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ABSTRACT

SafeTRIP is an integrated project of the Europeaiot (total research effort: €11.5M) involving 2@rmers
from many European countries. Its primary goaloifficiently exploit the S-band communication W2A
satellite to improve road safety and to providéestd-the-art on-board communication solution foe transport
stakeholders.

Besides the communication issues in Intelligenn$port Systems (ITS) services, positioning sol&iare
also analysed within the project. Each SafeTRIFboard unit will include a GNSS receiver that iseabd
receive GPS, GLONASS and GALILEO signals. Solutidos improving accuracy and coverage will be
investigated, i.e. applying SBAS and GBAS systeseellite-based RTK solution, and — as a separate
subsystem — GSM-based positioning. Budapest Untyeo$ Technology and Economics (Hungary) and the
PIAP Industrial Research for Automation and Measwets (Poland) are responsible for the analysithef
positioning and navigation system requirementstaagositioning system architecture.

The paper discusses the architecture and the esrtiat will be supported by the SafeTRIP platform,
especially focusing on the positioning and naviaissues. The paper also includes the analysieqgiotential
of GSM-based positioning to support ITS services.
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INTRODUCTION

Satellite-based communication systems for use meso(Bly et al 2006) and cars have been adopted by
consumers in many parts of the world. The SafeTiiect aims to build on this success and utilizeea
generation of satellite technology to improve tladety, security and environmental sustainability road
transport.
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Figure 1. The SafeTRIP concept.
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While being open and capable of integrating otlmenmunication technologies (such as Ground Netwprks)
SafeTRIP exploits the S-band frequency range (Eidgr which is optimized for two-way communicatifam
on-board vehicle units. The S-band communicatiguires only a small omni-directional antenna onrtiabile
unit - making it suitable for the mass market. Eri$ solutions that use other frequency bands éfgr Ku-
band) and different satellite communication requ#&eer antennas thus being less suitable for iategn in
vehicles. As part of the SafeTRIP project, an ofafeTRIP platform is being implemented to hostises/for
improved safety and navigation, but also entertaininand advertising to vehicle occupants.

During the project, the consortium has chosen teeldp the full potential of this platform through
extensive user requirements and technical reseaxgerimentation and evaluation in field trials. pi@duce
the best system, and to ensure that end userbeniéfit of this integrated system once deployet BRIP will
develop and trial different applications in variotentexts, evaluate benefits and opportunitiesafoange of
stakeholders: individual travelers, transport besges, emergency services, local and national iganeet. At
the end of the project, the platform will remainadéable, open and flexible — capable of using alérve
communication technologies and integrate with égsand new ITS services.

SafeTRIP is an Integrated Project (IP) of 20 pagrieom 7 European countries, representing partwéls
a wide range of research and business and intexedtexpertise, coordinated by the motorway com&anef
of France. The total research effort is about & Irhillion, with funding of € 7.9 million by the Eapean
Commission (DG Research). SafeTRIP started in @ct@09 and will last 3 years; its main objectiseto
improve the use of road transport infrastructuresta optimize the alert chain in case of incidenthis will be
achieved through an integrated system from dataat@n to safety service provision.

POSITIONING TECHNOLOGIESINITS

Current ITS applications are mainly infrastructuseented and mostly based on roadside sensors.
Information about the traffic flow cannot be colied based on floating car data or on acquiringtionadata
from individual vehicles yet. However, assumingttinathe future all vehicles will be equipped wijbsitioning
and communication (to transmit location data) systthese applications are to be considered. CuGB&BS
systems provide the sufficient coverage and acgurac

In the field of ITS, individual navigation systerhave to be definitely supported by positioning folu
Recent systems make use of GNSS technology; thelafguents put emphasis on enhanced solutions by
receiving corrections from different positioningsgsms, in order to improve accuracy by Satelliteseia
Augmentation Systems (SBAS) and/or Ground Basedwamjation Systems (GBAS).

GNSS technologies are primarily GPS based, i.ethensystem that is operated and owned by the US
Department of Defense. Countries with substankipegence and improvement in their own satellitagehand
are currently developing their own global positimnisystem: Galileo (Europe), GLONASS (Russia), Cassp
(China), IRNSS (India). In the European market exgore devices are capable of receiving GLONASS and
Galileo signals, as well as exploiting SBAS posiibs (EGNOS in Europe, WAAS in the US, MSAS in
Japan).

While GNSS technologies are primarily based on shene of calculating the position on Earth by
measuring distances from satellites, GSM-basediposig use various methods; 2G, 3G and 4G systeams
different base station network architecture regagdhe GSM cell sizes, base station density, etc.

TEST MEASUREMENTS

Independent tests have been carried out by twoT®4Re partners. PIAP conducted tests on the road
network in rural areas of Spain and Poland, whi#EBconducted tests in urban environment and on meatys
in Hungary.

PIAP’s tests were focused on testing the GNSS vergiaccording to applicability and accuracy. BME
compared the code and phase measurement methodscéying both GPS and GLONASS signals and
analyzed the coverage in urban environment.

Outdoor tests were performed in two different gepbical areas in order to evaluate the coverage of
satellite signals under different longitude anduate values in Europe:

» Poland was chosen as a test site to be representdtzuropean north geographic area.
» Spain was chosen as the other test site to besepetive of European south geographic area.

Stationary tests were done only in Poland whiléstés mobile vehicles were performed in both coiestr
During the field tests a typical automotive patctivee antenna was used. GNSS signal received bgrtenna
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was transmitted to active antenna splitter and tbehparticular receivers that were investigatednd) the tests
(Figure 2).

Figure 2. GNSS board.

In Parallel, while GNSS board was live, a referedata source was used for gathering reliable coatipar
data using a reference Novatel receiver. Four sta¢gamms from the tested receivers as well as feeerece data
stream were gathered in a data logger for furthatyais in PIAP laboratory.

SBAS was available in all locations where testsemperformed in Poland (at PoznaKonin, Kutno,
Skierniewice, Warsaw, tofa, Biatystok) and in Spain (from Murcia to AlmerMalaga, Gibraltar, Cadiz).

Budapest Measurement Tests
Tests have been carried out at night in Budapesta¥igational Garmin and a TOPCON RTK receiver
were used at 0.5 Hz measurement rate with extantehnas mounted on a passenger car (Figure 3).

Figure 3. Test equipment mounted on vehicle.

The urban part of the test-drive consisted of reagiments that are surrounded by high buildingskirigc
the sky visibility. The RTK measurements were sigipgly successful compared to previous tests witter
receivers, although in many city roads only theigational unit provided position. Tests on motorweagused
on short time signal losses, e.g. passing undgog.

GSM-based Positioning Tests

The scenario where no GNSS based positioning itadée was also investigated. There are many method
to derive positioning information (e.g. angle ofiwal, time delay methods - Brimicombe and Li 20@8sed on
data provided by a single cell-phone, but mosteteé require specific hardware that need to baliedtby the
network provider. In order to avoid these requirate¢he method of network cell identification wasd. It is a
network-based proximity positioning method, alsown as Cell Identifier (CID), Cell of Origin (CO@y Cell
Global Identity (CGI) method. This approach ideesfthe approximate position of a mobile devicetigh
locating the cell base station that is currentlgdusThe position determined by the network is reatessarily the
co-ordinates of the geographical centre of a bell the mast location of the cell, and the sizthefcell.
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The GSM-based location data logging was done by tkeftware called Antennas
(http://ww.panix.com/~mpoly/android/antennas/rl.Qinning on a cell-phone Samsung Galaxy S (Android
0S).

During the GNSS measurements a mobile phone logge@ctual GSM cell information from which the
locations of the particular cellular antennas weeing derived. Because most of the network opesatonsider
this information as confidential, the databasehaf dpencellid.org site was used. Note that the agikd.org
database doesn't contain information about théscgfle for the particular area where the teste ha&en done.

DATA PROCESSING

For the evaluation of different receivers, PIAP dugereference receiver and mapped the positiors| of
GNSS device sources.

An important parameter to measure was the time ssacg to calculate the current position. Hot start
receivers can produce the current position intleas 1 second. It takes much longer (from 30 teekbnds) if
the receiver has a cold start. It depends on winaskof information are available and what is altiyustored in
a chipset (initial time, initial position, almanaephemeris data). All chipsets available on thekstagive
similar results of TTFF (Time To First Fix) (Tablg). The tests performed include measurements of
reacquisition time after leaving tunnels which ebble a very important parameter especially in damban
environment.

Table 1. Typical TTFF

Chipset Hot start Cold start
Venus 1s 29s
Orcam 1s 35s
U-blox 1ls 28's
Garmin 1ls 40 s

Accuracy is a measure that describes the differbeteeen obtained positions and real positionstter
words it is the degree of closeness of obtainedsareanent to the true value. The stationary testpea®rmed
in PIAP laboratory (Warsaw, Poland). The accuragtmn of an antenna used for experiments wagmiéated
with geodetic GNSS receiver that respects PolistioNal Geodetic Coordinate System. The results stiat
all tested receivers have different accuracy.

Precision is a measure of reproduced consistendetermined by taking repeated measurements in
unchanged conditions to see whether same or simdkults are produced (i.e. the ability to be rdpoed
consistently). For every receiver the distance feanh measured position to average position oluteiyethis
receiver was calculated. Then the average valti@i®fmeasure was calculated. Obtained resultsrasepted in
Table 2 below.

Table 2. Average distance from average position (precision)

Aver age position error

Aver age distance from average

(accuracy) position (precision)
Venus 0.677m 1.222m
Orcam 2.118 m 0.918 m
U-blox 0.400 m 1.146 m
Garmin 4,188 m 0.460 m

All four receivers satisfy basic requirements (10positioning accuracy, according to SafeTRIP system
requirements), however some of them have signifigdretter performance in some tests.
Generally, two kinds of receivers could be distisged:
» Accurate and fast (U-blox, Venus),
* Precise (Garmin, Orcam).
In summary, the U-blox receiver was found to beéefiaand more accurate, therefore it is definitelysfies
the positioning requirements of most applicatiokdditionally it is capable of receiving Galileo sigs.
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GIS Analysis of GNSS M easurements

The comprehensive analysis of the code and phaasurement is based on comparing the positions of
both the navigational and RTK receiver by mappimgnt on the same map. Raw data were transformeéukto t
same reference system (Hungarian National Proje@igstem) and then loaded into GIS software (Imégiy
Geomedia and the open source Quantum GIS werefaisdtht purpose). The trajectory shows that tisé path
went through the downtown of Budapest and alsoatonatl a motorway segment (Figure 4) (Orosz 2004).

[— 7

Figure 4. Test trajectory.

Besides the geometric information, GIS enablesathedysis of various attribute data that also hasenb
collected during the measurement. In addition tordimates, the GNSS receivers’ NMEA messages aontai
information about the number of visible satellitb§P values, etc (Husti et al. 2000).

This information can be mapped in GIS and therefoi® possible to find correlation with the surnoling
environment (Figure 5).

F

[

N
Garmin_PDOP pting ter

NP AN e
6107 Pem, . 7 T y ; i
708 %‘* P %%ﬁ ﬁé‘i Vig30
@ 81012 Gﬁ;@? GO, % ""?;\

C 5
gy 8, % = X
® 12to0 20 S Yy W

20to 38

Oxthon Uit . £

SEBMLIS

i
\.

Figure 5. Mapping the DOP values in Budapest.

In the downtown of Budapest tall buildings blocle wisibility of the sky, therefore high DOP valuzmn be
observed in dense urban areas (Figure 5).

Receiving signal of multiple systems can improve térritorial coverage, thus it is interesting taprthe
number of visible GPS and GLONASS satellites (Fégiy.
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Figure 6. Mapping the visible GLONASS satellites.

However, a number of applications require lanedlenvavigation and thus meter-level accuracy. In open
roads with clear sky visibility, these applicatiooan be supported with enhanced positioning systirais
involve SBAS. The test area was close to BME tlest &in EGNOS station on the roof of the main unityers
building (Adam et al. 2004). The TOPCON device ree# the EGNOS signals and the post-processing
confirmed that such complex positioning meets teenands of most ITS applications. Since the primary
purpose is to specify suitable GNSS solution fatipalar ITS application, no geodetic measuremergse used
for validating the GNSS accuracy; the map backgdo(an OpenStreetMap segment) were used as reference
instead.

Clear line of sight cannot be ensured in urbanrenment or even on motorways. Two types of signal
losses were identified:

e duration of 2-4 seconds, e.g. passing under a éiyjov
e duration of more than 10 seconds, e.g. in narrogett among tall houses.

All signal losses have been found in the databaddlEen mapped in GIS. It can be seen that eveRTie
receiver at 0.5 Hz measurement frequency catchhepsignal after 2-4 seconds after losing it by ipgsa
flyover in the motorway (Figure 7) (Ferencz 200Buch obstacles did not even affect the Garmin
measurements.
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Figure 7. Mapping the signal losses (duration is seconds).
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Processing GSM Data

The raw measurements logged by the phone contaifiottowing information: type of the network (e.g.
UTMS), network provider (e.g. T-mobile), LAC (Lodgat Area Code), CID (Cell ID) and signal strendtirst
of all the synchronization between the positionoinfation provided by the GPS receivers and the cell
information has to be ensured. In order to ach&fidly synchronized dataset, timestamps were used.

To identify the network operator a five digit numheas logged with every cell position (e.g. 2168@t
could be divided into two parts. The first parthie country wide Mobile Country Code (MCC, in Hunga16),
the second part describes the network providercatied Mobile Network Code (MNC, in Hungary e.g. T-
mobile: 30, Telenor: 01). This investigation doeslgal with the analysis of the different coverageeach
provider, this can be the goal of further invediiyzs.

In order to derive the exact location of the catiast, the LAC and CID information were used. Sitlee
network providers in Hungary haven't started aiciafflocation information service yet, and becaakthe fact
that the network providers consider cell's (madtsgation information as confidential, the freelgcassible
database of the opencellid.org was used.

With the derived position information of the ceflad by using the position information provided hg t
GPS receivers the measurements could be mappad¢rRBy
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Figure 8. Mapping Cell IDs to geographical locations.

As it can be clearly seen on Figure 8, in urbanrenment the phone changed cell more often; in mrba
areas more antennas are deployed closer to eaehrashonly in order to ensure coverage, but becafishe
high number of users. Moreover, there are not amni-directional antennas (providing 360° horizbnta
coverage), but directed antennas as well.

The main goal of the investigation was to determitether GSM based positioning could be used as an
alternative in deriving location information in asewhere the application of GNSS is limited (erguiban
canyons) or impossible (e.g. in underground gajages the required positioning accuracy is ardinedsize of
a building block (100-300 m). The high coveragehef GSM networks, and the almost cost-free measmem
(the mobile subscription penetration in Hungargusr 100%) makes the technology applicable astemalive
locating method

ASPRS 2011 Annual Conference
Milwaukee, Wisconsin ¢ May 1-5, 2011



RESULTS

For many ITS services the commercial navigatiomaeivers provide sufficient accuracy. However, in
tunnels or in garages the positioning has to beaued by an independent system, e.g. GSM-basetiopisg.
Most services require wide coverage rather thanlesml accuracy. Accuracy at 30-40m meter level is
appropriate for services such as tracking coachesldic transport vehicles.

RTK measurement’s main advantage is the improvedracy. On the other hand, RTK capable devices are
much more expensive than navigational units. Besid®mmunication technique is required to receive
corrections real-time.

Several services will be implemented and demorestratithin the SafeTRIP project to highlight the
benefits of the SafeTRIP platform. The servicesehbgen formulated based on extensive user requitesme
capture (SafeTRIP 2010). Table 3 summarises thiéigrdag requirements for each of them.

Table 3. Positioning Requirements for SafeTRIP services

Description Accuracy Interval Coverage
Required between Required

updates

This service provides tracking of Global &
Fleet . . . .
commercial vehicle such as coaches, 50m Not available | mostly outside
managemel . -
trucks and patrol vehicles. cities

This service can trigger an emergengy
call if a collision is detected. It also
allows an occupant of the vehicle to

Emergency Cs | trigger an emergency call by pressingla 1-15m Not available Global

button. The vehicle position along with

other information is then relayed to the
authorities or to a third party.

Stolen Vehicle | This service allows a stolen vehicle to be

Tracking tracked. 1-15m 15-20 seconds Global

This service allows the occupant to

i(s);(:,ti:lé request assistance in case of breakdown 1-15m Not available Global
or medical emergency.
Ideally 1 min
This service will allow Eurolines (a but can
Coach Trackin coach company) to track its coaches 50m tolerate Global
across Europe. intervals up to

10-15 minutes

It can therefore be deduced that most servicesotloeguire geodetic-level accuracy, but do neeialvid
positioning solution with broad (territorial) coegre. For instance many fleet operators have tranlscoaches
travelling across the Europe to Russia, Middle East North Africa — and it is paramount for safetyd
logistics reasons to know there the vehicles agdl éimes.

GSM-based positioning solution could be useful @mgk urban areas and anywhere on the road network
with no clear sky-visibility for applications whehégh accuracy is not essential and other positigsiolutions
are not available.
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CONCLUSION

Most of the SafeTRIP services can be supported MBS positioning. The widely used, inexpensive
navigational receivers are capable of ensuringdibsired accuracy, therefore there is no need fplyag
geodetic and RTK receivers for such intelligenhgort systems.

There are a number of situations where visibildythe satellite is reduced or is unavailable agritesd
earlier. In the case of the Emergency Service,siheed of response depends on a number of factdch wh
includes knowledge of the position of the vehiatwalved in an accident. In the event that GNSSas n
available, GSM-based positioning offers a chanceaee lives. This is critical for accidents thappen in
tunnels — where the chance of survival decreasesaquéckly with time. In addition, during adversesather
conditions (e.g. snow) when accidents and breakdave more likely, reduced visibility of the skyncaffect
GNSS positioning. Therefore, for such services, A&ded positioning can be used as a fallback method
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