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Multi-threshold image segmentation based on improved seagull
optimization algorithm

LU Jianhong, LLIU Haipeng” , WANG Meng
(School of Information Engineering and Automation, Kunming University of Science and Technology , Kunming.,
Yunnan 650500, China)

Abstract: To further improve the image segmentation accuracy,improving the traditional multi-threshold
image segmentation method with large computation and slow segmentation,we proposed a multi-thresh-
old image segmentation scheme. First, the initial solution is optimized by using the cubic chaotic mapping
to improve the search efficiency. Then, scaling factors of the eagle perching optimizer (EPO) and crazy
operators are introduced for perturbation and combined with position updates of the sparrow search algo-
rithm (SSA) ,to improve the optimization accuracy, convergence rate and avoiding the local optimum.
The improved seagull optimization algorithm (ISOA) is tested for performance using six benchmark
functions. Finally,the ISOA is combined with threshold optimal selection for multi-threshold image seg-
mentation based on Otsu and compared with existing segmentation algorithms. Simulation results show
that the ISOA achieves the optimal value for 100% of the Otsu-based segmentation,and 80. 9% outper-
forms the rest,optimizing both the segmentation accuracy and quality of the image.

Key words:improved seagull optimization algorithm (ISOA) ; multi-threshold; image segmentation; cu-
bic chaos mapping; eagle perching optimizer (EPO)
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Tab.1 Benchmark functions™'
Function Mathematical formulation Range D, Fu
Quartic Noise Fl = 2:’:1 ir! + random[0,1] [—1.28,1.28] 50 0
Powell Sum F2=>" | " [—1.1] 50 0
Zakharov F3 = 2:':11'? + (ELIO. Six;) + (ELIO. Six;)! [—5.10] 50 0
Alpine N. 1 MF1 = >7" | z;sin(z) +0. 1z, | [—10,10] 50 0
Xin-She Yang MF2 = 27" & |z | [—5.5] 50 0
Egg crate MF5 = 2% + y* 4 25(sin® (2) + sin® (y) ) [—5,5] 2 0
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Fig. 1 Convergence graphs of the benchmark function
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Tab.2 The result of test function

Function  Algorithm Best Mean Worst Standard deviation
SOA 1.759x10° 0.000 43387 0.003 7936 0.000 698 84
Fl GWO 0.000 116 82 0.00034248  0.000 89842 0.00017425
ISOA 3.968x10" 1.033x10° 3.467x10° 8.798x10"
SOA 3.09x10™™ 4.128x10™" 1.238x10°" 2261107
2 GWO 1020107 9.854ex107™* 295610 " 0
ISOA 0 0 0 ()}
SOA 3.897x10" 4.032x107" 3.684x107"° 8.048ex10"
F2 GWO 2339107 2950107 2471107 6.005ex10™
ISOA 0 0 0 0
SOA 6.692x1077 1.182x10° 3.547x10° 6.477x10°
MF1 GWO 1.04910™ 2.048x10° 0.00031123 7.635x10°
ISOA 0 1662x107"  2.733x10™" 0
SOA 4.193x107™ 5.301x10™" 1.589x10" 2.902x10™
MF2 GWO 1.876x10" 2.651x107" 7.954x10°" 145210
ISOA 0 5215x10™" 1.564x10" 0
SOA 0 8.021x10™ 2401x10°" 0
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Tab.3 Contrast results based on the Otsu criterion

Couple Camera Boat

Algorithm Dual Three Four Dual Three Four Dual Three Four
thresholds thresholds thresholds thresholds thresholds thresholds thresholds thresholds thresholds

PSNR/dB 10.1 113033 17.2131 112524 12.6126 16.308 7 13.0773 16.7459 19.654 3

Std 0 0.23452 025491 0.032335 0.2780 % 0.49146 0.042 652 0.20425 15271

SOA Average
2968.0748 3082.247 3149.7848 3651.852 3727301 3781.598 17784475 1911.642 1968.147
entropy value

Time/s 0.8031 0.8339 0.8651 0.8243 0.8388 0.8707 0.8090 0.8650 0.8636

PSNR /dB 10,0884 113133 17.169 113097 12,6549 16.0974 13.3008 16.3555 19.8086

Std 0 466x10°"° 020624 466510 " 0.033522 0.54385 0.029287 0.13360 1.0473

GWO Average

20680748 308237 3149.887 3651.8673 3727.408 3782276 17784746  1911.897 19685671
entropy value

Time/s 0.7661 0.7895 0.8024 0.7833 0.7894 0.8062 0.7672 0.8045 0.7930

PSNR /dB 10.1319 113361 172188 113282 12.7776 16.5903 13.3108 16.8506 19.8191

Std 0 466x107"° 1399x107" 466510 " 0.009855 042658  2332x10°° 0027002 023112

ISOA  Average

29680748 308237 31499775 36518673 3727414 3782397 1778.4827 1911926 1968.8524
entropy value

Time/s 1.001 1.031 1.048 1.0126 1.0373 1.049 09944 10711 1.0451
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(a) Original image (b) Dual thresholds (c) Three thresholds (d) Four thresholds (e) Five thresholds
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Fig.2 A Otsu multi-threshold image segmentation rendering based on ISOA
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