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SAR Image Segmentation with Unknown Number of Classes Based on
Multiscale Curvelet Decomposition

WANG Yu LI Yu ZHAO Quan-hua
(Tnstitute for Remote Sensing Science and Application, School of Geomatics, Liaoning

Technical University, Fuxin, Liaoning 123000, China)

Abstract: To segment SAR image with unknown number of classes, a region- and multiscale-based segmentation method
with unknown number of classes is proposed. The multiscale curvelet coefficients are obtained by decomposing SAR image
using curvelet transform. Then every scale coefficients are reconstructed by inverse curvelet transform from coarse to finest
scale, and multiscale decomposed image is obtained. On this basis, an image domain is partitioned into a set of blocks by
regular tessellation. Gamma distribution is used to build region characteristic field and Markov Random Field (MRF) is
used to build region label field. The number of classes is considered as a random variable and subject to a Poisson distribu-
tion. Further, the Bayesian paradigm is followed to combine them to build the region-and multiscale-based segmentation
method with unknown number of classes. Finally, a Reversible Jump Markov Chain Monte Carlo (RIMCMC) algorithm is
designed to simulate the model. In the processing of simulation, the segmentation result of current scale is regarded as the
initial segmentation of next scale. And so on, until it gets to the finest scale, the corresponding segmentation is the final
image segmentation. The proposed approach is used to segment simulated and real SAR images, and the results point out
the feasibility and effectiveness of the proposed approach.
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Fig.3 Scale reconstruction images of simulated SAR image
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Tab.2  Quantitative evaluation of simulated SAR image
2x2 4x4
i 1 2 3 4 1 2 3 4

F RS/ % 94.4 95.8 98.9 99.6 99.2 99.7 99.7 99.9

FEARE B/ % 94.3 97.2 97.2 100 99.9 99.1 99.9 99.6
BAERE/ % 97.2 99.6
kappa & 0.962 0.99%4
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PG 0] JEA T o A 8, AR UK it 5 R 8 AR
Jei, A Bk SR RUEE ASI Al RURE i 35 2R 84 0,
) o i 300 72 Aok, R 24 i R T 9 AR B, AR ECY
B RUBE (70 A R . 2 ROBE el -2 U, AR s R
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Ao BIET u LA RO R i R PR AL
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Fig.6 Real SAR images
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Tab.3  Quantitative evaluation of real SAR images

PR /% PR % ‘

4 BKERE/ % kappa
1 2 3 4 1 2 3 4

K 6(a) 100 90. 1 98.8 78.9 97.6 98.8 96. 1 0.930

K 6(b) 100 85.0 100 89.8 100 99.0 98.3 0.946

E6(c) 99.4 95.3 97.8 98.2 94.5 95.8 99.3 100 97.4 0.964

R T XN A T PR, AR 2 (a) 9 HPOREEE PR AR B L ERS BE % kappa Y {E 23k
SIFRUESYEECHE , SR B0 45 A IR A R R, DRI 93.2% .90.0% .92.3% J% 0.868, Tt {E % 2 F1k 3
R HESR S R, W2 4, it FE 4 1EAER],1S0- ARy R R R RS BE L R B L ORS BE J
DATA BE R FOREEE ™ SR BE Bk i )% kappa $5 kappa YA 53R 97. 4% 96. 6% 97.9% f 0.959,
B4 51H 60. 0% 65.3% 62.9% J% 0.419, 3CHk[19] Ttl:iai IRIE, BE T 3 Ok R e .
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Fig. 10  Segmentation results of comparative algorithms
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Tab.4  Quantitative evaluation of comparison algorithms
£/ % TR/ % NG
K2 ik PR/ % 7 AL/ % AL Kappa
1 2 3 4 1 2 3 4 /%

K 2(a) ISODATA 36.9 65.6 49.1 73.2 36.6 49.3 54.5 84.1 56.1 0.415

: EM/MPM 98.8 99.0 99.7 96.9 97.1 99.6 99.2 98.4 98.6 0.981

B 6(a) ISODATA 65.9 45.4 86.4 95.3 63.3 61.9 66.2 0.446

: EM/MPM 97.8 90.4 90.9 88.0 84.7 95.5 91.5 0.843

6 (D) ISODATA 68.7 17.2 97.0 98.4 50.8 70.9 71.2 0.387

EM/MPM 97.4 91.5 95.8 89.1 65.5 99.8 95.6 0.846

1 6(c) ISODATA 57.4 47.8 68.3 61.4 71.7 52.9 48.4 75.8 58.0 0.429

¢ EM/MPM 89.7 85.0 84.3 87.8 86.6 77.0 91.8 87.4 86.0 0.803
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