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Abstract—Roads’ overload remains a major challenge
although they are constantly expanded in order to increase their
capacity and improve their efficiency. This tends to cause many
problems: environmentally, economically and socially. The
advancement of urban traffic management systems, construction
and expansion of roads are solutions to address this problem and
improve the performance of the road circulation, but these
solutions are very expensive and also require more space for the
development and permanent maintenance. An alternative would
be to use the new technologies in the field of communication for
sending traffic information such as treacherous road conditions
and accident sites by communicating, for a more efficient use of
existing infrastructure. In this paper, we present a new approach
based on VANETS, which can help drivers have a better trip, by
finding the optimal path to reduce travel time and fuel
consumption. This approach aims to avoid congestion and queues
in a more efficient and optimal use of existing road infrastructure
by analyzing the useful and reliable traffic information collected
in real time.

Keywords— Vehicular Ad-hoc Networks; SUMO; Dijkstra’s
algorithm.

I. INTRODUCTION

Transportation plays an important role in economic and
social development and can be a powerful catalyst for growth.
However, the tremendous number of vehicles exceeding the
capacity of roads produces several problems, particularly in
terms of road safety, and waste of time and pollution. One of
the most significant problems is congestion, and this represents
a major handicap for the road transport system. Congestion on
the road network is the condition in which the capacity of the
infrastructure is insufficient to regulate the flow due to the
increased number of users causing a global slowdown in road
traffic. This phenomenon is characterized by the deterioration
of the quality of service, waste of time, stress problems for
users, reduced productivity, increased energy consumption and
increased pollution. However, land transportation is the most
used means of transportation, which explains the exponential
increase in the number of vehicles each year, especially in
urban areas, which makes the road infrastructure and the
methods of traffic management inappropriate. Construction and
expansion of roads, traffic and access managing roundabouts
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are solutions to address this problem of traffic congestion and
improve the performance of the circulation system, but these
solutions are very expensive and also require more space for
the development and permanent maintenance. An alternative
would be to use the new technologies in the field of
communication for a more efficient use of existing
infrastructure. This alternative is important to address the
problems of traffic Intelligent Transportation Systems (ITS).
ITS have emerged as an effective way to improve circulation,
allow uses less energy in traveling less distance to reach the
desired position with a gain of time and money, while
respecting nature, but unfortunately this is not always the case
because the congestion is caused by accidents, construction and
road repair, inappropriate parking , bad weather conditions,
drivers’ behavior, etc.. Having this information will not only
reduce the travel time but also avoid congestion, reduce fuel
consumption and therefore reduce the amount of greenhouse
gas emissions, and improve road safety [1]. One of the
effective ways possible to have this information in real time are
Vehicular Ad-hoc NETworks (VANETS), they have the ability
to collect useful and reliable traffic data for optimal use of road
infrastructure, they allow also to improve road safety, and to
have access to the Internet for less stress for drivers. In this
paper, we present a new approach based on VANETSs, which
aims to avoid congestion and queues in a more efficient and
optimal use of existing road infrastructure by analyzing the
data collected in real time.

The rest of this paper is organized as follows: Section II
gives a state of the art work of some systems and similar
applications of this approach. Section III presents the reasons
to choose VANET and Dijkstra’s algorithm. Section IV we
present in detail our approach. Section V presents the
simulation results. Finally, Section VI gives the conclusions of
this work.

II. STATE OF THE ART

In recent years, intelligent transportation systems have
made a significant growth, due to the great benefits that can be
provided by this technology; these systems are designed to
improve road safety, comfort, driving assistance and
entertainment. The first offered solutions to help the traffic
flow and enhance driving devices are satellite navigation and
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location services such as GPS [2], these devices provide
practice step by step, contact information and a visual
representation of current position, and provide the shortest
path, which allows the use of less energy in traveling less
distance to reach the desired position with a gain of time and
money. Some of these devices also allow you to download in
real time using a cellular network, the latest information on
traffic conditions.

This allows using the fastest way based on traffic state to
avoid congestion. But the performance of some applications of
location based traffic services can fail sometimes due to
disadvantages such as the inability to use especially in urban
areas with tall buildings, where the satellite signals may be
blocked, leading to possible errors in the data collected.
Another strategy to reduce congestion is to optimize traffic
signals [3] deployed at intersections by analyzing the data
collected in real time traffic. The goal of this optimization is to
minimize waiting times in an intersection and increase the
number of vehicles crossing the intersection. Then you have to
synchronize the lights different intersections to improve traffic
in all directions. However, synchronization influence on all
intersections of the road network, so a perfect synchronization
of traffic lights for traffic flow in a road leads to frequent stops
and expectations in other roads. For this, the researchers have
proposed to provide roads with strong demand for special
events or temporary changes such as the closure of roads due to
construction or other, resulting inadequacy of this strategy. Our
main objective in this work is to develop a new approach that
help drivers have a better trip, avoiding queues and congestion,
the optimal use of road infrastructure to reduce travel time and
fuel consumption.

III. THE REASON TO CHOOSE VANET AND DIJKSTRA’S
ALGORITHM

In our approach, we will use the VANET to obtain relevant
information in real time on the road, and after that, we will
establish a graph by analyzing the information collected, and at
the end we determine the optimal path through the Dijkstra’s
algorithm.

A. Why use VANET?

VANETS are based on mobile ad hoc networks, which are
designed to provide communication between vehicles and it
play a crucial role in providing applications and innovative
services [4, 5, 6] in the sectors of road transport.

VANET uses specialized short range communications
(DSRC) [7] to broadcast messages at high speed in several
directions [8] because its latency is low, but the cover of these
solutions is very limited. To overcome this problem,
researchers have proposed V2V communication [9], so that
vehicles can further communicate with road side unit (RSU),
and VANET will therefore not require a significant investment
for implementation. In addition to high speed connectivity at
lower cost, VANETSs can be fitted with several solution and
localization techniques [10] vehicles with high accuracy, or
with a relative location [11, 12] or even a global location [13,
14].
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Fig. 1. Finding the optimal path.

B. Why use Dijkstra’s algorithm?

The problem of the shortest paths has received massive
attention from researchers due to its applications in several
areas including logistics and transportation, this problem is one
of the classic problems of graph theory. The algorithms for
this problem have been studied for a long time and they
are still in progress [15]. One of the most commonly used
algorithms is Dijkstra’s algorithm [16], because of the
simplicity of its implementation and performance. Dijkstra’s
algorithm guarantees to find the shortest possible path never
considering the same vertex twice, and he does not need
precalculation, it can be applied to dynamic graphs [17], for
that several models are available, probabilistic [18] or non-
probability [19]. In our approach, since the map is invariant in
time, and only the weights of the edges that changes regularly,
we use a model similar to the non-probabilistic model with
Dijkstra’s algorithm.
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IV. OUR APPROACH

The most recent navigation devices can provide the optimal
path based on distance, but when there is an incident blocking
traffic, the road no longer considered optimal becomes perhaps
the longest path , so the distance is not the only criteria that
should be taken into account, but further information on the
path must be taken as: the maximum speed to be used in each
part of the trip, capacity of the road and the number of vehicles
that are in the moment the vehicle must take this route and the
number of crossroads and traffic lights for the quickest way
possible.

It is in this context that our approach aims to find the
optimal path any time, avoiding queues and congestion, and
helps improve traffic flow and road safety. This approach is
divided into two main parts that run in parallel, the first part is
the data storage and the second is the analysis and calculation
of data. The first part is to collect and record the movement of
all vehicles in the road, we only record Id roads and the date
and the change for each vehicle. The second part is performed
in two phases:

e Phase 1 is to create a graph showing the map where the
edges match to roads, peaks at the intersections of
roads, and the weights of the edges in time to travel. In
addition to the map of the other necessary information
such as information about the traffic, the maximum
speed in each segment and the speed of the vehicle in
question and the data recorded in the first part.

e Phase 2 is to apply Dijkstra’s algorithm to generate a
graph to determine the optimal road from the current
vehicle position to the destination point. The storage
process: In reality, most vehicles do not support the
VANET networks, and we would still have old models
in operation, for this reason, we introduce the storage
process that aims to save the vehicles’ movements in
log files, each file is related to a road, whenever a new
vehicle access a road we save the id of the road it’s
coming from, the date and the time of access, we can
also use a database instead of the log files.
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Fig. 2. Map for the simulation scenario.

The history of vehicles’ circulation will help us predict the
movement of the vehicles that do not support the VANET
during calculations. This history will help us to predict the
movement of vehicles which do not support VANET networks
in the calculation. The process of analysis and calculates :It’s
the main process of our approach, its objective is to present the
road network in a form of graph, and deduct its adjacency
matrix where the summits are intersections and the size of
stopping duration to travel the road, these durations change
depending on traffic.

PredictNbrVeh this recursively function to the estimated
number of vehicle given a road, it takes two inputs drive the id
parameter and the time after which the vehicle arrives at the
road, in a first step, we calculate the difference between the
entry time and the travel time of the road, if it is negative given
the number of vehicles available in the road. If we determine
the probability of transition to the road according to historical
records indicating the date and time, and also determines the
expected number of vehicles for each adjacent road with the
same function using the difference already calculated as length
entry, and then the sum of the product of the probability times
we calculate the number of vehicles for all adjacent road.

TravelTimeCalc This function allows the estimated travel
time of a given road, it takes two drives the id parameter and
the time when the vehicle arrives at the road; it makes a call to
PredictNbrVeh function to determine the number of vehicle
under the given time, and then uses the relationship Davidson’s
[20] “(1),” to calculate the travel time.

t=ty(1 +0.25r,[z + (2 + (8])/rs)"’]) (1)
TABLE 1. NOTATION AND MEANING FOR PARAMETER
EQUATION

Notation Meaning
T travel time
to minimum travel time
Ja a delay parameter and the errors of estimation

demand, calculated by the real time data according

4 to the historical data
] capacity
X q/ Q = degree of saturation
z =x-1
rr ratio of flow period to minimum travel time

From these functions we can estimate the travel time of
each route in the map, this time represents the weights of the
edges of the graph.

Now we can easily deduce the adjacency matrix of the
graph, then it is applied to Dijkstra’s algorithm to determine the
optimal route from the current vehicle position to the
destination point. As long as the vehicle has not arrived at its
destination, it brought to light travel time of road map, then
again it calculates each time the vehicle arrives at the end of a
road.
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V. SIMULATION

A. The Simulation platform

In this research we need a global control of the environment
simulation, for this platform proposed is Simulation of Urban
Mobility (SUMO). SUMO has the ability to run as a server to
provide dynamic simulation Traffic Control Interface (TraCI)
[21] that uses the TCP protocol, which allows the change of
scenario when running.

B. Simulation scenario

To test the effectiveness of our approach, we consider a real
map “Fig. 2”7 and 70000 vehicles to get a huge amount of
traffic, with 2 hours as duration of the simulation. We
randomly selected five vehicles in different stages of
simulation and different places in the map. Two scenarios are
considered in this simulation, in scenario 1 each vehicle
identify the shortest path to go to its destination from point of
starting, on the other side in scenario 2 each vehicle uses our
approach to find an optimal path. For both scenarios, the same
vehicles are used with the same points of departure and arrival
for each vehicle. During the execution of the two scenarios we
collect location, speed and quantity of greenhouse gas released
for each vehicle.

C. Results

V4 and V5.
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Fig. 4. Total time in Second for both scenarios.

In fact, if traffic is less important this does not cause
congestion, the optimal path considered by our approach is the
shortest path, and in the opposite case where the traffic is more
important the optimal path considered by our approach is the
fastest path even if the distance traveled is longer.
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The results illustrated in “Fig. 3" shows that, the distance » |
traveled by the vehicles V1, V2 and V3 in the scenario 2 is
longer than the distance traveled in scenariol, except for 15
vehicles V4 and VS5that they have the same distance in both
scenarios. However, “Fig. 4” shows that the time required by 10 i
the vehicles V1, V2 and V3 in the scenario 2 for traveling is
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Fig. 5. Change of speed in time for the vehicles V1 (a), V2 (b) and V3(c).
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“Fig. 5,” which illustrates the change of the speed with respect
to time for the vehicles V1 (a), V2 (b) and V3(c) in the
both scenarios, We note that the vehicles remained without
moving many times and for long periods in scenario 1, unlike
in scenario 2 which explains the reduction of travel time in
scenario 2. The minimum travel time in scenario 2 also allows
for savings in fuel consumption “Fig. 6,” and reduces the
amount of greenhouse gas emissions “Fig. 7”. Our results

show a profit of nearly 50% and more reduction in fuel
consumption and a gain of more than 70% of the travel time for
vehicles in scenario 2 compared to scenario 1 more huge
reduction in greenhouse gas. The more road traffic increases,
the more solutions exist to improve traffic flow becomes
inadequate, but using our approach helps to avoid congestion
and consume less energy. Thus, this approach has many
advantages in the economic, environmental, social and even the
long waiting time at which the driver stress.

VI. CONCLUSION

This paper addresses the problem of optimal path in road
networks, where we developed a new approach using the
information provided in real time using the VANET
technology. The simulation results confirm the effectiveness of
this approach; it reduces the travel time in case of congestion,
and therefore helps to improve traffic flow and road safety. In
the future, we aim the development and validation of our
technology by comparing the results with data from different
field.
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