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Object-level Change Detection Based on Multiscale Fusion

HUO Chun-Lei1 CHENG Jian1 LU Han-Qing1 ZHOU Zhi-Xin1, 2

Abstract Urban change detection based on multiscale fusion is discussed in this paper. The limitations of traditional

change detection methods and the difficulties of urban change detection of very high resolution images are first analyzed.

To address the above limitations, a novel object-level framework based on multiscale fusion is presented for urban change

detection. Taking advantages of the object-level change detection, the framework can improve the separability of changed

class and unchanged class. To further improve the change detection accuracy, two different multiscale fusion strategies are

applied in the framework. Experimental results obtained on QuickBird images confirm the effectiveness of the proposed

approach.
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1) �m©EÇ�Jp)û
�kDaì�/·Ü��0̄ K, �Ó�ǑÚ\
#�¯K: Ó«/Ô�1Ì�©5 (aS�©5) O\±9ØÓ«a/Ô�m�1Ì�©5 (am�©5) ü$[8−9], ��
Czuÿ¥CzaÚ�Cza��©5ü$. CzaÚ�Cza��©5ü$��DÚ���?�Czuÿ�{éJòCzaÚ�Cza�(/«©m5.

2) ¢½|µ¥E,�)��¸Ú�«<E8I�E,5 (áÆ!/G�õ�5�), ��DÚ���?�Czuÿ�{éJk�/£ãÚ'�ù
E,�é�.

3) ñ	ÚÒK��3Ǒ´E¤¢½Czuÿ(J���Ì��Ï, �Øñ	½ÒKÑ¬E¤�A/Ô�&E��$���¿�.ù
(J��3, ��DÚ�Äu¥$©EÇ��aã�Czuÿ�{�{í2�p©EÇ�aã��Czuÿ¥.�âp©EÇ�aã��A:!<a�ÀúX



252 g Ä z Æ � 34òÚ±9;[�£, ÄuõºÝ©Û½KÜüÑ�é�?�Czuÿ�{�·Üp©EÇ�aã��¢½Czuÿ. Äk, é�?�Czuÿ�±|^é��k�º�Ú/GJ�Äué��AÆ, lJpØÓ/Ô�m�am�©5±9üÌã��m�CzaÚ�Cza��©5. Ǒ,ÏLwÄI��ª,DÚ���?�Czuÿ�{�±3�½§ÝþJpam�©5, �´, ��?�Czuÿ�{�{Ǒz����Ïé��/�`0�wÄI. ¢Sþ, <aÀúXÚ3*	üÌã��m�Cz�, ǑØ´Å���?1'�, ´kr��ã�©¤���é�2\±'�. Ïdl)nÆ�ÆÝ5ù, é�?��{Ǒ�·ÜCzuÿ. Ùg, �ØüÌã�¥�é��´üÌã��m�CzÑ´�ºÝ�'�,~X, ·��±3�
'�°[�ºÝþuÿ�ü��Â½��¢��Cz, ,ù
[��Cz3�
���ºÝþk�U/��0. |^õºÝEâ�±�Ǒ/©ÛüÌã�¥�é�½üÌã��m�Cz. 1n, 3,�ºÝþ½d,�«�{���Czuÿ(J�|^
,�ºÝ�&E½,�«�{�`:, Ù(J¿Ø�½��. �â;[�£, rØÓºÝ½ØÓ�{���(J?1KÜ�±�����(J. ~X Bovolo[10] JÑ
n«õºÝKÜüÑ^uCzuÿ, Ù¥ FFL-ARS (KÜ¤k���ºÝ�õºÝKÜ) üÑ���(J��, �´T�{´��?�Czuÿ, Ø·Üp©EÇ��aã�. Hall[11] JÑ
ÄuõºÝ�é�?�Czuÿ�{, �T�{3^õºÝ©ÛJ�é��, |^��{�)���Czuÿ(J, ÏdT�{ØUuÿ�E,�(�Cz, ¿�éÀÆCzØ
°�=ØÓÆÝû��ïÓÔØuǑCz.�â±þ©Û, �©JÑ
ÄuõºÝKÜ�é�?�Czuÿ#�{. �DÚ��{�', �©�M#Ì�Ny3: 1) JÑ
��é�?�Czuÿ�{. T�{ÏLé�©Û, J�äk�Â&E�é�, Jp
ØÓ/Ô�am�©5; Äué��AÆJ�Ó��Ä
1Ì&EÚ(�&E, ¤±T�{U
uÿ�[��(�Cz; 8�õêp©EÇ�aã��Czuÿ�{éÀÆCz�Ä�Ø
¿©, ��
ØÓÆÝû��ïÓÔ�ØuǑCz.�©�Äué��'�, éÀÆCzäk���°�5. 2) òé�?�Czuÿ�{ÚõºÝKÜüÑ�(Ü¿/¤Ú��µe. õºÝûüKÜ�±éD(k���°�5, õºÝAÆKÜÏLºÝ��5�åÚºÝ��5�å��/|^
�ºÝ�&E. ÏLTµe¥�ü«ØÓ�õºÝK

ÜüÑ, �±��JpCzuÿ�°Ý.�©�äNSNSüXe: 1 1 !éµe¥�é�?�Czuÿ�{?1
�[�0�, 1 2 !0�
µe¥�ü«ØÓ�õºÝKÜüÑ, 1 3!é¢�(J?1
'�Ú©Û, ���Ñ
(Ø.

1 é�?�CzuÿǑ
k�/J�!£ãÚ'�p©EÇã�¥�é�, �©JÑ
��é�?�Czuÿ�{. T�{©ǑnÜ©: é�©Û!Äué��AÆJ�ÚÄué��'�.

1.1 é�©Ûé�©Û�8�´ÏL©�J�áuÓ�a/Ô�«�. C5, �«©��{�ØÓ+�X�Æã�?n�ïÄöJÑ, ��aã����E,5��ù
�{ØU��^5©��aã�[12]. ;�^u�aã�©��û�^�X eCognition ǑÏd�� 2000 â�íÑ. �Ä�°�5!gÄz§ÝÚß²5, �©�é�©Ûvk|^ù
û�^�, ´|^Äuã��©��{[13−14] 5J�é�, Ù�^u�aã��©��{Ǒ�±éN´/i\�·��µe¥.Ó�5ÚÉ�5´é�©Û�ü��Ï�.Ó�é�S������1ÌÑé�C, ¤±�±^1Ì&E��q55£ãé��Ó�5. �½��ã� X ÚÙ¥�ü��C��� i Ú j, §��Ó�5L«Ǒ
WI(i, j) = e−‖Li−Lj‖

2/σx−‖Ii−Ij‖
2/σI (1)Ù¥ Li Ú Ii ©O�L��� �Ú1Ì&E. ��µ�é�äk�q�1Ì�, �|^1Ì&E¿ØU��é��(J. ã�¥�>Æ´é���U�>., �â>Æ&E���ü��� i Ú j �É�5Ǒ

WC(i, j) = e−maxx∈line(i,j) ‖Edge(x)‖2/σC (2)Ù¥ line (i, j) ´ë� i Ú j ���ã, Edge (x) ´3 x ?�>ÆrÝ. �âÓ�5ÚÉ�5�� i Ú jáuÓ�é��q,5Ǒ
W (i, j) =

√
WI(i, j) × WC(i, j) + αWC(i, j) (3)þª¥, α Ǒ�Ïf. ù�, é�©ÛÒ�±=zǑe¡� K a�©�¯K

Ẑ = arg max
Z=[zzz1,··· ,zzzK ]

1

K

K∑

l=1

zzzT
l Wzzzl

zzzT
l Dzzzl

(4)



3Ï ¿SX�: ÄuõºÝKÜ�é�?Czuÿ#�{ 253Ù¥ zzzl ´���é��«¼ê, = zzzl(i) = 1 ��=��� i áué� l. D ǑéÆÝ
, � D(i, i) =∑
j W (i, j). T`z¯K�)Ǒª (5) � K ���AÆ�¤éA�AÆ�þ VVV Ü¤�f�m

WVVV = λDVVV (5)�)T`z¯K�, �â zzzl �±��z���¤á�é�. é®�O�üÌã� X1 Ú X2, �é� Rlã� X1 ¥J�Ñ5�, ,	�Ìã� X2 ��éA�«� R′ d� R ¥�Ó ����|¤.

1.2 Äué��AÆJ�lã�¥J�Ñé��, �±ÏLJ�Äué��AÆJpØÓ«a/Ô��©5. 1Ì&E´{ü��AÆ, �´�^1Ì&EØU£ãïÓÔ�(�&E. �â²�, <EïÓÔ�(�&E�±^>Æ½FÝ5£ã. ¤±�©|^Äu1Ì&EÚFÝ�£ãf5£ãé�. - fff ´�½ã�
X 3 (x, y) ?�AÆ�þ, =

fff = [F1(x, y), · · · , FS(x, y), |
∂I(x, y)

∂x
|,

|
∂I(x, y)

∂y
|, |

∂2I(x, y)

∂x2
|, |

∂2I(x, y)

∂y2
| ]T (6)Ù¥ S ´õ1Ìã�¥1ÌÅã��ê, Fs ´,Åã s (1 ≤ s ≤ S) �1Ì&E, I ´1Ì�þ�. éu��½�«� R, - {zzzi}i=1,··· ,n ´«� R S�AÆ�þ�8Ü, Ù¥�z��AÆ�þ�±ÏLª

(6) ?1O�, Ǒ
nÜ1Ì&EÚFÝAÆ, ^ (S

+ 4) × (S + 4) �Æ��Ý
5L« R, =
CR =

1

n − 1

n∑

i=1

(zzzi −mmm)(zzzi −mmm)
T

(7)Ù¥mmm ´éAAÆ�þ�þ�. ^Æ��5£ãé�´du: 1) Æ���±KÜõ«�U�'�AÆ,ØÓ�AÆÏL��5N���ªKÜ3�å, Jp
L«E,é��Uå; 2) d�O���5�D( (X�´þ��ý) 3Æ���O�L§¥�±�³�K; 3) Æ����ê�$, ÏdÄuÆ���AÆJ��O�þ�.

1.3 Äué��'�Ǒ
k�/Ýþü�é���q5, æ^Xe�Ýþ[15]

ρ (CR, CR′) =

√√√√
(S+4)∑

i=1

ln2
λi(CR, CR′) (8)

Ù¥ λi (CR, CR′) ´ CR Ú CR′ �2ÂAÆ�
λiCRxxxi − CR′xxxi = 000 (9)Ù¥ xxxi 6= 000 Ǒ2ÂAÆ�þ. ,	, p�'¼êǑ´�äü�«��q5���I. éulX1 ¥J��é� R 9 X2 ¥��éA�é� R′, �äÙ�ö�m´Äu)Cz�OKǑ: XJ ρ (CR, CR′) >

τ1 ½ cor (I1(R), I2(R
′)) < τ2, K R � R′ �m�3Cz, ÄKüö�mvku)Cz, τ1 Ú τ2 Ǒ¯k�½�K�, cor (I1(R), I2(R

′)) Ǒã�X1 ÚX23«� R � R′ ¥Äu1Ìþ��8�z�p�'¼ê�.�®k��{�', �©�é�?�Czuÿ�{äk±e`:: 1) é�©Û�Ä�
é��k�/GÚº�, �Ñ
DÚ���?�Czuÿ�{¥I��/GÚº��ÀJ¯K; 2) Äué��AÆJ�KÜ
1Ì&EÚFÝ&E, �±k�/£ãE,�¢½|µ±9<EïÓÔ�(�&E;

3) Äu2ÂAÆ���q5ÝþéÀÆCzé°�[16], ùéu'�ØÓÀÆ���ïÓÔ´�©��. ù
`:��·�éN´òõºÝKÜüÑA^�þã�é�?�Czuÿ�{¥.

2 ÄuõºÝKÜ�é�?�Czuÿµe�Ä�é�ÚCzéºÝ��65, Ǒ
JpCzuÿ�°Ý, ·�òõºÝKÜüÑA^�þã�é�?�Czuÿ�{¥, ¿/¤Ú��µe.ØÓ�KÜüÑ�±éCzuÿ�°ÝkØÓ§Ý�Jp, Ǒ
�\ïÄõºÝKÜüÑéCzuÿ�KǑ, ·�3µe¥Ú\
ü«ØÓ�õºÝKÜüÑ, dd��ü«ÄuõºÝKÜ�é�?�Czuÿ�{, ¿éùü«�{?1
'�.

2.1 õºÝûüKÜÓ�|µ�ØÓ�mû��üÌã�, 3ØÓ�ºÝþ�±J�ØÓ�Czuÿ(J, Ïd�±|^ûü?KÜnÜ�ÄØÓºÝ�Cz±~�CzéºÝ��65. Ǒ
?1õºÝKÜ, �©Äkæ^�Å[17] é�©ã� Xk (k = 1, 2) ?1õºÝ©))¤ü�õºÝS� Xk
MS = {X(k,0)

MS ,

· · · , X
(k,n)
MS , · · · , X

(k,N−1)
MS } (k = 1, 2), Ù¥ N Ǒ©)��ê, X

(k,0)
MS = Xk. z�ºÝ� X

(k,n)
MS d 4Ü©|¤, = X

(k,n)
MS = {LL(k,n), LH(k,n), HL(k,n),

HH(k,n)}, Ù¥ LL(k,n) L«ã��$ª&E, 
LH(k,n)!HL(k,n) Ú HH(k,n) ©OL«Y²!ç�9éÆ���pª&E. éØÓ�ºÝ n, X

(k,n)
MS �N
ã�3ØÓºÝþ�$ªÚpª&E. Ǒ
?
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(k,n)
MS C����©ã��Ó�º�, ù�±ÏLéz�� X

(k,n)
MS ?1

n gÕá�¢y. ,dd����ã�S��ØÓºÝ�mE�U�3&E�'½P{: =�,�ºÝ X
(k,n1)
MS �pª&E��K
, ùÜ©&EE�U�33 X

(k,n2)
MS (n1 > n2) ¥[10]. Ïd, ·��|^Ù$ª&E?1� (Xã 1 ¤«), ��õºÝS�äk��©ã�Ó����º�. Ǒ
�B, ·�ò����õºÝã�S�EPǑ

Xk
MS = {X(k,0)

MS , · · · , X
(k,n)
MS , · · · , X

(k,N−1)
MS } (k =

1, 2).

ã 1 õºÝã�)¤«¿ã
Fig. 1 Generation of multiscale image setǑ
�ûüéD(�°�, ·�3ÄuõºÝKÜ�é�?�Czuÿµe¥Ú\õºÝûüKÜ, =k|^é�?�Czuÿ�{©OJ�ã�3��ºÝþ�Cz, ,�òØÓºÝþ�Cz&E¢�ûü?�KÜ. - M

(n)
MS = {M(R

(n)
1 ), · · · ,

M(R(n)
rn

)} ´3ºÝ n þ���Czuÿ(J�8Ü, Ù¥ rn ´3ºÝ n þ�é���ê. M(R(n)
m )

(1 ≤ m ≤ rn)´éX
(1,n)
MS ÚX

(2,n)
MS ¢�é�?�Czuÿ���, u´MMS = {M (0)

MS , · · · , M
(N−1)
MS }�±w�´dØÓ;[���ûü8Ü. ·��õºÝûüKÜ5KǑ: é,�é� R 9ÙõºÝûü(JMMS(R) = {M(R(0)), · · · , M(R(N−1))},��Ý�õ�ûü�Ǒ�ª�ûü.

2.2 õºÝAÆKÜÓ���Ìã�, 3ØÓ�ºÝþ�±J�ØÓ�é�, Ïd�±ÏLAÆ?KÜüÑJ�¿KÜØÓºÝ���é�«�±~�é�éºÝ��65. Ǒ
���²��©�, ·�3?1õºÝé�©Û�éé��\�å: ºÝ��5�åÚºÝ��5�å. ÏLºÝ��5�å, ©���d¼ê�½l��ºÝDÂ�,��ºÝ¶ÏLºÝ�

�5�å, ØÓºÝ�é��ª��Ú�. ǑQã�B, ·�½ÂõºÝ©�Ý
 ZMS ÚõºÝq,Ý
WMS Ǒ
ZMS = [Z

(0)
MS , · · · , Z

(N−1)
MS ]T (10)

WMS = diag[W
(0)
MS , · · · ,W

(N−1)
MS ] (11)Ù¥ Z

(n)
MS ´ºÝ n (0 ≤ n ≤ N − 1) þ����é�«5Ý
, = Z

(n)
MS(i, l) = 1 ��=�ºÝ n þ�!: i áu©� l. W

(n)
MS ´ºÝ n þ�q,Ý
,

Z
(n)
MS ��êǑ Tn × K,  ZMS ��êǑ T ∗ × K,Ù¥ T ∗ =

∑(N−1)

n=0 Tn, Tn L«ºÝ n þ�ã������ê, u´ ZMS q�±L«Ǒ
ZMS = [yyy1, · · · , yyyK ] (12)Ù¥ yyyk (1 ≤ k ≤ K) ��êǑ T ∗ × 1. Ǒ
JpO��Ç, 3¢S�O�¥, ·�¿vk�â Xk

MS ÅºÝO�W
(n)
MS , ´3�©ã�þO� W

(0)
MS , ,�éW

(0)
MS ��Ågüæ�¿O� W

(n)
MS . X©z [14]¤ã, ù«��üæ���ª¿vkü$©��5U. ºÝ��5�åÚºÝ��5�å�±dºÝ��Ý
 C!ºÝm��Ý
 Cn,n+1 ÚõºÝ©��å�§ (15) 5L«

C =





C0,1 −I1 0 0
...

. . .
. . .

...

0 0 CN−2,N−1 −IN−1



 (13)

Cn,n+1(i, j) = {
1

|Ni|
: j ∈ Ni

0 : Ù� (14)

CZMS = 0 (15)Ù¥ Ni ´ºÝmüæ�����. u´õºÝé�©Û�±L«Ǒe¡�k�å�`z¯K
ẐMS = arg max

ZMS=[yyy1,··· ,yyyK ]

1

K

K∑

l=1

yyyT
l WMSyyyl

yyyT
l DMSyyyl

(16)�å^�Ǒª (15),Ù¥ DMS(i, i)=
∑

j WMS(i, j).T`z¯K�)Ǒd QD
− 1

2

MSWMSD
− 1

2

MSQ éA�
K �AÆ�þ VVV Ü¤�f�m, Ù¥ Q = I −

D
− 1

2

MSCT(CD−1
MSCT)−1CD

− 1
2

MS . |^�1 1.1 !aq��{�±lã�¥J�é�, J�é��, 3�©ã�þ¢�Äué��AÆJ�ÚÄué��'�Ò�±�����Czuÿ(J.
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3 ¢�Ǒ
�y�©�{�k�5, ·�3õ�êâ8þ?1
¢�. Ï�Ì¤�, �©��Ñ
Ù¥���êâ8þ�(J, Ù�êâ8þ�(J�daq. ã 2 ´ QuickBird ¥(û��inTÄÑ�°A½�Ü©|µ, û���m©OǑ 2003  12 �Ú 2005  2 �, ã��©EÇ´ 0.6 �/��, ã����Ǒ 386 × 453 ��. Xã 2 ¥�Ý/µ¤«,Têâ8�E,53u: 1) |µ¥�3äkE,Âº�ïÓÔ; 2) üÌã��m�3;.�Cz (XE,�Ú���<EïÓÔ�Cz); 3) üÌã��m�3ÀÆÚ1ìCz.

ã 2 ¢�¤^êâ
((a) 2003  12 �û��ã�; (b) 2005  2 �û��ã� )

Fig. 2 Datasets used in this paper ((a) Image taken in

December 2003; (b) Image taken in February 2005)Ǒ
é�©��{?1�¡�y, ·��O
ü|¢�: 1�|¢�^5'���?Úé�?Czuÿ�5U; 1�|¢�'�ØÓºÝ±9ØÓ�KÜüÑéCzuÿ�KǑ. ã 3 (a) �Ñ
�óI½�ë�Cz(J, ã 3 (b) Úã 3 (c) ´��?��{���Cz(J, Ù¥ã 3 (b) Ǒ^©z [6]��`K��{���(J. é¥$©EÇã�, �`K��{�±��é��Czuÿ(J, �éu�½�p©EÇ�aã�, T�{¿vk��÷¿�(J. lã 3 (b) �±wÑ, �
wÍ�Czvk�uÿÑ5, ,	�
vkCz�/�%�ØuǑkCz, ùL²DÚ���?�CzuÿØ2·Üp©EÇ�aã��Czuÿ. ã 3 (c) Ǒ^©z [10] � FFL-ARS (ÄuõºÝKÜ���?) �{���(J, T�{3©z[10] �n«ØÓ�KÜüÑ¥5U�`. �ã 3 (b) �', õºÝ���?��{���(J35U�¡�(k¤Jp. �
^�`K��{�{uÿ��Cz�õºÝ���?��{uÿÑ5. �´�
(�CzE,�{�õºÝ���?��{uÿÑ5, ¿�ØÓÀÆ���Ó�ïÓÔ�Ø�Ǒ´Cz. ã 3 (d)∼ (e)

´�©��{���Czuÿ(J, Ù¥ã 3 (d) ´ÄuõºÝAÆKÜ��{�(J, ã 3 (e) ´ÄuõºÝûüKÜ��{�(J. �©¥æ^�´
db-4 �Å, N = 3. '�ë�Czuÿ(JÚ�©�{�(J�±w�, Cz�é�Ä�þÑ�±��©�ü«õºÝ�é�?��{�(/uÿÑ5.ÏL'���?�Czuÿ(JÚé�?�Czuÿ(J, �±wÑ��?�Czuÿ�{éup©EÇ�aã��Û�5. Äk, dup©EÇ�aã����A:, =�p�aS�©5Ú�$�am�©5, �|^�����&EéJòCzaÚ�Cza�(/«©m5. Ùg, |^�����&E�±3�½§ÝþJpØÓ«a/Ô�am�©5±9CzaÚ�Cza�am�©5, DÚ���?��{��wÄI (�/I½Ý/I) ��ª5Jpam�©5, �´dd�5�am�©5�Jp´k��. Xã 3 (f) ¤«, z�������&EØ=�wÄI�/Gk', ��wÄI���Ǒk���'X. =�æ^õ�wÄI, 3Cz«�Ú�Cz«��>., E¬�) “>.�A”, wÄISQ�¹Cz���q�¹�Cz���, ��CzaÚ�CzaØU�(/«©, ��?�Czuÿ�{Ïd�)�p�ØuÇ (Xã 3 (c) ¤«). é�?�Czuÿ�{���±�Ñ “>.�A”,ÏLé�©Û, �±Ǒz����é��� “�`”�wÄI, =z�����|^§¤3«�����&E, ù�é�?�Czuÿ�{Ò�±|^é��k�/GÚº�5J�Äué��AÆ, lJpØÓ/Ô�am�©5. ,	, Äué��'��Ä�
D(ÚÀÆCz�Ï��KǑ, l�üÌã��CzaÚ�Cza�m�am�©5Ǒ��
Jp. ù|¢�L²: ��¡, õºÝKÜüÑkÏuJpCzuÿ�°Ý; ,��¡, DÚ���?�Czuÿ�{Ø·Üp©EÇ��aã��Czuÿ, =�ÄuõºÝKÜüÑ���?�Czuÿ�{ǑE,�{�����(J.Ǒ
�Ǒ�£CzéºÝ��65Ú'�ØÓ�KÜüÑéCzuÿ�ØÓKǑ, ·�'�
é�?�Czuÿ�{3ØÓºÝþ±9ÏLØÓ�KÜüÑ�5U. ïþCzuÿ5U��IǑ�(Ç (uÿ���(�Cz���êØ±ý�Cz���ê) ÚuÿÇ (uÿ���(�Cz���êØ±uÿ��Cz���ê). ã 4 w«
ØÓºÝþ�Czuÿ(J, L 1 �Ñ
3ØÓºÝþ±9ÄuØÓ�KÜüÑ���uÿÇÚ�(Ç. ÏL'�ØÓºÝþ�Czuÿ(J, �±��±e(Ø:
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1) '�ã 4 (a)∼ (c) Úã 3 (b)!3 (c) �±wÑ, Cz�é�Ä�þÑ�±��©�é�?�Czuÿ�{�(/uÿÑ5, dd��é�?�Czuÿ�{'DÚ���?�Czuÿ�{3p©EÇ�aã�Czuÿ¥äk���`�5.

2) '�ã 4 (a)∼ (c) ÚL 1 �A�êâ�±wÑ, 3ØÓºÝþ���uÿÇÚ�(ÇÑØ�Ó,ù´ÏǑÏL�Å©)Ú�, z�ºÝ�ã�äkØÓ�&E, 3é�©Û�ãJ��ØÓ�é�«�, dd��Ø���Czuÿ(J, ùL²CzéºÝäk�65.

ã 3 ØÓ�{�Czuÿ(J'�
((a) ë�Cz(J; (b) ÄuK����?�{���Cz(J; (c) ÄuõºÝKÜ���?�{���Cz(J;

(d) ÄuõºÝAÆKÜ�é�?�{���Cz(J; (e)ÄuõºÝûüKÜ�é�?�{���Cz(J; (f) ��?�Czuÿ�{�Û�5©Û )

Fig. 3 Comparison of results by different approaches ((a)

Reference change map; (b) Change map by pixel-based

method; (c) Change map by multiscale pixel-based

method; (d) Change map by the proposed method based

on multiscale feature fusion; (e) Change map by the

proposed method based on multiscale decision fusion; (f)

Limitations of pixel-based change detection methods)

ã 4 ØÓ�ºÝþ���Czuÿ(J'�
((a) 3ºÝ 0 þ���Czuÿ(J; (b) 3ºÝ 1 þ���Czuÿ(J; (c) 3ºÝ 2 þ���Czuÿ(J; (d)õºÝûüKÜ���Cz(J )

Fig. 4 Comparison of results at different scales ((a)

Change detection result at scale 0; (b) Change detection

result at scale 1; (c) Change detection result at scale 2;

(d) Change detection result by multiscale decision fusion)L 1 ØÓºÝ9ØÓ�õºÝKÜüÑ�5U'�
Table 1 Accuracy comparison against different scales

and different fusion strategiesºÝ 0 ºÝ 1 ºÝ 2 ûüKÜ AÆKÜuÿÇ (%) 75.37 58.42 59.97 78.40 81.70�(Ç (%) 68.53 55.51 49.47 72.29 89.90

3) �ë��Czuÿ(J�', z��ºÝþ�Czuÿ(JE�3���Ø�, ùL²ü�ºÝ�(J¿Ø����. �´'�ã 4 (d) Úã
4 (a)∼ (c) �±wÑ, õºÝKÜüÑ�±��JpCzuÿ°Ý.

4) ��5ù, éJµ½ûü?KÜÚAÆ?KÜ=�«üÑ�`, �´éu�©�ü«ÄuõºÝKÜ�é�?�Czuÿ�{, ÏL'�ã 3 (d)Úã 3 (e) 9ÙéA�uÿÇÚ�(Ç�±wÑ, ÄuõºÝAÆKÜ�é�?��{5U��. ��¡, ÄuõºÝAÆKÜ��{3õºÝé�©Û�ãÏLºÝ��5�åÚºÝ��5�åJ��
�ý¢é���C�é�«�; ,��¡, ÄuõºÝûüKÜ��{�KÜ
�ºÝ�Cz(J,vk�Ä�é��ºÝ��5�åÚºÝ��5�å, l��z�ºÝ�(JÑ�3���Ø�.,	ÄuõºÝûüKÜ��{I�Ǒz�ºÝÑ



3Ï ¿SX�: ÄuõºÝKÜ�é�?Czuÿ#�{ 257ÀJ��/�`0�K�, ù«K�éºÝ��65Ǒ´E¤ØÓ5U��Ï.

4 (ØDÚ���?�Czuÿ�{Ø·Üp©EÇ��aã��Czuÿ, �©?Ø
�aã�Czuÿ�{¥�õºÝKÜ¯K, JÑ
ÄuõºÝKÜ�é�?�Czuÿµe. ���?�Czuÿ�{�', é�?�Czuÿ�±JpCzaÚ�Cza��©5. �Ä�é�ÚCzéºÝ��65, Ǒ
?�ÚJpCzuÿ�5U, ·�3é�?Czuÿ�Ä:þÚ\
ü«ØÓ�õºÝKÜüÑ¿/¤Ú��µe. �üºÝ�é�?Czuÿ�{�', ùü«ÄuõºÝKÜ�é�?�Czuÿ�{Ñ�±�����Czuÿ°Ý; �?�Ú, ÄuõºÝAÆKÜ�é�?�Czuÿ�{q`uÄuõºÝûüKÜ�é�?�Czuÿ�{. ¢��y
�©�{�k�5. e�Ú�ó�Ì�´?�ÚJpCzuÿ°Ý±9�\�\ïÄõºÝKÜüÑ3é�?�Czuÿ¥�A^.
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