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Flexible overhead contact wire measurement method based on
whales optimization support vector machine

XU Jiyang', WU Xueqin®

(1. Shaanxi Polytechnic University, Xianyan 712000, Shaanxi, China;
2. Chang'an University, Xi'an 710064, Shaanxi, China )

Abstract: The position of the overhead contact wire directly affects pantograph-catenary contact conditions, thereby influencing current-
collection stability, wear, and the operational safety of trains. In order to improve the accuracy of flexible overhead contact line
identification method, a contact line measurement method based on line laser scanning technology is proposed to obtain the contact wire
height, stagger, and wear depth. The method uses an area-scan camera to capture images of laser reflections on the contact wire surface and
perform position calculation, however, accessories such as droppers often generate strong specular reflections and abnormal light spots,
which interfere with target extraction and distort the measurements. To address this, whales optimization algorithm and support vector
machine (WOA-SVM) is used to classify and coarsely localize the laser stripe, thereby locking valid contact-wire region to achieve the
measurement of the overhead contact line position. Experimental results show that the proposed method achieves 99. 86% accuracy and
95.65% specificity in recognizing the contact-wire connected region, making the approach well suited for engineering applications.
Keywords: overhead contact wire; line laser scanning; WOA-SVM; Hu moment; image identification; position measurement
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Fig. 1 Benchmark of contact wire position measurement'®

ARSCER X H iR 25 He fh 2 (o7 T 00 A v AN v A
AR 2 A5 (R R 3 i 2 I 42 sk A 0 7 v E ST, O
T LBOCHIMBORRE S b e A 7 B+ 7k, R
JH WOA-SVM 530 3 b 1T 4 1Y 422 fih 282 't Bt e % 8 X 3ok
(region of interest, ROT) #EA7 50 I M Ao 2 B H 3% 1, 7
i BB figh 242 09T TH 8 B0 A MR DA TR B, S B0 s i
finh 2k B (07 00 | REAS I IR VK
1 BERLLENERA

ARSCR A fith £ 0 8 2R 40 6 58 phy SRR 48 2RO R I
o T AP B R G AL, WA 2 B, o,
LRHOL S 55 T P AR DA R o £ 3 A TR 1B = 3R
SN TR BUEAFE . RG0AT AN T FHE T2 4
RS UTHERL Bl , 2 B 45 T il ) P S5 Sl B B bk e 45 5
ik A FABLS HOEAR A, IS8 O R A BT F ALl

22 fi 42 A7 I £ S B AN 18] 3 o, 2 A e A P Y
TEROC A S s P B A8 AR

x" == T'tan B (1)

y" =Td'x " sec B (2)

KX, B=y —atan(y\"/®)

(1) (2) AT T i R G SE0 T, it
TR IR A IR A T AL EOGIT I 28, BT
THEH I 1 R GEAE I i 2 B] PN B MR TR I 1Y ) O a5
] R

BHOCKI B HIFFAIPL
i
3 4 — -

/] \
B2 EMEMENERS

Fig.2 The developed contact wire position measurement system
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Fig.3  Principle of contact line position measurement
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Fig. 4 Flowchart of WOA-SVM algorithm




Hzh b3 R 5 5 H

76 Techniques of Automation and Applications

2026 4F 45 % 4

2.3 HEMERTRIRENETE

RSO R T B3 A R AR SR O ki AR AP 5 B
TEfIE ROT $2 42 B v, 15 56 A B Ak J7 3k DA & v R g
S BG4 T S N LR/ ROL AR e 0 22 36 0 8 RO IR AR
FOPT e T8 AT AR AR HE I , SR G 47 Ak bR RO
YE R RO, 83K LG — LR ARG T & R hr & 2
B0, A R ARBL L 2B TR e 15 ROT BEAT HE A IE, i 4%
ROT {5 o 51 55 3552 B i X 132 499 5 25 1) R L ] — B
T 8 SRR SR ST B, S BOZE a8 38 Hu AR AR Ak
FERETE A 8 A T 2 T BRI 1

fRoT | | tem | | piEm
s [ o\ |7 mig
!
e
EHR

FIFFROI [¢| WOA-SVM [+

5 & EGIHFIERERE

Fig.5 Workflow for contact wire image feature extraction
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Fig. 6 The experiment site and contact wire images at
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