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Abstract

Recently, as manufacturing system is becoming increasingly automated and intelligent, the data
obtained from manufacturing system also presents the characteristics of diversified data sources,
large data volumes, and mixed data types. In this paper, it is discussed on process control and di-
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agnoses of mixed data in order to handle both measurable data and attribute data simultaneously.
Support Vector Machine (SVM) is applied to realize the process control and diagnosis for multiva-
riate mixed data when the process mean out of control. From multivariate normal data to mixed
data, the accuracy of SVM is studied from the viewpoints of the shift, subgroup size, and the change
of correlations to make comparison among four different kernels, and then C-SVM and M-SVM are
provided to monitor the process in control or not and identify which parameter(s) to be out of
control. Furthermore, compared SVM with Hotelling’s multivariate control chart, it is concluded
that SVM has excellent performance on monitoring the process in control or not when it is applied
to mixed data.
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1. 51§

PUARHE IS 2 T 2 A T ZE 8 R 1 T RE AR AE R BR, X 2 R BT LR T BN R LR
Hotelling [1]35E 13 1 £ e 4 it id #2442 H] (Multivariate Statistical Process Control, MSPC) [ EdE:, 5 A
IR EAR T 2 e B ) 04 2079, B AT Hotelling 4% 61 BT 248 F o )32 10— R 22 o B
it i R BRS o, 8 1 T T 4548 K (Average Run Length, ARL)YE J9iF 412 i) & 1k RE Y B B4 5, LA
FoRIE I P IFUE AT 1) 1) Y EARAE 5 o I B PR AR, X 245K RL (Run Length) ISR

WA, BRI TR A 2 1) 3 b AN R 25 Ml 2R 75 LR IR R 22 r) . SR, ARG 2 Jeid Fe g i BRI R 1
BT Z0IER B ETiE, AT ESEE B . TR, B X T 2 8 M (Multi-Attribute)
B AT 7R [2] [3], M iHE $dE (Variable/Measurable Data) 5 J& 11 34 (Attribute Data) 5 2% 4738 (BT 7
RN A B = [4]

i3k 37 F 1) B L (Support Vector Machine, SVM)Xi 2l I 5 s IR A AR I E IS [6]. WFFE R IN
SVM H % [A] i AbH & B s A v E SR RS 77, i SVM AT F T 80a 2R R TR 24 5 00 T 1 i AR s i i 7
SR, SCRR[A1FE AEGE T R 4a i) SPC 4138, BT SVM W8 F S5 SOl 2 5 e th B EdRRIT I . ik
T, AR SCR A SVM SR A E8 (1 AR 0 52 Wik AT 0 92 O TIRA TR LT SVM g AR 3% 512 W,
AU N2 oih s 0 2R A B8R O AU S, B E, KR T SVM B TS Hotelling £ o5 il
PLsgf 28 1) 12 R R AT %o LA 9T

2. &£F sVM i BRIRRE IR S 128

B K A X = (00,0 ) SR Sr . R A B B LR 7
HAAE i (change point)T L. F T k MR 115 A FERAT tHLSR 36 1T A, BIAE LR P 0 Jdsi
FoRAS, MOEA 2 UL, 4 K AESCRIA T AR MRS, DA (2 1) s (e Rt 1 5L
U AR R R AR AL S TALE n DWIIRIR. #eF e, HER]=(2-2)xm A k
gl Hob: (2-1)xm AMETFZERENTFAL (2 -1)xm MEFREERE W TAL. IGHES MR
e 5 50%. X T RANIEAS M LA, RIFIREASFALN B9 % AR LI T bR A8 IR (A
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KEH, MR SVM IRHE A &

Bt Jm TR A EE T4, T RENLA R 0-1 70 AR K, T ALIOREA SR HEZAT AT BEN 0, AT IE
SRR, AR Z AR RE, WAHSNTHNRSZRTIE. frfEE. D
LARER T 22, RIREA SVM IRRFIE ] &

36 I SR ) SOAL O DU R AZ R 25, 385 A48 2% (Grid Search) ol 78 7 IR 7 FIAZ R B R B0EAT Ak, $8 %R
JEREIM 27 %) 24, KN 0.5, B 5 H1ac XIRUEHER R B i 10 25 A NS HGIAT SYM IR, 153552845
R

2.1, EF 5% sVM ryid gl

TYEIERSEIRE (X, %, )' IR E WD L PR, RIEFEARTISMEREE & Ay Bt f1x2, XN 1 AMRiEZE
2 DMFREZ WA . 2D B R E p H20.3 A1+0.7, LAHEImAMSC S 59/ IEAHE 5 5L m s
Bl FATHLLFFIERL, 7 SVM HIA 5 MFER R (X, %y, Sy, S0 Pt ) » BN TZH &AL R 1P IME
FrfEZE . DLAE SR A R m H 1000, LAk 6000 4 —4E 14, Hrh: ZERESFHEREIR
ATH5 R 3000 Ho K/ nHU5, 10, 20.

Table 1. Determination of 2-dimensional normal data

F 1 ZHIETSBIERE

TUES R DATBE BHEE
1 GLit 2RSS % ~N(0,1),x, ~ N(01) 3m AT, FEATA n AB
2 ES RIS X~ N(Au1), %, ~N(0,1) m AT, AT n A
3 REEIRES % ~N(01), %~ N(Aw1) m ATl AT U
4 Bk X, ~ N(Au,1),x, ~ N(Awu,1) m AT, BT AR

n=10, p=03W B EMBEREBIMIISIERWE 2 Frox. X HePUFZ R s Far L, Sigmoid
KRS VA% R BERIAEE, T B T L ATA BRI RS R & 2 DU iR 20 RBF % R
R S, o 20 SRR R E AN ECE D R [E R R O, S A [RS8 A B
I AT R0, REFEARIERE R, SVM e .

Table 2. Results of 2-dimensional normal data when the shift of process mean is changed (n =10, p =0.3)

=2 BERBETRN _TESEENIITER(n=10, p=03)

R BEREE ZERAE RIERAE ik SVs
1 292 1015 56.438% 2980
Linear
239 866 63.186% 2972
1 93 144 92.110% 591
Polynomial
2 2 2 99.881% 23
1 96 143 92.019% 655
RBF
2 2 1 99.900% 110
1 720 984 43.214% 3000
Sigmoid
2 1088 1214 23.257% 3000
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n=10. EMEEE Au N 1 APREZ AN KRB 0 4 R W0 3 P X LR DU R pf A 45
RATIL, AR A& AR O 5C R IEAH SR R UG . A2 AR SGIE 2 59 4H5C, Sigmoid 1% PR 05 2 A% bR
BRI, T HIEM T LA MEBEEE S SI R R . 0 T RILBUE I 2 DA% B 40N RBF A% 55
B, MASRAA SV, SVM HERAGE R,  IEAH SRR T R A K

Table 3. Results of 2-dimensional normal data when the correlation is changed (n =10, Ay : 10)

3. EXRBARN ZTESKENSER(n =10, Ayl 1 MREE)

A LiEES = ZERAL RIZRAE ES SVs
-0.7 286 948 58.867% 2984

. -0.3 312 959 57.638% 2981

Linear

0.3 292 1015 56.438% 2980

0.7 269 972 58.638% 2984

-0.7 41 7 96.071% 363

-0.3 88 147 92.157% 582

Polynomial

0.3 93 144 92.110% 591

0.7 40 71 96.276% 350

-0.7 46 7 95.886% 433

-0.3 104 128 92.262% 643

RBF

0.3 96 143 92.019% 655

0.7 44 7 95.952% 426
-0.7 928 802 42.329% 3000
o -0.3 632 1065 43.443% 3000

Sigmoid

0.3 720 984 43.214% 3000
0.7 1033 752 40.500% 3000

p =03, SRR Au 9 1 AMFRIERIS TARNEM IS HT 45 R 2 4 . b DUR A
SRR, TR 0 5, 10, 20, Sigmoid bk Hi 5 AR MR BB T LI T LT
AT R I A R . A T F BB 10 % S5 R RBF e, B ALK SVM
W SIRE, FrRH0S RE ROACH .

Table 4. Results of 2-dimensional normal data when the subgroup size is changed (p=0.3, Au: 10)

T4 FHEXPDAERRZTESEENSHER(p =03, Aur 1l MREE)

RV THKND R RAL REFIRAE RS SVs
5 431 993 52.538% 2971

Linear 10 292 1015 56.438% 2980
20 168 924 63.591% 2992

5 186 357 81.891% 1265

Polynomial 10 93 144 92.110% 591
20 18 31 98.367% 192
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Continued
5 221 321 81.924% 1319
RBF 10 96 143 92.019% 655
20 21 28 98.352% 232
5 764 956 42.662% 3000
Sigmoid 10 720 984 43.214% 3000
20 602 892 50.229% 3000

CEEFE 2. L3 AITE A M MTAE R AT, R 3T Sigmoid 4% R8T 5 R ERZ BB SVM HEAT IS R
HERIAE, #Om, BG5BT 82 R 35 T 22 1A% 2R 41 Polynomial A1 RBF % pR 1) SVM it 473
FEFEH 512

22. BETE5%E M-SVM KI8T

AT TR = 5328 SVM X245 BEARRUR B FEARIEAT X 4, DLSRHILIE T SVM i R3] o AT R
258K M-SVM, AMUEXZERE G RKIEREIATX 75, i HZ I T WSR3 R S AT 12

FIHH 2 A% BR E0H RBF 1% BB LK) M-SVM #4712, it p=0.3, n=10. £/ M-SVM
LNk 4(4-1)/2=6 X "33 SVM, EELHIERA . WEMBE Ay AFENIET M-SVM 12
Wrah R anse 5 s

Table 5. Results of diagnosis based on M-SVM when the shift of process mean is changed (o =0.3, n=10)
2 5. HWERBE Ay FEIFET M-SVM ISR (p =03, n=10)

igﬁ « 1” “« 27 « 3” « 47 .
B 1" S 27 Ki M AT RE
IR Au i i E S i ES i E S
95.276% 79.229% 79.514% 79.571% 87.357%
Polynomial
2 99.952% 99.600% 99.714% 99.114% 99.714%
RBE 1 93.914% 80.829% 80.114% 82.600% 87.548%
2 99.924% 99.657% 99.771% 99.943% 99.857%

7 5 AT, SMEMmMEE Ay KR, AR R AN ZIRREUER R 2 A 2, 3. 41X =Fhkcds
RAEMHERR, DR AEFRRE M, X5@MANMET. G, T 20 EE M-SVM
TEAIWZ PR I R IS AR T2 T 42 ) 2 RBF A% BRI M-SVM; T EIZ T 2. 3. 4 1X = Fi R IR HT,
BT 42115 RBF R AU M-SVM R £E; MWaHEmiR 1R, TR %5 RBF K1 M-SVM IS
TH:T 2 A% R M-SVM.

XFEE =432 SVM IHERIR (WL 2) 52 7035 M-SVM R HERR (W2 5), A8 2 10 k% ok %
W RER K RBF ZBRE, =50 2K SVM HIHER R AL T M-SVM, LI UBME WL E Au N 1 MRdEER
IMEFERT, 42 SVM IR TE IR . T, Ui B AR IRES S R EIRES TSI, 42K SVM
MFEH TR NE G MBS AR R R RS AT S Wi, @ UEH M-SVM 27k,

3. T SVM BB 2 #EN T IEEH 512
3.1. EF=5H% svM R ZBER T i2iEH
AR Z R AR AT 7 . = 4EIR 2 BR IR IR IR IES 43 AR 0-1 s34 Fyaka o0 A, $E 2 18] 4%
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TERISe . B S 4EM0E X = (%, %, %) » 358 X =~ N (1), =~ B(L p),x ~ P(4) -

H T BEHLE R 0-1 A1 T4, HeTALIREARRAEZE A T A 0, BB RBER X, MR Tl
HDR IEASKOR AL, A A R By 25 B A R, BRI RS AL IO % A RGP M vt
Z ASRR T2, MBI SVYM FIRHIE )5 (K, Xy, a0 Sy v Sai s Sais Siai Siais Sy ) o 5 SEEISZ AR
BURFTE TR ER R FORES, JET R 8 K=MEIRAHOR, Ak B 6 fis.

Table 6. Determination of 3-dimensional mixed data
6. ZHREFHBHILE

i R SATBSE YRR

1 Gt 2R x,~N(0,1),%, ~ B(L p).x, ~ P(4) Im AT AT AL
2 KPR x,~ N(Aw1).%, ~ B(L p).x, ~ P(2) mASTAL T4 n A
3 KPR X, ~N(0,1),x, ~ B(L p+Ap).x, ~ P(2) mASFAL T4 n A
4 KPR %, ~N(0,1),%, ~ B(L,p),% ~ P(1+A%) m T4 A T4L n A
5 KPR X, ~ N(Au1),%, ~ B(L p+4p),x ~ P(2) mAFAL AT n AU
6 Rk X, ~ N(Aw1),%, ~ B(Lp).x, ~ P(4+A2) mAFAL AT A
7 KPR X, ~N(0.1),%, ~B(Lp+Ap).x, ~P(A+A4)  mATHL, 44 T4ln A
8 KPR X, ~N(Awl), %, ~ B(LP+AP), X ~ P(A+AZ)  mATL, AT M

B opu=0,p=024=3. ACHEXN IESIT AR PR 8w 2 T 7T, W 1 70 A 5L &
FH RNk B R B E AT 24, n Y 10.

X REHIE NS e, ERWEREEN 1 MefEZE. IESEIE x B A =111WZ; 0-1 %L
ﬁ&%ﬁﬁﬁ%%%@=wﬂ—m,mpﬂU%ﬁAWMONPQ@ﬂM:MMﬁﬁ&%ﬁﬁﬁ%%
HAL=~A, HA=318FA1=43.

X LSRR FIE DL, i E N R MR, -

1 03 03 1 07 07
R =03 1 03|,R,=|07 1 0.7
03 03 1 07 07 1

m HY 1000, FLA:pE 14000 74, . 2 r4ifgkdE A% 7000 4. FET 403 SVM KR 24
BRI aE Rz 7 s

H# 7 AT, FIH =502 SYM R A H0R b T 25 R0 2 R PR BT R0, AR AH SRS,
LT A R 0 2 T 93%. AHEL T, FIFH 2 20 IR E i il i), RSS2, 58 3 15k 4 H n B 10,
WHERFS BN 1 MRUEZE s B, FET =025 SYM IR 44 Hbs 145 MR B 5 10 A 500808 1 i i 3
KFEF, BT

B 7 A0, AHSCVER G R i R HE MR R 4R T S SCRF M B R B, SR AR . XL 22 T
3 polynomial #% iR £ 5 1% [H) 2 RBF % BRI A& mT 0L, 7R 3R a4 b, 215X polynomial 1% i %L
B D T2 ) 5k RBF A% BR 0 fEAERZE b, S9AHOCI 42 ] 2 RBF 1% R 4UBE /57, 58 AH DG 2 13X polynomial
IR Hn =, AR EA TR .
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Table 7. Results of C-SVM for mixed data
F7. ET -9 SYMASREEIESHER

iES BmE HEHE SVs
. Polynomial 93.019% 1222

EBY P
RBF 93.149% 1537
. Polynomial 96.357% 760

SRAH IR
RBF 96.202% 1036

3.2. H#TF%45r% M-SVM BB R BRE T 1210 B

20K M-SYM HEFE 25 8(8-1)/2 = 28 IR 702K SVM, BERUBE R K. T M-SVM (12
W 45 R ANk 8 TR o

Table 8. The accuracy of diagnosis based on M-SVM for mixed data
= 8. HT M-SVM BB BB SHUERRZE

FIAE R A
% Polynomial RBF Polynomial RBF
1 95.757% 96.000% 98.440% 98.706%
2 74.640% 72.920% 88.640% 85.980%
3 65.320% 61.220% 83.000% 77.840%
4 67.580% 65.860% 85.140% 82.420%
5 80.660% 80.760% 88.320% 87.820%
6 75.400% 74.740% 89.520% 88.900%
7 80.600% 78.200% 87.020% 87.060%
8 80.320% 78.200% 93.680% 91.680%
SHERR 85.344% 84.564% 93.173% 92.331%

B 8 il L, AHSCHERYSRET, B2 A 2 RS e 2. R A 2 2 8 XL AR 1 E
Wz DL HER R B IO, X @ AIWAR R .

EASERNZE, T 20 polynomial 1 EH M-SVM 712 Wi 52 2 KA I RPN 22 T2 T2 )
RBF &R E) M-SVM, Z450 5 IESERRRAINSI0HK: fE120 2 2 8 XL IR BAHSMESS
i, JETZ I polynomial #% &L M-SVM KL £, X5 IESHIRM RIS 0K NSHERZE
FE, BETRME RBF EREE) M-SVM B8 % T3 T 2 DU R 80 M-SVM, 785 IESEIE 5 2145
WAHR . HHEEAT UL, ZERIH M-SVM AT, X5 4% BR300 25 18 75 BRI 1R

X EE =32 SVM RIHER R (L% 7) 52702 M-SVM FRHERR (L4 8), ANe 2 ) FH 22 1 A% Bk 4k
ik fett i RBF B BREL, 703K SVM HJHERZRAIL T M-SVM, JCHJESIHSCR, —733 SVM Bt
TR . WM, T AR ARIRES 5 R IOIRS Z BTSN, =728 SVM sl kARG 45
BB XER R F R RS HHA T2 W, B M-SVM (21772, X 5 IES R 45 il —2.

4. 5 Hotelling Z =6 E RO REXTEE
A ELEW T BRI 15 B M RO (IR 4 B e R s ) 5 2 I ) . S R R, T 200
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TR EE B I A I I Rt 52 W, 2k, T3 BT TR AR BRI R i ) 52 Wi 5 VR RE 2 AT
FAERAT 2 70 IEREWEEUR 2 o0 8 B s st e b, B4, #A 2 Mgl s T i
ITXTEER T . SR, AT IR R BEE s R e b, B4, R %S T Hotelling 4uit &1 £ 7t
il B o

5T Hotelling Geit & 15111 2 sods il BR80T 12  WARIE RS R 2 R BTG EHIN A
7. Hotelling Guit & ISR IR TAEE RO RN Z N E B R Z TCIES AR IR B T
RAEARRS, WAEBNIERITRL, FIHZ oEml B T, FHsA SR M T SVM 75k
Hotelling £ Jo% #1| B[ 7]l 35 i P e iR 4T % B o

4.1. MrEX LAY

XTECHET SVM 4% 7755 Hotelling 2 oz il B fil 1 B8, 75 20 AR [R] Rt 50 00 R adEAT 20 4T
RPEHE R AR [RIEE, A28 k% 0 1 B FR AR 6 Zi2 P L A

S 1 i B ) 1 B O %085 ARL (average run length) 1 A PP 4 4 il 1 BE B BB B AR AR . LA
Hotelling 2 ju%iil B 041, ARL(0)F1 ARL(L)7r R id B ib T2 RS FURIR RS IS, LM Ik I
AT LB UCL(upper control limit):z #) H Ft fl 2 AP K. AR, JET SVM [d il 74 &
HIA BRI F S A, AR K ARL MOMES o A SORE A5 Bhiss i) J i b X 3 A7 7F 1O R AR
MR o F1 B, FdZoiH BN ARL0)S ARLQ)FEX THET SVM 4515 5 2 RS 5 R RS

173 FAERR A Accuracy Z[AIXT N R &, HARFKR LT
Accuracy (0) =1-a =1-1/ARL(0) [€))
Accuracy (1) =1- 8 =1/ARL (1) 2

NT5H ARL(0). ARL(I)AHSE—, XHHR Accuracy(0). Accuracy(1)7r AR ZHARE . KR
{1 i 2 P

PRSP ARL 23 A4 i) B 04 il M RE 1R o LB s R4 08 248 RS ARLOO)IITE LT, AR
KPRA ARL(L), BETT, h il B I 7 o 0 e 5 ) R BBORE FEE AT 0 BUATE 8 o AR S S )1 2 B sk
ITWHIE, RIS RS2 RS AR RIS TH, B33 =03 SYM B #5:55, FIHMERIR
5128 SVM BEAY, SHIZREE I 32 1 AR AT FIWT, 13RI EIRES T A AER S Accuracy(0); BE)S,
FIFHAR(L), THHEARZE | BRI o - 200, AT — D3RS 6T LURT 78 M4

FT SYM R EAE T SN 4 T AR A SRR . 370 ELET ST Hotelling 2 o#% il
B, TEFFERISEk B8 Nt B, B 2 hlE. FIAHZE | RERR o , 193] 2 55 B0
IR UCL.

B AR AOIRAE, fHR 2 I E R EEHIR UCL, 831K ERER ARL(L); {43 SVM
B ) 7, 15 B RESIRAS AR Accuracy(1). f5BhAT(2), % ARL(L)F1 Accuracy (1) AT 4k,
Xof 4 il 14 B EEAT LU
4.2. IERHIEAIEHIMEEEXTEL

Xt TEASHHE (4% i BE AT EL I 9 . 4R (%, X, )’ BB NZ 1R, REBFEARRIIE W &
Ap B L AMAREZE B Fe , A8 A2 R AL p B 0.7, F2HK/N n B 10, m HY 1000, 4Rk 6000 4141,
Horp: ZEIRETFHS RERE T4 3000 4. FH550 Rl S5 N4E.

o, MATNIZREER 3000 T4, #2435 703K SVM BRAL, H35, FIHiZ 702K SVM B,
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SN GREEH 1) 1500 >S4 T U3 T W, 15 212 EIRAS I AER R Accuracy(0) = 97.4%, HPZHE | J84E5R
M# a=0.026. Fif5, HE | REROME o, WTLISE] 2 56 ER) BffR UCL = 7.30. &5, %
SR AE FF ) 1500 MR T4, I o2 6] B L3R UCL, BRI EIRE R ARL(L); FIH —493
SVM [z 77i%, 183 RS MUHER 2 Accuracy(1). T 45 Rk 9 fis.

Table 9. Comparison of process control performance for normal data (p=0.7, n=10, Au: 10)
9. EASEIRAISHIMRELLE(p =07, n=10, AuA L1NFREE)

AR ) 7 a MR ARL
SVM 0.026 94.705% 1.0559
2 A 0.026 94.810% 1.0547

M1 9 AT, FET SVM IFE IR 52 42 I R A HER R LU ARL HAEF HE . WBUHERE,  ° 2
P A HE B 5 AT ARL RIS A T2k SVM I3 Il /73 15 W] Hotelling 22 Tz il I 224 9 FH K 2 WAL 28 -

4.3. RAMIFERIEHIERERT EE

SOHIR A KA O P P RE AT X LU 9. SRR AR (X, %, %) B WFE 6 Fir. ZHRETH
Wu=0, p=02, 1=3; RERETFHNSEME RN 1 MrEENRE, BAGEIERRE, 3
B Au=1, Ap=04, AL=+/3. BWRAMKMEE, AR, . THAA nHE 10, mHL 1000, FA4 A 14000
AT, H: ZRETFHS RERE AR 7000 4. 50 AIIGE SNRE.

B, FHIIZER 7000 T4, %838 20K SVM B, 855, FIHZ 4038 SVM KA,
SN ZREEH 1) 3500 /N 52 45 T4 T W, 15 22 IR I AERG 2 Accuracy(0) = 97.5%, EIZH | J8451R 1
MR a=0025. Bifa, HE I EROME o, TSRS 2 fH B R B3R UCL = 9.35. e, 4
SRR ) 3500 N RfE T4, FIF 2 il B i) Byl iR UCL, 53RN ARL(L); FIAET
432K SVM 35518, 1581 K2R HER =R Accuracy(1). 4 Hréh a0 10 Fior.

Table 10. Comparison of process control performance for mixed data (correlation matrix: R, )

10 RABURRIZHIMTRELL (X REIEMEAR,)

AR vk a HEHR ARL
SVM 0.025 95.971% 1.0420
P il 0.025 37.351% 2.6773

M1 10 AT, MHLET 22 i, 2T SVM B fr ik iz filvE RS 2 1 AR B2 e T, R
5 ARL #5115 5% . RAR, iR A, JUHAR R AR A R 2 ISR AFIT, 22T SVM
(A2 Al) 7 9K KR P2 S P P e I T D9 A 1Y) Hotelling 22 o il 181 (K — Fiofy 22 i 42

5. &g

ASCM I SRR R EAL SVM SEBL T 0 R EUE i i il 52 W, BF 7l
1) AHLE T 2R ek 20 Sigmoid 1% e 45, R T 2 3505 polynomial 4% e KRR [ 2% RBF 4% b5 £ 14
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