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Galloping identification of transmission lines without spacers based on
trajectory extraction and ellipse detection
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Abstract: Because of the absence of mechanical components for separation and connection, transmission lines without
spacers are at a higher risk of galloping during strong winds, freezing rain, and heavy snow. However, current research
has yet to achieve targeted real-time high-precision monitoring. To address this issue, this paper proposes a galloping
identification method for transmission lines without spacers based on trajectory extraction and ellipse detection. First, data
augmentation and low-illumination image enhancement processing are performed. Next, a lightweight improvement of
the traditional DeepLabV3+ model is carried out to lock into the target line and fast segmentation is realized in the initial
frame of the video. Finally, after extracting the short-term operational trajectory of the transmission line, the galloping
monitoring process is transformed into ellipse detection of the trajectory based on inspection expert knowledge. The
results demonstrate that the proposed method effectively balances the speed and accuracy of line trajectory extraction, and
can analyze the galloping severity in transmission lines in complex environmental conditions. This has significant
practical value for transmission line inspection in extreme weather.
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Fig. 1 Image enhancement sketch based on Retinex algorithm
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Fig. 7 Transmission line trajectory shape extraction

based on SiamMask
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Fig. 15 Visualization of multi-scene segmentation results of transmission lines

4.2.3 FRHLH Rl SIS

W A A A B SEEe S5 R, RN T
MobilenetV2. SCASPP Il CA iX 3 /MEEHL (4 %}
6 R 1, 20 )XTETIMERE R, SLIG KR
Wk 6 Fin. 45K M, JE4R DeepLabV3-+i- 53
EIUEWITE B =, MIoU A1 MPA 73 HliEE] T 79.28%
M 87.66%, HHZSHE &K, 4 FHE &S .
MobilenetV2 1ENE T M 4% J5 B & BEE TR 2
&, {H MloU 1 MPA 73 I FEIKZE 77.89% Al
86.45%. SCASPP H[5| Nit— DL T 25 E
FHLREE T B FPS, [HI MIoU F1 MPA 04 filrf2
o AMARER I BN G IR1G T e HERA T,
[ IR T AR A 43 B S, MIoU A1 MPA 43 711
2T 80.79%7H1 92.16%.

3= 6 221X DeepLabV3+ER R SLIG 4R

Table 6 Lightweight DeepLabV3+ model ablation

experimental results

HLRY B
1 2 3 MIoU/%  MPA/%  FPS/Hz  Z¥iE/MB
79.28 87.66 42.99 58.87
77.89 86.45 56.05 11.94
78.84 88.15 53.23 8.47
v 80.79 92.16 51.05 10.18

4.3 LRI B SEahiHR
4.3.1 HULTARFE I

M SiamMask R 1) H ARZE B8 HEAT
FRER AT, VPATBAYI SCE HHER 2 . SRl A
V15 5 HH2H (expected average overlap, EAO), 455
W 7 fs.

=7 REEANENIEIRER
Table 7 Results of tracking model evaluation indicators
HERf 2R AR EAO
0.708 0.264 0.397

WK 16 i, XA SiamMask S2HL )28 2% B
BRI 25 AT 0BT o W SRR R B A5 R R
Yyste 1 fldgse 3 R B AR, &
BX AN I S CE A4 B 9 o B U e 52
FIEE, 52 H H AR S0 N EE A E
Ak, X & T SRR B s R . A
I, SiamMask #5 7 G805 A5 R HE 2k % 1AL B AR 4k
A DL TR R IR B . S 2R BT 1] DL — b
1S3 BE S LRI R BT IR o 3R H L 7R X A K37 5
HATEHIBTEAREE S, %350 3 k2R, PUEHEE
SR 17 Fios.

4.3.2 GRG0 11 28 5% 5 2 % i

BT 37 55 2R IR U R A N 5 SR an P 18
K 8 Ao . I FH 55 5h 28 B AR [ AS I 45 SR Z 375 %
LRER BRI UHEAT 00, 2R 1 ARSI AR
X TR LR IR TN A P MR A, SR Bhl
AT /N, PR AN 75 257 B R B Tt AT RS A 4
1o BRI, R 2 ALk 3 Mk AR, S HAY
FRARG IR IR 4351 A7 0.728 i1 0.661. 83 3, 4
% 2 E ARSI A 70%, A4 RSV [ P T RE PR R
TN VAT RGeS . 2R 3 AR I B
70%, PESNFEFEHEE, @UUMEKK . W3k 9 Frw,
HE—25 AT LR 2 RIZRiEE 3 PO E IR S5
A [5] hoCa AA B FTABTARE A1 S Bk 1 55 Bh 28 4% T AE X 3 &%
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Fig. 16 Line trajectory tracking results of different frames
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Table 8 Line trajectory ellipse detection results
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Fig. 17 Typical scene galloping line trajectory extraction
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Fig. 18 Visualization of line trajectory ellipse detection results
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Table 9 Line trajectory ellipse detection parameter information

¥ X, e a b p
¥ 2 37665  88.009 760515  17.079  106.815
%483 61.186  87.901 78.279 14891  83.261
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