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Abstract

As we understand it, Process Capability indices are intended to provide

single-number assessments of ability to meet specification limits on quality
characteristics of interest.

As a consequence of the varied ways in which PCIs are used, there have been
two natural lines of research work : O studies on the properties of PCIs and their
estimators in many different environments;@ construction of new PCls purporting
to have better properties in certain circumstances.

The most of existing process capability indices are concerned with the single
variable. But, in many cases, a quality characteristic is composed with several
factors. In that case, we want to know the integrated process capability of a
quality characteristic not those of each factor.

In this paper, we proposed a new multivariate system process capability index
called MSPCI:SCpsc which is the geometric mean of performance measure Cp.’S ,
and will be used as the criterion to assess multiple response process designs.

Numerical illustration is done for SCpsk, E(f), Cp, Cpk, Cpm, and Cpsk.
key—word : SCpsk(System Process Capability Index)
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o, 2u|xe] Q37 g we} dE AF FE RFERYE FF AAA dg F
A9 HxZ FAHTHAFT(Process Capability Index)-J ARgo) Foistar gl

HA 2000 AX FAL AFHL FHTEATE 19909 FHHRE vlZoA 6 Aan}
FAETY ANZ A3t AZFA R op} "W]é QA oM E Z2ZA29 FH
< Hrksr] A8 ggstA AHgHa lth

AF7A Y FASH B AFEe F2 ¢UdWFE FASHAISF AA gony oh
F3%Y Ao # A7E oFF A %?} Holtt, ey Ad3RY dA 8%
gl Z¢ dd¥oz gdni BoE Uiy 548 AYUn Y& ¥4 £ gle A
Alo]\;}.

o2} A 63"”-‘103 AR EFA 8F3E FHTHSE 2ok FF3 oty 93
Ae 83 FHdAN Bt J2 ARFE dite AFAFESE FAEA, F45H
< 2ot A3 :4%3}7] A% aF FHTY A5Y Mge] s7Et
g B =fdAMe thEF FASPXNE 2T TRAA AN FASHA o
g Had g A= FYE X g AR FAEUE, FEX S} FAHFTOl YA
A e A FAHo EXAZRE ARSHE FS WIdel @A FAHA REH
ZRYY HdAHEAA] n g FAFHAFA Cu & 71F22 A2d FHFH A

T SCp & AN FALHES T3 24530

2. @AW F TASHAS

9B FASYAANS4F AFTHA B IHSHASE Benson o] BEE Ch = Cp,
Cpk, Cpm, Cpmk 5 EE FAFHAFE Yed & v 2E Cp, Cpk, CpmkE 2 A |,
2, 3 A FAFHEAFENL HE3L CpuT A 4 AY) FHFHA 5 (Fourth-Generation
Process Capability Indices)&til WA Cpp £ tha9 4 (1) el 4 glth

min(USL—p—|p— T, p— LSL=p—1T)
3V ol +(u—T)?
d— uy— M — wM— 4 N
3\/ 02+v(#_ T)z .......................

7)o A, T=target Value, £=33ET, d

Coa(u, v,w) =

_ (USL—LSL) M= (USL+ LSL)
2 ’ 2

Coplu, v, WA ue T8 BT TAFY dF AL nedste dvdged, ve &
29t A neste Aol we HEd REX i A& nese ey
HZ EZF 0 EE 19 2%& 7KKt gd8d X878 AgdE IFFIARY
CipCsr Com, Compe © BF Cop{u, v,w)e] 53 HE2 B 5 glo9 o]& (u, v, W)
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<E 1> AFEAY 4% FASYASY AN Ha

TR THEAF S
C,xk(u.v,w) il |
C, | C,(0,0,0) _QSLS;ULSLL
Cw | Cp(1,0,0) min (USL=s 4= LSL)
USL—LSL
Com | Cp(0,1,0) A F Py
min (USL — p, 42— LSL
Coe | Cpa(1,1,1 min(USL—p—|p— T, p=LSL—p~T)
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(1) ¥z F4% 8 A4 (Multivariate Process Capability Index)

4449 aF AN FE AT FAFAAT BF AFE 9Y FRAAS
o #F ATE FUOZ WY ARE WP WY FPFS FERIYSY
A4 3¢ Mo AP oy AWIHPo UF BPe BAZ AR
FASe] BEAD Y& AAolth BAA EA AFAN ol HgaAA e ob7

2 Be A U
Kocherlakota, S 9 Kocherlakota, K + 74 st HAQ oI AHFEX
BNt 5, 5, 02,02, )8t 35 EA5e 2480 T, & C, 9 2% F82xd+
2 AN $AA 32 $8S 2A13192™, Shahriari et al. P+ Hotelling®] 72 $A%E
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Ve o8 7122 239 HE IRSY S Cu 9 FAFY BEY IPRE AYE FE
FHsta, ol 7122 F A IATYHASFT C, & Cpuol td ZAEQA AFFH &
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A Hgoe olde B AFES e o
(2) 29 TA%5E A4 (System Process Capability Index)
ggEFor WM FAHTHA S # A7
Fe vz g2sAd @Bg=Ut Chen et al¥e o
MC & Mg on), Wang et al. '’ Chen et al?9] MC,
oz AN MPCI 9 iz 45Y A4E 2EHYT} Veever® ¥AFH
o] A AH(volume of specification region)o]l w3 FAHFAFH2 A3 (volume of
window of opportunity)e] ®l-&dl ZAF A F FAH T H X4 (Multivariate Process
Capability Index)9t #AHsH Tk % 582 (Multivariate Capability Index) V,& %
E39 . ' '
%3 Robert D. Plante'®& il @e] AZ 2 ZAHHA SHoz FARNE 399 2
Beg< e 29 Mde TARAFEAFA MChu 9 MC,, &2 Yepdi o,
ol=AVe guiF AXF 9= P FTHASARASHF(MPCM ; Multivariate
Process Capability Mean)& A A8t}
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AANNA, ai = BA i9 AEAEA gai=1°]‘1}, 5E FHo| BRPEd B

¥ Algolatd ai=1/f 71 94

olx7ol AMAF thHF FASHYAS HF  C,(NE AIY ME F2e Cy) B
o 9% JtEHT R HEHY] WEY 2 2o @Y Adol WS ded FHE
AR Ak 2dYd C(Ne C, % Cuol 2ATS ARHAA7) dEo) FFo) o
g A= AT AR 3 HEQl AYEY F /A HEe nFHot A
H FARY FIAYTIL FAY EEX T A nde X Edds DA U
gt B =FqAE olgd MdS EF EYE TATHASFA Cup & MY F
A =% duF FZsYA+E NEsaz

¥twio] Robert D. Plante'® & tiehd 349 AETHEAS 58 oz 33548
B713t7] % A2d FAHAEY A4 (System Process Capability Index)E& 7§23t 4
t O 3F FARTYEY B9 TAH5HLS 54 & & (Performance Measure)olgtn &
g qErie 3y FFTHeZ 8 2RI H1 JEFHA 39 FAHETHY
ZHEES T3 AA FHFHAF 92 e

}FATEE dehE WiA S5 e A9 HEsee USL,; & LSL;
olg sz, Azt 9 FHeH TATHATE Cp A2 3™, mAY dATA
L2 FAHE HF ITAHATEE Hrolete FATYHATE AN2" FHTHY AF
(System Process Capability Index) SC, 23 RJ3t3, Al2" FF5HASF(SC
g 39 FAFTYHATY Cu A 7188 T (Geometric Mean) 2.2 B SC,& 44

A7 X=(X,,X,,..., X, o g5z ggn go] ved & gl

m . USL;— p; p;i— LSL; m
SCp= O™, Mm( S, B )]” ..... @)

A9 29 SCLE TFAsE 7MY Cud F2 HuUssr] % vxd Ay
(nonlinear programming)& t}3-3 o] 233 4 gy,

Maximize X : 172, C (3 (3)
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TR BEHAY 36 FHETIY FHI}FLE WA wEEop F& o,
2 (6) o9 TA8TY AFe vgd 21 ¢EFHo I £F 4 (N LR
UR ;= jiA AR &z 4 AFEHE onjgch
Robert D. Plante € #9 =S Foldtr] A# A2d TASEH A5 (System
Process Capability Index) SC, & ©S3 o] AR
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Robert D. Plante 94 ol=7e] ANE FASAAFHZ C, (N FAA Cu
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gxo A¥d g% FEQ HFIUE T sx HAxE: mEsFoy FAYFH Ax
d FASAS A MY TASYEY TARYFY TAHY ZEX To U ng
= 3% EdoE 9@ EA o)

g2A B =EdMe B «Iﬂ HEY AL, X 9% HEQJ FUE, FEA
TARRT dAA Fe B¢ ¥ FRAZNE WEsE A T #A
glo] 49 FEXNZE FE9 ‘ﬂﬁ}’éiﬂ}xl 2P TATHATY Cpe € 71E2E
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v; = R AYE nste FATHO EE D
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1/m
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(72 Com (D) V™
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a3e A EO e 1)

*g Best 2ol A
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pi— LSL

3y &+ (p;—

SCW— (H 1Cpmk(l))1/m

o]’% Robert D. Plante’} AN @ Al=9l 3458 A4 SC o &
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<E 3> 999 IATHATS M2g 34%E AF vn
o CTEE TATAAS =g RS aAF
o AT 3R AFFR)
USL—-LSL m USL;—LSL; ;m
C,1C (0,0,0) 6o [ne, 6o 1
: USL — ~LSL m . [ USL; LSL;\ 1 1m
Cou|Cra(1,0,0)  min (-0, 2=l ) L2 Lt 2 lSLe) g1
USL—LSL)ﬁ_ m . USL;— p;— LSL; 1/m
C om| C (0,1,0) oV 2+ (z— T)° [17,=1Mm(3‘/02+(#_T)2 3\/oz-+(/t-—T.-)z)]
min (USL — —LSL m di—pi— l/m
CMCM(I,I,O) 3 0_2+(#_7.)2 [Hx 13 f+(# ]
i — |~ _ - m dimudu,—Ml-wiMi—p] ylm
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5. 449 2 ¥4

A4Y 2 248 AN R 2EF BHE ARSste 2d3 e AAsut 23eE AT
Aoz 743t dem, Minitab ¢ Random Datag °]€3tgith TR L N2 7HH3IA e
TAERE X 2ERAA 278 A4 AEY 20~40E 2A3te 50708 dY AES

A A
AE4 1,2 39 71 ARA ANBS, USL, LSL;, p; € <& £ YA

<E £ 38134 1, 2 39 71E AR

2y sIFA 1 334 2 s TA 3
A5t 50 50 50
USL 97 104 111
LSL 103 116 129
P 100 110 120
T 101 112 122

FATA 1 o GBS AY VEREA g, = 100, =12 HAsA2H, 39F
B 2E u, =110, 0=2%8, 39 TA 3& x4, =120, =322 HAZN T Z}7}t =50
el GE LA

<E 5 >dA <F 11> 392 1, 2, 3 o &
Cpm, CpskE Zt7Z} F3ld o, B =&dA AAG A
FTASHEASF TS 7 F vlu B4
T8Z5 A2d FHAFYEASE olEHY FATHASF Hoo vl Hutyozw
FA%E g Hod vt FAH TEE Bk 9454 Hriste Aoz E4F
Q. oA o] &9 *%OE ojF o A" FAE By FdAEA BE F
AE Aoz BAFHACT. E£38 Robert D. Plante7l AAIF A28 3A%5Y 24¢Q SC &=
3R EEA A9 FAFH Ao JHAs e XA IHTE AFE ?ﬂwr =
oM F23% A2d FASEH A5 SCE ZXA 349 4 dA8A g 497t
A 13 Pz FAE 2" FAHS HrHE F e FHECH
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ZASHR] S U FITYTHASF :g.;g:“g;%;]zr—_
e N 33T
Cﬂsk(u, v, W) 241 | 22 | FR3 —'ﬂ;gl 3}7(]—1— Z]—Z?-SQ-?’-

C, |C,(0,0,0)| 095 | 1.01 | 0.98 SC, | 0970 | C,(H | 0980
Cup |Cu(1,0,00| 092 | 097 | 095 SCu | 0921 | C,(H | 0940
Com |Cp(0,1,0)] 093 | 1.07 | 088 | SC,, | 0936 | C,,(H| 0960
Cor |Cp(1,1,1)] 093 | 1.07 | 088 | SC,y | 0936 | C,u(f)| 0.960

T1=100, T2=110, T3=120, USL1=96, LSL1=103,USL2=116, LSL2=94, USL3=129, LSL3=111,
s = 100 #2=110, 3 =120, 04=1, 692, 03=3
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<# 6>
T R 274 Lo
€, |C(0,0,0)} 1.02 | 093 | 093 SC, | 0939 | "C,(H | 0906
Cp|Cp(1,0,0)| 068 | 091 | 087 | SCp | 0734 | Cu(p | 0820
Com|Cpi(0,1,0)| 072 | 087 | 094 | SC,p, | 0767 | C,u(H | 0.843
Coo| Cpu(1,1,1)] 060 | 087 | 094 | SC,y | 0700 | C,u(H | 0.803

T1=101, T2=110, T3=120, USL1=96, LSL1=103,USL2=116, LSL2=94, USL3=129, LSL3=111,
(a1 =100 po =110, pg =120, 0,=1, 09=2, 03=3

<E 7>

ooy Likcs
Culwn) | o | sae | 390 | oqlade | 3253
C, | C(0,0,0)] 0.99 1.06 1.06 SC, | 1.055 | C,pH | 1037

Cw | Cp(1,0,0)] 093 0.66 1.04 SCu | 0799 | Cu(H| 0877
Com | Cps(0,1,0)] 0.99 0.66 1.10 SCpm | 0848 | C,(H| 0917
Cua | Cpa(1,1,1)] 0.99 0.55 1.10 SCpe | 0774 | C 4| 0.880

T1=100, T2=112, T3=120, USL1=96, LSL1=103,USL2=116, LSL2=94, USL3=129, LSL3=111,
=100 pq =110, g3 =120, 0,=1, 652, 03=3

<E 8
e 2 W

sgsans | BIURFIEEAAS 2 L

Coo(u, v, w) - A2 A=Y

’ 331 | 332 | #83 | plaf A58 ¢
C, | Cp(0,0,0)| 1.03 | 094 | 096 | SC, |0.964 | C,5 | 0977
Cam | Cp(1,0,0)| 1.00 0.94 | 0.69 SCax | 0.805 | Cu(f)| 0.877
Com | Cp(0,1,0)] 1.11 0.99 | 075 | SCpp | 0.908 | C,.(H| 0.850
Car| Cp(1,1,1)] 1.11 0.99 | 058 | SC, | 0978 | C,u(»| 0.893

T1=100, T2=110, T3=122, USL1=96, LSL1=103, USL2=116, LSL2=94, USL3=129, LSL3=111,
#1=100 Mo = 110, pg = 120, 0 =1, 09,2, 033
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<E O
R e t‘l]i_al:
FAsEAs | TINBERGRAT FAvans
Coolu, v, w) = A =¥ ZRE4
i A1 | 332 | 338 | gl CELE
C, | Cm(0,0,0)] 1.33 | 086 | 0.85 | SC, | 0.986 | C,(» | 1.013
Cow | Cui(1,0,0)] 080 | 051 | 0.84 | SC, | 0585 | Cu(H| 0717
Com |Cum0,1,0) 072 | 060 | 090 | SC,» | 0.624 | C,.(H]| 0.740
Cot | Co(1,1,1)] 060 | 050 | 0.90 | SC,y | 0.520 | C,u(N| 0.667
T1=101, T2=112, T3=120, USL1=96, LSL1=103,USL2=116, LSL2=94, USL3=129, LSL3=111,
p#1 =100 po =110, p45 = 120, 04=1, O'2=2 , 03=3
<E 10>
N WaF
= IR =
Coalwo®) | | 332 | 338 | pqafy. | 3253
C, | C(0,0,0)| 1.08 1.06 | 0.88 SC, | 1.004 | "C,(» | 1.007
Co |Cu(1,0,0)] 071 | 1.04 | 069 | SCp | 0.714 | C(/) | 0.813
Com | Cp0,1,0)] 073 | 1.05 | 0.77 | SC,p | 0.768 | C,m(H| 0.850
Co | Coi(1,1,1)] 061 | 105 | 0.60 | SCuy | 0620 | C,u(H| 0.753
T1=101, T2=110, T3=122, USL1=96, LSL1=103, USL2=116, LSL2=94, USL3=129, LSL3=111,
1 = 100 /12=110, w3 = 120, (71:1, 0'2=2, O'3=3
<E 11>
2k
FR5YAy | TINEIRSAAST FAEEA%
2] v
Calwv® Tz | 392 | 393 | 54l | 3253
C, |C,x0,0,0)] 1.12 | 096 | 114 | SC, | 1.107 | C,p | 1.073
Cop|Cu1,0,0)] 1.06 | 059 | 0.87 | SCp | 738 | Cu(H| 840
Com|Cumf0,1,0)] 1.16 | 065 | 0.87 | SCpp | 810 | Cpm(H| 893
C,|Co(1,1,1)] 1.16 | 054 | 0.68 | SC,u | 653 | C(H| 793

T1=100, T2=112, T3=122, USL1=96, LSL1=103, USL2=116, LSL2=94, USL3=129, LSL3=111,
My = 100 Ho = 110, H3 = 120, 0'1=1, 0'2=2 ,

03=3
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<E 12>
= e LIS
%26]%%]2]“!: ?_}?_J_t‘ﬂ;%k%lzg-s—@,;{]—,— %L;g]q‘_g.g],o;qq_
Coa 2, v,0) = Al +4%Y
g 341 | 342 | B4 | pqlan. SELE

C, | C(0,0,0)f 1.03 | 097 | 0.87 SC, | 0.932| CXN| 0957
Cp | C(1,0,0)] 078 | 065 | 0.74 SCy | 0613 | C (| 0.723
Com |C(0,1,0)f 085 | 071 | 0.82 | SCpp | 0.703 | C,m(H| 0.793
Cout |Co(1,1,1)| 071 | 059 | 0.64 | SCyy | 0.518 | C,(H| 0.647

T1=101, T2=112, T3=122, USL1=96, LSL1=103, USL2=116, L.SL.2=94, USL3=129, LSL3=111,
M1 = 100 Mo = 110, M3 = 120, 01=1, O’2=2 s O'3=3

6.4 &

2 dFdMe 2 208309 FATHEASd 2R RFS WP FHTEAFE T
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Capability Index)®} A€ FAHEH X4(System Process Capability Index)E& F¥
sttt 2gla 7€ gRFITAFTEASLY A 2| FHSTEHAS F2 Cpyt Cpk
ol ZASY NMLHAeY E dFCME FTd A HEQ AL, Axd 9T
AxQ AYE, REXY FAHAH A AR & A FHo] EZXNZHYH w3

T ko] @Al 3R EEXNE EEHY WNIFEAA nHF FIHFHAS
Ci o 2AZY ARE 2" THTYH AF SC,e & AANFAT. =& +34Y
%?‘Sﬂ N2E ALY FHTEATE 71&Y FATIAFEY gL FF3] duize) A%

S F4E ¢ YUY FF B FAZHA AdFE i A2" FHASTHASN #FF A
f*é vpotel] F& dF7F gLdrn o

31 fo o
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