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ABSTRACT: Vehicular Ad-hoc Networks (VANETs) have emerged as a promising technology for enabling efficient 

communication and coordination among vehicles on the road. Simulating VANETs is crucial for evaluating the 

performance of communication protocols, routing algorithms, and other aspects related to vehicular communication. 

This research paper provides a comprehensive review of various simulators used for modeling and analyzing VANETs. 

We present an overview of each simulator and its suitability for further research and development scenarios. By 

understanding the strengths and weaknesses of these simulators, researchers can make informed choices when 

selecting the appropriate simulation tool for their VANET studies. One challenge is the realistic modeling of vehicular 

mobility, as it requires capturing the dynamic movement patterns, traffic flow, and diverse driving behaviors of 

vehicles. Another significant challenge is the accurate modeling of wireless communication, considering the specific 

characteristics of vehicular environments such as high node mobility, intermittent connectivity, and signal 

interference. In this paper, we discuss VANET and its various simulators such as NS3, SUMO, OMNET++, VanetSim, 

and Veins. 
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I. INTRODUCTION 

Vehicular Ad-hoc Networks (VANETs) have gained 

significant attention in recent years due to their potential to 

revolutionize transportation systems by enabling efficient 

communication and coordination among vehicles on the road. 

VANETs facilitate the exchange of information among 

vehicles, roadside infrastructure, and other entities, leading to 

improved road safety, enhanced traffic management, and the 

realization of future mobility concepts, such as autonomous 

driving. 

Simulating VANETs is an essential component in the 

research and development of vehicular communication 

protocols, routing algorithms, and other related technologies. 

Simulation enables researchers to evaluate the performance 

and effectiveness of various VANET solutions under 

different traffic conditions, environmental factors, and 

system configurations without the need for costly and time-

consuming real-world experiments [1]. 

However, selecting an appropriate simulator for VANET 

research can be a challenging task, as there are numerous 

simulators available with varying features, capabilities, and 

limitations. Each simulator has its own strengths and 

weaknesses, making it crucial for researchers to have a 

comprehensive understanding of these simulators to choose 

the most suitable one for their specific needs. 

This research paper aims to provide a review of various 

simulators used for modeling and analyzing VANETs. It 

presents an overview of each simulator, discusses its features, 

capabilities, and limitations, and compares its suitability for 

further research and development scenarios. By examining 

these simulators in detail, researchers and practitioners can 

make informed decisions when selecting a simulation tool for 

their VANET studies, ensuring that they choose the most 

appropriate platform for their specific requirements. 

The subsequent sections of this paper will delve into the 

requirements and evaluation criteria for VANET simulators, 

followed by a detailed comparative analysis of prominent 

simulators such as NS-3, SUMO, OMNeT++, Veins, and 

VANETsim [2], among others. The paper will also discuss 

the use cases and applications of VANET simulators and 

address the current limitations and potential future 

developments in this field. 

Overall, this research paper aims to provide a comprehensive 

overview of various simulators of vehicular ad-hoc networks, 

enabling researchers and practitioners to make informed 

decisions and contribute to the advancement of VANET 

research, ultimately leading to safer and more efficient 

vehicular communication systems on our roads. 

II. VEHICULAR AD-HOC NETWORKS (VANETs) 

Vehicular Ad-hoc Networks (VANETs) are a specialized 

form of Mobile Ad-hoc Networks (MANETs) that focus on 

enabling communication and information exchange among 

vehicles on the road.  
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VANETs utilize wireless communication technologies to 

establish a dynamic network infrastructure, allowing vehicles 

to communicate with each other and with roadside 

infrastructure, such as traffic lights and roadside units [3]. 

The primary objective of VANETs is to improve road safety, 

traffic efficiency, and passenger comfort by facilitating the 

exchange of real-time information among vehicles. Through 

VANETs, vehicles can share information about their speed, 

position, acceleration, and other relevant parameters. This 

information can be used to detect and prevent accidents, 

optimize traffic flow, provide advanced driver assistance 

systems, and enable cooperative driving scenarios.  

VANETs operate in a highly dynamic and challenging 

environment, characterized by high-speed mobility, 

intermittent connectivity, and limited communication range. 

These unique characteristics pose significant challenges for 

designing efficient communication protocols and routing 

algorithms for VANETs. Therefore, simulating VANETs 

plays a crucial role in understanding the behavior of vehicular 

communication systems and evaluating the performance of 

various VANET solutions. 

The applications of VANETs are diverse and range from 

safety-related services to infotainment and entertainment 

services for passengers. Some common applications include 

collision warning systems, traffic congestion detection and 

management, intelligent transportation systems, emergency 

message dissemination, and cooperative adaptive cruise 

control. 

In VANET research [4], simulation provides a cost-effective 

and scalable approach to evaluating different scenarios, 

traffic patterns, and communication protocols. Simulators 

allow researchers to assess the performance and effectiveness 

of various VANET solutions without the need to deploy real-

world testbeds or conduct extensive field experiments. 

Furthermore, simulation enables researchers to replicate 

specific conditions, manipulate variables, and collect 

comprehensive data for in-depth analysis. 

Overall, VANETs have the potential to transform the 

transportation landscape by creating safer, more efficient, 

and intelligent road networks. Simulating VANETs is crucial 

for advancing research and development in this field, 

enabling the design and evaluation of robust vehicular 

communication systems and paving the way for the 

realization of future smart and connected transportation 

systems. 

III. VANET SIMULATORS 

A. NS-3 (Network Simulator 3) [5] 

NS-3 (Network Simulator 3) is a widely used open-source 

simulation framework specifically designed for networking 

research and development. It provides a comprehensive 

platform for simulating and evaluating various 

communication protocols, including those tailored for 

Vehicular Ad-hoc Networks (VANETs). NS-3 offers a wide 

range of features, making it a popular choice among 

researchers and practitioners in the field of VANET 

simulation. 

One of the key strengths of NS-3 is its flexibility and 

extensibility. It allows users to define custom scenarios, 

network topologies, and mobility models to accurately 

represent real-world VANET environments. NS-3 provides 

an extensive library of communication models and protocols, 

including IEEE 802.11p/WAVE (Wireless Access in 

Vehicular Environments), which is specifically designed for 

VANET communication. 

NS-3 supports both physical layer and higher-layer protocol 

simulations, enabling researchers to analyze the impact of 

different communication parameters, such as transmission 

power, modulation schemes, and channel characteristics, on 

the performance of VANET systems. It also includes realistic 

models for channel fading, interference, and mobility, which 

are crucial for capturing the dynamic nature of vehicular 

environments. 

Furthermore, NS-3 provides a rich set of tools for gathering 

and analyzing simulation results. It allows users to collect 

detailed statistics, such as packet delivery ratios, end-to-end 

delays, and throughput, enabling comprehensive 

performance evaluations. NS-3 also supports visualization 

features that help researchers visualize network behavior, 

making it easier to interpret and analyze simulation results. 

B. SUMO (Simulation of Urban Mobility) 

SUMO (Simulation of Urban Mobility) is a widely adopted 

open-source traffic simulation platform that provides a 

realistic environment for modeling and analyzing 

transportation systems, including Vehicular Ad-hoc 

Networks (VANETs). It focuses on simulating traffic 

dynamics, road networks, and vehicle movements, making it 

a valuable tool for studying traffic flow, congestion, and the 

impact of various traffic management strategies on VANETs. 

One of the key features of SUMO [6] is its ability to model 

realistic road networks with accurate representations of 

intersections, traffic signals, and lane markings. It allows 

users to define complex road geometries, including multi-

lane highways, urban streets, and intersections with varying 

configurations. This enables researchers to study the behavior 

of VANETs in diverse traffic scenarios and assess the 

effectiveness of different traffic control mechanisms. 

SUMO supports realistic vehicle behavior modeling, 

allowing researchers to simulate various types of vehicles 

with specific characteristics, such as size, speed, acceleration, 

and driver behavior. This level of detail enables the 

evaluation of different VANET applications and 

communication protocols under real-world traffic conditions. 

Moreover, SUMO provides a comprehensive set of mobility 

models, including car-following models and lane-changing 

models, to accurately simulate vehicle movements. 

C. OMNeT++ (Objective Modular Network Testbed in C++)  

OMNeT++ (Objective Modular Network Testbed in C++) is 

a widely used open-source discrete event simulation 

framework that offers a flexible and extensible platform for 

modeling and simulating various types of communication 

networks, including vehicular Ad-hoc networks (VANETs).  
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OMNeT++ is particularly well-known for its modular 

architecture and its ability to support both high-level network 

modeling and detailed protocol-level simulations [7]. 

One of the key strengths of OMNeT++ is its modular and 

component-based design. It allows users to build network 

models by combining reusable components, called modules, 

which represent various network elements such as vehicles, 

communication nodes, and infrastructure. This modular 

approach enables researchers to construct complex VANET 

scenarios by integrating different modules and customizing 

their behaviors. 

OMNeT++ provides a comprehensive library of modules, 

protocols, and models specifically tailored for VANET 

simulations. It includes components for modeling vehicle 

mobility, road networks, communication protocols, and 

realistic radio propagation. Researchers can utilize these 

components to design and evaluate different VANET 

applications and protocols under various traffic conditions 

and network configurations. 

D. Veins (Vehicles in Network Simulation) 

Veins is an open-source framework built on top of the 

OMNeT++ simulation framework and the SUMO traffic 

simulation platform. It is specifically designed for simulating 

and evaluating vehicular Ad-hoc networks (VANETs) and 

their communication protocols. Veins combines the realistic 

mobility modeling capabilities of SUMO with the powerful 

network simulation features of OMNeT++ to provide 

researchers with a comprehensive tool for VANET studies 

[8]. 

One of the key advantages of Veins is its seamless integration 

of vehicular mobility and wireless communication modeling. 

It combines a realistic road traffic simulation provided by 

SUMO with the network simulation capabilities of 

OMNeT++. This integration enables researchers to study the 

impact of mobility patterns, road infrastructure, and traffic 

conditions on the performance of VANET communication 

protocols. 

Veins simulator supports various communication 

technologies used in VANETs, such as IEEE 

802.11p/WAVE, which is specifically designed for vehicular 

communication. It includes detailed models for wireless 

channel characteristics, signal propagation, interference, and 

reception quality. These models allow researchers to evaluate 

the performance of different communication protocols and 

algorithms under realistic radio propagation conditions. 

E. VANETsim 

VANETsim is a popular and widely used simulation tool 

specifically designed for modeling and simulating vehicular 

ad-hoc networks (VANETs). It provides a user-friendly and 

intuitive interface, making it accessible to researchers, 

students, and practitioners interested in VANET simulation 

[9]. 

One of the key strengths of VANETsim is its focus on 

providing a realistic and immersive simulation environment.  

 

 

It offers detailed models for vehicle mobility, road networks, 

and communication protocols. Users can create customized 

scenarios by defining road layouts, vehicle behaviors, and 

traffic conditions. This enables researchers to simulate 

VANETs in diverse real-world settings, such as urban, 

highway, or rural environments [10]. 

VANETsim supports various communication protocols used 

in VANETs, including IEEE 802.11p/WAVE. It provides 

configurable parameters for transmission power, channel 

fading, and interference, allowing users to evaluate the 

performance of different communication protocols and 

strategies. Additionally, VANETsim includes features for 

simulating realistic data dissemination, vehicle-to-vehicle 

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

and message routing. 

IV. CONCLUSION 

The paper will delve into the key VANET simulators used in 

the research community, including NS-3, SUMO, 

OMNeT++, Veins, and VANETsim, among others. Each 

simulator will be assessed based on various criteria such as 

features, performance, scalability, realism, ease of use, and 

extensibility. Additionally, use cases and applications will be 

discussed to highlight the practical relevance of each 

simulator in the context of VANET research and 

development. The paper will also address the limitations of 

current VANET simulators and suggest potential future 

directions for improving simulation capabilities. 

By providing a comprehensive review of various VANET 

simulators, this research paper aims to aid researchers and 

practitioners in selecting the most appropriate simulation tool 

based on their specific requirements. The findings presented 

in this paper will contribute to the advancement of VANET 

research and facilitate the development of efficient and robust 

vehicular communication systems for a safer and more 

connected future on the roads. 

V. FUTURE SCOPE 

The future scope of VANET simulators lies in integrating 

emerging technologies, addressing security and privacy 

challenges, incorporating advanced computing paradigms, 

enhancing realism in traffic and mobility modeling, and 

enabling large-scale simulations. By addressing these areas, 

VANET simulators will continue to be valuable tools for 

researchers and practitioners in designing, evaluating, and 

optimizing VANET systems for future smart transportation 

environments. 
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