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Abstract 
 

Vehicular Ad-hoc Networks (VANETs) are self-forming networks built from moving vehicles. The most important quality of VANETs 

is the high mobility of nodes, which makes the mobility model as one of the most important parameters. The mobility pattern in the mo-

bility models is used to simulate the movement of the vehicles, which plays an important role in developing an effective communication 

for the vehicular network. The challenge is to generate suitable microscopic mobility model from the correct and realistic dataset. In this 

paper, the work analyses the different type of data sources in terms of various mobility models. Finally, it proposes the effective mobility 

model for the high speed multi-lane highway scenario. Then the performance metrics are analyzed for this proposed model using mobili-

ty and network simulators. 
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1. Introduction 

The possibility of direct exchange of dynamic data between vehi-

cles over an ad hoc environment called as Vehicular Ad hoc Net-

work (VANET). VANET is a subclass of Mobile Ad Hoc net-

works (MANETs) to provide the communication among the vehi-

cles which acts as the mobile nodes and the nearby roadside 

equipment. The vehicles in the vehicular network have been inte-

grated with the new generation wireless networks and provide the 

effective communication with other nodes using different com-

municating technologies like Wi-Fi, IEEE b/g, Wi-Max IEEE, 

Bluetooth, IRA. Dedicated Short Range Communications (DSRC) 

and IEEE 802.11p Wireless Access for Vehicular Environment 

(WAVE) have been approved as standards for PHY and MAC 

layers for the vehicular networks. 

Mobility models in the vehicular networks describe the movement 

pattern of the vehicles that can communicate wirelessly. It depicts 

the entire facet related to the individual behavior of the vehicle 

such as speed, acceleration, and behavior of each driver while 

interacting with other drivers or with infrastructure based on mi-

croscopic and macroscopic factors. 

For the developing the realistic scenario, the apt mobility model 

and the optimal time for simulation is needed. Also, an effective 

characterization of vehicular mobility requires the comparison of 

both real time data and the simulation data in terms of the various 

mobility models, resulting in the liveliness of the VANET topolo-

gy. 

This work proposed two traffic and one network simulator for 

simulation of various mobility models. The mobility simula-

tors[14] MOVE (MObility model generator for VEhicular net-

works) and SUMO provide trace files for network simulator 

NS2.From the result of NS2 network parameters are analyzed in 

terms of various mobility models for the proposed environment. 

 

The design of this paper is to examine the VANET topology fea-

tures on a multilane highway scenario by fusing the realistic traces 

of micro mobility obtained using the real world topology and the 

real world database traffic with the realistic mobility models, tak-

en into the account. For this purpose, the Tuticorin multilane 

highway environment is taken as a proposed road topology for this 

mobility based work. The different views of the proposed topolo-

gy are shown in Figure 1. This paper compares the performance of 

this realistic situation to the various mobility models using the 

sundry metrics of interest. The remaining paper is arranged as 

follows. Section II shows the overview of mobility model and 

their usages for the vehicular networks. Section III describes pro-

posed work methodology. Section IV describes the performance 

analysis of the proposed work. Finally, concluding factors and the 

future work is given in section V. 

2. Related work 

Vehicular ad hoc networks are self-organizing networks which are 

developed from moving vehicles and they are differentiated by 

very high speed and narrow degrees of mobility patterns. The 

performance of vehicles in the network gets affected for various 

mobility models when applying to different environments.  This 

part of the work discussed about various mobility patterns with 

respect to various road topologies. [2] [5] these papers proposed 

guideline for the generation of vehicular mobility models. It 

showed various approaches, for the vehicular mobility model de-

velopment and their communication with network simulators for 

the peoples of different communities. Using these instructions to 

easily understand and objectively compare the different models, 

and eventually recognized the suitable one based on their require-

ments.  [13] Classified the most pertinent vehicular propagation 

and channel models, with a particular focal point on the usability 

of the models for the evaluation of protocols and applications. [3] 

Discussed and analyzed about various mobility models for picky 
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scenario using mobility simulators like MOVE (MObility model 

generator for VEhicular networks) and CityMob.[4]This author 

described about various mobility models like Highway, Manhattan 

and Freeway mobility models with respect to various routing pro-

tocols. Result analysis part demonstrated how performance of 

proposed scenario’s routing protocol changes significantly, ac-

cording to mobility models. Nabeel discussed about two different 

data sources and identify more realistic traffic flows along the 

California road way [1]. The authors use the PeMs database and 

associate the realistic data with the topology for the analysis pur-

pose. Jin Woo Ro et al., [6] introduced new compositional car-

following model which incorporated three distinct human fac-

tors based on hybrid input output automata (HIOA). Their model 

compared with various models IDM and FVDM and ana-

lyzed estimation error, reaction delay, and temporal anticipation. 

[7] yangliu et al., expressed cooperative adaptive cruise control 

and cooperative crash avoidance systems. This work addressed the 

problem through an overall objective function of CFG and veloci-

ty considering the safety hazard and the probability of cut-ins by 

other vehicles. [8] MofanZhou et al., proposed the new model for 

AVs (autonomous vehicles) and they analyze the performance 

with different AVs ratios. Upon analyzing, as the percentage of 

AVs increases, the RTT time gets reduced gradually. 

 

 
Fig. 1: Different Views of proposed topology 

 
[9] It used different connectivity metrics such as lobby index, 

betweenness centrality and local clustering coefficient for analysis 

of the influence of mobility models based on the topological char-

acteristics of a VANET. [10] [11] these papers proposed a solution 

for problem of lane changing using autonomous driving on high-

ways using Scenario Model Predictive Control (SCMPC) mecha-

nism and game-theoretical approach respectively using SUMO 

and NS2.  

3. Proposed work 

Vehicular Ad hoc Networks (VANETs) will be a sub division of 

implementing the pervasive environment. In order to achieve such 

big ad-hoc atmosphere through VANET, efficient mobility model-

ling for Vehicular Ad hoc Networks is highly demanding and firm 

task. It is difficult to meet out due to the distinctiveness of the 

network topology. The performance of mobility models depends 

on various factors such as speed, behaviour of drivers, road topol-

ogy and obstacles. It is critical to ensure reliable data transmission 

in the presence of high speed vehicles. This scenario has motivat-

ed to design the new mobility model using real world topology 

collected from the various data sources. The proposed work con-

sists of four phases that were explained in the following sections. 

3.1. Mobility Modelling 

The first phase of this work describes about the various mobility 

models in VANET and then compare the various data sources. In 

the third phase, proposed to design the suitable mobility models 

for the high speed multilane highway environment and then ana-

lysed its performance using suitable metrics. 

3.1.1. Krauss Model 

Krauss model is one of the car following model in which there 

will be a leader vehicle and the following vehicle. The following 

vehicle will maintain a certain distance to the leader vehicle and 

will also maintain a safe speed to adopt the behavior of the vehicle 

ahead. It considers that u is the maximum acceleration of vehicle 

(m/s2), v is the maximum deceleration of the vehicles (m/s2), Xmax 

is the maximum speed of the vehicle (m/s), k is the length of vehi-

cle (m), α is the proficiency of the driver (α ∈ (0,1)). The safe 

speed in the model is as shown below. 

 

 
   

    τv*2/

τ*tts
t

xx

x
xx

ft

t
tsafe




                                                 (1) 

 

Where at time t the leader vehicles speed is xt(t), xf(t) is the fol-

lowing vehicle’s speed at time t, s(t) is the inter vehicle space of 

the following and the vehicle ahead. τ is the driver response time. 

The safe speed calculation does not consider the speed limit and 

the situation of acceleration in equation (1), so the correct speed 

must take the minimum value of three values.   
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It is considered that the driver do not have enough proficiency to 

adjust the vehicle to correct speed and also guarantees the vehicle 

speed while driving must be greater than zero. So the Krauss mod-

el formula is: 

 

   ()rand*u*,0maxtx xdes                                         (3) 

3.1.2. Fluid Traffic Model 

The fluid traffic model shows the relation between the speed and 

the out flows of vehicles as the lambda shaped curve. It is based 

on the phenomena that, when the inflow rate and the vehicle den-

sity is increased the out flow rate grows linearly. The FTM shows 

the speed as steadily decreasing function of vehicular density and 

when the traffic rate touches the critical state, the speed will be at 

lower bound according to the equation (4) 

 






























N
ss

jam
maxmin

N
1,maxOS

                                      (4) 

 

Where OS is the output speed, smin and smax are the minimum and 

maximum speed, respectively, Njam is the vehicular density for 

which a traffic jam is detected, and N is the current vehicular den-

sity of the road the respective node is moving on. The current 

vehicle density is calculated by the formula N=n/l, where n is the 

number of cars on the road and l is the length of the road segment 

itself. According to this model, cars traveling on crowded lane are 

forced to slow down, possibly to the minimum speed, if the vehic-

ular density is found to be higher than or equal to the traffic jam 

density.  

3.1.3. Proposed Lane Changing Model 

The proposed lane changing model is to stimulate the multilane 

freeway traffic based on the microscopic traffic model. In this 

work, it uses the intelligent driver behavior as the underlying fac-

tor and guarantees the crash free driving. The lane changing be-

havior not only depends on the lane changing factors and the be-

havior of car, but also depends on the intellectual behavior of 

drivers. The lane change is performed, when it is favorable and 
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safe. The parameters of the driver behavior are discussed as fol-

lows. The acceleration ȧ of each vehicle β is the continuous func-

tion of velocity aβ, the net distance gap is gβ and the difference in 

velocity is Δaβ to the leading vehicle. 
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The position of the acceleration is defined in the following equa-

tion ȧfree(a) = a[1-(a/a0)
4])  on a free road and the braking condi-

tions for deceleration is ȧint (g,a,Δa) = -a(g*/g)2  , when the vehicle 

β comes too close to vehicle ahead. The deceleration factor relies 

on the ratio of the minimum gap and the factual gap gβ. 
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The minimum distance g0 in the dense traffic is for low velocities 

only. The stationary traffic is defined as the term aL, has the safe 

time gap L from the leading vehicle.  The last term is active on 

non-stationary traffic and implements the intelligent driver behav-

ior that includes the braking strategy, limits braking decelerations 

to the comfortable deceleration factor y. 

The Krauss mobility model focuses mainly on the leader vehicle 

and their behaviors; they will maintain a safe distance between the 

vehicles. It shows low performance for the high speed and low 

density environment. Fluid traffic model will show the relation 

between the speed and the vehicles density on the single lane envi-

ronment and while applying it to the multilane environment it 

lacks its performance rate. So the work proposes a new mobility 

model based on the intelligent driver behavior with lane changing 

for the proposed scenario. 

3.2. OSM Based Modelling 

Open Street Map is an open access database, which has all infor-

mation regarding the location and attributes of every geographic 

feature. The proposed road topology is obtained using the OSM 

data and the generated files are feed as input to the mobility simu-

lator as shown in Figure 2.The resultant trace file has been given 

as input to the network simulator for further analysis work in 

terms of mobility models. 

 
Fig. 2: Mobility modeling with OSM 

3.3. HTMS Based Modelling 

Highway traffic management system [15] uses the Automatic 

Traffic Counter and Classifier (ATCC) to collect the real time data 

from the highways in India. It detects, counts and classifies all the 

traffics passing. It also measures the speed of the vehicles, queues 

and classifies the vehicles. For this proposed work, the real time 

data of required road topology are collected from HTMS. Those 

collected data are feed as input to the mobility simulator to pro-

duce real time road topology as shown in Figure 3. The output of 

this phase is compared with the previous modeling phase and re-

sult is analyzed using the network simulator in terms of various 

mobility models.  
 

 

Fig. 3: Mobility modeling with HTMS 

3.4. Realistic Mobility Modelling 

From the above modeling phase, it obtains the OSM and the 

HTMS based data traces from the network simulator are used for 

further analysis. The analysis part takes place with the help of the 

different mobility models. 

 
Fig.4: Time vs Flow 

 

This work considers the proposed multilane highway as the road 

topology and the data’s regarding the highway section are collect-

ed from the realistic data sources. While considering the flow and 

the average speed of the vehicles with respect to the time, Figure 4 

& 5 depicts that the mobility of the vehicles in the OSM data per-

forms closely related to the HTMS data but HTMS data outper-

forms and provides the realistic performance to proposed road 

topology with respective to the various mobility models.  

 
Fig.5: Time vs Average speed 

 

Hence the HTMS data sources give the realistic data for high den-

sity and cross section environment and it has been used further for 

the future work of this paper. 
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4. Performance Analysis 

From the above analysis based on the realistic data sources, this 

proposed work uses multilane highway environment with the 

HTMS data as the input for simulating the commonly used mobili-

ty models and the proposed model. The simulation uses the 

AODV protocol for vehicle communication. 

The PDR is defined as the ratio of number of received packets to 

the number of generated packets. For a large scale environment 

setup, this work determines the efficient mobility models by 

measuring PDR over number of vehicles. The simulation time is 

1800s. The following graph shown in Figure 6 illustrates the pro-

posed mobility model retained higher PDR of approximately 89% 

when number of vehicles ranges over 30. 

 

 
Fig. 6: The packet delivery ratio 

 

 

 

The end to end delay is defined as the average time taken for a 

packet to traverse in the network. The delay is said as the total 

time taken by the packets to reach from source to destination and 

they are expressed in seconds. The following graph shown in Fig-

ure 7 illustrates the end to end delay of Krauss, fluid traffic and 

high speed lane changing mobility models. It is shown that the 

Krauss model and the proposed model experience the gradual 

decrease in end to end delay when the number of vehicles ranges 

from 5 to 10.As the number of vehicles increases, the proposed 

model retains the lower delay of approximately 85% when com-

pared with the other mobility models. 

 
Fig.7: The end to end delay 

5. Conclusion  

This work analyzed the proposed high speed-highway topology 

features based on the open street map and Highway Traffic Man-

agement system (HTMS) data sources. These data sources are 

given as input parameters to the traffic simulators and analyzed 

with respect to various mobility models. From this performance 

analysis, HTMS data source provided the realistic data. The per-

formance of this proposed high speed lane changing model is 

compared with synthetic and behavioral models in terms of net-

work management parameters. As the future work, it has planned 

to enhance the connectivity among the vehicles in the multilane 

highway environment. 
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