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Robot path planning based on a multi-strategy fusion
improved aquila optimizer

Cheng Xiaohu

(Modern Industry College of Intelligent Manufacturing, Xinjiang University, Urumqi 830017, China)

Zhang Xiangfeng Jiang Hong

Abstract: To address the shortcomings of the traditional Aquila Optimizer (AO), such as its propensity to fall into
local optima and its slow convergence in high-dimensional optimization and robot path planning. this paper proposes an
improved algorithm named HATAO (Aquila Optimizer with Halton, Aerial search, and Triangular mutation).
Firstly, the Halton low-discrepancy sequence is used to enhance the uniformity of the initial population distribution.
Secondly, an aerial search mechanism from the Arctic Puffin Algorithm is incorporated into the contraction exploitation
phase to improve the population’s cooperative evolution and search accuracy. Lastly, a triangular mutation operator is
introduced to enhance the algorithm’ s convergence performance in its later stages. The proposed HATAO is
benchmarked against five other algorithms using the CEC2017 test suite, with statistical significance evaluated by the
Wilcoxon rank-sum test. In robot path planning applications. experimental results demonstrate that HATAOQO achieves
superior search accuracy, faster convergence, and greater stability. Specifically, compared to the original AO,
HATAO reduces path lengths by approximately 4. 96 % in simple scenarios and 6. 34 % in complex scenarios, verifying
its effectiveness and robustness for practical path-planning tasks.
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Table 2 Results of Wilcoxon rank sum test

PR AL AO ISSA BKA SCSO SABO

F1 7.94X10°° 7.94X10°° 7.94X10°° 7.94X10°° 7.94X10°°
F3 7.94X10°° 7.94X10° 3.17X107° 7.94X10°° 7.94X10°°
F4 7.94X10°° 4.21Xx107" 7.94X10° 7.94X10° 7.94X10°°
F7 9.52X10°" 3.17X10°° 1.59X107° 8.41X107" 5.48X 107"
F9 1.59X10°° 3.17X10°° 3.17X10°° 7.94X10°° 3.17X10°°
F12 7.94X10°° 3.10X10 " 3.17X10° 7.94X10° 7.94X10°°
F14 7.94X10 ° 7.94X10° 5.48X10 " 7.94X10° 7.94X10°
F15 7.94X10°° 3.10X10°" 7.94X10°° 7.94X10°° 7.94X10°°
F18 1.59X107° 5.56 10" 6.90X10"" 7.94X10°° 7.94X10°
F21 3.10Xx107" 6.90>x10"" 5.56X107" 6.90X 107" 7.94X10°°
F25 7.94X10°° 9.52x10° 7.94X10°° 7.94X10°° 7.94X10°°
F27 5.56X10" 1. 00X 10" 7.94X10°° 7.94X10°° 7.94X10°°
F28 7.94X10° 1.00X10° 7.94X10°° 7.94X10°° 7.94X10°
F29 2.22X10°" 5.48X10°" 2.22X10°" 9.52X107° 7.94X10°°
F30 7.94X10°° 2.22X10"" 7.94X10° 7.94X10° 7.94X10°
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Table 3  Solution results of 20 X20 map paths
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Fig. 4 The path planning diagrams of each algorithm on the
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Table 4 Solution results of 40X 40 map paths

T4 RILE WEM FIME R
HATAO 31.1558 32.5390 31.7320 0.5151
AO 31.286 3 39.7213 33.3869  3.5547
ISSA 32.097 5 38.2333 36.3814  2.7219
BKA 32.0657 55.8045 39.1657  9.578 3
SCSO 32.0358  38.4853 34.6422  2.404 6
SABO 35.478 7 51.4339  42.6910  6.2090

ROEME T mY RN, HATAO SE¥ETE 10 YO 5286
FEUS A AR KBRS0 N 31. 732 0, M T AO B Y
33.386 9.ISSA B %1y 36.381 4.BKA &1 39.165 7,
SCSO # Y 34. 642 2 LU T SABO 5319 42. 691 0,435
i T 27 4.96% .12, 78% . 18.98% . 8. 40% Fl 25.66% .
HARUEZE AR T H A S 1, JR 80 b 47 A AR e
4.4 EFMEIR

TES 2 b B SO v, AR SCICE T 40 X 40 R/ A%
PR 2 M A LA R 30 A D A B R B A TR S A UL i
B AT R B S TR I AR A B — A R G A B M RO
P FIRE A SR B R ECE S 50, e RIE A B 100,
BMEEY M ET 10 KO EBMESERME 4 ME 4
iR .

Bl 4 JBIR T 40X 40 M1 £ 5357k B A2 BRI 5], He B A 0
R b ar DL SR B, 5 2% 1 bR 65 90 A0 R b T X AR R
T T BB A T 90, T HATAO B 28 il i B 42 S 1 1
B T D BERE A S50 T AT A b [ P Y R AR ) X A
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HAe 5 2t 5 v P R

F A JRIRT 4040 Hi 1B BEAR SR i 4 SR AR 3R 4 P45
SR AR 45 SRR, TR B B HATAO BkfE R 235 h

e 8 .

Pk AN Wi 22 {H FEE bR
HATAO 66.983 7 72.908 3 70.1633 2.386 7
AO 73.393 5 75.927 4 74.9131 1.0815
ISSA 76.828 4 77.414 2 77.170 2 0.312 6
BKA 74.627 8 77.414 2 76.093 8 1.2745
SCSO 74.371 6 76.828 4 75.6341 0.869 2
SABO 87.097 2 108.276 3 101.0451 8.5956
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