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Abstract

A control chart is a tool for representing and to monitoring a process. A control chart also detects
shifts in a process and abnormal conditions in a process. If a process is monitored by control chart for
number of defects (c), ‘c’ control charts may not be applicable due to the uncertainty of the attribute data.
Many articles about fuzzy control charts, which are constructed based on information techniques with
type-1 fuzzy sets, exist in literature. The fuzzy control chart based on the number of defects using process
capability is constructed in this paper for the first time and the proposed control chart is applied to real
world data.

Keywords: Fuzzy, Fuzzy control chart and Process capability.

1. Introduction

The control chart originated in the early 1920s, it has become a powerful tool in statistical process
control (SPC) that is the most widely used in industrial processes. Shewhart (1931) control charts are
designed to monitor the process of change in mean and variance; they also reflect the ability of the
process. Control charts have two types: variable and attribute. Techniques of statistical process control are
widely used by the manufacturing industry to detect and eliminate defects during production. Control
chart technique is well-known as a key step in production process monitoring. The control chart has a
major function in detecting the occurrence of assignable causes, so that the necessary correction can be
made before non-conforming products are manufactured in a large amount (Rungsarit Intaramo, 2012).
The control chart technique may be considered as both the graphical expression and operation of statistical
hypothesis testing. It is recommended that if a control chart is employed to monitor process, some test
parameters should be determined such as the sample size, the sampling interval between successive
samples, and the control limits or critical regions of the chart. SPC is an efficient technique for
improvement of a firm’s quality and productivity. The main objective of SPC is similar to that of the
control chart technique, that is, to rapidly examine the occurrence of assignable causes or process shifts.

Roland and Wang (2000) introduced fuzzy SPC theory based on the application of fuzzy logic to the
SPC-zone rules. EI-Shal and Morris (2000) modified SPC-zone rules to reduce false alarm and detect the
real error. Zarandi et.al., (2008) presented a new hybrid method based on a combination of fuzzified
sensitivity criteria and fuzzy adaptive sampling rules to determine the sample size and sample interval of
the control charts in order to determine the sample size and sample interval of the control charts. In fact,
the problem with control charts is caused by uncertain data i.e. human, measurement devices or
environmental conditions. The studies of A. Pongpullponsak, W. Suracherkiati and and R. Intaramo
(2006) are important as they indicate the ambiguity data of the chart. Thus, fuzzy set theory is useful in
helping to solve the problems caused by uncertain data by applying fuzzy to EV theory to develop a new
chart (FEV), in order to control and improve process efficiency at its best. It was discovered by Senturk
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and Erginel (2009) that control charts could be used to solve the problem of uncertain data by using fuzzy
theory. This research paper is summarized as the theoretical structure of fuzzy rule with control chart
using process capability is given below with an illustration.

2. Methods and materials

The quality characteristic is represented as a qualitative form. Attribute control charts are used to
evaluate the process for example, p (fraction of nonconforming), np (nonconforming units), ¢ (number of
nonconformities) and u (nonconformities per unit) control charts. The classical c-control chart limits
proposed by W.A.Shewhart (1931) are given in the following equations.

A control chart for nonconformities with 3-sigma limits is defined as follows:

UCL, =c+3vc
CL =c
LCL, =c-3c

Where UCL is the upper control limit, CL is the center line and LCL is the lower control limit of ‘c’
control chart.
If ‘c’ is not known from the population, ‘c’ can be estimated from the sample, like;
E(c)=¢C
and

2.6
C= i=1
m
Where the expected value of ‘c’ equals to the mean of the nonconformities in sample.
Fuzzy set theory is very helpful for dealing with the kind of vagueness of human thought and
language found in a Statistical process control. In this study, a number of nonconformities will be
expressed using triangular fuzzy numbers (TFN). Let ‘U’ be the universe of discourse, U=[0,u].The

triangular fuzzy number is defined as A= (ay: o, a, )also is formulated;

0 X<a,—q
X—a,
1+ ~ a, oy <X<a,
a
/UA(X): vy
1- L a,<X<a,+a,
al‘
0 XZa, +a,

Where «,, is the center (mode); ¢, is left spread; e, is right spread.

The demonstration of triangular fuzzy numbers will be as A=(c, — ;i o+, ) =(8, 8,8, )
and it is shown in Figure 1.

Fuzzy numbers (a,a,,a )are represented as (ca‘_,ca ,C, )for each fuzzy observation on the
i mj j

number of nonconformities control chart. The center line of number of nonconformities control chart CL,

is mean of fuzzy samples, and it is shown as (6 C, ,C )are the fuzzy averages of the number of

Y Va. ' Va.
a'J mj i

nonconformities.

Where j=1,2,...,m.
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Figure 1: Representation of a sample by triangular fuzzy numbers TFN case

a. Fuzzy ¢ -control chart for Triangular fuzzy number
By considering the formulations of c-control limits and fuzzy numbers based on triangular

membership functions, the fuzzy center line and the fuzzy upper and fuzzy lower limits of the fuzzy rule

¢ -control chart are given as follows:
(UCLCa JUCL, ,UCL, )=(Eal +3fc, .6, +3,, .C, +3,c, |

CL,, ) =(c, .G, ., )

™

( L. .CL,

Bm

(LCLca LCL, ,LCL, )=(Eal—3 C, G, ~3C, .., -3\, )

The fuzzy control limits are defined for a fuzzy rule € -control chart for a TFN case. The proposed

standard deviation (&_Cchp, i=I,m,r) for fuzzy ¢ -control chart with the help of process capability
USLichc _LSLi cF-C, - . : ; ;
C,= ' "6 —— i=1,m,r using a JAVA script (Radhakrishnan and Balamurugan, 2011) is to
O
2.,
= i=I,m,r and j=12,..m.

calculate by the specified tolerance level from the relation
m
Therefore the resultant of proposed fuzzy control limits for € using process capability is given

below:

(UCLcaI -Cp ’UCLcam -Cp 'UCI‘Car -Cp ) = (Ea| -Cp + 3éil.cF—Cp ’Cam—Cp + 3Oﬂ‘-m‘cF—Cp 'Eatr -Cp + 3(‘)v-r.cF—Cp )

(CLcal -Cp 7CLcam -Cp ’Cl‘car -Cp ) = (Cal -C, 1Cam—Cp 16.51r—(1p )

(Lél—cal o Lél—cam o I—él—car -C, ) = (6a| -C, _35|.c|:7cp ’Eamfcp _B&m.cF—Cp ’Ea,fcp _35r.cF—Cp )

The a-cut control limits are also fuzzy sets which could be showed by triangular fuzzy number and
the value of a-cut is determined based on the tightness of inspection, we can use a value near 1 for a.
The fuzzy € -control limits using a-cut method for triangular numbers as follows:

(ueLr, et e, )= (e +3fer E, +35  +3yf6r )
(CL"‘C ,CL, vé'-“ca,) =(6;,Cam,—;j)

3 an
(6;—3 ce.c, ~3.[c ¢ —3,/6;)

(Lew, Lew, e, )

Where
¢t =¢, +a(c, —¢c, )and ¢ =c, +a(c, —c, )
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The proposed standard deviation (65 . ¢ and &, ¢ ) for fuzzy ¢ -control chart with the help of
USLﬁchcp - I—SI-(i)chfcp

60
specified tolerance level from the relation

m m

m
zca|,- JZ;Camj zcalj
ol i

process capability C = r=a, and a,, using o-cut method is to calculate by the

j=1

j=1 ~a
- + o, for G cFcp
m m m
an'j anfj anmj
and ’Zlm +a ‘Zlm - ‘Zlm for 67 ¢ ¢ i=12,..m.

The proposed fuzzy € -control limits with process capability using a-cut method for triangular
numbers as follows:

(ucLaCa o UCL, o ueLe, ) = (€0 ¢, 3675 o, T ¢, +36per o, Cr o, +367 ¢, )
S|« < S|« =a = =a
(CL Gy, -Cp 'CLca -C ’CL Car —Cp ) = (Ca| -Cp ’Cam—Cp ’Car—Cp )

S| a < S| a =a ~a = ~ =a ~a
(LCL ¢ Cp’ I-CLcam—cp ,LCL ¢, ~Cp ) :( a-C, _SGI.CF—CD’Cam—Cp _3O-m.cF—Cp’Car—Cp _3O-r.cF—Cp)

In this research article, the o-level fuzzy midrange transformation technique issued for the

construction of fuzzy attribute control charts with the help of process capability based on fuzzy trapezoidal
number.

The control limits of a-level fuzzy midrange for a-cut fuzzy € -control chart can be obtained as
follows:

The definition of a-level fuzzy midrange of sample j for fuzzy ¢ -control chart is

S R |

c.mid
! 2

Then, the condition of process control for each sample can be defined as:
in control s LCLY, 1 <S% g <UCLY,

j:€.mid — ¢.mid

Process control = )
Out-of-control  ; Otherwise

The proposed standard deviation (c'}h”‘,‘“d_cF_cp) for a-level fuzzy midrange at € _control chart with the
USLf\t/Iid.cF—Cp - LSLﬁAid.cF—cp
60

help of process capability C, = using o-cut method is to calculate by the

specified tolerance level from the relation
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m
S,
+2

m m m m

+a for 6. cpr » J=12,..m.

The proposed control limits using process capability of a-level fuzzy midrange for a-cut fuzzy €.
control chart can be obtained as follows:

U(SLO’C.mid:Cp = [@J + [35'&id.c|:—cp :|

- C, +C,
CLOé.mid:Cp :( I J

a

LU, e :(C;*TC%J—[B&&M_CJ

Then, the condition of process control for each sample can be defined as:
in control - LCL” <§%  <UCL”

c.mid:C, — “jic.mid —
Out-of-control  ; Otherwise

c.mid:Cp

Process control = {

b. llustration

The example provided by Montgomery (2008, Page No. Page No. 277) is considered here.
The Table 1 presents the number of defects observed in 26 successive samples of 100 printed Circuit
boards.

Table 1: Data on the Number of defects in samples of 100 printed Circuit boards

Sample Number Sample Number Sample Number
Number | of defects | Number | of defects | Number | of defects
1 21 11 20 21 30
2 24 12 24 22 24
3 16 13 16 23 16
4 12 14 19 24 19
5 15 15 10 25 17
6 5 16 17 26 15
7 28 17 13
8 20 18 22
9 31 19 18
10 25 20 39
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Table 2: Triangular fuzzy numbers for fuzzy ¢ -control chart

Sample a am ar
1 15 21 24
2 23 24 30
3 12 16 17
4 10 12 14
5 11 15 17
6 4 5 10
7 26 28 31
8 15 20 22
9 27 31 32
10 22 25 28
11 14 20 23
12 18 24 27
13 14 16 21
14 15 19 20
15 8 10 16
16 10 17 20
17 8 13 15
18 20 22 27
19 14 18 19
20 33 39 42
21 26 30 31
22 18 24 22
23 10 16 19
24 20 19 22
25 20 17 18
26 13 15 20
c, =16.38,c, =19.85and ¢, =22.58
The fuzzy center line and the fuzzy upper and fuzzy lower limits of the fuzzy rule ¢ -control

chart are given as follows:

(UCLCa UCL, ,UCL, ):(16.38+3\/16.38,19.85+3\/19.85,22.58+3\/22.58)
28.5,33.2,36.8)
(

(€L, .CL, CL )  —(16.3819852258)
(LCLCa LCL, ,LCL, ): (16.38-31/16.38,19.85-3119.85,22.58 - 3/22.58)
=(4.2,6.5,8.3)

The resultant of proposed fuzzy control limits for ¢ using process capability is given below:
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(UCLCa o UCL, . UCL,

p ar 7CP

): [16.38+(3x0.312),19.85+(3x0.334),22.58 +(3x 0.277) |
= (17.3,20.8,23.4)

(cil_c .CL, . .CL, ,cp) ~ (16.38,19.85,22.58) The fuzzy

(LCLCa ¢, LCL ¢, LCL, ) =[16.38—-(3x0.312),19.85—(3x0.334), 22,58 (3x0.277) |

=(15.4,18.8,21.7)
€ -control limits using a-cut method for triangular numbers as follows:

(€L, \UCL, UCL, )-(1863+3/18.63,10.85+319.85,24.35+3,24.35
- (31.6,33.2,39.2)

(G, G, G, ) =(18:6319.85,24.35)
(LCL“Ca LCL, ,LCL", ) - (18.63-31/18.63,19.85 - 31/19.85,24.35-31/24.35 )
=(5.7,6.5,9.5)

The proposed fuzzy € -control limits with process capability using a-cut method for triangular
numbers as follows:

(UL, o, UCL, ¢ UCL", . |=[18.63+(3x0327) 19.85+ (3x0.334), 24.35 + (3x0.249)
- (19.6,20.8,25.1)
(CL“C o CL, o .CL, c,,) — (18.63,19.85,24.35) The

(LEL, o LCL, o LOL", | ~[18.63-(3x0.327),19.85~ (3x0.334), 24.35 - (3x0.249)]

=(17.7,18.8,23.6)
control limits of a-level fuzzy midrange for a-cut fuzzy € -control chart can be obtained as follows:

UL :(18.63;24.35}{3 \/(18.63; 24.35)} e

o :(18.63;24.35j Cors

LELe, :(18.63224.35j_[3 \/(18.63;24.35]}:7.6

The proposed control limits using process capability of a-level fuzzy midrange for a-cut fuzzy €.
control chart can be obtained as follows:

UCL”, g, = (wj +[3x0.288] = 22.4
ol - (18.63; 24.35] e
LCL”, g, = (Mj—[sx 0.288] = 20.6
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Table 3: Fuzzy rule ¢ -control chart limits and process condition c~

" Process condition
Sample | Sienis [ ¢ ig cmid :C,
1 20 in control Out-of- control
2 25 in control Out-of- control
3 15 in control Out-of- control
4 12 in control Out-of- control
5 15 in control Out-of- control
6 6 Out-of- control Out-of- control
7 28 in control Out-of- control
8 19 in control Out-of- control
9 30 in control Out-of- control
10 25 in control Out-of- control
11 19 in control Out-of- control
12 23 in control Out-of- control
13 17 in control Out-of- control
14 18 in control Out-of- control
15 11 in control Out-of- control
16 16 in control Out-of- control
17 12 in control Out-of- control
18 23 in control Out-of- control
19 17 in control Out-of- control
20 38 Out-of- control Out-of- control
21 29 in control Out-of- control
22 23 in control Out-of- control
23 15 in control Out-of- control
24 20 in control Out-of- control
25 18 in control Out-of- control
26 16 in control Out-of- control

3. Conclusion

If the process is monitored by Shewhart’s control charts, than these traditional control charts assume that the
data has crisp values. Thus fuzzy control charts are inevitable tools for monitoring the process. The fuzzy c control
chart based on process capability is constructed for the first time in this paper and is applied to real world data. It is
clear that the product/service is not in good quality as expected, accordingly a modification and
improvement is needed in the process/system. Furthermore, in the case of non-normality, it is
recommended to use proposed fuzzy ¢ -control chart as an alternative to Shewhart control chart.
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