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Abstract

The electric operating handle is a key component of circuit breakers, which directly determines the
reliability of circuit on-off control and the safety of equipment operation. Handles with assembly
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defects greatly increase the failure probability of circuit breakers and raise operational and mainte-
nance risks. Therefore, the assembly quality inspection of handles is a core part in the production
process. Traditional manual visual inspection suffers from low efficiency, missed detection and
false detection, which can hardly meet the requirements of high-volume, high-precision and contin-
uous production. To address these problems, this paper takes the electric operating handle of cir-
cuit breakers as the research object and constructs a machine vision-based assembly defect detec-
tion system using the YOLOv8-0OBB rotated object detection algorithm. The system realizes accurate
identification of typical assembly defects such as label offset, invalid two-dimensional code, limit
plate missing and screw omission. Experimental results show that the mAP@0.5 of the proposed
system for all kinds of components exceeds 0.99, and the detection speed reaches 30 FPS. The accu-
racy and real-time performance meet industrial field requirements. Meanwhile, the system adopts
a lightweight design and completes hardware deployment, featuring low cost and easy implemen-
tation. It can provide a stable and reliable technical solution for automatic quality inspection in
power equipment assembly.

Keywords
Assembly Defect Detection, YOLOv8-OBB, Rotated Object Detection, Machine Vision

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

B R i A2 IR Tl e T B R SR IR 0 T T (1], 20 o0 8 A il A T 277 o B 4 ) S i 3
T[2] Witk s AF Dy HL U C FL R G A% LA R S ORGP e, LB R AR TR BC o B B R R BB &
BAT R A o E A RIS YRR . LB A, TS IR R A . 4R R A BRALAY
R REIRET IR A ORI, ARG N TR IRCRAR . Sy iR A, DU 2 KA B A 7 ik
MWK

PLESAL B A AR IR A . R RCR . —FsmaE LS, O 2 AT I e Re s b fe N [ 3], 250
TITIFEMAIN TR, £ B Aniede . LA L. BEZ RN TR AR, ikl 2 TmE
LRI ESR 4]0 e B RS RIS v o 0 s A BE AR, REASE RO B IRBCL S H AR, A RERTY
R T A EPE[S]. YOLOVS-OBB 1 EAL AT AR Y, SHe MG MRS L 5 HE B, THiE
& LI HE 6]

ARIC LA % 2 F AR E TR 9 0 5, 26T YOLOV8-OBB #4 & (LA e SR I AL i A I R G, 465
BRI S PR E AU, SEUARSE . 4R, RO . SERET VU S 4 R A IR ) 5 e A
SEo RGUERE G, BT, ATy AT R 3R S AR SR AT AT AR T %6
2. FRRECBRPEE SR

ARSI FENS GO HE AL 85 BC B B RAE TN Dol L sRFE AT IR R I R oK, ARSI = T A
PRV TARNL, A R ECIRAS 1 e sh B AR AT BB oR &, M it . R Sirsiok. =
UERG BRI PRAZ 8RO R REIRET IR S S AR BRI SR A, B e A . ARG T RS 5,
A T IR 5 G e SR B A AR Y, DASEIIAR ;= 2R B 37 1) SR R B A 1

ik

DOI: 10.12677/jisp.2026.153035 393 EUE 5155 A2


https://doi.org/10.12677/jisp.2026.153035
http://creativecommons.org/licenses/by/4.0/

2.1. [RIaEIReE

ASCHBRAE TSR BC SR B RIS T 000 & H R AR, SRR RURIR KGR 372 3K Pk
RCORIE EEONPRAEGR . YERGGRG . BRAL T B RIEIRETINEENUZE . Wk 1 Fros ks ™ il
B0, ARHEPTRMIVUZLIRET . HEPT/R —4ERS . ZRMEPTRIRAE S B IR IR A 29 9 IE A 2 3R

Figure 1. Qualified image of handle assembly
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Figure 2. Partial original images and augmented images
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Figure 3. Structure of YOLOVS
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Table 1. Comparison of model parameters in YOLOvS series
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Figure 4. Loss and accuracy curves at 300 epoch of model training
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Table 3. Evaluation index of test set
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Figure 5. Defect detection results
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Table 4. Performance comparison of different models and configurations
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Figure 6. Sample of missing screw detection under strong light
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Figure 7. Physical construction diagram of the detection system
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Figure 8. Real-time detection results of the system
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