ABSTRACT

ROAD-BASED PROACTIVE ROUTING PROTOCOLS FOR VEHICULA R
NETWORKS

Neeraj Maggdevrao Rajgure
Vehicular networks are formed by vehicles commuimgain an ad hoc manner or
through cellular and IEEE 802.11 base stations.tiRguin vehicular networks is
challenging due to highly dynamic network topolagi€revious research done at the
UbiNetS lab at NJIT has proposed the idea of RoaseB using Vehicular Traffic
information (RBVT) routing. In RBVT, routes are semces of road intersections, and
geographical forwarding is used for sending packeta/een the intersections.

This thesis proposes two proactive RBVT proto¢BIBVT-P and RBVT-PS) for
city-based Vehicular Ad hoc NETworks (VANETS). RBVPT is a completely
distributed protocol that unicasts connectivity ks in the network to find the road-
based topology graph. This graph represents airmealview of the roads with enough
vehicular traffic to ensure connectivity betweetersections and is disseminated to all
nodes. RBVT-PS uses a similar concept, but the m@thectivity information is
gathered and sent separately to a server via aelloks. The server centrally computes
the connectivity graph and disseminates it to ihes in the network.

The proposed protocols are compared against existouting protocols.
Simulation results for city scenarios show thathbBBVT-P and RBVT-PS perform
better than the existing protocols, with reductiorend-to-end delay as much as 85%
and increase in delivery ratio as much three tilrRBBVT-PS reduces the delay three

times and increases the delivery ratio by 10% wiwnpared with RBVT-P.
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CHAPTER 1

INTRODUCTION

In recent years there has been a growing inteme&tld of vehicular networks, primarily
due to the advancement in technology and needafetysand entertainment applications.
The current generation of vehicles have embeddedpuaters, GPS receivers, and
number of sensors, whereas the next generatiohesktvehicles will potentially have
short-range wireless network interfaces and wisebscess to the Internet. The Federal
Communications Commission (FCC) has allocated 7% M#Hspectrum 5.9 GHz for the
vehicle to vehicle and vehicle to road side fagilitor Dedicated Short Range
CommunicationgDSRC) [54] in the United States. These capaéditsupport a wide
range of applications that can be divided in twtegaries (a) safety and (b) non-safety.
The safety applications include accident avoiddi3@¢, [40], Co-operative driving [4]
and police and fire vehicles communicating withreather for safety purposes. The non-
safety applications include, traffic informationr femooth traffic flow [38], file sharing
for entertainment [39], comfort applications likal tservice and accessing the Internet. A
vehicular network in general is a network of velscthat can communicate with each
other; the network could be formed by use of inftagure such as cellular or road side
fixed equipment or on-the-fly in an ad hoc manifére vehicular network that is formed
in ad hoc manner without need of infrastructurealled aVehicular Ad-hoc NETwork
(VANET).

One of the core issues of vehicular networks isgiésg efficient and scalable

routing protocols. Such protocols are needed fostmbthe above applications to come



to reality. The development of new routing proteca important because not only will
they enable the addition of new dimensions to #l@ate through various applications in
areas such as vehicular safety, but they will dalemsform it from being a mere
transportation means to a smart vehicle. The rements of routing protocol in VANET
are significantly different than what they are inred network orMobile Ad hoc
NETwork(MANET). Some of the major differences in VANETe&i) Mobility: due to
which the topology is highly dynamic, (ii) Road tay: a node moves on the road, which
constraint the packet to follow the road path, &yl Obstacles: due to which the
communication on close-by parallel streets is retsl.

In past, the research has been focused on findanignts to MANET protocols
and changing some of their parameters (to overdesue of highly dynamic topologies)
or developing reactive/geographical VANET protoc&eme of these protocols [33][34]
do use the right approach of using road intersestas part of their routes but fail to use
the real time traffic information or propose an empive solution of deploying
infrastructure such as deploying sensors to getdaletime traffic information.

The research group in the UbiNetS lab at NJIT psepddroad-Based using
Vehicular Traffic(RBVT) routing [2]. As the name suggests, RBVTdmges real-time
vehicular traffic information to create road-basemutes. The created routes are
successions of the road intersections that haveh Wigh probability, network
connectivity between them. A packet between cortseruntersections is forwarded
using Geographical routing; this approach decouplmsies from individual node
movements. There are two main advantages in RB¥):aflaptability to topological

changes by incorporating real-time vehicular tcaffiformation and (b) stability in route



by use of road-based routes and geographical fdmgr

This dissertation studies the effectiveness of RB)¥®active protocols in city-
based environment. Proactive protocols are alsermedf to as table driven protocols.
These types of protocol maintain route and peredtidistribute updates throughout the
network. The contributions of this dissertation sishof two proactive routing protocols
designed and simulated, specifically for VANET. &Dof them is totally distributed,
namely Road-Based using Vehicular Traffic - Proactii@BVT-P), and other uses
cellular network and a server for the control plamanely RBTV-PS.

RBVT-P periodically generates connectivity packég visit the connected road
segments (a road segment is “connected” if theeeemough vehicles to forward the
packet between the two intersections that defimestigment) and stores the graph of the
roads function of the real-time vehicular traffies the connectivity packet returns to its
originator segment, the gathered connectivity gresptisseminated to all nodes in the
connected network. Subsequently, each node indillidaomputes its shortest path to all
the other road segments using this graph. Whemebd for data transfer occurs, unlike
the reactive protocols, available route can be ctlyeused for communication
instantaneously without any future delays to find toute.

Many times a cellular link would be available, Behow RBTV-P would work if
the control plane (i.e., routing traffic) is routedross the cellular link whereas data is
transmitted over the Wi-Fi link in ad hoc mannehisTother proposed protocol is called
asRBVT-P with ServefRBVT-PS). Novelty of these proposed solutions cdroen the
use of real-time traffic information and the wayt® between the source and destination

is created. Unlike the MANET protocols, both theogwsed protocols use road



intersections as a part of route. Road intersestaoe stationary; having them in route is
more advantageous than having a moving vehicle. ditfierence with respect to other
VANET protocol is that the proposed solutions usal-time traffic information rather
than the historic data. The use of road intersectis the guiding point helps when a
moving vehicle goes out of range from the guidemhtpd his vehicle (that moved out of
range) can be replaced with other vehicle neardhd intersection to forward the packet
towards the destination. The need for such mechmarsses due to the highly dynamic
changes in the topology. The proposed protocolsgogioactive are expected to be better
in terms of end to end delay i.e. lowering the gelbend to end communication.

The simulation results for the RBVT-P protocol slsawat it performs better than
the MANET reactive protocols (GPSR [18], AODV [6]pne of MANET proactive
protocol (OLSR [7]) and a VANET protocol (GSR [331) both delays and in delivery
ratio, which shows that it applies well to the ieeslaim. RBVT-P being a proactive
protocol, is supposed to have a lower end to emaydmompared to reactive protocols.
The noticeable fact here is that it also outper@LSR, a proactive protocol with a
difference of 50%. RBVT-P and RBVT-PS both not omytperforms the reactive
protocols in delay but also have a higher delivatjo with low overhead. Usually there
is a trade-off between delay and delivery ratio pratocols are good in one of the two
aspects. The reason for proactive RBVT protocolsetgood in both the aspects is due to
novel idea of using road intersections as the glarbutes instead of binding it to the car
nodes. In the comparison between RBVT-P and RBVT&Sxpected RBVT-PS have
better results than RBVT-P in end to end delay@eltvery ratio. RBVT-PS has half the

delay and 10% higher delivery ratio than that of\RBP. This better performance of



RPVT-PS over RBVT-P is attributed to the controan@ communication over the
cellular link.

The rest of the document is organized as followsxtNchapter reviews the
background, describes the terminologies and ittistr the related work in VANET.
Chapter 3 discusses the basic design of RBVT; enaptlescribes RBVT-P and RBVT-
PS along with the simulation results, all assunm#ti@re also stated in that chapter.
Simulation results are analyzed in chapter 5. Tesis concludes with conclusion in

chapter 6.



CHAPTER 2

BACKGROUND

2.1 Categories of Vehicular Communication
Vehicular communication can be categorized in feiigg three categories:
Cellular, Opportunistic using Wi-Fi Base stationf(astructure based), Ad hoc using Wi-

Fi (or Dedicated Short Range Communications DSRC)

2.1.1 Cellular
In this type of network the nodes uses the cellér[20, 11] for communication and in
some cases can also use direct vehicle to vehaf@munication for maintaining the

information about the neighbors.

Figure 2.1 Car A communicates with car B using the cellufdrastructure.



A Location-based Channel AccesSCA) protocol [20] can be used in inter -
vehicular communication network for various apgi@as to achievelntelligent
Transport SystenfITS). This scheme provides a dynamic decentrdliaecess to the
channel in the network. The basic idea of the sehento allocate each node a channel
depending on its current location. The geograplacea is divided into cells, depending
on these cell coordinates, the channel is acqusethe node. When the node has to
communicate, it finds its location from a positiegisystem (such as GPS); using this
location it fetches the cell to which it belongsuegying the mapping (present in
memory) the node finds the channel identifier avbich it communicates to other node.

In recent years, commercialized products [11, 12| frovide uninterrupted
internet connection or remote services on mobildcke. OnStar [53] has a build-in GPS
system that knows the precise position of the Vehat every time. If the vehicle or the
driver gets into any problem, vehicle data alonthvPS location is gathered and sent
over the cellular link to the call center automallyy where the agent can assist the
driver.

Cellular networks get constrained to the areasealfu@r connectivity. The good
feature of these networks is that they use existmfgastructure, but due to the

dependency on infrastructure these solutions doem&in cost effective.

2.1.2 Opportunistic using Wi-Fi Base Station (Infrastructure Based)

This type of network requires deployment of newasfructure [10, 13, 14, 15, 16] for
the network communication. The infrastructure magiude roadside equipment, remote

servers, access points, cameras, onboard sensbstadic roadside sensors.



AP-2 AP-1

Figure 2.2 (a)The source Access point (AP-1) downloads file toaving vehicle A.

Figure 2.2 (b) The moving vehicle “A” reaches in the range oftolegion Access Point
(AP-2) and uploads file to it.

Communication between two roadside equipmentse@als access points) using
the vehicular traffic is presented in [16]. Refigufe 2.2 (a) and 2.2 (b); when an access
point (source AP-1) wants to send a file to othmreas point (destination AP-2) then AP-
1 continuously transmits beacons in the availalge. After establishing the handshake
with passing by vehicle (A); AP-1 transfers theadat A that has to be sent to AP-2. If

vehicle “A” goes out of range before whole file wiaansmitted, then S finds another



vehicle using the same procedure and continuesrggneimaining parts of the file. Soon
after vehicle “A” comes in the range of AP-2, iags delivering the data to the AP-2.
Similarly the remaining parts of the file are deligd by other passing vehicles.

Mobile Internet Access in FleetNet [10] proposeshaecture for Internet
Integration, a way by which the user in ad hocrivtghicle communication (IVC) can
access the Internet. As the proposed solution nbt provides Internet access to the
vehicle but also lets other nodes on Internet tesg services provided by this node so a
fixed IP address for a particular vehicle is regdirAs the number of vehicles is too high
using IPv4 does not help, therefore the solutioesu®v6. The TCP/IP communication
requires a fixed network topology and reliable $infor an efficient communication
between the end points. The TCP/IP protocols aéfficient in handling mobility aspect
of the vehicular network. As the vehicle node wilbve in and out of the range of
gateways, the previously established connectioh thi¢ internet host or unavailability of
the vehicle node at certain times will terminate TCP connection due to timeouts. To
over come these drawbacks the authors propose dnteature called as MOCCA
(Mobile CommuniCation Architecture). As seen in Ug 2.3, by use of the proxy
between the gateway and the Internet cloud thecleeheceived Internet access and also

can provide Internet services to other hosts iertret.
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Figure 2.3MOCCA'’s proxy based communication architecture.

Another application proposed by CarTel [13] hassees coupled to cars. When
the vehicle is on the move the sensors will gatlaeious data (Environment related, civil
infrastructure, etc). The collected data can beesdton the local database, when the
vehicle comes in the range of infrastructure delilee Internet access point; it transfers
the collected data to the server. The server cacegs the data and make it available for
analysis.

Even after their high benefits, these networks iaranattractive due to their high

cost for installation and maintenance of the newasiructure.
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2.1.3 Ad hoc using Wi-Fi or Dedicated Short Range Commumiations (DSRC)
Vehicular Ad hoc NETworR/ANET) is formed by communication between vehscéand
in some cases along with the roadside infrastractMANET are a form oMobile Ad
hoc NETworKMANET) but differ substantially from them.

The following table mentions the differences betw®&ANET and MANET.

Table 2.1Comparisons between VANET and MANET

VANET MANET

Vehicle follows a well defined path. The mobile a®v has a fairly randon

=}

motion (except in some exceptional cases
like Robots in which the path may be
predictable).

There is no battery life constraint. Mobile devides/e a constrained battery

life.

At a given time there can be largln MANET the number of nodes
number of nodes in a network. participating is limited as compared |to
VANET.

Due to the network dynamics changdss usually uncommon to have frequent

and speed of vehicles, frequerdisconnections.

connectivity loss is usual in VANET.

These types of networks are formed on-the-fly by dommunication between
vehicles. Due to use of de-centralized approackethmetworks have advantage of not
requiring any infrastructure. Some of the envistaeplications include Monitoring the
traffic [4], Context aware-Services [9], Alert Dégaination [41] and Peer-to-Peer [5, 21]

systems.
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Figure 2.4 The source communicates with destination by usetefmediate nodes, the
path is created dynamically.

TrafficView [4] is a system which can be used bg tirivers in the vehicles to
know the real-time traffic ahead of them (beyond fhysical seeing capability). The
authors propose a device which can be embeddedvighizle. The vehicles that are
equipped with these devices can communicate withh @ther. The traffic information
gathered is periodically disseminated. The receivddrmation is stored in the local
dataset where the node validates it; later in thBgt foroadcast cycle disseminates it
further to the other nodes.

A solution for peer—to-peer (P2P) system in VANETdescribed in [5]: A file

contains multiple blocks (e.g., A, B, C and D). $&eblocks are independent and can
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reside on different nodes. When a file is requedtgda user (source), the protocol
broadcasts a request to its first hop neighbor tiéhname of the blocks it requires. The
neighboring node having one or more blocks respdad& to the source node with the
block names present with them. The source nodeaaipt of all responses computes the
missing blocks and sends back the request for tissimy blocks again to its first hop
neighbor. If the first hop neighbors do not havesthblocks they forward the request to
respective first hop neighbors. The process coasinuntil, all the blocks for the
requested file is received by the source. The soareates route between itself and each
node possessing one or more blocks for the filestea to take place. If required, the file
transfer takes place in a multi-hop manner.

The glaring trade off of these networks is the &gceoncern due to the lack of

central control. The advantages include scalakalitg low infrastructure needs.
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Figure 2.5Formation of mobile ad hoc network.
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2.2 Routing in Mobile Ad hoc NETwork (MANET)

MANET is a collection of wireless mobile nodes tifiatm a network without any need
for infrastructure or central administration. Varso protocols [17, 18, 19] and
applications such as EZCab [3] and Peer to pesvanking [8] have been proposed for
MANET. The IETF MANET working group [55] is formetb standardize the routing
protocols for MANET. The protocols in MANET can hmategorized as Reactive,
Proactive and Hybrid. Each of these types has tveir applications; the correct protocol
for an application depends on how delay sensitieedpplication is, and the amount of

network overhead that the application can afford.

2.2.1 Reactive

In reactive protocols the route discovery to thestidation node is initiated when, the

source node has data to send to the destinatiorthiforeason these protocols are also
called as “On Demand” protocol. The proposed pm®¢6, 17, 24] follow the same

technique; the advantage of having route discowdrgn required, reduces the overhead
of message exchange. Typically these message egehane required so that the route
be proactively maintained. If there is no maintex@aof route, then that adds a delay to
the delivery of first packet and to every first ket after the route break. The other
disadvantage is that all the packets sent in th®gdetween the route break and the

source realizes it; are dropped decreasing theqmeaince of these protocols.

AODV [6] proposed a reactive routing protocol tliates route discovery when

needed by a node. The neighbors list is kept uddayeuse of Hello beacon. When the
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source node wants to transmit data it checks rguable to find whether valid route to
destination node exists. If no such route exitshritadcasts a RREQ packet on the
network. The node that receives the request pagketies its routing table to find if a
valid route to the destination exists, if a valalite exists this intermediate node returns
with the RREP message else the node forwards theesé (RREQ) to its neighbors and
so on till the destination node receives it andiespback with RREP packet. Only the
nodes on the currently active path update themgutible; that makes AODV a truly On-
Demand routing protocol.

The Dynamic Source Routing in Ad hoc Wireless Nelw{l7] is another
reactive protocol for MANETs. The route discoveifytfie route is not present in the
cache) is started when the source node wants tbdaa to the destination node. When
an intermediate node receives a packet it upddtescache for the routing related
information that can be used in future. Unlike AODDSR is a source routing protocol
i.e. the source stores the whole route up tilldéstination in the packet. This stored route
indicated the intermediate nodes the packet shioade through, due to which all the

nodes in the ad hoc network need to know the tgyodd the network.

2.2.2 Proactive

In contrast to reactive routing protocols the ptiv&cprotocols [7, 32] try to maintain a

path between every node to every other node iméitwork. The advantage of proactive
protocols is they usually do not cause delay ist firacket as the route to the destination
node already exists in the routing table. The stnawhen route break occur the node

may have an alternate route to the destination.nfhe source node does not have any
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route at a given instance, it cached the packsbatce node itself to avoid dropping of

packets by intermediate node. Maintaining routeglsadverhead on the network.

Proactive protocols do not need the route discopengess when the data for transfer is
available as it maintains a route in the routinglgafor every possible node in the

network. The advantage of using proactive routsthe decrease in time delay when the
source wants to transfer data to the destination.

The rfc 3626 for OLSR [7] proposes the protocol timaintains routing table by
exchanging topology information. Each node thategiises the routing table sends the
information of its links with its neighbors whichreain multi point relay. Multipoint
Relay (MPR) is chosen by group of nodes which annes the topology information in
its control packets. The control packets do noehavbe transferred reliably as they are
often generated. Hello messages are passed betheerdes to select the MPR. The
hello messages received for maintaining connegthwittween the neighboring nodes are
not forwarded to the next hop to avoid floodedhe hetwork.

DSDV (Highly Dynamic Destination-Sequenced Dista@etor Routing) [32] is
also a table driven protocol. The routing tables stored and maintained at each node of
the network. After a time interval each node adsest (broadcast or multicast) the
update that it is aware of except for the ones d@natabout to expire. The shortest route

(in terms of hops) is used when multiple routesnfrane node to other are present.

2.2.3 Hybrid

Hybrid protocols are those that combine advantagfe®oth proactive and reactive

protocols; the basic aim is to get a balance bywaeddelays that occur in reactive
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protocols and control overhead that are presenproactive protocols. The usual
technique that is used is by dividing the arearidsgor zones. At zone level proactive
approach (table driven) is employed and for inteezoommunication reactive approach
is used (on demand). These types of protocol [B522Z, 28] try to create a balance by
taking advantage of both the approaches, they eafuttther classified as node centric

[26, 27] and cluster centric [28, 29, 30].

Zone Routing Protocol [25] is one of the Hybridfmcols which use a proactive
approach for local neighboring nodes and reactpgr@ach when the data has to be
transferred between zones. It reduces the netweekhead caused by either approach.
The search for destination which is at global lesaa be preformed quickly by querying
selected nodes in the network. The protocol usesethod called as boarder-casting
instead of broadcasting for the request packet @RIke in cases of AODV [6], which
reduces the overhead that is caused by reactivioqmle while formation of route

between the source and destination.

Some of the other protocols employ the same scheitesome variation; the
TZRP [31] uses the two zone concept which aimeparating the ability of the protocol
to adapt to the traffic characteristic and mohilityfrhe other variation is in the node
centric protocols such as [27] in which some naatesdesignated as special nodes. The
route between the special node and ordinary nodwistained in proactive way whereas

the route between ordinary to ordinary nodes isadisred reactively.
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2.3 Routing in Vehicular Ad hoc NETwork (VANET)

VANET is a type of vehicular network which operateshout any need of infrastructure
in an ad hoc way. A number of protocols have beepgsed in VANET based on
different environment like City [33, 34] and Highwd61]. The different forwarding
schemes topological [7] or geographical [34] aredusy these protocols to transfer data
packets. Topological differs from geographical nogtby its node centric approach,
where as in geographical routing the next hop nedselected on the fly. Topological
routing is not suitable for VANET, due to high noo®vement which causes frequent
connectivity losses.

One of the proposed protocols [33] for VANET usles position based routing
method. The source broadcasts a “position requpatket with destinations node
identifier when it wants to transmit data to thestd®ation, on receipt to this packet by
destination node, it replies back with the “positiceply” packet to the source node.
While broadcasting, the protocol avoids the probleirextensive flooding and well-
known broadcast storm problem [35] by optimizing throadcasting. The source node
stores the intermediate road intersection inforamain the packet header so that the data
can be transferred to the required destination. Ppheket transfer between the
intersections is done in a greedy way.

GyYTAR [34] propose improvement to other protocalg,[43] in two areas, (a)
Junctions selection and (b) forwarding data. Thstidation discovery packet uses a
mechanism that assigns score to each candidatéiganimn the vicinity of current
junction. The scores depend on the densities ofdad and other factors. The packet is

forwarded to the junction that gets highest scbvéhile sending the data packets the
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sender marks it with discovered destination jumctian intermediate node decides the
next hop from its table of neighbors. This tableupdated when the hello packet are
received. The hello packet contains informationhsas current position, direction and

velocity. This information helps a node to prediet latest position of the next hop.



CHAPTER 3

Overview of Road-based Routing using Vehicular Trdfc Information (RBVT)

Road-Based using Vehicular Traff(fRBVT) routing [2] protocols leverage real-time
vehicular traffic information to create road-bagedhs. The created routes are sequence
of the road intersections that have, with high piolity, network connectivity between
them. Geographical forwarding is used for forwagdanpacket between the consecutive
intersections; this approach decouples routes firmdividual node movements. RBVT
routing has two main advantages: (a) adaptabdityppological changes by incorporating
real-time vehicular traffic information and (b) Isiigy in route by use of road-based

routes and geographical forwarding.

3.1 Route Construction

Routing is a process of moving packets throughnétevork. It consists of two separate,
but related, tasks: (a) Defining paths for the $raission of packets through the network
and (b) Forwarding packets based upon the defiadtspThe tasks are achieved with the
help of routing table. RBVT [2] being proactive foools the routes table are updated for
every know change of topology. Usually the proted@, 7, 32] that have been derived
from MANET use node centric approach, these prdsodo not work well due to the
dynamic nature of the network. The other proto¢d8% 56, 57, 58] use the road-based
approach, these protocols use the right approatimbsat of them [33, 58] do not factor
in the current road traffic and rather try to use shortest distance to reach from source

to destination, which currently may not have araffit. The protocols fail to consider
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traffic flow; some of the protocols [57, 34, 59,]G0/ to work around this problem by
using historic data. Due to the events such as coadtructions or traffic redirections
which are not rare, the historical data does noiare an accurate indicator of the current

road traffic flow.

The RBVT [2] protocols use road intersection adrtbeilding block. When a
source wants to transfer data to the destinatimstead of tying particular nodes to the
route towards the destination it uses the roadsattions. As long as the road segments
remain connected it does not matter if the conmiggtbetween the individual nodes on a
road segment exists. The fault in binding a paldicnode to a route is due to the node

movement, it may not remain in the sight of theteou
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Figure 3.1 (a) At time t, node “A” can Figure 3.1 (b) At time t + 1, node “A”
reach “C” through “B”. could have reached “C” through “D”.

The above figure shows how useful it is to use ith@d intersection as the
intermediate point rather that binding the next lspa particular node; if the route was

bound to intermediate node “B” there would be aedareak when node “A” would want
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to communicate with node “C”. This is the major sea why the proactive MANET
algorithms like OLSR [7] fail to perform well in VIRET. The RBVT protocols use the
road intersection as the guiding point, in the @&exw. if the node “A” wanted to send
data to node “C” it would have bound the path ternsection “I1” instead of node “B”.
Later on at time t+1 node “A” would have found nd@¢ to forward the packet to node

“‘C".

3.2  Forwarding

A node periodically broadcasts hello messagesrebeiving node updates its neighbor
table using the information provided in hello megsdf a hello message is not received
from a particular neighbor within a time intervaktentry is purged; non-receipt of hello
messages is a strong indication that the other modeavelled out of communication
range. When the source node wants to transmit tdatkestination node, it queries the
routing table for the available routes to the degton; if there are multiple routes from
the source to destination, the route with minimwmber of intersections is used. This
desired route is stored in the packet for referesfdbe intermediate node. The protocol
uses loose source routing to forward data packetsrder to improve the routing
performance. The intermediate nodes are free tagehghe path in the packet if they
have latest connectivity information. The node tlsibres or updates the route
information in the packet also writes the timestanfighe connectivity graph that was
used for determining this route. The intermediaddencompares its connectivity graph
timestamp to decide if a better routing decision ba made. Due to the high volatility

there could be route breaks, in such cases themathate node tries forwarding the data
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packet using geographical forwarding method untileaches a node that has fresher
information and there exists a route from that ntdéhe destination; this newly found
route is updated in the packet and forwarded furtbwards the next intersection. In
between intersections the packet is forwarded ug@ggraphical forwarding; this is
advantageous as the node always selects the fapbssible neighbor node to forward
the packet.

In this class of routing there are particularly tagvantages: (a) it is adaptive to network
topology changes by using real-time vehicular tcafiformation and (b) the stability of

route through road-based routes and use of geogedprwarding.



CHAPTER 4

RBVT-P and RBVT-PS

4.1  Proactive RBVT

The proposed solution (RBVT-P and RBVT-PS) areedéht from other VANET
protocols as they proactively maintain the graphhefconnected road segments at each
node which gives the real-time view of the netwdk&ing a proactive protocol it is more
suitable for delay sensitive applications sucheas-time voice, video or online gaming.

The proactive RBVT assumes that each car nodeugpeed with digital maps
(e.q., Tiger Line database [22]), a Global PositigriSystem receiver (provides location
and time synchronization), a navigation system thaps GPS positions on roads and a
location service such as [44] that the source caerygbefore sending the data to
destination node. No assumption is made as toyimengtry of the links. In addition to
above, the second proposed solution also assuroeldutar link between each car node

and the server.

4.2 RBVT-P
RBVT-P is a proactive routing protocol for VANETt periodically discovers and
disseminates the real-time road connectivity grapte source node uses the connected
shortest available path to the destination. Thh pansists of intersections that are found
connected in the real-time view. RBVT-P uses atlonaservice, to find the destination
position. Due to the dynamic nature of the netwdRBVT-P does not bind the

forwarding of packets to a particular node like A@Qvhich are node centric).
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4.2.1 Topology Discovery

Figure 4.1 The topology discovery by use of CP.

The topology is discovered by use@bnnectivity PacketCP). The CP is a packet that
traverses the connected road segments and staregisited intersections in it. This

information is later used to create the connegtigitaph which is then disseminated in
the network to other nodes. The CPs are generatgadmally by a number of randomly

selected nodes in the network. The CP packet sasethe road intersection by use of
algorithm similar to DFS graph traversal, as thekpa moves from one intersection to
other intersection the road segment is marked asemted otherwise as un-connected.

The CPs are periodically generated by a CP gemeraide, they are unicasted to
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discover the network topology. Figure 4.1 demonssrastep by step path of one CP
showing how it sequentially visits connected roagmsents and records the segment
information that has enough vehicular traffic. Argdo note, that the CP traversal is not
expected to end at the same vehicle node thaatedtiit; rather it ends at the same road

segment from which it was initiated at.
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Figure 4.2 The connectivity graph generated after the tralers

4.2.2 Topology Dissemination and Route Computation

The node that finally receives the CP on the geéoesegment extracts the information in
the CP to generate @onnectivity Graph UpdatéCGU) packet and disseminates the
CGU to other nodes in the connected network. FiguPeshows the connectivity graph

created after the traversal in Figure 4.1. Uporeikgieg the latest CGU, each node



27

updates its routing table and re-computes the s$iopaths to all other connected
intersections. One of the fields of each entry BLCis timestamp, with the use of this
field the node determines whether the informatitoalieady has or the information the
CGU contains is the latest one. The timestamp oh eantry is retained in the routing

table to identify and remove the stale entriesiripoint of time.

When the source has to transmit information todéstination it determines and
uses the shortest path through the connected éctevss. The path is made of sequence
of intersections and is stored in the header ofddia packet. The packet is forwarded
geographically between the consecutive intersestidafined in the path. As described
in section 3.1.2 the protocol uses loose sourceém@so the intermediate node is free to
update the path if it has more recent informatibaua the topology. Appendix presents
the pseudo-code for topology discovery using cotivigc packets and route update

process.

4.2.3 Route Maintenance

The RBVT-P generates CP frequently (which in tuemeyates CGU) that keeps the
nodes updated with the topological changes. Thedt#®generated from different section
of the network so that the information of particusction is gathered by the nodes in
that section. The node in an isolated section daknow the connectivity information

about other section till the disconnection betwiese isolated networks is bridged.
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1

Figure 4.3 Network partitioned due to low density.

The frequency of generating CP would depend om#éteork size and density of
nodes in the section of the network. Higher thesdgnlower number of packets are
required as the probability of finding the replaesgmnode increases. In a CP generation
interval, multiple CP are generated to avoid thebfam of loosing connectivity
information in a CP round when CP packet is logte TP passing protocol is not a
reliable protocol but a best effort delivery sorthare chances of them getting lost.

In general CGU'’s are influenced in two ways, (an@&iinterval at which CPs are

generated and (b) Number of CPs generated in Céraggon interval. These parameters
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also determine the quality of topological infornoati gathered. The first parameter
depends on the density of nodes in the networksaednd one would depend on how

unreliable is the network.

4.3 RBVT-PS

4.3.1 Design

RBVT-PS like RBVT-P is also a proactive protocdl.uses a concept called as Road
Connectivity Packet (RCP) that is similar to CPduge RBVT-P. The car node on the
road considers itself the most forward if it does receive any packet for a timeout
interval; similarly it considers itself most backwiaf it does not find any node to which
it can send the RCP. The nodes backward/forwaetiiim is irrespective of the driving
direction; each road in the map is assigned a tilire¢hat is stored along with digital
map in the node. The communication between the aodethe server takes place using
the Cellular technology whereas the communicatietwben the nodes is through Wi-Fi

wireless technology.

4.3.2 Topology Discovery

The most forward node on the road sends the R@#etoode behind it. The intermediate
node continues forwarding this packet to the nogt@nd it, eventually reaching the most
backward node (no other node behind it on that nwhdth this backward node can
communicate). This most backward positioned nodethenroad sends the gathered
connectivity information through its GPRS interfatte the server. The connectivity

information entry is of the form <StartinteriD, HnterID, ExpirationTime>; where
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StartinterID indicates the intersection id from wééhe connectivity begins, EndinterID
indicates the end intersection till the connecfivah the road segments exists and the
ExpirationTime indicates the time till the road semts are valid. The expiration time is
calculated by addition of Maximum connectivity whlperiod (protocol configurable
value) and current time. The connectivity inforroatiis gathered for the segments
through which a RCP traveled. The RCP may also iolyl indicate the non-
connectivity of two segments the one before thertl&tarID and the one after

EndinterID to the block of connected segments.

The server receives one RCP from each set of ctethewdes; there can be
multiple RCPs for the same road depending on timaexctivity pattern on the road. For
e.g. in Figure 3.1 on road segment S1 of road R&,five nodes create an isolated
network from the nodes on segment S2 on the saaw o these cases there are two
different RCPs that are sent to the server fromdheo sections on the same road. In the
figure R1, R2 and R3 indicate roads and S1, S2S$hdesignate the segments on the
roads. The pair <Road><Segment> uniquely identifiees segments. The car nodes on

the roads are named N1, N2, N3 and N11.

The car N1 being the most forward node on roadtRissa RCP, every node that
has the responsibility to send this packet triesetad it the most farthest possible node so
that the discovery of information is faster andthiso makes the protocol more efficient.
In the example N1 skips node N2 and sends the paliextly to N3 as N3 is in the
wireless range of N1. The packet is similarly forshed to the most backward node (in
this case N11), which then sends the packet taéeer for re-computing the real-time

graph. 11 to 18 indicate the intersections or enth{s of the roads.
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Figure 4.4 Most backward cars on the each road send RCPreersé\fter computing
the real-time graph it is sent to the node whiait Heis RCP.

4.3.3 Topology Dissemination and Route Computation

On receipt of each RCP the server updates the ctwitye graph. In comparison with
RBVT-P, this same task is done by the node thallfinreceived the CP from the
segment where it was initiated (this indicates thatiteration of connected graph is

complete). Once the server rebuilds the connegtgriaph, it transmits this graph back to
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the node that sent the RCP that triggered the g@phputation. The node then
disseminates this information by broadcasting ith® neighbors. This continues till the
most forward node receives the information. Simt@rRBVT-P each node then runs
Dijkstra’s algorithm on the newly received conneityi graph to find the shortest path to
all the connected segments in the map. Furthewban a source node wants to transmit
data, it stores the connected available shortast ipathe packet header. These routes,
represented as sequences of intersections, aszl stothe data packet headers and used

by intermediate nodes to geographically forwarckptebetween intersections.

To give an example of how the above process darigito the view of a node. In

figure 5.1, say node N11 is the last node to seadRICP out of the five RCPs sent to the
server. The time difference of the RCP sent shooldbe more than, where is the

period between the round of RCP generation. Onipeoé RCP from N11, the server
recomposes the graph and sends it to node N11ndte views the received graph as
shown in figure 5.2, the dotted lines indicate morectivity between the intersections
(or on that segment) and the bold lines imply tenected component of the graph from
the intersection IS at which node N11 is presehe foad segment S2 of road R2 is not
reachable as there is no node in the connectech dhegd could communicate with the
cluster of nodes that are present towards intacsed¢t. Similarly as there is no node
towards the intersection 16, that intersection nasainconnected from intersection I5.
From figure 5.1 it is seen on road R3, the segm8it¢l5 to 18) and segment S2 (12 to
I5) generated two different RCPs, which mean tloates on those segments are not able
to communicate due to the distance between thetmadseen in figure 5.2 the graph is

created as showing them connected; the serveraedahe graph with global view. The
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nodes at the intersection I5 on road R1 can brilgegap to forward the traffic between

the disconnected segments S1 and S2 on road R3.
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Figure 4.5 View of most backward node on road R1 after rangivthe updated
connectivity graph from the server.

4.3.4 Route Maintenance

In RBVT-PS, the forward node on the road frequergbnerates the RCP, which
eventually gathers the connectivity informationtioé road segments that are connected
and sends it to the server. The server sends theuwed graph to the node that recently
reported the connectivity (RCP). This node dissates the information to its neighbor

and those neighbors send it to their neighborssanoh.



CHAPTER 5

PERFORMANCE

This chapter presents the evaluation of the pread®BVT protocols using the Network
Simulator NS-2 [1]. To evaluate the performance,udman scenario with obstacles (to
model buildings) is used. The two proactive protecBBVT-P and RBVT-PS are
compared against four existing VANET/MANET routimgotocols. The following,
presents the evaluation methodology, the metriesl 6 compare the protocols, and the

analysis of the simulation results.

5.1. Evaluation Methodology
The evaluation consists of two parts, one compaRBYT-P with RBVT-PS and other
where RBVT-P is compared with four existing routipgptocols AODV is a MANET
reactive routing protocol, GPSR is also a MANET ipos based routing protocol, GSR
is a VANET position based routing protocol wher€@dsSR is a MANET proactive link-
state routing protocol.

In AODV, a route is created reactively, when a seuvehicle node wants to
communicate with a destination node. The route timeanvolves flooding a route
request message and recording the sequence of whadsforwarded the request to the
destination node. This sequence of nodes con&ithtepath from source to destination.
In OLSR, each node maintains sets of 1-hop andp2-hmeighbors and selects some
neighbors as multipoint relays. OLSR proactivelgcdvers and disseminates link state

information over the multipoint relays backboneingsthis topology information, each

34



35

node computes the next hop to every other nodeeémetwork using shortest path hop
count forwarding. GPSR is a position based roupirggocol which forwards data packets
using greedy geographical forwarding from the seunode to the destination node.
When a node cannot find a neighbor node closengalestination position than itself, a
recovery strategy based on planar graph travessgbplied. In GSR, every vehicle node
is equipped with a GPS receiver and holds a digiab of the region. A source vehicle
which wishes to communicate with a destination ekehcreates the shortest path based
on the roads layout from its position to the dedton position. This route is made of a
sequence of road intersections. Data packets aveafded using greedy geographical

routing along this path. No consideration is gitethe vehicular traffic.

5.2. Metrics
The evaluation performance of these routing is dasiag different Constant Bit Rate
(CBR) data rates, different network densities aifierént numbers of concurrent flows.
Following are the various metrics to evaluate taggrmance:
Average delay: This metric defines the average delay occurred tloe
transmitted data packets that are successfullyetell. The average delay
characterizes the latency introduced by each rgutipproach. For a proactive
protocol this is the primary metric, unlike reaetiprotocols proactive protocols
maintain routes between source and destinationhatbaxds to reduced delays.
Average delivery ratio: This metric defines the number of data packets
successfully delivered at destinations per numbelata packets sent by sources

(duplicate packets generated by loss of acknowleddgsnat the MAC layer are
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excluded). The average delivery ratio gives thesueaof the routing protocol to
transfer end-to-end data successfully.

Average number of hops:This metric defines the average number of nodas th
are part of successful packet delivery from sotocéne destination. Historically,
the average number of hops was a measure of patiyqThis metric is used to
study if there is a correlation between the nunddenops and average delivery
ratio and average delay, respectively.

Overhead: This metric is defined as the number of extra p&clper number of
unique data packets received at destinations. Tihebar of extra packets consists
of routing packets (i.e. routing overhead) and mapd data packets. Therefore,

the overhead measures the total overhead per siabgselivered packet.

5.3. Simulation Setup
The map is 1500 m X 1500 m area extracted fromTiBGER/Line database of the US
Census Bureau [22]; below figure shows the map,usbith is an area of Los Angeles,

California.
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Figure 5.1 City map used for simulations
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The evaluation of RBVT protocols is done using NetwvSimulator NS-2 [1]
simulation. The movement of the vehicles is gemeratsing open-source microscopic,
space-continuous and time discrete vehicular traféinerator package called as SUMO
[45]. SUMO uses a collision-free car-following mddé6]. The extracted Tiger/Line
map is inputted into SUMO, the information suchr@ed speed limits, traffic lights and
number of lanes is also inputted. Not more thagtifth intersections have traffic lights.
The output file from SUMO is converted into theu#gd node movement format of NS-
2 simulator.

For the wireless configuration, at the physicaklayhe shadowing propagation
model is used to characterize physical propagafitie. communication range of 400m
with 80% probability of success for transmissiosiset. Some studies [47] have reported
real-life measurements between moving vehicleshia tange of 450m and 550m.
Additionally, while the DSRC standard specifies ange up to 1000m for safety

applications, many non-safety applications are etgueto reach 400m [48]. The values
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path-loss-exponent = 3.25 and shadowing-deviatiof.G=in equation of Shadowing

propagation [49] are used in NS-2.

The obstacle model simulates buildings in a cityimmment; the contour of each
street can either be a building wall (of variougenals) or an empty area. Thus for each
street border, the signal attenuation value igsatrandomly selected between 0dB and
16dB. For a given pair of transmitter-receiver rgdée attenuation of the signal at the
receiver is computed as follows: first the sum térauation from each wall in the direct
line of sight between the nodes found; then addviiee of the attenuation determined
through the shadowing propagation model to itslfaund that the signal attenuation

values obtained are comparable to values reported field experiments at 5.3 GHz

[50]. The simulation parameters are summarizechiold 5.1.

Table 5.1Simulation Setup for UDP data transfer.

Parameter Value
Simulation area 1500m X 1500m
Number of vehicles 150-250-350
Number of CBR sources 15
Transmission range 400m
Simulation time 300s

Vehicle velocity

25 — 55 miles per hour

CBR rate

0.5 — 5 packet per second

MAC protocol

IEEE 802.11 DCF

Data packet size 512 bytes
Bandwidth 11 Mb/s
Number of runs 3
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5.4. Simulation Results

The RBVT protocols are compared with AODV, GSR, ®P&d OLSR. The AODV
implementation is the one provided by Network Siamolt NS-2 (which has enabled link
layer feedback), the GSR implementation is from,[88 GPSR implementation is from
[18] and the OLSR implementation is from [51]. AO¢ing a MANET protocol does
not consider road layout. Unlike AODV, GSR is a VBN protocol and it uses the road
layout. As the nodes in the simulation are fastimgpwodes to let the MANET protocols
to maintain better neighbor accuracy, the hellervdl is set to 0.8 seconds and purges
the neighbor from the cache after 1.6 seconds adtivity. For the same reason the
topology interval in OLSR is set to 2 seconds. Biaulations are carried out with
different node densities: 150, 250 and 350. Thevowt with 250 nodes is denser than

150 nodes where as the network with 350 nodesisiibst dense.
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Figure 5.2 Average Delay for RBVT-P, AODV, OLSR, GPSR and G@ih 15 flows
and the density of 150 nodes.
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Figure 5.3 Average Delay for RBVT-P, AODV, OLSR, GPSR and G@ih 15 flows

and the density of 250 nodes.

Average Delay (seconds)

D 1 1 1 1 1 1

0.5 1 15 2 25 3 35
Packet Rate (Pktis)

4 4.5 L]

Figure 5.4 Average Delay for RBVT-P,

and the density of 350 nodes.

AODV, OLSR, GPSR and G8ih 15 flows

Average delay:Figure 5.2, 5.3 and 5.4 show that RBVT-P has thallest delay

of the compared protocols. The advantage that RBVias over the other reactive

protocols is the route maintenance that it doea &ct of being a proactive protocol.

Unlike RBVT-P, OLSR does not perform in similar man as it is a MANET protocol

and unable to handle the rapid topology changedk&im MANET where proactive
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protocols appeared not promising [52], proactivadrbased protocols with real-time
traffic awareness may prove a viable approach Imcudar networks, especially for delay

sensitive applications, such as video streaming.

Figure 5.5Average Delivery Ratio for RBVT-P, AODV, OLSR, GR&nd GSR with 15
flows and the density of 150 nodes.

Figure 5.6 Average Delivery Ratio for RBVT-P, AODV, OLSR, GR&nd GSR with 15
flows and the density of 250 nodes.

GSR has the highest delay and is consistentlyargtowing state. The reason for

the GSR’s bad performance is due to the absenqaality feedback to the source at the
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intermediate node. This is because GSR forwards alatroad segments selected solely
based on the positions of the communication endgoirhis suggests that modification
of the path used in GSR triggered by feedback packeay improve the protocol

performances.

Figure 5.7 Average Delivery Ratio for RBVT-P, AODV, OLSR, GR&nd GSR with 15
flows and the density of 350 nodes.

Average delivery ratio: Figure 5.5, 5.6 and 5.7 shows RBVT-P performsebett
than other protocols. The simulations are carrietlvath different node densities: 150,
250 and 350. The network with 250 nodes is dersar 150 nodes where as the network
with 350 nodes is the most dense.

Average number of hops:Figure 5.8 plots the average number of hops for
packets received at destination for the protocolss plot is similar for the different
network densities so only the results with 250 modee presented. The general
observation is that greater number of hops doesnacéssarily translate, as expected,
into worse performance. On the contrary, seledietter forwarding nodes leads to better

performance (RBVT-P has the highest delivery rd@epite having longer paths).
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Figure 5.8 Average Numbers of Hops for RBVT-P, AODV, OLSR,&Pand GSR with
15 flows and the density of 250 nodes.

Figure 5.9 Overhead for RBVT-P, RBVT-PS, AODV, GPSR and GSEhw5 flows
and the density of 250 nodes.

Overhead: Figure 5.9 shows the overhead caused on the rletpardelivered
packet. AODV has the highest overhead, as whemdloe detects the broken route it
drops the packet and generates a route error meesghag frequency of “hello” packets

and the route break recovery technique has a greatehead in GPSR and GSR. RBVT-
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P suppresses the “hello” packets when the CUG beasadccurs. In RBVT-PS as the

network traffic is split between the Wi-Fi and @edir interface it has lowest overhead.

5.5.RBVT-P Connectivity Packets (CPs)
The next simulations analyze the parameters th#Hteimce the accuracy of the
connectivity view of the nodes in RBVT-P. Unleshatvise specified, 250 vehicle
nodes are present in the simulations. A number asfdem nodes generate CPs
periodically. A node generates a CP after (1) rifies that it has not received any CP
update for a period at least equal to the CP iateamd (2) it executes a boolean function,
for which the return value is determined basedhenriumber of desired CPs. A random
jitter uniformly distributed over a 1 second intes applied before transmitting the CP.
The CP interval is set at 10 seconds. The evaluasadone for the influence of the
number of CPs generated the impact of the geogralptiispersion of the vehicle nodes

involve in the CP generation and finally the inedrisetween generations of CP.

5.5.1 Number of CPs

To understand the impact of the number of gener&@Pd on the accuracy of the
connectivity map, simulations with different numhsr CPs generated are run and the
differences between the vehicle nodes (local) cctiviy view and the simulator
(global) connectivity view for every pair of nodiesthe network is computed. In this test,
the nodes generating the CPs are randomly seleatiedut consideration to their relative
positions on the map.

Table 5.2 shows the percentage of vehicle nodeshmhirongly believe that there
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is disconnection with another vehicle based orrtloeal network connectivity view. The

observations show that as the number of nodes g@mgICPs in the network increases,
the number of false-negative information betweehiale pairs decreases substantially.
Considering that there is a trade-off between apteta real time view and the amount of
CP packets that would be required to generate {EP3 is a good tradeoff between

accuracy and overhead for this map size and feature

Table 5.2False-Negative with number of CPs

Number of CPs 1 2 5 10
False-Negative | 28.51% | 20.36%| 14.73% 11.44%

Table 5.3False-Negative and the position of CP initiators

Type Near Spread
False-Negative | 25.51% | 15.04%

5.5.2 Distribution of CP generator
This section assesses the influence of the geoigadpdistribution of the vehicle nodes
which generate the CPs on the accuracy of the ctimitg information. For this test,
three static vehicles are positioned at specifati@es in the map area and use them as
initiators of the CPs. In the “Near” case, the et are positioned close to one another
and in the “Spread” case; the vehicles are spragiemap area. Each case measures the
amount of false negatives between each pair ofcleelmodes and the simulator (global)
view of network connectivity.

In Table 5.3, observations are as expected i.enwee CP initiators are spread on

the map; the quality of the connectivity informationproves. The fact that the vehicles
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used in the “Spread” simulation are not moving does seem to have a noticeable

impact. Its results are comparable to those of @ 412 where moving vehicles are used.

5.5.3 Interval between CP generation

This test assesses the impact of the value of thmterval, i.e. the time between the
generations of new CPs in the network. Five vehial® randomly selected to create CP
packets and the accuracy of the connectivity vieeaah vehicle is measure. As with
previous cases, this is done by computing the péage of false negatives between each
pair of vehicle nodes and the simulator (globagwbf the network connectivity. The
number of vehicle nodes is 350.

The percentage of vehicle nodes which wrongly beliethat there is
disconnection with another vehicle based on tremall network connectivity is 47.60%
when the interval between CP is 5 sec and 9.13% whesinterval between CP is 10 sec.
The expectation would be that a smaller CP germeratiterval would lead to better
result. However, this is not the case because dlesn@P interval leads to a higher
number of packets in the network (more broadcakteute update packets), which in
turn leads to more packet drops. The significaffexdince between 5sec intervals and
10sec intervals suggests that an inadequate selecfi this parameter can adversely

affect RBVT-P protocol performance.
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5.6.RBVT-P v/s RBVT-PS
The final comparison is between RBVT-P and RBVT-#8,simulation uses 250 nodes
and 15 CBR pairs.
Average delay:Figure 5.10 shows the end to end delay for RBVaRB RBVT-

PS. RBVT-PS posses’ lower delay than RBVT-P for twasons (a) the traffic in the
network gets split due to the addition of celldiak (b) the server can quickly gather and
disseminate the CGU to the network. Due to theochiction of server with cellular link
there is reduced traffic at the Wi-Fi link alsothe node has more accurate view of the
network RBVT-PS has reduced delays in data deliv@BVT-PS experiences three

times less delay than RPVT-P.
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Figure 5.10: Average Delay for RBVT-P and RBVT-PS with 15 floausd the density of
250 nodes.
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Figure 5.11:Average Delivery Ratio for RBVT-P and RBVT-PS with flows and the
density of 250 nodes.

Average delivery ratio: Figure 5.11 shows the average delivery ratio fBVR-P and

RBVT-PS. The RBVT-P demonstrates lower deliveryorgierformance than RBVT-PS

as in RBVT-P along with the data packets, the cotiviey packets (that gather the real-

time connectivity graph of the network) and the C@ackets (that disseminate the

collected connectivity graph view) participate ietwork traffic at Wi-Fi interface.

RBVT-PS shows 10% gain in delivery ratio this iedo the fact that the control plane

traffic of the network is transmitted via cellulark and Wi-Fi link is used for data plane.



CHAPTER 6

CONCLUSION

This thesis presented two proactive RBVT routingtpecols (RBVT-P and RBVT-PS)
for city-based environments that take advantagéhefroad topology to improve the
performance of routing in VANET. RBVT protocols useal-time vehicular traffic
information to create road-based paths betweenpeimds. Geographical forwarding is
used to find the forwarding nodes along the roagmsmts that form these paths.
Simulation results show that both these protocRB(T-P and RBVT-PS), outperform
existing approaches such as AODV, GPSR, OLSR ard @3erms of average delay,
average delivery ratio and low overhead. BecauseRBVT protocols forward data
along the streets, not across the streets, andniatk@account the real-time traffic on the
roads, they perform well in realistic vehicular gomments in which buildings and other
road characteristics such as dead end streetfi¢ tights are present. As cellular link
would more commonly be available, RBVT-PS uses avese with cellular
communication to show how the performance of RBT\dn increase if the control
plane (i.e., routing traffic) is routed across ttelular link whereas data is transmitted
over the Wi-Fi link in ad hoc manner. The overabults demonstrate; distributed
applications that generate a moderate amount fhictan be successfully implemented
in VANETSs. Furthermore, for delay sensitive apgiieas such as Voice, Video, online
gaming proactive RBVT protocols are good choicelikénn MANETs where proactive
protocols appeared not promising; proactive roagktgorotocols with real-time traffic

awareness may prove a viable approach in vehicaavorks.
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APPENDIX

ALGORITHM FOR TOPOLOGY DISCOVERY AND ROUTE UPDATE | N
RBVT-P

Notation:

no: ID of node that originated the CP packet

l;: Intersectiori

Ini : Intersection closest @

(I, Im): Road segment of intersectigrandl

Stack Stack of road segments to visit

S Set of all road segments

RSn): Road segment where nodes located
: Waiting time parameter

CP: Connectivity packet

RU: Route update packet

Upon receivingCP(ny):
1: if proximity(n;, ;) then
2:  foreachl(, Iy) do

3: if (1), l) ¢ Stackthen

4. Add (;, lx) to Stack

5: end if

6: end for

7. iflh==l,0& Stack== then

8: BroadcasRU(n;)

9: Return

10: endif

11: ifRYN) ==(, Im) & (@ll (Im, l) in Stack| marked ir§) then
12: Mark reachability ofl(, I,) in S/* R-reachable; U-unreachable */
13: Removel(, I, from Stack
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14: endif

15: Readl(, I, from top ofStack

16: ForwardCP(ny) towardl, /* Send to next hop towardg */
17: end if

Upon receivindRU(ng) fromn; :
18: if RU(np) not seen before then

19: Update local routing table wikiJ(ng) data
20: Set timer = * distancén; , n;)

21: else

22: ifRgn;) = =RYn) then

23: Cancel timer

24: end if

25: endif

Upon timeout
26: BroadcasRU(ng)
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