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Abstract:

Control charts are one of the scientific, statistical tools widely used to monitor the processes'
stability and performance and detect abnormal changes and variations in the processes quickly by
monitoring and controlling the processes. The purpose of a GAMMA control chart has been
performed using the cement product factory in Sulaimani of interest supports variable the gamma
distribution. The Wilson-Hilferty estimate is applied to change the gamma variable characteristic to
a normal random variable. The Gamma control chart for data monitors the time until an event assumes
that a particular event follows a homogeneous Poisson process. We display the GAMMA control
chart's construction and determine the average run lengths for control and a shifted process. The out-
of-control ARL is received after the procedure is shifted in intervals of the Gamma distribution scale
parameter. Therefore, according process shift parameters, the ARLs are shown for many values of
the shape parameter. Control charts have been evaluated to determine the effectiveness of the aimed
chart. The implementation of the suggested map is shown using information on cement products. The
GAMMA control chart is said to be more sensitive and reliable in identifying tiny changes since it
gives a single explanation for several variables.

Ker word: GAMMA control chart, Wilson-Hilferty, Monitor, Scale and Shape parameter, ARL.
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Introduction:

Quality is described in a number of different ways, from "meeting the needs of consumers" to
"fitness for purpose” to "conformance to specifications." Customers should be included in every
concept of quality, as they must be the primary target of any company. Also, Quality has been shown

to be important for marketing success and development in global markets over the last two decades
6]

The quality monitoring technique evaluates the factors that interact with the production process,
deciding whether the manufacturing process or variables are under control. Are the variables in line
with the requirements? If they are out of reach and do not meet the standards, it is critical to address
the problem. Detecting defects in order to enhance quality @1,

One of the most important components in altering the commercial and marketing process of
product creation, increasing output, and improving the efficiency of the manufacturing process is
quality control. As a result, many industrial and commercial people depend on guality control systems
to check their production quality and ensure consistent product quality 1.

In (1924) the statistician (Dr. Shewhart) presented a visual approach and used it for the first time
based on the Quality Control Chart to notice vicissitudes in Non-randomness in the production
progression. Also, Shewhart and many researchers have continued to interest in control panels and
develop them through many studies and research [,

Control charts are interactive methods for identifying some specific trigger in a process as a result
of a shift in product quality. The centerline (CL) depicts the average value of the consistency
characteristic, while the upper control limit (UCL) and lower control limit (LCL) are two level lines
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(LCL). It likewise aids in the monitoring of a production operation. After the produced goods have
been prepared, they will be tested again to determine if they should be accepted or rejected. The
acknowledgment sampling technique is a mathematical method used to make such assessments 1.

In addition, the gamma distribution is widely consumed in a number of disciplines. This
distribution is regarded to be a good match with waiting time outcomes in live testing. The two-
parameter gamma distribution may be useful for environmental checking and control. More
particulars on the gamma control chart may be establish here. The average run length (ARL) of a
gamma is calculated using random-shift generator software [°1,

Later in these years, (Aslam, 2014) published the (EWMA) sign chart for repeated sample. The
approximation is an easy, adequate, and unified method for resolving various gamma distribution
issues, according to (Wilson-Hilferty). There is no exertion on generating the controller graph for the
gamma variable using the ( Wilson-Hilferty) guesstimate. Furthermore, we will generate a control
chart utilizing cement data by supposing that the normal distribution of participation reflects the
gamma variable. To convert the gamma variable to a normal flexible and define upper and lower
control limits, the (Wilson-Hilferty ) application will be employed. The suggested control chart's
control steady is set for a specific in-control (ARL). After the mechanism is changed in relationships
of the scale parameter, the out-of-control ARL begins [,

In the case of a homogeneous Poisson process, the time before an incidence is monitored using a
gamma control chart for outcomes. As a result, it cannot be utilized to track a specific gamma-
distributed property. Create a switch graph aimed at the gamma distribution using a hypothesis
estimator 1,

In life-testing applications, the lifespan of an element is amongst the most important quality
aspects, and it must be monitored to verify that customer satisfaction fulfills the required standards.
Assume that a supplier and a mean lifetime are in charge of producing a certain sort of electrical item.
A decrease in the average lifetime level indicates a decrease in efficiency. To deactivate the attachable
triggering and reset the process to a controlled state, the producer must conduct specific out-of-control
procedures. An increase in the mean lifetime level, on the other hand, might signal that new
approaches or process improvements are required to assess the output's relevance. By ignoring the
censorship rate if the censoring rate is low, the classic Shewhart X control chart may be used to
monitor the mean lifetime of objects using censored data [*°1,
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The Gamma Distribution
The gamma random variable's probability distribution well defined as shadows.

The function's gamma distribution is ["]
() = (Br)“Tt eF x20......(1)

With scale parameter >0 and shape parameter a>>0. The mean and variance of the gamma circulation
[7
are

a

Meanis — u=2 and variance 0% = —

Nz

The gamma distribution is reduced to the exponential distribution with the parameter if a= 1.
Depending on the values used for a and S , the gamma distribution will predict various shapes. The
above equation can be used to model a broad range of continuous random variables.

Gamma control chart

The gamma circulation is a typical skewed data typical that is also used to describe the time among
occurrences. We are attempting to create a gamma distribution control chart. Consequently, project a
control chart to observer the gamma variable efficiency of assessment in an uncertain situation where
the coherence of the value followed the gamma distribution ™,

Allow T to obtain a random variable from a gamma variable through scale parameter () besides
shape parameter ( a ). The (CDF) of the gamma flexible is providing by

F(t) = P(T < t)
The (CDF) of gamma is [

P
P(T<t)= 1—2;?:117‘” ............. (2)
Moment generating function of gamma is
M,() =E(™) =[" e*f(x)dx e (3)

Allowing to (WH), the change T* = V/T is distributed nearly as a normal with mean (2.

378 ria+t
The mean The mean is U= % ............ 4)

and

The varianceis  op+ =

Bél"(a+§) (3/? r(a+§)>2

r(a r(e)
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BSI"(a+§)

_ 2
Or*= @ — (ur+)

T* has a symmetric distribution, which allows for the creation of a control chart with symmetric
control limits. As a result, we used cement data to generate the control chart below for a gamma-
distributed specific variable ©I:

Stage 1: Choose an item at random and assess its eminence property T. Then, estimate

== ¥F (6)

Stage 2: Indicate the procedure as out-of-control if T* < UCLI or T* < LCL1. Assert the procedure
as in-control if LCL, < T* <UCL,. Contrarily, continue to Stage 1 and recurrence the procedure.

The upper and lower controller limits are the two sets of control limits that make up the aimed
control chart. The switch graph is a combination of multiple control charts. When a = 1 (an
Exponential case), the offered map becomes the chart. When o = 1 and L1 = L, the aimed graph
becomes the chart. The control limits are discovered to have the succeeding methods and are
generated after the data once the machine is under control I,

Let S, is the scale parameter after the procedure is in regulator. Then, the outside regulator limits
are given, and the moments above can now nonstop the regulator limits of an around normally
dispersed procedure in closed form B,

Lower Control Limit LCLN= pp+-Ly or+

3 1 Z 2 3 1 2 1/2
_ VBrasp | [prasd  (VF e )
I—'(a) N ['(a) ['(a) .........

Upper Control Limit UCLn= pp++Ly o7+

1/2

2 2
_ Vr@sy | Ly <BBF<a+§> _ (ﬁ F(‘“i)) ) .......... (8)

r(e) r(a) r(a)

LCL: Lower control limit

UCL.: Upper control limit

ur+: Mean of the GAMMA control chart

o7~ standard deviation of the GAMMA control chart
L;: Control coefficients of the GAMMA control chart
« : Alpha parameter (Shape parameter)

[: Beta parameter (Scale parameter)
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The limiting worth for the standard deviation of the GAMMA statistic is used to assess these
constraints. It should be noted that using these predefined control limits is more convenient. It also
makes the control chart vulnerable at first. We'll utilize this approximation throughout the rest of the
article because it's commonly utilized in industrial applications. However, if a quality practitioner
decides to utilize the precise number for the GAMMA statistic's confidence interval, the control limits
become [,

Since calculation (9) and (10), the First control limits of the GAMMA are set by 2

LCLl = .U'T*-Ll O'T*

I (e) r(a) r(a)

3 1 2 2 3 13 2\ /2
VFres) <33r<a+;> (Jﬁ r(a+;)) )
Neresy) _

UCL]_ = ‘U.T*+L1 O-T*

3B ra+d gir+d) (B rad\’ i
a+= a+= a+=
—3+L1< 3_< 3)) ........... (10)
r(a) I'(a) I'(a)

Since calculation (11) and (12), the second control limits of the GAMMA are set by [

LCL2 = MT*'LZ O-T*

3 1 2 2 3 182\ 1/2
_ ,B r((l+§) _ L ﬁ3l"(a+§) _ ﬁ I"(a+§) 11
- r'(a) 2 @) reo )| ( )
UCL,= .uT*+L2 o7+
1/2
_B%’"(a%) L Bgl"(a%) VB r@+y 2 -
B I'(a) 2 r(a) - ro )| e ( )

Control coefficients L1 and Lo are to be calculated through taking into account the given in-control
ARL. In above, L1 and Lz are control coefficient to be resolute by bearing in mind the in-control ARLs
while S, is the scale parameter when the development is in control. The suggested approach
simplifies the Shewhart control chart when the control coefficients Ly = Lyand i = 1 21,

The control limits can also be written as follows

r( +1) F( +2) F( +1) 2\ /2
— ats3 ) )
LLs= r(a) L1< r(a) ( r(a) > > .............. (13)
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o\ 1/2
_ F(a+%) I"(a+§) F(a+§)
UL;= o + L1< o \Tra ) ) ) (14)
[y rar?)  (r(ar D\
LL,= @ L, o \Tre ) e (15)
and
e [red L (red) (e
o + L, o\ ) e (16)

Then, the control limits between Eqs (9) then (16) are condensed to
LCLy = 3/Bo LL1

UCL1 = 3/B, UL

LCL2=3/By LLo

UCL. = 3/B, ULz

Only the gamma distribution scale is thought to be able to alter as the mechanism evolves. As the
machine is moved, the form parameter, on the other hand, remains constant. The shape parameter is
usually set in a variety of ways depending on the application type, similar to how the Weibull
parameter is set. Let 3, be the scale parameter while the procedure is in control and let 8, be the scale
parameter after it is shifted. Additional, the scale parameter for the shifted process has 8, = ¢ 8, for
a constant ¢ 11,

When the process is regulated, the likelihood that it will be considered out of control for a lone
example is provided underneath according to the based control chart.

Pli1=P(T* <LCL1|B = Bo) + P(T* > UCL1IB=Bo) oo (17)
PS, = P(UCL, < T* < LCLy|B = Bo) + P(LCLy, <T* <UCLyIB =Bo)  eeveevee. (18)
PO
po = _CuLl 19
out 1_Pr0ep ( )

The (ARL) for the in-control, practice is assumed as monitors:

ARLo=—— (20)

out
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Now, we assume that the gamma distribution scale is transformed since S,to 5; = ¢ S,, for a constant
c. The probability of stating as out-of-control for the shifted procedure founded on a single sample is
assumed as follows.

P, =P(T* <LCLIB=B)+PT*>UCLIB=B) e (21)

PL, =P(UCL, <T* <UCLy|B = Bo) + P(LCLy <T* <UCLyIB =Bo)  wevverenn. (22)

Therefore, the probability of declaring as out-of-control for the shifted process is given as

pl Pout1 (23)
out 1_Pr1ep ............
ARL; = — e (28)

We first determine L1 and L, for each of the gamma distribution’s various shape parameters so that
ARLy is close to the specified in-control ARL. The out-of-control ARL (ARL:) will then be obtained
according to multiple shifts in the scale parameter. The control chart coefficient was as estimated L
and L, ™.

Case study

When we utilized a Gamma control chart to scientifically monitor production during production at
the Tasluja cement mill, we collected data for a month of creating cement. Gamma Control Chart was
used to track the entire procedure. For the Loss On Ignition (L.O.l) We'll talk about using the
proposed Gamma control chart for cement product at Sulaimani's variable factory. (L.O.I) is a test in
use in quantitative analytical chemistry and environmental research to determine material and soil
chemical structure. It involves rapidly heating (or "igniting") a part of the sample to a preset
temperature, enabling volatile chemicals to escape before the sample's mass stops changing. This can
be done in the open air or in a reactive or inert environment. A basic test usually involves putting a
few grams of the substance in a tared. The Gamma variable of 30 observations is shadowed by the
(Loss On Ignition) data. Thesis of collecting data, the production is daily for one line product.
Assuming that process has shifted to §; = 1.4 S, where (c=1.4) for this in-control (L.O.l) data «
=5.6554 and = 0.4749. Let ARLo= 200, and observations are generated from the gamma

distribution. Although proposed ( Wilson and Hilferty) that the change of T" = /T .Is distributed
roughly as normal with mean. The data of thirty observations are described in Table 1.
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Table (1): Shows data from a Gamma distribution with 30 observations applying the transformation

T™=3T

Design Gamma control chart for Cement data

*

#No. T #No. T

1 1.23 1 1.07144127
2 2.21 2 1.302559062
3 2.8 3 1.409459746
4 3.5 4 1.518294486
5 3.5 3 1.518294486
27 1 27 1

28 1.9 28 1.23856233
29 1.82 29 1.22092915
30 2.2 30 1.300591447

When seeing the Gamma Control Chart, two control charts will appear at the same time. When we
look at cement production, we can see that all of the production values are under control. However,
several of the numbers in the second chart, particularly UCL> and LCL., are ready to be. Notify the
producer that one of the production's parties will no longer be under their control. It will result in poor
output, which will no longer be deemed under control, and poor output will be provided, which is
neither the customer's nor the producer's requirement. In addition, the four limits are found by UCL1=
1530531, LCL31=1.194966, UCL,= 1.506034 and LCL,= 1.219462. We planned the changed

data T" = ¥/T on the control chart in Fig (1).
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GAMMA control chart
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Figure (1): The planned close to the first control chart for cement data

Fig (1) shows the statistic T* designed on the GAMMA control chart. Some beliefs of
T* are close to UCL1 and LCL1, and four points are in the boring region. The source of
distinction in the procedure would be identified, as shown in fig (1). As shown, the graph
of the GAMMA control chart shows that the process is in the public of statistical controller
because all the points of the data fall on the upper control limit (UCL1=1.530) and lower
control limit (LCL:=1.194). When (Mean= 1.363 and variance= 0.0379). This figure
shows that all the values of production are under control by the first GAMMA Control
chart. However, some points are closed nearly UCL, so we should build a second control
chart. The result shows that the progression in the national of statistical control because all
the points of the data falls between the upper and lower control limit.
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GAMMA control chart
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Figure (2): The proposed close to the second control chart for cement data

The statistic T* may be seen shown on the GAMMA control chart in Fig (2), with numerous values
around UCL> and LCL: and three numbers in the repeating area. Fig (2) shows that all values are
within control.Nevertheless, some of the points are close to UCL;, especially the 17th, 19th, and 27th,
near out of control. As can be seen, the graph of the GAMMA control chart shows that the
procedure is under statistical control. because all the points of the data fall on the
(UCL2=1.506) and (LCL2=1.219). When (Mean= 1.363 and variance= 0.0379). The first
GAMMA Control chart is shown to be in control of all output values in this diagram.
However, some points are nearly UCL closed. Finally, since all of the data numbers
reduction between the upper and lower control limits, the result designates that the
procedure is statistically regulated (UCL and LCL).
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GAMMA control chart
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Figure (3): The planned two control chart for cement data

As may be shown in the fig (3),the graph of the GAMMA control chart shows that the procedure
is under statistical control. because all the points of the data fall on the upper control limit (UCL) and
lower control limit (LCL) in chart two upper control limit and two lower control limit. Also, From
fig (3) for cement, the chart is constructed under the normality assumption with upper control limit
(UCL1=1.530) and lower control limit (LCL1=1.194). Also, The graph for the (GAMMA) chart shows
that refer to that all values under control (UCL.= 1.506) and (LCL2= 1.219). Nevertheless, some of
the points are close to (UCL>), Specially the point of 17", 19" and 27th, somewhat out of control.
These parameters were estimated from the data. Of the 30 non-excluded points shown on the charts,
three are beyond the control limits on the first chart, while three are beyond the limits on the second
chart. As we see, the GAMMA control chart consists of four limit controls in this way LCL; and
UCL:. This is the first chart control that is an important part of determining the monitoring limit. The
second part of controlling the proximity of values in this border, in addition to LCL, and UCL.,
requires the manufacturer to ensure that the entire production process is close to exiting control,
requiring it to be more accurate and better need of some production.

Two control charts will appear at the same time when the Gamma Control Chart is shown. When
it comes to cement quality, we can observe that all of the manufacturing processes are regulated.
However, several of the values for UCL2 and LCL2 are quite comparable to those in the second table.
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The GAMMA control plan would guarantee that the cement factory's completely manufacturing
process is under control, resulting in a satisfactory product that fulfills client needs.

Table 2: The values of ARL: for cement data when difference ARLg

a=5 ARL0=150 |@=5 ARL0=300 |a¢=5 ARL0=370

© ARL1 ARL1 ARL1
1.00 150.660 300.93 370.96
1.01 145.191 265.39 328.76
1.02 138.570 234.61 292.05
1.03 126.502 207.89 260.03
1.04 121.002 184.63 232.03
1.05 115.824 164.35 207.49
1.10 04.048 94.78 122.29
1.15 77.616 57.37 75.47
1.20 65.004 36.26 48.53
1.30 47.397 16.27 22.35
1.40 36.090 8.39 11.67
1.50 28.470 4.91 6.80
1.60 23.123 3.22 4.38
1.70 19.239 2.34 3.09
1.80 16.334 1.85 2.35
1.90 14.107 1.56 1.91
2.00 12.362 1.39 1.63
2.50 7.481 1.09 1.15
3.00 5.351 1.03 1.05

From Tables (2), for almost the same values of ¢, we see the well and ARL drops as c increases.
The suggested control chart under ARL compares favorably to the control chart under addition to
performing linear classification. We will use the identical values for the supplied values in both
performance measures for a cement compare. The proposed GAMMA chart also considers the
parameters of the chart (a« and B). The control chart coefficients were L; and L. as predicted.
Calculating correct ARL levels is, once again, a difficult task. As a result, we calculated the ARL
values using the R code program. The particular instance of the suggested chart was performed with
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losing generality, and the ARL values of the in-control and out-of-control were computed and
summarized.

Again, the in-control ARL values were kept close to (370, 300, and 150), demonstrating the R-
code program's precision and legitimacy. As previously stated, the ARL values are used to assess the
comparative performance of any chart. The better the chart, the lower the value of the ARL for the
shifted process is. Likening these graphs can also be adjudged same quickly that the proposed chart
scheme has smaller ARL; values for different shifts. For instance the presented graph depicts the out-
of-control application's signal for detecting a movement of (1.40), (c=1.40) for (« = 5) in (ARL1=
11.67). Simultaneously, the same shift is detected with (8.39) samples on the average for the existing
chart (ARLo =300). For many of the factors in the suggested chart, this very same tendency of
decreased ARL1 numbers can be seen. As a result, the prospective chart can be labeled more critical
than the existent chart again here.

Conclusion

In this paper, when we see at the production process, we see that the whole process is under control.
However, some values are close to the second monitoring limit. Exceptional Gamma control charts
with known parameters shape parameter and scale parameter are proposed founded on the finest self-
assurance intermission. When the data or parameters are indefinite values instead of exact or definite
values, the design control chart can be used. The actual data is used to explain the capacity of the
suggested control chart. We demonstrate that the suggested control chart works better in an
unpredictable environment after condensing it with the present control chart. Additionally, our results
all point to the control chart, some point near to out-of-control UCL and LCL;, and it is concluded
that the GAMMA control chart is more sensitive and effective in detecting. In addition, we can say
that the total production of cement in this factory is excellent, and by monitoring the statistical
program, they can produce better products. We advise industrial engineers and healthcare providers
to use the suggested control chart to monitor data gathering information from a sample or a
community with partial data. Finally, future study might use the provided control chart for lifetime
data and time between events.
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Appendix
Find Mean and Variance, Upper and lower control limit for the GAMMA control chart.
a=5.6554 B =0.4749
L1=4.427538 L.=3.781105

1 1
B3r(a+3) _ (0.4749)3I(5.6554+3)

T @ T (56554) =1.362748
2, 1 4\? 2 2 1 A2\
_ |B3r(a+3) B3r(a+3) | _ [ (0.4749)31(5.6554+3) (0.4749)3(5.6554+3) P
o= r'a) r'a) B r(56554) r(56554) e

2

B3r(a+)) Birs?)  (Birasd
a+s a+s a+z
LCL1: MT*'Ll o= 3 L 3 _ ( 3 )

r@ 1| r@ I(a)

= (1.362748) - (4.427538) * (0.03789526) = 1.194966

2

UCLi= ”T*+L1 Or+=

1 2 1

B3I (a+3) B3l(a+2) [ B3r(a+d)
P i +L 1 3 —_ 3
I'(a) I'(a) I'(a)

= (1.362748) + (4.427538) * (0.03789526) = 1.530531

2

LCL2= Hr~* -LZ Or+=

1 2 1
B3I (a+3) L B3r(a+l) [ B3I(a+3)
r@ 2| r@ |\ rw

= (1.362748) - (3.781105) * (0.03789526) = 1.219462

2

1 1 2 2 1 1
B3r(a+d) B3r(a+2) [ B3r(a+d)
UCL2= pptLy o =— 4Ly | =0 _< F(a)3>

= (1.362748) + (3.781105) * (0.03789526) = 1.506034
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