
PRIVATE AND CONFIDENTIAL 

RESEARCH DEPARTMENT 

Comparisons between 
• 

three colour television cameras 

TECHNOLOGICAL REPORT No. T-132 
1964/53 

THE B R I T ISH B R 0 ADC A S TIN G CO R P OR A T ION 

ENGINEERING DIVISION 

.. 



PRIVATE AND CONFIDENTIAL 

RESEARCH DEPARTMENT 

COMPARISONS BETWEEN THREE COLOUR TELEVISION CAMERAS 

C.B.B. Wood 

Technological Report No. T-132 

(1964/53) 

]?It..a ..... :c... 
(D. Maurice) 



This Report is the property of the 
British BroadcastIng Corporation and may 
Dot be reproduced or disclosed to a 
third party in any form without the 
written permIssion of the CorporatIon. 



Section 

1. 

2. 

3. 

4. 

5. 

6. 

PRIVATE AND CONFIDENTIAL 

Technological Report No. T-132 

COMPARISONS BETWEEN THREE COLOUR TELEVISION CAMERAS 

SUMMARY ... 

INTRODUCTION. 

EXPERIMENTAL DETAILS. 

2. 1. Obj ecti ve Measurements . 

Title 

2.1.1. Signal-to-Noise Ratios 
2.1.2. Resolution of Test Cards. 
2.1.3. Sensitivity. 

2.2. Subjective Appraisals ..... 

Page 

1 

1 

1 

2 

2 
3 
3 

3 

2.2.1. Subject Matter used for Subjective Appraisal 4 
2.2.2. Method of Assessment and Analysis of thePicture Impairment 5 

RESULTS ..... 

3.1. Noise. . . . 
3.2. Colour Errors. 
3.3. Portrayal of Fine Detail 
3.4. Sensitivity .. 
3.5. Compatibility. 
3.6. Lag. . . . . 
3.7. Registration. 

DISCUSSION OF RESULTS 

4.1. Noise. . . . . . 
4.2. Colour Errors ... 
4.3. Portrayal of Fine Detail 
4.4. Sensitivity. . 
4.5. Compatibi li ty. 
4.6. Lag. . . . 
4.7. Registration 

CONCLUSIONS . . 

ACKNOWLEDGEMENTS. 

APPENDIX. . 0 • • 

5 

5 
7 
9 

10 
10 
11 
11 

11 

11 
12 
13 
13 
13 
13 
14 

14 

14 

16 



August 1964 

PRIVATE AND CONFIDENTIAL 

Technological Report No. T-132 

(1964/53) 

COMPARISONS BETWEEN THREE COLOUR TELEVISION CAMERAS 

SUMMARY 

Tests have been carried out to compare the performance of an experimental 
four-tube colour camera developed by E.M.I. Ltd., a three-tube plumbicon colour camera 
manufactured by Philips and a three-tube image orthicon colour camera manufactured by 
Marconi, the output of each camera being, in each case, an NTSC coded signal. Sub­
jective comparisons are described and discussed of the pictures obtained when these 
signals were supplied to colour monitors by way of NTSCdecoders, and also of the 
compatible pictures obtained by applying the camera signals directly to black-and­
white monitors; some objective comparisons of camera performance are also included in 
this discussion. The aspects of camera performance which are evaluated include 
noise, colour error.s, portrayal of fine detail, sensitivity, compatibility, lag and 
registration. 

1. INTRODUCTION 

An experimental colour television camera was loaned by E.M.I. Ltd. and set 
up in Studio H, Lime Grove between 12th March and 26th March 1964. Already present 
were the Marconi three-tube 3 in. image orthicon cameras which are the normal equip­
ment of this Studio and also the prototype three-tube plumbicon camera on loan from 
the Philips Company of Holland. 

The opportunity was therefore taken to conduct a number of comparisons 
between the three colour television cameras, since they represented three distinct 
types, all of which might be of interest for the start of a colour television service 
in this country. At the same time, however, it must be pointed aut that none of the 
cameras is claimed to represent the best of its particular type. 

2. EXPERIMENTAL DETAILS 

A number of objective measurements were made to assist in the comparisons 
and also to assist in deciding the improveme~t in performance which might be obtained 
from a fully-engineered camera of similar type. Enough is known of the basic signal­
to-noise ratios, resolution and sensitivity of the various camera tubes used in these 
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cameras for it to be possible to estimate with some accuracy the ultimate performance 
of any camera of a given type. 

Details of the three cameras and associated apparatus concerned In the com­
parison are as follows: 

(a) The E.M.I. four-tube camera 

The luminance signal is produced by one 4~ in. medium-spaced image orthicon 
tube. Chrominance signals are produced by three 1 in. vidicon tubes, 
unders~anned to give an 8 mm diagonal image. Signal processing is carried 
out by means of an E.M.I. 'multi-linear matrix' and coder which should 
result in a composite signal capable of being handled by a decoder of com­
pletely standard NTSC specification. 

(b) The three-tube plumbicon camera manufactured by Philips 

This contains three standard (non-red-sensitive) 30 mm plumbicon tubes with 
an image format having a 20 mm diagonal. Standard R,G,S outputs were fed 
to a SBCDesigns Department NT8C coder. 

(c) The three-tube 3 in. image orthicon camera manufactured by Marconi 

The older model, using dichroic mirrors, was employed since the glass prism­
block optical system of the more recent Marconi colour came~a was known to 
give incorrect colour analysis. 

2.1. Obj ecti ve Measurements 

2.1.1. Signal-to-Noise Ratios 

In each case the signal-to-noise ratio was measured by means of the SBC 
Noise Measuring Set MEl/502, but there were some departures from our normal procedure 
in making these measurements. It is not possible to measure individual R,G,S colour 
separation signals in the case of a four-tube camera and it was therefore necessary 
to measure the signal-to-noise ratio of the compatible black-and-white picture at 
the coder output, the subcarrier having been swi tched off. 

The plumbicon camera and the three-tube 3 in. image orthicon camera normally 
use crispener circuits in which a low-pass filter, having a cut-off frequency of 
3'5 Mc/s, is included. This device has a fairly pronounced effect in improving the 
signal-to-noise ratio but it restricts the measureable resolution of high-frequency 
detail; the E.M.I. four-tube camera is not so equipped and comparisons between the 
three cameras must be made with this in mind. Signal-to-noise ratio measurements 
were also made at the R,G,S outputs of a standard NTSC decoder with input provided by 
each of the three cameras in turn. In these cases, it was necessary to place a low­
pass filter having a cut-off frequency of 3'1 Mc/s in the feed to the noise-meter in 
order to remove the subcarrier, which would have given a spurious reading. The 
signal-to-noise ratios given are therefore valuable for comparison between the three 
cameras but cannot usefully be related to signal-to-noise ratio measurements made 
under different conditions. 
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2.1.2. Resolution of Test Cards 

The ability of the compatible picture to portray the fine detail of a 
test card was measured by observing the depth of modulation at the coder output. 
Measurements were made with and without the low-pass filter and crispener circuits of 
the plumbicon and image orthicon cameras. It was decided that the performance of all 
three cameras without crispeners was of interest since the measured signal-to-noise 
ratio of the plumbicon camera was such that there is hope that an improved head 
amplifier would permit less severe filtering of the output signal. Comparisons 
between cameras with the crispener circuit present were made with 3'1 Mc/s test 
patterns. Where no crispeners were used, the resolution was measured with 4'7 Mc/s 
test patterns. 

2.1.3. Sensitivity 

Sensitivity was measured by exposing the camera to an E.I.A. logarithmic 
grey scale and adjusting the incident illumination until the camera was correctly 
exposed. In the case of cameras containing one or more image orthicon tubes, the 
correct exposure must be determined by the relationship of highlights in the scene to 
the knee of the light transfer characteristic. In the case of the plumbicon camera, 
the operating point is less positively determined and signal-to-noise ratio becomes 
the criterion. The normal working signal current, which gives a signal-to-noise 
ratio of 40'5 dB with the low-pass filter and crispener in circuit, was used when 
determing the sensitivity of the plumbicon camera in this comparison. 

2.2. Subjective Appraisals 

Th~ subjective appraisals were made by panels of BBC engineers, all exper­
ienced in appraising colour television pictures. The appraisals were carried out in 
a number of separate viewing sessions and in all about 30 observers took part. The 
results for the separate sessions have been compared and it has been found that the 
subjective gradings were very consistent, despite the fact that it was necessary to 
re-align the camera and monitors before each session. The pictures provided by any 
two of the three cameras to be compared were displayed on a pair of identical 21 in. 
shadow-mask colour monitors, each fed by an identical NTSC decoder. Very great care 
was taken to ensure that the two channels were accurately balanced in all respects. 
The presentation of the pictures was so arranged that each camera was used twice on 
each given scene, the picture appearing once on the left-hand monitor and once on the 
right-hand monitor; this technique ensured that some compensation for differences in 
viewing distance was applied and would also average any differences in colour balance. 
The observers were not told which camera was being used to provide the pictures and 
the pattern of switching operations employed was sufficiently c~plicated to make 
identification difficult, although by no means impossible. Approximately eight 
observers took part in each of the first series of viewing sessions, but in a second 
series of viewing sessions, to be described later, it was necessary to restrict the 
number of viewers to four. 

The subjective appraisals were designed to investigate those parameters of 
picture quality in which objective measurements do not give a very accurate impression 
of the performance of the camera. The visibility of noise, for example, cannot be 
compared directly on the basis of measured ratios of signal-to-r.m.s.-noise level 
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since the distribution of noise energy throughout the video spectrum of the signals 
differs from camera to camera. Similarly, none of the cameras (or indeed the display 
tube) gives objectively accurate reproduction of colour. 

2.2.1. Subject Matter used for Subjective Appraisal 

The scenes used provided a stringent test but care was taken to avoid 
materIal that was beyond the theoretical capabilities of the system or display. COn­
siderable use was made of the fabrics specially designed on behalf of the R.B.U. for 
examining colour reproduction properties of colour television apparatus. Use was 
also made of BBC Research Department colour test boxes in which nine gelatine colour 
filters were re:r-illuminated with light of the appropriate colour temperature. One 
such box was displayed to the camera and another similar box was placed adjacent to 
the colour monitors to allow visual comparison. More complete details of the picture 
material used for each test are shown in the Appendix. 

It was later felt that further appraisals of the abilities of the cameras 
to reproduce colours should be conducted with particular reference to their ability to 
portray lipstick and facial colourings dependent on the red-sensitivity of the camera. 
This applied to the compatible black-and-white picture as well as to the colour 
picture. A second series of viewing sessions was conducted in which arrangements 
were made for the viewers to have a close-up view of the model through a colour­
temperature-raising filter,* and, at the same time, to be able to See two colour 
monitors display side-by-side colour or compatible reproductions of the subject. The 
arrangement of the studio set and viewing booth is shown in Fig. 1. 

key light 

"'''",d~ Vh~Wmg~ 
onc 

$Oats 
(soo footnote) 

filler lights 

<:J<:J j 
<Q<Q 

A. soot for 
v-model 

scen 'flats' 
plain blue) 

Fig. 1 - Experimental arrangement for second serLes of assessment seSSLons 

Note: The screen was provided to shield the window from the set 
lighting in order to reduce glare effects. 

• Modern display tubes produce a white that is much colder 
lighting used in studios. The eye is able to discount this 
provided that the original scene is not seen at the same time. 
and di spl ayed whi te the same. 

(more blue) than is the tungsten 
change by an adaptation process, 
The filter used made the tungsten 
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2.2.2. Method of Assessment and Analysis of the Picture Impairment 

The observers were asked to make all their assessments in terms of the degree 
of visibility of the impairments under consideration, using the subjective scale shown 
below. 

TABLE 1 

Scale of Subjective Grades 

DEGREE OF VISIBILITY OF THE IMPAIRMENT GRADE 

The impairment 1S I MPERCEPTI BLE 1 

The impairment is JUST PERCEPTI BLE 2 

The impairment 1S DEFINITELY PERCEPTIBLE BUT NOT DISTURBING 3 

The impairment is SOMEWHAT DISTURBING 4 

The impairment 1S DEFINITELY DISTURBING 5 

The impairment has RENDERED THE PICTURE UNUSABLE 6 

In the analysis of the results, the mean subjective grade of the observers' 
assessments of each impairment was calculated for pictures derived from each camera 
and the standard deviations about these means were also calculated. In addition an 
estimate, based on the 'standard error' of the results, was made of the degree of 
significance that could be attached to the di fferences between the mean grades obtained 
from each camera for any given impairment . 

. 
3. RESULTS 

3.1. Noise 
TABLE 2 

Measured Signal-to-Noise Ratios, and Subjective 
Impairments by Noise. 58 Observations. 

PLUMBICON 
E.M. I. FOUR- THREE-TUBE 
TUBE CAMERA CAMERA 

Signal-to-noise ratio of 
coded luminance signal Decibels 34°7 38°0 
(measured) 

Subjective 
Noise in the displayed grade 3°41 2°23 
black-and-white picture (Standard 
(subj ecti ve grading) deviation) (0°60 ) (0°75) 

Noise in the displayed Subjective 3°42 2°22 
colour pi cture (subj ecti ve grade 

grading) (Standard (0°59) (0°71) 
devi ation) 

3 in. IMAGE 
ORTHI CON 1HREE-

TUBE CAMERA 

33°1 

.. 
3°28 

(0 0 74) 

3°29 

(0 0 50) 

Significant differences between grades are calculated to be those 1n excess of 0°18 
gradeso 

, 
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The measured signal-to-noise ratio given for the plumbicon three-tube 
camera was that obtained when the light incident upon the scene was 152 ft-Candles 
with the lens aperture set to f/4. In the plumbicon camera, the distribution of 
the noise energy within its spectrum is triangular, whereas the noise from cameras 
which employ image orthicon tubes tends to be of a more uniform distribution through­
out the spectrum. For black-and-white television, a triangular noise spectrum is 
advantageous and is usually valued in subjective trials as being worth an additional 
6 dB in signal-to-noise ratio. For colour television applications, however, the 
triangular noise spectrum is not advantageous because of the cross-colour effect of 
high- frequency noise . . 

As stated in Section 2.1.1, the signal-to-noise ratio for the plumbicon and 
3 in. image orthicon cameras was measured with the crispeners and low-pass filters in 
circuit, whereas in the E.M.I. four-tube camera, the luminance signal had a greater 
bandwidth. 

TABLE 3 

Signal-ta-Noise Ratios in Decoded Colour-Separation 
Signals Limited to 3'1 Mc/s Bandwidth 

CAMERA RED GREEN 

E.M. I. four-tube (without crispener) 31'9 dB 34'9 dB . 
Three-tube plumbicon (with crispener) 37 '6 dB 40'5 dB 

Three-tube plumbicon (wi thou t cri spener) 32'0 dB 36'3 dB 

Three-tube Image orthicon (with crispener) 35'5 dB 36'9 dB 

Three-tube image orthicon (without crispener) 34'5 dB 36'4 dB 

BLUE 

29'1 dB 

37'0 dB 

28'1 dB 

35'6 dB 

33'5 dB 

Inese results are useful as a measure of the subj ecti ve noise In the res­
pective colours after coding a'ndoecoding, but they do not represent the signal-to­
nOIse ratios In the original signals from the separate tubes of the colour camera. 

As a further investigation, the head amplifiers of the three~tube plumbicon 
camera were examined to see whether the performance was comparable with that obtained 
in the more recent designs of a vidicon head amplifier produced by BBC Designs 
Department. With all aperture correction removed but with compensation present for 
the input time-constant of the head amplifier and for the camera tube capacities, the 
head amplifiers in the three-tube plumbicon camera gave a signal-tQ-poise ratio of 
36 dB for a peak signal current of 0'3 pA. It is believed that a more sophisticated 
design can give signal-to-noise ratios under the same conditions some 8 dB better than 
this and it might therefore be decided that with improved head amplifiers, the 
plumbicon three-tube camera might not need to resort to the use of a low-pass filter 
and crispener circuit, but could be used to give higher depths of signal modulation 
while retaining an acceptable subjective level of noise. This point does, however, 
require experimental proof. 
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3.2. Colour Errors 

TABLE 4 

Colour Errors. Subjective Gradings 

PLUMBICON 3 in. IMAGE 
E.M. I. FOUR- TIIREE-ruBE ORTIII CON TIIREE-
ruBE CAMERA CAMERA ruBE CAMERA 

Colour reproduction of faces 
Subj ecti ve 

4'22 2'86 2'85 grade 
and general scene (Standard 
(58 observations) deviation) (0'81) 0'27) 0'07) 

Colour reproduction of E,B.U. Subj ecti ve 
reflective materials grade 

White 1'84 1'74 1'82 
Yellow 3'62 2'78 3'22 
Cyan 3'48 3'49 3'53 
Green 3 '61 2'55 2'89 
Magenta 5 '16 3'93 3'04 
Red 3'88 2'66 2'14 
Blue 3'35 2'24 2'74 

Mean of all E.8.U. ( Standard 3'56 2'77 2'77 
colours deviation) 
(308 observations) 0'29) 0'14) 0'05) 

Colour repr~duction of colour Subj ecti ve 
box grade 

Green 3'25 3 '06 3'04 
Yellow 2'90 2'88 2 '46 
Orange 3'18 2'74 2'93 
Cyan 3'24 2'46 2'84 
White 3'06 1'80 2'06 
Red 3'54 3 '17 3'17 
Blue 4'38 3'13 4'08 
Magenta 4'32 3'61 3'74 
Light Magenta 4'95 3'18 3'63 

Mean of all colour box (Standard 3'65 2'89 3'10 
colours deviation) 
(378 observations) 0'13) (0'92) .. 0'10) 

Colour reproduction of Subj ective 
lipsticks grade 

Lipstick 1 (Orange) - 2'43 2'22 
Lip,tick 2 } - 2'40 2'07 
Lipstick 3 Magenta - 2'43 2 '17 
Lipstick 4 shades - 2 '68 2'29 
Lipstick 5 - 2'51 2'11 
Lipstick 6 (01erry red) - 2'72 2'22 
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TABLE 4 

Co lour Errors. Subjective Gradings (Cant inued) 

E.M.1. FOUR- PLUMBICON 3 in. IMAGE 

TUBE CAMERA TI-lREE-TUBE ORl1l1CON TI-lREE-

CAMERA TUBE CAMERA 

Mean of all lipsticks - 2'53 2'18 
( 216 observations) 

Standard deviation ( - ) (0'75) (0'70) 

Heproduction of lipsticks on Subj ecti ve 
black- and-whi te di spl ay grade 

Lipstick I (Orange) - I' 58 1'39 
Lipstick 

!} 
- 1'72 1'62 

Lipstick Magenta - 1'88 1'53 
Lipstick shades - 2'00 1'40 
Lipstick 5 - 2'08 1'68 
Lipstick 6 ( O1erry red) - 2'40 1'68 

~Iean of all lipsticks • 
( 216 observations) - 1'94 1'55 

Standard devi ation ( - ) (0'76) (0'58) 

Significant differences between mean grades are calculated to be those ln excess of 
0'1 grades, 

In considering the colour errors of the E.M.1. four-tube camera, it should 
be noted that the decoding method of the NTSC system is based upon the luminance 
in fonnation being of the form: 

This implies, but does not necessitate, the three-tube source of signals, A rather 
complicated correction is required when the signals from a four-tube camera are to be 
transmi tted in such a form that they can be reproduced by a standard NTSC colour 
receiver without the introduction of severe colour errors in large areas, In the 
E.M.1. camera, the correction is obtained by means of a device called a 'multi-linear 
matrix' , 'This device, or· other arrangements for correcting the signals from a four­
tube source, may require that the light transfer characteristic of the chrominance 
tube shall at some stage of the process be accurately corrected to a simple power law, 
This is difficult to achieve with vidicon camera tubes and therefore the accuracy with 
which a colour television system can reproduce colours is of particular interest when 
it employs a four-tube camera having vidicon camera tubes in the three colour channels, 
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3.3. Portrayal of Fine Detail 

TABLE 5 

Portrayal of Fine Detail 

PLUMBICON 3 in. IMAGE 
E.M.I. FOUR- TIlREE-TIJBE ORTIIICON TIIREE-
ruBE CAMERA CAMERA TUBE CAMERA 

Measured horizontal 
resolution of test cards. 
Normal aperture correction. 
(With crispener). 

1·5 Mc/s 95% 95% 
3·0 Mc/s % Modulation - 75% 50% 
5·0 Mc/s 0% 0% 

Measured hori zon tal 
resolution of test cards. 
Normal aperture correction. 
(Without crispener). 

1·5 Mc/s 90% 100% 70% 
3·0 Mc/s % Modulation 65% 79% 17% 
5·0 Mc/.,s 25% 60% 6% 

Subj ecti ve lack of sharp-
ness (With crispener) 

Subj ective 

Black-and-white pictures 
grade 2·41 2·97 3·50 

(Standard 
deviation) (0·79) (1·00) ( 1·00) 

Subj ective 
grade 2·99 3·15 3·32 

Colour pictures (Standard 
deviation) (0·80) ( 1·02) (0·85) 

.. 
Significant differences between mean grades are calculated to be those In excess of 
0·25 grades. 

At times the E.M.I. four-tube camera showed considerably enhanced edges on 
b1ack-to-white transitions, but it does not employ a crispener. Measurements of 
the three-tube image orthicon and three-tube plumbicon cameras were therefore carried 
out both with and without their crispeners, but in considering the 'without-crispener' 
results, it must be remembered that the noise usually appears significantly worse and 
may be unacceptable when this device is removed from the circuit. 
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3.4. Sensitivity 

TABLE 6 

Sensi tivi ty 

PLUMBIOON 3 in. IMAGE 
E.M. I. FOUR- THREE- ruBE ORTIIICON TIIREE-
ruBE CAMERA CAMERA ruBE CAMERA 

Minimum incident 
illumination required ft-Candles 
to expose the E.I.A. 

170 152 580 

step-wedges 

The plumbicon camera was operated with. its zoom lens at maximum aperture 
f/4. The three-tube image orthicon camera was therefore operated at f/8 to give the 
same depth of field as that obtained from the plumbicon when the latter is at f/4. 
Under normal working conditions, a smaller depth of field is accepted from the image 
orthicon camera and the present working incident illumination is 350 ft-Candles. It 
should be noted, however, that recent measurements have shown the optical colour 
analysis arrangements of the Marconi three-tube image orthicon cameras to have only 
50% the efficiency of similar arrangements in R.C.A. cameras. The performance of 
R.C.A. optical components, together with the employment of special orthicons having 
tri-alkali photocathodes is thought to promise as much as 5 : 1 sensitivity improvement 
over the present Marconi cameras. This would make the light requirem~nt at f/8 only 
116 ft-Candles - less than those required by either the three-plumbicon or E.M.I. four­
tube cameras in their present forms. 

The E.M.I. four-tube camera has no iris adjustment; the effective depth of 
field in the luminance tube image is said to be that associated with f/11. Minimum 
light requirements are set by the three vidicon tubes which are operated with a large 
effective aperture of the order of f/l. 

3.5. Compatibility 

TABLE 7 

Compat ibi l i ty 

PLUMBICON 3 in. IMAGE 
E.M. I. FOUR- THREE-ruBE ORl1lI CON TIIREE-
ruBE CAMERA CAMERA TUBE CAMERA 

Subj ecti ve apprai sal of Subj ecti ve 
visibility of subcarrier grade 3'04 3'04 3'44 
pattern, overshoots on (Standard 
edges, etc. on black-and- deviation) (0'70) (0'75) (0' 89) 
white display 

Significant differences between mean grades are calculated to be those In excess of 
O· 27 grades. 
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3. 6. La~ 

TABLE 8 

Lag 
--

PLUMBICON 3 1n IMAGE 
E.M. I. FOUR- 1HREE-ruBE ORTHICON 1HREE-
ruBE CAMERA CAMERA TUBE CAMERA 

Subjective appraisal of Subjective 
4'19 3'96 4'02 visibility of trailing grade 

images of moving obj ect (Standard 
(0'58) (0'95) (0'93) (colour display) deviation) 

Signi ficant di fferences between mean grades are calculated to be those In excess of 
0' 27 grades, 

3.7. Registration 

TABLE 9 

Registration 

PLUMBICON 3 in. IMAGE 
E.M.1. FOUR- 1HREE-ruBE ORTHI CON 1HREE-
ruBE CAMERA CAMERA ruBE CAMERA . 

Subj ecti ve appraisal of Subj ective 
visible misregistration grade 3'90 2 '28 2'45 
upon tilting the camera (Standard 
(colour display) deviation) (0'97) 0'15) (0'68) 

Significant differences between mean grades are calculated to be those In excess of 
0'29 grades, 

The E.M.I. camera is said to contain no screening against the effect of the 
Earth's field, When the camera is panned or tilted, there is an obvious misregis­
tration between the luminance and the three chrominance tubes, 

4, DISCUSSION OF RESULTS 

When comparing three colour television cameras in a fairly wide variety of 
tests, it is inevitable that the detailed results become somewhat complicated, In 
the discussion which follows, only the overall result of each test is considered, 

4.1. Noise 

The three-plumbicon camera is one whole subjective grade better than either 
the three-tube image orthicon or the E.M.1. four--tube cameras which are not signifi-
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cantly different from each other. This applies to the black-and-white picture as 
well as to the colour picture. As already stated, the plumbicon camera contains a 
crIspener and low-pass filter circuit which reduces the visibility of noise con­
siderably. A known design of head amplifier is, however, capable of giving equally 
acceptable nOIse performance without reduction of video bandwidth. 

4.2. Colour Errors 

Some assistance in evaluating the results of colour errors could be gained 
from Fig. 2 in which the mean results are shown in diagrammatic form. The mean 
subjective grad~ given by the observers is shown for each camera and the height of 
each rectangle in the diagram is made to conform wi th the significance level calculated 
from the number of observations and the standard deviation. It can therefore be 
taken that the difference between the grades given to each of the cameras is not 
significant whenever the rectangles overlap. 

2 

~~ ~ ~ 
1.0. P tilll 

1.0. P IZ2:l P 
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D ., .. 
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Fig. 2 

Colour Err-Drs : Mean 
Subjective Grades 

~ 
1.0. 

[ill] 
4t 

~ 
P 

Marconi three-tube 3 in. 
image orthicon camera 

E.M.I. four-tube camera 

Philips three-tube 
plumbicon camera 

All three cameras were used in three of the four colour tests shown in the 
diagram above. The fourth test was conducted after the E.M.I. four-tube camera had 
been returned to the manufacturer and only the plumbicon and image orthicon cameras 
were used. In each of the first three tests, the E.M.I. camera was significantly 
worse than either the plumbicon or the image orthicon cameras. Only in the overall 
results of the colour test box was there any significant difference between the three­
tube plumbicon and the three-tube image orthicon cameras and here the plumbicon was 
slightly superior, due to the failure of the image orthicon camera to handle colours 
containing energy in the blue parts of the visible spectrum. This is a known defect 
of the colour analysis of this particular camera. In the lipstick test, the three­
tube image orthicon camera showed itself to be better than the plumbicon by a little 
less than half a grade; this is due to the well-known deficiency of the standard 
plumbicon to wavelengths in excess of 630~. In a test of the portrayal of lipstick 
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and facial colouring in the compatible (black-and-white) picture, the darker rendering 
of the plumbicon was again assessed at about 0'5 grades worse than the thre~-tube 
image orthicon camera. 

4.3. Portrayal of Fine Detail 

As expected, it was in this test that the E.M.I. four-tube camera showed 
some superiority. In the compatible black-and-white picture, it was a little more 
than half a grade better than the plumbicon camera, which, in turn, was half a grade 
better than the three-tube image orthicon camera. In the colour picture, the results 
were very close and there was really no significant difference between theE.M.I. four­
tube camera and the plumbicon camera. This is rather disappointing, particularly 
when it is remembered that both the plumbicon and three-tube image orthicon cameras 
were using crispener circuits in which the video bandwidth of the output signals was 
limited to 3'5 Mc/s. Misregistration between the luminance tubes and the chrominance 
tubes in the four-tube camera may account for some of the failure to produce a picture 
comparable in sharpness with the conventional black-and-white camera. Moreover, an 
image orthicon tube used as a separate-luminance tube must be operated less far around 
the 'knee' of the light transfer characteristic than a similar tube in a monochrome 
camera. It has been found that this operating condition impairs the subjective 
sharpness of the compatible picture. The depth of modulation at 5'5 Mc/s drops by 
about 12% when the exposure is reduced to about half-a-stop below the 'knee'. 

4.4. Sensitivity 

Comparisons between the plumbicon and cameras contaInIng an image orthicon 
are difficult because the former has no fixed operating point and can be operated with 
more, or les~, light in exchange for signal-to-noise ratio. The working point for 
our comparison was simply based on that which operational experience had found to be a 
satisfactory compromise between illumination and signal-to-noise ratio. There was 
little significant difference between the E.M.I. four-tube and the three-tube plumbicon 
cameras, both of which were more superior to the three-tube image orthicon camera for 
sensItIvIty. As already stated, however, it is believed that a substantial improve­
ment could be achieved in the three-tube image orthicon camera by the provision of 
more efficient optical components for colour analysis and image orthicon tubes having 
tri-alkali photocathodes. 

4.5. Compatibility 

It was expected that edges in the picture provided by the four-tube camera 
might have been enhanced by the additional signal processing which is necessary. 
Such edges were, in fact, observed, but this was not reflected.in the subjective 
grading. The low saturation produced by the four-tube camera made the subcarrier 
less obvious in the compatible picture and the fact that the three-tube image orthicon 
camera was 0'5 grades worse than the other two cameras is probably due to its somewhat 
superior colour saturation. 

4.6. Lag 

There was no significant difference In the performance of the three cameras 
for this test. 
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4.7. Registration 

The E.M.I. four-tube camera was substantially worse than the plumbicon and 
image orthicon cameras. As stated in Section 3.7, the camera contains no screening 
against the effect of the Earth's field and it is not known whether a properly­
constructed camera containing dissimilar camera tub'es can be made to have the same 
registration properties as a three-tube camera. 

5. CONCLUSIONS 

To a large extent, comparison between the four--tube camera and the two 
three-tube cameras was invalidated by the poor instrumentation of the former. There 
is no fundamental reason for the large-area colour performance of a separate luminance 
camera to be worse than that of a three-tube camera, providing one of a number of 
suitable processes of correction is rigorously applied. The colour accuracy of the 
E.M.I. camera was, however, found to be significantly inferior, and there is some 
doubt whether a four-tube camera containing vidicons can be successfully corrected 
because of the great difficulty of gamma-correcting vidicons to a pure power-law. 
Inability to operate the separate luminance image orthicon tube of the four-tube camera 
around the knee as practised in black- and-whi te cameras results in less advantages from 
the point of view of sharpness in the compatible picture than might be expected. 

The advantages of adopting a four-tube arrangement seem rather uncertain. 
The main point of the four-tube camera lies in its claim to superl.,or resolution, 
particularly in the compatible picture; this is only partly justified since, as 
already stated, the operation of the P.822 image orthicon tube below its knee leads to 
a significant loss of resolution. If, however, the camera contained four plumbicons, 
the advantage in resolution over a three-plumbicon camera would be restricted to the 
re-couping of losses accounted for by registration errors, and the best possible 
compatible performance would be substantially less than that of an image orthicon 
luminance tube. 

The three-plumbicon camera performed surprisingly well in the comparisons 
of colour accuracy, despite its well-known insensitivity to long-wavelength red light. 
Its colour performance was equal to or better than that of the three-tube image 
orthicon camera in all except the lipstick tests. Its performance in the portrayal 
of fine detail was also closer to the four-tube camera than had been expected, and, 
given a better head amplifier, the horizontal resolution could be improved for the 
same subjective noise value. Blemishes on the targets of the plumbicon tubes were 
rather distracting. 
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CHS 

APPENDIX 

Picture Material Used During The Tests 

PI CTIJRE I MPAlftdENT 
UNDER CONSIDERATION 

Noise 

Errors in. colour 
reproduction 

Lack of portrayal of 
fine detail 

Lack of compatibility 

Lag 

Registration 

SCENE(S) 

Red, green and blue E.B.U. colour fabrics, each 
occupying about 1/3rd of the picture area. 

(1) Two girls standing beside large areas of 
red, green and blue E.B.U. colour fabrics: three 
detergent packets also included. 

(2) Yellow, cyan, green, magenta, red and blue 
E.B.U. colour fabrics arranged in vertical 
'colour-bar' stripes, together with a white 
stripe, and occupying the whole of the picture 
area. An identical set of fabrics was available 
in the viewing area for comparison. 

(3) Green, yellow, orange, cyan, white, red, 
blue, magenta and light magenta gelatine colour­
filters arranged in a 3 x 3 matrix and illuminated 
from behind. Each colour shown at 100% and 25% 
transmission levels. An identical set·of filters 
was available in the viewing area for comparison. 

(4) Close-up of girl's face; a sequence of six 
lipstick shades was used. The original scene 
could be observed through a colour-temperature­
raising window. 

Two girls seated on a settee, with an in-focus 
background of newspaper cuttings. 

Two girls standing beside large areas of red, 
green and blue E.B.U. fabrics; three detergent 
packets also included. 

Swinging pendulum, viewed against dlirk backgroond. 
The active length of the pendulum consisted of 
bands of white, yellow, red, green and blue; the 
period of the pendulum was about 5 seconds. 

Vertical and horizontal narrow stripes of orange, 
green, yellow, blue and red. The cameras were 
tilted upwards by approximately 15 degrees from 
their usual operating position while this test 
was in progress. 
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