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Summary:

Vehicular Ad-hoc Network (VANET) is a wireless network between vehicles equipped with on-
board units. VANET can be used in safety applications, where low latency is of high importance,
or for entertainment and Internet access. VANET is a part of the overall vision of Intelligent
Transportation Systems (ITS). The nature of the VANET network is dynamic due to the different
speeds of vehicles on the roads, and their sudden change of directions/lanes. Therefore, packet
routing algorithms in VANETS should take into consideration the fast topology changes. This is
usually done by sending beacon packets by the vehicles to all other vehicles, and updating the
routing table frequently. This is considered as a high overhead in VANET networks that
tremendously decreases the effective throughput.

In this work, we introduce Receiver as prOXY (ROXY) VANET routing protocol to overcome
the limitations of other protocols. ROXY employs the geographic routing scheme with
opportunistic next hop selection to increase the overall network throughput in VANET networks.
ROXY main objective is to solve the increasing congestion and collisions in heavy loaded
network traffic. The improvement in VANET network is caused by tackling three issues. Firstly,
we utilize the spatial resources by using two directed antennas on each vehicle, one on the front
side, and one on the back side. The directed antennas are used to send and receive packets from
two different directions simultaneously, which efficiently use the transmission medium and
increase the overall throughput. Secondly, ROXY is a distributed routing algorithm, where the
decision of next relay selection does not need communication with a central entity. Lastly, we
reduce the transmission time delay through proposing a new collision avoidance algorithm that
takes advantage of the directed antennas and the street topology in urban areas. Simulation
results show the superiority of our algorithm in terms of overall network throughput compared to
other algorithms.
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Abstract

Vehicular Ad-hoc Networks (VANET) is a wireless network between vehicles equipped
with on-board units. VANET applications vary from safety applications, where low latency is
of high importance, to entertainment and Internet access. VANET is a part of the overall
vision of Intelligent Transportation Systems (ITS). Vehicles in VANET network have
dynamic nature due to the fast speed variation of the vehicles on the roads, and their sudden
change in directions/lanes. Therefore, packet routing algorithms in VANETS should take into
consideration the fast topology changes. Usually this is achieved through sending beacon
packets by the vehicles to all their neighbors, and updating the routing table frequently. This
is considered as a high overhead in VANET networks that tremendously decreases the
effective throughput.

In this work, we introduce Receiver as prOXY (ROXY) VANET routing protocol to
overcome the limitations of other protocols. ROXY employs the geographic routing scheme
with opportunistic next hop selection to increase the overall network throughput in VANET
networks. ROXY main objective is to solve the increasing congestion and collisions in heavy
load network traffic. ROXY improves the system by tackling three issues. Firstly, it utilizes
the spatial resources by using two directed antennas on each vehicle, one on the front side,
and one on the backside. The directed antennas are used to send and receive packets from two
different directions simultaneously, which efficiently use the transmission medium and
increases the overall throughput. Secondly, ROXY is a distributed routing algorithm, where
the decision of next relay selection does not need communication with a central entity. Lastly,
it reduces the transmission time delay through proposing a new collision avoidance algorithm
that takes advantage of the directed antennas and the street topology in urban areas.
Simulation results show the superiority of our algorithm in terms of overall network
throughput compared to other algorithms.
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Chapter 1. Introduction

Vehicular Ad-hoc Networks (VANETS) are wireless networks between vehicles moving
or parking in the streets. Vehicles are equipped with onboard units and computerized control
units in VANET. The onboard units can transmit to 300m range and they do not require
mobile or stationary infrastructure to create the network for some applications. However, to
have a much better services for the VANET customers, a good designed infrastructure is
needed and spread through the streets in the shape of road side units (RSUs) to help leveling
up the services and to serve as an Internet gateway. Packets going out of source transmission
range need to be sent through multiple nodes in the network to reach the final destination.

VANETS are considered as a subclass of mobile ad hoc networks (MANETS) with some
differences. The similarity between MANET and VANET are that in both networks the nodes
are mobile, except for VANET, the vehicles are not moving randomly but they move in a
controlled mobility manner, which makes their mobility pattern more predictable. The
difference between the two networks is that VANET’s vehicles move in various speeds from
20km/h to 60km/h in urban road and can exceed 130km/h on highways. Also the difference
in nodes directions according in which side of the road they are moving on. All that leads to
unstable connections and rapid changes in the network topology. Therefore, developing
routing protocol, which is topology independent or at least can be adapted to the rapid
changes in the network topology, is needed to achieve a decent VANET system

People spend 10 to 15% of their travel time in traffic jams [1]. VANET with a good
designed infrastructure can leverage the Intelligent Transportation Systems (ITS) through the
real time information gathered from the vehicles to achieve a better driving experience by
advising drivers to change their travel path to a better one with no or less congestions. In
addition, it can enhance the safety application to avoid accidents, which will save human
lives and improve productivity. VANETS can be used to support different applications. For
example:

e Accidents and hazards situation in the area can be reported to other users of
VANET before reaching it, and the authority can be informed automatically e.g.
the police, ambulance, or fire department to solve the situation as soon as possible,

e Sudden breaks in highways with the presence of fog or any sudden break downs
for the vehicles will be reported fast to prevent accidents from happening,

o Traffic state information in the vehicles’ traveling path (e.g. traffic congestion,
blocked road for maintenance, or any sudden reason) can be gathered in real time
and the system automatically update the path and inform the driver that a sudden
issue occurred in the path chosen and a detour is advised,

e Empty parking spaces. Vehicles can reserve empty space even before they can
reach their destination which is very helpful to the user to lower the congestion in
the crowded zones,

e Reservation for restaurants, hotels, theater houses etc. While on the move, last
minute change of plans, or if the person is new to the area, the reservation can be
handled on the run through a simple application. It can reserve, lead the way to the
best route, and reserve the place to park automatically without the need to waste
time and effort,

e Internet access for streaming, communication, gaming, or any other service the
Internet can offer.



To accomplish that, communication is needed between moving vehicles with each other’s
(V2V) and vehicles with the infrastructure (V2I) to be done as efficiently as possible with
low time delay. Furthermore, RSUs deployment is expensive, and because of that, not all the
vehicles will be in the RSUs transmission range. However, the vehicles should be connected
to the RSUs, and this is accomplished through multi-hop transmission using a routing
protocol designed for the heavy loaded VANET environment, to transmit the data from
vehicles to the RSU and vice versa with low collisions and reduced time overhead.

CH172 CH174 CH178 CH178 CH 180 CH182 CH184

£.860
5.870
5.880
5.890
5.900
5010
5920

Figure 1.1: VANET channels frequencies available

The IEEE 802.11p/WAVE Wireless Access in Vehicular Environments [2] standard
allocates seven channels (10MHz bandwidth per-channel centered around the frequency
5.89GHz) in the Dedicated Short Range Communication (DSRC) frequency band 5.85-5.925
(CH 172-CH 184) as shown in Figure 1.1. The seven channels are distributed as follows: one
channel is called Control Channel (CCH) for sending emergency and beacons and the other
six are Service Channels (SCH) [3] [4] [2] [5]. Some papers use channels in a different way:
CH 172 and CH 184 are reserved for special purposes. CH 178 for CCH and the remaining
four channels for SCH [6]. Others use CH 172 for safety transmission and CH 178 as CCH
while CH 184 for long range high power transmission and the remaining four channels for
SCH as in [7] and [8]. Vehicles equipped with single network devices must alternate between
the CCH and SCH. The method used is to divide time into integer number of sync intervals
with fixed length of 100ms. A sync interval is the sum of a CCH interval and a SCH interval.
50ms is used for each channel. To coordinate the access to these channels, vehicles must have
time synchronization by using coordinated universal time (UTC). In addition to that, there is
2ms guard interval at the beginning of each interval for devices switching [9]. The network
devices channels can be classified to four modes [6], as shown in Figure 1.2:

1. Continuous access: in this mode, the network devices access only the CCH to
send and receive the emergency and control messages.

2. Alternating access: the network device alternates between the CCH and SCH in
fixed interval.

3. Immediate access: In this mode, the devices must switch to the CCH every new
sync interval and when the transmission on the CCH ends then the devices can
switch back to the SCH.

4. Extended access: the network devices work in the SCH as long as there is no
transmission on the CCH.



