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Preface

ASTRON (Applications on the Synergy of satellite Telecommunications, eaRth
Observation and Navigation) is one of the eleven projects of the Space Applications
Institute (SAIl) for the 5th Framework Programme (1999-2002). ASTRON investigates
the synergy of the three space technologies with the aim to identify, develop and
demonstrate sustainable space applications. ASTRON is under the responsibility of the
SSSA (Strategy and Systems for Space Applications) Unit of SAl. On the 19th of
January 1999, SAl organised an Information Day in Ispra, Italy. The objective of the day
was to give information about the results of the ASTRON Pathfinder Phase (1996-1998)
and to present the initial plans for the next 4 years. The day was an open event. In the
morning, information about ASTRON was flowing from SAl to the attendants (what was
done, what is planned). In the afternoon, information was flowing from other services
that undertake projects / activities relevant to ASTRON. Services in this respect were
either EC services (DG lil, VI, XIl, XIil, JRC) or external to the EC (space agencies,
data providers, space segment operators, etc). This volume includes the presentations
of speakers and the list of participants.






AGENDA, 19 January 1999
ASTRON Information Day

Session 1: ASTRON (background, status and plans; chair: P. Churchill, EC

» Welcome - P. Churchill, SAI

* ASTRON - Introduction and Background - M. Ketselidis SAI

* A market perspective: benefits for Europe from integrating space technologies -
S. Howes, ESYS

* Case Study 1: Distribution of meteodata over satellite - D. Bestwick, AVANTI

Session 1 (contd.)

* Case Study 2: Distribution of EO data from the Vegetation archive - S. Vizzarj
MSI

* Synergy of EO and Navigation - V. Ashkenazi, NS Ltd

* ASTRON: Current status and plans - M. Ketselidis, SAI

Session 2: EC Round Table (EC projects / activities relevant toAstron);
chair: P. van Nes, EC

* DG III - Industry - E. Cremer

* DG VII - Transport - C. Edmonds

* DG XII - Science, Research and Development - T. Businaro

* DG XIII - Telecommunications, Information Market and Exploitation of
Research - B. Barani, W. Boch, M. Monteiro

* JRC - Joint Research Transport (P. Van Nes, J. Aschbacher)

Session 3: Non-EC projects / activities relevant to ASTRON; chair: P.
Churchill, EC

EQO Data Providers

« EUMETSAT - W. Dillen

* Spot Image - L.F. Guerre

* Space Imaging Europe - N. Spiropoulos




AGENDA, 19 January 1999
ASTRON Information Day

Satcom Operators
* EUTELSAT - M. Nikolaidis
» SES / ASTRA - P. Glover

Space Agencies

* ESA - E. Rammos

* CNES - G. Blondeau
* DLR - A. Jungstand
*« BNSC - R. Robinson




SESSION 1
ASTRON: background, status and plans







ASTRON: INTRODUCTION AND BACKGROUND

M. KETSELIDIS, JRC, JOINT RESEARCH CENTRE







ASTRON - Introduction and Background

(mid 1996 - mid 1998)

Applications on the Synergy of
satellite Telecommunications,
eaRth Observation and Navigation

Objectives:

* To investigate the synergy between satcoms, EO and satnav
in order to develop innovative and sustainable applications.

* To provide direct support to the EC services responding to
their requirements, in the areas of our technical competence

® Space Applications Institute
Unit: Strategy and Systems for

Space Applications EUROPEAN COMMISSION

ASTRON timeline and SAIl evolution

[ Specific actions  —p>
[ Preparatory work I
T

T — 4h FWP ! < 5th FWP

l 1995 ! 1996 1997 ! 1598 ! 1999 | 2000 i

! {
[ 1RSA becomes SAI | | CEO Unit becomes SSSA Unit |
T i

i 1

Space Applications Institute JOINT
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EO requirements for on-line access

from metadata to data

User searches and finds data User searches and finds data
on-line. Data are delivered on-line. Data are also
in the conventional manner. delivered on-line.

- 8

. iMetmfauB;I '

CEO Progr

Metadata

Space Applications Institute JOINT
%f\/ Unit: Strategy and Systems for EEESI’\ITE‘?E%CH
Space Applications EUROPEAN COMMISSION

Synergy of space applications: Examples

e EO and satcoms

=< Information Broadcast: Distribution of the same data to 1000
users may be cheaper using satcoms than with telephone
lines: One transmission, instead of a thousand.

QO Meteorological data

= Areas of poor infrastructure: In developing countries satcoms
may represent the only efficient way for information transfer.
Q Certain Users of Vegetation data
Q EO receiving stations in Usbekistan, Mongolia, Antarctica.

=> Monitoring networks: Collection of monitoring data

Q A FPIV project regularly transmits sea state and positioning data from sea
buoys to a central site, over satellite. These data would normally be
retrieved manually.

¢ EO and navigation

< Improved products

Q Two FP IV projects use the GPS signal delay to improve atmospheric water
vapour measurements for operational meteorology.

Space Applications Institute g JOINT
%&/ Unit: Strategy and Systems for S %ESEA%CH

Space Applications EUROPEAN COMMISSION




Synergy in other EC FPV preparatory work

The 5FP and Space Technology Applications (SEC(1998)1055, June 98) :
... The three areas of space technology applications in communications,
navigation and EQ together constitute the different facets of a challenge.
Integration of several of these applications under a common satellite
infrastructure can pave the way towards systems that offer global information
services, and development of generic critical technologies for such systems will
benefit several applications at the same time... I

Report on R&D, DG Xlll (ACTS) Satellite Working Group, Jan 98 (BNSC,
CNES, DASA, ALCATEL, ALENIA, ESA, IMARSAT, EUTELSAT, THOMSON,
FT, BT, EUROSPACE, TELESPAZIO, SAAB):11 technological fields are
proposed as themes for EC support in the 5FP: Components, RF elements, ...,
Links to EO and navigation.

input
for FPV

Space Applications Institute JOINT
%f\.{ Unit: Strategy and Systems for m%ﬁEiIEﬁ%CH
Space Applications EUROPEAN COMMISSION

ASTRON - Background work (1)

1996: Workshop ‘Effective synergy of EO and satcoms’

Ispra, Dec. 1996

1997: 1 Report, ‘Satcoms survey 1997’ Commuricasons | 3 re-prints fodate

1998: 4 Reports,

‘Satcoms survey 1998’

‘Distribution mechanisms of EO data providers’ (2 parts),
‘Past projects on the synergy of EO and satcoms’,

‘EC Space Compendium 98’ (in support of the EC SCG)

1998: 3 industrial studies, Wil
‘Development of the ASTRON concept’,

‘Distribution of meteo data over satellite’ (with EUMETSAT), 3
‘Distribution of Vegetation data’ (with VITO, the Belgian archive) 620

Space Applications institute JOINT
%f\/ Unit: Strategy and Systems for EEEE%ET%%CH

Space Applications EUROPEAN COMMISSION

.




hop, 12-13 December 19896, JRC Ispra
ynergy of Satellite Communications
Earth Observation Applications

European Space EC and ESA experience,  SAl Earth Observation
Communications current initiatives and plans Applications
Systems

«Aerospatiale DG Il (industry) «Advanced Techiques Unit
~Alcatel «DG Xii (Research) ~Agricuitural Information Systems Unit
*Alenia DG Xill (Telecommunications) <Centre for Earth Observation Unit
*Dornier / DASA *ESA (ESTEC & ESRIN) Environmental Mapping and Modeling Unit
-Eutelsat attending «Marine Environment Unit
sinmarsat -DGI (External Relations) *Monitoring Tropical Vegetation Unit

«Matra Marconi Space
*Nuova Telespazio «;
- Satellite Communications Survey ‘97
Space Applications Institute & ’ JOINT
%'\/ Unit: Strategy and Systems for RESEARCH

Space Applications EUROPEAN COMMISSION

Communication - 1997

Reguests from ~Ministries (US Defense,...),
various countries -Banks (ABN, Chase Manhattan,...),
(EU, US, China, Israel, *EC General Directorates

Lithuania, Bulgaria, Algeria..) % (1, 15, IV, VIL, X1, XIi, X, XVi,...)

&\‘ == More than 1000 copies today
’ { three re-prints)

" rﬁated! Applications on the Synergy of
N e“c’My lﬂ satellite Telecommunications,

eaRth Observation & Navigation

Space Applications Institute JOINT
%f\/ Unit: Strategy and Systems for %%?\ITREA%CH
Space Applications EUROPEAN COMMISSION




ASTRON - Background work (1)

1996: Workshop ‘Effective synergy of EO and satcoms’

Ispra, Dec.1996

1997: 1 Report, ‘Satcoms survey 1997’ Comeumications |} 3 re-prints todate

1998: 4 Reports,

‘Satcoms survey 1998/,

‘Distribution mechanisms of EO data providers’ (2 parts),
‘Past projects on the synergy of EQ and satcoms’,

‘EC Space Compendium 98’ (in support of the EC SCG)

3
~odlor

N
1998: 3 on-going industrial studies, W
‘Development of the ASTRON concept’,

‘Distribution of meteo data over satellite’ (with EUMETSAT),

{
‘Distribution of Vegetation data’ (with VITO, the Belgian archive) 02&
- . ' JOINT
& Spgf:e Applications Institute RESEARCH
Unit: Strategy and Systems for CENITRE
v Space Applications EUROPEAN COMMISSION

ASTRON - Background work (2)

o 1996 &2

< Demonstration project: Transmission of EO data, (ATM / \
over satellite) with EUTELSAT, building on a DG XIli-
ACTS project -
e 1997
<> Collaboration agreements EUMETSAT, CCRS (Canada) b &

. 1998 M
< Issue of Call for Ideas in the EC Official Journal —

< Consultation meetings
Q national levei (Space Agencies - UK, D, F...) -4
Q European level (EUMETSAT, ESA) , 2707
Q EC level (Collaborati tings, Ispra & Brussels, XA, IVF, XIIC) “mmsse—md)
<> Participation in GNSS-2 Forum
<> 5th EEOS Workshop on ‘On-line Data Access’,
Edinburgh, UK

. 1999 W Wena
<> Satellite link in Indonesia in support of DGIB (Data

transfer in the frame of SARI project)

Space Applications Institute RS JOINT
%f\/ Unit: Strategy and Systems for %EESNE-‘%%CH

"

Space Applications EUROPEAN COMMISSION




Results of Pathfinder Phase : Reports

o ‘Satellite Communications Survey - Systems & Applications,
release 2, (EUR 18146EN)

e ‘Overview of Current and Planned Spaceborne Earth
Observation Systems; the Report - Missions, Instruments,
Orbits, Products, Indicative Costs’, (EUR 18673 EN)

e ‘Overview of Current and Planned Spaceborne Earth
Observation Systems; the Handbook - Scenarios of Integrated
Space Applications (Satcoms and EO)',(EUR 18672 EN),
available in March 1999

s ‘'Inventory of projects, with a European dimension, where
Satellite Communication are used for Earth Observation
applications’, (EUR 18675 EN)

e Space Compendium 98 (all space projects that the EC funded
in the 4FP and TEN TELECOM), available in April 1999 (in
support of the EC’s Space Coordination Group)

e ‘Satellite Navigation Survey - Systems & Applications, Report,

available in April 1999
° Space Applications Institute
Unit: Strategy and Systems for CENTRE
Space Applications EUROPEAN COMMISSION

Results of Pathfinder Phase Info Sheets

o ‘Synergy of Earth Observation and Satellite Communications -
A potential market perspective’

* ‘Synergy of Earth Observation and Satellite Communications -
Feasibility Study 1: Distribution of meteorological data over
satellite’

e ‘Synergy of Earth Observation and Satellite Communications —
Feasibility Study 2: Distribution of data from the Vegetation
archive’, available in February 1999

e ‘Synergy of Earth Observation and Satellite Navigation - A
potential market perspective’, available in April 1999

Space Applications Institute e JOINT
%f\/ Unit: Strategy and Systems for o %ESNTE/??%CH
Space Applications EUROPEAN COMMISSION




A MARKET PERSPECTIVE FOR ASTRON: DERIVING GREATER
BENEFITS FOR EUROPE FROM INTEGRATION OF SATELLITE
SERVICES

S. HOWES, ESYS LIMITED







A market perspective for ASTRON: Deriving greater
benefits for Europe from integration of satellite
services

Sally Howes

JRC, 19 January 1999

Final presentation of a concept study performed for SAl

by ESYS and Spot Image
ESYS:
J Styles
ESYS Limited A Davies
% 1 Stoke Road, Guildford GU1 4HW
5‘4 01483 304545 Spot Image:
=  showes@esys.co.uk L-F Guerre
ESYS
o T
T
Presentation guide
b=




ASTRON Information Day
19 January 1999, JRC

An initiative dedicated to “SYNERGY”
of space technologies has gained
support

The proposition:
~ Synergy can deliver improved
benefits to customers of space
based services thus increasing the
market

— European suppliers need a
dedicated programme to assist in
building new business
partnerships both to respond to

Some of the constraints:
- Research funding of space

programmes to date has made it
difficult to exploit synergy at
European or national levels

— The “pull” should be from

“downstream” industry although
these organisations are not strong
enough to lead the change
required

% and also to stimulate demand Pricing models today and lack of
r d commercial service development
E».,_. are barriers
ESYS )
= R
RS 1 0

oy
AN

The aims of the ESYS & Spot Image investigation

e To research the needs for “synergy”, examining relevant initiatives

e To form a view of ongoing “synergy” activities

e To formulate a potential concept for ASTRON as an EC initiative

Consider synergy of EO and satcoms only

An informal consultation process with 34 representatives from industry,

EC, ESA and National space agencies




ASTRON Information Day

98204 19 January 1999, JRC
EEENERE 19 0
Different aspects of synergy
Type of synergy ECT [ESA [Eumet- | National | Industry/
sat Market
| Mission Space segment implementation 4 7 "
shared space platiorms V4 4
comms signals for EO "4
COmmS platforms of Gpportunity 7 7
Ground local data collection V4 v 7
infrastructure
EO ground segments 4 V4 v v
product delivery 7 4 4 v/ 4
Services for | digital information Services 7
themarket . | =
L <
ESYS .
ASTRON Information Day
98204 19 January 1899, JRC
RS

The mystery of synergy

e \Why focus on it? Who will benefit?
— EO suppliers may stand to gain more
— EO markets are not attractive business opportunities for satcoms operators

e Look for the bigger picture: not synergy but integration
— satcoms with terrestrial
- satellite EO data with other information
~ interconnection of comms and information into emerging digital interactive services

e Opportunity to exploit satellite technologies not in their own right but integrate them easily
within broader information services. This needs:

— reorientation of R&TD
— new business partnerships (information service operators)
— adifferent sales approach for satellite services providers

b < Impa atellite “value adding” sector




ASTRON Information Day

98204 19 January 1999, JRC
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ASTRON information Day
98204 18 January 1999, JRC

R&TD programmes for EO & satcoms

(examples)
EOPP bUP
ESA ESA
EO
"~ CEO
'DGXII-DG JRC
General
\RTES-4/TEPF
ESA

Comms

== Technology Market




ASTRON Information Day
98204 18 January 1898, JRC

SRR B
Today’s projects integrating EO with satcoms
Business &
applications
Application led
’SIREN 'CALISA i
e n
®DESIMA SMANHUMA g MA
®VHR data\ ®PROMETHEUS DEDICS
oy ftastt delivery 'REMSAT ®MegaFIRes ®*FIERS
etation
EO ground - . Emerg-sat
segment ° METEO.R ®Mercure
EOdata ARTE ®Remote EO data MOSAI
dissemination ®ENVISAT NRT collection
distribution
*MDD
Data access
EUMETS.
=
v @ EO space
hd segment
E‘S"'é' study demonstration pilot operational

ASTRON Information Day

19 January 1999, JRC
A I_

Business as normal is not an attractive
proposition

EO aspects:

e The volume of global business in selling EO products and services today is not
sufficient to sustain further investment in future European satellite systems

e There is a mismatch between investment and the areas of greatest risk to business
development

o No major growth markets have emerged 1994 - 1997

Satcom aspects:
e Satcom works best for broadcast applications
e Satcom operations still have a modest share of overall comms market (2-5%)

e Increasing realisation of importance of new market applications to grow demand &
need for integration with terrestrial services

% Common needs
‘ﬁ.f __ﬂ * break out from xpensnve mch 2 in




ASTRON Information Day
98204 19 January 1999, JRC

Revenues for European suppliers of satellite services

40,000
35,000
30,000
— Fixed services
25,000 oy Broadband
g e Oigital Broadcast
2 | J— ey Messaging
g R0 Actuals | Forecast "
2 1 EO Actuals
= EO Pessimistic
. EO Optimistic
P2
= |
E«—a
ESYS -
98204 ASTRON Information Day

19 January 1999, JRC

The lure of interactive digital services

e The interactive service industry is a major growth sector for European companies - and
has been assisted in Framework IV

e Involves, telecoms operators, internet providers, broadcasters, publishing, media, IT
e Total value of the business in Europe in 1996 was 419 B euro

e Driven by reduced bandwidth costs (bandwidth on demand) and falling equipment
costs on communications and network side

e Recognised that “content’ is the most important asset
— a targeted bundle of information, comms & transaction service
— estimated at 50% of service revenue

)

An industry in transition - convergence processes

a3
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ASTRON Information Day
19 January 1998, JRC

The missing link for success

The desirability to serve European government administrations, European business
and the citizen with improved digital information services is widely recognised

Framework V is responding to this need through the Information Society Technology
Programme

Potential for satellite services to contribute is high in the medium to long term

In the short term there are some engineering, organisational and business
constraints associated with existing satellite services developments and organisation
of the industry

The EC is in a good position to assist through a dedicated initiative in satellite
service integration - taking the longer term & market oriented view

== Many business opportunities are pan-European and global
ESYS u
ASTRON information D
96204 19 Jan:ary 1;333? JRaé
—
Where does ASTRON fits in?
Government Private industry Citizen of the
“policy scorporate intranets information society
*science *business services
~ Information :
service
Infrastructure S ; Content Information
& networks | providers Technology
koA




48204 ASTRON Information Day
19 January 1998, JRC
e O e T e S

Creating a focus for ASTRON

To improve benefits from the use of space technologies and services in Europe
by assisting in their integration within emerging digital information services

Especially where services

Th h a ral f science,
may not be cost effective today ol gerangs OF S SI0H

technology, regulatory
support actions

The interface with
providers (private &
govemmTt)

Scope can be varied according

iﬁ to budget
ESYS
ASTRON tnfo ion D:
98204 19 Jm:.xaryn:gggn JRag
SN
The way in
_~— Finance
— News
) Health
Business intelligence
Entertainment
p e Look beyond traditional players at
a emerging markets for new digital service
0 e Seek commonalities between JRC and
Q other FPV activities:
- — Serving the citizen
ing, "Tele-training
i E:‘een';?;:g  +Tele-medicine - Enhancing sustainability
avidons” *Transportation — Underpinning European
_ Providers’ .risk management competitiveness
=" *Government services . : _
5 g e Look for entry points for satellite services




ASTRON Information Day

98204 19 January 1999, JRC
[ 1]
The timing is good: new missions and services in the
ASTRON lifetime
1723
£ | midum
E Galaxy/spaceway Teledesic/Celestri
s A A A
* CyberStar Ku Skybridge  GE Star
£ A
g Astrolink
& A
CyberStar Ka
- A
" SPOT 5
S IRS series
£ | ERs-2 ENVISAT
(@) Radarsat1 Radarsat2
- - IKQNOS A A
;’q !Landsat7 o Orbview 3 Orbview 4
P ] QuickBird1
ESYS 1999 2000 2001 2002 2003 ,
s T oy
.
Concluding remarks
e There is a role for ASTRON as an EC initiative:
e INTEGRATION not synergy
o DIGITAL INFORMATION SERVICES not space or ground segment
infrastructure
e There are some good opportunities to benefit more from space technology in Europe
and consequently to help increase the market for suppliers
e The critical need is to enter the mainstream information service market and less
dependent on an “satellite-view of the world”
e Judgement on the “winning” digital information services to back will be key:
e start by building on what has emerged: decision support services for
disaster management (liaising with EC, ESA & National programmes)
e identify new themes (within Framework V and beyond):
?’"4 — environmental information services for the citizen

— environmental treaty verification for Central & Eastern Europe

|

i

m
7
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FEASIBILITY STUDY INTO THE DISTRIBUTION OF
METEOROLOGICAL DATA BY SATELLITE
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D. BESTWICK, AVANTI COMMUNICATIONS







“Feasibility Study into the Distributior
of Meteorological Data by Satellite”

ASTRON Information Day

Ispra, 19th January, 1999

email: david.bestwick@;

Objectives and Methodology

» Meteorological data has a number of important characteristics:
— requirement for timely dissemination;
— large user community;
— large data sets.

»  EUMETSAT already disseminates data via satellite communicati
~  MTP communications payload designed in the 1970°s;

— MSG communications payload designed in the early 1990°s and du
until 2010.

+ Can commercial satellite communications systems provide an ef
effective complementary means for distributing meteorological

« If so, what is the best way of demonstrating this capability withi
context 7

~

19th Jarary, 1999




User Requirements Analysis (WP 100)

» A wide range of potential met users were contacted.

» Seven potential demonstration services were identified:

1) Meteorological Archive and Retrieval Facility (MARF) Data Distr
— EUMETSAT archive of MOP and MTP data;
~ Plans for evolution to Unified MARF incorporating MSG and EPS data;
- Current access via Internet - limited product delivery capability via FfP;
- Satellite Internet services may overcome terrestrial bottlenecks.

2) Meteorological Self-Briefing Terminal (MIST)
— UK Met Office weather information service for small businesses;
—~ PC connection to Met Office Host Computer via PSTN or X.25;
— Extracts from met databases used to generate user products;
— Limited availability of satellite and rain radar data due to bandwidth;
—  Hourly broadcast of met database would overcome bandwidth restric

User Requirements Analysis (2)

3) Public Met Services for Developing Countries
— both WEFAX and MDD missions support users in Africa to some extent;
~ SDUS or MDD User Stations required;
- datais transmitted in analogue format.

4) Indian Ocean Experiment (INDOEX)
~ an experiment to investigate aerosol and pollutant distribution in Indian Oceani
— Meteosat-5 moved to 63° East to support INDOEX; S
-~ modification to PDUS receiver required to acquire data between 1359E.
— two PDUS receivers required to obtain data from Primary Mission an|

5) Foreign Satellite Data Disseminated via Meteosat
- Meteosat dissemination schedules include broadcast of data from forgi
— data is transferred by complex routes to Lannion for up-link;
-~ ageneric approach to data transfer could be desirable.

19th Jaruary, 1999 4




User Requirements Analysis (3)

6) Mesoscale Alpine Project (MAP)
— an investigation of precipitation processes over the Alps;
- uses Meteosat-6 (located at 10° W) to provide rapid scans (every 5 mjn
Alps; . :
— Meteosat-6 data collected over 6 to 18 hour periods of “interesting wea

— Up to 2.7 GB of satellite data collected over an 18 hour period and t
MAP Data Centre for onward dissemination to participants;

— Meteosat-7 HRI data required at MAP operations centres for experim

7) Data Distribution for National Meteorological Offices
- National Met Offices operate series of “Out Stations”, e.g. UK, Germ|
— Distribution of Meteosat data to these stations is desirable;
— UK currently utilises military communications channels;
— Deutscher Wetterdienst is examining a number of communications sd

19th January, 1999 5

Existing and Future
Satellite Services (WP .200)

A short list of 7 satellite communications services was investigated:

* ASTRANET - multicast file delivery and streaming data;
»  EUTELSAT Multimedi@ Platform - as above but suitable for bespoke
« Convergencel - high speed Internet service using the EMP;

+ Skyplex - enables multiple small up-link stations to broadcast on 4 ‘

multiplex;

« EuroSkyWay - Alenia-led GEO system for multimedia applicatiomé’

»  WorldSpace - digital audio broadcast system covering developing

» SkyBridge - very high bandwidth Internet service.

19th Jamuary, 1999 6




Selection of Demonstration Cases
» Demonstration case studies were selected following the Intermediate Review; '

» Emphasis placed on projects of direct relevance to EUMETSAT's activities: ;

— Satellite Internet access to the MARF;

— Distribution of near-real-time data in support of meteorological reseatch projects
(e.g. MAP);
— The evolution of these demonstrations into a operational services.

*  Skyplex is well suited to the first two of these demonstrations:

the Skyplex terminal is small and inexpensive;

common hardware and software can be used for both demonstrations.
the demonstrations can be run concurrently;

the terminal can be located at EUMETSAT avoiding terrestrial Intern|

» The third project looked at how the Skyplex demonstrations might

— build on the DVB infrastructure and experience;
—. “scale up” the Skyplex demonstrations to a full DVB up-link.

19th Janary, 1999 7

Demonstration System Configuration

Cther
EUMETSAT
Systems

Eeh{ « |t

Firewail

19th Jamary, 1999




Meteorological Archive and Retrieval
Facility Data Access Demonstration

", EUTELSAT Hot Brd 45
Satelites (GEO)

-]
Bv o
N gnal
N 10719 GHz
N,

Near-Real-Time Data Dissemination
Demonstration

7 EUTELSAT Hot Birc 45
.« Satelites (GEO)
Q
& g
A
. \\ —
X Uj Mdhml@d
xs.s-m)%gkm . DvBSignal

10.719 GHz

Totalof 4
EUTELSAT 60cm
dish ant

internet

19th Jamary, 1999




Demonstration Plans

« Demonstration of MARF Access and NRT Data Dissemination requires a 1
month project: :

— Requirements Refinement 1 month;
-~ Architectural Design 1 month

—~ Detailed Design and Implementation 5 months
— Integration and Test 2 months
~ Demonstration Operations 5 months
— Review and Recommendations 1 months

+ Main requirements:
Installation of a Skyplex terminal at EUMETSAT;
Rental of transponder space on Hot Bird 4 or 5,
Interface of Skyplex to EEIS;
— Recruitment of user community.
» . Budget
— Less than 1.5 MEuro;
— Reductions possible in the context of a Framework V project.

19th January, 1999 11

Conclusions - Why use SatComs ?

» Commercial Satellites have a role to play in meteorological data di

— Mutticast capability to users across Europe (and beyond) is well suitel
dissemination requirements;

~ Satellite Internet infrastructure is already in place - it offers a current
terrestrial Internet congestion;

» Complements, rather than replaces current Meteosat dissemination

—~ Provides much wider access to full resolution data without requiring specia
receiving equipment; !

-~ Gives great flexibility to enable the needs of specialised applications
= Provides a sound solution for high data rate access to the MARF;

— more expensive than terrestrial Internet but overcomes local and backt
bottlenecks to ensure higher data rates to the end user.

19th Janary, 1999 ) 12




Cost Comparisons

» Like-for-like cost comparisons are very difficult; :
~ “Free” use of Meteosat communications payload v full commercial rates;
— True capital cost of Meteosat comms payload difficult to establish;
~ Meteosat operations costs difficult to apportion.

» Case-by-case analysis required for applications which cannot be sernviced by -
current Meteosat distribution scheme; :

- e.g. MARF Data Access - Satellite is economical v terrestrial when emdto end
system costs are considered.

» Commercial communications equipment costs are low:
~ Up-link utilises DVB standards currently being adopted by broadcastej
~ User terminals are based on DVB receivers used in digital TV;

- Both benefit from economies of scale due to extensive satellite and te

19th Jamiary, 1999 13

Recommendations

e A demonstration is feasible in the near term which will complemer
EUMETSAT services;

» A demonstration is required to verify “best value for money™ and 1dent1fy
difficulties;

» There is a clear evolutionary path from demonstration to operations

* The combination of EO and satcoms will benefit:
— met data providers gain an efficient route to market and greater utilisation of
— satcoms operators get a new, committed user with ever more demanding requ
— met users get improved data access, exploiting the capabilities of new 1

» Framework V offers an ideal opportunity to undertake a realistic

19th January, 1999
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Introduction - @
Possible Models
Target Projects [
Newos @ introduction
Engineering a8
Condlusions -

o This ASTRON study aims to address satcom
dissemination - possibly on global scale - of
VEGETATION data

* VEGETATION services (more info at http
:/ /www.vgt.vito.be) are designed to provide
enhanced low-resolution imagery:

v long-term scientific studies at regional
and global scales (e.g. to develop
dynamic models of the biosphere
interacting with climate models)

¥ monitoring natural ressources

Stide 2

1970199 §Ec> “Global” deeply involves developing
@ countries, wﬁh different financing abilities
(e.g. vs. US or Europe), where cost is an
JRC-lspra lss%e agd satcom advantage may be less
L : eviden
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Condlusions

VEGETATION
Products

Three basic products:
e VGT-P ment
Project

¢ VGT-S Daily Synthesis
e VGT-S Decade Synthesis

At 1km/res.:

e VGT-Pis 12byte/pel
e VGT-S is 16byte/pel
Compression can gain a
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intfoducﬁon ) ‘.
Possible Models
Tegtpoess @E Current
Networks @l SPOT_ g,
e @ " AW Patterns
Condlusions

Slide 4
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Users authorised to:
* process VGT data

= distribute VGT data

s Principal Investigators

JRC-Ispra

(e.g. in other continents)
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SPOT Kiruna CTiv

S
Primary amma

“ Alternative
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LEGK LEGO LEG1
Note: «Direct» = L-band
«Global» = Global Telecom Operator

Patterns (2]

Secondary Final
Station User

LEG 2 LEG3




’

{ CTIV-Raw-Transport LEG 0“5 samme
H Raw Data H
= Dissemination 4
-
| SR 20| I — Architecture ::
| e i | CTIV-Primary-Net LEG1 | £z
T ERSE) e
e | wice £z
. & 2 I sl ; * Leband Satelite Lok E gg
| space | ( ) ; iz
O | cvrroscne | L
| R : | LEG 1 OUT (VAS) :%?é
g s ik
; o : : ]
SPOTVGT L-Band £ ; } 53
. Raw Data : : E E 3
"""""" i
1
it
; ; _ € g
LEG 1 OUT: 83
JRC-Ispra < §
| LEG2 CTIV-Extend-Net 53

Introduction '

Possible Models @ B 1. - Survey of
Target Projects > .

Networks Agricultural
Engineering | =
Conclusions ‘v: Pl'ﬂdllﬂmn

Africa - Southern Hemisphere

o Currently uses AVHRR very low cost
data

e Satcom may allow diffusion to non-
connected areas

+ Two-days delivery would be
sufficient to allow agriculture
production quick change detection &

$lide 8 consequent alarm
19/01 /99 Upgrade:
e Local products in the 1- 10 MB image
JRC-Ispra product range reduce revisit time
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Introduction
Possible Models
Target Projects
Networks
Engineering
Condlusions

2. - Locust
Monitoring

Africa - Northern Hemisphere to Asia

g
:
£
£9
& £
£3
wdem) 8 . Regional Centre in Rome (FAO) i
« Exchange of e-mail messages for £f
e information update with National R
Stations it
« Image maps used at National level  ::
» Fast delivery in case of emergency -
i1
Slide 9 VEGETATION | Upgrade: :
{0110 » Direct L-band acquisition could be
3 &
foreseen, but also: B S
(RC i e 1- 10 MB image product £
g « fast delivery «short» messages <48kB : |
Introduction
Possible Models 3 - F":e Eaﬂy
Target Projects ) .
Networks Wal'nlllﬂ &
Engineering e T
Conclusions Statlsm}s

Slide 10
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JRC-Ispra

Asia & Central/South America
e Current use of AVHRR NDVI

 Fast delivery may allow to enlarge
current statistical service to “early
risk detection & warning”

VEGETATION Upgrade:

» 1- 10 MB image product (VGT-P)

« Statistical products needed should
be customised by a VAR

o faster deliverzé «short» text
messages (<48kB)
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- Condlusions

a
Networks [

Gommon
Guidelines

Cost of transmission vs. cost of
product itself is an important
evaluation factor

Direct reception via L-band stations
and data exploitation licence
distribution is a viable option in
certain cases

«Progressive» information
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Slide 12
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JRC-Ispra

Slide 11 transmission methods, i.e. fast
«urgent» message fol_‘owed by slow
19/01/99 context map information
Necessity of select and compress
JRC-Ispra valid information, i.e. use of a

(dynamic) value-adding chain

introduction '

Possible Models

Target Projects

Networls 1 - RIDIUM

Engineering 7 ]

Condlusions

Terminal cost of 1700-2500 Euros

¢ 60 Euro Monthly Rate + 100 Euro

una tantum Installation Rate

5.23 Euro/min (Europe to Asia) at
1200 bps = 20 Euros/3.75 min for a
32kB message
NOMAD initiative for humanitarian
project TBC
Slower alternative is ORBCOMM
(limitation at 16kB/message)

¥ Terminal cost of 1300-1700 Euros

¥ Monthly rate of 40 Euros

v .005 Euro/byte=163 Euro for a 32kB msg
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e Good coverage in Africa and Asia

2- Satelum

Extremely Low-cost Global System
v LEO satellites (2 for the time being)
v simple PC-based ground stations

v Radio- and telephone- based computer
networks

Seamless and reliable with little or
no telecom infrastructure

Simple Store-and-forward, User-
transparent Message Routmg &
Delivery

Interfaced with the Internet
Synergies with existing projects?
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3. - MSAT

V-SAT, L-Band Voice and Data (Moblle)
Services in Africa

Relatively little terminal (3kEuro)

should be sufficient (to be assessed
with direct SPOT L-band reception link,:
if required)

50 Euros/Mbyte for a transmission
time of about an hour ge -g. Inmarsat:
same terminal cost, 0.5 Euro/min
cheaper rate)

Hubs in RSA, Zimbabwe, Zambia,
Mozamblque and other African
countries

For FAO in Rome, Fucino hub avallable
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UNEPRet Nodes Under instaliation in 1997

MOscow

Arendal

Mexico th;
ROLAC ¢ Havana

ROAP

® UNEPnetintemet gateway, major
node and POP
® UNEPnet major node and POP
UNEPnet POP
—— UNEPnet Mercure fink
Mants, — UNEProt other ki
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A Sampie
Project

“Progressive information transmission
for emergency & fast survey cases”
3 users (e.g. in Africa) able to receive:
» quick messaging via IRIDIUM
and/or SatelLife)
« image information via VSAT L-band
terminals
¥ UNEP/MSAT VSAT network or equivalent
v via direct reception of SPOT data (TBC)
» estimated cost for a 6 months demo:
250-300kEuro
v 20k-25k (Euro) IRIDIUM
v 80k-100k VSAT services (hub TBD)

v 150k-180k 6-months engineering phase
and other (e.g. VAR) service costs
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Europe

. Transfer time:
<15

5
z
-
3
a
; g
MATRA 7 g
:
g
¢
3
3
H
Slide 17 g
3
19/01/99 2
]
Transfer time: s
JRC-Ispra Africa <10 hours g
2
Introduction @
Possible Models: @
TogetProecs @ Current
Networks ; %
Engineering | cﬂﬂﬂmﬂﬂns
Condlusions - »

¢ Clear interest of SATCOM for
developing countries, where other
telecommunications infrastructures
are not available for certain target

SDAC

: communities
e Necessity to «team>» and/or
«piggyback»

v other information dissemination
networks (e.g. media)

" v - - - -
Slide 18 other similar applicative contexts

¢+ Enhance Network Performances via
19/01/99 Information Selection &
Compression Techniques (e.g.
JRC-Ispra distribution of short messages or

«vector» maps)
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® Brief Summary of Earth Observation
@ Brief Introduction to Satellite Navigation
® Potential Synergy of EO and GNSS

® Recent Developments in GNSS




Earth Observation

® Observation Platforms
— Space borne
— Airborne

— Ground-based

Earth Observation

® Targets of Observation

— The Continents

— The Seas and Ocean
— The Atmosphere
— The Geology

— The Geophysics




Earth Observation

@® Aims of Observation

— Scientific
(eg Natural Environment)
— Engineering

(eg Built Environment)

— Wealth Creation e——

(eg Exploration)

GPS Satellite Constellation

24 Satellites

20 000 km above Earth

12 hr Orbits

£l
6 Orbital Planes

55¢ Inclination

5 hrs above Horizon

[~ svsL ] Minimum 4 Satellites in View




vl

GPS Navigation Concept

&

Given: X, Y, Z Coordinates of Satellites
Measure: Minimum 4 Ranges R;, R,, ...

ToFind: X,Y,Z Coords & At Clock Error

Accuracy : 50 to 100 metres

Pseudorange Principle

vl

GPS Time of
t_|_®_]_‘ransmission @

Carrier Wave Satellite Orbit

Receiver Time

(Pseudo-) Range = t; - t;




Carrier Phase Principle

ﬂ}_

Fraction of
Wavelength, ¢g

A
SR=(Nx1) + > dr

t !
| Integer Phase
Ambiguity Reading

Standard GPS Accuracies




Differential GPS (DGPS)

Differential
Corrections

Accuracy : 1 - 2 metres

Carrier Phase Interferometry

LSS TER
-x-ux‘a-v.q,-s.-vu.-a.s-.s.-.-n.'\.\.x\-..-\.-\.x-u.q.-:q.s-v.-.s.-u.“x\.‘\ﬂ.\
SEXY

.
gy,
R SR
L,
e,
e,
S
AN

GPS Satellite

MIT Conselman & Shapiro

3-d Baseline Vector

Accuracy : millimetres




Monitoring the Natural Environment

Oczanograohy

Monitoring the Built Environment

14

l Buildings Dams

Bridges




Vertical Deformation of the Bridge

11:38:00.0 11:42:00.0 11:46:00.0 11:50:00.0
GPS Time (h:m:s)

Lateral Deformation of the Bridge

Lateral Movement (m)

373.240

373.200

373.160 ;

373.120

373.080

P

11:39:00.0 11:43:00.0 11:47:00.0 11:51:00.0
GPS Time (h:m:s)




Longitudinal Deformation

11'_

\VSL

N

Longitudinal Movement (mm)

E-N

11:37:00.0 11:41:00.0 11 ;45:00.0 11:49:00.0

GPS Time (h:m:s)

Synergy between EO and GNSS

Potential Application Areas

1)
2)
3)
4)
5)
6)
7)

High Precision EO Platform Positioning
Calibrating Other EO Sensors (eg Altimeter)
Meteorology & Climatology

Surveying, Mapping & GIS

Navigation in Hazardous Environments
Agriculture (Precision Farming)

Traffic Monitoring & Management ??




1) High Precision EO Platform Positioning

[ \VSL

Objective : 1 m Radial Accuracy in Real-Time

GPS

1) High Precision EO Platform Positioning

GPS Stand-alone Positioning

300

200

100

Total Orbit Error (m)

Time (Hours) rms =68 m




1) High Precision EO Platform Positioning
Global Differential GPS Positioning

30

N
(o]

e l B
! M‘, ’?;,{M 1,;%4‘}{:}*‘} B”q‘ AL x ’ju

0 6 12 18 24
Time (Hours)

rms=5m
\/vsz.

TE

-

Total Orbit Error (m)
>

1) High Precision EO Platform Positioning

Reduced-Dynamic Approach

[ — radial
: 15 — total
-—{—«22 10 ¥l

3

g ,;J.‘LLLK \Mmmm»
Y 'vvvvvvv”vv
£ 5 10 60 70 80
o Tlme (Hours)

\’VSL .15 L Radial rms =1.00 m Total rms =5.59 m




2) Calibration of Other EO Sensors

GPS Buoy & Altimeter

g.....»

2) Calibration of Other EO Sensors

24

GPS Buoy

GPS Receiver

Y

Laptop Computer




Instantaneous GPS Sea Level

ide Gauge Sea Level

instT

GPS Sea Level aga

.

G

Histogram of Differences
Between GPS and Sea Level

S




New Application

Real-time River Height Monitoring

27
Remots River Location
VS National Facility
3) Meteorology & Climatology
GPS Water Vapour Estimation
28

Short-term Forecasts & Long-term Climate Change




3) Meteorology & Climatology

GPS Water Vapour Estimation

40 10
Bias =1 rrtm RMS Error=2m
30 0
GPS : Radiometer
20 -10

m; i c Radiometer
10 m -20

GPS Estimatq
-30

0
25/04/95 26/04/95 27104195 28/04/195 29/04/95 30/04/95
00:00 00:00 00:00 00:00 00:00 00:00

Time

4) Surveying, Mapping & GIS

Airborne &
Space-borne
EO Platforms

- o - -
~7r ~ ~7 ~% ~7r i

R NER ._E__EI‘_ NI AN __E__El_ Ba1am WE_,EI_ o




5) Navigation in Hazardous Environments

Habitat Monitoring & Conservation (?)

32

Precise Location Information Spatial and Spectral

Detail




7. Traffic Monitoring & Management (?)

33|
|
\NSL Precise Location Information Spatial and _Spectral
Detail

However ...
@® EO can give map-like detail
@® But NOT individual cars or wildlife

34] ® Needs much Improved Resolution
@® AND Frequency of Observation
® LEO SATS & Airborne have Resolution
® GEO & IGSO have Frequency

mpzza @ Unfortunately, neither has both




Recent Developments in GNSS

§_5_+_

=

® 01/98 : EC proposes GNSS Strategy

® 03/98 : Council of Ministers

— Endorses Strategy

— Instructs EC to evaluate options
and make detailed recommendations
by Q1 1999

@® 07/98 : GNSS High Level Group
— establishes GNSS Forum

® 03/99 : EU Council expected to decide
on Implementation of GNSS-2

EU GNSS Strategy

36|

@® Three Broad Political Options considered
—Joint Development by all Major Players
— EU Development with some Partners
—Independent Development by EU

® GNSS-2 Forum assessed Options

@® ESA issued 3 corresponding Tenders
— Contracts negotiated
— Early input to Forum through WG2




GNSS-Z Forum

Four Working Groups

1.

2.

Institutional and Legal Questions
Technical Development and Finance
Security and Defence Issues

Users and Service Requirements

Timetable

GNSS-2 Forum established : 07/98

Interim Report ready : 11/98
Recommendations to HLG : 12/98

EC Recommendations to EU Council
— Early 1999

EU Council Decision : Q1/99 or Q2/99




Likely Outcome

3_9‘_

v

(Personal Opinion)

® There will be a GNSS-2
— led by Europe
@® Basic System from ‘Public’ Funds
- EC, ESA, EU Governments
® Total Cost between 1.5 and 2.5 BECU
® Basic Performance like GPS IIF
® User-driven Augmentations
— paid for by Users

Conclusions : EO and SatNav

40

“I-

‘ ~\VSL

® EO can be successfully combined with

® Satellite Navigation (GPS— GNSS)

® For a Variety of Applications

@® Especially in Combination with Comms

@® Need for Research on Applications N
® And on more Generic Problems Ay
® Such as Higher Resolution and Frequency

® How about...




Multi-Functional Platforms

Satellite Communication, Observation & Navigation

Resolution v
Frequency v

30 km

Stratospheric Platform
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ASTRON - Current Status and Plans

(mid 1998 - ...)

Applications on the Synergy of
satellite Telecommunications,
eaRth Observation and Navigation

Objectives:

* To investigate the synergy between satcoms, EO and satnav
in order to develop innovative and sustainable applications.

* To provide direct support to the EC services responding to
their requirements, in the areas of our technical competence

° JOINT
%,\/ H RESEARCH
CENTRE

Avptiontions European Commission
Rationale
Air Transport,
Marine Transport,
Satellite Navigation

Satellite Communications Land Transport

Fast data transfer, Improved accuracy

_ broadcasting, (e.g. precision farming,
internet over satellite weather measurements
for EQ applications car navigation).

(e.g. natural hazards, meteo)

Earth Observation

JOINT
%,'\/ n RESEARCH
CENTRE

Appiic ations European Commission




Creating added value

through the synergy of space applications

+ Global market pro for th ars 1996-2005:
= Satellite Communications over 500 billion ECU
= Satellite Navigation over 70 billion ECU
= Earth Observation over 26 billion ECU

Soucce: ECrepopi CONogis)”

* FPIV distribution of funds for space-related proj

Specific Programme/JRC Communications | Navigation | Observation
ACTS 50 MECU
ESPRIT 15 MECU 5MECU
Telematics S5MECU | 15 MECU 5 MECU
Transport 5MECU
_@ Environment and Climate 125 MECU
- Marine Science &Technology 10 MECU
Joint Research Centre 135 MECU
Total 70MECU | 20 MECU 280 MECU
source! . report,

Appiications European Commission

Integrated Space Applications:

Le Chapeau
ergence of Information from Sgy,,,.
onvers Timely, accurate, reliaple e%’%

Satellite

Mobile satellite and
bandwidth on demand

JOINT
RESEARCH
CENTRE

European Commission




European Context

DG Xii

IST (Information Society Technologies) Programme Action Lines
KA I: Systems and Services for the citizen
KA IV: Essential Technologies and Infrastructures
CPA.1 Integrated applications platforms

TEN-TELECOM Priority areas for Satellite Communications
1. Emergency services Management at Pan-European level
Il. Remote sensing services to produce synthetic and continuously
update picture of the state of Environment
1ll. Tools and services at low cost to access Environment data

=]

CNES (F): METEOR
= exploitation of satcoms for EO applications in Euro-Med countries
BNSC (UK): ‘Ka-band Feasibility Study’ (1998)
= EOQ identified as promising business application for future
satcom systems National

. JOINT
%f\/ RESEARCH
CENTRE

Avpliastinen European Commission

Support notes and meetings

Xiil - R. Verrue, Director General;
M. Richonnier, Director;
Y. Capouet, Unit Head; M. Monteiro, XIIlI/A;
W. Boch, P. Flament, J. Basso, S. Bird, N. Pantalos, XIll/C.

- G. Metakides, Director;
D. Talbot, J.Jaaskelainen, U. Boes, llI/F;
M. Coomans, HII/A.

VIl - M. Ruete, Director;
C. Edmonds, D. Ludwig, N. Wariksko, VIl/A;
C. Bernabei, U. Fischer, VII/E.

SG/ UCLAF - P.B. Knudsen, Director;
G. Hitzler, F. Beullens,Unit Heads.

SCG - P. van Nes, Unit Head

JOINT
RESEARCH
CENTRE

European Commission

1




Technical collaboration with XIii, Vil in the 5FP

Not a new thing: SAl collaborated with XIi for the CEO programme in the 4FP

JRCISAI

~d-

Specific mechanisms, measures, areas
to be discussed / decided in early 1999

. - JOINT
%/\/ NI RESEARCH
(@3l CENTRE
Rvpications
Institute

European Commission

ASTRON Timeline

Implementation Phase —|>

{ Pathfinder Phase

€ 4th FWP > € 5th FWP
1995 1996 1997 1998 1999 2000
st = i S
- - ' RN -~
.- - Presentation | ASTRON  ~~~_
_-,_-—— to DG’s a . InfoDay RV
- ! Yz Sen
= v Al ~~
“ [ 1 s
A AR B
4th FWP 5th FWP
May-Jun Jul-Aug Sep-Oct Nov-D‘gg_ . Jan-Feb Mar-Apr
Tech. Meetings, T Tech. Meetings: Detailed
xm, vil, R EC, Agencies, work Plan
—_ Space Agencies ' Operators, Providers {May 99)
. ASTRON approved  Industry PrEEE JOINT
as a SAl FPV project o RESEARCH
bt jellll CENTRE
itate European Commission




Work Breakdown

v’ Application Watch

v Technology Watch

v Market & Users Watch
v Demonstration

v’ Communication

v Support to DG’s

JOINT
E RESEARCH
CENTRE

European Commission

P

A potential role for ASTRON in the 5FP

Aim: Innovative and sustainable integrated space applications,
based on the convergence of information from satellites

Systems /
Application
surveys

studies

Demonstration projects
in collaboration with:
- relevant EC services
- application owners / providers
- space agencies
- satcom operators

Application Watch
Technology Watch
Market and Users Watch

Demonstration

R JOINT
&1\/ RESEARCH
CENTRE

o European Commission




Exploring the Convergence
of satellite applications and services

Desktop box
o

Spatial Information
(timely, accurate, reliable)

JOINT
RESEARCH
CENTRE
Space P
—— European Comrmission

The Mobile Millennium...

» A view to future services (year 2007) with around 40 new
techniques that will then become available

= Terrestrial Communications (GSM/UMTS), no satcoms
= Navigation through triangulation, not GPS
= Mapping Information, but not EO
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