Chapter 16
Intelligent Systems in Total Quality
Management

Nihal Erginel and Sevil Sentiirk

Abstract Total Quality Management (TQM) is a widely known and applied
concept by organizations for continuous improvement in the workplace. This
philosophy is based on eight main principles: customer focus, leadership,
involvement of employee, system approach, continuous improvement, process
approach, and facts based decision making, and mutually beneficial supplier
relationship. TQM includes statistical analysis of data, implementation of corrective
and preventive actions, measurement of performance indicators of process and also
advancement on actions for continuous improvement. The aim of Statistical Process
Control (SPC) is to detect the variation and nonconforming units for improvement
in the quality of process. While manually collecting data, the ambiguity or
vagueness exists in the data which are called fuzzy data from measurement system
or human experts. Fuzzy data can be analyzed by fuzzy control charts in SPC.
Fuzzy control charts are implemented for monitoring and analyzing process, and
reducing the variability of process. Also, an intelligent system is developed to
eliminate or reduce uncertainty on data by using a fuzzy approach.

Keywords Total quality management - Intelligent systems - Fuzzy control charts

16.1 Introduction to Total Quality Management

Quality is one of the most important concepts to meet customer satisfaction.
Customers select among competitive product or services according to satisfaction
level that not only meet the specifications and functions, but also offer an attractive
quality for the product or services.
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The definitions of quality change with regard to the needs and expectations of
customers. While quality is defined as “conformance to requirements” by Crosby
and “fitness for use” by Juran in early literature of quality history, nowadays quality
is seen as “the totality of features and characteristics of a product or service that bear
on its ability to satisfy stated or implied needs” by ISO 9000 series, moreover
“Quality denotes an excellence in goods and services, especially to the degree they
conform to requirements and satisfy customers” by ASQC. As seen in the latest
definition of quality, customer satisfaction comes to the fore, especially ISO
9001:2000, Quality Management System—Requirements, standard based on the
principles of Total Quality Management approach. In the 1980s, it was accepted
that quality is a management system and should be applied to every process and
activity of a company.

TQM is a management system to reach successful results through customer
satisfaction by achieving cultural change in an organization. Any Organization sets
out and manages its processes by defining a customer focused policy and strategies,
and by considering partnerships and resources with all employee’s contributions for
continual improvement. Thus, the organization would obtain excellent results on
key performance, employee, customer and society by implementing the TQM
approach. We can easily argue that engineering management is achieved by
implementing TQM principles.

For development and deployment of TQM worldwide, several models are pro-
vided and prizes are given to organizations. Deming Model in Japan has been
applied since 1951, Malcom Baldrige Model in the USA since 1986, European
Foundation for Quality Management (EFQM) for Excellent Model in Europe since
1992 are all applied by companies or non-profit organizations. Also EFQM Model
has been applied in Turkey since 1993 by KalDer. KalDer is a Turkish Society that
aims to establish and develop the concepts of TQM and to boost the competi-
tiveness of organizations. EFQM Model is described as in Fig. 16.1.

EFQM Model presents the framework to the management to apply TQM phi-
losophy. EFQM Model underlines that “Excellent results of organization associated
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Fig. 16.1 EFQM model (http://www.efqm.org)
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with people, customer, society and key performance can be achieved through
appropriate leadership managing people, policy and strategy, partnership and
resource”. TQM states eight main principles for applying the EFQM model.

16.2 Total Quality Management Principles

Total Quality Management has eight principles and ISO 9000 series are based on
these principles (Montgomery 2009). The leaders consider these principles to
manage organizations according to the TQM philosophy. The eight principles are
defined in ISO 9000:2005, Quality Management System—Fundamentals and
vocabulary, and in ISO 9004:2009, managing for the sustained success of an
organization—A Quality Management Approach.

16.2.1 Leadership

Leaders understand the whole partnership’s needs which come from customers,
owners, employees, suppliers etc., organize and establish the vision, mission and
strategies of organization and motivate the people in this direction. Leaders also set
the personal goals, provide sources and encourage their employees to achieve these
goals to reach the organization’s objectives (Kolarik 1995).

16.2.2 Customer Focus

Organizations make research and understand customer’s current and future needs
and expectations by defining and using several tools and ways for collecting and
analyzing the customer’s data. Organizational plans and actions are described so
that they meet these needs which are reflected on the product or services. In
addition, organizations establish a systematic approach to manage customer
relations.

16.2.3 Involvement of Employee

People at all levels are motivated and committed to achieve organization’s goals for
continual improvement. Reachable and accountable personal goals are evaluated
periodically by managers. Moreover, personal goals meet at least one of the
organization’s strategies. The leader provides the necessary training and resources
to achieve employee’s goal.
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16.2.4 Process Approach

When organizations define their process and manage them by defining and moni-
toring process performance indications, organization’s outputs can be seen to be
more efficient. Indeed, the process approach is provided to see and manage the
activities. A continuation improvement, lower cost and shorter production time lead
to efficiency. Process responsible people, process performance indicators, process
inputs/outputs, sub-process etc. are identified while establishing processes.
Organizations also define the main process, support processes, sub-processes, and
detail processes. Moreover they can define the critical processes that support their
goals and strategies which need to be improved. The process performance indica-
tors are reviewed periodically by the top management.

16.2.5 System Approach

Documentation, procedures, instructions, forms etc. help to set the organization’s
system. These documents show the organization’s way that performs its work. The
System approach contributes to the organization’s efficiency and effectiveness by
achieving its goals and strategies.

16.2.6 Continuous Improvement

Continuous improvement is provided with planning activities and their resources at
all levels for achieving the organization’s goals. Monitoring performance indica-
tors, reviewing the organization’s results by top management, corrective and pre-
ventive actions, and employee’s activities result in continual improvement.
Continuous improvement can be achieved by employee’s contributions.

16.2.7 Facts Based Decision Making

The leader makes decisions based on the analysis of data from process. Therefore,
leader can take effective decisions. The accuracy and reliability of data should be
also ensured. While collecting data, the information’s systems are used both to
provide the accuracy of data and to store it. The statistical methods are used for
analyzing data, such as, hypothesis tests, variance analysis, regression analysis, and
so forth.
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16.2.8 Mutually Beneficial Supplier Relationship

Both the organizations and their suppliers set the relationships to create value
mutually beneficially. Additionally, organizations set long-term relations with their
suppliers. They co-operate on training, continuous improvement, setting open and
speed communications and answering responses. Furthermore, they can operate to
increase the ability to create value.

16.3 Total Quality Management with Intelligent Systems

Intelligent systems connect the engineering tools with human thinking. Therefore,
intelligent systems behave as a human decision mechanism by reflecting human
sensitivity. Above all, fuzzy systems consider human linguistic expressions. When
we look at this perspective, fuzzy systems are thought as an intelligent systems.
Linguistic expressions are used frequently in decision making stages in the real
world. Linguistic terms like ‘perfect’, ‘good’, ‘medium’ an etc.; are represented by
fuzzy numbers in the fuzzy set theory. Many fuzzy statistical tools or fuzzy quality
control techniques are developed for analyzing linguistic terms regarding fuzzy
rules. In this manner, fuzzy distributions, fuzzy confidence intervals, fuzzy
hypotheses, fuzzy control charts exist in the literature. Statistical process control is
the main topic of TQM. In fuzzy statistical process control, fuzzy control charts are
used for monitoring and analyzing the process. When data collected from process
include ambiguities, the classical control charts are not applicable to evaluate the
fuzzy data. Hence, fuzzy control charts are required to examine the fuzzy data.
Fuzzy control charts play an important role to represent uncertainty that comes from
human subjectivity and measurement systems. In addition, ANFIS (Adaptive Neuro
Fuzzy Inference Systems), ANN (Artificial Neural Network), fuzzy QFD (Quality
Function Deployment) and fuzzy FMEA (Failure Model and Effect Analysis) are
intelligent systems in TQM.

Fuzzy control charts for both fuzzy variable and attribute data are introduced in
the literature. While some of them use transformation techniques, few are based on
fuzzy rules. In the following section, fuzzy control charts for variable and attribute
fuzzy data are given in detail with formulations.

16.4 Fuzzy Statistical Process Control

Statistical process control (SPC) is an approach that uses statistical techniques to
monitor the process Control charts proposed by W.A. Shewhart in 1920s. It has a
widespread application especially in the production processes. These control charts
were designed to monitor a process for both shifts in mean and variance of a single
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quality characteristic. Data from process may have uncertainty that comes from the
measurement system, including operators and gages, and environmental conditions.
The fuzzy set theory is a very useful tool to handle this uncertainty. Fuzzy data are
analysed by fuzzy control charts because fuzzy data cannot be evaluated by tra-
ditional control charts. Published the first papers on fuzzy control charts, Raz and
Wang (1990) and Wang and Raz (1990). Whereas Kanagawa et al. (1993) modified
Wang and Raz’s control charts. The theoretical base of a-cut control chart was
firstly introduced by Giilbay et al. (2004). Also, Giilbay and Kahraman (2006a, b)
proposed the direct fuzzy approach. Faraz and Moghadam (2007) introduced a
fuzzy chart for controlling the process mean. The theoretical structure of fuzzy

individual and moving range control charts with a-cuts and fuzzy X—RandX -5
control charts were developed by Erginel (2008), and Sentiirk and Erginel (2008),
respectively. In addition, fuzzy regression control charts based on a-cut approxi-
mation was introduced by Sentiirk (2010) and fuzzy u control charts with appli-

cations was presented by Sentiirk et al. (2011). Fuzzy X — S control charts are
applied to the packing process of food industry by Erginel et al. (2011). Fuzzy
control charts with fuzzy rules were introduced by Kaya and Kahraman (2011) and
Erginel (2014). Fuzzy EWMA control chart was introduced by Sentiirk et al.
(2014).

In fuzzy control charts, control limits can be transformed to fuzzy control limits
by using fuzzy numbers and their several types of membership functions. Fuzzy
control limits provide a more accurate and flexible evaluation. Some measures of
central tendency in descriptive statistics can be used in fuzzy variable control charts
and fuzzy attribute control charts for transforming fuzzy data to the crisp data.
These measures can be used to convert fuzzy sets into scalars which are fuzzy
mode, a-level fuzzy midrange, fuzzy median and fuzzy average. For the selection of
these fuzzy measures, there is no theoretical basis. This selection is mainly based on
the ease of computation or preference of the user. These fuzzy transformation
techniques are introduced by Wang and Raz (1990) and given in the following
section.

The fuzzy mode: fi,oq4.: The fuzzy mode of a fuzzy set F is the value of the base
variable where the membership function equals 1. This is stated as:

Smode = {X|pp(x) =1}, Vx€F. (16.1)

It is unique if the membership function is unimodal.

The a-level fuzzy midrange: f : The average of the end points of an a-cut. An
a-cut, denoted by F,, is a non fuzzy subset of the base variable x containing all the
values with membership function values greater than or equal to o. Thus
fu = {x|uF(x) > o}. If ay and ¢, are end points of a-cut F, such that a, = Min{F,}
and ¢, = Max{F,}, then,
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1
w =5 (@ c) (16.2)
The fuzzy median: fy.q: This is the point that partitions the curve under the
membership function of a fuzzy set into two equal regions satisfying the following
equation:

we@de= [ ppd =3 [ ppxdx (16.3)
[ o= [ o= [

where a and ¢ are the end points in the base variable of the fuzzy set F such that
a<ec.
The fuzzy average: f,,,: Based on Zadeh, the fuzzy average is:

f&o X (x)dx

favg = AV(x; F) = =5———"— (16.4)
oo () dlx

In the following section, the theoretical structure of fuzzy control charts for both

variable and attribute fuzzy data combined with fuzzy transformation techniques are

given.

16.4.1 Fuzzy Variable Control Charts

If fuzzy data are a measurable scale, fuzzy variable control charts are available to
use for evaluating the process. For analyzing both the shift in mean and deviation

on fuzzy data from process, fuzzy X and R control charts, fuzzy X and S control

charts and fuzzy individual (X) and moving range (M R) control chart are intro-
duced in the following sections. Also, fuzzy regression control charts is developed
to evaluate the tool wearing problem in process, and fuzzy EWMA control charts is
implemented to detect the small shifts in fuzzy data.

16.4.1.1 Fuzzy ):( and R Control Charts

The R chart is a very popular control chart used to monitor the dispersion associated
with a quality characteristic. Its simplicity of construction and maintenance makes
the R chart very commonly used and the range is a good measure of variation for
small subgroup sizes (n < 10). Also, fuzzy R control chart are used for evaluating
the deviation of process with fuzzy data by Sentiirk and Erginel (2009). In the fuzzy
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case, triangular fuzzy ranges are represented as (Rq,, Rp,, R.;) fuzzy numbers for j.
fuzzy sample. R, Ry, R, are calculated as follows:

Ra,- = Xmax,aj - XminA,cJ‘ j=1L2,...,m (165)
Rb,- = Xmax,bj — Xmin,bj ] = 1, 2, R i (166)
Rey = Xmaxg; — Xming = 1,2,...,m (16.7)

where (Ximax,a;> Xmaxby s Xmax,¢;) 15 the maximum fuzzy number in the sample and
(Ximin,a; s Xmin,b;> Xmin,c;) is the minimum fuzzy number in the sample. Then,

2R ZRb ZRc/

R, = ”fR i R, =

(16.8)

Also, R,, R, and R, are the arithmetic means of the least possible values, the
most possible values, and the largest possible values, respectively. While using
R,, R, and, fuzzy R control chart limits can be obtained but they are represented by
triangular fuzzy numbers as follows:

UCLg = Dy(Ra; Ry, R.) (16.9)
CiR - (Ra’ R}H RL) (1610)
LCLg = D3(R,, Ry, R.) (16.11)

where D3 and D, are control chart coefficients. An o-cut is a nonfuzzy set which
comprises of all elements whose membership degrees are greater than or equal to a.
Applying a-cuts of fuzzy sets, the values of R and R* are determined as follows:

R* =R, +a(Ry — R,) (16.12)

R*=R.— a(R. — Ry) (16.13)

An a-cut fuzzy R control chart can be calculated as follows:

UCL% = D4R* = D4y(R*, Ry, R?) (16.14)
CL: = R* = (R*,Ry, R?) (16.15)
LCR}, = DsR* = D5(R*, Ry, R?) (16.16)

When a-level fuzzy midrange transformation techniques are used to obtain the

control limits, a-level fuzzy midrange for a-cut fuzzy R control limits can be
calculated as follows:
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UCLfnrfR = D3 fnoirfR(CI:) (1617)
R*+R*

CLy = fy(CE) == (16.18)

LCLm) R — D4fmr R(CL) (1619)

These control limits are used to give a decision such as “in-control” or “out-of-
control” for a process. The condition of process control for each sample can be
defined as,

<S5

mr—R,j = <UCL,

‘mr—R
out-of control ,for otherwise }
(16.20)

in-control Jor LCL!

‘mr—R

Process control = {

where the definition of o-level fuzzy midrange of sample j for fuzzy R control chart
is calculated as follows:

o + Re.) + a[(Rp, — Ry.) — (Re;, — Ry,
G = Rt Ro) 4Ry —Ro) = Ry =R
2
The fuzzy X control chart is used to analyze shifts in mean in fuzzy environment.
The triangular fuzzy numbers are represented as (X, Xy, C]) for j. fuzzy sample.

The center line, CL is the arithmetic mean of fuzzy samples, (Xa, X b X .) are called
general mean, and calculated as follows:

= Z 1Xa, Zleb Zm:lj(cj
Xe) = (’m = ) (16.22)

><||

CL= (X, X,
The fuzzy X control limits based on ranges are calculated as following equations:

UéLX = ():(a; +A2Ru7ib +A2Rb7):(c +A2RL)

‘ o (16.23)
= (LCLy,LCL,, LCLs)
CLyg = (X4, Xy, X.) = (CLy, CLy, CLy) (16.24)
LCL; = (X, — AsRe, X}, — AsRy, X. — AsR,
7= ( 2 b — ARy 2R,) (16.25)

= (LCLy,LCL,, LCL3)

where, A, is a control chart coefficient and UCL and LCL are the upper and lower

control limits, and CL is the center of fuzzy X control chart. Similarly, a-cut fuzzy X
control chart limits based on ranges can be stated as follows:



416 N. Erginel and S. Sentiirk

UCL* = (X’ + AyR*, X}, + ARy, X2 + AsRY)

RN ST (16.26)
= (UCL?, UCLy, UCLY)
CL; = (X, Xy, X?) = (CL}, CL,, CL3) (16.27)
LCL* = (X" — AR, X}, — ARy, X* — AsR”
v = X AREX, = AaRy X = AaRG) (16.28)

= (LCL},LCL,, LCLY)

For obtained a-level fuzzy midrange for a-cut fuzzy X control chart, a-level
fuzzy midrange transformation techniques are used as follows:

R:+R?

UCL}, x = CLj, _x+ Ax(=*——) (16.29)
o, Ly
CLy, x = frpx(CL) = — 24— (16.30)
R
LCL, 5 = CL, y — A=) (16.31)

The condition of process control for each sample can be defined as,

mr—X = Pmr—X,j =

in-control Jor LCL* < S* <UucCL,,
Process control =

out-of control ,for otherwise
(16.32)

where the definition of a-level fuzzy midrange of sample j for fuzzy X control chart
is

g 7()_(QJ+X)+OC[(X;,7X) (Xe, — Xy,)]

mr—Xx.j 2

(16.33)

16.4.1.2 Fuzzy )2( and S Control Charts

When the sample size increases (n > 10), the utility of the range measure as a
yardstick of dispersion decreases and as a result the standard deviation measure is

preferred. Also, for evaluating the deviation of process with fuzzy numbers, fuzzy S

control chart is used by Sentiirk and Erginel (2009). Fuzzy S control chart limits can
be obtained as follows:
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UCLs = B4(S,, Sy, S.) (16.34)
CLs = (S,,Sp,S.) (16.35)
LCL; = B3S = B3(S4,5»,S.) (16.36)

where the fuzzy §j is a standard deviation of sample j and B3 and By are control

chart coefficients. The fuzzy average S is calculated as follows:

XH: (Xa, Xp, X, )—(5(“,5(%5(6)]}2

5 =\ = — (16.37)

) ;sa,- ;sbj ;SC,-
S = ’*m ,’*m ,’*m = (84,85, 5.) (16.38)

The a-cut fuzzy S control chart limits are managed as follows:

UCLE = B4S* = B4(S%,S;,5%) (16.39)
CL: = §" = (5%, 5,,5%) (16.40)
LCR%: = B3S" = B3(5%, ), 57) (16.41)
where
S* =S, + oSy — Sa) (16.42)
§*=8.— S, —Sp) (16.43)

The control limits of a-level fuzzy midrange for a-cut fuzzy S control chart can
be obtained in a similar way to a-cut fuzzy R control chart.

UCLIO‘:‘II —s =B frzrfS(CZ) (1644)
S* + 8%
CLfm -S f;nr S(CL) ; < (1645)

LCL, = By £}, 5(CL) (16.46)
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The condition of process control for each sample can be defined as,

mr—s

in-control Jor LCLY < S,fq,_sj <UCL;, ¢
Process control =

out-of control ,for otherwise

(16.47)

where the definition of a-level fuzzy midrange of sample j for fuzzy S control chart
is
(Saj + Sej) + o(Sbj = Sj) = (Sej — Spy)]

Spr—sj = 3 : (16.48)

(Xa, Xp, X.) and (Sa, Sy, S.) are used for analyzing the shift in mean of fuzzy

numbers. The control limits of fuzzy X Control Chart based on standard deviation
are obtained as follows:

UéLX = ():(a +A33’a,)=(;, +A3S‘h,):(6 JrAggc)

N D (16.49)
= (LCLy,LCL,, LCL3)
CLy = (X4 Xp, X.) = (CLy, CL,, CL3) (16.50)
LCL: = (X, — A3S., Xp — A3Sp, Xo — AsS,
( e Rh AR : (16.51)

= (LCLy,LCL,,LCL3)

where, Aj is a control chart coefficient. The a-cut fuzzy X control chart limits based
on standard deviation can be obtained as follows:

UCL? = (X% + A3S?, X, + AsSp, X + A3S?)

. a ~ (16.52)
= (UCL}, UCL,, UCLY)
CL* = (X, X, X*) = (CL*, CL,, CL%) (16.53)
LCL* = (X* — A38%, X}, — A3Sp, X — A3S?
: = (X — AsSE Xp — AsSp, X, — A3S;) (16.54)

= (LCL},LCL,, LCLY)

The control limits and center line for a-cut fuzzy X control chart based on
standard deviation using o-level fuzzy midrange are:
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Sy + 8¢

UCL,, 5 = CL) 5 +A3(=5—) (16.55)
. CL%,, +CLY
CLy =y (CL) = — 8 (16.56)
S+ 8%
LCLzzr = CLrilrff( —As (%) (1657)

The condition of process control for each sample can be defined as,

mr—X = Pmr—X,j = ‘mr—

in-control Jor LCL% +<S§% <UcCL?
Process control =
out-of control ,for otherwise

(16.58)

16.4.1.3 Fuzzy Individual (X) and Moving Range (M ﬁ) Control Chart

When only one observation is sampled, the individual control chart is used for
analyzing the shift in mean of process. In this case, moving ranges are used for
evaluating the deviation of process. While using triangular fuzzy numbers, fuzzy
moving ranges are calculated by Erginel (2008) with using fuzzy sample obser-
vations as follows:

MRtlj = Xmax,aj - XminA,Cj (1659)
MRpj = Xinax,b; — Xmin,b; (16.60)
MR = Xmax.c; — Xming; (16.61)

After calculating (MR, MRy;, MR;), for j = 2,3,...,m — 1, the mean of fuzzy
moving range for fuzzy samples is given in the following.

m—1 m—1 m—1
-, R, > R 5 R.
MR, = % MR, = % MR, — % (16.62)

Fuzzy moving range control charts limits:
UCLyg = D4(MR,, MR),, MR,.) (16.63)

CLyr = (MR,, MR),, MR,.) (16.64)
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LCLyg = D3(MR,, MR, MR,.) (16.65)

a-cut fuzzy moving range control chart:

UCL}, = D4(MR,,, MR, MR, (16.66)
CL}x = (MR,,MR,,MR.) (16.67)
LCLY, = D;(MR,,, MR,, MR,) (16.68)
where
MR, = MR, + o(MR;, — MR,) (16.69)
MR’ = MR, — (MR, — MR),) (16.70)

The control limits of a-level fuzzy median for a-cut fuzzy MR control chart are
calculated based on a-level fuzzy median transformation techniques as follows:

Uy
UCLyea-mr = Ds {3 (MR, + MRy, + MRL.)} (16.71)
- Yy
CLyea-mr = Fnea-mr(CL) = {3 (MR, + MR, + MRC)] (16.72)
1l
LCL;, oy mr = D3 [g (MR, + MRy, + MR?)] (16.73)

The condition of process control for each sample can be defined as in
Eq. (16.74).

in-control Jor  LCLY i mr < Speaj-mr < UCLyq ur
Process control =

out-of control ,for otherwise

(16.74)

For a sample j, o-level fuzzy median S;,,;_/z ; can be calculated and provided as
follows:

1y
Sowed j—MR = 3 (MR, ; + MRy + MR, ) (16.75)

The fuzzy X control chart with moving ranges is used for evaluating the shifts in
mean of process with fuzzy data. Fuzzy center line, fuzzy upper and fuzzy lower
limits of fuzzy X control chart are obtained as follows:



16 Intelligent Systems in Total Quality Management 421

~ o 3 __ o 3__ _ 3__
UCL, = ( X, + MR, X}, +— MRy, X, + — MR, (16.76)
d d d
CL, = (X4, X, X.) = (CLy, CL,, CL;) (16.77)
N 3 __ 3 _  3__
LCL, = (X, — MR, X, — —MR,,X. — —MR, (16.78)
dy dy dy

An a-cut fuzzy X control chart is obtained by integrating fuzzy moving range
and o-cuts as in the following:

. ey 3o 3__ _ 3
UCL! = ( X?,+-—MR,,X, +—MR,,X? + MR’ (16.79)
X a dZ a d2 c d2 c
CL! = (X, X,,X?) = (CL}, CLy, CL3) (16.80)
T \74%4 3 n* v 3= Vo 3 ik
LCLY = ( X* — —MR.,X, — — MRy, X* — MR, (16.81)
dy dr ¢

o-level fuzzy median for a-cut fuzzy X control chart can be also calculated as
follows:

31—y —
UCLy g = Clipe o+ - {5 (MR, + MR, + MRf)} (16.82)
2
o o T 1 o o
CLmedfx :f;nedfx(CL) = 5 (CL(X)I + CL(X)2 + CL(X>3) (1683)
o o 30— | s A7
LCL, ,, . =CL, . . — 713 (MRa + MR, + MRC) (16.84)
2

where d, is the control chart coefficient. The condition of process control for each
sample can be defined as,

‘med—x med j—x — ‘med—x

in-control JJor LCL! <S§ <UCL?
Process control =

out-of control | for otherwise

(16.85)
For a sample j, o-level fuzzy median S, . . can be calculated as follows:
o 1 o o
Smedfx.j = g (Xaj + ij + XCJ') (1686)
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16.4.2 Fuzzy Attribute Control Charts

If the quality characteristics are represented by attributes, fuzzy attribute control
charts are used to evaluate the process such as fuzzy p for the fuzzy fraction of
nonconforming, fuzzy np for fuzzy nonconforming units, fuzzy c¢ for fuzzy number
of nonconformities and fuzzy u control charts for fuzzy nonconformities per unit.

16.4.2.1 Fuzzy p Control Charts

Fuzzy p-control chart based on constant sample size:
In the fuzzy case, the fuzzy number of nonconforming units is stated by trian-
gular fuzzy numbers (d,;, d),, d,,). In this case, the fuzzy fraction nonconforming

can be expressed by triangular fuzzy numbers (pa],, P> pcj). (Das Db, De) 1s the fuzzy

average of the fractions nonconforming, where j = 1,2,... m.
d,. dy, d,.
Pa; = jpb’ = 711’0/ = 7’ (16.87)
— Epuj — Zpbj — ZPC/
Da = Db = De = (16.88)
m m m

Fuzzy center line, fuzzy upper and fuzzy lower limits of fuzzy p-control chart are
obtained as follows, that is to say by using fuzzy averages the fraction noncon-
forming (P,, Py, P.) and the rules of fuzzy arithmetic are described by Kahraman
and Yavuz (2010).

~ 7(1 1_711 — pp(l —p c
UeL, = (pa+3\/p—( — ) 5y 43y /P2l =Pe) . Po) 5 g3y Pl =p )

(16.89)
CL - (pa»phpc 16 90)
p 7a 1 - 7a c
LCL, = (Pa — 34 /M7 / Pb [Pe(l — D )
n
(16.91)

The a-cut fuzzy p-control chart is obtained as follows:

UCL;;:< R LAl ) _pa *+31/”b T Ut ) —1%)

(16.92)
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CLy = (Pl Py PY) (16.93)
La;;:< B ILET A N _3W>
(16.94)
where;
Py =Pa+ %(Po — Pa) (16.95)
pe = DPe — o(Pe — P») (16.96)

By using these formulations, the fuzzy center line, fuzzy upper and fuzzy lower
limits of a-level fuzzy median for a-cut fuzzy p-control chart can be calculated as
below;

CLfned— 4 ( 1— CLﬁled )
UCLlo;ud -p CL;{ned -p + 3\/ : n = (1697)
5 1
CLyea—p =3 (P + o+ P2) (16.98)
o o CLS:wd -p ( Cszd p)
LCLmed —p CLmed -p -3 n ( 1699)

The condition of process control for each sample can be defined as;

<§*

in-control Jor LCL! med—pj < UCL;,

‘med—p
out-of control ,for otherwise

(16.100)

‘med—p —

Process control = {

Fuzzy p-control chart based on variable sample size:

When the sample size is not constant, variable sample size should be used in
fuzzy p-control chart. In this case, control limits are calculated using each indi-
vidual sample size. The fuzzy fraction nonconforming for each sample and their
fuzzy averages are calculated in line with the following equations, respectively;

d, d, d,
Pa; = — D, :—Pc, = (16.101)
n; n;

Z da] _ Z db _ Z dc;

e TR Pl (il s (16.102)




424 N. Erginel and S. Sentiirk

The control limits can be calculated in fuzzy p-control chart for each n; by using
triangular membership function and fuzzy average of sample fraction noncon-
forming such as;

UCL,,/ <pa +3 /pa a +3 ;Pb 43 ch pe)

(16.103)
6‘Lp,/ = (pa» pbv pc 16 104

LCLPJ — (pa -3 lpa pu -3 lpb pb -3 /pc PL >
(16.105)

a-cut control limits for fuzzy p-control chart based on variable sample size is
presented in the following equations:

UCL;J:<“+3,IP“ A +31/pb ,C+31/p“ —pc>

(16.106)
CL“ = (P, Py, DY) (16.107)
- - (1—
Ler, :< 4 Pl =py) pa L3, (1= ) Ph 3 A pc>
(16.108)

Control limits of a-level fuzzy median for a-cut fuzzy p-control chart based on
variable sample size can be calculated by considering fuzzy median transformation
technique as follows;

CLy (1 = CLj )
UCLzzed —pJ CLzzed —p +3\/ 4 n 4 (16109)
J
1,
ClLiyea—y =3 (Pi+ Py+ PY) (16.110)
cr 1-CL*
LCL:{ned —pJ CL:{ned -p 3\/ med P( . med p) (16111)
J
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The condition of process control for each sample is

in-control for LCL}q i< Smey_,: <UCLY, }

Process control =
out-of control ,for otherwise
(16.112)

a-level fuzzy median value for each sample can be stated as follows;

1 :
fned,pJ=§(pZJ+pr+pr)j:1,27...,m (16.113)

16.4.2.2 Fuzzy np Control Charts

When sample size is constant, fuzzy np-control chart is more accessible to deal with
the number of nonconforming units. In many situations, observation of the number
of nonconforming units is easier to interpret than the usual fraction nonconforming
control chart. The average of the sample number of nonconforming units can be
expressed in triangular fuzzy numbers (np,, npy, np.) as follows;

"’i da- ”i dp, ni dc
Z]—l j npb — Z./—] bj npc — Z]_] J (16114)
m

m

npg, =
m

The limits of fuzzy np-control chart can be calculated with the following
equations:

UCL,, = (nﬁa + 3v/npa(1 = pa),npy + 3v/npp(1 — pp), npe + 31/np.(1 —ﬁc))

(16.115)

éI/np = (nﬁaanﬁbanﬁC) (16116)

LCLyy = (mpa = 3/npa(1 = pa). npy = 3/nps(1 = py), mbpe = 33/mpe(1 ) )
(16.117)

When applying a-cut on fuzzy np-control chart, the limits of a-cut fuzzy np-
control chart are obtained as follows:

uctL;, = (nﬁZ + 3/ npi(1 = pZ)snpy + 33/npy(1 = Py, np + 31/ npy(1 —ﬁz))
(16.118)

CL;, = (np, np,, np;.) (16.119)
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L, = (nﬁ; — 3y /np(1 — B%), npy + 33/ms(1 — Py ) np? — 34/ np2(1 —pg))
(16.120)

By incorporating fuzzy median transformation technique with a-cut fuzzy np-

control chart, the following equations can be expressed for a-level fuzzy median for
a-cut fuzzy np-control chart;

o o o CLfnedfnp
UCLmedfnp = CLmedfnp + 3 CLmed—np(l - T) (16121)
o 1 =0 =0 —o
CLywa—np = 3 (WP + 1P} + npY) (16.122)
x o o CLfnedfnp
LCLmed—np = CLmed—np -3 CLmed—np(l - T) (16123)

The condition of process control for each sample can be defined as;

Process control = in-control Jor LCLf"ed‘”l’ = S'a;’ed—”l’ai < UCszd—nP
out-of control ,for otherwise
(16.124)
where
o l o o
med—np,j — § (npaJ‘ + npy ; + ﬂpcj> (16125)

16.4.2.3 Fuzzy ¢ Control Chart

When we are interested in fuzzy number of nonconformities, fuzzy ¢ control chart is
used to evaluate the process. Center line CL is the mean of fuzzy samples and can
be represented by triangular fuzzy numbers (Giilbay and Kahraman 2006a, b):

CL = (ch"f PILPY C“f) (16.126)

n n
UCL.: = (€4 +3v/Ca, Cp + 31/, c +3V/20) (16.127)

6146 = (Emz'baz'c) (16128)
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LCL, = (¢, — 3v/24, ¢ — 3\/Cp, 2 — 3/C,) (16.129)

a-cut control limits for fuzzy c-control chart are presented in the following
equations:

UCL! = (€% +3,/c%, ¢} + 3\/c}, ¢ + 3,/¢%) (16.130)
CL! = (¢, ¢, ) (16.131)
LCL! = (¢ — 3\/c%, ¢} — 3\/¢}, ¢ — 3, /¢%) (16.132)

a-level fuzzy median for an a-cut fuzzy-¢ control chart can be calculated by
transforming o-level fuzzy median transformation technique as below:

UCLfnedfc = CLfnedfc +3 V Cszdfc (16133)
1

ClLowi-c =73 (c%, ¢, %) (16.134)

LCLfnedfc = CL:(nedfc -3 V Cszd7C (16135)

The condition of process control for each sample can be defined as,

med—c — ~med—cj =

in-control Jfor LCL% <s <UCL,, .
Process control =

out-of control ,for otherwise
(16.136)

where

1
Sed—cj = 3 (CZJa by CfJ) (16.137)

16.4.2.4 Fuzzy u Control Chart

If we relate to the fuzzy number of nonconformities on one product, fuzzy u-control
chart is used by Sentiirk et al. (2011). In this case, the fuzzy number of noncon-
forming can be expressed by, triangular fuzzy numbers such as (i, uy,, u,). Here
(g, Up, 1) are the fuzzy averages of the number of nonconforming (uaj, Up,, ucj),
respectively.
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SRR DL DL R DL (16.138)
m m m

Fuzzy iui-control chart are obtained by using fuzzy numbers and equations as

follows:
UCL, = (ua—&-?a“— ub+31/— uc+3\/z> (16.139)

CL, = (g, Up, ) (16.140)

LCL, = ( —3\/”:“ ub—3\/£ uc—3\/;°> (16.141)

Applying a-cut of a fuzzy set, the values of #’ and u%, which are the a-cut
representation of average numbers of nonconformities, respectively are determined
as follows:

i =, + ot — ty) (16.142)
t=u, — oi. — up) (16.143)

a-cut fuzzy u-control chart is obtained by integrating fuzzy u-control chart and
a-cut as in the following equations:

UCL“—(“+31/ u;,+31/ uc+31/ ) (16.144)
CL! =

(uu,u;,, 78 (16.145)

LCL = (ag—’s,/ﬁ,ab—x/”—”,ac—x/ﬁ) (16.146)
n; n; n;

a-level fuzzy median for an a-cut fuzzy wu-control chart can be calculated as
follows:

cLx

UCL;wd u CLzled u +3 % (16147)
J
5 1
CLiedu = 3 (e 1, 1) (16.148)
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LCL:wdfu = CL,

‘med—u ~

(16.149)

The condition of process control for each sample can be defined as,

‘med—u — ~ med—uj — ‘med—u

in-control for LCL! <s* . <UCL?
Process control =

out-of control ,for otherwise
(16.150)

where

” 1
ﬁed—u,i = g (MZJv Upj, M,Zj) (16151)

16.5 Conclusions

TQM is a philosophy which incorporates an improvement for both management
quality and production quality. TQM provides continuous improvement, customer
satisfaction and success of key performance results. TQM organizes employees,
process, product and services through the policy and strategy with strong leadership
by using their resource to achieve their target defining policies and strategies. TQM
is a root for engineering management through policies, strategies, and partnerships.
TQM considers product and process quality using Statistical Control Charts. When
any vagueness in the data collected from the process exists, fuzzy control charts are
appropriate to monitor and evaluate the process. In this chapter, theoretical bases of
both fuzzy variable and fuzzy attribute control charts are introduced as intelligent
techniques to implement TQM principles. For further research, Type 2 fuzzy
control charts can be developed and their performance can be compared with our
study.
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