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Path planning for UAYV based on improved hybrid genetic
particle swarm algorithm
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Science and Technology, Harbin 150080, China)

Abstract: To tackle the challenge of efficient flight path planning for unmanned aerial vehicle (UAV), an enhanced hybrid genetic-
particle swarm algorithm (THGPA) is proposed. This algorithm, based on particle swarm optimization ( PSO), integrates multiple
strategies to enhance both convergence performance and solution quality. Firstly, to improve global optimization, a partition optimization
strategy is introduced into the IHGPA | and a dynamic parameter adjustment mechanism is employed to optimize the particle velocity and
position update methods. Secondly, the genetic algorithm’ s selection, crossover, and mutation operators are refined to further boost
optimization capabilities. During selection, a combination of the roulette wheel method and simulated annealing algorithm is used to
preserve elite individuals. In the crossover phase, probabilistic arithmetic crossover and an improved simulation binary crossover are
integrated to increase population diversity. For mutation, Lévy flight long-step perturbation and polynomial mutation are fused to prevent
premature convergence. Finally, by drviding the search area to exchange optimal solution in formation and implementing a convergence
detection mechanism is implemented, where particles undergo secondary optimization if their fitness value falls below a predefined
threshold, preventing the algorithm from getting trapped in local optima. Experimental results show that, in environment 1 with scattered
obstacles, the best fitness value of the IHGPA undperforms genetic algorithm, particle swarm optimization, wolf pack algorithm, artificial
bee colony algorithm, and dung beetle optimizer by 78.130% , 46.190% , 53.990% , 41.124% , and 67.376% , respectively. In
environment 2, with dense obstacles, ITHGPA's best fitness value is reduced by 89.990% , 75.088% , 76.503% , 71.048% , and
81.061% , respectively. The THGPA effectively generates safe, smooth, and optimal flight paths while demonstrating outstanding
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stability and reliability across multiple verification trials.

Keywords : particle swarm optimization; unmanned aerial vehicle; path planning; genetic algorithm

0 5

[l

T ML (unmanned aerial vehicle, UAV) RIEARF/N
Pl AR AE DL, 745 2 e R Ul A 21 32 1
U AR AR T ANL ©AT I AR, B TE
S ICAATESS 5 R EE I [ 5 4 A H A AT 4%, 5
AR BT R 19 AT B AR, T DR AT AT 55 1 it
FIZER

HT, & T 8% A2 B0 ) 40 38 ) B3 3 A kL1 Rk
(‘particle swarm optimization, PSO) T AR ( genetic
algorithm, GA ) N O = 7 L - NS ( ant colony
optimization , ACO ) I R B R e , PSO 5
S AR R 15 S A=A, A5 5 e Sk
BT PR T e AR R R £ 2 A R SR 15
45 PSO 3 7 b 5T 2% 1) S AN 5 o A Ja 3 e A2
FETF PSO FIAMERERY Iy vk E A MIFP 1) PSO Bk A &
SR, WOk AR A R A2 S B2 il Shao
L2 SR I TR TR Logistic M5 f 4k BE 1401 45 1k , -
AT 3 SR 90 AR R R R R, DA N S R
SRS N SR S A B 2 A ) T . Zhang A5 38 5 R B X
SEZHOR B 15305 ARy B e/ ML, B W ST JE, I )
FHIE N FE Ty 22 5 ki 22 A6 B RS g R 8l 1R
HEB A R FHIR TR TR0 AL, I FH 3 I 0 3 B R 8K
BAR PSO B fin o 2 5, SR I JE A MLz 3l g B, DA
P R it A R M S R RN SR i B AL, 2) PSO B
L SHAIACST TR . B0, Das %206 A4S
IRBL B REA PSO 503k, IF A& GA Bk 2 2 U5
TR T, AR SR T A LT RE o B S B 4
P Rl A WO B R SR 5 09 PSO B3k, fins 1 8¢
FIAT Rl O T S e, Yu 267 4 —Fh PSO Bk 5
FEIIR KB (simulated annealing, SA) 1R & W 5K W, 18
a3 B R PSR [ B L R AR G A A T SR e
BB 2 AR A RUE B IR S

Lk LTIR it — 2 B PSO B AR TC ML AR FL
| S Ty B A S 758 S5 0 0 3-8 B 0 AS R 1 1)L, 4
H — i 35t A% R 1 B9 (improved hybrid genetic
particle swarm algorithm , IHGPA) , B 4o, W # & £ 4
RATHE PP A AR HE B 2565 B b o8 8L, B TE A HLES AR R
R[] U A RS DAk T, Yk, 78 PSO 80125 iy
filh b, 1A B 38 N 2 5500 5 s 4 2 00 AR R
WA, [ FlG 2 SA SRR AL RS T i o s R
B SR TR T 28 SUME 38 19 58 R 22 S5 =XORN 3l A A4

TR TR R R R, AR T 5 2
Tt AR S O sk R B R AL, B, THGPA Bk 51 A
XA ANE B ae BAL S Rm  E— P R m AR R
ZeIE R SR RE J7, I W SOk I A = R A AR BL
il B 1k 3 PR e SR A i ) T B . MATLAB {5 B 45 5
IR THGPA B AE AN [ &2 2% B2 1% L b 24 85 b 5 4K i
FERATES AR BT ERE R B 55, 5 AL B A L R B
T iR, P R A A

1 IR A0 o) 3 4 A

1.1 EEE

St TC A ML AR LRI AT, T A B AR OO E
Ze S BRI B = 4EsS R TY #f IR /AT %4, R
(1) @I

H(2,9) = th[(') - () J (1

Ysi

Krfox, oy, 2 IR L AR A 0, ATy, J3 51 R
FE LUETE o F1 y B 1) 09 30 B AR b3 5 b, B LU0 ) 1R
5 PRI R
1.2 EMNEREEIT

1) AR M

TE ML AT BRSSO 46 B B AR S N AN TP
B, KA RN (2) P TR,

N-1

h=X

i=1

(le _xi)z + (yi+l _yi)z + (zi+] _zi)z

(2)

K N FRBET BB (x, v, 2) B (%, Vi
2 ) BN LA SREE i+ 1 AT R AR

2) T fa A

TRATA @, RAIGEEY B Oxy P10 L AP 14 2 JE 42
B (A I A B, AT 55 W, AR R A A SR AR
W, W, . AW, W, ., R Oxy VAL Z
() P F B &l 1 B

T f AR I (3) P PR

2 W WX W Wl
Q= 2 arctan

=1 WL,',/WE,J‘H 'WE,/+1WII',/+2

(3)

Tt A R AT A =X (4) PR,
Sy =@ + max(e) (4)
IR AT I R F e SOB = (5) B,
F=lf, + hofs (5)



541

IIRESE A BE T IO ISR T RS 5 ) T A HLI AR L) 317

J& /km

"%—‘

Bl e Rl

Fig. 1 Diagram of turning angle
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