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Abstract

Objectives: Intelligent Transportation System (ITS) is raising the interests of the research community in the field of
communication. The main objectives of this work are to implement ITS scenario and evaluate the Traffic Density Estimation
for different cities for checking the density of vehicles on the different roads and perform a comparative evaluation of traffic
densities in the different number of city based scenarios and to increase the accuracy of the density prediction technique
for ITS. Method /Statistical Analysis: In this manner, an advanced density prediction technique has been proposed for the
prediction of density on the road. The proposed technique is based on the number of vehicles on the road, in which vehicle
on the map of the three cities at a particular instance of time has been estimated. After estimating the density of vehicle,
prediction of that density has been done which shows that there is a maximum density on the lane and in future density
on the road has been predicted. Finding: A range of values has been generated with the help of a dedicated simulation
scenario using SUMO simulator. The computed values have been used for estimating the density of vehicles in Chandigarh,
Delhi and Kolkata based on road side scenarios using Poisson distribution for randomly generated of vehicles and the
obtained values has been evaluated to compare the densities of vehicles for these three cities. Improvement: When we
are talking about traffic, then the term comes in our mind is congestion. To avoid that congestion on the roads, we use the
Poisson distribution in which vehicle generates after every instance of time. With the help of this distribution, the amount
of congestion on the roads can be decreased and this technique is very effective on the hurdle like jam.
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1. Introduction

The field of vehicular communication has raised the
interests of analysis community within the field of commu-
nication and traveller convenience. ITS is a network that
connects the vehicles with the aim of safety of driver and
supply economical traffic management with the assistance
of affiliation protocols. Vehicular system provides numer-
ous services through ITS for increasing the efficiency of
road safety through dedicated applications such as colli-
sion avoidance between vehicles, lane changing behavior
of vehicles using sensors, and automated navigation system
that help the vehicles to communicate with other vehicles,
and check the vehicle speed on the road. Based on ITS
(Figure 1) shows the road network of vehicles on different

*Author for correspondence

lanes in which communication is done by the employment
of signals. Some vehicles are moving in identical direction
and some in the opposite direction. The figure also shows
the continuous movement of vehicles from lane A to lane
B, lane C and lane D. At the traffic lights vehicular density
is calculated for a variety of vehicles on the lane by install-
ing detectors on the lanes and therefore, the average speed
and time taken by the vehicles to cover the distance can be
calculated'. Therefore, the applications are used for mini-
mizing the broadcasting problems that would recognize
the traffic density of every lane. The centralized system of
traffic light is used for controlling the congestion on the
road and generate totally different style of traffic density
on the lanes®. Some problems occur in estimating density
on a road like whenever each vehicle on the road has to
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Figure 1. Road Map of different lanes.

determine its neighboring traffic density by using some
easy measurements like the amount of neighbors close
to it. If the vehicles know that there is road closure or an
accident on the road, then the drivers can avoid that route,
and move to the other route to save time’>. When talking
about safety, our main focus is on emergency vehicles like
vehicles utilized in department of local government, fire
trucks and many other vehicles that work for the organi-
zation. In case of emergency, there is more likelihood of
accident of those vehicles that are doing jobs for organiza-
tions as compared to the others vehicles*. The definition
of traffic density estimation is based on the idea of traffic
flow, which is calculated by the number of vehicles on a
specific road>. Communication between vehicles is criti-
cally important. Vehicles have to send warning messages
to alternative vehicles to avoid collision. This information
is collected by each vehicle on the road, and each vehicle
measures the passing time of vehicles in a given space®. An
infrastructure-free approach is used for assembling traf-
fic data to avoid the congestion on the roads and a traffic
flow model is used to estimate the traffic data. Using the
traffic flow model, traffic flow on the road is predicted to
avoid congestion, and the new path selected by the vehicle
is known as candidate path. Candidate path is the other
route for the vehicle to avoid the means wherever there
is congestion on the road and vehicle reaches the desti-
nation quickly. When communication endpoints do not
come under the range of transmission, unicast routing is
needed to determine the communication path between
vehicles. In this case, some applications that are utilized
in the area of inter-vehicle communication need routing
algorithms for providing a link between vehicles in the
network’. When the vehicles are under the range of the
transmission then the performance of the traffic density
estimation that was based on the vehicle that is near the
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other vehicle and also used to evaluate the performance of
the scheme based on clusters of the vehicles for an orga-
nized network®. Before estimating the vehicle density on
the real scenario, it is important to explore the charac-
teristics of vehicles spacing distribution. Traditionally it
was not easy to measure the vehicle space in the traffic on
the actual road. Because of this issue, the vehicles spacing
distribution are formulated from vehicles point of view?.
A number of technologies are used for collecting a large
amount of vehicular data. Initially, the data was generated
by manually, but now this task can be done by machines.
In these cases, humans only give commands to machines
and machines provide results to human’s instructions as a
response. Numbers of devices are placed on the vehicle for
collecting vehicular data either in small or large amount.
Many organizations are still working on better ways
to obtain the solution for collecting bigdata effectively.
Today, everybody is talking about massive information
such as how to store huge information, where to keep the
collected information, how much house it needs and how
to use that information. Now-a-days the data are large
in size that is generated by the government offices, busi-
ness offices and the social sites like facebook, linkedIn,
twitter, etc which produce a bulk of data to be collected
examined.

Several authors have used the massive knowledge,
conception in varied fields like business, healthcare, edu-
cation field, industries, government offices and much
additional. In every second, the enormous quantity of
knowledge is generated from a distinct variety of sources.
In vehicular system, multiple techniques are used for
assembling knowledge, such as numbers of sensors are
placed on the road for managing a giant amount of data
and a few sensors on the mobile phones communicate
with the vehicles. A set of approaches and techniques have
been proposed for grouping vehicles data such as vehicle
movement, vehicle id is used to generate emergency warn-
ings. The key idea was based on the several techniques
used in infrastructure-free approaches such as vehicle-
to-vehicle (V2V) communication for estimating density.
The authors discussed the different number of strategies,
algorithms and methodologies for estimating the amount
of the vehicles on the road. A Model based Infrastructure-
free Collection and Estimation (MICE), a dynamic path
designing for finding the shortest path have been pro-
posed, with minimum time by analyzing and aggregating
the vehicle data on the road. The information received
from the infrastructure-free and traffic flow model is used
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for calculating the speed and density of vehicles on the
road that is used for estimating the condition of traffic and
hence, analyzing the received data. The performance of
the vehicles density estimation was depends on the vehi-
cle that is near to the other vehicle and a scheme that is
used for measuring the density is based on clustering that
has been used for an organized network'’. Before estimat-
ing the vehicle density on the real scenario, it is important
to explore the characteristics of vehicles spacing distribu-
tion. Traditionally it was not easy to measure the vehicle
space in the traffic on the actual road. Because of this issue,
the vehicles spacing distribution are formulated from
vehicles point of view. A different range of techniques
was used for getting information that was derived when
processing the condition of traffic within the major cities
and alternative extremely packed areas. The sensing tech-
nologies were divided into number of devices that were
placed on the road or on the vehicle such as road sensors,
vehicle sensors, pressure pads, etc. For communication,
sensors are linked together with the techniques such as
navigation systems that monitor the road conditions such
as the location and the average speed of the vehicles. An
example of collecting information from different sources
such as the records from any social network and also the
faculty or school library which is in unorganized format,
and that format is not comfortable for humans to grasp it
quickly. The information collected from different sources
was formatted initially and then employed for analy-
sis. The authors also described about the challenges that
occur during collecting information and researching. The
information received from the sources was collected and
its appropriate structure was created and then, an analy-
sis of the collected information was done in". Different
issues that faced by the individuals and the solution to the
challenges that occur due to the weather or any tragedy
like floods, landslide, cloudburst, and cyclone was given.
If proper pointers and alert messages were send to indi-
viduals before calamities, then the damage was reduced. It
was facilitated to manage quick helplines like fire trucks,
ambulances. The information collected within the vari-
ety of original trace data of some vehicles counted in one
month. The main focus was on the location information
within the different kind for every pair of vehicle. All
contacts between each pair of vehicle were analyzed and
found a distribution like vehicles, inter-contact time, fol-
lowed by a broad range of the exponential distribution. A
quality model was also designed to contain data forward-
ing protocols, and their analysis performance was done®.
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Focused on the quantity of problems in the lower layer of
the wireless technologies based on vehicular communica-
tion spaces. This communication technology includes the
transmission power, bandwidth of the communication, its
data rate, description of channel etc'!. Review the appli-
cation and the agent technology in ITS system and also
discussed the different agents in ITS and their applica-
tions using the results and described about improving the
performance of traffic additionally as facility’>. A Wireless
Sensor Network (WSN) applications in ITS and a new
method for the choice of intersection of achieving greater
results by deploying sensors and the controllers that are
applied at the intersections for increasing the efficiency
of traffic in ITS*. Various research has been done on the
number of issues when there are a number of paths to the
same destination in which some are highly populated and
others are low populated and very few people knows about
those paths. A system has been developed for tracing the
estimated density of the vehicles such as heavy as well as a
light vehicle found in different locations at different times,
which will help the users to decide the best path to the
destination. And also helps the users can also estimate
the time that it will take to reach the destination from
that path'”. Based on the traffic density measurement on
the roads, an intelligent fuzzy controller technique with
vision computing is used to manage the traffic lights that
have been implemented and an algorithm that is used to
solve the problem of road traffic congestion in high con-
gestion hotspots in developing regions'.

2. Proposed Methodology

Although a number of algorithms for density estimation
have been proposed, but data analytics has not been
used for estimating vehicles density. In this paper, a den-
sity estimation scheme for vehicles has been proposed
by considering simulated vehicular traffic in three cit-
ies of India. The cities that have been considered are
Chandigarh, Delhi and Kolkata. (Figure 2, Figure 3 and
Figure 4) depicts the snapshots of roadside scenario for
these three cities that have been taken using Simulation
of Urban Mobility (SUMO) simulator. The process for
density estimation is performed in a number of phases.
The main phases of this scheme are Data extraction and
integration, Data Analysis and Density estimation. All the
phases and the relationship between them are illustrated
in (Figure 5). The working of each phase of this process is
explained in detail as follows.
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Figure 2. Chandigarh City.

Figure 3. Delhi city.

Figure 4. Kolkata city.

Figure 5. Different phases of the process and their
attributes.
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2.1 Data Extraction and Data Integration

In this phase, data is extracted from the trace file in the
form of vehicle and lane information. This generated
data are in the form of different structured files such as
in formats that makes it complex for manual analysis. In
the proposed Density Estimation scheme, a traffic map
is generated for urban roadside scenario by considering
road maps of the city and vehicles are allowed to enter the
lanes from random points after a fixed time interval using
Poisson distribution based vehicle generation scheme is
used to insert vehicles into the traffic Simulation envi-
ronment. Each vehicle follows a predetermined traffic
map. Different features related to traffic of vehicles such
as the position of the Vehicle, Lane ID, Time, Speed are
extracted after every simulation. The data integration sub
phase combines the extracted data from different sources
and provides a unified view of data. In the scenario, data
are collected in the form of Open Street Map (OSM)
file, once input is given in the form of network file. The
network file contains a lot of number of edges and lanes
that are linked together. Different identities are assigned
to each lane, edge and the file also contains the length of
lane. After creation of network file, map file of scenario
is checked where data such as vehicle movement, start-
ing and every exiting points of vehicles and a particular
timestamp for vehicles, longitude latitude for the vehicles
and visibility of the vehicles on the lane are stored in the
form of records of every vehicle. A file represents the
shape of the objects or vehicles, type of the vehicle, the
color of the object is also attached to the map file. Poly
file is capable of applying different attributes to the shapes
that is imported from sources. Next step is the process of
combining route file and additional file (route alternate
file), which is used to determine the route of a network.
The vehicle routes are computed by the use of SUMO. An
additional file used in the route file, provides the defini-
tion of the vehicle such as what type of vehicle is used in
the scenarios, route definition of vehicle and route dis-
tribution for every vehicle. For generation of vehicles on
any lane, Poisson Distribution has been employed. In this
distribution, the probability with which vehicles are input
into the roads over a specific time interval is defined as

et (1)
Px) = xl

where the symbol (e) represents Euler constant, (A) rep-
resents the mean of the total value and x represents the
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total number of vehicles generated over the specified
time interval. In the next step, a trip file is created for
every vehicle starting from on the lane where the vehicle
starts moving and stops according to the trip file. After
this a type map file is then created from simulations.
This file contains different number of attributes such as
Polygon type ID, name, color and category; and these
attributes represent the shape of the object, name of the
object, the color of the object and which category that
object belongs to and the configuration file in which all
the process is done by attaching the network file, route
file, poly file. The file also contains the beginning and
ending time of simulation. At the end of this process, a
file is generated in the form of the output file in which
all the data is in the combined form and that contains
various types of data such as Vehicle ID, Position, Time,
Speed, Lane ID. After configuring this files the next task
is to separate the data from a file so as to categorize
data.

2.2 Data Analysis

In (Figure 3), a sample data where vehicle movement,
time to time its position, speed and other attribute that
are filtered are represented. With the help of R tool, the
attributes are separated from the generated data and rep-
resents that filtered data in the tabular form that shows the
features of vehicles, lanes, routes, edges. This data is aggre-
gated into CSV format and that represents the sequence
of records in which each and every vehicle has its own
unique list. After filtering the data, unrequired data need
to be discarded and useful information is therefore left in
the file. This information is in the form of results derived
from the initial step after filtering the data, and that gen-
erated data is used for the task. Now the estimation of
vehicle movement is performed with respect to sampler
vehicle, which samples the vehicle density at specific
intervals. The duration of density estimation is uniformly
distributed and the value of this duration ranges from 0 to
600 in our scheme. A vehicle that collects all the informa-
tion is considered as a sampler vehicle. All vehicles that
are considered by the sampler for estimation are within
the communication range of sampler vehicle. The instan-
taneous vehicle lane density is initially computed using
the following equation:

r=1 2)

) =
lg =1
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where Lg denotes the length of the lane, while L denotes
the number of lanes and x is the number of vehicles and its
position on the lane at any time instance #i. Every sampler
vehicle helps to compute the number of vehicles within its
communication range and also on the same lane as that
of the sampler. In the given period of estimation (t, t +
T), the value of the average estimated density is obtained
using equation (3)

Xt #(Lt+ )8 (el + 1+10)
i T

After computing the average density on the lane
for each sampler, the next step involves predicting the
density of vehicles on the same lane based on previ-
ous density. The proposed scheme estimates the density
based on Linear Regression. The main reason for using
Linear Regression is that it provides a standard perfor-
mance for predicting the number of vehicles on the lane.
This method is also helpful for processing of data easily
and faster. This method is also used for predicting the
density of the vehicles on a particular lane. Based on the
general equation of linear regression technique, the esti-
mation of density can be found out. Equation (6), shows
that how big is the contribution of the variable P that is
an independent variable towards dependent variable Q.
The value of x is determined by the use of the following
equation:

(TQi) * (PD) * - (ZPD) * (TPi*Qi)
x= S (4)
n*(TPi*) - (TPi)

The value of y is determined by the use of following
equation:

nFPi * Qi- (T} * (@RI QD)
= A (5)
n(EPiY’ - (TP

The general equation of simple linear regression is
shown below:

P=x+Q*y (6)

Where P represents independent variable, Q represents
dependent variable, x = P if Q = 0, y represents Gradient,
n is the total number of vehicle. From the equation (4)
and (5) we easily find out the value of x and y. After put-
ting the values of x and y in equation (6), we get the value
of P and Q. For accuracy in the results, we are using the
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Root Mean Square Error (RMSE) method; this method is
helpful for finding the difference between the measured
and the estimated prediction. The equation for RMSE is
as follows:

RMSE = (— 3", |fipi-Q )
n

2.3 Density Estimation

Data generated from the previous stages of the density
estimation process cannot be utilized till the last step
of this process is executed. By converting the data into
a uniform format, the complexity of the density estima-
tion process can be reduced, and thereby increasing the
efficiency of the process. The methodology for the sce-
nario of the three cities is represented in (Figure 6). In
the scenario, the number of vehicles, edges, routes for the
vehicles are considered and connectivity to the network is
done by configuring the file. In every simulation, a large
number of vehicles are moving in the different number
of lanes. Every vehicle is identified by its unique iden-
tity number. Every vehicle in the simulated scenario is
provided a system generated identification number that
is then used for capturing the vehicle description. The
features of the vehicles are then used for estimating the
maximum and minimum density on the lane. The objec-
tives of the proposed work are estimate the density of
the vehicles at a periodic time duration on entering and
exiting point of the lane; and to compute average traf-
fic density of the vehicles in the lane of the cities using
vehicular big data. After computing average traffic den-
sity, then to predict future density using previous density
of the cities.

CALCULATE THE

INTEGRATIONOF DATA
DENSITY ON THE LANE

] | BASED ONDIFFERENT
ANALYSISOF DATA FROM PARAMETERS OF THE

BIGDATA USING R TOOL VEHICLE

CREATING THE
SCENARIOS FOR
THREE CITIES

OUTPUT GENERATED BN THE
FORM OF (5 FORMAT

IMPLEMENTING THE
SIMULATION

EVALUATING THE
PARAMETERS: REAL TIME
TRAFFIC DENSITY
ESTIMATIONIN ROAD MAF

EXTRACTING THE
DATAFROM
SIMUATION OF THREE
CITEES

Figure 6. Flow Chart of Proposed Methodology.
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3. Procedure

The proposed scheme is implemented using the traffic
simulator SUMO®. In each scenario, the network consists
of up to 500 vehicles.

In the simulation, randomly movement of vehicles is
calculated after every instance of time. At the rate of 30
vehicles/min enter on the lanes with a high density. In the
scenarios, when vehicles reach their destinations, they left
the road.

By the use of SUMO simulator, a function called
DFROUTER is used for the starting and ending of vehicle
movement on the lane. By defining vehicles entering time
or exiting from the designed network, three inputs that
the DFROUTER takes, such as starting time, exit time and
offset. The DFROUTER also helps in selecting the vehicle
from the total number of vehicles™. The simulation starts
from 0s and end at 3600s. The parameters that are used in
the simulation are summarized in (Table 1).

4. Experimental Results

In this work, the advanced density prediction technique is
applied to predict the density on the road. The ITS tech-
nique is implemented in SUMO simulator and R tool is
used for the analysis of data.

The whole scenario is implemented in SUMO simula-
tor and the analysis data is done by the use of R tool and
the graphs between three cities in which it shows a differ-
ent number of lane changes by the vehicles are presented
in (Figure 7). In other words, the figure also shows that the

Table 1. Parameters used in Simulation.
Simulation Parameters
Number of vehicles 100-500
Simulation time 3600 s
Max Vehicle speed 30 m/s
Length of the lane 5km
Vehicle entry rate 30 v/min
Number of intersections 15
Number of Lanes 25
Functiorrrl1 (1)15:21 i(r)li vehicle DFROUTER
Number of Edges 30
Number of routes 17
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total number of Lanes changed by the particular vehicle.
In city 1 represents the Chandigarh city, city 2 represents
Delhi city and city 3 represents Kolkata city. The figure
also shows that the movement of vehicles in the different
lanes and how much lane passed by the particular vehicle.
It also shows the average speed of the vehicle in the lane.
The average speed of the vehicle in the lane is calculated
by the summation of total number of lanes and the actual
speed of the vehicle in the lane divided by the total num-
ber of vehicles moved from the lane.

In (Figure 8), number of vehicles passed the total num-
ber of lanes at a given instance of time. It also represents
how much vehicle is there on the lane at a fixed interval
of time and also shows the movement of the vehicle that
means in first simulation time how much vehicle move
from the particular lane. After every simulation vehicle

250 T === AVERAGE SPEED OF VEHICLE IN CTTY 3

=#=NUMBER OF LANES CHANGED BY THE
VEHICLE IN CITY 3

=#=AVERAGE SPEED OF VEHICLE IN CITY 2

=s=NUMBER OF LANES CHANGED BY THE
VEHICLE IN CITY 2

=dr=AVERAGE SPEED OF VEHICLE IN CTY 1

=f=KUMBER OF LANES CHANGED BY THE
WVEHICLE IN CITY 1

==p=\EHICLE ID

Figure 7. Number of lanes change by the vehicles in three
cities and average speed of the vehicle in the lane in the
cities.

== CHANDIGARH

== DELHI

== KOLKATA

== CHANDIGARH

==sf= DELHI

=~ KOLKATA

Figure8. Number of vehicles passed from the total number
of lanes at a given instance of time.
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Figure 9. Average number of vehicles at main intersection
in the three cities and prediction number of vehicles.

can be calculated for Chandigarh city and the same pro-
cess is done for Delhi and Kolkata city. In (Figure 9),
number of vehicles at main intersection in the particular
instance of time and also represent the average number
of vehicles on the intersection. It also shows that density
of vehicle on the lane at particular instance of time and
by considering the previous density, estimating the future
density on the lane with the same instance of time.

5. Conclusion

In this paper, we have proposed ITS for three cities. The
main focus is on the physical properties of vehicles such
as vehicle shape, its position, etc. The proposed algorithm
for density estimation methods which rely on vehicles
communication and information is more suitable for
the scalability of ITS. Different starting and end points
are selected for vehicles on the different lanes. Numbers
of parameters have been used in the simulation for the
proposed scheme. Comparison of the three cities is done,
which is based on different parameters such as average
speed, time taken by the vehicles, number of vehicles on
intersections and a number of vehicles on the lane at a
particular instance of time. On the basis of these attri-
butes, the comparison of estimated densities between
three cities has been done. Based on these estimated den-
sities, future prediction of traffic is done.
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