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Time-Line From To

Planning n/a 

Construction 2000 2009

Measurement phase 27/07/2010 ongoing

Data evaluation 2010/2011 commissioning phase

Publications:

1. Schmutz W., Fehlmann A., Hülsen G., Meindl P., Winkler R., Thuillier G., Blatt-
ner P., Buisson F., Egorova T., Finsterle W., Fox N., Gröbner J., Hochedez J.-F., 
Koller S., Meftah M., Meisonnier M., Nyeki S., Pfi ffner D., Roth H., Rozanov 
E., Spescha M., Wehrli C., Werner L., Wyss J.U. 2009, The PREMOS/PI-
CARD instrument calibration, Metrologia 46, S202–S206, doi: 10.1088/0026- 
1394/46/4/S13

2. Thuillier G., Dewitte S., Schmutz W., The Picard Team, 2006, Simultaneous 
measurement of the total solar irradiance and solar diameter by the PI- CARD 
mission, Adv. Space Res. 38, 1792–1806, doi: 10.1016/j.asr.2006.04.034

Abbreviations:

PREMOS Precision Monitoring of Solar Variability, PMOD/WRC experiment 
on PICARD

TSI Total Solar Irradiance

Visit to the CNES laboratories at Toulouse during the PICARD Science Committee meeting on 

October 22, 2009. The satellite PICARD is fi nally fully-assembled with the science experiments 

PREMOS, SOVAP, BOS, and SODISM (from left to right). Persons from left to right are: the PICARD 

project manager, François Buisson, CNES France; PREMOS PI Werner Schmutz, PMOD/WRC 

Switzerland: PICARD PI and SODISM PI Gérard Thuillier, LATMOS France; BOS PI Michel van 

Ruymbeke, ROB Belgium.
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6	 Earth Observation, Remote Sensing

6.1	 Swiss scientific National Point of Contact for Satellite Ima-
ges (NPOC)

Institute:	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich
	 Winterthurerstrasse 190
	 8057 Zurich

In cooperation with:	 Swiss Federal Office of Topography (swisstopo)

Principal Investigator:	 Prof. Dr. Michael E. Schaepman

Co-investigators:	 Felix Seidel

Purpose of research:

•	 Scientific advice to Swiss stakeholders (i.e. federal offices, research institutions, 
industry) in the procurement, processing and use of remote sensing data and 
satellite images, as well as in relation to the International Charter on Space and 
Major Disasters.

•	 Promote the scientific use of Earth observation data and inform Swiss stakehol-
ders on ESA and Third Party Missions, European initiative Global Monitoring for 
Environment and Security (GMES), archives, data sharing programs, Announce-
ments of Opportunity, conferences and workshops, etc.

•	 Scientific support for Swiss federal offices in the research and development of 
new Earth observation products and services.

•	 Support for the Swiss Space Office and its delegates in the field of Earth ob-
servation, including the preparation and implementation of information meetings 
and conferences, promotion of ESA Earth observation activities in Switzerland 
and the participation in the development of Swiss positions in international bo-
dies (incl. PB-EO, DOSTAG, GAC, FP7/Space).

Status: Project is operational since 2004 with slightly adjusted objectives since 2008.

Publications:

1.	 Teichler D., Seidel F., and Schaepman M.: Study on the needs for Geoinforma-
tion for the Swiss Federal Department of Foreign Affairs, 2010 (orig. in German)
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2.	 Seidel F. and Teichler D.: Evaluation of the Swiss requirements regarding a 
future user strategy for GMES, 2010 (orig. in German)

3.	 Seidel F. and Kellenberger T.: The use of remote sensing for rapid mapping, 
2006 (orig. in German)

Abbreviations:

NPOC	 National Point Of Contact
RSL	 Remote Sensing Laboratories
GMES	 Global Monitoring for Environment and Security

6.2	 Radiometric Terrain Correction for Spaceborne SAR

Institute: 	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich
	 Winterthurerstrasse 190
	 8057 Zurich

In cooperation with:	 European Space Agency
	 Canadian Space Agency

Principal Investigator:	 Dr. David Small

Co-investigators:	 Dr. Erich Meier

Method:	 Measurement

Based on existing instrumentation: ENVISAT ASAR, ALOS PALSAR, TerraSAR-X, 
RADARSAT-1/2, ERS-1/2

Purpose of research: In this project, the University of Zurich Remote Sensing Labo-
ratories (UZH-RSL) works directly with ESA and other partners to develop a new kind 
of spaceborne SAR image product whereby many of the effects of topography on 
radar image brightness are modelled and corrected before estimating the backscatter 
coefficient at every point.

The new type of product would offer several benefits. Comparisons of backscatter 
from image acquisitions made from differing orbital tracks become possible. Flatte-
ning the terrain-effects on radar brightness enables significantly more frequent revisits 
to a given point on the Earth, particularly given the availability of a wide swath mode 
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such as ASAR WS, RADARSAT-1 & 2 SCN & SCW, and ALOS PALSAR WB (wide 
beam).

This development enables a great improvement in „temporal resolution“, a parameter 
of critical importance in land cover monitoring, lowering the probability of missing the 
cusp of an event.  Deep time series can be built up for a chosen area much more 
quickly from a single sensor given a wider variety of tracks (even combinations of as-
cending and descending passes). There is an added benefit: it becomes much easier 
to integrate backscatter measurements from a diversity of sensors. Each sensor is 
typically characterised by the single orbital repeat period chosen at launch and the 
set of beam modes on offer. Different sensors therefore almost always implies differing 
tracks, modes, and nominal incidence angles that without terrain-flattening triggers 
incompatability with a meaningful comparison. Only terrain-flattened backscatter, a 
product we call terrain-flattened gamma nought, offers the possibility of combining 
data from multiple SAR sensors acquired over terrain.

Future sensors such as the ESA Sentinel-1a and Sentinel-1b satellites, the first of 
which is currently set for launch in 2012, offer the promise of possible daily images of 
Switzerland. Given the severe topography in the country, construction of backscatter
time-series requires rigorous radiometric calibration that accounts for track-depen-
dent effects of terrain. If a standard terrain-flattened backscatter product could be 
offered by ESA, that would simplify interpretation not only in Switzerland, but through-
out the world.

Status: The terrain-flattened gamma methodology has been developed and tested 
on the major spaceborne SAR sensors.  Tests have been performed and published 
using data from ENVISAT ASAR, ALOS PALSAR, RADARSAT-2, and TerraSAR-X. 
In the case of ASAR WS data covering Switzerland, over 400 images from the time 
period between 2002 and 2010 have been processed, and seasonal trends have 
been established. The springtime melting in the Swiss Alps generates a strong signal: 
terrain-flattened backscatter makes monitoring the snow melt every three days theo-
retically possible using the ASAR WS mode.

Wet snow measurements have been evaluated qualitatively and will be tested against 
state-of-the-art operational methdologies in the coming months. Stacks of nearly 
one hundred WS images have also been analysed over four further areas outside of 
Switzerland: similar wet-snow trends were observed. Dual polarisation L-band ALOS 
PALSAR fine-beam dual (FBD) data is being used to evaluate the potential for forest 
biomass measurement and monitoring in Switzerland.

Time-Line	 From	 To

Planning	 ongoing	

Construction	 -	

Measurement phase	 ongoing	

Data evaluation	 ongoing	
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Publications:

1.	 Small D., Miranda N., Zuberbühler L., Schubert A., and Meier E.: Terrain-cor-
rected Gamma:  Improved Thematic Land-cover Retrieval for SAR with Robust 
Radiometric Terrain Correction, Proc. of ESA, Living Planet Symposium, Ber-
gen, Norway, 28 June - 2 July 2010, 8p

2.	 Small D., Miranda N., and Meier E.: A revised radiometric normalisation stan-
dard for  SAR, Proc. of IEEE International Geoscience & Remote Sensing Sym-
posium 2009, Cape Town, South Africa, pp. 566-569

3.	 Small D., Jehle M., Schubert A., and Meier E.: Accurate geometric correction 
for normalisation of PALSAR radiometry, Proc. of ALOS PI, Symposium 2008, 
3-7 Nov. 2008, Rhodes, Greece.

Abbreviations:

ALOS	 Advanced Land Observation Satellite
ASAR	 Advanced Synthetic Aperture Radar
ESA	 European Space Agency
JAXA	 Japanese Space Agency
PALSAR	 Phased Array L-band Synthetic Aperture Radar
RSL	 Remote Sensing Laboratories
SAR	 Synthetic Aperture Radar
SCN	 RADARSAT ScanSAR Narrow
SCW	 RADARSAT ScanSAR Wide
UZH	 University of Zurich
WB	 ALOS PALSAR Wide Beam
WS	 ENVISAT ASAR Wide Swath
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6.3	 SAR Geometry

Institute: 	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich
	 Winterthurerstrasse 190
	 8057 Zurich 

In cooperation with:	 European Space Agency (ESA)
	 German Aerospace Center (DLR)

Principal Investigator:	 Dr. David Small

Co-investigators:	 Dr. Adrian Schubert
	 Dr. Michael Jehle
	 Dr. Erich Meier

Method:	 Measurement

Purpose of research: The European Space Agency (ESA), Germany‘s Aerospace 
Center (DLR) and Japan‘s Aerospace Exploration Agency (JAXA) all provide space-
based synthetic aperture radar (SAR) remote sensing images of the Earth to scienti-
fic and commercial users. Their SAR products inherently contain precise information 
describing the satellite orbit and instrument characteristics, permitting the data to be 
projected into a map geometry either by the agencies themselves, or the users. The 
quality of the map projection determines how well the location of a given image sam-
ple (pixel) can be said to be known. In other words, a SAR product‘s geolocation ac-
curacy determines how well the image can be made to fit on top of a reference map. 
The higher its geolocation accuracy, the better this data can be merged, combined, 
or overlaid with additional remote sensing images or geographic information system 
(GIS) layers from other data sources - ultimately increasing end-user confidence in the 
data and their ability to use it as an interpretative aid.

The SARLab, a research group integrated within the Remote Sensing Laboratories 
(RSL) at the University of Zurich, estimated the geolocation accuracy of SAR sensors 
from ESA, DLR, and JAXA using different methods, providing feedback and offering 
possible solutions when problems were discovered.

In collaboration with ESA, DLR and JAXA, SARLab made measurements of the ab-
solute geolocation accuracy of their standard SAR products using trihedral corner 
reflectors deployed at Swiss test sites. The reflector positions were measured to cen-
timeter accuracy using differential GPS. Because they appear as strong localized 
bright peaks in the SAR images, they served as accurate ground control points for 
the image geometry. In parallel with these corner reflector measurements, different 
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product types were tested for geometric consistency relative to each other. To this 
end, all images were projected into a given reference map geometry, and pair-wise 
image matching revealed relative shifts between the images. These effects were often 
restricted to the sub-pixel level, testifying to the extremely high accuracy and stability 
of these sensors. In November 2010, these methods were applied to validate the 
SAR products delivered by the ASAR instrument on the ENVISAT satellite, the orbit of 
which had recently been modified to extend its mission. 

In the case of DLR‘s TerraSAR-X SAR sensor, providing sub-metre resolution to the 
scientific community, SARLab was able to detect and quantify the effect of atmos-
pheric refraction for the first time. This not only confirmed the high geometric quality of
the system as a whole, but made it possible to recommend ways to correct for at-
mospheric distortions.

As a further testimony to TerraSAR-X‘s abilities, SARLab was able to show that its 
highest-resolution acquisition mode can be used to detect glacier flow, given a time-
series of images acquired with a single viewing geometry over the same area.

To help meet the increasing demand for standardized methods for geometric quali-
ty control among SAR products, and in collaboration with ESA, SARLab developed 
several quality indicators that can be applied to products from any SAR sensor. It is 
hoped that these indicators will help standardize the determination of geolocation 
accuracy in future SAR sensors.

Status: In November 2010, SARLab applied geometric quality control methods to  
validate the SAR products delivered by the ASAR instrument on ESA‘s ENVISAT sa-
tellite, whose orbit had been recently been modified to extend its mission lifetime.

To help meet the increasing demand for standardized methods for geometric quality 
control among SAR products, and in collaboration with ESA, SARLab developed se-
veral quality indicators in 2010 that can be applied to SAR products from any sensor. 
It is hoped that these indicators will help standardize the determination of geolocation
accuracy in future SAR sensors.

Time-Line	 From	 To

Planning	 ongoing	

Construction	 -	

Measurement phase	 ongoing	

Data evaluation	 ongoing	

Publications:

1.	 Schubert A., Jehle M., Small D., and Meier E.: Influence of Atmospheric Path  
Delay on the Absolute Geolocation Accuracy of TerraSAR-X High-Resolution 
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Products, IEEE Transactions on Geosciences and Remote Sensing, Vol. 48(2), 
Feb. 2010, pp. 751-758

2.	 Jehle M., Perler D., Small D., Schubert A., and Meier E.: Estimation of At-
mospheric Path Delays in TerraSAR-X Data using Models vs. Measurements,  
Sensors, December 2008

3.	 Schubert A., Small D., and Miranda N.: Geometric Quality Indicators for SAR 
Products, Proc. of CEOS SAR Cal/Val Workshop 2010, University of Zurich, 
Switzerland

Abbreviations:

ESA	 European Space Agency
DLR	 German Aerospace Center
GIS	 Geographic Information System
JAXA	 Japan Aerospace Exploration Agency
RSL	 Remote Sensing Laboratories
SARLab	 Synthetic Aperture Radar Laboratory
SAR	 Synthetic Aperture Radar

6.4	 Airborne Ultra-Wideband Low-Frequency SAR

Institute: 	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich
	 Winterthurerstrasse 190
	 8057 Zurich

In cooperation with:	 armasuisse
	 Swedish Defence Research Agency

Principal Investigator:	 Dr. E. Meier

Co-investigators:	 D. Henke
	 A. Barmettler

Method:	 Measurement

Based on existing instrumentation: airborne-sensor CARABAS (FOI, Sweden)

Purpose of research: We are investigating the potential of low-frequency ultra-wide-
band (UWB) SAR for mapping glacier beds. To realize this research objective we make 
use of data from the Swedish FOI airborne SAR sensor CARABAS operating in the 
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20-90 MHz bands and developed a three dimensional SAR processing method to ge-
nerate height profiles from these CARABAS data. Therefore, a 3D reconstruction grid 
is spanned based on a digital terrain model and the backscattering response for each 
grid point is calculated by a time-domain backprojection algorithm. Subsequently, the 
single flight tracks are merged by a point-wise incoherent multiplication due to the low 
number of available flight tracks.

The 3D SAR application of the CARABAS sensor is especially interesting for estima-
ting glacier height profiles since the low-frequency radar waves penetrate into ice and 
thus approximate the profile of the glacier bed up to a certain depth. The reason why 
the algorithm is based on incoherent multiplication is to allow a meaningful estima-
tions of glacier profiles out of only few, arbitrary flight tracks.

To further improve results a refractivity model was incorporated into the algorithm and 
results were compared with other studies of glacier volume estimation methods which 
are based on glacier flow dynamics.

Status: Promising first results for data from a 2003 campaign over the Aletsch glacier 
region could be obtained. Up to a certain depth significant backscattering response 
can be measured and a clear line is visible which indicates probably the slope of the 
glacier bed. For the future, an objective validation of the results is necessary which 
includes ground truth measurements (e.g. with ground penetrating radar).

Time-Line	 From	 To

Planning	 -	

Construction	 -	

Measurement phase	 2003	 2006

Data evaluation	 2004	 ongoing

Publications:

1.	 Henke, D. and Meier, E.: Preliminary results of a low-frequency 3D-SAR ap-
proach for glacier volume mapping, Proc. of IEEE International Geoscience & 
Remote Sensing Symposium, Honolulu, USA, 2010

2.	 Henke, D., Barmettler, A. and Meier, E.: Bistatic experiment with the UWB-
CARABAS sensor — First results and prospects of future applications, Proc. of 
the IEEE International Geoscience & Remote Sensing Symposium, Cape Town, 
South Africa, 2009

3.	 Barmettler, A. et al.: Swiss airborne monostatic and bistatic dual-pol SAR ex-
periment at the VHF-Band, Proc. of EUSAR 2008, V. D. E. Informationstechni-
sche  Gesellschaft, VDE Verlag, 2008, pp. 139-142
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Abbreviations:

RSL	 Remote Sensing Laboratories
SAR	 Synthetic Aperture Radar
FOI	 Swedish Defence Research Agency
CARABAS	 Coherent All RAdio BAnd Sensing

6.5	 APEX - Airborne Prism Experiment

Institute: 	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich-Irchel
	 Winterthurerstrasse 190
	 8057 Zurich

In cooperation with:	 European Space Agency / PRODEX
	 European Space Agency / EOEP
	 VITO (Belgium)

Principal Investigator:	 Prof. Dr. Michael E. Schaepman

Co-investigators:	 Koen Meuleman (VITO)
	 Dr. Michael Jehle (RSL)

Method:	 Measurement

Development and construction of instruments: APEX

Development and construction of software:
Processing and Archiving Facility (PAF)

Purpose of research: Based on the present demand for airborne and spaceborne 
imaging spectroscopy data in remote sensing, the European Space Agency (ESA) 
has initiated a project to build a new generation airborne hyperspectral imager na-
med APEX. APEX is a pushbroom imager with 300-500 spectral bands, operational 
in the spectral region from 380 to 2500 nm, and with 1000 pixels across track. It will 
be flown in an aircraft at operating altitudes between 2 and 14 km having a spatial 
resolution of 1-7 meters.

The mission objectives of APEX are mainly being a simulator, calibrator, and validator 
for spaceborne multispectral and hyperspectral instrument (such as ENMAP). APEX 
shall also foster the application development for hyperspectral imaging in Europe and 
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worldwide. The project shall be an European answer to the scientifi c success of Ame-
rican hyperspectral instruments. Its specifi cations are state-of-the-art in resolution 
and overall radiometric performance.

Status: RSL is responsible for the scientifi c management of the project, for industrial 
consulting concerning the specialities of maging spectrometer instrument, and for the 
construction of the Processing and Archiving Facility (PAF). The latter will be an uni-
versal, database driven system supporting the processing and distribution of all APEX 
data acquisitions. Sophisticated information technology tools are used for a versatile 
processing system, which will be persistent throughout the operational phase of the 
instrument.

ESA EOEP has taken the lead within APEX by providing the SWIR detector technolo-
gy, the calibration home base, and the technical management.

The project is currently at the end of Phase C/D, fi rst fl ights have been successfully 
accomplished. Instrument acceptance is expected by the end of December 2010.

Time-Line From To

Planning 1997 2000

Construction 2002 2010

Measurement phase 2011 2015

Data evaluation 2011 2015

Publications:

1. D‘Odorico, P., Alberti, E. and Schaepman, M.E.: In-fl ight spectral performance 
monitoring of the Airborne Prism Experiment, Appl. Opt., vol. 49, pp. 3082-
3091, 2010

APEX Thermal Control Unit in Dornier DO-228 

aircraft including Leica stabilizing platform

Support grid and scintillating bars mounted in 

one module target
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2. Itten, K.I., Dell‘Endice, F., Hueni, A., Kneubuehler, M., Schlaepfer, D., Odermatt, 
D., Seidel, F., Huber, S., Schopfer, J., Kellenberger, T., Buehler, Y., D‘Odorico, 
P., Nieke, J., Alberti, E. and Meuleman, K.: APEX - the hyperspectral ESA Air-
borne Prism Experiment, Sensors, vol. 8, nr. 10, p. 6235-6259, 2008

3. Schlaepfer D., Kaiser J.W., Brazile J., Schaepman M.E. and Itten K.I.: Cali-
bration concept for potential optical aberrations of the APEX pushbroom ima-
ging spectrometer, International Symposium on Remote Sensing. In: Sensors, 
Systems, and Next Generation Satellites VII. SPIE, Barcelona, Vol. 5234, pp. 
221-231, 2003

Website: TV Coverage (SF TV, Einstein)
 http://www.youtube.com/watch?v=yJ1ZDMAw9hc

Abbreviations:

APEX Airborne Prism Experiment
EOEP Earth Observation Envelope Programme
PRODEX PROgramme de Developement d`EXperiences Scientifi ques
RSL Remote Sensing Laboratories
ENMAP ENvironmental Mapping and Analysis Program
VITO Vlaamse Instelling voor Technologisch Onderzoek

APEX in fi nal integration 

in Dornier DO-228 aircraft 

and ready for take-off
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6.6	 GLADA - Global Assessment of Land Degradation and Im-
provement

Institute: 	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich
	 Winterthurerstr. 190
	 8057 Zurich

In cooperation with:	 Laboratory of Geo-Information Science and Remote Sensing 
(GIRS), The Netherlands

	 ISRIC - World Soil Information, The Netherlands

Principal Investigator:	 Dr. D. L. Dent (ISRIC) 

Co-investigators:	 Prof. Dr. Michael E. Schaepman (RSL)
	 Rogier de Jong (WUR)

Method:	 Measurement

Based on existing instrumentation: Development of new analysis methods for 
time-series of satellite imagery, applied to NOAA AVHRR global NDVI dataset. 

NDVI has a strong relationship with the fraction of photosynthetically active radiati-
on (fPAR) absorbed by the plant; it is strongly correlated with vegetation cover and 
above-ground net primary productivity (NPP). Biomass is an integrated measure of 
biological productivity. Its deviance from the local norm may be taken as a measure 
of land degradation or improvement.

Purpose of research: Ever-increasing demands on the land from economic develop-
ment, burgeoning cities and growing rural populations are driving unprecedented land 
use change. In turn, land use change is driving land degradation: soil erosion, nutrient 
depletion, salinity, water scarcity, pollution, disruption of biological cycles, and loss of 
biodiversity. This is a global issue, yet there is no authoritative measure of land degra-
dation or its counterpoint of land improvement. The only harmonized assessment, the 
Global Assessment of Human-induced Soil Degradation is a map of perceptions on 
the type and degree of degradation. Dating from 1991, it is now out-of-date.

There was pressing need for an up-to-date, quantitative and reproducible assess-
ment to support policy development. In response, within the GEF-UNEP-FAO pro-
gram Land Degradation Assessment in Drylands (LADA), the Global Assessment of 
Land Degradation and Improvement (GLADA) identifies hotspots suffering extreme 
constraints or at severe risk and, also, areas where degradation has been arrested 
or reversed.
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Status: The final report has been accepted by FAO. Methodological research will be 
caried on for one more year, resulting in a PhD dissertation early 2012.

Time-Line	 From	 To

Planning	 Jan. 2005	 Dec. 2005

Pilot phase	 Jan. 2006	 Dec. 2006

Analysis phase	 2007	 2009

Data evaluation	 2008	 2010

Publications:

1.	 Bai, Z.G., Dent, D.L., Olsson, L., and Schaepman, M.E.: Proxy global assess-
ment of land degradation. Soil Use and Management, 24, 223-234, 2008

2.	 White, M.A., de Beurs, K.M., Didan, K., Inouye, D.W., Richardson, A.D., Jen-
sen, O.P., Magnuson, J., OÕKeefe, J., Zhang, G., Nemani, R.R., van Leeuwen, 
W.J.D., Brown, J.F., de Wit, A., Schaepman, M.E., Lin, X., Dettinger, M., Bailey, 
A., Kimball, J., Schwartz, M.D., Baldocchi, D.D., Lee, J.T., & Lauenroth, W.K. 
(2009). Intercomparison, interpretation, and assessment of spring phenology 
in North America estimated from remote sensing for 1982 to 2006. Global 
Change Biology, 15, 2335 - 2359

3.	 de Jong, R., de Bruin, S., de Wit, A., Schaepman, M.E.,  and Dent, D.L.: Ana-
lysis of monotonic greening and browning trends from global NDVI time-series. 
Remote Sensing of Environment, 2010 (in press)

Abbreviations:

AVHRR	 Advanced Very High Resolution Radiometer (spaceborne)
FAO	 Food and Agricultural Organization of the United Nations
fPAR	 Fraction of Photosynthetically Active Radiation
GLADA	 Global Assessment of Land Degradation and Improvement 
LADA	 Land Degradation Assessment in Drylands
NDVI	 Normalized Difference Vegetation Index
NOAA	 National Oceanic and Atmospheric Administration
NPP	 Net Primary Productivity
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6.7	 HyperSwissNet

Institute:	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich
	 Winterthurerstrasse 190
	 8057 Zurich

In cooperation with:	 Space Center EPFL, Lausanne, Switzerland
	 Laboratory for Air Pollution and Environmental Technology, 

EMPA Duebendorf
	 Institute for Meteorology, Climatology and Remote Sensing, 

University of Basel, Basel
	 Remote Sensing Group, University of Bern, Bern
	 Land Use Dynamics Unit, Swiss Federal Research Institute 

WSL, Birmersdorf

Principal Investigator:	 Prof. Dr. M.E. Schaepman

Co-investigators:	 Dr. Alexander Damm

Method:	 Measurement

Based on existing instrumentation: APEX

Purpose of research: The Swiss University Conference (SUK) and ETH-board fun-
ded HyperSwissNet project aims at developing and supporting the scientific exper-
tise and infrastructure in Switzerland for the exploitation of imaging spectroscopy 
(IS) for different Earth observation (EO) applications. The development of imaging 
spectrometers, the availability of Earth observations in high spectral resolution from 
air- and spaceborne platforms and the facility of their processing have remarkably 
evolved over the last decade. This trend leads to a level of maturity, which makes ima-
ging spectroscopy accessible and useful for a larger research and user community. 
Against this background HyperSwissNet will develop a range of prototype application
products drawing from the diverse expertise present in the project consortium and the 
respective user community.

The development and implementation of the different products will be based on de-
dicated flight experiments with the airborne ESA (European Space Agency) imaging 
spectrometer APEX (Airborne Prism Experiment) and will directly build on and link 
into the operational capabilities of the APEX processing and archiving facility (PAF). 
The scientific expertise gathered during the project will be further disseminated within 
the Swiss research community by integrating the developed capabilities into specific 
teaching modules.
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Status: The HyperSwissNet project entered in 2010 into its third year. The project 
work was focused on the consolidation of the scientific design, the development of a 
teaching course and the development of dedicated algorithms for parameter retrieval 
form APEX imaging spectroscopy data. During an extensive field campaign in June 
2010, APEX IS-data were acquired over seven different test sites in Switzerland. Field 
investigations were carried out in parallel and consist of data for calibrating and vali-
dating APEX data and algorithms.

Time-Line	 From	 To

Design phase	 2008	 2008

Preparation phase	 2009	 2009

Development phase	 2010	 2011

Evaluation phase	 2011	 2012

Publications:

1.	 Koetz, B., Itten, K.I., Borgeaud, M., Brunner, D., Buchmann, B., Feigenwinter, 
C., HŸsler, F., Kneubuehler, M., Parlow, E., Psomas, A., Wunderle, S. and Zim-
mermann, N.: HYPER-SWISS-NET: Fostering the Swiss Research Community 
in the Field of Imaging Spectroscopy, in Proc EARSeL Imaging Spectrometry 
Workshop. Tel Aviv, Israel, 2009

2.	 Damm, A., Kneubuehler, M., van der Linden, S. and Schaepman, M.E.: The 
APEX vegetation processor - an operational implementation of a physical ap-
proach for characterizing agricultural crops, Hyperspectral Workshop 2010, 
17-19 March 2010, ESA-ESRIN, Frascati (Rome), CD-ROM, 2010

3.	 Damm, A., Erler, A., Meroni, M., Verhoef, W., Schaepman, M.E., Hillen, W. and 
Rascher, U.: Modelling the impact of sensor configurations on the FLD retrieval 
accuracy of sun-induced chlorophyll fluorescence, in Remote Sensing of Envi-
ronment (submitted)

Abbreviations:

APEX	 Airborne Prism Experiment
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6.8	 Ecochange - Biodiversity and Ecosystem Changes in Eu-
rope

Institute:	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich
	 Winterthurerstrasse 190
	 8057 Zurich 

In cooperation with:	 23 European Institutions 

Principal Investigator:	 Prof. Dr. Michael Schaepman (RSL)

Co-investigators:	 Dr. Zbynek Malenovsky (RSL) 

Method:	 Measurement 

Based on existing instrumentation: MODIS LAI/FPAR product, airborne imaging 
spectroscopy data and products

Purpose of research: A range of advanced modelling approaches has been used so  
far to assess the impact of global change on biodiversity and ecosystems.

The project follows four main limitations that remain associated with these approa-
ches:

•	 Knowledge and data of past species distribution is still limited, yet necessary for 
testing them in the past before projecting them to the future.

•	 We miss sound estimates of species and long distance migration rates in order 
to assess whether species will be able to keep pace with rapid global change.

•	 Some key assumptions of models, such as niche stability over time and/or 
space, are not well tested.

•	 We need more reliable estimates of uncertainties in model predictions.

Ecochange follows 5 approaches:

•	 Improve the current data structure with respect to biodiversity, climate, land use, 
land structural and socio-economic information.

•	 Improve current models and test critical model assumptions to cope with the 
required forecasting.

•	 Integrate prediction uncertainties into forecasting.
•	 Test a series of assumptions relevant for predicting the effects of global change 

upon biodiversity, ecosystems and relevant goods and services.
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•	 Develop a series of future projections of biodiversity, ecosystem functions and 
the goods and services they provide based on coupled climate and land use and 
socio-economic change scenarios both at EU and case study scales.

The final goal of the project is to provide data, scenarios and associated confidence 
limits so that policy markers and land managers can use them for anticipating societal 
problems and for designing sustainable conservation strategies by accounting the 
most likely global change effects on biodiversity and ecosystems. 

Status: The project is entering its final phase (year) for data dissemination and result 
publication.

Time-Line	 From	 To

Planning	 -	 2006

Measurement phase	 2007	 2008

Data evaluation	 2009	 2011

Publications:

1.	 Schaepman, M.E., Malenovsky, Z., Mücher, C.E., Kooistra, L., and Thullier, W.: 
Bridging Scaling Gaps for the Assessment of Biodiversity from Space. In The 
Full Picture (ed.) GEO Secretariat (Geneva, Switzerland), Tudor Rose, ISBN 
978-92-990047-0-8, pp. 258-261, 2007

2.	 Malenovsky, Z., Mishra, K.B., Zeme,k F., Rascher, U. and Nedbal, L.: Scientific 
and technical challenges in remote sensing of plant canopy reflectance and 
fluorescence. Journal of Experimental Botany, 60(11), 2987-3004, 2009

3.	 Verrelst, J., Schaepman, M.E., Malenovsky, Z. and Clevers, J.G.P.W.: Effects of 
woody elements on simulated canopy reflectance: Implications for forest chlo-
rophyll content retrieval, Remote Sensing of Environment, 114, 647-656, 2009

Abbreviations:

MODIS	 Moderate Resolution Imaging Spectroradiometer
LAI	 Leaf Area Index
FPAR	 Fraction of Absorbed Photosynthetically Active Radiation
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7	 Earth Resources

7.1	 Quality Layers for Hyperspectral Imaging Products 
(HYQUAPRO)

Institute: 	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich
	 Winterthurerstrasse 190
	 8057 Zurich 

In cooperation with:	 VITO (Belgium)
	 WUR (The Netherlands)
	 DLR (Germany)
	 TAU (Israel)
	 INTA (Spain)
	 PML (UK)
	 ISBE (Czech Republic)
	 GFZ (Germany)
	 FUB (Germany)

Principal Investigator:	 Dr. Ils Reusen (VITO) 

Co-investigators:	 Prof. Dr. Michael E. Schaepman (RSL)
	 Dr. Mathias Kneubuehler (RSL)
	 Andreas Hueni (RSL)

Method:	 Simulation 

Based on existing instrumentation: APEX 

Purpose of research: HYQUAPRO, a Joint Research Activity (JRA) within FP-7 
EUFAR, aims at the development of harmonized quality layers for Level 1 and Level 2 
hyperspectral imaging data and higher performing water and soil products including 
quality measures. HYQUAPRO consists of 11 research partner institutions. The im-
pact of this activity will be on increased transparency on the processing and quality of 
hyperspectral imaging data and products. RSL (in collaboration with VITO) is dealing 
with the definition of quality issues for the airborne APEX Processing and Archiving 
Facility (PAF).

EUFAR (www.eufar.net) is an Integrating Activity funded by the 7th Framework Pro-
gramme of the European Commission. The FP7 EUFAR project (33 partners) runs 
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from 2008-2012 and aims at providing and improving the access to airborne facilities 
(i.e. aircraft, airborne instruments, data processing centers) for researchers in environ-
mental and geo-sciences through Networking Activities (NA), Trans-national Access 
(TA) Activities and Joint Research Activities (JRA). The long term objectives of EUFAR 
are to lay the groundwork of a European distributed infrastructure for airborne re-
search in environmental and geo-sciences for each European scientist to get access 
at „equal terms“ to the airborne facility the most suited to his scientific objectives.

Status: A concept for Uncertainty Propagation Analysis (UPA) of hyperspectral data 
processing was developed and applied. First, the input parameters of a number 
of imaging spectroscopy data processing chains were identified and a selection of 
uncertain input parameters was made. Then, a core set of quality indicators (QI) was 
established for pre-processed hyperspectral data sets and adapted to the participa-
ting PAF‘s in the project. Currently, selected robust and higher performing algorithms 
for application to airborne imaging spectroscopy data are developed and implemen-
ted. This research focuses on the areas of algorithms for Case 2 water quality and for 
soils, where hyperspectral remote sensing has shown to make significant improve-
ments over conventional multispectral remote sensing techniques.

Time-Line	 From	 To

Planning	 2008	 2009

Construction	 -	

Measurement phase	 2009	 2010

Data evaluation	 2010	 2011

Publications:

1.	 Itten K.I., DellEndice F., Hueni A., Kneubühler M., Schläpfer, D., Odermatt D., 
Seidel F., Huber S., Schopfer J., Kellenberger, T., Bühler Y., D‘Odorico P., Nie-
ke J., Alberti E., Meuleman K.: APEX - the Hyperspectral ESA Airborne Prism 
Experiment, Sensors, Vol. 8, pp. 6235-6259, 2008

2.	 Reusen, I., Bachman, M., Beekhuizen, J., Ben-Dor, E., Biesemans, J., Bren-
guier, J.L., Brown, P., Chabrillat, S., Eisele, A., Gomez-Sanchez, J.A., Grant, 
M., Groom, S., Hanus, J., Heuvelink, G.B.M., Holzwarth, S., Hueni, A., Kauf-
mann, H., Knaeps, E., Kneubühler, M., Malthus, T., Meuleman, K., de Miguel 
Llanes, E., Mueller, A., Pimstein, A., Prado Ortega, E., Purcell, P., Ruhtz, T., 
Schaale, M., Schaepman, M. and Wendisch, M.: EUFAR goes Hyperspectral in 
FP-7, Workshop on Hyperspectral Image and Signal Processing- Evolution In 
Remote Sensing (WHISPERS’09), Grenoble (F), 26-28 August 2009, CD-ROM

3.	 Jehle, M., Hueni, A., Damm, A., D’Odorico, P., Kneubühler, M., Schläpfer, D., 
Schaepman, M. E. and Meuleman, K,: APEX – Current Status, Performance 
and Product Generation”, Proc. IEEE Sensors 2010 Conference, 01-04 No-
vember 2010, Waikoloa (HI), USA, CD-ROM
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Abbreviations:

APEX	 Airborne Prism Experiment
HYQUAPRO	 FP-7 Joint Research Activity on „Quality Layers for Hyperspectral 

Imaging Products“
EUFAR	 FP-7 Integrating Activity „European Framework for Airborne Re-

search“ 

7.2	 e-SOTER 

Institute:	 Laboratory of Geo-Information Science and Remote Sensing
	 GIRS
	 Wageningen University
	 Droevendaalsesteeg 3
	 6708PB Wageningen
	 The Netherlands

In cooperation with:	 ISRIC, The Netherlands
	 University of Miskolc, Hungary
	 BGR, Germany
	 JRC, Italy
	 Cranfield University, England
	 Alterra, The Netherlands
	 Szent Istvan University, Hungary
	 SciLands, Germany
	 INRA, France
	 UNOTT, England
	 Czech University, Czech Republic
	 ISSCAS, China
	 ENA, Morocco
	 Wageningen University, The Netherlands

Principal Investigator:	 Dr. Vincent van Engelen (ISRIC)

Co-investigators:	 Dr. Sytze de Bruin (WUR)
	 Prof. Dr. Michael E. Schaepman (RSL)
	 Titia Mulder (WUR)

Method:	 Theory
	 Measurement
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Based on existing instrumentation: ASTER imagery, SRTM, Fieldspec PRO FR 

Purpose of research: There still exist gaps in the knowledge of how to apply advan-
ces in remote sensing to soil and terrain mapping. This study aims to contribute to 
filling these gaps by developing an integrated approach for using proximal and remote 
sensing for (1) identifying any of the factors of soil formation to stratify the landscape, 
i.e. into large relatively homogeneous soil-landscape units which can be used as co-
variate for Digital Soil Mapping or whose soil composition can be determined by clas-
sical sampling, (2) allowing measurement or prediction of soil properties by means of
physically-based and empirical methods, and (3) supporting spatial interpolation of 
sparsely sampled soil property data as a primary or secondary data source in Digital 
Soil Mapping. This approach is especially useful for soil and terrain mapping on a 
regional scale, in areas where soil legacy data is sparse or unavailable.

Status: The research proposal has been approved in the beginning of 2009. All the 
necessary data has been collected and the fieldwork has been performed. Also, the 
first paper is submitted. The second paper will focus on an integrated approach for 
soil mineral mapping on a regional scale using proximal and remote soil sensing. This 
work is still in progress.

Time-Line	 From	 To

Planning	 2008	

Fieldwork and Measurements	 2010		

Research	 2009	 2012

Publications:

1.	 Mulder, V.L., de Bruin, S., Schaepman, M.E., & Mayr, T. (2010 (in print)). The 
use of remote sensing in soil and terrain mapping‚ a review. Geoderma
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7.3	 Multi-sensor image simulation and validation for deriving 
biophysical and -chemical variables of the Earth‘s surface

Institute:	 Laboratory for Geo-Information Science and Remote Sensing
	 Wageningen University
	 P.O. Box 47
	 6700 AA Wageningen
	 The Netherlands

In cooperation with:	 Remote Sensing Laboratories (RSL), University of Zurich
	 Faculty of Geo-Information Science and Earth Observation 

(ITC), University of Twente, The Netherlands

Principal Investigator:	 Valérie Laurent (WUR)

Co-investigators:	 Prof. Dr. Michael E. Schaepman (RSL)
	 Prof. Dr. Ing. Wout Verhoef (ITC)
	 Dr. Ir. Jan Clevers (WUR)

Method:	 Simulation

Development and construction of software: Radiative Transfer Code

Purpose of research: Physically-based approaches allow estimating vegetation pa-
rameters independently of space and time location by using radiative transfer (RT) 
models. Classically, the first step is to invert an atmospheric RT model to provide the 
top-of-canopy (TOC) reflectance data, which is then used as a reference for inverting 
a canopy RT model, thus providing estimates of the vegetation variables.

The pre-processing of the remote sensing data to TOC reflectances involves atmos-
pheric correction and eventually also corrections for adjacency, topography and di-
rectional effects. These corrections are applied individually and sequentially. In reality, 
however, all these effects are inter-related, and the correction of each effect is com-
plex and requires assumptions about the other effects, which entails a number of 
limitations in the TOC approach.

Alternatively, it is possible to couple the canopy and atmosphere RT models and to 
simulate the top-of-atmosphere (TOA) radiance. Adjacency, topography, and surface 
directional effects can then be included in the forward canopy-atmosphere model, 
yielding more accurate simulations. The model output is directly comparable to the 
radiance measured by the satellite, facilitating the parameter estimation process, as 
the preprocessing is reduced to a minimum. The TOA approach will benefit data as-
similation and multi-sensor studies.



70

The purpose of this research is to investigate the TOA potential of the TOA approach 
for estimating canopy parameters. First, a proof of concept is provided by a simple 
case study using nadir data to estimate forest parameters. Then, more complex ca-
ses such as multi-angular data and image simulation will be investigated.

Status: A simple case study for estimating forest parameters in Czech Republic using 
CHRIS nadir data has been conducted. The results showed that TOC and TOA ap-
proaches had comparable performance for estimating the parameters. This provides 
a proof of concept for the TOA approach. The estimation of the forest parameters at 
the same site using the full set of CHRIS angular observation almost complete. The 
results show a good performance of the TOA estimation process.

Further research will include TOA image simulation for estimating vegetation parame-
ters as well as a multi-temporal or multi-sensor study.

Time-Line	 From	 To

Project Duration	 2008	 2012

Publications:

1.	 Laurent, V., Verhoef, W., Clevers, J. and Schaepman M.E.: Estimating forest 
variables from top-of-atmosphere radiance satellite measurements using cou-
pled radiative transfer models, Remote Sensing of Environment (in review)

2.	 Laurent, V., Verhoef, W., Clevers, J. and Schaepman M.E.: Estimating forest 
parameters from top of atmosphere multi-angular radiance data using coupled 
radiative transfer models, Symposium on Recent Advances in Quantitative Re-
mote Sensing, Valencia, September 2010, CD-ROM

3.	 Laurent, V., Verhoef, W., Clevers, J. and Schaepman M.: Estimating forest 
parameters from top-of-atmosphere radiance measurements using coupled 
radiative transfer models, Hyperspectral Workshop, Frascati, March 2010, CD-
ROM

Abbreviations:

RT	 Radiative Transfer
TOC	 Top Of Canopy
TOA	 Top Of Atmosphere
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8	 Planets

8.1	 FAMARS (First AFM on MARS)

Institute: 	 Institute of Microengineering (IMT) from EPFL (Former instituti-
on of the University of Neuchâtel)  

In cooperation with:	 Nanosurf AG, Liestal
	 University of Basel, Dpt of Physics

Principal Investigator:	 Urs Staufer (now at TU Delft)

Co-investigators:	 Sebastian Gautsch	 Teru Akiyama
	 Daniel Parrat		  Nico de Rooij
	 Dominik Braendlin	 Lukas Howald
	 Hans-Rudolph Hidber	 Andreas Tonin
	 Micheal Hecht		  William T. Pike

Method:	 Measurement

Development and construction of instruments: FAMARS instrument
Others: High resolution microscope

Purpose of research: The Phoenix Lander Mission investigated the geology, the 
climate, and the history of water in the northern arctic region of Mars from May 25 till 
November 2, 2008. For the first time, also an atomic Force Microscope experiment 
was included in such a robotic planetary science mission in order to investigate the 
soil particle size, size distribution, shape and texture.

Light scattering experiments conducted by the Viking and MER missions indicated 
that airborne dust, which eventually settles and becomes part of the top surface layer, 
has a particle diameter of one to a few micrometers. Scanning force microscopy or 
AFM (Atomic Force Microscopy) is a high resolution three-dimensional imaging me-
thod, having a resolution comparable to electron microscopy. It works on conductive 
and non-conductive samples. It was therefore decided to take besides an optical 
microscope (OM) also an AFM on board of Phoenix.

The low atmospheric pressure (~ 10mbar) and large temperature variations (~ 60 deg 
C) required special design solutions for the scanner of the instrument. In order to avo-
id electrical discharges, a low voltage Lorenz actuator was employed rather than the 
usual piezo-electric scanner. The damping was achieved by means of internal friction 
of the spring suspension. The instrument was successfully operated on Mars and 
produced the first high resolution images of Martian soil particles.
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Concept of the Experiment
The dust samples were acquired by means of the robot arm and delivered to a sub-
strate wheel, which was mounted on a rotation and translation stage. It was then 
pulled back into the box and rotated in front of the microscopes. A set of optical 
microscope images were acquired, sent to Earth and analyzed. Based on that, areas 
of interest for AFM imaging could be selected. The translation and rotation stage was 
then used to fi ne position the sample and perform the approach of the substrate to 
the AFM cantilever. For full details about the Phoenix AFM experimental procedure, 
the reader is referred to a paper by M. Hecht et al(Jour. of Geophysical Research - 
Planets 113, E00A22 (2008))

Instrument Design
In a fi rst assessment, bulkiness, high sensitivity and required interaction between the 
instrument and an operator render atomic force microscopy unsuitable for planetary 
missions. However, microfabrication technologies combined with innovative design 
ideas allowed to build an error tolerant system with functionality for addressing the 
challenges generated by a 9-month space travel and the Martian surface conditions 
(S. Gautsch, Development of an Atomic Force Microscope and Measurement Con-
cepts for Characterizing Martian Dust and Soil Particles, PhD thesis Univ. of Neucha-
tel, 2002; UFO Dissertation Band 423, ISBN 3-935511-24-8).

For redundancy, the microfabricated silicon sensor chip featured eight, about 6µm 
thick cantilevers each with a KOH-etched 7 to 8 µm high silicon tip. Cantilevers were 
mounted on support beams, which were also cleaved away. These beams were fa-
bricated using DRIE to etch through the handle layer of the SOI. The cantilever de-
fl ection was measured using implanted, p-type piezo-resistors. Thermal drifts were 
compensated by a reference piezo-resistor (T. Akiyama, et al, Sensors and Actuators 

Assembled AFM scanner with 

mounted silicon sensor chip
Martian soil particles as observed by the 

Phoenix AFM showing 4 particles. The 

spheroidal particle in the center is 8 μm in 

diameter, above it a plate-like particle is seen, 

the other two cross the image boundary.

(Image taken from [P. Smith et al, Science 325, 58 (2009). DOI: 

10.1126/science.1172339], online supporting material, reprinted 

with permission of Science).
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A 91, p. 321 - 325 (2001)). The silicon chip was glued on a triangular platform, which 
was suspended from the rigid body of the scanner by means of symmetrically arran-
ged polyimide springs. The later also contained the electrical contacts to the chip. 
Three magnets were attached in the corners of the platform. An electrical coil moun-
ted underneath each magnet allowed deflecting them. The whole scanner measured 
12mm×18mm×24mm and weighed 15g. 

Conclusion
The FAMARS AFM instrument has executed 85 experiments of which 26 were nee-
ded for calibration and for initially defining operational parameters. Of the remaining 
experiments about half (28) returned images where at least a signature of particles 
could be discerned. On sol 98, we successfully cleaved the first tip and cantilever, 
which was contaminated by that time, and continued operation with the second pro-
be. We observed spheroidal and platy particles. The size distribution derived from 
these images was used in combination with the results from the optical microscope 
of the MECA platform to assess the whole range from 100nm to 200µm.

Acknowledgements
This work was supported by financial grants from the Wolfermann-Nägeli Foundation 
(CH), the Swiss priority program MINAST, the Space Center at EPFL (CH), the Repub-
lic and Canton of Neuchatel (CH) (CH), STFC (UK), and the NASA through the Phoenix 
Mission (USA). We would like to acknowledge P. Smith and the Phoenix Science and 
Engineering Teams for many helpful discussions.

Status: AFM images of Martian soil are still under investigation by the scientific com-
munity.

Time-Line	 From	 To

Planning	 1998	 1999

Construction	 1999	 2006 (2 generations)

Measurement phase	 May 2008	 September 2008

Data evaluation	 July 2008	 Ongoing

Publications:

1.	 M. Hecht et al, Jour. of Geophysical Research - Planets 113, E00A22 (2008)

2.	 T. Akiyama, et al, Sensors and Actuators A 91, p. 321 - 325 (2001)

3.	 P. Smith et al, Science 325, 58 (2009). DOI: 10.1126/science.1172339

Abbreviations:

AFM	 Atomic Force Microscopy
MECA	 Microscopy, Electrochemistry, and Conductivity Analyzer
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8.2	 BELA - BepiColombo Laser Altimeter 

Institute: 	 Physikalisches Institut of the University of Bern
	
In cooperation with:	 Deutsches Zentrum für Luft- und Raumfahrt  - Institut für Plane-

tenforschung (DLR-PF), Berlin, Germany
	 Instituto de Astrofisica de Andalucia (IAA), Granada, Spain
	 Max-Planck-Institut für Sonnensystemforschung (MPS), Kat-

lenburg-Lindau, Germany

Principal Investigator:	 Nicolas Thomas (Uni Bern, Co-PI Hardware)
		  Tilman Spohn (DLR-PF, Co-PI Science and Operations)

Co-investigators:	 J. P. Barriot (F)		 W. Benz (CH)
	 G. Beutler (CH)		 U. Christensen (D)
	 V. Dehant (B)		  C. Fallnich (D)
	 D. Giardini (CH)	 O. Groussin (F)
	 K. Gunderson (CH)	 E. Hauber (D)
	 M. Hilchenbach (D)	 L. Iess (I)
	 L. Jorda (F)		  P. Lamy (F)
	 L.-M. Lara (E)		  P. Lognonné (F)
	 J.J. Lopez-Moreno (E)	 H. Michaelis (D)
	 J. Oberst (D)		  D. Resendes (P)
	 R. Rodrigo (E)		  S. Sasaki (J)
	 U. Schreiber (D)

Method:	 Measurement

Laser altimetry is a powerful remote sensing technique although the measurement 
concept is simple. The time-of-flight of a pulse of light from a laser to a reflecting 
surface and back is measured. This travel time, combined with ancillary information 
such as laser location and pointing at the time of each laser shot, enables the laser 
footprint to be geolocated in a global reference frame. BELA uses a Nd:YAG laser at 
1064 nm which pulses at 10 Hz. The energy per pulse is around 50 mJ and a 5 ns 
broad pulse is generated. The return pulse is detected by a 20 cm beryllium telescope 
with an avalanche photo-diode in the focal plane. The system is expected to have an 
accuracy of better 2 m in most operational cases for ranges from 400 to 1055 km.

Development and construction of instruments: Bepi-Colombo Laser Altimeter 
(BELA) for the European Space Agency’s BepiColombo mission to Mercury for launch 
in 2014

Purpose of research: The BepiColombo laser altimeter (BELA) is a joint Swiss-Ger-
man project with a smaller involvement from Spain. Some additional hardware studies 
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are carried out in France. The scientifi c objectives of the experiment are to measure 
the

• fi gure parameters of Mercury to establish accurate reference surfaces
• topographic variations relative to the reference fi gures and a geodetic network 

based on accurately measured positions of prominent topographic features
• tidal deformations of the surface
• surface roughness, local slopes and albedo variations, also in permanently sha-

ded craters near the poles.

BELA will form an integral part of a larger geodesy and geophysics package, incor-
porating radio science and stereo imaging.  Although stand-alone instruments in their 
right, only the synergy between these will make full use of present-day technology and 
scientifi c capability. The synergy will cover the problems of planetary fi gure and gravity 
fi eld determination, interior structure exploration, surface morphology and geology, 
and extend into the measurements of tidal deformations. The reference surfaces and 
the geodetic network will provide the coordinate system for any detailed exploration of 
the surface, geological, physical, and chemical. The topography is needed to develop 
digital terrain models that allow quantitative explorations of the geology, the tectonics, 
and the age of the planet surface. The topography is further needed for a reduction 
of the gravity fi eld data because topographical contributions to gravity must fi rst be 
removed before using gravity anomalies for the investigation of sub-surface structu-
res. The use of topography together with gravity data will constrain, by an admittance 
analysis between the two and with the help of a fl exure model for the lithosphere, 
lithosphere and crust properties. Examples here would include the lithosphere elastic 
thickness (essential for the reconstruction of the thermal history of Mercury) and the 
crustal density (essential for the construction of a Hermean internal model). In addition 

The BELA baseplate unit (BPU) inside the thermal 

vacuum chamber in Bern being readied for test. 

The gold coloured object in the foreground is the 

laser head. The telescope is on the far side of the 

optical bench. The refl ective baffl e is mounted.

The receiver baffl e for the BELA instrument 

mounted on an adaptor prior to undergoing 

vibration testing at the University of Bern.
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to the moments of inertia which will be provided by the radio science experiment, the 
tidal deformations measured by BELA and the radio science instrument will place 
further constraints of global models of the interior structure. BELA will contribute by 
providing the deformation of the surface while the radio science package will measure 
the mass relocations. Under favourable conditions, it will even be possible to cons-
train the rheology of the interior of the planet by measuring the time lag between the 
motion of the tidal bulge and the disturbing potential.

Status: The Structural and Thermal Model (STM) of the instrument has been comple-
ted (end 2010) and is about to be shipped to ESA (see image below). The Electrical 
Model (EM) is nearing completion and should be shipped for integration with the EM 
spacecraft in February 2011. The first mirrors for the receiver telescope are in manu-
facture. This involves several critical elements because the mirrors are being built in 
beryllium in Swiss industry – a first for European interplanetary missions.

Many other technical developments have also been made. A digital rangefinder 
bread-board has been produced, a solar simulator (for simulating the flux from the 
Sun at Mercury’s orbit) has been developed and manufactured, and a highly reflective 
baffling system for the receiver telescope has been produced.

Time-Line	 From	 To

Planning	 May 2004	 June 2008

Construction	 July 2008	 June 2013

Launch	 2014

Measurement phase	 Mid-2020	 2022	

Data evaluation	 Mid-2020	 End 2024

Publications:

1.	 Gunderson, K. and Thomas, N., (2010) BELA receiver performance modeling 
over the BepiColombo mission lifetime, Planetary and Space Science, 58, 309-
318

2.	 Seiferlin, K., Chakraborty, S., Gunderson, K., Fischer, J., Luethi, B.S., Piazza, 
D., Rieder, M., Sigrist, M., Thomas, N., Weigel, T. (2007) Design and manu-
facture of a lightweight reflective baffle for the BepiColombo Laser Altimeter, 
Optical Engineering, 46(4), 043003-1

3.	 Thomas, N., T.Spohn, J.-P.Barriot, W.Benz, G.Beutler, U.Christensen, V.Dehant, 
C.Fallnich, D.Giardini, O.Groussin, K.Gunderson, E.Hauber, M.Hilchenbach, 
L.Iess, P.Lamy, L.-M.Lara, P.Lognonne, J.J.Lopez-Moreno, H.Michaelis, 
J.Oberst, D.Resendes, J.-L.Reynaud, R.Rodrigo, S.Sasaki, K.Seiferlin, 
M.Wieczorek, and J.Whitby, (2007) The BepiColombo Laser Altimeter (BELA): 
Concept and baseline design, Planetary and Space Science, 55, 1398-1413
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8.3	 ROSINA / Rosetta

Institute: 	 Physics institute, department of space research and planetolo-
gy, University of Bern

In cooperation with:	 MPS, Lindau, Germany
	 TU, Braunschweig, Germany
	 IPSL, St. Maur, Paris, France
	 CESR, Toulouse, France
	 BIRA, Brussels, Belgium
	 University of Michigan, Ann Arbor, USA
	 Lockheed Martin, Palo Alto, USA
	 SwRI, San Antonio, USA

Principal Investigator:	 Kathrin Altwegg

Co-investigators (Bern):	 Hans Balsiger
		  Peter Wurz
		  Ernest Kopp
		  Peter Bochsler
		  Peter Eberhardt
		  Annette Jäckel

Method:	 Measurement

Development and construction of instruments: ROSINA package (DFMS, RTOF, 
COPS and DPU)

Purpose of research: ROSINA will investigate the volatile material of comet 67P/
Churyumov-Gerasimenko. It will determine the elemental, isotopic and molecular 
composition of the neutral gas as well as of the ionized plasma in the coma and 
analyze  the gas dynamics arpound the comet from close to aphelion through peri-
helion. Its two mass spectrometer and the pressure sensor have  an unprecedented 
sensitivity and mass resolution.

Status: Rosetta has passed the second asteroid Lutetia and is currently at a solar 
distance of 3.8 AU about to begin the  hibernation period which will last from late 
spring 2011 till January 2014. It will arrive in the vicinity of the comet in summer 2014 
and then follow this comet in close vicinity for at least 1 ½ years through its perihelion. 
During the last six years ROSINA has gathered very valuable data on spacecraft out-
gassing which help to understand phenomena observed with other space missions, 
e.g. degradation of optical instruments or unexpected behavior of spacecraft during 
manoeuvres. These measurements will also be crucial in the early phase of the comet 
mission when the coma of the comet will be very tenuous.
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Time-Line	 From	 To

Planning	 1994	 1996

Construction	 1996	 2001

Measurement phase	 2014	 2015

Data evaluation	 ongoing	

Publications:

1.	 Schläppi B., K. Altwegg, H. Balsiger, M. Hässig, A. Jäckel, P. Wurz, B. Fiethe, 
M. Rubin, S. A. Fuselier, J. J. Berthelier, J. De Keyser, H. Rème and U.Mall, 
“The influence of spacecraft outgassing on the exploration of tenuous atmos-
pheres by in situ mass spectrometry”, submitted to Journal of Geophysical 
Research

2.	 S. Graf, K. Altwegg, H. Balsiger, and P. Bochsler B. Fiethe E. Montagnon, 
(2007), Thruster plumes  –a source for high pressure and contamination at the 
payload location , J. Spacecraft and Rockets, Vol. 45, No. 1, January–February 
2008, pp. 57-64S

3.	 H. Balsiger, K. Altwegg, P. Bochsler, P. Eberhardt, J. Fischer, S. Graf, A. Jäckel, 
E. Kopp, U. Langer, M. Mildner, J. Müller, T. Riesen, M. Rubin, S. Scherer, P. 
Wurz, S. Wüthrich, E. Arijs, S. Delanoye, J. De Keyser, E. Neefs, D. Nevejans, 
H. Rème, C. Aoustin, C. Mazelle, J.-L. Médale, J. A. Sauvaud, J.-J. Berthelier, 
J.-L. Bertaux, L. Duvet, J.-M. Illiano, S. A. Fuselier, A. G. Ghielmetti, T. Ma-
goncelli, E. G. Shelley, A. Korth, K. Heerlein, H. Lauche, S. Livi, A. Loose, U. 
Mall, B. Wilken, F. Gliem, B. Fiethe, T. I. Gombosi, B. Block, G. R. Carignan, L. 
A. Fisk, J. H. Waite, D. T. Young and H. Wollnik, (2007), ROSINA – ROSETTA 
ORBITER SPECTROMETER FOR ION AND NEUTRAL ANALYSIS,, Space Sci 
Rev, 128/1, 745-801

Abbreviations:

DFMS	 Double focusing mass spectrometer 
COPS	 Comet pressure sensor
ROSINA	 Rosetta Orbiter Spectrometer for Iob and Neutral Analysis
RTOF	 Refelctron time of flight mass spectrometer
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9	 Life Science

9.1	 Electrophysiological study investigating cellular effects of 
weightlessness induced muscle atrophy

Institute: 	 ETH Zurich, Space Biology Group

In cooperation with:	 Institute for Biomedical Engineering, ETH Zurich
	 Laboratory of Organic Chemistry, ETH Zurich
	 Institute of Physiology, University of Zurich

Principal Investigator:	 Dr. Marcel Egli

Co-investigators:	 Dr. A. Franco-Obregón (ETH Zurich)
	 Prof. P.S. Dittrich (ETH Zurich)
	 Dr I. Forster (University of Zurich)

Method:	 Measurement

Development and construction of instruments: “OoClamp” unit (electrophysiologi-
cal device for the investigation of living cells)

Development and construction of own software: “OoClamp” software (to run and 
control the electrophysiological device)

Rocket (foreseen)
ESA parabolic flights (2008, 2009, and 2010)

Purpose of research: Among the many physiological consequences of manned  
space flight, muscle atrophy is certainly the most obvious and one of the most detri-
mental to the human condition. The currently applied countermeasures, however, can  
only partially alleviate the muscle wasting associated with the mechanical unloading 
because of reduced gravitational force. Muscle atrophy studies have shown that the 
resting intracellular calcium concentrations as well as the calcium entry across the 
membrane are decreased in response to mechanical unloading. During early muscle 
development calcium enters muscle cells through membrane pores (ion channels) 
that open in response to membrane stretch, stretch-activated calcium channels. An 
increase in intracellular calcium levels (as a result of the opening of the stretch-ac-
tivated channels) activates the reading of muscle-specific genes. We have strong 
preliminary evidence generated from pharmacological studies that mechano-sensitive 
channel activity is adversely influenced by reduced gravity, short-circuiting the bio-
chemical cascade leading to muscle regeneration. We have designed and developed 
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an experimental system that allows electrophysiological recording of mechanically-
gated calcium infl uxes in living cells during periods of microgravity and hypergravity 
generated by parabolic fl ights. Ultimate goal of our experiments is to unequivocally 
demonstrating the infl uence of gravitational forces over stretch-activated calcium 
channel gating.

Status: We are currently in the preparation phase of a new ESA parabolic fl ight cam-
paign, start fall 2010.

Time-Line From To

Planning 2006 2010

Construction 2006 2010

Measurement phase 2008 2010

Data evaluation 2008 2010 (after each experiment)

Publications:

In preparation

middle part
top part

bottom part

Prototype of the recording chamber in 

which cells are electrically investigated: 

A = cell inlet, B = culture media and 

test liquid plugs (inlet), black arrows = 

current and voltage electrode insertion 

sites, red arrows = reference electrode 

insertion sites.

Measuring bar = 10 mm

“OoClamp” hardware confi guration on 

fl ight day

A

B



81

9.2	 PADIAC:  Pathway different activators - T-lymphocytes in 
microgravity: A genetic analysis of the CD28-mediated pa-
thway using different activation ways

Institute: 	 Space Biology Group ETHZ

In cooperation with:	 Veterans Affairs Medical Center / University of California, San 
Francisco (USA)

	 University of Sassari, Sassari (I)

Principal Investigators:	 Isabelle Walther
		  Marcel Egli

Co-investigators:	 M. Hughes-Fulford
	 P. Pippia

Method:	 Measurement

Development and construction of instruments: PADIAC instrument

Development and construction of software: Software for the automation of the 
hardware

Purpose of research:
Aim: 
To test the hypothesis that the inhibition of IL-2 receptor expression on T-cells in mi-
crogravity is due to a sensitivity of the CD28 co-stimulatory pathway to microgravity
Specific goals:	
Determine how microgravity affects the expression of genes mediated by CD28 ac-
tivation
Assess whether the IL-1 receptor (CD121a) is involved in the inhibition of T-cell acti-
vation in microgravity
Compare the gene expression between the different activation pathways
Clearly distinguish the effect of microgravity from other spaceflight factors by use of a 
1.g on-board centrifuge
Verify finding from baseline ground studies performed using the random positioning 
machine (RPM)
Parameters measured:
Gene expression by gene array and realtime PCR, with specific focus on key cytoki-
nes (post-flight analysis)

Status: The manufacture of the last FM unit is completed, the other elements of the 
hardware are ready to use. Biological tests have been performed in our laboratory. 



82

The hardware has been tested in an Experiment sequence test in ESTEC, Noordwijk 
in March 2010. The instrument and the software are ready, the fl ight was postponed 
from June to October due to a defect incubator on board ISS which is needed for the 
experiment.

Time-Line From To

Planning Nov 2007 2008

Construction 2008 Jan 2010 (the hardware had to be modifi ed 3x   

  from manual to automatic)

Measurement phase 10/10/2010 12/10/2010 (launch on 24S) 

Data evaluation  post fl ight (down with 23S end 26th November 2010)

Publications:

1. FEBS Letters 436 (1998) 115-118. Simulated microgravity inhibits the genetic 
expression of interleukin-2 and its receptor in mitogen-activated T lymphocy-
tes; Isabelle Walther, Proto Pippia, Maria Antonia Meloni, Franco Turrini, Franca 
Mannu, Augusto Cogoli

2. submitted: T Cell Early Signaling Events are Gravity Dependent and Inhibited 
During Spacefl ight; Tammy T. Chang, Isabelle Walther, Chai-Fei Li, Jim Boo-
nyaratanakornkit, Grazia Galleri, Maria Antonia Meloni, Proto Pippia, Augusto 
Cogoli, Millie Hughes-Fulford

Abbreviations:

FM Flight unit
EST Experiment Sequence TestUntertitel

PADIAC automatic hardware: 4 cell 

culture chambers under the small 

metallic plates on the front side, 

electronic board and motor to move 

the inner plunger and activate/fi x the 

cell after defi ned times. Hardware 

designed by Dr. Dany Lightweight 

(DDL GmbH), electronic and soft-

ware by Spacetek GmbH. Overall 

responsibility with ESA by RUAG 

Aerospace, Nyon.
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9.3	 SEN4SCI - Sentinels for Science

Institute:	 Remote Sensing Laboratories (RSL)
	 Dept. of Geography
	 University of Zurich
	 Winterthurerstrasse 190
	 8057 Zurich

In cooperation with:	 ZEMKON Inc.
	 Environmental Earth Observation IT GmbH (ENVEO)
	 European Space Agency (ESA)

Principal Investigator:	 Dr. Zbynek Malenovsky

Co-investigators:	 Prof. Dr. Michael E. Schaepman

Method:	 Theory

Based on existing instrumentation: Sentinel space missions

Purpose of research: In order to enable ESA to facilitate a more complete exploi-
tation of the scientific potential of Sentinel observations, the objective of SEN4SCI is 
to define an approach to identify and consolidate, through a structured consultation 
process that involves representatives of the scientific community:

•	 Research issues and questions to which the Sentinel data could most usefully 
contribute;

•	 Required data products, with a view to identifying products that may not be 
planned for the baseline Sentinel 1-3 or other ESA missions, but could enhance 
the scientific yield from the missions;

•	 Inputs from the broader scientific community with respect to these requirements;
•	 Characteristics of the missing products and recommendations for further imple-

mentation and validation activities leading to Algorithm Theoretical Basis Docu-
ments (ATBD).

Status: The project is in a first phase dealing with identification of the scientific requi-
rements for the potential Sentinel products. An expert workshop will be conducted in 
2011 in order to collect the opinions of a broad scientific community. The final phase 
will consist of gap analysis on potential new Sentinel products, their algorithms and 
calibration/validation approaches. 

Time-Line	 From	 To

Planning	 -	 2010

Data evaluation	 2011	 2011
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Publications:

No publications yet.

Abbreviations:

SEN4SCI	 Sentinels for Science
LAI	 Leaf Area Index
ENVEO	 Environmental Earth Observation IT GmbH
ATBD	 Algorithm Theoretical Basis Documents
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10	 Cosmology and Fundamental Physics

10.1	 Non-Gaussianity in Planck

Institute: 	 Martin Kunz, Theoretical Physics, University of Geneva

In cooperation with:	 N. Aghanim (IAS Paris)

Principal Investigator:	 J.L. Puget (IAS Paris, Planck HFI mission PI)

Method:	 Simulation
	 Theory
	 Measurement

Based on existing instrumentation: Planck satellite

Purpose of research: Planck is an ESA satellite launched in 2009 and measuring 
the anisotropies in the CMB. Among many other things, it will allow to study the sta-
tistics of those fluctuations to very high precision, and to quantify departures from a 
Gaussian random field (or from statistical isotropy). Non-Gaussianities can be due to 
different sources, which can be broadly classified into primordial, astrophysical and 
instrumental contributions. Non-Gaussianity at the instrumental level is mostly used 
as a test for possible systematic errors, but it also needs to be controlled in order to 
have access to the other two sources of non-Gaussianity. Astrophysical contributions 
are due to e.g. the presence of galaxy clusters which affect the CMB signal in various 
ways at late times. This is a known source of deviations from a Gaussian probability 
distribution, and studying it will help to put constraints on, for example, unresolved 
point sources. The existence of primordial non-Gaussianity is uncertain, but its disco-
very would have a major impact on our understanding of the early universe, as it could 
be generated during inflation or by phase-transition remnants (topological defects, 
e.g. cosmic strings) at the end of inflation.

Publications:

1.	 G. Efstathiou, C. Lawrence, J. Tauber et al., The Planck Bluebook, http://www.
rssd.esa.int/SA/PLANCK/docs/Bluebook-ESA-SCI(2005)1_V2.pdf (2005)

2.	 N. Aghanim, M. Kunz, P.G. Castro and O. Forni, Non-Gaussianity: Comparing 
wavelet and Fourier based methods, Astron. Astrophys. 406, 797 (2003)

3.	 M. Kunz, N. Aghanim, L. Cayon, O. Forni, A. Riazuelo and J.P. Uzan, Constrai-
ning topology in harmonic space, Phys. Rev. D 73, 023511 (2006)
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Abbreviations:

ESA	 European Space Agency
CMB	 cosmic microwave background

10.2	 Constraining Dark Energy and Modified Gravity with Euclid

Institute: 	 Martin Kunz, Theoretical Physics, University of Geneva
	
In cooperation with:	 L. Amendola (U. Heidelberg)
	 D. Sapone (U. Madrid)
	 R. Durrer (U. Geneva)

Principal Investigator:	 A. Refregier (CEA Saclay, Euclid mission PI)

Method:	 Theory

Purpose of research: The nature of the dark energy is one of the most important 
questions facing cosmology and fundamental physics. So far no convincing explana-
tions have been found. Large future surveys, like the ESA cosmic vision satellite pro-
ject Euclid will be able to probe not only the expansion history of the universe, but also 
directly the evolution of the perturbations in the metric (‚wrinkles‘ of the space-time). 
In this project we are working on computing expectations from theoretical physics on 
how these metric perturbations look like for existing models, and on forecasting how 
well Euclid will be able to constrain them.

Publications:

1.	 L. Amendola, M. Kunz and D. Sapone, Measuring the dark side (with weak 
lensing), JCAP 0804, 013 (2008)

2.	 A. Refregier et al., Euclid Imaging Consortium Science Book, arXiv:1001.0061 
(2010)

3.	 R. Laureijs, et al., Euclid Assessment Study Report for the ESA Cosmic Visions 
(Yellowbook), arXiv:0912.0914 (2009)

Abbreviations:

ESA	 European Space Agency






