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Superpixel Segmentation Iterative Algorithm Based on Ball-k-means Clustering

LIU Yao and GUAN Lihe
School of Mathematics and Statistics, Chongqing Jiaotong University, Chongqing 400074 , China

Abstract Considering the problem of superpixel segmentation,this paper propose an iterative algorithm of superpixel segmenta-
tion based on Ball-A-means clustering to further improve the edge fit of superpixels. Firstly, the superpixels are regarded as five-
dimensional hyperspheres.and the image is evenly segmented to obtain the initial superpixels. Secondly.the neighbor superpixels
are searched according to the radius and distance between the centers of adjacent superpixels. Then, using the distances between
the superpixels and their neighbor superpixel centers,the superpixels are divided into a stable region and multiple ring active re-
gions. Finally, the pixels in each annular active area are divided into the nearest neighbor superpixel only according to their dis-
tance from the center of some neighbor superpixels,so as to realize the superpixel segmentation iteratively. In order to reduce the
distance calculation and speed up the convergence,a judgment theorem of the relation between the nearest neighbor superpixels is
given,and an adaptive partition updating strategy is designed for the superpixel class labels of pixels. Experimental comparison
and analysis on BSD500 data set show that the proposed algorithm has better segmentation effect on different types of images.,
with higher edge fitting degree,less influence by parameters,and more stable segmentation results.

Keywords Image segmentation, Superpixel,Clustering, Ball cluster
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Fig.1 Algorithm flow chart
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Fig. 5 Comparison of superpixel segmentation results of various algorithms
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Table 1 Comparison of boundary fitting ability of various images when K=300
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163014 (0.914,0.512,0.086) (0.959,0.853,0.041) (0.948,0.754,0.047) (0.939,0.863.0.061)
42049 (0.958,0.721,0.042) (0.971,0.841,0.029) (0.969,0.902,0.021) (0.966,0.923,0.034)
302003 (0.912,0.613,0.088) (0.951,0.851,0.045) (0.957,0. 883,0.042) (0.920,0.913,0.080)
A 302008 (0.936,0.588,0.064) (0.925,0.831,0.047) (0.904,0.726,0.089) (0.942,0.813,0.058)
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Fig. 7 Boundary fit evaluation index curve as a changes
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Table 2 Comparison of boundary fitting ability of the number of superpixels
SLIC LSC ERS Hixl
% ) e
Bk X2 HH %5 (ASA.BR,UE) (ASA.BR,UE) (ASA.BR,UE) (ASA,.BR,UE)
K=100 (0.9486,0.7096,0.0514) (0.9666,0.8562,0.0334) (0.9687,0.8934,0.0284) (0.9616,0.8814,0.0384)
K=150 (0.9537,0.7160,0.046 3) (0.9757,0.8709,0.024 3) (0.9717,0.9136,0.0271) (0.9588,0.8902,0.0412)
K=200 (0.9526,0.7105,0,0474) (0.9778,0.8833,0.0222) (0.9799,0.9191,0.0191) (0.9670,0.8906,0.0330)
118035 K=250 (0.9543,0.7440,0.0457) (0.9800,0.8732,0.0200) (0.9810,0.9343,0.0183) (0.9682,0.9017,0.0318)
K=300 (0.9654,0.7698,0.0346) (0.9804,0.9108,0.0196) (0.9844,0.9550,0.0151) (0.9702,0.9017,0.0292)
E2R A (0.9549,0.7299,0,0451) (0.9761,0.8788,0.0239) (0.9771,0.9230,0.0216) (0.9652,0.8931,0.0348)
o # (0.0056,0.0235,0.0056) (0.0050,0.0181,0.0050) (0.0059,0.0206,0.0052) (0.0043,0.0077,0.0042)
K=100 (0.9904,0.8508,0.0096) (0.9970,0.9792,0.0030) (0.9828,0.9883,0.0025) (0.9966,0.9948,0.0034)
K=150 (0.9884,0.7886,0.0106) (0.9965,0.9559,0.0035) (0.9867,0.9883,0.0026) (0.9973,0.9961,0.0027)
K=200 (0.9963,0.9144,0.0037) (0.9962,0.9637,0.0038) (0.9893,0.9883,0.0024) (0.9974,0.9922,0.0026)
135069 K=250 (0.9955,0.8560,0.0045) (0.9968,0.9805,0.0032) (0.9976,0.9948,0.0023) (0.9974,0.9961,0.0026)
K=300 (0.9934,0.8431,0.0066) (0.9964,0.9883,0.0036) (0.9941,0.9922,0.0023) (0.9976,0.9961,0.0024)
H (0.9928,0.8505,0.0070) (0.9965,0.9735,0.0034) (0.9901,0.9903,0.0024) (0.9973,0.9951,0.0027)
k= (0.0030,0.0400,0.0027)  (0.0003,0.0118,0.0003)  (0.0053,0.0027,0.0003)  (0.0003.0.0015,0.0003)
T 2 3 PO B 26 R B 1k 3R A 1 B b 25 R
F 3 PAEAR R LT R LA 5 U I 43 #1452 L
Table 3 Comparison of segmentation results at 5 iterations of the two superpixel iterative updating strategies
i , # R fE
Y& F ML E H
p B F = ASA; — ASA,|,|BR;— BR, /.
HEkS BEEK (ASA,.BR, . UE)) (ASA; .BR,.UE,) (JASA, 2l [BRy 2|
|UE, — UE, D
K=100 (0.9579,0.8842,0.0419) (0.9546,0.8667,0.0454) (0.0033,0.0175,0.0035)
118035 K=150 (0.9581,0.8782,0.0421) (0.9581,0.8699,0.0419) (0.0000,0.0083,0.0002)
K=200 (0.9671,0.8897,0.0329) (0.9612,0.8778,0.0388) (0.0059,0.0119,0.0059)
K=100 (0.9706,0.9358,0.0294) (0.9663,0.8965,0.0337) (0.0043,0.0573,0. 004 3)
3063 K=150 (0.9727,0.9101,0,0273) (0.9710,0.8821,0.0290) (0.0017,0.0280,0.0017)
K=200 (0.9731,0.8968,0.0269) (0.9754,0.8852,0.0246) (0.0023,0.0116,0.0023)
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