
 
Semarak Engineering Journal 13, Issue 1 (2026) 190-198 

190 
 

 

Semarak Engineering Journal 

  

Journal homepage: 
https://semarakilmu.my/index.php/sej/index 

ISSN: 3036-0145 
 

Bridging the Gap Between Vehicles and Infrastructure for Enhanced 
Communication and Mobility: Comprehensive Study 

 
Hussein K. Abdul Atheem1, Israa T. Ali1,*, Faiz A. Al Alawy2 
 

1 

 
Computer Science Department, University of Technology, Baghdad, Iraq  
 
 

2 College of Engineering, Kent State University, Ohio, USA 

ARTICLE INFO ABSTRACT 

Article history: 
Received 12 August 2025 
Received in revised form 10 January 2026 
Accepted 12 February 2026 
Available online 14 April 2026 

Vehicular Ad-hoc Networks (VANETs) present a transformative model for mobility and 
communication within transportation systems. This study explores the VANETs pivotal 
role bridging the gap between infrastructure and vehicles to simplify solutions for 
communication and mobility. The VANETs core rest of in their capability to build 
dynamic communication links between roadside infrastructure and vehicles, 
encourage real-time data collaboration and exchange. Communication protocols of 
Vehicle-to-Infrastructure(V2I) and Vehicle-to-Vehicle (V2V), shape the backbone of this 
interconnected network, allowing an applications wide array aimed at enhancing 
efficiency, convenience and safety on the roads. This article explaining the major 
elements of VANET communication, also this study explores the use of dedicated short-
range communication (DSRC), cellular networks, bandwidth utilization and protocols 
of ad-hoc networking to enhance the reliability of communication. In addition, it checks 
emerging technologies such as algorithms of machine learning and edge computing to 
improve abilities of data processing and allow intelligent decision-making in VANET 
environments. improved communication abilities within VANETs ease the advanced 
mobility solutions implementation, including systems for dynamic traffic management, 
predictive analytics for congestion mitigation and systems for cooperative collision 
avoidance. VANETs enable infrastructure and vehicles via using collaborative decision-
making and real-time data exchange, to reply dynamically to changing traffic 
conditions, overall enhancing traffic safety and flow. Furthermore, the article explains 
the VANETs integration with emerging transportation trends like autonomous and 
connected vehicles (ACVs) and pointing to the synergies between these technologies 
in enabling safer and efficient mobility solutions. Via leveraging VANETs to ease 
communication and coordination among (AVCs) infrastructure, it can unlock the full 
potential of autonomous driving and usher in a new era of transportation. Drawing 
facts from effective VANET deployment initiatives around the world, including Smart 
Mobility Testbeds, Cooperative Intelligent Transport Systems (C-ITS), this study 
emphasizes the transformative factor of VANETs in reshaping of urban mobility. Via 
bridging the gap between infrastructure and vehicles, VANETs put the base for a future 
where transportation is not only secure and effective but also more inclusive and 
sustainable for all road users. 
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1. Introduction 
 

In the near future, our roads will become a data exchange symphony. Vehicles will no longer be 
inanimate object made of metal and glass, but intelligent nodes deployed in a vast network. This 
interconnected ecosystem, supported via Vehicular Ad-hoc Networks (VANETs) as shown in Figure 1. 
VANETs are more than just Wi-Fi for vehicles. They represent a primary shift in transportation 
infrastructure. visualize a network woven from vehicles not cables and wires. Each vehicle represents 
a node, supplied with devices have short-range wireless that continually exchange data with other 
vehicles and roadside infrastructure such as sensors and traffic lights. This generates a dynamic 
information network, real-time data exchange that paints a full picture of the transportation 
landscape [1]. VANETs make drivers and passengers have a comfortable journey the for via 
presenting road safety and effective traffic management. Vehicles supplied with VANET technology 
won't be fixed objects on the road. They'll be active entrant in a collaborative intelligence, continually 
adapting and communicating to their environment. It can be explained in this way: 

• Vehicle-to-Vehicle (V2V) Communication: Visualize driving down the highway and received an 
immediate alert from a vehicle up ahead about an unexpected braking maneuver. Vehicles can 
share real-time information on location, direction and speed via V2V communication, 
subsequently fostering a cooperative driving sense that can seriously decrease traffic congestion 
and accidents [2].  

• Vehicle-to-Infrastructure (V2I) Communication: Traffic lights are no longer ordinary monitors, 
they become active contribute in the information flow. Traffic lights can receive real-time 
information on traffic volume and modify their timing accordingly via V2I communication. 
Visualize a world where red lights become a thing of the past, substituted by a dynamic system 
that improves traffic flow for everyone [3-4]. 

 

Fig. 1. Structure of VANET [29] 

      There are other cases of how VANETs are prepared to revolutionize our transportation systems. 
But the interest extends far beyond: 
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• Enhanced Effectiveness:  - Real-time traffic information used for leading to shorter travel times, 
reduced fuel consumption and route optimization everyone on the road. 

• Enhanced Safety:  - Coordination of emergency response and Collision avoidance systems (CAS) 
can be seriously improved via VANET-enabled data sharing. 

• Intelligent Infrastructure:  - Worthy data gathered via VANETs can be used via centers of traffic 
management to improve infrastructure utilize and projection for future needs. Real-time traffic 
data can be used for route optimization, leading to shorter travel times and reduced fuel 
consumption for everyone on the road. 

2. VANETs Key Components  

VANETs are derived from Mobile Ad-Hoc Networks (MANETs) and that are specialized in 
vehicular communication and the VANETs key components are: 

 Vehicles: - Each vehicle is supplied with onboard units (OBUs) which represent the primary nodes 
in VANETs. These OBUs build from wireless communication interfaces (like cellular or Wi-Fi), 
sensors (for detecting road conditions, pedestrians and vehicles), GPS receivers and computing 
abilities. Vehicles communicate with each other directly (vehicle-to-vehicle, V2V communication) 
or with roadside infrastructure (vehicle-to-infrastructure, V2I communication). They contribute 
in different VANET applications like optimization of traffic flow, cooperative collision warning and 
sharing of multimedia content as shown in Fig. 2. 

 Infrastructure Elements: - VANETs include central servers and roadside units (RSUs), roadside 
units are stable roadside installations supplied with communication abilities (like DSRC or Wi-Fi) 
that allow communication with passing vehicles. RSUs may be strategically placed at 
intersections, highway exits, toll booths, and other key locations to provide coverage and support 
VANET applications. Central servers may be employed for tasks such as data storage, 
management of vehicular data, authentication, and coordination of communication among 
vehicles and infrastructure. 

 Communication Protocols: - Enables reliable and efficient communication among vehicles and 
infrastructure in VANETs. These protocols determine the procedures and rules for exchanging 
data, ensuring security and management of network resources. IEEE 802.11p also known as 
(WAVE-Wireless Access in Vehicular Environments), is a regularly used protocol for VANET 
communication, providing high-speed communication and low-latency [5]. Other protocols like 
(C-V2X- Cellular Vehicle-to-Everything) and (DSRC-Dedicated Short-Range Communications), 
these protocols may use base on the specific demands of the VANET deployment. 

 Management of Mobility: - VANETs includes managing and tracking the vehicles movement as 
they travel over the road network. This involves tasks like route planning, ensuring smooth 
connectivity during mobility, management of handover (when cars move out from   RSU range 
and get into another range) and vehicle tracking. Protocols and algorithms for mobility 
management focus on improve network performance, assist VANET applications like 
(management of traffic and emergency response) and reliable communication. Techniques are 
working to faces the mobility challenges in VANETs like optimization of dynamic route, predictive 
mobility modeling and mechanisms for adaptive handover [6]. 
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Fig. 2. Components of VANET [30]. 

3. Bridging Vehicles and Infrastructure 

Bridging infrastructure and vehicles in (VANETs) is very important for allowing efficiency 
communication and coordination between roadside infrastructure and vehicles. 

3.1 Importance of Integration 

Integration enables vehicles to make contact with roadside infrastructure, allowing the 
deployment of real time traffic data, emergency warnings and road hazard cautions. This improves 
driver knowledge and decrease accidents risk [7]. Via swapping data with infrastructure, cars can 
receive traffic flow updates, congestion levels and road conditions. This information can be used to 
improved route planning and control of traffic signal, that assess to minimized travel times and 
smoother traffic flow [8]. Integration allows cars to access infrastructure-based services like traffic 
signal data, maps with high definition and cloud processing [9]. 

3.2 Challenges of Bridging Vehicles and Infrastructure 
§ Communications Range: - The limitation of communication range represents a challenge between 

infrastructure and vehicles, mainly in areas with sparse roadside infrastructure. at the same time, 
securing seamless transmission coverage needs careful roadside units (RSUs) placement and 
environmental factors consideration that impact signal propagation [10]. 

§ Connectivity issues: - The communications can be interrupt by many factors like network 
congestion, topology changes and signal interference. Therefore, to keep the communication 
reliable between infrastructure and vehicles it necessary to call adaptive communication 
protocols capable of managing the circumstances of dynamic network and robust handover 
mechanisms [11]. 

§ Security problems: - Integrating infrastructure and vehicles leads to security weaknesses, 
including cyber-attacks risk, privacy breaches and data tampering [12]. 
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3.3 Solutions and Technologies for Integration 
§ Dedicated Sort Range Communication (DSRC): - Is a technology that depend on wireless 

communication specifically build for (V2V) and (V2I) communication in VANETs. It works in the 
5.9 GHz frequency band and presents communication with high-speed fit for safety critical 
applications and low-latency [13]. 

§ Cellular Networks: - Present huge information rates and extended coverage contrast to DSRC, 
inclusive of 4G LTE and emerging 5G technologies. Vehicles can leverage cellular networks for 
long-range communication, data offloading, and accessing cloud-based services. 

§ Ad hoc Networking Protocols: - Enable vehicles to form self-organizing networks without relying 
on infrastructure. Vehicles can communicate directly with each other or relay messages to extend 
the communication range, especially in areas with limited infrastructure coverage [14]. 

§ Edge Computing Platforms: - Deployed in roadside infrastructure can process and analyze data 
closer to the source, reducing latency and alleviating bandwidth constraints. Edge computing 
enables real-time decision-making, context-aware applications, and efficient resource utilization 
in VANETs [15]. 
 

4. Enhanced Communication in VANETs 
 
VANETs can depend on various communication types to enhance communication which 

explained in these steps: 

A. Vehicle to Vehicle(V2V): - Implementing a Dynamic Spectrum Access (DSA) approach for V2V 
communication, allowing vehicles to opportunistically access available spectrum bands to 
improve communication reliability and throughput. Dynamic Spectrum Access (DSA) enables 
vehicles to adaptively utilize spectrum bands that are not currently in use by primary users, such 
as licensed spectrum holders, to avoid interference and enhance communication performance 
[16]. 

B. Vehicle to Infrastructure (V2I): - Integration of Software-Defined Networking (SDN) principles in 
V2I communication, enabling centralized network management and dynamic resource allocation 
to optimize communication performance and traffic management. Software-Defined Networking 
(SDN) decouples the control plane from the data plane, allowing centralized control and 
programmability of network resources. Also, in V2I communication, SDN can facilitate dynamic 
traffic management, route optimization, and quality-of-service (QoS) provisioning based on real-
time traffic conditions and application requirements. Centralized network controllers can 
dynamically allocate resources, prioritize traffic, and optimize routing paths to enhance 
communication reliability, reduce latency, and improve network efficiency [17-18]. 

C. Infrastructure to Infrastructure (I2I): - Blockchain technology use to build communication 
channels between roadside infrastructure units that are secured and decentralized to ensuring 
authentication and data integrity in I2I communication. Blockchain provides a decentralized and 
tamper-proof ledger that records transactions securely across a network of nodes [19-20]. 

5. Enhanced Mobility in VANETs 

VANETs rely on various communication standards to enhancing mobility as shown: 

A. Traffic Management and Optimization: - Implementing a Dynamic Traffic Management System 
(DTMS) using VANET data and predictive analytics to dynamically adjust traffic signal timings, lane 
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assignments, and speed limits to optimize traffic flow and reduce congestion. DTMS leverages 
real-time data from vehicles and infrastructure to monitor traffic conditions and predict traffic 
patterns, Advanced analytics techniques such as machine learning and data mining can analyze 
historical and real-time traffic data to predict future congestion hotspots and traffic bottlenecks 
[21]. 

B. Systems of Collision Avoidance: - Deployment of Cooperative Collision Avoidance Systems (CCAS) 
that utilize V2V and V2I communication to exchange real-time vehicle position and speed data, 
enabling proactive collision detection and avoidance maneuvers [22]. 

C. Incident Management and Emergency Services: - VANETs Integration with systems of emergency 
response enabling to detect incidents, prioritization of emergency vehicle, and real-time 
coordination between emergency responders and authorities of traffic management. VANET-
enabled emergency services systems utilize V2I communication to receive real-time incident 
reports from vehicles and roadside infrastructure, Advanced incident detection algorithms 
analyze incoming data to identify accidents, road closures, and other emergencies. 
 

6. Successful Implementation of VANETs 
 
There are several types of VANETs project that may companies and researchers work on it, 

these are the most interesting systems in VANET that related to our subject, as shown in Table 
below: 

 
Table 1 
Implementation for VANET systems. 
VANET System Benefit Contributions 
Cooperative Intelligent 
Transport Systems 

(C-ITS) based on VANET 
technology to improve road 
safety and traffic efficiency 

C-ITS applications include cooperative 
adaptive cruise control, intersection 
collision warning, and traffic light 
optimization. These systems grip V2I and 
V2V communication to coordinate car 
movements and swap real-time traffic data 
[23]. 

Testbed of Smart Mobility Singapore has executed a global 
Smart Mobility Testbed that 
involve technology of VANET to 
improve traffic safety and 
management 

The testbed uses V2I communication to 
supply real time traffic data, enhance 
timing of traffic signal and organize public 
transportation systems. VANETs are playing 
an important role in decrease congestion, 
enhancing public transport effective and 
improving mobility in urban areas [24]. 

Service of ITS Spots Tokyo, has executed the service 
of ITS spots, which uses VANET 
technology to produce real time 
traffic data to drivers. 

VANET allowed (RSUs) to deploy traffic 
updates involving road closures, accidents 
and congestion to vehicles supplied with 
(OBUs). The Service of ITS spots optimize 
traffic management, enhances road safety, 
and decrease travel time [25]. 

Infrastructure for 
Connected Roadside 

Sydney has built an infrastructure 
for connected roadside network 
that uses VANET technology to 
enhance traffic safety and flow 

VANET allowed variable message signs 
(VMS), speed advisory systems and traffic 
lights. Also, VANET produce real time data 
to drivers for optimizing situational 
awareness and decrease congestion. The 
infrastructure of connected roadside in 
Sydney expresses the efficiency of VANETs 
in manage urban traffic [26]. 
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Management Systems for 
Urban Traffic 

These systems had applied in 
cities worldwide and also used 
VANET to reduce congestion and 
enhance traffic flow 

They use V2I communication to gather real 
time traffic information, observe traffic 
conditions and modify traffic signal timings 
dynamically. These systems reduce travel 
time, enhance traffic flow and optimize 
safety [27]. 

Systems for Emergency 
Vehicle Priority (EVP) 

These systems are applied in 
different cities worldwide to rush 
response times for emergency. 

These systems use V2I communication to 
discover close emergency vehicles and 
modify traffic signal timings dynamically to 
supply green lights, enabling path without 
obstacles. EVP systems seriously optimize 
emergency response, effectiveness and 
improve safety [28]. 

 
 
7. Conclusions 

 
In conclude, (VANETs) represent a transformative model in transportation systems, expressing an 

era of optimized communication and mobility solutions. This article has covered the major role of 
VANETs in bridging the hiatus between infrastructure and vehicles, enhancing links of dynamic 
communication that allow real time information swap and collaboration. Via protocols of (V2I) and 
(V2V) communication, VANETs enable cars to interact cooperatively and that leads to enhanced 
safety, effectiveness and roads convenience. The key components exploration, emerging 
technologies within VANETs and communication protocols has focus on the possibility of enhanced 
communication reliability, data processing abilities and bandwidth employment. In addition, VANETs 
integration with emerging transmission trends like autonomous and connected vehicles (ACVs) 
pledge to develop the mobility techniques. Via leveraging VANETs to ease coordination and 
communication among (ACVs) and infrastructure, it can provide safer transportation systems and 
more efficient. Effective execution initiatives worldwide, like testbeds of smart mobility and transport 
systems for cooperative intelligent, represent VANETs transformative factor on reformation urban 
mobility. Via connect infrastructure and vehicles, VANETs cover the way for transportation future 
where is not only efficient and safer but also sustainable and comprehensive for all roads. In spite of 
the challenges of infrastructure integration, security and standardization, continuing development 
and research efforts ongoing to push VANETs forward. Via concerted efforts to face these challenges, 
VANETs are prepared to become the basis of safer, efficient and smarter transportation systems, 
heralding a new generation of connected mobility. 
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