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11..  IInnttrroodduuccttiioonn  
This report is a shortened version of the full report presented and accepted by the Steering 
Committee of the Space Center EPFL in August 2006.  
It summarises the main activities carried out by the Space Center EPFL in 2005. Among 
the major events, one should note that Contraves Space AG, the largest Swiss space 
industry, decided to become a member of the Space Center EPFL in March 2005. The 
fact that Mrs. Muriel Noca, who previously spent twelve years at NASA-JPL, was hired 
by the Space Center EPFL in November 2005 should also be emphasised. Moreover, 
during 2005, it was decided to launch the EPFL Cubesat project (now called 
“Swisscube”) with the goal to design, develop, build, launch, and operate a pico-satellite 
built entirely by students from EPFL and other Swiss universities. 
 
 



 

 

 
 

 3

22..  SSppaaccee  CCeenntteerr  EEPPFFLL  oorrggaanniissaattiioonn  aanndd  
oobbjjeeccttiivveess  
2.1. Space Center EPFL 

The Space Center EPFL was created in 2003 following a joint decision between RUAG 
Aerospace and EPFL to set up an organisation to develop R&D, technologies, and 
applications related to space at EPFL. The Swiss Space Office became the third and last 
founding member in October 2004. Since then, several other industries, research centres, 
and universities have decided to become partners of the Space Center EPFL. 
 
The mission of the Space Center EPFL is to foster, promote and federate space 
technology across education, science and industry in Switzerland and internationally. 
 
The main objectives of the Space Center EPFL are: 

• To link Swiss institutions and industries on national and international levels in 
order to establish focused areas of excellence internationally recognised for both 
space R&D and applications 

• To support implementation for technology demonstration missions and scientific 
missions focused on areas of interests 

• To become a centre for education and training for students and industry: 
o workshops on selected advanced topics 
o focused student projects in collaboration with industries 

2.2. Staff 
For most of 2005, the staff of the Space Center EPFL was composed of: 

• Dr. Maurice Borgeaud, Director 
• Mrs. Martine Harmel, Secretary 

 
In addition, Muriel Noca works for the Space Center EPFL since 1 November 2005. Mrs 
Muriel Noca holds a Master of Science in mechanical engineering from CalTech and 
previously worked for twelve years at NASA-JPL in Pasadena in several space projects. 

2.3. Steering Committee 
Since 2004, the Space Center EPFL has been composed of a small team which operates 
all the day-to-day tasks and implements the strategy decided by the Steering Committee 
of the Space Center EPFL as shown in Figure 1. This Committee meets approximately 
three or four times a year and decides on the overall strategy for the Space Center EPFL. 
The chairman of the Committee till the end of 2005 was Professor Roland Siegwart from 
EPFL. 
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2.4. Organigramme 
Figure 1 shows the Organigramme of the Space Center EPFL as per 31 December 2005. 
Professor Roland Siegwart was the chairman of the Steering Committee while Dr. 
Maurice Borgeaud was the Director of the Space Center EPFL. It should be noted that 
professor Siegwart announced in 2005 his transfer from EPFL to ETHZ. In December 
2005, the EPFL management appointed Professor Juan Mosig as new chairman of the 
Steering Committee with effective date of 1 January 2006. 
 

Steering Committee

Prof. Roland Siegwart, EPFL, Chairman
Prof. Juan Mosig, EPFL

Prof. Nico de Rooij, EPFL
Mr. Peter Scherer, RUAG Aerospace
Dr. Volker Gass, RUAG Aerospace

Dr. Pascal Vinard, SSO
Dr. Daniel Fürst, SSO

Mr. Umberto Somaini, Contraves Space

Mr. Philippe Vollichard, EPFL, Permanent guest

Director

Dr. Maurice Borgeaud

Secretary

Mrs. Martine Harmel

Scientific collaborator

Mrs. Muriel Noca

 
 

 
 
Figure 1: Organigramme of the Space Center EPFL (status 31.12.2005) 
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33..  MMeemmbbeerrss  ooff  tthhee  SSppaaccee  CCeenntteerr  
3.1. Founding members 

Since 2002, EPFL has decided to consider space as a strategic domain and, in partnership 
with RUAG Aerospace, the Space Center EPFL was created in 2003 to foster and 
promote space activities at EPFL. In addition, the Swiss Space Office affiliated to the 
State Secretariat for Education and Research in Berne decided to become a member of the 
Space Center EPFL in October 2004. 
The founding members of the Space Center EPFL are therefore made of EPFL, RUAG 
Aerospace, and the Swiss Space Office. 

3.2. New members 
Due to the high interest raised at national level, other industries and institutional entities 
showed interest in becoming members of the Space Center EPFL. A successful 
negotiation took place at the end of 2004 and the beginning of 2005 with Contraves Space 
AG in Zürich. Since 8 April 2005, this leading Swiss space company has become a 
permanent member of the Space Center EPFL for the 2005-2007 period and has a voting 
right in the meetings of the Steering Committee, together with the founding members. 

3.3. Discussions with potential partners 
In 2005, discussions were held with several Swiss industries, research centers and 
universities. The most conclusive meetings took place with the “Centre Suisse 
d’Electronique et de Microtechnique SA” (CSEM) in Neuchâtel. On 20 December 2005, 
a cooperation agreement was signed and CSEM became a new permanent member of the 
Space Center EPFL for the period 2006-2008. 
 
The “Haute école de gestion du Canton de Vaud et l'Ecole d'ingénieurs du Canton de 
Vaud” in Yverdon (HEIG) expressed a strong interest in becoming an « academic 
partner » of the Space Center EPFL and discussions took place in 2005 with this 
university. 

3.4. Membership 
It is recalled that the Steering Committee of the Space Center EPFL has defined the 
following rules for membership in the Space Center EPFL: 
 

• Founding members: EPFL, RUAG Aerospace, SSO. No more founding members 
will be accepted. 

• Permanent members: Participate in the Steering Committee with voting rights. At 
least 125 KFrs/year (50-50% soft/hard-return) for a minimum of three years 
(multi-year contribution). 
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• Members: Do not participate in the Steering Committee and the following 
categories are defined: 

o Industry: A minimum yearly contribution of 20 KFrs/year with a 50-50% 
soft-hard return ratio. However, larger hard-return amounts are allowed 
with a minimum of 10 KFrs of soft-return 

o Start-up companies: 1 KFrs/year for the first two years (50-50% soft-hard 
return). The definition of a “start-up company” will be at the discretion of 
the Steering Committee. 

o Academia: 5 KFrs/year (100% soft-return) 
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44..  AAccttiivviittiieess  
4.1. General activities 

The Space Center EPFL has been very active in 2005 in the following three main 
domains: 

• Relations with industry 
• Fostering space R&D at EPFL 
• Promoting space education at EPFL 

 
The strategy proposed by the Space Center EPFL was approved by the Steering 
Committee which met three times in 2005. Among the major decisions taken by the 
Steering Committee, one should note the hiring of Mrs. Muriel Noca, the agreement with 
CSEM, the participation in the SwissCube project, and the sponsoring of an EPFL team 
for the ESA student parabolic flights. 
 

4.2. SwissCube 
Originated by both the EPFL Space Center and Microsystems for Space Technologies 
Laboratory (LMTS), the SwissCube (formerly called “EPFL Cubesat”) project has the 
ambition of building the first Swiss pico-satellite in cooperation with the University of 
Neuchâtel, and the HES-SO. Weighing only 1 kilogram, and measuring 10 cm on a side, 
the SwissCube satellite will be designed, built and tested by students, with the support of 
the Swiss space industry and the World Radiation Center in Davos. The project also 
includes the development and test of a dedicated ground station. 
 
The primary goal of this project is to train students in system engineering, prepare them to 
work in the space industry or related high technology fields, and to foster a very tight 
collaboration between research labs at the different partner institutions. 
 
The year 2005 was devoted to defining the work for the SwissCube Project. Several 
major decisions were taken on organizational as well as technical domains. In addition, 
the project really “took off” since the arrival of Mrs Muriel Noca at the Space Center 
EPFL on 1 November 2005. A preliminary version of the Project Management Plan was 
delivered at the end of 2005 and it was decided that the SwissCube mission should focus 
on the observation of the nightglow phenomena (see Figure 2). This observation fits very 
well with the demonstration of a new type of detector designed at EPFL, a Single Photon 
Avalanche Detector, a microsystem that could lead to the development of a miniaturized 
Earth Sensor. 
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Figure 2: Picture taken from the Shuttle of the nightglow phenomena observed at an altitude of 100 Km above the Earth 
Surface (courtesy of NASA). The green oxygen glow is clearly visible. 

4.3. Mapping of EPFL expertise 
Based on a decision of the Steering Committee, the Space Center EPFL started to hold 
informal meetings with EPFL professors showing an interest for space. The main goals 
are to map the expertise of EPFL in the space sector and to identify the major domains of 
competences.  
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55..  EEdduuccaattiioonn  aanndd  tteeaacchhiinngg  
5.1. Minor in space technology 

In order to foster and promote the awareness of space technologies and applications 
among students, the Space Center EPFL has decided to create a Minor in space 
technology which shall provide the students with a strong understanding of space-related 
matters. The main goals are: 

• To offer students the possibility to strengthen their knowledge in the space domain 
• To promote space applications, technology and science based on the large interest 

raised by space  
• To foster a strong teaching in the space sector in parallel to the development of 

academic and research projects at EPFL (e.g. SwissCube) 
• To teach new lectures and adapt existing courses to include a space component 

 
Detailed preparatory work on the Minor took place in 2005 such as contacts with the 
lecturers, presentation to the EPFL faculties and EPFL academic affairs. A tentative list 
of more than 10 new courses entirely dedicated to space is foreseen together with 10-15 
existing EPFL courses to be updated in order to include sections related to space. The first 
classes of the Minor should be taught at EPFL in October 2006. 

5.2. Space courses 
In 2005, the following courses related to the space domain were given at EPFL: 
 

• “Technologies et operations spatiales” by Professor Claude Nicollier 
• “Satellite communication systems and networks” by Dr. John Farserotu, CSEM 
• “Remote sensing of the Earth by satellites” by Dr. Maurice Borgeaud 

 
These courses raised a lot of interest among the students and a total of more than 120 
participants attended these three courses in 2005. 
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66..  PPrroojjeeccttss  
6.1. Projects financed by the Space Center EPFL 

One of the main tasks of the Space Center EPFL is to encourage R&D related to the space 
sector. With its soft-return budget, it can support studies of general interest among all the 
members of the Steering Committee, most of these projects can be seen as “seed-money” 
funding to investigate new ideas. In the frame of its hard-return budget, it can provide 
funding for more specific and substantial studies which are of interest of a single partner 
of the Center. 
 
Table 1 shows the list of all the studies completed that have been performed by the Space 
Center EPFL from 2003 to 2005: 
 
Title Reference EPFL 

Partner 
Industry 

Instrument for Phoenix Mars mission 001/2003 IMT (De Rooij) n/a 
Evaluation de systèmes EPOXY pour collecteurs 002/2004 

 
LTC (Michaud) 
 

Mecanex 
 

ASOLANT 
 

003/2004 
 

LEMA (Mosig) 
 

HTS 
 

Small rocket study 
 

004/2004 
 

LMTS (Shea) 
 

SpaceTec, 
CSEM 
 

Development of a flat Ku-band steerable array antenna for 
broadband mobile satcom applications 
 

005/2004 
 

LEMA (Mosig) 
 

JAST, 
Mecanex, 
MicroBeam 
 

 
Table 1: List of studies managed by the Space Center EPFL completed in 2005 (or earlier) 

 
A summary of each of these studies is presented in Annex 9.3. 
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77..  CCoommmmuunniiccaattiioonn  aaccttiivviittiieess    
7.1. Presentations and conferences 

The following presentations and participation to conferences were carried out in 2005: 
 
Presentation to the EPFL professors, 22 Feb 2005 
On 21 February 2005, the Space Center EPFL held a seminar for all EPFL professors. 
Out of 337 professors contacted, 60 people attended the seminar, either the professors 
themselves or their representatives. Jan-Anders Månson and Giorgio Magaritondo, both 
EPFL vice-presidents, attended the meeting. In addition to a detailed description of the 
Space Center EPFL, representatives from RUAG Aerospace, Contraves Space, SSO and 
EUresearch described their space activities.  
 
Seminar “How to work for ESA”, 22 April 2005 
The Seminar “How to work for ESA” was held on Friday 22 April 2005 at EPFL in order 
to promote careers in the space sector. The targeted audience was last-year students, 
Ph.D. candidates, and researchers, but the meeting was also open to other Swiss 
universities. The Space Center was expecting about 150 participants for this workshop. 
However, over 230 people attended the seminar, 20% coming from outside of EPFL. The 
quality of the speakers was remarkable and 6 out of the 30 Swiss working for ESA were 
present. ESA representatives, including the Head of the Personnel Department and 
several Swiss engineers working for ESA described their activities. Presentations by 
Claude Nicollier and the SSO were also quite appreciated.  
 
Presentation at the “Fachhochschule Solothurn Nordwestschweiz”, Olten, 5 April 2005 
Following an invitation, a presentation entitled “Use of space applications  
for a better world” was made by Maurice Borgeaud. 
 
Interview of Maurice Borgeaud on Fréquence Banane, 2 May 2005 
Maurice Borgeaud was invited for a one-hour interview on Fréquence Banane (radio 
station on EPFL campus) to talk about his space career and the development and goals of 
the Space Center EPFL. 
 
Interview on Télévision Suisse Romande, 9 August 2005 
Maurice Borgeaud was invited to the 12:45 news broadcast on TSR to comment the 
landing of the Discovery Shuttle. 
 
Presentation to journalists, 30 August 2005 
Maurice Borgeaud presented the EPFL space activities to a delegation of 20 American 
and Canadian journalists who were visiting EPFL. 
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Dübendorf Space Forum 2005, 24 September to 1 October 2005 
For the Space Forum, the Space Center EFPL organized a booth for the exhibit describing 
EPFL and the Space Center. In addition, Maurice Borgeaud presented the Space Center 
goals and objectives to an audience of over 100 people.  
 
Student parabolic flight workshop, 7 November 2005 
A conference was held at EPFL on 7 November to present to the student community the 
results/experience obtained by the two EPFL teams and one team from university of 
Zurich who flew in July 2005. The event attracted about 80 students, some of which 
remained long after the end of the presentation to talk individually to the team members 
and Claude Nicollier.  
 
Presentation to the Comité de Politique Technologique, 15 November 2005 
A presentation of the Space Center EPFL activities was made by Maurice Borgeaud to the 
CPT of the SER/SSO. 
 
Presentation to ADELE, 13 December 2005 
A presentation entitled “Use of satellite data for observing the Earth” was made to the 
ADELE association grouping all the EPFL students in the electrical engineering 
Department. 
 

7.2. Flyer 
A flyer was designed in 2005 to summarise the objectives of the Space Center EPFL to 
students, professors and the industry. It was widely distributed at the Dübendorf Space 
Forum 2005. A copy of the flyer is presented in the Annex 9.2. 
 

7.3. Web site 
The official Space Center EPFL website at http://space.epfl.ch was entirely redesigned in 
2005. It is divided in a user-friendly home page (see Figure 3) split in areas for the 
students, industry, academic research, general information on the Space Center EPFL, 
and events. For this task, the Space Center EPFL used the services of a young EPFL 
student, Mr. Oleg Lavrovsky, who did most of the web site design. 
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Figure 3: Space Center EPFL home page at http://space.epfl.ch 

 



 

 

 
 

 14

88..  OOuuttllooookk  ffoorr  22000066  
With the participation of Contraves Space AG as new member of the Space Center EPFL, 
2005 could be described as a year during which the Center diversified its contacts with 
the industry. This is also supported by the fact that the negotiations with CSEM were 
successfully completed at the end of the year. 
 
Several projects funded by the Space Center EPFL in the frame of its soft- and hard-
budget should be completed in 2006 and new ones will be started. An increasing number 
of EPFL laboratories are becoming more “space-sensitive” and it is expected that a larger 
and larger number of research projects will be performed in collaboration with the Space 
Center EPFL industry partners. 
 
With the preparatory work performed for the Minor in Space technology, the year 2006 
will be important since for the first time, a dedicated and complete programme for space 
education will be taught at EPFL. Related to education, plans to establish a Concurrent 
Design Facility (CDF) at EPFL should be elaborated during 2006 in order to emphasise 
the use of space system engineering. 
 
After the initial phase, 2006 should be a busy year for the SwissCube project. Phase A 
and most of phase B should be completed. Due to the education nature of this project, it is 
expected that many EPFL (and from other nearby-by universities) students will join the 
team to successfully continue the development of this pico-satellite and to aim at a 2008 
launch. 
 
Due to his transfer from EPFL to ETHZ, Professor Roland Siegwart stopped his 
chairmanship of the Steering Committee of the Space Center EPFL at the end of 2005. In 
the name of the Steering Committee, I would like to personally thank him for his 
guidance during the initial period of the setup of the Space Center EPFL, his wisdom as 
well as his visionary views on the Space Center EPFL and space in general. Many thanks, 
Roland!  
 
I personally look forward to working in 2006 with Professor Juan Mosig, the new 
chairman of the Steering Committee. 
 

 
Maurice Borgeaud, 
Lausanne, 25 August 2006 
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99..    AAnnnneexxeess  
9.1. List of Annexes 

• Flyer describing the Space Center EPFL  
• List of R&D projects performed by the Space Center EPFL in 2005 
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9.2. Flyer 
 
A flyer describing the Space Center EPFL was created in 2005 and was distributed at 
several occasions during the year. A copy of the flyer is shown in the following pages. 
 
 



Fostering, promoting, and federating 

space technology across education, 

science and industry in Switzerland 

and internationally

Fostering, promoting, and federating 

space technology across education, 

science and industry in Switzerland 

and internationally

http://space.epfl.ch

The following industries and institution are members 
and make the activities of the Space Center EPFL 
possible:

Space Center EPFL
ELD-013, Station 11
CH-1015 Lausanne
Switzerland

Tel: +41 (0)21 693 69 48
Fax: +41 (0)21 693 69 40
Email: space.center@epfl.ch
Web: http://space.epfl.ch

Mission

Working for space projects has been a tradition at EPFL 
since the early 1980’s.  Some of the key domains of 
expertise developed in Lausanne include aerodynamics, 
radio antennae, and robotics for planetary exploration.

The mission of the Space Center EPFL is to promote and 
develop space activities by involving Swiss education, 
science, and industries according to the following themes:

Space at the Swiss Federal 
Institute of Technology (EPFL)

Members

2005

In 2002, this interest was 
strongly confirmed with the 
inclusion of space research 
in the EPFL 2004-2007 
strategic plan. The Space 
Center EPFL was formally 
created in June 2003 when

Claude Nicollier, the Swiss 
astronaut and professor at 
EPFL, began to give a popular 
series of lectures on space 
technology in 2004, and a 
laboratory specialized in 
microsystems for space 
technologies (LMTS) was also 
created. For the students, a 
minor in Space Technology 
will become available in 2006.

RUAG Aerospace decided to work together with EPFL, then 
followed by the Swiss Space Office and Contraves Space 
AG joining membership of the Steering Committee.

• Trigger the students' interest with new projects and 
lectures related to space.

• Strongly encourage space R&D by opening new 
research areas and reinforcing on-going activities.

• Foster cooperation with the Swiss space industries 
to increase competitiveness and yield in an im-
proved collaboration with academic laboratories.



Cubesat

Together with the Space Center EPFL, the Microsystems 
for Space Technologies Laboratory (LMTS) initiated a 
project for launching a 1 kg low-cost mini-satellite in 
2008 to a medium earth orbit with a few scientific 
payloads. The challenge of modest dimensions becomes a 
quest of engineering and collaboration amongst several 
EPFL laboratories proficient in high-tech on a small scale.

Organisation Space Projects

The Space Center EPFL is a unit of the Engineering 
School (Sciences et Techniques de l’Ingénieur) of EPFL in 
Lausanne, Switzerland. Located directly on campus, it 
promotes and federates research and development 
between EPFL laboratories and Swiss universities, 
research centers and industries.

The Space Center EPFL is operated by a small staff and 
guided by a Steering Committee, which decides on the 
overall strategy. Members include EPFL and the industrial 
and institutional partners of the Space Center. 

Sky-Sailor

The ASL is building a lightweight, solar-powered airplane 
with a microchip pilot to explore the Martian skies riding 
the thin air of its atmosphere. Sky-Sailor is able to 
accomplish observation missions across large territories, 
supplementing the rover in robotic exploration of Mars.

Academia-Industry Partnership

For an industry interested in space, the Space Center 
EPFL is a privileged point-of-contact when it comes to 
establishing, furthering and promoting R&D activities. 
Among the main benefits for a commercial partner:

The Space Center EPFL enables a two-way commu-
nication between research the industrial communities:

Mars Rover

For the ExoMars mission initiated by ESA, a class of rover 
vehicles are being studied by the Autonomous Systems 
Laboratory (ASL) of EPFL. They should be capable of 
operating autonomously on Mars and overcoming difficult 
obstacles such as rocks, holes and slopes. Using solar 
arrays for energy, they can navigate over several 
kilometres of terrain using only onboard software and 
optical sensors. 

• Rapid access to EPFL labs and R&D infrastructure

• Information about space projects running at EPFL, and 
labs working in the field

• Identification and suggestion of possible synergies 
between EPFL labs and a business partner

• Simplification of the administrative process for new 
activities

ASOLANT

The Advanced Solar Antennas project, developed under 
ESA-ESTEC contracts by the Laboratory of 
Electromagnetism and Acoustics (LEMA), employs in-
novative technology to combine solar cells and antennas 
by integrating, on the same surface, printed antennas 
and Amorphous Silicon or Gallium Arsenide solar cells.

• EPFL ⇒ Industry: valorisation of EPFL R&D results 
(transfer of technological know-how) 

• Industry ⇒ EPFL: the Space Center acts as dedicated 
open door to the EPFL laboratories for the industry 
(R&D activities)

FAMARS

The First Atomic Force Microscope on Mars is an example 
of a highly complex instrument proposed in the frame of 
the Phoenix mission for a close look at physics on the 
Martian surface. 

Potting material selection for slip-rings

The Laboratory of Polymer and Composite Technology 
(LTC) studied and tested the mechanical, electrical, 
thermal, and other physical properties of new potting 
materials for the development of advanced slip-rings, that 
allow the transmission of power acquired by the solar cells 
on satellites.
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9.3. List of R&D projects executed by the Space 
Center EPFL in 2005 

A short summary of the R&D projects performed by the Space Center EPFL and which 
were completed in 2005 is presented in the following pages. 
 
 
 



   

FAMARS II - Activity Report 
D. Parrat, U. Staufer; Institute of Microtechnology, University of Neuchâtel 
The goal of this project is to design, fabricate and test a scanning force microscope (SFM) 
for the PHOENIX Mars mission, which is scheduled for launch in 2007. The instrument is 
based on a previously conceived version, which was prepared for the Surveyor 2001 mis-
sion. The SFM will be used to study soil and dust particles on Mars and thus will contrib-
ute to the investigation of the history of water on Mars and to the refinement of climate 
models for that planet. 

Goals of the Report period 
The main objective of this report period was to deliver the flight, flight spare and the engi-
neering qualification models to the project partners and to finalize the algorithms for 
autonomous operation. The important next step, which was in the responsibility of one of 
the partners, was the successful integration of the flight hardware on to the Lander deck 
and the proper coding of the operation software.  The goals for the time remaining till 
landing are outlined in the “CCC-plan”, the calibration of the hardware, a detailed charac-
terization of the measuring method and the cataloguing of experimental results achieved 
on Mars analogue samples. The latter are intended as reference for real measurements 
on Mars later on.  

Activities 
The complete hardware was delivered and successfully integrated by Lockheed Martin on 
the Lander. The algorithms had been finalized and were delivered to and coded at JPL. 
Debugging of the code is still ongoing. 
Test-beds for the calibration, characterization and cataloguing (CCC) activities were set-
up at JPL and at Imperial. The test-bed in Neuchâtel already existed. The hardware at 
JPL was successfully tested and calibrated. The set-up at Imperial is not yet finished. Fig-
ure 1 shows an example of a test-grating and a soil sample recorded in the JPL test-bed.  
Characterizing of the instrument was started by studying the appearance of well defined 
samples imaged in the test-bed at Neuchatel. An array of sharp silicon tips, polystyrene 
microspheres (diameter 1µm) and silica microspheres (diameter 0.5 µm) were used as 
samples. Scanning electron microscope [SEM] graphs of these samples served as “true 
images” for comparison (c.f. Fig. 2). 
The SFM measurements reproduced these test features with artifacts due to the shape of 
the SFM tip. As the true shape of the sample was known, the tip shape could be esti-
mated using a so called erosion algorithm. This estimation was then used to correct the 
SFM images taken with the same tip. Here again the same erosion algorithm was used. 
However, this time the real shape of the sample was considered to be unknown whereas 
the previously calculated tip shape was used as input. The erosion algorithms were coded 
in Matlab and applied to SFM images (see Fig. 3).  
 
Summary, Conclusion and Outlook 
The algorithm for autonomously operating the SFM was finalized. The delivery of the 
hardware and software was completed. The testing of the algorithms was started at JPL. 
These tests are lacking behind due to a communication problem between the Lander 
computer and our hardware. A work-around has been found and a continuation of the 
testing is scheduled later during the integration phase.  
The characterization of the SFM was started by measuring well-known samples. Image 
processing using erosion algorithms were coded and tested on SFM images. First results 
look promising. Next, more realistic samples must be used and the appearance of e.g. 
faceted particles must be investigated. Finally, Mars-analogue samples will be imaged as 
reference for future experiments on Mars. 



   
Figures 

 
 
 
 
 
Figure 1: a) SFM image 
of a silicon grating (pitch = 
3um); b) SFM image of a 
soil particle. 

 
 
 
 
 
 
 
 

Figure 2: The upper row 
shows SEM images of a) 1-µm 
diameter polystyrene micro-
spheres and b) 0.5-µm di-
ameter silica microspheres. 
The lower row reproduces the 
corresponding SFM images 
(the location of the measure-
ment was not the same for the 
SEM and the SFM images). 
 

 
Figure 3: An SFM image of a silica microsphere (a), which was influenced by the geometry of the 
tip, was eroded with the mathematical model of a microsphere (b) to obtain an estimation of the tip 
shape (c). Another SFM image (d) was then eroded with this estimated tip shape (e) to obtain a 
better representation of the sample (f). Scales are in microns. 

a)  b) 

a)   b)  

c)  d)  



      
   

 

 
 
 

POTTING MATERIAL SELECTION FOR SLIP-RINGS 
 

EPFL-STI-IMX-LTC, and Mecanex SA 
 

Space Center Project 002/2004 
August 2004-January 2005 

 
 
1. BACKGROUND 
The production of slip-rings and other electro-mechanical mechanisms involve the use of 
potting materials. These are cast into the assembly and exert both a structural and insulating 
function. Until recently, one main EPOXY system was used for most of the space 
applications. The evolution of the space requirements towards higher temperatures created a 
need to improve the resin properties in particular with respect to dimensional stability at high 
temperatures. This implies the use of resins with a higher glass transition temperature (Tg), 
which may in turn be more brittle at room or low temperature. Solutions to toughen the 
systems or reduce the internal stress causing cracks in the resin after cure should thus be also 
investigated. The EPFL Space Center funded a 6 month project of collaboration between 
Mecanex and the Polymer and Composite Processing Laboratory (LTC) of EPFL to select 
new resin systems.  
 
2. WORK DESCRIPTION 
The epoxy system previously used consisted of an epoxy resin and mineral charges, which 
had long heritage for space applications. Selection of a new material required to build 
knowledge of the mechanical, electrical, thermal and other physical properties for these 
systems, and to compare the results with the reference system. 
The work was organized in three phases:  
 
2.1 phase 1: pre-selection of various potential resin systems 
This work was done in close collaboration between EPFL and Mecanex, using resin supplier 
contacts developed at both places. Two resin systems were selected, which should lead to a 
higher glass transition temperature, and their cure schedule decided in agreement with the 
resin manufacturer. Several mineral charges were also selected. 
 
2.2  phase 2: initial screening of the pre-selected systems 
The two new resin systems were compared to the reference system of Mecanex. Tests were 
performed on neat resin samples, and on resin with mineral charges. For each system, the 
main following parameters were investigated: 
- Mechanical properties of the materials, measured by tensile test on cast dog-bone samples, 
using tensile testing equipment at LTC. It was found that the type of charges strongly 
influences the tensile modulus of the samples, and that the type of resin has a minor influence, 
all resins having about the same modulus.  
- Mechanical Tg, and viscoelastic properties evolution with temperature using a dynamic 
mechanical analyser (RSA), in oscillatory three point bending mode at LTC. It was found that 
the resins were suitable in terms of Tg, and their cure schedules were refined based on the 
measurements. In addition, it was found that the type of charge does not influence the Tg of 



      
   

 

the specimens. 
- Coefficient of Thermal expansion, using a Thermo-mechanical Analyser at LTC. The 
charges were found to exert a large influence on the CTE of the samples. 
- Exothermicity during cure, using DSC at LTC. It was found that the new systems are not 
more exothermic than the reference system. 
- Casting and machinability tests were performed at Mecanex on simple resin samples and 
with systems associating metal rings and resin simulating actual slip ring configurations for a 
selection of materials.  
At the end of this phase, it was found that both selected systems, with all the various mineral 
charges, could be suitable, as they had the required Tg, and were castable in controlled 
conditions. The internal stresses (crudely estimated as the product of the tensile modulus, the 
coefficient of thermal expansion difference between metal and composite and the temperature 
difference between casting and operation) are within the range of those obtained with the 
reference system. However, the brittleness of these systems at room temperature made them 
difficult to cast without cracks. The next phase focused on improving this point. 
 
2.3 phase 3: Optimization of the selected systems. 
Toughness tests were performed on the evaluated systems, using Compact tension specimens 
machined at the IMX workshop, to measure KIC. As expected, the toughness of the 
replacement systems was lower than that of the reference material, the material with the 
highest Tg presenting a toughness less than half of that of the reference system. Also, the 
toughness varies with the mineral charges. Other additives were tested and showed an 
improvement of toughness by a factor of 2 without significantly decreasing the other 
properties.  
The modified system is thus now comparable to the reference system.  



ASOLANT : Advanced Solar Antenna 
 

 

 

 
 

 
Advanced Solar Antennas ASOLANT is an innovative technology to integrate, on the same 
surface, printed antennas and Amorphous Silicon or Gallium Arsenide solar cells providing: 
 
    * Optimization of the total surface available for solar cells and antennas 
    * High compatibility between antennas and solar cells 
    * Reduction of the mass and the volume of the satellite! 
    * Reduction of the satellite launch costs  
 
The ASOLANT technology has been developed under several ESA-ESTEC contracts. The last one, 
ASOLANT In-Flight experiment", leading to the launch of a real antenna on a satellite has had a 
partial financial support of the EPFL Space Center. 
  
 
ASOLANT In-Flight experiment 
 
This project (October 2002 – October 2005) has had LEMA-EPFL as Prime contractor and  
OHB-System, Bremen (D) and HTS-Wallisellen (CH) as Sub-contractors. 
  
The satellite platform consists in the payload adapter of a COSMOS rocket. The launch (Plesetsk, 
Russia, 28 October, 2005) put the satellite in a  Sun synchronous orbit at  700 Km altitude. 

SATELLITE PLATFORM 

The satellite platform consists in the payload adapter of a COSMOS rocket as depicted in Figure 
hereafter. The ASOLANT experiment will be “attached” to the payload adapter, placed on the 
upper stage of the rocket used to launch other satellites. After the detachment of all the satellites, 
the upper stage of the rocket will remain in a LEO orbit for some months. During this period the 
ASOLANT in-flight experiment will be performed and a maximum of data about the performances 
of the antennas and the solar panels will be collected. In particular the data concerning the 
evolution of the solar panels as well as the quality of the GPS reception will be broadcasted to the 
ground station and will allow a continuous monitoring of the ASOLANT antennas status. 

 

 
 

Cosmos Laucher   Satellite Platform 



ASOLANT PAYLOAD 
 
The complete ASOLANT experiment payload is composed by one payload unit and the two 
ASOLANT antennas. The telecommunication system of the payload includes the following 
instruments:           1.      GPS Receiver   2.      Orbcomm modem 
         3.      S-Band beacon transmitter  4.      VHF/UHF modem 
 
ASOLANT ANTENNAS 
 
Two different antennas have been manufactured and integrated with GaAs based solar panel. The 
first antenna has been designed for GPS reception while the second one for S-Band beacon 
transmission. In this way, both functionalities of transmitting and receiving will be tested in a real 
in-flight configuration. The main challenge of the design of the two antennas has been to apply to 
one single structure, the design and test procedures normally used for different devices: solar panels 
and antennas. 
The manufacturing of the flight models of the two ASOLANT antennas has been subcontracted to 
HTS AG Wallisellen (Switzerland) and the solar cells have been provided by CESI Milano (Italy) 
 

 

 

 
ASOLANT vibration test    ASOLANT antenna test 
 
 
SOLAR PANELS 
 
The structures of the solar panels used for the two antennas are identical. The panels are based on 
an epoxy FR4 plate where the solar cells interconnecting lines are etched. The solar cells are 
directly glued on the FR4 and connected to the lines with small interconnecting strips. The cells are 
connected in two strings each providing 9 V and 500 mA. At the centre of the panel, a zone of 170 
mm X 170 mm has been let free of solar cells in order to allow the antenna radiation. 
The solar cells have been measured during the different manufacturing phases and the power 
delivered by the two panels is 10 Watts per panel. 
  
REFERENCES 
 
S. Vaccaro, C. Pereira, J. R. Mosig, P. de Maagt, " Flight Models Of Advanced Solar Antennas 
“Asolant”", 28th ESA Antenna Workshop on Space Antenna Systems and Technologies, 
Noordwijk (NL), 31 May - 3 June 2005. 
 
 
http://itop.epfl.ch/LEMA/Asolant/ 
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Feasibility Study of a Small Rocket: Executive Summary 
EPFL –STI – IMM - LMTS 

 
Space Center Project 004/2004 – a complete report can be obtained upon request 

from the EPFL Space Center. 
 

1. Introduction 
The EPFL Space Center funded a feasibility study of the development of a sounding rocket 
capable of carrying a 400 gram payload to altitudes of over 100 km. The study was carried out 
principally by the Microsystems for Space Technologies Laboratory (LMTS) at the EPFL. The 
proposed rocket was named the Small Rocket 1 (SR1) because one main consideration was that 
it be developed by Swiss universities and industry.  

The Small Rocket would have important educational, scientific and technology transfer 
payoffs. Developing a rocket complete with communications and payload is a multi-
disciplinary endeavor requiring the participation of experts from a wide range of fields.  

A preliminary design of the SR1 was performed by Juerg Thüring of SpaceTec GmbH 
(Oberengstringen, ZH). The proposed design is a boosted dart configuration, as shown on the 
left. A boosted dart consists of a single booster stage on top of which is mounted a narrow 
unpowered dart. After the booster has burned all its propellant, the dart separates in order to 
reduce aerodynamic drag and thus increase the maximum attainable altitude (the dart has a 
much smaller radius than the booster, hence lower drag).  

Preliminary specifications for the proposed SR1 are: liftoff weight of 50 kg, total length of 3 m 
and maximum velocity of Mach 5. The propellant mass is 30 kg with a thrust of 50 to 80 kN 
and a burn time of 7 seconds. Booster diameter is 16 cm and the dart diameter is 4 cm. 

It is worth noting that one cannot launch such a rocket in Switzerland because of the large 
safety area that would be required around the launch site. 

 
2. Feasibility Study  
Three aspects were studied in detail: 

1. Solid Propellant Development Possibilities in Switzerland. 
2. Aerothermodynamics 
3. Avionics Specifications 

 
2.1 Solid propellant development.  

The question that was to be answered by this task was: where in Switzerland can one develop and safely 
and efficiently manufacture the 30 kg rocket motor required for the SR1? The three options we 
investigated were RUAG, Swiss Propulsion Lab, and Spacetec GmbH.  
Currently no Swiss company or lab has all the required equipment and infrastructure to develop the SR1 
motor. These motors, which are 2.5 m long and weigh 30 kg, require careful vacuum mixing and curing, 
as well as special handling precautions. Based on cost and intended production plans, we concluded that 
SpaceTec GmbH would be the most efficient Swiss route to produce a solid booster capable of bringing 
the dart to altitudes of over 100 km. 
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2.2 Aerothermodynamics. 

This work was done by the Laboratory for Computational Engineering (LIN) at the EPFL, which 
determined the maximum temperatures reached on the leading edges of the rocket. This heating is 
important both to choose an appropriate material for the rocket casing, and to determine the temperature 
the payload will experience in flight.  
The maximum temperatures occur on the leading edges of the fins and at the discontinuity between dart 
and booster. Because of the pointed shape assumed for the tip of the dart, the nose of the rocket is not the 
hottest point. At Mach 5.5 the temperatures will reach only 300ο C on nose, but up to 1300ο C on the 
leading edge of the fins. Different shape (diamond) fins with a smaller span could significantly reduce the 
heating. Reducing the maximum velocity of the rocket would also greatly reduce the heating: at Mach 3, 
the maximum fin temperature is only 500° C.  
 

 
Example of the temperature field around the rocket near the booster – dart junction region (EPFL-LIN) 

 
2.3 Payload and Avionics Specifications 

A complete overview of the payload requirements, avionics and rocket instrumentation requirements was 
performed, and a list of suggested components or technologies to meet those requirements was compiled. 
Topics covered included the RF link, IMU, on-board computer, communication bus, GPS receiver and 
power supply. A major constraint is the diameter of the dart, which is be kept small (4 cm) in order to 
minimize drag to allow for high altitude apogee. To deal with the very limited space, and as an option to 
extreme miniaturization, 2 rocket geometries were proposed: a) the boosted dart (4 cm external diameter) 
that can reach 100 km altitude, or b) an extended version of the booster (16 cm diameter) with a 2 kg 
payload in the nose, this configuration will have much higher drag and hence will only reach 
approximately 30 km, but will provide much more room for a wider variety of scientific payloads. 
 
 
3. Outlook  
Two options for proceeding with the SR1 were proposed. Option 1 uses primarily SpaceTec GmbH to 
develop the motors and launch the rocket to 100 km within 18 months. Option 2 is a slower and more 
academic approach that develops a smaller rocket over several years mostly by students at the EPFL. This 
is not the fastest way for the EPFL to get into space using a Swiss rocket, but it has the most educational 
benefits. Such a project would be very attractive to students. In a similar (but more cooperative) fashion 
to the yearly Robopoly contest at the EPFL, we propose a yearly collaborative effort bringing together 
students and labs from the many different departments at the EPFL that can contribute to a successful and 
innovative rocket. Every year the student will build a new rocket, building on the technology and skills 
develop the previous years. Students who participated in the past will serve as mentors to the new 
students.  



 
 

Development of a Low-profile 
Ku-band Steerable Array Antenna for 

Broadband Mobile Satellite Communications 
 
The scope of this activity was to study and trade-off technical solutions for Ku-band 
mobile antennas for the reception of Satellite Digital Television and broadband data 
streaming on board of moving vehicles. This study is based on the technical and 
commercial results of a European Space Agency (ESA) project carried out by JAST. 
A consortium of three companies (JAST, Mecanex, MicroBeam) and one academic 
partner (LEMA-EPFL) has been set up in order to carry out this project. JAST is the 
leader of the consortium and is responsible of the general architecture of the antenna as 
well as the development of the antenna aperture. Mecanex is responsible of the 
development of the mechanical parts and MicroBeam of the system logic, sensors and 
electronic control. LEMA-EPFL contributes to the development of the antenna providing 
state-of-the-art software tools used to design the antenna architecture and special 
microwave components. 
 

The front-end targets the direct satellite 
TV and broadband multi-casting 
information through the Ku-band (10.7-
12.75 GHz) satellite transponders. The 
antenna architecture is based on a hybrid 
beam pointing system with mechanical 
rotation in azimuth and electronic steering 
in elevation. The hybrid steering enables 
in motion satellite reception with the 
antenna lying flat on the vehicle. 
Moreover, thanks to the achievable low 
thickness, the antenna can be integrated 
in the vehicle structure. The antenna 
copes with the reception of dual-linearly 
polarised signals and integrates Low 

Noise Amplifiers and Phase Shifters, to 
optimise the efficiency of the array and allow 
electronic beam scanning in elevation.  
 

 

 
 



 
 
 
 
Different antenna architectures have been studied and a trade-off has been performed 
to optimise the solution with respect to height, size and cost. The targeted product will 
have a diameter of 70 centimetres and a thickness of 6 centimetres, which is well below 
the dimensions claimed by competitive solutions. Following the first estimations also the 
product price will be competitive in the market. With only a few centimetres of thickness, 
the antenna can be seamlessly integrated in cars, trains and airplanes without affecting 
their aesthetic and aerodynamic design. 
 
Low-profile antennas with automatic steering answer to clear demand from several 
market segments (land-mobile, rail, aeronautic and marine systems) and represents an 
attractive commercial opportunity. The commercial interest has been validated with 
important players of the automotive and aeronautic industry like BMW, Dassault 
Aviation and Airbus. This activity has allowed to set-up a consortium with all the 
necessary skills to design, develop and manufacture an innovative and high 
performance product fulfilling customer needs. The prototype development activity is 
foreseen to be co-funded by ESA. Negotiations are also in progress with private 
investors and industrial organisation to ensure the necessary funding to perform the 
industrialisation and obtain a commercial product. 
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