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Vehicle in VANETs are
� able to collect, modify and to 

disseminate information (like in 
sensor networks) 

� distributed mobile information 
servers

Individual processing and distribution of
traffic Information in each vehicle helps to
optimize driving, e.g.

� Shorten travel-to-parking time

� Avoiding traffic congestion

� Decrease the risk of accidents

� Reduce road rage

The Paradigm
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The Parking Place Search Problem

A study* on Parking Search Traffic for the district Schwabing of Munich shows the 
extent of the annual damage caused by free parking spaces searching vehicles:

� Proportion of traffic searching for free parking spaces amounts to 44% of the 
entire traffic

� Total of 20 Mio. € economical damage

� 150 000 hours of waiting time

projected on larger cities in Germany comprising similar districts of similar size, a total 
economical damage from 2 to 5 billion € per year is estimated

* http://focus.msn.de/F/FT/FTB/FTB113/ftb113.htm
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Problem Description – Central Question of our Work

Development of an algorithm to disseminate free parking space information with 
following properties:

� decentralized

� scalable

� bandwidth efficient

� street topology independent

� anonymity and privacy aware

� using VANETs equipped with off the shelf WLAN 802.11b
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The Algorithm (1) – General Description

� Vehicle establish a VANET and receive, manipulate and relay parking space 
information to vehicles in their vicinity via periodic single hop broadcast

� Infrastructure (e.g. parking fee payment terminals, parking meters) broadcasts 
periodically free parking spaces information

� Processing and distribution of parking

place information is based on a relevancy

function and is performed in vehicles
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The Algorithm (2) – Elements

� Resources – All available information in the network is defined as a resource

� Atomic Information: Represents the availability of free parking spaces coordinated 
by one infrastructure point

� Aggregated Information: Provides information about the parking space situation in 
an area and covers more than one infrastructure point

� Overlay Grid - Virtual structure on top of the street topology 

� Subdivides the scenario into

� non-overlapping

� hierarchically organized sections

� Has three dimensions – position (x, y) and level (l)

� Basis to build aggregated information

� Each grid level corresponds to a specific granularity of an aggregate
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The Algorithm (3) – The Overlay Grid
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The Algorithm (4) – Elements

� Infrastructure (e.g. Parking Fee Payment Terminals)

� Resource reports on atomic information are sensed and initially broadcast by 
infrastructure

� Resource reports include ID, timestamp, position, occupancy and capacity information 
of a parking lot

� Vehicles

� Modify, rebuild and re-broadcast resource reports on atomic information as well as 
aggregated information

� Resources are evaluated based on a relevance function

� Communication

� Periodical IEEE 802.11b single-hop broadcast
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The Algorithm (5) – Relevance Function

� Evaluation of cached reports before broadcast timer elapses

� Allows for comparison and selection of most relevant resources

� Takes the spatio-temporal character of the information into account
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Simulation Environment

� Realistic simulation of traffic flow 
and city environment

� Brunswick, 520 km street length
� Up to 10 000 Vehicle
• 129 Infrastructure points 

� simulation of WLAN 802.11b
� simulation of application
� obstacle modelling
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Evaluation of the Algorithm – Simulation Study

I. Plain Dissemination

� Dissemination of atomic information with simple timestamp based 
replacement strategy

II. Selective Dissemination

� Information distribution through selection process (relevance function)

III. Aggregation of Information

� Building aggregates in order to generate area information and to save 
bandwidth

Each simulation builds the basis for preceding simulation
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Simulation I (1) – Overview

Vehicle broadcast resource cache with simple timestamp replacement strategy

Objective – Understanding System Parameters

� Determine the optimal Vehicle Broadcast Interval (VBI)

� Investigate

� Quality of information dissemination

� Distance vs. age 

� Quantity of information dissemination

� Number of received resource reports over time

� Network Load (MAC-Layer statistics)
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Simulation I (2) – Optimal Inter-vehicle Broadcast-I nterval (VBI)

VBI influences distribution time and duration of the growth phase

The smaller the VBI the better information can be propagated in the network
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Simulation I (3) – Average Age of Information

Average age of information is in the order of 13 minutes

Age of information increases with increasing distance to the source
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Average age of information with different penetrati on rates
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Simulation I – Summary 

� A periodic broadcast interval of 20 sec to disseminate non time-critical non-
safety traffic information is a reasonable value 

� Scalability can be achieved, by increasing the broadcast interval with 
decreasing number of equipped vehicle
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Simulation II (1) – Overview

Restrict the spatial distribution of information, by applying the relevance

function and selecting a certain number of available resources to re-broadcast

Objective

� Further reducing bandwidth

� Preventing distribution of old and useless information in the VANET 
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Simulation II (2) – Average Age of Information

We do not delete information out of the vehicle cache, however the average

age of information is reduced
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Simulation II – Summary 

� Limiting the distribution of local and up-to-date information reduces network 
load

� By deleting single cache entries based on a certain threshold (e.g. single 
parking lot information) the distance and age of the disseminated information 
in the VANET can be controlled

� Scalability can be achieved by reducing the dissemination distance and 
setting the number of most relevant information entities
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Simulation III (1) – Overview

� Extending simulation II through building and broadcasting coarse area-
information based on the introduced grid architecture

� consolidation of single parking place information entities

� the time stability of aggregates increases with distance and the covered 
area

� Control spatial distribution and granularity for aggregated information   
via the relevance function for aggregated information
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Simulation III (2) – Distribution of Aggregates

� Number of received lower level 
aggregates decreases with 
distance and covered area

� Each vehicle possess 
inaccurate area information for 
an initial orientation and up-to-
date information about the 
direct neighbourhood
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Summary

� Our dissemination algorithm has the following properties and fits the 
characteristics of VANETs

� Multi-Hop information distribution through single-hop periodical message 
broadcasting

� Information selection through a relevance function 

� Aggregated information is sent into farther regions and atomic information 
is confined to local proximity

� Through the selection strategy it is bandwidth efficient and scalable

… and can be applied to efficiently disperse all kind of traffic information
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Thank you very much for your 
attention!


