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A Multi-sensor Image Registration Algorithm Based on Structure Feature Edges

SU Juan1, 2 LIN Xing-Gang2 LIU Dai-Zhi1

Abstract Image registration is prerequisite to multi-sensor image processing, such as image fusion. Taking synthetic

aperture radar (SAR) images and optical images containing man-made objects as examples, this paper proposes a multi-

sensor image registration algorithm based on structure feature edges. The common features for the same man-made objects

shown in the two kinds of images, i.e. structure feature edges, are extracted firstly, and virtual corners are constructed on

the basis of edge matching. The coarse registration based on feature consensus and the fine registration based on virtual

corners are used to realize the automatic coarse-to-fine registration between multi-sensor images. Experimental results

show that the proposed algorithm has a high registration accuracy.

Key words Image registration, structure feature edge, edge matching, feature consensus, virtual corner�X�aEâ�u�, <��±|^�Daì�5�õ, duØÓDaìã�3é¤�8I�£ãþäkpÖ5, ÏdU
Jø'ü�Daìã��õ�´L�&E. ±Ü¤�»X� (Synthetic

aperture radar, SAR) ã����1ã�Ǒ~, üö´8IéuØÓ>^ÅÅã�ǑA, l¥J�pÖ5AÆ, �±k�*�8I3>^ÅÌ��L�,�Ñüã�uÿ�Û�5, Jp8Iuÿ5U. �´, duØÓDaìã��¤�ÅnÚ¤�^�ØÓ, éØÓDaìã�?1ã�KÜ�?n7L3ã�°(�O�Je?1, �ó�, ã��O´õDaìã�KÜ�?n�7�Ú½. ~^�<ó�O½�gÄ�O�{I�ÏL�óÀJ±(½�O¤I���:, �Tó�'�Ñ�¤å�´Éö�ö�Ì*KǑ, ÏdØU÷vNõk¢�5Ú�gÄ���ã�?nXÚ�I�. y�ã��1ã��m��O�{®'�¤Ù, �´, duØÓDaì�¤�ÅnØÓ, Ó�/Ô½8I�ã�3�Ý!ÂvFÏ 2007-11-06 Â?UvFÏ 2008-04-07
Received November 6, 2007; in revised form April 7, 2008I[g,�ÆÄ7 (60472028) ℄Ï
Supported by National Natural Science Foundation of China

(60472028)
1. 1��Wó§Æ� ÜS 710025 2. �u�Æ>fó§X �®

100084
1. The Second Artillery Institute of Engineering, Xi′an 710025

2. Department of Electronic Engineering, Tsinghua University,
Beijing 100084
DOI: 10.3724/SP.J.1004.2009.00251

ÚOA5��¡Ñk����É, ykÄu��1ã���O�{ØU��A^uõDaìã��O.Ïd, 7L�éØÓDaìã��A:, �O�A�õDaìã��O�{.yk�õDaìã��O�{±ÄuAÆ��{ǑÌ. ©z [1−3] |^ SAR ã�Ú��1ã���5AÆ— >ÆAÆ½Ó+AÆ, ?1AÆ�����O¤I���:, Ù¥©z [1−2] �{��ÓA:´üaØÓDaìã�¥7Läk'�½�´���µ4Ó+, ÄK�{´��; ©z [1, 3] �{��ÓA:´æ^�gÄ�O��{, Äk<óÀJ��:, éã�?1o�O, ,�|^>ÆAÆ����{(½��:, éã�?1°(�O. ©z
[4−5] Ó�|^��Oã���5AÆ, æ^aq2Â Hough C���{, ^Ý��{(½�O�.���ëê, ëê�Ý�L§�±©Ú?1. ùa�{¤I�O�þÚS���, I��âk��£�Ñëê|¢�����. ©z [6−8] |^:AÆ½>ÆAÆ�O,«8I¼ê, æ^�`z�{�8I¼ê���`, l¼��O�., ùa�{�E,Ý�p.�®k�{ØÓ, �©JÑ
�«#�Äu(�AÆ>Æ�õDaìã��O�{. T�{±�¹<E8I� SAR ã�Ú��1ã�Ǒ?né�,do�°/¢y SAR ã�Ú��1ã��gÄ�O. 3o�OL§¥, ÏLJ�<E8I3üaã�
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1 �{Xã 1 ¤«, �©JÑ��O�{�)±eÚ½: (�AÆ>ÆJ�!ÄuAÆ���o�OÚÄuJ[Æ:�°�O. �©�{¿Ø�Ä SAR ã��k�AÛC/¯K, b½��O� SAR ã�®²L7��ý?n, X�/��!UùÚÒKÖ�±9�:D(�Ø�.

ã 1 �{�oNµã
Fig. 1 Overall flowchart of the proposed algorithm

1.1 (�AÆ>ÆJ��Ø´3 SAR ã�¥, �´3��1ã�¥,(�AÆÑ´LÆ<E8I�Ì�AÆ. ·�'5�<E8IÌ��)ïÓÔ!�´!xù!Å|�,²L�þ��ÚOuy, þã8I�AÛ(�±²1�!L .�½Ù|ÜǑÌ, äk�½�|�(��ª, ¿�, �¤ù
AÛ(��>Æäk'�½�Ç. Ïd, �©lã��>Æã¥J�ÑÇ½�²1>Æ�R�>Æ, ¿òÙ½ÂǑ8I�(�AÆ>Æ, ^u�©�o�O�°�OL§. äN��{Xe:

1) $^ Canny �fé�©�Ýã�?1>ÆJ�, ����>Æã. æ^Äu��|¢�>Æ:

ë��{l��>Æã¥J�>Æ�ã, ¿WÖ>Æ�ãþ��mY, %�WÖmYǑ 1 ���.

2) O�>Æ�ãþz�>Æ:�Ç, ¿æ^ÄuÇºÝ�m��{J�Æ:[9] , òJ��>Æ�ã3Æ: �äm.

3) éz^>Æ�ãO�>Æ:Ç�þ� k̄,XJT>Æ�ãþ÷v |ki − k̄| < th (th Ǒý�K�, �©â²�À�Ǒ 0.02) �:��ê��>Æ:oê� 2/3, K�ǑT>Æ�ãäk'�½�Ç.

4) æ^����[Üé�3�Ç½�>Æ�ã?1��[Ü, �â[Ü¤�����Ç��åJ�Ñ�pR��>Æ�ãÚ�p²1�>Æ�ã, òÙ�Ǒ8I�(�AÆ>Æ. éz^(�AÆ>Æ?1I£, P¹>Æ�ã�à:, |¤>Æ�ã�>Æ����I, [Ü����Ç��å�.(�AÆ>Æ�J�L§��ué Canny >Æã?1ÈÅ, �3k¿Â�!÷v<E8IAÛ(�½Â�>Æ, �Ø�þ,ÏÑ��>Æ. ã 2 �Ñ
üÌ��O� SAR ã����1ã�, ±9üãéA�(�AÆ>Æã, Ù¥ SAR ã�Ǒë�ã�, ��1ã�Ǒ��O�Daã�. üã®²LºÝN�, ã�º�Ǒ 350 × 420. �©ò±ã 2 ¤«ã�Ǒ~, �[0��©�{����¬.

(a) SAR ã� (b) (a) �(�AÆ>Æ
(a) SAR image (b) Structure feature

edges of (a)

(c) ��1ã� (d) (c) �(�AÆ>Æ
(c) Optical image (d) Structure feature

edges of (c)ã 2 (�AÆ>Æ
Fig. 2 Structure feature edges
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1.2 ÄuAÆ���o�Oo�O�8�´�ØüÌ��Oã�m��N^=Ú²£�É, ¤±·�À^oëê��C��., ¿æ^AÆ����{[4] é SARã�Ú��1ã�?1�O. oëê��C��.dºÝÏf s!^=ÆÝ θ 9²£ëê tx Ú ty û½, 3dC��.e, ë�ã�¥�: (x, y) �Ù3Daã�¥�éA: (X,Y ) ÷v±e'X
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(2)1��I��O�C�ëê´^=ÆÝ θ. XJ l Ú l′ ´Daã�Úë�ã�¥éA�(�AÆ>Æ, �Ç©OǑ φ Ú φ′, K φ Ú φ′ A÷v φ′ = φ

+ θ, Ïd, θ ��O�±ÏLO�lüã¥J��(�AÆ>Æ��Ç���¢y [4−5]. ©OO�üã�(�AÆ>Æã�>Æ�Ç©Ù��ã, ,�O�ü���ã�p�'¼ê, Ù¸�éA�ÆÝ=Ǒ¤�O�^=ÆÝ θ.1��I��O�C�ëê´ºÝÏf s. Xã 1 ¤«, 3�O�, Äk±©EÇ$�ã�ǑO, �âk��£ (X¤�¥(�©EÇ) é��O� SAR ã�Ú��1ã�?1ºÝN�, �üãäkCq�Ó�©EÇ, Ïd��Ǒ s Cq�u 1.�e5I��O�C�ëê´²£ëê tx Ú
ty. Äk�â�O�^=ÆÝ θ, ò®?1ºÝN��Daã�?1^=C�, J�^=C���Daã�Úë�ã��(�AÆ>Æã, ,�éüÌ>ÆãO�p�'¼ê, Ù��¸� �éA� x ¶Ú y ¶�I=Ǒ¤�O�²£ëê tx Ú ty.�OÑþãC�ëê±�, =�éüÌ��Oã�?1o�O. ±ã 2 ¤«� SAR ã�Ú��1ã�Ǒ~, o�O���1ã�Xã 3 ¤«. �±wÑ, ²LÄuAÆ���o�O�, üÌã��m��Ü©²£Ú^=�ÉÑ�±���Ø. �´, du��Oã�5gØÓDaìÚØÓ¤�^�, ã��m�C/�É��, ÄuAÆ���o�O�¬�C�ëê´ÏLé(�AÆ>Æ?1�'ÚO�Ñ�, ���¹e, T�{U'�O(/é^=ÆÝ?1�O, �é²£ëê��ON´É�(�AÆ>Æã¥D(�KǑ. æ^�ó℄À��:O��O°Ý��{é�{o�OÜ©��O5U?1µ�, Té�O¢�é���OØ�Ǒ 21.50. 3é�

O°Ý���p�A^|Ü (Xã�KÜ!8IuÿÚCzuÿ�), T�O°Ý��ØU��A^��.Ïd, e��!ò�â<E8I3 SAR ã�Ú��1ã�¥¤Ly��5AÆ, JÑJ[Æ:�Vg,^uJ�°�O¤I���:, ,�æ^Äu��:��gõ�ªÅ��., éo�O�� SAR ã�Ú��1ã�?1°�O.

ã 3 o�O���1ã�
Fig. 3 Coarsely registrated optical image

1.3 ÄuJ[Æ:�°�O3��1ã��O¥, ÏǑÆ:'�½�´�, Ï~�À�ǑÿÀ��:, ¿ÏL3Ù��½Â,«�qÝ, éÿÀ��:?1��[10] . 3 SAR ã�Ú��1ã��O¥, duüaã�5gØÓ�DaìÚ¤�^�, ã���Ý�Éé�, /¡8I�¢SÆ:3üÌã�¥�éA'XØU��é���±, ¿�yk�Äu�Ý�'½/G�'��qÝǑØ·^uùü«�ÝÚÚOA5�����ã�. �´, X¤ã, 3�¹<E8I� SAR ã�Ú��1ã�¥, �3Nõ�<E8IAÛA5k'�(�AÆ>Æ�ã, ù
>Æ�ã3üaã�¥þ¥yÑ'�½�A5, X>Æ�ã�m� �'X (²1!R�����) 3üã¥U��é���±. Ïd�©JÑ
J[Æ:�Vg, ÏLJ[Æ:éüaã�?1°(�O. J[Æ:�½ÂǑ>Æ�ã¤3����:. ·�ÄkÏL>Æ����{éÑüã¥�péA�>Æ�ã, ,�éÑ�péA�J[Æ:, ^5�Ǒ°�O¤I���:.éo�O¤��ã�?1(�AÆ>ÆJ�,��(�AÆ>Æã. >Æ��Xã 4 (�e�) ¤«, Daã�¥�>Æ Li ²Lo�O�ã���C� T1 �C�Ǒ>Æ L̄i, à: Pi1 Ú Pi2 �AC�Ǒ
P̄i1 Ú P̄i2, >Æ���8�´�3ë�ã��>Æã¥éÑ� L̄i ����>Æ, |¢��Ǒë�ã�



254 g Ä z Æ � 35ò>Æã¥� L̄i äkCq����Ç�>Æ. Xã 4¤«, dij L«>Æ L̄i �¥:�ÿÀ>Æ L′

j ¤3�����ål, dij ��L«>Æ L̄i � L′

j ��C;

Oij L«>Æ L̄i �ÿÀ>Æ L′

j ¤3���Uål, ½ÂǑ>Æ L̄i �üà:3ÿÀ>Æ L′

j ¤3��þ�ÝK:�m�>Æ L′

j Ü��ãål, Oij��L«>Æ L̄i � L′

j �Ü. XJ>Æ L̄i �ÿÀ>Æ L′

j �m���ål dij ��, Uål Oij ��, K>Æ L̄i �ÿÀ>Æ L′

j Ò���. Ïd½Â±e���Ý¼ê
F (i, j) = Oij ×f(dij) = Oij×exp

(

−
d2

ij

2 × σ2

)

(3)Ù¥, f(dij) Ǒþ�Ǒ"Ú��Ǒ σ �pd¼ê, äk�X dij �O�Øäeü�5�, � dij = 0 �,k f(dij) = 1, F (i, j) = Oij , dij ��, K f(dij) ����, � f(dij) �Cu"�, F (i, j) Ǒ�Cu",� Oij ����'. é�{éã��¢�(J?1ÚO��, o�O��OØ�3 30 ���±S, ǑÒ´`, XJü^>Æ���ål dij �u 30, Küö����U5ATé�, d�Ak f(dij) �Cu", �©âd�½ σ = 8. ª (3) ½Â���Ý¿©�Ä
��ålÚUål3>Æ��¥��^.3>Æ���, éo�O�Daã��(�AÆ>Æã¥�z�^���>Æ, �â�Ç3ë�ã�(�AÆ>Æã¥(½��L§�|¢��, é|¢��¥�z^>Æ, �âª (3) O��A���Ý, À���Ý���>Æ�Ǒ���>Æ3ë�ã�(�AÆ>Æã¥���>Æ.

ã 4 >Æ��
Fig. 4 Edge matching>Æ��(½
üã¥�p���>Æ�ã.3Ó�Ìã¥, XJõ^�²1�>Æ�ã¤3����: uãS, K�¤
J[Æ:; 3üÌ��O�ã�¥, XJJ[Æ:d�p���>Æ�ã�¤, K�¤���J[Æ:, =�^u�O���

:. Xã 5 ¥>Æ L1 Ú L2 �¤J[Æ: P1, >Æ
L′

1Ú L′

2�¤J[Æ: P ′

1, du>Æ L1Ú L′

1��,>Æ L2 Ú L′

2 ��, K: P1 Ú P ′

1 ��, �¤�é��:.

ã 5 ���J[Æ:
Fig. 5 Matched virtual corners°�Oæ^�C��.´��õ�ª�., ÏǑd�.U�°(/£ãã��m�C/�É. 3d�.e, ë�ã�¥���: (x, y) �Ù3Daã�¥�éA: (X,Y ) ÷v±e'X

X = a0 + a1x + a2y + a3xy + a4x
2 + a5y

2

Y = b0 + b1x + b2y + b3xy + b4x
2 + b5y

2 (4)òæ^Äu>Æ��ÚJ[Æ:���:J��{�����:�I�\ª (4), �±���O�.���Xê. �´, duÜ©��:Ø���, éA'X��, é�N�O°Ý�KǑ��, Ïd¡ù����:Ǒ	:. �©æ^±e�{é	:?1GØ.

1) æ^�éål�{é²w�Ø�	:?1GØ. �éål��½ÂǑ
dist diff(i, j) = abs(dist(Pi, P

′

i ) − dist(Pj , P
′

j))

(5)Ù¥, (Pi, P
′

i ) Ú (Pj , P
′

j) ©OL«1 i �Ú1 j ���é, dist L«ü���:�m�ål. b��k
N é��:, é1 i ���é, �±��T��é�éuÙ� N − 1 ���é� N − 1 ��éål�.XJ÷v

dist diff(i, j) > threshold1 (6)��ê�u p × N (pǑ'~Xê, threshold1 Ǒý���), K�Ǒ1 i ���é´�Ø��é, �±GØ. ²Lõg¢�, �½ threshold1 = 5, p = 0.6.�éål�{3¢SA^¥��
û��J, UGØ²w�Ø���é.

2) æ^S��{é�{���:¥�	:?1GØ. Äk|^�{�¤kO�(��é, �âª
(4) ��õ�ªC��. T2, zé��:���°
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dist(i) = ‖Pi − T2(P

′

i )‖ (7)�âª (7) O�zé��:���°Ý, ��K� threshold2 (�©�â�O°Ý�I��½
threshold2 = 1.5), XJ��Ø��uK�, Kò��Ø�éA���:éGØ. éÙ{��:éEþãO�, ��÷vS�ª�^�, =é¤k���:é, þk dist(i) ≤ threshold2. æ^�ª�3���:éO�¤���gõ�ªC��.=Ǒ�ª�°�O�.. °�OÜ©��O°Ýdþ��Ø� (Root of mean square error, RMSE) û½

RMSE =

√

√

√

√

1

N

(

N
∑

i=1

‖Pi − T2(P ′

i )‖
2

)

(8)ª¥ N L«�ª�3���:�ê8.ã 6 �Ñ
éã 3 ¤«�o�Oã�?1Äu>Æ��ÚJ[Æ:���:J�(J. lã 6 (b)¥ÏL8À�±½5/wÑ, °�OÜ©J����:é3 SAR ã�Úo�O���1ã�¥�é

(a) ���>Æ�J[Æ:
(a) Matched edges and virtual corners

(b) N��ã�¥���:é
(b) Control point pairs mapped into imagesã 6 Äu>Æ��ÚJ[Æ:���:J�

Fig. 6 Extraction of control points based on edge

matching and virtual corner

A'X��. L 1 ½þ/�Ñ
°�O�.¥�é��:���°Ý±9�N�O°Ý. �±wÑ, ý�õê��:� RMSE þ�u 1, �N�O°ÝǑ
0.81. ¢�(J¿©`², Äu>Æ��ÚJ[Æ:�°�O�{U
²w/UõÚ?�o�O��O5U, ���p��O°Ý.L 1 ��:é���°Ý��N�O°Ý

Table 1 Matching accuracies of control points and

overall RMSE

No. Basex Basey Warp
x

Warp
y

Predictx Predicty RMSE

1 119 107 128 109 127.85 109.01 0.16

2 116 129 125 131 124.89 130.69 0.33

3 130 130 138 132 138.98 131.66 1.03

4 231 139 240 141 240.60 140.45 0.82

5 111 168 120 169 119.98 169.12 0.13

6 101 237 111 238 110.12 237.13 1.24

7 87 343 96 342 96.34 341.60 0.52

8 123 111 133 113 131.88 112.94 1.12

9 131 112 139 114 139.93 113.92 0.93

10 29 156 37 157 37.46 157.37 0.58

11 235 187 246 187 244.76 187.75 1.44

12 121 170 131 171 130.04 171.09 0.96

13 128 171 137 171 137.08 172.07 1.07

14 369 318 380 317 379.94 316.73 0.28

15 119 257 128 256 128.28 256.82 0.87

16 124 262 133 262 133.32 261.75 0.41

17 119 237 128 238 128.22 237.11 0.91

18 124 239 133 239 133.26 239.08 0.27

19 318 287 328 286 328.54 286.22 0.59

20 118 348 128 346 127.54 346.50 0.68

overall 0.81

2 ¢�©ÛduõDaìã��O�{��O�äNA^�µÚ¤|^�êâ���', T+�"y'�¢��²�, 'Xú�¢�êâ¥ÚÓa�{�5Uëê�, Ïd�'©z�õæ^ª (8) ¤«��O°Ý5ïþ�{5U. �©½Ø�d�¡�é'¢�, ´ÏLO��O°Ýé�{5U?1�*ÿÁ, ±9ÏL<ó8ÀéJ����:�éA'X?1Ì*µd.�©é�{éã�?1
¢�, þ��
���J, �u�Ì, �!��Ñnéã��¢�(J,©OXã 6 (b)!ã 7 Úã 8 (�e�) ¤«, ã¥xÚ�iL«æ^�©�{J������:. dã��, �©�{J����:�éA'X'��, �Ü©��:�5gAÆ¿Ø²w�«�, 3ù




256 g Ä z Æ � 35ò«�p, duØ�3²w�AÆ (Xµ4Ó+½Æ:), =�æ^�óJ���{, ǑéJO(J���:, ��©�{Uü$éã�AÆ���, =�ã�¥Ø�3²w�AÆ, ǑUÄu>Æ��ÚJ[Æ:J�ÑéA'X�����:. ¿�, ±þn�¢��°�O�¬��OØ�þ3����±S.

(a) SAR ã�þ���:
(a) Control points in the SAR image

(b) o�O��1ã�þ���:
(b) Control points in the coarsely registrated optical imageã 7 �O¢�� (�O°ÝǑ 0.95)

Fig. 7 Registration experiment 2 (RMSE = 0.95)�©�{�°�O�¬æ^
Äu��:J��õ�ªC��., �O°Ý�ûuJ����:���°Ý. du°�O´3o�OÄ:þ?1�,o�O�Ø
üÌ��Oã��m��Ü©²£�ÉÚ^=�É, ��>Æ��U
3üÌ®²Lo�O�ã�þ?1, ¿�^u���>Æ´3üã¥�±'X���(�AÆ>Æ, ��>Æ��äk�p�°Ý, U��Äu>Æ���J[Æ:���°ÝǑ�A�p, ù´�©�{U
���p�O°Ý��Ï.�©Ú©z [11] þæ^
do�°�üÚ�O�{, �3äNæ^�AÆÚ���{þk¤ØÓ.©z [11] �{3o�OÚ°�O�ã, Ø
æ^>

(a) SAR ã�þ���:
(a) Control points in the SAR image

(b) o�O��1ã�þ���:
(b) Control points in the coarsely registrated optical imageã 8 �O¢�n (�O°ÝǑ 0.98)

Fig. 8 Registration experiment 3 (RMSE = 0.98)Æ�Ǒ�O¤I�AÆ±	, �I�J�Ú��ïÓ«ÚÜ��8I, ù
8I���J�Ú��E,ÝÒép. ¿�, 3°�O�ã, 3ïáÄu>Æ���°�O8I¼ê�, ´±���>Æþ�:Ǒü , Ø´±�^>ÆǑü , ÏdO�þ��. �©�{�o�OÚ°�O�¬Ñ´3J��(�AÆ>Æ�Ä:þ?1, ù«AÆÔn¿Â²
, O�{ü´1, {z
�Y��þó�. ¿�,o�O�Ø
üÌ��Oã��m��Ü©²£Ú^=�É, ò°�OL§¥>Æ���|¢�m �Ǒë�ã�>Æã¥����>ÆäkCq���Ç�>Æ, l��ü$
�{�E,Ý. ±ã 2¤«¢�é�Ǒ~, 3 Intel Pentium 1.5 G ?nìÚ 512 MS��M���e, æ^Matlab 2006 a�?§�¸, O��m�Ǒ 2 ©¨�m, Ù¥°�OL§¥�>Æ��Ú��:J��¬Ñ��ÓoO��m�n©��. 7L`²�´, �©�{¤IO��m�ã�SN���', ã�¥(�AÆ>Æ´L, KO��m�A��. �©é�{éã�?1
¢�, ¤IO��ml�©¨�Ê©¨Ø�.
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3 (å��©±�¹<E8I� SAR ã�Ú��1ã�Ǒ?né�, JÑ
�«Äu(�AÆ>Æ�õDaìã��O�{. ¢�(JL², �©�{U���p��O°Ý. �©�{äk±eA�A::

1) æ^ÄuAÆ���o�O�{ÚÄuJ[Æ:�°�O�{, é��Oã�¢ydo�°�gÄ�O; 2) JÑ�«#�Äu>Æ��ÚJ[Æ:���:)¤�{, ���©�{éã�AÆ���ü$, Ø��üã¥äk½�´���µ4Ó+½Æ:; 3) du�©�{±<E8I�(�AÆ>ÆǑÄ:, ÏdØ�·^u SAR ã����1ã��gÄ�O, �·^uÙ�ØÓa.�õDaìã��gÄ�O, ���uÿ�ã�¥äk'�²w���8I(�AÆ>Æ=�.

References

1 Li H, Manjunath B S, Mitra S K. A contour-based approach
to multisensor image registration. IEEE Transactions on Im-

age Processing, 1995, 4(3): 320−334

2 Dare P, Dowman I. An improved model for automatic
feature-based registration of SAR and SPOT images. IS-

PRS Journal of Photogrammetry and Remote Sensing, 2001,
56(1): 13−28

3 Hong T D, Schowengerdt R A. Automated precise registra-
tion of radar and optical satellite images. In: Proceedings of
SPIE Conference on Applications of Digital Image Process-
ing. San Diego, USA: IEEE, 2003. 88−96

4 Shekhar C, Govindu V, Chellappa R. Multisensor image reg-
istration by feature consensus. Pattern Recognition, 1999,
32(1): 39−52

5 Middelmann W, Pepelka V, Thoennessen U. Registration of
multiaspect InSAR images. In: Proceedings of SPIE Confer-
ence on Algorithms for Synthetic Aperture Radar Imagery.
Orlando, USA: SPIE, 2003, 98−109

6 Yao J C, Kian L G. A refined algorithm for multisensor
image registration based on pixel migration. IEEE Transac-

tions on Image Processing, 2006, 15(7): 1839−1847

7 Keller Y, Averbuch A. Multisensor image registration via
implicit similarity. IEEE Transactions on Pattern Analysis

and Machine Intelligence, 2006, 28(5): 794−801

8 Kruger W. Robust and efficient map-to-image registration
with line segments. Machine Vision and Applications, 2001,
13(1): 38−50

9 He X C, Yung N H C. Curvature scale space corner detector
with adaptive threshold and dynamic region of support. In:
Proceedings of the 17th International Conference on Pattern
Recognition. Cambridge, UK: IEEE, 2004. 791−794

10 Bentoutou Y, Taleb N, Kpalma K, Ronsin J. An auto-
matic image registration for applications in remote sens-
ing. IEEE Transactions on Geoscience and Remote Sensing,
2005, 43(9): 2127−2137

11 Borghys D, Perneel C, Acheroy M. A hierarchical approach
for registration of high-resolution polarimetric SAR images.
In: Proceedings of SPIE Conference on Image and Signal
Processing for Remote Sensing. Toulouse, France: SPIE,
2002. 11−22 � ï �u�Æ>fó§XÆ¬ïÄ). Ì�ïÄ��Ǒ�aã�?n��ª£O. �©Ï&�ö.

E-mail: suj04@mails.tsinghua.edu.cn

(SU Juan Ph.D. candidate at the

Department of Electronic Engineering,

Tsinghua University. Her research in-

terest covers remote sensing image pro-

cessing and pattern recognition. Corresponding author of

this paper.) �1f �u�Æ>fó§X�Ç. Ì�ïÄ��Ǒã�/Àª?n�©Û, Àú&EØ ?è9A^, �ª£O.

E-mail: linxg@image.ee.tsinghua.edu.cn

(LIN Xing-Gang Professor at the

Department of Electronic Engineering,

Tsinghua University. His research in-

terest covers image/video processing

and analysis, video coding and communications, and pat-

tern recognition.) 4�� 1��Wó§Æ��Ç. Ì�ïÄ��Ǒ�ª£O, �¯���ÿó§Ú�¯/¥ÔnÆïÄ.

E-mail: daizhiliu@163.com

(LIU Dai-Zhi Professor at the Sec-

ond Artillery Institute of Engineering.

His research interest covers pattern

recognition, reconnaissance engineering

of military intelligence, and military geophysics.)


