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Abstract

Circuit breaker is one of the most important components of the electrical automatic control system,
which is responsible for switching the circuit on and off. Given the complexity of the electrical con-
trol system, the electric power accidents are more likely to appear if the circuit breakers with
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assembly defects are directly put into use, also increasing the difficulty of overhaul. Missing arc ex-
tinguish chambers or insulators are common in circuit breaker assembly process, which greatly af-
fects the products’ final quality. Conventional assembly defect detection is mainly based on manual
inspection and physical damage detection, and the inspection process is time-consuming, labor-in-
tensive and requires a lot of manpower. A defecting system based on the YOLOv5 algorithm is pro-
posed to solve the above problems. The model achieves an outstanding mAP@0.5 exceeding 0.97
for arc extinguish chamber detection as well as a remarkable mAP@0.5 of almost 0.96 for detection
of the existence of insulators. In order to meet the actual technical requirements, the developed
fault detection model is used on the NVIDIA Jetson Nano edge Al computing device to achieve the
miniaturization and convenience of technical applications.
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Figure 1. Appearance of molded case circuit breaker
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Figure 2. Circuit breaker assembly defects
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Figure 3. Preprocessed circuit breaker defect dataset
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Figure 4. Structure of YOLOV5
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Table 1. Comparison of model parameters in YOLOV5 series
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it FEHIAAFR(M) T 5T 4% 5 (FLOPS) mAP@0.5(COCO)
YOLOV5s 7.3 17.0 55.4
YOLOV5m 21.4 51.3 63.1
YOLOVSI 47.0 115.4 66.9
YOLOV5x 87.7 218.8 68.8
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Table 2. Loss function at different epochs of model training
= 2. HWAIIZAE epoch BTRIIR 5K R L

loss epoch 50 epoch 100 epoch 150
box 0.02818 0.01994 0.01748
class 0.00255 0.00124 0.00092
object 0.05886 0.04994 0.04750
box_loss class_loss object _loss
0.06 0.024 0.095
0.05 0.02 0.085
0.04 0.016 0.075
0.012 0.065
003 8e-3 0.055
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Figure 5. Loss function curve at 150 epoch of model training
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Table 3. Model parameters of test set
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Table 4. Evaluation index of test set
= 4. B BE SR R EC BRI NAE BTN B4R

A Precision Recall Fl-score mAP@0.5 mAP@0.5: 0.95
aec_exist 0.983 0.943 0.963 0.97 0.787
aec_non 0.991 0.958 0.974 0.982 0.799
insulator_exist 0.976 0.939 0.957 0.968 0.726
insulator_non 0.978 0.95 0.964 0.981 0.703
all 0.982 0.947 0.964 0.975 0.754

Figure 6. Defect detection results
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Figure 9. Real time detection results of Nano system
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