§ FRPLT YA A1 A12E (19989 129)
Journal of the Korean Society of Precision Engineering, Vol. 15, No. 12, December 1998.

A Study on the Vision-Based Inspection System for Ball-Stud
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ABSTRACT

In this paper, an automatic ball-stud inspection system has been developed using the computer-aided

vision system. Index table has been used to get the rapid measurement and multi-camera has been used to
get the high resolution in physical system. Camera calibration was suggested to perform the reliable

inspection. Image processing and data analysis algorithms for ball stud inspection system have been inves-
tigated and were performed quickly with high accuracy. As a result, inspection system of a ball stud could

be used with a high resolution in real time.

Key Words : ball-stud(2-AF =), inspection(FAH, vision(¥}4), least square method (H2AFH),
polygonal approximation(¥}2t% ZAh), camera calibration (792} 24)

.M 8

2o Az FFAAE A dA&sfobt e AF
9 Az JF A AA & Aeseta gled, 1%
22 ol¥He AF FuE shisit S B e
71 913 HIFEY ZF71S2A FAEAE o8 B3 A
g Alzde wA iAol A3 a3l SleMx=
PCBS 22 2244 349 97 718134 Q dele] At
2 AEFY {7 HAAbe F2 AHE A3 Qi & A7
e 339 329, AsA 2% A9 go|RE YR
(tie rod end)el AH8E A& B-2F =(ball-stud)*]
A5 AAE A7 HAAF A2 e Adsign 71 E

’ ggietn gt Fds) A g
o ggdiga sA s
o @gddan AXANG

CCD7Metz B4 AZ(HH0.05mm H§3)E
A3 AFe] Fopd F4<E g5 en we AQ5
Z) Yol ZALE 37] 918 Ad & gol&E AHSHT

2. A& 74

2.1 A EH L AAL -E

XNEAM BT ush Zol ¥ AN TR A4
Azl e 33 Bde] E-2EEE AR 94T AL
ZA, ZA A 28 19 Jvehd uhs 2ok AFelA
g5 7} Al#ste FE9 A ES 718740l 3, AA
GZ3 7} 2o g &8 Fae & 19 Jepdglch



3% - 493 - B45 - 294

D, L,
m
2

Fig. 1. Ball-stud

Table. 1 Inspection dimensions and their tolerances
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2.2 AAE 74

274 vlA A Ao 3} EFe] FHE A& Y
< o 7BA7t dck. AEAQ HPo R oA, Kol
FY(Moire fringe), 52 AHIYLAIAITE o] Rl
WY Fol lew, AR ztel A - o] W

2 dFdAe 23 E oA ujd Aadoz &dl
o EHY 2718 S4e7] A8A 19 200 vebd bls}
ol Qe HolEg o] &3 FFHE HANAY. @
e A2 glolEo& 4749 B-2HE=E AE 5 3l
o 71AEQ AAL A€ et F 9y AAE 3

sien], A4E 348 93 24 A4 @AM CCD
7t} 20 Abgete AL &89 AEIAE BF
AR 98 5L BAY IS H3}) fdtd F
% 2% (back lighting) 7' & ol8stglen, 29 &
oS dAgtezd 29E d&FoR Al &
FE 4 Y2, ZHHLz oA 43 AAE ol
F Ao A2 Hol 89 E-AHE AYF-E 71E7 A
AFE A8 AE4 A AR 2R BRstA AR
E-2BE QYA AAE 23571 A3 & AL sy
of Y E A s Al2dd AHgsoR F2 s
dloje] 2 % AlGE ¥ 29 2o

2.2.1 Z4AM1 (stage 1)

A1 B-2HE HAL 88 F 9 F43 A E
< Fata, Az 379 3 Hol U FRE doun) 9
& Aol Fhe 1eM e 7o F4A AES 78
th. £33 Fioe 20 Ax 3 9F Ao Y4L 4
o} HAMRE 2014 F& o2 Y g (camera 4)F

Unloading ﬁ

Loading

—=>

Light shield

¢ Lightiny
gl 9\‘

Fig. 2 Schematic diagram of system and FOV’ s(in circles)

Table. 2 Hardware specifications

ww . Moda
Frame Grabber Ultra-1I (Coreco)

CCD Camera TM-7EX (PULNiX)

Lens MS-509 (Seiwa)

CPU Pentium (Intel)

Illuminator A0-8920 (Fostec)

Specifications

resolution  : 640 x 480 [pixel X pixel]
sampling rate: 10 [msec/frame]

pixel 768 x494 .

FOV 8.8mm X 6.6mm

133 [MHz}

4" x5"
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Fig. 3 Flow chart of inspection algorithms
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Fig. 4 Typical histogram of an image
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Fig. 5 Polygonal approximation
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Fig. 6 Imaging geometry
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Fig. 7 Results of measurements
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