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Fig. 1 Diagram of the detection system
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Fig. 2 Cylindrical surface detection mechanism
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Fig. 3 Defect area location extraction
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Fig. 4 Analysis of end face chipping defect
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Fig. 5 Analysis of cylindrical surface pore defect
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Fig. 6

Image detection results
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Table 1 Technical specifications of the
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Table 2 Total hydrogen and impurity content of pellets
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Table 3 Measurement accuracy verification results
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Table 4 Detection device repeatability verification
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Automatic Detection System for UQ, Pellet Surface
Defects Based on Machine Vision

FU Hao
(CNNC Jianzhong Nuclear Fuel Co., Ltd., Yibin 644000, China)

Abstract: The appearance quality of nuclear fuel pellets is closely associated with the operational safety
and efficiency of nuclear reactors, and must exhibit high quality before being loaded into reactors.
Currently, visual inspection by human operators is employed to control the quality of nuclear fuel pel-
lets. However, manual inspection is highly subjective, prone to visual fatigue, carries risks of false
and missed detections, and lacks the capability for quantitative defect analysis. To effectively detect
surface defects of UQ, nuclear fuel pellets, an automated inspection system based on machine vision
has been designed. The system adopts a modular architecture: first, preprocessing the acquired pellet
images; then, utilizing image segmentation techniques tailored to the surface characteristics of the pel-
lets to extract defect regions; subsequently, applying connectivity analysis for defect examination; and
finally, employing a combined approach of Support Vector Machine (SVM) classifier and Convolu-
tional Neural Network (CNN) for defect classification, enabling automatic identification of pellet sur-
face defects. The results demonstrate that the system achieves high detection accuracy and efficiency,
meeting the requirements of industrial automated inspection.

Key words: nuclear fuel pellets; UQO; ;defect analysis; automatic detection; machine vision; image seg-

mentation; module



