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Three-Dimensional Path Planning for Aircraft Based on
Improved Artificial Fish Swarm Algorithm
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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.

Key words: intelligent optimization algorithm; artificial fish swarm algorithm; path planning;
aircraft; chaotic mapping
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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
HAAFF () L0 o A A R () LL LG ALBR () LW 7 (2) LR (27 B 2 DA ()
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 AEAE 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 L 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

ik HES T PNI] fih A 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
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Fig. 13 Three-dimensional view of path curves
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Table 4 Fitness of each algorithm

Bk a7 P i N7 72
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 %
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 BERREEAE LT
AFSA, AFSA-SCA il AFSA-WCA ) VERE#B A
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Fig. 14 Comparison chart of average running time

of each algorithm
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