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Robot Path Planning Based on Multi-strategy Improved Pigeon-Inspired
Optimization Algorithm
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Abstract: Based on the limitations of traditional pigeon swarm optimization algorithms in dealing with
high-dimensional optimization problems, a modified spiral-dynamic pigeon-inspired optimization (MSDPIO)
algorithm is proposed to solve problems such as slow convergence speed and susceptibility to local optima in
robot path planning. Firstly, by introducing the logistic chaotic mapping initialization strategy, the search
range is expanded. Secondly, spiral search strategies and dynamic reverse learning strategies are designed to
improve the position update mechanism and enhance the convergence speed and resolution quality of the
algorithm. At the same time, the adaptive cosine function is used to adjust the reverse learning weights and
improve landmark operations to enhance the algorithm’ s adaptive and global search capabilities. The
performance of the algorithm is effectively evaluated through experiments on ten CEC2017 benchmark test
functions. MSDPIO algorithm and improved B-spline curves is applied to path planning problems on maps of

different scales (20 m X 20 m and 40 m X 40 m). Simulation results show that in a small-scale 20 m X 20 m
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map, MSDPIO algorithm improves the path length by 1.46%, 1.43%, and 1.47% compared to

pigeon-inspired optimization (PIO) algorithm,

algorithm,

multi-strategy improved aquila optimizer (MSIAO)

and grey wolf optimizer (GWO) algorithm, respectively. The maximum convergence

performance improvement in a large-scale 40 m X 40 m map is 37.82%.

Key words: robot path planning; improved pigeon-inspired optimization algorithm; chaotic mapping;

dynamic opposition-based learning; spiral search; B-spline curve
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Table 2 Comparison of optimization results of each algorithm

B 15T MSDPIO PIO AO GWO DBO SPIO DPIO
_ Average 6.65E4+02  4.17E+03  2.95E-+03  1.14E+03  1.12E+03  4.87E+03  3.27E+03
' STD  212E+02  1.60E+03  1.76E+02  2.35E+02  1.74E+03  2.05E+03  1.74E+03
Average 4.15E+02  4.56E+02  4.21E+02  6.19E+02  4.25E+02  4.39E+02  4.46E+02
' STD  575E+00  3.18E+01  254E+01  9.09E+01  3.50E+01  1.51E+01  2.00E-+01
Average  6.11E+02  6.22E+02  6.23E+02  6.59E+02  6.13E+02  6.24E+02  6.20E+02
Fo StD 300E100  583E400  782E100  133E401  TOSEL00  5ASEL00  3.87E400
v Average  9.29E+02  1.17E+03  1.01E+03  3.35E+03  9.64E+02  1.20E+03  1.08E+03
STD  2.21E+01  9.66E+01  5.97E+01  1.27E+03  3.94E+01  1.31E+02  9.07E+01
. Average 1.71E+03  1.83E+03  1.82E+03  2.25E+03  1.84E+03  1.80E+03  1.80E+03
STD  7.75E+01  1.26E+02  1.22E+02  1.33E+02  1.74E+02  1.07E+02  8.13E+01
. Average 1.77E+03  1.80E+03  1.79E+03  1.99E+03  1.79E+03  1.82E+03  1.79E+03
STD  1.37E+01  2.60E+01  2.74E+01  9.43E+01  4.71E+01  2.54E+01  1.41E+01
. Average 2.08E+03  2.10E+03  2.14E+03  2.27E+03  2.10E+03  2.10E+03  2.09E+03
“ STD  1.52E+01  2.79E+01  5.20E+01  831E+01  7.05E+01  1.18E+01  1.77E+01
Average  2.20E+03  2.33E+03  2.29E+03  2.39E+03  2.26E+03  2.30E+03  2.21E+03
Farp 171E400  584E4+01  523E401  170E401  678E-401  7.38E401  2.91E-00
Average  3.00E+03  3.25E+03  3.08E+03  4.14E+03  3.13E+03  3.06E+03  2.97E+03
Fo D 290E401  5.08E402  239E402  5.63E-02  179E402  T.6IE40l  2.52E--01
 Average 3.23E+03  3.24E+03  3.27E+03  3.44E+03  3.30E+03  3.30E4+03  3.03E+03
FoSTD 246E+401  323E401  530E401  126E402  S8SE-0l  7A1E40l  3.83E-01
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(b) Path generation results on 40 mx40 m large map
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Fig.10 Different map operation results
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Table 4 Small map path planning data

SIS A AR P IBIGE T AR KR

WE mmm km/mo mdoEE/V sEE/%
MSDPIO 28.354  25.767 — —
PIO 28.693  26.149 1.17 1.46
AO 29.157  27.029 2.75 4.67
MSIAO  33.582  26.141 15.57 1.43
DBO 28.763  26.149 1.42 1.46
GWO 28.968  26.151 2.12 1.47
R5 KMIEREEAKEIE
Table 5 Large map path planning data
g VNS ROTEE FIMOUR Bk KL
EN O RKEE/m R/ R/ %
MSDPIO  25.319  54.921 — —
PI1O 27.131  56.092 6.68 2.09
AO 35.019  55.504 27.70 1.05
MSIAO  40.721  56.681 37.82 3.11
DBO 28.121  56.091 9.96 2.09
GWO 30.576  56.661 17.19 3.07
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