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Path planning based on the integration of genetic algorithm and particle
swarm optimization

Jiao Wenbo Zhang Xiangfeng Jiang Hong Han Wenxu Gao Bo
(School of Intelligent Manufacturing and Modern Industry(School of Mechanical Engineering) , Xinjiang University,
Urumgi 830017, China)

Abstract: Aiming at the problems of low search efficiency, easy to fall into local optimum, and too many redundant
nodes in the path planning process of mobile robots in complex obstacle environments, this paper proposes a path
planning method based on the fusion of genetic algorithm and particle swarm optimization algorithm. First, the
improved genetic algorithm is used to generate a high-quality initial path population, which provides a priori search
guidance for subsequent particle swarm optimization, increases the diversity of the population, and accelerates the
convergence of the algorithm; second, a dual strategy based on the change of fitness and iteration progress is proposed
to dynamically adjust the crossover probability, and a nonlinear dynamically diminishing inertia weight adjustment
method is proposed, so as to efficiently balance the algorithm's global and local search; next, a vector fork-based path
planning method is proposed to solve the problem of low search efficiency in the path planning process. Then, the
vector fork product-based geometric redundant node discrimination criterion and the obstacle safety distance threshold
discrimination method are proposed to effectively remove the redundant nodes and transition nodes in the path, so as to
shorten the path length and improve the optimization ability of the path; finally, simulation experiments are carried out
in five benchmark test functions and two different raster maps environments to verify the optimization performance of
the algorithm. The experimental results show that compared with the genetic algorithm, particle swarm optimization
algorithm, differential evolution algorithm, gray wolf optimization algorithm, sparrow search algorithm, dung beetle
optimization algorithm and crown porcupine optimization algorithm, the proposed algorithm in this paper reduces the
path length by an average of 3. 74% and the runtime by an average of 23. 13% in a 20X 20 raster map; and in a 30 X 30
raster map, the path length reduces by an average of by 4.83% and runtime by 19.95% in 30 X 30 raster maps. In
addition, the number of path nodes planned by the algorithm in this paper is relatively small, indicating that the
algorithm proposed in this paper can not only effectively shorten the path length and reduce the running time, but also
effectively simplify the path., showing good optimization ability.

Keywords: path planning;genetic algorithm;particle swarm optimization;crossover probability;inertia weight;node
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Fig. 1 Flowchart of the genetic algorithm
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Fig. 2 Flowchart of the proposed algorithm
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Table 1 Parameter settings for each algorithm

Bk TR c Cy R PEA E 2 A F 75 S i A
GA 80 — — — 0.8 0.05
PSO 80 2 2 0.8 — —
DE 80 — — — 0.2 0.8—0.2
GWO 80 — — — — —
SSA 80 — — — — —
DBO 80 — — - — -
CPO 80 — — — — —
GA_PSO 80 2 2 1—0 —0.9—0.6 0.05
F2 EAEWKEH
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d i
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Rastrigin fs(x) = 2 [2? — 10cos(2nx;) + 10] 30 [—5.12,5.12] 0
i=1

AR SO 5 2R 3 o K o A S A S SE0EE E R
K6 BE BN 5 i UEAT SE 30 % H AR L 9 L% R B TR
AR E PE R 2 5 R 5 K M S g% 25, e Bt 8
VEAE 5 A LI 3 bR AT R AT 30 YRS DA IR S 5 15
o A R B SO He i £ an B 7 T, SE 86 45 S n
# 3 PR,

I 7 Ca) ~ Ce) AT A5, A 30T 2 3 0k AR X LAt 7 Fh
2 7E WSSO B R SIORS 18 O iR AR KR TR, AR 3
JIT 7 (1) S5 56 45 S0 P A9, 76 Sphere 56 9 3 bR A0, A
SCHT RS M B/ ME 5 DBO WS /IMER R 0, B ILF 2y {E

M5 248 F DBO W MH, B8 F H 4 6 B 5wk
Schwefel 5 v 2t o B8 b o A8 A SO $2 5 125 1) e/ M s
T DBO B, {H 7 ¥ oy 22 35945 F DBO M, 2
M FH Ay 6 P& 3L 7E Step JE v K oA B0, AR SC T IR E
W s /ME LT E R 2 R T M 7 R A
Griewank 5 Rastrigin 3 ] i o £, A SCRT IR AL
GWO.DBO.CPO g /IME E¥ME R T 230 0, 8 K M
REXIHL T GA.PSO.DE,SSA.,

SR TR M A 5 R 1 B R D R B
FREE it — 2%t 8 FhEIETE 5 A~ I o6 B BY 39 (8 FAR

e 121 »



5549 % v F oM F @ R
%104 *x10*
& B e
61 —e— PSO
—— DE
—— GWO
5 ———- SSA
e
—h—
@, —— GA-PSO -
i i1
2l 2l
g 3 il
21
1
0 e
100 200 300 "400 500 "600 700 "800 900 1 000 100 7200 "300 400 500 "600 700 800 900 1 000
AR E RS
(a) Sphere (b) Schwefel
10
- -——-GA
—e— PSO
500 ——DE
—— GWO
B
400 ——CpPO
o o —— GAPSO
*’;‘i“ ’g 300
il i
200}
100
x [
______________ e

100 200 300 400 500 600 700 800 900 1000
AR EL
(c) Step

ﬁ 250
% 200
150
100

50

100 200 300 400 500 600 700 800 900 1000

(d) Griewank

100 200 300 400 500 600 700 800 900 1000

ERKH

(e) Rastrigin

P72 [ 0 3 o 250 B3 £ % L

Fig. 7 Comparison of convergence curves of different test functions
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Table 3 Experimental results and data
Bk ol Sphere Schwefel Step Griewank Rastrigin
fe/ME 6.61x10 "* 2.04%10" 2.81x10 " 2.70%10 " 5.03X%10'
GA T ¥{E 8.53x10 " 2.52X10" 4.98X 107" 6.60X10"" 5.52X10"
7% 2.36x10 1. 99X 10° 4.36X10 4.31x10° 1. 53X 10"
He/ME 5.13x10°° 2.68x 10" 5.24X10* 1.11X10* 6. 94X 10"
PSO - {E 7.28X10 ° 4. 54 10" 9.55X10 * 2.33X10 * 2. 37X 10'
7% 5.08X10 ° 1. 48X 10* 1.41x10°° 2.18x10 " 7.52%10'
I /ME 6.61x10" " 2.04X10" 2.81X10" " 2.70x 10" 5.03X%10"
DE Rl 8.53x10 " 2.52X10" 4.98x10 " 6.60x10 * 5.52X10'
i % 2.36Xx10 " 1.99%10° 4.35x10* 4.31x10 % 1.53X10'
I /ME 4.02X10° " 8.50X10 % 4.94x10°° 0 0
GWO A 2.59x10 ™ 1.08X10 ™ 6.21X10° 0 0
5% 8.58X10 ' 3.52X10°* 9.91x10 " 0 0
Fe/ME 6.69x10 "’ 9.53X 10! 5.30X10 ° 2.19%10 ° 2. 79X 10"
SSA -5 {H 7.55%x10"7 3.11 6.41x10"" 7.88%10°° 3.24 %10
I % 4.66x10 " 4.72 9.22x10 " 5.67x10 ° 7.87
/MY 0 0 4.10X10 * 0 0
DBO RS SL(E] 5.12X10° " 2.52Xx10 % 7.18X10°" 0 0
F % 1.05X10 " 2.54X 10 "% 2.06X10 '8 0 0
I /ME 3.30X10° " 1.97Xx10 1" 1.19X10 " 0 0
CPO - {H 2.02x10 ' 6.45x10 % 3.09X10 " 0 0
E- 1.63x10 % 1.27X10° 17 2.33x10 * 0 0
fe/ME 0 4.71X107'° 3.45X10° % 0 0
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ik BT /s BRARKEE/m BEAR VR
GA 0.503 23 29.997 2 9
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