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Abstract

Breast cancer is one of the most prevalent cancers among women, and accurate image segmentation
can enhance the reliability of lesion localization, feature extraction, and disease diagnosis. The multi-
threshold maximum entropy segmentation method is widely used in the field of medical image

XEFIH: EES Tl E SRR LR EE 3D, HENR S R, 2026, 16(4): 215-229.
DOI: 10.12677/csa.2026.164124


https://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2026.164124
https://doi.org/10.12677/csa.2026.164124
https://www.hanspub.org/

processing due to its clear principle, simple implementation, and strong adaptability. However, tra-
ditional threshold selection methods face significant computational complexity as the number of
thresholds increases, making it difficult to balance segmentation accuracy and computational effi-
ciency. To address this, this paper proposes an improved Elitist Artemis Optimization Algorithm
(ERAO), which introduces an elitist-guided differential mutation mechanism to enhance the infor-
mation utilization ability of elite individuals, improving convergence speed and solution accuracy.
The restart strategy effectively alleviates the population stagnation phenomenon. Comparative ex-
periments on the IEEE CEC 2017 benchmark function set verify the superior optimization perfor-
mance of the proposed algorithm. Furthermore, by combining it with 2D Kapur’s entropy, it is ap-
plied to the multi-threshold segmentation task of breast cancer images. Experimental results show
that this method can obtain a better threshold combination and higher-quality segmentation re-
sults.
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Figure 1. Flowchart of ERAO-based MTIS
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Figure 2. Flowchart of ERAO
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Table 1. Average ranking value of the Friedman test
%< 1. Friedman #258RFI9HE= E

Hik ERAO50 ERAO0100 ERAO150
FEIHEA 4177 3.488 3.329
44 6 5 2
Hik ERAP200 ERAO0250 ERAO300
FEIHEA 3.282 3.378 3.347
4 1 4 3
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Figure 3. Comparison of ERAQO’s convergence curves with other algorithms
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Table 2. Analysis results of ERAO and advanced methods by using Wilcoxon signed-rank test
# 2. ERAOC 5HEE AR Wilcoxn TSI HTLER

ik +—1= P 4
ERAO ~ 127 1
AO 23/0/7 2.77 3
WOA 27/0/3 4.57 5
CAGWO 28/0/2 3.87 4
CLPSO 25/3/2 2.50 2
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Figure 4. The IDBC images and corresponding 2D histograms
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KRG REN.
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Table 3. Evaluation index results of different methods

= 3. FRIGZEMITMNIERRER

K% A AR ERAO AO GWO CLPSO LGCMFO
PSNR 31.21934 29.89934 29.7941 29.23096 28.72462
A SSIM 0.97145 0.96058 0.96536 0.95646 0.95236
FSIM 0.99137 0.98664 0.98385 0.98361 0.98305

PSNR 31.84006 30.13167 30.18286 29.66081 29.49559
B SSIM 0.98300 0.97377 0.97650 0.96858 0.97019
FSIM 0.99659 0.9947 0.9933 0.99107 0.99195

PSNR 31.76595 30.26252 30.19608 29.96124 28.78752
C SSIM 0.97663 0.96634 0.96940 0.96623 0.95638
FSIM 0.99410 0.98979 0.98921 0.99083 0.98530

PSNR 31.63655 30.03450 30.80269 29.32678 29.19805
D SSIM 0.97074 0.95896 0.96744 0.95086 0.94901
FSIM 0.99554 0.99166 0.99032 0.98830 0.98630

PSNR 31.75533 29.68646 29.33576 29.38254 28.74123
E SSIM 0.98733 0.97910 0.97817 0.97675 0.97195
FSIM 0.99762 0.99543 0.99176 0.99482 0.99254

PSNR 31.35528 30.15785 29.70919 29.49926 28.81887
F SSIM 0.98451 0.97852 0.97573 0.97167 0.96860
FSIM 0.99654 0.99523 0.99324 0.99346 0.99252
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Table 4. Segmentation results of ERAO compared with other algorithms
7 4. ERAOC 5HMEZMNHEIZER

WA TEAR ERAO AO GWO CLPSO LGCMFO
+—/= ~ 6/0/0 6/0/0 6/0/0 6/0/0
PSNR TFEIHEA 1.00 2.33 2.83 3.83 5.00
4 1 2 3 4 5
+—/= ~ 6/0/0 6/0/0 6/0/0 6/0/0
SSIM FEIHEA 1.00 2.67 2.33 4.17 4.83
4 1 3 2 4 5
+—/= ~ 6/0/0 6/0/0 6/0/0 6/0/0
FSIM FEIHEA 1.00 2.17 3.67 35 4.67
4 1 2 4 3 5
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Figure 5. The convergence curves of Kapur’s entropy at the threshold level of 25
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Figure 6. Segmentation results of each algorithm on image E at threshold value of 25
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M 3R

Table Al. Results of ERAO and other algorithms on IEEE CEC2017

% Al. ERAO 5EEEE %7 |IEEE CEC2017 LHYSEIGEER

F1 F2 F3
P bk % FIME bk % M i
ERAO 1.000E+02 2.640E-15 2.000E+02 0.000E+00 3.000E+02 1.490E-14
AO 2.153E+06 7.971E+05 6.950E+24 3.780E+25 2.046E+03 2.911E+03
WOA 2.507E+06 1.211E+06 1.380E+28 5.260E+28 1.338E+04 4.633E+03
CAGWO 2.810E+08 3.060E+08 1.980E+27 4.890E+27 4.489E+04 8.561E+03
CLPSO 1.028E+02 4.223E+00 2.320E+13 4.300E+13 8.510E+03 2.142E+03
F4 F5 F6
P bk % FIME bk % SFIME i
ERAO 4.025E+02 1.180E+01 5.308E+02 7.650E+00 6.000E+02 1.050E—-04
AO 4.957E+02 3.923E+01 5.341E+02 9.748E+00 6.001E+02 7.171E-02
WOA 5.886E+02 5.520E+01 7.099E+02 5.865E+01 6.630E+02 9.823E+00
CAGWO 5.794E+02 2.512E+01 6.197E+02 4.525E+01 6.028E+02 1.129E+00
CLPSO 4.721E+02 1.539E+01 5.557E+02 8.933E+00 6.000E+02 7.000E-14
F7 F8 F9
P Pk % FIMH Pk % M i
ERAO 7.631E+02 1.061E+01 8.303E+02 7.173E+00 9.006E+02 8.001E-01
AO 7.714E+02 2.143E+01 8.357E+02 9.211E+00 9.216E+02 2.209E+01
WOA 1.269E+03 1.003E+02 1.091E+03 6.760E+01 8.863E+03 3.406E+03
CAGWO 9.163E+02 1.679E+01 9.298E+02 4,940E+01 1.093E+03 1.504E+02
CLPSO 7.824E+02 7.736E+00 8.493E+02 7.732E+00 9.230E+02 2.193E+01
F10 F11 F12
P Pk % FIMH Pk % M i
ERAO 2.273E+03 4.573E+02 1.112E+03 6.240E+00 2.177E+03 5.274E+02
AO 2.546E+03 5.130E+02 1.202E+03 7.087E+01 2.051E+06 1.022E+06
WOA 5.753E+03 8.705E+02 1.505E+03 1.221E+02 1.320E+08 8.117E+07
CAGWO 7.027E+03 1.201E+03 1.824E+03 2.515E+02 1.190E+08 4.008E+07
CLPSO 2.911E+03 2.418E+02 1.148E+03 1.214E+01 3.940E+05 7.559E+05
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F13 F14 F15
P Pk % FIMH Pk % M i
ERAO 1.322E+03 5.041E+00 1.433E+03 6.325E+00 1.516E+03 4.849E+00
AO 2.219E+05 3.747TE+05 5.306E+05 4.951E+05 3.192E+04 7.102E+04
WOA 9.822E+04 6.606E+04 2.762E+05 1.866E+05 4.016E+04 2.770E+04
CAGWO 2.309E+06 4.134E+06 7.538E+04 7.227E+04 1.644E+04 8.793E+03
CLPSO 1.397E+03 3.718E+01 5.343E+03 1.177E+04 1.609E+03 1.130E+02
F16 F17 F18
P brifE 2 P ME brifE 2 P bRt 22
ERAO 2.012E+03 2.599E+02 1.803E+03 5.277E+01 1.906E+03 4.680E+01
AO 2.248E+03 2.568E+02 1.950E+03 1.355E+02 2.431E+05 3.721E+05
WOA 3.331E+03 4.646E+02 2.609E+03 2.440E+02 5.227E+06 4.868E+06
CAGWO 2.507E+03 3.764E+02 1.937E+03 8.524E+01 8.426E+05 6.699E+05
CLPSO 2.086E+03 1.203E+02 1.914E+03 3.800E+01 1.106E+05 7.139E+04
F19 F20 F21
FME WRiEZE 1 WRiEZE P bRt 22
ERAO 1.914E+03 4.152E+00 2.142E+03 7.144E+01 2.107E+03 2.281E+01
AO 5.769E+04 9.425E+04 2.219E+03 8.477E+01 2.202E+03 3.551E+01
WOA 5.631E+05 4.832E+05 2.756E+03 2.302E+02 2.270E+03 2.638E+01
CAGWO 6.971E+04 1.139E+05 2.482E+03 1.786E+02 2.260E+03 2.333E+01
CLPSO 1.954E+03 4.063E+01 2.221E+03 6.206E+01 2.177E+03 1.874E+01
F22 F23 F24
P Pk % FIMH Pk % M i
ERAO 2.229E+03 8.656E+00 2.849E+03 6.956E+01 2.649E+03 1.859E+02
AO 2.237E+03 1.259E+01 2.910E+03 3.486E+01 2.630E+03 1.434E+02
WOA 2.441E+03 5.201E+01 3.193E+03 9.740E+01 2.717E+03 3.597E+02
CAGWO 2.345E+03 4.149E+01 2.903E+03 4.891E+01 2.627E+03 1.035E+02
CLPSO 2.253E+03 1.074E+01 2.843E+03 9.941E+00 2.614E+03 1.448E+01
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F25 F26 F27
“FIME FrifEZE FHME FrifEZE 1 FrifE %
ERAO 2.700E+03 2.910E-12 3.008E+03 6.358E+02 3.422E+03 3.054E+02
AO 2.700E+03 0.000E+00 3.320E+03 9.599E+02 3.790E+03 1.207E+02
WOA 2.700E+03 2.800E-13 4.866E+03 2.733E+03 3.991E+03 1.888E+02
CAGWO 2.807E+03 1.983E+02 3.462E+03 1.243E+03 3.494E+03 5.003E+01
CLPSO 2.908E+03 1.110E+01 3.862E+03 7.221E+02 3.518E+03 2.745E+01
F28 F29 F30
“FIME FrifEZE FHME FrifEZE 1 PRz
ERAO 3.176E+03 1.046E+02 3.204E+03 8.636E+01 3.925E+03 2.577E+02
AO 3.227E+03 4.106E+02 3.196E+03 1.529E+02 2.867E+04 2.118E+04
WOA 3.227E+03 5.643E+02 4.136E+03 3.974E+02 2.256E+06 2.742E+06
CAGWO 3.454E+03 1.256E+02 3.359E+03 7.358E+01 4 578E+05 2.738E+05
CLPSO 3.279E+03 1.942E+01 3.368E+03 7.613E+01 1.511E+04 7.392E+03
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