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Abstract: Objective Aiming at the problems of low optimization accuracy and easy fall into local optimization of the Bald

Eagle Search (BES) in function optimization, a Hybrid Strategy Improved Bald Eagle Search (HSIBES) was proposed.
Methods First, the Logistic mapping strategy was used to initialize the population to make the population distribution more
uniform. Secondly, Levy flight was introduced in the search space stage, the step size was controlled, the convergence
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effect was improved and the local optimal was jumped. Finally, the adaptive inertial weight was used in the search for
space food to improve the convergence speed and accuracy and to balance the local and global search capabilities of the
algorithm. Results The HSIBES algorithm was compared with other five benchmark algorithms and other improved
algorithms by other scholars, and the performance of the HSIBES algorithm was verified by simulation experiments on 9
and the performance of the algorithm is superior.

test functions and Wilcoxon rank sum test, and it was found that the results of HSIBES were better than other comparison

algorithms, and there was a significant difference between them and other comparison algorithms. Conclusion The
Keywords: bald eagle search; Logistic mapping; Levy flight; adaptive inertia weight
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experimental results show that the HSIBES algorithm has better optimization accuracy, convergence speed, and stability,
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Table 1 Basic test functions

Sk s X HAERR R

filx) = sz [-100,100] 0
i=1

FACOIEDIEARS | UEd [-10,10] 0

A =3 (D)

i=1 -1

filx)=max{ | x, |,1<i<n}

[-100,100] 0
[-100,100] 0

Fix) :2 [10Cx., ) > +(x, D] [-30,30] 0

fo(x) = ZLx + random[ 0,1) [-1.28,1.28] 0
fi(x) = z [x} - 10cos(2mx,) + 101 [-5.12,5.12] 0

fi(x) =- 20exp(— 0.2

|
exp(fzcos(Z’rrx,.) ) +20 +e
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i=1
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Table 2 Results of function test experiment
3K, Fr H Guit % HSIBES BES GWO ALO PSO WOA
A 7. 85E-226 2. 68E-39 8. 58E-28 1. 95E-03 3. 96E-04 4. 63E-76
fi(%) AR £ 0. 00E+00 1.01E-38 1. 07E-27 2. 80E-03 6. 67E-04 1. 60E-75
FBT/ s 0.262 0 1.934 4 0.084 2 6.744 0 0.052 3 0.074 0
3 4E 5.32E-115 9. 16E-26 8. 42E-17 4. 46E+01 7. 03E+00 2. 09E-50
Sa(%) Ak E 1. 76E-114 2. 44E-25 6. 41E-17 4. 36E+01 7. 80E+00 9. 50E-50
FBE/ s 0.273 7 2.134 8 0.086 4 6.796 6 0.051 5 0.084 6
¥ 4E 3.95F-218 8. 37E-03 1. 34E-05 4.31E+03 7. 92E+01 4. 61E+04
S3(%) A £ 0. 00E+00 4. 49E-02 3.76E-05 1. 93E+03 3. 17E+01 1. 26E+04
B/ s 0.607 8 2.3745 0.197 0 6.829 8 0.166 9 0.2417
A 6. 82E-117 2. 38E-01 8. 99E-07 1. 84E+01 1. 10E+00 5. 90E+01
Si(x) AR E 3.30E-116 3.91E-01 1. 25E-06 4. 43E+00 1. 91E-01 2. 59E+01
FBE/ s 0.273 9 1.8817 0.095 0 6. 828 1 0.048 6 0.061 1
A 2. 90E+01 2. 22E+01 2. 72E+01 3.43E+02 3. 09E+03 2. 81E+01
Folx) AR £ 2. 17E-02 9. 70E-01 6. 61E-01 4. TIE+02 1. 61E+04 4. 73E-01
B/ s 0.303 4 1.650 7 0.097 6 8.280 8 0.077 8 0.094 0
¥ 4E 1. 39E-04 2. 63E-03 1. 70E-03 2. 55E-01 2. 99E+00 5.38E-03
So(x) AREE 1. 85E-04 2. 66E-03 1. 16E-03 1. 04E-01 4. 85E+00 4. 88E-03
FBE/ s 0.599 5 3.317 4 0.196 3 10.099 5 0.153 1 0.213 9
F34E 0. 00E+00 3. 12E+01 2. 20E+00 8. 39E+01 9. 60E+01 3. 79E-15
Si(%) AR £ 0. 00E+00 5. 02E+01 3. 80E+00 2. 52E+01 2. 77E+01 1. 42E-14
FBE/ s 0.386 5 2.482 0 0.139 0 11.137 9 0.087 9 0.124 0
¥ 4E 8. 88E-16 1. 12E-01 1. 04E-13 4. 41E+00 2. 73E-01 4. 44E-15
fiulx) AR £ 0. 00E+00 4.22E-01 1. 87E-14 2. 80E+00 4. 92E-01 2.25E-15
B/ s 0.440 8 4.496 1 0.138 7 10.109 1 0. 086 9 0.112 4
8 0. 00E+00 1. 00E-05 5. 84E-03 5. 91E-02 8. 38E-03 1. 37E-02
So(x) AR £ 0. 00E+00 3. 03E-05 8. 90E-03 2. 17E-02 9.31E-03 4.17E-02
FBE/ s 0.390 1 3.264 8 0.1259 7.975 9 0.085 4 0.160 1
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RS, (x) —fi(x) ofo(x) ,fo(x) b HSIBES %3581 W)
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HSIBES #3214 F BES . GWO ,ALO . PSO  WOA
FET 100~200 MR LA, TE L (%) S () FA (%)
PRAL AR T T 2 B g, U6 PR A 5w 0 L T
JE A R OR AR BE AP . INBRE 22K F HSIBES 5%
TR pR S b B b o 2 B T 4 2R R AR Y 1]
i th B SRR Y B R R R . MCF I FER SR E , PSO B
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SCHRL 18 ] st i 78 JE 48 R BT IBES #EATX [, Fi B3¢
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U 30, f REEARIRECH 500, 48 B2 15 30 4,
TE B SCH IR R B S s AT 3 8 B AT A, Il S as AT
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HSIBES #EA7X%F L4, 45 3 a3k 3 R,

*3 BAFMRER

Table 3 Function test results

HSIBES IBES
FHE O REE RN/ FHA
fi(x) 7.85E-226 0.00E+00 0.2620 1.99E-206 0.00E+00 1.186 8

%

B

WREE FEM/s

fo(x) 5.32E-115 1.76E-114 0.273 7 3.94E-105 2.12E-104 1.288 3
f3(x) 3.95E-218 0.00E+00 0.607 8 1.15E-191 0.00E+00 5.777 8
fi(x) 6.82E-117 3.30E-116 0.273 9 7.59E-108 4.01E-107 1.314 1
fs(x) 2.90E+01 2.17E-02 0.3034 5.57E-04 9.72E-04 2.1451
Jo(x)
f(x) 0.00E+00 0.00E+00 0.3865 0.00E+00 0.00E+00 2.486 2
Js(x)
fo(x) 0.00E+00 0.00E+00 0.390 1 0.00E+00 0.00E+00 2.720 1

1.39E-04 1.85E-04 0.5995 1.32E-03 2.55E-03 3.380 8

8.88E-16 0.00E+00 0.440 8 8.88E-16 0.00E+00 2.738 6
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Fo)—fo () b, 38 S5 (E RTbR o 22 0 SR g 4 R A [
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PR EAL T IBES 553k, 33% M3 pR AR IBES 43k 45 51
FAF] . MOPIIFERT RIS SRR TE  HSIBES JHEAE 9 /1> pREL
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IBES AL, HSIBES S A — @ e it

4.3 Bt Zert be sy br
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Xt HE SR, FRARTE £, (o) PRI ARG B M AIK T HAt 5
B (AR O SIGH B W 5 T A X LU BBk | 7E 206 R
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Bkt Ry 3 e U, 156 IR A SR M ek R T 4 R Bk
HSIBES A DAH iy BEAC S (W WO SSGE E Bk 3 )= A AL
AT R R S,

FIIBES X Ho 3435 4 L, HSIBES 5335 B T 78 oA 3K
fs(x0) FERIUAE  FE Al R B T AR A BT 1 - U0RS B RN
WCBOH AR PRREL S, (x)—f,(x) I, HSIBES #3541 IBES
SR AH LORS B 0 48T, 6 BRI B £, (x) I HSIBES ik
BT WA A5 AR DA R I HLAE JE Ak )R
T EAR A% 78RBS, (x)—Ff, (x) |, HSIBES .92 Al 7E 4%
L A ] PR AR At e B 3K B AH ) 1) SO0, 25 1 T
A SCHE Y HSIBES Sk B B s B30 B S
K RE | BE S Gy i P38 Sy R A A SR R e T
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