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Research on an Intelligent Inspection System for Self-
Focusing Lens End Face Defects Based on Machine Vision
and Deep Learning

Qian Wu Yiqi Fang Jun Yang Yang Zhang
Xijing College, Xi’an, Shaanxi, 710123, China

Abstract

To address the long-standing reliance on manual visual inspection for end-face defect detection in optical communication self-
focusing lenses (GRIN lenses)—characterized by low efficiency and high false-positive rates—this paper proposes and implements
an intelligent inspection system integrating machine vision and deep learning. The system employs high-precision industrial
cameras with telecentric optical imaging structures, combined with a customized XYZ three-axis motion platform and a negative-
pressure adsorption flexible clamping mechanism, enabling highly stable imaging and automated sample handling of lens surfaces.
Algorithmically, an end-to-end detection pipeline comprising “Retinex enhancement—adaptive filtering—Otsu segmentation—
lightweight CNN classification” is developed, achieving precise micron-level defect identification while suppressing glass reflectivity
interference. Pilot-scale trials conducted through industry-academia collaboration demonstrated that the system maintains a detection
accuracy exceeding 99.2% for defects >500 nm, delivers imaging resolution superior to 300 nm, reduces single-piece inspection time
from 15 seconds to 8 seconds, and lowers overall quality inspection costs by 32%. This system provides a high-precision, reliable
quality inspection solution for optoelectronic device manufacturing, while establishing a scalable engineering paradigm for industry-
academia integration and domestic production of critical inspection equipment in the context of smart manufacturing.
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