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11..  EExxeeccuuttiivvee  SSuummmmaarryy  
This annual report summarises the main activities carried out by the Space Center EPFL 
in 2006.  
 
Among the major events, one should note that RUAG Aerospace decided to renew its 
cooperation agreement with the Space Center EPFL for a duration of three years. The 
“Centre Suisse d’Electronique et de Microtechnique (CSEM)” became a permanent 
member of the Steering Committee of the Space Center EPFL while the “Haute Ecole 
d'Ingénierie et de Gestion du Canton de Vaud (HEIG-VD)” and the University of 
Neuchâtel became academic members. In addition, Prof. Juan Mosig (EPFL) is the new 
chairman of the Steering Committee since 1 January 2006. 
 
With respect to the projects managed by the Space Center EPFL, the student satellite 
“SwissCube” phase A was successfully completed and phase B was started. A proposal to 
create a concurrent design facility (CDF) was positively received by EPFL in the frame of 
the “Fonds d’Innovation pour la Formation (FIFO)”. Similarly, a strategic initiative to 
fund space research at doctoral level was approved by the EPFL direction. 
 
Extensive contacts took place between the Space Center EPFL and its industrial and 
institutional members which yielded in several R&D research projects between the 
industry and EPFL labs. The teaching of space education was substantially improved at 
EPFL with the setup and the first students taking lectures in the frame of the Minor in 
space technologies. 
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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 (e.g. Oerlikon 
Space), research centres (e.g. CSEM), and universities (e.g. HEIG-VD, University of 
Neuchâtel), have decided to become partners of the Space Center EPFL. 
 
The mission of the Space Center EPFL can be summarised in the following sentence:  
 

“Fostering, promoting, and federating 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 

 
It should be noted that a working group of the Steering Committee met twice at the end of 
2005 and early 2006 to brainstorm and revise the mission, the visions, and the objectives 
of the Space Center EPFL which were subsequently approved by the Steering Committee. 
 

2.2. Staff 
During 2006, the staff of the Space Center EPFL was composed of: 
 

• Dr. Maurice Borgeaud, Director 
• Mrs Muriel Noca, System engineer 
• Mrs. Martine Harmel, Secretary 

 
The chairman of the Steering Committee is Prof. Juan Mosig since 1 January 2006 and is 
frequently consulted by the Director.  
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Prof. Claude Nicollier, though still affiliated with ESA, continues to give a popular 
lecture at EPFL in the frame of the Minor in space technologies (see section 8.2). He is 
also closely associated with the work of the Space Center EPFL. 
 
A successful proposal in the frame of the “Fonds d’innovation pour la formation” was 
submitted to EPFL in 2006 which allowed the hiring of a new staff at the Space Center to 
develop and manage the Concurrent Design Facility (see chapter 6). More than 30 
candidates applied and following a careful evaluation process, Dr Anton Ivanov was 
hired. Born in Russia, Dr. Ivanov holds a PhD from Caltech and worked 6 years at 
NASA/JPL. 
 
In addition, the Space Center EPFL was able to use the services of an EPFL fourth-year 
student, Mr. Piotr Skoczylas, to take care of the web site and perform dedicated IT tasks. 
The Space Center EPFL also takes advantage of the large student population to select the 
best and the most interested for the SwissCube and other projects (e.g. StratXX). 

2.3. Steering Committee 
Due to prof. Roland Siegwart’s departure to ETH Zürich in 2006, the EPFL direction 
appointed prof. Juan Mosig as chairman of the Steering Committee for the 2006-2008 
period. Furthermore, EPFL appointed in November 2006 prof. George Meylan as new 
EPFL representative. It should be noted that the Steering Committee decided in 
December 2006 to grant prof. Roland Siegwart with the status of observer for the period 
2007-2008. The list of the members of the Steering Committee is shown in the top of 
Figure 1. The Steering Committee met four times in 2006 and decided on the strategic 
matters related to the Space Center EPFL.  

2.4. Organigramme 
The overall organigramme of the Space Center EPFL, including the Steering Committee 
is shown in Figure 1 as per 31 December 2006. As director of the Space Center EPFL, Dr. 
Maurice Borgeaud presents a list of activities and a strategy which are discussed by the 
Steering Committee and approved. The student project SwissCube (see chapter 5) is 
managed by Mrs Muriel Noca while Mrs Harmel takes care of all the secretarial and 
administrative matters. 
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Steering Committee

Prof. Juan Mosig, EPFL, Chairman
Prof. Nico de Rooij, EPFL 

Prof. Georges Meylan, EPFL
Mr. Peter Scherer, RUAG Aerospace
Dr. Volker Gass, RUAG Aerospace

Dr. Pascal Vinard, Swiss Space Office
Dr. Daniel Fürst, Swiss Space Office 

Dr. Umberto Somaini, Oerlikon Space
Dr. Michel Roulet, CSEM

Mr. Philippe Vollichard, EPFL, Permanent guest
Prof. Roland Siegwart, ETHZ, Observer

Director

Dr. Maurice Borgeaud

Secretary

Mrs. Martine Harmel

Scientific collaborator

Mrs. Muriel Noca

Status: 31.12.2006
 

 
Figure 1: Organigramme of the Space Center EPFL  
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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. 
Due to its positive experience, RUAG Aerospace decided to renew on 24 May 2006 its 
cooperation agreement with the Space Center EPFL for an additional three-year period. 

3.2. New members in 2006 
Since 2005, Oerlikon Space (former Contraves Space) is a permanent member of the 
Steering Committee. In 2006, the “Centre Suisse d’Electronique et de Microtechnique 
(CSEM)” became a permanent member for the period 2006-2008 with voting rights in the 
Steering Committee. In addition, two institutions became Academic members of the 
Space Center EPFL, namely the “Haute Ecole d'Ingénierie et de Gestion du Canton de 
Vaud (HEIG-VD)” and the university of Neuchâtel. Because of their expertise, 
collaboration with these academic partners is of great interest, particularly for the 
SwissCube project. Figure 2 illustrates the role of the Space Center EPFL as special link 
between the R&D expertise at EPFL and the Swiss space community through its 
members. 

3.3. 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 
are 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). 

• 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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Figure 2: Position of the Space Center EPFL in the Swiss space landscape 

Space agencies
International organisations 
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44..  AAccttiivviittiieess  
4.1. General activities 

The Space Center EPFL has been very active in 2006 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 four times in 2006. Among the major decisions taken by the 
Steering Committee, one should note the decision to submit a strategic initiative related to 
space to EPFL, the agreement with University of Neuchâtel, the participation in the 
SwissCube project, the hiring with EPFL of Dr. Anton Ivanov as responsible for the 
EPFL concurrent design facility, the official start of the Minor in space technologies, and 
the sponsoring of an EPFL team for the ESA student parabolic flights. 

4.2. Mapping of EPFL expertise 
Several visits of EPFL labs took place in 2006 which allowed consolidating the database 
of R&D expertise available in the space domain. 

4.3. External mandates 
The Space Center EPFL signed a contract in 2006 to perform a study to investigate the 
usefulness of a high altitude platform (balloon) with the company StratXX AG founded 
by Mr. Kamal Alavi.  

4.4. Special events 
Several events were organised on the campus for the EPFL students in order to attract 
them to semester and Master projects, particularly with respect to the SwissCube project. 
These events are described in the communication activities in chapter 10.1. 
 
A workshop to promote space careers was organised by the Space Center EPFL on 3 
November 2006 at ETH-Zürich. Representatives of the ESA Human Resource 
Department attended the meeting and presented the job opportunities offered by the 
Agency. The event was prepared in close collaboration with the Swiss confederation 
(EDA and SSO) and also included a presentation by the Swiss Space Industry Group. The 
aim was to trigger the interest of the participants in applying for ESA vacancy notices and 
to promote space opportunities in Switzerland.  
Despite a large advertisement at ETHZ, EPFL, and other universities, the audience only 
included 30 to 40 people, which is very low compared to the 220 participants counted at 
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an identical event organized in April 2005 at EPFL. The audience was however extremely 
interest and several contacts were established with the participants. 

4.5. EPFL Space Research Day 
The second EPFL Space Research Day took place in Lausanne on 8 December 2006. The 
theme of the workshop was “Living on Mars: Challenges and Opportunities for new 
Developments”. The day was split in a morning session open to the general public while 
the afternoon was dedicated to a brainstorm meeting with only the organisers and the 
morning speakers.  
The meeting was opened by Prof. Jan-Anders Månson, EPFL vice-president for 
innovation and technology transfer. It then included presentations by NASA and ESA 
representatives about the main international programmes to Mars. For NASA, the main 
focus of the American exploration programme is to go back first to the Moon by 2020. A 
mission to Mars could then be envisaged but is likely not to take place before 2030. With 
respect to ESA, the actual priority lies in the Exomars project which has the main goal to 
land on Mars with a rover by 2013-2014. These overview talks were followed by detailed 
presentations from EPFL and ETHZ professors who described their research work related 
to either plant-based life support systems, food for space or advanced technologies such 
as adaptive structures, combined antennas, and robotics in order to travel or live on Mars. 
The 3-hour afternoon session was only opened to the morning speakers and the organisers 
shown in Figure 3. The goal was to brainstorm, based on the presentations made earlier 
during the day, about two possible research areas for which EPFL (and other Swiss 
universities) have a strong interest, namely: 

• Life support systems 
• Robotics and instrumentation 

For each of these two topics, several ideas were discussed based on the R&D strengths in 
Switzerland and a list was established of the most important topics in the field that are 
already studied or may yield to projects in the near future with a view on Swiss R&D 
capabilities. 
 



 

 

 
 

  13

 
 
Figure 3: Photos of the speakers and the organisers of the 2nd EPFL Space Research Day 

4.6. Training courses 
As part of its mandate, the Space Center EPFL organised in November 2006 a two-day 
training course about “Satellite Tool Kit”, a dedicated piece of software used for satellite 
mission design and precise satellite orbit determination. The advertisement flyer for this 
course is shown on Figure 4. The event was split according to presentations for the EPFL 
student community and for the industry, according to: 

 
• 9 Nov. 2006:  A 3-hour presentation for students (~ 40 participants) 
• 10 Nov. 2006:  A full day course for the industry and EPFL staff (15 

participants) 
 

It should be noted that the course on 10 November was very successful despite the 
relatively low attendance of the industry. In the future, it is planned to better consult the 
needs of the industry in terms of training courses before choosing the topic of the course.  
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Figure 4: First page of the advertisement flyer for the STK training course 
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55..  SSwwiissssCCuubbee  
2006 was the SwissCube Project’s first year of development as a full blown team. 
Whereas most of the first two months saw the continuation of the definition of the 
management plan and work packages with the various partner laboratories, the rest of the 
year focused on technical developments. The following sections summarize the 
significant accomplishment and the lessons learned for 2006. 

5.1. Management Significant Accomplishments 
At the beginning of the summer 2006 semester on March 12, about 25 students joined the 
SwissCube project as the workforce for Phase A of the project. Previous work had been 
spend mostly in sealing the definition of the work packages with the 16 laboratories 
involved in the 4 educational partner institutions (UniNE-IMT, HES-Yverdon, HES-Sion 
and HES-ARC, see Figure 5). A management plan had also been sent to each responsible 
laboratory for agreement. Later on in the year, the HES-Fribourg joined the group of 
partner institutions with students in summer 2007. 
 
The responsibilities were attributed as such: 

• EPFL: Overall management, system engineering, payload and 
mechanical/thermal systems responsibilities, and support in the areas of 
telecommunications and ground station; 

• UniNE: On-board main Telecom System; 
• HES-Yverdon: Electrical Power System; 
• HES-Sion: Command and Data Management System; 
• HES-ARC: Ground System and Flight System Software; 
• HES-Fribourg: Ground Station and Beacon Telecommunication. 

 

SwissCube SwissCube 
GroundGround StationsStations
SwissCube SwissCube 
GroundGround StationsStations

 
Figure 5: SwissCube Partner Institutions. 
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A specific Advisory Board was set up. The Advisory Board’s role is to advise the Project. 
It is delegated from the Space Center Steering Committee to perform the following 
functions: 

• To review the status of the SwissCube project and attend major reviews; 
• To provide advice on scientific, technical, programmatic, and cost matters as 

requested by the SwissCube project team; 
• To monitor the implementation of the SwissCube project and to discuss 

deviations from the baseline; 
• To define and maintain the definition of the high level project performance 

requirements and constraints throughout the life of the project; 
• To facilitate the industrial participation through technical support and 

mentoring of the student. 
 
The Advisory Board reports periodically to the Space Center’s Steering Committee who 
takes the executive decisions. The Steering Committee decides on any scientific, 
technical, programmatic, and cost matters related to the SwissCube project. It also 
reviews and decides on the project high level requirements.  
The board is composed of representatives from the Swiss industrial, institutional, 
academic, and scientific community. The following persons are members of the Advisory 
Board:  

• Maurice Borgeaud, Space Center 
• Herbert Shea, EPFL-LMTS 
• Volker Grass, RUAG, representative industry, 
• Pascal Vinard, SSO, representative institution, 
• Albert Crausaz, HES-ARC, representative HES, 
• Ernest Kopp, University of Bern, representative science. 

 
The overall Work Breakdown Structure for the project is shown in Figure 6. 

 
Schedule, budget and major risk 
 
The project in 2006 has been within schedule for the satellite hardware subsystems and 
ground segment software. Most of the delays occurred in the areas of flight software and 
ground station.  
 
The project stood within budget as well during the whole year.  
 
The project took management decision to alleviate technical risk. For important definition 
of the mission and due to the lack of workforce in this area, a payload system engineer 
was hired for 3 months. This engineer was later on hired on an ESA contract and has 
continued managing the payload developments. Close ties with ESA were established 
because of the need for expertise in the area. It allowed to significantly catch-up with the 
delays experienced in the Ground System software. 
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Figure 6: SwissCube Work Breakdown Structure. 

 
Industry ties 
 
Several industries were contacted during the year for partnership and mentoring. These 
contacts ranged from a one time meeting to a series of meetings, depending on the need 
and on the involvement of the company. Summarized here are the technical interfaces 
with the companies contacted: 
 

• RUAG-Aerospace: composite structures, test facilities and plan, management; 
• Oerlikon Space: payload optical system; 
• ESA: ground system software, ECSS, launch vehicle; 
• NASA-JPL: radiation testing of COTS components; 
• Syderal: electronics; 
• ELCA: flight and ground software; 
• Cicorel: PCB options. 
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International technical interchange meetings 
 
The project was also active in participating in Cubesat and AMSAT specialized meeting, 
in order to make contacts with both communities and gather background information. 
Both communities have experience that will be necessary for the healthy development of 
the project. 
 
The detailed list of events that took place in 2006 in the frame of SwissCube is available 
in Chapter 10.1. 
 

5.2. Technical Significant Accomplishments 
The project started with the definition of high-level specifications, which were reviewed 
by the Advisory Board and Steering Committee. During the summer semester, the 
students went through the typical Phase A steps and established: 
 

• Design trades, technology options and preliminary baseline design 
• Preliminary project level requirements 
• Definition of the payload and “science objectives” (see Figure 7 for the model of 

the airglow which will be validated with the satellite data) 
 
On June 26-27, the project held the Preliminary Requirements Review. About 10 
reviewers from industry, AMSAT, and universities involved in Cubesat developments, 
attended the review. About 240 comments were filed on the technical and management 
aspects of the project. The applicable comments were inserted in the next iteration of the 
design. The review closed Phase A for the Space System, but not for the Ground System. 
This review implied significant changes to the baseline design, most of the time meaning 
design simplifications. 
 
Phase B of the project started in July 06 and is planned to end in March 07. During this 
phase system and subsystem level requirements are refined, hardware development and 
functional tests started. During this phase also, the Ground System software and hardware 
developments caught up with Space System. 
 
Additional technical details about the design can be found in the SwissCube Mission and 
System Overview documents (S3-A-SET-1-0-System_Description and S3-B-SET-1-2-
Mission_System_Overview). See Figure 8 for a snapshot of the technical developments 
and Figure 9 for a snapshot of the ground system software interface. 
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Figure 7: Airglow model. 
 

    
 
Figure 8: Satellite hardware developments. 
 

    
 
Figure 9: Ground system software interface 
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5.3. Educational Aspects of the Project 
The project follows industry-like development phases with an emphasis on showing the 
student the “big picture” and the system engineering aspects. Phase A exposed students to 
functional analysis, design iterations, requirements analysis. Phase B exposes student to 
hardware and detailed implementation and test of their element. 
 
The project also emphasized the group work and communication. During Phase A, 
students had to develop their own subsystems from scratch, looking at possible 
architectures and design options. They encountered both the technical challenges of their 
subsystems and the system engineering challenges and constraints of the overall satellite. 
They learned to manage uncertainties and develop independent problem solving skills. 
Students also had to present their work on a regular basis, either results of analysis, 
design decisions or reviews. During Phase B, significant improvement of autonomy and 
in the quality of the system interactions could be seen. 
 

5.4. PR significant events 
The project organized student presentations at the EPFL Polydome in January for 
recruitment and at Yverdon in September for general junior student information. 
 
Articles were also published in newspapers, three in EPFL internal and three in industry 
or newspapers. 
 

5.5. Issues and lessons learned 
Working with students has been a great experience, and their level of maturity has grown 
tremendously in the space field over the year. The system at the HES works particularly 
well as students doing their semester projects continue during the next semester for their 
diploma projects. This allows a fluid and efficient continuity over the year. Continuity 
within the labs at EPFL is an issue as the organization is somewhat different. To 
overcome this issue, more of the system and coordination need to be taken at the Space 
Center level. 
 
Due to over-subscription of most advisors, a strong system engineering team will be 
required to complete this project successfully. 
 
Working with industrial partners has been very fruitful, even if it is sometimes difficult to 
follow-up with all the ideas that come out of these interactions. There is a great potential 
for continuing activities with most of these companies even if these activities are not 
directly related to SwissCube. Parallel developments could be taken by the Space Center 
in general, if workforce permits. 
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66..  CCoonnccuurrrreenntt  DDeessiiggnn  FFaacciilliittyy  
6.1. FIFO proposal 

In the frame of the EPFL “Fonds d’Innovation pour la Formation (FIFO)”, a proposal to 
build a concurrent design facility (CDF) was submitted in March 2006 to the EPFL 
direction by the Space Center EPFL. The proposal was very well received and a positive 
decision was taken to fund it for an amount of 194 KFrs during the period 2007-2008 to 
cover mainly the salary of a CDF engineer during two years. At the same time, a request 
to purchase the necessary infrastructure and the computer equipment was also approved 
by EPFL in the frame of a “Crédit hors-enveloppe” for an additional amount of 82 KFrs. 

6.2. EPFL CDF 
A concurrent design facility (CDF) is an environment where engineers of different 
specialties come together to perform system engineering study for a project. The design 
process is facilitated by co-location of specialists in one room with access to all necessary 
information and special software tools that enable instantaneous data exchange during the 
design process. CDF’s are now established in ESA/ESTEC and NASA research centres as 
well as in the industry. These facilities are widely used to conduct preliminary design 
studies to estimate costs, consider trade-offs and review proposals.  
Using the funding of the FIFO project, the Space Center EPFL is planning to set up a 
CDF to support a wide range of multi-disciplinary projects. The primary direction for the 
CDF development will be: 
 

• Improvement of quality of education, particularly linked to the aspects of system 
engineering 

• Teaching of the spacecraft system engineering Class - to immerse students into 
the process of Spacecraft design.  

• Solving simple problems in systems engineering for remote sensing class and 
space technology and operations class 

 
However, additional potential utilisation for the CDF will be investigated, particularly for 
expanding the CDF into other areas where complex systems are being developed, such as 
mechanical design. It is also planned to use the CDF not only for the EPFL students but to 
organize training courses for the interested Swiss space industries which would like to get 
familiar with this new type of environment for space projects. Due to the special links 
maintained by the Space Center EPFL with organisations having similar systems (TEAM-
X at NASA/JPL and ESTEC/CDF at ESA), remote sessions at off-site locations are 
presently considered in order to participate in the design of innovative new space projects 
or pre-phase studies of new missions. Finally, the EPFL CDF might be used in the frame 
of a European network of CDF’s that ESA is presently considering to implement. 
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6.3. CDF engineer 
In order to develop and run the EPFL CDF, the hiring of a dedicated specialist was 
required based on the approval by EPFL of the FIFO proposal. A vacancy notice was 
posted in September 2006 which resulted in the application of more than 30 candidates. 
Following a careful evaluation process, Dr Anton Ivanov was hired and will take up 
duties at EPFL in March 2007. Born in Russia, Dr. Ivanov holds a PhD from Caltech and 
worked 6 years at NASA/JPL, particularly on the TEAM-X system, equivalent to a CDF. 
 
 
 
 
 



 

 

 
 

  23

77..  EEPPFFLL  SSttrraatteeggiicc  IInniittiiaattiivvee  
7.1. Proposal to the EPFL Direction 

In 2006, a proposal was made by the Space Center to the EPFL Direction in order to 
launch a new strategic initiative at EPFL related to space. The main goals of this program 
of work would allow the Space Center EPFL to focus and expand its research activities in 
a few emerging domains of key importance for which EPFL expertise does already exist 
such as: 
 
• Micro/nano/pico satellites 
• Space sciences and planetary exploration 
• Earth observation  
 
The initiative plans to foster R&D at EPFL in the domains of small satellites, planetary 
exploration, and Earth monitoring. Though the goals are ambitious, these domains are 
among the most important among the space scientific community. The proposal was 
based on a trans-disciplinary approach with a direct involvement of most of the EPFL 
faculties in order to promote innovative ideas in the space domain. Together with the 
links with the Swiss space industries, the proposed work program would enable the Space 
Center EPFL to become a Center of competence recognized at Swiss and international 
levels. 
 
It should be noted that the three main R&D domains of the initiative are of prime 
importance for the development of the space sector in general since they encompass all 
the major areas of this vast domain such as launchers, design of satellites, space 
exploration, and use of satellite data. 

7.2. Micro/nano/pico satellites 
Satellites are very big, expensive, and complex systems that encompass many fields of 
engineering. The design of very small satellites allow to make the system much more 
suitable for understanding and at a marginal cost even though all the major elements of 
large satellites (thermal and attitude controls, payload design, space and ground segment 
analysis) are nevertheless present. It is in this spirit that the SwissCube project started at 
EPFL in 2005 and should enable the launch of a 1 Kg satellite in 2008. In parallel, it is 
proposed to perform innovative research in order to come up with new concepts for small 
satellites including advanced sensors and key elements based on micro-technology and 
MEMS. 

7.3. Space sciences and planetary exploration 
One of the key aspects of space research is the exploration of nearby moons and planets. 
The fascinating images of Mars transmitted by the NASA rovers “Opportunity” and 
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“Spirit” have raised many unanswered questions about the origin of this planet. The 
European Space Agency has recently decided to go along with the “Exomars” mission 
which should culminate in 2012-2013 by the landing of a European rover and a scientific 
payload on Mars. Many scientific challenges lay within the scope of this mission from the 
design of the rover, the communication between Mars and the Earth and the analysis of 
the data. Several labs would have the capability to conduct such a research at EPFL. 

7.4. Earth observation 
Earth has a very fragile environment that is right now under a lot of stress due to pollution 
and exploitation of its natural resources. Several Earth observation satellites have been 
launched in the recent years and are continuously observing our planet. This large 
quantity of data is presently not being fully exploited which leaves plenty of opportunity 
to start innovative research areas. Another source of satellite data used for Earth 
monitoring is the precise information provided by the navigation system such as GPS and 
the forthcoming European GALILEO constellation which could be used to develop new 
applications in order to continuously improve the positioning data. 
 
In terms of EPFL involvement, Figure 10 illustrates the potential interest of the EPFL 
faculties for these three proposed R&D domains. It is worth noting that all EPFL faculties 
are involved, including the Life Science (SV) faculty which could play a part in planetary 
exploration and Earth monitoring. 
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Figure 10: Axes of the EPFL strategic initiative vs. the interest of the five EPFL faculties 
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88..  EEdduuccaattiioonn  aanndd  tteeaacchhiinngg  
8.1. Introduction 

Up to 2006, a few classes existed at EPFL in the domain of space applications. In 2005, 
the Space Center proposed to the EPFL direction to set up a Minor in Space Technologies 
in order to foster and promote space education at EPFL. 

8.2. Minor in space technologies 
The main goals of the Minor in space technologies are summarised by the following 
points: 
 

• 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 
 
The minor in Space Technology courses include fascinating fields such as experimental 
research in our solar system using spacecrafts; near-Earth space, research on the Sun and 
planets to the limit of our solar system and beyond; spacecraft architecture from 
microelectronic vulnerability to space radiations environment; satellite communication 
systems and networks; satellite localization; remote sensing of the earth by satellite. 
 
In order to successfully pass the Minor, a student has to acquire 30 ETCS (European 
Credit Transfer System) made out of: 
 

• 22 ETCS for courses 
• 8 ETCS for a project 

 
Table 1 shows the list of courses available to the students in October 2006 when the 
Minor was taught for the first time. The students have to choose among a list of courses 
which are strongly encouraged due to the fact they are entirely dedicated to space (shown 
in the top part of the table) and a list of existing EPFL courses which are slightly adapted 
to emphasise some space aspects (shown in the bottom part of the table).  
 
It should be noted that four students registered for the Minor at the beginning of the 
winter semester of the academic year 2006-2007. 
 
 



 
 

  27

SEL - SMT - SGM Mineur en Technologies spatiales

Les enseignants, les crédits et la période des cours sont indiqués sous réserve de modification.
Le projet en Technologies spatiales de 8 crédits est obligatoire.

Période
Matières Enseignants Livret des cours Crédits des

cours

Mineur en Technologies spatiales 59

"Bases spatiales" (cours vivement recommandés)

Introduction to space science Wurz EL 2 H

Localisation par satellite Gillieron SIE 3 H

Remote sensing of the Earth by satellites Borgeaud EL/MT/SIE 2 H

Satellite communication systems and networks Farserotu SC 3 H
Spacecraft data processing and interfaces Storni EL 2 H
Space projects at the European Space Agency Toussaint EL 2 E

Space system engineering Noca EL 2 E

Strategic technology management : the space case Bertschi EL 2 E

Technologies et opérations spatiales Nicollier EL/GM/MX/MT 2 E

Compléments

Aerodynamique Leyland GM 2 H

Analyse d'image du territoire I Vallet SIE 3 sem H

Astrophysique I: Introduction à l'astrophysique Courbin PH 3 E
Astrophysique III: Cosmologie observationnelle Meylan PH 4 H
Conception mécanique I+II Giovanola/Schorderet + Giovanola/Schorderet/Hoover GM 4 E

Instabilité et turbulence Monkewitz/Deville GM 4 H

Rayonnement et antennes Mosig EL 3 H

Reliability of MEMS Shea MT 2 H

Technologies des capteurs et des actionneurs intégrés De Rooij MT 2 H

Transfert de chaleur et de masse Ursenbacher GM 4 E

Projet du mineur

Projet en technologies spatiales Divers enseignants EL 8 sem H ou E

Légende : H = hiver, E = été

1 semestre comprend 14 semaines.  
 
Table 1: List of courses offered in the frame of the Minor in space technologies (Status October 2006) 
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99..  PPrroojjeeccttss  
9.1. Projects managed 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 and test 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 2 shows the list of the studies completed that have been managed by the Space 
Center EPFL and completed in 2006. A distinction is made whether they were financed 
by soft- or hard-return budget. A summary of each of these studies is presented in Annex 
12.3. 
 
Title Reference EPFL partners Industry 
ExoMars transition phase 006/2004 ASL (Siegwart) n/a 
Micro-fabricated dielectric elastomer 
actuators (DEA) based on ion implantation 
for space applications 

007/2004 LMTS (Shea), IMT  
(De Rooij) 

n/a 

Potting material evaluation  for slip-rings 
 

008/2005 LTC (Michaud) RUAG-Aerospace 
Nyon 

RML II: study of microwave antennas for 
the RADAR Simulator 

011/2006 LEMA (Zürcher) RUAG-Aerospace 

Technology for space-qualified 
potentiometers 

013/2006 LTC (Michaud) RUAG-Aerospace 
Nyon 

 
Table 2: List of studies managed by the Space Center EPFL and completed in 2006 
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1100..  CCoommmmuunniiccaattiioonn  aaccttiivviittiieess  iinn  22000066  
10.1. Presentations, conferences, and participation 

to special events 
Table 3 summarises the list of events attended by the Space Center EPFL in 2006. A 
classification is made based on the fact whether the event was organised by the Space 
Center EPFL, whether a presentation was made by the Space Center EPFL, or whether 
the Space Center EPFL participated in the event. 
 
Date Type Event 
18 January 2006 Presentation Presentation of the SwissCube 

project to the EPFL student 
community, Lausanne 

15 February 2006 Participation Participation in the ESA Earth 
Observation strategy workshop at 
ESRIN 

15 February 2006 Participation Participation in the ESA workshop 
on innovative system concepts at 
ESTEC 

21 April 2006 Presentation Meeting with Boeing 
representatives, Lausanne 

27-29 April 2006 Participation and presentation Participation in the Cubesat Workshop 
at Cal Poly in San Luis Obispo, 
California and presentation of the 
SwissCube. 

29-31 May 2006 Participation Participation in the ESA Industry Space 
Days at ESTEC  

30 May Discussion Visit and discussion with the Cubesat 
team (Delphi C3) at the University of 
Delft (NL)  

30 May Discussion Visit and discussion with TNO in Delft 
(NL) 

12 June 2006 Presentation Meeting with prof. Messerschmid (ex 
astronaut), Uni. Stuttgart, leading the 
"Institut für Raumfahrttechnik", 
Lausanne 

23 June 2006 Participation Participation in the HAM Radio 
Meeting in Friedrichshafen for 
SwissCube 

16-19 July 2006 Participation Invited to the METOP-A launch 
(attempt) in Baikonour, Kazakhstan 

18-19 July 2006 Participation Participation in the 1st International 
Workshop on Ground Station 
Network in Tokyo for SwissCube 
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28-29 July 2006 Participation Participation in the AMSAT-UK 
Colloquium at the University of 
Surrey for SwissCube 

8 September 2006 Presentation Presentation to the “Société  
d’Astronomie du Nord Vaudois”, 
Yverdon 

22 September 2006 Presentation Space Days, Swiss Astronautics 
Association, Payerne 

9-12 October 2006 Participation AMSAT-UK Colloquium at the 
University of Surrey for SwissCube 

3 November 2006 Presentation and organisation Space career day, ETHZ, Zürich (see 
paragraph 4.4) 

9-10 November 2006 Organisation Satellite Tool Kit training course, 
Lausanne (see paragraph 4.6) 

8 December 2006 Organisation and presentation 2nd EPFL Space Research Day, 
Lausanne, (see paragraph 4.5) 

 
Table 3: Events attended by the Space Center EPFL in 2006 

10.2. Flyer 
A new version of the flyer summarising the activities of the Space Center EPFL has been 
produced in 2006 and can be found in Annex 12.2. 

10.3. Web site 
The web site of the Space Center EPFL (http://space.epfl.ch/) was very regularly updated 
with news, relevant information and announcements as shown on Figure 11. The Space 
Center EPFL was able to use the services of an EPFL fourth-year student, Mr. Piotr 
Skoczylas, to take care of the web site and perform dedicated IT tasks. 
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Figure 11: Home page of the web site of the Space Center EPFL (status: July 2007) 
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1111..  OOuuttllooookk  ffoorr  22000077  
2007 should be a very interesting year for the Space Center EPFL. Two major initiatives 
launched in 2006 should be implemented, namely the setting-up of the EPFL Concurrent 
Design Facility and the selection of PhD research programmes in the frame of the EPFL 
strategic and the ESA Networking-Partnering initiatives. 
 
Phase B of SwissCube should be also completed in 2007 with a successful PDR as well as 
a large chunk of phase C. This EPFL flagship project should draw on more and more 
students and increase the cooperation between EPFL and nearby universities and 
engineering schools. This new awareness for the space sector should also be transformed 
by a higher number of R&D joint activities between EPFL labs and the Swiss space 
industries. 
 
The education activities of the Space Center EPFL should also take more and more 
importance with the first students taking the Minor in space technologies as well as the 
training courses planned for the industry. 
 
We personally look forward to work in 2007 with the Steering Committee and all the 
members of the Space Center EPFL. 
 
Finally, as director of the Space Center EPFL and chairman of the Steering Committee, 
we would like to express my special thanks to the team working with us since none of the 
achievement described in this report would have been possible without them.  
 
 
Lausanne, 31 August 2007 
 

  
 Maurice Borgeaud Juan Mosig 
 Director, Space Center EPFL Chairman, Steering Committee of 

the Space Center EPFL  
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1122..    AAnnnneexxeess  
12.1. List of Annexes 

• Flyer describing the Space Center EPFL  
• List of R&D projects managed by the Space Center EPFL in 2006 
 

 



 

 

 
 

  34

12.2.  Flyer 
A flyer describing the Space Center EPFL was updated in September 2006 and was 
distributed at several occasions during the year. A copy of the flyer is shown in the 
following pages. 
 
 



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

In 2002, this interest was 
strongly confi rmed with the 
inclusion of space research 
in the EPFL 2004-2007 stra-
tegic plan. The Space Center 
EPFL was formally created in 
June 2003 when RUAG Aerospace 
decided to work together with EPFL, 
then followed by the Swiss Space Offi ce, Contraves Space 
AG and the “Centre suisse d’électronique et de microtech-
nique” (CSEM) joining membership of the Steering Com-
mittee.

CLAUDE NICOLLIER, the 
Swiss astronaut and pro-
fessor at EPFL, began to 
give a popular series of 
lectures on space tech-
nology in 2004, and a 
laboratory specialized in 
microsystems for space 
technologies (LMTS) was 
also created. For the stu-
dents, a minor in Space 
Technology will become 
available in 2006.

The mission of the Space Center EPFL is to foster, promote 
and federate space technology across education, science 
and industry in Switzerland and internationally. 
Main objectives:
• 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 demonstra-
tion missions and scientifi c missions focused on areas 
of interests,

• To become a centre for education and training for 
students and industry with workshops onselected ad-
vanced topics and focused student projects in collabo-
ration with industires.

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

09/2006

http://space.epfl .ch

SCHWEIZERISCHE EIDGENOSSENSCHAFT
CONFÉDÉRATION SUISSE
CONFEDERAZIONE SVIZZERA
CONFEDERAZIUN SVIZRA
SWISS CONFEDERATION

SCHWEIZERISCHE EIDGENOSSENSCHAFT
CONFÉDÉRATION SUISSE
CONFEDERAZIONE SVIZZERA
CONFEDERAZIUN SVIZRA
SWISS CONFEDERATION

State Secretariat for Education and Research
Swiss Space Office

Aerospace Defence TechnologyAerospace Defence Technology

Members

Mission

Space at the Swiss Federal 
Institute of Technology (EPFL)

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



The Space Center EPFL is a unit of the Engineering School 
(Sciences et Techniques de l’Ingénieur) of EPFL in Lausan-
ne, 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 ove-
rall strategy. Members include EPFL and the industrial and 
institutional partners of the Space Center. 

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 
benefi ts for a commercial partner:
• Rapid access to EPFL labs and R&D infrastructure,
• Information about space projects running at EPFL and 

labs working in the fi eld,
• Identifi cation and suggestion of possible synergies 

between EPFL labs and a business partner,
• Simplifi cation of the administrative process for new acti-

vities.
The Space Center EPFL enables a two-way communication 
between research and the industrial communities:
• from EPFL to Industry: valorisation of EPFL R&D results 

(transfer of technological know-how) 
• from Industry to EPFL: the Space Center acts as dedica-

ted open door to the EPFL laboratories for the industry 
(R&D activities)

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

SWISSCUBE
The SwissCube project is a unique opportunity for students 
to participate in the elaboration of a small 10x10x10 cm 
satellite planned to be launched in 2008 and designed to 
study the nightglow. 10 labs at EPFL, 3 from the University 
of Neuchâtel, and 3 Universities of Applied Science (Sion, 
Yverdon and St. Imier) are associated in this complex pro-
ject.

POTTING MATERIALS SELECTION FOR SLIP-RINGS
The Laboratory of Polymer and Composite Technology 
(LTC) studied and tested the me-
chanical, electrical, thermal and 
other physical properties of new 
potting materials for the deve-
lopment of advanced slip-rings, 
that allow the transmission of 
power acquired by the solar cells 
on satellites.

FAMARS
The First Atomic Force Microscope on Mars designed by 
the Sensors, Actuators and Microsystems Laboratory 
(SAMLAB) 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. 

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 accom-
plish observation 
missions across 
large territories, 
supplementing 
the rover in ro-
botic exploration 
of Mars.

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

Academia-Industry Partnership

Space Projects at EPFLOrganisation

© LEMA

© ASL

© SAMLAB

© ASL

© LMTS

© LTC

Aerospace Defence Technology
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12.3. List of R&D projects managed by the Space 
Center EPFL in 2006 

A short summary of the R&D projects performed by the Space Center EPFL and which 
were completed in 2006 is presented in the following pages. 
 
 
 



   
 

ASL 
Autonomous Systems Laboratory 

 
Exomars: Transition Phase 

EPFL-STI-I2S-LSA/ASL 
Space Center Project 006/2004 

 
 
In the context of the vast exploration program Aurora of the European Space Agency (ESA), the 
Exomars mission is planned to be a major mission. Its aim is to further characterize the biological 
environment on Mars in preparation for robotic missions and then human exploration. 
 
A pre-study of this mission was held by an international consortium (Astrium, vH&S), of which EPFL, 
via the Space Center and ASL, is part. 
 
This project at ASL consisted mainly of two parts. 
The first part was to build, test and compare three suspension candidates for the mobile robot of the 
Exomars mission. Similar conditions had to be obtained in order to have comparable results. 
The second part consisted of creating and coding a control software for a full-size prototype. 
 

Suspension Tests 

The three suspension candidates are called RCL-C, RCL-E and CRAB. They were designed by 
BlueBotics and assembled and tested at ASL. The rovers built are shown below. 
Both RCL-C and RCL-E are designs that were proposed to ESA by a Russian contractor (Science & 
Technology Rover Company Ltd), whereas the CRAB is a design concept that was developed at 
ASL. All rovers have six motorized wheels, the same footprint on a flat terrain, the same chassis 
dimensions, same weight and exactly the same wheels. 
The testbed consisted of a terrain with predefined obstacles such as a step, a slope and a truncated 
pyramid. The results showed significant differences between the suspension mechanisms and the 
concepts were ranked depending on various criteria. 
The tests were performed at ASL in March 2005. 
 
 

 
RCL-C 

 
RCL-E 

 
CRAB 



   
 

ASL 
Autonomous Systems Laboratory 

Control Software 

ASL at EPFL was in charge of the control software for a rover of Astrium. This control software is 
used for testing the rover, which was built by various contractors (Bluebotics / vH&S). It is a six-
wheeled rover with a RCL-E suspension type. 
Such a control software has to ease the communication between a user and the rover and it was in 
this perspective this software was designed. The tool developed is named Exomars Control Interface 
(ECI). It allows a user to control a six wheeled rover. The geometry is taken into account as the speed 
and orientation of the wheels depend on their distance to the Instantaneous Center of Rotation (ICR). 
A double Ackermann steering was implemented and a basic and efficient wheel synchronization 
algorithm was used for the speed control of the wheels. The calibration of the steering motors, 
specific to the rover, was also integrated into the ECI. 
The controller was delivered in October 2005 and some debugging was needed when the client 
tested the interface in February 2006. 

Conclusion 

The Exomars Transition Phase activities at EPFL (ASL) are summarized below: 
The tests of the three different kinds of suspension were successfully executed and enabled us to 
characterize the behavior and performance of the three candidates. A lot of effort was invested in the 
CRAB, the most promising concept, to develop it as a research platform and the design was 
upgraded. 
A control software, named ECI, was developed and tested for the full size rover of Astrium. It was 
successfully used for preliminary tests. 
 
The future lies in the Exomars Phase B1, which is still supposed to start very soon. The Swiss team 
(Contraves – EPFL –ETHZ) in collaboration with the German team (vH&S, DLR) is well prepared, 
politically, as well as technologically, for the Phase B1 call that is expected to be released in summer 
2006. 



    
   
 
 
 

POTTING MATERIAL EVALUATION FOR SLIP-RINGS 
 

EPFL-STI-IMX-LTC, and Mecanex SA 
 

Space Center Project 2005 
August 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 applications, 
either space or earth oriented. 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. In 2004, LTC collaborated with Mecanex during a 
6 month Space Center funded project to evaluate new charged epoxy systems which would 
lead to an increased temperature of use, and an acceptable toughness and creep resistance. A 
very short follow-up project took place in the summer 2005, to assist Mecanex with similar 
data for three other types of charged resins, which could potentially be used within projects 
with ESA.   

 
Slip-ring for Automated Transfer Vehicle 

 

2. WORK DESCRIPTION AND CONCLUSIONS 
Three epoxy systems with different resins and amount of mineral charges were tested to 
provide design data. A series of tests was performed for each: tensile test, Differential 
Scanning Calorimetry, Dynamic Mechanical Analysis and Thermo-mechanical analysis. From 
these, we provided the values of Young's modulus, strain to failure, Tg, viscoelastic flexural 
modulus evolution with temperature, thermal expansion. We observed that the Tg of the 
samples is different depending on the testing method used: the Tg measured by DSC is lower 
than that measured by CTE, which is lower than that measured by RSA. This is very often 
observed for epoxy systems. The thermal Tg, as measured by DSC, should be taken as the 
reference value. Tensile properties were high, as expected for charged systems. The values for 
elongation at break should be taken with caution, since the materials were brittle and the 
fracture initiated by defects on the surface of the cast samples.  
 



            
 
 

RML II: study of microwave antennas for the RADAR Simulator 
 

EPFL-STI-ITOP-LEMA, Space Center and RUAG 
 

Space Center project 011/2006 
 

 
This project consists of the study and development of various printed planar antennas between 
1 and 36 GHz. Within a very limited volume (60x60x5 mm), optimum antennas have to be 
designed with following constraints: 

• linear polarization 
• as much gain as possible 
• high efficiency 
• environmental constraints (stability with temperature) 
• simplicity of fabrication, reproducibility 
• cost as low as possible 

 
Depending on frequency, the antennas will vary from very simple structures (a single patch at 
1 GHz) to more complex geometries, like the one depicted in the following figure. At 36 
GHz, special solutions will be considered to minimize the losses of the feed circuit. 
 
 

 
Example of a possible solution (16 element array etched on a single dielectric) 



   
   
 
 
 

ELECTRICAL CONDUCTIVITY OF CHARGED RESINS 
 

EPFL-STI-IMX-LTC, and RUAG SA 
 

Space Center Project 013/2006 
August 2006 

 
 
1. BACKGROUND 
The production of slip-rings and other electro-mechanical mechanisms involve the use of 
charged resins systems. In most cases, these potting systems are insulating materials, as their 
role is to separate and insulate all wires related to the slip-ring assembly. In some 
applications, however, it is interesting to modify the electrical resistivity of the resin to obtain 
a partially conductive resin. The objective of this feasibility study was to propose and 
investigate potential practial solutions for altering the conductivity of the resins. 

 
 

2. WORK DESCRIPTION AND CONCLUSIONS 
 
The first part of the work was to conduct a literature suvey on conductive polymer systems. 
Several potential systems, which were within the range of the required conductivity range 
were identified. These include conductive polymers (polypyrole, etc), and polymers charged 
with metallic or graphite particules, as well as polymers charged with conductive and semi-
conductive nano particules or nanotubes. Additional requirements of space application and 
temperature range between -50 and 100°C further restricted the choice between available 
canditates. 
The second part of the work consisted in the experimental measurement of electrical 
conductivity of an epoxy resin system charged with graphite or metallic powders, as a 
function of the amount of charges and their aspect ratio. It was shown that we could tailor the 
conductivity, but that the use of fully conductive powders in an insulating resin is not 
practical in an industrial setting. Indeed, percolation phenomena considerably narrow the 
range of allowed volume fractions for a given target of intermediate conductivity, so small 
local fluctuations due to mixing exert a large impact on the final conductivity values. 
Alternate solutions are under investigation.  




