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Abstract – This conference paper provides a comprehensive review of the latest research trends in 

Intelligent Transportation Systems (ITS) and Roadside Unit (RSU) design. ITS and RSUs play a pivotal 

role in modern transportation infrastructure, facilitating safer, more efficient, and sustainable mobility. 

This paper highlights key developments, emerging technologies, and research directions within these 

domains. We delve into topics such as vehicle-to-infrastructure (V2I) communication, edge computing 

for RSUs, AI-driven traffic management, and the integration of 5G and IoT into ITS. By examining 

recent advancements, this paper aims to contribute to the ongoing discourse on the future of 

transportation systems. 
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I. INTRODUCTION 

Utilizing information and communication 

technologies, intelligent transportation systems 

(ITS) work to increase the effectiveness, security, 

and sustainability of transportation networks. In 

addition , ITS is to increase the safety of transport 

on all modes of transport and capacity growth of 

the transport system of the country[1][2]. ITS is 

viewed as the most effective method for addressing 

transportation issues and is one of the scientific 

paths of the symbiosis of the economy, technology, 

and telematics[1][2].fig.1 shows the most common 

applications of ITS . 

ITSs were originally adopted in the USA, Europe, 

and Japan, and according to the European 

Commission, their use resulted in a 15-20% 

reduction in travel time, 12% reduced energy 

waste, and most importantly, a 10% drop in 

emissions. In contrast, there was a 10-15% 

decrease. decrease in accidents and a 5–10% 

improvement in network capacity for safety and 

traffic[3]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1  ITS applications 
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ITS applications rely on a variety of sensors, data 

communication and processing systems, and 

software to collect, analyze, and distribute real-

time traffic information to users. The Roadside 

Unit (RSU) is one of the most important elements 

of ITS. To gather and send traffic data to vehicles 

and other roadside devices, RSUs are often 

deployed alongside roads and at intersections. In 

addition, RSUs can be used to provide vehicle-to-

vehicle (V2V) and vehicle-to-infrastructure (V2I) 

communications[4], which can enable a number of 

ITS applications, including: 

• Traffic signal coordination: RSUs can be 

used to coordinate the timing of traffic signals 

to improve traffic flow and reduce 

congestion[5]. 

• Collision avoidance: RSUs can be used to 

warn vehicles of potential collisions and 

provide drivers with time to react[5]. 

• Travel information: RSUs can be used to 

provide drivers with real-time travel 

information, such as traffic conditions, 

estimated travel times, and alternative 

routes[5]. 

• Public transportation: RSUs can be used to 

improve the efficiency and reliability of public 

transportation systems, such as by providing 

real-time information on bus and train arrival 

times. Transportation systems may be 

significantly impacted by ITS applications[5]. 

In the US Department of Transportation's 

study, for instance, it was discovered that ITS 

can reduce traffic congestion by up to 20%, 

increase fuel efficiency by up to 10%, and 

reduce vehicle crashes by up to 15% [6]. ITS 

and RSU design have recently made a number 

of advancements. The creation of 5G cellular 

technology has been one of the most 

remarkable developments. In comparison to 

earlier generations of cellular technology, 5G 

offers considerable gains in speed, latency, and 

reliability, making it perfect for enabling ITS 

applications[7]. 

New RSU hardware and software platforms 

have been developed, which is another 

significant development. These platforms offer 

a greater variety of ITS applications and are 

more effective and powerful than earlier 

versions. Additionally, there has been an 

increase in interest in employing machine 

learning (ML) and artificial intelligence (AI) to 

enhance the functionality of ITS applications. 

AI and ML can be used to create more complex 

control algorithms for traffic lights and other 

ITS equipment, as well as to analyze traffic 

data more effectively[7]. 

A data-driven analysis of some of the most 

significant improvements in ITS and RSU 

design is provided below: 

• Five-G for ITS According to a research by the 

5G Automotive Association (5GAA), 5G can 

increase fuel efficiency by up to 5% while 

reducing traffic congestion by up to 15%[8].  

• Advanced RSU hardware and software 

platforms: According to a US Department of 

Transportation research, deploying ITS 

applications can be done for as little as 50% 

less money thanks to new RSU hardware and 

software platforms[8]. 

• AI and ML for ITS: According to research 

from the University of California, Berkeley, AI 

and ML can increase traffic forecast accuracy 

by up to 20%[9]. 

Transportation systems are being significantly 

impacted by improvements in ITS and RSU 

design. For instance, 5G is opening up new ITS 

applications like cooperative adaptive cruise 

control and real-time vehicle platooning. These 

programs can aid in reducing traffic congestion 

and raising fuel economy[10]. The deployment 

of ITS applications is becoming more 

accessible and less expensive because to new 

RSU hardware and software platforms. This is 

causing ITS applications to be widely used in 

towns and cities all around the world. 

ITS applications are performing better thanks 

to the use of AI and ML in a variety of ways. 

For instance, ML and AI are being utilized to 

create more accurate traffic prediction systems 

and more complex traffic signal control 

algorithms[7]. 

This conference paper aims to offer an 

extensive and up-to-date examination of the 

multifaceted world of ITS and RSU design. 

Furthermore, this paper will delve into the 

cutting-edge technologies and research areas 

that are shaping the future of transportation. It 

will explore topics such as 5G integration, 

IoT's role in enhancing communication, the 

burgeoning domain of edge computing, the 

infusion of artificial intelligence into traffic 
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management, and the harmonious integration of 

ITS with smart city initiatives. Through this 

exploration, we hope to provide conference 

attendees with a comprehensive understanding 

of the latest research trends in ITS and RSU 

design. By embracing the transformative 

potential of these systems, we stand on the 

precipice of a new era in transportation—one 

that promises not only enhanced safety and 

efficiency but also a sustainable and 

interconnected future for all fig.2 shows 

structure of the paper. 

 

 
 

II. EVOLUTION OF ITS AND RSUS 

Technology improvements and the expanding need 

for better traffic management, safety, and 

efficiency have pushed the progressive growth of 

Intelligent traffic Systems (ITS) and Roadside 

Units (RSUs). 

Intelligent Transportation Systems (ITS) and 

Roadside Units (RSUs) have a rich history that 

dates back to the 1960s. where, the initial ITS 

applications were concerned with managing and 

controlling traffic, and they made use of 

technology like highway management systems and 

traffic light control systems. [11]. Also , drivers 

could now pay tolls without stopping at tollbooths 

because to the introduction of electronic toll 

collection systems in the 1980s. [12][13]. These 

systems provide a variety of benefits, such as 

decreased traffic congestion, improved fuel 

efficiency, and decreased exhaust gas emissions, 

all of which contribute to a more effective and 

sustainable transportation system. After that, 

Advanced Traveler Information Systems (ATIS), 

which gave drivers real-time traffic information, 

were first developed in the 1990s. Any system that 

gathers, evaluates, and provides data to help 

surface transportation users go from a starting 

point (origin) to their chosen destination is referred 

to as an ATIS[13][14]. Additionally, ATIS can 

function using information provided just from the 

vehicle itself (an autonomous system), or it can use 

information from traffic management centers. 

Furthermore, Pre-trip, en-route, and post-trip 

information can all be provided through ATIS. 

Where ,traffic conditions, road closures, and 

construction information are all included in the 

pre-trip information[13][14]. Also, En-route data 

provides ideas for other routes, trip time 

estimations, and current traffic 

information[13][14].Post-trip comment comprises 

observations about the journey, including travel 

duration, the route traveled, and any problems 

encountered[14]. 

 After that, Roadside Units (RSUs) were created as 

a result of the ITS (Intelligent Transportation 

Systems) focus shifting in the 2000s to vehicle-to-

vehicle(V2V communication is a technology that 

enables vehicles to wirelessly exchange 

information about their speed, location, and 

heading[15]) and vehicle-to-infrastructure 

communication(Vehicle-to-Infrastructure (V2I) 

communication refers to the wireless exchange of 

data between vehicles and roadside infrastructure 

such as traffic lights, sensors, and cameras[16]). 

Where, RSU plays an important role in collecting 

and analyzing traffic data generated by smart 

vehicles. Additionally, RSUs can serve as a 

gateway to other communication networks, such as 

the Internet[13][17].  After that, in the 2020s, 

advancements in 5G and Cellular led to appear 

Vehicle-to-Everything(which includes V2V 

(vehicle-to-vehicle), V2I (vehicle-to-

infrastructure), V2P (vehicle-to-pedestrian), V2N 

(vehicle-to-network), V2D (vehicle-to-device), 

V2G (vehicle-to-grid), V2B (vehicle-to-building), 

V2L (vehicle-to-load), and V2C (vehicle-to-cloud) 

(C-V2X) technology further expanded the 

capabilities of RSUs and V2X 

communication[10][17]. 

 

Fig.2 structure of the paper 
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Traditional transportation systems were mainly 

concerned with provide fundamental services like 

traffic control, safety, and security. These systems 

were created to accommodate a changing 

infrastructure and a growing population. However, 

the emphasis has turned to intelligent 

transportation systems (ITS), which incorporate 

information and communication technology into 

every element of transportation as a result of the 

introduction of new technologies and the rising 

need for efficient and sustainable 

transportation[18]. 

Smart transportation systems are designed to be 

more responsive and adaptive to changing traffic 

conditions, which is made possible by the 

development of new technologies such as the 

Internet of Things (IoT), cloud computing, and big 

data analytics[19][20][21]. Where , real-time data 

gathering and analysis made possible by these 

technologies may be utilized to enhance traffic 

flow, lessen congestion, and boost safety. Also, the 

desire to increase transportation efficiency, lessen 

congestion, and improve safety has propelled the 

advancement of Intelligent Transportation Systems 

(ITS) and Roadside Units (RSUs) from 

conventional to smart transportation systems[19]. 

The transition to smart transportation systems has 

considerable promise for improving the efficiency, 

safety, intelligence, dependability, and 

sustainability of transportation systems[19].fig.3 

shows historical evolution of ITS . 
 

A roadside unit (RSU) is an essential element of 

linked vehicle and intelligent transportation 

systems (ITS). RSUs are often put at intersections 

or on the sides of roadways [22].which, The main 

goal of an RSU is to make it possible for vehicles 

to communicate with one another and with the 

surrounding infrastructure[23][24].fig.4 shows the 

roles of RSUs in V2I. . where, facilitating data 

exchange between vehicles and infrastructure in 

real-time. They are used for traffic management, 

safety applications, traffic signal coordination, 

infrastructure monitoring, emergency services, 

traffic information services, environmental 

monitoring, and roadside advertising. RSUs 

collect, process, and transmit data from vehicles, 

enabling better traffic management, safety, and 

overall transportation efficiency. 

 
 

 

They can broadcast safety-related information to 

nearby vehicles, optimize traffic signal timing, and 

provide real-time updates and route suggestions. 

RSUs also offer environmental monitoring through 

sensors, enabling environmental planning and 

management. In summary, RSUs are essential 

components of smart and connected transportation 

systems, aiming to improve road safety and reduce 

traffic congestion. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig.3  historical evolution of ITS 

Fig.4 the roles of RSUs in V2I 

evolution of ITS 
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III. V2I COMMUNICATION TECHNOLOGIES 

The following generation of Intelligent 

Transportation Systems (ITS) is known as Vehicle-

to-Infrastructure (V2I). Vehicle-to-infrastructure 

(V2I) devices collect data generated by moving 

vehicles and wirelessly transmit to the vehicle 

alerts on environmental, mobility, and safety issues 

[25]. Also, V2I communication can also support 

driving through dynamic exchange of Vehicle-to-

Vehicle (V2V) and V2I messages, generating a 

safer, faster, cheaper, and cleaner way for people 

and goods to move. Furthermore, V2I 

communication can be used to exchange speed, 

heading angle, position, direction, or brake status 

with other surrounding vehicles, where receiving 

vehicles will aggregate these messages and make 

smart decisions using on-board applications which 

will warn drivers about accidents, over-speed, slow 

traffic ahead, aggressive driver, blind spot, or a 

road hazard[26]. 

SO that,The primary goal of V2I communication is 

to improve road safety  for instance by seeking to 

foresee future danger circumstances  

[27].Additionally, Dedicated Short-Range 

Communications (DSRC), Wireless Access in 

Vehicular Environment (WAVE), and cellular 

V2X (C-V2X) are some of the communication 

technologies utilized in V2I 

communication[28][29].  

Intelligent transportation systems (ITS) and V2I     

communication might be dramatically impacted by 

5G technology. Here are a few ways that 5G might 

affect ITS: 

• Improved Performance: According to a 

research, C-V2X technology based on 5G can 

perform better than C-V2X technology based 

on LTE in terms of latency, dependability, and 

throughput. This enhanced performance may 

result in safer roads and better traffic 

control[30]. 

• Real-time Data: Vehicles and infrastructure 

components may be able to exchange data in 

real time thanks to 5G technology's reduced 

latency. This can assist in giving real-time 

updates regarding the state of the roads, traffic 

jams, accidents, construction zones, and 

parking availability[31]. 

• Remote Diagnostics:5G connection may be 

used for remote diagnostics to enhance vehicle 

performance and save downtime. This idea 

may be put to use to analyze data from built-in 

sensors without changing how the car is made. 

The data is analyzed remotely[32]. 

• Security: The existing 5G-V2V standard 

allows protection of V2V messages to be 

handled by higher layer security solutions 

defined by other standards in the ITS 

domain[33]. 

• Increased Efficiency: 5G-enabled V2I 

communications can enable vehicles and 

infrastructure components to communicate with 

each other, leading to increased efficiency in 

transportation systems[31]. 

In conclusion, 5G technology has the potential 

to dramatically enhance ITS and V2I 

communication's efficiency, dependability, and 

security. It might lead to enhanced efficiency in 

transportation systems, real-time data 

interchange, and remote diagnostics. 

V2I communication can be significantly 

improved by the Internet of Things (IoT). Here 

are a few ways that IoT may improve two-way 

communication: 

• Improved Connectivity: IoT may be 

incorporated into established communication 

networks to enhance connection and address a 

variety of issues[34].IoT devices may be used 

to speed up communication and eliminate 

interference in V2I communication[35]. 

• Security: The security of V2I communication 

may be improved using IoT devices. For 

instance, cloudlets can be utilized in intelligent 

transportation systems to offer secure V2V and 

V2I communication[26]. 

• Smart infrastructure: thats can connect with 

cars and offer real-time data regarding road 

conditions, traffic congestion, and other 

elements that may have an influence on 

transportation systems can be developed using 

IoT devices. Smart parking, smart automobiles, 

and smart roadways make up a smart 

transportation system[36]. 

In conclusion, the Internet of Things (IoT) may 

significantly improve V2I communication by 

expanding connection, supplying real-time 

data, improving security, and developing smart 

infrastructure. 

Although there are many great benefits to 

connecting vehicles to infrastructure, there are 

many challenges . fig.5  shows the challenges 

in V2I communication. 
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• The first challenge is Security Communication 

between vehicles and infrastructure presents a 

significant security challenge to protect the 

confidentiality and integrity of data[37]. The 

second challenge is Authentication is one of the 

biggest obstacles to V2I communication since 

wireless communication can be intercepted by 

unauthorized individuals[38]. The third 

challenge is Terrain and Propagation Loss In 

high-altitude mountainous settings, the effect of 

geography on the propagation loss of V2I 

networks might provide difficulties for 

dependable networking and communication for 

intelligent vehicle components[39]. 

• The fourth challenge is 5G NR-V2X 

Requirements The fifth generation New Radio 

vehicle-to-everything (5G NR-V2X) has higher 

requirements for delay and reliability, which 

brings challenges to the physical layer signal 

processing[40]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. EDGE COMPUTING FOR RSUS 

The Edge computing paradigm has experienced 

significant growth in both academic and 

professional circles in recent years. By tying cloud 

computing to IoT, augmented reality, and vehicle-

to-vehicle communications, it acts as a crucial 

enabler for several recent technologies[41]. A 

novel idea in the computer landscape is edge 

computing. It is characterized by speedy 

processing and quick application response time and 

brings the cloud computing service and utilities 

closer to the end user[42][43]. where, involves 

processing data at the edge of a network, closer to 

the end-users, rather than in a centralized cloud 

server. It offers the ability to deal with issues 

including the need for quick responses, battery life 

restrictions, bandwidth cost reductions, data 

security, and privacy[44][45]. IoT, smart homes , 

cities, satellite networks, healthcare, Smart 

transportation, and autonomous driving are just a 

few of the fields that can benefit from edge 

computing[46][47][48][49].  fig.6 shows the Edge 

computing applications[41]. 

 

 

 

 

 

 

 

 

 

 

Modern intelligent transportation systems (ITS) 

and smart cities both heavily rely on edge 

computing. Where, in order to decrease latency and 

increase efficiency, it caches and processes data 

closer to the data source at the network edge. One 

particular form of edge computing, known as 

vehicle edge computing (VEC), uses roadside units 

(RSUs) to store material in order to serve real-time 

automotive applications[50]. When discussing 

edge computing in relation to RSUs (Roadside 

Units), it is important to note that this term refers 

to the deployment of computing computing and 

data processing capabilities at roadside 

infrastructure, such as traffic lights, lampposts, and 

roadside cabinets. This method improves real-time 

decision-making for intelligent transportation 

systems while reducing latency and bandwidth 

utilization[50]. Roadside Units (RSUs) can benefit 

greatly from edge computing in the context of 

intelligent transportation systems (ITS) and smart 

cities.the fig.7  shows the Benefits of edge 

computing in RSUs. 

• Response time: vehicle  edge computing  

servers offer significantly shorter response time 

compared to cloud, making them ideal for 

delay-sensitive applications like safety[51]. 

 

Fig.5   challenges in V2I communication 

 
Fig.6  Edge computing applications 
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• Energy efficiency: Smart vehicles are 

transforming various vehicular applications, 

requiring significant energy consumption. VEC 

can help support these applications, even with 

limited energy[51]. 

• Bandwidth: Smart vehicle popularity leads to 

increased data generation and diverse content 

requests. Cloud computing cannot handle this, 

so VEC can alleviate bandwidth stress by 

moving computation and storage resources to 

the network edge[51]. 

• Storage: Data stored in VEC edge servers near 

vehicular users can be accessed in real-time 

using caching technology, reducing the storage 

burden on the remote cloud[51]. 

• Proximity services: VEC edge servers provide 

proximity services to vehicular users, 

enhancing user experience and efficient traffic 

management. They process location and 

sensing data, building high-definition maps for 

vehicles[51]. 

• Context information: VEC edge servers collect 

real-time vehicle behavior, traffic environment, 

and network conditions, enhancing applications 

like delivering content to users based on their 

interests[51]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 

 

 

V. ARTIFICIAL INTELLIGENCE IN TRAFFIC 

MANAGEMENT 

 

• Modern civilizations require effective traffic 

management, particularly in metropolitan areas 

where traffic congestion is a serious issue. 

Significant economic consequences associated 

with traffic congestion might include decreased 

productivity, wasted fuel, and increased air 

pollution. By increasing traffic flow and 

decreasing the amount of time spent in it, 

effective traffic management may help lower 

these expenses while also lowering stress levels 

and enhancing the quality of life for both 

drivers and passengers. The process of 

regulating traffic is known as traffic 

management, and it involves streets, highways, 

and public roadways. Additionally, keeping 

traffic moving safely and efficiently, reducing 

traffic congestion, and lowering the frequency 

of accidents on the road are the main objectives 

of traffic management[52].The fig.8  shows the 

application of traffic management[53]. To 

govern the flow of cars and guarantee road 

users' safety, effective traffic management 

entails the employment of a variety of tactics, 

including traffic engineering, traffic control 

devices, and transportation planning[52]. 
 

 

 

 

 

 

 

 

 

 

 

The number of vehicles on the world's roads has 

been rising for several decades. However, the 

capacity of the roads does not increase at the same 

rate, which results in a significantly higher 

congestion rate. The researchers chose adaptive 

traffic management as a smart and effective way to 

use the already-existing infrastructure in order to 

reduce this challenging problem. The various 

recently proposed methods have been built on 

cutting-edge innovations like artificial intelligence 

(AI)[54]. Drivers can choose from a variety of 

Fig.7  Benefits of edge computing in RSUs 

 

Fig.8 shows the application of traffic management 
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routes in road networks to get to their destination. 

Utilizing traffic data intelligently could optimize 

this decision and lessen the negative effects of 

congestion[55]. 

Artificial intelligence (AI) techniques are being 

applied to traffic management to enhance safety, 

improve traffic flow, and lessen congestion. In 

smart cities, AI can be used for bandwidth 

allocation, short-term traffic flow prediction, traffic 

signal control, and traffic mobility management. AI 

can help manage air traffic by coordinating flight 

desk staff and air traffic control systems. Deep 

belief networks, pelican optimization, and particle 

swarm optimization are a few of the AI-based 

techniques used in traffic management. In order to 

address the issues of increasing traffic, the energy 

transition, environmental protection, and system 

resilience to significant traffic perturbations, the 

use of AI in traffic management is anticipated to 

increase in the future[56][57][58][59][60]. 

Important areas of research in the field of 

intelligent transportation systems include AI-driven 

traffic prediction and congestion management. 

Recent developments in the field of AI-driven 

traffic prediction and congestion management 

include the use of deep learning models such as 

TmS-GCN(Temporal Multi-Spatial Dependence 

Graph Convolutional Network)[61]. to forecast 

traffic data at the regional level and increase the 

generalizability of spatiotemporal traffic 

prediction. Other developments include the use of 

reinforcement learning [62] and distributed model-

free adaptive predictive control [63] for work zone 

traffic management and urban traffic networks, 

respectively. There have also been initiatives to 

increase the sustainability of transportation 

networks by the use of intelligent intersection 

management strategies[64]. 

In the field of study known as "machine learning," 

algorithms and statistical models are used to help 

computers learn from data and become better at a 

given task. Many fields, including traffic 

management, are using machine learning 

techniques to enhance safety, improve traffic flow, 

and reduce congestion. For intelligent traffic 

control, a number of machine learning methods 

have been developed[65]. These algorithms include 

deep learning frameworks with multi-layer 

Extreme Learning Machine (ELM)[67], fusion-

based intelligent traffic congestion control system 

for vehicular networks using machine learning 

techniques[65] and SVM, KNN, and CNN 

algorithms[68][69]. Also, regression, naive Bayes, 

decision trees, and random forest algorithms are 

further methods[70]. These algorithms are used to 

manage traffic congestion, estimate injury severity 

from traffic collisions, and anticipate traffic flow. 

Traffic flow and congestion in metropolitan areas 

have improved because to the application of 

machine learning algorithms[66][67][68][69][70]. 

finelly, AI has the ability to significantly contribute 

to the reduction of many traffic management issues  

Such problems seriously affect the economy when 

considered as a whole. In Brazil, the estimated cost 

caused by congestion in the cities surpasses R$ 80 

billion (BRL) per year [71] . On the other hand, in 

the European Union, such cost accounts for 

approximately 2% of  Fully documented templates 

are available in the elsarticle package on CTAN . 

its Gross Domestic Product (GDP) [72] , and in the 

USA it accounts for more than U$ 160 billion 

[73] . and its also able to  development of more 

effective, safe, and sustainable transportation 

systems[74]. 

VI. INTEGRATION OF ITS WITH SMART CITY 

INITIATIVES 

A critical step toward developing more effective, 

sustainable, and user-friendly urban settings is the 

integration of Intelligent Transportation Systems 

(ITS) with Smart City efforts. Smart cities use 

technology and data to better urban services, boost 

resident quality of life, and maximize resource 

management. Including ITS in these programs can 

aid in resolving a number of urban and 

transportation issues. 

Intelligent Transportation Systems (ITS) work to 

create smart cities by managing public resources, 

enhancing the quality of transportation services, 

and emphasizing comfort, maintenance, and 

sustainability[10]. ITS technology may be 

combined with a variety of smart city components, 
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including smart grid, smart parking, smart transit, 

smart community, smart healthcare, and smart 

healthcare[75][76]. 

The development of smart cities can benefit from 

intelligent transportation systems (ITS) in a 

number of ways. Here are a few instances: 

Mobility in cities may be increased through ITS by 

giving real-time traffic data, enhancing traffic flow, 

and lowering congestion. 

Increasing sustainability: By using electric and 

driverless vehicles, ITS improve a city's 

sustainability by lowering emissions and energy 

usage. 

Geographic information technologies, a crucial part 

of ITS, can offer Smart City initiatives tools to 

support decision-making by providing quick access 

to various layers of information that can be 

combined and integrated to facilitate analysis of a 

situation and help make the best decisions. 

there are Case studies of successful ITS integration 

in smart cities for instance 

Singapore - Smart Mobility: Singapore is a pioneer 

in the field of smart city initiatives, and a major 

factor in its success has been the incorporation of 

ITS. The city-state employs the "Smart Mobility 

2030" concept, which comprises a substantial 

sensor and video network to continuously monitor 

traffic flow and congestion. The system regulates 

tolls, maintains traffic lights, and gives vehicles 

real-time traffic information, reducing congestion 

and enhancing mobility[78][79]. 

Dubai has implemented a comprehensive ITS 

system called "Smart Traffic Systems," utilizing AI 

to predict traffic congestion and adjust signal 

timings for smoother traffic flow[80]. 

Spain's Barcelona Smart Parking: Barcelona's 

parking management system incorporates ITS. 

Real-time information on parking spot availability 

is provided by sensors installed in parking spaces 

and shared with vehicles via mobile apps. As a 

result, less time is spent looking for parking, traffic 

is eased, and pollutants are decreased[81]. 

Seoul, South Korea - Smart Bus System: Seoul has 

implemented a smart bus system that uses GPS and 

ITS technologies to provide real-time information 

about bus location and estimated time of arrival. 

Passengers can access this information through 

mobile apps and electronic displays at bus stations, 

making public transportation more reliable and 

user-friendly[82] 

The fig.9 shows  Case studies of successful ITS 

integration in smart cities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ecology and sustainability may be significantly 

impacted by the combination of Intelligent 

Transportation Systems (ITS) with smart city 

technology. Utilizing ITS can aid in reducing 

traffic congestion, which in turn lowers car 

emissions. Additionally, smart city technology can 

enhance waste management and lower building 

energy use[83]. 

In general, the combination of smart city projects 

with ITS may make cities more livable, 

sustainable, and effective. 

VII.  FUTURE RESEARCH DIRECTIONS 

Future research directions for Intelligent 

Transportation Systems (ITS) and Roadside Unit 

(RSU) design, focusing on emerging technologies, 

security and privacy concerns, as well as policy 

and regulatory implications: 

Emerging Technologies in ITS and RSU Design: 

 

a. 5G and Beyond: Explore the potential of 5G and 

future wireless technologies in enhancing 

communication between vehicles and RSUs, 

providing lower latency and higher bandwidth for 

real-time data exchange[84][85][86]. 

 
Fig.9  shows  Case studies of successful ITS integration 

in smart cities 
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b. Edge Computing: Investigate the integration of 

edge computing into RSUs to process data locally, 

reducing latency and enabling faster decision-

making in critical traffic situations84][85][86]. 

 

c. AI and Machine Learning: Develop advanced 

machine learning algorithms for data analysis and 

predictive modeling within ITS, enabling more 

accurate traffic prediction and 

management84][85][86]. 

 

d. Connected and Autonomous Vehicles (CAVs): 

Research how RSUs can better support CAVs by 

providing infrastructure for vehicle-to-

infrastructure (V2I) and vehicle-to-everything 

(V2X) communication, contributing to safer and 

more efficient autonomous driving. 

 

e. Blockchain and Distributed Ledger Technology: 

Explore the potential of blockchain for secure and 

tamper-proof data sharing and transactions within 

the ITS ecosystem, enhancing trust and data 

integrity84][85][86]. 

 

f.Data-Driven Decision-Making: Big data analytics 

will play a crucial role in ITS. RSUs will collect 

and process massive amounts of data from various 

sensors, cameras, and vehicles. This data will be 

used to optimize traffic flow, predict congestion, 

and enhance overall transportation efficiency. 

Machine learning algorithms will be employed to 

extract meaningful insights from this 

data84][85][86]. 

 

Privacy and Security Issues: 

 

a. Develop strong cybersecurity measures, such as 

intrusion detection systems, encryption, and secure 

authentication methods, to shield RSUs and ITS 

networks from cyberattacks[87]. 

 

b. Investigate privacy-preserving strategies like 

differential privacy to preserve the privacy of users 

of ITS services and make sure that personal 

information is anonymized and shielded from 

unauthorized access[87]. 

 

c. Data Authentication and Integrity: To avoid data 

manipulation and guarantee reliability, provide 

systems for confirming the authenticity and 

integrity of data sent between vehicles and 

RSUs[87]. 

 

d. Secure Communication Protocols: Investigate 

and develop secure communication protocols that 

are resistant to a variety of online dangers, 

protecting the secrecy and integrity of data 

transfer[87]. 

 

Policy and Regulatory Implications: 

 

a. Standardization: Advocate for international 

standards and interoperability to ensure seamless 

integration of RSUs and ITS systems from 

different manufacturers, promoting a unified and 

efficient transportation network[88]. 

 

b. Data Governance: Establish clear policies for 

data ownership, sharing, and access control, 

addressing concerns related to data collected by 

RSUs and shared with various stakeholders[88]. 

 

c. Liability and Insurance: Examine liability issues 

and insurance frameworks in cases of accidents 

involving CAVs and RSUs, clarifying 

responsibility and coverage[88]. 

 

As technology continues to advance, addressing 

these research directions and policy concerns will 

be essential to ensure the effectiveness, security, 

and ethical use of ITS and RSU systems in 

transportation networks. 
 

VIII.  CONCLUSION 

In conclusion, this comprehensive review has 

provided valuable insights into the ever-evolving 

landscape of Intelligent Transportation Systems 

(ITS) and Roadside Unit (RSU) design. From 

tracing their historical evolution to exploring 

cutting-edge technologies like 5G, IoT, and edge 

computing, this paper has highlighted the critical 

role these systems play in shaping the future of 

transportation. 

The advancements discussed, such as AI-driven 

traffic management and integration with smart city 

initiatives, underscore the potential for safer, more 

efficient, and sustainable mobility. As we look to 

the future, it becomes evident that ITS and RSUs 

will continue to be pivotal in addressing the 
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challenges and opportunities of modern 

transportation. 

This review not only serves as a snapshot of the 

present but also as a catalyst for ongoing discourse 

and research in the field. It is imperative that we 

recognize the importance of staying at the forefront 

of technology and policy development to ensure 

the continued enhancement of our transportation 

infrastructure. With emerging technologies and 

innovative solutions on the horizon, the journey 

towards smarter and more connected transportation 

systems is an exciting one, with far-reaching 

implications for the way we move and interact in 

our increasingly interconnected world. 
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