W=
PERE96F9A  FTwE gt 121-144

BEBUG 7D BEREE
ERETERR L CER

HEBE - SN

(BhsH T - 95410 4 13 H © BH—KIEIE : 9643 H 9 H
KB 1 964 6 H 22H gz T HE 1 96476 F 22H)

BE

B TS B2 S s » SEEH MM E B LHmBE L WEH
) AREE AR LR E TR DI EAAR - (HERNERNNESS SR - BALEEBEAEE
HEAHRRIEIRER] - R H SR TSR PRI - B TG RAIRTE - TREE
SUTERHIVEE T - e A\ B E SR — M R 7 IR s e B T R E
RBZ R SNif - {57 TS e RO s R A g B B HE R B BAHRIIE S (EHH&ER
EART—IHZRIRAERR RS SE) T o 1 BAEZEEI T - ERHERE R e pT & A
EHLER o R ERE R ER AT RS — RS T HA R MR ERNR S &R
(mixture datay RIFEANFFEE AT AL BEHTERTENG 7 8E (signal separation)” 77 {753
#r (Independent Component Analysis, ICAIfiTiREF2E b - FH ICA GERRE SaRst 7 B
AR IREASE (latent source signalsy f2JJ » 2 — {5 & B YL B A7 73 B Bl 43 JE50 st
(Classification and Regression Tree, CARTEIFRZELZEZE - {EFREEAZREES » AHFRSLF]
EPC 82 ICA KHlf2#l & fa (BNRAGISR) S8 T B 2 WL {7 (independent
componenty 7 #% Pl /- BB T RN L B TRESZ > B Re A e 7 2 A
REMESE R ERHE TR R ERIRTE « S 2 - ARt EEE Z ¢ (REBIIE
#r (Independent component analysis, ICAMEIHET] » AR IRIAERI TR S B BE 25 5 1 s
HIEI o (2)EFIE M S ehE T8 BURRRIHEs LA AR U TE FH B e i e ik i e el
TEERIFIHIRITRES - ARWFFESTHETE IMA(L, 1) T RIFE R IR SR & R T AR R
T - DRI & IR AR - AR UESEUR > #5H SPCIEPC/ICASfiTHY
&M > #EEH (noise) TEE W LATEAERA: SR &R e DRI S BE R -

MlsEs & ¢ st WA dl > TR BILRG Y H R

¥ Wi

(EZERTTESRF G5 H > Frg iR R E L B S s FESN
EEE T o By T BERE ST R A A L E B KRS - T AR AR RN

R A BIAIUEH AR B LSRR | B BA
FHIK S B LS E T2 -
AR5 R GBS - NSC 95-2221-E-027-072-MY B2 - LI -
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S T SESVE PR ISR - ARl AR EAYEERIESE 08 & R s 7 A4
AN L BRI ATER TRk BRD MRS A A A R S
EREMARMN—ERET - f£MBEEFII T ERE - st R E S
(Statistical Process Control, SP@)1iHll[E (control charts)f; T2 SIFEEH]
(Engineering Process Control, EPGYfili 2 #7277 1T RR SR s ) g 2
AT H « Horf > SPC Y 22 H AR A REF R st i AR rh 3 A S 3 52
HRTEREIA (assignable causel RFEf - [ fAraEEHY EPCE il » A g —fdiE#
[lEEPEH] (feedback control)fdil » &1 SRy T E A AR iy AR ESCHE T /)
BIFR T EE H SYE R 2= R — 5 « U2 MRS & SPCEE EPCHY T
A DUVA R E TR g AR S IR B (B SR S B AR R H
FERRPEERY - 57 ) SPCEL EPC A SRR E T S B A SR
UM NIRRFIRIAS SR - R ELA T8 et — = ReS T A B 1 SR 7 S RS i (]
EHPEHIRAR R4 » BERC S BT B R s P AR A S — -
BILRURMT (ICA) BT AR # i o R —RER R s Bl - B
SR PR s PR HIRIEERER 08 (Blind Source Separation, BS$)iE (Lee,
1998; Hyvarinen and Oja, 2000) H: H A2/ A A B ASHR SHEHIRITE
N AR S BN E SRS (mixture signals)=sFii VB ERAERAGR (latent
source signals) (Hyvarinen et al., 2000 57 F » AH Be SR A HALE 7T DLg:
M — S THER (noise)s IR HHEIE K H FAHRH AR & &R (mixture
data): PXI[HA AT ] SPCEE EPCACEI TR » M AT SR ARIRS
o IKIAEAIHTERIEE—RE B - SeBRAAS& SPCIEPCH ICA I T AKHETT
EORIER - 78 ICA BRI R LA E &R e K -
IMAEANFEAEE ZFEELEL » A5 RIS 5 Bl FE AR A B B T EHE - LLs3SE
g (Classification and Regression Tree, CARM; EERE—{F RS
THEARERAR PR - BE BEE AR 8l E ARSI R T
AR R AR BAMIEE T2 et i RBUTEL RN T
EIESE - IMBER SN EETET » B B T AR wea e ~ e
[ J5id — © Fraaiy R R (CART) J2 Breiman et al. (19848 ik
Hy— T AR HERA R 28 e B AR AT RE R B RHER - I8
IR (recursive) YRR - (K ITEIAEA S EAH RHE S BRI N (EEN kAN
DI#E R MBI CHBER » WA — HE i rIRR] (rule) » & FE L
RIS AT T TR EAE o fEARM5e - 5 TR EEREE /i (40 SPC
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B EPC) ZRE - B IIARRRIGHEL - Bk 7 ICA J3EMIRERIST > At
Fet ERATR I R B i oA TR R Uy T -
AT DR A © BT Rkt o ARIASCRIHSE B - HRY K
e R R A © 58 Rl I B A E e T B s~ TREBGE2EH ~ Ja
SLEAy AT SR B XA B SRR 28 =0 R e RS ~ 2
NLR A AT B AR A S U B R SBVUE IS 5 SPC/EPC
B ICA MBS BERG A, - M — DRt S B 5 iR S A HBR T
SHEERMTATER ZHRRIE © 5k > B RIRA e -

|
|

M- SURRES

—. SPC/EPCR BN E v B

{E T H (A I T R BRI BRRIRE -  Er as BL &R E K E
JA—{EFETT H AT & Re S BCR T RHES AN B S S 2 AR KRR R
BIRLETRMEEA B PAH BRI (s Tl 1R 2 R Ry (R R S S 55
SREETEIIAR S » MM R BRI EERIE N - & T ERrIRE - |
BICATT 2 HiEHEH 2K (Tseng & Adams, 1994 Faltin, et al., 1997) 1fi{FE
FFEHTER - RPN e e B FH A — Rl (Adams & Tseng,
1998; Wieringa, 1999 Montgomery, 2001)

Alwan and Roberts (198855 K[ AN EFE R LA 77 R (iR £
S — i H R E (Common-Cause Chart, CCGHE: 5k 5 R4S i [
(Special-Cause Chart, SCRETTEEAEL 2 - Montgomery & Mastrangelo (1991)
Rl DARF TR AL N RO TR S R A 52 SR N AT B RERS B 7P F e il |
(Exponentially Weighted Moving Average Control Ch&WMA) tE{7ES7e A
% 5 IRBMPRATERE SRR - EREER RS IMAL 1)U » A5 &1 H]
4 s Rl Y i Re AT S L B 2R DRE < Runger et al. (1995)I;27]
ARG A — B P A2 BEAEFlE (Cumulative Sum Control Chart,
CUSUM) - ifif5HE A CUSUM il Al R R K CUSUM &7l &kl H Fi
MHEAMEMT 2 B E RIRBA L (Average run length, ARL)Z ES - i3 T
DITEHERZ RS RATE TS Zhang (1998)AIE LUF A& Ry s S B Ry ¥
G S FEA R B FAERE B E (Autocorrelation Function, ACFJIE=4% -
FLIE NS, EWMAST 45 illE Y TEH% - Lu & Reynolds (1999)HI 2]
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ARMA(L, D)EGFEE R R — TR iEE EWMA BTG - IR MRS
FEAFEH - & A B LA R R B Y PRARRR R - DABLHIE S AR
EWMA Bl A B DS A P BT EWMA Bl ERBUHE - (B4EEH
BRAEFEIRE  J87= EWMA & il /- 52 (RS I O (E R EE R TR - Jiang et al. (2000)
HIZARE ARMA #fia 212 H T ARMA EHIERTRZE - s25eiEH SCCaET
(& Bl EWMAST & Hll[E 255 ARMA & HRHE] > 1 H ARMA &7 51l 1 (8]
SR BT R I E R EE - Lu & Reynolds (2001)& &1 AR e L—HF
MR HIBAL Y DIRCE % - FFDLEGE A B A — 5% CUSUM & illE
MR HAHS TR RBR - i CUSUM EHlE LU= B RAE o CUSUM &
e > ESRE B E I AR AHR R ERIRE T o AT » (RS 22 i
11 B i FEAHBR M S BRI Y e R e

b 1 FaltAs SRRy IR S TR 7RI ) - #h G SPCHL TR2RR
] (Engineering Process Control, EP@)Ffiirth E# S &2k - st EAH
PAHBA M SRR RERHETTREFE  IFTEEHY EPC £l - &1 A n] aE 2]
(feedback control)ri] - S AT BIFR g L E AR A& i A SR O e/ N i L
B MR — TR 57k - GG SPC ] DU s 2 4 T IE I
FIESE - EPC CRSE DRI #LE HI AR 71 2 B Ry SRR B 22 | (Box and
Kramer, 1992 Faltin et al., 1993 Montgomery et al., 1994 Lucefio, 1995 Box
etal., 1997 Shao, 1998) -2 E G SPCHL EPCHYJiERES R EHINT:
EIESRERY TR » (HEH TR N EARITE DL N » #h & SPCEL
EPC K5 Al 48 A ARAh 5 s {5 T B R B ZLIRE  (Shao and Chiu,
1999)-

=. ICABM R 2 2R HEEER

FHESRAE RS S 2 ~ AR\ B ~ A R N Sk e
ICA D s FIE R PEAGE F R IR - Xia and Howell (2003)5
Xia (2003) $&i 17— {EfEFs e ICA (Spectral ICA) 15 AAHEl TRFEY B
P o ABAMTE ST T 5 07 2 54% (Discrete Fourier Transformiff i i ik
(time domain) RYSIFEERHEA SR (frequency domain)ett) » 77 S24E
IV P RIS SR A b T2 A YIRS AR TR » P P B )
A ICA Bl ALy (ICS) BRARERATE RO BE Rl I R 1 54
(i THUE 2 B2 - Kano et al. (200301]/E DB HU U A SRR I EHE
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TTEERYET] B sE E e st R HIRRE N RBRETIEAETT ICA Sl
P EEASRL Y > T AEERR (Shewhart) & il [&lE 75— 1L
ISR RIR - #EILEAESIFE - Lee et al. (2003, 2004)12LL ICA J5iE8HEf
(HEREOE K K B HET TRRT2E - A7 Lol o AR s 8 Fp AR I
i ICA BRI » B & REZEA M EEEEHSRE » LOmE M (LR A3
ZH (Hyvarinen et al., 2001) K[ K Z Bt 7e e i DL 2 st B R R SR 2K
HETRPE - 52 BUARY ICA JiiAE SPCIHE ERYEM - KL 2w N
SRS R TR E A R B B G 2

8 WMREE

EAHTE ARSI ICA BT AGE TR 75 5% ICA
R T 1 8 LA PR O o 7 B 2 FRARR - B HE Al 5 B TR
B RGBT BN R B AR - DU — (AR T AU TE AR
AR - B — A TE TR A - AT B AREIE] TP AT T BB LRy T ST
Sy B A BT R e s

| H—PEE P |

| : HIFE BT EE
wRmEEE [ R hk o masmEms e LT

| pEEE] ETRETE i

| B RIREHZ:

—., BB @42 #H (Independent Component
Analysis, ICA)
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BB BT TS T AR R AR S P R TR T
(Comon, 1994 Lee, 1998, Hyvarinen & Oja, 2000) 38§ & & S ffae e
FIHIbE AR HUE HEUETE /22 % (latent variables) DURKINIRRIER S A2k
B - 35 LR B O SN TR DL N B BBl BRI K
i (latent sources)fifTaEHY ICA FLEAEREBZER  AREINE S HESIE
ABAIEEASR AT DL 1 - HEF T EARIFRASR A5 T AU — R 572 - BRI hE T
RIS -

B X=[x1, x2,..., xM]T 2 xi Frd sk HAER RS MxN BRE G RASE
e - Ty xi AUER T HERE RS IxN HYIRFRE PP TaAGsE > RIl— R AT ICA BE=R] DI
7B (Hyvarinen & Oja, 2000)

X:AS:iaisi (1)

i=1

LEQ) T ai {2 TAEARSIEAHERE (mixing matrix) AcfryEs T &
(column vectory [fij si (& 72 ARHAKIEALEH (source matrix) SHAYES ! {E51A]
& (row vector) 4t - EHE/ER AT X ik g = B ok
R o 75 ICA JTEIERIEENGR si AR EIIRERET » —EHEE MxM
HIAFE S AR (de-mixing matrix) WEHSLALETHEAR » 2 #&AEH W AT LUK
BIZ B NE G AR X T DIFEAMERE B MxN FYAERE Y - yi 3R T
TEAENE Y CRE s | (e SRR T FR A AR A Ak
EARIERGR (BNFTEREEN LAY (Independent Component, ICY[1(2)=, -

Y =[y,]=WX 2

Bt o AEELEC (DB 6 > ATLAREBLE W SRS A 15
P » B W=A-1 > BTLAR Y AT A BRI si- 52 » 251
BILHGT yi TS sis S TR HT W AR T R | (E5 1 wi
e AR A 155 > JRElyi=wiX > 1=12,---,M

PSS T LR RSB TR DA ICA iR — (AR, -
PRI 5 BT e 73 AT B o (B Sl e Ml s - R » LD
— R BT IR B IS AR EREIE W g AT LA
fifiz FHZK (Hyvérinen & Oja, 2000) It - FFAFTRHINNT A EAT IR
#r43 i (non-Gaussian distributioryJ[f » KIHAE ICA S5 BT R HIFE
EHTRFYE (non-Gaussianity) F Er i 2 sk H R i B L D Rl 8
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1M (Hyvéarinen & Oja, 2000 Hyvarinen, et al., 200¥)HE I - IRSEHGT%
R E A 2R &M ICA TR RN HIFEE s - BlalEREAa T &%
(high order cumulants)}t[F&E7% (mutual information) sz &% (negentropy)
% o MifEE— &) DaiiER i eaanidfi ] (Hyvarinen, et al., 2001
David & Sanchez, 2002)

BEERIE AR (entropy) FYE ZFATHEHARAY T5iE » AEE AP
AP — E N ER I = B AT B AR R EE R B R &R &
FEAEIZ(ERIAS R E Rl AV ETE) R MR - 2 ahat
MEY CHREERKES PO MY WHEHTEXS
H(y) =—[ p, ()log p, (7) dn (Cover & Thomas, 1991) fHiEZr A - i
G G AR R SRR D > S i s AR S e A S K - R
ARSI AR E g s BT S AR SRS/ (Hyvérinen, et al.,
2001)> HEAES R - AT DI H #YE S — B R ERIRE IR - H (2
WERITEHRAEER I (negentropyy TEFHATT (Hyvarinen, et al., 2001)

J (y) =H (y gaU$) -H (y) (3)

H1Y g FOTY IR S BB BT T - AT B
fi > EI(Y) 2 0 » SUATY EEHTAMIG I(Y) S €I » AL ICA O F RIS
BB ERA B Ry (25 > 1) Maximize J()

4TI » BRI ELRA SACBATHE - IIRIRISES - BFHIE
WL SR IR ERERIN T (V) - B3 THEUSERFE > Hyvérinen (1999)
SHELLH EVIE D

J(y) = [E{G()} - E{GW}* 4

Hrhv B2 HEEEZE B8RS 1 WS hberE - G i BT{AJE
TR (non-quadratic function) KI5 G B Rk - J(Y) LK -

=. o¥EmpH

FAR L > CART (e - ASCIR I mAH T &I &t @l
PRERABLHIERA) - (2R CE AR ASE SRR s B A e 2 AS
FEIE TR - AT IR AR IREE T - CART SARIBRERIEY T 7L



128

W% P oA E =8 RE9F9A4

FE | AGHRTE 73 PR B B SRR © TTFTRERY R0 ) S AR/ fe i
TR — (A BEiE - B RS RER  FoRPURBRAE R B A=
AT ZAE A FERIATE R - 117 B RN R oS AR E R I B A - A5
[ CART HHEAR AR REERAY - SEAlL BRI AT 225 Breiman (1984)

(—)FBR— : BB ABRESR

CART J{s Filiesll — ey AR TEORMI DI EIEE - Stz HLBE A ARl
R U R (BT T PRt B Pk 22 > Breiman (1984)75 AR . R il R4
J& (node impurity)> Horfig AR BB PRI FEHEES Gini Index -

Gini(t) =1 p? (5)

Horfrt Sy AL RS 5 PRIRSES tERERE R | R AUHER - & GinifH
Y NEFREAERL Y EIRE P A AL 7RG > FHAH R0+ B - R so
NSRS AR S —EH EAE T (top-down) HETT » EEIFTARYERHIHE] > 2
[F]—%E051 - B2 CASHI 22— R B B — (AR » Boime 1R
(ERIDIEUIN= g I

(D)FR= : sHERER , ELXFrs RS8R

ERCRRBHIRFGRERSE R - CART FBHIAE BRI RS DU KR AR -
SRR/ INE B B PR SRS © 38 S R SRASHE BT R A o P A HE R S B AR5 i
(re-substitution estimate) 4y R(T)FE(EBHIAFS R E LG HE - & R(T)E
INEFRFRARIm AR 8RS RS & RN R rh i bR RG R - IR IRAS RS
AR - A RREBTRHIRAS T TR AT

R(T) =Y R(t) (6)
R(t) = 7(t) p(t) (7)
y(t)=1-mjax p(j[t) (8)
p(j |t) =20 9

P(t)
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p() =2 p(j.1) (10)

Hrh R(T) B5— S BRATAE RN RHRAERE T3 T 2458t RO t
EAR SRR E LS E - 7 @OFE8 t EPRIEERATRRAR © p(lOfeEs t s
R 26 ) EREBUFTAEAIELER ¢ pOFAE—ERAEAREES t ISR S p(,t) BT
— AT KSR tof o BRIEANES | EEERIRUMER o B a(a= O)SRZ R E
JFEGRE > AR, (T) ATl S bR RS A A B M EE AR MR 5 - S LB T AR
ANEER o WILE R DS T A o (E - oA eIt R, (M) BEv) -
IR R, (T) (HAGES Tt 25y -

(S)FPR= : RBEREMRES

AR B P o (EF SRR (T LU HUREEEE T1> T2>.. >{tk)
LB ) 0= <% s <a (L =T@) @ =0, 1t
g8 k(s Re () = R pyeoms s masmismistie AR AIGE L SLIRNERE
HIRM SRS SRS R(TIE » IR B R(TKY BRI GS RE S R R
R AR -

B KRR

5 7 BB A AW S R T IR S T IRI A R, o AR SE T R N R AR A
WH BT - PR T#E (step-change disturbancélsi 1t (1% (linear
disturbance)yEfTEERE LI - A b - PRy PR BT DIRIRAL

L, txt,

D =1 0 t<t,

(11)

ot DR ZRAERsES t T AN TR L IR T R TR Rk
s Yo T AR I o L AR TR AT DR

S(t-t,), txt,

D, = 12
‘ {0, t<t, (12)
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Hrpr SRS N - 21k fERGR B B —(EEEA BT
(A1 B2Dt=Dt-2) K At 2% THR AR T G HBE (HERRERER) 1
SEREsAg T - AT DURE R (1 L B (L2 T =

B L t=ty
D, = B B = {0, et for ¥BA T& (13)
D=2 S T g 14
‘" (@-By hi= 0, t=t, (4

FATESCRRH (MacGregor, 1988 f5H - — RS H] LIRS A St
SCER TSR AT TR T SRR B R E P it
SMBERA T BA—BETEERT IMA(L, 1) (Integrated Moving Averagefiiscsk
EERE BRI -

Ay b - AR TR IR BgRE B AT A R G A e g

Vi = 9 X, +d.,+D

15

1_ pB t+1 ( )
1-6B

dt+l = 1_ B 8t+1 (16)

Hrfry,,, FORME LIRS USR] - 1 p B g A2 — Py
ESH(p+a=1); X BAERHEL t T SHASIRRAERIEE - d AEAE 1
[RFE T 758 IMA(L, DM 5 o R — A TR S S R0 ?)
£y L HREREHE L - T O 5% & HY EH BAHBHIRES -

TERLIE P, QB O 228553731155 0.8, 0.281 0.9FYIEN K » AHHFSEARIER JiHE =X
(15)~(16)5fEEL A ~ B it E 16 /MHRVAIRRERIE (B AL-A8 K
B1-B8HYANIFRE N « Horfr A fHINEY AL-Ad FIRRERVE Y T PR &8
RIRE © AS-A8 BRIAZEIN " Atk T8 ) BRIUE - &/ MHEREV RS
7 A0 it EDRt r) i Kz 400 PR MBI & - Ty AL /)
AHITY 400fH EkA B R L=1 11 7R 0(13) e i Fe A \(15)~(16 A A 2K
1y o [ > A2-Ad/NHIERHFEANE L L=5, 1081 15 FURIEREL » 1)
A5-AB /INHIEDRHAE - HIJZ705IHE S=0.5, 1.0, 1.5¢ 2.0091KI T - DUGTE
AT (15)~ (16 st L AT - £y B #TATE &R 8 /MEAIRE
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b - SRS A SRR SRR © 8 3 SRR E
tq =201 (FEEFHEIEE) (AT - A LT L=5 B S=1.00URRERRY -

T T T T T
0 100 200 300 400

tim e

B= H T FsXTHE, 'R (LD

200
|

150
|

y
100
|

50
|

T T T T T
0 100 200 300 400

time

B= s TgnXFE, T8 (S=1.0)

—. BB — : &£8SPC. EPCRICAN & i
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B TR E B SEEE R Aot B SRR E R a— M=l A
g E B4 IMA(L, 1)14E > Proportional Integral (PIEZEf]22 (A=t
(A7) > sy EPCRYMt - MEFTERLAIFIEE - /S AN ETRENY
Pl #6088 » 305 Dl MEREEERY T J73% 72 (Minimum Mean Squared Error,
MMSE) £ HARRTEE L HI#ETEs -

X =Ly 2B S y) @

-1
dt + Dt =Y +(1_9)Z Yi
i=1 (18)

i QTR ASGRER(15) OREVER Plok MMSE #24H ga¢ B B2 &
FHETTIRER) 1% FIEHBAE BB fiEi A sl e B B A BREERt
t-1
B PR R S SRR (A 0)D. Y, HIRERT (W(18)) -
i=1

gk - R (L3R (LA AT A (8) e » (A A A+
RIRER - M SPCEL EPCEZEFTIB M iy BFEEs (A1x((19)82(20)) -

Y.i=L0 " +e ., for FBXTE (19)

q i

_i.) +g,,for BUERXTE (20)

ei
=5
ytd+| (9

VU B 1153 B AERA A G RE (L) (0)FT A 4 BREE R -
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T T T T T
0 100 200 300 400

time

Blw A Pl MMSE #4] 5 #7385 " FHXF#, T4 (L=10)

T T T T T
0 100 200 300 400

tim e

Bx &M Pl MMSE 4] & #/7R %% "X T, T8 (S=1.0)

B L PRI TR T TEARRIPER TIF > FEERIBERT 2
B pattern 2HETT IR ATRAERAE G ERRE BRI EYRERA T DA 565 )8
R BT T8 patternifyBHEAL » DA S GREHE RS L 0 o s 2Ae
TTEAEIALAF  LERETRILE D 0T ARy - Af DS S SPCE
EPC 5 IR ERE Y » SRSk (de-mixing matrix) WAET Tz
PEBSHALURAG— T g Z (B Z=WY) - [l Z FEfE > SR GoRk
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z) MR TILAAAHRASE (uncorrelated) At Tethffas A R BOAR 11
JRAN E(zzT)=1 M5 7 MERIFhE AR R BN LRy Z E - AT E 5L
FR#5% Hyvarinen et al. (2001)f2H Y gradient algorithmfi] &% SPCEiL EPC
THEFTEAARE A ~ B RHAIRERHE - M TR SR W BYERT - HhE(di
A ~ B fHAlIBRERHEEAASG T W REREERY A - R AR s R it em e TS =
HHESGEE R SRR M TR E R fTae & AR FIRYRHSR AR — 2
TEMEERAS » S —EAEEREAE - R AW 7 —{F 2x2 1y W
FEREAKEY TN L A S T 5 A REE0 Z=WY B A ~ B i AS AR
ERIFTlE AR W RERE R BT A S SR » T DABEEIAE S - o R AR
FH_ESEFrffE H ARy W AERE » DA— AR e R HE ] — i = AR T =
HETRN LR TR (EIEREE: » U — R BEE R R R E R A e iae
HEHE B — 8 S BRI R SRR BRI TRET2E) o AHBHAYRS 3 ny DU E AN E
P o ERE B AT LIRS » ASH ICA JER AR R (ICL
B 1C2) » MEERERIE SRR GG R R A AR -

W Step Change Disturbance 1 (L=10) IC1

y (MMSE by PI)
2 2 6 10
| T T |
y

0 2
| | |

<
\

0 100 200 300 400 0 100 200 300 400
-0.217 -0.70
-0.218 0.703 time time

Step Change Disturbance 2 (L=10) IC2

y (MMSE by PI)
2 2 6 10
1 O |
y
-4 0 2
| | | |

0 100 200 300 400 0 100 200 300 400
time time

@) " PHX T A (L510) s st R
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Linear Disturbance 1 (S=1.0)

© -
~
o
I I I I I
0 100 200 300 400
time
Linear Disturbance 2 (S=1.0)
© -
~
o
T T T T T
0 100 200 300 400

IC1
o
o
E %
o]
T T T T I
0 100 200 300 400
time
IC2
o
o
o
o]
T T T T I
0 100 200 300 400
time

(b) "M XTE, BH (S=1.0) 9B LA bR

W

T
>
e}
w
0
=
=
>

~0.217 ~0.70
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x— WAGHOBHETZEE (%) (0=0.9)

B X6>-5.29759 &
= X6 <=-3.1004

X1 X2 X3 X4 Xs Xe
HEEE 83.03 65.37 35.74 29.72 100.0 63.29
&= CARTH KAtz 82 FEprsan ()
FAEER b=l =1
If Class=4
1 H7 X5 <= -0.556513 & \
A5 X6<= -5.29759 TREATE (L=15)
If
) H7 X5 <= -0.556513 & Class=3

PR FE (L=10)

k)= %4 SPC/EPC/ICAft CART E#x k2 P ErE R (T4 KX T48)
L
0 1 5 10 15

0.9 99.4% 59.6% 99.8% 100.0% 99.6%
0.8 98.1% 45.3% 80.1% 100.0% 99.9%
0.7 98.8% 20.5% 100.0% 99.7% 99.7%
0.6 98.1% 45.1% 84.7% 100.0% 100.0%
0.5 99.4% 40.0% 80.0% 100.0% 99.8%
0.4 98.1% 30.1% 69.6% 100.0% 100.0%
0.3 99.4% 35.0% 74.6% 95.0% 99.6%
0.2 96.3% 34.5% 69.9% 90.3% 99.6%
0.1 98.8% 39.9% 70.5% 84.9% 100.0%
0.0 97.5% 29.9% 70.4% 95.4% 94.5%
-0.1 97.5% 40.3% 85.5% 95.0% 100.0%
-0.2 98.1% 9.8% 44.5% 90.4% 89.8%
-0.3 96.3% 45.1% 95.1% 85.2% 99.8%
-0.4 97.5% 45.3% 44.6% 85.3% 95.4%
-0.5 95.6% 15.1% 70.0% 85.1% 95.3%
-0.6 99.4% 30.3% 59.6% 95.4% 94.8%
-0.7 96.3% 44.8% 90.3% 95.3% 100.0%
-0.8 98.8% 14.7% 89.9% 95.2% 100.0%
-0.9 91.3% 45.1% 95.2% 99.7% 99.5%
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- &5

Ah5ER BT B RS R B R S — S 7SR B R A
FHNRAAGE » WS A TR I YR LRG3 (ICA)
et Bl REGEERE 5% (CART) 2 —fE LIS & SPC~ EPC- ICA Bl CART
HIBRE R PEEERE - NRIPAMEMABIREE L ST - #5 SPCIEPC/ICAIL CART
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R HRYEAA RSN EPC R BIE Hha 18 BRasSENIRy HE & (e
IF o ZBTE RS54 (Independent Component Analysis, ICAJTERY
TEH] » R SRR SRR ORI HEL K B 1% AN SRS AT A U B 2
gt B AR (CART) BYJGEAR RS —HBRE s = - 2
DR S RS s U A 1 B S R » PR (e am v ER RES
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disturbance)&il 7 =1 (linear disturbance)& ff Shewhargfil CUSUM %7l
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Disturbance Identification Using
Independent Component Analysis with
CART Approach

SHIN-YINe HUANG, CHin-CHou CHIU”

ABSTRACT

It is well known for many years that statisticalogess control (SPC) and engineering process cotfEBIC)
are both effective in the monitoring and adjustioff the manufacturing process. However, both schemes
assume that process data are identically and indé@etly distributed. Moreover, the real processadare
actually serially correlated. The presence of aotoelation has an adverse effect on the performaonte
traditional SPC or EPC approach. Because the cateel process data could be a mixture of noise andgss
characteristics such as process disturbances aralitbrcorrelation, a disturbance identification smleebased
on independent component analysis (ICA) is proposethis paper. Basically, ICA is a novel statidicsignal
processing technique that was originally appliedfiitad the latent source signals from observed migtsignal.

In this paper, the ICA technique is first integrdtevith SPC and EPC approach to extract the independ
components that contain different characteristidstioe process. Then, the CART methodology is used t
monitor the independent components and identify phecess disturbance.

Keywords: statistical process control, engineering process control, independent component analysis,
CART
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