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ORIGINAL RESEARCH

AFCN: An attention-directed feature-fusion ConvNeXt network

for low-voltage apparatus assembly quality inspection
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Abstract

In the production of low-voltage apparatus, assembly quality inspection is of great
relevance for ensuring the final quality of the entire product. With the continuous improve-
ment of production efficiency and people’s requirements for production quality, traditional
manual inspection methods can no longer meet the quality inspection requirements. In this
paper, an Attention-guided Feature-fusion ConvNeXt Network (AFCN) for the automated
visual inspection is proposed. By embedding the attention mechanism of the Coordinate
Attention block into the residual channel of the ConvNeXt block, the position-aware infor-
mation and features of the low-voltage apparatus images can be effectively captured to
locate the quality problems. Then, an improved attention feature fusion module is adopted
to merge the output features at different stages, which introduces a 3D non-parameter
attention SimAM block and adapts output accordingly. Therefore, this model can capture
the key information of the feature map in a coordinated way in terms of channel and
position, fully integrating multiscale features and obtaining contour texture information
and semantic information of the low-voltage apparatus. Experiments show the proposed
approach can effectively classify defective and normal products.

1 INTRODUCTION

Low-voltage apparatus are essential components in people’s
daily life. Defects are inevitably generated during assembly pro-
duction, which directly affects the safety of electricity use.
Therefore, carrying out assembly quality inspection is crucial.
The manual inspection method is facing increasing challenges
due to the large production volumes, resulting in high demand
for automated inspection [1]. Since decades ago, some con-
ventional visual algorithms, such as contour extraction [2] and
template matching [3], have been used for quality inspection
[4–6]. However, these methods usually require a large num-
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ber of parameters to be set, and the algorithms transferability
is limited. Occasions where many items need to be tested are
very time-consuming and labor-intensive. To address the issues,
image analysis based on deep learning has garnered substan-
tial attention with potential applications in quality inspection
[7–10]. For example, Shen et al. [11] established a lightweight
PCB type detection model called LD-PCB, which can effectively
detect defects on PCB components. Zheng et al. [12] proposed a
novel multi-view image fusion algorithm to improve the fusion
ability of overexposure and underexposure industrial welds and
achieved good results.

In this paper, assembly quality inspection is conducted for
three types of low-voltage apparatus produced in a mixed pro-
duction line. Figure 1(a) shows the production line mainly
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