IACSIT International Journal of Engineering and Technology, Vol. 4, No. 1, February 2012

A Fuzzy Conceptual Design Selection Model
Considering Conflict Resolution

A. Sarfaraz and K. Jenab

Abstract—Selecting a design at the conceptual design stagein
product development can be complex and frustrating due to
imprecise and uncertain product requirements. For many
companies, the conceptual design stage is crucial to their
product’s success. For example, making a bad decision can lead
to costs associated with product recall, redesign, and
remanufacture. These unexpected expenses not only could
result in profit loss but also jeopardize a successful
commercialization of the product. Therefore, the level of
success of a product issignificantly dependent on the early stage
of product development. Managers need robust
decision-making tools for valuing potential new product
investments in order to justify their development strategy and
to allow them to screen out new designs that stand little chance
of success at an early stage. However, limitations, such as
uncertainty and inability to provide the information on the
compatibility between design concepts, remain as challengesfor
the concept selection method. Therefore, this study proposes a
structured conceptual design selection model based on fuzzy
analytic hierarchy process (FAHP) and fuzzy conflict resolution
to express the compar ative judgments of decision-makers. Also,
we perform a comparative analysis between AHP and FAHP
results by applying our model to hospital bed designs. This
study proves that although both methods are good, FAHP is
more robust because of eliminating inconsistencies resulted
from personal feelings or judgments.

Index Terms—Conceptual design stage, AHP, fuzzy AHP,
ergonomic design, design for reliability, conflict resolution.

I. INTRODUCTION

In today's world, there are major changes in the
commercial market due to advances in technology.
Companies are forced to develop new products for current
markets, especially in technology-driven or high-tech
markets. Therefore, the need for decision-making tools
which determines the best option is essential. Organizations
are continually challenged to effectively evaluate products
involving multiple criteria to ascertain the most suitable
alternative for a chance of creating profitable product. A
product most important stage is the design stage. The design
stage is broken down into multiple criteria and sub-criteria
called “Design for” based on customer demands and
available technology. The critical phase in the design stage is
weighing which criteria are of most importance to the
customer. Ideally, a product can be designed to satisfy all
customer needs, but that can result in an overly priced
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product. Unless the consumers are not concerned with the
products’ price, the product will have no chance to be
marketable. Wang et al., (2002) studied the domain of
collaborative conceptual design based in technologies in
order to understand the needs for conceptual design
engineering and to clarify the current conceptual design
practice [17]. Kurakawa (2004) proposed a model based the
viewpoint of the designer’s cognition. This model was
developed based on scenario-driven conceptual design
information which is a fundamental part of practical design
support tools [9]. Chong et al., (2009) proposed a heuristic
method for applications on conceptual design in order to
guide designers in the investigation of design concepts
problems [4]. Kim & Xirouchakis (2010) proposed a decision
support system for the design concept filtering and selection
stages [7]. Avigad et al., (2011) developed a fuzzy
computational tool based on supply chain that helps
designers in selecting an engineering concept [1]. Nagel et al.,
(2011) reported a functional modeling for product design
where customer needs are translated into a representation of
elementary operations defining a desired goal [12].

Also, a tool that can be used to find the best conceptual
design option is Analytic Hierarchy Process (AHP). In [13]
and [14, The Analytical Hierarchy Process (AHP) model was
designed by Saaty. It is especially suitable for complex
decisions which involve the comparison of decision elements
which are difficult to quantify [10] and [11]. One of the main
advantages of this method is the relative ease with which it
handles multiple criteria. In addition to this, AHP is easier to
understand and it can effectively handle both qualitative and
quantitative data [2]. However, limitations, such as
uncertainty in [ 18] and inability to provide the information on
the compatibility between design concepts in [§], remain as
challenges for the concept selection method. To improve the
AHP method and to determine the relative weight of criteria
for risk assessment, this study proposes a structure
conceptual design selection model based on the use of fuzzy
analytic hierarchy process (FAHP) and triangular fuzzy
numbers. This approach expresses the comparative
judgments of decision-makers [6]. It is used to reduce
multiple design alternatives by eliminating those for which
their overall weights are smaller and considered less
important.

FAHP is a powerful and flexible multi-criteria
decision-making tool for dealing with complex problems. It
deals with both qualitative and quantitative aspects of a
problem and eliminates the human preference model and its
uncertainties when decision-makers are reluctant or unable to
assign exact numerical values to the comparison judgments.
The evaluation model can help make effective decisions
without the uncertainty and vagueness in the evaluation
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process. Also, FAHP is widely used to evaluate numerous
problems organizations are face with. Below are some
decision making problems, FAHP has been applied to:
Evaluating energy resources; Evaluating marketing strategies;
Evaluating budget allocation; Selecting assembly line
selection; Selecting the appropriate design concept; Selecting
a technology source; Selecting the adequate petroleum
pipeline industry; Aid in traffic planning; Selecting the
appropriate casting process.

In this paper, we develop a structured conceptual design
selection model based on FAHP and multiple experts’ con-
flict resolution to find the best design for a hospital bed
design. Introducing seven different hospital bed designs, we
use AHP and FAHP to evaluate which design is the most
suitable design. Finally, we present how the use of fuzzy con-
flict resolution and FAHP handles uncertainty and the lack of
crisp information on the compatibility between designs.

II. INTRODUCTION TO Fuzzy AHP

In comparison to the traditional AHP which deals with
vagueness and subjective decisions, Fuzzy AHP has been
improved by eliminating these unwanted factors in the
pair-wise comparison stage. In the decision-making
environment of the AHP, the input information and relations
between criteria and alternatives are uncertain and imprecise.
Instead of dealing with a single crisp value, Fuzzy AHP uses
a range of values to incorporate the decision maker’s
uncertainties. From this range, decision makers can select the
value that reflects his or her confidence and also can specify
attitudes like optimistic, pessimistic or moderate [5] and [19].
Optimistic attitude is represented by the highest value of
range, moderate attitude is represented by the middle value of
the range and pessimistic attitude is represented by the lowest
value of the range.

A. Fuzzy Numbers
In the fuzzy set terminology, the ratio supplied by the
decision maker is a fuzzy number. The concept of fuzzy set
was introduced in the mid-1960s to overcome the limitation
of the conventional crisp sets, where the relation of a data and
a set is described by either “in” or “out” [21]. Fuzzy numbers

t1)

in
are used to represent uncertain values. A fuzzy number does
not necessarily refer to one value but rather a connected set,
range or membership. Fuzzy numbers are utilized to capture
vagueness.

B. Triangular Fuzzy Numbers

In norm, a triangular fuzzy number is used to represent the
decision maker’s assessment on alternatives with respect to
each criterion. Triangular fuzzy numbers are similar to fuzzy
numbers; the difference is that they capture a range of
numbers within a triangular boundary. The boundaries are set
by parameters /, m, and u. Value / being the smallest possible
value, m the most promising value and u being the largest
possible value. This can be expresses using the following
equation [3]:

X y x€[l,m]
m—1 m-I
am(X) = X U, xe[mu] (D
m-u m-u
0 otherwise
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Triangular fuzzy numbers are easy to use and apply. If a
value falls within the triangular range, that value is said to
have a membership. A membership can be described as being
a part of or having relevance. This concept helps to eliminate
the uncertainty that’s created through personal judgments in
the pair-wise comparison stage.

C. Applying Fuzzy Numbers in a Pair-Wise Comparison

Scale

It is difficult to map qualitative preferences to point
estimates, hence a degree of uncertainty will be associated
with some or all pair-wise comparison values in an FAHP
problem [20]. By using triangular fuzzy numbers, via the
pair-wise comparisons made, the fuzzy comparison matrix
A= (ay), » m [15].The methodology is similar to the classic
AHP. Matrix 4= (aij),, . 1s created, given that aij = (1ij, mij, uij)
and the pair-wise comparison scale can be represented by aij
L (i, 1/ mij, 1/13).

D. Applying Fuzzy AHP Algorithm
In this study, extent analysis method is utilized to elaborate
a fuzzy synthetic extent. Extent analysis was originally
introduced by [3]. The extent analysis states the following:

LetX{xl L X2, X3 4.

, Xn }= a design concept set, and G

{gz ,82,8, ,gn}:beagoal set. According to the
method of Chang’s extent analysis [3], each design concept is
taken and extent analysis for each goal performed,

respectively. Therefore, m extent analysis values for each

design concept can be denoted by M Z, for i=1,2,...,n;

j=1,2,...,m which are triangular fuzzy numbers. Now after
clarifying the meaning of the signs and variables, Chang’s
extent analysis [3] can be described in the following steps:

Step a: The value of fuzzy synthetic extent with respect to
the i th design concept is defined as

Si = z:lle;"@[Z; ZZ;M;- B 2)

Step b: To obtain the degree of possibility two triangular
fuzzy numbers M1 = (I1, m1, u1) and M2 = (2, m2, u2) are
declared. The degree of possibility states that M2 = (12, m2, u2)
> M1 = (I1,m1,u1) defined as

VM, = M,) = sup[ min(zs,, (x). iy, (¥)) |

and can be equivalently expressed as follows (Chang, 1992):
VM, 2M,)) = hgt(M, ﬂMz)=ﬂM, (d) “

3)

L —u,
(my —u,)—(m = 1)
Step c: The degree of possibility for a convex fuzzy

number to be greater than & convex fuzzy numbers Mi (i=1, 2,
k) can be defined by

VM >Mi, Mo, ... Moo=V [(M>Mi)and ...and (M>

Mx)] =min V(M >Mi)], i=123 ..k %)
Assuming that
d(Ai) = min V(Si > Sk), for k=1,2,.....n; k #1. (6)
Then, the weight vector is given by
W' =(d'(4),d"(4),.....d"(4,)" ™)

where Ai (i = 1,2,... n) = are n elements.
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By normalizing, the normalized weight vectors are
obtained:

...... (8)

W =(d(4),d(4),......d(4,))"

III. Fuzzy CONCEPTUAL DESIGN SELECTION MODEL

This study report a structured conceptual design selection
model based on “Design for” concept called DfX. The model
incorporates all design experts’ evaluations into a final
decision, without having to elicit their utility functions on
subjective and objective criteria such as Design for
Manufacturing Cost (DfM/C), Design for Ergonomic (DfE),
Design for Performance/Reliability (DfP/R), Design for
Safety (DfS), Design for Maintenance (DfM), etc. Then,
Sub-DfX for each DfX are determined in order to form a
hierarchical structure used for a series of pair-wise
comparison judgments among design alternatives as shown
in Fig. 1.

Step 1: Determine DfX

Step 1-1: Using linguistic variables (A: Absolute, V: Very
strong, F: Fairly strong, W: Weak, E: Equal), obtain the k™

expert’s opinion (el.];) for pairwise comparison between
el ={DfX,—%—>DfX, |i=12,.,n—1,j>i,
k=12,..,K}
For example, if eg is determined ‘7’ by expert k, then efi
is ‘1/V°.
Step 1-2: The experts’ opinions differ substantially
because the experts do not often agree on the level of the

DfXs. Therefore, we have to resolve the conflict by using
maximum aggregation function

[—)/ _ k _ . e .

DfX oy 7 =max(e; |k =12,..K,Vi, j,i>j).

Step 1-3: Calculate the aggregated linguistic variable for
The Sub-DfXs by using minimum aggregation function

i j k

Sub — Dﬂ(agg—)-’ = sup—ij | K =1,2,..K,

Vi, j,i> )

Step 1-4: Using Table I [16], convert the linguistic
variables to triangular fuzzy number

min(e

TABLE I: EQUIVALENT OF LINGUISTIC VARIABLE TO TRIANGULAR Fuzzy

NUMBER
Linguistic variable TFEN
Absolute (7/2, 4, 9/2)
Very strong (5/2,3,7/2)
Fairly strong (3/2,2,5/2)
Weak (2/3,1,3/2)
Equal 1,1, 1

Step 2: Performing Step (a), calculate weights of DfX. The
pairwise comparison matrix of DfX is formed by aggregating
the design expert’s preferences.

Step 3: Performing Steps (b) & (c), calculate weights of
design concept with respect to each DfX.

Step 4: Having the weights of each alternative with respect
of each DfX, calculate final raking number by adding up the
weight per design concept multiplied by the corresponding
DfXs.

Step 5: Rank the design concepts with respect to their final
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ranking number.

To demonstrate the application of the model and perform
comparative analysis, we execute this model with crisp and
fuzzy information for the conceptual design of the hospital bed.

1DfX, i
ifsub-DfX11 i
Desi e Fuzz#/ Decision
esign i ’
Concgept 1 i|Sub-DfXla Engine
Design I DA The Best
Sub{pfx21 Desi
Concept2 | esign
E S Concept
i ! Dfx2b| DX i
Design ; :
Concent k i Sub-Dfxnl |;
A i Sub-DfXn2 |;
! ;
Fomimmeme ] i
4 Sub-DfXnz

Fig. 1. Structured conceptual design selection process.

IV. SOME COMMON MISTAKES

In this example, we consider seven conceptual designs for
the hospital beds as shown in Fig. 2. After brainstorming,
DfX are: Reliability (R), Safety (S), Manufacturing cost (C),
Ergonomic (E), and Maintenance (M). Also, we define
Sub-DfX with lesser significance branched down from each
of the DfX’s. For example, the Sub-DfXs for performance
are: easy to transfer (ETT), easy to operate (ETO), easy to
store (ETS), light weight (LW) and strong frame (SF). Fig. 3
presents the structured conceptual design selection process
for the hospital bed.

Subsequent to creating the hierarchy stature, a pair-wise
comparison is performed (See Table III). Also, Table VII
shows that performance has the highest intensity over cost
and maintenance. This means that performance is of greater
relevance to the conceptual design in question than cost and
maintenance.

|..- — I el _,,—*1]
ee—— 44
= : e 3
L] L
(]
Design Concept 1(DC1) Design Concept 2(DC2)
= =
= 1L e |4
w = "] = L] * v
L] o

Design Concept 5(DC5)

Design Concept 6(DC6)
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Design Concept 7(DC7)
Fig. 2. The hospital bed conceptual design options.

Now, we execute the model with crisp and fuzzy
information to show how the use of fuzzy AHP can overcome
the limitations such as uncertainty and inability to provide the
information on the compatibility between design concepts.

A. Finding the Best Hospital Bed Design Concept with
Crisp Information
To perform step 2, the pairwise comparison matrix of DfX

is formed based on the design expert’s preference (See Table
).

Ratio (CR) of the Sub-DfXs. The consistency ratio is
designed in such a way that shows a reasonable level of
consistency in the pair-wise comparisons if CR <0.10

The mathematical calculations performed in Tables IIT and
IV provide a reasonable level of confidence, meaning the
judgments performed during the pair-wise comparisons were
consistent and are therefore reliable. Next, the overall priority
vector for the seven design alternatives is calculated. Table V
illustrates the priority vectors for the DfX, Sub-DfXs and the
design concepts alternatives.

Note that the priority vectors for the alternatives are
provided in Table VI. The following is an example on how to
calculate the priority vector for DC-2 based on priority
vectors for DfXs, Sub-DfXs and the design concept DC2 in
Table I'V:

0.104(0.415)+0.081(0.251)+0.074(0.056)+0.290(0.127)+
0.061(0.151)=0.114.

Last step in calculating the overall priority vector is
performing the same procedure and multiplying the results in

Design Concept / .
Desén Concegt 5 Table VI. Results are shown in Table VIL
Design Concept 3
> Design Concept 4 TABLE III: PRIORITY VECTOR AND CONSISTENCY TEST FOR DFXS
Design Concept 5 hesized Matri
Design Concept 6 Synthesized Matrix
Design Concept 7 § .
151 S
v Zolgs
! DYR: Reliability (R) | zE Te
i . . Kellaoiil = >
i Dfc: Mfg Cqst © 1.Easy to: 1.1 Transfer : £ Z
. 1. Material ! ~
i 1.2 Operate i
i 2. Mfg Process 1.3 Store i Reliability ®  [0.484 [0.529 {0.405 |0.529 [0.333 [2.281 | 0.456 |2.409
i 2. Lightweight ' Safety (S) 0.161 |0.176 [0.243 0.176 [0.200 [0.957 | 0.191 | 1.017
! 3. Strong Frame ! Mfg Cost (C)  |0.097 |0.059 {0.081 |0.059 |0.200 [0.496 |0.099 |0.503
_’E DfM: Maintenance DfS: Safety (S) : Ergonomic (E) [0.161 [0.176 [0.243 |0.176 [0.200 |0.957 | 0.191 | 1.017
i M) DfE,:Ergono 1 'Stability ; Maintenance (M) [0.097 [0.059 [0.027 |0.059 [0.067 |0.308 | 0.062 |0.314
! 1. Repair mic (E) 2. Nosharp | ! 1.000
! 2. Dismantle cdee ! E = 52
. £ ! £ S| 82| s¢
eSS S - - - . . oo e g z3 z 2
Fuzzy Decision in O = 0O &
Engine Reliability ® 5.279 5.213 0.0533 0.0476
Safety (S) 5.312
Mfg Cost (C)  |5.075
< The Best Design Ergonomic (E) |5.312
Concept Maintenance (M) [5.089
Total |26.067

Fig. 3. Structured conceptual design selection process for hospital beds.

TABLE II: PAIR-WISE COMPARISON OF CRITERIA WITH RESPECT TO

OVERALL GOAL
DfX R S C E M
Reliability (R) 1 3 a=5 3 5
Safety (S) 1/3 1 3 1 3
Manufacturing Cost (C) 1/5 1/3 1 1/3 3
Ergonomic (E) 1/3 1 3 1 3
Maintenance (M) 1/5 1/3 1/3 1/3 1
Total 2.067 5.667 10.333 6.333 15.0

Following the pair-wise comparison are calculations
performed to compute the total priority vector (weight) of
each of the DfX’s and Sub-DfX’s. We perform the
pair-wise comparison and calculate the Priority Vectors
along with the Consistency Ratios using Excel.

e Table II shows Priority Vector (PV) and Consistency
Ratio (CR) of the DfXs. The consistency ratio is
designed in such a way that shows a reasonable level of
consistency in the pair-wise comparisons if CR < 0.10

e Table III presents Priority Vector (PV) and Consistency
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TABLE IV: PRIORITY VECTOR AND CONSISTENCY TEST FOR THE SUB-DFXS
Synthesized Matrix

22|
Total | 5 & >2
£33
> |z
ETT . . 2.075 | 0415 [2.283
ETU | 0.152 [0.200[0.176 [ 0360 | 0.366 | 1.254 | 0.251 [1.392
ETS | 0.091 |0.067[0.059[0.040 0.024 | 0.281 | 0.056 |0.295
LW | 0.152 [0.067 [0.176[0.120] 0.122 | 0.637 | 0.127 [0.669
SF_| 0.152 [0.067 [0.294]0.120] 0.122 | 0.754 | 0.151 [0.781
1.000 | Total
. |2 |Eg|Eg| - | 2
& 2ol 2012% & | 22
> s<S|zs8|ze| = g
z | & E2| 58| = &
o O~ | O~ [
ETT | 5501 |5.348]0.087]0.078
ETU | 5.551
ETS | 5.259
LW | 5.251
SF 5.176
Total | 26.739
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Synthesized Matrix TABLE V: ALL PRIORITY VECTORS FOR DFXS, SUB-DFXS AND DESIGN
5 = CONCEPTS
3 e
g — 8 —~ Priority vector
zEl % =
5 Z Criteria P 5 ¢ E M
D: Z 0.456 0.191 0089 0.191 0.062
ST 0.75 | 0.75 | 1.5 | 0.75 1.5 2 0 0 Sub-eriteria | ETT | ETU | ETS | LW | SF | ST | NSE | €M | CMP ETR | ETD
NSE 0.25 0.25 0.5 0.25 0.5 2 0415 | 0251 | 0,056 | 0,127 [ 0151 | 0.7 | 0.250 | 0,750 | 0.250 0.750 | 0.250
1 Total 4 Alternatives
Synthesized matrix DO | 0175 | 0,215 | 0.098 [ 0070 | 0,012 | 0,044 [ 0180 | 0,126 | 0,124 | 0,120 | 0.262 | 0,195
‘g § -2 .u_uu 0081 | (074 | 0.200 | (L06] | 0,055 | 0.058 | 0.2290 | 0.227 | 0.066 | 0.191 | 0.316
> 9 EA NI 0140 [ 0,145 [ 0066 [ 0,040 [ 0118 | 0,092 | 0174 | 00126 | 0,124 | 0,120 | 0,144 | 0,125
2> % . - - - ” o - i
Bl % D4 126 [ 0044 | 0070 | 0027 | 0061 | 0062 | 0.055 | 0,220 | 0.227 | 0,050 | 0,043 | 0,101
g Z 1T 0.32% | 0,201 | 0.420 | 0,050 | 0.311 | 0260 | 0.174 | 0,051 | 0047 | 0,522 | 0,045 | 0,034
CM | 075 [ 075 | 1.5 | 0.75 1.5 2 0 0 DA | 0.080 | 0,162 | 0.074 | 0,167 | 0.084 | 0,147 | 0.174 | 0,160 | 0.182 | 0,100 | 0,198 | 0,165
CMP | 025 [ 025 ] 0.5 | 0.25 0.5 2 DCT | 0051 | 0052 | 0.204 | 0,056 | 0253 | 0230 | 0.174 | 0,072 | 0.070 | 0,223 | 0.068 | 0.065
1 Total | 4
Synthesized matrix
g b= TABLE VI: OVERALL PRIORITY VECTOR FOR THE DESIGN CONCEPTS WITH
2| 8o RESPECT TO THE DFXS
> =2
2 Z Priority vector
g 2 P S ¢ E M
. 0.456 0.191 0.099 0.191 0.062 Overall Priority
ETR | 0.75 [ 0.75 | 1.5 | 0.75 1.5 2 0 0
ETD | 025 | 025 | 0.5 | 0.25 0.5 2 DC-1 0.170 0.156 0.125 0.120 0245 | 0.158
1 Total | 4 De-2 0114 0,056 0.228 0066 o222 | 0111
_1]('»3 0,134 0112 0125 0.120 0.139 | 0,126
o _Dc+ [ o003 [ oo | o228 [ ooso | ooos [ oo
PVI‘lOIt‘lty VNCZV DC-5 0.262 0.246 0.050 0.322 0.042 0.236
ector cctor
DO-G 02 10,154 0.173 .10 01490 0,129
(PV) (V) De-7 0.116 0.216 0,071 0.223 0LOGT . 148
ETT | 0.455 | 0.600 | 0.294 | 0360 | 0.366 | 2.075 | 0.415 [ 2.283
ETU [ 0.152 | 0.200 | 0.176 | 0.360 [ 0.366 | 1.254 | 0.251 | 1.392 )
ETS [ 0.091 [ 0.067 | 0.059 [ 0.040 [ 0.024 | 0.281 [ 0.056 | 0.295 In summary, Table VII shows that design concept number
LW | 0.152 | 0.067 | 0.176 | 0.120 | 0.122 | 0.637 | 0.127 | 0.669 five (DC-5) has the highest value of 0.236. This is indicative
SF | 0.152 [ 0.067 | 0294 [ 0.120 | 0.122 | 0.754 | 0.151 | 0.781 . . .
L000 | Total that amongst all seven designs, design number five is favored.
R _ N R The lowest scoring design was design concept number four
> § 25| 2% » ;ﬁ (DC-4). It is safe to say that design concept number four was
9 ~ &= 282 9 —_ . .
E =< é E é 2 ; =< tailored to cost and maintenance as opposed to concept
= SE|lSE 2 number 5 which focused more on reliability. The results have
T 5501 1 5348 0087 [ 0078 derponstrated that the. application of A_HP in the concept.ual
ETU | 5.551 design stage can help improve the quality of a product during
ETS | 5.259 the development process. AHP is a great tool which can be
LW | 5251 . . . c .
SF 5176 utilized as long as the consistency ratios are within margin
Total | 26.739 (CR <0.10).
TABLE VII: RESULT OF HOSPITAL BED CONCEPTUAL DESIGN SELECTION
New Ranking No. Best Selection Overall Priority
Vector 1 DC-5 0.236
(V) 2 DC-1 0.158
3 DC-7 0.148
075 [ 075 | 15 15 [ 2 |2 0 0 4 DC-6 0.129
NSE| 025 [ 025 | 05 [ 025 [ 05 [ 2 5 DC-3 0.126
1 [Total | 4 6 DC-2 0.111
Synthesized matrix 7 DC-4 0.092
Vl\imr B. Finding the Best Hospital Bed Design Concept with
(NV) Fuzzy Information
Due to uncertainty and inability to provide the information
075 | 075 | 15 L5 [ 2 2} 0 0 on the compatibility between design concepts, we use fuzzy
CMP| 025 | 025 [ 05 [ 025 | 05 | 2 . . .
Tota | 2 AHP and fuzzy conflict resolution technique to select the
Synthesized matrix conceptual design. To begin, three experts’ opinions are
obtained with respect to DfX and Sub-DfX. Then, due to
New dilute the experts’ opinions, we use two steps aggregation
\(/Iff\t;;r Max-Min delineated in Steps 1-2 & 1-3. The aggregated
linguistic values must be converted into fuzzy values based
) 512121 o 0 on the relationship between linguistic variables and
ETD| 025 [ 025 | 05 [ 025 [ 05 [ 2 triangular fuzzy number (TFN) determined in Table 1.
1 |Total] 4 The conversion of aggregated values from linguistic to
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fuzzy numbers in the pair-wise scale matrix can be viewed in B3 34.333 | |
Table VIII. Now, the value of fuzzy synthetic extent analysis i Fuzzy Synthetic
n be applied to the fuzz ir-wi ale matrix ation S0P Extent Values
can be applied to the luzzy pair-wise scale matrix. equatio 2/3,1,3/2 ST ]0333] 0.5 ]0.75
(2) is used to compute the calculations. The calculations for (/3,132) \ NSE 10333 10501075
the first two DfXs (Reliability and Safety) are performed Total | 0.67 [ 100| 15
below: Total Sum of fuzzy PCM
Reliability = (1+2/3+3/2+2/3+3/2)/34.33 = 0.155 = >
(1+14+2+1+2)/26.00 = 0.269 B3 5.00
(143/2+5/2+3/2+5/2)/20.13 = 0.447 cub.prc] Fu77y Synthetic
Safety = (2/3+1+2/3+1+2/3)/34.33 =0.117 ub-DIY| " Extent Values
(I+1+1+1+1)/26.00 =0.192 (2/3,1,3/2) p \ CCI\I/\I/IP Siiii 00550 8‘32
(3/2+1+3/2+1+3/2)/20.13 = 0.323 Total Sum of fuzzy PCM Total [0.6667] 1 | 15
The same calculations are performed to the Sub-DfX to Bl 333
obtain the fuzzy synthetic extent values (Refer to Table IX B2 4.000
for more details). B3 5.00
Sub-DfE|  Overall Weight
TABLE VIIL: FUZZY SYNTHETIC EXTENT VALUES FOR THE CRITERIA ETR ETR 103331 05 10.75
ETD| (2/3,1,3/2) \ ETD | 0.333]0.50]0.75
. Total Sum of fuzzy PCM Total | 0667 | 1 | 15
= Fuzzy Synthetic Bl 333
Q Extent Values B2 2,000
_ B3 5.00
ﬁ‘;llé’é’; 0.155]0.269 |0.447
(23,1, | Safety Thereafter, obtaining the synthetic extent values, the
(2/3,1,3/2) . 0.117{0.1920.323 PTT .
32) | (S) degree of possibility for each can now be calculated by using
@/5,12,213) (231, %‘és)t 0.099/0.1730.306 equation (4). Calculations are first performed to the DfX
5 followed by the Sub-DfXs. The degree of possibility for
/3,1,3/2) | (1,1,1) 801915 117/0.192 [0.323 o . .
@31, )| 3y mic (E) criteria C1 thru C5 (C1 being DfR and C5 being DfM) can be
Mainte viewed in Table X. Calculations can be viewed below:
(2/5,1/2,2/3), (2/3,1,12/3,11(2/3,1, nance |0.099(0.173(0.306
e 3/2) | ,32) | 3/2) o | : : C1>C2 =(0.117-0.447)/((0.269-0.447)-(0.192-0.117))= 1.303
o S orT C2>C1 =(0.155-0.323)/((0.192-0.323)-(0.269-0.155))= 0.685
e 0.586 1.00 |1.705 C3>C1=(0.155-0.306)/((0.173-0.306)-(0.269- 0.155))= 0.611
Bl [20.133 C4>C1=(0.155-0.323)/((0.192-0.323)-(0.269- 0.155))= 0.685
B2 26.00 C5>C1=(0.155-0.306)/((0.173-0.306)-(0.269- 0.155))=0.611
B3 34.333
TABLE X: DEGREE OF POSSIBILITY FOR THE DFX
TABLE IX: FUZZY SYNTHETIC EXTENT COMPUTATION FOR THE SUB-DFX DfR DfS DfC DfE DfM
Fuzzy Synthetic C1>C2|1.303|C2>Cl1| 0.685| C3>C1| 0.611 [|C4>C1|0.685/C5>C1| 0.611
Extent Values C1>C3|1.382/C2>C3| 1.094 | C3>C2| 0.908 |C4>C2/1.000,C5>C2| 0.908
2/3,1,3/2) | (2/3,1,3/2) 0.131 0.231{0.397 C1>C411.303/C2>C4| 1.000 | C3>C4| 0.908 |C4>C3|1.094 C5>C3| 1.000
(2/3,1,3/2) (2/3,1,3/2) 0.107 10.192(0.348 C1>C5]1.382|C2>C5| 1.094 | C3>C5| 1.000 [C4>C5[1.094{C5>C4| 0.908
ETS [(2/5.1/2.213)] (2/3.1,3/2) [(2/5,1/2,2/3)] ETS [ 0.091 [0.154[0.265
LW | (2/3,1,32) | (2/3,1,3/2) | (1,11 LW | 0.117 |0.192]0.323 The results for the Sub-DfR under design for reliability
SF | (2/3,1,3/2) | (2/3,1,3/2) ﬁ SE_ | 0.141 10.23110.373|  (DfR) can be expressed by using R-SC1 thru R-SC5 (R-SC1
TotalB slum of fuzzylrz’gM Total | 0.556 |1.000]1.705 being Easy to Transfer and R-SC5 being Strong Frame), and
B2 26.000 the results can be viewed in Table XI.
TABLE XI: DEGREE OF POSSIBILITY FOR THE SUB-DFR (RELIABILITY)
R-SC1 R-SC2 R-SC3 R-SC4 R-SC5
R-SC1>R-SC2|1.153 | R-SC2>R-SC1{0.849 | R-SC3>R-SC1/0.635| R-SC4>R-SC1|0.833 | R-SC5>R-SC1|1.000
R-SC1>R-SC3|1.336 | R-SC2>R-SC3|1.176 | R-SC3>R-SC2|0.804| R-SC4>R-SC2{1.000 | R-SC5>R-SC2[1.169
R-SCI>R-SC4{1.159 | R-SC2>R-SC4|1.000 | R-SC3>R-SC4/0.794| R-SC4>R-SC3|1.199| R-SC5>R-SC3|1.376
R-SC1>R-SC5/|1.000 | R-SC2>R-SC5|1.000 | R-SC3>R-SC5|0.617| R-SC4>R-SC5|0.826 | R-SC5>R-SC4|1.177

The results for the design for safety sub-criteria under
safety criteria can be expressed by using S-SC1 thru S-SC5
(S-SC1 being stability), and the results can be viewed in
Table XII.

The results for the OSub-DfC under design for
manufacturing cost can be expressed by using C-SC1 thru
C-SC5 (C-SC1 being cost of material), and the results can be
viewed in Table XIII.

The results for the sub-criteria under maintenance criteria
can be expressed by using M-SC1 thru M-SC5 (M-SC1 easy
to repair), and the results can be viewed in Table XIV.
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TABLE XII: DEGREE OF POSSIBILITY FOR THE SUB-DFX SAFETY
S-SC1 S-SC2

S-SC1>S-SC2 1 S-SC2>S-SC1 1

TABLE XIII: DEGREE OF POSSIBILITY FOR THE SUB-DFC
C-SC1 C-SC2
C-SCI1>C-SC2 1 C-SC2>C-SCl1 1

TABLE XIV: DEGREE OF POSSIBILITY FOR THE SUB-DFM
M-SC1 M-SC2
M-SCI>M-SC2 1 M-SC2>M-SCl 1
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Next step is calculating the weight vector (W”) by using
Equation (7).The calculations for the weight vector for the
criteria are shown below:

d’(C1)=V (C1>=C2,C3,C4,C5)=min (1,1,1,1)=1

d’(C2)=V(C2=C1, C3, 4, C5) =min(0.685,1,1,1) = 0.685

d’(C3) V (C3 = C1, C2, C4, C5) min
(0.611,0.908,0.908,1) = 0.611

d’(C4) = V(C4>Cl1, C2, C3, C5) = min(0.685,1,1,1) = 0.685

d’(C5)=V (C5>Cl, C2,C3, C4) =min (0.611, 0.908,1,
0.908) =0.611

Therefore, W’ = (1, 0.685, 0.611, 0.685, 0.611)

The calculations for the weight vector (W’) for the
Sub-DfXs pertaining to DfR are shown below:

d’(R-SC 1)= M(R-SC 1 = R-SC 2, R-SC 3, R-SC 4, R-SC
S)=min (1,1,1,1)=1

d’(R-SC 2)= M(R-SC 2 > R-SC 1, R-SC 3, R-SC 4, R-SC
5)=min (0.849,1,1,1)= 0.849

d’(R-SC 3)= M(R-SC 3 > R-SC 1, R-SC 2, R-SC 4, R-SC
5)=min (0.635,0.804,0.794,0.617) = 0.617

d’(R-SC 4)= V(R-SC 4 > R-SC 1, R-SC 2, R-SC 3, R-SC
5)=min (0.833,1,1,0.826)= 0.826

d’(R-SC 5)= V(R-SC 5 > R-SC 1, R-SC 2, R-SC 3, R-SC
4=min (1, 1,1, 1)=1

Therefore, W= (1, 0.849, 0.617, 0.826, 1)

The calculations for the weight vector (W’) for the
Sub-DfS pertaining to safety are shown below:

d’(S-SC 1)=M(S-SC1>8S-SC2,S-SC3,S-SC4,S-SC 5)=
min (1,1)=1

d’(S-SC 2)=1(S-SC2>8S-SC 1, S-SC3,S-SC4,S-SC 5)=
min (1,1)=1

Therefore, W’=(1, 1)

The calculations for the weight vector (W’) for the
Sub-DfC pertaining to cost are shown below:

d’(C-SC 1)= N(C-SC 1 = C-SC 2, C-SC 3, C-SC 4, C-SC
S5=min (1,1)=1

d’(C-SC 2)= (C-SC 2 > C-SC 1, C-SC 3, C-SC 4, C-SC
5)y=min (1,1)=1

Therefore, W> = (1, 1)

The calculations for the weight vector (W’) for the
Sub-DfM pertaining to maintenance are shown below:

d’(M-SC 1)= V(M-SC 1 > M-SC 2, M-SC 3, M-SC 4,
M-SC 5) =min (1,1)=1

d’(M-SC 2)= V(M-SC 2 > M-SC 1, M-SC 3, M-SC 4,
M-SC 5) =min (1,1)=1

Therefore, W* = (1, 1)

Now that the weights vectors have been obtain for both
DfX and Sub-DfX, they can be added accordingly (See Table
XV for results) as shown below:

C1 +R-SC1+ R-SC2+ R-SC3+ R-SC4+ R-SC5 =5.310

C2 +S-SC1+ S-SC2+ S-SC3+ S-SC4+ S-SCS5 =2.685

C3 +R-CCI+ R-CC2=2.611

C4=0.685

C5 +M-SC1+ M-SC2 =2.611

TABLE XV: WEIGHT VECTORS FOR DFX AND SUB-DFX

w d'(C1 & R-SC) 5.310
w d'(C2 & S-SC) 2.685
W d'(C3 & C-SC) 2611
w d' (C4 & E-SC) 0.685
w d' (C5 & M-SC) 2.611
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Via normalizing the weight vectors using equation (8), the
normalize weight vectors can be viewed in Table XVI.

TABLE XVI: NORMALIZED WEIGHT VECTORS

w d'(C1 & R-SC) 0.382
w d' (C2 & S-SC) 0.193
w d' (C3 & C-SC) 0.188
w d' (C4 & E-SC) 0.049
w d' (C5 & M-SC) 0.188

V. CONCLUSION

A structured conceptual design selection model based on
fuzzy analytic hierarchy process (FAHP) and fuzzy conflict
resolution technique to express the comparative judgments of
designers was developed. The model was applied to the
hospital bed designs with crisp and fuzzy information. FAHP
has determined that the best design concept is the design
which is tailored to reliability and safety. The importance of
reliability was weighted at 38.2%, followed by safety with
19.3%. Both AHP and Fuzzy AHP have determined that
these two features built in the conceptual design will
constitute a marketable and profitable product. There are a
number of reasons AHP and Fuzzy AHP producing similar
results. First, the consistency ratios were promising to begin
with. The paper emphasized the selection of reliability over
all other DfXs and was not as interested in much else. Based
on that selection, the judgments were accurate to begin with
therefore inconsistencies were not apparent. In the end, this
study proves that AHP and FAHP are good methods but
FAHP along with conflict resolution technique eliminates
inconsistencies due to personal feelings or judgments.
Applied in different case scenarios, where more than one
DfXs is emphasized, inconsistencies in pair-wise is
introduced and factored throughout the model. Without
applying FAHP, the overlooked inconsistencies can lead to
selecting the incorrect design and those results could
potentially mean failure to meet demands and could end in
loss of profit. Unless numerical values are present, or straight
forward DfXs is chosen, FAHP should be regarded as the
method of choice.
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