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Study on path planning algorithm for inspection robots in grassland wind
power station based on terrain factors
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(1. School of Electric Power, Inner Mongolia University of Technology, Hohhot 010080, China; 2. Engineering Research
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Abstract: The grassland wind power station is characterized by high wind force levels, undulating terrain, and uneven ground surfaces.
When ground inspection robots perform patrol tasks under different wind force conditions, it is challenging to balance path indicators with
safety, thus posing higher demands on path planning methods. This paper proposed an A path planning algorithm enhanced with terrain
factors( A ™ algorithm (TF-A™). Initially, this paper designed a gradient factor and a step factor based on the undulating terrain with
high and low bumps and the terrain with pits and steep slopes of the grassland wind power station, and applied these factors to optimize
the cost function and the heuristic function. Building upon these enhancements, the paper successfully developed an A* path planning
algorithm enhanced with terrain factors. Subsequently, this paper meticulously tailored the parameters for both the slope factor and the
step factor to accommodate varying wind force conditions. By taking into account the significant wind force levels prevalent in the
grassland wind power station, which has substantially improved the safety and stability of the inspection robots. Following that, a series
of experimental evaluations were meticulously executed, including short-distance and long-distance simulation tests, as well as real-world
field experiments, to assess the efficacy of TF-A " path planning algorithm. The experimental outcomes have revealed that the TF-A”"
path planning method has significantly surpassed the traditional A" algorithm, with a notable 44.55% and 34.82% increase in path
length metrics, and a substantial 22.06% and 23.16% reduction in search time metrics across two distinct weather conditions.
Specifically, under conditions of low wind force, the method strategically prioritizes distance metrics, where-as under high wind force, it
adeptly integrates both distance metrics and operational safety into its considerations. It provides a novel approach for robot inspection
and path planning in unstructured and uneven terrains of grassland wind power station.
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Fig. 1 Three typical heuristic functions
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Fig. 4 Inspection robot climbing schematic diagram
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Table 1 The wind power station weather condition
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Fig. 15 Trajectories of TF-A " algorithm with light-wind state
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Fig. 16 Trajectories of TF-A " algorithm with strong-wind state
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Fig. 17 Trajectory of long-distance simulation experiment
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Fig. 18 Patrol robot used in the experiment
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Fig. 20 The grid map of the experimental site
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7y — BE
ik T % HEER B BER

KB /m WE UL A IE] /s

e85 A ™ 50k 76.1 0 0 0. 544

Pt AT B (RIRUIRES) 42,2 2 1 0.424
U A TR CRMURES ) 49.6 2 0 0.418

M1 4 FIH AR50 A" R KR 76. 1 m, 5.
ARREIRR 0. 544 s, BYERIRECH 05 TF-A ™ S AE XL
R TF HIBRARE N 42,2 m, F eSS TP AL 5 T IR —
FBERAN 1 IR R BER BT R BT E R 0. 424 5 TF-A”
FEAERRRE T EEAE KB 49. 6 m, AT HEHLT 4
FTPIR—FH R 0 R S B IR, 32 1748 R i 8] N
0.418 s, TF-A" FILTEPI PP R IRE FRAES A7 Ak
BAR K BEEFEAR A MR TE T 44. 55% 34 82% , 4 K Aif [i] 45

PR R T T 22.06% 23. 16%

SHFI L5 AT R AT BRI, BT
BRERK, TF-A" FIENH0E A K E S5 1Y H T4
Ko MRI YA AT R T RE B AR AR, AT LLE Y
B KA R IR, DR A B3k B b, LB B 5 bR
PERBEUT ; 2RI SR G R , U] S 43 A% K BE LA
PO A B R a7, AR AR I T IS R
B M s B P TR 2 NI S5 e e i R T IR LA
BTN A,

4 #& it

W3 R BEARIG ] Tz R, IS T 2 2
ROR WFFE— Rl DL ] 5 R X8 R b as A B A
PRI 7 6 T v R I XU 37 R R s K HAT R
TS, AR X e JUXUZ R R P58 4 A R TR R g 1
TR T HOIE N R TF-A ™ Bk, 8%, 50 51 JFUX
Dy e AREAR M AR AR T I SRR A, B T T
o FIBTERI - B, Beit 1 HuJE R ¥ ek B, # 2 1 3d A7 B pR
B SRS R R, otk AT BOE RO R R K R, H
N DO VAR 7R S AWK S UN U B S K e )
IR R/ N PR N2 A8 E 1 17 B2 TR, IFHE R
B R Wi e A0 R 5 BE T 1 2 R B BRI 12 5, 3
T E T T o FITERIA T B 1Y TF-A ™ BEAR R 55
5o SEHRERERW] AR SCER Y TR-A " SEPERE RS AR ]
RACTAEGE A" 55, REAE ARG PRI Y KU 25 G 2 b e
SR AR 22 A A ) AR T S B 10 AR AL R
PERE,

[1] TAN W X, TAN K W, TAN K L. Developing high
intensity ultrasonic cleaning ( HIUC) for post-processing
additively manufactured metal components [ J ].
Ultrasonics, 2022(3) : 321-323.

(2] skRE, TR, E65, 5 KO0 R AL R R Ko
gk [J]. AR TR ,2025,20( 1) ; 14-25.

ZHANG EN Q, YU S'Y, WANG H, et al. Overview of the
development and application of wind turbine generators [J].
Journal of Electrical Engineering, 2025,20(1) :14-25.

[ 3] ZEWIR. 2024 4N 5 FHA XX 74Tl e i BEAR 7

#Hr[ EB/OL]. (2024-04-21). https://www. qianzhan.
com/ analyst/ detail /220/240419-fca56b94. html.
LI M J. Analysis of the development status of the wind
power industry in inner Mongolia autonomous region in
2024 EB/OL]. (2024-04-21). hitps://www. qianzhan.
com/ analyst/detail /220/240419-fca56b94. html.

[4] ZOUL, WANG Y, BIJ W, et al. Damage detection in



59 1

ST P 1 R XA B L s A AR L 7S - 109 -

(5]

[6]

(7]

[8]

(9]

[10]

(11]

(12]

[13]

[14]

wind turbine blades based on an improved broad learning
system model[ J ]. Applied Sciences, 2022(5) : 334.
G R KB R BHAE . rh EXUBE K BH B B4R
2H1(2022 4F) [N]. hIEIRETR, 2023-04-10(013).
China Meteorological Administration Wind and Solar
Energy Center. Annual report on wind and solar energy
resources in China (2022) [ N]. China Energy News,
2023-04-10(013).

W, R, AT, 4 Bk AT BRI R E N
SJa AR RN [T]. i A 5 AR AE I, 2024,
38(7) :131-142.

YANG G, WU X, XIAO R Q, et al. Improved A~
algorithm for secure and efficient indoor global path
planning [ J ]. Journal of Electronic Measurement and
Instrumentation, 2024,38(7) :131-142.

KUMAR V, KUMAR D. A systematic review on firefly
algorithm: past, present and future [ J ]. Archives of
Computational Methods in Engineering, 2021, 28 (4) .
3269-3291.

FERNANDES P B,OLIVEIRA R,NETO J F. Trajectory
planning of autonomous mobile robots applying a particle
swarm optimization algorithm with peaks of diversity [ J].
Applied Soft Computing,2022,116; 108108.

HAO K,ZHAO J,WANG B,et al. The application of an
adaptive genetic algorithm based on collision detection in
path planning of mobile rtobots [ J ]. Computational
Intelligence and Neuroscience ,2021(5) ; 1-20.

SOUZA R M J A, LIMA G V, MORAIS A S, et al.
Modified artificial potential field for the path planning of
aircraft swarms in three-dimensional environments [ J ].
Sensors,2022,22(4) :1558.

XU VKHE , LS | 0, 4. B T ek N T 3495 19 C
NHTAT 42 90 A LR S0 [T ] b B R R 4R
2020,28(6) :769-7717.

LIUB Y, YE X B, WANG X B, et al. Path avoidance
algorithm of unmanned ground vehicle based on improved
artificial potential field[ J]. Journal of Chinese Inertial
Technology, 2020, 28(6) :769-777.
WU Z, CHEN Y, LIANG J, et al.
optimal global motion planning for mobile robot [ J ].

2022,

ST-FMT " . A fast

IEEE Transactions on Industrial Electronics,
69(4) . 3854-3864.

FER  RRALE. DL A S AR SRR 4R T ]
FHEHLTRE S W, 2023 ,59( 19) :10-20.

CUI W, ZHU F ZH. Review of path planning algorithms
for robot navigation [ J].
Applications, 2023,59(19) ;10-20.

ZHANG H C,ZHUANG Q J, LI G. Robot path planning

Computer Engineering and

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

method based on indoor spacetime grid model[ J]. Robot
Sensing,2022,14(10) . 2357.

AMMAR A, BENNACEUR H, CHAARI I, et al. Relaxed
Dijkstra and A" with linear complexity for robot path
planning problems in large-scale grid environments[ J . Soft
Computing, 2016, 20(10); 1-23.

LI C, HUANG X, DING ], et al. Global path planning
based on a bidirectional alternating search A* algorithm
robots [ J ].
Engineering,2022,168.108123.

W, AL, Bk FET G AT L SO Mk
FilE LR A BEYLEE T IS J]. (XA IR
#2,2021,42(3) ;132-140.

CHI X, LI H, FEI J Y. Research on robot random

obstacle avoidance method based on fusion of improved

for mobile Computers &  Industrial

A" algorithm and dynamic window method [J]. Chinese
Journal of Scientific Instrument,2021,42(3) :132-140.
AYAWLI B B K, MEI X, SHEN M, et al. Mobile robot
path planning in dynamic environment using Voronoi
diagram and computation geometry technique [ J]. IEEE
Access, 2019,7.86026-86040.

LIUZ H, LIU H B, LU Z G, et al. A dynamic fusion
path finding algorithm using delaunay triangulation and
improved A-star for mobile robots [ J]. IEEE Access,
2021,9.20602-20621.

I, E A, BOREOL, A TR AT R RS Sl L
NBERRI[I]. HLE A, 2018,40(6) :903-910.

ZHAO X,WANG ZH ,HUANG CH K, et al. Mobile robot
path planning based on an improved A" algorithm[J].
Robot,2018,40(6) :903-910.

XIFgE R, X, 55 LT O AT R E AR L
ARNHEAARI (D] LT R 5, 2021, 57(2)
186-190.

LIU Z H, ZHAO J, LIU CH, et al. Path planning of
indoor mobile robot based on improved A algorithm[ J].
Computer Engineering and Applications, 2021,57(2) .
186-190.

BPHLT  WRSCSC, BAETE 5. A B0 O AR
AT NMER 2 FEA R [ 1] AR R R 222 4 (A
IRBLEAR) ,2020,48(6) :13-18.

ZHANG D H, CHEN W W, ZHANG H J, et al. Patrol
path planning of unmanned surface-vehicle based on A~
algorithm and ant colony algorithm [ J ]. Huazhong
University of Science & Technology ( Natural Science
Edition) , 2020,48(6) :13-18.

FURWR B PH.  8 ABBLTT RUE RN AT RIE
BEAERLAI [ T]. o7 5 {0 2 4, 2022, 36 (5) -
234-241.



- 110 - G R - C I T 39 &
JIANG Y Y, ZHANG Y Y. Improved path planning of Journal of Electronic Measurement and Instrumentation,
A" algorithm of domain node search strategy 8 [J]. 2023,37(2) :28-38.
Journal of Electronic Measurement and Instrumentation [31] LER, PN, TR Wiz, 45, TRl A° SE /K 25
2022,36(5) :234-241. PLaw A 22 HAR A2 BRI [ ], Al TR~ 4, 2025,
[24]  @EJUM, XUE AL BT oot A ° B3 Rn PR Ak A akk e % 41(6) :62-70.
BRI, B IR 2024,47(21) :21-27. SHEN Y, SUN H, SHEN Y Y, et al. Multi-objective
GAO J ZH, LIU Y H. Obstacle avoidance path planning path planning of water-air amphibious robots based on
based on improved A" algorithm and re-optimization[ J]. improved A" algorithm[ J]. Transactions of the Chinese
Electronic Measurement Technology, 2024, 47 (21). Society of Agricultural Engineering, 2025,41(6) :62-70.
21-27. [32] Rk, Bz, o2 FW A A 515 DWA JTHL
[25] LIUL X, WANG X, YANG X, et al. Path planning NI [T]. B TF 085824, 2024,
techniques for mobile robots: Review and prospect[J]. 38(9) :155-168.
Expert Systems with Applications, 2023,227:120254. ZHU H B, YIN H L. Hierarchical smoothing optimization
[26] HEEWN,ZME, TR AFFHEMIE Tl A% A" -guided DWA for robot path planning[ J]. Journal of
REEHRIT]. 5 PR, 2022,37(2) :323-330. Electronic Measurement and Instrumentation, 2024,
HUANG ZH Q, LI D X, WANG Q W. Safe path 38(9) :155-168.
planning of mobile robot in uneven terrain [ J]. Control 1EEE
and Decision, 2022, 37(2) . 323-330. EEEGREEESR), 20060 FT R
[27] Zdh&. SRR TR ShpLas N BRI O A5 5 Tl R R AT 2 2E A, 2012 4E TIN5l
M ALD]. 65T LT Tolk k2% ,2021. Tolk K2 ARAF A 224, 2018 4 Frhdb R
LI D X. Research and application of path planning AR A B N S Tl KR 2
methods for mobile robots in complex environments[ D]. P et 0 Ay T [Ty R ) RS 1] I = N L 7
Beijing: Beijing University of Technology, 2021. A,
(28] Ik, RSO, ZEmh 2. BT X5 PR 1] O AL 28 E-mail: kouzhiwei@ imut. edu. cn
NBEAR LRI FE [ )] AL AAL R 7 4k, 2025,46 (3) - Kou Zhiwei ( Corresponding author) received his B. Sc.
86-100. degree from Inner Mongolia University of Technology in 2006,
SUY, WU W H, LI D X. Research on robot path M. Sc. degree from Inner Mongolia University of Technology in
planning based on dual-resolution grid maps[ J]. Chinese 2012 and Ph. D. degree from North University of China in 2018,
Journal of Scientific Instrument,2025,46(3) :86-100. respectively. Now he is an associate professor in Inner Mongolia
[20] SRR, T4 DR R & T U A BNl University of Technology. His main research interests include
NAFIE I 2 JR A R [ ) ] TR T AR S N, navigation and control and electrical theory and new technologies.
2025,61(5) :309-322. B R, 2020 4 F IR TR
GUOJ G, YU ] Q, FENG CH Y, et al. Global path F AL, 2024 AE T NS Tl K# 315
planning for robots on uneven terrain based on improved T2AA , FEAEFE 7 ) i 2GR 5 R e
A" algorithm [ J ]. Computer Engineering and £
Applications,2025,61(5) :309-322. E-mail; 1026502667@ qq. com
[30] #Xf5AE, AR, Al AT BOEERIZh AT D PLEE A Jing Gaole received his B. Sc. degree

BRI [ D], o 0 5 A8 2 2 40, 2023,37(2)
28-38.
ZHAO Q N, HUANG Y Q. Robot path planning based on

A" ant colony and dynamic window algorithm [ ] ].

from Shandong University of Technology in 2020 and his M. Sc.
degree from Inner Mongolia University of Technology in 2024.
His main research interests include pattern recognition and

intelligent systems.



