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Process of handling equipment selection is one of the most important and basic parts in the
project planning, particularly mining projects due to holding a high charge of the total project's
cost. Different criteria impact on the handling equipment selection, while these criteria often are
in conflicting with each other. Therefore, the process of handling equipment selection is a
complex and multi criteria decision making problem. There are a variety of methods for selecting
the most appropriate equipment among a set of alternatives. Likewise, according to the
sophisticated structure of the problem, imprecise data, less of information, and inherent
uncertainty, the usage of the fuzzy sets can be useful. In this study a new integrated model based
on fuzzy analytic hierarchy process (FAHP) and fuzzy technique for order preference by
similarity to ideal solution (FTOPSIS) is proposed, which uses group decision making to reduce
individual errors. In order to calculate the weights of the evaluation criteria, FAHP is utilized in
the process of handling equipment selection, and then these weights are inserted to the FTOPSIS
computations to select the most appropriate handling system among a pool of alternatives. The
results of this study demonstrate the potential application and effectiveness of the proposed
model, which can be applied to different types of sophisticated problems in real problems.

© 2012 Growing Science Ltd. All rights reserved

1. Introduction

Equipment selection plays a key role in mining design due to the fact that an inappropriate selection
can negatively affect the overall cost and continuity of a mine. Loading and handling equipment are
among the most crucial operation impacting production in surface and underground mines and have a
substantial share of a total mine costs (Sayadi et al., 2012). Material handling can account for 30-75%
of the total cost, and efficient material handling can be primarily responsible for reducing the operating
cost by 15-30% (Sule, 1994; Kulak, 2005). Many tangible and intangible parameters influence the
problem of the handling equipment selection; so that, these factors are often in conflicting with each
other. Therefore, this problem is a multi-criteria decision making (MCDM) problem. Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS) (Hwang & Yoon, 1981) is one of the most
widely used in the MCDM issues. This method takes into consider the ideal and the anti-ideal solutions
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simultaneously. This technique has some unique advantages, including logical and simple computations
as well as results are obtained in shorter time than other methods such as AHP (analytical hierarchy
process) and ANP (analytic network process) (Fouladgar et al., 2011; Lashgari et al., 2011).

However, TOPSIS is often criticized for its inability to handle vague and uncertain problems (Yu et al.,
2011); so that, without considering the inherent uncertainty and/or imprecision of the elements could
result in unreliable and unrealistic assessment. On the other hand, fuzzy logic is capable to handle the
existing uncertainty. This technique uses linguistic variable instead of traditional quantitative
expression, which is a very helpful concept for dealing with situations which are too complex or not
well-defined enough (Zadeh, 1965). According to Fouladgar et al. (2011), fuzzy TOPSIS (FTOPSIS)
has different advantages, including logical concepts, simple and fast computations, and tolerating the
uncertainty. This technique has been applied in different aspects of engineering and management
problems, including business competition (Sun & Lin, 2009; Torlak et al., 2011), strategic management
(Fouladgar et al., 2011), risk assessment (Lai & Chen, 2011; Fouladgar et al., 2012b), service quality
(Awasthi et al., 2011), supply chain management (Liao & Kao, 2011; Zouggari & Benyoucef, 2012),
equipment selection (Lashgari et al., 2011; Yazdani-Chamzini & Yakhchali, 2012), energy planning
(Moradi et al., 2011; Kaya & Kahraman, 2011), and performance evaluation (Yu & Hu, 2010; Bao et
al., 2012). On the other hand, AHP (analytical hierarchy process) is the most popular technique in
MCDM problems. This technique applies pair-wise comparison for calculating the weights of elements
under consideration. AHP is strongly connected to human judgment and pairwise comparisons in AHP
may cause evaluator’s assessment bias which makes the comparison judgment matrix inconsistent
(Aydogan, 2011). Therefore, fuzzy analytical hierarchy process (FAHP) is developed to solve the bias
problem in AHP.

In this paper, an integrated approach based on FAHP and FTOPSIS is developed to solve MCDM
problems in which the weights of evaluation criteria and the performance ratings of alternatives are
calculated based on linguistics terms under group decision making. The importance weights of criteria
are calculated by FAHP. Then, by applying the criteria weights obtained in the first step, FTOPSIS
technique is employed to evaluate the handling equipment. Briefly, the relative weights of the
evaluation criteria calculated by FAHP are entered into the FTOPSIS computations for selecting the
best alternative. The remainder of this paper is organized as follows. Fuzzy set theory is presented in
the next section. In section 3, FAHP method is summarized. Section 4 illustrates FTOPSIS method and
explains the basic descriptions on the steps of the method. The proposed model is discussed in section
5. A case study is explained in section 6 to illustrate the potential application of the proposed method.
A sensitivity analysis is conducted in section 7. In the last section, conclusions are discussed.

2. Fuzzy set theory

Uncertainty is a major part of decision making problems in real world that is resulted from two areas
(Fouladgar et al., 2011): (1) uncertainty in subjective judgments (2) uncertainty due to lack of data or
incomplete information. The first is due to experts may not be 100% sure when making subjective
judgments and the later is caused by sometimes information of some attributes may not be fully
available or even not available at all. Modeling the uncertainty is very valuable so that it causes to
reduce complexity and increases credibility of the resulting model. Fuzzy theory, introduced by Zadeh
(1965), is a powerful tool to handle the existing uncertainty and the outputs be more precise, accurate,
and reliable (Fouladgar et al, 2012a). A fuzzy set is defined by a membership function, which
determines to each element a grade of membership within the closed interval 0 and 1. Membership of 0
means that the value does not belong to set A, membership of 1 means that the value belong to the set
under consideration, and membership anywhere between 0 and 1 determines the degree of membership

(Fouladgar et al., 2012b). A triangular fuzzy number (TFN) can be denoted as A=(l,m,u)and its
membership function g, (x) can be defined as follows:
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(x=D)/(m=1)  I<x<m, 1)
Uy(X)=q(x=u)/(Mm-u) m<x<uy,
0, otherwise

Where |, m, and u stand for the lower, middle, and upper value of the support of A, respectively, and
I<m<u.

Let A=(a,,a,,8,) and B=(b,,b,,b,) be two TFNs, the mathematical relations between A and B are

as follows:
—— a, a, a, (2)
A(+)B_(al’az'as)(+)(b1’b2’b ) (b_ b_ b, =)
A(+)B=(a,,8,,a,)(+)(b,,b,,b,)=(a, +b,,a, +D,,a, +D,) 3)
A(-)B=(a,,a,,8,)(-)(b,,b,.b,)=(a,-b;.a,-b,,a,-b,) (4)
A(x)B=(a,,a,,8,)(x)(b,,b,,b,)=(a,b,,a,b,,a,b,) (5)
1 1 1 6
Byi=t 2 )
a, a, &
The vertex method to calculate the distance between A, B is defined as follows:
(1)

d(A, é)z\/g[(aq—bw(az—b2)2+<a3—b3>2]

3. FAHP Methodology

Analytic Hierarchy Process (AHP) was first introduced by Satty (1980) that is a mathematical tool for
solving the MCDM problems. AHP is frequently used to solve the multiple criteria decision making
problems and has successfully been applied for many practical contexts (Ahari et al., 2011). AHP
decomposes a complex decision problem into several levels in a structure of hierarchy and then
calculates the weight of the factors with the pairwise comparison (Fouladgar et al., 2012c). For a matrix
of order n, ((n) x (n - 1)/2) comparisons are required. The fundamental scale used for this purpose is
based on Saaty 1-9 scale.

AHP method is combined with fuzzy methodology by different researchers to solve the problem of the
conventional AHP in handling uncertainty. Fuzzy sets can be used more appropriately in human’s
verbal and ambiguous descriptions and we should decide in real world by benefiting from fuzzy sets
(Parsaei et al., 2012). For achieving the aim, a scale of 1-9can be defined for TFNs instead of the scale
of 1-9 as presented in Table 1.

Table 1

Membership function of linguistic variable

Intensity of importance Fuzzy number Linguistic variable Membership function Reciprocal scale
9 9 Perfect (P) (8,9,10) (1/10,1/9,1/8)
8 8 Absolute (A) (7,8,9) (1/9,1/8,1/7)
7 7 Very good (VG) (6,7,8) (1/8,1/7,1/6)
6 6 Fairly good (FG) (5,6,7) (1/7,1/6,1/5)
5 5 Good (G) (4,5,6) (1/6,1/5,1/4)
4 4 Preferable (PR) (3,4,5) (1/5,1/4,1/3)
3 3 Not bad (N) (2,3,4) (1/4,1/3,1/2)
2 2 Weak advantage (W) 1,2,3) (1/3,1/2,1)

1 i Equal (E) (1,1,1) (1,1,1)
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The authors adopted Chang’s extent analysis method (Chang, 1996) because the steps of this approach
are relatively easier, less time taking and less computational expense than the other fuzzy AHP (Van
Laarhoven & Pedrycz, 1983; Buckley, 1985; Boender et al., 1989). The steps of Chang’s extent
analysis methods are as follows: Let X = {x1,X2, . . . ,Xn} be an object set, and U = {uy,Uy, . . . ,un} be a
goal set. According to the method of Chang’s extent analysis, each object is taken and extent analysis
for each goal, g;, is performed, respectively. Therefore, m extent analysis values for each object can be
obtained, with the following signs:

My, M&, MG i=12 .., n
Where all the M/, (j=1, 2, ..., m)are TFNs.

The steps of Chang’s extent analysis can be given as in the following:

Step 1- the value of fuzzy synthetic extent with respect to ith object is defined as:

m . n m . -1 (8)
S :ZMéi ® Zzngi

j=1 i=1 j=1
To obtain ZL ngi , perform the fuzzy addition operation of m extent analysis values for a particular

matrix such that

m m m m 9
ZMJF[ZH'Z%ZUJ ©

And to obtain[znlzLM;iJfl, perform the fuzzy addition operation of M) (j=1, 2, .., m)

values such that

n om ) n n n (10)
HATEIDIBILD Y
i=1 j=1 i=1 =l i=1

And then compute the inverse of the vector in Eq. (10) such that

o ——
N1 -1 PITED I BDIN
Step 2- The degree of possibility of M, =(l,,m,,u,) > M, =(I,,m,,u,) is defined as
V(M,>M,) =sup [min(ay (%), 42 (Y))] (12)
And can be equivalently expressed as follows:
(13)
1 ifm,>m
V(M,>M,)=hgt(M,M,) = g,,(d)=10, ifl, >u,
LU, ,  otherwise
(m, —u,)—(m —1)

Where d is the ordinate of highest intersection point D between y,,, and ,,, (see Fig. 1).
To compare M; and M, we need both the values of V(M, >M,) and V(M, > M,).

| M. M,
| : ;

‘ D

I my bodoum u,

Fig. 1. The intersection between M; and M, (Chang, 1996)

VM, M, }
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Step 3- The degree of possibility for a convex fuzzy number to be greater than k convex fuzzy numbers
M; (i=1, 2, ..., k) can be defined by
VIM=>M,M,, ...,M)=V[(M=>M,)and (M >M,) and ...and (M >M,)] (14)

=min V(M > M,), i=1,2, ..,k

Assume that

d'(A)=min V (S, >S,) (15)
Fork=1,2,...,n; k #i. Then the weight vector is given by

W'=(d'(A),d"(A),...d"(A)) (16)
Where A; (i=1, 2, ..., n) are n elements.

Step 4- Via normalization, the normalized weight vectors are

W =(d(A).d(A,),....d(A)) (17)

where W is a non-fuzzy number.

4. FTOPSIS technique

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) was developed by Hwang
and Yoon (1981). This technique is an appropriate tool for selecting one or more alternatives from a
pool of feasible alternatives with respect to the criteria under consideration. This method is based on
the concept that the chosen alternative should have the shortest Euclidean distance from the ideal
solution, and the farthest from the negative ideal solution. TOPSIS is combined with fuzzy, called
FTOPSIS, because fuzzy allows the decision-makers to handle the incomplete information, non-
obtainable information into decision model (Kulak et al., 2005). The FTOPSIS procedure can be
defined as follows:

Step 1. Determine the weighting of the evaluation criteria. This research employs FAHP to find the
relative weights of the criteria.

Step 2. Choose the linguistic rating for alternatives with respect to criteria. We deliberately select a 5-
point scale for defining the preference ratings of alternatives as given in Table 2 and Fig. 2.

Table 2
Linguistic terms for the preference rating of alternatives
Linguistic term  Very poor (VP) Poor (P) Fair (F) Good (G) Very good (VG)
Fuzzy number (0,1,3) (1,3,5) (3,5,7) (5,7,9) (7,9,10)
L VP P F G VG
=
<= 0.8~
£
E 0.6
k=
3 0.4
y
O
0.2F
0 | | | |
0 1 2 3 4 5 6 7 8 9 10

Fig. 2. Membership functions of linguistic values for preference rating
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Step 3. Construct the decision matrix, g, : i=1,2,...,m; j=1, 2,...,n; kis the number of decision

makers.
C, C, ... C,
[ ok ok ok ]
X X o X Ai (18)
ok Sk Sk
~ X X eee X
ok ok ok
_Xml Xm2 an_p»TI

Step 4. Calculate aggregate fuzzy ratings for the evaluation criteria and the possible alternatives.
The weights and ratings given by different decision makers under different terms, the results of group
decision making by using the arithmetic mean aggregation operator can integrate individual opinion.

C, G C
Xll )~(12 )~(1n

5_ )~(‘21 y(?z y(.Zn A2 (19)
Xml XmZ an ATI

W=[w, W, ..oy W]

Where X; is the aggregated fuzzy rating of alternative A; with respect to criterion C; evaluated by all
experts and w, represents the weight of the jth criterion.
)~(ij = ()~(ijl' )~(ij2 ' )~(ij3) (20)

. 1

- ok1 o ok o ok

Xijp = mm{xm}! Xijp = EZ Xijor Xijz = max{xijs}
k=1

Step 5. Construct the normalized fuzzy decision matrix. The normalized fuzzy decision matrix denoted
by R is shown as Eq. (21).

R-IF, (21)

I ]mxn

Step 6. Construct the weighted normalized fuzzy decision matrix. The weighted normalized value V is
calculated by Eq. (22).

11 12 in Wil Wob, - Wi, (22)
= Vor 22 an [ | Wil Woly oo Wil
le Vm 2 an Wl r-ml W2 r‘m 2 Wn r-mn

Step 7. ldentify positive ideal (A") and negative ideal (A") solutions. The fuzzy positive —ideal solution
and the fuzzy negative-ideal solution are shown in Egs. (23), (24).

A = (V0000 0) = {m_ax vl(i=12..., n)} (23)
A= (V505,05 .,07) = {m_in vl(i=12,... n)} (24)
According to the weighted normalized fuzzy-decision matrix, we know that the elements v, are
normalized positive TFN and their ranges is between zero and one. Thus, we can define the fuzzy
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positive-ideal solution and the negative-ideal as \7}‘ =w;®(l 1,1)and V; =(0, 0,0),
j=123 ..,n.

Step 8. Calculate separation measures. The distance of each alternative from A” and A™ can be currently
calculated using Eqgs. (25), (26).

L (25)
df => d(,7) ,i=12..,m
j=1

di_ :Zn:d(vu;vI) y | :1,2,...,m (26)
j=1

Step 9. Calculate the similarities to ideal solution. This step solves the similarities to an ideal solution
by Eq. (27).
d- (27)

Step 10. Rank each CC. of each alternative in descending order. The alternative with the top CC/
value will be selected as the first choice.

5. The proposed model
The proposed model contains of three following steps:

1. Identify and determine the effective criteria and construct the hierarchical structure of the problem

2. Calculate the criteria weights by FAHP based on pairwise comparison matrices.

3. Rank alternatives in descending order and select the most appropriate alternative using FTOPSIS.

In the first step, alternatives and criteria are determined and the structure of hierarchy is constructed. In
the second step, the relative weights of the criteria are evaluated by experts from mine design with high
degree of knowledge in the field based on two-by-two comparisons. In this step, pairwise comparison
matrixes are formed by decision makers based on the scale given in Table 1. The values obtained from
individual evaluations are converted into the aggregated pairwise comparison matrix to find a
consensus on weight of the evaluation criteria.

In the third step, alternatives are ranked in descending order using FTOPSIS method and the alternative
with the highest score is the best choice. Decision makers with the help of scale presented in Table 2
and Fig. 2, determine the rating of alternatives with respect to criterion under consideration, in the first
phase of this step. After constructing the individual decision making matrices, these matrices are
combined for obtaining the aggregated fuzzy ratings. Then, the computations of the FTOPSIS method
for evaluating the existing alternatives with respect to the evaluation criteria based on the aggregated
fuzzy ratings are implemented. In the last phase of this step, alternatives are prioritized according to the
CC; values in descending order and the alternative with the top score is selected as the optimal handling
equipment. Schematic diagram of the proposed model for handling equipment selection is shown in
Fig. 3.

6. An empirical application

The purpose of the empirical application is to illustrate the use of the proposed method. The Sangan
mine is one of the largest iron deposits of Iran which is situated 308 km southeast of Mashhad city in
the north-east of the country (Fig. 4). This mine is designed to have an initial annual production of 3.4
Mt iron ore concentrate (Monjezi et al., 2011).
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Fig. 3. Schematic diagram of the proposed model

The deposit of this mine comprises of a magnetite skarn and it is known as iron-oxide-type deposit. The
case is implemented by using a step-by-step procedure as follows:

Step 1. Identify and determine the effective criteria

In the first step, the evaluation criteria in the decision making process should be determined. The
evaluation criteria are identified from literature review and a lot of face-to-face interviews. After
preliminary screening, the final list comprises of fifteen criteria to evaluate three alternatives belt
conveyor system (Al), truck (A2), and truck-in-pit crusher-belt conveyor system (A3). These fifteen
criteria are grouped into three main criteria, including Economic parameters (C1), Operating parameters
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(C2), and Technical parameters (C3). The first group contains of two sub-criteria Capital cost (C11) and
Operation cost (C12). The second group comprises of seven sub-criteria Volume of resource (C21), Material
size (C22), Ground condition (C23), Distance (C24), Weather condition (C25), Environment (C26), and Risk
(C27). The last group includes six sub-criteria Reliability (C31), Efficiency (C32), Availability (C33),

Safety (C34), Flexibility (C35), and Useful life (C36).

Out of fifteen criteria, three ones (i.e. C11, C12, and C27) are the cost category criteria (the lower, the
better). The remaining criteria (i.e. C21, C22, C23, C24, C25, C26, C31, C32, C33, C34, C35, and

C36) are the benefit type criteria (the higher, the better).

N N
w&E ’R/)/\ N%E
174
?\ \\ = e — AL e e
“\_“'- 1\‘-—-5(? AJHCTIATHT ;
5 — sl Mashhad S2akb:
angan Iron e. ine Sabzevar £ysnabu
Khaf . T ,rll‘ li—u—.l'n
tesk or at-e=keydaniye
Bardeskan Pt
il AbadRashikhat N2Ybad
\\/ Gonabad Khaf
s
0 1530 60 90 120 0 50 f00 200 300 200
O e e Kilometers [ Kilomgters
- —= B — - ¢
ARMENH  7ERBAIIAN
TURKEY TURKMENISTAN
CASPIAN SEA ’

LrBle stan

Semnan

AFGHANISTAN

Kerman

Fars
1shehr
A ol
A égﬂ? \ (m;;:;_ Sigtan-and- Baluchestan
= bk PAKISTAN
w% ¢ %O = J-"
s ] 5 A Uy,
0 125 250 500 750 000

- . ] Kilometers

Fig. 4. Geography of Sangan iron mine (Naghizadeh et al., 2011)
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The structure of the decision hierarchy consists of four levels (see Fig. 5): the main objective of the
problem is situated at the highest level, while in the second level, the criteria are presented, and in the
third level, the sub-criteria are listed; the last level belongs to the alternatives.

[Handling equipment selection]

v
¢ - ! ) ! .
Economic parameters Operating condition Technical parameters
(EP) (0OC) (TP)

&

Y - N
Capital cost ] 4[ Volume of resource ] Reliability

Operation cost ] Material size | Efficiency

(. J

—[ Ground condition ) Availability ]7
4[ Distance ) Safety ]7

—[ Weather condition

Flexibility

oA ] e [ A

Fig. 5. Decision hierarchy

Step 2. Calculate the criteria weights by FAHP

After constructing the decision hierarchy, the FAHP method is applied for evaluating the relative
importance of the evaluation criteria based on pairwise comparisons. For achieving the aim, ten
decision makers construct individual pairwise comparison matrix based on the scale given in Table 1.
For example, when comparing the Capital cost and operation cost, the responses of ten experts are (W)*,
E, (W), W, (W), E, W, E, E, and W, respectively.

The responses collected from ten questionnaires filled by the evaluators are converted into an
aggregated pairwise comparison matrix by Eqg. (28):
W; :(Wijllvvijzlvvija) (28)

]

~ . ~ Kk ~
Wi, = mln{Wijl}’ Wi, =

x|~

k

~k o~ ~k
zwijZ » Wijs = maX{Wij3}
k=1

! Triangular fuzzy reciprocal scale
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Where W, is the aggregated fuzzy weight of the ith criterion in comparison with the jth criterion
evaluated by all decision makers. The results of the aggregated fuzzy weights are presented in Table 3.

Table 3
Aggregated fuzzy weights

C1l C2 C3
C1 1.00 1.00 1 0.33 1.21 3 1 2.23 4
C2 0.33 0.83 3 1.00 1.00 1 1 2.12 3
C3 0.25 0.45 1 0.33 0.47 1 1 1.00 1

Table 3 Continued

Cl1 C12
Cl1 1.00 1.00 1 0.25 0.85 3
C12 0.33 1.18 4 1.00 1.00 1

Table 3 Continued
C21 C22 C23 C24 C25 C26 C27

C211 1 1 1 3.08 51 223 4033 098 3 2417 71 3.24 6.0 1 212 4
C220.2 032 1 1 1.00 1025 063 1014 032 1 1186 4033 1.21 3.0 0.25 052 1
C230.25 045 1 1 159 41 100 102 057 1 1321 51 1.78 40 0.33 1.34 3
C240.33 102 3 1 313 71 1.75 51 100 1 2467 72 412 7.0 1 231 5
C250.14 0.24 05 025 054 102 031 1014 021 05 1100 102 052 1.0 0.17 0.27 1
C260.17 031 1 033 0.83 3025 056 1014 024 05 1192 51 1.00 1.0 0.2 0.46 1
C27025 047 1 1 192 4033 075 302 043 1 1370 61 217 50 1 1.00 1
Table 3 Continued
C31 C32 C33 C34 C35 C36

C3l1 1.00 1 033 1.09 3 1 245 4033 098 3 3487 82 312 5
C320.33 092 3 1 1.00 1 1 227 5033 112 4 2412 61 221 4
C33025 041 1 0.2 044 1 1 1.00 1 0.2 057 1 1242 4033 107 3
C34 033 102 3 0.25 0.89 3 1 1.75 51 1.00 1 2397 62 336 5
C350.13 021 033 017 024 05 025 041 1017 025 05 1100 1017 039 1
C36 0.2 032 050 025 045 1 033 093 30.2 030 05 1256 61 1 1

In this paper, Chang’s FAHP methodology is used for calculating the elements of the synthetic pairwise
comparison matrix in order to obtain the relative importance of the criteria. Therefore, from Table 3,
synthesis values respect to main goal are calculated as follows:

Scy =(0.056,0.097,0.16) ® (2.33,4.44,8.0) = (0.13,0.43,1.28)
Sc, =(0.056,0.097,0.16) ® (2.33,3.95,7.0) = (0.13,0.38,1.12)

Scs = (0.056,0.097,0.16) ® (1.58,1.92,3.0) = (0.09,0.19,0.48)

Scqy =(0.111,0.248,0.387) ® (1.25,1.85, 4.0) = (0.14,0.46,1.55)

Scyp =(0.111,0.248,0.387) ® (1.33,2.18,5.0) = (2.12,2.73,3.63)
Sco1 = (0.007,0.014,0.03) ® (7.33,16.82,30.0) = (0.054, 0.242,0.893)
Scgp = (0.007,0.014,0.03) ® (3.18,5.86,12.0) = (0.023,0.084,0.357)
Scg3 = (0.007,0.014,0.03) ® (4.48,9.94,19.0) = (0.035,0.143, 0.565)
Scq4 = (0.007,0.014,0.03) ® (8.33,18.0,35.0) = (0.062,0.259,1.042)
Scg5 = (0.007,0.014,0.03) ® (2.1,3.09,6.0) = (0.016,0.045,0.179)
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Scz6 = (0.007,0.014,0.03) ® (3.09,5.32,12.5) = (0.023,0.077,0.372)
Sc,7 =(0.007,0.014,0.03) ® (4.78,10.45, 21.0) = (0.035,0.15,0.625)
Scap = (0.01,0.02,0.036) ® (7.67,13.51, 24.0) = (0.08,0.26,0.86)
Scap = (0.01,0.02,0.036) ® (5.67,11.64, 23.0) = (0.06,0.23,0.83)
Scas = (0.01,0.02,0.036) ® (2.98,5.91,11.0) = (0.03,0.12,0.4)

Scas = (0.01,0.02,0.036) ® (6.58,12.0,23.0) = (0.07,0.23,0.83)
Scas = (0.01,0.02,0.036) ® (1.88, 2.5, 4.33) = (0.02,0.05, 0.16)

Scas = (0.01,0.02,0.036) ® (2.98,5.57,12.0) = (0.03,0.11,0.43)

Then the V values calculated using these vectors are presented in Table 4.

Table 4
V values result

Sc1 Sca Sc3 Sc11 Sc1o
V(Sc1 =) 1 1 V(Sci1 =) 0.95
V(Scy2-+) 0.95 1 V(Scip2-) 1
V(Sc3=-) 0.59 0.64
Table 4 Continued

Scat Sc22 Sc23 Sco4 Scos Sca6 Sca7

V(Sco1 =) 1 1 0.98 1 1 1
V (Scop =-+9) 0.66 0.85 0.63 1 1 0.83
V (Scog =) 0.84 1 0.81 1 1 0.99
V(Scog2-+) 1 1 1 1 1 1
V (Scos=-7) 1 0.8 0.59 0.35 0.83 0.57
V (Scog =) 0.66 0.98 0.84 0.63 1 0.82
V(Sco72>-+7) 0.86 1 1 0.84 1 1
Table 4 Continued

Sca1 Scaz Scas Scaa Scas Sc3s
V(Scz1 =) 1 1 1 1 1
V(Sczp =) 0.95 1 0.99 1 1
V(Scaz =) 0.68 0.75 0.73 1 1
V(Scaa =) 0.96 1 1 1 1
V(Scas =) 1 0.35 0.65 0.32 0.68
V(Scae =) 0.69 0.76 0.98 0.74 1

Then priority weights of criteria are calculated through Eq. (15):
d'(C1) =min(,1) =1

d’(C2) =min(0.95,1) =0.95

d’'(C3) =min(0.59,0.64) = 0.59

d'(C11)=0.95



A. Yazdani Chamzini and S. Haji Yakhchali / International Journal of Industrial Engineering Computations 3 (2012)

d'(C12) =1

d’(C21) = min(L,1,0.98,1,1,1) = 0.98

d’(C22) = min(0.66,0.85,0.63,1,1,0.83) = 0.63
d'(C23) = min(0.84,1,0.81,1,1,0.99) = 0.81
d'(C24) =min(1L,111,11) =1

d’(C25) = min(1,0.8,0.59,0.35,0.83,0.57) = 0.35
d’(C26) = min(0.66,0.98,0.84,0.63,1,0.82) = 0.63
d’(C27) = min(0.86,1,1,0.84,1,1) = 0.84

d'(C31) =min(L,1,1,1,1) =1

d'(C32) = min(0.95,1,0.99,1,1) = 0.95

d’(C33) = min(0.68,0.75,0.73,1,1) = 0.68
d’(C34) = min(0.96,1,1,1,1) = 0.96

d’(C35) = min(1,0.35,0.65,0.32,0.68) = 0.32
d'(C36) = min(0.69,0.76,0.98,0.74,1) = 0.69
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Local weights of sub-criteria form W'=(0.95,1,0.98,0.63,0.81,1,0.35,0.63,0.84,1,0.95,0.68,0.96,0.32,0.69)
vector. After multiplying the local weights of sub-criteria by the local weights of main-criteria and the
normalization of these values, priority weights respect to main objective are resulted as (0.196, 0.207,
0.069, 0.044, 0.057, 0.07, 0.025, 0.044, 0.059, 0.049, 0.047, 0.034, 0.047, 0.016, 0.034). Mentioned
priority weights have shown for each criterion in Table 5. The FAHP analysis of the criteria is

summarized in Fig. 6.

Table 5
Priority weights for each criterion

Main and sub-criteria  Local weights  Global weights ~ Main and sub-criteria  Local weights

Global weights

Economic parameters 0.403 - Environment 0.120 0.044
Capital cost 0.486 0.196 Risk 0.160 0.059
Operation cost 0.514 0.207 Technical parameters 0.228 -

Operating parameters 0.369 - Reliability 0.217 0.049
Volume of resource 0.187 0.069 Efficiency 0.207 0.047
Material size 0.120 0.044 Availability 0.148 0.034
Ground condition 0.155 0.057 Safety 0.209 0.047
Distance 0.191 0.070 Flexibility 0.070 0.016
Weather condition 0.067 0.025 Useful life 0.151 0.034
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Fig. 6. Ranking of criteria

Step 3. Select the most appropriate handling equipment using FTOPSIS

In this step, alternatives with respect to criteria were evaluated by ten decision makers. These decision
makers expressed the level of performance for each alternative whit respect to criteria in linguistic
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variables according to the linguistic scales and corresponding numbers given in Table 2 and Fig. 2. The
individual fuzzy decision matrix is formed by decision maker team. For example, the responses of one
of the experts for preference ratings of the alternatives are listed in Table 6.

Table 6
A sample of filled questionnaire

Al A2 A3 Al A2 A3
c11 G P VG c27 VG P G
C12 P F VP C31 F G G
c21 VG G VG C32 G F VG
c22 VP VG G C33 G VG P
c23 VP G G C34 G F F
C24 G G VG C35 VP VG F
C25 VP G P C36 VG F G
C26 G F G

Then, the aggregated fuzzy performance ratings of handling equipment with respect to each criterion
are calculated via Eq. (20) as presented in Table 7.

Table 7
Aggregated fuzzy performance ratings

Al A2 A3
C11 3 6.37 9 1 317 7 5 7.65 10
C12 1 321 7 1 3.87 7 1 3.09 7
C21 5 7.43 10 3 6.53 9 5 7.23 10
C22 0 207 5 5 7.76 10 3 642 9
Cc23 0 212 5 3 6.59 9 3 6.89 10
C24 3 6.24 9 3 6.74 10 5 7.32 10
C25 0 1.87 5 3 6.34 9 0 317 7
C26 3 654 9 1 4.46 9 3 6.32 9
c27 5 7.87 10 1 312 7 3 69 10
C3l 1 431 7 3 643 9 3 6.57 9
C32 3 645 9 1 457 7 5 712 10
C33 3 6.92 10 5 7.56 10 1 324 7
C34 1 6.21 9 1 423 7 1 436 7
C35 0 312 7 5 721 10 1 4067 9
C36 5 7.56 10 3 517 7 3 6.78 10

According to the FTOPSIS computations, the aggregated fuzzy decision matrix needs to be normalized
by using Egs. (29) and (30):

X; —min{x; | (29)
Iy = J 2 The larger the better type
[max{xij}—mln{xij}]
min {x; } - x, (30)
r. = i The smaller the better type

" [max{xij}_min{xij”

Then, the weighted fuzzy decision matrix for the alternatives is calculated by multiplying the weights
of criteria, derived from FAHP, with the normalized fuzzy decision matrix obtained in previous phase
as presented in Table 8.
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Table 8
Weighted fuzzy decision matrix
Al A2 A3

Cl1 0.022 0.079 0.152 0.065 0.149 0.196 0.000 0.051 0.109
C12 0.000 0.131 0.207 0.000 0.108 0.207 0.000 0.135 0.207
c21 0.020 0.044 0.069 0.000 0.035 0.059 0.020 0.042 0.069
C22 0.000 0.009 0.022 0.022 0.034 0.044 0.013 0.028 0.040
C23 0.000 0.012 0.029 0.017 0.038 0.051 0.017 0.039 0.057
C24 0.000 0.033 0.060 0.000 0.038 0.070 0.020 0.043 0.070
C25 0.000 0.005 0.014 0.008 0.017 0.025 0.000 0.009 0.019
C26 0.011 0.031 0.044 0.000 0.019 0.044 0.011 0.029 0.044
Cc27 0.000 0.014 0.033 0.020 0.045 0.059 0.000 0.020 0.046
C31 0.000 0.020 0.037 0.012 0.034 0.049 0.012 0.034 0.049
C32 0.010 0.028 0.042 0.000 0.019 0.031 0.021 0.032 0.047
C33 0.007 0.022 0.034 0.015 0.025 0.034 0.000 0.008 0.022
C34 0.000 0.031 0.047 0.000 0.019 0.036 0.000 0.020 0.036
C35 0.000 0.005 0.011 0.008 0.011 0.016 0.002 0.007 0.014
C36 0.010 0.022 0.034 0.000 0.011 0.020 0.000 0.019 0.034

Then, the fuzzy positive ideal solution (FPIS, A*) and the fuzzy negative ideal solutions (FNIS, A-) can
be defined as v/ =w,; ®(1,1,1) and v, =(0,0,0). The distance of each risk from A and A with respect to

each criterion are calculated with the help of Egs. (23) and (24). By applying Eq. (27), the closeness
\coefficient is calculated as listed in Table 6.

In the last phase of this step, the feasible alternatives are ranked in descending order as presented in
Table 9. According to CC; values, the final ranking of the alternatives in descending order are A2, A3,
and Al. The proposed model shows that Truck (A2) is the best handling equipment with CC value of
0.556. Final rankings of the handling equipment based on CC; values are depicted in Fig. 7.

Table 9
FTOPSIS results
d;’ d; CC, Rank
Al 0.615 0.564 0.478 3
A2 0.529 0.661 0.556 1
A3 0.588 0.592 0.502 2
IJ,-IZ‘U. ll-HU D,-l.l'Sl.l {},-HI»:} ll,ﬁi.;l; 0.5:‘:0 U,S-IIJ (P,Slt:-i.l

Fig. 7. Final ranking of alternatives
7. Sensitivity analysis
Sensitivity analysis is a powerful tool for evaluating the proposed model in order to calculate the

stability of the results by changing the priorities of the evaluation criteria and reflect the strength of the
constructed model. In this paper, the priorities for evaluation criteria are changed one at a time to
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perform sensitivity analysis, and the changes range is presented in Table 10. Fig. 8 depicts the
sensitivity analysis graph when the priorities of the criteria are changed.

It can be shown from Table 10 and Fig. 8 that out of 30 experiments, alternative A2 has the highest
score in thirty seven experiments. In two experiments 18 and 26, A3 is the winner and in the remaining
one experiment (30), Al is the winner. Therefore, it can be resulted that the decision making process is
rarely sensitive to the criteria weight with alternative A2 emerging as the winner (90% votes).

Table 10
Changing the criteria weights for sensitivity analysis
No.  Weights of criteria Ranking No. Weights of criteria Ranking
1 Wesnem = 3%Woizio A2> A3> Al 16 Wessnemy =10XWegy 0 A2> A3> Al
2 We ey = 3% We2010) A2> A3> Al 17 We oty = 10X Wepp i) A2> A3> Al
3 L A2> A3> Al 18 W 100wy = 10XWe 51010, A3> Al> A2
4 We ey = 3XWe 25010 A2> A3> Al 19 We po0em) = 10XWe 55010, A2> A3> Al
5 Wezsmeny = 3XWe 230 A2> A3> Al 20 Wezs(mey = 10X W50 A2> A3> Al
6 We 20w = 3%Wo 240010 A2> A3> Al 21 We a0nemy = L0XWe 54010 A2> A3> Al
7 Weas ey = 3XWe o501y A2> A3> Al 22 W25 ey = 10X W 5010 A2> A3> Al
8 Wezs ey = 3XWe 25010 A2> A3> Al 23 We s6nem) =10 XWe p6010) A2> A3> Al
9 Wers S5 e A2> A3> Al 24 W7o = 10XWe 37010, A2> A3> Al
10 Weayoay = 3*Weaion A2> A3> Al 25 Weainewy =10XWegy i) A2> A3> Al
11 Weamen = 3*Weason) A2> A3> Al 26 W zonewy =10XWez0i0) A3> A2> Al
120 Wesgen = 3*Wesso) A2> A3> Al 27 Wessnewy = 10X Wez010 A2> A3> Al
1 Wy =W A2> A3> Al 28 Wz i =W A2> A3> Al
14 Wegsgen = 3*Wesso A2> A3> Al 29 Weasneny = 10X W5 010y A2> A3> Al
15 Wesggemy = 3%Wesgiom A2> A3> Al 30 Weasioom =10%We g0y Al> A2> A3
30 ) o 2

15

26

21

—Al
— 77
A3

18 _ U

16

Fig. 8. Sensitivity analysis
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8. Conclusion

Equipment selection process is a technique for evaluating the feasible alternatives and selecting the best
alternative among a pool of alternatives with respect to criteria under consideration. Therefore, the
problem of equipment selection is a multi-criteria decision making (MCDM) issue, because it is
influenced by different criteria that are often in conflicting with each other. On the other hand, decision
makers are often faced with the uncertainty that plays a significant role in real world problems.
Therefore, the MCDM problems are integrated with fuzzy to handle the inherent uncertainty. Fuzzy
MCDM has demonstrated its capability and effectiveness in the solution of real world decision making
problems.

The main objective of this paper is to propose an integrated model based on FAHP and FTOPSIS under
group decision making for evaluating the different types of handling equipment with regard to tangible
and intangible criteria in order to select the best candidate among a set of alternatives. Firstly, FAHP is
utilized for calculating the relative importance of the evaluation criteria, then; FTOPSIS is applied for
ranking alternatives. The weights derived from FAHP are involved in the process of the handling
equipment selection by using them in the FTOPSIS computations. Finally, alternatives are ranked in
descending order and the alternative with the top score is selected as the first choice. The strength of
the proposed model is the ability to evaluate and rank alternatives under partial and/or even lack of
quantitative information. A real world case study is illustrated to demonstrate the potential application
of the proposed model.
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