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ABSTRACT

In present time, technology world move faster day by day and Intelligent Transportation System (ITS) work
as a new technology as well as improving technology which is used for transportation. Our work is to resolve
the problem that comes in day to day life related to Vehicles. We made a technique which helps us to avoid
congestion and route changing and also used sensors for V2V (Vehicle to Vehicle) communication and V2I
(Vehicle to infrastructure) communication. This Density Measuring proposed technique helpful for
Calculating number of vehicles, routes, intersections, junction, speed of a particular vehicle, average speed of
the vehicles on the same lane, in which vehicle on the map of five cities at a particular instance of time has
been estimated. After estimation of traffic vehicle on the road, the prediction of that Traffic on the roads has
been done. For generation of values Simulation of Urban Mobility (SUMO) simulator is used. The computed
values have been used for estimating the density of vehicles for different cities based on different road side
scenarios. For random generation of vehicles Poisson distribution has been used and the obtained values have
been evaluated to compare the densities of vehicles for these five cities. Finally the realistic comparison

between the densities of roads on different cities has been done.

Keywords : ITS; V2V; Density Estimation; Poisson distribution; SUMO simulator; Linear Regression.

I. INTRODUCTION road safety through dedicated applications such as

collision between vehicles, lane changing behavior of

ITS is a technology used for transportation. It
means communication and processing used to get
better efficiency of surface transportation system.
ITS establishes routes to resolve the traffic problems
and resolve an emerging transportation system
which consists of the data in the form of advanced
information in the telecommunications network for
roads, vehicles and users. The field of vehicular
communication has raised the interests of analysis
community within the field of communication and

traveler convenience. ITS increasing the efficiency of
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cars by the use of sensors, automated navigation
system that helps the vehicles to communicate with
different vehicles, lane traffic control and vehicles
speed on the road. ITS plays an excellent role in
avoiding both the congestion as well as preventing
accidents. The result of ITS on road network is more
efficient and reliable that reduces the effect of traffic
on the natural environment. It is capable of
collecting a range of information from the number of
vehicles that are passing through various points and

information about their average speed. The processed
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data is applied in a number of ways to ensure
whether the operations used for road networks are
sufficient. For these, multiple numbers of sensors are
used such as magnetic detector, speed guns and many
cameras which are used to capture the videos of the
vehicles' movement. Over the last decades, many
researchers developed number of traffic monitoring
technologies which are based on lasers, ultrasound,
radar, and video.
Figure.l. Flow of Vehicles on different Lanes
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II. RELATED WORK

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 roads for managing a huge amount
of data and a few sensors on the mobile phones
communicate with the vehicles. Further, Zhu er al
[3] proposed number of approaches and techniques
for combining vehicular data such as vehicle
movement, vehicles id that are used to generate
emergency warnings. The key idea was based on the
number of techniques used in infrastructure-free
environment. Buchenscheit et al [4] proposed a
technique for traffic density estimation that is based
on the idea of traffic flow which gives the actual
definition of estimation. This technique gives the

general overview of an idea about the traffic
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estimation. Zongjian et al [5] proposed a technique
called Model based Infrastructure-free Collection
and Estimation (MICE) which gives a dynamic path
designing for finding the shortest path, with
minimum time by analyzing and aggregating the
vehicular data on the road. Panichpapiboon et a/ [6]
explored different characteristics of vehicles spacing
distribution on the real scenario for estimation. Rao
et al [10] proposed number of applications on
specific time period which provide massive
knowledge of analytics that were implemented on
ITS. Tulasi er al [11] discussed about the information
collected from different sources such as the records
from any social network and also the facility or
school library which is in an unorganized format,
and that format is not comfortable for humans to
grasp it quickly. Kumar er al [12] discussed density
estimation technique for which SUMO simulator is
used in which a special function is used in the
simulation called DFROUTER which is used for
analyzing the starting and ending of vehicle’s

movement on the lane.

III. EXPERIMENTAL SETUP

the

information collected within the variety of original

Throughout this study we have wused
trace data of some vehicles counted in one month
explored in [13].The focus of the proposed work is to
increase the accuracy of the density of the vehicles
on the road of different cities. The main aim of
density estimation is to collect the data from the
number of simulations that make group of similar
data in the system such as vehicle id, vehicle position,
and vehicle’s entry and exit time on the lane. Density
prediction plays an important role in vehicular
network. The estimation phase is very important; if
the data is collected properly then the prediction of
collected data is easily done. In advanced density
prediction technique, the concepts of Poisson
distribution, data analysis, linear regression and Root
Mean Square Error are used. Poisson distribution is
the technique which gives the probability of a

number of events that are independent occurring in
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a fixed interval of time. An independent event refers
to the vehicle generated in the system. After
designing of system or model, the estimation of
density is performed. Estimation is used for the
number of vehicles on the road which requires lots
of focus during the process of estimation. For
estimation on the roads, the attributes of vehicles are
grouped into different types of densities named as
high, moderate and low density. These types depict
the density of vehicles on the lanes. Although, the
technique is very effective for predicting the density
of vehicles in ITS and is also used in case of large
amount of data. The proposed work focuses on the
different types of traffic on the roads and vehicles on
the roads having varying densities that depend on
characteristics like road type (Urban or Highway),
time of delay etc. This results in different types of

congestions on roads depending on vehicular density.

The main objectives of the work are:

To implement ITS scenario.

2. To evaluate Traffic Density Estimation for
different cities for checking the density of
vehicles on different roads and perform
comparative evaluation of traffic densities in
different number of city based scenarios.

3. To the

prediction technique for ITS, number of

increase accuracy of density
other techniques are used to make this
technique more accurate as compared to the

other techniques.

IV. METHODOLOGY
In this section, we have discussed and described
the methodology used for the density estimation in

proposed work.
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Figure 1. Methodology of Proposed Work

The figure 1 explains the methodology of the

proposed work,

1. In the methodology, first step is to create the
scenarios for five different cities and then
implementing the scenarios on simulation.

2. After completion of first step, next step is the
analysis of collected data after extracting and
integrating process from big data using R tool
and the output is generated in the form of
filtered CSV format.

3. In the third step, evaluation of number of
parameters that are filtered is based on real
time traffic estimation on roadmap. Using
parameters, the status of the five cities after a
particular interval of time at 300 sec are
checked and the number of vehicles on each
and every lane of the cities are further
calculated.

4. After calculation, check for follow route that
means that which vehicle follows which
route and check the speed of the vehicles on
the different lanes. Before calculating the
density on the routes, make sure that the
average speed is calculated, if yes, then move
to the next step of density estimation of
traffic on each route.

5. Predict the density on each route using the
previous density that is measured with the
help of average speed on the route. On the
basis of density, computation of traffic flow

model has been done.
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4.1 Vehicular data generation

Though many traffic estimation schemes have
been proposed, but data analytics have not been used
for this task. In this work, a vehicle speed based
traffic model has been proposed which is based on
the traffic flow pattern for five major cities of India
such as Chandigarh, Delhi, Kolkata, Ludhiana and
Patiala shown in Figure 2(a) and (b), (c) and (d) and
(e). To generate the city maps, SUMO [21] simulator

has been used.

Figure 2(a) to (e). Road map of Chandigarh, Delhi,
Kolkata, Ludhian and Patiala

The complete process for generating the traffic
flow pattern is based on different phases that are
depicted in figure 3. The subsequent section

describes this process in detail.

1. Data Extraction: In this phase, extraction of data is
done from the source in the form of vehicular and
lane information. The generated data from the
source is in the form of different structured file that
makes it complex for manual analysis. In this work, a
traffic map is generated for urban roadside scenario
by considering road maps of different cities and
vehicles entering the lanes from random points after
a fixed interval of time are calculated using Poisson
distribution. Vehicles are then introduced that
follow these traffic maps. Vehicular data is collected

during simulation in the form of different data files
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such as OSM file, network file, route file, trip file,
type map file, poly file and configuration file. Figure
3 describes the important steps involved in the
proposed Urban Traffic Model. The steps are
described as below:

Stepl. The data is taken as input and the result is
generated in the form of vehicular data.

Step2. After generation of vehicular data, the
integration work of the data has been done.

Step3. The extracted data is used for the evaluation

of parameters for the desired output.

Evaluation of
parameters

Vehicular data Data

generation ™ Extraction >

Input — — Output

Figure 3. Important stages of proposed Urban
Traffic Model

The importance of data integration in this process
is to combine the extracted data from different
sources and provide the unified view of data.
Different files are collected from different sources
that are integrated with the R tool. After integration,
filtration of integrated data is done. The output is
generated in the form of standardized CSV format as

shown in figure 4.

Data filtration
using R tool

Standardized
CSYV file output

Inputdata

Data Integration

with R
Type
map file

Figure 4. Main steps of data integration and

Configuration
file

filtering phase

The files that are integrated with the R tool are:
OSM file.

Network file.

Route file.

Trip file.

Type map file.

Poly file.

Configuration file.
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The complete process of work from generation of
vehicle to estimating the density on the lane is
performed sequentially. For generation of vehicles
on a lane, a technique used here is called Poisson
distribution. This distribution technique is useful for

generation of vehicles at a specific interval of time.

e fgx

x!

P(x) = (4.1)

This equation is used for random generation of
vehicles and for calculating the probability of the
vehicle. In the equation (4.1), symbol e represents
Euler constant, A represents the mean of the total
value, x represents number of vehicle generated and !
is the factorial of vehicles. After generation of
vehicle in a particular instance of time, a trip file is

created.

2. Data Integration and Filtration: In this process,
the analysis of data in the file is done using the tool
called R tool.

With the help of R tool, the data is filtered from
the generated big data and that filtered data is stored
in the form of Comma-Separated Value (CSV) format
in CSV file. Figure shows the vehicle movement and
its time to time position, speed and other attributes
that are filtered. The data is in the tabular form that
is separated from each other. The table shows the
features of vehicles, lanes, routes and edges. A CSV
file is used for the collection of all the data of the
vehicle is used to represents the sequence of records
in which each and every vehicle has its own unique
list and the generated standardized format of

vehicular data is used for density estimation.

3. Density Estimation

After data generation, the main focus is on the
estimation of movement of the current sampler
vehicle, which samples the vehicles density at
specific intervals, whose duration is uniformly
distributed with mean equal to seconds. At every
instant of time, vehicles are generated randomly

where the vehicle is considered as a sampler vehicle
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that works as a collector. If any vehicle comes under
the range of that sampler vehicle, the overall
information of that vehicle is also considered. These
are the steps for estimating the density of the
vehicles on the lane and after estimating density, the

future density is predicted.

Here x represents the number of vehicles and its
own position on the lane at any instance of timet;.

To compute, the instantaneous vehicle lane density is:

5(x) = lx;i

(4.2)
Where g denotes the length of the lane and 1

denotes the amount of lanes. Based on the sampler

position, it is able to compute the amount of vehicles

on the lane and the length of the specific lane.

In the given period of estimation, (t, t + T) time is
taken over which the estimation of density is
calculated on the lane and the value obtained as the
average of the estimated density is given in equation
43.

Y€ t+1) 8(tD) (ti+1xtD)
T

5_=

(4.3)

After computing the average density on the lane,
now the work is based on predicting the density of
vehicles on the same lane using previous density.
The prediction is a measure of how closely a specific
prediction position conforms to the actual position of
the vehicle. There are many techniques for
prediction, but here the technique called linear

regression is used.

This technique is used to provide a standard
performance for predicting the number of vehicles
on the lane. This method is 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 estimation of density can
be found.
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V. RESULT AND FINDING

The proposed scheme is implemented using the
traffic simulator SUMO. In each scenario, urban
traffic model consists of approximately 800 vehicles.
In the simulation, random movement of vehicles are
calculated after every instance of time at the rate of
30 vehicles/min entering the lanes with a high
density.

In the scenarios, when vehicles reach their
destinations, they leave the lane. By the use of
SUMO simulator, a function called DFROUTER is
used for analyzing the movement of vehicle at initial
and end points of the lane. By defining vehicles'
entering and exiting time from the designed network,
three inputs at the DFROUTER are taken such as
starting time, exit time and offset. The DFROUTER
also helps for selecting a particular vehicle from the
total number of vehicles. The simulation started from
0Os and end at 1800s. The parameters that are used in

simulation are summarized in Table 5.1.

Table 5.1: Parameters used m Stmulation

Simulation Parameters

Wumber of vehicles 100-500
Simulation time 1800 5
Max Vehicle speed 30m's
Length of the lane 2km
Viehicle entry rate 30 vimin
Number of intersection 15
Number of Lanes 20
Function used for vehicles movement DFROUTER
Mumber of Edges Y
Number of routes 10

In this work, advanced density prediction

technique is applied to predict the density on the
road. The ITS technique is implemented in SUMO
simulator and R tool is used for the analysis of data as
shown in (table 5.1). The whole

implemented in SUMO simulator and the analysis of

scenario 1s

data is done by the use of R tool.

1. Proposed Urban Traffic Model
To construct the traffic model, the generated data
of five different cities are analyzed on the basis of

vehicle speed. Since the size of generated data is
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large, the generation of the model has been done on
the basis of big data analytics. Table 5.2 shows the
size of data files that are generated for five cities after

simulation of 1800 seconds.

Table 5.2: Data Generated For Different Cities

Mamdnir =i vehkhs Lamabinss | Apprenmmyn e o dus
Bre 508 Tims 1
THARMEGAFH | [41HI | WCARATA | CLIGHINMA | PATLALA
7] TaES |~ =awm | AW TNl R | dKA WK E T
o T T Ran LT LTLGE | 577 Wk T
=) 1T am | aaiam LMOE | IORE T
1A THE INLaA | LAaR LITOE | a8 Wk T T
3 1] ivne | 1Aram RAIOR || 130 WA ATE R
=] A iEAaN | AANGR RIRGR | 530 WA NIE R
oA ) Nazam | Lalam [T T T LT
A 1T nELam | wsaam REGE | TE WA LIlan
AFPRCOOMATT CTWAMRITATTST [T | JSALOR | O 8A 0K | Mbsan | Lsann AATOR

AN Pt LATA AT |~ aaams | zanam LGR || AN LB [EEET

We will now describe the main steps that have
been performed to generate the proposed mobility
model. To generate the proposed model, a detailed
analysis of generated data has been done for each
city map separately. The following sections describe

the key steps of this process.

i) CITY 1 (Chandigarh City)

The process is based on different steps and each
step results in generation of data that will be used by
latter steps. In table 5.3, the data collected after a
fixed interval of 300 seconds for every vehicle in
terms of its vehicle ID (V.ID) after fixed time

intervals of 300 seconds is described.

The table shows the speed of vehicles (Speed) as
they move along different lanes (Lane ID) in the
simulated model. The data has been recorded at 150
sec, 450 sec, 750 sec, 1050 sec, 1350 sec, and 1650 sec.

Table 5.3: Number of vehicles and the average speed
at a particular lane




CITY 1
SNO LANE ID N AV_SPEED
1 12947820044 _0 13 22.17
2 129464034#3_0 15 6.38
3 129464049 _0 13 13.86
4 12946403442 0 12 14.59
3 129464064#5_0 15 11.8
6 129553422#2 0 23 13.77
7 21428280462 0_0 11 22,75
8 -1295598068#2_0 16 13.78
9 129553421#3 0 9 6.94
10 12955342144 0 14 12.38

In table 5.3, the Number of Vehicles (N) passing
through a particular lane along with the average
speed (AV_SPEED) of all the vehicle on that lane are
described.

2. Density Estimation Graphs

This section describes the graphical representation
of the result. In figure 3, number of cities are
represented by the name (cityl, 2, 3, 4 and 5) such as
city 1 for Chandigarh city, city2 for Delhi city, city3
for Kolkata city, city4 for Ludhiana city and city5 for
Patiala city.

Figure also shows the speed of the vehicles on the
different cities. The bar graph describe minimum and

maximum vehicle speed.
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Figure 3. Cities Having Different Average Speed on
the Routes

Figure 3 shows the density on the different cities
in the form of High, Moderate and Low. A range is
set for density; vehicle having speed less than 13.5
shows the high density on the city, speed of 14.5 or
between 14.5 and 13.5 shows moderate density while
the speed above 14.5 illustrates that the density is
low. In figure 4.2, city 1 shows the high density of 15,
city 2, 3, 4 show the density of 13 that represent low
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density and for city 5, density is moderate which is
14.
DENSITY ESTIMATION

14

135
13

i I I I
12

City 1 City 2 City 3 City 4 Citys
NUMBER OF CITIES

DENSITY

Figure 4: Different forms of density in the cities of
India

Figure 4 represents the content based on density in
different cities of India. Figure 5 shows the predicted
density of the density that is estimated in the
previous figure 4. There is a change in each city,
cities with low density reach the moderate range and
some cities having change from high to moderate

and moderate to high.

PREDICTED DENSITY
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Figure 5: Predicted Density on Different Cities
VI. CONCLUSION AND FUTURE SCOPE

Finally, the important area of future work is also

discussed in this chapter.

1. Conclusion

In this work, our main focus is on the physical
properties as well as the attributes of vehicles such as
vehicle shape, its position etc. The proposed
methodology for traffic estimation methods which
rely on vehicles communication and information is
more suitable for the scalability of transportation
system. Different starting and end points are selected

for vehicles on the different lanes. Numbers of
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parameters have been used in the simulation for the
proposed scheme.

Large amount of data has been collected from the
number of simulation. Based on these simulations,
comparison of five cities have been done which is
based on different parameters such as average speed,
time taken by the vehicles, number of vehicles on
intersections and number of vehicles on the lane at a
particular instance of time. On the basis of these
attributes, the comparison of estimated traffic

between five cities has been done.

2. Future Scope
In future, we will be using Google API tags for
location (longitude and latitude) for getting more

realistic vehicular data.
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