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years.
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Finland has prepared to use Envisat data and has con-
tributed to the development of Global Ozone Moni-
toring by Occultation of Stars (GOMOS) instrument:
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Foreword

Thisisthe bi-annual report of Finnish Space Research to the Committee on Space
Research (COSPAR) prepared jointly by the National Committee of COSPAR,
the National Technology Agency (Tekes) and the Academy of Finland. Thereport
describes the overall structure of Finnish space activities, the presently applied
strategy, and main funding sources. The major space programmes are briefly
listed. The main body of the report describes the progress during 1998-1999 in
pure and applied space sciences within the domain of the COSPAR.

During the last two years some of the milestones of Finnish space activities have
been the exploitation of the successful observations by the SOHO (Solar and
Heliospheric Observatory) and | SO (Infrared Space Observatory) spacecraft, suc-
cessful launch of the XMM (X-ray Multi Mirror) satellitefor which Finnishindus-
try provided the tel escope tube and satellite electronics, and, of course, intensive
work in several upcoming missions, including Cluster-2, Envisat, Rosetta, | nte-
gral, Mars Express, Planck, and Odin.



List of Contents

Foreword
1 Overview of Finnish Space Activity . . .......... ... ... ... ... .... 1
1.1 AShOrt History. . ... ..o 1
1.2 Summary of Finnish Space Policy. . . ......................... 1
1.3 International Co-operation . ............ ... 4
2 Finnish National Strategy for Space Research and Development . . . .. 5
2.1 Vision and Goals of Finnish Space Activities. . .................. 5
2.2 Funding SOUICES . . ... 7
2.3 The Finnish National Committee on Space Research ............. 8
3 Space Programmes Supported by Finland . . . ................... 11
3.1 ESA Programmes Supported by Finland . .................... 11
3.2 Bilateral Co-operation and Programmes . . . ................... 17
3.3 Finnish National Space Programmes . ....................... 18
4 Space Research.............. . 21
4.1 lonospheric and Magnetospheric Research. . .................. 21
4.2 Solar System Research. . ............. ... ... 24
4.3 ASHTONOMY . . .ot 31
5 Applied Space Research . ....... ... .. .. . ... . . i, 41
5.1 Space GeOOESY . ..o v vttt e 41
5.2 Remote Sensing . . ... oo 43
5.3 Meteorology . . ... oo 50
5.4 Life SCIENCES . . . . . o 53
6 Publications . ......... . . . 55
6.1 lonospheric and Magnetospheric Research. .. ................. 55
6.2 Solar System Research. . ........... ... ... . ... 60
6.3 ASIIONOMY . .ttt 64
6.4 Remote SeNSiNg . . . ..o 68
6.5 Meteorology . ... ..o 69
6.6 Life SCiences . ... ... 70

6.7 Satellite Communications . . ......... .. 70



1 Overview of Finnish Space Activity

1.1 A Short History

Finnish space research utilising spacecraft began
already with the first man-made satellites, whose
orbital motionswere used in studiesof the Earth’s
gravitational field. The International Geophysical
Year 1957-1958, which led to the establishment
of the Committee on Space Research (COSPAR),
also sew contributions to various ground-based
space research instruments, in particular al-sky
cameras whose modern successor are even today
used in studiesof theauroraborealisand the space
physics behind this magnificent phenomenon.
Finland became a member of COSPAR a few
years later in 1964.

However, it was not until the mid-1980s that
space-borneinstrument projectswith Finnish par-
ticipation wereinitiated. Thefirst instrument pro-
ject started in May 1985 and wasaparticipationin
the plasma analyser ASPERA in the Soviet
Phobos mission. The project also initiated aclose
co-operation with Sweden, and finally led to the
first Finnish science contributionsfromin situ ob-
servations in space. After thisinitial start the ac-
tivities widened already within the Phobos
programmeto includealso other Finnishinstitutes
aswell as awider international collaboration.

The expansion of Finnish space activities during
the 1980s was extremely rapid, in particular in
space science. In 1987 Finland became an Associ-
ate Member of the European Space Agency (ESA)
and afull member of its Science Programme. By
that time the co-operation with the Soviet Union
had already broadened to include also the astron-
omy missions Spectrum-X-gamma and Radio-
astron as well as various projects involving re-
mote sensing of the Earth.

Finnish groups got an excellent start in the ESA
Science Programme with the First Cornerstone

missions SOHO and Cluster. Presently Finnish
scientific institutes and high-tech companies play
various roles (Principal Investigator, Co-Investi-
gator, hardware supplier, system level contractor,
etc.) inall ESA science missions. The second key
line for Finland has been active participation in
the Earth Observation Programme, where the
Envisat missionand, in particular, itsGOMOSin-
strument have played a central role. Today these
activities cover awide range of topicswith scien-
tific, societal, and technological interests.

Finally, in 1995 Finland became afull member of
ESA. While space research itself was well-estab-
lished already during the associate membership,
the new status was essential to enable Finnish
companies to become involved in technology
programmes such as TRP and GSTP. At the same
time national initiatives and co-operation with
other countries and organisations have widened
and strengthened.

1.2  Summary of the Finnish Space
Policy

Space activitiesin Finland are administrated in a
decentralised way mainly involving Tekes (Na-
tional Technology Agency), the Academy of Fin-
land and the Ministry of Trade and Industry
(MTI). The Finnish Space Committee acts as the
overall coordinating body for the Finnish space
activities.

The Finnish Space Committee (established in
1985) isacoordinating body for Finnish space ac-
tivities. The duty of the Committee is to make
propositions and proposals and give statements
rel ated to space research and education and indus-
trial development, exploitation of knowledge de-
riving from space activities and cooperation of
Finnish partners involved in these activities.
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Figure 1.1. Organisation for administration of space matters in Finland.

The Committee is nominated on MTI’s proposal
by the government, typically for a period of three
years. Itischaired by MTI and should have mem-
bers from all relevant ministries and main actors.
Currently the following instances are to be repre-

sented in the Committee: the Ministry of Trade
and Industry, the Ministry of Foreign Affairs, the
Ministry of Education, industry, applied research
and other usersof spaceactivities. The Committee
meets in average eight times per year.



From the year 1998 the composition of the Finnish Space Committee has been as follows:

Chairman

Timo Kekkonen

Vice Chairman

Risto Pellinen

Members

Mirja Arajarvi
Jaakko Halttunen
Jorma Hattula
Kari Tilli

Tytti Varmavuo

Advisors

Heikki Fredriksson
Jorma Immonen
Antti Joensuu
Pauli Juuti

V&ino Kelha

Risto Kuittinen
Mikael Nyberg
Seppo Urpo

Juha Vuorimies

Secretaries

Einar-Arne Herland

Ministry of Trade and Industry

Finnish Meteorological Institute

Ministry of Education
Ministry of Foreign Affairs
Academy of Finland
Tekes

Nokia Corporation

Topographic Service of the Finnish Defence Forces
Ministry of Trade and Industry

Ministry of Trade and Industry

Patria Finavitec Oy

VTT Automation

Finnish Geodetic Institute

Ministry of Transport and Communications

Metséahovi Radio Research Laboratory (Helsinki Univ. of Technology)

Finnish Environment Institute

Tekes

Mirja Vihma-Kaurinkoski Academy of Finland

The secretariat of the Finnish Space Committeeis
run by Tekes. The science secretary of the Com-
mittee is from the Academy of Finland.

Contacts

Dr. Einar-Arne Herland

Secretary - Finnish Space Committee
Tekes

P.O. Box 69

FIN-00101 Helsinki

Finland

Tel. +358-10-521 5852

Fax +358-10-521 5901

E-mail: einar-arne.herland@tekes.fi
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1.3 International Co-operation

Asis clear from the history section above ESA is
the main international collaborative partner. The
following list contains the main space organisa
tions with whom Finland has formal co-operation
agreements and the body in Finland which has the
responsibility of this collaboration:

COSPAR
ESA

EISCAT
EUMETSAT
EUTELSAT
INTELSAT
INMARSAT
EARSeL

SARSAT/
COSPSAT

Finnish National Committee
Tekes (National Technology
Agency)

Academy of Finland

Finnish Meteorological Institute
Sonera

Sonera

Sonera

Helsinki University of
Technology

Frontier Guard of Finland



2 Finnish National Strategy for Space Research

and Development

2.1 Vision and Goals of Finnish
Space Activities

In asociety based oninformation, know-how, and
efficient exploitation of technology, the wide-
spread utilisation of satellites and methods from
the space sector is essential. In Finland, the guid-
ing principles in the space sector have been sci-
ence and technology policy and the desire to sat-
isfy the needs of society using the means afforded
by space technology. Despite the changes that
continue to take place internationally, thereis no
immediate need to alter the guiding principlesbe-
hind Finnish space activities.

Visions in space activities

The needs of Finnish society form the main
principle behind the methods from the space
sector and for the development of space tech-
nology. The diversity of opportunities afforded
by space activities will be afforded by space
activities will be adopted efficiently. The bene-
fits derived from investment in the space sec-
tor will be seen in the form of accumulation of
human capital, the rise in levels of expertise,
improvement in the international competiti-
veness of companies, expansion of business
operations outside the space sector, more ef-
fective public services and an improvement in
the quality of life.

Goals

« tocollect dataonour living environment and on
objects and phenomenain space

e to improve technological competitiveness in
industry, in the Finnish service sector andinin-
ternational business

* to support economical growth via more effi-
cient service provision within society and an
increase in business activity

* to produce information for the needs of envi-
ronmental monitoring, protection and sus-
tainable development

Strategy

The growth in the markets for new space technol-
ogy applications and in the international changes
taking placein science and technology policy are
alsoreflected in Finnish space activities. Strategic
areas of expenditure for the public sector are the
space science, satellite Earth observation, satellite
telecommunication, navigation and positioning,
and the production of space equipment. Finland
has not played significant role in micro gravity,
manned spaceflightsor inthe International Space
Station programme, and this will remain the case
in the future too. Activity in other areasis under-
taken according to the needs of companies and
public sector provision.

The present national space strategy isoutlined in
the Space Activitiesin Finland, National Strategy
and Development Objectives published by the
Finnish Space Committee in January 1999.

Strategy for further development
of space activities

» The standard of Finnish space science will be
maintained at thetop international level by par-
ticipation in the international partnership pro-
jects concerning key research themes in the
field.

 Utilisation of new satellite Earth observation
methods will be increased in public sector data
collection and in geographic information sys-
tems. Business activity will be expanded by
putting public services in competition.



* International research cooperation will con-
centrate on ESA and EU research projects and
on bilateral research projects especially with
member countries of ESA, the EU and the Uni-

ted States.

* National projectswill be used to support the wi-
der adoption of space technology and methods,
to strengthen technological competitiveness
and to make effective use of international part-

nership projects.

Table and Graphic 2.1. Finnish Space Funding 1995-1999; values in FIM million (1 Euro = 6 FIM).

1995 1996 1997 1998 1999
Tekes 106 100 106 99 150
National, Bilateral & ESA Funding
Academy of Finland 15 15 41* 13 10
Scientific Research
Ministry of Trade and Industry 17 10 10 10 12
Others, 28 28 32 116 68
Infrastructure, Research & Development
Total 166 153 189 238 240
* Mostly covers years 1998-2000
250
200
[ Others, Infrastructure,
Research & Development
150 [ Ministry of Trade and
Industry
100 [ 1 Academy of Finland,
Scientific Research
50 Il Tekes, National, Bilateral
& ESA Funding
0
1995 1996 1997 1998 1999




2.2 Funding Sources

Asthe space administration organisationisdistrib-
uted in Finland, aso the public funding responsi-
bilities are divided between the Ministry of Trade
and Industry, Tekes and the Academy of Finland.
In addition, several universitiesand research insti-
tutes provide funding to space projects from their
own budgets.

2.2.1 Tekes
3K TEKES

Tekes, the National Technology Agency (estab-
lished in 1983) is the main financing organisation
for applied and industrial R&D in Finland. The
fundsfor financing are awarded from state budget.
Tekesofferschannel sfor cooperationwith Finnish
companies, universities and research institutes.

Tekes primary objective is to promote the com-
petitiveness of Finnish industry and the service
sector by technological means. Activities aim to
diversify production structures, increase producti-
vity and exports, and create a foundation for em-
ployment and social well-being.

Tekes coordinates and offers financial support for
participation in international technology initia-
tives, including EU research programmes, EURE-
KA, research activities of OECD’ s energy organi-
sation (International Energy Agency), European
Cooperation in Scientific and Technical research
(COST), European Space Agency (ESA) and Nordic
cooperation. Tekes also offersa whose aimisto
increase technological cooperation between their
base countries and Finland.

Technology programmes aim at gaining new
technology expertise and product development
optionsin the important business areas of the fu-
ture. Technology programmes are used to pro-
mote devel opment in specific sectors of technol-
ogy or industry, and to pass on results of the re-
search work to business in an efficient way.

Programmes have proved to be an effective form
of cooperation and networking for companies
and the research sector. The programmes al so of -
fer good frameworks for international R& D co-
operation. During 2000, atotal of about 60 exten-
sive nationa technology programmes are under
way. In 1999, Tekes provided FIM 1 100 million
to financing technology programmes. In thefield
of space technology, two national technology
programmes have been started in 1996 to in-
crease and deepen the interaction with ESA pro-
grammes and strengthen the competitiveness of
Finnish space technology.

In 1999 Tekestotal financing of national and in-
ternational R&D programmes was about 2 400
MFIM. From this figure, 150 MFIM was pro-
vided for space activities (ESA, national and bi-
lateral).

Contacts

Dr. Einar-Arne Herland
Head of Unit

Space Activities

Tekes

P.O.Box 69

FIN-00101 Helsinki

Finland

Tel. +358 10 521 5852

Fax +358 10 521 5901
E-mail: einar-arne.herland@tekes.fi
Internet: http://www.tekes.fi/
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2.2.2 Academy of Finland

fa

ACADEMY OF PINLAND

The Academy of Finland isan expert organisation
for research funding within the administrative
sector of theMinistry of Education. The Academy
has a board and four research councils, aswell as
an Administrative Office. The research councils
arethe Research Council for Culture and Society,
the Research Council for Natural Sciences and
Engineering, the Research Council for Health,
and the Research Council for Environment and
Natural Resources.

The Academy’ sfunctionistoimprovethe quality
and prestige of Finnish basic research through se-
lective, long-term funding based on competition,
systematic evaluation, and relevant science pol-
icy. The Academy’s development initiatives fo-
cus on developing professional research careers
and promoting creative research environments.
Thevariousformsof support for research, such as
research posts, research appropriations, and re-
search grants, provide opportunities for versatile
funding of research in different disciplines.

The research appropriations of the Academy of
Finland amount to 988 MFIM (166 million Euro)
in 1999, of which about 10 MFIM (1.7 million
Euro) was spent on space research. Examples of

international co-operation funded by the Acad-
emy include scientific research at EU, CERN,
UNESCO, and Finnish scientists participating in
ESA science programmes. The Academy aso
funds the membership fee to EISCAT, NOT, the
European Science Foundation (ESF), the Euro-
pean Synchrotron Radiation facility and the Euro-
pean Molecular Biology Laboratory (EMBL). In
addition, Finland is entitled to 5% of the total ob-
serving time in the Swedish submillimetre tele-
scope (SEST) in European Southern Observatory
(ESO), through a special agreement between the
Academy of Finland and the Swedish Natural Sci-
ence Research Council.

Contacts

Dr. Pentti Pulkkinen

Scientific Secretary

Tel. +358 0 7748 8342

E-mail: pentti.pulkkinen@aka.fi

M.Sc. (Eng.) Mirja Vihma-Kaurinkoski
Scientific Secretary

Tel. +358 0 7748 8266

E-mail: mvi @akafi

Research Council for

Natural Sciences and Engineering
P.O. Box 99

FIN-00501 Helsinki

Finland

Internet: http://www.akafi
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2.3 The Finnish National
Committee on Space Research

The Committee on Space Research (COSPAR)
was established by the International Council of
Scientific Unions (ICSU) in October 1958 to con-
tinue the co-operative programmes of rocket and
satellite research successfully undertaken during
the International Geophysical Year of 1957-
1958. The ICSU resolution creating COSPAR
stated that the primary purpose of COSPAR was
to “provide the world scientific community with
the meanswhereby it may exploit the possibilities
of satellites and space probes of al kinds for sci-
entific purposes, and exchange the resulting data
on a co-operative basis.”

COSPAR isaninterdisciplinary scientific organi-
sation concerned with the progress on an interna-
tional scale of all kinds of scientific research car-
ried out with space vehicles, rockets, and bal-
loons.

The members of the Finnish National Committee
Prof. Hannu Koskinen, Chairman
Prof. Martti Hallikainen, Member
Prof. Risto Kuittinen, Member
Lic. Phil. Viljo Kuosmanen, Member
Prof. Kari Lumme, Member
Prof. Kari Mattila, Member
Prof. Risto Pellinen, Member
Prof. Pekka Tanskanen, Member
Prof. Martti Tiuri, Member
Prof. Seppo Urpo, Member
Prof. Martin Vermeer, Member

Mr Janne Lahtinen, Secretary

COSPAR'’sobjectivesare carried out by theinter-
national community of scientistsworking through
ICSU and its adhering National Academies and
International Scientific Unions. Operating under
therulesof ICSU, COSPAR ignorespolitical con-
siderationsand considersall questionssolely from
the scientific viewpoint.

Finnish National Committee of COSPAR has par-
ticipated in theinternational and national co-oper-
ation of scientific spaceresearch since 1964 by sub-
mitting proposals, issuing statements, arranging
meetings, and keeping contact with the interna-
tional COSPAR and its subcommittees.

National Committeeis an expert body nominated
by the Delegation of the Finnish Academies of
Science and L etters. The members of the National
Committee represent the active community of
space researchers in Finland.

University of Helsinki

Helsinki University of Technology
Finnish Geodetic Institute
Geological Survey of Finland
University of Helsinki
University of Helsinki

Finnish Meteorological Institute
University of Oulu

Parliament of Finland
Metséahovi Radio Observatory
Finnish Geodetic Institute

Helsinki University of Technology
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Contacts

Prof. Hannu Koskinen
University of Helsinki,
Department of Physics
P.O. Box 9
FIN-00014 University of Helsinki, Finland
Tel. +358 9 191 8256 (University)
+358 9 1929 4639
(Finnish Meteorologica Institute)
E-mail: Hannu.K oskinen@fmi.fi

Mr Janne Lahtinen

Secretary, Finnish National Committee of
COSPAR

Helsinki University of Technology
Laboratory of Space Technology

P.O. Box 3000

FIN-02015 HUT, Finland

Tel. +358 9451 4778

Fax +3589 451 2898

E-mail: janne.lahtinen@hut.fi
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3 Space Programmes Supported by Finland

3.1 ESA Programmes Supported In accordance with the national strategy for space

by Finland activities, Finland participates in the European

Space Agency science, telecommunications, nav-

s igation and earth observation programmes and in
s\\\\gy esa . the related technology R&D programmes.

Table and Graphic 3.1. Payments to ESA programmes 1995-2000 by Tekes and Ministry of Trade and
Industry (MTI); values in FIM million (1 Euro = 6 FIM).

1995 1996 1997 1998 1999 2000
estimated

Space science 38 34 23 24 24 29
Earth Observation 22 23 25 30 32 28
Telecommunications 12 15 13 12 7 3
Navigation - - - - 1 3
General Budget 17 10 10 10 10 12
Technology Programmes 2 10 5 5 5 5

Kourou Ariane 4 3 2 2 3 3

Other 2 - - - - -

Total 97 95 78 83 82 85

100

90

80 [ 1 Other

70 B Kourou Ariane

60 [ Technology Programmes
I General Budget

%0 [ 1 Navigation

40 [ 1 Telecommunications

30 I Earth Observation

20 I Space science

10

0

1995 1996 1997 1998 1999 200?
est.
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Space science

Table 3.2 summarises the ESA space science
programmesin which Finland has participated ei-
ther in provision of the scientificinstruments (AO
instruments) or in the construction of the satellite

platform equipment.

Table 3.2. Finnish AO and industrial participation in ESA space science missions.

Programme

Finnish participation

Schedule

SOHO

SWAN and ERNE AO instruments

Launched 1995

Cluster / Cluster-2

EFW AO instruments, satellite electronics

Launch failure 1996,
new launch 2000

satellite structure and power electronics

Huygens HASI AO instrument, lander radar altimeter Launched 1997
XMM Telescope tube and satellite electronics Launched 1999
Integral JEM-X AO instrument, satellite flight software Launch 2002
SMART-1 XSM and SPEDE AO instruments Launch 2002
Rosetta COSIMA, PP, MIP AO instruments and lander CDMS, Launch 2003

Mars Express

ASPERA-3 AO instrument, satellite power electronics

Launch 2003

Planck

LFI AO instrument and lander CDMS

Launch 2007

—~— N

Figure 3.1. Finnish participation to development of the Electrical Field and Waves instru-

ments integrated to ESA/Cluster-2 satellite has been lead by University of Oulu.




Earth observation

Table 3.3 summarises the ESA earth observation
programmesin which Finland has participated ei-
ther in the construction of the satellite platform or

has participated.

in the observation instruments.

Table 3.3. Finnish participation in ESA remote sensing programmes.

Telecommunications and navigation

Table 3.4 summarises the ESA telecommunica-
tion and navigation programmesin which Finland

Galileosat Definition

system definition

Programme Finnish participation Schedule
Earthnet Pre-processing, archiving, and distribution of image data. 1979-
EOPP Remote sensing technology programme. Several R&D activities 1986-2002
with Finnish participation.
ERS-1 & -2 Several data AO activities with Finnish participation. 1984-2000
Phase E
MSG Software for the satellite platform, hardware for the SEVIRI obser- | 1994-2000
vation instrument.
ENVISAT-1 Software and hardware for the GOMOS observation instrument. 1992-2003
METOP-1 PP METOP satellite series, satellite electronics and S/W development | 1993-2003
METOP-1 C/D
EOEP Earth Observation Envelop Programme 1998-
Table 3.4. Finnish participation in ESA telecommunication programmes.
Programme Finnish participation Schedule
ASTP-4 Developing the competitiveness of businesses. -1998
New projects not started after 1994. Several R&D
activities with Finnish participation.
DRS Ground station for the Artemis satellite developed in 1991-2001
Finland.
ARTES Basic specifications of the systems. An extension pro- 1993-2001
Element 1 gramme to PSDE-1. Several R&D activities with Finnish
participation.
ARTES Telecommunication systems and equipment programme. 1994-2001
Element 5 Extension to ASTP. Several R&D activities with Finnish
(ASTE) participation.
ARTES Telecommunication experiments and services demon- 1994-1997
Element 7 stration. Several R&D activities with Finnish participation.
ARTES Element 9 and | Industry activities related to Galileo satellite navigation 1998-
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Figure 3.2. In Orbit Test Station for ESA Artemis satellite, prime VTT Infor-

mation Technology.

Technology programmes

Technologies for ESA’s future science missions
areinmany casesdevel opedintheBasic Technol -
ogy Research Programme (TRP) and General
Support Technology Programme (GSTP). High
technology applications and continuous technol-
ogy development in broad fieldsare essential base
for the Finnish economy. In that respect also the
projects and development in the ESA R&D pro-

grammes have a great interest among the Finnish
companies and research institutes. In addition to
the participation in the mandatory TRP Pro-
gramme financed within the general budget of
ESA, Finland also decided to contribute to the op-
tional GSTP and presently well over the nominal
level. The most relevant technology develop-
mentsto support space research during the period
of 1998-1999 are listed in the table 3.5.

Figure 3.3. Standard In-Situ Impact Detector (DEBIE) for space de-
bris environment monitoring, prime Patria Finavitec Oy Systems.



Table 3.5. Main activities and resent Finnish participation in the ESA technology R&D programmes.

15

Project Finnish participation Programme
Digital interface circuits Patria Finavitec TRP
Netlander study Finnish Meteorological Institute TRP
Standard in-situ impact detector (DEBIE) Patria Finavitec, Metorex International, TRP
Space systems Finland
Hot-electron micro-bolometer technology | Metorex International, Univ. of Jyvaskyla TRP
Critical technology for millimeter wave Ylinen, Millilab TRP
radiometer
Radiation hard data handling technology Smartech TRP
Sub millimeter antenna testing Millilab TRP
Predevelopment of cascade solar cells Tutcore TRP
GalnP/GaAs cascade solar cells Tutcore, Tampere Univ. of Technology TRP
Micro-machined Fabry-Perot interfero- VTT Automation TRP
meter
Scanning micromecanical mirror VTT Automation TRP
MIRAS demonsrator Ylinen, Helsinki Univ. of Technology TRP
Solid state detectors and arrays for X-rays | Metorex International TRP
Measurement small size debris Sodankyla Geophysical Observatory TRP
Imaging micro bolometer array Metorex International TRP
Structural CRFP technology Patria Finavicomp TRP
Silicon detector elements for radiation Detection Technology GSTP-2
monitors
Struct. CRFP/honeycomb sandwich panel | Patria Finavicomp GSTP-2
tech.
MIRAS demonstrator calibration system Helsinki Univ. of Technology, Ylinen GSTP-2
Micro-robotics for scientific applications Space Systems Finland, VTT/Automation, | GSTP-2
Helsinki Univ. of Technology
UV/Optical filters Metorex International, Univ. of Joensuu GSTP-2
SSS crystal fabrication Metorex International GSTP-2
Cloud radar LNA Ylinen, Millilab GSTP-2
MMICs for receiver arrays at 70-90 GHz Ylinen, Millilab GSTP-2
NIS chip cooling Univ. of Jyvaskyla, Nanoway GSTP-2
Imaging LIDAR VTT/Electronics, Univ. of Oulu, Noptel GSTP-2
Multi-purpose rotating actuator VTT/Automation, Rejlers GSTP-2
DSP based application development Space Systems Finland GSTP-2
Development of a reference S/W vali- Space Systems Finland GSTP-2
dation facility
HOORA industrialisation Space Systems Finland GSTP-2
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...Table 3.5. continues

Project Finnish participation Programme
Project for on board autonomy (PROBA) Space Systems Finland GSTP-2
Cascade solar cells Tampere Univ. of Technology GSTP-2
Components for high speed frame synchr. | VTT/Electronics GSTP-2
And Viterbi decoding

GaAs solar cells on Germanium by Tampere Univ. of Technology GSTP-2
molecular beam epitaxy

Figure 3.4. An antenna-coupled microbolometer. The antenna is sensitive to frequencies between 200
GHz up to 1 THz. Radiation power absorbed in this band heats up a microscopic niobium thermometer
strip, located at the feed of the spiral antenna. Prime Metorex International.
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Figure 3.5. Software Validation Facility for use in the validation of satellite
software developed by Space Systems Finland Oy.
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3.2 Bilateral Co-operation and
Programmes

has started in the mid 80's and till bilateral pro-
grammes have an important role to play in the
overall Finnish space strategy. A list of thelargest

Bilateral space programmesmainly inthefieldof ~ Operative bilateral programmes is given in table

space science have been the first areasin which ~ 3.6.
Finland hasbecamean activeplayer in space. This

Table 3.6. The main Finnish operative bilateral space programmes

Programme Main Partners Finnish participation Schedule

Phobos SuU, S, D Electronics for ASPERA instrument and Launched 1988
test system for LIMA-D instrument

Freja S Plasma and wave instruments Launched 1992

Interball SU/RUS, S Electronics for ASPERA instrument Launched in 1995 and

1996

Polar USA Mechanisms for EFI instrument Launched 1996

Mars-96 SU/RUS Central electronics units, sensors and Launch failure in 1996
software for two landers

Cassini USA Hardware for IBS, CAPS and LEMS Launched 1997
instruments

Space Shuttle | USA AMS instrument Launch 1998

QOdin S, F, CAN 119 GHz receiver and antenna measure- Launch 2000
ments

SRG RUS Silicon x-ray array (SiXA) for the SODART Launch TBD
instrument

Radioastron RUS 22 GHz VLBI receiver Launch TBD

Figure 3.6. 119 GHz receiver developed by Ylinen Oy for ODIN satellite.
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Table 3.7. The Finnish national space technology programmes.

Programme Originator Finnish participation Schedule
Space 2000 Tekes National space equipment technology programme 1996-2000
Globe 2000 Tekes National remote sensing programme 1996-2000

3.3 Finnish National Space
Programmes

Two dedicated space technology programmes
were initiated by Tekes in 1996. These has
strengthen the Finnish capabilitiesin the areas of
industrial participation, various satellite technol o-
gies and application of earth observation tech-
niques in Finland.

Preparation of a national space research pro-
gramme for years 2001-2003 has started jointly
between Academy of Finland and Tekes.

Space 2000 - Space Equipment
Technology 1996-2000

The Space 2000 technology programme concen-
trates on the technology of space satellites and
their ground support equipment. Space technol-
ogy offers companies and research institutes op-
portunities to further apply and develop their ex-
pertise and productsand to extend their marketsto
new, challenging fields of application. Coopera-
tion within the European Space Agency plays a
central role in the Finnish space activities. There-
fore also the Space 2000 programme is closely
linked with the ESA technology programmes and
satellite projects.

Objectives are

» Developing the international competitiveness
of the Finnish space equipment industry, espe-
ciadly in the satellite projects of the European
Space Agency (ESA)

« Intensifying technology synergy between space
technology and other industry sectors

¢ Transmitting the expertise acquired in connec-
tion with the development of nationally finan-
ced scientific space equipment to an industrial
environment

* Creating afunctional network for spacetechno-
logy to enabletherealisation of more extensive
space technology projectsin Finland

The Space 2000 programme consists of compa:
nies product development projects and re-
search-based joint projects of companies and re-
search institutes. Many projects are closely re-
lated to ESA’s future satellite projects and tech-
nology programmes.

Focus areas are

* Preparation of Finnish R& D project proposals
for ESA’s technology programmes

» Commercialisation of space technology

* Space electronics and software

» Mechanics of space equipment

* Structural technology of satellites

» Manufacturing, testing, and quality activities

» Education and training in the space sector

The Space 2000 programme runs for five years.
Thetotal budget of the programmeis estimated at
FIM 100 million, of which Tekes finances ap-
proximately 60 percent.

GLOBE 2000 - Remote Sensing
1996-2000

The Globe 2000 technology programme helpsto
develop the remote sensing industry by intensify-
ing the use of research data for operational and
commercial applicationsand deepening the coop-
eration between the participants. Remote sensing
is an effective tool for airborne instruments pro-
ducing information about the state of the environ-
ment and changes to it with the help of satellite
and airborneinstruments. Satelliteremote sensing
is especially useful for obtaining data quickly
from a wide or distant area. Combining remote
sensing datafrom several different sourcesusually
provides the best results. Remote sensing meth-



ods can be utilised in many ways in the informa-
tion society of the future, both in Finland and on
the export market.

The Globe 2000 technol ogy programmeiscoordi-
nated with the remote sensing programmes of the
ESA and the remote sensing programme of the
European Union (CEO). The success of Finnish
participants in EU’s and ESA’s remote sensing
programmesisevidenceof good competitiveness.

Objectives

» Developing entrepreneurship in the remote
sensing industry

¢ Implementing operativeremote sensing techni-
gues to gain considerable economic and com-
mercial benefits and benefitsrel ated to the mo-
nitoring of the state of the environment

» Developing remote sensing technologies and
methods that enable a technological leap for-
ward or arerelated to top-level international re-
search cooperation
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Focus areas of the projects

e Companies product development projects for
commercialising remote sensing methods and
supporting companies’ technology projects

» Applied technological research projectsfor ob-
taining internationally significant new informa-
tion about remote sensing

» Demonstration projectsfor presenting aremote
sensing instrument, method, or data set to the
end users

¢ Operative remote sensing implementation pro-
jects, during which remote sensing methods
with significant economic or commercial value
are implemented

The Globe 2000 programme runs for five years.
Theestimated budget of the programmeisapprox-
imately FIM 50 million, of which Tekes finances
approximately 50 percent.

Figure 3.7. Digital image mosaic combined with terrain model.
Both have been produced by means of a global reconstruction
algorithm developed by VTT Automation.



4  Space Research

4.1 lonospheric and Magneto-
spheric Research

Finnish Meteorological Institute,
Geophysical Research (FMI/GEO)

The ionospheric and magnetospheric research at
FMI coversawide range of physical phenomena,
including large-scale dynamics of the magneto-
sphere, storms and substorms, electrodynamic
coupling between the ionosphere and magneto-
sphere in various spatial scales, and ionospheric
and auroral physics. Theresearchis conducted in
wide international collaboration utilising both
ground-based and space-borne measurements.
The research activities comprise the full chain of
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instrument development, design, and construc-
tion, observationsand data-analysis, and interpre-
tation utilising theoretical and modelling meth-
ods.

Development and utilisation of numerical theoret-
ical and empirical models is an important tool in
modern space physics. The global magneto-
hydrodynamic simulation code developed at FM|
can resolvethe solar wind - magnetosphere- iono-
sphere interaction using solar wind data as input.
Thisiscurrently the only global MHD codein Eu-
rope. It is used in studies of the large-scale
magnetospheric dynamics as well as in iono-
sphere-magnetosphere coupling studies. Thesim-
ulations are under continuous development in
terms of development of plasmatheory aswell as

Figure 4.1. Magnetospheric temperature distribution simulated by the GUMICS-3 code.
The picture is in the noon-midnight meridian and the distances along the axes are givenin
Earth radii. The computational grid (white grid-lines) is adaptive. The figure shows how the
solar wind (coming from the right) is compressed and heated upstream of the magneto-
sphere and that the nightside is characterised by a plasma sheet that is hotter than its sur-
roundings.
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Figure 4.2. An example of the combined use of satellite-borne imager (VIS onboard
Polar) and ground-based all-sky cameras (Kilpisjérvi station of the MIRACLE net-
work). The satellite imager yields the global features of the dynamical event whereas
the ground-based images provide smaller-scale details.

in terms of improved numerical accuracy and
Speed.

The FMI utilises the International Solar Terres-
trial Physics (ISTP) programmein studies of geo-
magnetic storms and substorms using data from
several spacecraft. During 1998-99 theseincluded
SOHO (Solar and Heliospheric Observatory) of
ESA, Polar, Wind, and FAST of NASA, aswell as
the Japanese Geotail, Russian Interball, and
Swedish Frejasatellites. Many of the event analy-
ses utilise empirical analysis modelling methods
developed at FMI.

MIRACLE (Magnetometers, lonospheric Radars
and All-sky cameras Large Experiment) is a net-
work of ground-based instrumentation, which is
used to monitor the dynamic state of the iono-
spherein the Scandinavian local time sector from
Southern Finland to Svalbard. The network con-
sists of the IMAGE magnetometer chain, six
all-sky cameras, and the STARE twin aurora ra
dar system. This network is used in collaboration

with the ISTP program for magnetospheric re-
search and in various ionospheric research pro-
jects. Inparticular, MIRACL E hasaformal agree-
ment with the Cluster community to provide com-
plementary ground-based observationsto support
the Cluster-2 data analysis. The MIRACLE Prin-
cipa Investigator (Pl) at FMI is responsible for
data collection and distribution at FMI, develop-
ment of analysis software for common display,
and collaboration agreements with third parties,
athough some of the instruments are maintained
and operated by other groups.

A centra part of MIRACLE isthe IMAGE mag-
netometer chain where FMI has also a Pl role.
More than 20 magnetometers provide continuous
high-quality absolute field measurements at 10-s
intervals. The network extends from Southern
Finland to Svalbard with stations also in Sweden,
Norway, and Russia. Data are distributed through
the World Wide Web (WWW), for most of the
mainland stations the day following the measure-
ments.



Five al-sky cameras were maintained and oper-
ated by FMI during 1998-99. The camerasrecord
the auroras continuously (20-sintervals) through-
out the dark season at four stations in Northern
Finland and Sweden, and one in Svalbard. Quick
looks of these data are available through the
WWW the day following the measurements; full
data become available two weeks after the data
taking. The FMI has a strong program in digital
image processing, which aimsat devel oping auto-
mated dataanalysismethodsfor the over 2million
auroral images recorded during a winter season.

The STARE radar was renovated and became op-
erative at the beginning of 1998 producing mea-
surementsof theionospheric electricfieldsat 20-s
intervals. The radar data are transferred daily to
FMI. The FMI also operates and partially main-
tains the UK-owned CUTLASS radar, whichisa
part of the SuperDARN coherent radar network.
The CUTLASS observations as well as EISCAT
and ESR observations are also merged with the
MIRACLE data setsin joint analyses.

During last few years, space weather activities
have gained a growing role in space research at
FMI. In 1996-1999 the first ESA-funded investi-
gation of European capabilities in space weather
modelling was conducted in collaboration with
the space physics group at the Department of
Physics of the University of Helsinki. The unique
expertise in ground effects of space weather, in
magnetospheric modelling and smulations, and
in the wide scientific approach to solar-terrestrial
physics research have made the FMI one of the
most important contributors to the European
space weather activities.

University of Oulu, Department of
Physical Sciences and Sodankyla
Geophysical Observatory

The Space Physics Group of the Department of
Physical Sciences and the Sodankyl& Geophysi-
cal Observatory of the University of Oulu (in
brief: University of Oulu) have a broad research
program in ionospheric and magnetospheric
physics, including observations from both ground-
based and satellite instruments. This program is
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conducted in extensive nationa and international
collaboration with several foreign institutes.

University of Ouluis engaged in continuous sup-
port and devel opment of a network of search-coil
magnetometers and a set of optical instruments,
including multichannel scanning photometersand
low light-level TV cameras. A new search- coil
magnetometer was installed in Crete in 1999 for
low-latitude observations of magnetic pulsations
and magnetic background noise, and a new pho-
tometer system was installed in the Chinese
Zhong Shan basein Antarcticafor observations of
Aurora Australis. Preparations for an instrument
measuring the vertical electric component of the
Schumann field wereinitiated. VLF observations
were made during special campaigns. Ground-
based observations have been used in a co-ordin-
ated way as a support for severa satellite mis-
sions, like Polar, Astrid-2 and Interball satellites.
Analyses of the measurementsof the Aurora Tur-
bulencell rocket experiment were started and first
results were published.

The high-sensitivity magnetic and optical mea-
surements, together with simultaneous satellite
observations, have given several interesting re-
sultson auroras, waves, and magnetosphere-iono-
sphere coupling. Action of theionospheric Alfvén
resonator at auroral latitudes was experimentally
verified and the possibility of artificial excitation
of theresonator by periodic HF heating of theion-
ospheric electron gas could be demonstrated.
Electromagnetic ion cyclotron (EMIC) waves
were studied using both ground-based magnetic
observations and magnetic and electric field data
from satellites, in particular from Viking, Freja
and Polar satellites. The significance of EMIC
wavesin magnetic stormswas studied for thefirst
time directly in space using Freja satellite obser-
vations. Also, evidence was given for an alterna
tive model of structured (pearl) Pcl pulsations.
Magnetospheric substorms, particle injections,
and particle boundarieswere studied with CRRES,
NOAA, and geosynchronous satellites. By study-
ing pseudobreakups from ground, ionosphere,
geosynchronous orbit, and mid-tail, it was shown
that pseudobreakups are associated with particle
injections, current disruptions, and magnetic
reconnectioninthe magnetotail. Satelliteradioto-
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mography measurements have been carried out
using areceiver chain in Scandinavia, and rel ated
tomographic methods have been developed. Am-
plitude scintill ation was used to determinethe ani-
sotropy parametersof Fregion small-scaleirregu-
larities.

Finlandisamember of theEISCAT (European In-
coherent Scattter) Association, together with five
other European countries and Japan. The task of
EISCAT istocarry out incoherent scattering mea-
surements at high latitudes for ionospheric and
magnetospheric research. This is accomplished
by UHF and VHF radars in the auroral zone and
by the EISCAT Svalbard Radar within the polar
cap. EISCAT aso possesses a RF lonospheric
Heating Facility. Finnish scientistshave madeim-
portant contributions to radar measurement tech-
niques and data analysis, in particular to the ex-
periment design and analysis package GUISDAP.
The EISCAT data laboratory serves scientistsin
problems associated with using and analysing
EISCAT data. Moreover, coherent and incoherent
scatter radar techniques have been developed and
used in auroral and airglow studies.

The group also has co-investigator status in the
Polar and Cluster-2 missions. The data from the
electric field instrument of Polar were analysed
and first results were published. Preparations for
the Cluster-2 mission were continued, and the de-
ployment mechanisms for the EFW (Electric
Field and Waves) instrument were constructed
and tested under the supervision of the Production
Technology Laboratory. Flight time test software
for the RAPID (Research with Adaptive Particle
Imaging Detectors) instrument was further devel-
oped and used in system tests. The Astrid-2
microsatellite was launched in December 1998
and operated until July 1999.

The Graduate School in Solar-Terrestrial Physics,
which started in 1995, was expanded in 1999 to
the Finnish Graduate School in Astronomy and
Space Physics. The school isanetwork including
all astronomy and space physics unitsin Finland
(University of Oulu, University of Helsinki, Uni-
versity of Turku, Helsinki University of Technol-
ogy, and Finnish Meteorologica Institute). It is
sponsored by the Academy of Finland and is or-

ganised and chaired by the Department of Physi-
cal Sciences of the University of Oulu. A total of
14 graduate studentsreceivetheir support through
the Graduate School.

4.2 Solar System Research

Finnish Meteorological Institute,
Geophysical Research (FMI/GEO)

For most of 1998-99 the ESA SOHO (Solar
Heliospheric Observatory) mission continued ob-
servations of the Sun and the Heliosphere. FMI is
involved inthe Solar Wind Anisotropies (SWAN)
instrument, which measures Lyman Alpharadia-
tion originating in the Sun and scattered by hydro-
gen atoms coming from interstellar space and
moving in the solar system. Its main research tar-
get isthe diffuse Lyman Alphabackground radia-
tion but other objects such as comets and the
geocorona can also be studied.

SWAN datahasbeen used to determinewater pro-
duction rates of comets Wirtanen, Hyakutake and
Hale-Bopp. A new comet was found in the 1997
SWAN observations of the whole sky. SWAN
data also confirmed the earlier Lyman Alpha and
Ulysses observations that near the solar activity
minimum the solar wind proton flux is high in a
narrow belt around the solar equator. Further-
more, SWAN has shown that the temporal devel-
opment of the background radiation pattern dur-
ing the solar cycle is not as simple as believed
based on earlier observations. The SWAN obser-
vationsof the penetration of theinterstellar hydro-
gen atoms into the solar system were included in
the list of 30 main discoveries of ESA spacecraft
in 1984-1999.

The FMI-built atmospheric Pressure Profile In-
strument (PPI) launched on board the Cassini/
Huygens spacecraft in 1997 isin nominal condi-
tionfor operationsat Titanin 2004. The spacecraft
has completed its Earth and Venus gravity assist
manoeuvresandisenrouteto SaturnviaJupiter.

Rosetta is one of the ESA cornerstone missions
planned to shed light onthe origin of the solar sys-
tem by investigating in-depth the close surround-
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Figure 4.3. NetLander operating on Martian surface.

ing, surface properties, and structure of a short-
periodic solar system comet Wirtanen. FMI/GEO
participatesinfour orbiter and twolanding unitin-
struments: the Swedish orbiter plasma instru-
ments LAP and ICA, the French instrument MIP
and the German dust analyser COSIMA. On the
lander GEO'’s Principal Investigator (PI) instru-
ment PP will analyse the electrical properties of
the comet’ s surface material and plasmawavesin
its environment. GEO has also system level re-
sponsihility in the lander CDMS memory unit.
During 1998, the instruments feasibility was
demonstrated by building breadboard models for
each part. All engineering models were manufac-
tured, tested and delivered for integrationin 1999.
The PP instrument’s prototype was taken to a
1-week field test on frozen rivers and lakes in
Northern Finland.

Asapreliminary study, the COSIMA consortium
developed asimplified version, CIDA, whichwas
successfully launched on the NASA spacecraft
STARDUST in February 1999 and has already
produced valuableinformation about dust proper-
tiesin the solar system.

In January 1999, the NASA Mars Polar Lander
(MPL) was successfully launched. The MPL pay-
load included, for example, FMI-supplied pres-
sure devices for three-month observations of me-
teorology and soil volatile content. Attemptsto es-
tablish communications with the lander after the
landing seguence were unsuccessful and the mis-
sion was lost.

After the FMI-led European study on aMars sur-
face network in the second haf of 1997, the
NetLander proposal was submitted to ESA in
early 1998. The NetLander network (four landers
for observations of meteorology, surface, interior
and subsurface structure, and ionosphere) was not
approved by ESA, but extensive work on mission
definition continued through 1998-99. The
NetLander mission has emerged as a primarily
French-Finnish-German mission and as acompo-
nent of the French-U.S. Mars co-operation frame-
work with ajoint Ariane5 launch in 2005 together
with a Mars Sample Return orbiter. The Net-
Landers' landing was scheduled for August 2006
followed by surface operationsfor aMartian year.
However, the recent reorganisation of the NASA
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programme may move the NetLander launch to
2007. In the phase A study started in early 1999
FMI/GEO has assumed primary responsihilities
for the Surface M odule—the component operating
on the surface — and the Atmospheric and M eteo-
rological Instrument System (ATMIS).

FMI participatesin the studies of solar windinter-
actionwiththeMartian atmosphere. Thescientific
studies have been continued based on plasma ob-
servations obtained by the ASPERA instrument
onboard the Phobos mission in 1989. In 1998 the
group became involved in the Mars Express
(MEX) mission of ESA, which is the first ESA
mission to Mars with alaunch in June 2003. FMI
is designing and manufacturing the data process-
ing unit and devel oping the flight softwarefor the
ASPERA-3 (Analyzer of Space Plasmas and En-
eRgetic Atoms) instrument. The instrument will
study the effects of the solar wind on the Martian
atmosphere utilising the new energetic neutra
atom techniques.

SMART-1isan ESA technology missionin prep-
aration for the cornerstone mission to Mercury.
FMI is participating with the Pl-instrument
‘ Spacecraft Potential, Electron and Dust Emission
Analyzer’ (SPEDE), which will monitor the ef-
fects of the new electron propulsion system onthe
direct environment of the spacecraft. While
SMART-1 dowly spirals out of Earth orbit to-
wardsthe Moon SPEDE will additionally investi-
gatethe plasmapropertiesof the Earth’ smagneto-
sphere and the solar wind during the transfer
phase. In Moon orbit the plasma properties of the
transition region into and out of the eclipsewill be
studied. The project started with the instrument
selection in 1999, the flight hardware delivery is
planned for Spring 2001 with an estimated launch
by the end of 2002.

University of Turku, Space Research
Laboratory (SRL)

The main scientific activities of the Space Re-
search Laboratory (SRL) during the years
1998-99 have been the observations, data analy-
sis, and scientific work with the Energetic and
Relativistic Nuclei and Electron experiment

(ERNE) onboard the Solar and Heliospheric Ob-
servatory (SOHO). ERNE consists of two detec-
tors, the Low Energy Detector (LED) and the
High Energy Detector (HED). Both measure en-
ergetic particles of elementswithZ =1 - 30. To-
gether they cover the energy range ~ 1.5 - 500
MeV/n.

Contact with SOHO was lost in June 1998, but
due to excellent work of NASA and ESA engi-
neers, contact satellite was re-established in Au-
gust and its experiments were recovered in Octo-
ber 1998. Despite the long period during which
the temperature onboard SOHO was very low,
ERNE did not suffer any problemsafter therecov-
ery, but showed the same quality as before the
SOHO loss of contact.

During the period 1998-99, the solar activity in-
creased remarkably, when solar cycle 23 devel-
oped from the solar minimum (September 1996)
towards its maximum. This was also seen in the
increasing number and intensities of energetic
particle events. Increase of activity enabled SRL
scientiststo start research of intensive solar ener-
getic particle (SEP) events, the first of which oc-
curredin November 1997. The studies of Novem-
ber 6, 1997 event unveiled two particle popula-
tions with different elemental compositions.

In 1998 SRL scientists took part on the SOHO
whole Sun month campaign by analysing the en-
ergetic particle events on August 1996. These
studies reveal ed a phenomenon of solar energetic
particle (SEP) storage and/or re-acceleration by a
corotating interaction region (CIR). This kind of
phenomenon had never been detected before, and
the exact course of events has not yet been ex-
plained.

Further studies on Earth-directed coronal mass
gections (CMEs) during the first half of 1997
showed that theinjection profilesof energetic par-
ticlesdiffer remarkably from injection profiles of
CME-accelerated particles during solar maxi-
mum. Whilethe moreintensive CMEsarestill ef-
fective particle accelerators when they cross the
Earth orbit, the injection from the weaker CMEs
vanishesalready at distances of sometenthsof as-
tronomical units (AU) from the Sun. Earth-di-



rected CMESs can cause magnetic storms, when
they hit the Earth’s magnetosphere. Magnetic
storms can damage electrical power lines, tele-
communications and satellites. Therefore the pre-
diction of such phenomena is economically im-
portant. Although the prediction of the magnetic
stormsis one of the hot topics in the SOHO pro-
ject, more observations are still needed before
complete understanding of magnetic storms will
be reached.

Analysis of solar energetic particle (SEP) events
associated with impulsive soft X-ray flares, type
Il radio burstsand coronal massejections(CMES)
revealed a SEP acceleration process during the
first 100 minutes after the flare impulsive phase,
called post-impulsive-phase accel eration. The so-
lar event of 9 July 1996 was a representative ex-
ample of awell-conneted event. The post-impul-
sive-phase accel eration association with Moreton
waves was confirmed, but instead of the previ-
ously detected two-component structure, addi-
tional proton acceleration at intermediate scales
between flare acceleration and interplanetary
CME-driven shock acceleration was detected.
This post-impul sive-phase acceleration seems to
be caused by the CME lift-off.

The theoretical studies in SRL during the years
1998-99 have concentrated on the transport and
acceleration of solar energetic particles. A numer-
ical transport model taking into account adiabatic
energy changes during the interplanetary particle
transport has been devel oped. Further, models of
stochastic accel eration and diffusive shock accel -
eration have been studied in solar coronal condi-
tions. Both analytica and numerical methods
have been employed. The key findings in these
studies have been associated with effect of the di-
verging coronal magnetic field on the efficiency
of the acceleration mechanisms, which has been
shown to be considerable. In addition, diffusive
shock accel eration in solar coronahas been shown
to be strongly modified by the large phase speed
of the waves associated with the accel eration pro-
cess, enhancing the accel eration efficiency above
the prediction of the standard shock-acceleration
theory.
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University of Oulu, Department of
Geosciences and Astronomy

Planetology isapart of the activities of the Space
Ingtitute of the University of Oulu. Modern ap-
proaches in planetary science have been made
possible by the data provided by the notabl e space
missions. Together with NASA the Nordic Re-
giona Planetary Image Facility has been estab-
lished to ensurethe availability of the detailed new
planetary data sets and to provide this data for
Northern European scientists, schools, media, and
public.

Varioustools have been applied to study different
aspects found on planetary surfaces. Some inter-
disciplinary topics between astronomy and geol-
ogy have resulted in studies in selenochemistry
and impactite mineralogy. Planetary remote sens-
ing has led to increased interest in environmental
problems. Knowledge in geophysi cs has provided
an insight to the crust and lithosphere, and hel ped
to monitor certain environmental parameters.

L unar tectonics and geological development have
been studied with Clementine data. Studies of
Martian photometry and tectonics have been con-
tinued with more recent (Mars Global Surveyor
etc.) data sets. Participation in future Mars
programmes (e.g. NetL ander) has been prepared.
Venus research using Magellan data sets contin-
ues with studies of Venusian stratigraphy, re-sur-
facing, tectonics, volcanism, and lithosphere. Ve-
nusian and terrestrial impact craters have been
studied by using radar imagery and field works,
respectively. Impactite rocks and minerals give
information of the impact phenomena. Studies of
impact craters, impact mineralogy, and impact-in-
duced aspects on surfaces of terrestrial planetsare
continuing.

Remote sensing methodology studies continue
and amplify different planetary approaches. They
widen theperspectiveby providing apossibility to
adopt field-true data for evaluation of the result
correctness.
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University of Oulu, Department of
Physical Sciences and Sodankyla
Geophysical Observatory

Heliospheric physics is an increasing research
field in the Space Physics Group of the Depart-
ment of Physical Sciences and the Sodankyla
Geophysical Observatory of the University of
Oulu (in brief: University of Oulu). Heliospheric
research includes ground-based and underground
cosmic ray measurements, long-term satellite
measurementsof solar wind and IMF, and satellite
missions.

The cosmic ray nucleon component hasbeen mea-
sured continuously at the Oulu cosmic ray station
since 1964. These data are regularly sent to the
World Data Center and other scientists. The
CUPP project wascontinued in order to establisha
multi-layer muon detector in the Pyhésalmi mine.
The first new muon detector elements were in-
stalled at the depth of 210 m. The effects of the
Earth’s magnetic field on the asymptotic direc-
tions of cosmic rayswere calculated according to
the modern models of the magnetic field. Solar
neutronswere studied using an extensive network
of cosmic rays stations at different latitudes. New
methods were developed in order to analyse the
dependence of cosmic rays on solar activity.

Heliospheric structureanditschangesover the so-
lar cycle were analysed using the long-term mea-
surements of the solar wind and IMF obtained
from various spacecraft. A significant annual
variation of solar wind speed was detected and
found to change its phase from one solar cycle
minimum to another. A similar behaviour was
found in geomagnetic activity, solving the long-
existing problem of the origin of the annual varia-
tionin geomagnetic activity. Theannual variation
was related to a persistent north-south asymmetry
of the solar corona.

Thegroupisalso participating asaco-investigator
inthe CAPSinstrument project of the Cassini mis-
sion to Saturn, with the main responsibility in the
ion beam sensor (IBS). A CAPS-team workshop
was held in Oulu in 1998. Calibration beam runs

for the IBS-instrument were made and simula-
tionsfor theinstrument performance were contin-
ued. First measurements by the instrument were
obtained for analysis and instrument calibration
and testing. All CAPS sensors are functioning as
expected. The Cassini probewill reachitsdestina
tion in 2004.

University of Helsinki, Department of
Physics

Space physics research at the University of Hel-
sinki is directed toward solar-terrestrial physics
and conducted by a small group consisting of a
professor and of a number of graduate students
who all work in close collaboration with the Finn-
ish Meteorological Institute. Thejoint researchin
magnetospheric physics, including aleading role
in European space weather activities, is reported
under the section describing FMI’s activities in
thisfield.

During 1998-1999 the group became involved in
solar studiesin two fields. Long term solar activ-
ity was studied using 143 years of sunspot obser-
vations to study solar differential rotation and its
generators. From 1999 on the group has been ac-
tivein studies of coronal mass gjections and their
role in magnetospheric storms using SOHO/
LASCO observations together with data from
WIND, IMP-8, and ACE spacecraft and ground-
based storm indicators.

University of Helsinki Observatory (UHO)

The planetary research at University of Helsinki
Observatory (UHO) has concentrated on some
key theoretical problemsrelevant to modern solar
system studies. The UHO is participating in the
Mars ExpresssHRSC experiment and the Micro-
gravity experiment onboard the International
Space Station (1SS) at a Co-Investigator (Co-1)
status. The activities include the analysis of dust
and aerosol light scattering both from the surface
and in the atmosphere of Marsand in low gravity
circumstances. Photoclinometric methods devel-



oped at UHO enable oneto deducethetopography
of the Martian surface.

New methods and codes have been devel oped for
light scattering by small non-spherical particles.
Systematic research continues to find means of
separating aggregated and solid irregular articles
by using these methods. Cosmic dust permeates
the solar system and, therefore, these studiesform
an important method in gaining moreinformation
about that dust. Results from the systematic stud-
ies of light scattering by so-called Gaussian ran-
dom particles have been obtained. Quite new re-
sultsabout the cometary dust have been gained by
analysing polarisation measurements over awide
wavelength range.

UHO published the first application of the
so-called Gaussian random sphere method to the
modelling of the shapes of asteroidsand cometary
nucle. Intriguingly fine light curve details ap-
peared inthe cal culationsthat partly explainedthe
increase of the asteroid light curve amplitudes
with increasing solar phase angle. UHO contin-
ued photometric and photopol arimetric observing
campaigns on asteroids that are (or are likely to
be) targets of space missions.

Together with the Department of Mathematics,
University of Helsinki, UHO provided a maxi-
mum likelihood estimator for solving the inverse
problem of deriving the statistical parameters of
the Gaussian random sphere from sampl e shapes.
By making use of existing three-dimensional
shape model sof asteroidsand planetary satellites,
UHO together with the Astronomical Observa
tory, UppsalaUniversity, succeededin describing
the shapes of small solar system bodies with a
small number of statistical parameters. The statis-
tical model promisesto beapplicablein numerous
simulations of the physics of small solar system
bodies.

UHO, together with colleagues at the Astronomi-
cal Observatory, Kharkov State University, Uk-
raine, published apaper on the diagnostic sense of
the opposition effect of solid planetary surfaces,
making use of recent snow measurements. An ex-
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tensive study of the shadow-hiding effect in in-
homogeneouslayered parti culate mediawas com-
pleted. Theresultsoffer important insight into un-
derstanding the opposition effect of airless solar
system bodies. UHO hasaCo-l statusintheLIBRIS
space experiment that aims at lidar imaging of
small-to-medium sized space debris particles in
low-Earth orbit.

UHO carried out discovery and follow-up simula-
tions for small Earth-crossing asteroids, down to
the diameter of 10 m, reaching substantial conclu-
sions about the discovery biases for various
classes of near-Earth objects. These simulations
will help design efficient ground-based and
space-borne search programs for near-Earth ob-
jectsinthevisible and infrared regime of the elec-
tromagnetic spectrum.

Thenear-Earth asteroid 1997XF11 madethenews
mediaheadlinesin Spring, 1998, when it was sug-
gested that a collision with the Earth in October
2028 could not be ruled out with the existing
astrometric data. UHO participated in the vivid
discussion about the collision probability and
showed, using rigorous statistical methods, that
the collision probability was, in fact, vanishingly
small. A Finnish near-Earth object impact hazard
meeting was organised in Spring, 1999.

The SMART-1 space probe is planned for launch
in late 2002, aiming at an orbit around the Moon.
UHO has a Co-Principal-Investigator in the D-

Figure 4.4. SMART-1 spacecraft that will carry
the Finnish contributions SPEDE and XSM .
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CIXS/XSM X-ray instrument complex and aCo-I
in the SMART-1 AMIE complex. XSM (X-ray
Solar Monitor) is the calibration instrument for
the D-CIXS imaging spectrometer. D-CIXS will
be measuring the X-ray fluorescence and mono-
chromatic scattering of the lunar surface. In addi-
tion to the calibration task, XSM will independ-
ently produce valuable information of the solar
corona and the solar flares. AMIE (Aster-
oid-Moon Imager Experiment) is a light-weight
visua cameradesigned and built by a Swiss com-
pany. AMIE will provide athorough data set of
the disc-resolved opposition effect of the Moon
and UHO will participate in the interpretation of
the imagery using state-of-the-art theoretical
models.

Helsinki University of Technology,
Metsahovi Radio Observatory

A 14 metre radio telescope at Metséhovi Radio
Observatory has been used for solar research.
Metsdhovi ground based observations have been
used in several international satellite campaigns.
X-ray data from GOES, Yohkoh, and GRO/
BATSE satellites have been used in comparison
with the Metsdhovi measurements.

Metsdhovi has a Co-Investigator status in the
ERNE team in the SOHO mission of ESA. SOHO
EIT instrument images have been used in the
study of solar polar features at millimeter wave-
lengths.

University of Turku,
Tuorla Observatory

Planetary system dynamics have been studied by
numerical investigationsof variousreal and hypo-
thetical systems, mostly in collaboration with
American, Canadian, British, and Japanese col-
leagues. We have continued the study of the dy-
namics of the curious asteroidal body 3753
Cruithne, whichisanew kind of companiontothe
Earth. Simulations of the formation of planetsin
binary star systems, tidal frictioninmultiplestars,
and the dynamics of hypothetical quasi-satellites

(similar to the Cruithne) in the outer Solar System
and severa other systems have been conducted.

Significant new results in developing numerical
methods have been achieved. New methodsin the
very topical field of symplectic integration of
planetary orbitswereinvented, themost important
among them anew way for regularisation and sta-
bilisation. The superiority of our methods has
been confirmed by other investigators. Anentirely
new method, algorithmic regularization of
N-body equations of motion, was also discovered
recently.

The evolution of the populations of small bodies
in the solar system is very slow, and for many
problems the direct orbit integration methods are
too slow by several orders of magnitude. We have
developed a Monte Carlo code that is about 100
times faster than direct orbit integration.

In collaboration with Swedish and American sci-
entistswe haveinvestigated the possibility of mat-
ter transfer between planets. We have shown that
smaller rocks ejected from planetary surfaces in
collisions with larger meteoritic bodies have a
non-negligible possibility of reaching other plan-
ets of our solar system. In particular, the transfer
times between Mars and Earth are often small
enough to make possible the survival of primitive
life forms embedded in the rocks.

Helsinki University of Technology,
Laboratory of Space Technology

Theroleof theL aboratory of Space Technology in
the Mars NetL ander 2005 project wasto design a
telecommunication system concept for the
NetLander to Orbiter link as a part of ESA
NetLander study and to participatein thetelecom-
munication system devel opment during the Phase
A of the NetLander project. A preliminary design
was produced for the Mars Express proposal and
this design was further developed in the ESA
NetLander study (which has ended by now) and
the NetLander Phase A study (to end during
Spring, 2000).



Onthe NetL ander side the measurement datawill
be modulated on acarrier that is coherent with the
carrier received from the Orbiter. This carrier is
transmitted by the UHF transmitter (TX) to the
Orbiter using a frequency of about 401,6 MHz
(F,). In addition, a coherent radio science carrier
with afrequency of 2380 MHz (F,) is transmitted
by the NetLanders. This radio science carrier is
implemented by two radio science experiments
that will rely on Doppler measurements. On the
Relay Orbiter side the command data received
from the Earth will be modulated on a carrier,
which is coherent with the stable reference fre-
quency provided by an Ultra Stable Oscillator
(USO) and transmitted to the NetLandersusing a
frequency of 437,1 MHz (F,). The Doppler mea-
surements (implemented by radio science experi-
ments) will be conducted by a Data Processing
Unit (DPU) onboard the Relay Orbiter. This data,
along with the measurement data received from
the NetLanders, will be stored by the Orbiter and
sent to the Earth when possible.

4.3 Astronomy
University of Helsinki Observatory (UHO)

The general goals of the research group of thein-
terstellar medium and star formation areto inves-
tigate the physical and chemical properties of in-
terstellar molecular clouds and the properties and
composition of interstellar dust grains in dense
and diffuse clouds, and to measuretheintensity of
the extragal actic background radiation at optical
andinfrared wavelengths. Thegroup hasutiliseda
multi-wavelength approach whereradio, infrared,
and optical telescopes have been used. The obser-
vational facilities most important for the group
have been the Swedish-ESO Submillimetre Tele-
scope (SEST), the Infrared Space Observatory
(1S0), and - starting in 2000 - the Odin submilli-
metre satellite.

Theresearch goalsof the group of interstellar me-
dium and star formation have motivated a strong
involvement in infrared space observationsin the
2 to 200 micrometer bands. The group has Co-In-
vestigator status in ESA’s 1SO (Infrared Space
Observatory) ISOPHOT consortium.
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Figure 4.5. Infrared spectra along the major axis
of the spiral galaxy NGC891, seen edge on. These
spectra were obtained by the UHO using the ISO
ISOPHOT-S instrument. On the right an optical
false-colour image of the galaxy is shown with the
observed 24x24 arc second areas superimposed.
These spectra represent the first detection of the
‘Unidentified Infrared’ bands at 6.2, 7.7, 8.6, and
11.3 micrometers in the diffuse disk emission of an
external galaxy. These bands are currently sup-
posed to be caused by large numbers of
Polycyclic Aromatic Hydrocarbon (PAH) mole-
cules in interstellar space.

The space instrument design activity of the High
Energy Astrophysics Group of UHO includes 3
science instruments: the SIXA X-ray spectrome-
ter for Spectrum-X-Gammawith Principal Inves-
tigator (PI) status, the JEM-X X-ray monitor for
the INTEGRAL satellite with Co-Investigator
(Co-l) status, and the D-CIXS/XSM X-ray detec-
tor system for the SMART-1 space probe with
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Co-Principa Investigator status. The High En-
ergy Astrophysics Group of UHO participates ac-
tively in the hardware project management, the
science data analysis software design, and the
mission science preparation in al three missions.
The above space missions will be launched be-
tween 2001 and 2003. Collaboration in these pro-
jects includes scientific institutes in European
countries and in the USA, and space technology
companies in Finland (the most important com-
pany partner being Metorex International Oy).

Thescientificwork includesstudiesof, 1) coronae
of active starsand the Sun, 2) disc and pole accre-
tion in X-ray binaries and CV's, 3) microquasars
and radiation processes around black holes, 4) the
galactic centreregion, and 5) hot gasin clusters of
galaxies. The work is based on satellite observa-
tions (ROSAT, ASCA, CGRO, RXTE, Beppo-

SAX, Hubble ST, EUVE and SOHO) and ground-

based optical and Radio data (NOT, AAT, CAT,

MOST, ATCA and SEST). Magnetic flaring and

hot coronal gas are the unifying physical factors

behind many of these topics.

1) HST observations of CIV 1550 line profiles
show that microflaring is likely to be anim-
portant coronal heating mechanism. Related
work isin progress to study the X-ray bright
points (XBP) on the Sun using SOHO/
SUMER observations. The preliminary re-
sults indicate that even smaller structures
than microflares may exist, giving rise to the
low level ubiquitous coronal emission on the
solar surface.

2) Optical and X-ray light curves of X-ray bina-
ries have been modelled using structured
(warped) accretion discsand utilising genetic
software agorithms. The method has been
successfully applied to the black hole candi-
date 4U 1957+115. The results suggest the
presenceof vertically extended disc structure,
which is difficult to explain with conven-
tional models. Work on a more elaborated
3-dimensional codeisin progressand will be
applied also to MS 1603+2600 (possibly a
new X-ray transient in quiescence observed
at NOT) for which 50 ksec of the XMM-New-
ton time has been granted.

3) Multiwavelength (Radio-X-Gamma) obser-
vations of Galactic microgquasarsand theoret-

Figure 4.6. SIXA Flight Model detector in cold
storage.
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Figure 4.7. New soft X-ray sources identified by
UHO observations with BeppoSAX satellite in
April 1998 (Huovelin et al. 1999).

ical work on Comptonized radiation have
been carried out. The work has given insight
into the jet-gj ection mechanisms, aswell asto
the disc structure under super-Eddington ac-
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Figure 4.8. ESA’s INTEGRAL-satellite, which will carry four science instruments. The
double X-ray telescope JEM-X, which is partly manufactured in Finland, is located in
the picture next below the large square aperture of the gammaray imager IBIS.

cretion. Modelling of the phenomena sug-
gests that at least one of these (GRS 1915+
105) is likely to be a Kerr hole with an ex-
treme prograde rotation.

4) The Galactic Centre region at EXS 1737.9-
2952 was observed in 1998 with Beppo-SAX
tofind asuspectedtransient. Surprisingly, ten
new soft X-ray sourceswere discovered. De-
tailed study of theindividual sourcesisbeing
made to reveal their spectroscopic properties
and possible time variability.

5) Hotgas, asobservedin X-rays, hasbeen stud-
ied to probe dark and baryonic matter distri-
bution and cosmological parametersin clus-
ters of galaxies. The results are consistent
with the concept that the large scale structure
of the Universe originated from primordial
density fluctuations. Thework will be contin-
ued with XMM-Newton and Chandra data.

University of Helsinki, Department of
Physics

In 1999 scientific participation in the LFI (Low
Frequency Instrument) Consortium of the Planck
Surveyor Mission began at the Physics Depart-
ment of the Helsinki University and the Helsinki
Ingtitute of Physics. The main interest is in the
physical implications of the temperature map of
the cosmic microwave background on particle
physics and models of inflation. One particular

topic that has been studied is the amplitude of
isocurvature fluctuations, predicted by certain
types of supersymmetric particle physics models,
and the possibilities for their detection at Planck.
The group also participates in the data handling
activities at a preliminary level.

University of Turku, Tuorla Observatory

Dark matter intheMilky Way hasbeen studied us-
ing deep images obtained with the Hubble Space
Telescope (HST). Analysis of the magnitudesand
colours of the stars has enabled us to exclude the
possibility that the low mass stars could provide a
significant fraction the dark matter. The massdis-
tributions, kinematics and metallicities of nearby
stars have been studied using the Hipparcos data,
which aso helps to constrain the possible dark
matter candidates. Using the Hipparcos data,
Cepheid variableshave been calibrated and there-
sults applied to the study of the Hubble constant.
The HST extragalactic Cepheid measurements
have been utilised for calibrating the Tully-Fisher
distanceindicator. These and other ongoing stud-
ies, e.g., kinematics of a proposed massive black
hol e popul ation and motionsof the L ocal Group of
galaxies, alsopavetheway for the GAIA mission.

Recently found magnetic Cataclysmic Variables
and mCV candidatesfromthe ROSAT all-sky sur-
vey have been studied optically with NOT and
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CASLEO telescopes with photopolarimetric and
spectropolarimetric methods. Future studies will
include developing more redlistic physical and
geometrical modelsfor mCV s, and their magnetic
fields and cyclotron emission regions, based on
new XMM satellite observationsand optical stud-
ies. Other cataclysmic variables and low mass
X-ray binaries have also been studied using the
ROSAT and RXTE satellites and optica tele-
scopes. TuorlaObservatory has Principal Investi-
gator (PI) status in the forthcoming XMM study
“Evolving accretion disc structure in UW CrB”,
and Co-Investigator (Co-1) status in another
XMM program.

Tuorla Observatory is associated with the Planck
LFI Consortium, participating in the planning of
the Planck Core program, to be formulated in
2001. Our main interest isin the so-called fore-
ground sources, including Galactic contamina-
tion and active galactic nuclei. AGN researchers
are also participating at various levels in other
scheduled or proposed future radio astronomical
missions, including the Hal ca (anumber of Pl and
Co-| projects), Radioastron (Science Objectives
Group), ARISE (Science Advisory Group), and
VSOP-2 space VLBI (Very Long Baseline Inter-
ferometry) missions. Most of thework isdirected
towards understanding the relationships among
the multiwavelength spectra, thetotal flux density
variations across the whole electromagnetic re-
gime, and the structural variationsrevealed by high
resolution VLBI. In particular, numerous
Compton/EGRET investigations (with Tuorla
Co-Investigators) haverevealed aclosecorrelation
between the radio and the gamma-ray regimes.

The large international OJ-94 blazar monitoring
project, involving some 50 astronomers in 12
countries, has been continued. Within the project,
anumber of campaigns have been conducted us-
ing the Compton/EGRET, RXTE, ASCA, and
Beppo-SAX satellites. In the future, the project
will also incorporate multiwavelength observa-
tionswith such new satellitesasIntegral, GLAST
and AGILE.

Using the NOT, Calar Alto, Kitt Peak, NTT and
VLT telescopes we have observed various sam-

ples of AGN from the Einstein Slew Survey, the
ROSAT Green Bank Survey and the FIRST sur-
vey of radio sourcesin order to study their optical,
IR and radio properties, parent galaxies and envi-
ronments. Weareal so collaborating in aproject of
combining the NOT and the HST images of se-
lected BL Lacs, and participating in the ELAIS
survey of IR-luminous but optically faint galaxies
detected by 1SO.

New methodsfor manufacturing and testing of op-
tical components have been developed. We have
developed new techniques of polishing thin, light-
weight carbon and silicon carbide mirrors, suit-
able for space applications. In collaboration with
the Opteon Oy (Finland) and Matra Marconi
Space (France), polishing of atest mirror for the
FIRST satellite was successfully completed in
1999. The 1.35 m mirror isthe largest silicon car-
bide mirror ever polished.

University of Turku, Space Research
Laboratory (SRL)

The Space research Laboratory isactively partici-
pating in the Alpha Magnetic Spectrometer
(AMS) project. AMSisanew generation particle
instrument with a gathering power of three orders
of magnitude higher than in previousinstruments.
Thegoa of the project isto measurethe antimatter
abundance in the Universe in order to probe the
fundamental theories of physics. In addition,
AMS searches for weakly interacting particles
(WIMPs) that may partly or completely explain
theproblem of dark matter. Thelaboratory wasin-
vited tothe AM S collaboration by Nobel Laureate
Prof. Samuel Ting to provide the ground support
system for the project. SRL aso participates in
tracker production.

AMS made a successful test flight aboard the
Space Shuttle in 1998, obtaining a total of 107
hours of observations. SRL ground support team
assisted the instrument integration in Zirich and
Cape Canavera and participated in the mission
operations in Johnson Space Center during the
flight. After the flight the instrument was cali-
brated with particle accel eratorsin Darmstadt and



CERN. Observations onboard the International
Space Station Alpha (ISSA) will be carried out
during the years 2003 - 2006.

Helsinki University of Technology,
Metsdhovi Radio Observatory

Metsdhovi Radio Observatory continued to par-
ticipatein thededicatedinternational space-VLBI
(Very Long Baseline Interferometry) missions:
Halca (V SOP) from Japan and Radioastron from
Russia. Metsghovi is a member of several ac-
cepted observing programmes of Halca and the
Metsdhovi tel escope has participated in one com-
mon VLBI session with Halca at 22 GHz.

Data from Metséhovi monitoring programme of
quasars and active galaxies have been used to se-
lect target-of-opportunity sources for X-ray and
Gamma-ray satellites. Metsdhovi has used data
from several satellitesinthe study of extragalactic
radio sources. The following satellites have been
used: Compton GRO, RXTE, IUE, ROSAT,
ASCA, and ISO.
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Metsghovi participated in the AMS (Alpha Mag-
netic Spectrometer) mission. The first test flight
was in June 1998 with the Space Shuttle flight
STS91. The first results from this flight were
published in 1999. The next phaseis 2-3 years of
measurements in the International Space Station
Alphastarting 2003. Metsdhovi isresponsiblefor
the design, construction, and operation of the
High RateDataLink (HRDL) electronics, through
whichall scientific datafrom AM Sinstrument are
transmitted.

Metsghovi isamember of theteam that isbuilding
for ESA thelow frequency set of receiversfor the
Planck satellite. The group is participating in the
design and testing of the 70-GHz receivers. In ad-
dition Metsdhovi is participating in the Planck
foreground science. Metsdhovi participated in the
Planck CMB Surveyor instrumentation team. The
Finnish team is responsible for the design, con-
struction and test of the 70-GHz HEMT (High
Electron Mobility Transistor) receivers. The
Planck Phase-0, “Critical Technology for Micro-
wave Radiometers,” consists of several InP
MMIC (Microwave Monolithic Integrated Cir-

Figure 4.9. The AMS experiment being assembled at NASA Kennedy Space Center
MPPF cleanroom (M. Tornikoski and K. Karlamaa, Metsahovi).
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Figure 4.10. Supervising reception of HRDL data
during STS-91 at NASA Johnson Space Center
Mission Control Center (M. Tornikoski and A.
Mujunen, Metsdhovi, T. Eronen, University of
Turku).

cuit) process runs at Daimler-Chrysler. An ul-
tra-wide band monoalithic hybrid divider with an
operating bandwidth of 20 - 100 GHz hasbeen de-
signed. Two designs with alternative port orders
were accepted for the latest process run. Metsé
hovi wasthe prime contractor in Planck Phase 13,
“Evaluation of the TRW MMIC process and its
upper frequency limits,” Tekes contract 40162 /
99. Metséhovi and VTT contributed a 3-stage
LNA designtothefirst TRW MMIC process run.
The LNA wasdesigned for 18 dB gainand 2.4 dB
noise figure.

Helsinki University of Technology,
Radio Laboratory

During 1998-1999, spaceresearch activitiesat the
Radio Laboratory were focused on research into

receiver technology and antenna measurement
techniques at millimeter and submillimeter wave-
lengths.

TheRadio Laboratory is participating in theinter-
national Odin satellite project. Odin will carry
onboard aradio telescope operating at millimeter
and submillimeter wavelengths for monitoring
aeronomical and astronomical spectral lines. The
radio telescope uses an offset reflector antenna
with al.1-m diameter main reflector. The Finnish
contribution is a cooled 119-GHz Schottky diode
receiver, and the telescope antenna tests at 119
GHz.

Within the project, a compact antenna test range
(CATR) based on a hologram was devel oped and
the Odin telescope was tested at 119 GHz in
Linkoping, Sweden. For thesetestsa2.4 mby 2.0
m hologram was designed and fabricated. The ho-
logram consisted of seven pieces, which were
connected together with thin polyester tape. The
quality of the hologram for Odin measurements
was assessed measuring the quiet-zone field. Ac-
cording to the telescope tests, the main beam was
symmetric and thebeamwidth met design require-
ments.

The European Space Agency iscurrently examin-
ing the use of space-based radiometric instru-
ments to probe the atmosphere in the 200 - 1000
GHzregion. Thehologram CATR techniquehasa
potential to become an economic way of testing
thelarge satellite antennas of such instruments. In
1998-1999, the Radio Laboratory carried out a
projectinwhichthefeasibility and applicability of
a submillimeter wave hologram CATR was stud-
ied. A demonstrator CATR based on a60-cm ho-
logram was built for 310 Ghz.

In 1996, ESA started a development program
caled KASIMIR (Key Advanced Structure In-
vestigations for mm- and Sub-mm-Wave Inte-
grated Receivers) in order to advance the future
submillimeter receiver technology for Earth ob-
servation and radio astronomy. The goal of the
project isto fabricate sensitive open-structure and
waveguide type integrated 650-GHz receiver
front-ends using European Schottky diode tech-
nologies in co-operation among several research



Figure 4.11. Measurement set-up for testing the quiet-zone field of the 60 cm hologram
at 310 GHz.
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groups. All the front-ends employ so-called
quasi-vertical Schottky diodes. The development
and fabrication of these high quality GaAs
Schottky diodesareessential partsof the project.

The Radio Laboratory is responsible for the
650-GHz waveguidetypereceiver front-end com-
prising a diagonal horn antenna and a subhar-
monic waveguide mixer utilising an anti-parallel
pair of quasi-vertical Schottky diodes. 10- and
220-GHz scalemodel sare designed and tested be-
fore the 650-GHz receiver front-end. During
1999, thetestsof the subharmonic 220-GHz mixer
were finished yielding a single sideband (SSB)
noise temperature of 3500 K and conversion loss
of 9.2 dB with an applied LO power of 3.5 mW.
Currently, the 650-GHz mixer isbeing assembl ed.

Millimetre Wave Laboratory of Finland
(MilliLab)

The Millimetre Wave Laboratory of Finland -
MilliLabisajoint |aboratory between the Techni-
cal Research Centre of Finland (VTT) and the
Helsinki University of Technology (HUT). Milli-
Labisalso an ESA External Laboratory on Milli-
metre Wave Technology. MilliLab was estab-
lished in 1995.

The main purpose of MilliLab isto support Euro-
pean spaceindustry to meet the demands of future
ESA missions, which will include an increasing
number of millimetre wave instruments for astro-
nomical and remote sensing applications.

MilliLab supplies servicesat millimetrewavefre-
guenciesin the field of device modelling, device
characterisation, measurements, testing, research,
and development. The parent organisations of
MilliLab, VTT, and HUT, have a substantial
amount experience and expertise in the field of
microwave and millimetre wave technology. The
total research personnel with experiencein milli-
metre waves is over 25.

A low noise receiver for the ESA Planck-mission
and an antenna test method for future mm-wave
space telescopes are the main development pro-
jectsinMilliLabrelated to spaceapplications. The

Figure 4.13. The Planck spacecraft. The active
parts of the 12 receivers at 70 GHz will be built by
the Finnish team.

novel antenna test method based on a radio fre-
guency hologram has been described above in
more detail under HUT Radio Laboratory.

In the Planck Low Frequency Instrument (LFI)
MilliLab's responsibility together with Ylinen
Electronic Co. and Metséhovi Radio Observatory
isto design and construct the 70 GHz receivers. In
order to obtain maximum sensitivity, the receiver
is divided into a front-end cooled to 20 K and a
300-K back-end. The most vital parts of the re-
ceiver arethe Low Noise Amplifiers (LNA) to be
realised by utilising InP MMIC technology. The
use of integrated circuits is important due to the
large number of receiversinthe LFI. All together
12 identical back- and front-end receiver chains
will be made in Finland for this project.

The main scientific goal for the European Space
Agency’s Planck mission is to measure Cosmic
Microwave Background (CMB) radiation aniso-
tropy. A consequence of the unprecedented angu-
lar resolution (10 arc minutes at 100 GHz) and the
measurement sensitivity of the background radia-
tion (AT/T4x10°) is the possibility to uncover a
wealth of cosmological information encoded in
the anisotropy pattern.
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Figure 4.14. Photograph of a three-stage 70 GHz low-noise amplifier designed for Planck
LFI. This integrated circuit is based on Indium-Phosphide (InP) HEMTs (high electron mo-

bility transistor).

In addition to the 1.5-m telescope and LFI, the
Planck spacecraft will have the High Frequency
Instrument (HFI) on board. The LFI comprisesre-
ceivers for 30, 44, 70 and 100 GHz frequencies.
TheHFI, for itspart, hasreceiversfor frequencies

of 100, 143, 217, 353, 545 and 857 GHz using bo-
lometers. Planck will belaunched to the sun-earth
synchronous L2 orbit in the end of 2007, together
with the FIRST spacecraft.

Figure 4.15. Unique set-up for testing millimetre wave integrated circuits on wafer at 20 K.
This is an essential tool, e.g., in the development work for Planck-mission.
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5 Applied Space Research

5.1 Space Geodesy
Finnish Geodetic Institute (FGI)

Finnish Geodetic I nstitute operates several pieces
of powerful research equipment at the Metsdhovi
Space Geodetic Station (METS), such asaperma-
nent GPS (Global Positioning System) receiver, a
satellitelaser rangefinder, aDORI S beacon, and a
superconducting gravimeter. METS served in
1998-99 asareference station of the |GS (Interna-
tional GPS Service), and was part of the FinnRef
permanent GPS network. The receiver type was
Turbo Rogue; during 1999, also an Ashtech Z-18
GPS-GLONASS receiver has operated in the
framework of IGEX (International GLONASS
Experiment).

In 1998, anew laser (7806) was approved asapart
of theLRS(International L aser Ranging Service)
network. It uses amode-locked 50 psNdYAG la-
ser, which produces a 25 mm single-shot accu-
racy. The old satellite laser (7805) produced dur-
ing 1998 (January-October) 29558 observations
on 356 arcs of 9 satellites (Topex, ERS-1 and -2,
Stella, Ajisai, Fizeau, GFO, Starlette, Resurs).
The new satellite laser rangefinder (7806) pro-
duced during 1998 54424 highly precise observa-
tions from 369 arcs of 13 satellites (in addition to
the previous: Lageos-1 and -2, Geos-3, Westpac).
In 1999 the number of observed satellites in-
creased to 18 (Sunsat, Glonass-68, -72, -79, and
-80, Etalon-1 being the new ones) In total, 90967
observations were produced on 566 arcs of these
satellites.

The Finnish permanent GPS network (FinnRef)
worked well during the report period. The stations
were instrumented with Vaisala PTU200 meteo
sensorswith aview toward including the network
ininternational “ GPS meteorology’’ work. Thisis

a multipurpose network serving the needs of
geodynamic and atmospheric research as well as
those of mapping, charting, and surveying.

During 1998-99, the FGI executed a Tekes-
funded research project jointly with VaisalaOy in
the field of “GPS-meteorology’’. In the frame of
this project a one month field campaign was car-
ried out in January-February 1998totest thefeasi-
bility of GPS meteorology in a small area under
winter conditions. Later, all permanent stations
were instrumented with meteo sensors. With the
aid of these sensors one can use GPS observations
to determine the total water vapour content
(" precipitable water vapour’’) straight above the
stationin near real time. Intheframeof the project
methodological research was conducted, among
other things, in the effect of snow on the antennas
on the ability to simultaneously estimate from
GPS data both atmospheric parameters and in the
height changes caused by postglacial land uplift.
The FGI also participated, together with the Finn-
ish Meteorological Institute, in the European
COST-716 project, which also aims at exploiting
GPS meteorology.

During 1998-99, the FGI participated, through
GPS measurements, in the second phase of the
EUREF Densification Project, aimed at providing
an accurate realisation of the European EUREF
co-ordinate system over the Finnish territory. In
this second phase, 350 pointswere created in eas-
ily accessiblelocationsfor use by the general sur-
veying and mapping user community. The final
results of thefirst phase of EUREF densification,
one hundred mainly first order triangulation
points, were prepared in manuscript form for pub-
lication in early 2000. The choice of triangulation
points alows for the easy derivation of transfor-
mation formulas between the traditional co-ordi-
nate frames and the new EUREF- based one.
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During autumn 1999 a Nordic airborne gravi-
metry project mapped gravity anomalies over the
main basin of the Baltic Sea and the Gulf of Fin-
land. GPS was used for positioning the aircraft in
order to separate motion induced pseudo-forces
from gravity; Finland participated by operating
thereference GPS stationsin Tuorlaand Virol ahti
at 1-second data collection intervals.

During the gravimetric survey field operationd of
the FGI, the use of GPS together with the FIN95
Finnish geoid model for determination of
gravimetric station heights was successfully pio-
neered.

Investigation of local crustal motionscontainedin
a contract with Posiva Oy was continued on the
candidate sites for final nuclear waste disposal.
Thelocal GPS networksat Olkiluoto, Kivetty and
Romuvaara were measured at half-yearly inter-
vals.

During 1999, using satellite radar altimetric ob-
servation from ERS-1 and ERS-2, the sea surface
topography of the Baltic Sea, i.e. the deviation, of
decimetre class, of its surface from hydrostatic
equilibrium caused by currents, air pressure and
salinity variations, was studied, as were temporal
variations of sealevel. This work belongs to the
Baltic Sea Level project.

Helsinki University Of Technology,
Institute of Geodesy and Cartography
(IGC)

Research project on the utilisation of GPS (Global
Positioning System) in traversing, mapping and
setting out measurements has been continued. For
thispurpose atest net in Otaniemi, Espoo, wases-
tablished, measured and computed. The test net
wasused in studying thevalidity of Real TimeKi-
nematic GPS (RTKGPS) in urban environment
and in testing communication modems and data
storing and handling in a rugged field computer
under natural, open air, conditions. Severa trans-
formations of co-ordinates were carried out be-
tween different co-ordinate systems.

5.2 Remote Sensing

Helsinki University of Technology,
Laboratory of Space Technology

Helsinki University of Technology (HUT), Labo-
ratory of Space Technology was involved in de-
velopment of space-borne interferometric micro-
waveradiometers, remote sensing of water, forest,
snow, and sea ice, and topography studies using
SAR (Synthetic Aperture Radar) interferometry.

The MIRAS-Demonstrator Pilot Project (MIRAS
DP) wasstarted in December 1998. Itsobjectiveis
to design, construct and test a small-scale proto-
type of the space-borne MIRAS instrument (Mi-
crowave Interferometric Radiometer with Aper-
ture Synthesis). The space-borne instrument will
include altogether 85 receiver unitsin Y -shapege-
ometry. The small-scale prototypewill consists of
four receiver/antenna units, a calibration system,
an optical harness and the electrical ground sup-
porting equipment (EGSE). HUT and Ylinen Oy
are responsible for the calibration system and the
EGSE, including participation in the integration
andthe electrical testsof the prototype. Withinthe
project the HUT airborne synthetic aperture radi-
ometer, HUT-2D, presently under construction,
will beusedtotest theoverall feasibility of thecal-
ibration system and the sensitivity of the selected
technology to outside interference. Design of the
demonstrator has been completed and the manu-
facturing phase has started. The project is funded
by ESA and the main contractor is CASA Space
Division.

Thefeasibility study to design and test thecalibra-
tion system of the future ESA MIRAS space-
borne L-band synthetic aperture radiometer
(MIRAS Calibration System Experimentation,
CAS-E) was conducted from November 1997 to
May 1998. Several possible calibration tech-
niques were investigated and the most promising
methods for both the interferometric and tota
power channels were designed for implementa
tion in the HUT aperture synthesis radiometer.
One of the main conclusions from the project was
that a calibration system based on distributed



noise injection can be implemented in the HUT
airborne instrument for the calibration tests. The
required modificationsto the HUT instrument are
reasonable. The project was funded by ESA.

The goal of the EU-funded SALMON (Satellite
Remote Sensing for Lake Monitoring) project
was to evaluate the capabilities and potential of
current and future space-borne sensors for moni-
toring the water quality of European lakes. The
project lasted for 30 monthsand was completedin
March 1999. The project consortium consisted of
eight partners from Italy, Finland, and Sweden.
The evaluation was performed by analysing both
airborne remote sensing dataand actual and simu-
lated satellite data. These data were compared
with extensive ground truth measurements. The
results of the project show that hyperspectral
spectrometers operating at optical and near-infra-
red channel sare capabl e of measuring water qual-
ity variables such as chlorophyll-a, Secchi depth,
and turbidity with agood accuracy. The methods
developed at HUT for water quality parameter re-
trieval in the case of Finnish lakesinclude empiri-
cal algorithms based on employment of optimum
channel-ratios and spectrum shape feature analy-
sis techniques. The results also indicated that
some of the current satellite instruments, such as
Landsat TM, are capable of measuring lake water
turbidity and Secchi depth. Airborne data were
also used to simulate ENVISAT MERIS spec-
trometer data. The simulation results indicated
that MERIS is capable of measuring chlorophyll
concentration and that the expected retrieval ac-
curacy for Secchi depth and turbidity will be
better than that obtained with current satellite in-
struments.

Thegoal of the“ Operative Monitoring Systemfor
Coastal Waters of the Baltic Sea” project was to
develop an operational monitoring system for
coastal water quality using remote sensing data.
Therefore, the project was closely related to the
SALMON project described earlier. The project
wasfunded by Tekesand wasconcludedinMarch
1999. Theproject included two partners, the Finn-
ish Environment Ingtitute and the Laboratory of
Space Technology. During the project, a scheme
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Figure 5.1. Correlation between radar-derived
stem volume and ground-based stem volume vs.
minimum forest block size.

for an operational water quality monitoring sys-
tem was devel oped based on identifying suitable
airborne remote sensing instruments and meth-
ods. The results indicated that currently water
quality-related information from remote sensing
data can beretrieved only if alarge database con-
taining simultaneous in situ and remote sensing
measurements (or surface spectrometer measure-
ments) from different sites and seasons is avail-
able. In coastal areas coarse-resolution satellite
instruments suchasNOAA AVHRR, ORBVIEW
2 SeaWiFSand ADEOSII OCTScan also be used
for operational monitoring.

The EUFORA (European Forest Observations by
Radars) project started in September 1996 and
ended in November 1998. The objectives were to
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(a) evaluate the value of the most advanced radar
remote sensing research results with respect to
forest information required in environment and
climate studies, and forest management, (b) vali-
date the methods and results at different European
sites, and (c) define methods applicable in Euro-
pean conditions. The Coordinator of the study
team was CESBI O from France. The project radar
data sets include satellite, airborne, and ground
truth data. HUT organised ajoint experiment was
conducted in 1997 in Finland with airborne and
space-borne radars. The radar data sets for the
Tuusulatest site near Helsinki were analysed and
the radar response to forest parameters at various
frequencies (VHF-band to X-band) and polari-
sationswas determined. The forest parametersin-
cluded stem volume, basal area, height, age, and
diameter. The results indicate that radar response
to stem volume and other forest characteristics
strongly increaseswith decreasing frequency. The
highest correlation between the total (forest +
ground) backscattering coefficient and forest
characteristics was obtained in the VHF- band.
Examination of thefeasibility of using SAR inter-
ferometry for forest parameter retrieval was
started in late 1998 in collaboration with Gamma
Remote Sensing AG.

New adaptiveinversion methodshavebeen devel-
oped for active satellite-borne microwave remote
sensing. The objectives of the study were biomass
estimation, forest and land-cover type recognition
in boreal forests. The inversion method for active
sensors has been developed for forest blockwise
stem volume estimation from satellite-borne radar
images (e.g. JERS-1, ERS-1 SAR and RADAR-
SAT). The inversion results with L-band and/or
C-band SAR images have showed promising ac-
curacies. the relative retrieval rms error varies
from 25%to 5% asthesize of theforest areavaries
from 5 to 30000 hectares (the forest stem volume
varied from 0to 300 m3/ha). Thetextural informa:
tion of a seasonal set of satellite-borne radar im-
ages has been studied with thefirst and second or-
der statistical measures. The multitemporal ap-
proach was beneficial for the textural measuresin
forest and land-cover type recognition. Based on
the SAR image texture, the overall classification
accuracy for seven land-cover types was 65%
whilewith the SAR imageintensity the classifica-

tion accuracy was 50%, respectively. Intheforest
type classification based on the SAR image tex-
ture and intensity, the overall classification accu-
racy for four forest typeswas 66%, whilewith the
intensity alone, the accuracy was 4 %, respec-
tively.

The main objective of the “Forest Inventory by
Multi-Source Remote Sensing Techniques’ pro-
ject wasto evaluate the feasibility and usefulness
of single-source and multi-source remote sensing
datafor forest inventory. The remote sensing data
set included satellite and airborne data. The refer-
ence data included three different standwise data
sets. The accuracy of each data source and the use
of combined data sets for forest inventory was
evauated. New methods under study included
3-D measurements over forest using laser scanner
and profiling radar (HUTSCAT), the use of aerial
photographs for automatic interpretation and up-
dating of old field inventory with remote sensing
techniques and growth models. The profiling ra-
dar and laser were determined to have higher ac-
curacy than any other remote sensing data source
applied for forest inventory. Optical satellite im-
agery was typically found to have more explana
tory power than radar imagery. The project wasa
co-operation between several national institutes
and wasfunded by Tekesand the Academy of Fin-
land.

The synergy of airborne laser scanner and very-
high resolution satellite data is demonstrated in
the EU/CEO-funded project HIGH-SCAN (As
sessing Forest Stand Attributes by Integrated Use
of High Resolution Satellite Imagery and Laser-
scanner). The objective is to explore and test
methods for the integrated use of high-resolution
satellite imagery and laserscanner data for
small-area (regional and standwise) forest inven-
tory and mapping. Methods to extract forest pa
rameters from laser data have been developed
during 1998 and 1999. The results have shown
that laser-derived stand attributes are more accu-
rate than those obtained by other data sources
used in the comparisons. The HUT Laboratory of
Space Technology is Coordinator of the project.

The SNOW-TOOL S (Research and Devel opment
of Remote Sensing Methods with Main Focus on
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Snow Hydrology) project started in October 1996
and ended in the fall of 1999. The main objective
wasto devel op generic methodsfor correctionand
interpretation of microwave and optical datawith
the main aim of (&) generating high-level prod-
ucts, (b) improving the information extraction
frommicrowaveand optical data, and (c) develop-
ing techniques for information extraction specific
to snow hydrology. The SNOW-TOOLS Coordi-
nator was NORUT Information Technology Ltd.
with contractorsfrom Norway, Finland, U.K ., and
Switzerland. LST participated in severa project
tasks. The transmissivity of boreal forest was de-
rived as a function of stem volume up to 540
m‘/ha. The application of remote sensing methods
and products in operational snow hydrology was
demonstrated at the end of the project.

The SNOW MAP (Monitoring of Snow Méelt)
project started in 1997 and it lasted until the end of
1998. The project was carried out with the Geo-
detic Ingtitute as Coordinator and three Finnish
partners. The aim of the project wasto develop a
semi-operational snow monitoring system that
employsin situ measurements, GIS(digital eleva-
tionmodel and land-usemap), and remote sensing
data. NOAA AVHRR data and ERS-2 SAR im-
ageswere used. Thetest sitewasthedrainage area
of River Kemijoki in northern Finland. Themain
responsibility of HUT was the development of
SAR-based methods for snow monitoring. A sys-
temwasdevel oped for theretrieval of snow extent
and classification of dry snow, wet snow and
snow-free categories. The results show that a
monitoring system can be constructed by syner-
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getic utilisation of various satellite and ground-
based data sources. The project was funded by
Tekes.

The goal of the ESA-funded “Retrieval of Geo-
physical Parameterswith Integrated M odelling of
Land Surfaces and Atmosphere”’ project was to
develop new forward modelling and geophysical
parameter retrieval algorithms for the land appli-
cations of space-borne microwave radiometers.
The project wasstartedin 1996 and it wasfinished
in 1998. The study team was lead by the Labora-
tory of Space Technology with two contractors
from Switzerland. The main outcome of the pro-
ject was the development of three new modelling
approaches for microwave radiometry: (1) the
semi-empirical HUT Snow Emission Model for
describing the brightness temperature of snow-
covered terrain, (2) the Microwave Emission
Model of Layered Snowpacks (MEMLS), and (3)
empirical Rough Soil Reflectivity Model. Addi-
tionally, a novel snow water equivalent retrieval
techniquewas devel oped based onthe HUT Snow
Emission Model and the applicability of the theo-
retical strong fluctuation approach for snow mi-
crowave emission modelling was investigated.

The multinational EU-funded IMSI (Integrated
Use of New Microwave Satellite Data for Im-
proved Sea Ice Observation) project started in
February 1997 and endedin May 1999. It was part
of the EU Environment and Climate Program
1994-98. Theoverall objectivewasto exploreand
test methodsfor the use of new satellite Earth Ob-
servation data in seaice monitoring and improve
utilisation of these observations in a wider user
community. Theresponsibilities of the HUT Lab-
oratory of Space Technology consisted of study-
ing combined use of SAR and microwaveradiom-
eter (MWR) datafor classification of open water
and variousice typesin the Baltic Sea. LST aso
studied statistical properties of C-band backscat-
tering signatures of various Baltic Sea ice types.
The studieswere conducted using airborne MWR
and SAR data. It seems to be possible to use
space-borne SSM/I dataand the NASA Team and
Bootstrap algorithmsto derivetotal iceconcentra-
tioninthe Baltic Seaafter proper modifications of

thetiepointsinthealgorithms. Unfortunately, the
amount of the combined MWR and SAR datawas
toosmall for statistically reliableclassification re-
sults. The results from the backscattering signa-
ture dataanalysis can be used to help the devel op-
ment of sea ice classification agorithms for
space-borne SAR data (e.g. ERS-2 and RADAR-
SAT).

The most important geographical information in
cellular planning istopographic (digital elevation
model, DEM) and morphographic data. Mor-
phographic classes are defined as different land
types, differed, however, according to their radio
wave propagation abilities, i.e. how the land use
types interact with RF and microwaves. New
methods to retrieve morphographic classification
are studied in co-operation with Finnish industry.
The project hasdemonstrated that morphographic
classificationfor cellular network planning can be
produced using coherence and intensity informa:
tion of SAR images. The selected morphographic
classes are water, open areas, forests, suburban
and urban aress.

Technical Research Centre of Finland
(VTT)

A comprehensive software packageto process op-
eratively data from the AVHRR instrument of
NOAA satelliteswas devel oped. The packagein-
cludes geometric and radiometric corrections of
the imagery. The geometric corrections include
utilisation of the orbital parameters of the satel-
lites and the radiometric corrections involve at-
mospheric corrections and the BRDF corrections.
Thepackageisused operationally in Finland, Bel-
gium and Japan. The project wasfunded by Tekes
and VTT.

A methodol ogy was developed and applied to es-
timateforest areaand to produce forest maps. The
method utilises satellite dataand ground reference
data. It takesinto considerationthefact that apixel
rarely represents any single ground cover class.
Thisis particularly true for low spatial resolution
data. It also takes into consideration the fact that



the spectral classes overlap. First, the image was
classified using an unsupervised method. Second,
target variablevaluesfor the spectral classeswere
determined using ground sampling. Third, thetar-
get variabl e estimate for each pixel wascomputed
as a continuous value by using the probability of
that pixel belonging to each spectral class, and the
target variable value of the classes. The method
was applied over amosaic of 49 AVHRR images
acquired from the NOAA-14 satellite. A forest
probability map was computed using the mosaic.
The forest probability was defined to be an esti-
mate of the forested area within a pixel. The
ground reference data were taken from the
CORINE Land Cover classification that covered
most of central and southern Europe. The esti-
mated forest areas were compared with those ex-
tracted from the full coverage CORINE data and
with official forest statistics reported to the Euro-
pean Commission’s Statistical Office (EURO-
STAT). Theforest percentage of twelve countries
of the European Union was underestimated by 1.8
percentage units compared to the CORINE data,
4.2 percentage unitswhen compared with EURO-
STAT s statistics, and 6.0 percentage units when
compared to FAO statistics. The largest underes-
timation of forest percentage (compared to
CORINE) was in France, (5.9 percentage units).
The largest overestimation was found in Ireland,
15.6 percentage units. Thisproject wascarried out
under a contract for the Joint Research Centre of
the European Commission by VTT Automation
(Coordinator).

Methods of estimating forestry parameters from
SAR imagery were developed in the EUFORA
shared cost action project. The VTT part focused
on using the low-frequency CARABAS SAR
data. Other remote sensing data types included
JERS and ERS SAR dataand HUTSCAT ranging
scatterometer data as well as laser profilometer
data. New texture-based methodswere devel oped
for the data sets. The performance of CARABAS
in forest biomass estimation was much higher
than that of higher frequency SAR’s.

Forest increment and forest characteristics, rele-
vant to increment estimation are estimated in

a7

GeoBIRD (Forest Increment Estimation Using
Growth Models and Remote Sensing Data) pro-
ject using existing forest growth models, Landsat
TM, and ERS SAR images. The main methodsare
regression analysis and multi-temporal anaysis.
Texture analysis and SAR interferometry are ap-
plied to ERS images. Combination of growth
models and Landsat data improved stem volume
increment estimation by eight percentage unitsin
Finland compared to the exclusive use of growth
models. ERS SAR isapplicableto forest mapping
but does not in general case give information of
forestry parameters, not even using interferome-
try. The study is performed for the European
Space Agency. VTT is responsible for the forest
growth estimation using statistical growth mod-
els.

Leaf Arealndex (LAI) estimation methods were
developed using Envisat ASAR data. The objec-
tive of thisstudy isto develop new methods using
the ASAR instrument onboard ESA’ s Envisat sat-
ellite. Thisstudy isan Announcement of Opportu-
nity project for Envisat. The image data include
ERS and RADARSAT images, and Envisat im-
ages, if available during the project, which will
end in 2001. Polynomial Legendre series expan-
sion for treesis used to develop an analytic solu-
tion to the backscattering. Therelationship of LA
andthe structureisused asalink between the scat-
tered field and the LAI. The study isin co-opera
tion with three national institutes.

In the FMERS (Forest Mapping in Europe Using
Medium and High Resolution Imagery) study for
the Joint Research Centre and DGV of the Euro-
pean Commission, methodologies were devel-
oped for the provision of standardised geo-refer-
enced data (maps) and statistical dataof forestsin
Europe. The image data included Spot, Landsat,
IRS-WIFS, Resurs MSU-SK, and ERS SAR im-
agery. The main methodologies were unsuper-
vised classification of calibrated image mosaics
(optical data), temporal back-scattering change
analysis (SAR), and multistage area frame sam-
pling. A working systemfor European-wideforest
mapping was devel oped and forest maps from the
bulk of thewestern part of Europewere made. The
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study was performed by an international consor-
tium and was co-ordinated by VTT.

A pilot forest variable estimation method at
sub-stand level was developed to estimate forest
stand variables using satellite and aerial imagery.
In this method the estimates were computed for
each pixel, thus increasing the level of details
compared to the traditional forest inventory. The
first step of themethod isahierarchical classifica-
tion of the image data. The different data types
form the hierarchy levels. The final estimates for
forest variables are computed as continuous val-
ues. The study was funded by Metséteho Oy and
Stora Enso Ltd.

The main objective of the EU shared-cost action
project SIBERIA (Forest Mapping Methods for
Siberia) is to develop methods for wide-area for-
est mapping using SAR interferometric data
VTT s role is to make a reference classification
using optical data. The satellite data used will be
from Landsat TM, NOAA AVHRR, and Spot
HRV and Spot V egetation instruments. The same
probability-based method that was developed for
the pan-European forest mapping will be further
developed and applied. The study will be com-
pleted by the end of 2000.

The FUEGO concept of a constellation of 12 sat-
ellitesfor forest fire detection and monitoring was
critically evaluated by VTT, taking account of
current fire-fighting practices. Enhancements to
fire detection agorithm were proposed, and rec-
ommendations for a smoke detection algorithm
were made. The project was funded by ESA and
VTT wasapartner inaninternational consortium.
In another project, an automatic forest fire alarm-
ing system was demonstrated in an operational
context in the Boreal forest zone. The method uti-
lises data from two satellite systems. NOAA
AVHRR and ERS-2 ATSR. The system detects
high-temperature targets in the Mid-IR bands of
the chosen sensors. An automatically generated
alarm message is sent via facsimile communica
tion to the dispatching centres. The image pro-
cessing techniques are adopted and optimised for
the near-real-time requirements imposed by the

application. This ESA-funded study isajoint pro-
ject (co-ordinated by VTT Automation) among
Finnish institutes, companies and the JRC. The
project will be completed in the year 2000.

Operationa software (SARDEM) to generatedig-
ital elevation model using SAR interferometry
wasdeveloped for Satellite Data Centre of the Na-
tional Land Survey (presently NovoSat). The sys-
tem uses complex data from ERS-2 SAR.

European Forest Institute

The study “Combining Geographically Refer-
enced Earth Observation Data and Forest Stetis-
tics for Deriving a Forest Map for Europe” is
funded by JRC/EC and co-ordinated by the Euro-
pean Forest Institute with Finnish institutes and a
company as contractors. The study started in Au-
gust, 1999, and it will last until March, 2000. The
objective of this study was to produce calibrated
digital forest probability maps for the Pan-Euro-
pean area. The process applies AVHRR satellite
data, forest statistics from both Eurostat and na-
tional agencies, and NUTS (Nomenclature of Ter-
ritorial Unitsfor Statistics) vector data setsorgan-
ised by GISCO (Geographic Information System
for the European Commission). Themain purpose
of the calibration was to create a program that
could be used with differing numbers of input im-
ages. The automation of the processwill makethe
calibration faster, user errors can be avoided eas-
ily, and the process can be repeated in the exactly
same way. The documentation of the calibration
program will also help to understand better the
technical background. AVHRR satellite data are
used. The deliverablesinclude the probability da-
tabasesin ArcView format for the countriesof the
study, AVHRR-based maps with 3 target vari-
ables (forest, other wooded land, and other) cali-
brated at NUTS2 level for 15 EU countries,
AVHRR- based mapswith 5 target variables cali-
brated at regional level for 3 countries, adatabase
linking the statistics and the GI S data, and atech-
nical report on the working package. The devel-
oped calibration method is quite well suited for
it'spurpose and it is quite fast. The calibration of
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Figure 5.3. Probability of the broadleaf forests in Italy, image cali-

brated with country statistics.

one country takes only few minutes and the time
usage depends on the number of different vari-
ables and polygons. The original forest probabil-
ity maps and calibrated forest probability maps
were compared to CORINE raster data, produced
July 7th 1997 by the European Topic Center on
Land Cover.

Geological Survey of Finland (GTK)
The Remote Sensing Laboratory — now under

construction at the GTK - aimsto act asabasefor
remote sensing of outcropped bedrock and soil,

mining activities, and environment and natural
geo-hazards. The laboratory has been equipped
with high-performance Unix workstations and
image processing software, a dense, non-reflect-
ing shelf and has been built for placing and imag-
ing alarge number of geol ogical samplesby imag-
ing spectrometers. The spectrometerscan be auto-
matically moved in front of the shelf. Moving
lights illuminating the samples are synchronised
by a laser beam with the movement of the spec-
trometer. The GTK contribution to an EU- funded
project ‘MINEO’ (Assessing and monitoring the
environmental impact of mining activitiesin Eu-
rope using advanced Earth Observation tech-
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niques’) will be based on the new Remote Sensing
Laboratory.

The aim of the ongoing project “Hyperspectra
Study of Mineral Indicationsand Mining Environ-
ments’ isto provide GTK and its partners with the
methods of hyperspectral remote detection of min-
eralsand environmental targets by the end of Sep-
tember 2001. The wavelengths normally used are
400-2500 nm. Studiesof indicationsfor ore depos-
its, industrial mineralsand geoenvironmental con-
tamination are based on the ability to map, for ex-
ample, mineral abundances, rock types, alteration
zones, and subtle changesin vegetation from adis-
tance. The test imaging is carried out at close
range, from ahelicopter, from aeroplanesand —fi-
nally, in future - from satellites. The project tests
the hyperspectral method in various natural cir-
cumstances and test areas: for example, dis-
cernibility of outcropped Precambrian bedrock
units, and discernibility of glacial soil types. Envi-
ronmental, geochemical and vegetation effectsare
studied near mines and especially near their waste
areas. Mineralogical applications of the hyper-
spectral method for mining improvement, waste
rock dilution and mineral enrichment are being
carried out in four different minesin Finland.

Helsinki University of Technology,
Institute for Photogrammetry and
Remote Sensing

The aim of the research project “Digital Image
Processing in Remote Sensing” (funded by the
Ministry of Agricultureand Forestry) isto develop
and apply different digital image processing, im-
age analysis, and pattern recognition methods to
photogrammetry and remote sensing. The actual
maintarget hasbeen land-useand tree speciesclas-
sification using airborne data (ranging scattero-
meter, laser) and satellite data (ERS-1/2, Landsat
TM). Methodsfor information extraction and clas-
sification have been based on image processing
methods, statistical pattern recognition, and neural
networks, especially self-organizing neura net-
works.

5.3 Meteorology

Finnish Meteorological Institute,
Meteorological Research Division

During the 1990's EUMETSAT has initiated
several projects called Satellite Application Fa-
cilities (SAF) to fully utilise the potential gener-
ated by the planned geostationary M SG and polar
Metop satellitesto belaunched in the near future.
The SAF on Climate Monitoring, which started
in 1999, has now submitted its comprehensive
scientific and operative plansfor international re-
view. The operative system, to be completed in
2003, will collect satellite-based climatological
data that will assist in analysis and diagnosis of
climate parameters to identify and understand
changes in the climate system on an European
and global scale. Theexpert institutesdevel oping
the SAF are from Belgium, Finland, The Nether-
lands, Sweden, and Germany. The deliverables
of the SAF on Climate Monitoring are: cloud pa-
rameters, components of the surface radiation
budget, components of the radiation budget at the
top of the atmosphere, sea surface temperature
and seaice cover, and temperature and humidity
profiles. FM| concentrates on the devel opment of
the surface albedo product. During the devel op-
ment phase the analysis methods for surface
albedo have been tested particularly for the high
latitudes and the boreal sub-arctic region.

A method for estimating the instantaneous and
daily solar (global) irradiance at earth’s surface
from AVHRR data was developed and tested.
The satellite-based spatial distributions of solar
irradiance, as affected by the prevailing cloudi-
ness, were found particularly useful over regions
were the station network of pyranometers was
sparse, such asin the Northern Finland.

A project dealing with an operative satellite im-
age processing system (SOKA) in co-operation
with the Technical Research Centre of Finland
and the Finnish Environment Centre was com-
pleted. FMI was responsible for the software for
the detection of clouds. For this purposeasimple
analysis scheme for cloud masking was imple-



mented. The use of the new AVHRR/3 channel to
discriminate snow, cloud and sun-glint from sat-
ellite images was investigated in co-operation
with the Swedish Meteorological and Hydrol ogi-
cal Ingtitute.

Concerning the development of operational
weather forecasting, FMI has participated in the
SATREP project together with ZAMG (project
manager) from Austria and KNMI from The
Netherlands during 1998-2000. The project is
preparing amanual consisting of conceptual mod-
els on CD-ROM for the diagnosis of synoptic
weather systemsusing satelliteimagery. Two ver-
sions of the manual have already been published
and the third will be availablein May, 2000. The
aim is to present various conceptua models in
practical detail, with a multitude of examples, as
well asto give the reader a quick overview of the
phenomena in question. The manual can also be
accessed via the www at (http://www.zamg.
ac.at). EUMETSAT has financed the project to-
gether with participating institutes. In parallel
with the method development, FMI has, jointly
with ZAMG and KNMI, completed an opera-
tional system for the diagnosis of the synoptic
scale weather phenomena using satellite data
(Meteosat, NOAA) and outputs from numerical
weather prediction models. The SATREP prod-
ucts, appearing three times daily, are also distrib-
uted to other interested national westher services
in Europe.

Finnish Meteorological Institute,
Geophysical Research Division

Thework of the aeronomy group at the Geophysi-
cal Research Division has grown around the vari-
ous satellite instrument projects GOMOS/
Envisat, OSIRIS/Odin, and OMI/EOS Aura. Al-
gorithm development, inversion theory, radiative
transfer, data simulation, chemical-transport
models, dataassimilation, and solar-terrestrial ef-
fects in the upper atmosphere are the key words
that explain the research activity of the aeronomy
group.

FMI was one of the original co-proposers of the
GOMOS stellar occultation instrument, which
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will be flown on ESA’s Envisat satellite in 2001.
FMI’s aeronomy group has been extensively in-
volvedinamost all areasof thisproject. Thesein-
clude mission definition and planning, instrument
definition, data processing algorithm develop-
ment, development of in-flight calibration and
geophysical validation, and development of the
ground processing facilities. FMI is one of four
Envisat Expert Support Laboratoriesfor GOMOS
and FMI will host the GOMOS Level 2 data pro-
cessing facility (FIN-CoPac) in Sodankyla. FMI is
participating in the Envisat data validation and
data utilisation programs on a wide front.

As a potential successor for GOMOS, FMI has
proposed (with several Finnish and foreign part-
ners) asmall stellar occultation instrument named
COALA for satellite missions planned by ESA
(Explorer-program) and NASDA (GCOM-pro-
gram). FMI is participating in the development
work of COALA instrument and is planning the
scientific utilisation of the mission.

FMI is participating in a Swedish-led, Canadian,
Finnish, and French small satellite project Odin
(launch expected in 2000). FMI’s aeronomy
group is developing the data processing algo-
rithms for Odin's UV-visible spectrograph
OSIRIS and FMI is building together with the
Finnish industry the level 2 processing centre in
Sodankyla

Themost recent new activity isparticipationinthe
OMI project. OMI is a Dutch-Finnish instrument
that will be flown on NASA’s EOS Auramission
in2002. FM1I’sroleistolead theindustrial partici-
pation in Finland and to co-ordinate the scientific
work in Finland. FMI will be responsible for de-
veloping a ground receiving station for OMI in
Sodankyla

In the radiative transfer research we have devel-
oped a Monte Carlo simulation program (hamed
Siro) which calculates multiple scattered solar
irradiance and its polarisation degree in the limb
viewing geometry. Siro has aready been used to
validate other radiative transfer programs and
playsanimportant roleinthe OSIRISsignal simu-
lation. We have developed an extensive simula-
tion program (named LIMBO) that makes
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Figure 5.4. Measurement principles of GOMOS/Envisat, OSIRIS/Odin, and
OMI/EQS Aura instruments utilisig solar and stellar occultation techniques as
well as atmospheric scattering of sunlight.

end-to-end simulations for occultation and limb
measurements. Thisprogram is being used exten-
sively in the algorithm devel opment of GOMOS,
OSIRIS, and COALA. Intheinversion algorithm
development thework hasresponded onthe needs
of thesatellite projects mentioned above. Wehave
developed spectrally global, non-linear point-es-
timate inversion techniques. Recently we have
also directed a great deal of attention to the esti-
mation method that provides not only apoint esti-
mate but also the whole probability distribution
for the unknown parameter. The method, Markov
Chain Monte Carlo, is computationally intensive
but we expect it to be the method of future.

Thenew research directionintheaeronomy group
isthe data assimilation research. FM|I has partici-
pated in the MSDOL-project (funded by EU) to
study GOMOS data assimilation to chemical-dy-

namical models. The aim is to provide global
ozone maps from GOMOS measurements and
also to help in the geophysical validation of
GOMOS measurements. We are also starting as-
similation tool development for the OSIRIS mea-
surements.

In basic atmosphere research, which will grow in
emphasis once the new satellites are functioning,
we study the effects due to the solar corpuscular
and radiative flux on the chemical balance and
processesin the meso- and stratosphere. Thework
isbased on the use and further devel opment of the
Sodankyl& | onosphere Chemistry model SIC. We
will also investigate how the atmospheric waves
can be detected GOMOS measurements. Global
data from the new satellites will foster studies of
the time variation of the key constituents in the
stratosphere.



5.4 Life Sciences

Tampere University Hospital,
Department of Clinical Physiology
University of Turku, Laboratory of
Theoretical Physics

Finnish participation in life science research in
space has, thusfar, been rather limited. However,
the recent participation in the Neurolab research
project has opened new possibilitiesin thispoten-
tially very important field of applied space re-
search. The Neurolab project, partly conducted
during the 16-day Space Shuttle Columbia
STS-90 mission in April-May 1998, was totally
devoted to dedicated neuroscience research.
Neurolab has been considered as the most com-
plex human life science (HLS) mission flown
ever in the history of space research. The experi-
ments (26 in total) had passed highly selectivein-
dependent scientific peer reviews and the sophis-
ticated in-flight experiments had met strict crite-
riafor feasibility to be conducted in the Spacelab
module logged to the cargo bay of the NASA
Space Shuttle Columbia.
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The Finnish team were selected as co-investiga-
torsto the Autonomic Nervous System Team with
four principal investigators conducting four of the
26 Neurol ab experiments. Thisspace medical pro-
ject wasthe second step of our participation inthe
HL Sresearch after our earlier co-investigatorship
in the American-Russian collaboration (Shut-
tle-Mir) onboard the Russian Space Station Mir.
Our goals and objectives in the Neurolab project
wereto study the effects of microgravity ontheau-
tonomic nervoussystem (ANS), specifically onits
rolein cardiovascul ar regulation. In order to moni-
tor the sympathetic responses to various ANS
stressors and to determine the effects of micro-
gravity on the ANS, a complex set of studiesin-
cluding measurements of muscle sympathetic
nerveactivity (MSNA), lower body negative pres-
sure, blood pressure, cardiac performance and
brain blood flow were carried out on the STS-90
crewmembers in a series of carefully controlled
study sessions before, during and after the 16-day
space mission.

During the Neurolab project thefirst direct record-
ings of efferent sympathetic function in space by
means of microneurography were conducted by

Figure 5.5. The seven crewmembers of the Neurolab mission (STS-90) in the Spacelab
module of the Space Shuttle Columbia.
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our ANS team. Two STS-90 crewmembers were
trained to conduct microneurography in space.
The first (historical) microneurography record-
ingsin space onboard the Space Shuttle Columbia
revealed increased efferent sympathetic activity
when comparing to the results obtained beforethe
mission.

The Finnish contribution to the Neurolab project
wasin thedesign phase of the experimentsand es-
pecially the expertise in the methods of data ac-
quisition and analysis of numerous biosignals ob-
tained in the pre-flight, in-flight and post-flight
study sessions. The software package (WinCPRS),
designed especially for the needs of Neurolab re-
search, includes sophisticated signal feature ex-
traction methods for the various biosignals, and

time and frequency domain methods to study the
neural interactions of the various processed sig-
nals. During the project we worked several peri-
ods in 1998-99 in the USA, participating in the
pre-flight activities and in the in-flight activities.
After the mission we participated in the detailed
dataanalysisby utilising the software packagewe
had developed, and in documentation and publi-
cation of the results of this unique HLS research
endeavour in space, dedicated totally to neurosci-
enceresearch. Two scientific papersontheresults
of thiswork have been submitted to international
journalsin physiology. Neurolab project was ret-
rospectively and partially supported in Finland by
a grant from the Centennial Foundation of Hel-
singin Sanomat.
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