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Abstract

GuideWeb is a support network for vehicle navigatmd guidance. It is con-
stituted by the cooperation of a multitude of aotmous MapSynthesiser located
in the vehicles. A MapSynthesiser, being the autwogs constitutional core of
GuideWeb, receives over radio communication trédftev information via infor-
mation-enhanced maps (called map syntheses) frber GuideWeb participants’
MapSynthesiser. It creates from received map sgethand the information of its
own travel route a new map synthesis, which is tr@adcasted. MapSynthesiser
provides timely and accurate information on traffow, density and trend on how
traffic will develop as well as traversability eyamhere within a radius of approx.
100 km to a navigation system for driver assistaiM@&pSynthesiser cooperation
is based on short range radio communication e.geléés Local Area Network
(WLAN) according to IEEE 802.11 standards. Furtliee,information acquisition
analysis shows that a MapSynthesiser density of ¥ in a medium traffic load
class enables the acquisition of 500 km of roufigrmation in approx. 15 min.

1 Introduction and Background

There is an increasing demand for individual tcaéfnd route information and
navigation. The existing systems are typically dasigher on elaborate infrastruc-
tures for traffic measurement or on traffic patsederived e.g. from individual
mobile phone movements. Both concepts have thawlolcks.

The first one requires substantial investment sdtiing up the infrastructure;
its maintenance incurs cost and should result mesprofits. Therefore, this ser-
vice for the end user can’t be free of charge.Harrhore, the measurement infra-
structure is typically only available on motorways.

The second one collects data by tracking individisr-movements e.g. mo-
bile phones. By processing this data and matchit@rmaps allows the derivation
of traffic flow estimations. This process can't eresprivacy as patterns of move-
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ment of individuals are recorded. The potentialusésof this data mandates a rig-
id supervision of the process by independent arglito
v2v communication allows a variety of applicatiang. communicating to oth-
er vehicles dangerous situations [1, 2, 3] and/obita Internet [4, 5] with their
corresponding issues of security [6] etc. A Gerrsaudy [7] indicates that v2v
communication networking will not be in place bef@020.
This sets the scene for the concept presented hbeerequirements derived
from above are:
» to create most up-to-date traffic flow informatiand navigation support
everywhere — city, over-land or motorway (ubiquity)
» to offer most up-to-date information on temposariraversable/non-
traversable routes not provided by the maps ofvegation system,
» to ensure privacy and data security,
P to avoid recurrent service charges.

The implications of these requirements are manifélie most important one
is: no investments into infrastructure and no dossystem maintenance. The di-
rect implication is that no centralized processiegaluation or distribution unit
must be required for the functioning of the process

The concept GuideWeb presented in the followingl$uthese requirements [8,
9, 10]. GuideWeb is a systemic process, in whichuititude of autonomous par-
ticipants are involved. A similar concept has bpersented in [11].

This paper describes briefly the functioning anglementation of GuideWeb.
First the concept of GuideWeb and the autonomougsSyathesiser as its consti-
tuting element is introduced. The next two sectiprssent the MapSynthesiser
and its map processing capabilities. Simulationultesthat quantify penetration
requirements and a conclusion complete the paper.

2 GuideWeb and MapSynthesiser

The principle of GuideWeb is intriguingly simpleore gets information, pro-
cesses it, uses it and distributes the procesgedmation. Information is freely
offered and everyone can take it (give and takelid@\eb is constituted by a
multitude of participants where the participantsitcmiously broadcast their in-
formation and knowledge about current traffic amyienment in the form of
map syntheses. A map synthesis is a data comprésseaf the synthesized map
(NowMap) derived from the aggregation of all rou&sideWeb participants have
traversed including averaged speed and traffic ideimformation of route seg-
ments. Thus, the individual map synthesis is luplfrom every participant’'s best
knowledge of traffic flow and environment. In orderfacilitate this process each
participant is equipped with a device called MapBggiser of which the func-
tional diagram is shown in Figure 1.

The MapSynthesiser is typically a software appiicat(executing together
with a navigation application), which autonomoushables the functionalities of
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the GuideWeb only requiring connectivity from thenamunication platform and
some basic vehicle information. MapSynthesiser iples/timely and accurate in-
formation on traffic flow and density as well aaversability of roads everywhere
within a radius of approx. 100 km. This informatioan be further processed and
displayed to the driver e.g. by a navigation syst€éhe MapSynthesiser generates
the NowMap, the representation of the current mfamtion and knowledge about
the environment, from which the broadcasted maghegis is derived.

Vehicle Navigation
Information Information

e.g. position map sinthesis

MapSynthesiser time
Receivinga Processing thenBroadcasta
multitude of to create compressed version of
map syntheses NowMap NowMap

Fig. 1.  Functional diagram of the MapSynthesiser

Conceptually GuideWeb is self-organizing and selftained and independent
of any infrastructure. Functionally GuideWeb restgirely on the cooperation of
the multitude of autonomous MapSynthesiser nodes.

3 Analysis of Information Acquisition in MapSynthesiser

The following analysis discusses how quantitatiiélgpSynthesiser acquires
route information. Two cases will be considered.

The first case is based on the scenario that gliSyathesiser in a specific area
start collecting information at the same time, ak.MapSynthesiser have no in-
formation about the environment.

The second case is based on the scenario thattenlylapSynthesiser under
consideration has no information at all. The othEpSynthesiser have already
acquired information of the environment. Realitgd@gnewhere in between — how-
ever it is safe to assume that it is closer tostreond case than to the first.

The system to be analyzed is rather complex anduthstochastic analysis is
rather tedious. Therefore, the analysis given @ ftillowing restricts itself to a
mean value analysis. The main results are nottefiday this limitation.



4

3.1 Definitions and Notations

When describing traffic situations typically theléaving two parameters are
stated:

Traffic flow (or flux) Q: Number of vehicles pante unit
Traffic density D: Number of vehicles per lengthitu

Traffic flow and traffic density relate through thegerage vehicle velocity, i.e.

d .
Vav :£ or in the steady state aydfeadystate D:
The following table classifies traffic density iraffic load classes with Traffic

density = Number of Vehicles per km.

Traffic Density Traffic Load Class
0-16 Low
16 — 23 Medium
23-32 High
32-45 Very high
45 — Overload

It is called “encounter” when in traffic two vehéd both equipped with a de-
vice executing MapSynthesiser exchange route irddon. For further explana-
tion of the notations see figure 2.

ten Point in time of encounter n

Tn Time period between encounters n and n+1

Kin(t): Route information in km stored in the map oapBynthesiser i after
encounter n at time t

S(t,): Distance in km driven of MapSynthesiser i betwemcounters n and
n+1

Kmae Maximum route information in km that can be stbre

Pi(t,): Maximum route information in km that can be pesed in time, be-
tween encounters n and n+l1 (determined by proagssower of
MapSynthesiser computing platform)

a: Parameter to account for maps not completely Iniradicin their respec-
tive map areas

t Tn
En |

te(nin) Tt teme2)

L I\ J

T U
Encounter with
Pi(tn) Map Synthesisgr Pi(Tned)

Fig. 2:  Definition of notations



3.2 Route Information in MapSynthesiser

The route information available in MapSynthesisat time t is the information
at the last encounter;{{te,) and the information from its own travel experienc
S(t - &) adjusted by the information load already in plashich accounts for
multiple traversed route segments, i.e.

. . Kin(ten)
Information load adjustmer@ — }? £ )
max

During the encounter n+1 the route information(tc,) received in encounter
n from MapSynthesiser j is processed into the rinfirmation K,(tg,) creating
Kin+y(tems). However, since the processing power of the giatf on which
MapSynthesiser is executing is limited only thdbimation that is actually pro-
cessed contributes tok1)(te(+1). This accounts for the minimization term. Fur-
ther, since the some of the route information matybe of relevance the minimi-
zation term is adjusted by the parametexrs defined above. Hence,

Kigoateors) = Knlter) + (S(0) + 0 Min{K (e, R} ) (1 5202

Case 1: GuideWeb in formation state

For a more detailed analysis of this formula asstina¢ all MapSynthesiser
start at the same time t = 0, i.e. GuideWeb ihndrocess of being formed. Then,
stochastically there is no difference betwegnald K, with respect to the size of
the route information available, thus

Kigoateoes) = Knlter) + (S(0) + 0 Min{K (), BT ) (1 oo

Case 2: GuideWeb in steady state

In this case the MapSynthesiser enters the systieem\t is already in steady
state. The information acquisition is only limitegt the processing power of the
computing platform, thus

Kinen(temen) = Kinten) + (S(T0) + o P(Ty) (1 _K|i2r:aEx )

3.3 Average Case Analysis

In order to evaluate this formula the average tasmalyzed. For that assume
that the encounters in which map information ishexged between vehicles in
traffic is with respect to time equidistant, itg= 1 for all n. Thus, dy.1)= ten + T.

The size of the map information available in MaptBgsiser i at the (n+1)-st
encounter is given by

Case 1: Kipuateme) = Kinlten) + (S(1) + o Min{K in(ten), R(1)}) (1 —%ﬁ)

max

Case 2: Kipuaftees) = Kalted + (S(0 + @ P(o) (1 o)
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3.4 Average Case Results

For the following it is assumed that the route infation corresponding to
3000 km road can be handled in MapSynthesiser wttctesponds to a payload
size for transmission of approx. 100 kB. When thengmission is based on
WLAN using the UDP protocol the payload is limited1522 Byte. Thus, the in-
formation to be transmitted is broken down in dalgachunks of payload whose
sizes don’t exceed 1522 Byte resulting in appréxniessages each representing
approx. 40 km of road information. A received megssél 1350 Byte payload)
needs less than 1 s processing time. This progetisie has been determined on
an ASUS 636N with Windows Mobile 5. But MapSynttsesiis not the only ap-
plication executing on the platform, at least aigation application runs in paral-
lel; therefore only a certain percentage is avéglédr MapSynthesiser execution.

In summary
Maximum length of 1 map (k) 3000 km (< 100 kByte)
75 messages (per 1 map): = 40 km per message
Processing time for 1 message =1s = | Pma =60/ min
Processing time fdvlapSynthesise?5% = |p =15/min
b

Traffic density: 30 veh./km @ 50 km/h (bot Traffic flow: 3000 veh./h

directions)

Case 1: Evaluation With Respect to Traffic Density
Figure 3 presents the results for the followingapaeter settings:

Parameter Value Traffic load class
o= 0,8
Traffic density = 10 — 40 veh. / km from low toryénigh
Traffic flow = 1000 — 4000 veh. / h
MapSynthesiser Density = 1% and 2%, resp.
Share of processing power|= 25%

3000 3000

2500 2500

2000 2000

£ 1500 E 1500

MapSyn density: 1,0%
1000 alpha: 0,8 1000
Proc Share: 25,0%
—Traffic density: 10
500 —Traffic density: 20 200

MapSyn density: 2,0%
alpha: 0,8
Proc Share: 25,0%
—Traffic density: 10
—Traffic density: 20
Traffic density: 30 Traffic density: 30

0 —Traffic density: 40 0 —Traffic density: 40

0 10 20 30 40 50 60 70 80 20 0 10 20 30 40 50 60 70 80 90

min min

Fig. 3: Road information in MapSynthesiser in km vs. acitjois time with traffic density as
varying parameter



Acquisition time in min of 500 km road information

Traffic density
MapSynthesiser density 10 20 30 40
1,0% 46 26 21 15
2,0% 26 15 11 9

Case 1: Evaluation With Respect to MapSynthesiserdhsity
Figure 4 presents the results for the followingapaeter settings:

Parameter Value Traffic load class
a= 0,8
Traffic density = 20, 30 veh. / km medium and high
Traffic flow = 2000, 3000 veh. / h
MapSynthesiser Density = 0,5% — 3,0%
Share of processing power|= 25%

3000 3000

2500 2500

2000 2000

E 1500 E 1500
Traffic density: 20 Traffic density: 30
alpha: 0,8 alpha: 0,8
1000 Proc Share: 25,0% 1000 Proc Share: 25,0%
—MapSyn density: 0,5% —MapSyn density: 0,5%
500 —MapSyn density: 1,0% 500 —MapSyn density: 1,0%
—MapSyn density: 1,5% —MapSyn density: 1,5%
—MapSyn density: 2,0% —MapSyn density: 2,0%
0 - z —MapSyn density: 2,5% 0 —MapSyn density: 2,5%
0 10 20 30 40 50 60 70 80 20 0 10 20 30 40 50 60 70 80 90

min min

Fig. 4: Road information in MapSynthesiser in km vs. asifioin time with as
MapSynthesiser density varying parameter

Acquisition time in min of 500 km road information

MapSynthesiser density

Traffic density 0,5% 1,0% 1,5% 20% | 25% | 3,0%
20 47 26 19 15 13 11
30 33 19 14 11 9 8

Case 1: Evaluation With Respect to Processing Pow&hare
The acquisition times in min of 500 km road infotioa for the following pa-
rameter settings

Parameter Value Traffic load class
a= 0,8
Traffic density = 20, 30 veh. / km medium and high
Traffic flow = 2000, 3000 veh. / h
MapSynthesiser Density = 2,0%
Share of processing power = 25% — 10%




show only minor variances with respect to the slvéirocessing power.

Processing Power Share
Traffic density 25% 20% 15% 10%
20 15 15 15 15
30 11 11 11 11

Case 2: Evaluation With Respect to MapSynthesiserdnsity

In this case the MapSynthesiser enters the systieem\t is already in steady
state. The processing of the data exchanged isathigriimited by the processing
power of the computing platform.

Figure 5 presents the results for the followingapaeter settings:

Parameter Value Traffic load class
a= 0,8
Traffic density = 20, 30 veh. / km medium and high
Traffic flow = 2000, 3000 veh. / h
MapSynthesiser Density = 0,5% — 3,0%
Share of processing power = 25%

3000 3000

2500 2500

2000 2000

E 1500 E 1500

/ Traffic density: 20 Traffic density: 30
/ alpha: 0,8 alpha: 0,8
1000 Proc Share: 25,0% 1000 Proc Share: 25,0%
—MapSyn density: 0,5% —MapSyn density: 0,5%
500 —MapSyn dens!ly’ 1,0% 500 —MapSyn dens!ty‘ 1,0%
MapSyn density: 1,5% / MapSyn density: 1,5%
—MapSyn density: 2,0% —MapSyn density: 2,0%
of —MapSyn density: 2,5% 0 —MapSyn density: 2,5%
0 5 10 15 20 25 30 0 5 10 15 20 25 30
min min

Fig. 5: Road information in MapSynthesiser in km vs. astigin time with MapSynthesiser
density as varying parameter entering GuideWelteiady state

The time to acquire 500 km road information is @ppil min in both cases.

3.5 Summary

Case 1: A MapSynthesiser enters GuideWeb in formain state

A MapSynthesiser enters a GuideWeb that is jushifag, i.e. the road infor-
mation exchanged in encounters is likely to behefd$ame size. From the results
presented above for a medium traffic load classaMhpSynthesiser density of
2% the acquisition time for 500 km road informatis@approx. 15 min.



Case 2: A MapSynthesiser enters GuideWeb in alreadsteady state

A MapSynthesiser enters a GuideWeb that is alréadysteady state, i.e. the
road information received is of maximum size. listbase the acquisition time of
500 km road information igpprox. 1 min.

4 Conclusion

In this paper the concept GuideWeb for vehicle gation support based on
v2v communication has been presented. It has beewrsthat GuideWeb is a
very suitable candidate for a commercially vialiedduction of v2v communica-
tion imposing a minimum requirement on networkiBg. using a broadcast com-
munication concept, important difficulties in v2gramunication are overcome or
circumvented, and due to its coordinate-based exgghdormat it is independent
of map suppliers and easily integrated in any drassistance system. GuideWeb
finds its application window beginning now untill #he challenges of the v2v
networking capabilities are resolved.

Further, the insights derived from GuideWeb deplegtrand its behavior al-
lows learning about v2v communication system pentoice. Keeping historical
data of the route segment attributes adds a nesV &f\complexity — the systemic
memory. However, the advantages of historical daedection of implausible at-
tributes or malicious users, computing trendstradle off favorably with the im-
plications of the systemic memory as shown by sathoh. Furthermore, by con-
cept the penetration level required for GuideWelfutaction is much lower than
in other v2v communication systems. The processiathodology allows that in-
formation about specific vehicles can neither beaeted nor traced, i.e. that pri-
vacy is ensured.
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