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Abstract

The Vehicular Ad-hoc Networks (VANET) technology is used by
the Intelligent Transport Systems (ITSs) to prevent and decrease highway
accidents. VANET use of wireless communication technology that includes
protocols and applications which offer safety and non-safety features for a
safe and convenient driving experience. A major problem is that the vehicles
were competing the same network channel of limited bandwidth for sending
the safety or beacon messages for awareness, which causes congestion and
consequently packet loss, significant transmission delays, and unfair resource
utilization. This problem would eventually delay the delivery of the Basic
Safety Messages (BSMs) and render the VANET unreliable. Researchers have
focusing on numerous approaches for controlling congestion on the network
channel such as adapting the rate of BSMs i.e. the number of BSMs that can
be sent per second or adjusting the transmission power which is the distance
that a message can travel or adjusting the data rate (the bit rate) of the

transmitted data.

In this thesis, three techniques for controlling the channel
congestion in VANET are proposed. The first technique performs congestion
control using the exponential function to decrease the message rate during the
congestion. The second technique achieves congestion control by adjusting
the transmitted power using an exponential function. In a similar manner, the
third strategy adapted the message rate and the transmitted power together for

controlling the congestion based on the exponential function.

The proposed techniques are performed by SUMO and the open
source OMNET++ software under different number of vehicles (50,100 ,and
150). The simulation results showed that the adaptive approach enhances
vehicular network performance by reducing the channel busy time, reducing
the number of lost packets in comparison to the normal case without using a
congestion control approach. Also, the reduction rate using the exponential
function was better with the increasing of the decay factor and the number of



vehicles. The ranges of the reduction ratio of average channel busy time about
( 5.46% to 31.26%), while the reduction ratio of the average total lost packets
about (12.39 % to 84.6%) depending on the density of vehicles, adapted
parameter, and the exponential decay factor. The results showed that the
developed technique enhanced the performance of the VANET which can be

adopted in real world applications.
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Chapter one Introduction

1.1 Overview

Intelligent Transportation Systems (ITSs) manage wireless
communication in vehicle environments utilizing vehicular ad hoc
network (VANET). VANET are intended to offer people a reliable and
safe environment by minimizing traffic congestion, accidents on the
road, and fuel consumption, and so on [1]. Users of the VANET can be
made aware of risky situations by exchanging information about the
surrounding environment and communicating via vehicles[1]. VANET
are a subset of mobile ad hoc network (MANET)[2]. The main
distinction between VANET vehicles and MANET nodes is that
VANET vehicles follow predetermined routes and are not constrained
by data storage or power issues. It is a wireless transmission network
that operates independently and efficiently [2]. Vehicle to Vehicle
(V2V) and Vehicle to Infrastructure (V21) communication technologies
are provided by VANET. VANET has utilized Wireless Access of
Vehicular Environment (WAVE) to enable communication between
V2V and V2l communication systems. The IEEE 609 and |IEEE 802.11p
protocols served as the foundation for the development of WAVE at the
Physical (PHY) and Medium Access Control (MAC) layers [2]. This
makes it possible for the V2V and V2l systems to transmit traffic data

over limited communication distances.

There are two main categories of VANET applications firstly
safety applications, which send beacon messages and event-driven
messages over the Control Channel (CCH), and secondly non-safety
applications, which send messages for congested road and parking
availability notifications through the Service Channel (SCH). Wireless
channel congestion in VANET is viewed as a significant issue because it

has an impact on the network's dependability and the transmitted traffic
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Chapter one Introduction

data. Due to the channel's limited bandwidth and small buffer sizes, this
issue arises whenever a vehicle sends a significant amount of data across
the network or whenever numerous vehicles send multiple packets
simultaneously in a crowded environment [4]. This increases
transmission overhead and lowers the network's data delivery ratio. As a
result, the Quality of Service (QoS), particularly the network throughput,
latency, and packet loss, are impacted [4][5][6].

Therefore, a decentralized congestion control method based on
an exponential function is suggested to control the wireless channel
congestion issue in order to control the broadcasted message rate and
transmitted power. This method involves adapting the beacon messages'
power transmission, which controls the beacon messages' transmission
range, and adapting the message rate, which reduce the number of
beacon messages that can be transmitted through the network. The
number of lost packets and channel congestion can be decreased by

adjusting the message rate and transmit power [3].

1.2 Problem Statement

The ideal vehicular network would have minimal packet loss or error
rates, accurate and rapid collision warnings, and timely transmission and
reception of packets carrying critical information among nodes.
Congestion control in vehicular networks encounters a variety of
difficulties as a result of various restrictions, including communication
overhead, a high rate of transmission delay, an inefficient use of
bandwidth, and an inefficient use of resources that affect the channel
used for the transmission of network packets for vehicle awareness. The
5.9 GHz channel, which has 33 dBm power limits and a communication

range of 300 m set by the Federal Communications Commission (FCC),
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is shared by all vehicles in vehicular networks, with competition for
resources and channel utilization. Up to 10 beacons per second can be
transmitted by each vehicle, placing a significant burden on the channel
and leading to packet collisions. Only when a car determines the channel
is clear through continuous channel monitoring are packets sent. The
IEEE 802.11 channel access mechanisms cannot prevent channel
congestion when messages are broadcast because the resource allocation
in vehicular network environments is not centrally controlled. In
broadcast instances, packets are not recognized because a packet
explosion and increased channel traffic would result from every vehicle
sending acknowledgement packets to every other vehicle. When channel
load is greater than 40% of the potential maximal channel capacity,
packet collisions and Medium Access Control (MAC) transmission
delay increase exponentially. Safety messages arrive later, there are
more packet collisions, and the transmission range is reduced as a
consequence of MAC transmission delays. To lessen the congestion
without overloading the channels, a congestion management algorithm is

needed.

1.3 Aim of Thesis
The main aim of this thesis is the controlling of the channel
congestion in VANET. This aim can be obtained through achieving the

following objectives:

1- To develop a congestion control technique based on the
exponential function for adjusting the message rate or transmitted
power, or both in VANET.

2- To simulate the developed technique using SUMO and
OMNET++ for different cases.
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3- To evaluate the developed technique using the average number of
total lost packets, total channel busy time, average throughput,

and packet loss ratio.

1.4 Related Works

The Periodically Updated Load Sensitive Adaptive Rate control
(PULSAR) was introduced by Tielert et al. The Channel Busy Ratio
(CBR) was measured by each vehicle at the ending of a set period of
time, and the calculated value was compared to the threshold value. The
transmit rate of the vehicle reduced when congestion was discovered and
the calculated value exceeded the threshold value (threshold = 0.6). The
PULSAR algorithm initially adjusted the transmission range in
accordance with the desired target range before adjusting the transmit

rate in accordance with CBR measurement[7].

An algorithm for Linear Message Rate Control (LIMERIC) was
proposed by Bansal et al. In contrast to the limit cycle behavior shown in
PULSAR, By using linear feedback, LIMERIC uses the message rate to
regulate the quantity of packets sent each second. Vehicles can modify
their message rates using this distributed and adaptive linear control
algorithm to make sure that the overall channel load converges to a goal
value. Equation 1.1 can be applied to assume the message rate of the jth

vehicle:
Ri(t)=(1—-a)R;j(t—T) + B(CBR;y — CBR(t —T)) (1.1)

Convergence elements that affect stability, fairness, and state
convergence are o and 3. The message production rate is Rj(tT), and the
measured CBR at t-T is CBR(t-T). (T is the message generation interval
and CBRT is the target channel load). Regardless of the quantity of
adjacent nodes, LIMERIC offers high throughput [8].
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The Fair Adaptive Beaconing Rate for Intervehicular
Communications (FABRIC) technique, which is based on a gradient
optimization strategy, was first presented by Egea-Lopez et al. In various
dynamic and static traffic circumstances, the challenge of beaconing rate
control was described as the Network Utility Maximization (NUM)
problem. Each vehicle was assigned different rates by selecting a value
for the fairness parameter o, which is determined by the available
channel load and the needs of the vehicle. In FABRIC, there are two
kinds of rate allocation: synchronous and asynchronous. In the
synchronous case, FABRIC converges more quickly whereas in the
asynchronous case some oscillations occur during rate allocation. The
numerical results demonstrate that the FABRIC algorithm mitigates
issues with unfairness in contrast to those with LIMERIC and PULSAR

[9].

Sharma et al. used a priority model based on the Tabu-search
algorithm to adapt the transmission rate in order to decrease network
channel congestion. The suggested Decentralized Congestion Control
(DCC) method using the CBR measure helps in calculating the channel
medium. The results showed an improvement in performance metrics
such as End-to-End Delay (E2ED) and Packet Delivery Ratio (PDR) in

comparison to those of state-of-the-art approaches [10].

Willis et al. suggested a (OSC ) Oscillating algorithm to reduce
channel congestion by changing the transmission power value . It is a
proactive strategy in which the Basic Safety Messages (BSMs)
transmission power oscillates between two levels. One high-power
packet is broadcasted after a predetermined number of low-power
packets. This cycle remains continuous until a change in the channel

circumstances (i.e. channel congestion) is noticed [11].
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For adjusting the transmission power of BSMs, Speed Based
Adaptive Power Control (SBAPC) based on speed control approach had
been suggested. According to its current speed, each vehicle in SBAPC
dynamically adjusts the BSM packets' transmitted power. The main
principle of SBAPC is that when the vehicle speed increases, the Time
To Collision (TTC) for nearby vehicles reduces. Consequently, distant
vehicles should be able to receive BSMs in higher speeds and uses a
higher transmit power. The result showed that CBR and Inter Packet
Delay (IPD) have decreased as opposed to their counterparts in OSC
[12].

Navdeti et al. suggested a distributed fair transmit power
adaptation based congestion control for the purpose of detecting and
alleviating traffic congestion. It makes use of cooperative VANET and
transmission node choice for transmission power control in utility
function optimization framework. For defining the probability of
successful packet receipt between vehicles, they used the nakagami
distribution model. They calculated link stability and quality to
determine future routing decisions and avoid link breakages. The
suggested method works effectively on a crowded network. The
suggested solution has a higher average packet delivery ratio and a

substantially lower end-to-end packet delivery time in the VANET [13].

Liu et al. introduced a congestion control technique aimed at
balancing between the channel congestion and vehicle awareness the
primary notion was that awareness of nearby vehicles should take
priority over distant vehicles. They firstly introduced Balancing
Awareness and Congestion with Variable Transmission Power
(BACVT) with various power levels to transmit various BSMs. To

further reduce congestion, a hybrid strategy (BACVT-H) has been

6



Chapter one Introduction

proposed, combining rate and power regulation to decrease the total
number of (BSM). The results showed that the proposed method had the
lowest level of CBR while maintaining good awareness performance
(IPD).Congestion and awareness are usually important issues in safety
communications in VANET [14].

Aygun et al. proposed that Environment-and Context-aware
Combined Power and Rate Distributed (ECPR) DCC algorithm can
improve cooperative awareness .The transmit power of the messages
was modified by ECPR, which also employed an adaptive rate control
mechanism to modify the channel load on a regular basis in order to
achieve the required awareness ratio. While maintaining the same level
of channel load and interference, ECPR could increase awareness by
20%. When allowed by the awareness requirements, ECPR could
increase the average message rate by 18% compared with methods that

only execute rate adaptation [15].

In order to reduce congestion and meet application requirements,
Math et al. suggested a Message and Data Rate Decentralized
Congestion Control (MD-DCC) system that offers a fair and effective
method of assigning message rate and data rate amongst vehicles. By
reducing the message rate, MD-DCC is able to keep the beacon
frequency higher than the minimum. The minimum frequency value can
be reached although the traffic density continues to increase at some
point. As a result, the channel capacity increases due to MD- DCC
increased data rate. However, if the vehicles send signals at different
data speeds, synchronization between senders and receivers could be
challenging. Additionally, larger data rates require higher Signal-to-
Noise Ratio (SNR), which becomes increasingly challenging when

vehicle densities increase [16].



Chapter one Introduction

Wei et al. proposed the Joint Adaptation of Transmission power
and Bit rate (JATB) algorithm which modifies the Dynamic
Programming (DP) method to find the optimal value between bit rate
and transmission power. This algorithm aims to increase the packet rate
of success, and decrease each of (CBT),(E2ED).Additionally, JATB
employs vehicle density from improve driver awareness of the road
environment and adjusts bit rate and transmit power correspondingly.
With various beacon rates and simulation scenarios, the adaptability of
the JATB algorithm was evaluated. The results display an increase
within transmission effectiveness in comparison to the normal VANET
algorithm, which uses a constant transmit power (20mw) and a constant
bit rate (6Mbps) [17].

Table 1.1 summarizes the congestion control approaches mentioned in
the thesis.

Table 1.1: Summary of Congestion Control Approaches

Ref | Year Algorithm Control Aim Results Simulator
Parameters

[7] 2011 | PULSAR Message rate | Keep BSM-generated channel The simulation’s results NS2
load below a specified threshold | demonstrated the suitability
to allocate bandwidth for of PULSAR for real security
emergency messages. applications and the

effectiveness of the 2-hop
piggybacking technique in
reducing both local and global
DCC unfairness.

[8] 2013 | LIMERIC Message rate | For there to be fairness, the According to the data, Ns2
message rates of all nodes must | LIMERIC produces less Inter
converge to the same value. Packet Gap (IPG) and

tracking error (TE) than ETSI
DCC.
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[9] 2016 | FABRIC Message rate | To ensure fairness, the NUM Comparing FABRIC to OMNET++,
theory was used to DCC. LIMERIC and PULSAR, the
numerical findings show that | SUMO
the new method reduces
issues with unfairness.
[10] | 2022 | Tabu-search Message rate | The goal is to increase As a result, performance NS 3.26
transmission rate while metrics like as PDR and
maintaining a CBR value below | E2ED have improved.
the maximum CBRmax value.
[11] | 2017 | OSC power The goal is to lower the number | The simulation results show OMNET++,
of packets received by vehicles | the algorithm's advantages in
traveling at a greater distance terms of generally used SUMO
and keeping a high level of measures including such
awareness for surrounding Beacon Error Rates (BER),
vehicles. Channel Busy Time (CBT),
packet lose, and Inter-Packet
Delay (IPD)
[12] | 2018 | SBAPC Power The purpose is to determine The results of the simulation OMNET++,
which other vehicles should get | enhance parameters like
BSM packets from a specific packet loss, , channel busy SUMO
vehicle. time, ,beacon error rates ,and
inter packet delay
[13] | 2019 | Distributed Power Using optimal node selection The results of the simulation VANET
Fair Transmit for cooperative VANET and enhance parameters such as MobiSim
Power transmit power regulation under | average end-to-end delay and
Adaptation utility function optimization, packet delivery ratio.
detect and reduce channel
congestion.
[14] | 2021 | BACVT Power While keeping a high degree of | The approach can OMNET++
awareness for nearby vehicles, | successfully create a balance
different transmission power between awareness and ,SUMO
s et © | i o,
according to the simulation
results.
[15] | 2016 | ECPR Message rate | The transmit power of the While maintaining the same GEMV2

, Power

messages is modified by ECPR,
which also employs an adaptive
rate control mechanism to
modify the channel load on a
regular basis is order to achieve
the required awareness ratio.

level of channel load and
interference, ECPR can
increase awareness by 20%.
When allowed by the
awareness requirements,
ECPR can increase the
average message rate by 18%
when compared to systems
that only execute rate
adaptation.




Chapter one

Introduction

[16] | 2018 | MD-DCC Message rate | Provides fair and efficient The best data rate and
,Data rate method for distributing message | message rate algorithms are
and data rates among vehicles combined in MD-DCC, which | NS3,SUMO
in order to reduce congestion improves application
and achieve application reliability and significantly
requirements. raises the maximum
supported vehicle density.
[17] | 2019 | JATB Power, By combining bit rate and The results demonstrate that OMNET++,
transmission power, it is the normal VANET standard
Bit rate possible to reduce busy time transmission technique, which | SUMO
and end-to-end delay while uses a constant transmit
increasing packet success rates. | power (20mw) and a constant
bit rate (6Mbps) has poor
transmission efficiency.

1.5 Thesis Layout

This thesis consists of four chapters in addition to this chapter. It

involves: chapter 2 which describes the theoretical background of the

VANET represented by their structure, applications and the problems

related to them. chapter 3 which presents the developed technique for

congestion control in VANET, chapter 4 which illustrates the results and

evaluates the proposed system performance by using OMNET++ with

different densities of vehicles and chapter 5 which concludes the thesis

and proposes some future work directions.
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Chapter Two Theoretical Background

2.1 Introduction

VANET aimed at improving efficiency of vehicular environments'
traffic and roads safety. These networks consequently provide some
significant issues for study in both industrial and academic fields. This
chapter which consists of ten sections deals with VANET definitions and
fundamental ideas. In section 2.2, components and architecture of
VANET are introduced. In section 2.3 communication categories in
VANET are discussed. In section 2.4, VANET characteristics are
explained. Then, in sections 2.5 to 2.8, VANET standards, applications,
challenges, and performance metrics are discussed. In section 2.9
congestion control strategies are explained. In section 2.10 the
classification of congestion control strategies based on parameters are
presented. Finally, in section 2.11 exponential function are explained

and in section 2.12 VANET Simulation are presented.

2.2 Components of VANET

In Intelligent Transportation Systems (ITSs), each vehicle acts
as a transmitter, a recipient, and a router that transfers data to a vehicular
network or transport agency that uses the data to keep the traffic flow
safe and unhindered. The Road Side Unit (RSU), On Board Unit (OBU),
and Application Unit (AU) are the three main components of this
system[18]. Each vehicle has an OBU and several sensors which allow it
to gather data, process it, and then send messages via wireless
communication to other vehicles or RSUs. OBU utilizes the services that
are provided by an application maintained by RSU. The RSU can also
establish a connection to another server or the Internet; enabling AUs
from other vehicles to access the Internet [19].

11



Chapter Two Theoretical Background

*On Board Unit (OBU): is a device installed on the inside of a vehicle
and is used for communicating with RSUs and other OBUSs. It includes
the Resource Command Processor (RCP), read/write memory for data
storage and retrieval, a user interface, a dedicated interface for
interacting with other OBUs, a network device that enables short-range
wireless communication based on IEEE 802.11p radio communication,
and a network device that may also be operated using IEEE
802.11a/b/g/n or other wireless technologies for non-safety applications.
The IEEE 802.11p wireless radio channel was utilized by these devices
for wireless transmission. The OBU's primary responsibilities include
facilitating radio communication, ad hoc and geographical routing,
network congestion management, dependable message transfer,

information security, and Internet protocol mobility [19] [20].

*Application Unit (AU): The OBU's connection allows the AU, a
device mounted inside the vehicle, to access the provider's applications.
The AU can perform as either a safety application-specific device or a
standard device like a personal digital assistant (PDA). It is possible for
the AU and OBU to share one physical unit and to communicate with
one another wirelessly or over a wired connection. The only channel of
contact between the AU and the networking is the OBU, which manages
all network and mobility duties [19] [20].

*Roadside Unit (RSU): is a device of Wireless Access Vehicular
Environment standard (WAVE ) generally installed next to parking lots,
at intersections, or along the side of the road. The RSU is equipped with
one network device for a DSRC/WAVE communication on the basis of
IEEE 802.11p radio technology, but it is also able to support the
installation of other network devices. Principal functions of the RSU

include:

12
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- Extending the communication range of the ad-hoc network by sharing
the data to other OBUs and RSUs so they can pass it on to other OBUs,

as shown in Figure 2.1.

RSU

‘Z. oBU

AU

JOBU b -

--4 0OBU

Figure 2.1 RSU Expanding the Communication Range [21].

- Using infrastructure to vehicular communications (12V) as a source of

information to implement safety applications for example a work zone,

an accident, or a low bridge warning this is seen in Figure 2.2. Also,

RSU

oBU

oBU

AU

Figure 2.2 RSU Run Safety Applications and Works as Information Source [21].

- Figure 2.3 show the provision of internet connectivity to OBU.

13
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to Internet

cw Access
Network

‘7.‘ | oBU —

Figure 2.3 RSU Providing Internet Connectivity to OBU [21].

2.3 Communication System and Architecture of VANET

2.3.1 Communication System

In-vehicle: an OBU and one or more AUs that communicate over
a wired or wireless link are included in this category. The AU uses
the OBU's communication abilities to operate the application that
the application provider has provided.

Ad hoc domain: RSUs and vehicles with OBUs make up an ad
hoc domain on the VANET. There are two kinds of
communications which the ad hoc domain supports [19] [20]:

— Vehicle to Vehicle (V2V): The vehicles communicate
through OBUs in a fully distributed manner with decentralized
coordination. Single hop V2V communication occurs where
vehicles may communicate with each other directly. If this is not
possible, the message is sent from vehicle to vehicle via a
particular routing protocol, which is referred to as multi-hop V2V
communication until it reaches its target [20]. This thesis focuses
on this type of communication VANET
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— Vehicle to Infrastructure(\VV21): The vehicles communicate
with an RSUs to benefit the services and applications it
provide or to extend the communication range by sending,
receiving, and forwarding the message from and to nodes[20].
— Vehicle-to-Broadband Cloud (V2B): Vehicles use wireless
internet technologies like 3G and 4G for communication.
Active driving assistance and car tracking will benefit from
this type of connectivity because the broadband cloud may
include more traffic data, monitoring data, and infotainment.

Figure 2.4 illustrates the main functions of each communication type.

V2I

« Data collection

« Environment/weather
« Road condition

V2V Obstacle detection

Entertainment Q{&‘o N
o

DSRC vt M
« V2V spacing Driver « Data processing
« Lane passing assistance\ « Power consuming

& Wireless communication
&
S
OO q'&%
& Vehicle condition

GPS

» Data processing
« Power consuming

In vehicle

Figure 2.4 Main functions of Each Communication Type [22].

15



Chapter Two Theoretical Background

Infrastructural Domain: the RSU with an Internet connection
can be used by the OBU to communicate with the infrastructure
network. For non-safety applications, OBU also can interact with
the other hosts using cellular radio networks (4G, HSDPA ,GPRS,
UMTS , GSM and WiMax). Figure 2.5 shows three types of
domains for communication between vehicles, RSUs, and

infrastructure[23].

AU Application Unit
GW Gateway

OBU On Board Unit
HS Hot Spot

RSU Road Side Unit

Infrastructure

Domain
/
In-Vehicle Ad Hoc N\ m
Domain\ Domam —
/T/ m' :
J
IEEE 802.11p*

41__’ IEEE 802.11 a/b/g

__1__, Other wireless technology
(full coverage)

Figure 2.5: Communication Domains in VANET [23].
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2.3.2 Dedicated Short Range Communication (DSRC)

The DSRC is somewhat similar to WiFi for use in wireless
communications and is used for short-distance networking. However, the
most significant distinction between DSRC and WiFi is that LAN
networks use WiFi. At the same time, DSRC is a means of connectivity
between vehicles and the Infrastructure, ensuring high speed and highly

secure wireless communication [6].

The DSRC's core features are:

> Too less 0.02-second latency (open and close connection delays).

> Very low interference, its short distance, nearly 1000 m DSRC, is

very high and effective in front of radio interference.
> Condition of weather did not impair its effectiveness.

For sending the different messages produced by safety and
non-safety applications, DSRC takes eight channels into consideration.
One Control Channel (CCH) is used for safety applications, six Service
Channels (SCH) are used for non-safety applications, and one channel is
set aside for future use. The control channel is used to send high priority
safety messages such as beacon messages and event-driven messages in
an emergency. The non-safety communications with low priority are
sent across the service channels. The reserved channel has a bandwidth
of 5MHz as opposed to 10MHz of the control and service channels
[24][25][26]. Figure 2.6 displays the bandwidth based on the DSRC

standard assigned to each channel [20].

When changing between the service and control channels there are
a sizable delay [27][28]. The creation of an open European standard for

V2V and V21 communications is the aim of the C2C-CC research
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projects for vehicular in Europe. According to C2C-CC, the IEEE
802.11p specification has been altered numerous times to work in
European settings. Applications that don't require safety use 802.11a/b/g
(GPRS/UMTYS) and TCP/UDRP levels [25].

SAE J2735 BSM

Basic Vehicle State
(Time. Position. Mation.Control etc )
Dedicated Vehicle Crash Avoidance Channel
+ 10MHz Mandatory in BSM
< 3-27Mbps
+ Transmitted over DSRC (range ~1,000 m and

Vehicle Safety Extension

360°) {Event flags, Path history, etc.)

= low latency(<<50ms)
* Low power message reception(<-90 d8m) Required for V2V Safety

Applications

Service Channels Service Channels

Safety Applications.

« Emergency Electronic Brake
Lights(EEBL)

« Forward Collision Warning(FCW)

+ Left Turn Assist(LTA)

« Intersection Movement Assist(IMA)

Figure 2.6: DSRC Spectrum Band and Channels[29] .

In V2V communication, there are two main message types that are used
to disseminate safety-related messages: periodic messages, and event-
driven messages (emergency message). The Basic Safety Messages
(BSMs), also known as beacons, and the Cooperative Awareness
Messages (CAMSs), both defined by SAE J2735 and ETSI TC ITS,
respectively, are periodically transmitted to declare the status of the
vehicle. When a traffic incident or road hazard is identified, event-driven
messages (emergency messages) are sent, such as the Decentralized
Environmental Notification Message (DENM) developed by ETSI TC
ITS [30].
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2.3.3 Architectures of VANET

Vehicles are equipped in cameras, sensors, and/or other devices,
as well as application and on-board units. These devices gather data
about the road and traffic, including the IDs, types, positions, and
distances of other vehicles. To increase vehicle efficiency and safety,
these details are then sent to network applications and other vehicles. In
more detail, (a) devices on the vehicles gather data, (b) these data are
transmitted to other vehicles in accordance with routing algorithms, and
(c) transmissions are made through 4G/5G broadband, satellite internet,
WiFi, and other means. V2V communications are data transfers between
vehicles, and V21 communications are exchanges between vehicles and
infrastructure. (d) The security and integrity of the data and the system
are protected by network security procedures that surround data
transmission. The design of a typical VANET is depicted in Figure 2.7
[31].

[ Vehicles and Devices

Data and Data
Collection

Routing Protocols,
Comms Channels and
Security Mechanisms

Communication Mode

Precise positioning Intelligent security Emergency message
of vehicles early warning system broadcast

Intelligent Collaborative control . .
5 2 g Automatic drive
intersection control of vehicle queue

Internet of Vehicles
Application

Figure 2.7: Architectures of VANET [31]
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2.4 Standards of VANET

Vehicle communications standards are defined by consortia (i.e.
the Car-to-Car Communication Consortium (C2C-CC)) and major
standardization groups (i.e. I1SO, IEEE and IETF). Dedicated Short
Range Communication (DSRC) was established by the Federal
Communication Commission (FCC) in north America as a new standard
for VANET [24]. This standard was licensed a 75MHz spectrum in the
(5.9GHz band) ranging from 5.850-5.925 GHz for the purpose
(V2V)and(V2l) communications[31][32].

The DSRC specification specifies 10-1000 m and 3-27 Mbps as
the maximum transmission distance and rate, respectively. The DSRC
standard makes use of (WAVE) to set a benchmark for the efficiency of
PHY and MAC layer communications in VANET. WAVE is made up of
two |IEEE 1609 and IEEE 802.11p protocols that are designed to manage
network resources, multi-channel operations, security services, and other
things [24].

In order to transmit data in vehicular environments, the IEEE 802.11p
protocol specifies the properties of the IEEE 802.11 protocol in the PHY
and lower portion of the MAC layers. To distribute data in the VANET,
this protocol uses a MAC layer protocol built on Carrier Sense Multiple
Access with Collision Avoidance (CSMA/CA).

IEEE 1609.1 has been defined in the application layers as the
standard for managing application activities that produce exchanges
between OBUs and other network resources. The WAVE standard-based
VANET applications' functioning is standardized by IEEE1609.1. By

defining secure communication formats, carrying out secure message
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processing, and providing message exchange security, IEEE 1609.2

offers the security in WAVE [33].

At the network layer, IEEE1609.3 is defined for message routing
and addressing. The IEEE1609.4 is located in the upper portion of the
MAC layer, where it handles operations at higher layers without taking
into consideration the physical channel parameters of lower layers and
enables multi-channel operations in VANET. [25] [26] illustrate the
design of the WAVE standard. The WAVE protocols and network levels

are depicted in Figure 2.8.

{{

J

N
WAVE Physical
Layer
&

.

-
N\l |
f IEEE 1609.1 2
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Physical Layer
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Figure 2.8: WAVE Protocols and Layers of Network [6].
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Coordinated Universal Time (UTC) is used to synchronize the vehicles
and enable multi-channel single-transceiver operation in VANET. UTC
relies on data gathered from GPS or other nearby vehicles to function.
Each wvehicle's time is changed based on UTC to transition

simultaneously between the control and service channels [25], [34].

2.5 Applications of VANET
Applications can be developed using V2V and V21 communications.
Applications for VANET are divided into the following categories based

on their main usages:

1. Safety Applications: These applications are used to safeguard
lives and maintain environmental safety increasing the traffic
safety and prevent accidents. Applications in this area include
emergency warning systems, lane change assistance, intersection
coordination, traffic sign/signal violation waning, and road
condition warning. The data is used for either displaying the
information to activate an actuator in an active safety system or
the driver. Hence, direct (V2V) communication is frequently
required Because of the strict delay requirements for safety
applications, [33].

2. Comfort/Entertainment Applications: These are also called
non-safety application, and their goals include improving both
drivers and passenger’s comfort and traffic efficiency. They can
provide information on the location and prices of the closest
restaurant, petrol station, or motel as well as traffic and weather
conditions. While the vehicle is connected to the infrastructure
network, passengers can surf the internet, send and receive instant

messages, and play online games [19], [35].
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2.6 Characteristics of VANET
Even though VANET are a subcategory of MANET, they have
properties which distinguish them from MANET. Among these

characteristics are [36]:

e No Power Constraints: vehicles have long-lasting batteries so
they can continuously power the OBU. As a result, power in
VANET is not as limited as it is in MANET [23].

e Predictable Mobility: VANET have vehicles which are
constrained to road topology, traffic restrictions, and
communication with other moving vehicles. In contrast to other
MANET which include nodes that move randomly, VANET
predictable mobility [23][24].

e Variable Network Density: in VANET, traffic density
determines network size and density; which can be very high in

congested areas or very low in suburbia[19].

e Rapid Changes in Network Topology: vehicles in VANET
move at high speeds, particularly on highways, and drivers'
behavior is affected by the need to respond to network data,
resulting in fast changes in network architecture. The radio
communication range, direction, and vehicle speed all have an
impact on the life time of the link between vehicles. As a result,
expanding that radio communication range increases a link's life
time. When compared to the relationship between vehicles going
in the same direction, that link among vehicles moving in opposite
directions has an extremely short lifetime. The effective network

diameter is small as a result of the quick changes in link
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connection since many pathways are shut off before they can be
used [20][23].

e Large Scale Network: in densely populated locations like
highways, city centers, and the boundaries of large cities, the

network scale may be substantial [36].

e High Computational Capacity: vehicles have the ability to
contain a significant number of sensors and computational
resources like processors, large memory capacities, advanced
antenna technology and Global Positioning System (GPS). These
resources improve the node's functionality by providing a
dependable wireless connection and precise information about the

node's current position, velocity, and direction [21].

2.7 Challenges in VANET
The VANET Challenges can be summarize as the following [37]:

e Signal Fading: When there are obstructions between two
connecting devices, signals cannot reach their intended location
and fade more quickly.

e Bandwidth Limitations: Lack of a central coordinator which
monitors bandwidth and regulates communication between nodes
is a significant problem with VANET [19].

e Connectivity: Due to the high mobility and fast topological
changes, the network breaks down and loses connectivity.
Connectivity is necessary for a transmission power increase [37].

e Privacy and Security Issue: One of VANET's main problems is
maintaining privacy and security because receiving reliable
information from a reliable source can violate the sender's privacy
demands [20].
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e Routing Protocol: The development of an effective protocol that
can send a packet in the shortest amount of time is crucial.
However, a lot of research has focused on creating routing
strategies that are appropriate for environments with high vehicle

densities and close spacing between them [37].

e Effective Protocol: Improve the reliability and reduce the amount
of interference caused by tall buildings To avoid conflicts and
deliver packets quickly, particularly in an emergency, scalability

must be taken into account [37].

2.8 Performance Metrics
To evaluate congestion control systems, different performance
measures are available. Some of the most frequently used ones in V2V

communication.

2.8.1 Channel Busy Time (CBT)

The ratio of the amount of time the channel is considered to be
busy to the total observation time is known as the "Channel Busy Ratio"
(CBR) or "Channel Busy Time" (CBT). (e.g., 100 ms). Based on the
quantity of vehicles within its transmission range and each vehicle's
individual message generation rates, it is a measurement of the channel
load that a vehicle sees. CBR is one of the factors used by different

congestion control strategies improve communication [29].

2.8.2 Number of Lost Packets
The network performance can be estimated based on the

number of lost packets loss during the total time of simulation [37].

2.8.3 Packets Loss Ratio (PLR)
Different factors, such as collisions, fading, or the expiration

of the Control Channel Interval (CCHI), can cause packet loss. PLR
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calculating the percentage of packets lost due to collisions and/or fading
iIs measured by dividing the number of dropped packets by the overall

number of packets generated by the application layer [37].

2.8.4 Average Throughput
The average rate of messages successfully transmitted over

communication channels is measured by average throughput [38].

2.9 Congestion Control Strategies in VANET

Two types of strategies namely, proactive and reactive ,are
employed to reduce congestion [24].Figure 2.9 shows the congestion
management mechanism from the perspective of traditional control
theory [38].Based on the safety application requirements, the target is
determined (i.e. threshold channel load value). The controller is either
open-loop or closed-loop depending on whether it receives feedback
from the result or not, whether it comes from the network or from
another particular node. Depending on the goals and the traffic condition

or scenario, the controller modifies the transmission parameters.

Objective
Target
Description
Traffic Situation Controller Result
Input Action
parameter m
i
i
1
i
!
i
b e o !

Optional Feedback

Figure 2.9: Congestion Management Mechanism from the Perspective of Control
Theory [38].
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Proactive Strategies is to prevent congestion it before occurring.
They determine a goal value is typically for a certain channel load
metric such as CBR and transmission parameters are adjusted to
push the metric to the goal value. A proactive strategy can
guarantee that the channel load does not go over a specific limit,
but it must calculate and share real-time information about the
channel load with its neighboring. The method itself may cause
channel congestion if information shared excessively and
frequently [38].

Reactive approaches: is to manage congestion after it has already
occurred. They react immediately responds to measured channel
load. The broadcast behavior can be predefined for any certain
channel load value [25].The job between transmission parameters
(i.e. transmit rate) and channel load (i.e. CBR) determines the
control loop behaves and converges, when either the range of
nodes or the rate of their messages varies. They are incredibly
adaptable as a result, but they are also difficult to manage and
understand. Therefore, due to they work in after to congestion,
however certain BSMs may already be lost, which may be

dangerous.
2.10 Classification of Congestion Control Strategies based

on Parameters
Three types of parameters can be adjusted to control the VANET
congestion. They involve rate, power and combination message rate and

transmitted power strategies[34].

2.10.1 Message rate Based Strategy
Because transmission rate affects network performance so

significantly, rate control-based solutions alter the transmission rate to
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manage channel load and congestion in networking. For BSM, also
called (CAMs), 10 Hz is the standard transmission frequency. When
there is a high vehicle density, packet loss and delay occur because the
channel load exceeds the channel capacity at this rate [29]. Rate control-
based techniques reduce the quantity of safety messages each node
transmits in a predetermined period of time if required. The so-called
target range, or 100 to 300 meters, is where the safety application-based

BSMs typically require a high probability information reception [37].

2.10.2 Power Based Strategy

Transmission power control is adapted to reduce channel congestion.
Each node must have an equal chance to communicate with nearby
vehicles in order to maintain fairness in VANET. High transmission
range is frequently required by safety applications to guarantee their
safety messages delivered from as many nodes as possible. To avoid
channel collisions, some vehicles should decrease their transmission
power when network congestion occurs. As a result, there is a decreased
probability of communication with nearby vehicles and consequently the
fairness aim in VANET is failed. Additionally, channel collision and
saturation are increased due the a high transmission power [29], [39],
[40].

2.10.3 Combination of message rate and transmitted power

The Combination strategies for reducing congestion in VANET
use two or more parameters. Congestion control primarily aims to raises
driver awareness of their vehicles. When attempting to determine what
the transmission parameters are, DCC approach doesn’t employ
awareness as a measurement. These techniques are designed to jointly

modify message rate and power or data rate and power or message rate
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and data rate in order to attain the appropriate level of awareness for all

nearby vehicles [41].

2.11 Exponential Function

An exponential function has an equation called f(x) = ax, where" x "is
a variable and "a " is a constant that acts as the base and must be greater
than 0. The transcendental integer e, or roughly 2.7182, is the most
frequently used exponential function base. Depending on the exponential
function, an exponential slope can increase or decrease. Either
exponential growth or exponential decay should be present in any

quantity that changes by a set percentage over time [42].

A- The Exponential Growth

Quantity grows exponentially when it starts out very slowly
and then picks up speed. Change occurs more quickly as time
goes on. With passing time, the growth rate increases.
"Exponential increase” is the intended term for the quick
development. According to [43], the following algorithm

describes exponential growth:

f(x) = Ke* (2.1

Where K is constant. Figure 2.10 shows the exponential growth with
(K=10)
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Figure 2.10: The Exponential Growth.

B- The Exponential Decay

Quantity decreases originally very quickly, then gradually.
Change happens more slowly over time. As time goes on, change
happens at a slower pace. The quick drop was supposed to be a
"exponential drop". [42][43] is the algorithm for defining the

exponential decay.:
f(x) = Ke™ (2.2)

Where K is constant. Figure 2.11 shows the exponential
decay with (K=10)
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Figure 2.11: The Exponential Decay.
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2.12 VANET Simulation

Any network's performance needs to be examined in order to spot
any potential issues, and the best way to do this is by using simulations
that generate outcomes as close to actual data as is practical. The
efficacy of routing protocols in VANET has been evaluated and
modelled using a variety of simulation tools, including the Network
Simulator Ns-2, Ns-3, MobiSim, glomosim, OMNET++, and Cpp or
Java programming languages. Also, an auxiliary software can be used
with the above simulator for simulating the real world environments
such as Simulation of Urban MObility (SUMO). In this thesis SUMO
and OMNET++ will be used for simulating the developed technique[21].

1- SUMO

Since 2001, SUMO has been a free and open traffic modeling tool.
SUMO can be used to model intermodal traffic networks, including
those incorporating road vehicles, public transportation, and
pedestrians. SUMO comes with a variety of auxiliary tools for tasks
like route finding, visualization, network import, and emission
computation. Custom models can be added to SUMO, and it offers a
number of APIs for controlling the simulation from a distance.
SUMO has been used in a number of projects, including studies into
the influences of autonomous route choice on the entire network as
well as the development of novel techniques and assessment of
environmentally conscious routing based on pollutant emission.
Authorities received traffic predictions from SUMO. SUMO was
utilized to allow simulated in-vehicle telephony behavior in order to
evaluate the efficacy of GSM-based traffic surveillance. In order to
provide precise vehicle traces and assess apps in an online loop with
a network simulator, the V2X group heavily utilizes SUMO [44][45].
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2- OMNET++

OMNET++, in contrast to ns-2 and ns-3, offers more than just
network simulation. Additionally, it can be used to simulate
multiprocessor systems and networked hardware. Both Veins (Vehicles
In Network Simulation), which combines the network and traffic
simulator to simulate vehicle communication, and SUMO (Simulation of
Urban MObility), a traffic simulator, are compatible with OMNET++ as
a general discrete event, component-based open architecture simulation
framework. Veins simultaneously execute OMNET++ for network
simulation and SUMO for object modeling(for road traffic simulation).
A TCP socket connects the two programs. The Traffic Control Interface
protocol has been established for this exchange (TraCl). This enables the
simulation of both-way traffic on roadways and in networks. In the
SUMO road traffic model, vehicle movement is represented as node
movement in an OMNET++ simulation. The current road traffic

simulation can then be communicated with by the nodes [21].
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Chapter Three

Proposed system

3.1 Introduction

This chapter presents the developed technique for congestion control in

VANET. In section 3.2; the general block diagram of the proposed

system is present. In section 3.3; which explain the first technique based

message rate control. In section 3.4; the second technique adapts

transmitted power control .Finally, in section 3.5; the third technique

adapts the message rate and transmitted power Control.

3.2 The General Block Diagram

The general block diagram of the proposed system is shown

in Figure 3.1. The figure illustrates the main stages of this work

starting with the generation of the traffic scenario of the VANET
using SUMO. The output of SUMO will feed to the OMNET++ to

combine with the

initialization parameters and start the

simulation. Finally, when the simulation process finished the last

stage start to evaluate the achieved results.
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Total busy time
Packet lose
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Throughput

Figure 3.1: The General Block Diagram of the proposed System

There are three directions are adopted in this thesis to control the

congestion in the wireless channel according to the parameter that will

adapted as discussed in the following sections.
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3.3 Message rate Control

The message rate can be adapted to control the congestion
in the wireless communication channel of the VANET. In this thesis, the
main idea is the investment of the properties of the exponential function
value decreases with the increasing the value of the independent

variable. The independent variable will be the CBR.

The message rate for BSMs/CAMs is set to 10 Hz by default.
When the vehicle density is high, the channel load will exceed channel
capacity at this message rate; resulting in packet loss and delay.
Congestion control techniques based on rate control adjusts the message
rate to decrease the number of safety messages delivered by each node
per unit time. The proposed technique employs an exponential function
to gradually reduce the message rate. At the end of a specified time
interval, each vehicle measures CBR and compares the measured value
to the threshold. When the detected value exceeds the threshold
(CBR>threshold), the vehicle's message rate is reduced using an
exponential function. The adaptation is represented by the following

equation:

Messagerate,,,, CBR < Thr

Messagerate = { (3.1

Adapt Message rate = Messagerate,,,, * exp(—a * CBR) CBR = Thr

Where Messageratey is the maximum value of the message rate, Thr is
the threshold of CBR, and a is the decay factor of the exponential

function.
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Figure 3.2 shows the relation between the transmission rate
and CBR threshold (Thr) for different values of the decay factor. The
steps for implementing, and evaluating the message rate proposed

system are detailed in the flowchart as shown in Figure 3.3.

QO Q
n nn
W N = A

MessagerateMax

Message Rate (Hz)

CBR

Figure 3.2: The relation between the Message rate and CBR.
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Figure 3.3: The Proposed Message rate adaptation Flowchart.
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Also, the pseudo code of the message rate adaptation is illustrated in the

following steps:
Algorithm 3.1: Algorithm of Message Rate Adaptation

Input: (Messageratey,,, Messagerate,,;,, a)
Output: ( Adapt Message Rate)

Procedure Get CBR

CBR=get CBR ()

If (CBR >threshold) then

Adapt Message Rate = Messagerate,,*exp (-a *CBR)
If(Adapt Message Rate < Messagerate,,;, )

Adapt Message Rate = Messagerate,,;,

Else if(Adapt Message Rate > Messageratey;,,)
Adapt Message Rate = Messageratey,,

End if

Else

Adapt Message Rate = Messageratey,,

End procedure

3.4 Transmit Power Control

The transmitted power can be adapted to control the congestion in
the wireless communication channel of the VANET. The transmit power
determines the distance that a message may be sensed and properly
received. Transmit power control is really used to adjust the transmit
range according to performance metrics. When the transmit power is
reduced rather than the message rate, neighboring vehicles will see
frequent BSMs. However, remote vehicles will observe no packets from
a distant vehicle. As a result, power control sacrifices knowledge of
distant vehicles while retaining complete awareness of nearby vehicles.
To reach more nodes, safety applications often send their safety

messages over long transmission range.

However, if network congestion happens, any vehicle that detects
it should decrease its transmission power to avoid channel collision. In
this thesis, when the observed value of CBR is above the threshold
(CBR>threshold), the vehicle's transmit power is reduced using an
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exponential function. The adaptation represented by the following

equation:

Transmitpower yq, CBR < Thr (3 2)

Messagerate = {Adapt Transmit power = Transmitpower y,, * exp(—a* CBR) CBR>Thr

Where Transmitpoweryay is the maximum value of the power, Thr is the

threshold of CBR, and a is the decay factor of the exponential function.

The relation between the transmitted power and the CBR is shown in
Figure 3.4. Also, the steps for implementing, and evaluating the
transmitted power proposed system are detailed in the flowchart as

shown in Figure 3.5.
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o
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TransmitpowerMax
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CBR

Figure 3.4: The relation of the transmitted power and CBR.
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Figure 3.5: The Flowchart of the adaptation of the transmitted power.
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Algorithm 3.2: Algorithm of Transmit Power Adaptation

Input:
(Transmitpowery,, , Transmitpower,,;, ,d)
Output:(Adapt Transmit power)
Procedure Get CBR
CBR= getCBR ()
if (CBR >threshold) then
Adapt Transmit power = Transmitpower y,,*exp (-a *CBR)
If (Adapt Transmit power < Transmitpower,,;,)
Adapt Transmit power = Transmitpower ,,;,
Else if(Adapt Transmit power > Transmitpower )
Adapt Transmit power = Transmitpower .,
End if
Else
Adapt Transmit power = Transmitpower y
End procedure

3.5 Message rate and transmitted power Control

The Combination approach is the third approach where two
parameters including (message rate with transmit power, transmit power
with data rate, and message rate with data rate) adapted simultaneously.
Message rate and transmit power are combined in this thesis to control
channel congestion. The steps for implementing, and evaluating the
message rate and transmitted power proposed system are detailed in the

general flowchart as shown in Figure 3.6.
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Create Highway environment and
vehicles inside road Using SUMO
program

\

Initialize the parameters
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Figure 3.6: Proposed Message Rate and Power Transmit Flowchart.
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As in sections 3.2 and 3.3, the Combination control relies on the
exponential function to change the message rate and the transmitted
power, as shown in the following method. When the detected value
exceeds the threshold (CBR>threshold), the vehicle's transmit power and

message rate are reduced using an exponential function.

Algorithm 3.3: Algorithm of Transmit Power and Message Rate Adaptation
Input:
(Messageratey,,, Messagerate,,;,, Transmitpower ., , Transmitpower,;, ,d)
Output:
(Adapt Transmit Power, Adapt Message Rate)
Procedure Get CBR
CBR=get CBR ()
if (CBR >threshold) then
Adapt Message Rate= Messageratey,,*exp (-a *CBR)
Adapt Transmit Power = Transmitpower y,,*exp (-a *CBR)

If(Adapt Message Rate < Messagerate,,;, )
Adapt Message Rate = Messagerate,,,
Else if(Adapt Message Rate > Messagerate ;)

Adapt Message Rate = Messageratey,

End if

Else

Adapt Message Rate = Messagerate

If (Adapt Transmit power < Transmitpower ,;,)
Adapt Transmit power = Transmitpower ,;,
Else if(Adapt Transmit power > Transmitpower )
Adapt Transmit power = Transmitpower .,
End if

Else

Adapt Transmit power = Transmitpower y,,
End procedure
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4.1 Introduction

The wireless channel congestion in VANET environments
can be controlled by several parameters, including the message rate or
the transmitted power or simultaneously the message rate and
transmitted power. This chapter presents the implementation of the
proposed technique using SUMO and OMNET++ software under
different cases of vehicles density. Also, the results of this simulation
will be illustrated and discussed in this chapter. The end of this chapter
contains the comparison results of the proposed technique for different

controlling parameters and various cases of vehicles density.

4.2 Implementation of the Developed Technique

VANET experimental studies in real world practical are not
possible because they require a lot of time and several required resources
to conduct experiments safely and generate accurate results. Therefore,
there is the need for simulators to implement experiments that are safe,
inexpensive in VANET environment. Two open source software is used
to simulate work in this thesis, software to simulate vehicle mobility or
traffic scenario and another to simulate the network communication

between the mobile nodes.

Simulations of Urban Mobility (SUMO) are used to model road
traffic. It is written in C++ and it includes features (clear Microscopic
simulator for vehicle simulation, humans, and the public transportation,
time schedule generation for traffic signals, and the ability to import

real-world maps)[46].

The network is represented using OMNET++ and Vehicles in
Network Simulation (VEINS) [47], [48]. OMNET++ is a discrete event

simulator, which is a big, modular, a component-based C++ library and
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a framework for networking, such as wire and wireless channels, queue
networks, support for wireless ad-hoc networks, networking protocols,

optical networks, and so on.

4.2.1 Simulation setup

All simulation is comprised of its scenario files that determine what
it is the simulation behaves. For instance, the frequency of node creation,
a behavior, and the roadways used to simulate node activity, and the
speed of the nodes. The network simulator OMNET++ specifies
simulation parameters using configuration model files (ini, ned). The

parameters utilized for simulation runs are shown in Table 4.1.

Table 4.1: Parameters for Simulation.

Parameter Representation
Vehicle Number 50, 100, 150
Simulation duration Variable
Maximum Vehicles Speed 25 m/s[49][6]
Protocol for Wireless Transmission IEEE 802.11p
Message Rate Range 1-10HZ[50][6]
Transmit Power Range 1-20mw[17]
Data Rate 6Mbps [3]
Threshould(Thr) 0.3 [50]
Decay Factor (a) 1,3
Road Topology Highway
Highway Length 1000 m
Sensitivity -89dBm
Simulator OMNET++ 5.0, INET 3.4, Veins4.4, SUMO 0.25
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Four-lanes highway traveling in one direction were used to test
the suggested strategy. Vehicles were added to the simulation
environment by SUMO route configuration file. Once a vehicle is
created in SUMO, a matching network node on the OMNET++ side to
communicate through a network by the sumo-launchd-py, which is a
daemon operates in the background and is continually waiting for
incoming requests. The highway road was 1000 m and Vehicles are
designed with a maximum speed of 25 m/s and they choose a lane at
random to enter the simulator and they maintain the route until the end
of the highway illustrated in Figure 4.1[49].

If a vehicle reaches the road's end, then the job is complete and it
stops broadcasting or contributing to the network, then execution the
data collection. The SUMO configuration file contains a specified route
for vehicles to follow. All vehicle moves from one road edge to the next
according to the route id given in the route file. In the route file includes
the parameters that the vehicles will use. The parameters involve the
max speed, acceleration, deceleration, the exit lane, vehicle kind, vehicle

color, and so on.
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Simulation Windows Help

@

Figure 4.1: Run a Highway Scenario in SUMO.

4.2.2 Simulation Run

The suggested technique is applied in the veins files, which also
contain all the required modules to use the DSRC/WAVE protocol
module where the message rate and transmit power control and
determined the kind of messages can be controlled to be sent . A
settings file (ini) which contain of all predetermined parameters for
executing the simulation in OMNET++. Only the safety messages were
sent during the simulation because they are the most important ones. The
BSM packets contain information such as (ID Sender, ID Receiver,

Sender Position, and Sender Speed).

In the OMNET++ network environment, the simulation scenarios
were run for 200 seconds at a variable transmission rate and a variable
transmission power illustrated in Figure 4.2[3]. This network simulation
shows the modules that have been used, simulation time and the nodes
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presently in the simulation broadcasting message. Due to the fact that the

simulation involves a V2V network scenario, road side units were not
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Figure 4.2: Run a Highway Scenario in OMNET++.

Four traffic scenarios are adopted for simulation as follows:

1. The normal VANET standard algorithm, which has a fixed
transmission power (20 mw) and message rate (10Hz).

2. The proposed congestion control method which employs an
exponential function that adapts the message rate.

3. The proposed congestion control method which employs an
exponential function that adapts the transmit power.

4. The proposed congestion control method which employs an
exponential function that adapts the message rate and the

transmitted power together.

4.3 Results of Simulation
In this section the simulation resulted from the three proposed
methods of network congestion in Dedicated Short Range
Communication (DSRC) based on the exponential function are

discussed and compared with the results of normal VANET method
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which uses a 10Hz message rate and 20 mw transmit power. The

three proposed method involve:

e Implementing message rate control in various scenarios involving
vehicle density.

e Implementing transmitted power control in various scenarios
involving vehicle density.

e Implementing message rate and transmitted power control in

various scenarios involving vehicle density.

The performance metrics such as (total busy time, total lost packet,
average throughput, packet loss ratio) are used to evaluate. The
results of performance metrics for each model are compared with

those of other models.

4.3.1 Message Rate Control Results
This subsection explains the results in terms of the evaluation
metrics represented by the average (total lost packets, total channel busy

time, throughput and packet loss ratio (PLR)).

A. Total Lost Packets
The effectiveness of the proposed strategy in the simulation for

congestion control can be assessed by looking at the reduction in
packet loss. A decrease in the packet loss indicates that network is
less congested and that packets are delivered without any issues to
the vehicles that require them. Figure 4.3 depicts the average of
the total lost packets for (50, 100, and 150) vehicles in the

highway scenario tested.
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Average Total Lost Packets
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Figure 4.3: Average Total Lost Packets Based on Message Rate Control Strategy.

This figure shows that the average number of the total lost packets
increases with the number of vehicles across the simulation
period. The scenarios show that is there a high loss of packets
even by 10Hz message rate when the congestion control approach
is not applied on the four-lane highway road because of the dense
state of traffic jam and so no form of congestion control, leading
to lost packets as well as packets not getting received in the
network which probably resulted in network congestion and the
network performance decreases. The suggested exponential
function-based congestion control strategy has a lower average
number of the total lost packets. This is because an adapted
message rate which improves communication and lessens

competition among nodes to improve performance and safety in
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the network. Also, this figure illustrates that the decay factor (a)
has an important effect as he increase in this factor decreased the
loss of packets.

B. Total Channel Busy Time

Figure 4.4 displays the average of total channel busy time for a
highway scenario with various numbers of vehicles being used.
The figure makes it abundantly evident that the busy time results
of the channel correlated with the number of messages
transmitted. The channel busy time decreases by decreasing
number of packets transmit over the network .However, the
channel busy time increased with the increasing number of

vehicles over the simulated period.
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Figure 4.4: Average Total Channel Busy time Based on Message Rate Control

Strategy.
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It is clear that the performance of the suggested technique in terms
of average channel busy time aims to reduce this number. It would
be busier without utilizing a congestion control strategy. Also, the
decay factor of the exponential function has an important effect on

the channel busy time.

C. Average Throughput

The average throughput in the simulations shows the rate of
successfully received data in all time of simulation for each vehicle.
Figure 4.5 shows the Average throughput values obtained using the
highway scenario for different 50, 100 and 150 vehicles. The Adaptive
message rate based exponential function had a lower average throughput
than that of the (10Hz, 20mw) approach because it reduces the number
of transmitted messages which leads to the decrease the number of

received messages.
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Ha=3 16403.9168 33666.2272 54170.09493

Figure 4.5Average Throughput Based on Message Rate Control Strategy.

51



Chapter Four The Implementation and Results

D. Packet Loss Ratio

The values of Packet loss Ratio determined for the various
vehicles using the highway scenario is shown in Figure 4.6 where
it can be noticed that the increase in the decay factor (a) decrease
the packet lose ratio. It is clear that the Adaptive message rate
approach based exponential function has a better performance

than that of thel0 Hz and 20 mw approach.
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Figure 4.6: Packet Loss Ratio Based on Message Rate Control Strategy.

4.3.2 Transmit Power Control Results

The suggested network congestion control

method adjusts

transmission power in accordance with the present density of nodes (i.e.,

vehicles) on the roadways in order to lessen congestion on the network.
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A. Total Lost Packets
Figure 4.7 shows the average of total lost packets for vehicles in
the highway scenario examined for (50, 100 and 150) vehicles,
respectively. The proposed congestion control approach based
exponential function has a decreased average of lost packets. This
IS because the network used the adaptive transmitting power
which improves communication while reducing competition
between nodes to increase network performance and safety. These
statistics also show that the decay factor (a) has a significant
impact on the number of lost packets which are inversely

proportioned to this factor.
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Figure 4.7: Average Total Lost Packets Based on Power Control Strategy.
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B. Total Channel Busy Time
Figure 4.8 displays the changes in the average total channel busy
time for different number of vehicles in the highway scenario. The
results of the CBT are directly correlated with the number of
messages transmitted and it can be seen that fewer packets are
delivered through the network, when the CBT is increased. The
figure also demonstrates how over the simulation time, the

channel busy time increases as the number of vehicles increases.
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Figure 4.8: Average Total Channel Busy Time Based on Power Control Strategy.

It is obvious that the proposed congestion control technique which
is based on an exponential function in terms of channel busy time
performs better than without congestion control strategy. This is

due to the usage of adaptive power transmission which improves
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communication and reduces node competition to enhance network
performance. Moreover, the increasing of the decay factor gave
lowers the channel busy time.
C. Average Throughput

Figure 4.9 shows the relation between the average throughput and
the number of vehicles of both the normal state and the proposed
technique of congestion control. It is obvious that the adaptive
power transmit exponential function based had a lower throughput
performance than that of the normal state (i.e., without congestion

control) (10Hz, 20mw) approach.
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Figure 4.9: Average Throughput Based on Power control strategy.
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D. Packet Loss Ratio
Figure 4.10 shows the average Packet loss Ratio for various
numbers of vehicles. The adapted transmit power based on
exponential function scenario has less packet loss ratio as
compared with that of the (10Hz, 20mw) scenario. This means
that, in highway conditions, an exponential function based
adaptive transmit power can send more packets and reduce
channel congestion on highway roads which improve the network

performance.
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Figure 4.10: Packet Loss Ratio Based on Power Control Strategy.

4.3.3 Combination Message rate and transmitted power Result

The Combination result indicates that the message rate and

transmission power controls are combined to.
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A. Total Lost Packets
The relation between the average of total lost packets
and the number of vehicles (nodes) with and without congestion
control is shown in Figure 4.11. Clearly, the proposed congestion
control approach improves the performance in term of the average
total lost packets. The proposed technique reduced this parameter

in a good manner especially when the decay factor was increased.
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Figure 4.11 Average Total Lost Packets Based on Combination Control Strategy.

B. Total Channel Busy Time
Figure 4.12 displays the average total channel busy time
variations of the highway scenario with different number of
vehicles. Combining an adaptive message rate and transmit power

based on an exponential function affects positively the channel
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busy time by reducing it to a value lower, than its counterpart in
the control approach where the adaption message rate or transmit

power are at used.
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Figure 4.12 Average Total Channel Busy Time Based on Combination Control
Strategy.

C. Average Throughput

Figure 4.13 illustrates the simulation result of the average
throughput in relation with the number of vehicles in highway
scenario for different states of congestion control. The Adaptive
Combination congestion control based exponential function had a
lower average throughput than that of one without congestion control

(10Hz, 20mw) approach because the reduction in message rate and
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transmission power reduce the number of the delivered packets which

reduce the throughput of the network.
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Figure 4.13: Average Throughput Based on Combination Control Strategy.

D. Packet Loss Ratio

The packet loss ratio values for various numbers of vehicles
in the highway scenario are shown in Figure 4.14..1t means that the
exponential function can transmit more successful packets in
highway environments, improve the packet delivery rate and collision

probability, which reduces channel congestion on highway roads.
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Figure 4.14: Packet Loss Ratio Based on Combination Control Strategy.

4.4  Comparison Results

The Comparison results are presented in this section for all the three
(50, 100, and 150) vehicles scenarios. The results of 50 vehicles scenario
are shown in table 4.2 while the results of 100 and 150 vehicles
scenarios are illustrated in tables 4.3 and 4.4, respectively. These tables
show the averages of each scenario's total channel busy time and total
packet loss for all vehicles. These tables show the calculated values with
fixed message rate and transmitted power (i.e. normal), and with
adaptive message rate or transmitted power separately or both (i.e.
proposed). By reducing the busy time and the lost packets for all the
three scenarios, the suggested clearly enhances the system performance
in terms of channel busy time and lost packets. Also, the proposed
technique achieves more reduction when the Combination case and the
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number of vehicles are high. In addition to that, the decay factor of the
exponential function provides a very good reduction. It can be seen from
these tables that the minimum reduction ratio of the average of total
busy time around 5.8% is achieved by the transmitted power adaptation
technique, while the maximum value of 31% was achieved by the
technique of combination of the message rate and power transmission.

The same thing occurs with the ratio of the average total lost packets.

Table 4.2: The Case of 50 Vehicles

Parameter Technique Average of | (Normal- Average | (Normal-
Total Busy | Proposed)/ | of Total | Proposed)/
Time (sec) | Normal Lost Normal
*100% Packets | *100%
Message Rate | Normal 1.934 440.06
Proposed =1 ]1.814 6.17% 79.1 82.02%
a=3 | 1.803 6.74% 74.26 83.125
Power Normal 1.934 440.06
Transmit Proposed | a=1 | 1.821 5.80% 711 83.84%
=3 | 1.816 6.11% 67.81 84.73%
Message Rate | Normal 1.934 440.06
and Power Proposed =1 11812 6.28% 71.98 83.64%
Transmit =3 | 1.800 6.93% 7056 | 83.96%
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Table 4.3: The Case of 100 Vehicles

Parameter Technique Average of | (Normal- Average | (Normal -
Total Busy | Proposed)/ | of Total | Proposed)/
Time (sec) Normal Lost Normal *100%
*100% Packets
Message Rate Normal 4.794 1972.39
Proposed a=1 | 4516 5.80% 1452.39 | 26.36%
a=3 | 3.685 23.13% 662.18 66.42%
Power Normal 4.794 1972.39
Transmit Proposed a=1 | 4516 5.80% 1452.39 | 26.36%
a=3 | 4.307 10.16% 1428.53 27.57%
Message Rate Normal 4.794 1972.39
and Power Proposed a=1 | 4.071 15.08% 587.68 70.20%
Transmit a=3 | 3.632 24.24% 470.02 | 76.17%
Table 4.4: The Case of 150 Vehicles
Parameter Technique Average of | (Normal- | Average | (Normal-
Total Busy | Proposed) | of Total | Proposed)/
Time (sec) |/ Normal | Lost Normal
*100% Packets | *100%
Message Rate | Normal 8.443 4653.97
Proposed | a=1 | 6.941 17.78% 1413.88 | 69.61%
=3 | 5.890 30.23% 907.513 | 80.50%
Power Normal 8.443 4653.97
Transmit Proposed =1 7.981 5.46% 4077.24 | 12.39%
a=3 | 7.596 10.03% 2820.44 | 39.39%
Message Rate Normal 8.443 4653.97
and Power Proposed | a=1 | 6.799 19.46% 1588.42 | 65.86%
Transmit a=3 | 5.803 31.26% | 739.626 | 84.1%
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5.1

other

Conclusions
V2V safety communication helps drivers to be more aware of

vehicles; which improves road safety. Different methods of

handling channel loading must be considered in DSRC. Focusing on the

channel congestion problem, this thesis comes up with the following

conclusions:

1-

2-

A congestion control technique based on the exponential function
had been proposed for VANET by adjusting the message rate,
transmitted power, and simultaneously both of them.

The VANET system had been simulated based on the proposed
technique using SUMO and OMNET++ for three different cases
of vehicle densities in highway scenario.

The proposed technique was evaluated by the simulation in terms
of the total lost packets, total channel busy time, and throughput.
The proposed technique showed good results, based on the
evaluation metrics, in terms of reducing the total lost packets, and
the total channel busy time, and increasing the packet delivery
ratio.

The results showed that the application of the developed technique
in adaptation the message rate is more efficient than the
adaptation the transmitted power.

Also, the congestion control based on the combination of the
message rate and transmitted power adaptation is better than the
adaptation of the message rate or the transmitted power
separately.

In the last, the simulation results illustrate that the developed

techniques success in controlling the channel congestion in terms
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of the CBT and PLR about 84% in comparison to the normal case

where no congestion control was adopted.

5.2 Suggestions for Future Works

In this thesis, the developed technique was simulated and
evaluated in highway environments, so it can be simulated and evaluated
in a urban environment with high traffic jam and traffic lights. Also, it
can be use the developed technique in centralized strategy where the
algorithm apply in the central unit represented by the RSU or in the
higher level. In addition, this technique can be used to adapt the data rate

with the transmitted power or the message rate.
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