�UHVHDUFK�SURMHFW�KDV�EHHQ�VXSSRUWHG�E\�1('2��1HZ�(QHUJ\�,QGXVWULDO�7HFKQRORJ\�'HYHORS-
PHQW�2UJDQL]DWLRQ�RI�-DSDQHVH�*RYHUQPHQW�

)LJXUH�����7KH�*�FODVVL¿FDWLRQ�YHUVXV�WKH�VXEMHFWLYH�JODUH�UDWLQJ��3��WKH�UHÀHFWDQFH�RI�
ZDOO������
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Table 1 - The evaluation scale correspond to each category

)LJXUH�����7KH�Q�*�FODVVL¿FDWLRQ�YHUVXV�WKH�VXEMHFWLYH�JODUH�UDWLQJ��3���WKH�UHÀHFWDQFH�RI�
ZDOO������

Scale Categories
8 Intolerable
7 Just intolerable
6 Uncomfortable
5 Just uncomfortable
4 Unacceptable
3 Just unacceptable
2 Perceptible
1 Just perceptible
0 Imperceptible
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PP046

A STUDY ON DEVELOPING VEILING GLARE RATING ACCORDING TO CHARACTERIS-

TICS OF REFLECTED IMAGES ON SCREENS AND HUMAN RESPONSES

Chao, W., &KLDQJ��<���7X��+�
Industrial Technology Research Institute, Hsinchu county, Chinese Taipei.

Abstract

/LJKWLQJ�LV�DQ�LPSRUWDQW�HQYLURQPHQWDO�IDFWRU�ZKHQ�FRQVLGHULQJ�KHDOWK�DQG�VDIHW\��YLVXDO�FRPIRUW�
DQG�ZRUNSODFH�GHVLJQ��7KHUH�DUH�PDQ\�GLIIHUHQW�DVSHFWV�RI�OLJKWLQJ�WKDW�FDQ�FDXVH�YLVXDO�GLVFRP-
IRUW��YHLOLQJ�JODUH�HVSHFLDOO\��9HLOLQJ�JODUH�FDQ�FDXVH�YLVXDO�GLVFRPIRUW�EHFDXVH�WKH\�FDQ�UHGXFH�
WKH�OXPLQDQFH�FRQWUDVW�DQG�KHQFH�WKH�GLI¿FXOW\�RI�WKH�WDVN��,W�LV�WKHUHIRUH�TXLWH�LPSRUWDQW�WR�OLPLW�
WKH�PDJQLWXGH�RI�YHLOLQJ�JODUHV�LQ�RI¿FHV��,Q�RUGHU�WR�SUHYHQW�WKH�YHLOLQJ�JODUH��WKH�OLJKWLQJ�DQG�
VFUHHQV�FRQGLWLRQV�WKDW�FDQ�FDXVH�WKH�UHÀHFWHG�LPDJHV�RQ�VFUHHQV�DQG�YHLOLQJ�JODUH�UDWLQJ�ZHUH�
GHYHORSHG�LQ�WKLV�VWXG\�

Purpose

7KLV�VWXG\�GHYHORSHG�WKH�YHLOLQJ�JODUH�UDWLQJ�DFFRUGLQJ�WR�FKDUDFWHULVWLFV�RI�UHÀHFWHG�LPDJHV�RQ�
VLPXODWHG�DQG�UHDO�VFUHHQV��)XUWKHUPRUH��WKH�YHLOLQJ�JODUH�FRXOG�EH�UHGXFHG�RU�SUHYHQWHG�E\�DG-
apting the conditions of lighting sources, screens, and human.

Background and Motivation

/LJKWLQJ�LV�DQ�LPSRUWDQW�HQYLURQPHQWDO�IDFWRU�ZKHQ�FRQVLGHULQJ�KHDOWK�DQG�VDIHW\��YLVXDO�FRPIRUW�
and workplace design. But how well do we really understand the implications of lighting on these 
IDFWRUV��HVSHFLDOO\�LQ�D�ZRUNSODFH�HQYLURQPHQW"�,Q�UHFHQW�\HDUV��XWLOL]DWLRQ�RI�/('�OLJKWLQJ�DW�ZRUN-
SODFH�LV�LQFUHDVLQJ��/('V�DUH�VPDOO�SRLQW�VRXUFHV�ZLWK�KLJK�LQWHQVLWLHV�DQG�DUUD\V�RI�WKHVH�LQGLYL-
GXDO�VRXUFHV�FDQ�IRUP�OXPLQDLUHV�ZLWK�YHU\�GLIIHUHQW�VKDSHV�DQG�VL]HV��7KHUHIRUH��LQ�LOOXPLQDWLQJ�
WKH�VSDFH�ZLWK�/('V�VSHFLDO�FDUH�KDV�WR�EH�WDNHQ�WR�DYRLG�JODUH��*ODUH�LV�FDXVHG�E\�KLJK�OXPL-
QDQFH�RU�H[FHVVLYH�OXPLQDQFH�GLIIHUHQFHV�LQ�WKH�YLVXDO�¿HOG��*ODUH�LV�W\SLFDOO\�FODVVL¿HG�DV�RQH�RI�
WZR�PDLQ�W\SHV������'LVFRPIRUW�JODUH�±�7KLV�LV�LQ�JHQHULF�WHUPV�GH¿QHG�DV�D�VHQVDWLRQ�SURGXFHG�
E\�OXPLQDQFH��EULJKWQHVV��ZLWKLQ�WKH�YLVXDO�¿HOG�WKDW�LV�VXI¿FLHQWO\�JUHDWHU�WKDQ�WKDW�WR�ZKLFK�WKH�
H\HV�DUH�DGDSWHG��'LVFRPIRUW�JODUH�LV�XVXDOO\�WKH�UHVXOW�RI�D�KLJK�OXPLQDQFH�RI�DQ�LQVXI¿FLHQWO\�
VKLHOGHG�OLJKW�VRXUFH�RU�UHÀHFWLRQ�LQ�WKH�¿HOG�RI�YLVLRQ�
����'LVDELOLW\�JODUH�±�6RPHWLPHV�FDOOHG�µYHLOLQJ�JODUHV¶��GLVDELOLW\�JODUH�LV�WKH�UHVXOW�RI�D�OLJKW�VRXUFH�
RI�VXI¿FLHQWO\�KLJK�OXPLQDQFH�UHÀHFWLQJ�RII�D�WDVN�VXUIDFH�RU�GLUHFWO\�LQWR�WKH�H\H�DQG�KLQGHULQJ�
SURGXFWLYLW\���WKH�UHVXOW�RI�UHGXFHG�FRQWUDVW�ZLWKLQ�WKH�WDVN�DUHD��7KLV�LV�LQKHUHQWO\�OHVV�SUREOHPDWLF�
WR�DVVHVV�EHFDXVH�REMHFWLYH� µYLVXDO� WHVWV¶�H[LVW�ZKLFK�FDQ�UHFRUG�SHUIRUPDQFH�XQGHU�SDUWLFXODU�
lighting layouts and luminance distributions.
9HLOLQJ� UHÀHFWLRQV�YHLOLQJ� JODUH� DUH� VSHFXODU� UHÀHFWLRQV� WKDW� DSSHDU� RQ� WKH� REMHFW� YLHZHG� DQG�
ZKLFK�UHGXFH�WKH�YLVXDO�WDVN�FRQWUDVW��7KH�GHWHUPLQLQJ�IDFWRUV�DUH�WKH�VSHFXODU�VXUIDFH�DQG�WKH�
JHRPHWU\�EHWZHHQ� WKH�VXUIDFH��REVHUYHU�DQG�VRXUFHV�RI�KLJK� OXPLQDQFH��H�J�� OXPLQDLUHV��ZLQ-
dows, bright walls). Glossy papers, glass surfaces and computer screens are subject to cause 
YHLOLQJ�JODUH��,Q�URRPV�ZLWK�VHYHUDO�FRPSXWHU�VFUHHQV�LQVLGH�WKH�WDVN�DUHD�VSHFLDO�FDUH�KDV�WR�EH�
WDNHQ�LQ�WKH�SRVLWLRQLQJ�RI�WKH�OXPLQDULHV�WR�DYRLG�OXPLQRXV�UHÀHFWLRQV�IURP�WKH�VFUHHQV��,Q�XVLQJ�
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SRUWDEOH�FRPSXWHUV�WKH�YLHZLQJ�GLUHFWLRQV�PD\�FKDQJH�LQ�UHODWLRQ�WR�WKH�¿[HG�OXPLQDLUHV�DQG�WKLV�
SRVHV�IXUWKHU�UHTXLUHPHQWV�IRU�OLJKWLQJ�GHVLJQ��9HLOLQJ�JODUH�UDWLQJ�LV�WKH�EDVH�RI�DQWL�YHLOLQJ�JODUH��
KRZHYHU��YHLOLQJ�JODUH�UDWLQJ�LV�QRW�ZHOO�XQGHUVWRRG��+HQFH��WKLV�VWXG\�GHYHORSHG�WKH�YHLOLQJ�JODUH�
UDWLQJ�DFFRUGLQJ�WR�FKDUDFWHULVWLFV�RI�UHÀHFWHG�LPDJHV�RQ�VLPXODWHG�DQG�UHDO�VFUHHQV�

Method

,Q�RUGHU�WR�EXLOG�XS�WKH�YHLOLQJ�JODUH�UDWLQJ��WKH�V\VWHPDWLF�SURFHGXUH�ZDV�GHYHORSHG��)LJ������7KLV�
SURFHGXUH�VWDUWHG�ZLWK� OLWHUDWXUH�UHYLHZ�� IROORZHG�ZLWK�VHWWLQJ�XS�H[SHULPHQW� OD\RXW��FODVVLI\LQJ�
UHÀHFWHG�LPDJHV�RQ�VLPXODWHG�VFUHHQV��DQDO\]LQJ�FRQGLWLRQV�RI�OLJKWLQJ�VRXUFHV�WKDW�FDQ�FDXVH�
W\SHV�RI�UHÀHFWHG�LPDJH��FRQGXFWLQJ�WKH�H[SHULPHQW�GHVLJQ�E\�7DJXFKL�PHWKRGV��DQG�SHUIRUPLQJ�
HUJRQRPLFV�HYDOXDWLRQ�RI�HDFK�VHOHFWHG�VFHQDULR��DQG�HQGHG�ZLWK�GHYHORSLQJ�YHLOLQJ�JODUH�UDWLQJ�

Figure 1 - Systematic procedure for rating veiling glare
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PP048

VISUAL COMFORT LIGHTING FOR COMPUTER USE AT HOME

Peng, S.1, Liu1��.���&KHQ��<�1, Heynderickx, I.2

1. Philips Research Asia - Shanghai, Shanghai, China.
2.�3KLOLSV�5HVHDUFK�/DERUDWRULHV��(LQGKRYHQ��1HWKHUODQGV�

There are more and more eyestrain related complaints of people using computers at home. Poor-
ly designed lighting may be one of the most important factors causing these complaints. In this 
SDSHU��ZH�SUHVHQW�UHVXOWV�RI�D�VXEMHFWLYH�HYDOXDWLRQ�RI�KRZ�WKH�YHUWLFDO�OXPLQDQFH�GLVWULEXWLRQ�LQ�
WKH�¿HOG�RI�YLHZ��)29�� LQÀXHQFHV�YLVXDO�FRPIRUW� IRU�FRPSXWHU�XVH�DW�KRPH��7KH�H[SHULPHQWDO�
set-up contained a computer screen surrounded with background illumination in a home mock 
XS�URRP��6XEMHFWV�ZHUH�DVNHG�WR�WXQH�WKHLU�SUHIHUUHG�OXPLQDQFH�OHYHO�RI�WKH�EDFNJURXQG�IRU�WZR�
typical ambient lighting conditions (i.e., 0lux and 100lux, measured horizontally on the desk) and 
WKUHH� W\SLFDO�FRPSXWHU�VFUHHQ� OXPLQDQFH� OHYHOV��FRUUHVSRQGLQJ� WR� OXPLQDQFH�YDOXHV� W\SLFDO� IRU�
PRYLH��JDPH�DQG�ZHE�VXU¿QJ��7KH�UHVXOWV�VKRZ�WKDW� WKH�EDFNJURXQG�OXPLQDQFH� OHYHO� LV�D�NH\�
IDFWRU�IRU�YLVXDO�FRPIRUW�IRU�FRPSXWHU�XVH�DW�KRPH��7KH�PRVW�SUHIHUUHG�EDFNJURXQG�OXPLQDQFH�LV�
OLQHDUO\�UHODWHG�WR�WKH�DYHUDJHG�VFUHHQ�OXPLQDQFH�OHYHO�IRU�DGXOW�H\HV�



293

Abstracts

PP049

SUBJECTIVE RESPONSES TO DIFFERENT LIGHT SOURCES. A STUDY ON LIGHT PRE-

FERENCES AND COMPARISON OF STANDARD LIGHT MEASURES WITH HUMAN INDIVI-

DUAL ESTIMATES

Bellia, L.1, Barbato, G.2��'H�3DGRYD��9�2, Pedace, A.1 
1.�8QLYHUVLW\�RI�1DSOHV�)HGHULFR�,,��1DSOHV��,WDO\��
2.�6HFRQG�8QLYHUVLW\�RI�1DSOHV���'HSDUWPHQW�RI�3V\FKRORJ\��1DSOHV��,WDO\�

:H�DUH�FRQWLQXRXVO\�H[SRVHG�WR�QDWXUDO�DQG�DUWL¿FLDO�OLJKW��EHLQJ�OLJKW�WKH�PDMRU�=HLWJHEHU�RI�WKH�
FLUFDGLDQ�V\VWHP�DQG�DOWHUDWLRQV�RI� WKH� OLJKW�GDUN�F\FOH�FDQ�KDYH�VLJQL¿FDQW�HIIHFWV�RQ�KXPDQ�
SK\VLRORJ\�DQG�KHDOWK�>�@�
)RU�H[DPSOH�XVH�RI�DUWL¿FLDO�OLJKW�LQ�WKH�HYHQLQJ�DQG�QLJKW�KRXUV�FDQ�GHOD\�VOHHS�RQVHW��E\�VXS-
SUHVVLQJ�HQGRJHQRXV�PHODWRQLQ�ZKLFK�FRQWUROV�QRFWXUQDO�SK\VLRORJLFDO�DQG�EHKDYLRXUDO�UHVSRQ-
ses.
,QGLYLGXDO�VXEMHFWV�FDQ�VKRZ�GLIIHUHQW�VHQVLWLYLW\�WR�OLJKW�>�@�DQG�LQGLYLGXDO�SHUIRUPDQFHV�FDQ�DOVR�
EH�LQÀXHQFHG�E\�FKURQRW\SH�SUHIHUHQFHV��HYHQLQJQHVV�YV�PRUQLQJQHVV���DQG�VHDVRQDO�VHQVLWLYLW\�
>�@�
Although a clear relationship has been shown between light and human psychophysiology, use of 
DUWL¿FLDO�OLJKW�LQ�KXPDQ�HQYLURQPHQWV�LV�EDVHG�RQ�SKRWRPHWULF�TXDQWLWLHV��DV�LOOXPLQDQFHV�RQ�YLVX-
al tasks and luminance, with no study that has addressed comparison between different spectral 
SRZHU�GLVWULEXWLRQV�DQG�KXPDQ�VXEMHFWLYH�HVWLPDWHV�
$W�SUHVHQW�VHYHUDO�NLQGV�RI�OLJKWLQJ�VRXUFHV�DUH�DYDLODEOH�IRU�H[WHULRU�DQG�LQWHULRU�HQYLURQPHQWV��,Q�
SDUWLFXODU��IRU�LQGRRU�HQYLURQPHQWV��ÀXRUHVFHQW�ODPSV�DUH�VWLOO�WKH�PRVW�VSUHDG��ZKLOH�/('�DSSOL-
cations, especially for new installations are rising.
6LQFH�ERWK�ÀXRUHVFHQWV�DQG�/('V�DUH�GLVSRVDEOH�ZLWK�GLIIHUHQW�&&7��WKH�FKRLFH�LV�ZLGH�DQG�GH-
FLVLRQ�WRZDUG�D�GH¿QLWH�WHFKQRORJ\�DQG�FRORXU�WRQH�KDV�DOVR�DQ�LPSDFW�LQ�WKH�SHUFHSWLRQ�RI�WKH�
HQYLURQPHQW��,Q�RWKHU�ZRUGV��ZLWK�WKH�VDPH�LOOXPLQDQFHV��WKH�VSHFWUDO�SRZHU�GLVWULEXWLRQ�RI�WKH�
OLJKW�VRXUFH�DIIHFWV�WKH�EULJKWQHVV�DV�LW�LV�VXJJHVWHG�E\�SUHYLRXV�UHVHDUFKHV�>���@�
On changing the SPD of the source, with the same illuminances, other perceptual differences 
FDQ�EH�GHWHFWHG�DQG�SHRSOH�FRXOG�SUHIHU�RQH�VRXUFH�UHVSHFW�WR�DQRWKHU�IRU�YDULRXV�UHDVRQV��IRU�
example objects can result more detailed or colours appear more harmonious. Furthermore, SPD 
FRXOG�KDYH�DQ�LQÀXHQFH�RQ�PRRG�DQG�DOHUWQHVV�
7KH�SUHVHQW�VWXG\�DLPHG�WR�HYDOXDWH�LQGLYLGXDO�HVWLPDWHV�RI�GLIIHUHQW�OLJKW�VRXUFHV��ÀXRUHVFHQW�
YV�/('���VSHFL¿FDOO\�DGGUHVVLQJ�VXEMHFWLYH�HYDOXDWLRQ�RI�EULJKWQHVV�DQG�DJUHHDEOHQHVV�HLWKHU�RI�
DPELHQW�DQG�RQ�YLVXDO�WDVNV��(IIHFWV�RQ�PRRG�DQG�DOHUWQHVV�ZHUH�DOVR�HYDOXDWHG�

METHOD

,Q�WKH�/LJKWLQJ�/DERUDWRU\�RI�WKH�'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ�DW�WKH�8QLYHUVLW\�)HGHULFR�
II of Naples, a test room (3.0 m x 3.0 m x 3.0 m) with neutral gray walls was set up. The lighting 
HTXLSPHQW�FRQVLVWV�RI�IRXU�/('�OXPLQDLUHV�DG�WZR�ÀXRUHVFHQW�OXPLQDLUHV��$�WDEOH�ZLWK�D�FKDLU�ZDV�
ORFDWHG�DW�WKH�FHQWUH�RI�WKH�URRP��/('�OXPLQDLUHV�FDQ�EH�GULYHQ�LQ�RUGHU�WR�YDU\�ERWK�&&7�DQG�
RXWSXW�OXPLQRXV�ÀX[��ZKLOH�HDFK�RI�ÀXRUHVFHQW�OXPLQDLUH�PRXQWV���ODPSV��DUUDQJHG�LQ�WZR�FRXS-
OHV�VHSDUDWHO\�GULYHQ��$OO�OXPLQDLUHV�DUH�FRQQHFWHG�LQ�D�'$/,�V\VWHP�DQG�WXQHG�E\�D�GLJLWDO�FRQWURO�
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V\VWHP��63'V�RI�WKH�ÀXRUHVFHQW�ODPSV�ZHUH�GHWHFWHG�E\�PHDQV�RI�D�VSHFWURUDGLRPHWHU�
7ZR�OLJKW�VFHQHV�ZLWK�ÀXRUHVFHQW� ODPSV�ZHUH�VHW��ZDUP�ÀXRUHVFHQW��&&7� ������.��DQG�FROG�
ÀXRUHVFHQW��&&7� ������.���LOOXPLQDQFHV�ZHUH�PHDVXUHG�RQ�WKH�WDEOH�DQG�ZHUH�WKH�VDPH�DQG�
equal to 630 lux. LED luminaires were adjusted in order to obtain other two light scenes with the 
VDPH�&&7V�RI�WKH�ÀXRUHVFHQW�DQG�WKH�VDPH�LOOXPLQDQFHV�RQ�WKH�WDEOH�
,Q�WKLV�ZD\�IRXU�OLJKW�VFHQHV�ZHUH�VHW�XS��DQG�QDPHG�&)��&ROG�)OXRUHVFHQW���:)��:DUP�)OXRUHV-
FHQW���&/��&ROG�/('��DQG�:/��:DUP�/('���$�¿IWK�OLJKW�VFHQH�ZDV�VHW�XS��ZKLFK�ZDV�D�PL[WXUH�RI�
all the sources, equally dimmed in such a way to obtain the same illuminance on the table, and 
named N (Neutral). See Fig.1.
7KH�OLJKW�VFHQHV�ZHUH�SUHVHQWHG�WR�WKH�VXEMHFWV�LQ�UDQGRP�VHTXHQFHV��,Q�RUGHU�WR�DYRLG�VKDUS�
changes in the passage from one scene to the subsequent the neutral scene was interposed.
2QH�KXQGUHG�QLQH�VXEMHFWV�ZHUH�VWXGLHG��0HDQ�DJH�RI�WKH�VDPSOH�ZDV����������IHPDOHV�DQG����
PDOHV���:ULWWHQ�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�VXEMHFWV��6XEMHFWV�ZHUH�QRW�FRORXU�EOLQG��
DV� WHVWHG� E\� ,VKLKDUD�&RORU�%OLQGQHVV� WHVW�� 9LVXDO� DQDORJXH� VFDOH� �9$6�� WHVWLQJ� WKH� IROORZLQJ�
LWHPV��D��UHDGDELOLW\�RI�D�ZULWWHQ�WH[W��E��HQYLURQPHQWDO�EULJKWQHVV��F��FRORXUV�SHUFHSWLRQ�DQG�G��
DJUHHDELOLW\�RI�HQYLURQPHQW��ZHUH�DGPLQLVWHUHG�GXULQJ�HDFK�RI�WKH�¿YH�OLJKW�VHVVLRQV�
&RPSDULVRQ�RI�WKH�¿YH�FRQGLWLRQV�RQ�HDFK�RI�WKH�YDULDEOHV�LQYHVWLJDWHG�ZHUH�FRQGXFWHG�WKURXJ-
KRXW�$129$��

RESULTS AND DISCUSSION

6LJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�WKH�¿YH�FRQGLWLRQV�ZHUH�IRXQG�IRU�ÄUHDGDELOLW\�RI�D�ZULWWHQ�WH[W³�
�GI �������) ������S ���������ÄHQYLURQPHQWDO�EULJKWQHVV³��GI �������) ������S ���������ÄFRORXU�
SHUFHSWLRQ³��GI ������) ������S ��������ÄDJUHHDELOLW\�RI�HQYLURQPHQW³��GI ������) ����S ��������
Cold lights were considered by the subjects better compared to the warm ones either when rea-
GLQJ�D�WH[W�DQG�HYDOXDWLQJ�WKH�DPELHQW�DQG�WKH�FRORXU��/('�UHVXOWHG�EHWWHU�RQ�FRORXU�HYDOXDWLRQ��
&ROG�OLJKW�ZHUH�DOVR�UHSRUWHG�DV�JLYLQJ�D�KLJKHU�YLJLODQFH��ZKHUHDV�QR�HIIHFW�ZDV�IRXQG�IRU�PRRG��
,W�VKRXOG�KRZHYHU�EH�QRWHG�WKDW�WKH�ÄQHXWUDO³�OLJKW��ZLWK�D�PL[�RI�ZKROH�FRPSRQHQWV�ZDV�JOREDOO\�
MXGJHG�DV�WKH�EHWWHU�RQH�LQ�PRVW�RI�WKH�FRQGLWLRQV�HYDOXDWHG��SUREDEO\�WKLV�LV�GXH�WR�WKH�ULFKQHVV�
RI�DOO�ZDYHOHQJWKV�LQ�WKH�YLVLEOH�UDQJH��$&.12:/('*(0(17
:H�WKDQN�=XPWREHO�IRU�SURYLGLQJ�OLJKWLQJ�DQG�FRQWURO�V\VWHPV�
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Figure 1 - Spectral characteristics of light scenes
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PP050

AN INVESTIGATION INTO LUMINOUS COMFORT IN THE SUMMER SEASON OF PALESTI-

1,$1�':(//,1*6��,1+$%,7$176¶�32,17�2)�9,(:�
Haj Hussein, M.1, Semidor, C.2

1.�$Q�QDMDK�QDWLRQDO�XQLYHUVLW\��1DEOXV��1DEOXV��3DOHVWLQLDQ�7HUULWRU\��2FFXSLHG�
2.�(FROH�QDWLRQDOH�VXSpULHXUH�GµDUFKLWHFWXUH�HW�GH�SD\VDJH�GH�%RUGHDX[��ERUGHDX[��*LURQGH��
France.

1RZDGD\V��GD\OLJKWLQJ�LQ�EXLOGLQJV�LV�FRQVLGHUHG�DV�D�SDVVLYH�VRODU�GHVLJQ�VWUDWHJ\��7KLV�SDSHU�
UHYLHZV�WKH�UHVXOWV�IURP�WZR�¿HOG�UHVHDUFKHV��TXDOLWDWLYH�DQG�TXDQWLWDWLYH��RI�HQYLURQPHQWDO��OX-
PLQRXV��FRPIRUW�ZLWKLQ�WZR�W\SHV�RI�EXLOGLQJV�� WUDGLWLRQDO��ROG��DQG�FRQWHPSRUDU\��QHZ��� LQ� WZR�
3DOHVWLQLDQ� FLWLHV� �-HULFKR�DQG�1DEOXV�� RI� WZR�GLIIHUHQW� FOLPDWLF� ]RQHV�� ,Q� WKH� ¿UVW� UHVHDUFK�� D�
TXHVWLRQQDLUH�VXUYH\�ZDV�FDUULHG�RXW� LQ�VXPPHU�������RYHU�����GZHOOLQJV�RI�GLIIHUHQW�WLPHV�RI�
FRQVWUXFWLRQ�DQG�KRXVLQJ�W\SRORJLHV��,Q�WKH�VHFRQG�UHVHDUFK��WZR�¿HOG�PHDVXUHPHQWV��VSRW�DQG�
daily) were undertaken in the summer seasons 2010 and 2011, with a clear sky conditions. The 
HQYLURQPHQWDO�SDUDPHWHUV�ZHUH�PHDVXUHG�LQ���EXLOGLQJV�LQ�-HULFKR����WUDGLWLRQDO�	���FRQWHPSRUD-
ry) and 14 buildings in Nablus (4 traditional and 10 contemporary).

7KH�TXHVWLRQQDLUH�¿QGLQJV�KDYH� UHYHDOHG� WKDW� LPSURYLQJ� WKH� OXPLQRXV�FRPIRUW�FRQGLWLRQV�SUH-
VHQWV�WKH�VHFRQG�SUHIHUHQFH�DVSHFW�IRU�1DEXOVLV��,Q�DGGLWLRQ��WKH�¿HOG�PHDVXUHPHQWV�UHVXOWV�LQGL-
FDWHG�WKDW�DOWKRXJK�WKH�LQGRRU�GD\OLJKW�OHYHO��EDVHG�RQ�$6(�����DQG�&,(�HWF��LPSOLHG�GLVFRPIRUW�
(poor), the occupants expressed their satisfaction with the indoor luminous comfort conditions.
8UEDQ�UHJXODWLRQV��FXOWXUDO�YDOXH��SULYDF\���LQWHULRU�VSDWLDO�RUJDQL]DWLRQ�DQG�ZLQGRZ¶V�VL]H�VWURQJO\�
LQÀXHQFHG� WKH� OLJKWLQJ�SHUIRUPDQFH� LQ�GLIIHUHQW� OLYLQJ�VSDFHV��+RZHYHU�� UHVLGHQWV�RI� WUDGLWLRQDO�
GZHOOLQJV�ZHUH�PRUH�WROHUDWHG�WKDQ�ZKR�UHVLGH�LQ�FRQWHPSRUDU\�RQHV��'HVLJQHUV�DUH�LQYLWHG�WR�
UHYLHZ�DQG�LPSURYH�WKH�WUDGLWLRQDO�GD\OLJKW�VROXWLRQV�DQG�VWUDWHJLHV�LQWR�D�PRGHUQ�ODQJXDJH�WR�
HQKDQFH�ERWK�OXPLQRXV�DQG�YLVXDO�FRPIRUW�LQ�WKHLU�GHVLJQV�

7KLV�SDSHU�EDVHG�RQ�D�3K'�UHVHDUFK�WKHVLV�EHLQJ�FDUULHG�RXW�XQGHU�WKH�VXSHUYLVLRQ�RI�3URI��&D-
therine Semidor and defended in 18 September 2012, Ensap-Bordeaux, France.

.H\ZRUGV��GD\OLJKW��FRPIRUW��LQKDELWDQWV¶�SHUFHSWLRQ��WUDGLWLRQDO�VWUDWHJLHV��3DOHVWLQH�
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PP051

TAKING INTO ACCOUNT THE NATURAL LIGHTING IN INTERIOR SPACES OF JEDDAH 

HISTORICAL HOUSES IN SAUDI ARABIA

Khan, A.A., Semidor, C.
GRECAU, ENSAP.Bx, Bordeaux, aquitaine, France.

7KLV�SDSHU�OHDGV�WR�¿QG�WKH�DGYDQWDJHV�RI�XVLQJ�WKH�PRXVKDUELDK�LQ�WKH�FRQWHPSRUDU\�PLGGOH�
HDVWHUQ�DUFKLWHFWXUH��LW¶V�DQ�LQYHVWLJDWLRQ�RQ�GD\OLJKWLQJ�SHUIRUPDQFH�LQ�D�UHVLGHQWLDO�OLYLQJ�URRPV�
RI�6HYHUDO�EXLOGLQJV�LQ�WKH�FLW\�RI�-HGGDK�LQ�6DXGL�$UDELD��$V�ZH�NQRZ�7KH�$UDELDQ�9HUQDFXODU�
architecture rich of architectural elements which has been adapted to create their identity, in the 
VDPH�WLPH�WR�UHDFK�WR�WKH�HI¿FLHQF\�DQG�TXDOLW\�RI�OLIH��2QH�RI�WKH�PRVW�UHPDUNDEOH�H[DPSOH�RI�WKLV�
DGDSWDWLRQ�LQ�WKH�$UDELDQ�DUFKLWHFWXUH�DQG�KRW�FRXQWU\�FDOOHG�WKH�0RXFKDUELDK��5RZVKDQ���,W�KDV�
HIIHFWLYH�6SHFL¿FDWLRQV�ZKLFK�LV�XVHG�IRU�K\JURWKHUPDO�FRPIRUW�³YHQWLODWLRQ�DQG�GD\�OLJKWLQJ�FRQ-
WURO´��LQ�WKH�VDPH�WLPH�LW�ZRUNV�IRU�SULYDF\�DQG�VHFXULW\�VROXWLRQV��7KH�0RXFKDUDELDK��5RZVKDQ��LV�
a space in between, and which is a closed balcony made of timber lattice of cylinders connected 
ZLWK�MRLQWV��ZDV�GHYHORSHG�KXQGUHGV�RI�\HDUV�DJR�E\�WKH�$UDELDQ�SHRSOH��7KH�0RXFKDUDELDK�LV�
PDGH�XS�RI�WKUHH�SDUWV��HDFK�SDUW�KDV�LWV�RZQ�EHQH¿WV�DQG�SURSHUWLHV�
:KLOH�LWV�ERWWRP�SDUW�LV�RSDTXH��LWV�PLGGOH�SDUW��DW�H\H�KHLJKW��LV�PDGH�RI�FORVH�PHVKHV�QHW��ZKLFK�
admits fresh air. It is based on local materials and techniques and has also a cultural role in that 
LW�SURYLGHV�0XVOLP�ZRPHQ�ZLWK�SULYDF\�ZLWKRXW�LVRODWLQJ�WKHP�IURP�WKH�H[WHUQDO�HQYLURQPHQW��7KH�
upper part of the it is made of a wide mesh that allows daylight penetration, in the same time the 
VKDGLQJ�V\VWHP�LV�UHGXFLQJ�VRODU�JDLQV�LQ�VXPPHU�EXW�DOORZV�VXI¿FLHQW�GD\OLJKW�

$�ORW�RI�SURSHUWLHV�FDQ�REVHUYH�LW�LQ�WKLV�HOHPHQW��EXW�LV�LW�HI¿FLHQW�HQRXJK"�,V�WKH�LQWHULRU�VSDFH�
GD\OLJKW�LV�HQRXJK"���%\�ZRUNLQJ�RQ�VHYHUDO�LQWHULRU�VSDFHV�LQ�-HGGDK�KLVWRULFDO�KRXVHV��DQG�PD-
NLQJ�VRPH�HYDOXDWLRQ�E\�XVLQJ�6SHFLDOL]HG�VRIWZDUH�ZKLFK�FDQ�PDNH�FDOFXODWLRQV�IRU�LQVWDQFH��
daylight factor, lighting intensity and quantity of solar radiation, or taking instant measures. In 
DGGLWLRQ�WR�ZKDW�DUH�ZD\V�WR�GHYHORS�DQG�XVH�WKLV�HOHPHQW�LQ�FRQWHPSRUDU\�DUFKLWHFWXUH�
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PP052

A STUDY ON PREFERENCE AND SUBJECTIVE EVALUATION EXPERIMENT FOR AR-

CHITECTURAL LIGHTING TYPES AND CORRELATED COLOR TEMPERATURE BY RESI-

DENTIAL SPACE

Lee, J.1, Choi, J.2, Kim, S.3, Park, J.3

1.�&KXQJQDP�1DWLRQDO�8QLYHUVLW\��'DHMHRQ��.RUHD��5HSXEOLF�RI�
2.�326&2�(	&�5	'�&(17(5��,QFKHRQ��.RUHD��5HSXEOLF�RI�
3.�&KXQJQDP�1DWLRQDO�8QLYHUVLW\��'DHMHRQ��.RUHD��5HSXEOLF�RI�

7KLV�VWXG\�H[DPLQHV�XVHU�QHHGV�IRU�UHVLGHQWLDO�OLJKWLQJ�HQYLURQPHQWV��7ZR�UHVLGHQWLDO�VSDFH�W\SHV�
(109m2 and 159m2) were selected, wherein architectural lighting types and correlated color tem-
SHUDWXUH�ZHUH�DSSOLHG�WR�WKH�OLYLQJ�URRP��EHGURRP��DQG�FRUULGRU��7KXV�D�VXEMHFWLYH�HYDOXDWLRQ�RI�
such experiment was conducted.
7HVWV�ZHUH�FRQGXFWHG�RQ� WZR�RFFDVLRQV��7KH�¿UVW� WHVW�HYDOXDWHG� WKH� IXQFWLRQDO� VXLWDELOLW\�DQG�
SUHIHUHQFH�IRU����W\SHV�RI�OLJKWLQJ�¿[WXUHV�DSSOLHG�LQ�VLQJOH�UHVLGHQWLDO�DUHDV��/LJKWLQJ�YDULDEOHV�
included the lighting applied area, architectural lighting types, and correlated color temperature. 
Lighting applied areas included ceilings and walls with the use of the single and combined lighting 
DSSOLFDWLRQ�PHWKRGV��$UFKLWHFWXUDO�OLJKWLQJ�W\SHV�LQFOXGHG�WKH�GLUHFW�FHLOLQJ�OLJKWLQJ��FRYH�OLJKWLQJ��
YDODQFH� OLJKWLQJ��DQG�FRUQLFH� OLJKWLQJ��&RUUHODWHG�FRORU� WHPSHUDWXUHV�DSSOLHG� WR� WKH� OLYLQJ�URRP�
and corridor included the three stages of 3000K, 4000K, and 5500K, and correlated color tem-
SHUDWXUHV�DSSOLHG�WR�WKH�EHGURRP�LQFOXGHG�¿YH�VWDJHV�LQFOXGLQJ�OLJKW�EOXH�DQG�GDUN�EOXH��$OVR��
WKH�KLJKO\�HYDOXDWHG�W\SHV�LQ�WKH�¿UVW�HYDOXDWLRQ�ZHUH�FRPELQHG�WR�PDQXIDFWXUH�����W\SHV�IRU�WKH�
VHFRQG�HYDOXDWLRQ�����H[SHUWV�SDUWLFLSDWHG�LQ�WHVWLQJ��7KH�¿YH�VWDJH�YDOXH�KLHUDUFK\�ZDV�XVHG�
IRU�HYDOXDWLRQ��DQG�GHVFULSWLYH�VWDWLVWLFV�DQG�IDFWRU�DQDO\VLV�RI�WKH�PXOWLYDULDWH�DQDO\VLV�PHWKRGV�
were used for the analysis.
7KH�¿UVW�WHVW�HYDOXDWLRQ�RI�VXLWDELOLW\�DQG�SUHIHUHQFH�IRU�OLYLQJ�URRPV�DQG�EHGURRPV�UHYHDOHG�WKDW�
WKH� W\SH�ZLWK�YDODQFH� OLJKWLQJ�DSSOLHG� WR� WKH�ZDOO�ZDV�KLJKO\�HYDOXDWHG��$OVR�� IRU� OLYLQJ� URRPV��
3000K and 4000K types were preferred. For bedrooms, the lower color temperature earned a 
higher score. For corridors, in short-length 109m2 plane type, the combination of downlight and 
FRYH�OLJKWLQJ�ZDV�KLJKO\�HYDOXDWHG��,Q�WKH�ORQJ����P2 plane type, the combination of downlight 
DQG�FRYH�OLJKWLQJ��XSZDUG�DQG�GRZQZDUG�FRUQLFH�OLJWKLQJ�ZDV�KLJKO\�HYDOXDWHG�
7KH�VHFRQG�VXEMHFWLYH�WHVW�HYDOXDWLRQ�UHYHDOHG�WKDW�µWKH�QHDW¶�DWPRVSKHUH�ZDV�FORVHO\�UHODWHG�WR�
WKH�OLJKWLQJ�W\SH��ZKHUHDV�WKH�ORZHU�WKH�FRORU�WHPSHUDWXUH�ZDV��WKH�PRUH�µFRPIRUWDEOH¶�WKH�DWPRV-
SKHUH�ZDV�HYDOXDWHG�
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Figure 1 - The results of functional suitability and preference evaluation

)LJXUH�����$QDO\VLV�RI�IDFWRU�SORWV����P2�SODQH�W\SHB/LYLQJ�URRP�
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7DEOH�����7KH�FRPSHQHQW�RI�¿UVW�HYDOXDWLRQ�REMHFW��/LYLQJ�URRP�

'LYLVLRQ /LYLQJ�URRP
Ceiling :DOO

Architectural 
Lighting

7KH�GLUHFW�FHLOLQJ�OLJKWLQJ���&RYH�
lighting

&RYH�
lighting

9DODQFH�OLJKWLQJ Cornice lighting
upward downward

Correlated Color 
Temperature

2800K, 4000K, 5500K 2800K, 4000K, 5500K

Factor �(YDOXDWLRQ�WHUP  Factor Factor analysis
1 2 3

1 �:DUP  .903  .003  .044  Comfortable
Comfortable  .846  .301  .044

Soft  .804  .205  -.008
Claasical  .722  .031  .130

High-class  .622  .446  .320
2  Simple  .115  .814  -.114  Neat

Neat  .254  .804  .258
0RGHUQ  .064  .780 .114

3  Colorful  .105  .107  .958 Colorful
(LJHQ�YDOXH 3.178  2.262  1.133

Contribution rate  35.309  25.130  12.593
&XPXODWLYH�UDWH  35.309  60.438  73.031
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PP053

A STUDY ON THE PERCEPTION CHANGE OF FINISHING MATERIAL BY LIGHTING IN RE-

SIDENTIAL SPACE

Gok-Sook, L., Ji-Eun, S.
<HXQJ1DP�8QLY���'DHJX��.RUHD��5HSXEOLF�RI�

)LQLVKLQJ�PDWHULDOV�YDU\�LQ�YLVXDO�HIIHFWV�GXH�WR�OLJKWLQJ�LQÀXHQFH��DQG�WKH�SHUFHSWLRQ�RI�¿QLVKLQJ�
PDWHULDO�WKDW�FKDQJHV�E\�OLJKWLQJ�LQ�UHVLGHQWLDO�VSDFH�SURGXFHV�YDULRXV�DWPRVSKHUH�RI�VSDFH�WR�
UHVLGHQWV��7KHUHIRUH��WKLV�VWXG\�KDV�WKH�SXUSRVH�WR�LGHQWLI\�WKH�GHJUHH�DW�ZKLFK�¿QLVKLQJ�PDWHULDO�
changes in perception depending on lighting depending on color, texture and pattern the expres-
VLRQ�HOHPHQWV�RI�¿QLVKLQJ�PDWHULDO�

The study has been conducted in the following method:
)LUVW��LW�ZDV�FODUL¿HG�WKDW�OLJKWLQJ�HOHPHQW�ZRUNV�VLJQL¿FDQWO\�ZKHQ�¿QLVKLQJ�PDWHULDO�FKDQJHV�LQ�
YLVXDO�HIIHFWV��6HFRQG��ÃPRGHUQ�QDWXUDOµ�VSDFH�DQG�ÃFODVVLF�QDWXUDOµ�VSDFH�ZKLFK�ZHUH�HYDOXDWHG�
as the most preferred space among recently introduced design trend were planned out in two 
methods of expressing materials, and at this time, simulation space image was produced with the 
OLJKW�VRXUFH�RI�OLJKWLQJ�/('����SKDVH�ODPS�DQG�KDORJHQ��WDNHQ�DV�YDULDEOH�
7KLUG��VLPXODWLRQ�VSDFH�ZDV�FRPSRVHG�DV�ÃDUW�ZDOOµ�RI�OLYLQJ�URRP�ZKHUH�¿QLVKLQJ�PDWHULDOV�DQG�
OLJKWLQJ�DUH�H[SUHVVHG�WKH�PRVW�GLYHUVHO\�DQG�DFWLYHO\��DQG�DV�IRU�WKH�GHJUHH�DW�ZKLFK�WKH�SHU-
FHSWLRQ�RI�¿QLVKLQJ�PDWHULDO�E\�HDFK�OLJKWLQJ�FKDQJHV��WKH�YDOXH��FKDQJH��RI�GLIIHUHQFH�ZKHQ���
OLJKWLQJV�ZHUH�DSSOLHG�ZHUH�DQDO\]HG�FRPSDUDWLYHO\�ZLWK�UHIHUHQFH�WR� WKH�FRQGLWLRQV�ZKHUH�QR�
OLJKW�VRXUFH�LV�DSSOLHG�OLNH�WKH�FLUFXPVWDQFH�ZKHUH�RQO\�OLYLQJ�URRP�OLJKW�LV�WXUQHG�21��)RXUWK��IRU�
HYDOXDWLRQ�RI�WKH�SHUFHSWLRQ�FKDQJH�RI�¿QLVKLQJ�PDWHULDO�WKURXJK�VLPXODWLRQ�VSDFH��TXHVWLRQQDLUH�
VXUYH\�ZDV�FRQGXFWHG�RQ�����FROOHJH�VWXGHQWV�PDMRULQJ�LQ�LQWHULRU�GHVLJQ��DQG�VSHFL¿FDOO\�KRZ�
FRORU��WH[WXUH�DQG�SDWWHUQ�WKH�H[SUHVVLRQ�HOHPHQWV�RI�¿QLVKLQJ�PDWHULDO�YDU\�ZKHQHYHU�HDFK�OLJK-
WLQJ�FKDQJHV�ZHUH�HYDOXDWHG��&RORUV�ZHUH�HYDOXDWHG�ZLWK�UHIHUHQFH�WR�9DOXH��&KURPD�DQG�+XH��
DQG�DV�IRU�7H[WXUH��DGMHFWLYH�YRFDEXODULHV�UHODWHG�WR�YLVXDO�WRXFK�ZHUH�H[WUDFWHG�DQG�SURSRVHG�
DV�HYDOXDWLRQ�VWDQGDUG��$V�IRU�3DWWHUQ��WKH�FKDQJHV�RI�SDWWHUQ�ZHUH�LGHQWL¿HG�ZLWK�UHIHUHQFH�WR�
transparency.

,Q�WKLV�VWXG\�ZKLFK�LQWHQGHG�WR�DQDO\]H�KRZ�GLIIHUHQWO\�¿QLVKLQJ�PDWHULDO�IRUPHG�WKURXJK�WKH�UHOD-
WLRQVKLS�ZLWK�/('�����SKDVH�DQG�KDORJHQ�ODPSV�LV�SHUFHLYHG��LW�ZDV�IRXQG�WKDW�WKH�FRORU��WH[WXUH�
DQG�SDWWHUQV�RI�¿QLVKLQJ�PDWHULDO�DUH�SHUFHLYHG�GLIIHUHQW�IURP�FDVHV�ZKHUH�QR�OLJKWLQJ�LV�DSSOLHG�
GHSHQGLQJ�RQ�WKH�GLIIHUHQFH�RI�OLJKWLQJ�HYHQ�LI�WKH�VDPH�¿QLVKLQJ�PDWHULDO�LV�DSSOLHG�
It is anticipated that the results of this study will be utilized as basic data in uplifting the satisfaction 
of residential space design and presenting design of residential space which is formed with focus 
RQ�¿QLVKLQJ�PDWHULDO�DQG�OLJKWLQJ�WKURXJK�FKDQJHV�RI�YLVXDO�SHUFHSWLRQ�
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Figure 1 - in case of Halogen of 

ModernNatural A1

Table 1 - Finishing Material of Modern-Natural and Classic-Natural Simulation Image

Figure 2 - in case of No Lighting of 

Modern Natural A1

Space Image )LQLVKLQJ�0DWHULDO Space Image )LQLVKLQJ�0DWHULDO

0RGHUQ�
Natural

A1

ÀRRU %DVLF�0DWHULDO
(wood)

Classic- 
Natural

B1

ÀRRU Basic 
0DWHULDO�ZRRG�

art wall design wall art wall design wall
ceiling %DVLF�0DWHULDO��VLON�

wallpaper)
ceiling %DVLF�0DWHULDO��VLON�

wallpaper)

A2

ÀRRU %DVLF�0DWHULDO
(wood)

B2

ÀRRU Basic 
0DWHULDO�ZRRG�

art wall design wall/ 
polishing tile

art wall wall paper

ceiling %DVLF�0DWHULDO��VLON�
wallpaper)

ceiling %DVLF�0DWHULDO��VLON�
wallpaper)
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PP054

PREFERRED HOME LIGHTING DESIGN

Csuti P., Szabo, F., Schanda, J.D. 
9,57��8QLYHUVLW\�RI�3DQQRQLD��9HV]SUpP��2XWVLGH�86�	�&DQDGD��+XQJDU\�

A major current task of illuminating engineering is to make the SSL lighting acceptable for the ge-
QHUDO�SXEOLF��L�H��WR�¿QG�DQ�DJUHHDEOH�DQG�HI¿FLHQW�KRPH�OLJKWLQJ�VSHFWUXP�IRU�WKH�QH[W�JHQHUDWLRQ�
RI�/('V��UHWUR¿W�66/�ODPSV�DQG�QHZ�GHVLJQV�RI�OXPLQDLUV�ZLWK�/('V��,Q�WKH�SUHVHQW�SDSHU�GHVLJQ�
DQG�¿UVW�H[SHULPHQWV�ZLWK�D�IXOO�VFDOH�KRPH�OLJKWLQJ�V\VWHP�DUH�GHVFULEHG�
$W�WKH�8QLYHUVLW\�RI�3DQQRQLD�WZR�URRPV�KDYH�EHHQ�HTXLSSHG�ZLWK�66/�OLJKWLQJ��2QH�URRP�LV�IXU-
QLVKHG�DV�D�NLWFKHQ�DQG�GLQLQJ�DUHD��WKH�RWKHU�DV�D�OLYLQJ�URRP��)LJXUH�����,Q�ERWK�SUHPLVHV�/('�
luminaires were inserted in the ceiling, where the spectrum could be adjusted in 20 channels. In 
WKH�OLYLQJ�URRP�DUHD������.�LQFDQGHVFHQW�UHIHUHQFH�OLJKWLQJ�FRXOG�EH�VZLWFKHG�RQ��LQ�WKH�NLWFKHQ�
area it was a 4000 K daylight simulation with incandescent lamps.
The LED lightings are fully computer controllable, and a feed-back from the produced illumination 
to set the intensity of the single narrow band LED sources has been installed.
,QWR�HDFK�OXPLQDLUH����/('V�ZLWK�WKH�VDPH�SHDN�ZDYHOHQJWK�KDYH�EHHQ�EXLOW�LQ�����/('V��368�
FKDQQHO����FKDQQHOV�ZLWK�WKH�VDPH�SHDN�ZDYHOHQJWK�������/('V�LQ�WRWDO�����GLIIHUHQW�FRORXU�/('V�
�ZLWK����GLIIHUHQW�SHDN�ZDYHOHQJWKV��KDYH�EHHQ�XVHG��PDLQO\�2VUDP�*ROGHQ�'UDJRQ�/('V�DQG�
some from other manufacturers) and 3 kinds of white phosphor LEDs (Osram Oslon LEDs). Fi-
gure 2 shows the spectral power distribution of the different LED channels. Extreme blue with 
����QP�SHDN�LV�LPSRUWDQW�EHFDXVH�RI�WKH�IXUWKHU�LQYHVWLJDWLRQ�RI�WKH�HIIHFW�RI�6�&RQH�DQG�LS5*&�
�,QWULQVLFDOO\�3KRWRVHQVLWLYH�5HWLQDO�*DQJOLRQ�&HOOV��H[FLWDWLRQ�RQ�SHUFHLYHG�EULJKWQHVV�DQG�FLUFD-
GLDQ�UK\WKP��([WUHPH�UHG�ZLWK�����QP�DQG�����QP�SHDNV�DUH�LPSRUWDQW�EHFDXVH�RI�DFKLHYLQJ�DQG�
WHVWLQJ�63'V�ZLWK�H[WUHPHO\�KLJK�FRORXU�UHQGHULQJ�LQGH[�DQG�LPSURYLQJ�YLVXDO�FRQWUDVW��7KHVH�WZR�
SHDN�ZDYHOHQJWKV�ZLOO�DOVR�KHOS�XV�WR�DSSURDFK�WKH�63'�RI�'D\OLJKW�LOOXPLQDQWV��$�V\VWHP�PRQL-
tors the actual spectral power distribution realized on the working plane in the room.
3UHYLRXVO\�GRXEOH�ERRWK�H[SHULPHQWV�ZHUH�FRQGXFWHG�WR�WHVW�WKH�YLVXDO�DSSHDUDQFH�RI�VSHFWUDO�
GLVWULEXWLRQV�RSWLPLVHG�IRU�FXUUHQW�FRORXU�¿GHOLW\�DQG�FRORXU�SUHIHUHQFH�SURJUDPV��&,(������PH-
WKRG��&5,������&46��JDPXW�DUHD��HWF����$V�QRW�HYHQ�WKH����FKDQQHO�V\VWHP�LV�ÀH[LEOH�HQRXJK�WR�
RSWLPLVH�IRU�HYHU\�FRORXU�UHQGHULQJ�SURJUDP��DOVR�D�YLUWXDO�UHDOLW\�V\VWHP�ZDV�GHYHORSHG��ZKHUH�
WKH�WHVW�URRP�FRXOG�EH�PRGHOOHG�DQG�WKH�OLJKW�VRXUFH�VSHFWUXP��DV�ZHOO�DV�WKH�UHÀHFWDQFH�VSHFWUD�
RI�WKH�ZDOOV�DQG�IXUQLWXUH�FRXOG�EH�VHW�LQ����VSHFWUDO�FKDQQHOV��:H�LPSOHPHQWHG�D�SDWK�WUDFLQJ��,Q�
RUGHU�WR�GLVSOD\�WKH�LPDJH�RQ�WKH�PRQLWRU��ZH�¿QDOO\�WUDQVIRUP�WKH�VSHFWUXPV�WR���UHSUHVHQWDWLYH�
5��*��%�YDOXHV�RI�WKH�GLVSOD\�
([SHULPHQWV�DUH�LQ�SURJUHVV�RQ�FRPSDULQJ�WKH�YLUWXDO�UHDOLW\��WKH�ERRWK�H[SHULPHQWV�DQG�WKH�WHVWV�
performed in the real full size situations, and will be reported at the conference.
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Figure 1 - Living room and kitchen area realized at the University of Pannonia

Figure 2 - Spectral power distributions of the LEDs of the test luminaire
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PP055

EXPERIMENTAL STUDY ON THE LIGHTING ENVIRONMENT FOR RESIDENTS‘ DOINGS IN 

LIVINGROOM 

Kim, H.1, Kim, H.2��:RR��6�1
1.�'HSDUWPHQW�RI�(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHULQJ��.DQJZRQ�1DWLRQDO�8QLYHUVLW\��&KXQ-
cheon, Korea, Republic of.
2.�6PDUW�/LJKWLQJ�5HVHDUFK�&HQWHU��.DQJZRQ�1DWLRQDO�8QLYHUVLW\��&KXQFKHRQ��.RUHD��5HSXEOLF�
of.

$�VXUYH\�RQ�WKH�DFWXDO�OLJKWLQJ�FRQGLWLRQ�RI�D�OLYLQJURRP�ZDV�FRQGXFWHG�WR�GHWHUPLQH�WKH�RSWLPXP�
HQYLURQPHQW�IRU�WKH�GRLQJV�LQ�D�OLYLQJURRP��7KH�VXUYH\�GHDOW�ZLWK�UHFHQW�WUHQGV�DQG�SUREOHPV�LQ�
OLJKWLQJ��DQG�OLJKWLQJ�XVHV�E\�GRLQJV�LQ�OLYLQJ��%\�XVLQJ�WKH�GDWD�IURP�WKH�VXUYH\�ZDV�FRQVWUXFWHG�
D�IXOO�VL]H�PRFN�XS��LQ�ZKLFK�DQ�H[SHULPHQW�ZDV�FRQGXFWHG�RQ�WKH�VXEMHFWVµ�VXEMHFWLYH�HYDOXDWLRQ�
LQ�RUGHU�WR�¿QG�RXW�WKH�RSWLPXP�FRQGLWLRQV�IRU�HDFK�GRLQJ�LQ�WKH�OLYLQJURRP��:LWK�WKH�SRVLWLRQ�RI�
WKH�OLJKW�VRXUFH��LOOXPLQDQFH�GLVWULEXWLRQ�DQG�FRORU�WHPSHUDWXUH�DV�IDFWRUV��ZDV�HYDOXDWHG�HDFK�
OLJKWLQJ�HQYLURQPHQW�IRU�WKH�WKUHH�PDLQ�GRLQJV�LQ�D�OLYLQJURRP��µZDWFKLQJ�79µ��ÃUHDGLQJ�D�ERRNµ��
DQG�ÃWDNLQJ�D�UHVW�µ

,Q�ÃZDWFKLQJ�79µ��WKH�H[SHULPHQW�ZDV�GRQH�WR�PHDVXUH�WKH�GHJUHH�RI�FRPIRUW�IHOW�E\�WKH�VXEMHFWV�
ZKHQ� WKH\�ZDWFK�VWDWLF� LPDJHV�DQG�PRYLQJ� LPDJHV�� UHVSHFWDEO\��ZLWK�GLIIHUHQW�DPELHQW�EULJKW-
QHVV��ZLWK�RU�ZLWKRXW�SDUWLDO� OLJKWLQJ�DERYH�WKH�79�VHW��DQG�ZLWK�GLIIHUHQW�FRORU� WHPSHUDWXUH�� ,Q�
ÃUHDGLQJ�D�ERRNµ��WKH�FRPIRUWDEOHQHVV�ZDV�HVWLPDWHG�E\�WKH�LOOXPLQDQFH�UDWLR�RI�WKH�DPELHQW�OLJK-
WLQJ�WR�WKH�OLJKWLQJ�IRU�UHDGLQJ�DQG�E\�WKH�GLIIHUHQFH�LQ�FRORU�WHPSHUDWXUH��$QG�LQ�ÃWDNLQJ�D�UHVWµ��WKH�
FRPIRUWDEOHQHVV�ZDV�HVWLPDWHG�E\�PHDQV�RI�WKH�DPELHQW�EULJKWQHVV��XVH�QR�XVH�RI�D�ÀRRU�VWDQG��
DQG�FRORU�WHPSHUDWXUH��7KLV�H[SHULPHQW�GHWHUPLQHG�WKH�FRPIRUWDEOHQHVV�IRU�HDFK�YLVXDO�ZRUN�DQG�
WKH�RSWLPXP�OLJKWLQJ�HQYLURQPHQW�DJDLQVW�JODUH�
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PP056

INFLUENCE OF TECHNICAL PARAMETERS OF LED INDIRECT LIGHTING INSTALLATI-

ONS ON ILLUMINATION PARAMETERS

Pawlak, A.1, Zaremba, K.2

1.�&HQWUDO�,QVWLWXWH�IRU�/DERU�3URWHFWLRQ�±�1DWLRQDO�5HVHDUFK�,QVWLWXWH��:DUV]DZD��3RODQG�
2.�%LDO\VWRN�8QLYHUVLW\�RI�7HFKQRORJ\��%LDO\VWRN��3RODQG�

.H\ZRUGV��LQGLUHFW�OLJKWLQJ��OLJKW�HPLWWLQJ�GLRGHV��/('V���UHÀHFWLRQ�FRHI¿FLHQW��LOOXPLQDWLRQ�SDUD-
meters

The light emitting diodes (LEDs) are modern light sources used more and more frequently in ligh-
WLQJ�LQVWDOODWLRQV��7KH�OXPLQRXV�HI¿FDF\�RI�FXUUHQW�EHVW�/('V�LV�HTXDO�WR�RU�HYHQ�EHWWHU�WKDQ�DQ\�
RWKHU�OLJKW�VRXUFHV��2QH�RI�WKH�XQUHVROYHG�SUREOHPV�DVVRFLDWHG�ZLWK�/('V��WKRXJK��LV�UHODWHG�ZLWK�
WKH�JODUH��HVSHFLDOO\�VLQFH�/('V�DUH�SRLQW�OLJKW�VRXUFHV�ZLWK�YHU\�KLJK�OXPLQDQFH��,QGLUHFW�OLJKWLQJ�
LQVWDOODWLRQV��LQ�ZKLFK�DQ�REVHUYHU�GRHV�QRW�VHH�WKH�OLJKW�VRXUFH�GLUHFWO\��VHHP�WR�EH�LGHDO�IRU�WKH�
DSSOLFDWLRQ�RI�/('V��7KH�RQH�REYLRXV�LVVXH�ZLWK�VXFK�LQVWDOODWLRQV�LV�WKHLU�ORZ�OLJKWLQJ�HI¿FLHQF\��
,Q�WKLV�SDSHU��ZH�SUHVHQW�WKH�DQDO\VLV�RI�WKH�LQÀXHQFH�RI�WHFKQLFDO�SDUDPHWHUV�RI�WKH�H[DPLQHG�
indirect lighting installation on its utilization factor and lighting parameters.
7KH� LQGLUHFW� OLJKWLQJ� LQVWDOODWLRQV� XVLQJ� /('V�ZHUH� VWXGLHG� ¿UVW� WKURXJK� VLPXODWLRQV� DQG� WKHQ�
WKURXJK�HPSLULFDO�PHDVXUHPHQW� LQ�D�PRGHO�RI�WKH�WDUJHW�ZRUNLQJ�VSDFH��3UHYLRXV�VWXGLHV�FRQ-
ducted by the authors concluded that computer simulations of indirect lighting installations using 
LEDs, exploiting two software systems most popular in Poland i.e., Dialux (www.dial.de) and Re-
lux (www.relux.biz), exhibit substantial differences. That is why it was decided to conduct additio-
QDO�VLPXODWLRQV�XVLQJ�WKH�VRIWZDUH�GHYHORSHG�E\�WKH�DXWKRUV��UHO\LQJ�RQ�WKH�0RQWH�&DUOR�PHWKRG��
The example indirect lighting installation with LEDs was placed in a room where all the surfaces 
UHÀHFW�WKH�OXPLQRXV�ÀX[�LQ�D�GLIIXVH�PDQQHU��7KH�URRP�ZDV�LOOXPLQDWHG�ZLWK�RQH�RU�WZR�URZV�RI�
/('V��,QGLYLGXDO�/('V�ZHUH�SODFHG�RQ�WKH�WRS�RI�LQGLYLGXDO�GLDSKUDJPV�LQ�D�V\PPHWULF�IDVKLRQ��
The simplicity of the examined lighting installation allowed for more precise analysis of lighting 
VRIWZDUH�LQ�WHUPV�RI�OLJKWLQJ�UHVXOWV�LW�JHQHUDWHV��0RUHRYHU��WKH�FRQFOXGHG�VWXGLHV�LQGLFDWH�WKDW�
LQWURGXFWLRQ�RI�DGGLWLRQDO�GLDSKUDJPV�FRYHULQJ�/('V�FDXVHV�VXEVWDQWLDO�GHFUHDVH�LQ�WKH�RYHUDOO�
OLJKWLQJ�HI¿FLHQF\�RI�WKH�H[DPLQHG�LQVWDOODWLRQ�

7KH�XWLOLW\�RI�WKH�JLYHQ�OLJKWLQJ�LQVWDOODWLRQ�ZDV�HYDOXDWHG�EDVHG�RQ�LWV� OLJKWLQJ�SDUDPHWHUV��$F-
FRUGLQJ�WR�WKH�(XURSHDQ�6WDQGDUG�(1��������������/LJKW�DQG�/LJKWLQJ�±�/LJKWLQJ�RI�ZRUN�SODFHV�
±�3DUW����,QGRRU�ZRUN�SODFHV��WKH�EDVLF�VHW�RI�OLJKWLQJ�SDUDPHWHUV�LQFOXGHV��DYHUDJH�LOOXPLQDQFH�
Em for the target working surface and the illuminance uniformity Uo for the target working surface 
�FDOFXODWHG�DV�WKH�UDWLR�EHWZHHQ�WKH�PLQLPXP�LOOXPLQDQFH�DQG�WKH�DYHUDJH�LOOXPLQDQFH�(P��
)LUVW��ZH�H[DPLQHG�WKH�LQÀXHQFH�RI�UHÀHFWLRQ�FRHI¿FLHQW�IRU�WKH�FHLOLQJ��ZDOOV�DQG�WKH�ÀRRU�RQ�WKH�
OLJKWLQJ�SDUDPHWHUV�RI�WKH�VWXGLHG�LQVWDOODWLRQ��7KH�UHÀHFWLRQ�FRHI¿FLHQWV�IRU�WKH�FHLOLQJ�YDULHG�IURP�
����WR������ZDOOV�±�IURP�����WR������DQG�WKH�ÀRRU�±�IURP�����WR������,W�WXUQV�RXW�WKDW�WKH�UHÀHFWLRQ�
FRHI¿FLHQW�IRU�WKH�FHLOLQJ�KDG�WKH�FULWLFDO�LPSDFW�RQ�WKH�OLJKWLQJ�HI¿FLHQF\�RI�WKH�LQVWDOODWLRQ��:KHQ�
GHFUHDVHG�IURP�����WR������WKH�DYHUDJH�LOOXPLQDQFH�GHFUHDVHG�E\������7KH�UHÀHFWLRQ�FRHI¿FLHQW�
IRU�WKH�FHLOLQJ�KDG�QHJOLJLEOH�LPSDFW�RQ�WKH�LOOXPLQDQFH�XQLIRUPLW\��DV�ORQJ�DV�WKH�UHÀHFWLRQ�FRHI-
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¿FLHQW�IRU�WKH�FHLOLQJ�UHPDLQHG�UHODWLYHO\�KLJK��'HFUHDVLQJ�WKH�UHÀHFWLRQ�FRHI¿FLHQW�IRU�WKH�ZDOOV�
LPSDFWV�WKH�OLJKWLQJ�HI¿FLHQF\�IRU�WKH�VWXGLHV�LQVWDOODWLRQ��WKRXJK�LQ�D�OHVV�DFFHQWHG�PDQQHU��ZKLOH�
simultaneously causing a clear decrease in the illuminance uniformity.
:H�DOVR�IXUWKHU�VWXGLHG�WKH�HIIHFW�RI�WKH�GLDSKUDJP�JHRPHWU\�RQ�WKH�LQVWDOODWLRQ�OLJKWLQJ�SDUDPH-
WHUV��$Q�LQFUHDVH�LQ�WKH�ZLGWK�RI�WKH�GLDSKUDJPV�FDXVHV�WKH�GHFUHDVH�LQ�WKH�RYHUDOO�LQVWDOODWLRQ�
HI¿FLHQF\�DQG�WKHQ�¿UVW�LQFUHDVHV�WKH�LOOXPLQDQFH�XQLIRUPLW\�DQG�WKHQ�GHFUHDVHV�LW�
7KH�PD[LPXP�REVHUYHG�OLJKWLQJ�LQVWDOODWLRQ�HI¿FLHQF\�ZDV�ODUJHU�WKDQ������7KLV�YDOXH�LV�FRQVL-
GHUHG�VDWLVIDFWRU\��HVSHFLDOO\�ZKHQ�DFFRPSDQLHG�E\�YHU\�KLJK�OLJKWLQJ�XQLIRUPLW\��:KHQ�XVHG�LQ�
D�URRP�ZLWK�SDVWHO�FRORXUHG�ZDOOV�ZLWK�KLJK�UHÀHFWLRQ�FRHI¿FLHQW�LV�WKHUHIRUH�DGPLVVLEOH��WKRXJK�
OHDGV�WR�GHFUHDVH�LQ�WKH�OLJKWLQJ�HI¿FLHQF\��7KH�OLJKWLQJ�HI¿FLHQF\�IRU�VXFK�LQVWDOODWLRQV�H[FHHGV�
�����ZKLOH�WKH�LOOXPLQDQFH�XQLIRUPLW\�UHPDLQV�YHU\�KLJK��7KLV�DOVR�DOORZV�WR�VROYH�WKH�EDVLF�SUR-
blem related with application of LEDs in lighting installations, limiting the glare. Additionally, such 
installations are highly esthetic.

0RUHRYHU��ZH�VWXGLHG�WKH�LPSDFW�RI�WKH�DV\PPHWULF�SODFHPHQW�RI�/('V�LQ�WKH�URRP�RQ�WKH�OLJKWLQJ�
SDUDPHWHUV�RI�WKH�H[DPLQHG�LQVWDOODWLRQ��6WXGLHV�LQGLFDWH�WKDW�HYHQ�WKH�KLJK�SODFHPHQW�DV\PPH-
try of LEDs does not cause substantial
ORVV� LQ�HI¿FLHQF\�DQG� LOOXPLQDQFH�XQLIRUPLW\��7KLV�DOORZV�DUFKLWHFWV� WR�GHVLJQ�GLIIHUHQW� W\SHV�RI�
indirect lighting installations using LEDs.
7KH�HPSLULFDO� YHUL¿FDWLRQ� RI� WKH� FRPSXWHU� VLPXODWLRQV� IRU� OLJKWLQJ� LQVWDOODWLRQV�ZLWK� /('V�ZDV�
EDVHG�RQ�D�GHYHORSHG�PRGHO�RI�WKH�URRP��VFDOH�RI�������7KH�DYHUDJH�LOOXPLQDQFH�REVHUYHG�HPSL-
ULFDOO\�LQ�WKH�PRGHO�DQG�REWDLQHG�LQ�FRPSXWHU�VLPXODWLRQV�GLIIHUHG�E\�RQO\�����7KH�PHDVXUHG�DQG�
FDOFXODWHG�LOOXPLQDQFH�XQLIRUPLW\�YDOXHV�ZHUH�DOVR�YHU\�VLPLODU�DQG�KLJK��H[FHHGLQJ�����

)LJXUH�����0RGHO�RI�WKH�URRP��VFDOH�RI������
��YLHZ�IURP�WKH�ÀRRU

)LJXUH�����0RGHO�RI�WKH�URRP��VFDOH�RI��������
view from the ceiling
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PP057

A STUDY ON SPACING TO HEIGHT RATIO OF CONVENTIONAL FLUORESCENT LUMI-

NAIRES AND LED FLAT LUMINAIRE

Lee, Y., +HU��-���&KDH��6���-XQJ��'���.LP��.���&KR��<��
Korea Photonics Technology Instittute, Gwangju, Korea, Republic of.

1. OBJECTIVE

1RZDGD\V� FRQYHQWLRQDO� ÀXRUHVFHQW� OXPLQDLUHV� LV� UHSODFHG�ZLWK� /('�)ODW� /XPLQDLUHV�EHFDXVH�
WKH\�DUH�WKRXJKW�WR�RIIHU�PDQ\�DGYDQWDJHV��LQFOXGLQJ�OXPLQDLUHV�HI¿FDF\��WHQDELOLW\�RI�WKH�VSHFW-
UXP��ORZHU�HQHUJ\�VDYLQJV��DSSHDUDQFH�DQG�TXDOLW\�RI�OLJKWLQJ��HQYLURQPHQWDO�EHQH¿WV�DQG�FRVW�
HIIHFWLYHQHVV��,Q�RUGHU�WR�FRPSDUH�VSDFLQJ�WR�KHLJKW�UDWLR�RI�FRQYHQWLRQDO�ÀXRUHVFHQW�OXPLQDLUHV�
DQG�/('�)ODW�/XPLQDLUHV��ZH�VKRXOG�EH�HYDOXDWHG�XVLQJ�D�3RSXODU�/LJKWLQJ�&DOFXODWLRQ�6RIWZDUH�
OLNH�WKH�1/5HSRUW��,Q�WKLV�SDSHU��ZH�LQYHVWLJDWHG�WKH�VSDFLQJ�WR�KHLJKW�UDWLR�RI�OXPLQDLUHV�DQG�HVWL-
PDWHG�OXPLQDLUHV�QXPEHU�LQ�LQWHULRU�HQYLURQPHQW�

2. METHODS

The Study aimed at identifying the spacing to height ratio and estimated luminaires number of 
FRQYHQWLRQDO
ÀXRUHVFHQW� OXPLQDLUHV�DQG�/('�)ODW�/XPLQDLUHV��7KH�LGHQWL¿FDWLRQ�SURFHVV�IROORZHG�D�VWHS�E\�
VWHS�DSSURDFK��DV�IROORZV��,Q�WKH�¿UVW�SDUW�RI�WKH�H[SHULPHQW��WKH�/XPLQRXV�,QWHQVLW\�'LVWULEXWLRQ�
measurements of Luminaires were carried out with Gonio-Spectroradiometer. In the second part 
RI�H[SHULPHQW��ZH�FDOFXODWHG�WKH�VSDFLQJ�WR�KHLJKW�UDWLR�DQG�WKH�/XPLQDLUHV�QXPEHU�RI�FRQYHQ-
WLRQDO�ÀXRUHVFHQW�OXPLQDLUHV�DQG�/('�)ODW�/XPLQDLUHV�LQ�WKH�LQWHULRU�HQYLURQPHQW�XVLQJ�/LJKWLQJ�
Calculation Lumen method and NLReport Software. And we determined assuming their spacing 
WR�KHLJKW�UDWLR�YDOXH��$QDO\VHV�DUH�UHDOL]HG�RQ�WKH�/('�)ODW�/XPLQDLUHV�DQG�FRPSDUHG�ZLWK�FRQ-
YHQWLRQDO�ÀXRUHVFHQW�OXPLQDLUHV�LQ�WHUPV�RI�/XPLQDLUHV�QXPEHU�DW�DSSUR[LPDWHO\�HTXLYDOHQW�OLJKW�
RXWSXW��7DUJHW�LOOXPLQDQFH�����O[��LQ�WKH�VDPH�LQWHULRU�HQYLURQPHQW����P�[���P�[����P���7KH�ODVW�
PHDVXUHPHQWV�ZHUH�IRFXVHG�RQ�RSWLFDO�3HUIRUPDQFH�RI�FRQYHQWLRQDO�ÀXRUHVFHQW�OXPLQDLUHV�DQG�
LED Flat Luminaires using by Lighting Software: illuminance, illuminance uniformity. Optical per-
IRUPDQFH�RI�/('�)ODW�/XPLQDLUHV�ZDV�FRPSDUHG�ZLWK�UHVSHFW�WR�WKDW�RI�FRQYHQWLRQDO�ÀXRUHVFHQW�
luminaires.

3. RESULTS

Conditions of Luminous Intensity Distribution of Luminaires tests are relying on the standard 
,(61$�/0��������:H� DFTXLUH� WKH� /XPLQRXV� ,QWHQVLW\�'LVWULEXWLRQ� �,(6�)LOH�� XVLQJ� WKH�*RQLR�
6SHFWURUDGLRPHWHU��:H�DQDO\VH�WKH�VSDFLQJ�WR�KHLJKW�UDWLR�UHVXOWV�IRU�WKH�/('�)ODW�/XPLQDLUHV�
DJDLQVW�WKH�EDVHOLQH�RI�FRQYHQWLRQDO�ÀXRUHVFHQW�/XPLQDLUHV��7KH�VSDFLQJ�WR�KHLJKW�UDWLR�RI�/('�
)ODW�/XPLQDLUHV�LV�DURXQG��������WR���������7KH�VSDFLQJ�WR�KHLJKW�UDWLR�RI�FRQYHQWLRQDO�ÀXRUHVFHQW�
/XPLQDLUHV� LV�DURXQG���������/('�)ODW�/XPLQDLUHV� LV�D�PRUH�6SDFLQJ�3HUIRUPDQFH�DOWHUQDWLYH�
WKDQ�FRQYHQWLRQDO�ÀXRUHVFHQW�/XPLQDLUHV�

4. CONCLUSIONS

The results of this paper showed that the spacing to height ratio of LED Flat Luminaires is around 
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�������WR��������7KH�/('�)ODW�/XPLQDLUHV�WHVWHG�LV�D�PRUH�VSDFLQJ�SHUIRUPDQFH�HIIHFWLYH�WKDQ�
FRQYHQWLRQDO�ÀXRUHVFHQW�OXPLQDLUHV��1XPEHU�RI�FRQYHQWLRQDO�ÀXRUHVFHQW�OXPLQDLUHV�QHHG�PRUH�
WKDQ�/('�)ODW�/XPLQDLUHV�LQ�WKH�VDPH�LQWHULRU�HQYLURQPHQW��2SWLFDO�SURSHUW\�RI�/('�)ODW�/XPL-
QDLUHV�ZDV�FRPSDUHG�ZLWK�UHVSHFW�WR�RSWLFDO�SHUIRUPDQFH�RI�FRQYHQWLRQDO�ÀXRUHVFHQW�OXPLQDLUHV��
The Result showed that optical performance of LED Flat Luminaires has high uniformity than that 
RI�FRQYHQWLRQDO�ÀXRUHVFHQW�OXPLQDLUHV��/('�)ODW�OXPLQDLUHV�VWLOO�D�UHODWLYH�QHZ�VROXWLRQ�LQ�WKH�JH-
neral lighting and can compete with a longstanding technology to their high performance.

7DEOH�����6SDFLQJ�WR�KHLJKW�UDWLR�RI�FRQYHQWLRQDO�ÀXRUHVFHQW�OXPLQDLUHV�DQG�/('�
Flat Luminaires

Type Power Consumption Total LuminousFlux 6+5�0D[LPXP
1 �&RQYHQWLRQDO�/XPLQDLUHV  93 5638 1.27 : 1
2  LED Flat Lumianires 1  83 4319 1.47 : 1
3  LED Flat Lumianires 2  71 4340 1.42 : 1
4  LED Flat Lumianires 3  47 4885 1.49 : 1
5  LED Flat Lumianires 4  49 4336 1.46 : 1
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PP058

COMPARISON BETWEEN FLUORESCENT AND LED LIGHTING ON VISIBILITY AND VISU-

AL COMFORT IN SCHOOL CLASSROOMS

Chen, Y.1, Peng, S.1, Tang, X.1, Heynderickx, I.2

1. Philips Research Asia - Shanghai, Shanghai, China.
2.�3KLOLSV�5HVHDUFK�/DERUDWRULHV��(LQGKRYHQ��1HWKHUODQGV�

7KHUH�FXUUHQWO\�LV�PXFK�HPSKDVLV�RQ�UHSODFLQJ�ÀXRUHVFHQW�OLJKWLQJ�ZLWK�/('�EDVHG�OLJKWLQJ��DOVR�
LQ�VFKRROV��+RZHYHU��WKH�GLIIHUHQFH�EHWZHHQ�/('V�DQG�WUDGLWLRQDO�OLJKW�VRXUFHV�LV�QRW�IXOO\�XQGHU-
stood yet for most applications. There is a basic concern about light quality with the new LED light 
VRXUFHV��ZKLFK�DUH�GLIIHUHQW�IURP�WUDGLWLRQDO�ÀXRUHVFHQW�VRXUFHV�LQ�PDQ\�DVSHFWV��7KH�DLP�RI�RXU�
VWXG\�ZDV�WR�HYDOXDWH�WKH�LPSDFW�RI�ÀXRUHVFHQW�DQG�/('�OLJKWLQJ�RQ�YLVLELOLW\�DQG�YLVXDO�FRPIRUW�
for students in school classrooms when watching a projector screen. 19 students aged from 9 to 
���\HDUV�SDUWLFLSDWHG�LQ�WKH�H[SHULPHQW��7ZR�W\SHV�RI�OXPLQDLUHV��L�H���RQH�ZLWK�ÀXRUHVFHQW�ODPSV�
and one with LED sources) were used at an ambient lighting condition (i.e., 300 lux). The students 
seated at 5 different positions and performed some tasks on a projector screen that had 5 diffe-
UHQW�OXPLQDQFH�OHYHOV��7KH�VWXGHQWV�ZHUH�DVNHG�WR�WXQH�WKH�FRQWUDVW�RI�WKH�OHWWHUV�RQ�WKH�SURMHFWLRQ�
VFUHHQ�WR�����D�YDOXH�WKDW�FRUUHVSRQGHG�IRU�WKHP�WR�WKH�YLVLELOLW\�WKUHVKROG�RI�WKH�OHWWHUV��DQG�����
D�YDOXH�WKDW�FRUUHVSRQGHG�WR�D�FRPIRUWDEOH�WKUHVKROG�IRU�UHDGLQJ�WKH�WH[W��$�SDLUHG�VDPSOH�7�WHVW�
SHUIRUPHG�RQ�WKH�UHVXOW�LQGLFDWHG�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�FRQWUDVW�YLVLELOLW\�WKUHVKROG�DQG�LQ�
WKH�FRPIRUWDEOH�FRQWUDVW�YDOXH�EHWZHHQ�WKH�ÀXRUHVFHQW�DQG�/('�EDVHG�DPELHQW�OLJKWLQJ�
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PP059

SUBJECTIVE PREFERENCES FOR LED LIGHTING IN OFFICE

Dangol, R., Bhusal, P., Puolakka, M., Halonen, L.
(OHFWURQLFV��$DOWR�8QLYHUVLW\��(VSRR��)LQODQG�

&,(�&RORXU�5HQGHULQJ�,QGH[��&5,��KDV�EHHQ�XVHG�IRU�RYHU����\HDUV�DQG�KDV�EHHQ�ZLGHO\�DFFHS-
WHG��'HVSLWH�RI�LWV�SURPLQHQFH��&,(�&5,�KDV�QXPHURXV�GH¿FLHQFLHV��DQG�WKH�SUREOHPV�RI�&,(�&5,�
EHFDPH�VHULRXV�HQRXJK�WR�UHTXLUH�UHYLVLRQ�IRU�WKH�PHWULF�DIWHU�WKH�HPHUJHQFH�RI�ZKLWH�OLJKW�IURP�
/LJKW�(PLWWLQJ�'LRGHV��9DULRXV�DOWHUQDWLYH�PHWULFV�KDYH�EHHQ�SURSRVHG�IRU�DFFHVVLQJ�FRORU�FKD-
UDFWHULVWLFV�RI�OLJKW�VRXUFHV�WR�WKH�&,(�7&�������ZKLFK�LV�FXUUHQWO\�ZRUNLQJ�RQ�WR�¿QG�D�QHZ�PHWULF�
RU�PHWULFV��7KH�SURSRVHG�PHWULFV�FRYHU�GLIIHUHQW�DVSHFWV�RI�FRORXU�TXDOLW\��7R�EH�DEOH�WR�VXJJHVW�
SHRSOH¶V� MXGJHPHQW� RI� FRORXU� TXDOLW\��ZHOO�GHVLJQHG�XVHU� SUHIHUHQFH�H[SHULPHQWV�DUH�QHHGHG��
0RUHRYHU��/('V�SURYLGH�KXJH�RSSRUWXQLWLHV�WR�DGMXVW�WKH�OLJKWLQJ�DFFRUGLQJ�WR�DFWXDO�QHHGV�LQ�WKH�
ZRUNLQJ�SODFH��+RZHYHU��HQG�XVHUV¶�UHTXLUHPHQWV��H[SHFWDWLRQV�DQG�SUHIHUHQFHV�IRU�RI¿FH�OLJK-
ting applications based on LEDs are not well-known.

7KLV�SDSHU�SUHVHQWV����H[SHULPHQWV�SHUIRUPHG�LQ�WHVWV�ERRWKV�DW�$DOWR�8QLYHUVLW\�WR�VWXG\�XVHU�
lighting requirements and preferences to be able to suggest preferred spectral distribution for 
66/�SURGXFWV�DQG����VHWXS�RI�IXUWKHU�GHWDLOHG�LQYHVWLJDWLRQV�EHLQJ�FDUULHG�RXW�LQ�UHDO�RI¿FH�HQYL-
ronment.

Small-scale experiments were performed in test booths to restrict the range for optimal solutions 
IRU�WKH�IXOO�VFDOH�H[SHULPHQWV�WR�EH�SHUIRUPHG�LQ�UHDO�RI¿FH�HQYLURQPHQW��,Q�WKH�VPDOO�VFDOH�H[SHUL-
PHQW����GLIIHUHQW�/('�VSHFWUD�VLPXODWHG�IRU�YDULRXV�FRPELQDWLRQV�RI�H[LVWLQJ�DQG�SURSRVHG�FRORU�
UHQGHULQJ�PHWULFV�ZHUH� WHVWHG�DW�����.������.��DQG�����.��6L[W\�REVHUYHUV�HYDOXDWHG� WKH� OLW�
VFHQHV�DQG�HYDOXDWLRQV�ZHUH�EDVHG�RQ�TXHVWLRQQDLUHV�DQG�REMHFWLYH�PHDVXUHPHQWV��7KH�UHVXOWV�
SURYLGHG�D�¿UVW�HVWLPDWH�RQ�WKH�SUHIHUUHG�OLJKWLQJ�VSHFWUD�ZLWKLQ�RI¿FH�HQYLURQPHQW�

Based on the results of small-scale experiments, as a next phase of acceptance studies, large 
VFDOH�H[SHULPHQWV�DUH�EHLQJ�FRQGXFWHG�LQ�UHDO�RI¿FH�URRPV��,Q�WKHVH�H[SHULPHQWV��WKH�WHVW�SHU-
VRQV�DUH�WRWDOO\�LPPHUVHG�LQ�WKH�OLW�HQYLURQPHQW��GR�RI¿FH�UHODWHG�WDVNV�DQG�SHUIRUP�HYDOXDWLRQ�RI�
WKH�OLW�HQYLURQPHQW��7KH�REMHFWLYH�LV�WR�GHWHUPLQH�RSWLPXP�OLJKW�VRXUFH�VSHFWUDO�SRZHU�GLVWULEXWLRQ�
(SPD) for different working situations by 1) the exploration of lighting preferences and require-
PHQWV�LQ�RI¿FH�HQYLURQPHQW��DQG����RSWLPL]DWLRQ�RI�63'V�IRU�XVHU�SUHIHUHQFH��DFFHSWDQFH��DQG�
HQHUJ\�VDYLQJV�
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PP060

USER PREFERENCES IN INDOOR LED LIGHTING

Tetri, E., Alhaddad, A. I., Halonen, L.
/LJKWLQJ�8QLW��$DOWR�8QLYHUVLW\��(VSRR��)LQODQG�

7KH�REMHFWLYH�RI�WKH�VWXG\�ZDV�WR�LGHQWLI\�GLIIHUHQW�YLVXDO�HOHPHQWV�RI�/('�OLJKWLQJ�LQFOXGLQJ�VXI¿FL-
HQF\�RI�OLJKW��SOHDVDQWQHVV�DQG�FRORU�UHQGHULQJ��9LVXDO�HOHPHQWV�ZHUH�ERWK�PHDVXUHG�DQG�HYDOX-
ated by user study. Another goal of the study was to test the guidelines set in the latest European 
LQGRRU�OLJKWLQJ�VWDQGDUG�(1����������LVVXHG�-XQH��������LQ�DQ�RI¿FH�H[SHULPHQW��DQG�WR�FRPSDUH�
WKH�OXPLQRXV�YDOXHV�WR�WKH�VXEMHFWV¶�SUHIHUHQFHV�

/('V�DUH�FXUUHQWO\�RQH�RI�WKH�IDVWHVW�JURZLQJ�OLJKWLQJ�VROXWLRQV��DQG�WKDQNV�WR�WKHLU�ÀH[LELOLW\�DQG�
DSSOLFDWLRQ�SURVSHFWV��WKH\�DUH�QRZ�OHDGLQJ�WKH�ZD\�WRZDUGV�PDUNHW�GRPLQDQFH��,QGLYLGXDO�/('V�
DUH�DV�VPDOO�DQG�FRPSDFW�DV�SRLQW�VRXUFHV�DQG�WKHLU�OXPLQDQFH�LV�YHU\�KLJK��/('�OXPLQDLUH�PD\�
EH�D�VRXUFH�IRU�GLVFRPIRUW�JODUH�ZKLFK�PD\�FDXVH�D�GHFOLQH�LQ�HPSOR\HHV¶�SHUIRUPDQFH��$QRWKHU�
YHU\�LPSRUWDQW�DVSHFW�RI�/('�OLJKWLQJ�LV�WKH�FRORU�UHQGHULQJ�FDSDELOLWLHV�DQG�WKH�FRORU�RI�WKH�OLJKW��
The general scene, and light color are also examined within this study with the main aim of iden-
WLI\LQJ�ZKLFK�VHWWLQJV�DUH�SHUFHLYHG�DV�HQHUJL]LQJ�DQG�DFWLYDWLQJ��DQG�ZKLFK�DUH�VHHQ�DV�VWUHVVIXO�
and hectic.

The user test took place during the last week of October, with a typical autumn pale daylight. The 
TXHVWLRQQDLUH�ZDV�GHVLJQHG�WR�HYDOXDWH�OLJKW�VXI¿FLHQF\�DQG�SOHDVDQWQHVV��GLUHFW�DQG�UHÀHFWHG�
glare, light color (correlated color temperature) and color rendering capabilities. The test subjects 
HYDOXDWHG�WZR�GLIIHUHQW�SRVLWLRQV�LQ�WKH�URRP��6XEMHFWV�ZRXOG�DUULYH�LQ�WKHLU�UHVHUYHG�WLPHV�DORQJ�
WKH�GD\��DQG�ZRXOG�EH�GLUHFWHG�WR�WKH�WHVW�URRP��7KH\�ZHUH�WKHQ�JLYHQ�D�EULHI�DERXW�WKH�WHVW�IRU�
��PLQXWHV�ZLWKRXW�GLVFXVVLQJ�PDMRU�WHFKQLFDO�VSHFL¿FDWLRQV�DQG�FRQFHSWV��7KH\�ZHUH�DVNHG�WR�
stay in the room for 5 minutes for their eyes to adapt to the lighting conditions before they can as-
VHVV�WKHP��$�GHQVH�LQVWUXFWLRQ�VKHHW�ZDV�SULQWHG�LQ�EODFN�WH[W�DQG�DQ�RI¿FLDO�VL]H�����7LPHV�1HZ�
5RPDQ�IRQW�RYHU�D�UHJXODU�PDWW�$��RI¿FH�SDSHU��6XEMHFWV�ZHUH�DVNHG�WR�UHDG�WKHVH�LQVWUXFWLRQV�
WKRURXJKO\�EHIRUH�WKH\�VWDUW�JLYLQJ�WKHLU�IHHGEDFN��,Q�DGGLWLRQ�WR�JLYLQJ�WKHP�WKH�QHFHVVDU\�LQIRU-
mation about the test, this sheet was also meant to simulate a typical reading task taking place in 
RI¿FH�HQYLURQPHQWV�
7KH�WHVW�VXEMHFWV�ZRXOG�VWDUW�E\�DVVHVVLQJ�WKH�VLWXDWLRQ�DW�GHVN����7KH\�¿UVW�KDYH�WR�¿OO�LQ�WKHLU�
personal information including the date, their age and gender, and the estimated number of hours 
WKH\�XVXDOO\�ZRUN�LQ�D�VLPLODU�HQYLURQPHQW��)ROORZLQJ�WKDW��VXEMHFWV�ZHUH�DVNHG�WR�ORRN�DURXQG�
WKH�URRP�DQG�PDNH�WKHPVHOYHV�IDPLOLDU�ZLWK�WKH�GLIIHUHQW�URRP�HOHPHQWV�ZLWK�UHJDUG�WR�YLVLELOLW\�
and color. Subjects were then asked to browse the pages of the glossy booklet and experience 
the different text and pictures before they settle on an assigned page and start reading it in full. 
7R�H[SDQG�RQ�WKH�VLPXODWLRQ�RI�WKH�RI¿FH�HQYLURQPHQW�DQG�WDVNV�IRUZDUG��WKH\�ZHUH�DVNHG�WR�W\SH�
LQ�D�JLYHQ�SDUDJUDSK�IURP�WKH�WHVW�WKH\�KDG�UHDG��7KH\�ZHUH�DVNHG�WR�GR�VR�ZLWK�D�VLPLODU�VL]H�
����7LPHV�1HZ�5RPDQ�IRQW�FRQ¿JXUDWLRQ��DQG�DV�IDVW�DV�WKH\�FDQ��7KLV�ZDV�PHDQW�WR�LQWURGXFH�D�
XVXDO�RI¿FH�WDVN�SUHVVXUH�WR�PDNH�WKH�VLPXODWLRQ�VRPHZKDW�FRPSOHWH�
%\�WKDW�WLPH��WKH�VXEMHFWV�ZRXOG�KDYH�EHHQ�H[SRVHG�WR�D�UHJXODU�ZRUN�H[SHULHQFH��DQG�WKHLU�UHV-
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SRQVHV�VKRXOG�UHÀHFW��WR�D�ODUJH�H[WHQW��ZKDW�HPSOR\HHV�ZRXOG�SHUFHLYH�WKH�OLJKWLQJ�ZLWK��)URP�
WKLV�SRLQW�IRUZDUG��WKH\�ZRXOG�KDYH�WR�VWDUW�HYDOXDWLQJ�WKH�FRQGLWLRQV�WKURXJK�WKHLU�UHVSRQVHV�WR�
WKH�VXUYH\��7KH\�ZHUH�DOVR�DVNHG�WR�JLYH�WKHLU�FRPPHQWV�LQ�IUHH�ZRUGV�DIWHU�WKH�IRUPDO�TXHVWLRQ-
QDLUH��$IWHU�WKH�HYDOXDWLRQ��VXEMHFWV�ZHUH�DVNHG�WR�VHOHFW�WKHLU�IDYRULWH�OLJKW�VHWWLQJV�E\�DGMXVWLQJ�
WKH�GLPPHUV�WR�WKHLU�FRQYHQLHQFH��7KH\�ZHUH�WKHQ�UHTXHVWHG�WR�ZULWH�WKHLU�VHOHFWLRQ�LQ�WKH�DVVLJ-
QHG�SODFH�RQ�WKH�VXUYH\�SDSHU��WKHQ�OHDYH�WKH�URRP�DQG�ZDLW�RXWVLGH��7KH�WHVW�ZDV�WKHQ�UHSHDWHG�
ZLWK�WDEOH����ZKLFK�ZDV�SRVLWLRQHG�GLIIHUHQWO\�UHODWLYH�WR�OXPLQDLUHV��,Q�DYHUDJH��WKH�ZKROH�SURFHVV�
lasted between 45 to 65 minutes.

7KH�¿UVW�SDUW�RI�WKH�TXHVWLRQQDLUH�LQFOXGHG�WKUHH�TXHVWLRQV�HYDOXDWLQJ�OLJKW�VXI¿FLHQF\�DQG�SOH-
DVDQWQHVV��7KH�VHFRQG�SDUW�LQFOXGHG�WZR�TXHVWLRQV�HYDOXDWLQJ�JODUH�DQG�UHÀHFWLRQV��7KH�WKLUG�SDUW�
included four questions meant for assessing color rendering and natural appearances. Subjects 
ZHUH�JLYHQ�WKH�FKRLFH�RQ�D�VFDOH�IURP�³���,�GLVDJUHH�WRWDOO\´�WR�³���,�DJUHH�WRWDOO\´��DQG�SDVVLQJ�YLD�
WKH�QHXWUDO�³���,�QHLWKHU�DJUHH�QRU�GLVDJUHH´�

From the results of the experiment presented, and the conclusions withdrawn from their explana-
WLRQV��D�VHW�RI�UHFRPPHQGDWLRQV�ZDV�GULYHQ�
���6XI¿FLHQW�DQG�SOHDVDQW�OLJKW�LV�SHUFHLYHG�WR�EH�WKH�OLJKW�WKDW�SURGXFHV�KLJKHU�OXPLQDQFH�UDWKHU�
than following the standards of illuminance. In this regard it is wise to focus on creating pleasant 
OLJKWLQJ�IRU�WKH�URRP�VFHQH�UDWKHU�WKDQ�GHOLYHULQJ�OLJKW�RQO\�IRU�WKH�WDVN�DUHD
���1HXWUDO�WR�FRROHU�OLJKW�FRORU�WHPSHUDWXUHV�ZHUH�SUHIHUUHG�RYHU�ZDUPHU�OLJKW
���*LYLQJ�FRQWURO�WR�WKH�HPSOR\HHV�RYHU�WKH�OLJKWLQJ�FRQGLWLRQV�QRW�RQO\�E\�GLPPLQJ��EXW�DOVR�E\�
FKDQJLQJ�WKH�FRORU�RI�OLJKW�ZRXOG�UHVXOW�LQ�DIIHFWLQJ�WKHLU�PRRGV�SRVLWLYHO\�
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PP061

A STUDY OF THE SUSTAINED PUPIL RESPONSE UNDER A VARIETY OF LED ILLUMINA-

TIONS 

Le Rohellec, J.1, 9LpQRW��)�2, Anton, J.3, Nazarian, B.3, Attia, D.4��0HUFNHO��2�4, Rosenfeld, F.5, 
/DYpGULQH��%�1
1. CNRS USR 3224-CRCC, Paris, France.
2.�01+1�&5&&��3DULV��)UDQFH�
3.�&HQWUH�Gµ,50�)RQFWLRQQHOOH��,QVWLWXW�GH�1HXURVFLHQFHV�GH�OD�7LPRQH��&156���805�������0DU-
seille, France.
4. ANSES, Paris, France.
5.�01+1��3DULV��)UDQFH�

Introduction

0HODQRSVLQ�H[SUHVVLQJ� UHWLQDO� JDQJOLRQ� FHOOV� �P5*&V�� ZKLFK� DUH� PD[LPDOO\� SKRWRUHFHSWLYH�
DURXQG�����QP�DQG�URGV�KDYLQJ�D�SHDN�VHQVLWLYLW\�DW�����QP��KDYH�EHHQ�VKRZQ�WR�GULYH�WKH�SXSLO�
response. The light emitted by white LEDs shows a peculiar spectral power distribution with a 
VKDUS�VSHFWUDO�FRPSRQHQW� LQ� WKH�VKRUW�YLVLEOH�ZDYHOHQJWKV�DVVRFLDWHG�ZLWK�D�\HOORZ� OLJKW�FRP-
SRQHQW�HPLWWHG�E\�ÀXRUHVFHQFH��+HUH�ZH� LQYHVWLJDWH�ZKHWKHU� WKH�GH¿FLW�RI�HQHUJ\�RI�/('V� LQ�
WKH�YLFLQLW\�RI�����QP�FRXOG�ZHDNHQ�WKH�SXSLOODU\�FRQVWULFWLRQ�LQ�FRPSDULVRQ�WR�FRQYHQWLRQDO�OLJKW�
sources of similar colour temperature.

Methods

Illuminations
)LYH�OLJKWV��WZR�FRPPHUFLDO�/('�VRXUFHV
&RPPHUFLDO�Ä:DUP�:KLWH³��::��������.
&RPPHUFLDO�Ä&RRO�:KLWH³��&:��������.
and three metameric illuminations
Incandescent (INC), 2555 K
::�$PEHU�*UHHQ��::�$�*�/('V��������.
0XOWL�&RORU�/('V�������.
KDYH�EHHQ�SUHSDUHG��)LJXUH����DQG�PDGH�DYDLODEOH�LQ�D�ODUJH�OLJKW�ERRWK�ZKHUH�REVHUYHUV�ZHUH�
allowed to practice reading and writing.

Pupil measurements
7KH�VWXG\�LQYROYHG���VXEMHFWV�DJHG�������\HDUV�
(DFK�REVHUYHU�ZDV�SUHVHQWHG�WKH����LOOXPLQDWLRQV��¿YH�OLJKWV�DW�����DQG�����OX[��GXULQJ�RQH�VHV-
VLRQ��7KH�SUHVHQWDWLRQ�VWDUWHG�ZLWK�WKUHH�PLQXWHV�RI�SUDFWLFLQJ�VXEMHFWLYH�YLVXDO�WHVWV�ZKLFK�DOORZV�
WKH�VXEMHFW�WR�DGDSW�WR�OLJKW��7KHQ�WKH�VXEMHFW�ZDV�LQVWUXFWHG�WKDW�WKH�YLGHR�UHFRUGLQJ�RI�KLV�H\H�
ZRXOG�VWDUW�DQG�DVNHG�WR�JD]H�DW�WKH�FDP�UHFRUGHU�GXULQJ����VHFRQGV��$�/DE9LHZ�SURJUDP�ZDV�
ZULWWHQ�WR�PHDVXUH�WKH�SXSLO�GLDPHWHU�LQ�HYHU\�YLHZ�
$�VHULHV�RI������LPDJHV�����VHFRQGV�GXUDWLRQ��ZDV�H[WUDFWHG�IURP�WKH�YLGHR��FORVH�WR�WKH�HQG�RI�
WKH�YLGHR�UHFRUG�ZKHQ�WKH�SXSLO�DSHUWXUH�KDV�VWDELOLVHG��(YHU\�LPDJH�RI�WKH�UHFRUGHG�YLGHR�ZDV�
DQDO\VHG�XVLQJ�D�VSHFLDOO\�GHYHORSHG�/DE9LHZ�SURJUDP�WKDW�PHDVXUHV�WKH�SXSLO�GLDPHWHU�DQG�
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FRQWUROOHG�LQ�RUGHU�WR�HOLPLQDWH�RGGLWLHV��EOLQNLQJV�DQG�RXW�RI��UDQJH�YDOXHV��

Results

7KH�SXSLO�GLDPHWHU�GHFUHDVHV�ZLWK�WKH�OLJKW�OHYHO��)LJXUH�����7KH�PDJQLWXGH�RI�WKH�GHFUHDVH�YDULHV�
DPRQJ�VXEMHFWV��2Q�DYHUDJH��WKHUH�ZDV�D�����UHGXFWLRQ�RI�DUHD�EHWZHHQ�����DQG�����OX[�
7KH�FRRO�ZKLWH�OLJKW�FRQVWULFWV�WKH�SXSLO�DW�PRVW��IRU���RXW�RI���VXEMHFWV��ZKLFKHYHU�OLJKW�OHYHO��)L-
gure 2). In general, the higher the colour temperature raises, the more the pupil constricts. On 
DYHUDJH��WKHUH�ZDV�D�UHGXFWLRQ�RI�DUHD�EHWZHHQ�LQFDQGHVFHQW�DQG�/('�Ä&RRO�:KLWH³������DW�����
/X[�DQG�����DW�����/X[��
7KH�FRPPHUFLDO�/('�³:DUP�:KLWH´��KDYLQJ�DQ�LQWHUPHGLDWH�FRORXU�WHPSHUDWXUH��LV�QRW�DV�HI¿FLHQW�
as one would expect (Figure 2). Its light dilates the pupil more than expected according to the rule 
UHODWHG�WR�WKH�FRORXU�WHPSHUDWXUH��7KH�SXSLO�JDLQ�WKDW�IROORZV�LV�HVWLPDWHG�DW�����RI�WKH�VXUIDFH��
7KLV�REVHUYDWLRQ�LV�SRVVLEO\�OLQNHG�WR�WKH�HQHUJ\�JDS�RI�WKH�VSHFWUXP�DURXQG�����QP�
)URP�WKUHH�PHWDPHULF�OLJKWV��DW�DQ\�OLJKW�OHYHO�DQG�IRU�PRVW�REVHUYHUV��LW�LV�WKH�ZDUP�ZKLWH�OLJKW�
corrected by adding green and amber which leads to greater pupil dilation, and the incandescent 
light that leads to smaller dilation. This effect is more noticeable at 210 lux than at 100 lux for most 
REVHUYHUV�
7KH�VWXG\�RI�FRUUHODWLRQV�EHWZHHQ�WKH�VL]H�RI�WKH�SXSLO�DQG�WKH�VSHFWUDO�SUR¿OH�RI�WKH�OLJKW�GLVWUL-
bution aims to explain and connect the pupil size to the power content in a particular region of 
WKH�VSHFWUXP��$�FDUHIXO�H[DPLQDWLRQ�RI�WKH�FRUUHODWLRQV�EHWZHHQ�WKH�VSHFWUDO�SUR¿OH�RI�WKH�OLJKW�
DQG�WKH�VL]H�RI�WKH�SXSLO�UHYHDOV�WKH�LQYROYHPHQW�RI�VSHFWUDOO\�VHOHFWLYH�PHFKDQLVPV�UHVSRQVLEOH�
IRU�FRQWUROOLQJ�WKH�SXSLO��6RPH�VSHFL¿F�LQGLYLGXDO�WUHQGV�DSSHDU��7KH�PDMRULW\�RI�VXEMHFWV��PRVWO\�
\RXQJ��IROORZ�D�VLPLODU�WUHQG��ZLWK�VWURQJ�DQWDJRQLVWLF�LQÀXHQFHV�RI�UHFHSWRU�UHVSRQVHV��ZKLOH�D�
IHZ�REVHUYHUV��PRVWO\�ROGHU��VKRZ�VKLIWHG� UHVSRQVHV��7KH�RULJLQ�� IUHTXHQF\�DQG�PDJQLWXGH�RI�
LQWHU�LQGLYLGXDO�YDULDWLRQV�RI�WKH�VSHFWUDO�VHOHFWLYLW\�RI�UHVSRQVHV�GHVHUYH�IXUWKHU�VWXG\�
Discussion and conclusion
:KHUHDV�FDUHIXO� VWDELOLVDWLRQ�RI� WKH�SXSLO� UHVSRQVH�KDV�EHHQ�DFKLHYHG� WKURXJK�DOORZLQJ� IRU�D�
three minute adaptation time and eliminating eye blinkings and out-of-range measurements, we 
FDQQRW�LJQRUH�WKDW�WKH�SXSLO�DSHUWXUH�LV�XQGHU�WKH�HIIHFW�RI�LQGLYLGXDO�SDUDPHWHUV�LQFOXGLQJ�DJH��
1HYHUWKHOHVV��WKH�UHGXFWLRQ�RI�WKH�SXSLO�VL]H�ZLWK�WKH�OXPLQRXV�OHYHO��ZLWK�WKH�FRORXU�WHPSHUDWXUH�
DQG�ZLWK�WKH�GH¿FLW�RI�HQHUJ\�DURXQG�����QP�KDV�EHHQ�REVHUYHG�IRU���RXW�RI���REVHUYHUV��,W�LV�SUR-
EDEO\�WKH�DPRXQW�RI�HQHUJ\�DYDLODEOH�LQ�WKLV�ZDYHOHQJWK�UDQJH�WKDW�IDYRXUV�WKH�SXSLO�FRQVWULFWLRQ�
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)LJXUH�����6SHFWUDO�SRZHU�GLVWULEXWLRQ�RI�WKH�¿YH�LOOXPLQDWLRQV

Figure 2 - Average pupil diameter of 9 observers under 5 illuminations at 2 illuminance 

values
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D3 - Interior Lighting

Museums
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PP062

'(6,*1�2)�/('��/,*+7,1*�(0,77,1*�',2'(6��)25�086(80�/,*+7,1*�$33/,&$7,21
Mou, X., Berns, R.S.
Chester F. Carlson Center for Imaging Science, Rochester Institute Of Technology, Rochester, 
1<��8QLWHG�6WDWHV��

6DYLQJ�HQHUJ\�LQ�OLJKWLQJ�DSSOLFDWLRQ�LV�JDWKHULQJ�PXFK�PRUH�DWWHQWLRQ�WKDQ�HYHU�EHIRUH��$V�WKH�
UDSLG�GHYHORSPHQW�RI�/('�WHFKQRORJ\�LQFUHDVHV��VROLG�VWDWH�OLJKWLQJ�KDV�JLYHQ�D�VPRRWK�WUDQVLWL-
RQ�WRZDUG�WKH�QHZ�JHQHUDWLRQ�RI�OLJKWLQJ�VROXWLRQV��/('V�KDYH�EHHQ�ZLGHO\�VRXJKW�DIWHU�LQ�KRPH�
OLJKWLQJ�� RI¿FH�ZRUNSODFHV��PXVHXPV�� VFKRROV�� KRVSLWDOV�� HWF�� /('� OLJKW� VRXUFHV� FRPSDUHG� WR�
WUDGLWLRQDO� OLJKW� VRXUFHV�KDYH�PDQ\�GLVWLQFW� DQG�DGYDQWDJHRXV� FKDUDFWHULVWLFV�� VXFK�DV� ORQJHU�
OLIHWLPH��KLJKHU�OXPLQRXV�HI¿FDF\��GLPPDEOH�OLJKW�FDSDELOLWLHV��DQG�ULFK�FRORU�RSWLRQV��KRZHYHU��LQ�
WKH�SUDFWLFDO�DSSOLFDWLRQV��VRPH�RI�/('V�OLJKWLQJ�EHKDYHV�QRW�YHU\�ZHOO�LQ�LWV�FRORU�UHQGHULQJ��DV�
well as its harmonized user experience during long time exposure under LED lighting condition. 
7KHUHIRUH��KRZ�ZH�HYDOXDWH�WKH�TXDOLW\�RI�/('�OLJKWLQJ��DQG�KRZ�ZH�EXLOG�DQG�GHVLJQ�D�KLJK�HI¿FL-
HQF\��JRRG�FRORU�UHQGHULQJ��DQG�FRPIRUWDEOH�YLVXDO�VHQVH�VSHFLDOL]HG�LQ�WKH�/('�OLJKWLQJ�SURGXFWV�
is critical.

7KLV�UHVHDUFK�DLPV�WR�HYDOXDWH�WKH�/('V�TXDOLW\�WR�WKDW�RI�/('V�VSHFL¿FDOO\� LQ�D�PXVHXP�VHW-
WLQJ��7KH�¿UVW�ERRWK�ZLOO�FRQVLVW�RI�D�IRXU�FKDQQHO�/('�OLJKWLQJ�SODWIRUP�LV�SURSRVHG�WR�JHQHUDWH�D�
matching of the daylight spectrum. The light platform is combined with four different channels of 
/('V��WZR�RI�WKH�FKDQQHOV�DUH�LQ�FROG�DQG�ZDUP�ZKLWH�/('V�UHVSHFWLYHO\���(DFK�FKDQQHO�RI�OLJKW�
output is dimmable by an electronic board controller, and programmable by the computer to set 
WKH�OLJKW�LQWHQVLW\��WKHUHE\�UHDOL]LQJ�IURP�����N�WR�����N�LQ�KLJK�HI¿FLHQF\��IXOO�VSHFWUXP�DQG�FRORU�
UHQGHULQJ�DV�ZHOO��$OVR��WR�FUHDWH�D�EHWWHU�YLVXDOL]DWLRQ�RI�WKH�GLVWLQFW�FKDUDFWHULVWLFV�RI�WKH�/('�
lighting compared to traditional light sources, the second booth is installed as a reference platform 
ZLWK�ERWK�KDORJHQ�WXQJVWHQ�ODPSV�DQG�GD\OLJKW�ÀRUHVFHQW�ODPSV��YLD�LQWHUFKDQJLQJ�WKH�VZLWFK�WR�
VLPXODWH�WKH�ZDUP�OLJKW�DQG�FRRO�ZKLWH� LOOXPLQDWLRQ�HQYLURQPHQWV��:LWK�D�WUDGLWLRQDO� OLJKW�ERRWK�
DQG�/('�ERRWK�XQGHU�WKH�GDUNURRP��ZH�ZLOO�KDYH�D�ZLQGRZ�LQ�IURQW�RI�WKH�HDFK�ERRWK��VR�REVHU-
YHUV�FDQ�YLHZ�WKH�REMHFWV�IRU�YLVXDO�SHUFHSWLRQ�HLWKHU�DW�RQH�WLPH�IRU�YLVXDO�SHUFHSWLRQ�RI�GRLQJ�
FRPSDULVRQ�H[SHULPHQWV�RU�LQGLYLGXDO�SURSHUWLHV�RI�WKH�OLJKWLQJ�FRQGLWLRQV�WRZDUGV�KXPDQ�VXEMHFW��
7KH�ZDOOV�LQVLGH�WKH�ERRWKV�DUH�SDLQWHG�ZLWK�DOPRVW�SHUIHFW�UHÀHFWLQJ�GLIIXVLQJ�PDWHULDO�WR�FUHDWH�
WKH�XQLIRUP�LOOXPLQDWLRQ�HQYLURQPHQW�WR�VKLQH�WKH�FRORU�RI�REMHFWV�VXFK�DV�SDLQWLQJV��GUDZLQJV��RU�
SKRWRJUDSKV��IRU�HYDOXDWLRQ�RI�WKH�TXDOLW\�RI�/('�OLJKWLQJ�

Based on our designed LED booth with its comparison traditional light booth, we can practice both 
WKH�SK\VLFDO�PHDVXUHPHQW�DV�ZHOO�DV�LWV�YLVXDO�H[SHULPHQW�
$�YLUWXDO�UHDOLW\�VLPXODWLRQ�RI�QDWXUDO�OLJKW��OLJKW�RI�PRUQLQJ�VXQ��GD\OLJKW�DW�QRRQ��VXQVHW�JORZ�DQG�
HYHQLQJ�OLJKW�FDQ�EH�LPSOHPHQWHG��7KH�SHUIRUPDQFH�RI�/('�OLJKWLQJ�VLPXODWLRQ��VXFK�DV�OXPLQRXV�
HI¿FDF\��LOOXPLQDQFH��VSHFWUDO�GLVWULEXWLRQ��FRORU�WHPSHUDWXUH��FRORU�UHQGHULQJ�LQGH[��DQG�&�3��UD-
tio of circadian and photopic quantities) can be measured by a power meter, luxmeter and CCD 
VSHFWURUDGLRPHWHU��,W�DOVR�PDNHV�D�PDWFK�ZLWK�WKH�WUDGLWLRQDO�OLJKW�VRXUFHV��0RUHRYHU��VSHFWUDO�UH-
ÀHFWDQFH�RI�FULWHULD�REMHFWV�VHOHFWHG�IURP�VHYHUDO�W\SLFDO�SDLQWV�RU�PDWHULDOV�XVHG�LQ�DUW�ZRUNV�FDQ�
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EH�PHDVXUHG�WR�GHWHUPLQH�WKH�89�DQG�,5�GDPDJH�GHJUHH�RQ�WKH�PDWHULDOV��DQG�FRORU�DSSHDUDQFH�
DQG�FRORU�UHQGHULQJ�RI�/('�OLJKWLQJ�VRXUFHV�DV�ZHOO�DV�FRQYHQWLRQDO� ODPSV�WDNLQJ�LQWR�DFFRXQW�
FRORU�DGDSWLRQ�RI�HQYLURQPHQWDO�OLJKW�

,Q�DGGLWLRQ��KXPDQ�IDFWRU�H[SHULPHQWV�RI�YLVXDO�SHUFHSWLRQ�FDQ�EH�GRQH�IRU�HYDOXDWLRQ�RI�/('�OLJK-
ting simulating the natural light at different time-phase and traditional lighting, and the consistence 
comparing with physical measurement in the LED lighting booth and the traditional lighting booth.
'HWDLOHG�VWUXFWXUH�RI�OLJKWLQJ�ERRWKV��GDWD�RI�SK\VLFDO�PHDVXUHPHQW��UHVXOWV�RI�YLVXDO�SHUFHSWLRQ�
DQG�FRPSDUDWLYH�DQDO\VLV��ZLOO�EH�JLYHQ�LQ�WKH�SDSHU�
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PP063

LIGHT EMITTING DIODES IN MUSEUM LIGHTING - COLOR QUALITY REQUIREMENTS 

FOR VISITORS‘ ACCEPTANCE

Szabo, F., Csuti, P., Schanda, J.D.
'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ�DQG�,QIRUPDWLRQ�6\VWHPV��8QLYHUVLW\�RI�3DQQRQLD��9HV]S-
UpP��+XQJDU\��

,Q�PXVHXP�OLJKWLQJ�WKH�WZR�PRVW�LPSRUWDQW�UHTXLUHPHQWV�DUH�FRORXU�¿GHOLW\�DQG�DUW�SUHVHUYDWLRQ��
8S�WR�QRZ�WKH�XVH�RI�KDORJHQ�ODPSV�DQG�PHWDO�KDOLGH�ODPSV�ZLWK�VKRUW�ZDYHOHQJWK�FXW�RII�¿OWHUV�
ZHUH�WKH�VWDQGDUG�WHFKQLTXHV�WR�VROYH�WKHVH�UHTXLUHPHQWV��$SSO\LQJ�WKHVH�OLJKW�VRXUFHV��PXVH-
XPV�DV�ZHOO�DV�OLJKWLQJ�GHVLJQHUV�KDYH�WR�IRXQG�WKH�FRPSURPLVH�EHWZHHQ�PLQLPL]LQJ�LUUHYHUVLEOH�
GDPDJH�RI�DUWZRUN�DQG�WHFKQLFDO�IDFWRUV�DV�SUHIHUUHG�FRORXU�DSSHDUDQFH�DQG�HQHUJ\�HI¿FLHQF\��
:LWK�WKH�SRVVLELOLW\�RI�¿QHO\�WXQHDEOH�/('�OLJKW�VRXUFHV�WKH�XVH�RI�/('�OLJKWLQJ�RIIHUV�D�JRRG�DO-
WHUQDWLYH��DV�LW�LV�HDV\�WR�VDWLVI\�WKH�DUW�SUHVHUYDWLRQ�UHTXLUHPHQWV��E\�VHOHFWLQJ�/('V�ZLWK�OLWWOH��RU�
QR��89�DQG�,5�FRQWHQW��,W�LV�PRUH�GLI¿FXOW�WR�VROYH�WKH�FRORXU�¿GHOLW\�TXHVWLRQ�
2XU�ODERUDWRU\�KDV�WKH�WDVN�ZLWKLQ�DQ�(8�SURMHFW�WR�¿QG�EHVW�FRORXU�¿GHOLW\�OLJKWLQJ�IRU�WKH�QHZ�/('�
based indoor lighting system of Sistine Chapel. In the present paper steps to accomplish this task 
are described:

���7R�VKRZ�FRORXUHG�SDLQWLQJV�IUHVFRV� WKH�¿UVW�GHPDQG� LV� WR�VKRZ�WKHP�LQ�D� OLJKW�DV� WKH�DUWLVW�
KDV�VHHQ�WKHP��)RU�D�UHQDLVVDQFH�SDLQWLQJ�WKLV�ZRXOG�PHDQ�GD\OLJKW��7KH�FXUDWRUV�RI�WKH�9DWLFDQ�
0XVHXP�LQVLVWHG�WR�XVH�ORZHU�FRUUHODWHG�FRORXU�WHPSHUDWXUH�UDGLDWLRQ��SUHIHUDEOH�EHWZHHQ������
.�DQG������.��7KXV�RXU�WDVN�ZDV�GHWHUPLQLQJ�HTXLYDOHQW�FRORXUV�IRU�WKHVH�FRORXU�WHPSHUDWXUHV��
This was accomplished by using CAT02 chromatic adaptation transform for the colours in ques-
tion.

���$QRWKHU�SDUW�RI�RXU�LQYHVWLJDWLRQV�LV�WR�GHWHUPLQH�LGHDO�FRORXU�WHPSHUDWXUH�IRU�IUHVFR�OLJKWLQJ�
EHWZHHQ�����.�DQG�����.��7KLV�FDQ�EH�LQYHVWLJDWHG�RQ�VLWH�EDVHG�RQ�YLVXDO�REVHUYDWLRQV�RI�D�
professional group (curators, restaurateurs, artist, colour experts), by illuminating frescoes with 
WXQHDEOH�/('�OLJKW�VRXUFHV��7HVW�63'V�KDYH�WR�EH�RSWLPL]HG�WR�SURGXFH�WKH�VDPH�LOOXPLQDQFH�
OHYHO�RQ�IUHVFRHV�DQG�KDYH�VDPH�FRORXU�¿GHOLW\�YDOXHV��'LVWDQFH�IURP�3ODQFNLDQ�KDV�WR�EH�¿[HG�
for the SPDs with different CCT.

3. A pilot study showed that the pigments used in present colour rendering and colour preference 
SURJUDPV�GLIIHU�IURP�WKH�SLJPHQWV�XVHG�LQ�UHQDLVVDQFH�IUHVFRV��7KXV�D�FRORXU�¿GHOLW\�PHWULF�ZDV�
GHYHORSHG�XVLQJ� FRUUHFW� IUHVFR� UHÀHFWDQFH� VSHFWUD�� ,QYHVWLJDWLRQV� IRU� WKLV�ZHUH� SHUIRUPHG�RQ�
16th Century frescos.

���/('�VSHFWUDO�SRZHU�GLVWULEXWLRQ�KDV�WR�EH�RSWLPL]HG�IRU�WKLV�VSHFLDO�FRORXU�¿GHOLW\�PHWULF��3RV-
VLEOH�PD[LPXP�YDOXHV�RI�DFKLHYDEOH�FRORXU�¿GHOLW\� LQGH[�KDYH� WR�EH�GHWHUPLQHG� IRU�/('� OLJKW�
sources containing white phosphor LEDs and 4, 5, 6 kinds of supplementary narrow band LEDs. 
3RVVLEOH�SHDN�ZDYHOHQJWK�FRPELQDWLRQV�KDYH�WR�EH�LQYHVWLJDWHG�E\�YDU\LQJ�EOXH�DQG�UHG�SHDN�
ZDYHOHQJWKV�LQ�WKH�VSHFWUD�
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9LVXDO�WHVWV�DUH�QHHGHG�WR�FKHFN�YLVXDO�GLIIHUHQFHV�EHWZHHQ�WKH�FRORXU�DSSHDUDQFHV�RI�IUHVFRHV�
LQ�FDVH�RI�GLIIHUHQW�/('�FRPELQDWLRQV��$FFHSWDEOH�/('�VSHFWUXP�ZLWK�PLQLPDO�/('�SHDN�ZDYH-
OHQJWKV�KDV�WR�EH�LGHQWL¿HG�

���)RU�¿QDO�FKHFN� UHÀHFWDQFH�VSHFWUDO�PHDVXUHPHQWV�KDYH� WR�EH�SHUIRUPHG�ZLWKLQ� WKH�6LVWLQH�
Chapel as well. This will be done using a spectroradiometer, two imaging luminance and colo-
ULPHWHUV�DQG�VSHFLDO� OLJKW�VRXUFHV�IRU�SURYLGLQJ�WKH�QHHGHG�LOOXPLQDWLRQ�RI�WKH�GLIIHUHQW�VXUIDFH�
parts. To prepare this task colour measurements were done on reproductions found in books and 
RQ�WKH�,QWHUQHW��PDUNLQJ�WKH�FULWLFDO�SODFHV�RI�PHDVXUHPHQW��$V�D�E\�SURGXFW�WKH�FRORXU�¿GHOLW\�RI�
these reproductions was determined as well.

6. Based on the lighting system prepared for another museum lighting (Lenbachhaus) was further 
GHYHORSHG�WR�SURYLGH�IRU�HYHU\�PDMRU�FRORXU�RI� WKH�0LFKHODQJHOR� IUHVFRV�WKH�VPDOOHVW�SRVVLEOH�
colour shift.

7. A stability tests of the applied LEDs was performed to determine what temporal stability of the 
LQVWDOODWLRQ�FDQ�EH�H[SHFWHG��7KH�VWDELOLW\�WHVWV�ZLOO�DOVR�LQFOXGH�WHPSHUDWXUH�GHSHQGHQFH�LQYHVWL-
JDWLRQV�WR�JLYH�JXLGHOLQHV�IRU�WKH�DSSURSULDWH�FRROLQJ�V\VWHP�
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PP064

USING LED SOURCES FOR WORKS OF ART LIGHTING

Iacomussi, P.1, Piccablotto, G.2��5DGLV��0�1, Rossi, L.2, Rossi, G.1 
1.�,15,0��7RULQR��,WDO\�
2. Politecnico di Torino , Torino, Italy.

Nowadays, the use of Solid State Lighting (SSL) in work of art exposition and in particular in 
VKRZFDVHV��LV�EHFRPLQJ�PRUH�DQG�PRUH�IUHTXHQW��/('�OXPLQDULHV�¿W�LQVLGH�D�VKRZFDVH�IRU�WKHLU�
VPDOO�GLPHQVLRQV�DQG�VKDSHV��DQG�DUH�YHU\�DWWUDFWLYH�IRU�PXVHXP�PDQDJHUV�EHFDXVH�WKHLU�ORZ�
LPSDFW�RQ�HQHUJ\�FRQVXPSWLRQ�DQG�SURPLVHG�89�DQG�,5�FRQWURO��%XW�WKHLU�LPSDFW�RQ�FRQVHUYDWLRQ�
DQG�SHUFHSWLRQ�LV�QRW�DOZD\V�ZHOO�NQRZQ��WKH�FRORU�SHUFHSWLRQ�WKH\�JLYH�LV�YHU\�GLI¿FXOW�WR�SUHGLFW�
DQG�VWDQGDUG�PHWKRGV��IRU�FDOFXODWLQJ�WKHLU�FRORU�UHQGHULQJ��IDLO��&,(�LV�ZRUNLQJ�RQ�LW�DQG�VHYHUDO�
experiments are underway.

The goal of this study is not to suggest new methods for color rendering calculation in LED ligh-
WLQJ��EXW�WR�JLYH�SUDFWLFDO�LQGLFDWLRQV�WR�OLJKWLQJ�GHVLJQHUV�ZKHQ�XVLQJ�/('�VRXUFHV�LQ�DUW�H[SRVLWL-
RQ�DERXW�WKH�H[SHFWHG�FRORU�SHUFHSWLRQ�DQG�WKH�FRQVHUYDWLRQ�SHUIRUPDQFHV�
7KH�VWXG\�IROORZV�WZR�GLIIHUHQW�DSSURDFKHV��DQ�REMHFWLYH�FKDUDFWHUL]DWLRQ�RI�WKH�HOHPHQWV�RI�H[-
SRVLWLRQ��/('�VRXUFHV��ZRUNV�RI�DUW��DQG�D�VXEMHFWLYH�FKDUDFWHUL]DWLRQ�RI�ZRUNV�RI�DUWV�SHUFHSWLRQ�
:H�FRQVLGHUHG�
• two different LED sources (of cold and warm Correlated Color Temperature), widely used in 

works of arts exposition,
• WZR�GLIIHUHQW�³WUDGLWLRQDO´�OLJKWV�RI�WKH�VDPH�FRORU�WHPSHUDWXUH��&&7��RI�/('V��LQFDQGHVFHQW�

ODPS�DQG�D�ÀXRUHVFHQW�WXEH��
• six different hues (three cold and three warm colors) of tempera paints.

7KH�VSHFWUDO�UHÀHFWLRQ�IDFWRU�RI�WHPSHUD�SDLQWV�ZDV�PHDVXUHG�ZLWK�D�3HUNLQ�(OPHU�GRXEOH�EHDP�
spectrometer, while the spectral intensity distribution of all four lights with a Pritchard spectropho-
tometer.
)RXU�GLIIHUHQW�ZRUNV�RI�OLJKW�ZHUH�PDGH�ZLWK�GH¿QLWH�UXOHV�LQ�DUUDQJHPHQW��KDUPRQ\�DQG�VSDWLDO�
density of colors in order to obtain two cold dominant and two warm dominant paints.
The aim was to correlate spectral and colorimetric properties of tempera paints, with the works of 
DUWV�SHUFHSWLRQ�ZKHQ�OLJKWHG�E\�/('�DQG�³WUDGLWLRQDO´�VRXUFHV�
7KH�FRQVHUYDWLRQ�SURSHUWLHV�RI�OLJKW�VRXUFHV�ZHUH�DQDO\]HG�WRR��HYDOXDWLQJ�WKH�OLJKWLQJ�GRVH��WKH�
SURGXFW�RI�LOOXPLQDQFH�DQG�WLPH�RI�H[SRVLWLRQ��QHFHVVDU\�WR�FDXVH�D�YDULDWLRQ�RI�ǻ( ��LQ�WKH�¿UVW�
three scales of blue wool reference samples.

7KHQ��D�VXEMHFWLYH�H[SHULPHQW�ZDV�SHUIRUPHG�XVLQJ�WZR�HVSHFLDOO\�PDGH�REVHUYDWLRQ�ER[HV�
'XULQJ�WKH�WHVW�����VXEMHFWV�REVHUYHG�WZR�HTXDO�SRO\FKURPDWLF�FROG�RU�ZDUP�SDLQWV��FRPSDULQJ�
FRQFXUUHQWO\�WKHLU�SHUFHSWLRQ�ZLWK�/('�DQG�WUDGLWLRQDO�VRXUFHV��LQFDQGHVFHQW�RU�ÀXRUHVFHQW���,Q�
each trial the same two images were compared when lighted by the two sources (LED and Tradi-
WLRQDO��RI�WKH�VDPH�&&7��DW�HTXDO�LOOXPLQDQFH�YDOXHV�DQG�LOOXPLQDQFH�XQLIRUPLW\��6R�HYHU\�VXEMHFW�
performed 4 different trials: cold images lighted by cold and warm sources and the same for warm 



325

Abstracts

LPDJHV��GXULQJ�HDFK�WULDO�WKH�VXEMHFW�KDG�WR�¿OO�D����HQWULHV�TXHVWLRQQDLUH�LQ�RUGHU�WR�LQYHVWLJDWH�
his perception.

7KHQ�WKH�GHVFULSWLYH�UHVXOWV�RI�WKH�TXHVWLRQQDLUH�ZHUH�FRPSDUHG�ZLWK�REMHFWLYH�HYDOXDWLRQV��FRORU�
coordinates, saturation, color differences...). Therefore, not only the perception of a single color 
ZDV�LQYHVWLJDWHG��EXW�DOVR�WKH�VXEMHFWLYH�HYDOXDWLRQ�RI�WKH�LPDJH�UHQGHUHG�DV�D�ZKROH�DQG�KRZ�
the ratios among colors are affected by different light spectra.
7KH�UHVXOWV�VKRZHG�D�GLIIHUHQW�EHKDYLRU�ZKHQ�FROG�RU�ZDUP�&&7�/('V�OLJKW�FROG�RU�ZDUP�LPDJHV��
,Q�RUGHU�WR�JLYH�WR�OLJKWLQJ�GHVLJQHUV�DQG�PXVHXP�PDQDJHU�XVHIXO�GLUHFWLRQV��ZKHQ�/('�OLJKWLQJ�
LV�LQYROYHG�LQ�DUW�H[SRVLWLRQ��D�JXLGHOLQH
LV�SURSRVHG��$PRQJ�VHYHUDO�RWKHU� VXJJHVWLRQV��ZKHQ�/('�DUH�FRPSDUHG�ZLWK� WUDGLWLRQDO�� LW� LV�
possible to say:
• :DUP�&&7�/('� LPSURYHV� WKH�SHUFHSWLRQ�RI�VSDWLDO�XQLIRUPLW\�RI�D�SDLQW��HVSHFLDOO\� LQ�FROG�

paints
• /('V�DUH�SHUFHLYH�DV�FROGHU�OLJKW��HYHQ�LI�WKH�FRORU�WHPSHUDWXUH�LV�WKH�VDPH��ZKHQ�WKH\�OLJKW�

images of opposite dominant: i.e. when a warm LED lights a cold image, or a cold LED lights 
D�ZDUP�LPDJH��LV�SHUFHLYHG�DV�D�FROGHU�OLJKW�WKDQ�D�WKH�WUDGLWLRQDO�OLJKW��LQFDQGHVFHQW�RU�ÀXR-
rescent) of the same CCT

• :DUP�DQG�FROG�&&7�/('�LPSURYH�FRORU�SHUFHSWLRQ�RI�FROG�SDLQWV��:DUP�&&7�LPSURYH�EULOOL-
ance of cold paints

7KH�VWXG\�LV�D�¿UVW�VWHS�RI�D�PRUH�FRPSOH[�LQYHVWLJDWLRQ�DERXW�WKH�XVH�RI�/('�OLJKWLQJ�LQ�0XVH-
XP�WKDW�LQYROYHV�,15,0��3ROLWHFQLFR�GL�7RULQR�DQG�WKH�&RQVHUYDWLRQ�DQG�5HVWRUDWLRQ�&HQWUH�³/D�
9HQDULD�5HDOH´�
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Figure 1 - the two equal warm dominant paints used in the subjective experiment

)LJXUH�����WKH�WZR�REVHUYDWLRQ�ER[HV�ZLWK�WKH�ZDUP�SDLQWV�RQ��1RWH�WKH�ÀXRUHVFHQW�WXEH�
that lights the paint
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PP065

SUBJECTIVE AND OBJECTIVE ASSESSMENT ON LED LIGHTING QUALITY FOR MUSE-

UM SHOWCASES 

Pellegrino, A., Piccablotto, G., Aghemo, C.
Politecnico di Torino, Energy Department, Torino, Italy.

At present, the use of Solid State Lighting (SSL) in museum interior design, and in particular in 
showcases, is becoming increasingly more frequent.
7R�DGGUHVV�WKH�YLVLWRU¶V�DWWHQWLRQ�WRZDUGV�WKH�GLVSOD\HG�REMHFWV��VKRZFDVHV�DUH�RIWHQ�LQWHUQDOO\�
OLJKWHG��ZLWK�VHYHUDO�DGYDQWDJHV�DQG�GUDZEDFNV�FRQFHUQLQJ�WKH�FRQVHUYDWLRQ�DQG�IUXLWLRQ�RI�PX-
VHXP�FROOHFWLRQV��$FFRUGLQJ�WR�D�SURSHU�REMHFW�IUXLWLRQ�DQG�YLVXDO�FRPIRUW��OLJKWLQJ�V\VWHPV�ZLWKLQ�
VKRZFDVHV�VKRXOG�SURYLGH�KLJK�FRORXU�UHQGHULQJ��DSSURSULDWH�OLJKW�TXDQWLW\�DQG�GLVWULEXWLRQ��DV�
ZHOO�DV�DYRLGLQJ�JODUH�DQG�YLVXDO�GLVWUDFWLRQ�HIIHFWV��$GGLWLRQDOO\��VPDOO�VL]H�DQG�GLIIHUHQW�VSDWLDO�
DUUDQJHPHQW�RI�OLJKW�VRXUFHV�DUH�UHOHYDQW�WR�VKRZFDVHV�DQG�DOO�WKHVH�FULWHULD�VHHP�WR�EH�SRWHQWL-
DOO\�IXO¿OOHG�E\�WKH�ODWHVW�/('�JHQHUDWLRQV�

1HYHUWKHOHVV�WKHLU� LPSDFW�RQ�YLVXDO�SHUFHSWLRQ� LV�QRW�FRPSOHWHO\�NQRZQ��GXH�WR�GUDPDWLF�GLIIH-
UHQFHV�IURP�WUDGLWLRQDO�OLJKWLQJ�WHFKQRORJ\��3DUWLFXODUO\��WKH�LPSOLFDWLRQ�RI�/('�IHDWXUHV�RQ�YLVXDO�
FRPIRUW��VXFK�DV�KLJK�OXPLQRXV�LQWHQVLW\�DQG�VPDOO�HPLWWLQJ�DUHD��QHHGV�PRUH�LQYHVWLJDWLRQ�
7KLV�SDSHU�SUHVHQWV�WKH�UHVXOWV�RI�DQ�H[SHULPHQWDO�VWXG\�RQ�WHVWLQJ�WKH�SHUIRUPDQFH�RI�VHYHUDO�
LED lighting systems inside typical museum showcases.
7KH�PDLQ�JRDO�RI�WKH�UHVHDUFK�ZDV�WR�DVVHVV�WKH�OLJKWLQJ�TXDOLW\�SHUFHLYHG�E\�YLVLWRUV�IRU�/('V�
ZLWK�GLIIHUHQW�FRORXU� WHPSHUDWXUH��VSDWLDO�DUUDQJHPHQW�DQG� LOOXPLQDQFH� OHYHO�RQ�H[KLELWV� LQVLGH�
WKH�VKRZFDVH��,Q�SDUWLFXODU��WKH�DVVHVVPHQW�RI�OLJKWLQJ�DQG�YLVLELOLW\�FRQGLWLRQV�ZDV�IRFXVHG�RQ�
REMHFWLYH�DQG�VXEMHFWLYH�PHDVXUHPHQWV��UHVSHFWLYHO\�EDVHG�RQ�OXPLQDQFH�PHWULFV�DQG�HYDOXDWLRQ�
VXUYH\V�WKURXJK�TXHVWLRQQDLUH�

$�³IUHH�VWDQGLQJ�LVODQG´�VKRZFDVH�ZDV�VHOHFWHG�DPRQJ�RWKHU�W\SRORJLHV�DV�LW�LV�IUHTXHQWO\�XVHG�
IRU�WHPSRUDU\�H[KLELWV��6LQFH�LW�FDQ�EH�YLHZHG�IURP�PRUH�VLGHV��OLJKW�SRLQWLQJ�LV�DOVR�FKDOOHQJLQJ�
Two types of white LED with same luminescence method (blue LED + phosphor deposition) and 
GLIIHUHQW�FRORXU�WHPSHUDWXUH�������.�DQG������.��ZHUH�XVHG�LQ�WKUHH�OLJKW�¿WWLQJ�OD\RXWV�LQVLGH�WKH�
VKRZFDVH��0RUH�VSHFL¿FDOO\��/('�VRXUFHV�ZHUH�SRVLWLRQHG�RQ�WKH�EDVH�FRUQHUV�RI�WKH�H[KLELWLRQ�
YROXPH��OD\RXW����OLJKWLQJ�IURP�EHORZ���LQ�WKH�PLGGOH�RI�HDFK�VLGH�RI�WKH�EDVHPHQW��OD\RXW�����OLJK-
WLQJ�IURP�EHORZ��DQG�DW�WKH�WRS�FRUQHUV�RI�WKH�H[KLELWLRQ�YROXPH��OD\RXW�����OLJKWLQJ�IURP�DERYH���
'XULQJ�WKH�H[SHULPHQW��/('�VRXUFHV�ZHUH�GLPPHG�LQ�RUGHU�WR�DFKLHYH�GLIIHUHQW�LOOXPLQDQFH�YDOXHV�
RQ�WKH�H[KLELW¶V�VXUIDFHV�����O[������O[������O[���$�FRORXUHG�HQDPHO�VWDWXHWWH�ZDV�LQVHUWHG�LQ�WKH�
H[KLELWLRQ�YROXPH�DV�WDUJHW�WR�DVVHVV�REMHFWV�YLVLELOLW\�

7KH�DVVHVVPHQW�RI�OLJKWLQJ�DQG�YLVLELOLW\�FRQGLWLRQV�ZDV�¿UVWO\�IRFXVHG�RQ�OXPLQDQFH�EDVHG�OLJKWLQJ�
TXDOLW\�PHWULFV��HYDOXDWLQJ�OLJKW�GLVWULEXWLRQ�RQ�H[KLELW�DQG�LQ�VKRZFDVH��DQG�DVVHVVLQJ�GLVFRPIRUW�
JODUH�IRU�YLVLWRUV��$�VLQJOH�REVHUYDWLRQ�SRLQW�ZDV�DVVXPHG�LQ�WKLV�SKDVH�RI�WKH�VWXG\��ZLWK�WKH�OLQH�
RI�VLJKW�GLUHFWHG�WRZDUGV�WKH�FHQWUH�RI�WKH�WDUJHW��¿JXUH�����/XPLQDQFH�LPDJHV�RI�WKH�H[KLELWLRQ�
YROXPH�ZHUH�DFTXLUHG�XVLQJ�DQ�,PDJLQJ�/XPLQDQFH�0HDVXUHPHQW�'HYLFH��,/0'���7KH�OXPLQDQFH�
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images corresponding to each layout were then processed to obtain synthetic and comparable 
LQIRUPDWLRQ�DERXW�YLVLELOLW\�FRQGLWLRQV�

&RQFHUQLQJ�WKH�HYDOXDWLRQ�VXUYH\��WKH�TXHVWLRQQDLUH�ZDV�EDVHG�RQ�IRXU�VHFWLRQV��,Q�WKH�¿UVW�DQG�
VHFRQG�VHFWLRQ�VHPDQWLF�GLIIHUHQWLDO�VFDOHV�ZHUH�XVHG�WR�DVVHVV�UHVSHFWLYHO\�WKH�OLJKWLQJ�TXDOLW\�
RI� WKH�ZKROH�H[KLELWLRQ�YROXPH�DQG� WKH�H[KLELW��7KH� WKLUG�VHFWLRQ�ZDV� UHODWHG� WR� UHÀHFWLRQV�RQ�
VKRZFDVH¶V�JOD]LQJ�SDQHOV�FDXVHG�E\�/('�¿WWLQJV��ZKLOVW� WKH�IRXUWK�VHFWLRQ�FRQFHUQHG�WKH�DV-
VHVVPHQW�RI�GLUHFW�JODUH�XVLQJ�D�FDWHJRU\�VFDOH�FRUULVSRQGLQJ�WR�8*5�YDOXHV�

$�SDQHO�RI����REVHUYHUV��PDLQO\�SDLQWLQJ�UHVWRUHUV�IURP����WR����\HDUV�ROG��ZDV�LQYROYHG�LQ�WKH�
VWXG\��HDFK�REVHUYHU�ZDV�HQJDJHG�LQ�VHYHUDO�WULDOV�FRQFHUQLQJ�WKH�GLIIHUHQW�OLJKW�¿WWLQJ�OD\RXWV�
7KH�PDLQ�¿QGLQJV�ZHUH�UHODWHG�WR�TXDOLW\�DQG�TXDQWLW\�IDFWRUV�VXFK�DV�WKH�SOHDVDQWQHVV�RI�WKH�
OLJKWLQJ�VFHQH�DQG�WKH�FRORXU�GHWDLO�GLVFULPLQDWLRQ�RQ�WKH�WDUJHW�ZLWK�UHVSHFW�WR�LOOXPLQDQFH�YDOXHV��
FRUUHODWHG�FRORXU�WHPSHUDWXUH�RI�/('�VRXUFHV�DQG�WKHLU�VSDWLDO�DUUDQJHPHQW��OLJKW�¿WWLQJ�OD\RXWV��
$�UHODWLRQVKLS�EHWZHHQ�WKH�VXEMHFWLYH�HYDOXDWLRQ�RI�JODUH�DQG�WKH�FRUUHODWHG�FRORXU�WHPSHUDWXUH�
RI�/('�VRXUFHV�ZDV�IRXQG��DQG�WKH�LPSDFW�RI�/('�VSDWLDO�DUUDQJHPHQW�RYHU�JODUH�ZDV�RXWOLQHG�
)XUWKHU�UHVHDUFK�RQ�WKH�YDOLGLW\�RI�8*5�LV�FXUUHQWO\�EHLQJ�FDUU\LQJ�RXW��FRPSDULQJ�WKH�JODUH�UDQN�
RUGHU�REWDLQHG�E\�WKH�VXEMHFWLYH�VXUYH\�ZLWK�WKH�8*5�UHVXOWV�REWDLQHG�E\�OXPLQDQFH�PHWULFV�
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PP066

MUSEUM OBJECTS ON THE INTERNET, IN PRINT AND IN REALITY

Sik Lanyi, C., Schanda, J.D., Nagy, E.
(OFWULFDO�(QJLQHHULQJ�DQG�,QIRUPDWLRQ�6\VWHPV��8QLYHUVLW\�RI�3DQQRQLD��9HV]SUHP��+XQJDU\�

,W�ZDV�QHYHU�SRVVLEOH�WR�YLVLW�DOO�WKH�ELJ�PXVHXPV�DURXQG�WKH�ZRUOG��SULQWHG�FRSLHV�DQG�UHFHQWO\�
LPDJHV�RQ�WKH�,QWHUQHW�SURYLGHG�D�SRVVLELOLW\�WR�JHW�VRPH�±�LI�RQO\�IDLQW�±�LPSUHVVLRQ�RI�WKH�REMHFWV�
RI�DUW��:LWK�LQFUHDVLQJ�SULQWLQJ�TXDOLW\�DQG�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�YLVXDO�SHUFHSWLRQ�TXHVWLRQV�
RI�GLJLWDO�FRORXU�UHSURGXFWLRQ�RQH�KDV�KRSHG�WR�EH�DEOH�WR�SURYLGH�LPDJH�TXDOLW\�LQ�SULQW�DQG�RQ�WKH�
Internet that gets nearer to reality. To test present day colour quality we studied how well is colour 
UHSURGXFHG�IRU�WKH�IUHVFRV�RI�WKH�6LVLWLQH�&KDSHO�LQ�WKH�9DWLFDQ���7KLV�ORFDWLRQ�ZDV�VHOHFWHG�DV�
ZH�KRSH�WKDW�E\�WKH�SUHVHQWDWLRQ�RI�WKLV�ZRUN�LQ�3DULV�ZH�ZLOO�KDYH�WKH�FRORULPHWULF�YDOXHV�RI�WKH�
original frescos as well.)

,PDJHV�KDYH�EHHQ�FROOHFWHG�ERWK�IURP�ERRNV�DQG�SXEOLFDWLRQV�IURP�WKH�,QWHUQHW��DQG�VRPH�FULWLFDO�
DUHDV�RI�WKH�LPDJHV�KDYH�EHHQ�FRORULPHWULFDOO\�HYDOXDWHG��,Q�WKLV�UHVHDUFK�ZH�VHOHFWHG����IUHVFRV�
of Sistine Chapel, measuring always the same points of the frescos, taking the pictures from the 
WZR�UHSURGXFWLRQ�ERRNV�DQG�IURP�WZR�,QWHUQHW�SURYLGHUV��$Q�(\H�2QH�VSHFWURSKRWRPHWULF�FRORUL-
PHWHU�ZDV�XVHG�IRU�WKH�KDUG�FRS\�PHDVXUHPHQWV��'DWD�KDYH�EHHQ�WUDQVIRUPHG�WR�WKH�&,(/$%�
V\VWHP�IRU�FRORXU�GLIIHUHQFH�HYDOXDWLRQ��)RU�WKH�,QWHUQHW�LPDJHV�ZHUH�ORDGHG�LQWR�3KRWRVKRS�DQG�
VXSSRVLQJ�V5*%�FRORXU�WKH�LQWHUQDO�/��D��E�UHSUHVHQWDWLRQ�RI�WKH�V\VWHP�ZDV�XVHG���2EMHFWV�
of skin, hair, grass, sky, foliage, clothes etc. were measured. Approximately 3000 measurements 
ZHUH�PDGH��:H�FRPSDUHG�WKH�PHDVXUHG�YDOXHV�RI�WKH�SLFWXUHV�RI�WKH�WZR�ERRNV�DQG�WKH�WZR�,Q-
ternet sources. Figure 1 shows for example the points of brown hair in different pictures. Figure 
��VKRZV�IRU�H[DPSOH�WKH�SRLQWV�RI�VNLQ�LQ�GLIIHUHQW�SLFWXUHV�SDLQWHG�E\�0LFKHODQJHOR��$V�FDQ�EH�
VHHQ�WKH�FRORXUV�XVHG�E\�GLIIHUHQW�SDLQWHUV�DQG�LQ�GLIIHUHQW�IUHVFRV�RYHUODS�FRQVLGHUDEO\��7KH�GH-
termination of the colour differences to the originals is still under way at the time of submitting this 
Abstract. From the Internet and hard-copy comparisons one can state that the quality of colour 
reproduction in the Internet has became much better as found a few years ago, when we tested 
WKH�IRUW�FRS\�DQG�KDUG�FRS\�DUWLIDFWV�RI�VRPH�/HRQDUGR�DQG�YDQ�*RXJK�SLFWXUHV����

References:

1Sik Lanyi C., Sik A., Sik G., Schanda J.: Colour Fidelity in Reproductions and Popular Images, 
$,&������&RORXU�±�(IIHFWV�	�$IIHFWV��������-XQH������LQ�6WRFNKROP��6ZHGHQ�&RORXU�DQG�HGXFD-
tion: Ideas, inspiration, examples. pp. 211-212
�6LN�/iQ\L�&���6FKDQGD�-���$QDO\VLQJ�WKH�&RORXUV�RI�WKH�9LUWXDO�5HDOLW\�0XVHXP¶V�3LFWXUH��$FWD�
Polytechnica Hungarica, 2011, 8(5):137-150, http://www.uni-obuda.hu/journal/Issue31.htm
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Figure 1 - Colours of brown hair

Figure 2 - Skin colours painted by Michelangelo



331

Abstracts

PP067

DYNAMIC LIGHTING SYSTEM WITH LOW CORRELATED COLOUR TEMPERATURE AND 

HIGH COLOUR RENDERING INDEX FOR MUSEUM LIGHTING OF FRAGILE ARTIFACTS

Thorseth, A., Corell, D.D., Poulsen, P.B., Dam-Hansen, C.
'78�)RWRQLN��7HFKQLFDO�8QLYHUVLW\�RI�'HQPDUN��5RVNLOGH��'HQPDUN�

Objective

Illumination of fragile and irreplaceable historical objects exhibited to the public presents multiple 
challenges. The colour rendering is often of high importance due to the aesthetic and artistic na-
WXUH�RI�WKH�REMHFWV��7KH�OLJKW�OHYHO�DQG�EOXH�OLJKW�FRQWHQW�PXVW�EH�ORZ�LQ�RUGHU�QRW�WR�H[FHVVLYHO\�
GHJUDGH�WKH�REMHFWV�WKURXJK�SKRWRFKHPLFDO�UHDFWLRQV��FRQVLGHULQJ�WKDW�WKH�VSHFWUDO�VHQVLWLYLW\�RI�
PRVW�PDWHULDOV� LQFUHDVHV�GUDPDWLFDOO\�ZLWK� VKRUWHU�ZDYHOHQJWKV��&KDQJHV� LQ� WHPSHUDWXUH�DQG�
humidity due to on/off cycles of lighting can also be harmful to the exhibited objects. Further con-
VLGHUDWLRQV�DUH�WKH�LQFUHDVHG�QHHG�IRU�HQHUJ\�HI¿FLHQF\�LQ�JHQHUDO��DQG�WKH�GHFUHDVLQJ�DYDLODELOLW\�
of traditional incandescent light sources with high colour rendering.

Methods

:H�SUHVHQW�D�/('�OLJKWLQJ�V\VWHP�IRU�LOOXPLQDWLRQ�RI�KLVWRULFDO�DUWLIDFWV�LQ�GLVSOD\�FDVHV�DW�PXVH-
XPV�DQG�RWKHU�H[KLELWLRQV��ZKLFK�FDQ�UHSODFH�����:DWW�LQFDQGHVFHQW�OLJKW�EXOEV�ZLWK�D�FRUUHODWHG�
FRORXU�WHPSHUDWXUH��&&7��DURXQG������.��ZLWK�D�GHFUHDVH�LQ�HQHUJ\�FRQVXPSWLRQ�RI�XS�WR�������
7KH�GHVLJQ�LV�EDVHG�RQ�IXUWKHU�GHYHORSPHQW�RI�D�V\VWHP�WKDW�ZDV�EXLOW�LQ�FROODERUDWLRQ�ZLWK�WKH�
5R\DO�'DQLVK�&ROOHFWLRQV�DW�WKH�WUHDVXU\�DW�5RVHQERUJ�&DVWOH��LQ�&RSHQKDJHQ��'HQPDUN�>�@��$Q�
H[DPSOH�RI�D�GLVSOD\�FDVH�FDQ�EH�VHHQ�LQ�)LJXUH����:H�H[SHFW�WR�EH�DEOH�WR�LQVWDOO�WKH�RSWLPL]HG�
system in a similar exhibition. Simulations show colour rendering index (CRI) at low CCT for a 
EURDG�UDQJH�RI�/('�SXOVH�ZLGWK�PRGXODWLRQ��3:0��VHWWLQJV��VHH�)LJXUH�����7KHVH�VLPXODWLRQV�
VKRZ�DQ�LPSURYHPHQW�RI�WKH�FRORXU�UHQGHULQJ�LQGH[�FRPSDUHG�WR�WKH�V\VWHP�GHVFULEHG�DERYH�
The system is built as a tri-colour LED system. It is comprised of an extreme warm white LED 
at 2233 K with a Ra of 83.9 and a R9 of 29.7, a cyan LED at 505 nm and a deep red at 663 nm 
�SHDN���7KLV�FRPELQDWLRQ�HQDEOHV�VSHFWUD�ZKLFK�DUH�YHU\�FORVH�WR�WKH�EODFNERG\�UDGLDWRU�IRU�ORZ�
CCT and high Ra and R9. Since the system is free of metamerisms all possible linear combina-
WLRQV�KDYH�EHHQ�VLPXODWHG�DQG�FKDUDFWHUL]HG�ZLWK�UHJDUGV�WR�&&7��5D��5���FKURPDWLFLW\�GLVWDQFH�
�'XY���7KH�FKDUDFWHUL]DWLRQ�RI�WKH�FRORXU�UHQGHULQJ�SURSHUWLHV�DFFRUGLQJ�WR�WKH�FRORXU�TXDOLW\�VFDOH�
ZLOO�DOVR�EH�LQYHVWLJDWHG��6RPH�RI�WKH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUH���DV�D�IXQFWLRQ�RI�WKH�WZR�YDUL-
DEOHV�ZKLFK�GHVFULEH�WKH�3:0�YDOXHV�IRU�WKH�F\DQ�DQG�UHG�/('��'HSLFWHG�LV�WKH�JHQHUDO�FRORXU�
UHQGHULQJ�LQGH[���5D��)LJXUH��D���WKH�VSHFLDO�&5,�5��±�VWURQJ�UHG��)LJXUH��E���WKH�&&7��)LJXUH��F��
DQG�WKH�'XY��)LJXUH��G���+HUH�LW�LV�VHHQ�WKDW�WKH�UHVXOWLQJ�&&7�UDQJH�IURP������WR������.�ZLWK�5D�
UDQJLQJ�IURP����WR�����7KLV�LV�FRPELQHG�ZLWK�ORZ�'XY�YDOXHV�DQG�KLJK�5��YDOXHV��VLJQLI\LQJ�WKDW�
red, golden and white objects are rendered satisfactory.

Discussion

Low CCT incandescent lighting has traditionally been chosen for this application due to the low 
FRQWHQW�RI�GDPDJLQJ�ORZ�ZDYHOHQJWK�UDGLDWLRQ�DQG�DWWUDFWLYH�FRORXU�UHQGHULQJ�RI�UHGGLVK�DQG�JRO-
GHQ�REMHFWV��+RZHYHU��WKH�UHQGLWLRQ�RI�EOXH�FRORXUHG�REMHFWV�LV�VHYHUHO\�OLPLWHG�LQ�LQFDQGHVFHQW�
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OLJKWLQJ�DW�YHU\�ORZ�&&7��GXH�WR�WKH�ORZ�FRQWHQW�RI�EOXH�OLJKW� LQ�WKH�VSHFWUDO�SRZHU�GLVWULEXWLRQ��
,QFUHDVLQJ�WKH�&&7�LV�SUREOHPDWLF�VLQFH�VKRUW�ZDYHOHQJWK�OLJKW�KDV�DQ�H[SRQHQWLDOO\�JUHDWHU�GH-
teriorating effect on fragile artifacts. Accordingly there is a tradeoff between the colour rendering 
SHUIRUPDQFH�DQG�FRQVHUYDWLRQDO�FRQFHUQV�ZLWK�UHJDUGV�WR�WKLV�W\SH�RI�OLJKWLQJ�
:LWK�WKH�/('�OLJKWLQJ�V\VWHP�SUHVHQWHG�LQ�WKLV�SDSHU��ZH�KRSH�WR�GHFUHDVH�WKH�SUREOHPV�DVVR-
FLDWHG�ZLWK� WKLV� WUDGHRII��DV� WKH�EOXH�FRQWHQW�ZLOO�EH�PRYHG� WRZDUGV� ORQJHU�ZDYHOHQJWKV��ZKLOH�
maintaining acceptable light quality. Furthermore, the CCT will be tunable, and makes it possible 
IRU�FXUDWRUV�WR�¿QG�DQ�RSWLPXP�EHWZHHQ�VXI¿FLHQW�FRORXU�UHQGHULQJ�RI�EOXH�WRQHG�REMHFWV�DQG�PL-
QLPL]DWLRQ�RI�WKH�GHJUDGDWLRQ�FDXVHG�E\�ORZ�ZDYHOHQJWK�OLJKW��6HFRQGDULO\�LW�KDV�EHHQ�VXJJHVWHG�
that the preferred chromaticity of low CCT illumination is situated below the Planckian locus. This 
FDQ�EH�DFFRPPRGDWHG�E\�WKH�V\VWHP�DQG�ZLOO�EH�LQYHVWLJDWHG�IXUWKHU�
Due to the distance between the differently coloured light sources, a patented hemispherical diffu-
VLQJ�UHÀHFWRU�LV�XVHG�IRU�FRORXU�PL[LQJ��7KLV�HQDEOHV�D�YHU\�KLJK�GHJUHH�RI�XQLIRUPLW\�LQ�WKH�OLJKWLQJ�
¿HOG�DQG�PLQLPL]HV�FRORXUHG�VKDGRZV�LQ�WKH�GLVSOD\�FDVHV�

Conclusion

:LWK�WKH�SUHVHQWHG�/('�V\VWHP�LW�LV�SRVVLEOH�WR�DFKLHYH�ZDUP�ZKLWH�OLJKW�WR�UHSODFH�ORZ�ZDWWDJH�
LQFDQGHVFHQW�EXOEV��&RORXU�UHQGHULQJ�SURSHUWLHV�RI�WKH�OLJKW�KDYH�YHU\�KLJK�YDOXHV�RI�5D�DQG�5��
comparable to that of incandescent bulbs. Furthermore it is possible to tune the CCT of the light 
VRXUFH�IRU�VSHFL¿F�QHHGV�
7KLV�ZRUN�LV�VXSSRUWHG�E\�WKH�'DQLVK�$JHQF\�IRU�6FLHQFH��7HFKQRORJ\�DQG�,QQRYDWLRQ�XQGHU�WKH�
'DQLVK�/LJKWLQJ�,QQRYDWLRQ�1HWZRUN�

References

>�@$��7KRUVHWK��'��'��&RUHOO��3��%��3RXOVHQ��6��6��+DQVHQ��DQG�&��'DP�+DQVHQ��Ä0XVHXP�OLJKWLQJ�
for golden artifacts, with low correlated color temperature, high color uniformity and high color 
UHQGHULQJ�LQGH[��XVLQJ�GLIIXVLQJ�FRORU�PL[LQJ�RI�UHG��F\DQ��DQG�ZKLWH�OLJKW�HPLWWLQJ�GLRGHV�³�LQ�,Q-
ternational Society for Optics and Photonics, 2012, pp. 82781N-- 82781N.
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Figure 1 - An example of the display case, containing gold objects, illuminated by the 

LED system installed at Rosenborg Castle in Copenhagen

Figure 2 - Properties of the tri-colour system in the relevant PWM ranges
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D3 - Interior Lighting

Daylight
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PP069

EFECT OF COLOUR TEMPERATURE ON HUMAN DEPENDING ON WEATHER, DAYLIGHT 

AND TIME - FIELD STUDY IN A SCHOOL

Tralau, B.1, Schierz, C.2

1. Zumtobel Lighting, Dornbirn, Austria.
2.�7HFKQLFDO�8QLYHUVLW\�RI�,OPHQDX��,OPHQDX��*HUPDQ\�

1. Motivation

7KH�LQFUHDVLQJ�GHPDQG�IRU�HQHUJ\�HI¿FLHQF\�UHSUHVHQWV�D�FKDOOHQJH�IRU�WKH�GHYHORSPHQW�RI�OLJK-
WLQJ� V\VWHPV� DQG� OLJKWLQJ� GHVLJQ��%HVLGHV� LQFUHDVLQJ� HI¿FLHQF\� RI� OLJKWLQJ� DQG� ODPSV�� OLJKWLQJ�
FRQWURO�EHFRPHV�XVHG�PRUH�RIWHQ�WR�VDYH�DGGLWLRQDO�HQHUJ\��7KH�ELJJHVW�VDYLQJ�SRWHQWLDO�LV�WKH�
use of daylight. Therefore currently a lot of systems are used that measure daylight entry in the 
LQWHULRU�DQG�DGG�DUWL¿FLDO�OLJKW�LQ�D�ZD\�WKDW�D�FRQVWDQW�OLJKWLQJ�OHYHO�LV�DFKLHYHG�
%XW�GD\OLJKW�KDV�PRUH�DGYDQWDJHV��)URP�PDQ\�VWXGLHV�ZKLFK�ZKHUH�FRQGXFWHG�DW�RI¿FH�ZRUN-
places, we know that there is a strong preference for workplace illumination with daylight. On 
WKH�RQH�KDQG�WKLV�LQYROYHV�WKH�YLHZ�RXW�RI�D�ZLQGRZ�DQG�RQ�WKH�RWKHU�KDQG�WKH�GD\OLJKW�LWVHOI��,Q�
addition to the continuous light spectrum of daylight, the constant changing in light colour, light 
GLUHFWLRQ�DQG�LQWHQVLW\�DGGV�XS�WR�D�YHU\�VSHFLDO�FKDUDFWHULVWLF�
/LJKW��HVSHFLDOO\�GD\OLJKW��DOVR�IXO¿OV�D�QRQ�YLVXDO�IXQFWLRQ��,W�DFWV�DV�D�FORFN�IRU�WKH�KXPDQ�FLU-
cadian rhythm. Responsible for that are receptors on the retina of the human eye, which react 
SULPDULO\�RQ�EOXLVK�OLJKW��0DQ\�FXUUHQW�VWXGLHV�IRFXV�RQ�WKH�HIIHFW�RI�OLJKW�FRORXU�RQ�WKH�ZHOO�EHLQJ�
and performance of humans - and on long-term effects. As a result dynamic lighting controls for 
DUWL¿FLDO�OLJKW�DUH�GHYHORSHG��2IWHQ�WKH�G\QDPLFV�DUH�EDVHG�RQ�W\SLFDO�YDULDWLRQ�RI�QDWXUDO�GD\OLJKW�
RU�RQ�WKH�KXPDQ�SHUIRUPDQFH�FXUYH��

2. Problem 

%RWK�DSSURDFKHV�IRU�WKH�XVH�RI�OLJKWLQJ�FRQWURO�RI�DUWL¿FLDO�OLJKW�RYHU�WLPH�KDYH�GLIIHUHQW�JRDOV��WKH�
reduction of energy consumption on the one hand and the support of the human circadian rhythm 
RQ�WKH�RWKHU�KDQG��%RWK�KDYH�GLVDGYDQWDJHV�IURP�D�XVHU�SRLQW�RI�YLHZ�DQG�DUH�UDUHO\�DFFHSWHG�
One main reason for this is usually the light colour. 
'LIIHUHQW�FRORXU�FRPELQDWLRQV�RI�WKH�LQWHULRU�OLJKWLQJ�ZLWK�GD\OLJKW��ZKLFK�YDU\�GHSHQGLQJ�RQ�GD\WLPH�
or weather are the result of automated lighting control. Depending on the room shape, window 
RSHQLQJV�DQG�VHDWLQJ�SRVLWLRQ�GLIIHUHQW�DGDSWDWLRQ�VWDWHV�DUH�WKH�RXWFRPH��LQÀXHQFLQJ�WKH�HYDOXD-
tion of the light colour and light colour combinations. Changes in habitual lighting conditions affect 
user perception of the current lighting situation. 
7KH�DLP�RI�WKLV�WKHVLV�LV�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�OLJKW�FRORXU�DQG�OLJKW�FRORXU�FRPELQDWLRQV�LQ�
WHUPV�RI�XVHU�DFFHSWDQFH��OLJKWLQJ�TXDOLW\�DQG�HQHUJ\�HI¿FLHQF\���DQG�WR�LPSOHPHQW�WKH�UHVXOWV�LQ�
UHFRPPHQGDWLRQV�RQ�FRQWURO�VWUDWHJLHV�IRU�DUWL¿FLDO�OLJKW��

3. Theoretical framework

3UHYLRXV�NQRZOHGJH�DERXW�WKH�HIIHFW�RI�OLJKW�FRORXU�DQG�OLJKW�FRORXU�FRPELQDWLRQ�JRHV�EDFN�WR�WKH�
Ã��V��ZKHQ�WKH�ÀXRUHVFHQW�ODPSV�ZHUH�LQWURGXFHG��6WDUWLQJ�ZLWK�WKLV�QHZ�WHFKQRORJ\�LW�ZDV�SRVVL-
ble to choose the colour of lighting in interior rooms. 
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7KH�TXHVWLRQ�RI�KRZ�GLIIHUHQW�FRORXU�WHPSHUDWXUHV�VKRXOG�EH�XVHG�LQ�SUDFWLFH�ZDV�¿UVW� LQYHVWL-
JDWHG�E\�.UXLWKRI���+H�IRXQG�WKDW�FRORXU�WHPSHUDWXUH���GHSHQGLQJ�RQ�LOOXPLQDWLRQ�OHYHO���PXVW�EH�
ZLWKLQ�FHUWDLQ� OLPLWV��RWKHUZLVH� LW�ZLOO�EH� IHOW�XQSOHDVDQW��0RUHRYHU��DFFRUGLQJ� WR�.UXLWKRI�D� ORZ�
LOOXPLQDWLRQ�OHYHO�RI�OLJKWLQJ�EHORQJV�WR�D�ORZ�FRORXU�WHPSHUDWXUH�DQG
D�KLJK�LOOXPLQDWLRQ�OHYHO�EHORQJV�WR�D�KLJK�FRORXU�WHPSHUDWXUH��8QWLO�WRGD\�WKH�ZRUN�RI�.UXLWKRI�LV�
highly accepted among experts.
%XW� .UXLWKRIµV� UHVXOWV� DUH� DOVR� VXEMHFW� WR� VFLHQWL¿F� FULWLFLVP�� )RU� H[DPSOH� 'DYLV�� %RGPDQQ��
Newsman, Cockram, Boyce and others could present results later that contradict the simple con-
WH[W�RI�WKH�Ä.UXLWKRI�FXUYH³��7KH\�UHYHDOHG�WKDW�IRU�WKH�SUHIHUHQFH�RI�DQ�LOOXPLQDWLRQ�LQ�WKH�LQWHULRU�
WKH�LOOXPLQDWLRQ�OHYHO�LV�D�PRUH�LPSRUWDQW�IDFWRU�WKDQ�WKH�OLJKW�FRORXU�LWVHOI��(YHU\�OLJKWLQJ�VLWXDWLRQ��
EXW�HVSHFLDOO\�WKH�OLJKW�FRORXU��LV�MXGJHG�LQGLYLGXDOO\�KLJKO\�GLIIHUHQWLDWHG�DQG�HPRWLRQDOO\��
,Q�WKH�SURMHFW�Ä+DUPRQLRXV�OLJKW³�)OHLVFKHU�LQYHVWLJDWHG�WKH�HIIHFW�RI�OLJKW�FRQGLWLRQ�FKDQJHV�RQ�
WKH�KXPDQ�HPRWLRQDO�VWDWH��,Q�DGGLWLRQ�WKH�VWXG\�REVHUYHG�WKH�HIIHFW�RI�H[WHUQDO�IDFWRUV�VXFK�DV�
ZHDWKHU��DFWLYLW\�RU�WKH�FLUFDGLDQ�UK\WKP�FRUUHVSRQGLQJ�WR�WKH�GD\WLPH�RU�WKH�VN\�VLWXDWLRQ��7KH�¿Q-
GLQJV�VXJJHVW�WKDW�G\QDPLF�OLJKWLQJ�V\VWHPV�KDYH�D�SRVLWLYH�HIIHFW�RQ�SHRSOH¶V�PRRG��0RUHRYHU��
$OGZRUWK�DQG�%ULGJHV�FRXOG�SURRI�WKDW�YDULDEOH�OLJKWLQJ�RSWLRQV�DUH�XVXDOO\�SUHIHUUHG�RYHU�VWDWLF�
situations. 
(VVHQWLDO�UHTXLUHPHQWV�IRU�FRQWURO�VWUDWHJLHV�RI�G\QDPLF�OLJKWLQJ�V\VWHPV�KDYH�EHHQ�IRUPXODWHG�
E\�%LHVNH��6KH�FRQGXFWHG�VWXGLHV�RQ�WKH�YDULDWLRQ�RI�OLJKW�FRORXU�
In the context of this work, the fundamental studies on the effect of light colour and light colour 
YDULDWLRQ�FDQ�EH�H[SDQGHG���WR�SURYLGH�HYLGHQFH�RI�WKH�HIIHFW�RI�ORFDO�OLJKW�FRORXU�FRPELQDWLRQV�
GHSHQGLQJ�RQ�YDULRXV�SDUDPHWHUV�VXFK�DV�WLPH�RI�GD\��GD\OLJKW�DQG�ZHDWKHU��

4. Method

7KLV�SDSHU�SUHVHQWV�D�¿HOG�VWXG\�ZKLFK�ZDV�VHW�XS�LQ�D�VFKRRO�LQ�,QQVEUXFN��$XVWULD���
:LWKLQ�WKH�¿HOG�VWXG\�GLIIHUHQW�OLJKWLQJ�VFHQDULRV��FRORXU�WHPSHUDWXUHV��DUH�H[DPLQHG�LQ�GHSHQ-
dence on the parameters day time, weather and daylight. 
7KH�HIIHFW�LV�HYDOXDWHG�IURP�WHDFKHUV�DQG�SXSLOV�RI�WZR�FODVVURRPV�LQ�SDUWLFXODUO\�ZLWK�UHJDUG�WR�
WKH�WKUHH�RSWLPL]DWLRQ�JRDOV��XVHU�DFFHSWDQFH��OLJKW�TXDOLW\�DQG�HQHUJ\�HI¿FLHQF\�
,Q�RUGHU� WR� FRPH� WR�D� FOHDU� FRQFOXVLRQ�DERXW� WKH�XVHU�DFFHSWDQFH�VXEMHFWLYH�DVVHVVPHQWV�RI�
XVHUV�DUH�UHFRUGHG�DQG�WKHLU�EHKDYLRU�LV�REVHUYHG�
7KH�PHWKRG�LQ�GHWDLO�ZLOO�EH�H[SODLQHG�LQ�WKH�IXOO�SDSHU�DQG�DW�WKH�FRQIHUHQFH��$OVR�¿UVW�UHVXOWV�FDQ�
EH�VKRZQ�DW�WKH�FRQIHUHQFH��VLQFH�WKH�¿UVW�¿HOG�WHVW�SHULRG�ZLOO�HQG�LQ�PDUFK������

5. Outlook

7KH�VWXG\�VKRXOG�SURYLGH�QHZ�LQVLJKWV�RI�WKH�SHUFHSWLRQ�DQG�WKH�HIIHFW�RI�OLJKW�FRORXU�RQ�SHRSOH��
%DVHG�RQ�WKH�¿QGLQJV�UHFRPPHQGDWLRQV�DUH�IRUPXODWHG�IRU�FRQWURO�DOJRULWKPV��ZKLFK�VKRXOG�WKHQ�
be tested in practice.
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PP070

SIMULATION OF ANNUAL DAYLIGHT PERFORMANCE UNDER HONG KONG REPRESEN-

TATIVE SKIES FOR USINE LIGHTING ENERGY INTELLIGENTLY

Ho, J.1, Ng, E.1��&KDQ��3�:�2
1.�6FKRRO�RI�$UFKLWHFWXUH��7KH�&KLQHVH�8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�.RQJ��+RQJ�.RQJ�
2.�+RQJ�.RQJ�2EVHUYDWRU\��+RQJ�.RQJ��+RQJ�.RQJ�

7KLV�RQ�JRLQJ�VWXG\�VLPXODWHV�DQQXDO�GD\OLJKW�DYDLODELOLW\�RI�EXLOGLQJ�IDFDGHV�LQ�KLJK�GHQVLW\�+RQJ�
.RQJ�XQGHU�+RQJ�.RQJ�5HSUHVHQWDWLYH�6N\��+.56��SUHGLFWHG�E\� LUUDGLDQFH�GDWD�IURP�7\SLFDO�
0HWHRURORJLFDO�<HDU��70<��GDWD��5DWKHU�WKDQ�EDVLQJ�RQ�WKH�WUDGLWLRQDO�VWDWLF�VLPXODWLRQ�RQO\�XQGHU�
&,(�RYHUFDVW�VN\��WKH�DQQXDO�GD\OLJKW�DYDLODELOLW\�RQ�EXLOGLQJ�IDFDGHV�XQGHU�+.56�LQ�KLJK�GHQVLW\�
+RQJ�.RQJ�FDQ�SURYLGH�WKH�ÄUHDO³�GD\OLJKW�SHUIRUPDQFH�GXULQJ�D�ZKROH�\HDU� IRU�XVLQJ�DUWL¿FLDO�
lighting energy intelligently.

+RQJ�.RQJ�5HSUHVHQWDWLYH�6N\� FRQVLVWV� RI� VN\� W\SH���� �� DQG����EDVHG�RQ�&,(�*HQHUDO�6N\�
W\SH�GH¿QHG�IURP���\HDU�VN\�VFDQV�GDWD>�@��+RXUO\�+.56�GXULQJ�D�ZKROH�\HDU�FDQ�EH�SUHGLFWHG�
EDVHG�RQ�WKH�LUUDGLDQFH�GDWD�IURP�70<�GDWD�E\�XVLQJ�WKH�VLPLODU�PHWKRGRORJ\�LQ�RXU�SUHYLRXV�
VWXG\��ZKLFK�SUHGLFWHG�WKUHH�VN\�W\SHV�IURP�VDWHOOLWH�LPDJHV>�@��7KHQ�WKH�DEVROXWH�YDOXHV�RI�VN\�
luminance distribution can be approximately estimated from CIE standard general sky model. 
%\�XVLQJ�5$',$1&(�VRIWZDUH��KRXUO\�GD\OLJKW�DYDLODELOLW\�RQ�EXLOGLQJ� IDFDGHV� LQ� W\SLFDO�XUEDQ�
GLVWULFWV�LQ�+RQJ�.RQJ�FDQ�EH�VLPXODWHG�IRU�D�ZKROH�\HDU��:LWK�WKH�DQQXDO�GD\OLJKW�SHUIRUPDQFH��
GHVLJQHUV�DQG�XVHUV�FDQ�XVH�DUWL¿FLDO�OLJKWLQJ�LQWHOOLJHQWO\�IRU�HQHUJ\�VDYLQJ�

��1J��(���HW�DO���'H¿QLQJ�VWDQGDUG�VNLHV�IRU�+RQJ�.RQJ��%XLOGLQJ�DQG�(QYLURQPHQW���������������
p. 866-876.
2.He, J.Z. and E. Ng, Using satellite-based methods to predict daylight illuminance for subtropical 
+RQJ�.RQJ��/LJKWLQJ�5HVHDUFK�	�7HFKQRORJ\���������������S����������
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PP071

A REVIEW OF HISTORICAL CHANGES IN JAPANESE REGULATIONS AND STANDARDS 

FOR SUNLIGHT AND DAYLIGHTING

Koga, Y.1, 0LNL��<�2
1.�)DFXOW\�RI�+XPDQ�(QYLURQPHQW�6WXGLHV��.\XVKX�8QLYHUVLW\��)XNXRND��-DSDQ�
2.�1DWLRQDO�,QVWLWXWH�IRU�/DQG�DQG�,QIUDVWUXFWXUH�0DQDJHPHQW��7VXNXED��-DSDQ�

Daylight including direct sunlight contributes to maintaining good physiological and psycholo-
JLFDO�FRQGLWLRQV��5HFHLYLQJ�GD\OLJKW�LV�D�KXPDQ�IXQGDPHQWDO�QHHG��DQG�LW�LV�HVVHQWLDO�WR�VHFXUH�
IDYRXUDEOH�GD\OLW�HQYLURQPHQWV�LQGRRUV�DQG�RXWGRRUV��+RZHYHU��KLJK�GHQVLW\�RI�EXLOGLQJV�DQG�DQ�
LQFUHDVH�RI�KLJK�ULVH�EXLOGLQJV�PDNH�LW�GLI¿FXOW� WR�HQVXUH�VXQOLJKW�ULFK�GZHOOLQJ�HQYLURQPHQWV�LQ�
inner-city areas. Besides, window sizes are likely to be reduced in architectural design for high 
thermal performance of buildings. This paper outlines historical changes in Japanese regulations 
and standards for sunlight and daylighting as an example, and presents challenges for future 
GHYHORSPHQW�RU�UHYLVLRQ�RI�GD\OLJKWLQJ�OHJLVODWLRQ�WKDW�FRQVLGHUV�SK\VLRORJLFDO�DFWLRQV�RI�GD\OLJKW�

-DSDQHVH�%XLOGLQJ�6WDQGDUGV�$FW�SURYLGHV�UHJXODWLRQV�RQ�GD\OLJKWLQJ��RYHUVKDGRZLQJ�RI�VXUURXQ-
GLQJ�VLWHV�DQG�WKH�EXLOGLQJ�KHLJKW�IRU�HQYLURQPHQWDO�K\JLHQLF�VDIHW\�ERWK�LQGRRUV�DQG�RXWGRRUV��
)RU�GD\OLJKWLQJ��KDELWDEOH�URRPV�PXVW��LQ�SULQFLSOH��KDYH�ZLQGRZV�RU�DQ\�RWKHU�GD\OLJKW�RSHQLQJV��
DQG�WKH�UDWLR�RI�WKH�HIIHFWLYH�DUHD�WKHUHRI�WR�WKH�ÀRRU�DUHD�PXVW�EH�D�VSHFL¿HG�UDWLR�RU�PRUH��7KH�
KDELWDEOH� URRP� LV�GH¿QHG�DV�D� URRP� WKDW� LV�FRQWLQXRXVO\�XVHG� IRU�GZHOOLQJ��ZRUNLQJ��PHHWLQJ��
HQWHUWDLQLQJ�RU�DQ\�RWKHU�VLPLODU�SXUSRVHV��7KH�GD\OLJKWLQJ�UHJXODWLRQ�LV�DSSOLHG�WR�OLYLQJ�URRPV��
dining rooms, bedrooms, studies, drawing rooms, classrooms, nursery rooms, meeting rooms, 
VLFNURRPV��JXHVWURRPV�DQG�VR�RQ��7KH�VKDGRZ�UHJXODWLRQ�DLPV�DW�HQVXULQJ�VXI¿FLHQW�VXQOLJKW�
in surrounding sites of a medium-/high-rise building. But it does not ensure sunlight for the said 
building. It restricts the duration and extent of shadowing by the said building between 8 a.m. and 
4 p.m. true solar time (between 9 a.m. and 3 p.m. true solar time within the areas of Hokkaido) on 
WKH�ZLQWHU�VROVWLFH��/RFDO�JRYHUQPHQWV�PD\�GHVLJQDWH�XVH�GLVWULFWV�WR�ZKLFK�WKH�VKDGRZ�UHJXODWL-
on is applied. The use district is an area prescribed by the City Planning Law, which also regulates 
the type of building in each use district. The shadow regulation may be applied to the following 
GLVWULFWV��FDWHJRU\���DQG���ORZ�ULVH�H[FOXVLYH�UHVLGHQWLDO��FDWHJRU\���DQG���PHGLXP�WR�KLJK�ULVH�H[-
FOXVLYH�UHVLGHQWLDO��FDWHJRU\���DQG���UHVLGHQWLDO��TXDVL�UHVLGHQWLDO��QHLJKERUKRRG�FRPPHUFLDO�DQG�
quasi-industrial districts, and districts where the use is not assigned. The Building Standards Act 
KDG�D�SURYLVLRQ�IRU�VXQOLJKW�WKDW�UHDFKHV�RSHQLQJV�RI�KDELWDEOH�URRPV�LQ�UHVLGHQWLDO�EXLOGLQJV��EXW�
it was abolished in the year 1998. Design criteria for sunlight duration are not established. Urban 
congestion has led a relaxation of regulations and standards for sunlight as well as daylighting.
$UFKLWHFWXUDO�,QVWLWXWH�RI�-DSDQ��$,-��KDV�SXEOLVKHG�D�VWDQGDUG�HQWLWOHG�Ä$FDGHPLF�6WDQGDUGV�IRU�
'HVLJQ�DQG�0DLQWHQDQFH�RI�:LQGRZV�DQG�2SHQLQJV�RQ�,QWHULRU�/LJKWLQJ�DQG�9LVXDO�(QYLURQPHQW³�
DJDLQVW�WKH�UHOD[DWLRQ�RI�UHJXODWLRQV�RQ�VXQOLJKW�DQG�GD\OLJKWLQJ��,W�SURYLGHV�FULWHULD�IRU�GHVLJQ�DQG�
maintenance of windows and openings for daylighting in order to ensure good performance of 
OXPLQRXV�DQG�YLVXDO�HQYLURQPHQWV�LQ�LQWHULRUV��,W�DOVR�SUHVHQWV�PHWKRGV�RI�FDOFXODWLQJ�DQG�PHDVX-
ULQJ�GD\OLJKW�IDFWRU��0RUHRYHU��DW�SUHVHQW��D�QHZ�VWDQGDUG�IRU�GD\OLJKWLQJ�LV�XQGHU�GHYHORSPHQW�LQ�
AIJ.
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(QWU\�RI�VXQOLJKW� LQWR� LQWHULRUV�VKRXOG�EH�SURSHUO\�FRQWUROOHG� IRU�JRRG�YLVXDO�DQG� WKHUPDO�HQYL-
URQPHQWV�DQG�KLJK�HQHUJ\�HI¿FLHQF\�RI�EXLOGLQJV��+RZHYHU��DSSURSULDWH�H[SRVXUH�WR�VXQOLJKW�LV�
of critical importance in terms of human physiology as well as psychology. It is well known that 
XOWUDYLROHW�UDGLDWLRQ�IURP�WKH�VXQ�LV�HIIHFWLYH�LQ�SURGXFWLRQ�RI�YLWDPLQ�'�LQ�WKH�VNLQ��6XQOLJKW�DOVR�
UHJXODWHV�ELRORJLFDO�UK\WKPV�DQG�VHUYHV�WR�PDLQWDLQ�VRXQG�DXWRQRPLF�DQG�VOHHS��ZDNH�V\VWHPV��
,Q�DGGLWLRQ��SHUFHSWLRQ�RI�VXQOLJKW�EULQJV�DERXW�YLJRXU��FKHHU�DQG�FRPIRUW�

6RPH�GD\OLJKWLQJ�VWDQGDUGV�RWKHU�WKDQ�-DSDQHVH�RQHV�SURYLGH�FULWHULD�IRU�VXQOLJKW�GXUDWLRQ��,Q�
IXUWKHU�GHYHORSPHQW�RI�VWDQGDUGV�IRU�LQGRRU�HQYLURQPHQWDO�FULWHULD��LQFOXVLRQ�RI�FULWHULD�IRU�VXQOLJKW�
GXUDWLRQ�LV�SURSRVHG�IRU�UHGXFLQJ�WKH�SUHYDOHQFH�RI�6HDVRQDO�$IIHFWLYH�'LVRUGHU��6$'���6$'�LV�DQ�
HPRWLRQDO�GLVRUGHU�ZKRVH�RQVHW�GHSHQGV�RQ�WKH�VHDVRQ��:LQWHU�GHSUHVVLRQ�LV�WKH�PRVW�FRPPRQ�
type, but cases of summer depression are also reported. The exact cause of SAD is unknown. 
7KH�IUHTXHQF\�RI�ZLQWHU�GHSUHVVLRQ�LV�FRQVLGHUHG�WR�EH�UHOHYDQW�WR�VXQVKLQH�GXUDWLRQ��%ULJKW�OLJKW�
WUHDWPHQW�LV�HIIHFWLYH�DJDLQVW�ZLQWHU�GHSUHVVLRQ��DQG�VWXGLHV�KDYH�VKRZQ�HIIHFWLYH�GRVDJH�DQG�
WLPLQJ�RI�OLJKW��1HYHUWKHOHVV��OLWWOH�LV�NQRZQ�DERXW�WKH�PLQLPXP�GDLO\�OLJKW�H[SRVXUH�WR�SUHYHQW�ZLQ-
WHU�GHSUHVVLRQ��PXFK�OHVV�DERXW�WKH�FRUUHODWLRQ�EHWZHHQ�SUHYHQWLQJ�HIIHFWV�DQG�VXQOLJKW�H[SRVXUH�
OHYHOV��8QGHU�WKH�SUHVHQW�VFLHQWL¿F�FLUFXPVWDQFHV��LW�ZRXOG�EH�SUHPDWXUH�WR�VHW�VXQOLJKW�FULWHULD�IRU�
SAD in consensus-based standards.

+XPDQ�QHHGV�IRU�VXQOLJKW�DQG�GD\OLJKWLQJ�FDQ�EH�H[SODLQHG�UHODWLYHO\�HDVLO\�LQ�WHUPV�RI�OLJKWLQJ�
IRU�YLVXDO�WDVNV�DQG�KHDWLQJ�ZLWK�REMHFWLYH�PHDVXUHV��+RZHYHU��WKH\�LQFOXGH�PDQ\�FRPSOLFDWHG�
factors such as maintaining good biological rhythms, obtaining a good mood and satisfaction in 
GDLO\�OLIH��DQG�SUHVHUYLQJ�RYHUDOO�PHQWDO�DQG�SK\VLFDO�KHDOWK��$OWKRXJK�UHVHDUFK�UHVXOWV�RQ�QRQ�
YLVXDO�HIIHFWV�RI�RSWLFDO�UDGLDWLRQ�DUH�EHLQJ�DFFXPXODWHG��NQRZOHGJH�LV�LQVXI¿FLHQW�\HW�WR�VHW�VWDQ-
GDUGV�IRU�QRQ�YLVXDO�SK\VLRORJLFDO�IXQFWLRQLQJ�RI�GD\OLJKW�LQ�LQGRRUV�DQG�RXWGRRUV��(YHQ�LI�VXQOLJKW�
LV�VWURQJO\�UHTXLUHG�LQ�GZHOOLQJV�IURP�KHDOWK�DVSHFWV��LW�LV�RIWHQ�GLI¿FXOW�WR�EH�VXFFHVVIXO�DW�ERWK�
HQMR\LQJ�SOHQW\�RI�VXQOLJKW�DQG�WKH�FRQYHQLHQFH�RI�FLW\�OLIH�LQ�KLJK�GHQVLW\�XUEDQ�DUHDV��3UDFWLFDOO\��
WKHUH�DUH�VHYHUDO�LQFRPSDWLEOH�PDWWHUV�WR�EH�VROYHG�LQ�GD\OLJKWLQJ�VWDQGDUGL]DWLRQ�
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PP072

DAYLIGHT AND SOLAR ACCESS AT URBAN SCALE : A METHODOLOGY AND ITS APPLI-

CATION TO A HIGH DENSITY DEVELOPMENT IN BRUSSELS

Deroisy, B., Deneyer, A.
/DERUDWRU\�/LJKW�	�%XLOGLQJ��%%5,��/LPHOHWWH��%HOJLXP�

1.CONTEXT

Larger urban areas in the world experience rapid population growth. Brussels in no exception to 
this and its growth rate is one of the highest in Europe. This means there is a need for extra sur-
IDFHV�IRU�DOO�DFWLYLWLHV�LQFOXGLQJ�ZRUNLQJ��UHWDLO�DQG�OHLVXUH��KRZHYHU�LQ�SDUWLFXODU�IRU�KRXVLQJ��$V�
open space is scares in historical cities the only option is to increase the density of the existing 
XUEDQ�IDEULF��+LJKHU�GHQVLWLHV�DUH�FHUWDLQO\�D�ZD\�WRZDUGV�D�PRUH�VXVWDLQDEOH�HQYLURQPHQW�EXW�
WKHUH�DUH�OLPLWV�WKDW�DUH�VSHFL¿F�IRU�HDFK�FDVH�DQG�FOLPDWH�
7KLV�VWXG\�IRFXVHV�RQ�OLJKWLQJ�DVSHFWV�DQG�SURSRVHV�D�PHWKRGRORJ\�WR�HYDOXDWH�GD\OLJKW� LQ�DQ�
XUEDQ�FRQWH[W�IRU�XUEDQ�GHVLJQ��SODQQLQJ�DQG�SROLF\��0RUH�JHQHUDOO\�LW�LV�QHFHVVDU\�WR�UDLVH�WKH�
DZDUHQHVV�IRU�WKH�EHQH¿FLDO�HIIHFW�RI�GD\OLJKW�QRW�RQO\�LQVLGH�WKH�EXLOGLQJV�EXW�DOVR�IRU�RXU�RXWGRRU�
places.

2.INTRODUCTION

7KLV�VWXG\�ZDV�GRQH�LQ�WKH�IUDPHZRUN�RI�DQ�LPSDFW�DVVHVVPHQW�RI�D�VLJQL¿FDQW�XUEDQ�GHYHORS-
PHQW�SURMHFW�DURXQG�RQH�RI�WKH�PDLQ�D[LV�RI�%UXVVHOV��µ5XH�GH�OD�/RL�:HWVWUDDW¶��OLQNLQJ�WKH�QDWL-
onal parliament to the Schuman square where the seat of most important European institutions 
are located (European Commission and Council). The main tasks included analyzing sunlight 
DFFHVV��GD\OLJKW��YLHZV�DV�ZHOO�DV�ZLQG�FRQGLWLRQV�LQ�WKH�VWUHHWV�DQG�SXEOLF�RSHQ�VSDFHV�VXUURXQ-
GLQJ�EXLOGLQJV�DQG�HYDOXDWLQJ�LI�WKH�SURSRVHG�VLWLQJ�DQG�PDVVLQJ�RI�QHZ�EXLOGLQJV�LV�DSSURSULDWH�
in relationship to neighbouring areas.

7KH�DUHD�LV�DFWXDOO\�D�PRQR�IXQFWLRQDO�]RQH�RI�RI¿FH�EXLOGLQJV�DORQJ�D�RQH�ZD\�IRXU�ODQHV�ZLGH�
EXV\�WUDI¿F�URDG��7KH�%UXVVHOV�DXWKRULWLHV�KDYH�EHHQ�ZRUNLQJ�VLQFH�D�IHZ�\HDUV�LQ�RUGHU�WR�GH¿QH�
D�VWURQJ�DQG�IXWXUH�SURRI�YLVLRQ�IRU�WKH�GHYHORSPHQW�RI�WKLV�]RQH��$Q�LQWHUQDWLRQDO�FRPSHWLWLRQ�ZDV�
organized and a winning team headed by Christian de Portzamparc was designated. This propo-
VDO�¿[HG�D�JHQHUDO�VWUDWHJ\�IRU�WKH�VLWH�DQG�LQWHJUDWHG�WZR�LPSRUWDQW�DVSHFWV�WKDW�ZHUH�UHTXHVWHG�
by the authorities: increasing density and introducing mixed functions.
7KUHH� FRQ¿JXUDWLRQV�ZHUH� VWXGLHG��$V� UHIHUHQFH� FDVH� WKH� H[LVWLQJ� VLWXDWLRQ�ZDV� XVHG��$� ¿UVW�
DOWHUQDWLYH�FRQVLVWHG�WR�UDLVH�DOO�EXLOGLQJV�E\�D�IHZ�ÀRRUV�LQ�RUGHU�WR�LQFUHDVH�VXUIDFHV�E\������
$�VHFRQG�DOWHUQDWLYH�ZDV�ZRUNHG�RXW�WKDW�IROORZV�WKH�FKRVHQ�VWUDWHJ\��7KLV�DOWHUQDWLYH�UHVXOWV�LQ�
D�FRQ¿JXUDWLRQ�ZKLFK�YDULHV�KHLJKW�RI�EXLOGLQJV�GHSHQGLQJ�RI�D�WKUHH�¿[HG�VHWEDFNV�DQG�DOORZV�
IRU�D�OLPLWHG�QXPEHU�RI�WDOO�EXLOGLQJV��$QRWKHU�LPSRUWDQW�IHDWXUH�LV�WKDW�WKLV�FRQ¿JXUDWLRQV�VWHSV�
DZD\�IURP�WKH�WUDGLWLRQDO�HQFORVHG�EXLOGLQJ�EORFNV��5HFHVVHG�YROXPHV�DQG�YDULDEOH�VHWEDFNV�DQG�
heights are encouraged instead of a perfect alignment with the property line. Also some spaces 
DUH� OHIW� RSHQ�SURYLGLQJ�SOHDVLQJ�SXEOLF� SODFHV� �µSRFNHW�SDUNV¶�� DQG�SDVVDJHV� WKURXJK�EXLOGLQJ�
blocks.



341

Abstracts

3.METHODOLOGY

0RVWO\�YHU\�VLPSOL¿HG�PHWKRGV�DQG�WRROV�DUH�XVHG�IRU�GHWHUPLQLQJ�GD\OLJKW�SHUIRUPDQFHV�DW�WKH�
VWDJH�RI�D�PDVVLQJ�SODQ��0DLQ�OLPLWDWLRQV�DUH�OLQNHG�ZLWK�WKH�SRVVLELOLWLHV�RI�H[LVWLQJ�VLPXODWLRQ�
WRROV�DQG�WKH�XQFHUWDLQWLHV�DERXW�EXLOGLQJV�DQG�VXUIDFH�SURSHUWLHV��+RZHYHU�FRQVLGHUDEOH�SUR-
gress has been made in recent years concerning simulation methods and calculation times are 
getting realistic allowing us to better understand and describe the lighting comfort.
Incident radiation is not only direct solar beam radiation but the diffuse sky component also needs 
WR�EH�FRQVLGHUHG��HVSHFLDOO\�NQRZLQJ�WKDW�RYHUFDVW�VN\�FRQGLWLRQV�DUH�SUHGRPLQDQW�LQ�1RUWKHUQ�
European climate. Two set of criteria are proposed to determine daylighting performance in urban 
context. One criterion is related to diffuse light the other to direct sunlight. Of course both compo-
nents are occurring simultaneously in reality but analysing these components separately allows 
LGHQWLI\LQJ�WKHLU�UHODWLYH�LPSDFW�DQG�GLIIHUHQW�YDULDWLRQV�
)RU�GLIIXVH�VN\OLJKW�D�6N\�9LHZ�)DFWRU��µ69)��LV�XVHG�DQG�IRU�GLUHFW�VXQOLJKW�WKH�PD[LPDO�VXQOLJKW�
GXUDWLRQ��µ06'¶��LV�GHWHUPLQHG�

���'LIIXVH�OLJKW��6N\�9LHZ�)DFWRUV��69)�
7KH�HYDOXDWLRQ�RI�LOOXPLQDWLRQ�OHYHOV�XQGHU�RYHUFDVW�VN\�FRQGLWLRQV�ZLOO�EH�HVWLPDWHG�E\�XVLQJ�6N\�
YLHZ�)DFWRUV��$�6N\�9LHZ�IDFWRU�LV�GH¿QHG�DV�WKH�SHUFHQWDJH�RI�WKH�VN\�KHPLVSKHUH�WKDW�LV�YLHZHG�
GLUHFWO\�IURP�RQH�SRLQW��$�JULG�RI�SRLQWV�KDV�EHHQ�FDOFXODWHG�WR�HYDOXDWH�WKH�GLIIHUHQW�DOWHUQDWLYHV�
in comparison with the existing reference condition.
7KLV�PHWKRG�GRHVQ¶W�LQWHQW�WR�GHWHUPLQH�DEVROXWH�LOOXPLQDWLRQ�OHYHOV�DV�LW�LPSOLFLWO\�VXSSRVHV�WKDW�
WKH�VN\�KDV�D�XQLIRUP�OXPLQDQFH�GLVWULEXWLRQ�DQG�WKDW�QR�LQWHU�UHÀHFWLRQV�RI�OLJKW�KDSSHQ�RQ�VXU-
IDFHV��7KLV�LV�D�VHULRXV�VLPSOL¿FDWLRQ�EXW�LW�FDQ�EH�DUJXHG�WKDW�DW�WKLV�VWDJH�EXLOGLQJ�JHRPHWU\�DQG�
IDFDGHV�DUH�QRW�ZHOO�GH¿QHG��$�VHULHV�RI�PHDVXUHPHQWV�RQ�VLWH�ZHUH�FDUULHG�RXW�WR�FKHFN�WKH�UHDO�
FRQGLWLRQV�LQ�FRPSDULVRQ�WR�WKH�VLPXODWLRQV�DQG�WR�HVWLPDWH�WKH�RUGHU�RI�PDJQLWXGH�RI�YDULDWLRQV�
:KHQ�FDOFXODWLRQ�VN\�YLHZ�IDFWRUV�RQ�IDFDGH�SODQHV�LW�LV�DOVR�SRVVLEOH�WR�HVWLPDWH�D�GD\OLJKW�SR-
tential for the buildings.

���'LUHFW�VXQOLJKW��0D[LPDO�6XQVKLQH�'XUDWLRQ��06'�
'LUHFW�VXQOLJKW�LV�DOVR�LPSRUWDQW��:H�FRPSDUHG�WKH�GLIIHUHQW�DOWHUQDWLYHV�XVLQJ�WKH�PD[LPDO�VXQ-
VKLQH�GXUDWLRQ�RU�06'��7KLV�LV�WKH�WRWDO�KRXUV�WKDW�GLUHFW�VXQOLJKW�KLWV�D�SRLQW�RYHU�D�JLYHQ�WLPH�
SHULRG��7KLV�FXPXODWLYH�PHDVXUH�FRXOG�EH�GHWHUPLQHG�RYHU�D�SHULRG�RI�D�GD\��D�PRQWK�RU�HYHQ�D�
\HDU��,Q�WKLV�VWXG\�ZH�FKRVH�WR�FDOFXODWH�WKH�06'�IRU�WKUHH�UHIHUHQFH�GDWHV����WK�'HFHPEHU����WK�
RI�0DUFK�DQG���WK�RI�-XQH�DQG�WR�UHDOL]H�IDOVH�FRORXU�PDSV�IRU�WKH�YLVXDOL]DWLRQ�DQG�FRPSDULVRQ�
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Figure 1 - Sky View Factors and measured daylight factors for a set of reference points

Figure 2 - Sunshine Duration maps - Comparison between a high and a low building in an 

urban setting
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PP073

DAYLIGHTING DESIGN TOOL FOR ARCHITECTS

Filetoth, L.

7HFKQLFDO�8QLYHUVLW\�RI�%XGDSHVW��%XGDSHVW��+XQJDU\�

The daylighting characteristics of buildings are greatly effected by the decisions of the architectural 
designers. The design decisions made at the conceptual design phase determine approximately 
����RI�WKH�HQHUJ\�DV�ZHOO�DV�WKH�GD\OLJKWLQJ�FKDUDFWHULVWLFV�RI�WKH�IXWXUH�EXLOGLQJ��(QJLQHHUV�DQG�
FRQVXOWDQWV�KDYH�RQ�DSSUR[������FKDQFH�WR�LQÀXHQFH�WKH�EDVLF�HQHUJHWLF�FKDUDFWHULVWLFV�RI�WKH�
design at the later design stages. The task of the architects are not simple, because their work 
LV�LQÀXHQFHG�E\�YDULRXV�FRQQHFWHG�±�DV�ZHOO�DV�FRQWUDGLFWLQJ���GHVLJQ�IDFWRUV�WR�EH�FRQVLGHUHG��
EXLOGLQJ� FRGH�� SURJUDP�SURYLGHG� E\� WKH� LQYHVWRU�� DHVWKHWLFV�� GHVLJQ� VWDQGDUGV�� HQYLURQPHQWDO�
aspects, costs, etc.
,W� LV� FUXFLDOO\� LPSRUWDQW� WR� SURYLGH� DGHTXDWH� WRROV� IRU� WKH� DUFKLWHFWXUDO� GHVLJQHUV� WR� KHOS� WKHLU�
GHVLJQ�GHFLVLRQV�DW�WKH�HDUO\�GHVLJQ�VWDJHV�DV�ZHOO�DV�WR�SURYLGH�LQYDOXDEOH�IHHGEDFN�DERXW�WKH�
daylighting realted aspects of their design decisions. Architects will consider, and can implement 
LQ�WKHLU�HYHU\GD\�SUDFWLFH�RQO\�WKRVH�WRROV�WKDW�
• SURYLGH�SUDFWLFDO�GHVLJQ�IHHGEDFN�DQG�DEOH�WR�VXSSRUW�GHVLJQ�GHFLVLRQV��HYHQ�DW�WKH�HDUO\�GH-

sign stages,
• SURYLGH�DFFXUDWH�UHVXOWV�DERXW�WKH�GD\OLJKWLQJ�FKDUDFWHULVWLFV�RI�WKH�GHVLJQ�DQG�GHVLJQ�DOWHU-

QDWLYHV��
• GRQ¶W�UHTXLUH�DQ\�LQ�GHSWK�VWXGLHV�LQ�WKH�¿HOG�RI�GD\OLJKWLQJ�DQG�HQHUJ\�DQDO\VHV�
• GRQ¶W�UHTXLUH�WR�LQYROYH�DGGLWLRQDO�HQJLQHHUV�RU�FRQVXOWDQWV�±�VXFK�DV�OLJKWLQJ�RU�HQHUJ\�H[-

perts, 
• SURYLGH�UHVXOWV�LQ�D�³VKRUW´�WLPH��UDQJH�RI����PLQXWHV�±�LQVWHDG�RI�GD\V��
• GRQ¶W�UHTXLUH�DGGLWLRQDO�FRVWV�DQG�EXGJHW�

7KHUH�DUH�YDULRXV��H[LVWLQJ�GD\OLJKWLQJ�GHVLJQ�WRROV��KRZHYHU�QRQH�RI�WKH�FRQYHQWLRQDO�WRROV�FDQ�
IXOO\�IXO¿O�DOO�WKH�DERYH�OLVWHG�UHTXLUHPHQWV�
0RVW�RI�WKH�H[LVWLQJ�GD\OLJKWLQJ�WRROV��GLDJUDPV�DQG�VRIWZDUH�DSSOLFDWLRQV�RIIHU�DQ�³LPSOLFLW´�FDOFX-
lation method. This practically means that they require precise details and dimensions about the 
RSHQLQJV�DQG�EDVHG�RQ�WKLV�LQSXW�GDWD�WKH\�FDQ�GHWHUPLQH�WKH�GD\OLJKWLQJ�HI¿FLHQF\�RU�FKDUDFWH-
ristics of the designed building or interior space. The most important shortcoming of the implicit 
FDOFXODWLRQ�PHWKRGV� LV� WKDW� WKHVH�FDQ�QRW�EH�HIIHFWLYHO\�DSSOLHG�DW� WKH�FRQFHSWXDO�DUFKLWHFWXUDO�
design stages, because here the exact size, location or position of the openings are usually 
unknown. A series of calculations has to be completed using openings of different sizes and/
RU�ORFDWLRQV�WR�JHW�FORVHU�WR�WKH�FKDUDFWHULVWLFV�RI�WKH�RSWLPDO�GD\OLJKWLQJ�V\VWHP�RI�D�VSHFL¿F�DU-
chitectural design.

7KH�DGYDQWDJH�RI�WKH�³H[SOLFLW´�FDOFXODWLRQ�PHWKRGV�WKDW�WKHVH�FDQ�SURYLGH�VSHFL¿F�RSHQLQJ�FKD-
racteristics in one go. In other words there is no need to run a series of calculations but one cal-
culation.
7KH�FRQYHQWLRQDO��JUDSKLFDO�GD\OLJKWLQJ�GLDJUDPV�DQG� WDEOHV�FDQ�FRQVLGHU�RQO\�D� OLPLWHG� LQSXW�
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parameter for the basis of the calculations. These methods can not consider the surface proper-
ties of the internal walls and surfaces, the characteristics and type of glazing or the geometry of 
skylights and dimensions of light-wells.
7KHUH�DUH�YDULRXV�VRIWZDUH�DSSOLFDWLRQV�GHYHORSHG�WR�FDOFXODWH�GD\OLJKW�PHDVXUHPHQWV��KRZHYHU�
these require a detailed architectural design and can not be applied at the early design stages. 
These applications may also require expert knowledge, and extra time and budget.
A possible solution appears by implementing the accuracy of model measurements, the consis-
tency of graphical diagrams and the speed of software applications. A series of model measure-
PHQWV�KDYH�EHHQ�FDUULHG�RXW�LQ�WKH�DUWL¿FLDO�VN\�

7KH�PRVW�FRQYHQLHQW��UHOLDEOH�DQG�SUHFLVH�VROXWLRQ�WR�GHVFULEH�DQG�IROORZ�WKH�LOOXPLQDQFH�GLVWULEX-
WLRQ�DQG�HI¿FLHQF\�RI�GD\OLJKWLQJ�V\VWHPV�LV�E\�PRGHO�PHDVXUHPHQWV�LQ�WKH�DUWL¿FLDO�VN\��,QWHULRUV�
of any geometry, surfaces of any quality, any structure or form of opening can be examined by 
SK\VLFDO�PRGHO�PHDVXUHPHQWV��7KH�VHULHV�RI�PRGHO�PHDVXUHPHQWV�LQ�WKH�DUWL¿FLDO�VN\�DUH�SUR-
YLGLQJ�LOOXPLQDQFH�YDOXHV��8VLQJ�WKHVH�PHDVXUHG�YDOXHV�WKH�GD\OLJKW�IDFWRU�FDQ�EH�GHWHUPLQHG�
LQ�WKH�UHIHUHQFH�SODQH��7KH�PHDVXUHG�YDOXHV�UHÀHFW�DOO�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�DFWXDO�
daylighting system (dimensions of the transparent surfaces, obstructions, fenestration, dimensi-
ons and surface characteristics of the interior space).

&RQVLGHULQJ�YDULRXV�FXUYHV�RI�YDULRXV�PHDVXUHPHQWV��LQWHUSRODWLQJ�LQ�EHWZHHQ�WKH�YDOXHV��LW� LV�
possible to calculate the illuminance and its distribution - considering all the different features of 
WKH�GD\OLJKWLQJ�V\VWHP��$OO�WKH�LQIRUPDWLRQ�RI�WKH�LOOXPLQDQFH�GLVWULEXWLRQ�FXUYHV��UHSUHVHQWLQJ�WKH�
FKDUDFWHULVWLFV�RI�WKH�RSHQLQJV�FDQ�EH�WUDFHG��WUDQVODWHG�DQG�VWRUHG�LQ�PDWUL[HV��8VLQJ�YDULRXV�
PDWUL[HV�RI�YDULRXV�PHDVXUHPHQWV��FRPSOHWLQJ�LQWHUSRODWLRQ�LQ�EHWZHHQ�WKH�YDOXHV��LW�LV�HDV\�WR�
FDOFXODWH�WKH�LOOXPLQDQFH�DQG�LWV�GLVWULEXWLRQ�FRQVLGHULQJ�DOO�WKH�YDULRXV�IHDWXUHV�RI�WKH�GD\OLJKWLQJ�
system. The results of the measurements can be summarized in form of a computer software. 
7KLV�FRPSXWHU�VRIWZDUH� LV�DOUHDG\�DYDLODEOH�IRU�URRPV�ZLWK�VLGH�OLJKWV�IRU�IUHH�GRZQORDG�IRU�DOO�
YLVLWRUV��7KH�PRGHO�PHDVXUHPHQWV�RI�WKH�VN\��OLJKWV�DUH�DOUHDG\�FRPSOHWHG�DQG�WKH�FRUUHVSRQGLQJ�
VRIWZDUH�GHYHORSPHQW�LV�LQ�SURJUHVV�

Figure 1 - Characteristics of sidelights, skylights and combined lighting systems
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)LJXUH������0RGHO�PHDVXUHPHQWV�RI�VN\OLJKWV�LQ�WKH�DUWL¿FLDO�VN\
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PP074

SKY CLASSIFICATION METRICS FOR HIGH DYNAMIC RANGE IMAGES

Souza, D.F., Scarazzato, P.S., Pedrini, H.
6FKRRO�RI�&LYLO�(QJLQHHULQJ��$UFKLWHFWXUH�DQG�8UEDQ�'HVLJQ��8QLYHUVLW\�RI�&DPSLQDV��&DPSLQDV��
São Paulo, Brazil. 

,Q�WKH�¿HOG�RI�GD\OLJKW��SKRWRJUDSKLF�UHFRUG�RI�WKH�VN\�YDXOW�KDV�EHHQ�DSSURDFKHG�E\�VHYHUDO�VWX-
GLHV��52<�HW�DO���������&+$0$,',��������3(5(,5$���������5HFHQW�GHYHORSPHQW�RI�WHFKQLTXHV�
and technologies has contributed to broaden the usage possibilities of photographic records, such 
as the High Dynamic Range Imaging (HDRI), that is a powerful tool to register the light distribution 
LQ�WKH�EXLOW�HQYLURQPHQW��$W�¿UVW��WKH�VWXGLHV�LQYROYLQJ�+'5,�SRLQWHG�DW�WKH�GLI¿FXOWLHV�LQKHUHQW�WR�
WKH�SURFHVV�RI�FDSWXULQJ�KLJK�FRQWUDVW�VFHQHV��MXVW�OLNH�WKH�UHFRUGLQJ�RI�FOHDU�VNLHV��67803)(/�
HW�DO���������5(,1+$5'�HW�DO����������5HFHQW�VWXGLHV��,1$1,&,��1$99$%��������&+(1(<��,1-
$1,&,��������,1$1,&,��������DGGUHVVHG�WKH�SRVVLELOLW\�RI�FDSWXULQJ�VN\�YDXOW�OXPLQDQFHV�XVLQJ�
WKLV�WHFKQLTXH�ZLWK�VLQJOH�OHQV�UHÀH[�FDPHUDV�DQG�¿VKH\H�OHQVHV��7KH�FKDUDFWHUL]DWLRQ�RI�WKH�VN\�
W\SH�LV�H[WUHPHO\�LPSRUWDQW�WR�WKH�GD\OLJKW�VWXGLHV��VLQFH�LW�UHJDUGV�WKH�SDWWHUQV�RI�GD\OLJKW�DYDL-
ODELOLW\�DQG�GLVWULEXWLRQ�LQ�D�JLYHQ�UHJLRQ��+RZHYHU��WKH�FODVVL¿FDWLRQ�LV�VWLOO�PDGH�ZLWK�VXEMHFWLYH�
methods, as there is no established metrics to compare images with mathematical models. This 
SDSHU�LQYHVWLJDWHV�WKH�SRVVLELOLW\�RI�REMHFWLYH�DQDO\VLV�DPRQJ�UHDO�DQG�IRUHFDVWHG�VN\�OXPLQDQFH�
GLVWULEXWLRQ��7KH�XVHG�LPDJHV�KDYH�EHHQ�FROOHFWHG�LQ�SODFHV�ZKHUH�WKH�YLHZLQJ�REVWUXFWLRQ�RI�WKH�
VN\�YDXOW�ZDV�PLQLPDO��DLPLQJ�DW�WKH�FRUUHFW�LQWHUSUHWDWLRQ�DQG�FRPSDULVRQ�RI�WKH�GDWD�RI�WKH�+'5,�
DQG�WKH�SUHGLFWLYH�PRGHOV��7ZR�FDPHUDV�ZHUH�SODFHG�RQ�WULSRGV�DQG�SRLQWHG�DW�WKH�]HQLWK��$IWHU�
WKH�VKRWV��WKH�LPDJHV�ZHUH�FRPSLOHG�XVLQJ�WKH�VRIWZDUH�3KRWRVSKHUH������X��:$5'��������DQG�
VWRUHG�LQ�WKH�5DGLDQFH�5*%(�IRUPDW���KGU�H[WHQVLRQ���:LWK�WKH�+'5�7RROER[�OLEUDU\�FRPSLOHG�E\�
%DQWHUOH�HW�DO����������D�0$7/$%�URXWLQH�ZDV�HODERUDWHG��FRPSDULQJ�WKH�+'5,�DQG�WKH�SUHGLF-
WLYH�PRGHOV�DGRSWHG�LQ�WKH�,62��������������&,(�6�����(������VWDQGDUG��6L[�DFFXUDF\�PHWULFV�
ZHUH�XVHG��WKH�PHDQ�VTXDUHG�HUURU��06(���WKH�PHDQ�DEVROXWH�HUURU��0$(���WKH�PHDQ�DEVROXWH�
SHUFHQWDJH�HUURU��0$3(��� WKH�V\PPHWULF�PHDQ�DEVROXWH�SHUFHQWDJH�HUURU��V0$3(��� WKH�PHDQ�
SHUFHQWDJH�HUURU��03(���DQG�WKH�3HDUVRQ¶V�FRUUHODWLRQ��5���$�VHW�RI�WZR�KXQGUHG�+'5,�ZDV�HYD-
OXDWHG��)LUVW�RI�DOO�LW�LV�QRWLFHDEOH�WKH�XQLTXH�EHKDYLRU�RI�HDFK�PHWULFV��DV�VKRZQ�LQ�WKH�WDEOHV��$OO�
basic formulas presented some accuracy errors in detecting certain complex skies, but these de-
YLDWLRQV�ZHUH�VLPLODU�IRU�ERWK�FDPHUDV��7KH�UHVXOWV�VKRZHG�LQ�WKH�LPDJHV�LQGLFDWHG�WKDW�WKH�PRVW�
VWDEOH�RQH�LV�WKH�V0$3(��ZKLFK�SUHVHQWHG�D�PRUH�KHWHURJHQHRXV�GLVWULEXWLRQ�RI�WKH�VN\�SDWWHUQV��
LQ�DFFRUGDQFH�ZLWK�WKH�YDULHW\�UHJLVWHUHG�RQ�WKH�+'5,�VHW��7KXV��WKH�LQLWLDO�K\SRWKHVLV�LV�WKDW�WKH�
V0$3(�VHHPV�WR�EH�WKH�PRVW�DSSURSULDWH�PHWULFV�IRU�D�SULPDU\�HYDOXDWLRQ�RI�WKH�GDWD�VDPSOLQJ�
and amplitude present on the HDRI.
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Figure 1 - Sky occurrence distribution for Nikon d60

Figure 2 - Sky occurrence distribution for Canon EOS Rebel Xsi
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Tabel 1 - Statistical results for Nikon d60

Tabel 2 - Statistical results for Canon EOS Rebel Xsi

Nikon d60 06( 0$( 0$3( V0$3( 03( R
$ULWKPHWLF�0HDQ ������ ������ ������ ������ ������ ������
*HRPHWULF�0HDQ ������ ������ ������ ������ ������ ������

0HGLDQ ������ ������ ������ ������ ������ ������
6WDQGDUG�'HYLDWLRQ ������ ������ ������ ����� ������ ������

9DULDQFH ������ ����� ����� ����� ����� �����
Sums of Squares of 

'HYLDWLRQV
������� ������� ������� ������ ������� �������

Canon EOS Rebel Xsi 06( 0$( 0$3( V0$3( 03( R
$ULWKPHWLF�0HDQ ������ ������ ������ ������ ������ ������
*HRPHWULF�0HDQ ������ ������ ������ ������ ������ ������

0HGLDQ ������ ������ ������ ������ ������ ������
6WDQGDUG�'HYLDWLRQ ������ ������ ������ ����� ������ ������

9DULDQFH ����� ����� ����� ����� ����� �����
6XPV�RI�6TXDUHV�RI�'HYLDWLRQV �������� ������� ������� ������ ������� �������
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PP075

RESEARCH ON PREFERABLE LUMINANCE CONTRAST OF WINDOW AND WALL AT 

DAYTIME 

Kato, M.1, <DPDJXFKL��+�1��<RVKL]DZD��1�2��0LNL��<�3
1. Building Research Institute, Tukuba, Ibaragi, Japan.
2.�7RN\R�8QLYHUVLW\�RI�6FLHQFH��1RGD��&KLED��-DSDQ�
3.�1DWLRQDO�,QVWLWXWH�IRU�/DQG�DQG�,QIUDVWUXFWXUH�0DQDJHPHQW��7XNXED��,EDUDJL��-DSDQ�

7KHUH�LV�D�SUREOHP�LQ�WKH�SRZHU�VXSSO\�LQ�-DSDQ�VLQFH�WKH�HDUWKTXDNH�WKDW�KDSSHQHG�RQ�0DUFK�
11, 2011. It is necessary to use the daylight for the lighting energy reduction.
%HIRUH�WKH�HDUWKTXDNH��WKHUH�ZDV�D�WUHQG�WKDW�WKH�VPDOOHU�WKH�ZLQGRZ�DQG�JLYH�SULRULW\�WR�HQHUJ\�
FRQVHUYDWLRQ��7KH�ORZ�WKHUPDO�LQVXODWLRQ�SHUIRUPDQFH�RI�WKH�JODVV�VXUIDFH�LV�D�IDFWRU�RI�WKH�FRR-
OLQJ�ORDG��,W�DOVR�FRQWULEXWHV�WR�WKH�HQHUJ\�HI¿FLHQF\�RI�DUWL¿FLDO�OLJKWLQJ��+RZHYHU��DUWL¿FLDO�OLJKWLQJ�
WKDW�LV�WXUQHG�RII�E\�SRZHU�RXWDJHV�UHPLQGHG�WKH�LPSRUWDQFH�RI�ZLQGRZ��7KHUH�LV�D�QHHG�IRU�DFWLYH�
use of daylight and the securing of the opening.

The problem when using the daylight is the luminance of the sky and the surrounding buildings 
VHHQ�IURP�WKH�ZLQGRZ��([FHVVLYHO\�KLJK�OXPLQDQFH�PD\�FDXVH�JODUH�DQG�WKH�LPSUHVVLRQ�RI�WKH�
URRP�EHFRPHV�GDUN��7KDW�LV��LQ�RUGHU�WR�DFKLHYH�D�FRPIRUWDEOH�YLVXDO�HQYLURQPHQW��LW�LV�QHFHVVD-
ry to control the luminance of the window section depending on the luminance of the room wall. 
7KHUH�DUH�VHYHUDO�VWXGLHV�DERXW�JODUH��EHFDXVH�GLVFRPIRUW�OHYHO�DQG�SHUFHLYHG�OHYHO�DUH�PL[HG�LQ�
WKH�HYDOXDWLRQ�FULWHULD��LW�LV�XQFOHDU�ZKLFK�OHYHO�VKRXOG�EH�FKRVHQ�ZKHQ�GHVLJQLQJ��7KH�SXUSRVH�RI�
WKLV�VWXG\�LV�UHYHDOLQJ�WKH�SUHIHUDEOH�OXPLQDQFH�FRQWUDVW�RI�ZLQGRZ�DQG�ZDOO�
7HVW�VSDFH�ZDV�FUHDWHG�RQ�WKH��WK�ÀRRU�RI�WKH�RI¿FH�EXLOGLQJ�LQ�7VXNXED��7KH�ZLQGRZ�LV�ORFDWHG�
RQ�WKH�QRUWK�VLGH��DERXW�����RI�WKH�YLHZV�LV�WKH�VN\��WKH�UHVW�LV�FRPSRVHG�RI�PRXQWDLQV�DQG�ZKLWH�
EXLOGLQJ��7KH�H[SHULPHQWHUV�KDV�FKDQJHG�WR�ÄWKH�WUDQVPLWWDQFH�RI�WKH�ZLQGRZ�JODVV³���Ä�LQWHULRU�UH-
ÀHFWDQFH�Ä�DQG�ÄWKH�VL]H�RI�WKH�ZLQGRZ�³�6XEMHFWV�WR�DGMXVW�WKH�RXWSXW�RI�WKH�OXPLQDLUH�LQ�WKH�URRP�
until you feel preferably luminance contrast of windows and walls. Age of the subjects in their 
20s, the number is 18 people. Luminance distribution of the state in which the subject has been 
DGMXVWHG�LV�PHDVXUHG�E\�D�&&'�FDPHUD��DQG�FDOFXODWHV�WKH�DYHUDJH�OXPLQDQFH�RI�WKH�ZLQGRZ�
portion and the wall portion.

$FFRUGLQJ�WR�WKH�UHVXOWV��WKH�SUHIHUUHG�OXPLQDQFH�FRQWUDVW�WHQGHG�WR�YDU\�GHSHQGLQJ�RQ�WKH�UHÀHF-
WLYLW\�RI�WKH�LQWHULRU��7KH�SUHIHUUHG�OXPLQDQFH�FRQWUDVW�LQFUHDVHV�DV�WKH�LQWHULRU�UHÀHFWDQFH�LV�ORZ��
2Q�WKH�RWKHU�KDQG��WKHUH�ZDV�QR�HIIHFW�RI�WKH�VL]H�RI�WKH�ZLQGRZ��,Q�SUHYLRXV�VWXGLHV��WKH�HIIHFW�RI�
WKH�VL]H�RI�WKH�ZLQGRZ�KDV�EHHQ�UHSRUWHG�LV�GLIIHUHQW�IURP�WKH�RXU�¿QGLQJV��$OVR��LI�WKH\�KDYH�WKH�
VDPH�OXPLQDQFH�RI�WKH�ZLQGRZ��WKH�JODUH�VKRXOG�EH�KLJKHU�ZKHQ�WKH�ORZ�LQWHULRU�UHÀHFWLYLW\��SUHYL-
RXV�UHVHDUFK�FDQ�QRW�H[SODLQ�RXU�¿QGLQJV�RQ�OXPLQDQFH�FRQWUDVW��:KHQ�GHVLJQLQJ�WKH�OXPLQDQFH�
RI�WKH�ZLQGRZ�EDVHG�RQ�WKH�JODUH�LQGH[��WKHUH�LV�D�SRVVLELOLW\�WKDW�H[FHVVLYHO\�VXSSUHVVHG�
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PP076

PROPOSAL OF SIMPLE DAYLIGHTING PERFORMANCE INDICES FOR 

REGULATIONS:VALIDATION WITH ON-SITE MEASUREMENT CAMPAIGN.

Fontoynont, M.R., /DUVHQ��'���$QGHUVHQ��/���*U�Q�5R\HQ��0��
6%,��$DOERUJ�8QLYHUVLW\��&RSHQKDJHQ��'HQPDUN�

A model for regulation for minimum daylighting of building is proposed based on geometric para-
PHWHUV��ZKLFK�FRXOG�EH�HDVLO\�HVWLPDWHG�E\�GHVLJQ�WHDPV��DQG�HDVLO\�YHUL¿HG�RQ�VLWH��DIWHU�FRQVW-
ruction, by clients. This model is coherent with the methods proposed by CIE: the Daylight Factor 
DSSURDFK����DQG�WKH�&OLPDWH�EDVHG�FDOFXODWLRQ�PHWKRG����
7KLV�SURFHGXUH�ZDV�FKRVHQ�GXH�WR�WKH�VSHFL¿F�FRQWH[W�RI�UHJXODWLRQ��LQ�FRPSDULVRQ�ZLWK�WKH�GH-
WDLOHG�DVVHVVPHQW�SURFHVV�IRU�RSWLPDO�GHVLJQ��,W�ZDV�IRXQG�LQGHHG�WKDW�')�FRHI¿FLHQWV��DQG�FOLPD-
WH�EDVHG�PRGHOV�DUH�YHU\�VHQVLWLYH�WR�WKH�YDOXHV�RI�LQSXW�SDUDPHWHUV��ZKLFK�DUH�RIWHQ�XQNQRZQ�
DW�WKH�GHVLJQ�VWDJH��RU�PLVWDNHQ��)XUWKHUPRUH��WKH\�DUH�UDUHO\�YHUL¿HG�RQ�VLWH�DIWHU�FRQVWUXFWLRQ��
GXH�WR�GLI¿FXOWLHV�LQ�WKH�PHDVXUHPHQW�SURFHGXUHV�IRU�')�DVVHVVPHQW��RU�WR�WKH�FRPSDULVRQ�RI�
DFKLHYHG�ORQJ�WHUP�SHUIRUPDQFH�LVVXHV�E\�FRPSDULVRQ�WR�WKH�FDOFXODWHG�RQHV�
$OWKRXJK�')�YDOXHV�DUH� WKH�PRVW�FRPPRQ�FRHI¿FLHQWV�XVHG�E\�DUFKLWHFWV�DQG�HQJLQHHUV�� WKLV�
REVHUYDWLRQV�VXJJHVWV�WKDW�UHJXODWLRQ�UHODWHG�WR�GD\OLJKWLQJ�FRXOG�XVH�D�PRUH�VLPSOH�PRGHO��ZLWK�
SHUIRUPDQFH�LQGLFHV�ZKLFK�FRXOG�EH�HDVLO\�YHUL¿HG�RQ�VLWH��ZLWKRXW�SHUIRUPLQJ�GHWDLOHG�GD\OLJKW�
measurements.

7KH�PDMRU�FKDOOHQJH�LV�WR�YHULI\�WKDW�WKH�SURSRVHG�VLPSOL¿HG�PRGHO
a) correlates well with on-site DF measurements
E��FRUUHODWHV�ZHOO�ZLWK�REVHUYHG�TXDOLW\�RI�GD\OLJKW�LQ�D�EXLOGLQJ�

)RU� WKHVH� UHDVRQV��D�FDPSDLJQ�RI�¿HOG�DVVHVVPHQW�RI�GD\OLJKWLQJ�ZDV� ODXQFKHG��GHDOLQJ�ZLWK�
more than 50 existing spaces in buildings in the area of Copenhagen.
*HRPHWULF��SKRWRPHWULF�DQG�OLJKW�PHDVXUHPHQWV�ZHUH�FRQGXFWHG�IRU�EXLOGLQJV�ZLWK�YDULRXV��EXW�
UHDOLVWLF��GD\OLJKWLQJ�VFKHPHV��$�SDQHO�RI�SURIHVVLRQDOV�ZDV�DOVR�LQYLWHG�WR�UDWH�WKH�TXDOLW\�RI�GD\-
OLJKW��WR�YHULI\�WKDW�WKH�¿QGLQJV�DUH�FRKHUHQW�ZLWK�REVHUYDWLRQV�
7KH�UHVXOW�LV�D�VHW�RI�³JRRG�VHQVH�³UXOHV��ZLWK�D�VHW�RI�PLQLPXP�YDOXHV�RI�EXLOGLQJ�GHVFULSWRUV��WR�
DYRLG�VLWXDWLRQV�ZKHUH�GD\OLJKWLQJ�ZRXOG�EH�LQVXI¿FLHQW��RU�LQDSSURSULDWH�
The rules take into account 7 parameters
1. 7KH�OHYHO�RI�REVWUXFWLRQV�LQ�WKH�VWUHHW��DQJOH��
2. 7KH�DEVRUSWLRQ�RI�OLJKW�E\�WKH�IDoDGH�FRPSRQHQW�
3. The size of the window area (m2)
4. Room depth (m)
5. $YHUDJH�DEVRUSWLRQ�RI�OLJKW�LQ�URRP
6. Building thickness (m)
7. Ceiling height (m)

���')�LV�WKH�UDWLR�RI�WKH�LOOXPLQDQFH�LQGRRU��DW�D�VSHFL¿F�ORFDWLRQ��WR�WKH�VLPXOWDQHRXV�LOOXPLQDQFH�
RXWGRRU��LQ�DQ�XQREVWUXFWHG�DUHD��XQGHU�VWDQGDUG�RYHUFDVW�FRQGLWLRQV�
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��&,(�7&�������&OLPDWH�%DVHG�'D\OLJKW�0RGHOOLQJ
7KLV�VWXG\�ZDV�FRQGXFWHG�ZLWK�D�VSHFL¿F�JUDQW�IURP�WKH�'DQLVK�(QHUJ\�$JHQF\��(QHUJLVW\UHOVHQ��
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HOLLOW LIGHT GUIDES: 50 YEARS OF RESEARCH, DEVELOPMENT, MANUFACTURE 

AND APPLICATION

Aizenberg, J.B.

91,6,��0RVFRZ��5XVVLDQ�)HGHUDWLRQ�

7KH�SDSHU�SURYLGHV�D�KLVWRULFDO�RYHUYLHZ�RI�NH\�HPHUJHQFH�DQG�GHYHORSPHQW�VWDJHV�RI�D�QHZ�
branch of lighting science and technology.
7KH�SDSHU�FRYHUV�GHYHORSPHQWV�IURP�PLUURU�VOLW�KROORZ�OLJKW�JXLGHV�ZLWK�UHÀHFWLYH� LQWHUQDO�VXU-
IDFHV��WKURXJK�WR�SULVPDWLF�OLJKW�JXLGHV��DQG�WKHQ�WR�WKH�FUHDWLRQ�RI� LQVWDOODWLRQV�OLNH�³+HOLREXV´�
DQG�³$UWKHOLR´��ZKHUH�QDWXUDO�VN\�DQG�VXQOLJKW��DV�ZHOO�DV�OLJKW�IURP�DUWL¿FLDO�VRXUFHV�HQWHUV�DQG�
disperses within buildings. In recent years short hollow end- to-end light guides are widely applied 
IRU�FKDQQHOOLQJ�QDWXUDO�OLJKW��7KH�SDSHU�H[SORUHV�QHZ�SURVSHFWV�DQG�GLUHFWLRQV�IRU�IXUWKHU�GHYH-
ORSPHQW�RI�KROORZ�OLJKW�JXLGHV��ZKLFK�RIIHU�QHZ�HI¿FLHQW�DQG�HIIHFWLYH�DYHQXHV�RI�LPSURYHPHQW�IRU�
lighting installations.

+ROORZ�OLJKW�JXLGHV�SUHVHQW�DQ�LPSRUWDQW�RSSRUWXQLW\�WR�LQFUHDVH�WKH�VDIHW\�DQG�HI¿FLHQF\�RI�OLJK-
WLQJ�LQVWDOODWLRQV��JLYLQJ�WKHP�QHZ�IRUPV�DQG�DHVWKHWLF�DSSHDUDQFHV�
7KH�SURGXFWLRQ�RI�KROORZ�OLJKW�JXLGHV�LV�D�FRPSOH[�VFLHQWL¿F�DQG�WHFKQRORJLFDO�HIIRUW��,W�LQYROYHV�
WKH�GHYHORSPHQW�RI�QHZ�PHWULF�PHWKRGRORJLHV��DOWHUQDWLYH�SKRWRPHWULF�GHYLFHV��UDGLFDOO\�QHZ�RS-
WLFDO�V\VWHPV��QHZ�PDWHULDOV�DQG�OLJKW�VRXUFHV��DV�ZHOO�DV�WKH�FUHDWLRQ�RI�FRPSOHWHO\�QHZ�HI¿FLHQW�
OLJKWLQJ�LQVWDOODWLRQV��7KLV�GHYHORSLQJ�EUDQFK�RI�VFLHQFH�DFFRXQWV�IRU�RYHU�RQH�KXQGUHG�SDWHQWV��
VHYHUDO�KXQGUHG�SHHU�UHYLHZHG�DUWLFOHV��WZR�PDMRU�ERRNV��HLJKW�3K'�WKHVHV��DQG�WZR�&,(�SXEOLFD-
WLRQV�GHYHORSHG�E\�WZR�WHFKQLFDO�FRPPLWWHHV�ZLWKLQ�'LYLVLRQ��&,(�

The paper is accompanied by an array of diagrams and illustrations.
Key words: hollow light guides, mirror slit hollow light guides, prismatic hollow light guides, lighting 
installations, health and safety of lighting systems
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PP079

ASSESSMENT OF DAYLIGHT CONDITIONS IN OFFICE BUILDINGS WITH THE INTEGRATI-

ON OF EXTERNAL BLINDS

Tsikaloudaki, K., Axarli, C., Ilioudi, C.
$ULVWRWOH�8QLYHUVLW\�RI�7KHVVDORQLNL��7KHVVDORQLNL��*UHHFH�

7KH�XVH�RI�VRODU�FRQWURO�GHYLFHV�FRQWULEXWHV�WR�WKH�HQHUJ\�HI¿FLHQF\�RI�EXLOGLQJV�GXULQJ�WKH�VXP-
PHU�SHULRG�DQG�FRQWUROV�GD\OLJKW�OHYHOV�WKURXJKRXW�WKH�\HDU��KRZHYHU��LW�FDQ�UHVXOW�LQ�LQFUHDVHG�
KHDWLQJ�ORDGV�LQ�ZLQWHU�GXH�WR�OLPLWHG�VRODU�JDLQV��(VSHFLDOO\�LQ�PRGHUQ�RI¿FH�EXLOGLQJV�ZLWK�H[WHQ-
VLYH�JODVV�VXUIDFHV��VXQ�SURWHFWLRQ�LV�HVVHQWLDO�DQG�LV�RIWHQ�UHDOL]HG�DV�XQPRYDEOH�EOLQGV�PRXQ-
ded on the exterior of facades.

7KH�REMHFWLYH�RI�WKH�SURSRVHG�SDSHU�LV�WR�SUHVHQW�WKH�UHVXOWV�RI�DQ�H[SHULPHQWDO�DQDO\VLV�UHJDUGLQJ�
WKH�LPSDFW�RI�LQWHJUDWLQJ�H[WHUQDO�EOLQGV�RQ�WKH�WUDQVSDUHQW�HOHPHQWV�RI�WKH�EXLOGLQJ�HQYHORSH�RQ�
WKH�IRUPDWLRQ�RI�LQGRRU�GD\OLJKW�FRQGLWLRQV��7KH�DQDO\VLV�LV�EDVHG�RQ�GDWD�GHULYHG�IURP�UHFRUGLQJ�
the illuminance on the working plane of two building models constructed for this purpose. The 
EXLOGLQJ�FHOOV�DUH�RULHQWDWHG�GXH�VRXWK�DQG�KDYH�LGHQWLFDO�JHRPHWULFDO�DQG�RSWLFDO�FKDUDFWHULVWLFV��
with the exception of solar shading: one has no solar protection, while the other is shaded with 
XQPRYDEOH�KRUL]RQWDO�EOLQGV�PRXQGHG�RQ�WKH�H[WHUQDO�VLGH�RI�WKH�ZLQGRZ�IDoDGH�
7KH�HYDOXDWLRQ�SDUDPHWHUV�UHIHUUHG�WR�ERWK�TXDQWLW\�DQG�TXDOLW\�RI�GD\OLJKWLQJ��0RUH�VSHFL¿FDOO\��
as regards daylight quantity, the distribution of illumination on characteristic points of the working 
VXUIDFH�RI�WKH�WZR�PRGHOV�LV�VWXGLHG�IRU�WKH�WZR�EXLOGLQJ�FHOOV�IRU�D�SHULRG�RI�RQH�\HDU��0RUHRYHU��
WKH�GLIIHUHQWLDWLRQ�RI�GD\OLJKW�OHYHOV�FDXVHG�E\�WKH�PRYHPHQW�RI�WKH�VODWV�ZDV�VWXGLHG�
7KH�TXDOLW\�RI�GD\OLJKWLQJ�SUHYDLOLQJ�LQ�WKH�H[DPLQHG�FHOOV�ZDV�DSSURDFKHG�E\�VWXG\LQJ�WKH�XQL-
IRUPLW\�RI�GD\OLJKW�GLVWULEXWLRQ��DV�ZHOO�DV�E\�FRQGXFWLQJ�DQ�LQ�VLWX�YLVXDO�FRPIRUW�VXUYH\�DPRQJ�
SHUVRQV�ZKR�XVHG�WKH�VSDFH�DQG�¿OOHG�LQ�UHODWLYH�TXHVWLRQQDLUHV�

The presentation of results for the two building cells, as well as their intercomparison, indicate 
WKH�FRQWULEXWLRQ�RI�H[WHUQDO�EOLQGV�WR�WKH�IRUPDWLRQ�RI�GD\OLJKW�OHYHOV�DQG�YLVXDO�FRPIRUW�LQ�RI¿FH�
spaces.
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DESIGN OF LATERAL OPENINGS FOR NATURAL ILLUMINATION IN RESIDENTIAL BUIL-

DINGS IN BRAZIL: ANALYSIS OF THE BUILDINGS CODES AND SUGGESTIONS OF NEW 

PARAMETERS TO THE CITY OF BRASÍLIA.

de Sousa, J.A., Amorim, C.

8QLYHUVLGDGH�GH�%UDVtOLD��%UDVtOLD��%UD]LO�

In residential building, daylight is usually brought to the interior of a room by lateral openings, 
ZKLFK�PXVW�WR�EH�ZHOO�GHVLJQHG�WR�SURYLGH�PLQLPDO�LOOXPLQDWLRQ�WR�WKH�HQYLURQPHQW��+RZHYHU��WKH�
FRUUHFW�PHDVXUHPHQW�RI�WKHVH�RSHQLQJV�LV�GHSHQGHQW�RQ�WKH�NQRZOHGJH�RI�QDWXUDO�OLJKW�EHKDYLRU�
RQ�WKH�SURMHFW�VLWH��DV�ZHOO�DV�WKH�RSHQLQJ�RULHQWDWLRQ�DQG�RWKHU�IDFWRUV��,Q�HYHU\�FLW\�RI�%UD]LO��
building codes regulate construction of residential buildings. In theory, these codes should grant 
minimal quality standards including that of daylight through lateral openings. In the majority of 
Brazilian cities building codes, lateral opening dimension is solely calculated as a proportion of 
WKH�ÀRRU�DUHD�RI�WKH�URRP��7KHVH�FDOFXODWLRQV�GR�QRW�WDNH�LQ�FRQVLGHUDWLRQ�WKH�ORFDO�VN\�FRQGL-
tions, the orientation or amount on incoming solar radiation, potentially resulting in inadequate 
dimensions (Fernandes, 2009). Some of the measures adopted by the Brasilia building codes 
DUH�PHUHO\�FRSLHG�IURP�RWKHU�%UD]LOLDQ�FLWLHV�DQG�WKHLU�UHYLHZ�EDVHG�RQ�WKH�%UD]LOLDQ�OHJLVODWLRQ�
WR�GHWHUPLQH��E\�VLPSOH�FRPSDULVRQ�H�VDPSOLQJ��ZKLFK�YDOXHV�ZHUH�WKH�EHVW�WR�EH�DGRSWHG��%X-
VRQ�� ������� /DPRXQLHU� ������� HYDOXDWHG� WKH� QDWXUDO� LOOXPLQDWLRQ� SHUIRUPDQFH� LQ� NLWFKHQV� DQG�
EDWKURRPV�ZLWK�OLJKW�ZHOOV�LQ���%UD]LOLDQ�FLWLHV�XVLQJ�WKH�DFWXDO�FRGHV�DQG�YHUL¿HG�WKH�LQHI¿FLHQF\�
RI�WKHVH�LQGLFDWLRQV��1RQH�RI�WKH�DQDO\]HG�SODFHV�UHVXOWHG�LQ�WKH�PLQLPDO�OLJKWLQJ�OHYHO�UHTXLUHG��
7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�DQDO\]H�WKH�%UD]LOLDQ�EXLOGLQJ�FRGHV�DQG�SUHVHQW�QHZ�SDUDPH-
ter indications for the city of Brasilia. The recommendations for residential lateral opening of 27 
Building Codes from all Brazilian capitals were compared to the daylight conditions generated in 
%UDVLOLD�E\�FRPSXWHU�VLPXODWLRQ�RI�G\QDPLF�PHDVXUHV�DQG�SURYLVLRQ�RI�LPSURYHPHQW�LQ�RSHQLQJ�
dimensions parameters for this city. The method includes the elaboration of computer models of 
WKH�HYDOXDWHG�HQYLURQPHQWV��WDNLQJ�LQ�FRQVLGHUDWLRQ�WKH�UHFRPPHQGHG�GLPHQVLRQV�RI�WKH�%UDVLOLD�
building codes e simulated using DaySim software. To establish the minimal daylight required, 
the Brazilian Norm of Building Performance (NBR 15.575) was used, which stated a minimum 
RI����OX[�RI�QDWXUDO�OLJKWLQJ�LQ�UHVLGHQWLDO�HQYLURQPHQWV��7KH�DQDO\]HV�RI�GD\OLJKW�DXWRQRP\��'$��
were generated using graphics from the results of the simulations, from which will be possible to 
FRQFOXGH�LI�WKH�RSHQLQJ�GLPHQVLRQV�SURSRVHG�E\�WKH�FLW\�FRGHV�UHDFK�WKH�PLQLPDO�GD\OLJKW�OHYHO�
recommended and also will allow for the proposal of new recommendations for the city of Brasilia.
key words: daylight, buidings codes, lateral openigns for natural illumination.
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EVALUATION WINDOW LIGHTING CONSIDERING THE CIRCADIAN EFFECT

Mou, T., 0RX��;���:HQ��;�
+DQJ]KRX�=KHMLDQJ�8QLYHUVLW\�6HQVLQJ�,QVWUXPHQWV�&R��/WG��+DQJ]KRX��&KLQD�

:LQGRZ�OLJKW� LV�D�YHU\�HVVHQWLDO�SDUW�RI�D�PRGHUQ�EXLOGLQJ��1DWXUDO� OLJKW� LV�H[WUHPHO\�EHQH¿FLDO�
to human health and people lack of exposure to natural light are readily subjected to diseases. 
Therefore, window light is getting more and more attention these years.
7KH�EDVLF�IXQFWLRQ�RI�D�ZLQGRZ�LV�REYLRXVO\�WR�DOORZ�WKH�QDWXUDO�VXQOLJKW�WR�HQWHU�D�URRP��ZKLFK�LO-
OXPLQDWHV�WKH�LQGRRU�HQYLURQPHQW��DQG�PHDQZKLOH�DV�D�KHDW�SURYLGHU�LQ�ZLQWHU��)RU�SHRSOH�LQGRRU��
seeing the scene such as the sky, cloud and green trees outside through the windows make them 
IHHO�DFWLYH��ZKLFK�LV�EHQH¿FLDO�WR�PDLQWDLQ�WKHLU�VWDWXV�RI�SOHDVXUH�SK\VLRORJLFDOO\�DQG�SV\FKROR-
JLFDOO\��DQG�LPSURYH�WKHLU�ZRUN�SHUIRUPDQFH��HVSHFLDOO\�IRU�WKRVH�XQGHU�FRQVWDQW�KXJH�ZRUNLQJ�
SUHVVXUH��+RZHYHU��PRUH�LPSRUWDQW�LV�WKDW��QDWXUDO�OLJKW�VWLPXODWHV�HIIHFWLYHO\�WKH�KXPDQ�YLVXDO�
system, metabolic system and circadian rhythm. Exposure to appropriate amount of natural light 
KHOSV�WR�SUHYHQW�SRVVLEOH�GLVHDVHV��(VSHFLDOO\��QDWXUDO�OLJKW�LV�E\�IDU�WKH�PRVW�LPSRUWDQW�HQWUDLQLQJ�
FXH�RI�FLUFDGLDQ�UK\WKP��:KLOH�WKH�VSHFWUDO�LQWHQVLW\�DQG�LQFLGHQW�OLJKW�GLUHFWLRQ�RI�ZLQGRZ�OLJKW�
IURP�QDWXUDO�OLJKW�ÀXFWXDWH�DFFRUGLQJ�WR�WKH�DFWXDO�WLPH�SRLQWV�LQ�GD\WLPH�DQG�VHDVRQV��ZKLFK�V\Q-
FKURQL]HV�WKH�FLUFDGLDQ�UK\WKP�WR�RXWVLGH�HQYLURQPHQW��UHJXODWHV�YDULRXV�YDULDEOHV�RI�ERG\�DQG�
ultimately promotes organism homeostasis.

Circadian rhythm is a biological cycle that has a period of about a day. Body temperature, hor-
PRQDO�OHYHOV��VOHHS��FRJQLWLYH�SHUIRUPDQFH�DQG�PDQ\�RWKHU�SK\VLRORJLFDO�YDULDEOHV�H[KLELW�VXFK�
daily oscillations. Normalization of circadian rhythm is crucial to human health, because this sys-
WHP�UHJXODWHV�D�VHULHV�RI�JHQH�LQYROYHV�LQ�RFFXUUHQFH�DQG�GHYHORSPHQW�RI�GLVHDVH��HVSHFLDOO\�
FDQFHU��'LVRUGHU�RI�FLUFDGLDQ�UK\WKP�LV�DGYHUVH�DQG�HYHQ�OHWKDO�WR�KXPDQ��,Q�PDPPDOV�LQFOXGLQJ�
KXPDQ��D�SDFHPDNHU�LQ�WKH�K\SRWKDODPXV�FDOOHG�WKH�VXSUDFKLDVPDWLF�QXFOHXV��6&1��GULYHV�WKH-
se rhythms. Lesions of the SCN abolish circadian rhythms. Because the intrinsic period of the 
SCN oscillator is not exactly 24 h, it drifts out of phase with the solar day unless synchronized or 
µHQWUDLQHG¶�E\�VHQVRU\�LQSXWV��,QWULQVLFDOO\�SKRWRUHFHSWLYH�UHWLQDO�JDQJOLRQ�FHOOV��LS5*&V��DUH�WKH�
PRVW�LPSRUWDQW�FLUFDGLDQ�UK\WKP�SDUWLFLSDQWV��:KHQ�OLJKW�UHDFKHV�WKH�H\HV��FRQYH\�OLJKW�VLJQDOV�
GLUHFWO\�WR�WKH�6&1�YLD�WKH�UHWLQRK\SRWKDODPLF�WUDFW�HOLFLWLQJ�FLUFDGLDQ�DOWHUDWLRQV�E\�PRGXODWLQJ�
6&1�DFWLYLW\��:KHQ�ZH�H[SHULHQFH�D�VXGGHQ�FKDQJH�LQ�OLJKW�F\FOH��DV�LQ�DLU�WUDYHO�WR�D�QHZ�WLPH�
]RQH��ZH�VXIIHU�DQ�XQSOHDVDQW�PLVPDWFK�EHWZHHQ�RXU�ELRORJLFDO�UK\WKPV�DQG�ORFDO�VRODU�WLPH��µMHW�
ODJ¶���1RUPDO�V\QFKURQ\�LV�UHVWRUHG�RYHU�VHYHUDO�GD\V�DV�WKH�ULVLQJ�DQG�VHWWLQJ�RI�WKH�VXQ�UHVHWV�
our biological clock. This is the most classical case demonstrating the rhythm alteration.

+RZHYHU��LQ�PRGHUQ�EXLOGLQJ��PDQ\�RI¿FHV�DQG�URRPV�ZHUH�PDGH�ZLWKRXW�ZLQGRZV�ZKLFK�HQDEOH�
WKH�VXQOLJKW�WR�HQWHU�EHFDXVH�RI�WKH�UHVWULFWLRQ�RI�VWUXFWXUH��/LYLQJ�XQGHU�D�FLUFXPVWDQFH�ZLWK����
KRXU��FRQVWDQW�DQG�ORZ�LOOXPLQDWLRQ�OHVV�WKDQ����O[��SUREDEO\�LQGXFH�QHJDWLYH�LPSDFWV�RQ�PHQWDO�
KHDOWK�DQG�HPRWLRQV�RI�KXPDQ��7KH�UHJXODU�LOOXPLQDWLQJ�V\VWHP�FRQWDLQV�VKRUW�ZDYH�EOXH�OLJKW�WKDW�
impair human retina after a long period exposure, which alters subsequently circadian rhythm. 
8QGHU�FRQVWDQW�DUWL¿FLDO�OLJKWLQJ��SHRSOH�IHHO�IDWLJXHG�HDVLO\�DQG�UHVXOW�LQ�UHGXFWLRQ�RI�ZRUNLQJ�HI-
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¿FLHQF\��0HDQZKLOH��WKH�UHJXODU�OLJKWLQJ�V\VWHP�LV�¿[HG�RQ�WKH�FHLOLQJ��ZKLFK�UHÀHFWV�WKH�OLJKW�LQWR�
SHRSOH¶V�H\HV��7KHUHIRUH��DQ�DUWL¿FLDO�ZLQGRZ�RQ�WKH�ZDOO�RI�D�ZLQGRZ�OHVV�URRP��WKDW�LV�D�VLPX-
lating window, which simulates the natural day light penetrating a window, is possible to change 
these poor conditions.

:H�PDGH�XVH�RI�IRXU�FKDQQHOV�RI�/('�FRRO�ZKLWH��ZDUP�ZKLWH��UHG�DQG�EOXH��ZKLFK�DUH�FRQWUROOHG�
E\�'0;����YLD�D�FRPSXWHU��:H�VLPXODWHG�D�YLHZ�RI�WKH�:HVW�ODNH�VFHQH�IURP�D�ZLQGRZ�WRZDUG�
the east. Luminances and color temperatures of trees, clouds, the sky and lake water on the si-
PXODWLQJ�ZLQGRZ�DSSURDFK�WKH�QDWXUDO�HQYLURQPHQW�DV�FORVHO\�DV�SRVVLEOH�E\�GULYLQJ�G\QDPLFDOO\�
each LED sub-source.

7R�HYDOXDWH�WKH�FRQVLVWHQF\�RI�OLJKWLQJ�YLHZ�RQ�WKH�VLPXODWLQJ�ZLQGRZ�DQG�WKH�QDWXUDO�YLHZ��ZH�
WRRN�DGYDQWDJH�RI�WKH�LPDJH�H[WUDFWLRQ�WR�GLIIHUHQWLDWH�WUHHV��FORXGV��WKH�VN\��ODNH�ZDWHU�DQG�FLW\�
EXLOGLQJ²�WKH�¿YH�VFHQHV��/XPLQDQFH�DQG�FRORU�WHPSHUDWXUHV�RI�WKH�¿YH�SDUWV�ZHUH�PHDVXUHG�
E\�D�VSHFWURUDGLRPHWULF�OXPLQDQFH�PHWHU��DQG�SDUDPHWHUV�RI�GLIIHUHQW�WLPH�SRLQW�IURP�����$0�WR�
QRRQ�WLOO�����30�ZHUH�UHFRUGHG��WKHVH�GDWD�ZHUH�FRPSDUHG�ZLWK�WKRVH�UHFRUGHG�XQGHU�QDWXUDO�
conditions.

The size of the dynamically controlled simulating window was 3.0m×1.5m. In a human trial, a sub-
ject kept sitting by a desk 3m away from the simulating window and facing to it, which stimulate 
the perception of their ipRGCs of retina in eyes daytime.
7KH�HIIHFWLYH�LUUDGLDWLRQ�¿HOG�DQG�H[SRVXUH�LUUDGLDWLRQ�IURP�WKH�ZLQGRZ�RQ�UHWLQD�RI�WKH�VXEMHFW�
ZHUH�UHFRUGHG�YLD�D�EHKDYLRU�UHFRUGHU�IDVWHQHG�RQ�WKHLU�KHDG��7KH�UHVXOW�VXJJHVWHG�WKDW�WKH�KLJK�
OXPLQDQFH�VFHQH�RI�WKH�VLPXODWLQJ�ZLQGRZ�LPSURYHG�WKH�VWLPXODWLRQ�RI�QRQ�YLVXDO�V\VWHP�RI�WKH�
subjects working indoor chronically, because the induced stimulation to circadian rhythm is 2-3 
times to the ambient light.

:H�DQDO\]HG�WKH�PHWKRG�RI�HYDOXDWLRQ�RI�PXOWL�VFHQH�¿HOG��DQG�FRPSDUHG�WKH�FLUFDGLDQ�UK\WKP�
YDULDEOHV�RI�WKH�VLPXODWLQJ�ZLQGRZ�ZLWK�WKH�YLVXDO�YDULDEOHV��:H�DOVR�FRPSDUHG�FKURPDWLFLW\�DQG�
luminance of the dynamically controlled simulating window and C/P (C/P refers to the ratio of 
HIIHFWV�RI�FLUFDGLDQ�UK\WKP�WR�SKRWRSLF�YLVLRQ��ZKLFK�XVHG�WR�HYDOXDWH�WKH�QRQ�YLVXDO�HIIHFWV�RI�D�
OLJKW�VRXUFH��ZLWK�WKH�QDWXUDO�HQYLURQPHQW��DQG�HYDOXDWHG�WKH�VWULQJ�MXPS�DQG�ÀLFNHU�RI�OLJKW�LQÀX-
HQFLQJ�WKH�YLVXDO�FRPIRUW�OHYHO��DQG�WKHQ�PDGH�FDVH�DQDO\VLV�RI�FLUFDGLDQ�UK\WKP�DQG�LOOXPLQDWLRQ�
YDULDEOHV�RI�WKH�VXEMHFW�XQGHU�ZLQGRZ�OLJKWLQJ�LQ�GDLO\�ZRUNLQJ�FRQGLWLRQV�
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PP084

A CLIMATE-BASED GRAPHICAL TOOL TO PREDICT THE DAYLIGHT AVAILABILITY 

WITHIN A ROOM AT THE EARLIEST DESIGN STAGES

Pellegrino, A., $JKHPR��&���/R�9HUVR��9�5���&DPPDUDQR��6��
Politecnico di Torino, Energy Department, Torino, Italy.

The need for reducing energy consumption is today a key issue when approaching the conception 
and designing phases of a building construction. Electric lighting, particularly for non-residential 
EXLOGLQJ��SOD\V�D�PDMRU�UROH�LQ�GHWHUPLQLQJ�WKH�EXLOGLQJ�HQHUJ\�GHPDQG��DQG�LWV�UHODWLYH�LQÀXHQFH�
LV�LQFUHDVLQJ�DV�D�FRQVHTXHQFH�RI�WKH�SURJUHVVLYH�GHFUHDVLQJ�RI�+9$&�FRQVXPSWLRQ�GXH�WR�VWULF-
ter requirements recently introduced into national and international codes and regulations.
,Q�WKH�¿HOG�RI�OLJKWLQJ��WKH�QHHG�IRU�D�PRUH�UDWLRQDO�XVH�RI�UHVRXUFHV�UHVXOWV�LQ�DQ�LQFUHDVHG�XVH�
RI�GD\OLJKW�DQG�LWV�FRQVFLRXV�LQWHJUDWLRQ�ZLWK�WKH�HOHFWULF�OLJKWLQJ�¿WWLQJV��HYHQ�WKURXJK�WKH�XVH�RI�
control systems. The importance of daylight and sunlight for both building energy performance 
and ambient quality implies the need of a more accurate design approach which takes into ac-
FRXQW�WKH�G\QDPLF�EHKDYLRU�RI�GD\OLJKW��,Q�UHVSRQVH�WR�WKLV��D�QHZ�VHULHV�RI�PHWULFV�KDV�EHHQ�SUR-
SRVHG�LQ�OLWHUDWXUH��������WKH�µFOLPDWH�EDVHG�GD\OLJKW�PHWULFV�&%'0¶��ZKLFK�DUH�SDUDPHWHUV�DEOH�WR�
DFFRXQW�IRU�WKH�G\QDPLF�YDULDWLRQ�RI�GD\OLJKW�DQG�VXQOLJKW�FRQGLWLRQV�GXULQJ�WKH�FRXUVH�RI�WKH�\HDU�
$GGUHVVLQJ�D�GD\OLJKWLQJ�GHVLJQ�EDVHG�RQ�&%'0�DOORZV�DVVHVVLQJ�GD\OLJKW�DYDLODELOLW\�ZLWKLQ�D�
space with higher accuracy than an analysis based on the daylight factor only, in terms of both 
GHWHUPLQLQJ�TXDQWLW\�DQG�TXDOLW\�RI�GD\OLJKW�DQG�RI�YHULI\LQJ�SRWHQWLDO�YLVXDO�DQG�WKHUPDO�GLVFRP-
fort problems due to direct sunlight penetrating into a room. A dynamic approach allows a more 
conscious architectural design which is integrated with the design site and its climate conditions, 
also accounting for the effect of the orientation.

1HYHUWKHOHVV��ZKLOH�WKH�G\QDPLF�GD\OLJKWLQJ�GHVLJQ�DSSURDFK�LV�EHFRPLQJ�PRUH�DQG�PRUH�GLIIXVH�
ZLWKLQ�WKH�VFLHQWL¿F�FRPPXQLW\��LW�VWLOO�UHVXOWV�KDUG�WR�EH�FRUUHFWO\�XQGHUVWRRG�DQG�DSSOLHG�E\�WKH�
GHVLJQHUV��$FWXDOO\��PRVW�RI�GD\OLJKWLQJ�GHVLJQ�WRROV�SUHVHQWO\�DYDLODEOH�DUH�EDVHG�RQ�5DGLDQFH�
DQG�H[SHUW�VNLOOV�DUH�WKHUHIRUH�QHHGHG�WR�FDUU\�RXW�VLPXODWLRQV��$V�D�UHVXOW��GHVLJQHUV�VWLOO�KDYH�
troubles to adopt a dynamic approach since the early design stages and throughout the whole 
design process.

:LWKLQ�WKLV�IUDPH��WKH�SDSHU�SUHVHQWV�D�JUDSKLFDO�WRRO�ZKLFK�FRXOG�EH�XVHG�E\�WKH�GHVLJQ�WHDP�
since the earliest design stages to predict the daylight amount within an indoor space, as ex-
SUHVVHG�WKURXJK�WKH�YDOXHV�RI�'\QDPLF�'D\OLJKW�3HUIRUPDQFH�0HWULFV�''30��QDPHO\�WKH�JURXS�
of Daylight Autonomies, the group of Useful Daylight Illuminances and the Annual Light Exposu-
re).

7KH�WRRO�ZDV�EXLOW�WR�YLVXDOL]H�WKH�UHVXOWV�RI�KXJH�GDWDEDVH�RI�''30�GDWD�REWDLQHG�IURP�D�SDUD-
PHWULF�VWXG\�ZKLFK�ZDV�FDUULHG�RXW�WR�DVVHVV�WKH�GD\OLJKW�DPRXQW�IRU�D�VDPSOH�RI¿FH�URRP�ZLWK�
different characteristics: room orientation, depth and window area, as well as obstruction angle. 
The task illuminance was set to 500 lux, according to international standards. The analysis was 
UHSHDWHG�IRU�WKUHH�VLWHV��UHSUHVHQWDWLYH�RI�GLIIHUHQW�FOLPDWH�FRQGLWLRQV��7XULQ�DQG�3DOHUPR���,WD-
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O\���DQG�%HUOLQ�±�*HUPDQ\���)RU�HDFK�FDVH�VWXG\�WKH�''30�YDOXHV�ZHUH�FDOFXODWHG�WKURXJK�WKH�
Radiance-based software Daysim.
5HVXOWV�ZKLFK�ZHUH�REWDLQHG�DUH�LQWHQGHG�WR�SURYLGH�DUFKLWHFWV�DQG�GHVLJQHUV�ZLWK�PRUH�GHWDLOHG�
information about the consequences on daylighting due to different architectural solutions, as well 
DV�� WKH�RWKHU�ZD\�DURXQG��ZLWK�VWUDWHJLHV�WR�JXDUDQWHH�D�GHVLUHG�HQHUJ\�DQG�RU�HQYLURQPHQWDO�
performance.

For this reason the aim of the tool is to allow practitioners, designers and decision makers to 
TXLFNO\�YHULI\�WKH�LQÀXHQFH�RI�SUHOLPLQDU\�GHVLJQ�VROXWLRQV�RQ�GD\OLJKW�DYDLODELOLW\�ZLWKLQ�WKH�URRP�
DQG�LW�FDQ�EH�DSSOLFDEOH�IRU�VLPSOH�HQYLURQPHQWV��)RU�D�JLYHQ�FRPELQDWLRQ�RI�URRP�GHSWK��REVWUXF-
tion angle and window-to-wall ratio, designers can identify the daylighting condition as expressed 
E\�HDFK�''30�DQG�DVVHVV�WKH�LQÀXHQFH�RQ�WKH�GD\OLJKW�FRQGLWLRQ�GXH�WR�FKDQJLQJ�RI�WKHVH�URRP�
architectural characteristics. The graphical tool can by used by practitioners according to two dif-
IHUHQW�DSSURDFKHV��DFFRUGLQJ�WR�WKH�¿UVW�DSSURDFK��WKH�GHVLJQ�WHDP�KDV�WKH�FKDQFH�WR�LGHQWLI\��IRU�
WKH�VSHFL¿F�VSDFH�XQGHU�H[DPLQDWLRQ��WKH�FRUUHVSRQGLQJ�GD\OLJKWLQJ�SHUIRUPDQFH�ZKLFK�FDQ�EH�
H[SHFWHG��EDVHG�RQ�WKH�YDOXHV�RI�WKH�''30��$FFRUGLQJ�WR�WKH�VHFRQG�DSSURDFK��WKH�GHVLJQ�WHDP�
can use the tool to identify which combinations of the room architectural features (depth, window 
DUHD�DQG�REVWUXFWLRQ�DQJOH��ZRXOG�SURYLGH�WKH�VWDQGDUG�EDVHG�RU�XVHU�GH¿QHG�SHUIRUPDQFH�RE-
MHFWLYH�

(YHQ�LI�WKH�VWXG\�GRHV�QRW�FRYHU�HYHU\�SRVVLEOH�EXLOGLQJ�FRQ¿JXUDWLRQ�LW�PDNHV�DYDLODEOH�D�VHW�RI�
data and correlations that can be useful to inform designers on the impact of their architectural 
FKRLFHV�GXULQJ�WKH�YHU\�¿UVW�VWDJHV�RI�WKH�EXLOGLQJ�GHVLJQ�SURFHVV��ZKHQ�WKH�XVH�RI�VLPXODWLRQ�
tools for more detailed calculation is still premature.
7KLV�SDSHU�SUHVHQWV�WKH�JUDSKLFDO�WRRO�ZKLFK�ZDV�GHYHORSHG�DQG�VRPH�UHVXOWV�FRQFHUQLQJ�WKH�HI-
IHFWLYHQHVV�RI�LWV�DSSOLFDWLRQ��DV�ZHOO�DV�VRPH�FRPSDULVRQ�ZLWK�RWKHU�SUHGLFWLRQ�WRROV�ZKLFK�FRXOG�
be used by the design team to approach the daylighting design since the early design stages.

Rerefences

��0DUGDOLMHYLF�-���&,(��'LYLVLRQ���5HSRUWHUVKLS�5������&OLPDWH�EDVHG�GD\OLJKW�DQDO\VLV������
��5HLQKDUW�&)���0DUGDOMHYLF�-���5RJHUV�=��'\QDPLF�GD\OLJKW�SHUIRUPDQFH�PHWULFV�IRU�VXVWDLQDEOH�
EXLOGLQJ�GHVLJQ��/HXNRV��YRO���������SS�����������
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PP085

DEVELOPMENT OF AUTOMATIC LIGHTING CONTROL SYSTEM USING BRIGHTNESS 

IMAGE 

Kojima, Y.1, Ohki, C.1��1DNDPXUD��<�2, Kanaya, S.3

1. Obayashi corporation, Tokyo, Japan.
2.�7RN\R�,QVWLWXWH�RI�7HFKQRORJ\��<RNRKDPD��-DSDQ�
3.�9LVXDO�7HFKQRORJ\�/DERUDWRU\�,QF���7RN\R��-DSDQ�

7KH�LOOXPLQDQFH�LQ�WKH�RI¿FH�EXLOGLQJ�LQ�-DSDQ�KDV�FRPPRQ�����O[��,Q�WKRVH�RI¿FHV��RQO\�WKH�DPEL-
ent lighting system is used and the task light is not needed to use, which is called general lighting.
+RZHYHU��LQ�DGGLWLRQ�WR�WKH�GHPDQG�RI�HQHUJ\�VDYLQJ��LW�IHOO�LQWR�HOHFWULF�SRZHU�VKRUWDJH�ZLWK�WKH�
VWRS�RI�WKH�QXFOHDU�SRZHU�SODQW�E\�WKH�JUHDW�HDUWKTXDNH�LQ�0DUFK��������7KHUHIRUH��SRZHU�VDYLQJ�
DQG�HQHUJ\�VDYLQJ�DUH�VWURQJO\�FDOOHG�IRU�LQ�WKH�¿HOG�RI�RI¿FH�OLJKWLQJ�
7KH�7DVN�$PELHQW�/LJKWLQJ��7$/��LV�YDOLGDWHG�IRU�HQHUJ\�VDYLQJ�LQ�RI¿FH�EXLOGLQJ��,Q�-DSDQ��DOW-
hough introduction of TAL began from the 1980s, it has not spread in this present time. It is be-
cause the ambient lighting illuminance of about 300 lx is felt dark to the illuminance of 750 lx in 
WKH�JHQHUDO�RI¿FH�
7KHQ��DXWKRUV�VWDUWHG�GHYHORSPHQW�RI� WKH�DXWRPDWLF�FRQWURO�V\VWHP�RI� OLJKW�HQYLURQPHQW�XVLQJ�
WKH�EULJKWQHVV�LPDJH��DQG�LW�VXFFHHGHG�LQ�PDNLQJ�FRPIRUWDEOH�QDWXUH�DQG�HQHUJ\�VDYLQJ�QDWXUH�
compatible.
,Q�WKLV�SDSHU��WKH�RXWOLQH�RI�WKH�V\VWHP��WKH�VLPXODWLRQ�UHVXOW�RI�LWV�HQHUJ\�VDYLQJ�HIIHFW�DQG�DQ�
experimental result are reported.

The automatic control system consists of the following three systems greatly.
System1: Luminance measurement system
D��0HDVXUH�LQGRRU�OXPLQDQFH�IRU�HYHU\�VXUIDFH�RI�VXUURXQGLQJ�ZDOO�DQG�HYHU\�GH¿QLWH�SHULRG�RI�
time, and obtain luminance images.
6\VWHP���/LJKW�HQYLURQPHQW�DVVHVVPHQW�V\VWHP
a. Change into brightness images based on the luminance images, and compute distribution of 
WKH�EULJKWQHVV�PHDVXUH�YDOXH�RI�WKH�VSDFH�
E��'HGXFH�D�UHTXLUHG�OLJKWLQJ�FRQWURO�YDOXH�E\�FRPSDULQJ�WKLV�EULJKWQHVV�LPDJHV�ZLWK�WKH�EULJKW-
ness images of the target set up beforehand.
6\VWHP���/LJKW�HQYLURQPHQW�FRQWURO�V\VWHP
D��&DUU\�RXW�GLPPHU�FRQWURO�RI�WKH�OLJKWLQJ�DXWRPDWLFDOO\�DFFRUGLQJ�WR�D�OLJKWLQJ�FRQWURO�YDOXH�

%\�XVLQJ�WKLV�FRQWURO�PHWKRG��OLJKWLQJ�RXWSXW�FDQ�EH�VXSSUHVVHG�ORZ�DQG�ODUJH�HQHUJ\�VDYLQJ�FDQ�
be attained, without feeling shortage of brightness in the space using daylight. The brightness 
LPDJH�XVHG�KHUH�LV�GHYHORSHG�E\�1DNDPXUD�H[SUHVVHV�WKH�PHDVXUHPHQW�RI�WKH�EULJKWQHVV�SHU-
FHSWLRQ�ZKLFK�SHRSOH�IHHO�DQG�LW�LV�DFTXLUHG�IURP�OXPLQDQFH�LPDJH�WKURXJK�ZDYHOHW�WUDQVIRUP��$�
PHDVXUHPHQW�YDOXH�LV�GHQRWHG�E\����VWHSV�RI�1%��1DWXUDO�VFDOH�%ULJKWQHVV��LQ�YDOXHV�IURP���WR�
����ZKLFK�DUH�����YHU\�EULJKW������EULJKW�����D�OLWWOH�EULJKW�����PHDQ�����D�OLWWOH�GDUN�����GDUN�����YHU\�
dark.
About such automatic control technology, the actual proof examination is done in the laboratory 
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VKRZQ�LQ�)LJ�����5HFHVVHG�OLJKWLQJ�¿[WXUHV�ZLWK�ORXYHU�DUH�LQVWDOOHG��/DPSV�DUH�XVHG�HI¿FLHQW�W\SH�
ZLWK�GLPPHU�FRQWURO�DQG�FDQ�EH�LQGLYLGXDOO\�FRQWUROOHG�LQ��������RI�UDQJH�
)LYH�FDPHUDV�WR�PHDVXUH�WKH�OXPLQDQFH�RQ�WKH�VXUIDFH�RI�D�ZDOO�DQG�WKH�XSSHU�VXUIDFH�RI�D�GHVN�
DUH�LQVWDOOHG��DQG�EULJKWQHVV�LPDJHV�FDQ�EH�FRQYHUWHG�IURP�WKH�PHDVXUHG�OXPLQDQFH�
/LJKWLQJV�QHDU�WKH�VXUIDFH�RI�D�ZDOO�DUH�GLPPHG�VR�WKDW�WKH�EULJKWQHVV�YDOXH�FRPSXWHG�IURP�WKH�
PHDVXUHG�OXPLQDQFH�LPDJH�PD\�VHUYH�DV�1%�RI���
0RUHRYHU��OLJKWLQJV�LQ�WKH�FHQWHU�RI�WKH�URRP�DUH�GLPPHG�VR�WKDW�XSSHU�VXUIDFH�RI�WKH�GHVN�DUUDQ-
ged in the central part of the room may be set to NB of 5.
&RQWURO�YDOXH�LV�GHWHUPLQHG�WDNLQJ�WKH�LQÀXHQFH�RI�ERWK�OLJKWV�LQWR�FRQVLGHUDWLRQ�

)LJ���VKRZV�DQ�H[DPSOH�RI�VLPXODWLRQ�UHVXOWV�SHUIRUPHG�LQ�DGYDQFH��7KH�UHVXOWV�GHULYHG�IURP�WKH�
FRQGLWLRQ�RQ�WKH�FORXGHG�VN\�GD\�RI�WKH�ZLQWHU�DQG�DW�QRRQ��7KH�OHIW�¿JXUH�VKRZV�WKH�EULJKWQHVV�
LPDJH�REWDLQHG�E\�GD\�OLJKWLQJ�RQO\��DQG�WKH�ULJKW�¿JXUH�VKRZV�WKH�EULJKWQHVV� LPDJH�REWDLQHG�
IURP�WKH�PL[HG�OLJKWLQJ�RI�D�GD\OLJKW�DQG�DUWL¿FLDO�OLJKW�VR�WKDW�LW�PLJKW�EH�VHW�WR�1%�RI���DW�WKH�ZDOO��
7KH�UHVXOW�VKRZV�WKDW�DSSURSULDWH�EULJKWQHVV�YDOXH�FDQ�EH�DFKLHYHG�E\�DUWL¿FLDO�OLJKW�HYHQ�LQ�WKH�
space with day-lighting. The lighting power consumption at this time can be shown in Table 1, and 
FDQ�DWWDLQ�ODUJH�HQHUJ\�VDYLQJ�FRPSDUHG�ZLWK�WKH�JHQHUDO�LOOXPLQDWLRQ�V\VWHP�RI����O[��7KH�¿JXUH�
LQ�7$/�V\VWHP�LQFOXGHV�WKH�SRZHU�FRQVXPSWLRQ�RI���VHWV�WDVN�OLJKW�ZLWK���:�SHU�VHW�

7KXV��LW�EHFDPH�FOHDU�WKDW�WKH�OLJKWLQJ�FRQWURO�V\VWHP�ZKLFK�ZH�KDYH�GHYHORSHG�FRXOG�DWWDLQ�ODUJH�
HQHUJ\�VDYLQJ���0RUHRYHU��WKLV�V\VWHP�LV�EXLOW�LQ�DQ�DFWXDO�ODERUDWRU\�DQG�WKH�HQHUJ\�VDYLQJ�HIIHFW�
and the result of the subject experiment to brightness are reported.

Figure1 - Layout of an experimental room



362

Abstracts

Figure 2 - Brightness image

Table 1 - Comparison of Electric Power Consumption

General Lighting at 750lx TAL controlled by Brightness Image
3RZHU�&RQVXPSWLRQ�:� 1374 267.7
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PP086

ENERGY HARVESTING SOURCES FOR INTELLIGENT LED LIGHTING SYSTEMS

Higuera Portilla, J.E., &DUUHUDV��-���+HUWRJ��:���3HUiOYDUH]��0�
Lighting group, Catalonia Institute For Energy Research IREC, Barcelona, Catalonia, Spain.

0RGHUQ�OLJKWLQJ�FRQWURO�V\VWHPV�LQ�EXLOGLQJV�DUH�FRPSRVHG�RI�QXPHURXV�ZLUHG�VHQVRUV�DQG�DF-
WXDWRUV� WKDW�DUH� LQVWDOOHG�DQG�GHSOR\HG�RQ�EXLOGLQJV��:LWK� WKH�ULVH�RI�ZLUHOHVV�FRPPXQLFDWLRQV�
WHFKQRORJLHV��WKH�PLQLDWXUL]DWLRQ�RI�VHQVRU�GHYLFHV�DQG�WKH�DGYDQFHPHQWV�RI�HQHUJ\�KDUYHVWLQJ�
WHFKQRORJLHV�>�@�WR�LQFUHDVH�WKH�OLIHWLPH�RI�HPEHGGHG�GHYLFHV��WKH�PRGHUQ�OLJKWLQJ�V\VWHPV�DUH�
HYROYLQJ�WRZDUG�LQWHOOLJHQW� OLJKWLQJ�FRQWURO�V\VWHPV�EDVHG�RQ�ZLUHOHVV�VHQVRU�DQG�DFWXDWRU�QHW-
ZRUNV��:61��>�@�

7KLV�SDSHU�SUHVHQWV�D�VXUYH\�RI�HQHUJ\�KDUYHVWLQJ� WHFKQRORJLHV� WR�GHVLJQ�DXWRQRPRXV�VPDUW�
sensors and actuators for intelligent LED lighting control systems oriented to near zero-energy 
buildings as shown in Figure 1. Different illuminance and occupancy smart sensor nodes are cha-
UDFWHUL]HG�H[SHULPHQWDOO\�WR�GHWHUPLQH�WKH�HQHUJ\�HI¿FLHQF\�DQG�QRGH�DXWRQRP\�IURP�PXOWLSOH�
VRXUFHV�VXFK�DV�VXQOLJKW�RXWGRRU��LQGRRU�DUWL¿FLDO�/('�OLJKWLQJ�ZLWK�GLIIHUHQW�FRORU�WHPSHUDWXUHV��
Color Rendering Index (CRI), and according to the distance between the light source and the 
solar cell. One of the great challenges for the implementation of autonomous sensors in LED ligh-
ting systems lies in the proper characterization of the building to determine the residual energy 
sources that could be used properly depending on the node operational conditions throughout 
WKH�GD\��7KLV�LQIRUPDWLRQ�LV�LPSRUWDQW�WR�GHWHUPLQH�WKH�GHYLFHV�ORFDWLRQ�EDVHG�RQ�UHVLGXDO�HQHUJ\�
KDUYHVWLQJ�WHFKQRORJLHV�WKDW�VKRXOG�EH�WDLORUHG�WR�GLIIHUHQW�DUHDV�RI�WKH�EXLOGLQJ�VXFK�DV�ZLQGRZV��
RI¿FH�FHLOLQJ��FRPPRQ�DUHDV��VWDLUZHOOV��EDWKURRPV�HWF�

([SHULPHQWDO�UHVXOWV�LQ�WKLV�ZRUN�LQYROYH�VRODU�FHOO�FKDUDFWHUL]DWLRQ�EDVHG�RQ�DPRUSKRXV�VLOLFRQ��
PRQRFU\VWDOOLQH�VLOLFRQ��DQG�WKLQ�¿OP�'\H�6HQVLWL]HG��'66&��WHFKQRORJ\�WR�RSWLPL]H�WKH�VL]H�RI�
KDUYHVWHUV�DQG�VRODU�FHOOV� IRU�DXWRQRPRXV�QRGHV�ZLWK�XOWUD�ORZ�SRZHU�FRQVXPSWLRQ�DQG�VPDOO�
GXW\�F\FOHV��$GGLWLRQDO�WHVWV� LQYROYH�KDUQHVV�WKH�KHDW�SURGXFHG�E\�D�/('�KHDW�VLQN�UDGLDWRU� LQ�
WKH�OXPLQDLUH�IRU�D�WKHUPRHOHFWULF�KDUYHVWHU�PRGXOH�>�@�DV�VKRZQ�LQ�)LJXUH����$GGLWLRQDOO\��D�VHW�
RI�VPDOO�FXUUHQW�WUDQVIRUPHUV�DUH�HYDOXDWHG�DV�DQRWKHU�PHWKRG�WR�FDSWXUH�HQHUJ\�IURP�WKH�/('�
lighting system based on electromagnetic induction in the wires.
Finally we conclude with a discussion of wireless communications technologies for ultra low po-
ZHU�DQG�VKRUW�UDQJH�DXWRQRPRXV�QRGHV�IRU�/('�OLJKWLQJ�FRQWURO�V\VWHPV�EDVHG�RQ�VSHFL¿FDWLRQV�
VXFK�DV�(QRFHDQ�>�@�DQG�VWDQGDUGV�VXFK�DV�,(((����������>�@��=LJ%HH�>�@���/R:3$1�>�@�DQG�
%OXHWRRWK�>�@�IRU�VPDUW�OLJKWLQJ�V\VWHPV�WKDW�HPSOR\�DXWRQRPRXV�VPDUW�VHQVRUV�IRU�LQWHURSHUDEOH��
HQHUJ\�HI¿FLHQF\�DQG�KLJK�TXDOLW\�VHQVRU�QHWZRUNV�IRU�LQWHOOLJHQW�/('�OLJKWLQJ�FRQWURO�V\VWHPV�
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Figure 1 - Lighting control systems orien-

ted to near zero-energy buildings

Figure 2 - Main blocks for an autonomous 

sensor node in a smart lighting system
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EFFECTS ON ENERGY SAVINGS OF PERSONAL LIGHTING CONTROL SYSTEM IN AN 

OFFICE BUILDING IN JAPAN - PART 1 OUTLINE OF THE MEASUREMENT AND EFFECTS 

ON LOWERING ELECTRICAL POWER CONSUMPTION FOR LIGHTING

Mochizuki, E.1, Oikawa, D.1, Kim, J.2, Tashiro, K.3, Iida, K.3 
1. Chiba Institute of Technology, Narashino-city, Chiba, Japan.
2.�7RN\R�0HWURSROLWDQ�8QLYHUVLW\��+DFKLRXML�FLW\��7RN\R��-DSDQ�
3. Sanki Engineering Co., Ltd., Chuo-ku, Tokyo, Japan.

1. INTRODUCTION

,W�KDV�EHHQ�VDLG�WKDW�HQHUJ\�XVH�IRU�OLJKWLQJ�DFFRXQWV�IRU�DERXW�����RI�WKH�WRWDO�HQHUJ\�XVH�LQ�
-DSDQHVH�RI¿FH�EXLOGLQJV��-DSDQ�/XPLQDLUHV�$VVRFLDWLRQ����������7XUQLQJ�RII�DUWL¿FLDO�OLJKWLQJ�KDV�
D�ODUJH�LPSDFW�RQ�ORZHULQJ�HQHUJ\�XVH�LQ�RI¿FH�EXLOGLQJV�EHFDXVH�LW�UHODWHV�WR�UHGXFLQJ�WKH�ORDG�
IRU�DLU�FRQGLWLRQLQJ��+RZHYHU��-DSDQHVH�RI¿FH�EXLOGLQJV�KDYH�QRW�PDGH�SURJUHVV�LQ�HQHUJ\�VDYLQJ�
for lighting.
,Q�WKH�PRVW�RI�-DSDQHVH�RI¿FH�EXLOGLQJV��LW�LV�TXLWH�XVXDO�WKDW�WKH�RFFXSDQWV�OLYH�WRJHWKHU�ZLWK�WKH�
RWKHUV�LQ�D�GHHS�SODQ�RI¿FH�VSDFH�ZLWK�ODUJHO\�GLYLGHG�FRQWURO�XQLW�RI�FHLOLQJ�OXPLQDLUHV��,Q�VXFK�
FDVHV�� LW� LV� GLI¿FXOW� WR� VZLWFK� RQ�RII� WKH� FHLOLQJ� OXPLQDLUHV� DV� WKH� LQGLYLGXDO� GHPDQGV� EHFDXVH�
VZLWFKLQJ�RQ�RII�WKH�OXPLQDLUHV�FKDQJHV�QRW�RQO\�WKH�OLJKWLQJ�HQYLURQPHQW�LQ�WKH�DUHD�ZKHUH�WKH�
occupant who controlled the luminaire occupies but also that in the surrounding area. In some 
cases, ceiling luminaires are controlled by using occupancy sensors. It can be expected that tur-
ning off or reducing lumen output of the ceiling luminaires in the areas from where the occupants 
DUH�DEVHQW��+RZHYHU��LW�KDV�EHHQ�UHSRUWHG�WKDW�WKH�FHLOLQJ�OXPLQDLUHV�FRXOG�QRW�EH�WXUQHG�RII�WKDQ�
HVWLPDWHG�LQ�WKH�FDVHV�ZKHUH�WKH�RFFXSDQWV�FRPH�DQG�JR�IUHTXHQWO\��0��+RPPD���������6RPH�
lighting control systems that can turn off the lights surely in the area from where the occupants 
are absent are required.
The purpose of this study is to examine the effects of the personal lighting control system on the 
TXDOLW\�RI�OLJKWLQJ�HQYLURQPHQW�RI�WKH�RI¿FH�VSDFH�DQG�ORZHULQJ�HQHUJ\�XVH�IRU�OLJKWLQJ��,Q�WKLV�SD-
SHU��WKH�RXWOLQH�RI�WKH�PHDVXUHPHQW�DQG�WKH�HIIHFWV�RQ�HQHUJ\�VDYLQJV�RI�SHUVRQDO�OLJKWLQJ�FRQWURO�
system for ceiling luminaires are reported.

2. METHOD

)LJXUH���VKRZV�WKH�SODQ�RI� WKH�PHDVXUHG�RI¿FH�VSDFH��7KH�RI¿FH�VSDFH�ZDV�GLYLGHG� LQWR�IRXU�
DUHDV�DQG�WKH�FHLOLQJ�OLJKW�VZLWFKHV�RI�GLIIHUHQW�W\SHV�±WZR�NLQGV�RI�SXVK�EXWWRQ�V\VWHP�DQG�RQH�
push-button telephone- were distributed to each area. The occupants could switch on/ off the 
ceiling luminaires near their seats by pushing the button settled on their desks. In the most cases, 
RQH�FHLOLQJ�OLJKWLQJ�¿[WXUH�ZDV�VKDUHG�ZLWK�PRUH�WKDQ�RQH�RFFXSDQW��7KH�QXPEHU�RI�WKH�RFFXSDQWV�
ZKR�FRXOG�VZLWFK�RQ��RII�WKH�OLJKW�SHU�OLJKWLQJ�¿[WXUH�UDQJHG�IURP���WR����$OVR��WKH�QXPEHU�RI�WKH�
controllable ceiling luminaires per head ranged from 1 to 3.
Field measurements were conducted twice to examine the effects of personal lighting control sys-
WHP�IRU�FHLOLQJ�OXPLQDLUHV�RQ�HQHUJ\�FRQVHUYDWLRQ�E\�FRPSDULQJ�WKH�HOHFWULFDO�SRZHU�FRQVXPSWLRQ�
for lighting before installing the personal lighting control system and that after installing the sys-
WHP��7KH�¿UVW�PHDVXUHPHQW��EHIRUH�LQVWDOOLQJ�WKH�SHUVRQDO�OLJKWLQJ�FRQWURO�V\VWHP��ZDV�FRQGXFWHG�
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during 11th June and 15th June, 2012. And the second measurement was conducted during 17th 
July and 20th July, 2012, the second week after installing the personal lighting control system.
In the measurement, electrical power consumption for ceiling luminaires was measured at inter-
YDOV�RI���PLQXWH�DQG�WKH�QXPEHU�RI�WKH�RFFXSDQWV�ZKR�WRRN�WKHLU�VHDWV�LQ�HDFK�DUHD�ZDV�FRXQWHG�
DW�LQWHUYDOV�RI���VHFRQGV�GXULQJ�ZRUNLQJ�KRXUV����D�P����S�P����$OVR��WKH�WLPLQJV�ZKHQ�HDFK�RFFX-
SDQW�VZLWFKHG�RQ�RII�WKH�FHLOLQJ�OXPLQDLUHV�ZHUH�UHFRUGHG�DW�LQWHUYDOV�RI���PLQXWH�
0RUHRYHU��WKH�RFFXSDQWV�HYDOXDWHG�WKH�YLVXDO�HQYLURQPHQW�LQ�WKH�RI¿FH�VSDFH�DQG�WKH�FHLOLQJ�OLJKW�
VZLWFK��7KH�UHVXOWV�RI�WKH�TXHVWLRQQDLUH�DQG�WKH�RFFXSDQWV¶�UHVSRQVH�WR�SHUVRQDO�OLJKW�VZLWFK�DUH�
reported in Part 2.

3. RESULTS

Figure 2 shows the comparison of the electrical power consumption for ceiling luminaires before 
installing the personal lighting control system and that after installing the system in area A as an 
example. It can be seen that electrical power consumption for ceiling luminaires after installing 
WKH�SHUVRQDO� OLJKWLQJ� FRQWURO� V\VWHP�ZDV�KDOYHG� FRPSDUHG�ZLWK� WKDW� EHIRUH� LQVWDOOLQJ� WKH� V\V-
WHP��+RZHYHU��HOHFWULFDO�SRZHU�FRQVXPSWLRQ�ERWK�EHIRUH�DQG�DIWHU�LQVWDOOLQJ�WKH�SHUVRQDO�OLJKWLQJ�
control system was almost constant during working hours. Before installing the personal lighting 
control system, the ceiling luminaires were switched on/off all together, so the ceiling lights could 
QRW�EH�VZLWFKHG�RII�EHIRUH�DOO�RI�WKH�RFFXSDQWV�OHIW�WKH�RI¿FH�VSDFH��2Q�WKH�RWKHU�KDQG��LW�FRXOG�EH�
expected that the occupants switched on/off the ceiling lights frequently in accordance with their 
SUHVHQFH�E\�SHUVRQDO�VZLWFK�IRU�FHLOLQJ�OLJKWV��+RZHYHU��PRVW�RI�WKH�RFFXSDQWV�VZLWFKHG�RII�WKH�
FHLOLQJ�OXPLQDLUHV�RQO\�ZKHQ�WKH\�OHIW�WKH�RI¿FH��,W�FRXOG�EH�FRQFOXGHG�WKDW�RQFH�WKH�FHLOLQJ�OLJKW�
was switched on, most of the occupants did not change the state of the lighting.

REFERENCES

1) Japan Luminaires Association. 2009. Recommendation for renewal of luminaires, p. 3 (in Ja-
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���0��+RPPD��������6WXG\�RQ�WKH�HQHUJ\�VDYLQJ�RI�RI¿FH�OLJKWLQJ�E\�KXPDQ�GHWHFWLRQ�FRQWURO��
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Oikawa, D.1, 0RFKL]XNL��(�1, Kim, J.2, Tashiro, K.3, Iida, K.3 
1. Chiba Institute of Technology, Narasino, Chiba, Japan.
2.�7RN\R�0HWURSROLWDQ�8QLYHUVLW\��+DFKLRML��7RN\R��-DSDQ�
3. Sanki Engineerring Co.,Ltd., Chuo-ku, Tokyo, Japan.

1.Introduction

,Q�WKLV�VWXG\��¿HOG�PHDVXUHPHQW�ZDV�FRQGXFWHG�LQ�DQ�RI¿FH�EXLOGLQJ�ZKLFK�LQWURGXFHG�SHUVRQDO�
lighting control system. Part 1 of this paper has reported that electrical power consumption for 
OLJKWLQJ�KDV�EHHQ�UHGXFHG�E\�����LQ�DYHUDJH�E\�LQVWDOOLQJ�WKH�SHUVRQDO�OLJKWLQJ�FRQWURO�V\VWHP�
FRPSDUHG�ZLWK�EHIRUH� LQVWDOOLQJ�WKH�V\VWHP��+RZHYHU�� WKH�SHUFHQWDJH�RI�UHGXFWLRQ� LQ�HOHFWULFDO�
SRZHU�FRQVXPSWLRQ�IRU�OLJKWLQJ�YDULHG�IURP�DUHD�WR�DUHD��,Q�VRPH�DUHDV��WKH�HOHFWULFDO�SRZHU�FRQ-
sumption for lighting in working hours on weekdays was reduced in proportion to the percentage 
of the occupants who took their seats. On the other hand, there could be seen some areas whose 
electrical power consumption for lighting was much higher than those in other areas although the 
percentages of the occupants who were present were almost the same.
,Q�SDUW����WKH�UHODWLRQVKLS�EHWZHHQ�WKH�RFFXSDQWV¶�UHVSRQVH�WR�WKH�SHUVRQDO�OLJKWLQJ�FRQWURO�V\VWHP�
and the state of ceiling luminaires was analyzed in detail. Also, the results of the questionnaire 
VXUYH\��LGHQWLI\LQJ�WKH�RFFXSDQWV¶�HYDOXDWLRQ�RI�WKH�OLJKWLQJ�HQYLURQPHQW�LQ�WKH�RI¿FH�VSDFH�DQG�
their operation of the personal lighting control system are shown. From the results of this study, 
WKH�RSWLPDO�GHVLJQ�IRU�SHUVRQDO�OLJKWLQJ�FRQWURO�V\VWHP�ZLWK�FRQVLGHUDWLRQV�RI�HQHUJ\�VDYLQJV�FDQ�
be proposed.

2. Method

Field measurements were conducted twice, before and after installing the personal lighting con-
WURO�V\VWHP��7ZR�NLQGV�RI�TXHVWLRQQDLUH�ZHUH�SUHSDUHG��7KH�¿UVW�RQH�ZDV�WKH�TXHVWLRQQDLUH�RQ�
WKH�OLJKWLQJ�HQYLURQPHQW�LQ�WKH�RI¿FH�VSDFH��4XHVWLRQQDLUH�RQ�WKH�OLJKWLQJ�HQYLURQPHQW�ZDV�DVNHG�
to the occupants three times for each measurement, in the daytime on a sunny day and that on 
D�FORXG\�GD\�DQG�DW�QLJKW��WR�FRQVLGHU�WKH�GLIIHUHQFH�LQ�WKH�OLJKW�HQYLURQPHQW�GXH�WR�ZHDWKHU�DQG�
time. In the questionnaire, brightness on the desk, discomfort glare of the ceiling luminaires, sa-
WLVIDFWLRQ�OHYHO�RI�WKH�ZKROH�RI¿FH�VSDFH�HWF��ZHUH�DVNHG�
The second one was the questionnaire regarding the operation of the personal lighting control 
system. It was carried out only in the second measurement that was conducted after installing the 
personal lighting control system. In the questionnaire, when and why they changed the state of 
WKH�FHLOLQJ�OXPLQDLUHV�ZDV�DVNHG��$OVR�WKH�UHDVRQV�ZK\�WKH\�GLGQ¶W�VZLWFK�WKH�FHLOLQJ�OXPLQDLUH�RII�
in the case when they left their seats and how they felt the operation of the lighting by the other 
occupants were asked.

3.Results

)LJXUH��VKRZV�DQ�H[DPSOH�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�RFFXSDQWV¶�SUHVHQFH��ZKHWKHU�KL�VKH�
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took the seat or not) and the state of the ceiling luminaires which were controlled by them. The 
data were obtained in the second week after the personal lighting control system was installed to 
see the actual conditions under the occupants accustomed with the system. It could be seen that 
RQFH�WKH�FHLOLQJ�OXPLQDLUHV�ZHUH�WXUQHG�RQ��WKH\�ZHUH�UDUHO\�VZLWFKHG�RII��,W�ZDV�LGHQWL¿HG�WKDW�
the occupants seldom switched off the lighting during working hours. Also it can be said that the 
reduction in electrical power consumption for lighting was not for the occupants switched on/off 
the ceiling luminaires frequently in accordance with their presence but for the ceiling luminaires 
were turned off in the area where the occupants were absent.
)URP�WKH�UHVXOWV�RI�TXHVWLRQQDLUH��LW�ZDV�LGHQWL¿HG�WKDW�WKH�SHUFHQWDJH�RI�WKH�RFFXSDQWV¶�ZKR�ZHUH�
VDWLV¿HG�ZLWK�WKH�RSHUDELOLW\�RI�WKH�VZLWFK�ZDV�����LQ�WKH�DUHDV�$�DQG�'������LQ�WKH�DUHD�%�DQG�
����LQ�WKH�DUHD�&��$OVR��DERXW�KDOI�RI�WKH�RFFXSDQWV�DQVZHUHG�WKDW�WKH�VZLWFKHV�IRU�WKH�FHLOLQJ�
luminaires were necessary for each occupant, because they
FRXOG�VZLWFK�WKH�OLJKWLQJ�DW�DQ\�WLPH�GHSHQGLQJ�RQ�WKHLU�GHPDQGV�IRU�OLJKWLQJ��+RZHYHU��WKH�RF-
cupants seldom switched the lighting . the reasons why they did not switch the ceiling luminaires 
ZHUH�DOVR�DVNHG�WR�WKH�RFFXSDQWV��0RUH�WKHQ�KDOI�RI�WKH�RFFXSDQWV�DQVZHUHG�WKDW�WKH\�FRXOG�QRW�
switch the lighting because they shared the same luminaire with the others and worried about the 
LQÀXHQFH�RQ�WKH�OLJKWLQJ�HQYLURQPHQW�RI�WKH�RWKHUV�LQ�WKH�FDVH�ZKHQ�WKH\�VZLWFK�RII�WKH�FRPPRQ�
OXPLQDLUHV��0HDQZKLOH��WKH\�DOVR�DQVZHUHG�WKDW�WKH\�GLG�QRW�FDUH�DERXW�WKH�RWKHUV¶�RSHUDWLRQV�
)RU�WKH�HIIHFWLYH�XVH�RI�WKH�SHUVRQDO�OLJKWLQJ�FRQWURO�V\VWHP��LW�LV�QHFHVVDU\�IRU�HDFK�RFFXSDQW�WR�
UHFRJQL]H�WKH�GLIIHUHQFH�EHWZHHQ�WKHLU�RZQ�FRQMHFWXUHV�RQ�WKH�RWKHUV¶�RSHUDWLRQV�RI�OXPLQDLUHV�
DQG�WKH�RWKHUV¶�UHVSRQVH�WR�WKDW��$OVR��WKH�UHODWLRQV�EHWZHHQ�WKH�FRQWUROODEOH�OXPLQDLUH�DQG�WKH�
occupants who control the luminaire should be considered for proper use of the personal lighting 
control system.

Figure 1
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RESEARCH ON EVALUATION OF ENERGY CONSUMPTION OF INTELLIGENT LIGHTING 

CONTROL SYSTEM

Wang, L.

$UFKLWHFWXUDO�'HVLJQ�	�5HVHDUFK�,QVWLWXWH�RI�7VLQJKXD�8QLYHUVLW\��%HLMLQJ��&KLQD�

,QWHOOLJHQW� OLJKWLQJ�FRQWURO�V\VWHP� LV�D�FRQYHQLHQW�FRQWURO�PHWKRG�FRPPRQO\�DSSOLHG� LQ� OLJKWLQJ�
GHVLJQ��ZKLFK�DFKLHYHV�ÀH[LEOH��FRQYHQLHQW��IULHQGO\�XVHU�H[SHULHQFH�DQG�VWDEOH�OLJKWLQJ�HQYLURQ-
ment.
7KHRUHWLFDOO\��LQ�FHUWDLQ�LOOXPLQDQFH�UHTXLUHPHQW��LQWHOOLJHQW�OLJKWLQJ�FRQWURO�V\VWHP�VDYHV�HQHUJ\�
due to additional sunlight compared with manual control system.
,Q�RUGHU� WR�TXDQWLI\�HQHUJ\�VDYLQJ�HIIHFW�RI� LQWHOOLJHQW� OLJKWLQJ�FRQWURO�V\VWHP�DSSOLHG�WR�FHUWDLQ�
YHQXHV�� WKLV�DUWLFOH� LOOXVWUDWHV�D�FRQWUDVW�H[SHULPHQW�EHWZHHQ�WZR�RI¿FH�VSDFHV�RI�VLPLODU�ZRU-
king conditions equipped with intelligent control system based on Digital Address Light Interface 
(DALI) standard.
7KH�OLJKWLQJ�HQHUJ\�FRQVXPPDWLRQ�DQG�OLJKWLQJ�HQYLURQPHQW�SDUDPHWHUV�DUH�SUHFLVHO\�PHDVXUHG�
in this contrast experiment so as to assess the difference between these two lighting control me-
thods.
The challenge in this experiment is to decouple the energy consummation and lighting control 
PHWKRGV��7KH�H[SHULPHQWDO�UHVXOW�ZLOO�EH�GLUHFWO\�DIIHFWHG�E\�VXFK�SDUDPHWHUV�DV�OLJKWLQJ�HQYLURQ-
PHQW�UHTXLUHPHQW��OLJKWLQJ�FRQWURO�KDELWV��RXWGRRU�OLJKWLQJ�HQYLURQPHQW�FRQGLWLRQV��HWF��,Q�RUGHU�
WR�UHGXFH�WKH�LQWHUIHUHQFH��WZR�VHOHFWHG�DGMDFHQW�RI¿FHV�IDFLQJ�WRZDUGV�QRUWK�DUH�ERWK�RI���P2 
ZLWKRXW�GLUHFW�VXQOLJKW��2I¿FH�ZRUNLQJ�WLPH�VWDUWV�IURP�����DP�DQG�HQGV�DW�����SP��&RPSXWHUV�
with LCD are used as routine working tools.
��VHWV�RI�WULSOH�7��ÀXRUHVFHQW�ODPS�ZLWK�GLPPLQJ�%DOODVW�EDVHG�RQ�'$/,�DUH�LQVWDOOHG�LQ�WKH�RI¿FH�
FHLOLQJ��7KH�GHVN�VXUIDFH�KRUL]RQWDO�LOOXPLQDQFH�LV����O[�LQ�DYHUDJH�����O[�PD[LPXP�DQG����O[�
minimum. An illuminance meter, a curtain controler and a 5-key control panel are installed in both 
RI¿FHV�
,Q�RQH�RI¿FH�� DOO� ODPSV�DUH� FRQWUROOHG�E\� WKH� LOOXPLQDQFH�PHWHU��ZKLOH�PHDQZKLOH� WR�D� FRQWURO�
JURXS��WKH�RWKHU�RI¿FH�LV�VHW�WR�EH�VLPXODWLQJ�PDQXDO�FRQWURO�
9DULDEOHV�LQFOXGH�ZRUNLQJ�WLPH��LOOXPLQDQFH�VWDQGDUG��HOHFWULFDO�VKXWWOH��WLPLQJ�FRQWUROOHU�DQG�LQI-
rared body sensors.
In order to measure energy consummation, two multi-function electrical meters are installed to 
SRZHU�GLVWULEXWLRQ�V\VWHP�RI�WKH�WZR�RI¿FHV�
$OO�GDWD�FROOHFWHG�DUH�WUDQVIHUUHG�WR�D�FRPSDFW�JDWHZD\��ZKLFK�LV�DFFHVVLEOH�YLD�WKH�LQWHUQHW��$OO�
equipments for this experiment were settled in Sept. 2012.
$V�SHU�UHVXOW�IURP�OLJKWLQJ�HQYLURQPHQW�VDWLVIDFWLRQ�VXUYH\�DQG�GLIIHUHQW�FRQWURO�VWUDWHJ\��WKH�FRQ-
WURO�PRGHV�KDYH�EHHQ�VKLIWLQJ�PRQWKO\�ZLWK�XQLQWHUUXSWHG�UHFRUG�RI�HQHUJ\�FRQVXPSWLRQ�LQ�WZR�
RI¿FHV�
%DVH�RQ�FROOHFWHG�GDWD��FRPSDUHG�ZLWK�RI¿FH�VSDFH�ZLWK�PDQXDO�FRQWURO�V\VWHP��RI¿FH�VSDFH�ZLWK�
LQWHOOLJHQW�FRQWURO�V\VWHP�FRQVXPHV����WR����OHVV�HQHUJ\�DV�SHU�GLIIHUHQW�H[SHULPHQWDO�YLDEOHV�
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PP090

SMART LIGHTING CONTROL USING HUMAN MOTION TRACKING FROM DEPTH CAME-

RAS

Chun, S., Lee, C.
<HXQJQDP�8QLYHUVLW\��*\HRQJVDQ�VL��*\HRQJVDQJERRN�GR��.RUHD��5HSXEOLF�RI�

This paper presents a smart lighting control system using depth cameras based on human motion 
WUDFNLQJ��5HFHQWO\��FRQYHQWLRQDO�OLJKWLQJ�EXOEV�JHW�UHSODFHG�E\�/('�OLJKWLQJ�GHYLFHV�EHFDXVH�/('�
OLJKWLQJV�FRQVXPHUV�ORZHU�SRZHUV�DQG�DUH�HDVLHU�WR�FRQWURO�WKDQ�FRQYHQWLRQDO�OLJKWLQJV��7KHUHIR-
UH��WKHUH�KDYH�EHHQ�PDQ\�UHVHDUFK�DFWLYLWLHV�WR�DFKLHYH�HQHUJ\�VDYLQJV�XVLQJ�/('�OLJKWLQJ�DQG�
WR�SURYLGH�FRQYHQLHQW�PHWKRGV�WR�XVHUV�E\�IXVLQJ�,7�WHFKQRORJLHV��3DUDGLVR���������7KHUH�KDYH�
EHHQ�VHYHUDO�SURMHFWV� WR�FRPELQH�VHQVRU�V\VWHPV� IRU�VPDUW�/('� OLJKWLQJ�FRQWURO� �'DHKR�.LP��
2011). Estimated human location using ultra sonic sensors or IR sensors is used to control LED 
OLJKWLQJ�21�2))��+RZHYHU��LW�LV�GLI¿FXOW�WR�HVWLPDWH�FRUUHFW�ORFDWLRQ��PRYLQJ�WUDMHFWRULHV��DQG�WKH�
QXPEHU�RI�SHRSOH� LQ� WKH�VSDFH��$OVR�� LW� LV�GLI¿FXOW� WR�FRQWURO� OLJKWLQJ�V\VWHPV�XVLQJ�JHQHUDO��'�
FDPHUDV�EHFDXVH�LW�LV�VHQVLWLYH�WR�OLJKWLQJ�FRQGLWLRQ�FKDQJH��'HSWK�LQIRUPDWLRQ��KRZHYHU��FDQ�EH�
acquired independent to lighting condition change from depth camera like Kinects and it is rela-
WLYHO\�HDV\�WR�GHWHFW�KXPDQ�LQGHSHQGHQW�RI�FORWKLQJ��DQG�VNLQ�FRORUV��7KHUHIRUH��D�VPDUW�OLJKWLQJ�
URRP�LV�HTXLSSHG�ZLWK�D�79�VHW��D�WDEOH�DQG�D�GHVN�DQG�FRQWUROOHG�E\�KXPDQ�DFWLYLWLHV��)LJXUH���
VKRZV�D�VFKHPDWLF�GLDJUDP�RI�WKH�VPDUW�OLJKWLQJ�OLYLQJ�URRP�XVHG�LQ�RXU�H[SHULPHQWV��7KHUH�DUH�
IRXU�DFWLYLW\�PRGHV�VXFK�DV�ZDONLQJ�DURXQG��VWXG\LQJ��GLDORJ��DQG�ZDWFKLQJ�79��7DEOH���GHVFULEHV�
VSHFL¿FDWLRQV�RI�IRXU�DFWLYLWLHV�DQG�LWV�OLJKWLQJ�FRQGLWLRQV��/('�ÀDW�SDQHO�OLJKWLQJV�DUH�XVHG�WR�FRQ-
WURO�FRORU�WHPSHUDWXUH�DQG�LOOXPLQDQFH��0XOWLSOH�GHSWK�FDPHUDV�ZHUH�XVHG�WR�GHWHFW�KXPDQ�VXE-
ject motion. Because the background information does not need in human detection, background 
GHSWK�SL[HO�ZDV�UHPRYHG�XVLQJ�WKUHVKROG�YDOXHV��$IWHU�UHPRYLQJ�EDFNJURXQG�REMHFWV��FRQQHFWHG�
FRPSRQHQWV� DUH� GHWHFWHG� WR� HYDOXDWH� IRUHJURXQG�EOREV��(DFK�KXPDQ� ORFDWLRQ� LV� HVWLPDWHG� LQ�
image space through each center of foreground blob components. The trajectories from multiple 
FDPHUDV�ZHUH�SURMHFWHG�WR�D�JOREDO�WUDMHFWRU\�PDSV�XVLQJ�SHUVSHFWLYH�WUDQVIRUPDWLRQ��)LJXUH���
shows an example of detected person and its representation in the global trajectory maps.Experi-
PHQWDO�UHVXOWV�VKRZ�DFFXUDWH�HVWLPDWLRQ�RI�KXPDQ�ORFDWLRQ�DQG�KLJK�HQHUJ\�VDYLQJ�XVLQJ�OLJKWLQJ�
FRQWURO�EDVHG�RQ�KXPDQ�DFWLYLW\�UHFRJQLWLRQ�
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Figure 1 - A schematic diagram of the smat lighting living room and lighting panels and 

furniture locations on the global map and captured sample scenes in different actitivy 

modes

Figure 2 - Person detection from depth camera and projection to global map
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Tabel 1 - Activity mode and its lighting condition

$FWLYLW\�PRGH  Detection condition  Lighting control
Study mode  a a participant stay near the desk  7000K color temperature, 650 lux
Dialog mode  two persons stay near by the table  5000K color temperature, 400lux

:DWFKLQJ�79�PRGH a person sits on the sofa, which is in 
IURQW�RI�WKH�79�VHW

 all the lighting panels colors are synchronized 
ZLWK�WKH�GRPLQDQW�FRORUV�RI�WKH�79�VFUHHQ�

images
:DONLQJ�PRGH  None of other mode conditions  Closest lighting panel is turned into 6500K 

color temperature
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D3 - Interior Lighting

(QHUJ\�(I¿FLHQF\
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PP091

LIGHTING QUALITY VERSUS ENERGY EFFICIENCY

Kirsch, R., 9|ONHU��6�
7HFKQLFDO�8QLYHUVLW\�%HUOLQ��'HSDUWPHQW�RI�/LJKWLQJ�7HFKQRORJ\��%HUOLQ��*HUPDQ\�

5DSLGO\�HYROYLQJ�WZHQW\�¿UVW�FHQWXU\�OLJKWLQJ�WHFKQRORJ\�LV�RXWSDFLQJ�RXU�FRGHV�DQG�EHVW�SUDFWL-
FHV��7R�HPEUDFH� WKHVH�QHZ� WHFKQRORJLHV�DQG� UHHYDOXDWH� IXQGDPHQWDO� GHVLJQ�FRQFHSWV� LQ� WKH�
FRPPHUFLDO� OLJKWLQJ� LQGXVWU\�� WKLV� ZRUN� VHHNV� WR� DSSUDLVH� WKH� HIIHFWLYHQHVV� RI� FXUUHQW� OLJKWLQJ�
VWDQGDUGV��DQG�WR�SURSRVH�D�QRYHO�LQWHUSUHWDWLRQ�RI�³KLJK�TXDOLW\��HQHUJ\�HI¿FLHQF\�OLJKW´�IRU�WKH�
PRGHUQ�WHFKQRORJLFDO�HQYLURQPHQW�
7KH�(XURSHDQ�VWDQGDUG�IRU�RI¿FH�OLJKWLQJ��(1����������VHWV�OLPLWV�RQ�PLQLPXP�LOOXPLQDQFH�DQG�
XQLIRUPLW\�RI�WDVN�DUHDV��VXUURXQGLQJ�DUHDV��EDFNJURXQGV��ZDOOV�DQG�FHLOLQJV�>�@��,I�D�GHVLJQ�PHHWV�
WKH�VWDQGDUG�H[DFWO\��LW�FRXOG�WKHRUHWLFDOO\�FRQVXPH�����OHVV�SRZHU�WKDQ�WKH�UHIHUHQFH�EXLOGLQJ�
XVHG�LQ�WKH�*HUPDQ�EXLOGLQJ�HQHUJ\�VWDQGDUGV�',1�9�������DQG�(Q(9������>�@��([DFWO\�PDWFKLQJ�
DOO�WKH�OHYHOV�VHW�LQ�(1���������LV�QR�HDV\�WDVN��DV�VWUD\�OLJKW�IURP�ÀXRUHVFHQW�¿[WXUHV�ZLOO�XVXDOO\�
UHVXOW�LQ�ZDOO�LOOXPLQDQFHV�ZHOO�DERYH�WKH�PLQLPXP��+RZHYHU��FXUUHQW�/('�OXPLQDLUHV�HPLW�OLJKW�
LQ�H[DFWO\�GH¿QHG�GLUHFWLRQV�ZLWK�YHU\�OLWWOH�VWUD\�OLJKW��7KLV�EHJV�WKH�TXHVWLRQ��ZKDW�KDSSHQV�LI�
D�OLJKWLQJ�HQYLURQPHQW�PHHWV�WKH�(1���������VWDQGDUGV�H[DFWO\"�:LOO�WKH�OLJKWLQJ�TXDOLW\�VWLOO�EH�
VXI¿FLHQW"
A strict adherence to the European standard may take the quality element out of lighting enginee-
ULQJ��$�W\SLFDO�OLJKWLQJ�GHVLJQ�DFFRUGLQJ�WR�(1���������KHDYLO\�UHOLHV�RQ�SRZHU�FRQVXPSWLRQ�E\�
WDNLQJ�³DFFHSWDEOH³�PLQLPXP�LOOXPLQDQFHV�DV�PD[LPXP�YDOXHV�ZLWKRXW�VXI¿FLHQWO\�FRQVLGHULQJ�D�
OLJKWLQJ�VROXWLRQ¶V�KROLVWLF�TXDOLW\��,QGHHG��SRZHU�FRQVXPSWLRQ�LV�LPSRUWDQW�WR�DQ\�OLJKWLQJ�LQVWDO-
ODWLRQ��EXW�SRZHU�FRQVXPSWLRQ�LV�QRW�WKH�RQO\�PHDVXUH�RI�HQHUJ\�HI¿FLHQF\��,Q�D�SUDFWLFDO�OLJKWLQJ�
system, the input is electric power, and the output is lighting quality. Therefore, a more practical 
gauge of a lighting system is:

'HJUHH�RI�6\VWHP�(I¿FLHQF\ �4XDOLW\�RI�/LJKWLQJ�,QVWDOODWLRQ���(QHUJ\�&RQVXPSWLRQ�

$QRWKHU�TXHVWLRQ�DULVHV��ZKDW�GH¿QHV�OLJKWLQJ�TXDOLW\"�0DQ\�KDYH�DWWHPSWHG�WR�DQVZHU�WKLV�ZLWK�
SUHYLRXV�UHVHDUFK��EXW�WKH�RQO\�JHQHUDO�DJUHHPHQW�LV�WKDW�OLJKWLQJ�TXDOLW\�LV�KDUGO\�TXDQWL¿DEOH��
/LJKWLQJ�TXDOLW\�H[LVWV�VRPHZKHUH�ZLWKLQ�WKH�LQWHUVHFWLRQ�RI�HUJRQRPLF��HFRQRPLF��DQG�HI¿FLHQW�
RSHUDWLRQ��PDNLQJ�HQHUJ\�HI¿FLHQF\�DQ�LPSRUWDQW�HOHPHQW�RI�OLJKWLQJ�TXDOLW\�DQG�YLFH�YHUVD�>�@��>�@��
>�@��/LJKWLQJ�HQJLQHHUV�PXVW�FRQVLGHU�WKHVH�FRPSOH[�FRUUHODWLRQV�VLPXOWDQHRXVO\��7KLV�UHVHDUFK�
IRFXVHV�RQ�RSWLPL]LQJ�OLJKWLQJ�TXDOLW\�DQG�HI¿FLHQF\�E\�VHHNLQJ�IRU�DQ�RSWLPDO�OXPLQRXV�GLVWULEXWL-
RQ�LQ�RI¿FH�VSDFHV��'HSHQGHQW�PHDVXUHV�LQFOXGH�DUFKLWHFWXUDO�LQWHJUDWLRQ��DFFHSWDQFH�DQG�SHU-
FHLYHG�OLJKWLQJ�TXDOLW\��VXPPDUL]HG�DV�VXEMHFWLYH�HYDOXDWLRQ�RI�OLJKWLQJ�TXDOLW\��7KHVH�PHDVXUHV�
are integral to the hypotheses of this experiment:

• $�GHFUHDVHG�LOOXPLQDQFH�OHYHO�LQ�VXUURXQGLQJ�DUHDV�LV�VXI¿FLHQW�LI�ZDOO�DQG�FHLOLQJ�OXPLQDQFH�
is increased.

• 'LIIHUHQW�ZDOO�FHLOLQJ�OXPLQRXV�GLVWULEXWLRQV��ZLWK�D�¿[HG�DYHUDJH�OXPLQDQFH��OHDG�WR�GLIIHUHQW�
VXEMHFWLYH�OHYHOV�RI�DFFHSWDQFH�
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• $SSURSULDWH�OXPLQDQFH�GLVWULEXWLRQV�LQ�D�URRP�FDQ�LQFUHDVH�VXEMHFWLYH�OLJKWLQJ�TXDOLW\�ZLWKRXW�
increasing energy consumption.

• Appropriate luminance distributions can decrease energy consumption without decreasing 
VXEMHFWLYH�OLJKWLQJ�TXDOLW\��

• 2SWLPL]LQJ�WKH�OXPLQDQFH�GLVWULEXWLRQ�LQ�WKH�¿HOG�RI�YLHZ�DQG�ORZHULQJ�WKH�LOOXPLQDQFH�LQ�VXU-
URXQGLQJ�DUHDV�ZLOO�VDYH�HQHUJ\�DQG�LQFUHDVH�OLJKW�TXDOLW\�

7KH�UHVHDUFK�WDNHV�SODFH�LQ�D�XQLTXH�FXVWRP�PDGH�PRFNXS�RI�D�FHOO�RI¿FH�DLPLQJ�WR�DQ�H[DFW�
LVRODWLRQ�RI�LQGHSHQGHQW�YDULDEOHV��'LIIXVH�DFU\OLF��EDFNOLW�E\�RYHU������FRQWUROODEOH�/('�SDQHOV��
PDNH�XS�WKUHH�ZDOOV�DQG�FHLOLQJ�WR�FRQWURO�OXPLQDQFH�GLVWULEXWLRQV�LQ�WKH�YLVXDO�¿HOG��7KH�IRXUWK�
wall contains a simulated window with adjustable CCT. Six high- resolution projectors in the cei-
OLQJ�SURYLGH�GH¿QHG�LOOXPLQDQFH�GLVWULEXWLRQV�RQ�WKH�ZRUNSODQH��6LQFH�WKH�SURMHFWRUV�KDYH�DOPRVW�
QR� VWUD\� OLJKW� WKH� SURYLGHG� LOOXPLQDQFH� LV� UHVWULFWHG� WR� WKH�ZRUNSODQH��$OO� FRPSRQHQWV� FDQ� EH�
EDODQFHG�WR�SURYLGH�WKH�H[DFW�GLVWULEXWLRQ�QHHGHG�LQGHSHQGHQWO\�IURP�HDFK�RWKHU��7KH�WHVW�URRP�
FRQWDLQV�D�GRXEOH�GHVN�WR�HQDEOH�VXEMHFWV�WR�HYDOXDWH�YDULRXV�OLJKWLQJ�FRQGLWLRQV��,Q�HDFK�FDVH��
WKH�GHSHQGDQW�YDULDEOH�LV�WKH�VXEMHFWLYH�HYDOXDWLRQ�RI
OLJKWLQJ�TXDOLW\��,QGHSHQGHQW�YDULDEOHV�DUH�OXPLQRXV�GLVWULEXWLRQV�LQFOXGLQJ�GHVNWRS�LOOXPLQDQFH��
EDFNJURXQG�OXPLQDQFH��ZDOO�OXPLQDQFH�DQG�OXPLQDQFH�LQ�WKH�¿HOG�RI�YLHZ�
$VVXPLQJ�WKDW�WKH�K\SRWKHVHV�SURYH�WUXH��RQH�FDQ�H[SHFW�WKH�IROORZLQJ�RXWFRPHV�

• 6XEMHFWLYH�HYDOXDWLRQ�RI�OLJKWLQJ�TXDOLW\�ZLOO�QRW�FKDQJH�DV�WKH�KRUL]RQWDO�VXUURXQGLQJ�LOOXPL-
QDQFH�GHFUHDVHV��DOORZLQJ�D�GHFUHDVHG�OHYHO�RI�HQHUJ\�FRQVXPSWLRQ�

• 6XEMHFWLYH�HYDOXDWLRQ�RI�OLJKWLQJ�TXDOLW\�ZLOO�LQFUHDVH�XVLQJ�DSSURSULDWH�OXPLQDQFH�GLVWULEXWLRQV�
without changing the energy consumption.

• Lighting solutions using the right luminous distribution will decrease energy consumption wit-
KRXW�FKDQJLQJ�VXEMHFWLYH�HYDOXDWLRQ�RI�OLJKWLQJ�TXDOLW\�

,I�FRQFOXVLYHO\�REVHUYHG��WKH�UHVXOWV�ZLOO�VXSSRUW�LPSURYHG�GH¿QLWLRQV�RI�OLJKWLQJ�TXDOLW\��LQFOXGLQJ�
UHTXLUHG�OXPLQDQFH�GLVWULEXWLRQV�ZLWKLQ�WKH�¿HOG�RI�YLHZ�WR�DGGUHVV�WKH�TXDOLW\�RI�D�OLJKWLQJ�VROXWL-
on in a holistically. This experiment will show that newer technologies need newer standards to 
PDLQWDLQ�RSWLPDOLW\�DQG�WKXV�SDYH�WKH�URDG�IRU�IXWXUH�LPSURYHPHQW�

References:

>�@�&(1�(1��������������/LJKW�DQG�OLJKWLQJ���/LJKWLQJ�RI�ZRUN�SODFHV���3DUW����,QGRRU�ZRUN�SODFHV�
published by the European national standards institute CEN 2011
>�@�.LUVFK��5��/LJKWLQJ�4XDOLW\�YV��(QHUJ\�(I¿FLHQF\��3UHVHQWDWLRQ�DW�WKH�81,/('�3URMHFW�0HHWLQJ��
,OPHQDX������>�@�9HLWFK�-�$��3V\FKRORJLFDO�SURFHVVHV�LQÀXHQFLQJ�OLJKWLQJ�TXDOLW\��-RXUQDO�RI�WKH�
,OOXPLQDWLQJ�(QJLQHHULQJ�6RFLHW\������Y������QR��������������
>�@�*RRGPDQ�7�0��0HDVXUHPHQW�DQG�VSHFL¿FDWLRQ�RI�OLJKWLQJ��$�ORRN�DW�WKH�IXWXUH��/LJKWLQJ�5H-
search and Technology 2009 41: 229 - 243
>�@�/RH�'�/��(QHUJ\�HI¿FLHQF\�LQ�OLJKWLQJ���FRQVLGHUDWLRQV�DQG�SRVVLELOLWLHV��/LJKWLQJ�5HVHDUFK�DQG�
Technology 2009 41: 209 - 218
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PP093

DEVELOPMENT OF THE METHOD TO EVALUATE ECONOMICAL EFFICIENCY OF A LIGH-

TING SYSTEM 

Kim, H., Cho, S.
'HSDUWPHQW�RI�(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHULQJ��.DQJZRQ�1DWLRQDO�8QLYHUVLW\��&KXQFKHRQ��
Korea, Republic of.

$�WRRO�ZLWK�ZKLFK�HFRQRPLFDO�HI¿FLHQF\�RI�D�OLJKWLQJ�V\VWHP�FDQ�EH�HYDOXDWHG�ZKHQ�GLIIHUHQW�W\SHV�
RI�OXPLQDLUHV�DUH�XVHG�LQ�WKH�VDPH�VSDFH��8VLQJ�WKLV�WRRO�PDNHV�LW�SRVVLEOH�WR�HYDOXDWH�HFRQRPL-
FDO�HI¿FLHQF\�RI�OLJKWLQJ�V\VWHPV�ZKHQ�WKH\�DUH�QHZO\�LQVWDOOHG�RU�UHSODFHG��%\�XVLQJ�WKLV�PHWKRG�
initial costs, annual maintenance and repair costs, annual electric charges of each lighting system 
FDQ�EH�GHWHUPLQHG��6LQFH�LW�LV�SRVVLEOH�WR�HYDOXDWH�WKH�FRVW�RI�DQ�HQWLUH�OLJKWLQJ�V\VWHP�XVLQJ�GLI-
IHUHQW�W\SHV�RI�OXPLQDLUHV��WKH�HFRQRPLFDO�HI¿FLHQF\�RI�OLJKWLQJ�V\VWHPV�RI�PXOWL�SXUSRVH�VSDFHV�
RU�WXQQHOV�FDQ�EH�HYDOXDWHG�ZLWK�HDVH�
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PP094

THE REQUIREMENTS FOR THE LIGHTING ENERGY PERFORMANCE ASSESSMENT OF 

NON- RESIDENTIAL AND RESIDENTIAL BUILDINGS CONSIDERING ASSUMPTION OF 

BUILDING USAGE CONDITIONS

Miki, Y.

1DWLRQDO�,QVWLWXWH�IRU�/DQG�DQG�,QIUDVWUXFWXUH�0DQDJHPHQW��0LQLVWU\�RI�/DQG��,QIUDVWUXFWXUH��
Transport and Tourism, Tsukuba-city, Japan.

Objective:

The energy reduction by equipment technologies in non-residential buildings and in residential 
EXLOGLQJV�KDV�EHHQ�PRUH�DQG�PRUH�LPSRUWDQW��7KH�SUHVHQW�WUHQG�IRU�DVVHVVPHQW�HQHUJ\�VDYLQJ�
performance is toward using an annual primary energy amount of consumption by the building 
HTXLSPHQW��DQG�OLJKWLQJ�HTXLSPHQW�LV�QRW�DQ�H[FHSWLRQ��)URP�WKH�YLHZSRLQW�RI�/&&2��E\�WKH�OLJK-
ting equipment, emitted CO2 resulting from the energy consumption of building usage occupies 
most. Therefore, assessment by the lighting energy amount of consumption at the time of usage 
is especially important.
+RZHYHU��LQ�RUGHU�WR�SHUIRUP�DVVHVVPHQW�E\�WKH�OLJKWLQJ�HQHUJ\�DPRXQW�RI�FRQVXPSWLRQ�DW�WKH�
time of usage, it is necessary to make assumption of the usage condition appropriately.
$W�SUHVHQW�� LQ�-DSDQ��FRQVLGHULQJ� WUHQG�GHVFULEHG�DERYH�� WKH�HQHUJ\�VDYLQJ�VWDQGDUG� IRU�ERWK�
QRQ�UHVLGHQWLDO�EXLOGLQJ�DQG�UHVLGHQWLDO�EXLOGLQJ� LV� WR�EH� UHYLVHG��DQG�ZLWKLQ������� WKH�GHWDLOHG�
of assessment method including lighting is also to be decided. For making assessment method, 
YDULRXV�UHVHDUFKHV�KDYH�EHHQ�FDUULHG�RXW��DQG�REWDLQHG�HIIHFWLYH�UHVXOWV�IRU�OLJKWLQJ�HQHUJ\�DV-
sessment.
Based on these backgrounds, the purpose of this study is to clarify the requirements for the 
lighting energy performance assessment of non-residential and residential buildings considering 
assumption of building usage conditions.

Method:

On the non-residential buildings, based on the concept that the lighting control system is impor-
WDQW�IRU�DVVHVVPHQW�RI�OLJKWLQJ�HQHUJ\�SHUIRUPDQFH�FRQVLGHULQJ�XVDJH�FRQGLWLRQV��RI¿FH�EXLOGLQJV�
LQFOXGLQJ�YDULRXV�OLJKWLQJ�FRQWURO�V\VWHPV�ZHUH�LQYHVWLJDWHG�DQG�UHODWLRQVKLS�EHWZHHQ�FRQGLWLRQ�
of the systems and lighting energy consumption were analyzed. On the residential buildings, the 
simulations of the lighting energy consumption at the time of usage were carried out and the re-
ODWLRQVKLS�DPRQJ�WKH�URRP�DUUDQJHPHQW��OLIH�DFWLYLWLHV��DQG�HQHUJ\�FRQVXPSWLRQ�ZHUH�DQDO\]HG�

Result:

• In assessment of non-residential building lighting energy performance considering usage con-
dition, focusing on the lighting control system is important, and to categorize factor such as 
outdoor factor (daylighting control), human related factor (sensor control, zoning control, timer 
control and so on), and to arrange conditions of mutual controls based on the factors on are 
HIIHFWLYH�

• In assessment of the lighting energy performance of non-residential building, it is necessary 
for distinguishing lighting control systems and lighting system such as TAL.
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• About the effect of daylighting control in the non-residential building, consideration of the usa-
ge of blind control should be considered.

• In assessment of residential building lighting energy performance considering usage condi-
tion, while the general cost for energy performance assessment is lower than non-residential 
buildings, the usage conditions are more complex than non-residential buildings. Therefore, 
ZKLOH�VHWWLQJ�XS�WKH�FRQGLWLRQ�RI�XVDJH�IRU�DVVHVVPHQW�OLJKWLQJ�HQHUJ\�SHUIRUPDQFH�¿QHO\�DV�
much as possible, it is required to simplify the other conditions.

• 6LQFH�WKH�ODWHVW�OLJKWLQJ�FRQWURO�V\VWHPV�KDYH�EHHQ�LPSURYLQJ��WKH�GHVLJQ�FDVHV�RI�LQVWDOOLQJ�
H[FHVVLYH�OLJKWLQJ�DW�¿UVW�DQG�FRQWUROOLQJ�DW�WKH�WLPH�RI�XVDJH�ODWHU�DUH�LQFUHDVLQJ��,Q�RUGHU�WR�
DVVHVV�WKH�HQHUJ\�FRQVXPSWLRQ�SHUIRUPDQFH�RI�OLJKWLQJ�DSSURSULDWHO\�DQG�WR�SUHYHQW�H[FHVVL-
YH�OLJKWLQJ�GHVLJQ��LW�LV�QHFHVVDU\�WR�FRQVLGHU�ERWK�DW�WKH�WLPH�RI�GHVLJQLQJ�DQG�DW�WKH�WLPH�RI�
usage.

Conclusions:

In this research, the requirements for the lighting energy performance assessment of non-resi-
GHQWLDO�DQG�UHVLGHQWLDO�EXLOGLQJV�FRQVLGHULQJ�DVVXPSWLRQ�RI�EXLOGLQJ�XVDJH�FRQGLWLRQV�DUH�FODUL¿HG�
IURP�WKH�LQYHVWLJDWLRQ�DQG�VLPXODWLRQV�IRU�PDNLQJ�-DSDQHVH�EXLOGLQJ�HQHUJ\�VDYLQJ�VWDQGDUG�
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PP095

UNRAVELLING EFFICACY, MAINTENANCE AND LIGHTING ENERGY FOR THE END USER

Mucklejohn, S., :KLWWDNHU��$�3���*RUH��-�
&HUDYLVLRQ�/LPLWHG��%OHWFKOH\��8QLWHG�.LQJGRP�

'HVSLWH� OLJKWLQJ�SURIHVVLRQDOV��ZKHWKHU� WKH\�DUH� LQYROYHG�ZLWK� WKH� IXQGDPHQWDO� VFLHQFH�RI� WKH�
LQWHUDFWLRQV�EHWZHHQ�OLJKW�DQG�WKH�FRJQLWLYH�IXQFWLRQV�RI�KXPDQV��WKH�PHDVXUHPHQW�RI�OLJKW��WKH�
GHYHORSPHQW�RI�OLJKW�VRXUFHV��OLJKWLQJ�UHODWHG�SURGXFW�GHVLJQ��OLJKWLQJ�GHVLJQV�RU�WKH�DFWXDO�LQVWDO-
lation of lighting systems, being familiar with all of the terms used to describe both lighting quality 
DQG�HQHUJ\�HI¿FLHQF\�WKHUH�DUH�VWLOO�SOHQW\�RI�RSSRUWXQLWLHV�IRU�FRQIXVLRQ��7KH�FXVWRPHUV�DQG�HQG�
XVHUV�DUH�RIWHQ�LQ�DQ�HYHQ�PRUH�GLVDGYDQWDJHRXV�SRVLWLRQ�DV�WKH\�DUH�XVXDOO\�QRW�IDPLOLDU�ZLWK�
many of the rather esoteric terms, quantities and units. Thus, it is easy to understand why cus-
WRPHUV�DUH�GLVDSSRLQWHG�ZKHQ�WKH\�GR�QRW�VHH�WKH�ZHOO�SXEOLFLVHG�DGYDQFHV�LQ�WKH�SHUIRUPDQFH�
RI�OLJKW�VRXUFHV�UHÀHFWHG�LQ�WKH�HQHUJ\�HI¿FLHQF\�RI�OLJKWLQJ�LQVWDOODWLRQV��&RQYH\LQJ�TXDQWLWDWLYH�
PHDVXUHV�RI�OLJKWLQJ�TXDOLW\�WR�HQG�XVHUV�LV�HYHQ�PRUH�GLI¿FXOW�

7KH�DXWKRUV�KDYH�WKHUHIRUH�XQGHUWDNHQ�D�UHYLHZ�RI�QXPHURXV�IDFWRUV�LQÀXHQFLQJ�WKH�HI¿FLHQF\�RI�
OLJKWLQJ�V\VWHPV�LQFOXGLQJ��OLJKW�VRXUFH�HI¿FDF\��JHDU�HI¿FLHQF\��OXPLQDLUH�OLJKW�RXWSXW�UDWLR��/25���
ODPS�OXPHQ�PDLQWHQDQFH�IDFWRU��//0)���OXPLQDLUH�PDLQWHQDQFH�IDFWRU��/0)���URRP�VXUIDFH�PDLQ-
WHQDQFH�IDFWRU��560)��� ODPS�VXUYLYDO� IDFWRU��/6)��� WR�HVWDEOLVK�D�VHULHV�RI�H[DPSOHV�WKDW�PD\�
EH�XVHG�WR�LOOXVWUDWH�TXDQWLWDWLYHO\�KRZ�WKHVH�IDFWRUV�GHWHUPLQH�WKH�LPSDFW�RI�WKH�FRQYHUVLRQ�RI�
OLJKW�VRXUFH�HI¿FDF\�LQWR�WKH�SUHGLFWHG�LOOXPLQDQFH�LQ�DQ�LQVWDOODWLRQ��L�H��IURP�OLJKW�VRXUFH�OXPHQV�
JHQHUDWHG�WR�OX[�GHOLYHUHG�

7KHVH�FRQFHSWV�FDQ�EH�LOOXVWUDWHG�E\�FRQVLGHULQJ�WKH�HQHUJ\�UHTXLUHG�WR�GHOLYHU�D�IXQFWLRQDO�XQLW��
an approach that is used in life cycle analysis. For a functional unit of 1,000,000 lm.h, and light 
VRXUFH�RXWSXW�RI��������OP��D�IXQFWLRQDO�XQLW�ZRXOG�EH�GHOLYHUHG�LQ�������K��$�����:�FHUDPLF�PH-
tal halide lamp with initial output of 14,000 lm would produce approximately 10,000 lm at 4,000 h 
�//0)�a������(OHFWURQLF�EDOODVWV�IRU�+,'�ODPSV�DUH�PRUH�HI¿FLHQW�WKDQ�WKH�FRUUHVSRQGLQJ�HOHFWUR-
PDJQHWLF�EDOODVWV��:KHUHDV�WKH�HI¿FLHQF\�RI�ODWWHU�ZRXOG�W\SLFDOO\�EH�DSSUR[LPDWHO\������WR�������
WKH�IRUPHU�ZRXOG�IDOO�LQ�WKH�UDQJH������WR�!�����>�@��7KHUH�LV�DQ�DGGLWLRQDO�EHQH¿W�LQ�XVLQJ�HOHFWUR-
nic ballasts in that the lamp lumen maintenance when operating such a lamp is higher than when 
LW�LV�RSHUDWHG�RQ�DQ�HOHFWURPDJQHWLF�EDOODVW��7KLV�LV�UHÀHFWHG�LQ�WKH�HQHUJ\�UHTXLUHG�WR�GHOLYHU�RQH�
functional unit. This energy changes throughout the life of the lamp as the lumen maintenance 
GHFUHDVHV��)LJXUH��D�LOOXVWUDWHV�WKH�GLIIHUHQFH�LQ�HQHUJ\�UHTXLUHG�WR�GHOLYHU�RQH�IXQFWLRQDO�XQLW�IRU�
D�W\SLFDO�����:�FHUDPLF�PHWDO�KDOLGH�ODPS�DIWHU�������K�RSHUDWLRQ�ZKHQ�RSHUDWHG�RQ�DQ�HOHFWURQLF�
�HI¿FLHQF\�������RU�DQ�HOHFWURPDJQHWLF�EDOODVW��HI¿FLHQF\�������

3RZHU�EDODQFHV�DUH�IUHTXHQWO\�XVHG�E\�OLJKW�VRXUFHV�WHFKQRORJLVWV�WR�VKRZ�WKH�UROH�YDULRXV�ORVV�
PHFKDQLVPV�SOD\�LQ�WKH�FRQYHUVLRQ�RI�LQSXW�SRZHU�WR�OXPLQRXV�RXWSXW�>�@��>�@��7KH�HTXLYDOHQW�GLD-
JUDPV�IRU�WKH�FRQYHUVLRQ�RI�LQSXW�SRZHU�LQWR�OXPLQRXV�RXWSXW�IRU�OLJKWLQJ�V\VWHPV�DUH�UDUHO\�GLV-
played. Figure 2 is a schematic presentation of the power balance for a lamp, gear and luminaire 
assembly. The lighting designer has to take into account not only the losses in the lamp control 
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gear but also those losses associated with the luminaire, i.e. light output ratio and luminaire main-
WHQDQFH�IDFWRU��WKH�ODPS��ODPS�OXPHQ�PDLQWHQDQFH�IDFWRU�	�ODPS�VXUYLYDO�IDFWRU��DQG�WKH�GHJUD-
GDWLRQ�RI�WKH�URRP�VXUIDFHV�RYHU�WLPH��:KLOH�WKH�FKDUDFWHULVWLFV�RI�WKH�OLJKW�VRXUFH��FRQWURO�JHDU�
DQG�WKH�OXPLQDLUH�DUH�EH\RQG�WKH�LQÀXHQFH�RI�WKH�HQG�XVHU�RQFH�WKHLU�VHOHFWLRQ�KDV�EHHQ�PDGH��
the maintenance factors for the luminaire and the room surface are directly under the control of 
the end user.

)LJXUH��E�VKRZV�WKH�GLIIHUHQFH�LQ�WKH�HQHUJ\�UHTXLUHG�WR�GHOLYHU�RQH�IXQFWLRQDO�XQLW�IRU�WKH�ODPS�
shown in Figure 1a operated on an electronic ballast with luminaire maintenance factors 0.90 and 
������)LJXUH��F�LOOXVWUDWHV�WKH�FRUUHVSRQGLQJ�GLIIHUHQFH�IRU�WKH�ODPS�ZLWK�OXPLQDLUH�	�URRP�VXUIDFH�
PDLQWHQDQFH� IDFWRUV�RI������DQG�������7KHVH�GLDJUDPV�VKRZ�WKDW� WKH�DGYDQWDJHV�RI�XVLQJ�DQ�
electronic ballast can be outweighed by failing to maintain the cleanliness of the luminaire and/or 
allowing the room surface maintenance factor to fall.

There are costs associated with cleaning luminaires and maintaining room surfaces such that 
WKHLU�UHÀHFWDQFHV�DUH�FORVH�WR�WKH�YDOXHV�XVHG�LQ�WKH�RULJLQDO�GHVLJQ�FDOFXODWLRQV�DQG�WKH�HQG�XVHU�
PXVW�GHFLGH�XSRQ�WKH�VWUDWHJ\�IRU�PDLQWHQDQFH�DQG�ODPS�UHSODFHPHQW�EDVHG�RQ�D�FRVW�EHQH¿W�
DQDO\VLV��,W�ZRXOG��KRZHYHU��EH�DGYDQWDJHRXV�LI�WKH�HQG�XVHU�ZDV�SUHVHQWHG�ZLWK�WKH�RSWLRQV�DQG�
FRUUHVSRQGLQJ�FRQVHTXHQFHV�E\�WKH�OLJKWLQJ�GHVLJQHU�LQ�DGYDQFH�VXFK�WKDW�WKH�SUHIHUUHG�PDLQWH-
nance and lamp replacement schedule could be incorporated into the installation design.
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Figure 1 - Energy required by the light source & gear combination to deliver one 

functional unit/kW.h

Figure 2 - Schematic power balance for a lamp, gear & luminaire combination showing 

the progression from input power to design output
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PP097

SOFTWARE CALCULATION TOOL FOR LIGHT SAVINGS IN THE BUILDINGS

Novak, T., Sokansky, K.
96%�78�2VWUDYD��2VWUDYD��&]HFK�5HSXEOLF�

7KLV�SDSHU�GHDOV�ZLWK�D�SUREOHP�KRZ�WR�FDOFXODWH�SRVVLEOH�VDYLQJV�E\�XVLQJ�GD\OLJKW�DQG�DUWL¿FLDO�
OLJKW�WRJHWKHU��,W�VROYHV�FDOFXODWLRQV�RI�DUWL¿FLDO� OLJKWLQJ�V\VWHPV�GLPPLQJ�LQ�WKH�EXLOGLQJV�ZKLFK�
GHSHQG�RQ�WKH�OHYHO�RI�GD\OLJKW�RQ�WKH�ZRUNLQJ�DUHD��7KH�SUREOHP�ZDV�EHLQJ�GLVFXVVHG�EHFDXVH�
the clients of lighting engineers wondered if the dimming is worth installing. The software could 
be used so that it meets the requirements of recommended decreasing in consumption of lighting 
systems in the current buildings.
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PP098

LIGHTING DESIGN BASED ON HUMAN PRINCIPLES

Säter, M.B.

Architecture, Chalmers, Gothenburg, Sweden.

Abstract

/LJKW�LV�HVVHQWLDO�WR�KXPDQ�DQLPDOV��SODQWV�DQG�WR�WKH�HFRV\VWHP�>+ROOZLFK�	�'LHFNKXHV�������
3DXOH\�����@��$V�D�UHVXOW�RI�D�GHOD\�LQ�NQRZOHGJH�DERXW�PDQ�DQG�OLJKW�KDYH�WKH�XVH�RI�DUWL¿FLDO�
OLJKW�EHHQ�GHYHORSHG�PHUHO\�IRU�D�YLVXDO�VXSSRUW�DQG�LQ�D�JHQHUDO�ZD\��5HFHQW�¿QGLQJV�DERXW�PH-
ODQRSVLQ�DQG�LS5*&�UHYHDO�WKDW�OLJKW�DUH�LPSRUWDQW�IURP�D�SV\FKRORJLFDO��SK\VLRORJLFDO�DQG�YLVXDO�
SHUVSHFWLYH�DV�ZHOO�>%UDLQDUG�	�+DQL¿Q�����@��%HWWHU�SUDFWLFH�VKRXOG�VWDUW�QRZ�LV�UHTXHVWHG�IURP�
WKH�PHGLFDO�¿HOG�>3DXOH\�����@��6LQFH�WKH�KXPDQ�ERG\�VWULYH�WRZDUGV�KRPHRVWDWLF�EDODQFH�DV�
DQ�DQVZHU�WR�H[WHUQDO�DQG�LQWHUQDO�WULJJHUV�DQG�VLQFH�HOHFWURPDJQHWLF�UDGLDWLRQ��(05��LV�VXFK�D�
VWURQJ�WULJJHU�IRU�DOPRVW�DOO�KXPDQ�EHKDYLRXUV�DQG�WLVVXHV�WKURXJK�WKH�GLXUQDO�UK\WKP�>%UDLQDUG�
	�+DQL¿Q�����@�LV�WKH�ZD\�ZH�GHVLJQ�WKH�FRPSOHPHQWDU\�DUWL¿FLDO�OLJKW�IRU�WKH�LQGRRU�HQYLURQPHQW�
RI�WKH�KLJKHVW�LPSRUWDQFH��7KH�KXPDQ�VHQVHV�DUH�WKH�XWPRVW�SDUW�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP�
�&16��DQG�JUHDW�GLIIHUHQFHV�FDQ�EH�VHHQ�LQ�WKH�VHQVLWLYLW\�LQ�WR�WKH�&16�>,QJYDU�����@��6HHLQJ�
LV�H[FHHGLQJO\�LUUHJXODU��7KH�UHVXOWV�YDU\�ZLGHO\�ERWK�EHWZHHQ�VXEMHFWV�DQG�EHWZHHQ�VXFFHVVLYH�
RSHUDWLRQV�E\�WKH�VDPH�VXEMHFW�IURP�PRPHQW�WR�PRPHQW�LQ�D�GD\�DQG�RU�IURP�GD\�WR�GD\��>/XFNLHVK�
DQG�0RVV�������5RQFKL�������6lWHU�����������@��7KH�/LJKWLQJ�GHVLJQ�SURFHVV�LV�GHVFULEHG�LQ���
EDVLF�VWHSV�>6lWHU�����@��7KH�XVHU�FHQWUHG�OLJKWLQJ�GHVLJQ�SURFHVV��8&/'3��LV�D�SURFHVV�ZKHUH�
the user is shown an intense care through all steps of the process. UCLDP uses all four steps in 
WKH�/'3��5HFRPPHQGDWLRQV�IRU�WKH�8&/'3�ZHUH�GHYHORSHG��>6lWHU�����@��7KH�UHFRPPHQGDWLRQV�
OHDG�WR�D� OLJKWLQJ�GHVLJQ�WKDW�JLYHV� LQSXW� WR�PHODQRSVLQ�DQG� LS5*&�FORVH�WR�GD\OLJKW��HQKDQFH�
KRPHRVWDWLF�EDODQFH�IRU�WKH�LQGLYLGXDO�DQG�KDYH�WKH�SRVVLELOLW\�WR�IROORZ�WKH�FRQVWDQW�FKDQJHV�LQ�
WKH�H[SHULHQFH�RI�YLVXDO�FRPIRUW�IRU�WKH�LQGLYLGXDO�>6lWHU�����@�
7KH�RIWHQ�XVHG�VWDWLF�SUHGHVLJQHG�OHYHO�RI�OLJKW�LV�KHUH�FKDQJHG�WRZDUGV�UHFRPPHQGDWLRQV�IRU�
D�ÀH[LEOH�OLJKWLQJ�DSSOLFDWLRQ�WKDW�FDQ�EH�DGDSWHG�WR�GD\OLJKW��WKH�DFWXDO�VSDFH�DQG�WKH�VSHFL¿F�
LQGLYLGXDOV�QHHG�IRU�YLVXDO�FRPIRUW�DW�WKH�PRPHQW�
.H\ZRUGV��8VHU�FHQWUHG�OLJKWLQJ�GHVLJQ��UHFRPPHQGDWLRQV�IRU�OLJKWLQJ�GHVLJQ�
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PP102

RELATION BETWEEN THE GRID FOR CALCULATION/MEASUREMENT AND RESULTING 

LUMINOUS PARAMETERS FOR ILLUMINATION OF INDOOR WORKPLACES

Dubnicka, R., 5XVQDN��$���*DVSDURYVN\��'�
)DFXOW\�RI�(OHFWULFDO�(QJLQHHULQJ�DQG�,QIRUPDWLRQ�7HFKQRORJ\�DW�6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\�
��,QVWLWXWH�RI�3RZHU�DQG�$SSOLHG�(OHFWULFDO�(QJLQHHULQJ��%UDWLVODYD��6ORYDNLD�

At the preparation of the lighting project (for both Indoor and Outdoor workplaces) is necessary 
WR�UHVSHFW�WKH�DSSOLFDEOH�OHJLVODWLYH�RU�UHJXODWRU\�UHTXLUHPHQWV�UHJDUGLQJ�ZLWK�RI�TXDOLWDWLYH�DQG�
TXDQWLWDWLYH�SDUDPHWHUV�RI�OLJKW�DFFRUGLQJ�WR�VWDQGDUGV��IRU�H[DPSOH�LQ�(XURSH�(1�������SDUW���
for indoor workplaces and part 2 outdoor workplaces). The basic parameters are undoubtedly 
PDLQWDLQHG�LOOXPLQDQFH�OHYHO�DW�WKH�ZRUN�SODFH�DQG�XQLIRUPLW\�RI�WKH�LOOXPLQDQFH�LQ�WKH�URRP��$VOR�
other parameters should be concerned UGR, Ra index, plan of maintainance of lighting system 
FKDUDFWHULVHG�E\�WKH�PDLQWDLQDQFH�IDFWRU��0)��HWF��DV�SUHVFULEHG�E\�WKH�VWDQGDUGV��,Q�6ORYDNLD�
these standards are mandatory under the law of ministry of health. Therefore it is necessary to 
GR�JRRG�OLJKWLQJ�SURMHFW�WR�HQVXUH�OLJKWLQJ�FRQGLWLRQV�IRU�HQVXULQJ�YLVXDO�FRPIRUW� L�H��ZHOO�EHLQJ�
RI�SHUVRQV�ZLWK�VKRUW�WHUP�RU�ORQJ�WHUP�VWD\LQJ�LQ�WKH�ZRUNSODFHV��9HUL¿FDWLRQ�RI�OLJKWLQJ�SURMHFW�
LV�SHUIRUPHG�E\�WKH�¿HOG�SKRWRPHWULF�PHDVXUHPHQW�RI�SDUDPHWHUV�SUHVFULEHG�E\�WKH�VWDQGDUGV�
PHQWLRQHG�EHIRUH��0HDVXUHPHQWV�DUH�IXQGDPHQWDO�IRU�MXGJLQJ�RI�3XEOLF�+HDOWK�$XWKRULW\�LI�OLJKWLQJ�
V\VWHP�LV�SURSHU�GHVLJQHG�RU�QRW�DQG�SHUVRQV�ZKR�DUH�VWD\LQJ�LQ�WKH�ZRUNSODFH�KDYH�SURSHU�OLJK-
WLQJ�FRQGLWLRQ�IRU�WKHLU�ZRUN��'XH�WR�XQH[SHFWHG�HUURUV�LQ�WKH�SURMHFW�WR�UHPRYH�WKHP�LV�XVXDOO\�WRR�
FRVWO\��7R�DYRLG�WKLV�VLWXDWLRQ�LW�FDQ�EH�GRQH�E\�WKH�PHDVXUHPHQW�RI�HDFK�SDUDPHWHU��3HRSOH�ZKR�
FDUU\�RXW�¿HOG�SKRWRPHWULF�PHDVXUHPHQWV�DUH�DXWKRULVHG�E\�3XEOLF�+HDOWK�$XWKRULW\��7KH\�VKRXOG�
HQVXUH�JRRG�PHDVXUHPHQW�SUDFWLFH�� ,Q�SUDFWLFH� WKHUH�DUH�PDQ\�SUREOHPV�ZKLFK�FDQ� LQÀXHQFH�
results of measurements of parameters of illumination of lighting system and difference between 
GHVLJQ�RI� SURMHFW� DQG� UHDOLW\� FDQ�EH� VLJQL¿FDQW��5HVHDUFK�ZRUN� LV� QHHGHG� WR� LQYHVWLJDWH�ZKDW�
QHJDWLYHO\�LQÀXHQFH�UHVXOWV�RI�PHDVXUHPHQW��,W�LV�QRW�H[LVWLQJ�XQL¿HG�SURFHGXUH�IRU�SUDFWLFH�SKR-
tometric measurements. Therefore people who are doing different measurement at which they 
SUHGLFW�RU�DVVXPH�GLIIHUHQW�LQÀXHQFHV�ZKLFK�QHJDWLYHO\�REVWUXFW�UHVXOWV��8QIRUWXQDWHO\�WKH\�XVX-
DOO\�XQGHUHVWLPDWH�PDQ\�IDFWV�ZKLFK�FDQ�VLJQL¿FDQWO\�LQÀXHQFH�WKH�UHVXOWV�IRU�H[DPSOH�HYDOXDWLRQ�
RI�PDLQWHQDQFH�IDFWRU�DFFRUGLQJ�WR�GRFXPHQW�&,(�1R�����������GH¿QLWLRQ�RI� WKH�PHDVXUHPHQW�
JULG��HYDOXDWLRQV�RI�WKH�H[SDQGHG�PHDVXUHPHQW�XQFHUWDLQW\�DQG�VR�RQ��3UHOLPLQDU\�LQYHVWLJDWLRQV�
KDYH�EHHQ�GRQH�DQG�ZRUN�LV�JRLQJ�RQ�WLOO�QRZ��7KLV�SDSHU�FRQFHUQV�DERXW�¿QGLQJ�RI�PDLQ�LQÀXHQ-
FHV�ZKLFK�FDQ�QHJDWLYHO\�LPSDFW�WR�WKH�¿HOG�SKRWRPHWULF�PHDVXUHPHQWV�IRU�YHUL¿FDWLRQ�RI�OLJKWLQJ�
SURMHFW��7KH�SUREOHP�LV�WKDW�VWDQGDUGV�SUHVFULEH�WKH�FRQFUHWH�YDOXHV�RI�SDUDPHWHUV�EXW�WKH\�GR�
QRW�VXI¿FLHQWO\�GHVFULEH�SURFHGXUH�KRZ�WR�GR�LW�DQG�DW�WKH�HQG�KRZ�WR�HYDOXDWH�DQG�WR�H[SUHVV�
what they measured. In some countries exist papers or standards how to carry out measurement 
but it appears another problem about interpretation of the results because of accuracy of used 
instruments at the measurement, errors of measurement, error of number of the points in the 
illumination grid etc. Accuracy of the measurement mainly depends on choosing of appropriate 
PHDVXUHPHQW�JULG��SKRWRPHWULF�GHYLFHV�XVHG�DW�WKH�PHDVXUHPHQW�DQG�RWKHUV��9HUL¿FDWLRQ�SKRWR-
PHWULF�PHDVXUHPHQW�VKRXOG�EH�SHUIRUPHG�LQ�WKH�VSHFL¿HG�JULG�XQLIRUPO\�VSUHDG�LQ�WKH�PHDVXUHG�
SODQH��,Q�SUDFWLFH�PHDVXUHPHQW�JULGV�YDU\�IURP�WKH�PHDVXUHPHQW�WR�PHDVXUHPHQW��(YHQ�PRUH��
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LQFUHDVLQJO\��VWDUWV�DW�GLIIHUHQW�OHYHOV�GLVFXVVLRQ�DERXW�HYDOXDWLRQ�DQG�H[SUHVVLRQ�RI�XQFHUWDLQWLHV�
RI�PHDVXUHPHQWV�LQ�SKRWRPHWU\��8VXDOO\�SHRSOH�ZKR�SHUIRUP�SKRWRPHWULF�PHDVXUHPHQWV�DYRLG�
computation of uncertainty of measurement, because it is time consuming, too hard and so on. 
%XW�DFFRUGLQJ� WR�PHWURORJ\�FRQYHQLHQFH�ZKHQ�VRPHERG\�SHUIRUPV�PHDVXUHPHQW� VKRXOG�SUR-
perly analyze whole process of the measurement, explore all possible contribution of errors and 
H[SUHVV�UHVXOW�RI�WKH�PHDVXUHPHQW�ZLWK�VWDWHG�H[SDQGHG�XQFHUWDLQW\�IRU�����FRQ¿GDQFH�LQWHU-
YDO��7KHVH�PHDVXUHPHQWV�DUH�UHOLDEOH�DQG�FDQ�EH�MXGJHG�SURSHUO\�ZKHQ�VRPH�SUREOHPV�RFFXU��
7KHUHIRUH�LQYHVWLJDWLRQ�RI�GHVFULEHG�SUREOHPV�KDV�GRQH��7KH�¿UVW� LQYHVWLJDWLRQ�ZDV�SHUIRUPHG�
DERXW�TXDQWL¿FDWLRQ�RI�WKH�GLIIHUHQFHV�EHWZHHQ�FRPSXWHG�SDUDPHWHUV�LQ�WKH�OLJKWLQJ�SURMHFW�SUR-
posal and the reality i.e. measured parameters by the stated procedure according to methodic of 
PLQLVWU\�RI�KHDOWK�RI�6ORYDN�UHSXEOLF��7KH�LQYHVWLJDWLRQ�ZDV�PDGH�IRU�PDQ\�NQRZQ�URRPV��ZRUN-
SODFHV��IURP�WKH�OHYHO�RI�GHVLJQLQJ�RI�OLJKWLQJ�SURMHFW�WKURXJK�UHDOLVDWLRQ�WR�SUDFWLFDO�SKRWRPHWULF�
PHDVXUHPHQW�LQ�NQRZQ�LOOXPLQDQFH�JULG�VWDWHG�LQ�WKH�SURMHFW��7KH�DLP�RI�WKH�UHVHDUFK�LV�WR�HYD-
OXDWH�RI�WROHUDQFH�RI�WKH�FRPSXWDWLRQ�LQ�WKH�OLJKWLQJ�SURMHFW�ZKLFK�VKRXOG�EH�VXI¿FLHQW�IRU�SHRSOH�
ZKR�GR�OLJKWLQJ�SURMHFWV��0HDVXUHG�GHYLDWLRQ�ZDV�HYDOXDWHG�IURP�WKHRUHWLFDOO\�GHVLJQHG�OLJKWLQJ�
SURMHFW��7KH�VHFRQG�LQYHVWLJDWLRQ�ZDV�PDGH�DERXW�DFFXUDF\�RI�SKRWRPHWULF�¿HOG�PHDVXUHPHQW�
RI�WKH�LQGRRU�SDUDPHWHUV�E\�YDU\LQJ�RI�SURSRVDOV�RI�PHDVXUHPHQW�JULGV�WR�VLPXODWH�GLIIHUHQFHV�
between measurements. From results of these measurements was stated possible measurement 
uncertainty which can occur in the real photometric measurements and it is usually underestima-
WHG�E\�SHRSOHV�ZKR�DUH�SHUIRUPLQJ�PHDVXUHPHQWV��3DSHU�EULQJV�UHVXOWV�RI�WKH�¿UVW�LQYHVWLJDWLRQV�
SHUIRUPHG�RQ�WKH�FDUULHG�RXW�NQRZQ�DQG�XQNQRZQ�LQGRRU�OLJKWLQJ�SURMHFWV�WR�LQYHVWLJDWH�DFFXUDF\�
RI�WKH�PHDVXUHPHQW�ZLWK�WKH�FRQFOXVLRQV�DQG�YLVLRQV�ZKDW�VKRXOG�EH�GRQH�LQ�WKH�IXWXUH�WR�DZDUH�
SHRSOH�ZKR�GHVLJQ�DQG�YHUL¿FDWH�OLJKWLQJ�SURMHFWV�WR�GR�EHVW�SUDFWLFH�

Figure 1
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+,*+�'<1$0,&�5$1*(��+'5��,0$*(6�)520�60$57�3+21(6�)25�/,*+7,1*�5(-

SEARCH OFFICE SPACES

Garcia-Hansen, V., Smith, S.S., Isoardi, G.
4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\��%ULVEDQH��4/'��$XVWUDOLD�

The aim of thIs paper is to assess the feasibility of the IphotoLux, an app for smart phones (sim-
SOL¿HG�YHUVLRQ�RI�WKH�3KRWROX[�/XPLQDQFH�PDSSLQJ�V\VWHP�GHYHORSHG�E\�WKH�EXLOGLQJ�VFLHQFHV�
laboratory- LASH- at ENTPE), to produce luminance maps that could be use to calculate light 
DW�WKH�H\H��LQ�D�¿UVW�VWHS�WR�GHYHORS�D�PHWKRGRORJ\�IRU�D�ODUJHU�VFDOH�SRSXODWLRQ�VWXG\�RI�RI¿FH�
workers in Brisbane, Australia. To this end, a correlation between HDR images from a calibrated 
digital camera, data collected using daysimeters, actigraphs and HDR images from IphotoLux of 
RI¿FH�VSDFHV�XQGHU�GLIIHUHQW�OLJKWLQJ�FRQGLWLRQV�LV�GRQH�WR�GHWHUPLQH�FRUUHFWLRQ�IDFWRUV�
0HWKRGRORJ\�� 2I¿FH� VSDFHV� ZLWK� GLIIHUHQW� OLJKWLQJ� FKDUDFWHULVWLFV� �OLJKW� LQWHQVLW\�� VSHFWUXP� RI�
ODPSV��ZLQGRZV��YLHZ��HWF��ORFDWHG�DURXQG�D�XQLYHUVLW\�FDPSXV�LQ�%ULVEDQH��$XVWUDOLD�DUH�XVH�IRU�
WKH�VWXG\��0HDVXUHPHQWV�DUH�WDNHQ�SODFH�GXULQJ�D���ZHHNV�SHULRG�LQ�VXPPHU��,Q�HDFK�VSDFH���
sets of HDR images (morning, midday and afternoon) using Nikon Coolpix 8400 HDR calibrated 
'LJLWDO�&DPHUD���)LVKH\H� OHQV��DQG� ,SKRQH�ZLWK� ,SKRWROX[���¿VK� OHQV� IRU� LSKRQH�DUH� WDNHQ�� ,Q�
DGGLWLRQ��GDWD�IURP�D�GD\VLPHWHU�GHYLFH�DQG�DFWLJUDSK��3KLOLSV�5HVSLURQLFV�$FWLZDWFK��DUH�DOVR�
collected throughout the day.
The data is compared and correlated, and correction factors determine in order to document pho-
tometric protocol.
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GLOBAL ILLUMINATION ALGORITHM USED IN COMPUTER AIDED ARCHITECTURAL 

DESIGN PRESENTATION

Filetoth, L.

7HFKQLFDO�8QLYHUVLW\�RI�%XGDSHVW��%XGDSHVW��+XQJDU\�

7KLV�SDSHU�SUHVHQWV�D�QHZ��JURXQGEUDNLQJ�FRPSXWHU�DLGHG�VROXWLRQ�WR�LPSURYH�DUFKLWHFWXUDO�GH-
sign sharing, collaboration and presentation, using a custom global illumination algorithm.
7KH� WHFKQRORJ\� DQG�PHWKRGV�XVHG� WKURXJKRXW� WKH� YDULRXV� SKDVHV� RI� WKH� DUFKLWHFWXUDO� GHVLJQ�
GHYHORSPHQW�DQG�FRRUGLQDWLRQ�SURFHVVHV�JUHDWO\�HIIHFWV�WKH�FRQWHQW��TXDOLW\�DQG�HI¿FLHQF\�RI�WKH�
GHVLJQ�SUHVHQWDWLRQ�DQG�FRPPXQLFDWLRQ��7KH�GHYHORSPHQW�RI�FRPSXWHU�KDUGZDUH�DQG�VRIWZDUH�
DSSOLFDWLRQV�JUDGXDOO\�FKDQJLQJ�QRW�RQO\� WKH� WRROV��EXW�DOVR� WKH�ZRUNÀRZ�PHWKRGV�XVHG� LQ� WKH�
$(&�LQGXVWU\��%,0��%XLOGLQJ�,QIRUPDWLRQ�0RGHOLQJ��LQLWLDWHG�D�PDMRU�VKLIW�LQ�WKH�ODVW�GHFDGH�LQ�WKH�
DUFKLWHFWXUDO� GHVLJQ�GHYHORSPHQW�DQG� LQWHUGLVFLSOLQDU\� FROODERUDWLRQ��7KDQNV� WR� WKH� LQWHJUDWHG��
YLUWXDO�PRGHO�DSSURDFK��%,0�QRW�RQO\�RIIHUV�VLJQL¿FDQW�SURGXFWLYLW\�LQFUHDVH�RI�WKH�GRFXPHQWDWLRQ�
processes, but also opens up brand new possibilities for design collaboration and client presen-
WDWLRQ��%,0�DOVR�HQDEOHV�$(&�VRIWZDUH�YHQGRUV�WR�GHYHORS�QHZ�DSSURDFKHV�DQG�WHFKQLTXHV�QRW�
RQO\�IRU�GHVLJQ�FROODERUDWLRQ�EXW�DOVR�IRU�LQWHUDFWLYH�SURMHFW�SUHVHQWDWLRQV�

7KH�QHZ�� IUHH� DQG� VWDQGDORQH� VRIWZDUH� DSSOLFDWLRQ� QRW� RQO\� HQDEOHV� LQWHUDFWLYH� GHVLJQ�ZDONW-
KURXJK�EXW�DOVR�LPSURYHV�GHVLJQ�FRPPXQLFDWLRQ�DQG�SUHVHQWDWLRQ�ZRUNÀRZV�LQ�WKUHH�PDMRU�¿HOGV�
• ([SORULQJ�WKH�GHVLJQ��GHVLJQHUV�FDQ�H[SORUH�WKH�EXLOGLQJ�SURMHFW�LQ�D��'�HQYLURQPHQW�ZLWK�UHDO�

WLPH��'�QDYLJDWLRQ�VXSSRUW��'HVLJQ�FRQFHSWV�DQG�DOWHUQDWLYHV�FDQ�DOVR�EH�H[SORUHG�GXULQJ�DQ�
LQWHUDFWLYH�ZDONWKURXJK��(DV\�WR�XVH���'�QDYLJDWLRQ�WHFKQLTXHV�FDQ�EH�GHYHORSHG�WR�KHOS�WKH�
LQWHUDFWLYH�SURMHFW�SUHVHQWDWLRQ�

• &RPPXQLFDWLQJ�WKH�GHVLJQ��LQWHUDFWLYH�SURMHFW�SUHVHQWDWLRQ�SDFNDJHV�FDQ�EH�FUHDWHG�DW�DQ\�
VWDJH�RI�WKH�GHVLJQ�GHYHORSPHQW�SURFHVV�LQ�PLQXWHV��7KHUH�LV�QR�QHHG�WR�LQYHVW�DGGLWLRQDO�WLPH�
DQG�PRQH\�WR�SURYLGH�D�SURIHVVLRQDO��'�H[SHULHQFH�IRU�YLHZHUV��%,0�PRGHOV�LQFOXGH�DOO�W\SHV�
RI�GHVLJQ�HOHPHQW�LQIRUPDWLRQ�DQG�DOVR�SURYLGH�DFFXUDWH�PHDVXUHPHQWV�ZLWKLQ�WKH�LQWHUDFWLYH�
�'�HQYLURQPHQW��7KH�YLVLELOLW\�RI�WKH�DUFKLWHFWXUDO�OD\HUV�FDQ�EH�FRQWUROOHG��YDULRXV��'�UHSUH-
sentation methods can be selected.

• 6KDULQJ�WKH�GHVLJQ��PRGHO�EDVHG�SURMHFWV�FDQ�EH�VKDUHG�E\�YLUWXDOO\�DQ\RQH��6WDQGDORQH�SUH-
sentation packages can be created and opened on all the common software platforms.

8VLQJ� WKLV�PRGHO�EDVHG�GHVLJQ�H[SORUHU�DSSOLFDWLRQ�DUFKLWHFWV�FDQ�TXLFNO\�VKDUH� WKHLU�FUHDWLYH�
LGHDV�DQG�SURMHFWV�DW�DQ\�VWDJH�RI�WKH�GHVLJQ�GHYHORSPHQW�SURFHVV��'XULQJ�WKH�FRQFHSWXDO�GH-
VLJQ�SKDVH�WKH�EXLOGLQJ�YROXPHV�DUH�IRUPHG��EXW�WKH�RSHQLQJV�DUH�QRW�\HW�FUHDWHG��7KH�DUWL¿FLDO�
OLJKWLQJ�V\VWHPV�DUH�QRW�\HW�GHVLJQHG�HLWKHU��VXFK�GHVLJQ�ZLOO�RQO\�EH�DYDLODEOH�ODWHU�DW�WKH�WHQGHU�
or construction documentation phases. To be able to explore the interior spaces of the design, it 
is necessary to ensure certain generic illumination for the interior spaces. The presented software 
DSSOLFDWLRQ�XVHV�D�VR�FDOOHG�JOREDO�LOOXPLQDWLRQ�DOJRULWKP�WR�UHVROYH�WKLV�LVVXH��7KLV�SUDFWLFDOO\�PH-
DQV�WKDW�DOO�VXUIDFHV�LQ�WKH�EXLOGLQJ�LQWHULRUV�DUH�LOOXPLQDWHG�UHJDUGOHVV�RI�WKH�DYDLODEOH�RSHQLQJV�
DQG�OLJKWLQJ�¿[WXUHV��7KLV�DOJRULWKP�HQVXUHV�D�UHDOLVWLF�VXUIDFH�LOOXPLQDWLRQ��WKH�HGJHV�RI�VXUIDFHV�
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DQG�FRUQHUV�UHFHLYH�VOLJKWO\�OHVV�LOOXPLQDWLRQ�WKDQ�WKH�RWKHU�SDUWV�RI�WKH�VXUIDFHV��7KH�JOREDO�LOOX-
PLQDWLRQ�DOJRULWKP�HQVXUHV�WKDW�DOO�LQWHUQDO�VSDFHV�DQG�URRPV�RI�WKH�%,0�SURMHFW�PRGHO�DUH�DXWR-
PDWLFDOO\�LOOXPLQDWHG��HQVXULQJ�EHWWHU�YLHZLQJ�H[SHULHQFH�ZKHQ�H[SORULQJ�WKH�GHVLJQ�

7KH�VRIWZDUH�DSSOLFDWLRQ�SURYLGHV�YLHZHUV�D�QDWXUDO��LQWHUDFWLYH��JDPH�OLNH�H[SHULHQFH�WR�H[SORUH�
DUFKLWHFWXUDO�SURMHFWV�DW�DQ\�VWDJH�RI�WKH�GHVLJQ�GHYHORSPHQW�SURFHVV�DQG�KHOSV�WKH�LQWHUSUHWDWLRQ�
and understanding of architectural projects of any complexity:
• YLHZHUV�ZLOO�H[SHULHQFH�D�SURIHVVLRQDO���'�SURMHFW�SUHVHQWDWLRQ�DQG�ZLOO�EHQH¿W�IURP�D�UHDO�

WLPH�H[SORUDWLRQ�RI�WKH�DUFKLWHFWXUDO�GHVLJQ�ZLWKRXW�KDYLQJ�WR�LQVWDOO�DQ\�DUFKLWHFWXUDO�VRIWZDUH�
• additional element information can be displayed, accurate measurements can be carried out 

DQG�YDULRXV�YLHZ�PRGHV�FDQ�EH�LQLWLDWHG��LQFOXGLQJ�ZLUH�IUDPH��KLGGHQ�OLQH�DQG�HYHQ�VWHUHR�
YLHZLQJ�PRGH��

• WKH�LQWHUDFWLYH�GHVLJQ�PRGHO�YLHZHU�DSSOLFDWLRQ�LV�FRPSOHWHO\�IUHH�RI�FKDUJH�DQG�WKH�DUFKLWHF-
WXUDO�GHVLJQ�FDQ�EH�YLHZHG�RQ�DOO�WKH�FRPPRQ�GHVNWRS��WDEOHW�DQG�VPDUWSKRQH�RSHUDWLQJ�V\V-
WHPV�LQFOXGLQJ�0LFURVRIW�:LQGRZV��$SSOH�26�;�DQG�L26�DQG�*RRJOH�$QGURLG�GHYLFHV�

Figure 1 - Interior space with global illumination displayed on a tablet device
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HOW TO CHOOSE SIMULATION PARAMETERS TO IMPROVE ACCURACY?

Ábrahám G., 1pPHWK��=���1DJ\��%���6DPX��.���9HUHV��$�
'HSDUWPHQW�RI�0HFKDWURQLFV��2SWLFV�DQG�(QJLQHHULQJ�,QIRUPDWLFV��02(,���%XGDSHVW�8QLYHUVLW\�
of Technology and Economics (BUTE), Budapest, Hungary.

1.Introduction:

,Q�PDQ\�¿HOGV�RI�LQGXVWU\��VLPXODWLRQV�DUH�JHWWLQJ�PRUH�DQG�PRUH�LPSRUWDQW��2SWLFDO�GHVLJQ�DQG�
OLJKW�SURSDJDWLRQ�PRGHOLQJ�ZRXOG�EH�VLJQL¿FDQWO\�KDUGHU�DQG�OHVV�SUHFLVH�ZLWKRXW�VLPXODWLRQV��$V�
the LEDs are becoming more and more popular, simulations also required in order to satisfy their 
GLYHUVH�SURIHVVLRQDO�DSSOLFDWLRQV�
$W�PRGHUQ�OLJKW�VRXUFHV��WKH�PDQXIDFWXUHU�SURYLGHV�WKH�OXPLQRXV�LQWHQVLW\�GLVWULEXWLRQ�GDWDEDVH�
¿OHV�IRU�WKH�VLPXODWLRQV�LQ�LQWHUQDWLRQDO�VWDQGDUG�IRUPDWV�RU�ZLWK�³5D\�)LOHV´��ZKLFK�GH¿QH�PLOOLRQV�
RI�JXLGHG�UD\�YHFWRUV��7KLV�¿OH�FRQWDLQV�DOO�SKRWRPHWULFDO�LQIRUPDWLRQ�DERXW�WKH�OLJKW�VRXUFH��7KXV��
WKH�VRIWZDUH�FDQ�FDOFXODWH�ZLWK�WKHVH�YHFWRUV�TXLFNO\�DQG�HDVLO\�
The aim of this paper is to answer some questions about simulations, using a professional light-
PRGHOLQJ�DQG�VLPXODWLRQ�VRIWZDUH�DW� WKH�%87(±02(,��)RU�H[DPSOH��KRZ�PD\�WUDFHG�UD\V�DUH�
UHTXLUHG�WR�DFKLHYH�DFFXUDWH�UHVXOWV"�:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�WUDFHG�UD\V�DQG�WKH�
VLPXODWLRQ�WLPH"�:KDW�LV�WKH�HIIHFW�RI�FRPSOH[�JHRPHWULHV�WR�WKH�VLPXODWLRQ�UHVXOWV"�&DQ�ZH�LP-
SURYH�DFFXUDF\�ZLWK�LPSOHPHQWLQJ�D�PHDVXUHG�VSHFWUDO�SRZHU�GLVWULEXWLRQ"

2.Calculation methods of optical simulation software:

0RGHUQ�RSWLFDO�VLPXODWLRQ�DOJRULWKPV�FDQ�EH�VHSDUDWHG�LQWR�WKUHH�VXE�FDWHJRULHV�EDVHG�RQ�WKHLU�
XVHG�FDOFXODWLQJ�PHWKRGV�>�@�
Sequential ray tracing: the algorithm substitutes the light source with directed rays and guides 
WKHVH�UD\V�WKURXJK�WKH�SUH�GH¿QHG�RSWLFDO�HOHPHQWV�LQ�D�GHWHUPLQHG�RUGHU��5D\�WUDFLQJ�LV�FDSDEOH�
RI�VLPXODWLQJ�D�ZLGH�YDULHW\�RI�RSWLFDO�HIIHFWV�VXFK�DV�UHÀHFWLRQ�DQG�UHIUDFWLRQ��VFDWWHULQJ��DQG�
dispersion phenomena.
1RQ�VHTXHQWLDO�UD\�WUDFLQJ��VLPLODU�WR�WKH�RQH�DERYH��EXW�LQ�WKLV�FDVH�UD\�WUDFLQJ�LV�DUELWUDU\��DQG�
the rays can reach one surface in multiple times and, so ray scattering is allowed.
Finite-difference time-domain: mainly used in the design of micro-optical systems where there are 
RSWLFDO�HOHPHQWV�DW�D�VL]H�RI�WKH�ZDYHOHQJWK�RI�OLJKW�
The mathematical algorithms applied by our non-sequential ray tracing software are mainly con-
¿GHQWLDO�EXW�JHQHUDOO\�EDVHG�RQ�WKH�0RQWH�&DUOR�PHWKRG��8VLQJ�WKLV�PHWKRG��GHWHUPLQLVWLF�SURE-
OHPV�FDQ�EH�VROYHG�ZLWK�WKH�VHTXHQFH�RI�UDQGRP�HYHQWV�DSSO\LQJ�SUREDELOLW\�GHQVLW\�IXQFWLRQV�IRU�
the unknown parameters.
,Q�FRQWUDVW�WR�GHWHUPLQLVWLF�PHWKRGV��GXH�WR�WKH�UDQGRP�VDPSOLQJ��WKH�0RQWH�&DUOR�PHWKRG�QHHGV�
OHVV�FRPSXWDWLRQ�DQG�OHVV�ERXQGDU\�FRQGLWLRQ�WR�WKH�JHRPHWULHV��7KXV��VLPXODWLRQ�WLPH�LV�VLJQL¿-
FDQWO\�VKRUWHU�DQG�IRU�WKH�HYDOXDWLRQV�VWDWLVWLFDO�HVWLPDWLRQ�PHWKRGV�DUH�DSSOLHG�>�@�
$V�D�UD\�UHDFKHV�D�VXUIDFH��LWV�IXUWKHU�SDWK�GHSHQGV�RQ�WKH�SUH�GH¿QHG�VWUXFWXUDO�DQG�RSWLFDO�SUR-
SHUWLHV��ZKDW�WKH�IROORZLQJ�HTXDWLRQ��%5')���%LGLUHFWLRQDO�5HÀHFWDQFH�'LVWULEXWLRQ�)XQFWLRQ��>�@�
GHVFULEHV��IU�ȦL�Ȧ�� �G/U�Ȧ�����G(L�ȦL�� �G/U�Ȧ�����/L�ȦL�FRVșLGȦL��
ZKHUH��ȦL���9HFWRU�GLUHFWHG�WR�WKH�OLJKW�VRXUFH��Ȧ����9HFWRU�GLUHFWHG�WR�WKH�REVHUYHU��VHQVRU���/�±�
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/XPLQDQFH��(���,OOXPLQDQFH��L�±�,QFRPLQJ�SDUDPHWHU��U�±�5HÀHFWHG�SDUDPHWHU�ș�±�$QJOH�EHWZHHQ�
surface normal and the ray

3.Correlation between traced ray number and simulation time

:LWK�WKH�LQFUHDVH�RI�WKH�QXPEHU�RI�WUDFHG�UD\V�WKH�VLPXODWLRQ�WLPH�DOVR�JURZV�OLQHDUO\��+RZHYHU��
LQ�RUGHU�WR�JHW�SURSHUO\�DFFXUDWH�VLPXODWLRQ�UHVXOWV��WKH�DSSOLHG�UD\�QXPEHU�VKRXOG�EH�VXI¿FLHQW�

4.Effect of traced ray number on the simulation accuracy

As the simulation time increases with the number of traced rays it is important to apply the suf-
¿FLHQW�QXPEHU�RI� UD\V� IRU�DFFXUDF\��:H�KDYH�VLPXODWHG�YDULRXV�SKRWRPHWULF�TXDQWLWLHV�ZLWKRXW�
GH¿QHG�RSWLFDO�JHRPHWULHV�WR�GHWHUPLQH�WKH�VWDELOLW\�RI�WKH�UHVXOWV��)LJ�����
7KH�UHVXOWV�VKRZ�WKDW�WKH�VXI¿FLHQWO\�SUHFLVH�DQG�WLPH�HI¿FLHQW�VLPXODWLRQ�UHTXLUHV�PRUH�WKDQ���
PLOOLRQ� WUDFHG�UD\V� LQ� WKH�FDVH�ZKHQ�WKHUH� LVQ¶W�DQ\�GH¿QHG�JHRPHWU\� LQ� WKH�VLPXODWLRQ��ZKLFK�
FRXOG�LQÀXHQFH�WKH�SDWK�RI�WKH�UD\V��$ERYH���PLOOLRQ�UD\V�ZH�GLGQ¶W�¿QG�VLJQL¿FDQW�YDULDWLRQ�LQ�WKH�
VLPXODWLRQ�UHVXOWV��WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�UHVXOWV�ZDV�DURXQG�]HUR�

5.Effect of optical geometries on the simulations

:H�DOVR�QHHG�WR�H[DPLQH�KRZ�PDQ\�WUDFHG�UD\V�DUH�UHTXLUHG�LQ�RUGHU�WR�JHW�DFFXUDWH�UHVXOWV�LQ�
FDVH�RI�FRPSOH[�JHRPHWULHV��'XH�WR�WKH�PRUH�GLI¿FXOW�FDOFXODWLRQV��WKH�VLPXODWLRQ�WLPH�VKDOO�EH�
longer.
'XULQJ�WKH�H[SHULPHQWV��ZH�DSSOLHG����VXUIDFHV�ZLWK�GH¿QHG�RSWLFDO�SDUDPHWHUV��UHÀHFWLRQ��WUDQV-
PLVVLRQ��HWF���EHWZHHQ�WKH�OLJKW�VRXUFH�DQG�WKH�LOOXPLQDQFH�VHQVRU��7KH�VLPXODWLRQV�KDYH�EHHQ�
conducted with 1, 5, 7, 10 and 15 million traced rays.
7KH�GLIIHUHQFH�EHWZHHQ�WKH�UHVXOWV�ZDV�YHU\�VPDOO��7KH�DYHUDJH�YDOXH�ZDV�VOLJKWO\�KLJKHU�DW���
PLOOLRQ�UD\V��DQG�WKH�VWDQGDUG�GHYLDWLRQ�ZDV�ELJJHU�DW���DQG���PLOOLRQ�UD\V��7KXV�ZH�FDQ�VD\�WKDW�
FRPSOH[�JHRPHWULHV�UHTXLUH�DERYH���PLOOLRQ�WUDFHG�UD\V�

6.Improving simulation accuracy with measured spectral power distribution

7KH�5D\�¿OH�GRHVQ¶W� FRQWDLQ�DQ\� LQIRUPDWLRQ�DERXW� WKH�VSHFWUDO� SRZHU�GLVWULEXWLRQ�RI� WKH� OLJKW�
source, thus the simulation can be supplemented with the measured spectral power distribution 
of the LED.
7KH�VLPXODWLRQ�UHVXOWV�VKRZ�WKDW�LPSOHPHQWDWLRQ�RI�WKH�VSHFWUDO�SRZHU�GLVWULEXWLRQ�LPSURYHG�WKH�
UHVXOWV�E\��������7KHUHIRUH��LWV�HIIHFW�LV�VLJQL¿FDQW�

7.Summary

:H�PDGH�VHYHUDO�VLPXODWLRQV�WR�H[DPLQH�FRUUHODWLRQV�EHWZHHQ�WKH�QXPEHUV�RI�WUDFHG�UD\V�DQG�
RWKHU�SDUDPHWHUV��7KH�VXI¿FLHQW�QXPEHU�RI�WUDFHG�UD\V�FDQ�EH�GHWHUPLQHG�GHSHQGLQJ�RQ�WKH�DS-
SOLHG�JHRPHWULHV��%HVLGH�WKLV�ZH�FDQ�DOVR�LPSOHPHQW�VSHFWUDO�PHDVXUHPHQW�UHVXOWV�WR�LPSURYH�
accuracy.
8.Bibliography
>�@�6WHYHQVRQ��0LFKDHO��2SWLFDO�VRIWZDUH��ZKLFK�SURJUDP�LV�ULJKW�IRU�PH"�,QVWLWXWH�RI�3K\VLFV�DQG�
IOP Publishing Ltd., 2006.
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Figure 1 - Simulated illuminance and luminous intensity, in function of the number of 

traced rays

JHOHP]pV�6]HPOpOWHWpVH��,Q��5HS�OpVWXGRPiQ\L�.|]OHPpQ\HN�.�O|QV]iP�������
>�@�*pPHVL��6]DEROFV��9LOiJtWy�GLyGD�IRWRPHWULDL�SDUDPpWHUHLQHN�PpUpVH�pV�V]LPXOiFLyMD��,Q��'L-
ploma thesis, 2011
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PP106

THE FIELD EXPERIMENTS OF THE HIGH S/P RATIO LED STREET LIGHTING

Saito, T.1, $NDVKL��<�2
1. Panasonic Corporation, Kadoma, Osaka, Japan.
2.�8QLYHUVLW\�RI�)8.8,��)XNXL��)XNXL��-DSDQ�

7KLV�VWXG\¶V�JRDO�LV�WR�GHYHORS�VDIH�DQG�HI¿FLHQW�/('�VWUHHW�OLJKWLQJ��
:H�HYDOXDWHG�/('�WKDW�HPLWWHG�ZKLWH�OLJKW�ZKRVH�6�3�UDWLR�ZDV�KLJK�DW�PHVRSLF�YLVLRQ�OHYHOV�
RQ�¿HOG�H[SHULPHQWV�XVLQJ�KLJK�6�3�UDWLR�/('�ODPSV�LQ�WKH�UHDO�VWUHHW�OLJKWLQJ�FRQWH[WV��:H�WKXV�
GHVLJQHG�D�VHW�RI�¿HOG�H[SHULPHQWV�LQ�ZKLFK�ZH�LQYHVWLJDWHG�WKH�LQÀXHQFH�RI�ODPS�VSHFWUDO�GLVWUL-
EXWLRQV�RQ�WKH�EULJKWQHVV�RI�VSDFHV�XVLQJ�/('�ODPSV�DQG�ÀXRUHVFHQW�ODPSV�LQVWDOOHG�LQ�DQ�DFWXDO�
road.

,Q�WKH�H[SHULPHQWV��ZH�XVHG����:�ÀXRUHVFHQW�OXPLQDLUHV��)/������ZLWK�D�FRUUHODWHG�FRORU�WHP-
perature (CCT) of 4,200 K and an S/P ratio of 1.47, typically used for street lighting in Japan. 
:H�DOVR� XVHG� WZR� /('� OXPLQDULHV�� /('����� �&&7�� ������.��6�3�� ������ DQG� /('����� �&&7��
������.��6�3���������/('�����DQG�/('�����KDYH�WKH�VDPH�OXPLQRXV�LQWHQVLW\�GLVWULEXWLRQ�ZKLOH�
FL4200 has slightly different luminous intensity distribution from the others. To maintain consis-
WHQF\�DPRQJ�DOO�WKH�WKUHH�ODPSV¶�OXPLQRXV�LQWHQVLW\�GLVWULEXWLRQV��ZH�SODFHG�DQ�1'�¿OWHU�RQ�WKH�
WRS�RI�HDFK�ÀXRUHVFHQW�ODPS�
7KH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�RQ�DQ�DVSKDOW�SDYHG�WZR�ODQH�URDGZD\�ZLWK�D�ZLGWK�RI���P�LQ�
D�SULYDWH�IDFLOLW\��7KLV�URDGZD\�LV�QRW�DIIHFWHG�E\�DUWL¿FLDO� OLJKWLQJ�LQ�DGMDFHQW�DUHDV��7ZR�SROHV�
were installed along the roadway at a spacing of 30 m. The lighting instruments were attached to 
WKH�SROHV�DW�D�KHLJKW�RI�����P��7KH�DYHUDJH�KRUL]RQWDO�LOOXPLQDQFHV�RI�WKH�)/������/('������DQG�
/('�����ZHUH������O[�������O[��DQG������O[��UHVSHFWLYHO\��7KH�REVHUYHG�WDUJHWV�ZHUH�D�FORWKHG�
GXPP\��PDQQHTXLQ���D�FRORU�SRVWHU��D�ODQGVFDSH�SLFWXUH��DQG�D�0DFEHWK�FRORU�FKHFNHU�SODFHG�RQ�
the roadway.

:H�FRQGXFWHG�WZR�H[SHULPHQWV��DQ�DEVROXWH�HYDOXDWLRQ�DQG�D�UHODWLYH�HYDOXDWLRQ��,Q�WKH�DEVROXWH�
H[SHULPHQW��VXEMHFWV�HYDOXDWHG�WKH�VWUHHW�VSDFHV�LOOXPLQDWHG�E\�WKUHH�OLJKW�VRXUFHV�LQGLYLGXDOO\��,Q�
WKH�UHODWLYH�HYDOXDWLRQ��VXEMHFWV�FRPSDUHG�WZR�VSDFHV�LOOXPLQDWHG�E\�GLIIHUHQW�ODPSV��1LQH�VWDWH-
PHQWV�� UHODWHG� WR� WKH�UHTXLUHPHQWV� IRU�VWUHHW�VSDFHV��ZHUH�DGRSWHG� LQ�HDFK�HYDOXDWLRQ��7KHVH�
VWDWHPHQWV�ZHUH�³����WKH�VWUHHW�DSSHDUV�EULJKW´��³����WKH�VWUHHW�VXUIDFH�LV�FOHDUO\�YLVLEOH´��³����WKH�
VWUHHW�DSSHDUV�VDIH´��³����,�ZRXOG�VXSSRUW�XVLQJ�VXFK�VWUHHW�OLJKWLQJ�IRU�FULPH�SUHYHQWLRQ´��³����WKLV�
VWUHHW�VXUIDFH�DSSHDUV�XQLIRUPO\�LOOXPLQDWHG´��³����,�OLNH�WKH�OLJKW�VRXUFH�FRORU´��³����WKH�OLJKW�VRXUFH�
GRHVQ¶W�SURGXFH�JODUH´��³����FRORUV�RQ�WKH�VWUHHW�ORRN�QDWXUDO´��DQG�³����FRORUV�ORRN�SOHDVDQW�´�)RU�
HDFK�VWDWHPHQW��HDFK�VXEMHFW�VFRUHG�LQ�¿YH�DJUHHPHQW�OHYHOV��7KH\�ZHUH�³����VWURQJO\�GLVDJUHH³��
³����GLVDJUHH³��³���QHXWUDO´��³����DJUHH³��DQG�³����VWURQJO\�DJUHH�´
6XEMHFWV�ZHUH����LQKDELWDQWV�ZKR�OLYHG�LQ�)XNXL�3UHIHFWXUH��7KH\�ZHUH����\RXQJ�SHRSOH�����PD-
OHV�DQG����IHPDOHV�����\HDUV�ROG�RQ�DYHUDJH��DQG����ROGHU�SHRSOH�����PDOHV�����\HDUV�ROG���1R�
LQIRUPDWLRQ�RQ�OLJKWLQJ�LQVWUXPHQWV�RU�WKH�REMHFWLYHV�RI�WKH�H[SHULPHQW�ZDV�JLYHQ�WR�DQ\�RI�WKH�
subjects.
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6FRUHV�REWDLQHG�IURP�WKH�DEVROXWH�HYDOXDWLRQ�ZHUH�DYHUDJHG�IRU�HDFK�RI�WKH�OLJKWLQJ�FRQGLWLRQV��
$GGLWLRQDOO\��D�W�WHVW�ZDV�DSSOLHG�WR�HDFK�RI�SDLUHG�H[SHULPHQWDO�FRQGLWLRQV�EDVHG�RQ�DOO�WKH�DYH-
raged scores. The results of the t-tests indicated that the space illuminated by LED8000 tended 
WR�DSSHDU�WR�WKH�VXEMHFWV�����EULJKWHU������PRUH�YLVLEOH������VDIHU��DQG�����PRUH�HYHQO\�LOOXPLQDWHG�
than the space illuminated by FL4200. (4) The subjects tended to think that they would like to 
VXSSRUW�WKH�XVH�RI�/('�����IRU�FULPH�SUHYHQWLRQ�WKDQ�)/����������+RZHYHU��WKH�OLJKW�VRXUFH�RI�
/('�����WHQGHG�WR�DSSHDU�PRUH�JODULQJ�WKDQ�)/������7KHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIH-
rences between the space illuminated by the LED8000 and LED5000 for all the sentences. This 
PHDQV�WKDW�/('�����DOVR�DSSHDUHG�WR�SURYLGH�JRRG�OLJKWLQJ��,Q�DGGLWLRQ��REMHFW�FRORUV�LOOXPLQDWHG�
E\�/('�����DSSHDUHG�HYHQ�EHWWHU�WKDQ�/('������7KH�OLJKW�VRXUFHV�RI�/('�����DSSHDUHG�OHVV�
glaring than that of LED8000.

:H�DSSOLHG�FKL��VTXDUHG�WHVWV� WR� WKH�UHVXOWV�RI� WKH�UHODWLYH�HYDOXDWLRQ��7KH�VWDWLVWLFDO�DQDO\VHV�
showed that the subjects found the space illuminated by LED8000 to be better than that by 
LED5000 for all sentences except for glare.
%DVHG�RQ�WKH�DERYH�GHVFULEHG�UHVXOWV��/('������ZKLFK�HPLWV�KLJKHU�VKRUW�ZDYHOHQJWK�UDGLDWLRQ��
SURYLGHV�EULJKWHU�VSDFHV�DQG�D�EHWWHU�IHHOLQJ�RI�VHFXULW\�WKDQ�/('�����RU�)/������,Q�DGGLWLRQ��
although the luminous distributions of all the three luminaries were almost the same, the roadway 
VXUIDFH�LOOXPLQDWHG�E\�/('�����DSSHDUHG�WKH�PRVW�HYHQO\�LOOXPLQDWHG��$V�UHFHQW�VWXGLHV�RQ�WKH�
PHVRSLF�YLVLRQ�DOUHDG\�VKRZHG��WKLV�LV�EHFDXVH�/('�����KDV�D�KLJKHU�6�3�UDWLR
There are few reports
than LED5000 or FL4200. Therefore, light sources with high S/P ratios, e.g., LED8000 in this ex-
SHULPHQW��VKRXOG�EH�UHFRPPHQGHG�IRU�VWUHHW�OLJKWLQJ�DW�PHVRSLF�OLJKW�OHYHOV�
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STUDIES ON TUNNEL LIGHTING VISIBILITY AND ENERGY-SAVING EFFECT IN HIGH-

29(5$//��81,)250,7<��$33/,&$7,21�2)�/('�,1�7811(/�/,*+7,1*�
Hirakawa, S.1, +D\DNDZD��0�1, Okada, A.1, Hagio, T.2 
1.�:HVW�QLSSRQ�H[SUHVVZD\�FRPSDQ\�OLPLWHG��2VDND��-DSDQ�
2. Nippon expressway research institute company limited, Tokyo, Japan.

1. Introduction

In recent years, LED has become widespread in the world as light source. LED is characterized 
E\�ORQJ�OLIH�F\FOH�DQG�FRQWURO�ÀH[LELOLW\��8WLOL]LQJ�WKH�FKDUDFWHULVWLFV��RYHUDOO�XQLIRUPLW\�RI�URDG�VXU-
IDFH�FDQ�EH�UDLVHG�E\�LQVWDOOLQJ�ODPSV�ZLWK�VPDOO�OXPLQRXV�ÀX[�DW�VKRUW�LQWHUYDOV��(QHUJ\�FDQ�EH�
VDYHG�LI�URDG�VXUIDFH�OXPLQDQFH�FDQ�EH�UHGXFHG�FRUUHVSRQGLQJ�WR�ULVH�RI�URDG�VXUIDFH�OXPLQDQFH�
XQLIRUPLW\��+RZHYHU��LWV�HYDOXDWLRQ�LV�GLI¿FXOW�ZLWK�FRQYHQWLRQDO�VWDQGDUGV��&RQFHUQLQJ�YLVLELOLW\�RI�
WXQQHO�OLJKWLQJ�XQGHU�KLJK�GHJUHH�RI�XQLIRUPLW\��ZH�LPSOHPHQWHG�RSHUDWLRQ�HYDOXDWLRQ�RQ�YLVXDO�
HQYLURQPHQW��HQHUJ\�VDYLQJ�HIIHFW��HWF���E\���FDOFXODWLQJ�UHYHDOLQJ�SRZHU�WR�HOXFLGDWH�FRUUHODWLRQ�
ZLWK� FRQYHQWLRQDO� VWDQGDUGV� �RYHUDOO� XQLIRUPLW\� DQG�DYHUDJH� URDG� VXUIDFH� OXPLQDQFH��� ��� FRQ-
GXFWLQJ�RQ�VLJKW�WHVW��DFWXDO�WXQQHO��WR�FRQ¿UP�GLIIHUHQFH�RI�OLJKWLQJ�LQVWDOODWLRQV�E\�FRQYHQWLRQDO�
GHVLJQ�DQG�KLJK�XQLIRUPLW\�GHVLJQ�DQG����¿QDOO\��ZH�HYDOXDWHG�WKH�YLVLELOLW\�DQG�HQHUJ\�VDYLQJV�LQ�
WKH�DFWXDO�WXQQHO�XVLQJ�/('V��$V�D�UHVXOW��LW�ZDV�FRQ¿UPHG�WKDW�DYHUDJH�URDG�VXUIDFH�OXPLQDQFH�
FDQ�EH�UHGXFHG�ZKLOH�HQVXULQJ�YLVLELOLW\��,Q�WKLV�SDSHU��ZH�UHSRUW�WKH�UHVXOWV�RI�WKH�VWXG\�

2. Relation between overall uniformity and average road surface luminance for ensuring 

visibility

$Q�DYHUDJH�YDOXH�RI� WRWDO� UHYHDOLQJ�SRZHU� �GH¿QH�DV�753DYH��XQGHU� WKH�FRQGLWLRQ�RI�GLIIHUHQW�
VSDFLQJ�EHWZHHQ�OXPLQDLUHV�LQ�D�W\SLFDO�WXQQHO��RQH�ZD\�WUDI¿F��WZR�ODQHV��KHLJKW�RI�ODPSV�RI���
m, distribution of luminous intensity of BZ5) was obtained by calculation. Next, relation between 
DYHUDJH�URDG�VXUIDFH�OXPLQDQFH�DQG�RYHUDOO�XQLIRUPLW\�WR�JLYH�D�FRQVWDQW�753DYH�ZDV�REWDLQHG�
�)LJ������)LJ����VKRZV�WKDW�ZKHQ�RYHUDOO�XQLIRUPLW\�ULVHV��DYHUDJH�URDG�VXUIDFH�EULJKWQHVV�UHTXLUHG�
WR�REWDLQ�WKH�VDPH�753DYH�GURSV��)RU�H[DPSOH��ZKHQ�753DYH� ������WKH�FRQGLWLRQ�RI�DYHUDJH�
road surface luminance of 3.2 cd/m2�DQG�RYHUDOO�XQLIRUPLW\�RI�����DQG�WKH�FRQGLWLRQ�RI�DYHUDJH�
road surface luminance of 2.25 cd/m2�DQG�RYHUDOO�XQLIRUPLW\�RI�����JLYH�HTXDO�YLVLELOLW\�E\�HYD-
OXDWLRQ�XVLQJ�753DYH��,Q�RWKHU�ZRUGV��LW�FDQ�EH�VDLG�WKDW�SRVVLELOLW\�RI�UHGXFWLRQ�RI�URDG�VXUIDFH�
OXPLQDQFH�RI�DERXW�����LV�VXJJHVWHG�E\�LPSURYHPHQW�RI�RYHUDOO�XQLIRUPLW\�IURP�����WR�����

3.Evaluation experiment of visual environment and visibility of objects with different uni-

formity

9LVLELOLW\�WHVW�ZDV�FRQGXFWHG�RQ�VLWH�FRQFHUQLQJ�YLVLELOLW\�RI�DQ�REMHFW�RQ�WKH�URDG�ZLWK�GLIIHUHQW�
YLVXDO�HQYLURQPHQW�DQG�UHÀHFWDQFH�XQGHU�OLJKWLQJ�HQYLURQPHQWV�VKRZQ�LQ�7DEOH���
���6XEMHFWLYH�DVVHVVPHQW�ZDV�LPSOHPHQWHG�RQ�HLJKW�LWHPV�VXFK�DV�XQHYHQQHVV�RI�URDG�VXUIDFH�
DQG�ZDOO��YLVLELOLW\�RI�WKH�OHDGLQJ�YHKLFOH��HWF��1H[W�����YLVLELOLW\��LQ�FOHDQ�DLU��RI�WDUJHWV��VL]H�����
FP�VTXDUH��UHÀHFWDQFH���������������IURP�D�VWRSSHG�FDU�ZDV�DVVHVVHG�LQ���OHYHOV�IURP�³9LVLEOH�
���´�WR�³,QYLVLEOH����´��7KHQ�����UHÀHFWDQFH�IRU�YLVLELOLW\�ERXQGDU\��FDOOHG�WKUHVKROG�UHÀHFWDQFH��ZDV�
REWDLQHG�IURP�WKH�YLVLELOLW\�OHYHO��9/��IRU�YLVLELOLW\�DVVHVVPHQW�RI����³VFDUFHO\�YLVLEOH´���DQG�753DYH�
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was calculated by equation (1).
753DYH�YDOXHV�LQ�OLJKWLQJ�HQYLURQPHQW�RI�KLJK�DQG�ORZ�XQLIRUPLW\�]RQHV�FDOFXODWHG�IURP�RQ�VLWH�
WHVW�DV������URDG�VXUIDFH�OXPLQDQFH�����FG�P2��DQG������URDG�VXUIDFH�OXPLQDQFH���FG�P2), re-
VSHFWLYHO\��DOPRVW�FRLQFLGHG�ZLWK�HDFK�RWKHU��VR�WKDW�LW�ZDV�FRQ¿UPHG�WKDW�YLVLELOLW\�OHYHO�FDQ�EH�
HQVXUHG�E\�LPSURYLQJ�RYHUDO�XQLIRUPLW\�IURP�����WR�����HYHQ�ZKHQ�URDG�VXUIDFH�OXPLQDQFH�LV�UH-
GXFHG�E\�DERXW�����

753 53V�ȡV����53UV��ȡUV���� � � � ���

53V��ȡ���&XPXODWLYH�H[LVWHQFH�SUREDELOLW\�����RI�D�WDUJHW�RI�UHÀHFWDQFH�ȡ6�LQ�WKH�FDVH�RI�VLOKRX-
HWWH�YLVLRQ
53UV��ȡ���&XPXODWLYH�H[LVWHQFH�SUREDELOLW\�����RI�D�WDUJHW�RI�UHÀHFWDQFH�ȡ6�LQ�WKH�FDVH�RI�UHYHUVH�
VLOKRXHWWH�YLVLRQ
ȡV��7KUHVKROG�UHÀHFWDQFH�RI�D�WDUJHW�LQ�VLOKRXHWWH�YLVLRQ����
ȡUV��7KUHVKROG�UHÀHFWDQFH�RI�D�WDUJHW�LQ�UHYHUVH�VLOKRXHWWH�YLVLRQ����

4. Application example and energy-saving effect of high uniformity tunnel lighting using 

LED

%DVHG�RQ�WKH�HYDOXDWLRQ�UHVXOW�GHVFULEHG�DERYH��ZH�KDYH� LPSOHPHQWHG�DV�D�WULDO� LQ� WKH�DFWXDO�
WXQQHO�XVLQJ�/('�WXQQHO�LOOXPLQDWLRQ�DSSOLDQFHV��7KH�VLWH�FRQGLWLRQ�ZDV�RQH�ZD\�WUDI¿F��WZR�ODQHV��
GHVLJQ�VSHHG�RI�����NP�K��DYHUDJH�URDG�VXUIDFH�OXPLQDQFH�RI�����FG�P2��DQG�RYHUDOO�XQLIRUPLW\�
RI������3KRWRJUDSK�����)URP�WKH�UHVXOWV�RI�YLVXDO�HQYLURQPHQW�DVVHVVPHQW��YLVLELOLW\�RI�WDUJHW�DQG�
753��LW�ZDV�FRQ¿UPHG�WKDW�YLVLELOLW\�ZDV�VHFXUHG�DW�D�FHUWDLQ�OHYHO�FRPSDUHG�ZLWK�D�FRQYHQWLRQDO�
installation using low pressure sodium: NX (4.5 cd/m2�� RYHUDOO� XQLIRUPLW\� RI� ������7KH�HQHUJ\�
VDYLQJ�HIIHFW�RI�WKH�LQVWDOODWLRQ�HVWLPDWHG�IURP�WKH�UHVXOW�RI�WKLV�WHVW�LV�DERXW�����

5. Conclusion

,Q�WKLV�VWXG\��PRUH�WKDQ�DERXW�����HQHUJ\�VDYLQJ�FRPSDUHG�ZLWK�FRQYHQWLRQDO� OLJKWLQJ�V\VWHP�
ZDV�IRXQG�SRVVLEOH�LQ�WXQQHO�OLJKWLQJ�ZKLOH�PDLQWDLQLQJ�YLVLELOLW\�E\�UDLVLQJ�RYHUDOO�XQLIRUPLW\��7KLV�
FDQ�EH�UHDOL]HG�E\�DSSURSULDWHO\�FRPELQLQJ�DYHUDJH�URDG�VXUIDFH�OXPLQDQFH�DQG�RYHUDOO�XQLIRU-
PLW\�XVLQJ�/('��,I�HI¿FLHQF\�RI�/('�LV�LPSURYHG�E\�IXWXUH�WHFKQRORJ\�LQQRYDWLRQ��HQHUJ\�VDYLQJ�
HIIHFW�ZLOO�JURZ�HYHU�JUHDWHU��,Q�FDVH�URDG�VXUIDFH�OXPLQDQFH�LV�UHGXFHG��KRZHYHU��FRPSUHKHQVLYH�
HYDOXDWLRQ�RI�YLVLELOLW\�RI�YHKLFOHV�DQG�YLVXDO�HQYLURQPHQW�LQ�WXQQHOV�LV�UHTXLUHG�

Installtations /RZ�RYHUDOO�XQLIRUPLW\�]RQH +LJK�RYHUDOO�XQLIRUPLW\�]RQH
Light source Fluorescent lamp LED
Spacing(m) 11.4 2.7
Height (m) 4.8 5.2

$YHUDJH�URDG�VXUIDFH�OXPLQDQFH�
(cd/m2)

3.2 2.25

2YHUDOO�XQLIRUPLW\ 0.4 0.8
753DYH���� 90 90

Table 1 - Condition of installtations
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Figure 1 - Relation between road surface luminance and overall uniformity for TRPave to 

be constant

)LJXUH�����([DPSOHV�RI�WXQQHO�LQVWDOODWLRQ��OHIW��ORZ�XQLIRUPLW\��ULJKW��KLJK�XQLIRUPLW\�
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A SET OF QUALITY CRITERIA FOR SELECTION AND INSTALLATION OF LED ROAD 

LIGHTING 

Kim, H., /HH��0�
'HSDUWPHQW�RI�(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHULQJ��.DQJZRQ�1DWLRQDO�8QLYHUVLW\��&KXQFKHRQ��
Korea, Republic of.

:KHQ�WKH�DXWKRULW\�LQ�FKDUJH�RI�PDQDJLQJ�GLIIHUHQW�W\SHV�RI�URDGV�FRPSUHKHQVLYHO\�SODQV�WR�LQW-
URGXFH�D�/('�URDG�OLJKWLQJ�V\VWHP��LW�VKRXOG�FRQVLGHU�WZR�SRVVLEOH�FDVHV��WKH�RQH�LV�WR�UHWUR¿W�WKH�
luminaires being used with LED luminaires and the other to initially design a lighting system for 
the newly constructed road. In addition, the LED luminaire products from a number of manufactu-
UHUV�PXVW�EH�HYDOXDWHG�LQ�WKHLU�SURSULHW\�

Standards to determine the requirements for lighting installation and criteria for introduction of 
LED luminaires for each standard road condition were set up, which can apply to both cases of 
replacement and new installation. Standard installation requirements that can be applied when 
UHWUR¿WWLQJ�WKH�OXPLQDLUHV�ZHUH�GHWHUPLQHG�DQG�D�GHVLJQ�PHWKRG�WKDW�FDQ�EH�DSSOLHG�ZKHQ�LQVWDO-
ling a new lighting system. The utilization factors of LED luminaires on the market were calcula-
WHG��RQ�WKH�EDVLV�RI�ZKLFK�WKH�UHTXLUHG�OXPLQRXV�ÀX[�ZHUH�HVWLPDWHG�WR�FODVVLI\�E\�ZDWWDJHV�WKH�
/('�OXPLQDLUHV�ZKRVH�SURSULHWLHV�DUH�WR�EH�HYDOXDWHG�DFFRUGLQJ�WR�WKH�URDG�FRQGLWLRQV��$OVR��WKH�
utilization factors of the LED luminaires were analyzed with the data from the road lighting simu-
ODWLRQ�WR�HYDOXDWH�WKHLU�DSSOLFDELOLW\�WR�WKH�URDG�W\SHV�DQG�LQVWDOODWLRQ�UHTXLUHPHQWV�
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PERCEPTION OF HUMAN SKIN IN STREET LIGHTING UNDER FIVE TYPES OF LED 

SPECTRA. 

Fontoynont, M.R.1, Bruyère, L.2, Blanc Gonnet, J.2

1.�6%,��$DOERUJ�8QLYHUVLW\��&RSHQKDJHQ��'HQPDUN�
2. CNRS-ENTPE, Lyon, France.

Abstract :

$�SDQHO�RI�REVHUYHUV�KDV�EHHQ�LQYLWHG�WR�UDWH�DQG�FRPSDUH�WKH�TXDOLW\�RI���VSHFWUD�RI�/('�VRXUFHV�
XVHG�IRU�VWUHHW�OLJKWLQJ��RQ����VXEMHFWV��9HUWLFDO�LOOXPLQDQFH�RQ�IDFHV�ZDV����O[��������O[����$OO����
VXEMHFWV�GLG�QRW�KDYH�WKH�VDPH�W\SH�RI�VNLQ������ZHUH�IURP�WKH�(XURSHDQ�&DXFDVLDQ�W\SH��FOHDU�
VNLQ��������IURP�WKH�$VLDQ�RQH������ZHUH�IURP�WKH�6XE��6DKDUDQ�W\SH��GDUN�VNLQ���$OO�VXEMHFWV�
ZHUH�DOVR�DFWLQJ�DV�REVHUYHUV��&RUUHODWHG�&RORXU�WHPSHUDWXUH�RI�VRXUFHV�ZDV�����.�������.��
3200K, 4000K, 4800K. This was obtained by mixing coolwhite, warmwhite and red LEDs (for 
the 2200 K and 2700 K sources only). The extreme stimuli (2200K and 4800K) were rejected by 
DOO�SDUWLFLSDQWV��:KHQ�SUHVHQWHG�LQ�SDLUV��7KXUVWRQH�SURWRFROH�������RI�REVHUYHUV�SUHIHUUHG�WKH�
����.�VWLPXOXV������WKH������.�VWLPXOXV������SUHIHUUHG�WKH�����.�VWLPXOXV��3HRSOH�ZLWK�$VLDQ�
skin was found to be preferred under CCT of 3200 K and below, for Sub-saharan skin type it was 
����.�DQG�DERYH��DQG�IRU�&DXFDVLDQ�DURXQG������.�

Introduction:

New light sources for public lighting are now proposed based on Solid State Lighting rtechno-
ORJLHV��/('V���/XPLQRXV�HI¿FDF\�LV�RIWHQ�FRPSDUDEOH�ZLWK�WKH�RQHV�RI�DUF�W\SH�ODPSV��DQG�RQH�
VLJQL¿FDQW�LQWHUHVW�LQ�VWUHHW�OLJKWLQJ�VWDQGV�LQ�WKHLU�FRQWLQXRXV�VSHFWUXP�GLVWULEXWLRQ��OLJKW�LV�HPLW-
WHG�DOO�DORQJ�WKH�YLVXDO�VSHFWUXP��ZLWKRXW�QDUURZ�SHDN�RI�HPLVVLRQ��DQG�ZLWK�RQO\�RQH�PDMRU�JDS�
around 490 nm (although light is still emitted is this region). Colour Rendering Indices are good 
for street lighting applications (typically in the 70-85 range). Light is white and correlated colour 
temperature (CCT) can be adjusted in selecting the appropriate right white LED, although higher 
OXPLQRXV�HI¿FDFLHV�DUH�REWDLQHG�ZLWK�&&7�DERYH������.��7KLV�DELOLW\�RI�VHOHFWLQJ�YDOXHV�RI�&&7�
LV�D�PDMRU�DWWUDFWLYH�DVSHFWV�RI�/('�WHFKQRORJ\�IRU�VWUHHW�OLJKWLQJ��,Q�FLWLHV��OLJKW�LV�QRW�RQO\�EHLQJ�
XVHG�WR�LPSURYH�SHUFHSWLRQ�RI�URDGV��ERDUGZDONV�DQG�IXUQLWXUH��EXW�DOVR�WR�VHH�SHGHVWULDQV��2QH�
RI�WKH�LQWHUHVWLQJ�DVSHFW�LV�WKH�SHUFHSWLRQ�RI�SHGHVWULDQ�IDFHV��:KDW�ZRXOG�EH�WKH�EHVW�&&7�IRU�
RSWLPDO�YLVLRQ�RI�IDFHV�RI�SHGHVWULDQ"�$QG�KRZ�ZRXOG�WKLV�EH�DIIHFWHG�E\�WKH�VNLQ�W\SH"

Protocole

One street luminaire was installed in a large theatre scene (20 x 10 m in size, 12 m in height, with 
DOO�VXUIDFHV�EHLQJ�WRWDOO\�EODFN��7KH�VWUHHW�OXPLQDLUH�ZDV�HTXLSSHG�ZLWK�&RRO�:KLWH�/('V���&&7�
����.��&5,�������:DUP�:KLWH�/('V�������.��&5,�����DQG�UHG�/('V������QP����7KH�KHLJKW�RI�WKH�
OLJKW�VRXUFH�ZDV�¿[HG�DW���PHWUH��ZKLFK�LV�D�KHLJKW�FRQVLVWHQW�ZLWK�SXEOLF�OLJKWLQJ�LQ�SHGHVWULDQ�
VWUHHWV��$�VXEMHFW�ZDV�LQYLWHG�WR�VWDQG�EHORZ�WKH�OXPLQDLUH��VOLJKWO\�EHKLQG�VHH�GHWDLOV�RI�SRVLWLRQ�
LQ�¿JXUH�����7KH�D]LPXWK�DQJOH�RI�OLJKWLQJ�ZDV�DERXW�����IURP�WKH�REVHUYDWLRQ�D[LV��WR�DOORZ�UHD-
VRQDEOH�YLVLRQ�RI�WKH�IDFH��9DOXHV�RI�YHUWLFDO�LOOXPLQDQFHV�ZDV�PDLQWDLQHG�FRQVWDQW�IRU�DOO�FRQ¿JX-
UDWLRQ�����O[�LQ�WKH�GLUHFWLRQ�RI�WKH�OLJKW�VRXUFHV�����O[�LQ�WKH�GLUHFWLRQ�RI�WKH�REVHUYHUV��$�SDQHO�RI�
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��REVHUYHUV�ZDV�LQVWDOOHG���PHWHUV�DZD\�WR�MXGJH�WKH�TXDOLW\�RI�OLJKWLQJ�RQ�WKH�IDFH�RI�WKH�VXEMHFW��
7KH\�ZHUH�VLWWLQJ�QH[W�WR�HDFK�RWKHU��LQ�IURQW�D�WDEOH�WR�DOORZ�WKHP�WR�¿OO�WKH�TXHVWLRQQDLUHV�ZKLFK�
ZDV�JLYHQ�WR�WKHP�

Stimuli

)LYH�VSHFWUD�ZKHUH�SURSRVHG��FRUUHVSRQGLQJ�WR�YDOXHV�RI�&&7�RQ�WKH�IDFH�RI�WKH�VXEMHFW�HTXDO�WR��
2200K , 2700K, 3200K, 4000K, 4800K. This was obtained by mixing coolwhite, warmwhite and 
red LEDs (for the 2200 K and 2700 K sources). The spectra of the light incident on the subject 
VNLQ�DUH�SUHVHQWHG�LQ�¿JXUH���

Protocole:

'XULQJ�WKH�H[SHULPHQW��WKH�SDUWLFLSDQWV�DUH�VHSDUDWHG�LQ�WZR�JURXSV���RQH�SHUVRQ�QDPHG�³VXEMHFW´�
DQG�IRXU�RWKHUV�QDPHG�³REVHUYHUV´��7KH�VXEMHFW�LV�H[SRVHG�WR�WKH�GLIIHUHQW�OLJKWV��SODFHG�XQGHU�
the experimental lamp.. The subject
wears a black tee shirt. Each participant play in turn the role of the subject. Thirty subjects parti-
FLSDWHG�����ZRPHQ�DQG����PHQ��7KH�DYHUDJH�DJH�LV�����IURP����WR����\HDUV�ROG���)LYH�KDG�VXE�
VDKDULDQ�VNLQ����DVLDQ��DQG����FDXFDVLDQ��7KH�VSHFWUDO�UHÀHFWDQFH�RI�WKH�VNLQ�RI�HDFK�SDUWLFLSDQW�
recorded.

)LUVWO\��SDUWLFLSDQWV�VWD\HG�LQ�WKH�URRP�IRU����PLQXWHV�WR�JHW�DGDSWHG�WR�WKH�ORZ�OHYHO�RI�OLJKW��7KH�
room was dark (black surfaces with iilluminance exceeding 10 lx only in the luminaire area.
7ZR�FRORXU� WHPSHUDWXUHV�DUH�SURSRVHG� LQ�DOWHUQDQFH�� HYHU\���� VHFRQGHV�� OHDGLQJ� WR� WKH�SUR-
posal of ten pairs of colour temperatures in 5 minutes. Each pair is run 3 times to allow time for 
REVHUYHUV� WR�FRPSDUH�DQG�FKRRVH�7HQ�SDLUV�RI� OLJKWV�DUH�SUHVHQWHG�ZLWK�D�JLYHQ�VXEMHFW��7KH�
��REVHUYHUV�KDG�WR�VHOHFW��IRU�HDFK�SDLU��ZKLFK�RI�WKH�WZR�SURSRVHG�&&7��$�RU�%��LV�SURYLGH�WKH�
PRVW�DSSURSULDWH�YLVLRQ�RI�WKH�IDFH�RI�WKH�VXEMHFW��:KHQ�DOO�WKH�SDLUV�DUH�SDVVHG�RQH�RI�WKH�RE-
VHUYHUV�EHFRPHV�VXEMHFW�DQG�WKH�IRUPHU�VXEMHFW�EHFRPHV�REVHUYHU����PLQ�DUH�QHHGHG�WR�SDVV�D�
sequence of 10 pairs.

Results

����YLHZV�ZHUH�FROOHFWHG��7KHVH�YLHZV�DUH�FODVVL¿HG�LQ�WKH�IROORZLQJ�ZD\���
• 70 about a subject with Caucasian type skin (white coloured skin)
• 27 about a subject with Asian type skin
• 19 about a subject with African type skin (black coloured skin)
7KH�H[WUHPH�VWLPXOL������.�DQG�����.��ZHUH�UHMHFWHG�E\�DOO�SDUWLFLSDQWV������RI�REVHUYHUV�SUH-
IHUUHG�WKH�����.�VWLPXOXV������WKH������.�VWLPXOXV������SUHIHUUHG�WKH�����.�VWLPXOXV��3HRSOH�
with Asian skin was found to be preferred under CCT of 3200 K and below, for Sub-saharan skin 
W\SH�LW�ZDV�����.�DQG�DERYH��DQG�IRU�&DXFDVLDQ�DURXQG������.�
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Figure 1 - Experimental set-up, showing 

position of light source, subject and ob-

servers

)LJXUH�����6SHFWUDO�GLVWULEXWLRQ�RI�WKH�¿YH�
stimuli, obtained by mixing 3 categories of 

LEDs: cool-white, warm white and red
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D4 - Lighting and Signalling for Transport

Road Lighting
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MEASURING THE IMPACT OF LIGHTING ON INTERPERSONAL JUDGEMENTS OF PE-

DESTRIANS AT NIGHT-TIME

Fotios, S., <DQJ��%�
6FKRRO�RI�$UFKLWHFWXUH��8QLYHUVLW\�RI�6KHI¿HOG��6KHI¿HOG��8QLWHG�.LQJGRP�

/LJKWLQJ�LQ�UHVLGHQWLDO�URDGV�LV�SURYLGHG�WR�PHHW�SULPDULO\�SHGHVWULDQV¶�QHHGV�IRU�VDIHW\�DQG�SHU-
FHLYHG�VDIHW\��2QH�HOHPHQW�RI�VDIHW\�LV�LQWHU�SHUVRQDO�MXGJHPHQWV��HYDOXDWLRQV�PDGH�UHJDUGLQJ�
WKH�LQWHQW�RI�RWKHU�SHGHVWULDQV��H�J��ZKHWKHU�RU�QRW�WKH\�SUHVHQW�D�WKUHDW��:KLOH�WKH�QHHG�WR�PDNH�
judgements about threat was recognised by those who established the basis for design criteria, 
subsequent research within the lighting community has tended to target only facial recognition.
3DVW�VWXGLHV�FDUULHG�RXW�WR�LQYHVWLJDWH�KRZ�WKH�VSHFWUDO�SRZHU�GLVWULEXWLRQ��63'��RI�OLJKWLQJ�DIIHFWV�
IDFLDO�UHFRJQLWLRQ�KDYH�KDG�PL[HG�UHVXOWV��RI�VL[�NQRZQ�VWXGLHV��WKUHH�VXJJHVWHG�WKDW�63'�GRHV�
DIIHFW�IDFLDO�UHFRJQLWLRQ��ZKLOH�WKH�RWKHUV�FRQFOXGHG�WKHUH�LV�QR�HIIHFW��)XUWKHU�LQYHVWLJDWLRQ�RI�H[-
SHULPHQWDO�GHVLJQ�DSSHDUV�WR�EH�UHTXLUHG�>�@�DQG�WKLV�KDV�OHG�WR�WKH�FXUUHQW�SURSRVDO�
)RXU�H[SHULPHQWV�DUH�EHLQJ�FDUULHG�RXW� IURP�ZKLFK� WR� LQWHUSUHW�KRZ� OLJKWLQJ�PD\�DIIHFW� YLVXDO�
FXHV�WR�LQWHU�SHUVRQDO�MXGJHPHQWV��3DVW�ZRUN�VXJJHVWV�WKDW�YLVXDO�FXHV�DV�WR�LQWHQW�LQFOXGH�IDFLDO�
H[SUHVVLRQ�>�@��ERG\�SRVWXUH�>�@�DQG�JD]H�GLUHFWLRQ�>�@��EXW�WKH�SHUIRUPDQFH�RI�WKHVH�WDVNV�XQGHU�
ORZ�OLJKW�OHYHOV�DQG�GLIIHUHQW�VSHFWUD�KDV�\HW�WR�EH�H[DPLQHG��7KLV�DUWLFOH�SUHVHQWV�UHVXOWV�IURP�
these experiments.

���*D]H� GLUHFWLRQ��7KH� OLWHUDWXUH� VXJJHVWV� WKDW� DQRWKHU� SHUVRQ� ORRNLQJ� DW� \RX� LV� SHUFHLYHG� WR�
present a threat. This test will determine whether ability to recognise gaze direction (eye or head 
PRYHPHQW��LV�DIIHFWHG�E\�ORZ�OLJKW�OHYHOV�

���5HFRJQLWLRQ�RI�IDFLDO�H[SUHVVLRQV�DQG�ERG\�SRVWXUHV��7KHUH�DUH�VHYHQ�XQLYHUVDOO\�UHFRJQLVHG�
facial expressions (happy, sad, surprise etc) and four body postures. Pilot studies suggest that 
judgements of intent based on these expressions/postures may not be consistent, with some 
ZLWKLQ��DQG�EHWZHHQ�VXEMHFW�YDULDQFH��7KXV� LQLWLDOO\� WKH�DELOLW\� WR� UHFRJQLVH� WKHVH�H[SUHVVLRQV�
SRVWXUHV�DW�ORZ�OLJKW�OHYHOV�ZLOO�EH�H[DPLQHG��'DWDEDVHV�RI�WKH�VWDQGDUG�H[SUHVVLRQV�DQG�SRV-
WXUHV�KDYH�EHHQ�YDOLGDWHG�XQGHU�JRRG�OLJKWLQJ�FRQGLWLRQV��L�H��KLJK�OXPLQDQFHV��EXW�QRW�WKH�ORZ�
luminances typical of road lighting.

���-XGJHPHQW�RI�WKUHDW�EDVHG�RQ�IDFLDO�H[SUHVVLRQ�DQG�ERG\�SRVWXUH��:KLOH�WKLV�WDVN�LV�WKH�PRUH�
GLUHFWO\� UHOHYDQW� WR� LQYHVWLJDWLRQ�RI� LQWHU�SHUVRQDO� MXGJHPHQWV��SLORW� VWXGLHV� UHYHDO� LQFRQVLVWHQW�
UHVXOWV��$�IXUWKHU�SUREOHP�LV�WKDW�WKHUH�LV�QR�ULJKW�DQVZHU�±�DQ�DQJU\�H[SUHVVLRQ�GRHV�QRW�OHDG�ZLWK�
certainty to a threat decision and this may add noise to the data.

���)DFLDO� UHFRJQLWLRQ��)RU�EHQFKPDUNLQJ�ZLWK�SDVW�VWXGLHV�RI� OLJKWLQJ��D� IRXUWK� WHVW� LQYHVWLJDWHV�
IDFLDO�UHFRJQLWLRQ��,Q�DQ�DWWHPSW�WR�GHYHORS�WKH�PHWKRGRORJ\�XVHG�LQ�SDVW�VWXGLHV�WKLV�WHVW�XVHV�
WDUJHW�IDFHV�RI�FRQVWDQW�VL]H��OLPLWHG�REVHUYDWLRQ�GXUDWLRQ��DQG�PRUH�SUHFLVH�UHFRJQLWLRQ�FULWHULRQ�

Target images are photographs drawn from standard databases, these presented on a non-self-
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illuminated display screen (i.e. an e-reader) so that the dominant spectrum is that of the test 
OLJKW�VRXUFH��7KH�WDUJHWV�DUH�SUHVHQWHG�IRU���V��WKH�¿[DWLRQ�VXJJHVWHG�LQ�H\H�WUDFNLQJ�VWXGLHV�RI�
SHGHVWULDQV��7KLV�VWXG\�H[DPLQHV�WKH�HIIHFWV�RI� WKH� OHYHO�DQG�VSHFWUXP�RI� OLJKWLQJ��XVLQJ�WKUHH�
YHUWLFDO�LOOXPLQDQFHV�RQ�WKH�WDUJHW�IDFHV�����������DQG����OX[��DQG�WKUHH�W\SHV�RI�ODPS��+36��0+�
and LED), these being chosen to determine whether any effect is best characterised by S/P ratio 
or CRI. Test participants are drawn from younger and older age groups.

&DPLQDGD�DQG�YDQ�%RPPHO�>�@�SURSRVHG�D�UHTXLUHPHQW�WR�UHFRJQLVH�WKH�IDFH�RI�DQ�DSSURDFKLQJ�
pedestrian at a distance of 4 m, suggested to be the minimum distance at which an alert subject 
ZRXOG�EH�DEOH�WR�WDNH�HYDVLYH�RU�GHIHQVLYH�DFWLRQ�LI�WKUHDWHQHG��2WKHUV�KDYH�VXJJHVWHG�ODUJHU�
distances and that once inter-personal distance is reduced below 15 m, the space in which we 
KDYH�WLPH�WR�UHDFW�WR�DYRLG�WURXEOH��RU�VLPSO\�DQ�XQGHVLUDEOH�VLWXDWLRQ��EHFRPHV�UHGXFHG�EH\RQG�
FRPIRUWDEOH� OHYHOV� >�@��2QH� OLPLWDWLRQ�RI�SDVW�VWXGLHV�RI� IDFLDO� UHFRJQLWLRQ� LV� WKDW� WKH\�KDYH�QRW�
addressed the inter-personal distance at which it might be desirable to make judgements about 
RWKHU�SHGHVWULDQV��,W�LV�SRVVLEOH�WKDW�DW�QHDU�GLVWDQFHV�DQ\�HIIHFW�RI�63'�LV�QRW�VLJQL¿FDQW�EHFDXVH�
WKH�IDFH�LV�RI�D�ODUJH�VL]H��$W�IXUWKHU�GLVWDQFHV��ZKHUH�WKH�IDFH�LV�VPDOOHU��WKHQ�DQ�LPSURYHPHQW�
GXH�WR�63'�PD\�EH�RI�EHQH¿W��7KXV��DORQJVLGH�HYDOXDWLRQ�RI�LQWHUSHUVRQDO�MXGJHPHQWV��WKLV�VWXG\�
LV�LQYHVWLJDWLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�GLVWDQFH�DQG�LQWHU�SHUVRQDO�MXGJHPHQWV�>�@��7KUHH�LQWHU�
SHUVRQDO�GLVWDQFHV�DUH�HYDOXDWHG�LQ�WULDOV��WKH���P�PLQLPXP�GLVWDQFH�VXJJHVWHG�E\�&DPLQDGD�
DQG�YDQ�%RPPHO�����P��WKH�RSWLPXP�GLVWDQFH�VXJJHVWHG�E\�&DPLQDGD�DQG�YDQ�%RPPHO��DQG����
P��WKH�ERXQGDU\�RI�DFWLRQ�VSDFH�VXJJHVWHG�E\�&XWWLQJ�DQG�9LVKWRQ�
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PP111

CRITICAL PEDESTRIAN TASKS: USING EYE-TRACKING WITHIN A DUAL TASK PARA-

DIGM

Fotios, S., Uttley, J., Hara, N.
6FKRRO�RI�$UFKLWHFWXUH��8QLYHUVLW\�RI�6KHI¿HOG��6KHI¿HOG��8QLWHG�.LQJGRP�

([LVWLQJ�GHVLJQ�FULWHULD�IRU�URDG�OLJKWLQJ�SURYLGH�UHFRPPHQGHG�KRUL]RQWDO�LOOXPLQDQFHV�IRU�GLIIHUHQW�
types of highway. Recommended illuminances for residential streets range between 2 lux and 
���OX[��+RZHYHU��WKHUH�DSSHDUV�WR�EH�OLWWOH�HPSLULFDO�EDVLV�IRU�WKHVH�LOOXPLQDQFHV�>�@��2QH�UHTXL-
rement for establishing an empirical basis for recommended illuminances on residential roads is 
XQGHUVWDQGLQJ�ZKDW�YLVXDO�WDVNV�DUH�LPSRUWDQW�WR�SHGHVWULDQV�DIWHU�GDUN��7KHUH�LV�OLWWOH�SUHYLRXV�
UHVHDUFK�LQYHVWLJDWLQJ�FULWLFDO�SHGHVWULDQ�WDVNV��,Q�RQH�UHFHQW�VWXG\�LW�ZDV�IRXQG�WKDW�SHGHVWULDQV�
VSHQW���������RI�WKHLU� WLPH�ORRNLQJ�DW�WKH�SDYHPHQW�>�@��KRZHYHU��WKH�DXWKRUV�DFNQRZOHGJHG�
WKDW�LW�ZDV�GLI¿FXOW�WR�FRQ¿UP�ZKHWKHU�D�SHUVRQ�ZDV�DFWXDOO\�DWWHQGLQJ�WR�WKH�REMHFW�WKHLU�JD]H�ZDV�
¿[DWHG�RQ�RU�WKDW�LW�ZDV�LPSRUWDQW�IRU�WKH�WDVN�RI�ZDONLQJ�

7KLV�LVVXH�UDLVHV�TXHVWLRQV�RYHU�KRZ�WR�UHOLDEO\�GHWHUPLQH�ZKDW�YLVXDO�WDVNV�DUH�LPSRUWDQW�WR�SH-
destrians in residential roads. The current study used eye-tracking within a dual-task paradigm. 
$WWHQWLRQ�LV�D�¿QLWH�UHVRXUFH��WKH�YLVXDO�WDVNV�UHTXLUHG�ZKHQ�ZDONLQJ�GRZQ�D�VWUHHW�XVH�VRPH�DW-
WHQWLRQDO�FDSDFLW\�EXW�LW�LV�XQOLNHO\�WKH\�XVH�DOO�RU�HYHQ�PRVW�RI�WKH�FDSDFLW\�DYDLODEOH�XQGHU�QRUPDO�
FLUFXPVWDQFHV�DV�LW�LV�QRW�D�FRJQLWLYHO\�WD[LQJ�WDVN��7KHUHIRUH�WKH�H\H�PRYHPHQWV�ZH�PDNH�WKDW�
DUH�UHOHYDQW�WR�WKH�WDVN�RI�ZDONLQJ�RQ�D�VWUHHW�ZLOO�EH�LQWHUPLQJOHG�ZLWK�H\H�PRYHPHQWV�WKDW�DUH�QRW�
UHOHYDQW�WR�WKDW�WDVN��DQG�SHULRGV�LQ�ZKLFK�RXU�YLVLRQ�PD\�QRW�EH�FRQQHFWHG�WR�RXU�PHQWDO�SURFHV-
ses, e.g. if we are daydreaming. Research has shown that introducing additional tasks that use 
XS�DWWHQWLRQDO�FDSDFLW\�FDQ�UHGXFH�WDVN�XQUHODWHG�WKRXJKWV�DQG�WKH�HIIHFWV�RI�YLVXDO�µGLVWUDFWRUV¶�
WKDW�IRFXV�RXU�YLVXDO�DWWHQWLRQ�DZD\�IURP�WKH�WDVN�LQ�KDQG�>�@��7KLV�¿QGLQJ�DSSOLHV�HTXDOO\�ZHOO�WR�
LQWHUQDO�GLVWUDFWHUV��H�J��ZKHQ�ZH�H[SHULHQFH�³PLQG�ZDQGHULQJ´��DV�H[WHUQDO�GLVWUDFWHUV��8VLQJ�XS�
DWWHQWLRQDO�FDSDFLW\�LQ�WDVN�UHOHYDQW�SURFHVVLQJ�FDQ�UHGXFH�LQVWDQFHV�RI�WDVN�XQUHODWHG�WKRXJKWV�
>�@��7KHVH�¿QGLQJV�VKRZ�WKDW�WKH�DOORFDWLRQ�RI�DWWHQWLRQ�WR�WDVN�XQUHODWHG�VWLPXOL�DQG�WKRXJKWV�FDQ�
EH�UHGXFHG�E\�LQFUHDVLQJ�WKH�ORDG�RQ�WKH�DWWHQWLRQ�PHFKDQLVP��H�J��WKURXJK�LQFUHDVHG�FRJQLWLYH�
processing produced by a concurrent dual-task.

7KH�FXUUHQW�UHVHDUFK�XVHG�D�GXDO�WDVN�DSSURDFK�WR�GHWHUPLQH�WKH�LPSRUWDQW�YLVXDO�WDVNV�RI�SH-
GHVWULDQV��(\H�WUDFNLQJ�HTXLSPHQW�ZDV�XVHG�WR�PRQLWRU�H\H�PRYHPHQWV�DQG�¿[DWLRQV�ZKLOVW�SDUWL-
cipants walked down a road in two sessions: once during daytime and once after dark. The route 
ZDON�ZDV�GLYLGHG�LQWR�WZR�VHFWLRQV��ORZ�REVWDFOH�GHQVLW\�DQG�KLJK�REVWDFOH�GHQVLW\�VWUHHW��:KLOVW�
ZDONLQJ�DORQJ�WKH�WHVW�URXWH��SDUWLFLSDQWV�ZHUH�DOVR�JLYHQ�D�FRQFXUUHQW�FRJQLWLYH�WDVN��,W�ZDV�SUR-
posed that noting the instances when performance on the secondary task was interrupted (e.g. a 
delayed or incorrect response) would identify the instances when the pedestrian was distracted 
by something critical to their walking task. Participants were questioned about their experience 
GXULQJ� WKH� H[SHULPHQW� LPPHGLDWHO\� DIWHU� WKHLU� ¿QDO� WHVW� VHVVLRQ�� DQG� DJDLQ� VKRUWO\� DIWHUZDUGV�
ZKLOVW�UHYLHZLQJ�WKH�¿[DWLRQ�SRLQW�YLGHR�FDSWXUHG�E\�WKH�H\H�WUDFNLQJ�HTXLSPHQW�
7KH�UHVXOWV�ZLOO�EH�XVHG�WR� LGHQWLI\�FULWLFDO�YLVXDO�WDVNV�IRU�SHGHVWULDQV��WKURXJK�DQDO\VLV�RI�IUH-
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TXHQF\�GXUDWLRQ�RI�REVHUYDWLRQ��GLVWDQFH�RI�REVHUYDWLRQ�DQG�H\H�UHODWHG�PHWULFV�LQFOXGLQJ�SXSLO�
GLODWLRQ��PHDQ�QXPEHU�RI�VDFFDGHV�DQG�PHDQ�QXPEHU�RI�¿[DWLRQV� �RYHUDOO�DQG�DW�FDWHJRULVHG�
regions of interest). The questions targeted are:
• 7KH�ORZ�REVWDFOH�GHQVLW\�VWUHHW�ZLOO�SURGXFH�UHVXOWV�LQGLFDWLYH�RI�HDVLHU�YLVXDO�WDVNV�LQYROYHG�LQ�

ZDONLQJ��UHODWLYH�WR�WKH�KLJK�REVWDFOH�GHQVLW\�
• 7KH�KLJK�REVWDFOH�GHQVLW\�VWUHHW�ZLOO�SURGXFH�PRUH�¿[DWLRQV�DQG�D�JUHDWHU�SURSRUWLRQ�RI�ORRNLQJ�

time regions of interest that are thought to be important in walking safely on a street
• 5HJLRQV�RI� LQWHUHVW� IRU�ZDONLQJ�GRZQ�D�VWUHHW�DUH� OLNHO\� WR� LQFOXGH�WKH� LPPHGLDWH�SDYHPHQW�

DUHD��SDYHPHQW�HGJHV��DUHDV�IXUWKHU�DKHDG�RI�WKH�SDUWLFLSDQW�WR�SURYLGH�YLVXDO�LQIRUPDWLRQ�IRU�
VWUDWHJLF�SODQQLQJ�RI�WUDYHO��DQG�RWKHU�SHGHVWULDQV

• 7KH�DIWHU�GDUN�VHVVLRQV�DUH�H[SHFWHG�WR�SURGXFH�UHVXOWV�LQGLFDWLYH�RI�PRUH�GLI¿FXOW�YLVXDO�WDVNV�
LQYROYHG�LQ�ZDONLQJ��UHODWLYH�WR�WKH�GD\OLJKW�VHVVLRQV�

7KH�PHWKRGV�XVHG�LQ�WKLV�VWXG\�ZLOO�DOORZ�PRUH�FRQ¿GHQW�FRQFOXVLRQV�DERXW�WKH�YLVXDO�WDVNV�WKDW�
DUH�LPSRUWDQW�WR�SHGHVWULDQV�DW�QLJKW��FRPSDUHG�ZLWK�SUHYLRXV�UHVHDUFK�
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THE APPLICATION OF ADAPTIVE LIGHTING IN URBAN AREAS

Gibbons, R.1, Clanton, N.2, Terry, T.1, Garcia, J.2��*LYOHU��7�2 
1.�9LUJLQLD�7HFK�7UDQVSRUWDWLRQ�,QVWLWXWH��%ODFNVEXUJ��9$��8QLWHG�6WDWHV�
2. Clanton and Associates, Boulder, CO, United States.

7KH�1RUWKZHVW�(QHUJ\�(I¿FLHQF\�$OOLDQFH��1(($��DQG�WKH�&LW\�RI�6HDWWOH�SDUWQHUHG�WR�HYDOXDWH�
WKH�IXWXUH�RI�VROLG�VWDWH�VWUHHW�OLJKWLQJ�LQ�WKH�3DFL¿F�1RUWKZHVW�ZLWK�D�WKUHH�QLJKW�GHPRQVWUDWLRQ�
LQ�6HDWWOH¶V�%DOODUG�QHLJKERUKRRG�LQ�0DUFK�������7KH�VWXG\�HYDOXDWHV�WKH�HIIHFWLYHQHVV�RI�/('�
VWUHHWOLJKWV�RQ�QLJKWWLPH�GULYHU�REMHFW�GHWHFWLRQ�YLVLELOLW\�DV�IXQFWLRQ�RI�FRORU�WHPSHUDWXUH�DQG�OLJKW�
GLVWULEXWLRQ��$GDSWLYH�VWDQGDUGV� �WXQLQJ�RI�VWUHHWOLJKWV�GXULQJ�SHULRGV�RI� UHGXFHG�YHKLFXODU�DQG�
SHGHVWULDQ�DFWLYLW\��DUH�DOVR�HYDOXDWHG�DW�WKUHH�GLIIHUHQW�OHYHOV�������RI�IXOO�OLJKW�RXWSXW������RI�
IXOO�OLJKW�RXWSXW��DQG�����RI�IXOO�OLJKW�RXWSXW�
7KHUH�DUH�WZR�GDWD�FROOHFWLRQ�PHWKRGV�WR�WKLV�VWXG\��VXEMHFWLYH�DQG�REMHFWLYH��7KH�UHVXOWV�IURP�
ERWK�RI�WKH�PHWKRGV�DUH�XVHG�WR�MXVWLI\�WKH�XVH�RI�DGDSWLYH�VWUHHW�OLJKWLQJ�

Study Setup

7KH�GHPRQVWUDWLRQ�WRRN�SODFH�LQ�6HDWWOH¶V�%DOODUG�QHLJKERUKRRG�DORQJ���WK�$YHQXH�1:��EHWZHHQ�
1:��WK�6WUHHW�DQG�1:���WK�6WUHHW��7KH����EORFN�VWUHWFK�LV�GLYLGHG�LQWR�VL[�HYDOXDWLRQ�WHVW�DUHDV�
with approximately one test area per two blocks. The luminaires for each test area included 105 
:DWW�/('�V\VWHPV�DW�����.������.�DQG�����.�FRORU�WHPSHUDWXUH��DQ�DV\PPHWULF�����.�/('�
V\VWHP��D�����:DWW�+36�V\VWHP�DQG�WKH�H[LVWLQJ����:�+36�V\VWHP��7KH�/('�OXPLQDULHV�DUH�
equipped control system to dim the lights on command.
7KH�GHPRQVWUDWLRQ�WRRN�SODFH�RYHU�WKH�FRXUVH�RI�WZR�HYHQLQJV��(DFK�HYHQLQJ��WKUHH�JURXSV�RI�
SDUWLFLSDQWV�HYDOXDWHG�WKH�HQWLUH�WHVW�VLWH��7KH�¿UVW�JURXS�HYDOXDWHG�DOO�RI�WKH�OLJKWV�DW������RI�
IXOO�OLJKW�RXWSXW��WKH�VHFRQG�JURXS�HYDOXDWHG�DOO�RI�WKH�/('�OLJKWV�DW�����RI�IXOO�OLJKW�RXWSXW��DQG�
WKH�¿QDO�JURXS�HYDOXDWHG�DOO�RI�WKH�/('�OLJKWV�DW�����RI�IXOO�OLJKW�RXWSXW��7KH�¿UVW�QLJKW�RI�JHQHUDO�
SDUWLFLSDQW�WHVWLQJ�WKH�SDYHPHQW�ZDV�GU\��2Q�WKH�VHFRQG�QLJKW��WKH�SDYHPHQW�ZDV�DUWL¿FLDOO\�ZHW-
WHG��7KH�ZHW�FRQGLWLRQV�SURYLGHG�D�PHWKRG�WR�HYDOXDWH�KRZ�GULYLQJ�YLVLELOLW\�LV�DIIHFWHG�XQGHU�WKH�
FRPPRQ�UDLQ\�FRQGLWLRQV�IRXQG�LQ�WKH�3DFL¿F�1RUWKZHVW��7KH�URDGZD\�ZDV�FORVHG�IRU�ERWK�QLJKWV�
RI�HYDOXDWLRQ�
7KH�SDUWLFLSDQWV�FRPSOHWHG�ERWK�D�VXEMHFWLYH�VXUYH\�DQG�SDUWLFLSDWHG�LQ�DQ�REMHFWLYH�REMHFW�GHWHF-
WLRQ�WDVN��7KH�VXEMHFWLYH�VXUYH\�HYDOXDWHG�WKH�SDUWLFLSDQW�FRPIRUW��IHHOLQJV�RI�VDIHW\�DQG�RYHUDOO�
LPSUHVVLRQ�RI�WKH�URDGZD\��'XULQJ�WKH�REMHFWLYH�WHVWLQJ��WKH�SDUWLFLSDQWV�ZHUH�ORFDWHG�LQ�D�YHKLFOH�
DQG�WKHLU�DELOLW\�WR�GHWHFW�D�VPDOO�WDUJHW�LQ�WKH�URDGZD\�ZDV�PHDVXUHG�IURP�WKH�PRYLQJ�YHKLFOH��
7KH�YHKLFOH�ZDV�DOVR�RXW¿WWHG�ZLWK�D�SKRWRPHWULF�V\VWHP�WKDW�PHDVXUHG�WKH�YLVXDO�HQYLURQPHQW�

Results

7KH� UHVXOWV�RI� WKH�VXEMHFWLYH�VXUYH\� LQGLFDWH�D�SUHIHUHQFH� IRU� WKH� LQFXPEHQW�+36�VWUHHWOLJKWV��
ZKLOH�VWLOO�VKRZLQJ�DFFHSWDQFH�RI�WKH�/('�OXPLQDLUHV��$W�WKH�ORZHU�OLJKW�OHYHOV��VRPH�SDUWLFLSDQWV�
QRWHG�WKH�OLJKWLQJ�DV�WRR�GDUN�RQ�WKH�VLGHZDONV��$V�VHHQ�LQ�WKH�VLGHZDON�HYDOXDWLRQV��WKH�YHUWLFDO�
LOOXPLQDQFH� LV�VLJQL¿FDQWO\�EHORZ�WKH�UHTXLUHPHQWV� IRU�DOO�RI� WKH�/('�EDVHG�FRQGLWLRQV��7KLV� LV�
IXUWKHU�H[DFHUEDWHG�E\�WKH�LPSDFW�RI�GLPPLQJ��7KLV� LV�YDOXDEOH� LQIRUPDWLRQ�LQ�WKDW�SHUKDSV�WKH�
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VLGHZDON�DQG�WKH�URDGZD\�OLJKWLQJ�V\VWHPV�VKRXOG�EH�H[FOXVLYH�IURP�RQH�DQRWKHU��,Q�PDQ\�GH-
VLJQV�DFURVV�WKH�FRXQWU\��VLGHZDON�OLJKWLQJ�LV�LQWHQGHG�WR�EH�FRYHUHG�E\�WKH�URDGZD\�OLJKWLQJ��7KH�
UHVXOWV�RI�WKLV�GHPRQVWUDWLRQ�PD\�VXJJHVW�WKDW�VHSDUDWH�GLPPLQJ�FRQWURO�PD\�EH�YDOXDEOH�ZKHUH�
the backlight illuminating the sidewalk is dimmed separately from the roadway.

7KH�UHVXOWV�IURP�WKH�REMHFWLYH�HYDOXDWLRQ��VKRZQ�LQ�)LJXUH����LQGLFDWH�WKDW�WKH�/('�����.��V\P-
PHWULF�DQG�DV\PPHWULF��OXPLQDLUHV�KDYH�WKH�KLJKHVW�GHWHFWLRQ�GLVWDQFH�RI�DOO�RI�WKH�WHVW�DUHDV�ZLWK�
D�YDOXH�RI�DSSUR[LPDWHO\�����IHHW��$W�WKH�ORZHVW�OLJKW�OHYHO�RI����SHUFHQW�RI�IXOO�OLJKW�RXWSXW�GXULQJ�
WKH�GU\�SDYHPHQW�WHVW��WKH�/('�����.�OXPLQDLUHV�GLG�QRW�KDYH�D�VLJQL¿FDQWO\�GLIIHUHQW�GHWHFWLRQ�
distance compared to the same luminaires at 100 percent of full light output. As this distance is 
within the reach of the headlamps, it indicates that the headlamps are probably the primary mode 
RI�GHWHFWLRQ�LQ�WKLV�FRQGLWLRQ��7KH�URDGZD\�LV�ORFDWHG�LQ�DQ�XUEDQ�DUHD�WKDW�KDG�VLJQL¿FDQW�LQÀX-
ence from the signage and other facilities along the roadway edge.
7KH�ZHW�URDGZD\�FRQGLWLRQV�GLG�VKRZ�DQ�LPSDFW�RI�WKH�OLJKWLQJ�V\VWHP�GLP�OHYHO�RQ�WKH�REMHFW�
YLVLELOLW\��7KLV�LV�VKRZQ�LQ�)LJXUH����+HUH�WKH�GHWHFWLRQ�GLVWDQFH�ZDV�VLJQL¿FDQWO\�UHGXFHG�XQGHU�
the wet roadway conditions.

Conclusions

The results indicate that the performance and acceptance of the new LED systems is at least on 
SDU�ZLWK�WKH�H[LVWLQJ�+36�V\VWHP��+RZHYHU��FDUH�PXVW�EH�FRQVLGHUHG�IRU�WKH�VLGHZDONV��/LJKWLQJ�
RI�WKH�VLGHZDONV�ZDV�D�VLJQL¿FDQW�DVSHFW�RI�XVH�DFFHSWDQFH�DQG�FRQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�
D�VSHFLDOL]HG�VLGHZDON�OLJKWLQJ�V\VWHP��6LPLODUO\��XVLQJ�DGDSWLYH�GLPPLQJ�PXVW�EH�XVHG�ZLWK�FDUH�
for the sidewalks and separate dimming may be considered. Dimming on the wet roadway condi-
WLRQV�DOVR�VKRZHG�DQ�LPSDFW�DQG�DGDSWLYH�OLJKWLQJ�LV�QRW�UHFRPPHQGHG�LQ�WKHVH�ZHW�FRQGLWLRQV�
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Figure 2 - Target Detection Performance in Varying Dimming Levels and Road Conditions

Figure 1 - Target Detection Performance under varying Light Sources and Road Condi-

tions
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PP113

CALCULTION OF THE OPERATION TIME OF ROAD LIGHTING

Gasparovsky, D.

)((	,7��6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\��%UDWLVODYD��6ORYDNLD�

3URSHU� URDG� OLJKWLQJ� RI� FLWLHV� KHOSV� WR� LQFUHDVH�SHUVRQDO� VDIHW\� DQG� WR� DYRLG� WUDI¿F� DFFLGHQWV��
'HSHQGLQJ�RQ�YDULRXV�FULWHULD��WDNLQJ�LQWR�DFFRXQW�YLVXDO�FRQGLWLRQV��WUDI¿F�VLWXDWLRQV�DQG�RWKHU�
LQÀXHQFLQJ�FRQGLWLRQV��WDUJHW�OLJKWLQJ�SDUDPHWHUV�DUH�GH¿QHG�IRU�GLIIHUHQW�URDG�OLJKWLQJ�FODVVHV�DV�
PLQLPXP�YDOXHV��7KHVH�VKRXOG�EH�PDLQWDLQHG�XQGHU�DQ\�FLUFXPVWDQFHV��LQFOXGLQJ�DYDLODELOLW\�RI�
QDWXUDO�GD\OLJKW��2Q�WKH�RWKHU�KDQG�LW�LV�LPSRUWDQW�WR�FRQVHUYH�HQHUJ\�IRU�OLJKWLQJ�ZKHUHYHU�SRVVL-
ble. In public lighting it means that with regard to local conditions, switching and dimming of the 
lighting system should be tailored to actual needs.
Currently there are no widely used recommendations on when to switch on and off the lighting. 
6HWWLQJ�RI�FRQWURO�GHYLFHV�OLNH�WLPHUV�RU�SKRWRGHWHFWRUV�LV�XVXDOO\�PDGH�XSRQ�H[SHULHQFH�RI�ORFDO�
VWDII�� ,I� WDUJHW�YDOXHV�RI� OXPLQDQFH�RU� LOOXPLQDQFH�DUH�WR�EH�VDWLV¿HG��FRQWURO�RI� OLJKWLQJ�V\VWHP�
VKRXOG�FRQVLGHU�SDUWLFXODU�OLJKWLQJ�FODVV�RI�D�JLYHQ�URDG�VHFWLRQ�ZKDW�LWVHOI�LV�D�FRPSOLFDWLRQ�EH-
FDXVH�WRSRORJ\�RI�URDG�OLJKWLQJ�QHWZRUN�LV�LQ�QR�FRUUHODWLRQ�ZLWK�OLJKWLQJ�FODVVHV��H[FHSW�RI�LQGLYL-
dually controlled luminaires).

7KLV�SDSHU�DLPV�WR�SURSRVH�D�GH¿QLWLRQ�RI�VWDUWLQJ�DQG�HQGLQJ�WLPHV�IRU�RSHUDWLRQ�RI�URDG�OLJKWLQJ��
'DLO\�PHWKRG�LV�LQWHQGHG�WR�EH�XVHG�IRU�VHWWLQJ�RI�FRQWURO�GHYLFHV�ZKLOH�DQQXDO�PHWKRG�LV�LQWHQ-
GHG�IRU�FDOFXODWLRQ�RI�HQHUJ\�FRQVXPSWLRQ�DQG�HQHUJ\�HI¿FLHQF\�RI�WKH�V\VWHP��'DLO\�DSSURDFK�LV�
based on selection of empirical formulae for calculation of solar declination and time equation in 
RUGHU�WR�FDOFXODWH�WKH�WLPH�RI�VXQULVH�DQG�VXQVHW��,OOXPLQDQFH�OHYHOV�IURP�GD\OLJKW�GXULQJ�WUDQVLHQW�
SHULRGV�RI�VXQULVH�DQG�VXQVHW�DUH�PHDVXUHG�DW�WKH�6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\�DQG�UHVXOWV�
RI�WKHVH�VHSDUDWHO\�SHUIRUPHG�LQYHVWLJDWLRQ�DUH�XVHG�WR�GHWHUPLQH�WKH�WLPH�VSDQV�EHWZHHQ�VXQ-
ULVH�DQG�VXQVHW�RQ�RQH�VLGH�DQG�WLPHV�ZKHQ�FHUWDLQ�OLJKW�OHYHOV�FRUUHVSRQGLQJ�WR�SDUWLFXODU�URDG�
OLJKWLQJ�FODVVHV�DUH�UHDFKHG�RQ�WKH�RWKHU�VLGH��6XPPLQJ�XS�GDLO\�YDOXHV��DQQXDO�RSHUDWLRQ�WLPHV�
are calculated.
7KH�SDSHU�DOVR�FRQFHUQV�OLJKWLQJ�V\VWHPV�ZLWK�UHJXODWRUV�DQG�GLPPHUV�ZKHUH�VHYHUDO�OLJKW�OHYHOV�
�FRUUHVSRQGLQJ�WR�FHUWDLQ�SRZHU�FRQVXPSWLRQV��ZLWK�LQGLYLGXDO�GXUDWLRQV�DUH�VHW��&DOFXODWLRQ�RI�
WKH�WRWDO�RSHUDWLRQ�WLPH�LQFRUSRUDWHV�WKHVH�GLIIHUHQW�OHYHOV�
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IN DEPTH INVENTORY FOR A HIGHER QUALITY OF STREET LIGHTING

Deswert, J.2, 0DUNH\��<�1
1.�25(6��/RXYDLQ�/D�1HXYH��%HOJLXP�
2. Laborelec, Linkebeek, Belgium.

ORES is the grid operator responsible for the installation and the maintenance of the street ligh-
WLQJ�LQ�WKH�VRXWK�SDUW�RI�%HOJLXP��7KLV�PDQDJHPHQW�ZDV�GRQH�IRU�\HDUV�ZLWKRXW�D�GHWDLOHG�YLHZ�RI�
the entire lighting points. 
,Q�RUGHU�WR�LQFUHDVH�WKH�TXDOLW\�OHYHO�RI�WKH�VWUHHW�OLJKWLQJ��25(6�VWDUWV�D�KXJH�LQYHQWRU\�RI�DOO�WKH�
�������OXPLQDLUHV�LQVWDOOHG�RQ�KLV�WHUULWRU\��7KH�JRDO�LV�WR�LPSURYH�WKH�PDLQWHQDQFH�VSHHG��HQ-
hance the security on the roads thanks to a higher lighting quality and optimize the maintenance 
process. 

$�GDWDEDVH�ZDV�EXLOG�ZLWK�DOO�WKH�LQIRUPDWLRQV�FROOHFWHG�LQ�WKH�¿HOG��6HYHUDO�WHDPV�WUDYHUVHG�WKH�
WHUULWRU\�ZLWK�D�VSHFLDO�YHKLFOH�UHFRUGLQJ��IRU�HDFK�OLJKW�SRLQW��WKH�*36�SRVLWLRQ��WKH�W\SH�RI�OXPL-
naire, the type of lamp, the height of the luminaire, a picture of the luminaire,... 
1RZ��WKH�WHFKQLFLDQV�KDYH�DFFHVV��LQ�WKH�¿HOG��WR�WKLV�GDWDEDVH�ZKHQ�WKH\�KDYH�WR�PDNH�WKH�PDLQ-
WHQDQFH��7KH\�FDQ�YLHZ�WKH�SUHYLRXV�GHIDXOWV��YDOLGDWH�WKH�PDLQWHQDQFH�DFWLRQV�DQG�RUGHU�VSDUH�
SDUWV��2Q�WKH�RWKHU�KDQG��WKH�¿QDO�XVHUV��WKH�PXQLFLSDOLWLHV�DQG�ORFDO�SHRSOH��KDYH�DFFHVV�WR�DQ�
internet website where they can mention defect luminaires. 

,Q�WKH�IXWXUH��DQRWKHU�DVSHFW�RI�WKH�TXDOLW\�OHYHO�RI�VWUHHW�OLJKWLQJ�ZLOO�EH�VWXGLHG�LQ�FRRSHUDWLRQ�ZLWK�
/DERUHOHF��7KH�FRQIRUPLW\�ZLWK�WKH�OLJKWLQJ�OHYHOV�UHTXLUHG�E\�WKH�VWDQGDUGV�FRXOG�EH�PHDVXUHG�
RQ�VLWH�ZLWK�D�YHKLFOH�HTXLSHG�ZLWK�OX[PHWHUV��7KHVH�RQVLWH�PHDVXUHPHQWV�ZLOO�DOORZ�WR�PDNH�D�
cartography of the lighting points, focus the relighting efforts on the critical streets and follow the 
ageing of the installations.

)LJXUH�����7KH�¿QDO�XVHUV��WKH�PXQLFLSDOLWLHV�DQG�ORFDO�SHRSOH��KDYH�DFFHVV�WR�DQ�LQWHUQHW�
website where they can mention defect luminaires
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RENEWAL OF STREET AND ROAD LIGHTING IN SWEDISH MUNICIPALITIES

Jägerbrand, A.K.

Swedish National Road and Transport Research, Stockholm, Sweden.

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LGHQWLI\�IDFWRUV�WKDW�FRQVWLWXWH�SRVVLEOH�EDUULHUV�RU�LQFHQWLYHV�
IRU�QHZ�RU�UHLQYHVWPHQWV�LQ�PRUH�HQHUJ\�HI¿FLHQW�VWUHHW�DQG�URDG�OLJKWLQJ��65/��LQ�6ZHGLVK�PX-
nicipalities. Focus was on planning and decision making processes, responsibilities, organisation 
DQG�VWDNHKROGHU¶V�LQYROYHPHQW�

$�TXHVWLRQQDLUH�VWXG\�ZLWK�D�QXPEHU�RI�VHPL�VWUXFWXUHG�TXHVWLRQV�ZDV�FDUULHG�RXW�LQ�WZHOYH�PX-
QLFLSDOLWLHV�IURP�WKUHH�VL]H�FODVVHV�LQ�GLIIHUHQW�JHRJUDSKLFDO�ORFDWLRQV�LQ�6ZHGHQ��7KH�RI¿FLDO�UHV-
SRQVLEOH�IRU�WKH�65/�ZDV�LQWHUYLHZHG�LQ�HDFK�RI�WKH�PXQLFLSDOLWLHV�
7KH�UHVXOW�VKRZHG�WKDW�WKH�VPDOO�PXQLFLSDOLWLHV�KDG�WKH�PRVW�HQHUJ\�HI¿FLHQW�65/�DQG�DOVR�KDG�
the lowest percentage of high pressure mercury (Hg) lamps remaining. All four small municipa-
OLWLHV�VWDWHG�WKDW�HQHUJ\�VDYLQJV�ZHUH�WKH�PDLQ�UHDVRQ�IRU�VXEVWLWXWLRQ�RI� WKH�+J� ODPSV�� ,Q� WKH�
PHGLXP�VL]HG�DQG�ODUJH�PXQLFLSDOLWLHV�WKH�(8�'LUHFWLYH�ZDV�JLYHQ�DV�WKH�PDLQ�PRWLYH�E\�IRXU�
PXQLFLSDOLWLHV�ZKLOH�WKH�UHPDLQLQJ�IRXU�PXQLFLSDOLWLHV�VWDWHG�WKDW�WKHLU�PDLQ�PRWLYH�ZDV�WKH�QHHG�
to replace old and obsolete SRL.

The result is an indication that coordination and cooperation between planning sectors and diffe-
UHQW�RUJDQLVDWLRQDO�OHYHOV�PD\�EH�D�IDFWRU�WKDW�FRQWULEXWHV�WR�D�PRUH�SURDFWLYH�SODQQLQJ�LQ�PXQLFL-
palities and that such processes are easier to accomplish in small municipalities.
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COMPARISON OF DIFFERENT LIGHT SOURCES ON PEDESTRIAN AND BICYCLE ROAD

Jägerbrand, A.K. 

Swedish National Road and Transport Research , Stockholm, Sweden.

Light measurements on a pedestrian and bicycle road in Stockholm were compared in light dis-
WULEXWLRQ�DQG�LOOXPLQDQFH��/LJKW�VRXUFHV�ZHUH�����:�PHUFXU\�YDSRXU�����:�FHUDPLF�PHWDO�KDOLGH�
DQG����:�/('��&KDQJLQJ�IURP�PHUFXU\�YDSRXU�WR�/('�RQ�WKH�SHGHVWULDQ�DQG�ELF\FOH�URDG�VDYHV�
����HQHUJ\��&RPSDULVRQV� LQ� LOOXPLQDQFH�� OXPLQDQFH�� WKH� OXPLQDQFH� GLVWULEXWLRQ�� DQG� VSHFWUDO�
GLVWULEXWLRQ�EHWZHHQ�WKH�OLJKW�VRXUFHV�ZHUH�PHDVXUHG�LQ�WKH�¿HOG��7KH�UHVXOWV�VKRZ�ODUJH�GLIIH-
UHQFHV�LQ�OLJKW�GLVWULEXWLRQ�RQ�WKH�URDG�VXUIDFH�DQG�DOVR�VRPH�LQGLYLGXDO�GLIIHUHQFHV�EHWZHHQ�WKH�
LED lamps. Photos on the luminance distribution of the different light sources will be presented. 
0HDVXUHPHQWV�RQ�ELF\FOH�VSHHG�IRU�WKH�WKUHH�GLIIHUHQW�OLJKW�VRXUFHV�ZLOO�DOVR�EH�LQFRUSRUDWHG�LQ�
the study.
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PP117

RESEARCH ON TESTING METHODS OF RELATIVE PARAMETERS OF OVERPASS LIGH-

TING SAFETY BY HDR IMAGE

Wang, L.1, =KDQJ��0�2
1.�6FKRRO�RI�$UFKLWHFWXUH��7LDQMLQ�8QLYHUVLW\��7LDQMLQ��7LDQMLQ�&LW\��&KLQD�
2.�7LDQMLQ�%XLOGLQJ�3K\VLFDO�(QYLURQPHQW�DQG�%LRQRPLF�7HFKQLTXH�.H\�/DERUDWRU\��7LDQMLQ��7LDQMLQ�
City, China.

$V�DQ�LPSRUWDQW�SDUW�RI�QLJKW�OLJKWLQJ�HQYLURQPHQW��WKH�TXDOLW\�RI�FLW\�RYHUSDVV�OLJKWLQJ�LV�VLJQL¿FDQW�
IRU�SURWHFWLQJ�WKH�WUDI¿F�VDIHW\�LQ�WKH�QLJKW��LPSURYLQJ�WKH�HI¿FLHQF\�RI�WUDQVSRUWDWLRQ�DQG�SURYLGLQJ�
D�JRRG�YLVXDO�HQYLURQPHQW�IRU�WKH�GULYHUV�
7KH�DUWLFOH�DQDO\]HG�WKH�UHOHYDQW�LQGLFDWRUV�RI�2YHUSDVV�OLJKWLQJ�VDIHW\��&RPELQHG�ZLWK�WKH�YLVXDO�
FKDUDFWHULVWLFV�RI�WKH�GULYHU��ZH�SURSRVHG�WKH�LPSRUWDQW�PHDVXUHPHQW�RI�DIIHFWLQJ�WKH�RYHUSDVV�
DUHD�OLJKWLQJ�VHFXULW\��,W�LV�WKUHVKROG�LQFUHPHQW��ZKLFK�LV�FORVHO\�UHODWHG�ZLWK�WKH�YLVXDO�DGDSWDWLRQ�
DQG�FKDQJH�LQ�YLVLRQ��:H�FLWHG�PRUH�HIIHFWLYHQHVV�DQG�SHUVXDVLYH�EDVLV�WKDQ�RWKHUV�DV�PHDVX-
rements.
In this paper, a luminance information obtainment method based on high dynamic range images 
ZDV�XVHG�WR�DFTXLUH�WKH�WKUHVKROG�LQFUHPHQW��:LWK�ÀRDWLQJ�SRLQW�YDOXH��WKH�+LJK�'\QDPLF�5DQ-
JH�,PDJH��+'5�LPDJH��LV�DQ�LPDJH�RI�YHU\�ZLGH�UDQJH�EULJKWQHVV�DQG�FDQ�VWRUH�WKH�OXPLQDQFH�
RI� WKH�VFHQHV��7KH�5��*��%�ÀRDWLQJ�SRLQW� YDOXH�RI� WKH�+'5� LPDJH�FDQ�EH� UHDG� WKURXJK�RZQ�
GHYHORSHG�VRIWZDUH��$QG�WKURXJK�WKH�H[SHULPHQW��WKH�IXQFWLRQDO�UHODWLRQVKLS�EHWZHHQ�WKH�5��*��%�
ÀRDWLQJ�SRLQW�YDOXHV�DQG�WKH�5*%�YDOXHV�RI�WKH������&,(�5*%�V\VWHP�FDQ�EH�FDOFXODWHG��7KHQ��
DFFRUGLQJ� WR� WKH�&,(�GRFXPHQWV�� WKH�5*%�YDOXHV�FDQ�EH�FRQYHUVHG�WR� WKH�;<=�YDOXHV�RI� WKH�
�����&,(�;<=�V\VWHP��7KXV�WKH�OXPLQDQFH�YDOXH��QDPHO\�WKH�<�YDOXH��FDQ�EH�JDLQHG��$V�IRU�WKH�
LOOXPLQDQFH�YDOXH��LW�FDQ�EH�JDLQHG�DFFRUGLQJ�WR�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�OXPLQDQFH�DQG�WKH�
illuminance. Based on these theories, the method of obtaining the luminance information from the 
OLJKWLQJ�HQYLURQPHQW�WKURXJK�+'5�,PDJHV�ZDV�HVWDEOLVKHG�
7KH�WUDGLWLRQDO�PHWKRG�LV�WLPH�FRQVXPLQJ��WUDI¿F�EORFNLQJ�DQG�LQFRQYHQLHQW��$QG�REWDLQLQJ�WKH�OX-
minance information through low dynamic range images has a limitation on the luminance range 
UHFRUGHG��8VLQJ�+'5�LPDJHV�WR�REWDLQ�WKH�OXPLQDQFH�LQIRUPDWLRQ�FDQ�FRQTXHU�WKH�GLVDGYDQWDJHV�
DQG�WKH�OLPLWDWLRQV�DQG�LV�PRUH�FRQYHQLHQW�
:H�WHVWHG�WKH�%DOLWDL�RYHUSDVV�LQ�7LDQMLQ�ZLWK�ERWK�WUDGLWLRQDO�PHWKRGV�DQG�WKH�SDUDPHWHUV�H[WUDF-
WLQJ�RI�WKH�OLJKW�HQYLURQPHQW�IURP�D�KLJK�G\QDPLF�UDQJH�LPDJH�DQG�VWXG\�WKH�DFFXUDF\�RI�LW��7KLV�
VWXG\�SURYLGHV�WKH�EDVLV�IRU�HQYLURQPHQWDO�WHVWLQJ�DQG�UHVHDUFK�RQ�WKH�RYHUSDVV�OLJKW�
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PP118

A STUDY ON THE LIMIT OF LIGHTING POWER DENSITY FOR ROAD LIGHTING

Kim, H., /HH��0���/HH��6�
'HSDUWPHQW�RI�(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHULQJ��.DQJZRQ�1DWLRQDO�8QLYHUVLW\��&KXQFKHRQ��
Korea, Republic of.

,W�LV�LPSRUWDQW�WKDW�WKH�URDG�OLJKWLQJ�EH�GHVLJQHG�HI¿FLHQWO\�LQ�FRQVLGHUDWLRQ�RI�HI¿FLHQF\��OLJKW�GLV-
tribution, conditions for installation and maintenance factors of luminaires. Standards regulating 
WKH�PD[LPXP�OLJKWLQJ�SRZHU�GHQVLW\�RI�D�XQLW�DUHD�ZHUH�GHYLVHG�WR�GHFLGH�WKH�HI¿FLHQF\�RI�D�URDG�
lighting design.
The data of actual energy use in road lighting was analyzed by measuring the performances of 
WKH�H[LVWLQJ�URDG�OLJKWLQJ�IDFLOLWLHV�LQ�XVH��6LQFH�WKH�UHTXLUHPHQWV�RI�OLJKWLQJ�SHUIRUPDQFH�YDU\�WR�
the road types and road lighting classes, standard road conditions were set up on the basis of the 
assumed general road conditions. Energy uses per unit area were calculated according to each 
road lighting class and lamp used by means of the computing simulation. The analysis showed 
that difference in energy use depends on the install conditions, light distribution of the luminaire 
DQG�RWKHU�YDULRXV�IDFWRUV�
Recommended were maximum limits of energy use applicable according to the road lighting clas-
VHV�DQG�WKH�URDG�OLJKWLQJ�HQHUJ\�PHDVXUHG�DQG�FDOFXODWHG�WKHUHXSRQ��7KH�OLPLWHG�YDOXHV�ZHUH�
YHUL¿HG�WKURXJK�FRPSDULQJ�WKHP�ZLWK�WKH�HQHUJ\�XVHG�LQ�DFWXDO�URDG�OLJKWLQJ�
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OPTIMISING VISIBILITY IN STREET LIGHTING BY OPTIMISING AND COMPARING LUMI-

NOUS INTENSITY DISTRIBUTIONS

Schade, S.,�9|ONHU��6�
/LJKWLQJ�7HFKQRORJ\��7HFKQLVFKH�8QLYHUVLWlW�%HUOLQ��%HUOLQ��%HUOLQ��*HUPDQ\�

(XURSHDQ�URDG�OLJKWLQJ�VWDQGDUGV�DUH�PDLQO\�EDVHG�RQ�WKH�PLQLPXP�DQG�DYHUDJH�LOOXPLQDQFH�RU�
OXPLQDQFH�DV�ZHOO�DV�WKHLU�XQLIRUPLWLHV�LQ�WKH�URDG�DUHD��7KHVH�YDOXHV�GHSHQG�RQ�WKH�VWUHHW¶V�URDG�
FODVVHV�DQG�LWV�FKDUDFWHULVWLFV�JLYHQ�E\�(1�������
Figure 1 shows two street lighting scenes for two different streets of the same street class, which 
ERWK�IXO¿O�WKH�(1�������UHTXLUHPHQWV�EXW�VKRZ�FRPSOHWHO\�GLIIHUHQW�UHVXOWV�UHJDUGLQJ�WKH�YLVLELOLW\�
RI�D�JLYHQ�WHVW�REMHFW��7KH�ULJKW�VWUHHW�SURYLGHV�JRRG�YLVLELOLW\�ZKHUHDV�WKH�OHIW�H[DPSOH�GHPRQVW-
UDWHV�KRZ�EDG�YLVLELOLW\�FDQ�EH�DOWKRXJK�WKH�(1�UHTXLUHPHQWV�DUH�UHDFKHG��,Q�ERWK�FDVHV�WKH�WDU-
JHW�LV�D�JUH\�FDUG�ZLWK�D�UHÀHFWDQFH�RI������DQG�D�VL]H�RI�����P�[�����P��$FFRUGLQJ�WR�VWXGLHV�>����@��
WKLV�GHJUHH�RI�UHÀHFWDQFH�FDQ�EH�XVHG�DV�UHSUHVHQWDWLRQ�IRU�GDUN�SHGHVWULDQ�FORWKLQJ��5HODWHG�VWX-
GLHV�>���@�KDYH�VKRZQ�WKDW�KLJK�OXPLQDQFH�XQLIRUPLWLHV�GR�QRW�DVVXUH�KLJK�YLVLELOLW\�SHUIRUPDQFH��
EXW�KDYH�D�SRVLWLYH�HIIHFW�RQ�WDUJHW�GHWHFWLRQ��2WKHU�VWXGLHV�>�@�FRPSDUH�YLVLELOLW\�SHUIRUPDQFH�
XQGHU� GLIIHUHQW� RYHUDOO� DQG� ORQJLWXGLQDO� XQLIRUPLW\� FRQGLWLRQV� WR� UHFRPPHQGHG� OXPLQDQFH� DQG�
XQLIRUPLW\�FRQGLWLRQV�RI�&,(�3XEOLFDWLRQ�1R������>�@��7KH\�VKRZ�WKDW�VWUHHWV�ZLWK�SRRU�OXPLQDQFH�
XQLIRUPLWLHV�VKRZ�PRUH�DUHDV�RI�LQDGHTXDWH�YLVXDO�FRQGLWLRQV�EDVHG�RQ�YLVLELOLW\�OHYHO��9/��WKDQ�
LQVWDOODWLRQV�ZLWK�DGHTXDWH�XQLIRUPLWLHV��+RZHYHU��WKLV�DSSURDFK�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�
RSWLPLVDWLRQ�RI�XQLIRUPLWLHV��&RPPHQWV�>�@�RQ�WKLV�VWXG\�LQGLFDWH�WKDW�WKH�HIIHFW�RI�XQLIRUPLW\�RQ�
YLVXDO�SHUIRUPDQFH�UHPDLQV�XQFOHDU�

A step further would be to use luminous intensity distributions (LID) which are optimised for pro-
YLGLQJ�EHVW�DYDLODEOH�YLVLELOLW\�IRU�VSHFL¿F��DFWXDO�VWUHHW� OLJKWLQJ�JHRPHWULHV��,Q�WKH�SDVW�YLVLELOLW\�
RSWLPLVDWLRQ�EDVHG�/,'�DSSURDFKHV�ZHUH�GLI¿FXOW�WR�UHDOLVH�LQ�SUDFWLFH��1RZDGD\V�/('V�SURYLGH�
SRVVLELOLWLHV� WR�DGDSW� OLJKW�GLVWULEXWLRQV�DFFXUDWHO\� WR�D�JLYHQ�JHRPHWU\��7KXV�� OLJKW�GLVWULEXWLRQV�
VSHFLDOO\�GHVLJQHG�IRU�D�FHUWDLQ�VWUHHW�OLJKWLQJ�DUUDQJHPHQW�FDQ�SURYLGH�RSWLPDO�YLVLELOLW\�DQG�FRQ-
WUDVW�DW�KLJK�HQHUJ\�HI¿FLHQF\�
7KH�SUHVHQW�VWXG\�FRPSDUHV�VLPXODWLRQV�RI� IRXU�RSWLPLVHG�/,'V� WR�FRQYHQWLRQDO�VWUHHW� OLJKWLQJ�
/,'V��7KH�RSWLPLVHG�/,'V�DUH�GHWHUPLQHG�E\�VLPXODWLRQ�WR�DFKLHYH�FRPSDUDEOH�LOOXPLQDWLRQ�OHYHOV�
for typical residential road geometry. The four simulated LID differentiate, each being optimised 
IRU�RQH�VSHFL¿F�URDG�OLJKWLQJ�TXDOLW\�FULWHULRQ��VXFK�DV�/��PD[�8����(K��PD[�8��DQG�8����(Y��PD[�
8���DQG�9/�RU�&��&RQYHQWLRQDO�/,'V�DUH�EDVHG�RQ�VWDQGDUG�EDW�ZLQJ�GLVWULEXWLRQV��IRXQG�WKURXJK�
analysis of 25 residential roads.
$�SURWRW\SH�/('�¿[WXUH�ZLWK�LQGHFHQWO\�FRQWUROOHG�PRGXOHV�IRU�LOOXPLQDWLRQ�RI�GLIIHUHQW�DUHDV�RQ�
WKH�URDG�VXUIDFH�ZDV�GHYHORSHG�WR�UHDOL]H�WKH�VLPXODWHG�/,'V��(DFK�PRGXOH�LV�GULYHQ�E\�'0;�
protocol for dimming and there is the possibility to choose between four optics from narrow to 
wide beam characteristics.
7KHVH�DGDSWLYH�/('�VWUHHW�OLJKWLQJ�¿[WXUHV�DUH�XVHG�LQ�D�ODERUDWRU\�VHWXS�WR�DQDO\VH�WKH�SRVVLEL-
OLW\�WR�LPSOHPHQW�WKH�VLPXODWLRQV�RI�RSWLPLVHG�/,'V�LQ�¿HOG��%HVLGHV�WKLV��WKLV�H[SHULPHQWDO�VHW�XS�
FDQ�EH�XVHG�WR�YDOLGDWH�WKH�EHQH¿WV�IRU�YLVLELOLW\�LQ�VWUHHW�OLJKWLQJ�E\�XVLQJ�LQGLYLGXDO�RSWLPLVHG�/,'�
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IRU�WKH�JLYHQ�VWUHHW�OLJKWLQJ�FULWHULD�
7KH�FRPSOHWH�VHWXS�LV�VFDOHG�����WR�D�UHDO�VWUHHW�OLJKWLQJ�PHDVXUHPHQW�DUUDQJHPHQW�LQ�D�JLYHQ�
UHVLGHQWLDO�URDG��7KH�VSHFL¿FDWLRQV�DUH�DFFRUGLQJ�WR�(1�������DQG�$16,�,(61$�53�����������
UHTXLUHPHQWV��7KXV��WKH�REVHUYHU¶V�YLHZLQJ�GLVWDQFH�LV�VHW�WR����P��7KH�PHDVXUHPHQW�¿HOG¶V�JHR-
PHWU\�LV�GH¿QHG�WR������P�[���P�ZLWK�WKH�¿[WXUH¶V�KHLJKW�RI���P��7KH�UHÀHFWDQFH�UDQJH�RI�WKH�VHWXS�
URRP¶V�ZDOOV��FHLOLQJ�DQG�ÀRRU��LV��������ȡ��������7KH�XVHG�REMHFWV�IRU�WDUJHW�GHWHFWLRQ�DSSURDFKHV�
KDYH�VTXDUHG�VL]H�ZLWK�HGJHV�RI����FP�DQG�ȡ� �����������������DQG�����
At the current state the simulation tool for LID design has been completed and the simulation as-
VHVVPHQW�ZLOO�EH�FRPSOHWHG�LQ�WKH�FRPLQJ�PRQWKV��7KH�ODERUDWRU\�VHWXS�ZLOO�EH�LQ�XVH�IRU�WKH�¿UVW�
measurements at the beginning of 2013.
)LUVW�VLPXODWLRQV�VKRZ�WKDW�RSWLPLVDWLRQ�RQ�XQLIRUPLW\�KDV�D�SRVLWLYH�LPSDFW�RQ�WDUJHW�REMHFW�FRQ-
WUDVW��:LWK�WKH�UHVXOWV�RI�WKH�VLPXODWLRQV�DQG�PHDVXUHPHQWV�� LW� LV�H[SHFWHG�WR�JHW�PRUH�LQVLJKW�
LQWR� IXUWKHU� LPSURYHPHQW��RI�YLVLELOLW\�� WKURXJK�RSWLPLVLQJ� IRU�REMHFW�FRQWUDVW�KDYLQJ�D�VSHFL¿HG�
inhomogeneity of luminance. During the presentation the studies will be presented in detail and 
results will be reported.

References:

>�@�*ROGPDQQ��+���%XOO��$6(������������������FLWHG�LQ��+HQWVFKHO��+��-���$�SK\VLRORJLFDO�DSSUDLVDO�
RI�WKH�UHYHDOLQJ�SRZHU�RI�VWUHHW�OLJKWLQJ�LQVWDOODWLRQV�IRU�ODUJH�FRPSRVLWH�REMHFWV��-RXUQDO��/LJKWLQJ�
Research and Technology, 4-1917, p. 268
>�@.RVPDWND��:��-���'LIIHUHQFHV� LQ�'HWHFWLRQ�RI�0RYLQJ�3HGHVWULDQV��$WWULEXWDEOH� WR�%HDP�3DW-
WHUQV�DQG�6SHHGV��3$/������6\PSRVLXP��'DUPVWDGW�8QLYHUVLW\�RI�7HFKQRORJ\��������S�����
>�@:DVVLOHY��&KULVWR��2SWLPLHUXQJ�GHU�6WUDVVHQEHOHXFKWXQJ�DXI�GHU�*UXQGODJH�GHU�.RQWUDVWZLH-
GHUJDEH��-RXUQDO��)RUVFKXQJVKHIWH�]XU�9HUNHKUVVLFKHUKHLW�������������+RFKVFKXOH�I�U�9HUNHKUV-
VLFKHUKHLW��'UHVGHQ�� ������ S�� �������� >�@/HFRFT�� -��� 9LVLELOLW\� OHYHO� LQ� RXWGRRU� OLJKWLQJ��$GULDQ�
PRGHO�DSSOLHG�WR�VSKHULFDO�FDS�WDUJHWV��3URFHHGLQJV���QG�&,(�VHVVLRQ��9ROXPH����3DUW����'LYLVLRQ�
���0HOERXUQH��������S�����±���
>�@�*�OHU�g��2QD\JLO�6��7KH�(IIHFW�RI�OXPLQDQFH�XQLIRUPLW\�RQ�YLVLELOLW\�OHYHO�LQ�URDG�OLJKWLQJ��-RXU-
QDO��/LJKWLQJ�5HVHDUFK�DQG�7HFKQRORJ\��9ROXPH�����1XPEHU����������S���������
>�@&,(�3XEOLFDWLRQ������������/LJKWLQJ�RI�URDGV�IRU�PRWRU�DQG�SHGHVWULDQ�WUDI¿F�����HG����&,(�&HQ-
WUDO�%XUHDX��9LHQQD������
>�@6LPSVRQ�'��RQ�*�OHU�g��2QD\JLO�6���&RPPHQW���RQ��Ã7KH�(IIHFW�RI�OXPLQDQFH�XQLIRUPLW\�RQ�YLVL-
ELOLW\�OHYHO�LQ�URDG�OLJKWLQJµ�E\�g�*�OHU�DQG�6�2QD\JLO��-RXUQDO��/LJKWLQJ�5HVHDUFK�DQG�7HFKQRORJ\��
9ROXPH�����1XPEHU����������6�����I�
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)LJXUH�����7ZR�UHVLGHQWLDO�URDGV�DUH�ERWK�IXO¿OOLQJ�WKH�UHTXLUHPHQWV�RI�(1��������EXW�JL-
ving a complete different target visibility
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PP120

APPLICATION OF ROAD LIGHTING ENERGY EFFICIENCY EVALUATION SYSTEM IN 

PRACTICE 

Pracki, P.1, -lJHUEUDQG��$�2
1.�:DUVDZ�8QLYHUVLW\�RI�7HFKQRORJ\��:DUVDZ��3RODQG�
2.�6ZHGLVK�1DWLRQDO�5RDG�DQG�7UDQVSRUW�5HVHDUFK�,QVWLWXWH�97,��6WRFNKROP��6ZHGHQ�

(QHUJ\�HI¿FLHQF\�FULWHULRQ�LV�LQWURGXFHG�WR�WKH�URDG�OLJKWLQJ�SUDFWLFH��IRU�ERWK�GHVLJQ�RI�QHZ�DQG�
HYDOXDWLRQ�RI�H[LVWLQJ�V\VWHPV��,Q�WKH�SURJUHVV�RI�FRQGXFWHG�UHVHDUFK��FODVVL¿FDWLRQ�DQG�HYDOXD-
tion system were introduced.
,Q�WKLV�SDSHU��LQ�WKH�LQWURGXFWLRQ�WKH�RYHUYLHZ�RI�URDG�OLJKWLQJ�HQHUJ\�HI¿FLHQF\�FODVVL¿FDWLRQ�DQG�
HYDOXDWLRQ� LV�SUHVHQWHG��5RDG� OLJKWLQJ�HQHUJ\�HI¿FLHQF\�PHDVXUHV�XVHG� LQ� WKH�V\VWHP��SRZHU�
(energy) density and normalized power (energy) density are introduced too.
Then, for a typical road cross sections: single and dual carriage ways and luminaire layouts: 
VLQJOH� VLGHG�� VWDJJHUHG�� RSSRVLWH� DQG� FHQWUDO�� FDOFXODWLRQ� SURFHGXUHV� RI� WKH�HQHUJ\�HI¿FLHQF\�
measures are presented.

)LQDOO\��DSSOLFDWLRQ�RI�WKH�HQHUJ\�HI¿FLHQF\�HYDOXDWLRQ�V\VWHP�IRU�H[LVWLQJ�URDG�OLJKWLQJ�LV�SUHVHQ-
WHG��8VH�RI�WKH�V\VWHP�LV�SUHVHQWHG�IRU�OLJKWLQJ�RI�VHOHFWHG�VWUHHWV�LQ�6WRFNKROP�DQG�:DUVDZ��2S-
SRUWXQLWLHV�IRU�WKH�V\VWHP�GHYHORSPHQW�IRU�OLJKWLQJ�HQHUJ\�HI¿FLHQF\�HYDOXDWLRQ�RI�H[LVWLQJ�URDGV�
are indicated.
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PP121

ENVIRONMENTAL COMPATIBILITY IN ROAD LIGHTING AN INSTRUMENTED DRONE 

MEASURES THE UPWARD SPILL LIGHT

Iacomussi, P.1, Rossi, G.1, Soardo, P.2 
1.�,15,0��7RULQR��,WDO\�
2.�$,',��0LODQR��,WDO\�

1Compatibility of road lighting with environment and energy saving

,Q�RUGHU�WR�UHGXFH�WKH�QHJDWLYH�HIIHFWV�RI�URDG�OLJKWLQJ�IRU�DVWURQRP\��XS�WR�QRZ�ODZV��H�J��>�@��DQG�
UHJXODWLRQV�>����@��SUHVFULEHG�XSSHU�OLPLWV�IRU�WKH�OXPLQRXV�ÀX[�HPLWWHG�XSZDUG�E\�WKH�OXPLQDLUHV�
�8/25���FRQVLGHUHG�WKH�VROH�FDXVH�RI�WKH�DUWL¿FLDO�VN\�OXPLQDQFH�
7KLV�ZDV�DOVR�WKH�DSSURDFK�RI�'LYLVLRQV���DQG���RI�&,(�LQ�SXEOLFDWLRQ�����DQG�LQ�WKH�UHFHQW�GUDIW�
UHYLVLRQ�RI�SXEOLFDWLRQ������ZKLFK�SUHVFULEH���XSZDUG�HPLVVLRQV��LQ�SUDFWLFH��FXWRII�OXPLQDLUHV���
ZLWK�QR�FRQVLGHUDWLRQ�IRU�WKH�XSZDUG�UHÀHFWLRQV�DQG�IRU�WKH�KLJKHU�HQHUJ\�FRQVXPSWLRQV�RI�FXWRIIV�
The measurements recently carried out in Italy follow the measurements on lit towns already 
DYDLODEOH�DQG�FODULI\�WKH�LQÀXHQFH�RI�WKH�GLIIHUHQW�IDFWRUV��ZKLFK�SURGXFH�WKH�QHJDWLYH�HIIHFWV�RI�
URDG�OLJKWLQJ��DQG�DUH�UHSUHVHQWDWLYH�RI�D�QHZ�DSSURDFK�WR�WKH�FRPSDWLELOLW\�RI�URDG�OLJKWLQJ�ZLWK�
WKH�HQYLURQPHQW�

�8SZDUG�HPLVVLRQV�DQG�UHÀHFWLRQV�RI�URDG�OLJKWLQJ
8S�WR�QRZ��&,(�SXEOLFDWLRQV�GLG�QRW�FRQVLGHU�WKH�XSZDUG�XQDYRLGDEOH�UHÀHFWLRQV�RI�WKH�LOOXPLQDWHG�
VXUIDFHV�DV�D�QHJDWLYH�HIIHFWV�IRU�DVWURQRP\��7KH�UHDVRQ�LV�SUREDEO\�PRUH�SV\FKRORJLFDO� WKDQ�
WHFKQLFDO��DW�IDU�GLVWDQFH��WKH�OXPLQDLUHV��EHLQJ�EULJKW�DQG�VPDOO��DUH�SHUFHLYHG�PRUH�GLVWXUELQJ�
WKDQ�WKH�OLW�URDGV��GDUN�EXW�ODUJH��HYHQ�LI�WKH�UHÀHFWLRQV�RI�WKH�URDG�DUH�KLJKHU�WKDQ�WKH�HPLVVLRQV�
RI�WKH�OXPLQDLUHV��0RUHRYHU��WKH�DVWURQRPHUV�GR�QRW�FRQVLGHU�WKH�UHDO�SUREOHP��WKH�HIIHFWV�RQ�VN\�
OXPLQDQFH��ZKLFK�LV�RI�FRXUVH�KLJKHU�IRU�WKH�UHÀHFWLRQV��KLJKHU�WKDQ�WKH�HPLVVLRQV�
:LWK�WKH�VSRQVRUVKLS�RI�(1($��WKH�1DWLRQDO�$JHQF\�IRU�(QHUJ\�LQ�,WDO\��DQG�WKH�SDUWLFLSDWLRQ�RI�
,15,0�� WKH�1DWLRQDO�0HWURORJLFDO� ,QVWLWXWH�� DQG� RI�$,',�� WKH� ,WDOLDQ� /LJKWLQJ�$VVRFLDWLRQ�� VRPH�
PHDVXUHPHQWV�RI�ERWK�WKH�XSZDUG�VSLOO�OLJKW�RI�WKH�URDG�OLJKWLQJ�LQVWDOODWLRQV�DQG�RI�WKH�UHÀHFWLRQV�
of the illuminated surfaces, were carried out on four pilot road light installations, with cutoff and 
VKDOORZ�JODVV�OXPLQDLUHV��PHWDO�KDOLGH�ODPSV�DQG�/('V��0HDVXUHPHQWV�RI�LOOXPLQDQFH��OXPLQDQFH�
DQG�XQLIRUPLW\�KDYH�EHHQ�FDUULHG�RXW�RQ�WKH�IRXU�SLORW�LQVWDOODWLRQV�IROORZLQJ�WKH�QRUPDWLYH�UHTXL-
UHPHQWV��$�VPDOO�KHOLFRSWHU��HTXLSSHG�ZLWK�YLVXDO�OXPLQDQFHPHWHUV��ÀHZ�UHSHDWHGO\�RYHU�WKH�LQV-
tallations performing measurements of upward emitted radiation at different heights.
These lighting installations included a single luminaire. In this way, the measurements can be 
easily extended to installations composed by any number of that luminaire placed in any position: 
¿JXUH���VKRZV�D�SLORW�LQVWDOODWLRQ�DV�VHHQ�E\�WKH�KHOLFRSWHU�
7KH�OXPLQRXV�LQWHQVLW\�GLVWULEXWLRQ�RI�D�YLUWXDO�OXPLQDLUHV��UHSUHVHQWDWLYH�RI�WKH�XSZDUG�HPLVVLRQV�
DQG�UHÀHFWLRQV�RI�WKH�OLJKWLQJ�LQVWDOODWLRQ��ZDV�FDOFXODWHG�VWDUWLQJ�IURP�WKH�PHDVXUHPHQWV�YDOXHV��
)LJXUH���VKRZV�WKH�OXPLQRXV�LQWHQVLW\�GLVWULEXWLRQ�RQ�D�&�SODQH�WKH�YLUWXDO� OXPLQDLUH�ZLWK�FOHDU�
HYLGHQFH�RI�GLIIXVLQJ�FKDUDFWHU�
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3Measurement results

7KH�GDWD�RQ� WKH� OLJKWLQJ� LQVWDOODWLRQV�ZHUH�FDOFXODWHG�H[WHQGLQJ� WKH�PHDVXUHV� WR�DQ� LQGH¿QLWH�
number of the same luminaires, all installed on the edge of a road at the reported spacing.
Some comments are in order.
• 0HDVXUHG�DQG�FDOFXODWHG�LOOXPLQDQFHV�DUH�LQ�JRRG�DJUHHPHQW��DXWKRUL]LQJ�WKH�H[WHQVLRQ�RI�

the results to all installations according to the calculations, without any need for more measu-
rements.

• 7KH�OXPLQRXV�ÀX[�HPLWWHG�E\�WKH�OXPLQDLUHV��8/25��LV�YHU\�ORZ��������RI�WKH�WRWDO�OXPLQRXV�
ÀX[�HPLWWHG�DQG�UHÀHFWHG�XSZDUG��DFWXDOO\��WKH�UHÀHFWLRQV�DOZD\V�SUHYDLO�

• The differences between the calculated and measured luminance are probably due to the 
JUHDW�VHQVLWLYLW\�RI� WKH� OXPLQDLUHV� WR� WKH�RULHQWDWLRQ�GXULQJ� WKH� LQVWDOODWLRQ�DQG�RU� WR� WKH�GLI-
IHUHQFH�EHWZHHQ�WKH�UHÀHFWLRQ�PDWUL[�RI�WKH�URDG�VXUIDFH�XVHG�LQ�WKH�FDOFXODWLRQV�DQG�LQ�WKH�
PHDVXUHPHQWV��)RU�WKLV�UHDVRQ��WKH�HYDOXDWLRQ�RI�WKH�FRVWV�ZDV�EDVHG�RQ�WKH�FDOFXODWHG�OX-
minances.

• Installations with cutoff luminaires need more poles.
• The comparison of the costs for installation and energy is referred to a road luminance of 1 

cd/m2. 
• /LJKW�SROOXWLRQ�LV�KLJKHU�ZLWK�FXWRII�OXPLQDLUHV��ZKLFK�HPLW�DQG�UHÀHFW�XSZDUG�D�KLJKHU�OXPLQRXV�

ÀX[���7KH�8/25�RI�FXWRII�OXPLQDLUHV�UHSRUWHG�LQ�WDEOH���LV�GXH�WR�WKH�UHÀHFWLRQV�RI�WKH�SROH�

4Concluding remarks

7KLV�UHVHDUFK�FRQ¿UPV�WKH�PHDVXUHPHQWV�FDUULHG�RXW�RQ�OLW�WRZQV�IRUP�D�KLOO�WHDPV�>�@�DQG�WKH�
HYDOXDWLRQV�UHSRUWHG�LQ������E\�:DOGUXP�>�@�RQ�WKH�GLIIXVLQJ�FKDUDFWHU�RI�D�OLW�YLOODJH�
7KH�FRQVLGHUDWLRQ�RI�WKH�PHDVXUHPHQWV�GHVFULEHG�LQ�WKLV�SDSHU�LQ�WKH�UHYLVLRQ�RI�&,(�SXEOLFDWLRQ�
����$1'�����FRXOG�FRQWULEXWH�WR�WKH�UHGXFWLRQ�RI�WKH�FRVWV�IRU�LQVWDOODWLRQ��VDYH�HQHUJ\�DQG�DOVR�
UHGXFH�WKH�DUWL¿FLDO�OXPLQDQFH�RI�WKH�VN\�

References

>�@�)�-��'LD]�FDVWUR�³(VWXGLR�GH�OD�HPLVLRQ�KDFLD�HO�KHPLVIHUR�VXSHULRU�GH�GLIHUHQWHV�WLSRV�GH�OX-
PLQDULDV�\�FULWHULRV�VREUH�HO�DOXPEUDGR�GH�H[WHULRU�XWLOL]DGRV�HQ�ORV�DOUHGHGRUHV�GHO�2�5�0��SDUD�
HYLWDU�OD�SRWHQFLDO�FRQWDPLQDFLRQ�OXPLQLFD´��3URFHHGLQJV�RI�WKH�6\PSRVLXP�/D�/DJXQD��������LQ�
Spanish)
>�@�&,(����������*XLGHOLQHV�IRU�PLQLPL]LQJ�VN\�JORZ��XQGHU�UHYLVLRQ�
>�@�(XURSHDQ�&RPPXQLW\��&RPPLVVLRQ�UHJXODWLRQ����������(&��0DUFK�����
>���@�(XURSHDQ�&RPPXQLW\��'LUHFWLYH���������(&��-XO\�����
>�@�/��)HOOLQ��3��)LRUHQWLQ��$��6FURFFDUR��3��,DFRPXVVL��*��5RVVL��3��6RDUGR��/XPLQRXV�(PLVVLRQ�
DQG�$UWL¿FLDO�6N\�/XPLQDQFH�±�7KH�FDVH�RI�KH�1RUWK�,WDOLDQ�&LWLHV��3URFHHGLQJV�RI���WK�(XURSHDQ�
Lighting Conference Lux Europa, 2005, Berlin
>�@�:DOGUXP�-�0���������7KH�FDOFXODWLRQ�RI�VN\�KD]H�OXPLQDQFH�IURP�VWUHHW�OLJKWLQJ��/LJKWLQJ�5H-
search and Technology. 4: 21-26



426

Abstracts

)LJXUH�����$�&�PHULGLDQ�RI�D�YLUWXDO�OXPLQDLUH�IRU�WKH�VLPXODWLRQ�RI�WKH�WRWDO�OXPLQRXV�ÀX[�
HPLWWHG�DQG�UHÀHFWHG�XSZDUG�E\�D�OXPLQDLUH

Figure 1 - A one pole installation from the helicopter
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THE EFFECT OF ONCOMING CAR HEADLIGHTS ON PEDESTRIAN VISIBILITY 

Saraiji, R.1, <RXQLV��'�1��0DGL��0�1, Gibbons, R.2 

1.�8QLWHG�$UDE�(PLUDWHV�8QLYHUVLW\��(O�$LQ��8QLWHG�$UDE�(PLUDWHV�
2.�9LUJLQLD�7HFK�7UDQVSRUWDWLRQ�,QVWLWXWH��%ODFNVEXUJ��9$��8QLWHG�6WDWHV�

Introduction

2QH�RI�WKH�LPSRUWDQW�IDFWRUV�LQ�VWULYLQJ�WRZDUGV�VXVWDLQDEOH�XUEDQ�OLYLQJ�LV�WKH�VDIHW\�RI�SHGHVW-
ULDQV��7KLV�VDIHW\�LV�LQÀXHQFHG�E\�PDQ\�IDFWRUV��RQH�RI�ZKLFK�LV�WKH�DELOLW\�RI�GULYHUV�WR�VHH�SH-
GHVWULDQV��'XULQJ� WKH�QLJKW��SHGHVWULDQ�YLVLELOLW\�EHFRPHV�PRUH�GLI¿FXOW��HVSHFLDOO\�RQ� WZR�ZD\�
VWUHHWV��ZKHUH�KHDGODPSV�RI�FDUV�IURP�WKH�RSSRVLWH�GLUHFWLRQ�FDXVH�JODUH�WR�GULYHUV��1HZHU�W\SHV�
of headlamps are using LEDs and Xenon which are glarier than older halogen types. This study 
H[DPLQHV�WKH�HIIHFW�RI�RQ�FRPLQJ�FDU�KHDGODPSV�RQ�SHGHVWULDQ�QLJKW�WLPH�YLVLELOLW\��'HWHFWLRQ�GLV-
WDQFH�ZDV�XVHG�DV�D�PHDVXUH�RI�YLVLELOLW\��7KH�GHWHFWLRQ�GLVWDQFH�ZDV�PHDVXUHG�LQ�WKH�SUHVHQFH�
and in the absence of on-coming car headlamps in an unlit street. Pedestrians wore three diffe-
UHQW�FORWKLQJ�FRORXUV��ZKLWH��\HOORZ�DQG��EODFN�

Methodology

,Q�WKLV�H[SHULPHQW�PDOH�GULYHUV�EHWZHHQ�WKH�DJH�RI����DQG����ZHUH�XVHG�DV�VXEMHFWV��$OO�GULYHUV�
XQGHUZHQW�DQ�H\H�H[DP�WR�WHVW�WKHLU�YLVXDO�DFXLW\�DQG�FRORU�EOLQGQHVV�XVLQJ�DQ�,VKLKDUD�FRORU�WHVW��
$Q\�VXEMHFW�WKDW�GLG�QRW�VFRUH�����RQ�KLV�9LVXDO�$FXLW\�H[DP�ZDV�H[FOXGHG�IURP�WKH�H[SHULPHQW��
$Q�LVRODWHG�VWUHHW�LQ�RQH�RI�WKH�XQLYHUVLW\�FDPSXVHV�ZDV�XVHG�DV�D�WHVW�VLWH��7KH�ZLGWK�RI�WKH�VWUHHW�
ZDV�����P�DQG�LW�KDG�HPSW\�ODQG�WRZDUGV�WKH�QRUWK�HDVW��'XULQJ�WKH�WHVWLQJ��WKH�SDUWLFLSDQWV�GURYH�
D�WHVW�YHKLFOH�WRZDUGV�WKH�SHGHVWULDQ�ORFDWLRQ�DQG�LGHQWL¿HG�ZKHQ�WKH\�FRXOG�VHH�D�SHGHVWULDQ�
(DFK�GULYHU�SHUIRUPHG�IRXU�URXQGV�RI�WHVWLQJ��7KH�SHGHVWULDQ�ORFDWLRQ�ZDV�¿[HG�DQG�DOO�VWUHHWOLJKWV�
ZHUH�WXUQHG�RII��(DFK�GULYHU�ZDV�DVNHG�WR�¿[�WKH�FDU�VSHHG�EHWZHHQ����DQG����NP�KRXU��NHHS�
WKH�FDU�RQ�WKH�ULJKW�ODQH�DQG�IRFXV�RQ�WKH�FHQWUH�RI�WKH�VWUHHW�GLUHFWO\�DKHDG��7KH�GULYHUV�XVHG�D�
0LWVXELVKL�3DMHUR������ZLWK�[HQRQ�+,'�KHDGODPSV��,Q�DOO�URXQGV�WKH�SHGHVWULDQV�ZHUH�QRW�PRYLQJ�
EHFDXVH�WKLV�ZDV�FRQVLGHUHG�D�PRUH�FULWLFDO�FDVH�WKDQ�WKDW�RI�D�PRYLQJ�SHGHVWULDQ�ZKR�WHQGV�WR�
be more easily detected. The pedestrian stood on the left sidewalk and changed his clothing ran-
GRPO\�LQ�HDFK�URXQG��7KUHH�GLIIHUHQW�FORWKLQJ�FRORXUV�ZHUH�XVHG��ZKLWH��EODFN�DQG�\HOORZ��7KHUH�
ZDV�QR�SHGHVWULDQ�SUHVHQW�DW�WKH�VHFRQG�URXQG��VR�DV�WR�NHHS�WKH�GULYHU�JXHVVLQJ��,Q�DOO�URXQGV��
an Audi A4 2008 with xenon-HID headlamps was placed on the second lane in the opposite di-
rection to the subject car. The headlamps of the standing car remained off, except during the 4th 
URXQG�ZKHQ�WKH�KHDGODPSV�ZHUH�WXUQHG�RQ��)RU�HDFK�ODS��ZKHQ�WKH�GULYHU�LQGLFDWHG�WKDW�KH�VDZ�D�
pedestrian, the location was entered into a GPS HPS 72H instrument (Garmin 2009).

Conclusion and Recommendations

In this study, the detection distance of pedestrians in the presence of on-coming car headlights 
was found to be around half of the detection distance in the absence of on-coming car headlights. 
The reduction in the detection distance was more pronounced when the pedestrian wore black 
FORWKLQJ�ZKHUHE\�WKH�GHWHFWLRQ�GLVWDQFH�ZDV�UHGXFHG�E\�����DV�VKRZQ�LQ�)LJXUH����DQG�WDEOH���
The current IES/ANSI roadway lighting standards (RP-8- 2005) does not consider the full street 
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FRQ¿JXUDWLRQ��)RU�H[DPSOH��WKH�VWUHHW�LV�QRW�FODVVL¿HG�EDVHG�RQ�KRZ�PDQ\�ODQHV�LW�KDV��L�H��LV�LW�D�
WZR�ZD\�VWUHHW�RU�D�RQH�ZD\�VWUHHW���2Q�WKH�RWKHU�KDQG��GULYHUV¶�YLVLELOLW\�LV�VLJQL¿FDQWO\�UHGXFHG�LQ�
WKH�SUHVHQFH�RI�RQ�FRPLQJ�FDU�KHDGOLJKW��7KLV�VLWXDWLRQ�LV�YHU\�FRPPRQ�RQ�WZR�ZD\�VWUHHWV��8Q-
GHU�VXFK�FLUFXPVWDQFHV��WKH�OLJKW�OHYHOV�VKRXOG�EH�KLJKHU��'HVSLWH�WKLV�IDFW��$16,�,(61$�53������
(IESNA 2005) does not consider such an effect in its design recommendation for street lighting. 
:KHUHDV��WKH�&,(�����WHFKQLFDO�UHSRUW��&,(�������GRHV�FRQVLGHU�WKH�VHSDUDWLRQ�RI�FDUULDJHZD\V�
LQ�LWV�VHOHFWLRQ�RI�0�OLJKWLQJ�FODVV��,W�GRHV�QRW��KRZHYHU��FRQVLGHU�DQ\�JODUH�EORFNLQJ�HOHPHQW�DORQJ�
the separation line.

Recommendations:

%DVHG�RQ�WKH�UHVXOW�SUHVHQWHG�KHUH��WKH�IROORZLQJ�UHFRPPHQGDWLRQV�ZHUH�GHYHORSHG�
D�7ZR�ZD\� VWUHHWV�ZLWK� SHGHVWULDQV� VKRXOG� KDYH� D�PHGLDQ�ZLWK� JODUH� EORFNLQJ� HOHPHQWV��7KH�
JODUH�EORFNLQJ�HOHPHQWV�FRXOG�EH�VRIW�VFDSH�RU�KDUGVFDSH�DV�ORQJ�DV�LW�LV�KLJK�HQRXJK�WR�SUHYHQW�
RQFRPLQJ�FDUV¶�KHDGODPSV�IURP�EHLQJ�YLVLEOH�E\�GULYHUV�IURP�WKH�RSSRVLWH�GLUHFWLRQ�
E�7KH�VSHHG�OLPLW�LQ�WZR�ZD\�VWUHHWV�VKRXOG�EH�ORZHU�WKDQ�RQH�ZD\�VWUHHW�FRQVLGHULQJ�WKH�LQÀX-
ence of oncoming car headlamps, especially in the absence of glare blocking elements along the 
median of the street.
F�6WUHHW�OLJKWLQJ�GHVLJQ�VWDQGDUGV�VKRXOG�WDNH�LQWR�DFFRXQW�WKH�VWUHHW�GHVLJQ�DQG�FRQ¿JXUDWLRQ��
)RU�H[DPSOH��WZR�ZD\�VWUHHWV�ZLWK�QR�JODUH�EORFNLQJ�HOHPHQW�VKRXOG�KDYH�KLJKHU�OLJKW�OHYHOV�WKDQ�
one way streets, and higher than a two way street with glare blocking elements.

Figure 1 - Comparison of DD when oncoming car headlamps were off versus on for all 

three colored clothing



429

Abstracts

Table 1 - Data set analysis of Variance for Detection Distance

Source  DF  Seq SS  Adj SS �$GM�06  F  P
Cloth Color  2  571  1823  911  0.24  0.789
Head lamps  1  228553  225828  225828  59.09  0.000

&ORWK�&RORU+HDGODPSV  2  3294  3294  1647  0.43  0.652
Error  62  236940  236940  3822
Total  67  469358
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PP125

DRIVER VISUAL FIELD ANALYSIS

Gibbons, R., %KDJDYDWKXOD��5�
9LUJLQLD�7HFK�7UDQVSRUWDWLRQ�,QVWLWXWH��%ODFNVEXUJ��9$��8QLWHG�6WDWHV�

7KLV�SURMHFW�LV�WKH�FRQVLGHUDWLRQ�RI�WKH�GULYHU�YLVXDO�¿HOG�ZKLOH�WUDYHOOLQJ�DW�QLJKW�ERWK�LQ�OLJKWHG�DQG�
XQOLJKWHG�DUHDV��7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�YLVXDO�¿HOG�RI�WKH�GULYHU�LV�VLJQL¿FDQWO\�LQÀXHQFHG�E\�
OLJKWLQJ��WKH�SUHVHQFH�RI�RWKHU�YHKLFOHV��WKH�URDGZD\�JHRPHWU\�DQG�WKH�GHVLUHG�GLUHFWLRQ�RI�WUDYHO�
3DUWLFLSDQWV�GURYH�D�VSHFL¿F�URXWH�ORFDWHG�DURXQG�WKH�9LUJLQLD�7HFK�7UDQVSRUWDWLRQ�,QVWLWXWH��7KLV�
route included lighted areas both in urban and highway settings, unlighted areas, commercial en-
YLURQPHQWV��GLIIHULQJ�URDGZD\�JHRPHWU\�DQG�DUHDV�ZLWK�KLJK�SHGHVWULDQ�DFWLYLW\��7KH�SDUWLFLSDQWV�
ZRUH�DQ�H\H�WUDFNLQJ�GHYLFH�ZKLOH� WKH\�ZHUH�GULYLQJ��7KLV�GHYLFH� UHFRUGHG�YLGHR�RI� WKH�YLVXDO�
VFHQH�DQG�H\H�ORFDWLRQ��7KH�YHKLFOH�DOVR�XVHG�D�OXPLQDQFH�EDVHG�FDPHUD�V\VWHP�WR�UHFRUG�WKH�
OXPLQDQFH�RI�WKH�GULYLQJ�HQYLURQPHQW�

7KH�EUHDGWK�DQG�VFRSH�RI�WKH�YLVXDO�¿HOG�ZDV�PHDVXUHG�XVLQJ�WKH�H\H�WUDFNHU�DQG�WKH�YLGHR�V\V-
WHP��7KH�UHVXOWV�LQGLFDWH�WKDW�LQ�JHQHUDO��WKH�GULYLQJ�HQYLURQPHQW�VLJQL¿FDQWO\�LPSDFWHG�WKH�¿HOG�RI�
YLHZ�RI�WKH�GULYHU��7KH�SUHVHQFH�RI�RWKHU�YHKLFOHV��WUDI¿F�VLJQDOV��WKH�URDGZD\�JHRPHWU\�DQG�WKH�
OLJKWLQJ�V\VWHP�DOO�FKDQJHG�WKH�DSSDUHQW�YLVXDO�¿HOG��$V�DQ�H[DPSOH��)LJXUH���VKRZV�WKH�YLVXDO�
¿HOG�IRU�D�GULYHU�RQ�D�IUHHZD\�LQ�D�VOLJKW�ULJKW�FXUYH��7KH�UHG�GRWV�LQGLFDWH�JODQFHV�WR�D�ORFDWLRQ�
LQ�WKH�LPDJH��0RVW�RI�WKH�JODQFHV�DUH�WR�WKH�HGJH�OLQH�RI�WKH�URDGZD\�WKH�YHKLFOH�LV�WUDYHUVLQJ��
+RZHYHU��JODQFHV�WR�WKH�RWKHU�ODQH�DOVR�H[LVW��,W�ZDV�IRXQG�WKDW�PRVW�RI�WKHVH�RWKHU�JODQFHV�ZHUH�
D�UHVXOW�RI�D�SDVVLQJ�YHKLFOH��$V�DQRWKHU�H[DPSOH��)LJXUH���LQGLFDWHV�WKDW�H\H�JODQFHV�IRU�D�YHKLFOH�
LQ�D�OHIW�FXUYH�ZLWK�DQ�H[LW�WR�WKH�ULJKW��7KH�GULYHUV�ZHUH�H[SHFWHG�WR�XVH�WKH�H[LW��+HUH�WKH�UHVXOWV�
VKRZ�WKDW�WKH�YLVXDO�¿HOG�LV�VLJQL¿FDQWO\�ZLGHQHG��,W�LV�H[SHFWHG�WKDW�WKH�GULYHUV�ZHUH�ERWK�JODQFLQJ�
WR�WKH�OHIW�WR�WUDYHUVH�WKH�FXUYH�DV�ZHOO�DV�REVHUYH�RWKHU�YHKLFOHV�EXW�ZHUH�DOVR�JODQFLQJ�WR�WKH�
ULJKW�WR�PRQLWRU�ZHUH�WKH\�ZHUH�LQWHQGLQJ�WR�GULYH�

7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�YLVXDO�¿HOG�LV�D�YHU\�G\QDPLF�DVSHFW�RI�GULYLQJ�DQG�LV�VLJQL¿FDQWO\�
LQÀXHQFHG�E\�WKH�VLWXDWLRQDO�DVSHFWV�RI�WKH�GULYLQJ�HQYLURQPHQW��7KH�SUHVHQFH�RI�RWKHU�YHKLFOHV��
URDGZD\�JHRPHWU\�DQG�GLUHFWLRQ�RI�WUDYHO�KDYH�DV�PXFK�RI�DQ�LPSDFW�RQ�WKH�GULYHU�YLVXDO�¿HOG�DV�
GRHV�WKH�OLJKWLQJ�V\VWHP��7KH�DSSOLFDWLRQ�RI�0HVRSLF�IDFWRUV�DQG�WKH�DVVHVVPHQW�RI�OLJKWLQJ�IRU�
VDIH�WUDYHO�PXVW�FRQVLGHU�WKLV�YLVXDO�¿HOG��7KHVH�UHVXOWV�LQGLFDWH�WKDW�D�PXFK�PRUH�FRPSUHKHQ-
VLYH�FRQVLGHUDWLRQ�PXVW�EH�JLYHQ�WR�WKLV�DVSHFW�RI�GULYLQJ�DQG�WKH�RYHUDOO�LPSDFW�RQ�WKH�OLJKWHG�
HQYLURQPHQW�
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Figure 1 - Glance Pattern in a Right Curve Figure 2 - Glance Pattern in a Left Curve 

with a Right Exit
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D4 - Lighting and Signalling for Transport

Road Surface / Objects
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RELATIONSHIP BETWEEN LUMINANCE DISTRIBUTIONS OF ROAD SURFACE AND VISI-

BILITY IN STREET LIGHTING DESIGN

Akizuki, Y.1, Okuda, S.2

1.�8QLYHUVLW\�RI�7R\DPD��7R\DPD��-DSDQ�
2.�'RVKLVKD�:RPHQµV�&ROOHJH�RI�/LEHUDO�$UWV��.\RWR��-DSDQ�

1. Introduction

6LQFH�WKH�DGHTXDWH�OHYHO�RI�OXPLQRXV�ÀX[�RI�/('�KDV�EHFDPH�DYDLODEOH�DV�WKH�JHQHUDO�OLJKW�VRXU-
FH��/('�OLJKWV�VSUHDG�TXLFNO\�IRU�LQGRRU�DQG�RXWGRRU�OLJKWLQJ��&RPSDUHG�ZLWK�FRQYHQWLRQDO�OLJKWLQJ�
WRROV�VXFK�DV�ÀXRUHVFHQW�ODPS��LQFDQGHVFHQW�ODPS�DQG�+,'��WKH�OLJKW�VRXUFH�OXPLQDQFH�RI�/('�
OLJKW�LV�H[WUHPHO\�KLJK�DQG�WKH�LUUDGLDWHG�DUHD�LV�YHU\�QDUURZ��7KHUHIRUH�LW�FDXVHV�JODUH��VFDWWHULQJ�
LQVLGH�WKH�H\HEDOO��DQG�UHGXFWLRQ�LQ�VHQVLWLYLW\�IRU�SHGHVWULDQ�LI�WKH�WUDGLWLRQDO�LOOXPLQDWLRQ�GHVLJQ�
PHWKRG�RI�VWUHHW�OLJKWLQJ�LV�XVHG�ZLWK�/('�OLJKWV��,Q�WKLV�VLWXDWLRQ��WKH�YLVLELOLW\�RI�SHGHVWULDQ�LV�VLJ-
QL¿FDQWO\�UHGXFHG�DQG�LW�LV�GLI¿FXOW�WR�¿QG�EDUULHUV�RQ�WKH�URDG�VXUIDFH�EHFDXVH�RI�WKH�QRQ�XQLIRUP�
OXPLQDQFH�GLVWULEXWLRQ�LQ�WKH�YLVXDO�¿HOG�
2XU�SUHYLRXV�SDSHU�VKRZHG�HYDFXHHV¶�SHUIRUPDQFH�FRXOG�EH�SUHGLFWHG�E\�YLVXDO�FRQGLWLRQV�VXFK�
DV�WKH�OXPLQRXV�HQYLURQPHQW��URDG�LOOXPLQDQFH��DQG�HYDFXHH¶V�YLVXDO�DFXLW\��7UDYHO�VSHHG�LV�GH-
WHUPLQHG�E\�YLVXDO�DFXLW\�UHJDUGOHVV�RI�DJH��ZLWK�RU�ZLWKRXW�VPRNH��:KHWKHU�DGDSWDWLRQ�LV�FRP-
SOHWH�RU�QRW��WUDYHO�VSHHG�GHFUHDVHV�LI�WKH�HYDFXHH¶V�YLVXDO�DFXLW\�LV�OHVV�WKDQ�������7KH�YLVXDO�
DFXLW\�UHDFKHV������IRU�\RXQJ�VXEMHFWV�XQGHU�WKH�FRQGLWLRQ�WKDW�URDG�VXUIDFH�UHÀHFWDQFH�LV�������
WKH� URDG� LOOXPLQDQFH�GLVWULEXWLRQ� LV�QHDUO\�KRPRJHQHRXV�DQG� WKH�DYHUDJH� LOOXPLQDQFH� LV�PRUH�
WKDQ��>O[@��:H�¿QDOO\�FRQVWUXFW�D�FDOFXODWLRQ�PRGHO�WR�SUHGLFW�WUDYHO�VSHHG�DQG�SV\FKRORJLFDO�VWDWH�
LQ�XQLIRUP�LOOXPLQDWHG�HQYLURQPHQW�EDVHG�RQ�DQ�HYDFXHH¶V�YLVXDO�DFXLW\��6LPPRQV�UHVHDUFKHG�WKH�
WUDYHO�VSHHG�XQGHU�YDULRXV�QRQ�XQLIRUP�LOOXPLQDQFH�FRQGLWLRQV��DQG�VKRZHG�WKDW�WKH�LOOXPLQDQFH�
GLVWULEXWLRQ�RI�ÀRRU�VXUIDFH�GLGQµW�DIIHFW�WKH�WUDYHO�VSHHG��%XW�KH�GLGQµW�FDUU\�RXW�WKH�YLVLELOLW\�WHVW�
under the non-uniform illuminance condition.
/('�KDV�D�ELJ�SRWHQWLDO�WR�XVH�LQ�VWUHHW�OLJKWLQJ��EXW�LW�LV�GLI¿FXOW�WR�LOOXPLQDWH�WKH�URDG�XQLIRUPO\��
,I�ZH�ZDQW�WR�SUHGLFW�WKH�YLVLELOLW\�DQG�SHUIRUPDQFH�LQ�/('�VWUHHW�OLJKWLQJ�XVLQJ�RXU�SUHYLRXV�UH-
VHDUFK�PRGHO��ZH�VKRXOG�NQRZ�WKH�UHODWLRQVKLS�EHWZHHQ�YLVLELOLW\�SHUIRUPDQFH�DQG�LOOXPLQDQFH�
distribution. The purpose of this research is the establishment of the appropriate utilization me-
thod of LED lights in street lighting. The relationship between illuminance distributions of road 
VXUIDFH�DQG�YLVLELOLW\�LV�GHDOW�ZLWK�LQ�WKLV�SDSHU�

2. Experiment

:H�H[DPLQHG�VXEMHFWLYH�H[SHULPHQWV�ZLWK�D�VFDOH�PRGHO�HTXLSPHQW�RI�������ZKLFK�LV���P�ORQJ�E\�
�P�ZLGH�E\��P�KLJK�LQ�WKH�DFWXDO�VL]H��7KH�URDG�VXUIDFH�UHÀHFWDQFH�LV�����DQG�WKH�VLGH�UHÀHFWDQFH�
is 0.1. This equipment is able to keep the illuminant conditions from entering the outside light. and 
has one luminous ceiling with a dimmer control, which maximum size is 24.5m by 4.5m (in the 
DFWXDO�VL]H��DV�WKH�FDVH�PD\�EH���7KH�VL]H��VHWWLQJ�SRVLWLRQ�DQG�OXPLQRXV�ÀX[�RI�WKH�H[SHULPHQWDO�
illuminants are easily changed by light-blocking panels and sheets on the ceiling light.
Table 1 shows the experimental conditions. The illuminant length is 4.5m as same as the original 
FHLOLQJ�OLJKW��:H�VHW�WZR�LOOXPLQDQW�ZLGWKV�����P�DQG����P��IRU�WKH�H[SHULPHQWDO�SDUDPHWHU��7KH�LO-
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OXPLQDQWV�DUH�VHW�SDUDOOHO��DQG�ZH�VHOHFW�IURP�WKUHH�LQVWDOODWLRQ�LQWHUYDOV�DPRQJ�LOOXPLQDQWV����P��
10m and 5m)
)LYH�OHYHOV�RI�DYHUDJH�LOOXPLQDQFH�RQ�WKH�URDG�VXUIDFH�DUH�VHW�E\�UHIHUHQFH�WR�SUHYLRXV�UHVHDUFKHV��
���������������DQG���>O[@��8QGHU��>O[@�RU�OHVV�WKDW�YLVLELOLW\�DQG�WUDYHO�VSHHG�EHJLQ�WR�GHFUHDVH��ZH�
also set uniform illuminance conditions using the original ceiling light. Figure 1 and 2 show illu-
PLQDQFH�GLVWULEXWLRQV�XQGHU��>O[@�RI�DYHUDJH� LOOXPLQDQFH�RQ� WKH� URDG�VXUIDFH��7KH� LOOXPLQDQFH�
GLVWULEXWLRQ�RI�WKH�FHQWUDO�XQGHU�WKH�LOOXPLQDQW�FRQGLWLRQ�RI����P�ZLGWK�DQG��P�LQWHUYDO�LV�VLPLODU�WR�
one under the uniform condition.
$�6XEMHFW�DGDSWV�WKH�LOOXPLQDQFH�OHYHO�DV�VDPH�DV�WKH�DYHUDJH�LOOXPLQDQFH�RQ�WKH�URDG�VXUIDFH�
in a front chamber for 5 minutes. After that, the subject watches the street lighting made in this 
H[SHULPHQWDO�HTXLSPHQW��DQG�HYDOXDWHV�WKH�YLVLELOLW\�RI�URDG�VXUIDFH��� QR�SUREOHP��� D�OLWWOH�GLI-
¿FXOW�WR�VHH��� �GLI¿FXOW��� YHU\�GLI¿FXOW��� XQDEOH�WR�VHH��DQG�WKH�IHDU�RI�ZDONLQJ�WKH�VWUHHW��� QR�
SUREOHP��� �D�OLWWOH�XQHDV\��� XQHDV\��� VLJQL¿FDQWO\�XQHDV\���:H�SXW�WKUHH�GLIIHUHQW�UHÀHFWDQFH�
JUD\�VKHHWV�RQ�WKH�URDG�VXUIDFH�RI�FHQWHU�SHU��P�LQWHUYDOV��7KHLU�OXPLQDQFH�FRQWUDVW�ZLWK�URDG�DUH�
�����������DQG�������,Q�RUGHU�WR�PHDVXUH�WKH�YLVLELOLW\�WKUHVKROG�RI�WKH�VXEMHFW��WKH�VXEMHFW�DQVZHUV�
WKH�IDUWKHVW�YLVLEOH�JUD\�VKHHW�E\�UHÀHFWDQFH�
,Q�RUGHU�WR�JUDVS�TXDOLWDWLYH�UHODWLRQVKLS�EHWZHHQ�LOOXPLQDQFH�GLVWULEXWLRQ�DQG�YLVLELOLW\��WKUHH�VXE-
ject number is limited to three. All experimental conditions were showed to the subjects once in 
random order.

3. Results

,Q�DQDO\]LQJ�H[SHULPHQW�UHVXOWV��QRQ�XQLIRUP�LOOXPLQDQFH�GLVWULEXWLRQ�LV�TXDQWL¿HG�E\�WKH�VSDFH�
frequency characteristic which is represented as the illuminance range from the maximum to the 
PLQLPXP�DQG�WKH�F\FOH�SHU�XQLW�GLVWDQFH��$OWKRXJK�WKHUH�LV�FRQVLGHUDEOH�YDULDWLRQ�DPRQJ�WKUHH�
VXEMHFWV¶�UHVXOWV��ZH�H[WUDFW�WKH�DSSOLFDWLRQ�UDQJH�RI�LOOXPLQDQFH�GLVWULEXWLRQ�DQG�DYHUDJH�LOOXPL-
QDQFH�RQ�URDG�VXUIDFH�ZKLFK�FDQ�REWDLQ�YLVLELOLW\�VLPLODU�WR�XQLIRUP�FRQGLWLRQ�

4. Conclusions

/('� OLJKWV� DUH� QRW� RQO\� HQHUJ\�VDYLQJ� EXW� DOVR� HDVLO\�ZRUNHG� IRU� YDULHG� OLJKWLQJ� HTXLSPHQWV��
Therefore we can adjust design of LED appropriately to a completely different design method for 
street lighting from the standard design method with other traditional light sources. The range in 
DSSOLFDWLRQ�RI�WKH�LOOXPLQDQFH�GLVWULEXWLRQ�DQG�DYHUDJH�LOOXPLQDQFH�RQ�WKH�URDG�VXUIDFH�ZKLFK�LV�
HTXLYDOHQW�RI�YLVLELOLW\�WR�WKH�XQLIRUP�FRQGLWLRQV�ZLOO�EH�EHQH¿FLDO�DV�PDWHULDOV�IRU�WKH�VWUHHW�OLJKWLQJ�
design with LED lights.
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LUMIROUTE : OPTIMISATION OF ROAD SURFACES REFLECTION PROPERTIES AND 

LIGHTING 

Lecocq, J.1, -DNXERZVNL��0�2��&RXI¿QKDO��%�3, Chain, C.4 
1. Thorn, Les Andelys, France.
2.�0DOHW��7RXORXVH��)UDQFH�
3.�6SLH�%DWLJQROOHV�pQHUJLH���%RUMD��7RXORXVH��)UDQFH�
4. CERTU, Lyon, France.

)RU�WKH��WK�HGLWLRQ�RI�WKH�FDOO�IRU�SURSRVDOV�ODXQFKHG�E\�WKH�)UHQFK�0LQLVWU\�RI�(FRORJ\��6XVWDLQD-
EOH�'HYHORSPHQW��7UDQVSRUW�DQG�+RXVLQJ��0(''7/��WR�VXSSRUW�DFWLRQV�LQ�IDYRXU�RI�LQQRYDWLRQ��
Ä/XPLURXWH³�SURMHFW�GULYHQ�E\�0DOHW��PDQXIDFWXUHU�RI�URDG�VXUIDFHV�ZLWK�WKH�SDUWQHUVKLS�RI�6SLH�
%DWLJQROOHV�pQHUJLH���%RUMD�DQG�RI�WKH�OLJKWLQJ�PDQXIDFWXUHU�7KRUQ��ZDV�QDPHG�WKH�ZLQQHU�LQ�WKH�
WKHPH��Ä�0DWHULDOV�DQG�VXVWDLQDEOH�HTXLSPHQW³�
$�VLJQL¿FDQW�UHGXFWLRQ�RI�HQHUJ\�FRQVXPSWLRQ�LV�PDGH�SRVVLEOH�WKDQNV�WR�WKH�RSWLPLVDWLRQ�RI�WKH�
DVVRFLDWLRQ�µURDG�VXUIDFH�±�OXPLQDLUHV¶��7KH�DLP�RI�/XPLURXWH�SURMHFW�LV�WR�SURYH�LW�RQ�VLWH�ZLWK�D�
SUDFWLFDO�H[SHULPHQW�GXULQJ�VHYHUDO�\HDUV�
This unprecedented collaboration between the world of light and the manufacturers of road sur-
IDFHV�ZLOO�EHQH¿W�� IURP�DQ�HQYLURQPHQWDO�SHUVSHFWLYH�� WR� WKH�GHYHORSPHQW�RI�HFR�GLVWULFWV��7KH�
SURMHFW�WKHRUHWLFDOO\�DOORZV�D�UHGXFWLRQ�LQ�SRZHU�FRQVXPSWLRQ�E\�PRUH�WKDQ�����FRPSDUHG�WR�WKH�
current high performance modern lighting facilities used widely.
,QGHHG��WKH�FRQYHQWLRQDO�WHFKQLTXH�RI�RSWLPLVDWLRQ�RI�D�OLJKWLQJ�GHVLJQ�E\�IRFXVLQJ�RQO\�RQ�WKH�
FKRLFH�RI�RSWLFDO�DQG�HOHFWULFDO�FRQWURO� LV�QR�PRUH�VXI¿FLHQW��8QWLO�QRZ��WKH�UHDO�QDWXUH�DQG�WKH�
FKDQJHV�RI� URDG�VXUIDFHV�RYHU� WLPH�ZHUH� LJQRUHG� LQ� OLJKWLQJ� �HVVHQWLDOO\�E\� ODFN�RI�VROXWLRQ� WR�
RYHUFRPH�WKHP���+RZHYHU�WKH�URDG�VXUIDFH�LV�D�NH\�HOHPHQW�LQ�OLJKWLQJ�FDOFXODWLRQV��,Q�IDFW��DGDS-
ting optical part and light distributions of luminaires to different types of road surfaces initially and 
along their lifetime is a challenge. This is the trend in order to limit energy consumption and also 
REWUXVLYH�OLJKW�UHDOLVHG�LQ�D�YHU\�SURPLVLQJ�UHVHDUFK�

Technical Summary of the Project for the CIE presentation.

7KH�GHVLJQ�RI�IXQFWLRQDO�URDG�OLJKWLQJ�LQVWDOODWLRQV�LV�GH¿QHG�PDLQO\�E\�WKH�OXPLQDQFH�OHYHO�DQG�
uniformity of the road surface. Electrical power consumption thus depends directly upon optical 
SDUWV�RI�WKH�OXPLQDLUHV�DGDSWHG�WR�WKH�UHÀHFWLRQ�SURSHUWLHV�±�EULJKWQHVV�DQG�VSHFXODULW\�±�RI�WKH�
road surface.

7KH�¿UVW�VWHS�RI� WKH�SURMHFW�ZDV� WKHUHIRUH� WR� LGHQWLI\� WKH�EHVW�SURPLVLQJ�DVVRFLDWLRQV�EHWZHHQ�
GLIIHUHQW�URDG�VXUIDFHV�VDPSOHV��SURYLGHG�E\�0DOHW��DQG�D�ORW�RI�DYDLODEOH�RU�VLPXODWHG�OLJKW�GLV-
WULEXWLRQV�RI�OXPLQDLUHV��SURYLGHG�E\�7KRUQ��7KHQ�D�SURFHVV�WKDW�DOORZV�PDQDJLQJ�WKH�OXPLQRXV�
ÀX[�DQG�WKH�OLJKW�GLVWULEXWLRQ�LQ�VSDFH�RI�WKH�OXPLQDLUHV�WR�WKH�DJLQJ�RI�WKH�URDG�VXUIDFH�LV�GH¿QHG�
in order to maintain the standard requirements needed with minimum waste of light and energy. 
/XPLQDLUHV�XVLQJ�/('V�DQG�YDULDEOH�OLJKW�GLVWULEXWLRQ�OHDG�WR�WKLV�EHVW�RSWLPLVDWLRQ�
The results of the preliminary study are satisfactory and the winning project is currently being 
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WHVWHG�RQ�D�UHDO�VLWH�XQGHU�WKH�DXWKRULW\�RI�WKH�6FLHQWL¿F�DQG�7HFKQLFDO�1HWZRUN�RI�0(''7/��WKH�
CERTU.
7KH�HYDOXDWLRQ�LV�EDVHG��QRW�RQO\�RQ�SKRWRPHWULF�UHTXLUHPHQWV�RI�OLJKWLQJ�OHYHO�DQG�XQLIRUPLW\��EXW�
DOVR�RQ�JODUH�HYDOXDWLRQ��HQHUJ\�FRQVXPSWLRQ��VOLSSHULQHVV�RI�WKH�URDG�VXUIDFH��DFRXVWLF�LPSDFW��
DQG�¿QDQFLDO�IHDVLELOLW\�RI�WKH�SURMHFW�

,I�WKH�UHVXOWV�RI�WKH�H[SHULPHQW�DUH�FRQFOXVLYH��WKH�0LQLVWU\�ZLOO�LVVXH�D�ÄFHUWL¿FDWH�RI�VXFFHVVIXO�
FRPSOHWLRQ�RU�ODEHO³�YDOLGDWLQJ�GH¿QLWLYHO\�WKLV�SURMHFW�

Luminaires + Road surface = optimised road lighting

)LJXUH�����/XPLQDLUHV���5RDG�VXUIDFH� �RSWLPLVHG�URDG�OLJKWLQJ
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THE STUDY OF REFLECTANCE FACTOR‘S DISTRIBUTION OF FALLEN OBJECTS AND 

THE INFLUENCE ON VISIBILITY

Hagio, T.1, Hirakawa, S.2��6DWR��0�1, Ito, H.3, Sakamoto, S.4, Sugawara, T.5

1. Nippon expressway research institute company limited, Tokyo, Japan.
2.�:HVW�QLSSRQ�H[SUHVVZD\�FRPSDQ\�OLPLWHG��2VDND��-DSDQ�
3. Panasonic corporation, Tokyo, Japan.
4.�:HVW�QLSSRQ�H[SUHVVZD\�HQJLQHHULQJ�NDQVDL�FRPSDQ\�OLPLWHG��2VDND��-DSDQ�
5. Nexco-east engineer company limited, Tokyo, Japan.

,W�LV�LPSRUWDQW�IRU�URDG�OLJKWLQJ�WR�HQVXUH�YLVLELOLW\�ZKLFK�LV�UHTXLUHG�IRU�WUDI¿F�VDIHW\��DQG�WKH�FUL-
WLFDO�REMHFW�ZLWK� WKH�VL]H�RI���[��FP�DQG� UHÀHFWDQFH� IDFWRU�RI����� LV�XVHG� IRU�YLVLELOLW\�VWXG\��
7KH�UHÀHFWDQFH�IDFWRU�ZDV�IRXQG�IURP�WKH�VWXG\�RI�SHGHVWULDQV¶�FORWKHV�E\�6PLWK��6LQFH�����RI�
WKH�FORWKHV�KDYH�UHÀHFWDQFH�IDFWRUV�ZLWK�OHVV�WKDQ������LW�KDV�EHHQ�EHOLHYHG�WKDW�����RU�PRUH�
REMHFWV�FRXOG�EH�UHFRJQL]HG�YLVLEO\�E\�HQVXULQJ�WKH�YLVLELOLW\�RI�REMHFWV�ZLWK�OHVV�WKDQ�����UHÀHF-
WDQFH�XQGHU�VLOKRXHWWH�YLVLRQ��+RZHYHU�WKHUH�ZRXOG�EH�QR�SHGHVWULDQV�IRU�WKH�FDVH�RI�PRWRUZD\V��
ZKLFK�PHDQV�WKH�UHÀHFWDQFH�IDFWRUV�RI�WKH�FULWLFDO�REMHFW�VKRXOG�EH�WDUJHWHG�WR�IDOOHQ�REMHFWV�RQ�
road rather than pedestrians.

7KH�VWXG\�ZDV�PDGH�WR�¿QG�WKH�DFWXDO�UHÀHFWDQFH�IDFWRUV�RI�IDOOHQ�REMHFWV�RQ�WKH�PRWRUZD\V�LQ�-D-
SDQ����\HDUV�DJR��DQG�LW�ZDV�IRXQG�WKDW�WKH�FXPXODWLYH�SUREDELOLW\�RI�WKH�H[LVWHQFH�ZLWK�OHVV�WKDQ�
����UHÀHFWDQFH�DFFRXQWV�IRU�����DQG�WKHUH�ZHUH�PRUH�REMHFWV�ZLWK�����RU�PRUH�UHÀHFWDQFH�
WKDQ�WKH�VWXG\�GRQH�E\�6PLWK��7KLV�UHVXOW�VKRZV�UHYHUVHG�VLOKRXHWWH�YLVLRQ�VKRXOG�EH�FRQVLGHUHG�
IRU�WKH�HYDOXDWLRQ�RI�YLVLELOLW\�RI�IDOOHQ�REMHFWV��7KH�IXUWKHU�VWXG\�ZDV�PDGH����\HDUV�DJR�WR�LQYHV-
WLJDWH�WKH�UHÀHFWDQFH�IDFWRUV�RI�IDOOHQ�REMHFWV��������VDPSOHV��IRU�WZR�VHDVRQV�DQG�PRWRUZD\V��
DQG�WKH�FXPXODWLYH�SUREDELOLW\�RI�WKH�H[LVWHQFH�ZLWK�OHVV�WKDQ�����UHÀHFWDQFH�ZDV�IRXQG�WR�EH�
�����)LJ���VKRZV�WKH�UHVXOW�RI�ERWK�VWXG\��DQG�WKH�GLVWULEXWLRQV�ZHUH�QRW�YHU\�PXFK�GLIIHUHQW�DV�
IDU�DV�IDOOHQ�REMHFWV�RQ�PRWRUZD\V��7KHUHIRUH��LW�LV�DSSURSULDWH�WKDW�³1(;&2�&XUYH´�EDVHG�RQ�WKH�
DFWXDO�VWXG\�DERYH�PHQWLRQHG��VKRZQ�LQ�)LJ����EH�DSSOLHG�WR�VWXG\�YLVLELOLW\�RI�IDOOHQ�REMHFWV�RQ�
motorways.

6LQFH�WKHUH�DUH�PRUH�REMHFWV�ZLWK�KLJKHU�UHÀHFWDQFH�IDFWRUV�RQ�PRWRUZD\V��YLVLELOLW\�FDQ�EH�HYD-
OXDWHG�DSSURSULDWHO\�E\�XVLQJ�WRWDO�UHYHDOLQJ�SRZHU��753��ZKLFK�LV�WKH�DGGLWLRQ�RI�SUREDELOLW\�RI�
FRUUHFW�SHUFHSWLRQ�RI�ERWK�VLOKRXHWWH�DQG�UHYHUVHG�VLOKRXHWWH�YLVLRQ��:H�FDOFXODWHG�WKH�753�IRU�
VRPH�FDVH�RI�D�WXQQHO�VHFWLRQ�E\�XVLQJ�&XUYH�$�DQG�%�LQ�)LJ���
7DEOH���VKRZV�WKH�DYHUDJH�753��DQG�753�RI�&XUYH�$�LV�����ZKLOH�753�RI�&XUYH�%�LV������7KLV�
GLIIHUHQFH�LV�GXH�WR�OHVV�ORZ�UHÀHFWDQFH�REMHFWV�LQ�&XUYH�%��7KHUHIRUH��WKH�753�WHQGV�WR�EH�VPDOO�
LQ�FDVH�RI�URDG�OLJKWLQJ�GHVLJQ�EDVHG�RQ�VLOKRXHWWH�YLVLRQ�ZKHUH�UHODWLYHO\�PRUH�SHUFHQWDJHV�RI�
KLJKHU�UHÀHFWDQFH�REMHFWV�DUH�H[SHFWHG��,W�LV�QHFHVVDU\�WKDW�SUR�EHDP�OLJKWLQJ��ZKLFK�LV�HIIHFWLYH�
IRU�KLJK�UHÀHFWDQFH��ZRXOG�EH�FRQVLGHUHG�LQ�RUGHU�WR�LPSURYH�753�
:H�SURSRVH� WKH�QHHG�RI� UHÀHFWDQFH� IDFWRUV�EDVHG�RQ�DFWXDO�¿HOG�GDWD�VLQFH�PRWRUZD\V�KDYH�
GLIIHUHQW�GLVWULEXWLRQV�IURP�JHQHUDO�URDG��DQG�LW�LV�LPSRUWDQW�WKDW�WRWDO�YLVXDO�GHVLJQ�EH�SHUIRUPHG�
FRQVLGHULQJ�WKH�GLVWULEXWLRQ�RI�WKH�UHÀHFWDQFH�IDFWRUV�DQG�UHYHUVHG�VLOKRXHWWH�YLVLRQ�
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)LJXUH�����'LVWULEXWLRQ�RI�UHÀHFWDQFH�IDFWRUV�RI�IDOOHQ�REMHFWV

Figure 2 - Cumulative probability of the existence

2YHUDOO�XQLIRUPLW\�UDWLR Longitudinal uniformity ratio 753�DYH���
A(Smith) 0.60 0.69 87

B(NEXCO) 0.60 0.69 72

Table 1 - Example of TRP for Curve A and B
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APPROXIMATION OF ROAD SURFACE LUMINANCE COEFFICIENT

Korobko, A.

%/�*5283��0RVFRZ��5XVVLDQ�)HGHUDWLRQ�

/XPLQDQFH�FRHI¿FLHQW�LV�WKH�PRVW�LPSRUWDQW�FKDUDFWHULVWLF�RI�D�URDG�VXUIDFH��,W�LV�XVHG�LQ�FRPSXWD-
WLRQV�RI�OLJKWLQJ�GHVLJQ�FULWHULD�VSHFL¿HG�E\�WKH�OLJKWLQJ�VWDQGDUGV��QDPHO\��DQ�DYHUDJH�OXPLQDQFH��
RYHUDOO�DQG�ORQJLWXGLQDO�OXPLQDQFH�XQLIRUPLW\�RQ�D�URDG��3UHVHQWO\��WKLV�FKDUDFWHULVWLF�LV�SUHVHQWHG�
LQ�WKH�U�WDEOHV�RI�UHGXFHG�OXPLQDQFH�FRHI¿FLHQW�IRU�GLIIHUHQW�W\SHV�RI�URDG�VXUIDFHV��7KH�UHSRUW�
VXJJHVWV�DQ�DQDO\WLFDO�DSSUR[LPDWLRQ��EDVHG�RQ�HOOLSVRLG�RI�UHYROXWLRQ�PRGHO��RI�WKH�UHODWLRQVKLS�
EHWZHHQ�OXPLQDQFH�FRHI¿FLHQW�DQG�LQFLGHQW�DQG�REVHUYDWLRQ�DQJOHV��7KLV�DSSURDFK�OHDGV�WR�VXI-
¿FLHQW�GHFUHDVH�RI�GDWD�QHHGHG�IRU�GHVFULSWLRQ�RI�OXPLQDQFH�FRHI¿FLHQW�DQG�IXUWKHU�FRPSXWDWLRQV��
DQG�PDNHV� WKH�PHDVXUHPHQWV�RI� WKH� OXPLQDQFH�FRHI¿FLHQW� OHVV� ODERULRXV�GXH� WR� UHGXFWLRQ�RI�
number of parameters to be measured.
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D4 - Lighting and Signalling for Transport

Tunnel Lighting



441

Abstracts
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VISIBILITY OF THE CRITICAL OBJECT AND ENERGY EFFICIENCY OF PRO-BEAM LIGH-

TING FOR TUNNEL INTERIOR LIGHTING

Ito, H.1, Uruno, T.2, Hirakawa, S.3��6DWR��0�4
1.�3DQDVRQLF�&RUSRUDWLRQ��0LQDWR�NX��7RN\R��-DSDQ�
2. East nippon expressway company limited, Taitou-ku, Tokyo, Japan.
3.�:HVW�QLSSRQ�H[SUHVVZD\�FRPSDQ\�OLPLWHG��.LWD�NX��2VDND��-DSDQ�
4.�1LSSRQ�H[SUHVVZD\�UHVHDUFK�LQVWLWXWH�FRPSDQ\�OLPLWHG��0DFKLGD��7RN\R��-DSDQ�

In CIE publication No.88 (2004), road surface luminance for the tunnel interior lighting is recom-
PHQGHG�WR�VHFXUH�PDLQO\�YLVLELOLW\�RI�WKH�FULWLFDO�REMHFW��$OVR��&,(�SXEOLFDWLRQ�1R�����������VKRZV�
WKDW�YLVLELOLW\�RI�WKH�FULWLFDO�REMHFW�GHSHQGV�RQ�XQLIRUPLW\�RI�WKH�URDG�VXUIDFH�OXPLQDQFH�GLVWULEXWLRQ��
7KLV�UHVXOW�ZDV�GHULYHG�IURP�UHVHDUFK�RI�YLVLELOLW\�IRU�URDG�OLJKWLQJ�FRQGLWLRQV�E\�1DULVDGD���������
5RDG�VXUIDFH�OXPLQDQFH�UHFRPPHQGHG�E\�&,(�LV�YDOXH�LQ�WKH�FRQGLWLRQ�RI�XQLIRUPLW\������7KHUH-
fore, in the condition of higher uniformity, there is possibility that lower road surface luminance is 
DEOH�WR�EH�DGRSWHG��DQG�HQHUJ\�VDYLQJ�IRU�WKH�WXQQHO�LQWHULRU�OLJKWLQJ�LV�H[SHFWHG�

2Q�WKH�RWKHU�KDQGV��LQ�WKH�FRQGLWLRQV�RI�KHDY\�WUDI¿F�YROXPH�DQG�KLJK�GHVLJQ�VSHHG��YLVLELOLW\�RI�
WKH�SUHFHGLQJ�FDUV�LV�LPSRUWDQW�WRR��$QG�LW�GHSHQGV�RQ�WKH�YHUWLFDO�LOOXPLQDQFH�RI�WKH�UHDU�HQG�RI�
the preceding cars (2011). In other words, in case of decreasing road surface luminance as uni-
IRUPLW\�EHFRPHV�KLJKHU��YHUWLFDO�LOOXPLQDQFH�IRU�WKH�LGHQWL¿FDWLRQ�RI�WKH�UHDU�HQG�RI�WKH�SUHFHGLQJ�
FDUV�EHFRPHV�FULWLFDO�IDFWRU��7KHUHIRUH��SUR�EHDP�OLJKWLQJ�V\VWHP��ZKLFK�LV�DEOH�WR�GHULYH�KLJKHU�
YHUWLFDO� LOOXPLQDQFH�RI� WKH� UHDU�HQG�RI� WKH�SUHFHGLQJ�FDUV� WKDQ�V\PPHWULFDO� OLJKWLQJ�V\VWHP�� LV�
XVHIXO�IRU�FRQGLWLRQV�PHQWLRQHG�DERYH��+RZHYHU��HYHQ�LI�YLVLELOLW\�RI�WKH�SUHFHGLQJ�FDUV�LV�DVVXUHG�
E\�SUR�EHDP�OLJKWLQJ�V\VWHP�� LW� LV�ZRUULHG�YLVLELOLW\�RI�FULWLFDO�REMHFW�ZRUVHQ��*HQHUDOO\��YLVLELOLW\�
RI�WKH�FULWLFDO�REMHFW�IRU�WXQQHO�OLJKWLQJ�LV�HVWLPDWHG�EDVHG�RQ�YLVLELOLW\�RI�VLOKRXHWWH�YLVLRQ�ZKLFK�
is situation that road surface luminance is higher than luminance of critical object. Because, the 
UHODWLRQVKLS�EHWZHHQ� WKH�UHÀHFWDQFH�RI� WKH�REMHFW�DQG� WKH�UHYHDOLQJ�SRZHU�E\�6PLWK� ������� LV�
DGRSWHG�WR�HVWLPDWH�YLVLELOLW\�RI�WKH�FULWLFDO�REMHFW�

7KH�WRWDO�UHYHDOLQJ�SRZHU�FRQVLGHUHG�ERWK�YLVLELOLW\�RI�VLOKRXHWWH�YLVLRQ�DQG�UHYHUVHG�VLOKRXHWWH�YL-
VLRQ�ZDV�VXJJHVWHG�E\�+DUULV�HW�DO���������$QG��2NDGD�HW�DO��������VKRZHG�YLVLELOLW\�RI�WKH�FULWLFDO�
REMHFW�LV�URXJKO\�FRQVWDQW��HYHQ�LI�YHUWLFDO�LOOXPLQDQFH�LQFUHDVHV��2Q�WKH�RWKHU�ZRUG��YLVLELOLW\�RI�
WKH�FULWLFDO�REMHFW�LV�VHFXUH�HYHQ�LI�SUR�EHDP�OLJKWLQJ�V\VWHP�LV�DGRSWHG�IRU�WXQQHO�LQWHULRU�OLJKWLQJ�
6R��ZH�VWXGLHG�WKH�YLVLELOLW\�RI�WKH�FULWLFDO�REMHFW�RI�SUR�EHDP�OLJKWLQJ�V\VWHP�IRU�WXQQHO�LQWHULRU�E\�
WRWDO�UHYHDOLQJ�SRZHU��)LUVWO\��OLJKWLQJ�FKDUDFWHULVWLFV��URDG�VXUIDFH�OXPLQDQFH��YHUWLFDO�OXPLQDQFH�
DQG�HTXLYDOHQW�YHLOLQJ�OXPLQDQFH�DQG�VR�RQ��ZHUH�PHDVXUHG�LQ�WKH�SUDFWLFDO�WXQQHO�LQVWDOOHG�WZR�
W\SHV�RI�OXPLQDLUHV�ZKLFK�KDYH�OXPLQRXV�LQWHQVLW\�GLVWULEXWLRQ�IRU�SUR�EHDP�OLJKWLQJ�V\VWHP�DQG�
V\PPHWULFDO�OLJKWLQJ�V\VWHP�HDFK�RWKHU��7KHVH�OLJKWLQJ�VLWXDWLRQV�DUH�VKRZQ�LQ�¿JXUH���DQG�¿JXUH�
���7KHQ��WKH�OXPLQDQFH�GLIIHUHQFH�WKUHVKROGV�RI�VLOKRXHWWH�YLVLRQ�DQG�UHYHUVHG�VLOKRXHWWH�YLVLRQ�
were calculated using these results of measurement by simulation model of the luminance dif-
ference threshold for non-uniformity luminance distribution suggested by Narisada (1977) and 
FRQWUDVW�SRODULW\�IDFWRU�VXJJHVWHG�E\�$GULDQ���������7KHQ��WRWDO�UHYHDOLQJ�SRZHU��ZKLFK�FDOFXODWHG�
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XVLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHÀHFWDQFH�RI�WKH�REMHFW�DQG�WKH�UHYHDOLQJ�SRZHU�LQYHVWLJDWHG�
on express high way in Japan (2007), of both lighting systems is considered. And, results of the 
REVHUYDWLRQ�H[SHULPHQWV�RQ� WKH�YLVLELOLW\�RI� WKH�FULWLFDO�REMHFW� WRRN�SODFH� LQ� WKH�SUDFWLFDO� WXQQHO�
PHQWLRQHG�DERYH�ZHUH�LQYHVWLJDWHG�WRR��)XUWKHUPRUH��HQHUJ\�HI¿FLHQF\�RI�SUR�EHDP�OLJKWLQJ�V\V-
tem is studied. These results show in our full paper in detail.

Reference

���&,(�3XEO��1R�����³*XLGH�IRU�WKH�OLJKWLQJ�RI�URDG�WXQQHOV�DQG�XQGHUSDVVHV´�������
���&,(�3XEO��1R�����³*ODUH�DQG�XQLIRUPLW\�LQ�URDG�OLJKWLQJ�LQVWDOODWLRQV´�������
���.��1DULVDGD��³,QÀXHQFH�RI�QRQ�XQLIRUPLW\�LQ�URDG�VXUIDFH�OXPLQDQFH�RI�SXEOLF�OLJKWLQJ�LQVWDOOD-
WLRQV�XSRQ�SHUFHSWLRQ�RI�REMHFWV�RQ�WKH�URDG�VXUIDFH�E\�FDU�GULYHUV´��3URFHHGLQJV�RI�WKH����WKH�
Session of the CIE, Barcelna, 1971.
���+��,WR�HW�DO��³9LVLELOLW\�RI�FULWLFDO�REMHFWV�DQG�SUHFHGLQJ�FDUV�IRU�WXQQHO�HQWUDQFH�OLJKWLQJ´��3URFHH-
dings of the 26 the Session of the CIE, Sun City, 2011.
���)��&��6PLWK���³5HÀHFWLRQ�IDFWRUV�DQG�UHYHDOLQJ�SRZHU´��7UDQV��,OOXP��(QJQJ��6RF���/RQGRQ�������
���$��-��+DUULV�HW�DO��³7KH�UHYHDOLQJ�SRZHU�RI�VWUHHW�OLJKWLQJ�LQVWDOODWLRQV�DQG�LWV�FDOFXODWLRQ´��7UDQV��
Illum. Engng. Soc., 1951.
���$��2NDGD�HW�DO��³9LVLELOLW\�RI�SUHFHGLQJ�FDUV�DQG�FULWLFDO�REMHFWV�IRU�WXQQHO�LQWHULRU�OLJKWLQJ´��3UR-
ceedings of the 25 the Session of the CIE, San Diego, 2005.

Figure 1 - Pro-beam lighting system Figure 2 - Symmetric lighting system
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VISIBILITY EVALUATION OF TUNNEL LIGHTING TAKING VEHICLE HEADLAMPS IN CON-

SIDERATION

Hirakawa, S.1, +D\DNDZD��0�1, Okada, A.1��.DUDVDZD��<�2 
1.�:HVW�QLSSRQ�H[SUHVVZD\�FRPSDQ\�OLPLWHG��2VDND��-DSDQ�
2. Panasonic corporation, Osaka, Japan.

Introduction

+LVWRULFDOO\��YLVLELOLW\�RI�REMHFWV�RQ�WKH�URDG�LQ�URDG�OLJKWLQJ�KDV�EHHQ�FRQVLGHUHG�ZLWK�VLOKRXHWWH�
YLVLRQ�DV�D�JHQHUDO�UXOH�DQG�URDG�OLJKWLQJ�KDV�QRW�EHHQ�GHVLJQHG�ZLWK�FRQVLGHUDWLRQ�RI�LQÀXHQFH�
RI�KHDGODPSV�RI�YHKLFOHV�� ,W� LV�HVWLPDWHG�WKDW�YLVLELOLW\�RI�REMHFWV� LV�UHGXFHG�GXH�WR� ORZHULQJ�RI�
FRQWUDVW�ZLWK�EDFNJURXQG�URDG�VXUIDFH�ZKHQ�WKH\�DUH�LOOXPLQDWHG�E\�DQ�YHKLFOH�KHDGODPS��7KH�
pro-beam lighting system is a system of directing maximum optical axis to the same direction of 
GULYLQJ�WR�KLJKOLJKW�REMHFWV�WKHPVHOYHV��UHYHUVH�VLOKRXHWWH�YLVLRQ��E\�UDLVLQJ�YHUWLFDO�LOOXPLQDQFH�
RI�REMHFWV�DQG�YHKLFOHV�RQ�WKH�URDG��&,(�����������+RZHYHU��VLQFH�SUR�EHDP�OLJKWLQJ�V\VWHP�LV�
said to require more electricity than symmetrical lighting system in order to secure road surface 
OXPLQDQFH��LW�KDV�KDG�D�FKDOOHQJH�IURP�YLHZ�SRLQW�RI�HQHUJ\�VDYLQJ��6LQFH�SHUIRUPDQFH�RI�YHKLFOH�
KHDGODPSV�LV�H[SHFWHG�WR�LPSURYH�IXUWKHU�E\�WHFKQRORJ\�LQQRYDWLRQ�RI�/('��HWF���HVWDEOLVKPHQW�
RI�LQWHJUDWHG�YLVLELOLW\�HYDOXDWLRQ�PHWKRG�FDQ�EH�VDLG�WR�EH�DQ�XUJHQW�FKDOOHQJH��7KLV�LV�D�UHSRUW�RI�
WKHRUHWLFDO�DQG�H[SHULPHQWDO�VWXG\�ZLWK�5HYHDOLQJ�3RZHU��:DOGUDP�������DV�D�YLVLELOLW\�RI�WXQQHO�
OLJKWLQJ�LQVWDOODWLRQ�IRU�ZKLFK�YHKLFOH�KHDGODPSV�DUH�WDNHQ�LQ�FRQVLGHUDWLRQ�

Theoretical Study

Theoretical study was conducted under the conditions shown in Table 1.
�&DOFXODWLRQ�RI�7RWDO�5HYHDOLQJ�3RZHU��+DUULV�HW�DO�������.DUDVDZD�HW�DO�������
7KUHVKROG�UHÀHFWLRQ�IDFWRU��ȡ6������RI�WDUJHW�RI���FP�VTXDUH�IRU�VLOKRXHWWH�YLVLRQ�LV�FDOFXODWHG�
ZLWK�OXPLQDQFH�GLIIHUHQFH�WKUHVKROG��ǻ/PLQ���REWDLQHG�IURP�LWV�EDFNJURXQG�OXPLQDQFH��/E��DQG�
HTXLYDOHQW� YHLOLQJ� OXPLQDQFH� �/HT�� IURP� WKH� OXPLQDLUH�� DQG� YHUWLFDO� OXPLQDQFH� �(Y�� DW� D� SRLQW�
(Equation 1).

ȡ6� �ʌ��/E�ǻ/PLQ���(Y�������

&XPXODWLYH�SUREDELOLW\�RI�WKH�UHÀHFWLRQ�IDFWRUV��3VBBWKUHVKROG��FRUUHVSRQGLQJ�WR�WKLV�ȡ6�����LV�
REWDLQHG�IURP�WKH�UHÀHFWLRQ�IDFWRU�VXUYH\HG�LQ������ZLWK�IDOOHQ�REMHFWV�RQ�H[SUHVV�KLJKZD\V�LQ�
-DSDQ��6XJDZDUD�HW�DO��������,Q�WKH�VDPH�PDQQHU��FXPXODWLYH�SUREDELOLW\�RI�WKH�UHÀHFWLRQ�IDFWRUV�
�356BWKUHVKROG�LV�REWDLQHG�IURP�WKUHVKROG�UHÀHFWLRQ�IDFWRU��ȡ56������IRU�UHYHUVH�VLOKRXHWWH�YLVL-
RQ��7RWDO�5HYHDOLQJ�3RZHU��753��LV�WKH�WRWDO�VXP�RI�FXPXODWLYH�SUREDELOLW\�RI�WKH�UHÀHFWLRQ�IDFWRUV�
RI�WDUJHW�YLVLEOH�E\�VLOKRXHWWH�YLVLRQ�DQG�UHYHUVH�VLOKRXHWWH�YLVLRQ��(TXDWLRQ����

753� �536���5356�������

:KHQ�YHUWLFDO�LOOXPLQDQFH��(YB+/�����O[�DW�WKH�KHLJKW�RI�����P�RI�D�WDUJHW��RI�D�YHKLFOH�KHDGODPSV�
LV�DGGHG�WR�WKLV��WKUHVKROG�UHÀHFWLRQ�IDFWRU�IRU�VLOKRXHWWH�YLVLRQ�EHFRPHV�DV�VKRZQ�LQ�HTXDWLRQ���
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below.

ȡ�6B+/� �ʌ�/E�ǻ/PLQ���(Y�(YB+/��������

Total area ratio (TAR) is the percentage area of a portion or portions of the road surface where 
5HYHDOLQJ�3RZHU� LV�KLJKHU�WKDQ�D�VSHFL¿HG�SHUFHQWDJH�YDOXH��IRU� LQVWDQFH������IRU�WKH�ZKROH�
road surface area (Narisada et al. 2003). From Table 1, when cases where headlamp is on and 
off are compared concerning TAR of symmetrical lighting system and pro-beam lighting system 
�753�������¿HOG�IDFWRU�����ZKLOH�LW�LV�����IRU�V\PPHWULFDO�OLJKWLQJ�V\VWHP�DQG�����IRU�SUR�EHDP�
OLJKWLQJ�V\VWHP�ZKHQ�KHDGODPS�LV�RII��LW�ZDV�����IRU�V\PPHWULFDO�OLJKWLQJ�V\VWHP�ZKHQ�KHDGODPS�
LV�RQ��DERXW�����ORZHU�WKDQ�ZKHQ�KHDGODPS�LV�RII��)LJ������2Q�WKH�RWKHU�KDQG��LW�ZDV�����IRU�SUR�
bean lighting system showing little difference. In other words, in the case of symmetrical lighting 
V\VWHP��LW�LV�VXJJHVWHG�WKDW�YLVLELOLW\�RI�OLJKWLQJ�LQVWDOODWLRQV�LV�UHGXFHG�E\�YHKLFOH�KHDGODPS�

Experiments in an actual tunnel

,Q�6KLUDWRUL�WXQQHO�RI�7DNDPDWVX�H[SUHVV�KLJKZD\��WKH�YLVLELOLW\�RI�WDUJHWV�RI���FP�VTXDUH�ZLWK�WKH�
UHÀHFWLRQ�IDFWRU�RI���������ZDV�HYDOXDWHG�LQ�WKH�]RQH�ZKHUH�WZR�W\SHV�RI�OLJKWLQJ�V\VWHP��V\P-
PHWULFDO�DQG�SUR�EHDP���9LVLELOLW\�RI�WDUJHWV�ZDV�DVVHVVHG�LQ���OHYHOV�IURP�³LQYLVLEOH´�WR�³KLJKO\�
YLVLEOH´��7DEOH���VKRZV�WKH�UHVXOW�RI�YLVLELOLW\�RI�WDUJHWV�ZLWK�WKH�YHKLFOH�KHDGODPS�RQ�DQG�RII�IRU�WKH�
WZR�OLJKWLQJ�V\VWHPV��:KLOH�UHVXOW�RI�HYDOXDWLRQ�IRU�SUR�EHDP�OLJKWLQJ�V\VWHP�VKRZV�OLWWOH�FKDQJH�
E\�RQ�DQG�RII�RI�KHDGODPS��YLVLELOLW\�RI�WDUJHWV�ZDV�UHGXFHG�E\�WXUQLQJ�KHDGODPS�RQ�H[FHSW�IRU�
UHÀHFWLRQ�IDFWRU�RI����LQ�WKH�FDVH�RI�V\PPHWULFDO�OLJKWLQJ�V\VWHP��7KHVH�UHVXOWV�VXSSRUW�WKH�UHVXOW�
of theoretical study.

Conclusions

,W� LV�LPSRUWDQW�WR�WDNH�YHKLFOH�KHDGODPS�LQ�FRQVLGHUDWLRQ�LQ�URDG�OLJKWLQJ�GHVLJQ��,Q�WKH�SUHVHQW�
VWXG\��V\PPHWULFDO�OLJKWLQJ�V\VWHP�VKRZHG�WHQGHQF\�RI�UHGXFLQJ�YLVLELOLW\�RI�REMHFW�RQ�WKH�URDG�E\�
DGGLWLRQ�RI�YHKLFOH�KHDGODPS��$OWKRXJK�SUR�EHDP�OLJKWLQJ�V\VWHP�LV�FRQVLGHUHG�WR�EH�RQH�RI�WKH�
VROXWLRQV�EHFDXVH�YLVLELOLW\�LV�QRW�UHGXFHG�E\�KHDGODPS��LW�LV�UHTXLUHG�WR�SHUIRUP�FRPSUHKHQVLYH�
HYDOXDWLRQ�YHUL¿FDWLRQV�RQ�WKH�YLVXDO�SHUIRUPDQFH�DQG�WKH�HQYLURQPHQWV�
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)LJXUH�����7XQQHO�OLJKWLQJ��OHIW��ZKHQ�KHDGODPS�LV�RII��ULJKW��ZKHQ�KHDGODPS�LV�RQ��ÀXRUHV-

FHQW�ODPS�

)LJXUH�����753�GLVWULEXWLRQ�RI�ÀXRUHVFHQW�ODPS
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Table 2 - Optical measurement in an actual tunnel and result of questionnaire

Symmetrical lighting system Pro-beam lighting system
Number of lanes 2 lanes (3.5m×2)

Light source (Kind, wattage) )OXRUHVFHQW�ODPS����:î�� &HUDPLF�PHWDO�KDOLGH�ODPS����:�
Lighting installation conditions (height, 

spacingl) (m)
4.8m, 11.4m 4.8m, 20m

Arrangement Opposite
9HUWLFDO�LOOXPLQDQFH��O[� 18/31 71/84

$YHUDJH�URDG�VXUIDFH�OXPLQDQFH��FG���P2) 2.25/2.25 0.76/0.76
7$5��753�����������¿HOG�IDFWRU����� 63/50 68/70

Table 1 - Calculation results for lighting systems

Symmetrical lighting 
system

Pro-beam lighting 
system

Optical property
9HUWLFDO�LOOXPLQDQFH��O[� 18/31 110/123

$YHUDJH�URDG�VXUIDFH�OXPLQDQFH�FG�P2) 1.1/1.1 0.8/0.8

Result of question-
QDLUH�RQ�YLVLELOLW\

WDUJHW�UHÀHFWLRQ�IDFWRU��� 1.5/2.9 2.8/2.9
WDUJHW�UHÀHFWLRQ�IDFWRU���� 2.3/1.8 4.3/4.3
WDUJHW�UHÀHFWLRQ�IDFWRU���� 4.0/1.0 4.6/4.7
WDUJHW�UHÀHFWLRQ�IDFWRU���� 4.1/1.3 4.8/4.8
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DETERIORATION PREDICTION IN CONSIDERATION OF THE DIFFERENCE IN LIGHTNING 

TIME OF A TUNNEL LIGHTING EQUIPMENT.

Miyazaki, B.1, 0L]XWDQL��'�1, Hirakawa, S.2, Kaito, K.1 
1.�2VDND�8QLYHUVLW\��6XLWD��2VDND�KX��-DSDQ�
2.�:HVW�1LSSRQ�([SUHVVZD\�&RPSDQ\��6XLWD��2VDND�KX��-DSDQ�

In the infrastructure assetmanagement, it is an important issue to make a decision on the optimum 
maintenance strategy which can minimize life cycle cost. In addition, it is necessary to predict the 
UHSDLU�GHPDQG�RI�FLYLO�HQJLQHHULQJ�IDFLOLWLHV�LQ�WKH�IXWXUH�DQG�IRUPXODWH�WKH�EXGJHW�SODQQLQJ�IRU�
PDLQWHQDQFH�DQG�UHSDLU��:KHQ�FDUU\LQJ�RXW�DVVHW�PDQDJHPHQW��WKH�GHWHULRUDWLRQ�SUHGLFWLRQ�PR-
GHO�RI�FLYLO�HQJLQHHULQJ�IDFLOLWLHV�SOD\V�DQ�LPSRUWDQW�UROH��LQ�RUGHU�WR�HVWLPDWH�OLIH�F\FOH�FRVW�DQG�
repair demand.

7LPH�UHODWHG�GHWHULRUDWLRQ�DOZD\V�IROORZV�DOVR�DERXW�YDULRXV�NLQGV�RI�URDG�LQFLGHQWDO�IDFLOLWLHV�LQV-
talled on the highway, so the deterioration forecasting is required. For example, as for the tunnel 
lighting equipment which is one of the road incidental facilities, we would like to estimate deteri-
oration path and expected life time, and to determine the optimal replacement timing based on 
HVWLPDWLRQ�UHVXOW��$ERXW�WKH�H[SHFWHG�OLIH�WLPH�RI�LW��JHQHUDOO\��WKH�YDOXH��FDWDORJ�YDOXH��ZKLFK�HDFK�
PDNHU�FDOFXODWHG�E\�YDULRXV�H[DPLQDWLRQV�H[LVWV��+RZHYHU��LQ�WKH�DFWXDO�OLJKWLQJ�XQGHU�VHYHUH�HQ-
YLURQPHQW�OLNH�LQ�D�WXQQHO��PDQ\�FDVHV�ZKHUH�GHWHULRUDWLRQ�LV�SURJUHVVLQJ�HDUO\�H[LVW�UDWKHU�WKDQ�
D�FDWDORJ�YDOXH��7KHUHIRUH��LW�LV�QHFHVVDU\�WR�XWLOL]H�DFWXDO�LQVSHFWLRQ�GDWD�DQG�WR�FDOFXODWH�WKH�H[-
pected life time based more on the actual condition. Furthermore, tunnel lighting differs in lighting 
WLPH�ZLWK�OLJKWLQJ�FODVVL¿FDWLRQ�RU�DQ�LQVWDOODWLRQ�SRVLWLRQ�DQG�LW�LV�SRLQWHG�RXW�WKDW�DQ�H[SHFWHG�OLIH�
time is different by that cause.

Therefore, in this study the authors formulate deterioration process of tunnel lighting based on 
:HLEXOO�KD]DUG�PRGHO��DQG�SURSRVH�D�LWV�HVWLPDWLRQ�PHWKRG�XVLQJ�DFWXDO�YLVXDO�LQVSHFWLRQ�GDWD�
0RUHRYHU�LW�HVWLPDWHG�WKDW�EDVHG�RQ�WKH�YLVXDO�LQVSHFWLRQ�GDWD�RI�OLJKWQLQJ�RI�WXQQHOV�LQ�VHUYLFH��
7KH�HVWLPDWLRQ�UHVXOW�LV�VKRZQ�LQ�WKH�WDEOH��:KHQ�HVWLPDWLQJ��WKH�NLQG�RI�OLJKWLQJ��D�ÀXRUHVFHQW�
OLJKW�DQG�D�VRGLXP�ODPS��DQG�WKH�GLIIHUHQFH�LQ�OLJKWLQJ�WLPH�ZHUH�XVHG�DV�DQ�FKDUDFWHULVWLF�YDULD-
EOH��6R�LW�EHFDPH�SRVVLEOH�WR�HVWLPDWH�WKH�VXUYLYRU�IXQFWLRQ�DQG�H[SHFWHG�OLIH�VSDQ��OLQH�LQ�ZKLFK�
VXUYLYDO�SUREDELOLW\�LV�EHORZ������E\�GLIIHUHQFH�RI�HDFK�GHWHULRUDWLRQ�FKDUDFWHULVWLF��$V�D�UHVXOW��DV�
VKRZQ�LQ�¿JXUH��LW�WXUQHG�RXW�WKDW�WKH�H[SHFWHG�OLIH�WLPH�RI�D�ÀXRUHVFHQW�OLJKW�LV�VKRUW�DV�FRPSDUHG�
ZLWK�D�VRGLXP�ODPS��0RUHRYHU��DERXW�WKH�VRGLXP�ODPS��LW�ZDV�VKRZQ�FOHDUO\�WKDW�DQ�H[SHFWHG�OLIH�
WLPH�EHFRPHV�VKRUW�DV�DYHUDJH�FDQGOHOLJKW�EHFDPH�ORQJ�
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Figure 1 - Survivor function

Table 1 - Estimation results

FRQVWDQW�WHUP�ȕ� 1:Fluorescent 
lamp 0:Sodium 

ODPS�ȕ�

1:Lighting Time 
24h 0:Otherwise 

ȕ�

1:Lighting Time 
18h 0:Otherwise 

ȕ�

Acceleration 
SDUDPHWHU�Į

estimator -25.56 1.80 1.63 0.94 3.27
W�YDOXH -52.27 20.46 22.30 11.27 50.39

log likelihood -11737.5
likelihood ratio 0.9977
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D4 - Lighting and Signalling for Transport

Miscellaneous



450

Abstracts

PP134

LUMINANCE RANGE AND ARRANGEMENT OF PANELS AGAINST GLARE SENSATION IN 

NIGHTTIME FOR CIVIAL AIRCRAFT COCKPIT LIGHTING DESIGN

Lin, Y., /LX��<���6XQ��<���4LX��-�
,QVWLWXWH�IRU�(OHFWULF�/LJKW�6RXUFHV��)XGDQ�8QLYHUVLW\��6KDQJKDL��&KLQD�

7KH�VDIHW\�LQ�QLJKWWLPH�À\LQJ�KLJKO\�GHSHQGV�RQ�WKH�UHDVRQDEOH�OLJKWLQJ�GHVLJQ��7KH�OXPLQDQFH�
UDQJH�RI�OXPLQRXV�GHYLFHV��VXFK�DV�WKH�GLVSOD\�VFUHHQV��SDQHOV�DQG�3%$V��LOOXPLQDWHG�SXVK�EXW-
WRQ�DQG�VZLWFKHV���VKRXOG�JXDUDQWHH�WKH�GLVFULPLQDWLRQ�RI�WKH�LQIRUPDWLRQ�GHOLYHUHG�E\�WKHPVHOYHV�
DV�ZHOO�DV�WKH�YLVXDO�FRPIRUW�IRU�WKH�SLORWV��7KH�JODUH�LQ�WKH�YLVXDO�¿HOG�GXULQJ�QLJKWWLPH�À\LQJ�LV�D�
SRWHQWLDOO\�LQVHFXUH�SUREOHP�IRU�WKH�SLORWV�DV�LW�GHVWUR\V�WKH�DGDSWDWLRQ�OHYHO�DQG�FDXVHV�SV\FKR-
ORJLFDO�GLVFRPIRUW��:LWK�WKLV�REMHFW��ZH�ZLOO�FRQGXFW�D�VWXG\�WR�HVWDEOLVK�WKH�SURSRVHG�OXPLQDQFH�
range and arrangement of the panels which are prone to cause glare in the cockpit based on the 
typical windshield form.

([SHULPHQWV�XSRQ�SDUWLFLSDQWV¶�YLVXDO�SHUIRUPDQFH��VXEMHFWLYH�HYDOXDWLRQ�DORQJ�ZLWK�SK\VLRORJL-
FDO�PRQLWRULQJ�ZLOO�EH�GHVLJQHG�WR�H[SORUH�WKH�LQÀXHQFH�RI�JODUH�VHQVDWLRQ�IURP�SDQHOV�DQG�WKHLU�
UHÀHFWLRQV�RQ�WKH�ZLQGVKLHOG��.H\�SDUDPHWHUV�LQFOXGLQJ�WKH�ORFDWLRQ��RULHQWDWLRQ��VL]H��OXPLQDQFH�
HWF��RI�WKH�SDQHOV�DQG�WKHLU�UHÀHFWLRQV�RQ�WKH�ZLQGVKLHOG�ZLOO�EH�VHOHFWHG�DV�YDULDEOHV��7\SLFDO�YLVX-
DO�DQG�ERG\�WDVNV�ZLOO�EH�DUUDQJHG�DQG�IXO¿OOHG�E\�HUJRQRPLFV�VRIWZDUH��7RJHWKHU�ZLWK�WKH�VXEMHF-
WLYH�HYDOXDWLRQ�DQG�PHDVXUHPHQW�RI�WKH�SK\VLRORJLFDO�SDUDPHWHUV��PXOWLSOH�GHSHQGHQW�YDULDEOHV�
FDQ�EH�REWDLQHG�WR�EH�XVHG�DV�WKH�LQGH[HV�WR�UHÀHFW�WKH�HIIHFWV�RI�JODUH��VXFK�DV�WKH�GHWHFWLRQ�
UDWH��UHDFWLRQ�WLPH��UDWLQJ�VFRUH��OHYHO�RI�VLJKW�GLVWUDFWLRQ�DQG�VRPH�HOHFWURSK\VLRORJLFDO�SDUDPH-
ters. The whole experiments will be operated with highly simulated apparatus within a simulated 
cockpit in a dark room, as shown in Fig. 1.

$FFRUGLQJ�WR�WKH�H[SHULPHQW�UHVXOWV��WKH�UHODWLRQVKLS�EHWZHHQ�WKH�LQGHSHQGHQW�YDULDEOHV�DQG�WKH�
multiple indexes can be established. And based on this, the luminance range and the arrange-
PHQW�RI�WKH�OXPLQRXV�GHYLFHV�RQ�WKH�SDQHOV�ZLOO�EH�SURSRVHG��ZKLFK�FDQ�EH�XVHG�DV�WKH�JXLGHOLQHV�
DQG�YHUL¿FDWLRQ�RI�WKH�OLJKWLQJ�GHVLJQ�IRU�WKH�FRPPHUFLDO�DLUFUDIW�FRFNSLW�

Figure 1
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PP136

RHYTHM OF LIGHT CREATED BY STATIC LIGHT PATTERNS

Wänström Lindh, U.

8QLYHUVLW\�RI�*RWKHQEXUJ��6FKRRO�RI�'HVLJQ�DQG�&UDIWV��*RWKHQEXUJ��6ZHGHQ�

1.INTRODUCTION

,W�LV�QDWXUDO�WKDW�ZH�GLVFXVV�UK\WKP�LQ�UHODWLRQ�WR�OLJKWLQJ�FDXVHG�E\�YDULDWLRQV�LQ�GD\OLJKW��FLUFD-
GLDQ�UK\WKP�DQG�WLPH��FRQWUROOHG�FKDQJHV�LQ�LOOXPLQDWLRQ��+RZHYHU��WKLV�SDSHU�DLPV�WR�VKRZ�WKDW�
we also can discuss and plan light with departure in rhythm created by static light patterns. A 
FRQVFLRXV�OLJKW�SODQQLQJ�ZLWK�UK\WKP�LQ�FRQVLGHUDWLRQ�LV�EHQH¿FLDO�IRU�VSDWLDO�XQGHUVWDQGLQJ��DU-
chitectural experience and orientation. This paper shows a possible way to work with rhythm of 
LOOXPLQDWLRQ�LQ�VSDWLDO�DQDO\VLV�DQG�SURYLGHV�D�JURXQG�IRU�GHYHORSLQJ�IXWXUH�VWXGLHV�DQG�D�QRWL¿FD-
tion system for rhythm analysis in lighting design.

The following questions will be answered:
�+RZ�LV�LW�SRVVLEOH�WR�VSHDN�DERXW�UK\WKP�E\�VWDWLF�SDWWHUQV�RI�OLJKW"
�:KLFK�PHWKRGV�RI�UK\WKP�DQDO\VLV�DUH�DYDLODEOH�DQG�FDQ�EH�IXUWKHU�GHYHORSHG"
5K\WKP�LV�XVXDOO\�FRQQHFWHG�ZLWK�PRYHPHQW�DQG�WKH�SDVVDJH�RI�WLPH��+RZHYHU��GLVWULEXWLRQ�RI�
OLJKW�FUHDWHV��WRJHWKHU�ZLWK�OLJKW�OHYHO�DQG�FRORXU�RI�OLJKW��D�UK\WKP�WKDW�ZH�H[SHULHQFH�ZKHQ�ZDO-
NLQJ�RU�GULYLQJ�WKURXJK�D�VSDFH��,Q�OLJKWLQJ��UK\WKP�GHDOV�ZLWK�GLVWDQFH��WKH�H[WHQVLRQ�RI�OLJKW�DQG�
distinct pauses of darkness that appear between the illuminated areas. Repetition of illuminated 
areas is seen as patterns, with distances in length, width and height. Uniform lighting does not 
KDYH�UK\WKP�LQ�WKH�VDPH�ZD\�DV�QRQ�XQLIRUP�OLJKWLQJ�GRHV��,PDJLQH�D�QLJKW�YLHZ�ZLWK�D�URZ�RI�
streetlights of equal distance between luminaires, illuminating the facades along the street. If 
VRPH�RI�WKH�IDFDGHV�DUH�GDUNHU�DQG�OHVV�UHÀHFWLYH�WKDQ�RWKHUV�RU�LI�WKH�URZ�RI�EXLOGLQJV�LV�EURNHQ�
E\�D�SDWK�ZLWK�YHJHWDWLRQ��ZH�ZLOO�KDYH�D�SDXVH�LQ�WKH�UK\WKP�

2.PREVAILING KNOWLEDGE

Connections and similarities between rhythm and architecture are described by Dyrssen (Dyrs-
VHQ���������6LPLODUO\��+RSVFK�GHVFULEHV�VSDWLDO�µUK\WKPLVDWLRQ¶�RI�IRUP�VHTXHQFHV��+RSVFK���������
5HSHWLWLRQ�RI�IRUPV�FUHDWHV�UK\WKPLF�SDWWHUQV�LQ�DUFKLWHFWXUH��5DVPXVVHQ���������/HIHEYUH�KDV�
GHYHORSHG�D�WKHRU\�IRU�UK\WKPLF�DQDO\VLV�WKDW�GHDOV�ZLWK�UHSHWLWLRQ�RI�GLPHQVLRQV�DQG�IUHTXHQF\�
LQ�FLW\�HQYLURQPHQWV��LQFOXGLQJ�F\FOLF�UK\WKPV�UHJDUGLQJ�SODFH��WLPH�DQG�HQHUJ\��/HIHEYUH��������
0DGVHQ�GHYHORSHG�WKH�WHUP�OLJKW�]RQHV�WR�GHVFULEH�WKH�VSDWLDO�XQLWV�PDGH�IURP�OLJKW�ZLWKLQ�WKH�
VSDFH��&RQVHTXHQWO\��0DGVHQ�GHVFULEHV�GDUN�]RQHV�DV�SDXVHV�LQ�DQ�LOOXPLQDWHG�VSDFH��0DGVHQ��
�������/LJKWLQJ�GHVLJQHUV�DQG�DUFKLWHFWV�OLNH�0LOOHW�DQG�0LFKHO�GHVFULEH�UK\WKP�LQ�OLJKWLQJ�LQ�VLPL-
ODU�ZD\V��0LOOHW��������0LFKHO���������7KH�UHODWLRQVKLS�EHWZHHQ�UK\WKP�DQG�OLJKWLQJ�LV�DOVR�FRQ-
¿UPHG�E\�%�ORZ¶V�3K'�WKHVLV�RQ�OLJKW�DQG�UK\WKP�LQ�DUFKLWHFWXUH��%�ORZ���������%�ORZ�GHVFULEHV�
a case study where the rhythm is created by a pedestrian walking beneath differently coloured 
luminaires on a subway platform.

3.DEVELOPING A NOTIFICATION SYSTEM FOR RHYTHM ANALYSIS

7KHUH�DUH�VHYHUDO�HVWDEOLVKHG�PHWKRGV�IRU�VSDWLDO�DQDO\VLV�WKDW�DUH�XVHIXO�IRU�UK\WKP�DQDO\VLV��IRU�
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H[DPSOH�WKH�FRPELQDWLRQ�RI�WKH�PDSSLQJ�PHWKRGV�RI�/\QFK��/\QFK��������DQG�%UDQ]HOO¶V�VNHW-
ching method of experienced spatial extension and directions (Branzell, 1995). Lynch method fo-
FXVHV�LQ�¿QGLQJ�SDWKV��NH\�QRGHV��ERUGHUV��WUDQVLWLRQV��DUHDV�DQG�ODQGPDUNV��$GGLWLRQDOO\��7ULHE¶V�
PHWKRG�IRU�WRZQ�DQDO\VLV�FDQ�EH�XVHG�DV�D�JXLGH�WR�¿QG�WKH�KHLJKW�IRU�WKH�OXPLQDLUH�SODFHPHQWV�
�7ULHE�DQG�0DUNHOLQ���������)XUWKHUPRUH��&XOOHQ¶V�VHULDO�YLVLRQV�PHWKRG�� LQ�ZKLFK�RQH�GUDZ�RU�
WDNH�D�SKRWR�RI�HDFK�VXEVWDQWLDOO\�QHZ�YLHZ�GXULQJ�D�PRYHPHQW�LQ�VSDFH�KHOSV�WR�DQDO\VLV�VH-
TXHQFHV��&XOOHQ���������:LWK�WKHVH�PHWKRGV�DV�D�EDVH��D�QRWL¿FDWLRQ�V\VWHP�IRU�UK\WKP�DQDO\VLV�
LQ�LOOXPLQDWLRQ�LV�SODQQHG�WR�EH�GHYHORSHG��VHH�WDEOH��
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Figure 1 - Uniformity vs. non-uniformity
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Figure 2 - Light topography

7DEOH�����7KH�QRWL¿FDWLRQ�V\VWHP�LV�SODQQHG�WR�LQFOXGH�

8QLIRUPLW\�YV��QRQ�XQLIRUPLW\�RI�GLVWULEXWLRQ�RI�OLJKW
'\QDPLF�RI�OLJKW��OLJKW�OHYHOV�
Distances between light zones/luminaires in length and width
Light topography (e.g. height of luminaire placement)
Directions of light
Spread of light
Sizes of light zones
Numbers of light zones/luminaires in groups
Compound and separated light zones
9HUWLFDO�DQG�KRUL]RQWDO�OLJKW�SDWWHUQV
Asymmetry and symmetry of light zones/luminaire placements
'DUN�]RQHV��³SDXVHV´�
Soft and hard contrasts(gradients and transitions)
Accents, like landmarks and important nodes
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PP137

SUBJECTIVE IMPRESSIONS AS QUALITY INDICATORS OF AMBIENT LIGHTING

Djokic, L.1, .RVWLF��$��0�1��.RVWLF��0�%�2
1.�)DFXOW\�RI�$UFKLWHFWXUH��8QLYHUVLW\�RI�%HOJUDGH��%HOJUDGH��6HUELD�
2.�)DFXOW\�RI�(OHFWULFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�%HOJUDGH��%HOJUDGH��6HUELD�

0DQXIDFWXUHUV�EURDGO\�UHFRPPHQG�/('�WHFKQRORJ\�IRU�DSSOLFDWLRQ�LQ�DOO�DUHDV�RI�XUEDQ�OLJKWLQJ��
(YHQ� WKRXJK�/('� OLJKWLQJ�KDV� MXVWL¿HG� LWV�H[SHFWDWLRQV� LQ� WKH�¿HOG�RI�DUFKLWHFWXUDO� OLJKWLQJ�� IRU�
street and ambient lighting further research is still needed, due to the fact that some independent 
DQDO\VHV�VKRZHG�WKDW�WKH�GHFODUHG�/('�SHUIRUPDQFH�UHJDUGLQJ�WKHLU�OLIH�DQG�HQHUJ\�HI¿FLHQF\�LV�
questionable. Another questionable point is represented by the statements of the LED manufac-
WXUHUV�WKDW�/('V�FDXVH�VXEMHFWLYH�LPSUHVVLRQV�ZKLFK�DUH�EHWWHU�WKDQ�LQ�WKH�FDVH�RI�FRQYHQWLRQDO�
ODPSV��,Q�RUGHU�WR�HYDOXDWH�WKH�ODWWHU�VWDWHPHQW��D�VXUYH\�ZDV�UHFHQWO\�FRQGXFWHG�LQ�%HOJUDGH�
5HVHDUFK�GHDOLQJ�ZLWK�VXEMHFWLYH� LPSUHVVLRQV� LQ�XUEDQ�OLJKWLQJ� LV�VFDUFH�DQG�RIWHQ� LQDGHTXDWH�
in terms of 1) set-ups, which include different lighting types but without a common condition like 
WKH�UHTXHVWHG� LOOXPLQDQFH� OHYHO�RU�FRORXU�RI� OLJKW�����UHVSRQGHQWV�ZKR�DUH�QRW� IDPLOLDU�ZLWK� WKH�
¿HOG�RI�OLJKWLQJ�DQG�WKH�FRPPRQO\�XVHG�WHUPV��DQG����WKH�TXHVWLRQQDLUHV��ZKLFK�GR�QRW�LQFOXGH�
DOO�RI�WKH�UHOHYDQW�DVSHFWV��7KHUHIRUH��RXU�UHVHDUFK�ZDV�EDVHG�RQ�D�FRPSUHKHQVLYH�FRPSDULVRQ�
RI�WKH�VXEMHFWLYH�LPSUHVVLRQV�RI�DPELHQW�OLJKWLQJ�UHDOL]HG�E\�PHWDO�KDOLGH��0+��DQG�/('�OLJKWLQJ�
LQVWDOODWLRQV�ZLWK�FRPSDUDEOH�LOOXPLQDQFH�OHYHO�DQG�FRORXU�RI�OLJKW��,Q�RXU�RSLQLRQ��WKH�FRPSDULVRQ�
between lighting installations realized by high-pressure sodium (HPS) and LED luminaires would 
QRW�EH�VHQVLEOH�LQ�DPELHQW�OLJKWLQJ�ZKHUH�FRORXU�RI�OLJKW�DQG�FRORXU�UHQGHULQJ�JUHDWO\�LQÀXHQFH�WKH�
quality of the illuminated space. The research included educated participants able to understand 
WKH�VSHFL¿F�SKRWRPHWULF�WHUPLQRORJ\�����UHVSRQGHQWV�ZLWK�KHDOWK\�H\H�VLJKW�DQG�IDPLOLDU�ZLWK�WKH�
¿HOG�RI�OLJKWLQJ�WKURXJK�FRXUVHV�WKH\�WRRN�DW�WKH�)DFXOWLHV�RI�$UFKLWHFWXUH�RU�(OHFWULFDO�(QJLQHHULQJ�
�8QLYHUVLW\�RI�%HOJUDGH��

7KH� FDVH� VWXG\�ZDV� FDUULHG� RXW� LQ� D�%HOJUDGH� SDUN�� RQ� D� SDYHG� SHGHVWULDQ� ODQH� RI� VXI¿FLHQW�
length. The lane is located in the center of the park and in its immediate surroundings there are 
no other public lighting luminaires.

The pilot installation was realized on the existing public lighting poles 3.8 m high, from which the 
H[LVWLQJ�OXPLQDLUHV�ZLWK�+36�ODPSV�ZHUH�SUHYLRXVO\�UHPRYHG��7KH�VDPH�W\SH�RI�OXPLQDLUH�ZDV�
used for both lighting types. Luminaires contained a matt diffuser which disabled recognition of 
the light source. Therefore, the respondents did not know the type of lamp used in either lighting 
LQVWDOODWLRQ��7KH�¿UVW�IRXU�OXPLQDLUHV�LQ�D�URZ��UHSUHVHQWLQJ�OLJKWLQJ�W\SH����KDG�ZDUP�ZKLWH�������
.�����:�0+�ODPSV�ZLWK�D�FHUDPLF�GLVFKDUJH�WXEH��OXPLQDLUH�SRZHU�����:���7KH�VHFRQG�VHTXHQFH�
of four luminaires (representing lighting type 2) was realized with LEDs (32 warm white (3000 K) 
GLRGHV���6LQFH�WKH�SRZHU�RI�HDFK�/('�OXPLQDLUH�ZDV����:��HQHUJ\�VDYLQJV�RI�����ZHUH�DFKLH-
YHG��2Q�WKH�WZR�H[LVWLQJ�SROHV�ORFDWHG�EHWZHHQ�WKH�WZR�OLJKWLQJ�LQVWDOODWLRQV�QR�OXPLQDLUHV�ZHUH�
LQVWDOOHG�LQ�RUGHU�WR�HOLPLQDWH�WKH�LQÀXHQFH�RI�RQH�W\SH�RI�OLJKWLQJ�RQ�WKH�RWKHU�

Both lighting types were realized by lamps of excellent colour rendering (CRI>80). The matt diffu-
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VHU�HTXDOO\�LQÀXHQFHG�WKH�UHGXFWLRQ�RI�JODUH�IRU�ERWK�OLJKWLQJ�W\SHV��ZKLFK�ZDV�LQ�IDYRXU�RI�WKH�/('�
LQVWDOODWLRQ�EHFDXVH�LQ�SUDFWLFH�/('�FKLSV�DUH�RIWHQ�YLVLEOH�DQG�FDXVH�LQWHQVLYH�JODUH�
,Q�RUGHU�WR�HQKDQFH�WKH�YDOLGLW\�RI�WKH�FRPSDULVRQ�RI�WKH�VXEMHFWLYH�LQGLFDWRUV��LW�ZDV�QHFHVVDU\�
IRU�WKH�EDVLF�SKRWRPHWULF�LQGLFDWRU��LOOXPLQDQFH�OHYHO�RI�WKH�SHGHVWULDQ�ODQH��WR�EH�DSSUR[LPDWHO\�
HTXDO�LQ�ERWK�FDVHV��)RU�OLJKWLQJ�W\SH���WKH�LOOXPLQDQFH�OHYHO�ZDV������O[��DQG�IRU�OLJKWLQJ�W\SH���LW�
ZDV������O[��WKH�QXPEHU�RI�/('�FKLSV�ZDV�FKRVHQ�DV�WR�HQDEOH�WKH�LOOXPLQDQFH�OHYHO�WR�EH�SUDFWL-
cally equal in both cases).

7KH�VXUYH\�ZDV� FRQGXFWHG�XVLQJ�D�TXHVWLRQQDLUH�ZLWK����TXHVWLRQV� LGHQWLFDO� IRU� ERWK� OLJKWLQJ�
W\SHV��ZKLFK�ZHUH�DQVZHUHG�E\�HQFLUFOLQJ�RQH�RI�WKH�RIIHUHG�DQVZHUV��±�����IRU�DEVROXWHO\�XQDF-
FHSWDEOH�DQG���IRU�DEVROXWHO\�DFFHSWDEOH���(DFK�RI�WKH�¿UVW�WZHOYH�TXHVWLRQV�ZDV�UHODWHG�WR�WKH�
VXEMHFWLYH�LPSUHVVLRQ�RI�D�VLQJOH�DVSHFW�RI� OLJKWLQJ��LOOXPLQDQFH�OHYHO��XQLIRUPLW\��UHFRJQLWLRQ�RI�
pedestrians, illumination of human faces, colour of light, colour rendering, presentation of land-
scape elements, glare, feeling of security and pleasantness of the ambient), while the thirteenth 
TXHVWLRQ�ZDV�GHYRWHG�WR�WKH�RYHUDOO�OLJKWLQJ�LPSUHVVLRQ�

7KH�DQDO\VLV�RI�WKH�REWDLQHG�UHVXOWV�VKRZHG�WKDW�WKH�DYHUDJH�PDUN�IRU�DOO����TXHVWLRQV�DPRXQWHG�
WR������IRU�OLJKWLQJ�W\SH���DQG������IRU�OLJKWLQJ�W\SH����6LQFH�WKH�DYHUDJH�PDUN�IRU�TXHVWLRQ����
�UHJDUGLQJ�WKH�RYHUDOO�LPSUHVVLRQ��DPRXQWHG�WR������IRU�OLJKWLQJ�W\SH���DQG������IRU�OLJKWLQJ�W\SH�
2, an exceptional consistency in the answers of the respondents was noticed.
7KH�UHVSRQGHQWV�UDWHG�WKHLU�LPSUHVVLRQ�RI�OLJKWLQJ�W\SH����ZLWK�0+�ODPSV��DV�EHWWHU�UHJDUGLQJ�DOO�
DVSHFWV��7KH�UDWLR�RI�WKH�PDUNV�IRU�HDFK�TXHVWLRQ�JLYHQ�WR�OLJKWLQJ�W\SH���YHUVXV�OLJKWLQJ�W\SH���
EHORQJV�WR�WKH�UDQJH�RI������±�������WKH�DYHUDJH�UDWLR�EHLQJ�������ZLWK�RQO\�RQH�H[FHSWLRQ��WKH�
TXHVWLRQ� UHIHUULQJ� WR� WKH�VXEMHFWLYH�H[SHULHQFH�RI�JODUH�� IRU�ZKLFK�ERWK� OLJKWLQJ� W\SHV� UHFHLYHG�
approximately the same mark.

$V�PRVW�VLJQL¿FDQW��WKH�UHVSRQGHQWV�PDUNHG�TXHVWLRQV�UHJDUGLQJ�WKH�IHHOLQJ�RI�VHFXULW\�DQG�FRP-
IRUW�LQ�WKH�DPELHQW��DQG�WKHQ�TXHVWLRQV�UHIHUULQJ�WR�WKH�LOOXPLQDQFH�OHYHO�DQG�XQLIRUPLW\�
7KH�GLUHFW�TXHVWLRQ�ƍƍ:KLFK�OLJKWLQJ�W\SH�GR�\RX�SUHIHU"´�FRQ¿UPHG�WKH�RYHUDOO�LPSUHVVLRQ�RI�WKH�
UHVSRQGHQWV�DERXW�WKH�WZR�OLJKWLQJ�W\SHV��(YHQ����RXW�RI����UHVSRQGHQWV���������SUHIHUUHG�OLJK-
WLQJ�W\SH���ZLWK�FRQYHQWLRQDO�0+�ODPSV�
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INVESTIGATION ON RESIDENTIAL LIGHTING STATUS IN PART AREA OF CHINA

Zou, N., )DQJ��<���&DR��*���-LDQJ��-���=KDQJ��<���+H��;��
5HVHDUFK�,QVWLWXWH�RI�3KRWRQLFV��'DOLDQ�3RO\WHFKQLF�8QLYHUVLW\��'DOLDQ��&KLQD�

,W�LV�NQRZQ�WKDW�DERXW�����RI�WKH�HOHFWULFLW\�JHQHUDWHG�LQ�WKH�ZRUOG�LV�GHGLFDWHG�WR�OLJKWLQJ�DSSOL-
cations. Of these, residential lighting plays a crucial role for its impact on issues such as energy 
VDYLQJ��HQYLURQPHQWDO�SURWHFWLRQ�DV�ZHOO� DV� LQGLYLGXDO�KHDOWK�� ,Q� WKH�GHVLJQ�RI� UHVLGHQWLDO� OLJKW�
HQYLURQPHQWV��WKH�DPRXQW�RI�LOOXPLQDWLRQ�UHTXLUHG��FRORU�WHPSHUDWXUH��DQG�VSHFWUDO�SRZHU�GLVWUL-
bution of lamps are all important considerations. Therefore it is highly required to understand the 
OLJKWLQJ�FRQGLWLRQ�DQG�HQHUJ\�HI¿FLHQF\� OHYHO�� ,Q� WKLV�ZRUN��SUDFWLFDO� LQYHVWLJDWLRQ�RI� UHVLGHQWLDO�
lighting situations was carried out in part area of China and the results are reported.

7KH�LQYHVWLJDWLRQ�ZDV�ODVWHG���PRQWKV�IURP�1RYHPEHU������WR�0DUFK�������DQG�LQYROYHG�����
KRXVHKROGV�ZLWK�IHDWXUHV�RI�GLIIHUHQW�HUDV��OD\RXWV�DQG�VW\OHV�LQ�&KLQD��7KH�LQYHVWLJDWHG�KRXVHV�
FRYHUHG�WKDW�RI�VWDIIV�DQG�VWXGHQWV�RI�'DOLDQ�3RO\WHFKQLF�8QLYHUVLW\��FRYHULQJ�SURYLQFHV�RI�/LDR-
QLQJ��=KHMLDQJ��+HEHL��6KDQ[L��+HQDQ�� ,QQHU�0RQJROLD��HWF��7KHUH�ZHUH�����TXHVWLRQQDLUHV�IRU�
resident-self measurement and 145 questionnaires for household measurement. The number of 
HIIHFWLYH�TXHVWLRQQDLUHV�LV������7KH�FRQWHQWV�RI�UHVLGHQWLDO�LQYHVWLJDWLRQ�LQFOXGH�WKH�IDPLO\�VWUXF-
WXUH��UHVLGHQWLDO�W\SH��UHVLGHQWLDO�SDWWHUQ�RI�WKH�SODQ��OLJKWLQJ�DUUDQJHPHQW�SODQ��LOOXPLQDQFH�OHYHO�
measurement in each room of residence, color temperature, uniformity of illuminance, brightness 
UDWLR�EHWZHHQ�WZR�URRPV��OLJKW�VRXUFH�VDYLQJ�HQHUJ\�DQG�FRQWURO�PRGH��OLJKWLQJ�SRZHU�FRQVXPS-
tion. Figure 1 shows the family structure, household type, architectural time and residential area.
:H�SHUIRUPHG�D�VWDWLVWLFDO�DQDO\VLV�RQ�WKH�XVH�RI�WKH�OLJKW�VRXUFH�RI�LQFDQGHVFHQW�ODPS��ÀXRUHV-
FHQW�WXEH��FRPSDFW�ÀXRUHVFHQW�ODPS�DQG�/('��7KH�SHUFHQWDJH�RI�DERYH�OLJKW�VRXUFH�LV����������
���������������� ���� UHVSHFWLYHO\��ZKLFK� DUH� XWLOL]HG� LQ� ¿YH� IXQFWLRQ� URRPV� LQFOXGLQJ� OLYLQJ�
room, bedroom, kitchen, dining-room and toilet.

The daily total power consumption of residential lighting is calculated by the product of the lamps 
WRWDO�SRZHU�DQG�WKH�ZRUN�GD\��$Q�DYHUDJH�RI�HQHUJ\�FRQVXPSWLRQ�LV����:��7KH�PD[LPXP�YDOXH�
RI�SRZHU�FRQVXPSWLRQ�LV������:��PLQLPXP�RI������:��DQG�PLGGOH�YDOXH�LV�����:��7KH�OLJKWLQJ�
SRZHU�FRQVXPSWLRQ�LV�GLVWULEXWHG�XQLYHUVDOO\�LQ�WKH�UDQJH�RI�����:������:�
$V�WR�OLJKWLQJ�FRQGLWLRQV��WKH�DYHUDJH�LOOXPLQDQFH��FRORU�WHPSHUDWXUH�DQG�XQLIRUPLW\�UDGLR�RI�LOOX-
PLQDQFH�LQ�HDFK�UHVLGHQWLDO�URRP�ZHUH�LQYHVWLJDWHG��7KH�LOOXPLQDQFH�LQ�¿YH�URRPV�ZDV�PHDVXUHG�
E\�LOOXPLQDQFH�PHWHU�DW�¿YH�WHVW�SRLQWV��RQH�SRLQW�LQ�WKH�URRP�FHQWHU�DQG�RWKHU�IRXU�SRLQWV�DSDUW�
IURP�ZDOO�GLVWDQFH�DUH���FP�� WKH�KHLJKW� LV���FP������SHUFHQWDJH�RI� LOOXPLQDQFH�YDOXH� LQ�¿YH�
URRPV�LV�EHWZHHQ���/[�DQG���/[������LQ�WKH�UDQJH�RI���/[����/[��,W�LV�IRXQG�WKDW�WKH�SURSRUWLRQ�
RI�OLYLQJ�URRP�LOOXPLQDQFH�PHHWLQJ�WKH�QDWLRQDO�VWDQGDUGV�RQO\�DFFRXQWHG�IRU��������WKH�EHGURRP�
RFFXSLHG�������WKH�NLWFKHQ�RFFXSLHG�����WKH�GLQLQJ�URRP�RFFXSLHG�������DQG�WKH�WRLOHW�DFFRXQ-
WHG�IRU�������7KH�LOOXPLQDQFH�OHYHO�LOOXPLQDQFH�VKRXOG�EH�JUHDWO\�LPSURYHG��7KH�FRORU�WHPSHUDWXUH�
RI�OLJKW�VRXUFH�LV�GLYLGHG�LQWR���OHYHOV��ZKLWH��ZDUP�ZKLWH��ZDUP�\HOORZ��FROG�ZKLWH��:KLWH�OLJKW�LV�
XVHG�PRVW�LQ�WKH�SURSRUWLRQ�RI���������LQ�¿YH�IXQFWLRQ�URRPV��IROORZHG�E\�ZDUP�ZKLWH�DQG�ZDUP�
\HOORZ��FROG�ZKLWH�LV�XVHG�DW�OHDVW�ZLWK�OHVV�WKDQ����
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At the same time, the existing lighting problems in residential lighting situation proposed by resi-
GHQWV�DUH�VXPPDUL]HG��0RUH�WKDQ�����RI�SHRSOH�WKLQN�EULJKWQHVV�LV�QRW�\HW�DGMXVWHG��0RUH�WKDQ�
����RI�SHRSOH�WKLQN�WKDW�ODPSV�DUH�QRW�FRQYHQLHQW�WR�FOHDQ��DQG�����RI�SHRSOH�WKLQN�WKDW�EULJKW-
QHVV�LV�XQFRPIRUWDEOH�DQG�WKHUH�LV�D�KLJK�SRZHU�FRQVXPSWLRQ�RI�OLJKWLQJ��DERXW�����RI�SHRSOH�
WKLQNV�ODPSV�KDYH�D�VKRUW�OLIH�DQG�OLJKW�FRORU�FDQµW�EH�UHJXODWHG�

,Q�D�VXPPDU\��WKH�DFWXDO�VLWXDWLRQV�RI�UHVLGHQWLDO�OLJKWLQJ�HQYLURQPHQW�ZHUH�LQYHVWLJDWHG�LQ�WKLV�
VWXG\��,W�LV�IRXQG�WKDW�&)/�LV�ZLGHO\�XVHG�LQ�UHVLGHQWLDO�OLJKWLQJ��IROORZHG�E\�ÀXRUHVFHQW�WXEH�ODPS��
/('�LV�PDLQO\�XVHG�IRU�LQGRRU�VFDWWHUHG�OLJKWLQJ��DV�DQ�DX[LOLDU\�LOOXPLQDQW��7KH�YDOXH�RI� LOOXPL-
QDQFH�LQ�OLYLQJ�URRP��EHGURRP��NLWFKHQ��GLQLQJ�URRP�DQG�WRLOHW�LQ�PDQ\�KRXVHKROGV�DUH�EHORZ�WKH�
QDWLRQDO�VWDQGDUGV��7KH�LQYHVWLJDWHG�UHVXOWV�DUH�UHIHUHQFH�WR�HQKDQFH�WKH�LOOXPLQDWLRQ�TXDOLW\�RI�
residences.

Figure 1 - Basic situation of investigated households 

Figure 2 - Proposed problems in residential lighting
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THE QUALITATIVE EVALUATION OF LIGHT QUALITY IN URBAN SQUARE LIGHTING

Song, G.

Philips research asia, Shanghai, China.

:LWK�WKH�LPSURYHPHQW�RI�SHRSOHµV�OLIH�TXDOLW\�DQG�WKH�GHYHORSPHQW�RI�OLJKWLQJ�DQG�FRQWURO�WHFKQR-
ORJ\��G\QDPLF�OLJKWLQJ�ZLWK�LWV�PXOWLSOH�FRORUV�LV�ZLGHO\�XVHG�LQ�YDULRXV�¿HOGV�RI�VRFLDO�OLIH�DQG�FUHD-
WHV�D�FRORUIXO�OLIH�IRU�XV��&XUUHQWO\�WKHVH�WHFKQRORJ\�MXVW�XVH�VLPSOH�DQG�¿[HG�OLJKW�FRORXU�FRQWURO�
VWUDWHJ\�DQG�DOJRULWKP�WR�UHDOL]H�OLJKW�FRORXU�FKDQJH��WKH\�GRQ¶W�LQWHUDFW�ZLWK�KXPDQ�DFWLYLW\�DQG�
emotion. so far we know the light color directly impact on human psychological feelings: warm 
light color can make people feel warmer and exciter, cool light color make people quiet and calm. 
red color is easiest to stimulate people a sense of excited, cyan color is easiest to cause people 
calm.
%\�PHDQV�RI�LQGRRU�SHUFHSWLRQ�H[SHULPHQW��ZH�EXLOG�XS�WKH�TXDQWLWLYH�UHODWLRQVKLS�EHWZHHQ�G\-
namic light color and human emotion. In our experiment, we select 20 responds, we also select 
some typical color LED source to stimulate our responds and ask they feedback and comments, 
then we identify three main dimensions of human emotions relate to ligh color changing, one is 
KXPDQ�DFWLYH�DQG�LQVSLUH��RWKHU�LV�KXPDQ�IHHOLQJ�DERXW�OLIH�VW\OH��WKH�WKLUG�LV�WKH�KXPDQ�FRPIRUW�
DQG�UHOD[��ZH�DOVR�LGHQWLI\�WKH�UDQJH�RI�OLJKW�FRORU�GLUHFWO\�UHOHYDQW�WR�KXPDQ�DFWLYH�DQG�LQVSLUH��
life style feeling and comfort/relax feeling.

DFFRUGLQJ� WR�RXU�SHUFHSWLRQ�H[SHULPHQW�¿QGLQJ��ZH�FDQ�FUHDWH� WKH� OLJKW�FRORU�FKDQJLQJ�FRQWURO�
strategy for urban square lighting to enhance human inspire, comfort and relax, it can enhance 
OLJKWLQJ�DWPRVSKHUH�LQ�XUEDQ�VXTDUH��DW�WKH�VDPH�WLPH��LW�DOVR�FDQ�FUHDWH�KHDOWK�OLJKWLQJ�HQYLURQ-
PHQW�DQG�LPSURYH�OLJKW�TXDOLW\�RI�XUEDQ�ODQGVFDSH�OLJKWLQJ

Figure 1 - Human comfort feeling and different light color
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Table 1 - The mapping between light color and human emotion

Figure 2 - Human inspiring feeling and different light color

light color  color light intensity  huma emotion
cyan ���� �ORQHO\��SHDFHIXO��FDOP
blue ����  quite
pink ���� �ÀDW�PLOG�JHQWOH

green ���� �VODFN��OHLVXUH�FRPIRUW
brown ����  relax
purple ����  fashion
orange ����  temprate
yellow ���� �DFWLYH

red �����  Enthusiastic



461

Abstracts

PP143

LIGHT AND PARTICIPATION NIGHT EXPLORATORY WALKING

Corten, I.

Radiance35, Liège, Liège, Belgium.

+RZ�WR�SHUFHLYH�EHWWHU�WKH�IHHOLQJV�RI�WKH�LQKDELWDQWV�LQ�IURQW�RI�WKHLU�QLJKW�HQYLURQQHPHQW"�+RZ�
WR�XQGHUVWDQG�KRZ�WKH\�PRYH�DW�QLJKW��ZKHUH�WKH\�IHHO�FRPIRUWDEOH��ZKHUH�WKH\�DUH�DIUDLG���
7KLV�SUHOLPLQDU\�XQGHUVWDQGLQJ�RI�WKH�³QLJKW�¿HOG´�LV�QHFHVVDU\�WR�FRQVWUXFW�D�SURMHFW�EDVHG�LRQ�
the real used of the places.
Different techniques of participation do exist.
7KH�REMHFW�RI�WKH�SUHVHQWDWLRQ�LV�WR�WDON�DERXW�WKH�WHFKQLTXH�RI�WKH�³QLJKW�H[SORUDWRU\�ZDONLQJ´�
7KLV�PHWKRG�VHHPV�WR�EH�TXLWH�LQWHUHVWLQJ�WR�UHYHDO�WKH�FRPSOH[LW\�RI�WKH�FLWLHV��DOO�WKHLUV�GLPHQ-
VLRQV�DQG�WKH�VHQVHV��YLHZ��VPHOO��KHDULQJ�EXW�DOVR�PHPRU\�RI�WKH�SODFH�
,Q�WHUPV�RI�OLJKWLQJ��WKLV�PHWKRG�VHHPV�WR�EH�VXLWHG�WR�WKH�QLJKW�VLWXDWLRQ��EHFDXVH�LW¶V�SDUWLFXODUO\�
GLI¿FXOW�WR�PDNH�VSHDN�WKH�LQKDELWDQWV�RQ�WKDW�VXEMHFW��H[FHSW�WKH�FRQWH[W�
The lecture will be the occasion to talk about a few experiences of night exploratory walking orga-
nized by Isabelle Corten of Radiance35.

7KH�¿UVW�RQH�ZDV�LQ������LQ�WKH�³&LWp�GHV�&RWHDX[´�LQ�0XOKRXVH�LQ�HQ�FROODERUDWLRQ�SURMHFW�ZLWK�
/XPLQRFLWp�DQG�WKH�WRZQ�SODQQHU�1LFRODV�0LFKHOLQ��7KLV�QHLJKERXUKRRG�FRQVWUXFWHG� LQ������ LV�
VXIIHULQJ�QRZ�RI�XUEDQ�GLVTXDOL¿FDWLRQ��7KH�H[SORUDWRU\�ZDONLQJ�ZDV�WKH�¿UVW�VWDJH�WR�XQGHUVWDQG�
the needs of the inhabitants.
7KH�VHFRQG�DQG�WKLUG�ZHUH�LQ�%UXVVHOV� LQ������� LQ���QHLJKERXUKRRGV��6DLQW�-RVVH�DQG�0ROHQ-
EHHN��ZKHUH�UHTXDOL¿FDWLRQ�XUEDQ�SURMHFWV�DUH�SODQQHG�

The next ones were in Lausanne (Switzerland) in 3 different neighbourhoods, one next to the city 
UDLO�VWDWLRQ��WKH�RWKHUV�RQH�LQ�DQ�GLVWULFW�ZKHUH�H[LVW�DQ�YLWDOLVLQJ�SURJUDP�DQG�WKH�ODVW�RQH�LQ�DQ�
social house district.
7KH�OHFWXUH�ZLOO�GHPRQVWUDWH�KRZ�LW¶V�LPSRUWDQW�WR�WDNH�WLPH�IRU�WKLV�VRFLDO�DSSURDFK�EHIRUH�WR�GH-
VLJQ�WKH�SURMHFW�DQG�FRQFOXGH�ZLWK�WKH�DVVVHVPHQW�DQG�SHUVSHFWLYHV�RI�WKLV�PHWKRG�
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Figure 1
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Photobiology
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ECO-FRIENDLY COLOR TUNABLE LED OFFICE LIGHTING INCORPORATING CIRCADIAN 

PHYSIOLOGY 

Noguchi, H.1, Toda, N.1��<DVXNRXFKL��$�2��1DQ��4�2
1.�(6�/LJKWLQJ�5	'�&HQWHU��3DQDVRQLF�&RUSRUDWLRQ��2VDND��-DSDQ�
2.�'HSDUWPHQW�RI�+XPDQ�VFLHQFH��.\XVKX�8QLYHUVLW\��)XNXRND��-DSDQ�

INTRODUCTION

*UHDW�(DVW�-DSDQ�(DUWKTXDNH�RFFXUUHG�LQ�0DUFK�������,W�UDLVHV�D�TXHVWLRQ�DERXW�WKH�VDIHW\�RI�
nuclear power plants in national scale and forces them to stop the operation. As a result, Japan 
has been under energy crisis and it may last for some more years.
8QGHU� WKH�VLWXDWLRQ��RI¿FH� OLJKWLQJ�KDV�EHHQ�DWWUDFWLQJ�DWWHQWLRQ�DV�D�VRXUFH�RI�HQHUJ\�VDYLQJ��
%DVHG�RQ�-DSDQHVH�,QGXVWU\�6WDQGDUG��JHQHUDO�RI¿FH�OLJKWLQJ�KDV�EHHQ�GHVLJQHG�VR�WKDW�KRUL]RQ-
WDO�LOOXPLQDQFH�RQ�D�GHVN�FDQ�EH�����O[�RU�PRUH��,Q�PRVW�RI¿FHV��WKH�LOOXPLQDQFH�OHYHO�LV�QRW�UH-
GXFHG�DOO�WKURXJK�WKH�GD\�HYHQ�LI�LW¶V�ODWH�HYHQLQJ��7KLV�OLJKWLQJ�VWDQGDUG�LQ�-DSDQHVH�RI¿FH�FRXOG�
FRQVXPH�PRUH�HQHUJ\�WKDQ�RQHV�LQ�ZHVWHUQ�FRXQWULHV�DQG�WKHUH�KDYH�EHHQ�VRPH�DUJXPHQWV�LI�
ZH�VKRXOG�UHGXFH�WKH�LOOXPLQDQFH�OHYHO�RU�QRW�
7KH�OLJKWLQJ�VWDQGDUG�KDV�PDLQO\�EHHQ�FRQVLGHUHG�IURP�WKH�YLHZSRLQW�RI�YLVLELOLW\��5HFHQWO\��KRZ-
HYHU��PDQ\�VWXGLHV�KDYH�UHYHDOHG�1RQ�,PDJH�)RUPLQJ�HIIHFWV�RI�OLJKW�RQ�FLUFDGLDQ�UK\WKP��VOHHS�
wake, melatonin and core body temperature). Now it is well known that light is an essential cue of 
circadian synchronization and promotes alertness in daytime. Therefore, lowered lighting without 
HQRXJK�FRQVLGHUDWLRQ�FRXOG�OHDG�WR�GHWHULRUDWLRQ�RI�SURGXFWLYLW\�DQG�KHDOWK�VWDWXV�
0HDQZKLOH��/('�OLJKWLQJ�¿[WXUHV�KDYH�UDSLGO\�EHHQ�DFTXLULQJ�WKH�SRSXODULW\� LQ�-DSDQHVH�RI¿FH�
OLJKWLQJ�� ,Q�DGGLWLRQ� WR�FRQWULEXWLQJ� WR�HQHUJ\�VDYLQJ��/('�KDV�DQRWKHU�DGYDQWDJH� LQ� WKH�HIIHFW�
RQ�FLUFDGLDQ�UK\WKP��0DQ\�VFLHQWL¿F�HYLGHQFHV�SURYH�WKDW�VKRUW�ZDYHOHQJWK�OLJKW�LV�HVVHQWLDO�IRU�
circadian regulation. Consequently, color tunable LED lighting system which can create circadian 
UK\WKPLFLW\�RI�VKRUW�ZDYHOHQJWK�OLJKW�FRXOG�EH�LGHDO�LQ�RUGHU�WR�DFKLHYH�D�JRRG�EDODQFH�EHWZHHQ�
HQHUJ\�VDYLQJ�DQG�KHDOWK\�OLJKWLQJ�
7KH�DLP�RI�WKLV�VWXG\�LV�WR�H[DPLQH�WKH�SRWHQWLDO�RI�HQHUJ\�VDYLQJ�RI¿FH�OLJKWLQJ�ZLWK�FRORU�WXQDEOH�
/('�OLJKWLQJ�V\VWHP�LQ�WKH�HIIHFWV�RQ�SURGXFWLYLW\�DQG�FLUFDGLDQ�UK\WKP�

METHODS

7KH�HIIHFWV�RI�GLXUQDO�RI¿FH�OLJKWLQJ�FRQGLWLRQV�RQ�WDVN�SHUIRUPDQFHV��SK\VLRORJLFDO�DQG�SV\FKROR-
gical parameters were examined in experiments with 2-day protocol.
Ten healthy subjects participated in the experiment. Three lighting conditions were employed. 
7KH�¿UVW�RQH�LV�VLPXODWHG�JHQHUDO�RI¿FH�OLJKWLQJ�FRQGLWLRQ�LQ�-DSDQ��*/���ZKLFK�LV�FRQVWDQW�OLJKWLQJ�
RI�����O[������.��RQ�D�GHVN�IURP�����$0�WR�����30��7KH�VHFRQG�RQH�LV�VLPSOH�HQHUJ\�VDYLQJ�
FRQGLWLRQ��'/���ZKLFK�LV�FRQVWDQW�OLJKWLQJ�RI�����O[������.���7KH�WKLUG�RQH�LV�HQHUJ\�VDYLQJ�OLJKWLQJ�
condition with color tunable function (CT). The illuminance and color temperature are kept at 750 
O[�DQG������.�UHVSHFWLYHO\�IURP�����$0�WR�����30��WKHQ�WKH\�ZHUH�ORZHUHG�JUDGXDOO\�DQG�ZHUH�
¿QDOO\�����O[�DQG������.�UHVSHFWLYHO\�DW�����30�LQ�&7�
(DFK�VXEMHFW�VSHQW���FRQVHFXWLYH�GD\V�LQ�WKH�H[SHULPHQWDO�URRP�LQ�DOO�FRQGLWLRQV��7DVN�SHUIRU-
PDQFH�WHVW��VRUWLQJ�WDVN���((*�DOHUWQHVV�WHVW��.'7�DQG�&19��DQG�VXEMHFWLYH�HYDOXDWLRQ�ZHUH�UH-
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SHDWHGO\�FDUULHG�RXW�IURP�����$0�WR�����30��6DOLYD�VDPSOLQJ�IRU�DQDO\VLV�RI�PHODWRQLQ�VHFUHWLRQ�
ZDV�FDUULHG�RXW�HYHU\����PLQXWH�IURP�����30�WR�����$0��5HFWDO�WHPSHUDWXUH�ZDV�PHDVXUHG�IURP�
����30�WR�ZDNH�XS�WLPH��7KH�VXEMHFWV�ZHQW�WR�EHG�DIWHU�¿QDO�VDOLYD�VDPSOLQJ�DW�����$0�DQG�ZRNH�
XS�DW�����$0��$OO�WKHVH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�XQGHU�VDPH�WLPH�VFKHGXOH�LQ�ERWK�GD\V�
EXW�SRO\VRPQRJUDSK\�ZDV�PHDVXUHG�GXULQJ�VXEMHFWV¶�VOHHSLQJ�MXVW�LQ�WKH�VHFRQG�GD\�

RESULTS AND DISCUSSION

7KH�DPSOLWXGH�RI�&19��&RQWLQJHQW�1HJDWLYH�9DULDWLRQ��HDUO\�FRPSRQHQW�LQ�'/�ZDV�VLJQL¿FDQWO\�
ORZHU�WKDQ�RQH�LQ�*/�DQG�&7��,Q�WKH�UHVXOWV�RI�.'7��.DUROLQVND�'URZVLQHVV�7HVW���DOSKD�ZDYH�
SRZHU�LQ�'/�ZDV�VLJQL¿FDQWO\�KLJKHU�WKDQ�RQHV�LQ�RWKHU�FRQGLWLRQV��7KHVH�UHVXOWV�VXJJHVWHG�WKDW�
DOHUWQHVV�ORZHUHG�GXH�WR�OHVV�OLJKW�H[SRVXUH�WKURXJK�RXW�WKH�GD\�LQ�'/��6LJQL¿FDQW�GLIIHUHQFH�RI�
VRUWLQJ�WDVN�SHUIRUPDQFH�LQ�WKUHH�OLJKWLQJ�FRQGLWLRQV�FRXOGQ¶W�EH�IRXQG�EXW�QXPEHU�RI�VHOHFWLYH�
HUURUV�LQ�&19�SDUDGLJP�ZDV�VLJQL¿FDQWO\�KLJKHU� LQ�'/�WKDQ�RWKHUV��,W�FRXOG�EH�FRQVLGHUHG�WKDW�
WKLV�SRRU�SHUIRUPDQFH�ZDV�FDXVHG�E\�WKH�ORZHVW�DOHUWQHVV�OHYHO�LQ�'/��6DOLYDU\�PHODWRQLQ�FRQ-
FHQWUDWLRQ�LQ�&7�ZDV�VLJQL¿FDQWO\�KLJKHU�WKDQ�RQHV�LQ�RWKHU�FRQGLWLRQV�RQ�WKH��QG�QLJKW��'LP�/LJKW�
0HODWRQLQ�2QVHW��'/02��RQ�WKH��QG�QLJKW�DGYDQFHG�IURP�RQHV�RQ�WKH��VW�QLJKW�LQ�*/�DQG�&7�EXW�
GHOD\HG�LQ�'/��7KH�ELJJHVW�DGYDQFHPHQW�RI�'/02�ZDV�IRXQG�LQ�&7�DPRQJ�DOO�FRQGLWLRQV��+LJKHU�
&&7�OLJKWLQJ�ZKLFK�KDV�ELJJHU�SRUWLRQ�RI�VKRUW�ZDYHOHQJWK�OLJKW�LQ�PRUQLQJ�FDQ�EH�FRQVLGHUHG�WR�
FRQWULEXWH�WR�FUHDWLQJ�WKHVH�SRVLWLYH�HIIHFWV�LQ�&7�

CONCLUSION

Poor alertness and task performance under simply dimmed diurnal lighting (DL) can cause direct 
QHJDWLYH�HIIHFWV�RQ�RI¿FH�ZRUNHUV¶�SURGXFWLYLW\��)XUWKHUPRUH��GHOD\�RI�FLUFDGLDQ�SKDVH�FRXOG�EH�
D�QHJDWLYH�HIIHFW�RQ�FLUFDGLDQ�V\QFKURQL]DWLRQ�DQG�LW�DOVR�FRXOG�EH�DQ�LQGLUHFW�QHJDWLYH�HIIHFW�RQ�
WKHLU�SURGXFWLYLW\��&RQVLGHULQJ�WKHVH�HIIHFWV��DOWKRXJK�VLPSO\�GLPPHG�RI¿FH�OLJKWLQJ�HDVLO\�PDNHV�
ELJ�HQHUJ\�VDYLQJ��WKH�LOOXPLQDQFH�OHYHO�VKRXOG�EH�FDUHIXOO\�FRQVLGHUHG�
0HDQZKLOH��DOPRVW�QR�QHJDWLYH�HIIHFWV�RQ�DOO�LQGLFHV�ZHUH�IRXQG�LQ�HQHUJ\�VDYLQJ�FRQGLWLRQ�ZLWK�
FRORU�WXQDEOH�/('�OLJKWLQJ��&7��FRPSDUHG�WR�JHQHUDO�RI¿FH�OLJKWLQJ��*/���,Q�DGGLWLRQ��WKH�ELJJHU�
DGYDQFHPHQW�RI�FLUFDGLDQ�SKDVH�FRXOG�LPSURYH�FLUFDGLDQ�V\QFKURQL]DWLRQ�DQG�LW�SRVVLEO\�FUHDWHV�
SRVLWLYH�HIIHFWV�RQ�WKHLU�VOHHS��KHDOWK�VWDWXV�GLUHFWO\�DQG�SURGXFWLYLW\�LQGLUHFWO\�
&RQVLGHULQJ� FLUFDGLDQ� SK\VLRORJ\�� SKRWR�ELRORJLFDO� FLUFDGLDQ� HIIHFW� RI� RI¿FH� OLJKWLQJ� VKRXOG� EH�
more essential in morning than in afternoon. Consequently, employing timer-controlled system 
DQG�KLJKHU�&&7�OLJKWLQJ�LQ�PRUQLQJ�DUH�UHFRPPHQGHG�DQG�OLJKWLQJ�LQ�ODWH�DIWHUQRRQ�VKRXOG�KDYH�
JUHDWHU�SULRULW\�WR�EH�GLPPHG�IRU�HQHUJ\�VDYLQJ��)URP�WKHVH�YLHZ�SRLQWV��/('�OLJKWLQJ�IHDWXULQJ�
color tunable function has a promising potential in creation of human centered and eco-friendly 
RI¿FH�OLJKWLQJ�
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RESEARCH TREND ON QUANTIFICATION SYSTEM FOR BIOLOGICAL CLOCK 

Takahashi, Y.

&KLED�8QLYHUVLW\��&KLED��&KLED��-DSDQ�

Objective:

7KH�DFWLRQ�WKDW�OLJKW�LQÀXHQFHV�RQ�KXPDQ�SK\VLRORJ\�LV�QRW�TXLWH�XQGHUVWRRG��FRPSDUHG�WR�YLVXDO�
VHQVDWLRQ��7KHUHIRUH��ZH�IRFXVHG�RQ�VXSSUHVVLRQ�RI�PHODWRQLQ�DV�DOUHDG\�KDYLQJ�PXFK�NQRZ-
OHGJH�DPRQJ�WKH�VWXGLHV�IRU�DFWLRQ�KRZ�OLJKW�LQÀXHQFHV�RQ�KXPDQ�SK\VLRORJ\��,I�WKH�NQRZOHGJH�
IRU�VXSSUHVVLRQ�RI�PHODWRQLQ�FDQ�EH�PDWKHPDWL]HG��ZH�PLJKW�EH�DEOH�WR�¿QG�WKHUH�LV�D�VLPLODULW\�
between this action and action for other physiological amounts. Therefore, in this report, we aim 
WR�FODULI\�D�GLIIHUHQFH�LQ�YDULRXV�PHWKRGV�DQG�FKDUDFWHULVWLFV�WR�TXDQWLI\�VXSSUHVVLRQ�RI�PHODWRQLQ�

Methods:

$V� D� TXDQWL¿FDWLRQ�PHWKRG� IRU� VXSSUHVVLRQ� RI�PHODWRQLQ�� ZH� FRPSDUHG�*HUPDQ�3UHVWDQGDUG�
�',1�9������������WKH�PHWKRG�E\�5HD�HW�DO��RI�5HQVVHODHU�3RO\WHFKQLF�,QVWLWXWH��DQG�WKH�PHWKRG�
E\�7DNDKDVKL�HW�DO��RI�&KLED�8QLYHUVLW\��7KH�FRPSDUDWLYH�PHWKRG�ZDV�FRQGXFWHG�E\�D�FDOFXODWLRQ�
FRPSDULQJ�HYDOXDWLRQ�YDOXH�IRU�YDULRXV�OLJKW�VRXUFHV��:H�XVHG�EODFNERG\�UDGLDWLRQ����W\SHV�RI�&,(�
VWDQGDUG�LOOXPLQDQW�����W\SHV�RI�ÀXRUHVFHQW�ODPS��DQG���W\SHV�RI�ZKLWH�/('�IRU�%OXH�<HOORZ�DV�WKH�
OLJKW�VRXUFHV��:H�DOVR�VHW�WKH�LOOXPLQDQFH�DV�����O[�

Results:

In German Prestandard, it was indicated that the higher correlated color temperature is, the larger 
action quantity (biological action factor) becomes. Because white LED has a high-intensity radiati-
RQ�LQ�VKRUW�ZDYHOHQJWK�DUHD��D�ODUJH�DFWLRQ�FRXOG�EH�VXJJHVWHG�EXW�LW�ZDV�LQGLFDWHG�WKDW�ZKLWH�/('�
KDV�DOPRVW�WKH�VDPH�DFWLRQ�TXDQWLW\�DV�LGHQWLFDO�FRUUHODWHG�FRORU�WHPSHUDWXUH�RI�ÀXRUHVFHQW�ODPS�
*HUPDQ�3UHVWDQGDUG�KDV�D�FKDUDFWHULVWLF�DV�FDOFXODWLRQ�VLPSOLFLW\��+RZHYHU��WKH�SUDFWLFDOLW\�FRXOG�
EH�LQIHULRU�VLQFH�LW�GRHV�QRW�FRQVLGHU�D�OLJKW�LQWHQVLW\��,Q�DGGLWLRQ��LW�ZDV�UHSRUWHG�WKDW�$EQH\µV�ODZ�
�DGGLWLYLW\�UXOH��FDQ�QRW�EH�HVWDEOLVKHG�LQ�VXSSUHVVLRQ�RI�PHODWRQLQ��EXW�LW�GRHV�QRW�WDNH�WKH�DFWLRQ�
into consideration.
:LWK�WKH�PHWKRG�E\�5HD�HW�DO��RI�5HQVVHODHU�3RO\WHFKQLF�,QVWLWXWH��DV�ZHOO�DV�*HUPDQ�3UHVWDQ-
dard, it was also indicated that the higher correlated color temperature is, the larger action quan-
WLW\�EHFRPHV�DV�RYHUDOO�WHQGHQF\��+RZHYHU��WKH�UHODWLRQVKLS�ZDV�GLVFRQWLQXRXV�DURXQG������.��
This is because 2 types of relational expression were used differently depending on spectral dis-
tribution of light source. It might be necessary to examine whether there would be a tendency of 
discontinuous mechanism as the higher correlated color temperature is, the larger action quantity 
becomes. The method by Rea et al. could be more practical with consideration of light intensity 
DQG�SXSLO�FRQWUDFWLRQ��)XUWKHUPRUH��HYHQ�WKRXJK�LW�FRQVLGHUV�DQ�DFWLRQ�LQ�ZKHUH�$EQH\µV�ODZ�FDQ-
not be established, it would be necessary to examine whether the method is appropriate or not.
,Q� WKH�PHWKRG�E\�7DNDKDVKL�HW�DO��RI�&KLED�8QLYHUVLW\��DV�ZHOO�DV�*HUPDQ�3UHVWDQGDUG�� LW�ZDV�
again indicated that the higher correlated color temperature is, the larger action quantity becomes 
DV�RYHUDOO�WHQGHQF\��/LNH�WKH�PHWKRG�E\�5HD�HW�DO���D�UHODWLRQVKLS�EHWZHHQ�FRUUHODWHG�FRORU�WHP-
perature and action quantity did not become discontinuous despite of consideration for the cha-
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UDFWHULVWLF�DV�$EQH\µV�ODZ�FDQQRW�EH�HVWDEOLVKHG��7KLV�LV�EHFDXVH�WKH�PHWKRG�E\�7DNDKDVKL�HW�DO��
uses relational expression differently depending on whether light source is monochromatic light 
or broadband light while the method by Rea et al. uses 2 types of relational expression differently 
GHSHQGLQJ�RQ�DPRXQW�RI�VKRUW�ZDYHOHQJWK�FRPSRQHQW�DQG�ORQJ�ZDYHOHQJWK�FRPSRQHQW�LQ�OLJKW�
source. The method by Takahashi et al. can be more practical due to considering light intensity 
DQG�SXSLO�FRQWUDFWLRQ��,Q�DGGLWLRQ��DOWKRXJK�LW�FRQVLGHUV�WKDW�$EQH\µV�ODZ�FDQQRW�EH�HVWDEOLVKHG��LW�
ZRXOG�EH�D�GLVDGYDQWDJH�QRW�LQGLFDWLQJ�D�PHWKRG�WR�GLVWLQJXLVK�PRQRFKURPDWLF�OLJKW�DQG�EURDG-
band light.

Conclusions:

'LIIHUHQFH�DQG�FKDUDFWHULVWLF�IRU�YDULRXV�PHWKRGV�WR�TXDQWLI\�VXSSUHVVLRQ�RI�PHODWRQLQ�ZHUH�LQGL-
FDWHG��$OWKRXJK�D�FDOFXODWLRQ�VLPSOLFLW\�RI�*HUPDQ�3UHVWDQGDUG�LV�DWWUDFWLYH��WKH�PHWKRG�E\�5HD�
HW�DO��RU�7DNDKDVKL�HW�DO��LV�DOVR�DWWUDFWLYH�WR�EH�DSSOLHG�LQ�SUDFWLFDO�HQYLURQPHQW�DV�FRQVLGHULQJ�
OLJKW�LQWHQVLW\�DQG�SXSLO�FRQWUDFWLRQ��)XUWKHUPRUH��LW�ZDV�LQGLFDWHG�WKDW�$EQH\µV�ODZ�FDQQRW�EH�HV-
WDEOLVKHG�LQ�VXSSUHVVLRQ�RI�PHODWRQLQ�DQG�WKHUH�LV�D�TXDQWL¿FDWLRQ�PHWKRG�ZLWK�FRQVLGHUDWLRQ�RI�
WKH�FKDUDFWHULVWLF��0RUH�GHWDLOHG�VWXG\�PLJKW�EH�QHFHVVDU\�WR�LGHQWLI\�ZKHWKHU�VXFK�DFWLRQ�UHDOO\�
exists and in what situation the action can be functioned.

References:

���',1�9�����������������2SWLFDO�UDGLDWLQ�SK\VLFV�DQG�LOOXPLQDWLQJ�HQJLQHHULQJ���3DUW������1RQ�
YLVXDO�HIIHFWV�RI�RFXODU�OLJKW�RQ�KXPDQ�EHLQJV���4XDQWLWLHV��V\PEROV�DQG�DFWLRQ�VSHFWUD
���5HD�06��)LJXHLUR�0*��%LHUPDQ�$��%XOORXJK�-'��������&LUFDGLDQ�OLJKW��-�&LUFDGLDQ�5K\WKPV��
8, 2
���7DNDKDVKL�<��.DWVXXUD�7��6KLPRPXUD�<��,ZDQDJD�.��������3UHGLFWLRQ�PRGHO�RI� OLJKW�LQGXFHG�
PHODWRQLQ�VXSSUHVVLRQ��-�/LJKW�	�9LV�(QY����������������
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Figure 2 - Calculation result for melatonin suppression % based on method by Takahashi 

et al.

Figure 1 - Calculation result for melatonin suppression % based on method by Rea et al.
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&20387(5�$,'('�'(6,*1��&$'��)25�$33/<,1*�833(5�5220�89*,�),;785(6�72�
CONTROL AIRBORNE DISEASE TRANSMISSION

Vincent, R.L., %ULFNQHU��3�:�
0HGLFLQH��0RXQW�6LQDL�6FKRRO�RI�0HGLFLQH��1HZ�<RUN��1<��8QLWHG�6WDWHV�

8SSHU�URRP�XOWUDYLROHW�JHUPLFLGDO�LUUDGLDWLRQ��89*,��V\VWHPV�DUH�D�UHFRJQL]HG�HQJLQHHULQJ�FRQ-
WURO�WR�LQWHUUXSW�WKH�WUDQVPLVVLRQ�RI�DLUERUQH�SDWKRJHQV�VXFK�DV�0\FREDFWHULXP�WXEHUFXORVLV��7%��
DQG�LQÀXHQ]D�YLUXVHV��+RZHYHU��WKH�DSSOLFDWLRQ�RI�WKLV�DLU�FOHDQVLQJ�WHFKQRORJ\�KDV�EHHQ�FKDO-
lenging because of the lack of computer aided design (CAD) lighting software. Additionally, there 
has been no standard protocol for goniometric measurement of these specialized germicidal 
89*,�¿[WXUHV��ZKLFK�DUH�EDVHG�RQ�VWDQGDUG�ÀXRUHVFHQW�OLJKWLQJ�WHFKQRORJ\��5HVHDUFK�KDV�EHHQ�
FRPSOHWHG�RQ�WKH�GHYHORSPHQW�RI�D�&$'�±EDVHG�89*,�WRRO�WKURXJK�PRGL¿FDWLRQ�RI�SURIHVVLRQDO�
OLJKWLQJ�VRIWZDUH��$GGLWLRQDOO\��D�PHWKRG�IRU�FDSWXULQJ�WKH�89�JRQLRUDGLRPHWULF�PHDVXUHPHQWV�LQ�
DQ�UDGLRPHWULF�GDWD�¿OH�KDV�EHHQ�GHYHORSHG�DQG�XVHG�WR�YDOLGDWH�WKH�89*,�&$'�WRRO��7KH�89�
JRQLRUDGLRPHWULF�PHWKRG�LV�EHLQJ�XVHG�E\�&,(�7HFKQLFDO�&RPPLWWHH������WR�GHYHORS�D�WHFKQLFDO�
UHSRUW�RQ�89*,�¿[WXUH�UDGLRPHWULF�GDWD�IRU�XVH�LQ�OLJKWLQJ�GHVLJQ�VRIWZDUH��7KLV�SDSHU�UHSRUWV�RQ�
WKHVH�DGYDQFHV�DQG�GHVFULEHV�KRZ�WKH�89*,�&$'�WRRO�FDQ�EH�XVHG�WR�GHYHORS�DQ�DYHUDJH�89*,�
ÀXHQFH�LQ�WKH�XSSHU�URRP��+XPDQ�H[SRVXUH�WR�89*,�LV�KD]DUGRXV��,W�LV�YLUWXH�RI�WKH�&$'�89*,�
WRRO�WKDW�LW�FDQ�SUHGLFW�H\H�OHYHO�LUUDGLDQFH�LQ�WKH�GHVLJQ�SKDVH�WR�PLQLPL]H�RU�HOLPLQDWH�WKLV�ULVN��
$�FDVH�VWXG\�LV�XVHG�WR�LOOXVWUDWH�SUHGLFWLRQV�RI�ÀXHQFH�DQG�H\H�OHYHO�VDIHW\�PHDVXUHPHQWV�IRU�D�
UDQJH�RI�VSDFHV��EDVHG�RQ�WKH�PXOWL�FHQWHUHG�7XEHUFXORVLV�8OWUDYLROHW�6KHOWHU��7866��VWXG\�
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COMBINED EFFECTS ON SLEEPING EFFICIENCY OF LIGHTING ENVIRONMENT IN THE 

DAYTIME AND THAT IN THE NIGHTTIME

Ishii, C., 0RFKL]XNL��(�
Chiba Institute of Technology, Narashino, Chiba, Japan.

1. Introduction

,W�KDV�EHHQ� LQGLFDWHG� WKDW�FRQWLQXRXV�H[FHVVLYH� OLJKW�H[SRVXUH�PLJKW�GLVWXUE�KXPDQ�FLUFDGLDQ�
UK\WKP�DQG�FDXVH�VOHHS�GLVRUGHU��PHQWDO�LOOQHVV�HWF��3URSHU�OLJKWLQJ�HQYLURQPHQW�IURP�D�YLHZSRLQW�
RI�FLUFDGLDQ�UK\WKP�VKRXOG�EH�LGHQWL¿HG�
,Q�RXU�SUHYLRXV� VWXG\�� WKH�HIIHFWV�RQ� VOHHSLQJ�HI¿FLHQF\�DQG� WDVN�SHUIRUPDQFH�XQGHU� YDULDEOH�
lighting conditions combining with desktop illuminance and correlated color temperature during 
WKH�GD\WLPH�ZHUH�H[DPLQHG��7KH�UHVXOWV�VKRZHG�WKDW�VOHHSLQJ�HI¿FLHQF\�ZDV�VOLJKWO\�LPSURYHG�E\�
lowering both the desktop illuminance and the color temperature in the afternoon compared with 
WKH�VWDWLRQDU\�OLJKWLQJ�FRQGLWLRQ�IURP�PRUQLQJ�WLOO�HYHQLQJ��,Q�WKDW�H[SHULPHQW��WKH�LOOXPLQDQFH�RQ�
WKH�GHVN�LQ�WKH�VXEMHFWV¶�OLYLQJ�URRP�GXULQJ�QLJKWWLPH�ZDV�FRQWUROOHG�WR�EH�ORZHU�WKDQ�����O[��DQG�
WKH�FRUUHODWHG�FRORU�WHPSHUDWXUH�ZDV�VHW�DW������.�LQ�WKHLU�EHGURRPV��EHFDXVH�OLJKWLQJ�¿[WXUHV�
ZLWK�ORZ�FRORU�WHPSHUDWXUH�DIWHU�VXQVHW�ZHUH�UHFRPPHQGHG�IURP�D�YLHZSRLQW�RI�FLUFDGLDQ�UK\WKP��
+RZHYHU��LQ�PRVW�RI�-DSDQHVH�KRXVHV��OLJKWLQJ�¿[WXUHV�ZLWK�KLJK�FRORU�WHPSHUDWXUH�DUH�LQVWDOOHG��
,Q�DFWXDO�VLWXDWLRQV��WKH�OLJKWLQJ�HQYLURQPHQW�RI�KRXVHV�DW�QLJKW�PLJKW�YDU\�DPRQJ�LQGLYLGXDOV�DQG�
WKH�SUHIHUDEOH�HIIHFWV�RQ�VOHHSLQJ�HI¿FLHQF\�RI� WKH� OLJKWLQJ�FRQGLWLRQV� LQ� WKH�GD\WLPH�PLJKW�EH�
canceled.

,Q�WKLV�VWXG\��WKH�FRPELQHG�HIIHFWV�RI�WKH�OLJKWLQJ�HQYLURQPHQW�LQ�RI¿FH�GXULQJ�WKH�GD\WLPH�DQG�WKDW�
LQ�KRXVHV�DIWHU�UHWXUQLQJ�KRPH�RQ�VOHHSLQJ�HI¿FLHQF\�ZHUH�LQYHVWLJDWHG��7KH�VOHHSLQJ�HI¿FLHQF\�
PLJKW�EH�LPSURYHG�PXFK�PRUH�E\�LQWHUDFWLRQV�RI�WKH�OLJKWLQJ�HQYLURQPHQW�GXULQJ�WKH�GD\WLPH�DQG�
that in the nighttime. From the results of our experiments, preferable combinations of the lighting 
FRQGLWLRQV�GXULQJ�WKH�GD\WLPH�DQG�WKRVH�LQ�WKH�QLJKWWLPH�FDQ�EH�SURSRVHG�IURP�D�YLHZSRLQW�RI�
VOHHSLQJ�HI¿FLHQF\�

2. Method

7KH�H[SHULPHQWDO�FKDPEHU�DVVXPLQJ�DQ�RI¿FH�VSDFH�ZDV�XVHG�WR�VLPXODWH�WKH�OLJKWLQJ�FRQGLWLRQV�
LQ�RI¿FHV�GXULQJ�ZRUNLQJ�KRXUV��(LJKW�XQLYHUVLW\�DJH�PDOH�VWXGHQWV�SDUWLFLSDWHG�LQ�WKH�H[SHULPHQW�
DV�WKH�VXEMHFWV��7KH�VWXGHQWV�ZKR�OLYHG�DORQH�LQ�WKH�DUHDV�ZLWKLQ�ZDONLQJ�GLVWDQFH�IURP�WKH�XQL-
YHUVLW\�ZHUH�VHOHFWHG�DV�WKH�VXEMHFWV�WR�NHHS�WKH�DPRXQW�RI�WKH�OLJKW�H[SRVXUH�IRU�D�ZKROH�GD\�
almost the same. In the experiment, the subjects stayed in the experimental chamber from 9 to 
���RµFORFN�GRLQJ�VHYHUDO�NLQGV�RI�9'7�WDVNV��7KH�DPRXQW�RI�WKH�OLJKW�WR�ZKLFK�WKH�VXEMHFWV�ZHUH�
H[SRVHG�GXULQJ�WKH�GD\WLPH�ZDV�DERXW�������O[K�LQ�WRWDO�IRU�HDFK�FRQGLWLRQ�
The lighting conditions during working hours in the experimental room are shown in Figure-1. One 
VWDWLRQDU\�H[SHULPHQWDO�FRQGLWLRQ�DQG�WZR�YDULDEOH�H[SHULPHQWDO�FRQGLWLRQV�ZLWK�GHVNWRS�LOOXPL-
QDQFH�ZHUH�H[DPLQHG��7KH�LOOXPLQDQFH�RI�WKH�VWDWLRQDU\�FRQGLWLRQ�6�ZDV�¿[HG�DW�����O[�GXULQJ�WKH�
GD\WLPH��)RU�WKH�YDULDEOH�H[SHULPHQWDO�FRQGLWLRQ�9���WKH�GHVNWRS�LOOXPLQDQFH�ZDV�VHW�DW�����O[�DW�
WKH�VWDUWLQJ�WLPH�RI�WKH�H[SHULPHQW�DQG�ORZHUHG�JUDGXDOO\�LQWR�����O[�IURP���WR����R¶FORFN��)RU�WKH�
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YDULDEOH�H[SHULPHQWDO�FRQGLWLRQ�9���WKH�GHVNWRS�LOOXPLQDQFH�ZDV�VHW�DW�����O[�LQ�WKH�PRUQLQJ�DQG�
ORZHUHG�JUDGXDOO\�LQWR�����O[�IURP����WR����R¶FORFN��7KH�FRORU�WHPSHUDWXUH�ZDV�VHW�DW������.�LQ�
each condition.

After the daytime experiment, the subjects were asked to go back home and spend their time in 
WKH�OLYLQJ�URRP�DV�SRVVLEOH�DV�WKH\�FRXOG��7KH\�ZHUH�QRW�SHUPLWWHG�WR�ZDWFK�79�DQG�3&�PRQLWRU��
Also, the subjects were not allowed to drink alcohol and take caffeine during the experiment.
7KH�VXEMHFWV�ZHUH�DVNHG�WR�ZHDU�$FWLZDWFK��3KLOLSV�UHVSLURQLFV��IURP���R¶FORFN�LQ�WKH�PRUQLQJ��WKH�
VWDUWLQJ�WLPH�RI�WKH�H[SHULPHQW��XQWLO�WKH\�JRW�XS�QH[W�PRUQLQJ�WR�HYDOXDWH�WKH�VOHHSLQJ�HI¿FLHQF\�

Figure 1
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A STUDY ON DEVELOPMENT AND PERFORMANCE OF LIGHT SOURCE‘S UV-IR WAVE-

LENGTH BLOCKING FILTER

Lim, J., Ko, J., Lee, H., Lee, K., Lim, J.
Korea Institute of Lighting Technolgoy, Bucheon, Korea, Republic of.

Objective

Among the light sources that are used today, halogen lamp is still being used despite the fact it 
KDV�ORZ�HI¿FLHQF\�DV�LWV�FRORU�UHQGHULQJ�LQGH[�JRHV�XS��,Q�IDFW��UDGLDWLRQV�RI�89�DQG�,5�JLYH�DIIHFWV�
to human and as well as the display artifacts in the museums. This happens to put limitations of 
irradiance on subject in the general exhibition, art gallery and museum lightings.
$FFRUGLQJO\��WKLV�VWXG\�GHYHORSHG�D�¿OWHU�IRU�SUHYHQWLQJ�GDPDJHV�RQ�WKH�LOOXPLQDWHG�REMHFW��7KLV�
¿OWHU�EORFNV�,5�DQG�UDGLDWHV�RQO\�YLVLEOH�OLJKW�E\�XVLQJ�DOWHUQDWLQJ�GHSRVLWLRQ�¿OWHU�LQ�WZR�VXEVWDQ-
FHV��ZKLFK�KDYH�IHDWXUHV�LQ�ORZ�UHIUDFWLRQ��6L2���DQG�KLJK�UHIUDFWLRQ��7L2����DOVR��GXUDELOLW\�KDV�
EHHQ�DGGHG�WR�SURWHFWLYH�¿OP��7KH�89�DQG�,5�¿OWHU�JLYHV�DQ�H[FHOOHQW�FRORU�UHQGHULQJ�LQGH[�SUR-
perty and as well as a longer life time for both the lamp and the illuminated object.

Methods

7HVWV�KDYH�EHHQ�FDUULHG�RXW�E\�XVLQJ�SDSHUV�VXFK�DV�QHZVSDSHUV�RU�EOXH�SULQWV�WKDW�JHQHUDOO\�
KDV�UDSLG�SDFH�RI�JHWWLQJ�GDPDJHG��GDPDJHG�YDOXHV�ZHUH�GHWHFWHG�E\�WKH�DSSOLFDWLRQ�RI�VLPLODU�
illuminance (lx) conditions, which were 17,640 lx for general halogen lamp and 17,715 lx for a ha-
ORJHQ�ODPS�PRXQWHG�ZLWK�WKH�GDPDJH�ZDYHOHQJWK�EORFNLQJ�¿OWHU��7KH�GLVWDQFH�EHWZHHQ�WKH�OLJKW�
VRXUFH�DQG�WKH�VDPSOH�ZDV����FP��DQG�WKH�LOOXPLQDQFH��O[��YDOXHV�ZHUH�VWDELOL]HG�ZLWK��������O[�
to 17,700 lx.
7KH�89�UDGLDWLRQ�PHDVXUHPHQW�ZDV�FDUULHG�RXW�E\�SODFLQJ�D�KDORJHQ�ODPS�LQ�D�8'���������a�����
QP��723&21�&RPSDQ\��-DSDQ��FKDPEHU�IRU�����KRXU��$V�ZHOO��WR�WHVW�GDPDJH�RFFXUUHQFH�OHYHO�
ZLWKLQ�WKH�YLVLEOH�VSHFWUDO�UDQJH������a������QP����WKH�VDPSOH�ZDV�LOOXPLQDWHG�ZLWK�D�KDORJHQ�ODPS�
KDYLQJ�WKH�GDPDJH�ZDYHOHQJWK�EORFNLQJ�¿OWHU�
1H[W��WKH�VDPSOH�EHLQJ�VHQVLWLYH�WR�WHPSHUDWXUH�VXFK�DV�EOXH�EOXH�VLON�ZHQW�WKURXJK�,5�UDGLDWLRQ�
GHSHQGHQW�WHPSHUDWXUH�WHVW�KDYLQJ���������&�IRU�DPELHQW�WHPSHUDWXUH�DQG������DQG�ORZHU�IRU�
UHODWLYH�KXPLGLW\��$�JHQHUDO�KDORJHQ�ODPS¶V�LOOXPLQDQFH�VXUIDFH�WHPSHUDWXUH�ZDV�������&�DQG�UH-
ODWLYH�KXPLGLW\�ZDV�������DQG�D�KDORJHQ�ODPS¶V�LOOXPLQDQFH�VXUIDFH�ZLWK�WKH�GDPDJH�ZDYHOHQJWK�
EORFNLQJ�¿OWHU�KDG�����&�IRU�WHPSHUDWXUH�DQG������IRU�UHODWLYH�KXPLGLW\��)XUWKHUPRUH��WHPSHUDWXUH�
ULVLQJ�OHYHO�RI�GLFKURLF�PLUURU�WKDW�LV�DIIHFWHG�E\�WKH�GDPDJH�ZDYHOHQJWK�EORFNLQJ�¿OWHU¶V�,5�UHÀHF-
tance has been measured through the Infrared Thermal Camera after aging a halogen lamp for an 
KRXU��,Q�DGGLWLRQ��ZKHQ�FRQQHFWLQJ�GLFKURLF�PLUURU�VHQVRU�GLUHFWO\�RQWR�WKH�7HPSHUDWXUH�0HDVX-
ULQJ�0HWHU��D�KDORJHQ�ODPS�ZLWK�WKH�GDPDJH�ZDYHOHQJWK�EORFNLQJ�¿OWHU¶V�PLUURU�WHPSHUDWXUH�ZDV�
�����&�LQ�WKH�,5�7KHUPDO�&DPHUD�DQG��������&�LQ�WKH�7HPSHUDWXUH�0HDVXULQJ�0HWHU�

Results

,Q�WKH�VLPXODWLRQ�UHVXOWV�RI�GHYHORSPHQW�RI�WKH�GDPDJH�ZDYHOHQJWK�EORFNLQJ�¿OWHU��WKH�EORFNLQJ�
effect took place typically in the 18th layer, 22nd layer, 28th layer, and 34th layer. The optimal 
GHVLJQ�FRQGLWLRQV�ZHUH�REWDLQHG�E\�FRQVLGHULQJ�WKH�WKLFNQHVVHV�IRU�HYHU\�5HIUDFWLYH�,QGH[�DQG�
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3K\VLFDO�OD\HU��DQG�DV�ZHOO�DV�WKH�WUDQVPLWWDQFH�OHYHO�RI�YLVLEOH�OLJKW�
)RU�WKH�WHVW�UHVXOW�RI�89�UDGLDWLRQ�PHDVXUHPHQW��D�KDORJHQ�ODPS�ZLWK�WKH�GDPDJH�ZDYHOHQJWK�
EORFNLQJ�¿OWHU�VKRZHG�PXFK� ORZHU�GDPDJHG�RFFXUUHQFH� OHYHO�ZLWKLQ� WKH�YLVLEOH�VSHFWUDO� UDQJH�
�����a�����QP��WKDQ�D�KDORJHQ�ODPS�ZLWKRXW�LW��0RUHRYHU��WKH�WHVW�UHVXOW�RI�,5�UDGLDWLRQ�GHSHQGHQW�
temperature test in the illuminance surface temperature of 39.5 °C for a general halogen lamp 
DQG�����&�IRU�D�KDORJHQ�ODPS�ZLWK�WKH�GDPDJH�ZDYHOHQJWK�EORFNLQJ�¿OWHU�VKRZHG������&�RI�GLIIH-
UHQFH��ZKLFK�LQGLFDWHV�KXPLGLW\�OHYHO�GHFUHDVHV�DV�WHPSHUDWXUH�OHYHO�ULVHV��,Q�IDFW��WKH�WHVW�UHVXOW�
WKURXJK� WKH� ,QIUDUHG�7KHUPDO�&DPHUD� DQG� WKH�7HPSHUDWXUH�0HDVXULQJ�0HWHU� SURYHG� WKDW� WKH�
WHPSHUDWXUH�RI�GLFKURLF�PLUURU�ULVHV�ZKHQ�,5�LV�EORFNHG�E\�WKH�GDPDJH�ZDYHOHQJWK�EORFNLQJ�¿OWHU�

Conclusion

7KH�DSSOLFDWLRQ�RI�WKH�GHYHORSHG�¿OWHU�IRU�D�ODPS�SUHVHUYHV�WKH�REMHFW�LQ�D�JRRG�FRQGLWLRQ�ZLWKRXW�
GLVFRORUDWLRQ��IDGLQJ��RU�WKHUPDO�GDPDJH�E\�WUDQVPLWWLQJ�RQO\�SXUH�YLVLEOH�OLJKW��DQG�VLPXOWDQHRXV-
ly can maximize the exhibition effect on subject by maintaining high color rendering index of a 
halogen lamp, which is being used the most as the exhibition lightings currently.
7KLV�WHFKQRORJ\�LV�H[SHFWHG�WR�KDYH�FRQVLGHUDEOH�HIIHFWV�RQ�OLPLWHG�HIIRUW�IRU�EORFNLQJ�LUUDGLDQFH�
damage on illuminated objects caused by light radiation in the general exhibition, art gallery and 
museum.

Figure 1 - A general halogen lamp vs a halogen lamp mounted with the damage wave-

OHQJWK�EORFNLQJ�¿OWHU��WHVWLQJ�WLPH��������KUV���PDWHULDO��EOXH�VLON�
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Table 1 - Emissivity of a general halogen lamp

Figure 2 - Emissivity comparison between a general halogen lamp and a halogen lamp 

PRXQWHG�ZLWK�WKH�GDPDJH�ZDYHOHQJWK�EORFNLQJ�¿OWHU��1RWH��6HH�7DEOH������

Table 2 - Emissivity of a halogen lamp mounted with the damage wavelength blocking 

¿OWHU

:DYH-

length 

(nm)

250 260 270 280 290 300 310 320 330 340

(PLVVLYLW\ 1.17E-03 2.00E-03 1.04E-03 1.11E-03 1.14E-03 1.32E-03 1.93E-03 3.32E-03 5.56E-03 9.66E-03

:DYH-

length 

(nm)

350 360 370 380 390 400 450 500 550 600

(PLVVLYLW\ 2.67E-02 4.03E-03 6.26E-02 8.89E-02 1.08E-01 1.22E-01 2.66E-01 4.58E-01 6.74E-01 8.75E-01

:DYH-

length 

(nm)

650 700 750 800 850 900 950 1000 1050

(PLVVLYLW\ 1.00E+00 8.20E-01 5.20E-01 3.52E-01 4.60E-01 1.90E-01 2.41E-01 2.68E-01 1.43E-01

:DYHOHQJWK�

(nm)

250 260 270 280 290 300 310 320 330 340

(PLVVLYLW\ 6.13E-04 1.05E-03 5.18E-04 5.12E-04 4.71E-04 3.75E-04 3.30E-04 2.60E-04 2.25E-04 2.07E-04

:DYHOHQJWK�

(nm)

350 360 370 380 390 400 450 500 550 600

(PLVVLYLW\ 1.45E-02 1.41E-02 1.52E-02 1.24E-02 9.88E-03 1.30E-02 2.12E-01 4.32E-01 6.41E-01 8.72E-01

:DYHOHQJWK�

(nm)

650 700 750 800 850 900 950 1000 1050

(PLVVLYLW\ 1.00E+00 8.02E-01 3.83E-02 1.60E-02 1.47E-02 1.56E-02 1.47E-02 1.82E-02 1.44E-02
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PP154

LIGHT IN THE BODY – BODY IN THE LIGHT. REVISIONING THE BALANCE OF LIGHT AND 

DARK

Diethelm, B.

/DVFDX[�&RORXUV�	�5HVWDXUR��%DUEDUD�'LHWKOHP�$*��%U�WWLVHOOHQ��6ZLW]HUODQG�

:LWKRXW�OLJKW�WKHUH�LV�QR�OLIH�±�DQG�WKHUH�LV�QR�OLJKW�ZLWKRXW�GDUNQHVV��7KH�5K\WKPV�RI�OLJKW�DQG�GDUN�
DUH�H[LVWHQWLDO�WR�DOO�OLIH��2XU�SODQHW�LV�NHSW�DOLYH�WKURXJK�WKH�UK\WKPLF�LQWHUSOD\�RI�VXQ�DQG�PRRQ�
ZKLFK�EHVWRZV�XV�ZLWK�GD\�DQG�QLJKW��ZLWK�OLJKW�DQG�GDUNQHVV��/LIH�JURZV�LQ�WKH�GDUN��WKH�IRHWXV�LQ�
the womb, the seed in the earth. Our body systems are based on this interplay of light and dark.
,Q�P\�SUHVHQWDWLRQ�,�ZRXOG�OLNH�WR�DGYRFDWH�WKH�LPSRUWDQFH�RI�D�EDODQFH�RI�WKH�SRODULWLHV�RI�OLJKW�
DQG�GDUN�IRU�RXU�ZHOOEHLQJ��7KH�UK\WKPV�RI�GD\�DQG�QLJKW�KDYH�VWUXFWXUHG�RXU�OLYHV�RQ�HDUWK�VLQFH�
PRUH�WKDQ���ELOOLRQ�\HDUV��$QG�LW�KDV�EHHQ�MXVW�UHFHQWO\�±�D�IUDFWLRQ�RI�D�VHFRQG�LQ�HDUWK�WLPH�±�
WKDW�ZH�KDYH�GHYHORSHG�WKH�XVH�RI�DUWL¿FLDO�OLJKW��7KH�DEXQGDQW�DQG�H[WHQVLYH�XVH�RI�ZKLFK�KDV�
FDXVHG�D�PDMRU�FKDQJH��ZKLFK�LV�QRW�RQO\�EHQH¿FLDO�IRU�KXPDQ�OLIH�EXW�DOVR�EULQJLQJ�DORQJ�PDQ\�
KXPDQ�GLVHDVHV��:H�KDYH�IDOOHQ�RXW�RI�WKH�QDWXUDO�UK\WKP�ZKLFK�LV�FDXVLQJ�DQ�LPEDODQFH�LQ�RXU�
OLIH�UK\WKPV��:KDW�GRHV�WKLV�PHDQ�IRU�RXU�KHDOWK�DQG�KRZ�FDQ�ZH�UHJDLQ�D�KHDOWK\�EDODQFH�IRU�
RXU�ERG\�PLQG�VRXO"�/RRNLQJ�(DVW��WR�WKH�,QGLDQ�WUDGLWLRQ��DV�ZHOO�DV�WR�PRGHUQ�SK\VLFV�ZH�FDQ�
UHFHLYH�VRPH�DQVZHUV�DQG�WU\�WR�DGRSW�WKHP�IRU�RXU�OLYHV�

,Q�WKH�:HVW�ZH�OLYH�LQ�DQ�RYHUO\�PDWHULDOLVWLF�DQG�WHFKQLFDOO\�RULHQWHG�ZRUOG��7KXV�WKH�WHFKQRORJLHV�
LQ�OLJKWQLQJ�DQG�WKH�XVH�RI�DUWL¿FLDO�OLJKW�KDYH�EHHQ�DPD]LQJ��)URP�OLJKWQLQJ�WKH�P\ULDG�RI�HOHFW-
URQLF�GHYLVHV�WR�OLJKWQLQJ�RXU�OLYLQJ�DQG�ZRUNLQJ�VSDFHV��RXU�VKRSSLQJ�PDOOV��VWUHHWV��FLWLHV�±�ZH�
LOOXPLQDWH�HYHU\�FRUQHU�RI�RXU�SK\VLFDO�ZRUOG��:LWK�OLJKW�ZH�DFFHQWXDWH�VSDFHV�DQG�ZH�H[WHQG�WKH�
GD\V�DQG�VKRUWHQ�WKH�QLJKWV��7KHUHE\�µWULFNLQJ¶�WKH�QDWXUDO�F\FOHV�RI�GD\�DQG�QLJKW��7KH�QLJKWV�DUH�
lit not only in the cities but more and more in the country side, to the extent that we often do not 
VHH�WKH�VWDUV�DQ\PRUH��2XU�REVHVVLRQ�ZLWK�OLJKW�LV�IXUWKHU�PLUURUHG�IURP�WKH�ZRUOG�RI�DGYHUWLVLQJ�
WR�WKH�H[SORVLYH�JURZWK�RI�VRODULXPV�DQG�WDQQLQJ�VWXGLRV��,Q�WKRVH�ZKLWH�PHQ�DQG�ZRPHQ�H[SRVH�
WKHPVHOYHV�WR�89�OLJKW�ZDYHV�LQ�WKH�QDPH�RI�KHDOWK�DQG�VWDWXV�V\PEROV�

7KH�LPEDODQFH�FDXVHG�E\�WKLV�RYHUHPSKDVLV�RI�DQG�RQ�WKH�OLJKW�LV�IXUWKHU�UHÀHFWHG�LQ�RXU�LPED-
ODQFHG�EHKDYLRXU�WRZDUGV�PDWWHU��RXU�ERG\�DQG�RXU�IRRG��1RW�RQO\�GR�ZH�VXQEDWK�LQ�DUWL¿FLDO�OLJKW��
ZH�DOVR�JURZ�D�PDMRULW\�RI�RXU�YHJHWDEOHV�LQ�DUWL¿FLDO�OLJKW�DQG�ZLWKRXW�HDUWK�DQG�VDYRXU�µOLWH¶�DQG�
GLHW�IRRG�ZKLFK�RQO\�VHHPV�WR�LQFUHDVH�WKH�JHQHUDO�RYHUZHLJKW�SUREOHP�DV�ZHOO�DV�WKH�QXPEHU�RI�
GLVHDVHV��6KRUW��ZH�WUHDW�RXU�VHOYHV�ZLWK�WKH�VDPH�PDWHULDOLVWLF�DQG�PHFKDQLVWLF�DWWLWXGH�WKDW�KDV�
VR�PXFK�VKDSHG�RXU�ZRUOG�LQ�WKH�LQGXVWULDOL]HG�:HVW�
/LJKW�KDV� WR�GR�ZLWK� µHQOLJKWPHQW¶�� WKDW� LV�FRQVFLRXVQHVV��7KH�(DVWHUQ� WKLQNLQJ� LV�KROLVWLF��HYH-
U\WKLQJ�LV�SDUW�RI�VRPHWKLQJ�JUHDWHU��HYHU\WKLQJ�LV�DOLYH��KDV�D�FRQVFLRXVQHVV�DQG�D�VRXO��DQG�LV�
FDUULHG�E\�DQ�XQGHU\OLQJ�OLIH�IRUFH��EUHDWK��SUDQD�RU�&KL���7KH�:HVWHUQ�WKLQNLQJ�LV�VWLOO�PHFKDQLVWLF�
DQG�OLQHDU��LW�LV�EDVHG�RQ�VHSDUDWLQJ��FDWHJRUL]LQJ�DQG�HPSKDVL]LQJ�PDWWHU�RYHU�PLQG��DQG�VSLULW��
��DOWKRXJK�WKLV�LV�VORZO\�FKDQJLQJ�DV�FDQ�EH�VHHQ�LQ�0RGHUQ�SK\VLFV�
:KDW�(DVWHUQ�FLYLOL]DWLRQV�KDYH�NQRZQ�IRU�WKRXVDQGV�RI�\HDUV�LV�WRGD\�FRQ¿UPHG�E\�RXU�:HVWHUQ�
VFLHQFH��WKDW�HYHU\WKLQJ�LV�HQHUJ\�DQG�KDV�D�FRQVFLRXVQHVV��:H�DUH�VXUURXQGHG�E\�D�ELRHOHFWUL-
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FDO�¿HOG�WKURXJK�ZKLFK�DQ�LQIRUPDWLRQ�H[FKDQJH�WDNHV�SODFH��ZLWK�WKH�VSHHG�RI�OLJKW��LQIRUPDWLRQ�
LV�DEVRUEHG�DQG�UHOHDVHG��&RQVWDQWO\�ZH�DUH�LQ�FRPPXQLFDWLRQ�DQG�LQWHUDFWLRQ�ZLWK�HYHU\WKLQJ��
4XDQWXP�SK\VLFV�KDV�UHYHDOHG�XV�WKH�KHDUW�RI�PDWWHU��ZKLFK�LV�HQHUJ\�DQG�LQIRUPDWLRQ��$QG�WKR-
VH�VXEDWRPLF�SDUWLFOHV�KDYH�RQO\�PHDQLQJ�LQ�WKHLU�UHODWLRQ�WR�HYHU\WKLQJ�HOVH��EXW�QRW�LVRODWHG�LQ�
WKHPVHOYHV�
%LRSKRWRQLF�UHVHDUFKHUV�KDYH�VKRZQ�WKDW�WKH�FHOOV�RI�DOO�OLYLQJ�RUJDQLVPV�HPLW�OLJKW�TXDQWV��VR�
called biophotons that the cell communication is based on light thus implies the human being is a 
light system which is regulated through
impulses. Our wake and sleep patterns are regulated by brain cells that respond to light and dark 
VLJQDOV��3K\VLRORJLFDOO\�H[SRVXUH�WR�OLJKW�DFWLYDWHV�RXU�EHLQJ�DZDNH�ZKHUHDV�H[SRVXUH�WR�GDUN-
QHVV�DFWLYDWHV�RXU�VOHHS�

2Q�D�PRUH�SV\FKRORJLFDO�DQG�V\PEROLF�OHYHO��ZH�FDQ�VD\�WKDW�OLJKW�LV�FRQVFLRXVQHVV��6\PEROL]HG�
E\�WKH�VXQ��LW�KDV�EHHQ�DVVRFLDWHG�ZLWK�WKH�PDVFXOLQH�SULQFLSOH��WKH�YLVLEOH��NQRZOHGJH��LQIRUPD-
tion, inspiration and with spirit. On the other hand darkness, often symbolized by the dark phase 
RI�WKH�PRRQ��KDV�EHHQ�DVVRFLDWHG�ZLWK�PDWWHU��WKH�IHPLQLQH�SULQFLSOH��WKH�LQYLVLEOH��WKH�XQNQRZQ��
WKH�XQFRQVFLRXV��DQG� WKH� OHVV�XQGHUVWRRG�RIWHQ� IHDUHG�DVSHFWV�RI� OLIH��:H� WHQG� WR�QHJDWH� WKH�
TXDOLWLHV�RI�WKH�GDUN�LQ�IDYRXU�RI�WKH�OLJKW��%XW�WKH�ZHE�RI�OLIH�LV�ZRYHQ�ZLWK�WKH�WUHDGV�RI�OLJKW�DQG�
GDUN�±�HTXDOO\�EDODQFHG�WKH\�GDQFH�WKH�GDQFH�RI�WKH�FUHDWLYH�PDWUL[��7R�KRQRXU�WKH�GDUN�LV�WR�EULQJ�
consciousness (light) to it.

Looking East, to the ancient tradition of India, we can learn a lot from their rich mythology as well 
DV�WKHLU�SKLORVRSK\�RI�<RJD��,Q�WKH�\RJLF�WUDGLWLRQ�WKH�EDODQFH�RI�OLJKW�DQG�GDUN�±�RI�ERG\�DQG�VSLULW�
is crucial. To see the light is to see the shadow.
The core of all yogic practices is union: the balance of polarities, such as dark/light, spirit/matter, 
PDOH�IHPDOH�HWF��0HGLWDWLRQ��H[SHULHQFLQJ�WKH�LQQHU�OLJKW���EUHDWKLQJ�WHFKQLTXH��SUDQD\DPD��DQG�
ERG\�PRYHPHQWV��DVDQDV��DUH�PHDQV�RI�DWWDLQLQJ�WKLV�XQLRQ��7KURXJK�FRQVFLRXV�EUHDWKLQJ�ZH�
bring light into our body, nourishing our organs, our blood, and all our bodily systems. Bringing 
OLJKW�LQWR�WKH�ERG\�LV�EULQJLQJ�FRQVFLRXVQHVV�WR�PDWWHU�DQG�YLV�YHUVD��ZH�EHFRPH�DZDUH�RI�WKH�OLIH�
IRUFH�LQ�RXUVHOYHV�DQG�LQ�HYHU\WKLQJ�DURXQG�XV��DWWXQLQJ�XV�WR�WKH�QDWXUDO�UK\WKPV�LQ�DQG�DURXQG�
XV��7KH�SUDFWLFH�RI�<RJD�LV�LQ�DFFRUGDQFH�ZLWK�WKH�F\FOHV�DQG�UK\WKPV�RI�WKH�VXQ�DQG�WKH�PRRQ��
$QG�LQ�WKH�ULFK�LPDJLQDWLYH�ZRUOG�RI�P\WK�WKH�DUFKHW\SHV�RI�6XU\D�DQG�&KDQGUD��V\PEROV�RI�VXQ�
RI�PRRQ��VKRZ�XV�KRZ�WR�OLYH�LQ�KDUPRQ\�ZLWK�WKH�OLJKW�DQG�GDUN�
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Figure 1 - coyright Alex Grey
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PP155

BALANCING BENEFITS WITH EXPOSURE RISKS OF ULTRAVIOLET EMISSIONS FROM 

LAMPS 

Sliney, D.H.1, Lyon, T.L.2

1.�&RQVXOWLQJ�0HGLFDO�3K\VLFLVW��)DOOVWRQ��0'��8QLWHG�6WDWHV�
2.�&RQVXOWLQJ�3K\VLFLVW��(GJHZRRG��0'��8QLWHG�6WDWHV�

7KH�XOWUDYLROHW�UDGLDWLRQ�HPLVVLRQ�IURP�ODPS�SURGXFWV�DUH�XVHG�IRU�D�YDULHW\�RI�DSSOLFDWLRQV��IURP�
H[FLWDWLRQ�RI�ÀXRUHVFHQW�SLJPHQWV�LQ�IDEULFV��SDLQWV�DQG�SDSHU�WR�LQVHFW�WUDSV�DQG�JHUPLFLGDO�UD-
GLDWLRQ��:H�H[DPLQHG�WKH�89�HPLVVLRQV�RI�D�ZLGH�YDULHW\�RI�ODPS�SURGXFWV�ZLWK�DQ�DQDO\VLV�RI�
irradiances and exposure durations at typical use distances for realistic exposures of the eyes 
DQG�VNLQ��,W�ZDV�IRXQG�WKDW�WKH�89�$����������QP��HPLWWHG�IURP�ODPS�SURGXFWV�SRVHG�QR�UHDOLVWLF�
KHDOWK�ULVN�ZKHQ�FRQVLGHULQJ�WKH�WLPH�ZHLJKWHG�H[SRVXUHV��6DIHO\�LQVWDOOLQJ�XOWUDYLROHW�JHUPLFLGDO�
LUUDGLDWLRQ��89*,��FDQ�SRVH�SUDFWLFDO�SUREOHPV�IRU�XSSHU�DLU�GLVLQIHFWLRQ��SURSHU�¿[WXUH�GHVLJQ�DQG�
lamp height becomes critical. It is also concluded that lamp safety standards should also better 
FODULI\� WKH� ULVNV�RI�89�$�H[SRVXUHV�DQG� WKHQ�HVVHQFH�RI� WLPH�ZHLJKWHG�DYHUDJLQJ�RI�SRWHQWLDO�
H[SRVXUHV��7KH�ULVNV�RI�RFXODU�H[SRVXUH�89�$�UDGLDWLRQ�UHTXLUH�D�EHWWHU�XQGHUVWDQGLQJ�DQG�LW�LV�
HPSKDVL]HG�WKDW�89�$�DEVRUEHG�E\�WKH�H\HµV�FU\VWDOOLQH�OHQV�LV�UH��HPLWWHG�DV�KDUPOHVV�ÀXRUHV-
cence, thus protecting the retina and protecting the lens from direct photochemical damage and 
RYHU�KHDWLQJ�
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PP156

MELANOPIC ASSESSMENT OF LIGHT – STANDARDIZATION ACTIVITIES

Lang, D.,�:RMW\VLDN��$�
&7�5,�$33�/4��265$0�*PE+��0XHQFKHQ��*HUPDQ\�

The assessment of light with respect to its biological effects is essential for the proper description 
RI�UHVHDUFK�VWXGLHV�DV�ZHOO�DV�IRU�WKH�OLJKWLQJ�GHVLJQ�LQ�DSSOLFDWLRQV�OLNH�RI¿FHV��VFKRROV��QXUVLQJ�
KRPHV��DQG�RWKHUV��$�¿UVW�VWHS�WR�GHVFULEH�WKH�ELRORJLFDOO\�HIIHFWLYH�SDUW�RI�WKH�YLVXDO�VSHFWUXP�KDV�
EHHQ�DFKLHYHG�ZLWK�WKH�SUH�VWDQGDUG�',1�9�����������LQ�*HUPDQ\�LQ�-XQH�������,W�KDV�EHHQ�XVHG�
LQ�DSSOLFDWLRQV�DQG�IRU�GHVFULSWLRQV�RI�SURGXFWV��(�J��WHVW�KRXVHV�KDYH�XVHG�WKLV�VWDQGDUG�WR�LQFOX-
de a rating on biological action factors of lamps into their test results and customer informations.
)RU�SUDFWLFDO�DSSOLFDWLRQV�WKH�GH¿QLWLRQ�RI�TXDQWLWLHV�IRU�WKH�DVVHVVPHQWV�RI�ELRORJLFDOO\�HIIHFWLYH�
OLJKWLQJ�ZHUH�VWLOO�PLVVLQJ��7KLV�ZDV�WKH�UHDVRQ�IRU�D�UHYLVLRQ�RI�WKH�SUH�VWDQGDUG�ZKLFK�ZLOO�EH�UH�
published as DIN SPEC 5031-100 in early 2013.

7KH�UHYLVHG�YHUVLRQ�FRPSULVHV�GHWDLOHG�VSHFL¿FDWLRQV�RI�UDGLRPHWULF�TXDQWLWLHV�EDVHG�RQ�PHOD-
QRSLF�DVVHVVPHQW��7KH�¿UVW�DQG�PRVW�REYLRXV�FKDQJH�LV�LQ�ZRUGLQJ��7KH�IX]]\�WHUP�³ELRORJLFDO´�
LV�UHSODFHG�E\�³PHODQRSLF´�WR�FOHDUO\�VKRZ�WKDW�WKH�DVVHVVPHQW�RI�OLJKW�GHVFULEHG�LQ�',1�63(&�
5031-100 is based on effects mediated by melanopsin expressing retinal ganglion cells. The re-
OHYDQW�DFWLRQ�VSHFWUXP�LV�V�PHO��
7KH�PHODQRSLF�UDWHG�UDGLRPHWULF�TXDQWLW\�;�PHO��LV�GH¿QHG�DV
;�H�PHO�� �,QWHJUDO���;��V�PHO��������IRU�SURSHU�UHDGLQJ�RI�HTXDWLRQ���VHH�DWWDFKHG�LPDJH�
DQG�WKH�PHODQRSLF�DFWLRQ�IDFWRU�D�PHO�Y��RI�D�OLJKW�VRXUFH�LV�GH¿QHG�DV�WKH�UDWLR�RI�LWV�PHODQRSLF�
and photopic radiometric quantity
D�PHO�Y�� �;�H�PHO����;�Y�������IRU�SURSHU�UHDGLQJ�RI�HTXDWLRQ���VHH�DWWDFKHG�LPDJH�

$�³PHODQRSLF�GD\OLJKW�HTXLYDOHQW´�.�PHO��LV�GH¿QHG�ZKLFK�DOORZV�WR�UHODWH�WKH�SKRWRPHWULF�TXDQ-
WLWLHV� UHOHYDQW� IRU�ELRORJLFDO�HIIHFWV�RI� OLJKW� WR� WKH�FRPSDUDEOH�SKRWRPHWULF�TXDQWLW\�RI�GD\OLJKW��
7KH�PHODQRSLF�GD\OLJKW�HTXLYDOHQW�LV�GH¿QHG�DV�WKH�OXPLQRXV�HI¿FDF\�RI�UDGLDWLRQ�GLYLGHG�E\�WKH�
PHODQRSLF�DFWLRQ�IDFWRU�IRU�VWDQGDUG�LOOXPLQDQW�'����.�PHO�� �.�P����D�PHO�Y�'���������IRU�SURSHU�
reading of equation 3 see attached image)

7KLV�DOORZV�WKH�GH¿QLWLRQ�RI�PHODQRSLF�UDWHG�³SKRWRPHWULF´�TXDQWLWLHV�OLNH�PHODQRSLF�LOOXPLQDWLRQ�
OHYHOV��PHODQRSLF� OXPLQDQFH�DQG�RWKHUV��$Q� LPSRUWDQW�TXDQWLW\� IRU� OLJKWLQJ�GHVLJQ�PD\�EH� WKH�
PHODQRSLF�OLJKW�RXWSXW�UDWLR�RI�D�OXPLQDLUH��ZKLFK�LV�DOVR�GH¿QHG�LQ�WKH�UHYLHZHG�VWDQGDUG��$OPRVW�
VLPXOWDQHRXVO\�WR�WKH�UHYLVHG�VWDQGDUG�D�WHFKQLFDO�UHSRUW�RQ�GHVLJQ�JXLGHOLQHV�IRU�ELRORJLFDOO\�HI-
IHFWLYH�LOOXPLQDWLRQ�ZLOO�EH�LVVXHG�E\�',1�DV�',1�63(&�������LQ�HDUO\������
,Q�SDUDOOHO�WR�WKH�DFWLYLWLHV�RI�VWDQGDUGV�FRPPLWWHH�)1/����DW�',1�LQ�*HUPDQ\��WKH�(XURSHDQ�:*�
���DW�&(1�7&�����LV�ZRUNLQJ�RQ�D�(XURSHDQ�VWDQGDUG��6RPH�FRPPLWWHH�PHPEHUV�DUH�DFWLYH�LQ�
ERWK�ZRUNLQJ�JURXSV��7KLV�HQVXUHV�DQ�HI¿FLHQW�FROODERUDWLRQ�DQG�SURSHU�DOLJQPHQW�RI�DFWLYLWLHV�LQ�
*HUPDQ\�DQG�RQ�(XURSHDQ�OHYHO�

7KH�SUHVHQWDWLRQ�ZLOO� UHSRUW� ODWHVW�SURJUHVV�RI�VWDQGDUGL]DWLRQ�DFWLYLWLHV�RQ�ELRORJLFDO�HIIHFWV�RI�
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OLJKW��VKRZ�GHWDLOV�RI�WKH�QHZ�VWDQGDUG�',1�63(&����������DQG�JLYH�H[DPSOHV�IRU�DVVHVVPHQW�
of melanopic rated quantities used in realized applications.

References:

���6WDQGDUG�',1�63(&����������������2SWLFDO�UDGLDWLRQ�SK\VLFV�DQG�LOOXPLQDWLQJ�HQJLQHHULQJ�²�
3DUW������1RQ�YLVXDO�HIIHFWV�RI�RFXODU�OLJKW�RQ�KXPDQ�EHLQJV�²�4XDQWLWLHV��V\PEROV�DQG�DFWLRQ�
VSHFWUD��%HXWK�9HUODJ��%HUOLQ��WR�EH�SXEOLVKHG�HDUO\������
���7HFKQLFDO�5HSRUW�',1�63(&�������������%LRORJLVFK�ZLUNVDPH�%HOHXFKWXQJ�±�3ODQXQJVHPS-
IHKOXQJHQ³��%HXWK�9HUODJ��%HUOLQ��WR�EH�SXEOLVKHG�LQ�*HUPDQ��HDUO\������
remark: 
as the abstract submission system does not support greek letters and mathematical formulas, the 
GH¿QLWLRQV�XVHG�DERYH�LQ�WKH�DEVWUDFW�KDG�WR�EH�PRGL¿HG�IRU�UHDGDELOLW\�DQG�DUH�QRW�FRPSOLDQW�WR�
WKH�V\PEROV�DQG�GH¿QLWLRQV�XVHG�LQ�WKH�FLWHG�VWDQGDUG�
For proper reading of the equations see attached images.

Figure 1 - used equations as image to ensure proper readability
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RELATION BETWEEN THE PROFILE OF MOOD STATES AND LIGHTING ENVIRONMENT 

EVALUATION 

Umemiya, N., Arai, T., Iwata, T., Suzuki, T.
(QJLQHHULQJ��2VDND�FLW\�XQLYHUVLW\��2VDND��-DSDQ�

1. Background and purpose of this study

,Q�RUGHU�WR�REWDLQ�FRPIRUWDEOH�OLJKWLQJ�HQYLURQPHQW��LW�LV�QHFHVVDU\�WR�FRQVLGHU�YLVXDO�OLJKWLQJ�DQG�
DWPRVSKHULF�OLJKWLQJ�LQ�OLJKWLQJ�GHVLJQ��7KLV�VWXG\�DLPV�WR�FODULI\�WKH�UHODWLRQ�EHWZHHQ�SUR¿OH�RI�
PRRG�VWDWHV��3206��DQG�OLJKW�HQYLURQPHQW�HYDOXDWLRQ�XVLQJ�VWDWLVWLFDO�DQDO\VLV�DV�IRFXVLQJ�RQ�
mood states in the atmospheric lighting design.

2. Experimental method

80 student subjects participated in the experiments in 2009 and 120 student subjects participated 
LQ�������)RXU�ÀXRUHVFHQW�ODPSV�ZHUH�LQVWDOOHG�RQ�WKH�FHLOLQJ�LQ�D�FOLPDWH�FKDPEHU������P�ZLGWK��
����P�GHSWK��DQG�����P�KHLJKW���/LJKWLQJ�SRZHU�ZDV�FRQGLWLRQHG�DW�WZR�OHYHOV������DQG�������
5RRP�WHPSHUDWXUH�DQG�KXPLGLW\�ZHUH�NHSW�DW����&�DQG������7KH�PHDQ�KRUL]RQWDO�LOOXPLQDQFH�
among the seats was 342 lx in the Dark and 2238 lx in Light conditions.
Figure 1 presents the experimental procedures. Six subjects entered the room and sat at the table 
DQG�DQVZHUHG�TXHVWLRQQDLUHV�LQ�WKH�¿UVW�OLJKWLQJ�FRQGLWLRQ��7KHQ�WKH�OLJKWLQJ�OHYHO�ZDV�FKDQJHG�
and subjects answered the questionnaires in the second lighting condition. The Dark-to-Light ex-
periment was conducted in 2009. The Light-to- Dark experiment was conducted in 2010.

3. Questionnaire items

4XHVWLRQQDLUH�LWHPV�DUH�DV�IROORZV�
�D��%DVLF�DWWULEXWHV�����LWHPV���E��5HVLGHQWLDO�DWWULEXWHV�����LWHPV���F��(QYLURQPHQWDO�HYDOXDWLRQ�
���LWHPV���G��3206�����LWHPV���H��6HPDQWLF�GLIIHUHQWLDO�VFDOHV��6'��HYDOXDWLRQ�RI�WKH�DWPRVSKHUH�
����LWHPV���I��/LJKW�HQYLURQPHQW�HYDOXDWLRQ����LWHPV���J��(QYLURQPHQWDO�FRQVFLRXVQHVV�����LWHPV�
3206�XVHG�LQ�WKH�FOLQLFDO�SV\FKRORJ\�JLYHV�DQ�LQWHJUDO�VFRUH�EHWZHHQ���DQG���WR�HDFK�TXHVWLRQ-
QDLUH�LWHP��7KH�UHVXOWV�DUH�H[SUHVVHG�LQ�VL[�PRRG�VFDOHV��7�7HQVLRQ��$�$Q[LHW\���'�'HSUHVVLRQ�
'HMHFWLRQ���$�$QJHU��+�+RVWLOLW\���9�9LJRU���)�)DWLJXH���DQG�&�&RQIXVLRQ��

���3206�DJJUHJDWH�UHVXOWV�DQG�SDWWHUQ�FODVVL¿FDWLRQ
Characteristics of the subjects in this experiment had a high Fatigue and Confusion while they 
KDG�D�ORZ�'HSUHVVLRQ��$QJHU�DQG�9LJRU��$V�D�UHVXOW�RI�WKH�FOXVWHU�DQDO\VLV�RI�WKH�UHVSRQVH�SDWWHUQ�
WR�HDFK�3206�IDFWRU��WKH�IHDWXUH�ZDV�PRVW�DSSDUHQW�ZKHQ�WKH�SDWWHUQV�ZHUH�FDWHJRUL]HG�LQ�¿YH�
JURXSV��$V�VKRZQ�LQ�7DEOH����3DWWHUQ���ZDV�KLJK�9LJRU��3DWWHUQ���KLJK�)DWLJXH��3DWWHUQ���RYHUDOO�
ORZHU�VFRUH��3DWWHUQ���ORZ�9LJRU��DQG�3DWWHUQ���SORWWHG�DURXQG����SRLQWV�

5. Relationship between light environment evaluation and POMS

7DEOH���VKRZV�WKH�UHVXOW�RI�WKH�WHVW�RI�JRRGQHVV�RI�¿W�FRQFHUQLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�OLJKW�
HQYLURQPHQW�HYDOXDWLRQV�DQG�WKH�OLJKWLQJ�FRQGLWLRQV��DQG�WKH�LOOXPLQDQFH�FKDQJH�RUGHUV��/LJKW�
to-Dark and Dark-to-Light) for all subjects, Pattern 1 (P1), and Pattern 4 (P4). Figure 2 shows 
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WKH�UHVXOW�RI�WKH�DYHUDJH�RI�GLIIHUHQFH�EHWZHHQ�WKH�OLJKW�HQYLURQPHQW�HYDOXDWLRQV�LQ�WKH�'DUN�DQG�
/LJKW�FRQGLWLRQV�E\�WKH�3206�SDWWHUQV��,Q�3DWWHUQ����WKH�HYDOXDWLRQ�RI�SHUIRUPDQFH�FRQFHUQLQJ�
WKH�OLJKWLQJ�FRQGLWLRQV�GLG�QRW�FKDQJH�FRPSDUHG�ZLWK�WKH�ZKROH��,Q�3DWWHUQ����WKH�HYDOXDWLRQV�RI�
brightness for writing, glare, lighting comfort, and lighting preference did not change compared 
ZLWK�WKH�ZKROH��,Q�3DWWHUQ����WKH�HYDOXDWLRQ�RI�EULJKWQHVV�IRU�ZULWLQJ�FRQFHUQLQJ�WKH�LOOXPLQDQFH�
FKDQJH�RUGHUV�FKDQJHG�FRPSDUHG�ZLWK�WKH�ZKROH��,Q�3DWWHUQ����WKH�HYDOXDWLRQV�RI�EULJKWQHVV�IRU�
writing, lighting comfort, and lighting preference did not change compared with the whole.

6. Conclusion

7KLV�VWXG\�FODUL¿HG�WKH�UHODWLRQ�EHWZHHQ�WKH�VXEMHFWV¶�PRRG�VWDWHV�GXULQJ�WKH�SUHFHGLQJ�ZHHN�DQG�
WKH�OLJKW�HQYLURQPHQW�HYDOXDWLRQ�LQ�WKH�H[SHULPHQWDO�URRP�FRQGLWLRQHG�DW�WZR�OHYHOV�RI� OLJKWLQJ��
7KH�OLJKW�HQYLURQPHQW�HYDOXDWLRQ�FRQFHUQLQJ�EULJKWQHVV��EULJKWQHVV�IRU�ZULWLQJ��XQLIRUPLW\�RI�OLJK-
ting, glare, color, comfort, preference, and
SHUIRUPDQFH�FKDQJHG�DFFRUGLQJ�WR�WKH�OHYHO�RI�OLJKWLQJ�DQG�WKH�RUGHU�RI�OLJKWLQJ�IRU�WKH�DOO�VXE-
MHFWV��3206�UHVSRQVH�SDWWHUQV�FRXOG�EH�FDWHJRUL]HG�LQ�¿YH�JURXSV��,Q�KLJK�YLJRU�3DWWHUQ����WKH�
HYDOXDWLRQV�RI�EULJKWQHVV�IRU�ZULWLQJ��FRPIRUW��SUHIHUHQFH�FKDQJHG�DFFRUGLQJ�WR�LOOXPLQDQFH�OHYHO��
,Q�ORZ�YLJRU�3DWWHUQ����PRVW�HYDOXDWLRQV�GLG�QRW�FKDQJH�DFFRUGLQJ�WR�LOOXPLQDQFH�OHYHO�DQG�WKH�
order of lighting.

Figure 2 - The average of difference bet-

ween light environment evaluations in the 

Dark and Light conditions

)LJXUH�����([SHULPHQWDO�SURFHGXUH��'�WR�/�
H[S��
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Table 2 - Relationship between light environment evaluations and the lighting conditions, 

and the illuminance change orders

Pattern Number T-A D A-H 9 F C
P1 51 23.0 11.4 15.9 44.0 22.5 29.1
P2 66 36.7 26.3 31.0 43.5 55.0 45.3
P3 54 27.9 12.7 12.2 16.9 34.7 43.7
P4 21 59.1 46.6 59.3 31.5 76.8 60.7
P5 18 47.6 50.5 43.5 34.5 42.8 57.5

Table 1 - Average score of the POMS factors and the number of patterns

Relationship between the lighting condi-
tions 

�S�YDOXH�

Relationship between the illuminance 
FKDQJH�RUGHUV��S�YDOXH�

All P1 P4 All P1 P4
Brightness 0.0001 0.0001 0.0357 0.0001 0.0001 0.0467

Brightness for writing 0.0001 0.0040 0.1838 0.0001 0.0029 0.3069
Uniformity of brightness 0.0146 0.1652 0.2250 0.0008 0.1193 0.4283

Glare 0.0001 0.0010 0.1002 0.0001 0.0015 0.0295
Light colour preference 0.0001 0.0516 0.1697 0.0004 0.0522 0.3870

/LJKWLQJ�ZDYHU 0.2548 0.2207 0.8489 0.0518 0.2192 0.5290
Lighting comfort 0.0016 0.0287 0.3776 0.0035 0.0475 0.5290

Lighting preference 0.0063 0.0426 0.6165 0.0179 0.0772 0.6642
Performance 0.0005 0.0540 0.0050 0.0001 0.0316 0.0040
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SPECTRAL REFLECTANCE MEASUREMENTS ON VERVET MONKEY PELTS

Coetzee, E.M.1, 0F)DUODQG��5�2, Henzi, P.3

1.�3KRWRPHWU\�DQG�5DGLRPHWU\��10,6$��3UHWRULD��*DXWHQJ��6RXWK�$IULFD�
2.�8QLYHUVLW\�RI�WKH�:LWZDWHUVUDQG��-RKDQQHVEXUJ��*DXWHQJ��6RXWK�$IULFD�
3.�8QLYHUVLW\�RI�/HWKEULGJH��/HWKEULGJH��$%��&DQDGD�

7KH�6FKRRO�RI�3K\VLRORJ\�DW�WKH�8QLYHUVLW\�RI�WKH�:LWZDWHUVUDQG��-RKDQQHVEXUJ��6RXWK�$IULFD��DUH�
LQYROYHG�LQ�D�SURMHFW�RQ�WKH�WKHUPRUHJXODWRU\�EHQH¿WV�RI�JURRPLQJ�LQ�YHUYHW�PRQNH\V��&KORURFH-
EXV�S\JHU\WKUXV���7KH�RYHUDOO�DLP�RI�WKLV�SURMHFW�LV�WR�DVVHVV�WKH�WKHUPRUHJXODWRU\�SURSHUWLHV�RI�
YHUYHW�PRQNH\�SHOWV�DQG�GHWHUPLQH�KRZ�WKHVH�SURSHUWLHV�DUH�DIIHFWHG�E\�JURRPLQJ��JURRPLQJ�LV�
GH¿QHG�DV�DQ�LQGLYLGXDO�FOHDQLQJ�RU�PDLQWDLQLQJ�WKHLU��RU�DQRWKHU�JURXS�PHPEHU¶V��IXU�DQG�ERG\�
XVLQJ�WKHLU�KDQGV�DQG�PRXWKV���7KH�SXUSRVH�RI�WKH�VWXG\�LV�DOVR�WR�¿QG�DQ�XOWLPDWH�H[SODQDWLRQ�IRU�
the function of grooming in primates, as well as other mammals.
$Q�DQLPDO¶V�SHOW�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKHUPRUHJXODWLRQ��7KH�FRQGXFWLYH�DQG�UHÀHFWLYH�SUR-
perties of a pelt allow an animal to regulate solar heat load. The pelt controls the heat transferred 
to (keeping them cool in warm temperatures) and from the body (keeping them warm in cold tem-
SHUDWXUHV���WKH�YHUYHW�PRQNH\V�DUH�VXEMHFWHG�WR�D�KLJKO\�YDULDEOH�FOLPDWH��L�H����R&�WR����R&���,W�
LV�SUHGLFWHG�WKDW�WKH�PD[LPXP�WKHUPRUHJXODWRU\�EHQH¿WV�DIIRUGHG�E\�DQ�DQLPDO¶V�SHOW�DUH�PDLQWDL-
QHG�WKURXJK�JURRPLQJ���WKH�SHOW�LV�NHSW�IUHH�RI�GLUW�DQG�HFWRSDUDVLWHV�DQG�VXI¿FLHQW�ORIW�LV�VXVWDLQHG�
IRU�HIIHFWLYH�WKHUPRUHJXODWLRQ�

7KH�VWXG\�LQFOXGHV�WKH�H[DPLQDWLRQ�RI�WKH�VSHFWUDO�UHÀHFWDQFH��WKHUPDO�FRQGXFWDQFH�DQG�UDGLDQW�
KHDW�ORDG�RI�WKH�YHUYHW�PRQNH\�SHOWV�WR�GHWHUPLQH�ZKHWKHU�WKH�SUHVHQFH�RU�DEVHQFH�RI�VLPXODWHG�
JURRPLQJ�DIIHFWV�WKHUPRUHJXODWRU\�HI¿FLHQF\�
7KH�3KRWRPHWU\�DQG�5DGLRPHWU\�ODERUDWRU\�RI�WKH�1DWLRQDO�0HWURORJ\�/DERUDWRU\�RI�6RXWK�$IULFD�
LV�LQYROYHG�LQ�WKH�VSHFWUDO�UHÀHFWDQFH�PHDVXUHPHQWV�RI�WKH�SHOWV�DFURVV�D�ZDYHOHQJWK�UDQJH�RI�
380 nm to 1 500 nm. Experiments with different orientation of the pelts are performed. The mea-
surements are also performed at different geometries to establish the best method to be used for 
these measurements.
7KH�FRORXU�RI�WKH�SHOWV�YDULHV�IURP�OLJKW�JUH\�WR�D�GDUNHU�JUH\�DQG�D�ODUJH�QXPEHU�RI�PHDVXUH-
PHQWV�DUH�PDGH�WR�PDNH�SURYLVLRQ�IRU�WKH�YDULDWLRQ�LQ�FRORXU�
Our paper will present the results using different methods, including geometry, when analyzing 
WKH�VSHFWUDO�UHÀHFWDQFH�RI�WKH�SHOWV�LQ�GLIIHUHQW�RULHQWDWLRQV��7KH�YDULDWLRQ�LQ�WKH�FRORXU�DQG�WKH�
UHÀHFWDQFH�REWDLQHG�IRU�WKH�GLIIHUHQW�FRORXUV�ZLOO�EH�GLVFXVVHG�
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LED LIGHT SUPPLEMENT TECHNIQUE FOR INDOOR PLANTS

Zou, N., -LDQJ��-���)DQJ��<���1LX��<�
'DOLDQ�3RO\WHFKQLF�8QLYHUVLW\��'DOLDQ��/LDRQLQJ��&KLQD�

,Q�WKH�¿HOG�RI�DJULFXOWXUH��LW�LV�NQRZQ�OLJKW�LV�WKH�HVVHQWLDO�FRQGLWLRQ�WR�DOO�SODQWV��7KH�HIIHFWV�RI�OLJKW�
RQ�SODQW�JURZWK�FDQ�EH�GLYLGHG�DV�WZR�W\SHV�LQFOXGLQJ�LQGLUHFW�DQG�GLUHFW�DFWLRQV��,QGLUHFW�DFWLRQ�
refers to photosynthesis. Plants must grow in strong light for a long time to synthetic enough 
SKRWRV\QWKHWLF�SURGXFWV�IRU�JURZWK�QHHGV��7KHUHIRUH��3KRWRV\QWKHVLV�LV�D�NLQG�RI�ÄKLJK�HQHUJ\�UH-
DFWLRQ³��'LUHFW�DFWLRQ�UHIHUV�WR�WKH�OLJKW�HIIHFW�RQ�SODQW�IRUPDWLRQ��3ODQW�IRUPDWLRQ�RQO\�QHHGV�ZHDN�
OLJKW�LQ�D�VKRUW�WLPH��ZKLFK�LV�D�NLQG�RI�³ORZ�HQHUJ\�UHDFWLRQ´��1DWXUDO�OLJKW�HQYLURQPHQW�FDQµW�SUR-
mote the growth of plants day and night. As a result light supplement technique is highly required 
DQG�EHQH¿FLDO�WR�ÀRZHULQJ�DQG�IUXLW�DV�ZHOO�DV�FRQWURO�KHLJKW�DQG�QXWULHQWV�RI�LQGRRU�SODQWV�JURZWK�
On the other hand, in recent years LED light sources are widely used in all aspects of life such 
as general lighting, special lighting and so on. It can not only turn this colorful world to more gor-
JHRXV��EXW�DOVR�PHHW�WKH�DOO�OLYLQJ�FUHDWXUHV¶�GHPDQG�IRU�OLJKW���ZLWK�LWV�KLJK�OXPLQRXV�HI¿FLHQF\��
ORQJ�OLIH��HQHUJ\�FRQVHUYDWLRQ�DQG�HQYLURQPHQWDO�SURWHFWLRQ�HWF�SURSHUWLHV��/('V�KDYH�ULFK�ZDYH-
length, therefore are in accord with spectral range on photosynthesis and plant formation. Either 
pure monochromatic light or compound spectrum can be acquired by means of selection and 
FRPELQDWLRQ�RI�GLIIHUHQW�/('�VRXUFHV��6LQFH�SODQW�FDQ�EH�OLJKWHG�EDODQFHG�DW�VSHFL¿F�ZDYHOHQJWK��
/('�LV�YHU\�VXLWDEOH�IRU�SODQW�JURZLQJ�LQ�FRQWUROOHG�IDFLOLWLHV�HQYLURQPHQW�

In this paper, an intelligent LED light supplement lamp is designed and experimentally demons-
WUDWHG�RQ�LQGRRU�SODQWV��7DNLQJ�WKH�DERYH�PHQWLRQHG�DGYDQWDJHV�LQWR�FRQVLGHUDWLRQ��D�/('�OLJKW�
supplement lamp has intelligent control and monitoring functions. The control system is mainly 
composed of temperature sensor, illumination sensor and working mode setting circuit. Control 
circuit consists of LED and buzzer connected with intelligent control system, the working process 
LV�VKRZQ� LQ�)LJ����0DVWHU�FDQ�VHOHFW�PRGH�WKURXJK� WKH�ZRUN�PRGH�VHWWLQJ�FLUFXLW�DFFRUGLQJ� WR�
needs. Optional model contains illumination mode and time pattern. Illumination model is that sig-
QDOV�FROOHFWHG�E\�LOOXPLQDWLRQ�VHQVRU�FRQWUDVW�ZLWK�VWDQGDUG�UDQJH�VHW�LQ�FRQWUROOHU��7KHQ�WKH�GULYH�
circuit control bright and dark of the supplement light. Time pattern is based on timing function of 
6&0��7KH�GHVLJQHG�/('�OLJKW�VXSSOHPHQW�ODPS�OLJKWV�D�VSHFL¿F�FRORU�QDPHO\�UHG��JUHHQ��EOXH�RU�
UHG�DQG�EOXH�PL[HG�LQ�FHUWDLQ�WLPH��:KDW¶V�PRUH��LW�FDQ�PRQLWRU�DQG�GLVSOD\�WHPSHUDWXUH�DOO�WKH�
time. Single chip microcomputer dealing with collected signal, buzzer will sound when the display 
YDOXH�LV�ORZHU�WKDQ�WKH�SUH�VHW�YDOXH�

Fig.1 Diagram of LED light supplement lamp for plants

)LJ���7KH�VWDWH�RI�WKH�SODQW�JURZWK�LQ�GLIIHUHQW�OLJKWLQJ�HQYLURQPHQW

Based on the designed control system, two groups of lettuce were selected for experiments. One 
group of lettuce was illuminated by the designated light from 8:00 to 18:00 and another one was 
under normal indoor lighting condition at the same time. In this process, the experimental data 
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ZDV�FROOHFWHG�HYHU\�WZR�GD\V�D�WLPH��7KH�FROOHFWHG�GDWD�LQFOXGHV�LOOXPLQDWLRQ�DW�OHDI�VXUIDFH�DQG�
the height of the plant. In additional, the length of the roots would be measured and recorded once 
D�ZHHN��7KH�GLIIHUHQW�OLJKWLQJ�HQYLURQPHQWV�E\�JUHHQ��UHG��EOXH�DQG�PL[HG�OLJKWLQJ�DUH�VKRZQ�LQ�
)LJ����D���E���F���G��UHVSHFWLYHO\��&RPSDULQJ�WKH�WZR�JURXSV�RI�OHWWXFH�LW�LV�IRXQG�WKDW�WKH�RQH�XQGHU�
WKH�GHVLJQDWHG�OLJKW�JURZ�PRUH�ÀRXULVK�WKDQ�WKH�RWKHU�

,Q�D�VXPPDU\��/('�FDQ�EH�XWLOL]HG�WR�PDNH�XS�IRU�WKH�GH¿FLHQF\�RI�WKH�QDWXUDO�OLJKW�WR�SURPRWH�
plant growth. The intelligent LED light supplement technique has potential applications on fast 
growing indoor planting.

Figure 2

Figure 1
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OPTIMAL ILLUMINATION OF PLANTS IN GROWTH CHAMBERS WITH LOW ENERGY DE-

MAND 

Škoda, J., .UEDO��0���6XPHF��6���%D[DQW��3���3DUPD��0�
%UQR�8QLYHUVLW\�RI�7HFKQRORJ\��%UQR��&]HFK�5HSXEOLF�

The article deals with illumination plants and refers to differences in illumination if the lighting 
V\VWHP�LV�GHVLJQHG�IRU�RSWLPXP�SODQW�JURZWK�RU�IRU�WKH�EHVW�YLVXDO�DSSHDUDQFH��7KH�FRPPRQ�GH-
nominator in these both cases is energy consumption, which should be minimized. The main part 
RI�WKH�DUWLFOH�LV�GHGLFDWHG�WR�WKH�LOOXPLQDWLRQ�LQ�JURZWK�FKDPEHUV��:KHUH�WKH�FKRLFH�RI�D�VXLWDEOH�
OLJKW�VRXUFH�SOD\V�D�FUXFLDO�UROH�IRU�WKH�ODWHU�GHYHORSPHQW�RI�FXOWLYDWHG�SODQWV��6SHFWUDO�VHQVLWLYLW\�
RI�SODQWV�LV�YDVWO\�GLIIHUHQW�IURP�WKH�VSHFWUDO�VHQVLWLYLW\�RI�WKH�KXPDQ�H\H��7KHUHIRUH�LW�LV�QHFHVVD-
U\�WR�FKRRVH�OLJKW�VRXUFHV�ZLWK�GLIIHUHQW�VSHFWUDO�GLVWULEXWLRQV�IRU�JRRG�JURZWK�RI�ÀRUD��7KH�PRVW�
DSSURSULDWH�W\SHV�RI�UHVRXUFH�QRW�RQO\�LQ�WHUPV�RI�HQHUJ\�HI¿FLHQF\�DUH�GLVFXVVHG�LQ�WKLV�DUWLFOH�
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EVALUATION OF ILLUMINATION USING DIGITAL PHOTOGRAPHY

Sumec, S., âNRGD��-���.UEDO��0���%D[DQW��3�
%UQR�8QLYHUVLW\�RI�7HFKQRORJ\��%UQR��&]HFK�5HSXEOLF�

2XU�ODERUDWRU\�LV�GHYHORSLQJ�DQ�DSSOLFDWLRQ�/XPL',63�IRU�HYDOXDWLRQ�RI�LOOXPLQDWLRQ�DQG�OLJKW�VRXU-
ces using digital photography for a long time. Thanks to the precise calibration of camera we 
DFKLHYHG� WKH� SUHFLVLRQ� DGHTXDWH� WR� WKH� VWDQGDUG�PHDVXULQJ� LQVWUXPHQWV��&DOLEUDWLRQ� LQFOXGHV�
spectral characteristics of the sensor, geometric properties of the lens, and the mechanical beha-
YLRU�RI�WKH�FDPHUD�LWVHOI��+RZHYHU��WKH�LQGLVSXWDEOH�DGYDQWDJH�LV�WKH�VSHHG�DQG�HI¿FLHQF\�RI�WKH�
measurement and the following analysis of the data. For example instead of a large number of 
LQGLYLGXDO�PHDVXUHPHQWV�XVLQJ�WKH�OXPLQDQFH�PHWHU�MXVW�WDNH�RQH�SLFWXUH�D�URRP��VXEVHTXHQWO\�
can be easily subtracted brightness at arbitrary point. This paper presents the abilities of created 
VRIWZDUH�DQG�VKRZV�VHYHUDO�H[DPSOHV�RI�LWV�DSSOLFDWLRQ��&XUUHQWO\�WKH�DSSOLFDWLRQ�LV�XVHG�IRU�WKH�
PHDVXUHPHQW�RI�SXEOLF�OLJKWLQJ�LQ�%UQR��LW�FDQ�EH�XVHG�WR�HYDOXDWH�GLVFRPIRUW�JODUH�LQ�WKH�URRP�
XVLQJ�WKH�PHWKRGRORJ\�8*5��DQRWKHU�PRGXOH�SURYLGHV�DQ�DVVHVVPHQW�RI�/('�SDQHOV�IRU�YDULDEOH�
WUDI¿F�VLJQV��2WKHU�UHVHDUFK�LQVWLWXWHV�XVH�WKLV�WRRO�WR�FDSWXUH�WKH�EULJKWQHVV�RI�WKH�VN\�LQ�RUGHU�WR�
HYDOXDWH�OLJKW�SROOXWLRQ�

Figure 1 - Result of discomfort glare analysis



490

Abstracts

PP163

TOWARD A VALID IMAGE PROCESSING SYSTEM THROUGH COLOUR STANDARDS

Richard, N., /HGRX[��$���&DSHOOH�/DL]p��$���)HUQDQGH]��0DORLJQH��&�
;/,0�6,&�/DERUDWRU\��3RLWLHUV�8QLYHUVLW\��)XWXURVFRSH��)UDQFH�

,PDJH�SURFHVVLQJ� VWDQGDUGV�KDYH�SURGXFHG� VSDFHV�DQG�GLIIHUHQFH�PHWULFV� WR�PDQDJH� FRORXU�
acquisition, reproduction and exchange between systems. In parallel, the image processing do-
PDLQ�VWDUWLQJ�IURP�VLJQDO�WKHRU\�HYROYHV�WR�EHFRPH�FORVHVW�IURP�WKH�PDWKHPDWLFDO�GRPDLQV��ZLWK�
*DXVVLDQ�DQG�YHFWRULDO�K\SRWKHVLV�IDU�IURP�WKH�SV\FKRYLVXDO�RU�SK\VLFDO�FRORXU�SRLQW�RI�YLHZ��'XH�
WR�WKLV�ZD\�RI�GHYHORSPHQWV��LW�EHFRPHV�KDUGHU�WR�YDOLGDWH�LPDJH�SURFHVVLQJ�UHVXOWV�LQ�UHJDUG�WR�
the human perception or physical reality.

2EYLRXVO\�� VWDUWLQJ� IURP� FRORXU� VWDQGDUGV�� QHZ�ZD\V� RI� H[SUHVVLRQ� IRU� LPDJH� SURFHVVLQJ� DUH�
possible. For example, the perceptual colour spaces and associated metrics was produced from 
WKH�RUGHULQJ�RI�FRORXU�SDLUV�WKURXJK�SV\FKRYLVXDO�H[SHULPHQWV�LQ�FRQWUROOHG�HQYLURQPHQWV��,Q�WKH�
VDPH�ZD\��WKH�PDWKHPDWLFDO�PRUSKRORJ\�LV�EDVHG�RQ�WKH�DELOLW\�WR�RUGHU�VFDODUV�RU�YHFWRUV��ZLW-
hout constraints to do it, only property resulting of the ordering quality. So great parallels could be 
GRQH�DQG�H[SORLW�WR�SURSRVH�QHZ�LPDJH�SURFHVVLQJ�VFKHPHV��DYDLODEOH�RQ�D�FRORXU�SRLQW�RI�YLHZ��
:H�VKRZ�LQ�WKLV�ZRUN�KRZ�WR�FRQVWUXFW�D�FRPSOHWH�VFKHPH�IRU�WKH�FRORXU�PDWKHPDWLFDO�PRUSKR-
ORJ\��EDVHG�RQO\�RQ�WKH�H[LVWLQJ�FRORXU�GLVWDQFH�IXQFWLRQV�DQG�SHUFHSWXDO�FRORXU�VSDFHV��JLYLQJ�
D�YDOLG�FRORXU�LPDJH�SURFHVVLQJ�V\VWHP�XQGHU�WKHVH�VWDQGDUGV��:H�VKRZ�WKHQ�UHVXOWV�DQG�PRUH�
FRPSOH[�RSHUDWRUV��JUDGLHQW��/DSODFLDQ��+LW�2U�0LVV�7UDQVIRUP��VHJPHQWDWLRQ�SURFHVV���$V�WKLV�
DSSURDFK�LV�EDVHG�RQ�FRORXU�GLVWDQFH�IXQFWLRQV��LW�DOORZV�FRPSDULQJ�WKHLU�EHKDYLRXU�LQ�IURQW�RI�WKH�
RUGHULQJ�DQG�PRUSKRORJLFDO�REMHFWLYHV��JLYLQJ�QHZ�VROXWLRQV�WR�FRPSOHWH�WKH�YDOLGDWLRQ�IRU�QHZ�
colour spaces or distance functions.

To show that such construction is only a question of initial hypothesis in the image processing 
chain construction, we show how to extend the formalism to multispectral imagery. Then we de-
YHORS�VRPH�VFLHQWL¿F�TXHVWLRQV�WR�VROYH�LQ�VXFK�ZD\V��LQ�SDUWLFXODU�RQ�WKLV�TXHVWLRQ�RI�WKH�PXWL-
VSHFWUDO�GLVWDQFH�IXQFWLRQ�DQG�KRZ�WR�YDOLGDWH�LW��:H�FRQFOXGH�RQ�WKH�OLQN�EHWZHHQ�WKH�QRWLRQ�RI�
1RQ�)ODW�6WUXFWXULQJ�(OHPHQW�LQ�0DWKHPDWLFDO�0RUSKRORJ\�DQG�WKH�FODVVLFDO�OLQHDU�¿OWHULQJ��DQG�
how the non-linear way of expression offers solutions for some classical image operations.
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Figure 2 - From the colour mathematical morphology formalism, the Hit-Or-Miss Trans-

IRUP�DOORZV�WR�H[WUDFW�VKDSHV�IURP�WHPSODWHV�GH¿QHG�E\�YHFWRULDO�FRQWUDVW�DQG�VSDWLDO�
support. As all the formalism is based on perceptual distances, the used vectorial cont-

rast is valid under this condition.

Figure 1 - To be correct with the colour standards, the colour ordering question by dis-

tance functions induces the notion of colour convergence coordinates. The extremum in-

side the colour set will chosen by intersection of ellipsoides from by the colour distance 

WR�WKHVH�FRORXU�FRQYHUJHQFH�FRRUGLQDWHV��2���2���DQG�WKH�FRORXU�FRRUGLQDWHV��&L��RI�WKH�
spatial origin of the structuring element.
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EYE-TRACKING FOR 3D-APPLICATION: GAZE-POINT DETECTION TAKING INTO CONSI-

DERATION DISPARITY

Iatsun, I.

8QLYHUVLW\�RI�3RLWLHUV��3RLWLHUV��)UDQFH�

+LJK�TXDOLW\�WKUHH�GLPHQVLRQDO�YLGHR�WHFKQRORJ\�LV�VSUHDGLQJ�VLJQL¿FDQWO\� LQ�DOO�VSKHUHV�RI� OLIH��
HQWHUWDLQPHQW��PHGLFLQH��DGYHUWLVHPHQW��HWF��7KH�LGHD�RI�FUHDWLRQ��'�LPDJH�LV�EDVHG�RQ�VKRZLQJ�
WZR�VOLJKWO\�GLIIHUHQW�LPDJHV�WR�OHIW�DQG�ULJKW�H\HV��WR�DFKLHYH�HIIHFW�RI�QDWXUDO�YLHZLQJ�ZRUOG�ZLWK�
ELQRFXODU�SDUDOOD[��3URGXFHUV�RI��'�YLGHR� LV� WU\LQJ� WR�SURGXFH�VXFK�D�GLVSDULW\� WKDW�FXVWRPHUV�
FRXOG�HQMR\�IHHOLQJ�RI�SUHVHQFH��QHZ�TXDOLW\�RI�YLGHR�SUHVHQWDWLRQ�DQG�GR�QRW�KDYH�YLVXDO�GLVFRP-
IRUW��)URP�RWKHU�SRLQW�RI�YLHZ�KXPDQ�YLVXDO�V\VWHP�LV�ZRUNLQJ�LQ�DQRWKHU�ZD\�ZLWK�LWV�ODWHQF\�DQG�
VHOHFWLYH�VHQVLWLYLW\��7KUHH�GLPHQVLRQDO�VSDFH� LV�GHULYHG�JHRPHWULFDOO\�E\�FRPSDULQJ� WKH�VPDOO�
differences between the two retinal images that result from the slightly different points of the two 
eyes caused by their 6.5 cm separation. The disparities result from surface form and depth as 
well as the direction and distance of gaze, the torsion of the eyes. In our experiment, we tried to 
LQYHVWLJDWH�LI�WKH�PRVW�SURPLQHQW�REMHFW�DOZD\V�DWWUDFWV�YLHZHUV�DWWHQWLRQ�DQG�WKH�IHDWXUHV�RI�KX-
PDQ�YLVXDO�V\VWHP�DUH�PRUH�VHQVLWLYH�WR�REMHFWµ�ORFDWLRQ�LQ�VSDFH��WKDQ�LWV�FRORU�DQG�VL]H�

&RPPHUFLDOO\�DYDLODEOH�YLGHR�ZDV�VKRZQ�WR����SDUWLFLSDQWV�ZLWK�QRUPDO�YLVLRQ�LQ�FRQGLWLRQV�FORVH�
WR�IUHH�ZDWFKLQJ��7R�IROORZ�SDUWLFLSDQWµV�JD]H�SRLQWV�GXULQJ�ZDWFKLQJ�YLGHR�H\H�WUDFNHU�7RELL�7;�
����ZLWK�FDSDELOLW\�WR�ZRUN�ZLWK��'�JODVVHV�DQG�ODUJH�IUHHGRP�RI�KHDG�PRYHPHQW�ZDV�FKRVHQ��
The distance between eye-tracker and display was 63 cm, which was calculated according to 
UHTXLUHPHQWV�RI�H\H�WUDFNHUVµ�SURGXFHU��7KH�H\HV�RI�VXEMHFWV�ZHUH�ORFDWHG�QR�PRUH�WKDQ����FP�
far from eye-tracker, in such a way that the distance between participant and monitor was 2H of 
screen. As settings of eye-tracker were set up the same for all subjects, the position of subjects 
ZLWK�GLIIHUHQW�KHLJKW�ZDV�DGMXVWHG�ZLWK�VSHFLDO�FKDLU��WKDW�DOORZV�FKDQJLQJ�LWV�OHYHO�DQG�¿[�DQJOH�RI�
URWDWLRQ��&DOLEUDWLRQ�RI�GHYLFH�ZDV�GRQH�EHIRUH�WHVW�WR�DGMXVW�SRVLWLRQ�RI�HDFK�REVHUYHU�
Gaze positions of left and right eyes were recorded simultaneously by eye-tracker during wat-
FKLQJ�YLGHR��GLVSDULW\�ZDV�FDOFXODWHG�IRU�HDFK�¿[DWLRQ�SRLQW��'LVSDULW\�PDS�ZDV�REWDLQHG�IRU�HDFK�
YLGHR�IUDPH�DQG�LW�ZDV�YHUL¿HG�ZKHQHYHU�SRLQW�ZLWK�WKH�JUHDWHVW�YDOXH�RI�GLVSDULW\�FRLQFLGHV�ZLWK�
the gaze point.

Results pointed out, that disparity is important parameter in humans attention, but
not all the time people follow the most disparity salient object, other parameters as color and size 
FDQ�KDYH�PRUH�LPSDFW��7KH�DSSOLFDWLRQ�RI�VDOLHQF\�WRROV�IRU��'�LPDJHV�QHHGV�WR�EH�DGRSWHG�IRU�
�'�YLGHR�DQG�WDNHV�LQWR�DFFRXQW�GHSWK�LQIRUPDWLRQ�
,Q�RXU�VWXG\��UHODWLRQVKLS�EHWZHHQ�WKH�JLYHQ�GLVSDULW\�RI�WKH�YLGHR�DQG�GLVSDULW\�SHUFHLYHG�E\�YLH-
ZHU�ZDV�LQYHVWLJDWHG��EDVHG�RQ�WKLV�GDWD�SUHGLFWLRQ�RI�WKH�VHQVLWLYLW\�WR�WKH�GLVSDULW\�FDQ�EH�GRQH��
7KLV�UHVXOW�FDQ�EH�XVHG�LQ�VWXGLHV�GHGLFDWHG�WR�YLVXDO�IDWLJXH�IURP�ZDWFKLQJ��'�LPDJLQJ��ZKHUH�
H[WHQGHG�OHYHO�RI�GLVSDULW\�LV�FRQVLGHUHG�RQH�RI�GLVFRPIRUW�FDXVH�
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DEVELOPMENT OF GENERIC COLORIMETRY SYSTEM FOR LIGHTING ENVIRONMENT 

BY USING CCD CAMERA

Yamaguchi, H.1, .DWR��0�1, Hara, N.2, Ito, D.3��0LNL��<�4 
1. Building Research Institute, Tsukuba, Ibaraki, Japan.
2.�.DQVDL�8QLYHUVLW\��6XLWD��2VDND��-DSDQ�
3. Institute of Technologists, Gyoda, Saitama, Japan.
4.�1DWLRQDO�,QVWLWXWH�IRU�/DQG�DQG�,QIUDVWUXFWXUH�0DQDJHPHQW��7VXNXED��,EDUDNL��-DSDQ�

6HYHUDO�VWXGLHV�KDYH�SRLQWHG�RXW�WKDW�PHDVXULQJ�WKH�GLVWULEXWLRQ�RI�KRUL]RQWDO�LOOXPLQDQFH�ZDV�QRW�
HQRXJK�WR�HYDOXDWH�DQ�LPSUHVVLRQ�RI�DUFKLWHFWXUDO�OLJKWLQJ�HQYLURQPHQW��7KH�UHWLQDO�LPDJH�RI�KX-
PDQ�H\H�LV�IRUPHG�E\�OLJKW�ZKLFK�LV�UHÀHFWHG�E\�VRPH�REMHFW¶V�VXUIDFH�RU�LV�HPLWWHG�E\�OLJKW�VRXU-
FH��$�SKRWRPHWULF�YDOXH�WKDW�UHSUHVHQWV�WKLV�NLQG�RI�OLJKW�LQWHQVLW\�LV�OXPLQDQFH�RI�REMHFW¶V�VXUIDFH��
QRW�KRUL]RQWDO�LOOXPLQDQFH��7KHUHIRUH��WKH�LPSUHVVLRQ�RI�OLJKWLQJ�HQYLURQPHQW�VKRXOG�EH�FRUUHODWHG�
WR�WKH�OXPLQDQFH�DQG�FRORU�GLVWULEXWLRQ�RYHU�WKH�HQWLUH�YLVXDO�¿HOG��0DQ\�VWXGLHV�GLVFXVVHG�WKH�
UHODWLRQVKLS� EHWZHHQ� OLJKWLQJ� LPSUHVVLRQ� DQG� OXPLQDQFH� GLVWULEXWLRQ�� (VSHFLDOO\�� DQ� HYDOXDWLQJ�
method of brightness impression for a room is examined well by many researchers. Those studies 
VXJJHVWHG�VHYHUDO�PHWKRGV� WR�FDOFXODWH� WKH�EULJKWQHVV� LPSUHVVLRQ��ZKLFK� LV� LPPHDVXUDEOH�E\�
KRUL]RQWDO�LOOXPLQDQFH��E\�PHDVXULQJ�WKH�OXPLQDQFH�GLVWULEXWLRQ��7KDW�LV��HYDOXDWLRQ�RU�GHVLJQ�RI�
D�OLJKWLQJ�HQYLURQPHQW�PXVW�EH�EDVHG�RQ�WKH�GLVWULEXWLRQ�RI�OXPLQDQFH�DQG�FRORU�LQ�WKH�QH[W�VWHS�
$OWKRXJK�VHYHUDO�FRORULPHWULF�V\VWHPV�ZLWK�&&'�FDPHUD�DQG�¿VK�H\H�OHQV�KDYH�EHHQ�GHYHORSHG�
E\�HDFK�UHVHDUFK�LQVWLWXWH�RU�PDQXIDFWXUHU��QRW�DOO�WKH�V\VWHPV�PLJKW�SURYLGH�XV�WKH�SKRWRPHWULF�
DFFXUDF\�SUHFLVHO\��7R�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�LPSUHVVLRQ�RI�OLJKWLQJ�HQYLURQPHQW�DQG�
distribution of luminance and color, photometric accuracy of colorimetric system with CCD should 
be guaranteed. Since it is not easy to calibrate the colorimetric system, most of the researcher 
DQG�GHVLJQHU�FDQQRW�XVH�WKH�V\VWHP�HDVLO\��7KH�SXUSRVH�RI�WKH�VWXG\�LV�WR�GHYHORS�D�JHQHULF�FROR-
ULPHWU\�V\VWHP�ZKLFK�LV�FRPSRVHG�E\�FRPPHUFLDO�GLJLWDO�FDPHUD�DQG�¿VK�H\H�OHQV�DQG�WR�SURYLGH�
D�FRQYHQLHQW�FDOLEUDWLRQ�PHWKRG�IRU�JHQHUDO�XVHU��,Q�WKLV�SDSHU��ZH�H[DPLQHG�WKH�DOJRULVP�WR�FRQ-
YHUW�&&'�FDPHUD�VLJQDO�YDOXHV�LQWR�WKH�&,(;<=�WULVWLPXOXV�YDOXHV�DQG�FRQ¿UPHG�WKH�SKRWRPHWULF�
accuracy.

:H� FRQVWUXFWHG� WKH� FRORULPHWULF� V\VWHP� FRPSRVHG� E\�&&'� FDPHUD� �7;*��F�� %DXPHU��� ¿VK�
eye lens (FE185C046HA-1, FUJINON) and laptop computer. To manipulate the camera image 
ZH�SURJUDPHG�LPDJH�SURFHVVLQJ�VRIWZDUH�XVLQJ�9LVXDO�&���DQG�2SHQ&9�����2UGLQDU\�FDPHUD�
FRORULPHWULF�V\VWHP�ZRXOG�FRQYHUW�WKH�5*%�YDOXHV�RI�WKH�HDFK�SL[HO�LQWR�WKH�;<=�WULVWLPXOXV�YD-
OXHV��2QH�RI�WKH�SUREOHPV�IRU�WKLV�FRQYHUVLRQ�LV�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�WKHP�LV�QRQ�OLQLHU��
because the images are compressed at when a camera generates the RGB image from original 
UDZ�GDWD��:H�FRQVWUXFWHG�WKH�FDOFXODWLRQ�DOJRULVP�XVHG�UDZ�GDWD�RI�&&'�ZKLFK�LV�SURSRUWLRQDO�WR�
WKH�SKRWRPHWULF�YDOXH�OLQHDUO\��6LQFH�WKH�;<=�YDOXHV�DUH�UHSUHVHQWHG�E\�OLQHDU�FRPELQDWLRQ�RI�WKH�
YDOXHV�RI�UDZ�GDWD��WKH�FRQYHUVLRQ�PDWUL[�FRXOG�EH�REWDLQHG�DFFXUDWHO\�DQG�HDVLO\��7R�HVWLPDWH�
WKH�FRQYHUVLRQ�PDWUL[��ZH�H[DPLQHG�QRW�RQO\�WKH�PHWKRG�WR�PLQLPL]H�WKH�DEVROXWH�HUURUV�RI�;<=�
YDOXH��EXW�DOVR�WKH�PHWKRG�WR�PLQLPL]H�WKH�UHODWLYH�HUURUV�RI�X¶Y¶�FKURPDWLFLW\�ZKLFK�LV�PRUH�LPSRU-
WDQW�WR�UHFRJQL]H�WKH�FRORU�GLIIHUHQFH�LQ�KXPDQ�YLVXDO�V\VWHP��:KHQ�ZH�FKHFNHG�OXPLQDQFH�DQG�
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FKURPDWLFLW\�RI�FRORU�FKDUW�PHDVXUHG�E\�RXU�FRORULPHWULF�V\VWHP�XQGHU�VHYHUDO�LOOXPLQDWLRQV�ZKLFK�
LV�GLIIHUHQW�LQ�VSHFWUXP��ZH�FRXOG�FRQ¿UP�WKH�DFFXUDF\�RI�PHDVXUHPHQW�
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