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ABSTRACT

Car communication acs as abase fo advanced traffic ard car
sewices Thereis a strong potertial to utilize exsting hardware to
introdu@ first ca communicaion gplications and rvices.
Potentialy first car communication technologies should beseen
as initial base to lean &out car communicaion while not al
expected functions canbe realizedwith this setip. The nore time
critical the required communication for a <9ecific car
communication goplicationis, themore optimized communication
technologes ae nealed. Consdering only dready existing
communication technologes like UMTS and WLAN, there is a
significart potential to implement first car communication
solutions in near future. Thus this pgper investigates which
network topologies provide enoudn scdability and dficiency to
realize first ca communication fundions based on available
hardware.
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1. INTRODUCTION

Ca conmunicaion will be onepotential solution to improve ca
traffic situaion. Each car will be able to add a significant amount
of sersor data from a specific dreet sction to an overal traffic
scenario analysis. Based on ths information, optimal values for
traffic flow parameterscanbe catulated Such cdculation can ke
doneviaacentral server orlocd in-car processng units. With this
approach new, efficiert traffic reguation cantakeplace,as slown
in Figure 1.
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Figure 1 - Computer-based lane switching
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Ca communication could be implemented via spedfic car
communication infrastructure. Sud an gproach alows building
techical communicaion system which are optimized for traffic
propeties like high-speed driving, incressed bandwidth at peril
points, optima frequeny handling during different times of day,
etc. However, sich a systemis extenely expersive to be ranped
up, becawse the infrastucture should cover a @mplete road
nework of anaion, might require @mplete new in-car hardvare
to communicae with the roadside units and needsto provde
finarcial eamnings from car servies to guarartee logtem
availability.

Consdering these rms and conditions it seems to be a valid
question, whether it is a realstic alternative to utilize only alread/
installed, available wireless infrastucture, aad whether to ue
mobile communicaion devces, like mobile phones which the
corsumer dready owns and caries around ayway. If this
question turnsinto a valid assumption, which technicdly can be
realized, it is dovious that investment costs o that overal car
communicaton systemare evaesceh low compared to the initial
scerarios d acompletenew ca communicaton infrastucture.

Even if the isting technical equipment does not alow realizing
al possible and finaly required feaures like automatic or
aubnonous energency reactons of the car without ay driver's
help, it offers a geat charce b start @ communication in the
near future with more relaxed sewvices With swch a baic starter
setup, first techicd and commerdal experiencescan ke collected
with car communicaion, which finally hdps to develop the
technology further to a final ca communication scenario, which
then includes patly of fully own infrastructure and optimized
mobile or incar communicaion devices.

Thus, this paper assunes thatin afew years itwill be realty that
cars conmunicate toeach aher via exising hardware from the
infrastucture perspective aswell as fran the nobile handse
perspecive. Therefae the paper investgates whth
communication technologes ar most promising from the
availability point of view and from the costs and technica
properfies perspective. The secad setion aralyzes pdertial
communicaion principles, whereasthe third chapter chooses he
comresponding communicaion technologies and the interadion
strategies. Findly smulation results are presented, which indicate,
that the cltosen pinciple saisfies the requirements.

2. COMMW ICATION PRINCIPLES

Gererally, one can differertiate baween comfort ard sakty
criticd communication. This is one of the most obvious ways to



think about @r communication s@narios. However, there ae dso
other differertiating facbrs, which carefilly need to be
investigatedbefore ane decides fa a spedfic gpproach

2.1 Uni- and Geocast

One shoud think aout nformation aldresing. There exist a
strong requirement to communicate beween two paties diredly,
thus uniest communicaion nmust be suppored, se Figure 2.

sendg ==  unknown stucture == recpient

Figure 2 - Forwarding unicast message via different cars

Another important option is multicast communicaion, where
seveal userswill receive the sane information. In the cae d car
communication multicastcanbe realizal via ge@astinformation
distributon. The information is not tarsferred to a spedfic
nunber of cars butto a geographic region, where anumber of cas
is acually located, see Rjure 3

sender == unknown structure ==$ adressed reqion

Figure 3 - Geocast information distribution

To tramsmit unicag messages recipiernt neals to be idertified.
Therefae address talbes reeds © be handed eficiertly ard
updded in time. Egecidly in ca neworks, which quickly
changes their propeties as well as the nunbe of paticipants
unicast messaging introdue@s significant organizaiond work
amount Instead of geocast transmission is smpler and requires
less averhead.

2.2 Number of participants

The nunber of paticipants is a key parameter when thinking of a
bendit from ca communicaion ptinciple for consumers. It would
be a wong way to think first about teechnologica deails, instead
of the question, how many paticipants are required tha the
overall system provides benéit to ead use.

Thus it is important to choos the nework, that a any time the
overdl car canmunication systemdoes flly work! It must not be
a technical decision, that there is required a minimum nunber of
participarts larger than one, © guaratee frst time a waking
system It is highly important to make sue that the market
accetance atthe begiming of the technology will not slowed
down bygenerating a chicken-andegg problem.
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On te othe hand, it must be giaranteed, tha the nework
propertiesarescabbe, 9 thatin case 6alarge mnsumer number
theoveral system is still working propely.

The berefit or contert of a car sevice is a dferert topic to
discuss and is often dgpendingon he nunber of paticipants.
However, this topic does notbdongto the scopeof the paper.

3. SCENARIO

To redlize the overall car communication, two technologes are
condderedto evauateafully working system

e UMTS (GSM)
e WLAN 802.11b

These technologies have been chosen to redize te system based
on the requirements described in thelast sedions First of dl, the
cdlular infrastucture does alreadyexist ard is in use alread; for
voice communicaion and moble internet access Further on,
WirelessLAN canbe wsedto interconrect devices ad uses in a
smeller region. This approah has two advantages. The first one
is, that UMTS ard WLAN hardwareis availade in severésmart
phones today. The second pont is tha both edinologes are
conplementary from the coverage and baxdwidth pespective.
Another important item is tha UMTS provides a high degree of
communicaion secuity, thus, the poblem of atacking the
WLAN connetions can be avoided beconddering UMTS as the
main information carier.

3.1 ExampleUse Case

Figure 4 provides a ypicd use case scario. A car wars to
inform othe cas about exceptiond road conditionsin a spedfic
road section. Therebre, aninformation via WLAN is trarsmitted
from the deedion car to the ®-called uplink node car. The
transmitted WLAN sgnal and information doe not provide
abolute high level of security and thus one cannot assume that
the information isfully reliade in arny case.
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Avehicle detects a dangerous situation with It sends a message to the next uplinknode
its onboard sensors ,/ using YWLAN

The uplinknode forwards the message to the The UTRAN verifies the message and
UTRANM and acknowl edges it using WWLAN / forwards it to the service provider

@

The service provider aggregates all
messages and sends ther to the UTRAN

The UTRAN decomposes all warnings into
reginnal geocasts and sends thern out

Figure4 - Car communication scenario



The ca, providing the uplink node takes over the information and
trarsmits it via UMTS secuely to the rext applicaion sewer,
which is connected to the intemet. From that trarsmisson, one
can cdealy identify the uplink nodeowner. This does not hdp to
idenify the origina information aithor, who ha transmitted the
information via WLAN, but givesa first kese,to keeptrack fom
which locd network subgdion te information ae coming from.
The application server aggregtes all incoming information. The
more smilar information from different authors are transpoted
via the identified uplink node over a peiod of time to the
application server, the nore increases the righility of the overall
information, independent of the reliahlity of eachand every
WLAN station.

Depending on the meaning of the information, the application
server might ask information auhors o switch from indirect to
direct UMTS communicaion, when there is the needto increag
the reliability level. Then theinformation author does not transmit
via WLAN to the UMTS uplink node, but comeds on hisown &
uplink node va UMTS to the gplication server. This leads to
clear idertification of the information auhor if neead. The
disadvantage is that exremely time aitical information annotbe
handled or be \erified in time. However, this is not he intention
of this overall car conmunication setup at the beginning of market
introdudion.

Thus the overall aproach is alde to start canmunicaton with
WLAN, utilizing free bandwidth with the risk of unrliable
information. The application server judges about theinformation
reliability, based on \arious parameters such as datisticd dat. If
the information is redly criticd and alditiond author
identification is required, the agplicaton server night ask he
authorto onnect directly via reliable cdlular acces.

Coming back to the communicaion prindples, the propagtion of
the nev information from the goplication server to al users will
be done va UMTS broalcast downlink or, as an dternative, via
terrestrial broad@st using DAB, Digital Radio Mondile (DRM),
DVB-H/T andso on.

Additiondly theoverall setup s@aes very well with the nunber of
users. When only one user is available, the stup uss only one
UMTS connection. The more users erter the sceario, the more
locd communication is donevia WLAN to the sdeded UMTS
uplink node car. This hdps to keg the traffic for the UMTS
network that low, that typical voice and daa communication,
which is not ielated to the ca communication, doesnot neel to
operde in an overloadedcellular netwak. Finaly, if a car does
not have any contect to an uplink node it deddes to ad as an
uplink node itself. This proedure makes the overal
communication principle very <lf-orgarizing, easy to hande
from tecical perspective ard kees the overall communication
overheal low.

3.2 Optimization

The approach described &owve provides several degees for
optimization. Figure 5 provdes a1 exemplary insight into
differert topicsthat canbe optimized

On the onehand, the mmmunicaion overhead must notea upthe
locdly available WLAN bandwidth. In addition © that, the
number of cellular connections needs to be kept as low as
possble, becawse the cellular netwak capacity is gptimized on
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voice cdl opeation which a high share of idle users and not on
ca comnunication. Findly, when handing ower the upink node
responsgbility from one ca to the next, the ramp up and ranp of
ead UMTS connedtion indues alditiond load on the cdlular
nework. Therefore and br stability reasonsof the network itself it
is important to ke the nework structure asstable & possible.

Communication
overhead

Different
conceps
Ramp up/
ramp down
rate

Number of connection
Figure5 - Potential topicsfor optimization

Based on these asaumptions the net subgdions provide a
oveniew, howto organize the nework topology.

3.3 Structure

This paper campares wo differert approaches to redize the
overal network topology. On the one had, it is Geographic
Clusering, on te othe hand, it is the Dynamic Gateway
appoach. Firgt, Figure 6 shows the Geographic Clugering.

Figure 6 - Geographic Clustering

An unddined nunbe of cuders with a predefined size are
mappel on he landage. Every ca can determine by (GPS
postioning, to which cluger it bdongs to. Amongal cas in the
cluger one ca is deded for bang uplink node This can be
accamplished using WLAN messageswheren ead carincludes
its own score defined by a given metric. Upon éedion, the new
uplink node will establish a UMTS connettion. In case of new
messges, all carswithin the cluster may ak the eleced plink
nodevia WLAN to forward their messaye to the infragructure.
When leaving the cluger or on deselection an uplink nodemust
resign and terminat its UMTS connection.



As an altermative to the Geagyraphc Custering principle the
Dynamic Gateway approach is shown in Figure 7.

Figure 7 - Dynamic Gateways

Within the gateway agpproach, no (GPS postioningis required, as
groups are not defined by geographicd predefined dugers but
dynamicdly by the reception of existing uplink node' sevice
advertiserrents.

When a rew messageoccus, acar checlsiif it knows at leasone
existing uplink node.In ca® theeis no uplhk nodeavailable, the
car ads asan uplink by itsdf and thus offers the upink savice to
adl cas within communication range by sending out savice
advertisaments. In case there ae known upink nodes around, the
ca connets to the uplink nodewhich appers most reliable and
sends ofthe message using WLAN. The question, to which group
a car lelongs i, is auomatically arswered by the aility of

recaving an uplink nodes service alvertisements. If a ca can

recelves an advertisemert, it tenporarily belongs to that séf-

orgarized communication group. By receiving advertisenerts o

morethan one uphk node theca is pat of morethan one goup,
which ads ®me extra @nnetivity. The higher the locally

available communication range is, the bigger groups will

conditute.

4. SIMULATION RESULTS

Both conoepts were implemented in an OMNeT++ smulation
environment, using own nodds both for mobility and WLAN
channd. The map measures 600x600m The road nework is
shown in Figure 8.
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Figure 8 - Simulated road network

As all dreds ae Hdirectonal, the total lengh accumulatesto
appox. 6.648 km. For the Smulation of differentcar densties, the
number of cas is varied fom 1 to 800 ers, which leads to a
maximum density of in averag e car every8.56 meters To
investgate the impact of speed two differert scerarios are used:
city, where dl cas dive bewween 5060 km/h, and highway,
where the cas nove & 100-180kmv/h. Cars on the same street are
asumed to have aa LOS deannd with a Ricedistributed
communication rang of 300m whereas cas on different streds
have an NLOS chame with a Rayleighdistributed
communication rang of 45m

4.1 Geographic Clustering

The smulation of the Geographic Clugering gpproachis based on
the following values: the predsfined sze of a cluger is 130 x
150m= 19500n7. In further work the $ze might bedependat on
different parameters. The clugter peiod, for which an eledion is
valid, equds 100ns. The adive uplink time of 100 has been
chosen becawse o expected carspeed ard cluster ste. Figure 9
shows the snulation results.
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Figure9 - required UM TS connections (Geographic
Clustering, city scenario)

The x-axis shows the nunmber of smulated cars onthewhole map,
wheress the y-axis indicates the nunbe of required UMTS
comedions There are three curves visible. The uppemod,
providesthe absdute maximum number of usedfor eachrun with
an gven densty The airve in the middle shows the number of
cdlular uplinks for 98% of the time to filter out outiers, whereas
the lower wrve stows the average.Additionally, a thearetical
boundis given. It is ether determined by the nunbe of clugers
which cover pat of a road which is 28, or, if the nunber of cars
is less tha tha, thenunber of cass.

The stating point with one car reachs the rumber d only one
cdlular connection. This result is trivial and ddinitely expected.
With an increasing density/nunber of cars, the number of uplink
conrections increases less than linear, see also Fehler!



Verweisquelle konnte nicht gefunden werden.. There the
theoretically expected curve is given by the tianguar curve. Up
to aout 30 ars, the nunber of uplink nodes should noease,
with further more cars the nunber of uplink nodes should sturate
at 28 uplinks. The first very postive propety of the sytem is, that
all simulated curves sattate atan alsdute value of at most 43
connections even i thetotal number of cas rises up to anunmber
of 800 cars,which mears that in avelage here ae 2 cars per
cluger. Thus, t can be &, that the overal nework topology
provides a stable connectivity. Theoreticdly, the upperlevel of
number of uplink notes in this scenaio equés 28 upink nodes.
The reason, tha there ae more than 28 uplnk nodes adive is
twofold. First of dl, there @per sone problens during
coordinaion and seledion of a spedfic uplink node Assune that
adudly there is no uplink node avail able and more then one car
erters tte cluster. Eachof the car stas toapply the right to actas
an uplink node, and, eg. becawse of bad chamel condiions the
cas b na receive tle smultaneasly tramsmitted ugdink node
applications. In that casejt is posside that nore thanone car acts
as an uplink node,becaise they do not know from the othe cas
cdlular conredion. The semndreason is that there eists drealy
an uplink nodebut anothe ca does nothave wirelessconnetion
to that uplink node.Thus thecar decides to ad as an own upink
nodein the sme cluger. Figure 10 shows that similar results can
be achieved when driving on ahighway.
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Figure 10 - required UM TS connections (Geographic
Clustering, highway scenario)

The results for both te rate of ramp-ups and ranp-downs of
UMTS connections as well asthe average time an upink node
keepsits fundion are shown in figure 11.
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Figure 11 - change rate and active time (Geographic
Clustering)

As expected, the rate of new connetions inaeaseswhil e thetime
anodeads asuplink node dereases with increasing densty. This
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makessense kecase canpetition between he cas increasesas
well.
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Figure 12 - signaling over head (Geographic Clustering)

Figure 12 shows the number of WLAN messages required for
maintaining the topology pe sewmnd andca. As it can be seen,
the number decreases from 10, which means one nessge pe ca
andcluger period, to lessthen 1 at 800 a@rs, which means thd not
even evey tenth car needs to serd out a message eacperiod for
maintaining thetopolbgy.

4.2 Dynamic gateway

The Dynamic Gateways smulation is based on the following
values: an active upink nodeis alowed to gay idle for & most
800ms. In case no further information neels to betransmitted in
tha time span, the uplink nodemust automaticadly shut down ts
conrection to the cellular base fation. In case a mssage s
receved ard forwarded, the imeou process $ reset.Figure 13
and Figure 14 $ow the simulation results for the number of
required UMTS connections.
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Figure 13 - required UM TS connections (Dynamic Gateways,
city scenario)

The number of required cellular connections n the Dynamic
Gateways scenario is for dl densities below or equd to 22 and
thus significantly lower than for the ge@raphc clustering with at
most 43 connetions The rean for that is the optimized
geographic locdion of the active upink nodes with regrd to the
chaand propeties. The uplink node postions ae indiredly
chosen becawse of the recepion quality for the other users.This
leads to a significant improvemert of the avaibbde resarces.The
theoreticd maximum nunmber of uplink nodes is 13, ofginating
fromthe mep-layoutand thecommunication ranges. This bound is
definitively not readed by the owral implementation but ill,
the absolute nunbe's of the dynamic gateway approach is much
beter than thegeographic goproad.
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Figure 14 - required UM TS connections (Dynamic Gateways,
highway scenario)

Even more interesting the rate of connectionsramp-upsand ramp-
downs as well as the time the uplink nodes stay adive have an
inverse direcions compared to the Geagraphic Custering, asit
canbe ®enin Fgure 15
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Figure 15 - change rate and active time (Dynamic Gateways)

Up to 200 cas, the higher the dendty gets, themore siable is the
topology. This is becawse d the factthat more carsmean more
potentally customers for the adive uplink nodes. If there is more
traffic a the uplink nodeit gets more likely that it will be able to
rest its conmecton-timeaut and therefae gay active for alonger
time gan. While the rte says amost congant beween 200 to
400 cars, it dowly gtarts rising again &ter that. Neverthdess the
slight increaseis still way lessthan the increase irdensty, which
shows the cancept scaks verywell.
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Figure 16 - signaling over head (Dynamic Gateways)

1
Car-icons are used by courtesy of http://www.icons-land.com/
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Figure 16 $hows therequired $gnaling overhead for the Dynamic
Gateways @ncet. Like the penious ®©nept the signaing
overhead per car sigrificartly decreaseswith increasng dersity.
At 800 cas in the city scenario it reades as low as 02025
beaonsperca and ond.

5. SUMMARY

This pape proposs two car conmunication oncepts, utlizing
only existing wireless canmunication technologies. The UMTS
and WLAN combination offers an attracive base to implement
car communication in the rear fuure. The investgated system
will definitely not fully solve the car communication task for long
term, but provides a highly interesting solution, which can handle
many ca communicaion appicaions and rvices. There have
been compared a geographic-based solution with a so-alled
dynamic gaeway gpproach. Both solutions provide a stable seup
while the dynamic gateway implementtion ofers lower resourae
allocation than geographic-basd system. The approaches offer
good garting pointto implement ca communicaion srvices.
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