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Abstract. Intelligent Transportation Systems (ITS) combine management strategies with computers, electronics, and
communication technologies to improve road transportation systems' safety and effectiveness by giving travellers information.
To enhance the safety and efficiency of road systems, these systems connect to complex infrastructure systems and involve
vehicles, drivers, passengers, road operators, and management engaging with the environment and each other. The primary topics
covered in this paper are ITS architecture, ITS planning, and ITS user services. A standard framework for organising, specifying,
and integrating intelligent transportation systems is provided by the ITS architecture, which emphasises both logical and physical
design. According to the World Health Organisation Report (1999), traffic accidents were the tenth leading cause of death or
disability in 1990. It was shown in the systems.
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I.Introduction

ITS

Computer, electronics, and communication technology are all harmoniously integrated with management techniques in Intelligent
Transportation Systems (ITS). Together, these components provide travellers with useful information, which eventually improves the
effectiveness and safety of road transportation networks. ITS improves mobility and safety in transportation while increasing
productivity and global connection. Advanced communication technologies are integrated into automobiles and the transportation
infrastructure to achieve this. To efficiently manage traffic flow and maximize the utilization of existing transportation infrastructure,
intelligent transportation systems comprise a large range of information and electronics technologies based on wireline and wireless
communication. In addition to reducing transportation risks, easing traffic congestion, increasing transportation efficiency, and
minimising pollution, it also improves the driving experience, road system capacity, and safety.

Il.Literature Review

Several foundational and contemporary studies reinforce the significance of these advancements:

T. Khalid et al. (2018) proposed a fog-based security framework for intelligent traffic light control.

C.T. Barba et al. (2013) demonstrated the application of smart cities for VANETS, integrating traffic statistics and warning messages.
H. Noori (2013) evaluated VANET-enabled traffic light control on emergency response times.

L.M. Ang et al. discussed the challenges and architecture of 10T deployment in smart cities (IEEE Access).

M. Soyturk et al. (2023) examined vehicular networks transitioning to vehicular clouds.

Xiao Zhende et al. proposed an intelligent traffic light approach aimed at CO2 emission reduction.

These works collectively highlight the evolution and transformative potential of ITS when coupled with cutting-edge technologies and
smart urban planning.

ITS services

A framework outlining the many services that users can access has been developed to construct an Intelligent Transportation System.
Eight groups comprise all of the previously listed services. The organization's perspective and the sharing of common technical functions
dictate how these services are distributed.
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ITS Services

111. Traffic management

This service group's main objective is to reduce the adverse environmental consequences of the transportation system while also
improving its efficiency and productivity by using real-time information about its state.

3.1 Information Before Trip

Before starting their journeys, tourists can utilize this user service to learn more about the transportation system. This allows individuals
to make educated choices about when to travel, what kind of transportation to use, and the best path to take to get to their destinations.
This information is readily available to travellers via telephone or computer systems at home, at work, and in public areas.

3.2 Driver Information

Once travellers have started their journeys, this user service provides them with travel-related information. Portable communication
devices, automobile radios, and variable message signs (VMS) are all used to transmit information. By modifying routes, etc., to avoid
congestion, travellers can make the most of the current capacity.

3.3 Guidance

This program provides travellers with direction by laying out a suggested path to their intended location. Additionally, it gives precise
directions for impending curves and maneuvers. This feature provides real-time information about the transportation system, including
traffic conditions, road closures, and the status and schedule of transit systems, for all kinds of travelers.

3.4 Travelers Information

This site provides a thorough company directory providing details on a variety of travel-related amenities and services, including
location, business hours, and the accessibility of services like dining options, lodging, parking, auto repairs, hospitals, petrol stations,
and police stations. For many of these travellers, booking services are also included. To help with travel planning, the travelers' service
information is available at home, at offices, and in other public places. On the way, these services are also offered.

35 Density Control

To determine the optimal right-of-way distribution for cars and pedestrians, This service gathers data in real-time from the transportation
system, converts it into useful information, and then uses it. Improving traffic flow can be achieved by prioritizing transit and high-
occupancy vehicles or by modifying signal timing to suit the existing traffic conditions. The data gathered by the Traffic Control service
is shared by some distinct user services.
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3.6 Incident Management

Enhancing the response and incident management abilities of transportation and public safety officials, the towing and recovery industry,
and other incident response staff is the aim of this service. Closed-circuit television cameras, data processors, and communication
technologies are examples of advanced sensors that are used to quickly and accurately identify events. Implementing solutions that
lessen traffic jams and lessen the effects on the environment, as well as on the movement of people and commodities, is made easier by
this.

3.7 Demand Management
To reduce the number of single-occupancy automobiles, this user service develops and implements initiatives. Additionally, it
encourages the adoption of more environmentally friendly modes of transportation and the use of high-occupancy cars.

3.8 Mitigation of Emissions

This service's main objective is to use sophisticated sensors to monitor and put plans into place to control access to or divert traffic from
regions with sensitive air quality. This is also used to detect cars that are releasing more pollutants than allowed and to alert drivers so
they may take the appropriate corrective action. This makes it easier for authorities to implement and assess different pollution control
methods.

3.9 Addressing Global Challenges through ITS

Intelligent Transportation Systems (ITS) are at the forefront of addressing critical global urban challenges such as traffic congestion,
environmental pollution, and mobility equity. As discussed in the paper, ITS facilitates the efficient use of transportation infrastructure,
thereby mitigating congestion and enhancing the mobility experience for all users. Emission control services directly contribute to
environmental preservation by identifying high-emission vehicles and controlling access to areas with sensitive air quality. Additionally,
demand management strategies promote the use of environmentally friendly and high-occupancy vehicles, aligning with global
sustainability goals.

3.10 ITS Architecture: Structured and Scalable Design

The ITS architecture presented in the paper serves as a standard and unified framework for organizing, integrating, and specifying
intelligent transport components. It incorporates both logical and physical system designs and ensures interoperability between different
regions and agencies. Key elements include:

Seamless communication and data sharing among stakeholders.

Allocation of responsibilities to relevant authorities.

Adoption of standardized communication infrastructures, including private sector-built communication towers.
This structured approach enables ITS scalability and adaptability to future expansions and technological advancements.

1V.Operations of Public Transit
The four services that make up this category are described below:
41 Public Transit Management

To improve vehicle and facility operations and automate the public transit planning and administration procedures. networks, this user
service makes use of cutting-edge communication and information systems.

Figure 1: Vehicle communication in Smart cities
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4.2 En-Route Transportation Data

When travelers start their excursions using public transportation, this service seeks to provide them with information on expected
vehicle arrival times, as well as information on connections and transfers. To help passengers make decisions and modify their
journeys in progress, this also provides accurate and up-to-date transit service information at bus stops, transit stations, and within
the vehicle.

4.3 Customized Public Transportation

Through the rerouting of transit vehicles with flexible routes and the on-demand assignment of privately run vehicles, such as minibuses,
taxis, or other small vehicles, this service aims to give travellers options for transportation. At the service station, travellers exchange
information regarding the start and finish points of their excursion.

4.4 Security for Public Travel

For public transportation operators and support personnel, this user service creates a secure environment. It keeps an eye on the
conditions within transportation buildings, stations, parking lots, bus stops, and inside moving cars. When necessary, either manually
or automatically, alarms are set off. Moreover, it provides security for the systems that manage vital transit infrastructure.

4.5 Comprehensive ITS Services

The document elaborates on several critical ITS user services categorized across domains such as traffic management, traveller
information, public transit, commercial vehicle operations, emergency handling, and maintenance. Highlights include:

Real-Time Traffic Information: Provided through Driver Information, Guidance, and En-Route Transportation Data services.

Incident Management: Rapid identification and resolution of traffic incidents using CCTV and sensor-based detection.

Emission Control: Monitoring and mitigating vehicle emissions using advanced sensors and feedback systems.

Smart Public Transit: Includes Public Transit Management, Customized Transportation, and Security services to improve transit
efficiency and safety.

These services collectively enhance urban mobility, reduce travel time, and contribute to sustainable transportation ecosystems.

V. Payment via electronic means

Using a universal electronic payment method that supports a variety of transportation modes and functions, this user service makes it
easy for travelers to pay for transportation services. Through a multifaceted computerized system, Parking fees, transit fare payments,
and toll collecting are all connected. An integrated payment system would allow users to conveniently pay for tolls, parking fees, and
transit expenses using a single electronic device when on a toll road or in a parking lot.

VI. C V Operations
Improving the effectiveness and security of commercial vehicle operations is the aim. This includes the services listed below:
6.1 Electronic Clearance for Commercial Vehicles
Before commercial trucks arrive at an inspection station, this service allows law enforcement to electronically confirm the vehicle
credentials, safety status, and size and weight information. Bypassing safe and authorized carriers, the authorities send vehicles that are
illegal or potentially dangerous for inspection, allowing them to go without pausing for compliance checks at inspection points.

6.2 Roadside Safety Inspection Automated

Automated inspection capabilities at the inspection station allow for the quick and precise verification of safety criteria. Modern tools
are used to evaluate the driver's attentiveness and suitability for duty, as well as the operation of the brakes, steering, and suspension.

6.3 Safety Monitoring
If any dangerous circumstances arise while the vehicle is in motion, this service notifies the driver, carrier, and law enforcement. It also

monitors the driver, vehicle, and cargo. Additionally, this user service protects the integrity of commercial vehicles, freight containers,
and trailers by keeping an eye on onboard sensors for any breaches or instances of tampering.
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6.4 Response to Hazardous Materials Incidents

Emergency workers at the scene of the incident can quickly learn about the kinds and amounts of hazardous compounds present thanks
to this user service. This facilitates a prompt and efficient reaction. To guarantee a timely reaction in the event of an accident, emergency
professionals are informed when sensitive hazardous materials are being transported.

6.5 Mobility of Freight

For drivers, dispatchers, and intermodal transportation providers, this service provides useful information. By giving real-time traffic
information, vehicle positions, and cargo details, it assists carriers in maximizing productivity.

VII. Advanced vehicle control and safety systems

Figure 2: A caution to the vehicle and pedestrians

By assisting drivers in maintaining awareness and control over their vehicles and enhancing their ability to prevent collisions, the goal
of this user service is to make the transportation system safer.

The following user services are included in the group:
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Figure 3: Vehicle to Roadside Units (V2R)

VIII. Handling emergencies

Notification of emergencies and personal safety - When assistance is needed for either emergency or non-emergency
situations, travellers can use this function to alert the appropriate emergency response professionals. In the case of an accident,
this can be done automatically from the car or manually.

Management of emergency vehicles - To lessen the severity of accident injuries, this service attempts to shorten the time
between receiving an emergency notification and emergency vehicles arriving at the scene.

IX.Management of information

Offering the capabilities needed to store and archive the massive volumes of data that are constantly being gathered by various IT
systems is the aim of this service.

9.1 Technological Enhancements: Al, 10T, 5G, and V2X

Modern technologies significantly augment the effectiveness of ITS. The paper concludes with a strong emphasis on the role of:
Atrtificial Intelligence (Al) and Machine Learning for predictive traffic analysis and adaptive system control.

Internet of Things (loT) for real-time data collection through sensors and networked devices.

5G Connectivity for high-speed, low-latency communication is essential for real-time traffic control and vehicle-to-everything (V2X)
systems.

V2X Communication enables dynamic interaction between vehicles and roadside infrastructure to ensure safety and efficiency.
The integration of these technologies allows for the deployment of Intelligent and Vehicular Traffic Lights (ITL and VTL), enhancing
coordination, reducing delays, and cutting down carbon emissions.

X.Management of Construction and Maintenance

The functions required for managing fleets of maintenance vehicles, supervising the building and upkeep of roads, and guaranteeing
safe road operations are all included in this user service.

X1.The Architecture of ITS

A unified framework for intelligent transportation system integration, specification, and organization is provided by the ITS
Architecture. It outlines how different ITS components work together to address transportation-related concerns. It gives transportation
workers a variety of options to suit their requirements. It lists and explains a number of ITS functions and allocates duties to relevant
stakeholders. To efficiently handle numerous difficulties and interact with various authorities throughout the state or region, the ITS
architecture should be consistent and adhere to specific standards.

1. Multiple agencies in various states and regions must be able to use the data collected, operations performed, or equipment installed
thanks to the ITS architecture. The smooth collaboration and communication between the various parties involved depend on this
interoperability.

2. Able to communicate and share information: Emergency services may find use for the information that traffic operations provide.

3. ITS operations need the use of regional communication towers built by several private agencies.
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XILITS Scheduling

A comprehensive transportation infrastructure that can accommodate future needs is developed in part through transportation planning.
The process of transportation planning is a multi-step one that includes problem identification, solution generation, analysis, evaluation,
and implementation. Through the use of computers, software, and communication systems, this system can be effortlessly integrated
with Intelligent Transportation Systems.

It is essential to upgrade the ITS facilities regularly while preparing for the long term. Making sure that the technologies and equipment
are compatible with upcoming advancements and expansions is crucial.

The conventional method and the ITS transportation planning procedure are not the same. By utilising communication and control
systems, ITS has the incredible ability to seamlessly combine multiple forms of transportation, including public transportation, and
infrastructure components. Planning across several modes is made possible by the possibility of multi-modal integration.

XI1l.Challenges
The primary hurdles in integrating ITS into the daily activities of transportation agencies include:

1- Institutional coordination and collaboration to facilitate information and data sharing

2- Ensuring that various ITS projects are technically compatible

3- Attending to training and human resource needs 4. Overcoming budgetary constraints and investigating private sector
participation.

conclusion|
To improve mobility, lessen traffic, regulate traffic flow, and solve environmental issues, ITS must be integrated into smart city
infrastructures. New technologies like ITL and VTL have been made easier to deploy thanks to recent developments in 10T, V2X
communication, and 5 G networks. In conjunction with ITL systems, Traffic flow may be optimized, and CO2 emissions can be
decreased by utilizing real-time communication enabled by 5G networks and a variety of sensor technologies, such as Al cameras,
RSUs, and OBUs. Advanced technologies like artificial intelligence, machine learning, the Internet of Things, and 5G connectivity will
be extensively included in future ITS. Improved traffic management, dynamic decision-making, and real-time data collection will all
be made easier by the developments.
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