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Automatic fault identification method of overvoltage protection equipment

based on infrared imaging and SVM
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Abstract: Aiming at the problem that the failures of overvoltage protection device are difficult to
identify under different levels of noise, and that failure details and device color information are hard to
distinguish, a method for automated recognition of the failures of overvoltage protection device based on
infrared imaging and Support Vector Machine(SVM) has been studied. Infrared imaging technology is
employed to generate infrared thermal images of the overvoltage protection devices. An infrared thermal
image enhancement method based on multi-scale Retinex is employed to improve the images. A fault
feature extraction method based on wavelet transform is adopted to obtain the fault features of the
overvoltage protection devices. A binary tree algorithm is applied to optimize the SVM, resulting in an
SVM binary tree classification model. Automated recognition of the failures of overvoltage protection
device is achieved through model training and solving. Experimental results show that the enhanced
infrared thermal images of the overvoltage protection devices retain good detail and color information,
with a Peak Signal-to—Noise Ratio(PSNR) increased by more than 50 dB. The extracted fault features of
the overvoltage protection devices have good separability. The automated recognition match rate of the
failures of overvoltage protection device under different noise levels remains above 96%, allowing for
accurate identification of the failures.
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Tablel Peak signal-to—noise ratio before and after image enhancement

(a) original image (b) enhancement image

peak signal to noise ratio/dB

fault state image category

before the enhancement after the enhancement
frequency deviation 32 53
normal 35 56
electrical breakdown 31 50
wiring error 45 63
polarity inverse 42 61
the components overheat and burn 38 58
high and low voltage winding is grounded 36 55
iron core local short circuit 41 59
the leakage loop vortex overheated 42 62
bubble discharge in oil 37 58
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Table2 Automatic fault identification results of overvoltage protection equipment

number of overvoltage

. . degrees of failure/% fault state image category fault location recognition time/s
protection equipment
A 0.2 frequency deviation source 26
B - normal - 12
C 0.1 electrical breakdown element 20
D 0.8 wiring error electric circuit 23
E 1.6 polarity inverse source 33
F 1.9 the components overheat and burn element 35
G 0.5 high and low voltage winding is grounded winding 28
H 2.4 iron core local short circuit iron core 19
1 2.9 the leakage loop vortex overheated magnetic shielding body 27
J 3.8 bubble discharge in oil dielectric oil 30
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Fig.5 Match degree of fault automation identification at different levels of noise
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