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Abstract—Real-time simulation and emulation are crucial for
the deployment of the intelligent transportation system (ITS).
Also, traffic data acquisition through experiments is a costly
proposition. Therefore, it is important to synthesize data using
open-source traffic simulators and use it in crucial ITS studies
using network simulators. The paper proposes a data acqui-
sition framework and integrator named Vehicles in Connected
Environment (VeCEn). It helps to store the network parameters
(like received signal strength, and delay) and physical parameters
(like speed, and acceleration) by integrating network (OMNET++)
and traffic simulators (SUMO - Simulation in Urban Mobility).
The paper highlights the internal architecture and working of
VeCEn and proves its stability by evaluating performance metrics,
and physical and network parameters. We believe that such an
integrated environment will enhance our understanding of traffic
patterns, user activities, vehicle density estimation, and the impact
of velocity on ITS problems.

Index Terms—Data acquisition, network simulator, simulation
of urban mobility, traffic simulator, vehicular networks.

I. INTRODUCTION

Vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I)
communication have been reported as key factors to enable the
quality of service (QoS) in the intelligent transportation system
(ITS). With the rise of cooperatives, ITS complexity in research
and societal problems related to vehicles have increased. The
quality of service (QoS), broadcasting of safety messages, and
impact of environmental factors on traffic systems are becoming
major concerns for policymakers. The problems related to re-
source allocations in V2V communications are tackled through
multiple ways to satisfy the latency requirement in emergency
and infotainment services [1]. Nowadays problems related to
resource allocation in transport engineering, which mainly in-
cludes low V2V and V2I payload, and sum rate are tackled with
deep reinforcement learning (DRL). The DRL with extrinsic
reward mechanism is adopted to allocate the resources through
minimizing latency constraints [2]. Numerous traffic simulators
[3], [4] are available to simulate and emulate ITS. Mainly, the
traffic simulators are focusing on vehicular dynamics, traffic
density, and route planning [5].

Real-time communication between connected vehicles is
emerging as a growing area and has led to the develop-
ment of many self-learning environment-based techniques. This
helps in providing each other with safety warnings and traffic
information. The V2V communication share omnidirectional

messages about speed and location among the vehicles. Due
to this one can have a 360-degree environment surrounding
the vehicle, making drivers aware of the nature of the neigh-
boring vehicles. This enables the transfer of safety messages
with location, and speed and helps to reduce the number of
accidents [5]. The V2I communication enables the transfer of
details about road conditions, traffic congestion, and accidents
on the roadway. The V2V and V2I communication would
need effective spectrum sensing techniques [6]-[8]. Thus, the
proposed work considers the data acquisition framework and
its applicability by extracting information like primary user
(PU) activity statistics, and total error rate. Therefore, this work
enables data acquisition by combining the network and traffic
simulator.

A. Motivations and Novelties

The existing simulators have limited functionality and Table
I summarizes the comparison with existing simulators and
the motivation to use the VeCEn integrator. From a traffic
generation point of view, simulation of urban mobility (SUMO)
[9] can initiate the simulation by generating traffic but the
parameters of the traffic experiment like the number of vehicles,
total route length, total lane length, and a number of collisions
are not being extracted at the same time while an experiment
is running. In general, the information on such parameters is
not stored so the proposed integrator will extract such data
from the SUMO. Similarly, when the mobility traces are being
imported into the discrete event simulator like OMNET++
[10], the networking facility between the vehicles is enabled.
Based on the limitations of the existing platforms and the
requirements of heterogeneous vehicular networks, the VeCEn
enhances the QoS in simulation-based environments and data
acquisition systems. In the context of the above motivations,
our contributions are summarized below:

1) Developing a mechanism for connecting the traffic sim-
ulator, and the network simulator. The integrator follows
the IEEE vehicular standards (802.11p) and continuously
generate episodes of the required scenes. This creates a
restore point in a local machine to save the traces of
the generated episodes and it will provide the exchange
of information of the saved traces to the object-oriented
pointer which will decide the task of extraction of the
data.



Table I: State of the art simulators features and their improvisation by VeCEn.
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2) As a use case, the primary user’s activity statistics are
derived from the available data. It also estimates the
shape and scale parameters of the distributions of idle and
busy periods can be done. Information about estimated
parameters helps to calculate the probability about the
activeness or inactiveness of the PUs.

3) The stability of the integrator has been rigorously tested
in terms of repeat values per scene, empty value per scene
and number of sample points per episode.

The rest of the paper is organized as follows: Section II
describes the connected environment setup which is to be
generated in the traffic simulator. Section III describes the data
acquisition technique of the proposed VeCEn. Section IV covers
the discussions on results and Section V concludes the paper.

II. CONNECTED ENVIRONMENT SETUP

The roadside units (RSUs) and vehicles act as PU and
passengers in a car act as SU. As per the scenarios men-
tioned for Dedicated Short Range Communication (DSRC)
based communications in [11], the primary network shares
the resource with the secondary network. The passengers in
a car or pedestrians using an unlicensed band allow finding
opportunistic access to the spectrum. Similar to the [12], [13],
we assume that PUs are the licensed TV/DSRC band holders
and SUs are unlicensed Wi-Fi/Digital Television (DTV) band
holders. The DSRC channels are used for sharing spectrum
awareness. While PUs channels are idle, a secondary user
(SU) can utilize the channels to communicate with each other.
According to the wireless access in vehicular environment
(WAVE) MAC layer protocol, the control channel is used to
set up the communication link. The PU’s protection radius is
R. In the model, vehicular users in a cognitively connected
environment are mobile and PUs are stationary. According to
that, the speed of the vehicle is a relative velocity between them.
The proposed integrator is responsible to store the physical
parameters (like the velocity of the vehicle, total trip time, and
total road length) and network parameters (like received signal
strength, delay, and path loss). During integration, the distance
between the PU node and the SU node is a function of their
relative speed, the PU’s protection range, and the sensing range

of the vehicle user. The channel model considers all entities
specific to a vehicular environment, such as multi-path fading,
Doppler shift, and scattering, which can be mathematically
expressed as:

P-1

h(r,0) = ) (e P Os[r —ne(n], (D)
k=0

where 7y is the path delay of k" path, ¢ is time variable, f,
is the carrier frequency, A (t) is the channel gain, and ¢ is the
impulse function. The spectrum sensing operation performs a
binary hypothesis test as follows:

Ho:r()= ) (1) @
t=0
Hy:r(t) = Z h(t,0)x(t — 7)+n, (1), 3)

t=0

where r(r) is the received signal, x(f — 7) is the transmitted
signal, and n,(¢) is the noise. The hypothesis of the absence
and presence of the PU are Hy and H;, respectively. When
the hypothesis Hy is true then either there is no PU within
the sensing range or it is inactive within the sensing range
s. Thus the PU ‘absent’ event depends on the @ and the
probability of the @ event is Pr(A). When a channel is used
by the primary user and the SU detects a PU signal in a given
channel (i.e., hypothesis H;), this PU ‘busy’ event depends
on B with probability as Pr(B). Note that (Pr(A)= 1 - Pr(B)).
The « and the S are the primary activity statistics parameters
obtained from the distributions of the data for idle and busy
periods. The probability of missed detection under the impact
of primary activity statistics depends on the sensing range of
the vehicular user, the protection range of PU, the velocity of
the vehicular user, and the energy detection threshold given by
[14, Eq. 16]:

Pr(miss)pas = Pr(A < A|Hy, B)Pr(B)Pron+
Pr(A < A|Hy, A)Pr(A)Prorr (4)



where Pr(miss)w/opas is the missed detection without activity
statics. Pr(A < A|Hy, B) is the missed detection over small
scale fading. A is the test statistics and A is detection threshold.
The Pron and Prorpr can be derived from the<hape parameter
a and scale parameter S obtained from the . The a and
B parameters can be obtained by [15, Eq. 5, 6] for single and
double-lane traffic. Moreover, under the impact of mobility, the
channel gain is explained as [16] :

(0 = —E—,
1+ dy
where ¢ denotes the path loss exponent, g, is the distribution

of small-scale fading and dx is the distribution of distances of
SU from PU over dense and medium traffic.

®)

III. PROPOSED VECEN INTEGRATOR

This section describes the internal architecture of the pro-
posed integrator. The states involved in generating the traffic
and network simulation are highlighted.

A. Data Acquisition through Vehicles in Connected Environ-
ment (VeCEn) Integrator

We analyze the performance of the proposed integrator by

using the SUMO [9], OMNET++, and GEMV?. GEMV?
[17] is a computationally efficient propagation model for V2V
communications, which explicitly accounts for surrounding
objects. The model considers different link types (Line of Sight
(LOS), non-LOS due to static objects, and non-LOS due to
vehicles) to calculate large-scale signal variations. Additionally,
GEMV? statistically determines small-scale signal variations
using a simple geometry-based model that takes into account
the surrounding static and mobile objects. By implementing
the proposed approach in GEMV?, we show how it behaves
in realistic propagation conditions, including time-varying LOS
environments that affect the path loss as well as highly dynamic
network topology. The experimental traffic data is generated
in SUMO [9] for a 2-km? region around the Ahmedabad
university area, Gujarat, India, and used as an input to GEMV?
to generate the trac@l‘ he proposed framework utilizes the
randomtraffic.py file UMO for traffic generation and shows
its integration into the network file of OMNET++. This inte-
gration enables an understanding of traffic patterns, and activity
statistics for vehicular networking. The entire process is divided
into five parts which are discussed below:

1) Traffic State - : SUMO: Road networks can be either
generated using an application named “netgen” or gener-
ated by importing a digital road map. The road network
importer “netconvert” allows to read networks from other
traffic simulators such as VISUM [18], Vissim [19], or
MATsim [20]. The desired location of the Ahmedabad
university area is incorporated as an open street map
(OSM) file. Along with the OSM file, the route and
network files are generated for the same locations with
the help of the commands. The outcome is the project
file which is containing information on traffic parameters
like the number of vehicles, speed, and initial location.
We restricted our area of experiment with the proposed
network model highlighted in [21] to match the map file

with the predefined proposed schemes. This is due to
validate the performance of the proposed VeCEn with
the previously proposed distributions of distances.

2) Network State - OMNET ++ : The network simulator
also known as a discrete event simulator is responsible
to provide the ability to traffic as connected via vehicular
ad-hoc network protocols. For that, we customized the
binary class file to add the recent and widely adopted
roadside units to work as PUs. The network simulator
enables the experiment for a time period of 100ms to
1 minute. Then, the vehicles are provided access to the
spectrum.

3) Trace State - GEMV? : The process of the network
simulation is quite challenging to visualize. We generate
the traces as a provided resources link with the color
code varying with the dBm to make it manually visible.
This enables us to know whether the vehicles are able
to access the resource or not while considering real-time
non-LOS and LOS environments. Note that for mobility
the traces are updated with respect to time.

4) Integration State - VeCEn : Till this stage, the pro-
cess of traffic and network simulation are performed
independently. However, in vehicular communications,
the traffic and network utilization should be analyzed
in parallel. Therefore, we proposed a framework that
enables the connectivity between the network and traffic
simulator. The VeCEn is responsible to unload the data
of traffic files from SUMO and to load it in OMNET++
continuously. Simultaneously, it is also responsible to
extract the performance of the network simulator as a
project class file which is further restored as a data file.

5) Storage and Restore State: The acquired data file is the
project class file which is usually not readable as CSV
files. To overcome reading limitations we also prepare the
storage and restore stage in the VeCEn which provides
the data in CSV form.

Figure 1 is the internal architecture of the integrator. One can
notice that the network state is enabled after generating the
traffic from SUMO. The interface between the traffic state
and VeCEn is done through the mobility models. Similarly,
the interface between the network state and VeCEn is done
through the networking library. The implementation libraries
are available on a repository citelab. After the network state,
the integrator is invoked through a file that uses location to
store the data of the selected parameters. The variable supply
file containing the functions which eliminate or replace the
missing values with the mean, median, and mode of the
selected parameter is used to remove the repeated values and
to increase the accuracy. Since the experiment is running, there
are discrepancies in the extracted data at the first level, so the
error filter of the integrator will identify the number of errors in
the extracted parameters. This process continues until the scene
ends. The error filter will reduce the number of mistakes and
dump the extracted information into the final python simulation.
The last python simulation file is integrated with the extraction
facility in CSV and JSON.
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Figure 1: Integration of network and traffic simulator through VeCEn.

B. Explanation of Acquired Data sets and Use Case for Total
Error Rate

The performance of the considered cognitive vehicular net-
work (CVN) is evaluated at the fusion center (FC) in terms of
total error rate (TER). The SU broadcast the binary decision
which highlights the absence and presence of PU at each
cognitive user. The decision rule is performed as per given in
[22]. The decision is then sent to the FC which is affected by
the imperfectness of the reporting channel. As a result, N binary
decisions are obtained from N SUs. Due to the imperfection in
the reporting channel, the total error rate Q can be obtained as
[22] :

Q = BE;+(1-PB)En, (6)

where Ef is false alarm probability and E,, is the missed
detection probability at the FC. The § and (1 - 8) in [22] are the
probabilities of the prior information of hypotheses Hy and H;
respectively. The equiprobable hypothesis i.e., 8 = 0.5 reflects

-

A
Sl RS
oo

Figure 3: VeCEN integrator output V2V links.

the total error rate of the considered dense traffic CVN model.

Ey
E,

1-[(1-Pp)(1-&)+ePs]V,
[P(1-8)+&(1-Pu)]Y (7

We consider N = 2. The E,;, and E to evaluate the TER given
as [22, Eq.13] and [22, Eq.14] respectively. The & is considered
as the error probability.

IV. EXPERIMENTS AND DISCUSSIONS

We analyze the performance of the proposed data acquisi-
tion within a VANET environment using the GEMV? V2V
propagation simulator and MATLAB. The experimental traf-
fic data is generated in SUMO for a 2-km? region around
Ahmedabad university with the single-lane and double-lane
scenarios. However, the VeCEn is not limited to the considered
area only. The acquired data with steps is available on [23].

Based on methods provided in [24], we compute the shape
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and scale parameters of the distributions of the idle and busy
periods. We conclude that a single lane follows the exponential
distribution with @ = 2.82 and S = 0.60. From that parameters,
we compute the probabilities for which the PU is idle and
busy. In this section, based on the parameters, we compute
the various values of ON and OFF period probabilities. For the
present research study, the performance evaluation compared
the following aspects of existing works and the simulator.
Figure 2, and Figure 3 present the received power distribution
under the V2I and V2V scenarios. In difference from the [25],
the VeCEn is capable to store and present information regarding
the RSSI under the mobility and acceleration impact. The red
color shows the minimum RSSI with the highest shadowing
effect while the shades of blue color show the connected link
with various RSSI.

It is important to note that for each collected measurement
data point, we calculate the mean and standard deviation using
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Figure 7: Stability Check 2: Number of repeat values against
vehicle position.

the per-packet received power difference between VeCEn and
measurements provided in [3]. Furthermore, we use the same
value of relative permittivity (r = 1.003) in all environments
to calculate the reflection coefficient for the ground reflection
(i.e., we do not fit the value to a given dataset).

Vehicular user is considered to be mobile and each vehicular
user has its sensing range. The residential base stations or
access points are considered to be PUs and each PU has its
protection range where secondary users are not permitted to
use PUs’ active channels. First, we import the OpenStreetMap
file in SUMO to obte medium and dense traffic scenes. We
utilize the randomtry file to distinguish imported maps in
the single and double lanes. First, we plotted the variation of
TER provided in [22] for single-lane medium traffic without
activity statistics as shown in Figure 4. The maximum sensing
range of the secondary user is considered to be the same as the
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maximum range in IEEE 802.11p DSRC standard for vehicular
networks as provided in [21].

We observed that the error rate decreases with the SNR
as shown in Figure 4. Then we plotted the channel gain
obtained from the network simulator project file concerning
the distance of vehicle users as a function of SNR in Figure
5. It implies that for the LOS and V2V links, the strength of
the link is more than NLOS which is intuitive but it focuses
on the validation of the proposed integrator. The one-to-one
correspondence among vehicles in both simulatio thus
obtained by preserving their memory between two LE_essive
time steps because of the constant velocity between the two
vehicles. Then, for each vehicle in the surroundings of the
interactive vehicle, it is checked whether it existed in the
previous simulation step. In case of existence, the vehicle in
the traffic simulation is assigned to the vehicle with the same
visual features in the driving simulation; otherwise, a new
vehicle in the driving simulation is assigned to it. Further, as
a stability check of the integrator, we check its ability to give
the instantaneous values of the corresponding experiment by
plotting the number of empty values, several repeat values, and
several extracted scenes per vehicle position in Figure 6, and
Figure 7 respectively. The two different plots show the runs of
each integrator. The negative value indicates that the vehicle
is on either side of the base station. Finally, all the vehicles
are simulated by the traffic-simulator model until they enter
the surroundings of the interactive vehicle. From that point on,
the vehicles are simulated by the traffic module. The integrator
can be used to determine the requirements of deploying ITS in
real-time for practical applications.

V. CONCLUSION

In this paper, we have proposed the data acquisition frame-
work by integrating the network and traffic simulators. For a
validation purposes, the obtained data from the integrator is
utilized to plot the various performance metric like missed
detection probability, detection probability, and total error rate.
We conclude that in contrast with the existing works, our pro-
posed integrator can restore the data from both the network and
traffic simulator together which can open a new dimension to
the applicability of machine learning, non-linear optimization,
and numerical analysis methods.
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