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Image segmentation of 2-D maximum entropy based on
the improved whale optimization algorithm

ZHOU Jiao', WANG Li'*, CHEN Xiaoging'
(1. Department of Information and Communication Engineering, College of Big Data and Information Engineering, Guizhou Uni-
versity, Guiyang 550025, China; 2. School of Information Engineering, Guizhou University of Engineering Science, Bijie
551700, China)

Abstract: In order to avoid the early convergence of the original whale optimization algorithm and easily fall into the local
optimum, firstly, the cat mapping generation chaotic sequence combined with the reverse solution method was used to replace the
randomly generated initial population in the process of initializing the original whale optimization algorithm. Secondly, the crazy
operator and the golden sine algorithm were used in the position updating mechanism. Finally, the improved whale optimization
algorithm was used to find the maximum entropy of 2-D image to determine the optimal threshold of image segmentation. The
simulation results of 10 classical benchmark functions show that the original whale optimization algorithm can increase the initial
population diversity and search ergodicity, and improve the global search ability and get rid of the local optimum. The results
show that the optimal value of the function is 0, 0.00030, -3.32. The improved algorithm can achieve accurate segmentation of
target image and less time consuming. This study provides a reference for the application of group intelligence algorithms to image
segmentation.
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Table 2 Test functions

function expression dimension  range optimal
value
= Y2 30 [-100,100] ©
i=1
TR | REA 30 [-10,10] 0
=1 i=1
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=1 13
fo = max{ [y |1 <i<nj 30 [-100,100] 0
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Table 3 Results of test functions
functions optimal value algorithm the best value mean standard deviation
ALO 2.13x107* 0.0016 0.0010
GWO 5.1835 x10°% 1.4601 x10 % 2.2807 x 107
N 0 PSO 1.1594 x10 73 2.7899 x 10 73 4.8789 x 10 ~*
WOA 1.6499 x10 %3 1.2423 x10 " 6.7706 x 10 ="'
IWOA 0 0 0
ALO 2.1827 48.6254 45.1262
GWO 8.0919 x 10~ 1.0912 x10 "¢ 9.2674 x10 "7
o 0 PSO 0.0039 0.0321 0.0414
WOA 7.4336 x 1077 2.0085 x 10~ 7.7448 x 10 =%
IWOA 4.3121 x10 =% 4.3973 x 10 "2 0
ALO 1.2708 x 103 4.2063 x 103 2.0520 x 10°
GWO 3.1474 x10~° 1.9217 x10 73 7.4803 x10 73
/3 0 PSO 11.7267 75.8325 32.7752
WOA 2.0566 x 10* 4.4406 x 10* 1.2980 x 10*
IWOA 0 0 0
ALO 11. 6625 18.3432 4.1462
GWO 1.1029 x 1077 4.4651 x1077 2.9366 x 1077
fa 0 PSO 0. 6926 1.1517 0.2584
WOA 0.0150 50.3158 28.4985
IWOA 5.9198 x 10 =17 4.5208 x 10 ~ '8 0
ALO 0.0797 0.2400 0.1094
GWO 4.9103 x10~* 0. 0020 8.8051 x 10 ~*
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functions optimal value algorithm the best value mean standard deviation

fs 0 PSO 0.0779 0.1591 0.0747
WOA 1.6126 x10 ~* 0. 0040 0.0051
IWOA 8.2063 x 10 ~? 5.0614 x 107 4.5901 x 107
ALO 36.8138 79.4320 29.9005
GWO 5.6843 x 10~ 1.7737 3.0772

Je 0 PSO 32.9421 56.0534 15.3421
WOA 0 0 0
IWOA 0 0 0
ALO 0.0121 0.0649 0.0331
GWO 0 0 0

fa 0 PSO 8.5881 x 107 0.0077 0. 0092
WOA 0 0 0
IWOA 0 0 0
ALO 0. 0260 26.3583 19.4194
GWO 0.0089 0.6362 0.2392

S 0 PSO 3.6713 x10 ¢ 0.0063 0.0089
WOA 0.1202 0.4917 0.2878
IWOA 1.3918 x 10! 6.8430 x 107 1.9625 x10~°
ALO 5.7150 x 10 ™* 0.0033 0. 0062
GWO 3.0751 x 10 ~* 0.0077 0.0128

fo 0. 00030 PSO 3.7222 x10°* 8.7485 x 10 ~* 1.5399 x 10 ~*
WOA 3.1012 x 10 ~* 9.4649 x 10 ~* 0.0013
IWOA 3.0012 x 10 ~* 3.0053 x 10 ~* 1.1477 x10°°
ALO -3.3220 -3.2581 0. 0608
GWO -3.3220 -3.3220 0.0733

Jio -3.32 PSO -3.3220 -3.2755 0.0641
WOA -3.3219 -3.3204 0. 1046
IWOA -3.3220 -3.3213 7.9154 x10 4

10°1 10°

best score obtained so far

best score obtained so far

<—GWO
10—200 +——PSO
—-=—ALO
IWOA
——WOA
0 100 200 300 400 500
iteration
Fig.2 f, convergence curve
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Fig.4 fs convergence curve

best score obtained so far
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Fig.3 f, convergence curve
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Fig.5 f; convergence curve
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Table 4 Values of different segmentation algorithms

coins football
segmentation optimal maximum time/s optimal maximum time/s
algorithms threshold (s * ,¢* ) threshold (s ™ ,¢* ) )
2-D Ostu (68,91) 7.864 6.18 (53,59) 2.789 7.41
2-D maximum entropy (200,198) 13.344 1.73 (102,97) 15.0639 1.62
IWOA (160,143) 16.48 0.55 (98,100) 18.533 0.56

Fig.7 a—original coins. png b—segmentation image of 2-D Ostu c¢—
segmentation image of 2-D maximum entropy ~d—segmentation im-
age of IWOA

Fig. 8 a—original football. jpg b—segmentation image of 2-D Ostu c¢—

segmentation image of 2-D maximum entropy ~d—segmentation im-

age of IWOA
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