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Path Planning of Photovoltaic Power Plant Cleaning Robot Based on Enhanced Secretary Bird
Optimization Algorithm
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Abstract; A multi strategy fusion Enhanced Secretary Bird Optimization Algorithm( ESBOA} is proposed to address the problems of
poor path finding performance and susceptibility to local optima in the path planning of cleaning robots in photovoltaic power plants u-
sing existing path planning algorithms. Firstly , taking into account the environmental characteristics of photovoltaic power plants, the
three evaluation indicators of path length,smoothness,and number of turning points are comprehensively considered to construct a sim-
ulation environment and fitness function ; Secondly ,the original Secretary Bird Optimization Algorithm( SBOA} is optimized by intro-
ducing optimization strategies such as Halton sequence initialization of the population,dynamic adjustment of adaptive parameters, fu-
sion of golden sine and optimal individual mixed disturbance,etc. ,to enhance the global optimization capability and robustness of ES-
BOA algorithm ; Finally , performance tests were conducted on the ESBOA algorithm,and simulation results showed that the optimiza-
tion performance of the ESBOA algorithm on the benchmark test function was significantly better than the comparison algorithms. Mo-
reover,in the grid maps of 20 x 20 and 30 x 30 photovoltaic power plants,the ESBOA algorithm planned the shortest average path
length , the least smoothness,and the least number of turning points,resulting in the best comprehensive path finding effect.

Keywords : photovoltaic power station;path planning ;secretary bird optimization algorithm ;multi strategy fusion
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Fig.1 Satellite image of a photovoltaic power station in
hainan tibetan autonomous prefecture, qinghai province
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AR 5 B4k 4R MATLAB 2021a, H- 8 HIEAE R
%55 Windows 11 (64 fii), CPU 2 Intel (R) Gore (TM) i5-
13400@ 2. 50GHz, ;217 NFE N 16GB.
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Table 1 Benchmark function information

PR e iy FE &IE
Fl1 Sphere 30 [ -100,100] 0

2 Schwefel 2.22 30 [ -10,10] 0

F3 Schwefel 1.2 30 [ -100,100] 0

F4 Schwefel 2. 21 30 [ -100,100] 0

F7 Quartic with noise 30 [-1.28,1.28] 0

13 Rastrigin 30 [-5.12,5.12] O

FI0  Ackley 30 [ -32,32] 0

Fl1  Griewank 30 [ -600,600] 0

F12 Penalizedl 30 [ -50,50] 0

F13 Penalized2 30 [ -50,50] 0

F20 Hartman’s Family 2 6 [0,1] -3.32
F22  Shekel’s Family 2 4 [0,10] -10
F23  Shekel's Family 3 4 [0,10] -10

% BURE T~ 85 4 4k B 3 ( Particle Swarm Optimization
PSO) M) | B B TH 4% £ 4k 22 3 ( Coot Optimization Algorithm,
COOT) ™' | 4 %t ft 4k 5% ¥ ( Golden Jackal Optimization,
GJO) 11 W i £ 4k, 2 35 ( Dung Beetle Optimizer, DBO) ™M
BRI LE I (SBOA) 543 firf2 ity ESBOA Sk EF7 %t 1y
S R B RGE — R R N =30 R ARIK
B T =500 ¥ SrisfT 30 R, DA fu g RABSAE.

S E F by v 22 430 e 3812 A9 I e O R
P B3R 2 FMENR RS AR TT A, X T FL ~ F4. F7 54
U pR 4L, ESBOA T AR V- {EFibriE = Y AR+ 3L
BB ARAED, HA F1 ~ B4 B3R 18R UE,
PrifEZe o 0, RETE RSB AT ERBE RS 2 BB P B 1, IR
SRS BE wr , ESBOA BB 7E e i R 4 BRI RICR A
BT HEL AN ERIIEES.

Xt F F9 ~ F13 25 2038 i %1, ESBOA Bk iR (73
EMMEER IR RRAB R AL REROMAE, B
f£ P9 F F11 %k F#EES 100% T8 8% & {16, ESBOA
B 2R R A R e R I AR AL B B 2 24 A )
Bt , B B 2R SRR Bk L R LEE .
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XF T F20 F22 \F23 %[ B 4E 2 S R4 ESBOA Bk HIEEISRIL(E , Uil ESBOA Bk R A E BV &R
PP AR 2 I T HE R, BT FaERIE  RABEIT RN
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Table 2 Comparison of optimization results of benchmark test functions

PR bR PSO COOT GIO DBO SBOA ESBOA
- SEHE 1.06E-02 4.57E-24 2.88E-54 4.05E-109 5.40E-147 0.00E +00
FRMEZE  1.80E-02 2.46E-23 6.54E-54 2.18E-108 2.90E-146 0.00E +00
- FHIE 1.69E +00 2.09E-05 1.12E32 1.17E-55 3.21E-78 0.00E +00
22 5.21E+00 1.05E-04 1.27E-32 5.75E-55 1.73E-77 0.00E +00
- P 2.81E +03 2.26E-17 5.04E-15 5.57E-52 4.49E96 0. 00E +00
WML 2.17E+03 9.48E-17 2.71E-14 3.00E-51 2.40E95 0.00E +00
- FHE 7.41E+00 4.99E-08 8.56E-16 2.00E-50 1.99E-64 0.00E +00
2 1.41E+00 2. 69E-07 2.49E-15 1.08E49 7.36E-64 0.00E +00
- EWME  4.78E-02 7.35E-03 5.86E-04 1.24E-03 4.23E-04 1.48E-04
FRME):  1.56E-02 7.53E-03 5.85E-04 1.16E-03 3.14E-04 1.24E-04
- SEH{H 6.26E +01 2.36E-12 0.00E +00 8.62E-01 1.33E01 0.00E +00
FrMEZ  1.76E +01 1.27E-11 0.00E +00 4.64E +00 7.18E01 0.00E +00
F10 e 5.70E01 3.25E-11 6.72E-15 4. 44E-16 1.15E-15 4.44E-16
W22 6.19E01 1.23E-10 1.50E-15 0.00E +00 1.42E-15 0.00E +00
F11 SE#{E 3.15E02 1.25E-15 0.00E +00 0. 00E +00 0.00E +00 0.00E +00
PRMEZ 3.01E-02 5.23E-15 0. 00E +00 0. 00E +00 0.00E +00 0.00E +00
F12 EH#E 1.70E01 1.49E-01 2.35E-01 3.70E-03 3.46E-03 4.16E-09
FRMED:  2.88E01 5.02E-01 1.00E-01 1.86E-02 1.86E-02 1.30E-09
13 S 1.71E01 5.27E01 1.63E +00 5.63E-01 4.51E02 6.92E-03
FRMEZE  2.32E01 6. 86E-01 1.91E-01 5.25E-01 7.53E02 1.46E-02
20 FEWE  -3.29E+00 -3.28E+00 -3.17E+00 -3.25E+00 -3.28E+00 -3.32E+00
Al 5.54E-02 5.60E -02 8.75E-02 8. 88E-02 5.73E-02 4.42E-10
— S -7.13E+00 -9.97E+00 -1.00E+01 -7.33E+00 -1.04E+01 -1.04E +01
wRifEZE 3.37E+00 1.64E +00 1.32E +00 2.72E +00 8.58E-16 6.49E-16
3 Tl -7.97E+00 -1.01E+01 -1.01E+01 -7.58E+00 -1.04E+01 -1.05E +01
B2 3.67E+00 1.65E +00 1.72E +00 3.28E +00 9.71E01 1.08E-15
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Fig.5 Comparison of convergence curves of various optimization algorithm
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Table 3 Comparison of ablation experiment results

PRR Takr SBOA HSBOA CESBOA GSSBOA MPSBOA ESBOA
- SE{E 5.40E-147 2.20E-147 4.83E-152 0. 00E +00 0.00E +00 0.00E +00
FEMEYT  2.90E-146 8. 66E-147 1.90E-151 0. 00E +00 0.00E +00 0.00E +00
- M 3.21E-78 2.48E-78 4,28E-81 3.95E-214 0.00E +00 0.00E +00
W% 1.73E-77 9.29E-78 1. 60E-80 0. 00E +00 0.00E +00 0.00E +00
- EWME 4.49E96 2.17E96 2.37E-99 0. 00E +00 0.00E +00 0.00E +00
REZE 2.40E95 1.17E95 1.28E-98 0. 00E +00 0.00E +00 0.00E +00
- FHE 1.99E-64 8.33E-65 4. 42E-66 1.71E202 0.00E +00 0.00E +00
EEZ  7.36E-64 4.42E-64 2.38E-65 0. 00E +00 0.00E +00 0.00E +00
- PR 4.23E-04 4.06E-04 3.70E-04 2.45E-04 2.71E-04 1.48E-04
w2 3.14E04 2.62E-04 2.77E-04 2.55E-04 2.33E-04 1.24E-04
- P 1.33E01 4.98E-01 8.63E-01 0. 00E +00 0.00E +00 0.00E +00
B2 7.18E01 2.68E +00 4.65E +00 0. 00E +00 0.00E +00 0.00E +00
F10 ¥ 1.15E-15 1.12E-15 1.13E-15 4. 44E-16 4.44E-16 4.44E-16
PEYEY:  1.42E-15 1.40E-15 1.37E-15 0. 00E +00 0.00E +00 0.00E +00
i1 FH3E 0.00E +00 0.00E +00 0.00E +00 0.00E +00 0.00E +00 0.00E +00
b2 0.00E +00 0.00E +00 0.00E +00 0. 00E +00 0.00E +00 0.00E +00
FI2 SEHH 3.46E-03 5.61E-08 3.45E03 2.21E08 4.94E08 4. 16E-09
W22 1.86E-02 4.31E-08 1.85E02 1.71E-08 4.55E-08 1.30E-09
_ P 4.51E-02 6.83E-02 5.50E-02 9.96E-03 2.42E01 6.92E-03
bRUEY  7.53E-02 9.75E-02 8.37E-02 2.53E02 4.36E-01 1.46E-02
20 EHME 3.28E+00 3.24E +00 3.29E +00 -3.32E+00 -3.29E+00 -3.32E+00
FRAEX  5.73E-02 5.45E-02 5.72E-02 1.43E09 5.72E02 4.42E-10
— FHHE  -1.04E+01 -1.04E+01 -1.04E+01 -1.04E+01 -1.04E+01 -1.04E +01
REZ 8.58E-16 1.40E-10 6.62E-16 7.25E-16 1.33E +00 6.49E-16
3 FHE  -1.04E+01 -1.05E+01 -1.05E+01 -1.05E+01 -1.05E+01 -1.05E+01
i 9.71E-01 1.21E-15 1.26E-15 1.38E-15 2.57E-15 1.08E-15
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Fig.6 Algorithm convergence curve and path planning effect
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