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Abstracts

visual sensor. The visual sensor,

the reflow-process.
mixed pad on PCB,

In practical applications,

The aim of this thesis is to develop a SMT-components placement inspection system equipped with a
which consists of a camera and 2-layer LED illuminator,
inspect the component placement state such as missing,
however,
cream solder paste and component. To overcome the problem,

developed to
shift, flipping, polarity and tomb-stone. on PCB in

it is too hard to classify component from images
this thesis proposes the 2-

layer illumination method and the heuristic image processing algorithms according to inspection type. To

show the effectiveness of the proposed approach,

a series of experiments on the inspection were conducted.

The results show that the proposed method is robust to visual noise and variations in component conditions.

Keywords SMT Component, Opening Method, Syntatic Method, Image Segmentation, Production Rules

1. A&
11 97 g%

SMT {surface mounting technology) ¥ AZ7lx HEF3}
22 FHAM F48 ARE Hgct. AHF] it 4w
AES] 2YsH/ Y3 87 YAX o7 AAvIao] ot
oMzt ¥ nyxsE g3t HAdcoh

I FolAM uAsp/nYxse] 2 FHE ¢ Hol| reflow-
processor & xlojt}. o[zt Ul B§dHH HFo
oF g FEdUddet: dHoe] ¥UEFrles 4ty
st/ 2dEse] & A& A HUck 28, oreflow-
processor & AL ulAely TYEL AFAAL sH5EHA
A AN AAL] olEgolEtE MR FAE ok AZY. %
F9 M3l E AEst FAEsAN, AAee T2 4
&£208 etz 132 A= Holw, oI AAREFEES A
HAAHHALE A Z7AE F2 §AL 2 HAE o)
ol#3t FHALE Koz YT N AR el HAY IS
o] Aol Byl ofel L WEtME HAsHo| o
2 st FF dErb oAY, HAFAUL olHFHo=m
feedback = 7] ojel] HAMAHA FEAFAol Qolr EAHoZ
AAHE T Q.

12 97 25

E AFolME= HAZHAAM ojauH &S olg3to] 2 F
2%, Q=L PCBo HFLHAE +33tT o] HAFH B
FHARE ojfste] EgFEe +4 9 EFLY 2dL el
Asle] Haldloleld FAHoT EHsto] Baddo] ApH
UAE ¢ d' SRS A2"E AP YoM A
A5 o] g3t PJAS HESIT Y5 FAolAM e
7142 ol g3ste] SMT H-EAAAEN AR st W] wiste]
E3t2A 3ot E3], PCB 9ol SMT HEA2HA LAst: &
ol i Eg A3 REFF (wissing), ¥F4 (tomb-stone),

K Eol%F (alignment), SF¥ (flipping) R J4 (polarity) &
F5E &, FYIA FAE] A A A g
&8 Agitt
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L AGAZHE=Y AR

2.1 ANHHYHES 2 ARH

PCB $jof A2td HE2 AuE AAs7 s, 2
ERRFgoz g Eyo] Falsly, o2 ol HAL
o] &3t} HAE Blodof 3lnZ HALER{o wWels 2ge &
AHGEE 2AY 4 Qdojok Ft. IE|X o#Y 2HE UE
7] $iste] B ApoiaE 2o LED XYL ol &3yt &,
IC %, transistor % 5 lead 24 REo XE Q43l7]
3t Fig. 19 high light § FAlsle A4S H5stejof &
3, 2o mark 24 2 Eo HAY, HI5S FAEko S
o A& Fig. 19 low light 2 g4S JS3stoiof Fi}.

CCD

7 Camera
A Z

High Angle
Ring Light

Low Angle
Ring Light

y

a9 1 G3Ae 34
Fig.1. Optical System

2.2 AFHYFHEe 7Yy

olg]ft @ FRUE WHKFY| H3te £ dFolM NG
Aol FA4L2 Fig. 13 Zo] 1748} CCD(charge coupled
device) camera £} 2 ¥2] LED(light emitting diode) XYL =
FAENon RE9 HAERO wet 193 xYF 14 =
2709 =YL FS R HUxEE F & dA F4shA



3. A gxEF

3. 1 Opening &

AN gdel THE xol=xE AAY 5oz £ A4
o|A| &= gray-scale opening morphological 7|¥}-& H&3ch
o] 7]ol A gray-scale opening morphological 7|2 gray-
scale erosion 71 & &3t ¥ gray-scale dilation 7| &
Hgot WP BN F2 279 ko]RXE AAVNSHE EE
olT Fo] JYE¥ L +YU AN dFAAEL. o}
A 4 (1) olM RodFT e gray-scale erosion 7IHe] 4
HoM Ifx y)e AU} GE 0k 5/t EY3F4TUS Jed
=

Ox,y) =min{ X + I(x, 5,
X+ Ixtl y), X + I(xtl, y-1),
X+ I y-1), X + 1(x-1,y-1), (1
X+ 1(x-1,y), X + I{x-1, 5+,
X+ I(x yt1), X, + I(xt], yti)/
a3 otefo] Y+ 4] (2) = gray-scale dilation 7j*gol
3t Aoz YL EM HUGS JAE ¥AE X
=

O0(x,y) =max{ X + I(x 5),
X, # Ixtl y), X, + I(x+l, y-1),
X+ Ixy-1), X + I(x-1,y-1), (2)
X+ 1x-1,3), X + I(x-1,y¢1),
X+ I(x,y¢1), X, + I(x+], y+1)]
oj&¥ 7ol HEP YAL ¢xHLE Fig.2,3 R 49
A BRolFy et

a1y 2. 43
Fig.2. Original Image

a4 3 %49 34
Fig. 3. Eroded Image

a9 4. 938 34
Fig. 4. Dilated Image

19 5. olx3lE s
Fig. 5. Thresholded Image

3.2 olzx3}

£ A7olxE BEL ANE A4 Asted Wabgol F
& 344 AFES AuA Bk webd AolA wol=E A
A% GAe olABst o NE el PES ANE B
toh okl £4 ()& olsE d@stn AUch

if I(x,y)>T 3)

1
O =
(x.7) {0 otherwise

AN I(x 7k AN B2 FEgolD 0yt
JAAE 2ol golth  Teln T ol NHE AW FA
Agolch.  olFA olNBer G4 Fig.5olM MelFm glo
M AAAH) e F& 22AE I Aok

33 J9EE

Holld olxstg FAol Mol g Fregt ofieg)
E (pad) 8] &, YRS Yol 3 xol=7} Fo] XFHo] 3
€ 4 Qdorug ojX3d FAIM JHYRYE Blo] HIe
FRASE FREool $tt. 219G FaTH YEEYS
RS0l @e Aol 285Es B dFgME AL
437l st $£3Y FEEH G4AY Y [@modified
syntatic method) & A ¢tste] HEaget. ¢4, olx3ld 4
A} Fig. 6 olA run-length coding W o2 QJeole] o dlsio]
run 5§ AEE FhA "k

14 6. 99=E4

Fig.6. Image Scanning

o] WM Zzte] F4avHRE FAAEE shed €S
3 2QAZHE E0]7] A3 HA2HRE ) JEHIZ HEPsH
gl E o]t FREHGAAEIIEE EYst F97%
BE ot WS o] &3tk ol=F AAFIHE B3I
e dol & AL FH3] Folt= Hol sHs3int

%, $19 Fig. 63 #o] Firt 7lAE Yol g YR E
d-Pr IGE B3 J9do AFH( X )F BH( )=
Q@A Bk ol¥A FHE = HHo) o3 J9YP L
QAT T Bljlol M2 ZAHS /MW F =l 3t
dEE YA At Aol GHHHQA JYEE Y
oM HAYHE HEHER uiste o] g HAGHE
Hgad:= AE & & ok

gelel] old 9P Y& thAl Agstd ofef Table 13 2
< Zolgld (Prinitive) E& ulE] F%3% F o] ZEngHE
E& o] 83te] ol 3 FEE WA o

£ 1. =Zgjugr
Table 1. Primitives

LABEL REPRESENTATION
L
LINE (line ) ~—————a
0 r——
(overlap )
JUNCTION N b
( notoverlap )
( side )
olg|gt ZeE|ulE]HES o83t EHY ~2EY (String) &

ol&3t grouping & 3 A B o] grouping & Hsld
M5+ (production rule) o] "WR3e] o]Z-2 Table 2 o)A
B FI ot o] W72l Hgo U MY HE 4%
o e UL WS PA B2IY R sk LA G
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°]83lo] grouping & 4YEA Huh. o] grouping & 3t
A A 2] (production rule) §o] HRFT] o]RL Table 2 oA
Rel®7 glch. o A42le Ao uid dPe 3 9%
o] gl 2Mg WEIHY AA EHY BLo] 3t LM 6
Z =o] 3ol 2FLE UH (merging) & 3HA Bk T
AAFAL srRHoz A =W g AT HEL 3
Ul oz v HatA €

¥ 2. A3
Table 2. Production Rules
Rule 1 L G
G G
Rule 2 (o) [¢]
L G
G G
Rule 3 00 00
L SL G SL
ag G
Rule 4 00 oo
GSL GSG
GSL GSG
Rule S 00 00
G G

ol MAFAEL A &T 1A A E Fig7 ol AHIHLa T
ok $H ASAIA e UEY YAl 13 Zew 7MY UA AA
FY10] oFte] 2 BF 4o Yo) 2§ AFRo] "t o] A
& NH LR sted shte] T Fo) AFs e 21F) ERHDRL &
e Hez ¥HI[UTE I ohS2oM e AT 20093 el
Fol APt 3oiME 20iM e} Zrol B 2 20) o3t UH
Aok I o 40iME AT 2 40 2)5ked oo TFo T ET
)3T WA WEFYste FHo 2EE A ot olHT
A0) o H R A7EH U FHAM v 2 AHE JhAA Dok

(¢] (o] (¢]
——§ —§ S
(e} (o] [¢] (o} (e}

3% 7. 41320 HE o
Fig.7. The examples of the Production Rules

34 BEF Q4

rolzst Xxgsoj ol 2 AE = G4l AT LS HE
Bt TEER JHES VI FRHYOE 7HH3L F4@E
#g3te] 2t HIFRFHEY o) FH(shift), A O)(length), BH
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9 ¥ AFE A 2 (compactness) 5o LT v BE)S AT 1 B
EHIZIFRAYEFONM I go) H2U H L HHEES Lo
23 gegh

1 1
E =Ws(Q any+ Y app? + WA~ 1P +Wo(6-6))7 +We(ac)? “
J=0 J=0

o 7] o A,
Ws, Wy, Wo, We's 2 2tZt o] 5%, 2 0], 3] ¥ compactness
5 2] Weight o} c}.
Axy, Ay B2 i FRPY $HHEYR AT EAXYY
L2} ot}
LEE2 AA B F70le} i s F R HI7Ee] 7l oje|r},
6 652 AA ek WA 8 o J7ke] v x| yhgre|th
AC, £ 9H-E7H0] compactness § & o] o[t}

3.5 A

HAG B = GollA AdFitulelge] RER o]F HEH, H
Y U IHF UAU R EFY R EH AA = dEEES &
el YdAA79 FHo] Ut W MEIA Hele
og o] @A olHe} £FHI sHsEHo.  mEbM, FAATW:
HA REo) uift olFol wigt HALE #£¥IT I o HA
A IAHAE YA AR Fo 3 AT $3F)

3.5 1 o]F (Alignment) % ZAF

HA, BFolgo] et HA: HHolAM +2FH HZel 99
2499208 AAM REo] dojof & Ax 9 o|FHE +4(5),
(6) I o) AL3le] I olFFo] TAgrRTr AA =W 44
(7)o} @] olFEFeolgts Tt

1,

S =X~ Xy (3)

S; = ynf = Vreal (6)
if S, > S¥ orS, > S8, Shift Error 7
else Not Error

3.52 FHFU(Flipping) % A

HAF HAE B &0 EWo EASo] Ers Uk BS
o) &3le] ZHA7} 7b53%EF histogram variance & ©| 834
o &, o] ol o R FEQ FHo| FHAW ot 1¥
I go] REL FHo) FHAY HA 49 AHM 1 AH4
o dty] BEXE Itk ErvF AL ALY € ARele
Fig. 8 3} #o| 7] B A(histogram variance) o] & #ol% o
Ebyich,

Flipping A Al window

2 4
Transistor Intensity

A2 g4tk
Transistor Intensity

Fig. 8. ¥ A Y Roj] m}B Histogram Variance
Fig. 8. The examples of the Histogram Variance



if 0, < Otiyesoia » Flipping Error (8)
else Not Error

T} wol=z Aste] AA mark st Qlt AvlE B
o] A 84 QorE orHE: xolx WHE o|§3te] ol
=8 13 AAR Aol Wl Bag o8t HUY v F
werstAl Gk,

353 3 (Polarity) B3 FA}

IHHANREL] A= BREZUSY 2HS ZATE
mark 7} EA|Ee] QeE® o] mark & 7]$ template T
matching 3t WHoz IYAAE $£Pstn FAHA 71&
template & E]AF ¥ HAA EAF dlojetE o] &3t o
mark & FAEH JHo] HAQJA Aew wudch  Fig. 9 oA
ZAHAA AR BE thzte] E]Y HESE RAFE ATk

Teaching Window

Transistor

299, FHHAE A HAUES
Fig.9. Teaching Window for Polarity Inspection

4. 4%

41 Y¥ ¥

Reflow ZFAANAe REAAAA g I+ oby
AATAo|z B HAAle] ol deg £Fe] Aol A
Yt (cream solder) ol EAste] PAaH o] & oelgs F
2 Aok o FgEFAHAM B Qs BEAH) div ¥iol
T3 Bolsirl.  oT|oME ZE F-Fol bl diF 43y
Zo) et AFE YT F AAT B =M AGFH P
7Ex 9] GAraiezgeol diste] A¥sty I AIARM o] ¢x
2 Zo) WP AHAdE dFstea i

42. ¥¥ ¥ Id¥9EH

4, HEHY FF FFo dste AAIYE AT &
ze|EA gol o A¥S stuA W 2 A4 g
F Hg¥ A4E g BoFux @k

3% 10. Zyol o GAE 2
Fig.10. The result of the image processing
for rectangular chip
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39 1. ERAAE UiF d4AE P
Fig.11. The result of the image processing
for transister

« & % OB ¥ & £ ¥ & %

e & # % & ¥ ¥ & % R

29 12. 1Cof wigt A d3

Fig. 12. The result of the image processing for I.C.

AYAAE Fig. 10-12 o4 RFn el o dAEs
B JAEY ¢ FEJIYNE §3te FEA HAE 0¥
A A F 4 dee=t JAY + Atk B =EAME AW
AAY W dAE HAE 4 AT FEHAE AT AR
t TEF2YY g

5. A

2 AFoliE AZAME ol 8T W FEFAYENAE
AW ANALLAZE Adstgiond, 1 ¢2YEL e
o wolzsl XIE dANH ¥EY §Y& FRY & YAt
olaltt AN INoE AU YT FAE YA A
A AR5 BR0l £U7) Astels oY FEAM
olob & Aolw We ¥ES 477 o "asivhz AEct
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