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Side-scan sonar image segmentation algorithm based on
space-constrained FCM and MRF

Huo Guanying'”,Liu Jing' ,Li Qingwu'”,Zhou Liangji'
(1. College of I0T Engineering, Hohai University, Changzhou 213022, China;
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Abstract : Aiming at the problems of strong speckle noise in side-scan sonar images and object segmentation difficulty, a segmentation
algorithm based on space-constrained fast fuzzy C-means clustering (SCFFCM) and Markov random field ( MRF) is proposed in this
paper. Firstly, the strong speckle noise in sonar images is removed in nonsubsampled contourlet transform (NSCT) domain based on
Bayesian maximum posteriori probability theory. Secondly, SCFFCM algorithm is proposed to accelerate the segmentation speed and give
a good initial segmentation. Thirdly, the constrained field of MRF model is calculated from the initial segmentation, the combined
weights of fuzzy clustering and Markov random field are adaptively updated according to the image gray fluctuations within the
neighborhood; then the joint field of FCM fuzzy field and MRF constrained field is solved, and the segmentation result is obtained based
on the maximum probability criterion. Finally, considering the noise points and ‘hole’ phenomenon in the segmentation result, a post-
processing method based on morphology is adopted to remove the isolated noise points and complete the ‘hole’ filling. Segmentation
experiments on simulated and actual side-scan sonar images were conducted. Experiment results show that the proposed algorithm has
stronger anti-noise capability, higher segmentation precision and faster calculation speed compared with FCM and some other improved
FCM algorithms.
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Markov random field
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(a) Original image (b) Manual segmentation (c) FCM method (d) Fast FCM
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(e) SCFFCM method (f) FCM-MRF method (g) FLICM method (h) The proposed method

B3 ARG B2 R LR (262 x 262)

Fig.3 The comparison of the segmentation results for different methods (262 x 262)
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(a) Original image (b) Manual segmentation (¢) FCM method (d) Fast FCM
(e) SCFFCM (f) FCM-MRF (g) FLICM (h) A%
(e) SCFFCM method (f) FCM-MRF method (g) FLICM method (h) The proposed method

K4 RIS FISE R R (281 x231)

Fig.4 The comparison of the segmentation results for different methods(281 x231)
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(a) IR E% (OFRZER! (c) FCM (d) TREFCM
(a) Original image (b) Manual segmentation (¢) FCM method (d) Fast FCM
(e) SCFFCM (f) FCM-MRF (g) FLICM (h) ACEL:
(e) SCFFCM method (f) FCM-MRF method (g) FLICM method (h) The proposed method

K5 RIS BIAE R LR (147 x285)

Fig.5 The comparison of the segmentation results for different methods( 147 x285)

. WP L A s RGN
(a) Js iR 12 (OFRZEE (c) FCM (d) tRIEFCM
(a) Original image (b) Manual segmentation (¢) FCM method (d) Fast FCM

(e) SCFFCM (f) FCM-MR (g) FLICM (h) A5k
(e) SCFFCM method (f) FCM-MRF method (g) FLICM method (h) The proposed method

K6 ANIASE LT RI45 R L4 (293 x314)

Fig.6 The comparison of the segmentation results for different methods(293 x314)
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Table 2 The comparison of the segmentation precision

and operation time for side-scan sonar images

Wik WMEERR K3 4 5 6
SA/% 69.49 93. 97 97.67 69.48
FCM

/s 95.15 50.85 25.29 109.6

SA/% 69.49 93.97 97.67 69.48

R FCM

t/s 0.228 0.179 0.172 0.537

SA/% 98.18 96. 15 96.54 98.02

SCFFCM

t/s 5.474 4.963 2.79 7.267

SA/% 71.16 97.34 98.34 72.81

FCM - MRF

/s 98.77 54.32 27.64 114.4

SA/% 98.98 97.71 98.86 98.47

FLICM

t/s 57.21 42.04 9.48 88.99

SA/% 98.99 98.04 99.94 99.39

AR
/s 9.627 7.684 4.754 11.62
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