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Introduction(1)

moiEd TR T ok < F AR
£ X fvR & 4/l (Jones and Case, 1981; Rahim,
1989 Saniga,1991; Costa, 1993, 1998; Costa and

Rahim, 2000)

m San(1991)# ! X and R chart 2 %L;L E ]
%> @ * FORTRANS 25 ¢ » * - 4R
fedk & =] 5 F s 1RIRARL > Type [ ~
error » ATSTF 4 2] ¥ el & .

R I R
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Intrd_duCtion(_Z) :

m Gan(1995)% E EWMA & | B e pF % Bl @ A2
T iﬁﬁ{'ft’% P ko

EE,: two-sided EWMA mean chart £ high-side EWMA variance chart & &
® EE: two-sided EWMA mean chart £ two-side EWMA variance chart s 4 &

2 combined two-sided CUSUM (CC) 4~
omnibus EWMA charti®z #& : # out-of-
control b= FF "% 158 B 1d R Gl f2-T 358k & i
;T > omnibus EWMA$-EEU scheme &_+* #&
Im

’E\
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Intrd_duCtion(_B) :

:J’K LL

3= Fiq:t—;-EE'fr'CC EERRe e N IR F] T3
omnibus chart % {#4# ; omnibus é_ﬁ» Az g
hRpraEF i ol

m Chen(2001)a¥ft 'newEWMA(MaxEWMA)
B BRASREZ EAIR

gstandard y and R chart * #& > MaxEWMA T R -| ik #% $i2
4F

MaxEWMA % & 3 4e pF > & @ AR T30 4 B ™ ¢t

EWMA mean chartqwaWMA variable chart z_ & & & 4@ &
4F
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Introduction(5)

m Daudin(1992)4-He and Grigoryan(2002,2003)

# 4% £ DS X and s chartsz # t&

Daudln#’t 'DSX chart # 7 fiz i\g be b R < )
HRT AR BRI R(ARL) 5 & AU
)fy"‘ ’J ? L‘::,.ARL/J»P EL % °

O 4ok & FH BPFF AT 2Lk pE > BIDS X v VSHE

@ r=0.75p%,DS chart ¢ ** EWMA+4#F ; r=.5r=0.25FFEWMA i -
@R AR o A DSE £ R R

® Frtwo-sided combined Shewhart CUSUM#p+* » DS¥t+~ ik #%
F oA Pl 4 o
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Introduction(6)
B He and Grigoryanp|#_zt ¥ Daudin=ng ;2 @ 2 & DS

scharte ~ ¢ DS s fri# sts chartizot i > i 3
B ARL T A E R mAS T (0.6 A <5)DSs
chart z. - 4—::37& A % Bk :Ilaflgeﬁ ag &ET LS

m FADSXE* ki plElmTingssaDSs

chart £_% X id jp| @l A28 X im 45 » F)pt

DS X{-DS s chart’ & ¢ BF (8P| -T 358 fr ik &
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The joint DS ¥ and s charts

i R e ﬁ%)
g SR T AR S S 1
R NINRALE S

» ér)

B o

2 I’ 2 : :
Cqp = (\/ﬂn — 1) I (HEHL/ 1)) 73 coefficient for sample size of n,

2 r —1)/2 | .
Cq = [(m + 75 )/2] , coefficient for sample size of n; + n,
n +ns—2) Il(ng +ny—2)/2]
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Ot of control
L o Out of control 7,
Take 2™ sample Lz
i Ly 12
Ic}lf:aﬂx R o — In contral fn 0 = In control -fH
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e Ot of control T
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Ot of control I
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Chart 0 - In eontral I 0 — In comtral I
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-
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Fig. 1. Schematic representation of the joint DS X and DS s charts,
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The joint DS X and s chart procedure:

(1) Take an imtial sample of size n; and calculate the sample mean X and sample standard deviation s;.

(2) If T,]jilh“ in the range [~ L, L]fmd—"]—f“r—hm in the range Dy, D], the joint scheme indicates that
the process is in control. Vi

(3) Ifﬁillm in the range (- oo, ~ L] and [L,+20) nr—”—f“g—lm in the range (—o00,-D]and [D,+00), then
I'1|', £

the joint scheme indicates that the process s out of control.

(4) If 22 ligs in the intervals [~ L,~L,] and [Ly, L], and/or if ~=4= lies in the intervals [~ D, - D] and
afym {
o/l

Dy, D], take a second sample of size n; and calculate the sample mean X and the total sample mean

|
— D =N T (m )
Y =204 andfor the total sample standard deviation s, = .Z-;n‘ T [Ty
|-+ | - 1 n4m-2
¥- 1 Sp—cyf |
(5) 1f icﬂ; in the interval [~L,, .L«]’mdfm"r —= lies in the interval [~ Dy, D,), then the joint scheme

indicates that the process is in control; else the prﬁccss is out of control.
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~Formulation of joint statistical desigr of the

and s chart
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Lia Lo } =

La La
! R
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VT Ve o
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.Irl5 = | 7oy — L My + — +00 s Fig. 1. Schematic

IV EER IV R S - F
YAF 4 527 4B ¥ % 2 System Reliability Lab.

2
—ee

Ount of control

representation of the joint DS X and DS 5 charts.

I Out of control g,
Take 2™ sample Lo
In control In 0 = In control Da
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Out of control Tz
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Iy = [¢4IU—DIU —¢41?¢41J+Diﬂ"\;1—"3£1]¢

I = |},4Iﬂ' Do L4“L4]ﬂ'— Dyay /1 — (,“] |}4IJ+DIJH 1 — L“ o+ Day /1 — (,“]
(—m e — Day /1 — (,4,] |i¢41ﬂ'+Dﬂ'1l." 1 — i 00 ).,.

Iy = |},4ﬂ' - Dzﬂ' 1 =2 c40 + Dyoy /1 — cijl?

Irs = (—m?c.;u'— Daay/ 1 —cﬁ] U ’rc.;u'+Dzu'«.|.f 1 —cﬁ?+m).
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¥ =probability of
xs=probability of -
s =probability of

fs =probabillity of T

Min

myap L Ly L D00

Subject to:

ne | error of ¥ chart

y
ype | error of s chart
ype Il error of X chart
y

ne |l error of s chart

ARL,

n; +n» » {Probability of taking the second sample|p = ;6 = gy}
< Ninax

P,[DS X chart signals|u = py; 0 = o] < ap

P, [DS s chart signals|e = ag] < as.
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Ot of eontrol

A= (X, ely)n s €ln),

Take 2™ sample

B =(X;€lp)N (s €ln)
C:{T] Efu}ﬂ{i‘] 'Efgﬂl.

In control

Out of control

Take 2™ sample

Im eomtrol

Take 2™ sample

KA S KT 2
¥ AR F % ¥ System Reliability Lab.

Ot of control

P(X, e 1y)P(s) € 1) + PIXy €113)P(sy € In) + P(X, € 15)P(sy € I).

§ 78 57

Take 2™ sample

Ot of eontral

Then the probability of taking the second sample is equal to P4 LB U C), which could be expressed as




m Joint DS ¥ and s charts z_ Type | error
v=axtos—aprso Type |l error 5 if=Fxhs ; % Pavand Pux
& B 5 DS Xcharts - FF e s = i Fx 5" B g

IR 2 g8 5 > Pasand Paoy 5] 5 DS s chart %
- PREACE Z PRR G PR T s o

ARL, = —1

Min : (5)

HLM|L|LL|L1|E|E|.J:|1 I - {Falf'hpﬂ.?lﬁ = ]l.[l.tT = I:Fl}{.Fﬂfl'i‘ T Fﬂ¢|ﬁ = #1; F = ﬁl}

Subject to:  m 4+ m x {Pr(X) € Iy) Pris) € In)

+ PI{E1 = flg} Pl’{.‘il = fﬂ} + Pl’{fl = flg}Pr{.‘il = f11}} = N max {ﬁ}
I_(Falf*Fﬁ|#=#ﬂfﬁ:ﬂﬂ}ﬁzif {?}
l - (Fars "'Fﬂfhlf-{ = Hg,0 = 0g) = Az {EJ'

ég L]_ < .L._D]_ < D. {I,}}
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Pag=PrX,c iyl = ¢[7{v'mﬁ + Ll}]

m oy R PR AR B ﬁ;ﬂfﬁ 7 7T
rax= [, {2l 228) ] o (29) - B b

1, 1, | R | R
HeY , = [j{v'ﬂlfi_i'}ej{v'ﬂlﬁ_i'l}] e [F{V'”lfi*‘['l,}ej{v'ﬂlé*i‘}]

— 3{1,'.-'"1‘_1'1-:'5 — Ll}
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DS s chart R

B - >~ DR BRZ R ARRZ EN T D R
X = {Hl;—ll}ﬁ with nyp — 1 degrees of freedom,
1

[ l}»‘z‘

¥ with n: — 1 degrees of freedom.
n PR -EET BHET AT

! {ﬂl_l} _IE—::L J2 d‘fl

Fﬂl 5 - -
1 -/xLEfil j{irl}f{ﬂ—_l} .

2

B G R EREAR BEBET AT S

Pﬂfli':[
oyl
1/

B P 57 N controlz. 8 & > £& Pu=Pac+Pa,
plout-of-controlz_ & 5 2 1-Pa

ﬂ".._L pL— 1'1—[ =1
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Min -
mom Ll DDy | — ff

r{kl 1 —]-E_x”lz
Subject to: m +m2 = | [ P(Ly) — P{—L)] = [ e dx;
sery, 2057 p(mzy

{*l i —1
x, z e—a/2

HP(—L1) — D(—L)] + [®(L) — @(L1)]} x [ dx

=T b E{ﬂ'}._l} f{"'-z__l}

e I T
S {[@(—Ly) — D(—L)] + [@(L) — D(L)]} = [EP :T{ﬂr‘};-; l}d_rl) < Ny
weny, 2(4F) p(mzt

P,False alarm|u = py, A = 1] <o, e, {I —{@L,| —@®[—-L]}
by m
— | cl, — ."'—:) — i.D(—cL — ."'—:)]fp z)dz 3 <as
L [ (e 2 SR Al B
P.False alarm|o = ag| << x5, 1€,
rfir} _le —x /2
1 — — d.‘-c'l
Sy ery, 3{%};{1%}

(=)-1 /2 () - —x; /2
- [ [ -rz e 'L:I.Tz -Tl < {_:I_Tl f; Xg
. ILEfil .

nelas 22 p (ol 2 (%) p 2z
L, < L.Dy <D,

So R ZHAEA T £ e Famey
oo ,‘ e - e
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genetic algorithm

m GAs i & % k35 R & f2 > Holland(1975)
51 % GASfZ - f2 B i3 14 B 4E o

GAS" W 2 )“ﬁw\mwﬁ;ﬁﬂ 2R AR
AR R 4)E 4 FTfE

@Rk A% 51,0005 2FeF 505 ;

RzZHpErFriieaea
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5 Performance of the Jomt DS X and s chart

m 5.1 Gan(1995)+# 4! 2z combined EWMA and
CUSUM schemes % Domangue and Patch
(1991)#% 41 2_omnibus EWMA scheme it ik

o & 7}’% zk@—ﬁ?% i 39:‘3;\ T 250

Table 1

Parameters of the compared schemes

Scheme Scheme parameter

Joint D51 Ly=1.72, L=340, L,=290, Dy=1.603, D=3833, =292, m=3, m=12
EE; Arw=0134, hap=—0.345, Hyy=0345, 4p=0.106, ip=—0867, Hp=0.215
EE, ¢ Ape=00134, b= —0.345, Hy=0345, 4,=0.043, H=0.144

cC Koar=0.224, fipe=2.268, kpp=0055, Hp=4006, kyp=0.666, fip=—-5054
01 r=0.5, L=2536

02 r=0.025, L=1.587

N R ZHPEHEAF1 1 228
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Tahle 2
ARL vahies of the T8, EE,, EE,, OO, O, {02 schemes (2=5)

Rcheme & i

1 PR fiii] 13 140 PR ] 200
Jommit TH-1 [T LT &3 T0 il ] 12t [ 4. 87 .75
EE, RO HT 55 2564 1480 J[EF: ¥ EIX FE BT
EE;p 800 10 Iral 130z Sl T.00 168
o 8O0 Tid4 Hhhs 1492 104 Ea2 4.04
(5] 8O0 15152 TrLEG 42 1% 2708 12,15 TG
(84 LT ELTO 4110 ERAT 20 0E 1693 GOT
Jommit TH-1 (R 13132 EOIEME i 0 GdE 413 .77
EE, S1EeE A4 48 W 1136 QTE 187 4151
EE;p Sy ALED 1514 1154 E&l [ v LT
o [0 13178 HET 1315 QEr 177 40E
(4] palEE Y G E g1 214 T 16T &TT
[8¢] 10 LI 1M e 11 [ 15582 T
Jommi TH.2 (Rl T441 18T 1770 371 X 4 I5 [RE]
EE; 60 I E4 [ WE] ILT7E | T Lk
EEr A4 R4 1472 sl 9 [% ] 158
o 0T0 X143 ] el ENE T.45 400
(4] 1IETT &1.TY AR LETO 15585 1427 [
[8¢] 42 18T 2582 4 1671 140 £
Jonmit TR0 [AH] 1356 1044 kN E&T 4. X7 155
EE, 5 47 12 T 45 [ R LT
EE E&l =40 TEl T.08 [ i) 49 3142
o EE4 AR e T.588 6 Td [Nset 1xl
(4] 193 1818 P ] 10D [ | E15 Bz
[8¢] 14001 [ETEH] P 1L 104l .71 119
Joemt TH-L aTs 419 193 1589 118 TT 241 1.52
EE, S0z S0z 01 4.95 445 4 62 158
EE 4.5 4.9 458 454 EE) 415 118
o ol e i 4.95 457 461 147
(5] [ 5L EET L £215 g 4. 76 1D
[84] Tt Tid [ 695 GES 66T L&}
Joimt THR-1 1 4 pl |- Pl ] P (1] T.53 T
EE, it St 3 %
EE, 1580 a0 157 1 &0 1585 145 1ER
o 158 150 T 159 158 1584 in
[4]] 1rr 1M k]| 118 116 112 1ER
iz 4.7 R 457 4.5 45 491 4. 74

2a e
x| = b5 B
NOL B’«] FEHRPAHEAF1IE IR R

N NG ;ﬁ_)i"” %3 System Reliability Lab.
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m 6=0.75° A=1.3F > DS H vt g2 ¢
i B e

m 0 =0.5° A=1.2F > combined EWMA and
CUSUM schemes i&**DS scheme -

m Yashchin(1987) and Lowry(1992)+p 41 EWMA
and CUSUM charts . @l a5 2 4p F = w
PRIl yEE B b p ks E e Lovkinertia(1r -
) B &5 > 7R A-EWMA and CUSUM charts;]-‘&g
>+ joint DS chart
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5 2 Comparlson with jomt STD VSS and TSS charts

m_t2ctandard joint ¥ and R chart (STD),
STD -~ VSS -~ TSS~ : :
zem e costaand NPIING Size (VSS), and two-stage

Rahim (2002)(f5  [SS) schemestt fx o

ameters of the compared schemes

Scheme Scheme parameter

Joint DS-2 Ly=1.552; L=3922 [,=2922: Dy=1.613, D=4396, D-=3016; m;=2, 1z=16
Joint DS-3 Ly=1.664; L=3907, L,=3.015 Dy=1.659, D=4171, D;=3.065;, n;=3, n,=12
STD N=5; k=3.250; JifRfH] 2432

TSSI1 mo=15; kg=3.100; kglng)=5.T86; wp=1.068

TSS2 np=20; kog=3.100; kging)=5.829; wy=1.252

VSS1 my=2; m, =15 k=3.250; kgl )=4.594; kgln,)=6.188

VSS2 m=2; m=20; k=3.250; kg(m)=4.594; kg(ny)=6.366

m ARL=433 > = i & » e pLip| B #ck =55 o

R ZHfPHE~F1 5188
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m Joint DS schemes '’y 3t ez g 41 % > %
0=0> A=1.1m%2 5=0- A=1.2FFH kA *

TSS2

m JointDS andscharts & 5 A2 % - fFf g2
el NS ,iﬁ’t | z_ 5Bt 0 AR EYTSS K #
4 o

m STDH | 3% e » 2 ¢ 8 Ldrch £
¥ #1185 £2VSSrt # > joint DS charts e ¥ 7}5
et A B E N - SR, T g 3 ] e
ARL & Bl g #% o
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5.3 The distribution of the Type | error probability

m {23Gan “‘Jlgﬁ—é}'_{g Tiaf% oo B9 oo o
’F*“"é B4y A B IREA T HARLE 7

A
i m"? élg %
. — —
. table5 . P(tvpe I error)=0.004, ARL.,=250
Table 5
The ARL performance of Joint [8-1 chart optimized for detection of shifts with 6 =0.16% and 4=1.188 for different a7 and ax values
Type [ error probabality ARL
a o g DS X DS = Joint [35-1 Joint [5-1 Joint [35-1
(H=10.169) (A=1.188) (6=0.16%9, i=1 88K (6=0, i=1.885) (d=0169 i=1)

004 0.00050% (0025 14014 14,22 27.66 W94 182 30

001 002 91.41 17.61 26.86 iL1o0 161.74

(.00 1509 (0025 68.17 1858 24 87 268 14210

.00z .00z 58,70 18,76 2158 2841 131 .22

(L0025 (L0001 509 51.88 4369 23197 .16 12515

RS .0 47.12 5444 2551 1170 125 K1

j( 0.00 35 00005059 41.36 87.65 28,12 1789 11337
v

/N

2@% f-,'i’ﬂt;fi:}i Fl1 ¥l gy
T % 327 4B % % % System Reliability Lab.
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m Table6,table7 : P(Type I error)=0.00230947,
ARL,=433

Tahkle &
The ARL performance of Jont [D5-2 chart optimized for detection of shifts with 4 =05 and 4= 1.1 for different a and ag values

Type [ error probabality ARL
& iy g DS X D5« Joint [8-2 Joint [8-2 Joint [5-2
(5=0.5) (=11 =05 1=1.1) B=0, i=1.1) =05 1=1)
0 D2 7 IR (002 1612 | 1845 14, 30 [0, 53 1925
0 0i0EL IR 1340 15415 1240 115,38 15,568
01554 011554 11.53 I 68,51 1085 112.51 1349
DRI D000EL 11.10 | 87.57 10,53 08, T8 1315
0,002 (L0002 1096 168,29 10,67 12624 13.13
Table 7
The ARL performance of Jomt [35-3 chart optimized for detection of shifts with =075 and 4 =1.5 for different a7 and ag values
Type | error probability ARL
) iy He DX D5 s Joint [D5-3 Joint [35-3 Joint [% -3
(=075 (i=1.5) (B=0754=1.5  (6=0,1=1.5 (=075, 1=1)
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