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A Multi-threshold Image Segmentation Algorithm Based on
Discrete Grey Wolf Optimization
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Abstract: The key of threshold segmentation is to select the thresholds which can determine the result of segmentation. With the increas-
ing amounts of thresholds, the computation complexity gets higher. In this paper,a Discrete Grey Wolf Optimization (DGWO) is pro-
posed to select the appropriate thresholds for image segmentation and apply it to the global optimization problem of objective function of
Kapur segmentation function. The DGWO can be well blended into image segmentation. It specially suits for solving complex function
with high—dimension and multi-peak for its excellent performance in global convergence, robustness and ability to avoid trapping into lo-
cal optimization. Extensive theoretical analysis and the results of simulation have shown that DGWO has better effectiveness, efficiency,
stability of the range of thresholds and quality in multi—-images and multi—thresholds segmentation compared with GA and PSO.
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Image k Thresholds PSNR STD MEAN

2 7,111 14.279 0.769 9 14.634

Camera man 3 43 .95.146 19. 696 1.162 5 21.107
4 24,62,108,150 20.809 1.456 4 24.927

5 41,85,121,155,195 22.404 1.6750 30. 436

2 93,164 14.680 1.106 5 17.809

3 74,123,170 17.416 0.429 4 22.074

Lena 4 45,78,122,175 19.762 1.459 0 25.318

5 47,92,127,164,197 21.299 1.546 8 29.252
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Image k Thresholds PSNR STD MEAN
2 79,142 16.024 0.098 3 17.679
3 46,102,153 18.632 0.352 3 22.129
Baboon
4 42.86,129,170 20. 480 0.855 3 26. 194
5 29.,62,97,131,166 22.060 1.242 8 30.067
2 89,150 14.762 0.309 2 17.425
3 73,114,158 17.873 0.7879 21.585
Butterfly
4 52.84,119,157 21.021 1.3523 25.267
5 19,48 82,120,163 21.485 1.3347 29.492
2 87,166 13.950 0.939 2 18. 604
. 3 63,109,179 16.201 1.259 6 22.941
e 4 48,95 ,145 187 18.713 1.260 2 26.936
5 44 85,122,165 205 20.410 1.401 1 31.023
2 60,141 14.809 1.248 6 18.321
3 64,113,172 17.431 1.297 2 23.245
Sea star
4 40.,85,126,186 19.421 1.204 3 27.136
5 40,71,105,147,194 20.887 1.5175 31.167
2 92,144 17.989 0.508 3 17.136
4 3 39,87,142 18.742 0.3223 21.253
Smiling girl
4 21,54,100,146 19.823 1.305 0 25.050
5 24,73,119,153 202 21.214 1.5124 29.870
2 53,150 16. 154 0.768 7 18.283
3 51,99,163 18.895 0.8312 23.243
Surfer
4 44 84,123,194 20.234 1.256 3 27.275
5 44,74,104,155 202 21.699 1.146 1 31.384
%2 DGWO.GA #= PSO #) B 129 %] % B33k
DGWO GA PSO
image k
PSNR STD MEAN  PSNR  STD  MEAN  PSNR  STD  MEAN
2 14.279 3.386e-14 14.634 11.941 0.1270 15.341 12.259 0.1001 16.071
3 19.696 5.3d6e-14 21.107 14.827 0.2136 20.600 15.211 0.1107 21.125
Camera man
4 20.809 2.85le—14 24.927 17.166 0.2857 24.267 18.000 0.2005 25.050
5 22.404 3.564e—15 30.436 19.795 0.3528 28.326 20.963 0.2734 28.365
2 14.680 7.129e-15 17.809 12.334 0.0049 16.122 12.345 0.0033 16.916
L 3 17.416 3.208e—14 22.074 14.995 0.1100 20.920 15.133 0.0390 20.468
ena 4 19.762 0 25.318  17.089 0.2594 23.569 17.838 0.1810 24.449
5 21.299 8.198e-14 29.252 19.549 0.3043 27.213 20.442 0.218 1 27.526
2 16.024 2.138e-14 17.679 12.184 0.0567 16.425 12.213 0.0077 16.811
- 3 18.632 3.564e-15 22.129 14.745 0.1580 21.069 15.008 0.0816 21.088
aboon 4 20.480 2.495e-14 26.194 16.935 0.1765 25.489 17.574 0.0853 24.375
5 22.060 3.208e—14 30.067 19.662 0.2775 29.601 20.224 0.1899  30.994
2 14.762 4.634e-14 17.425 10.470 0.0872 15.481 10.474 0.0025 14.098
_— 3 17.873 5.703e—14 21.585 11.628 0.2021 20.042 12.313 0.1880 19.340
Lt
Y4 21,021 7.485e-14 25.267 13.314 0.2596 23.980 14.231 0.2473 25.190
S 21.485 7.485e-14 29.492 15.756 0.3977 27.411 16.337 0.2821 27.004
2 13.950 1.069e-14 18.604 13.506 0.0725 18.521 13.466 0.0012 18.631
" 3 16.201 6.772e-14 22.941 15.150 0.1582 23.153 15.018 0.0530 23.259
e 4 18.713 3.208e-14 26.936 15.909 0.2697 26.798 15.834 0.1424 27.470
5 20.410 2.85le—14 31.023 16.921 0.897 1 30.852 16.319 0.4980 31.255
2 14.809 7.129e-14 18.321 14.282 0.081 6 18.753 14.346 0.0002 18.593
< 3 17.431 3.920e—14 23.245 8.2638 0.1987 23.260 16.949 0.1723 23.289
o ctar
o s 4 19.421 7.129e—14 27.136 15.035 0.2691 26.533 18.389 0.248 1 27.407
5 20.887 1.782e-14 31.167 19.005 0.9740 30.798 19.849 0.6159 31.288
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image k
PSNR STD MEAN PSNR STD MEAN PSNR STD MEAN
2 17.989 7.129e-15 17.136 13.092 0.0178 17.295 13.352 0.0368 17.321
G o3 18742 4.63e-14 21253 17.764 0.2179 21580 18.201 0.0556 21.887
BT 4 19,823 6.059e-14  25.050 17.923 0.3024 25.432  18.063 0.2817 25.815
5 21.214 1.069e-14 29.870 19.026 0.7128 27.940 9.200 0.5887 29.700
2 16.154 5.346e-14 18.283 11.521 0.0219 18.237 11.698 0.1144 18.19%4
ot 3 18.895 2.495e-14 23.243 17.181 0.1715 22.865 18.413 0.2332 22.214
e 420234 9.980e-14 27.275 18.868 0.2003 26.447 19.125 0.4214 26.676
5 21.699 7.129e-14 31.384 19.521 0.3182 30.363 19.491 0.4789 30.587
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