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ABSTRACT 

 

Study on Automatic Registration of 

Multi-Sensor Satellite Images 

No���np�$

Image registration is a research focus in many fields such as computer vision, pattern recognition, 

medical image analysis and remote sensing image processing, etc. Starting with a brief overview 

of existing registration techniques for multi-source remote sensing data, we focus on the study of 

automatic registration of multi-sensor satellite images especially for SAR and optical data. The 

related work and main contributions are summarized as follows: 

1. Image filtering. Based on an analytical review of several kinds of image filters, a new 

method is proposed for SAR de-speckling. The filter kernel is a modified version of Frost 

one, which combines the statistical information from the pixel and its neighbor pixels within 

the filter window. Therefore, the method not only avoids over-smoothing of SAR image 

structural details, but also amends the deficiency of keeping “false edges” by the enhanced 

Frost filter. So it makes a good tradeoff between speckle filtering and details preserving. 

2. Feature Extraction. With the assumption that water bodies hold weak radiometric 

randomness in both SAR and optical remote sensing images, based on information theory, 

we propose a method for water body extraction. By means of empirical entropy, the gray 

level image is mapped into entropy image where dark areas correspond to water ones. Water 

areas can therefore be extracted by means of threshold technique and some post-processing. 

In order to get a more accurate border of water bodies, we also present a template-based 

scheme for border detection by combining the template and edge information. 

3. Multi-sensor satellite image registration. Based on multi-layer feature matching, a 

coarse-to-fine registration procedure is proposed. In the stage of coarse registration, area 

features are depicted by shape matrix, which provides a unified measure rule not only for 

shape similarity but also the orientation consistency of this shape. Further the local 

orientation consistency, which is described by both Principle Component Analysis (PCA) 

and the shape matrix, effectively avoids the ambiguity of shape matching. In the stage of 

registration refinement�the parameterized description of edge features by NURBS curves 

properly solves the “ irregular edge ” problem because of speckle noise in SAR images. The 



ABSTRACT 

 

utilization of local controllability of NURBS curve overcomes the local deformation, which 

is caused by the terrain or environmental change due to the different acquisition conditions of 

images. By combining some constraints on two corresponding edges, such as distance 

constraint, orientation constraint, etc. we obtain the matched control points of NURBS 

curves, which are invariant under affine transformation. The registration refinement can 

therefore be realized. 

4. For the registration of large area images, an adaptive propagation method is proposed, 

which is based on the matching model of local areas with abundant image features. In order 

to improve the registration effect, a few numbers of tie-points from other region of large 

images can be applied to modify the global transformation function. Therefore, large image 

registration can be performed indirectly. 

 

Keywords�multi-sensor image registration�shape matrix�NURBS�filter� intelligent scissor, 

empirical entropy�water body extraction 
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4.2.2.3$�In Ǹ_m^êÄ.2d9+�¥1a�roZE . 54 

4.2.3$áÌ¥roZE ................................................... 59 

4.2.3.1$�¿©�S�|���¥roØE............................ 59 

4.2.3.2$CµroØE¥�¨¿É ................................. 63 

4.2.3.3$l² ......................................................... 64 

4.2.4$̀N_m^ro/�¥1 �ùî ................................. 65 

4.2.4.1$+ñßN·S¥�Æ ...................................... 65 

4.2.4.2$+ÕÅ�ro�¥�?1  .............................. 67 

4.2.5$l² ................................................................ 69 

4.3$;Ðm^¥ç)Ø........................................................ 69 

4.3.1$;Ðm^¥�1�9< ........................................... 69 

4.3.2$;Ðm^¥ro ................................................... 70 

4.3.3$l² ................................................................ 71 

4.4$9²........................................................................ 71 

»ôc$+�4| ...................................................................74 

5.1$�ý........................................................................ 74 

5.2$£8+�¥4| .......................................................... 74 

5.2.1$�¿��æ¥£8sé ........................................... 75 

5.2.1.1$æ´m^¥3î............................................ 75 

5.2.1.2$æ´m^¥��´sé.................................... 76 

5.2.1.3$séª)Ø ................................................. 77 

5.2.1.4$L�²T.................................................... 78 

5.2.2$�¿�ð¥£8H¸���| ................................... 78 

5.2.2.2$Hø_©.................................................... 80 

5.2.2.3$}��ð¥çlÐHø¥�| ......................... 83 

5.2.2.4$�ðà7/¥H¸4|.................................... 83 

5.2.3$l² ................................................................ 84 

5.3$�ºTHø+�4| ..................................................... 85 



"c 

 

5.3.1 öî}� ........................................................... 85 

5.3.2 Æ?g� ........................................................... 87 

5.4$²�........................................................................ 88 

»Bc$�¿�ª+�Ä¥¥�.Ë�Ï�m^.................................90 

Ú%Ä¥�/�¥ùî.............................................................90 

6.1$�ý........................................................................ 90 

6.2$�¿u×+�¥Ârm^Ð;Ðm^¥YÄ¥........................ 92 

6.2.1$�ý ................................................................ 92 

6.2.2$+�4| ........................................................... 93 

6.2.3$u×+�¥í�#Ä¥ ........................................... 93 

6.2.3.1$u×+�¥í�............................................ 94 

6.2.3.2$M»���#�SÄ¥.................................... 96 

6.2.4$L�²T ........................................................... 99 

6.2.5$l² ...............................................................115 

6.3$�¿��ÄwL¥m^ÚÄ¥ .........................................117 

6.3.1$�ý ...............................................................117 
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m^�[b_ÒwL#eÅÄ�Ûä ]̀\am^�[b_ÒwL#eÅÄ�xä�
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¹4©?ïÛ��$îT;Ðm^.Ë�W���¹4©¥�@ 6BZë�
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Ǹ_.Ë�¥Âr?Ldå�l��'±X¹�ÛÏ�Üû�f�tL_

-Mî�Âr?LÐî^"SW¥�Ö?3õÃMÄ���]HY�ÊÂ¤

l¥]Bî^"S�|¥MÊ9?3MÄ��"��Üû-ÉZ_�]ÊÂ�

î¤l¥�cMÊ��¥�|É�:c�)Ø�¤�1�¨L=?L÷É¥L

!?LÉ�4©¥]"²Tb$
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m^¥+�+��P¤ Ǹ_m^i�+µ¥+��M�À���µ�|�AU

m^¥Í�ÖâêC`a[#¹���7Á3¥ijlêaß�a|�©h>=j$

hECjhF@jb$
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^+µ¥+��Mb�¿¹�¯�¥¹u�®¿�Ö_�]ÊÂ�Âro�¥

¤��]�òÕ+��MV?]Hi�b$

Ǹ_
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�.Ë�Ï�m^¥¥�/�ùî 

 » 46 :

À¥MÄb$

$

$$$5n6$¹V(Éu×$$5o6̀N_m^¥êÄr�$p� ]̀\a:]m^Ï¥(Éu$q� Ǹ_m^Ï¥(Éu$
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î¹ Ǹ_m^ro/�ùî¥ö@b$

yN��ÚáÌ|ó�+ÕÅ�¥ Ǹ_m^b×roZEb¹L¿»��
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o�¥©�ØET¹ Ǹ_m^+�4|ç)ØýTÏ¥!Êro�b$

]̀\a:]�äm^¥®Qµ+��æ¿m^¥+�4| ;Ðm^.2ö1

��£.2a�÷.2©�®�t.2��¥m^+��M�Ú�.1¥;Ð

m^Ï�la.À{b�¿+�4|¥³1��ç'Ó;Ðm^¥ç)Ø�

��m^¥�1�9<�m^rob�¨��L�MÐLCm^¥�1�9<b



»¹c �.Ë�Ï�m^ç)Ø 

 » 73 : 
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E¤�¥ Ǹ_m^¥HøÙÚ�¥Q��£8¥H¸��dÈ¥,Þa�yb

�Ú�áÌ¹ù�ÿÐ¥³nØ0��sé¤�¥£8}�3îBçz�¥{

��ð�YV�ð¥à7T¨�VHøm^Ï�|µru×=¥Hø���[

ù¤���¥£8H¸��b$

Âm B:Eam B:F�sY�� ]̀\am^� Ǹ_m^¥e�Lèb$
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/ë�áÌ²��8¥m^Lè����ÕZEÉ�e�¥º�b$

5.3.1 öî}� 

� >FEDM�Xn��©hA=j�Æ�Bñ�µ��il¥?�Kl}��'�ö

î}�böî}�^BÕ��}�4|/��YV¦¥�ºZT�|µ1u×

}��Hø��©5�©MÐ���º�V7LC�m^A÷+�¥í�bN

H���}�¥4|KÔB²¹?�f�ªÄÙ5¥í��n5�YV�º4

�m^Ï�B}�¥�S���çl®=ïv{�r�{ny$r{r�t��am^ï5vzntr$

r{r�t�6��ï5r��r�{ny$r{r�t�6©Øñs�Fî¥?�f�bYV=ïÿ�

}�¥��am^ï|}�¥òÄ�_�L¥HøÊÂa7�ï5æ¨�1�

���¥Q�T¨����¹b$

Å�¥öî}�ZEö1µ�MsEhA@jaîÿ?ÃEh>j[#�¢ØEhE@j

©bM�¿-�ÕZE�ª��¢ØE�µe�^¿LC��ðØö1Â/�$

Lçm^ ),( yxI ¥B"�¨½¥ÄUSFî��B}��VU¹B��Ä

wL� NssysxsC ,...,2,1)),(),(()( == ��ÏN ¹ó�¥½�Äñ�báÌ



�.Ë�Ï�m^¥¥�/�ùî 

 » 86 :

¥"¥ü^®�S¥}�ÄYVªÄZE�çBñVí�m^Ï�L}�¥K

ªwL
*C bçl1¿¾}�¥?�f��$

])()()([
1

imag

N

s
curvcont EsEsEsE γβα −+= ∑

=
$$$$$$$$5B:>>6$

�TÏ� �aa sss γβα )()( ¹ò�s?�¥�×�Ø�s?�Ï

curvcont EE a �]Fî�}�¥=ï��Ï contE »û}��Ä¥(�s��7

curvE �û}�¥;Á imagE ¹0�¥�´�ñÌ���$

$$$$$$$$














∇=

+⋅−=

−
−

−−=

+−

=
−− ∑

2

2
11

2
11

|))(),((|

|2|

)||(
1

1
||

sysxIE

CCCE

CC
N

CCE

imag

ssscurv

N

i
iisscont

$$$$$$$5B:>?6$

ÄBQÝ}Vñ�V�-}�¥ÄBñÄ7S�sY�ç�-}�òÄ¡

@?�KlH¥lûÊÂ�V7¤�KÔ¡@?�f�Kl¥lû}�byN�

�¿m^Ï�B�8¥Hø+�7ý��¿öî}�¥+�4|^Bñi�¥

Vñb$

|��öî}�ZEsY¨¿R_̀$̀N_m^� ]̀\a:]m^�áÌ¤�Âm

B:>=îU¥}�4|²Tb$

$

m5-10$�¨öî}�E¤�¥+�4|²TP� Ǹ_m^ ·� ]̀\am^�$
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Ǹ_m^6$

Ø »=FL���$

l +�4|$

�¿mý�º¥Æ?g�sY�m?:>=a?:>>îU¥ Ǹ_m ̂©km^�
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Ǹ_m^�>}�½|$

#+�Ï�e9f�$

e9f�Ü_�MÐª

� ]̀\am^¥ÊÂ

�
>
9�

>
�$

>$ A$$5$@>=;BF�?C?;@@$6$>$$5$@>D;?D�?=?;B?$6$5$@=F;@E�?C>;??$6$

?$ >$$5$AF@;@E�@CA;A@$6$A$$5$ABA;AA�@=C;C=$6$5$AFB;A?�@CE;A@$6$

@$ C$$5$@@E;ED�$@E;>?$6$C$$5$@C>;AE�?E;BB$6$5$@@D;DF�@C;@?$6$

A$ E$$5$?>F;AF�C@B;EF$6$D$$5$?>@;DE�$AEF;?D$6$5$??A;BB�C@D;=@$6$

B$ D$$5$@BE;EC�$DBD;@B$6$E$$5$@=F;@>�$BFA;AF$6$5$@BF;>=�DB?;C@$6$

C$ F$$5$C?C;B?�$DE@;?F$6$F$$5$B>@;@E�$CAD;D>$6$5$C?=;AB�DEB;=F$6$

D$ >=$5$>=B=;EE�B@?;B?$6$>=$$5$EE?;A@�AEE;A?$6$5$>=BA;??�B?A;?F$6$

E$ B$$5$F??;>D�$B?C;CB$6$?$$5$DE=;?E�AE>;AC$6$5$F?C;@E�B@?;CB$6$

F$ @$$5$DFC;EC�9AC=;FB$6$B$$5$CDF;=C�9A>@;DF$6$5$DF=;AE�ACA;FB$6$

>=$ ?$$5$CFB;A@�9A>>;DC$6$@$$5$C=E;E=�$@C>;=?$6$5$CFB;?D�A>=;D=$6$

$

|Ä¥u×¥+���T¹eÅÄ�5Y¥�¨ Ǹ_m^US" ),( YX
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6.3.2.1 [b_Ò wL¥çl$
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[b_ÒwL^BÕµØ���[TO"HwLbO"HØ�¥?Z÷1>FC@

MÅSo{�³O|rv{t�Sr�t��|{1¿ØQwL¥��ÄVUbª���

wL¥?ZÜå�>FCAM��"HwL¥�CaOr�vr�wL¥�/�°�>FDA

MÅSY¨�Ú�³| O"HØ�¨¿��í��V7�C�O"HwL�w

ëhEEjbO"HZE^�?õOr�vr�ZE�$���Or�vr�ZE¥�<b$

¿vÓDhC>j�Bñ pQ O"HwLçlÂ/�$

$ ∑
=

=
n

i
ipi PuNuC

0
, )()( $$$$ bua ≤≤ $$$$$$C:>A�$



�.Ë�Ï�m^¥¥�/�ùî 

 » 118 :

�Ï� }{ iP $ ni ,...,2,1,0= �¹eÅÄ5p|{��|y$}|v{��
>
6� )}({ , uN pi ¹

p Q O " H � f � � ñ ^ ® d Û ù � « O �

},...,,,...,,,...,{
1

11

1
321321

+
−−+

+

=
p

pmp

p

bbuuaaU � 1+m ñd¾h«Ä�%ç¥b 1+n

ñeÅÄ ip T¹äÄ3î¥�H�Èë¹eÅ�H�bÏd+Yªü�YÈ

| 1,0 == ba bÏwLÊ¿=»Üë��5
2ε∈iP 

2ε VU=»x�bW�$

Ï



 ≤≤

= +

�ñ,0

,1
)( 1

0,
ii

i

uuu
uN �5» i ñ pQ O"H )(, uN pi ¥Ý}�Tç

l¹�$

)()()( 1,1
11

1
1,, uN

uu

uu
uN

uu

uu
uN pi

ipi

pi
pi

ipi

i
pi −+

+++

++
−

+ −
−

+
−

−= $C:>B�$

�ò«Ä iu  ni ,..,2,1,0= ����à(�©�s�H�5$T C:>AîU

¹(� O"HwL �5�¹d(� O"HwLb$

O"HE�1®wLawë��¥��VUÐ!9H�AU�<v¥¯ï�

�7�O"H¨¿�©wLawë¥!9�Û���P�èÂ�O"HwL�?

Ú�í��þL[�¥=QwL�7º?Í»VUbü^��Õ�ß/�[b_Ò
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TÏ�áÌ|V�t�� [b_Ò wL¥eÅÄÏÙsÄ¥Ä��Ä¥Ä�¥�

çö1�¿Øñ�5�'��Ö�5awq�5�Z_�5b�Øñ�5¥�

¨^�]BUS"Ï[Y¥�¥m^¹-4Hqb$

Ø �Ö�5$

�Y¥�¥m^Ï�Lç�1�Im^�©km^¥�HwL )(uCr a

)(uCs ��Ä¥H�ñÌMÄ¥¥eÅÄ rP a sP �¾�Bç¥�ÖS¶=�'�$

threshePP ddd
sr

≤− || $$$$$$$$$$$$$$C:@>�$

�Ï�
sr PPd ¹�1�]m^ [b_Ò wL¥�ñeÅÄW¥�Ö�'
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eÅÄ�Ð[b_ÒwL¥1"ÂmC:>DîU6byN�áÌYV[b_ÒwL1
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9m^W¥+�MÐ��b$

Ø m^W;i��8¥_�+�MÐ�»i�]�wL¥��MÄ$

�'FL���Ï�áÌI³²�[b_ÒwL¥��Ve�Ð_��M��
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���]"Væ¨ [b_Ò wL¥eÅÄÙs]�Ä��V7LC_�MÐ��

¥�9#m^¥�Ú�¥¿Éb$

��Ú�³1<Ø¥^�Ä¥Vñ^1îLC¥b$

Ø l²$

���F�î��¥L�Vü�m^Wi� l¥_�+��M�.Àm

^¥]�+�+�i����MH��¿ [b_Ò wL¥��Ve��_��M
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��s¥��T��b$



»Bc �¿�ª+�Ä¥¥�.Ë�Ï�m^Ú%Ä¥�/�¥ùî 

 » 141 : 

$

m6-28$Ú¥�m^��s�Uim$

Ø »=Fm^��$

]"¹�áÌÎ¤��1¿m?:>=am?:>>îU»=Fm^¥ÚÄ¥L�

��b[ ]̀\a:]m^î�US"¹�IUS"�m C:>?amC:>@sY¹Y¥
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>?E=�£ä¹ [b_Ò wL�Ûä¹eÅÄ�$
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�.Ë�Ï�m^¥¥�/�ùî 

 » 150 :

Ðm^�M]HW�|�®¿	ü©¥{�P¤;Ðm^Ïi�¹þ+�¥�
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¥��Ve�Ð_��M�¨¿]�Ä¥�ç�BZë�æ¨ [b_Ò wL
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XgÏSm`m�Ð�b$

$

$

$



Á� 

 » 175 : 

Á� 

�'�Ó'|�î=�á1_îµ;óÍá·��úù¥º=�]ÐV

Uá®Ó¥�ib 

'Ó^��=�Á£ùîô¥��·�Ð1��ã/�î¥b�º=�Ç

^áÐ<¥�=�ð�á¥ý.&�|PásmÔ3b�º=ëpÚ`¥ÐMa

øÈpL¥ÍÐÿ��z<¥£È�¿v¥¦ìàï�|^á¥ùÐ�¥ü"b

�N�á1_�º=Vrá''¥�ib 

Ë�óÍáúù�·�¥ Veronique PRINET¬ùîôbòWy÷L¥ýT

ÿ�óá=/�'Y�`bË�ò¹áÌ4�¥SùÌâ��1SÀÔ�á3

��Ð�¥1�b 

Ë�=¡�= pV�áÐ<�¥í²úù��ã��Ó¥��ýT¤m

¿=¡y!�¥in��
�P¥)�bË�=½ñÐ�¨+óá¥�ã�£

�úùbË�DÐm^F¦y}]Ð�á¥úùb 

Ë�±�Ñùîôa�B-ùîôa±]lùîôaSqbùîô�á¥

úù�·�bË�ÏEL�iMÓæº=�á¥úùÐ�ãbË��üpV�

�ð)��á9?s��?b 

Ë�áÌ[5lF¥¦�a©�af�aáéaÅ^óa®Óéaâ

²�bË�áÌ¥Ý�d±cbË�ÏEL�i¥¦�@aBÔ�a�Åòa

¦~aÙ×añ�aç�aaZ½Õau�bË�±Éqa>]öañ a�

½�a=�0af¥\a¦ê6a¦ÛaÛÌaçC[bË�ðÌ�á¡½´

Èî¥úùb 

Ë�8�÷¥õS�a¿+au�aç½lº=bË�ùî3�¥Ã�?a

©�óa~�	aq1aÙÅ��Åº=�ðÌ¥�WýT¹áÌ7/��z

¥Ìâ��N_ðÌVU''¥�ib 

KªáÎ1Ë�á¥³�a�äÐT¶�Ë�á¥j�><ö�o8>½

��^ðÌ��íÔ¥�Da�áBÂ;ª¥¦ûÐ�ã�Pá�î��Ð

<b 

È|'ÓDóîµ1��úùVá¥¦� 


