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Abstract

The application of artificial intelligence (AI) in the autonomous vehicle market
has shown significant growth between 2017 and 2024. This study aims to answer the
following research question through secondary data analysis: To what extent have
artificial intelligence technologies—specifically machine learning, deep learning, and
computer vision—contributed to trends and innovations in the autonomous vehicle mar-
ket during the chosen period? I explored the role of AI technologies in the development
of autonomous systems by conducting a comprehensive analysis of the IEEE, Springer
and further relevant databases publications to the topic.

The results show that machine learning algorithms have significantly improved
the perception and pattern recognition capabilities of autonomous vehicles, enabling
accurate classification of traffic signs and reliable detection of pedestrians. Deep learning
techniques have facilitated the processing of complex environmental data, supporting
the development of computer vision and 3D environment modeling. Sensor fusion
and Al-based real-time decision-making have played a key role in improving vehicle
reliability and efficiency, contributing to market growth.

The integration of AI technologies has not only been a driver of vehicle technology
development, but has also influenced industry trends, regulatory frameworks, and
facilitated the emergence of intelligent transportation systems. I found that AI has
significantly contributed to innovations and trends in the autonomous vehicle market
between 2017 and 2024. I conclude that AI technologies will continue to be a driver of
autonomous vehicle development, and I recommend further research on the integration
of Al and smart city infrastructures, as well as addressing regulatory and ethical
challenges.

Keywords: autonomous vehicles, machine learning, deep learning, artificial
intelligence, computer vision

81


https://doi.org/10.54230/Delib.2025.1.81
http://Ed.No
https://doi.org/10.54230/Delib.2025.1.81

ARTIFICIALINTELLIGENCEINTHEAUTONOMOUSVEHICLEMARKET:-TRENDSANDINNOVATIONS

MESTERSEGES INTELLIGENCIA
AZ AUTONOM JARMUPIACON: TRENDEK ES INNOVACIOK

Prorok Maté
Gal Ferenc Egyetem, Gazdasagi Kar
Obudai Egyetem, Innovécié Menedzsment Doktori Iskola

Absztrakt

A mesterséges intelligencia (AI) alkalmazasa az autondm jarmiivek piacan jelentés
novekedést mutatott 2017 és 2024 kozott. A tanulmany a kévetkez6 kutatasi kérdésre
kivan vélaszt adni szekunder adatelemzés révén: Mennyire jarulnak hozza a mesterséges
intelligencia technoldgidk - kiilondsen a gépi tanulds, a mélytanulas , és a szamitogépes
latas —a trendekhez és innovacidkhoz az autondm jarmuvek piacan a vélasztott id6szak-
ban? A mesterséges intelligencia technoldgiak autoném rendszerek fejlesztésében betol-
tott szerepét az IEEE, Springer és tovabbi a témahoz kapcsoldédo relevans adatbazisok
publikacidinak atfogd elemzésével tartam fel.

Az eredmények azt mutatjak, hogy a gépi tanuldsi algoritmusok jelentésen javitottak
az autonom jarmuvek észlelési és mintafelismerd képességeit, lehetévé téve a kozleke-
dési tablak pontos osztalyozasat és a gyalogosok megbizhat6 észlelését. A mély tanu-
lasi technikak lehet6vé tették az Osszetett kornyezeti adatok feldolgozasat, tamogatva a
szamitogépes latas és a 3D kornyezetmodellezés fejlesztését. Az érzékel6fuzio és az Al-
alapu valds idejli dontéshozatal kulcsszerepet jatszott a jarmtivek megbizhatosaganak és
hatékonysaganak javitasaban, hozzajarulva a piac névekedéséhez.

Az Al-technoldgiak integracidja nemcsak a jarmttechnolégia fejlédésének motorja
volt, hanem befolyasolta az iparagi trendeket, a szabalyozasi kereteket, és elGsegitette
az intelligens kozlekedési rendszerek megjelenését. A mesterséges intelligencia 2017 és
2024 kozott jelentdsen hozzajarult az innovaciokhoz és trendekhez az autoném jarmda-
vek piacan. Arra a kovetkeztetésre jutottam, hogy az Al-technolégiak tovabbra is az au-
tonom jarmuvek fejlesztésének mozgatorugdi lesznek, és tovabbi kutatasokat javaslok
az Al és az intelligens véros integracidjaval kapcsolatban. infrastruktardk, valamint a
szabdlyozasi és etikai kihivasok kezelése.

Kulcsszavak: autonom jarmuvek, gépi tanulas, mélytanulas, mesterséges intelligencia,
szamitogépes latas

INTRODUCTION

The development of autonomous vehicles has gained significant momentum over
the past decade, with artificial intelligence playing a central role. Al enables vehicles to
sense, interpret, and make autonomous decisions in their environment. The integration
of machine learning, deep learning, and computer vision has led to a number of
innovations in autonomous systems.
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This study aims to answer the following research question through secondary data
analysis from 2017 to 2024: To what extent have artificial intelligence technologies—
specifically machine learning, deep learning, and computer vision—contributed to
trends and innovations in the autonomous vehicle market during the chosen period?”
During the study, I analyzed IEEE and Springer and other relevant journals available
in databases to uncover the latest developments and research directions. I observed
significant growth in the AI-enabled autonomous vehicle market during the analyzed
period, this is why I chose exactly this period. This growth is linked to the development of
AT technologies, digitalization and the increasing demand for intelligent transportation
systems. The use of machine learning algorithms has enabled the efficient recognition of
patterns in data, such as traffic sign classification and pedestrian detection. Deep learning
has contributed to the development of computer vision, improving object recognition
based on camera images and 3D modeling of the vehicle environment.

Sensor fusion and AI-based real-time decision-making are areas that have significantly
contributed to increasing the reliability and efficiency of autonomous vehicles. The
integration of 5G networks and V2X communication creates further opportunities
for autonomous systems, facilitating the emergence of intelligent transportation
infrastructures.

THE ROLE OF AI IN AUTONOMOUS VEHICLES

At the heart of autonomous vehicles is artificial intelligence, which enables vehicles to
sense, interpret, and also make autonomous decisions in their environment (Cunneen,
2023). The application of Al is built on integrated solutions that include a number of
complementary technologies and algorithms (Fernandes & Estorilio, 2023).

Machine Learning (ML) algorithms are able to learn independently and improve their
performance based on experience. The main application of ML in autonomous vehicles
is to recognize patterns in data, such as classifying traffic signs or detecting pedestrians.
Supervised learning allows systems to learn from specific examples, while unsupervised
learning allows systems to discover hidden relationships between data. Deep learning
algorithms are based on the multilayer structure of neural networks, which are
particularly effective in processing large and complex databases. In autonomous vehicles,
deep learning helps with computer vision, such as object recognition and classification
based on camera images, and 3D models of the vehicle’s environment (Cunneen et al.,
2019).

Computer vision is one of the most important application areas of Al, allowing a
vehicle to perceive and interpret visual data. Computer vision technology supports basic
functions such as obstacle detection, path identification, and traffic sign interpretation.
Sensors in autonomous vehicles such as lidar, radar, camera, ultrasonic sensors generate
huge amounts of data. Al algorithms can extract useful information from this data,
such as the movement patterns of objects around the vehicle or the prediction of traffic
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situations (Selver et al., 2018).

The environmental perception of autonomous vehicles is based on the integrated use
of different types of sensors. Sensor fusion is a technology that performs coordinated
processing of data collected by sensors, thus providing a more accurate, context-rich
picture of the vehicle’s environment. Light Detection and Ranging, Lidar, sensors
create a high-resolution spatial map using laser beams. Al systems can use this data to
accurately determine obstacles, routes, and distances. Radar plays a prominent role in
detecting the speed and distance of moving objects, such as other vehicles, especially
in poor visibility conditions. Cameras provide accurate information about the color,
shapes, and movement of the environment through computer vision algorithms. Al soft-
ware integrates and analyzes information generated by sensors in real time, allowing the
vehicle to respond adaptively to changing environmental factors (Blasch et al., 2021).

A key aspect of autonomous vehicle operation is real-time decision making, in
which AT systems evaluate the current environment and make decisions, such as when
accelerating, braking, or changing lanes (Tien, 2017). Another important thing is path
planning. Al-based path planning algorithms optimize the vehicle’s movement to reach
a destination while taking into account traffic rules, dynamic obstacles, and traffic
situations. The algorithms often use Dijkstra or A* algorithms to determine the shortest
or safest path. Machine learning models can predict the movements of other road users,
such as pedestrians and vehicles, thereby preventing potential accidents (Lin, 2024).
Real-time adaptation is becoming more important. Autonomous vehicles are able to
adapt their decisions to the current situation, for example, choosing an alternative route
in case of traffic jams or adjusting their speed to bad weather conditions (Gallardo et al,
2017).

Recent developments further enhance the efficiency and reliability of autonomous
systems. Federated learning means that shared learning models among autonomous
vehicles allow vehicles to collectively improve Al performance without having to share raw
data, thereby ensuring a high level of data protection (Zeng et al., 2022). Reinforcement
learning is another branch of AI which is able to learn real-time decision-making, in
which vehicles optimize their behavior based on rewards and penalties from their own
experience (Hillebrand et al., 2020).

MARKET TRENDS AND TECHNOLOGICAL DEVELOPMENT DIRECTIONS

The autonomous vehicle market has shown rapid growth in recent years, driven by
the demand for AT technologies, digitalization, and smart transportation systems. Mar-
ket players are continuously innovating to meet the ever-expanding consumer needs
and regulatory expectations. AEVs, Autonomous Electric Vehicles, the rise of electric
vehicles, combined with autonomous technologies, points towards a more sustainable
transportation model. AEVs not only support carbon-neutral transportation, but also
reduce operating costs thanks to electric propulsion and Al-based efficiency optimization

84



VOL.18; ED.NO. 1/2025., PAGES: 81-91

(Mallozzi et al, 2019). Models such as ridesharing and carsharing have also become
significant trends in the autonomous vehicle market. AI-powered systems make these
services more efficient by balancing real-time demand and supply. (Prieto et al., 2022).

Artificial intelligence has fundamentally transformed technological innovations in
the autonomous vehicle market, particularly in terms of communication technologies,
data processing, and enhanced safety. The role of 5G networks provides low-latency,
high-bandwidth communications that enable autonomous vehicles to share data in real
time and enable Vehicle-to-Everything (V2X) communication. This technology is key to
vehicle-to-vehicle collaboration and the integration of intelligent transportation systems
(Hasan, 2020).

Autonomous vehicles continuously generate and use large amounts of data, which are
processed and stored by cloud-based systems. Al-based cloud services enable real-time
analysis, for example by processing traffic patterns instantly. Autonomous vehicle data,
especially sensor data and decision-making logic, contain sensitive information. The use
of blockchain technology ensures its secure sharing and authenticity (Shahzad, 2022).

The widespread use of Al technology offers significant cost-effectiveness benefits in
the autonomous vehicle market. The first benefit can be the reduction of manufacturing
costs. Al-based robotic manufacturing processes reduce the need for human labor while
increasing production efficiency. Intelligent quality control systems further reduce the
rate of defective products. The other benefit can be the maintenance cost optimization.
Al-powered predictive maintenance systems can predict component failure, reducing
downtime and repair costs. The widespread use of autonomous vehicles is expected to
reduce the number of traffic accidents, which can lead to significant cost savings in the
healthcare and insurance sectors (Goriparthi, 2024).

Al-based systems in autonomous vehicles play a key role in real-time data processing
and personalization of the user experience. Al systems analyze traffic data in real time,
enabling congestion avoidance and optimal route selection. Technologies such as digital
twins enable the simulation and optimization of transportation systems. Advanced user
interfaces, like HMIs, Human-Machine Interfaces powered by Al provide passengers
with real-time analysis of the vehicle environment and decisions, thereby increasing
transparency and trust in the technology (Meduri et al, 2023). Al systems in autonomous
vehicles can recognize user preferences, such as desired temperature, seat settings or
preferred routes, thus providing a unique experience for passengers (Liao et al., 2024).

In addition to the technological development of the autonomous vehicle market,
the development of the regulatory environment and infrastructure is also receiving
special attention. Global developments in the field of autonomous technologies, such
as regulatory harmonization in the EU and the United States, are decisive for market
opportunities (von Ungern-Sternberg, 2018).

Explainable AI or XAI is important because the technologies that increase the
transparency of the operation of Al systems allow the processes behind decisions to be
better understood, thereby increasing user and regulatory trust (Dwivedi et al, 2023).
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SOCIAL AND ECONOMIC IMPACTS OF AI-BASED AUTONOMOUS VEHICLES

One of the most important societal impacts of autonomous vehicles is the significant
reduction in the number of traffic accidents, which results from the elimination of
human error. Majority of traffic accidents are caused by human error, such as fatigue,
inattention or speeding. Al-based systems, such as collision avoidance systems and
predictive behavior analysis, analyze traffic situations in real time, thereby minimizing
the risks caused by the human factor. The more accurate perception and decision-making
capabilities of Al-controlled vehicles improve reaction times and accident avoidance.
For example, Al-based braking systems react to hazards in milliseconds, making it al-
most impossible to compete with human reflexes. Autonomous systems strictly follow
traffic rules, such as speed limits, interpretation of traffic signs, and maintaining a safe
distance, thereby reducing the risks of violations (Fu et al., 2021). Autonomous vehicles
significantly improve the flexibility and accessibility of transportation, especially for
those for whom traditional transportation options are limited. Autonomous vehicles
provide personalized services that enable the elderly and people with reduced mobility to
travel independently. Al-based systems use adaptive technologies such as voice control
or accessible vehicle design. Ridesharing and carsharing services that use autonomous
vehicles provide flexible transportation options at lower costs while reducing the need
for vehicle ownership. Al-based systems optimized route planning and real-time
traffic analysis reduce congestion, improving transportation efficiency and saving time
(Bongiovanni, 2022).

Autonomous vehicle technology is fundamentally transforming the economy,
creating new business models and generating new industries. Al-based systems support
shared mobility services, such as autonomous taxis and fleet management systems.
These solutions reduce operating costs while increasing the efficiency and availability
of services. Technologies related to autonomous vehicles, such as software development,
sensor manufacturing, and big data analysis, have created new industries. These areas
are expected to create millions of new jobs in the coming decades. Accident risks
reduced by Al can result in lower insurance premiums. The data collection capabilities
of autonomous vehicles enable more accurate risk analysis, which also contributes to
cost-effectiveness. The widespread use of autonomous vehicles improves the efficiency
of logistics chains, reduces transportation costs, and increases the availability of goods
and services (Turan et al, 2020).

Autonomous vehicles contribute to the development of sustainable transport systems
that have a positive impact on the environment. Optimized driving patterns of Al-
based systems, such as smoother acceleration and braking, reduce fuel consumption
and emissions. The proliferation of electric autonomous vehicles will further reduce the
need for fossil fuels, supporting the goals of carbon neutrality. Autonomous systems

86



VOL.18; ED.NO. 1/2025., PAGES: 81-91

improve road use efficiency, reducing road congestion and infrastructure maintenance
costs (Manavaalan et al., 2024).

One of the biggest obstacles to the widespread adoption of autonomous vehicles is
the regulatory framework and the resolution of ethical dilemmas. Autonomous vehicles
are being introduced in a globally diverse regulatory environment, which may hinder
the development of a single market. Issues such as liability will fundamentally affect
the adoption of the technology. Ethical dilemmas that arise during the operation of
autonomous vehicles are generating significant debate. Social norms must be taken into
account when programming the decision-making mechanisms of AI algorithms, but
these may differ from region to region and culture to culture. To ensure the compatibility
of autonomous systems, global standards are needed that define the interoperability of
AT technologies (Fahim, 2024).

The operation of autonomous vehicles requires the collection and processing
of large amounts of data, which raises a number of data protection and security
challenges. Autonomous systems collect personal and sensitive data about passengers,
such as location data, habits, and biometric information. Compliance with the Ge-
neral Data Protection Regulation (GDPR) or other similar regulations is essential to
avoid data breaches. Autonomous vehicle systems are vulnerable to cyberattacks that
can compromise the safety of passengers and the operation of the vehicles. The use of
advanced encryption algorithms, blockchain technology, and real-time threat detection
systems are key to preventing such attacks (Taeihagh, 2019).

The issue of social acceptance is based on the successful integration of autonomous
vehicles depends largely on society’s attitude and trust. People’s trust is affected by
accidents during autonomous vehicle testing and the lack of transparency in AL
Explainable AI technologies, which allow us to understand the decision-making
processes of Al systems, play an important role in increasing social trust (Adnan, 2018).

For the future, the development of the autonomous vehicle market offers significant
opportunities, especially in the areas of artificial intelligence and the integration of
smart cities. Further advances in Al such as increasing the efficiency of deep learning
models and developing adaptive learning algorithms, will enable the precision operation
of autonomous systems to be improved. The integration of smart cities and transport
systems are important. Autonomous vehicles can optimize traffic flows by connecting to
the transport infrastructure of smart cities. Smart traffic lights, real-time traffic control
and Al-based parking systems all contribute to the efficiency of urban transport. The
spread of electric self-driving vehicles contributes to environmental sustainability, while
logistics optimization reduces energy consumption. The introduction of autonomous
systems can lead to the realization of carbon-neutral transport models in the long term
(Chehri, 2019).

87


http://Ed.No
http://Ed.No
http://Ed.No
http://Ed.No
http://Ed.No

ARTIFICIALINTELLIGENCEINTHEAUTONOMOUSVEHICLEMARKET:-TRENDSANDINNOVATIONS

SUMMARY

In the autonomous vehicle market, the integration of AI technologies, especially
machine learning, deep learning, and computer vision, has fundamentally transformed
transportation systems and related industries between 2017 and 2024. According to the
answer to the research question, these Al technologies have played a key role in the
trends and innovations in the autonomous vehicle market, facilitating the development
of vehicles’ sensing, interpretation, and autonomous decision-making capabilities.

In the analysis of the IEEE, Springer and the other relevant databases to the topic,
I found that the application of machine learning has enabled the efficient recognition
of data patterns, which is essential for the environmental perception and interaction
of autonomous vehicles. Deep learning has facilitated the processing of complex
environmental information and the development of computer vision, improving object
recognition and obstacle avoidance capabilities. These innovations have contributed to
increasing the reliability and efficiency of autonomous vehicles, which has led to the
rapid growth of the market during this period.

Future developments and research will continue to focus on integrating Al
technologies, building smart city infrastructures, and addressing regulatory challenges.
The widespread deployment of AI-powered autonomous vehicles offers significant
benefits in terms of road safety, economic efficiency, and environmental sustainability.
Overcoming barriers and continuing innovation are essential for these technologies to
tully realize their potential to transform global transportation systems.
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