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Research on insulator defect detection algorithm for embedded devices

Liu Ziliang" Nilupaer » Aikemu®  Yilihamu » Yaermaimaiti’ Guo Songjie’
(1. Electrical Engineering College, Xinjiang University, Urumqi 830017, China;
2. State Grid Urumgqi Power Supply Company, Urumqi 830000, China)

Abstract: Aiming at the challenges of high efficiency and accuracy of insulator defect detection for embedded devices in
resource-constrained and foggy complex environments, this paper proposes a new lightweight detection model, RNSC-
YOLOv7-tiny, and achieves important innovative results and practical application value. Firstly. the RepNCSPELAN
module is designed by lightweighting the ELAN module in the backbone network, which effectively reduces the number
of parameters and computational complexity of the model, while maintaining a significant improvement in detection
accuracy. Secondly. the incorporation of the Spatial Group Enhancement module enables the model to focus on the
target region overlapping with the background, thereby significantly suppressing the interference of irrelevant
information and improving the accuracy of insulator defect localisation and identification. Furthermore, the
incorporation of the NWD loss function addresses the issue of gradient vanishing due to deviation points in the detection
process, thereby enhancing the overall detection accuracy. Furthermore, the incorporation of the CARAFE upsampling
operator enables the model to achieve accurate detection and localisation in low-resolution images and complex foggy
environments. The experimental results demonstrate that the RNSC-YOLOv7-tiny model exhibits rapid and highly
accurate performance in insulator defect detection, with a detection accuracy of 94. 8%. The model comprises 4298150
parameters and 10. 5 floating-point operations, yet occupies only 8. 69 MB of memory. In comparison to the original
YOLOv7-tiny model, the newly proposed model exhibits notable enhancements in several pivotal metrics. The accuracy
has been augmented by 3.4 %, the number of parameters has been diminished by 28. 5%, the number of floating-point
operations has been reduced by 19. 2% , and the model size has been reduced by 3. 01 MB. These outcomes substantiate
the algorithm's high applicability in embedded device environments and its efficacy in practical applications.

Keywords: embedded devices;insulator defects detection; YOLOv7-tiny
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Table 1 Comparative experimental results

=R7S Prec;mn/ Parameters GFLOPs j(fi;ji/lB
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Table 2 Comparative experimental results of loss function
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Comparison of loss function training results
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Table 3 Comparison experiment of different

attention modules

N i . VB
Ry T e
P/% BB

(07 B AT 4 415 He 5256, SGE 3 1 ML i 14 47 n
K8 iR Hor aboeod 23 HIMAER T RIZ6 1Y 2.4.6.8 )2,
| RepNCSPELAN4 | @

U

| RepNCSPELAN4 | b

I

| RepNCSPELAN4 | ¢

T

| RepNCSPELAN4 | d
Backbone

B 8 SGE ¥R S ALK A8 Im iy A R

Fig. 8 Different positions added by SGE attention mechanism
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Table 4 Comparison of detection performance at

different positions

ik U s W P/ % SRR
1 (a) 93.1 4266 494
2 (d 91.6 4 266 942
3 (a) . (d) 92.5 4 267 006
4 (a) . (b) () (d) 93.1 4 267 398

YOLOv7-tiny-RepNCSPELAN  93.0 4 266 430 10.4

+SimAM 89.8 4266433 10.4
+EMA 92.7 4266 430 10.4

+ Triplet Attention 90.2 4266 430 10.4
+SGE 93.1 4266494 10.4

TEY L F R MAT %5, SGE B AR TE S 5w i I 7t
A2 74 B F 38 F SimAM.ECA 1 Triplet Attention
MR R 2 1) SGE 3@ it 75 [A] 43 20 14 5 FRAE , i 75 47 1E AE =5
(1) o7 B R 3 I 22 [B] A T 4 (9 22 . 2) SGE THE R 8,
i SimAM,ECA F1 Triplet Attention 7E &b 3 & 7% 37 5 i}
A BERCR AU SGE;3) SGE BE % T 4 b 3l $2 )= FF 45 1iF , 18
B U G K I 3K ol X R R AE R AT 55 . S LT IR,
SGE TE 4 2 T K AT 55 w19 00 8 2 30 mT B2 ol F 0 4
IR T R ARAE , R PR RS T 40w T A0

BT HRVHE F T AR ik A SGE P51 5
S0 RE Y TR TE R, S K I B B9 SGE 7 B B B X T R[]
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Table 5 Ablation experimental results

ViRiS A B C D W P/ % SR 1% 538 IR LR K N/ MB
JEAE Y X X X X 91. 4 6 010 302 13.0 11.7

1 J X X X 93.0 4 266 430 10. 4 8.61

2 J J X X 93.1 4 266 494 10. 4 8.61

3 J J J X 94. 0 4 266 494 10. 4 8.61

4 N/ N N J 94.8 4 298 150 10.5 8. 69
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Fig. 9 Actual test effect drawing
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Table 6 Comparative performance of different insulator types
NG [ RiIPN
& 51 .
5 Y P/ % Parameters v/ MB
N JEURR Y 81.3 6015 714 11.7
PAEES e
et fERELA 81,3 4303 626 8.7
" JEAE A 78.2 6 015 714 11.7
T 45 . n
MR 7801 4 303 626 8.7
_ Jr AR Y 81.8 6015 714 11.7
ot fEREA 875 4303 626 8.7
JEURR Y 71.7 6015 714 11.7
ik S e
Mk e 72,8 4303 626 8.7
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Fig. 10 Data augmentation effect images
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Table 7 Performance table of influence factors detection

34 5 2 R P/% Parameters f&&IK/N/MB
WU RGOS L 91,6 4 298 150 8. 69
IR € 89.0 4298 150 8. 69
LA BA R AR 94.5 4298 150 8. 69
HE 40K FH B4 80.2 4298 150 8. 69
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Table 8 PASCAL VOC dataset detection

performance comparison

K , KN/
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YOLOv7-tiny 62.8
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6 059 010 13.2 11.7
4 346 858 10.7 8.78
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