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A Latin hypercube seagull optimization algorithm and application
combining adaptive weights and Levy flight

LIANG Jing
(College of Big Data and Information Engineering, Guizhou University, Guiyang 550025, China)

[ Abstract] Aiming at the shortcomings of the Seagull optimization algorithm ( SOA), such as slow convergence speed, low
optimization accuracy and poor search ability, this paper proposes a Latin Hypercube Seagull Optimization Algorithm based on
adaptive weights and Levy flight (ALLSOA). Firstly, by using the Latin hypercube to initialize the seagull population, the whole
space of the seagull population is filled and the distribution is more uniform; secondly, in the seagull migration stage, an adaptive
weight factor is added to improve the global search ability of the algorithm and speed up the convergence of the algorithm; finally,
in the seagull foraging stage , using the Levy flight strategy can increase the diversity of the algorithm and the ability to jump out of
the local optimum, which also can improve the optimization accuracy. This paper uses 23 benchmark functions to test the improved
algorithm, and applies the algorithm to image segmentation. The experimental results show that ALLSOA has better performance in
terms of convergence speed and optimization ability.
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Tab. 1 Benchmark functions
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Tab. 2 Test results
WOA SSA SOA LSOA
N Mean 2.020 5e-150 1.302 4e-08 1.592 8e—-11 1.291 6e-17
Std 1.057 0e-149 2.766 le-09 4.283 T7e-11 3.410 9e-17
b Mean 9.980 2e-107 1.420 8e-04 1.108 6e-49 1.146 9¢-39
St = e— . e— . e— . e—
Std 4.817 3e-106 7.184 Te-04 2.745 6e-49 2.633 2e-39
fs Mean 5.276 30 1.625 0e-09 3.660 8e-23 2.036 8e-29
Sid 16.156 40 5.558 Se-10 1.828 le-22 6.761 3e-29
fa Mean 2.114 50 1.454 3e-05 6.289 le-21 9.652 3e-26
Std 9.508 10 3.657 5e-06 2.316 9¢-20 1.528 0e-25
fs Mean 6.142 00 147.251 3 7.279 40 3.574 60
Sid 0.308 32 304.870 3 0.254 22 0.599 16
fe Mean 5.687 8e-05 5.934 0e-10 2.419 8e-02 7.046 7e-19
12 . e— . e— . e— . e—
Std 4.015 3e-05 2.311 5e-10 7.231 7e-02 4.991 8e-19
/e Mean 9.444 0e-04 6.599 7e-03 1.993 0e-03 1.705 0e-03
St . e— . e— . e— . e—
Sid 9.197 5e-04 4.649 9¢-03 1.445 8e-03 1.140 6e-03
fs Mean -3 552.873 50 -2 747.651 5 -2 377.240 4 -2 836.170 10
Std 620.436 90 297.338 0 133.906 60 204.129 80
fo Mean 0 14.393 70 0 0
Std 0 6.494 10 0 0
fio Mean 4.204 0e-15 0.779 59 1.480 3e—-15 1.326 6e—-15
Std 2.072 3e-15 0.949 93 1.346 7e-15 1.225 1e-15
S Mean 4.463 0e-02 0.231 47 0 0
Std 0.105 73 0.119 88 0 0
fia Mean 7.556 4e-02 0.432 75 8.694 4¢-03 3.618 7e-09
Std 0.409 20 0.841 11 1.232 5¢-02 2.941 5e-09
fiz Mean 7.525 4e-03 0.002 197 5 0.387 49 2.264 6e-05
Std 1.293 1e-02 0.004 470 1 5.725 8e-02 3.848 4e-05
Sfia Mean 2.535 70 1.998 0 2.093 60 1.067 10
Std 3.011 90 2.656 2e-16 1.557 90 1.613 0e-17
fis Mean 6.485 3e-04 1.474 0e-03 1.186 9e¢-03 3.074 9¢-03
Std 4.474 7e-04 3.576 1e-03 1.118 4e-04 5.498 8e-04
fis Mean -1.031 60 -1.031 60 -1.031 60 -1.031 60
Std 5.049 8e—-11 8.512 le—-15 6.172 2e-08 6.251 2e-13
fi7 Mean 0.397 89 0.397 89 0.397 89 0.397 89
Std 7.699 8e-07 1.693 8e-16 2.295 5e¢-06 1.680 Se—-11
fis Mean 3.000 00 3.000 00 3.000 00 3.000 00
Std 3.154 8e-05 6.044 le-14 9.342 8e-06 1.833 1e-16
Sfio Mean -3.859 80 -3.862 80 -3.854 90 -3.862 50
Std 2.563 8e-03 5.698 1e-14 2.189 le-06 1.437 6e-03
a0 Mean —3.258 80 -3.241 10 -2.183 50 -3.384 50
Std 8.678 2¢—-02 5.828 3e-02 0.694 33 3.191 2e-02
o Mean -9.048 40 -8.301 60 -0.915 73 -10.052 20
Std 2.274 00 2.723 70 0.425 32 2.370 9e-09
S Mean -8.973 40 -9.364 10 -0.959 78 -10.087 70
Std 2.702 00 2.411 10 0.522 01 1.647 4e-09
I Mean -9.090 60 -9.606 40 -1.032 80 -10.128 50
Std 2.724 60 2.443 80 0.362 89 2.907 7e-09
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Tab. 3 Running results of the algorithms

BILAPR BATEl/s fR R N IR RS L

WOA 4.073 941 0.238 8, 0.000 0, 0.000 0;
0.723 6, 0.710 4, 0.699 3;
0.262 5, 0.248 1, 0.239 2

364.594 5

SOA 4.225572  791.3737  0.022 2, 0.011 3, 0.000 0;
0.638 5, 0.557 5, 0.559 1;

0.178 7, 0.000 0, 0.000 O

ALLSOA  4.130 199 205.2075  0.1721, 0.165 6, 0.202 1;
0.468 0, 0.463 5, 0.467 2;

0.778 1, 0.777 1, 0.7759
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