Robust Control Charts Based on Self-critical Estimation Process
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Abstract

Shewhart control chart is a basic technique to
monitor the state of a process. We observe
observations of a group of size four or five in a
rational way and plot some statistics(e.g., means
and ranges) on the chart. When setting up the
control chart, the control limits are calculated based
on preliminary 2040 samples, which were
supposedly obtained from stable operating
conditions. But it may be hard to believe, especially
at the beginning of constructing the chart for the
first time, whether the process is stable and hence
all samples were generated under the homogeneous
operating conditions. In this report we suggest a
mechanism to obtain robust control limits under
self-criticism. When outliers are present in the
sample, we obtain tighter control limits and hence
increase the sensitivity of the chart. Examples will
be given via simulation study.

1L AE

Shewhart 2] % (control chart):= &9
FHS B} st ARFAH) AHE
A= 718 THolt. #Estaal st I
B2 H¥l WEI7(sample size) 44t 5SHT
o BUAES TEH Wor 33 3
ol HY (== TFE T FA
(statistics)= FE| T T AR BT E
2437 A= Bl gl(control limits)S
o] Q3 o2 BE 7] 20-40 Mo A
ESE 749 FEI1FE(subgroups)E HE
ALY olF REIFES dojdw £H
< QM3 dH(stable state)ol] EH UL T} o
HAol gt} 18y AR FHE T2
U EE 7€ 3H us FPMMo] We st
o BETE o7 FHstuA & w 2H
o APHE B H4A gk FHo)
=] UA 2 AYPoME, 29 o|4H

(outliers)®} =zl FH9 B ES(extreme
observations)o] FZI1FEF HAY 754
o] mj¥ Fou olgdt AL AAMZ A=
B GNA A Bt Qo)

oLl REIFES AT AL,
Shewhart ¥2]SoAE FJEHARSS g
dl Yo%t B4 AW (parameter estimation)©]
oAl o3 WA P& o}, ]S
4 H(centerline)o] W3} FETA Z(width of
control limits)o] ATt 1 A3} o] FAE
< R PEIFEL FEd Wout oY
Al BL F& o|F o]4YU(assignable cause)
o o3 FHAE/ EHEA H o o]E
AN BT 5ol Asdct. wet
A Z27] BT A BY UL4E Ys
olgAE o3 TJEFANI FIAHRE
o A WA o7 A= FAZHYAES
(robust estimates)?] o]-§o] A E A} (1] [2]
(3] [4] [6] [8] [9] [10].

Bl ZAFHAE A= Yo ¢
FA 27183 37 (selfcritical estimation)&
LRI ofeT o] BFE-EFHA(;-S)
B2 ko] HE3tuA jh WA PFERE T
FollMe A7jujg FHHe EHL Avjid.
Iog o] AA e Uitk E44 (FA4) LS olg
sto] AR A7INE P F-EHHxh(self-
critical ¥-S) ¥e|TE A|AF}. wix|goz
Add Herel 7129 FF-HA(xR) ¥
HE-X¢Ex BT E AFEH ZgUYPL
S0 ] ZE A7)

2. A7ujg FH3Y
271813 3% A (Self-critical estimate) =

o2 5%, ¢, € i 2Hmaximization)
BerH ded.



e, (6) - c)él(f"(x,,o)/ e Ly

ERER

0=000,0=[_ f"(x.00dx,

= HoEY = Asger FoAx A7
v]% A4 (coefficient) otk = oo uiztHd
[ (6% vIBste] 002 ¥oR THaR T
2ARANE dech

dlog f(x;,6) _ dlog (8,¢)

x 7.

QaelA co ol 02 FolAm HHFS
(9 TrsAuT(EE $EH,  likeli-
hood function) & A3t T FHTHAE
Az QAR 2ARRAeE ¥E de F
% AHestimaton),  (c), T 3 F7d FHrobust
estimator)o]®] £ 2 3 ol(unbiased score) S

Zreth YRR

1
x. u,0) =
f(xp p—
g o= AFRTQ FS AMuE 3 B4
A2 o g
_l(ﬁ:ﬂz

S -me* e =0
i=1

n e
'Zlf (x;, N +0)
j=

Lxi—#y

z”:{(l+c)(x,. — u)? _o_z}e‘z( o =0-

i=1

slo] 2402 e AME FEA L) &
&) € &7 2 %) % (initial estimates)® F]

Bl B M(iteratively) tHlste] ofeier Fol
Lig=2

_ invic
” - Zvic

0_2 _ (1+C)Z(xi —:u)zvic
Zvic
3714
_SEThy
vic =€ 2( ¢ )

2 Hojgth. 27| 2AAZE BWE FAA
(moment  estimate)-} AustsA  F4A
(maximum likelihood estimate)5°] A8
c=0 2ol 2HA )& &)= HF
7 3] (M-estimates)©l 3L, X, Xz, ..., Xa 7} 3¢

(mean) ”2}- B Avariance) o2 BTEER
BE Qe 919X E(random sample) Y 7 ol
52 44 4, o o] o X](consistent)Tct. =
T J(c) end o’ (c) € asymptotically 544
oz Buglith Asymptotic efficiencies = ¢ 9]
o2urolA A dEREZ ATk o) &

52(c) 9 function2  ¢>0 Y4
bounded H1 & 0 & A 72 (redecended)3ted °1 4
A Eo] ugt AARE AT

influence

3. A7uY BE-EEER VIS

Shewart 7} A AT #e| =] 4Why FH&
UL = 4, +koy,

cl - Hw

LCL = u, —koy,

o] &S ZF Jow, 474 wE 279
Wales A33%7] 9% S AETATG

sample statistic)°]X 4 < wel  Zdg

(expected value)©| 3L O—W—‘é we EZAH

(standard deviation)o|th. $1¢] AWFPolA W
2 oy Fatuiiel wEl dFE R B
T} dojAt). o& B9, F3FA o W%
£ wlobstr] g AEFE xE o837
v, ZRATO W= A ZH ¢ (sample
range) R T= AEEEEA SE AL-g-jhct
o] B% ZHAE WL o] FA 9
oA uheste 54¢ AU Aok oERA
ols e ZAAH WS FH3s A +
gog AL ulg HAstY DAL Y
o o]5g ule ASSHA ARl o4
of uizrstAl wkgste] VAIGE Atold] Fol
=715 = Fabo] WA HHEAsAE o]
Aol E7sHA Wt 2AAE o]43o
2] 4%t (upper control limit)? 313H(lower limit)
Arole] &g 7 (ghtly) FAA7IE ¥H
oty T TAIGEC] sivto]l dAE VIS
o ZAWsle] WA W= AEZAZ
& E A Wplotting) 38 WNIEHE H%
A et AUk

PyF-gaus dEce BFesh st
slo] A& olzlgol 2T AZAFA W2
Aol A FE-He BEE A A W@l
»olz gt FE-EFEA HTAMY 3



7 W= (x chart) o] BTAZEL th4
o2 RE Adgch

UCL = F+ 4,5

CL=3

LCL = - 4,5

A4elM Fr REIFHZEY FEold
St FEIE mRENEY Bt 4
342 MBIV A4 R BT
-EFEA BYTOIHY EZBA BT (S

chart) Al M= #e] FHAgtE] olulg Zo]

UL = B3
=g
LCL = B,S
B, Bt ABIA9 W4T FolAt 44
golth. Zet 2 REIFY FRE 2ok
7] 93 A4 AEFFolY METFHEAE
REIFNS ol BNl  WgshA W
FAAsolY, VYA REL Ft=d AL
HE o592 HELT YA nsHA w-geich
BT AE BRALES] A7 uFE
Aol o3 AAEE= FE-EREx BT
o Aze WH, & AVMY FT-mERA
BeEE AQRt AsuY FT-mEEy
BT FF BElt FEHEls g4
o7 AHodth
UCL = a4, + 4,0,

(L= o
L He

LeL = ﬁ(c) —Aﬁ(c)

f1o) Be] WAZES e BTl A

PEIFY FEe BAUY. mEEx B

SoAM = #e FAEE] ol Ho] A9
T BYEe] RRIES EEUAE BAW

o},

UCL = 345(0)

CL = 5(0)
LCL = Bsg(c)

Aol ALY BATEN =0 Hir 7]
Y AL AUs43gAs Xl
29 P2-EFEUA BT} G,

4. 22 49 9

Monte Carlo 29 A4HS F3leo] AR o]
AbE A7|v]E FE-TEEX BT E 7
&9 HEEEY R AY. By WYL E
24st7] HAdMEe MEZZ) 4 59 B
AEE& FEIF(subgroup)o . sty 20 WA
5HE WESAM EREIEEL Zol BEx:
ZAgel 4o 240 FHRES A
2 A7 AMEe 27 WZkinitial seed) 123457
S o]83td IMSL[5IE HE BRI 59

FEIFES EF 257 RAYsH B E
= H]Z s
A1 VIA TF EEHFEET HE Ay

48 3¢

<X D> BEA ZF NO,DANA 29 AA
HAS w, 7+ Bl AsHAIZtEN B
TAE dolsle HEIFY $8& Hozy,
ol #e] FAIZEE dolsf= RE1Fo] 3
4T A5E 49 Ao FE3F He Ay
F BT BHTAREL F-s FEYEY
TAGES TWET Y= Hot)

<% 1> 7 BT dsAgt

3% F% F4 e [ WE+

¥R x 1272 0.003 -1.226] ©

R 4.652 2.200 0.000 0
x-S |x 1.303 0.003 -1.297| 0

S 1.903 0.911 0.000 0
self- x 1.410 0.038 -1.333] 0
critical( | S 2.008 0.961 0.000 0
c=0.4)

ANA 2. Z+ REIFY 5HA BAH7} gut
BHeEoA o RAHE EI}ET(stable
mixtures)Q! 7§

Zt FREIFIAM sHA BAAJL Ay HF
wER RE AYHUAYG gebA AxHoezm
20%7F EEHFEESL old TE AMHFE
ESE FH QHHEAE H$ BET vl
€ IS ARy <¥ 2>t Bnyol
4ol wet A7ng PF-TFER W
o #APAlE Yol FEIFY &8 R
oo 7|E9 J7-HY BT HAEHA
= MY gt AT EAE RAFH R
St 3len, 7|29 FF-EFHEA HeETo)
Me sTERA UWrygF Exol A4S
FEHLeE RogEd ay Au|g P
EEER FYTAME 7t ST F o4
BFE ol Wol Fed WL &2 ¢ 4+ 4



o 28y c7b WB A efficiency 7t RoHA
oz c9 gt 0394 0.5At0l7 A,

<E 2> BUYRTY AS 7 B Bel®
AS Wolsts REIFEY

25 N(0,1) |N(0,3) ING,D) N@3,3)
¥R |¥ 0 0 0 0
R 0 0 0 0
S |* 0 0 0 0
S 0 1 0 1
self- | x 0 0 0 4
critical(| S 0 4 0 7
c=0.4)
self- X 0 1 0 4
critical(| S 0 4 1 8
¢=0.5)
5. d&

27) AT HYolA BEIUAS 4B
o, A7ulg 25Me gAY, ol AT
oyt g Hash WAL EFANYS dok
7 Az BelA Fo| F258 9 W
=L Fuise] ol4Ae) $FE& 47 ¥4
W4 oAl Aok mebd 24 Ui B
o o AEe sHsASIL ol4 4] &
A AE olo] TR Treh ol BHAFS
24 BT T84S FUAA ALA
Aol EAgael ¥3 BeA U AUtk B
TelAE BARBAY 9FA A7NE 37
3g o4 7S Hst FFR U HE
s BRER ol 47t U A oI5 A
d AE5g uTh & PEd 95 Ase B
Q. 293 & PEEe puIRS 2
ol 89 BelzolE Fgo| sHssivl ARAS,
H75Y ¥ AAILEEY BHoIE H89
+ gloeet 2ok

6. A31E3

[1] Alloway, J. A. JR, and M. Raghavachari,
"Control Charts Based on the Hodges-Lehmann
Estimator", Journal of Quality Technology, vol. 23,
no. 4, 1991, pp.336-347.

[2] Amin, R. W., and R. W. Miller, "A Robustness
Study of bar X Charts with Variable Sampling
Intervals", Journal of Quality Technology, vol. 25,
no. 1, 1993, pp.36-44.

[3] Ferrel, E. B., "Control Charts Using Midrange
and Medians", Industrial Quality Control, vol.9,
pp.30-34.

[4] Hawkins, D. M, *Robustification of Cumulative
Sum Charts by Winsorization", Journal of Quality
Technology, vo. 25, no. 4, 1993, pp.248-261.
[5]IMSL, User’s manual(C functions for scientific
programming), Visual Numerics, Inc., 1994,

[6] Langenberg P. and B. Iglewicz, "Trimmed Mean
bar X and R Charts", Journal of Quality Technology,
vol. 18, no. 3, 1986, pp.152-161.

[7] Paulson, A. S., Presser, M. A, and E. H,
Nicklin, "Self-Critical And Robust Procedures For
the Analysis of Univariate Complete Data.",
unpublished research paper, Rensselaer Polytechnic
Institute.

(8] Quesenberry C. P., "Screening Outliers in
Normal Process Control Data with Uniform
Residuals”, Journal of Quality Technology, vo. 18,
no. 4, 1986, pp.226-233.

[9] Rocke, D. M., "Robust Control Charts",
Technometrics, vol. 31, no. 2, 1989, pp.173-184.
[10] Schilling, E. G., and P. R. Nelson, "The Effect
of Non-Normality on the Control Limits of bar X
Charts", Journal of Quality Technology, vol. 8, no.
4, 1976, pp.183-188.



