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Research on trajectory planning and control strategy for transmission line inspection
robots aimed at safe operation and maintenance

HUA Guoxiang" 2, YIN Shuzhe®, PAN Moji’, ZHENG Zhaorui*, HUANG Xing?, ZHAO Haisen'
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. School of Automation, Wuxi University, Wuxi 214105, China; 3. School of Automation,
Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: Loose bolts in tension clamps are among the major causes of safety hazards such as hardware detachment and
arc discharge in high-voltage transmission lines. To address the low efficiency and precision of bolt-tightening operations
performed by existing transmission line inspection robots, an improved trajectory planning and tracking control method is
proposed. First, trajectory planning is carried out using a 3-5-3 polynomial interpolation approach. A “velocity pause”
mechanism is introduced, and the trajectory is optimized using a multi-strategy improved particle swarm algorithm
incorporating Levy flight, achieving both minimal trajectory time and smooth motion. Then, a controller combining
global nonsingular terminal sliding mode control with a super-twisting algorithm is designed. Simulation results verify
that the proposed method improves system response speed while effectively suppressing chattering. Finally, the proposed
trajectory planning and control scheme is further verified through physical experiments, demonstrating significant
improvements in operation efficiency and tracking accuracy of transmission line robots during bolt-tightening tasks.
This work is supported by the National Natural Science Foundation of China (No. 52177041).
Key words: transmission line robot; trajectory planning; multi-strategy improved particle swarm optimization; trajectory

tracking control; sliding mode control

BT BR 1 ARk N B R B TRk

el 505 Syt ) R ERR T BT
BRI AR SO IRG ST, BRI LI
o [l S AR 3 R 5 A

A o L ML A
B, (AN ] i L 42

EEWH: BRAABFALTRE F8h (52177041)

AL g 5 ok sk .

o fHEHT

etk 2 T AR AR 2 AR 75 3k B R DR
e AR S M A
TR, FHAVEXS



-132- B 2GRy 524

RIS TR A e R L 1 2 A R i B e
J7 % SCER[STE M ol BR e R EIE A 3-5-3
T AR L PR (8] 2800, A e 6 1 DU D 40 15
SCHR[OH S T SRk S ik 2 A Zs &, 187 T
BN N PRSI SCHR[101R R K
ERALRLF R 57 (particle swarm optimization, PSO),
FE B R kG e N R e LA o SCHR[11]48
ot f 7 ¥ (improved particle swarm optimization,
IPSO)EVESRTE T = IR 25 it B2 [ S TR AR A0 25023 5 ST
BR[12]38 5 il i B LA SRR SR T 7% 5 B B MRSk
M2 AR (E S A R e ). SR, BUA W T i
FIE RS N SEOE S U R 2 AR T
P Z AR ) L, 11 2 7 HAE SRR A PR Y P

PERN I ERER P 0 7 ], W A o) R0 M
RGBSR G, Beit RSS2
IS FH T UB S s R g ) U 18 s
H RO T Bt M B S SRR R, HRAE BA T
B AR e R LA IR SCHER[201F H 70 2
TR UL 7 A i AR B e R SCRR[21]4R
& 7 9E A 7 4 o 1 15 4% ) (global nonsingular
terminal sliding mode control, GNTSMC) /7%, REf%
TH BRI I BIER B, FRAR A e S R
GBI, (H2H TR 5 R w2 7= 4R £
PRILA

AT HIFSENR, SCHR[22]7F 4% R i sz i b g
NSUHH IE DT RR 0 SCHR[23 142 H T B & N i 3
SCHR[2418EE 128 R BO0R Ok s STHRR[251R A
AT R BCRANH MR . BARIX LT IEAE— e FE T
59 7T HHR, (Etham R E AR R,
N TAGTEARIPLS), BTN SRR ] 5 &z
il 7 ARG A, anSCER[27)88 AU H & B 2 by
OB M SCHR [28] 7E HE R JE (super-twisting
algorithm, STA)MA Hil AL ES s SCRR[29 K il
22 W 4 5B dI A 45 A B T WU $ 6 .

B A _ESREGREG, A ST LRI AT PR
BRI PN 77 AT Gk, B2 —Fh 22 SRl [R] 2
Bk ¥ B A A6 (multi-strategy  improved particle
swarm optimization, MIPSO)5LyEX} 3-5-3 £ T3
BT EAT A (8] 5 9 HARAiAk . J8ad i FE
57 M SCEE RS, N Levy ®AT#E—DHE 00
HEM A RERES), BRBNRTRL. SRR
B, MIPSO BEMUA S5 28 7 SIS T f5 J [ Bf
FHEWR 7 I . AR — 71, BT HLES AAE =
JE 4 2B AR b b 5 2 SMER RT3 B RS T
BEFR IR L, ASCRETE T GNTSMC-STA % 9
W&, DATE FRAREHIR A I 42 S o BRER RS FE . e id

ISR IR TR SR IR 1) S AT R
1 AL SR E R FEE

N PRBE L ) 2 G e I A F 2R BRI 2 4, TR
T T R R R B AL N, T AL
35 kV Je DA P H 2R g LS AS A Ml 75 SR (i
SRR IR )Y, HARGA A 1 TR,

L SREhEEE 2387 3. THEIE G 4. 38k 5. SLITR
9.

6. FUAT 7. RE 8. HUWE 9. S HARNL 10. BN T

1 MER BRI B A RIS

Fig. 1 Overall structure of transmission line robot
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Fig. 2 Workflow of transmission line robot
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Table 1 DH parameters of robotic arm

ES d/mm a, /mm a, /(%) O )
1 8.94 0 0 0
2 0 0 90 90
3 0 110.56 0 90
4 109.15 0 90 0
5 9.65 0 -90 180
6 923 0 90 0
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Fig. 3 Schematic diagram of 3-5-3 polynomial interpolation
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