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MRE, EROCHFFZHERNER X TRAESHN, EHXIEIESS ARG TS BENEIGETHR
HRRGERY. HE, LEEESHHHFTEARSHH, KETHERSIZ=X HERRE. 2RES
L RSB E R B,

FEAART R AR, Clements iR R T —HREHW AKX E U9 0, Gt UR0MER X 8
SRR IEES A, AT X 270# 0.135% MR B9 LR T ROZERBAR “ 60 7. B, FH

WA NIRRE N
oo U-L 2d

P £l—a _fa = &1—41 —Ea’
Hf & BE LN P{X < &} =a=0.00135 &-o 1 & AFHIR X A4A4E 0.135% BB LA TR . MFIE
O N(1,0%), H &1-a = p+30, & = p— 30, XBE, XTF Veever R TITHISEM T P4, 4 X Hit—
XPRE RGN AR, KT HEERET 1-1/C.

(38)

FRIH Ol B
[ d—|§0.5—M|
Cor = 6o — &)’ (39
Hep gos B THFEHE 1.
X T 53X Pk 028 IR A X BRI AR IE S AR08 5L, 1SO “ 69 ” HARZBRSBEWE A TEMITEAR [
. z50 — L U — x50
Cpk - {-'1750 - Z0.135 £99.865 — 50 }’ (40)

ﬁq’ Tax100 = a-
F—MAEREARIAER X HFHRRY = M(X) WX, B A(X) R X 5N LIRSS R,
H R(X) BT RS MEEE ESHE . XRERIIRTLR AU), ML) BR Y @397 2RARIREAR P
U LUKo HRHTFZIESRENEEXAXZAGHH, LRMEATRE—EMRE .
EREM—EIT %P, BF Kotz Ml Johnson Rify, A “5.150 » U8 “ 60 > Bk M. ZkmR

BETH FTEAGIMERFE
P{p— 25750 < X < p+ 2.5750} ~ 0.99, (1)

TR RE T 0 (BET ANEESHBESS L AEE) AL RB/MY. ERAERBEZHH
EREEEBERGICEABRT, ZMEREFERY. B, XEFWIMAREZRMEEHS: —BSEE
Bl Cp EHA 10, BERBHH/MIREEE 1%, I KEHEBEATS, IMTEREBERLET: 5—1MF
B X (A HLAEREE T BRKNHFL.

Wright(1995) $2HH T — 34 A vk S i S FR A S 1 4k 149)

e d-lu-M] __ (d/o) - (- M|/o)
32+ (u—-T) +lpsfol  3v/1+[(u-T)/o) +[VBil

He pg = E[(X — E(X))P), VBL = us/a® HiRtEd BE.

FEMEERE 1, Chen F1 Kotz BiFE |VB| BIEHA—RE v > 0, B v HHERNZENT 15—
ASERERY B (19,

Bai fl Choi T —MEAT X HERIFHLBEHER, SRE—MET TR Bk W7
EHEERENXE LU WERRMTRLELER T AR RE. ARE P{X <up} =P HEHET, il
EXTHNE C, K

(42)

6 = sorslmn (5 =5)] = % 3



214 BLR s 453 Fo+ i

o W = TH (T 2Pl MR W 21, M4 C; <Cp RS, P=1/20%BHEL. XH, BH

. U—-n p—L Cpk
c, = , = ok 44
pk = TR (30\/213 3021 = P)) W (44)

BRI, B Pr=P{X <T}, Wr =/1+]|1-2P;|.
FEX Cpm B —HBIEMER L, Johnson SARMT “RIFMEBAESEY B HEXy

(46)

U-T T—L),

o (MSE+ ' MSE_

1
Cire = 375
H MSE, = E{(X —~T)2X > T}P{X > T}, MSE_ = E{(X —T)?|X < T}P{X < T}. S ey RB 2 & &
RETE X RS, HEWX) =T, MSE,y = MSE_ = ¢%/2. HX X FHA BN A, HESHF Franklin
1 Wasserman #3325 (49,

§8. ZKEHE

gurd BEh R s, BRI I A PR R 0 RN TR — Mg 0B, T
BREAEHEER A TUNREAWEERR, RETIBESHFIENERER. AXGFEE T IERE
THE BB R IR .

ELFREE RS, AMIESBRERREMNREFANEAIREN BRI LEE: o) BHESHE.
LEHKBRAZE R, EHIEXRIRENNEW b) BETRHNEHER, o BEFROETLR, 78
TEREWSRRABEIWER, d) SEEESEREYNHE. REME, REBENRAER o dTAR
BARBE R T BRANA AR, AU EFLBARSRAT RENT NET, A7 ET #ER R K
BRE. rid, EE-IBeTHENIRENRE, BO0E, TEFX.

NERAREORE RS ERREY, WAL FEMIBREAIERRATREN T A RHA RS,
Bitn, FXMTFRZHSRETERME, RAEIEY Co WEABREER, BRNFANOEZERES C, &
KR MUEREEWE Cor (. Uk, WMTEERY AP IERMONE, 16408 ERIA L RE S
FERCHR S5 St L R BT 52 P SR Fp A R B [ R

EEs, AL RENEHNEREEETENVNEE. ) IENHHERRTREITURNME; b) fr
FROIBN SR EL FRAERRE: o RITHRREMTEERTFAFREN SO ) SEPHRN
TEETRMNESSAM . DRNEE X WM GIEESHME, FHFHEEIEESOAH AN LRI
AT FEARECHI 55 X SR M T EE MRS o) BAE - BEANERESEATIIAHLE, AR LR
RNBBIERRIEN SR, Bk, ELFREAS, —FERIGE Y EEE & RS RE B
BEME NI BN YR E ZELREANITE, A—HERYMERAIRENBBLNTRENMS
Hr= AR KHI B

ERRENLBRENHERREBRRAUERRMNESHHHEERL FHITITRHN, ERXHRERAE
ENMERBESEHOMEHNSHER, HERESHIARBERRBFLBH&YG, TEFEYTE
KEMLBRARMES G, BEIASSE T SR80 BRI E S5 1180 TR LR k.

—RAEET, LFERPRE SR ERTEFEERMEY, EERECITWEARERTET. 6
wm, XHEMA I ETEY R AR BN TS

—

Y X, 0=8=—3(Xi-X)



- B ERK. HHRNISKER 215

A XESFNBEBREHATRIFNG, AXBHEEFTSREROEREH T EOLERE . EXE, HE#
HR, BTIERTHEIEROFE, o #HTSHNESRE; b) L PR EBEPEHERTALR
it BT B RS RS BAE Ry A P E B R A

i A CBRWA BRI KM John S. Ramberg BIRM MR, FEHRRBEHE !

g F X W

(1] sk, FHEESGE, THME, 3t¥aitdased, hFEITLERY, 2000
[2] Samuel Kotz, Norman L. Johnson, Process capability indices — a review, 1992 — 2000, Journal of Quality Technology,
34(1)(2002), 2-19.
[3] Norma F. Hubele, Discussion, Journal of Quality Technology, 34(1)(2002), 20-22.
[4] Kotz, S. and Johnson, N.L., Process Capability Indices, Chapman and Hall, London, U.K., 1993a.
[5] Bothe, D.R., Measuring Process Capability, McGraw-Hill, New York, N.Y., 1997.
[6] Kotz, S. and Lovelace, C., Introduction to Process Capability Indices, Arnold, London, U.K., 1998.
[7] Wheeler, D.J., Beyond Capability Confusion, SPC Press, Knoxville, T.N., 1999.
[8] Rinne, M. and Mittag, H.J., Prozeffihigkeitsmessung fiir die Industrielle Prazis (with English summary), Carl Hanser
Verlag Miinchen Wien, 1999.
(9] Russell A. Boyles, Discussion, Journal of Quality Technology, 34(1)(2002), 43-44.
[10] Richard A. Johnson, Dean W. Wichern, Applied Multivariate Statistical Analysis, Prentice-Hall, Inc., Englewood
Cliffs, New Jersey 07632, 1982.
[11] Juran, J.M., Juren’s Quality Control Handbook, 3"%ed., McGraw-Hill, New York, N.Y., 1974.
[12] Kane, V.E., Process capability indices, Journal of Quality Technology, 18(1986), 41-52.
[13] Hsiang, T.C. and Taguchi, G., Tuterial on Quality Control and Assurance — The Taguchi Methods, Joint Meetings
of the American Statistical Association, Las Vegas, Nevada, 1985, 188.
[14] Fred Spiring, Smiley Cheng and Anthony Yeung, Bartholomew Leung, Discussion, Journal of Quality Technology,
34(1)(2002), 23-27.
[15] Robert N. Rodriguez, Discussion, Journal of Quality Technology, 34(1)(2002), 28-31.
[16] Davis R. Bothe, Discussion, Journal of Quality Technology, 34(1)(2002), 32-37.
(17] John S. Ramberg, Discussion, Journal of Quality Technology, 34(1)(2002), 45-50.
[18) Samuel Kotz, Norman L. Johnson, Response, Journal of Quality Technology, 34(1)(2002), 51-53.
[19] Parlar, M. and Wesolowsky, G.O., Specification limits, capability indices and centering in assembly manufacture,
Journal of Quality Technology, 31(1999), 317-325.
[20] Kotz, S. and Johnson, N.L., Delicate relations among the basic process capability indices Cp, Cpr and Cpm, and their
modifications, Communications in Statistics— Theory and Methods, 26(1999) 849-861.
[21] B3R, BT, BRE, wER5EEL4H, BENFTHEE, 1994
[22] Carr, W.E., A new process capability index: parts per million, Quality Progress, 24(1991), 152.
[23] Yeh, A.B. and Bhattacharya, S., A robust capability index, Communications in Statistics—Simulation end Compu-
tation, 27(1998), 565-589.
[24] Flaig, J.J., Issues Related to Capability Indices in Process Capability Analysis Software Manual, Section 6, Applied
Technology, San Jose, C.A., 1992,
[25] Flaig, J.J., A new approach to process capability indices, Quality Engineering, 9(1996), 200~-211.
[26] Flaig, J.J., Process capability sensitivity analysis, Quality Engineering, 11(1999), 587~592.
[27] Flaig, J.J., Issues Related to Capability Indices in Process Capability Analysis Software Analysis, Section 6, Applied
Technology, San Jose, C.A., 2000.
(28] Singpurwalla, N.D., The Stochastic Control of Process Capability Indices, Test, 1998, 1-33 (Discussion: D.R. Cox,
D.K. Dey, A. Fries, J.K. Ghosh, M.A. Gémez-Villegas, T.Z. Irony, W. Klieman, S. Kotz, D.V. Lindley, M.F. McGrath,
and D. Pea, 33-79).
[29] Pickands, C., Statistical inference using the extreme order statistics, Annals of Statistics, 3(1975), 119-131.
[30] Smith, R.L., Estimating tails of probability distributions, Annals of Statistics, 15(1987), 1174-1207.



216 B g it ok

[31] Polansky, A.M., A smooth nonparametric approach to process capability, Quality and Reliability Engineering Inter-
national, 14(1998), 43-48.

[32] Polansky, A.M., An algorithm for computing a smooth non-parametric capability estimate, Journal of Quality Tech-
nology, 32(2000), 284-289.

[33] Veevers, A., A Capability Indez for Multiple Response, CSIRO Mathematics and Statistics Report DMS095, Australia,
1995.

[34] Veevers, A., Viability and capability indices for multi-response processes, Journal of Applied Statistics, 25(1998),
545-558.

[35] Veevers, A., Capability indices for multi-response processes in Statistical Process Monitoring and Optimization edited
by S.H. Park and G.G. Vining, Marcel-Dekker, New York, 1999, N.Y., 241-256.

{36] Palmer, K. and Tsui, K.L., A review and interpretations of process capability indices, Annals of Operations Research,
87(1999), 31-47.

[37] Ruczinski, I., The Relation Between Cpy, and the Degree of Includence, Doctoral Dissertation, University of Wiirzberg,
Wiirzberg, Germany, 1996.

[38] Vannman, K., A unified approach to capability indices, Statistical Sinica, 5(1995), 805-820.

[39] Spiring, F.A., A unifying approach to process capability indices, Journal of Quality Technology, 29(1997), 49-58.

[40] Chen, H., A multivariate process capability index over a rectangular solid tolerance zone, Statistical Sinica, 4(1994),
749-758.

[41) Shariari, H., Hubele, N.F., and Lawrence, F.P., A multivariate process capability vector, Proceedings of the 4t
Industrial Engineering Research Conference, Nashville, T.N., 1995, 303-308.

[42] Taam, W., Subbaiah, P., and Liddy, J.W., A note on multivariate capability indices, Journal of Applied Statistics,
20(1993), 339-351.

[43) Clements, J.A., Process capability calculations for non-normal distributions, Quality Progress, 22(1989), 95-100.

[44] Kotz, S. and Johnson, N.L., Process capability indices for non-normal populations, International Journal of Mathe-
matical Statistical Science, 1(1993b), 35-44.

[45] Wright, P.A.] A process capability index sensitive to skewness, Journal of Statistical Computation and Simulation,
52(1995), 195-203.

[46] Chen, H.F. and Kotz, S., An asymptotic distribution of wright’s process capability index sensitive to skewness,
Journal of Statistical Computation and Simulation, 55(1996), 147-158.

[47] Bai, D.S. and Choi, 8.5., Process Capability Indices for Skewed Populations, Masters Thesis, Department of Industrial
Engineering, Advanced Institute of Science and Technology, Taejon, South Korea, 1997.

[48] Johnson, N.L., Kotz, S. and Pearn, W.L., Flexible process capability indices, Pakistan Journal of Statistics, 10(1994),
23-31.

[49] Frankiin, L.A. and Wasserman, G.S., Bootstrap lower confidence limits estimates for C;x, (the new flexible capability
index), Pakistan Journal of Statistics, 10A(1994), 33-45.

Recent Development in Process Capability Indices

TANG SHUMING WANG FEIYUE
(The Key Laboratory for Compler Systems and Intelligence Science,
Institute of Automation, Chinese Academy of Sciences, Beijing, 100080)

A statistical process control guarantees the quality and reliability in modern industrial manufactures. Process
capability indices can provide a general idea on the process capability of an industrial process. In this paper, we
summed up the current study situation of process capability indices. A concept concerning process capability
indices was introduced at first. Then, several analytical methods of process capability indices were presented in
detail. Furthermore, we addressed some approaches to dealing with non-normality of the distribution. Finally,

the conclusion, the future study and development on process capability indices were shown.



