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Reducing Risks Stemming From The Transport Of
Dangerous Goods: A Case Study From The Czech
Republic

J8n Litgbetin
Abstract

The submitted article presents a critical analysis of risks and accident rates associated with the
transport of dangerous goods, a field that poses significant threats to public safety and the
environment. The primary objective of the study is to idete#y risk factors throughout the

entire logistics chain and subsequently propose effective measures aimed at minimizing the
occurrence of emergencies and mitigating their potential impacts. The analysis of secondary
data obtained from the Ministry of Tramspand the Police of the Czech Republic confirms

the absolute dominance of road transport in the carriage of hazardous substances, which
entails a significantly higher frequency of accidents compared to rail transport. The research
clearly identified huma error as the primary cause of the analyzed accidents. Among the

most frequent problematic aspects are theawnpliance with traffic regulations, driver
inattention, and the choice of inappropriate speed relative to the nature of the cargo. Based on
these findings, the paper presents a set of targeted measures. These include not only
improving and deepening the professional training of drivers but also implementing more
intensive monitoring of driving styles and eliminating external and internal distyact

elements within the vehicle cabin. In the conclusion, the necessity of a comprehensive
systemic approach to safety is emphasized. Furthermore, the study highlights the high
potential for the future implementation of autonomous driving systems, whiddh @ionost

entirely eliminate the negative impact of the human factor on the safety of dangerous goods
transport.

Keywords: road transport, railway transport, dangerous goods, risks, accident
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Wpgwwdat nego zgNzyazemwa arza dy
zestawu w trakcie ruchu prostoliniowego, na drodze o
| osowych nier-wnoSci ac

Mar c i n? Zbibnkew Lozid

Abstract

| stnieje wiele rozwi Nza® tephayczepah gadédin
uzykaga ochronii patentowN. Jednym z cel -w ich
dynamicznych na zgNczu, co ma zwifAkszyl jego
rozgNczenia pojazd-w, groUNcego wypadkiem dr
podaing o zJNc-pmzpogapd na dynami ki zestawu w ¢tr
stagN prindkoSci N, na drodze o |losowych nier-
z zal eceni ami Mi ndzynar odowe|j Organi zacji St
86082016(E) (2nd edition: 20161-01). Mechanical vibrationRoad surface profiles

Reporting of measured data. Drogi klasyfikuj
wi d mowe | mocy pojedynczego wzdguUnego Sl adu
Autozy zbudowali model do bezpoSredniej anali z
czistotliwoSci w trakcie opisanego ruchu pro
gistoSci widmowej mocy wielkoSci charakteryz
zestawu orazgNc z a . lch cagki oznaczone prowadzN do
wi el koSci. Gaussowski charakter |l osowego, ki
drogi pozwala wyznaczyl ekstremalne wartoSci
ko owymeamnhalbiceywyaj cech statystycznych dynami
wpgywu podatnego zgNcza na dynami ki obu poj a
wyni k-w zostanie wzbogacone tabel ami i wykre
r-Unych priadk-o®rych Wllas,drcag jest podstawN o

zagadnienia.
Keywords: »JNgzeepaj,azddnami ka pojazdu, bezpiecze@Est we
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Counteracting Drink Driving And Its Effectiveness

Leon Prochowski, Da mi an 2 Q0ezy Jpokonsk i

Abstract

Drunk drivers pose a serious threat to road safety. Alcohol consumption causes disturbances
in driver behaviour. Between 2019 and 2023 in Poland, an averag®eb9road accident
fatalities each year were victims of accidents caused by drunk drivers. Counteracting drink
driving and the participation of drivers who have consumed alcohol in road traffic is a broad
issue. An analysis of the effectiveness of praverdnd prophylactic measures in terms of

road safety, i.e., in reducing accidents caused by drunk drivers, was conducted. Selected
indicators of the effectiveness of this measure were presented. Attention was paid to
developing forecasts and directions ifmproving alcohol prevention. The availability of

alcohol is an important indicator of measure in the analysed area. It is usually considered in
two aspects: physical and economic. Statistical analyses were conducted, and numerical
indicators of the effgtiveness of the abovmentioned and other preventive measures in
reducing the number of road accidents caused by drunk drivers in the yeara@il@&ere
presented. Subgroups of European countries w
alcohol concenttégon limits were also analysed. The results are convincing for certain
preventive measures. Forecast calculations were carried out and as a result, factors strongly
influencing the reduction in the number of accidents caused by drunk drivers were wlentifie
The legitimacy of using a combination of negative and positive references-aicnitol

advertising on the Internet was analysed separately. Studies on young adults suggest that
negative emotional appeals have a persuasive advantage over others.

Keywads: road safety, counteracting drink driving, indicators of the effectiveness of alcohol prevention.
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The role of public investment and tax instruments in road
safety in Slovakia

Adela Poliakova, Jakub Malik?
Abstract

Traffic accidents represent a significant seecmnomic problem with fareaching

consequences for public finances, ecormdavelopment, and the lotgrm sustainability of
transport systems. Their level is the result of a complex interaction of economic,
infrastructural, regulatory, and technical factors that influence the behavior of road users and
the quality of the trangpt environment. The aim of this paper is to analyze selected
determinants of traffic accidents in Slovakia using a quantitative approach. The empirical
analysis is based on a multiple linear regression model estimated using the Enter method. The
dependentariable is the number of traffic accidents, while the explanatory variables include
motor vehicle tax collection, investment in transport infrastructure, investment in safety
equipment and measures, gross domestic product per capita, and the aveodgfeeage

vehicle fleet. The results of the regression analysis suggest that higher motor vehicle tax
collection and higher investment in transport infrastructure are statistically significantly
associated with an increase in traffic accidents, which magcteficreased traffic intensity

and mobility. Conversely, investment in safety measures and a higher economic level,
measured by GDP per capita, have a reducing effect on the number of traffic accidents. The
average age of the vehicle fleet did not pravbé a statistically significant determinant in the
model. The findings point to the need for targeted and effective allocation of public resources
and integration of fiscal and transport policies in order to systematically improve road safety.

Keywords: taffic accidents; motor vehicle tax; road safety; economic determinants; regression analysis
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Visual Perception and Attention of Drivers and Riders

Marian Gogolal, Jan 20nbomigni®k Kr | m§r

Abstract

This papepresents an analysis of visual stimuli perceived by different categories of road

users using ey&acking technology, with an emphasis on their implications for road safety.
Visual perception and attention are essential components of safe traffic ptdicips

drivers and riders must continuously monitor dynamic and often complex traffic

environments. The study investigates how different types of visual stimuli influence

situational awareness and decisioaking processes in real traffic conditionseThsearch

sample comprises three distinct groups of road users: car drivers, cyclists, and electric scooter
riders. These groups were selected to reflect the increasing heterogeneity of modern traffic
systems, particularly in urban environments, while alsnsidering the availability of

volunteers for testing. Visual behaviour was recorded usingragking glasses, allowing for
precise measurement of gaze direction, fixation duration, and the distribution of visual
attention during traffic participatiomhe analysis focuses on identifying and comparing the
visual stimuld such as road signs, other vehicles, pedestrians, and infrastructural elements
that attract attention across the different user groups. The results reveal significant differences
in visual scanning strategies and stimulus prioritization between car drivers, cyclists, and
electric scooter riders. These findings provide valuable insights into how various road users
perceive their surroundings and process trafflated information. The octmes of this

ongoing study contribute to a deeper understanding of visual behaviour in traffic and may
support the development of improved road design, traffic management strategies, and targeted
safety measures aimed at reducing accident risk amongelikead users.

Keywords: eydracking, traffic, road safety, visual attentions
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Determination of vibration transmissibility characteristics
of air suspension for vehicle ride comfort and saty
assessment

Ryszard Dindorf, Jakub Takosoglé

Abstract

This study aimed to determine the vibration transmissibility characteristics of an air
suspension system (ASS) with séfmping air bellows to assess the comfort and safety of
the ride. The concépal design of a pneumatic seldmping air bellow is presented, which
involves forced airflow through a damping orifice between the air bellow and an auxiliary
reservoir. Two dynamic models, the 1 DOF classical and 2 DOF simple, of the analyzed air
bellowwere used for numerical modeling solutions. Vibration transmissibility charts as a
function of the frequency ratio and for different damping ratios were determined using the
accepted excitation force. Vibration transmissibility states for different freguend

damping ratios were examined. The vibration transmissibility states for spectrum frequency
ratios and different damping systems (inherent, pneumatidaeiping, and absorber
hydraulic) were analyzed. The different vibration transmissibility statel dynamic
characteristics of the air bellow for the frequency ratios and individual damping (inherent,
pneumatic seltlamping, and hydraulic absorber) in the ASS range were investigated.
Conclusions on the use of vibration transmissibility for thegiheand selection of self

damping air bellows were presented, considering comfort and driving safety. This study
demonstrates that vibration transmissibility is crucial for understanding the transfer of
excitation forces to the vehicle body through the A88 has an impact on ride comfort and
safety.

Keywords: air suspension, air bellows, vibration transmissibility, ride comfort, ride safety
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SocicEconomic Consequences of Road Accidents: Imapts
on Households and Public Policy Responses

Marek Guzek, A g at aO sIma-TPdaghidszka Tomczak Tomasz Tyt Piotr Zdanowic2
Abstract

This paper examines the so@oonomic consequences of road accidents, focusing on their
impact on households and the role of the state in mitigating these effects. It highlights the
rising costs associated with such incidents and the inadequate supatilexo victims,

while emphasising the need for robust methodologies to assess therlmngsychomotor

and behavioural consequences. To address this gap, the authors propose novel research
frameworks incorporating the MCR reaction time measure, thariptary AutoPWT device,

and a driving simulator. These tools have the potential to enhance the precision of
assessments of the functional capacity of severely injured accident victims. More accurate
evaluations would contribute to objective mediegalpractice, improve rehabilitation

processes, and inform preventive as well as legislative measures. More accurate evaluations
would contribute to objective medidegal practice, improve rehabilitation processes, and
inform preventive as well as legislativneasures. Moreover, this approach helps capture how
the consequences of an accident unfold over time: whether and when a person returns to
work, what mobility limitations they face in everyday life, and what additional caregiving
responsibilities fall otheir family. These insights can support the design of public policies
that better reflect victimso6 real needs and
approach grounded in advanced psychomotor diagnostics is essential to mitigate more
effedively the social and economic burdens arising from road accidents and to foster greater
social equity.

Keywords: road safety, socieconomic impact, driver research, psychomotor assessment, public politics
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Perspectives on the Use of EEG Signals and BCI Interfaces
in Driver Psychophysical State Monitoring Systems

Pi ot f Ryamarfl Dindor
Abstract

Driver fatigue and decreased concentration are among the leadsesa# severe traffic
accidents. Addressing the decisioraking delays and limitations of traditional detection
methods, this article examines the prospects for implementing continuous
electroencephalographic (EEG) measurements and-Baimputer Interfags (BCI) into

active safety systems in vehicles. The paper presents the evolution of mobile signal
acquisition devices, emphasizing the transition from cumbersome clinical wet electrodes to
innovative dry (including MEMS), nenontact, and micrseepage dations. These
advancements successfully minimize user discomfort while maintaining high information
throughput and robust resistance to motion artifacts. Furthermore, the algorithmic challenges
associated with the high interdividual variability of EEGsignals are thoroughly discussed.
Emphasizing robust biosignal processing, the study highlights the use of spatial filtering and
Fast Fourier Transform (FFT) to extract Power Spectral Density (PSD) features across critical
physiological frequency bands. &lpotential of advanced machine learning methods,

including selforganizing neurduzzy networks and generalized calibratioee models, is
demonstrated in the precise, rale detection of early fatigue stages and microsleep
episodes. Finally, the atte outlines key development directions for integrating hybrid
neurophysiological systems with mechatronic Advanced Driver Assistance Systems (ADAS),
providing a solid foundation for future, safe, and automated transportation environments. In
this broadecontext, automotive braioomputer interfaces emerge as a natural extension of
modern assistive and control technologies, such as automated orthoses ant\aleatia

servo drives controlled directly by signals from the cerebral cortex.

Keywords: EEGBCI, brain-computer interface, driver's psychophysical state, transport safety
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Analysis of the Monthly Number of Road Accients in
Poland (2022 2024)

Robert Szczuy Anna Boruck#, Patrycja Guzanek

Abstract

The monthly number of road accidents is a key road safety indicator and an important basis
for planning shorterm preventive measures, particularly in transport systems characterized
by pronounced and recurrent seasonality. This article assesses théocewteinh monthly
fluctuations in accident counts in Poland during 2@224 can be explained by a seasonal
component and a simple trend, and identifies the most appropriate model for forecasting over
a G 12-month horizon. The analysis is based on a migtittne series of 36 observations.

Three model classes were applied: seasonal regression (TSLM), an ETS model with
multiplicative seasonality, and a negative binomial count model (®IBY1 Models were
estimated on a training set (Jan 20R 2024) and elwated on a test set (Jlec 2024)

using MAE, RMSE, MAPE, sMAPE, information criteria, and residual diagnostics. The
results confirm clear, stable annual seasonality and no statistically significant linear trend.
TSLM and GLM-NB achieved the best and coanpble forecast accuracy, whereas ETS
performed worst. Given the count nature of the dependent variable;NB_M

recommended as the preferred model for operationalsrantforecasting and resource
planning. ADF diagnostics supported stationarity @ thitroot sense, while residual tests
suggested only weak remaining annual dependence at longer lags.

Keywords: road accidents, seasonality, monthly time series, accident forecasting, Poland
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Application of Scaling Theory in the Synthesis of Control
Systems for Highly Automated Vehicles

Andrzej 'Dibowski

Abstract

The study presents a methodology for scaling vehicle model parameters used in testing
contol systems for highly automated vehicles. Common approaches, such as similarity theory
or dimensional analysis based on the Buckinghbtimeorem, often lead to significant
discrepancies between scaled and real parameters, while the resulting dimensiodédss

hinder physical interpretation and controller synthesis. The article proposes an alternative
scaling method based on dimensional analysis, introducing a scalingstdatectly into the
equations of motion. This preserves Sl units and enableshigaous determination of

scaling exponents for mass, length, stiffness, damping, and moments of inertia. A linear half
car model with nine degrees of freedom is developed using the Lagrange equations of the
second kind. For each parametedependent rakions are derived, allowing transformation

of a full scale model to any chosen scale. Simulation studies examine the influence of scaling
on the components of the motion equations, including kinetic, potential, and dissipative
energy, as well as the sttupe of transfer functions. The results confiim @&t d o mi nat e s
translational motion, while- governs rotational motion, enabling clear prediction of changes

in dynamic characteristics. The findings show that the proposed method provides consistent
paameter scaling while preserving vehicle dynamic properties. This approach supports
effective design and testing of control algorithms and regulators using scaled vehicles,
significantly reducing experimental cost and risk.

Keywords: similarity theory, camol systems, vehicle dynamics, halér model
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Multiscale analysis of road traffic intensity seasonality

Anna Borucka, Patrycja Guzanek Ewa Cukief, Joanna Antczak

Abstract

Seasonality of traffic intensity plays arole in transport system planning, operational

control, and the allocation of maintenance and safety resources. This study aims to identify

and quantify recurring patterns in road traffic intensity at multiple temporal 8cdiemal,

weekly, monthly, ad annua using continuous records from automatic traffic counting

stations collected between 2022 and 2024. After standard data screening (missing values,
implausible spikes, and station downtime), traffic volumes were aggregated to comparable

time unitsand explored with descriptive statistics and distributional diagnostics. Because the
data frequently violated assumptions of normality and homogeneity of variance, a coherent
multiscale inferential framework based on farametric procedures was appligdjuding
Lilliefors and AndersonDar | i ng tests for normality, Leven
KruskatfWal | i s tests for gr ouhpcamparisans watmBorfesroni a n d
correction to localize significant contrasts across days amthsioResults reveal a

pronounced diurnal rhythm with a distinct afternoon peak, a highly stable and repeatable

profile across working days, and systematic deviations on weekends. At the monthly scale,
strong seasonality was observed, with the highestsiites in summer months and the lowest

in winter, while yeaito-year patterns were broadly consistent over the study period. These
findings provide evidenebased inputs for traffic management, demand forecasting, and
scheduling of road works and controkasures in periods of predictable load.

Keywords: road traffic safety, traffic seasonality, road traffic intensity, multiscale analysis-parametric
tests
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Optimal Control Theory in the Synthesis of a Vehicle
Steering Algorithm

Dariusztardecki

Abstract

Modern vehicles are characterized by a wealth of control systems. Not onlgridgrehicles
feature numerous embedded mechatronic systems with digital controllers. The controllers
responsible for steering processes implement algorithms derived froml ¢betny. This

paper discusses the area of optimal control theory as it applies to vehicle steering processes.
Attention is drawn to important and challenging issues related to the selection of an integral
optimization index, the determination of an appraie mathematical model, the

mathematical synthesis of the algorithm, and parametric and structural sensitivity analyses.
The paper presents not only general considerations related to Bellman's Optimality Principle,
Pontryagin's Maximum Principle, and tteeory of linearquadratic systems (LQR), but also
examples with analytical solutions. These examples concern the synthesis of a mimmaum
braking control algorithm and the synthesis of an optiimiédw-up controller according to

the LQR theory.The syhesis of a control algorithm requires relatively simple mathematical
models, therefore the structural (and not just parametric) sensitivity of the algorithms to the
order of the dynamic object model is an important issue. Optimal control theory in the
synthesis of a vehicle steering algorithm is very rarely found in the scientific literature,
therefore, a paper on this topic should be received with interest by conference participants.

Keywords: Optimal control theory, vehicle system dynamics, control ritlgms
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Neural Networks in Assessing Injury Severity in Truck
Accidents with Stationary Vehicles in Poland (20152024)

Edward Klpzflatwve ks z? TPaezemeEs K & RiotrSJaskowsklyR@dokan Madénak®
Abstract

The Polish Road Safety Observatory at the Motor Transport Institute conducts scientific
research, analyses, and expert assessments on road traffic safety in Poland. One of its key
areas of activity is the development and maintenance ofnsyd$te collecting and analysing

data on road incidents. The objective of PRSO is to reduce the number of road accident
fatalities by creating a coherent knowledge system about hazards and risk factors. This system
supports decisiemaking at national, regnal, and local levels and enables the evaluation of

the effectiveness of preventive measures. This manuscript analyses accidents in Poland from
2015 to 2024 where heavy goods vehicles collided with stationary vehicles. These high
severity incidents, whicbccur mostly on higtspeed roads (95% on roadways), stem from
human factors such as excessive speed, failure to maintain distance, fatigue, and
environmental factors such as poor visibility and lighting. Neural networks with Relu
activation in the hiddelayers and sofinax output achieved the highest accuracy (50.3%) for
predicting injury severity (Death, Serious, Minor, No injury), outperforming other activations
(e.g., ELU and sigmoid, which showed mode collapse). The model excelled at No injury
(AUC 0.7751, sensitivity 0.667), but struggled with imbalanced classes, yielding low
sensitivities for Serious (0.259) and Death (0.300). Key risks include HGV mass, long braking
distances, foreign drivers (15%), and rare alcohol cases (

Keywords: Truck accidentgoad accidents, neural network
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Impact of individual road traffic factors on safety
Mi |l og LRaulaGl & r v &rBkuichag Zhang
Abstract

The paper analyses the influence of human, vehicle, infrastructure and environmental factors
on road safety using a combined approach based on literature review, official statistics and
original survey data. Drawinghaecent international research on crash causation, the study
first synthesises quantitative evidence on the relative contribution of individual factors and
then applies these insights in a broader road traffic context. The results confirm the dominant
role of the human factor, which is present in the majority of crashes, whereas technical
failures of vehicles account for only a very small proportion of road accidents. Particular
attention is paid to vulnerable road users, especially pedestrians. Figldatibss at selected
pedestrian crossings show that a substantial share of pedestrians use distracting devices, such
as mobile phones and headphones, while crossing, which is consistent with findings from
recent international pilot studies on pedestriannghuse. At the same time, the analysis
indicates that adverse weather conditions, pavement quality and elements of road design can
significantly increase crash risk, particularly when combined with inappropriate travel speed.
The findings support the imginentation of a Safe System approach that simultaneously
addresses road user behaviour, vehicle safety features, infrastructural design and
environmental influences. Priority measures include targeted education and enforcement,
speed management and infrasture adaptations aimed at protecting vulnerable road users
and improving the legibility and forgiving character of the road environment

Keywords: Road traffic safety, Human factor, Vehicle factor, Road infrastructure
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Impact of Cargo Distribution on Axle Loads and
Operational Safety of a Flatbed Truck with a Hydraulic
Loader Crane: Verification by Weighing and Modelling

J8n Vir §bel
Abstract

This paper investigates how palletizzago placement affects axle loads and the operational
safety of a flatbed truck equipped with a hydraulic loader crane. A practical verification
methodology is proposed that integrates three complementary steps: an operational estimate
of the handled ubhimass derived from the crane load indication, reference verification by
certified weighing, and subsequent catggout modelling using the TruckStow tool. The
approach is demonstrated on an N3G vehicle (
crane andin additional jib, where the crane position behind the cab influences the baseline
mass distribution and constrains safe cargo placement. Certified weighing is used to
determine axle loads for the unladen and loaded configurations, while modelling ayedhpl

to analyse the sensitivity of axlead distribution to the longitudinal position of pallet units

and to compare alternative layouts. Results indicate that, even when gross vehicle mass
remains within legal limits, inappropriate pallet positioning pesduce an unfavourable

axle-load distribution, thereby reducing safety margins, particularly during braking and
manoeuvring. The comparison between certified weighing and modelling shows close
agreement for the front axle, whereas deviations are matnlyugable to uncertainty in the
operational pallemass estimate used as a modelling input. Based on the findings, the paper
formulates operational recommendations for safe pallet placement and proposes a repeatable
pretrip check procedure combining isation, verification, and layout assessment. The
presented framework is intended to support carriers and operators in preverting non
compliant and safetgritical load configurations under real operating conditions.

Keywords: cargo distribution, axle loaq] hydraulic loader crane, modelling;
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Spatial, temporal and infrastructural factors and the risk
of serious road collisions

Patrycja Guzanek Anna Boruck&, Dominik Szostak

Abstract

The severity of road collision consequenaarains a key issue in traffic safety analysis. The

aim of the study is to model and predict higgk events using spatial and temporal

information as well as infrastructure and environment characteristics. Due to the strong
imbalance of classes in theusoe data, the problem was reduced to a binary classification,
distinguishing between a minor and more serious events. Three complementary modelling
approaches were used: logistic regression as the base model, a generalised additive model to
capture spatlaand diurnal noflinearities, and a predictive gradient boosting algorithm
(XGBoost). The models were compared using classification quality measures and calibration
analysis. The results indicate a moderate ability to discriminate between minor and more
serious incidents. The XGBoost model achieved the best predictive properties, although its
advantage over statistical models was limited. At the same time, additive models showed very
good probabilistic calibration. The results confirm the importance di&$pad diurnal

effects and indicate the usefulness of scoring models in supporting preventive measures in the
area of road safety. The results can support the identification of locations and conditions with
increased risk and provide a basis for prisiity preventive measures and decisions in the

traffic engineering.

Keywords: road collisions; machine learning; prediction
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Evaluation of the passenger car passiv&fety system
effectiveness based on the crash tests results

Mat eusz Zi MbtcEaki Stachur a
Abstract

The effectiveness of a motorcar's passive safety system results from the coherent interaction
of its constituent components. Over the years, all elements of this system have been
continuously developed and refined. This paper attempts to evaluate thmesitwiathis
development by analyzing crash test results of passenger cars manufactured over the past
several years. In addition to the standard set of indicators used to assess injury risk levels, the
study seeks and examines parameters that can idemifiges in the functioning of passive
safety systems which produce measurable improvements in reducing occupant injury risk.
The aim of the study is to answer the question: how passive safety systems in modern
passenger cars have improved over the years8elinvestigations are based on publicly
available crash test data from the National Highway Traffic Safety Administration (NHTSA)
database. The focus is placed on two areas of passive safety system perfoemiagagon

of frontal and side (includingdnt-to-side) vehicle collision effect. The research results
contribute to organizing current knowledge regarding road traffic safety and the development
trends of motorcars' passive safety systems. They also providedage data useful, among

other apfications, in the reconstruction of road accidents, e.g. to analyze the relationship
between hazard levels and the injury risk sustained by vehicle occupants.

Keywords: road traffic safety; motorcar passive safety system; crash tests results; occupamtrisju
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Possibilities for diagnosing and detecting faults in road
vehicle emission reduction systems

Mi | og . RzHaliLamviar’, Domi ni k a 3RoR®@tdenr2 kkivs§s
Abstract

This paper addresses tti@gnosis and detection of faults in reaghicle emission control

systems, focusing on components that critically affectweald pollutant reduction and-n

service compliance. The study considers catalytic converters, diesel and gasoline particulate
filters (DPF/GPF), exhaust gas recirculation (EGR), lambda sensors, and selective catalytic
reduction (SCR) systems with AdBlue dosing. The main objective is to compare the practical
usefulness of approaches used in periodic emission inspections and \pqkattece,

namely, visual inspection, measurement of emiseitated parameters, and the use of

advanced oiboard diagnostics. Experimental particle number (PN) measurements were
performed on selected vehicles with compresgimition and sparkgnition engines using a

procedure aligned with conditions applied in countries where PN measurement is

implemented within regular emissions inspections (e.g-Lalifaden 6). Results were
assessed using the decision | i mya3Gsdond250, 000
time record (AFast Passo) to evalwuate signal
tested vehicles achieved PN values well below the decision threshold, indicating compliant
operating conditions of the emission control system. irest, two vehicles exhibited
extremely high PN values (>5,000,000 1/ cmj),
severe malfunction or intervention affecting particle filtration performance. The findings

show that PN measurement provides a seessitveening tool for identifying necompliant

vehicles that may not be reliably detected by conventional procedures alone. The paper
discusses implications for improving inspection methodologies by combining PN

measurement with standasdope emissions spection to increase the probability of

detecting faults and ngorofessional interventions in emission control systems.

Keywords: emission control systems; particulate filter (DPF/GPF); particle number (PN); periodic €iois
inspection (PEI); emissions
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Simulation-based method for evaluating the performance
of an automated vehicle controller in a selected road traffic
critical scenario

Jerzy JackowsKi Tomasz Mantuf, Mat eus? Ziubi Eski

Abstract

Local control of an automated vehicle (AV) consists of planning a collisemtrajectory

and executing it using a trajectory tracking algorithm. Control algorithms vary in
computational complexity and in how comprehensively they integrate vehicle dynamic
behavior into trajectory generation and tracking. These characteristics are particularly
important when a collision risk occurs. This paper considers a critical situatidnahn the

time to collision (TTC) is shorter than the vehicle's breaking time. The time required to
calcul ate path and its adaptation to the wveh
parameters determining the success of a defensive maneuver. Cgnaiffenent trajectory
planning and tracking algorithms in terms of their control applications becomes an important
issue. The literature provides a limited number of studies with holistic approach to AV control
and its evaluation using simulation toolatiake into account nonlinear vehicle dynamics,
particularly in critical situations. The objective of this study is to develop a universal
simulation tool for investigating the impact of selected AV control methods on the vehicle
dynamics respond in congd transient states occurring in collision risk road traffic situations.
To implement this objective, a vehicle dynamic model with 14 degrees of freedom was
selected. The model was developed in the Matlab Simulink program (using publicly available
libraries, including Vehicle Dynamics Blockset). The tool enables the analysis of vehicle
response to control inputs generated by the selected control algorithms, which are also
examined in this paper. A set of parameters and indicators was developed to evaluate t
considered control solutions simulation results.

Keywords: Automated vehicles, Road traffic safety, Vehicle trajectory planning, Vehicle trajectory tracking /
control, Vehicle dynamics simulation
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Influence of ergonomic seat overlays on muHaxial
biomechanical responses of an occupant during rear
impact sled tests

Wanda G-rniak
Abstract

The evaluation of occupant passive safety in-ezat collisions requires a thorough

understading of the interaction between seat components and the human body. This research
explores the influence of ergonomic overlays on biomechanical responses through sled testing
on a specialized experimental seat. To eliminate the "dynamic seat openingaedfésolate

energy transfer to the seaterlay system, a rigid base was utilized. The seatback was

mai ntained at a 21A angle, and the reference
experimental seat without overlays. The framework involved evaya@i component
combinations (headrest, lumbar, and seat cushion overlays) under three distinct crash pulses
(10g, 15¢, and 20g) using a Hybrid 11l dummy. The protocol focused on-axigti

acceleration profiles (longitudinal, lateral, and vertical dymrajnimonitoring head, chest, and
pelvic stability along the X, Y, and Z axes to identify abrupt vertical jolts and displacements.
Data analysis revealed that under a-lpwrash pulse, installing any additional components
modified system stiffness, incrélag measured accelerations compared to the reference. This
was attributed to altered contact dynamics triggering sharp vertical oscillations detrimental to
torso stability. Conversely, improved performance relative to the baseline was observed only
under hgh-g crash pulse conditions for specific combinations. This work provides high

fidelity data on how geometry and stiffness modifications impact critical passenger safety
parameters under controlled dynamic loading.

Keywords: Reaend impact; Sled testingdybrid 11l dummy; Ergonomic seat overlays
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Correlation-Based Assessment of Occupant Head
Kinematics in Out-of-Position Rear Crashes

Al eksandelr G-rni ak
Abstract

The rapid advancement of autonomous driving enablestamuard seating configurations,

known as Oubf-Position (OOP), fundamentally altering occupant interaction with passive
safety systems. Despigxtensive reaimpact research, quantitative sigieel correlation

analyses in OOP conditions remain limited. This study focuses on the quantitative assessment
of variations in head acceleration signals of a Hybrid 111 50th percentile dummy during
simulated reatend impacts. Twelve dynamic sled tests were conducted using four seatback
recline angles (21A, 25A, 38A, 55A) and th
nomi nal seatback angle of 21 was -hesotyabl i s
signals across the X, Y, and Z axes were compared using the CORA (CORrelation and
Analysis) algorithm, enabling an objective evaluation of signal correlation while eliminating
subjective bias. The computational methodology was based on two: giieuGorridor

Rating and the CrosSorrelation method. The latter provided a detailed breakdown of signal
deviations through three specific metrics: phase shift, energy and amplitude differences, and
signal progression similarity. The results indicate ttaaiations in seatback geometry induce
nortlinear transformations in head acceleration characteristics. The Corridor Rating
successfully quantified the degree to which OOP signals deviated from the tolerance bands
defined by the nominal test. Furthermaitee Phase and Shape parameters allowed for the
isolation of delays in heat-headrest contact from the fundamental transformation of the

pulse profile. The proposed correlatibased framework provides objective criteria for

evaluating occupant kinemesiin OOP rear impacts and supports validation of passive safety
systems for future autonomous vehicle interiors.

r
h

Keywords: Reaiend impact, Outof-Position (OOP), CORA algorithm, Sled testing, Autonomous vehicle
safety
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The impact of the height compatibility of loading docks
and vehicles on handling safety and the transport process

Mi |l og LPoDdnaikni R & & REhaRanman
Abstract

Safety and continuity of handling operations in logistics facilities are strongly influenced by
the quality of the interface between the loading dock (or a dock leveller) and the vehicle. The
key technical parameter is heigittmpatibility, defined as the vertical difference between the
dock level and the vehicle loading edge at the transshipment point. If this difference is unsuit
able, undesirable transition conditions occu
tran-sition, which increase dynamic loading during the passage of handling equipment, reduce
load stability, and raise the likelihood of cargo damage or an incident. The aim of this paper is
to assess height compatibility under real operating condition®atetérmine to what extent
nortcompliant values are associated with reduced efficiency and increased risk during loading
and unloading. Subsequently, cases weresifeed as compliant or necompliant depending

on whether the height difference allowsafesequalisation of the transition and whether the
levelling device operates within its allowable range without creating excessive elevation
change or excessive slope of the transition surface. The results indicate that height
incompatibility repeatedly @uirs in practice and represents a factor that both reduces

handling efficiency (extended transshipment time) and increases the risk of cargo damage as
well as hazardous situations for operators and handling equipment. The paper formulates
design and operiainal recommendations aimed at minimising ftompliant conditions,
particularly the selection of dock height with respect to the typicaiale fleet, an

appropriate choice of levelling equipment, and the standardisation of operational procedures
for vehicle positioning

Keywords: loading dock, dock leveller, height compatibility, loading edge height, loading and unloading
safety
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Driver fatigue as a consequence of work organization and
its impact on transport safety

Mi | o g 1 RitalKiss3 Kizhe Huang
Abstract

Driver fatigue is widely recognized as a critical risk factor affecting road transport safety, par
ticularly in the context of professional heavy vehicle operations, where extended driving
hours and irregular work schedules increase exposure to fatiued risks. This paper

provides a comparative analysis of selected work organization requirements fosipnafes
drivers in the European Union, the United States, Canada, Australia, and China, with specific
emphasis on maximum continuous driving time as a key fatigaged regulatory parameter.
Legislative frameworks governing driving periods, mandatorydsseand rest requirements
were systenatically reviewed and comparatively evaluated to identify differences in
regulatory approaches and underlying safety philosophies. To explore potential safety
implications, fatality rates per 100,000 population forytaar 2023 were analyzed in relation

to maximum permitted uniterrupted driving time using linear regression analysis. The
findings indicate a positive asseation between longer continuous driving limits and higher
fatality rates. However, the explatory power of the model is limited (R2 = 0.17),

suggesting that continuous driving time alone accounts for only a small proportion of
variability in road safety outcomes. Although causal relationships cannot be established, the
results underline the importee of working time regilation as a component of fatigue risk
management strategies and broader road safety policy frameworks.

Keywords: driver fatigue; driver work organization; transport safety
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Safety comparison of Hydrogen, CNG and LPG as
alternative fuels in transport

lveta KubaBd&rkiorvf8k Ben] o
Abstract

The increasing adoption of alternative fuels in transportritassified attention on safety-as

pects related to fuel properties, storage technologies, refueling processes, and vehicle opera
tion. Hydrogen is widely recognized as a key enabler of low emission mobility; however,
compared with established gaseouslfusuch as compressed natural gas (CNG) and

liquefied petroleum gas (LPG), it introduces specific safety challenges. This paper presents a
structured comparative safety analysis of hydrogen, CNG, and LPG in transport applications.
The study evaluates sy relevant physical and combustion properties, leakage and
dispersion behavior, storage conditions, and representative accident scenarios in both open
and confined envirome nt s. A semi gquantitative risk ass
severity probhility ma-trix is applied to assess and rank potential hazards, including ignition
sensitivity, explosion ptential, storage system failure, and vapor accumulation effects. The
results demonstrate signdant differences in flammability limits, minimurgnition energy,

vapor density, and infratructure requirements among the analyzed fuels. While hydrogen
benefits from rapid upward dispersion, its wide flammability range and very low ignition
energy increase ignition likehood under certain conditionBhe findings confirm that safety
performance depends not only on intrinsic fuel properties but also on system design,
environmental conditions, regulatory frameworks, operational practices, and effective
engineering safety controls.

Keywords: Hydrogen saty; Alternative fuels; Risk assessment
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Response of an automated vehicle rase of control under
different driving conditions

Gabriella Kgosek

Abstract

The work is devoted to issues related to the analysis of the dynamics of an automated vehicle
(AV), understood as a description of vehicle motion and its dynamic responseesziabed

kinematic input under changing traffic environment conditions. Dynamic analysis forms the

basis for assessing the AV stability, controllability and driving safety, especially when

performing maneuvers at high speed and under variable traffittiooisd AV control is a

compl ex problem. It requires consideration o
traffic and environmental conditions, which significantly affect the course and effectiveness

of executed maneuvers. Of particular importasdée accurate representation of the
vehicleds | ongitudinal and | ateral drgad a mi ¢ s ,
contact area friction properties. In critical situations, the time reserve available for selecting a
driving strategy isisually insufficient, which limits the applicability of complex decision

making algorithms. It requires the controllers usage that ensure motion stability, especially in

case of driving at high speeds when even small disturbances or control errors tamalead

loss of vehicle stability. The aim of the study is to assess the outcome of executing a selected
critical road maneuver by an AV under control in different conditions. The work seeks

guidelines for AV control depending on identified driving condisiosuch as vehicle speed or

driving conditions (e.g. road surface conditions). The analyses are conducted through model
based research of AV dynamics.

Keywords: Automated vehicles; Vehicles dynamic and control; Road traffic safety; Curvilinear motion
maneuvers; Vehicle driving conditions
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Determining the Impact of Heavy Vehicles on the Traffic
Flow

Kristi%n Al u lc?ak PeterlFabiay 8hiichao Zhand
Abstract

Passenger Car Units (PCU) represent an essentahpter for transforming heterogeneous
traffic flow into a homogeneous equivalent, which is necessary for traffic capacity analysis,
intersection design, and traffic management. The accuracy of PCU values significantly affects
capacity assessment resultsldhe estimation of the level of service (LOS). This study

focuses on refining PCU estimation using a methodology based on vehicle headway
measurements under real traffic conditions. A pilot traffic survey was conducted at a turbo
roundabout located nean industrial area with a higher proportion of heavy vehicles. Data
was collected using a combination of video recording and automatic traffic counters capable
of detecting vehicle passage time, dynamic length, and speed. Several capacity assessment
scenaios with different PCU coefficients were simulated to evaluate their impact on
intersection performance. The results indicate that adjusting PCU coefficients can
significantly influence theoretical intersection capacity and waiting times. A new
methodologybased on average time headways between vehicles of different categories is
proposed, allowing the determination of dynamic PCU values reflecting specific traffic
conditions. The calculated coefficients for trucks, buses, and heavy vehicle combinations
differed from standard guideline values, suggesting that commonly used coefficients may
overestimate the impact of heavy vehicles in certain roundabout configurations. The proposed
approach can improve the accuracy of capacity assessments and LOS estiadiootarly

for large roundabouts and turbo roundabouts with heterogeneous traffic composition. Future
research will focus on validating the methodology across different intersection types and
traffic environments.

Keywords: PCU; headway method; intersiexct; level of service
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Finite element simulation of energy dissipation in
pedestrian protection components

Jarosgaw Befmy s § 3 Sewdyn KdziakiKatdrzynaS t a Ela ¢4 kbastian Krakowiak
Abstract

The article presents a numerical analysis of pedestrian protection in a collision between the
lower leg and the vehicle's freehd structure, using advanced material models of expanded
polypropylene (EPP) foanThe aim of the study is to develop and implement a numerically
validated EPP material model and to evaluate the effectiveness of the bengogy

absorber assembly under test conditions defined by UN Regulation No. 127 and Euro NCAP
procedures, employing lower leg impactor modeled in accordance with the TRL Legform
Instrumentation guidelines. The geometry of the impactor and the vehiclefrdnt
components (bumper and EPP foam absorber) was created in a CAD environment and
subsequently discretized fiinite element analysis in Abaqus/Explicit. Distinct material
models were applied to represent cortical bone, soft tissue, hyperelastic components, EPP
foam, and the elasiiplastic bumper structure. The simulations enabled the determination of
stress andtrain distributions within the absorber and bumper, as well as key biomechanical
parameters, including knee flexion angle, tibial shear displacement, and upper tibia
acceleration. The results demonstrate a progressive energy absorption mechanism and
effedive load redistribution within the bumper structure. The integration of a calibrated EPP
foam material model with a comprehensive numerical analysis of the complete system
constitutes a significant contribution to the development of methods for theipeeym
assessment of pedestrian protection systems for vulnerable road users.

Keywords: pedestrian protection, energy absorption, EPP foam, finite element simulation, front bumper
system
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Safety-oriented evaluation of signalized intersections
through economic and timeloss indicators

Al i ca Ké&dtenFpbiatg8 Kr i st®i 8§n Lul 2k
Abstract

This paper presents a safatyiented evaluation of signalized urban intersections using time
loss indicators and their associated economic impacts as surrogate measures of traffic safety.
The study focuses on five closely spaced signalized intersections locatedT o p o O] any ,
Slovakia, which form a critical corridor for local urban mobility. Traffic data were collected
through a higkdefinition videebased monitoring system that enabledalked observation of
vehicle movements, trajectory patterns, and turflowgs without interfering with regular

traffic conditions. This nofntrusive approach allowed for the-tmaction of highfidelity

data, capturing subtle behavioral nuances of drivers at each node. The collected data were
subsequently used to develop aadlbrate a sophisticated miesgopic traffic simulation

model in the Aimsun environment. Calibration was performed using observed delay, queue
lengths, and various traffic performance indicators to ensure consistency betweaeoricdal
observations ansimulated conditions. By integrating time loss as a primary metric, the
research quantifies the hidden costs of inefficiency, linking traffic congestion directly to
broader economic consequences. Furthermore, the model serves as a predictive tool to test
potential infrastructure improvements or signal timingtiomizations. This methodology

provides urban planners with a robust framework fesessing safety and operational

efficiency, ultimately contributing to more sustainable and economically viablepwaation
systems in mediursized European cities.

Keywords: Signalized intersections, Tirlass indicators, Microscopic traffic simulation, Economic
evaluation
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Operational Impact of Urban Air Mobility at Signalized
Urban Intersections: A Microsimulation Study
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Abstract

Urban Air Mobility (UAM) represents an emerging mobility layer with the potential-to re
duceurban congestion by shifting part of transport demand tealttude airspace. This

study evaluates the operational impact of integrating UAM into an existing urban road
network using a calibrated microsimulation model. The analysis focuses on thisdezgdn
intersections in TopoO|lany, Slovakia, during
scenarios were considered, representing a 30% and 50% reduction in ground traffic demand.
The results show that partial UAM implementation significantly reduesglttimes and
intersection load. The greatest relative improvement was observed at the 30% level, while
increasing the share to 50% did not yield proportional gains, indicating a threshold effect in
intersection performance. This suggests that trafStesys exhibit a nonlinear response to
demand reduction, with diminishing returns beyond a certain level of modal shift. Reduced
ground traffic intensity also implies lower exposure to vehicleeractions, indicating

potential indirect safety benefits. énall, the findings demonstrate that moderate UAM
integration can improve traffic efficiency, although its effectiveness depends on the scale of
implementation and the capacity characteristics of the analyzed network.

Keywords: Urban Air Mobility, Microsinulation modeling, Signalized intersections, Travel time analysis
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Can simulators revolutionize the driver training process?

Wiktoria Balcerzak, MateuszZ Ziubi GEski
Abstract

The presented study addresses the use of motorcar driving simulators in the driver candidates
training (professional drivers included), based on the requirements of Barape national
implementing regulations. The foundation of the work is the assumption that improving road
safety requires modern, effective, and repeatable driver training methods that minimize the
risks and costs associated with traditional trainingeal traffic conditions. The aim of the

study is an assessment of legal regulations and the possibilities of simulators usage in drivers
training process, in case of meet formal requirements, potential simulators role within driver
training systems estimati and list currently available solutions on the Polish market. The
study emphasizes that driving simulators are not just a supplement to traditional training
methods but are increasingly becoming a common educational tool. They enable safe
recreation of gtical situations, modification of weather and road conditions, and simulation

of vehicle failures. Simulators support driver training in vehicle preparation as well as
maneuvering exercises on training yards and in road traffic. Their use increasegexerc
repeatability, improves training effectiveness, facilitates more accurate error detection, and
better prepares drivers for real road hazards. Moreover, simulators represent a significantly
more costeffective solution compared to conducting extremeig training on specialized

tracks. Ongoing development of simulation technologies allows for increasingly realistic
representation of driving experiences under specific conditions. The presented analysis
contributes to better understanding of the rolmotlern technologies in driver education

systems and the future direction of simulator implementation in Poland.

Keywords: Training of driver candidates, Vehicle dynamic simulators in the training process, Modern
technologies in the driver trainingprocess, Highclass simulators of vehicle dynamics, Driver training process
legislation.
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A Methodological Framework for Assessing the Impact of
Railway Level Crossing Closure Time on Road User
Delays

Zdenka Bulbae§? Gagpar 2k
Abstract

Railway level crossings represent critical interfaces between rail and road transjensys

where railway safety requirements often conflict with the efficiency of road traffic flow.

Although the safety andaknical operation of level crossings have been widely studied, the

indirect impacts of railway operational measdrgmrticularly temporary track speed

restriction® on road traffic delays and their associated economic costs remain insufficiently
guantified.This paper proposes a methodological framework for evaluating the impact of

extended railway level crossing warning times on road traffic performance and the resulting

social costs. The approach combines analytical calculation of warning time basedraim the

motion profile with modelling of waiting processes using queuing theory and simulation in

the AnyLogic environment. The methodology enables assessment of the relatiorstéeine

changes in railway operating conditions, the extension of warnirggtidelays eperienced

by road users, and their economic valuation. The methodology is demonstrated through a case
study of a railway level crossing located on railway corridor in Slovakia, where a temporary

track speed restriction reduced the trainsgeedom 100 kmbLh T to 50 kmL|
showed that the speed restriction increased the daily level crossing closure time by

approximately 23 minutes. Simulation results indicated increased waiting times for vehicles

and pedestrians. The associatedsoal costs were estimated at a
proposed framework integrates railway operational analysis, traffic flow modelling, and

economic evaluation into a unified approach that supports decisaing in infrastructure

maintenance and tifed management.

Keywords: railway crossing, traffic modelling, conflict, warning time,
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Safety Implications of LastMile Delivery Vehicles in
Urban Traffic: A Statistical Approach

Mi |l og LBadfGrmklLenka POagov§
Abstract

This article deals with the safety implications of using light commercial vehicles fanilest
logistics deliveries in cities. The rapid expansion-ecbenmerce has significantly-creased

the demand for delivery services, whialturn has led to a higher number of these vehicles
operating in urban areas. Due to their typical characteristics, suchqgefrestops, loading,
unloading and maneuvering in heavy traffic, these vehicles may have an impact on the
increased number afiteractions with other road users, especially vulnerable road users. The
aim of this study is to analyze the involvement of light eoercial vehicles in traffic crashes

and to identify potential safety risks associated with their operation in citieanahesis is

based on statistical data from the European Road Safety Observatory, specifically the CARE
database, which consists of records of fatal traffic crashes reported by EU and EFTY member
states. The research focuses on fatalities in accidentsimydtight commercial vehicles in

2023 and examines their distribution by road type, category of road user and crash location.
The results show that althoughnal roads account for the highest number of deaths, urban
roads also account for a signtfart proportion of fatal accidents involving light commercial
vehicles. The results also point to 41% share of vulnerable road users as victims in such
accidents. The findings suggest that with the growth of light commercial vehicles in urban
logistics, greadr attertion needs to be paid to road safety measures, infrastructure planning,
and traffic maragement to minimize potential risks.

Keywords: Light commercial vehicles, Vulnerable road users, Lamie delivery, Road Safety, Urban areas
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Identification and regulation of road vehicle emissions as a
tool for ensuring environmental and public safety through
emission zones

VI adi m2rl, KkaedhiZhaDml ac k8 Jonas2kov§
Abstract

The modern understanding of road safety goes beyond the traditional framework eftaccid
prevention and also includes the environmental and health consequences of transport
emissions. The growing intensity of road transport in urban areas contributes to increased air
pollutant concentrations, posing a significant risk to public healthtanduality of life of

residents. One of the tools for reducing the negative impacts of transport is the introduction of
low-emission zones, which regulate vehicle access based on their emission classification. This
paper analyzes the importance of regntatoad vehicle emissions as a means of improving

environmental and social safety, and proposeselowi ssi on zone in the ci
Slovak Republic. The evaluation methodology is based on statistical data on the structure of

the vehicle fleetin he Kogi ce region, on the vehicle em
emi ssion standards, and on the emission fact

model approach, the average emission factor of the vehicle fleet was determined and
subsequentlgvaluated in a scenario of introducing a LEZ with restrictions on vehicles that

do not meet the EURO 5 emission standard. The results indicate that the introduction of such
a regulatory measure could lead to an approximately 25 % reduction in the &dviage

emission factor in the regulated area. The findings highlight the importance of vehicle
emission classification for environmental regulation of transport and confirm the potential of
low-emission zones to reduce transpggherated particulate matygosllution in urban
environments.

Keywords: emission, emissions zones, pollution
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Modeling and simulation of the automated lane change
process, taking into account freeplay and friction in the
vehicle steering system.

Dari usz %t aMidredchegiskiv L e s z &k Meaermd ko §Y ka®lkZielenke ¢ z
Abstract

This article presents research on the impact of backlash and friction in a vehicle's steering
system on the automatically controlled lane change process. The previously developed
controller algorithm was based on highly simplified (and therefore effiziemtline

calculations) reference models of vehicle dynamics without taking into account the
nonlinearity of the steering system. Extensive simulation studies of the developed algorithm
for the controller of a tw@xle mediuraduty truck were conducted ovamwide range of road

and operating conditions. The results confirmed the advantages of the developed controller.
The research presented in this article focuses on a previously unpublished area of analysis
concerning the sensitivity of the lane change et to backlash and friction occurring in

the steering system of the controlled vehicle. To this end, the previously used dynamics model
of a virtual truck was supplemented with elements that describe, in the simplest possible way,
the backlash and ftion in the steering actuator and the steering linkage. The pieeewise

linear projections of clearance(...) and tar(...) used in these studies to describe the influence of
clearance and friction facilitated modeling and simulation calculations. The arwdl{ises

results of such studies allowed us to answer the important question of whether autonomous
cars will be safe enough for users after lvegn use, i.e. mechanically worn out.

Keywords: automatic lane change, steering system, freeplay, frictioogleling and simulation

Wojskowa Akademia Techniczna

Woj skowa Akademia TePtMOMmi czna, Gukasi ewicz
SUniwersytet Radomski

“Politechnika $wintokrzyska

Gu k a s FPEWOT ¢ z



15 International Science & Technical Conference

AUTOMOTIVE SAFETY

| 05-08 MAY 2026 | TATRANSKA LOMNICA (SK) | 15TH EDITION

Road Freight Transport Safety in the Context of
Countries' Logistics Performance

Vladi m2r KobBemhnhi ka2 JkamsP kas§Uj | ack§
Abstract

A country's logistics performance is an important indicator of the quality of its transport
system and the efficiency of its logistics processes. A less explored area is its potental link t
road freight transport safety. The aim of this paper is to analyze whether a higher level of
logistics performance, measured by the Logistics Performance Index (LPHsdsiated with
more favorable safety outcomes in terms of road freight vehicideats. The analysis is

based on data from selected EU member states for the period2P@B2LPI data are drawn

from the World Bank database, while safety indicators are baseetemational traffic

accident statistics. The relationship between laggigierformance and the mortality rate in

road freight transport is assessed using panel regression models with fixed effects. The results
point to the existence of differences in road freight transport safety levels between the
countries analyzed, withatistical analysis failing to demestrate a clear and consistent

impact of logistics performance on mortality rates. The-ing$ thus open space for further
research aimed at identifying other factors that may-efice road freight transport safety in

a broader systemic context. These factors include the increasing safety of road freight
vehicles, infrastructure improvements, and the human factor in the form of vehicle crews.

Keywords: LPI, road freight transport, fatalities
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Analysis of rame skipping and timing errors in video
recordings

Wojciech Wach
Abstract

Video recordings from widely deployed CCTV systems and dashcams provide metric
information that can be used to estimate the speed of objects at a vehicle accident scene.
Accurate peed analysis relies on both the spatial positioning of vehicles and the temporal
characteristics of the recording. For objects moving at roughly constant speed, the average
value can be calculated by analyzing several consecutive frames and using tied frame

rate fps (frames per second) as the time reference. However, when speed must be derived
from individual frames or from very short segments of a recording, timing accuracy becomes
critical. In such cases, the video timecode embedded in the filelata- for example, the

PTS (presentation time stanyanay not reflect the exact moment a frame was captured. This
study introduces techniques for analyzing frame skipping and frame timing errors in video
recordings, in particular (1) detecting fraimate changes resulting from file conversion or
transcoding, and (2) identifying and modeling rolling shutter artifacts observed in lightboard
test recordings. These procedures make it possible to reveal the original frame capture rate
and validate the tempalrintegrity of evidentiary video files. Ultimately, they enable reliable
speed estimation from just a few consecutive frames or even reconstruction of the velocity
time history over short segments of the video recording.

Keywords: Video recording, PTS, Bme skipping, Frame timing errors, Frame capture rate
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Modelling the Impact of Pedestrian and Cyclist Flows on
the Operational Performance of an Urban Roundabout

Al i ca KalDogmivng§ick MKMat m&h Gogol a
Abstract

This paper focuses on analyzing the impact of pedestrian and cyclist traffic on the operational
performance of an urban roundabout | ocated
based on a traffic survey conducted between 6:00 a.r8:@0 p.m. using video recordings

and automatic traffic counters. The collected data were processed using the DataFromSky
Viewer software, which enabled automatic detection and classification of traffic participants.

In order to ensure the @ctiracy of theobtained data, the automated results were verified

through manual counting and comparison of pedestrian and cyclist movements. The analysis
focused primarily on pedestrian and cyclist intensities, vehicle interactions with vulnerable
road users, and thesudting delays during peak traffic periods. The results indicate that the
highest pedestrian and cyclist intensities were recorded at entrance B of the roundabout,
which is influenced by the presence of nearby commercial facilities, residential aret® and
campus of the University of Gilina. During
interactions with vulnerable road users were identified, while during the afternoon peak hour
the number increased to 118 intet@mmns. The majority of drivers rpected pedestrian

priority rules, with approximately 64% of drivers yielding during the morning peak and 67%

of drivers yielding during the morning peak and 67% during the afternoon peak. However,
cases of notyielding behavior were also observed.

Keywords roundabout; vulnerable road users; traffic interactions
University of Gilina, Faculty of Operation
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Evaluation of emission calculators in road freight
transport using multi-criteria analysis

Vadi m2r LKokaerlonlT22naDUml ack 8 Jonas2kov§
Abstract

The transport sector is a major source of greenhouse gas emissions, and the grewing em
phasis on sustainability and environmental reporting increases the need for accurate meas
urement and evaluation. In practice, specialized software tools, specifivédisi@n cal

culators, are increasingly used for this purpose, enabling automated emission calculations
based on transport parameters. This article analyzes and compares three selected emission
calculators used in transport and logistics: Map&Guide, EcaTfaworld, and RouteS

canner. The evaluation is based on defined criteria focused on the transparency eof the cal
culation methodology, support for different modes of transport, the possibility of 1imgdel
multimodal transport, export of results, usabifily environmental reporting, and the detail of

input data. A multcriteria analysis method is used to determine the overalirgnéf the
tools. The research also includes the cal cul
(Slovakia)- Rotterdam (Mtherlands) with the same transport input parameters. The results
showed significant differences among the individual tools, not only in the caézllat

emission values but also in their functionality and methodological approaches. Map&Guide
achieved theilghest overall rating, while EcoTransIT World and RouteSwamachieved

lower but identical ratings. The findings indicate that when interpreting the results of emission
calculators, it is essential to consider both the calculation methodology andltheriacdical
purpose. The selection of a suitable calculator should therefore be based on the specific needs
of the transport or logistics organization.

Keywords: emission, calculators, route planning
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Rollover safety analysis of smalkcale terrain vehicle
D8vid Kf°r m%bai’BRlslac®akad, Gy°r gy, PR®tl% mgkirs s
Abstract

Stability of vehcles is one of the most important factors of safety. Loss of stability ecanroc

when the wheels lose contact with the ground, which leads to loss of traction and grip, and
even the rollover of the vehicle. When assessing the conditions for the statitieyve

hicle, onroad and offroad vehicles differ in many perspectives, and because of this, specific
methods are needed to describe the stability conditions for terrain vehicles. In this paper, the
aspects of offoad vehicle stability are assessedtdin vehicle specific stability modeling

methods are shown. A smaltale terrain UGV is introduced, outfitted with a sensor array
necessary for experimental testing. Laboratory measurements are conducted to obtain the nec
essary parameters of the vehijalvhich are used as input for the stability model. At the end,

field measurements are conducted with the UGV, where the vehicle is tested on natural aprts
of the test terrain and an artificially created obstacle course. During the tests, both stable and
unstable cases of the vehicle movement are tested, and the measured values are compared to
the theoretical model. It is shown that the model can predict the vehicles stability with an ac
ceptable accuracy, and suggestions are made for further improventennoddel.

Keywords: stability, offroad vehicle, terrain vehicle, rollover
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Information Security and Logistics Performance as
Factors of Road Freight Safety in the EU: A Correlation
Analysis

VIiadi m2r! KEkmie$nin%a Rawmihi ka>v8onas2kov§
Abstract

Digitization and robotization are transforming transport and logistics systems while increasing
the importance of information security in logistics processes. The growing use of information
technologies introduces new risks that may affect the reliabilitygidtios flows and the

safety of road freight transport. The aim of this paper is to analyze the relationship between
the implementation of information security management systems, the quality of digital
shipment tracking, and the incidence of cargo timeEuropean Union countries. The

empirical analysis is based on secondary data from 27 EU countries for the year 2023.
Pearsonédés correlation coefficient was used t
variables. The analysis focused on three relatiosshigtween the number of ISO 27001
certificates per million inhabitants and the value of the LPI Tracking & Tracing indicator;
between the LPI Tracking & Tracing value and the number of cargo theft incidents recorded
in the TAPA database per million inh&dnts; and between the number of ISO 27001
certificates and the number of TAPA incidents. The results showed a moderately strong
negative correlation between the intensity of ISO 27001 certification and the LPI Tracking &
Tracing val ue positivecorrelatiorowhs identifed bebvaen the LPI

Tracking & Tracing score and the number of incidents (r = 0.30), while a weak negative
correlation was found between 1ISO 27001 certificates and the number of TAPA incidents (r =
10.21).

Keywords: Informaton Security, Road Safety, TAPA, LPI Tracking&Tracing, ISO 27001
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Taxonomy of Active Safety and Driver Monitoring
Systems

Mar ek JadSkMatwdwcszz Pawedki ewi cz

Abstract

Road traffic accidents remain a critical global isguanarily driven by human error and

delayed psychomotor responses in dynamic environments. To mitigate these risks, active
safety and driver behavior monitoring systems have evolved from reactive mechanisms
towards proactive, multimodal data fusion arebitires. This paper presents a comprehensive
systematic literature review spanning the years 2P085, aiming to evaluate the true
technological readiness of modern Advanced Driver Assistance Systems (ADAS) and Driver
Monitoring Systems (DMS). The studytioduces a structured taxonomy of sensory inputs
categorized into four main domains: visual data, vehicle telemetry, driver biometrics, and
audio signals. A critical analysis of the latest machine learning and deep learning algorithms
is provided, expligly contrasting their high theoretical accuracy in sterile simulator
environments with their practical implementation challenges. The review identifies severe
research gaps, particularly the drastic performance drop in uncontrolled, naturalistic driving
conditions, the occlusion problem in visual perception, and the physical constraints of
onboard edge computing. Furthermore, it addresses the complexities of stochastic modeling in
Digital Twins and the pressing need for interpretability in complex neunabnies.

Ultimately, the conclusions formulate concrete, actionable guidelines for automotive
engineers. These recommendations emphasize the transition from invasive physiological
sensors to remote photoplethysmography (rPPG), the mandatory optimizateepof

learning models using edge accelerators like TensorRT to meditmeajonstraints, the

absolute necessity of naturalistic data validation, and the implementation of Explainable Al
(XAl) to ensure system reliability and driver trust.

Keywords:Advanced Driver Assistance Systems (ADAS), Driver Monitoring Systems (DMS), Multimodal
Sensor Fusion, Edge Computing, Explainable Al (XAl)
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The Application Potential of Cryptotechnology in he
Automotive Industry

Gabriel Fedorkd, Vi e r o s? Rudolf Kampfn § r
Abstract

This paper focuses on the application potential of cryptotechnology in the automotive
industry, with particular emphasis on data security, communication protection, and the
reliability of modern vehicle systems. Contemporary vehicles are increasingly dependent on
digital technologies, intelligent control units, connected services, and advanced driver
assistance systems. In addition, the ongoing development of autonomaong anigivehicle
connectivity has significantly increased the importance of cybersecurity in the automotive
sector. As vehicles become more interconnected with external networks, infrastructure, cloud
platforms, and other vehicles, the risk of cyberattacklsumauthorized access also continues

to grow. The paper examines the possibilities of applying cryptographic methods to secure
communication between vehicles, known as vekHigieehicle communication, as well as
communication between vehicles and tramspdrastructure. It also addresses the protection

of internal invehicle networks, software integrity, secure data transmission, authentication of
devices and users, and the implementation of secure remote software updates. Special
attention is given tthe protection of sensitive operational and personal data, which is
essential for maintaining user trust and ensuring the safe operation of modern transport
systems. The paper further discusses the main benefits of cryptotechnology, including
increased cdidentiality, integrity, authenticity, and resistance to cyber threats. The aim of
the paper is to provide a general overview of the significance of cryptotechnology and to
highlight its growing role in building secure, reliable, and trustworthy mobditytfe future.

Keywords: blockchain, automotive, security, reliability
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About the influence of specific tire properties on the
reduction of the available lateral force in vehicle axle

Witold Luty?
Abstract
Specific tire propeties contribute to the reduction of the available lateral force transmitted by

the wheels of a vehicle road axle during cornering. The main factors responsible for the
decrease in the available lateral force in the vehicle axle incltide nonlinear relationship

bet ween the | ateral force and ttheaependema!l 6s no
of the tire relaxation | ength on the wheel 0s
| ateral force on sultsan:- aredracioninghe availabia daleral forea d r e

in the vehiclebds riding axles undear steady s
reduction in the available lateral force at each wheel under conditions of oscillating normal

load during drivingover road surface unevennesrregularities. The dependence of the tire
relaxation | ength on the wheel s normal | oad
force at each wheel under conditions of dynamically varying normal load induced by surface
unevenness. The paper presents the expected magnitude of the reduction in available lateral
force in the vehiclebs riding axl estre as wel |
construction; cornering intensity; the amplitude of dynamic variatis in the normal load

acting on the road wheels. Selected results of experimental bench tests of tires, as well as
simulation studies enabling both quantitative and qualitative assessment of the observed

reduction in available lateral force in a vehigtiing axle during cornering, are presented.

Keywords: tire cornering, tire dynamics, vehicle safety
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Comparative Analysis of Road Safety, Convergence, and
PostPandemic Resilience in Selected European Union
Countries, 20L0i 2025

DamianFreff, Pr zemysfaw Kubi ak

Abstract

The aim of the study was to assess changes in the level of road safety in Poland, Germany,
France, Spain, Slovakia, and Romania between 2010 and 2025, and to determine whether the
analysed countries showadendency toward reducing disparities in road fatality rates. The
analysis was based on secondary data on the number of road fatalities per 1 million
inhabitants for 20112024, supplemented by preliminary data for 2025. The study applied
comparative angkis, descriptive statistics, analysis of change dynamics, assessment of
relative risk in relation to the European Union average, sigmé beteconvergence analysis,

a correlation matrix of national trajectories, and an assessment &fq&istesiliencdased

on the rebound effect and changes in trend slopes.The results showed that all analysed
countries recorded a loftgrm improvement in road safety, although the scale of this
improvement differed. The largest reduction in the fatality rate was oloser#mland, where

the indicator fell from 102.78 in 2010 to 51.77 in 2024, a decline of 49.63%. Romania also
improved, from 117.12 to 77.53, i.e. by 33.81%, but remained the higslesbuntry

throughout the period. Germany and Spain recorded the lewestge indicator levels, while
France and Slovakia occupied an intermediate position. Partial convergence was identified,
reflected in a decline in sigma dispersion from 28.66 in 2010 to 15.64 in 2024, i.e. by 45.45%.
The findings indicate that improvemts in road safety were uneven and did not lead to full
equalisation of safety levels.

Keywords: road safety; fatalities; comparative analysis; sigma convergence; relative risk
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The application of jerk analysis in evaluating driving styles
based on vehicle kinematic parameters

Michag GrlusRatzg&EsRBurecki
Abstract

Road safety constitutes a priorigsearch area, determining the development directions of
modern vehicle engineering and infrastructure design. Although technical progress in active
and passive safety systems is significant, the human element and individual driving style
remain the critial links. This article focuses on the behavioural analysis of drivers, treating

the manner of vehicle operation as a significant factor influencing the level of risk in land
transport. The primary objective of this study is to evaluate the utility ofeartatic motion
parameter known as jerk in the process of characterising driver profiles. The authors attempt
to demonstrate that the analysis of the third derivative of position with respect to time allows
for a more precise identification of abrupt andgmbially dangerous manoeuvres than

standard measurements of speed or acceleration. The data used for the analysis were obtained
from reatworld road tests. Measurements were conducted on a selected test section which,
due to its specific characteristicsppided high variability in traffic conditions, thereby

forcing diverse motor reactions from the driver. The article describes the methodology for
recording motion parameters and the subsequent process of their interpretation in the context
of driving smodhness. The research results confirm that monitoring jerk provides valuable
insights into the interaction between the driver and the vehicle. Such findings may find
application in professional driver assessment systems or modern solutions within Iritelligen
Transport Systems (ITS). The presented conclusions serve as a contribution to further
research on utilising simple motion parameters to evaluate the driving performance of
motorists.

Keywords: road safety, jerk, driving behaviour, kinematic parametenselligent Transport Systems (ITS)
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Digital Support for Road Transport of Dangerous Goods
in the Context of Contemporary Threats

TOMASZ Iwant
Abstract

The transport of material goods playkey role in the economy of any country, and at the

same time has a significant impact on technical progress and the standard of living of citizens.
However, energy raw materials are of particular importance for globaldpment, in

particular liquid ad gaseous fuels, which are classified as dangerous goods (DG). In the
immediate vicinity of transport processes, due to their physical or chemical properties, they
can cause damage to people, material objects or the natural environment. The studyancludes
synthetic analysis of a wide range of classical and civilizational threats in the road dangerous
goods transport (DGT) based on available literature sources. The applied research
methodology is complemented by a comparative and statistical analysisfgrdaup of

goods, and using the case study method (CS), the most important requirements for
comprehensive digital tools supporting DGT have been developed. The aim of the article is
therefore to develop a general concept and functional features foiumetibnal digital tools

for monitoring and supporting road transport of DG. The coexistence of classic road traffic
threats, but also hybrid ones, related to the contemporary geopolitical situation in the world,
forces a broader view of the sources oé#ts, the predictable effects of negative events and
their scope. The main research problem was identified in the paper, and with the help of the
methods used, its main goal was achieved, based on the postulate of minimizing risk and
increasing safety imad logistics transport.

Keywords: road transport, road safety, dangerous goods, critical infrastructure, digital tools
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AFrom Road Signs to Intellige

Historical Development of Road Safetynfrastructure in
Europebo

Justyna YaSkiewicz
Abstract

The article analyzes the historical development of road safety infrastructure in Europe, from
early forms of road signage to contemporary intelligent transport systems (ITS). The aim of
the study is talemonstrate how changing technological, social, and political conditions have
influenced the evolution of tools designed to improve road safety. The starting point is the late
19th and early 20th centuries, when the rapid development of motorizatianthe t

introduction of the first standardized road signs and traffic regulations. International
agreements, such as the Geneva and Vienna Conventions, played a crucial role in
harmonizing signage and traffic rules across Europe. In subsequent decadesthatknt

of safety infrastructure included, among others, traffic lights, safety barriers, pedestrian
crossings, and traffic management systems. In the second half of the 20th century, a shift from
a reactive to a systemic approach occurred, reflectdekirmplementation of road safety
strategies and the expansion of accident research. A key stage in this process was the
integration of information technologies, leading to the emergence of intelligent transport
systems, which enable re@he traffic moritoring, infrastructure management, and enhanced
road user safety. The analysis indicates that the development of road safety infrastructure in
Europe has been evolutionary in nature, with its pace determined by technological progress
and increasing publiawareness of roagklated risks. Contemporary ITS solutions represent a
continuation of longerm modernization processes, combining traditional infrastructure
elements with advanced digital technologies.

Keywords: road safety, road infrastructure, trana history, road signs
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The development of road accident reconstruction methods
in Europe between 1950 and 2000 as an element shaping
modern road traffic safety standards.

Konrad S$oba@Eski
Abstract

The aticle discusses the development of road accident reconstruction methods in Europe
between 1950 and 2000 and their role in shaping modern road safety standards. In the early
postwar period, accident reconstruction was based mainly on basic scene ohsgrvatio
analysis of physical traces, and witness statements. Due to the lack of advanced tools,
conclusions were often limited and less precise. In the following decades, the field evolved
significantly alongside technological progress and the rapid incnedise humber of

vehicles. During the 1960s and 1970s, researchers began to apply principles of physics,
mechanics, and vehicle engineering more systematically. Methods for estimating speed,
braking distance, and collision forces became more structureelgaize. At the same time,
growing international cooperation contributed to the standardization of investigative
procedures across European countries. A major breakthrough occurred in the 1980s and 1990s
with the introduction of computers and specializgettiware. These innovations enabled

accident simulations and 3D modeling, greatly improving the accuracy and objectivity of
reconstructions. Researchers also started using experimental crash test data and developing
comprehensive accident databases. Thel@aemphasizes that the advancement of
reconstruction methods had a significant impact on road safety. It allowed for the
identification of common accident causes, leading to improved legal regulations, safer vehicle
designs, and better road infrastruetuAs a result, accident reconstruction became not only an
analytical tool but also a key element in prevention and the development of modern traffic
safety standards in Europe.

Keywords: road accident reconstruction, road safety standards, traffic astidnalysis, vehicle collision
investigation.
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Research on the influence of passenger car drivers' age on
collision and accident risk

Mirosgaw?!Gdrzdlackowskk i Leszek Jemiog
Abstract

At the Military University of Technology, Faculty of Mechanical Engineering, there is a

Centre for Knowledge on Access to Transport and Mobility for People with Special Needs,

with particular emphasis on seniors using personal transportation. An important tyaal of

Centre is to improve the mobility and road safety of older drivers. The Centre conducts
systematic research on the causes and consequences of road collisions and accidents, as well
as the age of the participants. We are creating our own databadejivehicles, among other

things, the following data (in Poland): residents, category "B" driving license holders,
passenger car owners, thjpdrty liability insurance holders from selected insurance

companies, annual mileage travelled by passenger carsvpaeticipants in collisions and

road accidents driving passenger cars, and perpetrators of road accidents driving passenger
cars, combining the collected numbers with the age of the individual surveyed. For this
purpose, we use data collected in thedases of the Central Statistical Office (GUS),

SEWIK (Security and Information on Vehicle Registration and Control), insurance

companies, and the results of our own research on passenger car owners through surveys and
vehicle inspection stations. TheCerda 6 s dat abases are continuous
results obtained each year. Currently, we have research results from 2010 to 2024. Analysis of
the collected research results allows for ongoing monitoring of road traffic participation and
road traffichazards posed by passenger car drivers of all ages. This report will present the
results of the research conducted in 2024 in comparison to those from previous years.

Keywords: road safety, road accident statistics, age of passenger car drivers, rofid paaticipation and
accident risks. road safety, road accident statistics, age of passenger car drivers, road traffic participation and
accident risks.
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Experimental evaluation of multi-axial accelerations in
Child Restraint Systems during road obstacle excitation

Emilia Szumska, Damian Fref, Raf ad Jur ecki

Abstract

According to Polish and European Union regulations, the use of Child Restraint Systems
(CRS) is mandatory for the safe transport of children. During vehicle operation, occupants are
exposed to vibrations transmitted from the road surface through the suspension system to the
vehicle seating. This study investigates the transmission of latefalertical accelerations

within the CR$ISOFIX basévehicle assembly during passage over road obstacles. The
research involved experimental testing under varying conditions, including different types of
road excitations and representative load massalérations were measured at key points of
the assembly, specifically the seat, the ISOFIX base, and the supporting leg. The analysis of
the dynamic response indicates that the characteristics of the road obstacle significantly
influence the distributionf accelerations across different components of the system. Some
obstacles primarily induce higher vibrations at the seat level, while others more strongly
affect the mounting base and support leg. Furthermore, the results demonstrate that the
occupant's m@mass is a critical factor, affecting both the magnitude of the dynamic response and
the overall vibration transmission characteristics within the i@Ricle system. The findings

of this work show, that both obstacle type and system mass are decisive ifadietermining

the magnitude and dection of vibration transmission

Keywords: passive safety, muéikial accelerations, Child Restraint Systems
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Advanced methods for documentation of traffic accidents
and accident scenes and their application in accident
reconstruction

Ronny Fleck, KlausDi et e r Z2Blibdr Kubjatkclf J°r g *Schroder
Abstract

The present paper examines selected methods of accideatdsmmimentation with ygard

to their accuracy and applicability for technical analysis in accident reconstruction. First,
classical methods of surveying and graphical recording are contrasted withiassgeand
threedimensional approaches. On thisibathe fundamentals of 3D phegwammetry,

dronebased data acquisition, and the processing of the acquired images into orthophoto
projections and 3D models are explained. A particular focus is placed on the evaluation of the
accuracy of photogrammetritalgenerated 3D data. For this purpose, results from
investigations based on a reference scene with tachymetrically surveyedlqmints are

used and assessed with regard to the influence of camera, lens, software, reconstruction
parameters, and marlsein addition, results from real and simulated -@egit scenes are
considered in which classical measurement methods, a 3D scanner, and a drone were applied
in a comparative manner. The investigations demonstrate that hayliaay can be achieved

with photogrammetric and drosiased methods when an apjproate workflow and proper

data acquisition are ensured. At the same time, it becomes clear that classical measurement
methods may exhibit relevant deviations, particularly in the case of complex ggomet

curved alignments, and traces located outside the roadway. 3D scanners afizhsiedne

methods allow the generation of orthophoto projections and 3D models as a reliable basis for
subsequent reconstruction of the accident event. The paper shows #ratesdmethods of
accident scene documentation can substalytiaiprove the data basis for technical analysis.

In addition, limitations, sources of error, and practical recommendations are identified.

Keywords: Accident scene documentation, photogrammedD laser scanning, dronbased data acquisition,
accuracy assessment
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Comparative analysis of accelerations acting on the child
seat mounting basen Hyundai Kona and Audi A6 vehicles
during off-road driving (unpaved road)

Mar ek JaSkTemdsz LE&clKa$taa Eymyekzysitol Rodosdk z y k
Abstract

The article presents an analysis of the accelerations acting on the mounting base of an
Avionaut Pixel child safety seat during travel on an unpaved road. The study was conducted
using two vehicles: an Audi A6 and a Hyundai Kona. The experiment was cautiatla

constant speed of 20 km/h, with a seat load of 3.4 kg. The recorded acceleration signals
showed an oscillatory pattern, fluctuating around a value close to zero, which is typical for
motion over irregular surfaces. Successive road unevennesatgeraternating positive and
negative accelerations. Most of the recorded values remained within the range of
approximately N2 m/s|], indicating a moderate
mounting base. However, occasional impulses exceedimg 3 ] wer e observed,
associated with the vehicle passing over larger surface irregularities. A comparative analysis

of the results obtained for both vehicles revealed noticeable differences in the way vibrations
were transmitted to the mountibgse. Despite identical experimental conditions, the

vibration characteristics depended on the structural properties of the vehicles, such as mass,
suspension parameters, and the effectiveness of vibration damping. The findings suggest that
vehicle desigmplays a significant role in the comfort and safety of child transport, as it
determines the level of vibrations affecting the safety seat during travel on uneven terrain.

Keywords: child safety seat, acceleration analysis, vibration transmission, unpeoaat] vehicle dynamics
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Investigations into the braking behaviour of cars with
summer and winter tyres at different temperaures and
road conditions

Josh Jubel, KlausDi et e r 2HRiorhsFEed Tibor Kubjatkd
Abstract

This article is based on a thesis written by the first author at the Faculty of Automotive
Engineering at West Saxon University of Applied Sciences Zwiekalinvestigates the

braking behaviour of passenger cars equipped with summer and winter tyres under different
temperature and road surface conditions. The objective was to critically examine the widely
used 7 AC rul e for c wfexperimentatdgta. &he siudylfecusedon n t h
extensive ABScontrolled fultbraking tests from an initial speed of 50 km/h using an Audi

A5 on dry and wet asphalt surfaces. New summer and winter tyres of identical dimensions

from Continental were used in orde ensure a consistent basis for comparison. The braking
manoeuvres were recorded simultaneously by two independent measuring systems, allowing

both braking distances and deceleration values to be analysed in relation to air and road

surface temperatur&he tests covered a broad range of praggtevant environmental

conditions in order to reflect typical situations occurring during the transition from autumn to
winter and spring. The experimentally determined results were subsequently compared with

publ i shed studies. The findings indicate that
generalised form. Rather, braking performance depends not only on temperature, but also to a
considerable extent on the prevailing road surface condition.

Keywords: Brakingbehaviour, summer tyres, winter tyres, wet and dry roads, temperature effects

1Jubel Management Consultancy Ltd.
2University of Applied Sciences
SUniversity of Gilina
“University of Gilina



15 International Science & Technical Conference

AUTOMOTIVE SAFETY

| 05-08 MAY 2026 | TATRANSKA LOMNICA (SK) | 15TH EDITION

Analysis of the influence of the passenger car type on the
vertical acceleration curves measured on the second row of
seats

Dari usz KaAnmdrzejZuskEs k iPi ot r3 G&gows k iy naansidn&refar c z y k
Abstract

The aim of the study was to assess the effect of vehicle class on vertical acceleration profiles
measured on the second row seats of three different passenger cars. Car number one is a
premium uppeclass vehicle (E segment) characterized by comfort and quality. Car number
two is an electric crossover in the subcompact class (B segment). Car nundées dmrenid

size car (D segment) positioned on the verge of the tgpass segment. For each car, ten

runs were performed over a repeated speed bump simulating driving on a road with recurring
irregularities. The runs were conducted at a speed of 20 Karing the runs, accelerations

were measured on the surface of the second row seat bench. For the analysis, acceleration
curves were selected from the moment the front wheel entered the first speed bump until the
acceleration subsided after the rear wieated the last speed bump. Vertical accelerations
affecting the comfort of passengers in the second row seats were selected for the analysis. The
indicators determined in this study, from the perspective of ride comfort, are most favorable
for a premiuraclass car, slightly less favorable for an electric car, and clearly the least
favorable for a miesize car. The determined indicators can be used to assess ride comfort as
well as the technical condition of the vehicle.

Keywords: vehicle dynamics, drivingver a series of speed bumps, measurements of acceleration on the rear
seat of passenger cars, vertical acceleration, comfort assessment indices
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Impact of Driver Distraction by Mobile Phone Use on
Reactions in Emergency Situations A Driving Simulator
Study

Katarzyna?l $IRad ar§c 2wk ec ki

Abstract

The aim of the study was to determine #ffect of distraction caused by a cell phone on
driverso6é reaction times. The experi ment was
participants carried out three scenarios reflecting urban traffic conditions and reacted to

sudden hazards. The diuincluded two conditions: a baseline trial and a trial with distraction
caused by cell phone use. A range of parameters describing driver behavior were recorded,
including reaction time to the brake pedal, time to release and press the pedals, psychomoto
reaction time, vehicle speed, and the duration of the entire situation. The results clearly

indicate that distraction caused by a cell phone negatively affects driver behavior in-sudden
threat situations. Distracted participants reacted more slowlyeasdbnsistently, leading to

delayed initiation of defensive maneuvers and less controlled braking. It was also observed

that drivers in the distracted condition more frequently entered hazardous situations at higher
speeds, which further increased th& n§ maneuver failure. The results confirm that using a
phone while driving significantly reduces a
and thus can substantially increase the likelihood of a collision wwadd traffic

conditions. Theséndings highlight the importance of limiting mobile phone use while

driving and support the development of stricter road safety policies and driver awareness
programs aimed at reducing distracti@hated accidents

Keywords: road safety, driver reactidime, driving simulator
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Tests of vertical acceleration on the seat of a child seat
when driving through speed bumps along with a change in
the height of the suspension of a paasger car

Pawed To masEmiia®ragdhenkSzumska Dami an PaReffagr 8f a&ni sgaw Ju
Abstract

This study presents an experimental analysis of vertical acceleration recorded at a child re
straintsystem during vehicle passage over a speed bump, with particular emphasis on the in
fluence of passenger car suspension height. The tests were carried out using an Audi A6
crossinga PZL 40 speed bump at speeds of 10 and 20 km/h. Three suspensionwettngs
analyzed Dynamic, Comfort and Raised. Two child seat loading conditions were considered:
14.5 kg and 23 kg. Vertical acceleration in the Z axis was measured at four points of the
vehiclé child seat system, including the car seat cushion, chiloeearcsishion, ISOFIX base

and ISOFIX support leg. For each configuration, three test runs were performed and

minimum, maximum and mean extreme values were determined. The results showed that the
Raised suspension setting provided the most favorable dymespionse in all analyzed

cases. Compared with the Dynamic setting, the reduction in mean maximum vertical
acceleration ranged from 29.8% to 66.1%, while the reduction in the absolute mean minimum
values ranged from 11.4% to 57.9%. The greatest decrepssiiive extremes was observed

at the child car seat cushion at 20 km/h and 23 kg, where the mean maximum value decreased
from 10.046 m/s] to 3.405 m/s|]. The Comfort
selected cases it did not reduce all extregalaes.

Keywords: child seat, ISOFIX, vertical acceleration, lateral acceleration, safety.
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The influence of a flexiblevenhicle-trailer joint on the
dynamics of the set during straightline motion on a road
with random unevenness

Zbigniew Lozid, Mar ci?n KNk ol
Abstract

The aim of this work is to assess the impact of a flexible vetrailer joint on the dynamics

of a vehcle combination during straigiihe motion at a constant speed on a road with

random unevenness. These unevennesses are described in accordance with the
recommendations of the International Organization for Standardization. Mechanical vibration
- Road sufiace profiles Reporting of measured data. Roads are classified (from A to H) by
providing the power spectral density function of a single longitudinal trace parallel to the
"roadway centerline." The authors built a model for direct analysis of the dymaifrthe
combination in the frequency domain during the described strightotion. This model

allows for the determination of the power spectral density functions of quantities
characterizing the dynamics of the combination and the joint. Theiitdafitegrals lead to

the determination of the variance of the analyzed quantities. The Gaussian nature of the
random, kinematic excitation from road irregularities allows for the determination of extreme
valuesof the tested system's response. The fiaslilt of the analysis is an assessment of the
statistical characteristics of the vehicle train's dynamics. It is possible to assess the influence
of the flexible joint on the dynamics of both vehicles in the vehicle train. The qualitative
discussion offte results will be enriched with tables and graphs of the changes in the
discussed quantities for different speeds and for different road classes, which forms the basis
for the quantitative assessment of the studied issue.

Keywords: vehicldrailer joint, vehicle dynamics, safety
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Multi -axis measurement of vibrations affecting
motorcyclists under reatworld road conditions

Krzysztof Podosék Mar ek JaSkiewicz

Abstract

This article presents the results of mialtis measurements of vibrations affecting a

motorcyclist under realorld road conditions. The aim of the study was to identify the level

and naure of vibrations transmitted to the rider while riding a motorcycle on surfaces of
varying structure and quality. The research was conducted using a measurement system
capable of simultaneously recording vibration accelerations at several points on the
motorcycle, specifically on the handlebars, the seat, and in the vicinity of the wheel axles. The
use of multiaxis measurement allowed for the determination of the spatial distribution of
vibrations and the identification of dominant directions from thepetive of their impact

on the riderds body. Time histories and freq
on selected road surface types were analyzed. The influence of the type of surface on
vibration intensity and the variation in the dyma response of individual motorcycle

components in direct contact with the rider were evaluated. The results showed that the
highest vibration acceleration values most frequently occur on the handlebars, indicating
significant ex pordimbs® loaalfvibratibns. Asigndicant éostributipnp e

of the vertical vibration component was also observed, particularly when riding on surfaces
with greater unevenness. The conducted research confirmed the usefulness of field
measurements in assessihg actual operating conditions of a motorcycle and in the analysis

Keywords: motorcycle vibrations, muléixis measurement, vibration acceleration, road surface influence
,rider exposure
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Deformation analysis of a child seat cover during a road
traffic collision

Joanna Maria BorowieckaJamrozeR, Piotr Thomag, Mar e k 3 RaSiari Feejvi c z
Abstract

In recent years, the use of child safety seats duringd@tgnce travel has become

increasingly common, as ensuring the safety of young passengers is a major concern. Children
are particularly vulnerable to serious injuries in road accidents becairsatiseles are not

strong enough to effectively counteract inertial forces. Moreover, their biomechanical

resistance is lower than that of adults, since the skull and cervical spine are still developing.
During a collision, the distribution of forcesaggin on a chi | dd6s body i1 s e
because a childés head is proportionally | ar
than in adults. As a result, excessive loads may be imposed on the head and cervical spine,
increasing the risk afevere injury. For this reason, properly designed child restraint systems,
adapted to a childodés age, height, and wei ght
paper presents studies on the strength properties of selected elements ofterskst for

children up to 3 years of age and weighing less than 20 kg. The seat is made of polymer foam.
The research is focused on enhancing both safety and comfort by reducing vertical and

horizontal vibrations generated during vehicle motion. The eggexmutcomes include

improved protection of the child, low seat weight, quick and easy installation, convenient
placement and removal of the child, and simple adjustment and fastening of the seat belts.

Keywords: seat cover, displacement, tension, endueatests
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Determination of the susceptibility of a child seat shell to
deformation during a compression test

Mar e k J & Sdanna MariaBorowieckaJamrozek, Piotr Thomag, Damian Frej*
Abstract

Active protection of vehicle occupants includes all systems and design features intended to
prevent an accident before it happens. Its main purpose is to maintain vehicle stability,
preserve traatin, and reduce the risk of collision. Passive protection, by contrast, becomes
effective only at the moment of impact. It includes airbags, seat belts, and, in the case of
children weighing up to 18 kg, specially designed child restraint systems. Duoad a
accident, a childdés body is exposed to very
systems can significantly reduce the risk of injuries to the head, limbs, and spine, while also
limiting body displacement and absorbing part of the collisioergy. A typical child car seat
consists of a rigid shell, often strengthened with reinforcements, whose function is to transmit
and dissipate the main impact forces. In addition, erebgprbing thermoplastic foam

further reduces the effects of impathe internal harness system is the basic element that

keeps the child securely in place. Because the seat shell is in direct contact with the child and
serves as both a supporting and protective component during a crash, tests were conducted to
evaluatets strength and load susceptibility under conditions simulating real accident loads.
The article presents endurance test results for six identical car seat shells intended for children
weighing up to 18 kg, including fortdisplacement curves and the maximdeformation of

the structure.

Keywords: seat body, endurance tests, load,
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X-Ray Computed Tomography (CT) as an Industrial
Quality Control Tool in the Automotive Industry

Joanna BOROWIECKAJAMROZEK?, Wojciech DEPE@MY &8 KIBABI®OWSKI
MGYNARC%Z YK

Abstract

Industrial computed tomography (CT) is an important technology in the modern automotive
industry, enabling precise and rdaestructive quality control as wels material analysis of
components. It allows the inspection of products and parts without damaging or disassembling
them. CT makes it possible to create thd@aensional models of tested objects, detect

internal defects, analyze porosity, and perfootuaate geometric measurements in

comparison with CAD models. It is used at different stages of production, from prototyping to
final quality inspection. This method is especially valuable for examining complex
components and identifying defects that cdrbeodetected by conventional measurement
techniques. As a result, CT improves production control, increases product safety and
durability, and supports compliance with strict automotive standards. The aim of this paper is
to present the NIKON M2 LES SYSMEcomputed tomography scanner located in the
Radiography and Computed Tomography Laboratory at the Kielce University of Technology,
Department of Metallurgy and Materials Technology. The paper describes the principle of
operation, measurement capabilitigsucture, functions, and software of the system. It also
presents examples of its application in dimensional analysis, both in comparison with CAD
models and in creating models for reverse engineering. In addition, examples of defect
detection in automaote engine components are discussed. The examined parts include engine
heads, gearboxes, engine blocks, crankshafts, bearings, suspension components, and
differentials. CT examinations enable detailed analysis of component wear, fit, and
deformation.

Keywads: computed tomography (CT),-Kay tube, detector, flaw detection, CAD model
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The Effect of Increased Bioethanol Content in E10
Gasoline onCombustion Parameters

Piotr Gagowski

Abstract

This article assesses the impact of increased bioethanol content in gasoline, resulting from
current regulations stipulating that, as of January 2024, the bioethanol content in gasoline has
been increased froBPb6 to a maximum of 10%. Engine tests were conducted on a modern

Fiat 0.9 TwinAir sparkignition engine. The engine is equipped with a number of modern

design features aimed at improving performance and reducing fuel consumption. The tests
were conductedybrunning the engine on E10 fuel, where the bioethanol content is
approximately 10%, and, for comparison, on E5 fuel, where the bioethanol content is approx.
5%. The aim of the tests was to demonstrate how this affects the combustion process, as
determinedy heat release characteristics and basic parameters of the pressure curve in the
cylinder. During the tests, the engine operated under two load characteristics at 1900 and
3500 rpm. At 1900 rpm, the engine achieves maximum torque. Measurements ohgisEc e
performance indicators were performed on an Automex engine dynamometer with a power of
100 kW. Pressure measurement during the combustion process was performed using the AVL
IndiSmart system. The test results are presented in the form of graphs.tasts showed, a
significant effect of increased bioethanol content in gasoline on combustion process
parameters, including heat release characteristics, was observed.

Keywords: Biofuel, combustion engines, combustion process, heat release charactgristic

IKielce University of Technology



15 International Science & Technical Conference

AUTOMOTIVE SAFETY

| 05-08 MAY 2026 | TATRANSKA LOMNICA (SK) | 15TH EDITION

Tests of accelerations acting on the seat mounting base
while driving on a good asphalt road

Ant oni BlaEMbwhid &r uMazrcezky @sakRlaif @i dair ec ki
Abstract

Designing advanced child restraint syst€@RS) represents a priority challenge in modern
biomechanical engineering. This process must account for the dynamically changing anatomy
of children and their unique susceptibility to mechanical injuries. Since standard vehicle
passive safety systemschuas seat belts and airbags, are optimised for adult physical
parameters, it is essential to develop dedicated structural solutions for younger passengers.
The primary objective of these systems is the effective absorption of kinetic energy and a
radicalreduction of acceleration forces acting on sensitive body areas, specifically the head,
neck, and torso. This article emphasizes that the evolution of car seats extends beyond
classical materials engineering to include the thorough analysis of vibratimmtission from

road surface irregularities. As part of this research, experimental measurements of vertical
accelerations acting on the ISOFIX mounting base were conducted uneleorieadiriving
conditions. Trials were performed on a higinality asphdlroad, recording precise data for

two mass load variards9.4 kg and 23 kg. The analysis comprehensively covered seat
mounting configurations in both forwafdcing and rearwaréacing positions. The collected
results allow for a reliable assessment of liogpassenger's mass influences the vibration
characteristics of the entire system. Furthermore, the study verifies the design's effectiveness
in damping kinematic excitations. It was demonstrated that the interaction between mass and
base stiffness sigincantly modifies the vibration profile reaching the passenger. These
findings provide a solid foundation for further research aimed at optimising vibroacoustic
comfort and raising biomechanical safety standards for children in modern transport.

Keywords:vehicle safety, child seat, vibrations, comfort
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Crash energy absorbers used in automotive applications

Zuzanna Grzejszczyk Fi | i p 2DNBir @ twrs B\Wezag Rzgnkswski

Abstract

Road traffic accidents continue to cause significant social and economic losses, while the
ongoing growth in the number of vehicles contributes to increased traffic density and a higher
risk of collisions. In response to these challenges, continuous development and improvement
of passive safety solutions for vehicles is required. This paper addresses the analysis of energy
absorbers used in the automotive industry, with particular empdvasésults obtained from
experimental investigations conducted both within a previous research project and as part of
the present study. The analysis focused on selected ealesgybing structures subjected to

static and dynamic tests. Static tests erthtile evaluation of for¢elisplacement

characteristics as well as the deformation mechanisms occurring during loading, whereas
dynamic tests provided insight into the behavior of the absorbers under conditions resembling
real vehicle impact events. Baseuthe obtained results, a comparative assessment of the
energy absorption capability of individual designs was performed. Among all the analyzed
absorbers, two solutions stood out significantly from the others, demonstrating a more
favorable and stable @hing behavior along with a higher level of absorbed energy.
Consequently, these two designs were selected for further, more detailed analysis. The results
also indicate the potential applicability of the examined energy absorbers beyond
conventional vehie crumple zones, including their possible use as protective components for
traction batteries in electric vehicles. Effective energy absorption in the battery area may
substantially reduce the risk of damage to battery enclosures during collisiongtiggli

the investigated solutions as promising candidates for future automotive applications.

Keywords: craskbox, energy absorbers, REESS
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