
! Vehicles are orders of magnitude larger in size and
weight compared to traditional wireless clients, and
can therefore support significantly heavier computing
(and sensorial) components. This combined with plenti-
ful power means vehicular computers can be larger,
more powerful, and equipped with extremely large stor-
age (up to Terabytes of data), as well as powerful wire-
less transceivers capable of delivering wire-line data
rates.

! Vehicles travel at speeds up to one hundred miles per
hour, making sustained, consistent vehicle-to-vehicle
communication difficult to maintain. However, ‘‘existing
statistics” of vehicular motion, such as tendencies to tra-
vel together or traffic patterns during commute hours,
can help maintain connectivity across mobile vehicular
groups.

! Vehicles in a grid are always a few hops away from the
infrastructure (WiFi, cellular, satellite, etc.). Thus, net-
work protocol and application design may depend on
easy access to the Internet during ‘‘normal” operations.

2.3. Routing in vehicular networks

Several VANET applications critically rely on VANET
routing protocols (unicast, broadcast, geocasting, etc.).
These protocols originate from prior ad hoc network archi-
tectures but have been extensively redesigned by targeting
the unique characteristics and needs of VANET scenarios
and applications. We review the VANET routing protocols
first as this offers an initial insight into VANET application
characteristics.

2.3.1. Broadcasting
Safety related applications (e.g., forward/backward

collision warnings, lane change assistance) call for the

delivery of messages to all nodes located close to the sen-
der (reliable single/multi-hop broadcasting) with high
delivery rate and short delay. Recent research addressed
this issue by proposing reliable broadcasting strategies
[23,2]. Xu et al. [2] studied the impact of rapid repetition
of broadcast messages on the packet reception failure in
random access protocols. Torrent-Moreno et al. [23]
showed channel access time and reception probability un-
der deterministic and statistical channel models. Yin et al.
[24] detailed the DSRC PHY layer model and incorporated
the model into a VANET simulator to support generic safety
application models. ElBatt et al. [25] modeled Cooperative
Collision Warning (CCW) applications that broadcast a
fixed size packet at a certain rate. They measured the qual-
ity of reception using Packet Inter-Reception Time (IRT)
that captures the effect of successive packet collisions on
the perceived latency. Urban Multi-hop Broadcast (UMB)
[26] supports directional broadcast in VANETs. UMB tries
to improve reliability of broadcast by alleviating a hidden
terminal problem through an RTS/CTS-style handshake,
and broadcast storms through black-burst signals to select
a forwarding node that is farthest from the sender using
location information. Unlike UMB, Broadcast Medium Win-
dow (BMW) [27] and Batch Mode Multicast MAC (BMMM)
[28] require all the receiving nodes to send back an ACK to
the sender in order to achieve reliability. BMMM has also
adapted to directional MAC in VANETs [29].

2.3.2. Unicast routing
There are many MANET routing protocols: proactive

routing (e.g., DSDV, OLSR) or reactive routing (e.g., AODV,
DSR), geographic routing (e.g., GPSR), and hybrid geo-
graphic routing (e.g., Terminode), and yet they cannot di-
rectly be used due to high mobility and non-uniform
distribution of vehicles, which causes intermittent connec-
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Fig. 3. Possible wireless vehicular networking scenarios.
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