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Monitoring the asymmetry parameter of a skew-normal
distribution
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Abstract

In various industries, especially manufacturing and chemical industries, it is often observed that the dis-
tribution of a specific process, initially having followed a normal distribution, becomes skewed as a result of
unexpected causes. That is, a process deviates from a normal distribution and becomes a skewed distribution.
The skew-normal (SN) distribution is one of the most employed models to characterize such processes. The
shape of this distribution is determined by the asymmetry parameter. When this parameter is set to zero, the
distribution is equal to the normal distribution. Moreover, when there is a shift in the asymmetry parameter, the
mean and variance of a SN distribution shift accordingly. In this paper, we propose procedures for monitoring the
asymmetry parameter, based on the statistic derived from the noncentral r-distribution. After applying the statis-
tic to Shewhart and the exponentially weighted moving average (EWMA) charts, we evaluate the performance of
the proposed procedures and compare it with previously studied procedures based on other skewness statistics.

Keywords: asymmetry parameter, EWMA chart, noncentral z-distribution, Shewhart chart, skew-
normal distribution

1. Introduction

In various production processes, product quality characteristics are observed to follow a normal dis-
tribution. Examples of such characteristics include the length of bolts or screws, the diameter of
bearings, and the electrical resistance of circuit boards. Traditionally, researchers have primarily fo-
cused on detecting changes in the mean or variance of these distributions, as investigated by Ryu et
al. (2010), Shu et al. (2010), Guo and Wang (2015), Peng et al. (2015), and many others. In addition,
considerable attention has been paid to studies of joint monitoring of the mean and variance, as evi-
denced by the works of Hawkins and Deng (2009), Wu et al. (2010), Sheu et al. (2012), McCracken
et al. (2013), Knoth (2015), and Li et al. (2016).

It has been generally assumed that only the parameters of the distribution change, while the pop-
ulation distribution itself remains constant. However, several authors have recently pointed out that
the normally distributed process may also change its shape due to undesirable causes, resulting in a
skewed distribution (see, for example, Zou and Tsung, 2010; Ross and Adams, 2012; Li et al., 2013).
Real-life examples of this situation have been studied by several authors, such as Vincent and Walsh
(1997), Rahman and Hossain (2008), Figueiredo and Gomes (2013), and Mukherjee et al. (2013).

To address this issue, the skew-normal (SN) distribution is the most used model. Several authors,
such as Azzalini (1985, 1986, 2005), Henze (1986), Chen et al. (2004), Arellano-Valle et al. (2004),
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and Mameli and Musio (2013), have extensively investigated the statistical properties of the SN dis-
tribution. Nevertheless, monitoring procedures for the SN distribution have received relatively less
attention in the literature. To this end, Li et al. (2019) recently performed a comprehensive evaluation
of control charts based on different skewness statistics.

In this paper, we propose procedures for monitoring a normally distributed process that may be-
come skewed over time. When a normal distribution becomes skewed, its standard deviation tends
to decrease. The proposed statistic in the procedure, which is based on the noncentral ¢-distribution,
includes a term that represents variability in the denominator. As a result, it will amplify the effect of
the skewness change and increase the detectability. The proposed statistic is applied to Shewhart and
the exponentially weighted moving average (EWMA) charts, and the performance is compared with
that of the procedure based on previously studied skewness statistics.

The remainder of this paper is organized as follows: Section 2 provides a description of the SN
distribution along with its basic properties, and presents previous work related to monitoring the asym-
metry parameter of SN distributions. In Section 3, we propose a statistic for monitoring the skewness.
Subsequent subsections describe detailed procedures for constructing Shewhart and EWMA charts
based on the proposed statistic. A performance comparison is performed and the results are presented
in Section 4. Section 5 provides an example of applying the proposed procedure to real process data.
Finally, we conclude with some closing remarks in Section 6.

2. Skew-normal distribution and previous work

Let a continuous random variable X, which represents the quality characteristic of the process being
monitored, follow a SN distribution with the location parameter &, the scale parameter w, and the
shape (asymmetry) parameter A. This can be expressed as

X ~ SN (&, w, 1)

in a standard notation. Then the probability density function (pdf) is of the form:

2 — _

fx; éEw, ) = —¢(x—§)(l)(/lx 6), —0<x<o00, —00<E<0o0, —oco<A<oo, w>0,
w w w

where ¢(-) and @(-) denote the pdf and cumulative distribution function (cdf) of a standard normal

distribution, respectively. The mean, u, and variance, o2, of SN(&, w, A) are

E+ 2 2 and o2 =1 247 2 2.1
= w — < g = - | W, .
K 7(1+2) 7 (+2)

respectively.

The shape parameter A decides the skewness of a SN distribution. It is easy to see that when A = 0,
the SN distribution becomes equal to the normal distribution with mean u = £ and variance o = w?.
When A > 0, the distribution is positively skewed, and when A < 0, it is negatively skewed. Figure 1
illustrates how the shape of a SN distribution changes with respect to different values of A.

Various statistical procedures can be considered that effectively monitor the asymmetry parameter
of a SN distribution. In particular, Li e al. (2019) proposed a monitoring procedure based on the like-
lihood ratio test and compared its performance with procedures based on several skewness statistics.

They only considered the monitoring procedure for the asymmetry parameter A of a SN distribution



Monitoring the asymmetry parameter of a skew-normal distribution 131

1.0
A=-3
=== A=-05
A — A=0
’ --- A=05
A=3
0.6 -
z2
w
[=
a

Figure 1: The pdf of a SN distribution.

and assumed that the location parameter £ and the scale parameter w remain constant. In this paper,
we will consider the same situation for a fair comparison.

Statistics used for comparisons, considered in Li et al. (2019), were the likelihood ratio test
statisic, the L-skewness statisic, the sample skewness statistic, the sample distance skewness statistic,
the median skewness statistic, and the quantile-based statistic. Among them, the performances of
the procedures based on the likelihood ratio statisic and the distance skewness statistic were found to
be good. However, they noted that the procedure based on the distance skewness statistic operates
more competitively, and the procedure based on the likelihood ratio statisic is difficult to use when
the sample size is small. Since our study focuses on cases with a sample size of 10 or less, only the
procedure based on the distance skewness statistic will be considered for comparison.

Let Xy = (Xk1, Xk2, - - - » X)) represent the sample of size n obtained from SN(&, w, 1) at sampling
time k. It is assumed that if the distribution remains SN(&, w, 1o = 0), the process is in control, and if
the distribution changes to SN(&, w, 4; # 0), the process is out of control.

A brief explanation of the procedure based on the distance skewness statistic is as follows: The
distance skewness statistic is a simple and reliable statistic for assessing diagonal symmetry. The
sample distance skewness at time k is defined as

il %i - 24|

, 2.2)
Zi,j|Zki + ij|

Dy =

where Z’s represent the standardized observations within a sample. The value of Dy is always between
0to 1. The case of Dy = 0 indicates that the distribution is under symmetry, and the case of 0 < Dy < 1
indicates a lack of symmetry. Li ez al. (2019) proposed the Shewhart charting procedure that gives a
signal if D > hp, where the control limit /2 is chosen to give specified in-control performance.
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Figure 2: E(T}) versus A forn =5,7,10 when ¢ = 0 andw = 1.

3. The proposed procedure for monitoring the skewness
3.1. The proposed statistic

The objective of this paper is to detect shifts in the asymmetry parameter of a SN distribution during
Phase II. We assume that the values of & and w are known or have been estimated accurately enough
during the Phase I period.

When the process is in control, that is 4 = 0, the in-control mean and variance are yy = & and
o-é = w?, respectively. When a shift to some value A; (# 0) occurs in the asymmetry parameter 4, i.e.,
when the process becomes out-of-control, the corresponding mean and variance also shift accordingly.

As can be seen from equation (2.1), the out-of-control mean and variance become

2 2 2/1% 2
m=po+A1o09 |—— and oy=|1-———]0g, 3.1
n(1+2) n(1+23)

respectively.

It is evident that the direction of change of the mean coincides with that of A, while the variance
consistently decreases. Using these characteristics, we propose the following statistic at time k to
detect a shift in A.

Vn X,
S

T, = , 3.2)
where X; and S are the sample mean and sample standard deviation of X, respectively. It is well
known that T} follows a noncentral ¢-distribution with n — 1 degrees of freedom and non-centrality
parameter nu/o. When the process is in control, the non-centrality parameter is vn &/w, and when
the process is out of control, it becomes vnu;/o.

We expect this statistic to improve the detectability of parameter shifts, as decreasing variance
amplifies the impact of shifts. Figure 2 shows values of E(T}) versus A forn = 5,7,10 when & = 0
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Table 1: Values of ARL for Shewhart,, EWMAp, X — S, Shewhart;, and EWMA/ charts when n = 3
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EWMA, .
A Shewhartp =008 =01 =05 X-S
0 374.03 (375.00) 363.67 (301.20) 366.46 (336.78) 370.80 (354.94) 371.26 (371.16)
03 319.82 (320.25) 198.98 (142.41) 204.19 (175.90) 220.42 (207.24) 305.64 (305.23)
05 263.50 (261.56) 109.73 (60.21) 104.27 (77.63) 116.45 (102.98) 250.94 (249.92)
1 168.10 (166.29) 48.15 (13.50) 36.19 (16.24) 3423 (22.95) 182.69 (182.85)
2 113.48 (112.64) 29.66 (4.67) 19.66 (4.72) 15.34 (6.04) 152.18 (152.02)
3 100.40 (99.33) 25.57 (3.12) 16.56 (3.01) 1230 (3.65) 143.84 (142.84)
5 96.17 (95.48) 2320 (2.21) 14.84 (2.08) 10.72 (2.44) 136.56 (135.50)
10 93.96 (93.62) 22.03 (1.73) 14.01 (1.61) 10.02 (1.88) 130.75 (129.84)
1.850
cL 0.962 0.456 0512 0.594 2702 0.026
EWMA,
A Shewharty =005 r=01 =02
0 369.93 (366.71) 370.66 (365.1) 370.39 (367.87) 370.18 (372.97)
03 318.26 (317.81) 110.10 (94.69) 188.07 (182.08) 259.44 (257.64)
0.5 261.30 (262.72) 49.81 (34.27) 95.48 (86.99) 171.30 (168.20)
1 166.70(165.86) 20.77 (9.59) 31.62 (22.10) 72.53 (67.81)
2 111.83 (111.88) 13.00 (4.62) 16.15 (8.07) 34.47 (28.90)
3 99.82 (99.45) 11.37 (3.68) 13.47 (5.89) 27.18 (21.82)
5 94.68 (94.32) 10.47 3.17) 12.07 (4.81) 23.81 (18.13)
10 92.50 (91.88) 10.06 (2.93) 11.46 (4.35) 2225 (16.52)
CL 19.206 7280 9.181 11.96

and w = 1. Values of E(T}) can be calculated using the following equation:

T2
E(Ty) = \/; ~ron

where v is the degrees of freedom and ¢ is the non-centrality parameter. From Figure 2, it can be seen
that on average, T} reflects the change in A well. However, as the amount of change in A increases,
the amount of change in 7} becomes relatively smaller.

3.2. Shewhart and EWMA charts based on T

In this subsection, we propose monitoring procedures using Shewhart and EWMA charts based on
the statistic T;. Typically, the performance of control charts is measured by the ARL (average run
length), which quantifies the average number of samples required before the chart gives an out-of-
control signal. We can choose the control limits of control charts so that the in-control ARL becomes
the desired ARL value.

First, the Shewhart charting procedure is proposed. It is well known that since the RL (run length)
of Shewhart charts follows a geometric distribution, the type I error @ and ARL, have a relationship
of @ = 1/ARLy. Here, type I error represents the false alarm rate that will give a signal when the
process is in-control. The Shewhart chart (referred to as the Shewhart; chart) gives a signal at time k
when T} in equation (3.2) falls outside the control limits given by

Vné

w

UCL; = F,! 1—g‘n—l, , LCLy = F;! g'n—l, \/ﬁg, (3.3)
2 2 w

where UCL7 and LCLy are the upper and lower control limits, respectively, and F;!(-) is the inverse

cdf (cumulative distribution function) of the noncentral #-distribution with n — 1 degrees of freedom

and non-centrality parameter \n&/w.
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Table 2: Values of ARL for Shewhart,, EWMAp, X — S, Shewhart;, and EWMA/ charts when n = 5

EWMA, .

A Shewhartp =008 =01 =05 X-S

0 373.53 (373.00) 364.42 (307.17) 371.13 (343.79) 370.81 (358.71) 370.52 (370.60)
03 224.74 (243.74) 129.93 (82.05) 129.25 (104.28) 141.39 (128.66) 243.13 (242.35)
05 155.04 (154.17) 62.74 (25.93) 53.01 (32.78) 55.26 (44.34) 160.75 (159.83)
1 64.39 (64.00) 28.05 (6.04) 19.24 (6.17) 15.56 (7.53) 83.80 (83.29)
2 31.88 (31.34) 17.75 (2.32) 11.53 (2.07) 835 (2.15) 55.31 (54.97)
3 26.30 (25.85) 15.55 (1.58) 10.03 (1.38) 7.14 (1.38) 48.88 (48.59)
5 23.93 (23.34) 1431 (1.14) 9.21 (0.99) 6.49 (0.97) 43.59 (42.97)
10 23.49 (23.01) 13.75 (0.93) 8.83 (0.80) 6.21(0.78) 40.55 (39.95)

1433
cL 0.839 0303 0349 0.420 2199, 0.136
EWMA,

A Shewharty =005 r=01 =02

0 376.55 (373.70) 370.54 (359.38) 370.41 (364.79) 370.28 (366.41)
03 246.44 (244.88) 32.36 (19.32) 40.82 (31.01) 74.20 (68.16)

0.5 155.39 (154.62) 17.07 (7.42) 18.26 (10.35) 28.20 (22.27)

1 65.20 (64.57) 9.03 (2.72) 8.53 (3.05) 9.67 (4.84)

2 32.17 (31.76) 6.28 (1.45) 5.70 (1.48) 5.70 (1.86)

3 26.39 (25.96) 5.64 (1.16) 5.09 (1.15) 4.95 (1.36)

5 24.05 (23.57) 5.27(0.99) 474 (0.97) 4.55 (1.09)

10 23.73 (23.20) 5.11(0.91) 458 (0.87) 437 (0.96)

CL 6.651 3575 4059 4.694

Next, the EWMA charting procedure is proposed. The EWMA chart has the advantage of being
sensitive to small and moderate-sized shifts in process parameters. As a result, the EWMA chart
is one of the alternatives to the Shewhart chart when small shifts in parameters need to be detected
quickly.

The EWMA chart statistic at time k is defined as

Vk = er+(1 —F)Vk_l,

where r (0 < r < 1) is a smoothing constant. It is efficient to use smaller values of r to detect smaller
shifts in process parameters. The control limits for the EWMA chart are given by

UCLygyr = Eo(Ty) + L\/ 5 [1= (1= 2] Varg(T),

LCLgr = Eo(Ty) — L\/ ZL_r [1 = (1= »%] Vary(Ty).

where Ey(T}) and Vary(Ty) are the mean and standard deviation of T}, respectively, when the process
is in control, and L is chosen to satisfy the desired ARLy value. The EWMA chart (the EWMA 7
chart) signals when the statistic V; exceeds the control limits. Since the SN distribution is N(&, w?)
when the process is in control, Ey(T) and Var(T}) are calculated as

né*(1-c2
U and Varg(Tp) =1 - #
caw cgw?

s

Eo(Ty) =

where ¢4 is the unbiasing constant which allows S to be unbiased. The above control limits converge
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Table 3: Values of ARL for Shewhart,, EWMAp, X — S, Shewhart;, and EWMA/ charts when n = 7

A Shewhartp =005 — ] ] X-S

0 371.56 (371.00) 365.32 (310.33) 361.69 (336.87) 376.58 (364.59) 371.16 (373.24)
0.3 184.47 (183.71) 94.22 (52.17) 88.42 (66.72) 98.99 (88.22) 198.27 (198.72)
0.5 94.58 (94.14) 44.61 (15.57) 34.67 (18.09) 33.9 (24.82) 109.77 (109.29)
1 29.22 (28.76) 20.25 (3.96) 13.57 (3.67) 10.47 (4.11) 44.55 (44.24)
2 11.35 (10.81) 13.03 (1.56) 8.52 (1.35) 6.18 (1.30) 24.48 (24.04)
3 8.28 (7.76) 11.52 (1.08) 7.53(0.92) 5.41 (0.86) 20.24 (19.76)
5 6.84 (6.33) 10.70 (0.80) 7.00 (0.68) 5.02 (0.64) 17.46 (16.96)
10 6.34 (5.80) 10.33 (0.66) 6.76 (0.59) 4.86 (0.54) 15.88 (15.38)

1.433
CL 0.730 0.229 0.269 0.329 1.975, 0.235
EWMA7r

A Shewharty 7 =003 r=0.1 =02

0 369.49 (369.24) 370.46 (356.06) 370.27 (362.94) 370.35 (366.84)
0.3 182.17 (181.22) 22.95 (11.71) 25.11 (16.34) 36.77 (30.71)
0.5 93.34 (93.06) 12.77 (4.74) 12.34 (5.680) 14.52 (9.09)

1 28.90 (28.38) 7.11 (1.8) 6.38 (1.86) 6.19 (2.28)

2 11.11 (10.59) 5.09 (0.98) 4.49 (0.95) 4.12 (1.00)

3 8.09 (7.58) 4.61 (0.79) 4.06 (0.75) 3.70 (0.77)

5 6.68 (6.20) 4.33 (0.68) 3.83 (0.64) 3.46 (0.64)

10 6.11 (5.59) 4.21 (0.63) 3.72 (0.59) 3.36 (0.59)
CL 4.906 3.078 3.419 3.799

to the asymptotic limits given by

[ r [ r
UCLgr = Eo(Ty) + Lt oy Varo(Ty), LCLgr = Eo(Ti) — Ly =, Varo(Ty) . 3.4

For simplicity, we use the asymptotic control limits defined in equation (3.4).

4. Performance evaluation
4.1. Procedures being compared

In this paper, we will consider the Shewhart chart and the EWMA chart based on D in equation (2.2)
(denoted by the Shewharty, chart and the EWMA p, chart, respectively) proposed by Li ez al. (2019),
to evaluate the performance of the proposed monitoring procedures. We also consider the traditional
X-S chart, which is used to detect changes in the mean and variance of a process.

The procedure for the Shewhart, chart is presented in Section 2, and the procedure for the
EWMA) chart is similar to the EWMAT7 chart in Section 3. The EWMA p chart statistic based on D
at time k is defined as

Ykzer+(1—r)Yk_|.

Since Dy, has only positive values, the EWMA, chart gives a signal when Yy is greater than UCLgp,
which is defined as follows:

UCLgp = Eo(Dy) + Lp +/ : " Vary(Dy). 4.1
—-r

As can be seen in equation (3.1), a change in A can change both the mean and variance of the
process, so the use of the traditional X-S chart will also be considered. Let a be the overall type I
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Table 4: Values of ARL for Shewhart,, EWMAj, X — S, Shewhart;, and EWMA/ charts when n = 10

EWMA, .

A Shewhartp =008 =01 =05 X-S

0 369.67 (370.00) 375.80 (320.45) 369.02 (338.33) 376.11 (366.88) 371.66 (371.81)
03 125.56 (124.80) 67.79 (32.61) 58.58 (39.48) 63.91 (54.34) 149.65 (149.28)
05 51.80 (51.34) 31.83 (9.58) 23.12 (10.15) 20.81 (13.15) 68.94 (68.39)
1 12.12 (11.69) 14.62 (2.64) 9.74 (2.32) 732 (2.36) 21.15 (20.66)
2 3.85 (3.31) 9.59 (1.07) 639 (0.91) 470 (0.82) 9.59 (9.09)

3 2.62 (2.05) 8.58 (0.75) 573 (0.65) 423 (0.55) 7.44 (6.92)

5 201 (1.42) 8.03 (0.57) 536 (0.51) 401 (0.39) 6.18 (5.65)
10 1.75 (1.15) 7.80 (0.50) 5.19 (0.41) 3.93(0.32) 5.62(5.11)

014
cL 0.602 0.169 0.199 0250 1792, 0.341
EWMA,

A Shewharty =005 r=01 =02

0 371.78 (369.85) 370.48 (353.61) 370.60 (362.19) 370.39 (365.46)
03 125.44 (124.70) 17.48 (1.77) 17.50 (9.73) 21.71 (15.88)
0.5 51.76 (50.99) 10.12 (3.23) 9.25 (3.55) 9.52 (4.83)

1 12.00 (11.59) 5.88 (1.27) 5.15 (1.26) 471 (1.36)

2 3.80 (3.26) 431 (0.71) 3.78 (0.67) 337 (0.66)

3 2.57 (2.00) 3.94 (0.58) 3.46 (0.57) 3.09 (0.51)

5 2.00 (1.42) 3.74 (0.51) 3.26 (0.49) 2.94 (0.42)

10 174 (1.14) 3.65 (0.50) 3.17 (0.44) 2.89 (0.38)
CL 7,095 2836 3118 3395

error on the X-S chart, and ay and as be the type I error on the X chart and the S chart, respectively.
Then, using the independence of X and S, the following equation can be obtained.

l-a=0-ap) (1 —-ay).

Since it is generally assumed that @y = ag, let this value be o*. Then if the overall type I error « is
given, @* can be calculated as

@' =1-(1-a).

Therefore, the control limits for the X chart and the S chart are given by

(ox g
UCLg = o + Zarjp—r »  LCLg = o — 2 jp— » 4.2)
Vi

\/ﬁ

and

[ox) [ g0 /
UCLg = 1 Xﬁ—l,a*ﬂ , LCLg = \/m Xi—l,l—a*/z ’ (4.3)

respectively, where z,+/2 is the upper a*/2 percentage point of the standard normal distribution and
szl—l «/2 18 the upper /2 percentage point of the chi-square distribution with n—1 degrees of freedom.

4.2. Simulation study

A simulation study is performed to compare the performance of the proposed procedure with existing
procedures. Simulation study settings are as follows: since Z = (X — £)/w follows a SN(0, 1, 1)
distribution if X ~ SN(&,w, 4), we assume & = 0 and w = 1 without loss of generality. The sample
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Figure 3: ARL graphs of the Shewhart; and EWMA7 charts for various values of n and A,.

size is setto n = 3,5, 7, 10, and the value of the desired ARLy is set to 370.4. The values of A, range
from the relatively small shift of 0.3 up to the relatively large shift of 10. In the case of & = 0 and
w = 1, because of symmetry, if the absolute value of A, is the same, the same ARL value can be
obtained. Therefore, only the case of A; > 0 is considered. The smoothing constant in EWMA and
EWMA7 charts is set to r = 0.05,0.1,0.2.

The control limits for Shewhartp, EWMAp, EWMA7 charts (hp, UCLEgp in equation (4.1), and
UCLgr and LCLEr in equation (3.4), respectively) are obtained so that ARL, is approximately 370.4
through simulation. These values can be obtained using the trial and error method. The simulation
results shown in this paper are based on 100,000 runs. The control limits for Shewhart; charts can be
obtained using equation (3.3), and the control limits for X-S charts can be obtained using equations
(4.2) and (4.3) to satisfy @ = 0.0027.

The ARL comparisons of the Shewhart,, EWMAp, X-S, Shewharty, and EWMA7 charts when
n = 3,5, 7, and 10 are shown in Tables 1-4, respectively. In all ARL comparisons, the smallest
ARL value appears in bold, and the value in parenthesis represents the standard deviation of the run
length. In each table, the row titled CL represents the control limits, 4p for Shewhatp, UCLgp for
EWMA), UCLy = |LCLg| for X, UCLs and LCLg for S, UCL; = |LCLy| for Shewharty, and
UCLgr = |LCLEg7| for EWMA7 charts. In CL for X-S, the first row represents UCLy and the second
row represents UCLg and LCLg.

The results show, as expected, for all the charts we considered, shifts (especially small shifts) are
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difficult to detect quickly when n is small, but the performance of detection gradually improves as
n increases. Comparing the performance of the charts, it can be seen that for all values of n and all
shifts in A, the EWMA7 chart based on the proposed statistic demonstrate much better performance
compared to the Shewhart, and EWMA, charts. Comparing the Shewharty, chart and the Shewharty
chart, there is not much difference, but the performance of the Shewhart; chart appears to be better
as n increases. It can be seen that the X-S chart performs much worse than other control charts in all
cases.

When 7 is small (n = 3), the performance of the EWMA7 chart with a small r (r = 0.05) is the
best. However, as n and the size of shift in 1 increase, the EWMA 7 chart with a larger r performs
better. When n = 10 and the size of shift is large (1; > 2), the Shewhart; chart performs best. For a
better comparison, ARL graphs of the Shewhart; and EWMA7 charts are presented in Figure 3.

Li et al. (2019) showed that the Shewharty, chart outperforms the compared procedures when 7 is
not very large (n < 10). However, when compared to our proposed procedures, the Shewhartp chart
performed relatively poorly in all cases. Therefore, it is confirmed that our proposed procedures are
very efficient in detecting a shift in the asymmetry parameter. Based on the overall assessment of the
simulation results, it is recommended to use the EWMA  chart with a small » for cases where n is
very small (n = 3). For a moderately large n (n = 5,7), it is suggested to use the EWMA7 chart with
an adjusted r based on the expected shift size. Additionally, for a large n (n = 10) and when the shift
size is not small, the use of the Shewhart; chart is recommended.

5. Application to a real process data

In the field of plastics, stamping is a type of cold working that uses hydraulic machinery. It has been
observed that the upper vibration data of the hydraulic press initially follows a normal distribution
and becomes skewed as the process proceeds. This section aims to compare the performance of the
control charts on real production process data.

Stamping is a type of cold working that involves pressing a mold into a workpiece to achieve a
desired shape. This technique is commonly used for the mass production of parts made from strong
materials, such as automobile parts. Press processing, unlike turning or milling processes, does not
generate chips and can produce parts of the same shape on a large scale.

The pressing process is driven by a hydraulic pump, which converts externally supplied mechan-
ical energy into hydraulic energy, that operates the hydraulic system. Due to its structural charac-
teristics, hydraulic pumps generate vibration and noise when operating. As equipment ages, gear
wear can cause malfunctions and increase vibration and noise. Reduced hydraulic power can result
in insufficient force transfer during the press process and increase the likelihood of defective parts.
Additionally, equipment failure due to pump malfunction can disrupt production operations, resulting
in up to two to three days of downtime and significant costs.

The data sets used in this study were collected by installing vibration sensors in both the upper
and lower sections of the hydraulic pump within the press equipment, as well as current sensors on
the power line of the hydraulic pump (The source of the data sets is: Ministry of SMEs and Startups,
Korea AI Manufacturing Platform (KAMP), Plastic processing predictive maintenance Al dataset,
Smart Manufacturing Innovation Promotion Team, 2022.12.23). Among these data sets, the data
obtained from the upper vibration sensor of the hydraulic pump were observed to initially follow a
normal distribution under normal operating conditions but then later shift to a SN distribution when
the process departs from its normal state. To substantiate these observations, we perform a test for
normality using the Shapiro-Wilk normality test and assess the goodness-of-fit to the SN distribution
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Figure 4: Histograms of the initial stage of the process (upper) and the later stage of the process (lower).

using the Kolmogorov-Smirnov (K-S) test.

The Shapiro-Wilk normality test for the normal data set results in a p-value of 0.5366, which
strongly suggests that the data adheres to the normality assumption during the initial stage of the
production process. However, when the process becomes out of control, the p-value for the data
approaches zero, indicating a departure from the normality assumption. Additionally, the K-S test
verifies the suitability of the SN distribution as an appropriate fit to deviant data with a p-value ex-
ceeding 0.3. As a result, we deduce that the initially normally distributed vibration data becomes
skewed. By fitting the data to the SN distribution, the estimated parameter values are & = 0.296,
w = 0.427, and 1 = —3.528. As described in the previous sections, the data is normalized using these
parameters (¢ and w) before calculating the test statistics.

In this context, we applied the Shewhart,, EWMA p, Shewhart;, and EWMA 7 charts to evaluate
whether these charts are applicable to real data. The out-of-control data set comprises a total of 120
data points, which is then divided into 17 subgroups with each subgroup having 7 data points (n = 7).
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Figure 5: The Shewhartr chart (upper) and the EWMA7 chart (lower) for the vibration data.

A constant value of r = 0.2 is used for both the EWMA, and EWMA7 charts. For n = 7, the
control limits (CL) for each chart, as detailed in Table 3, are as follows: CL-Shewhart, = 0.730,
CL-EWMA), = 0.329, CL-Shewhart; = +4.906, CL-EWMA; = +3.799. The test statistics are
calculated for each chart and are shown in Figure 5 along with the corresponding control limits.

The initial signal is detected at the 2"¢ sample for the Shewhart; chart and at the 4”* sample for the
EWMA 7 chart. Both charts based on the distance skewness statistic fail to detect the change until the
17" subgroup. As a result, it can be inferred that the proposed procedure shows better sensitivity in
detecting skewness change. This is believed to be because, as mentioned earlier, as the data becomes
more skewed, the standard deviation of the subsample decreases, which amplifies the effect of the
skewness change and increases the possibility of detection.

6. Conclusion

To detect shifts in the asymmetry parameter of a SN distribution, this paper proposes a statistic that
sensitively reflects shifts, and proposes the Shewhart and EWMA charting procedures based on this
statistic. Since the proposed statistic is known to follow the noncentral 7-distribution, the control limits
of Shewhart charts can be easily obtained using this distribution.

To evaluate the performance of the proposed procedure, a simulation study was conducted to com-
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pare the Shewhart and EWMA charts based on the distance skewness statistic, which was known to
have the best performance in Li et al. (2019). Simulation results show that the proposed Shewhart and
EWMA charts outperform the Shewhart and EWMA charts of Li ez al. (2019). Comparing the perfor-
mance of the proposed Shewhart and EWMA charts, it was found that the EWMA chart shows good
performance in most cases, except for cases where the sample size and shift size are very large. Con-
sequently, in practice, one can decide which method to use in accordance with the available sample
size and the expected shift size.

In this paper, we considered the situation where only the asymmetry parameter of a SN distri-
bution changes, and the location and scale parameters are constant. However, further studies will be
conducted on the procedure to monitor the process when all parameters may change due to undesirable
causes.
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