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Multi-threshold Segmentation for Color Image Based on Improved Tree-seed Algorithm
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Abstract Multi-threshold segmentation for color image plays a very important role in various applications. Traditional multi-
threshold segmentation algorithm has the problem that the segmentation time increases sharply with the increase of the number of
threshold. To overcome the problem,this paper proposes a multi-threshold segmentation algorithm for color image based on im-
proved tree-seed algorithm (ITSA),and takes OTSU as objective functions. In order to improve the search speed and accuracy of
the basic tree-seed algorithm (TSA).a new self- adaptive search tendency constant is presented to balance the ability of local
search and global search. The performance of ITSA is tested on five basic test images and compared with TSA, particle swarm op-
timization (PSO) and differential evolution (DE) algorithm. Experimental results show that ITSA is better than TSA.,PSO and
DE algorithm on color image multi-threshold segmentation. The OTSU and ITSA based method is a good algorithm for color ima-

ge multi-threshold segmentation.
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Fig.1 Test images and corresponding histograms
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Table 1  Optimal thresholds and objective values obtained by ITSA and TSA algorithms based on OTSU

ITSA TSA
m
R G B f R G B f

4 62,106,145,182 47.84,121,161  55,90,124,164  7.90742 62,106,145,182 47,84,121,161  55,90,124,164  7.90742
55,90,125, 51,80,108, 43,75,105, 57,90,126, 51,83.,109, 42,76,107,

5 8. 02340 8.02255

158.189 138,172 137,171 159,190 138.173 138.171
Barbara 32,68.,98.130  48,72,89.111,  39,64.92,118. 30,69,101,132. 47,74,98,121,  41,63,95,119,
6 8.09018 8. 08893
159,190 132,154,181 144,174 160,192 150,178 146.175
32,66,93.122,  48.72,89,111,  35,59,82.104, 30,69,96.123,  49.74,93,115,  32,61,85.106,

7 8.13938 8. 13744
146,170,199 132,154,181 128,151,177 148,171,202 134,158,183 129,153,180

4 70,121,162,191  49.94,134,163  45.,92,131,158  9.36917 70,121,162,191 49,94,134,163  45,92,131,158  9.36917
37,80,127, 43,78.,113, 35,71.109, 40,81.,129, 44,82,117, 36.72.112,

5 9.45942 9.45864

164,192 143,165 141,162 165,193 144,167 143,162
Girl 31,74,120, 40,71,103, 32.61,96, 36,77,120, 43,78,107, 33.66,100,

6 9.51452 9.51353
154,173,196 132,154,170 124,146,161 151,179,195 133,156,173 129,150,166
26,61,92,129,  38.66,95,116,  25,52,78,103, 32,63,99,132,  42,70,99,124,  31,59,84,110

7 9.55309 9.55140
157,175,196 138,155,172 130,148,165 162,180,201 143,161,179 135,154,169

4 50,88.125.179  54.93.135.,185  44,79,121,177  9.58541  50.88,125,179  54,93,135.185  44,79.121.177  9.58541
45,74.106., 47.81.111., 40,74.114, 45,76.,105, 48,82,111, 42.,73.109,

9.72393 9.72311
138.186 145,193 155,203 140,185 146,194 153,200
Goldhill 41,68.93, 45,77,103, 36,64,93, 41,68.94, 43,72.98., 38,65.95,
9.80981 9.80863
120,148,191 133,164,204 122,167,210 121,150,194 126,159,199 127,166,209
39,67.87.113,  45.68,92,115,  38,58,81.104, 40,65.89,113,  43.71,95,115,  37,59.,83.106.,
9.86552 9.86361
139,170,206 142,175,208 135,173,210 138,173,210 137,167,210 136,173,210
4 116,156,190,218 46.83.119,163 80,105.133.163 6.09514 116.156.190.218 46.83,119.163 80,105,133.163 6.09514
115,154,184, 45,82.,109, 76,93.115, 116,155,184, 44,78.,107, 75,95.114,
6.16898 6.16815

210,227 139,174 139.167 208,228 135,171 140,169

Lena 107,134,163, 41,74.100, 71,89.103, 103,131,165, 40,72.99. 71,88.106,
6.21615 6.21499

191,214,228 123,147,179 120,143,168 193,211,231 122,148,182 118,140,168

102,126,159,181, 35.59.83,105, 72,85.101.115, 103,127,158,181, 34.58.82,106,  67.82,94.110,
6.24962 6.24772

199,218,230 124,140,179 134,152,178 199,217,233 128,154,184 125,146,172

4 90,121,151,181 53,104,161,205 46,87,145,192  1.34051 90,121,151,181 53,104,161,205 46,87,145,192  1.34051
85,110,135, 42,78,123, 41,68,108., 83,106,132, 40,75,120, 38,68.110,

1.35251 1.35215
162.191 172,209 160.196 159.189 168,208 159.196
Sailboat 83,102,122, 37,66.,101, 35,60,87.124, 82,101,123, 35,64,99.143,  33,57.88.125,
1.35875 1.35825
144,168,192 145,179,211 166.199 144,166,193 179,210 166.197
77,96,117,136.  31,59.88.126,  33,54,72,100, 79,92,110,130.  32,60,90,125,  31,49,73,103,
1.36278 1.36216

155,176,196 162,190,217 137,173,199 150,169,197 162,190,213 138,171,199
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Table 2 Optimal thresholds and objective values obtained by PSO and DE algorithms based on OTSU
PSO DE
m
R G B f R G B f
4 62,106,145,182 47,84,121,161 55,90,124,164 7.90742 62,106,145,182 47,84,121,161 55,90,124,164 7.90742
58,91,127, 53,83,109, 44,76,107, 57,90,126, 51,82,108, 42,76,106,
5 8.02241 8.02245
159,190 138,175 139,172 159,189 138,173 137,171
29,71,102,132, 48,75,99,121, 42,63,98,119, 33,70,100,132, 47,73,98,120, 40,65,93,120,
6 8.08865 8.08872
162,192 152,178 147,176 160,191 150,179 145,175
29,70,98,126, 50,77,98,116, 35,64,87,107, 33,68,956,123, 49,74,90,113, 34,61,84,105,
7 8.13714 8.13731
151,171,203 134,159,184 133,156,183 148,171,201 134,157,184 129,153,179
4 70,121,162,191  49,94,134,163 45,92,131,158 9.36917 70,121,162,191 49,94,134,163 45,92,131,158 9.36917
41,82,130, 44,84,117, 38,73,113, 40,81,129, 44,82,117, 36,72,112,
5 9.45857 9.45862
165,193 145,167 144,162 165,193 144,167 143,162
37,79,121, 43,81,108,133, 34,66,102,130, 32,75,122, 41,73,104, 33,63,97,
6 9.51336 9.51344
153,179,195 157,174 151,167 154,174,196 133,155,170 125,147,163
32,63,99,132, 42,70,99,124, 31,59,84,110, 30,63,96,130 41,69,97,122, 37,56,81,109,
7 9.55109 9.55126
162,180,201 143,161,179 135,154,169 ,161,181,200 140,160,179 135,153,168
4 50,88,125,179 54,93,135,185 44,79,121,177 9.58541 50,88,125,179 54,93,135,185 44,79,121,177 9.58541
46,77,106,140, 49,83,111, 43.,73.109. 5,75,106, 48,82,111, 41,75,115,
5 9.72302 9.72306
185 147,194 153,202 139,187 145,193 156,203
41,68,94,121, 43,72,98,126, 38,65,95,127, 42,69,94,121, 46,79,105,136, 38,65,95,124
6 9. 80846 9. 80854
150,194 159,199 166,209 148,192 166,206 168,211
43,66,93,116, 47,75,96,117, 39,61,86,109, 40,69,90,113, 47,71,94,116, 39,60,82,106,
7 9.86330 9. 86346
143,176,212 139,169,214 137,176,212 138,173,209 147,176,210 136,174,211
4 116,156,190,218 46,83,119,163 80,105,133,163 6.09514 116,156,190,218 46,83,119,163 80,105,133,163 .09514
116,157,186, 45,79,108, 76,96,115, 117,157,187, 46,85,110, 76,96,116,
5 6.16805 . 16809
208,229 135,172 140,169 211,229 142,176 140,170
105,132,167, 41,72,101, 74,89,107, 109,136,166, 42,76,101, 73,90,107,121,
6 6.21486 6.21494
195,212,232 122,150,183 118,141,169 194,216,231 124,150,182 145,170
105,132,167, 41,72,101, 74,89,107, 104,127,160,183, 36,61,85,107, 75,86,104,116,
7 6.24741 6.24758
195,212,232 122,150,183 118,141,169 201,219,234 128,147,185 137,154,184
4 90,121,151,181 53,104,161,205 46,87,145,192 1.34051 90,121,151,181 53.104,161,205 46,87,145,192 .34051
84,107,133, 42,75,122, 38,69,112, 86,107,138, 43,79,124, 42,69,109,
5 1.35207 1.35219
161,189 168,208 159,196 164,192 175,211 161,196
83,101,125, 38,65,102, 34,58,90, 84,103,124, 38,68,102, 37,62,89,
6 1.35812 1.35833
144,167,194 143,180,210 127,166,198 145,169,193 146,180,210 125,166,199
82,96,112,131, 33,65,92,128, 33,52,77,105, 79,99,121,138,1 32,60,90,127, 36,57,73,102,
7 1.36184 1.36232
153,171,199 165,191,215 140,173,203 58,180,198 163,191,220 139,175,200
F 3 T OTSU AY ITSA, TSA,PSO #1 DE & #: f PSNR {E Al SSIM {H
Table 3 PSNR and SSIM values obtained by ITSA, TSA,PAO and DE algorithms based on OTSU
ITSA TSA PSO DE
Image m
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
4 18. 71840 0.85501 18. 71840 . 85501 18. 71840 0.85501 18. 71840 0.85501
Barb 5 18. 73967 0.88801 17.20173 . 88568 17.20147 0.88512 17.20161 0.88572
arbara
6 18.75178 0.91868 17.20885 . 91580 17.20846 0.91480 17.20867 0.91575
7 18.77041 0.93633 17.21709 . 93317 17.216 20 0.93177 17.21662 0.93313
4 16.29768 0.83169 16. 29768 . 83169 16.29768 0.83169 16.29768 0.83169
Girl 5 16. 31660 0.87974 16.31557 . 87423 16.31528 0.87368 16.31545 0.87430
6 16. 32545 0.90470 16. 32356 .89917 16.32317 0.89822 16. 32339 0.89915
7 16. 34524 0.93061 16.34295 . 92465 16. 34206 0.92327 16. 34246 0.92464
4 19. 55506 0.88516 19. 55506 .88516 19. 55506 0.88516 19. 55506 0.88516
Goldhill 5 19.56561 0.93205 19.564 56 . 92662 19.564 37 0.92602 19.56451 0.92661
0. 1
6 19.56674 0.93648 19.56463 . 93084 19.56418 0.92991 19. 56440 0.93093
7 19.57209 0.95055 19.56974 .94423 19. 56886 0.94285 19.56925 0.94417
4 16.53347 0.79031 16.53347 . 79031 16.53347 0.79031 16.53347 0.79031
I 5 16. 54215 0.82488 16. 54109 . 82003 16. 54089 0.81941 16. 54105 0.81999
~ena
6 16. 55532 0.86962 16.55325 . 86406 16.55278 0.86307 16.55299 0.86402
7 16. 56407 0.88997 16.56169 . 88416 16. 56082 0.88285 16. 56125 0.88421
4 16.47112 0.88525 16.47112 . 88525 16. 47112 0.88525 16.47112 0.88525
Sailb 5 16. 48535 0.91270 16.484 34 . 88525 16. 48407 0.88469 16.484 25 0. 88529
Sailboat
6 16.48903 0.92795 16. 48706 .90724 16. 48669 0.90628 16. 48693 0.90728
7 16. 49469 0.946 90 16. 49216 . 92245 16. 49131 0.92114 16.49172 0.92251
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Fig. 2 Multilevel segmentation results using improved tree-seed algorithm based on OTSU
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