a5 TP3 B ke
% B 20222108046 BArAH: 10759

AFFKREF

E TR BT R T ALK BRI RSt

gitS S
oW O EF A RTH
¥ O OF  #H I AA  #®%
G S A A
E i ERSRERS
Bl o o o THEALBA
B S e B ERRESBEAER

HE - FE - AFT
2025 %£ 6 H



AkK5: TP3 G SN i
% B 20222108046 PALKA: 10759

ARFKREF

E TR BT R T ALK B RS

it 5
¥ LW O E A RTH
®OF #HUF AA #®
HOE ¥ L KA SRR e
t ¥ & K CRSI RS
I V- THHEALBA
7/ = ERBESEARER

HE - HE - AR T
2025 % 6 H



Design and implementation of UAV inspection path planning system

for substation based on swarm intelligence

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of

Master of Engineering

By

Jia Dingyi

Electronic Information

Dissertation Supervisor: Prof. Zhou Jie

June, 2025



AT REE AL SO B 1 7 B 2 A5 P 1R AL B

SR SO 1

AN ZAZ WAL SR AR IR 5 T 3EAT M7 LA R BUS IR TR - 48
RN, BRoch eyt s RN ESL, A8 SO A HAlAS N B2 R R B S i it
FORR o X AR SC AT FTA S TR AFIER AR, 2 A SO AR 1 B R BB DR ROR

N =
W

W24 ﬁjgg-\ fist 1] 20254 5 A 15 H

5 FH A 1

ANGEE TIRAA TR RORE L A AR SCRIRLE » AR BUOR B A (L8 S
I e 5 2 A T A E LA I S8 SC R L RO AR i » 47 BURE 2 A28 SR 2R B 45
TEORAFIE SOV B A B AT BV AT K S A0 18 ST N SR PR SR SR R IR 55
ARCKE AL SC R R ST g R o IR 36 1R 2 B8 SCAE A Jo o A E

7 T
Bk, RIFI Wi 20254 5 A 15 H
siss: JE) S Wi 202548 5 H 15 [



HE

It 5 A P i AR PR SR i S H R 22 I AT EOR IO A TR i, A% 5 N il 75 s I R
& MERERMIPRAR, 2 RE HL I BLZHT O B A R ELT 1] FERLTT SN, SIANE AN RER
KRB AN TR 2SO A e R NSRS B AUk O — @ RN ], B R
AR AT I TE AN LR AR RIAT FUAR T 58, JCH G2 B R 5 SEFIPESSAIE . AR SOk AR il
WA ) SR AT RPN 22 K, Tt T RN AR RIE S R S8, IF(E TF By
PR FIZEAS T T SRR IRIE, T EWF TN AR

(1) B0 A2 st A0AG B A A RIS AR A A T R, A SO S VR /0 A S A B i, W93 T
S BRIABERFAL 1) = HERE R o £E SRR b, 45 618 55 I R AR L RS 7 SR DA S 8AG: X I ) A A A »
WHE TIE SRR ANNLE, FEX T AN AT f 3R A s B AE SR S Btk AT AR Tk —
AARTHTENNL AT IR E T, AR SO AR U BR AT BEAT T I A2, A ORER AR IR SR A AT AT 1

)BT XF T AN LIRAG AL 55 s B AR AR [P AL, AR ST 1 — bt FRl -2 a5 B R & 50
FEA R AR, Beih T oRgE 520 9 1 S AL, ZEEAETT T 2R RGN
ORGSR T IHERCR . (TR RRY], SESNBIEMRIE ML, 2Rkt r g
BRI TP 5.31%, HAHRIBATH D 16.22%. 15 /B AR, 3R T FEN SIS H 1,
L AR AL LA PR R B — PR T SRR R R T R A R BUR, HAASBISE AL,
SRR R BRI I LA A 6.87%, FFAS LRI ()982 14.64%. 2%, S5 A MEL, KLY
2R SRR HAR RN &, EREAE =R A R AE ) 5 Bl AR g

(3) X TENNLIIE ZAE ST sl AR A, ASCHR Y T — PRI ZE > 3-opt AIRUILELIE,
I 5 ot B S-S S W R A FIEEATRL G o SOME G EIRAE M = R IR N AT 55 A HE
Fr iRl AR R PR, ASCEITIRMAIMG I 22028 5 SIS AN 3-opt PEALRT AR FLIEREAT 1 kit i
HAERERW, AE 56 MG s B b, BT Sk R B AR BEAR L AR S S 4 0 1 2270 3.66%
IBATI AR T 13.41%. FERCEERN b, RSOl AR EEIE S b — SR th i kit R S - sh A i 1
IRESEAMRE G, IR MRS mOE A, 38 D i A 55 IR IS i R e LA B A

(4) BRI AMUEAS st N R R it IR sl 7 — B R ALK R AR MR 2R 48, 52
J% T AR e SRR RE . e, A A AT S5 I SE PR AL SRR T RS
AT BT, B IR R GTRENS I L B AR IR S B SRR A N 5K . BiEJE, 2T Unity 5 MATLAB
BEAT RGUT A, R TSRS RSB BRI PAT R ARt R e 7 S A% o D B R . TR Unity
5 MATLAB [RIRESM, RIS SR IR SOl 1 I 2 IR AR RS, e T MES 5 £
155 = ZE AR e R rT UL SE 08 . i), BT RGIEAT 5K, Kk 17 RGER AR IR
FE BN IRERRRE F) S P A58 T 5 i 75 AT SR S A
KRB A TANLSE; B RERNE, BRI



Abstract

With the increasing number of substations in China and the growing demand for secure grid
operations, traditional manual inspection methods face significant challenges, including low efficiency and
high operational difficulty. Consequently, the development of smart grids has become a key direction for
power grid advancement. Against this backdrop, the adoption of intelligent UAV inspection technology to
replace manual inspections has emerged as a research hotspot. Although UAV technology has been applied
to some extent in power transmission and distribution, research on UAV path planning in complex
substation environments remains relatively underdeveloped, particularly in terms of intuitive visualization
and practical validation. This thesis, based on the actual needs of substation inspections and on-site
operational experience, investigates and designs a UAV inspection path planning methodology and system,
which has been experimentally validated at a substation operated by TF Energy Co., Ltd. The main
research contributions are as follows:

(1) Construction of the UAV Inspection Path Planning Model: To address the problem of substation
inspection path modeling, this thesis first analyzes the environmental characteristics of substations in detail
and constructs a three-dimensional model that accurately reflects these environmental features. Based on
this model, considering the complexity of inspection tasks, flight range requirements, and the uniqueness
of inspection areas, a suitable UAV model is selected, with key parameters such as flight range, curvature,
and altitude constrained accordingly. To further enhance UAV flight stability, the generated path is
smoothed to ensure continuity and feasibility.

(2) Path Planning for a Single Task Point: To optimize UAV path planning for single-task points, this
thesis proposes an improved Black-Winged Kite—Dynamic Window hybrid algorithm. In global path
planning, a Lévy sinusoidal-enhanced Black-Winged Kite Optimization Algorithm is designed, which
improves both global search capability and local optimization accuracy while enhancing computational
efficiency. Simulation results indicate that, compared to traditional path planning algorithms, the proposed
method reduces path length by at least 5.31% and decreases runtime by 16.22%. For local path planning,
an adaptive Dynamic Window Approach (DWA) is introduced, incorporating initial pose adjustments and
optimized evaluation functions to further enhance algorithm performance. Simulations demonstrate that,
compared to the traditional DWA, the proposed method shortens the path length by 6.87% and reduces
planning time by 14.64%. By integrating the global and local path planning approaches, the algorithm
achieves both high efficiency in path planning and dynamic obstacle avoidance.

(3) Multi-Task Point Path Planning: To tackle UAV path planning for multiple task points, this thesis
proposes a chaotic differential 3-opt Grey Wolf Optimization (GWO) algorithm, which is then integrated

with the improved Black-Winged Kite—Dynamic Window hybrid algorithm. Recognizing the limitations of



traditional optimization algorithms in handling multi-task point sequencing problems in three-dimensional
complex environments, this thesis enhances the GWO algorithm using chaotic initialization, differential
mutation strategies, and 3-opt optimization. Simulation results demonstrate that in scenarios with 56 task
points, the proposed algorithm reduces path length by at least 3.66% and decreases runtime by 13.41%
compared to conventional optimization algorithms. Furthermore, by integrating the improved GWO
algorithm with the previously proposed hybrid algorithm, the thesis successfully generates an optimal
inspection path that starts from an initial point, visits all task points, and returns to the starting location.

(4) Development of a UAV Inspection Path Planning System: To meet the practical requirements of
UAV-based substation inspections, a UAV inspection path planning system is designed and implemented,
enabling intelligent visualization of substation equipment inspections across the entire facility. First, the
overall system architecture is developed, ensuring that it meets both path planning and dynamic data
interaction requirements. The system is then implemented using Unity and MATLAB, incorporating core
functional modules such as task point management, path execution, and dynamic obstacle avoidance
visualization. Through deep integration between Unity and MATLAB, efficient data communication is
achieved via dynamic link libraries, allowing comprehensive three-dimensional visualization experiments
for both single-task and multi-task point path planning. Finally, system testing and validation confirm its
reliability and practicality in terms of path planning accuracy, dynamic obstacle avoidance, and user

interaction interface quality.

Key words: Transformer substation; Unmanned aerial vehicle inspection; Swarm intelligence algorithm;

Path planning
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