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ABSTRACT

In this paper, the limits of the mean and the range are constructed when the normal distribution condition is
not available for the measured quality (relative humidity in Kirkuk city). By using kurtosis correction as
well as Johnson's transform to convert the data to normal distribution, it is appeared to be subjected to the
smallest extreme value distribution and then compared the new charts with Shewhart chart using process
capability. The results show that the new charts are more efficient and sensitive to changes in the
production process, which makes the proposed method of dealing with asymmetric data more benefit.
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1. Introduction

Control charts are important tools used in industry to control of production process by statistical control.
Shewhart charts include the average chart (X), the range chart (R) and the standard deviation chart (S).
Shewhart assumed when constructing the average chart based on the normal distribution of quality
characteristic data, and this assumption was widely used in statistical process control (SPC) of the average. In
many cases this condition is not available especially when the quality characteristic variable has a skewed
(asymmetric) distribution which means that the process output is inaccurate when using the Shewhart chart
which causes an error of type | and the false alarm rate rises [1].

Tadikamalla and Popescu [2], proposed a kurtosis correction method for constructing control charts for
symmetrical long-tailed distributions. Metlapalli [3], investigated the performance of control limits and
compared through a simulation study. This comparison is based on in Laplace Distribution. Goswami and
Dutta [4], have investigated process capability indices based on normal and non-normal processing data. The
results evidently have shown that the process capability investigation of data for non-normal distribution may
considerably fluctuate based on approaches of analysis for process capability. The authors of [5-6] , proposed
Johnson distribution as a model for normalizing real field data showing departure from the normality. Aydin
[7], has considered different estimates of the quantiles of two-parameter Gumbel distribution and modeling of
the data to estimate the minor and higher quantiles of Gumbel distribution in the application of wind speed
data. In [8], some important issues about process capability and performance have been highlighted based on
the non-normal distribution of a characteristic process.

In this paper, we applied Johnson's transform for the data to calculate the limits of control charts before and
after transformation. Also, the process capability criteria is used to compare among the charts of Shewhart,
before and after transformation using Johnson's transformation and kurtosis correction.
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2. Shewhart charts
Shewhart chart consists of three parallel horizontal lines which are upper control limit (UCL), center line or
target line, lower control limit (LCL), and the chart put at (£3.090) of target line as in Figure 1 [1].
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Figure 1. Shewhart chart

3. Control chart for variables

In the control chart of the variables where the variable is quantitative and has a unit of measurement such as
weight in kilograms or liters where several samples of production are withdrawn at regular intervals. The most
important charts are the average and range charts and the mean deviation chart as well as the accumulated
total charts and the moving averages of various types [1].

3.1 Control chart for mean (X Chart)
When building the control chart of the mean of the production process, a number (m) of samples is drawn so
that each sample includes (n) units. The limits of this chart as follow:

UCLy = X + A,R

Cly =X )
LCLg = X — A,R

where,

X: The general mean of all samples.
R: Average range for all samples.

A,: The constant control is extracted from the tables of control charts or equal to 37‘; :
m+3afvn A UCL
PV&/\%(l
n—3a/n LCL
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Figure 2. The control chart of the mean

3.2 Range control chart (R-Chart)

When the control chart is built for the production process, a number (m) of samples is drawn so that each
sample includes (n) units. In general, this chart consists of three parallel horizontal lines representing the
limits of control as in Figure 3 based on:
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UCLR = D3§
CLR = R_ (2)
LCL; = D,R

where,

R: Represents the average range of all samples
D3, D,: Control constants are extracted from the tables of control charts.
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Figure 3. The control chart of the range

4. Johnson's transform
Johnson's transform has a wide range of applications and is also applicable to negative values. Johnson
proposed three transformations for normal distribution and the general formula are [5]:

Z=y+af(X/1;ﬂ), o>1>0 3
Where,

f () stands for the transform function, Z is the random variable of the standard normal distribution, y and o
are the shape parameters, 4 is the scale parameter, and u is the location parameter [5, 6].

I The first transformation defines the lognormal system of distributions denoted by (LS) and is used to
transform the logarithmic normal distribution and its formula is equal to:

Z=y+aln(x/1;ﬂ)=y+aln(X—,u), X>u 4)
Il. The second transformation of the specified random variable denoted by (SB) and its formula is:
Z=y+aln(#ixx), u<X<pu+ia (5)
Il The third transformation of the indeterminate random variable denoted by (SU) and its formula is:
1
Z=y+oln (XA;”) + {(X/l;”)z + 1}5
= y+asinh‘1(x/1;”), —0<X < 4w (6)

(SU) is used for data transformation of undefined curves such as normal distribution and distribution of (t).

5. Gaussian distribution

Gaussian distribution is the most common statistical distribution because the normal state almost appears in
many social, vital and other situations. Many statistical analyzes require that the data follow the normal
distribution formulated by [9]:

1 X—p)?
fomot) = pmexp (- 55),  —w<X <o ™
where,
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EX=u VX) =02

6. Gumbel distribution (smallest extreme value distribution)
The random variable X is said to be distributed according to Gumbel distribution if its probability density
function is equal to [7]:

) _<X;u+e‘(%”))
f(X:;,u,ﬁ)zEe B , —o< X<, —0o< i< (8)
since,
B > 0 (scale parameter), u : location parameter
The standard distribution of Z = X‘%" is equal to:
fl2) = %e_(”e_z). —0w<Z<® (9)
m? _
V(X) = ?ﬁz, u=X-05772p

7. Kurtosis in quality control

Kurtosis is defined as the amount of flatness or fatigue of the distribution curve of a random variable. The
concept of kurtosis is closely related to the concept of dispersion. The higher the dispersion of the values of
the variable, it is an indicator of the flatness of the probability distribution curve [2, 3].

When the value of kurtosis equal to (3), it means that the kurtosis of the curve is normal. When the value of
kurtosis is greater than (3), the curve is tapered. Finally, when the kurtosis value is less than (3), it is an
indication that the curve is flat.

The degree of kurtosis can be measured by:

< 1 X;i—X\*
@) = L3, v, () (10
The standard deviation of the range is equal to:
Sa- |2 EI(Ri — R)? (11)
The kurtosis coefficient of the range is equal to:
_ 1 om (Ri-R\*
a(R) = - 22, (557) (12)

8. Kurtosis correction method

Assume that the observations for the quality —characteristic variable X;; are (i=12,--m and j =
1,2,---,n) consists of m of subunits the size of each is equal to n, if X; represents the mean for each subunit,
and X represents the general mean of all subunits based on the Karl Pearson's kurtosis coefficient for
sample[10].

In 2007, Tadikamalla and Popescu developed a control chart for the mean and range based on the kurtosis
coefficient as follows [2]:

X Chart
_ 5 w® 1 K _ 5. skem n
UCLke =X +[3+ o) T = X T AFR
CLpc =X L (13)
- a,(X) R = ke
LCLye =X — |3+ _ =X — AkR
ke [ 1+ 0.33a,(X)| vndke L
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where,

dX¢ is also the mean of relative range R /o,.
a,(X) isgivenineq.10.

AKX, AKC are given by Tadikamalla and Popescu.

Tadikamalla and Popescu (2007) had given the representative values of dX¢'s corresponding to different
kurtosises and sample sizes.
The kurtosis correction method (KC) of the R-chart is equal to:

a4 (R) ) = dke B

UCLkc =R+ (3 + 1+0.33a,(R)/ " ake

_ a4(R) dikc b _ ppkc
o [1 + (3 + 1+0.33a4(R)) d;“] R = RD;

CLyc =R
kc L (14)

LCL..=R—|(3 +& ﬁd_§C
ke 1+0.33a4(R)) " dke

_ |4 a4(R) a5l 5 _ ke

- [1 (3 + 1+0.334a4(R)) d’;f] R = RDs

where,

d¥c: is the standard deviation of the relative R/a,.

a4 (R) : is the kurtosis coefficient of the range given in eq.12.
DXcand D¢ : are given by Tadikamalla and Popescu.

9. Process capability indices (PCI)

The process capability indicator is an effective tool for the purpose of providing us with a numerical scale
used to determine the relationship between the dispersion of the process and the limits of specifications, this
indicator also shows the efficiency of the process as well as the evaluation and improvement of the process
and the production of units according to specifications, although it is easy to understand and apply where it
reflects the performance of the process and the summary of what is happening in production in numerical
value [8].

The formulas for this index in the normal distribution are equal to [4]:

USL—LSL
CP = 60
v _ USL—u
=5 - (15)
u—LSL
CI]; - 30
Cpx = Min(Cg, Cp) -

USL.: Upper specification limit

LSL: Lower specification limit

The formulas for this index in the non-normal distribution are equal to:

P, = USL—LSL (16)

X99.865—X0.135
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py = USL-Xs
X99.865~X50

_ Xso—LSL — (16)
XSO - X0.135

Ppx = Min(PY, PE) _

Z

where:

X, 135 - Quantile of appropriate distribution.
Xo9.8659 : Quantile of appropriate distribution.
X509, : Median of appropriate distribution.

The interpretation of Cp and Cpg can be summarized as follows [4]:

.If Cp = Cpg , then it implies that the process is centered at the midpoint of the specification.

f Cpg < Cp , then it implies that the process is off-center. The user should try to center the process.
. If Cp = 0, then the process is exactly equal to the one of the specification limit.

. If Cp < 0, then the process mean is outside the specification limits.

.If Cp = 1, it implies that the process is centered

.If Cp < 1, itimplies that the process is not fully capable.

.If Cp > 1, capable of meeting the specification.

~N o ok WN

10. The practical side
Data were collected representing the humidity rates in Kirkuk city for three months (December, January, and

February) within (1988-2018) period. It stands for 31 values at each of the three months has been analyzed
using the Minitab V.18. Figure 4 shows the data.
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Figure 4. Humidity rates in Kirkuk city

Testing the data shows that it does not follow the normal distribution, but it follows the distribution of
smallest extreme values as shown in Figure 5.
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Figure 5. Test of the distribution of smallest extreme values

The mean chart was plotted and there was a point out of control. Figure 6 shows the control limits of the
Shewhart chart with LCL =56.92 and UCL = 81.55
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Figure 6: Shows the Shewhart chart for the mean

The transform data using the Johnson system is shown in Figure 7. Note that the best model is (SB) for
Johnson's distribution to the data of humidity rates, as well as the best "fit" for data is within the period (0.749
—0.9925). In other words, the normality is certainly within this period, which allows the determination of both
the lower and upper limits of the data for the normal type and their values (LCL = 47, UCL = 82).

175



PEN Vol. 8, No. 1, March 2020, pp.169- 181

Johnson Transformation
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Figure 7. The data transformation by Johnson's method

These limits are considered to be new limits for the mean chart as in Figure 8. It is clear that they are broader
than the standard control limits of Shewhart which relies on the normal distribution to contain all points. The
process after using the Johnson transformation has become under statistical control and the point outside the
control limits in the Shewhart chart. It can be considered a false alarm for the process. Therefore, the use of
Johnson's data transformation avoided the process of the emergence of false alarms in terms of stability and
productivity.
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Figure 8. The mean chart after the data transformation using Johnson's method

Using the formulas in (13) to find the control limits of the mean by the method of kurtosis correction, the
lower limit is equal to (54.78) and the upper limit is equal to 84. Figure 9 shows that the control limits have
expanded and included the point outside the control limits and therefore the process under statistical control.
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Figure 9: Control limits using kurtosis correction method
The range chart is illustrated in Figure 10 as all points are within the control limits.
= UCL=28.34
25
@ 20-
o
= T
o
2 A i
E ﬁl R=11.40
G 10- \/ V \[ \/ V
5 -
0 LCL=10
1 4 T 10 13 16 19
Sample

Figure 10. Shewhart chart for the range

When applying the formulas in (14), it has found that the lower control limit is equal to (0) and the upper
control limit for the method of kurtosis correction is equal to 43.11 as in Figure 11.
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Figure 11. The range chart in the kurtosis correction method
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When calculating the process capability of the Shewhart chart before the data transformation shown in Figure
12, the values of Pp = 0.54 and Cpx = 0.57

Process Capability
Calculations Based on Smallest Extreme Value Distribution Model
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Figure 12. The process capability of the Shewhart chart before the transfer of data for normal distribution

When calculating the process capability of the Shewhart chart before transformation the data of the
distribution of extreme values, Figure 13 shows that Ppr = 0.49
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Figure 13. The process capability of the Shewhart chart for extreme values distribution
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When calculating the process capability after the data transformation in Johnson's method, Figure 14 shows
that PPK = 0.56 and CPK - 0.60

Process Capability
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Figure 14. The process capability after the data transformation in Johnson's method

The values of the process capability of the kurtosis correction method are Ppy = 0.63 , Cpx = 0.67 , as in
Figure 15.
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Figure 15. The process capability in kurtosis correction method
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11. Results comparison
Table (1) shows the comparison among charts using Shewhart, Johnson and Kurtosis Correction as well as the
values of process capability of these methods

Table 1. Lower and upper limits for mean chart and process capability of three methods

Method UCL LCL Cpk Ppk
Shewhart Chart 81.55 56.92 0.57 0.54
Johnson Chart 82 47 0.60 0.56
Kurtosis Correction Chart 84 54.78 0.67 0.63

12. Conclusions and recommendations

12.1 Conclusions

1. The use of Johnson's data transformation has avoided the process the false alarms in terms of stability and
productivity

2. The process capability has improved after Johnson transformation and the use of the kurtosis correction
chart.

3. The limits of quality control have expanded and all points within the limits as in the humidity rates in
Kirkuk city for the period of study in the case of statistical control after the use of Johnson transformation.

4. When using the kurtosis correction chart, all points were within the control. The limits of statistical control
have changed and the outgoing points are contained.

5. Applying the kurtosis correction method to construct the limits of R-chart to expand the width of limits.
The process in both cases (with and without using KC) is under statistical control.

6. Calculating Cp, Cpx and Ppi shows that the process is not centered and not fully capable before and after
using Johnson's transformation method.

12.2 Recommendations

1- We suggest dealing with probability limits for control charts rather than fixed limits because of the nature
of data available to companies and factories.

2- Probability distributions and the number of parameters more than two parameters for high flexibility in the
description of many cases can be used.
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