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ABSTRACT

Artificial intelligence (Al) is the capacity of a machine to carry out cognitive tasks that humans can carry out with ease, such
as sensing, thinking, learning, and problem-solving. Due to the accessibility of enormous volumes of data produced by the
Internet over the past two decades, Al has drawn interest on a global scale. Processing this data using cutting-edge algorithms
has recently benefited corporations and governments significantly. Machine learning has evolved, and computer power, data
storage, and communications networks have all improved, supporting the acceleration of Al breakthroughs. This article gathers
a variety of problems affecting the transportation sector that are categorized as Intelligent Transportation Systems problems.
The intelligent transportation systems' manufacturing and logistics, public transportation, safety management, and traffic
management are some of the sub-systems that are taken into consideration. The development of artificial intelligence has been
made possible by the strong development of machine learning algorithms, which have been assisted by numerous technologies
like the Internet of Things, robotic process automation, computer vision, and natural language processing. This page gathers a
variety of problems affecting the transportation sector that are categorized as Intelligent Transportation Systems problems.
Some of the components of Intelligent Transportation Systems that are taken into consideration are connected to Traffic
Management, Public Transport, Safety Management, Manufacturing, and Logistics. The study examines particular areas of
concern in the transport sector and difficulties linked to those sectors that could potentially be resolved by utilizing Al.
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1. Introduction

A key component of ensuring our daily life is the transport sector. The transport sector has set the bar for other industries by
leading the way in digitizing its processes by implementing comprehensive data systems and automated agents, covering from
the vehicle up to traffic systems. In this complex, dynamic environment, optimizing processes on the micro- and macroscopic
levels became necessary to comprehend and control this data. The need for data processing is always growing, though, as data
by itself cannot enable greater efficiency, safety, or automation. As a result, particular use cases, such as those in automated
driving, have high latency requirements. To close the gap, decentralized, intelligent systems that make use of effective Al
models and suitable edge computing platforms are currently being researched. One of the newest industries where cutting-edge
technology has been successfully applied is transportation, which is beset by problems with traffic congestion, unanticipated
delays, and routing challenges that cause organizations to lose money.

11 Artificial Intelligence (Al)

The six-decade-old notion has recently acquired traction due to the availability of massive volumes of data created by numerous
devices, as well as efficient hardware, software, and network infrastructure. The introduction of Al has enabled process
automation, which has resulted in creative commercial solutions. Artificial intelligence (Al) is a vast field of computer science
that aims to make machines behave like human brains. Al is sometimes characterized as a machine's ability to fulfill the
cognitive functions of a person with ease. John McCarthy, a computer scientist, created the term artificial intelligence (Al) in
1956. Al innovations have recently increased, aided by advances in machine learning as well as advances in computer power,
data storage, and communication networks. The introduction of Al has enabled process automation, which has resulted in
creative commercial solutions. Al provides dependable and cost-effective solutions while resolving uncertainty in decision-
making. Because of process automation, the ability of advanced algorithms to handle complicated data has facilitated speedier
decision-making in enterprises.

2. Al applications for Al and transport
Transportation has evolved and been implemented in a variety of ways. This research study will focus on the listed above
cases.
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. The application of artificial intelligence (Al) in corporate decision-making, planning, and management. This is
critical to address the dilemma of continuously expanding demand with a lack of road availability. This includes making
better use of precise prediction and detection algorithms to better forecast traffic volume, traffic conditions, and incidents.

. Applications of Al aimed at developing and correcting public transit are also considered. This is because public
transit is seen as a legitimate source of transportation.
. The next intriguing Al use in transportation is linked and autonomous vehicles, which aim to increase productivity

by reducing the frequency of accidents on highways.

In many situations, it is difficult to fully understand the relationships between the aspects of the transportation system; thus, Al
approaches can be presented as a smart solution for such complicated Sustainability systems that cannot be controlled using
traditional methods. Researchers have proved the benefits of Al in transportation. Al can assist in the resolution of a wide range
of transportation issues, including safety, reliability, and predictability, as well as efficiency and sustainability. Most major
cities across the world suffer transportation, traffic, and logistics difficulties. This is due to the rapidly increasing human
population as well as the increase in the number of automobiles on the road. Technology could be a huge help in creating and
managing a sustainable transport system. Urban mainly metropolitan cities are struggling with traffic congestion, so Al systems
have emerged for obtaining real-time information from vehicles for traffic control and utilizing mobility on demand in trip
planning via a single user interface. Another option for efficient traffic management is the safe integration of Al-based decision-
making, traffic management, routing, transportation network services, and other mobility optimization tools. Road safety is a
critical public health concern for both drivers and pedestrians. While bad infrastructure, particularly poor roads, and
automobiles lacking current safety equipment, contributes to the high mortality toll, human error also plays a role. According
to researchers, AVs could reduce road fatalities by up to 90% in some wealthy countries by 2050.

2.1 Sensing and Perception

Al is critical in enabling vehicles to effectively receive and interpret information from multiple sensors such as cameras,
LiDAR, radar, and ultrasonic sensors. Al algorithms analyze and process this sensory data to understand the position, speed,
and behavior of other vehicles, people, and objects on the road. Deep learning techniques, such as convolutional neural
networks (CNNs), are frequently utilized for real-time object detection, recognition, and tracking. Al-powered perception
systems improve the vehicle's ability to recognize and respond to complex and dynamic traffic circumstances, enhancing safety
and dependability.

2.2 Decision-making

Machine learning approaches, including reinforcement learning and deep reinforcement learning, are used to create decision-
making models that optimize the vehicle's behavior in various driving conditions. These models take into account elements like
traffic rules, road conditions, navigation objectives, and passenger comfort. Al systems enable autonomous vehicles to make
real-time judgments about accelerating, braking, lane changes, and maneuvers by analyzing massive amounts of data and
learning from human driver behavior. This capacity improves traffic flow efficiency, decreases congestion, and lessens the
danger of an accident.

2.3 Ethical implication

The use of Al in self-driving cars raises several problems and ethical concerns. The necessity for robust and precise perception,
overcoming sensor limits, handling complex edge cases, and guaranteeing fail-safe methods are key technical issues. When
autonomous cars encounter situations where human life is at risk, ethical quandaries develop, necessitating decisions about
prioritizing actions and minimizing harm. The "trolley problem" is a well-known ethical quandary in which the vehicle must
choose between many courses of conduct, potentially inflicting injury to various persons. Resolving these ethical quandaries
and creating frameworks for responsible decision-making continue to be serious problems.

24 Security measures

Al is critical to guaranteeing safe operations. Al systems analyze sensor data in real-time to detect and predict potential threats,
allowing the vehicle to respond appropriately. Furthermore, Al-based safety systems can identify driver tiredness, distraction,
or impairment and take appropriate precautions. Furthermore, Al can improve security by identifying and blocking assaults on
the communication and control systems of autonomous cars. To preserve the vehicle's integrity and prevent unauthorized access
and malicious activity, strong authentication, encryption, and anomaly detection mechanisms are deployed.

3. Traffic flow optimization

It plays an important role in boosting transportation efficiency and minimizing congestion on road networks. Traffic
management systems may make intelligent judgments in real time by employing Al algorithms and data-driven methodologies,
resulting in smoother traffic flow and improved overall mobility. The following features emphasize the important components
of Al-based traffic flow optimization:

31 Traffic prediction

Al approaches such as machine learning and statistical models may analyze historical and real-time traffic data to forecast
future traffic patterns and congestion levels. Al models can reliably estimate traffic conditions by taking into account numerous
aspects such as historical traffic patterns, weather conditions, special events, and road incidents. These forecasts allow
transportation companies and drivers to plan routes, adjust journey times, and allocate resources to optimize traffic flow. To
forecast congestion patterns, Al algorithms can analyze enormous amounts of historical and real-time traffic data, such as
vehicle speeds, traffic volumes, and incident reports. Time series analysis, regression, and neural networks are examples of
machine learning models that can discover trends, seasonality, and other factors driving congestion. Al models can provide
accurate predictions of when and where congestion is expected to occur by taking into account many variables such as weather
conditions, special events, and road work. These forecasts allow transportation organizations to allocate resources more
proactively, optimize traffic signal timings, and deliver real-time information to drivers.
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3.2 Traffic signal control
Traditional traffic signal control systems are frequently based on set schedules or pre-programmed timings. Adaptive traffic
signal control based on artificial intelligence employs real-time traffic data to dynamically change signal timings based on
current traffic conditions. Al systems optimize signal timings based on data such as traffic volume, congestion levels, and
vehicle queues to minimize delays, reduce pauses, and increase traffic flow. Adaptive traffic signal control systems increase
intersection efficiency and reduce peak-hour congestion.

3.3 Traffic Management System:

Al-powered traffic management systems combine data from multiple sources, such as traffic sensors, cameras, and connected
automobiles, to monitor and control traffic in real-time. These systems can discover traffic bottlenecks, incidents, and
anomalous traffic conditions by using Al algorithms to interpret and analyze the acquired data. Based on this data, traffic
management systems can offer drivers timely alerts, divert traffic, and coordinate emergency responses to ensure optimal traffic
flow and minimize disturbances.

3.4 Delivery Route Planning

Al-powered route planning systems provide optimal route choices based on real-time traffic data, historical patterns, and
prediction models. These systems take into account a variety of parameters, including current traffic conditions, projected travel
times, road incidents, and alternative routes. Al-based technologies assist drivers to avoid crowded regions, picking optimal
routes, and minimizing overall travel times by dynamically updating route choices. This not only enhances individual travel
experiences but also helps to optimize traffic flow overall.

Al traffic flow optimization solutions have the potential to significantly improve transportation efficiency, reduce congestion,
and improve the overall mobility experience. Al can enable transportation systems to respond dynamically to changing traffic
circumstances, allocate resources effectively, and give travellers optimized route recommendations by leveraging real-time
data, predictive models, and adaptive control mechanisms. Implementing Al-based solutions in traffic management has the
potential to create smarter, more efficient transportation networks in the future.

35 Policy and Infrastructure Planning Based on Data:

Large-scale traffic data can be analysed by Al to uncover long-term patterns and assist policy and infrastructure planning. Al
systems can discover recurring congestion patterns and provide recommendations for building and implementing infrastructure
upgrades by analyzing previous data. Al, for example, can suggest regions where extra roads or public transportation choices
may be required to alleviate congestion. Transportation agencies can prioritize investments and interventions that effectively
reduce congestion by employing Al for data-driven decision-making.

3.6 Predictive maintenance using Al:

Al plays a crucial role in predictive maintenance for vehicles, helping to optimize maintenance schedules, minimize
downtime, and reduce maintenance costs. By analyzing data from sensors and onboard systems, Al algorithms can identify
patterns and anomalies that indicate potential equipment failures or maintenance needs. Machine learning models can learn
from historical data to predict when specific components or systems are likely to require maintenance or replacement. This
enables proactive maintenance actions, such as scheduling repairs or part replacements before a breakdown occurs. Predictive
maintenance helps prevent unexpected failures, extends the lifespan of vehicle components, and improves overall reliability.
3.7 Monitoring and maintenance of infrastructure

Al helps to monitor and repair transportation infrastructure like roads, bridges, tunnels, and railway tracks. Al systems can
detect symptoms of deterioration, structural flaws, or possible risks by combining data from numerous sources, such as sensors,
satellite imaging, and inspection reports. This data can be analyzed by machine learning models to discover early warning
signals of infrastructure degradation, such as cracks, corrosion, or anomalous vibrations. Al-powered systems can send real-
time notifications to maintenance teams, allowing for on-time inspections, repairs, and maintenance. This proactive approach
to infrastructure monitoring aids in the prevention of accidents, the efficient use of maintenance resources, and the improvement
of the safety and longevity of transportation infrastructure.

3.8 Cost and efficiency advantages

In the transportation sector, Al-based predictive maintenance offers significant cost and efficiency advantages. Transportation
businesses may decrease unplanned downtime, which can be costly in terms of lost income and operational disruptions, by
taking a proactive maintenance approach. Predictive maintenance optimizes maintenance schedules, allowing for more
efficient resource allocation and reducing the number of time vehicles or infrastructure assets spend in maintenance facilities.
Al eliminates the need for emergency repairs and expensive component replacements by identifying maintenance needs
before significant failures occur. Furthermore, predictive maintenance enables condition-based maintenance, in which
components are replaced only when necessary, based on their real wear and tear, resulting in cost savings and prolonged asset
lifecycles.

4, Vehicle-to-Everything

By processing and analyzing the massive amounts of data exchanged between vehicles and their surroundings, Al plays a
crucial role in Vehicle-to-Everything connectivity. This data can be interpreted and interpreted by Al systems, allowing vehicles
to get real-time information on road conditions, traffic congestion, and potential risks. This data can be utilized to improve
traffic flow, improve road safety, and enable advanced driver assistance systems (ADAS) and autonomous driving technologies.
Cooperative Intelligent Transport Systems integrate Vehicle-to-Everything communication and artificial intelligence to enable
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cooperative behaviors and interactions among cars, infrastructure, and other road users. To allow cooperative behaviors like
platooning, traffic merging, and intersection management, Al systems can analyze data from multiple sources such as traffic
sensors, cameras, and connected cars. Cooperative Intelligent Transport Systems can improve traffic efficiency, reduce
congestion, and improve road safety by exchanging information and coordinating actions. Machine learning and optimization
algorithms, for example, are utilized in the development of intelligent decision-making models that allow cars to conduct
cooperative maneuvers and adapt to changing traffic situations.
4.1 Smart Cities Integration
Intelligent transportation systems can be smoothly connected with smart city projects, employing Al to optimize transportation
networks within a larger urban environment. Al algorithms may analyze data from many sources, such as traffic sensors, public
transportation systems, weather stations, and social media feeds, to acquire insights into traffic patterns, transportation demand,
and urban mobility trends. Al can improve transportation services, traffic management, and multimodal integration by
analyzing and interpreting this data. Al-powered smart city platforms may provide travelers with real-time information,
optimize public transit routes and schedules, and enable dynamic traffic control methods. The integration of ITS with smart
cities aims to provide more sustainable, efficient, and liveable urban settings.
Intelligent transportation systems can improve road safety, traffic flow, and overall mobility in metropolitan settings by
employing Al in vehicle-to-everything communication, C-ITS, and integration with smart cities. Al enables cars, infrastructure,
and other entities to exchange and process real-time data, resulting in more efficient transportation networks, less congestion,
and improved connectivity between modes of transportation. The integration of Al-driven ITS with smart city projects
contributes to the vision of future urban settings that are sustainable, networked, and capable of satisfying their citizens'
changing mobility needs.

Challenges and Disadvantages

Al implementation in transportation systems faces several technological obstacles. These include creating robust and accurate
Al algorithms capable of handling real-time data processing, complicated decision-making, and adapting to dynamic traffic
situations. It is critical to ensure the safety and performance of intelligent transportation systems by ensuring the dependability
and resilience of Al models. Additionally, addressing the limitations of Al algorithms, such as their inability to handle unusual
or edge instances, is critical to avoiding potential failures or biases in decision-making.

The use of artificial intelligence in transportation generates legal and regulatory issues that must be addressed. As self-driving
cars and intelligent transportation systems grow more common, problems about liability, responsibility, and accountability
arise. Determining who is to blame in the event of an accident or breakdown involving Al-driven cars or systems necessitates
considerable thought. To ensure the safe and ethical deployment of Al technology in transportation, regulatory frameworks,
and legal standards must be established, including concerns relating to data collecting, privacy, cybersecurity, and compliance
with existing traffic rules.

Al in transportation systems entails the collecting, processing, and analysis of huge volumes of data, including personal
information. This raises worries about privacy and data security. To avoid unauthorized access, data breaches, or cyberattacks,
appropriate precautions must be taken to preserve sensitive data, provide data anonymity where applicable, and build rigorous
security standards. Striking a balance between data utilization for Al-driven services and maintaining individuals' privacy rights
is a serious challenge that necessitates extensive policies and methods.

Al deployment in transportation has possible socioeconomic consequences that must be properly addressed. While artificial
intelligence technologies have the potential to improve mobility, reduce congestion, and increase efficiency, they may also
result in job displacement and disruptions in the transportation sector. Critical considerations include preparing for worker
shifts, reskilling programs, and providing equal access to new Al-enabled transportation services. Furthermore, the expense of
deploying and sustaining artificial intelligence (Al) technologies in transportation systems may provide financial issues for
governments, transportation agencies, and operators, necessitating careful planning and investment strategies.

Conclusion

The manuscript has summarised the potential and benefits of Al for building an ITS. The study presents a framework with ITS
subsystems defined based on their capabilities. ITS is a crucial tool for spotting possible concerns in the transportation industry,
and this study has provided remedies for specific issues. It has been noted that machine learning techniques are widely utilised
to predict traffic congestion and route management. Al applications offer a slew of ethical, societal, economic, and legal
concerns. Because Al-based applications are data-driven, there is a concern about cybersecurity and data privacy, particularly
in autonomous vehicles. When confronted with life-or-death scenarios, it is vital to comprehend how an Al algorithm in a fully
automated vehicle would make decisions in comparison to humans. To construct a successful Al application, we require
massive volumes of data as input to interpret text, image, video, and audio so that decisions are acceptable. Lack of knowledge
and talent in this field remains a weakness in bringing forth novel solutions catering to this market. As a result, Al applications
in logistics organisations typically cost revenue, presenting a barrier to adoption.

This article has tried to find and compile numerous Al strategies for resolving specific difficulties in the transportation business.
The findings of this article will assist governments and organisations that desire to invest in innovative technology for specific
applications in the transportation industry in order to improve their bottom line. The paper will be useful to organisations that
want to implement technology solutions to solve transportation problems. This would also assist them in taking initiatives and
making investment decisions in this area to deliver long-term solutions to businesses and societies.
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