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Abstract:

Introduction/purpose: Adequate evaluation and choice of off-road vehicles
used in performing various types of assignments is a very important factor
which affects user mobility and safety as well as the quality and efficiency
of carrying out transportation activities in the Serbian Armed Forces
(SAF).

Methods: This paper thus proposes the BWM (Best Worst Method) and
the COPRAS (Compressed Proportional Assessment) models for the
selection of the optimal off-road vehicle for the needs of the SAF. The
relative weight of the criteria used to assess potential off-road vehicles
was established using the BWM method. In addition to the COPRAS
method which is a component of the basic decision-making model, in this
paper, the MABAC (MiltiAttributive Border Approximation Area
Comparison) and MAIRCA (MultiAttributive Ideal-Real Comparative
Analysis) methods were also applied through result validation.

Results: By testing the BWM-COPRAS model on the example of optimal
off-road vehicle selection in the SAF, a high rank correlation was
achieved. The results were validated through the statistical processing of
the results obtained through the implementation of various multi-criteria
techniques by applying the Spearman’s rank correlation coefficient.
Conclusion: The results display stability of the results of the proposed
model in ranking alternatives and prove the feasibility of the proposed
approach to handle multi-criteria decision making problems.

Key words: BWM, COPRAS, MABAC, MAIRCA, vehicle selection,
multi-criteria decision making.
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Introduction

When observing the efficiency of units in off-road conditions in both
peace and war, it is impossible to miss its high dependence on adequate
vehicle selection for carrying out a mission, for it is precisely this process
that represents an important factor which directly influences the lowering
of risk and time involved in performing this activity. Proper assessment
and selection of the right vehicle provides proper conditions for efficient
performance of tasks set before the units of the Serbian Armed Forces
(SAF). Taking into consideration the aforementioned, the optimal off-road
vehicle selection process is of great importance for successful and safe
transport of units. Identifying actions that have the biggest impact on the
efficiency of vehicles during task performance enables the users (units)
to modify the operation accordingly and reduce the time needed to
perform these activities. This research paper presents the multi-criteria
BWM-COPRAS model for evaluation and optimal off-road vehicle
selection for the units of the Serbian Armed Forces. The hybrid BWM-
COPRAS model is carried out in three phases. The first phase of the
model includes calculating the optimal values of weight coefficients by
applying the non-linear model in BWM. The second phase is where the
COPRAS model is applied. The values put into the COPRAS model
represent the values of the BWM weight coefficients, and the elements of
the basic Decision matrix. The third phase includes the validation of the
obtained results through: (1) the comparison of the results with other
multi-criteria (MCDM) models, (2) the analysis of the result stability in a
dynamic environment, and (3) the analysis of the result stability when the
weight coefficients of the criteria are changed.

Through research and development of the models, several goals
have been set in this paper. The first goal pertains to the advancement
and enhancement of the optimal vehicle selection methodology in the
area of multi-criteria decision making through development and
introduction of a new FUCOM-COPRAS approach. The second goal of
this paper is to bridge the gap that currently exists in the evaluation and
adequate vehicle selection methodology within the military as a whole.
The third goal of the paper is a possibility of enhancing the efficiency and
lowering the risks of performing SAF assignments by defining models for
adequate vehicle selection. And the fourth goal of this paper is the
popularization and affirmation of the idea of multi-criteria decision making
in reaching complex decisions in the SAF through a presentation of the
BWM-COPRAS model.
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The authors of this paper have opted for the use of the hybrid BWM-
COPRAS model due to its following advantages. (1) Use of the BWM and
COPRAS models enables a successful simulation of the decision-making
processes, starting from defining the goal, criteria and alternatives, to
comparison of the criteria, i.e. establishing the priority of each of the
alternatives over the set goal. (2) Application of the BWM-COPRAS
model breaks down the concrete decision making process by taking
apart the problem into a hierarchy of its elements. A hierarchical
examination of the decision making process allows for easier control over
the consistency of estimates while paying attention to the entirety of the
problem and functional interactions between criteria and alternatives. (3)
Using the BWM-COPRAS model enables the integration of the qualitative
and quantitative factors into decision making, because most real
problems most often occur as a combination of qualitative and
quantitative elements. (4) The BWM-COPRAS model successfully
identifies and points to the inconsistency of the decision-maker by
tracking the inconsistencies of estimates during the entire process, and
calculating the index and ratio of consistency. (5) Redundancy of pair
comparison makes the BWM-COPRAS model less sensitive to
estimation errors. (6) The implementation of the BWM-COPRAS model in
group decision making significantly improves communication between
group members. In case of a discussion, a group must agree on every
joint estimate that is to be entered into the matrix. This helps in
structuring the discussion and reaching a consensus.

The BWM-COPRAS model also has certain limitations which the
users might encounter while using it, such as: (1) insufficiently large
scale (Saaty scale of relative importance) for comparison of elements in
pairs, related to some decision making problems; (2) the number of
necessary pair comparisons which is not negligible in most problems; (3)
frequent difficulty in achieving an acceptable consistency ratio; and (4)
the complexity of the mathematical algorithm which can be a limiting
factor for widespread use of the model.

This paper contains a total of six sections, the first of which refers to
introducing the problem of adequate vehicle selection for the SAF. The
second, containing the literature review, takes a closer look at the
already existing research on similar topics in which multi-criteria decision
making models were applied. The third section briefly introduces the
previously used models and lays out the algorithm of the hybrid BWM-
COPRAS model. The fourth section displays a study of the case in which
vehicle evaluation was performed by using the BWM-COPRAS model.
The fifth section is a discussion of the results which includes a result
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stability check through the change of the weight coefficients of the criteria
in the BWM, and the validation of the obtained results through
comparison with other MCDM models. The sixth section shows the key
contributions of the developed model and the performed research, as
well as suggestions for future research.

Literature review

Based on research from the most important indexes of international
science journals (SCOPUS and Web of Science), a literature analysis
has been performed which demonstrates the implementation of MCDM
models in transport and logistics optimization. It analyzes the period
between 2008 and 2018. During this period, only two papers on the topic
of vehicle selection in the military were published (Pamucar, et al, 2013);
(Star€evi¢, et al, 2019). StarCevi¢ et al (2019) have presented the
selection of military vehicles for use in multinational operations by using
the hybrid AHP-DEA (Analytic Hierarchy Process — Data Envelopment
Analysis) models, while Pamucar et al (2013) have shown the application
of the neuro-fuzzy system for the selection of military motor vehicles
used for performing transportation assignments in the SAF. Due to
scarcity of papers on the topic of application of the MCDM models for
military off-road vehicle selection, this paper analyzes papers from the
domain of transport and logistics which deal with similar topics. For
example, Jeon et al (2010) showed the application of the MCDM
methods in the sustainable transport plan selection based on the
sustainability index. In the research, the authors used the Weighted Sum
Model. Cadena & Magro (2015) presented a new methodology for
assigning the weight coefficients of the sustainability criteria in transport
projects. In order to solve the problem of imprecision and subjectivity, the
authors applied the MCDM models in fuzzy environment.

Given that the traffic system is the life force of every country and one
of the bases for its economic development, Bari¢ et al (2016) suggest
that the AHP method be applied when choosing the best project in the
realization of city traffic projects. The model has been tested on a real
system and has vyielded reliable results. Bari¢ et al (2016) have also
pointed out the main drawback of applying the AHP model which is a
large number of inputs making the validation of the obtained results more
difficult. In order to solve this problem, Inti & Tandon (2017) presented a
modified AHP method characterized by additive transitivity of fuzzy
relations. The model was tested in choosing a contractor for the
construction of transportation infrastructure.
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In order to improve sustainability in transport, one of the solutions is
to use various alternative fuels and vehicle propulsion systems. In this
way, with the help of the sustainability index, Mitropoulos & Prevedouros,
(2016) make estimates of vehicle characteristics. The identified indicators
were grouped into five categories of sustainability: Environment,
Technology, Energy, Economy and Users, and then they were
aggregated using the WSM method. Also, Safaei Mohamadabadi et al
(2009) have selected the types of propulsion fuel for vehicles based on
three basic sustainability aspects. For ranking the alternatives based on
the five criteria, the PROMETHEE method was used. Intermodal
transportation can greatly improve the sustainability of a transportation
system. It is necessary to choose the optimal location of terminals based
on different requirements of different partakers in a transportation
process. With that aim, ZeCeviC et al (2017) have suggested a new
hybrid MCDM model for selecting locations. Sustainable transport
systems have today become a necessity, especially in large cities
because of various harmful effects on the environment. An approach for
choosing the best alternative of transport systems based on 24 criteria
grouped in three categories was defined in (Awasthi et al, 2011). The
abovementioned approach contains three steps, and the TOPSIS
method is applied in a combination with fuzzy theory with the aim to
assess the criteria and choose an alternative. Castillo & Pitfield (2010)
suggest the Evaluative and Logical Approach to Sustainable Transport
Indicator Compilation (ELASTIC) framework for choosing a sustainable
transport system indicator with the help of AHP and SAW methods.
Although the improvements of transport planning methods over the past
few years are visible, according to Lépez & Monzén (2010), in order to
improve the sustainability level in transport, it is necessary to apply a
multidiciplinary approach based on GIS. In addition to that, it is
necessary to integrate methods of multi-critearia decision making within
the suggested approach.

An estimate of transport system sustainability in individual European
countries based on selected economic, ecological and social indicators
was presented in Bojkovi¢ et al (2010). The ELECTRE (ELimination and
Choice Expressing Reality) method was used together with its
modification based on the Absolute Significance Treshold (AST). The
framework for selecting sustainable transport projects in urban areas of
developing countries was proposed in Jones et al (2013). The choice of
alternatives is performed based on the Localized Sustainability Score
index whereby the AHP method is used. In addition to the AHP method,
assessing the sustainability of different transport solutions such as mode

<>



sharing, multimodal transport, intelligent transportation systems, Awasthi
& Chauhan (2011) use the Dempster-Shafer theory in the proposed
hybrid approach. While the AHP method is primarily used for ranking
criteria based on their weight, the Dempster-Shafer theory enables a
synthesis of multiple information sources. Dimi¢ et al (2016) have
developed a model for strategic transport steering based on the SWOT
analysis, fuzzy Delphi and DEMATEL — ANP method.

There are a certain number of studies which contemplate the
application of different theories of uncertainty in multi-criteria models for
solving numerous logistical and transportation problems. For example,
Sremac et al (2018) have shown the ranking of logistical providers by
using the Rough SWARA (Step-Wise Weight Assessment Ratio
Analysis) and Rough WASPAS (Weighted Aggregated Sum Product
Assessment) models, while Badi et al (2018) demonstrated the use of the
CODAS model. Later, Badi & Ballem (2018) and Stevi¢ et al (2017)
demonstrated the application of rough numbers in multi-criteria models
for vehicle rationalization within the inner transport of logistical
companies. The paper puts forward a new approach based on the
combination of the Simple Additive Weighing (SAW) method and the
rough BWM. Radovi¢ et al (2018) showed the use of rough numbers for
valuating performance indicators which was applied in three different
countries: Bosnia and Herzegovina, Libya and Serbia. The multi-criteria
model includes the use of the rough ARAS (Additive Ratio Assessment)
approach for performance indicator valuation in nine transportation
companies from the three countries. Pamucar et al (2019) have shown
the possibilities of applying the multi-criteria models based on Linguistic
Neutrosophic Numbers (LNN) in managing human resources in the
process of transporting hazardous substances. The application of the
LNN-WASPAS model for the evaluation of security advisors when
transporting hazardous substances on Serbian soil was demonstrated.
Pamucar et al (2016) showed a green p-median problem combined with
a fuzzy multi-criteria model which processes environmental parameters,
sociological parameters and the expenses of logistical distributors and
applies their influence on the planning of the city logistical terminal
location in a discrete traffic network.

Sustainability is a very important concept in logistics, and reverse
logistics as one of its sub-branches can greatly improve the efficiency
and the ecological aspect of doing business. Wang et al (2018) have
presented a method for choosing returnable product collectors. The
hybrid approach based on the AHP and Entropy Weight (AHP-EW)
methods is used in order to estimate the weight of certain criteria, while
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the Multi-Attributive Border Approximation area Comparison (MABAC)
method is used for ranking the alternatives. Different initiatives for city
logistics (e.g. proper location of distribution centers) can significantly
contribute to improving the degree of sustainability in a city. This is
precisely the research topic in (Awasthi & Chauhan, 2012). Out of the
MCDM methods, the aforementioned paper uses the AHP and Fuzzy
TOPSIS. With the help of the Fuzzy Step-wise Weight Assessment Ratio
Analysis (SWARA) and Fuzzy MOORA, Mavi et al, (2017) perform a
selection of a third-person provider of reverse logistics services in the
plastic industry. Later, Badi and Ballem, (2018) showed the possibilities
of applying the BWM and MAIRCA models for selecting a third-person
provider for reverse logistics services in the pharmaceutical industry.
Pamucar & Cirovié¢, (2015) demonstrated the application of the hybrid
DEMATEL-MABAC model in the process of making investment decisions
about the acquisition of manipulative vehicles in logistics centers. The
DEMATEL method was used for obtaining the weight coefficient of
criteria, while the valuation and selection of forklifts was done by using
the MABAC model. The following table (Table 1) shows an overview of
fields which most frequently employ the MCDM models.

Table 1 — MCDM methods in the transport and logistics subfield
Tabnuuya 1 — MCDM memodsi 8 obriacmu mpaHcropma u 102ucmuku
Tabena 1 — BKO memode y obnacmu mpaHcriopma u 5io2ucmuke

Field of application for the MCDM

MCDM method Literature
method

(Awasthi et al,
2011); (ZecCevit et

Determining the impacts of al, 2017);
ecological t%ans ortpmeasures on AHP; AHP-EW, (Fazlollahtabar et
9 P MABAC; FUCOM al, 2019);

city sustainability (Stankovié et al

2019); (Nuni¢,
2018)

Logistical provider assessment with

acknowledging the risks and Fuzzy SWARA, Fuzzy

(Mavi et al, 2017)

L MOORA
sustainability
Identification of interactions between
manufacturing and logistical Grey DANP (Jiang et al, 2018)

industries

(Jeon et al, 2010);
(Cadena & Magro,
2015); (Awasthi &
Chauhan, 2011);

(Castillo & Pitfield,

WSM; REMBRANDT;
Delphi; Fuzzy TOPSIS;
AHP; SAW;
PROMETHEE;

Transport management
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Field of application for the MCDM
method

MCDM method

Literature

ELECTRE I;
Modified ELECTRE I;
Fuzzy Delphi;
DEMATEL — ANP

2010); (Simongati,
2010); (Bojkovic et
al, 2010); (Dimi¢ et
al, 2016); (Awasthi
& Chauhan, 2012)

Vehicle evaluation

WSM; PROMETHEE;

(Mitropoulos &
Prevedouros,
2016); (Safaei
Mohamadabadi et
al, 2009)

Location Evaluation Problem for
Logistical Center Construction

Fuzzy Delphi; Fuzzy
Delphi ANP; Fuzzy
Delphi VIKOR; Fuzzy
MAGDM; Fuzzy ARAS;
AHP; DEMATEL-
MAIRCA

(ZecCevi¢ et al,
2017); (Rao et al,
2015); (Turskis &
Zavadskas, 2010);
(Pamucar et al,
2018a);
(Noureddine &
Ristic, 2019);
(Puska et al, 2018);
(Fazlollahtabar,
2018)

Assessment and construction of
transport infrastructure

AHP; FAHP;
REMBRANDT;
WASPAS

(Bari¢ et al, 2016);
(Inti & Tandon,
2017); (Lopez &
Monzén, 2010);
(Jones et al, 2013);
(Stanujki¢ &
KarabasSevic,
2018); (Pamucar et
al, 2018b)

Selection and ranking of military
vehicles

AHP-DEA; neuro-fuzzy
sistem

(Starcevic et al,
2019); (Pamucar et
al, 2013)

Based on the presented literature analysis, we can conclude that the
most frequently used method for solving problems in the field of transport
and logistics in the past ten years was the AHP method. However, the

AHP method requires the use of n(n—l)/2 comparison of criteria pairs.

A large number of comparisons makes the application of the model more
complicated, especially in cases with a larger number of criteria. For this
reason, the use of this method is not advised in cases with a larger
number of criteria. The model which eliminates the abovementioned
drawback of the AHP method is the BWM method. But even with this
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fact, and the numerous advantages of the BWM over the AHP method
we can see that the BWM has not been used in the field in question.
Therefore, a logical need arises for the development of MCDM models
which imply the implementation of all BWM advantages. In addition to the
BWM method, by analyzing the literature, we can see that the COPRAS
(COmpressed PRoportional ASsessment) method has not been used
either, even though it falls into models which yield stable results.
Considering that in the presented literature there are no examples of
either BWM or COPRAS models for off-road vehicle assessment in either
civilian or military organizations, the need for their application is imposed.
The application of the BWM-COPRAS model fills the gap that exists in
the literature which deals with this field.

BWM-COPRAS multi-criteria model

As previously emphasized, the BWM-COPRAS implies the use of
two methods, the BWM method for determining the weight coefficients of
criteria, and the COPRAS method for assessing, i.e. ranking alternatives
(Figure 1)

‘ Determining criteria and sub- ‘

- —ﬁ Determining the alternatives
critera

‘ Expert opinions ‘ Forming and normalization of the

basic matrix p  Comparison with other multi-
Forming the matrix of average l criteria models
QXPETtLGSPOHSES Forming a weight normalized l
L . matrix Effect of dynamic matrices on
Determining the optimal values l MCDM models
of weight coefficients Determining the total values of
1 max and min criteria i _
Ranking the criteria and sub- 1 Ef_:-fef:t ?f the Shlf}tOf \;v:/llgchéM
critria Aggregation of criteria function Coetticients on rZSlIJ S0
values modets
! )
Cal_culatlng valu_es_ of Ranking the alternatives
consistency coefficients
. |
Phase I11: Validation of
Phase I: BWM Phase I1: the COPRAS model

results

Figure 1 — BWM-COPRAS multi-criteria model
Puc. 1 — BWM-COPRAS mHo20KpumepuarsnbHasi Modeslb
Cnuka 1 — BWM-COPRAS suwekpumepujymMcku mooern

The model contains three phases. Phase one calculates the optimal
values of the weight coefficients of criteria through the application of the
BWM. The end results of the BWM method are the values of the weight
coefficients of criteria. The output results of the BWM, the weight

>



coefficients, are further processed through the COPRAS method
algorithm. In phase two, the COPRAS method is used to rank the
alternatives. Phase three is the validation of the results. The next section
shows the algorithms of the BWM and COPRAS methods.

Best-Worst method

The following section contains the algorithm of the BWM method for
determining the weight coefficients of evaluation criteria (Rezaei, 2015),
(Stevi¢ et al, 2018).

Algorithm: BWM

Input: Expert pairwise comparison of criteria
Output: Optimal values of the weight coefficients of criteria/sub-criteria

Step I: The identification of the selected criteria as a set of the criteria related to the
topic. The set of the criteria can be evaluated as C;, C,, C3, Cy...... C,.

Step 2: Finding the best and the worst criteria. As  mentioned above, it should be done
by experts and the involved decision-makers.

Step 3: The creation of a matrix of the preference of the best criterion over all the other
criteria (BO vector) by applying numbers between 1 and 9:

4, = (awrazB'asBr---ans)

Step 4: The creation of a matrix of the preference of the worst criterion over all the other
criteria (OW vector) by applying numbers between 1 and 9.
A = (a1w oy Qg s ooy )

Step 5: Generating the relative importance of the criteria through calcula&ng wEl::e fi er]aJ and
optimal weights for the criteria. The weights will show the same as: MW Wy e
miné&

S.t.

<&V

w,
%,

4
W/

w; )
Wi_ajW <é\Vj

i w, =1

j=1

w; 20 Vj
Step 6: The same as with the AHP, there is a consistency index shown in Table 2. The
consistency ratio should be calculated as follows:

g

Consistency = ———=———
Consistency index
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For different values a,, €{1,2,..,9} we get the maximum values
£(max¢). Table 2 contains the maximum values of & for different values
of a,, €{1,2,..,9}.

Table 2 — Consistency Index values (Cl)
Tabnuya 2 — 3HayeHus cmeneHu HadexHocmu (Cl)
Tabena 2 — BpeOHocmu cmeneHa koH3ucmeHmHocmu (Cl)

Ay 1 2 7 8 9

Cl(max¢&) 0.00 0.44 3.73 4.47 5.23

Based on CI, we get the consistency ratio (CR) which takes the
values of interval [0, 1], where the values closer to zero indicate a high
consistency, and the CR values closer to one indicate a low consistency.

COPRAS Method

Within the decision-making theory, there is a large number of multi-
criteria decision making methods (MCDM) which support us in solving
different problems. The COPRAS method (Zavadskas & Kaklauskas,
1996) is one of newer methods which is increasingly used in literature
(Chatterjee et al, 2018), (Pamucar et al, 2018a), (Mukhametzyanov &
Pamucar, 2018). Each MCDM method is characterized by a specific
mathematical apparatus. The COPRAS method is partly characterized by
a more complicated procedure of criteria function value aggregation, and
the simplified procedure of data normalization (the nature of the criteria is
irrelevant — min/max). The following section succinctly displays the
mathematical apparatus of the COPRAS method.

The problem is formally presented by choosing one of the m options

(alternatives), A4,i=12,..,m which are assessed and compared among
each other based on the n criterion (X, j=12,...,n) whose values are
familiar. The alternatives are presented as vectors x; where x; is the

value of the i alternative according to the j criteria. Since the criteria have
varying impacts on the final assessment of the alternatives, each criterion

is assigned a weight coefficient w,, j=1,2,...n (where ijle =1) which

reflects its relative value in assessing the alternatives.
Step 1. Normalization of the basic matrix. The first step of the
COPRAS method includes the normalization of the elements of the basic

decision-making matrix (X).
€D



¢ G . C,
A Xy x, eoX,
A | x X X
2 | X21 22 2
X= ! (1)
Am xml me b xmn

The main goal of criteria value normalization is the transformation of
different values of criteria (“benefit” or “cost”) into values which allow
mutual comparison. The normalization values are shown in the matrix D.

c C .. C
A Xy xp, X,
A | x,y X X
2 21 22 2

D= ’ (2)
Am xml me e xmn

The elements of the normalized matrix ( x; ) are obtained by applying

additive normalization:
X..

X, =t (3)

) m
2 Xij
i=1

where x, represents the elements of the basic decision-making matrix

(X), x; represents the normalized values of the elements from the basic

decision-making matrix, and m represents the total number of
alternatives.

Step 2. Forming of the weighted normalized matrix. In the second
step, a weighted normalized matrix (Z), obtained by multiplying the
elements of the normalized matrix (D) with the weight coefficients of the
criteria (w, ), is constructed.

In Zp e oy, WXy WorXyy e Wt Xy,
z z z W, * X. w, - X e W X
21 22 2 1 21 2 22 2
Z — n — n n (4)
Zml ZmZ e Zmn Wl : xml WZ : me Wn : xmn

where n is the total number of criteria, and m is the total number of
alternatives.

Step 3. In the following, third step, the values of the Z matrix are
summed up in columns. The values are summed up depending on which
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criteria group they belong to (“benefit” —max or “cost” — min). The
values of the benefit criterion (higher criterion value is desirable) are
obtained by applying formula (5) or formula (6):

S’ = Z z; (5)
where z, =+ is the sum of the benefit criteria, or:
k
ST =2%,4, (6)
i=1

where k is the total number of the benefit criteria.
The values of the cost criterion (lower criterion value is desirable) is
obtained by applying formula (7) or formula (8):

S =>z (7)
where z, =— is the aggregate of the cost criteria, or:

p
S = Z’E@/ "4, (8)

i=1
where p is the total number of the cost criteria.

Step 4. Aggregation of the criteria function values. In step four, by
applying formula (9), we determine the significance (influence) of each of
the given alternatives from the set of the compared alternatives:

SwXlS o YOS

-\ Sr:win i -\ i
S, Z,.l[s_j 5 Zi:lSi—

0 = Si+ + (9)

Step 5. Ranking of alternatives. In the final, fifth step, the ranking of
alternatives is performed based on the values of the criterion function
which is assigned to each alternative. The end-values of the criteria
functions of alternatives are gained by applying formula (710):

N =<2 100% (10)

Application of the BWM-COPRAS model to off-road
vehicle selection in the SAF
Military cargo motor vehicles for passenger transport are only one of

the vehicles categories used in the SAF. Since this paper deals only with
this vehicle category, the following section will briefly introduce the
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classification of vehicles in the SAF and the types of vehicles used in the
SAF as well as in other militaries across the world.

Classification of vehicles

The classification of motor vehicles and other means of
transportation that use liquid fuels in the MoD and the SAF (except
waterborne vessels, aircraft, stationary aggregates and boiler rooms),
aims to group the encompassed vehicles according to the criterion of
purpose or according to similar technical characteristics.

The classification includes the division of vehicles into classes,
types, groups and the assignment of numbers for marking them: | —
classes of vehicles are marked with numbers 1-9; Il —types of vehicles
within classes are marked with numbers 01-99 and Ill —groups of
vehicles within types are marked with numbers 01-99. This paper deals
with vehicles that belong to the first group of the aforementioned
classification as shown in Table 3.

Table 3 — Classification of off-road vehicles for passenger transport in the SAF
Tabnuua 3 — Knaccugbukayusi 8BHeO0POXKHbLIX MpPaHCrnopmHbIx cpedcme Orisi IepesosKuU
naccaxupos 8 BCPC
Tabena 3 — Knacughukayuja mepeHckux 8osusna 3a mpaHcriopm rnymHuka y BC

Mark Vehicle description
01 Off-road vehicle for passenger transport, up to 5 seats;

1.04 02 Off-road vehicle for passenger transport, 6 to 8 seats;
03 Off-road vehicle for passenger transport, more than 8 seats;
04 Off-road vehicle for passenger transport, with protection.

The supply of this vehicle category from the SAF fleet is low and
amounts to approximately 43%, while the total number (of vehicles from
the prescript fleet) is 92%. The structure of vehicles from this category in
the SAF is also inhomogeneous, i.e. they are of different brands and
types, mostly obtained more than 30 years ago. The most prominent
brands of manufacturers are: PUCH (around 33%), PINZGAUER (around
27%), LADA (around 14%) and LANDROVER (around 10%). The
inhomogeneity of the fleet vehicles complicates the maintenance process
of these vehicles. The average functionality of off-road vehicles for
passenger transport in the SAF is approximately 66%. The average age
of off-road vehicles for passenger transport in SAF units is 26.9 years. It
is especially important to stress that approximately 80% of this category
is older than 12 years, which is also the designed lifespan of these
vehicles. In addition to the abovementioned statistical data, it is
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necessary to point out that an average off-road vehicle for passenger
transport in SAF has crossed approximately 141,000 kilometers, where
the vehicles older than 12 years have on average crossed 162,728 km,
and vehicles less than 12 years old 56,000 km.

Defining the criteria for off-road vehicle selection and
characteristics of alternatives

Given than in the publicly available literature there are not a large
number of papers dealing with the topic of military off-road vehicle
selection, the criteria have been defined based on the available literature,
internal regulations and requirements of the SAF. The chosen criteria are
shown in Figure 2. In addition to the abovementioned criteria, criteria
such as equipment with the AC, GPS, traction-control system, etc. were
excluded.

Goal Criterion Sub-criteria Alternatives

Obstacle clearing
capability

Equipped Soldier

—— transportation
capacity
Fuel consumption
. Aj: Vehicle 1
Characteristics of
the motor
Horsepower
Price Ay: Vehicle 2
Selection of off-road
motor vehicle for  ———— Price Shipment time
passenger transport
Payment conditions Aj: Vehicle 3
Widespread
availability of the
service network
Vini
Ay: Vehicle 4

e
Awailability of
spare parts

— Safety

Warranty provisions

Figure 2 — Hierarchical model for vehicle selection
Puc. 2 — Nepapxudeckasi modesib 0nist 8bibopa mpaHCcrnopmHo20 cpedcmea
Cnuka 2 — Xujepapxujcku moden 3a u3bop eo3urna
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The first level represents a goal which is a choice between the given
vehicle types, while the second level includes 7 criteria for vehicle
selection: obstacle clearing capability (C1), equipped soldier
transportation capacity (C2), characteristics of the motor (C3), price (C4),
maintenance (C5), safety (C6), and warranty provisions (C7). The third
level consists of seven sub-criteria that are sorted within the group of the
main criteria, while the potential vehicle types are shown on the fourth
level.

By comparing the characteristics of the vehicles used by the SAF
and modern vehicles used for the same purpose, a conclusion is drawn
that a modernization of SAF’s fleet vehicles is needed. Modern vehicles
have significantly improved characteristics when looking at
maneuverability, tank capacity and horsepower. Since there is no
consensus among manufacturers concerning the evaluation of the
abovementioned vehicle types, as well as because of data confidentiality
policies, this paper will not talk about specific types of vehicles — instead,
the vehicles will be marked as vehicle 1 — vehicle 4.

Vehicle 1 (A1) has the following technical characteristics: its ability to
clear obstacles is higher than that of vehicle 2 and lower than that of
vehicle 4; the vehicle can simultaneously carry four persons; the level of
passenger and cargo security is higher compared to other given types of
vehicles; it has 190 HP, and fuel consumption is 23.75 I/km; the price of
the vehicle is 15,785,100 RSD with the possibility of payment in 18
installments without interest; the shipment deadline is 6 months and it
has a 24 month guarantee; and the availability of the service network and
spare parts is poorer than for other given vehicle types.

Vehicle 2 (A2) has the following technical characteristics: the ability
to clear obstacles is the lowest with this vehicle; the vehicle can
simultaneously carry 6 persons, and the security of the passengers and
cargo is on a high level; the engine has 122 HP, and consumes fuel at
the rate of 10.1 I/km; the price of the vehicle is 13,702,500 RSD with the
possibility of payment in 18 installments without interest; the shipment
deadline is 4 months and it has a 24-month guarantee; the widespread
availability of the service network and the availability of spare parts is
better than for vehicle 1, but worse than for other given types of vehicles.

Vehicle 3 (A3) has the following technical characteristics: this
vehicle’s ability to clear obstacles is the same as with vehicle 1; the
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vehicle can simultaneously carry 4 persons, the security of passengers
and cargo is lower compared to vehicle 1 and vehicle 2; the engine has
177 HP, and consumes fuel at the rate of 10.4 I/km; the price of the
vehicle is 14,210,000 RSD with the possibility of payment in 12
installments without interest; the shipment deadline is 4 months, and it
has a 12-month guarantee; the widespread availability of the service
network and the availability of spare parts is better than with all other
given vehicles.

Vehicle 4 (A4) has the following characteristics: the ability to clear
obstacles is on a higher level than with other vehicles; the vehicle can
simultaneously carry 6 persons; the level of passenger and cargo
security is the lowest compared to all other vehicle types; the engine has
268 HP and consumes power at the rate of 9.5 I/km; the price of the
vehicle is 10,380,000 RSD with the possibility of payment in 24
installments without interest; the shipment deadline is 6 months, and it
has a 60-month guarantee; the widespread availability of the service
network and the availability of spare parts is better than with vehicle 1
and vehicle 2, but worse than with vehicle 3.

Vehicle assessment through the application of the BWM-
COPRAS model

This research includes three groups of experts. Within every
criteria/sub-criteria group experts have defined the best (B) and worst
(W) criterion/sub-criterion. Based on this, the BO and OW vectors were
defined for B and W criteria/sub-criteria. The criteria/sub-criteria
assessment was performed through the application of [1,9] scale: 1 —
very low influence; 2 — low influence;...; 8 — high influence; 9 — very high
influence. The values of BO and OW vectors within the groups of
criteria/sub-criteria are shown in Table 4.

The optimal values of the weight coefficients of the criteria/sub-
criteria vectors are calculated based on the defined ratios from Table 5.
This is how the four non-linear models for calculating the optimal values
of the criteria/sub-criteria weight coefficients were formed.
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Table 4 — BO and OW vectors
Tabnuua 4 — BO u OW sekmopsbi
Tabena 4 — BO u OW sekmopu

Criteria

The worst: C3

The best: C4 (Price) Expert . (Characteristics of the ~ Expert evaluation

evaluation

motor)

C1 (O?stacle clearing 5:6: 6 C1 (Opstacle clearing 4:4:4
capability) capability)
C2 (Equipped soldier C2 (Equipped soldier
transportation 7,78 transportation 3;2;2
capacity) capacity)
C3 (Characteristics of 9:9:9 C4 (Price) 9:9:9
the motor)
C5 (Maintenance) 2;2;2 C5 (Maintenance) 7.7, 7
C6 (Safety) 3;5;2 C6 (Safety) 5,57
C7 (Warranty 3.4:4 C7 (Warranty 566

provisions)

provisions)

C3 (Characteristics of the motor)

The best: C31 (Fuel Expert The best: C32 .
. . Expert evaluation
consumption) evaluation (horsepower)
C32 (horsepower) 4;3;2 C31 (Fuell 2:4;3
consumption)
C4 (price)
The best: C41 Expert The best: C42 Expert evaluation
(Price) evaluation (shipment time) P
C42 (shipment time) 6;5;5 C41 (price) 6;5,7
C43 (payment 3:3:2 C43 (payment 4:2:6
conditions) conditions)
C5 (maintenance)
The best:C51 The best: C52
(widespread Expert I .
o . (availability of spare Expert evaluation
availability of the evaluation
. parts)
service network)
I C51 (widespread . a.
C52 (availability of 2:3: 3 availability of the 2,35

spare parts)

service network)

G
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Medium values of expert evaluations are shown in Table 5.

Table 5 — Medium values of the BO and OW vectors
Tabnuua 5 — CpedHue 3HaqyeHuss BO u OW eekmopos
Tabena 5 — Cpedrwe epedHocmu BO u OW eekmopa

Criteria
The worst: C3
The best : C4 (Price) Medium value  (Characteristics of the Medium value
motor)
C1 (Obstacle clearing C1 (Obstacle clearing
o 5.7 o 4
capability) capability)
C2 (Equipped soldier C2 (Equipped soldier
. . 7.33 . . 2.33
transportation capacity) transportation capacity)
C3 (Characteristics of 9 C4 (Price) 9
the motor)
C5 (Maintenance) 2 C5 (Maintenance) 7
C6 (Safety) 3.33 C6 (Safety) 5.67
C7 (Warranty provisions)  3.67 C7 (Warranty provisions) 5.67
C3 (Characteristics of the motor)
The best: C31 (fuel . The worst: C32 .
: Medium value Medium value
consumption) (horsepower)
C32 (horsepower) 3 C31(fuel consumption) 3
C4 (price)
The best: C41 (price)  Medium value Th? worst: .C42 Medium value
(shipment time)
C42 (shipment time) 5.33 C41 (price) 6
C43 (payment C43 (payment
ol 6.67 .. 4
conditions) conditions)
C5 (maintenance)
The best: C51 The worst: C52
(widespread availability Medium value  (availability of spare Medium value
of the service network) parts)
I C51 (widespread
C52 (availability of spare 2.67 availability of the service 3.33

parts) network)
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The optimal values of the weight coefficients were obtained based
on the aforementioned models, Table 6.

Table 6 — Optimal values of the sub-criteria
Tabnuya 6 — OnmumarnbHble 3HadyeHus1 cybKkpumepues
Tabena 6 — OnmumarsHe spedHocmu nomkpumepujyma

Criteria/Sub-

criteria Local weights Global weights Rank
C1 0.077 0.077 5
C2 0.059 0.059 6
C3 0.033 - -
C31 0.750 0.025 10
C32 0.250 0.008 11
C4 0.365 - -
C41 0.754 0.276 1
C42 0.097 0.035 9
C43 0.149 0.054 7
C5 0.217 - -
C51 0.750 0.163 2
C52 0.250 0.054 8
C6 0.130 0.130 3
Cc7 0.118 0.118 4

Table 6 shows the global and local values of the criteria/sub-criteria
weight coefficients. The global values were obtained through
multiplication of the weight criteria coefficients and the weight sub-criteria
coefficients. The global weight values are further used to assess the
alternatives in the multi-criteria model.

By solving the non-linear models the values ¢, =0.06868,

& wapammonops =0 € 1 =0.238385 and &7, ... =033 are obtained. The &
values are used for defining the consistency coefficients. Using the
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obtained values of &, the values of the consistency index and the
consistency ratio were defined, Table 7.
Table 7 — Values of the Consistency index and the Consistency ratio

Tabnuua 7 — 3Ha4dyeHus cmerneHu HadexxHocmu U uHoekca HadexxHocmu
Tabena 7 — BpedHocmu cmeneHa u uHOeKkca KoH3uCmeHmHocmu

il\jg;cnte ra Ccriteria Soctllz;rracteristics of the Cprice Cma/’ntenance
Ay 9 3 6.67 3.33

Cl 5.23 1.00 3.335 1.1

CR 0.013 0.000 0.071 0.297

After obtaining the weight coefficient values, the COPRAS method is
used for choosing the best alternative. The first step is to form the basic
matrix (X)

c1 c2 C3 cC4 C5 C6 C7 C8 C9 C10 C11]

Al| 6 4 2375 190 15785100 6 18 2 2 8 24
X=424 6 101 122 13702500 4 18 4 4 6 24
A3/ 6 4 104 177 14210000 4 12 8 8 4 12
A48 6 95 268 10380000 6 24 6 6 2 60 |

In the first phase, by applying formula (3), the normalization of the
basic decision-making matrix (X) is performed. This is how we get the
normalized matrix (D).

1 C2 Cc3 c4 C5 C6 C7 C8 C9 C10 Cl1]
A110.250 0.200 0.442 0.008 0.292 0.300 025 0.1 01 04 0.2
D=42|0.167 0.300 0.188 0.005 0.253 0.200 0.25 0.2 02 03 0.2
A3{0.250 0.200 0.193 0.005 0.263 0.200 0.167 04 04 02 0.1
44| 0.333 0.300 0.177 0.008 0.192 0.300 0.333 03 03 01 05]

In the second phase, we perform the multiplication of the value of
the matrix (D) with the weight coefficients by applying formula (4) and
form the weight-normalized matrix (2).

=
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C1 C2 C3 C4 C5 C6 c7 Cc8 c9 c10 11

411 0.019 0.012 0.011 0.000 0.081 0.011 0.014 0.016 0.005 0.052 0.024
Z=A42|0.013 0.018 0.005 0.000 0.070 0.007 0.014 0.033 0.011 0.039 0.024
A3/ 0.019 0.012 0.005 0.000 0.073 0.007 0.009 0.065 0.022 0.026 0.012
A4/0.026 0.018 0.004 0.000 0.053 0.011 0.018 0.049 0.016 0.013 0.059

In the third phase, we sum up the values of the Z matrix by columns.
The values are summed up based on which criterion group they belong
to (max or min). The total values of the max and min criteria are shown in
the following matrix.

[ Si+ Si— |
A1|0.2037 0.0403
A2/ 0.1786 0.0531
A3/ 0.1679 0.0812
A44/0.1890 0.0774 |

In the fourth phase, we apply formula (9) to define the significance of
each of the considered alternatives from the set of alternatives being
compared. In the end, the ranking of the alternatives is performed based
on the value of the criterion function that is assigned to every alternative.
The final values of the COPRAS method and the alternative ranks are
shown in the Q matrix.

Oi Pi  Pane|
A1]0.294504 100.00 1
O=A42|0.247505 84.04 2
A3/0.212909 7229 4
A44]0.236293 80.23 3

Based on the criteria function values, the final rank of the
alternatives is defined: A1 > A2 > A4 > A3.

Validation of the results

Before making a decision, it is necessary to perform a validation of
the obtained results. In this paper, the validation of the results is
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performed in three phases. In phase one, the initial rank of the
alternatives gained by applying the BWM-COPRAS model is compared
to the ranks obtained through the MIRCA (Chaterjee et al, 2018) and
MABAC (Pamugar & Cirovi¢, 2015) methods (Figure 3).

4

Al A2 A3 A4

B MABAC B COPRAS MAIRCA

w

N

[y

Figure 3 — Ranks of alternatives
Puc. 3 — PaHe anbmepHamus
Cnuka 3 — PaHe anmepHamuea

Compared to other methods, the rank of the alternatives A1 and A2
remained unchanged. The tesults obtained through the COPRAS method
differ from those obtained through the MABAC and MAIRCA methods
only in the position of the A3 and A4 alternatives. In order to determine
the statistical significance between the ranks obtained through the BWM-
COPRAS model and though other approaches, the Spearman’s rank
correlation coefficient was used (SRCC). The SRCC is the coefficient of
the basic linear correlation between ranks. The Spearman’s rank
correlation coefficient is a non-parametrical method for ascertaining the
strength of the correlation applied when (Pamucar et al, 2018b): (1) the
data for at least one of the variables is displayed as ordinal data or in
ranks, (2) at least one of the variables does not have a normal
distribution, and (3) the ratio among variables is not linear. The value of
the rank correlation coefficients is obtained through formula (11):

6iDj
R:l—me[—l,l] (11)

<>

Pamucar, D. et al,, Multiple-criteria model for optimal off-road vehicle selection for passenger transportation: BWM-COPRAS model, pp.28-64



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 1

where D represents the variance in the ranks and n the number of the
units of the analysis. The results of the rank comparison though the
application of the SRCC are shown in Table 8.

Table 8 — Rank correlation of the tested methods
Tabnuya 8 — PaHeosas Koppensayusi mecmupyembix Memooos
Tabena 8 — Kopenayuja paHeosa mecmupaHux memooda

MCDM method COPRAS MAIRCA MABAC
SRCC 0.800 1.000 1.000

From Table 8, we see that the results of the MABAC and MAIRCA
methods are in complete correlation, while the results of the COPRAS
method have also shown a high level of correlation when compared to
other methods. Since the lowest level of correlation is 0.8 and the middle
value is 0.9, we can conclude that the suggested rank is confirmed and
credible.

The second phase of the result validation is a performance analysis
of the proposed model in the dynamic basic matrix environment. In the
dynamic basic matrix, for every scenario, a change in the number of
alternatives was performed and the obtained ranks were analyzed. The
matrices are formed by removing the lowest-ranking alternative, and then
by ranking the remaining ones based on the newly-obtained basic
decision-making matrix. By applying the BWM-COPRAS model, the
solution A1>A2>A4>A3 was obtained. Given that the A3 alternative is the
worst in the modified matrix, A3 is eliminated from the set of alternatives.
The new decision-making matrix is solved again and we get a new rank
A1>A2>A4. After this, the worst alternative (A4) is once again eliminated,
and with the application of the BWM-COPRAS model the final rank
A1>A2 is obtained.

Based on the obtained results, we can conclude that, by eliminating
the worst method, the rank of the remaining alternatives stays the same
through all three scenarios. Alternative A1 has stayed the best ranked
through all scenarios which has confirmed the robustness of the ranks
obtained in a dynamic environment.

The third phase of result validation is performed by changing the
weight criteria. The goal of this phase of the result validation is to
estimate the influence of the most influential criterion on the
performances of ranking the proposed model. After determining the
weight coefficients of the criteria by applying the BWM-COPRAS method
for the purposes of sensitivity analysis, the “most important criterion” is
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identified. By applying formula (12), the weight proportionality is defined
during the sensitivity analysis.

w, =(L=w,)x (w1 W)= - Axe, (12)
where w, is the shift in the weight criteria within the sensitivity analysis,
w, represents the weight of the most important criterion, w’ represents
the original values of the weight criteria and W’ represents the sum of
the original weight criteria values that are changing. The «. parameter is
defined as the weight coefficient of elasticity that expresses a relative
compensation of other weight coefficient values compared to the given
changes in the weight of the most important criterion. The «, value is
obtained through formula (13) (Kahraman, 2002).
a,=w, W, (13)
The assumptions during the performance of sensitivity analysis are
as follows: (1) the value of the weight coefficient of elasticity for the most
significant criterion is defined as one; (2) the ratio of the variable weights
stays constant during the entirety of the sensitivity analysis (Kirkwood,
1997). The Ax parameter (formula (12)) represents the amount of
change applied to the set of weight coefficients depending on their weight
coefficients of elasticity. The change of weights of the most important
criteria should be limited. Otherwise, the weights can take on negative
values which would lead to a disturbance in limiting the weight
proportionality. The Ax parameter can be (1) positive, which is indicated
by the increase of the relative significance or (2) negative, as indicated
by the decrease of the relative significance. The limits of Ax are defined
as the greatest change in weight of the most important criterion in the
negative and positive direction. The boundary values of Ax are defined
by applying formula (14).
—waAxSmin{wf/ac} (14)
After defining the boundary values of Ax new criteria weights are

calculated according to the previously established parameters for the
sensitivity analysis. The set of these new weight coefficient values is
calculated using formulas (15) and (16).

w, =W +a Ax (15)

w, =w —a Ax (16)
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where w! is the initial weight of the criteria subjected to the sensitivity

analysis, w’ je the original value of the variable weights. This new set of
criteria always satisfies the universal state of weigh coefficient
proportionality thatZWX +Zw€ =1. Based on the newly-obtained criteria

values, new ranks of alternatives for the given scenario are calculated.

In this research, the C5 criterion is identified as the most influential
one because it has the highest weight coefficient value w, =0.276 . In the
next step, the coefficient of weight elasticity of the most important
criterion is determined (¢, ) (Table 9) and the boundary values for the

weight coefficient change of the most important criterion (Ax) are
defined.

Table 9 — Elasticity coefficient for changing weights
Tabnuua 9 — KoaghghuyueHm aubkocmu enasHbiX Kpumepues
Tabena 9 — KoeguyujeHm ennacmu4yHOCMU Haj3Ha4YajHuUjea Kpumepujyma

Criteria labels a,
C1 0.1070
Cc2 0.0820
C3 0.0350
C4 0.0110
C5 1.0000
C6 0.0480
c7 0.0747
C8 0.2254
c9 0.0747
C10 0.1798
C11 0.1632

That is how the boundary values of the C5 criterion were obtained
and they are -0.2760< Ax <0.723. Based on the defined boundaries of the
weight coefficient change for the most important criterion, the scenarios
for the sensitivity analysis were determined. The -0.2760<Ax <0.723
interval was divided into a total of 21 scenarios. After defining the
boundary values of the most influential criterion, new weight coefficient
values were defined for the 21 scenarios, Table 10.

The influence of the new weight coefficient values on the change of
the ranks of alternatives is shown in Figure 4.
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Figure 4 — Sensitivity analysis of alternative ranks through 21 scenarios
Puc. 4 — AHanu3s yyecmeumesnibHOCMU aflbmepHamueHbIX paHao8 o 21 cueHapuro
Cnuka 4 — AHanusa ocmesbugocmu paHa08a anmepHamusa Kpo3 21 cyeHapuo

The final step is the review of the SRCC for all scenarios (Figure 5)
by using formula (21).

S1

S12 S11

Figure 5 — Correlation coefficient for each scenario
Puc. 5 — KoaghcbuyueHm koppensyuu rno Kaxxoomy cyeHapuro
Cnuka 5 — KoeghuyujeHm Kopenauyuje 3a cueHapuje
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Table 10 — Weights of the new criteria
Tabnuua 10 — KoaghhuyueHm saxkHocmu (8ecos) HO8bIX Kpumepuea
Tabena 10 — TexuHCcKu KoeghuyujeHmu Hog8oa cKyrna Kpumepujyma

f:?lo c1 c2 c3 c4 c5 cé c7 cs o) c10  C11

S1 0.107 0.082 0.035 0.011 0.000 0.048 0.075 0.2256 0.075 0.180 0.163
S2 0.101 0.078 0.033 0.011 0.050 0.046 0.071 0.214 0.071 0.171 0.155
S3 0.096 0.073 0.031 0.010 0.100 0.044 0.067 0.203 0.067 0.162 0.147
S4 0.091 0.069 0.029 0.009 0.150 0.041 0.063 0.192 0.063 0.153 0.139
S5 0.085 0.065 0.028 0.009 0.200 0.039 0.060 0.180 0.060 0.144 0.131
S6 0.080 0.061 0.026 0.008 0.250 0.036 0.056 0.169 0.056 0.135 0.122
S7 0.075 0.057 0.024 0.008 0.300 0.034 0.052 0.158 0.052 0.126 0.114
S8 0.069 0.053 0.022 0.007 0.350 0.031 0.049 0.147 0.049 0.117 0.106
S9 0.064 0.049 0.021 0.007 0.400 0.029 0.045 0.135 0.045 0.108 0.098
S10 0.059 0.045 0.019 0.006 0.450 0.027 0.041 0.124 0.041 0.099 0.090
S11 0.063 0.041 0.017 0.006 0.500 0.024 0.037 0.113 0.037 0.090 0.082
S12  0.048 0.037 0.016 0.005 0.550 0.022 0.034 0.101 0.034 0.081 0.073
S13  0.043 0.033 0.014 0.004 0.600 0.019 0.030 0.090 0.030 0.072 0.065
S14  0.037 0.029 0.012 0.004 0.650 0.017 0.026 0.079 0.026 0.063 0.057
S15 0.032 0.024 0.010 0.008 0.700 0.015 0.022 0.068 0.022 0.054 0.049
S§16  0.027 0.020 0.009 0.003 0.750 0.012 0.019 0.056 0.019 0.045 0.041
S17  0.021 0.016 0.007 0.002 0.800 0.010 0.015 0.045 0.015 0.036 0.033
S18 0.016 0.012 0.005 0.002 0.850 0.007 0.011 0.034 0.011 0.027 0.024
S19  0.011 0.008 0.003 0.001 0.900 0.005 0.007 0.023 0.007 0.018 0.016
S20 0.005 0.004 0.002 0.001 0.950 0.002 0.004 0.011 0.004 0.009 0.008
S§21 0.000 0.000 0.000 0.000 0.999 0.000 0.000 0.000 0.000 0.000 0.000

The medium value of the correlation coefficient for all scenarios is
0.752 - with this we conclude that the scenarios show a high degree of
correlation. Given that A1 remained the highest ranked through all three
phases of the result validation of alternatives, we can conclude that the
proposed rank is confirmed and credible.

Conclusion

This research created the hybrid BWM-COPRAS model for the
assessment of off-road vehicles for the units of the SAF. For the
evaluation of alternatives, seven criteria used in the first hierarchical level
were broken down into seven additional sub-criteria on the second
hierarchical level. The key contribution of this paper is the new BWM-
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COPRAS model for the assessment of vehicles in the SAF, as well as
the original BWM-MABAC and BWM-MAIRCA models which were
created for the needs of result verification. The presented model enables
the inclusion of subjectivities which arise in the process of group decision
making through linguistic validation of evaluation criteria. In addition to
this, though the model presented in this paper, new methodological
bases for SAF vehicle evaluation were introduced, which simultaneously
contributes to the betterment of the theoretical bases of multi-criteria
decision making as a whole. The developed approach enables the
bridging of the gap that currently exists within the methodology for off-
road vehicle assessment for the units of the SAF. By choosing the
optimal off-road vehicle, the risk of performing tasks for the SAF units is
significantly lowered and their efficiency is greatly enhanced.

The hybrid BWM-COPRAS model has been applied for the
assessment of the four vehicles considered for use in the SAF units. The
obtained results were checked though the discussion of the results for
different scenarios in which a dynamic environment was simulated
through the application of weight criteria values. The stability of the
model was verified through the statistical coefficient of correlation which
showed a high correlation of the ranks in all scenarios. The research
presented in this paper can serve as a methodology for decision making
when choosing the optimal off-road vehicle. Also, the results can be used
in the analysis of the certain criteria influence on the selection of the
military vehicle, which can serve as a systematical approach to path
defining in a model of the authority’s decision making in the process of
vehicle selection, in the military as well as in other complex systems.
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MHOTIOKPUTEPUAINBbHAA MOJENb BbIBOPA OMNTUMAJIBHOIO
BHEOOPOXHOIO TPAHCIMOPTHOIO CPEACTBA AJ1A
OCYWECTBJIEHNA MEPEBO3KM MACCAXXNPOB: BWM-COPRAS
MOJEIb

[pazanx C. Namy4yap, koppecnoHAeHT, Jlazap M. CaBuH

YHuepcuTeT 060poHbI B I. benrpagn, BoeHHas akagemus,
HenaptameHT noructuku, r. benrpag, Pecny6nuka Cepbus

PYBEPUKA TPHTW: 28.17.31 MogenupoBaHue npoLeccoB yrnpaBrneHus
BWO CTATbW: opurmHanbHasa HayyYHas ctaTbs
A3bIK CTATbW: aHrnuinckmin

Pe3swome:

BeedeHue/uernb: Coomeemcmsytowiee  pasgumue u  eblbop
8HEOOPOXHbIX MPAHCIIOPMHbIX cpedcme C Uesblo  BbIMONTHEHUS
pasnuyHbIx 8udos 3aday SersoMcs 8ecbMa BaXHbIMU (bakmopamu,
Komopble enusirom Ha MOBUIbHOCMb  0/1b308amerniel, Kadyecmeo
nepedswxeHuss U 6e30nacHOCMb puU  8bINOSIHEHUU  MpPaHCropmHoU
OessmenbHocmu 8 pamkax BoopyxeHHbix cun Pecnybnuku Cepbus
(BCPC), a makxxe Ha aghgheKmugHOCMb ee OCyU,eCMeIIeHUsI.

Memodbi: B QdaHHOU pabome npedcmasrnieHa Molerib Onil 8blbopa
onmumasibHo20 8HEAOPOXKHO20 MPaHCoOpmMHo20 cpedcmea Onisi Hyxo
BCPC, c¢ npumeHeHuem BWM (Best Worst Method) u COPRAS
(Compressed Proportional Assessment) modernieli. OnpedeneHue
OMHOCUMErIbHOU  CIIOXHOCMU  KpUmepues Ha OCHO8aHUU, KOMOpPbIX
rpou38o0uUMCs oueHKa rnomeHUUasbHbIX 8HEOOPOXHBIX MPaHCIOPMHbBIX
cpedcme 8biInosiHeHo ¢ nomowbto BWM memoda. Hapsidy ¢ COPRAS
MemoOOM, KOMOPbIU S6/Iiemcsi HeombeMIeMOU HYacmbi0 OCHOBHOU
modlenu npuHamusi peweHul, 8 daHHoU pabome e 4Yacmu eanudauuu
pesynbmamos npumeHsnuce u MABAC (MultiAttributive  Border
Approximation area Comparison) u MAIRCA (MultiAtributive Ideal-Real
Comparative Analysis) memodbi.

Pesynbmamsi: UcnbimaHue BWM-COPRAS modenu npogedeHo Ha
npumepe ebibopa onmuMasbHo20 8HeOOPOXHO20 MPaHCIOPMHO20
cpedcmea 6 BCC e pesynbmame 4e2o Obin rorfy4eH 8bICOKUU
KoaghhuyueHm  Koppernauuu  paHeos. Banudauusi  pe3yrnbmamos
8bIMO/THEHa C MOMOWbB0 cmamucmu4eckol obpabomku OaHHbIX,
MOJTyYEHHbIX bs1a2o0apsi MPUMEHEHUIO pasuUYHbIX
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MHO20KpUmMepuarsbHbIX memodos, 8 mowm qucrie
KoaghghuyueHma koppensayut paHzos CriupmeHa.

Bbigo0bl: [NonydeHHble pesyrnbmambi 1oKkasbiéaom ycmoldyusocmb
pesynbsmamoe  npelnazaemol  MoOesnu  Mpu  paHXUposaHUU
anbmepHamue U 0oKa3blearom ee rpuMeHuMocmbs Ol peuweHul
MHO20KpUmMepuasbHbIX 3a0ay.

Knwouesbie cnosa: BWM, COPRAS, MABAC, MAIRCA, ebibop
asmomoburisi, NpuHMuUe MHO20KpUMmepuasbHbIX peuweHud.

BULWEKPUTEPUNJYMCKU BWM-COPRAS MOJEN 3A N3BOP
OMTUMANHOIr TEPEHCKOI" BO3UJIA 3A NMPEBO3 MNMYTHNKA

[paean C. Namy4yap, ayTop 3a npenucky, J/lazap M. CaBuH

YHuBepauteT ogbpaHe y beorpaay, BojHa akagemuja,
Kateppa noructuke, bBeorpaa, Penybnvka Cp6uja

OBNACT: maTematuka, caobpahaj, noructuka
BPCTA YJ1IAHKA: opurMHanHm Hay4Hu pag
JESNK YJTAHKA: eHrnecku

Caxemak:

Yeod/yurb: AdekeamHa eearlyauyuja u u3bop mepeHCKkoz eo3usna 3a
usepuierse pasnu4dumux epcma 3adamaka 8eoma je eaxkaH ¢hakmop Koju
ymude Ha MObUTHoCm KOpUCHUKa, Huxosy 6e3bedHocm, kao U Ha
Keanumem u eghukacHoOCM u3sspliagarba mpaHCrnopmHUX akmueHocmu y
Bojcuu Cpbuje (BC).

Memode: Cmoza je 3a u3bop onmumariHoz MepeHCcKo2 eo3una 3a
rnompebe BC, y osom pady nipednoxeH BWM (Best Worst Method) u
COPRAS (Compressed Proportional Assessment) modesn . O0pehusar-e
penamusHUX MmexXuHa Kpumepujyma, Ha OCHO8Y KOjux ce epuiu
8pedHOBaH-€ MOMEHYUjarIHUX MEPEHCKUX 803usia, U3BpWEeHO  je
npumeHom BWM memode. Noped COPRAS memode, Koja je cacmagHu
0eo ocHosHoz Moldernia 3a OoHoweHe 00r1yKe, y 080M pady Cy, Kpo3
sanudauyujy pesynmama, npumerseHe u memode MABAC (MultiAttributive
Border Approximation area Comparison) u MAIRCA (MultiAtributive Ideal-
Real Comparative Analysis).

Pesynmamu: Tecmuparem BWM-COPRAS modena Ha nipumepy uzbopa
onmumariHoa mepeHckoe eo3urna y BC dobujeHa je sucoka kopenauuja
paHeoea. Banudauuja pe3ynmama u3epweHa je Ccmamucmu4KoMm
obpadom pesyrnimama O0bUjeHUX pa3nuyumuUM SULIEKPUMEPUjYMCKUM
mexHuKkama, ripumeHom CriupmaHo802 KoeghuyujeHma Kopesayuje.
Sakrbyyak:  Pesynmamu  nokasyjy — cmabusHocm — pe3ysimama
npedrioxeHoz modera y paHaupary arimepHamusea u 0oKasyjy Heao8y
rpUMeHUBOCM 3a pewasar-e 8ULLEKpUMEPUjyMCKUX rpobriema.

Kmbyyrne peuu: BWM, COPRAS, MABAC, MAIRCA, usbop so3surna,
OOHOWeEH€e 8ULIEKPUMEPUjyMCKUX 001yKa.
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