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ABSTRACT

Intermodal transport enables energy, costs and time sav-
ings, improves the service quality and supports sustainable 
development. The basic element of the intermodal transport 
system is an intermodal terminal, whose efficiency largely 
depends on the subsystems’ technologies. Accordingly, the 
topic of this paper is the evaluation and the selection of the 
appropriate handling equipment within the intermodal ter-
minal. As the decision-making on the handling equipment 
is influenced by different economic, technical, technolog-
ical and other criteria, the appropriate multi-criteria deci-
sion-making (MCDM) methods have to be applied in order to 
solve the problem. In this paper, a novel hybrid model which 
combines the fuzzy step-wise weight assessment ratio anal-
ysis (FSWARA) and the fuzzy best-worst method (FBWM) 
is developed. The defined model is applied for solving the 
case study of selecting adequate handling equipment for the 
planned intermodal terminal in Belgrade. The reach stacker 
is selected as the most adequate handling equipment since 
it suits best the characteristics of the planned terminal in 
the given conditions and in relation to the defined criteria. 
Solving the case study demonstrated the justification for us-
ing the MCDM methods to solve these kinds of problems as 
well as the applicability of the proposed MCDM model.
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1. INTRODUCTION
Economic globalization and market liberalization 

have led to the separation of production and consump-
tion sites, which initiated the significant growth of the 
world trade and intercontinental goods flow. The oper-
ation of these flows requires the use of different trans-
port modes and generates the need to interconnect 

them. Moreover, the transport sector faces serious 
problems as it generates negative economic, social, 
environmental and other impacts, mainly as a result 
of the intense growth of the road freight transporta-
tion. As the traditional methods of the development 
and improvement of the individual transport modes 
are not able to tackle this problem [1], the solution 
might be the integration of different transport modes 
achieved through the intense development of the in-
termodal transportation, with the aim of shifting the 
freight flows from road to alternative transport modes 
[2]. Intermodal transport is defined as the movement 
of goods in a single loading unit or vehicle by succes-
sive modes of transport without handling of the goods 
themselves when changing modes [3]. The main ob-
jective is the application of various modes of transport 
in order to reduce total costs, improve the quality of 
services, save energy, costs and time, reduce the envi-
ronmental pollution, etc.

One of the major subsystems of the intermodal 
transport is the intermodal terminal (IT), representing 
the place of storage and transshipment of intermod-
al transport units (ITU) between different modes of 
transport [4]. The ITs can be of different types [5, 6, 
7], dimensions and layouts [8, 9], they can have dif-
ferent structures of functions and subsystems [10, 
11], different services [12], etc. Regardless of the dif-
ferences, the intermodal terminals represent very im-
portant nodes of the transport network which serve as 
a link between different modes of transport. Some of 
the most commonly solved problems related to the ITs 
are: IT location selection (e.g. [13, 14, 15]), IT capacity 
planning (e.g. [16]), identification and optimization of 
the IT components (e.g. [17]), exploring the possibility 
of using the ITs in the goods and transport flow opera-
tions in the urban areas [18], planning of the IT berths 
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For deciding on the most suitable HE in the giv-
en circumstances, it is necessary to consider a large 
number of technical, technological and economic 
criteria. Therefore, this is a complex multi-criteria de-
cision-making (MCDM) problem, and its solution re-
quires the use of appropriate methods. In this paper, 
a novel hybrid MCDM model which combines the fuzzy 
step-wise weight assessment ratio analysis (FSWARA) 
and the fuzzy best-worst method (FBWM) is developed 
for solving the defined problem. The FSWARA method 
is applied for obtaining the weights of the criteria for 
evaluating the potential HE, while the FBWM is used 
for evaluating the alternatives, i.e., the potential HE, 
and for the final ranking and selection of the most fa-
vorable one in relation to the considered criteria. The 
model is developed in the fuzzy environment since the 
fuzzy logic can effectively cope with the ambiguity of 
thinking and expressing the preferences by the deci-
sion makers (DMs). 

The step-wise weight assessment ratio analysis 
(SWARA) method was developed by Keršulienė et 
al. [34]. The method is used to determine the crite-
ria weights on the basis of criteria importance order 
(from the most important to the least important) de-
fined by a DM or a group of DMs. The DMs evaluate 
the criteria according to their knowledge, experience 
and available information. In recent years, the SWARA 
method alone, or in a combination with some other 
methods, has found application for problem solving in 
various areas: supplier selection [35], product design 
[36], prioritization of the sustainability indicators in 
energy systems [37], selection of machine tools [38], 
landslide risk assessment [39], etc. However, as Mar-
dani et al. [40] stated, this method is not used to the 
extent it was expected, therefore the popularization of 
the method and its application in the field of intermod-
al transport, in which it has not been used until now, 
is one of the contributions of this paper. The main ad-
vantages of the SWARA method compared to the other 
MCDM methods are that it is easy to use, the problem 
solving algorithm is not complicated and can be easily 
understood by the less experienced users, does not re-
quire a lot of time for implementation, can be applied 
equally well for group decision-making as well for deci-
sion-making by one DM, the required number of com-
parisons (evaluation) is not large (considerably smaller 
than, for example, in AHP or ANP methods), does not 
require a consistency check since it is ensured by ar-
ranging the criteria in a decreasing order, the method 
is very flexible and there is no need for a predefined 
scale for criteria comparison [40]. However, although 
the SWARA method is a good technique for evaluating 
problems and making decisions, DMs’ judgments on 
decision factors are often imprecise, vague and am-
biguous due to incomplete information or inability of 
their treatment in a decision environment. On the oth-
er hand, fuzzy set theory [41] can efficiently deal with 

schedule (e.g. [19]), evaluation of the logistics perfor-
mance for freight mode choice at an IT (e.g. [20]), mea-
suring the IT performance (e.g. [21]), modeling the ITs 
operations (e.g. [22, 23]), container storage problems 
(e.g. [24, 25]), transshipment optimization (e.g. [26]), 
spatial optimization of the IT subsystems, i.e., layout 
optimization (e.g. [27]), etc.

IT planning is a long-term process in which differ-
ent aspects have to be taken into account. Terminal 
planners need to make decisions on terminal capacity, 
terminal size, structure of the functions and subsys-
tems, layout, technologies, etc. Since one of the basic 
functions of the IT is the manipulation of the ITUs, an 
adequate decision on handling equipment (HE) largely 
determines the efficiency and performance of the ter-
minal [28]. The productivity of the IT depends on the 
efficient use of labor, land and capital [1], and the cap-
ital includes, among other things, appropriate handling 
equipment, which is therefore the subject of numerous 
studies. By reviewing the literature, the following prob-
lems associated with the HE in the IT are identified: 
deployment of the HE to tasks [28], allocation of the 
container to the HE [29], the HE performance analysis 
[30], etc. The selection of an adequate HE stands out 
as a special problem class. This is a complex problem 
and one of the main preconditions for the adequate re-
alization of handling operations and the efficient func-
tioning of the IT (e.g. [1, 10, 11, 22]). For the selection 
of the HE, Huang & Chu [31] modeled the cost func-
tion, Vis [32] developed a simulation model, Barysienė 
[1] used the COPRAS G method, Yang & Liang [33] 
used a fuzzy AHP method, etc. When selecting the HE, 
it must be taken into account that ITs develop by stag-
es and that each development stage is characterized 
by different conditions regarding the volumes of goods 
and transport flows, the number of users, the range of 
services, etc. The aim of this paper is the selection of 
the adequate handling equipment for the intermodal 
terminal taking into consideration the expected flow 
volumes, planned terminal development, potential 
modes of transport, available space, terminal process 
technologies, etc. This paper solves the case study of 
the selection of an appropriate handling equipment 
(HE) for the planned IT in Belgrade. Various types of 
HE may appear in the IT, but the most frequently used 
types of small capacity HE (e.g. [1, 10, 23, 30]) were 
selected for this case study, such as: front lift trac-
tor, side loader, reach stacker, self-loading trailer and 
straddle carrier, which, according to their characteris-
tics, best suit the requirements of the planned IT in 
Belgrade. These types of HE have a smaller capacity, 
they are cheaper, can be used both for the transship-
ment and for the internal horizontal transport and are 
especially suitable for use in the initial stages of the IT 
development.
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There are not many papers in the literature where 
MCDM methods are used for the HE selection, i.e., 
where the HE is selected in such a comprehensive 
manner that takes into account a large number of cri-
teria. There are also no papers in which the SWARA 
method is extended into the fuzzy environment, nor 
works in which the FBWM is combined with some oth-
er methods. Accordingly, the main contributions of this 
paper are the development of the new FSWARA meth-
od obtained by extending the conventional SWARA 
method into the fuzzy environment, development of 
the new hybrid MCDM model that combines FSWARA 
and FBWM, popularization of the application of the 
MCDM in the field of intermodal transportation and 
highlighting the importance of an adequate selection 
of the HE in the IT planning as well as the necessity of 
considering multiple criteria in this procedure.

The remainder of the paper is organized as follows. 
Section 2 provides the description of the proposed hy-
brid model for solving the defined problem, with the 
detailed application steps. The applicability of the 
model is demonstrated by solving the case study of 
the HE selection for the planned IT in Belgrade. The 
case study and the results of the model application 
are described in Section 3. Section 4 analyzes and 
discusses the results and the model applicability. The 
paper ends with the concluding remarks and future re-
search directions.

2. PROPOSED HYBRID MCDM MODEL
In this paper, the novel hybrid MCDM model, which 

combines the FSWARA and the FBWM, is proposed for 
solving the defined problem. The general concept of 
the proposed model is shown in Figure 1, and the de-
tailed description of the steps is given in the following.
Step 1: Define the problem structure, i.e., form a set 
of alternatives and a set of criteria for evaluating the 
alternatives.
Step 2: Define the fuzzy scale for evaluation of crite-
ria and alternatives by the decision makers. Linguistic 
terms and corresponding triangular fuzzy values are 
given in Table 1.

the vagueness in thinking and expressing preferences 
of the DMs. There are no papers in the literature where 
the SWARA method is extended into the fuzzy environ-
ment.

The best-worst method (BWM) was developed by 
Rezaei [42], and it is based on the fact that the DM 
determines the best (i.e., the most desirable, the most 
important) and the worst (i.e., the least desirable, the 
least important) criterion, after which the pair-wise 
comparisons of these criteria (the best and the worst) 
with all the other criteria is performed. In order to de-
termine the importance (weights, values) of the crite-
ria, it is necessary to formulate and solve the maximin 
problem. The same procedure can also be applied to 
determine the significance of the alternative, but for 
obtaining the final values in this case it is necessary to 
summarize the values of the alternatives in relation to 
each criterion used for the evaluation. In the past few 
years, the BWM, either independently or in the combi-
nation with some other methods, has found wide ap-
plication for problem solving in various areas: supply 
chain sustainability estimation [43, 44], supplier se-
lection [45, 46], evaluation of the quality of services in 
the airline industry [47], selection of sludge-removing 
technologies in sewage drains [48], airport evaluation 
[49], etc. The basic advantages of the BWM in relation 
to other methods based on the pair-wise comparisons 
of elements (criteria and alternatives), such as, for ex-
ample, AHP and ANP methods, arise from differences 
in comparing the pairs of elements. The greatest prob-
lem with the methods based on the pair-wise compar-
ison of the elements is the difficulty in achieving the 
consistency of comparison matrices in practice [50]. 
In comparison to other methods, the BWM requires a 
significantly smaller amount of data on the elements 
comparison, achieves a significantly higher degree of 
consistency, which results in more reliable results, 
minimizes “violation” (situations in which worse as-
sessed elements by the decision makers have a higher 
resulting value at the end), enables less total deviation 
(the measure of the Euclidian distance between the 
weights of the elements and the value of the compar-
ison of the corresponding pair of elements), minimiz-
es duplication because no secondary comparison is 
performed and has a higher degree of conformity with 
other MCDM methods (compliance of the obtained 
results with the results obtained using other MCDM 
methods) [42, 51]. The problem with the conventional 
BWM can also be the uncertainty of the DMs in de-
fining the preferences, which can be solved by intro-
ducing the fuzzy logic. The extension of the BWM into 
the fuzzy environment is performed by Mou et al. [52] 
and Guo & Zhao [51]. These were, until now, the only 
applications of the FBWM in the literature, which fur-
ther emphasizes the importance of this paper for the 
popularization and wider application of the FBWM for 
solving problems from different fields.

Table 1 – Linguistic terms and corresponding fuzzy values

Linguistic term Abbreviations Fuzzy scale
None N (1, 1, 2)
Very low VL (1, 2, 3)
Low L (2, 3, 4)
Fairly low FL (3, 4, 5)
Medium M (4, 5, 6)
Fairly high FH (5, 6, 7)
High H (6, 7, 8)
Very high VH (7, 8, 9)
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Step 3.5: Calculate the relative weights w ju in the fol-
lowing way:
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Step 4: Evaluate the alternatives by applying the 
FBWM. The application of the method includes several 
steps (4.1–4.3) explained below, in which the equa-
tions adapted from the paper [51] are used.
Step 4.1: By each criterion j, j=1,...,m, select the best 
and the worst alternative, iB and iW, i=1,...,n, respec-
tively. For each criterion j evaluate all other alterna-
tives in relation to the best and the worst alternative by 
applying the linguistic terms which can be converted 
into triangular fuzzy numbers by applying the relations 
given in Table 1. In this way, fuzzy vectors of “the best in 
relation to others”, ( , , , ),A a a aB B B Bn1 2 f= u u uM  and “others 
in relation to the worst”, ( , , , )A a a aW W W nW1 2 f= u u uM , are 
obtained. 

Step 3: Obtain the criteria weights by applying the 
FSWARA method. The steps of the method (3.1—3.5) 
are explained below, and the equations in these steps 
are obtained by expanding the conventional SWARA 
method [34] into the fuzzy environment by the authors 
of this paper. 
Step 3.1: Arrange the criteria in a decreasing order by 
the expected importance.
Step 3.2: Evaluate the relative importance of the crite-
rion j in relation to the criterion (j-1) starting from the 
second criterion. This relation is called the compara-
tive importance of the average value, and it is denoted 
as s ju , where s ju =(lj,mj,uj), j=1,…,m, is a triangular fuzzy 
number which corresponds to the linguistic terms giv-
en in Table 1. l, m and u denote a lower, middle and up-
per value of the triangular fuzzy number, respectively.
Step 3.3: Calculate the coefficient k ju  in the following 
way:
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Step 3.4: Calculate the preliminary weight values q ju in 
the following way:
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Figure 1 – Concept of the proposed hybrid MCDM model
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Step 4.3: Check the consistency of the comparisons. 
In order to control the results of the method, it is nec-
essary to calculate the consistency ratio (CR) by apply-
ing the equation:

CR CI
R *
p

=
` jL

 (8)

where R *
p` jL is the crisp value of the fuzzy value *

pL
obtained by applying Equation 5, and CI represents the 
consistency index which is obtained as the maximum 
value of the following quadratic equation:

( ) ( )CI u CI u u1 2 0BW BW BW
2 2+ + =- -  (9)

where uBW is the upper value of the fuzzy number  
aBWu =(lBW,mBW,uBW) which actually represents the 
maximum fuzzy value of the comparison of the best 
element with the other, i.e., all other elements with the 
worst:

,maxa a aBW
i

Bi iW=u u u" ,  (10)

The comparison is considered consistent if the CR 
value is close to 0 [42, 43, 44, 46, 51].
Step 5: Obtain the final ranking of the alternatives. 
First, it is necessary to obtain the weighted fuzzy val-
ues of the alternatives Q i

M  by applying the following 
equation:

, , ,Q i nw v 1i j i
j

m

1
$ 6 f= =

=
u uM /  (11)

Afterwards, it is necessary to obtain the defuzzified 
values ( )R Q i

M  by applying Equation 5 and arrange them 
in the decreasing order. In this way the final ranking of 
the alternatives is obtained.

3. CASE STUDY - SELECTION OF THE 
HANDLING EQUIPMENT
The ITs can be structured according to different 

criteria [54], but for the selection of the HE the most 
important differentiation is based on the size and the 
intensity of flows, and the connection of transport 
modes. The proposed model is used to select the most 
favorable HE at the planned road-rail IT in Belgrade, 
Batajnica. The IT belongs to a class of smaller road-
rail terminals with 1 or 2 transshipment tracks and the 
throughput of about 80,000 ITUs per year [55]. Larger 
and medium sized ITs (with 4 or more transshipment 
tracks) are, as a rule, equipped with gantry cranes for 
the transshipment of the ITUs and with the additional 
HE for the transport within the terminal. In smaller ITs, 
the application of gantry cranes is not justified, there-
fore HE which can be used for both transshipment and 
internal transport of units is being used. These pieces 
of HE are cheaper, simpler to use and can be easier 
and faster put into use in the initial stages of the IT 
development.

Step 4.2: By each criterion j (in relation to which the 
alternatives are compared) calculate the optimal fuzzy 
values of the alternatives ( , , , ) , , ,v v v j m1n j1 2 f 6 f=u u u  
in the following way:

,
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where, vBu =(lB
v,mB

v, uB
v) is the optimal fuzzy value of the 

best alternative, vWu =(lvW,mv
W, uv

W) is the optimal fuzzy 
value of the worst alternative, viu =(li

v,mi
v,ui

v) is the op-
timal fuzzy value of the alternative i, i=1,...,n, i≠iB,iW, 
aBiu =(lBi,mBi,uBi) is the fuzzy value which reflects the de-
gree of importance of the best alternative over the al-
ternative i, aiWu =" (liW,miW,uiW) is the fuzzy value which 
reflects the degree of importance of the alternative i 
over the worst alternative, ( )R viu is the defuzzified value 
of the fuzzy value viu obtained by applying the following 
equation (adapted from [53]):

R l m uv 6
4
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Equation 4 can be transformed into the following 
nonlinear optimization problem:
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where , , .l m up = p p p_ i  As ,l m u# #p pp  it can be as-
sumed that , , , ,k k k k l* * * * * #p = p^ hL  therefore problem 6 
can be transformed in the following way:
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By solving Equation 7, optimal fuzzy values of the 
alternatives ( , , , )v v vn1 2 fu u u are obtained, and this proce-
dure needs to be repeated for each criterion j.
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small capacity HEs and most closely correspond to the 
conditions defined by the planned IT in Belgrade. The 
front lift tractor (HE1) and side loader (HE2) are char-
acterized by a small turning radius and relatively large 
width of the working aisle. Their purchase price is low, 
and no special training or license is needed to operate 
them, but their automation ability is low. In addition, 
the side loader has lower productivity, load capacity 
and lifting height than the front lift tractor. The reach 
stacker (HE3) is characterized by a high lifting height 
with a relatively small turning radius. It easily fits with 
other technologies and has the ability to automate cer-
tain processes. On the other hand, its purchase price 
is slightly higher and it requires a shorter training and 
operating license. The self-loading trailer (HE4) is char-
acterized by a low purchase price, high speed of move-
ment and the ability to operate without special train-
ing and permits, but it has low productivity, low lifting 
height and a large turning radius. The straddle carrier 
(HE5) is quite expensive, not suitable for the transship-
ment from the railway, and requires training and spe-
cial operating license, but it has a high productivity, 
speed and load capacity, as well as the possibility of 
complete automation.

After defining the problem structure, i.e., the alter-
natives (types of HE), and the criteria for their evalua-
tion, it is necessary to obtain the criteria weights using 
the FSWARA method (Step 3). As described in Step 
3.1, first the criteria are arranged in a decreasing order 
of expected importance. Then, starting from the sec-
ond criterion, the relative importance of each criterion 
in relation to the next one in line is evaluated (Step 
3.2). Using Equation 1, the values k ju for each criteri-
on are obtained (Step 3.3), and then using Equation 2, 
the preliminary weight values q ju are calculated (Step 
3.4). The relative criteria weights w ju are obtained us-
ing Equation 3 (Step 3.5). Table 2 shows the order of 
the criteria by its relevance for the HE selection, the 
criteria evaluation by the DM, and the values ,k qj ju u and
w ju for each criterion. 

After obtaining the criteria weights, it is neces-
sary to rank the alternatives (Step 4). The best and 
the worst alternatives, iB and iW, for each criterion are 
defined and all other alternatives are evaluated in 
relation to them (Step 4.1) by the DM based on the 
research of the various HEs belonging to the defined 
types. Evaluation of the alternatives in relation to the  
iB and iW is shown in Table 3 on the example of eval-
uating alternatives in relation to the most important 
criterion C6 — purchase price. By solving the non-linear 
optimization problem (7) for the given values, the op-
timal fuzzy values of the alternatives viu with respect to 
criterion C6 (Step 4.2) are obtained and also shown in 
Table 3. For the performed evaluation, a consistency 
ratio is calculated using Equation 8 in order to deter-
mine the consistency of the evaluation by the decision 

Size of the terminal and intensity of flows is used 
as the global criteria based on which the potential 
types of smaller-capacity HE are defined, while the 
final HE selection is performed based on 15 criteria 
divided into 3 sets: technical, economic and techno-
logical. Among the technical criteria, the following are 
taken into account: productivity (C1), which refers to 
the possible number of the ITU manipulations in a giv-
en period of time; load capacity (C2) that includes the 
maximum permissible burden of the HE when manipu-
lating the ITU; speed (C3), implying the speed at which 
the HE can move unloaded or loaded by the ITU; load 
lifting height (C4), determining the maximum height to 
which the HE can handle the ITUs to transship, store or 
retrieve them; required manipulation area (C5), refer-
ring to the surface required for maneuvering the load-
ed or unloaded HE, the required aisle widths, as well 
as the necessity of their existence. Considering the 
economic criteria, the following are defined: purchase 
price (C6) that refers to the investment costs needed 
to purchase a particular HE; maintenance costs (C7) 
that include the regular maintenance, servicing, re-
pairs, etc., of the HE; lifetime (C8), which implies the 
expected period of use of the HE depending on the 
working conditions at the IT; operational costs (C9) that 
include the costs of the everyday activities of the HE 
and include the costs of energy, labor, work prepara-
tion, etc.; terminal design costs (C10) that relate to the 
costs required to equip and adapt the terminal and all 
of its subsystems to work with the selected HE; appli-
cability in the next stage of the terminal development 
(C11) which implies the possibility of applying the HE in 
conditions of increased flows volume and alignment 
with the work of other HE of greater capacity that 
might appear in the following stages of the IT devel-
opment. The group of technological criteria includes: 
integration with other technologies (C12) that refers 
to the degree of compliance of the HE characteristics 
with the technologies of other subsystems (e.g. stor-
age); need for planning/organization (C13) that relates 
to the degree of complexity of the handling operations 
and the need for planning and organizing operations 
before their realization; process automation possibility 
(C14) that refers to the possibility of applying modern 
technology solutions that enable the automatic reali-
zation of the processes and achieving a certain level of 
the HE autonomy; required training for operating (C15) 
examines whether the operation of the HE requires 
special permits and training, and if so, how long does 
this periods of licensing or training last.

Although another HE may also appear in the IT, 
such as: rubber-tired gantry crane, rail mounted gan-
try crane, bridge crane, etc., the following are evalu-
ated as the potential HE: front lift tractor (HE1), side 
loader (HE2), reach stacker (HE3), self-loading trailer 
(HE4) and straddle carrier (HE5). These types of HE are 
selected because they are the most commonly used 
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Table 2 – Results of the FSWARA method for obtaining criteria weights

s ju k ju q ju w ju

C6 / / (1.00,1.00,1.00) (1.00,1.00,1.00) (0.269,0.335,0.404)

C1 L (2,3,4) (1.33,1.50,1.67) (0.60,0.67,0.75) (0.161,0.224,0.303)

C11 L (2,3,4) (1.33,1.50,1.67) (0.36,0.44,0.56) (0.097,0.149,0.227)

C3 M (4,5,6) (1.67,1.83,2.00) (0.18,0.24,0.34) (0.048,0.081,0.136)

C4 N (1,1,2) (1.17,1.17,1.33) (0.14,0.21,0.29) (0.036,0.070,0.117)

C5 M (4,5,6) (1.67,1.83,2.00) (0.07,0.11,0.17) (0.018,0.038,0.070)

C7 VL (1,2,3) (1.17,1.33,1.50) (0.05,0.09,0.15) (0.012,0.029,0.060)

C14 N (1,1,2) (1.17,1.17,1.33) (0.03,0.07,0.13) (0.009,0.024,0.052)

C12 L (2,3,4) (1.33,1.50,1.67) (0.02,0.05,0.10) (0.005,0.016,0.039)

C9 FL (3,4,5) (1.50,1.67,1.83) (0.01,0.03,0.06) (0.003,0.010,0.026)

C2 N (1,1,2) (1.17,1.17,1.33) (0.01,0.02,0.05) (0.002,0.008,0.022)

C8 FL (3,4,5) (1.50,1.67,1.83) (0.00,0.01,0.04) (0.001,0.005,0.015)

C13 N (1,1,2) (1.17,1.17,1.33) (0.00,0.01,0.03) (0.001,0.004,0.013)

C10 VL (1,2,3) (1.17,1.33,1.50) (0.00,0.01,0.03) (0.001,0.003,0.011)

C15 N (1,1,2) (1.17,1.17,1.33) (0.00,0.01,0.02) (0.000,0.003,0.009)

Table 3 – Evaluation of the alternatives in relation to criterion C6 and alternatives’ values

A bM A bM viu

HE1 L (2,3,4) FL (3,4,5) (0.099,0.136,0.233)

HE2 IW / / FH (5,6,7) (0.270,0.295,0.313)

HE3 FL (3,4,5) L (2,3,4) (0.054,0.093,0.126)

HE4 VL (1,2,3) M (4,5,6) (0.146,0.179,0.205)

HE5 IB FH (5,6,7) / / (0.040,0.043,0.046)

Table 4 – Optimal fuzzy values of the alternatives

HE1 HE2 HE3 HE4 HE5

w ju viu

C1 (0,16;0,22;0,30) (0,12;0,19;0,20) (0,05;0,05;0,07) (0,12;0,19;0,20) (0,05;0,05;0,05) (0,23;0,28;0,30)

C2 (0,00;0,01;0,02) (0,12;0,12;0,33) (0,05;0,05;0,12) (0,12;0,12;0,14) (0,07;0,07;0,09) (0,35;0,35;0,42)

C3 (0,05;0,08;0,14) (0,07;0,11;0,14) (0,05;0,07;0,07) (0,07;0,11;0,14) (0,23;0,29;0,29) (0,11;0,18;0,20)

C4 (0,04;0,07;0,12) (0,06;0,12;0,15) (0,05;0,05;0,05) (0,32;0,37;0,37) (0,05;0,05;0,08) (0,12;0,17;0,19)

C5 (0,02;0,04;0,07) (0,06;0,08;0,12) (0,28;0,34;0,34) (0,05;0,06;0,06) (0,06;0,08;0,12) (0,14;0,20;0,22)

C6 (0,27;0,34;0,40) (0,10;0,14;0,23) (0,27;0,29;0,31) (0,05;0,09;0,13) (0,15;0,18;0,21) (0,04;0,04;0,05)

C7 (0,01;0,03;0,06) (0,06;0,10;0,12) (0,10;0,15;0,17) (0,05;0,06;0,06) (0,20;0,25;0,25) (0,16;0,21;0,22)

C8 (0,00;0,01;0,01) (0,11;0,16;0,24) (0,11;0,16;0,20) (0,11;0,16;0,20) (0,16;0,24;0,28) (0,04;0,04;0,04)

C9 (0,00;0,01;0,03) (0,07;0,09;0,11) (0,15;0,26;0,26) (0,06;0,08;0,09) (0,20;0,26;0,27) (0,07;0,08;0,11)

C10 (0,00;0,00;0,01) (0,08;0,14;0,17) (0,14;0,19;0,22) (0,05;0,06;0,07) (0,24;0,32;0,34) (0,05;0,06;0,06)

C11 (0,10;0,15;0,23) (0,12;0,17;0,20) (0,05;0,05;0,06) (0,33;0,36;0,39) (0,05;0,05;0,08) (0,07;0,11;0,15)

C12 (0,01;0,02;0,04) (0,26;0,26;0,34) (0,14;0,18;0,29) (0,14;0,18;0,23) (0,05;0,05;0,08) (0,05;0,05;0,06)

C13 (0,00;0,00;0,01) (0,14;0,22;0,25) (0,14;0,19;0,21) (0,11;0,17;0,17) (0,03;0,03;0,03) (0,11;0,17;0,17)

C14 (0,01;0,02;0,05) (0,02;0,12;0,14) (0,02;0,02;0,24) (0,03;0,14;0,14) (0,02;0,24;0,24) (0,24;0,24;0,26)

C15 (0,00;0,00;0,01) (0,13;0,19;0,22) (0,17;0,19;0,22) (0,10;0,15;0,19) (0,13;0,19;0,22) (0,03;0,03;0,03)
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— purchase price (C6)—HE3 is not the best solution and 
that it generates considerable maintenance (C7) and 
operating costs (C9), it is still ranked as the most ap-
propriate solution since it has very good technical and 
exploitation features, such as productivity (C1), loading 
capacity (C2), speed (C3) and lifting height (C4), in addi-
tion to the acceptable amount of the area occupancy 
(C5). Besides, this type of HE has a solid lifetime (C8), 
requires low terminal design costs (C10), it is applica-
ble in bigger terminals (C11), easily fits with other tech-
nologies (C12), has a great capacity of process auto-
mation (C14) and does not require significant process 
planning (C13) nor long-term training of operators (C15), 
which additionally contributed to its selection. On the  
other hand, the least favorable HE was the self-loading 
trailer (HE4) with the value of 0.136. This HE does not 
have poor characteristics by the economic criteria (C6, 
C7, C8, C9 and C10), except by the applicability in the 
next stage of the IT development (C11), but has terri-
ble technical and technological characteristics which 
contributed to its ranking. Except the speed (C3) and 
required training (C15), this HE has very weak charac-
teristics by the other criteria from these groups, espe-
cially considering the automation possibility (C14) and 
integration with other technologies (C12). Concerning 
the other HEs, HE2 and HE1 are ranked as the second 
and the third, with very close values (0.161 and 0.160, 
respectively), although these HEs have very different 

maker (Step 4.3). The value CR=0.055 is obtained, 
which is very close to 0, therefore it can be said that 
the evaluation is consistent.

The previously described procedure was repeated 
for all other criteria. The optimal fuzzy values of the 
alternatives in relation to each criterion are shown in 
Table 4. 

After obtaining the optimal fuzzy values for each 
criterion, the weighted fuzzy values of the alterna-
tives ͠Qi are calculated using Equation 11. By applying 
Equation 5, defuzzified values R(͠Qi) are obtained and 
then arranged in a decreasing order, forming a final 
ranking of the alternatives. The weighted and defuzzi-
fied values of the alternatives, as well as the final rank-
ing of the alternatives, are shown in Table 5.

Based on the presented results, the reach stack-
er (HE3) turned out to be the best-ranked alternative, 
while the worst-ranked alternative is the self-loading 
trailer (HE4).

4. ANALYSIS AND DISCUSSION OF RESULTS
The problem solved in this paper involved the se-

lection of the most favorable HE in the initial stage 
of the development of the IT in Belgrade. The reach 
stacker (HE3) was selected as the most suitable HE 
in the given circumstances and in relation to the de-
fined criteria, with the value of 0.182. In spite of the 
facts that, according to the most important criterion 

Table 5 – Final ranking of the alternatives

HE1 HE2 HE3 HE4 HE5

w vj i$u u

C1 (0.02,0.04,0.06) (0.01,0.01,0.02) (0.02,0.04,0.06) (0.01,0.01,0.02) (0.04,0.06,0.09)

C2 (0.00,0.00,0.01) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.01)

C3 (0.00,0.01,0.02) (0.00,0.01,0.01) (0.00,0.01,0.02) (0.01,0.02,0.04) (0.01,0.01,0.03)

C4 (0.00,0.01,0.02) (0.00,0.00,0.01) (0.01,0.03,0.04) (0.00,0.00,0.01) (0.00,0.01,0.02)

C5 (0.00,0.00,0.01) (0.01,0.01,0.02) (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.01,0.02)

C6 (0.03,0.05,0.09) (0.07,0.10,0.13) (0.01,0.03,0.05) (0.04,0.06,0.08) (0.01,0.01,0.02)

C7 (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.00) (0.00,0.01,0.02) (0.00,0.01,0.01)

C8 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

C9 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.00,0.00)

C10 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

C11 (0.01,0.02,0.05) (0.00,0.01,0.01) (0.03,0.05,0.09) (0.00,0.01,0.02) (0.01,0.02,0.04)

C12 (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.00) (0.00,0.00,0.00)

C13 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

C14 (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.01,0.01) (0.00,0.01,0.01)

C15 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

Q i
M (0.07,0.15,0.30) (0.10,0.15,0.25) (0.08,0.18,0.30) (0.07,0.13,0.22) (0.07,0.15,0.26)

R Q i_ iM 0.160 0.161 0.182 0.136 0.152

Rank 3 2 1 5 4
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5. CONCLUSION
In the paper, a novel hybrid MCDM model is pro-

posed, which is a universally applicable expert system, 
the applicability of which is demonstrated by solving 
a case study of the HE selection for the IT in the ini-
tial stages of development. Five potential types of the 
HE are defined, which, according to their exploitation 
characteristics, correspond to the expected scope 
and type of operations. Each HE is characterized by 
different features and performances, therefore in or-
der to rank them and select the most favorable one 
in the given circumstances, it was necessary to ana-
lyze their applicability in all aspects. For this purpose, 
fifteen technical, technological and economic criteria 
have been defined. After solving the case study, it can 
be concluded that the proposed model represents an 
adequate MCDM tool that enables quick, easy and  
efficient solution to the problem. It can also be con-
cluded that smaller ITs at the initial stages of develop-
ment are better suited to smaller HEs, that are cheap-
er and easier to use, as well as that among the most 
commonly used smaller HEs, the most suitable one for 
the defined problem is the reach stacker, which was 
obtained as the best solution due to the most favor-
able relationship between the exploitation characteris-
tics and the costs that it generates.

The proposed model that combines FSWARA and 
FBWM, as well as the extension of the SWARA method 
in the fuzzy environment, is the main contribution of 
this paper. By reviewing the literature, the lack of re-
search using the SWARA method for solving problems 
from different fields was noted, therefore the contri-
bution of this paper is the popularization of this meth-
od as well. There are also not many references where 
MCDM methods are used for selecting the technolo-
gies within intermodal terminals, therefore this is an-
other contribution of this paper. Future research could 
be directed towards expanding the problem by includ-
ing various factors that could influence the definition 
and prioritization of the criteria in a similar manner as 
in [18]. The model itself could be applied for select-
ing the HE in the later stages of IT development when 
higher flow volumes can be expected, or, for bigger ter-
minals, in the way it was done in [33]. The model could 
also be used to solve some other problems in the field 
of intermodal transport which can demonstrably be 
efficiently solved by applying MCDM models and meth-
ods, such as, for example, the selection of the IT loca-
tion [13], the selection of the IT layout [56], the evalu-
ation of the IT development projects [57], etc., as well 
as for problems in other areas. In addition, the model 
could also be expanded to include more decision mak-
ers advocating the demands of different stakeholders, 
as was done, for example, in [13]. On the other hand, 
new hybrid models which would include the proposed 
model or some of its parts could be developed to  

characteristics regarding the observed criteria. HE2 
has very good characteristics in terms of C5 and C6, 
as well as solid characteristics concerning the other 
economic and technological criteria, while it is poor-
ly assessed by most of the technical criteria. HE3 is 
well-rated in terms of C12 but moderately in relation 
to most of the other criteria. The HE5, which is ranked 
as the penultimate (with the value of 0.152), has very 
good characteristics in terms of C2, C1 and C14, but has 
very poor characteristics in terms of the other criteria. 
Relatively poorer characteristics in terms of the very 
important criteria for the selection process, such as 
C1, C11, C3 etc., mostly contributed to the lower ranking 
of this HE.

By solving the defined problem, the applicability of 
the proposed hybrid model that combines the FSWARA 
and the FBWM is demonstrated. The FBWM is select-
ed for ranking the HE since it obtains even higher  
comparison consistency than the conventional BWM 
[51], whose advantages are described with more de-
tails in the introduction. As the defined problem also 
required the weighting of the HE evaluation criteria, the 
model included the newly developed FSWARA method. 
This method has been selected due to its advantages 
as explained in the introduction, while the use of fuzzy 
extension and defining of the fuzzy linguistic scale con-
siderably facilitated the evaluations and resulted in a 
more realistic ratio between the criteria weights com-
pared to the conventional method. Criteria weights ob-
tained by the conventional method imply that some cri-
teria are unfairly neglected regarding the significance 
they should have based on the DM evaluations. The 
defined model is easy to use, provides fast results, has 
a high degree of consistency and is particularly suit-
able for solving large-scale problems because it does 
not require a large number of comparisons and eval-
uations of elements (criteria and alternatives), while 
the fuzzy component of the used methods allows more 
adequate consideration of the DMs’ opinions.

The MCDM model developed in this paper is not 
limited to the application of the described case study. 
The model can be applied for selecting the multiple 
(two or more) HEs that would simultaneously work in 
an IT, especially since it takes into account criteria 
such as applicability in the next stage of development, 
integration with other technologies and process auto-
mation possibility, when ranking the potential HE. In 
this case, the HE types would be selected going down 
the final ranking list. The model could also be applied 
for selecting different HEs for bigger ITs, using the 
same or different criteria depending on the character-
istics of the problem, which is confirmed by the exam-
ples of the MCDM method use for the selection of the 
HE for bigger ITs (e.g. [33]). After certain adjustments, 
the model can also be used to solve MCDM problems 
in some other areas. 
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tion of the evaluations in the case of multiple decision 
makers, as well as for the creation of a critical set of 
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IZBOR MANIPULATIVNIH SREDSTAVA U INTER-
MODALNOM TERMINALU PRIMENOM FAZI MODELA 
VIŠEKRITERIJUMSKOG ODLUČIVANJA

ABSTRAKT

Intermodalni transport omogućava uštede u energiji, 
troškovima i vremenu, unapređuje kvalitet usluga i podrža-
va održivi razvoj. Osnovni element sistema intermodalnog 
transporta su intermodalni terminali čija efikasnost velikim 
delom zavisi od tehnologije podsistema. U skladu sa tim 
predmet ovog rada je vrednovanje i izbor odgovarajućih 
sredstava za manipulisanja transportnim jedinicama u in-
termodalnom terminalu. Kako na donošenje odluke o izboru 
manipulativnih sredstava utiču različiti ekonomski, tehnički, 
tehnološki i drugi kriterijumi, za rešavanje problema je po-
trebno primeniti odgovarajuće metode višekriterijumskog 
odlučivanja (VKO). U ovom radu je razvijen novi hibridni mod-
el koji kombinuje metode fuzzy step-wise weight assessment 
ratio analysis (FSWARA) i fuzzy best-worst method (FBWM). 
Definisani model je primenjen za rešavanje studije slučaja 
izbora adekvatnog manipulativnog sredstva za planirani 
intermodalni terminal u Beogradu. Kao najadekvatnije ma-
nipulativno sredstvo izabran je teleskopski manipulator jer u 
najvećoj meri odgovara karakteristikama planiranog termi-
nala u datim uslovima i u odnosu na definisane kriterijume. 
Rešavanje studije slučaja je demonstriralo opravdanost ko-
rišćenja VKO metoda za rešavanje ovakvih problema i pri-
menjivost predloženog VKO modela.

KLJUČNE REČI

intermodalni transport; terminal; manipulativno sredstvo; 
fuzzy step-wise weight assessment ratio analysis; fuzzy best-
worst method;
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