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BACKGROUND

In high-volume electronics manufacturing, effective
inspection of Printed Circuit Boards (PCBs) is critical.
While Automated Optical Inspection (AOI) is the
industry standard, it frequently suffers from high false
call rates, creating production bottlenecks [1]. Previous
Al solutions using Convolutional Neural Networks
(CNN5s) showed promise [2] but are often impractical due
to their reliance on large, specialized datasets unavailable
in dynamic manufacturing environments [3].

To address this gap, our previous work introduced a
novel AOI advisory system to act as a "second opinion"
tool, built on a Vision Language Model (VLM) enhanced
with Retrieval-Augmented Generation (RAG) [4]. In its
initial evaluation on full-board images from the public
MIXED PCB DEFECT DATASET [5], this system
achieved 66.67% accuracy. However, a key limitation
remained: the presence of vast, non-defective areas
acting as background noise. This study is directly
motivated by the hypothesis that model accuracy can be
significantly improved by eliminating this extraneous
information through a focused, cropped-image approach.

OBJECTIVES

To introduce and evaluate methodological
refinement using input images tightly cropped
around specific defect locations.

To quantify the performance improvement of
this focused approach compared to the previous
full-board methodology.

To validate that this cropped-image technique
provides a more direct and rigorous benchmark
of a VLM's core defect recognition capabilities.

METHODOLOGY

A rigorous quantitative analysis was conducted to
validate our hypothesis. Using the cropped-image dataset,
defect types were programmatically extracted from the
VLM’s structured text responses. These predictions were
then systematically compared against ground-truth labels
derived from corresponding YOLO annotation files. This
method enabled a direct, pair-wise evaluation of
classification accuracy for both the RAG and non-RAG
model configurations under identical conditions.

RESULTS AND DISCUSSION
The results demonstrate the new methodology's clear
superiority. The RAG-enabled model consistently
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outperformed the non-RAG baseline across all levels of
prompt detail. For prompts with 5-6 descriptions, the
RAG model achieved an accuracy of approximately
79.5%, a substantial improvement over the non-RAG
baseline's 44.35%. This outcome not only highlights the
value of the RAG framework but also validates our core
hypothesis that a focused, cropped-image approach
significantly boosts VLM accuracy by eliminating
distracting background information.

CONCLUSIONS

This research confirms that a focused, cropped-image
methodology offers a more precise and reliable
benchmark for VLMs in industrial inspection. The
findings show that combining this targeted visual input
with a RAG framework is essential for building robust
and highly accurate quality control systems. This work
paves the way for practical, two-stage AOI systems
where initial rapid defect localization is followed by
precise VLM-based analysis on cropped regions,
promising more trustworthy and efficient automated
inspection.
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