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Abstract: To address the complexity of defect types, variability in target scales, and background interference in power equipment
within substations, a deep feature perception method for substation equipment defect detection is proposed. Firstly, a C2f+ module
based on a sliding window mechanism is designed to enable the backbone network to effectively handle cross-window feature
information, expand the network’s receptive field, and strengthen the network’s deep attention to local features and global feature
processing capabilities. Next, SImAM is integrated into the feature fusion stage of the network, empowering the network with the abil-
ity to autonomously learn and dynamically fine-tune attention weights to improve perceptual performance for multi-scale defects. Ad-
ditionally, to mitigate detection errors introduced by defects of varying sizes and shapes, a fusion loss function combining NWD and
CIOU is designed. By modeling the predicted and actual bounding boxes as two-dimensional Gaussian distributions, this enhances
the model’s learning ability for defect localization. Experimental results on a dataset of substation equipment defects demonstrate
that the proposed model achieves an average detection accuracy (mAP) of 98. 27 % across 11 defect categories. It also outperforms
six mainstream target detection methods and power equipment defect detection methods with the best accuracy in 9 out of 11 defect
detections. At the same time, the model achieves a frame rate (FPS) of 78. 4, demonstrating high real-time performance.
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Tab.3 Detection performance of different A values

A mAP{E/% FPS {if

0 96. 52 78.7
0.2 97.08 79.1
0.4 97.56 78.6
0.6 98.27 78. 4
0.8 97. 64 77.8

1 96.93 76.3

FILRRKRY], YAEB/NE(A=0, 1=0.2),
BER T OCHE T AN H Rk mEAE, {H 5 $H
LN T Y N U v ] 5 W T B L
MNEBKRES, BRI /IN H A s i SR R AT
SECRIORS BN R TS A BIMER 0. 6 B, R
BB mAPHc iy, iK% T 98.27 %o XS NWD
5 CloU Z [al Wy sk ik 2] 7 ¥4, RESfR T 289 L
X /N B AR B R U, Gl CloU K 58 b 24
WHRE TR AL E bR E AR RE . A, A I HUE
YR IR R /N, FPS IR A i R57E 75~80
ZIa), R SEPRIN H A K . 2R, RAERA=0.6
YERRA A, DASE IR 22 R Sl A (9 4 13 5%
R
2.5 HERZE

h T B IR AR SC P C2f+ . SimAM DL &
NWD-CIOU AR, H4 3 A 5EH 3 il 75 i 31 B2k
W2 YOLOVIO 78 F il 28 H il 15 4 fil o 5080 42
VAT RS, S5 4 PR

®4 HBIE

Tab.4 Ablation experiment

HELRY AR mAP{E/%
Cof+ SimAM  NWD-CloU
93.81
N 96. 49
N 95. 60
YOLOVI0 N 95.03
N N 97.78
N N 96. 95
N N N 98.27

ME AT LUE L, E30H YOLOV10 #1716k
FAR I, mAP ALk E) 93. 81 %, HERPEMA A
B TR C2f+IEHL S, mAPHEE T 2.68 %, FI
A E P RESR T, BRI C2f+XF T H ARSI 1 R B
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Fig. 10 Visualization results of ablation experiment
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Tab. 5 Comparison results of detection accuracies

a2 A Faster R-CNN  YOLOvV9 YOLOvI0  AdIn-DETR CACS-YOLO  LiteYOLO-ID SEDDet
RALBH] 91.02 92.92 93. 63 95. 74 96. 94 95. 34 99.78
AL 90. 64 92.45 93.27 95.21 96. 85 94. 51 98. 04
HhFe 90. 42 92.30 93.29 94. 50 95. 17 95.71 97.18
piE SRIEY 92.51 93. 89 94. 07 94. 62 95.70 94. 12 96.91
U SR 88. 83 92.21 93. 14 94. 58 96. 53 95.56 96. 08
APH/% i H 5 92.30 93.75 93. 46 97.43 99. 61 96. 18 99. 62
Fifm TG 91.98 91.34 92. 41 95. 65 98.10 96. 53 98. 85
Tk AE (7 93.95 95.85 96. 49 98. 13 99.53 97.20 98. 94
590 EN I E 92.03 93.75 94. 67 97. 07 98. 69 96. 64 98.37
HERIEY 90. 25 91.32 92.13 96. 10 97.88 95.23 98. 85
56 93.51 94. 56 95.39 98. 37 97.65 94. 38 98.35
mAP /% 91.59 93. 12 93. 81 96. 13 97.51 95.58 98. 27
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Fig. 11 Comparison results of visualizations
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Tab. 6 Comparison results of computational complexity

FEET ZH/M  FLOPs{H/G FPS i
Faster R-CNN 42.3 125.8 32.7
YOLOVY 7.2 26.7 87.9
YOLOV10 7.2 21.6 93.6
AdIn-DETR 44.2 144.3 23.5
CACS-YOLO 27. 4 66. 6 60. 1
LiteYOLO-ID 3.7 8.7 108. 2
SEDDet 10.8 37.1 78. 4
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