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Abstract

Vehicular Ad hoc Networks (VANET) exhibit highly dynamic behavior with high
mobility and random network topologies. The performance of Transmission Control
Protocols in such wireless ad hoc networks is plagued by a number of problems:
frequent link failures, scalability, multi-hop data transmission and data loss. To
address these VANET routing issues, I have used the ideas from swarm intelligence.

The Ant Colony Optimization (ACO), which is a branch of swarm intelligence,
is the main source of my inspiration. I have designed an ant-based routing algo-
rithm which addresses routing issues prevalent in VANETS: adaptivity, robustness
and scalability. One attractive feature of ACO is that they provide multiple routes
from source to destination, resulting in more robust network. In this work, together
with ACO, I have used the ideas from zone routing protocols to develop my algo-
rithm: Mobility Aware Zone based Ant Colony Optimization Routing for VANET

that exhibits locality and scalability.
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Chapter 1

Introduction

Vehicular Ad-hoc Network (VANET) is a subclass of an ad hoc network. Vehicles
in VANET travel at high speeds and communicate between themselves through a
wireless network or centrally through road side units. The communication between
two vehicles is called a vehicle-to-vehicle (V2V) communication, whereas, communi-
cation between the vehicle and the road side unit is known as vehicle-to-infrastructure
(V2I) communication. In this work, I consider V2V communication.

In V2V, each vehicle (a vehicle in a network) transmits a message to other vehicles
using on-board units. However, the movement of vehicles although are in an organized
fashion, that is, in accordance to traffic rules, traffic signals, signs and speed signs,
pose some challenges for VANETs [BEHO04]. First, network congestion occurs very
frequently, making it difficult for packets to reach their destination. Second, the
vehicle connectivity changes rapidly due to mobility of vehicles affecting the lifetime
of links established between the vehicles causing frequent disconnection of many paths

before they can be successfully used. Therefore, vehicles connectivity depends on



2 Chapter 1: Introduction

the vehicles density and mobility patterns. Vehicles use wireless network as the
primary medium to communicate with other vehicles in their radio range using routing
protocols.

VANET, as in other wireless networks, uses routing protocols to exchange topol-
ogy related information within the network. Omnce the information is exchanged,
the routing algorithm computes the most optimal path between the vehicles. Sev-
eral VANET routing algorithms exist in the literature, but most of these algorithms
discover a single path between source and destination which do not fully use route
discovery information. As discussed above, mobility of vehicles lead to link failure
causing network delay and overhead. Thus, to overcome such issues I have designed
an algorithm based on the principles of swarm intelligence.

Bio-inspired or nature-inspired algorithms have shown [DCG05|, [(OTT08, WOTT09]
to provide efficient routes or solutions for ad hoc networks. These algorithms have a
number of benefits compared to other routing algorithms |[CJ03, [PR99]. For example,
they reduce the routing overhead by sharing local information for future routing de-
cisions. They also provide multiple paths enabling selection of another route in case
of link failure on the previously selected path. The idea of nature-inspired algorithms
is derived from the behavior of insects such as bees, ants or termites. One of the
nature inspired algorithms that is well studied in ad hoc networks is the Ant Colony
Optimization (ACO) [CD98|]. I have used the ACO concept to design my routing
algorithm which creates multiple transmission paths between source and destination
vehicles to efficiently enhance network bandwidth and fairly utilize network resources.

Also, to my knowledge, Mobility-aware ant colony optimization routing algorithm
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for vehicular ad hoc networks (MAR-DYMO) [CCC11] is the only nature inspired
research work done on VANET. This protocol sends a packet to all other vehicles in
the network using broadcast mechanism consuming large amount of bandwidth. To
make effective bandwidth consumption I have developed a hybrid algorithm that uses
the concept of zones. A network is subdivided into zones with each vehicle belonging
to one or two overlapping zones. I have used proactive approach to find a route within
a zone and reactive approach to find routes between zones using the local information

stored in each zone thereby trying to reduce broadcasting and congestion.

1.1 Goal of thesis

I have designed a hybrid, multipath swarm-based routing algorithm that maintains
a network proactively within zones and reactively find routes between the zones.
My algorithm adapts to the dynamics of VANET, and is scalable and robust to
link failures. To evaluate my algorithm, I have used three different tools. I have
used VanetMobiSim traffic simulation tool to generate realistic vehicular mobility
traces, NS2 network simulator, which generates the communication environment and
supports simulation of routing, multicast, transport protocol over wired and wireless
network and Awk to provide interpret the NS2 file. Finally, after running simulations
and obtaining the results of my algorithm I have compared my algorithm results to
the existing protocols: AODV, GPSR, AMODYV and evaluated the performance of

my algorithm.
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1.2 Thesis Organization

Apart from presenting the concepts of vehicular ad hoc networks, Chapter 2] ex-
plains the wireless access for the vehicular network and routing protocols present for
the vehicular ad hoc network. Chapter [3| explains the Ant colony optimization and
applications of ACO in the networking and other fields. Chapter {4| introduces my
proposed routing algorithm for VANET which is scalable and promises fault tolerant
communication in such a dynamic environment. Chapter |5 provides simulation results
describing (a) the advantages of using the proposed routing algorithm (b) comparing
my algorithm with other existing algorithms. Finally, Chapter [0] presents a summary

of this thesis and Chapter [7] suggests some possible future work.



Chapter 2

Vehicular Ad hoc Network

In this chapter, I first explain VANET and few challenges in this area. Then, I
discuss regarding the propagation models and about the mobility models for VANET.
I will also provide the information regarding the routing algorithms present for the
VANET.

Amaya and Magee [AMO§] have quantified the progress of wireless technology.
Since the introduction of the cellular technology, the progress has followed annual
increases greater than 50%. They predicted wireless interfaces to be the dominant
way of connecting to the Internet. Nowadays, we can see that mobile communication
is applied to almost all the aspects of business and personal computing [Lab0§].
These mobile units can communicate in two ways: infrastructured networks and
infrastructureless networks.

In infrastructured networks all the nodes are connected to a central node

which acts as a communication agent between the vehicles. Examples of this kind of

network includes GSM [MP92] and WLAN [BCGO]I]. Infrastructureless networks
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also known as wireless ad hoc network has no physical connections between nodes.
Due to the mobility of the nodes, ad hoc networks have no fixed topology. All the
routing decisions are made dynamically. VANET is an example of such a network,
where designing a network protocol is complex because of a dynamic environment.
In the next section, I will present more detailed description of VANET along with

its features and challenges.

2.1 Introduction to Vehicular Ad hoc network

VANET is a special kind of ad hoc network, where each vehicle acts as a node
and communicates with nearby vehicles and roadside units, which are mounted in
centralized locations like intersections and parking. Figure [2.1| shows different ways
of communication that can exist on the road.

Vehicle to Vehicle Communication (V2V): In V2V communication nearby
vehicles exchange data by the use of short range wireless technologies, Wi-Fi and
WAVE [XSYA12]. Vehicles have a special electronic device that allows them to receive
or relay messages.

Vehicle to Infrastructure Communication (V2I): In V2I vehicles are con-
nected to the nearby road infrastructure via continuous wireless communication i.e.
through Wi-Fi hotspots or long/wide range wireless technologies for exchanging in-

formation relevant to the specific road segment.
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Figure 2.1: Vehicular Ad hoc Network
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VANET provides safety and comfort to the passengers. Vehicles can share real-
time information to avoid collisions and other road hazards as well as coordinate
driving systems. However, the movement of vehicles in an organized fashion according
to traffic rules, traffic signals, signs and speed signs pose many challenges for VANETSs.

In the next section I will briefly outline some of the challenges and research in VANET.

2.1.1 Challenges of VANET

Dynamic network topology: In vehicular network the life time of the links
are affected by the mobility of the vehicles i.e. the connectivity between the vehicles.
Therefore, the vehicular routing algorithms should consider the mobility patterns
along with the propagation and traffic conditions.

Routing: Due to dynamic network topology the routing tables of each vehicle

needs to be configured requiring lots of communication and causing congestion [XL08|
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KSLB11]. Fragmentation of the network occurs very frequently, in which chunks of
the network are unable to reach the destination. Therefore, routing algorithm should
be capable of transmitting a data using different route in case of congestion.

Security: is another issue studied in VANET [SASS10]. Due to the non-existence
of infrastructure that provides security services centralization like user authentication
or packet ciphering, there are many chances of having network attacks. The issue to
be addressed includes trust, resiliency, efficiency and privacy.

Quality of Service (QoS): To achieve QOS in wired network there are several
resource reservation mechanisms but because of high mobility and high density of
vehicles in VANET it is hard to execute such mechanisms. There has been some
work on achieving QOS in VANET [SYKO06] [YRB10].

Power Management: In VANET we are not concerned about energy efficiency,
but rather the transmission power. When the transmission power is too high, the
on-going transmission could disrupt another transmission due to interferences. So for
denser network it is advised to use less power. Ongoing research in this area [CGMV05,
LNMO04] discusses several algorithms where power is adjusted to keep nodes within
maximum and minimum threshold.

In general, VANET is similar to an ad hoc network. However, due to issues
such as speed and line of sight, the standard IEEE 802.11 used in ad hoc network
is not well suited for VANET environment. Wireless Access in Vehicular Network
(WAVE) whose outstanding component is the IEEE 802.11p amendment [RRS10] is
the new standard that is being developed for VANET. Other than IEEE 802.11p it

is possible to use IEEE 802.11b which was initially designed for low-mobility indoor
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wireless scenarios but now days are being used for VANET communications [GSPMO0S§),
WWMO7]. Following are the main enhancements done on IEEE 802.11 to add support

to wireless local area networks (WLANSs) in a vehicular environment [YWOS§]:
e Ranges from 1 meter up to 1000 meters
e Short latency
e Nature of the automotive applications to be supported (e.g. reliable broadcast)

IEEE 802.11p standard is designed to operate in the DSRC band which is dif-
ferent than IEEE 802.11a which operates in 5GHz ISM band. Figure shows US
distribution of DSRC spectrum. The central one is the Control Channel (CCH) and
is used for safety-critical communications only. The first and the last channel are for

special uses. Two adjacent service channels may be used as one 20 MHz channel.

Figure 2.2: DSRC Spectrum distribution
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Deploying the IEEE standards for VANET requires high cost and great efforts.
Therefore, studies on VANETSs are done using simulations. Simulations must con-
sider the possibilities that can occur on real road. This includes mobility models and
propagation models which consider issues such as vehicle’s movement pattern, vehi-
cle density, vehicle velocity and fading scenarios that significantly affect simulation
results. In Section and propagation and mobility models for VANETSs are

discussed respectively.
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2.2 Radio Propagation models

Propagation is the behavior of radio waves when they are transmitted or propa-
gated from source to the destination. During transmission, waves can be affected by
phenomena of reflection, refraction, absorption and scattering. Below is the evolution

and details of the radio propagation for fading scenario.

2.2.1 Free Space Radio Propagation

This was the earliest model used for Mobile Ad hoc Network (MANET) research.
It is the signal propagating through open space with no environmental effects. It uses
just Line of Sight (LOS) parameter. If LOS is there between sender and receiver then
only communication takes place. Otherwise, the signal is blocked and no communi-
cation takes place [Rap01]. This model is not suitable for VANET as received power
is dependent on the transmitted power, antenna gains and on the distance between

the sender and the receiver. Obstacles are not considered.

2.2.2 Two Ray Ground Radio Propagation

The two ray ground radio propagation model is highly recommended by MANET
researchers. This model is more realistic as along with direct LOS path this model
also considers ground reflected propagation path between sender and receiver. This
model is not suitable for VANET as obstacles are not considered and sender and

receiver have to be on same height [Rap01].
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2.2.3 Ricean and Rayleigh Fading Models

In Ricean and Rayleigh fading models [Rap01], fading is mostly caused by mul-
tipath propagation of the radio waves. Rayleigh fading occurs, if there are multiple
indirect paths between the sender and the receiver. Whereas, ricean fading occurs,

when there is one dominant (line of sight) path and multiple indirect signals.

2.2.4 Nakagami Radio Propagation

This probabilistic model describes the rapid fluctuations of the received signal
due to multipath fading. This model can form a perfect free space channel, moderate
fading channel on highway, and dramatically fading channel in urban areas. In the
Nagakami Model with a positive integer value for the fading parameter m the data

packet reception probability is given by

2

j %(g)mﬁmle(”&) (2.1)
Here, I'(m) is the gamma function, m is the fading parameter defined as m = £[(r? —
Q)?] > $ and Q = E(R?) is used to denote the amplitude of the received signal. The
physical layer (i.e. the propagation model chosen) has a high impact on the network
layer, where routing protocols and algorithms are used for communication between
vehicles. This model is highly applicable for the use in VANET [RRC07]. By varying
the fading parameter m we can form highly fading scenario like urban or city as well

as free way of highway.

In this thesis, I consider the Nakagami model. The probability distribution func-
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tion is incorporated in my ACO algorithm to study the data packet reception proba-

bilities in dynamic VANET environment.

2.3 Mobility models

The pattern which defines the movements of mobile nodes within the simulated
area during a simulation time is known as mobility model. Earlier, in case of mo-
bile ad hoc network, mobility models assumed the rectangular simulation area to
be without an obstacle which is not realistic in case of VANET. So recent studies
talks about different mobility models available for VANET [MPGW0G, [CBO05, [S.J04].
Mobility models can be divided into following two categories [CBD02, [FHFB07]:

Macro-mobility models and Muicro-mobility models.

2.3.1 Macro-mobility models

This model focuses on the motion constraints and the vehicular traffic. Motion
constraints include streets, crossroads, roads, speed limits, number of lanes, traffic
light and the traffic signs description establishing the traffic rules. Vehicular traffic
includes road topology, traffic density, traffic flows and initial vehicle distribution.

The main macro mobility characteristics used during simulations are:

e Road topology is defined by graphs. Graphs can be user defined, random or

extracted from real maps
e Vehicles initial and destination point and the velocity of vehicles

e Number of lanes and traffic lights on the roads
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Table 2.1: Compare Vehicular Traffic Tools [FHEB07]-[MCCMOS]

Features VanetMobiSim ‘ SUMO ‘ STRAW ‘ Freesim ‘
Maps
Real X X X X
User Defined X X
Random X X
Manahattan
Traflic Model
Multilane roads X X X
Lane changing X X X
Overtaking Criteria X
Different vehicle type X
Traces
NS-2 trace X
NCTUns trace support
Import different formats X X X

2.3.2 Micro-mobility models

This model focuses on the behavior of a driver when interacting with other drivers
or with road infrastructure. The behavior is based on the driver’s personal aspect
like gender, age and even the mood while driving.

Table displays few mobility model generator tools along with their character-
istics.

From the table we can see VanetMobiSim provides support trace files for NS2
along with many other features. It supports both micro and macro mobility models.
Therefore, for my research I have used VanetMobiSim for generating the real world

traffic scenarios.
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2.4 VANET Routing Algorithms

Before moving on to discussing about the ACO routing for VANET, this section
presents the existing routing algorithms in VANET. The classification of routing pro-
tocols is based on the routing strategies and the number of path constructed [WW11]

as explained in subsections below.

2.4.1 Routing protocol based on routing strategies

Based on the routing strategies, routing protocols are categorized into five different
groups [JM96]: (1) topology-based routing, (2) position-based routing, (3) cluster-based

routing, (4) broadcast routing and (5) geocast routing.

Topology Based Routing

Topology based protocols, such as AODV and Fish Eye Routing (FSR) [PGC00]
can be applied to VANETs. Namboodiri et al. [NAGO4] evaluated that locating,
updating and maintaining a long route in VANET using AODV is impossible due to
the dynamic nature of VANET. Frequent route failures disrupt the communication
between the nodes. Although AODYV is not sufficient for networks that contain long
route paths, it is scalable for small networks where the path length is a few hops long.

FSR is a link state routing protocol where topology map is maintained at each
node. Instead of propagating the link state updates to entire network, FSR sends the
link state updates only to the immediate neighbors. Different frequencies are used for
broadcasting the link state information to the nodes depending on their distance from

current node. If the destination node is closer to the current node, the information



Chapter 2: Vehicular Ad hoc Network 15

is broadcasted with higher frequencies compared to the distant nodes.

Position Based Routing

Position based routing can be classified as Non-Delay Tolerant Network (Non-

DTN), Delay Tolerant Network (DTN) and Hybrid routing. Each is explained below.

Non-Delay Tolerant Network Non-DTN protocols do not consider broken con-
nectivity. The node sends its packet to the neighbor that is closest to the destination.
If the node is closer to the destination than any other node, the forwarding strategy
fails and we can state that the packet has reached the local maximum at a given
node. Several protocols that fall into this category are: Position-Based Routing with
Distance Vector (PBR-DV) [Watl(], Connectivity Aware Routing (CAR) [Val07],
Geographic Source Routing (GSR) [LHT™|, Landmark Overlays for Urban Vehicular
Routing Environment (LOUVRE) [LLHGO0S8] and Greedy Perimeter Stateless Routing
(GPSR) [Bra00]

PRB-DV uses several approaches, such as greedy routing, reactive routing and
position based routing for communication among the nodes. The packet is forwarded
towards the destination using the greedy approach but once the packet reaches the
local maximum, the AODV (i.e. reactive approach) is used for recovery. The node
at local maximum state broadcasts the request packet with node’s position and des-
tination location. Upon the receipt of the data packet, the node checks to see if its
position is closer to the destination. If it is not closer to the destination, it will re-
broadcast the packet and send a reply to the node from which it received the packet.

This protocol is not efficient, as flooding is involved in route discovery, which may
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cause network congestion.

In CAR, path discovery is done by using the AODV approach and broadcasting
is done by using the PGB approach. A node that forms the path stores the anchor
points (i.e. nodes present on road curves or road crossings) in their path discovery
packets instead of storing information about the previous node, which forwards the
path reply or the previous node, obtained from backward learning. The destination
node selects the best path having lower delays and better connectivity among the
multiple path discovery packets received by it. These anchor points are used by CAR
to send the route reply message to the source. Guards are used for tracking the
current position of the destination. Guarding node can either redirect the packet to
the destination or add information to the packet so that it reaches destination.

GSR is the combination of position based routing with topological knowledge.
Lochert et al. [LHT™] introduced GSR for city environment, which uses maps and
based on the overlay graph, the algorithm computes the shortest path. The vertices’s
of the graph are considered as junction nodes and the edges are considered as streets
which connect those junction nodes. Routes are established and packets are forwarded
greedily to the destination using these junction nodes. This protocol is designed
for city environment so it ignores the network where there is less nodes i.e. sparse
network.

LOUVRE is the density based geographic greedy overlay link state routing pro-
tocol. It uses road length and density for route creation. The link state table is
constructed using Dijkstra’s routing algorithm and stores the information for routing

between the overlay nodes. Here, on-board NAV systems provide the map, which is
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used for designing a road topology graph. Vertices’s of the graph are considered as the
roads and the edges denote the connectivity between the roads. In LOURVE, there
are two types of routing: inter-road routing or overlay routing and intra-road routing
and underlay routing. Inter-road routing provides the routing direction while the
intra-road routing provides guaranteed greedy forwarding. LOURVE has two boot-
strapping stages. In the first stage, the nodes do not have any knowledge of roads’
density. Classical geographic routing approach is used in this stage for packet routing.
In the second stage, initially the nodes will not have any roads’ density knowledge but
after the first periodic update, nodes will have the knowledge of all the neighboring
roads’ density. There are chances of a node encountering a local maximum due to the
lack of density information. Therefore, two recovery strategies are designed based on
the application type. If it is time sensitive application, packets are routed back to the
previous road where next best path is identified, and packet is forwarded toward the
destination. If the application is delay-tolerant, then carry-forward approach is used.
Node stores and carries the packet until it finds another node based on the routing
table.

GPSR uses beacon to select the node that is closest to the destination and uses
a greedy mode to deliver the packet. Once the packet reaches the local maximum,
perimeter mode is used to recover from this state. After recovering from the local
maximum state, packet resumes the forwarding process in the greedy mode until the
local maximum is encountered. Packet forwarding is done dynamically and the node

remembers only one hop neighbor location.
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Delay Tolerant Network In VANET, nodes are very mobile. In the case of
disconnections between the nodes, the node stores and carries the packet for some
distance, until another node is found to forward the packet. DTN follows the carry
and forward strategy. The Vehicular Assisted Data Delivery (VADD) [ZC08] and
the Geographical Opportunistic (GeOpps) [LMO07] routing are two protocols, that fall
under this category.

In VADD, the path with the smallest packet delivery delay is selected as a for-
warding path. The expected delivery delay of a path is modeled by the road density,
the distance and the vehicle’s velocity. The packet carrier selects the best forward-
ing path by switching among three different packet modes: straight way, destination
and intersection. Several variations of VADD protocols were used in the intersection
mode. These protocols choose the next forwarding node, once the next forwarding
path has been identified. Location First Probe (L-VADD) selects the node closest
to the preferred forwarding path, although the selected node is going away from the
forwarding path. Routing loops may occur in L-VADD, which can be eliminated by
using Direction First Probe (D-VADD). In D-VADD, the nodes that are moving to-
wards the preferred direction are selected first. Among the selected nodes, the node
that is closest to the selected direction is chosen as the next hop node. Multiple-Path
Direction First Probe (MD-VADD) selects multiple nodes, which are moving towards
the forwarding path; as such, the probability of missing the node that offers shorter
time to destination is decreased. As multiple nodes are selected for forwarding the
packets, more network traffic is generated, causing congestion. Hybrid Probe (H-

VADD) combines the features of both L-VADD and D-VADD, resulting in no routing
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loops and long packet delays.

GeOpps uses the vehicle Navigational Systems (NS) to route the packet to its
destination. The node, which carries the message closer to its destination, is selected
based on the routes suggested by the vehicle’s NS. The protocol estimates the packet’s
arrival time to destination and calculates the shortest distance from packet’s desti-
nation to the nearest point in the vehicle’s path. If any other vehicle with shorter
estimated arrival time is identified, the packet is transferred to that vehicle. Same

process is followed until the packet reaches its destination.

Hybrid Routing Hybrid routing is a combination of both, the non-DTN and the
DTN approach. GeoDTN + Nav [CWTT08§]| is a hybrid protocol that uses the perime-
ter mode, greedy mode and the DTN mode for communication among the nodes.
The connectivity of the network is estimated based on the number of hops the packet
traveled, the neighbors delivery quality and the destination direction. Based on these
estimates, routing is switched between the non-DTN and the DTN mode. The Vir-
tual Navigation Interface (VNI) is used to identify the delivery quality of neighbors

and to provide best-effort routing decisions.

Cluster Based Routing

Cluster Based Routing (CBR) [LG97] nodes are clustered to create a virtual net-
work infrastructure. The geographic area is divided into a grid. If the node falls
within the grid area, it is elected as a cluster head. The cluster head is responsible
for inter and intra-cluster coordination. Nodes in the same cluster communicate di-

rectly, whereas, nodes in different clusters communicate using the cluster head. The
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source node in the different cluster sends the data packet to its neighboring clus-
ter head directly, which then forwards the packet following the same policy until
the packet arrives at the destination. CBR saves memory space by not caching the

routing tables and also increases the packet delivery ratio.

Broadcast Routing

In Broadcast Routing, network flooding is done to send a packet to all the nodes
in the network. Flooding technique can be used in small networks, but as the network
grows the overall network performance drops. Every node broadcasts messages at the
same time, causing network congestion and high-bandwidth consumption. BROAD-
COMM [DDB05], Urban Multi-Hop Broadcast (UMB) [KEOUO04] and Vector Based
Tracing Detection (V-TRADE) [SFL700] are few examples of broadcast routing pro-
tocols.

BROADCOMM is designed for highway networks, where the highway is divided
into virtual cells. Nodes in the highway are organized in a hierarchical fashion. The
first level in the hierarchy includes all the nodes in one cell, and second level includes
only a few nodes, known as cell reflectors, which are located close to the geographical
center of the cell. The cell reflector handles the messages that come from the nodes
within the same cell or cells, to the closely located neighboring nodes. Although the
routing overhead is reduced and the message broadcasting delay in this protocol is
low, it is only feasible to be employed for the highway networks.

UMB was designed to overcome the packet collision and congestion problems.

The sender node selects the furthest node and assigns it the packet for forwarding.
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Repeaters are installed at every road intersection to forward packets to all road seg-
ments.

V-TRADE is a GPS based broadcasting protocol, which classifies the neighbors
into different groups, based on the position and the movement information of the node.
The node located at the border of the group is used to re-broadcast the message to
the nodes within the group. This protocol improves the bandwidth utilization, as

fewer nodes rebroadcast the message.

Geocast Routing

Geocast Routing is a location based routing, where packets are delivered within
a specified geographical region. Geocast routing restricts the network congestion
and limits the message overheads by defining the forwarding zone and restricting the
flooding within that zone. Briesemeister et al. [BSHO0] proposed a geocast scheme for
reducing the number of broadcasts to avoid packet collisions. Packet is rebroadcasted
based on the waiting time and this waiting time is identified by looking at the distance
of the current node from the sender node. At the expiration of waiting time, if the
node does not receive the same message from other nodes then it will rebroadcast
the message. This approach reduces the broadcast storm and optimizes the packet
forwarding. Inter-Nodes Geocast Protocol (IVG) [BB03] is designed to broadcast the
alarm message to all the nodes in risk area on highway. Maihofer et al. [MLS05]
designed an abiding geocast approach where packets are delivered to all the nodes
which are inside the geocast destination region. Abiding geocast proved to be useful

for application like publish and subscribe and position based advertising.
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2.4.2 Routing protocol based on constructed path

Based on the number of constructed paths, there are: (1) single path (2) carry-
and-forward path and (3) multipath routing protocols with pros and cons in each of
them.

In single path routing the new route discovery that is required during the link fail-
ure adds to delay and network overhead. The carry-and-forward routing approach,
where nodes carry a packet to the new receiver that moves into its vicinity, is only ap-
plicable for delay tolerant applications. On the other hand, multipath routing provides
an alternate route upon failure of the primary route. This provides fault tolerance
and lowers the routing overhead because of fewer route discovery operations. Few
existing multipath routing algorithms include Ad hoc On-Demand Multi-path Dis-
tance Vector (AOMDV) [MDO01], SSAOMDYV [CX]J09], AODVM [YKTO03]. Since my
proposed algorithm is for multipath routing, I briefly describe the different multipath

routing algorithms existing in the literature.

Ad hoc On-Demand Multi-path Distance Vector (AOMDYV)

Ad hoc On-Demand Multi-path Distance Vector is an extended version of AODV but
with better performance. AOMDYV finds loop-free and disjoint multiple paths. It
provides link disjoint path as well as node-disjoint path with additional restrictions.
However, maintaining the node-disjoint path will limit the number of suitable alter-

nate paths that can be found.

S-AOMDV
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S-AOMDYV is a multipath routing protocol which is designed for VANET on the basis
of AOMDYV. The route discovery and route failure management is similar to AOMDV.
The major difference between AOMDV and S-AOMDYV is that, with extra packets,
S-AOMDYV can detect the average speed of all the nodes in the range and hop count in
each path and based on this information S-JAOMDYV selects the primary transmission
route. These extra packets increase the traffic in the network and cause underutiliza-

tion of bandwidth.

AODVM

AODVM is again a modified version of AODV but the way this protocol constructs
the routes is different from AODV. Each node records the neighbor table to find the
route and updates the table on receiving the request messages. This protocol ensures

that each node will join only one route while transmission.

2.5 Summary

This chapter introduced VANETSs many challenges, the propagation, mobility
models, VANET routing strategies and existing algorithms. In this thesis I will
be using Nakagami radio propagation model and mobility model generated using
VanetMobiSim. Since the zone based ACO routing algorithm is a multipath routing
algorithm, I will compare it to AODV, AMODV and GPSR which are multipath,

proactive routing algorithms.
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Ant Colony Optimization

Problem solving approaches that take their inspiration from nature (the social
behavior of insects and other animals) are termed as Swarm Intelligence (SI). Ant
Colony Optimization is one of the significant SI technique that has been widely applied

in providing solution to static and dynamic problems [BDT99].

3.1 Ant Behavior

The behavior of ants have been studied by Goss [GADP89] which shows that
ants are able to determine, over time, the shortest path from their nest to a food
source and also adapt easily to path disruptions that may occur. This behavior is
explained using Figure 3.1l As ants move from source to destination they deposit a
chemical substance known as pheromone on their path which evaporates overtime.
As more ants come along, they are attracted by pheromone and continue along the

trails of the previous ants. The ants are usually attracted towards the higher concen-
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tration of pheromones which enables them to choose shortest path since these would
retain a higher concentration each time than longer paths. This process of indirect

communication is an example of stigmergy.

Figure 3.1: Ants behavior
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3.2 Ant Based Algorithms

This section describes the Ant Colony Optimization (ACO) algorithms for ad hoc

network and VANETS.

3.2.1 Ant Based Algorithms for Ad hoc network

Ant Based Control (ABC) [SBHRO6] was the first proactive, single path algorithm
that was designed using ACO for wired networks. The algorithm was used to load
balance and to optimize the network performance.

Antnet [CD9§] is a simple extension of ABC [SBHRI6] algorithm. It’s a proactive

algorithm for wired networks, where the route is maintained even if there is no data
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to be sent. The algorithm uses forward ants and backward ants to collect the network
congestion and delay information. The forward ants are sent towards the destination
at regular time intervals. Once the forward ant reaches the destination the backward
ants move backwards towards the source for creating the reverse path. Forward
ants are responsible for finding the minimum cost path whereas backward ants are
responsible for updating the nodes’ routing tables.

Based on Antnet, Gunes et al. developed Ant colony based Routing Algorithm
(ARA) [GSB02], an efficient, adaptive and scalable reactive algorithm. It uses forward
ants and backward ants, which are identified by unique sequence numbers. ARA
is useful for reducing the routing overhead, as it works in three phases, namely:
route maintenance, route discovery and route failure handling. The forward and the
backward ants make the route discovery possible. Data packets are used in the route
maintenance phase, where the packets maintain the ro