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Abstract: [ Objective] Aiming at the problems of small
insulator defect size, susceptibility to complex background
interference during detection, and large parameter volume of
the baseline model, this paper proposes a lightweight insulator
defect detection algorithm based on an improved CPLC-
YOLOvS. [ Methods ] Firstly, the
RepNCSPELAN4-CAA module was designed to replace the
C2f module in YOLOv8’ s backbone network, reducing

lightweight

parameter quantity while enhancing feature representation
capability. Secondly, a small-defect detection layer P2 was
added to strengthen the fusion of shallow and deep features,
minimizing the loss of small-target information. Subsequently,
a lightweight detection head was developed, where 1 x 1
convolution was employed for channel dimension adjustment
and detail-enhanced convolution was utilized to replace
conventional 3 X 3 convolution, achieving parameter sharing
and feature enhancement. Finally, the convolutional block
attention mechanism was introduced to suppress background
interference  through  dual  channel-spatial ~ attention
mechanisms, enhancing key feature representation and
improving model robustness and detection accuracy.
[Results] Experimental results on the custom insulator defect
dataset demonstrated that the proposed CPLC-YOLOvS
achieved a mAP@ 0.5 of 0.928, representing a 2 percentage

point improvement over the original YOLOvS. The model

E£WmAB. UTHHETHH (LIKFZ20220190)
Liaoning

(LJKFZ20220190)

Provincial Education Department  Project

parameters were reduced to only 1.72 MB (42.8% reduction
compared to YOLOv8), with a compressed model size of
4.12 MB (31.3% compression ). Comparative evaluations
with classic network models confirmed that CPLC-YOLOv8
exhibited significant advantages in detection accuracy,
parameter efficiency, and model compactness, particularly
demonstrating  superior  robustness and  generalization
capability in small object detection tasks. [Conclusion] The
proposed algorithm achieves lightweight model design while
maintaining high detection accuracy, making it suitable for
deployment on resource-constrained edge devices with
promising engineering application prospects. Future work will
further explore the integration of multi-scale feature fusion and
lightweight  techniques to  continuously —enhance the
algorithm’ s adaptability and stability in practical power
inspection scenarios.

Key words: lightweight; insulator defect detection; CPLC-

YOLOvVS; convolutional block attention mechanism
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Fig.1 RepNCSPELAN4-CAA network

structure diagram
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Fig.2 CAA network structure diagram
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Fig.3 Structure block diagrams of CSPNet, ELAN and GELAN
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Fig. 4 Structure block diagram of RepNCSPELAN4
1.2 BEHRL

8 BRI ASE B v 00 Sk 67 D3 A= R S0 45
R HH RSB R R EOR, S EOI R 2R
R FERHE AN, FF AT RE S| K G, PR, Lk
Frig At 3, ANMLRE S A AR S H0m Ft 58
SR R RESR THER I AR ARl o L RYEE S is
R,

YOLOVS SR AL 35 P4~ 57 F) 3 28 73 S0 [l
P53 SRR A5, B 32 2 4> 33 [0
BUZFI LA Ix1 B RUZ A R, w] 20500 533 Bt
HE TR R A3 iR . IXMME 50 B it A
FTF2 03 SOASL AL, T ER TS RURS B2 5 5005
ZEFNE 5 B

B 5 YOLOVS #ill sk 4544
Fig.5 YOLOVS detection head structure
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Fig. 6 LDECD structure
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Fig.7 Feature fusion structure diagram after

adding small-defect detection layer
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B9 it YOLOvS F45 &1
Fig.9 Improved YOLOVS network structure diagram
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Fig. 10 Data set example
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Tab.2 Experimental results of attention mechanism

2 i

Y P/% R/% mAP@O.S T oM
YOLOvS 90.9 879  0.908 3.01 6
YOLOv8-EMA  91.9  87.4  0.914 3.02 6
YOLOv8-MPCA 924  84.6  0.906 3.33 6.6

YOLOv8-SE 90.6 88 0.917 3.11 6.21

YOLOv8-CBAM  92.8  87.3  0.917 3.07 6.1
5351l mAP@ 0.5 271 0.6% .0.9% F1 0.9% , ¥
F3 ke
Tab.3 Ablation experiment
% CARepNCSPELAN4 P2 LDECD CBAM P/% R/% mAP@0.5  S#iE/M  REK/IN/M
YOLOv8 x x x x 90.9 87.9 0.908 3.01 6
et 1 Vv X x x 91.7 85.3 0.903 2.37 5.04
itk 2 2 VvV x x 91.4 86.2 0.918 2.27 5.11
Bt 3 vV Vv VvV x 90.8 88.2 0.923 1.74 4.49
T itk Vv vV Vv Y 92.4 89.5 0.928 1.72 4.12

M 3% 3 Al A S 42 4% e fE A A CPLC-
YOLOv8 i i 5] A CARepNCSPELAN4 . P2,
LDECD L4 CBAM , 78 @ E FEARAL I /NS S8k
=Y R, A AR TR IORE BE, 5 OBR

YOLOv8 A Eb , e A (YRG0 B P 5 Y90G 1
mAP@0.5 70 I THE 92.4% 5 0.928, E.4Aimi
TG 1 B S R 5 AR KNG IR R
21.3% 5 16.6% , V- SRG E G 0.5% (HSEBL T
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Fig. 11 Comparison of mAP@ 0.5 values

across different models
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Tab.4 Comparative experiment on insulator defect

detection using classic network models

28 st

oA 9 9 @0.5
i P/% R/% mAP@0.5 EM KoM
SSD 78.2 75.6  0.754 25.5 50.2

Faster R-CNN 75.8 78.2 0.784 50.4 108.2
YOLOvS 86.8 82.6 0.870 2.50 5
YOLOv6 87.2 81 0.853 4.23 8.31

YOLOv7-tiny 84.2 79.9 0.836 6.02 12.3
YOLOv8 90.9 87.9 0.908 3.01 6

CPLC-YOLOv8  92.4 89.5 0.928 1.72 4.12
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