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[ Abstract] The tension at the suspension point of transmission towers is an important parameter for line renovation and collapse acci-
dent warning. Although airborne LiDAR can provide high-precision spatial information for transmission line scenes-LiDAR point cloud
data, lacks timely feedback on the operational status information of elements ( such as tension of suspension points). A tension extrac-
tion method for tower suspension points based on LiDAR point clouds was proposed, and a new approach for studying micro physical
parameters of transmission line spatial information was designed. Firstly, a three-dimensional spatial model of the transmission line was
reconstructed from point cloud. Then, a mapping model between the spatial curve model and the horizontal stress of the transmission
line was constructed. Finally, based on the tension vector relationship of adjacent transmission lines, the tension at the suspension
point of the tower was extracted. This method reconstruct the three-dimensional model of transmission lines and extract the tension of
tower suspension points in real-time operation based on LiDAR point cloud. Compared with finite element analysis method, the maxi-
mum relative error is 3. 26% . The research can be extended and applied to the safety inspection and state parameter detection of large-
scale transmission lines.

[ Keywords] airborne LiDAR; point cloud data; transmission lines; tension of suspension point
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points from airborne LIDAR
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Fig. 2 Horizontal force diagram of transmission

line in wind bias environment

BUAC BeZRas i i 28, A A5 3 A 7 2 =X mT
e

o —ay(y —y,) — LA g (1)

cosf3 2
B BC BeAR =S h i 2k (&1 2 th R ik
7)), B S A RN AT R Ry
a-yx(l_x> —oy(y, +h-y") +
L —x")yl -«
: cos,B)yT =0 2)
B (1) () HERAE o, ATHHES
g 2 BN & s IETJ*%%UE/JjJ%ﬁ$E%§Lij‘7
p_ by (L =a")
Y= 20,cosB

— Y 12 }/l . ’
- 20,cosf - (200005[3 ~ tanf3 )x tYa
(3)
120 (3) WA, i L AR S AR Y S K P I
B, 2 2 o e R g =
G(x,y,z) AIfRAE N

G(x,y,z) = (4)

y =Y, +x

V1 4k
z = 7, + Ax"* + Bx'
X(4) . A B RinW & r WA R (X,,Y,,
Zy) MR naS AR S AR R & A IETJ*E‘JF”EIH
LBPAGR XN SHOL & U & SRR L 2k
MSEH UK,

L2 REWRKEIERE
PO 2 i v A T T A A N R Y S
B, RS B2 B 7K 1 7 R a5 ) R s Y

AEEEAIERE L, A B RO ML BGROE R =
i R s R B R BT LA Ao 3 A B BRI DAKF

I B2 B PLG  BHOG S = 80% 2 24 X0y /K1
T, PR T 2R T RE LA LU 2 7K P8 ) @ £k
DI RRAUE B = 105 2 i v 2 B it 4 i A A e
I, ST T R UG, DA E M R IE S O
RS, MRS RCR , HE HE-WL 7L
RE i HL 2 = kS [ATE S

Eﬁu F Uit Y AL A ﬁﬁﬁﬁﬁ%%ﬂm%%ﬂﬁ
Ko H—HZE BT BRSNS R %07k
I KAHEAS B IG AL ARAT T U5 | SR 5 F5- 50 B 5 55 1k
TCRREA BRI LA B 2 850 19 B 1Y, A4 A
INT 3 (least square , LS ) S I8 78 B ph gk a5k 122
Nz AR Sk AR R A
AR FE AR BIW) U6 A, SR 5 il 2 A 8O A T 1
JE USR] BE 4 R A B 4R F 1T S5 B A S 40U
WA Ak, B AR 2 P A A Bl AL — B0 SR FR R
%% (random sample consensus, RANSAC) e
TN ek, BEAL—BOrE R AR L RE [ 3R
Mg P FIORH 22 A5, B S 5 B AT A Ot B s Y
g AR A (EATD AR RRE PE 55 | B AL K S
AR (A5 A <0 i PR 2 A5 A il 2 7 B 4 Ak R
AN IS . TS THOL S = i d
LAY A OR X R R B AL — SO SR AR A Y
WG FEAS 13 38 5 J 00 46 A7 40 R ek ( DA ) e A
AU ) BEALZE £ 2 DA L, 5 PR S 3 [
2H R B /N RE A B A ok [ R A D AR B T
FEREAKE 4 | BEORUE T 2% 8] PN AH 40 4 i i 4k 76
B AR SR BN e R S R AR Y
AR RO

Kl 3 R T el e AT e B th 26 5 s = 8

—— ,“
| i

() JF AR A L L (b) etk 530 i v R e A

K3 i R 2k i SR

Fig. 3 Overlay of transmission line model curve and

point cloud

ML . www. stae. com. cn



2025,25(11)

JBR TL0E 55 HLARIBO 1 S AT RS B m ik S B0 4685

PSR B, o T 306 5 2 5 A Y S I A
RUSHOR ff 90 U BE AR S 8 B 00 BE AL 1, 2L F R 4
I ML — S50 SR AP BB 3 118 L 408 iy iy 2R A Y 286 1 B
KA RS B A A AE T HE A O, e B BE AL —
TR SR AR TR B A 4 i H R AR il 2R A A TR
R TE = YE o 2 [ N B DA o 1 AR
AN R, M H T R AR A AR S R A B
O T () B L A TR S A B T A S 1) A AR iy
SR TE F A i L 2 B B 3R A 5 G R T SR IR A
A
1.3 FEEESAKARK

B A K T 2 R 2R I B R AR A2 A R
LI H 2, T =SB REERF =
(|F|,Np) B |F| RREHLKTKN, N, £
AR T, B E IR A TR
WIAH&B% LR KT AN R, O T 5 i e m fL B
SR, DA 5N TG, T i E 2R K OF A )
oM X, B oA A 2, A T Rk
FE = YA AR FR L WA 4 FFoR, Hod K S 3 2
e DARREE SN 1 a5, 25 (81910 P81 PN 45 28 4 408 4 Hi 2
LR 2, OB fh 2% 1) AP £ SF- 0 42 o0 i, D)
WAL 5K T oA A2 A AR i H 2 9K T ) Ok B R
F =F, + F, F, F, 53338 2 RO AR 22 45 Al
HZR PRz Ak T

i HEL £ 7 [ A A8 v 4 B S 0 g 2 i e 2K
B HE 5k 7 BT ) SR, R R 2 WAL RO A
SRS 25 5 SO B Ok, 1.1 1AL 2 7
535 DN K EEL 2 T O 37 3 43 BT AR A RO 0, 2 7
A B ST R AR S B AL I BX A B ST
K (3) 3 (4) WA E ki r 2R 23 [ AR 5 7K S 1 )
YIS HEENM CR: 0, = ¥/(24cosB)

TER 2R H ) AP IR i 4 E AT R S
Tia] [0 77 114 7K SF- 43 8 Ak Ak A 4 HL 45 S5 A1 o5 Bl 1) 1oz
H1 oy RPN 7B RE S, A i 2R B AR sk T
PR R F RN

BENKAF

K4 BEAskREA

Fig. 4 Schematic diagram of suspension point tension

I F,| = 0,5/cosa
= yS/(2AcosBcosa)

Ny, = (x,y,2)

= (9G/0x,0G/dy,0G/9z)
K (5) e F(a,y,z) ki 2 84 sl m ok
|F | i 2B U gk ) RN Ny e 2R
R 5K T 1), 5 e e R R i 2 e B
SR PTIZTT 3 S AT R AR 5 o AR
RUh 2 B s b D) 0] 5 7KF T e A, AR &
EE (Xo, Yy, Z,) hhak f1 F = F, (X,,Y,,Z,) +
F, (X,,Y,,Z,) o

2 KR5S

Pk Python THEMLIE F My 3Ll 5 1188 7 52 BLHL
RO R R R I R, Open3d
5= R SCIRIR O L A B AR R S AR
FHOCEE S0 = 4E ] WAL, 5256 F £ A I . R AR
B T AES, CPU A Intel % i7-12 700 K, 3. 60
Hz, BT AN T35 R G032 B
220 kV ZE7s i e 2R B0 = 80E il i | L
AR B R Ge 45 K i 2225 M600 Pro Jo AL €47
B(EESHCHERGE KR 15.5 ke, 1T RKZKGHE .
8 m/s, B AFETA]; 7717k 5.5 kg 15HF 18 min) Al
W BG4S 3/ N O B IR AR IR AR (R EE S8 &R
51050 m, EEHKEE .S mm, Hig.3.5 kg, I K AHT
WA .52 JTaN/s) o SR EHE SR AR R ANE T, KU 52
Bl Z gt A PO =8 H R 6 167 367, 55
=Y 2 25,36 pts/m’, 1 2 B R T AR
U, T R R S A AR 5 TR,

S i e 2R B M IR LA IR 3 A AR PN 43
AR H H 9SS, 2K 20 860 m, i 3 #Y
RS 2R ALY, IR0 5 AR AR A B 2R (2 MR aBETR
R 3 MRAE A L L) Horp ol R 2R T L )
S GI-35 BUJUNI R 4 B NN R 84 LG -
185/25 MU 1Y, , A Fe 15 FE S, Ik 1 P,

AL F I 5T N G2 02 A R R U

F,(x,y,z) = (5)

% PR S RIS D E N EE A RS
5, 181 6 JER T SCHR[26 ] Tk D5 ik L 2 s =
Frigs  FEES Frit4
4:|:J.}$~‘l/a B @.;,7&%&'@2 . e
7 B

Blias Balrs | BERS s

5 IR

Fig. 5 Original experimental data

ML . www. stae. com. cn



R T NI N N -

4686 Science Technology and Engineering

2025,25(11)

®1 SELZMBEXIEMRSH

Table 1 Material parameters of conductor and shield

5 LGJ-185/25 GJ-35
BT S/ mm? 211.29 37.17
HME d /mm 18.90 7.80
PN E R my /(kgkm 1) 706. 1 295.1
R a/C 1.96 x10 73 1.15x10°3
HPER R £ /MPa 73 000 181 000
Yl h F /N 59 420 43 429

Pl 6 i L L IR AR o 2R

Fig. 6 Extraction and model reconstruction

results of transmission lines
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Table 2 Accuracy analysis of suspension

point tension inversion results
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