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*’ Abstract I[

The vision system is easy to use the exclusive vision use as a independent computer system but it is not much popular-
ization by reason of expensive and difficult to adapt to the various ficlds, because it is easy to the existed computer system,
the price is cheap and also it can use to the various measurement purpose which user wanted and programed.

The measurement method of the vehicle axle casing nut welding part is that measure the value of the welding part to
adapt the actual operation program from using the ratio between the actual length of the standard specimen and the length
of image, to measure the ratio between the actual product and the camera image. A defect is found by the assembled visual
inspection system. The inspection algorithm which estimates the quality of welded product is developed and also, the soft-
ware program which processes the automatic test function of the inspection system.

we make the foundation of the inspection automatic system and we will help to apply other welding machine.
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Fig. 2 Histogram of a welded
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Fig. 3 Construction of a visual inspection system
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Original Binary Image Expansion  Image

Fig. 5 Binary image expansion

ol thal e el 27 stHA FEYolE e 9719 3
2% F 255 @ho] shtetz glow HEHolE FAld
AFete stags 2558 4% dh

B E o8 B4 FAZ A & de A G444 of
8 d3te A ApTE st

Fig. 5% o|u|A] g4te] & vebdict

o] X3}4 4% (Binary image contraction)S AL &
i FAR £&3te 3x3 HEHIEE 3 dal
e 270 HAM ’Ed ol E el 9l shagh 0
Frol shtels gloW HEYolE F4ld siFete d&
#E 0oz A gt

F5& oY g2 AR aAd ge A s o
8 foke A9 AT FYU Fig. 62 g3 &
%% vehdid,

pt | p2 | p3 pt | p2 | p3
p4 | p5 | p6 | — | p4 | z | pb
p7 | p8 | pS p7 | p8 | p9

Orlginal Binary Image Contraction Image

Fig. 6 Binary image contraction



=3 2A71A%E A A9E A5% 2000. 10.

2y oy dueEe ¢} FUY AF J8 X
PCB7I%t3 2 dExoz Ze Asu ¥4E AWe
o OE Aseu Aoz Atd AFe) 2EE wEda
A% FRMAAE WEo] 7Hs ofF £EF dnE
oA A Foe ¥ 2L o AFe] P} A
€ Aol o x 2o A& m2} Wstslnz ALgat
7) o) Zddict Mt 7lER o gag dYde A
< 22 gelolAwt & =M e 2% § - e @
Aot AHdeta 84 T 22 44 §3HE AFvt
RPN E AHG AR F3o] ZHE FEE HA A
T2 BYE 5 e ¢ndFer AS an g

2.4 A 2= (Image compression)

SHTAE AFE AolM AN = A i
st Arlelng gt A28 F9AM AAdte Aol A4}
AV 29 F Arh g9 3] 640x480% 8Bit =
307200 Bytez wi$- Zch webd dlolgle] A4 Al
e S 8@} B d7dME XS Hgoan 87
o F4E § FYF st | Byte2 AAsiich waby
640x4809] 3¢9 A71E 80x4809 Z7|2 &Lt
% 1/89] Data® 74417 4 sleh. wpvto 2 49 7}
7te} Imageg W Relo] A= ed Ao e £¥=
i}-’Fﬂl*” g2 gx Avzta Aol fAE i A5
AMNE oz A A A9 A5 AL g s
Lﬂ%ﬂl Het

2.5 &M Hlm#( Image compare method)

Az - 5 B oA g4 ¥ m( Image com-
pare method)e 3938 88 F2& A @t AFE 7}
st Aste Rol solng Al gle & %iT
A5 #F 3HH(Reference image)ole} 3t o] AHS n
2 A Fo HARE 3H3(Test image)S A3 HW
& & 9l 3¢ Hlwye  Exclusive OR(Image XOR)-S
AHgsted EabiT 2R gu stavt dEdHe BEE
Agto 2 4t Hara® & A#3ES 2F vlwelr]
FHANE FEatd Hwatgct 34 vla g
AAE Z Fohll= Aol U WE 52 HAL E £
dom deiyh gdsithe e o] &3kt B =Rl
o213} 3o s Hla WH e U E dAhE Y
14 vlashs dal BF shda ZAF digshdel s 2%
$ F23tn Hagich Hla @ e dle 28FE] H
A GE FaG S vl AR @ o vla Bk

01——,

o _P‘ rlr

il

Aol

139

Fig. 72 vl 8¢ Jehln 1 Fig. 8& A% #&
A EM T o)t}

AA A} 2dntel gt eAE WA s Yl 71EA|
HE o] &3] 7t2, M2 Z o] & T0mmol| A 95mm7iR]
Smma W3tA|A Z+ Ajeitt Felsle W &E Ueh

Reference image

S
I}

Test image

- ™,

Exclusive OR

“\\ Defact map

h\

Fig. 7 Image compare method

Start
1

[ Memory (RPM)v-m e I l

-

Image Compare 1

erence Image
Capture

( Eﬁd )

Fig. 8 Flowchart of defect inspection

# Horizontal length factor
4 B Vertical length factor

tength factor

7 75 80 85 90 &5

Camera between object of distance(ms)

Fig. 9 Length factor



AAD - A E

o
oXx
o
Y

o
i)

5348 4 - 4734 WAL

3 Fig 9= 712, Al Z Zolul&& Aol we} oo 22
z2 vehdtt o] 712 - A2 o] v &3h& AA do] g

& sMos e talr] A% o= Jlvetelel At
“‘01%4_ 2 A TaS & 5 U o A Ao
sl dAEE o] ofYz o= FE v &S
AR HAE o R A gl x Y st ol ghe vl ek
o2 UFE £ U AA o] & 78 5+ 3

2.6 534y
7Y% A B (Gauge block 10mm)& o] &3 712 - |2 Zo]

H &3S 483t gidelre 488 wol& st
Fioietel e Azl 2 gd do] g ’él*ﬂ
7ol gte] 23t Folz Add uyFS AHstd &
HE wol9 AA ol gtoz At & dFdMe
44 2AL &= golo(Solid Wire) - o 1.2(mm) &7
2% 50(ecm/min), 9}olo] FHFEEE 3(m/min), A& <L
£ 30(V)e2 sttt

A Wy & 71F A1 H(Gauge block 10mm) & 330 &
o} FAG AP S B ST wol& Sy =

)'o

slojgict
U2 Fig 102 835 A g dsd&, Fig 11

L AEIWE 9_04%4 4 1= N k=1 1) ﬂ%‘a o] &3}
o 71 22 AZEL B8 TS Al o|xaie
Fig. 129] () #H&3l HlF 42 vehla gl

Fig. 129 (b)e BAA 5% ¥ 84 & B Foh
Fig. 132 71&AHolX e A AAR2RE dL A=
Aol Mig@ts A Edte] £HR 2olS FHsn A

Fig. 10 Original image of a welding part

Fig. 11 Histogram of a welding part

(a) Smoothing of a welding part

~

(b) Boundary detection of a welding part

Fig. 12 Image processing of a welding part

140



32214882 A94A 55 2000. 10.

Fig. 13 A result screen of X axis factor

of & YA E del 2 AFE TUE 2y

2.78% Zg
FHBEE FAMO 32992 ) FEAA FuAg
5 238 7% $99E Aol AEAY 1 34 W

=
219 ZHolg2 ZY weraled AskE £ glo
gol 1% W oA BN GHE Aoz E% 3}
Gt BlmEte] T2 AMS e o £ 29
E U AA £ Y8 E ZaausEig.
Fig. 14 3ddl A E284< Yellz Fig 15= 3
BAM AEE 7137 ey A4S vehdc
SHETE £ RM Bt Y 9 YEe 74,

SUERL 7T, AT 5% To] oy £ =RdxE 9
BES A E ik 44 ASE 23 sk b
£ A%eoze gE(Pt), AW FY(Surface Cracking), &
H 7] 3(Surface Blow hole) 50|t} JEE: £4E Foid)
A7le A1 o %3 Fyoz A} ol x st
489 o aatgt,

%ﬁ¥mfﬂﬁmﬂ41ﬂNOEQH
. ﬁ

EUTEE &35 54, 3, 9 Fo] 22 0 goju}
o FE9] 88 FES A2ty FAFY Bk 93
H UWRTE S AEdhe Zo] o 2ulE udo g E
3] el e AEL 2297 sivate Aoz 3
Eg 713 a2ln #9S YR R0 E AL oy
& doltt. thA] walA Aty /7R = wo) ¥t

4

Fig. 14 Reference image

.4
Crack defect

(a) Crack defect

(b) Surface blow hole defect

Fig. 15 Defect image

st oA Ay A& ¥ 4 sk
old B FAAM 2 FRAAE #Ho| By

14]



Number of frequency

Number of frequency

Number of frequency

Mean DA
Standard deviation : 0.66856

N
o
1

Value of inspectionfmm]

Fig. 16 Height of a welding (Distance 70mm)

Mean 14.86
Standard deviation :0.65992

~
a
i

=3
1

Value of inspection|mm]

Fig. 17 Height of a welding (Distance 75m)

Mean : 4,95
Standard deviation : 0.71776

Value of inspection[mm]

Fig. 18 Height of a welding (Distance 80mm)

Mean : 4.95
Standard deviation : 0.69898

Number of frequency

Value of inspection[mm]

Fig. 19 Height of a welding (Distance 85m)

Mean L 4.79
Standard deviation : 0.67761

Number of frequency

Value of inspection{mmj|

Fig. 20 Height of a welding (Distance 90mm)

Mean 1 4.80
Standard deviation : 0.64192

20
e
H
3
g
=
5 10 ~
=
E
-]
z.

[ —

P s s & 7 8

Value of inspection[mm}

Fig. 21 Height of a welding (Distance 95am)



FZFHATHA A9H Ab5E 2000. 10.

AW AL o|n|A] el & F U AT
Zhe &4 AHE o] 33 kA g AFel e &
FA AR go] AFE ZH3 2H5HA At

Fig. 16 ~ Fig. 21 7bl2t A& 70 mol A 95 mn
742 S HEAIA &3 Al 30709 Eol & AlE 1A
Z 103 23 @S HTges Fstd g 1=
2 Yt

3.4 E

tAg g2 E ol dsta g £ £XH
4R ZolE A AYE 2H(T0m~95m)3}]
712 A2 v&s 2T 2H

AA do] gtz A Ftelet Agdd @ Fol
9 A7 eapt A9 gle Aoz Hien sive
AE ZAAI L 2455 A Ho| &g ANA ¥
4R A5E BAEl 2dY AR Z2ad S o) %
sto] AE 3o ZH(Display)d # UA stsich 2
HyoA Agel FF7AAE o] BilseA g A
S ojulA] gifel A 2E 5 ATk He 2 HESE F
d o3 e ARE dqirh

() UAE SRS o 3kl §HYY FolE
NBe Fhe - AR o] MRS AEF Bo] 33
WS AHgstel Bael Zel gho] okl 4] ol
goz Asele] §H%Y 4B A5 A A 2HS
e,

(LY Az 2R §HES Fviee) Ag
of we AL B9 dol ke N1ZAAL of
$aed 7z 3 Azoldol HERS AEozN
Aleh Azlel 2 share) Aol g3t AA) gl
A 47 4 slE A4S WA s

(3) %02 ol FolA §AYS A4E AL L3
9% AHgoz 2 ANE 92 4 dfen A4
tom A4S B AN+ YES sarh

(@) N2AZAL Azl 2R E e 2 e
AAetoz BU9 B4 uge 540 v @
77} o|fol Aol tn e} Yejghol @ A7}
A28 BHol U A77h o Bag ook

(5)ARAZS) AHHL Fol7) e vz
A8 @ YN 45 Avlers AAG 37
2 Az A4 E g ek,

GESS-EREECERTREE RRECER P

2] 2ol H2)e)g o g3t} Crglelz P45 glo]
QUE BB M $HY SAYAY Z3 Lo,
WA 58 44 78+ QA Z2agssd,

= 7l

B Q7 #297)4% 9 FAARAE A o
FAHY zAd T £47ALERERATAE )
19998 A7H|o) o8] A AL

128

(1) Adrian Low, “Introductory Computer Vision and
Image Processing” McGraw-Hill, 1991, pp.68~
69, pp. 88~94.

(2) Craig A. Lindley, “Practical Image Processing in
C" John Wiley & Sons, 1991, pp. 351 ~421.

(3) loannis Pitas, " Digital Image Processing
Algorithms” Prentice Hall, 1993, pp. 223~230.
(4) M. A. Sid-Ahmed, "Image Processing” McGraw-

Hill, 1995, pp. 87~98.

(5) R. C. Gonzalez, R. E. Woods, “Digital Image Pro-
cessing” Addison-Wesley, 1992, pp.162~163, pp.
191~195, pp. 202~203, pp. 413~414, pp. 416
~423.

(6) R. M. Haralick, L. G. Shapiro, "Computer and
Robot Vision |, 1" Addison-Wesley, 1993, pp.13
~15,pp.346~351.

(7)J. M. S. Prewitt, M. L. Mendelsohn, “The analysis
of cell image” Ann. N.Y. Acad. Sci., 128, pp. 1035
~1053, 1966.

(8) J. S. Weszka, “A survey of threshold selection tech-
niques’ CGIP, 7, 2, pp. 259~ 256, 1978.

(9) #REE~ v 7 v 7 RUEESE, "BEEE~
v 7y o ok, 1988, pp. 62~69.

(10) Hara, “Automatic Inspection System for Printed
Circuit Boards™ IEEE Trans. on Pattern Analysis
and Machine Intelligence, Vol. PAMI-5, No. 6,
Nov. 1983

(11) 8, AN F, AU, "YolH G o] 43 dolE
N7 ZA3 A BgolAd #F A7 F=F7
Az A, A8A, A6E, pp. 55~63, 1999.



