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VANETs Scenario

• Special kinds of MANETs, supporting 
both safety and non-safety applications

• Single, short-range dedicated 
technology (802.11p draft) in basic 
systems

• Additional technologies (especially 
802.11) in extended systems

• Particularities: 
– High mobility
– High number of nodes
– Costs restrictions to allow for high 

deployability

• Internet-based applications
– Beneficial for safety purposes
– Fundamental for non-safety purposes
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Geographical Routing Applied to VANETs (1/3)

• Geographical routing concepts introduced in the 80s as alternative to 
topological routing for infrastructure networks (Finn, G. G. Routing and 
addressing problems in large metropolitan-scale internetworks, Mar. 
1987).

• Recent projects have resumed, engineered and applied geographical 
routing to VANETs

– FleetNet
– Network on Wheels
– SIM-TD
– GeoNET

• Basic principle: The geographical location of the destination node (i.e. 
geodetic coordinates) is used by intermediate routers to route data 
packets

• For unicast-like communications, each forwarder needs to know the 
destination node’s position 

• For multicast-like communications, an area can be specified as target
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Geographical Routing Applied to VANETs (2/3)

• Assumptions
– Nodes know their own positions through GPS
– Nodes know positions of their direct neighbors
– Node can acquire position of non-neighbors via a resolution procedure called 

Location Service

• Unicast example using the 
“Greedy” forwarding algorithm

– Forwarders choose as next 
hop the node closest to the 
destination

– The policy can be extended 
(e.g. movement prediction, 
density, tx power, etc)
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Geographical Routing Applied to VANETs (3/3)

Geographic Unicast

Geographic Broadcast (“GeoCast”)
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Geographical Routing and IPv6 (1/2)

• IP (v6) adopts topology-based metrics for next-hop selection

• Defining new metrics like geographical distance is possible in principle , 
but...

– the geographic location is an external information, not self-acquirable by the IP 
layer like topologic information

– consistent protocol header extensions are necessary, probably resulting in a 
network header much bigger than required

– geocast rather hard to be achieved with IP multicast addressing semantic

• Applying geographical routing below IP has advantages in the target 
scenario

– freedom in protocol design allows to focus on scenario specific requirements
– a location table instead of a routing table can be used

– IP mechanisms can run unmodified on top, insuring scalability, compatibility 
with the Internet and low complexity
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Geographical Routing and IPv6 (2/2)

• Using sub-IP geographic routing in the ad-hoc domain, the system looks 
like this (discussed in C2C):

• To work properly, IPv6 requires:
– a multicast-capable link: we use geocast to shape the broadcast domain

– proper address resolution: at sub-IP layer we use addresses mapped to/from 
the MAC address (detailed resolution procedure described in the paper)

– a default route link-layer address: we use an address autoconfiguration scheme 
based on standard IPv6 SLAAC (not published yet...)
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NEMO in Connected VANETs

• The sub-IP geonetworking provides a 
tunnel terminated at the Access 
Router which transports IPv6 
headers

• Unmodified NEMO BS can be put on 
top

• After address configuration, the MR 
is able to register the binding, since 
IPv6 unicast communication is 
supported

• Double tunneling costs something in 
header overhead but pays off in 
terms of adaptation to topology 
changes and re-usage of standard 
mechanisms
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Direct Communication in Disconnected VANETs

• VANETs based on short-range 
technology are expected to be often 
disconnected from any 
infrastructure

• Automotive industry to use V2V for 
safety but also for non-safety

• Connecting passenger devices of 
different vehicles in a spontaneous 
fashion is not trivial!

• We suggest protocol design guidelines
– should include a mechanism for detection of infrastructure connectivity loss (multi-

hop and single-hop)

– tunnel MR-HA should be disabled

– reactive mechanism should be used to resolve the vehicle’s ID carrying a certain 
prefix

– route management and switch-back to NEMO BS



WEEDEV, Innsbruck 18/03/2008 – Baldessari, MANET-cen tric NEMO in VANET�� age 11

Implementation and Evaluation (1/2)

• We implemented the proposed solution in Linux OS, on both PC-
architectures and automotive embedded systems

• Geonetworking implemented below IPv6, so that Linux IPv6 stack is used 
as-is

• Part of the implementation is available for EU related research projects as 
binary code at http://c2x-sdk.neclab.eu/

• We also integrated a NEMO MR implementation which is interoperable 
with NEPL HA (Nautilus 6/HUT)

• We performed laboratory tests to evaluate, under heavy data load , the 
solution’s performance in terms of route outage caused by mobility

• Various simplifications were adopted in order to isolate effects
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Implementation and Evaluation (2/2)
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Rec. Data Rate 
@1.2 Mbit/s

Rec. Data Rate 
@1.9 Mbit/s

LAB testbed
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Future Work

• Formalizing Address Autoconfiguration (current work ;-))

• Security and Privacy: 
– not considered here because assumed to be provided by the sub-IP layer

– but an analysis is needed (-> GeoNET project)

• NEMO Route Optimization
– Standardizing a dedicated solution is necessary

– Security/privacy aspects to be further analyzed

– Combination/interaction of infrastructure-based RO and infrastructure-less RO 
(disconnected VANET)
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Conclusions

• Geographic routing seems very appropriate for VANETs

• Implementing geographic routing below IPv6 simplifies many issues and better 
integrates with automotive systems

• Unmodified NEMO BS can run on top, enjoying multi-hop connectivity

• Basic approach proposed for the disconnected case and the mode switching

• Connected case evaluated in lab in terms of route outage due to mobility

• Assuming precise position information, the approach pays in term of quick 
adaptation to topology changes

http://c2x-sdk.neclab.eu/
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