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Based on IZOA combined with minimum cross-entropy
image segmentation algorithm

Liu Tingting He Zhiqin
(Electrical Engineering College, Guizhou University,Guiyang 550025, China)

Abstract: To address the issues of low segmentation accuracy, low efficiency. and unstable segmentation results with
increasing thresholds in color image multi-threshold segmentation, an improved multi-threshold image segmentation
algorithm based on the improved zebra optimization algorithm (IZOA) is proposed. Firstly, a chaotic mapping method
is used to initialize the population; secondly, a neighborhood fluctuation strategy is introduced for fine searching; then,
hybridization and mutation operations are combined to generate new solutions, enhancing the global search capability of
the algorithm; finally, an elite retention strategy is employed to preserve the optimal solution. The minimum
symmetric cross-entropy obtained before and after image segmentation is utilized as the fitness function for multi-
threshold segmentation, demonstrating higher segmentation accuracy, efficiency, and stability. Experimental results
show that compared with ZOA, GWO, WOA, and other algorithms, the image quality indices FSIM, SSIM, and
PSNR achieved by the IZOA-based segmentation exhibit significant advantages, with the optimal truncation mean
proportions reaching 91. 7%, 88.9% and 100% , respectively.
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Fig. 6 Standard deviation comparison of FSIM, PSNR, and SSIM metrics across segmentation algorithms
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Table 2 Comparison of FSIM truncated means for different numbers of thresholds in various algorithms

o FSIM
Bk RERE IZOA ZOA WOA BWO GWO GJO
m=1 0. 956 64 0. 955 71 0.954 9 0. 945 14 0.955 41 0.952 73
m=3 0. 965 16 0. 964 22 0. 963 53 0.953 35 0. 964 75 0. 960 83
! m=9 0.971 38 0. 969 94 0.968 8 0. 947 69 0.971 23 0. 968 3
m=10 0. 976 00 0. 974 44 0.972 22 0. 952 63 0.974 72 0.971 15
m=1 0.922 21 0. 921 97 0.919 97 0. 907 58 0.920 4 0.915 36
m=3 0.937 61 0. 936 89 0.935 61 0.923 39 0.933 47 0.929 93
- m=9 0.948 14 0. 946 52 0. 945 83 0.916 7 0. 946 25 0. 940 41
m=10 0. 953 91 0.953 13 0.951 75 0. 923 62 0.953 44 0. 949 08
m=1 0. 955 65 0. 955 19 0.953 36 0. 945 56 0. 955 26 0. 952 09
m=3 0.962 64 0. 962 45 0. 960 54 0. 954 78 0. 961 74 0. 959 56
’ m=9 0.970 11 0. 968 46 0. 967 64 0. 949 84 0. 968 22 0. 965
m=10 0.973 75 0.972 17 0.971 06 0. 954 65 0.972 67 0. 968 64
m=1 0. 930 34 0. 931 86 0. 930 06 0.921 0. 930 01 0. 927 79
m=3 0. 945 05 0.944 19 0. 940 34 0.934 53 0.943 61 0.934 73
! m=9 0. 953 16 0. 952 04 0.951 11 0.932 32 0. 952 57 0. 947 71
m=10 0. 960 08 0. 959 27 0.957 82 0.936 2 0.958 52 0. 954 06
m=1 0.949 18 0. 948 83 0. 947 87 0. 937 92 0. 948 04 0. 946 19
i m=3 0.956 92 0. 956 63 0.956 93 0. 947 62 0. 956 53 0.955 61
m=9 0. 965 70 0. 964 46 0. 964 01 0.943 1 0. 964 88 0.963 3
m=10 0. 970 56 0. 969 09 0. 968 78 0. 948 45 0. 970 01 0. 969 17
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Table 2 (continued)
e FSIM
AR R{E% R 1Z0A ZOA WOA BWO GWO GJO

m=17 0.945 00 0.943 89 0.939 91 0.929 38 0.943 88 0.937 4
m=3§ 0.949 13 0. 949 84 0.947 91 0.941 51 0.949 26 0.945 27
6 m=9 0.959 83 0.956 52 0.953 08 0.937 37 0.956 36 0.953 14
m=10 0.966 35 0.964 94 0.959 35 0.943 94 0.965 32 0. 959 66
m="17 0.936 27 0.935 73 0.9357 0.924 98 0.935 64 0.935 98
m=38 0.947 09 0.945 68 0.945 23 0.935 84 0.945 65 0.942 43
! m=9 0.954 92 0.953 02 0.951 83 0.927 74 0.953 17 0. 950 49
m=10 0.961 04 0.958 1 0.956 62 0.929 74 0.958 41 0. 956 75
m= 0.920 27 0.917 67 0.915 27 0.903 33 0.914 76 0. 908 37

m=38 0.927 67 0.926 14 0.922 62 0.918 49 0.923 92 0.923 1
§ m=9 0.940 18 0.937 51 0.933 5 0.916 82 0.938 59 0.932 35
m=10 0.949 5 0.945 32 0.944 93 0.919 87 0.945 9 0.941 44
m="17 0.933 01 0.930 98 0.929 69 0.924 58 0.931 62 0. 930 64

m=3 0.944 93 0.941 22 0.941 49 0.935 22 0.943 47 0.939 9
? m=9 0.952 44 0.949 58 0.947 41 0.928 54 0.950 71 0. 947 48
m=10 0.957 16 0. 955 26 0.954 77 0.935 58 0.954 54 0.953 88

®3 FAEEEREBEANEE SSIM & B ERT L
Table 3 Comparison of SSIM truncated means for different numbers of thresholds in various algorithms
. e SSIM
it Pt 1ZOA ZOA WOA BWO GWO GIO

m="7 0.945 24 0.944 63 0.943 95 0.937 01 0.944 28 0.941 87

m=38 0.955 17 0. 954 86 0.954 27 0.946 27 0.955 03 0.951 06

! m=9 0.962 49 0.961 77 0. 960 33 0.943 22 0.962 56 0.959 39
m=10 0.968 22 0.967 13 0.965 23 0.948 66 0.967 69 0.963 54

m="1 0.912 39 0.912 63 0.911 01 0.901 78 0.911 66 0.906 2

m=3§ 0.926 62 0.926 41 0.925 24 0.917 88 0.924 38 0.920 92

: m=9 0.938 3 0.936 86 0.936 71 0.913 32 0.936 79 0.930 85
m=10 0.943 61 0.943 27 0.942 05 0.922 48 0.943 21 0.938 45

m=17 0.931 43 0.930 28 0.928 45 0.927 45 0.929 52 0.926 51

m=38 0.941 49 0.940 67 0.938 28 0.933 67 0.939 38 0.936 61

’ m=9 0.947 85 0.946 77 0.945 17 0.934 13 0.945 75 0.943 65
m=10 0.952 94 0.951 29 0.949 89 0.938 95 0.951 7 0.948 86

m=7 0.939 14 0. 940 62 0.938 73 0.933 85 0.938 4 0.936 2

m=38 0. 949 62 0.949 3 0.945 08 0.943 18 0.947 89 0.941 92

! m= 0.956 58 0. 956 36 0.954 19 0.943 29 0.955 94 0.951 63
m=10 0.962 6 0.962 28 0.959 65 0.946 89 0.960 1 0.956 49

m= 0.935 06 0.934 3 0.933 93 0.929 99 0.934 19 0.932 21

- m=3 0.943 16 0.943 11 0.942 81 0.938 36 0.942 47 0.941 74
m=¢ 0.949 27 0.948 74 0.949 19 0.939 19 0.948 22 0.949 22

m=10 0.955 11 0.954 63 0.954 62 0.944 1 0.954 12 0.953 45
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Table 3 (continued)
o SSIM

A& RS 1Z0A ZOA WOA BWO GWO GJO
m=7 0.929 94 0.928 51 0.923 43 0.911 29 0.928 3 0.918 99
m=38 0.930 99 0.933 85 0. 930 27 0.927 12 0. 934 96 0.927 57
0 m=9 0.943 94 0.939 45 0.934 14 0.924 1 0.938 45 0.936 75
m=10 0.952 54 0.951 3 0.943 15 0.931 46 0.951 08 0. 944 44
m=7 0.9413 0.942 08 0.943 14 0.938 77 0.942 14 0. 941 94

m=38 0.951 95 0.951 76 0.951 03 0.946 95 0.953 3 0.949 5
! m=9 0.957 62 0.957 74 0.958 38 0. 946 25 0.957 74 0.957 04
m=10 0.962 75 0.961 58 0.962 98 0. 949 81 0.963 55 0.961 99
m=7 0.919 16 0.917 85 0.916 51 0.907 68 0.916 08 0.912 23
m=38 0.929 29 0.928 72 0.926 8 0.920 96 0.927 65 0.926 33
§ m=9 0.940 71 0. 938 83 0. 935 68 0.920 41 0.939 12 0. 934 37
m=10 0. 948 65 0. 946 08 0.945 01 0.924 04 0.945 94 0.943 02

m="7 0.937 61 0.936 65 0.934 22 0.930 12 0.936 66 0.934 8
m=38 0.948 79 0. 946 87 0. 945 68 0. 941 64 0.947 0.944 01
? m=9 0. 955 41 0.954 03 0.951 84 0.936 81 0.953 85 0.951 06
m=10 0.961 29 0. 960 01 0.958 28 0. 944 84 0. 958 61 0.957 27

R4 FEEETEBEA B PSNR B E X L

Table 4 Comparison of PSNR truncated means for different numbers of thresholds in various algorithms

o PSNR
BR R{EME IZOA ZOA WOA BWO GWO GJO

m=1 25. 466 9 25.362 6 25.250 8 24.692 6 25.322 2 25.138 1

m=3 26.349 7 26.239 1 26. 043 3 25.47 26. 251 25.915 9

! m=9 27.233 9 27. 055 26.793 3 25.230 7 27.136 5 26.716 2

m=10 28.009 5 27.798 2 27.511 1 25.801 2 27.805 9 27.268 2

m=1 23.616 1 23.583 1 23.422 7 22.909 2 23. 436 4 23.218 7

m=8 24.613 7 24.595 1 24. 427 4 23.7415 24.341 4 24.106 1

. m=9 25. 476 6 25. 422 25.238 9 23.557 25.251 3 24.880 3
m=10 26.269 7 26.167 3 25.923 2 24.020 6 26.029 9 25. 479

m=1 25.404 5 25.294 9 25.095 9 24. 660 3 25.326 3 25.107 3

m=8 26. 440 3 26.393 7 26. 064 4 25.318 6 26.179 7 26.018 3

’ m=9 27.265 4 27.083 3 26.725 2 25.351 4 26. 924 2 26. 646 7

m=10 28.062 3 27. 784 27.563 7 25.766 7 27.831 4 27.342 3

m=1 24.791 4 24. 758 4 24.552 2 24.071 6 24.636 8 24. 424 8

m=3 25.773 1 25.663 5 25.435 9 25.052 8 25.565 3 25.164 1

! m=9 26.736 8 26.549 1 26.441 9 24.8713 26.500 5 26.186 8

m=10 27.537°5 27.439 7 27.070 7 25. 444 1 27.179 7 26.752 2

m=1 24. 665 24.575 9 24.473 1 23.921 8 24.537 8 24.355 4

m=8 25.645 3 25.504 5 25.432 9 24.785 4 25.519 8 25.329 1

’ m= 26. 491 3 26. 326 26.196 5 24.551 3 26.308 3 26. 053 7

m=10 27.228 4 26.989 5 26. 822 4 24.979 3 27.065 7 26.729 5
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Table 4 (continued)
\ - PSNR

A& RS 1Z0A ZOA WOA BWO GWO GJO
m=7 25.028 7 24.874 1 24.716 4 24.118 9 24. 870 4 24.665 9
m=_8 25.882 8 25.646 3 25.483 9 24. 860 6 25.625 7 25.409 2
0 m=9 26.789 8 26.552 1 26.340 2 24.612 4 26.518 5 26.092 9
m=10 27.523 2 27.318 2 27.038 3 25.341 4 27.277 3 26.862 3
m=7 24.592 3 24.5317 24.584 23.859 8 24.465 5 24.424 4
m=_8 25.813 7 25. 645 25.441 6 24.914 1 25.652 1 25.010 9
! m=9 26.658 6 26.556 6 26.380 2 24.484 1 26.447 7 26.001 8
m=10 27.518 9 27.338 1 27.187 1 24.928 27.286 5 26.730 4
m=7 24.984 4 24.846 7 24.72 24.022 9 24.775 24.546 7
g m=38 25.844 8 25.699 7 25.564 9 24.888 1 25.657 25.546 4
m=9 26.784 8 26.522 4 26.2959 24.697 8 26.589 9 26.209 6
m=10 27.564 7 27.210 2 27.120 4 25.130 9 27.269 26.977 7

m="7 24.1953 23.954 23.888 7 23.257 4 23.982 2 23.792
m=38 25.308 9 25.099 9 24.941 3 24.144 9 25.142 5 24.769 5
? m=9 26.328 2 25.918 3 25.718 2 23.722°9 26.025 25.463 4
m=10 27.126 5 26.839 1 26.732 6 24.341 8 26.782 2 26.443 5
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