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1 Introduction

The objective of this document is to present the Validation Plan of MITRA. The relationship of this
report to the MITRA WPs and other MITRA deliverables is visualised in the following figure.
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Figure 1: Context of Report

This report receives input from the D5.1a MITRA Validation Requirements (i.e. a set of user
requirements identified within WP 1 (documented in D1.1b)), which shall be validated by the MITRA
field tests) and provides a detailed description of the validation methods, either quantitative (statistical
analysis of data collected, comparison of position data collected with a high accurate reference
trajectory, etc.) or qualitative (description of test scenarios, questionnaire to be filled in by end users,
etc.).

Together with the logistic information required to perform the MITRA trials in Germany and
France/Spain (detailed tests schedule, list of users to be invited, etc.) this report provides the
guidelines for the MITRA field tests.

The results of the test campaigns will be documented in D5.2 and D5.3 for the trials in Germany
respective in France/Spain (key findings of both campaigns will be summarised in D5.4a).

The key conclusions of various reports related to the assessment of a future system for the transport of
dangerous goods (D5.4a, D5.4b, D4.1c, and D3.3) will provide inputs to the D5.5 MITRA Evaluation &
Impact Assessment Report, which represents the final outcome of the MITRA project.
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The MITRA test campaigns will be performed in Germany (Munich area) and in the border region
between France and Spain. Both trials will focus on different aspects of the MITRA system:

The test campaign in Germany includes:

Road and railway testing

- Accuracy assessment

EGNOS SisNet testing

- Galileo simulations.

The French / Spanish trial will focus on:

- Hand-over of a vehicle between two rescue centres

- Operational aspects in border regions.

The following map shows the locations of the MITRA validation campaigns.

Germany: Munich Area

France / Spain:
Perpignan - Barcelona

Figure 2: MITRA Test Areas - Overview
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1.1 Structure of the document

The present document is structured as follows:

Section 1 describes the background of the document

Section 2 describes the validation scenarios for the MITRA trials in Germany and France /
Spain, including a list of the audience invited to the MITRA trials and the user
guestionnaire, which will be distributed during the trials

Section 3 describes the methods used for quantitative data analysis (Positioning: GPS /
EGNOS / Galileo and Communication)

Section 4 contains the detailed validation schedule of the MITRA validation campaign.

1.2 Applicable and reference documents

1.2.1 Applicable documents

AD1

AD2
AD3
AD4

ADS

Contract No. FP6-511361, MITRA (Monitoring and Intervention for the TRAnsportation of
Dangerous Goods), Commission of the European Communities, Information Society
Directorate General, Specific Targeted Research Project (STREP), date of signature 26
July 2004.

Annex | to MITRA contract, Description of Work, 28 May 2004.
Annex Il to MITRA contract, General conditions, 23 October 2003.

Consortium Agreement for MITRA Project (contract No. 511361) — 6" Framework
Programme of the European Community (2002-2006) Information Society Directorate-
General - Version 1.0 of 14 July 2004, revision 01 of 16 August 2004.

MITRA Steering Committee #3 Minutes of Meeting, MITRA/MM/M3S/WP0/SC-05-05-
20/v2.0 — version 2.0.

1.2.2 Reference documents

RD1
RD2
RD3
RD4
RD5
RD6

D1.1a 1st MITRA Workshop Report, version 1.0 31/01/2005.

D1.1b MITRA User Requirements, version 3.0 03/05/2005.

D1.2 MITRA Functional Specifications, version 3.0 03/06/2005.

D3.1 MITRA Architectural Design Document, version 2.1 06/06/2005.
D3.1b MITRA Interface Control Document, version 3.0 20/08/2005.
MoM MITRA SIR / Steering Committee Meeting version 1.0 14/12/2005
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2 Validation Scenarios (Qualitative Evaluation)
2.1 Scenarios for MITRA Validation

2.1.1 Germany

The map hereafter shows the envisaged test area for the road and rail test in Germany. The lines of
the regional railway operator Bayerische Oberlandbahn (BOB) are represented by the black track
signatures. The three final destinations, which can be reached from Munich Central Station: Lenggries,
Tegernsee and Bayrisch Zell are marked by black boxes. The route of the MITRA vehicle starting at
Telematica’s premises in Linden is shown by the purple arrows. Near Otterfing (green circle) an
accident between the vehicle and the BOB will be simulated and near Lenggries a big event (ski race)
will be simulated. The test drive will terminate in Vorderrif3.

Otterfing

Lenggries

‘ Vorderrif3 ‘

Figure 3: MITRA Test Area - Germany
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The following scenario will be validated:

Timing Events MITRA system German Civil
(mn) Security Team
BOB starts operation (6.20)[The OBT will be activated Not yet operating
automatically
TO MITRA UMT will be UMT displays the BOB The operator monitors the
switched on nominal situation
TO + 10 The “MITRA truck” starts in JUMT displays the “MITRA The operator monitors the

Linden

truck” and the BOB

nominal situation

The UMT operator can use the zooming feature of the HMI
and displays specific concentrations of population in zones,
buildings, commercial centres, schools, camping, etc.

The UMT operator displays several GIS layers

The UMT operator displays the information about the Virtual
Identity Card of the vehicle:

Vehicle ID

Vehicle license number

Carrier (vehicle company owner name)
Products permitted

Driver license number

Driver clearances to carriage certain transport
Pre-planned route

Cargo UN number

Cargo Hazard Identification number

Packing group

Current cargo amount

Cargo recommended status (temperature, pressure)
International Chemical Safety Card number
Type of vehicle transporting dangerous goods

The UMT operator displays the Transport Document

Vehicle company owner name

Vehicle type

Tare (kg, total vehicle tare)

Item List (describes the followings freight attributes):

O O0OO0OO0OO0O0OO0OO0OO0OOo

Cargo UN number

Technical name

Packing group

Place of loading

Loading time

Place of discharge

Discharge time

Initial cargo amount

Cargo Hazard Identification number
Cargo recommended status (temperature,
pressure)
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Timing Events MITRA system German Civil
(mn) Security Team
TO + 25 The “MITRA truck” enters ajA tunnel alert will be generated|[The operator monitors the
tunnel (Sauerlach) tunnel alert situation
TO + 40 The MITRA truck leaves  [The MITRA truck can again be[The operator returns to
the tunnel monitored nominal operations
TO+55" [Truck driver has a collision [The UMT displays an alert The operator gets aware of a
with the BOB at a railway |situation, triggered by the possible alert
crossing in Otterfing. He  jonboard panic button
pushes the Panic Button
before fainting
MITRA displays an alert Alert confirmed by sensor data
situation, triggered by the
onboard shock detection
TO + 57 A witness calls the 112 Operator receives the phone
emergency call on his call of the witness
mobile phone (the witness
is under panic, unable to
give any information on
tank contents and
circumstances). The
railway did not recognise
the crash and continues
operation.
TO + 58 Police team is leaving
TO + 60 MITRA displays the situation [The operator correlates the
related to the alerts. Pressure |information received from the
is still at nominal value (P=11 |[112 call with MITRA UMT
bar) display. He recognises both
sets of information relate to the
same event.
TO + 62 MITRA displays worst case consequences (distances).

The operator displays:

precautions

near hospital

hazard information of the substance

emergency treatment of the victims

! Time schedule to be harmonised with the schedule of the BOB wagon, equipped with the MITRA OBT, on demonstration day.
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Timing Events MITRA system German Civil
(mn) Security Team
TO + 70 The operator informs the
rescue team of the risks linked
to the product:
“The tank contains a
pressurised liquefied product
highly flammable. All extinction
means can be used. Risk of
explosion in case of sustained
exposure to fire”
TO + 78 Police team on the spot:  |Operator enters circumstances and atmospheric conditions
Confirmation of into the system.
accident, .
. MITRA provides a second consequence assessment based
casualties on the information provided by the field team
Confirmation of P y :
product nature The operator transmits new effect distances to the rescue
Information on teams
atmospheric
conditions
TO + 85 MITRA terminal indicates |[Operator notes that T and P keep increasing
%ntﬁ\e/iglnnkczgisinggbggnd P The operator analyses the information and acknowledge the
consequences evaluated by MITRA: “Risk of explosion above
a given pressure” (Risk of explosion above 25 bar).
The operator warns the field teams
TO + 90 Temperature and pressure The operator monitors the
are decreasing to standard “MITRA truck” and the BOB
values. The field team both operating under nominal
returns to the headquarter conditions
an the “MITRA truck” can
continue on his route to
Austria
Lunch Break for Demonstration Guests
TO + 150 [The “MITRA truck” is An alarm is triggered by the T [The operator monitors the alert

approaching Lenggries and
the T is increasing again

sensor and displayed at the
UMT

situation and displays
information on regional events:

“A ski race takes place and the
2" heat of the women slalom
will take place at 14.00,
Martina Ertl-Renz, who is a
local, has the second best time
in the first heat and therefore a
lot of people are expected to
watch the race”
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the Sylvenstein reservoir to
\Vorderriss (mountainous

environment)

Timing Events MITRA system German Civil
(mn) Security Team
TO + 155 The worst case scenario is The operator monitors the
calculated and displayed by  |current T data and the
the UMT potentially effected area.
TO + 160 [T is decreasing to nominal |Alert is cancelled Operator returns to nominal
values monitoring
TO + 180 [The “MITRA truck” passes [The 3D visualisation tool of MITRA will be demonstrated
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2.1.2 France / Spain

A “MITRA vehicle” simulating a tanker transporting acrylonytrile is driving on the NR 11 from Spain to
France. After crossing the border in Le Perthus it enters French territory. In this situation an accident

will be simulated. The test area is visualised by the following map.

Figure 4: MITRA Test Area - France / Spain
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The following scenario will be validated: 2

team is leaving

Timing (mn)  [Events MITRA system French Civil Spanish Civil
Security Team Security Team
TO-1 Truck driver  [MITRA displays an alertfCODIS officer gets (optionally, Spanish
gets a trouble. [situation, triggered by Jaware of a possible forces could be
He pushes the [the onboard panic alert. informed by MITRA
Panic Button [button from the beginning)
before fainting.
TO Collision MITRA displays an alerjCODIS officer gets
Truck/car situation, triggered by [aware of a possible
the onboard shock alert.
detection
TO + 1 Car driver calls “l am involved in an
the 112 accident at (location to
emergency call be defined) with a tank
on his mobile truck, 2 cars and a
phone (the trailer. 2 persons
witness is injured but conscious
under panic, and valid. Truck driver
unable to give is unconscious in his
any cabin. A car is in fire
information on under the tank”
tank contents
and
circumstances
TO + 2 First Rescue Rescue team is leaving

on the basis of the 112
emergency call (hormal
procedure, no specific
means)

CODIS MITRA displays the CODIS Officer
correlates situation related to the |correlates 112
Information alerts. Pressure is still [information with MITRA
at nominal value display, based on
accident location. He
P=11 bar. recognises it as a same
single event
MITRA MITRA displays worst |CODIS Officer
provides first [case consequences interrogates MITRA
consequences terminal to get products
assessment characteristics

2 Scenario description provisional and subject to rework at current stage.
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Timing (mn)  [Events MITRA system French Civil Spanish Civil
Security Team Security Team

TO + 4 CODIS Officer "Message to all
informs the vehicles engaged on
rescue team of the zone « to be
the risks linked precised »: the tank
to the product contains a pressurised

liquefied product highly
flammable; All
extinction means can
be used. Risk of
explosion in case of
sustained exposure to
fire. | am engaging
additional forces”

TO + 6 CODIS Officer “Message to the Civil |Spanish team is sent
informs the Security in Barcelona »:jaccording to their
Spanish Civil MITRA Alert - a heavy |procedure, but with the
Security of the accident took place at jadequate equipment
situation and "location to be defined” |derived from the
asks themfor { ... ; 3rescue vehicles |knowledge via MITRA
an additional are engaged..... we of the product and
rescue vehicle. request the help of one |conditions

support vehicle on your
side”

TO + 12 French rescue Rescue team to (optionally, a truck
team on the CODIS: Confirmation |coming from Spain,
spot accident, casualties, heading to the accident

fire of the car. spot, could be stopped
Confirmation of product or diverted)

nature.

Information on

atmospheric conditions

TO + 13 MITRA Operator enters CODIS transmits new |New effect distances
provides a circumstances and effect distances to the [are transmitted to the
second atmospheric conditions |rescue teams. rescue teams.
consequences finto the system. MITRA |Instructions for a Instructions for a
assessment (algives new effect security perimeter on  [security perimeter on
priori not distances. French side. Spanish side.
maximal effect
values — the
risk is still
judged to be
limited and
under control)

TO + 17 Rescue team Rescue team to

reports
execution of
preventions
measures
according to

instructions

CODIS: “Victims
evacuated. Perimeter
of security of xx metres
installed (according to
instructions)”.
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Timing (mn)  [Events MITRA system French Civil Spanish Civil
Security Team Security Team

TO + 17 Spanish
rescue team
on the spot

TO + 18 Operator notes|MITRA terminal CODIS Officer
that T and P |indicates an ever analyses the
keep increasing T and P in  [information and
increasing; he [the tank. acknowledge the
warns the P= 19 bar consequences
CODIS Officer evaluated by MITRA :

risk of explosion above
a given pressure

TO + 19 CODIS “Temperature and Same message
message to pressure are
the teams on increasing : initial
the accident pressure was 11 bar,
spot to alert current pressure is 19
them of the bar, risk of explosion
new risk above 25 bar”

TO + 20 Rescue team Rescue team to Information transferred
states there is CODIS: “Difficulty to  [to Spain Civil Security
a risk of losing extinguish and cool.
control of the Fire is propagating to
situation the truck. Water
(unrealistic reserves insufficient.”
accumulation
of hazards for
the sake of the
demonstration)

TO + 22 Max MITRA terminal CODIS to Rescue Same message
temperature is [indicates an alert team:
reached: related to reaching the “The tank is reachin

: maximum allowed . . 9
CODIS radio its maximum allowed

pressure .

message pressure. Imminent
inform rescue |P= 25 bar explosion risk. Order to
team of the withdraw all personnel
imminence of beyond 500m. Highly
an explosion toxic combustion gas ;
and order plan a wide evacuation
them to zone windward”
withdraw at
safe distance.

TO + 23 Rescue teams French team withdraw [Spanish team withdraw
withdrawal; at safe distance; at safe distance;
safety Civil Security puts in  |Civil Security puts in
measures ) )
rowards place appropriate place appropriate

. safety measures to safety measures to
populations . i
protect populations on [protect populations on
French side. Spanish side.

TO + 30 Explosion of Information to the Information to the

the tank populations populations
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2.2 Invited Audience

2.2.1 Germany

A first announcement indicating the tentative date for the MITRA trials in Germany was sent via e-malil
on 23.12.2005. The final invitation will be distributed till 15.1.2006.

EC

- Mr. Barbas, MITRA Project Officer, EC - DG INFSO
- Mr. Elsner, EC - DG TREN

- Mr. Koolen, EC - DG INFSO (E112)

- Mr. Laakso, EC - DG TREN

- Mrs. Bucella, EC - Civil Protection Group

MITRA ADVISORY COMMITTEE

- Mr. Hoffmann, Federal Ministry of Transport, Building and Urban Development Germany
- Mr. Malenstein, National Police Agency Netherlands

- Mr. Orazi, Civil Protection Luxembourg

- Mr. Palma, Generalitat de Catalunya

- Mr. Quiroga, SAMUR Madrid

- Mr. Rein, Federal Ministry of Transport, Building and Urban Development Germany
- Mr. Sanz, Fire Brigade Madrid

- Mr. Schwanebeck, University of applied Sciences Bremerhaven, Germany

- Mrs. Flock, BGL (Bundesverband Guterkraftverkehrlogistik und Entsorgung e.V.)

- Mrs. Gasulla, Generalitat de Catalunya

- Mrs. Gennen, IRU (International Road Transport Union)

- Mrs. Geysels, IRU (International Road Transport Union)

- Mrs. Speckmann, Fire Brigade Duisburg
AUDIENCE
- Mr. Beika, TU Berlin

- Mr. Fischer, Logistic Centre Prien

- Mr. Gomoll, Police of Mecklenburg-Vorpommern

- Mr. Hansmann, Dornier Consult

- Mr. Hecht, TU Berlin

- Mr. Helmke DSLV / FIATA and DHL Freight GmbH

- Mr. Mecklenburg, Police of Mecklenburg-Vorpommern

- Mr. Molitor, Bundesamt fiir Bevélkerungs-schutz und Katastrophenhilfe (BKK)

- Mr. Nussler, Fire Brigade Aachen and Internationaler Feuerwehrverband (CTIF)

File name: MITRA_D5.1b_TLM_WP5_Validation Plan_v1.2.doc Page 20/ 33




Project: MITRA - FP6 - STREP (511361)
Title: D5.1a MITRA Validation Plan

Ref: MITRA/Validation Plan/TLM/D5.1b/V1.2
Version: 1.2

Date: 30/12/2005

- Mr. Pracht, Bavarian Mountain Rescue - Section Schliersee

- Mr. Rinkewitz, Leiter Zentralstelle fiir Verkehrssicherheit, Bildungsinstitut der Polizei
Niedersachsen

- Mr. Schauble, Head of Fire Brigade Munich

- Mr. Schlosser, Bavarian Police

- Mr. Spiegler, Bavarian Ministry of Interior

- Mr. Trepesch, Vereinigung zur Férderung des Deutschen Brandschutzes e.V. (vfdb)
- Mr. Vogt, Deutsche Bahn AG — Notfallmanagement Brandschutz

- Mr. Wunschik, Bavarian Ministry of Interior - SIZ

- Mr. Zunker, Eurotelematik

- TBD, Bayerische Oberlandbahn

PRESS

- Mr. Heins, Journal: Gefahrliche Ladung
- Mr. Hiller, Mercatorpark
- Mrs. Schweidler, IST e-bulletin

2.2.2 France / Spain

A list of potential participants will be generated and the invitation will be distributed till 3.2.2006.

File name: MITRA_D5.1b_TLM_WP5_Validation Plan_v1.2.doc Page 21/ 33




Project: MITRA - FP6 - STREP (511361)
Title: D5.1a MITRA Validation Plan

Ref: MITRA/Validation Plan/TLM/D5.1b/V1.2
Version: 1.2

Date: 30/12/2005

2.3 User Questionnaire

To collect and document your feedback to the demonstration of the MITRA system given today, please
fill in this short questionnaire (~10 minutes), thank you very much.

The questions will focus on:

1) the overall MITRA concept in general

2) the different elements of the MITRA system in general
3) the MITRA performance as demonstrated today

4) the functionalities of MITRA implemented so far

5) the future implementation and next steps

6) free Comments

Organisation / INStUte / COMPANY: ... ...ttt e e e et e e e e e aenens
Yo [ | {1 PP TRPRRN
Tl FaX: oo
E-Mail: ...

1) The overall concept of MITRA is to combine: Positioning — Mobile Communication — Geographic
Information System / Risk Knowledge Platform to enhance the safety of dangerous goods transport.
Do you think this concept is:

helpful
not helpful

Remarks (if you want to explain your Statement): ........e i e
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2) How do you assess the various elements of the MITRA system in general?

a) Stand-alone GPS for positioning purposes?

sufficient
not sufficient

Remarks (if you want to explain your statement): ... ..o e

b) GSM (SMS) as communication link?
sufficient
not sufficient

Remarks (if you want to explain your StatemeEnt): ........e e e e

¢) GIS to visualise and handle spatial data (digital maps, position of vehicles, etc.) ?
sufficient
not sufficient

Remarks (if you want to explain your statement): ... ..o e

d) Risk Knowledge Platform to provide information on dangerous substances, countermeasures,
calculate effect distances, etc.?

sufficient
not sufficient

Remarks (if you want to explain your Statement): ..o
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3) At current stage MITRA is a functional demonstrator NOT an operational system. Nevertheless we
are interested in your assessment of the technical system performance of MITRA as demonstrated
today?

Excellent

Good

Acceptable
Improvements necessary
Poor

Remarks (if you want to explain your statement): ... ...

4) Various functionalities of the MITRA system have been demonstrated today. From your practical
background: Which functionalities do you assess as:

Helpful for YOUr OPeratioNS: ... .. e e e e e e e e e e et e e et e e
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5) Can you imagine implementing a “MITRA-like” system in your organisation?
Yes
No

Remarks (if you want to explain your Statement): .......oeoeiie e e e e
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3 Data Analysis (Quantitative Validation)
3.1 Positioning

3.1.1 Static Validation

3.1.1.1 GPS/EGNOS

To assess the performance of EGNOS static trials in Munich will be performed by Kayser-Threde using
the SISNET breadboard. The SISNET breadboard will allow comparing a GPS receiver’'s performance
with and without external correction messages. Therefore three different test scenarios will be run and
their results will be compared:

GPS-only
SBAS correction messages received directly from EGNOS satellite (normal SBAS operation mode)
SBAS correction messages received from SISNET (DGPS mode with RTCM input)

The receiver will be operated in a static environment. The receiver's antenna will be mounted on a
precisely surveyed position on the roof of Kayser-Threde’s main building. Then position data will be
collected for approximately one hour for each test scenario. In order to have the same satellite visibility
conditions, the three test scenarios will be run at the same time of day on three different days. Several
test runs may be performed at different times of day to compare the performance at different DOP
levels.

The position residuals for all three test scenarios will be calculated by subtraction of the measured
position from the known true position of the static mount. Mean values and standard deviations of the
residuals will be calculated. In addition the availability of correction data will be compared for the two
scenarios which use them.

The calculated position residuals of all three scenarios will be compared with each other to determine
the overall navigation performance in each scenario. Thus an evaluation of the performance gain
provided by the use of EGNOS and SISNET can be made.
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3.1.2 Dynamic Validation

3.1.21 GPS

The quality of position information derived from the MITRA system will be assessed by quantitative
analysis. Therefore it is necessary to determine the position by the MITRA system itself as well as a
reference with high accuracy. The key objective is to evaluate the performance of the MITRA
positioning system in terms of relative and absolute accuracy, availability, integrity, continuity, etc. in
different environments ranging from “Urban” via “Rural” to “Mountainous”). For this purpose an
appropriate test area was chosen (see chapter 2.1.1).

During the accuracy assessment campaign in Germany a high rate GPS receiver (Javad Lexon-
GGD160T) will be used to provide RINEX (Receiver Independent Exchange Format) data for the
envisaged accuracy analysis. RINEX is a set of standard definitions and formats to promote the free
exchange of GNSS (Global Navigation Satellite System) data. The selected Lexon-GGD160T has 20
channels of dual frequency GPS and GLONASS with options such as high rate data acquisition, In-
Band Interference Rejection, Common Tracking, Advanced Multipath Mitigation, frequency and timing
signals. In addition to usual serial ports, it has USB 1.1 and Ethernet interfaces. The receiver is to be
mounted on the MITRA test-vehicle. After the MITRA trials the GNSS observations will be converted
from the proprietary Javad data format into the RINEX format. For the accuracy analysis the RINEX
data will be post processed with the data collected during the trials at a surveyed reference station to
provide a reference for the computation of differential GPS positions. In this case the two permanent
reference stations MUEJ (Munich, Germany) and HFLK (Innsbruck-Hafelkar, Austria) will be used,
which are an integral part of the International GPS Service (IGS) network. Both stations provide GPS
(HFLK) or GPS / GLONASS (MUEJ) observations in a receiver depended raw data format with a data
rate of 1 Hz.

MITRA test area

Figure 5: Lexon-GGD160T GPS Receiver Figure 6: IGS Reference Stations MITRA Trials

Using the Ntrip (Networked Transport of RTCM via Internet Protocol) -Client “GNSS Internet Radio”,
provided by the bkg (Federal Agency of Cartography, Germany) registered users are able to record the
data online via Internet. The used Ntrip stands for an application-level protocol streaming GNSS data
over the Internet. Ntrip is a generic, stateless protocol based on the Hypertext Transfer Protocol
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HTTP/1.1. The HTTP objects are enhanced to GNSS data streams. Ntrip is implemented in three
system software components: NtripClients, NtripServers and NtripCasters. The NtripCaster is the
actual HTTP server program whereas NtripClient and NtripServer are acting as HTTP clients. For
further information see www.bkg.bund.de.

The recorded raw data of the reference stations will be converted in RINEX using the free software
toolkit TEQC (Translation, Editing, and Quality Check) provided by UNAVCO (http://facility.unavco.org/
software/teqc/teqc.html). TEQC is a simple yet powerful and unified approach to solving many pre-
processing problems with GPS, GLONASS, and SBAS data:

translation: binary data reading/translation of native binary formats (optional RINEX file
creation or OBS, NAV, and/or MET files or optional creation of BINEX)

editing and cut/splice: metadata extraction; editing, and/or correction of RINEX header
metadata; or BINEX metadata records; as well as cutting/splicing of RINEX files or BINEX
quality check: quality checking of GPS and/or GLONASS data (native binary, BINEX, or RINEX
OBS; with or without ephemerides)

These three main functions can be performed altogether, in pairs, or separately.

During the following GPS Postprocessing high accurate GPS baselines (< 0.5 m) between reference
and rover will be computed using the Static & Kinematic GPS Postprocessing Software SKI from Leica
Geosystems with kind support of the Chair of Geodesy at the Technical University of Munich. SKiI
offers several possibilities for a reliable determination of carrier phase-based (kinematic on the fly)
GPS positions with high accuracy (few cm — dm under good conditions) as well as for the computation
of pseudorange-based differential GPS baselines with an accuracy of approximately 1m in case of
disturbed satellite signals or long baselines between reference and rover.

Finally the availability and accuracy of the stand-alone GPS position (MITRA system) and the
differential GPS positions of the reference receiver will be evaluated. For this purpose both computed
tracks will be visualized on geo-referenced maps and several numerical analysis will be performed,
e.g. percentage of availability of MITRA system and reference receiver positions, computation of the
relative accuracy between the MITRA system and the reference receiver.
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3.1.2.2 Galileo

Data from the high rate receiver described in Chapter 3.1.2.1 together with simulated Galileo data shall
be used to assess the potential service improvement when additional Galileo signals will be taken into
account. Due to the fact that a sufficient number of Galileo signals will not be available during the
project, virtual Galileo data will be produced by means of simulation.

To get the information regarding the acquired GPS satellites in view during the field tests, the
dedicated PRN numbers as well as information concerning elevation, azimuth and signal strength of all
acquired satellites have to be recorded by using NMEA GSV data packets. In addition to this NMEA
GGA data packets will be used to record the positioning information to determine the rounded
trajectory of the measurement car.

The data of the road field tests will be used to develop an analysis tool as part of the NAVSIM simulator
to provide a model of the visibility of satellite navigation signals depending on the real geometric
scenario. Therefore the urban environment where the field trials took place shall be modelled with a
synthetic environment. The first approach is to model the environment by using the information directly
coming from the measurement campaign. A second approach consists in the modelling of the real
environment by using a simple rectangular shape for buildings, whereby therefore a vector channel
simulator has to be used. For this second approach it has to be mentioned that a comprehensive
database of the environment of the field tests or dedicated parts of this (e.g. urban canyon, normal
urban environment, and rural environment) is required.

Resulting from this processing, a shadowing model of the environment shall be derived which then will
be integrated into the NAVSIM simulator. Due to the fact that NAVSIM enables the simultaneous
simulation of GPS and Galileo, a set of simulation runs concerning the determination of satellite
availability and the variation of the geometric constellation (DOP — Dilution of Precision) for each of the
environmental scenarios will be done.

In a last step the improvements in the service availability when using additional Galileo signals by
comparing GPS-alone solutions with combined solutions will be investigated.
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3.2 Communication

For a period of 2 weeks a MITRA OBT will be installed on the locomotive of the Bayerische
Oberlandbahn (BOB), a regional railway operating in the area south of Munich, to collect data.

Figure 7: Bayerische Oberlandbahn (BOB)

Due to the fact that the locomotive runs on daily changing routes (see map provided in figure 3) data
for a wide area could be collected. An overview on the various trains leaving the Central Station in
Munich and their composition of wagons bound for different destinations (Bayrischzell, Lenggries, and
Tegernsee) after being decoupled in Holzkirchen, as well as the network plan of the various lines are

shown by the following figures:

Figure 8: Bayerische Oberlandbahn (BOB) Train Compo  sition
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Figure 9: Bayerische Oberlandbahn (BOB) Network Pla  n

The quality of the communication link used for the MITRA system will be evaluated by statistical
analysis of the data collected during the rail trials in Germany. The data will be collected during regular
operations of the trains from 6.00 — 23.00. During the night the messaging will be switched off. The
tracking interval will be set to intervals between five to ten minutes.

The data collected will be stored at the KT-Server and evaluated in terms of communication quality. In
detail the following parameters can be investigated:

Reliability: Number of received messages compared to expected number of messages (test
duration divided by message interval)

Latency: Reception time of position messages at the CS compared to time of position
determination.
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4 Validation Schedule

MITRA schedule
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