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Abstract
In the production of low-voltage apparatus, assembly quality inspection is of great
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and semantic information of the low-voltage apparatus. Experiments show the proposed
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1 | INTRODUCTION

ber of parameters to be set, and the algorithms transferability
is limited. Occasions where many items need to be tested are

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
[4-0]. However, these methods usually require a large num-

Haorui Guo and Yicheng Bao authors contributed equally to this work.

very time-consuming and labot-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

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the

original work is propetly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Authors. /2T Image Processing published by John Wiley & Sons Ltd on behalf of The Institution of Engineering and Technology.

1ET Image Process. 2024;18:2093-2104.

wileyonlinelibrary.com/iet-ipr 2093


https://orcid.org/0009-0009-5680-2874
mailto:syhu166@zju.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/iet-ipr
http://crossmark.crossref.org/dialog/?doi=10.1049%2Fipr2.13085&domain=pdf&date_stamp=2024-03-23

(SCI-EXPANDED) 3% CJCR) MATURZmaE-F . 43 B K H BB I T 7 (X ilE B

Z}%E (Web of Science)s (Journal Citation Reports (JCR)) K (b EFl &5
AR b ORI 4 X 32) 4B B2, (Science Citation Index Expanded (SCI-EXPANDED))
R EEMTEHETF. FEXHRNT. GREME: 202543 518 H)

1% Hik
PRI AFCN: An attention-directed feature-fusion ConvNeXt network for low-voltage apparatus assembly
quality inspection

{E#:Guo, HR(Guo, Haorui);Bao, YC(Bao, Yicheng);Hu, SY(Hu, Songyu);Luan, CC(Luan,
Congcong);Fu, JZ(Fu, Jianzhong);Li, L(Li, Li);Zhang, YL(Zhang, Yinglin);Sun, YL(Sun, Yongle);Nie,
ZJ(Nie, Zongjun);

SRR H A :IET IMAGE PROCESSING #:18 #:8 1:2093-2104 #2777 1d H#:MAR 2024
DOI:10.1049/ipr2.13085 HifR4E:JUN 2024

A5 W08S:001189371200001

XRRIEE : Article

Hadk:

[Guo, Haorui; Bao, Yicheng] Zhejiang Univ, Polytech Inst, Hangzhou, Zhejiang, Peoples R China.

[Hu, Songyu; Luan, Congcong; Fu, Jianzhong] Zhejiang Univ, Sch Mech Engn, State Key Lab Fluid Power
& Mechatron Syst, Hangzhou, Zhejiang, Peoples R China.

[Hu, Songyu; Luan, Congeong; Fu, Jianzhong] Zhejiang Univ, Sch Mech Engn, Key Lab Printing Proc &
Equipment Zhejiang Prov 3D, Hangzhou, Zhejiang, Peoples R China.

[Li, Li; Zhang, Yinglin; Sun, Yongle; Nie, Zongjun] Zhejiang Chint Elect Co Ltd, Yueging, Zhejiang,
Peoples R China.

[Hu, Songyu] Zhejiang Univ, Sch Mech Engn, State Key Lab Fluid Power & Mechatron Syst, Hangzhou
310058, Zhejiang, Peoples R China.
FERMEH Hhat:

Hu, SY (corresponding author), Zhejiang Univ, Sch Mech Engn, Stafe
Syst, Hangzhou 310058, Zhejiang, Peoples R China. '
IR {4 Hak :syhu 166@zju.edu.cn

IDS 5:TA2Z4

ISSN:1751-9659

eISSN:1751-9667

57 C(IET Image Processing) 2023 FHIEMEAF X 2.0, REMWBEFH 2.0.
T CIET Image Processing) 2023 4] JCR 7} X5 N:

SR ZRRIHE SR HE
oI .ﬂfﬂ;ﬁ ;(E)IENCE. ARTIFICIAL 130197 Q3
SCIE Efé}é:iil::::f. ELECTRICAL & 203/353 ‘ Q3

|
SCIE ;ﬁ;ﬁil:gj}(giNCE & PHOTOGRAPHIC 23/36 | Q3




(SCI-EXPANDED) 3%\ (JCR) MFIRMIERF. 5 X KR TI 4 KR
1T (IET Image Processing) 2023 £FF+AREI AR HI RIS X A

Fil4 IET Image Processing | |
) 2023 W
ISSN 1751-9659 |
P BE  Top HAT
k% HEHRZE 4 5
K COMPUTER SCIENCE, ARTIFICIAL 4
INTELLIGENCE #&#.: AT%E4
N ENGINEERING, ELECTRICAL & ELECTRONIC 4
Ti%: HT5H5 |
N IMAGING SCIENCE & PHOTOGRAPHIC 4 ”
TECHNOLOGY mMigfl#E5RARA
7
1. YT ET R A X IFRBH R JCR ¥R . (hEBERIRFRFOHTIF4ER) B
AR AE.

2. UL ERRE RKE CALIS EWETREL.
3. UL ERRE BB LR REE T,




iF P 5 579390205

5

T
|

& & H

& B Bre — ML) AT TE L TR TR

T AR N WK

H k310058 WL AN PUHIX b 8665

KW N BN B A S R B e

L M 5. ZL 20251 0128358.0 RALA 5 CN 119559182 B
L HF B3 H: 20254202 Hos H BALA 5 H: 20254£05 H13H
HTE I B BT IR

HEHIRBIN :  RASE; PRV B SR, W R i

R iR =R R AR EREEAZRTFE, AZRTEAR, FFANE.
FRARABERNEZARER, TARARAEREARALZFERZRFLEAEAETETENE.




