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Robust spatial factor based fuzzy clustering for image segmentation

Liu Jinyao, Ji Zexuan

School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China

Abstract; Objective Fuzzy clustering-based methods and statistical models have been widely used for image segmentation. To
improve segmentation accuracy, this study develops a novel robust spatial factor-based fuzzy clustering algorithm by
introducing statistical information into the fuzzy objective function. Method A novel spatial factor is proposed to overcome the
impact of noise on images. The proposed spatial factor is constructed based on the posterior and prior probabilities by incorpo-
rating the spatial information between neighboring pixels. It acts as a linear filter that smoothens and restores noise-corrupted
images. The proposed spatial factor is fast, easy to implement, and capable of preserving details. The negative logarithm joint
probability, which serves as a dissimilarity function, considers the prior probabilities and thus improves the capability to iden-
tify the class of each pixel. Integrating the dissimilarity function and novel spatial factor into the fuzzy objective function, we
can obtain the final segmentations by iteratively minimizing the objective function. Result The comparison results on synthetic
images demonstrate that the proposed algorithm can realize accurate segmentation and strong de-noising. The comparison
results on color images demonstrate that the proposed algorithm can produce satisfactory segmentation results and accuracies by
utilizing the suitable feature descriptor. Conclusion The proposed algorithm address the drawbacks of current segmentation

algorithms and further improve the accuracy for image segmentation. It outperforms state-of-the-art segmentation approaches in
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terms of accuracy. The proposed algorithm applies to image with noise and color image in aid of texture features.

Key words: image segmentation; fuzzy clustering; spatial information; color images
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Table 1 Comparison of segmentation accuracy on synthetic images ( mean + variance)

(h) SCGM_EM _
B 1 &g E s 1 s

Fig. 1  Comparison of the synthetic image segmentation

Sk 1o g RIS EENE ENCIE B W B W

0.04 0.08 0.04 0.08 0.04 0.08
HMFRFCM 0.9955 0.994 2 0.9727 0.9450 0.978 8 0.9523
+0.003 7 +0.004 8 +0.003 2 +0.006 1 +0.018 2 +0.0250
FLICM 0.9303 0.926 1 0.964 6 0.9358 0. 906 8 0.8610
+0.043 3 +0.048 6 +0.012 8 +0.0130 +0.069 1 +0.079 3
TMTFCM 0.926 5 0.9212 0.9679 0.946 0 0.947 8 0.9437
+0. 080 2 +0.0819 +0.0100 +0.027 1 +0.048 7 +0.0362
DCASVEMM 0.995 4 0.964 2 0.9727 0.944 7 0.988 3 0.9136
+0.004 2 +0.045 1 +0.003 3 +0.005 8 +0.017 1 +0.1210
SCGMEM 0.9927 0.9889 0.9799 0.964 9 0.989 6 0.928 4
+0.0102 +0.017 2 +0.0050 +0. 006 4 +0.0151 +0.116 5
0.9931 0.9715 0.9856 0.9428 0.988 4 0. 906 7

F MM

RSCE +0.007 6 +0.0300 +0.003 3 +0. 006 8 +0.016 0 +0.1218
RSFFCM 0.997 4 0.9932 0.994 6 0.983 4 0.9902 0.976 8
+0.001 8 +0.003 4 +0.001 1 +0.0155 +0.001 6 +0.008 2
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Fig. 2 Color image texture features and Lab

spatial characteristics
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Fig. 3 Comparison of natural color image segmentation results
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Fig. 4 Comparison of natural color image segmentation results using five kinds of algorithms
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Fig. 5 Comparison of Natural color image segmentation results using five kinds of algorithms
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xR2 HEEGSIBELRR
Table 2 Comparison of segmentation

accuracy on color image

K145 Meanshift NCut CMT MAP-ML A
12003 0.7210 0.6927 0.7070 0.7033
0.8455 0.6187 0.6482 0.6793

0.748 6

66 075 0.924 0

69015 0.8430 0.7832 0.8213 0.8363 0.8861

100080 0.7986 0.7699 0.8084 0.7953 0.8326

108073 0.5620 0.5752 0.5516 0.6001 0.7559

113044 0.7412 0.6696 0.7168 0.7472 0.9131
295 087
302 008

HfE

0.8290 0.7449 0.8273 0.8126 0.8752

0.7627 0.7324 0.7468 0.7200 0.8040

0.7629 0.6983 0.7284 0.7368 0.8424
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Core T9550 CPU 2.66 GHz, N17 4 GB, iz {7 15
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Table 3 Comparison of average running time
applying for synthetic and color images using

seven kinds of algorithms

/s
A R P
ik 128 x 128 4% 481 x321 {5 %
1 4 4 4t

HMFRFCM 6.64 £0.39 9.66 £0. 15
FLICM 3.26+0.52 24.02£2.19
TMTFCM 4.08 +0. 60 17.77 +0.78
DCASVFMM 4.72 £0.11 8.87 +0.08
SCGMEM 3.54 £0.35 7.93 +1.41
FRSCGMM 4.86 £0.13 8.44 +1.85
RSFFCM 1.48 £0.45 5.20 £1.40
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Fig. 6 Segmentation accuracy distribution in different

smoothing parameters for 20 brain MR images
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Fig. 7 Segmentation result and corresponding accuracy

of brain MR image using different filter window settings
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