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Multi-threshold Segmentation for Color Image Based on Pyramid Evolution Strategy

XU Ru-li, HUANG Zhang-can, XIE Qin-qin, L1 Hua-feng and ZHAN Hang

School of Science, Wuhan University of Technology, Wuhan 430070, China

Abstract In view of the fact that traditional intelligent optimization algorithms for multi-threshold segmentation of color images
fall to consider the competition and cooperation between populations,which results in local optimization problems that affect the
segmentation effect. In order to improve the segmentation effect,an improved pyramid evolution strategy (IPES) is proposed. The
algorithm designs an adaptive search operator suitable for the multi-threshold segmentation problem of color images;expands the
search space at all levels,improves the optimization ability of the algorithm;takes Otsu as the optimization goal and uses the com-
petition and cooperation relationship between populations to solve the local optimization problem,thereby improving the accuracy
of the solution and the effect of segmentation. The performance of IPES is tested on existing standard test images and compared
with other eight algorithms. Experimental results show that the peak signal-to-noise ratio of the image segmented by IPES algo-
rithm is between 28~35dB,which is at least 10dB higher than that of the improved tree-seed algorithm and traditional particle
swarm algorithm and differential evolution algorithm;the structural similarity is between 89 % ~97 % ,increased by at least 3%.
The image quality after segmentation is better and the structural similarity is higher. Therefore, the algorithm has good perfor-
mance in solving multi-threshold segmentation problem of color images.

Keywords Color image, Multi-threshold segmentation, Pyramid evolution strategy,Otsu, Particle swarm algorithm
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Table 1  Optimal objective values obtained by ITSA,PSO,DE and IPES algorithms based on Otsu
ITSA PSO DE IPES
Image num T 3 — 7 - —
£(10%) £ £10%) R G B £a0%)
4 7.90742 7.90742 7.90742  62.106.149.189 68,102,145,184 12,81,127.,163 8.01075
5 8.02340 8.02241 8.02245 57,93.130.167.203 54,81,107.138,177  26.,65.80,115,155  8.20677
43,73,103, 54,76.,113, 24,52,82,
Barb 6 . . . .
arbard 8.09018  8.08865 808872 133,164,195 144,176,208 115,144,183 8.38828
18.67.87,126, 33,60.82,112, 29.,57.,91,120,
7 8.13938 8.13714 8.13731 8. 6
393 s 8.1373 155,185,206 135,165,194 152,191,207 5359
4 9.36917 9.36917 9.36917  80.119.158.200 143,89,139,173 19.63,104,152 9.75535
5 9.45942 9.45857 9.45862 79.127.163,182,215 51,95.133,160.175  24,66,106.154,185  10.00444
43.,66,119, 47,96.124, 11.37.61.
Girl 6 . ) . .
. 9.51452  9.51336  9.51344 146,184,208 155,164,187 102,143,174 10.20129
13,69,102,130, 17,47,83,121, 41,85.123,155,
7 9.55309 9.55109 9.55126 10.24735
160,184,209 144,166,194 166,215,227
4 9.58541 9.58541 9.58541 45.,93,135.178 43,73,107,154 53,103,173,234 9.73475
5 9.72393 9.72302 9.72306  28.63,100,139.181  41,80,112,143,213  43,78,125,184.210  10.11101
44,72,101, 29,56.88, 30,56,91,
Goldhill 6 . 1 9.8084 . 4 10.
ot 9.80981 9.80846  9.8085 139,179,228 122,154,192 141,177,222 0.30568
15,74,101,129, 30,57,85,111, 16,48,77,104,
7 9.86552 9.86330 9.86346 10. 40057
174,204,233 134,165,204 137,173,208
4 6.09514 6.09514 6.095 14 16.129.176,198 45,85,137,182 60,94.128,245 7.48413
6.16898 6.16805 6.16809 62.129.169.198,230  32,66,93,120,156  52.,80.109,145.176  7.92570
. ] 621615 621486  6.21494 89,105,141, 14,79,113, 47,82.109, 8. 72472
~end : : : 165,198,222 145,175,206 152,186,218 :
61.,91,121,152, 48,73,101,121, 15.,64,89,145,
7 6.24962 6.24741 6.24758 8.75374
182,201.218 137.166.182 176,196,213
4 13.4051 13.4051 13.4051 87.118,150,184 34,82.,139,199 46,110,161,211 13.80033
5 13.5251 13.5207 13.5219  76.96,124,154,184  52,89,139,188,223  28,69.124,167,191  14.09970
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evolution strategy algorithm based on Otsu(experiment 2)
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