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Recognition of the Mixture Control Chart Patterns
Using ICA/SVM Schemes

iF &
FHIBRA RIS AR S 1 F WA ¢ X LA TR hT fres - 0 H A
Eﬁuaﬁm¢r?ﬂ SRR HRIZF FA IR BEFFFFEIVIARLA
o vHFEANA UL LT @ﬂ,ﬁumiﬂﬁﬁt Y RN

*gﬁmpm’*ﬁ&ﬁﬂﬁjwfﬁmﬁkmigﬁ AP DR AT T
PR A AAROEERLRA LD Ra o - P BRI R E - 4
?*{ﬁ&@gim%ﬂbwﬁ’fgﬁéiﬂﬁﬁypﬁg LERE R o %
TIEREE AL AN LRERS CAF MR AFELELB A P4
(mdependent component analysis, ICA) £ i ¥ » & #% (support vector machine,
SVM) > & - B F »echd IR AR SRR A - 27§ 912 3 2§ 2417 ICA %
LA EEE R 2 FAIBAEA 2SS B b2 & 4 (independent component,
myﬁggmiﬁaﬂﬁﬂ@%gﬁyﬁﬁma&%%é%mﬁ%Swwiﬁ»
B NERAEIERA c FREFE T 0 AT AR DS ICA &2 SVM HE
P T onnERR & F IR LR A -

5 WA 2 S A4~ L B8 - T



MENZ EHER 2 F W e
-ICAZISVM2_ & i *

R
%~ B

o hiEd LAY > FHF IR E SR ARS8
3% 42 ¥ 4 (statistical process control, SPC) % & % & * & i p|frec & WAR S F
22— o PR FRARY FOUFRECRA N FFREASST KA R

£4 5 2. SPCH 4 skl B2 - o

doie b BARA Frts 0 R T o AR S B AT RERTY RER
iy

BEAIRY - BRABFAFAIARG > A FAFHRY T AT EN
(abnormal) s4% % 3| 4k (pattern) p > & ¢ ¢t WARF L FL 07 ac o G OTOPREE 4R
A #% (control chart patterns, CCPs) % SPC &_{* & & - 38 ;248 » F] 5 AP w | #
FEIFFOEHRARREFSWURNG ST FEHRF - RFAF ST EHEP
(Western Electric, 1958)./ 5 % 343 7314 3 8 #a(Wang and Kuo, 2007; Gauri and
Chakraborty, 2006, 2009) > 4-®] 1 #t7+ » ¢ 35(1)& ¥ Al (normal, NOR) » = fj&{ﬁ
¥ &4 R4 5 ()% R B4 A 4k (stratification, STA) ; (3) & ot =4 Al 4k
(systematic, SYS) ; (4)iF # + =45 3] 4k (cyclic, CYC) ; (5)¥E# 4| ¥ (increasing trend,
UT) ; (6)¢£# 3] 4% (decreasing trend, DT) ; (7)» + = # 4|4k (upward shift, US)% (8)
w T 4% 4] & (downward shift, DS) » & @42 ¢ 7 &t i#(2)-(8)A 4k - & T WA
LU o T

= = =
? 0 ) 16 2% 2 ? 0 8 16 A4 2 ? 0 8 16 24 2
Data points Data points Data points
(@) Normal (b) Stratification (c) Systematic
’ ’ DatalSOints “ N ’ ’ Datalsoints ! ¢ ’ ’ DatalSOints “ N
(d) Cyclic (e) Increasing trend (f) Decreasing trend
g 0 qE) 0
g § /\f\/\_\/\/\/\/\/\/\/\/\/\
’ ’ Datalgoints “ ¢ ’ ’ Datalsoims *
(9) Upward shift (h) Downward shift

A 1 /T%‘E‘ﬁ BLERTIE AR

1



By E HIBAIRS G AR E P g 2 pr o 396 7 (Guh, Zorriassatine,
Tannock, and O’Brien, 1999; Perry, Spoerre and Velasco, 2001; Guh and Shiue, 2005)
e #EA4Y 5 e B (artificial neural networks, ANNS) sk y25 & 41 B 3] % > @ 374 ST e it
Bt dt BT R A R R BR  REEF R EhE S 0 A 2 AT R
g%iﬁﬁﬁ%ﬁ%ﬁ:@ﬁpféﬁﬂ%ujw%’ﬁﬂ“baﬁ A fE L
A 1A E S R {oIER » 4e : Wang and Kuo (2007) % & -|- i i & (Wavelet filter)
etk & 48 (fuzzy clusterlng)?+ s A E L FIR AR 0 AP RO SRR
U RARER G I S (R TN S KN AR TR S 8 Sl o F S s
FE AR AR R T AT S AT Y BB A B Rl e A A CCPs ¢
A*”ﬁo*m’+aﬂF*¢$%ﬁﬂ lhE 4IRF o ? € 53 (8l - &
A A EEd A BAA B AR AYFETLEE R S guR Aﬂ'ﬁi C R ALE
- ARAKRY ERERCORLER AR B 2 477 0 VRE L B 2 R
BAFTo AREAKRIRERS AR 17 b e FAE A AT ZY

AR o Ft o deie g sk SR IR BEER M AREFIRRABLE T S P
o iEFE o

3 3 3

5 5 5
£ £ £
[l [l [l
50 50 50
g g g
= = =

3 3 3

0 8 16 24 32 0 8 16 24 32 0 8 16 24 32
Data points Data points Data points
(a) NOR+STA (b) NOR+SYS (c) NOR+CYC

3 3 3
5 5 g
£ £ £
[ [l [
50 50 50
g g g
> > >

3 3 -3

0 8 16 24 32 0 8 16 24 32 0 8 16 24 32
Data points Data points Data points
(d) NOR+UT (e) NOR+US (f) 1.5*NOR+0.5*SYS

3
g
50
g
>

3

0 8 16 24 32
Data points

(f) 1.5*NOR+0.5*CYC
2 3 A BB, (0).(0).(d).(6) + HEFITE [~ EIA(P).(0)

AR - FEELEA S RN 0 AR AR S AR oE L A
BB E AR F D IR TR MRS S A AT
(independent component analysis, ICA) - £ ¥ = & #% (support vector machine,
SVM) » 28 7§25 ICA-SVM #73¢ o ICA AR RMELAFHE B b 5 5~
g a4 o T REORY K AR AR N 0 S F RS

2



RAsFA ORI > * AR TR FEDIRIFTHE AL« A7
Fop AT RE S B AR SRR R T 0 B R AR R 8 AR
LR ANROT R o AT R b 2 gl = & > (independent component,
IC) » Fi g Gt fh: S IR EARFTH Y bz Kk AN ERALR
EAlR Y Ak & FIRIANE -

s R by fgu@m@mwMmemeMﬁ&ﬂmé@f
A B - ERATEE Y kA AT R Y SYMa R FIZ AN L RS B
FY R TRER S A )H R A R R 2 0 BT MR AT
L A e =S AT R L f"*wa’i b i fE LR A SRR
YRR PRGN ¥ L 9“§‘Wm“J TR AR
ERP DA EA R BT BALT G D AT X T R £ T AR
1 e s B L E FIMANE

n\»%‘}ﬂ*

ICA-SVM H238 B o0 vy %’\;a Hiumy i@ pARFRRY > A7 A&
Bz e ram et > G N ABEAR MR B S0 1Y %ifljéc'}-’.—i ¥

wEPOLFRERE VAT BREREARRER AR A e P ITL
iEE s { nBZBEAREI RS Aot - kTR S FRA AT ﬁr,ﬁ%}ﬁr'ﬂ )
FUORBERIAIRFLIALT cARBYEHERRALY 2 R FTCR

ICA~SVM enf§ v BE 287 7 A% s % 3 I R SSNIM % 45 BHeE
EK

g\piﬁgja?
SR RS U

Wz A A s AT kg R D ORTE S E RES LR ER TS
3+ % (Lee, 2004; Hyvarinen and Oja, 2000) » P 50 4 B i chn@ * A A A ok ki
A B A B TR o - BA RGBS S DA EAT AT L 2 AN (1) e

T oA
X =AS (1)

He X 288 MxNayR Ea5EE > A 52828 MxM i &8 & 48" (mixing
matrix) » S H AR MxN m#\ FTRIRAFAER o o 2 e TR R AR %»j}“

P REFMR L ATELE X fFRT > G M AraR EELAZ ARk
i awfmrﬁi S IR B kRS, (B S 2 7w £)T & M el
TR BEATRARNEAELS AR ZEASI - BRARE MM 4
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< 2 ~ SVM-index #1155 BT 1A QR 5 BT

e FEA 1 A R 5 5
NOR STA SYS CYC UT DT us DS
NOR 775% 0.0% 0.0% 0.0% 8.0% 145% 0.0% 0.0%
STA 64.6% 354% 0.0% 00% 0.0% 00% 0.0% 0.0%
SYS 11.2% 0.0% 70.5% 0.0% 9.8% 23% 0.0% 6.3%
CYC 46% 00% 0.0% 9.0% 36.6% 223% 19.0% 8.6%
uTt 523% 0.0% 0.0% 0.1% 276% 183% 1.2% 0.7%
DT 48.7% 0.0% 0.0% 0.1% 27.3% 209% 24% 0.7%
us 21.8% 00% 0.0% 14% 41.8% 248% 7.0% 3.3%
DS 237% 00% 00% 05% 389% 23.0% 8.6% 55%
B R 31.67% (5067/16000)
Z 3~ SVM-data 15170 1 55 K1 T S 1A (L F B
2 205 PR 1S AR w
NOR STA SYS CYC uT DT us DS
NOR 99.9% 02% 0.0% 00% 00% 0.0% 0.0% 0.0%
STA 13% 98.7% 00% 0.0% 00% 0.0% 0.0% 0.0%
SYS 6.9% 0.0% 932% 00% 00% 00% 0.0% 0.0%
CYC 241% 0.0% 0.0% 759% 0.0% 0.0% 0.0% 0.0%
uTt 27.0% 0.0% 0.0% 0.0% 56.0% 0.0% 17.0% 0.0%
DT 136% 00% 00% 0.0% 0.0% 745% 0.0% 11.9%
us 320% 0.0% 0.0% 0.0% 153% 0.0% 52.8% 0.0%
DS 202% 0.0% 0.0% 0.0% 0.0% 265% 0.1% 53.4%
I FE S 75.54% (12086/16000)
P 4 ~ ICA-SVM 170 1 55 BT e S A O £ 269
P FHes 12 A e 4R 5
NOR STA SYS CYC UT DT us DS
NOR 98.6% 12% 0.0% 0.0% 01% 01% 00% 0.0%
STA 1.0% 99.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
SYS 00% 0.0% 100% 0.0% 0.0% 0.0% 0.0% 0.0%
CYC 00% 00% 0.0% 100% 0.0% 0.0% 0.0% 0.0%
uTt 00% 00% 0.0% 00% 100% 0.0% 0.0% 0.0%
DT 0.0% 0.0% 0.0% 0.0% 0.0% 100% 0.0% 0.0%
us 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 0.0%
DS 00% 00% 00% 00% 0.0% 00% 0.0% 100%
R 99.71% (15953/16000)
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H5 IOV 5 BT ERER GEL A

F 5% Bk SVM-index SVM-data ICA-SVM

1 31.67% 75.54% 98.81%
2 35.21% 73.43% 98.89%
3 38.49% 73.83% 98.59%
4 31.32% 72.64% 99.81%
5 32.86% 74.14% 99.37%
6 38.98% 72.23% 97.94%
7 41.24% 73.53% 99.78%
8 37.19% 74.11% 99.59%
9 32.94% 74.33% 99.39%
10 40.46% 73.26% 99.71%

S 36.04% 73.7% 99.19%

L 0.037 0.009 0.006
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1o ICA-SVM = fa st Rig 7RI 4p3 o 4 6 ¢ » % 5 SVM-F-SVM-D
fo ICA-SVM gzt % » B¢ SVM-F eh%#icik .5 C=2°, y=2°» €4 - % §
is o LA Er S L 504% %% L %L 0083 ; SVM-D 4 fiE ¥k
C=27° y=2"» L T a0 0 /e 68.29% &8 % 5 0.211; ICA-SVM Hi5t &
e B MH > B2 S8 C fry PR AL WS SYM-AL C=2°, y=2°
SVM-N&S : C=2', y=2° ; SVM-T: C=22, y=2° ; SVM-S: C=2", y=2' » L =%
T3an fp0 FEs 5 98.54% B £ 5 0037 d £ 6 enT 30l Frd 5 4o i i8 oo
FHSERE L R AR A2 i D PR A R E PR L R 1 ]
o2 d FELL T 5 0 ICA-SYM i o B N R R 2

Apc o

P g e
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6~ ARV A OO Es AR (SE)

F o=t #ic SVM index SVM-data ICA-SVM

1 43.57% 70.52% 99.94%
2 57.53% 96.87% 99.69%
3 35.84% 47.15% 99.63%
4 50.38% 71.16% 99.46%
5 62.25% 72.19% 87.98%
6 43.88% 83.83% 99.57%
7 56.91% 82.47% 99.91%
8 50.99% 24.89% 99.81%
9 59.91% 87.31% 99.49%
10 42.73% 46.53% 99.88%

k=S 50.4% 68.29% 98.54%

L 0.083 0.211 0.037

ERR 5L P TE A

#-= B »%*J*'M'Jmmw CABHTIORFEF LB o Aok T iR 0 0 4
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oo Flitd AFHREET 0o m@j\p;i 4k 41 e CCPR B2 5 & 1 8 e

FAIRAE - TR gorrans g BAR B ERNEZRART] O RF LA
e
H 7 RIS
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#5130 1% H o H o H o
R E A 36% 0.037 |737% | 0009 |99.2% | 0.006
LR AR 50.4% | 0.083 |68.3% |0211 |985% | 0.037
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