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PAD INSPECTION. THESIS ADVISOR : ASSOC. PROF. ARTHIT
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SOLDERING PAD/SFAM/ LS-SVM /DEFECT/INSPECTION

Currently, the process of Head Stack Assembly (HSA) soldering defect
inspection is manually done by human operators. The HSA is normally inspected for
defections that occur on soldering pad by using stereo microscope. This approach has
many limitations including high level of expertise requirement and fatigue from long
hour of operation. This defective HSA can be mistakenly passed to the next stage of
process and cause defection at any other hard-disk drive production line. This thesis
presents an automatic visual inspection system for defective soldering pad detection.
The system uses high magnification digital microscope for capturing the area of
soldering pad. The classification of defective soldering pad is designed in two levels.
Firstly, the gross classification using simplified fuzzy adaptive resonance theory
mapping (ARTMAP) is mainly deployed. Secondly, the fine classification using least-
square support vector machines (LS-SVM) is then applied. The experimental results

show that the proposed system is efficiently desirable and sufficiently practical.
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=
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. = 4 1 d' o [
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Y [
nuuivedinalunisldaiu (Ahirwal etal, 2007) 1wy Tuaudseil l@entSgianainiso
(Y 1 9 Y v =3 Qdd’ é Y d' Aa o zg
naasanyuzIAuveuduneda ldanSnNaou q Feansoglaluuni 3 Tasnuiseil
Y
ladenldnlsgiidase Uil
k)

1) 3 91i& RGB (RGB color space) i uiiug1uve w3 giiaianua #a1/5gid

Y o < % =
RGB GlGWI’JmEIJﬁWMLLﬂ‘]JL‘]JHGI’J!mu‘U’ENﬁ ?ijﬂ 2.6

Red
(1,0,0)

A o A an
719 2.6 LuuT01)T91d RGB
A Aam I A o Aaas 4 s A s A
10311390 RGB WussuuidaeuialesnllsznovvesaaIuuny Ao AuAd (Red ¥30 R)
¥ a a 4 Id 1
T2 (Green 130 G) uaz@indu (Blue ¥so B) Iaelsgidibiuanldlunnmananinn

A s A Ao A ya o a ' A
VDNABDUNIUADT Lu@ﬂﬂ?ﬂuaﬂymgﬂiﬂamﬂﬂﬂUWE]GIﬂi‘i?J‘U'EN@I'I?JHHEJ?J']ﬂﬂgﬂ
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Gﬁﬂﬂﬁ%ﬂﬂﬂﬂ?ﬂﬁﬂ’]@ulﬂ]ﬂ? (Cyan 139 C) FLLAID UUN (Magenta "I M) a1viaod (Yellow

30 Y) Hazdd (Key 30 K) Tag CMYK 111 ld0inmsuilasifsgiid RGB il

C=10-R-iK, (2.2)
M=1.0-G-uk, 2.3)
Y=10-B-uK, 2.4)
K= bK (2.5)

o K, = MIN{1.0-R1.0-G,1.0~B}, 00<u<10 #az 0.0<5<10

=Y

3)1/590# CIE L*a*b 15uif3 giiai 1aFunisanngduuuils 9iid Tae CIE

U
]

A <

(Commission International de I’ Eclairage) i@l U113 g1un1siaanaseunqunilsgia
YY) Yo A a o ] a 4
RGB tiaz CMYK tazd111sals lanudmnavinginsainniszan iy senouiimes
A A ¢ A < 9 ° o 1A A ax A = a A
130NN T aany (Judu d1uTUAFv093Ua CIE L*a*b Ao nsusnaual diig)
= %‘ a (=) Aas é 1 L= Aan = 9 1
HagaRY U FVef39NT RGB #9939 avea1/3Ua CIE L*a*b 1A111UNII901ANI
a v { A A J o
13911 RGB nagaoutuiiosnss Taedsiia CIE L*a*b Jsznouaie 3 osniszneunan
1 A (Y ' Aa =2
- A1 L* AB 35AUANNAINNNA 0 DY 100
' A o = = A = = Aoy 2
-1 a* Ao szAUYIINNF A IR sduasiiia -120 B3 +120
' A o = a ¥ a 2 A A day =
-m b Ao szauveIdnnmihiEu U sdmaesniin -120 81 +120
50F CIE L*a*b ansont ldvinnsuasSgiid RGB Tasisuain

miulaaf5giia RGB ifhnfigid Xyz dsaunsi (2.6)

X 0.049 0310 0.200 |[ R
Y |=]10177 0813 0.011 || G (2.6)

Zz 0.000 0.010 0.990 || B
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nniuInhnnl3gia xyz swhmsudaaiiuligid CIE La*b dsaums (2.7) - 2.9)

L*=116/(Y /Y )16 2.7)

ar=s00] r(x/x,)-r(v/x)] (2.8)

br=200 f(r/7,)-r(z12,)] 2.9)
Tagimuald

f@ey=1" ; 1>0.008856 (2.10)

f(@) = 7.87t+16 /166 ; 1> 0.008856 2.11)

31U 2.7 1u91a09139TA CIE La*b

a < a { o 4 1o
4) 15 970a vIQ WhuiSgianiuinasgmlumsldnuimeunsdyananin
Y

9

@

@ L aa 4 [
Tn39e7 1145210 NTSC (National Television Committee) LAZAE DIIANAY UANUAZIBARIND
a < 4 1 U
ﬂ?gu?{ YUV (YUV color space) Y A9 99AYIZNBUANADITIN (luminance component)

A s 9 = . A I ' o
Iag QAo ﬂﬂﬂﬂizﬂﬂﬂﬁﬂgmﬂmﬁ (chromistance components) Tagh YL‘]Ju%mamumu1m
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l 1 Id v 1] = = %’ a = I v @ A A A
AIMNADITIN I L'ﬂuﬁmmﬂumunmﬁum-ﬁmmmmm iHag Q l‘]Ju%’ﬁ]ﬂﬁﬂ]ﬂlﬁmﬁlﬂﬂuﬂﬂ-ﬁﬁ]ﬂ’)

15911@ YIQ mwnsom 1dTaemsualasninuuusiaesd RGB asaumsf (2.12)

Y 0299 0587 0114 || R
I|=1059% -0275 —-0321]||G 2.12)
0 0212 -0523 0311 || B

Taon woadana Y Naregluyiafo, 1]

Ty
Foadyaa I NA1eglusIe[-0.596, 0.596]
¥

ana Q N0y Uy [-0.523, 0.523]
=) a . < a %
5)1/3 i HSV (hue saturation value) 1J 115 9idBnszvunilalsznovaie
1 [ A 1 Y A o Y o Y =Y an
Foednyy1a H (hue) Ao MANUAINT 115090 180 1nyuve wnui1a0919d015 gl a HSV
] [ . 1 A o < [ {a X
FoIdRY 1Y S (saturation) AD AINIWOUAIVOIT 1TUsTAUANNAALAZANUHUDINNATU
VINMIHAUAY LaZFOITYYIY V (value) A0 AIAIIWAN VDT
o Y [ a0 ] 1 o 9

mvualiyesdygiv R Guag Bia1ogTusaa (o, 1] uazivualsd

1 = U= d' 1 [ A 1 . = 1 d' Y d'
A1 max HUIWIATNUINNFTAVDIVOIAUYIU R G 1199 B LUASAT min HUIYIATNUDINTAUD

1 o A e ) o 9
FoIdyI1a R G 130 B lasdsgld HSV ansomuan 1dain

undefined if max = min )
G-B
60°x —— +0° ifmax = RandG>B
max— min
G-B
60°x—+360° ifmax = RandG<B
H= < ] L (2.13)
max— min
B—R
60°x —+120° ifmax = G
max —min
R-G
60°x ————+240°  ifmax = B
L max— min
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0 Ifmax=20

S = 9 max—min (2.14)
—=1—min  Otherwise
max

V = max (2.15)

511 2.8 tuusaealsgiia HSV

24 mylSulzenammueamndiedinselalamesilng
insealalunesindilumaiindnednileiildnamsuasyios (fourier transform)

dmiumslsvilgannuadnavean mlaen1susan11ude (low frequencies) HATNITVEY

AU (high frequencies) Tu TamunNuaAIgUN 2.9

QU

(M) V)

{ @ v @ I I o
37 2.9 dedrams lddnsoaTa Tumesind lunmszaumi (n) Mwau

(Gonzalez and Woods, 2008) (V) HaUDIN1TNITD
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o Jou ' A .
mvualdnuiigduuodasdwilu £(x,y) Tasliamioueunaga (amplitude)

{ o [l (] o ] " 3 J
Yo £ AW (x,y) Bandudwawannan Tao £(x,y) desliiluguinazivena

v
(%

o o a Jd v ' . . .

NAANUAD 0< f(x,y) <o Tastnawendu £(x,») 3UsznoUAIANNAIN (illumination)
9 =& Y Jd v o v J o

HAZANUALNDU (reflectance) FIUNUA YW INFU i(x,y) 4ag r(x,y) a1ua1ay !Lagﬂ\iﬂﬁlﬂl

ﬁﬂﬁﬁ]\‘lﬁ1h1'§ﬂﬁ11lWLLﬁﬂQLﬂuﬁNﬂWiﬁ (2.16)

S(x,y) =i(x,p)r(x,y) (2.16)

& . Y 1 o ¢
Weo 0<i(x,y)<oouny 0<r(x,y)<l naun a1y e saniuiuesntlszney

A J

t:i 1 Y d'
314D (frequency components) “lJ’fNﬂ’NiJ’d’JNLLa$ﬂ’)']ll’dz‘lﬂﬁ]ullmﬂEJG]‘N!.W51$L3J’E]LL‘]J6\11{\IUL§EJ‘§

) ) ~ A b & v e o v P = . v
lm')ﬁ]%llﬂﬁ]ﬁ]ﬂllHWﬂQﬂﬂﬂﬂ’J muu@mmu’;muﬂﬂﬂumzjmﬂﬁvaam‘m (logarithm) ’1]311@]

aumsdadl

In f(x,y) = Ini(x,y)+Inr(x,y) 2.17)
shmsudasBeuuylisewies ( Discrete Fourier Transform 130 DFT) agesiaaldifiu

I{in £ (x,9)} = F{nix, )} + I{Inr(x,»)} (2.18)
vsooulugil

Z(u,v) = F(u,v)+F (u,v) (2.19)

A I A 7 o w
o F(u,v) Uag F(u,v) Wuwansulasyi5esvos mi(x,y) 4ag Inr(x,y) MudIay

Y
FIUTUNUAINTDN (filter) Z(u,v) o3 1¥aInT 04 H(u,v) 9193

S(u,v) = Hw,v)Z(u,v) (2.20)

S(u,v) = H(u,v)F, (u,v)+ H(u,v)F (u,v) (2.21)
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Y
o W J o
varziieannsathaanses lmdleiad sy H(u,v) Ao

H(u,v) _ (7H_7L) 1_e—C|:D (ll,v)/D0:| +7L (222)

o

o 4 A o A A Y
fmuali y, Ao vinavewnsesanuaglaemvual y, > 1
a

A o A = o Y
]/L D VHIAUBDIAINTDINAITUD WIﬂﬂﬂWﬂuﬂ{lﬂ 7/L <1

A a s @ @ o Y
C 19 WITTEADTNAIUANAITNFUVDIVUIAAINT DN Iﬂﬂﬂﬂ’iuﬂiﬂ Cc=1
D, fio veulanNd (cutoff frequency)
1 ) A J T A Y . . =
Glmmn1m5mJaQw“wamuu”lmmumwnw (Inverse Discrete Fourier Transform ¥15® IDFT)

Y H ' Y

LAZINMIAINaa9914 (exponential) %z"lﬁ’mwﬁgﬂﬂﬁuﬂgmmmw g(xy) Fallvunou Tnodzil

1331

=D.

2.10

fxy) [=»| In |=$| DFT (™| H(uy) |™=P| IDFT (=p| exp [=P| g(x.y)

Y
U

5191 2.10 Tuppusuiiums Tneagvesdinsesla Tune siind

malSulgamnedainseslaluyesiindinarundumsdfulsalunmszdum

E4 1
a

d[ 1 1 o Y v A ] [ A o
cm“lummzﬁmamiumﬂﬂmma%u LW‘iW%lliJﬁWNW‘iﬂ!!ﬁﬂ\iaﬂyﬂlzﬂ"vﬂlﬂumﬁl\i

padsznouiideamsla luvaziinmsshamdndudigia res TuUSugeanuainenn

De

IS a

Y o g J o Y a A A v v A " 9
ﬂ'J‘EJGI'Jﬂ‘iE]QI%INN@iWﬂﬁ@T%%WiﬂﬂWWNﬁWNﬂLWfJullﬂ L“L!@Qﬁ]?ﬂﬂ?ﬂ??ﬂﬁ’)1ﬂﬂuluulﬂllﬂﬂ

= 1 1 o A a an é Y 1 9 =
aaﬂmﬂﬂwﬂugmaz%mmumuwm Glummzmﬂiguﬁ HSV F91sznounie A aNNITNUeNT
1 A o = 1 1 = <3 PRl ddyd 1 (=
ATAITUDUAIVDIA LLATAINININTINNUDIA i]$Wi1!11@]’ﬂSZ‘]J‘]Jﬁl!iJﬂTi!LfJﬂ‘i%“l’i’N\iﬂ?ﬁua8
1 1 ] 4 g’/ 1%
AN INUDITOI1ANYID (Jie et al., 2009) Tasiuap UM TUTVUTIRUMNUYDININTA0

dnseslalunesindunaasaagii 2.1



18

DUNANINT RGB

&

mlaathnl3giid asv

£

onwo Ty I V

fnsoalaTunosindg JL

In |=| DFT |=>| Huy) |=>| IDFT |=)| exp

mlaaihnl5oiid RGB

J a
RIMUANTNE RGB

v
c%

s 2.11 Fupeumsdiulisgaunmvesmndalesinsesla luuesind laols 5y ia HSV

5 ~ A o A =y Id A Aag A
vinvueeu lugUn 2.1 weihdunan1wd RGB Tiuilauiluilsgid HSV uazidon

QU

1 [ o 1 o Y A 4 1 [
Foedyg I V iuigmsdnueInszuiumsaaniodls luuesind dev ldve sdggio

] o ' 1% 1 1 I A A ] ) [
Tmifle V' udwhmsswvesdyanauaazdiuiuliglia Hsv lwi uazthumlasnay

@

{luf59iid RGB dudw vz Idnmi Iasumsdsudananmdsgii 2.12

(M) ()

1 2.12 fedrms l¥dnsesla Tunesnd luand (n) mwduuny

(Nnolim and Lee, 2008) (V) HOU8IN1TNT O
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25 MISUENEIUNN

U < H lo o & X
ﬂ'lﬁllflﬂﬁ?uﬂ']WLﬂumuﬂ@uﬁﬁ']ﬂﬂlumuﬂauﬂﬁqeuﬂﬂﬂ'lﬁﬂigll'gaWaﬂ']‘w (Gonzalez and

Woods, 2008) 1o M3HendIUA1 9 voagiainesnaniumuanyasdiagyismosa

eaatuaudeyalugdamiisuilulumsinzy saszdioudeyalugdamimiungy

Q

uazuaasteyalugilithledie TasdrulvgismsundrunnutisesnIdiilu 2 33 14un

' ' 4 H
¥agIUMIHIUAGE U AoU (thresholding-based method) 1Az A5 yag1UFINUN (spatial-based

U

as A A A I Ax AT A 9 awu 1
method) TﬂElmwwa‘ﬁy,ajpummwmamﬂaﬂmﬂm‘ﬁ1/1ﬂmmzuaﬂ%wuiummwmﬁ g
. 1 = 1% a o Qy t:gl} Y A Y o 1 Y
(Nabizadeh et al., 2010) Hﬂ!miJ’Jﬂ‘]J\ﬂu’Jﬁ]fJ%uullmaﬁlﬂi%?‘ﬁﬂ\iﬂﬁ?ﬁﬂ’)‘(’l

k4 [

an a A A 9 A A A I J Y
FyagmumsmdaGuilasuaz ldniwnndsiuivesnimes nifluaesdiu 1dun
P ¥ o L g ° . . {
WUH1 (foreground) LAz UK A4 (background) FINABAINVIIAT (binary image) N 1AN1917
o < o 2 { L. I '
Muszaum lae 71l wnamnuesvaiasy (threshold criterion) ag £ (x, y) 1WuWansu
4 A A = A 19 A =& Y A = 2 A
o unmaiveslaEulasu laelmszaumivesgan1ni (x,») ¥z ldnmimaais ulasu

T g(x,y) Taslimasaunisi 2.23)

1 ir f,p)2T

) = 2.23
gx.y) 0 if fluy)ST @23)

dvsulunsaimsm¥asulasunalesea (multi-level thresholding) 92HA1NEN
1 U A dg! = o 9 = a A = @
TUMSULREIUMNINABIVINT I UA NV UFD UYDININ FIMTHIVAG e uraeszanlu

Aa A

uddeduIngjaz 19 2 35 Ao 3509 Otsu (otsu’s method) 1AzABIATIU (K-mean method) (Liu
=< 2’, an 1% Aan 3 ax VoA F)
and Yu, 2009) $IMIFDIIDTANNUATINITUD Otsu Lﬂu’)‘ﬁﬂWﬂWVILTT?JW%ﬁiJLL‘UU’Nﬂ’JN (global
. 1ag = < < an A A .
optimum method) uadsialwdum siuds iz auuuuia iz (local optimum
A 9J g‘/ ng 1KY 1 Aaov g A Y
method) fﬂ‘ilﬂﬁlﬂchﬁﬂQﬁ@ﬂ?‘ﬁﬂ]ﬂﬁ]gﬂﬂﬂ?WlﬂWiﬂg’dll"llﬁ]\i!&@ﬁgﬂu Iﬂﬂﬂu'ﬁ]ﬂumﬁ]ﬂi%’)‘ﬁﬂl@ﬁ
A AW Y a A A = v 9 9 =3 @ o Y
otsu !uﬁNﬁ]'lﬂﬂWW‘ﬂUlﬂﬂﬁluﬂTiﬂﬁJﬂﬁllLﬂa‘t’J“L!lIﬂ'.ﬂN%U%@uu@ﬂﬂﬂlﬁh1$ﬁﬂﬂﬂﬂ1ﬁlﬂllﬂ,"]f
4
Tae75UD4 otsu WI18AZIDIAAIL
A a 2 v Y ad . .
251  MImIasulasuraeszaunIeIs Otsu (Multilevel Thresholding
using otsu’s method)

as 3 a A aa A A 1 A A
I5UDN otsu Lﬂuﬂ’]iWﬁ]’lﬁﬂﬂﬂﬂlﬁﬂJUﬁ‘VI’NI’TEWI"Uﬂﬁﬂ'lWLWfJLafJﬂﬂ'lsUfJ\?GUﬂlﬁiJ

nJasuNmIE ey (Nabizadeh et al., 2010) @99z l9aa Tnunsuszaum lunsmaasualasy
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Tagrhumuiaana Nl s1UsIuseraenana (between-class variance : 0';) HAZAINIY
. 4 o 1 [ I~

11)31/59133an314 (global covariance : o, ) iafnualiamiivina M x N Tarszaumuiy
=1 = = A o g: I = o o

L Jv0uuaii 0 99 L-1 tagidnnugam iy My Tagh » unui1uiugannseau

9318 MN = 0, +n +n, .40 aflevimdaGulasui K aand Ae C,.C,,...C,

ﬁ11ﬂ‘§i‘l1’ﬂ?hﬂ’ﬂlluﬂi’3uﬁ\1ﬁﬂthﬁliﬂﬂﬁﬂﬂﬁﬁ (2.24) uag (2.25) (Gonzalez and Woods, 2008)

[

N

=De

o, = 2F, (mk_mG)2 (2.24)

‘72 = Z(i—mc )2 p; (2.25)

e P de avmniwziluluusazaaalasiidudu P = > p

i€Cy,

. 1

' T R
m,_ fie Awndglundasamalaelinniu m = —> ip

Pk ieCy
S { v 3 =
= U S S

m, Ao iWuaunagnn e lasiisuiu m, = Dip,
i=0

A 1 [l 3 A @ a1 d n,‘
P, 1o ﬂWﬂ’Nlllﬂ‘ﬂzLﬂumﬁ%ﬂﬂlﬂWIﬂﬂNﬂﬂﬂu p,=—

MN
Y1 a A = A

Tunsaives K anrmiess1d ldmiasunlasunmnizay Aok Lk, ..k, doeld 14

1 1 d' Y o d'
ﬂWﬂ’Nil!L‘]J'i‘]J’i’Jui$1’i’.]1\1ﬂa1ﬁlﬂﬂ°ﬂ’sjﬂ i]zllﬂ ATUNTN (2.26)

a;(kf,k;,...,k;_l)= max Gz(k* K,k ) (2.26)

0<ky <kp<..<k, 1 <L—1

i1 Y
Lﬁ@llﬁlﬂWﬂ'ﬂlll!,ﬂ‘iﬂ‘i’luﬂﬂﬁﬁ]\iﬂTs’ﬂ111‘3ﬂﬁHJTHWNWI‘51'Jﬂﬂ1‘§uflﬂ’é]’é]ﬂﬁﬂﬂﬂu (separability

Y o aﬁ(
measure : 7]) 1Aasil
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2 * * *
C ):GB(kl,kz,...,kK_l) -

77(k1 Ky ek

o [~ J { v 2 1 * {
nasriansuenesnainnuiluaiilslunisuenaata Tasliaiaua 0<nk )<1Tasgld
I o 1 A A ~ v Y Aax ' I 9
2.13 Wludred e smaaG uasunaleszauaeds Otsu Tautiseenily 3 aaa 1214
adasuldesuiiingay & =8ouag k, =177 uaziniag1ian1suensennniuminy

n =0.954

517 2.13 mymIaisulasunaieszAuaIe35 Otsu () MWAUIDD (Gonzalez and
a A A ' <3
Woods, 2008) (V) #aveamsmiaiEuilasumiweenitluaiunaia

=S 1 U
") ga INUNTUVDIAITLALIM
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4 axy da .
2.6 NIIANTIIMIYNAIIGUIIIT (Harris corner detector)
9 an A < Aa 9 Y A S o Y
ﬂ']ﬁﬂ5’3’1]ﬂ?gﬂﬂ?ﬂ?ﬁllﬁiiﬁlﬂuﬂuEJ?JGLGHE]Eﬂ\iﬂ’ﬂ\i‘l]’ﬂ\ilu’é]ﬂ%']ﬂuﬂ’J']ﬂJ“]ﬁJ“]i’t’]u‘lu
o dl :: = A 1 1 d' =4 d'
NTIANUIUNAULASHANTHIAYUADNTITHHYULUASNTTIADUUDINN i’JiJ"l‘]JENﬂ'I‘ilﬂﬁﬂuuﬂﬁﬂ
. R [ o A % A Y
UDIULE I (Ardizzone et al., 2009) FIUUANNITNINIU AD ﬁ?ﬂﬁ?ﬁ]ﬂ?iﬁﬂﬂ%&lﬁﬂﬂlﬁﬂﬂﬂﬁﬂ'lGI'N
< = = ' ) . . v A a4
man 9 ﬂﬂﬁ]ﬂﬂﬁ’)%ﬁ']ﬂTi!,ﬂi;’lﬁluuﬂa\i‘l]ﬁ]dﬂ'lﬂ’.]13J!,5113J (change of intensity) A3YNITLAADUNVD
9 1 né 2 1 Y 9 Y 1 1 dy d' 1 1 d'
wmmwwﬂmamﬂm%u m'ﬁmmwguuwummﬂm (flat area) ﬂ'lﬁl,‘]JﬁfJuLL‘]JﬁQ
v Y I (= A A A Y 1 Y A [} 1
ﬂ?ﬂ’NﬂJHJiJﬂﬁ]SillﬁJiJﬂWi!ﬂaﬂuuﬂa\i LWi']%ﬂﬁ'Lﬂaﬁ]u“l/l"llﬁ]\?ﬂu1ﬁNW°Uﬂ1ﬂ’J'lNLQI?J‘I/I%JLWIﬂGI'I\1
Y Y 1 1 Y 1 9 A a = = A 1 9
DU NDYVULTU (edge) ﬂ1ﬂ'JHJL"IHJ‘D%?JLWEN“VWWHQW]EJ']IQﬂMﬂWilﬂaﬂuLLﬂaﬂﬂWﬂ’NNl"UM
Y '9Y Y 1 T A 1 9 A Y A
AU UIVDUTU Llﬁﬂ1“WL!WHQ@Q“]J‘NL!?Jﬂ'liLﬂaﬂuuﬂaﬂﬂWﬂ')nJHJiJ%ﬁ;NLWi1$3Jﬂ1ﬂ’NiJLGlliJ“I/]

HANANAUNNTANI Ad317 2.14

o A A o 1 ) T
MNAUPAUN  HHNANUWEY  iNaauuyy
Nnalal

d' [ o % 9 ay oA
5UN 2.14 nanNIINMIMANUAINTIINIYUAIYITUIITT

QU

m5ﬁm3mmﬂmﬂﬁﬂuuﬂmﬂﬁmmﬁu (E) mmmm"lﬁ’mﬂmmzﬁ'mm ) Tagil

malasunlasanuyluiema u,v) Fanldannaums

E=[u v]M (2.28)

[

A A A Jda & qy o o @ 2
WO M A9 LUNTNENUVUTIA 2 X2 G]Nhlﬂflnﬂfniﬂ’]ujmﬂgwu‘ﬁmﬂﬂﬂqw U
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M= Zw(x,y) ) (2.29)
o 11,1

A d o
uwuﬂuumuﬂu yuag wix,y) Ao Wan¥u
Y A a o I a 4 [ o
WU 109NN NG M I UuNT nsad naunu

A A 1 o J A 1 VA
VN3] Irﬂ’t'] maqwuﬂuumgmu X I"_ﬂ’t'] 19

d o A . . Y
500 1UNA (autocorrelation matrix) 22 1dma
o I 1 1 H
%1ﬂﬂ15ﬂ1u3ﬂllﬂullﬂl,ﬂuiﬂﬁ'ﬁ]ﬁﬂq ﬁ’ﬁ] /7,1 LUag ﬂ’z Glﬂll'lﬂﬁ:!ll“ﬁ@]@ﬂﬁu@ﬂﬂ1ﬂ

R = det(M) —K(trace M)2 (2.30)

{ % I 1 $ [ [ <3 1 [
Tagh detM) =4 4, ¥ Kidluaraaiiminy 0.041,1,a$traceM=/11+/12%$mu”lﬁ'31m R

[

o 1 H) o o 1 a 1 o [ I A " Y
plsdumua lomnunsdesmiaaiwg 1z leinu linsanhgedinariiiuyunio 1ild
4

=De

W : &1

2, uaz 2 AMmun 2, ~ A, uag £ Nannalunniama
3
Tudu: 2 >> 2, 1504, >> 4,

o—

k4

o—

I o 1 ) LY 1 9 fl H
Huwunnalar : A uag A Umtesuaz £ U Inainennai

A o ] Y asy [
gﬂ‘ﬂ 2.15 AIBYWMITATIINIYUAIYITLITIA (Gonzalez and Woods, 2008)
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R = [ v v Y s 1 v

27 msashunguslsuuudgsuulsoddeivsdenaie
myaarnungu s Isuuuguuul§usidodedos 13410 (Simplifies Fuzzy ARTMAP
A 3 A A a & & Yo o v a
30 SFAM) ifuaTovielszamiioustianiia 9 ld5unmswannunanmsdeiung v
s Tuuuduunl§udia1oMa® (Fuzzy Artmap w30 FAM) gnoenuuy Iae Kasuba (1993)
Tas9a$19v99 SFAM 929nann2 1451901 (redundancy) %111 5A115 2190901581100
#520159n91 FAM aro1iiaonssu SFAM Tagfiugiuiisuinioiioaedu fie Suduma (nput

2 4 = v A
layer) A FUIBIMNN (output layer) FIAAIAIFUN 2.16

1= J
HWITUINDT
LELEGERN

¥ = @ ) '| a 4
FUWAAD C AINTNATIUANIAYN )

sUuuuBuneay va d

- 9 1 ] = 4 1% o 9 = [} ]
511 2.16 I‘ﬂiQﬁﬁ?\?ﬁiﬂﬂ@lElﬂiﬁllfﬂiﬁ\iﬂﬂu'1/'If|‘HalﬁI“]ﬂ!,uu"]ﬂ!f]_lUﬂﬁﬂ@?ﬂ?ﬂﬁ%“ﬁ@ﬂ'l\?\TlEJ

QU

A Y 9 a a [ A v 9 a a U v o o U

welimstloudoyadunaaulidunsonts Joyadunaavazgnds lidsrassiadiu
a d a { o a I 1 a
MUY (complement coder) auwmﬁaﬂmﬁwamummm VIO NYUFDUNIVOIVUIAAN

q a

a 3 A T

a P o 1 1 o g’/ a 1 1 %,‘ ]
auwmaﬂmaﬁﬁgﬂmﬁwamummm 138NN Iuaz%zgﬂﬁﬂﬂﬂwuauwﬁ Glumumumuﬂ
. P ' ' ' .
Uszen (weights) 11910UAAZ AV 521AN1019WA (output nodes) Fundounaw Tudiu
d a ~ 5 Id 5 AA o =& A [
TUDUNA 11!"1]‘@1131/15]511!“]_]3&3’]1/1 (category layer) Wuruniuiulszinn Fananasevie
Ay Yo = 9 a 4 1 .. a Y
WllﬂﬁﬂﬂTJLﬁEJug NITIUNDINDAT B (vigilance parameter : 0 ) HALNITAANINAITINAATEY

. d L} o - 1 ]
(match tracking) 1Huna lnvesaafaenssulunseviedmsuldneunisnaaeuinsetle
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v Y
= o

[ ° ' X 1 o o 1
Tumsnagewnsetsaziua p Fuilumngamuuaansotsulaaus o 8 1

QU

2 7

Tao pag llmuguauiavesyuweving Tasdrulugnmsdsy p Inliagailiinsedied
a A o d'dd%’ A a Y o
dszansnmlumsswunindvu luvazinalnmsfnaiuauadigezuaainisiiauaiy
o 1 1 A Jd A A ] ) o A A [ Y
msdsum pwu legaeinangni@on lannsoh ldumulsznnevivanmiiounula
o Y = Y a 9 a 49!
mldumsisenlenunisfamuanuaaienaiu
271 nsTUIUMSNHnaeY (Training procedure)
Y
ATZUIUMITANADUYDI SFAM (Rajasekaran and Pai, 2006) ﬁ;jﬂuumumau
Y
MIAUHUNMTAL
[ g’/ 1 a 4 1 YA
D) dsuasmmnilmesdeadeslviim o< p< 1
1 J @ { J o ) I A
2) nnmesAtlsznounan (a ) i ldnnmanennmesanvazih liithusuwe
[ Aan I A
Vounsevw 1A 7 =(a , a ..., a ) Vo3l d naziluaunnves)ssan C

o a d 1 A A
3) MUIUNIDUNANNAD TUAUAY (augmented input vector)

IL=(,a,,. . a,l-a 1-a_ . . .., l-a,) (2.31)

id ’ i1’ i2°°
Y I A A ° 9 3| 1 o
4) M 1], L“]Juﬂuw@uiﬂ"ummiamm%gﬂﬂiwuﬂiwﬂa1ﬂlﬂuﬂiuiﬂuﬂﬂizﬁm

VU819 (top-down weight)

° Jd o o . . -
5) AMUIUMIWINFUNITNINY (activation function)
(2.32)

4 v 3 o ' .
e W, Ae snhminszaInuu-a1a (top-down weight)
J { s a 1
a fo mienlndgudlaednalinnlszua 0.0000001

9 v Jd o o A A
6) ‘VnEﬁﬂ!gﬁ]?ﬂﬂWﬁQﬂGBUﬂT‘iﬂWﬂqu@Vl’cjﬂ

T(l)= max]}(li) (2.33)
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Y v
Tumsfloudunadausn szahuTdriuneui 9

o d v . {
7) UM FuAd g (match function) YoIHULAYA £ 91N

‘Il_ AW,

(2.34)
A %
8) A3V ADUOU I3 et ines
I o o 4 1
M MF,(1.)> puagC, Lﬂuﬂizmmﬁmnumiﬁ’ck wgnienTeaw deun

o o s ¥ @
MmsUSulga (update) Nnmeoiminiszan Areauns

= ﬂ(l/\W.”M)+(1—ﬂ)Wj”M (2.35)

J
wemvuald g= 19218

new old

W o =1AW (2.36)

1 MF (1)> puaz €, Widhlsznnderduihld c vz hignisenToaty

v & 9 @ 1 vy A 1 ~ ] 9 o
VVk ﬂ\iuu@@\jﬂiﬂﬂ'] ph‘h’ill AFYNITINUAT € IWIUANUDYAITUNIT
p = ME.(I)+€ (2.37)

1 a d Y I 1 Y v 2 - Y v o 9

ADNITLHA (reset) fruzanninazdou lUdsvuaoun 6 naznigruzaanaly &1 p> 1
Y ]

vdoundu llihvunsui 1

(Y 3 9 o 9 o & { 9
0 ME (1)> pagaiagruzdnnuazdonliduneui 6 nazvidrue

1 ao’ @ [ 4
9) a3 eAniminiszamuu-ars vesauziyge &
= 2 = Y Y v =~
MNNsZUIUMIMsIndounauaansn@ou Tassaireldnagilin 2.17

U
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e

o,

Usuaammnniiweiaoadas
0<p<1

Youduna

mmmauwmgmmu )

mamﬁaﬂ%umiwmu)

(=N (LY ()

wilisoaguy w

T, (A][) max 7’ (
J

¥
atrahmindszaim

a$aiiaseadalv

mnﬁamﬂmmwﬁ

M, (41,)> p

MmN meaondod
p=uF, (41 )+€

4
slyeanhwiny szenn

31U 2.17 Tassademsihavesmsinasu SFAM
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272 M9EIMINNABINITNINUYBI SFAM

@

d 44 e
5N 2.18 Tayrrenaylumvtendnsa

QU

A798194M139100401391191U Y09 SFAM a13nsasiasamsiaulugduuy

[

1 1 1 1 Y
TYaynenaylufimasuinda degili 2.18 Falamibiudymuasgiulunsdszdiv
sgansmwanfasnssulasaiisiisea lunsnagevuilszansnimiagig 15131
szl a1l 1 1 doulszd 1 SFAM
duna lilvimsinaeu Taosmualiiluge (x, y) naziitlsznndeduassilszan fe IN

I ~ ] I A ] & Y
Wulszannegnislusenay naz ouT 1ulszinninegnisueniinay elsznouaie

[

.. o . 1 (3 U Y dy
Mselnaeu (training) LA N1TAULUN (classification) M aLAAIRIDe19 lAnal
1) Mydnaou

- MsANTOUBUNA (0.7, 0.7) Uszian IN

]
a =

fnsaniinn 0.7, 0.7) Iiluduwa 7 Fseglutlszan IN

1 a

<3
TAIURNUANUDY T = (1-0.7, 1-0.7) = (0.3, 0.3)

DUNAUAUANYDI [ = (0.7, 0.7, 0.3, 0.3)

)}

1
A

3 a ! @ ] v & ¥ o
iioann Hiluduwansni ladouldnu s sine auiuanimindsgam
1 1 T v oA [ =Y ) 1 d o o
VU-8 199 HA WA UBUNALAUAY UUAD w =(0.7,0.7,0.3,0.3) Tud@ruvoalanFUN1511911
19 o T3 A A 9 Y o i =
lidesmuamsiziniludunaszian IN gausniignilouldnulnseiie Fsaansouaaq

Tnsave A9g1li 2.19



= S 1A
BUNAINIABDILANAY

BUNA

0.7,0.7,0.3, 0.3)

ﬁﬁzmmmﬁuwﬁ
0.7, OD

17 2.19 Taswnemsinaeuroduna (0.7, 0.7) szian IN

- M3AnNdeUdUNA (0.3, 0.8) Usznn IN

]
a =

W15a0#ga 0.7, 0.7) diludune 1530 luisznn IN

U a

mummﬁmm 1=(0.7,0.2)

)]
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Interface UsB2.0
Product Resolution 1.3M pixels. (SXGA)
Mag Rate 20x~90x
Sensor Color CMOS
Frame rate up to 30fps
Image Format jpg,bmp,avi
Microtouch Yes

LED $witchable Yes

(via DinoCapture)

Measurement Function Yes

(via DinoCapture)

Calibration Function Yes

(via DinoCapture)

Software

Windows 7 ,Vista ,XP ,2000 or Windows Server 2003
MAC OS (Microtouch function no supported)

Unit Weight

90(g)

Units Dimension

10cm (H) x 3.2cm (R)

Master Box Dimensions
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Abstract— This work presents an automatic vision-based
inspection of flex defect on harddisk head stack. The system
utilizes various artificial intelligence and image processing
techniques to detect and classify flex defects. The system is
composed of only one digital microscope without any special
arrangement of light source. The 2DPCA is mainly used to
reduce dimensionality of the input image which allows the
simplified fuzzy ARTMap classifier to achieve better
performance. The overall classification rate of 78.57% is
promising in which suitable preprocessing routines and more
training samples can dramatically improve such performance.
Results and discussions are described.

Keywords — head stack; flex; solder pad; digital microscope;
YIQ color space; harris corner detector; principal component
analysis; simplified fuzzy ARTMap

I.  INTRODUCTION

In manufacturing of harddisk’s head stack, there is a
process of laser soldering. Finishing parts are sent for visual
inspection using stereo microscope. The inspection process is
manually performed by human which requires expertise of
analysis defective parts. However, there are some limitations
of employing human visual inspection. Especially, when
operators are fatigue, this can substantially reduce
performance of defects inspection. Examples of head stack’s
flex defects are displayed in Fig. 1.

This work studies defects that appear in flex area by using
automatic visual inspection. Visual inspection has been widely
used because vision hardwares are now very affordable. Many
researchers use merely CCD camera and lighting accessories
for such visual inspection [1]. Most of related work has focused
on solder pad defects. By using lighting accessories, extra
information of solder pads can be retrieved effectively. In [2],
three round-type LEDs are used to illuminate solder pads. The
classification of soldering is performed in 2-D using back-
propagation network. Results, which are out of confidence
interval, are classified again in 3-D using Bayes classifier.
Using LEDs can improve solder pad inspection. Various LED
patterns have been proposed in many works. In [3], three-
layered color LEDs have been utilized in half sphere shape
with different angles. The slant map is then used to extract
solder pad features. The novel three-radiation-angle illuminator
in [4] allows better color contrast which yields better inspection
performance. Work presented in [5] uses two CCD cameras
with two different angles to capture and segment ROI of solder
pads. The LVQ is employed to classify images from both

cameras. The results show that images from tilt CCD provide
better classification.

(b) (c)

Figure 1. (a) Head stack solder plate area (b) flex burn defect (c) ball soldering
defect

This work presents automatic visual defective flex
inspection using Al techniques. The flex area locates between
sold pads of head stack. The proposed system utilizes only
computer vision techniques without any special hardware. The
system is mainly composed of two modules: the flex
segmentation and the classification. The flex segmentation is
described first for which the system can locate the flex ROIs.
Details and results of 2DPCA-based image classification are
then discussed to examine the performance of classification.
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Figure 2. Head stack image recording
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II.  SYSTEM CONFIGURATION

The proposed system is set up as shown in Figure 2. The
camera system is 90x digital microscope equipped with white
LED for light source. The camera angle is 80° aiming at head
stack. This alignment provides the most suitable view for flex
area. There is, however, limitation of this setting in which only
one side of flex part can be observed. The overall inspection
system is depicted in Figure 3. The captured image is divided
into left and right portion. Each portion is examined
separately. Initially, the flex area must be located in order to
classify defective flex. This flex segmentation stage applies
various image processing techniques to remove irrelevant
information from flex area. The overall performance of the
proposed system significantly depends on this stage of
segmentation.

((_ Capure Image )

Bt

Pre-processing

S TS

Classification Defect & No Defect

Figure 3. Visual inspection overall system

Next, the resulting flex ROl is classified for non-defective and
defective flex. The flex image is transformed into a much
lower dimensional data called two dimensional principal
component analysis. This allows the classifier, called adaptive
resonance theory network, to perform more efficient.

III. FLEX AREA SEGMENTATION

Consider flex images, it contains many irmrelevant
information regarding solder pads. Initially, the flex image is

segmented to detect and separate copper line and flex surface
area apart. Figure 4 displays this segmentation in details. The
segmentation is performed in two steps. The first segmentation
is to remove irrelevant background from the flex surface. The
second segmentation is to locate the flex area between solder
pads on the flex surface.

In the first segmentation, the image is enhanced by
homomorphic filter to emphasize the copper line. The
frequency range and amplitude of homomorphic filter is chosen
such that the flex surface area image is properly boosted. The
copper lines in the filtered image are then segmented by
thresholding the / component of YIQ color space. This
transformed color model clearly provides a very good response
of copper lines within the image.

In second segmentation, Harris comer detector [6] is
deployed to segment flex area as depicted in Figure 5. By using
information from this corner detector including the physical
appearance of the flex part, flex area between solder pads can
then be simply located. The resulting flex area is then
examined for defect classification.
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Figure 5. Flex ROI segmentation using Harris corner detector and the
resulting flex area location

IV. 2DPCA-BASED IMAGE CLASSIFICATION

Before the classification of flex ROI, the data is
transformed into two dimensional principal component analysis
(2DPCA) in order to reduce dimensionality of images [7]. This
novel 2DPCA-based feature extraction provides a better
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representation of 2D data, such as images, than the original
IDPCA. In this work, the 50 x 150 pixel portion of flex image
from previous segmentation stage is divided into three 50 x 50
subimage, labeling as part 1, part 2 and part 3. Each part is then
converted into 2DPCA and will be used for classification in
later stage (see Figure 7). In this work, each 2DPCA is
computed from 10 flex subimages as can be seen in Figure 6
(ordering from the largest eigenvalue (1) to the smallest
eigenvalue).
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Figure 6. Examples of 2DPCA images

The main engine for defect classification is simplified fuzzy
ARTMap (SFAM) [8, 9]. Adaptive resonance theory network
(ART) is well known artificial neural network for the ability of
recognizing new pattern and maintaining current pattern in the
memory. Using such network is suitable for classification of
flex defects which can have many variations of defect patterns.
The SFAM is modified from FAM (Fuzzy ARTMap) to
achieve faster computation. The diagram of SFAM classifier is
shown in Figure 8.

In training stage, flex non-defect image and defect image
are classified as type 1 and 2, respectively. Network parameters
include vigilance parameter, type of output, and network
weights. The value of vigilance parameter directly relates to
the size of output layer, hence, the resolution of the

classification. The more output neurons, the higher resolution
of classification.

There are only two types of flex defect used as the training
and testing images: flex burn and ball soldering. Note that there
are also other types of flex defect. Due to the limitation of
sample data, only flex burn and ball soldering, which are the
most often cases, are investigated in this work. In the present
work, only 15 images are used for training. Essentially, the
more training data can dramatically increase stability of the
network.
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Figure 7. Flex classification diagram
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Figure 8. SFAM Structure

V. RESULTS & DiSCUSSIONS

Because each flex image is divided into three parts, the
criteria of classification are summarized in Table I. Defective
and non-defective image portions are classified by label F and
T. respectively. In this work, 28 images of flex area have been
tested. Examples of classification are displayed in Table II and
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III. Because defects are varied in sizes, shapes, and surfaces,
dividing flex image into subimage allows the classifier to
perform more efficient. From Table II, wrong classification
results are also presented. The example number 4 is classified
as T while it is clearly considered to be defective flex. The
example number 6, 7, and 8 are classified as F but they should
be classified as non-defective flex. The example number 2 and
3 are classified as defective flex which only one part of the flex
image is recognized as F.

TABLE L CLASSIFICATION CRITERIA

No Original Image Part 1 Part 2 Part3  Classify

AN
T T T

. I K N . .
b F F

- -1 51
T F F

NN
i) T

Flex images of part 1 have high percent accuracy because
they hardly contain defect. Consequently, the classifier can
easily recognize this portion. For part 2 and 3, percent accuracy
is significantly lower than part 1. This is because the physical
appearance of defects occurs in various patterns. This can be
improved by increasing number of training and test images.
This limitation comes from inadequate actual defective flex
sample. With sufficient sample data, the SFAM can learn more
defect patterns which can definitely achieve higher percent
accuracy. Moreover, another factor that significantly impacts
the overall performance of the proposed system is the
inconsistent brightness. Various color spaces have been
investigated in order to elevate this brightness problem. Current
study (not presented here) has shown that the classifier can
achieve 10% better results using suitable preprocessing
routines and properly selected color components.

TABLE IL EXAMPLES OF CLASSIFICATION IMAGES
No Defect Classify [ No No Defect Classify
¥ F F T T
il T T T & B

TABLE IIL CLASSIFICATION RESULT
Flex Percent Accuracy
Part | 100
Part 2 75
Part 3 71
All Part 78.57

VI. SUMMARY

Automatic vision-based inspection system is inexpensive
and efficient. It can achieve exceptional performance at
software expense. This can be suitable for existing systems that
need to add automatic inspection capability. Using Al
techniques is flexible and can adapt to any environment. Using
2DPCA and SFAM allows such good vision-based inspection
system. The 2DPCA can reduce dimensionality of the image
and provide suitable input for SFAM to classify on desire
criteria. Currently, the proposed system has been under
developing to detect and classify various types of defect with
more samples to increase percent accuracy of classification.
These include both flex and solder pad defects. The skeleton
framework presented in this work can still be deployed to
achieve such ability.
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