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Research on genetic algorithm for robot global path planning with
diversity population enhancement

Liu Junyi Wang Yang

(School of Mechanical Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: To address the issues of local optima and slow convergence speed encountered by traditional genetic algorithms, several
improvements have been made to the genetic algorithm in this paper. Firstly, the conventional 8-direction search is extended to a 24-
neighborhood, 16-direction search to enhance the global search ability. Secondly, a Piecewise and Tent ( PT) chaotic mapping fusion
strategy is introduced, where the sequence generated by the Piecewise chaotic mapping is used as the parameter for the Tent chaotic
mapping to improve population diversity. Furthermore, the Levy flight strategy is integrated to avoid local stagnation, and a new strategy
for handling out-of-bounds particles is proposed to prevent the initialization population from exceeding boundaries. A novel pairing
exchange and differential perturbation mechanism is then designed to prevent the loss of good individuals, which may lead to the
algorithm getting stuck in local optima. Lastly, a new pressure level splitting selection mechanism and an adaptive crossover and
mutation probability adjustment operator are proposed. Coefficients are adjusted to resolve the issue of excessive selection pressure, and
a nonlinear exponential function is used to adjust the crossover selection probability to avoid early divergence. Additionally,
complementary adjustments to mutation probabilities are introduced to expand the search space and reduce convergence oscillations.
Experimental results show that the proposed method significantly improves path planning performance compared to traditional genetic
algorithms and other improved algorithms, with path lengths reduced by 5.13% and 2.06%, respectively. The superiority and
practicality of the method in robot path planning are validated.
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Fig. 1 Obstacle distribution in a 40-grid map
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Fig.4 Conversion between 2D coordinates and network labels
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Fig. 17  Comparison of algorithm performance for different test functions
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Table 3 Experimental path data for different grid maps
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Table 4 Path data under actual operating Table 5 Comparison of path data for traditional
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Table 7 Comparison data of literature
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i 2 A SCHR[ 2] B GRS KNSR
66. 635 63. 646 60. 476
65.239 62. 146 61.983
40x40 Hi [
Bt AL 63.747 63. 186 60. 648
65. 127 61.747 60. 897
87.758 3 88.389 5 83.983 5
86.908 8 87.902 8 84.591 4
50%50 i [
Bt AL 87.7359 88.930 5 82.030 2
87.957 0 88.145 7 82.122 4
SR ]/ s 4.456 4.211 4.189
S B 7 8 6

AR TG e AR S AR S b 5
N JRy B e I A SN, ) )t o e 8 5 4 ) 14 R RE 0 AN
P HE RN SR TR Ak AU M AR LA T
IR FEM S S A BB A R T, SR I R BRI REZ
FURZA 5 500 2 A B 153400 5 8 s PR 357 A0t B, WA ik



2023, 30(06) : 697-706.

59 1 Z R SR B L FL LA N 22 R B AR LR T 5 - 53 -
——EREIE — MDA == MOHC ERE IR R AN (1], WL R (T2
FHLRRE PRy LA plucsen] B) , 2024, 58(12) : 2520-2530.
o ﬂ h u o H@H CHEN L F, YANG H G, CHEN ZH CH, et al. Global
“ H “ ‘ = path planning with integration of B-spline technique and
\i 30 - il - - = genetic algorithm [ J ]. Journal of Zhejiang University
& EiimiiN - incering Sci
B 90 [ om— - o (Engineering Science ) , 2024, 58(12) . 2520-2530.
Hiowe e e e (2] B, SIS, XK, . TR
s R R WA LA AR 1], TR,
0 i
i 5

0 10 20 308 igar] 40 0
AEFR x/m
(a) TEEFHIHE b B SCRR LR B 1%
(a) Literature algorithm path on a cyclic grid map
Wikt £
120 —o— SCHR[2)HLE
—— SCER[S1E %
_ 115 —o— MGEGA
% 110g
@ 10
2 100
fod
#® 95
90+
85t Y
50100150 200 250 300 350 400 450 500
(b) FEERA G H I SRR B i i 2%

(b) Literature algorithm convergence curve on
a cyclic grid map

24 DEIFAIAS b I SCHR 34 1

Fig.24  Comparison of literature algorithms on circular grid map

100 7 ] semk2) sk
7 SeRIs) B T

o | EEASCSH S (s TN | P
£ o0 i B [ (o [
m
R
§ 40 H

20 H

0

SR SEHD SER3 SR SEIS SL6 SRR LIRS
S
25 BdlEtRE
Fig. 25 Data bar chart

FERNS IR R B R . A A IS I R S
A S AR 3 T i/ B 30 A I, R o A == ) o, 47T o
Hh B LB, Tk 5 4l ey R B DAL e 1) 7 A

S 3k

(1] BREEDT, MR, BREDE, % BREAROR 5o

[3]

[4]

[5]

[6]

(7]

TIAN Y Q, HUM H, LIU W T, et al. Path planning of
autonomous mobile robot based on jump point search-
genetic algorithm [ J ]. Path Planning of Autonomous
Mobile Robot Based on Jump Point Search-Genetic
Algorithm, 2023, 30(6) : 697-706.

MAVE, R0, BEW, 5 SRR G L
BER R LG N R [T]. #E A s,
2024, 46(10) ; 69-82.

WEI SH X, WANG Q J, LI G L, et al. Firefly algorithm
combined with genetic algorithm for mobile robot path
planning [ J ]. Manufacturing Automation, 2024,
46(10) ; 69-82.

WL, ATIERH, B2, % ETFUbR e RN
PLESN A Jr B AR BRI [T, 15 DL Bl ] 3 &R 4,
2022, 28(6) : 1659-1672.

XU X, YU XY, ZHAO Y, et al. Global path planning
of mobile robot on improved genetic algorithm [ J ].
Computer Integrated Manufacturing Systems, 2022,
28(6) : 1659-1672.

ER, B2, BRR, AT BRI
Shiflas BRI FE[T]. AR PR R R (A
SREFER) | 2024, 52(5) ; 158-164.

WANG L, WANG Y X, LID D, et al. Research on path
planning of mobile robot based on improved genetic
algorithm[ J]. Journal of Huazhong University of Science
and Technology ( Natural Science Edition ), 2024,
52(5) . 158-164.

Jh, WA, AR, & BT AE AT
B M TR ML AR A B AR R ()] BARDE T
2, 2023(12) ; 68-75,83.

ZHOU W, PAN J B, WANG L L, et al. Improved whale
algorithm and A" algorithm for path planning of ground
paying-off robot[ J ]. Modern Manufacturing Engineering,
2023(12) : 68-75,83.

JEJRHE, X, AT, HE T Floyd FIBC ik st 15 5 vk
4 e 1 DX P D7 B AR KR [ 0] ROl (g
30), 2023, 5(4) ; 45-57.

ZHOU L G, LIU T, LU J ZH. Traversal path planning

for farmland in hilly areas based on floyd and improved



- 54 - G R - C I T %39 &
genetic algorithm[ J]. Smart Agriculture, 2023, 5(4): 2025,47 (5): 51-59 .

45-57. [15]  FEZM, PR, MMaads, 5. T J LG A

[ 8] NIX, HUW, FAN Q, et al. A Q-learning based multi- BRI NSRRI (1], BRI T2,
strategy integrated artificial bee colony algorithm with 2024 (12) . 48-53,129.
application in unmanned vehicle path planning [ J ]. TANG H W, LUO J Q, DENG J X, et al. Path planning
Expert Systems with Applications, 2024, 236. 121303. of mobile robot based on learning mechanism ant colony

[9] aZe, wgheld, AWM, %, ETEUKRERER algorithm [ J ]. Modern Manufacturing Engineering,
Ly AN AR LRI P e i T[T ], ACAR A SR 4 2024 (12): 48-53,129.

2024, 45(7) ; 263-278. [16] LAMINI C, BENHLIMA S, ELBEKRI A. Genetic
SAN H J, YANG X Y, CHEN ]J P, et al. Research on algorithm based approach for autonomous mobile robot
path planning of mobile robot based on the stream path planning [ J]. Procedia Computer Science, 2018,
algorithm[ J]. Chinese Journal of Scientific Instrument, 127 180-189.

2024, 45(7) ; 263-278. [17] AB WAHAB M N, NAZIR A, KHALIL A, et al.

[10] ZEEd, RE. SUHsEHENATHEG S T A Improved genetic algorithm for mobile robot path planning

LB R [J]. %425 g%, 2025, in static environments [ J ]. Expert Systems with
25(1) . 237-249. Applications, 2024, 249. 123762.
LI ZH P, XU X. Research on drone path planning in [18] YAN F, CHUJ, HUJ, et al. Cooperative task allocation
earthquake scenarios using an improved genetic algorithm[ J ]. with simultaneous arrival and resource constraint for
Journal of Safety and Environment, 2025, 25 (1): multi-UAV using a genetic algorithm[ J]. Expert Systems
237-249. with Applications, 2024, 245. 123023.

[11]  FisR, MR, mbs, &5 ETREEEMmA™R [19] SHI K, WU Z, JIANG B, et al. Dynamic path planning
2R ML RIAE L T [T ]. /%/L{ﬁﬁiﬂi, of mobile robot based on improved simulated annealing
2025,37 (9) : 2397-2408 . algorithm[ J|. Journal of the Franklin Institute, 2023,
YUY R, LAI H CH, GAO G X, et al. Optimization 360(6) : 4378-4398.
method for multi agricultural machinery collaborative [20] ZHOU C, LIU G, LIAO S. Probing dominant flow paths
operation based on genetic algorithm and A™ algorithm[ ] ]. in enhanced geothermal systems with a genetic algorithm
Journal of System Simulation, 2025,37 (9) ; 2397-2408. inversion model [ J ]. Applied Energy, 2024,

[12] Bz, #EF, g, % T ook i 6 5 ik m 360 122841.

FERER NI S A LRI [ )], Wivoeesedle (EE™T

(T5R) , 2024, 58(10) : 2031-2039. X3 CEfEEE) 2023 4F Tilm i K
WU Y AN, DU CH P, YANG R, et al. Area coverage e Nt = VA Ny T U A R Y 55 7 Ny =2 1}
path planning for tilt-rotor unmanned aerial vehicle based ‘g’ A AR B ER , SO 1 A LR AR
on enhanced genetic algorithm[ J]. Journal of Zhejiang T e B E

University ( Engineering Science ), 2024, 58 (10) . l E-mail; 1312529551@ qq. com

2031-2039. Liu  Junyi  (Corresponding author)

[13]  FE3CHR, ARBRlE, dokfsh, 28 2T EGHE IKORRE N received his B. Sc. degree from Linyi University in 2023. He is
ORI AN B A= R w52 ()], BT, 2024, now a M. Sc. candidate and research assistant at Liaoning
47(4) : 11-18. Technical University. His main research interests include robot
ZHANG W J, LIN Y T, MENG X K, et al. Research on design and path planning.
ship path planning in Arctic ice area based on improved FEE 2023 T IR B KRk dg 2
Gray Wolf Algorithm [ J]. Navigation of China, 2024, i BT T TR R K, R
47(4): 11-18. WFFET7 10 LI B Ak

[14] &R, B, se9lBl, 55, T Uk RR S E E-mail ;2356384131@ qq. com

ERTE AN P AR LRI [T ] 4RI 5 45 i 27 4k
2025,47 (5): 51-59 .

Z1 SH K, HU W, CHAI K K, et al. Path planning for
unmanned aerial vehicle network based on improved pied

kingfisher optimizer[ J]. Journal of Detection & Control,

Wang Yang received his B. Sc. degree

from Suzhou University of Science and
Technology in 2023. He is now a M. Sc. candidate at Liaoning
Technical University. His main research interests include motor

design and optimization.



