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Abstract: The rapid advancements in the Internet of Things (10T) have greatly impacted the field of smart
transportation, enhancing the productivity and performance of daily transportation activities. Through
connecting and embedding everyday devices and systems with the internet for data exchange and
communication, A method where computers learn from data to make predictions or decisions without being
explicitly programmed, Extremely large and complex data sets that require advanced tools to process and
analyse, and a decentralized system for recording and sharing data, where multiple participants maintain a
synchronized record, we see significant improvements in traffic management, route optimization, parking
systems, accident prevention, and road maintenance. This paper reviewed various applications of smart
transportation technologies, focusing on their communication mechanisms, frameworks, and protocols which
enable seamless data exchange. Additionally, we explored the role of cloud, edge, and fog computing in
supporting these systems. However, challenges remain a concern. Future research should address these issues
to further advance. advanced mobility solutions use technology like Al and sensors to optimize travel, improve
safety, and reduce environmental impact.
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. INTRODUCTION

The increasing urbanization of the world presents significant challenges, particularly in transportation
systems. The rapid growth of cities, along with the rise in vehicle numbers, has led to road jams and sound
disturbance, and longer commuting times. These issues, which have economic and environmental
consequences, demand innovative solutions. Smart transportation, which integrates advanced technologies
such as 10T, machine learning, and communication systems, offers a promising approach to addressing these
challenges. This review provides a comprehensive examination of smart transportation systems, focusing on
the technologies used and their applications. It highlights the importance of 10T infrastructure, machine
learning techniques, and communication protocols in improving traffic flow, safety, and efficiency. Through
better management of transportation networks and data, smart transportation aims to reduce congestion, lower
emissions, and enhance economic and environmental sustainability. The paper also evaluates various smart
transportation technologies and discusses the challenges and opportunities in deploying these systems. It
emphasizes the need for an integrated approach, where information and communication technologies work
seamlessly to manage traffic, improve mobility, and promote sustainability. While smart transportation
systems offer many benefits, there are still challenges to be addressed, particularly in the areas of data
processing, system integration, and infrastructure development. The integration of Vehicle-to-Vehicle (V2V)
technology, coupled with advancements in autonomous vehicles and smart traffic management systems,
represents a transformative shift in road transport. These innovations not only promise to drastically reduce
accidents caused by human error but also optimize traffic flow, minimize infrastructure expansion, and
address environmental and economic challenges. By leveraging data, analytics, and artificial intelligence,
V2V technology will enhance road safety, improve efficiency, and contribute to a more sustainable and cost-
effective transportation network, ensuring a safer future for all road users.
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Il. MODELS AND DESIGNING OF SMART TRANSPORTATION SYSTEM

The section on Models and Designing of Smart Transportation Systems discusses various computing
paradigms and their role in addressing challenges related to transportation data processing and
communication.

1. Distributed Computing: Traditional centralized cloud computing struggles with the increasing
volume and latency requirements of transportation data. Distributed computing offers a solution by
spreading data processing across multiple nodes, thereby reducing latency and improving efficiency.
For example, systems like CarTel and WITS (Wireless Intelligent Transportation Systems) collect and
process data locally in mobile or roadside units before sending it to central gateways for further
analysis, improving real-time decision-making.

2. Service-Oriented Architecture (SOA): SOA enables the development of flexible and scalable
distributed systems where components are loosely coupled. SOA has been applied in smart
transportation systems like Beijing's traffic control center and Travel Information Services (TIS),
allowing for seamless integration of services from multiple providers. This approach enhances data
sharing, service availability, and interoperability across transportation systems.

3. Grid Computing: Grid computing connects multiple computer resources to solve large-scale
problems. In smart transportation, grid computing is used to handle real-time traffic data from various
sources which integrates data from taxis, buses, and traffic centers to provide real-time services.

4. Fog Computing: Fog computing enhances cloud capabilities by bringing processing, storage, and
networking closer to the devices generating data. this is especially beneficial for applications that
require real-time responsiveness where local devices handle data processing for applications such as
vehicle identification using CCTV cameras.

5. Edge Computing: Edge computing handles data near its origin, rather than sending it to a distant
central server, which minimizes delays and speeds up processing. A practical application is which
optimizes vehicle scheduling to improve traffic capability and reduce travel time by making real-time
decisions closer to the users.

1. CLOUD COMPUTING IN TRANSPORTATION SYSTEM

Cloud computing has emerged as a pivotal technology in advancing intelligent transportation systems (ITS),
offering innovative solutions to address the limitations and inefficiencies of traditional transportation
frameworks. By leveraging the integration of diverse technologies—such as information technology, control
mechanisms, sensor networks, communication protocols, and system management tools—cloud computing
provides a robust platform for designing and implementing next-generation transportation systems.

As highlighted by Cai and Sun, cloud-based ITS frameworks enable the development of sophisticated
solutions that streamline both technological and managerial aspects of transportation, leading to a more
interconnected and efficient infrastructure. Furthermore, Jaworski et al.'s urban traffic control system
demonstrates how cloud computing can optimize traffic flow, enhance safety, and minimize environmental
impacts by utilizing off-board control units, intelligent intersection management, and geographic multicast
addressing techniques to regulate vehicle speeds and manage traffic intersections effectively.

Cloud computing also addresses critical economic challenges in the transportation sector. propose a cloud-
based model for on-demand bus services, which mitigates the high operating costs typically associated with
such services. By hosting essential software components on remote servers, local authorities can avoid
significant capital investment in infrastructure, thereby reducing operational expenses and making demand-
responsive transportation more sustainable and accessible.

Overall, cloud computing assists a cornerstone for transforming transportation systems into more intelligent,
efficient, and sustainable networks. By enabling seamless communication, real-time data processing, and cost-
effective deployment, it opens the door to smarter mobility solutions that cater to the evolving needs of urban
populations and the environment alike. This convergence of technological innovation and operational
efficiency underscores the vital role of cloud computing in shaping the future of transportation.
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Iv. EDGE CLOUD COMPUTING IN TRANSPORTATION SYSTEM

Edge cloud computing is rapidly gaining traction as a transformative solution to overcome the inherent
limitations of traditional centralized cloud systems. Modern ITS relies heavily on real-time data from remote
sensors to monitor road conditions and relay control signals to vehicles, road users, and roadside
infrastructure. However, the current reliance on centralized data centers, often located in well-connected
nations, introduces significant latency challenges. These delays are further exacerbated by the added
overheads of mobile networks, making it difficult to meet the growing demand for real-time, low-latency
services from mobile and constantly moving users.

To address these challenges, established cloud providers are exploring edge cloud computing by developing
compact, distributed computing solutions. These edge systems bring computational resources closer to the
end users, significantly reducing latency and enhancing response times for critical applications like emergency
braking signals, dynamic traffic management, and vehicle-to-vehicle (V2V) or vehicle-to-infrastructure (V2I)
communication. Moreover, these edge solutions are designed to integrate seamlessly with the providers’ core
cloud platforms, ensuring scalability, compatibility, and efficiency.

By enabling real-time interaction between vehicles, roadside equipment, and central control systems, edge
cloud computing is poised to revolutionize ITS. It empowers vehicles and infrastructure to anticipate and
respond to road conditions, optimize traffic flow, and improve public safety through enhanced connectivity
and faster decision-making. This convergence of edge computing with traditional cloud models is a pivotal
step toward creating smarter, more responsive transportation networks.

V. COMMUNICATION RULES IN SMART TRANSPORT

The passage highlights how modern communication technologies and sensor networks are transforming
transportation systems. Advanced networks like 4G/5G, V2V, V2I, and V2X, along with wireless sensor
networks (WSNs), enhance safety, optimize traffic, and improve resource management. The integration of
4G/5G enables faster communication between vehicles and infrastructure, reducing congestion and improving
safety. Real-time data sharing enhances decision-making, especially in high-traffic areas. Security is
maintained through trusted protocols, ensuring privacy and preventing fraudulent communication.

WSNs offer a low-cost, energy-efficient solution to monitor traffic and support smart features like dynamic
parking and traffic management. These technologies reduce maintenance, cut energy costs, and enable
flexible, cost-effective transportation management. By optimizing traffic, infrastructure costs are lowered,
reducing the need for new roads. Fewer accidents lead to savings in medical, law enforcement, and repair
costs. This efficiency drives economic, social, and environmental benefits while making transportation
systems more adaptable to shared mobility models.

VI. TECHNOLOGY WHICH HELP IN THIS TRANSPORTATION

Both lIoT and ML are important technologies shaping the next of smart transportation systems. loT's ability
to connect devices and gather real-time data offers numerous applications, including smart traffic
management, parking solutions, and autonomous driving. However, challenges such as security, privacy, and
data traffic management need to be attended to fully realize 10T's potential. Machine learning, on the other
hand, enhances the efficiency of transportation systems by enabling predictive analytics and decision-making
based on vast amounts of data. It is being utilized in various ways, from traffic flow prediction to accident
detection. Despite its advantages, the performance of machine learning models is heavily reliant on the quality
and relevance of data, as well as the suitability of the algorithms used. To fully leverage these technologies,
it is essential to beat the challenges related to data collection, processing, and algorithm selection. As IoT and
machine learning continue to evolve, their integration will pave the way for safer, more efficient, and smarter
transportation systems, but ongoing research and innovation are required to address their limitations and
optimize their implementation. This dissertation presents a new approach for predicting highway traffic
congestion using macroscopic traffic flow models and real-time data from probe vehicles. The work addresses
two main goals:

IJCRT25A5061 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ j287


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

1.

Improved Traffic Estimation with Efficient Probe Vehicle Deployment: The research applies a
method to integrate probe vehicle data into a traffic model to estimate traffic conditions. It explores
the optimal placement of probe vehicles to balance the cost of data collection and the accuracy of
traffic estimates. Results show that efficient use of probe vehicles can reduce costs while maintaining
high-quality traffic information, especially during congestion.

Predicting Traffic Conditions and Detecting Jams in Real-Time: A new model is developed to
predict traffic flow and detect jams ahead of time using real-time updates. The model uses a filtering
technique to update traffic predictions as new data comes in. It also introduces an adaptive approach
to adjust probe coverage based on the model’s accuracy, improving predictions. The method is tested
with real-world data, showing its ability to provide accurate short-term predictions and early warnings
about traffic jams.

VII. APPLICATION OF THE SMART TRANSPORTION SYSTEM

1.

Route optimization: By using crowdsourced data, systems like Google Maps suggest the most
efficient routes, reducing both travel time and emissions. Studies have shown a link between this
crowdsourced data and traffic patterns, although further refinement is essential for precise conclusions.
The adoption of swarm intelligence algorithms, like MoCSACO, allows users to communicate and
find less congested routes. Additionally, apps like CrowdNavi improve final-mile navigation by using
user data, offering more accurate directions than traditional methods. Overall, smart systems leverage
crowdsourcing and technology to optimize travel and reduce congestion.

Parking: Parking systems highlights the integration of IoT devices, machine learning (ML), and
cloud-based technologies to optimize parking space management. By utilizing sensors, such as
ultrasonic, magnetic, and geomagnetic detectors, these systems are effectively track parking space
availability in real-time. The data is transmitted to centralized servers, where it can be accessed
through mobile applications or smart signboards.Several smart parking solutions offer features such
as reserving spots, providing navigation to the nearest available space, and even automating payment
processes. ML algorithms and based on cloud type systems enable customized recommendations based
on user preferences, including factors like location and walking distance. Advanced technologies like
RFID for vehicle identification further enhance the efficiency of these systems. Overall, the adoption
of loT and intelligent systems not only improves the convenience of parking but also contributes to
reducing traffic congestion and pollution by helping drivers find available spaces quickly, without
wasting time.

Controlled Junction and Traffic Lights: The introduction of traffic lights with real-time control
using sensors and transponders aims to improve traffic flow at junctions. By detecting congestion, the
system extends green lights to allow more vehicles through, and prioritizes emergency and public
transport. This results in reduced waiting times and optimized throughput. The decentralized control
system, using wireless sensors to gather data on traffic flow, enables dynamic traffic light adjustments,
enhancing efficiency and smooth traffic movement.

Accident Detection: Early accident detection is vital for safety and reducing congestion. By using
loT-based cloud platforms, traffic conditions and incidents can be monitored, enabling quick
responses. Vehicles equipped with sensors collect real-time GPS data, which is transmitted to a cloud
server for analysis and quick alerting of nearby drivers. This system uses machine learning to detect
accident-prone areas, improving safety and potentially preventing future incidents.

By optimizing vehicle traffic and improving coordination, infrastructure costs and disruption are minimized.
This leads to better utilization of existing infrastructure, reducing the need for new road construction.
Additionally, fewer road traffic accidents result in lower expenditures on medical services, law enforcement,
and infrastructure repairs.

Optimized traffic flows reduce congestion and enhance connectivity, delivering economic, social, and
environmental benefits. Data-driven insights support long-term infrastructure planning, reducing the urgency
for immediate capacity expansions. Improved road safety and infrastructure management further contribute

IJCRT25A5061 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ j288


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

to cost savings. Moreover, connected vehicles enable easier integration into shared transport models,
encouraging more efficient use of private vehicles within ride-sharing and other fleet systems.

V1. ISSUES AND FUTURE PROSPECTS IN SMART TRANSPORTION SYSTEMS

Smart transportation systems, while offering advancements in efficiency, safety, and convenience, encounter
numerous obstacles requiring resolution to ensure broader usage and peak performance. The increasing
number of systems adopted for road checking and management leads to overloaded wireless networks,
requiring adaptive routing protocols for better resource allocation. Additionally, ensuring secure and efficient
communication between vehicles (V2V) and managing immense amount of sensitive data pose significant
challenges, particularly concerning privacy, safety, and data integrity.

The unification of diverse technologies and data from vehicle sensors, environmental monitoring, and
communication systems often results in issues with interoperability. The complexity and high cost of
implementing these systems, along with the requirement for specialized knowledge in data interpretation and
I0T technology, further complicate widespread adoption, especially in smaller communities.

Looking ahead, several key areas warrant further research and development:

1. Data Access and Communication: Improving access to standardized data and communication
systems across jurisdictions is crucial for the integration of connected and autonomous vehicles.
Future research could focus on enhancing the resilience of transportation systems, ensuring continuity
during disruptions.

2. Security and Privacy: Cybersecurity remains a major concern, as attacks on transportation
infrastructure could have far-reaching consequences. Research into improving encryption, access
control, and intrusion detection is essential.

3. Autonomous Vehicles: Investigating the impact of autonomous vehicles on reducing congestion and
improving safety is a critical area of future exploration. Understanding their effects on demand and
environmental impact will also be important.

4. Blockchain Technology: The ability of blockchain to enhance security and reliability in modern
transportation systems is an exciting area for research. Blockchain could offer transparency in
transactions and improve system efficiency.

5. Accessibility for Disadvantaged Groups: Smart transportation has the capability to enhance mobility
for underserved groups, just the elderly, disabled, and low-income individuals. Exploring ways to
overcome adoption barriers and enhance accessibility will be key to making these technologies
inclusive.

6. Green Transportation: Encouraging the use of eco-friendly transportation methods such as electric
cars, buses, and bicycles can lower carbon emissions and enhance air quality, leading to smarter,
greener transportation solutions.

Addressing these challenges through continued research and technological innovation will be pivotal
in realizing the full potential of smart transportation systems, ensuring that they are secure, efficient,
and accessible for all.

Implementing V2V technology successfully requires robust communication networks, standardized
frameworks, and seamless integration with transport systems to ensure efficiency. Addressing social concerns,
such as data privacy, and demonstrating the benefits of personalized and autonomous transport can help
increase user acceptance. Additionally, stringent cybersecurity measures and standardized wireless
communication protocols, like DSRC, are critical to mitigating vulnerabilities and ensuring the safe and
secure transmission of data. Collaboration between governments, manufacturers, and service providers is
essential to achieving these objectives and fostering innovation while prioritizing user trust and safety.
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IX. CONCLUSION

This paper presents a detailed survey on the topic of smart transportation systems, focusing on the
technologies, applications, and challenges that shape their development. These systems are central to
addressing the growing transportation issues in urban and rural areas, such as congestion, safety, and
environmental concerns. The paper begins by discussing the various technologies currently used in smart
transportation systems, including sensors, data analytics, 10T (Internet of Things), and machine learning.
These technologies enable the collection and processing of real-time data to optimize traffic flow, reduce
accidents, and improve public transportation services. It also provides insights into the historical evolution of
smart transportation, outlining how these systems have advanced over time. The paper further highlights the
different architectures used to design and implement these systems. It examines how these systems are
structured and the development models that guide their creation, ensuring that they can meet the growing
demands of modern transportation needs. The research reviewed includes both theoretical studies and
practical applications, providing a clear picture of how these systems are evolving. Communication protocols
play a crucial role in ensuring that the components of smart transportation systems function harmoniously.
This paper delves into the communication standards used which allows vehicles to communicate with each
other and with infrastructure like traffic signals and road sensors. The paper also explains how these protocols
help to address key challenges in transportation, such as real-time data sharing, system reliability, and
scalability. Finally, the paper discusses the challenges faced by smart transportation systems today, such as
data privacy concerns, cybersecurity risks, and integration difficulties across various transportation modes. It
also suggests potential future research avenues that could improve these systems, such as advancements in Al
and machine learning for better predictive capabilities, the use of 5G for faster data transmission, and the
integration of autonomous vehicles. Overall, the paper emphasizes the need for continued innovation and
collaboration in the development of smart transportation systems, as they are poised to have a significant
positive impact on urban mobility and society at large.
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