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Abstract: Creation and maintaining of the one-to-one 

communication link between the nodes in Vehicular Adhoc 
Networks are challenging. The model which is very much efficient 
for one particular scenario will not work at the same level of 
efficiency for another environment. The mobility of the nodes in 
the network plays a crucial role in establishing a reliable 
communication model in the VANETs. Analyzing the nature of 
mobility inside a particular network based on logical and 
historical data paves an efficient way in the routing of packets by 
predicting the best route and improve the quality of the network, 
reliability, and other performance in terms of serviceability. This 
paper aims to analyze the drawbacks of existing mobility models 
utilizing various network quality parameters by classifying them 
into microscopic and macroscopic mobility models. With the 
insight gained from the analysis, we propose two methodologies 
where the realistic model for the VANETs can be established. The 
models are architected with the help of the information provided 
by the Geographic information system. The conventional mobility 
models include excessive details such as road and street layouts, 
intersection with traffic signals, acceleration and deceleration, 
building, and other obstacles in a realistic mobility model, that 
requires prolonged time to design and optimize, it should 
complicate the simulation. Designing an effective, realistic 
mobility model is crucial. The key objectives of this proposal are to 
architect realistic VANETs mobility models by taking into account 
the real-time road environment and actual data according to the 
traffic demand and improving the real-time performance of 
VANETs. 

Keywords: ITS, Mobility models, VANETs, Routing, Internet 
of Vehicles, clustering, mobility metric, spatial dependency.  

I. INTRODUCTION 

The Vehicular Adhoc NETworks (VANETs) comprises a 

cluster of mobile vehicles that can communicate between 
them with the use of a fixed infrastructure, named as Road 
Side Units (RSUs) [1]. The VANETs inter-communication 
has recently emerged as a fascinating research topic in the 
development of the Intelligent Transportation System (ITS). 
The ITS aims at developing communication protocols for 
VANETs to improve driving safety, infotainment, and traffic 
efficiency. To analyze the performance of the protocols and 
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architecture used in the VANETs, the simulation of the 
network parameters is an effective methodology. Even though 
real-world deployment is essential to understand the 
effectiveness and performance of VANETs, simulation 
provides a few advantages over actual deployment. 
Especially, the simulations are fast and repeatable and it is 
feasible to segregate the parameters such as real road map 
topology, vehicle movement, signal lights, and driving rules 
that affect the performance of VANETs. Segregation of 
parameters is crucial to understand the impact of each 
parameter on the VANETs. Moreover, simulations allow us to 
test the impact of parameters on VANETs, but it is complex or 
impossible in a real-world deployment.  

As every vehicle is moving on a real road, one of the most 
significant properties of a mobile vehicle is the pattern of the 
vehicle’s mobility [2]. It assists the VANETs to exploit the 
mobility models to describe the vehicle movement on the real 
road. In simulating VANETs, it is crucial to evaluate a 
realistic mobility model used in the VANETs, such that the 
observations from the simulation precisely pinpoints the 
actual road behavior. Choosing the appropriate value of 
parameters in the realistic model used in a VANETs 
simulation is a very complex process. However, there is a 
discrepancy between mobility patterns observable in reality 
and the derived theoretic mobility models for wireless 
networks [3] [4]. A realistic mobility model faithfully 
represents the unique dynamics of node mobility, 
characterized at a time by the real-time topologic maps that 
demonstrate the diverse road density and various 
classifications of the street with a miscellaneous speed limit of 
vehicles.  

The conventional mobility models are classified into two 
types such as macroscopic, and microscopic. The 
macroscopic mobility model takes into account the traffic 
flow, described using parameters such as speed, density, and 
flow of vehicles. There remains an issue in the macroscopic 
model; it considers the traffic density as equal on the whole 
road map, but the traffic density is varied in different areas in 
a real-world environment. Moreover, the macroscopic 
mobility model cannot well adopt for real-time VANETs 
simulation. The microscopic mobility model shows the 
microscopic behavior of the vehicles by considering the 
traffic flow of a single vehicle as a basic unit, such as traveling 
speed, the distance between two vehicles, driver’s 

acceleration, overtaking decisions, and realistic road topology 
changing parameters. However, the macroscopic mobility 
model requires significant memory space and high simulation 
time. 

II. EXISTING MOBILITY MODELS AND ITS 

DRAWBACKS 
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The mobility model represents the traces or patterns of 
vehicular nodes, position, velocity, and acceleration vary with 
time in the network.  

The typical mobility models for wireless networks are 
random waypoints, random walks, random direction, 
reference points group, Manhattan, and obstacle model. 

A. Random Waypoint (RWP) Model:  

In RWP, the mobile node varies its position randomly 
without restrictions. The node selects a dynamic endpoint and 
a random velocity between zero and upper limit. This type 
involves the pause time between changes in destination and 
velocity. A major issue of RWP in the simulation is a poor 
choice of the velocity distribution.  

B. Random Walk (RW) model: 

 In the RW model, the nodes are moved in random 
directions and speeds without pause time. The RW is a 
mobility model with forgetfulness property, in which the 
historical data of the earlier velocity is not taken into account 
for the future velocity. Thus, the RW of mobile nodes is not 
adequate for many real-life applications. 

C. Random Direction (RD) Model:  

The RD model enforces the vehicle to move to the corner of 
the surface in which the simulation is done beforehand the 
direction and the velocity of the vehicle is changed. The RD 
model fails to represent some mobility characteristics likely to 
exist in real roads such as obstacles, buildings, and streets. , 
the motion pattern in RD is unrealistic. Thus, it leads to 
produce incorrect results in routing protocol evaluation.  

D. Reference Point Group Model (RPGM):  

In RPGM, every node is the subset of the given cluster, and 
it follows a cluster head node that determines the group’s 

motion behavior. The group member experiences random 
deviations from group motion. The main drawback of RPGM 
in the simulation is that node motion within a group is 
confined to relatively low-speed motion, but it is not suitable 
for high-speed VANETs scenarios.  

E. Manhattan model:  

This model utilizes a grid road topology, and the vehicle 
moves in the horizontal or vertical direction. It exploits a 
probability-based method in the choosing of node’s 

movement at intersections. The Manhattan mobility model 
includes inter and intra-vehicle relationships. However, the 
Manhattan model considers a constrained environment that is 
not adequate for real-time applications.  

F. Obstacle model:  

This model includes obstacles like building in the real 
environment into account. In the obstacle model, the mobile 
nodes choose a proper movement trajectory to avoid running 
into such obstacles. However, the restricted movements of 
mobile nodes on the pathways are a major concern of the 
obstacle model.   

Most of the conventional mobility models used in wireless 
networks do not consider real world factors like real road map 
topology and traffic rules and they can’t be applied to 
VANETs as it is. The most important characteristic of a 
VANETs’ mobility model is the degree of realism in the 

movement of vehicles in real life. 

III. SIGNIFICANCE OF REALISTIC MOBILITY 

MODEL FOR VANETS 

Since the usage of vehicles increases day by day, the 
probability of accidents is gradually increasing. Nearly 12 
lakhs of people are losing their lives every year in road 
accidents. This is a reason to increase the safety-critical 
applications in VANETs. The timely and reliable 
communication of safety-critical information is essential for 
VANETs, but those are complicated because of the absence 
of considering exact road map topologies and driver decisions 
together. Even though, many factors are considered with the 
aim of improving road safety; the roads have been dangerous 
always. Education about the vehicle and driving rules have 
been taught throughout the generations, but still road dangers 
remain. With the wide use of wireless technology developing 
new methods are encouraged for guiding the driver on the 
road to reduce accidents.  

As in VANETs, mobile vehicles are considered as nodes, 
mobility is crucial for all of the vehicle nodes to the success of 
VANETs. In other words, an unavailable factor in VANETs 
to mimic the real motion of vehicles in real environments is 
the feature of node mobility in VANETs. To represent the 
mobility of vehicles realistically or to capture the various 
characteristic of vehicle mobility, an appropriate mobility 
model need to be designed according to the real road topology 
and vehicle movement. Moreover, the drivers need to react to 
the changes in road conditions such as traffic jams, road 
topology, and accidents on the roads. As road conditions, in 
turn, depends on the behaviors of the drivers, an appropriate 
mobility model should consider the driver decisions and 
improve the relevance and viability of the VANETs results. 

IV. APPLICATIONS OF REALISTIC MOBILITY 

MODEL 

It is very complex to test the VANETs’ routing protocols 

directly in the real environment due to road safety and high 
implementation cost. Due to the difficulty of testing routing 
protocols in a real environment, the simulation is used to 
validate the performance of routing protocols of VANETs. 
The main objectives of designing the realistic mobility model 
are to indicate actual, real-time network parameters and the 
effects of system performances in various aspects in VANETs 
simulations. The realistic mobility models support various 
VANETs evaluation applications such as routing 
performance, network connectivity, Street layouts, traffic 
control mechanism, and interdependent vehicular motion.  

A. Routing Performance:  

In a simulation environment, the routing performance is 
validated with the help of routing parameters such as a node to 
node delay and network throughput. The low-frequency 
channel in the network bandwidth and path failures impacts 
the latency and the network throughputs. The realistic 
mobility model can assist to maintain connectivity models by 
predicting the vehicle’s future locations and improves the 

accuracy of routing protocol 
validation.  

 
 
 



International Journal of Engineering and Advanced Technology (IJEAT) 
 ISSN: 2249-8958 (Online), Volume-10 Issue-4, April 2021 

 

222 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  
© Copyright: All Rights Reserved 

Retrieval Number: 100.1/ijeat.D25030410421 
DOI:10.35940/ijeat.D2503.0410421  
Journal Website: www.ijeat.org 
 

B. Network Connectivity:  

The realistic mobility model is used to estimate the network 
connection parameters such as probability density functions 
(PDF) of node speed compared to another node and 
cumulative density functions (CDF) of the active period of the 
channel link with an average node degree. It is used to 
maintain better connectivity in VANETs simulation and 
effectively mimics the connectivity between vehicles in 
real-time.  

C. Street layouts:  

The roads force the vehicles to confine the movements of 
the vehicles in a pre-defined path. The realistic mobility 
models include constrained mobility pattern that governs the 
node spatial distributions and their interconnectivity. With a 
realistic mobility model, the drivers can take proper driving 
decisions using the connectivity information during driving. 

D. Traffic Control Mechanism:  

The VANETs can give data on the most usual traffic 
controlling mechanism at an intersection like stop signals and 
traffic light to the driver using a realistic model apart from the 
road map topologies.  

E. Inter-dependent Vehicular Motions:  

The particulars of the mobility pattern of the vehicle in a 
realistic mobility model instruct the drivers to keep a safe 
distance between the vehicles, vary their speed, and may 
change to adjacent lanes and thereby avoids the probability of 
accidents in VANETs. 

V. RELATED WORKS 

Several works attempt the design of the mobility model for 
VANETs. The papers [5] and [6] surveys the realistic 
mobility models used for VANETs. The work [7] attempts to 
understand the effect of the mobility model on the 
performances of VANETs. A comparative study in [8] 
discusses different VANETs mobility models with different 
tools. The conventional mobility models are classified into 
two types such as macroscopic, and microscopic [9]. 

A. Macroscopic Mobility model 

A mobility model which has a dynamicity in the time 
domain has been proposed in [10] for the mobile wireless 
network. This model designs a realistic mobility model by 
employing a mobility trace generator that traces the mobility 
characteristics of average node degrees, hitting period, and 
meeting period of vehicles. A vehicular mobility framework 
in [11] does not consider the realistic parameters accurately 
such as real road topology, vehicle’s priority, and speed limits 

in the mobility model design, whereas it considers the 
collision parameters into account. A macroscopic corridor 
model, METACOR has been proposed in [12], which is 
developed using two macroscopic traffic flows. The work 
[13] introduces a tool “MObility model generator for 

Vehicular Networks (MOVE)” that allows the user to produce 

realistic mobility models for VANETs simulations promptly. 
A group mobility model in [14], models the mobility of a 
cluster of mobile nodes. This model also includes individual 
mobile nodes and static nodes in the mobility model. 

However, the macroscopic mobility model fails to deviate the 
traffic flow during rush hours. The Voronoi mobility model 
[15] takes into account the obstacles such as buildings and 
trees on the road in designing the mobility model. It can be 
simply applied to cities that are not too many complicated 
obstacles. However, the Voronoi model does not provide an 
optimal route to the vehicles.  

B. Microscopic Mobility Model: 

The work in [16], briefly describes the MOVE architecture. 
It includes the information about mobility models like the 
traffic signals information, path preference, and the vehicle 
overtaking behaviors having a non-trivial influence over the 
performance of VANETs simulation. Another work in [17] 
proposes two novel mobility models for VANETs. The first 
model is designed based on the vectored road map and the 
details about the speed limits are taken out from a 
geographical information system. The second model is 
designed as per the real-time traces of a microscopic multi 
agent traffic simulation system. A novel and realistic type of 
dynamic mobility model have been proposed in [18], in which 
the vehicular nodes have to slow down to the extent to the 
place where the direction of the vehicles change and speed up 
with a definite acceleration to attain its predetermined 
velocity.  

A realistic mobility model in [19] adopts the social aspect 
of people mobility as well as the geographic limitations which 
govern the motion of the mobile vehicles. The work in [20] 
illustrates the influence of realistic mobility on the efficiency 
of the VANETs routing protocol. It investigates the 
significant parameters of the realistic mobility model. In [21], 
a vehicular mobility model is designed using two parameters. 
The first parameter is traffic information gathered by 
calculating the number of devices found at the 
Luxembourgian road networks. The next parameter is 
geographic data related to the diversified areas such as 
domestic, industrialized, and commercial areas. The work 
[22] presents a “VanetMobiSim,” an open-source add-on to 
the “CanuMobiSim” user mobility platform, which can 

produce realistic node mobility patterns for VANETs 
simulation. A large-scale urban vehicular mobility trace 
model has been described in [23]. The model obtains the 
dataset by the keeping consideration of realistic road 
topologies, microscopic mobilities, and macroscopic flows. 
The work in [24] evaluates the spatial and temporal 
characteristics of VANETs using the realistic macroscopic 
and channel model. This model obtains the realistic 
large-scale mobility from accurate microscopic mobility 
modeling of SUMO that employs the node direction and 
velocity data as input parameters. Moreover, the microscopic 
mobility model requires high memory space and 
computational time.  

The advantages and limitations of both the macroscopic 
and microscopic mobility models are given in Tables 1 and 2. 
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TABLE I.  MACRO MOBILITY MODELS FOR VANETS 

 

TABLE II.  MICRO MOBILITY MODELS FOR VANETS  
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VI. PROBLEM STATEMENT 

Several realistic mobility models have been designed for 
improving the accuracy of VANETs simulation. The quality 
of VANETs simulations is based on the degree of realities of 
the mobility models. Several vehicular mobility models, 
allow VANETs to generate realistic mobility traces by 
utilizing the real traffic density data that refers to the counts of 
the vehicle along a given road. The real traffic volume count 
offers accurate data about the density of vehicles and their 
type. For generating the real traffic count data, most of the 
existing works rely on probabilistic geographical attraction 
point that includes the preferred roads depending on the 
driver’s decision in reaching the destination of the vehicle.  

However, the existing works do not attempt to elect the 
effective value of the probability of selecting a preferred road 
to reach the destination each route is allotted with the 
probability of being selected as the best one. It is affiliated 
with the attraction points, as the values depend on the 
real-time instances of VANETs. It is crucial to find out the 
best probability values of attraction points to improve the 
mobility model realism. Also, it is essential to take into 
account the driver’s specific behaviors such as lane changing 

and overtaking decisions in rush hours to improve the 
probabilistic point detection accuracy.  

VII. GAP ANALYSIS 

The pattern in which the node moves in an area of interest is 
a key point in VANETs simulation. The real-world traces of 
individual vehicles and realistic road map topology are the 
most precise representation of the mobility models. The 
microscopic mobility models are desirable for a real-time 
VANETs simulation as it considers the drivers' behavior and 
real-time road topology in the design of the mobility model. In 
the real-world environment, the nodes should dynamically 
alter their paths as per various traffic conditions with different 
dynamic factors such as accidents. The microscopic mobility 
model fails to address the accurate selection of real traffic 
data, as it does not estimate the probability of dynamic factors 
accurately. Moreover, the performance of VANETs 
simulation is poor in realistic transportation simulation 
environments. The prediction model estimates the overall 
performance of around 80% [25]. It is very effective to use 
realistic mobility models that exploit accurate, realistic traffic 
dynamic factors to exhibits the real-time performance of a 
VANETs. The proposed work aims at improving the 
detection accuracy of attraction points and designing an 
optimal realistic mobility model for real-time VANETs 
simulation. 

VIII. PROPOSED METHODOLOGY 1 

A. Aim and Objectives: 

 To generate the realistic mobility models to the actual road 
map topologies, the proposed work designs a mobility 
model, REAL-VM for VANETs. 

 To mimic the actual motion of vehicles, the REAL-VM 
includes the real road map topology and attractivity factors 
for generating mobility patterns.  

 To react to the changes in road conditions such as traffic 
jams and lane changing parameters, and to alert the drivers 
during accidents. 

 
  

Fig. 1.  Architecture of REAL-VM 

This work proposes a REAListic Vehicular Mobility 
(REAL-VM) model that includes realistic road topology with 
attractivity factors for producing the mobility model and 
improve the accuracy of simulation results of VANETs. The 
architecture of the proposed work is detailed in Figure 1. This 
model employs two types of data as inputs that describe the 
real-world characteristics such as real-world data and 
attractivity factors for generating the mobility pattern. The 
real-world data include a realistic road map and the traffic 
density in the area covered. At the initialization stage, the 
proposed work designs the mobility model by considering 
only the real-world data. To improve the mobility model, 
dynamic attractivity parameters are measured during the 
vehicle movement and included in the mobility model.  

The attractivity factors include the dynamic parameters 
such as the vehicle’s speed, driver’s decision, departure time, 

and route states because these are the main factors to generate 
the mobility pattern. The Dynamic Clustering Algorithm 
(DCA) for VANETs mentioned in [26] stabilize the clusters 
and minimize the cluster re-affiliation period. The speed of 
the vehicle is designed using real-time factors such as 
accidents and traffic jams. The main function of electing the 
group head node is done depends on vehicle mobility 
parameters including location, speed, and packet forwarding 
capacity, the algorithm of the clustering [27]. The driver’s 

decision refers to the preferred roads to go to the place where 
he wants to go. The departure time is the approximate time at 
which the vehicle is estimated to leave the source point. To 
measure these factors, consider the real road map topology 
has n states over the area, A (Ai = A1... An). The routing state 
refers to the probability of a vehicle entering into ‘n’ state 

from ‘m’ state. The attractivity factors for generating mobility 

patterns are measured using the traffic simulator, i.e., 
simulation of urban mobility (SUMO). The traffic simulator 
generates the original data of VANETs by using the 
communication of traffic and safety messages. This traffic 
volume is given as input to the measurement of attractive 
factors. The network simulator exploits the mobility and 
traffic factors to simulate the VANETs. 
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IX. PROPOSED METHODOLOGY 2 

A. Aim and Objectives: 

 To investigate the impact of human driver decision and 
vehicle speed on a realistic mobility model in VANETs. 

 To mimic the real motion of vehicles, by considering the 
presence of traffic signals, driver route preference, and 
vehicle overtaking behaviors. 

 To improve the performance of the mobility model and to 
tightly integrate the traffic and network simulator with a 
mobility model. 

 
  

Fig. 2.  Architecture of REVEAL 

This paper proposes a REalistic moVEment pAttern of the 
vehicLes (REVEAL) model to improve the real-time 
performance of VANETs simulation. The block diagram of 
REVEAL consists of three main parts named a macro 
mobility model, micro-mobility model, and emergency 
system.  

The macro mobility model includes the realistic road map 
topology designed by the users or derived automatically or 
extracted from existing real-world maps. The micro-mobility 
model has a component named as vehicle movement editor. 
The traffic system information and the human driver behavior 
are the inputs of the vehicle movement editor. PDR and the 
node to node delay are studied with the help of AOMDV in 
different traffic environments and simulation parameters [28]. 
The traffic system information contains two types of 
information such as traffic management, parking space 
management, and traffic jam avoidance. The nodes are 
commanded to cease in the traffic signal to pause for the 
signal till green. Moreover, the human driver behavior creates 
a significant impact on the mobility model, and the proposed 
REVEAL considers the complex behavior models of a driver 
like speed adjustment parameter. 

 WECA-MR is proven to be an efficient clustering 
algorithm and as an efficient tactic to enhance considerably 
the performance of the wireless vehicle networks. To select 
the Cluster Heads (CHs), classic weight metrics are 
employed. Few of such metrics as degree, mean distance, and 
a new parameter presented by a scheme known as Mobility 
Report (MR) [29]. The REVEAL considers the impact of 
change in road curvature and the node longitudinal and 
directional speed on a curved road in designing the mobility 
model.  

Another important factor to consider in the vehicle 
movement pattern is the emergency system, including an 
emergency event like an accident. Mapping different aspects 
of mobility models including road map topology, and human 
driver individual and neighbors’ decision, the manner of 

decision-making at lane changing, and the adjustment of a 
vehicle’s speed lead to developing the model more realistic. 
Routing Protocol for Low power lossy network (RPL) is a 
very efficient routing protocol in IoT that can be employed in 
VANETs but it has problems related to mobility [30]. 

X. EXPERIMENTAL REQUIREMENTS 

A. Simulator: 

• Network Simulator-2.35 
This is a tool for reproducing real-time networking scenarios 
and their operating and related standards respectively with the 
help of simulating it. 

B. Tools:  

• Network Animator (NAM)-1.15 
NAM is an animation tool that depends on Tcl/TK that helps 
view the network simulation patterns and the real-time packet 
patterns [31]. It provides the facility to draw topology, level 
packet animation, and utilities for various data inspections.  
• Xgraph-12.2 
XGRAPH is a generic Cartesian trend plotting tool with the 
user interface to navigate, print, and select the option given in 
the display. Data points are plotted from various files in the 
single Cartesian plane and it can support handling n number 
of information-set size and n number of files. 
• Simulation of Urban Mobility (SUMO)-0.12.3 
It is a tool to simulate low level traffic conditions where every 
nodes are designed in an explicit manner.  

C.  Languages:  

• Tool Command Language (TCL) and Otcl-1.14 
The TCL is a scripting language, and the Otcl refers to an 
object-oriented extension of TCL. 
• AWK script 
The AWK is an interpreted programming language 
specifically used to process text and generally used for extract 
and report data. 
• C++ 
It is a general purpose object-oriented programming 
language. It provides low-level memory manipulation as well. 

D.  Road Map and Mobility Generator:  

• REAL-VM 
• REVEAL 

E. Performance Metrics: 

The proposed REAL-VM and REVEAL consider some 
parameters such as PDR, node to node delay, and Road Safety 
Assurance.  

F. Packet Delivery Ratio (PDR): 

PDR is given by the ratio of the number of information 
packets productively reached destination to a no. of the packet 
transmitted by the sender. 

G. Delay: 

This parameter is the average period elapsed for a data set to 
travel through the network from one state to the destination 
state. 
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H. Throughput: 

It is a quantity that gives the amount of data delivered 
successfully at the destination. 

I. Road Safety Assurance: 

It is the ratio of delivering road safety messages within a 
period. 

J. Relative Mobility: 

It is defined as the average changes in distances between two 
vehicles. 

K. Tracking Error: 

It is a vectored quantity from the predictive reference vector 
and the controlled vehicle traveling vector. 

XI. CONCLUSION 

To precisely pinpoint the real road performance, this work 
proposes two different realistic mobility models for VANETs. 
Choosing the appropriate value of parameters in the realistic 
traffic model, the REAL-VM reduces the discrepancy 
between mobility patterns observable in reality and the 
derived theoretic mobility models for wireless networks. By 
reflecting the diverse road densities and different groups of 
the street with a miscellaneous speed limit of vehicles, the 
proposed mobility model, REVEAL faithfully represents the 
unique dynamics of node mobility. The speed of the vehicle is 
adjusted based on the road and lane changing decisions of 
neighboring vehicles, traffic system information, and 
movement pattern of neighboring vehicles. Because the faster 
drivers take over taking decisions by considering the 
neighboring vehicle’s lane changing decisions. Mobility 

Prediction Based Routing Protocol gives PDR of about ~26% 
by the average in grid-based scenarios, and about ~26% by 
the average in urban scenarios respectively. 
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