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Operatlon of the synthetlc control chart

for monitoring process dispersion (s
S chart
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When 6> 1
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Operatlon of the synthetlc control chart

for monitoring process dispersion (s
CRL chart
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P Fig. 1. Conforming run length.
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Operatlon of the synthetlc control chart

for monitoring process dispersion ()
Svnthetic control chart for monitoring process dispersion
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Fig. 2. The operation of the synthetic chart for monitoring process dispersion.




Operation of the synthetic control chart

for monitoring process dispersion ()
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Design of the synthetic control chart for

monitoring process dispersion ()
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Table 1 £+ :n=10, & = 1.4, in-control ARL=200

BOF_E
Sets of (L,k™) and corresponding ARL for 6, [ "% ot

(Lik™T) ARL for 4,
(2. 1.326) 3.602
(3, 1.370) 2.918
(4, 1. 394; 2.713
(5, 1.410) 2.641
(6, 1.423) 2.624
'rm,, 755
(8, 1.442) 2.656
(9, 1.449) 2.685
(10, 1.455) 2.717
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Tahie 2 Takile 3
Optimal designs of symhetic charts when 5,421 Optimal designs of synhetic chars when 452> 1
5 P 4 200° W i, A0 70 500 1004
5 3 0 {6, 074", (7, 0335, (7, 0322}, (9, 1782),
B 95A3°, 133587 17506, 24562 2MAR BILW 46092, 66076
3 1.1 (30, 1.762) s {5, (386 {6, 0,347, {6, 1329}, {8, 1787},
42 05°. 65.03¢9 44,45, #5.13 TH.23, 15586 1651, 3979 195 55, 41660
=, e e 07 {4, 0401, {5, (L354, (5, 0339}, {6, 0300,
1.2 {18, L.T22), 19.55, 51.55 33012, 9556 429212551 7945, 2474
5 s (3, 0423, 3, (L 3RE), {4, 0352}, (4, 4321},
1534, 28.27 340, 15.30 525, 7682 &40, 35,50 1033, 6838
14 (10, 1671} 03 (2, 0465, (2, 0428, (3, 0372, (3, 0338),
y d 110,313 120, 4.5 128, 617 150, 10892
10 500, 925 10 s (9, 0551, {12,0.515), (14, 0499, (20, (L4635,
5416, 9107 93 56, 16463 17519, 22027 23176, 43179
1.6 (7, 1.637), s 6, 0570, {8, 0531, {9, 0515}, (12, 0L 481,
278, 4.67 15.44, 3947 2454, 6012 FLGE, 9122 5364, 173.94
: a7 (5, 0.579), (5 L35, {6, 0532), {7, 0500),
2.0 (3, 1.601}, 501, 16,3 714, 2743 257, 3549 1330, 6505
161 2.74 s (3, 060, o3, 0LERT, (3, 0568}, (3, 0539),
R 120, 2 80 131,397 139,477 161, 752
2.0 {3, 1359y, {4, 1449}, {4, 1 AR8), L3 {2, 0642, {2, 61, {2, 0597, {2, 0567,
; 200 30 500 1000 g
15 n L] - 2 - {22, 0.558),
S ~ . 140,27, 31993
5 0.9 6, 0.374), (7, 0.335), (7, 0.322), (9, 0,282}, {11, 0578},
ST 23000, 9078
06.63°, 133344 175,06, 245,62 234 48, 331.36 460,92, 660.76 {6, 1598,
0.5 {5, 0.386), (6, 0.343), (6, 0.329), (8, 0287 g;%ﬁif
4445 8515 TR23, 155.86 103.51, 20079 198.55, 416.60 108, 246
i [2, aAS),
0.7 (4, 0.401), (5, 0,354, (&, (L3399, 06, 0.300), T
20 1955 51.55 3302, 93.56 42492 12551 To45, 24774 iﬁi“g’:‘r
0.5 (3, 0.423), (3, 0.388), (4, 0.352), (4, 0,321, {9, 0641},
Fs 1241, 5425
360, 1530 535, 26,82 .40, 35.50 10,33, 6B.38 . 05,
0.3 (2, 0.465), (2, 0.426), (3, 0,372}, (3, 0L338), famuf.]:s?
1.10, 3.13 120, 4 88 1.28, 6.17 1.50, 10,92 101, 144
20 i3, 1.258), {3, 1.295), 3,1318), a3 {2, 0.755), {2, 073, (2, 0722, {2, (699),
100, 1.08 101, 106 102, 108
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c: ARL for ¢,
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DeS|gn of the synthetlc control chart for

monitoring process dispersion ()
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1. S ZN> & ﬂfr%‘ #Im™ 2ZZ ARL o
2. L=2 R4 o
3. % &e>1F > 11 §=1>d ;4(9)F g 4| 2 ARL
Fofzkt 3§ Sa<1PF > 12 §=1> d 5(10) % 3t F
o 2- ARL & fzk- -

b F S 1 P B L 5=kt d A (9)E A
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DeS|gn of the synthetlc control chart for
monitoring process dispersion (s
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Average run length comparisons s

m CPCUSUM= Rl Acosta-Mejia(1990) 1%
RS frﬁlﬁ"liﬂ B AT AT AR /—?2,
A flAET ST SR 0 s gt AT B S e
B i i:I_J o

m 2 ARL3E R 22
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The R/S chart(R/S) ~ the R/S chart with a warning line(WR/WS) -~ the modified
R/S chart(MR/MS) -~ the synthetic chart based on R/S(Syn R/Syn S) : d H 4p i

L ok <L g 4R
GRERESAE

The CUSUM chart based on R/S(CUSUM R/CUSUM S) ~ the CUSUM/EWMA
chart based on In S2(CUSUM In SY/EWMA In S?) ~ the CP CUSUM chart
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Average run length comparisons (s

Table 4
Average run length comparison for dispersion charts when n =25 and dy=1.2
i Rk MR MS ik S (k W R W S CUSUM CUSUM CUSUM EWMA Sy R CP Syn §
4.886) (& [.462) 1.927) (& (& In 5 R hY In §° (k= CUSUM (k=
3.655) 5.169, 2.024, (k= (k= (k= (A= 4.337, (k= 1722,
n W 0.068, 2.559, [.034, oLt L=18) 1.193, L=18)
3.810) 1.527) w=2. w= w= = =
66 4.91) [.90) 0.12) 17.57)
l 20001 200 200 200 200 200 19972 20003 199 63 200.29 20001 [99.6 200
(3.41) (6.11) (5.06) (3.82) (6.34)
[ HE 6o 67.27 e 65.03 62.07 58.95 42.94 40.33 38.80 3BT 45.38 387 42.62
(.11 (0.85) (1. 14) (1.04) (0.5)
1.2 30.7 30.65 29.03 28.27 26.53 24.62 18.13 17.53 [6.93 1688 16.85 16.41 15.54
(0.48) (0.37) (0.42) (0.34) (0.38)
.3 1653 17.21 16.22 [5.04 14.16 13.02 10.72 10,79 10.36 1053 8.76 9.79 209
(0.24) (0.2} (0.23) (0.2) (0.18)
[ .4 10.2 L1. 15 10.535 9.25 B.82 8.1 759 T.77 748 7.76 .64 6.92 325
({1 1 ({1 3] ({1 29 ({11 NS
1.5 6.95 806 7.63 6.32 613 5.65 505 6.14 5.86 618 4.12 532 386
(0.09) (011} (0.07) (0.09) (0.0
24 3.5 3.39 2.24 2.33 2.2 318 3.12 299 3.44 1.85 252 .77
(0.04) (0.06) (0.04) (0.03) (0.04)
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Average run length comparisons s

Table 5
Average run length comparison for dispersion charts when n=3 and d;=0.8
& Rk S (k W R MR W S M S Syn R Syn § CusuM CusuM EWMA  CUSUM | CP
0.555) 0227 (k (k (k (4 (k (h In §° Rik= ¥ Si{k=  CUSUM
0.145, [.150) (.059, 0.470) 0942, (.386, (k= 2.003, {i= (.846, (k=
W W L=5) [.=35) 043, h= (.10, fr= 0.793,
1.149) 0.470) h= 4.32) h= [.700) =
3.4 (.68 11200
I 19000 200 200 200 200 200 19096 200 19982 100967 199,58 [99.71 199,55
(637 (5.83) (5.28) 3.7 (5.82)
0.9 133.42 133.34 101.67 101.57 101.24 101,15 096.9 0663 4708 4521 45.08 44.61 43.03
i 1.0 (1010 (0.9 ) i1.31) (1.04
0.8 85.25 85.13 49,95 0.87 0.48 0.41 .75 {45 15.09 17.26 17.18 16.02 16.62
(037 (0.34) i0.36) (0.27) (0.24)
0.7 51.68 51.55 23.93 23.89 23.56 23.52 19.8] 19.58 10.75 992 9.13 065 075
(014 (011 i0.13) 011 (0.07)
0.6 20.37 202 11.41 [1.39 1116 L1.15 8.58 8.43 7.3 6.87 5.87 668 7.07
0.5 15.41 15.3 5.64 563 5 .49 5.48 3.82 3.7 517 525 4.11 5.11 57
(004 (004 i(0.03) i(0.03) {0.02)
0.1 | .85 2 [.85 2 I l 1.9 3 1.32 3 4
(0 (000 (001 (0007 (.00
+ 5o Bt T = = Y - S B Y Iy 5 = b
d 2w LT ] 41 > Syn R¥2Syn S& %ﬁ»%ﬂﬁi%ﬁ‘ﬁ Z_‘I.i‘a e f0 2
. 7 AL 3 AN RN v s K
)Q\@LI;E]:; 'ﬁ»”’: %‘E\lﬁiqu’—«}g AU Z2o5 A o
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YA % 327 #.B 9 % % System Reliability Lab.
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VSI schemes 12

Description of VSI schems

m RiZ 3$Bﬁﬁ%%%@ﬁ%i%&%@%’%ﬁi
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L i At B 20 ) R|(inner part) 0 B E T — 4k
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VSI schemes @iz
I B
o AL ESHTAE2ZVSIEE
When 6> 1 When 6 <1
~[a, ifOSS<wia . if S>w o,
8= {h. if who,<S<kta, S {b- itk o9 <S<w 0
asthau 47 E o MR H9a>1>b>0 (11) (12)

o At ECRL* A% 2 VSIZH4

c. IfCRL>=w
TerL = . . (13)
d. f L<CRL<w

cerdsi W4 7 R BFiE2 #M;*;F”r@ » Heec>1>d>0

S HEIRARAEIEIAR R
A« o7 R B F % £ System Reliability Lab




VSI schemes @12

m FEEAIRZ MR R
e FSI Sand FSI CRL scheme:
—>Kkeep a, b, ¢, and d to be 1.
e VSI Sand FSI CRL scheme:
—keep cand d to be 1 but vary a and b.

e FSI Sand VSI CRL scheme:
—>keep aand b to be 1 but vary ¢ and d.

e VSI SandVSI CRL scheme:
—>Vvary a, b, ¢, and d.
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VSI schemes @12
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Go to CRL chart
. . ., 0w CIT! k‘
. Ui]
L ° f Use b
_____________________________ __II,'___________. w'{}'[]
® ® ,.'l Use a
|IIIII O
" IIII
CRL Use ¢, go to § chart
{
............. YA |
® Use d, go to § chart
L

LE#REZ P HRFIEDAd MIEP AR T A2 P H B ik
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0 b a+b  a+2b a+3b a+3b@ 2a+3b+c 2a+db+c 2a+db+cid

Fig. 3. An L-:mmp]t: of VSI § and VSI CRL schemes.
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VSI schemes 2

i

u=200,60=0.5,61=0.7

n=10,8d=1.4,in -control ARL =200

k"0 =0.8359 w*co=0.4525)L =10

Table 6
Simulated data for illustration b = d = 11 a= 191 C= 19 . 21 tr = 10
Sample Observed quantity of content in each bottle 5 CRL
number X, X, X, X, Xs
l 250492 249388 250377 249957 249.507 0.4972
2 249 875 249963 249 489 250.126 250.251 0.2915
3 250349 2496 250932 250502 250.138 0.4897
4 250.112 249356 250.155 249814 249 583 0.3421
5 250287 249677 251.163 250.01 250.251 0.5518
[i] 250372 251.192 249 368 249784 249 988 (0.6381
7 250794 249315 250588 250.309 250.378 0.5702
) 249376 250054 249627 250.325 250.535 0.4798
P 249792 250311 2495336 249872 249.11 0.4423
10 249734 249 854 249756 250.893 250.1306 0.4849
L1 25051 250481 249529 250.128 250.103 (0.3959
12 2503061 24966 249679 250.467 250.517 0.4302
13 2506356 249 966 248764 251.018 250.460 0.8747 13
L4 250148 249704 250323 249788 249.905 0.2573
5 249 595 250007 249698 249997 250.24 0.2596
L6 248932 250.185 249 814 249.64 250.012 0.4841
17 249763 249523 249652 250.173 249.76 0.2435
18 250351 249021 249 443 249363 250.56 (.6695

19 249969 249 863 251.1 250.021 240,964 0.5157

20 251 608 249 094 250555 24987 249997 0.9324 7

B
Sl

10
11
30
31
50
51
52
53
54
73
74
93
112
113
132
151
152
171
172
173




VSI schemes (6/12)
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Fig. 4. The VSI scheme of the svnthetic chart for simulated data.
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VSI schemes 712

Average time to signal

R TECFL B DA WAEEE L gL g T
o 5L kE o R (ATS) o
B (9 (10)5F & & 4B ARLY £ 374 7T &
ARL = 1 + [E(Ng) — 1]E(Ncgy) + E(Ncgy) — 1 (14)
He 1 1& 7440 ERFIE
[E(NY) - 1JE(Ner ) % 7 194545 & 53 B Sorib %2 0 5 P IR 3 8%

E(Nepy) - 1% 77 1395 4 & St ECRLAT A T2 (R B IR 4 ¥

Hic

N FZZHPEH AT 1 28 g =y
% Y¥ 1B § 5% % System Reliability Lab.
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VSI schemes @12
7 (14)2. ARL ™ ## 4% = ATS4e ™ :

ATS = 1; + [E(Ng) — HE(Ncg ) E(Tg) + [E(Nery) — HE(Tegry) (15)
When 0> 1
a PriS<wtay) +bPriwto,<S<k'o,)

E(Tg) =
(Zs) Pr(S<kta)
(a — b)F((_n ~ 1)(T)) +oF(n—=1)(4))
= — (16)
F(on— D)%)
¢ Pr(CRL>w) + d Pr(L< CRL < w)
E(TcgL) = 17
(Tere) Pf(CRL> L) (17
/Y :?ﬁ?ﬁ o N S 5
TN 4 ¥ LR R 2% % System Rellab|l|ty Lab




VSI schemes (12
When 6 <1

a PriS=w o) +bPrik a,<S5S<w ay)

Sl = Pr(S>k~ay)
b —aF (1= D)) —bF (1 = D(E)?) +a
—F(0n =15
BTy — CPHCRL2 W) +d PAL< CRL < w)

Pr(CRL> L)

e —

E(Tegy) = c¢c Pr(CRL>w—L)+dPr(CRLSw —1L)
=c[l —G(w—L)] + d(}l(w — L)

FICRLE 3 memoryless property » 7z 6 >1 2 E(Tg) 7 f 407

ZERPEAFLI RIS
\IEJ\QF,I% ¥ AR P %% System Rellab|l|ty Lab
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VSI schemes @onz)
Comparing control charts

o ﬁi{f'*:,,frrgﬂf mﬁé:}ﬁil‘"ﬁ‘l‘m %m’»i&#ﬁ%éﬁ
ARLE % 4| ATS: (714 i o % Az 5
P2 ok B B UL S IR B
24 £ 4E 5 (average sampling rate) o4 25 & 2 5 (false
alarm rate) o

TR VI

e To have the same ARL: 7 3+ 3 E(Ns)qfrE(NCRL)
3 A H AR E f’r’fzﬁszrK%K)” 2
e To have the same in-control ATS: =& 5 4p ¢ cARL

5 A it d 2 E(T)AE(Tan ) 3 A 5 lae1 -
:2#%& §lilﬁﬁgﬂw-
¥ # B ¥ % % System Reliability Lab.
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VSI schemes 112
B F §>1 0 EESN(16)E 2 1(use §=1) 0 - E F

— WF((n — 1
e | 1 g ((1 DYF((n — Dk )) (20)
\ n—1 a—b
_q ife— 1 2
w=Gy (C ) + L. where G,(+) is with parameter | — F((n — k")
c—d (21)

B % O0<1 v % E5(18) % >t 1(use §=1) *+ & F .

I I (a — 1+ (1 = b)F((n — )k~ )) 22
\ a—b

_ = ] g
w = G, : (( {) + L. where G,(-) is with parameter F((n — 1)k~ ) (23)
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VSI schemes @212
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Conclusmns and future dlrectlons (1/3)

m Autocorrelation effects on the synthetic chart
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m Case of individual observation -
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Conclusmns and future dlrectlons (3/3)

m Robustness of the synthetic chart to non-normality
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