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Improved sparrow search algorithm with multi strategy fusion
and application in AGV path planning

Le Minghao Li Ling
(College of Information Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract: This paper proposes an improved sparrow search algorithm (ISSA) with multi strategy fusion to address the
issues of dependence on initial population distribution, susceptibility to local optima, and reduced population diversity in
the later stages of iteration in sparrow search algorithm (SSA). Firstly, the population is initialized using Sobol
sequences to ensure the diversity of the initial population. Secondly, random reverse learning strategy and spiral foraging
strategy are introduced to improve the discoverer position update formula and the joiner position update formula,
respectively, to enhance the algorithm's global search ability and ability to jump out of local optimal solutions. Finally.,
introducing Cauchy variation to perturb sparrows that may fall into local optima. Nine standard test functions were
selected for performance testing in the experiment, and the results showed that the improved algorithm had a significant
improvement in performance. Applying ISSA to Automated Guided Vehicle (AGV) path planning can achieve optimal
values of 13.135 6, 28.834 5, and 44.364 9 in three map environments, respectively. The optimization ability and
stability of the algorithm are significantly improved compared to the original algorithm.
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Fig. 6 Convergence curve of different test functions
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Table 4 Wilcoxon rank sum test
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/s 4.57X10 " 1.21X10° " 1.21x10 " 1.21x10° " 1.21x10° "
S 4.30x10 * 3.02X10 " 3.02X10 " 3.02X10 " 3.02x10 "
s NAN NAN 1.21X10* 4.47X107 " 3.34X107"
S NAN NAN 1.21x10 " 1.16x10 " 3.63%x10°°
[ NAN NAN 1.21Xx10 " 3.13x10" 3.34x10"
fs 5.02X10°" 6.03x10°° 3.28%10°° 1.19x10° " 3.05x10° "
S 1.16x10°°¢ 3.51X10°¢ 6.90x10" 9.31x10 " 9.31x10 "
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Table 5 Grid map run results
WERN A R T o 22 2 {H
ISSA 13.135 6 0 13.135 6
10X10
SSA 13.135 6 0.715 3 14. 825
ISSA 28.834 5 0.319 8 29.110 9
20X 20
SSA 30.225 3 1.455 9 33.474 8
ISSA 44.364 9 0.668 7 45.916 2
30X 30
SSA 48.953 6 3.937 8 56.433 4

ISSA &I 5 bR B0 T SSA, HLEA 5 9 W B (42 7+,
ISSA Hl SSA 7£ 3 Al 4% b 5] 30 55 T % 45l 48 o
Bl 10 fTR. 7E 10X 10 /N A% bk [ B8 35 v, X LG 1B 10
() F(b) AT LA H, SSA 1Y i Ze %5 S i 41, 1 ISSA 1 i
LRI, TE 20X 20 R/ H B ER 5% vh L 3 LB I 10
O D FBETTLLFE L, ISSA i it 2R A% T SSA 1y il £
Lol R R IR TR

LT SSA. 7E 20X 20 Fl 30X 30 K /NS P SR, IRARAYRETTANEE,
10 10
9 9
8 8
7 7
6 6
5 S N5
4 4
3 3
2 2
1 ./ 1
o 1 2 3 4 5 6 7 8 9 10
X X
(a) 10<10HIHE LIRS SA BE AR (b)10x10IE HLEISSARE A
(a) 10 < 10 grid map ISSA path (b) 10 = 10 grid map SSA path
EER SR 2R TR B b T E AR —

TE 30X 30 K/IMHAE Hb 1] 4 855 P, X
LR 10Ce) FICH AT LLE H L, ISSA Fil SSA By M2 3 k2%
St X F B SSA FIBERA A T Jar i de A Ak L O ELBk R i

137



WRSHXR

[T T T

=5 =
LT

Illl

0 2 4 6 8 10 12 14 16
X
(¢) 20204 HU P ISS AR AR
(c) 20 x 20 grid map ISSA path

T

I
1

]
1
1

I
I 1
0 5 10 15 20 25 30
X
(e) 30=30HIHE HUPISS AR AR
(e) 30 x 30 grid map ISSA path

10 EER AL

20244
F43E

¥ ~J
B

A

i
~d

[T T T

:Flll

n
|-
=

6 8 10 12 14 16 18 20
X

(d) 2020 HLEEISS A e 22

(d) 20 = 20 grid map SSA path

1]

1T [T T T TTT
ﬁ I

T
H

N

T

[ 1

1
I
1 1
10 15 20 25 30
%
(f) 30=308HEHPEISSAlR A2
(f) 30 x 30 grid map SSA path

|
I
5

Fig. 10 Path planning diagram

EXF 0 4B RN LAE L ISSA 9 S0k 7, Bk R 3
AR B BE S FFE 8 P SSA A 8 KIR T ERT BT &
ZR IR R B R AR R M

5 & i

AR S % IRRAE 1 AR S I AR LR AR 4 A L B TR A
JRy S B A, DA K 3% AR U B R A 2 A M e /b A ) R, 42
TRk Al A i E R M RS SR Sobol ¥
FIIEG AL FPRE L 51 A BE L 7] 2% 2] 5 s Bt e B3 v o
BT B IBUHE BB 3R T i A L B R A 30, 5
P AR S of TR B A SR S S A i SRR AE b AT AR B, R
B UE S B B A BN R R PR RE SR IR AR L 9 SR
IS PR AR AT P AR AR, SR 25 R WL B R R R
PERER S A BRI, AR A AR et R B T
RS MR . R B EGE S B RNHT AGV %
TRHLR, S0 45 SR B ISSA MR T SSA, S0 AE 11, Bk
R EEFORE MR EEE RS, T2 R
AT LLKE ISSA S FH ) H Al 4508, Al B W, IR 43 0 45

& % x o

[1] MIRJALILI S, MIRJALILI S M,LEWIS A. Grey wolf

— 138 — HEIAPBRTFMEHLAR

[2]

(3]

(4]

[5]

(6]

optimizer [ J ]. Advances in Engineering Software,
2014,69(3) :46-61.

MIRJALILI S, LEWIS A. The whale optimization
algorithm [ J ]. Advances in Engineering Software,
2016, 95:51-67.

HASHIM F,HUSSIEN A. Snake optimizer: A novel
meta-heuristic optimization algorithm [J]. Knowl-
edge-Based Systems, 2022, 242:108-320.

XUE J,SHEN B. Dung beetle optimizer: A new me-
ta-heuristic algorithm for global optimization[]]. The
Journal of Supercomputing,2022,79(7):7305-7336.
JiAaAe Bk T R A £ U W B UG M Ak A g s I
FRARILT]. 7 R . 2024,47(2) :69-78.

WAN Y H, ZHANG X M. Obstacle avoidance path
planning for hybrid multi strategy improved dung bee-
tle algorithm[J]. Electronic Measurement Technolo-
gy, 2024,47(2); 69-78.

H e, RER RS, —F =N AGY R
) 10 R R LT ] AR AN 2R 2 3R, 2022, 43 (3)
277-285.

XIAO JZH, YU X L, ZHOU G, et al. An improved

Hh BB O T



[7]

(8]

[9]

[10]

[11]

[12]

[13]

2024 7 B
F43E H7H

ant colony algorithm for indoor AGV path plan-
ning[ J]. Chinese Journal of Scientific Instrument,
2022, 43(3): 277-285.

H N LT ot 2R w8 A AL SRR A SVML B A48 Hy
BE A2 WL . T I AR A 412, 2019, 33 (5)
57-64.

XIAO X H. Simulation circuit fault diagnosis based
on improved drosophila optimization algorithm and
SVM optimization[ ] ]. Journal of Electronic Measure-
ment and Instrumentation, 2019,33(5): 57-64.
28, B ST A L, &L BE T Logistic B ST A S i
B Otsu R 20 0 07wk L], B A 7 I 4k 57
A ,2022,41(7) :9-17.

LI P, CHEN SH J, YANG SH SH, et al. Optimiza-
tion of Otsu image segmentation method based on Lo-
gistic mapping drosophila algorithm[J]. Foreign E-
lectronic Measurement Technology, 2022, 41 (7).
9-17.

XUE J,SHEN B. A novel swarm intelligence optimi-
zation approach: Sparrow search algorithm [J]. Sys-
tems Science Control Engineering,2020,8(1) :22-34.
ZEVLAE MR 24, — IR G 2 3R W e a2F 110 B 42 48
KL AL TR 554 ,2024,46(2) :303-315.
L1J H, WANG P H, LI W. A hybrid multi strategy
improved sparrow search algorithm [ J]. Computer
Engineering and Science, 2024,46(2): 303-315.
[1S7 ]S 28 3 2 RO, 4. 22 SRS T30 110 JFR 48 49 R 0
B LT TRER KR ARBE D, 2023,
42(6) :722-732.

HUI L CH, L1Y, LI H H, et al. Multi strategy im-
proved sparrow search algorithm[J]. Journal of Lia-
oning University of Engineering and Technology
(Natural Science Edition), 2023,42(6): 722-732.
YANG X X, LIU J, LIU Y, et al. A novel adaptive
sparrow search algorithm based on chaotic mapping
and t-distribution mutation [ J]. Applied Sciences.,
2021, 11(23):11192.

SRR, B A& N IR G SR R R Ak T
THEHL AR 5 H 5 2023,59(9) : 75-85.

SUY Y, WANG X SH. Adaptive hybrid strategy

Hh B O T

[14]

[15]

[16]

[17]

[18]

MRS HA

sparrow search algorithm[]J]. Computer Engineering
and Applications, 2023,59(9): 75-85.

THARWAT A, SCHENCK W. Population initializa-
tion techniques for evolutionary algorithms for single-
objective constrained optimization problems: deter-
ministic vs. stochastic techniques[J]. Swarm and Ev-
olutionary Computation, 2021, 67(12): 100952-
100971.

LONG W, JIAO J, LIANG X, et al. A random op-
position-based learning grey wolf optimizer[J]. IEEE
Access, 2019, 7. 113810-113825.

XIE L,HAN T,ZHOU H, et al. Tuna swarm optimi-
zation: A novel swarm-based metaheuristic algorithm
for global optimization[ J]. Computational Intelligence
and Neuroscience,2021,2021:1-22.
PSRBT E AR S
BRREGMAE LT HHEN TR S N, 2023,
59(14) :62-75.

LUMD, LUHY, HOUXY, etal. A hybrid opti-
mization algorithm of bird swarm and arithmetic
based on cauchy mutation[J]. Computer Engineering
and Applications, 2023,59(14): 62-75,

FHSCE A I X2, 55 S TR PRSI0 5G R
B MIMO 385 2 0808 P4 LT, B Ah 7 0 3 5
A ,2022,41(2) :46-52.

HU W J, YANG Y, LIU B AN, et al. Efficiency e-
valuation of 5G large-scale MIMO communication
systems based on particle swarm optimization algo-
rithm [J]. Foreign Electronic Measurement Technol-
ogys 2022, 41(2): 46-52.

£ & &

IR ASRE  J2 BT T I o R RO AR S ik R e AR

il 5 ¥k .
E-mail:leminghao1234@163. com

P GRAFVERD W B #2903 20

FEIT ) A 52 5% FR G AR DAk B e i O ik

E-mail:liling@syuct. edu. cn

EAARFMEEAR — 139 —



