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ABSTRACT

In a hard disk drives manufacturing industry, the environment of all production processes are
monitored under the “Cleanroom”. The amount of particles is controlled for each process from packing
components through completing the hard disk drives assembly using sensors. After the assembly, the hard
drive is taken outside the cleanroom for quality control test. If the amount of particle in the production
process is more than the controlled limit, it will cause damage or low quality product. Thus the important
part of hard disk drive manufacturing industry is the process control, with the sensors to collect amount of
particle.

This thesis applies the data mining technique with statistical process control to analyze the
irregular data. Historical data is analyzed to find out the factors that cause excessive amounts of particle.

Detection of outliers will lead to improve the hard disk drive production process with more efficiency.
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2.2 MINIVRUAMM NG A DA (Statistical Quality Control)
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2.2.1 MINIVANNTLUIUMSIFIaDA (Statistical Process Control)

| = aa dlay: =] a
MIAIUAUNTEUIUNITIFIT DA (Statistical Process Control: SPC) Wumadaueanis

v a e

muguawindnaaianiieaddmiunauguasuunms lasw dedananfondiolinis

a9

ar

WSunlasuidwng Taslddyaameadalumstimuaunaaesnsiunlsiens sl

o

~ o a

a 1 o o Y FY I R o, A Y
sazwannnszuumseduiuszuuhlgdhmunohddan ldud ivmansauiivauld
‘3 ar - L1 a Qs o 1 1
gavunazinyugumwmanaa Ifegluszaugs ludegiiuldimsily1desramsnatelu
< 1 2 1 9 = a o Y = ) aan
036199 ierslimsususaunaaiulilawihvine Fanszuaumsaivauada

wiumsilean (Prevention) 11ANINIIAT IV (Detection) sauanalizili 2.3



o w4 o o d
HAR NN ﬂﬂﬁ’ﬂﬂaﬂﬂmm

NSZUIUNISHNAR

AIE@DUAIY

SPC

NM3IAIIZA

15159

NIZVIHUNI

—_— e e e e e e e -

31N 2.3 Tassadrwnndanisdosiulusenienisuauniskia

k) 0 ' v

ANLUMTANHUMIAIUNNILUINMTIFIANA (SPC) MmN auAe dayanaid1es

doinaazii lgmstlesdumsifavene (Waste) amanuiuud siifassnanisnan it

!t a a o 2 ° B 23

Mkl s anTaw aaanuAuulsus efiun UM UETYD (Consistency)  AALAHTg

?; a %’ ) 1 o ; = ar o’ci
(Serap) tazMIUA g3 0¥191 1l (Rework) thindsnamwaesndadaainns wiuany
9

A09n13

Tagfiouldunuginiuny (Control  Chart) +iafnaunIsldsunilasueg

= 1 ] ) a oA T A = d‘l 3’/ [~ o 9)

AsguIuMINanMey lussavdnfnse liuazimsesdlonsnaawdus dudamnsornlsy

) 4 o % v & A o4 A
Tumssusudeya dnanedeyauazuaasamguoadynuiudu susdesiioiiugiy

¥
aas o

FIMTUMIAIANNTZUIUMTN A DANAL [8]
1. luasreaeu (Check sheet)
2. uWugUWus e (Parcto chart)
3. galaunsy (Histogram)
4. UAUNINNITNTE1Y (Scatter diagram)
5: LLWuQﬁm‘ill‘H AUVBINTEUIUNIT (Process flow chart)
6. UAUMWAUNALAEHA (Cause and effect diagram or Fish bone diagram)

7. UWHUQUAIUAN (Control chart)
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M193137 2.4 ArededeyansTenaNNIADT

Age Income Student Credit_rating E Buys_computer
<30 High ‘ No fair No
<30 High | No excellent ; No
31...40 High No fair Yes
=40 Medium No fair ‘ Yes
=40 Low Yes fair : Yes
=40 Low Yes excellent No
31 .. 40 ; Low : Yes : excellent Yes
<30 O Medium No fair | No
<30 Low i Yes 3 fair Yes
=40 Medium Yes fair Yes
<30 E i Yes excellent Yes
31...40 ; Medium No é excellent Yes
31...40 § High Yes % fair Yes
=40 Medium No | excellent = No
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2.3.1 Yymmsluasugavesdoya (Imbalanced datasets Problem)
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N AW s : & "
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317 2.14 (2) A39819 K-nearest neighbors Y8900yaNN15841 10 k=6

3 @ d . A 9 =¥
(b) YBYANUATIEY (Synthetic Instance) NTTNVY
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2.3.2 Aszuaumsdwundoya
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o 1 = Y o &
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— Model construction <+

l

Classifier model

l

Model evaluation

l Yes

Classifier model + Accuracy

l

Classification

l

Prediction class

Training data

v

Testing data

Y

Unseen data

a ° v
Qﬁl‘ij‘ﬂ 2.14 ﬂigﬂﬁuﬂiiﬂ’]lluﬂ%ﬂyﬁ

2.3.2.1 Model construction (Learning)

Lﬂu%umumsﬁ%"lﬂumaiﬂﬂmﬁ'ﬂmsﬁauﬁ’mn%’ayaﬁ”lﬁ’ﬁmuﬂﬂmﬁ"lfiﬁﬁm%’aﬂ
1147 (Training data) ﬂ‘f%ﬂygﬂaﬁ”1@3’@1mmmiugﬂmmﬁ’u“117@?’@1?1’11%ﬂﬁ’wiﬂsm%’wﬁuhlﬁﬁud
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(Classification rule)



2.3.2.2 Model evaluation (Accuracy)
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2.3.2.3 Model usage (Classification)
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9 as 1y = ] Ay
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a

Foot MNaode

‘,,f/ Branches

Leaf Mode Leaf Ilode

Set of possible anstwers et of possible answers

Y o

31 215 Tassadevesunugiidu lidadule
0317 2.15 Taseadredu lddadulolsenoudae
C=! .. < ' A =
Root node ©3® Decision node 1Huauiou lvmsdaguls
Leaf node fio Aiiihu 1y 1dndou lumsdadule

& A ' 1
Branch A9 A1SI¥OUADTLHIE THUA (node)
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2.3.5 3% Cross-Validation
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2.3.5.2 k-Fold Cross-Validation
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v =~ oA 3 o s &g @ 1
® A1NUATURIYU (Recall) Wumnveni Tweaiineesaiuiusasidiu

3 1 a 2 o = @ )
Lﬂ?hliﬂjﬁl\iﬂ'lﬁliﬂﬂﬂ?’iijﬂ Iﬂﬂﬂ"l‘u’Jilﬁ]"lﬂﬂWﬂﬁNﬁaW“ﬁﬂﬂﬁ?@Q IﬂUW%1im1%1ﬂ

U

w g @
Yoyavesnadnsideiiy

o Y A o U Y 1 Y 3‘,
mmumauawmuuﬂhlﬂgﬂﬂawmﬂgmagauu

9

MaNuATUdIN = — ”
Tutayaieglunguniunia

l ' o ;oo < 1A 1 o "\ a g '

®  MAMMBUO (Precision) Wumiivenii Tuaariungheaiugndoails Tag
o 1 { w o < =) o % {
Aannmvesteyailnadnigndes laviinisananimadoyaiimuad
iUl N RearY

o 3/ Ao Y w vy S
mu’mmayawmuuﬁhQﬂﬂawmﬂqmmagauu

maNuudui = S - —
Tyangaimn It uAgIniu e

U

1 1 < et Ly 0¥ —.- 1 1 1 o
® 7102490 (Fameasure) 1T UA AR IA U T U U 5213198183 10008 wEN

(Precision) g MANUTEAN (Recall) floymnnugnasd Tagsy

2 X sanusiud X dnnunsusay

Mogga = — 7 : =
MANUING + Aaunsudig

1 "
A A A YV

2.4 1HVNINYIVD

! a o aa
1104919mM3 BTV BYa lunTzIUNITAIUANNT I NI Ta AT T a1
aw Ay Yo ) A o & P P ad® | A A a

e ldhmsfnuSemitouTnsmaniesieyadremaiinde eiiosamain
= v ) = aaod o, = Ay Y = ¢ °
nmnsaunYeyauNY tasnaIveMivnalamilesdeyaunldlunsTinewuaz e
9
&=

2 1 ) = =
Joyanailnd aﬂmmuﬁaumﬂ‘uﬂia:mflﬁmWﬁuammazmauﬂﬁlummnﬂm%gawﬂﬂﬂﬁ

[l L ¥
PNNMSANEIUITBNREIT0ITINa 1T i)
24.1 msldmatiamiostoyalumsiiulsganmnsaia: nsdifnyiveslsay
U339 LCD Driver IC (Using Data Mining Technology to improve Manufacturing Quality — A
) ot = e 4 =

Case Study of LCD Driver IC Packaging Industry) [4] Hiingiszasd lumsisuiie 19imaiia
=1 9 & s = R A o =t
mmwagmweﬂﬁuﬂga@mmwmswaﬂeuaqﬂimﬁﬂyﬂiwmmsgmaw lasnes lod
3 o o =] 4 =
(LCD Driver IC) Tﬂﬂmmsﬁﬂmmzmumswmuﬁuawumumsm'squaamﬁ lasnes le

A w o w ¥ A @ & @ nu.e = Y
1W'f3ﬂuﬁ1ﬂ’ﬂ%Uﬁﬁﬂsluﬂ']iuﬂ']jiyﬁ'lﬂuﬂﬂﬂ'iz‘ll?ufniWfW’] ﬂ\?uu%qvlﬂu‘llﬂualmﬂuﬂiﬂﬂaﬁ



32

£ A Yo ar = 9 & Y 1 1 A a é’ 1
PoyaelrdmiumamsizdoyaioTinnuniaunganuunwsesifatuusazguny
3‘; = &2 9 o = 3’; o ar -~
wnannangla dadymmiedgunmlunmsusslasned led duuaaldaansed
25
= o 2w & v o
TaomsTiasizrigunmvesnnitelilszneudy grudeyatlyvivesnisaiugy
2 g a o d
AMNIN (Quality Problems Database), N13UATILUNITHAA (line analysis) HAEAS INIIZHAIY
= Y S 2 ol o a =1
tMiD3703a (Data mining) Feiivuaouluntsduiiumsdail
2.4.1.1 m37705ud3A (Data collection) Tasn153uswioyansnaaluaniil
o ey o =y T 1 a
Uguamsvesmsussy lasredlod Tuaissynig @ouunsian a.a. 2002 § Bousunau
A.71.2003 1194 9,752 521881
3 ¥ Y
2.4.12 mnmamﬁ’ay’a (Data preparation) YUADUHILAUUUNITNINUA 3 NINTTY
4 ) o ar a o ' a
soiAioudoyalivmingaudmiunsnssd 1dun mssamsmunzdansosdoya (Daa
collecting and screening), N511ANA=DIATBYA (Data serubbing) uaz Mzaddoyalnl
(New data generating) 11nM3A UM 1URIATTUAINATIND 1 YoyaTayvimsnannd 15
Uszan uazdwsdmiunmsiaiuniioadoyn 4 s laud man $1uau 17 Foya,
machine $11490 13 V03, material $1149% 10 Youa U0z method §713% 12 Toya Feuans

@ 1 g v =
Avtadoya ldnemsiah 2.6

= 9 o’ =t
M15191 2.5 Tayrmadugaanuesmsussy lnsnes lod

amil{idns (station) iy

Pre Mold Inspection | Inner Lead broken
Inner Lead curved
Inner Lead bent

Final Test Short

Open
2 Function
Visual Monilorr 7‘ : Wrong stamp d.ire.ction 7 -
Tape jammed

Chip has cracks

Tape bent

Rewind Inspection

Denton tape

Pot over resin




" Qs 1 aa o
M13199 2.6 Arot1aens auaz Tariaunw

33

TW310112-05 = Wrong Maring
Parameter
TW310067-01 = Wrong Potting

. Parameter

¢ Potting

ILB Pressure

- error -

. None

i pressure error

Position of ILB

 is shifted

- Resin drop

i

Runcard Member : Machine Method g Material z Problem
TW010234-01 | Wrong Maring Marking sensor ‘ None None Repeat stamp
. Parameter ’ error
TW030046-02 | Wrong Potting | ILB Pressure | None | Innerleadis | Innerleadis
Parameter § error E | too thin :
| : : SN iy ~

- Side shipping

i Pot over resin

Yo =2 gl Yo o / o 2 i =
2.4.1.3 mslivanosnuaulidaaule (Using decision tree algorithm) HaIvIALdon

£

Joyadamdmguaimuazimuedanilsdnyme (atribute variable) 181A A1 (member),
Lﬂéﬂdﬁ)ﬂ‘i (machine), ’SIET@ (material), 5015 {(method) 1oy ﬁ?ttﬂi%ﬂﬂ@:m (category variable)
18un Taymiamnn (quality problem) uaz 14 dayadend 1 ldlFlunszuiumstouidae
Sano3ity c4.5 e sdeyailidmsunstondainsaudaslddimaad 2.7
M 2.7 Aredetoyailymamnin
Id E Material Machine i Methed l Member : Problem
1 Glue itself'is 5 None s Abnormal Abnormal marking | bubble
too thiﬂck . 5 R % T(frrn’poratiqrer parametgr |
2 Glue itself None Abnormal None bubble
contain bubbles Temporature :
3 Tape itself ;l;;ormal mari‘(wi;“g‘wm MNone ! Abnormal ma..l:l;ing ’ bllb;al;: ]
contracts pressure 2 parameter ’
4 | Tapeitself | Nome Abnommal | Abnormalmacking | Pofoverresin
contracts | Temporature parameter
5 Glue itself - _Norwl‘cm T None Abnormal markiném -‘ bu“bble -
contain bubbles parameter
-; | -‘“CAiLl“L'l;Mitnself is Abnormal curing Abnorm:i; ‘;;I;;““ N Pot over resin
too thick temperature Temporature
7 Tape itself Abnormal curing None 1\}(;;16 o “{);};t‘)l‘e‘“‘"“
contracts temperature




34

8 Glu; itself Abnormal curiilg Abnormal | .A-bnormal marking bJ;BIe .
contain bubbles | temperature Temporature parameter
9 Glue itself is Abnormal curing ” None Abnormal markirng :;u;ble o
 too thick temperature parameter :
10 Tape itself Abnormal curing A Noune. Abnormal marking bubwbvlemm -
contracts temperature | ; parameter
11 Glue itself Abnormal marking None - ; bubl;l_e.;
. contain bubbles | pressure 3 | 5
12 Tape itself ; Abnormal curing i Abﬁormal " None Pot 0\;;w”resin
contracts temperature Temporature |
13 | Glue itse-lf is i Abnoﬁnal ma.rk“ing None ’ Al;ﬁ;)rmal markiﬁg Pm overresm
) too thick ; pressure : = parameter
”‘14 > Glue itself is E Abf:onnal marking Abnormal None N 1“30-t ;Jver regir;'
i too thick f pressure Temporature §

3
dmiumsiundoyaluminanesvesswdoiinuidun) sTaq Maeda) Ja
3 — ° 9 Y 3y Y o Yo Y Yo a s
DY (gain) gahge uaznnnamsTundoyadeay liandula gise IarhuamsTins e

doyalihliuljnizunmsdamadenismuauaamnd e 2.8

M13190 2.8 Han13U5u1l5enamm

mssudyeRvu (%)

a9 wamslsodzes ,
Decision tree ! Neural network
i H
Inner leads YSinunnIosanas 10.4 2.95
Chips Suanansesanas 11.6 { 46

~ ' 4 o = o @ = @ =
110A15197 2.8 wududetwan1sdmsedauamdlsdanoiiudu lidadule

3 o

(Decsion tree) taz 1599101 5581M (Neural Network) Th5u1l59nszutumsndaudavili

q

ar { = 1 g : ar U s
anfSuadagiifamsvanios lduntiy deennamsiSudlgannd msdiudzedena
o =) =2 9 Y = 3’, = o c; Ll Y T 1
nndanesunudu lddaduladuaunseandfnadaafunnseslduinniilns e
Uszam
£ av w 1 9 =y o b = 9

1AMIANEIUITEAING1? a3l 1A msTmszddammeduqaninuesFud
k4 T H Y
dummnsariufFnaduiidganiwld fidehldid lvamavesmsdatym lumanda
] Y a a oA a a 3 ) ar = s
neliAauamand Tudaym mndaiidsz@namunatiu dmiumavesmsinneddaym

a2 1w a &8 9 Yo = < as Al A = 3 9/
i{}ﬁuﬂ']WHuW’]J’JTE]ﬁﬂ'f]‘i‘l’lﬂJﬂuullfﬁlﬂﬁualmﬂu@ﬁﬂﬂi“ﬂﬂﬂL'}’ill'I&’ﬁ?JilMﬂ']'i’)LﬂTlﬁﬂ‘Vﬂ\‘Iﬂ'lu



35

= a o = o a & [ a o = =
ﬂmmwmmﬁuﬁ’umxmmamﬁﬁ]ﬂanwama‘i, ﬂ]iﬂﬁﬂ%uﬁﬂuﬂlﬂﬂﬂiﬂuﬂﬁ,, N1TUT TN

a o = T
fIOUANIABT Llﬁ31u@ﬁﬂ1ﬁﬂ§§ﬂﬂ’liﬂﬁﬂ@nﬂ‘]

- s 1 1 & = =g A Y
2.4.2 fnwsypumsUSulysgunmedisdoiiiosvesnsndaueadasomiioafoya
(Study on the Continuous Quality Improvement Systems of LED Packaging based on Data
o o o aw A 9 9/ Py ]
Mining) [5] 3i3agulszasalumsdvsfionmsaduduuuuvsssruunslfulsananinedia
deresvosnsnaauoadd TasldnmsnlunuganindiensaiuqunszuIunmnFaiauna:
= 3/
milestoya
a = e a
TA03U1AMI TN IEHANYINTZUIUNITUIIIUDADA, NMTAIUANATLUINAIIE
anf (Statistic Process Control: SPC) tazmilesdoya F991nasaneimun lunszuanns
Ed
Vssgueadatulsynaudln 6 nszuIumMsdny ldua n3fia (mount), WuaIa (wire bond),
) 1 ]
517U (molding), MIIABY (sawing), NINATOV (test) HAL N1TUTTIAUNS (packing) aziie
= 9/ == 1 c{t a as g =1
ANl nINIAIAUNWANT VT TIReadd wu 1 lunsz UM AsaTy daiusenaugy
Y=Y s a o
ATTUIUMIAWTAVD I AR IR (product), NT¥UIUNIT (process), 1107 (time) LAY A1LLIAT
. = o 3 o Y = 9 Y o aag Y
(period) M5 UATIZHIDYAMIBINATAdY lddadule tagnisnIvauamA NI a G 19
= & 9 = o £ = by Y w
uwuginuguaumngsldminiuguisza +30 aslamifinuiuesusonansldag

A1519% 2.9

o~ o ot
13190 2.9 °1J@Hﬂﬂﬁyﬂjﬂmﬂ"lwsuﬂﬁﬂ'ﬁﬂ55@11@@@@

amH{uams (Station) Paymeimil

AM/AB Wrong bonding
Dice missing
Line wrong

Arc wrong

Molding Pollute
. Bubble

Sawing Shape

Final test VF

Hue




36

be

o Y= s

dauveenslnszummsniquaanmmeadadmiuanidoil §ise1daunu

q U

'
=y

aunwlaeldunugiinuguiteniuquirsiifinansznudednyazmagumnlagesing'ld

Aaz1lin 2.19

Defect
. datawarehouse

\\ RTAY M ’
’\/ | &a g

*l.. __________
Field ratio

Tield lRatia
s

v

LauncH DIyl Result certified

s

. ;
- ~ 0
o - 20 i
Order n e Process

Watwl Juality irmproverment

c; s =y
31N 2.19 TumanmsaiuauiazlSvalsenaninniskas

e

9 ar =

1n3U7 2.19 annseeiinems o lda
L urngiimyunugamwlydwmsuaiuguasiiiinansznudeganim Taogman Ty
a { 1 = a ' o = £, 4 3
wuanvaseguoamanavawluusugiiaduay Aludosdiiinnis Tuduseudu ugdmin
nudnsmzieguanmsmuguudidumshnumilosfeyasygaiun 19
a = 3 g v = o Ag Yo o o U
2. manamieseyan lvszilumatinnlddmsunsmaguazanuiiingudoya
VR Ay W o o o ' = & 9 2 o
vinalng) Fenaiildow luinludosmumaaunn nanasinmsinszidaomiiosdoya
o ' ! o ¥
wavdumMsasIvaeuteumsii hlldauy
a <y A 9 Z © Ao q Ya S A
3. HaMAMI AR Aemiiedeya thiisihldibarauzieguenmilonis
Yo Y 1 < @ 1 4 Y=t 9
mvguensa ldfumsudlaldesasaas wazdii TumsudTymmaganm1dsndae
= Y E T 1 & kY £
4. unuginuguaanmiudenslfaueddeiieduszvuuiimsudTymma
Yas = El Y
Auamaz lasumsud lSeuieauda
= a e ow U 9 = o g/
nMsAnEINUItedIna ol ldn msdmsgddymmeduauninvesns
e ' ' = a o date [
UITONTAUUNUTINMIAIUAUARN AT RS nanaas as ianazasadae

) ) s ol P 1 S Ay = 7y P
114ﬂ1:nLﬂﬂ'fgwm1ﬁ@amWmummmm'lﬂamqsmmmaamamﬂmmz‘ﬁmammawaya



M39N 2.10 WisuiisuuniAaiiolsuljsauisemsnuquaunndlonssuiumsidainuaziviiosdoya

Arg = s 1 o = o v oA
FouIdy il a.f. A3 uwIRANHEHe wRauazmsUSulyedmiuTneiinug
Using Data Mining Technology | 2006 | Ruey-Shun Chen, | - dianemsmiruvguasiymmeiuaaummnsnaa | - auisednaniuauadivsdimamadamiiosdoyafissedis
- IA ] { o o
fo improve Mamfacturing Kun-Chieh Yeh, | W1sstmgammnssudaoms ldmaiinmiosdoya Aoagsonn ldmnsaldwaiinseuagu dmsunsarugy
]
: -anaansiwundeyadiedu lidadule AANNNITHER
Quality — A case Study of LCD Chan-Chine ¥ ! Y ;
@ W a d
. . . - duiuuenmilesinnislfimiesdeyalunmsiinsizdiile
Driver IC Packaging Industry Chang, H.H. Chien g 4 -
AALANAMA TNLEIDETINIHUNTAILAVATZUIUNTNNADA
i = = ﬂ?
Wl vive IdnseuguaamniidszdnSamuiniiu
Aaw W ' Y o a =] 3 Y 9 L4
- wATsaenan laduauematinmilesdeyadodu 1
v A & d aa Pt v ¥ a = ¢ da
adulagauiuasmsimunzay aaiuanetinuiiiuden
= ¢ 9 @ = ° 9 Y 9 Yo o
Ansiznteyanlmaianisswundeyadedu liaadule
ganai iy 4.5
Study on the Continuous 2007 | He Shu-guang, - eI MR e M INIIA N AN INAITUSTY | - NuATudenadiauedTnsaILAuR NN N NERANTE AL

Quality Improvement Systems
of LED Packaging based on

Data Mining

LI Li, Qi Er-shi

oy 9 = ¥ 1 o
HBABAAIINIS LTI UDITaYATIVADAIIAILAY
NIZUIUMISTIADA

- ldimadinmasuundeyadaodulidadula

& o W o = 4
n13nuny 30 deervddmiunsdutiunisud luie
UFurlganmnin

o & & A a ) o
- AeduduRAuMIAuquUIReY 120 1armInIuuIzAY
' dad g .
+1o reminiugugumwiaau szaunsilesiu), wing

VRSP TUE M SUMIAIUANUMN LAz gD Y

"
= o

vaeilafefvh IfinaLSuaduazessiiung

LE




=
UNnn 3

aA o =y a W
AHAUUUNIFTIVY

Ed
= 1 a L4 =
luunilagnddemslinnsddeyadlumaiinmilosdoyauaznisniuay

= aa 9 = w -g 3/ o ~Aq ¥ d =

NITUIUMSIINADR Usenoude 3.1 e3vwdnvazdissduvestoyailfilunsdidnuuay
= at 4 o [ = s o a
eazideavesmslivlysdeyaie iz audmiums iz iuazmsdisradnymy
o Hq ¥ g o oy =] o o

vosdoyahldiilunsdifinmi vwado 3.2 ndnde mseenuuumesIudmMTumsaIvaY

= aa 4 ] a9 @ &g 3 '
ATZUIUMIPIADAVRINTUANET g0 3.3 msninguesdaseivi IdiSmneyniadu

azoauANAILRUMIumiltoYa

2 = d = o
ANEINTEUIUNITHAA ﬁ?iﬂﬁﬁmﬂ‘iﬂuﬂ$ﬂﬁ

Az maruazessluiendugy

v

ANKINTAIUANAMA A0 1T AIUAY

ATYUAUMSITIERALAzIviiDedoya

= =4 ar 2 1
ANBLNUTIUT LA IANS Yoyailiunmu

azepeanTzunEhsziuayasaiuduazaos

v

9OALYLMIAILANATEUIUNITNEDAS UUNUI AL

MAsEINA1 e lddmiumngnisaluauaan WM e

h;l

minguostdsfivihldifalSunaeynaduazessinfy

¥ = 9 Y =
AuRuAlmalindu lianaule

Tail

v

TdszAninmasengh

v A =
Teiening Az ey

AnswiiazagUiasvihififedsnaduazeeufiuniugy

uaza A IUMIAIUANNs T UIUMSIT D AT Y




39

= =4 3/ T Y s o
3.1 fﬂ‘iﬁﬂ‘lsﬂ!!Ew[ﬂ‘U‘i'J‘llS?Nﬂl@gﬁﬂ%ﬂTﬂ!ﬁ!Hﬁxﬂi’Ni}'i ﬂﬁ%‘l]‘l]!ﬂ'l‘ia‘:’[!ﬁ!mgﬂ‘i?]ilﬂij

Huazesy

o
a @ =

) = = 1
dmTutuasumsAnywaznuIIvsmdeyalSiaeynaduayeesnnszuuih
[ @ T . . . g’/ < 2 = o °
ﬁz’nuazma%uduazam (Particle monitoring system) wuIlurunauiE uAUveIn15in
WlasssunavesszuunazimvesdyviuazAnYINTZUIUNITURATINATTUATHAA
S A I 4 o g w = 1 o ' Y =2 o Y
g1iafAan lasdliedanudeynlfuaeymaduazessainizuuainaudriaideyaun
[ y ar = 3 v A o a = " =
Yivilguieldaeandesnumsimsrzimidedoiivi lfifalsuineyninduazonuiu

ALY

ar v ‘g’.’ J L7/ w o T
3.1.1 dnuazdeyaresquve sszumihs: Tuazasaeduduazens
9/ T 9 F=\ g’; o 9 @ 2 =) ]
doyatsuimeymaduazesdluinsnauguiminnangwdeyatiuiindSuadu
v 1 % 4 = 5 g -
azp0InszuUEhIz Taunz 00913 e Particle Monitoring System (PMS) @il Talsunsuinld
1 ar o el @ T v I = d = o
nuswnuglnsaifaeivduazensludesadugumelulssugpavnssunanariadan
o = w =2 9 o A =1 =2 P =% o
las Gatiudin 1 ideTuh 1 Hurny wa. 2553 59 09 31 DAL WAL 2553 TIUIY 374,884

doya Taolasudeyaunlugihiunved Comma-Separated Value (*.csv) Aag1# 3.1

"Sample Date”"Samle Tima | "Senzor Wamne, Par Mamme®, "Sansor Trpe’, " Sample Vatue®, Unin', Plow Rae”, "Sawmple Intarval®,*Sample Votume™ "TC Light
Leval”,Lasy Srzne®Nombdar Channels” " icren Size 0%, "Counts Chanrel 07 hiicron Size 1% *Counn/Channs! 1% *Micon Sire 2 *ConntniChame! 3% fhficron
Stze 3% Coumnts/Chanue} 37, "Micwn Size 75,°Couns ' Channel 47 "Micran Size 4% ComtmChanme] 3 Micron Size §7 Comnm Chanmal 67 3ficren Size
T CvenniChannel 7 Micron S £, "CountyiChannat 7, "Micren Sire 57, Conme/Ciannel §7, Micros Sire 107, Coura/ Channat 197, "Micron Siza

117" Counte Channal 117, "3 icron Size 13* "CosmwChannet 127" Micsen Size 153° "Couns Channa! 13% " 3irron Sizs 147, "Counts Thamet 147, "Micron Stz
157, "Covnrs'Clanuel | 57, "Mitron Size 167, "Courns/Channat 16" "Micwon Sizs 17 Covnts Chanue! 1 77 Micron Sze 187, "Countn’Charmet 187" Micon Size
197,"CoantwChannst 197" icon Size 307, Couus Cliannal 207, " Microa Siza 21°, "Coumt Charmet 21° "Riicon S{zs 23 "Counts'Channa! 227 "Micron Size
23" *CountChannal 725 Micvon Sizs 247, Copnts Channed 74% "Micren Size 237 CowmsiChanna! 25" "Micron 3z 267, Counts/Clhannal 267 Micos Size
27, Counts/Channel 277 "Micron Size 28% *Covntr/'Chamei 38" ¥Micren Size 297 *Covnrs Channal 257 "Micron Size 307 Count \Chanmet 367" Micron Sie
31"Coun/Chasnal 31

"IN OE0LEIY,Alaom HEA PHI" "EA Lan" "E" 0" S mich® % 7 E0.08

"RPLII0T O 0L 51" "Alann HIA H{I‘,’Eﬁl%m",’i‘“ﬁ,"sﬂx B ER00

"ORBL 00227, MAB-Ramp rn ARNe 301" F7, 1,000, c 0 100, $06.00,1.000,0,1,2,0300, 1. 000,0.500.0

03012107700 03:01% " Alarm HSA, PHI™,"EA Lan™ E 70 Fwitch™™ 7,60.00

318070003087 MU B-Famp omat®, " AN et 3017 P70 "0 1 00,600.00,1 000.0,1.2.0 10088 5000

030110700031 6% FD-Fina! inpec”,"AENat-301"F", 1.000 ", QU1 00,606.02,1.0000.1,7.0.300,0,0.500, 1000

ORI, 0003 167, "HS-Final inspac™ "AlNet-301 7P\ 0" P 0IO0 66002, 1.000,0,1, 3.0 300885000

2030110770003 167 M A-Ervinmemant™ “AlfNer 301 EY 0 “ef 000 600,02, 1. 000,01, 2 0 300,0,0. 5000

M05/01/107, 700005 167, B ADisk mat™, " AdiVer-301 7 PO el 2.100,600.02,1 000,01, 2,0303.0,0. 500,06

03017107, 766:03: 177 "M2B-Top Clamp™,"AENe-301 PR 2" 0.100,600.02, L 0000 1.2,0.300.0,0.500.0

“ORGLADTO0 03 1 T RS A-HEA VO A Net- 3017 P7.0, e M 0. 100 600,02, 1.000,0,1, 2. 8.500.0.0500,0

03B 0%700:03:1 37 M4 A Favi " 0 45N an- 017 P e 0. 100,600 00,1 060,0,1,2,0 300,80 500.0

01 07,08:03: 18 MA-FS A VOA P AiN 301" "P,0, e 0.100,605.02,1.000,0,1 2.0 300,0,8.500,0

0301107 00:03: 19I5 A-Disk mnt"y AlNar 301 FT 6 e 0. 106,600.62,1 000,01 3.0 300803000
"OB1107 0003157 MEB-HEA VOM, Al P 0P Q100,600,021 004,01, 2.0.300,0,0.5050
MORGL10%00:03:19", L P15 -ina05 PO AIRTet-3007 F"0 e 7, 8.100,600.02.1. 00801, 2 R 300,00 506,0
O3A1VL07T00:05:20° DB Top clacug™, AN 3017 F"0,7 00, 6.100,600.00.1. 000,0.5,2,6.300,8.0.5008
30100003207 SUB-HEA Pivet for M4 ARREI01 T 0 Cr, 0 00, 60002 LOORD,L 20300005600
B0 003307 "SUR-HSA Pivot for J2 " AiNer 3017 P40l 0.100,600.02, 1. 000,01, 3.0.360,0,0.500,0
"G16/10%700:03:207, M2 A-Top Clamy ™ FAEN2c-301 P 0l 0.106,600.02 1 006,0.1,2.03008,6 5000

d:i s 4 " EY o '
Jumwn 3.1 anvazdeyaiSnaeymaduazesninszuuihss Seymadunz oo



oS 2 o i

a o ar ar S o = =
TaslumsIsvazdadonmmzaoduindeaiun 19 luinainuss Tasidouad

=] T P 10 9 s 1 = o [V = 9 = o ar

ﬁJumﬂamaﬂ"lﬂiﬂa"lmwmgamﬂanmwilmu,umgumwmsﬂwagmwe‘lwmmmuﬂu
= a 1 ¥ LY { 4 o T

mﬁmﬂﬁzwﬂi’ﬂmﬂ‘%mmaumﬂﬂuawemaﬁamﬂa}wﬁmﬁammiﬁﬁmmaunmNuawam

AUMIAIVYY Tﬂmﬂsﬂu‘ummaum (381 ﬂS“"U'JUﬂTiLLﬁquVlﬂ’]ﬂﬂN?mﬂuﬂﬁiJlLﬁ“’ﬂﬁ
=1 a9

91 El\‘iﬁ'l ‘]_I‘UE]BJﬁLW@ﬂ"l'i'JLﬂ'ﬂ ‘HLiEJWI'IlI'J‘L! 1381 LLE’IWL“]J"L.IL“M’]S

1 S0 ¥ g LY o J
a;mgaﬂ?mmmgmﬂduazam‘n"lﬁmm'ms'::mnﬂsz‘ummwhimaﬂumﬂpjuagam

Uszneudredoyadsnsed 3.1

M31NE.1 maneTuedeyaninizuuaudhss Saunzens

Yonoduil - Anumsngvesdieyn

¥

o

Sample Date | quﬁﬁmimwenamaaw nnginsal

y - N
Sample Tlme L’m'miiﬂ"ﬁ!;ﬂ‘lﬂlﬂyjﬂﬁ’sElﬁi’lsﬁﬂﬂ@ﬂﬂ'im

Sssor Name wamaawuma%ﬁ%ﬂumam

Pa;t“i\;ame -/, : afaa:n;u,mwmﬂrmaﬂﬂmiumﬁﬁﬁmwﬂua”am ”lm«mh AirNet- 301
Sensor Type ﬂiwmmmmmumas

Sample vae (] 2 €4 | mmuaumﬂduaweaafﬂwu'lummml‘%mmw1 aﬂmﬁﬂWm \
-‘Unrits ] 751 :;;wﬂ“l‘fﬁummﬂ@mmwﬂw;maiﬂémmau ' W
F]omeate 1 28 wa mﬂ?mmms‘lwamaﬂmmﬂ;uﬁm m;rvﬁjl,cmma;” bl 1 |

TR R BN, | < . ALIN ..

Sample Interval : nmwisﬁumﬁmummﬁ‘nmuwﬁuwmmﬂﬂuwa (‘Hmﬁfn}mmw)

Sample Volumc | ﬂ%mmm'e)fnem1%’114mﬁ1/1ﬂwamaaﬂiuiﬂuwmmmu

N,‘

DC Light Level i%mmmu'l'wlwmswuﬁmﬂmm:nwmmmﬁmmmumas

Laser Status

ﬁ muﬁmﬁmuwmmwm

Number Chanﬂcls-‘ $1191909 channel JSg5-1- 12 mﬂﬂ‘lﬂmm
Mic;(J;SlzeO énlma%aaumm&uma@mmu‘lu cha;n-;im(')mﬂ:l_‘!llzjlgo ——
mgounf;}mChanne[ 0 - mmummaumﬂwmu channel 0 Tﬂ&fﬂmmum 03 ‘(r)mzﬂlw;“[u;ﬁ;iau 7
Wiicron Sigs T o mmmmaumﬂmmlu channel 1 YU 0.5 hmsau
Cwou;;;/“(;h-annel . FMAUVDIDYMATHIU channel 1 Tﬂnﬂam;uﬁ;ﬁ 05-099 lunsen

o or = d
3.1.2 mansendeyadmsumsimazsideya
HAIINMITIVTIWUB AR I NUHIEYeToyaudimn T sudoyadimiy

o 4 g’/ ar ci‘
MIATIZH laeivuaouAIT



41
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IF PROCESS=Wipe THEN PARTICLE = *“NORMAL”

IF PROCESS= Environment THEN PARTICLE = “NORMAL”

I PROCESS—-: Pamc]e Test AND DAY

Il

IMON AND SHIFT = 3 THEN PARTICLE

'_'_“FAILED” -

IF PROCESS= Particle Test AND DAY = IMON-AND SHIFT = 1*" THEN PARTICLE

Rule4 =
“NORMAL”

Rules IF PROCESS= Particle Test AND DAY = 1IMON-AND SHIFT = 2" THEN PARTICLE =
“NORMAL”

Rule6 IF PROCESS= Particle Test AND DAY = 2TUE THEN PARTICLE = “NORMAL?”

Rule7 IF PROCESS= Particle Test AND DAY =3WED THEN PARTICLE = “NORMAL”

Rule8 IF PROCESS= Particle Test AND DAY =4THU THEN PARTICLE = “NORMAL?”

Rule9 IF PROCESS= Paiticle Test AND DAY = 5FRI THEN PARTICLE = “NORMAL?”

Rulel0 IF PROCESS= Particle Test AND DAY = 6SAT THEN PARTICLE = “NORMAL”

Rulel1 IF PROCESS= Particle Test AND DAY = 7SUN THEN PARTICLE = “NORMAL?”

Rule12 [F PROCESS= Disk mounting THEN PARTICLE = “NORMAL”

Rulel3 IF PROCESS= HSA/VCM mounting THEN PARTICLE = “NORMAL?

Rule14 IF PROCESS= Ramp mounting THEN PARTICLE = “NORMAL”

Rulel5 IF PROCESS= Top Clamp mounting THEN PARTICLE = “NORMAL”

Rulel6 IF PROCESS= Top Cover mounting THEN PARTICLE = “NORMAL”

Rulel7 IF PROCESS= Hyper disk balancer THEN PARTICLE = “NORMAL?”

Rulel8 IF PROCESS= Part loading conveyer THEN PARTICLE = “NORMAL”
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M3197 413 Swaudeyadmsumsaiuuuiiaosdu lddafulaiuii cleaning

ii”lHTJH%ﬂHE‘IﬁNﬁ Cleaning (Records)

FEmsdnsudeudeya A®Y SMOTE 89 SMOTE
Normal Failed Normal Failed
inwsives SCP Tofi 1 * 2043 2163 2043 2163
inauaiaa SCP o 2 924 3282 2772 3282
inosiuee SCP 107 5 1362 2844 2724 2844
ineHaiveq SCP ot 6 856 3350 2996 3350
(NI Uea SCP To7 8 1554 2652 2641 2652
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* inaueives SCP doft 1 tulisudeyanaunasguds Aniudoyadinaiiehidesi SMOTE
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Haniinaaay (%)

"gﬂ‘%ﬂ’ﬂyﬁ Correctly Classified [ncorrectly Classified
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N9 SCP 187 1 64.6695 35.3305 4733
N Y93 SCP 987 2 82,3257 17.6743 37.55
NNV SCP 997 5 74.2457 257543 41.62
N YD SCP 987 6 83.4541 16.5459 36.57
INUH YD SCP o7 8 68.0899 31.9101 44.15
d’. T = Lo o 9/ Y a dx‘.l A .
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Precision Recall F-Measure
NN VDI SCP 107 1 0.669 0.647 0.63
INfUAIUBY SCP 907 2 0.838 0.823 0.819
INUMYBI SCP TN 0.266 0.788 0.742
NI Y99 SCP Toh 0.846 0.835 0.832
INUNVDI SCP o7 8 0.704 0.681 0.671
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Rulel IE DAY=1MON AN D SHIET = 3" SHIFT THEN PART FAILED”
Rule2 IF DAY=IMON AND SHIFT = 1" SHIFT THEN PARTICLE = “NORMAL”
Rule3 IF DAY=IMON AND SHIFT =2"" SHIFT THEN PARTICLE = “NORMAL"”

Rule4 IF DAY=2TUE THEN PARTICLE = “NORMAL?”

Rules IF DAY=3WED THEN PARTICLE = “NORMAL”

Rule6 IF DAY=4THU THEN PARTICLE = “NORMAL”

Rule7 IF DAY=5FRI THEN PARTICLE = “NORMAL”

CLE = SFATLED”

Rulel0 SHIFT THEN PARTICLE = “NORMAL”

Rulel1
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Rulel IF DAY = IMON AND SHIFT=3"" AND THEN PARTICLE = “NORMAL?”

IF DAY = 7SUN AND SHIFT=3"" AND THEN PARTICLE = “NORMAL?
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Rier | 7 PROGSS S Dk momming

Rule2 [F PROCESS = Ramp mounting AND SHIFT = 1°" SHIFT THEN PARTICLE = “NORMAL”

Rule3 IF PROCESS = Ramp mountmg AND SHIFT =2"" SHIFT AND DAY = IMON THEN PARTICLE = “NORMAL ’

- Ruled | IF PROCESS - Ramp mounting AND SHIFT o SHIFT AND DAY — 2TUE THEN PARTICLE = “FAILED”

= SHIET- AND DAY 3WED TH!:N PARTECLE P, AILED”

~ Rules | EF PROCESS Ramp mountmg AND SHIFT 2
Rule6 : UTHEN PARTICLE “FAILFD”

Rulel0 | IF PROCESS = Ramp mounting AND SHIFT = 3*” SHIFT THEN PARTICLE = “NORMAL”

Rulell | IF PROCESS = Particle Test AND DAY = IMON AND SHIFT = 1© &HIFF THEN PARTICLE = “NORMAL”

Rulel6

Si{_uie;;f’

Rulel8 | IF PROCESS = Particle Test AND DAY = 4THU THEN PARTICLE = “NORMAL”

Rulel9 | IF PROCESS = Particle Test AND DAY = SFRI THEN PARTICLE = “NORMAL”

Rule20 | IF PROCESS = Particle Test AND DAY = 6SAT THEN PARTICLE = “NORMAL”

Rule21 | IF PROCESS Particle Test AND DAY =7SUN AND SHIFT = SHIFT THEN PARTICLE = “NORMAL”

"TECLE = “FAILED” :

Rule23 | IF PROCESS = Particle Test AND DAY = 7SUN AND SHIFT = 3*° SHIFT THEN PARTICLE =“NORMAL”

TR,

{ | IEPROCESS = Wipe THEN PARTI_ LE

Rule29 | IF PROCESS = Hyper disk balancer AND DAY = 2TUE THEN PARTICLE — “NORMAL”

Rule30 | IF PROCESS = Hyper disk balancer AND DAY = 3WED AND SHIFT = 1" SHIFT THEN PARTICLE = “NORMAL”

Rule34 | IF PROCESS = Hyper disk balancer AND DAY = 4THU AND SHIFT = 2" SHIFT THEN PARTICLE = “NORMAL”
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Rule36 | IF PROCESS = Hyper disk balancer AND DAY = SFRI AND SHIFT = [ SHIFT THEN PARTICLE = “NORMAL”

Ruled1

IE PROCESS Top Cover mountmg AND DAY = 2TUE AND SHIFT = 3*” SHIFT THEN PARTICLF = NORMAL”

I PROCESS = Top Cover mountmg AND DAY = 3WED THEN PARTICLE - “PAELED” -
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Rule6 [F PROCESS = Ramp mountmg AND SHIFT = 2™ SHIFT AND DAY = IMON THEN PARTICLE = “NORMAL”

Rum | IE PROCESS Ramp motnting AND ! SHIFT = 2% SHIFT A.ND DAY = ZTUB {EN PAR]ICLE‘ “FAIL}:D'

Rule8 IF PROCESS Ramp mountmg AND SJ-I[FT 2™ SHIFT AND DAY =3WED THEN PART]CLE “NORMAL”

LE- ‘PA!LED’ '

Rulel3 | IF PROCESS = Ramp mounting AND SHIFT = 1*" SHIFT AND DAY = IMON THEN PARTICLE = “NORMAL”

Rulel4 | IF PROCESS = Ramp mounting AND SHIFT = 1*' SHIFT AND DAY = 2TUE THEN PARTICLE = “NORMAL™

Rulels | IF PROCESS Rdmp mounting AND SIHFT = 1" SHIFT AND DAY 3WED THEN PARTICLE = “NORMAL”

Rulels | ¥ :"N_PARTIGLE FAILED"

*"SHIFT AND DAY = SFRI THEN PARTICLE = “NORMAL”

Rulel7 | IF PROCESS = Ramp mounting AND SHIFT

Rulel8 | IF PROCESS = Ramp mounting AND SHIFT = 1™ SHIFT AND DAY = 6SAT THEN PARTICLE = “NORMAL”

Rulel9 | TF PROCESS = Ramp mounting AND SHIFT = I** SHIFT AND DAY = 7SUN THEN PARTICLE = “NORMAL”

Rule20 | IF PROCESS = Top Clamp mounting THEN PARTICLE = “NORMAL?”

Rule2] IF PROCESS = Particle Test AND DAY = IMON AND SHIFT = 1° SH[I'T THEN PARTICLE = “NORMAL

Rule26 | IF PROCESS = Particle Test AND DAY =3WED AND SHIFT =2 SHIFT THEN PARTICLE = “NORMAL”

Rule29 | IF PROCESS = Particle Test AND DAY = 5FRI THEN PARTICLE = “NORMAL”

Rule30 | IF PROCESS = Particle Test AND DAY = 6SAT THEN PARTICLE = “NORMAL”

Rule31 | IF PROCESS = Particle Test AND DAY = 7SUN AND SHIFT = 1°" SHIFT THEN PARTICLE = “NORMAL”

Rule33 | IF PROCESS = Particle Test AND DAY = 7SUN AND SHIFT = 3"" SHIFT THEN PARTICLE = “NORMAL”

Rule34 | IF PROCESS = HSA/VCM mounting THEN PARTICLE = “NORMAL”
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Rule36

IF PROCESS Hyper disk balancer AND DAY = IMON AND SHIFT =2"" SHIFT THEN PARTICLE = “NORMAL”

R |

Rule38

IF PROCESS Hyper disk balancer AND DAY = 2TUE THEN PARTICLE = “NORMAL”

RuIt:39

Ru1<:40_ L)

IF PROCESS Hypcr disk baIanccr AND DAY = 3WED AND SHIFT = 1" SHIFT THEN PARTICLE = “NORMAL”

| Ruledl | IF PROCESS - Hy;

Rule42

IF PROCESS = Hyper disk balancer AND DAY = 4THU THEN PARTICLE = “NORMAL”

Rule43

| Rule#4 |

IF PROCESS I-Iyper disk balancer AND DAY SFRI AND SHIFT =1° SHIFT THEN I’ARTICLF = “NOR_MAL’

s

*Ruled6

1k PROCESS Hyper disk ba[ancu AND DAY = GSAT AND SHIFT = I SHIF‘T THEN PARTICLE = “FAILEFI =

Rule47

| Ruleds

[F PROCESS = Hyper disk balancer AND DAY 6SAT AND SHIFT =2™ SHIFT THEN PARTICLE = NORMAL”

| Rule49

-~ Rules0

5 Covermoummg__AND—[;}AY iMONAND ST = 1 SHIFT m _,PAR'I ICLE=“FAILED"

Rules1

IF PROCLSS Top Cover moummg ANZ) DAY = IMON AND SHIFT=2" SHII'T THEN PARTICI E= NORMAL”

- Rules2

Rule53

Rules4

Rule5s

~ Rule56

= ‘FAILED»

Rules?

“I'AELFD” :

Rules8

IF PROCESS Top Cover mountmg AND DAY =3WED AND SHITT 1" SHIFT THEN PARTICI E= “NOI{MAL’

'--Ru1e59

Rule60

IF PROCESS = Top Cover mounting AND DAY = 5FRI THEN PARTICLE = “NORMAL”

Rule61

IF PROCESS = Top Cover mounting AND DAY = 6SAT THEN PARTICLE = “NORMAL”

: RuieﬁZ ,

) o Y § Yo a v A A & 2 9
ﬂTﬂﬂTﬁﬁ'ﬁIQLL‘U‘U"I]"Iﬁ?)\?@]uulhﬂﬂﬁuiﬂm@ﬂ‘]éﬂﬂ]ﬂgﬂwuﬂﬂ"liVITQTU HDE N4 2 TYAUDYD

v H 3 i
wu Tedsiinerdesdunsfaduazeedluiuin1si191 cleaning 1808 n52UIUM3
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o a Aad o ar dsi’ c;. o 1 1
NUNMITATUANANTEUIUMTIITOA NN IS TUTTHIUNUN HDE i]%ulﬁﬂa'nﬁ@hl‘ll

¥ i
42.2.3 mamstwundeyavosyadeyaiiuiinisriiau HSA

o o <3 Vo = s a4 &
nannms lduuudiansvesdanesiudulddaduls nadounugadeyaniyTuw
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o i a o 9/ 1 a v
13AABTATMIAA Out of control 1A $11IU 4 A lduUn yadoyamsfaduazensniunudiong

99 2, 6,7 uaz 8 IANANSNATOURIAIT 1IN 4.27 — 4.28
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M3 4.26 Sandeyadmumsadanusae sy Ifdaduloiui Hsa

3 v
&

NUINTOUANUN Cleaning (Records)

Fnsdaszdaudoya Aol SMOTE M8 SMOTE
Normal Failed Normal Failed
INYAVBI SCP 107 2 37886 69359 64406 69359
mmﬁﬂlm SCP "ITﬂ'ﬁ 6 71142 36103 71142 61375
Lﬂmcﬁmaq SCP ‘ﬁ’ﬂ‘ﬁ 7 92561 14684 92561 88104
INYNYD SCPp ‘lTEI“ﬁ 8 82709 24536 82709 73608

M9 427 AndugnApazaunAsaNunaIamdsus N ey ine gl

AnaulaWLN HSA

Han1snaaou (%)

yavoya Correctly Classified Incorrectly Classified
RMSE
Instances Instances
NBIRIBS SCP a7 2 7117549 28,2451 41.69
N UB3 SCP Taii 6 82.5139 174861 36.82
A8 SCP o7t 7 90.3125 9.6875 29.19
INUNUDI SCP To71 8 89.3601 10.6399 29.97
d‘ 1 = A o Y Yo = dxl} :!f.
M3199 4.28 Anlszansammwue sy siassay ldaaau lanumn HSA
. milszansom
Fatewa
Precision Recall F-Measure
Inaaie SCP o] 0.753 0.718 0.704
INIRUB SCP o 0.839 0.825 0.821
NN VDI SCP o7 0.908 0.903 0.903
NI Y89 SCP 907 8 0.895 0.894 0.893

VNI 4.27 Mo anugadelumssuunvewniiassdulidadulegly

=) = R 9 Y o Y o o
B — AN FeFe99100n Intes laun inasives scp <oi 7, 8, 6 U@z 2 AUAAY ey

Wonnsandseaninmveswuusiasaluaised 428 wu Uszanianlassinvog

suuTtaewunidszannnTasswveauuiiaesdeeninun lires 18 nuaives

SCP 497 7, 8, 6 1A% 2 MuAIA Y
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iy : ST Failed | { shift ) (Shift)
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1
]

3 H
131 4.47 nungadeyangdoh 2 iuil HSA 1lsznaudae vuavesdu 1w 55

Tnua ez Inuaiiving 42 Thua Feawsaulasdulidadulaiiungluzdusudida -

THEN 1daa1519 4.29

) v Yo a o v 4 & 4
131491 4.29 ﬂi‘]%‘lﬂﬁmhlllﬁﬂﬁuclmﬂm“ﬂﬂﬁﬂilﬂﬂw{!ﬂﬂ 2 WHN HSA

ngi

2
Qeulung

Rulel

IF PROCESS Fanal mspectlon AND DAY = 1MON AND SHIFT 3" SHIFT THEN PARTECLE = “NOR_MAL‘

Fk’u;ﬁ_

IF PROCES S = Fmal mspectmn AND DAY 2TUE THEN PARTICLE = FAILED”’

' .IF PROCESS Final i mspcmoﬁ AND DAY SWED THFN PAR'[‘]CLE = FAILED”

;;J‘ICLE‘“FALLED’P_' -

Rule9 | IF PROCESS = Final mspc,ctlon AND DAY = GSAT AND SHIFT = gy {IFT THEN PARTICLE = “NORMAL"
Rulel3 | IF PROCESS = HSA asscmbly AND DAY = IMON AND SHIFT = 1*! SHIFT THEN PART ICLE = “NORMAL”
Rulel5 | [F PROCESS = HSA assembly AND DAY = 2TUE AND SHIFT = o SHIFT THEN PARTICLE = “NORMAL”
Rulel§ | IF PROGESS AND JEAND S g
Rulel7 | IF PROCESS=HSA assembly AND DAY =2TUE AND SHIFT = 2™ SHIFT THEN PARTICLE = “NORMAL”
Rulel8 | IF PROCESS = HSA assembly AND DAY = 3WED THEN PARTICLE = “NORMAL”
Rulel9 | IF PROCESS = '

| Rul20 | 17 PROCES % ; .
Rule2] | IF PROCESS = HSA assembiy AND DAY = 4THU AND SHIFT = 2" SHIFT THEN PARTICLE - “NORMAL”

Rule22

IF PROCESS HSA assembly AND DAY = 5FRI THEN PARTICLE = NORMAL”

Rule24

IF PROCESS = HSA assembly AND DAY = 6SAT AND SHIFT = 1*" SHIFT THEN PARTICLE = “NORMAL”
Rule25 | IF PROCESS = HSA assembly AND DAY = 6SAT AND SHIFT = 2" SHIFT THEN PARTICLE = “NORMAL”

Rule26

IF PROCESS = HSA assembly AND DAY = 7SUN AND SHIFT = 3"° SHIFT THEN PARTICLE = “NORMAL”

Rule29

IF PROCESS = Solder inspection AND DAY = IMON THEN PARTICLE = “NORMAL”

Rule30 | IF PROCESS = Solder inspection AND DAY = 2TUE THEN PARTICLE = “NORMAL”
Rule31 | IF PROCESS = Solder inspection AND DAY = 3WED THEN PARTICLE = “NORMAL”

Rule32

IF PROCESS = Solder inspection AND DAY = 4THU AND SHIFT = 3" SHIFT THEN PARTICLE = “NORMAL”

Rule34

IF PROCESS = Solder inspection AND DAY = 4THU AND SHIFT = 2" SHIFT THEN PARTICLE = “NORMAL”
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Rule35 | IF PROCESS = Solder inspection AND DAY = 5FRI THEN PARTICLE = “NORMAL”

Rule36 | IF PROCESS = Solder inspection AND DAY = 6SAT THEN PARTICLE = “NORMAL”

Rule37 | IF PROCESS = Solder inspection AND DAY = 7SUN AND SHIFT = 3*" SHIFT THEN PARTICLE = “NORMAL”
IF PROCESS = Solder hlsi)ection AND DAY = 7SUN AND SHIFT = 1°" SHIFT THEN PARTICLE = “NORMAL”

Rule38
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v by
[=1 =

1n31 4.48 wugadeyanged 6 iui HSA Uszneudan vinavesdu iy 49
= = w a = o &
Tnua uazan Tnuaiiving 38 Tnua Feeunsoudasdu lisaduludunglugduuusids ir-

THEN ld@901314 4.30

m:na‘n 4.30 ﬂ;]fﬂ?ﬂﬁuklilﬂﬂﬁuﬁlmﬁmcﬂﬂﬁ’nﬂﬂiﬁjﬂﬂ 6 ‘W‘L!‘VI HSA

uau‘lﬂunq

I ND DAY = IMQN AND SHIFT

Rule2 IF PROCESS = Final inspection AND DAY = IMON AND SHIFT = 1% SHIFT THEN PARTICLE = “NORMAL”

Rule3 IF PROCESS = Final inspection AND DAY = IMON AND SHIFT = 2" SHIFT THEN PARTICLE = “NORMAL”

Rule4 IF PROCESS = Final inspection AND DAY =2TUE THEN PARTICLE = “NORMAL”

Rule5 IF PROCESS = Final inspection AND DAY = 3WED THEN PARTICLE = “NORMAL”

Rule6 IF PROCESS = Final inspection AND DAY = 4THU THEN PARTICLE = “NORMAL”

Rule7 IF PROCESS = Final inspection AND DAY = 5FRI THEN PARTICLE = “NORMAL”

Ruleg IF PROCESS = Final inspection AND DAY = 6SAT THEN PARTICLE = “NORMAL”

Rule9 IF PROCESS = Final inspection AND DAY = 7SUN THEN PARTICLE = “NORMAL”

Rulel0 | IF PROCESS = HSA assembly THEN PARTICLE = “NORMAL”

Rulell | IF PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rulel2
Rulel3 | OCESS = Eny A . gl 5 FHEN PARTICE
Rulel4 | IF PROCESS = Environment AND DAY = 2TUE AND SHIFT = 1°' SHIFT THEN PARTICLE = “NORMAL®

LED" '

Rulels | IF PROCFSS Enwronment AND DAY =2TUE AND SHI]'T 2" SHH"T THEN PARTICLE = “NORMAL”

Rulel6 | AILED?

Rulel7 | IF PROCESS = Environment AND DAY =3WED AND SHIFT = 1> SHIFT THEN PARTICLE = “NORMAL”

Rulel8 | IF PROCESS Environment AND DAY = 3WPD AND SHIFT 2™ SHIFT THEN PARTICLE =“NORMAL"

Rulel9. FAI‘LED”

Rule20 | IF PROCESS = Environment AND DAY = SFRI THEN PARTICLE = “NORMAL”

Rule21 | IF PROCESS = Environment AND DAY = 6SAT AND SHIFT =3"" SHIFT THEN PARTICLE = “NORMAL”

Rule22 | IF PROCESS = Environment AND DAY 65AT AND SHIFT = 1°" SHIFT THEN PAR’ TICLE ="“NORMAL"”

'I'lF PROCESS Env:ronme

= -IF PROCESS - Tear down AND DAY = IMON AND SHIFT 3 SH]FT THEN PARTICLF = “FAILED”

Rule26 | IF PROCESS = Tear down AND DAY = IMON AND SHIFT = 1*" SHIFT THEN PARTICLE = “NORMAL"

Rule27 | IF PROCESS = Tear down AND DAY = IMON AND SHIFT = 2" SHIFT THEN PARTICLE = “NORMAL”

Rule28 | IF PROCESS = Tear down AND DAY = 2TUE THEN PARTICLE = “NORMAL”

Rule29 | IF PROCESS = Tear down AND DAY =3WED AND SHIFT = 3*” SHIFT THEN PARTICLE = “NORMAL”

Rule31 | IF PROCESS = Tear down AND DAY = 3WED AND SHIFT = 2™ SHIFT THEN PARTICLE = “NORMAL”

Rule32 | IF PROCESS = Tear down AND DAY = 2THU THEN PARTICLE = “NORMAL”

Rule33 | IF PROCESS = Tear down AND DAY = 5FRI THEN PARTICLE = “NORMAL”

Rule34 | IF PROCESS = Tear down AND DAY = 6SAT THEN PARTICLE = “NORMAL”
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NORMAL”

Rule35 | IF PROCESS = Tear down AND DAY = 7SUN AND SHIFT = 3*° SHIFT THEN PARTICLE

T - { y
Frn s . { 0,
(Shift ] | Failed | | Faited ; Failed | | Failed | | Failed | | Failed
e ﬂw'”‘”"*«_‘_k
P 3: -
Zrd shift E’?"' P shift
7 Ist 1: v ‘““w\ >
Failed (Process }
Normal e T Pivet
S P £ ', " e ~y

Final inspection | T enr {im?ﬁ- Mormal

o HER asserhiy | Enviremwent | e

A1 =8 #Salder inspection o ;
[ Failed i 15 Normal
i s w 2 X

Marmal Mormal
Normal

.

Y
ey

31 4.49 v lidadulaveunast SeC o0 7 fiuh HSA

b

. 3 H
11031 4.49 wungadeyangion 7 Auf HSA Uszneudas vinavesdu Iy 17

Inua uazddlTnusliving 14 Tnua Faannsoudasdulidaduladiung lugduudda e

THEN Jaa361519 4.31

§ w o o ~ g {
M99 4.31 agnindu lifaadulunasinsaiuaudof 7 fiuh HsA

n;]ﬁ l‘gau‘lmn;]
Rule] IF PROCESS = Final inspection AND DAY = IMON AND SHIFT = 3'” SHIFT THEN PARTICLE =
“NORMAL”
Rule2 IF PROCESS = Final inspection AND DAY = IMON AND SHIFT = I*" SHIFT THEN PARTICLE =
“NORMAL”
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IIF PROCESS = Final inspection AND DAY =2TUE THEN PARTICLE = “NORMAL”
Rules IF PROCESS = Final inspection AND DAY = 3WED THEN PARTICLE = “NORMAL?”
Rule6 IF PROCESS = Final inspection AND DAY = 4THU THEN PARTICLE = “NORMAL”
Rule7 [F PROCESS = Final inspection AND DAY = 5FRI THEN PARTICLE = “NORMAL”
Rule8 [F PROCESS = Final inspection AND DAY = 6SAT THEN PARTICLE = “NORMAL”
Rule9 IF PROCESS = Final inspection AND DAY = 7SUN THEN PARTICLE = “NORMAL”
Rulel0 IF PROCESS = HSA assembly THEN PARTICLE = “NORMAL”
Rulell IF PROCESS = Solder inspection THEN PARTICLE = “NORMAL”
Rulel2 IF PROCESS = Environment THEN PARTICLE = “NORMAL”
Rulel3 IF PROCESS = Tear down THEN PARTICLE = “NORMAL”
Rulel4 IF PROCESS = Pivot THEN PARTICLE = “NORMAL”

8 '
e du'lddaduluiuinnmsihan OSA
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s G e s
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”w“."w’# J./ 7 k| \\ \-,\__M‘ ST
{ Shift | /’ / E N T B3
Sed shitt | v A e £ = Dol Progess ) ‘
i i R { Process {Process . | wlrocass | i Process i
{ Process | Indehife N - T Y Sl — — 8 ¥ ¢ ;
LA Izt shife | S § 3 “
' A o s { Shift )
N o { Process | 71 ! | N
P L e i Shift } §_ y
{ Progess } Wi 5
,,

sl 4.50 duldandulaveunmal e foi 8 fiun HsA

T k7 1
11031 4.50 wungadeyangdei 8 Huil HsA tszneudin vuiavesdu sy 71
= 5 @ a [~ o &
Tviua vazand Tvuativwig 58 Tviua c?%ammﬁmaﬂmrﬁfu"lﬁ’mau“l,mﬂuﬂ;]“lugﬂam*umm IE-

THEN 1d@99113519 4.32

A 9 Vo o P ¥ 4 A A
A1TNNN 4.32 ﬂg]“'l]']ﬂﬂuquﬂﬂﬁui%LﬂNMﬂjiﬂﬁﬂﬂuﬁJﬂﬂ 8 NN HSA

3 p:
ngh Raulung

IF DAY = IMON AND SHIFT = 3™ SHIFT AND PROCESS = HSA assembly THEN PARTICLE = “NORMAL”

Rule3

IF DAY = IMON AND SHIFT =3"" SHIFT AND PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rule4

IF DAY = IMON AND SHIFT = 3"” SHIFT AND PROCESS = Environment THEN PARTICLE = “NORMAL”
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Rules IF DAY = IMON AND SHIFT = 3*” SHIFT AND PROCESS = Tear down THEN PARTICLE = “NORMAL”
Rule6 IF DAY = IMON AND SHIFT =3"" SHIFT AND PROCESS = Pivot THEN PARTICLE = “NORMAL”

Rule7 IF DAY = IMON AND SHIFT = 1" SHIFT AND PROCESS = Final inspection THEN PARTICLE = “NORMAL”
Rule8 [F DAY = IMON AND SHIFT = 1> SHIFT AND PROCESS = HSA assembly THEN PARTICLE = “NORMAL”
Rule9 IF DAY = IMON AND SHIFT = 1*" SHIFT AND PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rulel0 IF DAY = IMON AND SHIFT = 1°" SHIFT AND PROCESS = Environment THEN PARTICLE = “NORMAL”

Rulell IF DAY = IMON AND SHIFT = 1° SHIFT AND PROCESS Tcar down THEN PARTICLE NORMAL ?

-':'iF'bA'Y' MON AND

Rulel3 [F DAY = IMON AND SHIFT = 2" SHIFT AND PROCESS = Final inspection THEN PARTICLE = “NORMAL”

Rulel4 IF DAY = IMON AND SHIFT =2"" SHIFT AND PROCESS = HSA assembly THEN PARTICLE = “NORMAL”

Rulel5 IF DAY = IMON AND SHIFT =2"" SHIFT AND PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rulel6 IF DAY = IMON AND SHIFT = 2"°SHIFT AND PROCESS = Environment THEN PARTICLE = “NORMAL”

Rulel?7 IF DAY = IMON AND SHIFT = 2™ SHIFT AND PROCESS = Tear down THEN PARTICLE = “NORMAL”

(Rulels | IF DAY ~ IMON AND SHIEP= 2 SHIFT AND PROCESS = Pivot THEN PARTICLE - “FAILED”

Rulel9 [F DAY =2TUE AND PROCESS = Final inspection THEN PARTICLE = “NORMAL”

Rule20 I DAY = 2TUE AND PROCESS = HSA assembly THEN PARTICLE =“NORMAL”

Rule21 IF DAY = 2TUE AND PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rule22 IF DAY =2TUE PROCESS = Environment THEN PARTICLE = “NORMAL”

Rule23 IF DAY =2TUE PROCESS = Tear (lown TH IFN PARTICLF = “NORMAL”

 Rule24 | IF DAY = 2TUE PROCESS

Rule25 [F DAY =3WED AND PROCESS = Final inspection THEN PARTICLE = “NORMAL™

Rule26 [F DAY =3WED AND PROCESS = HSA assembly THEN PARTICLE = “NORMAL”
Rule27 IF DAY =3WED AND PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rule28 IF DAY = 3WED PROCESS = Environment THEN PARTICLE = “NORMAL”

Rule29 IF DAY = 3WED PROCESS = Tear down THEN PARTICLE V “NORMAL”

__,Rulem-;_a- IF DAY = BWEDPROCESS :

Rule31 IF DAY = 4THU AND PROCESS = Final inspection THEN PARTICLE = “NORMAL”

Rule32 IF DAY = 4THU AND PROCESS = HSA assembly THEN PARTICLE = “NORMAL”

Rule33 IF DAY = 4THU AND PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rule34 IF DAY = 4THU PROCESS = Environment AND SHIFT 3"" SHIFT THEN PARTICLE = “NORMAL"

:- IF DAY 4’i'HU PROCESS Enwr ) ARTICLE = “FAILED”

| Epay- 4THU PROGEss -_—-.-:E__ﬁvxronriicm;AND SH 2N§SHET THEN ?ARTICLE “FAILBD” -

IF DAY = 4THU AND PROCESS = Tear down THEN PARTICLE = “NORMAL”

Rule39 IF DAY = 5FRI AND PROCESS = Final inspection THEN PARTICLE = “NORMAL”

Rule40 IF DAY = 5FRI AND PROCESS = HSA assembly THEN PARTICLE = “NORMAL”

Rule41 IF DAY = 5FRI AND PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rule42 IF DAY = 5FRI PROCESS = Environment THEN PARTICLE = “NORMAL”

Rule43 IF DAY = 5FRI PROCESS = Tear down THEN PARTICLE = “NORMAL”

Rule45 [F DAY = 6SAT AND PROCESS = Final inspection THEN PARTICLE = “NORMAL”
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Ruled6 IF DAY = 6SAT AND PROCESS = HSA assembly THEN PARTICLE = “NORMAL”

Rule47 IF DAY = 6SAT AND PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rule48 IF DAY = 6SAT PROCESS = Environment THEN PARTICLE = “NORMAL”

Rule49 IF DAY = GSAT PROCESS = Tear down THEN PARTICLE = NORMAL

RulsS0 | IFDAY = 6SAT PROCESS = Pivot THEN. PARTICLE-“FAE!L D

Rules| [F DAY =7SUN AND PROCESS = Final inspection THEN PARTICLE = “NORMAL”

Rule52 IF DAY = 7SUN AND PROCESS = HSA assembly THEN PARTICLE = “NORMAL”

Rule53 IF DAY = 7SUN AND PROCESS = Solder inspection THEN PARTICLE = “NORMAL”

Rule54 IF DAY = 7SUN PROCESS = Environment AND SHIFT = 3"” SHIFT THEN PARTICLE = “NORMAL"

Rule55 IF DAY =7SUN PROCESS Environment AND SHIFT = 17 SHIFT THEN PARTICLE = “NORMAL”

RuleS6 | IEDAY =7SUN. PRocEsc; Envxronmmt AND SHH‘T " smrr THEN PARTICLE = “FAILED”

Rule57 IF DAY = 7SUN AND PROCESS = Tear down THEN PARTICLE = “NORMAL"”

| Rules8 | IFDAY = 7SUN AND PROCFSS - Pivat THEN PART!LLEw
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M9 4.33 Whsuifsusinnugndealunissumn, manuasudan, manuuiug uase

i o Yo o g c; o .
22990 vouiu lddadulaWuinsyham cleaning

. — e Talszans
frnuudili - ” . ~ : - s
- - MANNgNAedlY | mAanuRsudiu AANUHEN M0ega
Anaula )
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Abstract

Parficle momforing system 15 used in clean room where used
to moniter values of parriele. It's an important provess in the hard disk
drive manufacruring to controf and development the quality of hard disk
drve. This paper proposed a method to develop the database support
system for particle monitormg system in hard disk drive manufacturing
by using dafabase system to solve the asalytical reporting process tiat
create by manual method. Thus, developmient of an automatic database
support system leads to a wide range of information and the work ic
effectively finished such as oreate other applications wsing the

information or make a data asalysis by data nining technique.
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'smn::t,ﬂumimwgn {Out of control) Fnauswaiea
mituundeya (Data Classification)  sivislums
Sassuniiadeiiiotes Tnensat ‘Hﬂu%smﬁﬁﬁlﬂ
Tree)
Theorem) WsuBouisuUssandnnwuavausiud
gasfstuun Woldlddswunfimuzanlunis

(Dedision me{;t&gﬂeamawau (Bayesian
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%fa;gaa%zaﬁ wernwddefidndesdulueuifoi
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21 nszuumisviinuveaias equauly

gRENTINNIHARIaRatin i
wosrugy [1](Clean  room)_mhefsiosilldu
nsUiuanIieIne qungl Ay auiuuay
Raslsszuunsasanmadiufie izmemdmanindly
syfuganieddivumidnun s snsauosiuden
Watewsdusiuaudnaseldiiv 0.5 lunsay
Fosarvauildlugavnssudulilugeananssn
Bifinnsetind aguiumsianeunAluginaLaynis
aruAsEaEaepaslungibensadiudnwaga
nsrvIunsHEsuasKisAuTuraTiin Smiuiesy
Hdludssaruasnod srrnumdnsieiadinisliun
wwsgruntsUuiinugesiuirues Falonlidul
GRATVATIUSI S SIRAMAT SN TS HAR 8 1R RAA
lasvifuléus Glean Rooms = Federal Standard 209E
HINTFIUATIYY dﬁau%a\'{iui—?‘ﬁ'zuﬁ;ﬂu
gRAmMNIsE MskBREsRadlndlierRuny Rt
Aun Tasfisedy Cass 10 Dusmsgramsaiuriy
il HoE Assembly. Station 53y Class 100 (Tu
ﬁ'li‘i”zﬁ“i‘léﬁ’!ﬁﬂ?\iﬂﬂﬁﬂﬁ‘uﬁ HDE - Process . uagsuay
Class 10000 ucjuu’img’;uﬂﬁﬂ’mf;ﬂu{}a‘uﬁ HSA
Process way Cleaning Arca Swanslidinsndl €
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Classification)

n1sdnuunyIsiandeya (Data

ﬁ'l'iﬁ"il-!.‘léﬂ‘i?ﬂ%ﬁL{zjﬁt‘r’]ﬂ‘ﬁﬂwﬁﬁuﬂ'}ﬁ't%ﬁéuiajﬂia-ﬂ
\iaednsiz) (Machine Learning Technique) [3] s
L‘ﬂumﬂ::mumm%’wﬁ’ﬁmuﬂ{i'ﬂﬁw%mgalei’agﬂu
gmmuiffﬁwum Wowanshiiudianuuansaszring
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renavdangueosdoyald uasiisvineiayataos
dnagiunguensdeyals ﬁ"ﬁﬁ'xuuﬂiﬁ%ﬁ’mum’fazéa
sondunguasiitualiasiuediunsiiarmings
weadayanisiduug (Traning  data) Iawivdeyans
dougnasulisuudruiiniRioyatneglungideaiu
ﬁ'wu,axwaﬁ;wmﬂﬂﬁf‘fﬁugﬁa&’ﬁﬁLtuﬂfﬁ'ﬁ'ﬂssmm
daya (Classifier modet) %@Uﬂﬂg‘iﬁwmﬁgﬂmu vy
Classification rule, fulddndiule (Decision tree} Gu
EtH u,amz:ﬁ*a%a;.‘gaeiwﬁmﬁemn%’mg}aﬁausxumﬁu
deyantsnadey (Testing data) Tesufuugsdadiuun

£y
3 “

%um%i:ﬁﬂ’cﬁi"&nmgﬁéfmﬁmmmu

#i7 Lanesumsduileuesshiuiaiuauly

anmgnssInTsRane iafanin i

Clean Room Process Cleanliness
Class Area Specification
10,000 particles/ft
HSA and at 0.5pm
10600 - . 3
Cleaning | 30,000 particles/ft
at 0.3pum
100 particics/ftj at
0.5um
180 HDE 3
300 particles/ft” at
0.3um
N 10 particles/ft” at
HDE
0.5um
i0 Assembly . 3
) 30 particles/ft” at
Station
0.3um

23 agawwunwuuduliaagula (Dedsion

Tree)

Fuldifnguls (1] Belassatreduldusznaudae
Tnusdndila (Decision  node)  ilauansesifnumy
(attribute)  udadnudadufieane Branches) Ino
ggrsnbussn Root node)  andaluumiu (Leaf
node) Famdnvauriildlunsnisufiouiodlvesey
111'2111;619’1’6151;1%%%&433?&1éﬂﬁtﬂ?ﬂm‘?ﬂ'wwa@umm
Lm:fluw%asﬁ'ﬁﬂmzﬁﬁ?ﬂ@iwuﬁé‘ﬂﬁuhE‘;w'%z{iﬂum’{,u
%"-ﬂ%usﬂuﬁ%Lﬁwaé’wé‘tjmnﬁ'ai'mml"ié'sgz}ﬁ 1
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High Novmal Strong ek
No Yes Hor Ve
gﬁﬁ' 1 mndnvswulidnduls (21
24  @nunuuuiudetiediy (Naive
Bayesian)‘

$ruunuuviudagrsisfudunauiswii i
U‘i%ﬁﬂﬁﬂ’ﬁ‘i tumisduundaya Eﬂaﬂwsx‘sngﬁm?ﬂﬁ
Lﬁc«:%’mﬁmiﬂmﬁé’wL’i'iau‘lﬁfiums"é’murﬁ’imvgaé";zmw'l%'
naufinuninniiy (6 swisdunsdlunsnaudaedied
furnuaraudnuae (Atribute) vewiedell
Fusofuiinsutintsnmudee oy EHAGED
ulugunsTeundssianvaniy mnumauﬁ“
wuianstienlfilisnamssuundsiy Bnnad
FWnsinundoy afitilseBninuasilsaoeiiins
vauliddudou

auufigruvesnisditunuuuivdsgditintefa
ldutufuguad Rt %
:J;;"is,ﬂﬁ'i"ziﬂ‘nué'zwfués:’.wi"l:ﬁmﬂ'ﬁa

Awualigaisdtusay
sunazstyY
fhutsan e ladedsulennuthas fudwiuusiay
Anuduius wmedusaddann [7]

P(H|E) = [P(E{H) x P(H)]/P(E)

dis P(H) Aeradnaniiofisfinmantsel Hua
P(HIE) Aonvniaziiufiasifiamanisal H dlafa

wgnsel E

2.5 ynidefiioatos
a'm'ﬁﬁmumﬁnﬁﬁ“ﬁ'm-sa"muﬂ{far;;a‘lﬂ‘iﬁﬁ’ﬁ

doyanieg Faflerummmansiiediaseindnmlu

rsvhendnndetu

Chen [4

watiansdmundoyauuudulian sdnduladiadis

137898 Rucy-Shun

wasmaield
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aummTensisgadmivnsAumdsunniadly
ATSUIUNTIUTIRNRITIY (ntegrated  Circuit) w94
FWUIRMALULUSATR {LCD: Uouid crystal display)
Lﬁaﬁ’;%'a;‘gaﬂ'ﬁ%m‘m:ﬁﬁitﬁ?ﬁuﬂ'}ﬁﬁﬂé”mm‘%’auzmiaq
vastugan 2 oiin lud inner teads way chips ina
ﬁnm%’agaa’mm:ﬁﬁ%az;'w%ﬁ'iiwmwwifaa‘f"amu
9,752 doua L@u%'ayaﬁi‘ii’?u
midouiuasnnasy wavldinedn C4.5 uay Tﬁ‘sww

doyatililiieredfe

dszam (Newral network) wuth Sudiu inner loads
Hu matia Ca5 Tivssindmmlunisantaunniags
ﬁi'&‘iﬂ*«ﬁﬁwﬂ‘ﬁ“a’m flg 10.4% uaz 2.95% sadifu
Fudnu chips $u wiadin 1.5 TidseAndnmluntson
‘ﬁ@llﬂ?\l‘i‘é}ﬁ@‘m'}ﬂﬂ’iﬁﬂi’iE.?'ﬁ‘iilﬁ'l% a9 11.6% uaz 4.6%
ATUF AU

s1iadsas Emad S. Abouel Nasr uazeaiy [7] 1e
'zjsmi’mnamﬂﬁﬂn13%’3&%%@&6@;1&313ammsgmmu
‘cmexéﬁuu*u?imuﬂzaﬁz’hw%’u%m&amuqsmsxmum*
(Process control data) lesfisrsanfnyuneians
Taundays 6 wade fun Naive Bayos,
Support Machine (SVM), Naive Bayes
Decisicn Tree Table hybrid algorithm (DTNB),

Nearest-Neighbor with Gcnor'aiization {NNee) waz

Logistic,

Vector

Decision Trecs PART ﬁ“mumwwwm aniule

wisuiuy 2 gﬁtmu‘lmm 5-fold  cress walidation
unw 10-fold cross validation lsswhmnsdnudiuys
wauﬁmunum UFUNTIVEY Lavangnananda  and
2005, ud

Repository. website sgnavdag 600 doya Yl 60

Piyatumrong Machine  Learning

aIEnuEE WUl ULUY 5-fold aoss vaLiriation Hu

auai P

SUM wauivavmmw fdiae A2 99.0% Sufuil 2 Ae
NNge 96% Sudiudl 3
mﬁﬁﬁ%ﬁﬁ‘d-ﬂcﬁﬂ%ﬂ%w‘?ﬂqﬂ fim Logistic 82%
Fusuy 16-fold Tusva
Virndnmiladian Ao 99.0%  Sududl 2 fo NNge
97% Suduii 3 B Nawe Bayes 95.4% laeinadadili

Usudnd nﬁmam fie Logistic 84.4%

fin Naive Bayes 953% lsm

cross  validation

WaReIN Ha 5-
fold cross validation waz 10-fold cross validation
‘w‘amﬁﬁﬁuuﬁéi'm‘ga;%’qﬂr;i's’n}gﬂﬁﬁa‘iuuu'aﬁ';ﬁiﬁmﬁ'u
MAtuYss RS, Chen wavewmy [8] aswswuu
muRuAMATH (Quality control system) lasltinatia

wiissdeyaieruingeaniuiddenadamdnly
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suldldndulafonguifivdifioy dethdayafiduunty
viudssszvuudmui Baulidedulaliusedniam
Aanimguiuditou lneuTuigmasiunisaiugy
g wlaEiu 12.5% way 7.8% anudav

3. 35nsandunis e

m3ideatuitududustunauninfiususas
doyaruiNauiisnszriumaisufioudrduuniy
Hatueng WewSounfieudssnimslunisins e
doya Tnsiduneudratun

3.1 madnfiusasmanioudaya
swiveifjnidunsuSsudeurss Sndnves
rldiiuliseduls (Decision tree)  uway weioy
(Bayesian)  iiisdinssitadefiinademainudion:
synnduazsasinfiuFnunisaaugy REEMETHE
ngunsairedunisluoseronuutldlunas
AreiiarRnTwaugEUSnas I AUaTe IR
mmgmmsUtszﬁau%aai‘f{uﬁﬂ’mﬁn voyadniviy
JUuvuldd 8V SausTudi 1 Shunem = 31 el 2555
Sruiaay 374,886 51607

o b

3.2 m'imm'lmzmﬂmm&a

e N B v o q y

Wssnndeyanisanilduilimansmbutdluns
Fmun (Classification) 1# Wudsgavdaufildansings
alifidlasess vy doyaduil Joganar udoya
Guafududwauinn  wiedegaflliitentaetunis
s'hmgﬂ%ﬂ:iﬁﬁmdduehuﬁim"wé"sms%‘"muﬂ

3.3 msinngudeya
‘?wa‘!E}ué&ﬂu%ﬂﬁa%Jﬂiﬁ%’ﬁﬂdﬂ'ﬂaé‘ﬁ@ﬁ“ﬁﬁ;’u’i'u

dielimseudmiumsduun Taolfhamuenuneisd

331 doyaniduiudl Sandubiaglusuusesiuly

Fland fawifudunidefing

332, deyainfuna Sandudoyailiuny e

Tasuviadu 3 nzaw dvil

1. nefiuils (The first shifty WSudsudinan 08.00 —
16.00 1w

2. nuflaes (The second shift) Budausiian 16.00 -
2600 u.

3. neilan (The third shifth Budandinan 24.00 —
06.00 w.

3.3.3. dayatogunsainsisfuoymea aunsadangild

2 nal Feif

1. %’agaﬁuﬁm’aﬁﬂw (Arca) Insszysuilassath
m‘sﬁwmfjm;'dﬂsfﬁm‘m%’um@mﬂagﬁuﬁuﬁ
asvivungile 6 HSA, HOE waz Cleaning

2. Feyansvuruntsiien (Process) lasmsdnngu
Hunsaiudasiiimihiinsiheulunssuiunsle
Formnsndanduld 16 neu Fuil

Wipe Aemaiviudivharusreiauia

Cleaning famaainhauazen

Environment Asnisasiaan niindey

Final inspection ﬁam‘iss"gmaw%ﬁqm’h&

HSA assernbly Aan17UTsY HSA

Selder inspection Ranseyiagaussaniand

Tear down ;‘i'@ﬁ"ﬁﬁ'ﬁ?ﬁ re-work

Particle test ﬁaz‘m‘mm%aaumrfguazaawas

BSRAET

Disk mounting Apn1sussadan

i0

oot

HSA/VCM mounting Aeniiussy HSA wis
VO
Ramp  mounting  Aemsusiywadsusiy
Fenl

12} Top- clamp “mounting “AsnIuTstiudu

e

Fdviruguianiuiswes
13) Top cover mounting Aemallseniniadiite
Jasfuiagninaiouen
14) Hyper disk balancer SanisnaEeuaT
ARRYBIYRURUATA
15)

16)

Pivot AaniadimngviEoumniag

Part loading conveyer Aemawasuing
Fugrsineg mn{’{aeé"m‘i‘fﬂgﬁi’u@?‘ HDE

334, doyaviinmuarosy awsadanguliidu 2
nex e AduUSinaeyneduazessfibifuiwunuay
ngulTinapymafiiutmun Tnsfiasanenoue
nsaruAy (Control timit) Tuusaziufinisihe &

wiseR 2
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A1 2 tnusinsruAulBnaeynaduasees

Fufinsau USuAIugu
HSA 20,000
HDE 100
Cleaning 500

Tunsianguuedeyahinaeymeduasseudhabin
dwunnsnindeyadendralidauiifiodasuuay
ansadandufialilunisnifedaiiiaadesens
Vmaieyataduazasuiunitnasifidinun lédy
g5 3

a137 3 dnnungudeyalunisids

agudoua _3wnudaya
naudayaliivaaug 368,842
naudayaiiuave 6,002
ks 374,884

3.4 mawdastaya
%uﬂauﬁtﬁui'ﬁfwxauiffﬁﬁfaa‘;aﬁ:ag"lﬁauuu%’am’m

sanufiodluduun Classification) §ueisediole

arvivTive lataSasdls WEKA (Waikato Environment

for Knowledse Analysis)

3.5 m19 Cross-Validation

fFuneunis Cross-Vatidation sioldlunsutsnads
vesdoys lasdenlimsudanguiayaisionnasy 2
suuvia
3.5.1. Hold-Out Cross Validation
Buituimduioyaiios i tilumsSou (Training)
wazweaey (Testing  wwugyn laginisedaiy
Fsndrufevnzunsdioya wuuiagaiifosas 50
wnaiahdeyniseay 50 unguniateus (Training
set) uasdeyadniesaz 50 sDudeyangunmimnadsy
(Testing set) ?umsmaasé@uiﬁm':uﬁa‘fwm%’m&a
msFoutu 3 38 Ihud Sasaz 70 80 uaz 90 Hadusi
wiseuliunquieyaniswaaey Ae Yooay 30 20 uas
10 sy

3.5.2. k-Fold Cross Validation
%'s‘ﬁwﬁﬂmammﬁﬁa;ﬁaaam{%u k., k=123..n
nau w1 nfuunfundumedey dufivieds k-
1 shatifungudogamsifoududavhnisnaiuiiy
i k 38U Iﬂm::L‘Uﬁ'am:}émmﬁau‘iﬁﬁfaa‘g
fuaduILATY ﬁw’fﬁ%’m&aﬁamﬂ‘ié}’chum‘s‘é’muri lu
msaEewilid 10-Fold Cross Validation

8 or I3 ar =3 ¢
3.6 ATETIMWVUEMIUATITUA ‘5']3’95.“!}33&5
msadreiuvudmiunissieunluntinesasd

asrnuuvlesaubinideduls (Decision tree) way

wepiiudfeu (Bayesian Theorem) uaneldifazud 2

2y as

fatutiign 5 Uads

Y

Data Cleaning

!
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Y Y v
Auul a2 A3 srauud
{70:30) {80:20) (90:10) {(10fold)
¥ A 4 v Y

Becislon Tree/Bayesian Theorem

v
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P
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FUR 2 Fumeunsaieianuy

Ao e o w . W "ﬂén‘;. ] °
Friladewsavayadn (input) i Salumsduun
doya #e 5 Uadeuanmdsnndl ¢



a9 4 Tedshdwedeyathinueynaduaresy

Fadeyn A195une wlinvosdoya
Day Fu Categoricat
Shift HS Y Catesorical
Arca Fuimavinemd | Categorical
Process ATTUIUMS .

R Categorical

¥
CutofControl | nafiuifFunm ‘
Class label

ATURAY

4. HanTInNaaag

MRt Lﬁ&ﬂuﬂﬂtﬁ@ﬁ%mﬂmgmﬂ
fuazeesifuntsmumniiunisdue fayatuduns
Jusymearduaveastasnisuaniielidwdurgiuuy
wosiladaides e sillatessihleadoyayn
Wedulasfuvuililunssinmaedulinateiule
C4.5 uaseuuu Naive Bayes lnatnussdnsnindae
nsudsgadeyantiouiuasgpisyanisnsaud
u,mrwi";»af‘z’uLﬁwwgﬁL;uu‘ﬁmm:;auﬁegﬂé'm%'ﬁmﬁ
Tuundoya wuiidnmgndadlnmfvaiy duouly
msiuunfivensasie sulinsstedile €45 Sdliia
maahmmir’;g}m-’faﬂmsmgamﬂﬂéﬂﬁagmuméa%u‘iu
%N 3UsYunY cross-validation wanidiatiunas
Fuumnonriinusudiew fwan i 5

#7914 5 AATUBNFS AT D e IoR s

FHLHA
Decision Tree
Naive Bayesian
Cross- (Ca.5) :
Validation Time Time
Accuracy Accuracy

{sec) {sec)

70:30 99.20% 0.91 99.19% (}.93
80:20 99.23% 0.73 99.23% (.23
90:10 95.29% 0.77 89.29% 0.42
10-Fold 99.20% 0.87 99.18% 0.22

511ﬂ1".:‘%59131n’;"iﬁ’:m;mmu?‘mémun%m‘;ﬂﬁ%’awuu
FetEinilinrdaiuls uansdagudl 3

2% Shift

37U 3 wemsneaesiusdevuiulidndile

>

il 3 swwirladeivialiuTunaeuntaiuy

sreaufunumiliid Hufmediny, Ju sasnsans
e mandady Satufiudinsiiaiivazate
{Cleaning) i?m'améa&'{,umiLﬁmﬁmmmgmﬂi{u
axsanfiunvirvgalunng Tuleeyanynisienu
sorutuarvhdiiwuifiers o 2 uas
3 iidudedodss annssagiung tHdwalusd

1. iF (AREA=HDE) Then Out of confral = No

2. 1F {AREA=HSA] Then Out of control = No

3. iF {AREA=Cleaning) and {(DAY=Mon} Then Out of
control = Yes

4. {F {AREA=Clcaning) and (DAY=Tue) Then Out of
gontrol = Yes

5. IF {AREA=Cleaning} and (DAY=Wed) Then Out of
control = Yes

6. IF (AREA=Cleaning} and (DAY=Thu) Then Out of
control = Yes

7. ¥ (AREA=Cleaning) and (DAY=Fri) Then Out of
control = Yes

8. IF (AREA=Cleaning) and (DAY=Sat) and (Shift=1"
Shift) Then Out of control = No

9. 1F {AREA=Cleaning} and {DAY=Sat) and (Shift=2""
Shift) Then Out of control = Yes

16. I {AREA=Cleaning} and (DAY=Sat)
(Shift=3" Shift) Then Out of control = Yes

and
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11. {F (AREA=Cleaning) and {DAY=Sun) Then Out
of control = Yes

5. unaguuasdeEusuus

swAeihwuenmshaneittaduiiiidasynn
fuazesslutiimaifuivus fTaqusvasdileaths
Fruuuleedddulidadulafunguiiivdidou nas
Wisusuusravdnwesmquiiudifsunaseulsy
sadulaldrranugndadndifissiy wailAiaing
gasgegsyiufe 99.29%  wlediuuunis coss
validation 90:10
Wiowmnudadoyaiifainisduunyseam

watsuldnsdrdulasasiuddoy
{Class
label) i 2 nauldun WnaiifuatuasasFinud
hifuasuau dedilfidaldnfosuardadadoy
seavaleEamuit Sasulinsdehileiuldnatte
msdmunnnudidasahduue i auide
AEnsnvuudiFey Tutns i nuuusdeulil
Tmaiansndh bl housdasuaseInaes
siwiuindu
Teslunsiisluswaranihnsravasassusunt
WeaaBfundgndldiafunsdnrund suiansays
Wialwldwanasdaunu nﬁmm::auﬁ’umsmuau
NIEUIUNITNBRAM "‘a"ﬁﬂemqma1*{11‘;53&:}131%{54;;53
awrsadildldlunisudladfudsaasyuaumands
delilamdnsuaindulumnag

6. NnAnsTsdszANA
uduihfudumdstodas s Rrunineins
wyndlugammnTiimandemisaerd ladwdlaiuny
aduayuIINgUIITEIINLANIEN 2
(Industry/University Cooperative Rescasch Center,
UCRQ),
Institute, HODD avdldimsrausssdinguiang

soumisdantad (Hard  disk  Drive
Angiataniuazivaluladuevas i (arny.)
avsnTatnetaansuaninalulad wazdildfunns
aduayuaninedsuaumelulalimaduiindaya
%ﬂxﬂﬂiﬂﬁﬁ&{ﬂﬁl‘gﬂu {Data Storage Technology and
Applications)  aaithuvAluladnszeamnindinn
nirsannsedy lnsanudtndisveaudidn 5013 In
aupaanalsr wAtulad Ysuindlng (HGST)
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