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Abstract

To address the challenges of model mix-up and online surface defect detection in the automated pro-
duction of industrial chassis panels, this paper presents a machine vision-based online inspection
system. The system is designed to accurately distinguish between 10 different panel models and
reliably detect four types of defects: missing silkscreen, inconsistent silkscreen, missing I/0 inter-
faces, and inconsistent I/0 interfaces. Methodologically, an innovative strategy integrating perspec-
tive distortion correction with template matching and hierarchical detection is proposed. Firstly, a
large template is utilized for rapid coarse positioning and pose estimation, which subsequently en-
ables the precise mapping of inspection regions. Then, small templates are employed for fine fea-
ture matching and defect discrimination. Test results demonstrate that the system achieves 100%
accuracy in model differentiation during mix-up inspection. In laboratory tests, the overall defect
detection rate reaches 97.5% with a false detection rate of 0.5%. In continuous production line test-
ing, the system attains an integrated accuracy of 99.70% with an average processing time per unit
below 0.8 seconds, meeting the requirements of high-speed production cycles. The system exhibits
excellent performance in detection accuracy, efficiency, and engineering practicality, demonstrat-
ing strong robustness against perspective distortion and significant value for online deployment.
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Figure 1. Image pyramid
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Figure 2. Hierarchical search process
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Figure 3. Perspective transformation diagram
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Figure 4. System structure block diagram
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Figure 5. Detection flowchart
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Figure 6. Structure diagram of chassis panel missing/error detection equipment
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Figure 8. Matching results of perspective-distorted images by different methods
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Table 3. Production line comprehensive performance statistics
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