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Abstract

Medical image segmentation is a foundation for computer-aided diagnosis, enabling the identification
of different tissues and features within medical images and facilitating precise localization of lesion
areas. The quality of segmentation directly impacts the accuracy of disease diagnosis and treatment
outcomes. Among various techniques, multi-threshold image segmentation has garnered significant
attention in this field due to its efficiency and practicality, with threshold selection being the key chal-
lenge. However, existing threshold optimization strategies often suffer from premature convergence
to local optima. To address this issue, this study proposes an Improved Sine Cosine Algorithm (ISCA) to
enhance the search capability and identify optimal thresholds. Specifically, the proposed ISCA incorpo-
rates a guided search strategy and a dynamically adjusted crossover rate to effectively balance explo-
ration and exploitation. In addition, an evolutionary direction sampling strategy is introduced to ex-
plore more promising solutions, improving solution quality. Experimental results on the IEEE CEC2017
benchmark functions demonstrate that ISCA achieves faster convergence and higher solution accuracy
compared to state-of-the-art algorithms. Furthermore, we construct a multi-threshold image segmen-
tation framework based on ISCA, non-local means two-dimensional histograms, and Rényi entropy.
This framework is evaluated on the breast cancer images. Quantitative assessments using PSNR, FSIM,
and SSIM metrics show that the ISCA-based segmentation method consistently selects superior thresh-
olds and significantly improves segmentation performance.
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Figure 1. Schematic diagram of MTIS framework based on ISCA
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Figure 6. Six breast cancer images and their corresponding 2D histograms
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Table 1. Statistical results of PSNR values after image segmentation
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Mean 1.00 4.67 433 2.67 2.33
Rank 1 5 4 3 2
Table 2. Statistical results of SSIM values after image segmentation
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Table 3. Statistical results of FSIM values after image segmentation
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Figure 8. Color segmentation results of Image 2
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Figure 9. Multi-threshold segmentation points of Image 2
E 9. B2 ZHEESEIR

DOI: 10.12677/csa.2025.156165 152 THREHURL: 5 R


https://doi.org/10.12677/csa.2025.156165

HARR 5

6. &t

ASCHEH T — R IE5E A AL BVE(ISCA), BRI ANET I SRR AR, SHAENT X
RO TT A RAE SRS, AR T )54 SCA TERZR G KA . W SICGH BENS A 5 N 5 8 B AL 55 1]
. SEESISUER B, ISCA fE IEEE CEC2017 s pa %y FRILH €, JCHAEZ R @ R Bl 7 R E 1
PEREIR A . EBEE B EIN ., 36T ISCA [ MTIS BEEF S LFBRIME, & 3ET T7 2 BE 5 E110 R
B, ONFLIE A X IR A PR B AL T I3 HE.

Ak, BRI EMR AN, ISCA JRuHE R T MRI. CT. X-ray 552 FhEE 2 A EUES T,
JEFC AL BB Bt 45 719 S I PR O B X 3 Rl o B T R ) S FH i 55

SE K

[1] Abutaleb, A.S. (1989) Automatic Thresholding of Gray-Level Pictures Using Two-Dimensional Entropy. Computer Vi-
sion, Graphics, and Image Processing, 47, 22-32. https://doi.org/10.1016/0734-189x(89)90051-0

[2] Mittal, H. and Saraswat, M. (2018) An Optimum Multi-Level Image Thresholding Segmentation Using Non-Local
Means 2D Histogram and Exponential Kbest Gravitational Search Algorithm. Engineering Applications of Artificial
Intelligence, 71, 226-235. https://doi.org/10.1016/j.engappai.2018.03.001

[3] Mirjalili, S. (2016) SCA: A Sine Cosine Algorithm for Solving Optimization Problems. Knowledge-Based Systems, 96,
120-133. https://doi.org/10.1016/j.knosys.2015.12.022

[4] Chen, H., Wang, M. and Zhao, X. (2020) A Multi-Strategy Enhanced Sine Cosine Algorithm for Global Optimization
and Constrained Practical Engineering Problems. Applied Mathematics and Computation, 369, Article ID: 124872.
https://doi.org/10.1016/j.amc.2019.124872

[5] Wei, J. and Niu, H. (2022) A Ranking-Based Adaptive Cuckoo Search Algorithm for Unconstrained Optimization. Ex-
pert Systems with Applications, 204, Article ID: 117428. https://doi.org/10.1016/j.eswa.2022.117428

[6] Hu,J., Chen, H., Heidari, A.A., Wang, M., Zhang, X., Chen, Y., et al. (2021) Orthogonal Learning Covariance Matrix
for Defects of Grey Wolf Optimizer: Insights, Balance, Diversity, and Feature Selection. Knowledge-Based Systems, 213,
Article ID: 106684. https://doi.org/10.1016/j.knosys.2020.106684

[7] Wu, G., Mallipeddi, R. and Suganthan, P.N. (2017) Problem Definitions and Evaluation Criteria for the CEC 2017 Com-
petition on Constrained Real-Parameter Optimization. National University of Defense Technology, Changsha, Hunan,
PR China and Kyungpook National University, Daegu, South Korea and Nanyang Technological University, Singapore,
Technical Report.

[8] Hore, A. and Ziou, D. (2010). Image Quality Metrics: PSNR vs. SSIM. 2010 20th International Conference on Pattern
Recognition, Istanbul, 23-26 August 2010, 2366-2369. https://doi.org/10.1109/icpr.2010.579

[91 Zhang, L., Zhang, L., Mou, X.Q. and Zhang, D. (2011) FSIM: A Feature Similarity Index for Image Quality Assessment.
IEEE Transactions on Image Processing, 20, 2378-2386. https://doi.org/10.1109/tip.2011.2109730

[10] Bakurov, L., Buzzelli, M., Schettini, R., Castelli, M. and Vanneschi, L. (2022) Structural Similarity Index (SSIM) Revis-
ited: A Data-Driven Approach. Expert Systems with Applications, 189, Article ID: 116087.
https://doi.org/10.1016/j.eswa.2021.116087

DOI: 10.12677/csa.2025.156165 153 TFEARY 5N H


https://doi.org/10.12677/csa.2025.156165
https://doi.org/10.1016/0734-189x(89)90051-0
https://doi.org/10.1016/j.engappai.2018.03.001
https://doi.org/10.1016/j.knosys.2015.12.022
https://doi.org/10.1016/j.amc.2019.124872
https://doi.org/10.1016/j.eswa.2022.117428
https://doi.org/10.1016/j.knosys.2020.106684
https://doi.org/10.1109/icpr.2010.579
https://doi.org/10.1109/tip.2011.2109730
https://doi.org/10.1016/j.eswa.2021.116087

HAR 5

M F

Table A1. Comparison results of ISCA algorithm and SCA variants
T AL ISCA A5 SCA BIRRILLILER

Function ISCA m_SCA OBSCA OMGSCA SCADE ARSCA
F1 Avg 1.83E+03 6.70E+09 2.83E+10 2.12E+09 2.96E+10 2.84E+06
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06

Win N/A + + + + +
F2 Avg 1.76E+24 1.17E+29 1.63E+35 2.12E+26 2.55E+35 6.03E+15
p-Value N/A 3.88E-06 1.73E-06 1.36E—05 1.73E—-06 9.71E-05

Win N/A + + + + -
F3 Avg 3.90E+02 2.32E+04 5.61E+04 9.72E+03 6.18E+04 1.66E+04
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06

Win N/A + + + + +
F4 Avg 4.78E+02 7.85E+02 2.08E+03 6.01E+02 2.35E+03 5.03E+02
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 0.004992

Win N/A + + + + +
F5 Avg 5.29E+02 6.31E+02 7.76E+02 6.08E+02 7.91E+02 5.33E+02
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 0.028486

Win N/A + + + + +
Fo6 Avg 6.00E+02 6.23E+02 6.46E+02 6.00E+02 6.56E+02 6.00E+02
p-Value N/A 1.73E-06 1.73E-06 5.79E-05 1.73E-06 1.73E-06

Win N/A + + + + +
F7 Avg 7.64E+02 1.05E+03 1.27E+03 9.10E+02 1.27E+03 7.76E+02
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 8.92E-05

Win N/A + + + + +
F8 Avg 8.29E+02 9.42E+02 1.10E+03 9.25E+02 1.13E+03 8.39E+02
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 5.75E-06

Win N/A + + + + +
F9 Avg 9.57E+02 3.76E+03 8.31E+03 2.73E+03 1.01E+04 9.02E+02
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 8.47E-06

Win N/A + + + + —
F10 Avg 2.41E+03 4.64E+03 6.93E+03 3.19E+03 7.39E+03 2.57E+03
p-Value N/A 1.73E-06 1.73E-06 1.92E-06 1.73E-06 0.158855

Win N/A + + + + =
F11 Avg 1.19E+03 2.00E+03 5.84E+03 1.37E+03 6.96E+03 1.32E+03
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06

Win N/A + + + + +
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F12 Avg 4.23E+04 1.78E+08 2.58E+09 6.57E+07 2.76E+09 2.48E+07
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06

Win N/A + + + + +
F13 Avg 1.84E+03 3.26E+07 1.79E+08 3.92E+03 1.89E+08 9.03E+04
p-Value N/A 1.73E-06 1.73E-06 1.97E—05 1.73E-06 1.73E-06

Win N/A + + + + +
Fl14 Avg 1.45E+03 7.34E+04 3.08E+05 2.00E+03 3.91E+05 3.57E+03
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06

Win N/A + + + + +
F15 Avg 1.74E+03 2.75E+04 8.01E+06 2.35E+03 6.83E+06 1.13E+04
p-Value N/A 1.73E-06 1.73E-06 0.000136 1.73E-06 1.73E-06

Win N/A + + + + +
F16 Avg 1.78E+03 2.54E+03 3.52E+03 2.22E+03 3.49E+03 1.82E+03
p-Value N/A 1.73E-06 1.73E-06 2.35E-06 1.73E-06 0.382034

Win N/A + + + + ~
F17 Avg 1.80E+03 2.05E+03 2.62E+03 1.97E+03 2.61E+03 1.81E+03
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 0.165027

Win N/A + + + + ~
F18 Avg 1.99E+04 2.99E+05 2.80E+06 2.42E+05 2.51E+06 6.46E+04
p-Value N/A 6.34E-06 1.73E-06 7.69E—06 1.73E-06 0.000136

Win N/A + + + + +
F19 Avg 1.98E+03 2.64E+05 1.77E+07 2.11E+03 1.40E+07 1.37E+04
Std 1.08E+02 3.46E+05 1.04E+07 2.96E+02 8.71E+06 1.35E+04
p-Value N/A 1.73E-06 1.73E-06 0.001287 1.73E-06 1.73E-06

Win N/A + + + + +
F20 Avg 2.11E+03 2.35E+03 2.74E+03 2.31E+03 2.87E+03 2.14E+03
p-Value N/A 1.73E-06 1.73E-06 1.92E-06 1.73E-06 0.015658

Win N/A + + + + +
F21 Avg 2.18E+03 2.49E+03 4.20E+03 2.30E+03 4.76E+03 2.20E+03
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 0.035009

Win N/A + + + + +
F22 Avg 2.23E+03 2.34E+03 2.49E+03 2.31E+03 2.51E+03 2.24E+03
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 0.004992

Win N/A + + + + +
F23 Avg 2.83E+03 2.95E+03 3.35E+03 2.94E+03 2.93E+03 2.50E+03
p-Value N/A 2.13E-06 1.73E-06 3.18E—06 0.033269 1.73E-06

Win N/A + + + + -
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F24 Avg 2.60E+03 3.41E+03 2.60E+03 2.63E+03 2.60E+03 2.60E+03
p-Value N/A 1.73E-06 0.000469 2.84E-05 1 1
Win N/A + - + = =
F25 Avg 2.96E+03 3.32E+03 2.79E+03 2.73E+03 2.70E+03 2.70E+03
p-Value N/A 1.73E-06 0.000453 5.22E-06 1.73E-06 1.73E-06
Win N/A + - - -
F26 Avg 3.04E+03 5.99E+03 2.81E+03 2.80E+03 2.80E+03 2.80E+03
p-Value N/A 1.73E-06 0.841449 0.370885 0.015625 0.015625
Win N/A + - = - -
F27 Avg 3.50E+03 3.66E+03 4.18E+03 3.58E+03 3.88E+03 2.90E+03
p-Value N/A 3.52E-06 1.73E-06 0.000241 0.002105 1.73E-06
Win N/A + = + + —
F28 Avg 3.27E+03 5.26E+03 4.04E+03 3.36E+03 3.00E+03 3.00E+03
p-Value N/A 1.73E-06 0.000332 4.07E-05 1.73E-06 1.73E-06
Win N/A + + + — —
F29 Avg 3.24E+03 3.71E+03 3.69E+03 3.47E+03 3.10E+03 3.10E+03
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
Win N/A + + + - —
F30 Avg 1.41E+04 1.32E+06 3.62E+06 1.10E+05 1.91E+05 3.20E+03
p-Value N/A 1.73E-06 1.73E-06 1.73E-06 0.643517 1.73E-06
Win N/A + + + ~ _
Overall +—/= N/A 30/0/0 27/2/1 28/1/1 24/4/2 17/9/4
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