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Abstract

Multilevel threshold image segmentation is an important topic in image processing, and its key ob-
jective is to automatically determine a set of optimal thresholds according to the gray-level distri-
bution of an image. As the number of thresholds increases, the search space of candidate threshold
combinations expands rapidly. Traditional exhaustive methods usually suffer from high computa-
tional cost, while common swarm intelligence algorithms may face slow convergence, insufficient
optimization accuracy, and premature convergence. To address these issues, this paper proposes
an improved continuous ant colony optimization algorithm based on a distribution-feedback spiral
perturbation strategy and applies it to multilevel threshold image segmentation (DFSACO). The pro-
posed method first constructs a threshold search model using continuous ant colony optimization,
where an archive is employed to store high-quality threshold combinations and Gaussian kernel
sampling is used to generate candidate solutions. Then, a distribution-feedback spiral perturbation
operator is designed to adaptively update candidate solutions according to the distribution center,
the current best solution, and the dispersion degree of the archive. In this way, the algorithm can
enhance global exploration while maintaining local exploitation. Finally, Kapur’'s entropy is
adopted as the objective function to optimize the multilevel threshold combination. The proposed
method improves the search capability of continuous ant colony optimization in complex threshold
spaces and provides a feasible approach for applying swarm intelligence algorithms to image seg-
mentation.
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Table 2. The PSNR comparison results at different threshold levels
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10 Mean 1.2222 1.7778
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R+/R—/R= ~ 8/0/1
15 Mean 1.0556 1.9444
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Table 3. The SSIM comparison results at different threshold levels
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Table 4. The FSIM comparison results at different threshold levels
= 4. TERERHK T FSIM XfEEEER

Threshold EEZL2) DFSACO ACOR
R+/R—/R= ~ 5/2/2
5 Mean 1.3333 1.6667
Rank 1 2
R+/R—/R= ~ 5212
6 Mean 1.3333 1.6667
Rank 1 2
R+/R—/R= ~ 6/2/1
10 Mean 1.2778 1.7222
Rank 1 2
R+/R—/R= ~ 6/1/2
15 Mean 1.2222 1.7778
Rank 1 2
R+/R—/R= ~ 7/1/1
20 Mean 1.1667 1.8333
Rank 1 2
R+/R—/R= ~ 7/1/1
30 Mean 1.1667 1.8333
Rank 1 2
6. Lip

ASCER R 2 BB G 5 B R BMEIE RS K AR50 55 28 735 SR AR ey LA B 5y i 8 W A A B0
B0 AR R ZRENE T AR R A R, B T — PR T 2 AT SR R e HG B 1) et i R O AL
1% DFSACO. ZJ7VETEIR G ACOR Bl RAENLHIM AL b, Sl N RS mi . BIEthish. BIEED
PLBh AN & S BEAREN AL,  DASE i SR 5 A 44 22 2 ) vp (1) 0L R

DFSACO R4 i) F E R RAE T LR LN i . B o6, 04 RIS slIRI 45 & 24w s 0 A fig
BZ oAbl REEE R A Sl B — U, ANITAE — e R 22 i B Al i) jt
FLU, WRTRAR BN GIE %I R 22 22 s AT ARG PERE By, ML RT3 R 7 30, ARt 1ol = 48
R RIETE . FRR, RYRZE S PRBNH| F A [5G i 2 18] () 22 S AR OB A = 07 1), A6 B T 4E e P
ZREME. BE, TR RS BUE RBEYIL I R RS S AT ZORES BE SR PSR, SRR A A
TRFFECRIR R BT, TE)5 IR A e K .

LG SE R KB, DFSACO fE CEC2017 A1 CEC2022 bk ok $ sk B3R T IR 4k ACOR, JuILAE
B e P AR ) R R I B AR R AR R B ). 2P, ASCH DFSACO I T4 Wi 2 B 1 2
BAE > HUES, HFEARBREZHR T TR . 455K Y], DFSACO fE PSNR. SSIM #il FSIM 4§Y
Mriabr LRI T ACOR HIZE R, WA SO IABENS I R BIE S HRE A &, FHETH 2 BE EE
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