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Fast and Automatic Fuzzy C-Means Clustering
Color Image Segmentation Algorithm
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Abstract A fast and automatic fuzzy C-means clustering (FCM) color image segmentation algorithm is proposed as an
alternative to the traditional FCM algorithm, which has high computational complexity and fails to automatically determine
the number of clusters. First, the image is presegmented by an improved simple linear iterative clustering (SLIC)
algorithm, transforming the traditional pixel-based clustering into superpixel region-based clustering and reducing
computational complexity. Second, the improved density peak algorithm determines the number of clusters automatically
and improves flexibility. Finally, superpixel images are subjected to histogram-based FCM clustering to complete image
segmentation. The BSDS500, AID, and MSRC public databases were utilized as experimental datasets and compared
with other FCM segmentation methods to verify their effectiveness. In terms of segmentation accuracy, fuzzy
segmentation coefficient, fuzzy segmentation entropy, and visual effect, the experimental results show that the proposed
segmentation algorithm outperforms several other comparative algorithms.
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Fig.2 Comparison of different superpixel algorithms. (a) Original image; (b) LSC; (¢) Mean shift; (d) WT; (e) MMGR-WT;
(f) proposed algorithm
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Fig.4 Segmentation results of 5 algorithms on BSDS500 database. (a) Original images; (b) FCM; (¢) SFFCM; (d) FCM _SICM;
(e) AFCF; (f) proposed method
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Fig.5 Segmentation results of proposed algorithm on AID and MSRC databases. (a) Original images; (b) superpixel segmentation;

(c) segmentation results of proposed algorithm
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Table 1 Five algorithms for average segmentation index of color images

Segmentation index SA /% Ve /% Ve /% Running time /s
FCM 92.78 92.65 23.27 17
FCM _SICM 90. 25 91. 89 25.52 22
SFFCM 89. 88 90.13 19.89 16
AFCF 89.90 91.92 17.72 28
Proposed method 93.92 92. 80 13.43 20
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Table 2 5 algorithm time complexity

Algorithm Calculation step E Calculation step function E () Time complexity
FCM HX WXKXT n* O(n')
FCM _SICM HXWXKXT n' O(n*)
SFFCM HXWXKXTy+ Ty X NXKXT n’ +n' O(n’)
AFCF NXKXT n’ O(n*)
Proposed method NXKXT n’ O(n*)
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