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PREDGOVOR

U oktobru se na Fakultetu inzenjerskih nauka Univerziteta u Kragujevcu tradicionalno odrzava skup
istraziva€a i naucnika koji se bave prou¢avanjem motornih vozila, motora i drumskog saobrac¢aja. Od
1979. do 2004. godine odrzano je trinaest bienalnih MVM simpozijuma koji su 2006. prerasli u
Medunarodni kongres MVM. Od tada je odrzano devet MVM kongresa, a oktobra 2024. godine Fakultet
inzenjerskih nauka je organizovao deseti medunarodni kongres MVM od 10. do 11. oktobra 2024.
godine.

Na deseti kongres Motorna vozila i motori, MVM2024 dostavljen je veliki broj nau¢nih radova iz Srbije i
inostranstva. Kongres tradicionalno podrzavaju Ministarstvo za nauku, tehnoloski razvoj i inovacije
Republike Srbije, Univerzitet u Kragujevcu, Fakultet inZzenjerskih nauka i medunarodni ¢asopis ,Mobility
and Vehicle Mechanics".

Tema Kongresa MVM 2024 bila je ,Ekologija — Bezbednost vozila i na putevima — Efikasnost”. Tokom
ovog istrazivackog putovanja, u€esnici su puno naucili kroz rad na razli¢itim sekcijama, koje su pokrivale
Sirok spektar tema u vezi sa inZenjerstvom u automobilskoj industirji, od fundamentalnih istrazivanja do
industrijskih primena, naglaSavaju interakciju izmedu vozaca, vozila i zivotne sredine i stimuliSuci
naucnu interakcije i saradnju.

Medunarodni nauc¢ni odbor u saradnji sa organizacionim odborom izradio je podsticajan naucni
program. Program je ponudio preko 54 prezentacije radova, uklju€ujuéi predavanja po pozivu i radove
u sekcijama. Prezentacije na ovom kongresu obuhvatile su aktuelna istrazivanja u oblasti motornih
vozila i motora sprovedena u 12 zemalja iz celog sveta.

Zadovoljstvo nam je bilo §to su nam uvodnicari bili profesor Emrulah Hakan Kaleli (sa Tehnic¢kog
univerziteta Yildiz, Turska), profesor Ralph Putz (sa Univerziteta Landshut UAS, Nemacka) i profesori
Nenad Milji¢ i Slobodan Popovi¢ (sa Univerziteta u Beogradu, Srbija). 1zazovi i reSenja u koriS¢enju
vodonika kao goriva za motore sa unutrasSnjim sagorevanjem, koriS¢enje aditiva nanoborne kiseline
dodatog u motorno ulje, kao i evropska politika o budu¢oj mobilnosti na putevima su bile teme uvodnih
predavanja.

Sigurni smo da je ovaj program pokrenuo zivu diskusiju i podstakao istrazivace na nova dostignuca.

10. Kongres MVM 2024. finansijski je podrzalo Ministarstvo za nauku, tehnoloSki razvoj i inovacije
Republike Srbije.

Zahvaljujemo se iskusnim i mladim istrazivaCima koji su prisustvovali i prezentovali svoju stru¢nost i
inovativne ideje na naSem kongresu.

Posebnu zahvalnost dugujemo ¢lanovima medunarodnog nau¢nog odbora i svim recenzentima za
njihov znacajan doprinos visokom nivou kongresa.

Naucni i organizacioni komitet Kongresa MVM2024



FOREWARD

In October, the Faculty of Engineering University of Kragujevac traditionally holds gatherings of
researchers and academics who study motor vehicles, engines and road traffic. From 1979 to 2004,
thirteen, biennal MVM Symposiums have been held and they grew into an International Congress MVM
in 2006. Since then, ninth MVM Congresses have been held, and in October 2024, the Faculty of
Engineering organized the tenth International Congress MVM from 10th to 11th October 2024.

A large number of scientific papers from the Serbia and abroad were submitted to the tenth Congress
“MVM2024”. Congress is traditionally supported by the Ministry of Science, Technological Development
and Innovation of the Republic of Serbia, University of Kragujevac, Faculty of Engineering and the
International Journal “Mobility and Vehicle Mechanics”.

The theme of the Congress MVM 2024 was "Ecology - Vehicle and Road Safety - Efficiency". Along this
journey we learned from the various sessions, which broadly cover a wide range of topics related to
automotive engineering from fundamental research to industrial applications, highlight the interaction
between the driver, vehicle and environment and stimulate scientific interactions and collaborations.

The International Scientific Committee in collaboration with the Organising Committee built up a
stimulating scientific program. The program offered over 54 presentations, including key-note speakers
and paper sessions. The presentations to this conference covered current research in motor vehicle and
motors conducted in 12 countries from all over the world.

We were pleased to have professor Emrullah Hakan Kaleli (from Yildiz Technical University, Turkiye),
professor Ralph Pitz (from Landshut University UAS, Germany) and professors Nenad Milji¢ and
Slobodan Popovi¢ (from University of Belgrade, Serbia) as the keynote speakers, addressing
Challenges and solutions in using hydrogen as a fuel for internal combustion engines, using nanoboric
acid (nBA) additive added in engine oil, as well as European policy on future road mobility.

We are sure this program will trigger lively discussion and will project researchers to new developments.

The 10th Congress MVM 2024 was financially supported by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia.

We would like to thank experienced and young researchers, for attending and bringing their expertise
and innovative ideas to our conference.

Special thanks are due to the International Scientific Board Members and all reviewers for their
significant contribution in the high level of the conference.

Scientific and Organizational committee of Congress MVM2024



MVM2024-1L1

MVM2024-1L2

MVM2024-1L3

MVM2024-008

MVM2024-010

MVM2024-013

MVM2024-016

MVM2024-018

MVM2024-020

CONTENT

INTRODUCTORY LECTURES

Ralph Ptz

Nenad Milji¢
Slobodan Popovi¢

Hakan Kaleli
Selman Demirtag
Veli Uysal

EU ENERGY AND PROPULSION TRANSITIONS
IN THE MOBILITY SECTOR OF GERMANY - A
REALIZABLE STRATEGY OR EVEN RATHER
IDEOLOGICAL ASTRAY?

HYDROGEN AND INTERNAL COMBUSTION
ENGINES - STATUS, PERSPECTIVES AND
CHALLENGES IN PROVIDING HIGH
EFFICIENCY AND CO2 FREE POWERTRAIN
FOR FUTURE

NANOSCALE TRIBOLOGICAL INFLUENCE OF
NBA ADDED IN ENGINE OIL FOR FRICTION
AND WEAR BEHAVIOUR IN DIESEL ENGINE
CYLINDER LINER SURFACE RUBBED UNDER
1ST AND 2ND PISTON RINGS

SECTION A

Power Train Technology

Vanja Sustersi¢
Vladimir Vukasinovi¢
DuSan Gordi¢
Mladen Josijevi¢
Milo§ Maljkovi¢

Ivan Blagojevic¢
Branko Mili¢i¢
Dragan Stamenkovi¢
Zoran Masonici¢
SiniSa Dragutinovi¢
Aleksandar Davinic
Slobodan Savi¢
Radivoje Pesi¢
Predrag Mrda
Marko Kitanovi¢
Slobodan Popovic
Nenad Milji¢
Nemanja Bukusi¢
Nemanja Bukusic
Predrag Mrda
Marko Kitanovi¢
Nenad Miljié
Slobodan Popovi¢
Nenad Miljié
Predrag Mrda
Mihailo Olda
Slobodan J. Popovi¢
Marko Kitanovi¢

APPLICATION OF HYDROSTATIC
TRANSMISSION IN MOBILE MACHINE

TOWARDS AN ENERGY EFFICIENT
OPERATION OF A SUPERCAPACITOR
ELECTRIC BUS

SOME ASPECTS OF COMBUSTION MODEL
VARIATION ONTO FLAME PROPAGATION AND
EXHAUST EMISSIONS OF IC ENGINES

MATHEMATICAL MODELING OF AN
ELECTRONIC THROTTLE VALVE USING NARX
NEURAL NETWORKS

GASOLINE DIRECT INJECTION STRATEGY
ANALYSIS FOR IMPROVED COMBUSTION

THE METHOD AND INSTRUMENTATION FOR
ENGINE POSITIONING ON A TESTBED WITH
FAST SHAFT ALIGNMENT

13

35

55

65

75

83

93

103



MVM2024-026

MVM2024-031

MVM2024-037

MVM2024-038

MVM2024-047

MVM2024-049

MVM2024-005

MVM2024-006

MVM2024-011

MVM2024-012

MVM2024-014

MVM2024-015

Minja Velemir Radovi¢
Danijela Nikoli¢
Nebojsa JuriSevi¢
SasSa Jovanovi¢
Miroljub Tomié
Dragan Knezevic¢
Miloljub Stavljanin

Marko Nenadovi¢
Dragan KneZevi¢
Zeljko Bulatovi¢

Marko Nenadovi¢
Dragan KneZzevi¢
Zeljko Bulatovi¢

Attila Kiss
Balint Szabo
Zoltan Weltsch

Ivan Grujic
Aleksandar Davinic
Nadica Stojanovic
Zeljko Djuric
Marko Lucic
Radivoje Pesic

APPLICATION OF WASTE PLASTIC OIL IN THE
MODERN AUTOMOTIVE INDUSTRY

CYLINDER DEACTIVATION IN IC ENGINES
IN CYLINDER PROCESS SIMULATION

CHARACTERISTICS OF TORSIONAL
OSCILLATIONS OF PERKINS 1104 ENGINE
CRANKSHAFT

ANALYSIS OF CRANKSHAFT TORSIONAL
OSCILLATION DUMPER FOR ENGINE V-46-6

THE SAFETY ISSUES OF HYDROGEN-
GASOLINE DUAL-FUEL INJECTION IN
NATURAL ASPIRATED INTERNAL
COMBUSTION ENGINES

THE NUMERICAL INVESTIGATION OF THE
WORKING CYCLE OF DUAL FUEL IC ENGINE

SECTION B

Vehicle Design and Manufacturing

Gordana Bogdanovi¢
Dragan Cukanovi¢
Aleksandar Radakovi¢
Milan T. Pordevié¢
Petar Knezevi¢

Dusan Arsi¢
Djordje Ivkovi¢
Dragan Adamovi¢
Vesna Mandi¢
Marko Deli¢
Andjela Mitrovi¢
Nada Ratkovi¢
Sasa Vasiljevic¢
Jasna GliSovic¢
Marko Maslac
Milan Dordevic¢
Sonja Kosti¢
Dobrivoje Cati¢
Zorica Bordevic
Sonja Kosti¢
Sasa Jovanovié¢
Danijela Nikoli¢

Vojislav Filipovic
Milan Matijevic
Dragan Kostic

Milan Matijevic
Vojislav Filipovic
Dragan Kostic

FUNCTIONALLY GRADED MATERIALS IN
AUTOMOTIVE INDUSTRY-MODELLING AND
ANALYSIS OF FG PLATE ON ELASTIC
FOUNDATION

APPLICATION OF HIGH STRENGTH STEELS IN
AUTOMOTIVE INDUSTRY

TIRE WEAR: VEHICLE SAFETY AND
ENVIRONMENTAL PROBLEM

THE INFLUENCE OF FIBER ORIENTATION
ANGLE ON THE STABILITY OF A COMPOSITE
DRIVE SHAFT

DIGITAL PREVIEW CONTROLLER DESIGN
USING REINFORCEMENT LEARNING

ITERATIVE LEARNING (ILC) IN
MANUFACTURING SYSTEMS: DESIGN OF ILC
ALGORITHMS AND OVERVIEW OF MODEL
INVERSION TECHNIQUES FOR ILC SYNTHESIS

111

123

131

141

153

163

171

179

187

199

205

213



MVM2024-017

MVM2024-023

MVM2024-027

MVM2024-028

MVM2024-029

MVM2024-032

MVM2024-035

MVM2024-036

MVM2024-039

MVM2024-040

MVM2024-041

Marko Delié¢
Vesna Mandi¢
Dragan Adamovi¢
Dus$an Arsié
Porde Ivkovi¢
Nada Ratkovié¢

Daniel Kecskés
Laszl6é Toéth
Istvan Péter Szabo

Milan Stanojevi¢
Milan Bukvi¢
Sasa Vasiljevic
Lozica lvanovi¢
Blaza Stojanovi¢

Dragan Adamovic
Vesna Mandic
Nada Ratkovic
Dusan Arsic
Djordje Ivkovic
Marko Delic
Marko Topalovic

Dragan Adamovi¢
Fatima Zivié
Nikola Kotorcevic
Nenad Grujovi¢

Nada Ratkovi¢

Dragan Adamovi¢
Srbislav Aleksandrovié
Vesna Mandié

Dus$an Arsié

Marko Deli¢

Zivana Jovanovié Pesié¢

Milan Bukvi¢
Sandra Gajevi¢
Slavica Miladinovi¢
Sasa Milojevic
Momcilo Bordevi¢
Blaza Stojanovi¢

Gordana Bogdanovi¢
Aleksandar Radakovi¢
Dragan Cukanovié¢
Nikola Velimirovi¢
Petar Knezevi¢

Igor Savelji¢
Slavica Macuzi¢ Savelji¢
Nenad Filipovi¢

Slavica Macuzi¢ Savelji¢
Igor Savelji¢
Jovanka Luki¢

Dobrivoje Cati¢

Sasa Vasiljevic

Zivana Jovanovié Pesié¢
Vladimir Catié

ANALYSIS OF PHOTOGRAMMETRY
APPLICATION POSSIBILITIES FOR REVERSE
ENGINEERING OF COMPONENTS IN THE AUTO
INDUSTRY

STRENGTH TESTING OF 3D PRINTED
SPECIMENS

RESEARCH METHODS IN THE DESIGN
PROCESS OF HYDRAULIC SYSTEMS WITH
CYCLOID TEETH

MODERN MATERIALS IN AUTOMOTIVE
INDUSTRY - REVIEW

REVIEW OF THE USE OF
NANOTECHNOLOGIES AND NANOMATERIALS
IN THE AUTOMOTIVE INDUSTRY:
DEVELOPMENT, APPLICATIONS AND FUTURE
DIRECTIONS

ADVANCED WELDING TECHNOLOGIES: FSW
IN AUTOMOTIVE MANUFACTURING

CHARACTERISTICS AND APPLICATION OF
POLYMER COMPOSITES IN THE AUTOMOTIVE
INDUSTRY

SHAPE FUNCTION OPTIMIZATION FOR STATIC
ANALYSIS OF COMPOSITE MATERIALS USED
IN AUTOMOTIVE INDUSTRY

THE MODERN APPROACH TO PROBLEM-
SOLVING IN MECHANICAL ENGINEERING -
APPLICATION OF ARTIFICIAL INTELLIGENCE

DETERMINATION OF THE SEAT-TO-HEAD
TRANSFER FUNCTION AND INFLUENCING
FACTORS ON COMFORT UNDER VERTICAL
RANDOM VIBRATIONS

DISC BRAKE FAILURE ANALYSIS OF THE
MOTOR VEHICLE BRAKING SYSTEM

229

235

247

255

269

281

289

205

303

309

315



MVM2024-048

MVM2024-051

MVM2024-052

MVM2024-053

MVM2024-054

MVM2024-056

MVM2024-057

MVM2024-002

MVM2024-007

MVM2024-030

MVM2024-034

MVM2024-042

MVM2024-046

Isak Karabegovi¢
Ermin Husak
Edina Karabegovi¢
Mehmed Mahmic¢

Jasna GliSovi¢
Sa$a Vasiljevi¢
Jovanka Luki¢
Danijela Miloradovi¢
Dobrivoje Cati¢
Vladimir Cati¢
Nikola Komatina

Danijela Tadi¢
Marko Djapan

Danijela Miloradovi¢
Jasna GliSovi¢
Jovanka Luki¢
Nenad Miloradovi¢

Nenad Miloradovi¢
Rodoljub Vujanac

Nenad Petrovi¢
Strahinja Milenkovi¢

Zivana Jovanovié Pesié¢

Nenad Kosti¢
Nenad Marijanovic¢

DEVELOPMENT AND IMPLEMENTATION OF
ADVANCED ROBOTICS IN THE AUTOMOTIVE
AND ELECTRO-ELECTRONIC INDUSTRY OF
CHINA

SUBSYSTEM AND SYSTEM ANALYSIS OF
BRAKE WEAR PARTICLES FOR PREDICTION
AND CONTROL OF THE TRAFFIC NON-
EXHAUST EMISSION

DETERMINING THE RELIABILITY OF BRAKE
BOOSTERS IN LIGHT COMMERCIAL VEHICLES

QUANTITATIVE ANALYSIS OF
NONCONFORMING PRODUCTS: A CASE
STUDY IN THE AUTOMOTIVE INDUSTRY

SUSPENSION RATIOS OF MACPHERSON
STRUT SUSPENSION

INFLUENCE OF SELECTION OF MATERIAL
HANDLING DEVICES ON SOLUTION FOR
WAREHOUSE SYSTEM IN AUTOMOTIVE
INDUSTRY

DETERMINING 3D PRINTED HOUSING
DIAMETERS FOR PRESS-FITTING STANDARD
BALL BEARINGS

SECTION C

Vehicle Dynamics and Intelligent Control Systems

Mihai Blaga

Abdeselem Benmeddah

Momir Drakuli¢
Aleksandar Duric
Sreten Peri¢

Vesna Rankovi¢
Andrija Boni¢
Tijana Geroski

Vasko Changoski
Igor Gjurkov
Vase Janushevska

Bojana Boskovi¢
Nadica Stojanovic
Ivan Gruji¢

Sasa Babi¢

Branimir Milosavljevic¢

Andjela Mitrovi¢
Vladimir Milovanovié
Nebojsa Hristov
Damir Jerkovi¢
Mladen Josijevi¢
Djordje Ivkovi¢

VOLVO FH POWERTRAIN, VEHICLE ENGINE
DIAGNOSTICS

MODELING AND VALIDATION OF TRUCK
SUSPENSION SYSTEMS USING ADAMS
SOFTWARE

ROAD TRAFFIC ACCIDENTS PREDICTION
USING MACHINE LEARNING METHODS

HANDLING AND STABILITY ANALYSIS OF AN
AUTOMATED VEHICLE WITH INTEGRATED
FOUR-WHEEL INDEPENDENT STEERING
(awW1s)

THE INFLUENCE OF THERMAL STRESS OF
DISC BRAKES ON VEHICLE DECELERATION

ANALYSIS OF PLACING ADDITIONAL
SUPPORTS OF THE INTEGRATED ARTILLERY
SYSTEM CALIBER 130 mm

321

331

343

349

357

369

379

387

401

409

417

431

439



MVM2024-001

MVM2024-009

MVM2024-050

MVM2024-004

MVM2024-019

MVM2024-021

MVM2024-025

MVM2024-043

MVM2024-055

Miroslav Demié
Mikhail P. Malinovsky

Mikhail P. Malinovsky
Miroslav Demi¢
Evgeny S. Smolko

Jovanka Luki¢
Danijela Miloradovi¢
Jasna GliSovi¢

SECTION D
Driver/Vehicle Interface, Information and Assistance Systems

INVESTIGATION OF TORSIONAL VIBRATIONS
OF THE STEERING SHAFT FROM THE ASPECT
OF MINIMAL DRIVER-HAND FATIGUE IN HEAVY
MOTOR VEHICLES

TECHNICAL SOLUTIONS FOR CATASTROPHIC
EXTENT OF THE HUMAN FACTOR IN DRIVERS
TRAINING AND STRUCTURAL SAFETY OF
BUSES AND HEAVY VEHICLES

MASKING EFFECTS UNDER DUAL AXIS
WHOLE BODY VIBRATION

SECTION E

Transport Challenges in Emerging Economies

Slobodan Misanovié

SiniSa Dragutinovi¢
Zoran Masonicic
Aleksandar Davini¢
Slobodan Savi¢
Radivoje PeSi¢
Zeljko Buri¢
Snezana Petkovi¢
Valentina Golubovié
Bugarski

Nata$a Kosti¢

Franci PuSavec
Janez Kopac

Alexander Koudrin
Sergey Shadrin

Marko Mileti¢
Ivan Mileti¢
Robert Ulewich
Ruzica Nikoli¢

PERFORMANCES OF FAST CHARGERS FOR
ELECTRIC BUSES IN BELGRADE ON THE EKO2
LINE

APPLICATION OF THE AHP METHOD FOR THE
ASSESMENT OF INFLUENTIAL CRITERIA IN
RISK ANALYSIS OF ROAD TRANSPORT OF
DANGEROUS GOODS

METHODS FOR CATEGORIZING ROAD
TUNNELS ACCORDING TO DANGEROUS
GOODS REGULATIONS

TRAFFIC HAZARD DUE TO HIGH CENTRE OF
GRAVITY

DEVELOPMENT OF AN ENERGY-EFFICIENT
CONTROL SYSTEM FOR CONNECTED, HIGHLY
AUTOMATED VEHICLES

EV CHARGING STATIONS: CURRENT
SITUATION AND FUTURE PERSPECTIVES

451

459

477

485

493

501

511

517

527



International Congress

Motor Vehicles &Motors 2024 f/_\

Kragujevac, Serbia _
October 10th- 1 1th, 2024 Motor Vehicles & Motors

MVM2024-030

Vesna Rankovi¢'
Andrija Doni¢?
Tijana Geroski®

ROAD TRAFFIC ACCIDENTS PREDICTION USING
MACHINE LEARNING METHODS

ABSTRACT: Road traffic accidents are identified as a significant societal issue based on extensive and
comprehensive research in public health and traffic safety. Such incidents lead to significant negative outcomes,
including human casualties, economic consequences, vehicle damage, and significant medical costs. Developing
predictive models is crucial for identifying risk factors associated with accidents, thereby improving understanding
of accident causes and enabling more effective prevention interventions. The occurrence of traffic accidents is
influenced by a multitude of factors, including driver behavior, vehicle characteristics, weather conditions, road
volume, road geometry, type of road, road conditions, speed limits, frequency of police controls, etc. In this paper,
machine learning (ML) techniques are used to develop the traffic accident prediction model due to the non-linear
relationship between input and output variables. The research investigates the influence of certain input variables
on the number of traffic accidents, as their optimal choice significantly affects the prediction performance. The
random forest, support vector machine, and neural networks are employed for data preprocessing and model
development. Statistical indicators are used to evaluate the performance of the developed models. Based on the
obtained performances, the developed ML models accurately predict the number of traffic accidents.

KEYWORDS: road safety, road accident, prediction, machine learning, feature

INTRODUCTION

Road traffic accidents constitute a serious global issue with significant impacts on human lives and national
economies. According to the World Health Organization's Global Road Safety Report 2023 [20], the number of road
traffic deaths in 2021 of 1.19 million worldwide represents a 5 % decrease compared to the number of deaths
recorded in 2010. Besides the loss of human lives, traffic accidents also impose significant economic
consequences. In 2019, the total socio-economic costs of traffic accidents in the Republic of Serbia amounted to
8.8 % of the gross national product [12]. Countries around the world have revised their road safety policies and
strategies while incorporating new technologies to mitigate road accidents and their consequences. These efforts
are aimed at enhancing traffic safety and reducing the severity of accidents [6].

Data-driven road safety models are crucial for evaluating the effectiveness of applied safety measures and policies,
enabling their continuous improvement in order to reduce the number of traffic accidents. In the literature, various
techniques for predicting, classifying, and analyzing traffic accidents have been proposed [9]. The factors
influencing the number of traffic accidents are numerous and complex. They include technical aspects of roads and
vehicles, vehicle speed, traffic density, as well as human factors such as driver behavior, level of concentration and
fatigue, and weather conditions [2].
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Models based on classical statistical methods, such as the Poisson regression model and negative binomial
regression model, have limitations in predicting the number of traffic accidents due to the complex non-linear
relationships between input and output variables [11].

To overcome the limitations of traditional statistical methods, various machine learning and deep learning
techniques have been applied to traffic safety analysis [5]. These techniques are suitable for modeling flexibility,
ability to learn and generalize from data, and high predictive accuracy. Consequently, machine learning models are
considered robust and accurate tools in traffic safety research. Artificial intelligence techniques enable the
discovery of patterns and relationships in traffic data that were previously difficult to detect using conventional
methods. Ali et al.[3] conducted a comprehensive review of machine learning-based models designed to predict
different aspects of traffic accidents. The models encompass predicting crash occurrences, forecasting crash
frequencies, and estimating the severity of injuries resulting from crashes. Analysis indicates that a significant
amount of research has focused on machine learning-based models for predicting injury severity.Almamlook et al.
[4] developed a model to binary classify the severity of traffic accidents using various machine learning methods,
including AdaBoost, logistic regression, naive Bayes, and random forests.

Gorzelanczyk [10] employed neural network time series prediction using a multilayer perceptron to forecast the
number of road accidents. Raja et al. [16] utilized different recurrent and feedforward neural network architectures
for classifying severity levels in accidents (slight, serious, and fatal) and used the long short-term memory (LSTM)
model for time series forecasting of the number of accidents. The dataset includes various attributes such as
personal details, specifics of the accidents, environmental factors, vehicle information, and road characteristics.
Singh et al. [19] used a multilayer perceptron with four hidden layers for predicting road accident frequencies on
highways. The sixteen input variables belonging to road geometry, traffic, and road environment were considered
as potential inputs to the model. Garcia de Soto [7] developed two neural networks with one hidden layer each to
predict the number of accidents with light injuries, severe injuries and fatalities, on open roads and in tunnels. The
models utilized continuous input variables such as annual average daily traffic, percentage of heavy traffic, average
curve radius, mean positive slope, mean negative slope, longitudinal evenness rating, and surface adhesion rating,
as well as categorical variables like posted speed limit and the number of lanes per direction.

This paper utilizes machine learning models to accurately predict the number of road accidents. The performance
of feedforward neural networks, support vector machines, and random forest is compared, due to the fact that
these models have been shown as the most appropriate in similar problems. The proposed models are applied to
selected sections of IB order roads in the Republic of Serbia. Ten features are considered, and the feature
importance values are calculated using the RF classifier.

METHODOLOGY

Feedforward neural network, support vector machine and random forest are supervised learning algorithms that

n

, where x™ e R

require a labeled training dataset. The training dataset consists of m samples {(x(k),yk )}H

represents the input variables of the kth element of the training data set and y, €& denotes the corresponding
target output.

Feedforward neural network

In this paper, a multi-layer perceptron with one hidden layer was used. The output of the neural network with n
inputs, one output, and one hidden layer with Z neurons is computed as follows:

V4 n
Yenn = za)1,j(2)f (Z:a)j,i(ﬂxi + bj(ﬂj + b1(2) ()
=1 i-

where: y is the output of the neural network, D, j(2) denotes is the weight from the jth hidden neuron to the output,
f is the activation function in the hidden layer, @) denotes he weight from the ith input to the jth hidden neuron,
X; is the ith input, b, is the bias for the jth hidden neuron, by, is the bias for the output neuron.

The performance of a neural network with a single hidden layer depends on the hyperparameters, which should be
carefully chosen. Hyperparameters are the number of hidden neurons that determines the complexity and capacity
of the layer, the type of the activation function of these neurons, the algorithm used for training as well as the
parameters of the selected algorithm. Optimization strategies for the FNN involve the use of both conventional and
metaheuristic approaches [13].
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Support vector regression

Support Vector Regression (SVR) is a type of SVM used for regression tasks. Unlike traditional regression
methods, SVR aims to find a function that approximates the data within a specified margin of tolerance ( ¢), while
maximizing the margin between parallel hyperplanes [18].

Ysvr :nézvfa(ai_ai*)K(Xi'X)+b (2)

where: nSVR is the number of support vectors, o, and «; denote the Lagrange multipliers, K(xi,x) is the kernel
function that measures the similarity between the support vector x; and the new sample x , b is the bias.

In Support Vector Regression (SVR), various types of kernel functions are employed to establish the relationship
between input features and target variables. These include:

Linear kernel:

K(x;,x)=xx (3)
Polynomial kernel:,
K (%) = (xTx+r) )
Radial Basis Function (RBF) kernel:
K(X_’X):exp M (5)
i 20.2

where:r, d and o represent the parameter of the kernel function.

The choice of kernel function (linear, polynomial, RBF) and its parameters significantly influences the model's
ability to capture non-linear relationships and its overall predictive performance. Additionally, fine-tuning the
regularization parameter C and the tolerance parameter ¢is essential for optimizing the trade-off between model
accuracy and its generalization capabilities [1].

Random forest

Random Forest (RF) is a robust machine learning algorithm that utilizes multiple decision trees to predict
outcomes. Each tree in the forest is trained on a random subset of the training data and features. This ensemble
technique effectively reduces overfitting by averaging predictions across diverse trees, thereby enhancing accuracy
and capturing complex relationships between input variables and the target output. In regression tasks, the
Random Forest model computes its prediction by averaging the outputs of all individual trees in the forest.

The overall output of the random forest model for input x is computed by averaging the predictions from all trees:

Yre (X):Nizy:yRFi (X) (6)

t i=1
where: N, denotes the total number of trees in the random forest ensemble, y.. (x) represents the prediction of
the ith tree for the input x .

The RF model's hyperparameters include the number of candidate variables randomly selected for each split, the
sample size determining how many observations are randomly sampled for each tree, whether the sampling is
done with or without replacement, the minimum number of observations required in a terminal node, the minimum
number of observations required to split a node, the total number of trees in the ensemble, and the criterion used
for splitting nodes [15]. These parameters collectively influence the RF model's performance and its ability to
generalize effectively to new data.

RESULTS AND DISCUSSION

The paper discusses part of the roads of the IB order in the Republic of Serbia. The set contains data on 113
sections of roads 22, 23, 33, 34 and 39, Figure 1. Data on section length, annual average daily traffic volume and
the number of traffic accidents are extracted from the Public enterprise roads of Serbia [14] and Road traffic safety
agency (Republic of Serbia) [17]. Data on terrain type, curvature, lane width are taken from [8].
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Section Length (km) - SL, the Annual average daily traffic volume - AADT (veh/day), and the number of traffic
accidents are continuous variables, while Terrain type - TT (type 1-level, type 2-rolling, type 3-mountainous),
Curvature (curve 1-minimal, curve 2-severe, curve 3-serpentine), and Lane width (56 m, >6 m) are categorical
variables.The summary statistics of continuous variables are shown in Table 1.

Table 1 The summary statistics of continuous variables

SL (m) AADT (veh/day) TA
Mean 8791.59 6464.72 9.97
SD 7799.58 4970.31 11.81
Min 200 244 0
Max 46900 25581 70
Var 6.08 x 107 2.47 x 107 139.44

As part of data preprocessing, the initial set is prepared and optimized for algorithm performance. Scaling of the
numerical attributes (Section Length, Annual Average Daily Traffic Volume, and the number of traffic accidents) to
a range of 0 to 1 is performed to achieve greater numerical stability, faster data processing, and increased model
stability. Regarding categorical variables (Terrain Type, Curvature, and Lane Width), one-hot encoding is applied,
which separates these variables into individual inputs based on their values. This results in obtaining 10 input
attributes and one output. Outlier detection is also applied using the Isolation Forest method, which leads to noise
reduction in the data and improved model performance. Six instances classified as outliers are detected and
removed from the dataset, reducing the final set to 107 instances or rows in the table.

The prediction performances of the machine learning models are calculated using the correlation coefficient (r), the
mean absolute error (MAE) and the root mean square error (RMSE):

st<ypk - yp )(Yk - 37)
- N (7)

\/Z(ypk —Y, )2 (v-¥)

k=

r =

o
o

k=
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Ny
MAE =3Iy, (K) -1,
s k=1

1 [&
RMSE = - fZ(ypk -v.) 9
s k=1

where y,, and y, denote the model output and the measured value respectively; y, and y denote their average
respectively, and N, represents the number of observations in the data set.

The forecasting models have been implemented in Python.

A neural network with ten inputs is configured with a single hidden layer where the number of neurons is varied.
After evaluating the model's performance with unipolar and bipolar sigmoid activation functions in the hidden layer,
the best results are achieved with 16 neurons using the Rectified Linear Unit (ReLU) activation function. The
network is trained using the Adam (Adaptive Moment Estimation) optimizer with mean squared error as the loss
function over 100 epochs, with a batch size of 8, to predict the number of traffic accidents.

The SVR model achieved the best performance with the RBF kernel ( o =0.1), regularization parameter C set to
100, and tolerance parameter ¢ setto 0.01, determined through the grid search methodology

The parameters of the random forest model are configured as follows: the number of candidate variables randomly
selected for each split (max_features) is set to 'auto’; the sample size determining how many observations are
randomly sampled for each tree (max_samples) is set to None; whether the sampling is done with or without
replacement (bootstrap)is set to True; the minimum number of observations required in a terminal node
(min_samples_leaf) is set to 1 and the criterion used for splitting nodes (criterion) is set to 'mse'. Through the
application of the grid search method, the total number of trees in the ensemble (n_estimators) and the minimum
number of observations required to split a node (min_samples_split) were adjusted to 150 and 4, respectively.

Table 2 presents the performance of the trained models and the hyperparameters adjusted for model optimization.
Metric results are separately shown for the training and test sets.

Table 2 Performance parameters of the models and hyperparameters

Model Data set R RMSE | MAE Hyperparameters
Training 0.94 4.25 2.53 . _ . o
Random forest Test 087 4.63 362 n_estimators = 150, min_samples_split = 4
Training | 0.82 7.18 4.01 — _ _ B
SVM Test 079 565 396 kernel="rbf, C =100, £=0.01, c=0.1

optimizer='adam', loss="mean_squared_error',
epochs=100, batch_size=8, number of neurons
in the hidden layer=16, activation function of the
hidden neurons: RelL.U

Training 0.85 6.35 3.98

Neural netork
Test 0.84 4.83 3.52

Based on the results from Table 2, it can be concluded that the best predictions for traffic accident frequency were
achieved using the Random Forest (RF) algorithm.

Given that the Random Forest model achieved the best results among the three trained in this study, it is taken as
representative and used to show the impact of input attributes on the output.

In this paper, the built-in Gini importance method is used to evaluate feature importance, known for its simplicity
and efficiency in assessing the contribution of each feature in the model. After training the model, the importance of
the features is extracted using the feature_importances_ attribute, which is part of the trained Random Forest
model. The importance of the features is sorted in a created DataFrame in descending order and then visualized in
a horizontal bar chart shown in Figure 2.

Figure 2 illustrates that both section length and annual average daily traffic volume exert the greatest influence on
the frequency of traffic accidents. Following these factors, terrain type emerges as a significant parameter,
particularly type 2 (rolling) and type 3 (mountainous). Additionally, the curvature attributes, particularly curve 2
(severe), curve 3 (serpentine), and curve 1 (minimal), also contribute significantly to accident frequency. At the very
end is the Lane width attribute, with 5-6 m followed by >6 m, between which TT type 1-level is positioned.
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Feature Importance in Random Forest Model
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Figure 2 Feature importance in Random Forest Model

CONCLUSIONS

This study confirm the effectiveness of machine learning methods, especially support vector machines, neural
networks and random forests, in predicting traffic accident occurrences. Evaluation of these models using
established statistical metrics consistently demonstrates the superior predictive performance of random forest. For
the training set, R, MAE, and RMSE are 0.94, 2.53, and 4.25 respectively, while for the test set, these values are
0.87, 3.62, and 4.63. Furthermore, the use of random forest for feature importance analysis provided detailed
insight into the significant predictors affecting accident frequency.

These models are crucial for optimizing traffic management strategies by enabling precise prediction of risks and
potential accidents on roads. Their application allows targeted allocation of safety resources, including more
efficient deployment of police, emergency services, and other resources at locations where the likelihood of
accidents is higher. Additionally, these models facilitate planning of preventive measures such as road
improvements, additional signage, changes in traffic organization, or speed adjustments in specific road sections,
all aimed at reducing accidents and enhancing the safety of all road users. Furthermore, they can significantly aid
in the design and planning of future road infrastructure, ensuring safer and more effective road networks.
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