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ABSTRACT

The rapid growth of urbanization, motorization, and population in developing countries has significantly increased traffic
congestion, travel delays, road accidents, fuel consumption, and environmental pollution. Traditional transportation
management approaches are often insufficient to address these complex challenges effectively. Intelligent Transportation
Systems (ITS) have emerged as a transformative solution by integrating information and communication technologies,
sensing systems, data analytics, artificial intelligence, and transportation engineering to improve the efficiency, safety,
and sustainability of road transportation networks. This paper presents a comprehensive study of Intelligent
Transportation Systems, covering their architecture, technologies, applications, deployment methodologies, and
implementation strategies. The work examines major ITS components including EFC, ETC, traffic signal control
systems, probe car data systems, road traffic information services, public transport management systems, bus location
systems, public transport priority systems, vehicle-to-infrastructure communication, and road management applications.
Various international TS implementations such as SCATS, SCOOT, MODERATO, autonomous tolling systems, and
advanced traffic management systems are reviewed to understand global best practices. Special emphasis is placed on the
Indian transportation ecosystem and recent national initiatives such as FASTag, the National Intelligent Transportation
System framework, Advanced Traffic Management Systems (ATMS), Integrated Traffic Management Systems (ITMS),
GPS-enabled public transportation systems, smart city transportation projects, and Al-driven traffic monitoring
platforms. The study also discusses ITS planning methodologies, evaluation frameworks, public-private partnership
models, legal and regulatory considerations, standardization requirements, capacity building, and institutional
frameworks necessary for successful ITS deployment. The research highlights how emerging technologies such as
Acrtificial Intelligence, Machine Learning, Internet of Things (10T), Big Data Analytics, Cloud Computing, Digital Twins,
Connected Vehicles, and 5G communication can significantly enhance the effectiveness of future ITS implementations.
The proposed framework supports improved traffic flow, reduced congestion, enhanced road safety, efficient toll
collection, optimized public transportation operations, and sustainable mobility. The findings demonstrate that ITS can
play a crucial role in achieving smart transportation objectives and supporting India's vision of developing intelligent,
safe, and environmentally sustainable transportation infrastructure.

Keywords — Intelligent Transportation Systems (ITS), Electronic Fee Collection (EFC), Electronic Toll Collection
(ETC), Advanced Traffic Management Systems (ATMS), Integrated Traffic Management Systems (ITMS).

1. INTRODUCTION Road infrastructure, in particular, serves as a

fundamental component of transportation systems,
connecting cities, ports, industries, and airports. While

Transportation systems form the backbone of modern
economies by enabling the efficient movement of
people and goods across regions. They play a crucial
role in supporting trade, industrial growth, and social
connectivity [1]. However, with rapid urbanization,
population growth, and a significant rise in vehicle

the expansion and improvement of road networks
contribute to economic development, they also lead to
an increase in traffic volume [3]. This growth often
results in adverse effects such as road accidents,

) ; ) congestion, and environmental degradation caused by
ownership, the transportation sector has experienced a

substantial increase in energy consumption. This
escalation has resulted in critical challenges such as
traffic congestion, increased fuel consumption,
environmental pollution, and rising greenhouse gas

vehicular emissions. In many developing and Asian
countries, these challenges are further intensified due to
rapid urbanization and increased dependence on
personal vehicles [4].

emissions. Consequently, optimizing energy usage in To address these issues, Intelligent Transportation
transportation has become an essential area of research Systems (ITS) have emerged as a promising and
for achieving sustainable and efficient mobility [2]. innovative  solution.  ITS integrates  advanced

technologies such as sensors, communication networks,
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data analytics, and artificial intelligence into
transportation infrastructure and vehicles. This
integration enables real-time monitoring, control, and
management of traffic systems, thereby improving
operational efficiency and reducing unnecessary energy
consumption. By facilitating informed and intelligent
decision-making, ITS helps in minimizing fuel usage,
optimizing traffic flow, and enhancing overall system
performance [5], [6].

Energy optimization in transportation involves the
application of intelligent strategies to reduce fuel
consumption and emissions while maintaining or
improving system efficiency. Various ITS-based
approaches contribute to this objective, including
adaptive traffic signal control, dynamic route guidance,
vehicle-to-vehicle (V2V) and vehicle-to-infrastructure
(V2I) communication, congestion management, and
eco-driving techniques [7], [8]. These technologies
allow vehicles to operate under optimal conditions by
reducing idle time, avoiding unnecessary stops, and
maintaining consistent speeds. Furthermore, the
integration of ITS with emerging technologies such as
electric vehicles and smart grid systems provides
additional opportunities for enhancing energy efficiency
and sustainability.

ITS is not only limited to addressing traffic-related
issues but also contributes to broader socioeconomic
development. It supports safe driving practices, reduces
accident rates, improves urban mobility, and enhances
environmental  sustainability.  Additionally, ITS
applications create new business opportunities, improve
logistics efficiency, and contribute to economic growth
by utilizing advanced information and communication
technologies [9].

Despite its numerous advantages, the implementation of
ITS faces several challenges. These include high initial
infrastructure costs, data privacy concerns, system
integration complexities, and the need for standardized
communication protocols [10]. Moreover, effective ITS
deployment requires reliable communication networks
and efficient data processing systems to support real-
time decision-making. In many regions, lack of
expertise, insufficient planning, and financial
constraints further hinder successful implementation

[11].

2. ITS PLANNING AND
EVALUATION
The successful implementation of Intelligent

Transportation Systems (ITS) requires a systematic
planning framework, stakeholder coordination, policy
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support, sustainable funding mechanisms, and
continuous performance evaluation. ITS is not merely a
technological intervention but an integrated approach
that combines transportation infrastructure,
communication technologies, data analytics, and
institutional arrangements to improve mobility, safety,
efficiency, and environmental sustainability [12].

In India, the importance of ITS has significantly
increased due to rapid urbanization, rising vehicle
ownership, increasing traffic congestion, road safety
concerns, and the growing need for sustainable
transportation systems. Government initiatives such as
the Smart Cities Mission, National Intelligent
Transportation Systems Policy, PM Gati Shakti
National Master Plan, FASTag-based Electronic Toll
Collection, and the National Common Mobility Card
(NCMC) have accelerated the deployment of ITS
technologies across the country [13], [14].

The primary objectives of ITS implementation include:

e Improving traffic efficiency and reducing
congestion.

e Enhancing road safety and reducing accidents.
e  Providing real-time traveler information.
e  Optimizing public transportation services.

e Reducing fuel consumption and environmental
emissions.

e Improving infrastructure utilization and
maintenance.

e  Supporting data-driven transportation planning
and management.

To achieve these objectives effectively, a
comprehensive ITS Plan must be developed before
deployment.

2.1 ITS Planning

The development of an ITS Plan is essential for
ensuring coordinated implementation, efficient resource
utilization, stakeholder participation, and long-term
sustainability. The ITS Plan serves as a strategic
roadmap that defines project objectives, deployment
strategies, operational mechanisms, and evaluation
methodologies.

Benefits of Developing an ITS Plan
(i) Improved Operational Efficiency

A well-structured ITS Plan promotes interoperability
among different transportation systems and agencies. It
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enables the integration of traffic management systems,
public transport systems, tolling systems, emergency
response services, and traveler information platforms.

Benefits include:
e Improved traffic flow management.
e  Better utilization of existing infrastructure.
e Reduced operational costs.
e Elimination of redundant investments.

e Enhanced coordination among transportation
agencies.

In India, integrated command and control centers
established under the Smart Cities Mission demonstrate
how coordinated ITS deployment can improve urban
mobility management.

(ii) Stakeholder Engagement and Consensus
Building

ITS projects involve multiple stakeholders, including:
e  Transport departments
e  Traffic police
e  Municipal authorities
e Highway operators
e  Public transport agencies
e  Technology providers
e Citizens

A structured ITS Plan helps establish a common vision,
improves stakeholder collaboration, and enhances
public acceptance of ITS initiatives.

(iii) Resource Mobilization and Institutional
Development

The ITS Plan facilitates:
e  Budget allocation and financial planning.
e Public-private partnership development.
e Research and innovation initiatives.
e  Capacity building and workforce development.
e Institutional strengthening for ITS operations.

It also supports the formulation and amendment of
regulatory frameworks necessary for emerging
technologies such as connected vehicles, autonomous
transportation, and Vehicle-to-Infrastructure (V2I)
communication.
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Components of an ITS Plan
1. Background, Need, and Necessity

The planning process begins with identifying
transportation challenges and establishing the need for
ITS interventions.

Typical challenges include:
e  Traffic congestion
e High accident rates
e  Public transport inefficiencies
e Poor traveler information systems
e  Environmental pollution

In India, road accidents remain a major concern.
According to the Ministry of Road Transport and
Highways (MoRTH) Road Accidents Report 2023,
more than 4.8 lakh road accidents and approximately
1.72 lakh fatalities were reported annually, highlighting
the urgent need for intelligent traffic management and
safety systems [15].

ITS should be positioned as a complementary solution
alongside physical infrastructure improvements such as
road widening, flyovers, and public transit expansion.

2. Scope of the ITS Plan

The plan should clearly define:
e  Geographic coverage
e Transportation modes involved
e  Target users
e Project duration

The scope may be:
e National level
o  State level
e Regional level
e City level
e  Corridor level

3. Positioning of the ITS Plan

The ITS Plan should align with broader transportation
and infrastructure development strategies such as:

e National Urban Transport Policy (NUTP)
e PM Gati Shakti Master Plan

e  Smart Cities Mission
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e National Electric Mobility Mission
e  State transportation master plans

This ensures consistency between ITS initiatives and
overall transportation objectives.

4. ITS Deployment and Expansion Roadmap
The deployment plan should define:
e  Technologies to be implemented
e  Priority corridors
e Deployment phases
e  Future expansion strategies
Examples include:
e  Adaptive Traffic Signal Control
e  Automatic Number Plate Recognition (ANPR)
e  FASTag-based Electronic Toll Collection
e Intelligent Parking Systems
e  Bus Fleet Management Systems
e  Public Transport Priority Systems
e  Connected Vehicle Infrastructure

India's FASTag initiative is one of the world's largest
electronic toll collection systems, with penetration
exceeding 98% of toll transactions on national
highways.

5. Technology and Communication Platforms

Successful ITS deployment requires standardized
technology platforms, including:

e  4G/5G communication networks

e Dedicated Short Range Communication
(DSRC)

e  GNSS/GPS systems
e  Cloud computing platforms
o Internet of Things (IoT) sensors

e Artificial Intelligence and Machine Learning
systems

Interoperability standards should be established to
ensure seamless integration among different ITS
applications.

6. ITS Operation and Maintenance Plan

Long-term success depends on effective operation and
maintenance strategies.
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The plan should include:
e  Organizational responsibilities
e  Control center operations
e Data management procedures
e  Maintenance schedules
e  (Cybersecurity measures
e  User awareness campaigns

Special attention should be given to promoting public
adoption of ITS-enabled services.

7. Evaluation Framework

Performance indicators should be defined before
deployment to measure effectiveness.

Common indicators include:
e Travel time reduction
e  Congestion reduction
e  Accident reduction
e  Fuel savings
e  Emission reduction
e  Public transport reliability
e  User satisfaction

Evaluation results should guide future system
improvements and policy decisions.

2.2 Evaluation of ITS

Evaluation is a critical component of ITS
implementation. It ensures accountability, validates
investments, and supports continuous system
improvement. International organizations such as the
World Bank, Asian Development Bank (ADB), and
Japan International Cooperation Agency (JICA) often
require comprehensive project evaluation before
funding large-scale ITS projects. In developing
countries such as India, a phased evaluation approach is
particularly beneficial. Pilot projects can be assessed
before large-scale deployment, reducing
implementation risks and improving resource
allocation.

ITS Evaluation Techniques
1. Probe Vehicle Data-Based Evaluation

Probe vehicle systems collect real-time traffic
information from GPS-enabled vehicles.

Key performance measures include:
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e  Travel speed

e Travel time

e Delay

¢ Queue length

e Traffic congestion levels
Sudden braking events
Applications include:

e  Identifying traffic bottlenecks

e  Monitoring congestion trends

e  Evaluating safety improvements

e  Assessing infrastructure performance

In India, GPS-equipped public transport vehicles,
logistics fleets, ride-sharing vehicles, and FASTag
transaction data increasingly serve as probe data
sources for transportation analytics.

2. Simulation-Based Evaluation

Traffic simulation models enable transportation
planners to assess ITS performance before deployment.

Common simulation tools include:

e VISSIM

e SUMO

e AIMSUN

e TRANSYT
e PARAMICS

Simulation-based evaluations help estimate:
e  Travel time savings
e Queue reduction
e Intersection performance
e  Environmental benefits
e  Network-wide traffic impacts

Many Indian smart city projects use simulation tools
during planning and design stages.

3. User-Centric Evaluation

The effectiveness of ITS should also be measured from
the perspective of users.

Methods include:

° Passenger surveys
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e  Driver feedback

e  Public consultations

e  Mobile application reviews
e Focus group discussions

Economic evaluation techniques such as the Contingent
Valuation Method (CVM) can estimate user willingness
to pay for improved transportation services.

4. Environmental Evaluation

ITS contributes to sustainable transportation by
reducing unnecessary vehicle idling and improving
traffic flow.

Performance indicators include:

e Reduction in fuel consumption

Reduction in CO. emissions

Reduction in particulate matter emissions
e Improvement in air quality

Recent studies in Indian metropolitan cities have
demonstrated measurable reductions in emissions
through adaptive traffic management systems and
electronic toll collection technologies [16], [17].

Recent ITS Developments in India
Recent ITS deployments in India include:

e FASTag-based Electronic Toll Collection
covering more than 1,400 toll plazas.

e Integrated Command and Control Centres
(ICCCs) operational in over 100 Smart Cities.

e Adaptive Traffic Control Systems (ATCS)
deployed in cities such as Delhi, Bengaluru,
Pune, Hyderabad, Ahmedabad, and Jaipur.

e GPS-based Bus Tracking Systems
implemented by major state transport
undertakings.

e Al-based Traffic Violation Detection Systems
using ANPR and video analytics.

e National Common Mobility Card (NCMC)
enabling integrated digital payments across
transportation modes.

e Vehicle Location Tracking and Emergency
Response Systems for public transportation
and commercial vehicles.

These initiatives demonstrate India's transition toward
data-driven, intelligent, and sustainable transportation
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systems that support safer roads, improved mobility,
and enhanced economic productivity.

3. ITEMS TO BE CONSIDERED
DURING ITS INTRODUCTION IN
INDIA

The successful implementation of Intelligent
Transportation Systems (ITS) requires careful planning
of project structures, financing mechanisms,
institutional ~ responsibilities, legal  frameworks,
technological standards, and stakeholder participation.
As transportation systems become increasingly
digitized, ITS projects must be designed to ensure long-
term sustainability, interoperability, scalability, and
compliance with national regulations. In India, rapid
urbanization, increasing vehicle ownership, and
growing congestion levels have accelerated the
adoption of ITS across highways, urban road networks,
public transportation systems, and freight corridors.
Therefore, a comprehensive assessment of project
schemes and regulatory requirements is essential before
introducing ITS solutions.

3.1 Project Schemes for ITS Implementation

Various implementation models can be adopted for ITS
deployment depending on the nature of services,
investment requirements, ownership structure, and
operational responsibilities. Broadly, ITS projects can
be implemented through public-sector-led schemes,
private-sector-led  schemes, or Public Private
Partnership (PPP) models [18], [19].

(1) Public Sector-Led Scheme

Under a public-sector-led scheme, ITS infrastructure is
developed, financed, owned, and operated by
government agencies or public authorities. Funding is
typically provided through government budgets, road
funds, multilateral development banks, or international
financial institutions.

In India, many critical ITS applications are
implemented under this model because they directly
support public welfare, traffic safety, and transportation
management. Examples include:

e Adaptive Traffic Signal Control Systems
(ATCS)

o Integrated Traffic Management Systems
(ITMS)

e  Electronic Enforcement Systems

e Intelligent Highway Monitoring Systems
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e Public Transport Information Systems
e Emergency Response Systems
e  Smart City Mobility Platforms

Major implementing agencies include:

e  Ministry of Road Transport and Highways
(MoRTH)

e National Highways Authority of India (NHAI)
e Indian Roads Congress (IRC)

e  State Transport Departments

e  Urban Local Bodies (ULBs)

e  Smart City Special Purpose Vehicles (SPVs)

India has significantly expanded ITS deployment under
the Smart Cities Mission. More than 100 Smart Cities
have established Integrated Command and Control
Centres (ICCCs), which monitor traffic operations,
public transport systems, surveillance networks, and
emergency response services in real time.

The NHALI has also implemented nationwide electronic
toll collection through the FASTag system, making
India one of the largest RFID-based tolling networks
globally.

(2) Private Sector-Led Scheme

In a private-sector-led scheme, ITS services are
developed and operated by private organizations.
Investment is recovered through subscription fees,
service charges, advertising revenue, or commercial
agreements.

Private-sector ITS applications commonly include:
e Navigation and route guidance systems
e Ride-sharing platforms
e Fleet management solutions
e Logistics optimization systems
e Parking management systems
e  Connected vehicle applications
e Commercial telematics platforms

In India, companies such as Google Maps,
Mapmylndia, Ola, Uber, and numerous telematics
service providers contribute significantly to ITS
services by offering:

e Real-time traffic information

e Route optimization
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e  Vehicle tracking
e Driver behavior monitoring
e Predictive maintenance systems

e  Fleet analytics

(3) Public—Private Partnership (PPP) Scheme

Public—Private Partnership (PPP) has emerged as one of
the most effective mechanisms for ITS deployment
worldwide. Under PPP arrangements, public authorities
collaborate with private firms for financing, designing,

developing,  operating, and  maintaining ITS
infrastructure.
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Figure 1: ITS Adoption Process Using PPP

The government's role in such schemes is primarily
limited to providing regulatory support, digital mapping
standards, communication infrastructure, and
interoperability guidelines.
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PPP-based ITS implementation offers several
advantages:

e Reduced public investment burden

Faster deployment

e  Access to advanced technologies

Improved operational efficiency

e Enhanced service quality

e Better maintenance and lifecycle management
In India, PPP models have been extensively used for:

e  Electronic toll collection systems

e  Smart parking infrastructure

e Intelligent traffic management systems

e  Bus Rapid Transit Systems (BRTS)

e Metro rail passenger information systems
e Integrated urban mobility solutions

e Indian PPP Success Stories

e  FASTag-Based Electronic Toll Collection

The FASTag program represents one of India's most
successful ITS deployments under a PPP framework.
FASTag uses RFID technology to enable seamless toll
payments on national highways.

As of 2025:

e  More than 98% of toll transactions on national
highways are electronic.

e Over 100 million FASTags have been issued.

e  Electronic toll collection contributes more than
99% of total toll revenue.
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e Average waiting time at toll plazas has been
reduced significantly.

Ahmedabad Intelligent Traffic Management System

Ahmedabad has deployed an advanced Intelligent
Traffic Management System integrating:

e Adaptive traffic signals

e CCTV surveillance

e Automatic Number Plate Recognition (ANPR)
e  Variable Message Signs (VMS)

e  Public information systems

The system has improved traffic flow and reduced
intersection delays across major corridors.

Bengaluru Smart Mobility Initiatives

Bengaluru has introduced several ITS-based solutions
including:

e Adaptive traffic signal control
e  Smart parking systems

e  Public transport tracking

e Integrated mobility platforms

These systems are managed through collaborative
arrangements involving government agencies and
technology partners.

ITS Technology Integration Considerations

While implementing ITS projects, authorities must
ensure compatibility among various technological
components.

Roadside Infrastructure
Typical roadside infrastructure includes:
e CCTV cameras
e  Vehicle detectors
e  Variable Message Signs (VMS)
e Automatic Incident Detection Systems
e  Weather monitoring stations
e Toll collection equipment
e  Traffic signal controllers
Vehicle-Based Systems
Vehicle-side technologies include:

e Onboard Units (OBUs)
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o  FASTag devices

e GPS/GNSS receivers

e Telematics devices

e  Driver information systems

e  Smartphone-based mobility applications
Communication Networks
Communication technologies used in ITS include:

e A4GLTE

e 5G networks

e Dedicated Short Range Communication
(DSRC)

e Cellular Vehicle-to-Everything (C-V2X)
e  Wi-Fi networks

e  Optical fiber backbones

e  Satellite communication systems

Selection of communication technologies must consider
regional requirements, scalability, reliability, and
interoperability with future ITS services.

Failure to establish common standards can result in
fragmented systems, duplication of investments, and
reduced effectiveness of ITS applications.

3.2 Legal and Regulatory Framework for ITS in
India

The deployment of ITS requires compliance with
numerous  legal, regulatory, and institutional
frameworks. Since ITS integrates transportation
infrastructure, telecommunications, digital technologies,
and data analytics, multiple regulations govern its
operation [20].

A comprehensive legal framework ensures:
e Road safety
e Data privacy
o Cybersecurity
e  Spectrum management
e Infrastructure deployment
e  Consumer protection
e  Environmental compliance
e Road and Transportation Regulations

Motor Vehicles Act, 1988 (Amended 2019)
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The Motor Vehicles Act forms the foundation for ITS
deployment in India [21].

Relevant provisions support:
e  Electronic enforcement
o Intelligent traffic monitoring
e Automated violation detection
e  Vehicle tracking systems
e  Electronic toll collection

e Emergency response systems

The Motor Vehicles (Amendment) Act, 2019 further
strengthened provisions for digital traffic enforcement
and road safety management.

National Road Safety Policy
The policy encourages:
e Intelligent traffic monitoring
e Automated enforcement
e Data-driven traffic management
e  Smart mobility solutions

These objectives align closely with ITS implementation
goals.

Telecommunications and Radio
Regulations

Spectrum

ITS applications heavily rely on  wireless
communications.

Relevant regulatory authorities include:
Department of Telecommunications (DoT)
Responsible for:

e Communication licensing

e  Spectrum allocation

e  Wireless communication regulations
Telecom Regulatory Authority of India (TRAI)
Responsible for:

e  Communication policy recommendations

e Network interoperability

e  Telecommunications standards

Future ITS deployments involving V2X communication
and autonomous vehicles will require dedicated
spectrum management frameworks.

Data Protection and Privacy Regulations

Modern ITS applications generate enormous volumes of
mobility data.

Examples include:
e Vehicle locations
e Travel patterns
e Driver behavior
e Toll transactions
e  Traffic movement records
Digital Personal Data Protection Act, 2023

The Digital Personal Data Protection (DPDP) Act
establishes legal requirements for [22]:

e  Collection of personal data
e Data storage

e  User consent

e Data sharing

e Data security

ITS operators must ensure compliance with these
provisions when processing vehicle and user
information.

Cybersecurity Requirements

Increasing digitalization exposes ITS infrastructure to
cybersecurity threats.

Key concerns include:

e  Traffic signal hacking

e  Tolling system attacks

e  GPS spoofing

e Data breaches

e  Communication network vulnerabilities
Relevant frameworks include:

e National Cyber Security Policy

e  CERT-In Guidelines

e Cybersecurity Directions issued by MeitY

Future ITS projects must incorporate cybersecurity by
design.

Environmental Regulations

ITS contributes to environmental sustainability through:
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e Reduced congestion

e Lower fuel consumption

e Reduced emissions

e Improved traffic efficiency

However, deployment of roadside equipment must
comply with:

e Environmental Impact Assessment (EIA)
guidelines

e  Pollution control regulations

e Noise control standards

e Urban development regulations
Standards and Guidelines for ITS in India
Several organizations support ITS standardization:
Indian Roads Congress (IRC)

e Important ITS-related standards include:

e JRC:SP:110 - Intelligent Transportation
Systems Guidelines

e [RC standards for traffic management and road
safety

Bureau of Indian Standards (BIS)
Develops standards for:
e ITS equipment
e Communication protocols
e Electronic systems

e Ministry of Road Transport and Highways
(MoRTH)

Provides policy guidance and implementation
frameworks for ITS deployment across national
highways.

Future Outlook for ITS in India

India is rapidly transitioning toward next-generation
ITS ecosystems driven by:

e Connected vehicles

e Artificial Intelligence

e Internet of Things (IoT)

e 5G communication

e Vehicle-to-Everything (V2X) technologies

e  Autonomous transportation systems
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Government initiatives such as:
e National ITS Policy
e  Smart Cities Mission
e PM Gati Shakti
e National Logistics Policy
e Digital India Programme
are expected to accelerate ITS adoption nationwide.

A well-defined project scheme, supported by robust
legal frameworks, technological interoperability,
cybersecurity safeguards, and sustainable financing
mechanisms, will be essential for realizing the vision of
a safe, efficient, connected, and intelligent
transportation network in India.

4. KEY CONSIDERATIONS FOR
THE SUCCESSFUL PROMOTION

OF INTELLIGENT
TRANSPORTATION  SYSTEMS
(ITS)

The successful implementation of Intelligent
Transportation Systems (ITS) requires more than the
deployment of advanced technologies. It demands a
coordinated institutional framework, standardization of
technologies, long-term planning, capacity building,
and continuous stakeholder engagement. Countries that
have successfully implemented ITS, such as Japan, the
United States, Singapore, and South Korea, have
established dedicated ITS promotion organizations,
national standards, training programs, and phased
deployment strategies [23]. India is increasingly
adopting similar approaches through national initiatives
such as the National ITS Policy, Smart Cities Mission,
PM Gati Shakti, and Digital India. These efforts aim to
create an integrated, interoperable, and sustainable
transportation ecosystem capable of addressing the
challenges of urbanization, traffic congestion, road
safety, and environmental sustainability [24], [25].

4.1 Establishment of ITS Promotion Organizations

The establishment of a dedicated ITS promotion
organization is essential for coordinating the activities
of multiple stakeholders involved in planning,
developing, implementing, operating, and evaluating
ITS applications. Such organizations facilitate
collaboration among government agencies, academic
institutions, research organizations, industry partners,
transportation operators, and technology providers.

ISSN: 2393-9516

www.ijetajournal.org

Page 639



http://www.ijetajournal.org/

An ITS promotion organization serves as a central
platform for:

e Policy formulation and implementation.

e Coordination among stakeholders.

e Technology standardization.

e Research and development activities.

e Knowledge sharing and capacity building.
e  Monitoring and evaluation of ITS projects.

e Promotion of public awareness regarding ITS
benefits.

Globally, organizations such as the Intelligent
Transportation Society of America (ITS America), ITS
Japan, ERTICO-ITS Europe, and ITS Korea have
played a significant role in accelerating ITS deployment
and fostering innovation.

ITS Promeotion in India

India has recognized the importance of institutional
coordination in ITS deployment. Several organizations
currently contribute to ITS development and promotion:

e Ministry of Road Transport and Highways
(MoRTH)

e National Highways Authority of India (NHAI)
e Indian Roads Congress (IRC)
e National Informatics Centre (NIC)

e Centre for Development of Advanced
Computing (C-DAC)

e Indian Institutes of Technology (IITs)

e National Institute of Technology (NITs)

e Indian Institute of Science (IISc)

e Smart City Special Purpose Vehicles (SPVs)
o  State Traffic Police Departments

e  Urban Local Bodies (ULBs)

The National ITS Policy launched by MoRTH
emphasizes collaboration between academia, industry,
and government agencies to develop indigenous ITS
solutions suitable for Indian transportation conditions.

Role of Universities and Research Institutions

Research institutions and universities play a crucial role
in ITS advancement through:
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e Development of intelligent traffic management
algorithms.

e Artificial Intelligence and Machine Learning
applications.

e  Connected vehicle technologies.
e Smart mobility research.

e  Traffic simulation and modelling.
e  Transportation data analytics.

Institutions such as IIT Delhi, IIT Bombay, IIT Madras,
IIT Roorkee, IISc Bengaluru, and several NITs are
actively engaged in ITS-related research projects
funded by government agencies and industry partners.

Recommended Organizational Framework

For effective ITS promotion in India, a multi-
stakeholder ITS promotion framework should include:

e  Government ministries and agencies.

e  Research and academic institutions.

e  Telecommunications providers.

e Automobile manufacturers.

e  Transportation operators.

e Smart city authorities.

e Technology solution providers.

e Traffic police and enforcement agencies.
e  Civil society organizations.

e International development agencies.

Regular workshops, technical conferences, pilot
projects, and knowledge-sharing platforms should be
organized to facilitate continuous innovation and
adoption of ITS technologies.

4.2 Utilization of Standards and Development of
National ITS Standards

Standardization is one of the most critical factors for
ensuring the long-term success, interoperability,
scalability, and sustainability of ITS systems. Since ITS
integrates multiple technologies, devices,
communication protocols, and software platforms, the
absence of common standards can lead to fragmented
systems and inefficient investments.

The primary objectives of ITS standardization are:
e Interoperability among systems.

e  Compatibility across regions.

ISSN: 2393-9516

www.ijetajournal.org

Page 640



http://www.ijetajournal.org/

e  Future scalability.

e  Cost reduction.

e Improved system reliability.

e Enhanced cybersecurity.

o Simplified maintenance and upgrades.

Without common standards, users may require multiple
onboard devices, communication interfaces, or software
platforms to access different ITS services, resulting in
inconvenience and reduced adoption.

ITS Standards in India

India has taken significant steps toward standardizing
ITS implementation through various organizations.

Indian Roads Congress (IRC)

The IRC has developed several guidelines related to
ITS deployment, including:

e JRC:SP:110 - Intelligent Transportation
Systems Guidelines.

e Standards for adaptive traffic signal systems.
e Highway traffic management standards.
e  Electronic toll collection standards.
Bureau of Indian Standards (BIS)
BIS supports the development of standards related to:
e  Communication protocols.
e  Electronic equipment.
e  Vehicle technologies.
e Data exchange mechanisms.
National ITS Architecture

The Ministry of Road Transport and Highways has
developed a National ITS Architecture that defines:

e System interfaces.

e Data exchange requirements.
e  Communication protocols.

e Functional requirements.

e  Service packages.

The National ITS Architecture provides a common
framework for future ITS deployments across India.

FASTag: A Successful Standardization Example

International Journal of Engineering Trends and Applications (IJETA) — Volume 13 Issue 3, May-Jun 2026

The nationwide implementation of FASTag
demonstrates the importance of standardization.

As 0f 2025:

e More than 100 million FASTags have been
issued.

e Over 98% of toll transactions occur
electronically.

e FASTag is operational across all national
highway toll plazas.

e Interoperability allows a single tag to function
nationwide.

This success has significantly reduced congestion at toll
plazas and improved highway efficiency.

5. STEP-UP APPROACH TO ITS
INTRODUCTION

5.1 Concept of Step-Up Approach

The implementation of ITS often requires substantial
financial investment, technological infrastructure, and
institutional capacity. Therefore, a phased or step-up
approach is considered the most practical strategy,
particularly in developing countries such as India.

The step-up approach involves introducing ITS
applications gradually, beginning with low-cost and
high-impact solutions and subsequently expanding
toward more advanced and integrated systems.

This approach offers several benefits:
e Reduced financial risk.
e  Easier stakeholder acceptance.
e  Better resource utilization.
e Incremental learning and capacity building.
e  Continuous evaluation and improvement.
e  Future scalability.

The phased deployment strategy allows authorities to
achieve immediate benefits while preparing for more
sophisticated ITS applications in the future.

Typical ITS Deployment Stages

Phase 1: Basic ITS Infrastructure
e CCTV surveillance systems.
e  Traffic volume monitoring.

e  Variable Message Signs (VMS).
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e  GPS-based vehicle tracking.

e Traffic information websites and mobile
applications.

Phase 2: Traffic Management Systems
e  Adaptive traffic signal control.

e Automatic Number Plate  Recognition
(ANPR).

e Incident detection systems.

e Integrated Traffic Management Systems
(IATMS).

Phase 3: Integrated ITS Services
e  Electronic toll collection.

e  Public transport priority systems.

Real-time passenger information.

e  Smart parking systems.

Freight management platforms.

Phase 4: Advanced Intelligent Mobility

e  Connected vehicles.

Vehicle-to-Everything (V2X) communication.

Al-based traffic optimization.

e Autonomous transportation systems.

Smart logistics ecosystems.
Indian ITS Deployment Progress

India is currently transitioning from Phase 2 toward
Phase 3 in many metropolitan regions.

Examples include:
e Delhi Integrated Traffic Management System.

e Bengaluru Adaptive Traffic Signal Control
System.

e  Mumbeai Intelligent Traffic Monitoring.

e Hyderabad Integrated Command and Control
Centre.

e  Ahmedabad Smart Mobility Platform.

e FASTag-based nationwide toll collection
system.

International Journal of Engineering Trends and Applications (IJETA) — Volume 13 Issue 3, May-Jun 2026

Future deployments are expected to incorporate Al,
connected vehicles, and 5G-enabled transportation
systems.

5.2 Example of ITS Deployment Roadmap for India
A model roadmap for India may consist of:
Short-Term (2025-2030)

e  Expansion of adaptive traffic signal systems.

e Universal deployment of integrated traffic
management systems.

e Nationwide smart parking solutions.

e Enhanced public transport information
systems.

e  Al-assisted traffic surveillance.
Medium-Term (2030-2035)
e Connected vehicle pilot projects.

e  Vehicle-to-Infrastructure communication

deployment.

e Intelligent freight corridors.

e Integrated multimodal mobility platforms.
Long-Term (2035-2045)

e Autonomous public transportation.

e Digital twin-based traffic management.

e  Fully connected transportation ecosystems.

e Nationwide smart mobility networks.

This roadmap aligns with India's vision of creating
sustainable, safe, and technology-driven transportation
systems.

6. TRAINING AND EDUCATION
FOR ITS DEVELOPMENT

6.1 Need and Importance of Training and Education

The successful deployment and operation of ITS
depend heavily on the availability of skilled
professionals capable of designing, implementing,
operating, and maintaining advanced transportation
technologies.

ITS combines multiple disciplines, including:
e  Transportation Engineering.
e  Electronics and Communication Engineering.

e  Computer Science.
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e Artificial Intelligence.
e Data Analytics.

e Cybersecurity.

e  Telecommunications.
e  Urban Planning.

Therefore, continuous education and skill development
are essential.

Key competencies required for ITS professionals
include:

e  Traffic engineering.
e Intelligent traffic control systems.
e Artificial Intelligence and Machine Learning.
e Internet of Things (IoT).
e  Geographic Information Systems (GIS).
e Data analytics and visualization.
e Communication technologies.
e Cybersecurity.
e  Transportation simulation.
Indian Skill Development Initiatives

Several organizations are contributing to ITS capacity
building in India:

Ministry of Road Transport and Highways
(MoRTH)

Supports technical training programs for transportation
professionals.

Indian Academy of Highway Engineers (IAHE)
Conducts specialized courses on:
e ITS implementation.
e Highway operations.
e  Traffic management.
e Road safety engineering.
IITs and NITs
Offer advanced courses and research opportunities in:
o Intelligent transportation systems.
e Artificial Intelligence.
e Smart mobility.

e Transportation analytics.

International Journal of Engineering Trends and Applications (IJETA) — Volume 13 Issue 3, May-Jun 2026

Smart Cities Mission

Supports training programs for municipal officials and
transportation managers.

Growing Demand for ITS Professionals

India's ITS market is projected to grow rapidly due to:
e  Expansion of smart cities.
e Increasing urbanization.
e Adoption of Al-based transportation solutions.
e Connected vehicle technologies.
e National logistics modernization initiatives.

Consequently, demand for skilled ITS professionals is
expected to increase significantly over the coming
decade.

6.2 Resources for ITS Training and Education
Effective ITS education can be supported through:
e National ITS Policy documents.
e Indian Roads Congress (IRC) guidelines.

e  Ministry of Road Transport and Highways
publications.

e World Bank ITS implementation manuals.

e Asian Development Bank transportation
guidelines.

e IEEE |Intelligent Transportation Systems
Society resources.

e Transportation Research Board (TRB)
publications.

e International ITS case studies.
Recommended Learning Platforms

e SWAYAM

e NPTEL

e IIT online certification programs

e [EEE Learning Network

e Coursera

e edX

e World Bank Open Learning Campus

These platforms provide courses on transportation
engineering, data analytics, artificial intelligence, smart
mobility, and ITS technologies.
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7. CONCLUSION

Intelligent Transportation Systems have become a
critical component of modern transportation
infrastructure by enabling the integration of advanced
information and communication technologies with
transportation networks. This study has
comprehensively examined the concepts, technologies,
architectures, applications, planning methodologies, and
deployment strategies associated with ITS. The analysis
demonstrates that ITS technologies significantly
improve transportation efficiency, road safety, mobility,
environmental sustainability, and  operational
performance. Applications such as adaptive traffic
signal control, electronic toll collection, probe vehicle
data systems, public transport management, and real-
time traveler information  systems
substantially to reducing congestion, travel delays, fuel
consumption, and accident rates. The study also
highlights successful ITS implementations across
various countries, including Japan, Singapore,
Australia, the United Kingdom, Germany, and India. In
particular, India's rapid adoption of FASTag, smart city
transportation  initiatives, =~ GPS-enabled  public
transportation systems, Integrated Traffic Management
Systems (ITMS), and Al-based traffic monitoring
solutions reflects the country's growing commitment
toward smart mobility and digital transportation
infrastructure.

contribute

Furthermore, the research emphasizes the importance of
strategic  planning,  standardization, institutional
coordination, legal frameworks, stakeholder
participation, and sustainable funding mechanisms for
successful ITS implementation. The integration of
emerging technologies such as Artificial Intelligence,
Machine Learning, Internet of Things, Big Data
Analytics, Cloud Computing, Connected Vehicles, and
5G communications provides new opportunities for
developing  more intelligent and  responsive
transportation  systems. Intelligent Transportation
Systems represent a key enabler for achieving safer,
smarter, greener, and more sustainable transportation
networks. The adoption of comprehensive ITS
frameworks can significantly contribute to the
modernization of transportation infrastructure and
support future smart city development initiatives.
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