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Method of Detecting Substation Equipment in Infrared Images
Based on Improved Gaussian Convolution Kernel
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Abstract: Slow and inaccurate target detection algorithms used to analyze infrared images are the focus of
this study. An infrared image detection method is proposed for substation equipment using an improved
Gaussian convolution kernel, which is based on the CenterNet algorithm without an anchor point. In brief,
data samples were first collected using on-site substation inspection robot equipment, the algorithm model
was trained and verified, and finally, accurate identification and positioning of infrared image substation
equipment was achieved. Specifically, based on the infrared image library collected by the substation
inspection robot and the infrared thermal imager, methods of deep learning were applied to train and test a
model using the dataset, the target detection technology of substation infrared images was studied, and the
equipment center was accurately judged through deep learning technology to achieve target classification
and regression. The identification and positioning accuracy of the substation target detection were improved
by adopting this proposed method, and it provides new ideas for the intelligent detection of infrared images
for substation equipment.

Keywords: without anchor point, infrared image, target detection, Gaussian convolution kernel, substation
equipment
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Tablel Infrared image data set

Classhame Label name Picture numbers
Arrester Arrester 123

Breaker Breaker 166

Current transformer ~ Current transformer 137
Disconnector Disconnector 73
Electricreactor Electricreactor 150

Voltage transformer  Voltage transformer 303
Aerial conductor 86

Condenser 236

Aerial conductor
Condenser
Main transformer 224
Tubular busbar Tubular busbar 72
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Fig.1 Somesamples of the training data set
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Name Type
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GPU Nvidia RTX 2080 Ti
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Table 3  Test results of infrared image data set

bn Model mAP  Epoch hm_loss wh_loss  off _loss  Loss
DLA-34 before 0.685 200 1.2178887 3.385998 0.229195 1.646682
after ~ 0.705 200 11233817 2.775918 0.212195 1.415212
Res-101  before 0.661 200 0.396270  3.179799 0.244151 1.138400
after 0.723 200 0.521400 1.897403 0.232067 1.043208
Res-18 before 0.463 200 0.451421 2.713203 0.262212 0.994953
after 0.582 200 0.813421 2.113203 0.256721 0.87198
R4 BRSO N PRI D R R
Table 4 Performance test record for substation
Type Picture numbers Target numbers Correct detection number Average accuracy Miss raio Fallout ratio Total time
Aerialconductor 12 16 12 0.750 0.250 0 1.080
Arrester 38 62 54 0.871 0.129 0 3.040
Breaker 45 125 114 0.912 0.024 0.064 4.562
Condenser 83 83 71 0.855 0.133 0.012 8.088
Currenttransformer 33 91 83 0.912 0.030 0.058 2.699
Disconnector 16 16 13 0.813 0.187 0 1.746
Electricreactor 34 65 56 0.862 0.138 0 2.919
Maintransformer 42 42 36 0.857 0.143 0 3.606
Tubular busbar 8 15 12 0.800 0.200 0 0.874
Voltagetransformer 76 146 133 0.911 0.048 0.041 6.519
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Fig.9 Some detection result graph
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