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Abstract: Based on the shortcomings of the spotted hyena optimizer (SHO), falling into a local optimal
solution or a low-quality solution is easy. In this study, the Lévy flight and simplex method are proposed to
improve the SHO(Lévy_SM_SHO). Comparing Lévy SM_SHO to Lévy flight spotted hyena optimizer
(Lévy_SHO), simplex method spotted hyena optimizer (SM_SHO), and spotted hyena optimizer (SHO) on
the test function, the experiment proves that the improved algorithm can achieve better optimization
results. Finally, the Lévy SM_SHO algorithm is applied to the infrared image threshold segmentation
problem. By crosschecking the segmentation results with the particle swarm optimization algorithm (PSO),

we proved that the Lévy_SM_SHO algorithm can achieve better threshold segmentation results.
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Table 1 Test functions

Function Expression Dimension  Search range Minimum
Fs f; (x)=2[100(xi+, - X2 +x —1)*] 30 [-30,30] 0
i=1
Fo f,00=2(%+05)’ 30 [~100,100] 0
i=1
f3(x) = 0.1{sin’ 3mx,) + > (X, = 1)*[1 +sin> (37x,)]
i=1
+(X, = 1)?[1+sin® (2,1} + D_u(x;,5,100,4)
Fis it 30 [-50,50] 0
k(x, —a)", x >a
u(x,a,k,my=< 0, —a<x<a
k(-x,—a)", x <a
1
Fis ﬁ&m:4m2—zuﬁ+§&6+m&—4@2+4&4 2 [-5,5] -1.0316
50 , 5 , 1
Fi7 f,(0 = (X, ——5X +=X=6)" +10(1-——)cos X, +10 2 [-5,5] 0.398
4n m 8
4 3 )
Fao f(X) = _zci exp(_zaij(xj - py)) 6 [0,1] -3.3
i1 =1
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Table 2 Test results of 4 algorithms on test functions

Function Indicators ~ SHO Lévy SHO SM_SHO Lévy SM_SHO
Maximum  28.9838 29.6218 29 29.0713
- Minimum  28.7005 28.7027 28.5028 28.4771
’ Average 28.8738 28.9371 28.7862 28.7253
Standard  0.1025 0.0799 0.0947 0.1582
Maximum  7.06 7.02 7.50 6.19
i Minimum  0.326 0.0421 0.0182 0.003723
° Average 5.3 4710 3.26 3.19
Standard 1.93 229 2.92 225
Maximum  2.99 3.2709 3 3.0271
- Minimum  2.86 0.0046 2.7835 0.0023
b Average 2.95 1.8008 2.8493 1.6320
Standard  0.0302 1.1731 0.0559 1.1147
Maximum ~ —0.11 ~1.0101 0 ~1.0094
. Minimum ~ —1.03 ~1.0316 ~1.0316 ~1.0316
10 Average ~0.94 ~1.0252 ~0.9882 ~1.0304
Standard  0.147 0.0057 0.1444 0.0031
Maximum  3.597 0.7162 0.51318 0.4690
- Minimum  0.398 0.3982 0.3979 0.3979
v Average 0.642 0.4282 0.4060 0.4031
Standard ~ 0.484 0.0528 0.0201 0.0108
Maximum  —1.6 20591 27087 29141
- Minimum 3.1 ~3.0991 33031 33047
2 Average 26 27685 3167 ~3.1990
Standard 0.3 0.2243 0.145831 0.09829
Fs F6 F13
291 : : : : 9 . . . . ; ,
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(a) Function F; (b) Function F 4 (c) Function F 3
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Fig.2 Box diagrams of the four algorithms on the test function
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SM_SHO-Otsu B [1) b it 2% & fir Sk — B AH 7 %1 45 3%1: WLévy SM_SHO-Otsu tt PSO-Otsu H{f3 5

B, % 3 N PSO-Otsu 1 Lévy SM_SHO-Otsu H % U (P& N BE PR UE s @LL PSNR AT SSIM 4 &

SFLLANEME A BIBIAE, R 4 AT PP EIERIE IS R B 15 23 1 (9 47 SR, Lévy SMSHO-Otsu 232 Lt

5, F* 5 APFEIEPSNR F1 SSIM 1H . PSO-Otsu 5i£HU#53 5 K ) PSNR 1 SSIM 1H, 1t B4
M 4 55 5 UUKE 4 5E 5 2EI04E R 50 EUR R B FERUN, o EI8UR AR .

(a) PSO-Otsu (b) Lévy_SM_SHO-Otsu
Bl 4 FET PSO-Otsu F1 Lévy SM_SHO-Otsu 535k [ Wr % 23 B 7 — R {H 40 ) 45 3
Fig.4 Two threshold segmentation results of ceramic sleeve of circuit breaker based on PSO-Otsu and Lévy SM_SHO-Otsu algorithms

(a) PSO-Otsu (b) Lévy_SM_SHO-Otsu
K5 3T PSO-Otsu Al Lévy SM_SHO-Otsu 535k (1 W7 i 28 5 fih S — BB 40 1 5
Fig.5 Two threshold segmentation results of circuit breaker static contacts based on PSO-Otsu and Lévy SM_SHO-Otsu algorithms
# 3 % T PSO-Otsu fll Lévy SM_SHO-Otsu [ ffE R {H

Table 3 The optimal thresholds based on PSO-Otsu and Lévy SM_SHO-Otsu algorithms

PSO-Otsu Lévy SM_SHO-Otsu
Infrared image The number of threshold
threshold
1 70 70
2 44,145 46,143
Abnormal temperature distribution in 3 73,74,255 70,76,255
porcelain sleeve of circuit breaker 4 46,138,173,255 46,73,144,255
5 69,88,181,255,255 46,54,132,139,255
6 58,142,167,181,255,255 53,65,76,144,255,255
1 63 63
2 51,147 57,146
The circuit breaker still touches the hair 3 44,772,255 63,71,255
to heat 4 38,80,123,255 37,63,121,255
5 58,70,135,150,255 55,62,72,255,255
6 54,71,97,186,246,255 58,72,82,138,245,255
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# 4 T PSO-Otsu 1 Lévy SM_SHO-Otsu & ik ¥ 3 7 & B4 5
Table 4 Fitness function based on PSO-Otsu and Lévy SM_SHO-Otsu algorithms

PSO-Otsu Lévy SM_SHO-Otsu
Infrared image ~ The number of threshold
The value of fitness functions

1 851.7254 851.7254

2 1096.1 1096.2

3 1631.5 1633.5
Load switch

4 1746.8 1877

5 2096.3 2197.8

6 2255.8 2614.6

1 1282.8 1282.8

2 1486.6 1487

3 2305.5 2362.6
Load switch

4 2521.7 2565.1

5 2763.8 3437.9

6 3182.6 3635.9

#5 T PSO-Otsu Fl Lévy SM_SHO-Otsu &%) PSNR 1 SSIM 1
Table 5 PSNR and SSIM values based on PSO-Otsu and Lévy _SM_SHO-Otsu algorithms

PSO-Otsu Lévy SM_SHO-Otsu
Infrared image The number of threshold

PSNR SSIM PSNR SSIM
1 18.6778 0.0981 18.6778 0.0981
2 21.0977 0.1753 21.1041 0.1794
3 18.7711 0.0969 18.9324 0.1011

Load switch
4 21.7095 0.1741 22.3763 0.1806
5 21.3552 0.1266 21.5929 0.1760
6 21.3714 0.1370 21.9312 0.1580
1 19.1335 0.1567 19.1335 0.1567
2 20.7128 0.1686 21.2433 0.1720
3 20,0060 0.1738 20.1006 0.1741

Load switch
4 22.5955 0.1882 22.6117 0.2747
5 22.6896 0.1892 22.7556 0.1908
6 24.0231 0.1900 24.1233 0.1964

5 45iE

BRI B Sk 45 17 B L WSS R P
oA, FR AR REREIZE. 5 AERR. E
HAE Lévy ®AT ARG TR 38 2% S i R il B ) 5
%, RN PR A R IGAIE T oot JE RE B B AL I AR
It L ) R G LL AN R 53 BT, 6k ek 5 5
S S R R I S O S o1 el 2
Lévy SM_SHO-Otsu F A #5152 F M sy e A ]
(IRED
B3 3k
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