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Abstract: Quality Function Deployment (QFD) is an integrated product design process involving 
all members of designers and customers.  It is a method for mapping and prioritizing customer 
requirements into functional features and technical modules to optimize market performance.  
Although the quality of a product can be dramatically improved through a QFD exercise, the tra-
ditional crisp scoring approach has a major drawback.  A wrong conclusion can be easily produced 
since the fuzzy nature of linguistic correlation terms from evaluation members is ignored.  To 
overcome this problem, fuzzy scoring for linguistic terms is proposed in this paper.  The imple-
mentation case of a low-end digital camera design shows that the result of the proposed fuzzy QFD 
model can reflect the certainty level of an evaluation term, which is designated for each correlation 
of customer requirements and technical requirements considered in design. 
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1. Introduction 
 

Quality Function Deployment (QFD) is an 
effective tool for planning attributes of new 
products based on customer demands and in-
volves all members of the producer or supplier 
organization (King 1989).  QFD can be used to 
integrate an organization’s diverse sources of 
information during product and process de-
velopment, so that the goal of Total Quality 
Management (TQM) and Concurrent Engi-
neering (CE) inside the organization can be 
facilitated.   

In a QFD procedure, the product design 
team is forced to consider what the customer 
wants, then identify possible ways to achieve 
that end, instead of concentrating only on the 
design’s aspects.  Thus, QFD methodology 
provides a way to translate conceptual re-
quirements into items that are workable, 
measurable, and capable of design enhance-
ment.   

The result is a better design, shorter product 
development cycles, better product quality, 
and lower costs.  This process also enables 
organizations to be proactive rather than reac-
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tive to the market in product design. 
A complete QFD exercise for a product de-

sign project consists of four phases, namely 
design, detail, process, and production.  The 
four-phased scheme of QFD analysis can be 
accomplished by a series of matrix transfor-
mation, where each matrix is called “House of 
Quality” (HOQ).  A HOQ consists of hori-
zontal rows of What, representing customer 
requirements and vertical columns of How, 
denoting ways of achieving them (Guinta and 
Praizler 1993).   

The customer requirements can then be 
translated into critical design characteristics, 
component characteristics, process control 
characteristics, and operational instructions.  
Table 1 depicts the basic structure of a HOQ 
including the major components of technical 
requirements, customer requirements, correla-
tion (Rij), importance, and resulted weight. 
 
 

Table 1. A typical structure of a QFD 
 

 
Technical requirements 

Im
po

rta
nc

e 

R11 R12 … … R1m D1

R21 R22    D2

…
     …

…
    …

 

…

Customer 
requirements 

 

Rn1 Rn2 … … Rnm Dn

Resulted weight W1 W2 … … Wm 
 

 
Several studies concerning the improvement 

of QFD methodology, integration with other 
systems, and the automation of HOQ con-
struction have been utilized in the past decade.  
Maier (1993) modified the traditional QFD 
model to connect the performance model with 
the structured method and managerial model.  
Chang (1989) proposed a general design of an 
integrated total quality information system 
involving QFD.   

Dean (1992) extends QFD to large-scale 

systems that link QFD to system engineering 
process, concurrent engineering process, ro-
bust design process, and costing process.          
Perry (1992) presented a case study describing 
a consulting assignment undertaken for a 
computer system manufacturer in the midst of 
designing its next generation of high per-
formance systems.   

Generally, QFD software utilizes the rela-
tional database management system to enable 
the encapsulation of a consistent, com-
pany-standard product planning process while 
minimizing unnecessary complexity.   

Locascio and Thurston (1993) used a 
multi-attribute utility theory and an optimiza-
tion theory to determine the target values of 
technical requirements that can best achieve 
the overall objectives.  Wasserman (1993) 
proposed a decision model that can be used to 
assist in cost tradeoff decisions during the 
QFD planning to prioritize design require-
ments. 

 
2. Problems in using crisp QFD for de-

sign prioritization 
 

In a traditional QFD exercise, the correla-
tion between customer requirements and 
technical requirements as well as the impor-
tance for each customer requirement are de-
termined by the members of a design team 
using linguistic expressions (e.g. weak, aver-
age, strong).    

These linguistic terms are then scaled into 
crisp values (e.g. 1-3) for the ranking of each 
alternative.  This crisp assessment for correla-
tion evaluation in QFD analysis has difficulty 
coping with uncertainty among design team 
members (Masud and Dean 1993, Khoo and 
Ho 1996).  The major problem is that the as-
signment of crisp values cannot reflect the 
imprecision or vagueness inherent in these 
types of assessments. Accordingly, the incon-
sistent ranking result could be generated due to 
the sensitivity of crisp evaluation where no 
imprecision or approximate concept is al-
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lowed.   
The conclusion from QFD analysis is 

sometimes questionable to product design 
teams.  In addition, the certainty level of cor-
relation during mapping of attributes from the 
decision-making team cannot be expressed in 
traditional QFD analysis.  Sometimes, a design 
team is confident and clear with the deci-
sion-making environment, but many times it is 
not.  With different certainty levels, the analy-
sis could be distinct.  However, certain levels 
of correlation terms are not a part of the input 
in using a crisp QFD analysis. 

 
3. Fuzzy QFD model 

 
To conquer the problems inherent in tradi-

tional crisp QFD analysis, we propose indices 
that can correct the aforementioned drawbacks 
through a consistent algorithm for a deci-
sion-making environment.  Moreover, a dis-
play of changes of ranking according to dif-
ferent scenarios can provide a “what-if” 
analysis in product design.  In this paper, we 
first briefly introduce fuzzy set theory related 
to the proposed tasks.  Then, a fuzzy QFD 
model with a certainty-level index is proposed.    
An industrial case of re-designing a 
point-to-shoot camera is presented to demon-
strate the benefit of the proposed model.  Fi-
nally, a discussion and conclusion will follow. 

 
3.1.  Background information 

 
To consider the uncertainty situations from 

the assessments of linguistic variables in a 
QFD analysis, fuzzy sets and the concept of 
linguistic variables introduced by Zadeh (1965) 
are adapted in this research.  Fuzzy set theory 
has been proven as a useful tool in modeling 
the intuition, vagueness, and imprecision pre-
sented in descriptions of a decision-making or 
optimization problem.   

Some of the mathematical background re-
lated to this research is introduced in this sec-
tion. 

Let X be a universe of discourse, and fuzzy 
subset A~  of X is defined by a membership 
function )(~ xAµ  that maps each element x of a 
given universal set X to a real number in the 
unit interval [0,1]; that is ]1,0[:)(~ →XxAµ .  
The function value )(~ xAµ  represents the grade 

of membership of x in A~ .   
Fuzzy sets are defined on the set R  of real 

numbers.  Membership functions of these sets, 
which have the form ]1,0[:)(~ →RxAµ , 
clearly have a quantitative meaning and can be 
viewed as fuzzy numbers.  Specifically, A~  is a 
fuzzy number if and only if its membership 
function is such that  
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where )(xl  is a function from ),( βα  to [ , ]0 1  
that is monotonic increasing and continuous 
from the right; )(xr  is a function from  ),( δγ  
to [ , ]0 1  that is monotonic decreasing and con-
tinuous from the left.   

Figure 1 shows a typical graph of a fuzzy 
number described in Equation (1). 
 

1

α β γ δ

x

)(xl
)(xr

)(~ xAµ

 
Figure 1. A typical fuzzy number 

 
Most researchers use special fuzzy numbers, 

such as triangular fuzzy numbers, trapezoidal 
fuzzy numbers, and R-L fuzzy numbers, to 
satisfy the need of modeling fuzzy problems.  
For simplicity, the most commonly used 
trapezoidal fuzzy numbers are used for nec-
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essary illustrations in this paper.  Let 
Rx ∈δγβα ,,,, , where R is the set of real 

numbers.  Then, we define that a fuzzy number 
A~  is a trapezoidal fuzzy number if its mem-
bership function is 
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We also denote the trapezoidal fuzzy 

number A~  as ( , , , )α β γ δ .  A fuzzy number 
A~  is a triangular fuzzy number if γβ =  in 
its membership function. 

The mathematical evaluation process of 
QFD matrices using fuzzy numbers involves 
the two basic fuzzy number operations of 
addition (⊕ ) and multiplication (⊗ ).  These 
two fuzzy arithmetic operations are based on 
the extension principle introduced by Zadeh 
(1975).  The extension principle is used to 
generalize non-fuzzy (crisp) mathematical 
concepts into fuzzy quantities. 
 

3.2.  Fuzzy QFD model with linguistic cer-
tainty index 

 
In a QFD matrix, various inputs in the form 

of judgment and evaluations are required for 
quantitative analysis.  Most of the time, these 
inputs are linguistic variables like IMPACT, 
IMPORTANCE, CORRELATION, INTER-
RELATION, etc. In general, the values of a 
linguistic variable are generated from a pri-
mary term (e.g. impact), its correlation weights 
(e.g. high, low, strong, weak), and a collection 
of modifiers (e.g. not, very, more, less).   

To quantify the linguistic variables used in 
QFD, the fuzzy set theory is an excellent tool 
to help a design team to select proper alterna-
tives in an uncertainty environment.  As de-
scribed in Table 1, building a complete QFD 
matrix includes the identification of technical 
requirements, customer requirements, correla-
tion, importance, and interrelation.   

Since interrelation between technical re-
quirements does not affect the calculation of 
resulted weights, discussion of interrelation 
will not be included in our model.   

In our fuzzy QFD model, two linguistic 
variables are defined as: 

 
I~  = “IMPORTANCE” for importance, and 
C~  = “CORRELATION” for correlation ma-
trix. 

 
Each linguistic variable is composed of a set 

of linguistic terms represented as fuzzy num-
bers.  In this research, the universe for lin-
guistic variables “IMPORTANCE” and 
“CORRELATION” are defined respectively as 
 

IX ~ = {“Very Low”, “Low”, “Medium Impor-
tant”, “High”, “Very High”}.  

CX ~ = {“Very Weak”, “Weak”, “More-Or-Less 
Weak”, “Medium”, “More-Or-Less Strong”, 
“Strong”, “Very Strong”}. 
 

Based on the design team’s comprehension 
for linguistic terms of each linguistic variable, 
the trapezoidal fuzzy numbers for the linguis-
tic variable “IMPORTANCE” and “CORRE-
LATION” can be defined.  After the selection 
of definitions for linguistic terms is completed, 
the resulting weight for each alternative can be 
calculated based on the fuzzy arithmetic op-
erations described in Section 2.  If there are m 
technical requirements and n customer re-
quirements as depicted in Table 1, resulting 
weight jW~  can be evaluated as follows: 

 
)~~()~~()~~(~

2211 nnjjjj ICICICW ⊗⊕⊕⊗⊕⊗=

, },,2,1{ mj∈∀                                           (3) 
 

where jW~  = the resulting weight of the jth 
technical requirement, 

ijC~  = the correlation of the jth technical 
requirement on ith customer requirement, 

iI~  = the importance of the ith customer 
requirement,  
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⊕  = fuzzy addition, and 
⊗  = fuzzy multiplication operation. 

 
When incorporating fuzzy arithmetic op-

erations in the QFD matrix, the resulting 
weight for each technical requirement is no 
longer a crisp number but a fuzzy number. 
  The fuzzy numbers must be interpreted in an 
appropriate way for people to understand.  
Researchers have proposed many fuzzy rank-
ing methods to compare fuzzy numbers.   

In this research, we adopt a ranking method 
proposed by Liou and Wang (1992).  This 
method using integral values as fuzzy indexes 
has been proved as a very efficient and effec-
tive fuzzy ranking method (Liao 1996).   

The total integral value for fuzzy number A~  
with highest optimistic attitude is defined as: 
 

∫=
1

0

~ )()~( dyygAI R
AT

ω                               (4)  

where  )(~ yg R
A  are the inverse functions of 

r x( ) defined as Equation (1).    
 
If )~()~( 21 AIAI TT

ωω > , then the ranking of 1
~A  is 

higher than that of 2
~A  

 
3.3.  Adjustment with a linguistic certainty 

index 
 

A fuzzy QFD model should not only reflect 
a design team’s optimistic degree but also its 
linguistic certainty level for the decision 
problem.   We have developed an index to in-
clude different spreads of a fuzzy number for a 
linguistic variable.   

By using this index, fuzzy numbers for as-
sessment can be adjusted according to the lin-
guistic certainty level of a design team.  Since 
certainty level is a relative concept, a neutral 
fuzzy number is needed as a reference.     

The shape of the neutral fuzzy number can 
be derived from the understanding of linguistic 

expression and the scale used in linguistic 
variables.  

Let A~  be a neutral fuzzy number.  There-
fore, a fuzzy number B~  is defined as λ  levels 
of linguistic certainty relative to A~  such that  
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where AAAA ~~~~ ,,, δλβα  are the parameters de-

fined in Equation (1) for A~ , and  
BBBB ~~~~ ,,, δλβα  are the parameters defined in 

Equation (1) for B~ .          
If the linguistic certainty index is 10 << λ , 

we claim that the fuzzy number B~  has lower 
linguistic certainty than the fuzzy number A~  
does.  Oppositely, when the linguistic certainty 
index is 1>λ , we say that B~  has higher lin-
guistic certainty than A~  does. 
To show the proposed linguistic certainty in-
dex at work, let us take an example of three 
trapezoidal fuzzy numbers 1

~A , 1
~B , and 2

~B  
shown in Figure 2(a) to 2(c).  Let 1

~A  be the 
neutral fuzzy number.   

If a design team is uncertain about the 
problem at hand, a fuzzy number with a lower 
level of linguistic certainty is recommended. 
  As shown in Figure 2(b), a fuzzy number 1

~B  
possesses a lower level linguistic certainty 
than a fuzzy number 1

~A  does when the lin-
guistic certainty index 2/1=λ .  On the other 
hand, a fuzzy number with a higher level of 
linguistic certainty is suggested for a design 
team who is more certain or clear about its 
decision environment.   
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Figure 2. Different fuzzy numbers revealing different linguistic certainty levels 

 
 
For instance, a fuzzy number 2

~B  possesses 
a higher-level of linguistic certainty than a 
fuzzy number 1

~A  does when the linguistic 
certainty index 2=λ ; that is, 2

~B  is “less 
fuzzy” or “more crisp” than 1

~A .  By using a 
changing linguistic certainty index λ , the 
certainty level of the design team is a part of 
the decision input. 

 
4.  Implementation  

 
While film cameras have been designed and 

manufactured for the past 160 years, the de-
velopment of more sophisticated digital cam-
eras is still in an early stage.   Although 
high-end digital cameras have been adopted in 
studio businesses for two decades, low-end 
digital cameras have become practical and 
popular in substituting film cameras for 
common use only within the past five years 
(Boydston 2000) (Yoshida 2004).   

Although its market is enlarging quickly, the 
market competition is also very harsh.  The 
pace of redesigning products to enhance per-
formance and lower prices has been acceler-
ated in a dizzying speed.  Due to the small 
product differentiation among different makes 
of digital cameras, a wrong step in newer 
models may lose big market shares for several 
seasons.   

Thus, a better tool in determining design 
features that integrates customer requirements 

and product developers is critical.  Traditional 
crisp QFD models that do not reflect fuzzy 
judgment of designers in determining certainty 
of linguistic evaluations are not sufficient for 
this situation.   

The proposed fuzzy QFD model was ex-
perimented with the design of a low-end digi-
tal camera.  The target product is a fairly 
popular model in which the camera company 
wants to improve the product and develop a 
more competitive model to increase its market 
share for the coming season.  The first thing to 
do for this design project was to search for the 
customers’ desires regarding the product we 
are going to offer (Sugikubo 2002).    

Figures of a prototype design are shown in 
Figure 3.   With the help of market surveys, 
interviews, sales records, and the marketing 
members of the design team, seven customer 
requirements were identified from the analysis.  
They are 1) Lower price; 2) Wider range zoom 
function; 3) Lightness; 4) Compactness; 5) 
Durability of battery life; 6) High quality pic-
ture; and 7) Fast focus function. 

To determine what technical requirements 
the desired new camera must have in order to 
match the customer requirements, an analysis 
for the current low-end cameras and other 
competitive products already in the market 
was conducted (Henshall 1998) (Grottta 2001) 
(Harrison 2003).  The result yields the fol-
lowing technical requirements to plan a new 
product: 
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A. Increase the diameter of the zoom  lens and 
enhance digital zoom, 

B. Redesign the body configuration to a much 
smaller size, 

C. Replace the material of the  
body and components to reduce product 
weight, 

D. Improve the speed of the motor drive, 
E. Change to a small motor drive, and 
F. Use a lighter lens set. 

Surprisingly, much effort of most compa-
nies in increasing pixel numbers for each im-
age is not a technical factor in improving 
camera quality in a review.   

 
 

It was found that most low-end users were 
printing pictures in 3x5 or 4x6 and using one 
mega-byte images (with a maximal capability 
up to three mega-byte).  Meanwhile, the cor-
relation between customer requirements and 
technical requirements, as well as the impor-
tance for each customer requirement, is de-
termined by 
the design team and recorded into a QFD ma-
trix.   

A traditional QFD model that uses crisp 
scoring is then established in Table 2 where the 
design team receives the conclusion 

BFDAEC >=>>>  

 
 

 
(a) Front design 

 
 
 
 

 
 

 
(b) Back design 

 
 (c ) Explosion diagram 

 
Figure 3. A prototype 
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Table 2. A traditional QFD matrix 
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 A B C D E F  
Lower price  2 5  1 1 3 
Wider range of the zoom 6 1     5 
Lightness  7 7 2 6 4 5 
Compactness  1 3  6 6 4 
Durability of battery 1  2 1 1  3 
High quality picture 5  2 6   4 
Fast focus function 3   7  1 2 
Resulting weight 59 50 82 51 60 51  

 
 
5. Prioritizing factors using fuzzy QFD 

model 
 
To increase the discriminating ability for 

QFD analysis, a fuzzy QFD matrix is construed 
and depicted in Table 3.  For simplifying, we 
use trapezoidal fuzzy numbers to represent all 
the fuzzy numbers in this implementation case.  
However, the proposed fuzzy QFD model is not 
limited to trapezoidal fuzzy numbers only.  The 
linguistic terms defined for “CORRELATION” 
and “IMPORTANCE” are defined and repre-
sented in Figure 4 and Figure 5 respectively. 

Since only trapezoidal fuzzy numbers are 
applied, a fuzzy addition operation (⊕ ) and 
fuzzy multiplication operation ( ⊗ ) can be 
generalized into formulas described in the Ap-
pendix.   

After conducting Equation (3) for each 
technical requirement candidate, the resulting 
weights can also be represented as trapezoidal 
fuzzy numbers and shown in Table 4. 
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Figure 4. Linguistic terms for CORRELATION 
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Figure 5. Linguistic terms for IMPORTANCE 
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Table 3. A fuzzy QFD matrix 
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e 

 A B C D E F  
Lower price  W MS  VW VW MI 
Wider range of the zoom S VW     VH 
Lightness  VS VS W S M VH 
Compactness  VW MW  S S H 
Durability of battery VW  W VW VW  MI 
High quality picture MS  MW S   H 
Fast focus function MW   VS  VW L 
Resulting weight WA WB WC WD WE WF  

Legend:  
CORRELATION: VW: Very Weak, W: Weak, MW: More-Or-Less Weak, M: Medium,  

MS: More-Or-Less Strong, S: Strong, VS: Very Strong. 
IMPORTANCE: VL: Very Low, L: Low, MI: Medium Important, H: High, VH: Very High.

 
 
 
 

 
 
 
 

Table 4. Trapezoidal fuzzy numbers  
WA WB WC WD WE WF 

α  0.8
800 

0.6
700 

1.1
800

0.5
800 

0.9
800 

0.74
00 

β  1.3
250 

1.0
000 

1.9
000

1.0
250 

1.4
000 

1.10
00 

γ  1.4
750 

1.2
750 

2.1
250

1.1
000 

1.5
000 

1.17
50 

δ  1.9
600 

1.5
900 

2.7
600

1.6
500 

1.9
900 

1.63
00 

 
 
Since the membership function of a trape-

zoidal fuzzy number is denoted in Equation (2), 

the inverse functions of r x( )  described in 
Equation (4) can then be represented as 

yyg R
A )()(~ δγδ −+= .  Thus, the total integral 

value of the trapezoidal fuzzy number A~  can 
be modified as 
 

∫ −+=
1

0

])([)~( dyyAIT αβαω )(
2
1 δγ +=

 
When evaluating the total integral value for 

every technical requirement by Equation (6), 
we have the ranking result of 

DFBAEC >>>>>  by comparing 
their total integral value.  It is found that the 
fuzzy QFD model can distinguish the subtle 
difference between D and F while the tradi-
tional QFD model cannot.   
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6. Changing linguistic certainty level 
 
The proposed fuzzy QFD model provides 

the ability for changing the level of linguistic 
certainty for the problem by altering the pro-
posed linguistic certainty index.  That is, se-
lecting different spreads of fuzzy numbers will 
reveal different levels of linguistic certainty.   

A fuzzy number with a wider spread pos-
sesses a more ambiguous decision-making 
condition where the design team is uncertain 
with the evaluation.   

Conversely, a fuzzy number with a shorter 
spread represents a more clear and confident 
decision-making environment.   

For example, if the certainty level index for 
all linguistic terms defined in “IMPOR-
TANCE” of Figure 5 is simultaneously 
changed to the value between 1.000 and 0.686, 
we found that the ranking result is 

DFBAEC >>>>> .  However, if we 
change the index to the value between 0.685 
and 0.672, we found that the ranking result is 

FDBAEC >>>>> . That is, if the design 
team possesses less confidence about the QFD 
construction process including survey and in-
vestigation, technical requirement D would be 
a better choice than technical requirement F.  
On the other hand, if the design team is quite 
certain with evaluation of the QFD matrix, 
then technical requirement F is suggested 
rather than D.  Due to cost constraint, top 
managers would like to pursue five technical 
requirements instead of six for the next stage 
of QFD analysis.  To fulfill this goal, a com-
plete experiment with different linguistic cer-
tainty levels is conducted for all the linguistic 
terms defined in “IMPORTANCE.”   

In this implementation, we conduct 
600.0~000.1=λ  for the set of linguistic 

terms in “IMPORTANCE” and get a ranking 
result shown in Table 5. Figure 6 shows the 
shapes of linguistic terms of “IMPORTANCE” 
when 3/2=λ .  While the ranking result for 
technical requirements A, C, and E is consis-
tent, it is not for B, D, and F. 

If top managers are confident with the 
evaluation and investigation of the QFD ma-
trix, a higher linguistic certainty index is 
recommended.  We found that technical re-
quirement D would not be considered in this 
case.  On the other hand, if the top managers 
possess a higher degree of uncertainty for the 
problem at hand, a lower certainty index is 
suggested; that is, technical requirement B 
would be rejected.  While some top managers 
tend to be extremely certain or uncertain for 
the environment they are in, most top manag-
ers will possess a medium level of certainty.  
Therefore, technical requirement F would not 
be further considered. 

 
 

Table 5. Fuzzy ranking results when 1=ω  
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Figure 6. 3/2=λ  for all linguistic terms defined  

in IMPORTANCE   
 

7. Conclusion 

Customer-oriented product design process 
is critical to survive in today’s business world. 
Quality Function Deployment (QFD) is a sys-

Linguistic certainty ind
λ  applied for CORR-
ELATION 

Fuzzy ranking result 

1.000~0.686 DFBAEC >>>>>

0.685~0.672 FDBAEC >>>>>

0.671~0.658 FBDAEC >>>>>

0.657~0.600 BFDAEC >>>>>
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tematic tool for planning attributes of new 
products based on customer demands to 
achieve the goal of Total Quality Management 
(TQM) and Concurrent Engineering (CE).  
Although QFD has been suggested for this 
purpose, its traditional crisp evaluation process 
causes several implementation problems. 
To eliminate the shortcomings in a traditional 
QFD model, a fuzzy QFD model with a lin-
guistic certainty index is proposed in this re-
search.  Fuzzy evaluation procedures can re-
flect the uncertain issues inherent from com-
mon linguistic assessment.  Subtle differences 
among candidates can also be easily dis-
criminated.  The proposed fuzzy QFD model 
also provides flexibility that can adopt differ-
ent linguistic certainty levels by altering an 
index.  Changing the linguistic certainty index 
will generate different spreads of fuzzy num-
bers so that a different level of linguistic cer-
tainty can be revealed.  When the index is 
greater than one, a generated fuzzy number 
with a wider spread expresses a lower level of 
certainty in the assessment.  If the index is less 
than one, the generated fuzzy number with a 
narrower spread exhibits a higher level of 
certainty.  Thus, the group bias of a QFD as-
sessment team can be properly adjusted with-
out using unequal weights that would derail 
the systematic approach of QFD models. 
 
Appendix 
 

The fuzzy arithmetic operations for trape-
zoidal fuzzy numbers are introduced as fol-
lows. 

Let ),,,(~
1111 δγβα=X  and ),,,(~

2222 δγβα=Y   
denote two fuzzy numbers in the real number 
domain, R.  The following result can be readily 
verified when 0~ >X and 0~ >Y : 

 
1. Addition 
 

YX ~~ ⊕ = ),,,( 21212121 δδγγββαα ++++   
  (A-1) 

2. Multiplication 
 

{ ),,,(~~
21212121 δδγγββαα ××××≈⊗YX           (A-2) 

 
Note that when performing multiplication 

of two trapezoidal fuzzy numbers, the out-
come is not a trapezoidal shape but actually 
quadric curves.  However, we use this trape-
zoidal shape to approximate the exact solu-
tion for convenience (Chen et al. 1992). 
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