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X =/ —2logr X Cos(2mrs) b
Am = actual mean of the process

Y = am +asd*X it
am + Asd = actual standard deviation of the process
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Proposed R chart (s

m 2y - WRFERFLIR oK S 0(5r0g) 0 L&
P(r) = & #1 w%i&«p—w w_, S HEF L

P(r)=fn.K.L . HandU™) = Pr1(») + Pra(r) X Prs(»)

={l — an, )} +{an,L) — a(n,K)]} X [1 - )B(”H-{_J; ]

}
Zi (Xij “’ﬂ) Pr 3(}’) = (} 2 (XI} Mﬂ) < [J )
i=1 j=1 1= 1 7=1
n - - 2 -
() (T3 (R )
g‘=1';' < o1 /r i=1 j=1 &
H n . 2
2 Xy Mg
2, =33 (
EJ,@? e o




N

I -l

Proposed R chart )

Example:
Al W

Sample size(n) = 4, History(H) = 4, Degrees of freedom(v )=nxH =16

Confidence level =95% , % # #U* =26.3,d,=2.059, D, = 2.28
in-control ARL=500T - L=36,K=24

=1L § 48
ENE

Average sample range(R ) =d, X0 ,=2.059 x 1 =2.05
Estimate of standard deviation(o ;) = D4(R - 1)/3=0.8
Upper control limit on R chart(UCLg) = R+ L X0  =5.22
Upper warning limit on R chart(UWLg) =R + Kx g = 4.17
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Proposed R chart s

S. no. X1 X2 X3 X4 Range
1 — 0.908 0.371 0.333 1.212 2.12
2 — 2.083 —1.165 1.019 —(0.638 3.102
3 0.613 —1.166 — 1.551 1.851 3.402
4 —1.014 2.601 0.042 1.242 3.615
5) —0.532 1.363 0.77 —0.128 1.895
6 2.64 —1.176 2.77¢ 0.54 3.95
U = {[(0.613 - 0.0) / 1.0]2 + [(-1.166 - 0.0) / 1.0]2 + --- + [(0.54 - 0.0) / 1.0]&} | #=95

1.367
= 35.994 > 26.3 => out of control 1812

10 —0.570 —1.600 — 1.681 —0.335 1.346

11 0.998 —0.453 0.261 0.174 1.451

12 0.105 —1.433 1.47 0.082 2.903

13 —(0.088 0.506 1.894 0.934 1.982

| U = {[(-0.570 - 0.0) / 1.0]2 + [(-1.600 - 0.0) / 1.0]2 + --- + [(0.934 - 0.0) / 1.0]2}| #747

) 3.0
= 16.078 < 26.3 => In control 1366
17 — 2.592 2471 —1.013 —0.029 5.063
18 0.669 —0.952 1.861 1.288 2.813
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Proposed R chart s

Upper control ~ Upper warning

Sample size Factor Factor Factor limits Limits
) L K H U* 4 Dy D, (UCLg) (UWLg)
2 39 28 4 [I551 1128 0.00 327 (4.46) (3.52)
3 37 25 4 2103 1693 0.00 257 4.794 3.73 Table I.
4 36 24 4 263 2059 0.00 2282 (5.05) (4.17) Parameters of proposed R
5 36 25 4 3141 2326 0.00 211 (6.03) (4.90) chart for in-control ARL
10 35 25 4 0B536 3078 0.00 1.78 (D.88) (5.08) of 500
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Proposed R chart s
Proposed R chart
Shift ratio » = oy/oy ARLs S.D. of run length
1.00 500,00 10.52
107 168.00 6.38
113 78,00 4.21
117 4750 2.32
1.20 41.20 1.85
127 19.60 1.64
1.33 12.80 1.46
140 890 1.12
147 6.80 1.11
1.50 590 1.02
153 5.30 0.86
1.60 4.30 0.72
167 3.70 0.68
173 3.20 0.26
1.80 2.80 0.102
1.83 270 0.091
1.87 260 0.083
193 240 0.054
200 220 0.041
217 190 0.022
2.33 1.70 0.021 Table II.
250 156 0.018 ARLs of proposed R chart
3.00 131 0.016 for sample size of four
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Performance Comparlsons (1/4)
Parameters
(CUSUM chart)

Sample size  Shift ratio (r) ARLe ARLp ARL Ratio =

(1) (/) k h (Chang's chart) (Proposed R chart) ARLp/ ARLe

2 1.00 0.541 1.106 500 500 1.00

2 120 0.900 1.597 856 64.1 075

2 1.60 0972 1471 157 10.5 0.67

2 220 1.085 1.294 56 4.2 0.75

2 3.00 1.204 1.130 31 24 0.77
LR 1000~ 0541 13067 5000 T T T 50 100

3 120 —0.213 7.103 455 44.0 097

3 1.60 0.679 1.409 8.7 59 0.68

3 220 0.879 1.052 32 22 0.69
B 300 ____ 1039 08%_ ____ 9 15 ______ 0719 __

3 1.00 0.541 1.106 500 500 1.00

3 120 0.011 3961 249 39 1.56

5 1.60 0.541 1.106 48 4.3 0.89

5 220 0.770 0.722 20 1.8 0.90

5 3.00 0.952 0.504 13 1.2 0.92 Table III.
10 T T T T T T T 1000~ 0541 13067 5000 T T T 50 100 ARLs comparison of

10 120 0.126 1.957 127 22.5 177 proposed R chart with

10 1.60 0.432 0.666 25 26 1.04 Chang's CUSUM charts

10 220 0.710 0.362 12 1.2 1.00 (without FIR) for various

10 3.00 0.800 0.266 1.0 1.0 1.00 sample sizes (1)
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Performance comparlsons (2/4)

Parameters
(CUSUM chart)
Sample size  Shift Ratio
(n) (r = o/ o) k h Chang's chart  Proposed R chart  ARLs Ratio
2 1.00 0541 1106 500 500 1.00
2 1.20 0900 1605 81.7 64.1 078
2 1.60 0972 1477 139 10.5 0.76
2 2.20 1085 1299 4.8 4.2 (.83
23w 1204 118 ____ 27 _______24______ 0.89__
3 1.00 0541 1106 200 o0 1.00
3 1.20 —0213 7240 3.4 44.0 1.28
3 1.60 0679 1417 7.0 5.9 0.84
3 2,20 0879 1056 27 2.2 0.51
3 ___300_____ 1039 0836 __ __ L7 ___15______ 0.88_ _
3 1.00 0541 1106 200 o0 1.00
5 1.20 0011 4023 17.6 39 2.2
3 1.60 0541 1112 3.6 43 1.19
3 2,20 0770 0725 1.6 1.8 1.13
S S AL 0952_ 0004 _ _ _ _ 13 o ____12______ 092 _ _ Table IV.
10 1.00 0541 1106 500 500 1.00 ARLs comparison of
10 1.20 0126 1979 8.6 22.5 2.62 proposed R chart with
10 1.60 0482 0482 1.9 26 1.37 ARLs of Chang's CUSUM
10 2,20 0710 0710 1.1 1.2 1.09 charts (with FIR) for
10 3.00 0800 0266 1.0 1.0 1.00 various sample sizes (n)
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Performance comparisons )

ARLs Ratio
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Shift Ratio

Figure 1.

Plot for ARL=s ratio
between proposed R chart
and Chang's CUSUM
charts (without FIR) for
various sample sizes (#2)

Proposed R chart£x Chang’s CUSUM charts(with/without FIR) & 1
Rz & % (false alarm rate)4p % -

d < % #ccasepr % ¥ » Proposed R chart#f**+Chang’sCUSUM
charts(with/without FIR) £ 3 #.-] ARL -

Chang’s CUSUM chart4c » FIR# ¢ H 3 {7450 4 £ @] 2 2 o
d % = & 4w 2 407 casedg -+ » Proposed R chartez Chang’s
CUSUM charts (with/without FIR)z_ ARLSs ratio4z 181+ 10 i case -
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Performance comparisons s

T

Shift ratio

Chang's Chart
(1) UCL = 7.966

Chang's Chart
2) UCL=5.322

Chang's Chart
(3) UCL =4.301

K=25 L=37 ARLs ratio

ARLs ratio

ARLs rafio

5 No, (¥ = eryfemg) [appx. limit) [appx, limit) lexact limit) Proposed K chart (1 (2) (3
1 100 S00.00 S00.00 300,00 SO0, 1.00 1.00) 1.00
2 105 321.05 29231 2726 2450 0.76 0,84 0.90
3 110 21488 18042 158.58 127.1 0,58 0.7 0.80
4, 115 149,26 116.86 97.71 T35 049 0.63 0.75
5 1.20) 107,17 7901 63.35 4410 0.41 0.56 0.69
6, 1.25 7926 5550 4297 301 0.38 (.54 0,70
T. 1.30 60,19 4033 3034 212 0.35 053 0,70
8 1.35 46,80} JNZ21 2220 16.1 034 (.53 0.73
9, 1.40 I717 2324 16,76 13.0 0.35 0.56 0.78

10, 145 30,09 1832 13.02 99 0,33 0.54 0.76

11, 150 2478 1476 10,37 8.3 (.33 0,56 0.80

12, 160 1757 10,12 7.01 5.4 0.3 (.58 0.84

13. 1.70 1311 7.39 5,10 4.7 0.36 0.64 092

14, 1.80) 10,19 .68 3.92 3.9 0.38 (.69 099

15. 1.90 819 1.55 3.16 3.2 (.29 0.70 1.0

16. 200 6.78 3.76 264 28 0.41 0.74 1.06

17. 2,50 353 206 1.55 1.9 0.54 0.93 1.23

18. 300 243 1.52 1.23 1.5 0.62 0.99 1.2

2 7 T ' 5
e Proposed R chart£2 Chang’s upper-sided Shewhart variance chart- | p
s > 2 A5
2_ 3% % (false alarm rate)4p % -
7 e Jal s 7 I
wl® d 5 Ak LR F > Proposed R chart¥f*tChang’s upper-sided
N3 Shewhart variance chart£ 3 #.-]- ARL -
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P) = f(n,K,L,H,U) = Pri1(6) + Pr 2(3) *Pr 3(0)
=[1—{alL—8)+a(—L— )}

+[f{ (L -8 —(K—-8}+a{(-L—8— (K-8}

Strategy based on sum
of Chi-squares; CSQ

—[1—{aL — &)+ a(—L — &) }]

xP(U > U’ —vxSE/n)

+ [ (L-8)— (K-8} +of(—L—8) — (K-8}
Strategy based on average
of sample means; ASM

o
H*n

X [1={a((L—-8)/d) }—{a((-L—0)/d) }]

average standard deviation of “H” samples = & =

Do B = éﬁﬁ# F1¥1fe
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Strategy CS0Q) Strategy ASM
ARLs (Simulated) ARLs (theoretical) ARLs (theoretical)
0.0 273 J71.0968 37748
02 208 J11.4167 245.83
(0.4 20 2020513 116.38
0.5 152 1549996 76.68
0.6 115 1170993 529
0.8 64 6047665 22.24
1.0 a5 2631142 10.63
1.2 203 2017047 n.66
14 109 11.3193 258
1.5 a7 8.551285 273 Table I11.
1.6 6.3 6.522352 227 Comparison of simulated
1.8 29 2973474 1.689 ARLs with theoretical
20 25 2666285 1.38 ARLs for both strategies

— ARLs (strategy
csQ)

— ARL (Strategy
ASM)

ARLs
&

Figure 2.

Plot between theoretical
performance of new chart,
using strategy CS() and
strategy ASM




Shift
Sets Charts (41, #3) (1, fiz) (K1, K3) 0.0 050 1.0 15 2.0 3.0
1=t CUSUM chart (4] - - 370 251 94 56 4.0 2.3
VP X chart (1, 14) (3.96, 0.17) (4, 1.95) 370 250 8.8 52 3.5 2.3
2nd CUSUM chart (4] - - 370 68.0 128 48 2.7 1.3
VP X:chart (L 4) (143, 013 (4, 212) 370 617 86 29 1.7 1.0
- New X chart (Strategy ASM) n=land H=4 (100, 100 L=300K=10 379 770 10.7 2.7 1.3 1.00
- New X chart (Strategy CS0)) n=4dand H=4 (100, 1,00 L=32K=22 373 152 25 8.5 2.6 1.25
Table VI.
Comparison of
~ performance of new
X chart with CUSUM and
VP X chart
Luas's . .
(Shewhart-CUSUM) New X chart MNew X chart
Shift (8) scheme (Strategy ASM) (Strategy CS0)
0.0 448 379 373
0.5 348 T 152
0.75 16.1 28 76
, L0 9,54 10.7 a5
1.5 529 2.7 85  Tahle VIIL.
20 3446 1.3 26 ARLs comparizon
25 244 1.1 1.6  between new chart and
3.0 1.81 1.0 1.25 Lucas's schemes
T o, 5 2 ) 31 4 )l 55 2,2
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