@VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 3

Application of multi-criteria decision
making for the selection of a location for
crossing a water obstacle by fording in a
defense operation

Dusko Z. TeSica, Darko |. Bozanic?, Adis Puska®

@ University of Defence in Belgrade, Military Academy, Dean Office,
Belgrade, Republic of Serbia,
e-mail: tesic.dusko@yahoo.com, corresponding author,
ORCID iD: @https://orcid.org/0000-0002-5277-3270

b University of Defence in Belgrade, Military Academy,
Department of Tactics with Weapon Systems,
Belgrade, Republic of Serbia,
e-mail: dbozanic@yahoo.com,
ORCID iD: @https://orcid.org/0000-0002-9657-0889

¢ Government of the Br¢ko District of Bosnia and Herzegovina,
Department of Public Safety, Bréko, Bosnia and Herzegovina,
e-mail: adispuska@yahoo.com,
ORCID iD: {®https://orcid.org/0000-0003-3274-0188

doi https://doi.org/10.5937/vojtehg72-51249

FIELD: applied mathematics, military sciences
ARTICLE TYPE: original scientific paper

Abstract:

Introduction/purpose: The paper presents the multi-criteria Fuzzy DIBR-
Fuzzy DIBR II-EWAA-BM-DEXi-Fuzzy LMAW model for choosing a
location for crossing water obstacles by fording in a defense operation. After
the identification of the criteria by experts in this field, the mentioned model
was applied and the optimal point was determined. In order to test the
consistency of the results and the validity of the model, experts were
consulted again, and the sensitivity analysis and the comparative analysis
were performed.

Methods: The Fuzzy DIBR and Fuzzy DIBR Il methods were used to
determine the weighting coefficients of the identified criteria, while the
aggregation of the expert opinions and the obtained values was performed
using the EWAA and BM operators. To select the optimal location, the
Fuzzy LMAW method was applied, while the linguistic descriptors were
determined using the DEXi decision support system.

Results: The proposed methodology made it possible to identify all the
criteria that determine the choice of a location and the choice of the optimal
point for crossing a water obstacle in a defense operation. The testing of
the model by experts, the analysis of the sensitivity of the output results to




changes in the weights of the criteria and the comparison of the obtained
results with the results of other methods indicated the fact that the model is
valid and that it gives consistent results.

Conclusion: It was concluded that the multi-criteria model provides the
necessary help to decision makers in conditions of imprecise and
unspecified information and that it is applicable in real situations. Also, the
proposed model takes into consideration all the aspects that must be
considered when making such a complex decision and helps less
experienced officers in the decision-making process, reducing the
possibility of errors, which can resulf in human casualties. Finally, directions
for further research in the field of overcoming water obstacles and multi-
criteria decision making are suggested.

Key words: wading, location, selection, military, MCDM, DIBR, DIBR I,
Fuzzy, LMAW, EWAA, BM, DEX.

Introduction

Overcoming water obstacles is a challenge that is present in all
armies around the world and is considered one of the most difficult, most
dangerous and complex combat actions and is a type of counter-
engineering action aimed at ensuring the movement (maneuver) of units
in combat operations (Pifat, 1980, p.13; Falkowski & Model, 2019).
Considering a great number of waterways in our country, overcoming
water obstacles in defensive actions against the enemy will be of great
importance. Depending on deployment needs, different crossing points
can be established: raft crossing point, bridge crossing point, ice crossing
point, swimming crossing point, ford crossing point, deep fording crossing
point, and underwater fording crossing point (Pifat, 1980, pp.225-233). The
specifics of each of the operations determine the different conditions in
which the water obstacle is overcome. Successfully overcoming such
obstacles requires knowledge of various techniques and tactics, as well as
detailed preparation. The preparation process includes collecting
information on locations for crossing points, deciding on the most suitable
location, and as a final step, establishing the crossing point itself. This is
where the role of engineering officers comes into play - they must have a
good understanding of the tactical and technical aspects of using various
means to overcome water obstacles. Due to the complexity of these tasks,
long-term experience of officers working in pontoon units and training is
required to ensure the efficiency and safety of operations.

The location where the crossing over the water obstacle is established
must meet the necessary conditions (criteria) in the assigned area, in
accordance with the given task. The very choice of a location, for each of
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the crossing points, is basically defined by the normative - legal regulations
that regulate this area in the Serbian Armed Forces. The existing
documents only outline the criteria and rely on the experience of officers.
The criteria that have been established do not consider in detail all the
factors that influence the decision on the location, i.e., they are not
complete. Also, the mentioned factors are not elaborated in detail, nor are
they described to such an extent that they can serve as a standard
operating procedure when choosing a location, especially for officers who
do not have enough experience in this area. Part of the criteria is of a
qualitative nature, so its assessment is influenced by the subjectivity of the
decision maker.

In order to eliminate errors when deciding on the choice of locations
for overcoming water obstacles in a defense operation, primarily due to
the lack of experience of decision makers and the inaccuracy and
incompleteness of available information, it is necessary to establish a
decision-support model that would allow decision makers to choose the
optimal location, based on previously defined criteria, in which subjectivity
would be reduced to the smallest possible error. It is necessary to note
that mistakes made during the selection of a location for the establishment
of a crossing point over a water obstacle can result in human casualties
and cause damage to weapons and military equipment.

In order to make faster and better decisions about the choice of the
site of crossing by fording, i.e., the point on the water obstacle that is
"overcome by treading on the bottom of its bed" (Pifat, 1980, p.226), and
better optimization of time and assistance to less experienced officers for
making such a decision in a defense operation, in this research a decision
support model was established, which includes all the factors necessary
for making an optimal decision on the choice of a location. The mentioned
model includes the application of multi-criteria decision-making (MCDM)
methods for the subject choice. The application of different MCDM
methods, for solving different decision-making problems in different areas,
is shown in numerous papers (Keshavarz-Ghorabaee et al, 2022; Mishra
et al, 2023; Sahoo & Goswami, 2024; De & Nandi, 2024; Aldaghi & Muzik,
2024; Radovanovi¢ et al, 2024; Kumar et al, 2024, etc.). The selection of
different locations using different methods was also the subject of different
research studies (Ulutas & Karakus, 2021; Ao Xuan et al, 2022; Aykac et
al, 2023; Maghfiroh & Kavirathna, 2023; Nghiem & Chu, 2024; Alwedyan,
2024; Raad & Rajendran, 2024; Yicenur & Maden, 2024; etc.). The field
of MCDM was also applied to solving various problems in the military field,
including location selection, as evidenced by a large number of papers
(Sanchez-Lozano & Rodriguez, 2020; de Araujo Costa et al, 2022;
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Swethaa & Felix, 2023; Kurnaz et al, 2023; TeSi¢ & Bozani¢, 2023;
Dagistanli & Kurtay, 2024; Bilgin et al, 2024; etc.). The specific choice of
locations (points) for crossing a water obstacle using multi-criteria
decision-making methods is presented in a small number of papers, which
are mainly research studies conducted by the authors of this article, e.g
(Tesi¢ & Bozanié, 2018; Bozani¢ et al, 2018; Setiadiji et al, 2020; Znidarsi¢
et al, 2024; etc.), but no research deals with the choice of a fording
crossing site in a defensive operation. Given that the choice of indicators
is conditioned by data that confirm or refute the hypothesis and reflect the
properties of the subject and research objectives, the indicators are based
on previous scientific knowledge about the subject of research (Bazi¢ &
Danilovi¢, 2015), and, given that there are no detailed criteria that
influence the subject selection, that there are no previous research studies
in this specific area, and that the area is defined by normative-legal
documents, there was a need for this research as well as for this way of
defining indicators.

The most frequently used criteria for evaluating alternatives, in the
previous research in this area, were: Concealment of preparations, Degree
of exposure to enemy fire, Characteristics of shores/banks, Camouflage,
Bank characteristics, Characteristics of the terrain for the redirection of
units and vehicles, Depth of water obstacles, Protection of own forces,
Width of water obstacles, Speed of water current, Quality and number of
access routes, Scope of work on the approaches to banks, Bottom
composition, Existence of material deposits, Existence of obstacles, etc.
From the aforementioned research, it is concluded that the problems of
choosing locations for overcoming water obstacles can be successfully
solved by applying MCDM methods.

Given that the aspects from which the subject of research is viewed
represent incomplete and imprecise data, i.e., that most of them are known
through linguistic descriptions, and that in previous research Fuzzy theory
was used (which gave good output results with this type of data (Rashid et
al, 2023; Bozanic¢ et al, 2018; Setiadji et al, 2020; Wang et al, 2024)), the
authors in this paper also decided to use methods that were improved
using Fuzzy theory. The model formed and used in this paper includes
relevant MCDM methods for defining the weighting coefficients of the
criteria Fuzzy DIBR (Defining Interrelationships Between Ranked) and the
Fuzzy DIBR Il, based on expert opinions, with the DEXi decision support
system (used to form linguistic descriptors for qualitative criteria), as well
as the Fuzzy LMAW (Logarithm Methodology of Additive Weights) method
for determining the optimal location from a set of possible solutions in
conditions of imprecise and incomplete input parameters. The EWAA
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(Einstein Weighted Arithmetic Average) operator was used for the
aggregation of expert opinions, while the BM (Bonferoni Mean) operator
was used for the aggregation of weighting coefficients obtained by different
methods (Fuzzy DIBR and Fuzzy DIBR Il). The validity of the proposed
methodology was tested by experts in this field. In order to check the
stability and validity of the proposed model, a sensitivity analysis of the
output results of the proposed methodological procedure was performed,
as well as a comparison of the obtained results with the results obtained
using six other fuzzy MCDM methods. The reasons for the formation of
such a multi-criteria model are reflected in the following: considering that
experts are not always completely sure of their claims, the degree of
confidence of the experts was used to form a triangular fuzzy number,
which, by reducing the expert's confidence in the statement, blurs the fuzzy
number and reduces its crisp value; in order to obtain more precise values
of the weights of the criteria, two methods were used to determine the
weights, which use different scales to define the relationship between the
criteria; and when defining the weights, the competences of the experts
were also taken into account using the EWAA operator. The reasons for
applying Fuzzy theory have been previously explained. In Figure 1, the
algorithm of the proposed methodology is presented.
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Figure 1 — Algorithm of the proposed MCDM methodology

1124



Description of the methods

So far, various MCDM methods have been developed, both for
determining the weighting coefficients of the criteria and for the calculation
of the optimal alternative; they have been used in numerous areas to solve
various decision-making problems. For the purpose of this research, DIBR,
DIBR II, and LMAW methods were used, improved by triangular fuzzy
numbers formed using degrees of confidence.

More about Fuzzy theory and numbers can be seen in (Zadeh, 1965;
Zadeh, 1973; Pathinathan et al, 2015). Figure 2 shows an example of a
triangular fuzzy number based on the degree of confidence of the decision
maker in the given statement (TeSi¢ et al, 2024).
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Figure 2 — Example of a triangular fuzzy number based on the degree of confidence of
the decision maker

Fuzzy DIBR

The DIBR method (Pamucar et al, 2021a), with its simple
mathematical apparatus, is intended for the calculation of weighting
coefficients of criteria. In order to apply this method to imprecise and
incomplete data, it was improved using triangular fuzzy numbers (Pamucar
et al, 2022).

Figure 3 shows the steps of applying the method.
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# Step 1: Ranking criteria by importance

IF there exists a set of criteria and criterion is chosen as most importance THEN
Rank the other criteria in set C by importance so that criterion is at the first place.

ENDIF

# Step 2: Comparing criteria by importance and defining mutual relationships
FOR each criterion in set C DO
FOR each other criterion in set C DO
IF is not equal to THEN
Enter the value of relationship
# Ratio values are triangular fuzzy numbers.
ENDIF
ENDFOR
ENDFOR

# Step 3: Defining relations for calculating weight coefficients
FOR each criterion in set C DO

Define relations for calculating weight coefficients of criteria based on defined relationships and
ENDFOR

# Step 4: Calculating the weight coefficient of the most influential criterion
Calculate the weight coefficient for criterion based on defined relationships
# The values of the weight coefficients of the criteria are triangular fuzzy numbers

Calculate the weight coefficients for other criteria ( to ) based on defined relationships
Calculate the crisp value of weight coefficients and and

# Step 5: Defining the degree of satisfaction of subjective relationships between criteria
FOR and DO
Calculate
IF Difference between and is less than 10% THEN
Print "Relationship between criteria is satisfied."
ELSE
Print "Relationship between criteria is not satisfied."
# It is necessary to define new relationships between the criteria in order to satisfy the stated condition.
ENDIF
ENDFOR

Figure 3 — Pseudocode of the Fuzzy DIBR method

Fuzzy DIBR Il

The DIBR Il method (Bozani¢ & Pamucar, 2023) represents an
improved DIBR method, based on a small number of pairwise
comparisons, and has so far found application in various research areas.
The method is additionally improved by Fuzzy theory (TeSi¢ et al, 2024),
and the steps of the method are presented in Figure 4.
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# Step 1: Identification of the criteria
Identify_criteria_C(m) # Where m is the total number of criteria
Print "C(m)"

# Step 2: Determining the importance of each identified criterion
IF there exists a set of criteria C(m) and criterion is chosen as most importance THEN
Rank the other criteria in set C(m) by importance so that criterion is at the first place.

# Step 3: Defining the relationship between criteria
FOR each criterion DO
FOR each criterion DO
IF is not equal to THEN
Determine_degree_of_confidence( )
IF Degree_of_confidence satisfies condition THEN
Define_relationship_between_criteria() based on
ENDIF
ENDIF
ENDFOR
ENDFOR

# Step 4: Defining the relationship between the most significant and other criteria
Define_relationship_between_most_significant_and_other_criteria():

# Step 5: Determination of the value of the weight coefficient of the most significant criterion
Determine_weight_coefficient_of _most_significant_criterion():
# The values of the weight coefficients of the criterion is triangular fuzzy number

# Step 6: Determination of the value of the weight coefficient of the other criteria
# The values of the weight coefficients of the criteria are triangular fuzzy numbers
Determine_weight_coefficient_of_other_criteria( to )

# Step 7: Defuzzification of the value of the weight coefficient of the criteria
Defuzzify_weight_coefficient_of_criteria():

# Step 8: Determining the quality of the relationship between the criteria
Determine_quality_of_relationship_between_ criteria():
Calculate_deviation_values() # Using Equation
Calculate_control_value() # Using Equation
IF Deviation_values satisfy condition THEN
Print "Relationship quality between criteria is satisfactory."
ELSE
Print "Relationship quality between criteria is not satisfactory."
# It is necessary to define new relationships between the criteria in order to satisfy the stated condition.
ENDIF

Figure 4 — Pseudocode of the Fuzzy DIBR Il method

Aggregation operators

For aggregating expert opinions, the EWAA operator, presented in
(TesSi¢ & Bozanic¢, 2023), was used. The mathematical expression of the

operator is presented by expression (1).
e e

. L1a+fGoy =T Ta-fGhy
WA 1t = 31 .
N (o Cal B (G Cplk
j=1

j=1

where e is the total number of experts, A=1/e when all experts have the
same competence coefficient, and A=w® when the competences of the
experts are different (w®) .
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The BM operator was used to aggregate the obtained values of the
weighting coefficients of the criteria using the Fuzzy DIBR and Fuzzy DIBR
Il methods and to obtain the final criteria weights (Bonferroni, 1950; Tesi¢
& Bozani¢, 2023), and its mathematical formulation is presented by
expression (2).

1

n r+s
BM”S(X1,X1,...,XH)=£ 1 Zx[xf] (2)

n(n-1) =

Fuzzy LMAW

Pamucar et al. (2021b) presented the LMAW method in 2021. It has
a dual purpose: 1) determining the weighting coefficients of the criteria,
and 2) calculating the optimal alternative. Like the previous methods, this
method has been improved using triangular fuzzy numbers and applied in
various research areas (TeSic et al, 2023). The mathematical apparatus of
the Fuzzy LMAW method for determining the weights of the criteria is
presented in the following text.

Step 1: Formation of the initial decision matrix ( X :[)?U] )

Step 2. Normalization of the elements of the initial decision matrix (

N=[f;] )

X x{D xts) (d)

i i i Xi | s '
T+——=|1+——1+——,1+— if j € Benefit,
. () Xk
n; = 7 N Y N @)
1+ |1+ 2142147 _|if jeCost
D7) )

where ﬁ,j represents the normalized values of the initial decision matrix,
(+) (d) ) — min(x® ;
x;” =max(x;""), and x;” =min(x;’), / represents the left, d- on the right

is the distribution of the fuzzy number, and s is the value where the
membership function of the fuzzy number is equal to 1.

Step 3. Calculation of the weighted matrix (Z =[2;] ).

mxn




N 27
G =—— =
@) 7y @
2" 2
(2-7{)" + 749 "2 Tj.s)) O (2_75,))% 40
In(A In(n!" Ny In(n'@
where 7 = (’/)_ (’/), (u)’ (n;”) (5)

i=1 i=1 i=1 i=1

Step 4. Calculation of the final index for ranking the alternatives (Q. )

=1 =1 =1 =1

(6)
The ranking of the alternatives is formed on the basis of defuzzificated
index values (Q, ), i.e., a higher value of the index of the alternative implies

a higher rank and vice versa.

Application of the MCDM model

For the purpose of this research, 26 experts in this particular field were
engaged. The experts were sent a questionnaire to identify the criteria that
influence the choice of a location for crossing a water obstacle by fording
in a defense operation. After applying the Delphi method and processing
the obtained data, the opinions of four experts were rejected due to a large
deviation from the opinion of the expert group, so that in the end 22 experts

were engaged in the entire research process, i.e.E {E1,E2,...,E22} , and,
by applying the methodology presented in Tesi¢ & Bozani¢ (2024), their

competencies were defined
{0.0484, 0.0535,0.0365, 0.0439, 0.038, 0.0375, 0.0424, 0.043,0.0388,0.0372, 0.0364, }
(o e

0.0375, 0.0498, 0.0579, 0.0554,0.0536, 0.0496, 0.0492, 0.0417, 0.0444, 0.0529, 0.0526
Based on expert opinions, a total of 13 criteria affecting the location choice
Ce{C,C,,...Ci;3} were identified (Table 1).

After defining the criteria, each of the experts defined the ranking of

the criteria in accordance with their significance and the relationships
between the criteria, as well as their degree of confidence.
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Table 1 — Criteria that affect the choice of a fording location

Criterion type

crierion BenefiuCost | \umerical

C1 - Quality of access routes on both banks Benefit Linguistic
C2 - Scope of works on the entry and exit banks Cost Linguistic
Cs - Water obstacle width (m) Cost Numerical

C4 - Water obstacle depth (m) Cost Numerical

Cs - Water current speed (m/sec) Cost Numerical

Cs - Composition of the water obstacle bed Benefit Linguistic
Cr - Camouflage conditions Benefit Linguistic

Cs —Vulnerability of the crossing point to the
enemy attacks
Co - Natural and man-made obstructions in and
along the water obstacle

C10 - Conditions for bank preparations Benefit Linguistic

C11 - Existence of local material sites, resources
and workshops (industrial plants)

C12 - Water level change tendency Benefit Linguistic

C13 - Possibility of deploying tanks for action and
maneuvering on the exit bank

Cost Linguistic

Benefit Linguistic

Benefit Linguistic

Benefit Linguistic

By applying the steps of the Fuzzy DIBR method (Figure 3) and the
Fuzzy DIBR Il method (Figure 4), for each of the experts, aggregation was
performed using the EWAA operator, expression (1), and the coefficients
of the expert competences, which resulted in the criteria weight values for
each method (Table 2).

Table 2 — Aggregated values of the criteria weights for each of the methods

Cq C2 Cs Cs Cs Ce Cr
Fuzzy
DIBR | 00438 | 0.0410 | 0.1219 | 01741 | 0.1462 | 0.1417 | 0.0440
Fuzzy | 0459 | 0.0396 | 01199 | 0.1846 | 0.1511 | 0.1431 | 0.0407
DIBR II

Cs Co Cio Cn Ci2 Ci3
';‘:ZBQ’ 0.0906 | 0.0345 | 0.0271 | 0.0179 | 0.0552 | 0.0620
Fuzzy
DIBR | 0-0905 | 0.0337 | 0.0263 | 0.0162 | 0.0564 | 0.0550




In order to arrive at the final values of the weighting coefficients of the
criteria using the BM operator, expression (2), the data from Table 2, i.e.,
the weights of each of the criteria for both methods are aggregated. The
final values of the criteria weights are presented in Table 3 and represent
the input data for the initial decision matrix.

Table 3 — Final values of the criteria weights

Ci C2 Cs Cs Cs Ce Cr
w 0.0434 0.0403 0.1209 0.1793 0.1487 0.1424 0.0423

Cs Co C1o Cu C12 C13 Cs
w 0.0906 0.0341 0.0267 0.0170 0.0558 0.0584 0.0906

In order to choose the optimal location for crossing a water obstacle
by fording in a defense operation, it is necessary to evaluate the defined
alternatives in accordance with each identified criterion. The evaluation for
the linguistic type criteria is performed using Fuzzy linguistic descriptors,
presented in Table 4.

Table 4 — Fuzzy linguistic criteria descriptors

Linguistic descriptors for criterion C1o

Linguistic descriptors for criterion C13

Description of the Scale

Description of the

linguistic descriptor value linguistic descriptor Scale value
Excellent (OD) @, 9, 10) Fa"”“é‘;ﬁ‘)’”d't"’”s @, 9, 10)
Partially favorable
Very Good (VD) (5,6,7) bl dityions 5P) (5,6,7)
Partially adverse
Good (DO) (8.4.5) conditions (DN) (2.3,4)
- (1,2,3)
Sufficient (DV) Unfavorable conditions
(1, 1,1) (NU) (.11
Insufficient (NDV) T

Linguistic descriptors for criterion Co

Linguistic descriptors for criterion C12

Description of the linguistic Scale Description of the Scale value
descriptor value linguistic descriptor
Positive impact (P) (8,9, 10) Favorable Trend (PT) 8,9, 10)
. e Partially Favorable
Partial positive impact (PD) (5,6,7) Trend (DPT) (5,6,7)
Partially negative impact (ND) (2, 3, 4) Partially Unfavorable 2,3, 4)

Negative impact (N) (1,1,1)

Unfavorable Trend (NT)

Trend (DNT)

(1,1, 1)
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Linguistic descriptors for criterion C7

Linguistic descriptors for criterion C+

Description of the

Description of the

. s . Scale value . - . Scale value
linguistic descriptor linguistic descriptor
Excellent (O) (8,9, 10) Excellent (OD) (8,9, 10)
Very good (V) (5,6,7) Very Good (VD) (5,6,7)
Good (D) (3,4,5) Good (DO) (3,4,5)
Satisfactory (Z) (1,2,3) Sufficient (DV) (1,2,3)
Unsatisfactory (NZ) 1,1,1) Insufficient (ND) 1,1,1)

Linguistic descriptors for criterion Cs

Linguistic descriptors for criterion Cs

Description of the

linguistic descriptor Scale value

Description of the

linguistic descriptor Scale value

The bottom of the water
obstacle has sufficient
bearing capacity and is flat
(DDR)

The bottom of the water
obstacle has sufficient
bearing capacity, but it is
not flat (DDN)

The bottom of the water
obstacle does not have
sufficient load-bearing
capacity (the load-bearing
capacity can be increased),
but it is flat (DNR)

The bottom of the water
obstacle does not have
sufficient load-bearing
capacity (the load-bearing
capacity can be increased)
and is not flat (DMN)
The bottom of the water
obstacle does not have
sufficient load capacity (the
load capacity cannot be
increased) and is not flat
(DNN)

(8,9, 10)

(5,6,7)

(3,4,5)

(1,2,3)

(1,1, 1)

Very Large (VV) (8,9, 10)

Large (VE) (5,6,7)

Middle (SR) (3,4,5)

Small (MA)

(1,2,3)

Does not exist (NP) (1,1, 1)

Linguistic descriptors for criterion C11

Linguistic descriptors for criterion C2

Description of the

Description of the

linguistic descriptor Scale value linguistic descriptor Scale value
Exist (P) (6, 8, 10) Big (VEL) (6, 8, 10)
Partially Exist (DP) (2,4,6) Medium (SRE) (2,4,06)
Non Existant (NPo) 1,1, 1) Small (MAL) (1,1,2)

To determine the linguistic descriptor, for the purposes of this
research, the DEXi decision support system (Bohanec, 2023), based on
the DEX methodology (Bohanec et al, 2013), was used. The DEXi uses a




system of logical rules to make decisions. Each linguistic descriptor is
broken down into several criteria and sub-criteria and depending on the
logical rules, its value is determined.

Based on all the above, an initial decision-making matrix was formed.

It consists of five alternatives A e{A1,A ,...,As} and 13 criteria (Table 1),
previously identified by experts (Table 5).

Table 5 — Initial decision matrix

C1 C2 Cs C4 Cs Ce C7
A1 DO SRE 60 1.1 0.8 DDR D
A2 DV SRE 55 11 0.9 DNR (0]
As DV MAL 58 1.2 0.8 DDN Nz
A4 ND SRE 51 1 2 DDR z
As ND MAL 60 0.9 2.1 DDN D
Cs Co C1o Cu Ci2 Ci13
Ad vV ND DO DP DPT PU
Az VE ND NDV DP PT PU
As VE N VD NPo DNT DP
A4 vV N DV DP DPT DN
As SR ND NDV P PT PD

The initial decision matrix (Table 5), using fuzzy linguistic descriptors

(Table 4), is translated into the Fuzzy initial decision matrix (Table 6).

Table 6 — Fuzzy initial decision matrix

C1 C: Cs Ca Cs Cs Cr
A1 | (3,4,5) | (2,4,6) | (60,60,60) | (1.1,1.1,1.1) | (0.8,0.8,0.8) | (8,9,10) | (3,4,5)
Az | (1,2,3) | (2,4,6) | (55,55,55) | (1.1,1.1,1.1) | (0.9,0.9,0.9) | (3,4,5) | (8 9,10)
A3 (1,2,3) | (1,1,2) | (58,58,58) | (1.2,1.2,1.2) | (0.8,0.8,0.8) | (5,6,7) (1,1,1)
Al (1,1,1) | (24,6) | (51,51, 51) (1,1, 1) 2,2,2) (8,9,10) | (1,1, 1)
As (1,1,1) | (1,1,2) | (60,60,60) | (0.9,0.9,0.9) | (2.1,2.1,21) | (5,6,7) (3,4,5)

Cs Co C1o C11 C12 C13
A1 | (8,9,10) | (2,3,4) (3,4,5) (2, 4, 6) (5,6,7) (8,9, 10)
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A2 | (5,6,7) | (2,3,4) (1,1, 1) (2,4,6) (8,9,10) (8,9,10)
As | (5,6,7) | (1,1, 1) (5,6,7) (1,1, 1) (2,3,4) (5,6,7)
As | (8,9,10) | (1,1, 1) (1,2,3) (2,4,6) (5,6,7) (2,3, 4)
As | (3,4,5) | (2,3,4) (1,1, 1) (6, 8, 10) (8,9, 10) (5,6,7)

The formation of the initial decision matrix represents the first step in
the application of the Fuzzy LMAW method. After the other steps of the
method, expressions from (3) to (6), have been applied, the final ranking
indices are defined for each of the alternatives, and, by dephasing the
specified values, the final rankings of the alternatives are obtained (Table

7).
Table 7 — Values of the final index (Q) and the ranking of the alternatives
Alternative Q Q Rank
Aq (11.71, 11.95, 12.21) 11.950 1
A2 (11.64, 11.9, 12.18) 11.907 2
As (11.63, 11.87, 12.11) 11.866 4
A4 (11.56, 11.79, 12.04) 11.797 5
As (11.67,11.9, 12.13) 11.898 3

In order to validate the obtained results, the experts were asked to
rank the alternatives (Table 8) based on the initial decision matrix (Table

o) Table 8 — Ranking alternatives based on the expert opinions

A1 Az As As As A1 A As A4 As
E1 2 1 4 5 3 E12 1 4 2 3 5
E2 1 2 5 4 3 E13 2 1 4 5 3
E3 1 3 2 5 4 E14 2 1 3 5 4
E4 2 1 5 4 3 E15 1 2 4 5 3
E5 3 2 1 4 5 E16 1 2 4 5 3
E6 1 5 3 2 4 E17 1 2 5 4 3
E7 1 2 4 5 3 E18 1 2 4 5 3
E8 1 2 4 5 3 E19 1 2 4 5 3
E9 2 1 4 5 3 E20 1 2 4 5 3
E10 1 2 5 4 3 E21 1 2 4 5 3
E11 1 3 2 5 4 E22 1 3 2 5 4




Given that there is a consensus of expert opinions (TeSi¢ & Bozanic,
2024), the ranks were aggregated using the EWAA operator and the final
ranking of the alternatives was obtained by the experts (Table 9).

Table 9 — Final ranking of the alternatives based on the expert opinions

Alternative EWAA Rank
Ai 1.286692 1
Az 2.058976 2
As 3.778465 4
As 4528116 5
As 3.350265 3

Based on the ranks obtained by expert evaluation, it can be concluded
that the proposed methodology is valid, i.e., that it gives correct results.

Sensitivity analysis

In order to check the stability of the model to changes in the weighting
coefficients of the criteria, 40 different change scenarios were formed
(Figure 5).

1
0,8
0,6
0,4

0,2

0
S1 S3 S5 §7 S9 S11S13515517519521523525S527S529S31S33535S37S39

mC1 mC2 mC3 mC4 mC5 mC6 mC7 mC8 mC9O mC10 mC11 mC12 mC13

Figure 5 — Scenarios of changes in criteria weights

Applying the mentioned scenarios in the Fuzzy LMAW method leads
to the following results (Figure 6):
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A1 A2 A3 A4 A5

Figure 6 — Rankings of the alternatives obtained by applying scenarios

As it can be seen from the previous figure, the methodology used in
this research produces very consistent results. The first-ranked alternative
A+ was chosen as optimal in all cases, while the last-ranked alternative
was in the last place in all cases. Also, it can be stated that the ranking of
alternatives As and Az changes slightly in the scenario S1, i.e., in the case
when all criteria have equal weights.

Comparative analysis

In order to validate the model, the obtained results were compared
with the results obtained by the Fuzzy WASPAS (Weighted Aggregated
Sum Product Assessment) (Turskis et al, 2015), Fuzzy VIKOR
(VISekriterijumsko KOmpromisno Rangiranje) (Chang, 2014), Fuzzy SAW
(Simple Additive Weighting) (Roszkowska & Kacprzak, 2016), Fuzzy
MABAC (Multi-Attributive Border Approximation Area Comparison)
(Bozani¢ et al, 2018), Fuzzy COPRAS (Complex Proportional
Assessment) (Zarbakhshnia et al, 2018) and Fuzzy CoCoSo (Combined
Compromise Solution) (Fernandez-Portillo et al, 2023) methods. As it can
be concluded from the obtained results shown in Figure 7, the alternative
A1 is ranked first in all methods. Also, in Figure 8, it can be seen that the
Pearson correlation coefficient of the ranks (Rodgers & Nicewander, 1988)
obtained by the mentioned methods, in relation to the Fuzzy LMAW
method, tends to an ideal positive correlation.




A3 - The values of the Pearson correlation coefficient

Al A2

F-CoCoSo
A comm— 5 1
P78
0.6
F—LMAW F-WASPAS  F-COPRAS
0.4 J

0.2

0

F-VIKOR F-MABAC
F-SAW
Figure 7 — Rankings of the alternatives Figure 8 — The values of the Pearson
obtained by different methods correlation coefficient of the obtained
ranks

Conclusion

In this research, a model was developed for the selection of a location
for fording a water obstacle in a defense operation using MCDM methods,
i.e., the Fuzzy DIBR-Fuzzy DIBR I[I-EWAA-BM-Fuzzy LMAW model. The
proposed model represents significant progress in the field of overcoming
water obstacles and decision making, enabling more accurate and efficient
decisions in choosing a site to cross a water obstacle in conditions of
uncertainty and inaccuracy, in a defense operation. The application of the
Fuzzy DIBR and Fuzzy DIBR Il methods, which are based on expert
opinions and use the DEXi decision system, allows the inclusion of
imprecision in the decision process, which is of extreme importance in the
context of defense operations where information is usually incomplete or
unclear. At the same time, the application of the Fuzzy LMAW method
contributes to the determination of the optimal location in conditions of
uncertainty in the input parameters. The use of the EWAA and BM
operators for the aggregation of expert opinions and weighting coefficients
implies the importance of taking into account different aspects in decision
making. This approach provides a complex evaluation of various criteria
and aspects that influence the choice of location.

The validity of the proposed methodology was confirmed by expert
testing, which guarantees the relevance and applicability of the model in
real situations. Additionally, the performed sensitivity analysis and a
comparison with other MCDM methods confirm the stability and validity of

the proposed model.
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The developed model represents a significant contribution to the field
of military decision making and provides necessary assistance to less
experienced officers. Its application can significantly improve the selection
of the location for fording water obstacles, which is crucial for the
successful execution of defense operations. The main innovation in this
research is the introduction of MCDM methods and DEXi software in this
area, specifically in solving this problem, as well as comprehensively
defining the criteria that condition the subject choice. Practical application
is reflected in clearly defined criteria and the MCDM model that can easily
be converted into an application, the use of which will be adjusted to the
user.

This research opens up new opportunities for further research and
applications of other theories that deal well with inaccuracies and
uncertainties, as well as the development of application software for wider
use. Also, the proposed methodology can be used for any research
problem, with the definition of new criteria and new decision models in
DEXi software.The main limitations of this research are related to the
subject of the research itself; namely, the criteria that have been defined
refer exclusively to deciding on a location in a defense operation while for
other types of operations it would be necessary to redefine the criteria.
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Resumen:

Introduccion/objetivo: El articulo presenta el modelo multicriterio Fuzzy
DIBR-Fuzzy DIBR II-EWAA-BM-DEXi-Fuzzy LMAW para elegir una
ubicacion para cruzar obstaculos de agua al vadear en una operacion de
defensa. Luego de la identificacion de los criterios por parte de expertos en
este campo, se aplic6 el modelo mencionado y se determiné el punto
optimo. Para comprobar la consistencia de los resultados y la validez del
modelo, se consulté nuevamente a expertos y se realizaron analisis de
sensibilidad y anélisis comparativo.

Meétodos: Se utilizaron los métodos Fuzzy DIBR y Fuzzy DIBR Il para
determinar los coeficientes de ponderacién de los criterios identificados,
mientras que la agrupacion de las opiniones de los expertos y los valores
obtenidos se realizd utilizando los operadores EWAA y BM. Para
seleccionar la ubicacion optima se aplicé el método Fuzzy LMAW, mientras
que los descriptores lingliisticos se determinaron mediante el sistema de
soporte a la decision DEX.

Resultados: La metodologia propuesta permitio identificar todos los
criterios que determinan la eleccion de una ubicacion y la eleccion del punto
optimo para cruzar un obstaculo de agua en una operacion de defensa. La
prueba del modelo por parte de expertos, el analisis de la sensibilidad de
los resultados de salida a los cambios en los pesos de los criterios y la
comparacion de los resultados obtenidos con los resultados de otros
meétodos indicaron el hecho de que el modelo es valido y que proporciona
resultados consistentes.

Conclusion: Se concluyd que el modelo multicriterio brinda la ayuda
necesaria a los tomadores de decisiones en condiciones de informacién
imprecisa y no especificada y que es aplicable en situaciones reales.
Ademas, el modelo propuesto toma en consideracion todos los aspectos
que deben considerarse al tomar una decision tan compleja y ayuda a los
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oficiales menos experimentados en el proceso de toma de decisiones,
reduciendo la posibilidad de errores que pueden resultar en victimas
humanas. Finalmente, se sugieren direcciones para futuras
investigaciones en el campo de la superacion de los obstaculos del agua y
la toma de decisiones multicriterio.

Palabras claves: vadeo, ubicacion, seleccion, militar, MCDM, DIBR,
DIBR Il, Fuzzy, LMAW, EWAA, BM, DEXi

MpuMeHeHne MHOFOKPUTEPUANBbHOMO NPUHSTUS peLLleHnn ans Bblbopa
MecTa NpeooneHns BOAHOro NpensTcTBus BOpoa B xoae
0bopoHUTENBLHOM onepaumm

Aywko 3. Tewny?, Japxo N. Boxanudb, Aduc Mywika®

@ YHuBepcuTeT 0b6opoHbl B . benrpaa, BoeHHas akagemusi, gekaHar,
r. benrpag, Pecnybnuka Cepbusi, KOppecnoHAeHT

6 YHueepcuteT o60poHsbI B . benrpaa, BoeHHaa akagemusi, AenaptaMeHT
TaKTUKN U cUCTeMbl BOOpyXeHusi, r. benrpaa, Pecnybnuka Cepbus

& MpaBuTenbcTBO Ookpyra bpyko BocHum n epueroBuHbI,
AenapTameHT obLiecTBeHHoM 6e3onacHocTy, r. bpyko, BocHus u MepuerosrHa

PYBPUKA T'PHTW: 27.47.19 WccnepoBaHue onepauuin,
78.21.53 UccnepoBaHua 1 pa3paboTku B obnactu
3(pPEKTUBHOCTHU, HaAEXHOCTM U BoeBoro
MCMNONb30BaHNSA BOOPYXXEHWNSI U BOEHHOW TEXHUKN
BWO CTATbW: opurmHanbHasa Hay4Has ctaTbs

Pesome:

BsedeHue/uensn: B OaHHoU cmamee npedcmasreHa
MHo20KpumepuanbHas modesns Fuzzy DIBR-Fuzzy DIBR II-EWAA-BM-
DEXi-Fuzzy LMAW 0dns ebibopa mecma rpeodosieHusi B00HbIX rpezpad
86pod 8 xode obopoHumenbHoU onepauyuu. [locrne onpedeneHus
Kpumepueg 3Kkcriepmamu 8 OaHHoU obnacmu 6bina npuMeHeHa
yrnomsiHymasi Mooenb U ornpedenieHo onmumarnbHoe mecmo. [ns
rposepKku  coaniacogaHHocmMuU pe3dyribmamog U 0ocmosepHocmu
modenu bbinu nposedeHb! MOBMOPHbIE KOHCYbmayuu ¢ 3Kcrepmamu,
a makxe aHanu3 4yecmeumesibHOCMU U CpasHUMeslbHbIU aHau3.

Memoosi: [ns onpedesnieHusi 8eco8biX KO3GhPUUUEHMO8 8bISI8IIEHHbIX
Kpumepueg ucrionb3osanuck memods! Fuzzy DIBR u Fuzzy DIBR I, a
aspeauposaHue MHeHUU 3KCriepmos U [10fly4eHHbIX 3HayeHuu
ocyuiecmernisinock ¢ nomouwibto ornepamopos EWAA u BM. [ns ebibopa
onmumMarbHO20 MeCMOIOIOXKEHUSI nNpuMeHsiricss Memod Fuzzy LMAW,
a JuHesucmuyeckue OecKpurnmopbl onpedensanucb C MOMOWbH
cucmembi NoAdepKKU npuHamus peweHuti DEXI.

Pesynbmamebi: [pednoxeHHass mMemodosio2usi 1038osusna ebisieums
e8ce Kpumepuu, obycrasnusaruue 8bI60p MeCMONONIOXKEeHUS U cam
8bI60p onmumarnibHo20 Mecma O peodosieHuUss 800HOU npezpadbl
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86pod & xode obopoHumersnsHoU onepayuu. TecmupogaHue modenu
3Kcrepmamu, aHasau3 4yecmaumebHOCMU 8bIXOOHbIX Pe3yibmamos K
U3MEHEHUI0  8ec08 Kpumepues U  CpasHeHUe  [OJ1y4YeHHbIX
pe3ynbmamos ¢ pesynbmamamu Opyaux mMemodoe rokasasu, 4mo
moOerb HadexHa u pe3yrnbmamugHa.

Bbigo0bi: Ha ocHosaHuu pesyrnbmamos uccredogaHusi coesnaH 8bi1800,
Umo MHO20KpumepuasnbHas MoOefib oOKa3bleaem Heobxo0umyro
noMowb nuyam, NPUHUMAarWUM peweHUsi 8 yCri08usix HemoyHou u
HeornpedeneHHOU UHGopMayuu, U Ymo OHa MPUMEHUMa 8 peasibHbIX
cumyauusix. Takxe rpednoxeHHas MoOe b y4umbleaem 8ce acreKkmsl,
Komopble Heobxodumo umMems 8 8UGY NPU MPUHAMUU CMOJIb CII0XKHO20
pewenrusi. [loMumMo moeo, OHa [oMo2aem MeHee OfbIMHbIM
KoMaHOUpaM 8 rpoyecce NPUHIMUS peweHusi, CHUXasi 8eposimHOCMb
owubokK, Komopble Mo2ym npusecmu K 4eriogedeckum xepmeam. B
3aknodeHue npednoxeHbl HanpasneHus danbHeluwux uccrnedogaHull 8
obnacmu rnpeodosneHusi 800HbIX npensmcmauti u
MHO20KpUMepUanbHO20 NMPUHSIMUSs peuweHud.

Knoyesblie crioea: 6po0, J1I0Kayus, 8blbop, apmusi,
MHO20KpumepuarsnsHoe npuHsamue peweHud, DIBR, DIBR Il, Fuzzy,
LMAW, EWAA, BM, DEXi.

MpymeHa BULLEKPUTEPUjYMCKOT OANYyYMBaHa 3a M3bop nokauuje 3a
caBnahaBare BodeHe npenpeke razoM y ogbpambeHoj onepaumjmn

Hywrko 3. Tewuh?, Japko WN. Boxanuh®, Aduc lMywika®

2 YHuBep3auTteT oabpaHe y beorpaay, BojHa akagemuja, [ekaHar,
Beorpaa, Penybnuka Cpbuja, ayTop 3a npenucky

6 YHusepanteT onbpaHe y beorpaay, BojHa akagemuja,
KaTtegpa TakTvke ca cucteMmnmMa Haopyxarba,
Beorpap, Penybnuka Cpbuja
B Bnapga bpuko guctpukta bocHe n XepLerosuHe,
Opjememne 3a jaBHy 6e36jeaHocT, Bpuko, BocHa 1 XepuerosmHa

OBINACT: maTemaTtuka, onepaumoHa NCTpaxnBaha, BojHE Hayke
KATETOPUJA (TWM) YJTAHKA: opurmHanHm Hay4Hu pag

Caxemak:

Yeod/yurb: Y pady je npuka3aH suwiekpumepujymcku moden Fuzzy DIBR-
Fuzzy DIBR II-EWAA-BM-DEXi-Fuzzy LMAW rniomohy kojee ce epuwiu
uzbop nokauyuje 3a caenahusarbe B00EHUX rpernpeka ea3om y
00bpambeHoj onepayuju. HakoH uleHmudpukauyuje Kpumepujyma 00
cmpaHe ekcriepama, rnpuMer-eH je HasedeHu modern u odpeheHa je
onmumarniHa siokayuja. Padu mecmupara  KOH3UCMEHMHocmu
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pesynmama u eanudHocmu Modersia, NoOHOBO Cy aH2axo8aHU eKcriepmu,
u3epuieHa je aHanu3a 0cembUoCMU U KoMrapamueHa aHasu3a.

Memode: Memode Fuzzy DIBR u Fuzzy DIBR Il kopuwheHe cy 3a
odpehuesarbe  MEXUHCKUX  KoeguyujeHama  uOeHMUGUKO8aHUX
Kpumepujyma, 00K je aspezauuja eKCriepmcKux Mullirberba u 0obujeHux
epedHocmu epweHa nomohy EWAA u BM onepamopa. 3a u3bop
onmumariHe fiokauyuje npumerseHa je memolda Fuzzy LMAW, dok cy
nuHesucmuyku deckpunmopu odpehusaHu riomohy DEXi cucmema 3a
roOPWKyY O0My4UBaH.Y.

Pesynmamu: lpednoxeHa memodosioauja omoeyhuna je
udeHmucbukayujy ceux Kpumepujyma Koju ycrioerbasajy usbop nokauyuje u
cam u3bop onmumarsiHe JloKauuje 3a rnpenasak 2a3oM peKo 800eHe
npernipeke y o06bpambeHoj onepauuju. Tecmuparem moderia, aHaru3oM
ocemrbUBOCMU  U3NasHUX  pe3yimama Ha  [POMEHe  MmeXuHa
Kpumepujyma u ropeherbem 0obujeHUXx pe3ynmama ca pe3ynmamuma
Opyeux MmemoOQa, yka3aHo je Ha YureHUUy 0a je Modesn eanudaH u Oa Oaje
KOH3UCMeHmHe pe3ynmame.

Sakrpyqak: BakrbydeHO je 0Oa euweKkpumepujyMcku Mooen rpyxa
Heorxo0Hy nomoh OoHocuouyuma 00ryka y ycrioguma HerpeuyusHux u
HeoOpeheHux uHghopmayuja u 0a je NpUMerU8 y peasiHuMm cumyauujama.
Takohe, npednoxeHu moders1 paamampa cee acreKkme Koje je HeornxodHo
cazneGamu rpunukomM OOHOWeEHa jedHe KomrinemHe 00/lyKe U romMaxe
Marbe UCKYCHUM cmapewuHama y rpouecy o0rnydusara, cMamsyjyhu
moeyhHocm Hacmadka 2pewaka, Koje 3a rocrneduyy mo2y umamu u
Jbydcke xpmee. Ha kpajy, npednoxeHu cy npasyu darbux ucmpaxusar-a
u3 obriacmu caenahuear-a 800eHUX MperpeKka U 8UWEKpUMepUjyMCKoa
odrniyqusarba.

KrbyyHe pevu: ea3, nokauuja, u3bop, 8ojcka, euweKpumepujymcKo
odnyyqusare, DIBR, DIBR I, Fuzzy, LMAW, EWAA, BM, DEXi.
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