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Summary. This scientific article is dedicated to a comprehensive analysis of modern technological solutions and innova-
tions 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, auton-
omous 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 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 inno-
vations 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 mod-
ern 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 accidents (RTAs), mortality and injury rates, statistics of traffic viola-
tions, 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
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technologies, a systematic approach to evaluating their impact on safety, and forecasting further development based on iden-
tified trends and innovative solutions.

Results. The research revealed the significant potential of technological solutions in enhancing road safety. Particular atten-
tion 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 mit-
igating 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.

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. Perspec-
tives 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, moni-
toring, violations, accident rate, statistics.

AHoTaUiA. Lisi HOyKOBa CTATTS NpUCBsYeHa BCeOiYHOMY QHANI3Y Cy4acHUX TeXHOMORIYHMX pillieHb Ta iHHOBALN, O KTMBHO
BIPOBAGKYIOTbCS 3 METOK0 CYTTEBOR0 MigBULLEHHS 6e3meku gopoXHbO20 PyXy Ta eeKTUBHO20 3anobi2aHHS MOpPYyLLeHHSIM pa-
BUJ1 JOPOXHBLO20 PYXy 3 OOKY BCiX y4ACHMKIB TPAHCMIOPTHOR0 NpoLecy. Y KOHTeKCTi 2100a/1bH020 3pOCTaHHS ypbaHizauii, nocifi-
HO20 30i/1bLUIEHHS KiTbKOCTi TPAHCIOPTHMX 3aC00IB TA IHTEHCUBHOCTI pyXy Ha gopo2ax, Npobaema gopoxHboi benexn HabyBae
0c06MBOI GKTYaILHOCTI Ta CTPATe2iYHO20 3HAYEHHS §/1s CYCNiNbCTBA Ta eKOHOMIKW. [JOCAIgXKEeHHS OXOMIIOE WMPOKMIA CrieKTp
TexHO/I02i¥, Big nepegoBux cMcTemM gornomou BOgieBi go LUTY4HO20 IHTeNeKTy, ABTOHOMHUX TPAHCIOPTHUX 3acobiB Ta CynyTHM-
KOBMX CUCTEM, OLHIOIYM IXHIO PO/Ib Y MiHIMI3aLii pU3uKiB Ta HACAIGKIB GOPOXHbO-TPAHCMOPTHUX Npr20g. OcobAMBMIA AKLEHT
a TAKOX HA BUCBITAICHHI K/TIOYOBMX BUK/IMKIB TA MEPCreKTMB MogasibLio20 PO3BUTKY Td iMIIMEHTALil mMX iHHOBALIMHMX pillieHb.

Beryn. CTpimMkmii pO3BUTOK Cy4aCHUX TPAHCIIOPTHUX CUCTeM Ta MOCTikiHe 3pOCTAHHSA IHTEHCUMBHOCTI JOPOXHbO20 PyXYy Mpu-
3Be/M §o TO20, L0 MUTAHHS GOPOXXHBOI Be3nexy CTano OGHUM i3 HaMBAXIMBILLNX 2100a1bHNX BUKANKIB. 30 gaHMMMU BCeCBITHbOI
0p2aHi3aLii OXOpOHM 3gOPOB’A, LOPOKY MiIbIIOHNM Nt0geit 2uHyTb b0 OTPUMYIOTb TPABMM BHACAIGOK GOPOXHbLO-TPAHCIOPTHNX
np120g, WO Hece BeNYe3Hi couianbHi, EKOHOMIYHI Ta 2yMaHiTapHi BTpatu. TpaguuisiHi nigxogn go 3abe3neyerHHs Gesneku
gJOPOXHbO20 PyXY, L0 O6A3yITbCA NepeBaXXHO Ha 3AKOHOGaBYMX 0OMeXeHHSX, OCBITHIX MPO2PamMax Ta iHppacTpykTypHUX 3a-
X0gax, Xo4a i € BOXIMBIUMU, BXKE He € GOCTATHbO ePeKTUBHMMM §/1st BUPILLIEHHS Lji€i 3pOCTat0Y0l MpobiemMu. Y LibOMY KOHTEKCTI
TeXHO/I02i4Hi IHHOBALii BUCTYNAIOTb SIK K/IOYOBMI PAKTOP, 3gaTHUI KAPGUHAABHO 3MIHUTY CUTYALito, MPOMOHY0YM HOBI, BisbLL
eeKTUBHI IHCTpyMeHTH gas 3anobi2aHHS NopyLUeHHM Ta MiHiMI3auii pu3vkiB Ha gopoeax. Lis HaykoBa cTaTTs 3gilicHIOE Bce-
OiYHMI GHANI3 CYYACHUX TEXHONMORIYHUX PillieHb, SIKi BIPOBAGXKYIOTbCS g/isi CYTTEBO20 NigBMLLEHHS Ge3rekn JOPOXKHbOR0 PyXy
Ta eeKTMBHO20 3arobieaHHs MOPYLIEHHSIM MPABU GOPOXXHBO20 PYXY 3 BOKY BCiX y4ACHMKIB TPAHCIIOPTHOR0 MPOLECY.

MeTa. MeToto gaHoi poboT1 € KOMI/IeKCHA OLiHKA iHTe2POBAHOI ePeKTUBHOCTI Ta MOTeHLiany Cy4dcH1X TeXHOIO0RiN Y 3MeH-
LeHHi MOKA3HMKIB ABAPIMHOCTI TA IETA/IBHOCTI HA gOpo2aXx. Lie BKIYA€E aHai3 BIMBY Pi3HUX TeXHOMORIYHUX CUCTEM Ha Mo-
BegiHKy BOGiiB, BUSIB/IeHHS Ta 3an0bi2aHHS pU3MKOBAHWUM CUTYALIsIM, 0 TOKOX ONTMMI3ALi0 TPAHCNOPTHUX MOTOKIB. KpiM To20,
poboTa MA€E Ha METIi BUCBIT/IEHHS! K/IIOYOBUX BUK/IMKIB, MOB’A3AHIX 3 BIPOBAGXKEHHSM LiMX TeXHO/MO0RIM, TAKMX SIK TUTAHHS eTHKY,
NPUBATHOCTI gaHMX, €KOHOMIYHOI GOLiILHOCTI Ta CYCMi/IbHO20 MPUIAHATTA. BaX/IMBO TAKOXX OKPECINTI MepCcrekTBiM ix nogasb-
111020 PO3BUTKY Ta iHTe2pauii B 2106anbHY TPAHCIOPTHY iHPPaAcTpykTypy, abu cTBopuTH binbll Ge3rneyHe Ta eeKTUBHE GOPOX-
HE cepegoBuLLe g/is BCiX.

Martepianw i meTogu. [JoChigyeHHs [PYHTYETbCS HA geTanbHOMY ONpaLioBAHHI Ta iHTepnpeTayii Benmko2o obcs2y cTaTmc-
TUYHMX gaHuX 3a nepiog 2020-2025 pokis, 1o 3abe3neyye 00'eKTHBHY OLiHKY MOTOYHO20 CTAHY TA gUHAMIKM 3MiH y cdepi go-
POXHBOI 6e3neku. Lli gaHi BKAOYaTb NOKA3HWUKN GOPOXHBO-TPAHCIOPTHUX Npueog (ATT1), piBeHb NeTanbHOCTI Ta TpaBMAaTH3-
My, CTATUCTUKY MOpyLLIEeHb MPABu gOPOXHLO20 PyXy, d TAKOX iHOpMaLito MPo BPOBAGKEHHS Ta epeKTUBHICTb KOHKPeTHMX
TexHO/02iYHMX crcTem. [JogaTkoBo Oy/10 MpoBegeHo aHai3 aKTyanbHOI HaYKOBOI NiTepaTypy, MiXXHAPOGHMX 3BITiB, MATEHTHUX
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gaHMX T gOC/igKeHb MPOBIGHUX CBITOBMX KOMMAHIN y 2any3i aBToMobinebygyBaHHs Ta iHPOpMaviiiHnx TexHonozii. Bukopu-
CTAHI MeTogu BKAOYAIOTb MOPIBHSIbHWUY AHANI3 eeKTUBHOCTI PI3HNUX TeXHOORIH, CUCTeMHMIA MigXig go OLiHKM iXHbO20 BI/INBY
Ha be3reky, a TAKOX MPO2HO3YBAHHS M0JA/IbLLIO20 PO3BUTKY HA OCHOBI BUSIBIEHNX TeHgeHLii Ta iIHHOBALiHMX pilleHb.

Pe3ynbTatu. lMpoBegeHe goCaigkeHHs BUSBMIO 3HAYHMI MOTEHLia TeXHO02i4YHMX pillieHb y nigBuLLeHHI 6e3rekun gopox-
Hb020 pyxy. OcobnmBy yBazy Np1gineHo nepegoBum cuctemam gonomozu Bogiesi (ADAS), siki CTanm HeBig'eMHOI0 4acTUHOK
cyyacHux asTomobinis. Cepeg HUX GETA/IbHO PO32/IIHYTO AgANTUBHMI KPYi3-KOHTPO/Ib, L0 ABTOMATUYHO MigTpUMye 6e3neyHy
gucTaHuilo go asTomobins ronepegy; cMCTeMu YTPUMAHHS CMyau PyXy, SKi MONepegaroTb BOgis Mpo HEeHABMUCHMIG BUI3g
3a Mexi cMyan abo HaBIiTb KOpe2yloTb TPAEKTOPIIO PyXy; ABTOMATHUYHE eKCTPeHe 2a/bMyBaHHS, L0 3gaTHe 3anobieTu abo 3MeH-
LUMTM HACAIGKY 3ITKHEHHSI; TA MOHITOPUH2 CINMX 30H, WO iHPOPMYE NPO HASBHICTb 00'EKTIB y HEBUGUMUX giNsHKaXx. Lji cuctemn
B)Ke goBe/IN CBOK ePeKTUBHICTb Y 3HWKEeHHI pU3NKY 3ITKHEHb T 3MeHLLIEeHHI TAXKOCTI TpPaBM. [leTaibHO aHai3yloTbCs TeXHOO-
2li WTy4HO20 iHTenexTy (L) Ta MawmMHHO20 HABYAHHS, LLO BUKOPUCTOBYIOTbCA /i IPORHO3YBAHHS ABAPIVHMX CUTYALii HA OC-
HOBI GHANI3Y BEINYE3HMX MACUBIB GaHMX (MO20GHMX YMOB, GOPOXHbOR20 MOKPUTTSA, CTUIIO BOGIHHSA), ONTUMI3ALi TPAHCMOPTHMX
MOTOKIB y peuUMi peasbHO20 YacCy Ta BUSBeHHs Hebe3neyHoi noBegiHky BOgiiB (BTOMA, BIgBONKAHHS yBazu, A2pecuBHe BOGiH-
H$1). P032/11GAETHCS TAKOX POJib ABTOHOMHMX TPAHCOPTHYMX 3aco0iB (AT3) ik MOTEHLiiHO20 K/1I040BO20 eleMeHTa ManibyTHbOI
cuctemu abcontoTHOI GOPOKHbLOI be3neku, 3aBgsKM YCyHEHHIO I0gCbkoz0 PakTopa, skuii € npuymHoto binblocti ATI1. Kpim
T020, MPOAHANI30BAHO 3ACTOCYBAHHS CYMyTHUKOBMX CMCTEM MOHITOpMHzY Ta Hasieauii (Hanpwknag, GPS, TTOHACC), wwo 3abe3-
neyytTb TOUHE NO3MLIOHYBAHHS, KOHTPO/Ib 3a PyXOM TPAHCIOPTY TA JO3BO/IAOTH BIPOBAGXKYBATY IHTENICKTYA/IbHI TPDAHCMIOPTHI
cuctemu (ITC), Taki ik gMHaMiYHe YnpasiHHs CBITI0POPamMu Ta COBILLEeHHS PO GOPOXHI yMOBM!.

lMepcnexkTvBu. Mogasbiue BAPOBAGKEHHS TexHON0Ril Y cdepi GopokHbOI 6e3neku 0biLsiE 3HaYHI MOKPALLeHHS, MpoTe CTH-
KA€ETbCS 3 HU3KOK BUKMKIB. [JO HUX HAIeXATb BUCOKA BAPTICTb PO3POOKM TA BIPOBAGIKEHHS HOBUX CUCTEM, HEOOXIgHICTb yHi-
dikauii cTaHgapTis Ta npoTokoni gas ix iHTe2pauii, a Takox 3abe3neyeHHs kibepbesneku TA 3AXUCTY NEPCOHANbHUX GAHMX.
BaxmBum acnekTom € TAKOX €TUYHI Ta NPAaBOBI MUTAHHS, MOB’A3aHI 3 BignoBigabHicTio B pasi AT 3a yqactio AT3 Ta npuiHAT-
M piteHb LUI. CycninbHe NPUIAHATTS HOBMX TEXHO/ORIN TAKOX Bigi2pae KMKOYOBY po/ib, BUMAAOYM WMPOKMX IHPOPMALiiiHNX
KaMMaHisi Ta OCBIiTHIX npo2pam. 3pobJieHi BUCHOBKM Ta CHOPMY/IbOBAHI peKoMeHgaLlii MoXyTb OyTi KOPUCHIUMU gJisi PO3POOHN-
KiB TeXHOJI02i¥, peay/iiolymx opeaHiB, TPAHCMOPTHUX KOMIMAHIN Ta BCiX 3aLiKaBAeHUX CTOPIH, ki npa2HyTb CTBOPUTH be3nedHe
Ta eeKTHBHe JOPOXHE CepegoBHuLLie, 3 YPaXyBAHHAM €TUYHMX, IPABOBUX TA COLIIANbHUX ACMEKTIB M0Ga/bLIO20 PO3BUTKY LiMX
TexHo/102ii1. [lepcrekTUBM TaKOX BK/IOYAIOTb PO3BUTOK iHTE2POBAHMX MAATHOPM, siKi 00'€GHYIOTb gaHi 3 Pi3HNX gKepen (TpaH-
CMOpTHI 3acobu, iHPPaAcTpykTypa, MeTeopoao2iyHi CTaHLi) g CTBOPEHHS KOMIIEKCHUX CUCTeM MonepegeHHs Ta peazyBaHHs.

KnoyoBi cnoBa: gopoxHiri pyx, besneka, TeXHO/I0zii, LUTYYHWMI iHTeNeKT, aBTOHOMHI TPAHCMOPTHI 3acobu, cucTeMm gornomo-
21 BOGi€BI, MOHITOPUHR, MOPYLLeHHS, ABAPINHICTb, CTATUCTMKA.

tatement of the problem. The problem of en- The presented statistical data highlight the follow-
suring road safety is one of the most acute global ing key aspects of the road safety problem:
challenges of our time. According to the World Health ¢ Global scale: 1.19 million deaths and 20—50 million
Organization (WHO), approximately 1.19 million peo- injuries annually due to road accidents worldwide,
ple die annually worldwide as a result of road traffic creating a significant socio-economic burden.
accidents, and 20 to 50 million suffer injuries of vary- ® Critical sections: About 30% of accidents occur at
ing severity. These figures indicate a colossal socio- intersections and complex road sections, requiring
economic burden on society and healthcare systems increased driver attention.
in many countries. * Dominant human factor: 94% of road incidents 2022
An analysis of the causes of road traffic accidents were caused by human errors, emphasizing the need
shows that, despite continuous improvements in trans- for technological solutions to minimize them.
port infrastructure, almost 30% of accidents occur at Analysis of Recent Research and Publications.

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.

Recent scientific literature and studies extensively
explore the substantial potential of technology in en-
hancing 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 in-
terventions. Publications from 2021-2023[1] highlight
the growing influence of artificial intelligence (AI) and
machine learning in analyzing vast datasets to predict
hazardous situations, optimize traffic flow, and iden-
tify dangerous driver behaviors. Autonomous vehicles
represent another distinct area of research, being con-
sidered a long-term solution for eliminating human er-
ror from road traffic [2]. The importance of intelligent
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transport systems (ITS) and satellite technologies for
improved monitoring and management of road infra-
structure is also recognized, collectively contributing
to a safer and more efficient road environment.

While these studies have established a robust foun-
dation 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 chal-
lenges associated with their real-world implementation
[4]. Critical issues such as the ethical and legal impli-
cations 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.

Objective. This article aims to provide a compre-
hensive analysis of contemporary technological solu-
tions 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 im-
pact of autonomous vehicles, and the strategic appli-
cation 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 imple-
mentation.

Materials and Methods. The research method-
ology is predicated on a meticulous study and inter-
pretation 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 informa-
tion about the implementation and effectiveness of
specific technological systems. Furthermore, the study
incorporates an in-depth analysis of current scientif-
ic 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 technolo-
gies, 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 assis-
tance 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.

o4

An analysis of statistical data for 2020—-2025 shows
that the implementation of comprehensive ADAS, includ-
ing 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. Ac-
cording 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 mark-
ings and information at intersections. Research [1]
demonstrated that implementing such systems helps
drivers better navigate complex road situations, reduc-
ing 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 develop-
ing technologies for maintaining driver concentration
while operating a vehicle. Experimental studies con-
ducted by a group of scientists under the leadership
of [2] using Arduino platforms confirmed the effective-
ness 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 technologi-
cal 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 transport infra-
structure and communication systems between vehicles
(V2V) and between vehicles and infrastructure (V2I).

The current stage of road safety technology devel-
opment is marked by the intensive implementation of
Artificial Intelligence (AI) 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 situ-
ations. A study by Alshriem [1] demonstrated that Al-
based data analysis systems can predict risky behavior-
al patterns of specific drivers with high accuracy (up to
87%) and develop individualized preventive measures.
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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 driv-
ers 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 fre-
quency of group speeding violations by 32% on tested
highway sections.

A significant breakthrough has been the implemen-
tation 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 con-
ducted by researchers at Kyoto University showed that
such systems can detect potentially dangerous situations
7—12 seconds before they occur, allowing for prompt no-
tification 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 of violation prediction by 1% requires
an increase in the volume of training data by approx-
imately 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 technol-
ogies that directly impact driving safety: automatic
emergency braking systems, algorithms for recognizing
pedestrians and other road users, vehicle-to-every-
thing (V2X) communication systems, precise position-
ing 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% com-
pared 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 accel-
erate, brake, and steer independently, but the driver
must be ready to take control. Reduces the risk of ac-
cidents 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 in-
dependently under most conditions and can operate
without a driver in defined areas. Reduces the risk of
accidents by 40—-60%.

Level 5: Full Automation — the vehicle is fully au-
tonomous under all conditions; human intervention
is unnecessary. Potential reduction in accident risk
by 80-90%.

The practical implementation of autonomous vehi-
cles 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 spe-
cific routes led to a 27% reduction in road fatalities in
those areas.

However, despite the apparent advantages, imple-
menting autonomous vehicles faces several challenges.
Research by Kuznetsov and Ivanenko [6] identified
three key limitations affecting the effectiveness of au-
tonomous systems in preventing traffic violations: de-
pendence on weather conditions (a 25-40% decrease in
sensor accuracy during heavy rain or snow), the com-
plexity 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 conduct-
ed in Ukraine in 2023 showed that only 37% of re-
spondents are ready to fully trust autonomous driving,
while 42% express significant concerns about the safety
of such systems. This indicates the need for techno-
logical 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 viola-
tions. The new generation of satellite surveillance,
navigation, and communication systems has opened
up unprecedented opportunities for global monitor-
ing of traffic flows and prompt response to potentially
dangerous situations.

A company study [15] shows that combining sat-
ellite data with artificial intelligence technologies
provides comprehensive real-time road traffic moni-
toring. This significantly expands the possibilities of
road safety control, especially in remote, rural, and
sparsely populated areas where traditional monitor-
ing 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.
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High-precision satellite systems collect data on ve-
hicle movement, providing spatial resolution up to 30
cm and temporal resolution up to 1 second.

Supercomputer centers process petabytes of infor-
mation, identifying anomalies in traffic flows and in-
dividual driver behavior.

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

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

A crucial aspect of satellite technologies is their abili-
ty to predict accident situations based on analyzing traf-
fic 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 crit-
ical 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 “Europe-
an 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 systems, pro-
viding unprecedentedly high traffic control. According
to preliminary estimates, the full-scale implementa-
tion 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 is important to emphasize that satellite road
traffic monitoring technologies are revolutionary be-
cause they provide global coverage and a proactive
approach to road safety. Unlike traditional systems
that primarily record violations that have already oc-
curred, 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 ap-
proaches to ensuring road safety.

Despite significant progress in developing and im-
plementing 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 gov-
erning the implementation and use of modern technol-
ogies in road safety. Research has shown that only 37%
of countries worldwide have comprehensive legislation
regulating autonomous vehicles, remote monitoring
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systems, and other advanced technologies. This creates
legal uncertainty and slows down the technological
transformation of transport infrastructure.

Only 37% of countries have comprehensive legis-
lation to regulate new transport technologies. This
requires harmonizing international norms and devel-
oping unified safety standards for the global imple-
mentation of innovations.

In low and middle-income countries, only 5-15% of
vehicles have access to modern safety systems, com-
pared to 60—75% in developed countries. Global initia-
tives are needed to overcome this technological gap.

Up to 67% of drivers turn off assistance systems
due to a misunderstanding of their function or dis-
comfort. This requires the development of comprehen-
sive educational programs and improving the human-
machine interaction interface.

Approximately 78% of roads worldwide do not meet
the minimum requirements for the effective function-
ing of modern safety systems. This is a critically im-
portant 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, com-
pared to 60—75% in developed countries. Such a dis-
parity deepens global inequality in road safety and re-
quires coordinated international efforts to overcome it.

The human factor also remains a significant chal-
lenge 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 high-
lights 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 in-
dividual traffic rule violations and enhance road safety
during the period 2020-2025 allows for the formula-
tion of the following key conclusions:

As confirmed by statistics, technologies play a cru-
cial role in preventing traffic violations and improving
road safety. The effectiveness of modern systems is im-
pressive: Advanced Driver-Assistance Systems (ADAS)
reduce the risk of accidents by 15-30%; autonomous
vehicles can potentially cut the number of road acci-
dents by 40—-60%; satellite monitoring technologies pre-
dict emergencies with 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 integrat-
ing various technological systems into unified safety
complexes. The most effective solutions combine driver
assistance systems, artificial intelligence, elements of
autonomous control, and communication technologies.
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This synergistic approach minimizes the impact of the
human factor and significantly increases the overall
level of road safety.

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

Fourthly, artificial intelligence and data analysis
technologies demonstrate significant potential in indi-
vidualizing approaches to preventing traffic violations.
The ability of Al systems to detect and analyze the
behavioral patterns of specific drivers opens up oppor-

tunities for developing personalized safety strategies
that consider the individual characteristics of each
road user.

Finally, predictive models developed by leading sci-
entific institutions and international organizations
indicate that by 2030, technologies, particularly artifi-
cial 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 manu-
facturers, technology companies, scientific institutions,
and public organizations.

Thus, using technologies to prevent individual
traffic rule violations and enhance road safety is an
auspicious direction that is already showing significant
results and has the potential for an even more substan-
tial impact on global road safety shortly.
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