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Abstract: Transport is one of the key elements in the
development of any country; it can be a powerful catalyst for
economic growth. However, the infrastructure does not give enough
to the huge number of vehicles which produces several problems,
particularly in terms of road safety, and loss of time and pollution.
One of the most significant problems is congestion, this is a major
handicap for the road transport system. An alternative would be to
use new technologies in the field of communication to send 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 CPS system, which can
help drivers in order to have a better trip. For this raison we find the
optimal way to reduce travel time and fuel consumption. This
system based on our recent work [1]. It's new approach aims to
avoid congestion and queues, hat assure more efficient and optimal
use of the existing road infrastructure. For that we concentrate by
analyzing the useful and reliable traffic information collected in real
time. The system is simulated in several conditions, Experimental
result show that our approach is very effective. In the future work,
we try to improve our system by adding more complexity in our
system.

Keywords: Vehicular Ad-hoc Networks, traffic flow, traffic
information systems, SUMO.

1. Introduction

For several decades, the number of traffic is constantly
increasing, especially in developing countries. However,
congestion has many negative consequences for economic
growth, social development and even ecological, because the
time spent in traffic is largely considered lost, it is not used
either for work or for leisure. In addition to the lost time,
congestion cause a massive waste of energy and increasing
pollution, they also cause problems concentrating at work
and reduce productivity and increase stress, so this loss to a
very economic cost high.

The causes of congestion are numerous, but one of the main
causes is the increase in traffic volume due to the growing
demand for urban transport. The inappropriate and lack of
information for users also cause congestion roads.

The construction and expansion of roads, the installation of
intelligent traffic light systems or the construction of a smart
roundabout are solutions to address this problem, but these
solutions require more space for construction, continuous
maintenance and in addition they are very expensive.

An alternative would be to use the driver assistance systems
and provide more information, which allows drivers to make
appropriate decisions to improve driving, especially in the
most complex situations. But in reality, these decisions do
not always lead to the desired gain, either at the time of
travel, or fuel consumption.

So to solve this problem, the system must be able to analyze
and process the data collected in real time, and follows
suggestions the most relevant proposals. However, this type

of system can be developed only if they have an efficient and
reliable communication in this context that the intelligent
transport systems involved and specifically the vehicular ad-
hoc networks (VANETS).

VANETs are considered as one of the most important
technologies for Intelligent Transportation Systems (ITS),
whose goal is to improve safety, better efficiency and
usability in road transport through the use of wireless
communications. For example, VANETS enable vehicles to
connect to the Internet to obtain real time news, traffic and
weather reports. VANETS also fuel the vast opportunities in
online entertainments for less stress for drivers and
passengers, such as gaming and file sharing. For this we use
VANETs in our system, which provides an efficient
communication infrastructure for faster exchange of
information’s.

VANETSs are based on mobile ad hoc networks (MANET)
that can take advantage of fast communication under two
ways between vehicles only (V2V) or between vehicles and
infrastructure (V2I)[2, 3], thus making it possible to play a
crucial role in providing innovative applications and services
[4, 5] in the road transport sector. They have the ability to
collect reliable data on real-time traffic for more efficient use
of road infrastructure securely.

VANET uses specialized short-range communications
(DSRC) [6, 7] to broadcast messages at high speed in several
directions [8, 9] because its latency is low, but the cover of
this solution is very limited. To overcome this problem,
searchers have proposed V2V communication [10, 11], so
that vehicles can further communicate with Road Side Unit
(RSU), and VANETs does not require a significant
investment for implementation. In addition to high-speed
connectivity at lower cost, vehicles equipped with VANET
devices can take advantage of multiple location technologies
with high accuracy [12], either with a relative location [13,
14, 15] or even a global location [16, 17, 18].

Congestion Prevention System (CPS) proposed in this paper
is potentially useful for the road transport, this system based
on VANET, aims to avoid traffic jams and queues for
efficient and optimal use of existing road infrastructure by
analyzing data collected in real time.

The rest of this paper is organized as follows: Section 2 the
related work. Section 3 we present in detail our system.
Section 4 presents the simulation results. Finally, Section 5
gives the conclusions of this work.

2. Related Work

Road congestion has existed for a long time in various cities
and urban areas around the world. But the exponential
increase in the number of wvehicles, and since the
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infrastructure could not be extended in line with the
increasing demand, this poses many problems, especially in
terms of road safety, waste of time and pollution, and so
traffic congestion worsens.

One strategy to reduce congestion is to optimize traffic lights
[19, 20] deployed at intersections by analyzing the data
collected in real-time traffic. The goal of this optimization is
to minimize the waiting time in an intersection and maximize
the number of vehicles crossing this intersection. Then, all
the lights of the different intersections must be synchronized
in order to improve traffic in all directions.

However, local synchronization for one intersection affects
all other intersections of the road network. So the desired
optimization will not be achieved in neighboring
intersections, which could cause more congestion. To remedy
this problem, the researchers proposed to favor high-demand
roads. Nevertheless, this strategy is inadequate when the
traffic is huge and in the event that special events, such as
temporary changes or road closures due to work, accidents or
other occur. An alternative would be to use the new
technologies in the field of communication to collect and
send traffic information, in real time, such as information on
the state of traffic and places of accidents, for more efficient
use of the existing infrastructure.

In [21] the authors proposed an adaptive traffic signal control
system based on car-to-car communication. This system
reduces the waiting time of the vehicles at the intersection
along with the reduction in queue length. To realize this
system, the concept of clustering is used for the vehicles
approaching the intersection. The density of vehicles within
the cluster is computed using a clustering algorithm and sent
to the traffic signal controls to set the timing cycle.

In [22] the authors proposed a smart city framework for
VANETS that include intelligent traffic lights (ITLs) that are
in charge of gathering traffic information from passing
vehicles, updating traffic statistics of the city and reporting
those statistics to the vehicles. Also, ITLs will send warning
messages to vehicles in case of accidents to avoid further
collisions.

In [23] the e-NOTIFY system is designed for automatic
accident detection, reporting, and assistance of road
accidents using the capabilities offered by vehicular
communication technologies. This proposed system focuses
on improving post collision care with fast and efficient
management of the available emergency resources, which
increases the chances of recovery and survival for those
injured in traffic accidents

In [24], the authors proposed CoTEC (COperative Traffic
congestion detECtion), a cooperative technique based on
Vehicle-to-Vehicle (V2V) communications and fuzzy logic
to detect road traffic congestion without the need to deploy
infrastructure sensors. This technique could provide valuable
information in real time to road traffic managers.

In [25], the authors proposed an algorithm to detect and
quantifies the level of traffic congestion in a completely
distributed way, independent of any supporting infrastructure
and additional information such as traffic data from local
authorities. It relies solely on observation of traffic
conditions by each vehicle and information obtained from

141
Vol. 11, No. 1, April 2019

other vehicles. And this algorithm ensures the least amount of
data is sent which contributes towards reducing the network
load, especially important for VANETS since there will be
many different applications running on a limited number of
channels.

In [26] the authors proposed MNTR to reduce the calculation
complexity by focusing on updating the route allocation only
after the occurrence of an en route event by updating the
routes of vehicles whose the current route includes the
blocked road segment. It is worth to mention that MNTR
uses two-step re-routing process as those vehicles will be re-
routed only twice (i.e. next turn allocation, then complete
route recalculation). So, MNTR can efficiently reduce the
average travel time with a minor change of route allocation.
In [27] the authors proposed a people-centric approach to
vehicular traffic management in urban centers, called
APOLO. The main idea of APOLO is to periodically analyze
the spatial and temporal parameters of mobility patterns of
drivers to manage vehicular traffic flow in urban centers.
This approach allows APOLO to explore only the
characteristics of public roads (speed limit and length of the
roadway) and vehicle density at each moment. Additionally,
APOLO can reduce the idle time (around by 50%), and travel
time (around by 17%) through a small increase in the total
travel distance

Our main goal in this work is to develop the CPS, which can
help drivers to have a better trip, to avoid long waiting
queues and areas of congestion, and to reduce travel time and
fuel consumption, in order to optimize the use of road
infrastructure and very fluid traffic.

However, the system needs more data, other than the position
of the vehicle and its destination. For this, we use VANETS
to collect and examine in real time all the necessary data on
driving conditions, by the exchange between vehicles and
detection equipment and even between vehicles themselves.

3. Proposed system

The most recent navigation devices can provide the optimal
path based on distance, but when there is an incident
blocking traffic or the traffic flow is higher than roads ability,
the path no longer considered optimal perhaps it becomes the
longest path, as in this case the optimality is based on
minimizing losses than maximizing gains, therefore the
distance is not the only criterion that should be taken into
account, but other 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 at the
time where the vehicle will take the path and the number of
intersections and traffic lights to ensure that the path is the as
fast as possible.

3.1 Objective

The main objective of our system is to find the optimal path
in different situations, by avoiding the congestions and the
long queues, in order to:

* Reduce travel time.

» Reduce downtime in each roundabout and intersection.

» Keep traffic flowing on the totality of the road network,
without any investment in road infrastructure.
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From these gains by exploiting this system, it can also
contribute to:
» Reduce waiting time
» Reduce congestion.
* Reduce the fuel consumption.
* Reduce greenhouse gas emissions.
* Reduce the stress of driving.
+ Improve road safety.

3.2 Methodology
The search for an optimal path first of all requires collecting
information on the infrastructure and road traffic to analyze
them, this is why the first part of our method consists to the
recognition of the road map, in order to represent the map
“Figure 1” as a graph “Figure 2” where the edges of this
graph correspond to road, and vertices to road intersections.
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Figure 1. Part of the chosen map.

Figure 2. The graph that represents the part of the chosen
map.

On the other hand, the collection and analysis of data can be
a very complex process, especially when the road covered
area is large.

For this we will proceed to the division of the map into small
areas according to their geometric characterization and
capacity. This division of the map “Figure 3, allow the
calculations into each area at same time, this will contribute
positively to the performance of our system, especially when
searching the optimal path. So therefore, instead of the entire
map is represented by a single graph, each area will be
represented by a graph, in addition to another global graph
where these vertices correspond to the areas and these edges
correspond to the optimal paths from the area to adjacent
areas.

142
Vol. 11, No. 1, April 2019

N \ ! g |
o S - A G ‘
‘ bt <0 B — - r
e N ; ;;.4‘ = ”»
P T IS _
(R 125 :__:?,44" >
W\
A g ¥
é% L J
| g
0 — r
'
L P ' g =
! - i
-~ =X —— -,..
w\'.\
'\'.' /
R oeh 7
\\ /
X
\
\
\
\ J—

Sy .\ W
Figure 3. Division of the map in small area.

The second part is to collecting information’s relating to
movements of all vehicles and save them in the database
“Figure 4. The recording is done only in case of change of
road, and only two roads ID and the date and time of the
change will be recorded in HistoryTrips table for each
vehicle, this information will be the basis to provide an
estimate of the movement of vehicles in the next step.
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" Figure 4. Database schema.
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The database “Figure 4” also include the ROAD table where
the roads must be saved, the ZONE table for small areas of
the map divided, the AdjacentZone table for the adjacent
areas and the ToZONE table for the temporary optimal path
from an area to another area in the map.

The third part consists to predict the travel time for a specific
route and in a given time. For example, “Figure 5” the
vehicle (C) in road Ry at to, it has four possibility, either go to
Ri1, R2, Rz or go back to Ro, otherwise the selected road is the
one with the smallest travel time when the vehicle will arrive
to this road. For this we must know the travel time it will be
at t; for Rg, R1, Rz and Rs, and whether the route chosen is R3
we need to know the time to travel that will be at t, for R4
and Rs, and so on.

Figure 5 The different possibilities for a vehicle arriving at
the junction

Thus to determine the travel time of a road, it must firstly
estimate the number of vehicles likely to be for this route
when the vehicle will arrive to this road. For that we use a
recursive function “getNbrVehicle”, this function calculate
the difference between the travel time of the road and the
provided time for the vehicle arrives at this road, if the result
is negative the function return the number of vehicles
available in this road. If it isn’t 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.

Algorithm: Number of vehicle in a road, NumberVehicle
input: ID of road, IdRoad
input: The time after the vehicle arrives at the road, T
output: The estimated number of vehicle, nbrVehicle
1 Begin
2 nbrVehicle=0
3 If T > TravelTime(IdRoad) Than
4 Foreach r in AdjacentRoad(IdRoad) Do
5 nbrVehicle+= ProbabilityGoTo(r,IdRoad)*NumberVehicle(r,T-
TravelTime(IdRoad))
6 Return nbrVehicle
7 Else
8 Return getNbrVehicle(ldRoad)
10 End

143
Vol. 11, No. 1, April 2019

Function to the estimated number of vehicle given a road,the
optimal path.

The estimated number of vehicles is used in equation (1), this
equation is developed version of the Davidson’s function by

Akgelik [28].
o5
z+ (z: + —B’;"F"'] D (1)

Table 1. Notation and meaning for parameter equation

t=tg (1 + 0.25%

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

Akcelik’s equation states that the travel time (t) is equal to
the free-flow travel time (to) plus the average overflow queue
(q) divided by the capacity (Q). The average overflow queue
divided by capacity is the portion of the equation inside the
brackets to the right of “to”. The equation for the average
overflow queue was fitted by Akcelik to take into account
variations in queue lengths caused by random variations in
arrivals. There is in theory no upper limit on the value of “x”
that could be input to this equation since this equation is
designed to approximate the delays due to queuing when
demand exceeds capacity.

The equation explicitly takes into account the delays caused
by queuing and can be applied to any facility type. The
assumptions are that there is no queue at the start of the
analysis period, and there is no peaking of demand within the
analysis period.

The delay parameter Ja is a function of the number of delay
causing elements in the section of road and the variability of
the demand. Akcelik suggests lower values of Ja for freeways
and coordinated signal systems. Higher values apply to
secondary roads and isolated intersections.

In the graph corresponding to the map “Figure 3”, the weight
of each edge is the time to travel of the lane that represented
this edge in the graph, and now it can easily deduce the
adjacency matrix of all graphs that represent 'small areas of
the map.

Finally, based on Dijkstra's algorithm [29, 30], we determine
the optimal path from the current position of the vehicle to its
destination. One of the reasons to use Dijkstra's algorithm is
the simplicity of its implementation and performance in static
graphs.

The determination of the optimal path passes through two
steps, the first is to determine the shortest path in global
graph from the zone where the vehicle is located, to the zone
where the destination is, order to determine the areas where
the vehicle will pass. The second step is to determine the
shortest path graph in which the vehicle is from its current
position to the adjacent zone already determined in the first
step.
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Figure 6. Process to find the optimal path in the vehicle.

Determining the optimal path is initiated by the wvehicle
“Figure 6” that sets the coordinates of its destination into the
system, then these coordinates and other data is processed by
the server of the zone “Figure 7” to find the optimal path.
This process of server is repeated at each extremity of road
until the vehicle arrives at its destination.

3.3Architecture

Our approach cannot be implemented unless we have an
architecture that can provide value added services; this is
why our architecture is largely based on VANETS.

So as already mentioned, the road map “Figure 3” will be
divided into several zones, and each zone “Figure 8” must
have a road side unit (RSU) connect to a server that milking
and the information stored in databases.

Get the source and
destination locations

Mo

& source and the
destination locations in
the same zone

Determine the optimal zones
from the source zone to the
destination zone

Y
Determine the optimal path from Determine the optimal path
the source to the destination from the source Location to
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Figure 7. Process to find the optimal path in the server
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Figure 8. System architecture
4. Simulation
4.1 The Simulation platform

Many applications exist for road traffic simulation, and each
has its own peculiarities. In this research we need a global
control of the environment simulation, for this platform
proposed is Simulation of Urban Mobility (SUMO).



International Journal of Communication Networks and Information Security (IJCNIS)

SUMO is a free software simulator, is a microscopic traffic
flow, designed to handle large real road maps and combining
SUMO with OpenStreetMap, which simulates traffic in
different parts of the world.

SUMO has the ability to run as a server to provide dynamic
simulation Traffic Control Interface (TraCl) [31] that uses
the TCP protocol, which allows the change of scenario when
running.

4.2 Simulation scenario

To test the effectiveness of our system, we consider a real
map “Figure 3” and 10000 vehicles to get a huge amount of
traffic.

Order to highlight the impact of our system on traffic, we
consider multiple scenarios, and in each scenario we
randomly selected a specific number of vehicles in different
stages of simulation and different places in the map.

The vehicles chosen to use our system to determine the
optimal path, on the other side the other vehicles consider the
shortest path as the optimal path.

During the execution of the all scenarios we collect location,
speed and quantity of greenhouse gas released for each
vehicle.

4.3 Results
Average speed
16
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Figure 9. The average speed of all vehicles in each scenario

“Figure 9” which illustrates the average speeds of all vehicles
in each scenario. We note that, if the selected number of
vehicles increases, the average speed is increasing too. This
indicates that the waiting time decreases for the chosen
vehicles, which implies the reduction of travel time.

Average fuel consumption

Fuel consumption in L
)
8 8

200
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Number of vehicles

Figure 10. The average of fuel consumption in each
scenario
And in “Figure 10” which illustrates the average fuel
consumption of all vehicles during displacement in each
scenario. We note that if the number of selected vehicles
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increases, the average fuel consumption decrease. This
indicates that travel time is decreasing for selected vehicles.

Average of CO, emission
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Figure 11. The average of CO2 emission in each scenario

But in “Figure 11” shows that if the number of selected
vehicles increases, the average CO2 emission decreases.
Therefore, the minimum travel time of the chosen vehicles
also allows for savings in fuel consumption “Figure. 10”, and
reduces the amount of greenhouse gas emissions “Figure.
117,

Figure 12. The traffic CO, emissions in the first scenario.

“Figure. 12” which shows the traffic CO, emissions in the
case where no vehicle do not use our system, and as you can
see, the CO, emissions are concentrated in the main roads.
On the other hand in “Figure. 13” that shows the traffic CO>
emissions in the case where one hundred vehicles use our
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system the CO; emissions are scattered in almost all roads of
the map.

The more road traffic increases, the more solutions exist to
improve traffic flow becomes inadequate, but using our
system helps to avoid congestion and consume less energy.
Thus, this system has many advantages in the economic,
environmental, social and even the long waiting time at
which the driver stress.

5. Conclusions

This paper addresses the problem of optimal path in road
networks, where we proposed we present a Congestion
Prevention System (CPS) based on new approach [1]. CPS is
potentially useful for traffic fluidity, it use the information
provided in real time by VANET, and the history of the
vehicles moving to get the optimal path from the source to
the destination location. It can supports a very large road
networks, by dividing the road network into several
independent zones.

The simulation results confirm the effectiveness of this
system; 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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