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Common Terms/Acronyms

)
¥ Intelligent transportation systems (ITS)

¥ Mobile ad-hoc network (MANET)
¥ Vehicular ad-hoc network (VANET)

¥ Vehicle-to-vehicle (V2V) communication
=l inter-vehicular communication (IVC)

¥ Vehicle-to-infrastructure (V2I)
communication



V2V /[ V21 Architecture
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Applications

Categorizing
c ]
¥ yousefi-itst06 ¥ papadimitratos-
=l comfort commag09
=l safety =! transportation safety
=| transportation
efficiency

¥ Vehicular Networks, Ch 6

=l user services
=] data source

=l data consumer VEY OthersE
I Many Others

=l data producer/consumer



Government Initiatives
c -

¥ Japan
=l SmartWay - www.mlit.go.jp/road/ITS/

¥ Europe
=| Car2Car Consortium - www.car-2-car.org
=l Network On Wheels (NOW) - www.network-on-wheels.de
=l CALM (Continuous Air interface for Long and Medium distance)

¥ us

=l ntelliDrive B www.intellidriveusa.org

Project name

. External . < . .
Table 1’ pp 86-87 Period ing Brief description of objectives
(papadImltraIOS-Commagog) Ministry of Design, d p , and evaluation of driver sys-
Economics and tems, k dedge and inf i hnols efficient traffic
AKTIV 2006-2010 Technology management, and V2V and V2| communication;
Germany h ktiv-onli dex.htm|
Devel ofa pean industry dard for VC ¢ i
gar e i cation systems, active safety applications prototyping and
mmupcation Ongoing NA d i har ization of VC dards worldwide,

Consortium

(c2c-cc) realistic deployment strategies and business models;
— epcsr e -

Integration of automated transport systems in the urban envi-
CityMobil 2006-2010 European Union ronment, based on real-life implementations;
httpy/Avww.citymobil-project.eu/

Distributed traffic application, based on cellular and V2V com-
COM2REACT 2007-2008 European Union munication, in-car and V2V communication systems, vehicle-to-
center communication; http:/fwww.com2react-project.org/

Telematic applications for the road infrastructure, cooperative
COOPERS 2006-2010 European Union traffic management involving vehides and roadside infra-
stiucture; httpy//www.coopeis-ip.ew/

Multichannel terminal capable of continuous Internet connec-

tion, open communication archit enhanced
s 2007-2011 P Union ial licati toolkit (models, guidelines, and recom-
dations). and d d
http:/Avww.cvisproject.org/

Cooperation between vehicles running at close range (platoon-
CyberCars2 2006-2008 European Union ing) and at intersections (merging, crossing);
http/Avww.cybercars.org

Investigation toward new transportation systems based on
CyberMove 2001-2004 European Union  CybeiCars (automated vehicles) as a complement to public mass
transportation; http:/www.cybermove.oig

Standardization activities to support the development and
impl i intelli ion systems; httpy/por-

ETSITCITS Ongoing NA tatior P
tal.etsi.org/Portal_Common/home.asp

Secure and trustworthy intravehicular communication; architec-
EVITA 2008-2011 European Union  ture for ive onboard ks to thwart pering and
protect sensitive data inside a vehicle; http:fevita-project.org/

Specifying, developing and testing IPv6 geo-networking that
GeoNet 2008-2009 European Union  can be used within a cooperative architecture (e.g., CVIS);
http:/Avww.geonet-project.ew/

Automated meiging, queue assistance, temporary auto-pilot,
HAVE-IT 2008-2011 European Union  and active green driving mechanisms, integrated in six demon-
strator vehicles; http://www.haveit-eu.org




Project information

Table 1, pp. 86-87 Project name —
C . nal . oy et
(papadimitratos-commag09) Petiod | funding Brisioe T e
Standard for wireless access in vehicular environments (WAVE)
— Resource manager, physical and medlum access contml
|EEE P1609 Ongoing NA security services, r king services, multich P
for V2V and V21 commum:a(lon,
http://wwaw.standards.its.dot.gov/fact_sheet.asp?f=80
Standardized set of air interface protocols and parameters for
ISOTC 204 o NA medium- and long-range high-speed TS communication, across
WG1§CALM 'going several media, networking, and upper layer protocols;
http://wwaw.isotc204wg 16.0rg/
Ministry of Edu- Protocols and data security algorithms for V2V/V2I communica-
NoW: Network on 2004-2008 cation and tion, active safety scenario, V2| electionic payment, introduction
Wheels Research Ger- strategies, and business models;
many http://www.network-on-wheels.de/
Califomia Midiscipl rch p dmink d by the UC
Do teaent of Berkeley Insmu(e of Transporhtion Studies and CalTrans; activi-
PATH Ongoing b P e ties in four areas: policy and behavioral, transportation safety,
ransportation 5 e
(CalTrans) and traffic and transit operations research;
Lo httpy//www.path.berkeley.edw
Ad hoc netwovkmg, aocurate relanve localization, dynamic local
SAFESPOT 2006-2010 Euiopean Union traffic maps; safety app
inable depl strategy; httpy/ .safespot-eu.org/
Security architecture for vehicular communication systems; iden-
. tity management, security and privacy-enhancing mechanisms
SEVECOM 200200 JiEu openliniar and protocols; in<car pmmctlon data consistency; system per-
formance evaluati ion; http:// .com
Ministry of Land,
Infrastructure, Driving safety support systems based on vehicle-highway coop-
IR e Transport and eration; http://www.mlit.go.jp/road/TS/
Tourism Japan
Intel_IiDrive Ongoing DsaB et Inmatwe of the TS Jomk Proglams Off‘ce (JPO) at the DoT's
Previously known 2005-2008 Transportation and (RITA) vC
asthe Vil technologles and apphcauons, vav, Vll mobility, and policy
® UsA
consortium (VIC)
Department of A N "
vsC 2002-2004  Transp iy DSRC mon: and safety beaconing for V2V and V2I
communication
UsA
Department of Cooperative Intersection Collision Avoidance System — Viola-
CAMP/VSC-2 2005-2009 Transportation tions (CICAS-V); Emergency Electronic Brake Lights (EEBL); Vehi-
USA de Safety Communications — Applications (VSC-A)
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]

-GPS time sync

Hardware
Major Components

¥ Computation
¥ Storage
¥ Display
¥ Sensors

¥ Communications
=| DSRC (Dedicated Short Range Communications),

IEEE 802.11p
=l 3G? Why not use cellular

=l WIMAX? for everything?
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¥ Network Issues

Networking Properties

)
¥ Rapid change in topology

¥ Network subject to fragmentation
¥ Small network diameter

¥ No significant power constraints
¥ Large-scale

¥ Variable network density

¥ Topology of network affected by humans
(driverOs behavior)



Networking Protocols

Source (S) Forwapder 1 (Fy) Destination (D)

Figure 5
(papadimitratos-commag09)

V2V Messages
co

¥ Event-driven

=| something happens, so vehicle needs to send an
alert message

¥ Beaconing
=l vehicle needs to send an update periodically

=! typically contains timestamp, GPS location, current
speed



Disseminating Messages
S

¥ Most messages are broadcast
=| intended for reception by many vehicles

¥ One-hop broadcast
=l vehicle sends a message to its neighbors
=l no forwarding

¥ Multi-hop broadcast
=! flooding P every neighbor re-broadcasts the message

=l geographic forwarding, trajectory-based forwarding,
geocast, position-based routing, etc. - a bit more
intelligent than flooding

Networking Issues
S

¥ Data dissemination
=] who needs the information?
=l how often should the information be sent?

¥ Routing

=| how to get data from one vehicle to a specific vehicle
somewhere else?

¥ Data aggregation

=l if we send lots of small messages frequently, weOre clogging
the wireless channel

=l aggregate messages from surrounding vehicles and send
less frequently
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¥ Conferences M Journals
=l ACM VA'\!ET =] |EEE Transactions on
=l |EEE Vehicular Vehicular Technology
(T\?_(I_:glology Conference =| |EEE Transactions on
. Intelli t
=l |EEE Vehicular anaenlsgpeor;tation

Networking Conference
(VNC) Systems

=| |EEE Intelligent Vehicles
Symposium (1V)

http://oducs-networking.blogspot.com




