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Improved YOLOVS foreign object detection method for transmission lines

Yi Lei Huang Zhewei Yi Yawen
(School of Electrical &. Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Aiming at the problems of limited accuracy of UAV detection of foreign objects on power transmission lines,
high model computational complexity and limited computational speed, a power transmission line foreign object
detection method SC-YOLO which improves YOLOvVS8 is proposed. This method introduces StarNet to construct C2f_
Star module to realize the lightweight of Neck network, effectively reducing the number of model parameters and
calculation amount, and at the same time improves the feature extraction ability of Neck by increasing the dimension of
feature space; adds convolution attention fusion module after the backbone network outputs feature map to improve the
backbone network’s preliminary feature extraction ability of input feature map, and enhance the overall detection effect
of the model; replaces the original detection head with dynamic detection head to improve the model s dynamic
adjustment ability to different inputs and the degree of attention to key information; uses WloU as the bounding box
loss function and EMA-Slide Loss as the classification loss [unction to improve the model’s generalization ability and
detection performance. Experimental results show that the proposed SC-YOLO has 8.02% fewer computational
amount than the original model, and mAP is increased by 1.4 percentage points, reaching a detection accuracy of
95.2%. RC-YOLO reduces the computational complexity while achieving a high detection accuracy, and is highly
feasible and practical.

Keywords: transmission line foreign body detection; YOLOv8;StarNet; convolutional attention fusion module; dynamic

detection head; WIOU loss function; EMA-Slide loss function
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Table 2 Results of ablation experiment

0] DL ZWE AT 5 7RG 3 51 A Bh A K & DyHead Ji7 » 30
A5 BUE XA R Y H Ar R A R RN 46 BU , 1%
ICT RS SR L BT B, BB A R AT R I Y AR
B 8% 1) FH R R LA DG T BRI 2 22 Il i DG B, v
TR EAE AR BCAE 1. mAP 4R T T 1. 2%, BB
ARG Sk BE 0% A RICHE R T M R B R T 4 51 A
CAFM J7 , RE WS 72 FRAF £ B B2 rp X AR AN [F] X 30 Stk
AT 3% 4% B AT AL JE B AR 0C 2R 09 S IURE 1 » mAP $2
F+T 0.8%,.F&H CAFM HBUF = Sl & H BB 98 A 204
PRI PERE . [HASF — R AU 2, 7E C2{_Star 5 DyHead #il
AT K BEAREE B DyHead SEUSIEAR T 0. 2%, FRFELE
F C2f_Star 5| AR REAEH 9% Dy Head #5300 3k /) 1 = 0L
HRCR ST WS E R . 7E5] A CAFM FE & il
i 38 I R T A AR T 2 R AR TR TR R G, 5
BT AR A B

WO KA S BRI T I 45 1 S T 5
BT 8. 02%, mAP 2T+ T 1. 4%, iK% 95. 2% A B
T FIEW] SC-YOLOVS B GE 1% 35 BT 3 & 1 4
AEANT o 7E S Ak P A2 R A 504 TR A 1 R
3.5 HEEXLELE

) BRI L

9 T AERZR SO AR B SC-YOLO #7085 A R0 01
AR SO 5 g BoA A B B B AR SE AT X L A b, e
B[y BEARE TN 451 4 45 20 e 2R A R 5 0 B Y, A B o S
SR TR AR ANE 3 FiR

R3 AEEBIBERIE

Table 3 Comparison of different models

C2f_ Params/ mAP/
CAFM DyHead ~ GFLOPs

Star X10° %
— — — 11.13 28.7 0.938
Vv - — 9.53 25.2 0. 937
- Vv - 12. 35 29.6 0. 946
— — Vv 10. 85 28.3 0. 950
Vv Vv — 11. 49 26.9 0. 946
Vv — Vv 9.27 25.1 0.948
- Vv Vv 12.07 29.3 0.952
Vv Vv Vv 11. 21 26. 4 0.952

» Params/ mAP/
LY , GFLOPs
X 10° %

Faster-RCNN 136. 8 369. 8 88. 2
SSD 24. 1 61.2 82.8
RetinaNet 18.7 45. 2 84.5
ATSS 20. 3 49. 2 85.7
YOLOvV7s 36.5 105. 2 55.5
YOLOv4-tiny 9.0 26.8 91. 6
YOLOvV7-tiny 6.0 13.2 39. 4
YOLOvV5s 7.0 16.5 91. 1
YOLOv8s 11.1 28.7 93.9
Faster-YOLO-AP™ 0. 66 0.57 68.3
YOLO-FAM 11.0 26.7 94. 5
AFS-YOLO™ 11.1 27.6 94. 1
AR SCAR T 10. 9 26. 4 95. 2
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Table 4 Comparison of different attention mechanism

EEIIPLE B8/ X10° GFLOPs mAP/ %
CA 10.0 26. 6 94. 8
GAM 11.7 28.0 93.7
CBAM 11.3 27.7 94. 1
PSA 11.0 27.2 94. 4
CAFM 11.1 26. 4 95. 2

M 2% 4 AT A SCAR B T CAFM 7E S50 5t &
HRIE Y S TR SR BT de e B B R A R X AR B Y
PSA,mAP 7 0.8% MR T, HHE R M CA, mAP H
0. 4 %I TH GAM 5 CBAM 2 %08 B K, 1M %50 R 2040 *t
B g ae, KR E A8 GAM 5 CBAM 2 4k
)R T T O AT R AE RN R 5 L AR X AN TR
Tl A i Fh 20 B S 0 R 0 S R A AR

3K BB L

9T IEBA SCAE 2R A B WIOU 5 EMA-Slide loss
2 PRBLIY P M 8 SR LR AR R 45 45 WIOU 4 EMASlIide loss
He5 4 A HAM R T 4 E0 it YOLO #8041 2 o8 5%
) 2 G A A AT T B A3 AT o 7 A ST 2 B, S I 2 Rkt
tbing 5 pioR,

x5 TRAMEIHIIL

Table 5 Comparison of different loss function

UK pRAL mAP/ %
CIOU 93.8
EIOU 93.7
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CIOU + EMA-Slide loss 94.3
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