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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 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 IQ
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.

KEYWORDS: fuzzy logic, fuzzy set, ATPP, LMAW, cube IQ, Matlab.
Pe s31oM e ;

Beeacnue/ueab: T1paBuabHBIN BEIGOP TPAHCHOPTHBIX CPEACTB, HCIIOABS3YEMBIX AASL IEPEBOSKU IPY30B, SIBASCTCS BKHBIM
$aKTOpPOM, BAHSIOIIMM HA SKOHOMHYHOE U PAI[HOHAABHOE HCIIOAB30BAHHE ABTOIIAPKOB, 4 TAKXKE HA Ka4eCTBO U 3P PEeKTUBHOCTD
OCYILECTBACHHS TPAHCIIOPTHOH AeATeABHOCTH B Boopysxennsix cnaax PecryGanku Cep6ust. Lleabro AaHHOM cTaThu sBAsETCS
PpaspaboTKa MOACAM Ha OCHOBaHHMH OIIPCACACHHBIX KPHUTECPHEB, KOTOPasl OMOXXET OPTaHaM TPAHCIIOPTHOM CAYXObI BEIOpPATh
Han6oAce IIOAXOASLIICE TPAHCIIOPTHOE CPEACTBO AASL BBIIIOAHCHHS IOCTABACHHOM TPAHCIIOPTHOM 3aAQ4H.

AUTHOR NOTES

a  Serbian Armed Forces, Directorate for Logistics, Central Logistics Base, First Warchouse Battalion, Gornji Milanovac, Republic of Serbia
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Metopbi: B pAaHHOI cTaTbe IPEAAATacTCsi MOACAD BHIOOPA TPAHCIOPTHBIX CPEACTB AASL IICPEBO3KH IPY30B € HCIIOAB3OBAHHEM
CHCTEMBI HEYCTKOH AOTMKH KaK PasHOBHAHOCTH CHCTEMbI HCKYCCTBCHHOTO MHTEAAEKTA. AAsL TOro 4ToGbl pemnTs mpobacmy
BbI0OpA TPAHCIIOPTHOTO CPEACTBA AASL IIEPEBO3KHU IPY30B, B CTAThE HA OCHOBE ONIPOCA KOMAHAMPOB TPAHCIIOPTHBIX B3BOAOB OBIAL
OIPEACACHBI [ISITh KPUTEPUEB, KOTOPBIC IIPEACTABASIIOT BXOAHbIC 3HAYCHHUS B CHCTEME HEYETKOM AOTHKH. TPaHCIIOPTHOE CPEACTBO
BBIOMPAETCS HA OCHOBE ILSITH KPUTEPHEB. BXOAHBIE IIepeMeHHbIE IPEACTABACHDI TpeMs PYHKLMSIMHU IPHHAAACKHOCTH, B TO BpeMs
KaK BBIXOAHAS TIEPEMEHHAS ONPEACASCTCS IATHIO (YHKIMAMU IPHHAAACKHOCTH. Bee mpaBuaa B cuCTEME HEYETKOH AOTHKH
OMPEACASIIOTCS C MOMOIIBIO METOAA arPETMPOBAHHUS MTOAYCAOBHE B HEYCTKMX IPABHAAX, KOTOPBIH I103BOASIET cPOPMUPOBATH
6asy npaBUA Ha OCHOBAHMH OIIBITA. BAaropaps AQHHOMY METOAY, @ TAKKC KOAHYECTBY BXOAHBIX MEPEMCHHBIX M (YHKLIHUIH
IPUHAAACKHOCTHU K HUM, OblAa onpepcacHa 6asa u3 243 npasua. 3HaYCHUS BECOBBIX KOOPPUUNCHTOB QYHKIMIT IPUHAAACKHOCTH
6b1AM onpepcaeHbl ¢ oMombio MeToaa LMAW. Aast paspaboTaHHOI CHCTEMBI HEYETKON AOTMKH OblAa cO3AaHA IpOrpamMma
IIOAB30BATEABCKOTrO UHTEPEIiCca, KOTOPAs TO3BOASIET IPUMCEHATD 3TY MOACAD Ha IIPAKTHKE.

Pesyabratei: Moaeab Gblaa IPOTeCTHpPOBAaHA Ha MpUMEpPE BbIGOPA ONTHMAABHOIO TPAHCIIOPTHOTO CPEACTBA AASI IIEPEBOSKU
rpysos Ha MBIT "Tlacyasucke auBase” B 2020 roay. BLI6OP ONTHUMAABHOTO TPAHCIOPTHOTO CPEACTBA ObIA CACAQH HAa OCHOBAHHUH
TPAHCHOPTHHIX CPEACTB, KOTOPBIE Hanboaee 4acTo HCIIOAB3YIOTCA B cep6c1<oﬁ apMMH, A HUMEHHO: TAM 150 T11, FAP 2026
u FAP 1118. ITocae norpysku rpysos Bo Bce TpH BHA2 TpaHcopTHbx cpeacts B Cube IQ u mocae BbimoaneHunst pacuera u
OLICHKH OTACABHBIX TPAHCIIOPTHBIX CPEACTB B IIOAB30BATEABLCKOMN "HHTEpeHC” porpaMme ObIAN MOAYUCHBI 3HAYCHUSI BBIXOAHON
IEPEMCHHOM 10 KaXAOMY TPaHCIOPTHOMY CpeAcTBY. Ha OCHOBaHMH paH>KMpPOBAaHHS ITOAYYCHHBIX 3HAYCHHIH BCEX BHAOB
TPAHCIIOPTHBIX CPEACTB BBISIBACHO, YTO ONITUMAABHBIM TPAHCIIOPTHBIM CPEACTBOM AASL IIEPEBO3KH OIPEACACHHBIX IPY30B SBASCTCS
FAP 1118.

BrIBoABI: 3HAYUMOCTD AAHHOTO HCCACAOBAHHS 3AKAIOYACTCS B TOM, YTO OHO OAHHMM U3 IIEPBBIX IPOAECMOHCTPHPOBAAO IPUMEHEHUE
MOACAH, OCHOBAaHHOI Ha MCKYCCTBCHHOM HHTECAACKTE, KOTOpasl pemaeT mpobaeMy BbIOOpa TPAHCIOPTHOIO CPEACTBA AAS
IEPEBO3KU ABIDKMMOTO UMyIIECCTBA. AAHHAS CTAThsl MOXKET OKA3aThCsl BEChMA IIOAC3HOM B AAABHEHIIINX HCCACAOBAHHSX.

KunwodeBE e CJ 0B a: HedeTKas AOTUKA, HedeTkoe MHOXecTBO, ATPP, LMAW, cube IQ, Matlab.

ABSTRACT:

YBoa/unm: ApekBaTaH U300p BO3HAA KOjH C¢ KOPUCTH 3a TPAHCIIOPT pobe je Beoma BaxkaH pakrop. OH yrHde HA eKOHOMHYHY
panoHaAHy yrnoTpefy BO3HOT IapKa, Ka0 M Ha KBAAMTET H epUKACHOCT 00aBbatba TPAHCIOPTHE AcaaTHOCTH y Bojeun Cpbuje.
Ipojexar oBor Moaeaa MOKXe Aa MOMOTHe opraHuma caobpahajue cayxOe A, Ha OCHOBY AcPUHHCAHHX KpUTEpHjyMa, opabepy
BO3HAO KOj€ je Haj60mc 33 U3BPILERE IIOCTABAEHOT TPAHCIIOPTHOT 33AATKA.

Merope: ITpeasase ce Mopea 3a M360p BO3HAA 32 TPAaHCIIOPT pofe NPUMEHOM fUZZy AOTHYKOT CHCTEMA, KAo jeAHE BPCTE CUCTEMA
BCIITAYKE MHTCAMTCHLMje. 3a pelaBabe npobaeMa 1300pa BO3HAA 3a TPAHCIOPT pobe ACPUHHCAHO je MET KPUTEPHjyMa, Ha
OCHOBY aHKCTHParba KOMAHAMPA TPAHCIOPTHUX BOAOBA, KOJH IIPEACTABAA]y YAASHE BPEAHOCTH y fUZZy AOTHYKH CHCTeM. YAasHe
IPOMEHAUBE MIPEACTABAEHE Cy €A [0 TPU PYHKIMje IPUIIAAHOCTHU, AOK je H3Aa3HA IPOMEHAUBA AcGUHICAHA ca IeT QpyHKIMja
npunasgHoctd. Cba npasuaa y fuzzy AOTHYKOM cHcTeMy oapel)eHa ¢y IPHMEHOM METOAE arperanuje TeKMHE IIPEMICa IPaBHAA
(ATTIII), xoja omoryhasa ¢popmupare 6ase mpBuAa Ha OCHOBY HCKycTBa. ] [pUMECHOM OBe METOAC, K20 U Ha OCHOBY 6poja
YAQ3HUX MPOMEH/ASUBUX H 6poja HUXOBUX QYHKI[Hja IPUNAAHOCTH, AcQUHHUCAHA je 6asa oa 243 npasuaa. BpeaHocTH TeXUHCKHX
KoedurmjeHara GpyHKIHja IPUITAAHOCTH oppebene cy npumenom LMAW metoae. 3a pasBujeHn fuzzy AOTHYKH cucTeM uspalen
j€ KOPUCHUYKH ,,I/IHTepcl>ejc” porpam Koju 0MoryhaBa MPAKTUYHY IPUMEHY OBOT MOACAA.

Pesyaratu: Moaea je TecTupad Ha npuMepy usbopa ONTHMAAHOT BO3HAA 32 poby Koja je TpaHcrioprosana Ha MIBIT ,ITacymancke
auBaae” 2020. ropune. M360p ONTHMaAHOT TPAaHCIOPTHOT CPEACTABA BPILCH je usmel)y TpancmopTHHX MOTOpHHX BO3HAQ Koja
ce Hajsuute kopucre y Bojcun Cpbuje, a To cy: TAM 150 T11, ®AIT 2026 11 PAIT 1118. Hakon nakosama cBa Tpu BO3HAA
oBom pobom y Cube IQ u nsspmenom npopadyny n €BAAYAILIHjH TI0jEAHHAYHOT BO3HAA Y KOPUCHUYKOM ,HHTEpejC” mporpamy
A0GujeHe Cy BpeAHOCTH U3Aa3HE IPOMECHAUBE 3a CBAKO BO3UAO. 1€ BPEAHOCTH 32 CBAKO BOSHAO Cy PAHTHPAHE, 1A CE IIOKA32A0 Ad
j€ ONTHMAAHO BO3HAO 3a TpaHcopT acpunucare pobe PAIT 1118.

3akmydak: OBaj pap jEAAH je Oa TIPBHX KOjU AOKa3yje MPUMEHY MOAEAA 3aCHOBAHOT HA BEUITAYKOj HHTEAMTEHIIU]H KOjU pelaBa
npobaeM n3bopa BO3HAA 32 TPAHCIIOPT HOKPETHUX cpeacTasa. Takobe, pas npysxa Beanke MoryhHoCTH 32 Adba HCTPaXKUBamba.

KEYWORDS: fuzzy soruxka, fuzzy ckyn, ATTIIT, 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
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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 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 creatinga 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 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
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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 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.
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FIGURE 1
All-terrain vehicle TAM 150 T11

Puc. 1 - KpynaoronnaxHslii rpysosoii asromo6uas TAM 150 T11
Canxa 1 — Tepencko Bosuso TAM 150 T11

The dimensions of the off-road vehicle TAM 150 T11 are 6550mm x 2275mm x 2890mm, fuel
consumption is 24 - 30 1/100km, while the dimensions of the cargo box are 4170mm x 2120mm x 1560mm
(500mm) (Staréevi¢, 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 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 (Staréevi¢, 2020).
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FIGURE 2
All-terrain vehicle FAP 2026

Puc. 2 — Kpynaoronnaxusii rpysososi asromobuas PAIT 2026
Cauxka 2 — Tepencxko Bosuso GAIT 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
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
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FIGURE 3
All-terrain vehicle FAP 1118

Puc. 3 - Kpynaoronnaxuslii rpysosoii asromo6uab PAIT 1118
Cauxa 3 — Tepencko Bosuso GPAIT 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
(Star&evi¢, 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
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.
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TABLE 1
Defined criteria for the selection of vehicles for the transport of goods in the Serbian Army

Criterion Description
1 Murmber of means | Required number of means of
| of transport transport for transporting goods.

The coefficient of static utilization of

the wehicle's carrying capacity

represents the ratio of the amourtt

2. Capacity utilization | transported and the amount of cargo

that could be transported, if the

wehicle's carrying capacity were fully

used while driving with the load.

The ability of the vehicle to carry out

Motor vehicle _trarj.sport wirk, }ceeping its exploitation

=3 R ndicators at a giverl level during a
reliability o - =

certain time (frleage traveled) in given
conditions of exploitation.
Fuel consurption The amount of fuel used per 100 ko of

4 per 100 kan travel,
Adaptation of the wehicle to loading
Suitability for and unloading processes, i.e., to enable
=3 transport and loading or unloading with the least

manipulative work | expenditure of time and labor, as well
as optimal conditions for the goods.

Tabanua 1 — OnpeseacHHbIE KPHTEPHH BBIGOP TPAHCIIOPTHEIX CPEACTB AASL IIEPEBO3KH IPY30B B CepOCKOI apMHH
Tabeaa 1 — Aeunucann kputepujymu 3a u360p Bosuaa 3a Tpancnopt pobe y Bojcuu Cpbuje

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,
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.

264



IvaANA D #URI#1#. APPLICATION OF CUBE I(Q SOFTWARE AND MULTICRITERIA OPTIMIZATION MODELS FOR THE SEL...

FUZZY SYSTEM CUBE IQ

L 4
MODELING OF FUZZY
SYSTEMS

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

A

Problem analysis

¢

A 4

Vehicle packing in Cube 1Q

Defining linguistic variables

¢

I

|

|

I

I

|

|

I

I

|

|

|

|

I

|

I Selection of membership
: functions
|
I
I
I
I
I
I
|
I
I
I
|
|
|
|

INPUT VALUES OF
ALTERNATIVES
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Puc. 4 — CxemMa MOACAU ONITUMHU3ALIUH BHIGOPA TPAHCIIOPTHBIX CPEACTB
Cauka 4 — [Ilema Mmoaeaa 3a ONTHMUBALIU]Y usbopa Bosuaa

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 IQ software, based
on the analysis of the collected data, the vehicle is packed, which allows 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 uniquely 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

265



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2023, VOL. 71, NO. 2, APRIL-JUNE, ISSN: 0042-8469...

intelligence methods are widely applied in all areas of solving engineering problems through (Zuber & Li¢en,
2011):

— Expert systems - systems based on knowledge bases;

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

— Artificial 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; 1975¢). 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.

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: trafic 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; 1975¢). 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={(x,paxX))xeX 0=y x) <1} ()

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 (BoZzani¢ &
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 representation of
information in a computer and the human way of thinking (Tesi¢ et al, 2022).
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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 (Cirovic’ 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

THEN yis 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).

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, 2016).

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 (Bozanié 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.
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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 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 modelinga 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

. . . [nterval
Input Iinguistic variables from o
Mumber of means of 1 5
transport
Capacity utilization 0 1
Motor wehicle reliability 0 10
Fuel consurnption per 100
Yrm 0 40
Suitability for transport and 0 10
manipulative work

. . . Interval

Output linguistic variable rom o
Wehirle preference 0 1

TaGAI/II_Ia 2 - I/IHTCPBQ.A BXOAHBIX U BRIXOAHBIX AHHI'BUCTHYCCKHUX IICPCMCHHBIX
Ta6€A3. 2 - I/IHTCPBS.A YAAQ3HHUX M M3AA3HHUX AMHTBUCTHYKHUX ITPOMCH/AHUBHX

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
(Krsti¢, 2006). This reduction must not be done if there is a change in the quality of the variable. Therefore,
itis 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 (Veskovi¢ 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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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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Membership functions of the output variable
Puc. 6 — QyHKuUM IPHHAAACKHOCTH BHIXOAHOH IIEPEMEHHOI
Cauka 6 — QyHKUMje IPUITAAHOCTH H3AA3HE IIPOMEHAHBE

TABLE 3
Values of the membership functions of the input variables

Mermbership
function | Input Small Medium |Large
value
MNumber of

[1.66, [1.58,
means of [1.45, 1] 4428 |859]
transport
Capacity [0.232, 02119 |[[0.236,
utilization 01104 |, 0.5 0.88549]
Motor wehicle [1.98, z1, [2.42,
reliability 0.5074] 5.164] 2. 3]
E;‘Elsumption ver |B37.  |7.254, |[9575,
100 krm 2 38] 20] 28.8]
Suitability for
transport and [2.16, 2136, |[[1.723,
mAnipulative 3.174] 5.95] 2.36]
woTk

Tabauna 3 — 3gavenns $yHKIMI IPHHAAACKHOCTH BXOAHBIX IIEPEMEHHBIX
Tabeaa 3 — BpeaHocTH QpyHKIHja IPUITAAHOCTH YAQ3HHX IIPOMCHAUBHX

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
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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 MAn=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¢ & Pamutar, 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 coeflicients 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 () to premises «; and

— Optimization of rules.

At the beginning, the weighting coeflicients of the relevance functions w?) 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 coeflicients 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.

TABLE 4
Weighting coefficients of criteria

Weight
Criterion coefficient
of
criteria
K1 (nurmber of
means of 0.229 0,229 (0114 |0.05
transport)
K2 (capacity | 507 0.05 |0.103 |0.207
utilization)
K2 (motor
vehicle 0.247 0.06 0,122 [0.247
reliability)
K4 (fuel
COTSUInption 0,178 0178 [0.11 0.04
per 100 k)
KE (suitability
for transport
and 0.138 0.03 0.09 0.138
rAnipulative
wiork)

Tabauwa4 — Becosble k03 PUIHEHTE KpUTEPHEB
Tabena 4 — Te>KHHCKH KOeQHUIINjCHTH KPUTEPUjyMa

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),
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that is, combinations of all membership functions of the input variables of the fuzzy logic system ). The
initial "incomplete" rule base (R) is displayed in a matrix form as:

X, X, .. X,
R] x:n Igl; o .,‘{':J”
(2) iy (2)
R R,| x| X . X,
R x[m: .T“"] o I[ m)
(4 1 2 " (2)

where

where #, ® o, #: P isthe membership function of the input variables X, ..., X,

Then the matrix R’ is constructed in which the combinations of input pairs are replaced by the weight
coefficients w).

oy (1) (1) [

w ol ow o
2 2 2 2

w oW WS ot

x x 1y ;

' (3 (3 {3} 3)
R=lw" w  w W,
1 ) g "

{m) Anr) An) .I[nrj-

Wy W W W, .

After forming the matrix R', the elements of the matrix are summed up by rows:

_vn () 4 o+ -t
wj_2j=lwxi Yo,y E[y Y | & @
where #' represents the upper limit of the confidence interval [#7, #'] of the output variable Y. Then it
is necessary to determine the degree of the membership of the real number ## to the membership function
#%) of the output variable Y.

™) = max(w, N
y (wy N py,m) o
in order to generate the rule base, it is necessary at the beginning that each pair of the membership function
(<) 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/
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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 = max); wf[g ,i=1,2,..,n

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 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 (Milosevi¢ 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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Interdependence of the solution and two input variables by the PROD-SUM method
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Interdependence of the solution and two input variables by the PROD-SUM method
Puc. 8 - BaanmosaBucHMOCTb pelIeHNs U ABYX BXOAHBIX NEPEMEHHBIX py npumMenenun Meropa PROD-SUM
Cauxa 8 — MebysaBucHoct pemena u ABe yaasHe npomeHsuse npuMeHoM Metoae [IPOA-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
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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 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

e Buricie, 1825t dams
Department of Logistic, Triffic and Trane port module
Belgrads, 2021,

FIGURE 9
Home page of the user form

Puc. 9 — TaaBHas cTpaHuIIA TOAB30BATEABCKOM POPMBI
Canxa 9 — IToyerHa crpana KopucHHYKe Gopme
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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 tmnsport Capacity utilization Motor vehicle reliabdity
cifig c200.1] c3[0,10]
Suitability for transport
Fuel consumption per 100 km and manipul athve work
Cd [0.40) 5 [0,10)

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 - MOACA]) BBOAQA BXOAHBIX 3HAYCHUU B CUCTEMY U OTO6Pa)KCHI/I}i BBIXOAHBIX 3HAYEHUU U3 CUCTEMbI HEYETKOM AOTUKHU
CAI/IKa 10 - MOACA 32 YHOLICHC YAA3HUX BPCAHOCTI/I Y CUCTCM U r[pm(as HU3AABHUX BPCAHOCTI/I us fllZZy AOTHYKOT CHUCTEMA

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.

Cube IQ

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 IQ 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 IQ, as well as the designed
fuzzy system, will be described.
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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.

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 IQ 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.
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TABLE 5
Data on goods transported in 2020 at the IVP "Pasuljanske livade"
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Tabanna 5 — Aanssie o ToBapax, nepeseseHubix B 2020 roay Ha MIBIT "Tlacyastrcke anBaae”
Tab6eaa 5 — IToaanu o pobu xoja je pancrioprosana 2020. roause Ha MIBIT ,ITacymancke anBase”
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FIGURE 11

Entry of goods input into Cube IQ
Puc. 11 — BBop TOBapHBIX AQHHBIX B Cube IQ
Cauxa 11 - YHoc yaasuux noaaraxa o po6u y Cube IQ

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 IQ looks like.
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Entering vehicle data into Cube IQ
Puc. 12 — Boa AaHHBIX 0 TpancnopThix cpeactsax B Cube IQ
Cauxa 12 - Yaoc noparaxa o Bosuauma y Cube IQ

TABLE 6
Basic data about vehicles that are entered into Cube IQ

Dimensions of the cargo .
Seflgi_glzad box of the wehicle ;{;hécclﬁ lo(?)d
L ) B |Him pacty
TaAM 150
T11 4.17 21z |05 =
FAP 2026 |4.53 2.02 | 047 10
FAP 1115 [4 2.44 |055 |4
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Tabanna 6 — OcHOBHbIE AAHHBIC O TPAHCIIOPTHBIX CPEACTBAX, KoTophie BBoAsTCs B Cube IQ
Tabeaa 6 — OcHOBHY oA 0 Bo3nanMa Koju ce yHoce y Cube IQ

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 IQ.

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.

E{l:ﬂ Yi.
n (7)

?:

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 IQ

Puc. 13 - Iponeayper Bo60pa TpaHCIIOPTHOTO cpeAcTBa H ero norpysku B Cube IQ
Cauxa 13 - IToctynuu npuankom nsbopa Bosuaa u merosor naxosama y Cube IQ
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TABLE 7
Utilization of the vehicle's carrying capacity

Off-road vehicle
TAM
150 FAP 2026 I;?IEB
T11
MNumtber
of means
of = 7 G
transport
[1g)]
YWehicle 1
(},1) 0.787 04213 09985
Wehicle 2
(1,2) 0.7508 |0.44 09935
Wehicle 3
Ceg) 07508 |0.361 0,999
Capacity Weahicle 4
stilization (},4) 07508 |0.361 0,999
Wehicle &
(},5) 09396 |0.361 0,999
Wehicle &
(\-‘56) 0.7224 | 0.23647 08815
Wehicle 7
(‘.1:?) 0217 )
Final
value of
pavicad | 0.78 0.38 0.98
utilization
)

Tabanna 7 — Micnioap3oBaHue rpy3onoAbeMHOCTH TPAHCIOPTHOTO CPEACTBA
Tabeaa 7 — Mckopuuherme HoCHBOCTH BO3HAL

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

Suitability
glilu rl;lnga?rl;s Capacit Motor Fuel fl?EIl'ﬂS ort
of t'F ai'gn wehicle CONSUInption and P
WHUZSUOI ) voliability | per 100 km . _
transport manipulative
work
TAM
150 = 0.73 =) 24 7
T11
DATT
5096 7 0.28 g 33 =]
$ATT
1115 & 088 El 235 |

Tabauna 8 — 3HayeHUS BXOAHBIX TIEPEMEHHBIX B HEYETKOM CUCTEME
Tabeaa 8 - BpeanocTr yAasHUX MTPOMEHASHBUX Y fuzzy cucremy
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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.

[ 0.78 6 7 0.38 8

END END

6 0.98 9

RUMN

END

FIGURE 14
Display of the output values from the fuzzy system

Puc. 14 - OTo6pa>ch—mc BBIXOAHBIX 3HAYCHUH U3 HEYETKOHU CHCTEMBI
Cauka 14 - ITpuxas u3aasHUX BpEAHOCTH U3 fuzzy cuctema

TABLE 9
Output values from the fuzzy system - Vehicle preference

WEHICLE FREFEREMNCE
The
WEHICLES i
Freference [IUITETIC
value of the
preference
TAM 150 Medium
057
T11 preference
FAP 2026  |Medium 0.45
preference
FAP 1118 Large preference |0.71

Tabauna 9 — BerxoaHble 3HAYCHUS U3 HEYETKOI cUcTeMbl - [ [peAIOYTEHNE TPAHCIIOPTHOTO CPEACTBA
Tabeaa 9 — MsaasHe BpeaAHOCTH 13 fuzzy cucreMa — mpedepeHIiuja mpeMa BO3HAY

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.
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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 alarge number of different types of motor vehicles in the Serbian Army, and itis 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, no 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 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 IQ, 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.
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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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