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�)û>^_Ñ�¯K, JÑ
�«¢�_Ñ��{, T�{|^|±�þÅ (SVM) ò_Ñ�¯K=z���
£8�O¯K. Äu SVM �>^_Ñ��{¤õ/)û
_Ñ�¯K¥���5ÚØ·½5. |^Bp¯KÿÁ

T�{��15Úk�5, ÿÁ(JL², ØØ´ÃD(�´kD(��¹, T�{ÑUéÐ/ép�8I?1
&ÿ�½ . d	, 3Bp�¸e^ SVM ýÿ�.?Ø
�ÂU��æ� �êéýÿ(J�K�. ��éõ�
�e�ýÿØ�?1
©ÛÚïÄ, ïÄL², �'uü�¹õ��k|uép�8I�£O.

'�c: _Ñ�, |±�þÅ, Bp¯K, õ��
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1 Ú ó

>^_Ñ�nØ|^Ñ�N	Ü¤ÿ��Ñ
�|5íäÑ�N��m �9Ù>^A5�8
I&E, TnØ2�A^u/�Æ!8I£O!
&/X�!�Æ¤�!/¥Ôn*ÿÚ�
Ã
�uÿ+�. 3L���c¥, _Ñ�ïÄ��

4��'5, AO´3�Å¤�Ú8I��+
� [1−3].

>^Å3Ñ�NS9Ñ�Nm�3õg��,

Ïd>^_Ñ�¯K´��5�. �)û��5¯
K, Ï~|^�
Cq�{ (~X Born Cq) òÙ
=z��5¯K, ,�|^ÛÉ�©)é�5_Ñ
�¯K?1�üO�. da�{�.{ü!O�þ
�!ï�Ý¯, �´�.¥�Ñ
õg���A,

Ïdda�{�·^ufÑ�N [4−6]. d	, ò�
�5¯K=z�`z¯K��{��
�5�õ
�A^. r*ÿ��Ñ�|�ê�O���|�m
�����d�¼ê, ÏL�
`z�{ (XFÝ
�{) 5é��ü¯K�). ù«�{�`:´
ï�þp, Øv´O�þ�!O��m� [7,8].

3_Ñ�¯K¥, duÿþêâ�U3�m

�!�m�ÚªÇ�þk�/Â8�, Ã{�_Ñ
��üJø¿©�&E, Ïd_Ñ�¯KqäkØ
·½5. �)ûØ·½5¤�5�)����ÚØ
½, ÃØþã=a�{ÑI�æ^�Kz?n.

,8c3¦^�Kz�{�, �KzëêÑ´<
��½�, ��"ynØ|±, ù�´�8?n_
Ñ�¯K��{¥ÊH�3qk�)û�(J.

Bp¯K´>^_Ñ�¯K���A~, �©
ÏLBp&ÿ5u�¤J�{�k�5. Bp¯K
�'Ù¦_Ñ�¯KkÙAk�J:, =¤��{
¥7L�ÄpN��^. ~X|^þãCq�{
½`z�{¤��, pN��^´ÏLÈ©�§¥
���¼ê5O��. C
c, Ahmad � [9] |^ò
�½Æé��(�>^DÂ´», é¤��{ (~
X BP �{) ¥��mÏf?1?�, l��

�ÄpN�^��J. �´3¢S�¹¥, pN�
ëê´���, ¤±þã�{¿�Uý�)ûB
p¯K.

�X�U�{3>^_Ñ�¯K¥�2�A
^,  ²�ä®�^u)ûBp¯K [10]. �´d
u ²�äæ^²�ºx��z�K, 3Ôö¥
��z��:Ø�, ÏØ�;�/ÑyL[Ü
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y�, ù���.��zUåÉ���. ���
3ÃXÛ�!:ê�ÀJÚÛÜ4�z¯K, l
����
Ù?�Ú�A^ [11,12]. |±�þ
Å (SVM) �{´ïá3ÚOÆSnØ� Vapnik-

Chervonenkis (VC) �nØÚ(�ºx���nÄ
:þ�. ù��{�âk����&E3�.�E
,5ÚÆSUå�mÏ¦�Zò¥, ±Ï¼��Ð
�í2Uå. SVM �{¦)�´��à�g`z
¯K, Ïd���)´�Û�`�, ;�
 ²�
ä�3�ÛÜ�`)¯K. d	 SVM ¥��ëê
äk�Kz��^, ;�
é_Ñ�¯K2��K
z?n, �ù
ëê´ÏL���y����`
�, Ø´<�²�ÀJ�, Ïd�Kzëê�ÀJ
k
�½�nØ�â [13−18].

�©Äk£ã
Bp¯K, |^>^|�£é
Ù?1Ôn9êÆï�, ÏL©ÛL²Bp¯K´
��5Ú¾��. duBp¯K¥�3���5Ú
¾�5, �©JÑ
�«Äu SVM �>^_Ñ�
�{,Á��yL²T�{�±¢�/)ûBp¯
K. d	, �©�?Ø
�ÂU�æ� �êé&
ÿ(J�K�. �
�[¢S|µ, éêâ¥\\
D(��¹�?1
?Ø. ��, '�
ü�u�
Úõ�u��¹e�ýÿ(J.

2 ¯K£ã

Bp¯K�AÛ�.Xã 1 ¤«, �p���
u�U�, éT|µu�pdN�óÀ, p���
�¥%�I� (x0, y0), �»� ρ �Ñ�Ô, Ù�é
0>~êÚ>�Ç©O� ε Ú σ. �ÂU���
p��, 3*ÿ«� [−xm, xm] ÷ x ��£Ä/¤
�^��, ÏL*ÿ�ÂU��Â��Ñ�|5
íäÑ�8I�ëêA5. pN��é0>~ê
� εb, >�Ç� σb, ^�Ç� µb = µ0. &ÿ«� D

� [xmin, xmax]× [ymin, ymax], T«�Ú*ÿ«�þ
�gd�m, Ù0>~ê� ε0, ^�Ç� µ0. 8I
�Ñ�|�ÙA5ëê�'X�

Es(xr, yr, xt, yt, w) = k2
0

∫∫
D

G(xr, yr, x, y, w)

×Etot(xt, yt, x, y, w)

×χ(x, y)dxdy. (1)

ùp, w = 2πf , Ù¥ f �u�&ÒªÇ; k0 �Åê;

(xt, yt) Ú (xr, yr) ©O�u�U� �Ú�ÂU�
 �, xr ∈ [−xm, xm]; G(·) �L��¸���¼ê;

Etot(·) �Ñ�NS�o|; Es(·) �8I�Ñ�|;

χ(·) �L�Ñ�Ô&E�8I¼ê, ÙL�ªXe:

χ(x, y) =
εeq(x, y) − ε0

ε0
, (2)

Ù¥
εeq = ε(x, y)ε0 − j

σ(x, y)
w

. (3)

ã 1 Bp¯K�AÛ�.

(1)ª¥� Etot(·) Ü©d8I¼ê χ(·) û½,

¤± (1)ª���5�; qÏ��ÂU� ��´
3*ÿ«�S£Ä, Ù�Â��Ñ�|´k��,

Ã{�_Ñ��üJø¿©�&E, ÏdT¯Kq
´¾��, =Ø·½�. �
)û_Ñ�¯K¥�
��5ÚØ·½5, ·��ò��æ� �?�Â
��8IÑ�&E|¤��þ Ēs(·) �8I¼ê�
'XV)/L«�

χ(·) = f(Ēs(·)). (4)

3 SVM ¥, ·��±ò Ēs(·) ��Ñ\&Ò, χ(·)
��ÑÑ&Ò. ÏL��k��© (FDTD) �ý¢
���Ôöêâé (Ēs(·), χ(·)), ,�|^ SVM é
ÙÔöl��üö'X�CqL�ª.

3 SVM �Ä��n

SVM �Ä�g�´ÏLSÈ¼ê½Â��
�5C�òÑ\�mC����p��m, 3ù
�p��m¥ÏéÑ\Cþ�ÑÑCþ�m��
5'X.
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� � ½ � Ô ö � � � {(xi, ti), i =

1, 2, · · · , k}, Ù¥, xi ∈ RN �Ñ\�, ti ∈ R �
éA�8I�, k �Ôö��ê. Äk^����5
N� φ rêâN����p�A��m, ,�3p
�A��m¥?1�5£8,�£8¼ê�

f(x) = 〈w, φ(x)〉 + b, (5)

Ù¥, 〈·, ·〉 �SÈ$�ÎÒ, w Ú b ©O�£8¼
ê���þÚ �.

b�¤kêâ3°ÝeÃØ�/^�5¼ê
[Ü, °Ý� ε. �âÚOÆSnØ, Äu SVM �
�`z£8¼ê´�÷v(�ºx��z�n, =
��z VC �ÚêâØ�. �Ä�#NØ���¹,

Ú\tµCþ ξi, ξ∗i , K��z¯K�

R(w) = min

(
1
2
‖w‖2 + C

k∑
i=1

(ξi + ξ∗i )

)
, (6)

�å^��

f(xi) − ti 6 ξi + ε,

ti − f(xi) 6 ξ∗i + ε,

ξi > 0,

ξ∗i > 0.

(7)

ùp i = 1, 2, · · · , k; C �¨vëê, C �é�z
UåÚ[ÜØ��ÑN�. |^.�KF�{¦
)þã�å�`z¯K, ò�¯K=z�Ùéó
¯K, =

J(αi, α
∗
i ) = max

−1
2

k∑
i,j=1

(αi − α∗
i )(αj − α∗

j )

× 〈φ(xi), φ(xj)〉

+
k∑

i=1

(αi − α∗
i )ti

−
k∑

i=1

(αi + α∗
i )ε

)
, (8)

�å^��
k∑

i=1

(αi − α∗
i ) = 0 (0 6 αi, α

∗
i 6 C), (9)

Ù¥, αi, α∗
i �.�KFXê. u´, £8¼ê f(x)

�L�ª�

f(x) =
k∑

i=1

(αi − α∗
i ) 〈φ(xi), φ(x)〉 + b. (10)

d±þ¤ã��, 3`z¥I�O�p�A�
�m¥�SÈ$�, d��±Ú\ØEâ, é��
�÷v Mercer ^��Ø¼ê5�Op��m¥�
SÈ, =

K(x,y) = 〈φ(x), φ(y)〉 . (11)

ù�Ò;�
I��� φ(x) �äNN�'X, l
|©/)û
3p��m¥�SÈ$�, K£8
¼ê�L�ª�

f(x) =
k∑

i=1

(αi − α∗
i )K(xi,x) + b. (12)

éu#�Ñ\ x, �ÏL (12)ªO����A�Ñ
Ñ�.

4 �ý(J9?Ø

�©^uÔöÚÿÁ�êâé´ÏL FDTD

ê��[Bp|µ���, Bp¯K�ý�.X
ã 2 ¤«.

ã 2 Bp¯K��ý�.

�� 7á� Î � � 3 � m S, T � m � �
� [−1.18, 1.18]m×[0.15, 3.74]m, pNþÝ� 0.1 m,

Ù�é0>~êÚ>�Ç©O� 2.75 Ú 0.003 S/m,

^�Ç� µ0. �p���u�U�, �ÂU�÷p
N£Ä/¤��� L, ¿3æ� �?Â88IÑ
�&Ò, æ� �m�ål� d. u�&Ò�N�p
dóÀ,óÀ°Ý� 4.5 ns, ¥%ªÇ� 0.5 GHz,�
�Å/Úª�Å/Xã 3 ¤«.

3�©¥·��?Ø8I�£O¯K, =½ 
¯K.�Ñ�8I¥%��I� (x, y), 3Ôö��
¥, Ñ�N� �U±e�ªUC:

xn = (−1.13 + n∆x),

yn = (0.2 + n∆y).
(13)
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ã 3 u�&Ò���Å/Úª�Å/ (a)��Å/; (b) ª�Å/

Ón, 3ÿÁ��¥, Ñ�N� �÷±e�ªU
C:

xn = (−1.1 + n∆x),

yn = (0.25 + n∆y).
(14)

3 (13), (14)ª¥ n ���ê, ∆x Ú ∆y ©O�

î�IÚp�I�æ�m�, ∆x = ∆y = 0.1 m.

3 SVM ¥, ��æ� �?Â8��&Ò�Ì
| ¤ � � þ � �Ñ\ & Ò, 8 I ¥ %   � � �
I©O�ÑÑ&Ò. ·��½�ÂU�æ� �
ê R = 121.

ã 4 Ñ�8I¥% ��¢S��ýÿ�é' (a) î�I; (b) p�I

4.1 uuu���UUU���êêê T = 1 ������¹¹¹

·�k?Øu�U�ê T = 1 ��¹. �âÔ
ö�����ýÿ�., éÿÁ��¥� 100 �ê
â?1ýÿ, Ù(JXã 4 Úã 5 ¤«. ã 4 Úã 5

©O½5Ú½þ/L²
3�½°ÝSÏL SVM

BpX�U
ép�8I?1�(½ , ýÿ(
J�¢S�8I ��Î, �ýÿØ�Ä���
3 0.2 m ±S.

þãýÿ�¹´b��ÂU�æ� �oê
� 121, e¡?ØØÓ�ÂU�æ� �ê R é8
I½ �K�, ©Oé R = 5, 11, 21, 31, 51, 71, 91,

121 �¹?1ïÄ. y½Â�éþ��Ø��

eRMS,x =

√√√√ 1
N

N∑
i=1

(
xi − x̃i

lx

)2

,

eRMS,y =

√√√√ 1
N

N∑
i=1

(
yi − ỹi

ly

)2

,

(15)

Ù¥, (xi, yi) �Ñ�8I¥%¢S �, (x̃i, ỹi) �
Ñ�8I¥%ýÿ �, lx Ú ly ©O��m�°Ý
Ú�Ý, N �ÿÁ��ê. �éþ��Ø��æ�
 �ê R �'XXã 6 ¤«. lã 6 �±wÑ, �
X�ÂU�æ� �ê�Cz, ýÿ(Jk¤ØÓ,
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=�Xæ� �ê�O\, ýÿØ�~�, ýÿ(
Jk¤Uõ. þã(JL², �±O\æ� �ê
5JpBp&ÿ°Ý.

þãýÿ(J´3n��ÃD(�¹e��
�, �´¢SþÔöÚÿÁêâ�Â8L§7,¬
kD(�À/, ¤±·�7LïÄD(�K�, ±
d�ä¤^�{´Ääk°�5. 3ÔöÚÿÁ

êâ¥é�Â�Ñ�&Ò\\ØÓ&D' (SNR)

�D(, '��« SNR eýÿ(J��éþ�
�Ø�, (JXã 7 ¤«. lã 7 �±wÑ: =
¦3$ SNR e, �©¤J�{�Uép�Ñ�
8I?1½ , =T�{äk°�5. �X SNR

�O\, �éþ��Ø��5��, ½ �J�5
�Ð.

ã 5 Ñ�8I¥% ��ýÿØ� (a) î�I; (b) p�I

ã 6 Ñ�8I¥% �ýÿ(J��éþ��Ø� eRMS ��ÂU�æ� �ê R �Cz'X (a) î�I; (b) p�I

ã 7 Ñ�8I¥% �ýÿ(J��éþ��Ø� eRMS � SNR �Cz'X (a) î�I; (b) p�I
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4.2 uuu���UUU���êêê T = 3 ������¹¹¹

u�U��õ��¬K�½ (J. ·�ïÄ

� T = 3��Bp&ÿ¯K, ¿�þã��ü�
u��¹e�(J?1'�, ¤�(JXã 8 Ú
ã 9 ¤«. lã 8 �±uy: AO´éuÑ�8I
¥% ��î�I, O\u�U�ê�±¦ýÿ(
J��éþ��Ø�²w~�; éuÑ�8I¥
% ��p�I, 3�ÂU�æ� �ê R > 20

�, üÚõ�¹eýÿ(J��éþ��Ø�
���Ó. ã 9 w«, =¦3�Ó SNR �¹e, ý�
õêõ'ü��e��éþ��Ø���. ï
ÄL², ÃØ´ÃD(�´kD(��¹, õ�
�éBp&ÿÑkÈ4��^. �´�Xu�U�
�O\, U��m�pÍ±9Ñ�Ô�pN�m�
õg��¤Úå�Ø�¬ÓâÌ�/ , ù�¬é
Bp&ÿ�5�½�Ø|, ¤±¢S¦^¥�nÜ
�Äu�U���ê.

ã 8 üÚõ�¹eÑ�8I¥% �ýÿ(J��éþ��Ø� eRMS ��ÂU�æ� �ê R �'X (a) î�I;

(b) p�I

ã 9 üÚõ�¹eÑ�8I¥% �ýÿ(J��éþ��Ø� eRMS � SNR �Cz'X (a) î�I; (b) p�I

5 ( Ø

�u_Ñ�¯K¥���5ÚØ·½5, �©
JÑ
�«Äu SVM �>^_Ñ��{. T�{
ò��5¯Kï�à�g5y¯K, ù����

)´�Û�`�, ¤õ/)û
��5ÛÜ)¯K.

d	, T�{��Ò¹k�Kzg�, ù�)û_
Ñ�¯K¥�Ø·½5Jø
k|�óä. �ý
(JL², ØØ´3ÃD(�´kD(�¹e, T
�{ÑU¤õ/ép�8I?1&ÿ, U��B
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p¤��8�, ly¢
T�{��15Ú°�
5. 3Bp�¸e, �©�ïÄ
�ÂU�æ� 
�êéBp&ÿ�K�, (JL²æ� ��õ,

½ �J�Ð. ��?Ø
3õ��e (=õ�

u�U�) �(J, �,|^õ��Uõ
ýÿ
Ø�, �¢Sþõ��¬�M��¦þ�5Kú,

¤±u�U�ê�À��I�nÜ��¡�¹?
1�Ä.
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An electromagnetic inverse scattering approach
based on support vector machine∗

Wang Fang-Fang Zhang Ye-Rong†
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Abstract

In order to solve electromagnetic inverse scattering problem, a real-time inverse scattering method is proposed. This technique

converts the inverse scattering problem into a regressed one using support vector machine (SVM). Electromagnetic inverse scattering

method based on the SVM deals with nonlinearity and ill-posedness inherent in the inverse scattering problem successfully. The

feasibility and the validity are tested by making use of simulating through-wall problem, and the results demonstrate that this approach

can detect and position the targets behind the wall, no matter whether there exists noise or not. In the through-wall scenario, the

influence of the number of sampling positions of receiving antenna on the predicted results is discussed using the predicted model of

SVM. In the end, the predicted errors are analyzed and investigated in the multiple source scenario. The results show that this kind of

setting is helpful for target identification in through-wall problem.

Keywords: inverse scattering, support vector machine, through-wall problem, multiple sources setting
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