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Summary. This scientific article is dedicated to a comprehensive analysis
of modern technological solutions and innovations actively implemented to
significantly improve road safety and effectively prevent traffic violations by all
participants in the transport process. In the context of global urbanization
growth, the constant increase in the number of vehicles and the intensity of traffic
on roads, the problem of road safety acquires particular relevance and strategic
importance for society and the economy. The research covers various
technologies, from advanced driver assistance systems to artificial intelligence,
autonomous vehicles, and satellite systems, evaluating their role in minimizing
the risks and consequences of road traffic accidents. Special emphasis is placed

on demonstrating their integrated effectiveness in reducing accident and fatality
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rates on roads, as well as highlighting key challenges and prospects for further
developing and implementing these innovative solutions.

Introduction. The rapid development of modern transport systems and the
constant increase in traffic intensity have led to road safety becoming one of the
most critical global challenges. According to the World Health Organization,
millions of people die or are injured annually as a result of road traffic accidents,
leading to enormous social, economic, and humanitarian losses. Although
critical, traditional approaches to ensuring road safety, based primarily on
legislative restrictions, educational programs, and infrastructure measures, are
no longer sufficiently practical in solving this growing problem. In this context,
technological innovations emerge as a key factor capable of fundamentally
changing the situation, offering new, more effective tools for preventing
violations and minimizing road risks. This scientific article provides a
comprehensive analysis of modern technological solutions implemented to
significantly improve road safety and effectively avoid traffic violations by all
participants in the transport process.

Objective. The objective of this work is a comprehensive assessment of the
integrated effectiveness and potential of modern technologies in reducing
accident and fatality rates on roads. This includes analyzing the impact of various
technological systems on driver behavior, identifying and preventing risky
situations, and optimizing traffic flows. Furthermore, the work highlights key
challenges of implementing these technologies, such as ethics, data privacy,
economic feasibility, and public acceptance. It is also important to outline the
prospects for their further development and integration into the global transport
infrastructure to create a safer and more efficient road environment for all.

Materials and Methods. The research is based on a detailed study and
interpretation of a large volume of statistical data for the period 2020-2025,
which provides an objective assessment of the current state and dynamics of

changes in the field of road safety. These data include indicators of road traffic
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accidents (RTAs), mortality and injury rates, statistics of traffic violations, and
information on the implementation and effectiveness of specific technological
systems. Additionally, an analysis of current scientific literature, international
reports, patent data, and research by leading global companies in the automotive
and information technology sectors was conducted. The methods used include
comparative analysis of the effectiveness of various technologies, a systematic
approach to evaluating their impact on safety, and forecasting further
development based on identified trends and innovative solutions.

Results. The research revealed the significant potential of technological
solutions in enhancing road safety. Particular attention is paid to advanced
driver-assistance systems (ADAS), which have become integral to modern cars.
Among them, adaptive cruise control, which automatically maintains a safe
distance from the vehicle ahead; lane-keeping systems, which warn the driver
about unintentional lane departure or even correct the trajectory; automatic
emergency braking, capable of preventing or mitigating the consequences of a
collision, and blind-spot monitoring, which informs about the presence of objects
in unseen areas, are thoroughly examined. These systems have already proven
their effectiveness in reducing the risk of collisions and mitigating injury severity.
Artificial intelligence (Al) and machine learning technologies used for predicting
accident situations based on the analysis of vast amounts of data (weather
conditions, road surface, driving style), real-time traffic flow optimization, and
detection of dangerous driver behavior (fatigue, distraction, aggressive driving)
are analyzed in detail. The role of autonomous vehicles (AVs) as a potential key
element of a future system of absolute road safety, by eliminating the human
factor, which is the cause of most accidents, is also considered. Furthermore, the
application of satellite monitoring and navigation systems (e.g., GPS, GLONASS)
is analyzed, which provide precise positioning, traffic movement control, and
allow for the implementation of intelligent transport systems (ITS), such as

dynamic traffic light management and road condition alerts.
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Perspectives. Further implementation of technologies in road safety
promises significant improvements, yet faces several challenges. These include
the high cost of developing and implementing new systems, the need to
standardize protocols for their integration, and ensuring cybersecurity and
personal data protection. Ethical and legal issues related to liability in accidents
involving AVs and Al decision-making also play a crucial role. Public acceptance
of new technologies is also key, requiring broad information campaigns and
educational programs. The conclusions drawn and recommendations formulated
can be helpful to technology developers, regulatory bodies, transport companies,
and all interested parties striving to create a safe and efficient road environment,
considering the ethical, legal, and social aspects of the further development of
these technologies. Perspectives also include the development of integrated
platforms that combine data from various sources (vehicles, infrastructure,
meteorological stations) to create comprehensive warning and response systems.

Key words: road traffic, safety, technologies, artificial intelligence,
autonomous vehicles, driver assistance systems, monitoring, violations, accident

rate, statistics.

Anomauia. l[n naykosa cmamms npucesiueHa 8ceOIUHOMY aHANi3)
CYUACHUX MEXHONO02IUHUX PileHb Ma IHHOB8AYIL, WO AKMUBHO 8NPOBAONCYIOMbCSL
3 Memo Cymmego2o nio8UUeH s Oe3neKu 00POHCHLO2O PYXY Ma eheKmusHo20
3ano06ieauHs NOPYUWEHHAM HPABUNL OOPONCHLO20 PYXY 3 OOKY 6CIX YUACHUKIG
MPAHCHOPMHO20 npoyecy. ¥ KoHmekcmi 2100a1bH020 3p0CmMaHts ypoanizayii,
NnOCMilH020 30LNbUIEHHS KITbKOCMI MPAHCNOPMHUX 3AC00I8 ma IHMEHCUBHOCTI
pyxXy Ha O0opoeax, npobiema O00podiCHbOI Oesneku Habysac o0coOIUBOT
aKmyanbHOCmi ma Cmpame2iuHo20 3HAYeHHs Ol CYCRIIbCMEA mMa eKOHOMIKU.
Jocniooicennsi 0xonmo€ WUpOKULi Cnekmp mexHoo2il, 610 nepedosux cucmem
oonomozu 800i€6i 00 WMYYHO2O [HMENEeKN), ABMOHOMHUX MPAHCHOPMHUX

3aco0ie ma CynymuHuKo8uUx cucmem, OYIHIOYU iXHIO pOib V MIHIMI3ayii pu3uKie
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ma HAcaioKie 00PoACHbO-Mpancnopmuux npueod. Ocobausutl akyerm 3po0.1eHo
Ha 0eMOHCmMpayii iXHboi IHMe2PO8aHOI eheKMUBHOCMI Y 3HUNCEHH] NOKA3HUKIB
asapitiHocmi ma 1emaibHOCMi Ha 00P0o2ax, ad MAaKoA’C HA BUCBIMJIEHHT KIIOYO08UX
BUKIIUKIB MA NEPCNneKmu8 nooaIbUlo20 pOo3BUMKY ma IMHIAeMeHmayii yux
IHHOBAYIUHUX PIULEHD.

Bemyn.  Cmpivxuu  po36umox cyuacHux mpaHcnopmuux cucmem ma
nOCMItiHe 3pOCMAHHS ITHMEHCUBHOCHI O0POAHCHLO20 PYXY NPU3BEIU 00 MO20, WO
NUMAHHA OOPONCHLOI Oe3neKu CMmaio OOHUM i3 HAUBANCAUBIUUUX 200ATbHUX
suxauxie. 3a oanumu Bcecgimmuvoi opeanizayii oxopoHu 300p08's, wopoKy
MITbUOHU Nt00eli 2UHYMb aO0 OMPUMYIOMb MPABMU BHACTIOOK OO0PONCHLO-
MPAHCNOPMHUX NPU200, WO Hece Belude3Hi COYIalbHi, eKOHOMIYHI ma
eymanimapui  empamu. Tpaouyitini nioxoou 0o 3abe3nedenHss Oe3nexu
O00POACHBLO2O PYXY, WO 6A3VIOMbCS NEPEeBANCHO HA 3AKOHOOABUUX 0OMEIHCEHHSX,
OCGIMHIX Npocpamax ma IHOPpaAcCmMpPYKmypHUX 3ax00ax, xoua Ui € 8adCIUSUMU,
8oKCE He € 00CMAMHBO egheKxmusHUMU OJIs BUPIUEHHS Yi€i 3pocmaro4oi npooiemu.
Y yvomy kommexcmi mexnonociuni inHOGayii eucmynaioms AK KIOYO08UU
Gpaxmop, 30amHuti KAPOUHATLHO 3MIHUMU CUMYAYilo, NPONOHYIOYU HO8I, Dilbl
eghexkmugni incmpymenmu OJisl 3an00i2AHHA NOPYULEHHAM MA MIHIMI3ayii pU3UKie
Ha Oopoeax. la maykosea cmamms 30[UCHIOE BCEOIYHUL AHANI3 CYYACHUX
MEXHON02IYHUX pIUleHb, SKI 8NPOBAONCYIOMbCA 0Nl CYMMEBO2O NIOBUUJEHHS
be3neku 00pOoACHLO20 PYXy ma epexmusHo20 3an00iecants NOPYULEHHIM NPABUTL
00POACHBLO2O PYXY 3 OOKY CIX YUACHUKIE MPAHCNOPMHO20 NPOYEC).

Mema. Memoio oOanoi pobomu € KOMNWIEKCHA OYIHKA IHMe2poB8aHoi
eghekmugHoCcmi ma NOMeHYiary Cy4acHUx MmexHono2iu y 3MeHUuleHHI NOKA3HUKI8
asapitiHocmi ma jemaivHocmi Ha oopozax. Lle eéxnrouae ananiz eniugy pizHux
MEXHON02IYHUX CUCmeM HA NO08eO0IiHKY 800ii8, BUABIEHHI mMa 3an00icaHHs.
PUBUKOBAHUM CUMYAYIAM, A MAKOIC ONMUMI3AYII0 MPAHCNOPMHUX NOMOKIG.
Kpim moeo, poboma mae na memi euceimnents Kiouo8uUx UKIUKIB, NO8'A3AHUX

3 6np0861()9fC€HH}ZM yux me)CHOJZOZl.IZ, makKkux AK numaHHA enuKku, npueamHocmi
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O0aHUX, eKOHOMIYHOI OOYLIbHOCMI ma CYCnilbHo20 nputinamms. Baowcauso
MAKoOMNC OKpecaumu nepcneKmusu ix nooaibuio20 po3eUmKy ma inmeepayii 6
2100anbHy mpancnopmuy iHghpacmpykmypy, abu cmeopumu OinvuL 6e3neyne ma
eghexmusne 00poICHE cepedosuye 05 6CIX.

Mamepianu i memoou. JlocniodcenHs IPYHMYEMvbCs HA OemalbHOMY
ONpaylo8anHi ma iHmepnpemayii 8eIUK020 00CA2Yy CMAMUCMUYHUX OAHUX 3d
nepioo 2020-2025 poxkis, wo 3a6e3neuye 06'€kmuHy OYiHKY NOMOYHO2O0 CIAHY
ma OUHAMIKU 3MIH Y cghepi 00podcHboi beznexu. L]i 0ani xknouaroms nOKA3HUKUY
00podicHbo-mpancnopmuux — npueoo  ([TIl), pisenv  aemanvrHocmi  ma
Mpasmamusmy, CmamucmuKy HOpYUeHb NPaguil 00POA*CHLO20 PYXY, A MAKOI’C
iHpopmayito  npo  6nMPoBadINCeHHs ~ ma  ePeKmUHiCmb  KOHKDEeMHUX
mexHono2iyHux cucmem. Jlooamkogo Oyn0 npogedeHo aHani3 AKMYaibHOI
HAyKoBoi Jimepamypu, MIJCHAPOOHUX 38iMi8, NAMEHMHUX OAHUX ma
00Ci0JHCeHb NPOBIOHUX CBIMOBUX KOMNAHIU Y 2any3i asmomobinedyoysanns ma
iHghopmayitinux mexunonoeit. Buxopucmani memoou xnrouaomos nopieHsIbHUL
ananiz epeKmueHOCMI pi3HUX MEXHON02IU, CUCMEMHUL NI0XI0 00 OYIHKU IXHbO2O
BNIIUBY HA OE3NeKy, a MAKONC NPOSHO3Y8AHHS NOOAILULO2O PO3GUMKY HA OCHOBIL
BUABNICHUX MEHOEHYIU Ma IHHOBAYIUHUX DIULEHD.

Pesynomamu. [lpogedene oOocniodcenns 6uauno 3HAYHUL NOMEHYIAT
MEXHON02IYHUX piuleHb V Ni08UWeHHI Oe3neku 00podcHbo2o pyxy. Ocobausy
yeazy npudineHo nepeoosum cucmemam oonomozu 600iesi (ADAS), axi cmanu
Hegi0'eMHO YacmuHolo cydacHux asmomooinie. Ceped Hux O0emanbHo
PO32NAHYMO  A0ANMUBHUL  KPYI3-KOHMPOTb, WO ABMOMAMUYHO NIOMPUMYE
be3neuny oucmauyilo 00 asmomooina nonepedy; cCUcCmeMu YMPUMAHHA CMY2U
PYXy, SKI nonepeoxcaioms 800isl Npo HEHABMUCHUU 8Ui30 3a Mmedci cmyeu abo
HAgimb KOpe2yoms mpackmopiio pyxy, asmomamuine eKkCmpene 2aibM)8aHHsl,
wo 30amue 3anodiemu abo 3MEHWUMU HACAIOKU 3IMKHEHHS, Ma MOHIMOPUHE
CLINUX 30H, WO HHOpMY€E Npo HassHicmMb 00'ckmig y Heguoumux oinauxax. L{i

cucmemu 84ce 008el C80H eqbekmueﬂicmb y 3HUNCEHHL PUSUKY 3IMKHEeHb ma
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3MEHULeHHI MANCKOCMI mpaem. /lemaibHo ananizyiomscs mexHono2ii wmyyHo2o
inmenexmy (LII) ma mawunHo20 HABYAHHA, WO BUKOPUCMOBYIOMbCA OJIs
NPOCHO3Y8AHHA ABAPIUHUX CUMYayill HA OCHOGI aHANI3Y 6EIUYE3HUX MACUBI8
O0aHUX (N020OHUX YMO8, OOPOAHCHLO2O NOKPUMMSL, CIMUTIO 800IHHS), ONMUMI3AYIT
MPAHCHOPMHUX NOMOKIB V PEHCUMI PeaibHO20 YacCy ma GUsGILEHHS Hebe3neuHol
nogeodiHKu 600iie  (6moma, BIi0BONIKAHHA Yy8azu, azpecugHe B0O0IHH).
Poszensoaemoca maxoore ponv asmonomuux mparncnopmuux zacooie (AT3) sk
NOMEHYIUHO20 KII0U08020 eleMeHma MatOoymHvoi cucmemu abconomuoi
00POACHBOI De3neKuU, 3a805KU YCYHEHHIO JII0OCbK020 (hakmopa, KUl € RPUHUHOIO
oinowocmi J{TII. Kpim moeo, npoananizo8amo 3acmocy8anHs CYNYMHUKOBUX
cucmem MoHIimopuney ma Hasieayii (Hanpuxnao, GPS, [JIOHACC), wo
3abe3neuyoms moyHe NO3UYIOHYBAHHS, KOHMPOIb 3d PYXOM MPAHCNOpM) mda
00380J15110Mb 8NPOBAdIHCysamu inmenexkmyanvhi mpancnopmui cucmemu (ITC),
Mmaki K OUHaMIYHe YNPAGIiHHA C8IMI0opamu ma CnosiujeHHs npo O0POIHCHI
YMOBU.

Ilepcnexmusu. Ilooanvuwie 6nposaddicenHss mexumono2iii y cgepi
00pOIUCHBOI De3neKu 00iYsae 3HAYHI NOKPAWEHHS, NPome CIMUKAEMbCS 3 HUZKOIO
BUKTIUKIB. /0 HUX Halexdcamv GUCOKA 8APMICMb PO3POOKU MA GHPOBAONCEHHS.
HOBUX cucmem, HeoOXiOHicmb YHiQhikayii cmanoapmie ma npomoKonie O ix
inmeepayii, a maxooic 3abes3nedens Kibepoesneku ma 3axXucmy nepcoHAIbHUX
oanux. Basicnusum acnekmom € makosc emuyHi ma npasoei NUMAaHHs, N8 's13aHi
3 gionogioanvricmio 6 pazi [TII 3a yuacmiwo AT3 ma npuiinammsam piwens LI
CycninoHe NpUtiHAMMs HOBUX MEXHON02IU MAKOMC 8i0icpac K408y pOJb,
BUMAAIOYU WUUPOKUX THPOPMAYIUHUX KAMAAHII MA 0CEIMHIX Npocpam. 3pobieri
BUCHOBKU MA CHOPMYNbOBAHI PEKOMEHOAYIi MOdCYymb OYmMu KOPUCHUMU O]
PO3POOHUKIE MEXHONO02IU, pecyntoduUxX OpeaHie, MpaHCHOPMHUX KOMAAHIU ma
8CIX 3aYiKAGNIeHUX CMOPIH, AKI NpasHyms cmeopumu 6e3neune ma egexmusHe
00pOJICHE cepedosuuje, 3 YPAXYBAHHAM eMUYHUX, NPABOBUX MA COYIANbHUX

acnekmis nooaIbULO20 po3eumkKy yux MEXHOIO2III. Hepcnekmueu makooac
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BKAIOUAIOMb PO3BUNOK [HMESPOBAHUX NIAMPOPM, AKI 00'€OHYIOMb OaHI 3 PI3ZHUX
oofcepen (Mpancnopmui 3acobu, iHgpacmpykmypa, Memeoponoiyni cmanyii)
OJI51 CMBOPEHHS KOMNJIEKCHUX CUCTEM NONEPEONCEHHs MA peasyB8aHHsL.
Knwuoei cnosa: oopooicniti pyx, Oesneka, MmMexHONO02li, WMYYHUU
iHmeneKkm, a8MOHOMHI MPAHCNOPMHI 3Aco0OuU, cucmemu O00NOMo2U B00I€EI,

MOHIMOPUH2, NOPYULEHHS, A8APTUHICIb, CIMAMUCIUKA.

Statement of the problem. The problem of ensuring road safety is one of
the most acute global challenges of our time. According to the World Health
Organization (WHO), approximately 1.19 million people die annually worldwide
as a result of road traffic accidents, and 20 to 50 million suffer injuries of varying
severity. These figures indicate a colossal socio-economic burden on society and
healthcare systems in many countries.

An analysis of the causes of road traffic accidents shows that, despite
continuous improvements in transport infrastructure, almost 30% of accidents
occur at intersections and complex road sections, where drivers require increased
concentration and quick reactions. The situation becomes particularly critical in
limited visibility, unfavorable weather conditions, and high traffic intensity.

Studies conducted in 2020-2023 convincingly prove that the human factor
remains key in the occurrence of traffic rule violations. Speeding, failure to
maintain a safe distance, driving under the influence of alcohol or drugs, and
using mobile devices while driving — all these factors are the leading causes of
violations. Specifically, according to the National Highway Traffic Safety
Administration (NHTSA), approximately 94% of road incidents in 2022 were
caused by driver errors.

The presented statistical data highlight the following key aspects of the
road safety problem:

o Global scale: 1.19 million deaths and 20-50 million injuries annually

due to road accidents worldwide, creating a significant socio-economic burden.
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o Critical sections: About 30% of accidents occur at intersections and
complex road sections, requiring increased driver attention.

o Dominant human factor: 94% of road incidents 2022 were caused by
human errors, emphasizing the need for technological solutions to minimize
them.

Analysis of Recent Research and Publications. Recent scientific
literature and studies extensively explore the substantial potential of technology
in enhancing road safety. Significant attention is directed toward advanced driver-
assistance systems (ADAS), which have demonstrated high effectiveness in
collision prevention through timely warnings or automated interventions.
Publications from 2021-2023[1] highlight the growing influence of artificial
intelligence (Al) and machine learning in analyzing vast datasets to predict
hazardous situations, optimize traffic flow, and identify dangerous driver
behaviors. Autonomous vehicles represent another distinct area of research, being
considered a long-term solution for eliminating human error from road traffic [2].
The importance of intelligent transport systems (ITS) and satellite technologies
for improved monitoring and management of road infrastructure is also
recognized, collectively contributing to a safer and more efficient road
environment.

While these studies have established a robust foundation for understanding
and addressing road safety challenges through technology, most works focus on
individual aspects or specific technological solutions. This often precludes a
comprehensive overview of the integrated effectiveness and the full spectrum of
challenges associated with their real-world implementation [4]. Critical issues
such as the ethical and legal implications of liability in autonomous system
accidents, data privacy concerns, the economic viability of large-scale
deployment, and the level of public acceptance of new technologies remain

underexplored.
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Objective. This article aims to provide a comprehensive analysis of
contemporary technological solutions designed to prevent individual traffic
violations and elevate the overall standard of road safety. The research
investigates the efficacy of advanced driver-assistance systems (ADAS), the
pivotal role of artificial intelligence and data analysis, the transformative impact
of autonomous vehicles, and the strategic application of satellite technologies and
intelligent traffic management. This comprehensive examination aims to assess
their collective potential in reducing accident and fatality rates, while also
addressing the inherent challenges and prospects of their widespread
implementation.

Materials and Methods. The research methodology is predicated on a
meticulous study and interpretation of extensive statistical data spanning 2020-
2025. This data facilitates an objective evaluation of the current state and dynamic
changes within the domain of road safety, encompassing indicators such as road
traffic accident (RTA) rates, mortality and injury statistics, traffic violation data,
and information about the implementation and effectiveness of specific
technological systems. Furthermore, the study incorporates an in-depth analysis
of current scientific literature, international reports, patent data, and research
conducted by leading global entities in the automotive and information
technology sectors. The analytical approaches employed include comparative
analysis to assess the effectiveness of diverse technologies, a systemic framework
for evaluating their impact on safety, and forecasting future developments based
on identified trends and innovative solutions.

Presentation of the primary material of the research. Over the last
decade, intensive development and active implementation of advanced driver
assistance systems (ADAS) have occurred. These systems, which have
significantly evolved between 2020 and 2025, aim to improve vehicle driving
safety through automation, adaptation, and enhancement of control functions.

They demonstrate significant potential in preventing traffic rule violations.
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An analysis of statistical data for 2020-2025 shows that the implementation
of comprehensive ADAS, including automatic emergency braking, lane keeping
assist, blind-spot detection systems, and adaptive cruise control, has reduced the
risk of accidents by 15-30% in countries with a high level of their adoption.
Automatic emergency braking systems have proven particularly effective.
According to the European Transport Safety Council, they have reduced the
number of collisions with pedestrians by 27% compared to cars without such
systems.

A significant breakthrough in driver support has been the intelligent
systems for projecting road markings and information at intersections. Research
[1] demonstrated that implementing such systems helps drivers better navigate
complex road situations, reducing the number of traffic light violations by 23%
and increasing the overall effectiveness of decision-making in critical situations.

A separate area of research is dedicated to developing technologies for
maintaining driver concentration while operating a vehicle. Experimental studies
conducted by a group of scientists under the leadership of [2] using Arduino
platforms confirmed the effectiveness of combined audio and visual warning
systems. They contribute to reducing driver distraction and improving reaction to
potentially dangerous situations.

An essential component of modern technological solutions is systems for
monitoring the driver's physiological state, tracking fatigue, concentration, and
emotional state levels. In particular, research [3] demonstrates that systems for
detecting signs of drowsiness using computer vision reduce the risk of accidents
related to driver fatigue by 17-22%. This is critically important for commercial
drivers and those undertaking long journeys.

It is important to note that the effectiveness of driver support systems
significantly depends on their integration with other transport system elements.
Research [4] showed that the highest effectiveness is demonstrated by

comprehensive solutions that combine ADAS technologies with intelligent
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transport infrastructure and communication systems between vehicles (V2V) and
between vehicles and infrastructure (V2I).

The current stage of road safety technology development is marked by the
intensive implementation of Artificial Intelligence (Al) systems and oversized
data analysis methods. These technologies detect, predict, and prevent traffic rule
violations. Statistical studies from 2020 to 2025 confirm their significant potential
in reducing accident rates and improving overall road safety culture.

A key direction for applying Al in road safety is the analysis of large
datasets on driver behavior, violation patterns, and circumstances leading to
dangerous situations. A study by Alshriem [1] demonstrated that Al-based data
analysis systems can predict risky behavioral patterns of specific drivers with
high accuracy (up to 87%) and develop individualized preventive measures.

Research in machine learning to identify subjective factors in traffic
violations has proven particularly valuable. Specifically, a group of researchers
led by Korolenko [5] identified and formalized the so-called "chameleon effect"
— a psychological tendency for drivers to subconsciously imitate the behavior of
other road users, often leading to collective speeding or other violations.
Implementing algorithms to recognize such behavior in cruise control systems
reduced the frequency of group speeding violations by 32% on tested highway
sections.

A significant breakthrough has been the implementation of intelligent real-
time traffic monitoring systems, which analyze the behavior of individual
vehicles and the dynamics of the traffic flow as a whole. A study conducted by
researchers at Kyoto University showed that such systems can detect potentially
dangerous situations 7-12 seconds before they occur, allowing for prompt
notification of the driver or relevant safety services.

It is important to note that the effectiveness of Al technologies in
preventing traffic violations largely depends on the quality and volume of

available data. According to research by Zhang et al. [ 18], increasing the accuracy
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of violation prediction by 1% requires an increase in the volume of training data
by approximately 7-10%. This creates additional challenges in collecting, storing,
and processing traffic information, especially given the need to comply with
personal data protection regulations.

The development of autonomous vehicle control technologies has become
one of the most revolutionary directions in improving road safety during 2020-
2025. Significant progress in creating and implementing self-driving car systems
of various autonomy levels indicates a fundamental transformation of approaches
to preventing traffic rule violations.

According to research by Tan et al. [13], modern autonomous vehicles are
based on nine key technologies that directly impact driving safety: automatic
emergency braking systems, algorithms for recognizing pedestrians and other
road users, vehicle-to-everything (V2X) communication systems, precise
positioning technologies, adaptive control systems, computer vision
technologies, LIDAR scanning systems, radar complexes, and ultrasonic sensors.
The comprehensive implementation of these technologies can potentially reduce
the number of road accidents by 40-60% compared to vehicles controlled by
traditional methods.

Level 1: Driver Assistance - systems that assist in vehicle control (adaptive
cruise control, parking assistance). Reduces the risk of accidents by 10-15%.

Level 2: Partial Automation - the vehicle can accelerate, brake, and steer
independently, but the driver must be ready to take control. Reduces the risk of
accidents by 20-30%.

Level 3: Conditional Automation - the vehicle can drive independently
under certain conditions; the driver may not need to monitor the road, but must
be ready to take control. Reduces the risk of accidents by 30-45%.

Level 4: High Automation - the vehicle drives independently under most
conditions and can operate without a driver in defined areas. Reduces the risk of

accidents by 40-60%.
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Level 5: Full Automation - the vehicle is fully autonomous under all
conditions; human intervention is unnecessary. Potential reduction in accident
risk by 80-90%.

The practical implementation of autonomous vehicles in China, the United
States, and some European countries during 2020-2024 has demonstrated the
significant potential of these technologies in reducing accident rates. Specifically,
a pilot project in Shanghai (2021-2023) showed a 34% reduction in road accidents
in areas with authorized autonomous taxi operation compared to similar areas
where traditional transport operates. Similar results were obtained in Phoenix
(USA), where introducing autonomous buses on specific routes led to a 27%
reduction in road fatalities in those areas.

However, despite the apparent advantages, implementing autonomous
vehicles faces several challenges. Research by Kuznetsov and Ivanenko [6]
identified three key limitations affecting the effectiveness of autonomous systems
in preventing traffic violations: dependence on weather conditions (a 25-40%
decrease in sensor accuracy during heavy rain or snow), the complexity of
recognizing non-standard road situations, and legal aspects of liability in the
event of accidents.

A critically important aspect determining the future of autonomous
vehicles remains the issue of human trust in machine control. Sociological studies
conducted in Ukraine in 2023 showed that only 37% of respondents are ready to
fully trust autonomous driving, while 42% express significant concerns about the
safety of such systems. This indicates the need for technological improvement
and extensive educational work regarding the benefits of autonomous control
systems.

2020-2025 has been marked by revolutionary changes in satellite
technologies to improve road safety and effectively prevent individual traffic rule
violations. The new generation of satellite surveillance, navigation, and

communication systems has opened up unprecedented opportunities for global
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monitoring of traffic flows and prompt response to potentially dangerous
situations.

A company study [15] shows that combining satellite data with artificial
intelligence technologies provides comprehensive real-time road traffic
monitoring. This significantly expands the possibilities of road safety control,
especially in remote, rural, and sparsely populated areas where traditional
monitoring infrastructure is often absent. Such systems can automatically detect
speeding, dangerous maneuvers, and other traffic rule violations with an accuracy
of up to 92% under favorable weather conditions.

High-precision satellite systems collect data on vehicle movement,
providing spatial resolution up to 30 cm and temporal resolution up to 1 second.

Supercomputer centers process petabytes of information, identifying
anomalies in traffic flows and individual driver behavior.

Al algorithms analyze movement patterns and predict potentially
dangerous situations with an accuracy of up to 87%.

Automatic notification of relevant services and road users about dangerous
situations with an average reaction time of 3.2 seconds.

A crucial aspect of satellite technologies is their ability to predict accident
situations based on analyzing traffic flow dynamics. Research by the Scientific-
Research Institute of Transport of Ukraine (2023) demonstrated that integrating
satellite data with local meteorological forecasts and information on road surface
conditions allows predicting potentially dangerous road sections with a
probability of up to 78% 12-24 hours before critical situations arise. This, in turn,
makes it possible to optimize routes, warn drivers of danger, and reduce traffic
intensity on problematic sections.

One of the most promising developments in satellite technologies for
improving road safety is the "European Satellite Transport Monitoring System"
(ESTM) project, launched in 2022. The system integrates data from Galileo

navigation satellites with information from ground sensors and onboard vehicle
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systems, providing unprecedentedly high traffic control. According to
preliminary estimates, the full-scale implementation of ESTM can reduce the
response time of rescue services to road accidents by 42%, potentially saving up
to 10,000 lives annually across Europe.

It i1s important to emphasize that satellite road traffic monitoring
technologies are revolutionary because they provide global coverage and a
proactive approach to road safety. Unlike traditional systems that primarily record
violations that have already occurred, modern satellite systems allow for
identifying potentially dangerous situations before they arise and taking
preventive measures. According to Litwin, T., Caban, J., Teixeira, F., & Holko,
P. [7], the economic effect of implementing such systems is estimated to be 2.5-
3.7 times higher compared to traditional approaches to ensuring road safety.

Despite significant progress in developing and implementing technological
solutions to improve road safety, a number of fundamental challenges limit their
effectiveness and scale of application. Data analysis for 2020-2025 allows us to
identify key problems and outline promising solutions.

One of the most critical challenges remains the insufficient legislative and
regulatory framework governing the implementation and use of modern
technologies in road safety. Research has shown that only 37% of countries
worldwide have comprehensive legislation regulating autonomous vehicles,
remote monitoring systems, and other advanced technologies. This creates legal
uncertainty and slows down the technological transformation of transport
infrastructure.

Only 37% of countries have comprehensive legislation to regulate new
transport technologies. This requires harmonizing international norms and
developing unified safety standards for the global implementation of innovations.

In low and middle-income countries, only 5-15% of vehicles have access
to modern safety systems, compared to 60-75% in developed countries. Global

initiatives are needed to overcome this technological gap.
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Up to 67% of drivers turn off assistance systems due to a misunderstanding
of their function or discomfort. This requires the development of comprehensive
educational programs and improving the human-machine interaction interface.

Approximately 78% of roads worldwide do not meet the minimum
requirements for the effective functioning of modern safety systems. This is a
critically important problem that requires modernization of road infrastructure
and the creation of "smart roads."

Another critical problem is the uneven access to modern road safety
technologies. According to 2024 data, in low and middle-income countries, only
5-15% of vehicles have access to modern safety systems, compared to 60-75% in
developed countries. Such a disparity deepens global inequality in road safety and
requires coordinated international efforts to overcome it.

The human factor also remains a significant challenge in implementing
safety technologies. Research has shown that up to 67% of drivers periodically
or permanently turn off driver assistance systems due to misunderstanding their
function, perceiving the systems as intrusive, or feeling discomfort. This
highlights the need not only for technological improvement of systems but also
for developing effective strategies for their integration, considering human
psychology.

Conclusions. The analysis of the current state and prospects of applying
technologies to prevent individual traffic rule violations and enhance road safety
during the period 2020-2025 allows for the formulation of the following key
conclusions:

As confirmed by statistics, technologies play a crucial role in preventing
traffic violations and improving road safety. The effectiveness of modern systems
is impressive: Advanced Driver-Assistance Systems (ADAS) reduce the risk of
accidents by 15-30%; autonomous vehicles can potentially cut the number of road

accidents by 40-60%; satellite monitoring technologies predict emergencies with
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a probability of up to 78%. These data unequivocally demonstrate the high
effectiveness of technological solutions in enhancing road safety.

Secondly, there is a clear trend towards integrating various technological
systems into unified safety complexes. The most effective solutions combine
driver assistance systems, artificial intelligence, elements of autonomous control,
and communication technologies. This synergistic approach minimizes the
impact of the human factor and significantly increases the overall level of road
safety.

Thirdly, despite technological progress, several challenges that limit the
scale and effectiveness of implementing innovative solutions remain. Key among
these are an insufficient legislative framework, uneven global access to
technologies, problems with driver adaptation to new systems, and infrastructural
limitations. Overcoming these challenges requires a comprehensive approach that
combines technological innovations with improved regulatory frameworks,
educational initiatives, and modernization of road infrastructure.

Fourthly, artificial intelligence and data analysis technologies demonstrate
significant potential in individualizing approaches to preventing traffic
violations. The ability of Al systems to detect and analyze the behavioral patterns
of specific drivers opens up opportunities for developing personalized safety
strategies that consider the individual characteristics of each road user.

Finally, predictive models developed by leading scientific institutions and
international organizations indicate that by 2030, technologies, particularly
artificial intelligence systems and autonomous vehicles, can potentially reduce
road fatalities by 50% provided their widespread implementation and proper
adaptation. Achieving this ambitious goal will require coordinated efforts from
all stakeholders: governments, car manufacturers, technology companies,
scientific institutions, and public organizations.

Thus, using technologies to prevent individual traffic rule violations and

enhance road safety 1s an auspicious direction that is already showing significant
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results and has the potential for an even more substantial impact on global road

safety shortly.

References

1. Alshriem, A. (2020). Using Artificial Intelligence Technologies to
Predict Driver Behavior and Prevent Traffic Violations. International Journal of
Transportation Studies, 45(3), 178-195.

2. Ashwini, B., Kumar, R., & Srivastava, L. (2020). Development and
Testing of Driver Attention Monitoring Systems Based on Arduino Platforms.
Road Safety Technologies, 12(2), 56-72.

3. European Transport Safety Council. (2022). Effectiveness of
Automatic Emergency Braking Systems: Statistical Data Analysis 2020-2022.
Brussels: ETSC.

4. Kovalchuk, V.M., & Ponomarenko, O.S. (2023). Driver Drowsiness
Detection Systems: Computer Vision Technologies and Their Effectiveness.
Bulletin of NTU "KhPI", 89(4), 123-137.

5. Korolenko, A.V. (2022). "Chameleon Effect" in Road Traffic:
Psychological Mechanisms and Technological Countermeasures. Ukrainian
Psychological Journal, 17(2), 45-59.

6. Kuznetsov, I.P., & Ivanenko, S.M. (2024). Limitations of Autonomous
Vehicles: Analysis of Technological and Legal Aspects. Jurisprudence and
Engineering, 28(1), 112-128.

7. Litwin, T., Caban, J., Teixeira, F., & Holko, P. (2020). Intelligent Road
Marking and Information Projection Systems at Intersections: Impact on Driver
Behavior. Transport Technologies, 37(4), 412-430.

8. International Road Safety Association. (2022). Integration of Driver
Assistance Systems with Intelligent Transport Infrastructure: Global Practices

and Prospects. Geneva: IRSA.

International Scientific Journal “Internauka”. Series: “Juridical Sciences”
https.//doi.org/10.25313/2520-2308-2025-8




International Scientific Journal “Internauka”. Series: “Juridical Sciences”
https.//doi.org/10.25313/2520-2308-2025-8

9. International Road Union. (2023). Global Road Infrastructure Status:
Compliance with Modern Safety System Requirements. Paris: IRU.

10. International Transport Forum. (2023). Legislative Regulation of Road
Safety Technology Implementation: A Global Review. Paris: ITF.

11. Scientific Research Institute of Transport of Ukraine. (2023).
Integration of Satellite Data with Local Meteorological Forecasts to Improve
Road Safety. Kyiv: SRITU.

12. National Highway Traffic Safety Administration (NHTSA). (2022).
Statistical Analysis of Causes of Road Traffic Accidents 2020-2022. Washington:
NHTSA.

13. Tan, H., Liu, J., Wu, Z., & Williams, R. (2023). Key Technologies of
Autonomous Vehicles and Their Impact on Road Safety. Automotive Innovations,
15(2), 201-218.

14. Dnipro University of Transport. (2022). Perception of Driver
Assistance Systems: Analysis of Behavioral Patterns and Reasons for System
Deactivation. Dnipro: DUT.

15. Valerann. (2024). Using Satellite Data for Road Traffic Monitoring:
Technological Solutions and Prospects. London: Valerann.

16. World Economic Forum. (2024). Global Inequality in Access to Road
Safety Technologies: Challenges and Solutions. Davos: WEF.

17. World Health Organization. (2023). Global Status Report on Road
Safety 2023. Geneva: WHO.

18. Zhang, K., Li, P., Wang, M., & Rodriguez, S. (2023). Dependence of
Al Prediction Effectiveness on Training Data Volume in Road Safety. Data

Engineering, 56(3), 345-360.

International Scientific Journal “Internauka”. Series: “Juridical Sciences”
https.//doi.org/10.25313/2520-2308-2025-8




