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Abstract: An improved artificial fish swarm algorithm tailored for aircraft route planning was
proposed to address the limitations of the traditional artificial fish swarm algorithm. Initially, an
improved Sine chaotic mapping was employed for population initialization. On the basis of
schooling behavior, an update mechanism based on particle swarm optimization algorithm
improved by simulated annealing was incorporated. Furthermore, the following behavior was
optimized by adopting multiple adaptive movement step length strategies derived from the wolf
pack algorithm. Additionally, the random behavior was replaced with a sine-cosine algorithm,
and several adaptive parameters were designed to enhance the search process flexibility. To
validate the performance of the proposed algorithm, a three-dimensional mountainous test map
was constructed, and analyses were conducted regarding several aspects such as convergence
performance, route morphology, and complexity. The results demonstrate that, compared with
the traditional algorithm, the improved artificial fish swarm algorithm achieves significant
enhancements in indicators such as convergence speed and optimization performance.
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Fig. 8 Implementation process of improved artificial fish swarm algorithm
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Table 1 Specific design parameters of three-dimensional mountain terrain map
AT (n) L O R A R () b ARBR () LW 7 (2) L g o A ()
1 60. 0 60.0 170 5.8
2 52.0 32.8 93 13.5
3 36.0 76.0 100 7.2
4 48.0 72.0 114 5.1
5 84.0 36.0 121 3.7
6 15.2 9.6 142 3.2
7 82.4 82.4 58 9.3
8 16.0 60. 0 79 5.1
9 16. 8 24.0 72 7.9
10 90. 4 68.0 107 3.7
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Fig. 9 Three-dimensional view of model
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Table 2 Optimal fitness results of each algorithm

RS T AfeAE 1y B

PSO 186.903 2
AFSA 201. 045 7
AFSA-SCA 176. 545 5
AFSA-WCA 161.4877
AFSA-PSO 160. 846 2
A-P-W-S 155.449 9
IAFSA 152.0177

PRI I P 1 7 148. 006 8
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Fig. 11 Number of iterations for each algorithm
to reach optimal fithess and suboptimal
fitness
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Table 3 Curvature maxima and curvature averages
of each algorithm

Bk HES PN fih - 3 (L
PSO 0.106 110 0.032 841
AFSA 0.524 200 0. 055369
AFSA-SCA 0.415170 0. 045 621
AFSA-WCA 0. 120 380 0.029 392
AFSA-PSO 0.022 073 0.008 257
A-P-W-S 0.023 759 0.012 538
IAFSA 0.019 292 0. 008 650
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Fig. 12 Curvature of each curve

TR A b A AT A Bk A = 4R A
F2 R R 38 Ik — AR ] 43 B il 4 ) 2SI . 1A
13a R IR 5T 1 = ZERg A2 K, 6 13b Ry e diily
PR = kP A2 P E R 13 W LABH S ), AFSA
() AR B 1, 5 il R B e R, B SR B AT RS e
e s IAFSA WIFE AR 2 B fig ) 2 [ #6817 — 254540
1 B%#2 . A-P-W-S, AFSA-PSO Hl IAFSA #{ e 4%
UMb ST B A P 34006 H 26 TAFSA B A% ik T
TR BERFY, DL () 25 B2 (R 28 5, 38 2%
M2 B, A il iR R N, O AR
A
6.3 EEBMKEREN

SR 1 R A B 0 BT B 1 B 1 AR U 1 B
EME U SGE R Z AT O T A3 BT SR R 4
HA SR 7 R A4 1517 100K

R T RS R R e AR A SR T
A3 AT RS M AR S O BT S T A I A

AR MRS AR AP L Ty 22 o, S SRR
2 (7] fH 2 4% 55 0 B i) il AR AEAR AR B A 2521 . 4%
SRV )3 B A A D070 S AN 2 4 RIS 5 s

100 - PSO
(@) AFSA
75k - AFSA-SCA

-+ AFSA-WCA
-3+ AFSA-PSO
-- A-P-W-8
=¥~ IAFSA

N 50

251

0
100

100

13 HEEHMZE=4H0E
Fig. 13 Three-dimensional view of path curves
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Table 4 Fitness of each algorithm

Bk a7 P N7 75
PSO 187.133 0 231.6353
AFSA 207.7345 1004.4475
AFSA-SCA 182. 6543 350. 6187
AFSA-WCA 170. 682 5 343.180 2
AFSA-PSO 166. 000 4 222.276 1
A-P-W-S 160. 680 0 72.694 8
IAFSA 157. 669 3 84.487 5

*5 BEZHEBR

Table 5 Curvature of each algorithm

RS B R {E KR 2%
PSO 3.9585 7.6356
AFSA 7.069 7 14.4853
AFSA-SCA 6.8618 23.59 1
AFSA-WCA 4.5710 12.014 0
AFSA-PSO 2.4175 2.6789
A-P-W-S 1.7198 3.8126
IAFSA 1. 660 4 3.2419

% 4 AT 1, AFSA P38 b B S 24 (8 F 22
K, W B R ERREEAE T
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Fig. 14 Comparison chart of average running time

of each algorithm

7 4 5o

A PE N T —Fh i N TRk, —
77 TR FHMCHE ) Sine YR I LS 00 I AL FPRE 5 55—
D7 T 25 6 R0 T T IR R AE 4% 5% 0 1k 1 JELARL ) X
R gE N T A A T4 S Ae O
NS T YRR b ] AL RAT AR AE L X IR
() CAT IO 5 Bl S IR E AT 7 P 45 A N
X EE R =4 A2 (R, I 3 S8 vk () M R E A T
Xif HE AN AT O I R B LA A R AR A

1) W Sl B e 5 20 B ey . 7R kAR AT I
SRLE SN, R A DU 4R A R 1 B R AR
K LLAA B B0, S BT 8 e I Ao ) R B0y 1) 5 24 42
IR B S BT R BB TR/ N E A
RSP ERE SR K (o

2) AR H A ] 5t AR AR R E
TN P B AR T LR AT d A, 3 A B
SRR BN s SR AT 0 B AR HOV 22 6 T
RAT RS TR TN KU RS

3) BEE REE Y BT RE R A
Iyb iz F H Ak S, (48 2R 0 R A
AT A2 2% 5 ¥ il 7 5 B R O 5 3l 3 2 s A T
Jei o 8 N B 2 R I S A 22 3 BN R
2 B A AR K A 1Y RE

AN ABE IR IR BE R G T 2R EE,
ARGER TR X S BE L R ) 4 PR
X S50 D i PR b B MR R T R E—
ARV s 6 RATRR AT B ) A, BR RS B 5T 5
T B AR A2 sh4a il A IR 7 i, TR
FEHR T A W S B R A R) , X IR AT A ik —
ISR N

SE

[1] LiBW, Zhang H H, Zhang L D, et al. Research on path
planning and evaluation method of urban logistics UAV
[Cl/2021  3rd
Conference on Science and Technology Innovation
(TAECST). Guangzhou, 2021: 1465-1470.

[2] YangXJ, DuZJ, Zhang DY, et al. Research on dynamic
path planning algorithm of UAV [C]//2021 IEEE 4th
International Conference on Electronics Technology
(ICET). Chengdu, 2021: 946-950.

[3] LiGQ, Liang D W, Zhao Q Y, et al. Improved artificial
fish swarm algorithm approach to robot path planning

International ~ Academic  Exchange

problems [C]//2020 5th International Conference on
Automation, Control and Robotics Engineering (CACRE).
Dalian, 2020: 71-75.

[ 4] 94, 552 S0 eRE0N Ptk R R AE T AMLER AR
TR LT THRALR FHIFST L 2021, 38(3): 725-728.



50 AA K FFRA RFFRR) % 47 %
(Hu Kun, Zhang Liang. Penalty function convex path planning in complex environments [J]. International

[6]

[9]

[10]

[11]

[12]

optimization iterative algorithm and its application in UAV
path planning [J]. Application Research of Computers,
2021, 38(3): 725-728.)

Rocha G, Bradshaw J. Nonlinear optimal control for
autonomous UAV flight planning [C]/ 2017 IEEE/RSJ
International Conference on Intelligent Robots and Systems
(IROS). Vancouver :IEEE,2017:6617-6622.

M, FTME, FoKEE, 45 . flg =2 F i 50k RRT
SRR T L AR R [T ], 7 R, 2023, 46
(23): 43-49.

(Shi Cheng-long, Xing Hong-yan, Wang Shui-zhang, et al.
UAV path planning combing three-step smoothing and
improved RRT algorithm [J]. Electronic Measurement
Technology, 2023, 46(23): 43-49.)

JERK % , 2R RN . T CHE RRT 333 04 8 A ML AR 3
[T]. LB EH AR, 2024, 50(6): 1184-1191.

(Gu Qiu-yi, Li Da-peng. Unmanned aerial vehicle path
planning based on improved RRT algorithm [J]. Radio
Communications Technology, 2024, 50(6): 1184-1191.)
Zhou Z W, Xing X J, Li Y, et al. Multi-UAV path
planning based on potential field dense reward in unknown
environments with static and dynamic obstacles [ C1//2023
China Automation Congress (CAC). Chongging, 2023:
1289-1294.

JASCHR, aRERE, IR, AF L R R TR Al 2 o)
HESAR B JE AHL AR BRI (7], #2 i 55 P 3K, 2024, 39
(4):1203-1211.

(Zhou Wen-juan, Zhang Chao-qun, Tang Wei-dong, et al.
A novel modified search and rescue optimization algorithm
based on reinforcement learning for UAV path planning[J ].
Control and Decision, 2024, 39(4): 1203-1211.)

Ge F W, Li K, Xu W S, et al. Path planning of UAV for
oilfield
optimization algorithm [C]/2019 Chinese Control and
Decision Conference (CCDC). Nanchang, 2019: 3666—
3671.

Liang Q, Yang Z Y, Zhang J J, et al. An improved sparrow
search path planning algorithm for UAV [C]//2023 19th
International Conference on Natural Computation, Fuzzy
(ICNC-FSKD).

inspection based on improved grey wolf

Systems and Knowledge
Harbin, 2023: 1-6.
Liu Y Z. Improved artificial fish swarm algorithm for UAV

Discovery

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Journal of Advanced Robotic Systems, 2015,12(6) : 1-10.
Wang G G. A hybrid artificial fish swarm algorithm for
solving  large-scale  reliability-redundancy  allocation
problems[J]. Applied Soft Computing, 2013,13(5) :2517-
2532.

Chen J L. A multi-objective artificial fish swarm algorithm
for UAV path planning[J]. IEEE Transactions on Aerospace
and Electronic Systems, 2018,54(3):1235-1247.

Yang X Z. A parallel artificial fish swarm algorithm for
UAV path planning in dynamic environments[ J]. Journal of
Intelligent & Robotic Systems, 2020,98(3/4) :1-15.

Yan S K, Pan F, Xu J H, et al. Research on UAV path
planning based on improved artificial potential field method
[C]//2022 2nd International Conference on Computer,
Control and Robotics (ICCCR). Shanghai, 2022: 1-5.
Zhang X, Xin B, Chen J. Differential evolution based path
planning for UAVs surveillance in wind[ C ]//Proceedings of
the 32nd Chinese Control Conference. Xi’an, 2013: 4220-
4225.

Qi B L, Xiong L' Y, Wang L J, et al. A weights and
improved adaptive artificial fish swarm algorithm for path
planning [ C 1//2019 IEEE 8th Joint International Information
Technology and Artificial Intelligence Conference (ITAIC).
Chongqing, 2019: 1698-1702.

Huang Y Q, Wang P P, Yuan M R, et al. Path planning of
mobile robots based on logarithmic function adaptive
artificial fish swarm algorithm [C]//2017 36th Chinese
Control Conference (CCC). Dalian, 2017: 4819-4823.
Huang S, Li F Y, Cao X, et al. UUV path planning based
on GA-AFSA algorithm [ C]//2022 5th Asia Conference on
Machine Learning and Computing (ACMLC). Bangkok,
2022: 117-121.

Lei Y M, Feng Z B. The optimization of fuzzy neural
network based on artificial fish swarm algorithm [C]//2013
IEEE 9th International Conference on Mobile Ad-Hoc and
Sensor Networks. Dalian, 2013: 469-473.

Li G Q, Liu Q, Yang Y W, et al. An improved differential
evolution based artificial fish swarm algorithm and its
application to AGV path planning problems [ C]//2017 36th
Chinese Control Conference (CCC). Dalian, 2017: 2556—
2561.



