Chapter 4

Non-Normality in Control Charts

4.1 Introduction

In control charting methodology an assumption often used to determine statistical
properties is that the data are normally distributed. However, it can be shown that
this assumption is critical for the performance of the control charts. In Section 4.2, we
present the non-normality effect in Univariate and Multivariate Shewhart Charts. In
Section 4.3 the ascription under non-normality in univariate and multivariate EWMA
Charts is given. The EWMA control charts for dispersion are investigated in detail and

results on their performance are given together with some recommendations.

4.2 Non-Normality in Univariate and Multivariate

Shewhart Charts

The usual way of constructing the Shewhart charts is by assuming normality for the
underlying characteristic. In the case of nonnormality if we know the exact distribution of
the characteristic plotted we may construct the corresponding probability limits without a
problem. The case that appears to be the most difficult is when we do not have a normally

distributed characteristic and the probability density function of this characteristic is
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not known. Then, we have two alternatives; either use nonparametric control charts (see
Chakraborti et al. (2001)) or use the existing theory developed for a normally distributed
variable. For this second case, Burr (1967) examined the effect of nonnormality on the
often used constants in the Shewhart control charts and concluded that they are robust
to the assumption of normality except in cases of extremely non-normal distributions.
Additionally, Schilling and Nelson (1976) surveyed on the effect of non-normality on the
control limits of the X chart. They found that usually a sample of size 5 is enough to
ensure the robustness to normality of the control limits. Yourstone and Zimmer (1992)
proposed the use of the generalized Burr distribution for determining non-symmetrical
limits for a control chart for sample averages. They focused on the effect of non-normality
measured by the skewness and kurtosis on the ARL values. They concluded that a
large skewness or kurtosis in the original data will result in sizeable large skewness or
kurtosis values for the sample averages. Therefore, the practitioner should consider non-
symmetrical control charts. Janacek and Meikle (1997) proposed the use of control charts
of medians in the case of non-normal data. They assumed that at the beginning the
process is in-control and we collect a reference sample of size N. Then, we take samples
of size n to check if the process remains in-control in terms of location. Let B be the
number of members of the test sample less than k, where Fx(k,) = ¢. If the distribution

of the reference sample Fy(x) is unknown and m is the sample median, then

(j-l—b—l) (N+n—j—b)

It can be proved that

n (j—l—b—l) (N—i—n—j—b)

P((E(j) <7/7\”L<$(N,j+1)) =1-2 Z b N
b=[n/2]+1 ( n )

and this relationship can be used to construct suitable control limits. As Janacek and

Meikle (1997) indicate their proposed approach is very reliable when we have non-normal
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data, but when used with normal data there is a loss of power.

The nonnormality effect on the 72 control charts have been studied by many authors
such as Chase and Bulgren (1971), Mardia (1974, 1975), Everitt (1979), Bauer (1981),
Tiku and Singh (1982) and Srivastava and Awan (1982). They proved through simulation
that this statistic is affected by nonnormal distributions and especially in the case of the

highly skewed ones.

4.3 Non-Normality in Univariate and Multivariate

EWMA Charts

The assumption of normality in the EWMA chart has drawn the attention of re-
searchers in the last years. In subsection 4.3.1 we present the recent results on this field
for the EWMA chart for the mean in univariate and multivariate cases. Moreover, some
new results (Maravelakis et al. (2003)) about the robustness to normality of the EWMA

charts for dispersion are given in subsections 4.3.2-4.3.5.

4.3.1 The EWMA control charts for monitoring the process

mean

The EWMA is a popular chart for detecting small to moderate shifts and because
of another characteristic. As Montgomery (2001) states “It is almost a perfectly non-
parametric (distribution free) procedure”. Borror et al. (1999), examined the ARL
performance of the EWMA chart for the mean in non-normal cases when the parame-
ters of the process are known and concluded in the same result for certain values of the
smoothing parameter. They proposed that an EWMA chart with smoothing parameter
equal to 0.05 is very effective in the case of nonnormality. Its in-control value is very close
to the one for the normal case. Furthermore, it does not lose its ability to detect fast

an out-of-control situation. However, as the value of the smoothing parameter increases
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the performance of the chart under nonnormality is not that good. Recently, Stoumbos
and Sullivan (2002) and Testik et al. (2003) extended the work of Borror et al. (1999)
to the multivariate case of the EWMA chart. They concluded that a properly designed
multivariate EWMA control chart is robust to the non-normality assumption. In par-
ticular, Stoumbos and Sullivan (2002) showed that for up to five dimensions a value of
the smoothing parameter in the range [0.02,0.05] is enough to preserve performance as
in the multinormality case. However, when we have more than five dimensions a value

of 0.02 or less is needed for the MEWMA chart to behave as under multinormality.

4.3.2 The EWMA control charts for monitoring the process
dispersion

Let py and oy denote the in-control values of the process parameters that are either
known or estimated from a very large sample taken when the process is assumed to be in-
control. We want to detect any shifts of the dispersion in the process using EWMA charts
that are known to be efficient for detecting small to moderate shifts in the parameters.
For the remaining of this study we assume that we have independent and identically
distributed data with sample size unity and also that we are in the prospective setting
(Phase IT) where the estimates or the parameter values are used to monitor the process.
In the case of rational subgroups the central limit theorem applies and therefore the non
normality issue does not bother us as much.

Several publications dealing with the subject of detecting shifts in the dispersion
using an EWMA type chart have appeared in the literature (see, e.g. Domangue and
Patch (1991), MacGregor and Harris (1993), Acosta-Mejia and Pignatiello (2000)). Our
main concern is to detect increases in the process dispersion. We have to stress though,
that detecting decreases in the dispersion is equally important because they indicate
an improvement in the process. Nevertheless, it is not probable that a reduction in the
process standard deviation, or variance, will occur without a corrective action. Therefore,

when an attempt to improve the quality of a process is taking place, the time that this
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possible change occurs is known. A control chart is one of the tools to check for possible
reduction in the variance before and after the corrective action. However, the main use

of a control chart is to detect persistent or sudden shifts in a process at unknown times.

Table 4.1 In-control ARL, MRL and SDRL values for upward shifts A = 0.05

WR SR HO DP1 DP2

h 2876 2.604 2436 21492 2.495

N(u,0%) ARL 3704 3704 3704 3704 370.4
MRL 260 260 264 259 257

SDRL 361.3 358.1 353.6 361.8 368.3

G(4,1) ARL 151.3 3042 4441 490.5 181.2
MRL 106 213 312 340 124

SDRL 148.0 296.3 431.7 486.5 183.0

G(3,1) ARL 133.1 290.6 473.2 5352 162.6
MRL 93 205 331 372 111

SDRL 131.0 283.0 4619 532.6 166.0

G(2,1) ARL 1124 2675 5225 6415 140.3
MRL 79 187 365 444 95

SDRL 110.0 262.1 511.3 640.5 144.1

G(1,1) ARL 841 2253 659.4 1048.1 111.8
MRL 59 158 461 723 75

SDRL 82.7 220.7 647.9 1056.6 116.1
G(0.5,1) ARL 67.8 185.8 840.3 2449.9 94.8
MRL 47 130 583 1679 63

SDRL 668 184.3 837.1 2489.1 99.9

The EWMA chart of squared deviations from target (EWMAg) was proposed by
Wortham and Ringer (1971) for detecting a shift in the process standard deviation. The
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statistic of this chart is given by

S = My — pg)* + (1 — N)max(S;_1,07), Sy = op,

Table 4.1 (continued) In-control ARL, MRL and SDRL values for upward shifts A = 0.1

WR SR HO DP1 DP2

h 3432 2916 2.628 2409 3.094

N(u,02) ARL 3704 3704 3704 3704 370.4
MRL 259 257 260 259 258

SDRL 365.9 360.8 359.2 363.6 367.4

G(4,1) ARL 129.7 237.0 380.8 421.1 147.2
MRL 91 166 265 293 102

SDRL 127.7 231.7 3741 4188 147.3

G(3,1) ARL 1143 2180 3821 4372 130.7
MRL 79 152 267 304 90

SDRL 113.2 2145 373.8 433.7 131.3

G(2,1) ARL 956 191.6 388.3 4721 111.8
MRL 66 133 271 328 77

SDRL 94.8 188.9 382.1 469.3 112.7

G(1,1) ARL 725 150.6 393.3 569.5 87.0
MRL 51 105 273 396 60

SDRL 712 1483 388.3 570.5 88.2
G(0.5,1) ARL 592 1202 399.4 8164 73.1
MRL 41 8 278 564 50

SDRL 586 119.1 395.1 8223 74.7

where )\ is a smoothing parameter that takes values between 0 and 1 and Sy is the initial

value. The above statistic is one-sided and it is defined in a way to detect only upward

shifts. This happens because, whenever S; is less than o2, we set it equal to its starting
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value. The control limit of this chart is

2\
UCL = o3 + hsop (m),

Table 4.1 (continued) In-control ARL, MRL and SDRL values for upward shifts A = 0.2

WR SR HO DP1 DP2

h o 4112 3215 2742 2584 3.821

N(u,0%?) ARL 3704 3704 3704 3704 3704
MRL 256 257 257 259 258

SDRL 368.9 363.4 363.3 3664 368.8

G(4,1) ARL 1134 171.8 2812 319.7 121.9
MRL 79 120 196 221 84

SDRL 112.6 169.0 277.9 318.3 121.4

G(3,1) ARL 99.7 1543 263.7 3105 107.5
MRL 69 107 184 216 75

SDRL 989 153.1 260.7 3082 107.5

G(2,1) ARL 835 1314 2408 2964 913
MRL 58 92 167 205 63

SDRL 827 1295 2380 2944 91.3

G(1,1) ARL 641 100.6 2055 279.1 70.7
MRL 45 70 144 194 49

SDRL 633 99.3 2026 277.7 70.9
G(0.51) ARL 525 810 179.6 2914 59.4
MRL 36 57 125 201 41

SDRL 51.8 803 178.3 2932 59.4

where hg is a constant used to specify the width of the control limit. Note that o3 would
be the mean and 031/2)\/(2 — \) would be the asymptotic standard deviation of S; if the

reset was not used. However, the control limit is not modified in order to resemble the
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form of an asymptotic EWMA control limit (Reynolds and Stoumbos (2001)).

As Stoumbos and Reynolds (2000) indicate, when the normality assumption is ques-

tionable for the observations, the EWMAg statistic does not converge quickly to normality

Table 4.2. Out-of-control ARL, MRL and SDRL values for upward shifts A = 0.05

Shift 1.2 1.4
WR SR HO DP1 DP2 WR SR HO DP1 DP2
N(p,02)ARL  113.3 116.2 126.1 114.4 100.8 05.6 584 659 586 48.8
MRL 81 84 92 82 72 41 4 50 44 37
SDRL 105.5 105.1 113.1 104.5 94.2 48.2 485 H4.2 4877 425
G(4,1) ARL 66.0 111.0 167.3 1719 68.8 36.2 545 80.2 77.6 355
MRL 47 80 120 121 48 27 40 99 56 26
SDRL 62.6 103.0 155.7 164.8 67.5 329 478 702 70.0 33.3
G(3,1) ARL 644 1154 185.2 193.6 68.9 379 59.9 920 915 379
MRL 46 82 132 136 48 2Tt 44 67 66 27
SDRL 61.7 108.2 174.0 1874 68.1 35.1 53.8 821 847 36.1
G(2,1) ARL 61.1 119.3 214.1 2379 67.6 39.2 67.0 111.9 116.8 40.6
MRL 43 85 152 166 46 28 48 81 83 28
SDRL 58.6 1134 203.1 2334 68.0 36.8 61.2 101.9 110.5 39.5
G(1,1) ARL 54.6 121.3 294.0 393.6 64.8 39.1 76.8 164.0 196.6 43.3
MRL 39 86 206 271 44 28 55 117 137 29
SDRL 52.7 116.5 284.7 3959 66.4 37.6 72.8 154.8 194.3 43.8
G(0.5,1ARL 494 117.1 420.7 910.3 62.7 38.5 829 2524 4443 46.0
MRL 35 82 293 623 41 27T 58 177 304 31
SDRL 48.2 1143 413.2 933.2 65.9 37.3 80.2 245.3 454.7 47.8

because it is a weighted average of squared deviations. For this reason they propose an

EWMA chart of the absolute deviations from target (EWMAy), adjusted for detecting
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only upward shifts. The statistic of this chart is

Vi= Mz — po| + (1 = M) max(V;_1, 00y/2/7), Vo = oo\/2/,

where Vj is the initial value. The above statistic, as in the case of the EWMAg statistic,

is one-sided and can detect only upward shifts. The control limit of this chart is

UCL = 0g\/2/7 + hyoo/1 — (2/7)\/ A (2= \),

where hy is a constant specifying the width of the control limit. We have to mention

that 09/2/m would be the mean and 0g+/1 — (2/7)/A/ (2 — \) would be the asymptotic

standard deviation of V; if the reset was not used. Again, the control limit is not modified
and therefore it does not resemble the form of the standard EWMA control limit.

Hawkins and Olwell (1998, p.82) suggested a different statistic for monitoring individ-
ual readings for scale changes. Specifically, they recommended the use of the differences
(X, — ) CUSUMming the square root of their absolute values. In our case, and since
we use an EWMA type chart, Maravelakis et al. (2003) introduced such a control chart.
Let H = \/m , where x; are our observations. It can be shown that if X is normally
distributed (N(j1, 02)) then

4h h4
h;o?) = ——=exp|—=— | ,0< h
siiat) = e (<) 0%

] 4h2 h4 23/401/2 o) 2h2 h4
E(h) = —— ) dh = —— ) dh =
(h) /0 oV 2w P ( 202) Vor Sy 032214 xp ( 202)

93/4,1/2 oo / p4 —1/4 BA Ba
= \/% /0 <ﬁ> exp (_ﬁ> d <ﬁ> = (23/4) r (3/4) vV 0'0/27T
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and

* 4p3 ht e 4h3 ht
E(h?) = ——— | dh = dh =
) /0 ovor P ( 202) oV 2w / 202 ° ( 202 >
202 [ [ h*’ h h 20T (1) 2
= — | exp| == |d|— | = =04/ —.
av2r Jo 202 202 202 o2 T

Table 4.2 (continued) Out-of-control ARL, MRL and SDRL values for upward shifts A = 0.05

Shift 1.6 1.8

WR SR HO DPlI DP2 WR SR HO DPl DP2

N(p,02ARL 349 37.7 432 385 30.8 250 27.5 322 289 223
MRL 27 30 34 30 24 20 22 26 23 18
SDRL 285 289 328 296 252 195 19.7 227 207 175
G(4,1) ARL 234 329 466 442 224 168 228 31.3 294 158
MRL 18 25 35 33 17 13 18 25 23 12
SDRL 205 27.0 379 371 201 142 17.7 235 229 136
G(3,1) ARL 254 374 550 532 248 187 264 376 357 180
MRL 19 28 41 39 18 14 20 29 27 13
SDRL 22.8 31.8 46.1 463 228 161 21.3 296 292 159
G(2,1) ARL 278 437 695 694 27.7 212 31.6 481 47.1 208
MRL 20 32 51 50 20 16 24 36 35 15
SDRL 254 386 60.7 629 263 190 268 40.0 40.7 19.2
G(1,1) ARL 302 54.3 1057 117.9 321 244 41.1 754 80.1 25.3
MRL 22 39 76 82 22 18 30 55 57 18
SDRL 286 50.1 97.4 114.1 31.8 228 372 67.8 75.1 246
G(0.5,1ARL 315 63.0 170.1 260.8 362 269 50.5 123.9 173.1 29.8
MRL 22 45 120 178 24 19 36 88 118 20
SDRL 304 604 1642 2658 37.3 256 47.9 117.7 175.3 30.2
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Table 4.2 (continued) Out-of-control ARL, MRL and SDRL values for upward shifts A = 0.1

Shift 1.2 1.4
WR SR HO DP1 DP2 WR SR HO DP1 DP2
N(p,02)ARL  124.1 123.3 131.8 123.2 113.0 60.7 61.7 682 62.2 54.6
MRL 88 88 94 88 80 44 45 50 45 39
SDRL 119.8 116.6 123.5 116.2 109.1 56.3 55.6 60.7 55.6 50.5
G(4,1) ARL 605 949 1479 156.7 62.8 343 487 719 73.6 34.2
MRL 43 67 105 110 ! 25 35 52 53 24
SDRL 58.9 91.0 140.8 152.0 61.8 324 450 66.2 68.6 32.8
G(3,1) ARL 585 954 157.1 171.3 61.8 354 524 811 844 359
MRL 41 67 111 120 43 25 37 58 60 25
SDRL 56.8 91.8 151.1 1674 61.1 33.7 49.0 752 797 34.8
G(2,1) ARL 54.8 944 171.7 195.0 59.8 36.0 55.9 943 102.0 374
MRL 38 66 120 136 42 25 40 67 72 26
SDRL 53,5 915 165.8 1914 59.5 34.5 52.7 885 981 36.6
G(1,1) ARL 483 89.0 199.0 260.6 54.8 35.3 59.6 119.8 146.0 38.5
MRL 34 62 139 180 38 25 42 85 102 26
SDRL 472 87.0 1942 259.9 55.1 34.2 573 114.8 1439 385
G(0.5,1ARL 43,5 81.7 230.3 400.3 51.6 34.6 60.6 151.6 237.8 39.3
MRL 30 o7 161 276 35 24 42 106 164 27
SDRL 42.8 80.3 2264 404.6 52.5 33.7 59.4 147.7 240.1 39.9

Var(h) = B(h?) — [E(h)]? = o¢ (U % _ e (3/4))

™
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and the EWMAy chart is based on the statistic

Hi = AIw = pol + (1= Aymax (Hir, (2%) T (3/4) v/o0/27)
Hy = (2¥*)T(3/4) /oo 2

where Hjis the initial value. The control limit of this chart is

UOL = () D 3/4) /ool + huryJou ((2/V7) = VA2 3/4) /) M (2= ),

where hy is a constant specifying the width of the control limit. The mean of H; is
(28T (3/4) \/00/2m and \/00 ((2/v2m) — V2I2(3/4) /m) A/ (2 — A) is the asymptotic

standard deviation of H; if the reset is not used. The control limit in this case also is not

modified to keep the form of a standard EWMA control limit.
Domangue and Patch (1991) introduced the omnibus EWMA control charts. The
statistic used in these charts is Z; = (X; — i) /0o and the proposed EWMA, scheme is

Ay =NZ|"+ (1= NA_,

where the starting value Ag is set by the practitioner and it is usually equal to the
asymptotic mean of A;. Two different schemes were proposed by Domangue and Patch,
one with a = 0.5 and the second with ¢ = 2. When we have independent samples from
a normal process with mean p, and standard deviation o Domangue and Patch (1991)

showed that the asymptotic mean and variance of A; for the scheme with a = 1/2 are

E(A) = (V2/7) Y2 (3/4) and Var(A;) = (2‘[%)” [T —T?(3/4)]. In the case of a = 2

they proved that F(A;) = 1 and Var(4;) = (22;). Then, the control limit in each case is

UCL = E(A;) 4+ haVar(A;)Y?

where h 4 is a constant specifying the width of the control limit and either of the schemes
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signal whenever A; > UCL. We have to note here that these schemes can signal only
upward because of the way they are constructed. Moreover, as Domangue and Patch
indicate these schemes are sensitive to increases in dispersion.

For all the above schemes we observe that they are vulnerable to shifts in the mean
apart from the dispersion. Therefore a signal of these charts might be the result of a
change in the mean. This deficiency can be resolved by using the moving range (Hawkins
and Olwell (1998, p.82)) or by calculating at each point in time (observation) an estimate
of the mean (MacGregor and Harris (1993)). However, the use of either of these tech-
niques might lead to other problems such as dependence of the observations and since

they involve cumbersome calculations, they are not considered here.

4.3.3 Methods of evaluating control charts performance and

their computation

In the context of EWMA charts there are three ways of computing the previously
stated measures of performance. The integral equation method, the Markov chain method
and a simulation study (see e.g., Brook and Evans (1972), Lucas and Saccucci (1990)
and Domangue and Patch (1991)). The integral equation method is an accurate method
but it can not be computed in all cases. The Markov chain method can be implemented
in the cases that the former method can not, but we need to discretise the continuity of
the process using many steps. The simulation study is easy in the implementation and,
when using a large number of iterations, the results are very accurate. In the following
calculations simulation is used and we repeat the simulation 200001 times for each entry
in the tables.

In order to study the effect of non-normality in the performance of the EWMA charts
for dispersion we used the same types of distributions as in Borror et al. (1999) and
Stoumbos and Reynolds (2000); symmetric and skewed ones. Specifically, we simulated

observations in the skewed case from the Gamma(a, b) distribution with probability
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density function
%x‘kl exp (=bx) x>0

f(l',Oé,b): “ ’

0, <0

Table 4.2 (continued) Out-of-control ARL, MRL and SDRL values for upward shifts A = 0.1

Shift 1.6 1.8
WR SR HO DP1 DP2 WR SR HO DP1 DP2
N(u, 0> )ARL 37.3 385 434 39.7 33.6 26.1 274 314 288 23.6
MRL 27 29 32 30 25 20 21 24 22 18
SDRL 334 329 36.6 334 299 225 222 252 229 202
G(4,1) ARL 224 298 421 419 219 16.1 20.6 282 27.5 15.5
MRL 16 22 31 31 16 12 16 21 21 11
SDRL 20.5 26.3 369 372 203 143 174 233 232 14.0
G(3,1) ARL 24.1 334 494 499 24.0 179 236 336 333 174
MRL 17 24 36 36 17 13 18 25 25 13
SDRL 224 30.1 44.0 454 22.7 16.3 206 28.6 29.0 16.0
G(2,1) ARL 259 379 598 62.7 264 19.9 277 421 429 199
MRL 18 27 43 45 19 14 20 31 31 14
SDRL 244 349 546 587 254 186 25.0 373 39.0 187
G(1,1) ARL 276 43.7 81.3 94.0 29.2 226 340 599 66.6 234
MRL 20 31 58 66 20 16 24 43 47 16
SDRL 264 414 771 91.6 289 214 31.7 555 63.6 228
G(0.5,0ARL 28.6 47.6 108.9 1574 31.9 244 393 83.7 113.1 26.8
MRL 20 34 76 108 22 17 28 59 78 18
SDRL 27.7 46.1 105.6 158.4 32.3 23.5 377 80.7 1129 26.8

where the mean is /b and the variance is a/b?. In the remaining of the chapter we set b
equal to unity without loss of generality. Under this condition as « increases the gamma

distribution approaches the normal. In the symmetric case we simulated observations
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from the t(k) distribution with probability density function

((k+1)/2) 1
VL (k/2)  ((22/k) 4 1)*F072

fla k) = L

—00 < x < 00,

Table 4.2 (continued) Out-of-control ARL, MRL and SDRL values for upward shifts A = 0.2

Shift 1.2 1.4
WR SR HO DP1 DP2 WR SR HO DP1 DP2
N(p,02)ARL  136.7 133.4 137.7 132.0 128.8 69.1 67.0 71.1 67.6 63.5
MRL 95 94 97 93 90 49 48 51 48 45
SDRL 134.5 129.8 133.1 128.0 127.1 67.1 63.6 666 634 614
G(4,1) ARL 56.0 76.9 116.3 128.7 57.6 33.1 421 598 63.8 329
MRL 39 o4 82 90 40 23 30 42 45 23
SDRL 549 747 113.1 126.5 56.8 32.0 40.1 56.7 61.2 32.0
G(3,1) ARL 53,5 752 1185 133.7 55.6 33.5 439 650 70.7 34.0
MRL 37 23 83 93 39 24 31 46 20 24
SDRL 528 735 1153 1314 55.2 32.3 422 62.0 684 334
G(2,1) ARL 496 714 119.6 140.2 52.3 33.5 454 702 794 34.5
MRL 35 20 84 97 36 24 32 49 26 24
SDRL 48.7 699 1164 138.7 51.9 32.6 44.0 675 771 340
G(1,1) ARL 43.6 64.0 118.1 151.0 46.8 32.5 454 Tr7 946 343
MRL 31 45 83 105 33 23 32 55 66 24
SDRL 42.7 62.6 115.8 150.3 46.8 31.6 441 753 93.6 339
G(0.5,0ARL 395 57.8 117.1 1749 434 31.5 44.6 83.7 1183 34.3
MRL 28 40 81 121 30 22 31 99 82 24
SDRL 38.8 57.2 1156 175.8 434 309 43.6 82.1 1185 34.2

where k are the degrees of freedom, the mean is 0 and the variance is k/(k — 2).

The ¢ distribution is symmetric about 0 but it has more probability in the tails than the
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normal. Moreover, as the degrees of freedom increase, the t distribution approaches the
normal.

In the simulation algorithm, the parameter values we simulated from, are a=0.5, 1,
2, 3, 4 and b=1 in the gamma case, and k= 4, 6, 8, 10, 20, 30, 40, 50 in the ¢ distribution
case. The steps of the algorithm are the following

Step 1. Set the values of 1, and oy

Step 2. Set the values of A and the constants specifying the width of the control limits
(hs, hy, hyg, ha) and calculate the control limits.

Step 3. Generate a value from gamma(a,1) [from a t(k) distribution] and calculate
the appropriate statistic in each case.

Step 4. Repeat Step 3 until the statistic computed crosses the upper control limit
and record the sample this happens.

Step 5. Repeat Steps 3 to 4 200001 times.

Step 6. Obtain estimates of the ARL and SDRL values.

Step 7. Sort the 200001 values and set observation 100001 equal to the MRL.

Evidently, the above algorithm is used for calculating the in-control ARL, MRL and
SDRL values. For the out-of-control cases Step 3 is properly modified. In Step 1, the
in-control mean when we are in the gamma case is equal to /b and the variance is a/b%.
When we have a ¢ distribution the in-control mean is 0 and the variance is k/(k — 2).
The values under the normal distribution are calculated also in each case for studying
the non-normality effect. The values of A chosen are 0.05, 0.1 and 0.2 which are the
usually chosen values for studying the non-normality effect (see e.g., Borror et al. (1999),
Stoumbos and Reynolds (2000), Reynolds and Stoumbos (2001)). The values of (hg, hy,
hy, ha) are chosen in a way that under normality they give the same in-control value
for ARL approximately 370.4. Also, in all the cases, results are displayed for asymptotic
control limits. Finally, all the out-of-control computations performed in this chapter are

made under the assumption of immediate occurrence of the shift at the beginning of the

96



process.

Table 4.2 (continued) Out-of-control ARL, MRL and SDRL values for upward shifts A = 0.2

Shift 1.6 1.8
WR SR HO DP1 DP2 WR SR HO DP1 DP2
N(u,c?)ARL  42.0 41.4 449 422 386 29.1 288 31.6 299 26.8
MRL 30 30 32 31 28 21 21 23 22 19
SDRL 40.0 381 409 383 36.7 27.1 25.7 2777 262 247
G(4,1) ARL 220 26.6 36.1 37.5 21.6 15.8 18.6 24.3 249 155
MRL 16 19 26 27 15 11 14 18 18 11
SDRL 20.8 24.6 33.1 34.8 20.6 14.7 16.8 21.5 225 145
G(3,1) ARL 232 29.0 40.7 43.2 232 173 209 284 295 17.1
MRL 16 21 29 31 16 12 15 21 21 12
SDRL 22.1 27.3 379 409 22.3 16.3 19.2 257 271 16.2
G(2,1) ARL 245 31.6 47.0 51.4 249 19.1 239 338 36.2 19.1
MRL 17 22 33 36 17 14 17 24 26 14
SDRL 23.6 30.0 44.0 49.3 24.2 18.1 223 31.2 340 183
G(1,1) ARL 25.7 34.6 55.8 66.0 26.6 21.1 277 43.0 49.2 21.6
MRL 18 24 39 46 19 15 20 30 35 15
SDRL 249 335 533 648 26.2 204 26.5 40.7 475 21.1
G(0.5,1ARL 264 36.2 64.6 87.2 28.1 226 306 52.0 67.6 24.1
MRL 19 25 45 61 20 16 21 37 47 17
SDRL 25.7 353 63.1 86.6 27.8 21.9 29.7 50.5 674 238

4.3.4 Results

In Tables 4.1 through 4.4, we have the results of the EWMA charts for the dispersion
for the five different charts (EWMAg, EWMAy, EWMAy and EWMA, for a=1/2 and

a=2). We have results for three combinations of A and the corresponding hg, hy, hy
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and hy values. In the second row of table 4.1 we have the five different hg, hy, hy and
h 4 values, which are calculated so as to give under normality an in-control value of ARL
equal to 370.4. The same values for these h constants are used in Tables 4.2, 4.3 and
4.4 and for this reason they are not displayed. The third column (WR) in each Table
is the ARL, MRL and SDRL values for the EWMAg, the fourth column (SR) is for the
EWMAy, the fifth column (HO) is for the EWMAy and the sixth (DP1) and seventh
(DP2) columns are for the EWMA, with a=0.5 and a=2 respectively.

In Table 4.1, the results for the in-control case for the gamma distribution are dis-
played and in Table 4.3 the corresponding ones for the t distribution (ARL(0)). In Table
4.2, we have the results in the out-of-control case for the Gamma distribution and in
Table 4.4 the corresponding ones for the ¢ distribution (ARL(1)). In each Table we have
computed additionally the ARL, MRL and SDRL values for the normal distribution to
identify the non normality effect. The shift in the out-of-control cases is in the in-control
process variance, whose value is set at the first Step of the algorithm, by multiplying it
with 1.2, 1.4, 1.6 and 1.8.

The conclusions drawn from these tables are the following. When the process is in-
control, the EWMAp chart for A = 0.1 has a satisfactory non normality performance.
Additionally, the EWMA, chart when a = 0.5 for A = 0.2 gives also results comparable
to the normal ones when we are in-control. One also concludes that the other charts
are much less efficient regarding non normality for every combination of the smoothing
parameter and the process parameters presented. Most of the times they lead to a larger
number of false alarms than the nominal. However, the EWMAy and EWMA, for
a = 0.5 can give for certain parameters, very large ARL values. As the value of « in the
gamma case and k in the ¢-distribution case, become larger so does the ARL and MRL
for EWMAg, EWMAy and EWMA, for a = 2. On the other hand, the ARL and MRL
values for the EWMAy and EWMA, for o = 0.5 decrease when A = 0.05, A = 0.1 and
increase for A = 0.2.

In the out-of-control cases, as the shift increases the non normality effect decreases.

98



Table 4.3. In-control ARL, MRL and SDRL values for upward shifts A = 0.05

WR SR HO DP1 DP2

N(u,0%) ARL 3704 3704 3704 3704 3704
MRL 260 260 264 259 257

SDRL 361.3 358.1 353.6 361.8 368.3

4 ARL 112.6 271.0 7929 2208 1474
MRL 79 189 549 1515 100

SDRL 110.8 2674 787.3 2251 1514

173 ARL 138.6 297.8 5852 946.5 170.9
MRL 97 209 410 653 117

SDRL 135.8 290.6 573.1 953.5 1734

ig ARL 165.6 318.3 5899 6953 195.3
MRL 117 224 412 481 134

SDRL 161.4 310.5 580.7 695.6 197.8

t10 ARL 186.0 329.9 476.8 591.8 216.2
MRL 131 231 336 411 149

SDRL 180.9 321.1 4624 588.2 218.0

120 ARL 2523 352.6 416.0 456.7 276.4
MRL 178 249 292 318 192

SDRL 244.8 341.9 402.2 452.8 274.8

t30 ARL 285.8 358.8 401.2 424.1 303.1
MRL 200 252 282 296 211

SDRL 279.8 346.4 389.3 417.6 3014

40 ARL 302.5 361.5 390.6 409.7 319.5
MRL 213 254 275 285 222

SDRL 293.3 349.5 3775 4043 3174

t50 ARL 3149 366.4 387.7 400.8 327.6
MRL 221 256 272 279 227

SDRL 307.0 356.5 374.1 395.1 324.8
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Table 4.3 (continued) In-control ARL, MRL and SDRL values for upward shifts A = 0.1

WR SR HO DP1 DP2

N(p,0%) ARL 3704 3704 3704 3704 3704
MRL 259 257 260 259 238

SDRL 3659 360.8 359.2 363.6 367.4

17} ARL 97.7 1874 4415 8824 116.4
MRL 68 131 307 609 80

SDRL 96.1 185.5 438.1 890.9 117.5

173 ARL 120.9 2199 409.6 590.9 140.1
MRL 84 153 288 410 97

SDRL 119.6 2174 399.3 590.8 140.2

17 ARL 1452 2471 4009 508.8 163.9
MRL 101 173 279 354 114

SDRL 143.0 243.0 3954 506.8 164.1

t10 ARL 167.7 269.7 394.1 470.4 185.0
MRL 117 189 275 326 128

SDRL 165.0 264.5 388.0 467.3 184.9

t20 ARL 2333 3165 380.6 4129 250.2
MRL 163 222 267 287 173

SDRL 230.0 310.3 372.7 4084 249.3

130 ARL 2706 334.3 3783 397.1 283.2
MRL 190 234 264 277 196

SDRL 264.6 326.7 371.1 392.2 283.8

40 ARL 291.7 3418 375.0 390.1 301.0
MRL 205 239 262 272 210

SDRL 286.2 336.0 367.5 385.8 298.9

t50 ARL 305.1 348.1 3739 3869 314.3
MRL 213 243 263 269 218

SDRL 301.8 341.1 363.4 381.4 312.6
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Table 4.3 (continued) In-control ARL, MRL and SDRL values for upward shifts A = 0.2

WR SR HO DP1 DP2

N(p,0%) ARL 3704 3704 3704 3704 3704
MRL 256 257 257 259 238

SDRL 3689 363.4 363.3 366.4 368.8

17} ARL 86.7 130.1 2383 383.0 96.0
MRL 60 91 166 266 67

SDRL 86.4 128.7 235.7 383.1 95.8

173 ARL 109.2 159.2 265.3 353.8 118.0
MRL 76 111 186 245 82

SDRL 108.0 158.1 261.3 354.3 117.5

17 ARL 131.2 187.8 2839 349.7 140.9
MRL 91 131 198 243 98

SDRL 130.8 186.1 278.8 347.4 140.6

10 ARL 152.1 212.3 3026 353.4 162.0
MRL 106 148 211 246 112

SDRL 150.3 210.0 298.0 352.3 162.5

t20 ARL 220.0 2759 3322 3614 229.3
MRL 154 192 232 251 159

SDRL 2178 273.1 328.0 3574 228.7

130 ARL 257.1 303.7 3474 365.5 264.7
MRL 178 212 243 255 184

SDRL 2554 299.4 343.2 362.4 2623

40 ARL 279.3 321.1 351.7 365.5 285.6
MRL 195 223 245 255 198

SDRL 276.2 318.7 346.0 362.8 284.0

150 ARL 294.7 3273 355.1 366.1 298.9
MRL 205 228 247 254 207

SDRL 292.6 323.0 351.1 362.4 298.0
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Table 4.4. Out—of-control ARL, MRL and SDRL values for upward shifts A = 0.05

Shift 1.2 1.4

WR SR HO DP1 DP2 WR SR HO DP1 DP2

N(p,02)ARL  113.3 116.2 126.1 114.4 100.8 95.6 584 659 586 48.8
MRL 81 84 92 82 72 41 44 20 44 37
SDRL 105.5 105.1 113.1 1045 94.2 48.2 485 542 487 425
17} ARL 755 159.5 4176 930.3 91.0 59.5 116.2 283.6 556.6 68.4
MRL 93 112 291 638 62 42 82 199 381 46
SDRL 73.6 155.8 410.6 946.7 92.9 ov.7T 1131 277.1 569.0 69.6
6 ARL 749 140.2 275.0 386.2 834 53.3 932 177.0 231.1 57.1
MRL 53 99 193 267 57 38 66 126 160 39
SDRL 72.0 134.5 265.4 386.8 83.8 50.9 88.0 168.2 230.8 56.5
123 ARL 771 1346 2329 2845 822 52.1 852 147.5 170.7 54.0
MRL 95 96 165 198 57 37 61 105 119 38
SDRL 73.8 1278 2234 281.8 &81.8 494 79.2 138.0 167.2 52.6
10 ARL 787 131.2 2122 2442 825 51.6 814 1334 147.1 524
MRL o6 93 151 170 57 37 29 96 103 37
SDRL 75.2 1244 201.6 240.1 81.3 48.5 753 1234 1419 50.9
t20 ARL 83.6 126.2 180.6 187.6 84.6 50.7 753 1123 1149 50.3
MRL 60 90 129 132 59 37 95 81 82 36
SDRL 79.1 1181 169.5 180.7 82.1 47.0 68.1 102.0 108.1 47.5
130 ARL 86.1 1251 171.6 1754 858 50.7 73.6 106.6 107.1 49.6
MRL 61 90 123 123 60 37 54 7 7 35
SDRL 81.2 116.9 159.2 168.4 83.2 46.7 66.1 96.1 99.9 47.0
40 ARL 871 1249 168.0 169.1 86.1 50.5 728 103.9 104.0 49.5
MRL 62 89 120 120 61 37 53 76 74 36
SDRL 82.2 116.2 156.1 161.0 83.2 46.8 650 935 96.8 46.7
50 ARL 87.7 124.1 165.7 165.6 86.5 50.7 721 1024 101.9 49.2
MRL 63 89 119 117 61 37 23 5 73 35
SDRL 825 1153 153.6 157.5 83.2 46.6 646 91.8 945 46.0
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Table 4.4 (continued) Out—of-control ARL, MRL and SDRL values for upward shifts A = 0.05

Shift 1.6 1.8
WR SR HO DPI DP2 WR SR HO DPl1 DP2
N(u, 02 ARL 349 37.7 432 385 30.8 250 27.5 322 289 223
MRL 27 30 34 30 24 20 22 26 23 18
SDRL 285 289 328 296 252 195 19.7 227 207 175
ty ARL 50.7 951 220.0 397.5 57.1 456 819 183.3 311.6 50.1
MRL 36 67 155 273 39 32 58 129 213 34
SDRL 488 91.5 2132 4064 57.6  43.8 788 176.8 3182 50.4
te ARL 433 721 1336 166.5 453  37.3 60.5 110.0 132.8 38.6
MRL 31 51 95 116 31 27 4 79 93 27
SDRL 41.0 67.7 1253 1645 44.6 351 56.1 102.2 129.8 37.6
ts ARL 409 65.0 109.9 1242 41.8 348 535 90.0 99.8 35.1
MRL 29 47 79 8 29 25 39 65 70 25
SDRL 383 59.8 101.2 1204 40.3 323 485 819 954 336
tw  ARL 397 61.2 99.0 1075 39.7  33.6 50.3 8L0 86.7 33.3
MRL 29 44 71 76 28 25 37 59 62 24
SDRL 37.0 55.8 90.1 1020 379 310 452 729 814 315
ty  ARL 379 553 836 842 372 313 448 67.9 684 30.7
MRL 28 41 61 60 27 23 33 50 49 22
SDRL 34.8 49.0 743 780 348 285 392 594 621 285
tsy  ARL 375 534 79.0 79.0 364  30.8 43.7 643 639 30.1
MRL 27 39 58 57 26 23 32 48 47 22
SDRL 34.1 472 694 722 338  27.7 379 554 572 278
to  ARL 372 527 771 762 362 305 430 629 618 295
MRL 27 39 57 55 26 22 32 47 45 22
SDRL 338 46.1 675 69.1 335 275 372 541 550 27.1
tsy  ARL 372 524 762 750 361 304 426 61.9 608 29.4
MRL 27 39 56 55 26 22 32 46 45 21
SDRL 33.7 458 66.6 67.6 333 273 368 529 541 269
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Table 4.4 (continued) Out—of-control ARL, MRL and SDRL values for upward shifts A = 0.1

Shift 1.2 1.4
WR SR HO DP1 DP2 WR SR HO DP1 DP2
N(p,02)ARL  124.1 123.3 131.8 123.2 113.0 60.7 61.7 682 62.2 54.6
MRL 88 88 94 88 80 4 45 50 45 39
SDRL 119.8 116.6 123.5 116.2 109.1 56.3 55.6 60.7 55.6 50.5
17} ARL 674 1168 254.6 4498 76.3 53.8 88.6 182.3 300.3 59.6
MRL 47 82 178 310 53 38 62 127 207 41
SDRL 66.0 114.7 250.4 454.0 76.7 52,5 86.9 179.2 3024 59.6
6 ARL 68.1 110.8 202.3 2704 73.4 49.3 76.0 134.3 1714 52.3
MRL 48 78 142 187 51 35 o4 95 119 36
SDRL 66.3 107.6 197.1 269.9 73.5 48.0 73.0 129.5 170.6 51.7
123 ARL 70.7 1102 184.7 2243 752 48.5 721 118.7 139.7 50.4
MRL 50 78 130 156 52 34 51 84 98 35
SDRL 69.1 106.5 178.6 222.0 74.2 46.7 68.8 113.3 136.8 49.4
10 ARL 73.0 111.1 1759 203.6 764 48.5 70.1 111.2 1264 49.5
MRL ol 79 124 142 53 34 50 79 89 35
SDRL 70.9 1072 169.2 200.5 75.6 46.7 66.6 105.4 122.7 48.3
120 ARL 79.7 1129 160.8 1725 81.4 484 672 99.1 1054 488
MRL o6 80 113 121 57 34 48 71 75 34
SDRL 772 1079 154.0 167.5 80.0 46.1 63.1 929 101.1 47.0
130 ARL 829 114.0 156.5 164.2 83.5 48.7 66.6 95.6 100.3 48.6
MRL o8 81 111 116 59 35 48 68 71 34
SDRL 80.5 109.1 1494 159.0 814 46.1 624 893 95.7 470
40 ARL 843 1149 1542 160.8 85.0 49.2 66.0 93.7 973 485
MRL 60 81 109 113 60 35 47 67 69 34
SDRL 81.2 109.9 147.1 155.3 83.0 47.0 619 873 926 46.9
150 ARL 853 1154 153.2 158.8 854 49.2 66.0 93.2 96.6 48.6
MRL 60 82 109 112 60 35 47 67 68 34
SDRL 82.6 1104 145.2 153.8 83.7 471 61.9 87.0 91.7 46.8
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Table 4.4 (continued) Out—of-control ARL, MRL and SDRL values for upward shifts A = 0.1

Shift 1.6 1.8
WR SR HO DP1 DP2 WR SR HO DP1 DP2
N(p,02)ARL  37.3 385 434 39.7 33.6 26.1 274 314 288 236
MRL 27 29 32 30 25 20 21 24 22 18
SDRL 334 329 36.6 334 299 225 222 252 229 20.2
17} ARL 46.3 73.8 145.8 229.1 504 416 64.8 124.2 189.9 45.1
MRL 33 52 102 158 35 29 46 87 131 31
SDRL 453 71.7 1424 231.2 50.5 40.4 62.8 120.9 191.9 45.0
6 ARL 404 599 1029 1277 420 35.1 51.0 855 103.8 36.2
MRL 28 42 73 89 29 25 36 61 72 25
SDRL 39.0 577 983 126.2 41.2 33.7 48.6 80.8 101.7 354
12 ARL 384 552 89.6 1034 39.3 32.8 464 734 84.0 334
MRL 27 39 64 73 28 23 33 52 59 24
SDRL 37.0 523 844 100.2 384 31.3 43.8 68.8 80.7 32.3
10 ARL 376 528 829 928 383 31.8 44.0 676 75.0 320
MRL 27 38 99 65 27 23 32 49 53 23
SDRL 359 49.7 778 89.1 37.0 30.3 41.1 627 71.5 309
120 ARL 365 492 727 770 36.1 30.0 404 59.0 622 29.8
MRL 26 35 52 25 26 21 29 43 44 21
SDRL 344 455 670 727 346 283 371 539 582 284
t30 ARL 362 485 70.2 731 359 29.8 39.2 56.8 59.2 294
MRL 26 35 o1 92 25 21 28 41 42 21
SDRL 34.3 450 64.7 685 34.2 278 36.0 51.5 55.1 279
a0 ARL 362 479 689 714 355 29.5 389 55.7 573 29.1
MRL 26 35 50 51 25 21 28 40 41 21
SDRL 342 442 63.0 67.0 339 276 358 503 532 275
150 ARL 359 477 683 704 355 29.4 38.7 55.0 56.5 28.8
MRL 26 34 49 50 25 21 28 40 41 21
SDRL 339 44.0 624 659 338 2715 353 496 524 274
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Table 4.4 (continued) Out—of-control ARL, MRL and SDRL values for upward shifts A = 0.2

Shift 1.2 1.4
WR SR HO DP1 DP2 WR SR HO DP1 DP2
N(p,02)ARL  136.7 133.4 137.7 132.0 128.8 69.1 67.0 71.1 676 635
MRL 95 94 97 93 90 49 48 ol 48 45
SDRL 134.5 129.8 133.1 128.0 127.1 67.1 63.6 666 634 614
17} ARL 612 87.0 149.0 2239 65.8 494 68.1 112.3 162.1 52.7
MRL 43 61 104 155 46 35 48 79 113 37
SDRL 60.3 85.8 146.8 224.1 65.6 48.6 66.7 110.2 161.8 52.4
t6 ARL 62,7 86.3 136.7 175.8 66.0 46.2 60.9 94.3 117.5 479
MRL 44 60 96 122 46 32 43 66 82 33
SDRL 61.8 84.7 1339 174.8 65.5 454 59.5 915 1164 474
12 ARL 66.1 888 1351 161.9 68.8 45.9 59.5 883 104.7 47.3
MRL 46 62 95 113 48 32 42 62 73 33
SDRL 649 872 131.3 160.1 68.1 45.0 57.8 855 1029 46.6
10 ARL 688 91.0 1338 1563 715 46.2 59.5 8.7 984 471
MRL 48 64 94 109 50 32 42 61 69 33
SDRL 67.5 89.0 130.2 154.6 70.5 45.1 57.7 823 964 46.2
t20 ARL 769 981 133.6 1474 78.0 472 589 815 889 47.5
MRL o4 69 94 103 o4 33 42 58 63 33
SDRL 754 95.6 1298 1449 77.1 46.0 56.7 78.0 86.2 46.6
130 ARL 80.6 100.7 134.1 144.6 81.0 479 59.0 80.1 86.6 47.9
MRL o6 70 94 101 56 34 41 o7 61 34
SDRL 79.2 987 1304 141.2 80.0 46.7 56.8 76.8 84.3 46.9
40 ARL 824 1022 1339 143.1 82.6 48.0 59.0 794 8.7 482
MRL o7 72 94 100 58 34 42 56 60 34
SDRL 81.0 994 129.7 139.8 &81.6 46.9 56.9 76.3 832 472
150 ARL 834 1035 1339 143.3 839 484 589 793 8.3 479
MRL 58 73 94 100 58 34 42 56 60 34
SDRL 82.3 100.6 129.6 140.2 83.1 471 56.5 758 829 46.9
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Table 4.4 (continued) Out—of-control ARL, MRL and SDRL values for upward shifts A = 0.2

Shift 1.6 1.8
WR SR HO DP1 DP2 WR SR HO DP1 DP2
N(p, 02)ARL  42.0 41.4 449 422 386 29.1 288 316 299 26.8
MRL 30 31 32 31 28 21 21 23 22 19
SDRL 40.0 38.1 409 383 36.7 271 2577 277 262 247
17} ARL 426 573 92.6 1304 45.1 38.6 51.2 804 111.2 40.5
MRL 30 40 65 91 31 271 36 56 7 28
SDRL 42.0 56.2 904 130.2 44.9 37.8 50.1 784 1114 40.1
173 ARL 38.0 492 73.7 904 39.1 33.2 423 623 755 339
MRL 27 35 52 63 27 23 30 44 53 24
SDRL 37.1 479 714 89.0 385 32.3 40.8 599 743 334
12 ARL 36.7 464 67.3 79.1 374 31.5 393 559 651 31.8
MRL 26 33 47 %) 26 22 28 40 46 22
SDRL 35.7 45.0 649 773 36.5 30.5 379 535 634 311
t10 ARL 362 453 64.6 73.6 36.7 30.5 38.1 53.3 60.3 30.8
MRL 26 32 46 52 26 22 27 38 42 22
SDRL 35.1 43.6 61.8 71.8 36.0 294 36.5 50.5 5885 30.1
t20 ARL 355 434 59.7 656 35.6 29.3 355 484 52.7 294
MRL 25 31 43 46 25 21 25 M4 37 21
SDRL 34.3 416 56.5 63.6 34.7 28.2 338 458 50.5 284
t30 ARL 354 43.0 583 63.0 35.2 29.1 350 469 509 29.0
MRL 25 30 41 45 25 21 25 34 36 20
SDRL 34.3 41.0 552 60.6 34.3 28.0 33.3 44.0 488 28.0
40 ARL 353 425 579 621 35.1 29.0 346 46.5 50.0 28.7
MRL 25 30 41 4 25 21 25 33 36 20
SDRL 34.0 40.3 546 59.8 34.2 27.8 328 43.5 475 27.7
150 ARL 353 426 57.2 613 351 28.7 346 46.1 494 286
MRL 25 30 41 43 25 20 25 33 35 20
SDRL 34.2 40.5 541 586 34.1 276 3277 432 472 277
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Note that a direct comparison of the different schemes is not possible because they do
not have the same in-control ARL or MRL values. We observe that the out-of-control
ARL performance of the charts that have a good in-control one, is far from the normal.
They do not give that fast an out-of-control signal, therefore they lose the ability of the
EWMA charts to identify an out-of-control situation for small shifts quickly.

Consequently, the EWMAy and EWMA, (for a=0.5) charts are a very good choice
when normality is questionable for specific values of the smoothing parameter A when
our process is in-control. In the out-of-control cases they give disappointing results. The
EWMAg and EWMA, for a=2 charts are not recommended since their performance in
both in-control and out-of-control situations is far from the normal. The EWMAy chart
does not perform well for skewed distributions but in the symmetric case the results are
better for small values of \. Generally we can say that none of the presented schemes is

robust to the normality assumption.

4.3.5 Discussion

The research for the non-normality effect of the EWMA control charts for process
dispersion was conducted in a way for the results drawn, to hold for data coming from
any distribution without a need to know this distribution. However, in the particular
case that we know explicitly the distribution our data are coming from, we may use a
transformation of the data to the normal. Such a transformation is given in Hawkins
and Olwell (p. 163, 1998) and it has been used also by Quesenberry (1995a) and Chen
et al. (2001) in the context of EWMA charts. This transformation not only achieves

approximate normality but also independence of the resulting data.
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