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Object-level Change Detection Based on Multiscale Fusion

HUO Chun-Lei 1 CHENG Jian 1 LU Han-Qing 1 ZHOU Zhi-Xin 1; 2

Abstract Urban change detection based on multiscale fusion is discussed in this paper. The limitations of traditional
change detection methods and the di�culties of urban change detection of very high resolution images are �rst analyzed.
To address the above limitations, a novel object-level fram ework 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 chan ged
class and unchanged class. To further improve the change detection accuracy, two di�erent multiscale fusion strategie s are
applied in the framework. Experimental results obtained on QuickBird images con�rm the e�ectiveness of the proposed
approach.

Key words Remote sensing images, object-level change detection, multiscale decision fusion, multiscale feature fusion
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 WMS •

ZMS = [ Z (0)
MS ; � � � ; Z (N � 1)

MS ]T (10)

WMS = diag[W (0)
MS ; � � � ; W (N � 1)

MS ] (11)

Ù ¥ Z (n )
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é – « 5 Ý 
 , = Z (n )
MS (i; l ) = 1 � … = � º Ý n þ

� ! : i á u © • l . W (n )
MS ´ º Ý n þ � q , Ý 
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Z (n )
MS � ‘ ê • Tn � K , 
 ZMS � ‘ ê • T � � K ,

Ù ¥ T � =
P (N � 1)

n =0 Tn , Tn L « º Ý n þ � ã ” �

” ƒ � ‡ ê , u ´ ZMS q Œ ± L « •

ZMS = [ yyy1; � � � ; yyyK ] (12)
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 ´ 3� © ã ” þ O Ž W (0)
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MS . X © z [14]
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� å • § (15) 5 L «
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B
B
@
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...

. . . . . .
...

0 0 CN � 2;N � 1 � I N � 1

1

C
C
A (13)

Cn;n +1 (i; j ) = f
1

jN i j : j 2 N i

0 : Ù ¦

(14)

CZMS = 0 (15)

Ù ¥ N i ´ º Ý mü æ � ž � � • . u ´ õ º Ýé –

© Û Œ ± L « • e ¡ � k � å � ` z ¯ K
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Z MS =[ yyy1 ;��� ;yyyK ]

1
K

KX

l =1

yyyT
l WMS yyyl

yyyT
l DMS yyyl

(16)

� å ^ ‡ • ª (15), Ù ¥ DMS (i; i )=
P

j WMS (i; j ).
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MS WMS D � 1
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K ‡ A � • þ VVV Ü ¤ � f ˜ m , Ù ¥ Q = I �
D � 1

2
MS CT (CD � 1

MS CT ) � 1CD � 1
2

MS . | ^ † 1 1.1 ! a

q � • { Œ ± l ã ” ¥ J � é – , J � é – � , 3 �

© ã ” þ ¢ – Ä u é – � A � J � Ú Ä u é – � '

�Ò Œ ± �� • � � C z u ÿ ( J .
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((a) 2003 c 12 � û � � ã ” ; (b) 2005 c 2 � û � � ã ” )

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

December 2003; (b) Image taken in February 2005)
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Fig. 3 Comparison of results by di�erent 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)
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Fig. 4 Comparison of results at di�erent 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)
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and di�erent fusion strategies

º Ý 0 º Ý 1 º Ý 2 û ü K Ü A � K Ü

u ÿ Ç (%) 75.37 58.42 59.97 78.40 81.70

� ( Ç (%) 68.53 55.51 49.47 72.29 89.90

3) † ë • � C z u ÿ ( J ƒ ' , z ˜ ‡ º Ý

þ � C z u ÿ ( J E • 3 � Œ � Ø � , ù L ² ü ˜

º Ý � ( J ¿ Ø � � Œ ‚ . � ´ ' � ã 4 (d) Ú ã

4 (a) � (c) Œ ± w Ñ , õ º Ý K Ü ü Ñ Œ ± ŒŒ J p

C z u ÿ ° Ý .
4) ˜ „ 5 ù , é J µ ½ û ü ? K Ü Ú A � ? K

Ü = ˜ « ü Ñ • ` , � ´ é u � © � ü « Ä u õ º

Ý K Ü � é – ? � C z u ÿ • { , Ï L ' � ã 3 (d)
Ú ã 3 (e) 9 Ù é A � u ÿ Ç Ú � ( Ç Œ ± w Ñ , Ä

u õ º Ý A � K Ü � é – ? � • { 5 U • Ð . ˜ •

¡ , Ä u õ º Ý A � K Ü � • { 3 õ º Ý é – © Û

� ã Ï L º Ý › � 5 � å Ú º Ý ˜ — 5 � å J � �


 † ý ¢ é – • � C � é – « • ; , ˜ • ¡ , Ä u

õ º Ý û ü K Ü � • { • K Ü 
 ˆ º Ý � C z ( J ,

 v k • Ä � é – � º Ý › � 5 � å Ú º Ý ˜ — 5

� å , l 
 � — z ‡ º Ý � ( J Ñ • 3 � Œ � Ø � .
, 	 Ä u õ º Ý û ü K Ü � • { I ‡ • z ‡ º Ý Ñ



3 Ï ¿ S X � : Ä u õ º Ý K Ü �é – ? C z u ÿ # •{ 257

À J ˜ ‡ / • ` 0 � K Š , ù « K Š é º Ý � • 6 5

• ´ E ¤ Ø Ó 5 U � � Ï .

4 ( Ø

D Ú � ” ƒ ? � C z u ÿ • { Ø · Ü p © E Ç

� € a ã ” � C z u ÿ , � © ? Ø 
 € a ã ” C z

u ÿ • { ¥ � õ º Ý K Ü ¯ K , J Ñ 
 Ä u õ º Ý

K Ü � é – ? � C z u ÿ µ e . † ” ƒ ? � C z u

ÿ • { ƒ ' , é – ? � C z u ÿ Œ ± J p C z a Ú

š C z a � Œ © 5 . • Ä � é – Ú C z é º Ý � •

6 5 , • 
 ? ˜ Ú J p C z u ÿ � 5 U , · ‚ 3 é –

? C z u ÿ � Ä : þ Ú \ 
 ü « Ø Ó � õ º Ý K Ü

ü Ñ ¿ / ¤ Ú ˜ � µ e . † ü º Ý � é – ? C z u

ÿ • { ƒ ' , ù ü « Ä u õ º Ý K Ü � é – ? � C

z u ÿ • { Ñ Œ ± � � • Ð � C z u ÿ ° Ý ; • ?

˜ Ú , Ä u õ º Ý A � K Ü � é – ? � C z u ÿ •

{ q ` u Ä u õ º Ý û ü K Ü � é – ? � C z u ÿ

• { . ¢ � � y 
 � © • { � k � 5 . e ˜ Ú � ó

Š Ì ‡ ´ ? ˜ Ú J p C z u ÿ ° Ý ± 9 • \ � \ ï

Ä õ º Ý K Ü ü Ñ 3 é – ? � C z u ÿ ¥ � A ^ .

References

1 Singh A. Digital change detection techniques using
remotely-sensed data. International Journal of Remote Sens-
ing, 1989, 10(6): 989� 1003

2 Coppin P, Jonckheere I, Nackaerts K, Muys B, Lambin E.
Digital change detection methods in ecosystem monitoring:
a review. International Journal on Remote Sensing , 2004,
25(9): 1565� 1596

3 Lu D, Mausel P, Brondizio E, Moran E. Change detection
techniques. International Journal on Remote Sensing , 2004,
25(12): 2365� 2401

4 Ridd M K, Liu J. A comparison of four algorithms for change
detection in an urban environment. Remote Sensing Envi-
ronment , 1998, 63(2): 95� 100

5 Radke R J, Andra S, Al-Kofahi O, Roysam B. Image change
detection algorithms: a systematic survey. IEEE Transac-
tions on Image Processing, 2005, 14(3): 294� 307

6 Bruzzone L, Prieto D F. Automatic analysis of the di�er-
ence image for unsupervised change detection. IEEE Trans-
actions on Geoscience and Remote Sensing, 2000, 38(3):
1171� 1182

7 Bazi Y, Bruzzone L, Melgani F. An unsupervised ap-
proach based on the generalized Gaussian model to auto-
matic change detection in multitemporal SAR images. IEEE
Transactions on Geoscience and Remote Sensing, 2005,
43(4): 874� 887

8 Bruzzone L, Carlin L. A multilevel context-based system fo r
classi�cation of very high spatial resolution images. IEEE
Transactions on Geoscience and Remote Sensing, 2006,
44(9): 2587� 2600

9 Carleer A, Debeir O, Wol� E. Comparison of very high spa-
tial resolution satellite image segmentations. In: Procee d-
ings of SPIE Conference on Image and Signal Processing
Remote Sensing IX. Barcelona, Spain: SPIE, 2004. 532 � 542

10 Bovolo F, Bruzzone L. A detail-preserving scale-driven a p-
proach to change detection in multitemporal SAR images.
IEEE Transactions on Geoscience and Remote Sensing ,
2005, 43(12): 2963� 2972

11 Hall O, Hay J. A multiscale object-speci�c approach to dig i-
tal change detection. International Journal of Applied Earth
Observation and Geoinformation , 2003, 4(4): 311� 327

12 Schiewe J, Tufte L, Ehlers M. Potential and problems of
multi-scale segmentation methods in remote sensing. GIS:
Geo � Information � Systems, 2001, 6(1): 34� 39

13 Shi J B, Malik J. Normalized cuts and image segmentation.
IEEE Transactions Pattern Analysis and Machine Intelli-
gence, 2000, 22(8): 888� 905

14 Cour T, Benezit F, Shi J. Spectral segmentation with mul-
tiscale graph decomposition. In: Proceedings of IEEE Com-
puter Society Conference on Computer Vision and Pattern
Recognition. New York, USA: IEEE, 2005. 1124 � 1131

15 Forstner W, Moonen B. A Metric for Covariance Matrices,
Technical Report, Department of Geodesy and Geoinfor-
matics, Stuttgart University, 1999

16 Tuzel O, Porikli F, Meer P. Region covariance: a fast de-
scriptor for detection and classi�cation. In: Proceedings of
the 9th European Conference on Computer Vision. Graz,
Austria: Springer-Verlag, 2006. 589 � 600

17 Daubechies I. Ten Lectures on Wavelets . Philadelphia:
SIAM, 1992

¿ S X ¥ I ‰ Æ � g Ä z ï Ä ¤ Æ ¬

ï Ä ) . Ì ‡ ï Ä • • • ã ” ? n † �

ª£ O . � © Ï & Š ö .
E-mail: clhuo@nlpr.ia.ac.cn
(HUO Chun-Lei Ph. D. candidate
at Institute of Automation, Chinese
Academy of Sciences. His research in-

terest covers image processing and pattern recognition.
Corresponding author of this paper.)

§ è ¥ I ‰ Æ � g Ä z ï Ä ¤ Ï n

ï Ä 
 . Ì ‡ ï Ä • • • ã ” ? n † Å

ì Æ S . E-mail: jcheng@nlpr.ia.ac.cn
(CHENG Jian Assistant professor
at Institute of Automation, Chinese
Academy of Sciences. His research in-
terest covers image processing and ma-

chine learning.)

© Ç ˜ ¥ I ‰ Æ � g Ä z ï Ä ¤ ï Ä


 . Ì ‡ ï Ä • • • ã ” † À ª ? n ! õ

x N & E u ¢ .
E-mail: luhq@nlpr.ia.ac.cn
(LU Han-Qing Professor at Insti-
tute of Automation, Chinese Academy
of Sciences. His research interest covers

image and video processing, and multi-media technique.)
±“ c � ® ½ € a & E ï Ä ¤ Ú ¥ I ‰ Æ � g Ä z ï Ä ¤

ï Ä 
 . Ì ‡ ï Ä • • • € a ã ” ? n † � ª£ O .
E-mail: zhixin.zhou@ia.ac.cn
(ZHOU Zhi-Xin Professor at Beijing Institute of
Remote Sensing and Institute of Automation, Chinese
Academy of Sciences. His research interest covers remote
sensing image processing and pattern recognition.)


