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Abstract— Vehicular Ad hoc Network (VANET) is one of the technologies that have been developed to solve problems in the 
transportation area. VANET is an Ad hoc network with vehicles as the nodes of the network. VANET technology comes from the 
improvement of the Mobile Ad hoc Network (MANET). In fact, route searching algorithm is needed to avoid congestion by 
dividing the load of the vehicle. This research compares the route search algorithm with and without load balancing scheme by 
using Quality of Service (QoS), i.e. Packet Delivery Ratio (PDR), End-to-End Delay (E2E Delay), and throughput. The results show 
that load balancing scheme increases PDR significantly around 60.47%, decreases delay up to 290.07 ms, and provides higher 
throughput around 130.6 Kbps with respect to the previous research. 
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I. INTRODUCTION  

Vehicular Ad-hoc Networks (VANET) is an ad-hoc 
network that is autonomously working on the systems of 
Inter Vehicle Communication (IVC) and vehicle-to-
infrastructure communication [1]. Currently VANET is one 
of the solutions that could be used for intelligent transport 
systems, or ITS [2]. VANET technology is a subclass of 
MANET (Mobile Ad-Hoc Network) [3]. Basically, VANET 
is similar to MANET, the difference is the nodes on VANET 
are in the form of the vehicle so that the movement of the 
nodes on VANET is faster and must follow the rules of the 
road when compared to MANET in general. This technology 
has been one of the research focus in the field of wireless 
data communication network because the function and 
purpose are beneficial to the safety and security for the driver 
[4]. 

Many studies have examined the ways to reduce the load 
of vehicles passing through a road section in order to avoid 
traffic jam [5, 6]. To support the research about vehicle load 
balancing on the road, this research compares the 
performance between the vehicle load balancing algorithms 
with the non-vehicle load balancing algorithm. The 
algorithms used in this study are available in the 
VanetMobiSim software. Route selection algorithm without 
vehicle load balancing represented by Djikstra algorithm, the 
algorithm using vehicle load balancing scheme represented 
by the StochPath algorithm.  

VANET systems consists of many sub systems, one of 
the areas studied in VANET is the performance of routing 
protocols. Many researchers propose a new routing protocol 
to be applied to VANET technology, as in [7]. Not only 
propose a new routing protocol, but there is also research 
that compares the existing routing protocols [8]. Each 
routing protocol has different performance because of 
different regulation. Abhishek et al. states that AODV have 
good performance [9]. Therefore, this study takes AODV as 
the routing protocol used in the simulation scenario. 

To measure the performance quality of a network, one of 
the parameters that can be used is its QoS. Many studies 
have measured the QoS of VANET. Doan et al. conduct the 
research on QoS in terms of the CCH and the mobility model 
of the movement of the vehicle [10]. While the research 
conducted by Muhtadi et al. analyze the QoS of the routing 
protocol used on VANET technology [11]. Based on those 
studies, this research also uses QoS as a parameter in 
determining the performance quality of the simulations. 

The contribution of this research is to analyze the 
performance of VANET with and without vehicle load 
balancing scheme. We also evaluate the scenario applied 
with different vehicle average speed. In this paper, we model 
a realistic mobility model based on realistic map, realistic 
driver motion, and realistic vehicular density characteristic. 
The problem addressed to this research is the implementation 
of different mobility algorithm will give different 
performance result in VANET system. We need to compare 
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these algorithm to analyze the performance of two different 
load balancing algorithm. 

It is important to know and learn VANET mobility model 
before setting out on the mobility subsystem design. 
Mobility is the pattern of vehicles (nodes) movement, 
arranged in such a way by the system to comply with the 
rules. Many algorithms have been developed to arrange the 
node mobility with VANET technology, from the simple 
algorithm to find the shortest distance from initial position to 
destination to more complex algorithm that calculates the 
speed, traffic light, node density, and many more. These 
algorithm were developed to shows the user the path for their 
trip based on their preference. Some user may want to take 
the shortest route path even with traffic jam, but some users 
try to avoid traffic jam to save time. 

One example of simple mobility algorithm is Djikstra 
mobility model. Main concept of this algorithm is to find the 
shortest route as possible without considering other aspects. 
With this algorithm, there is a possibility that the driver will 
encounter traffic jam. Another algorithm is SpeedPath 
selection. This algorithm chooses the route based on the 
average speed of the road section and the distance to the 
destination. This algorithm will choose the path with the 
highest average speed for the vehicle in one of the road 
section. If it finds the road with higher average speed, the 
algorithm will alter the route to that road section even with 
further distance. Another algorithm is StochPath algorithm. 
This algorithm gives weight to each road section. This 
weight is calculated by dividing each intersection distance to 
the destination with average speed. This will give the driver 
the route with best condition for avoiding traffic jam and still 
with bearable distance. 

This research evaluates the performance between two 
different scenarios of load balancing algorithms, i.e. the 
SpeedPath algorithm and the StochPath algorithm. The 
performance will be measured from the QoS (Packet 
Delivery Ratio, Throughput, and End-To-End Delay. 

The remainder of this paper is organized as follows. 
Section 2 mainly discuss about the algorithm used and 
network sub systems. The Performance evaluation is 
presented in Section 3. Section 6 gives conclusion of paper 
and suggestions for next VANET researcher. 

II. RESEARCH METHOD 

This research uses the VanetMobiSim software to 
generate the movement of vehicles on the route that has 
been determined. The load balancing algorithm uses 
StochPath algorithm, while the algorithm without the load 
balancing uses Djikstra algorithm. 

Data communication simulated using NS-2 software 
with Constant Bit Rate (CBR) and User Datagram Protocol 
(UDP). This research only focuses on network layer with 
AODV routing protocol. 

The data used in this study as the density of vehicles, are 
obtained from observations of the researcher. The road for 

the observation is the area around R.E.Martadinata Street in 
Bandung, West Java. 

The simulation system is built by two subsystems which 
are mobility vehicle subsystem and network subsystem. 
Mobility subsystem configures everything related to the 
movement of nodes, in this case in the form of vehicles 
including the map area where the nodes move along and the 
movement behavior of the nodes. 

The network subsystem is a subsystem included the 
network configuration, the characteristics of the network, 
the network performance, and the configuration of data 
traffic on the network. 

A. Mobility Subsystem 

To create models that can resemble the vehicles 
movement in the real world, simulator software is needed. 
Therefore, this research used a software to make the vehicle 
mobility model which is VanetMobiSim version 2.0. 

In creating the mobility model that is as similar as 
possible to the original case, this study uses data obtained 
from the road observation. Furthermore, the map used to 
manufactures the coordinates obtained from the files of Open 
Street Map (OSM) so that the resulting map will be as same 
as the actual size. The formation of this mobility subsystem 
can be mainly divided into three parts which are, the 
manufacture of geographic maps, the determination of the 
behavior of the driver, and the determination of the 
characteristics of the vehicle traffic. 

The first step to create a map using the User Graph 
module is to determine the coordinates of the road and 
continued by creating maps using the User Graph module. 
Determination of the coordinates is done by storing the area 
in a specific map with OpenStreetMap format (* .osm). 
Coordinates contained in the file is valid because the 
coordinates obtained using the GPS service by 
OpenStreetMap. Then the maps that have been saved, loaded 
back on VanetMobiSim to read coordinate position of the 
roads. After that, with the reference to the coordinates of the 
map, * .osm maps can be created using the User Graph 
module. 

Driver behavior is a set of actions that shape the behavior 
of the driver. These actions include the acceleration of the 
vehicle, the maximum speed of the vehicle, as well as 
methods of making the trip. To accommodate the needs of 
the driver, a comprehensive behavioral development in this 
research used a micro-mobility model developed by the 
Institut EURECOM named Intelligent Driver Model with 
Intersection Management (IDM-IM). This model can handle 
the movement of the driver on traffic signs such as traffic 
lights and stop sign [12].  

Therefore, there is driver behavior in choosing the route 
to reach a particular destination. This research uses Dijkstra 
algorithm and StochPath algorithm. Dijkstra algorithm is 
used as the algorithm used by the driver to find the shortest 
distance route, so that the route chosen by this algorithm is 
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the route with the shortest path. However, if all vehicles uses 
this algorithm, traffic jam will happen when the traffic 
volume rises dramatically like in the rush hour. The 
StochPath algorithm needed to choose a route based on the 
travel time to reach the destination. StochPath algorithms 
will be used to simulate vehicle load balancing in this 
research. While Dijkstra algorithm is used to simulate a 
model of mobility without the vehicle load balancing 
scheme. 

 
Figure 1. Non-vehicle Load Balancing Mobility 

 
Figure 1 illustrates the model of mobility without vehicle 

load balancing. The vehicle will move to destination (point 
T) from the initial position of the vehicle (point A). If the 
vehicle load balancing scheme is not applicable, each vehicle 
will choose the path with the shortest distance which is a 
straight road diagonally. With this condition, the congestion 
cannot be avoided because of the number of vehicles that are 
concentrated on certain roads. 

To generate the movement of vehicles using Djikstra 
algorithms, route selection algorithm is given below. 

 

Figure 2. Djikstra Algorithm Flow Chart 

Figure 2 shows a flow chart for Djikstra algorithm. The 
first step was to determine the initial coordinates and the 
destination coordinates of the node as well as the coordinates 
of the intersection of the surrounding neighbors that are 
connected to the nodes starting position. The next is to 
determine the distance to be traveled by node from the 
starting point to the destination and the distance between the 
intersections of its neighbors with the destination, this 
distance is calculated by using Pythagoras formula. After 
that, the examination decides whether the distance between 
the starting point and the destination is greater than the 
distance between the intersection neighbors with the 
destination. If the distance between the starting point and the 
destination is greater, then the distance will be calculated by 
selecting the next neighbor. If the distance between the 
surrounding neighbors with the destination is smaller than 
the distance now, then the node will move to that neighbor 
coordinate. The last condition is when the distance between 
the starting point and its neighbors to the destination has the 
same value. This indicates that the intersection of that 
neighbor is the destination to be reached. Then the node will 
be moved to the final destination point. 

Djikstra algorithm is used for generating vehicle mobility 
in VanetMobiSim. The pseudo code for Djikstra algorithm 
is mentioned below: 

 

Algorithm 1 - Djikstra 

1: Procedure Djikstra 

2: VertexInitial=getInitialCoordinate 

3: VertexDestination=getDestinationCoordinate 

4: VertexNeighbour=getLinkedVertexCoordinate 

5: Distance=Math.sqrt ((VertexInitial- 

6: VertexDestination)^2) 

7: DistanceNeighbour=Math.sqrt 

8: ((VertexNeighbour–VertexDestination)^2) 

8: if DistanceNeighbour > Distance then 

9:  getnext VertexNeighbour 

10:  Return Distance 

11:  else 

12:  DistanceNeighbour < Distance 

13:  MoveVehicleto VertexNeighbour 

14:  VertexSource = VertexNeighbour 

15:  Return Distance 

16:  else 

17:  MoveVehicleto VertexNeighbour 

18:  VertexSource = VertexDestination 

19: end if 

20: end procedure 
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The Djikstra algorithm first step is to know the initial 
position coordinate, the destination coordinate, and the 
neighboring intersection coordinate that linked to the node. 
Next value that have to be known is the distance between the 
initial position and the destination. After that, we have to 
make some condition for the value of the distance between 
the initial position and the neighbor distance to the 
destination. First condition is when the distance between the 
initial position and the destination is bigger. Second 
condition is when the distance between the initial position 
and the destination is smaller. Last condition is when the 
distance between the initial positions to the destination is 
same with the distance between the neighboring intersections 
to the destination. 

 
Figure 3. Vehicle Load Balancing Mobility 

 
However, if the vehicle load balancing scheme is 

implemented on the mobility model, the vehicles will be 
dispersed to other roads in order to reach the shortest travel 
time. Figure 3 illustrates the mobility model that uses the 
load balancing scheme. We can see the vehicle is no longer 
concentrated on the shortest road but the traffic load and the 
vehicle will be spread on the other streets. To generate the 
movement of vehicles using StochPath algorithms, route 
selection algorithm used is in Figure 4 shows the flow chart 
of StochPath algorithm. The first step was to determine the 
initial coordinates and the coordinates of the destination as 
well as the coordinates of the intersection of the surrounding 
neighbors that are connected to the nodes starting position. 
The next is to determine the distance used by node from the 
starting point to the destination and the distance between the 
intersection neighbors with the destination. StochPath 
algorithm calculates the load, which is obtained by dividing 
the length of the road with the average speed. After that, 
examination decides whether the load between the starting 
point and the destination is greater than the load between the 
neighbors junction with the destination. If the load between 
the starting point and the destination is greater, then the load 
calculation would be done by selecting the next neighbor. If 
loads between neighbors with the destination is smaller than 
the current load, then the node will move to that neighbors 
coordinate. The last condition is when the load between the 
starting point and its neighbors to the destination has same 
value. This indicates that the intersection of these neighbors 
is the destination to be reached. Then the node will be moved 
to the final destination point. 

 
Figure 4. StochPath Algorithm Flow Chart 

 

B. Network Subsystem 

To test the performance of the network that is built on a 
variety of test scenarios, this research uses data traffic 
Constant Bit Rate (CBR) that randomly generated using 
cbrgen.tcl script. The traffic generated using the script is 
random with uniform distribution.  
We entered an integer as a seed for the random number 
generator used in the cbrgen.tcl script so the generation of 
traffic through cbrgen.tcl repetitive produces the same 
results. Seed is very useful so that when the simulation is 
repeated, results were not different from the results that had 
been issued earlier in previous simulations. 
The parameters included in the cbrgen.tcl script is the type 
of connection, number of nodes, maximum connections, 
packet rate, and seed. Type of connection used is User 
Datagram Protocol (UDP). The reasons for selecting the 
type of UDP connections is mainly due to traffic associated 
with safety in VANET is carried by UDP connection to 
minimize the delay. The number of nodes is adapted to the 
needs of the simulation scenario. Maximum connection 
determines the maximum number of connections that are on 
the network at any time. Maximum connection used is equal 
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to the number of nodes used. The rate of the package used is 
1 packet per second with CBR packet size is 512 Kbit. 
 

C. Simulation Scenario 

TABLE I.  SIMULATION SCENARIO 

Scenario Number of Nodes 
Average Speed 

(Km/h) 

the effect of 
difference average 

speed 
190 

70 
80 
90 
100 
110 

TABLE II.  SIMULATION PARAMETER 

Parameters Values 

Operating system 
Ubuntu 12.04 32 bit with 

VirtualBox in Windows 7 64 bit 
Network simulator NS 2.35 
Mobility simulator VanetMobiSim 2.0 
Routing Protocol AODV 

Micro mobility model IDM-IM 

Route choosing 
algorithm 

Dijkstra: without vehicle load 
balancing 

StochPath: with vehicle load 
balancing 

Number of node 190 nodes 
Propagation model Two Ray Ground 

MAC Type IEEE 802.11p 
Antenna type Omnidirectional 

Packet queuing Droptail 
Simulation duration 1000 s 

Data traffic CBR, 512 Kbps 

 

These characteristics of the vehicle traffic parameter 
values form the road characteristic on a certain area, which is 
generally uses passenger car unit (smp) units. These 
parameters include the average speed of vehicle (Km / h), the 
volume of vehicles (smp / hour), and traffic intensity (smp / 
Km). 

To determine the characteristics of these vehicles 
requires two data, the data of the average speed of vehicles 
on certain roads along with the value of the arrival of the 
vehicle per time unit. The data is obtained by field survey 
methods. The survey was conducted at 07:00 to 09:00 a.m. 
Wednesday and Sunday representing the week day and week 
end to see the effects on vehicle load balancing. 

Another calculation is done is to calculate the total length 
of the road. The calculation of the length of this road is done 
by calculating the difference in distance of the points 
contained in VanetMobiSim vertex. In VanetMobiSim the 
course of the scheme using the vertex coordinates x and y. 
example in vertex 1 x coordinate is 1385, y coordinates is 
143 and vertex 2 x coordinate is 1298, y coordinate is 226. 
First we calculated vertex 1 and vertex 2 by way of a 
reduction of between x Coordinate and y coordinate and we 
get the results of the x-coordinate difference is 107 and the y 
coordinate is 86. So after we calculate the difference between 

the distances between the points vertex is calculated using 
Pythagoras' argument rules. 

 .    (1) 

And obtained d12 = 120.241 m and is only using two vertex 
and to overall we add up all the distance d and get out of the 
way that we use. and we get a total length of roads is 
2777.66457 m or 2.78 km. and the distance between vehicle 
is random and all the vehicles continue to move on the road 
that has been created.  

Simulation scenario is conducted to achieve the purpose 
of the research, which is to determine VANET network 
performance with and without the vehicle load balancing 
scheme. That would be made into two general scenarios. The 
first scenario without vehicle load balancing scheme and the 
second scenario with vehicle load balancing scheme. 

III. RESULT AND ANALYSIS 

To achieve the goal of this research, then we use several 
performance parameters such as network throughput, end-
to-end delay and packet delivery ratio. In further 
explanation of the two names used to refer to individual 
mobility model that is used. Mobility model that does not 
use load balancing scheme called the Djikstra mobility 
model or regular mobility models. While mobility model 
that uses a load balancing scheme referred to StochPath 
mobility model or load-balanced mobility models. 

A. Packet Delivery Ratio (PDR) Measurement 

Packet Delivery Ratio (PDR) is a value that describes 
the ratio between the number of packets sent with the 
package that successfully achieved by the receiver. Packet 
delivery ratio value will be similar to the throughput 
therefore equally indicate the successful delivery of the 
package. Mathematically packet delivery ratio is expressed 
as: 

 

       (1) 

 

 
Figure 5. PDR with Different Average Speed 

 
Figure 5 shows that the PDR of Djikstra algorithm 

decreases from 99.2% at 70 Km/h to 98.6% at 110 Km/h. 
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This is because the higher the speed of the car, the greater 
the distance between vehicles that will communicate. The 
farther the distance between sender and receiver of the 
vehicle cause more time the data transmission to be 
processed. With the increasing of delivery time, the 
possibility of failure of the data transmission will be greater 
due to the exceeding time to leave from the AODV 
standard. Different case happened with StochPath algorithm 
that increases from 97.1% at 70 Km/h to 97.5% at 110 
Km/h. This is because the higher the speed of the vehicle, 
the vehicle will be more spread out and the data 
transmission process will have more alternative route to the 
destination. For comparison, the average PDR of StochPath 
algorithm is better by 60.471% compared with SpeedPath 
algorithm on the research conducted by [11]. 

B. Throughput Measurement 

Throughput is the average data rate successfully 
received by the recipient [11]. These parameters describe 
how big the actual rate of data that can be sent over a 
network. Throughput is measured in units of data size per 
time. The units used are bits per second. Mathematically 
throughput can be written as follows. 

 

           ((2) 
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Figure 6. Throughput with Different Average Speed 

 

Figure 6 shows that by using Dijkstra's algorithm, the 
resulting throughput values decrease from 290 Kbps at 70 
Km/h to 288.4 Kbps at 110 Km/h. It is because the 
increasing of speed will increase the distance as described in 
the previous section. Whilst in the StochPath algorithm, the 
results tend to be unstable. This is due to the mobility of 
nodes in the StochPath algorithm is not concentrated on the 
roads but scattered on other road segments so that the 
distance between nodes is farther. These two things lead to 
faster topology changes so that increases the frequency of 
the route discovery processes. For comparison, the average 
throughput of StochPath algorithm is better by 130.6 Kbps 
compared with SpeedPath algorithm on the research 
conducted by [11]. 

C. End To End Delay Measurement 

End-to-end delay is the time span between packets that 
are sent until the packet reaches the destination. This delay 
also includes propagation delay, queuing delay, and also a 
route discovery process. The delay parameter is very 
important because many VANET applications will require 
minimum delay, especially in safety-related applications. 
End-to-end delay can be written as follows. 

 
    (3) 

 

 
Figure 7. End-to-End Delay with Different Average Speed 

 
Figure 7 shows that the value of end-to-end delay on 

Dijkstra's algorithm decreases from 59.4 ms at 70 Km/h to 
59.8 ms at 110 Km/h. This is because the greater the 
distance between the vehicles, the transmitted data takes 
more time to the destination. While on StochPath algorithm, 
the value of end-to-end delay decreases from 124.1 ms at 70 
Km/h to 73.5 ms at 110 Km/h, this is because the vehicles 
spread more quickly so that the sender has more alternative 
routes with the minimum delay. For comparison, the 
average End-To-End Delay of StochPath algorithm is better 
by 290.07 ms compared with SpeedPath algorithm on the 
research conducted by [11]. 

 

IV. CONCLUSION AND FUTURE WORK 

This research concludes that the routes searching 
algorithm without the vehicle load balancing schemes better 
than using the vehicle load balancing scheme in terms of its 
QoS. The differences in mobility model directly affect 
VANET network performance. PDR on the vehicle load 
balancing algorithm is smaller 1.76% compared to the 
algorithm without vehicle load balancing. Delay on the 
vehicle load balancing algorithms is bigger 163.07% 
compared to the algorithm without vehicle load balancing. 
Throughput on the algorithm with the vehicle load 
balancing is smaller 2.19% compared to the algorithm 
without vehicle load balancing. 

For next research, we suggest that the measurement of 
trip time is calculated to find whether the load balancing 
scheme can reduce the time needed for the trip. 
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