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Abstract

This study establishes a copper wire diameter inspection system based on machine vision principles,
with equipment accuracy validated through standardized experimental protocols. The detection

EIREE .

SCES| M 2, Wisk. T LU B LR PTSEERT ). UL RE SR, 2025, 14(2): 99-105.
DOI: 10.12677/met.2025.142010


https://www.hanspub.org/journal/met
https://doi.org/10.12677/met.2025.142010
https://doi.org/10.12677/met.2025.142010
https://www.hanspub.org/

J 28, Wik

system comprises two core modules: image acquisition and processing, achieving micrometer-level
measurement accuracy within a precisely calibrated microscopic field of view through the integration
of a high-resolution industrial camera and professional-grade single telecentriclens. Addressing meas-
urement errors caused by mechanical positioning in traditional methods, this research effectively
controls environmental variables through fixed optical imaging distance. Experimental verification
employs multi-specification standard copper wire samples for comparative analysis between con-
tact-based precision measuring tools and the vision-based inspection system. Under standardized op-
erational procedures, physical measurements adopt multi-point dense sampling with averaging as
reference data, while the non-contact detection simultaneously performs multi-angle image capture
and feature parameter extraction through intelligent algorithms. By establishing a mathematical model
between reference data and vision-derived measurements, the results confirm that the visual system
meets industrial inspection standards in both precision metrics and repeatability, demonstrating its
practical value in quality control of micro-diameter wire materials.
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Table 1. Diameter test results of 0.1 mm copper wire (unit: pm)
#1.0.1 mm AL ERZMRNEREELL: pm)

(A= JER (A= JER
firE 108 & 16 115
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frE 1 107 frHE 17 112
fE 2 112 B 18 110
fHE 3 108 frHE 19 115
& 4 112 fr & 20 119
(A=A 106 fr & 21 114
(A=N 113 & 22 108
fE 7 108 fir# 23 108
8 107 B 24 114
&9 112 & 25 107
& 10 116 & 26 114
frE 11 114 & 27 109
& 12 109 fr & 28 113
i 13 110 fir & 29 109
B 14 112 frH 30 107
FEIME 110.93
7 10.961

brifE 2 3.31073

“FIMER 95% B A5 X [A] -FR 112.1696

SERIMH I 95% B AF X 18] FRR 109.6971

Table 2. Diameter test results of 0.2 mm copper wire (unit: pm)
2 2.02 mm AL EZMIRERELL: pum)
(A HiE (A HiE
AR 211 frH 16 211
fE 2 215 frE 17 219
& 3 211 fr& 18 226
& 4 222 i 19 224
(A=A 221 fr & 20 209
fE 6 233 g 21 212
fE 7 207 firH 22 209
8 218 fir# 23 212
& 9 222 & 24 220
& 10 206 fr & 25 218
frE 11 210 & 26 238
B 12 218 8 27 214
frE 13 213 i 28 221
B 14 216 i & 29 207
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“FEIME R 95% BA5 X [A] TR 213.6115

Table 3. Pixel values of 0.1 mm copper wire

2 3.0.1 mm §H1EE

' e
frE 1 97
i H 2 102
frE 3 98
frE 4 96
& 5 98
& 6 99
fiE 7 97
frE 8 98
frE 9 95
frHE 10 97
A& 11 102
fE 12 99
fE 13 97
B 14 100
& 15 98
FH1E 98.2
7 3.886
PRtz 1.97112
I 95% B A5 X 7] _F-FR 99.2916
SEIIME R 95% B AE X IH] TR 97.1084

Table 4. Pixel values of 0.2 mm copper wire

F4.02 mm A1 EE

(A L ENE
AR 187
fE 2 191
fHE 3 187
& 4 196
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frE s 196
fE 6 194
fE 7 204
(A=A 185
(A= 194
& 10 185
B 11 188
B 12 193
frE 13 190
& 14 191
frE 15 190
FE1E 191.4
T % 25257
i 5.02565

SEIMER 95% BAF X A _-FR 194.1831

SPIME T 95% EAE X [A] TR 188.6169

HFE 14 UL EARA=XY TJBEE, WESs5.

Table 5. Accuracy of 0.1 mm and 0.2 mm copper wire
F5.0.0 mm. 0.2 mm $F££¥EE

| 22 25 BEAAIE (um) B FH5ME A4 £ (um)
0.1 mm 4122 110.93 98.2 1.129
0.2 mm 4122 216.4 191.4 1.130
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