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Abstract

Product developers make many decisions duringdhy stages of product development which have #opral
impact on the final cost of the product. These slens include selecting a product concept that best
customer needs. Product concept selection involsisg the collective knowledge of many experts who
possess different backgrounds and expertise imwsifields to evaluate a set of product concepégeldped to
meet certain customer needs. This paper proposescept evaluation and selection methodology capebl
capturing the fuzziness and vagueness impedednicepd evaluation. The proposed methodology integrdte
Weighted Concept Selection Matrix with the Analgtitlierarchal Process (AHP) under a Fuzzy envirartme
The developed methodology has the capability ofturapy the fuzziness and vagueness in the concept
evaluators’ ratings. The methodology consists ghesteps that begins with retrieving the produamaoepts,
developing the evaluation criteria and selecting ¢laluators, and ends up by choosing the beseptnthe
criteria are prioritized and assigned fuzzy weigitsording to their importance with respect tornhéure of the
product and based on the capabilities of the matwfag company. Furthermore, the evaluators aipzed
and assigned fuzzy weights with respect to theraitbased on their different backgrounds. Thesghi® are
aggregated with the concepts’ fuzzy rating doneth®y evaluators in order to compute a final scoreefach
concept. The usage of the methodology is verifigditasted by using an illustrative example.

Keywords: Product Design, Fuzzy systems, Multi-criteria DeeidMaking, Analytical Hierarchal Process

1. Introduction

New Product Development process (NPD) is the seictfities required to bring a new concept to atesof
market readiness, beginning with the perceptioa afarket opportunity and ending with the productisaie,
and delivery of a product (Ulrich and Eppinger, 2D1Decisions made during the early stages of prbdu
development have a profound impact on the finapod. Product development practitioners state alfomtut
70% of the final cost of the developed productasnmitted during the early stages of product degvelent
(Boothroyd et al. 1994). These stages mainly uihel customers’ needs analysis, setting target
specifications, concept generation, concept delectoncept testing, and setting final specifizasi. These
stages are considered to be the fuzzy-front enth@fproduct development process and the successvof
products rely to a great extent on the performaricbe product development team in dealing witsthstages.

Product development teams undergo two modes okittgnwhile dealing with the fuzzy-front end of the
product development process. The first mode isrargent mode where a large variety of ideas andeuts are
sought. The second mode of thinking is a convergerle where product solutions are finalized byirsgfinal
specifications capable of meeting customers’ ne€tle transition between the modes is done thraumgitept
selection where a large number of concepts mustvakiated based on an agreed upon set of criteria.

Concept selection involves using the collectivewlaalge of many experts who possess different backgls
and expertise in various fields to evaluate a $g@roduct concepts developed to meet certain custaeeds.
Experts evaluate concepts based on a set ofiariteat takes into account the nature of the produad the
functions it is supposed to meet; furthermoreieda that correspond to some special enterprisesisuch as
the availability of the production facilities neel® produce the concepts understudy could alsalded (Ullah
et. Al, 2012). The criteria correspond to variougamizational needs and thus could have diffelevels of
importance. Thus it is crucial to prioritize theiteria based on the needs of the organization evtike
development is taking place (Gangurde and Akaf@d1p In the same manner, it is essential to jpiderthe
opinions of the experts with respect to the différeriteria. Criteria and experts’ prioritizatioim addition to
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concepts evaluation processes are associatechwgtbat degree of vagueness which could be captiaredgh
the use of fuzzy linguistics.

This paper presents a concept evaluation and smiectethodology that can capture the fuzzinesscéstsn
with people judgments during the concept evaluatmm selection phase. This is accomplished through
integrating the use of Fuzzy-AHP and the weightedcept selection matrix. The rest of the paperganized

as follows. A review of the concept evaluation tEgies is presented section in section 2. Next, the
methodology is presented section 3. After thatageavhere the methodology was implemented to selaetw
product concept is illustrated in section 4.

2. Review of Concept Evaluation and Selection Techniques

Concept evaluation techniques used by product dpwednt practitioners can be classified into twoablro
categories based on the precision of evaluatiod ume:

2.1 Precise techniques

Precise concept evaluation and selection technigwesthose techniques that assume the availatifity
information about new product concepts and theitgbdf the product development team to quantify the
performance of the new product concepts againsetaduation criteria such as the concept seleatiairix
developed by Pugh (1991). This technique is based matrix as shown in Figure 1, where the new eptsc
are compared with respect to each other or to eifspeoncept (datum). The concepts are comparetithe
advantages (+) and disadvantages (-) of each aher@gpect to the datum are counted, where equumdriance

to the datum are given (s). Concepts with manyale) discarded, while concepts with some (+) andes@in
may undergo some modification in order to be imprber could be combined with other concepts leatting
generating new concepts. Evaluation continuesdrstme manner until the best alternative is salecte

Concepts
1 2 3 5 6
Criterion 1 S - + +
riterion D
Criterion 2 ? - - - +
L U
Criterion 3 M S - S +
Criterion 4 S S + +
Y+ 0 0 2 4
Y- 1 4 1 0
>S 3 1 1 0

Figure 1. Pugh Concept Selection Matrix

Ulrich and Eppinger (2011) extended Pugh’s matakirtg into consideration the fact that new product
development has to pass through different stagésrébeleciding which alternative to choose. The pssc
proposed includes two major steps, concept scrgeaimd concepts selection. Concept screening ingolve
reducing the number of alternatives to a certairellewhile in concept selection the results of Hveeening
phase are scored and tested in order to selebedteone among them. Figure 2 shows the weightédxnaed

for concept selection. The concepts are rated meipect to the criteria using a crisp evaluaticalescusually
from 1 to 9. Next, a weighted score for each conhuéfh respect to each criterion is calculated dase the pre-
determined criteria weights. The weighted score dozertain concept at a certain criterion is calad by
multiplying the associated rating by that criterioright. After that, the weighted scores for eachcept are
summed and the one that gets the highest scoeteisted as the best concept.
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Concepts
- Concept 1 Concept 2 Concept 3
L Criteria
Criteria ) - - -
Weights Weighted Weighted Weighted
Rate Rate Rate
Score Score Score
Criterion 1 W
Criterion 2 vy
Criterion 3 vy
TOTAL 100% Score 1 Score 2 Score 3

Figure 2. Weighted Concept Selection Matrix

2.2 Imprecise techniques
Product development practitioners realized thatephevaluation is mainly concerned with the seecof the
best alternative based on information that canhagacterized as being:

« Unquantifiable information such as comfort or dego# satisfaction. These are qualitative data that

cannot be physically measured.

« Incomplete information where the data is not exact.

* Non-obtainable information, such as when the cbsthtaining the data is too high or when the data i
not available.

« Partial ignorance, when the situation is not fulhderstood

The nature of information needed to perform prodwticept selection renders it as an imprecise prolihat
can be dealt with using fuzzy decision making taotsl techniques. For example; Wang (2001) develapmed
outranking preference model based on the possilthi¢ory. Lin and Chen (2004) introduced the Go(Bm-
evaluation for the design at the front end as aradipproach, where fuzzy linguistic approach wasieg once
for all the alternatives leading to the selectiéthe most suitable alternative according to predeined criteria.
Ayag (2005) developed a two-stage methodology tmrporate fuzzy logic into a pairwise comparison of
Analytic Hierarchy Process (AHP) and simulation fiimal concept selection. Chan and Kumar (2006)
introduced Fuzzy-Extended-AHP (FEAHP) approach gidimangular fuzzy numbers to represent decision
makers’ comparison judgments and fuzzy synthetiteréxanalysis method to decide the final priority o
different decision criteria. Ayag and Ozdemir (2p@®veloped an approach using fuzzy Analytic Nekwor
Process (ANP) to evaluate a set of conceptual desigrnatives. Geng et. al. (2010) proposed agiated
design concept evaluation approach based on vagsie s

It was noted from the literature that most pramtiérs deal with the process of assigning weightsriteria
without considering the backgrounds of the evaltgatdhis results in assigning equal weights teeadluators,
which may seem like a logical thing to do since évaluators are part of the same team and weremtess
similar information. But; this ignores the fact ththe evaluators may have different technical bemkgds
which means that their opinion should not be tidd@tea similar manner with respect to all criteffdis paper
presents a methodology that can be used to evafmteselect the best product concepts while takibg
account the different technical backgrounds ofdtaluators. The methodology is based on integratumyy
Logic and Analytic Hierarchy Process (AHP) into theighted Concept Selection Matrix as will be ithased in
the subsequent section.

3. Fuzzy-AHP Concept Selection M ethodology

The aim of this research is to develop a concepluation and selection methodology that captures th
vagueness and fuzziness associated with peoplengritg during this stage. The proposed methodology
fuzzily prioritizes criteria based on the analysi§ customers’ needs and the capabilities of the
manufacturing company. The proposed methodolégyufe J starts by retrieving a set of new product
concepts that are to be evaluated from the prodasign team. Next, a set of decision criteria are
developed. The concepts retrieved in the first stédp be rated with respect to these criteria ire th
following steps. Then, the evaluators are choséos& evaluators are responsible for rating the eqsc
retrieved in earlier stages with respect to theega developed. After that, a pairwise comparisetween

the criteria using the AHP method based on fuzagdistic variables in order to get a fuzzy weight f
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each criterion is conducted. Then, a pairwise coispa between the evaluators with respect to each
criterion using the AHP method based on fuzzy listici variables is made. This comparison will résul

a fuzzy weight for each evaluator with respectaohecriterion. After that, experts (evaluators)vidually

rate the different concepts with respect to thedetl criteria using fuzzy linguistic variablesndlly, the
results of the ratings obtained from each evaluateraggregated resulting in a global Matrix comiaj

the fuzzy sum of weighted ratings based on theyfuzights of the evaluators. The fuzzy weightedhgst

in the global Weighted Concept Selection Matrixaidition to the fuzzy weights of the criteria wilé
utilized to get a final fuzzy score for each coricep

Step I: Step II: Step III: Step IV
Get Hew Dienvelop Select Prioritize
Product Brvaluatinn Erraluators Erraluation

Step VIII: Step VII: Step VI: Step V:

Select the Best Lzoreaate Lgseas Prioritize

Concept Erraluators Concepts Evvaluators

Figure 3. New Product Concept Mythology

3.1 Sepl: Get New Product Concepts

Concept selection is needed to select from a seewf product concepts that are thought to meeea pr
identified market need. These concepts are usdelglopedduring the early stages of the new product
development (NPD) process. The NPD process stgrtobducting a market analysis that will result in
identifying a set of customers’ needs. These neeglstudied, analyzed, and then the product desgn

will generate a set of product concepts that cdisfgahe customers’ needs under consideration. The
concepts generated will undergo two stages; corsageening during which the generated concepts are
nominated and a set of usually four or five consegpe chosen to enter the second stage which cepbn
selection. The methodology introduced in this pageals with the second stage where four or five
concepts need to be evaluated and the best conitelpé selected for further development.

3.2 Sep |l: Develop Evaluation Criteria

The product development team needs to develop af seiteria to differentiate between the new pradu
concepts. The evaluation criteria should take atoount both the new product’s characteristics thed
firm’s technological competency. It is well notedré that the evaluation criteria will differ basenl the
nature of the product and firm.

3.3 Sep lll: Select Evaluators

Evaluators are those experts whose main respdhsitiil the proposed methodology- is to evaluate th
new product concepts with respect to the evaluatidaria. The experts usually come from differargas

of specializations in order to cover the largessgite number of products’ development aspects. The
evaluators could include potential users or custeme

3.4 Sep|V: Prioritize Evaluation Criteria

During this step, the product development teamgassfuzzy weights to each criterion. Criteria fuzzy
weights are assigned as a result of performingyfpairwise comparison between the criteria usingzku
AHP based model as shown Figure 4 and explaingteisubsequent section.
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Perform Pairwise Comparison between
the Criteria using Fizzy-AHP

v

Get the Normalized Fuzzy Matrix

v

Calculate the Consistency Ratio

Is the
Comparison
consistent?

No

Compute Fuzzy Weight for Each
Criterion

( End

o

Figure 4. Procedure for Assigning Criteria Weights

I. Identifying Linguistic Variables
The linguistic variables used in the proposed natlagy are expressed using positive linear trapgoi
membership functions as shown in Figure 5, whegduhzy evaluation scale is defined in Table 1.

Ux)  ak . .
Low High  Very High
1.0 ’ A
T T \ |'/ T T \ I T T (X)
1.0 2.0 30 40 5.0 6.0 7.0 80 9.0 10.0
Figure 5. Linguistic Variables’ Membership Functon
Table 1. Fuzzy Linguistic Comparison Scale

RATING DESCRIPTION Trapezoidal Membership Function
S Same or Equally Preferred [1,1,1,1]
N Very Lowly Preferred [1, 2, 3, 4]
L Lowly Preferred [3,4,4,5]
M Moderately Preferred [4,5,6,7]
H Highly Preferred [6,7,7,8]
Y Very Highly Preferred [7,8,9,10]
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Triangular membership’s functions are special cadethe trapezoidal where the two medium valuesthee
same. The fuzzy membership function associated tvélfEqual” linguistic variable is in the form ff, 1, 1, 1]
which is the multiplicative identity of trapezoidalzzy numbers (Chan and Kumar, 2006) and (Yed.e2@04).

Il. Fuzzy-AHP Comparison Model
At this stage a pairwise comparison will be perfednbetween the evaluation criteria. The comparisaione
using Fuzzy-AHP matrix. The criteria prioritizatipnocess is described in the following pseudo code.
Algorithm: Assigning Criteria Fuzzy Weights Using Fuzzy-AHP
Input: Linguistic Pairwise Comparison between Criteria Cy; to C;,
where C; is the Pairwise Comparison between Criterion i and Criterion j.

Output: Fuzzy Weight for each Criterion.
Begin:
{Criteria Weights}
Let sumcol(j) represents the summation of elements in column j in the Fuzzy-AHP matrix.
For j € 1 To number of criteria Do

Sum elements in column j
Fori € 1 To number of criteria Do

For j € 1 To number of criteria Do

N; € Divide C; by sumcol(j), where N;is the element in the normalized matrix relative to C;

{Check Consistency}
Let sumrow(i) represents the summation of elements in row i in the normalized matrix
Fori € 1 To number of criteria Do

sumrow(i) € sum elements in row i

w; € sumrow(i)/number of criteria, where w; is the fuzzy weight for criterion i

End

Applying the previous approach will result in gettia fuzzy weight for each criterion in the form of
WC; =[WC;,, WC,, WC;, WCg ]
where;wc;: the fuzzy weight of criterion

I1l. Checking Consistency of Pairwise Comparison
Before taking any decision based on the weightsltiag from the AHP, a consistency check must beedto
ensure that the values entered in the AHP matidkslaany contradictions. The consistency check ball
performed by transforming the fuzzy AHP matrix toeguivalent crisp one and computing the consigtesutio.
The defuzzification method used to map a trapezdiday number into a crisp one is based on catmdahe
expected value of the trapezoidal fuzzy number. &pected value for a fuzzy varialflés defined as shown in
Equation 1 (Liu and Liu, 2002) provided that atskea@ne of the two integrals is finite.

Eé]= J: “créx r}dr—war{E <rldr Eqn.1

Where,
Cr: is the credibility measure, based on both thesibility and necessity measures.
Therefore; for a trapezoidal fuzzy varialjle [A, B, C, D], the expected value could be reprgsd in the form

! For further information about the credibility maes and the proof of Equation 1 see (Liu and L0Q2)
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of Equation 2; (Liu and Liu, 2002) and (Xiangbada@unxiong, 2006)
E[f]zi[A+B+c+D] Eqn.2

For a triangular fuzzy variable= [A, B, C], the expected value could be represeii the form of Equation 3. .

E[f]::ll[A+ZB+C] Eqn3

The procedure of defuzzifying the Fuzzy-AHP matiinxd calculating the consistency ratio is descriiethe
following pseudo algorithm:

Algorithm: Perform a Consistency Check for a Pairwise Comparison
Input: Linguistic Pairwise Comparison between Alternatives.
Output: Consistency Ratio

Begin:

{Consistency Check}

Let Aj = [wy, X, Vi, zij] be a linguistic pairwise comparison between alternative i and
alternative j.
Fori € 1 To number of alternatives Do

For j € 1 To number of alternatives Do

Defuzzify the comparison matrix: Fj € 0.25 * [w; + X; + yj + z;]
Let sumcol(j) represents the summation of elements in column j in the Defuzzied-AHP
matrix.
For j €< 1 To number of alternatives Do
Sum elements in column j
Fori < 1 To number of alternatives Do
For j € 1 To number of alternatives Do
N; € Divide F; by sumcol(j), where Njis the element in the normalized
matrix relative to Fj

Let sumrow(i) represents the summation of elements in row i in the normalized matrix
Fori € 1 To number of alternatives Do
sumrow(i) € sum elements in row i
w; € sumrow(i)/number of alternatives, where w; is the weight of alternative i
Let CM; be the consistency measure for alternative i
Fori € 1 To number of alternatives Do

For j €< 1 To number of alternatives Do

CM; € sum F* w,
CM; € CM; / w,

Let Cl be the consistency index
Fori €< 1 To number of alternatives Do

Cl € sum CMV;

Cl € ((CI / number of alternatives) — number of alternatives) / (number of alternatives -1)
Let RI be the Random Index and CR the Consistency Ratio
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CR < CI/RI
CR <=? 0.01 Then comparisons are consistent
End

3.5 SepV: Prioritize Evaluators with respect to Criteria

In this step fuzzy weights for the team membersl(eators) with respect to each criterion will beigsed.
Evaluators who will evaluate the concepts haveediffit backgrounds and expertise in different ardssigning
fuzzy weights for each evaluator with respect tcheeriterion will help in capturing the differencesmembers’
specializations and in getting more consistentlteslihese weights are assigned as a result obnpeirig the
fuzzy pairwise comparison between the evaluatoth véspect to the decision criteria using the Fuxe\P

approach. Figure 6 shows a flowchart describingptioeess of assigning evaluators’ fuzzy weights.

The process of assigning the experts’ weights medgsing the following pseudo code:

Algorithm: Assigning Experts’ Fuzzy Weights with respect to each Criterion Using
Fuzzy-AHP
Input: Linguistic Pairwise Comparison between Experts Ti1; to Ty, where Ty is

the pairwise comparison between expert i and expert j with respect to
criterion k.
Output: Fuzzy Weight for each Expert with respect to each Criterion.
Begin:
{Experts’ Weight}
For k < 1 To number of criteria Do
Let sumcol(j) represents the summation of elements in column j in the Fuzzy-AHP matrix.
Forj € 1 To number of experts Do
Sum elements in column j
Fori € 1 To number of experts Do
For j € 1 To number of experts Do
NT; € Divide T; by sumcol(j), where NTjis the element in the normalized
matrix.
{Check Consistency}
Let sumrow(i) represents the summation of elements in row i in the normalized matrix
Fori € 1 To number of experts Do
sumrow(i) € sum elements in row i
wt € sumrow(i)/number of experts, where wt; is the fuzzy weight for expert i with
respect to criterion k
End
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i = # of Criteria

»i
)

\ 4

Perform Pairwise Comparison between Evaluators with

respect to Criterion i Using Fuzzy-AHP
v

Get the Normalized Fuzzy Matrix

v

Compute the Consistency Ratio

Is the
Comparison
onsistent?

Yes

Compute Fuzzy Weight for each Evaluator

with respect to Criterion i

Store the Fuzzy Weight

Figure 6. Procedure for Assigning Evaluators’ Wésgh
If there existg experts, the second stage will yield fuzzy weidbtshe experts in the form;
Wy = [ Wi s Wi s Wi, Wiig ]
where;w;;: the fuzzy weight of evaluatgmwith respect to criterion

In this case also, the consistency check shoulgdrormed for each pairwise comparison matrix ugimg
procedure described earlier.

jia? jic?

3.6 Sep VI: Assess Concepts

Each evaluator is asked to rdteconcepts using the fuzzy linguistic variables gsthe concept evaluation
matrix shown in Table 2, whergg;: is the fuzzy rating for conceftdone by evaluatgrwith respect to criterion
i
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Table 2. Concept Evaluation Matrix for Rating k €epts Using Linguistic Variables

CONCEPTS
CRITERIA Concept 1 Concept 2 Concept k
Criterion 1 fi1 i1 i
Criterion 2 k2 Mi2 lki2
Criterion i Rji Iii Tkii

Before starting the assessment process a full igéiscr of both the concepts to be evaluated andetleuation
criteria should be given to the evaluators. It $tidne ensured that all the evaluators understaadtlyxwhat is
meant by each criterion and what the features efyegoncept are; otherwise, the assessment pradkdse
affected by misunderstandings that will yield wrasgpluation results. The assessment process isilugbin
the flowchart shown in Figure 7. It is essentiahtention here that the evaluator rates the conaeptsy the
Concept Evaluation Matrix without having any iddsoat the weights of the criteria or his/her own gtion
each criterion.

3.7 Sep VII: Aggregate Evaluators Ratings
This step aims at aggregating the evaluators’gatio get one global Weighted Concept Selectiorridéat
will be used to calculate the final concept scdree aggregation of the matrices is done as explainehe
following pseudo code.

Algorithm: Aggregate the Concept Evaluation Matrices

Input: Linguistic Rating for each Concept with respect to each Criterion from
each Evaluator
Fuzzy Weight for each Evaluator with respect to each Criterion
Output: Aggregated Weighted Concept Selection Matrix
Begin:
{Aggregation}
Let CR; be the elements in the aggregated Weighted Concept Selection matrix
Fori € 1 To number of concepts Do
Forj €< 1 To number of criteria Do
For k €< 1 To number of experts Do
CR; = sum (Rating of expert k on concept i with respect to criterion j) * (fuzzy
weight of expert k with respect to criterion j)
End

10
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Evaluator j
Use Fuzzy Linguistic Variables to Rate Concept k with respect to Criterion i

v

Store the Fuzzy Rating

Figure 7. Procedure for the Concept AssessmeneBsoc

The aggregation process is performed in two stapedirst stage is to modify the Concept Evaluatidatrices
filled by the experts into a form including the fyzweights of both the criteria and the evaluasmshown in
Table 3, where;

Wc;: is the fuzzy weight of criterion

Wi is the fuzzy weight of evaluatpwith respect to criterion

Table 3. Modified Concept Evaluation Matrix for Ratk Concepts using Linguistic Variables.

Evaluator j Concepts
Criterion Evaluator
CRITERIA Weight Weight Concept1 | Concept 2 Concept k
Criterion 1 WG Wiy M o1 1
Criterion 2 w6 Wip Mo loip M2
Criterion i WG Wii I4ji Ioji Iii

11
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The second stage is to aggregate the weighted pbresgluation matrices of the evaluators taking into
consideration the evaluators fuzzy weights andhgati The aggregation is done by summing the fuzzighted
rating of each concept at each criterion. Tablduétrates the aggregated weighted concept setectatrix,

where;

n
iji I © is the aggregated weighted rating of conéen criterioni among all experts
i=1

Table 4. Aggregated Weighted Concept Selectioniatr

Concepts
Criteria Criterion Weight Concept 1 Concept 2 Concept k
n n n
Criterion 1 weg ZWj M1j1 ijlrzj]_ ijlrkjl
j=1 =1 j=1
n n n
Criterion 2 we ZWj olj2 ZWJ- o 2j2 Zszrka
j:]_ j:l j=l

n n
Criterion i WG ijir]_ji ijiiji ijirkii
i= j 1=

3.8 Sep VIII: Select the Best Concept

The overall fuzzy score for each concept is catedlan this step by summing the results of muliipdythe
fuzzy weighted ratings resulting from the precedstgp by the fuzzy weight of each criterion whére tesult
will be the fuzzy score of concepas represented by Equation (4)

SFZWC.ZWM@ Egn. 4
i=1 j=1
where;

n: number of criteria.

m: number of concepts.

S The final fuzzy score for concekt

wc;: The fuzzy weight of criterion

w;: The fuzzy weight of evaluatgon criterioni.

rgi: The rating for concek by evaluatoj with respect to criterion

The following pseudo code provides an algorithmdtzulate the final fuzzy score of each concept:

Algorithm: Calculate a Final Fuzzy Score for each Concept

Input: Aggregated Concept Selection Matrix Elements and Fuzzy Weight for
each Criterion

Output: Fuzzy Score for each Concept

Begin:

{Final Concept Score}

Let FCS; be the final fuzzy score of concept i

Let CR; be the elements in the aggregated Concept Selection matrix
Fori € 1 To number of concepts Do

Forj €< 1 To number of criteria Do

12
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FCSi = sum (CR; * fuzzy weight of criterion j)
End

The concept that received the highest score shoelldelected. The scores here are fuzzy and nepdcial
technique in order to differentiate between theroriher to decide which one had the highest scdris dan be
done by applying the Vertex Method developed byef@h al., 2006) as shown in the following pseudo code.

Algorithm: Rank the Concepts

Input: Fuzzy Score for each Concept
Output: Ranked Concepts

Begin:

{Ranking}

Let FPIS be the fuzzy positive ideal solution
Let FNIS be the fuzzy negative ideal solution
Fori € 1 To number of concepts
Calculate the Distance from FPIS
Calculate the Distance from FNIS
Calculate the Closeness Coefficient
End

FPIS and FNIS are defined as shown in Equationar(8)(6).
FPIS = [V, V', V', V] Equation 5
FNIS = [v, V, V, V] Equation 6
Where:
v" = max{a} in the set of fuzzy numbers
V' = min {ag} in the set of fuzzy numbers
Closeness coefficient is defined as shown in Equoati
Cn = +dn -
d, +d;
Where:
d,: : the distance between th® fuzzy number and the FNIS

Equation 7

d, : the distance between th8 fuzzy number and the FPIS
The distance between two trapezoidal fuzzy numbensd B is defined in Equations (8), (9), and (10):

A=[A, A AA] Equation 8
B=[B,B,,B;,B,] Equation 9
dAB = \/025((AL - B1)2 + (Az - 82)2 + (As - Bs)z + (A4 - B4)2) Equation 10

4. llustrative Example

In the section, the developed methodology was tsealuate four new product concepts with respeébur
criteria. The evaluation team consisted of fivearkpin various technical fields. The product cqseand the
criteria will not be disclosed in this paper dueataonfidentiality agreement with the company whibie case
took place. The results of the implementation veerdollowing:

4.1 Sepl: Get Product Concepts
Four product concepts developed by a product dpwedmt team were evaluated {P1, P2, P3, P4}. These
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concepts were fully explained to the evaluatorsueng that each team member understood exactly the
functionality, features, and components of eaclgdes

4.2 Sepll: Develop Product Concepts Evaluation Criteria
Four criteria were used {C1, C2, C3, C4}

4.3 Seplll: Select Evaluators
Five evaluators {E1, E2, E3, E4, E5} were seledtegarticipate in the evaluation process. The eatahs were
selected to cover various expertise such as designufacturing, marketing, and quality.

4.4 Sep IV: Prioritize Product Concepts Evaluation Criteria

The pairwise comparison between the criteria ardubzy weights for each criteria computed usirgRzzy-
AHP were found to be as shown in Figure 8. Thesdancy Ratio (C.R.) for the comparisons was 0WB&h
is acceptable.

C1 C2 C3 C3
Cl1 5 - L - E L we o =[0.038, D055, 1082, 1.08E]
C2 L 5 Y N we - =[0.028, 2200, D308, DR
C3 E Y 5 L wop =[0.250 0=58 0800, 1581]
C4 L Y - L ] we, =[0.052, 0025, D08, 1.28E]

Figure 8. Criteria pairwise comparison and fuzzyghts

4.5 Sep VI: Prioritize Evaluators with respect to Criteria

This step aims at assigning different weights ttheavaluator with respect to the criteria usedsstogive more
weight to the opinion of experts in some field oegners who do not possess the same expertise.ig, hae
opinion of a manufacturing expert is more importahan a logistics expert when evaluating the
manufacturability of a product concept. The evaltmtvere compared with respect to each criteriamgusizzy
variables, and the resulting fuzzy weights wershaswvn in Table 5.

Table 5. Evaluators’ fuzzy weights with respece#zh criterion

c1 c2 C3 c4
E1 | [.027, .035,.038, .051]| [.037, .053, .067, .098] .03p, .055, .067, .096]| [.265, .412, .535, .832]
E2 | [.135,.179, .189, .256]| [.163, .204, .232, .300] .17B, .317, .469, .746]| [.046, .068, .079, .114]

E3 | [.054, .075, .077, .109]| [.035, .044, .048, .068] .03p, .055, .067, .096]| [.022, .031, .038, .0$4]

E4 | [.120, .165, .170, .237]| [.231, .272, .280, .339] .15[L, .212, .288, .442]| [.096, .143, .176, .2$4]

E5 | [.378, .509, .566, .755]| [.308, .395, .407, .530] .15]L, .212, .288, .442]| [.145, .228, .316, .5}3]

4.6 Sep VI: Assess Concepts
Each evaluator was asked to use the fuzzy linguigtiiables to assess all the concepts acrossitellia@. The
responses of evaluators 2 and 3 are shown in Babiel Table 7.

Table 6. Evaluator 2 assessments Table 7. Evaluator 3 assessments
P1 P2 P3 P4 P1 P2 P3 P4
H L M N L Y Y N
L M H M Y H H L
N Y H L Y L N L
L N H L Y L H H
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4.7 SepsVIl and VIII: Aggregate Evaluators Ratings and Select the Best Concept
The assessments obtained by the five differentuet@is were aggregated and found to be as showabie 8
and the total fuzzy score for each product concepte found to be as in Table 9.

Table 8. Weighted Concept Selection Matrix.

P1

P2

P3

P4

C1 |[0.136, 0.318, 0.394,

0.961] | [0.147, 0.339, 0.43038]

[0.153, 0.351, 0.457, 1.097

[0.051, 0.16344, 0.650]

C2 | [0.552, 1.331, 2.082,

5.561] | [0.586, 1.469, 2.5.819]

[0.560, 1.467, 2.421, 6.347

[0.396, 1.05605, 4.417]

C3 |[0.838, 2.537, 4.922,

13.829] [0.570, 1.797, 3.83866]

[0.547,1.671, 3.197, 9.495

[0.617, 1.89326, 10.84]

C4 | [0.221, 0.641, 0.993,

3.355] | [0.101, 0.356, 0.68936]

[0.313, 0.858, 1.374, 4.424

s [ = = —

[0.155, 0.48374, 2.709]

Table 9. Product Concepts total fuzzy scores aral fank

Product Concept Total Fuzzy Score Closeness Coefficient Rank
P1 [1.747, 4.827, 8.391, 23.706] 0.421 1%t
P2 [1.404, 3.961, 7.182, 19.359] 0.356 3
P3 [1.573, 4.347, 7.449, 21.357] 0.386 2"
P4 [1.219, 3.587, 6.349, 18.256] 0.341 4"
5. Conclusion

A new product concept evaluation and selection das®e Fuzzy-AHP has been developed. The developed
methodology can capture the fuzziness and vagueamssiated with people judgments during the cancep
selection stage. The developed methodology cariljuggoritize criteria based on the analysis oktmmers’
needs and the capabilities of the manufacturingpsomp The methodology extends the concept evaluatio
matrix by integrating the AHP method with Fuzzy iogrinciples in order to get a weighted fuzzy mgtifor
each concept. A fuzzy-based AHP method is usedssim fuzzy weights for the criteria, as well asgzy
weights for each team member with respect to eaitbrion based on his/her field of specializationtle
background from where he/she comes.

The developed concept evaluation and selection adethgy allows the evaluators to represent thein ow
opinion while rating the concepts individually wailt being affected by others. The usage of fuzaycepts
allows that capturing of vagueness inherited in ¢laluators’ judgments at this early stage of thedpct
development process. It should be noted here th@wbme of the methodology is dependent on the weigh
assigned to the evaluators and the weights givéimetariteria. Thus, extra caution must be takeemadissigning
the weights in order to minimize the possibilityloésing the results. Although the effect of biasweduced by
using the AHP and its consistency measure. Thdlesists a need to develop a formal method f@igrsng
evaluators’ and criteria weights.
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