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Abstract:

Introduction/purpose: An adequate selection of vehicles used for the
transport of goods is a very important factor that affects the economical and
rational use of vehicle fleets, as well as the quality and efficiency of carrying
out transport activities in the Serbian Armed Forces. The goal of this work
is to design a model that should be of help to the traffic service authorities
to select the vehicle that is best for the performance of the assigned
transport task based on the defined criteria.

Methods: This paper therefore proposes a model for the selection of
vehicles for the transport of goods using a fuzzy logic system, as a type of
artificial intelligence system. In order to solve the problem of choosing a
vehicle for the transport of goods, five criteria are defined in the work based
on a survey of the commanders of the transport lines, which represent the
input values in the fuzzy logic system.The vehicle is selected based on five
criteria. The input variables are represented by three membership
functions, while the output variable is defined by five membership functions.
All the rules in the fuzzy logic system are determined using the rule premise
weight aggregation method (ATPP), which enables the formation of a rule
base based on experience. By applying this method and based on the
number of input variables and the number of their membership functions, a
base of 243 rules was defined. The values of the weighting coefficients of
the membership functions were determined using the LMAW method. A
user "interface" program was created for the developed fuzzy logic system,
which enables the practical application of this model.

Results: The model was tested on the example of choosing the optimal
vehicle for goods transported to the IVP "Pasuljanske livade" in 2020. The
selection of the optimal means of transport was made among the transport
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motor vehicles that are most used in the Serbian Army, namely: TAM 150
T11, FAP 2026 and FAP 1118. After packing all three vehicles with these
goods in Cube 1Q and after performing calculation and evaluation of
individual vehicles in the user "interface" program, the values of the output
variable for each vehicle were obtained. The obtained values for each
vehicle were ranked and the optimal vehicle for the transport of defined
goods was shown to be the FAP 1118.

Conclusion: The significance of this study is that it is among the first ones
to demonstrate the application of a model based on artificial intelligence that
solves the problem of vehicle selection for the transportation of movable
assets. The study provides considerable opportunity for further research.

Key words: fuzzy logic, fuzzy set, ATPP, LMAW, cube IQ, Matlab.

Introduction

Economical use of means of transport in peacetime is of great
importance for the defense system of the Republic of Serbia. Transport
motor vehicles with different usage characteristics are the basis of unit
mobility. That is why it is important to choose the one that will best meet
the set requirements from the large number of different types of motor
vehicles that can be used to transport goods. A large number of different
types of means of transport means that for every transport it is necessary
to choose a motor vehicle that will perform a particular task best and most
easily. Proper evaluation and selection of the right vehicle ensure the
conditions for the efficient execution of the tasks set before the units of the
Serbian Armed Forces. Taking into account the above, the choice of the
optimal vehicle is of great importance for economical, successful and safe
transport of units. In order to determine the optimal vehicle for the transport
of goods for carrying out an assigned transport task, a choice must be
made between the motor vehicles used in the Serbian Armed Forces. In
order to facilitate the work of the traffic service authorities when choosing
the optimal vehicle for the transport of goods, a model based on artificial
intelligence is presented in the paper, in order to help solving that problem.
Until now, the Serbian Army has not developed such a model that solves
the problem of vehicle selection based on artificial intelligence.

Based on a survey of transport line commanders, several criteria were
defined to represent the input variables in the fuzzy logic system, namely:
number of transport vehicles, capacity utilization, motor vehicle reliability,
fuel consumption per 100 km, and suitability for transport manipulative
work. This is followed by the fuzzy system modeling through five stages:
problem analysis, definition of linguistic variables, selection of membership
functions, formation of the rule base, and selection of inference and
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defuzzification methods. For the developed fuzzy logic system, the user
"interface" of the program for the selection of vehicles for the transport of
goods was created in the Matlab 2017a program package.

The presented model was tested on the example of choosing the
optimal vehicle for goods that were transported to the IVP "Pasuljanske
livade" in 2020 for the needs of the Military Academy. The selection of the
optimal means of transport was made from among the transport motor
vehicles that are used the most in the Serbian Armed Forces, and these
are TAM 150, FAP 2026, and FAP 1118. After packing the off-road vehicle
TAM 150 with these goods in Cube IQ, we read the data from the software
on how many motor vehicles we need to transport that type of goods and
use the carrying capacity per vehicle. In order to unify the load capacity
and obtain only one value, the arithmetic mean of all obtained values of
the load capacity utilization of those vehicles was taken. In the same way,
the packaging and obtaining the data necessary for the input variables in
the fuzzy logic system is carried out for the off-road vehicles FAP 2026
and FAP 1118. The input value of fuel consumption per 100 km is obtained
from the technical instructions for the mentioned motor vehicles, while the
reliability of a motor vehicle and its suitability for transport manipulative
work are obtained on the basis of the processed data from the survey of
the commanders of the transport lines.

The defined input values are entered into the created user program
and by starting the fuzzy system, the output variables are obtained, that is,
the preference for the vehicle is obtained in the form of a numerical value
and a linguistic descriptor. Based on the obtained values for each vehicle,
a ranking was performed and the optimal vehicle for the transport of
defined goods is the one with the highest preference value.

The paper consists of five parts. In the second part, the means of
transport most commonly used in the army are mentioned. The third part
presents the description and the method of designing the fuzzy logic
system, as well as the display and the method of creating a user "interface"
program for the selection of vehicles for transporting goods. Then the
application of Cube IQ is defined. The fourth part deals with the data used
when testing the modeled fuzzy system, a presentation of the use of Cube
IQ and the method of obtaining the necessary parameters. Finally,
concluding remarks with further research proposals are given.

Means of transport in the Serbian Army

In accordance with the Rulebook on the use of military vehicles in the
Ministry of Defense and the Serbian Armed Forces, "a military vehicle is
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any combat and non-combat vehicle and any other vehicle that is
registered under special regulations of the Ministry of Defense, as well as
any other properly marked vehicle while performing material obligations in
use in the units and institutions of the Ministry of Defense and the Serbian
Army". According to this Rulebook, military vehicles are divided into:

— Non-combat motor vehicles of general purpose;

— Non-combat special purpose motor vehicles;

— Trailers;

— Combat vehicles;

— Engineering machines powered by liquid fuels;
Special purpose vessels;
Means of internal transport; and
Other vehicles.

A general-purpose non-combat motor vehicle is a vehicle that, in
accordance with its construction, devices and equipment, is intended for
transporting people and cargo, for performing certain works, as well as for
towing a trailer, while non-combat special-purpose vehicles represent
vehicles that, by design, devices and assemblies, are intended and
adapted for special purposes. Off-road non-combat vehicles, depending
on their purpose and technical characteristics, can be divided into
(StarCevi¢, 2020):

— All-terrain vehicles for transporting people; and

— All-terrain vehicles for towing and transport.

The basic purpose of all-terrain vehicles for towing and transport in
the Serbian Army is the transportation of people and cargo, towing tools
and attachments, as well as the application for special superstructures of
the cabin type. Constructive solutions of all-terrain vehicles allow the
transportation of 12 to 20 people, while the carrying capacity of the vehicle
ranges from 1.5 to 20 tons. All-terrain vehicles for towing and transport
were mainly created on the basis of commercial vehicles, where the basic
assemblies were modified to a greater or lesser extent for military use.
Drive formulas for these vehicles are 4x2, 4x4, 6x6 and 8x8, depending on
the total weight and load capacity of the vehicle. In the units of the Serbian
Army, the following are mostly used: TAM 150, FAP 2026 and FAP 1118.

Off-road vehicle TAM 150 B/BV

The off-road vehicle TAM 150 T11 is a multi-purpose vehicle with all-
wheel drive. This vehicle has great maneuverability and is designed so
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that it can be used in different weather, adverse road and terrain
conditions. It is produced in variants:

— TAM 150 T11 BV — with winch; and

— TAM 150 T11 B — without winch.

The off-road vehicle TAM 150 T11 is intended for the transportation
of personnel (18 + 2 persons), transport of loads up to 5t useful load on
roads and up to 3t useful load off-road. Also, it can be used for towing
tools, trailers, as well as for superstructures. This model of the off-road
vehicle is in use in all units and institutions of the Serbian Armed Forces
and its average age is over 30 years. Maintenance is difficult due to the
lack of adequate spare parts, and therefore the degree of reliability of using
the vehicle when performing daily tasks is reduced.

Figure 1 — All-terrain vehicle TAM 150 T11
Puc. 1 — KpynHomoHHaxHbil epy308ol asmomobusib TAM 150 T11
Cnuka 1 — TepeHcko gosuno TAM 150 T11

The dimensions of the off-road vehicle TAM 150 T11 are 6550mm x
2275mm x 2890mm, fuel consumption is 24 - 30 I/100km, while the
dimensions of the cargo box are 4170mm x 2120mm x 1560mm (500mm)
(Starc€evi¢, 2020).

Off-road vehicle FAP 2026

The all-terrain vehicle FAP 2026 is a domestically produced multi-
purpose vehicle intended for driving on impassable terrain, transporting
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people (20 + 2 persons) with complete equipment, transporting material
assets up to 10t useful load capacity on roads and up to 6t useful load
capacity off-road, as well as for towing tools. Its dimensions are 7720mm
X 2490mm x 3100mm, cargo box dimensions 4530mm x 2020mm X
1600mm (470mm), while fuel consumption is 33 1/100km (Starcevic,
2020).

Figure 2 — All-terrain vehicle FAP 2026
Puc. 2 — KpynHomoHHaxHbIU 2py30eol asmomoburis @Al 2026
Cnuka 2 — TepeHcko eosuno @Al 2026

This model of all-terrain vehicle is used in the artillery and logistics
units of the Serbian Army. The average age of the vehicle is over 20 years
and the maintenance of these vehicles is regular due to the fact that the
vehicle was produced in the Republic of Serbia and that the units of the
Serbian Armed Forces have trained personnel and the necessary spare
parts. It follows that the vehicles have an appropriate degree of reliability
of use in the execution of everyday tasks.

Off-road vehicle FAP 1118

The all-terrain vehicle for towing and transport FAP 1118 was
introduced to the Serbian Armed Forces in 2010 after successful
development and final tests, and has been serially produced since 2012.
This vehicle model was developed by a domestic manufacturer with the
aim of renewing the vehicle fleet in the units of the Serbian Armed Forces
and replacing the TAM 110 and TAM 150 vehicles. Its main purpose is to
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transport people with complete equipment (20 people), transport cargo up
to 4t payload, tow tools and connecting devices, as well as application for
special superstructures of the cabin type. The dimensions of the all-terrain
vehicle FAP 1118 are: 6414mm x 2500mm x 3310mm, and the cargo box
dimensions are 4000mm x 2440mm x 1720mm (550mm). Fuel
consumption per 100km is 17-30L.

Figure 3 — All-terrain vehicle FAP 1118
Puc. 3 — KpynHomoHHaxHbIl epy3o8ol asmomobuns ®PAl1 1118
Cnuka 3 — TepeHcko eosusno QAN 1118

In the units of the Serbian Armed Forces, this vehicle is the newest
and youngest all-terrain vehicle for towing and transport and is in use in
the largest number of units and institutions of the Serbian Armed Forces,
with a focus on logistics units. Vehicle maintenance is regular due to the
fact that the vehicle is manufactured in the Republic of Serbia and that the
units have trained personnel and the necessary spare parts, and therefore
the vehicles have an appropriate level of reliability when performing daily
tasks (Starcevi¢, 2020).

Criteria for choosing a vehicle for transporting goods

The analysis came to the conclusion that there is no software based
on artificial intelligence that is used for the selection of vehicles for the
transport of goods in the Serbian Army. As a result of the research, the

263

Burici¢, |., Application of Cube 1Q software and multicriteria optimization models for the selection of vehicles for the transport of goods in the Serbian Armed Forces, pp.257-295



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 2

paper proposed a decision-making model, based on artificial intelligence,
for the selection of vehicles for the transport of goods in the Serbian Armed
Forces, and developed software for its practical application. For the
selection of criteria for creating this model, the commanders of transport
lines were surveyed. Based on the obtained data, the criteria for the
selection of vehicles for the transport of goods were defined, which
represent the input variables in the software. The criteria and their
description are presented in the table.

Table 1 — Defined criteria for the selection of vehicles for the transport of goods in the

Serbian Army

Tabnuua 1 — OnpedeneHHbie Kpumepuu 8bibopa mpaHCcrnopmHbIX cpedcme Orns
rnepesosKu epy308 8 cepbckol apmMuu
Tabena 1 — JeguHucaHu kpumepujymu 3a u3bop eosusa 3a mpaHcriopm pobe y Bojcyu

Cpbuje
Criterion Description
1 Number of means of Required number of means of transport for
) transport transporting goods.
The coefficient of static utilization of the
vehicle's carrying capacity represents the ratio
2 Capacity utilization of the amount transported and the amount of
) pacily cargo that could be transported, if the vehicle's
carrying capacity were fully used while driving
with the load.
The ability of the vehicle to carry out transport
3 Motor vehicle reliability work, keeping its exploitation indicators at a
given level during a certain time (mileage
traveled) in given conditions of exploitation.
4. E;el consumption per 100 The amount of fuel used per 100 km of travel.
Adaptation of the vehicle to loading and
Suitability for transport and unload!ng processes, i.e., to enable Ioadmg or
5. . . unloading with the least expenditure of time and
manipulative work ; o
labor, as well as optimal conditions for the
goods.

A model for optimizing the choice of vehicles when
transporting goods in the Serbian Armed Forces
The scheme of the model for optimizing the choice of vehicles when

transporting goods in the Serbian Army is shown in Figure 4. In the first
phase, after analyzing the problem, when modeling the fuzzy logic system,
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linguistic values are defined as well as the choice of membership functions,
which allows us to form a rule base, and then select the inference and

defuzzification method.

FUZZY SYSTEM

h 4

MODELING OF FUZZY
SYSTEMS

h 4

Problem analysis

'

Defining linguistic variables

v

Selection of membership
functions

v

Formation of the rule base

v

Choice of inference and
defuzzification methods

v

USER "INTERFACE" OF THE
PROGRAM FOR SELECTING
— VEHICLES FOR
TRANSPORTING GOODS

<

CUBE IQ

v

Analysis of collected data on the
transport of goods to bean meadows
in 2020

v

Vehicle packing in Cube 1Q

INPUT VALUES OF
ALTERNATIVES

h 4

MODEL TESTING

Figure 4 — Scheme of the model for the optimization of vehicle selection
Puc. 4 — Cxema modleniu onmumu3auyuu ebibopa mpaHcrnopmHbix cpedcms
Cnuka 4 — lllema modena 3a onmumu3sayujy usbopa eosuna

After the completion of the first phase, in the next step, the user
"interface” of the program is created, which allows us to apply this model
in practice. In the second phase, by applying the Cube 1Q software, based
on the analysis of the collected data, the vehicle is packed, which allows
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us to define the input values of the alternatives that are inserted into the
user form which performs model testing.

FUZZY systems

Artificial intelligence is defined as the branch of computer science that
deals with the creation of computer programs capable of exhibiting
"intelligent” behavior, one that is typically considered a uniguely human
quality (Luger et al, 1994). The term "artificial intelligence" is widely used
as the name of the branch of computer science that studies the ways in
which computers can be made "smarter" (Raphael, 1976). Artificial
intelligence as a scientific discipline deals with the method of automating
intelligent behavior. It is based on learning from experimental data,
learning from different patterns and transferring human knowledge to
analytical models. The goal of this scientific discipline is the development
and application of algorithms that will enable the computer to perform tasks
in the way that the human brain performs them. Artificial intelligence
methods are widely applied in all areas of solving engineering problems
through (Zuber & Licen, 2011):

— Expert systems - systems based on knowledge bases;

— Fuzzy logic systems - based on the transfer of human knowledge
(experience) into the working system;

— Atrtificial neural networks - there are mathematical models behind
the learning process; and

— Hybrid artificial intelligence systems — computer systems that
integrate different intelligent techniques.

Words such as: vague, undefined, vague, imprecise, blurred,
ambiguous, hazy could be replaced by one word - fuzzy. The founder of
fuzzy logic is considered to be a professor of computer science at the
University of California, Berkeley, whose name is Lofty Zadeh (Zadeh,
1975a; 1975b; 1975c). He laid the foundations of this science in 1965, and
according to him, fuzzy logic can have two different meanings (Zadeh,
1965):

— In a broader sense, fuzzy logic is a synonym for the theory of
fuzzy sets, and it refers to objects with unclear boundaries whose
membership is measured by a certain degree; and

— In a narrower sense, fuzzy logic is a logical system that is an
extension of classical logic.
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The basis of his theory is that descriptions should be imprecise, which
he shows by the principle of incompatibility, where he claims that by
increasing the impreciseness of the statement, with which we describe the
phenomenon, we increase its importance. A historically important element
in the development and application of fuzzy logic is the first practical
application, i.e. the first fuzzy regulator for controlling a steam engine,
which was constructed by Mamandi and Assilian in 1974. In the 1990s, the
market saw many products whose operation was based on the application
of fuzzy logic. Today, it is a clear fact that fuzzy systems can be
successfully applied in many areas: traffic management, stock exchange
business, medical diagnostics, financial management, etc.

A set of elements with the same properties is called a classic discrete
set and each element of a discrete set belongs to that set 100%, i.e. with
a membership degree of 1 on a scale from 0 to 1. While fuzzy logic is
based on the theory of fuzzy sets where the basic elements for
representation and processing are imprecise, it represents an extension
and generalization of a discrete set, that is, it represents a set of elements
with similar characteristics where the membership of the elements can be
any real number in the interval [0-1] (Zadeh, 1975a; 1975b; 1975c). The
basic difference between these two types of sets is that classic sets always
have a unique membership function, while fuzzy sets can be described
with many different membership functions. A fuzzy set (A) can be defined
as a set of ordered pairs.

A= {(ua )X EX 0 < py(0) < 1} 0

X is the universal set or set of considerations on which the fuzzy set
A is defined, and pA (h) is the membership function of the element (h) of
the set A (Puska et al, 2023). Each fuzzy set is completely and uniquely
determined by its membership function. An element of a fuzzy set is every
element in a confidence interval with a certain degree of membership,
while the membership function is chosen based on the experience gained.

The confidence interval for each fuzzy variable is determined by the
designer based on experience, observation or measurement. A confidence
interval that is within the physical limits of the variable is most often
adopted. A standardized value is adopted or an abstract confidence
interval is defined (Bozani¢ & Pamucar, 2014).

One of the features of fuzzy logic is that it is based on natural
language where linguistic objects are words and not numbers. Linguistic
expressions represent the connection between the numerical
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representation of information in a computer and the human way of thinking
(TeSic et al, 2022).

So input and output variables can have different linguistic names
which are displayed with descriptive names. The transformation of
linguistic expressions into the form of a mathematical representation is
made possible by the theory of fuzzy sets. In order to define linguistic
variables more precisely, they should also have linguistic values, such as:
"very little", "small", "medium”, "large", "very large". These values can also
be assigned a numerical representation for the purpose of easier and
shorter marking.

Fuzzy relations are a natural extension of the concept of fuzzy sets
and are used to represent relationships between elements that hold to a
certain degree. In binary relations, two elements can either satisfy or not
satisfy the relation, while in non-binary relations, the strength of the relation
is expressed by expressions that express gradualness (Cirovi¢ et al,
2014). In fuzzy relations, elements can have a higher or lower degree of
belonging, which is expressed as a number from the interval [0,1].

Fuzzy proposition is a structure of the form "h is A", where the variable
h and the set A are compared, that is, it determines the degree of
belonging of the variable h to the fuzzy set A. Where variable h can be 0
or 1 or fuzzy 0.75. The combination of propositions and conjunctions
creates a fuzzy rule that can be presented in the following form:

IFxis A

THENvyis B

Where x and y represent linguistic variables, and A and B linguistic
values described by fuzzy sets with the confidence intervals X and Y. The
conjunctions AND, OR, NOT, IF - THEN are used to connect propositions,
which are quantified through T and S norms. The fuzzy rule describes a
cause-and-effect relationship between input and output variables, while
from the aspect of automation it represents a combination of sensor
information and control actions.

Models based on fuzzy logic consist of "If - Then" rules that are
connected by "Else" expressions. The first part of the If rule represents the
input state, and the fuzzy proposition represents the premise, while the
second part of the Then rule represents the output state, and the fuzzy
proposition in this part represents the conclusion. A set of rules in which
the solution to a problem is described in words is a rule base or expert
rules. The rules are written in a convenient order for easier understanding
and are connected by the conjunction Or (Else), which is often not stated
(Pamucar, 2010).

268




In the relation, the input variables are most often represented by a
number, while the output values are also obtained in numerical notation.
Since the fuzzy system is described verbally (qualitatively) through
production rules, it is necessary to convert (fuzzify) numerical values using
fuzzy logical operations. After that, the mechanism of approximate
reasoning (inference) processes them in the fuzzy system through three
phases: aggregation, activation and accumulation (Pamucar et al, 2014).

The first step in solving a problem in fuzzy systems is fuzzification. It
is a process that converts each numeric input into a membership degree.
There is a degree of membership for each linguistic variable that applies
to a particular physical quantity (Bozani¢ et al, 2019).

Aggregation is the stage in which the process of associating a certain
value of the membership function with a measured numerical value is
carried out, that is, it is determined with what degree of confidence some
input numerical value belongs to a given fuzzy set. It is equivalent to
phasing if there is only one input.

Activation is an inference made in the Then part of the rule and
represents a deduction of the conclusion. The minimum and the algebraic
product are used as the activation operator, as the most common methods
of direct reasoning - Mamdani's method. In this type of reasoning, only true
premises are taken into account. By applying this method, fuzzy sets are
both input and output; this is important because another method is often
used - the Takagi-Sugeno-Kang method. The difference between these
two methods is in the structure of fuzzy rules, that is, in the conclusion,
instead of a fuzzy set, there is a linear function of input and output.

Accumulation consists of activating the conclusion, which is
accumulated by addition. The maximum or algebraic sum is used as an
accumulation operator.

Defuzzification means converting the resulting fuzzy set into a real
number. During mathematical defuzzification, information is reduced,
because different values of the linguistic variable can be mapped into the
same defuzzified real number. Therefore, it is necessary to be very careful
when choosing a defuzzification method, because there is no method that
is optimal for everyone. Also, one of the big problems is adjusting the fuzzy
rule parameters in order to get the desired output. The adjustment
methods are different and depend on the type of problem, because it is
impossible to define a general methodology by which it is possible to
perform the adjustment (Badi & Abdulshahed, 2021).

Models based on fuzzy logic generally require more iterations. In the
first step, a set of rules and corresponding membership functions are
defined, and then correction of individual rules and/or membership
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functions is performed, if necessary based on the observed results. Then
the model is tested again.

Modeling fuzzy logic system

Based on the described system, the foundations were created to
model the given system of interdependence of input criteria as a complex
fuzzy system for the selection of vehicles for transporting goods. The final
solution is reached through several stages, which in general modeling
represent system design, optimization and application. All those stages in
the fuzzy system can be specifically defined as:

— Problem analysis;

— Defining linguistic values;

— Selection of affiliation functions;

— Formation of the rule base;

— Choice of inference and defuzzification methods; and
— Application of fuzzy model.

Problem analysis

When modeling a fuzzy logic system, a detailed analysis of the
problem is performed in order to determine the number of variables and
their interdependence. If the problem is complex, the system is divided into
several smaller subsystems, the goal and purpose of each subsystem is
determined, and then the ways of connecting them and the priorities
among them are defined.

Defining linguistic values

Linguistic variables, as already explained, take values from spoken
language or are artificially synthesized. They are represented by fuzzy
sets. It is thought that the designed fuzzy system, for the selection of
vehicles for transporting goods, consists of five input linguistic variables:

— Number of means of transport;
— Utilization of carrying capacity;
— Reliability of the motor vehicle;
— Fuel consumption per 100 km;
— Suitability for transport and manipulative work;

and one output linguistic variable Vehicle Preference. The table shows the
interval of linguistic variables that was used when designing the fuzzy
system.
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Table 2 — Interval of the input and output linguistic variables
Tabnuya 2 — lHmepean 8x00HbIX U 8bIXOOHbIX [IUH28UCMUYECKUX NePeMeHHbIX
Tabena 2 — lumepean ynasHux U U3nasHux UH28UCMUYKUX MPOMEHbUBUX

Interval

Input linguistic variables
P 9 from to

Number of means of transport

1
Capacity utilization 0 1
Motor vehicle reliability 0 10
Fuel consumption per 100 km 0 40
Suitability for transport and manipulative work 0 10
Output linguistic variable Interval

from to
Vehicle preference 0 1

After defining and determining the interval of linguistic variables, it is
necessary to determine the number and type of membership functions for
all input and output variables. Setting up the system complicates a larger
number of membership functions, and, cosequently, a larger number of
rules, so it is recommended to start with reducing the number of
membership functions in accordance with the nature of the variable (Krstic,
2006). This reduction must not be done if there is a change in the quality
of the variable. Therefore, it is defined that in the model each input variable
has three membership functions, while the output variable has five
membership functions. The linguistic values of all input variables are:
Small, Medium, Large, while the output linguistic values are: Very Small,
Small, Medium, Large and Very Large.

Since it is a decision support system, a large number of linguistic
variables was not needed. With three linguistic values, a satisfactory
gradualness in changing the output values was achieved, which
maximized the number of rules to 243, which is within the range that an
expert can control.

Selection of membership functions

The choice of membership functions and their range is an important
stage when modeling a fuzzy logical system. In the fuzzy system,
Gaussian curves were used, since they describe the input and output
variables well and enable optimal sensitivity of the system (Veskovic et al,
2020). Figure 5 shows the membership functions of the input linguistic
variables, while Figure 6 shows the membership function of the output
variable.
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Figure 5 — Membership functions of the input linguistic variables
Puc. 5 — @yHKyuu npuHadnexxHocmu 8xX00HbIX JIUH28UCMUYECKUX NepeMeHHbIX
Cnuka 5 — @yHKyuje npunadHocmu ynasHUX JUH28UCMUYKUX MPOMEHIbUBUX

The values of membership functions of input and output variables are
shown in Table 3, where the first number in the interval represents the left
and right distribution of the Gaussian curve along the abscissa, and the
second number represents the value in which the Gaussian curve has a
value of 1 on the abscissa axis.
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Figure 6 — Membership functions of the output variable
Puc. 6 — @yHKyuu npuHadnexHocmu 8bIX00HOU nepemMeHHoU
Cnuka 6 — @yHKyuje npunadHocmu u3na3He nPoOMeHs/buse

Table 3 — Values of the membership functions of the input variables
Tabnuua 3 — 3HayeHus1 hyHKYUU MPUHAOIEXHOCMU 8XOOHbIX NMEPEeMeHHbIX
Tabena 3 — BpedHocmu ¢hyHKyuja npunadHOCMU yra3HUX npOMEeHIbUBUX

Membership function/ Input Small Medium Large

value

{\'“mber of means of [1.45 , 1] [1.66, 4.428] | [1.58 ,8.59]
ransport

Capacity utilization [0.232,0.1104] | [0.2119,0.5] | [0.236 , 0.8859]
Motor vehicle reliability [1.98, 0.5074] [2.1,5.169] [2.42 ,9.3]
Er‘:]e' consumption per 100 | rg 37 3 3g) [7.254,20] | [9.575, 38.8]
Suitability for transportand | 15 16 39741 | [2.136,5.95] | [1.728, 9.36]
manipulative work
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Formation of the rule base

The rule base is composed of a certain number of rules, expressed in
spoken or artificial language words, which represent the expert's
knowledge. A big problem with complex systems is that there is no
standard and systematic method for transforming engineering knowledge
or experience into fuzzy rules. As already mentioned, there is also no
general procedure for choosing the optimal number of rules, since many
factors influence such a decision.

At the beginning, for each combination of the input linguistic variable,
the expert suggests the corresponding output value. As already
mentioned, the system consists of five input linguistic variables (n=5) with
three linguistic values each (M=3) that can be combined in a database with
a total of M*"n=3"5=243 rules. In the paper, to determine the rules of the
fuzzy logical system, the "Method of Aggregation of Rule Premise
Weights" (ATPP) was used. The ATPP method for determining the rule
base consists of six steps (Cirovi¢ & Pamuéar, 2013):

— Determination of the weight coefficients of the input variables;

— Determination of the type (type) and function numbers of the input
- output variables;

— Determination of the weighting coefficients of the membership
functions of the input variables;

— Generation of the initial (incomplete) rule base with the maximum
number of combinations of input - output pairs;

— Generating a "complete" rule base by assigning appropriate

conclusions (y"” )to premises (xi(j)); and
— Optimization of rules.

At the beginning, the weighting coefficients of the relevance functions
(w,g)) of the input variables are determined, usually based on the

subjective assessment of the expert who models the fuzzy logic system.
In addition, the weight coefficients of the membership function can be
determined by group decision-making or aggregation of expert decisions
(Kiptum et al, 2022).

The distribution of weight coefficients can be even or uneven, but it
should reflect reality as much as possible. In the specific case, it was
defined with the help of the LMAW method based on a questionnaire. An
overview of the LMAW method is given in (Pamucar et al, 2021). The value
of the weight coefficients is given in Table 4.
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Table 4 — Weighting coefficients of criteria
Tabnuua4 — Becosbie KoaghchuyueHmbI Kpumepueea
Tabena 4 — TexuHcKu KoeguyujeHmu Kpumepujyma

Weight
Criterion coefficient of 6} @) ©)

criteria Wx; W, Wz,
K1 (number of means of transport) 0.229 0.229 0.114 0.05
K2 (capacity utilization) 0.207 0.05 0.103 0.207
K3 (motor vehicle reliability) 0.247 0.06 0.123 0.247
K4 (fuel consumption per 100 km) 0.178 0.178 0.11 0.04
K5 (s_unab_lllty for transport and 0138 0.03 0.09 0.138
manipulative work)

An initial "incomplete” rule base is then generated with the maximum
number of combinations that can combine the membership functions. The
initial base of rules contains only premises (the "If" part of the rule), that is,
combinations of all membership functions of the input variables of the fuzzy
logic system (xl.(])). The initial "incomplete" rule base (R) is displayed in a
matrix form as:

Xl X2 Xn
O I )
i (e A @)
R< R\ x¥ X% X
RAx™ x™ o x™
where xfp), ,x,(f’) is the membership function of the input variables Xi,...,

Xn.
Then the matrix R' is constructed in which the combinations of input

pairs are replaced by the weight coefficients (w(j)).

i

O WO @ @

woow o w W,

wd W@ w? W -
=@ W@ w® ®
Ri=lw” w’ w’ .. w

W™ wm

After forming the matrix R’, the elements of the matrix are summed up
by rows:
wy =3, wdyt vt eyt & 4
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where y* represents the upper limit of the confidence interval [y~,y*] of
the output variable Y. Then it is necessary to determine the degree of the
membership of the real number w; to the membership function y™ of the
output variable Y.

y(r) = maX(Wy n .Uy(r)) (5)
in order to generate the rule base, it is necessary at the beginning that
each pair of the membership function (x") of the input variables (X;) is
associated with the corresponding membership function (y™) of the output
variable (Y). That is why redundant rules are eliminated in order not to
burden the system, especially when there are several rules that have
similar or the same combinations of the membership functions of
input/output variables. When this happens, the rule that has the largest
sum of the weight coefficients of the membership functions contained in
the rule is left, namely:

R = maxZw)((i}z ,i=1,2,..,n (6)
If we define that:
— A - number of means of transport
— B - capacity utilization;
— C - motor vehicle reliability;
— D - fuel consumption per 100 km;
— E - suitability for transport and manipulative work; and
— F —vehicle preference;

then an example rule reads:

IF (A is Small) AND (B is Small) AND (C is Medium) AND (D is Small)
AND (E is Large) THEN (F is Very Small).

By entering numerical values into the fuzzy system, different values
of the input variables are set and the value of the output variable
Preference according to the vehicle is controlled.

Choice of inference and defuzzification method

The most frequently used methods in direct inference are MIN-MAX
and PROD-SUM (Mamdani method). At the beginning of this phase, the
MIN-MAX method was used and it is used when it is not important to
manage the entire confidence interval of the output variable. In a large
number of system simulations, this method proved unsuitable. One of the
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basic requirements was to achieve a satisfactory level of system
sensitivity, which cannot be achieved using this method. The desired
shape could not be obtained with the settings, and even if it was achieved,
it would only be valid for certain values of the input variables. By changing
the parameters, the surface would appear even less acceptable, and
therefore the system would be even less sensitive (MiloSevic¢ et al, 2021).
Therefore, the method of direct inference was used - PROD-SUM as the
best one offered by the Matlab program package.
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Figure 7 — Interdependence of the solution and two input variables by the PROD-SUM
method

Puc. 7 — Bsaumosasucumocmp peweHusi U 08yx 8XO0HbIX NePEeMEHHbIX Mpu MPUMEeHeHUU
memoda PROD-SUM

Cnuka 7 — MehysagucHocm pelwera u 0ge yra3sHe MpoOMeH/bUBE NMPUMEHOM Memoode
rnrPoa-cym
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Figure 8 — Interdependence of the solution and two input variables by the PROD-SUM
method
Puc. 8 — Bzaumo3zasucumocms peweHusi U 08yx 8X00HbIX NepeMeHHbIX NpuU MpUMeEHeHUU
memoda PROD-SUM
Cnuka 8 — MehysasucHocm pewera u 0ge yrnasHe rpoMeH/bU8e NpuMeHOM mMemoode
rnPog-cym

The difference between the MIN-MAX and PROD-SUM methods is
that in the activation phase of the fuzzy rule according to the MIN-MAX
method, cutting is performed, in fact only the activated parts of the fuzzy
sets are taken into account, and with the PROD-SUM method, scaling is
performed - proportionally reduction. Activation of the conclusion by the
MAX method accumulates the union of two phase sets, while the
accumulation contours by the SUM method are obtained as an algebraic
sum. At the beginning of the inference process, the values of the input
variables are phased. During the fuzzification process, the membership
functions defined for the input variables are applied to the actual value of
the input variable to determine the degree of membership for the premise
of each of the rules in the database. After this, the expert system performs
an analysis in accordance with the previously defined limits, which
represent the membership functions of individual variables. Each linguistic
variable consists of multiple fuzzy sets and the goal of fuzzification is to
determine which fuzzy set "belongs" to each input variable and to
represent that membership with a numerical value located in the interval
[0,1]. After phasing the input variables, those values are analyzed and
compared with the sets of premise values from the rule base. In order for
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all conditions to be satisfied, a smaller value is taken, i.e. the intersection
of fuzzy sets, due to the use of the operator "and" between the elements.
Then the obtained value is transferred to the fuzzy set which represents
the conclusion.

User "interface" of the program for selecting vehicles for
transporting goods

For the developed fuzzy logic system, the user "interface" of the
program for the selection of vehicles for the transport of goods was created
in the Matlab 2017a program package. By entering "T" in the command
line of the program package, the home page of the user program for the
selection of vehicles for the transport of goods in the Serbian Armed
Forces is launched.

-«

Selection of vehicles for transporting goods

RUN END

Ivama Burick, 142t dass
Department of Loglstic, Taffic and Transport module
Belgrade 2021,

Figure 9 — Home page of the user form
Puc. 9 — NasHasi cmpaHuua rosib308amesnibckoll (hopMbl
Cnuka 9 — NoyemHa cmpaHa KOpUCHUYKe ghopme
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Pressing the "RUN" button opens the fuzzy logic model. In the "Entry
to fuzzy system" part of the user form, the user enters the desired values
in the empty field below the defined criteria, while the interval values are
below the empty field.

-«

Input to the fuzzy system
Number of means of transport Capacity utilization Motor vehicle reliability
ci(18) c2(0,1] €3(0.,10)
Suitability for transport
Fuel consumption per 100 km and manipulative work

C4 [0.40] €5 {010}

Output from the fuzzy system

Vehide preference Numerical value of preference RUN

END

Figure 10 — A model for entering input values into the system and displaying output
values from the fuzzy logic system.
Puc. 10 — Modernb 8800a 8x00HbIX 3Ha4YeHuUl 8 cucmemy U 0mobpaxxeHus1 8bIXOOHbIX
3Ha4yeHuUl u3 cucmemb! He4YemkKoU 102UKU.
Cnuka 10 — Moden 3a yHowere ynasHux epedHoCmu y cucmem U rnpuka3s usnasHux
epedHocmu u3 fuzzy noeu4koe cucmema

Upon completion of identification, the user closes the user form by
pressing the "END" button, after which the program returns him to the initial
page of the user interface for vehicle selection, and closing the interface is
also done by pressing the "END" button.
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Cube I1Q

Cube IQ is software designed for optimal packing of containers,
trucks, pallets, crates and boxes. This software is unique in that, in addition
to regular shaped containers, it can also pack irregularly shaped
containers, such as air containers (ULD - Unit Load Device). It can also
determine the position of the center of gravity, pack loads in the form of
rolls, and optimize multiple containers/trucks at the same time. The great
advantage of this software is that there is no limit to the number of trucks
during optimization, as well as the possibility of obtaining certain
parameters (capacity utilization coefficient, volume utilization coefficient)
when packing vehicles with goods of different sizes. How to use Cube IQ
software is covered in (MagicLogic Optimization Inc, 2004)

The work uses Cube 1Q software for packing off-road vehicles TAM
150, FAP 2026, and FAP 1118. From the software, we get data on the
number of vehicles and utilization of payload and use these values for input
variables in the fuzzy logic system. In the next chapter, the application of
Cube 1Q, as well as the designed fuzzy system, will be described.

Model testing

Practical application is a logical phase in the life cycle of the model.
The model should be applied and, if necessary, certain corrections,
changes, and improvements should be made again, which is relatively
easy in the fuzzy system (Pamucar at al, 2016). The confidence intervals
of the input variables as well as the output variables can be changed and
adapted to the circumstances in which the program will be used. The
interval [0,1] was taken for the confidence interval of the output variable
Preference towards the vehicle.

To test the described model, data were used on the goods transported
in 2020 to the Intervidov Polygon (IVP) of "Pasuljanske livade" for the
needs of the Military Academy. For the transport of these goods, the
vehicle optimal for the task is selected using the designed fuzzy logic
system. During the selection process, three vehicle types used in the
Serbian Armed Forces, already mentioned in the paper, were considered.
The input values for Number of transport means and Capacity utilization
are obtained from Cube IQ, Fuel consumption per 100 km is obtained from
the technical manual for the mentioned motor vehicles, while Motor vehicle
reliability and Suitability for transport manipulative work are obtained
based on the data processed from the survey.

281

Burici¢, |., Application of Cube 1Q software and multicriteria optimization models for the selection of vehicles for the transport of goods in the Serbian Armed Forces, pp.257-295



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 2

Data analysis

Data were collected on dangerous goods transported to the IVP
"Pasuljanske livade" in 2020 for the needs of the Military Academy. These
data represent the input values to Cube 1Q software, after which the
vehicle to be packed is selected. At the same time, how this software works
is shown and data are obtained to be used when testing the fuzzy system,
i.e. for the selection of vehicles that would be optimal to use when
transporting dangerous goods to the IVP "Pasuljanske livade" in 2020.

Table 5 — Data on goods transported in 2020 at the IVP "Pasuljanske livade"
Tabnuua 5 — [aHHbie 0 moeapax, nepeseseHHbix 8 2020 200y Ha MBI "lNacynsaHcke
nueade”
Tabena 5 — Nodayu o pobu koja je mpaHcrnopmosaHa 2020. 200uHe Ha UBI

L 1acyrbaHcke nueade”
IVP "Pasuljanske livade" 2020. Box dimensions Esr:g::lirzg 'g‘rrgtcé l;nt of
years I(m) | b(m) |h(m) |Ofthe transported

crate (kg)

Bullet 12, 7mm regular grain M09 | 0.37 0.33 0.21 | 34 11
Eﬂlgge;ﬁﬁﬂgr;_"l"ggoord'”aw grain | 9555 | 0.315 | 0.14 | 285 60
Bullet 7.62mm, T.Z. M30 MCH P- 0.5 0.3 0.18 | 38 40
1200
sr“;!ﬁtl\; QBOZSTZH;Z Tgkord'”ary 044 [029 |02 |40 40
E;:”ser:i;.e?nrqi% UNIV.Z.MC.PB-900 0.44 0.36 022 | a5 15
RBR 64 mm M80 -Zolja- 0.965 | 0.32 0.27 | 25 1
Bullet 7.62mm marking grain T-46 | 0.48 0.35 0.16 | 26 27
gl;;l:(elt/llZ.?mm MC BZT (S) P288 0.5 0.315 | 0.2 48 1
Signal bullet 26mm 0.49 0.33 0.39 | 48
Mine 120mm LTF 0.71 0.35 0.22 | 43 1
Bullet 152mm TFP 0.95 0.46 0.24 | 95 169
Mine 82mm M74 0.55 0.52 0.27 | 46 4
Capsule No. 8 0.44 0.21 0.03 | 20 1
Caps ek 40-69 0.38 0.3 0.29 | 18 1
Detonating stick, PVC insulated 0.78 0.24 0.24 | 22 1
Slow-burning stick 0.61 0.3 0.33 | 22 1
Bullet TM-200 B.G. 0.57 0.25 0.19 | 27 1
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Cube-IQ 5.0.1.79 [C:\ProgramData\Cube-1Q5\Data] -0

| LoadSetup
[ Select Containers -u

Select Products

@ ¢ > »

First Prev Next Last

s = = & m =

Copy | Load Plan SaveFile Other | Vert. LoadList Detals | Diagnostis

- v X

Delete Save Cancel

x

New Load Optimize
Load Creation n Load Navigation n Reports n View 5 Hep
= ‘Sample Load ‘
Il ‘ Container Type | 5CAC [ Seq. | Qty [ used | Dimensions [~
14 w
Product & Seq. Qty Mot Loaded Loaded Length Width Height Weight Desaription Color Config
Kapisla br. & 1 1] 1] 0 0.44, 0.21 0.03! 0.02. | ]
Kapisla =k 40-68 1 1 1 0 0.38 0.3 0.28 0.02/ [ ]
Metzk TM— 200B.G. 1 1 1 0 0.57 0.25 0.19 0.03 [ ]
Metak 12,7 mm obicno z... 1 1 u 0 0.37 0.33 0.21) 0.03 ]
Metak 12.7 mm MC BZT 1 1 1 0 0.5 0.32 0.2 0.05 1
Metak 152 mm TFP 1 169 159 0 0.95 0.4 0.24) 0.1 .
Metzk 5,56mm sa obicni... 1 &0 &0 0 0.56 0.32| 0.14 0.03 1
Metek 7.62mm T.3. 1 40 40 0 05 0.3, 0.18 0.04 [ ]
Metak 7.62mm abeleza... 1 7 27 0 0.48 0.35 018 0.03 ]
Metzk 7.62mm za PKT o... 1 “ E 0 0.4 0.2 0.2 0.04 ]
Metzk 7.9 mm UNIV.Z. 1 15 15 0 0.4 0.3 0.22 0.05 [ ]
Metak signalni 1 E) B 0 0.49 0.33] 0.39 0.05 [ ]
Mina 120 mm LTF 1 1 1 0 0.71] 0.3 0.22) 0.04 1
Mina 82 mm M74 1 4 4 0 0.55 0.52 0.27) 0.05 1
RBR 654 mm M0 1 1 1 0 0.97, 0.32 0.27, 0.03] 1
Stapin detonirajud pvci... 1 1 1 0 0.78 0.24, 0.24 0.02 [
» |5tapin sporogared 1] 1 1 0 0.61] 0.3 0.3 0.02. [ ]

Figure 11 — Entry of goods input into Cube 1Q
Puc. 11 — Beod moeapHbix daHHbIx 8 Cube IQ
Cruka 11 — YHoc yna3Hux nogataka o pobu y Cube 1Q

Before selecting a vehicle, it is necessary to enter the basic vehicle
data into the software and these data are shown in Table 6, while Figure
12 shows how the data entry in Cube 1Q looks like.

Cube-IQ 5.0.1.79 [C:\ProgramData\Cube-1Q5\Data] Cube-1Q 5.0.1.79 [C:\ProgramData\Cube-1Q5\Data]
Containers I Containers
® ¢ » + = v x| D @ ¢ >+ = v x| O
First Prev fext Last | New Delete Save Cancel | Copy First Prev Next Last | Mew Delete Save Cancel | Copy
Navigation ~ Navigation w
Container Id ‘Container Id
TAM 150 T11 | muse FAP 2026 |
Depth 417 m Volume (calc.) m3 Denth 453 m Valume fcalc) 3
width 212/m  weghtCapacty tonnes width 202|m  wechtCapacty | 10 tomne
Height 0.5m Height 0.47| m

i\ I — . - —

Cube-IQ 5.0.1.79 [C:\ProgramData\Cube-1Q5\Data]

Containers

4 B+ = v x|}

First Prev Next Last New Delete Save Cancel | Copy
Navigation ]

= Container Id

| [rap1118 |

Depth alm Volume (cale.) m3
Width 24|m WeghtCapadty | 4 tomne

Height 0.5 m

= | I —

Figure 12 — Entering vehicle data into Cube 1Q
Puc. 12 — Beod daHHbIx 0 mpaHcriopmeix cpedcmeax 8 Cube 1Q
Cnuka 12 — YHoc nodamaka o eosusnuma y Cube 1Q
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Table 6 — Basic data about vehicles that are entered into Cube 1Q

Tabnuuya 6 — OcHo8Hble OaHHbIE O MPaHCMIOPMHbIX cpedcmeax, Komopble 88005IMCS 8
Cube IQ

Tabena 6 — OcHosHU nodayu o so3unuma Koju ce yHoce y Cube 1Q

. Dimensions of the cargo box of the vehicle | vehicle load capacity
Off-road vehicle
L (m) B (m) H (m) (®)
TAM 150 T11 4.17 2.12 0.5 5
FAP 2026 4.53 2.02 0.47 10
FAP 1118 4 2.44 0.55 4

Vehicle packing

After entering all the necessary data, the packing of the off-road
vehicle TAM 150 T11 was carried out, by selecting the vehicle from the
database and by calling the "Optimize" option, the packing of the vehicle
begins, while at the end the packing plan of the vehicle is obtained.

Figure 13 shows the entire process in Cube I1Q.

Once the vehicle packing plan has been obtained, the required data
are read. Thus, 6 TAM 150 T11 all-terrain vehicles are needed for the
transport of goods, while the capacity utilization is shown per vehicle. In
order to unify it and obtain only one value, the arithmetic mean of all
obtained values of the load capacity utilization of those vehicles was taken.

y = 2t (7)

n

In the same way, the packaging and obtaining the data, necessary for
the input variables in the fuzzy logic system, are carried out for the off-road
vehicles FAP 2026 and FAP 1118. So, 7 FAP 2026 vehicles and 6 FAP
1118 vehicles are needed.

Table 7 shows utilization of carrying capacity by vehicles, as well as
the final value obtained on the basis of formula (7).
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Figure 13 — Procedures for selecting a vehicle and packing it in Cube 1Q
Puc. 13 — lNpouedypsbi 8bibopa mpaHCrnopmHozo cpedcmeaa u e2o rnozpysku 8 Cube I1Q

Cnuka 13 — NocTynuu npunukom nsbopa Bo3vna un werosor nakosamwa y Cube IQ
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Table 7 — Utilization of the vehicle's carrying capacity
Tabnuya 7 — Ycnonb3oeaHue epy30no0beMHOCMU mMpaHCriopmHo20 cpedcmea
Tabena 7 — Uckopuwhere Hocugocmu go3usna

Off-road vehicle

A0 FAP 2026 | FAP 1118

Number of means of 6 7 6

transport (n)

Vehicle 1 (y1) 0.787 0.4313 0.9985

Vehicle 2 (y2) 0.7508 0.44 0.9985
s Vehicle 3 (ys) 0.7508 0.361 0.999
ﬁ Vehicle 4 (ya) 0.7508 0.361 0.999
S | Vehicle 5 (ys) 0.9396 0.361 0.999
)
‘S | Vehicle 6 (ve) 0.7224 0.3647 0.8815
Q.
§ | Vehicle 7 (y7) / 0.317 /

Final value of payload

utilization (7) 0.78 0.38 0.98

Table 8 summarizes the defined values of the input variables in the
fuzzy logic system for each vehicle and these parameters are entered into
the user program.

Table 8 — Values of the input variables in the fuzzy system
Tabnuua 8 — 3HayeHus1 8X00HbIX NePeMeHHbIX 8 HeYemkKoU cucmeme
Tabena 8 — BpedHocmu yna3sHux npomeHsbusux y fuzzy cucmemy

Number of . Motor Fuel Suitability for
Capacity : . transport and
means of S vehicle consumption ; ;
utilization o manipulative
transport reliability per 100 km
work
TAM
150 T11 6 0.78 6 24 7
®Ar
2026 7 0.38 8 33 8
®Ar
1118 6 0.98 9 235 9
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After entering the values into the user program and starting the fuzzy
system, the output values shown in Figure 14 are obtained, after which
they are entered in Table 9.

24 7 33 8

b of preomncs RUN merics e of geference RUN

END END

235 9

Numertcal value of preference RUN

END

Figure 14 — Display of the output values from the fuzzy system
Puc. 14 — OmobpasxeHue 8bIXO0HbIX 3Ha4YeHuUl U3 Heyemkol cucmembl
Cnuka 14 — lNpukas uznasHux epedHocmu u3 fuzzy cucmema

Table 9 — Output values from the fuzzy system - Vehicle preference
Tabnuua 9 — BbixoOHble 3HaYeHUs1 u3 Hedemkoli cucmemsi - [lpednoymeHue
mpaHcrnopm+ozo cpedcmea
Tabena 9 — NsnasHe epedHocmu u3 fuzzy cucmema — npegepeHyuja npema 8o3usy

VEHICLE PREFERENCE
VEHICLES
The numeric value of
Preference
the preference
TAM 150 T11 Medium preference 0.57
FAP 2026 Medium preference 0.48
FAP 1118 Large preference 0.71
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Based on the results obtained, the optimal vehicle for carrying out the
transportation of goods to the IVP "Pasuljanske livade" is FAP 1118. The
vehicle ranking can be shown as FAP 1118 > TAM 150 T11 > FAP 2026.

Conclusion

In the life and work of the units, there are daily needs to transport
large quantities of various goods. For the execution of these tasks, military
vehicle fleets are used, mainly for transport on shorter distances, while for
longer distances, the vehicles of transport organizations are used most
often. In this regard, more and more attention is being paid to the
economical, that is, rational use of the vehicle fleet. One of such methods
is centralized transport, which has not yet been fully implemented in the
Serbian Army. This paper presents a proposal for choosing the optimal
motor vehicle for the transport of mobile assets in the Serbian Army, all
with the aim of facilitating the work of the traffic service authorities in
planning the transport of mobile assets.

The selection of vehicles for the transport of movable assets was
carried out using a fuzzy logic system, which belongs to the group of
models based on artificial intelligence.

There are a large number of different types of motor vehicles in the
Serbian Army, and it is not easy to define which type of vehicle is optimal
for the delivery of mobile assets. Each unit and institution of the Ministry of
Defense and the Armed Forces has a different organizational and
formation structure, and therefore different needs related to support.

The basis for solving the problem of choosing a vehicle for
transporting goods is the correct definition of the criteria and their relative
importance. By surveying the commanders of transport lines, five criteria
were defined in this paper, which represent the input values of the fuzzy
logic system. The selected criteria are: number of means of transport,
capacity utilization, motor vehicle reliability, fuel consumption per 100 km
and suitability for transport manipulative work. To date, ho motor vehicle
has been made that can satisfy all criteria simultaneously in their optimal
sizes, but overall, based on all these criteria, the most favorable should be
selected with the help of a fuzzy system. The output variable is
represented as vehicle preference.

The input variables are represented by three membership functions,
while the output variable is defined by five membership functions. For the
membership functions of the input and output variables, Gaussian bell
functions were used, due to the requirement that there is a certain degree
of sensitivity of the system. All the rules in the fuzzy logic system are
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determined by applying the rule premise weight aggregation method
(ATPP), which enables the formation of a rule base based on experience.
By applying this method and based on the number of input variables and
the number of their membership functions, a base of 243 rules was
defined. The values of the weighting coefficients of the membership
functions were determined using the LMAW method. In order to increase
the sensitivity of the system as an inference method, the PROD-SUM
method was used.

The presented model was tested on the example of choosing the
optimal vehicle for the goods transported to the IVP "Pasuljanske livade"
in 2020. The selection of the optimal means of transport was made
between the transport motor vehicles that are most used in the Serbian
Army, namely: TAM 150 T11, FAP 2026 and FAP 1118.

After packing all three vehicles with these goods in Cube 1Q, the
values of the input parameters for the fuzzy logic system were obtained,
for the criteria of the number of means of transport and the utilization of
carrying capacity. After the calculation and evaluation of the individual
vehicles, the values of the output variable of the fuzzy logic system were
obtained in the user "interface" program, that is, the preference for the
vehicle was obtained, in the form of a numerical value and a linguistic
descriptor. The obtained values for each vehicle were ranked and the
optimal vehicle for the transport of defined goods was shown to be the FAP
1118.

The significance of this work is that it is among the first ones to
demonstrate the application of a model based on artificial intelligence that
solves the problem of vehicle selection for the transportation of movable
assets. The work provides great opportunities for further research.

In this sense, further research is needed to establish the criteria that
are crucial for the transport of goods in the army. Next, one should
determine the intervals that the input variables will cover and properly
divide them into the required number of parameters. In this way, the
number of criteria and the interval values of the input variables would be
adapted to a real situation and this model could be included in the daily
work of the traffic service authorities.
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MprmeHeHue nporpaMmmHoro obecneyeHusi Cube Iq n
MHOFOKpUTEPManbHOW MOAENN ONTUMMU3aLMmn nNpu Beibope
TPaHCMNOPTHbIX CPEACTB A5 NEPEBO3KN rPY30B B
Boopy»xeHHbIx cunax Pecnybnukn Cepbus

Usara [. Oxypuuny
BoopyxeHHble cunbl Pecnybnuku Cepbusi, YnpaBneHue TblnoBoro

obecneveHuns, LeHTpanbHasa 6a3a TbiNnoBoro obecneyeHus,
MepBbIi cknaackon 6aTansboH, r. FopHu MunaHosau, Pecny6nuka Cepbus

PYBPUKA TPHTW: 27.47.19 VccnepoBaHne onepauun,
28.17.31 MogenvnpoBaHue NpoLeccoB yrnpaBneHus,
73.47.12 OpraHu3aums ynpasneHus 1
aBTOMAaTU3MPOBaHHbIE CUCTEMbI YNpaBeHUS
TpaHCNopTOM,
81.88.00 MaTepumanbHO-TEXHNYECKOE CHabXeHMe.
Jloructuka
BWO CTATbW: opurmHanbHasa Hay4yHas cTatbs

Pe3swome:

Beederue/uenb: [llpasurnbHbili  8bI60p  MPaHCIOPMHbIX  cpedcms,
ucrornb3yembix 0711 MEPEBO3KU epy308, SI8MSIemMCcsi 8aXXHbIM (haKImopoM,
BMIUSIIOWUM ~ Ha SKOHOMUYHOE U  payuoHaribHOe  UCOoJb308aHUe
asmorapkos, a MmaKke Ha Kadecmeo U  3¢hchekmusHocmb
ocywecmeneHusi mpaHcropmHoul dessmenbHOCMU 8 BoopyXeHHbIX cunax
Pecrniybnuku Cepbus. Lenbto daHHOU cmambu siensiemcs paspabomka
modenu Ha OCHO8aHUU OrnpederieHHbIX Kpumepues, Komopasi noMoxem
opz2aHaM mpaHcrnopmHoU cryxbbl ebibpamb Hauboree mnodxodsuwee
mpaHcriopmHoe  cpedcmeo  Orii  8bIMOMHEeHUsST  M0CMaesieHHoU
mpaHcrnopmHou 3adayu.

Memodbi: B 0daHHOU cmambe npednazaemcsi Modesnb ebibopa
mpaHcropmHbIx cpedcme Orsi nepeso3ku 2py308 C UCMOoIbL308aHUEM
cucmemMbl  He4YemKkoU  JI02UKU  KaKk  pa3HosudHocmu  cucmemsl
UCKYCCMBeHHO20 UHmernnekma. [ns moeo 4ymobb! pewums rpobrnemy
8bibopa mpaHcropmHozo cpedcmea Oris IEPeso3KU 2py308, 8 cmambe Ha
OCHO8€ 0ripoca KOMaHAUPO8 MPaHCMOPMHbIX 8360008 bbiru orpederneHb!
name  Kpumepues, Komopble pedcmassisiom 6XO0HblIe 3Ha4YeHusi 8
cucmeme Hevdemkol fio2uku. TpaHcriopmHoe cpedcmeo ebibupaemcs Ha
OCHoee nsimu Kpumepues. BxoOHble nepemeHHbie npedcmassieHb! mpemsi
QyHKUUAMU NPUHaOIeXXHOCMU, 8 MO 8peMsi KaK 8bIXOOHasi nepeMeHHasi
onpedernisiemcs nAmMbio OyHKUUSMU fpuHadnexHocmu. Bce npasuna 8
cucmeme He4yemkol JI02UKU 0rpedernsomecss ¢ MOMOWbio Memoda
azpeauposaHusi rodycrioguli 8 He4YemKux rpasunax, Komopbil
rosgonsiem cghopmuposamp 6a3y npasusi Ha OCHOBaHUU Orlbima.
brazolapsi daHHOMy Memody, a makxke Kosudecmsy 6XO00HbIX
repeMeHHbIX U OyHKUUU npuHadnexHocmu K HuM, bbina onpedeneHa
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6aza u3 243 npasun. 3Ha4YeHUs1 8eco8bix KOaghehulyueHmos yHKUUU
npuHadnexHocmu bbiru orpederieHbl ¢ nomMouwbio memoda LMAW. [ns
pa3spabomaHHoU cucmembl HeYemkou noauku bbina co3daHa rpoepamma
r1o1b308aMesibCKo20 UHMepgelica, Komopas ro3eornssem npuMeHsImb
amy moderib Ha npaKmuke.

Pesynbmamei: Modesnb 6bia rnpomecmupogaHa Ha rfpumepe ebibopa
onmumasibHO20 MpaHCopmHo20 cpedcmea Ofisi Nepeso3Ku epy308 Ha
UBI "lMacynsHcke nueade" 6 2020 eody. Bbibop onmumasibHO20
mpaHcrnopmHozao cpedcmea bbin coenaH Ha OCHO8aHUU MPaHCIOPMHbIX
cpedcme, kKomopable Hauboree Yacmo ucronb3yrmcesi 8 cepbckol apmuu,
a umeHHo: TAM 150 T11, FAP 2026 u FAP 1118. lNocne nozpy3ku 2py308
80 8ce mpu suda mpaHcriopmHbix cpedcme e Cube IQ u nocne
8bIMNOTHEHUS pacyema U OUeHKU 0mOeribHbIX MPaHCopmMHbIX cpedcms 8
rnonb3oeamersibckoll "uHmepdgbelic” npozpamme Obiru rosyYeHb! 3Ha4eHUsI
8bIXOOHOU repeMeHHOU Mo KaxdoMy mpaHcropmHoMmy cpedcmsy. Ha
OCHOBaHUU  PaH)XUpPOBaHUSl  IOJIyHEHHbIX 3Ha4YeHUl ecex 8udos
mpaHCropmHbIx ~ cpedcme  8bIsIBIIEHO, 4mo  onMmuMarsbHbIM
mpaHCcropmHbIM cpedcmeom Orid 1epeso3ku OrpederieHHbIX 2py308
sensemcsi FAP 1118.

Bbi800bI: 3Hayumocmb 0aHHO20 Uucciedo8aHUsi 3aKroHaemcesl 8 Mmom,
4Ymo OHO OOHUM U3 NepP8bIX MPoOeMOHCMPUPO8asio rnpuMeHeHUe Modoersu,
OCHOBaHHOU Ha UCKYCCMBEHHOM UHMeiekme, Komopasi pewaem
npobriemy ebibopa MmpaHCropmHoao cpedcmea Onisi  Mepesosku
dswxumo20 umyujecmea. [aHHasi cmambsi MOXem OKa3ambCsl eecbMa
riornesHou 8 OanbHeluwux uccriedo8aHUsIX.

Kniroueesbie crnosa: Heyemkasi rioauka, Hedemkoe MHoxxecmeo, ATPP,
LMAW, cube 1Q, Matlab.

lMpumeHa Cube Iq codpTBEpa 1 Mogena BULLEKpUTEPUjyMCKE
onTMMuM3aumje 3a usbop Bosuna 3a TpaHcnopT pobe y Bojcuun Cpbuje

UeaHa [. Hypnunh

Bojcka Cpbuje, YnpaBa 3a noructuky, LleHtpanHa noructuuka 6asa,
MpBu cknaamwHmn 6aTtarsoH, Nopwy MunaHoBsau, Peny6nuvka Cpbuja

OBJIACT: matematuka, caobpahaj, noructuka
BPCTA UJIAHKA: oprvHanHu Hay4Hu pag

Caxemak:

Yeod/uurb: AdekeamaH u360p 803usia KOju ce Kopucmu 3a mpaHcriopm
pobe je seoma saxkaH ghakmop. OH ymu4e Ha eKOHOMUYHY U pauyUOHarHy
yriompeby 803H02 napka, Kao U Ha keasiumem u echukacHocm obaerbar-a
mpaHcrnopm+e denamHocmu y Bojcyu Cpbuje. [lpojekam osoz modesna
Moxe Oa rMoMosHe opzaHuMma caobpahajHe crnyxbe Oa, Ha OCHO8y
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OegbuHucaHuUx Kpumepujyma, odabepy 803uUN0 Koje je Hajborbe 3a
ussplieH-e rnocmasr/beHo2 mpaHcropmHoe 3adamka.

Memode: lNpednaxe ce modesn 3a u3bop eo3uria 3a mpaHcriopm pobe
rnpumeHom fuzzy rnosu4ko2 cucmema, Kao jeOHe epcme cucmema
sewmayke uHmersnueeHyuje. 3a pewasarse rpobnema usbopa eosuna 3a
mpaHcriopm pobe OegbuHucaHo je nem Kpumepujyma, Ha OCHO8Y
aHKkemuparba KoMaHoupa mpaHcropmHux e8odosa, Koju npedcmasrbajy
ynasHe epedHocmu y fuzzy moeuuyku cucmem. YnasHe MPOMEH/bUse
npedcmasrbeHe cy ca Mo mpu ¢yHKkyuje rpurnadHocmu, OOK je u3rnasHa
npomeHsbuea dechuHucaHa ca nem ¢pyHkyuja npunadHocmu. Cea
npasuna y fuzzy noaudkom cucmemy odpeheHa cy npumeHom memode
agpezayuje mexuHe npemuca npasuna (ATII), koja omozyhaea
gopmuparbe base rpsurna Ha ocHosy uckycmea. [pumeHom ose Mmemode,
Kao U Ha ocHo8y 6poja yra3Hux rnpoMeHsbUsUX U b6poja Huxosux ¢hyHKYuja
npunadHocmu, OegbuHucaHa je 6aza 00 243 npaesuna. BpedHocmu
MEXUHCKUX KoegbuyujeHama @yHKuuja npurnadHocmu odpeheHe cy
npumeHom LMAW memode. 3a passujeHu fuzzy nosuyku cucmem uspaheH
Jje KOpUCHUYKU ,uHmepgbejc” rnpoepam Koju omoeayhaea npakmuyHy
rpumeHy ogoe moderna.

Pesynmamu: Moden je mecmupaH Ha nipumepy usbopa ornmumarsHoe
so3ursia 3a poby Koja je mpaHcriopmosaHa Ha UBI ,[lacyrbaHcke nusade”
2020. eoduHe. N360p onmumariHo2 mpaHCcropmHoe cpedcmasa 8pLIEH je
usmMeRy mpaHCropmHUX MOIMOPHUX 803uUra Koja ce Hajeuwie Kkopucme y
Bojecyu Cpbuje, a mo cy: TAM 150 T11, @Al 2026 N ®AlT 1118. HakoH
rnakosara ce8a mpu e8o3una osom pobom y Cube IQ u usepweHom
npopayyHy u eeanyauuju rojeduHayHoz 8o3una Yy KOPUCHUYKOM
L2UHmMepaghejc” npoepamy dobujeHe cy gpedHOCmuU u3rasHe MPOMEHIbUBEe
3a ceako 803urio. Te epedHocmu 3a c8aK0 803USIO Cy paHaupaHe, na ce
rokasasno 0a je onmumMasiHO 803UJI0 3@ mpaHcrnopm deghuHucaHe pobe
QAN 1118.

Sakrbyuak: Osaj pad jedaH je 00 npsux Koju dokasyje npumeHy modena
3acHOB8aHO2 Ha 6eWmayvykoj UHMesNu2eHyuju Koju pewasa npobrem
usbopa eosuna 3a mpaHcriopm MfokpemHux cpedcmaea. Takohe, pad
npyxa eenuxke mo2yhHocmu 3a dasba UCmpaxusaHa.

KrbyuHe pequ: fuzzy noeuka, fuzzy ckyn, AT, LMAW, Cube IQ,
Matlab.
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