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ABSTRACT 

In many real-world applications, the data to be used in a control charting method are not crisp since they are approximated 
due to environmental uncertainties, In these situations, fuzzy numbers and linguistic variables are used to grab such 
uncertainties. That is why the use of a fuzzy control chart, in which fuzzy data are used, is justified. As an exponentially 
weighted moving average (EWMA) scheme is usually used to detect small shifts, in this paper a fuzzy EWMA (F-EWMA) 
control chart is proposed to detect small shifts in the process mean when fuzzy data are available. As well as The fuzzy 
regression control chart which is a functional technique to evaluate the process in which the average has a trend and the data 
represents a linguistic or approximate value.  
In this paper, the application of fuzzy logic in statistical quality control have been done by plotting fuzzy EWMA chart and 
Fuzzy linear regression model control chart depending on a suggested algorithm prepared for this purpose, as well as the 
theoretical structure of the “a-level fuzzy midrange for a-cut fuzzy -regression control chart” is proposed for triangular  
membership functions and applying that to the chemical analysis data of a water component, Total Dissolved Solid ( TDS) in 
water from the KANY Factory to  detect small shifts in the process means, the data contains three groups (TDS-a, TDS-b, TDS-
c), for 24 days each day containing 5 hour data, as shown in Table (1) 
The comparison showed that the fuzzy linear regression model Control chart is a good technique and more suitable, accuracy, 
sensitivity than the traditional linear regression model Control chart. 

KEY WORDS: Fuzzy Sets, Fuzzy Numbers, Control Charts, Regression Control Chart, FEWMA, and Fuzzy Linear Regression 

model control charts. 
 

1. Introduction

Statistical Process Control (SPC) is approaching  that 

uses statistical techniques to monitor the process. The 

techniques of quality control are widely used in 

controlling any kinds of processes. The W.Shewhart 

1924  is famous India statistics, he is the first  one who 

produced the control chart. These are called a 

traditional variable control chart, which consists of 

three horizontal lines called Centre Line (CL), Upper 

Control Limit (UCL) and Lower Control Limit (UCL) 

are represented by numeric values. From the Shewhart 

chart  (UCL, and LCL) defined as this formula: 

UCL, LCL = μ0 ∓  dσ 

Let be µ𝑤  and  𝜎𝑤  be a mean and standard deviation  

of 𝑤 sample statistics  and  𝑑 is the distance of the 

control limits from the center. And the Range chart: 

UCL, LCL = X̅ ∓ A2R̅ 

 Where 𝑋̅ Is mean,  A2  is a constant tabulated and  R is 

the average of Rang. 

UCL =  D4R̅ 

LCL =  D3R̅        CL = R̅ 

The 𝐷3,and 𝐷4 are the constant tabulated for R-

Chart.[3]    

The Exponentially Weighted  Moving Average 

(EWMA) Control Chart was introduced by 

Roberts(1959) for monitoring the process mean is 

defined  as: 

 

Z i = λXi + (1 − λ)Zi−1  Where   Z0 = μ0 

UCL, LCL

= μ0  

± Lσ√
λ

(2 − λ)
[1 − (1 − λ)2i]              … . (1) 

Note that the equation  [1 − (1 − 𝜆)2𝑖  ]become unity as 

𝑖 gets larger. Then the UCL, LCL of  EWMA it becomes: 

UCL, LCL

= μ0  ± Lσ√
λ

(2 − λ)
                            … . (2 ) 

The fuzzy theory was first proposed in 1965 by Zadeh. 
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It is a mathematical tool that deals with uncertainty 

which comes from a shortage of information, 

incompleteness, vagueness and inaccurate of 

measurements. The fuzzy EWMA control chart was 

proposed by Şenturk et al, Suggested a fuzzy EWMA 

(F-EWMA) control chart to study fuzzy process data 

using α-cuts, we used FEWMA control chart for 

monitoring the Yarn process. 

Fuzzy EWMA statistics and their calculations are 

defined and the proposed method for drawing and 

analyzing control charts based on these statistics are 

discussed. Fuzzy EWMA statistics are used in order to 

monitor each one of the profile parameters. The Fuzzy 

Exponential Weighted Moving average FEWMA 

Control chart when 𝜎𝑎 , 𝜎𝑏 , 𝜎𝑐 are known, there for 

R̅a , R̅b , R̅c  Are average of the range, where the range 

of ( 𝑎, 𝑏, 𝑐) obtained as followings: 

Raj = Max(Xaj) − Min(Xcj)   

Rbj = Max(Xbj) − Min(Xbj)   

Rcj

= Max(Xcj)

− Min(Xaj)                                    … . (3) 

Where the 𝑚𝑎𝑥(𝑋𝑖𝑗), and 𝑀𝑖𝑛(𝑋𝑖𝑗 ) are a fuzzy 

numbers in the sample. 

When detecting a small shift in process with fuzzy 

observations, the FEWMA control chart should be 

used to evaluate the process, X̅a 1, X̅b1 , X̅c1   Are the 

fuzzy average of sample size n. The Fuzzy  

exponentially weighted moving average is defined as: 

.[2][3][4][5][8][9] 

                Z1 = λ(X̅a1, X̅b1, X̅c1) + (1 − λ)(X̿a, X̿b, X̿c)

Z2 = λ(X̅a1, X̅b1, X̅c1) + (1 − λ)Z1

Z3 = λ(X̅a2, X̅b2, X̅c2) + (1 − λ)Z2

⋮
⋮

        Zm = λ(X̅am, X̅bm, X̅cm) + (1 − λ)Zm−1

 … . (4) 

 

𝑈𝐶𝐿 , 𝐿𝐶𝐿𝐸𝑊𝑀𝐴 = (𝑋̿𝑎, 𝑋̿𝑏, 𝑋̿𝑐)
3

√𝑛
(𝜎𝑎, 𝜎𝑏, 𝜎𝑐)√

1

2 − 𝜆
                       … (5)

               𝑈𝐶𝐿 , 𝐿𝐶𝐿𝐸𝑊𝑀𝐴 = 𝑋̿𝑎 ∓
3𝜎𝑎

√𝑛
√

1

2 − 𝜆
  , 𝑋 ̿𝑏 ∓

3𝜎𝑏

√𝑛
√

1

2 − 𝜆 
    ,   𝑋̿𝑐 ∓

3𝜎𝑐

√𝑛
√

1

2 − 𝜆

𝐶𝐿𝐸𝑊𝑀𝐴 = (𝑋̿𝑎, 𝑋̿𝑏, 𝑋̿𝑐)                                                                                       

         … . (6)  

 

Where the standard deviations and fuzzy averages  are 

knowing.  

The α-level fuzzy median for  α-cuts FEWMA control 

chart for (𝜎𝑎, 𝜎𝑏, 𝜎𝑐) are known, and the transformation 

techniques are applied to α-cuts FEWMA control 

charts for obtaining the crisp value of control limits, 

the α-level fuzzy median for α-cuts are obtained for the 

sample number t is moderately large and  t is small as 

follows: 

  𝑈𝐶𝐿𝑚𝑒𝑑−𝐸𝑊𝑀𝐴
∝ , 𝐿𝐶𝐿𝑚𝑒𝑑−𝐸𝑊𝑀𝐴

∝ = 𝐶𝐿𝑚𝑒𝑑−𝐸𝑊𝑀𝐴
∝ ∓

1

√𝑛
(𝜎𝑎

𝛼 , 𝜎𝑏 , 𝜎𝑐
𝛼)√

𝜆

2 − 𝜆
 

𝐶𝐿𝑚𝑒𝑑−𝐸𝑊𝑀𝐴
𝛼 =

1

3
(𝑋̿𝑎

𝛼 , 𝑋̿𝑏, 𝑋̿𝑐
𝛼)

   … . (7) 

 

The Sample with FEWMA control chart, we can 

calculate the α-level fuzzy median  value if the   

standard deviation is unknown  then to calculate the 

FEWMA is this formula [3][4][7][8] 

= 𝑋̿𝑎 ∓ 𝐴2𝑅̅𝑎√
𝜆

2 − 𝜆
, 𝑋̿𝑏 ∓ 𝐴2𝑅̅𝑏√

𝜆

2 − 𝜆
, 𝑋̿𝑎 ∓ 𝐴2𝑅̅𝑐√

𝜆

2 − 𝜆

𝑆𝑚𝑒𝑑−𝐸𝑊𝑀𝐴
∝ =

1

3
(𝑋̅𝑎𝑗

𝛼 , 𝑋̅𝑏𝑗
𝛼 , 𝑋̅𝑐𝑗

𝛼 )

  … . (8) 

 

To define or monitoring the Process of  the FEWMA  

where α =0.65 if the process for 𝑋𝑎 , 𝑋𝑏, 𝑋𝑐 then :  

𝑋̅𝑎𝑗
∝ = 𝑋̅𝑎𝑗+∝ (𝑋̅𝑏𝑗 − 𝑋̅𝑎𝑗)

𝑋̅𝑏𝑗
∝ = 𝑋̅𝑏𝑗+∝ (𝑋̅𝑎𝑗 − 𝑋̅𝑏𝑗)

𝑋̅𝑐𝑗
∝ = 𝑋̅𝑐𝑗+∝ (𝑋̅𝑐𝑗 − 𝑋̅𝑏𝑗)

𝑅̅𝑎𝑗
∝ = 𝑅̅𝑎𝑗+∝ (𝑅̅𝑏𝑗 − 𝑅̅𝑎𝑗)

𝑅̅𝑏𝑗
∝ = 𝑅̅𝑏𝑗+∝ (𝑅̅𝑎𝑗 − 𝑅̅𝑏𝑗)

𝑅̅𝑐𝑗
∝ = 𝑅̅𝑐𝑗+∝ (𝑅̅𝑐𝑗 − 𝑅̅𝑏𝑗)

                𝑗

= 1 , … , 𝑛        … . (9) 
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Fig(1) Triangular fuzzy parameter and its α -cuts. 

 

After calculating the fuzzy number with α-cuts for 

average for the first sample α-level fuzzy median value 

is obtained. Since this  value is between control limits, 

the first sample is in control. Also the condition of 

process control for each sample is defined by using the 

following: [10][11] 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

= {
𝑖𝑛 − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙, 𝑓𝑜𝑟 𝐿𝐶𝐿𝑚𝑒𝑑−𝐸𝑊𝑀𝐴

∝ < 𝑆𝑚𝑒𝑑−𝐸𝑊𝑀𝐴
∝ < 𝑈𝐶𝐿𝑚𝑒𝑑−𝐸𝑊𝑀𝐴

∝

𝑜𝑢𝑡 − 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙,                    𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                   
 

 

   Where:  

𝑆𝑚𝑒𝑑−𝐸𝑊𝑀𝐴.𝑗
∝ =

1

3
(𝑋̅𝑎𝑗

∝ + 𝑋̅𝑏𝑗
∝ + 𝑋̅𝑐𝑗

∝ )  … . (10) 

 

2. Fuzzy –Regression Control Chart:[6][7][11][13] 

Liner model is one of the most efficient statistical tools 

that are used in many ways, Using regression 

techniques on the experimental observations has 

allowed the study of many phenomena in various 

fields of science as: Agriculture, Chemistry, Medicine, 

Environ  UCLEWMA, LCLEWMAent, Psychology, Biology, 

and Economics the regression model is of the statistical 

approach to study the relation between variables to 

describe the status of data  fit the model and to control 

it. 

Fuzzy linear models describe linear relations between 

relationship between a dependent variable and a set of 

independent ones, the input data (independent 

variable X), the output data (dependent variable Y).  

 In data types  of model parameters, as well as a 

number of the parameters. Since the model selection is 

primarily data type driven, we used the data type as 

the feature for classification of the models. 

We estimate the following  general fuzzy linear model 

as 

             yi = β0 + β1Xi + ε             where  i =

1, … . n            …  (11) 

The parameter (β0, β1) is estimated by using the 

following normal equations, solving a linear squares 

problem 

        𝛽̂0 =
∑ 𝑋̅𝑗 − 𝛽̂1 ∑ 𝑡𝑗

𝑚
𝑗=1

𝑚
𝑗=1

𝑚

𝛽̂1 =
∑ 𝑋̅𝑗

𝑚
𝑗=1 (𝑡𝑗 − 𝑡̅)

∑ (𝑡𝑗 − 𝑡̅)2𝑚
𝑗=1

𝑊ℎ𝑒𝑟𝑒    𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒  𝑜𝑓   𝑡̅ 𝑖𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑗

                    … . (12) 

Where the X̅j  Represents  the average of 𝑛 observations 

in the 𝑗𝑡ℎ  Sample, and the X̿ Is  the average of all mean. 

The traditional regression control chart, there for the 

UCL, LCL is: 

             

       UCL, LCL,Reg−Xj
= β̂0 + β̂1tj ∓ A2R̅

CLReg−X = β̂0 + β̂1tj

           … . (13) 

Where the 𝐴2 is a constant value and the R̅ is the 

average of the range. 

 

3. Fuzzy  X-bar regression control chart [1][9][14] 

The data are represented as fuzzy numbers as 

(Xaij, Xbij, Xcij) , and the average of fuzzy sample is 

(X̅aij, X̅bij, X̅cij), are calculated as follows:  

            

 

𝑋̅𝑎.𝑖𝑗 =
∑ 𝑋𝑎.𝑖𝑗

𝑚
𝑖=1

𝑛

𝑋̅𝑏.𝑖𝑗 =
∑ 𝑋𝑏.𝑖𝑗

𝑚
𝑖=1

𝑛

𝑋̅𝑐.𝑖𝑗 =
∑ 𝑋𝑐.𝑖𝑗

𝑚
𝑖=1

𝑛

                                              … . (14) 

Where:   𝑖 =  1 … .  𝑛  𝑎𝑛𝑑  𝑗 = 1 …  𝑚  

The fuzzy linear regression model of each fuzzy 

number can be the following equations: 

           

X̅Reg−a.j = β̂0a + β̂1atj + ε

X̅Reg−b.j = β̂0b + β̂1btj + ε

X̅Reg−c.j = β̂0c + β̂1ctj + ε

                              … . (15) 



Academic Journal of Nawroz University (AJNU), Vol.11, No.4, 2022                                          

85 
 
 

And  β0c, β1c Are estimated with similar calculations 

for the X̅bj    and   X̅cj 

And we  are calculating the  

Where X̅a.j =  X̅a.j − X̿a        ,    j = 1 … . m 

            

X̿a =
∑ X̅a.j

m
j=1

m

X̿b =
∑ X̅b.j 

m
j=1

m

X̿c =
∑ X̅c.j

m
j=1

m

                                                    … . (16)        

 

The mean of range is: 

          R̅a =
∑ Ra.j

m
j=1

m
  ,   R̅b =

∑ Rb.j
m
j=1

m
  ,     R̅c =

∑ Rc.j
m
j=1

m
                … . (17)        

UCL, LCL,Reg−X̅j
= (β̂a0 + β̂1atj ∓ A2R̅a  ,β̂b0 + β̂1btj ∓ A2R̅b  , β̂c0 + β̂1ctj ∓ A2R̅c  ,)

CLReg−X̅j
= ((β̂a0 + β̂1atj  , β̂b0 + β̂1btj  , β̂c0 + β̂1ctj )

  … . (18) 

 

The α-cut fuzzy X-regression control chart for TFN , 

then the X̅Reg−a.j  ,
 α  and  X̅Reg−c.j

α  are: 

                  

𝑋̅𝑅𝑒𝑔−𝑎.𝑗 
 𝛼 = (1 − 𝛼)(𝛽0𝑎 − 𝛽1𝑎 𝑡𝑗  ) + 𝛼(𝛽0𝑏 − 𝛽1𝑏 𝑡𝑗)

𝑋̅𝑅𝑒𝑔−𝑐.𝑗 
 𝛼 = (1 − 𝛼)(𝛽0𝑐 − 𝛽1𝑐 𝑡𝑗  ) + 𝛼(𝛽0𝑏 − 𝛽1𝑏 𝑡𝑗)

               … . (19)

𝑅̅𝑅𝑒𝑔−𝑎.𝑗
 𝛼 = 𝑅̅𝑎 + 𝛼(𝑅̅𝑏 − 𝑅̅𝑎)

𝑅̅𝑅𝑒𝑔−𝑐.𝑗
 𝛼 = 𝑅̅𝑐 + 𝛼(𝑅̅𝑐 − 𝑅̅𝑏)

 

The  α- level  fuzzy midrange for  α-cut  fuzz X̿-

Regression control chart can be calculated by using the 

midrange. Transformation technique as  follows: 

UCLmi−Reg−X̅
α

j
, LCLmi−Reg−X̅

α

j

=
(X̅Reg−a.j

α + X̅Reg−c.j
α )

2
  

∓ A2 (
R̅a

∝ + R̅c
∝

2
)               …  (20) 

𝐶𝐿𝑚𝑖−𝑅𝑒𝑔−𝑋̅
𝛼

𝑗

=
(𝑋̅𝑅𝑒𝑔−𝑎.𝑗

𝛼 + 𝑋̅𝑅𝑒𝑔−𝑐.𝑗
𝛼 )

2
                                                 ….  (21) 

𝐿𝐶𝐿𝑚𝑒𝑑−𝑅𝑒𝑔−𝑋̅
𝛼

𝑗
 ≤ 𝑆𝑚𝑒𝑑−𝑅𝑒𝑔−𝑋̅

𝛼

𝑗

≤  𝑈𝐶𝐿𝑚𝑒𝑑−𝑅𝑒𝑔−𝑋̅
𝛼

𝑗
           … . (22) 

4. Application: Numerical illustration 

In this paper is to analysis the using the fuzzy FEWMA 

and fuzzy X̿-Regression control chart for the chemical 

analysis data for one of the components of water is 

Total Dissolved Solid (TDS) from KANY factory, the 

data contain  three groups(TDS-a, TDS-b, TDS-c) , the 

data for 24 days each days contain 5 hours,  as shows 

in table (1).  

Table (1): Total Dissolved Solid (TDS)in the water from 

KANY factory 

Group 1 TDS-a TDS-b TDS-c Range 

1 116 120 115 5 

2 114 126 120 12 

3 127 119 120 8 

4 124 120 120 4 

5 120 124 120 4 

Average 120.20 121.80 119.00  

Range 13 7 5  
Group 2     
Group 2 122 125 127 5 

1 123 128 122 6 

2 125 125 122 3 

3 124 124 122 2 

4 120 120 121 1 

5 122 125 127 5 

Average 122.80 124.40 122.80  

Range 5 8 6  

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Group 24     

1 121 117 119 4 

2 128 122 124 6 

3 122 123 121 2 

4 118 124 125 7 

5 119 118 125 7 

Average 121.60 120.80 122.80  

Range 10 7 6  

𝐗̿ 119.95 120.43 119.97  

𝐑̅ 10.13 8.79 8.67  
 

Table (1) contains the sub  average and range of (24) 

groups, although contain the all total, average of (24) 

groups and average of the range. By using the equation 

(4) and data in table (1) we can calculate the fuzzy 

exponentially weighted moving average for Group 

(𝑋𝑎, 𝑋𝑏, 𝑋𝑐), as is shown in table (2) 

Table (2): FEWMA value 

 Za Zb Zc 

Z-0 119.95 120.43 119.97 

Z-1 120.00 120.71 119.77 

Z-2 120.56 121.45 120.38 

Z-3 120.77 121.32 120.66 

Z-4 120.41 120.89 120.13 

Z-5 119.97 120.03 119.54 

Z-6 119.50 119.75 119.40 

Z-7 119.56 119.84 119.20 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Z-20 120.55 120.94 121.09 
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Z-21 120.48 121.27 120.95 

Z-22 120.30 120.74 120.44 

Z-23 119.96 120.27 120.11 

Z-24 120.29 120.38 120.65 

 

 

To define the fuzzy EWMA control chart are using the 

equation (6) and data Table (1) the value of  

UCLEWMA, LCLEWMA are (121.90, 118.0) and  CL of 

FEWMA a is (119.95)  as in table (3), and  Fig(2), Fig(3), 

Fig(4) show that the distributed of the FEWMA control 

chart  for 𝑋𝑎, 𝑋𝑏, 𝑋𝑐 it is seen that there is no point out 

of control.  

Table (3) UCL, LCL of FEWMA 

  Xa Xb Xc 

UCL a 121.90 122.1243 121.6336 

CL a 119.95 120.43 119.9667 

LCL a 118.0026 118.7424 118.2998 

 

Fig(2): FEWMA control chart of 𝑿𝒂 

 

Fig(3): FEWMA control chart of 𝑿𝒃 

                                              

Fig(4): FEWMA control chart of  

 

The limit of the Fuzzy median transformation 

technique is integrated to the α-level fuzzy median 

calculated by the equation of (7) with value of α is 

(0.65) the value X̿a
∝  , R̅a

∝   as shows in table (4), 

calculated by equation (9), and the determined the 

UCLmed−EWMA
∝   and LCLmed−EWMA

∝   (121.8, 118.35) for 

sample size (24) by equation (8) as shows in table (4), 

and calculated the  α-level fuzzy median value of 

Smed−EWMA
∝   For 24 samples at shows in table (5), from 

the table (6) shows that there are  (6) from (24) points 

are out of control and as shows in Fig(5). 

Table(4) evaluate  𝐔𝐂𝐋𝐦𝐞𝐝−𝐄𝐖𝐌𝐀
∝   and 𝐋𝐂𝐋𝐦𝐞𝐝−𝐄𝐖𝐌𝐀

∝    

𝐗̿𝒂
∝ 120.2642  

𝐗̿𝒄
∝ 120.27     

𝐑̅𝒂
∝ 9.258333  

𝐑̅𝒄
∝ 8.747917  

α –Cut FEWMA   
FEWMA UCL LCL 

𝑿𝒂  122.0449 118.4835 

𝑿𝒃 122.1243 118.7424 

𝑿𝒄 121.9525 118.5875 

   

Fuzzy median Transformation Tech. α –cut 
EWMA 

𝑈𝐶𝐿𝑚𝑒𝑑−𝐸𝑊𝑀𝐴
∝  121.8 

𝐿𝐶𝐿𝑚𝑒𝑑−𝐸𝑊𝑀𝐴
∝  118.35 

 

Table (5) α-level fuzzy median value of 𝐒𝐦𝐞𝐝−𝐄𝐖𝐌𝐀
∝  

P 𝑿̅𝒂𝒋
∝  𝑿̅𝒃𝒋

∝  𝑿̅𝒄𝒋
∝  𝑆𝑚𝑒𝑑−𝑅𝑒𝑔−𝑋̅

𝛼  121.8<S<118.35 

1 121.24 121.80 117.18 120.0733 In control 

2 123.84 124.40 121.76 123.3333 Out Of Control 

3 121.08 120.80 122.45 121.4433 In control 

4 119.13 119.20 117.22 118.5167 In control 

5 117.16 116.60 117.59 117.1167 Out Of Control 

6 118.25 118.60 118.93 118.5933 In control 

7 120.06 120.20 117.23 119.1633 In control 

FEWMA-Xa
 LSL = 118.0, Nominal = 119.95, USL = 121.9

0 5 10 15 20 25

Observation

118

119

120

121

122

X

119.90

121.74

118.16

FEWMA-Xb
 LSL = 118.74, Nominal = 120.43, USL = 122.12

0 5 10 15 20 25

Observation118

119
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X
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121.89

118.97

FEWMA -Xc
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X
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8 120.34 121.60 116.98 119.64 In control 

9 122.19 123.80 117.53 121.1733 In control 

10 119.18 119.60 119.93 119.57 In control 

11 120.59 120.80 120.14 120.51 In control 

12 121.22 120.80 119.15 120.39 In control 

13 118.33 118.40 119.39 118.7067 In control 

14 118.9 118.20 117.87 118.3233 Out Of Control 

15 118.17 117.40 120.37 118.6467 In control 

16 120.75 121.80 117.18 119.91 In control 

17 121.13 121.20 120.21 120.8467 In control 

18 120.2 120.20 122.51 120.97 In control 

19 122.09 121.60 125.23 122.9733 Out Of Control 

20 122.23 123.00 122.67 122.6333 Out Of Control 

21 121.76 122.60 118.97 121.11 In control 

22 118.95 118.60 118.27 118.6067 In control 

23 118.47 118.40 119.06 118.6433 In control 

24 121.08 120.80 124.1 121.9933 Out Of Control 

 

Fig(5) α-level FEWMA control chart  

5. Regression 

The regression equations of the application were 

calculated  by  data as in table (1) and by using  the  

equations for the α-level fuzzy midrange for α-cut 

fuzzy Ẍ -regression control chart, and the “α-level 

fuzzy midrange for α-cut fuzzy R control chart . 

To calculate the fuzzy X-linear regression model for 

each fuzzy number ( X̅aj , X̅bj , X̅cj) Can be estimated by 

equation(5), and to calculate the parameter (β0a, β1a) Of 

fuzzy linear regression by Equation (12) with data in 

table (1), where the dependent variable is the 

arithmetic mean and the time (t) are independent 

variables: 

  X̅Reg−a.j  ,  X̅Reg−b.j   ,   X̅Reg−c.j   ,  

 Where: 

 X̅Reg−a.j = 119.64 + 0.0289  Ta    

 X̅Reg−b.j   = 120.7 − 0.02 Tb  

 X̅Reg−c.j = 119.2 + 0.07 Tc    

To Estimate the  α-cut fuzzy mean of  X –regression  

X̅aj
0.65,    X̅cj

0.65 by integrating an α-cut, where 0.65   By 

equation (19) we can calculate the  α-cut fuzzy means 

of ranges R̅aj
0.65  ,  R̅aj

0.65 As shows in table (6), and 

estimated the UCLRegj
0.65  and LCLRegj

0.65  

Table (6) α-cut fuzzy mean of  X –regression 

X̅aj
0.65= 120.3071 -0.0205 Tj 

X̅cj
0.65= 120.1544 -0.035   Tj 

R̅aj
0.65  = 9.258 

R̅aj
0.65 = 8.748 

UCLRegj
0.65  LCLRegj

0.65  

125.649+0.03Ta 114.965-0.0205Ta 

125.74-0.02 Tb 115.595-0.02Tb 

125.203+0.07 Tc 115.106+0.035Tc 

α-cut fuzzy X –regression  Control chart TFN  by using 

the equation (19) was the   X̅aj
0.65,  X̅cj

0.65  value and the 

control chart as shows in table (7), if the α-cut, where 

0.65 was selected are trend control. The process 

condition was set to evaluate the process with an the 

α-level fuzzy midrange transformation for the α-cut 

fuzzy X -regression and R control charts  

UCLmi−Reg−X̅
α

j
, LCLmi−Reg−X̅

α

j
 .  The Upper and lower 

calculated by the formula as equation(20) , where 

α=0.65 and A2=0.577  are given as shown in table (7). 

Table (7) 

UCLmi−Rg j
0.65  = 125.43 -0.028t 

CLmi−Rg j
0.65  =  120.23 -0.028t 

LCLmi−Rg j
0.65  = 115.- 0.028 T 

 

The conditional process control limit of α-level fuzzy 

midrange for the α-cut fuzzy midrange transformation 

technique and the limit value of Smi−X̅
α

j
 Calculated for 

sample size (24) by using equation (20), the control 

limit is 

 

LCLmed−Reg−X̅
α

j
 ≤ Smed−Reg−X̅

α

j
≤  UCLmed−Reg−X̅

α

j
 

125.43 − 0.028 T ≤ Smed−Reg−X̅
α

j
≤  115 − 0.028T 

as shows in table (8)And the Fig(6 ) shows the 

probability plot of  Smed−Reg−X̅
α

j
, table (21) show that the  

process  of control limits of the sample size (24) of TDS, 

121.8

S_(med-EWMA)

 LSL = 120.17, Nominal = 118.4, USL = 121.8

0 4 8 12 16 20 24
Observation117

118.5

120

121.5

123

124.5

X

118.4

120.12
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it is seen that the all samples in control  

 

Fig(6): Control Chart  of   𝐒𝐦𝐞𝐝−𝐑𝐞𝐠−𝐗̅
𝛂

𝐣
 

 

 

 

 

 

 

 

 

 

 

 

Fig(7)The probability plot of    𝐒𝐦𝐞𝐝−𝐑𝐞𝐠−𝐗̅
𝛂

𝐣
 

Table (8) Control limits using the ∝-level fuzzy midrange 

for the a-cut fuzzy 𝑿̃ -regression control 

  𝑈𝐶𝐿𝑚𝑒𝑑−𝑅𝑒𝑔−𝑋̅
𝛼  𝑆𝑚𝑒𝑑−𝑅𝑒𝑔−𝑋̅

𝛼  𝐿𝐶𝐿𝑚𝑒𝑑−𝑅𝑒𝑔−𝑋̅
𝛼    

  125.43-0.028 T   115 -0.028 T   

1 125.3977531 121.03 115.0081 Incontrol 

2 125.3699749 123.84 114.9804 Incontrol 

3 125.3421966 121.12 114.9526 Incontrol 

4 125.3144183 118.96 114.9248 Incontrol 

5 125.2866401 116.99 114.897 Incontrol 

6 125.2588618 118.46 114.8693 Incontrol 

7 125.2310836 119.82 114.8415 Incontrol 

8 125.2033053 120.48 114.8137 Incontrol 

9 125.175527 122.33 114.7859 Incontrol 

10 125.1477488 119.43 114.7581 Incontrol 

11 125.1199705 120.63 114.7304 Incontrol 

12 125.0921923 120.84 114.7026 Incontrol 

13 125.064414 118.47 114.6748 Incontrol 

14 125.0366357 118.52 114.647 Incontrol 

15 125.0088575 118.10 114.6193 Incontrol 

16 124.9810792 120.79 114.5915 Incontrol 

17 124.953301 121.06 114.5637 Incontrol 

18 124.9255227 120.45 114.5359 Incontrol 

19 124.8977444 122.23 114.5081 Incontrol 

20 124.8699662 122.58 114.4804 Incontrol 

21 124.8421879 121.80 114.4526 Incontrol 

22 124.8144096 118.74 114.4248 Incontrol 

23 124.7866314 118.51 114.397 Incontrol 

24 124.7588531 121.29 114.3692 Incontrol 

 

6. Conclusion 

In this paper,we developed the fuzzy FEWMA control 

charts and discussed the efficiency of proposed 

methods  the numerical data for this paper  is one of 

the component water is TDS , FEWMA control chart  

have a good result have the better method  to show the 

highly  capable of discovering a small shift and it is 

seen that fuzzy set theory is a good competent 

technique to draw the control chart. By comparing the 

two methods used to detect small deviations in the 

initial value of the mean or medium of the process, it 

was found that using FEWMA chart is more efficient 

than EWMA chart,  when we have fuzzy numbers and 

linguistic variables  used to grab such uncertainties, so 

it is necessary to use FEWMA Chart and diagnose 

deviations that may occur during the course of the 

production process. When the production process is in 

its beginner, it gives a clear picture of the production 

process through the curves of these charts. 

And using the fuzzy - regression control chart  to 

control the process of production and to solving the 

problem. In this paper used the fuzzy midrange 

transformation technique  on the TDS data to 

transform data to crisp number. The  numerical data 

on the α-level fuzzy  midrange  for the α-cut fuzzy –

regression control chart  idea to use the it is seen that 

the Fuzzy X- regression control chart is good technique  

and more suitable than a traditional regression control 

chart finally, it is seen the TDS data in control limit.  
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