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Abstract: Control charts are widely used in the analysis and control of production
processes to produce satisfactory, sufficient, reliable and economical quality. Optimizing
chart parameters is an important issue for quality engineers to improve processes. In this
paper, the economic statistical design of the X control chart under the Pareto shock model
based on the double objective design is presented. Actually by applying restrictions on
the first type of error, the cost as the economic objective and the second type of error as
the statistical objective is considered and then the optimal solutions are selected based on
the Pareto front. Finally, through a practical example, the advantages of the proposed
approach are shown by preparing a list of optimal solutions and graphical representations.

Keywords: Economic- Statistical design, X control chart, Double- objective design,
Pareto distribution.

Aim and Introduction

The technique of control charts to monitor process behavior is one of the basic tools of
statistical process control. Process changes can be divided into two main categories:
common (random) cause, which is a fundamental feature of any process, and cause
(definable) deviation, the occurrence of which is an unusual disorder that must be
eliminated in order for the process to reverse. The main purpose of using management
control charts is to separate these two different sources.

Shewhart [17] developed a control chart that is useful tool for assessing whether a process
is in a state of statistical control or has a reasoned deviation. Duncan [6] proposed a model
for determining the costs associated with implementing a control chart (X), i.e the
economic scheme (ED) of control charts, to examine the average process. The limitations
of the control chart X are set at the +L standard deviation from the target average. A
sample n is taken of the volume of process output at each hour interval k. The average of
the sample collected in the graph is plotted at that point. Due to the occurrence of a
deviation due to the average of the process may change from u, to u, + o3, where u,,

* Corresponding author: torabianmohsen@gmail.com
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o and 6, respectively, the average of the process (target value), the standard deviation of
the process and the parameter of change. Occurrence of out-of-control sample averages
is reflected as an indication of an out-of-control process.

Occurrence of out-of-control sample averages is reflected as an indication of an out-of-
control process. The design parameters n, L and h, are control diagrams. The goal is to
optimally determine these factors to minimize the total expected cost per unit time. Using
Duncan's approach, Hu [9] presented an economic scheme of a control chart under a
Poisson-free process change. One of his assumptions is that the mechanism of process
failure follows a Weibull model, and second, the assumption that the length of sampling
intervals during the production period is fixed. Keeping sampling intervals constant at all
times for a system followed by the Weibull failure mechanism is in stark contrast to the
non-uniform sampling scheme for systems with the Weibull shock model recommended
by Banerji and Rahim [2]. The disadvantage of economic design is that it does not show
statistical features such as the probability of type I, II errors when selecting parameters
for the control chart. From an economic model to an economic-statistical model. In all
these papers, it can be observed that, for an efficient economic design of the X control
chart, the in-control time is assumed to be random and follows a specific probability
distribution like exponential, Weibull, or Gamma distribution. However, in many
practical situations arising at places like chemical industries and fertilizer industries, the
in-control times of the process will have minimum in-control time, i.e., the failure of the
process occurs only after a certain specified period of time and has a long upper tail. One
of the probability distributions that can be identified with this feature is Pareto
distribution. The Pareto distribution also specifies a waiting time distribution (time to
exceed a certain value of the process character). This distribution is named Pareto.
Although the Pareto distribution is widely used in many production processes, the fact
that in-control times follow the Pareto distribution is rarely used in the design of control
chart. The economic statistical design of X Control Charts under Pareto shock models has
recommended by Kraleti et.al [10]. The above statistical-economic designs are all in the
category of single-objective designs of control charts, i.e only one optimal value is
obtained for the average cost, which means that single-objective control charts are not
flexible. Complete inflexibility is one of the main problems of any of the above designs.
Faraz and Saniga [7] solved the problem of designing control charts and provided users
with a dual-purpose design in which a group of optimal designs can be selected according
to the specific time needs or industrial situation of each of them. They showed that the
proposed method has the advantages of flexibility and consequently more compatibility
than traditional economic statistical design (ESD) methods, while maintaining the
statistical strengths and economic efficiency of traditional designs. Also, a summary of
the subject literature is given in Table 1.

The purpose of this paper is to develop a double-objective economic statistical design
(ESD) of X control chart under Pareto failure properties. We have expressed the
probability of type Il error (8) as the statistical objective and the expected cost as the
economic objective.

Methodology

The design used in this study is based on a double-objective economic statistical design of
X control chart with Pareto shock model. The MATLAB GA toolbox provides users with
the MOGA optimization function called Gamultiobj; preservation strategy, MOGA finds
much spread solutions over the Pareto optimal set. It is one of the most popular multi-
objective evolutionary algorithms known for its capacity to promote the quality of
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solutions algorithms by searching different quantities of decision variables and using
appropriate penalty or barrier functions that can converge to the best solutions. We apply
it here to solve the optimization problem. The results in the least average cost and 8
compared with single —objective.

Findings

Numerical results indicate the advantage of the double-objective economic-statistical
design. By providing a set of optimal plans with corresponding cost and f3, this method
helps users to adapt the plans to the time requirements of the industrial process and thus
have the advantage of flexibility and adaptability. As can be seen in this practical
example, the single-objective design is done first, and for the specified values above and
for the fixed value of p=0.1, only one optimal value for the cost is obtained, which is
equal to 26.41 Is. while for the same values with delta value equal to 0.75 (that is, the first
line of Table 2) in a double-objective design, about 150 optimal values for cost are
obtained, of which 20 are randomly selected and shown in Table 3.

We can perform this problem for each of the other rows of Table 2, i.e. for each of the
otherd, and we still get the same results.

Also, another comparison can be made by keeping a constant in single-objective design
compared to double-objective ones. Thus, for the value of « = 0.01, the cost in the
double-objective design has decreased compared to the single-objective design.

Table 1. Summarized literature review

. Quality

Design e o
Papers PFM T Characteristic ~ Objective
e
yP distribution

Duncan [6] Exponential ED Normal Cost
Lorenzen & Vance [11] Exponential ED Normal Cost
Banerjee & Rahim [2] Weibull ED Normal Cost
Al-Oraini & Rahim [1] Gamma(4, 2) ESD Normal Cost
Chen and cheng [3] Weibull ESD Johnson Cost
Chen, F., and Yeh [4] Exponential ESD Normal Cost
Kraleti, S. R et al. [10] Pareto ESD Normal Cost
Rao et al. [13] Pareto ESD Johnson Cost
. . Cost,

Safaei et al. [15] Exponential ESD Normal
ARL,
. . Cost,

Doroudian et al. [5] Exponential ESD Normal
ATS
Seif et al. [16] Exponential ESD Burr XI1 Cost
Heydari et al. [8] Burr XI1 ESD Normal Cost
Saadatmeli et al. [14] Burr XI1 ESD Normal Cost
Naderi et al. [12] Weibull ESD Normal Cost

This paper Pareto ESD Normal Cost, B
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Table2: Single objective design with Pareto shock model in terms of different &

h L a B B E(A)
26 1.24 2.56 0.010 0.10 0.75 26.48
16 1.16 2.76 0.006 0.10 1 2452
11 0.97 2.91 0.004 0.10 1.25 23.97
8 0.85 3.03 0.002 0.10 15 23.59
6 0.77 3.12 0.002 0.10 1.75 23.31

Table 3: double-objective design with Pareto shock model and 6=0.75
n h L o B E(4)
7 7.86 2.99 0.003 0.85 21.77
13 7.93 2.93 0.003 0.59 23.79
14 1.22 2.73 0.006 0.48 24.26
18 1.31 2.70 0.007 0.31 24.69
10 7.97 2.94 0.003 0.70 23.02
15 1.24 2.65 0.008 0.41 24.43
22 1.48 2.65 0.008 0.20 25.00
25 1.58 2.68 0.007 0.15 25.18
12 7.96 2.82 0.005 0.59 23.77
27 1.63 2.68 0.007 0.12 25.31
21 1.33 2.68 0.007 0.23 24.90
23 1.32 2.66 0.008 0.17 25.12
15 1.22 2.69 0.007 0.42 24.41
9 7.95 2.74 0.006 0.69 23.08
28 1.60 2.68 0.007 0.10 25.36
19 1.37 2.71 0.007 0.29 24.75
27 1.50 2.70 0.007 0.11 25.33
9 7.89 2.92 0.003 0.76 22.59
16 1.27 2.70 0.007 0.39 24.49
26 1.59 2.67 0.008 0.13 25.26
17 1.23 2.68 0.007 0.33 24.61
7 7.88 2.58 0.010 0.73 22.79
27 1.76 2.64 0.008 0.10 25.39
13 1.22 2.74 0.006 0.51 24.20

Discussion and Conclusion

Numerical results indicate that it is not possible to reduce the second type of error and
costs at the same time, which means that by reducing the second type of error, the cost
increases, and by reducing the cost, the second type of error increases, both of which are
very important. Obtained based on the needs of the industry and which one has more
priority has the right to choose. These designs define a Pareto optimal front of solutions
that increase the flexibility and adaptability of the X control chart in practice.

This research adds to the body of knowledge related to flexibility in process quality
control. This article may be of interest to quality systems experts in factories where the
choice between cost reduction and statistical factor reduction can affect the production
process.
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