BACKGROUND ARRATEORK

VANES SY'STEMDVERVIEW AMBPLICATIONS

Very much different from other forms of
MANETS reported in the literature [1], a
VANET consists of mostly mobile vehicles that
can intelligently communicate with one another
over the 5.9 GHz frequency band via a dedicated
short-range communication (DSRC) [2] based
device. Currently, American Society for Testing
and Materials (ASTM) Standardization Commit-
tee E17.51 is working on the development of the
overall architecture of DSRC to support both
public safety and licensed private operations
over vehicle-to-vehicle and roadside-to-vehicle
communication channels.

A wide spectrum of services in VANETS
include, but are not limited to, public safety,
traffic management, freight/cargo transport,
transit, and traveler information. It is anticipated
that vehicles in the future will be equipped with
DSRC devices capable of communicating with
nearby vehicles in one-hop or multihop fashion
in order to extend the drivers range of aware-
ness to beyond what they can directly see. Emer-
gency information such as collision or emergency
braking can be propagated along the road to
notify drivers ahead of time so that necessary
action can be taken to avoid accidents. In addi-
tion to an emergency warning, drivers can also
plan a trip in accordance with traffic conditions
received from other vehicles or roadside units in
order to save time on the road. The scope of
applications can also be expanded to cover other
services, which are of private business or auto-
motive industry interests, such as on-road enter-
tainment streaming/downloading and Internet
access.

RELATBEDORK

Since the DSRC medium access control (MAC)
protocol is based on a variant of the widely used
IEEE 802.11a transmission standard, testing and
developing VANETS is plausible because of the
wide availability of 802.11a devices. In the fol-
lowing we briefly describe related research activ-
ities on VANETS and other broadcast techniques
proposed for general MANETS.

Unlike other forms of MANETS [1], applica-
tions developed for VANETS have a very specif-
ic and clear goal of providing intelligent and safe
transport systems. Emergency warning for public
safety is one of many applications that is highly
time-critical and requires a more intelligent
broadcast mechanism than just blind flooding. In
[3] the authors study how broadcast performance
scales in VANETSs and propose a priority-based
broadcast scheme that gives higher priority to
nodes that need to transmit time-critical mes-
sages. The proposed algorithm categorizes nodes
in the network into multiple classes with differ-
ent priorities and schedules packet transmission
accordingly. Although this technique is not
designed to solve the broadcast storm problem,
it can indirectly mitigate the severity of the
storm by allowing nodes with higher priority to
access the channel as quickly as possible.

In [4] the authors propose a role-based multi-
cast protocol that suppresses broadcast redun-

dancy by assigning shorter waiting time prior to
rebroadcasting to more distant receivers. Howev-
er, the focus of this study is on achieving maxi-
mum reachability in a sparsely connected or
fragmented network where the broadcast storm
is not the main problem. The focus of our study,
on the other hand, is on a well connected net-
work where a broadcast storm may be a serious
problem.

An efficient 802.11-based urban multihop
broadcast (UMB) protocol, proposed in [5], is
designed to suppress broadcast redundancy by
only allowing the furthest vehicle from the trans-
mitter to rebroadcast the packet. While UMB
uses a black-burst (channel jamming signal) con-
tention approach [6] to determine the furthest
vehicle in the transmission range (essentially a
MAC-based approach), our approach, albeit
employing a similar distance-based suppression
technique, aims to reduce the load submitted from
the network layer to the data link layer (as opposed
to modifying the MAC layer) by combining the
probabilistic broadcast technique with timer-
based suppression. In addition to reducing the
overhead, the mechanism we propose also guar-
antees that all vehicles receive the broadcast
message if the network is fully connected and
the broadcast region covers only one section of a
highway/road with no ramps or intersections. To
guarantee reachability in a Manhattan grid
topology or sparsely connected network, howev-
er, the protocol should be able to detect the
intersection or network fragmentation and han-
dle the message accordingly (store-carry-forward
the message [4], disseminate the packet into dif-
ferent directions when passing by the intersec-
tions [7], rely on fixed infrastructures to provide
network connectivity [5], etc.). Since our focus in
this article is on a well connected network, in
this work we only consider the broadcast storm
problem on major highways.

In the MANET context, on the other hand,
several approaches have been proposed to cope
with the broadcast storm. Distributed gossip-
based routing, introduced by Haas et al. [8], is
designed to tackle the overhead problem by sug-
gesting that each node reforward the packet with
some probability p < 1. Inspired by [8], we also
propose probabilistic schemes that utilize GPS
information in order to improve the packet pen-
etration rate.

In [9] various threshold-based techniques
were proposed by Tseng et al., such as the
counter-based, distance-based, and location-based
schemes. Depending on the scheme considered,
a node receiving the broadcast packet compares
the predetermined threshold value with its local
information, (e.g., the number of duplicate pack-
ets received, the relative distance between itself
and the sender, or the additional area that can
be covered if it rebroadcasts the message). The
criteria to adaptively adjust the thresholds
according to the number of neighbors were also
presented in [10] by Ni et al. The results show
that with the aid of a positioning device such as
the GPS, the location-based scheme seems to
offer the best performance in terms of packet
penetration rate and link load. Although our
schemes employ a similar concept to the schemes
in [9, 10], we use a lightweight distributed algo-
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slots during morning and evening rush hours,
and three slots during non-rush hours.

Slotted p-Persistence Broadcasting

Rule Upon receiving a packet, a node checks the
packet ID and rebroadcasts with the pre-deter-
mined probability p at the assigned time slot Ty,
as expressed by Eq. 2, if it receives the packet for
the first time and has not received any duplicates
before its assigned time slot; otherwise, it discards
the packet.

Each node in this scheme should also buffer
the message for a certain period of time (e.g.,
[Ng - 1] x WAIT_TIME + & ms) and retrans-
mits with probability 1 if nobody in the neigh-
borhood rebroadcasts in order to prevent the
message s dying out. Figure 2c illustrates the
concept of slotted p-persistence with four slots.
Similar to the p-persistence case, the perfor-
mance of this scheme also depends on the value
chosen for the reforwarding probability p. We
address this problem in detail later.

RECEIVESGNALSTRENGIBASEISCHEMES

Because vehicles may not be able to receive GPS
signals in some areas (e.g., tunnels, shadowed
areas, urban areas with many high-rise build-
ings), the proposed broadcast techniques can
also be modified to use the packet received sig-
nal strength (RSS) information instead of GPS
information. We note that instantaneous mea-
surement of RSS can only provide rough estima-
tion of the corresponding distance between the
transmitter/receiver pair because of multipath
fading. In order to get rid of the small-scale fad-
ing effect and get a closer estimate of the rela-
tive distance to the transmitter, each vehicle
should periodically probe its neighbors in order
to keep track of the time averaged RSS, which
can better represent the actual distance of a
vehicle from the transmitter. However, doing so
may increase traffic load in the system, which
may not be desirable. Hence, in the absence of
GPS signal and periodic neighbor probing, each
node can, at best, obtain the RSS of the broad-
cast packet received from the DSRC device driv-
er and determine whether or not to rebroadcast
the packet based on the instantaneous RSS mea-
sured and prior knowledge of transmit power
and receiver sensitivity. In the following we out-
line the modifications needed to change the pro-
posed broadcast schemes described earlier to use
RSS information.

In the weighted p-persistence scheme each
node can compare the RSS of the received pack-
et to the range of RSS, which is given by

RSSrange = RSSpax — RSSpin 4)

where the RSS,ox and RSS,,in, correspond to the
maximum and minimum possible values of RSS
measured in the considered environment; these
values can be either obtained experimentally or
calculated by applying an appropriate propaga-
tion model (e.g., the Friis or two-ray model [17]).

Given that RSS;,pge is the same for all vehi-
cles, Eq. 3 can be reformulated as
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n Figure 2. Broadcast suppression techniques: a) weighted p-persistence; b)

slotted 1-persistence; c) slotted p-persistence.

where RSS;j; is the RSS of the broadcast packet
received at node j.

Similarly, the slotted schemes could be modi-
fied to use RSS information instead of relative
distance to determine waiting time. Given the
number of slots, Eq. 3 can be modified as fol-
lows:
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NETWORMODEL ANBSSUMPTIONS

Although most MANET studies typically assume
a two-dimensional network with random topolo-
gy, in this work we claim that a one-dimensional
line network can best capture the topology of a
vehicle-based ad hoc network on a highway or in
an urban area where mobile nodes are more
likely to be on a well defined path and road.
Therefore, we consider two types of network
topologies in this article: a one-dimensional line
or single-lane network and a multilane network.
In the former case adjacent nodes are separated
by a distance D that is exponentially distributed
with mean D. A multilane network is modeled
with multiple single-lane networks.

In order to understand the fundamental
impact each of the broadcast schemes has on
network performance, we developed a network
simulator to create a broadcast scenario on a
straight road, similar to that shown in Fig. 1,
where each vehicle can perform the basic broad-
cast operations proposed earlier without the
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