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Abstract: 
This Experiment is developed to capture electromagnetic waves in the extremely low 

frequency band (3Hz up to 100Hz) in reference to the varying altitude levels on the 

flight of the stratospheric balloon. The Schumann resonances are of special interest. 

The experiment will contain a big loop antenna as a receiver. It will be attached to three 

channels that filter the frequencies received. The first channel to record the spectrum 

from 3 to 40 Hertz (the actual Schumann resonances), the second to measure a 

reference to the electricity grid (50-60 Hz) and a third one to give a general overview 

(3 to 100Hz). An on-board computer will be attached in order to save and downlink the 

data. The data of the altitude level will be compared to the frequency data to evaluate 

if the altitude has any remarkable influence on the Schumann resonances.  

 

Keywords: 
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Frequency, antenna, loop antenna, altitude 
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PREFACE 
ELFI is an experiment, developed in the context of the REXUS / BEXUS 
program of DLR and SNSA. This experiment aims to measure the Schumann 
resonances in relation to different altitude levels. The abbreviation ELFI stands 
therefore for extremely low frequency and IMU. 
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1 INTRODUCTION 

1.1 Scientific/Technical Background  
This Experiment is designed to capture electromagnetic waves in the extremely 
low frequency band (from 3 Hz to 100 Hz) in reference to the varying altitude-
levels reached on the flight of the stratospheric balloon. Of special interest in 
this band are the frequencies of the Schumann resonances (SR), e.g. 7.83, 
14.1, 20.3 Hz. 

 
Figure 1: typical ELF spectrum 

The SR are the result of the earth’s atmosphere acting as a resonant cavity. 
This resonator uses the ionosphere and earth’s crust as waveguides and the 
atmosphere in between acts as the dielectric material. The waves are mostly 
excited by the global lightning activity. Another factor concerning the SR are 
high atmospheric luminous events which cause transients with the first mode of 
the SR as the dominant contributor (Q bursts first described by Boccippio in 
1995). 

The ELF-spectrum is typically measured with fixed antennas on ground level. 
Those antennas are either build as ground dipoles, huge loop antennas or 
induction coil antennas. Out of these options only the loop antenna is a viable 
option for the BEXUS experiment. Measuring the ELF band needs those 
elaborate receivers there seems to be no data about the behaviour of the 
Schumann resonances on different altitudes. Therefore, the aim of the ELFI 
experiment is analysing and comparing the measured data with the ground 
level data.  
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1.2 Mission Statement 
The ELFI Mission aims measure the Schumann resonances in relation to the 
different altitude levels of the balloon. In this context, very less data has been 
collected so far. These resonances and our data could be used to get more 
information about the atmosphere. 
Because of the extremely low amplitudes and frequencies involved, a high gain 
and ultra-low noise amplification and filtering design is needed. To reach these 
requirements, all components themselves must be specifically selected to have 
a low noise and low drift characteristic. Keeping outside noise out of the system 
is achieved by shielding the analogue circuits and the electronics. 
The antenna is positioned below the gondola to also reduce the influence of 
other experiments and the BEXUS systems on the data. 
 

1.3 Experiment Objectives 
ID IMPORTANCE DESCRIPTION 

P1 primary Develop a system, capable of measuring the ELF-
spectrum. 

P2 primary The experiment shall measure the ELF-spectrum with 
changing altitudes. 

P3 primary Analyse the measured data and correlate it with the 
flight path. 

Table 2: ELFI experiment objectives 
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1.4 Experiment Concept 
The experiment consists of an MCU, an amplification and filtering circuit and a 
loop antenna. The MCU as well as the analogue circuitry will be placed in a box 
inside the gondola. The loop antenna will be mounted on a scissors lift, which 
will be attached at one side of the gondola. The scissors lift is designed to be 
move to extend below the gondola during flight.  

The analogue circuitry consists of an input amplifier, a two-stage 4th order low-
pass and an output amplifier. The input amplifier can be adapted to the 
circumstances during flight because the resistors defining the amplification are 
integrated via jumpers. The same applies to the output amplifier. The maximum 
amplification for the whole system is 95dB. The filtering stage is defined with a 
cut-off frequency at 14Hz and with a Chebyshev characteristic. To give the 
system some flexibility during flight, a programmable gain amplifier is set before 
the ADC. The ADC is based on the ΔΣ-architecture and should operate with a 
resolution of 24 bit. 

The MCU will measure data, store it and downlink it to the ground station. 
Collected data includes the ELF-data, housekeeping data (power consumption 
and internal temperature) and data needed to evaluate the ELF-data after flight 
(gyroscope, accelerometer, magnetometer, barometer).  

 

1.5 Team Details 

1.5.1 Contact Point 

Team Email: bexus-elfi@hs-nordhausen.de 

 

Hochschule Nordhausen 

Fachbereich Ingenieurwissenschaften 

Institut für Informatik, Automatisierung und Elektronik IAE 

Weinberghof 4 

99734 Nordhausen 

 

Contact shipping: 

 

Lars Gebken 

(+49) 0163 7006073 

Lars.gebken@hs-nordhausen.de 

bexus-elfi@hs-nordhausen.de 
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1.5.2 Team Members 

1.5.2.1  Active Team Members 

 

Table 3: Active Team Members 

Member Course of studies Function 

Lars Gebken 
Automation and 
Electronics Engineering 
(B.Eng.) 

Team Leader / Management / 
Mechanics / Electronics / Outreach 

Jonas Jelonek 
Automation and 
Electronics Engineering 
(B.Eng.) 

Software 

Jonas Stephan 
Automation and 
Electronics Engineering 
(B.Eng.) 

Software 

David Bochmann 
Computer Sciences 
(B.Sc.) 

Software / Mechanics / Electronics 

 

1.5.2.2  Non-Active Team Member 

 

Table 4: Non-active Team Member 

Member Course of studies Function 

Johanna Mohs 
Automation and 
Electronics Engineering 
(B.Eng.) 

Management 

Benedikt Streicher 
Electrical Engineering 
(B.Eng.) 

Electronics 

Florian Seegel 
Computer Sciences 
(B.Sc.) 

Software 

Jonas Penzler 
Mechanical 
Engineering (B.Eng.) 

Outreach / Mechanics 

Oliver Schröder 
Computer Sciences 
(B.Sc.) 

Software 
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Figure 2: Johanna Mohs, Jonas Penzler, Lars Gebken, Benedikt Streicher, Florian Seegel, 
Jonas Jelonek, Oliver Schröder, Jonas Stephan, Prof. Dr.-Ing. Viehmann, Prof. Dr.-Ing. 
Neitzke, David Bochman 
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2 EXPERIMENT REQUIREMENTS AND CONSTRAINTS 

2.1 Functional Requirements  
ID DESCRIPTION 

F.1 The loop antenna shall be lowered below the gondola. 

F.2 The experiment shall measure the ELF-spectrum. 

F.3 The system shall measure Housekeeping Data. (from IMUFUSION) 

F.3.1 Internal temperature shall be measured as Houskeeping data. 

F.3.2 External temperature shall be measured as Houskeeping data. 

F.3.3 Voltage of MCU shall be measured as Houskeeping data. 

F.4 The system shall measure data needed to interpret ELF-spectrum. 
(from IMUFUSION)  

F.4.1 Gyroscope shall be measured as orientation data. 

F.4.2 Accelerometer shall be measured as orientation data. 

F.4.3 Magnetometer shall be measured as orientation data. 

F.4.4 The experiment shall measure the altitude of the gondola. 

F.5 The experiment shall record measurements 

F.5.1 The experiment shall record measurements on an external USB 

F.5.2 The experiment shall transmit the recorded measurements to the ground 
station 

Table 5: Functional Requirements 

 

2.2 Performance Requirements 
ID DESCRIPTION 

P.1 The ELF-spectrum shall be measured in a range from 0 to 100 Hz. 

P.1.1 The ELF-spectrum shall be measured with a resolution of 24 bits. 

P.1.2 The most accurate measurements shall be in the range from 0 to 14 
Hz. 

P.2 Every second the recorded measurements shall be transmitted to 
the ground station. 

P.3 The internal temperature shall be measured in the range of -100 to 
+100 °C. 

P.4 The external temperature shall be measured in the range of -100 to 
+100 degrees centigrade. 

P.5 The temperatures shall be measured with a +/- 1 °C accuracy.  

P.6 The housekeeping and position sensors shall be measured at a 
sample rate of 1 Hz.  

P.7 The System shall work at least down to -60 °C ambient temperature. 
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P.8 The ELF spectrum shall be measured with a sample rate of 1000 Hz 

Table 6: Performance requirements  
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2.3 Design Requirements  
ID DESCRIPTION 

D.1 The antenna shall not damage the gondola. 

D.2 The experiment shall not cause electromagnetic interferences to other 
experiments. 

D.3 The PCBs shall be mounted to withstand the landing impact. 

D.4 The PCBs shall be coated to improve insulation and endurance 
against humidity. 

D.5 The experiment shall not overwrite any stored data when a computing 
board is reset. 

D.6 The experiment shall not exceed a mass of (10 kg) 15 kg. 

D.7 The experiment shall not exceed the dimensions of 0.2 x 0.25 x 0.5 m 
in the gondola. 

D.8 The data carrier shall have enough capacity for 10 hours logging. 

D.9 The System shall allow the subordinate analysis of energy 
consumption by evaluating the co-scanned energy values. 

D.10 The main control unit shall be easily accessible when the enclosure is 
opened. 

D.11 All connectors to the outside shall be mounted on one side for easy 
connecting and disconnecting. 

D.12 The experiment shall manage a maximum input voltage of 32 V and 
a minimum voltage of 15 V. 

D.13 The system shall include a self-diagnosis capability. 

D.14 The system shall fit to the pressure profile of the BEXUS flight 
conditions.  

D.15 The system shall fit to the vibration profile of the BEXUS flight 
conditions.  

D.16 The experiment should record the temperature inside. and outside the 
casing. 

D.17 The antenna assembly shall not exceed the dimensions of the 
gondola side while retracted. 

D.18 The antenna shall be not rotationally coupled to the gondola. 

D.19 A safety wire pin shall keep the antenna assembly retracted before 
launch. 

D.20 Every second the recorded measurements shall be transmitted to the 
ground station. 

D.21 The Mechanic shall work at least down to -60 °C ambient temperature. 

Table 7: Design requirements 
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2.4 Operational Requirements 
ID DESCRIPTION 

O.1 The loop antenna shall be lowered after launch. 

O.2 The experiment shall react to commands. 

O.3 The experiment shall measure fully automatic from the moment of 
launch.  

O.4 The system shall store all measured and computed data.  

O.5 Before launch, a safety wire pin shall be sliced. 

Table 8: Operational requirements 
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3 PROJECT PLANNING  

3.1 Work Breakdown Structure (WBS) 
 

Our work breakdown structure is the result of dividing the project into elements 
which can be planned and controlled. The project was divided into subtasks 
and work packages as part of the structuring process.  

The subtasks represent the six main elements of the project, which were further 
subdivided, and the work packages were adapted and worked through in stages 
during the course of the project. Work packages contain the elements that have 
provided us with a guideline for further planning stages. The work breakdown 
structure is the basis for our schedule and process planning, resource planning 
and cost planning. 

Figure 3 shows the subtasks for management, systems engineering and 
outreach. 

The subtasks with the associated work packages were processed parallel to 
other subtasks. Work package 1.3 "team coordination" was a particular 
challenge during this long project period. 
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3.1.1 Work Breakdown Structure (WBS) 2020 

 

The team members are assigned to the respective work packages according to 
their field of activity. 

 

- Work package 1. Management will be handled by Johanna Mohs 
- Work package 2. System Engineering will be handled by Johanna Mohs 
- Work package 3. Electronics is handled by Benedikt Streicher and Lars 

Gebken. 
- Work package 4. Mechanics is handled by Lars Gebken. 
- Work package 5. Software will be handled by Florian Seegel.  
- Work package 6. Outreach will be handled by Jonas Penzler. 

The entire team is needed for tasks like testing and assembling the 
components. 

The Office account provided by the university includes an Office 365 licence, 
Microsoft Teams and a 1 TB Onedrive cloud, is used for uniform data exchange 
and team accessibility. 
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Figure 3: WBS 2020 (Draw.io) 
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3.1.2 Work Breakdown Structure (WBS) 2021 

 

After the support by the BEXUS-IMUFUSION team was discontinued, it was no 
longer possible to program the IMU-K. 

A completely new solution had to be found for the sensors and the processing 
of the data. 

In addition, there is the problem, that several team members can no longer 
support the team and the team had expanded to include new members. 

For the second phase of the project, the work packages were redistributed. 

 

 

Work package Team member 

1. Management Lars Gebken 

2. System Engineering Lars Gebken, Jonas Stephan,  

Jonas Jelonek, David Bochmann 

3. Electronics Lars Gebken, 

4. Mechanics Lars Gebken, David Bochmann 

5. Software Jonas Stephan, Jonas Jelonek,  

David Bochmann, Oliver Schröder 

6. Outreach Lars Gebken, Jonas Stephan,  

Jonas Jelonek, David Bochmann 

7. Testing Lars Gebken, Jonas Stephan,  

Jonas Jelonek, David Bochmann 
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Figure 4: WBS Management (Draw.io) 

 

The work packages for management, system engineering and outreach have 
not changed. 
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Figure 5 shows the subtasks for the electronics. 

For the second phase of the project, the electronics work package is divided 
into four new subtasks which are coordinated with each other and can be 
worked on in parallel. 

 
Figure 5: WBS Electronics (Draw.io) 
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Figure 6 shows the subtasks for mechanics. 

The subtasks could separately worked on from each other. The braincase was 
revised in coordination with the electronics and completed first for 
programming. The subtask was particularly important for the safety of the Prime 
and the antenna. After the construction of the components, tests were carried 
out to ensure the safety of the components. The assembly of the Prime and the 
antenna took place with all the mechanics available for testing. 

 

 
Figure 6: WBS Mechanics (Draw.io) 
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Figure 7: WBS Software (Draw.io) 

Figure 7 shows the subtasks for software. 

The subtasks could separately worked on from each other.  The three 
Raspberry Pi programmes were parallel created by the IT team and tested in 
the lab, together with the braincase. The ground station was adapted to the 
functions and completed after the programme tests were finished. 

 

Finally, the individual work areas were put together piece by piece and tested 
step by step. 
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Figure 8: WBS Test (Draw.io)



25 

BX30_ELFI_SED_V5_25-04-2022.docx 
 

3.2 Schedule  

3.2.1 Schedule (until 2020) 

The timetable in Figure 9 shows the different workloads for each team member 
until January 2020.  

All WP from the work breakdown structure are included and the dependencies 
are marked with pointers. 

The status indicator shows if a task is being processed according to the 
schedule or with delay. 

The grey areas mark important milestones in the BEXUS cycle. 

For a more detailed look at the timeline, see the document "Timeline". 
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Figure 9: experimental timeline schedule for 2020 (Excel) 
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3.2.2 Schedule (today) 

The complet project timeline and Covid19-pandemic alignment are shown in 
theFigures 10-14. For the Gant diagrams we use the GANTT project software 
as shown in the screenshots. 

With the diagram, the team has a guide and a reference point for the status of 
the current development of the project. 

In addition, the diagrams can help the team to keep track of the many sub-
items. 

The team members know in which time they have to complete the outstanding 
tasks in their work area. 

Since there are always setbacks in the development process, not all subtasks 
are linked together, but are worked on in parallel to the next step in order to 
achieve the best possible result and eliminate any problems in advance. In the 
team, an open team structure is followed, i.e. a task is never worked on by one 
particular person alone, but the team meets and works on the tasks together, 
so that the members do not have to work under stress and a harmonious work-
life balance can be found.  

The individual task areas in which the team members are assigned are 
described in point 3.3.1. 

For the exchange within the team, the OneDrive, provided by the Office 365 
licence is used for the work on the project. Meetings are planned in the 
laboratory of the university or, if not possible otherwise, a meeting is held via 
discord. 
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Figure 10: Gant diagram for electronics (GANTT project) 
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Figure 11: Gant diagram for management (GANTT project) 
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Figure 12: Gant diagram for mechanics (GANTT project) 
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Figure 13: Gant diagram for software (GANTT project) 
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Figure 14: Gant diagram for testing (GANTT project) 
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3.3 Resources  

3.3.1 Manpower 

The time spent by the team members on the experiment is shown graphically 
in an Excel spreadsheet. The week number refers to the week of the 
experiment. It is a challenge for the organisation to implement the work-life 
balance and the examination phases. 

 

In order to keep a good overview, this chart was edited and adapted during the 
experiment, so that team members could easily fit holiday periods and exams 
into their schedule. 
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Figure 15: Time line 2019 – 2021 (Excel) 
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Figure 16: Time line 2021 – 2022 (Excel) 
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3.3.2 Budget 

A cost estimate of 5000 euros is planned for the entire course of the project. It 
includes all costs for circuit boards, electronics, mechanics and additional travel 
costs. The budget will be expanded with the support of our sponsors.  

A list with the exact prices and the corresponding positions can be found in the 
appendix. 

 

Electronics 

The electronics section is the most expensive part of the project. After we 
developed the new concept and fixed the problems with the IMU-K it meant that 
some new components had to be purchased. 

Thanks to the support of the sponsors Hermes-Systeme and Coroflex, we were 
able to purchase additional cables and cable guides, which saved us a lot of 
money. 

Looking at the costs, we are very happy with a plus of 279.28 Euros in the 
electronics area. We expected more costs than we actually had to pay. 

Table 9: Budget plan electronics 

component calculated 
costs 

actual costs cost 
divergence 

MCU 1 
(IMU-K, 
concept 2020) 

1.800,00 €  1.652,53 €  147,47 €  

MCU 2 
(Raspberry Pi 3B+, 
concept 2021) 

140,00 €  136,61 €  3,39 €  

AFE  1.500,00 €  1.434,10 €  65,90 €  

Servo-Boards 100,00 €  214,15 €  - 114,15 €  

Plugs 100,00 €  104,90 €  - 4,90 €  

Cable 250,00 €  168,43 €  81,57 €  

Cable ducts 100,00 €  -   €  100,00 €  
    
Total Costs (2020): 3.850,00 €  3.574,11 €  275,89 €  

Total Costs (2021): 3.990,00 €  3.710,72 €  279,28 €  

 

Mechanics 

It became clear at a very early stage of the project that building the mechanics 
could be a very big cost trap. Therefore, possible sponsors were approached 
already in the planning phase to have the hardware manufactured. The large 
and very fine contours of the antenna and the scissor arms were the biggest 
cost problem. Many thanks to the sponsor Müller Ahlhorn, who helped us to 
completely finance all Pertinax components. Hermes-Systeme again supported 
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us very much with the remaining costs and helped us a lot with the connecting 
material. 

Due to the large sponsors, the cost plan for the mechanics is also a big plus in 
the calculation. 

Table 10: Budget plan Mechanics 

 

Outreach 

Almost no money from the project fund is needed for outreach and other 
activities. Here, too, the major sponsors have helped us: The polo shirts were 
financed by the university and the trips to the 2022 symposia are also supported 
by a funding project of the University of Nordhausen. 

 

Table 11: Budget plan outreach 

component calculated 
costs 

actual costs cost 
divergence 

T-Shirts 250,00 €  -   €  250,00 €  

trainings week 1.000,00 €  852,00 €  148,00 €  

Symposium SSEA 2.000,00 €  -   €  2.000,00 €  

Symposium PAC 2.000,00 €  -   €  2.000,00 €  

    

Total Costs (2021): 5.250,00 €  852,00 €  4.398,00 €  

 

  

component calculated 
costs 

actual costs cost 
divergence 

parts Braincase 400,00 €  -  € 400,00 € 

parts scissor arms 1.000,00 €  -  € 1.000,00 € 

parts antenna 1.500,00 €  -  € 1.500,00 € 

Prime plates 300,00 €  -  € 300,00 € 

actuators 200,00 €  323,62 € -123,62 € 

screws / nuts 150,00 €  117,46 € 32,54 € 

glue 100,00 €  75,55 € 24,45 € 

prototype 100,00 €  71,56 € 28,44 € 

tools 300,00 €  147,80 € 152,20 € 

    
Total Costs (2021): 4.050,00 €  735,99 €  3.314,01 €  
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3.3.3 External Support 

Our team will be supported by: 
 

- IMG Electronic & Power Systems GmbH 
An der Salza 8a 
99734 Nordhausen 
Tel.:  +49 (0) 3631 924-0 
Fax.: +49 (0) 3631 924-111 
 

 CiS Forschungsinstitut für Mikrosensorik GmbH 
Konrad-Zuse-Straße 14 
99099 Erfurt 
Germany 
Telefon: +49 (361) 663 1410 
Telefax: +49 (361) 663 1413 

 
 Müller Ahlhorn 

Dr. Dietrich Müller GmbH 
Email: vertrieb.schneiden@mueller-ahlhorn.com 
Zeppelinring 18 
26197 Ahlhorn 
Telefon: 04435-97 10 10 
Telefax: 04435-97 10 10 
Support: machining parts for the antenna and the required structure 
 

 Hermes-Systeme 
Hermes Systeme GmbH 
MSR & Automatisierungstechnik 
Email: info@hermes-systemede  
Visbeker Str. 55 
27793 Wildeshausen 
Telefon: 04431-9360 0 
Telefax: 04431-9360 60 
Support: cable mounts, screws and nuts (mechanical equipment) 
 

 Hochschule Nordhausen 
University of Applied Sciences Nordhausen 
Weinberghof 4 
99734 Nordhausen 
E-Mail: info@hs-nordhausen.de  
Telefon: +49 3631 420-0 
Telefax: +49 3631 420-810 
Support: travel costs 

  



39 

BX30_ELFI_SED_V5_25-04-2022.docx 

 
39

 Coroflex Group 
Coroplast Fritz Müller GmbH & Co. KG 
Wittener Straße 271 
42279 Wuppertal 
E-Mail: info@coroplast-group.com  
Telefon: +49 202 2681-0 
Support: cables 
 

 HSBM Göttingen GmbH 
Geismar Landstraße 13 
37083 Göttingen 
E-Mail: info@hsbm-goettingen.de  
Telefon: +49 551 997226-0 
Support: travel costs 
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3.4 Outreach Approach 
Newspaper articles 
Thüringer Allgemeine (local newspaper of hometown state, after the campaign 
week) 
Nordhäuser Wochen Chronik (local newspaper; 1st January 2020) 
NNZ (local online newspaper; 19th December 2019; https://nnz-
online.de/news/news_lang.php?ArtNr=267559) 

 
Figure 17: Newspaper article 2019 

 
Klima-Pavillon (live stream; 22 th June 2021; 
https://www.youtube.com/watch?v=pd5-Ymzd7YM)  
 
NNZ (local online newspaper; 11th November 2021; 
https://www.nordthueringen.de/news/news_lang.php?ArtNr=301097)  
 
Wewire-hanress (online news from coroflex group; 18th February 2022; 
https://www.wewire-harness.com/de/newsroom/artikel/coroflex-unterstuetzt-
die-hochschule-nordhausen)  
 
Social media 
Continuous posting of important milestones of the project 
 
Facebook (fb.me/TeamELFI) 
Facebook messenger (m.me/TeamELFI) (current contact option for interested 
persons) 
Instagram (instagram.com/TeamELFI) 
Twitter (twitter.com/TeamELFI) 
Homepage (https://www.hs-nordhausen.de/forschung/iae-institut-fuer-
informatik-automatisierung-und-elektronik/forschung-im-iae/forschung-und-
projekt-bexus-elfi/) 
 
Public performances/appearances  
University open day (16th May 2020) 



41 

BX30_ELFI_SED_V5_25-04-2022.docx 

 
41

presentations at the university  
 

Mission logo design 
2 weeks designing process 
Five different variations and three update steps until the final design 

 
Figure 18: Logo process 

 

3.5 Risk Register 

ID Risk (& consequence if not 
obvious) P S PxS P x S Action 

TC10 The system could lock up through 
software bugs. A 2 A2 very low 

Implement watchdog and 
extensive testing of the 
software 

TC20 Full memory, MPU overrides 
recorded data 

B 2 

B2 very low 

MPU detects free memory 
capacity and stops when full, 
additional margin at memory 
calculation 

TC30 
Connection loss with ground 
station because of E-Link failure or 
no connection 

A 1 A1 very low All experiment data are stored 
locally on an SD. 

TC40 
No connection with ground station 
during launch causes no command 
for extension of the antenna 

A 2 A2 very low 
System can automatically 
extend the antenna by 
measuring the altitude 

TC50 Antenna cannot extend because 
the gear motor is stuck A 2 A2 very low The motor was designed to pull 

more weight than needed 

TC60 

Difference in amplitude of the 
signal between before launch and 
during flight is too big for the 
analogue circuitry 

B 3 B3 low PGA can adapt the signal level 
to the ADC during flight  

MS10 Fracture of the loop antenna while 
landing. E 1 E1 low The spread of fragments is 

reduced with safety ropes. 
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MS20 
Fracture of the loop antenna 
during balloon cut-off or parachute 
deployment. 

C 2 C2 low 

Safety ropes secure the 
antenna and the ELF-altitude-
profile was already captured 
during ascend 

MS30 Fracture of gondola through 
antenna assembly while landing A 1 A1 very low 

The antenna assembly was 
designed with predetermined 
breaking points 

MS40 No communication through too 
much ethernet traffic. A 1 A1 very low 

MCU ignores all Ethernet 
packages if buffer is full. Data 
will be sent via UDP. MCU 
works fully automatic 

PP10 Delay in component delivery, 
especially because of pandemic D 3 D3 medium 

Early orders, component 
delivery overview and locally 
sourced components from 
sponsors 

PP20 Insufficient budget B 3 B3 low Sponsoring, Budget planning 
with safety margin 

PP30 No access to test facilities C 2 C2 low Contact other teams / Zarm 
and usage of local test facilities 

PP40 
Absence of Team member and 
problems within personal meetings 
because of pandemic 

B 3 B3 low 

All team members know details 
of the topics of each other, 
acquisition of new team 
members 

PP50 Reduced access to faculty facilities 
because of pandemic D 3 D3 medium Essential equipment can be 

brought home 

Table 12: Risk Register 
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4 EXPERIMENT DESCRIPTION 

4.1  Experimental Setup 
The experiment consists of an MCU, an amplification and filtering circuit and a 
loop antenna. The MCU as well as the analogue circuitry will be placed in a box 
inside the gondola. The loop antenna will be mounted on a scissors lift, which 
will be attached on one side of the gondola. The scissors lift is designed to be 
extendable below the gondola during flight. 

The analogue circuitry consists of an input amplifier, a two-stage 4th order low-
pass and an output amplifier. The input amplifier can be adapted to the 
circumstances during flight, because the resistors are defining the amplification 
are integrated via jumpers. The same applies to the output amplifier. The 
maximum amplification for the whole system is 95dB. The filtering stage is 
defined with a cut-off frequency at 14Hz and with a Chebyshev characteristic. 
To give the system some flexibility during flight a programmable gain amplifier 
is set before the ADC. The ADC is based on the ΔΣ-architecture and operates 
with a resolution of 24 bit. It also includes a programmable gain amplifier. 

The PCBs are held in place by the already proven mounting bracket of the 
IMUFUSION experiment. To fit those brackets, the PCBs also adapt the same 
basic format. Another component, adapted from the IMUFUSION experiment, 
is the power supply board, which will serve as the basic power source of the 
system. For the altitude measurements, the experiment will also rely on the 
same barometric sensor as the previous experiment. 

The MCU will measure data, store it and downlink it to the ground station. 
Collected data includes the ELF-data, housekeeping data (power consumption 
and internal temperature) and data needed to evaluate the ELF-data later on 
(gyroscope, accelerometer, magnetometer, barometer, external temperature). 
As MCU the IMU-K is used, which provides a gyroscope, accelerometer, 
magnetometer and temperature sensor as internal sensors. 

The antenna deployment mechanic is based on a scissor mechanic and allows 
a rigid connection to the gondola. The connection between this assembly and 
the gondola is made through a plate which covers an entire gondola side. This 
plate is affixed to the gondola with clamps on the frame and corner pieces which 
are connected to the C-rails. 
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Figure 19: System overview (Draw.io) 
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4.2 Experiment Components 
Experiment mass: 13.9 kg 
Experiment dimensions: Central Box (inside the gondola): 

Dimensions: 380 x 240 x 104 mm 
Weight: 1.1 kg 
 

 PBC bracket 
Dimensions: 72.8 x 56 x 8 mm 
Weight: 0,01 kg 

 
Prime (assembled Prime): 

Dimensions: 850 x 1100 x 150 mm 
Weight: 12.8 kg 

 
 Front plate: 

Dimensions: 1100 x 250 x 4 mm  
Weight: 1.13 kg 
 

 Backplate + antenna: 
Dimensions: 1100 x 850 x 4 mm  
Weight: 3.9 kg 
 

 Gear Motor mounting bracket: 
Dimensions: 65x85x35 mm 
Weight: 0,03 kg 
 

 Antenna framework: 
Dimensions: 85x85x25 mm 
Weight: 0.7 kg 
 

Experiment expected 
COG (centre of gravity) 
position: 

See in Figure 20:  

X= - 74,174 mm 

Y= - 594,238 mm 

Z=   124,701 mm 

 

Table 13: Experiment summary table  
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4.2.1 Center of gravity 

 

 
Figure 20: centre of gravity (Inventor) 

 

The centre of gravity is located at: 

X= -74,174 mm (red) 

Y= -594,238 mm (green) 

Z= 124,701 mm (blue) 

 

This position was calculated by Inventor and refers to all components of the 
Prime and the Braincase. The material with the specific weight was determined 
and entered for all components into the Inventor libraries. 

The position is shown in the following pictures: 
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Figure 21: centre of gravity, top view (Inventor) 
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Figure 22: centre of gravity, side view (Inventor) 
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Figure 23: centre of gravity, front view (Inventor) 
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4.3 Mechanical Design 
Concept of the launch procedure for 2020: 

For the launch, the antenna is held in the launch position by a scissor arm. For 
this purpose, two pins are guided through the scissor arms, a manually secured 
pin and a servo-controlled pin. 

The manual pin secures the scissor arms from extending as long as the gondola 
is not yet in the launch position on the Hecules. For launch, this pin is removed 
by a team member in late access and the scissor arms are then still held by the 
servo pin.  

After launch, the altitude is measured by the sensors in the braincase via the 
pressure difference. After reaching an altitude of 100m above the launch 
position, the servo pin is pulled out of the scissor arms by the servo. The 
antenna then falls down the scissor arms due to gravity, this fall is braked and 
stopped by a gas pressure damper. 

 

 
Figure 24: launch concept for 2020 (Draw.io) 
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Final concept of the launch procedure for 2021: 

After many tests, we have found out that our launch concept for 2020 is too 
prone to failure. In many tests, the scissor arms broke or the drop caused too 
much vibration on the simulated gondola. 

A new solution was then developed with the help of the Zarm team. 

The antenna is still attached to a scissor arm construction. The components for 
this are taken from the 2020 concept. In contrast to the 2020 launch concept, a 
gear motor with a winch is used instead of a gas pressure damper. 

The scissor arms are tied to the Prime with a safety line until launch to prevent 
damage and extension before launch. The safety line is cut in late access and 
the scissor arm is then held in position by the winch. 

Instead of measuring pressure, a manual trigger will start the geared motor via 
the ground station for launch. ON this way, the motor can be started directly 
from the release of the gondola and the team has the opportunity to check with 
their eyes whether the arm is extending. 

The antenna then lowers on the scissor arm, braked by the geared motor. In 
the test, the complete extension to a height of – 4 m below the gondola takes a 
little more than 7 minutes. This reduces the load on the scissor arm elements 
and also eliminates the tripping hazard when reaching the extension depth. 

 

 
Figure 25: launch concept for 2021 (Draw.io) 
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4.3.1 Central Box – Braincase 

 

 
Figure 26: Braincase Overview (Inventor) 

We have named the central control box "Braincase". 

The braincase contains all the control electronics for the experiment. It includes 
the analogue front end for measuring the antenna voltages and processing 
them, the housekeeping sensors for measuring temperature, pressure and 
humidity, the power supply for the circuit boards and the main control unit. 

 

4.3.1.1 Braincase Frame 

The housing is made of Pertinax, which is particularly light, stable and robust. 
It is widely used for electronic components and is resistant to fluctuating 
temperatures as well as UV radiation. As an additional property, Pertinax 
insulates very well against temperature.  
The design of the housing is based on the design of the IMUFUSION 
experiment. We have adopted the basic structure and shape. For our purposes, 
we have increased the dimensions to create more space for the new 
components. We have considered that the Braincase will be mounted on the 
mounting rails in the gondola and tolerance ranges are provided for this. The 
external dimensions have therefore increased to 380 x 230 x 103 mm. 
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Figure 27: Braincase dimensions (Invertor) 

For easy hardware configuration, the top plate of the braincase can be pulled 
out and contains all components. 
The PCB holders are screwed against the Pertinax top plate from above and 
the electronic connections are also firmly screwed to the top plate. If the 
braincase needs to be screwed somewhere, the team members can work on 
the hardware in parallel. The mechanic team can screw the case together and 
at the same time the software department can continue working on the 
components. 
The housing of the Braincase consists of 6 plates that are glued together with 
a two-component adhesive. The adhesive is a glue for boat building and is 
characterised by its good temperature resistance. The same adhesive is also 
used to glue the antenna components. The adhesive was tested for its 
temperature resistance. For this purpose, Pertinax test specimens were milled 
and glued, then stored overnight at -60 degrees Celsius in a climate chamber 
and cracked on a traction unit. The adhesive is applied to the outer edges of 
the pertinax plates, the components have pre-milled cut-outs into which 
another outer plate is then inserted and glued. The principle is similar to 
building with Lego. The pre-milled cut-outs ensure that all components are 
positioned precisely and that gaps can be kept as small as possible. 
 
To protect the electrical components in the braincase from magnetic radiation 
and temperature fluctuations, a sandwich construction was used for the outer 
components. During the long-term test, we find out that the electronics do not 
cool down and therefore do not need thermal insulation. The electronic 
themselves is protect against hypothermia and the Raspberry Pi is also used 
to heat the braincase. The braincase only needs to be protected against 
magnetic radiation, for this we used a 1mm thin aluminum plate is glued to the 
Pertinax plates. The same and glue it used as for the Pertinax plates and the 
antenna. 
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Figure 28: Braincase explosion drawing (Inventor) 

 
To be able to screw the Top-Plate on, holders are attached to the Side-Plate. 
The Top-Plate-Holders are 3D-printed and made out of PLA. In order to be 
able to screw the Top-Plate on as easily as possible, Rutex insert nuts are 
inserted into the Top-Plate-Holders. These are heated with the soldering iron 
and pressed into the recess provided. During insertion, the filament heated 
and wrapped around the nut and flows into the cavities. After cooling, a form-
fit connection is formed between the nut and the PLA. Like the Pertinax 
plates, the Top-Plate-Holder also has two springs for the grooves of the side 
plate. The Top-Plate-Holder is firmly glued all around and thus also forms an 
angle for the Pertinax plates. 
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Figure 29: explosion drawing Top-Plate-Holder (Inventor) 

 

 
Figure 30: Final Braincase Frame 
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Figure 31: Final Braincase Frame 
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4.3.1.2 Braincase PCB Framework 

 

 
Figure 32: Printed circuit board frame (Inventor) 

 

The framework for the boards in the braincase is 3D printed and consists of 3 
components. To save weight and material, large holes and recesses were 
machined into the framework. To decouple the vibrations from the boards, the 
holders are arranged in an X and the plate is kept very thin. The large holes in 
the plate ensure that the Raspberry Pi also heats the inside of the frame and 
the waste heat can escape under the raspberry pi. 

To prevent the boards from being screwed into the material with tension, the 
recesses for the screw connections are raised, so that the boards do not lie on 
the soldering pads and are only supported by the framework at the screw 
connections. 

The individual components have recesses for the Rutex insert nuts, which are 
used to screw the framework into each other and the boards to the framework. 
To use the best possible space in the braincase, the PCBs are screwed to the 
frame from the outside as well as from the inside.  
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Figure 33: PCB-Framework with PCBs (Inventor) 

  
Figure 34: PCB-Framework with PCBs (Inventor) 
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Figure 35: PCB-Framework with PCBs (Inventor) 

At the lowest and thus coldest place, the Raspberry Pi is screwed to the screw-
board. On the sides are the power-boards with the power supplies, the motor-
board and the AFE. Inside the frame, the two i2c sensor boards for air pressure, 
temperature and acceleration are screwed in. The position of the I2C sensor 
boards inside the framework prevents a strong fluctuation of the measured 
values. 

Large gaps are installed between the panels to accommodate the cables. The 
cable routing is led from the plugs of the cover plate through the gaps in the 
frame to the outside and thus fixed. 
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Figure 36: Final Braincase PCB-Framework 

 

 
Figure 37: Final Braincase PCB-Framework 
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4.3.1.3 Gondola Interfaces 

The Braincase is screwed to the mounting rails of the gondola with rubber 
bumpers, holes are milled in the base plate for this purpose. The position for 
the box is provided in the corner near the Prime. 

 

 
Figure 38: Position Braincase in gondola (Inventor) 

For the electronic components inside and outside the braincase, 4 connectors 
are screwed into the top plate. Two plugs are used to connect the cables from 
the gondola, these are the power supply and the network connection. The two 
external plugs are for the measuring cable of the antenna and the motor cable 
for the gear motor. 
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Figure 39: Final Braincase Position 

 

4.3.2 Prime 

 

 
Figure 40: Prime Overview (Inventor) 

We have called the large construction to which the scissor arms are attached 
that lower the antenna the Prime. The prime consists of three separate parts, 
i.e. the two large plates, the scissor arms and the antenna. 
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4.3.2.1 Prime Frame 

The prime frame consists of two large Pertinax plates and spacers. The purpose 
of the prime frame is to provide a structure and support the scissor arms, winch 
and gear motor on the gondola frame.  

To keep the antenna stable in the direction of rotation, we chose a scissor arm 
design. Due to the scissor arms, the opening direction of the antenna is always 
parallel to the gondola. 

In a first concept, the scissor arm was lowered in a damped manner with the 
help of a gas pressure damper. In order to develop a proven and consistent 
solution, we developed a new solution with the Zarm. For this purpose, the 
scissor arms are lowered with a winch braked on a geared motor. The gear 
motor is bolted to the back of the Prime and the winch is attached to the axle of 
the motor. Attached to the winch is a fishing line for large fish (up to 50kg), 
which is extra fine and does not freeze easily. To increase the strength of the 
motor, the line is guided to the last shear element on a pulley and then guided 
back to the Prime front panel via another pulley. This doubles both the length 
of the cord and the holding force of the motor. The longer cord means that the 
antenna is lowered even more slowly and with less vibration.  

The motor is protected from cold and moisture through a 3D printed housing. 
The winch is made out of aluminium. In order to save weight, large holes have 
been made in the prime plates. The round cut outs prevent the scissor arms 
from jamming when sliding down and at the same time save a lot of weight.  

The triangular cut outs in the upper area of the plates also provides a better 
stability and at the same time saves weight. 

 
Figure 41: Gearmotor position on the Prime (Inventor) 
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Figure 42: Open Prime with scissor arms and winch (Inventor) 

To achieve an identical distance between the plates, distance pieces are 
attached to the screw connections. These are also made of Pertinax and also 
have many notches to avoid air pockets between the plates and to save weight. 

 
Figure 43: Prime distance piece (Inventor) 

The same distance allows the scissor arm to slide along the main frame without 
the risk of jamming. 
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4.3.2.2 Scissor Arms 

To prevent the antenna from uncontrollably rotating under the gondola during 
flight, we have developed the scissor arm. It is light, flexible, easy to control and 
offers sufficient stability in the rotational axes. We chose the lightest design and 
developed a simplex scissor arm. The shape of the scissor arm elements has 
a tab at the end, which allows us to attach a safety line to each element with 
cable ties. At the same time it creats a flexible cable path to the antenna. 

 
Figure 44: scissor arm overview (Inventor) 

In order to provide the antenna with the best possible signal, we have designed 
the scissor arm in such a way that, when deployed, it reaches up to 3.8m below 
the gondola. When folded in, the antenna is in the middle of the Prime and does 
not protrude beyond the outer edges of the gondola. Therefor we use eight 
1.1m long scissor elements, plus two 0.6m short scissor elements for the end 
and connection of the antenna. The scissor elements are designed in such a 
way that the loop at the end can withstand the weight of all scissor elements + 
antenna at 10g acceleration. For this we used the finite element method with 
Inventor and had the component extensively tested. The cable ties have a metal 
core from Würth and can withstand a force of 2000N. For the safety line we 
chose a braided nylon line that can withstand a load of 150kg. Due to the 
dimensioning, we have designed and used the scissor arm with a large safety 
mage. 
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Figure 45: scissor arm element short (Inventor) 

 

 
Figure 46: scissor arm element long (Inventor) 
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4.3.2.3 Antenna 

 
Figure 47: antenna overview (Inventor) 

The antenna consists of five components which are glued together. For the 
antenna we used again the familiar materials. Due to their fine structure, the 
Pertinax components could only be cut with the laser cutter and were delivered 
ready-made by Müller Ahlhorn. The glue is again a conventional two-
component glue from Boldt-co for yacht building. 

The pertinax components of the antenna are designed, so that they form a U 
when glued together. The copper wire for the antenna is wound into this U and 
glued. The U shape of the pertinax protects the fine copper wire from 
mechanical influences and damage. 
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Figure 48: U shape antenna (Inventor) 

When assembled, the antenna has a dimension of 880 x 880 x 25 mm. The 
weight of the structure is 0.7kg, together with 2kg of copper wire, the finished 
antenna weighs 2.7kg. To avoid problems during Campaign Week due to 
transport damage or defects, we built two antennas at the same time. 

 

4.3.2.4 Gondola Interface 

The Prime is attached to the gondola with clamps at the top, as discussed in 
the training week, and attached to the gondola with angles in the bolts of the 
gondola. The clamps for the top connection are attached to the Prime with four 
M12 bolts and spacers. The construction and the grommets on the prime have 
a maximum load capacity of 50kg, which we calculated in a finite element 
method with Inventor. To save weight, the spacers are made of aluminium and 
a fetch O profile. 
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Figure 49: clamps at the top (Inventor) 

 

 
Figure 50: angels at the bottom (Inventor) 
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4.4 Electronics Design 
 Antenna 
 AFE (signal conditioning and analog to digital conversion) 
 Pin-puller servo 
 IMU-K (heritage) 
 Power supply board from IMUFUSION, will also provide separate supply for 

the servo (heritage) 

4.4.1 AFE 
 

The Analog Front-End (AFE) is the signal conditioning unit that pre-processes 
the signal delivered by the antenna. It serves several requirements for the 
measurement of ELF waves. The AFE consists of 3 pre-processing stages, the 
digitalisation stage and a voltage supply circuit.  

 

 
Figure 51: AFE with OpAmp adapters (no RF-shielding) (Eagle) 

 

 
Figure 52: AFE with RF-shielding (Eagle) 

The 3 preprocessing stages are 2 amplifiers and 1 filter. The signal is captured 
by the antenna has basically very low amplitudes. Thus, the AFE has two 
amplification stages: an input amplifier and an output amplifier. Because only 
low frequencies in the range between 3 and 16 Hz are of interest, the third stage 
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located in the middle of the signal chain acts as a filter and shall filter out 
unwanted frequencies above. The 3 stages have the following characteristics: 

 First Stage (input amplifier, Figure 53): 
o Non-inverting amplifier 
o OpAmp: ADA4528-1ARMZ (https://www.analog.com/media/en/technical-

documentation/data-sheets/ADA4528-1_4528-2.pdf) 
o Possible gain settings: 19.667, 29 or 57 

 Second Stage (low pass filter, Figure 54): 
o 4th order low pass 
o Cut-off frequency: 14 Hz (to filter out 16.667 Hz railway) 
o Attenuation: 0 dB 
o Chebyshev characteristic 
o 2 stage Sallen-Key architecture 

 Third Stage (output amplifier, Figure 55): 
o Non-inverting amplifier 
o OpAmp: ADA4528-1ARMZ (https://www.analog.com/media/en/technical-

documentation/data-sheets/ADA4528-1_4528-2.pdf) 
o Possible gain settings: 43.68, 45.58, 54.12, 57.1, 179.45, 218.21, 1001 

The whole AFE board provides possible gain settings of 859.05 up to 7,303,296 
including the gain of the ADC’s PGA which is also adjustable.  

4.4.1.1 AFE board 

 
Figure 53: Input amplifier schematic (Eagle) 
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Figure 54: Filtering stage schematic (Eagle) 

 

 
Figure 55: Output amplifier schematic (Eagle) 
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4.4.1.2 OpAmp daughterboard 

The operational amplifiers are all placed on separate adapter boards which are 
connected to the AFE via pin headers. Thus, the boards can be easily replaced. 
These boards are called daughterboards and are totally identical throughout all 
stages of the AFE. Figure 56 shows the schematic of such a daughterboard, 
Figure 57 and Figure 58 show top and bottom of the PCB of a daughterboard. 

 
Figure 56: OpAmp daughterboard schematic (Eagle) 

 
Figure 57: PCB daughterboard bottom (Eagle) 

 
Figure 58: PCB daughterboard top (Eagle) 
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4.4.1.3 Dedicated voltage supply 

 

The AFE has a dedicated voltage supply for the amplifiers and the filter. It 
creates an artificial ground and provides a simple dual-ended supply for the 
OpAmps. In detail, it creates a ±2.5V supply out of the 5V supply that is 
delivered by the power board. Figure 59 shows the schematic of the dedicated 
voltage supply. 

 
Figure 59: Voltage supply schematic (Eagle) 

 

4.4.1.4 Digitalisation – ADC 

The AFE also includes an analog-digital converter that samples and converts 
the signal into data which can be processed by the on-board computer. In detail, 
the ADS1220IPW of Texas Instruments was used. It is a Delta-Sigma-ADC with 
a resolution of 24-bit and an integrated SPI interface. It also contains a PGA for 
further adjustable gains, calibration functionalities, and several options for 
voltage references. Figure 60 shows the schematic with all connections 
between the ADC and the remaining parts of the AFE. 
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Figure 60: ADC (Eagle) 

 

The AFE provides several interfaces for connecting the external components of 
the experiment, in particular the antenna, the on-board computer and shielding 
elements. 

 
Figure 61: Interfaces schematic (Eagle) 
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The AFE board is a 4-layer design. The first layer is the signal layer, the second 
layer is the ground plane, the third layer is the positive supply plane and the 
bottom layer is the negative supply plane. At this way a good amount of 
capacitance exits between the supply layers. 

 

 
Figure 62: PCB top layer without polygon poured (Eagle) 

 
Figure 63: PCB top layer with poured polygon (Eagle) 
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Figure 64: PCB 2nd layer / ground layer (Eagle) 

 
Figure 65: PCB 3rd layer / positive supply layer (Eagle) 

 
Figure 66: PCB bottom layer / positive supply layer (Eagle) 
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4.4.2 Gear Motor 
The tests initially used two "Hitec Multiplex" servomotors, which are identical in 
construction but differ in the gear material. One is equipped with a metal gear 
and one with a carbonite gear. Both are analog servos and therefore have a 
quiescent current of 0.06A. The load current of the servos is 0.42A, measured 
at 6.7V.   

Unfortunately, the test results were not satisfactory. The construction of servo 
motor, splind and shock absorber was too fast and undamped, so some scissor 
arms broke during the tests. 

After some considerations we changed to the GM44 gear motor, which should 
guarantee a smooth, continuous and safe lowering of the antenna. The GM44 
has an operating voltage of 6V, a rated current of 0.2A and a torque of 60g*cm. 
Due to the built-in gearbox and the gear ratio of 1:225, the motor has a rated 
torque of 2kg*cm. The tests ran very reliably, so that the geared motor could be 
installed. 

4.4.3 Servo-Board / Motor-Shield 

For the 2020 concept, we have developed a servo board we can also use it for 
the gear motor. The servo board was designed in a way that the external 
components are decoupled from the components in the Braincase. In order to 
supply the servo with power for only a short time, an optocoupler was used to 
switch the voltage output on and off. The PWM signal to drive the servo is also 
controlled by an optocoupler. The board also has its own voltage conditioning 
so that we have a redundant circuit for the load component. This ensures that, 
if there is a fault in the servo/motor, there will be no short circuits or faults in the 
measurements and MCU. If the servo causes a short circuit, the fuse on the 
servo board is tripped and the measurement continues. 
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Figure 67: schematic servo-board (Eagle) 
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4.4.4 Antenna 
2 kg of enamelled copper wire with a diameter of 0.2 mm is wound onto the 
antenna. This corresponds to a length of 6660m. The average diameter of the 
coil is 790 mm, so the circumference is 2.48 m, resulting in a number of 
windings of 2685. 

The wire is soldered to a Phoenix connector, which was glued to the antenna 
with two-component adhesive. From the connector, a Coroflex test wire goes 
to the braincase, where it is connected with a Circular MIL Spec Connector. 

4.5 Thermal Design 
The enclosures of the boxes are designed to insulate heat and thermal 
radiation. Due to the heating power of the Raspberry Pi, additional insulating 
materials were not used to avoid overheating. Since the Rasperry Pi has a CPU 
temperature of about 45°C when idle, the boxes could be heated sufficiently. 

4.6 Power System 
We use four different components for the power supply of the experiment. Since 
we are generating a simulated ground for the AFE, the voltages have to be 
decoupled. In addition, the servo board has its own power supply so that the 
measurements are not disturbed by interference from the motor. 

For the voltage input we use the power board from the IMUFUSION project. We 
had to edit this to supply the Raspberry with enough current and not overload 
the linear voltage converters. The final circuit for Campaign Week uses all the 
voltages from the IMUFUSION board. For the Raspberry we take 12V directly 
from the TRACO voltage converters and bring them to +5.1V with an LM2596. 
For the AFE, we use the 5V output for an isolated DC/DC converter, with an 
output voltage of +- 10V. This voltage is calibrated to +5V with an MP2307 and 
supplies the AFE. We tested the power supply extensively and checked the 
system with a thermal imaging camera to find the hottest spot and ensure that 
the system did not overheat. 

 

Part Power consumption  

Normal Maximum 

MCU 400 mA 800 mA 

AFE 50 mA 60 mA 

Motor 100 mA 250 mA 

 

4.7 Software Design 
The software system is divided in the on-board computer (OBC) software and 
the ground station software. The OBC software performs all measurements 
during the experiment and maintains the data transfer between the experiment 
and the ground station in parallel.  
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4.7.1 MCU Software 
This software component is implemented in Python, running on top of a 
dedicated variant of the Linux operating system for the Raspberry Pi hardware. 
It uses a total of 6 threads and 2 timers to perform measurement, storing and 
ground station communication in parallel for both ELF and HK data. 

 

TASKS: 

 

1. TCP communication (Thread 1) 
a. Start all other threads 
b. Listen continuously on socket for ground station commands 

2. Measurement (Thread 2 and 3) 
a. Retrieve HK data from gyroscope, magnetometer, 

accelerometer, barometer, temperature sensors 
b. Retrieve ELF data from ADC with high sampling rate 
c. Provide selected ELF data to AGC 
d. Store data to internal buffers with synchronized access 

3. Data Management (Thread 4 and 5) 
a. Read data from internal buffers with synchronized access 
b. Convert data into binary format 
c. Store binary data to file 
d. Send via UDP to ground station  

4. Automatic Gain Control (Thread 6) 
a. Process selected ELF data in algorithm 
b. Determine appropriate gain based on current dataset 
c. Set PGA gain of the ADC 
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Figure 68: Process flow of OBC software 

 

Tasks 1a and 1b both run in two separate threads, especially the ELF data 
measurement requires accurate measurement timing with the selected sample 
rate of 2000 SPS. Task 2 Data management, which includes both, storing to 
file and sending to ground station, also runs in two threads to keep ELF and HK 
measurements independent, especially in case one of the Store-and-Send 
processes fails. 

Task 3 performs an Automatic Gain Control which continuously captures a 
subset of the measured ELF data and decides about the appropriate gain for 
the integrated PGA of the ADC based on predefined thresholds. 

Task 4 continuously maintains a TCP socket for communication with 
bidirectional communication with the ground station. It provides several 
commands that can be sent from GS to the OBC: 

 Transmit and store IP address 
 Start release motor 
 Stop release motor 
 Request motor status 
 Perform calibration 

 

4.7.2 Ground station software 
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The ground station software is implemented in Python, running on the ground 
station computer. It provides a basic interface to show an overview over the 
experiment, real-time measurement data and graphs for both ELF und HK data, 
and a communication interface to monitor the TCP and UDP connections and 
issue commands to the OBC. The received data is stored to a local database 
to provide additional redundancy for the measured data. 

 

TASKS: 

 

1. UDP server 
a. Listen continuously for measurement packets 
b. Hand over valid packets to data processing 

2. TCP client 
a. Establish TCP connection to OBC on demand 
b. Transmit commands to OBC and receive execution feedback 

3. Data processing 
a. Decode received payload of measurement packets 
b. Store data in local database 

4. User interface 
a. Read dataset of user-selectable size from database 
b. Plot real-time data graphs for ELF and HK 
c. Calculate real-time FFT over data of the last 30 seconds 

 

 

4.7.3 Bandwidth, Storage and data format 

The data format for both storage and transmission is a simple binary format. It 
consists of a type indicator, the actual measurement payload and time 
information. The contained data is encoded in little-endian format. 

 

 
Figure 69: ELF binary data format 

 

Each data packet has a total size of 128,136 bits, resulting in a bandwidth 
requirement of approx. 128.1 kbits/s for ELF data. A packet is sent once per 
second. The collected data is stored to a file every 60 seconds. The ELF binary 
file contains multiple separate datasets, each containing data of one second 
(=2000 samples). Each dataset is also preceded by timing information. The 
timing information is used later to ensure the right order and interpretation of 
the measured data.  

This results in a file size of approx. 961 kBytes per ELF binary file. 
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Figure 70: Housekeeping binary data format 

 

Each data package has a total size of 584 bits, resulting in a bandwidth 
requirement of approximately 584 bits/s for the housekeeping data. A packet 
is sent once per second and contains the captured data of the last 60 
seconds. Each HK binary file contains the captured measurement data of a 
one-minute period, preceded by a time. 
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This results in a file size of approx. 4,380 Bytes per HK binary file. 

 

Downlink for ELF and Housekeeping measurement data: 

 approx. 128.7 kbit/s 

 

Uplink for bidirectional communication: 

 max. 0.1 kbit/s 

 

On the OBC, the data is stored in simple binary files on an SD card. For 
redundancy, the data is also stored to an external storage attached via USB.  

 

4.8 Ground Support Equipment 
 

The experiment was designed to run automatically and independently during 
the flight, except for the manual trigger to start the antenna release. The ground 
station therefore shall just monitor the experiment and provide additional 
redundancy for measurement data. It consists of a general purpose computer 
and the dedicated ground station software. Besides the ground station 
software, an active SSH connection to the OBC is maintained to allow real-time 
adjustments in case of error, crashes, etc. 
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5 EXPERIMENT VERIFICATION AND TESTING 

5.1 Verification Matrix 

ID  Requirement text  Method   Test ID  Test Name  Status  Verification 
Result  

F.1  The loop antenna shall be lowered 
below the gondola.  T  T.1 

Deployment 
Test  Done  Pass 

F.2  The experiment shall measure the 
ELF-spectrum. T  T.2 

ELF 
Measurement 
Test  Done Pass 

F.3  The system shall measure 
Housekeeping Data.  T  T.3 Sensor Test 

Done Pass 
F.3.1 Internal temperature shall be 

measured as housekeeping data. T T.3 Sensor Test 
Done  Pass 

F.4  The system shall measure data 
needed to interpret ELF-
spectrum.   

T  T.3 Sensor Test 
Done  Pass 

F.4.1  Gyroscope shall be measured as 
orientation data.  T  T.3 Sensor Test 

Done Pass 
F.4.2 Accelerometer shall be measured 

as orientation data. T T.3 Sensor Test 
Done Pass 

F.4.3 Magnetometer shall be measured 
as orientation data. T T.3 Sensor Test 

Done Pass 
F.4.4 The experiment shall measure the 

altitude of the gondola. T T.3 Sensor Test 
Done Pass 

F.5 The experiment shall record 
measurements. T T.8 

Persistence 
Test Done Pass 

F.5.1 The experiment shall record 
measurements on an external USB T T.8 

Persistence 
Test Done Pass 

F.5.2 The experiment shall transmit the 
recorded measurements to the 
ground station. 

T T.4 
Communication 
Test 

Done Pass 
P.1  The ELF-spectrum shall be 

measured in a range from 0 to 
100Hz.  

A, T  T.2 
ELF 
Measurement 
Test  Done  Pass 

P.1.1  The ELF-spectrum shall be 
measured with a resolution of 24 
bits.  

R  T.2 
ELF 
Measurement 
Test Done Pass 

P.2  The recorded measurements shall 
be transmitted every second to the 
ground station.  

A, T  T.4 
Communication 
Test  

Done  Pass 
P.3  The internal temperature shall be 

measured in the range of -100°C to 
+100°C.  

R  T.5 
Climate 
Chamber Test 

Done Pass 
P.4 The temperatures shall be 

measured with a +/- 1 °C 
accuracy.   

R  T.5 
Climate 
Chamber Test 

Done  
Conditional 
pass 

P.5 The housekeeping and position 
sensors shall be measured at a 
sample rate of 1 Hz.   

R, T  T.3 Sensor Test  
Done  Pass 

P.6 The System shall work at least 
down to -60°C ambient 
temperature.  

R, T  T.5 
Climate 
Chamber Test  

Done  Pass 
P.7 The ELF spectrum shall be 

measured with a sample rate of 
1000Hz 

R, T T.2 
ELF 
Measurement 
Test Done Pass 
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D.1  The antenna shall not damage the 
gondola.  R, A  T.1 

Deployment 
Test Done Pass 

D.2  The experiment shall not cause 
electromagnetic interferences in 
other experiments.  

T  T.6 
Interference 
Test 

Done Pass 
D.3  The PCBs shall be mounted to 

withstand the landing impact.  T  T.7 Drop Test  
Done  Pass 

D.4  The PCBs shall be coated to 
improve insulation and endurance 
against humidity.  

R  T.5  
Climate 
Chamber Test 

Done Pass 
D.5  The experiment shall not overwrite 

any stored data when a computing 
board is reset.  

T  T.8 
Persistence 
Test  

Done  Pass 
D.6  The experiment shall not exceed a 

mass of 15 kg.  R T.9 Weighing  
Done Pass 

D.7  The experiment shall not exceed 
the dimensions of 0.2 x 0.25 x 0.5 
m in the gondola.  

R  T.10 
Measuring of 
outer 
Dimensions  Done Pass 

D.8  The memory shall have enough 
capacity for 10 hours logging.  T  T.11 Test run  

Done  Pass   
D.9 The main control unit shall be easily 

accessible when the enclosure is 
opened.  

R  T.13 Assembly Test 
Done Pass 

D.10  All connectors to the outside shall 
be mounted on one side for easy 
connecting and disconnecting.  

R  T.13 Assembly Test 
Done Pass 

D.11  The experiment shall manage a 
maximum input voltage of 32V and 
a minimum voltage of 15V.  

R  T.11 Test run 
Done Pass 

D.12  The system shall include a self-
diagnosis capability.  T  T.11 Test run  

Done Pass 
D.13  The system shall fit to the pressure 

profile of the BEXUS flight 
conditions.   

T  T.5 
Climate 
Chamber Test  

Done Pass 
D.14  The system shall fit to the vibration 

profile of the BEXUS flight 
conditions.   

T  T.12 Vibration Test  
Done 

Conditional 
pass 

D.15  The experiment should record the 
temperature inside. R, T  T.3 Sensor Test  

Done Pass 
D.16 The antenna assembly shall not 

exceed the dimensions of the 
gondola while retracted. 

T T.1 
Deployment 
Test 

Done Pass 
D.17 The antenna shall not be 

rotationally coupled to the gondola. 
T T.1 

Deployment 
Test Done Pass 

D.18 A safety wire shall keep the 
antenna assembly retracted before 
launch. 

T T.1 
Deployment 
Test 

Done Pass 
D.19 The recorded measurements shall 

be transmitted every second to the 
ground-station. 

T T.4 
Communication 
Test 

Done Pass 
D.20 The mechanic shall work at least 

down to -60°C ambient 
temperature. 

T T.5 
Climate 
Chamber Test 

Done Pass 
O.1  The loop antenna shall be lowered 

after launch.  T  T.1 
Deployment 
Test  Done Pass 

O.2  The experiment shall react to 
commands.  T  T.4 

Communication 
Test  Done Pass 

O.3  The experiment shall measure fully 
automatic from the moment of 
launch.   

T  T.11 Test run  
Done Pass 

O.4  The system shall store all 
measured and computed data.   T  T.11 Test run  

Done Pass 
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O.5 Before launch, a safety wire shall 
be sliced. 

T T.14 Late access 
Done Pass  

 

Table 14: Verification table 
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5.2 Verification Plan 
 

Table 15: Deployment test 

Test number  T.1  
Test type  Deployment test  
Test facility  Esrange, Zarm Bremen   
Tested item  Prime + antenna + gondola 
Model  Engineering  
Procedure, Test level 
and duration  

10 times lowering of the antenna under various 
conditions. 

Test campaign 
duration  

4h   

Test campaign date  September/October 2021  
Test completed  Yes  
Requirements verified  F.1, D.1 D.17, D.18, D.19, O.1 
 

 

Table 16: ELF measurement Test 

Test number  T.2  
Test type  ELF Measurement Test  
Test facility  University of applied sciences Nordhausen  
Tested item  Brain box + Antenna  
Model  Engineering  
Procedure, Test level 
and duration  

At first the electronics and the antenna shall be tested 
with an artificial ELF-source in the laboratory and on a 
low gain setting in the AFE.  

Afterwards another test shall be run at a remote location 
with higher gain settings. This remote location shall not 
be in close vicinity to any power grid lines.  

Each test run shall last at least 1h and be done with 
different gain settings.  

The sampled signal shall afterwards be analysed for 
noise levels and ELF-signal strength. If a signal is 
clearly visible, the test shall be passed.  

Test campaign 
duration  

2d  

Test campaign date  June 2021 
Test completed  Yes 
Requirements verified  F.2, P.1, P.2, P.7 
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Table 17: MCU Sensor Test plan 

Test number  T.3  
Test type  Sensor Test  
Test facility  University of applied sciences Nordhausen  
Tested item  Internal and external sensors (internal temperature, 

external temperature, gyroscope, accelerometer, 
magnetometer, barometer, power consumption)  

Model  Engineering  
Procedure, Test level 
and duration  

This test aims to check if data of internal and external 
sensors are measured and processed correctly over 
longer time period. Therefore, the system shall run 6h.  

Test campaign 
duration  

6h  

Test campaign date  June 21  
Test completed  Yes 
Requirements verified  F.3, F.3.1 F.4, F.4.1, F.4.2, F.4.3, F.4.4, P.5, D.15 
 

 

Table 18: Communication test 

Test number  T.4  
Test type  Communications test  
Test facility  University of applied sciences Nordhausen  
Tested item  Raspberry Pi 
Model  Engineering  
Procedure, Test level 
and duration  

This test aims to check whether the communication 
between Raspberry Pi and ground station works 
correctly and to measure the exact data amount. 
Therefore, the system shall run 1h.  

Test campaign 
duration  

1h  

Test campaign date  August 21 
Test completed  Yes 
Requirements verified  F.5.2, P.2, D.19, O.2 
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Table 19: Climate Chamber Test 

Test number  T.5  
Test type  Climate Chamber Test  
Test facility  Zarm Bremen  
Tested item  Complete experiment  
Model  Engineering  
Procedure, Test level 
and duration  

The whole system shall be put into a climate chamber 
and tested to operate at a temperature of -60°C. In this 
climate chamber the conditions of humidity and 
pressure shall also be varied (down to 15kPa).  

The experiment shall last at least 10h under these 
conditions.  

Additionally, the inside temperature shall be logged 
during this test.  

Test campaign 
duration  

12h  

Test campaign date  Aug 21 
Test completed  Yes 
Requirements verified  P.3, P.4, P.6, D.4, D.13, D.20  
 
 

Table 20: Interference Test 

Test number  T.6  
Test type  Interference Test  
Test facility  Esrange  
Tested item  Brain box + Antenna  
Model  Engineering  
Procedure, Test level 
and duration  

To test all running experiments mounted on the gondola 
and checking interferences or disturbances. 

Test campaign 
duration  

 1d 

Test campaign date  October 21 
Test completed  Yes 
Requirements verified  D.2  
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Table 21: Drop Test 

Test number  T.7  
Test type  Drop Test  
Test facility  University of applied sciences Nordhausen  
Tested item  Brain box  
Model  Engineering  
Procedure, Test level 
and duration  

The box shall be exposed to a shock event of 10g. 

The test shall be passed if the PCBs stayed in their 
respective mounting positions and are still functional. 

Afterwards additional drops with higher accelerations 
should be performed to find the breaking point of the 
assembly. 

Test campaign 
duration  

 1h 

Test campaign date   June 21 
Test completed  Yes 
Requirements verified  D.3  
 

 

Table 22: Persistence Test 

Test number  T.8  
Test type  Persistence Test  
Test facility  University of applied sciences Nordhausen  
Tested item  Raspberry Pi 
Model  Engineering  
Procedure, Test level 
and duration  

Data shall be written to the SD card and multiple resets 
of the system shall be performed. During these resets 
no data shall be lost.  

Test campaign 
duration  

5h  

Test campaign date  July 21 
Test completed  Yes  
Requirements verified  F.5, F.5.1, D.5 
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Table 23: Weighing 

Test number  T.9  
Test type  Weighing  
Test facility  Zarm Bremen  
Tested item  Complete experiment  
Model  Engineering  
Procedure, Test level 
and duration  

The complete system shall be weighed on a scale to 
verify the weight calculated in the CAD project.  

Test campaign 
duration  

1h  

Test campaign date  August 21 
Test completed  Yes 
Requirements verified  D.6  
 

 

Table 24: Measuring of outside Dimensions 

Test number  T.10  
Test type  Measuring of outer Dimensions  
Test facility  University of applied sciences Nordhausen  
Tested item  Complete experiment  
Model  Engineering  
Procedure, Test level 
and duration  

Every outer dimension of the experiment shall be 
measured to verify the dimensions chosen in the CAD 
design.  

Test campaign 
duration  

2h  

Test campaign date  August 20  
Test completed  Yes 
Requirements verified  D.7  
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Table 25: Long-time run 

Test number  T.11  
Test type  Test run  
Test facility  University of applied sciences Nordhausen  
Tested item  Complete experiment  
Model  Engineering  
Procedure, Test level 
and duration  

The system shall perform measurements autonomously 
for 24h. This also includes the deployment of the 
antenna and different input voltages. Throughout this 
test run, diagnostics data shall be pulled from the 
system.  

Afterwards the stored data shall be checked for possible 
inconsistencies like missing or corrupted datasets.  

Test campaign 
duration  

30h  

Test campaign date  July 21 
Test completed  Yes  
Requirements verified  D.8, D.11, D.12, O.3, O.4  

 

 

 

Table 26: Vibration Test 

Test number  T.12  
Test type  Vibration Test  
Test facility  University of Applied Sciences Nordhausen 
Tested item  Complete experiment  
Model  Engineering  
Procedure, Test level 
and duration  

The experiment shall be tested to withstand the 
vibration profile of the BEXUS flight.   

Test campaign 
duration  

 6h 

Test campaign date  August 21 
Test completed  Yes 
Requirements verified  D.14 
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Table 27: Assembly Test 

Test number  T.13 
Test type  Assembly Test  
Test facility  University of Applied Sciences Nordhausen 
Tested item  Complete experiment  
Model  Engineering  
Procedure, Test level 
and duration  

Testing the connecting and disconnecting from the 
single parts and the main control unit.   

Test campaign 
duration  

 3h 

Test campaign date  August 21 
Test completed  Yes 
Requirements verified  D.9, D10 

 

 

Table 28: Late access 

Test number  T.14 
Test type  Late access  
Test facility  Esrange 
Tested item  Complete experiment  
Model  Engineering  
Procedure, Test level 
and duration  

Slicing the safety wire as last action before launch.   

Test campaign 
duration  

 0.5h 

Test campaign date  October 21 
Test completed  Yes 
Requirements verified  0.5 
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Verification Results 

Verification number  

Type of test  

Facility  

Verified item  

Verification description  

Expected results  

Obtained Results  

Conclusions  

Table 29: Example of a test result overview 
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6 LAUNCH CAMPAIGN PREPARATION 

6.1 Input for the Campaign / Flight Requirement Plans 

6.1.1 Dimensions and Mass 

 

Table 30: Experiment mass and volume 

Experiment mass: 13.9 kg 
Experiment dimensions: Central Box (inside the gondola): 

Dimensions: 380 x 240 x 104 mm 
Weight: 1.1 kg 
 

 PBC bracket 
Dimensions: 72.8 x 56 x 8 mm 
Weight: 0,01 kg 

 
Prime (assembled Prime): 

Dimensions: 850 x 1100 x 150 mm 
Weight: 12.8 kg 

 
 Front plate: 

Dimensions: 1100 x 250 x 4 mm  
Weight: 1.13 kg 
 

 Backplate + antenna: 
Dimensions: 1100 x 850 x 4 mm  
Weight: 3.9 kg 
 

 Gear Motor mounting bracket: 
Dimensions: 65x85x35 mm 
Weight: 0,03 kg 
 

 Antenna framework: 
Dimensions: 85x85x25 mm 
Weight: 0.7 kg 

 

Experiment expected 
COG (centre of gravity) 
position: 

see in Figure 20:  

X= - 74,174 mm 

Y= - 594,238 mm 

Z=   124,701 mm 
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6.1.2 Safety Risks 

 

Table 31: Experiment safety risks 

Risk Key Characteristics Mitigation  

Moving Parts Moving scissor lift 
including loop antenna 
outside of the gondola 

One safety wire will remove 
in late acess 

Components mounted 
outside the gondola 

Antenna assembly 
(scissor lift + antenna + 
prime) mounted on one 
outer side of the gondola  

One safety wire attached on 
every Component and the 
gondola 

Clamping body parts in 
the mechanism 

Scissor lift, wire, 
defection pulley, winch 

Placed on the outside of the 
gondola and personnel will 
be informed in advance 

 

6.1.3 Electrical Interfaces 

 

Table 32: Electrical interfaces applicable to BEXUS 

BEXUS Electrical Interfaces 

 

E-Link Interface: E-Link required? Yes  

 Number of E-Link interfaces: 1 

 Number of required IP addresses: 2 

 Data rate – downlink (max. and average): 600 Kbit/s (max) 

 Data rate – uplink (max. and average): 100 Kbit/s (max) 

 Interface type (RS-232, Ethernet): Ethernet 

 

Power system: Gondola power required? Yes 

 Peak power and current consumption: 800A max -> worst case 

 Average power and current consumption: 28 W and 400 A 

 Total power and current consumption after lift-
off (8h) 

40Wh and 1.44 Ah 

 

Power system: Experiment includes batteries? No 
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6.1.4 Launch Site Requirements 

List of things that are required at launch:  

- 5.5mm jaw spanner 
- 17mm jaw spanner (x2) 
- 13mm jaw spanner 
- 10mm jaw spanner (x2) 
- 8mm jaw spanner 
- 7mm jaw spanner 
- 2,5mm allen key (x2) 
- 5mm allen key 
- 3mm allen key 
- T20 star screwdriver 
- hydraulic lift (at least 4.8m height) 
- 40x40x2000mm aluminium profile 
- Long-nose pliers 
- 300x140 screw clamp  
- Long star/slot screwdriver (15cm+handle) 
- soldering station 
- solder bolt 
- solder 
- desoldering pump 
- helping hand (soldering tool) 
- shrinking tube 
- PH1 screwdriver 
- PH2 screwdriver 
- Gaffer tape (a lot) 
- Switch (at least 3 plugs) 
- LAN cable (x3) 
- Extension cable 
- Binoculars 
- List of things that are required at launch  
- Power supply for 20 V to 30 V  
- Connection to grid and power distribution  
- 1 PC including cable 
- Digital Oscilloscope 
- Internet connectivity (LAN, WLAN)  
- Screwdriver (set) 
- Pliers (set) 
- 4 rubber bumpers + support material (washer/nut) 

 

6.1.5 Flight Requirements 

Electromagnetic waves from other experiments which can cause interferences 
to the magnetic field sensor and loop antenna need to be avoided. 

To ensure that the experiment can be measured at as many altitudes as 
possible, the maximum height of the balloon should be at least 20 km. 

Because the main measurements are taking place during the ascent, there are 
no specific requirements for floating time needed. 
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The experiment is sensitive to all kinds of frequencies under 100HZ, therefore 
the antenna is placed as far as possible under the gondola (away from all 
experiments).  

6.1.6 Accommodation Requirements 

The Antenna assembly consisting of the prime, antenna, scissor arms and the 
winch, will be placed at one outer site of the gondola. 

The Prime is attached to the gondola. The antenna itself is attached to the 
scissor arms with two M6 screws, which are connected to the Prime. The winch 
is attached to the Prime and is connected to the antenna by a pulley. Finally, 
the antenna is secured with a safety wire. 

All components which are attached outside the gondola were tested for their 
load-bearing capacity. Attention has been paid to ensure that they are very 
durable and can withstand more than the expected loads. The evaluations of 
these tests can be found under point 4.4.2.  

All screw connections are securely fastened either with self-locking screws or 
with screw locking adhesive. 

The Braincase will be placed onto two rails at the bottom of the gondola near 
the Antenna assembly with 4 rubber bumpers.  
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6.2 Preparation and Test Activities at Esrange 
 

Table 33: List of planned activities 

Time/Day 
Main 
Task 

Description Responsible 
Duration 
[h:m] 

Comments 

1  checklist Checking all activities 
for the day 

DB During 
the day 

 

1 unpacking Unpacking and 
inspection of the 
delivered equipment 

A 2h  

1 outreach Updating about the 
campaign  

LG, JJ During 
the day 

 

1  testing  Checking electronics, 
first start-up, in 
combination with 
software 

JS, JJ 2h  

1 assemble Testing the assembly 
of mechanical parts 
onto the gondola 

LG, JS, DB 3h  

1 calibration Calibration of 
sensors 

JS, JJ 1h  

2 checking Checking the E-Link 
connection 

JS, JJ 30min  

2 checking Checking correct 
data storage on SD 
card 

JS, JJ 30min  

2 setup Ground station set up 
and testing 

JS, JJ 1h  

3(?) assemble, 

testing 

Assemble all 
components and run 
tests: 

- Ground 
station + MCU 

- MCU + 
channel 

- Channel + 
antenna 

- Antenna + 
Prime 

- Prime + 
gondola 

A 1 day  
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6.3 Timeline for Countdown and Flight 
 

Table 34: Example of timeline of the experiment events 

Time [s] Signal Function 

Connection test Connection test 
between ground station 
and MCU 

Check the ssh 
connection and run test 
programs 

Late access phase Remove safety pin 
manually 

The pin ensures that the 
antenna will not deploy 
to early 

Gondola is at least 50-
100m above ground 

Signal from ground 
station / automatically 

Antenna deploys and 
will be buffered through 
cable winch und 
deflection pulley  

 

6.4 Post-Flight Activities 
 

1. Take photos of the prime, especially were the construction (pertinax) 
broke. As much as possible, before the gondola is moved in any way. 
 

2. Pull out all plugs/connectors, put sealing caps on all connectors/plugs, 
cut the cables if necessary.  
 

3. Recover brain case (see instruction below) 
 

4. If braincase is damaged, try to recover SD card from braincase. (see 
photos) 
 

5. Construction can be damaged/cut to recover other experiments but only 
if necessary. 
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7 DATA ANALYSIS AND RESULTS 

7.1 Data Analysis Plan 
 

The goal of the experiment was to record and store many different data during 
the flight. Primarily, the system should measure and store the ELF data in order 
to set up an analysis of the frequency spectrum. In parallel, housekeeping data 
was measured to correlate the ELF data with external conditions or gondola 
movements. The housekeeping data includes measurements from the 
gyroscope, accelerometer, magnetometer, altitude, pressure, humidity, 
temperature and CPU temperature. More detailed description of the ELF data 
and housekeeping data can be found in chapter 4.8. The ELF data was 
recorded and stored with a sampling frequency of 2000SPS and the 
housekeeping data with 1SPS.  

The data were analyzed using the R scripting language and the R-Studio 
development environment. In this process, the data were interpreted and 
analyzed as a temporally continuous signal. First, all measured variables were 
evaluated separately. Thereby different graphs were generated, which should 
show the temporal course of a signal over the flight. For this purpose, plots were 
created over a different time period to obtain a detailed view. For example, plots 
were generated every minute or every 10 minutes for each signal to find any 
dependencies between ELF and ambient conditions. Furthermore, the signals 
were analyzed with the FFT (Fast Fourier Transform) to visualize the measured 
frequencies. The results of the FFT were also plotted and saved. The ambient 
conditions such as humidity, temperature, air pressure and altitude were still 
plotted together to better visualize the dependencies. 

7.2 Launch Campaign 
 

The first task was to unpack and check the individual components. The entire 
mechanics were set up once in order to detect possible errors and defective 
parts. Furthermore, first connection tests between ground station and MCU 
were performed. After no problems were encountered there, the official tests 
could begin. The tests mainly served to check the functionality and reliability of 
the individual components. At the beginning, the lowering of the antenna by the 
winch was checked. For this purpose, the experiment with gondola was raised 
to a height of 5m and then tested. The focus was on the correct functioning of 
the scissor arms and winch. In addition, the time required to fully extend the 
scissor joints was measured. The time was later entered as a parameter in the 
MCU. This test was successful.  Afterwards, further tests were carried out by 
the ESA team to ensure that all experiments were working correctly. These 
included, for example, a communication test to check the connection of the 
experiments with the respective ground stations and several worst-case 
scenarios, such as a connection failure or a voltage drop, were simulated. 
These tests were also positive for most of the other teams. The last test of our 
team was an open field measurement. The goal of the test was to get 
comparison values for the flight. For this, we needed an environment for our 
antenna that was as free of interference as possible, since we could only 
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measure poorly inside the laboratory hall. For this purpose, we went with the 
antenna, our ground station as well as the braincase to the launch pad. 
Afterwards, we were able to record some measurements and make the final 
adjustments for the gain of the AFE based on the measured data. Thus, the 
experiment was ready for launch. 

 

7.3 Results 

7.3.1 Previews 

The experiment was partially successful, all measurable data of the flight were 
correctly recorded and stored, as it was already mentioned in chapter 7.1. 
Accordingly, the data could be evaluated without major problems. The first 
figures of the results show our housekeeping data, i.e. the time courses of the 
signals over the entire flight. This includes the measured values of the 
barometer, the three temperature sensors as well as the accelerometer, the 
gyroscope and the magnetometer. 

 
Figure 71: Altitude during flight (R Core) 

The graph in Figure 71 shows the altitude of the gondola over the entire flight. 
A maximum altitude of 27.3 km was reached as well as a minimum pressure of 
16 mbar. Due to the limited accuracy of our BMP280 pressure sensor, we could 
only approximate the exact altitude up to 26km. The graph in Figure 72 still 
shows the corresponding pressure during the flight. As shown in the two graphs 
we can see that the BMP280 pressure sensor determined the altitude using the 
current pressure.  
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Figure 72: Pressure BMP280 during flight (R Core) 

The graph in Figure 73 shows the measured temperatures of the flight. Three 
different temperatures were measured, firstly the CPU temperature of the MCU, 
secondly the internal temperature by the SHT35 and third the MPU9250. 

 
Figure 73: Temperature during flight (R Core) 

It can be seen very well that the internal temperature of the braincase was 
clearly influenced by the CPU core temperature of the MCU. The heating 
capacity of our MCU was large enough that we could build our Braincase 
without an additional insulation in our braincase. It can also be seen that the 
braincase was able to warm up from a certain height due to the additional solar 
radiation. Due to the lack of atmosphere, the temperature was able to escape 
more poorly, which additionally contributed to the warming. In the next graphic 
in Figure 74, the corresponding humidity in combination with the corresponding 
temperatures is shown again. The values of the measured humidity 
corresponded to the expectations. 
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Figure 74: Humidity during flight (R Core) 

Next, the graphs of the accelerometer, the gyroscope and the magnetometer 
are shown. 

 
Figure 75: Acceleration during flight (R Core) 

Figure 75 shows the measured values of the accelerometer. Here, the launch 
time and especially the cut-off can be dated very well. Due to the increased 
accelerations during the start and the fall, the sensor records increased values 
within these phases. The first deflection of the graph is the release of the 
gondola from the Hercules, the last large deflection is the cut-off and fall. It is 
evident that the flight itself was very harmonic, there were no large 
accelerations of the gondola in one axis during the flight. The vertical 
acceleration (z-axis) is about 1g most of the time, so the sensor measures the 
acceleration due to gravity quite accurately. During launch and immediately 
after the cut-off, the values fluctuate a little. You can see that the gondola was 
in free fall for a short time right after the cut, the sensor measures 0g there. 
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Figure 76: Angular velocity during flight (R Core) 

Figure 76 describes the corresponding rotation of the gondola around its axis. 
The gyroscope installed in the MPU9250 provides the corresponding data. 
Increased rotational movements of the gondola can be observed, especially 
during the ascent and after the cut. During the floating phase, the system was 
able to calm down, so that the rotations of the gondola became smaller. 
However, the gondola was never in a perfect state of rest, as will be shown later 
in the ELF data. 

 
Figure 77: Magnetic flux density during flight (R Core) 

In the last graph in Figure 77 of the housekeeping data the magnetic flux density 
during the flight is shown. Especially during the ascent as well as after the cut 
increased deflections of the sensor due to the change of the magnetic field can 
be observed. This is mainly caused due to the fast movements by the static 
magnetic field of the earth. During the floating phase some stronger changes of 
the magnetic field were measured. The reason for this could be the axial 
movements and rotations of the gondola by the magnetic field.  

In the following we will present the measured ELF data of our antenna. We will 
focus on the measured values in the phases of ascent, floating and falling, 
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because the measured frequencies in dependence of the altitude change were 
especially important for the experiment. Furthermore, we will present the results 
of an open-field test on the launch site of ESRANGE. For a better assessment 
of the measured ELF data, detailed extracts from the upper graphs of the 
housekeeping data will be included. 

 

7.3.2 Free-field test 

 

Before we analyze our measured values from the flight, we will first look at our 
free-field test. For this purpose, the entire measurement equipment including 
the ground station was moved to the launch field of ESRANGE in order to find 
an environment with as little noise as possible. The corresponding experimental 
setup can be seen in Figure 78 

 

 
Figure 78: Test setup of the free field test 

 

The free field test delivered the first positive results. The antenna was able to 
measure the desired frequencies without much interference. Figure 79 shows 
the corresponding voltage waveform of the measurement, while Figure 80 
shows the calculated FFT of the measured data. Here, a peak at 7 Hz can be 
seen. The experiment was performed several times because there were still 
problems with the AFE's gain at the beginning. However, after several trials, the 
best gain for the flight was found. 
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Figure 79: ELF-Data during open field test (R Core) 

 
Figure 80: FFT ELF-Data during open field test (R Core) 

Now we come to the more detailed analysis of the measured data during the 
flight. Here we split the analysis of the data into three parts: Ascent, floating 
phase and the fall after the cut.  

 

7.3.3 Launch and Ascent 

The ascent of the Bexus 30 balloon took about 1.5 hours. Unfortunately, the 
values recorded by our measuring antenna could not be used. It was possible 
to measure permanently, but the measured voltages of our antenna were too 
high - the signal was accordingly permanently in the saturation of our AFE. 
Figure 81 shows the corresponding signal. 
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Figure 81: ELF-Data during ascent (R Core) 

Due to the poor voltage signal, no reliable signal analysis could be performed 
either. The corresponding FFT shows peaks in the low frequency range, but not 
the desired Schumann frequencies. The following figure shows the calculated 
FFT of the signal shown in Figure 81.  

 
Figure 82: FFT of ELF-Data during ascent (R Core) 

The peaks of the FFT are here at about 3 Hz and 0.5 Hz. We assume that these 
frequencies were caused by the increased movement of the gondola. If you 
look at the corresponding measured values of the accelerometer as well as the 
gyroscope, you can see movements and rotations of the gondola. This can be 
seen well in the following Figure 83. The gyroscope records increased angular 
velocities of up to ±10 rad/s, especially along the z-axis. 
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Figure 83: Angular velocity during ascent (R Core) 

 
Figure 84: Acceleration during ascent (R Core) 

 

Figure 84 shows the corresponding accelerations during the ascent. The values 
of the z-axis represent the usual acceleration due to gravity. Another reason for 
the insufficient signal of the antenna can be seen when taking a closer look at 
the measured values of the magnetometer. As already shown in Figure 77, we 
register strong fluctuations of the measured magnetic field. The following figure 
shows the course of the measured magnetic field to the corresponding signal 
course of Figure 81. 
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Figure 85: Magnetic flux density during ascent (R Core) 

The measured values shown here exhibit fluctuations of up to 30 µT. The 
changes of the magnetic field during the ascent are accordingly too large to be 
measured by our antenna. Thus, the antenna was accordingly too sensitive to 
the measured data. This could have been prevented by a smaller gain of the 
AFE. However, the gain was determined by the free field experiment in such a 
way that the automatic gain of the PGA could have reacted to such fluctuations. 
Although we did not expect such strong fluctuations, we could not react much 
better there. 

 

7.3.4 Floating-phase 

Due to the strong movements and rotations of the gondola during the ascent, 
we expected better results in the floating phase. In fact, we were able to 
measure a better voltage signal already at the beginning of the floating phase. 

 
Figure 86: Transition between ascent and flouting-phase (R Core) 
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Figure 86 shows the corresponding transition between the ascent and the 
floating phase. This was the case at about 8:35. It can be seen very well that 
the measured signal of the antenna was still in the saturation of the AFE from 
time to time at the beginning, but then slowly decayed. The signal weakened 
increasingly, so that also the developed Automatic Gain Control of the PGA 
could intervene. 

 

 
Figure 87: ELF-Data during floating-phase (R Core) 

The voltage here is in the range of ±0.5V, so that a gain of 8 was applied to our 
AGC. Figure 87 shows a corresponding frequency response, but a strong 
harmonic can be seen. This is also shown by the calculated FFT to the given 
signal. 

 

 
Figure 88: FFT of ELF-Data during floating-phase (R Core) 

Unfortunately, we could not measure the desired Schumann frequencies here 
either. The signal was too dominated by the corresponding harmonics for a 
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peak in the range of the Schumann frequencies to be recognizable. In case 
during the ascent, frequencies at 3Hz and 5 Hz can again be detected. Further 
peaks are in the range of 1 Hz, 0.09 Hz as well as 0.01 Hz. We assume that 
the cause for this is also the movement of the gondola or the antenna. If we 
look at the measured values from the gyroscope, this can be confirmed.  

 
Figure 89: Angular velocity during floating-phase (R Core) 

 
Figure 90: Acceleration during floating-phase (R Core) 

The measured values of the gyroscope of the floating-phase are significantly 
lower than those of the ascent. Thus, fluctuations of ±0.5 rad/s could be 
measured here, while the values during ascent were many times larger. 
Nevertheless, the system was never at absolute rest, so the measurements 
were still distorted by the rotations and movements. The acceleration of the 
gondola can be seen in figure 20. A similar behavior can be observed when 
looking at the measured magnetic fields. The magnetometer continues to show 
fluctuations of the magnetic field, but again the fluctuations are much smaller 
than the values during the ascent. The fluctuations during the ascent are almost 
40 times larger than those during the floating phase. 
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Figure 91: Magnitude Magnetic flux density during floating-phase (R Core) 

 

7.3.5 Cut-Off and Fall 

Finally, we consider the measured values before and immediately after the cut-
off as well as during the fall of the gondola. It is to be expected that the 
measured values are very similar to those of the ascent, since there were 
already quite strong fluctuations in the magnetic field as well as strong 
accelerations and rotations of the gondola. The graph in Figure 92 illustrates 
the temporal course of the measured voltage of our antenna. 

 
Figure 92: Transition between floating-phase and falling (R Core) 

In this graph you can see that the system was still giving acceptable readings 
before the cut-off, and the voltage of the antenna was back in saturation 
immediately after the cut-off. The steps are due to our Automatic Gain Control 
from the AFE, which gradually lowered it’s gain. Due to the fact that many 
measured values are in saturation, the FFT is also not meaningful. 
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Figure 93: FFT of ELF-Data during cut-off (R Core) 

As can be seen in Figure 93, there is a very noisy signal with various peaks 
between 0.1 Hz and 1 Hz.  Once again, the desired Schumann frequencies 
cannot be detected. The measured signals of the gyroscope and the 
accelerometer show strong movements or rotations of the gondola. The 
magnetometer also shows large excursions of the magnetic flux density after 
the cut-off.  

The data from the accelerometer and the gyroscope show the effect of the cut-
off. Immediately after the cut-off, the gondola began to rotate and move 
strongly, so that there were strong fluctuations in the values measured by the 
gyroscope and accelerometer. Furthermore, the acceleration in z-direction has 
the value of 0g, this means zero gravity for a short time. The magnetometer 
shows an analog behavior. After the cut, the values start to fluctuate strongly 
again. Because of this, no good voltage signal of the antenna could be 
measured again. 

 

 
Figure 94: Angular Velocity during the cut-off (R Core) 



117 

BX30_ELFI_SED_V5_25-04-2022.docx 

 
117

 
Figure 95: Acceleration during the cut-off (R Core) 

 
Figure 96: Magnetic flux density during the cut-off (R Core) 

As expected, the measured signal from the antenna did not change much. 
Similar to the ascent, our measured voltage remained permanently in 
saturation, so no reasonable data analysis could be performed. However, the 
voltage remained at -VRef for most of the fall. We suspect that the antenna had 
already been damaged due to the fall, and thus could no longer record correct 
data.  
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Figure 97: ELF-Data during fall (R Core) 

The corresponding frequency analysis with calculated FFT can be seen in 
Figure 98. No peak can be detected anymore, which was to be expected.  

 
Figure 98: FFT of ELF-Data during fall (R Core) 

 

7.3.6 Conclusion 

The expected Schumann frequency could not be detected during the entire 
flight. Problems for this were, among others, the amplification of the AFE, which 
was much too strong during the ascent. Furthermore we, as a team, severely 
underestimated the effects of movement and rotation of the gondola on the 
antenna. We did not expect that even the slightest movement of the antenna 
would cause a sharp increase in voltage. Also, we should have added another 
low-pass filter for frequencies lower than 5 Hz, since these frequencies were 
dominant throughout the flight.  However, it was pleasing that we could clearly 
measure the Schumann frequency of 7 Hz during the free field test. Thus, it can 
be concluded that our experiment was partially successful. The Schumann 
frequencies are measurable with our arrangement of antenna and MCU, but 
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only under optimal conditions. Furthermore, it is very encouraging that the 
mechanics we developed consisting of prime, scissor joints including winch and 
antenna worked properly. The scissor arms could be extended after launch to 
maximally remove the antenna from the gondola. 
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7.4 Lessons Learned 

7.4.1 General 

The Bexus project enabled the team to gain important experience in many 
areas of project management. It offered an excellent learning opportunity in 
areas such as project planning, resource and time allocation and budget 
organization. Furthermore, working as a team with a corresponding distribution 
of tasks was characterized. Due to the many different work packages, good 
communication between the individual members was of great importance. The 
complete running through of such a project provided good insights for later 
experiments and projects. Likewise, in addition to organization and 
management, skills in many technical areas were expanded and trained. Thus, 
the team was able to gather further important skills in the areas of hardware, 
software, mechanics as well as test execution. The most important lessons 
learned are listed again below. 

7.4.2 Teamwork 

Working as a team is sometimes more difficult than expected. Due to a lack of 
communication or insufficient communication, sometimes very big problems 
arise that could simply have been avoided. The team leader must take over the 
management and coordination, otherwise it can become very confusing. 
Dividing up the work packages is very important, otherwise many team 
members will be working on the same problem at the same time. Problems 
within the team must be addressed early on so that a solution can be found as 
quickly as possible. This applies technical and social problems among each 
other.  

 

7.4.3 Documentation 

The documentation of such a project takes much more time than expected and 
is mostly underestimated. Since most of the documentation was written after 
the experiment was conducted, many changes had to be made throughout the 
document. So the documentation should be done during the project and not 
afterwards. When using Microsoft Word as a tool for writing the documentation, 
major problems arose regarding formatting, etc. For subsequent projects, it 
should be evaluated whether the use of other tools, such as LaTeX, is more 
suitable. 

 

7.4.4 Hardware 

There are a few things in the hardware design that should be changed in a 
following project. For example, the team first wanted to reuse the powerboard 
and IMU from the previous IMUFUSION project. But these components were 
only designed for the IMUFUSION project and were not flexible enough to be 
used for other experiments, so we tried to adapt the new project with the 
appropriate sensors to the old hardware at the beginning of the project. This 
was very difficult or even impossible, so other solutions had to be found. The 
IMU could be replaced very easily and well by the Raspberry Pi. Unfortunately, 
the power board could not be replaced so easily with a new one, but a new 
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power board will be used for a next project. This should have a higher 
performance and individual circuits to enable better and safer work. Before 
using the old hardware, make sure that the requirements and functions match 
with the new project. 

Another problem was, that people often tried to design and develop the 
corresponding hardware components themselves. Although this offers the great 
advantage that the component is perfect for the targeted area, the production 
and development is very expensive and time-consuming. One should rely more 
on "off-the-shelf“ components in the next experiment instead of trying to 
manufacture everything oneself. A good example for this would be the 
Raspberry Pi with its breakout board for connecting the MPU and the sensors. 
The breakout board provided a cost-effective and safe solution for the cabling 
in our experiment.  

The AFE (Analog Front End) should cover a few more functions in the next 
version. The internal gain of the AFE could only be adjusted accordingly by 
reconnecting jumper cables. The next version of the AFE should therefore have 
a better adjustment possibility. For example, PGAs could be used for this 
purpose. There would be the possibility to change the gain during the flight. 
Furthermore, an internal bandpass should be installed to filter out frequencies 
smaller than 5 Hz.  

On a positive note, the communication between the sensors, the AFE and the 
Raspberry Pi worked very well. This arrangement could therefore be used again 
in a follow-up experiment. 

 

7.4.5 Software 

Before the start of a next project, some things need to be better agreed upon in 
terms of software. In any case, it should be evaluated beforehand which 
programming language is best suited for a task area. Furthermore, it should be 
clarified how the different devices can communicate with each other without the 
need for various data conversions, etc. A uniform data format with appropriate 
labeling for the measured values would therefore be the best solution. Thus first 
communication and conversion errors could be avoided.  

A versioning for the source code is very important for effective work. Since at 
the end of the project three software developers worked on one source code, 
problems occurred again and again. In the follow-up project a version 
management for the source code should be used accordingly, for example GIT 
or similar. 

On the positive side, Python is a good combination with the Raspberry Pi to 
solve our problems. Due to a large number of usable libraries and the simple 
handling, we were able to carry out our calculations very quickly with Python. 
For a following project, we have to re-evaluate if a Pi can provide the necessary 
computing power. Due to the relatively high sampling rate of the ADC and the 
many different threads, the Raspberry Pi was well used. A higher load must be 
tested sufficiently in advance. The communication via UDP and TCP also ran 
very well, so it could be used again in the next project. However, this could be 
limited and only UDP could be used as the communication protocol, as not 
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many commands were transmitted via TCP. So the individual commands could 
also be sent via UDP. 

7.4.6 Mechanics 

The original combination of shock absorber and servo motor for lowering the 
scissor arms was not a satisfactory solution. Due to the high load, smooth 
descent could not be guaranteed. As a result, some scissor arms broke during 
testing. A resulting problem was that reordering parts took a very long time. As 
a result wear parts should either be ordered redundantly in advance, or 
reordered in time.  

The much better solution was to use a winch with an appropriate gear motor.  

Furthermore, too much time was spent on computer simulations of the CAD file. 
Although some statements could be made about the appropriate behaviour 
during lowering, the tests then showed a different result. Tests are therefore 
much more meaningful than simulations.  

Pertinax as a material proved to be very reliable and robust and could be used 
again for this purpose in a follow-up experiment. 

 

7.4.7 Tests 

Through the many tests, some weak points of our experiment could still be 
dated. Testing is thus a very important part and essential for a successful 
project. ZARM provided an excellent opportunity to test a large part of the 
components within the scope of Thermal Vacuum Week. The software tests 
also went very well overall, although they take much more time than anticipated. 

However, the coil vibration behavior should have been tested. During the flight, 
we were very surprised by the measured data during ascent. The behavior of 
the coil during an oscillation or rotation was completely underestimated. This 
could have been checked and tested in advance. 

7.4.8 Evaluation 

The scripting language R allows large amounts of data to be analyzed easily 
and with high performance. It was possible to quickly create graphs with which 
initial statements could be made about the measured data. Furthermore, data 
preparation for corresponding calculations can be carried out very easily in R. 
For example, simple trends or erroneous offsets could be corrected for the 
evaluation of the signal.  

The evaluation of the data also takes longer than expected. Due to the large 
amount of data, we created thousands of graphs in the scope of the evaluation 
to assess the results. Also, since not every graph had a usable signal or 
frequency spectrum, many had to be sorted out or reviewed. Furthermore, it 
was very difficult to find corresponding dependencies between the measured 
housekeeping data and the ELF data of our coil. Thus, it could not always be 
clearly clarified which correlation exists, for example, between the rotation of 
the gondola and the measured signal. Accordingly, the results leave some room 
for interpretation. 
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7.4.9 Covid-19 

Due to the outbreak of the Covid 19 pandemic, the team was only able to work 
under difficult conditions. Active collaboration in the lab was not possible, which 
is why things did not progress well in some areas of work. Regular online 
meetings were always good to clarify any questions, but not all problems could 
be solved that way either. Working from home is therefore much more difficult 
than expected. Furthermore, there were major problems with time 
management. Due to the extension of the experiment, work was let slide in 
many areas. Thus, many team members lacked the motivation to keep the 
project going for another year. So more time is not always a help. 
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8 ABBREVIATIONS AND REFERENCES 

8.1 Abbreviations 
 

AIT  Assembly, Integration and Test 
asap  as soon as possible 
CDR  Critical Design Review  
COG  Centre of Gravity 
CRP  Campaign Requirement Plan  
DLR  Deutsches Zentrum für Luft- und Raumfahrt 
EAT  Experiment Acceptance Test  
EAR  Experiment Acceptance Review 
ECTS  European Credit Transfer System 
EIT  Electrical Interface Test  
ELF  Extremely Low Frequency 
EPM  Esrange Project Manager 
ESA   European Space Agency  
Esrange Esrange Space Center 
ESTEC European Space Research and Technology Centre, ESA (NL) 
ESW  Experiment Selection Workshop 
FAR  Flight Acceptance Review 
FST  Flight Simulation Test 
FRP  Flight Requirement Plan 
FRR  Flight Readiness Review 
GSE  Ground Support Equipment 
HK  House Keeping 
H/W  Hardware 
ICD  Interface Control Document 
I/F  Interface 
IPR  Integration Progress Review 
LO  Lift Off 
LT  Local Time 
LOS  Line of Sight  
Mbps  Mega Bits per second 
MFH  Mission Flight Handbook 
MORABA Mobile Raketen Basis (DLR, EuroLaunch) 
OP  Oberpfaffenhofen, DLR Center 
PCB  Printed Circuit Board (electronic card) 
PDR  Preliminary Design Review  
PST  Payload System Test 
RBF  Remove Before Flight 
SED  Student Experiment Documentation  
SNSB  Swedish National Space Board  
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SNSA  Swedish National Space Agency  
SSC  Swedish Space Corporation 
SODS  Start Of Data Storage 
SOE  Start Of Experiment 
STW  Student Training Week  
S/W  Software 
T  Time before and after launch noted with + or - 
TBC  To be confirmed 
TBD  To be determined 
WBS  Work Breakdown Structure  
WP  Work Package  
ZARM Zentrum für Angewandte Raumfahrttechnologie und 

Mikrogravitation 
 



126 

BX30_ELFI_SED_V5_25-04-2022.docx 

 
126

8.2 References 
The document should conform to a single referencing format. 

It is recommended to use a dedicated referencing software or integrated 
tool/add-in to correctly reference material throughout the document. 

(Books, Paper, Proceedings) 

[1] EuroLaunch: BEXUS User Manual (2018), REXUS User Manual (2017) 

[2] European Cooperation for Space Standardization ECSS: Space Project 
Management, Project Planning and Implementation, ECSS-M-ST-
10C Rev.1, 6 March 2009 

[3] SSC Esrange: Esrange Safety Manual, REA00-E60 , 21 May 2013 

[4] European Cooperation for Space Standardization ECSS: Space 
Engineering, Technical Requirements Specification, ECSS-E-ST-10-
06C, 6 March 2009 

[5] European Cooperation for Space Standardization ECSS, Space Project 
Management, Risk Management, ECSS-M-ST-80C, 31 July 2008 

[6] European Cooperation for Space Standardization ECSS: Space 
Engineering, Verification, ECSS-E-ST-10-02C, 6 March 2009 

[7] Project Management Institute, Practice Standard for Work 
Breakdown Structures – second Edition, Project Management 
Institute, Pennsylvania, USA, 2006. 
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APPENDIX A EXPERIMENT REVIEW 

Preliminary Design Review – PDR 

Review Board Members: 

 

Dieter Bischoff (ZARM) 

Simon Mawn (ZARM) chair  

Michael Becker (DLR) 

Armelle Frenea-Schmidt (SSC) 

Emil Nordqvist (SSC) 

Jörgen Blomberg (SSC) 

Maria Snäll (SSC) 

Katharina Schüttauf (MORABA)  

Arthur Lacombe (ESA) 

Koen Debeule (ESA) 

Elisabeth Berka (ZARM, minutes) 

 

Experiment Team Members: 

 

Johanna Mohs (TL) 

Benedikt Streicher 

Florian Seegel 

Lars Gebke 

Jonas Penzler 

 

Summary of Main Actions for the Experiment Team: 

1. Provide a Signal-to-Noise analysis 
2. Provide a design and deployment mechanism of the antenna 
3. Provide a thermal design 

Review Result: pass / conditional pass / fail 

Next SED version 2 due 4th May 2020 
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General  

Presentation 

REMARK: Good presentation at all, but start presentation with a short 
overview of what you are going to talk about 

SED (editorial) 

REMARK:  Title page – SEDs version number must be 1.* instead of 0 

REMARK:  Document Type: Test -> SED, Valid from: 2018 -> 2020 

REMARK:  Check/update your keywords 

REMARK:  Remove blank pages (2, 7, 9…) 

REMARK:  On some pages the footer is wrong: 
2693598423c8bfbed49e9c5209f4fdf6.docx 

REMARK:  Check formatting of Table of Contents 

RID:   Contact point – Please add a responsible person and phone 
number for the case of shipping hardware to the team. 

RID:   Team members function should be more specific (e.g. Function: 
Hardware. What does it mean? Specify to Mechanics and 
Electronics.) 

REMARK: Feel free to add team photos to the document.  

REMARK:  Wording: „…the system shall receive …data from the balloon.“ 
Must be flight train or gondola system. 

RID:   Give a name for any figure, table, graph etc. (e.g. overview on p. 
23) 

RID:   Chapter 4.7 – Power System: No single information about the 
power at all. 
Here should be the first expected Watt. 

RID:  Systems could be better explained by labelled and explained 
diagrams or overviews (e.g. experiment concept, mech., electr., 
software)  

RID:   Inputs in tables 8 and 12 (Dimensions and Mass) MUST be the 
same. 

RID:   List of abbreviations – SNSB -> SNSA; SSC missing  

REMARK:  Mission statement – Make it a little more interesting and adapt it 
to your objectives. Add something (e.g. technical) that is very 
likely to be achieved.  

RID:   Chapter 4.9 – Ground support equipment does not mean GS only. 
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REQUIREMENTS AND CONSTRAINTS 

RID:   Your first functional requirement should be the deploying of the 
structures.  

RID:   Translate your first objective (e.g. obtain a signal, amplify, filter)  

RID:   F.3 – Design req.  

REMARK:  F.4 – There is no interface with the GPS unit of any of the flight 
systems. 

RID:   F.5 – Operational req. 

RID:   F.6 – How shall the system measure direction data? Specify. 

REMARK:  P.5 – Where does the accuracy of +/-0.4K come from? 

RID:   D.1 includes D.4, D.17 and D.18 -> delete D.1. 

REMARK:  D.2, D.3 – “shall be designed to” -> “shall” 

RID:   D.4 – Performance req. 

REMARK:  D.5 – “firmly” is subjective. 

RID:   D.9 is ok, but what about the external antenna?  

RID:   Specify D.11  

RID:   D.15 – No similar req. for minimum voltage, maximum current, 
etc.?   

REMARK:  O.2 – Emergency commands: self-diagnostic is rather hard 
(change ‘shall’ to ‘should’)  

RID:   Operational req. for fixation/deployment of large loop antenna?   

RID:   Performance req. for the rigidity of the structure is missing.  

PROJECT PLANNING 

WBS 

REMARK:   Reasonable WBS, but missing some items (i.e. Final assembly, 
integration, testing) 

REMARK:  Short ways are okay, but you still must manage your team. Assign 
one responsible team member to each work packages (WP).  

RID:   Specify the WP with more details regarding mechanical and 
electronical design tasks. Also include interdependencies 
between the WP. 
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Schedule 

RID:   Very limited schedule. Look at the guidelines and training 
materials, link dependencies between task and include a progress 
and date line. Include system level tests, post flight activities, 
important milestones (e.g. CDR, IPR), and margin.  

Resources 

RID:   Manpower – Table with availability of each team member 
(especially during campaign & review especially, until upload final 
SED). Comment on whether the relevant people are available at 
the right time. With a small team, absences in key moments could 
present big problems.  

RID:   Budget – very basic, consider costs relating to spares, 
development, machining, additional travels and outreach 
material. Include a column stating what items are 
sponsored/supported and by whom. Mark clearly what has 
already been paid for. 

REMARK:  State clearly what is the actual support.  

Outreach 

REMARK:  Good progress so far, including a mix of media. Consider a more 
structured outreach approach with scheduled approaches to 
media, for example.  

REMARK:  Homepage – Please include SNSA, because RXBX is a bilateral 
programme of Germany (DLR) and Sweden (SNSA). Homepage 
only in German.  

REMARK:  Try getting at least followers from the other teams and produce 
more content (Facebook, Twitter). Use Twitter for short updates 
and the webpage for more detailed information.  

REMARK:  Interesting to see the progress of the logo design. 

REMARK:  One of the links doesn’t work.  

REMARK:  Consider outreach options for the general public and/or younger 
audiences (e.g. school visits). 
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Risks 

REMARK:  Please delete general explanation of the template.  

RID:   Check your wording and write real sentences. Always include the 
cause and consequences of your risks.  

RID:  Missing risk: filter, environment (magnetometer), risks regarding 
to the compliance of the vehicle (interference, power, mass, …) 

RID:  Risks relating to attachment of antenna and impact on lift-off are 
missing. 

REMARK:  Most 5s are not as severe.  

RID:   MS30 – Specify by what cause. 

REMARK: MS50 – Severity is maybe a 3  

REMARK: TC10 – external support would be critical on launch campaign. 

RID:   TC20 – Action is not just thermal insulation but thermal design. 
Think about a thermal test as well. 

RID:   TC50 – Specify the failure. Could be possible that a power cycle 
will not solve the problem. 

REMARK:  PP20 – Explain the risk 

RID:   PP40 – No action? What about booking of the required 
facilities/labs several weeks in advance 

RID:   SF10 – If your action is to implement safety ropes for the loop 
antenna, then this critical risk should be very low, otherwise the 
action is wrong. Use risk assessments frequently during the 
project phase.  

RID:   PE10 – With your action, the absence of a team member caused, 
e.g., by illness, could cause too high workloads on the other team 
members. 
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EXPERIMENT 

Mechanics 

RID:   The “overview” on page 23 does not help, because of too little 
information about relations, accommodations, functions, … 

RID:  4.2.1 – To describe the interfaces an image would be helpful. The 
reviewer can imagine a box inside the gondola mounted on the 
rails – but what about an antenna mounted beneath at three 
anchoring points? Specify those anchoring points because that is 
what we are asking for in this chapter.  

RID:   The dimensions of the central box do not fit with the given values 
in table 8 – Experiment summary table (page 23). 

RID:  4.4 – Central box: The design of the housing will be inspired by 
BX_IMUFUSION – ok, but please add information about the used 
materials. 

RID:   4.4.2 – Loop Antenna: Decide which design you want to use for 
the antenna.  
-> Angled antenna (puncturing of the gondola not allowed; 
required angle in the middle of the gondola must be listed in 4.2.1, 
what mass shall the angle carry?; expected dimensions and 
properties; Material used for the bar (aluminium, steel, square 
tube, strut profiles)) 
-> Deployed antenna (dimension, properties, material, 
deployment mechanism, interface to gondola) 

 The deployed antenna on one side of the gondola is preferred.  

RID:   The mechanical design is all about housings so far. Please 
specify how the components inside will be fixated.  

RID:  Specify the COG of your setup without the gondola and payload. 
This will be done by the BX organizers. Therefore, ensure same 
inputs in tables 8 and 12. 
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Electronics  

RID:   Chapters 4.5, 4.7 – Overview picture and/or schematics are 
missing 

RID:   Description of the loop antenna itself is missing 

RID:   Chapter 4.7 – Total power consumption is missing (usage, outlet).  

RID:  Explain your power distribution concept.  

REMARK:  Do you need analog filters? They add a lot of noise. Think about 
using digital filters. They are more flexible and reliable. Maybe use 
a book on PCB design for low RF.  

REMARK:  3 ADCs need a buffer. 100 nV ripple is very ambitious, filtering 
takes a lot of time. Do you need it to be relatively flat? Do you 
need an isolated DCDC?  

REMARK:  Indicate what is your own work and what is bought off the shelf.  

RID:   Include a data flow overview and a sample rate analysis.  

RID:  Please note the two connector types MS3112E8-4P for power and 
Amphenol RJF21B for data. 

RID:   On the chart Antenna, pre filter and filter missing 

Thermal 

RID:   No thermal design available? Adapt it to previous project 
(electrical heat dissipation, hotspots, etc.) and consider insulation 
afterwards. Use the thermal design handout from the teamsite. 

Software 

REMARK: Your software is very basic. What kind of software and operating 
system are you using? Which language are you using?   

RID:   Try to combine the sequences from the different modules (receive 
data, store data, etc.). Make it as easy as possible for yourself.  

RID:  Think about the main sample rate and distribution.  

REMARK:  Master-Slave concept is very complex to implement. Decide 
whether you have enough time to implement it.   
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VERIFICATION AND TESTING 

Verification Matrix 

RID:   Have an extra column with a link to the corresponding test plan.  

REMARK:  Method of inspection often does not work (its only inspection).  

REMARK:  Some Functions need a test as well (e.g. F2, F3, F5). 

RID:  F1 – Is there a way to test it? Can you generate a signal for 
testing? Look into it to make sure that your system works even 
though you might not detect something during flight. 

RID:  P3, P4, P5 – Review impossible; Analyse, maybe Test 

RID:  D8, D9, D13 – Test and analyse while designing 

Test plan 

RID:   Include a test plan  

REMARK:  Is it possible to measure the ELF spectrum on ground? 

LAUNCH CAMPAIGN PREPARATION 

REMARK:  This is a very important chapter. Fill this chapter with as much 
information as possible. This chapter justifies why you must fly on 
the BEXUS balloon.   

RID:  Flight requirements – weather conditions, launch window, events 
during flight, altitude 

RID:  Accommodation requirements – Interference with other 
experiments; balancing; how and when to attach 
antenna/unfolding of antenna maybe during late access, opening 
of a release mechanism 

RID:   Table 12 does not fit the inputs from table 8. 

RID:  Experiment safety risks: Table 13 is empty so far. Even if a risk is 
under control, write it down here (e.g. components mounted 
outside the gondola need to be secured with a safety line to 
prevent freefalling parts during launch).  

RID:  Include information in chapter 6.2. Without this information it is 
hard to say something about your campaign and your operation.  
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Critical Design Review – CDR 

Review Board Members: 

 

Dieter Bischoff (ZARM) 

Simon Mawn (ZARM,chair)  

Torsten Lutz (ZARM) 

Michael Becker (DLR) 

Alexander Kinnaird (ESA) 

Paolo Concari (ESA) 

Giorgio Parzianello (ESA) 

Koen DeBeule (ESA) 

Armelle-Frenea Schmidt (SSC) 

Maria Snäll (SSC)   

Elisabeth Berka (ZARM, minutes) 

  

Experiment Team Members: 

 

Johanna Mohs (TL) 

Benedikt Streicher  

Florian Seegel 

Lars Gebken  

Jonas Penzler  

Summary of Main Actions for the Experiment Team: 

1. Change the antenna design to a fixated antenna. *Post review 
discussion with team result in a compromise. The team is allowed to 
make an own decision about the antenna design and can continue the 
automated antenna design. The team should consider to lower the 
antenna before launch. 

2. Provide Antenna design and fixation 
3. Provide full measurement chain inclusive ADC 

Review Result: pass / conditional pass / fail 

Next SED version 2.1 due to 12 June 20 (Include the above main actions) 

Next SED version 3 due to one week before PDR 

  



XI 

BX30_ELFI_SED_V5_25-04-2022.docx 

 
XI

General  

REMARK: Based on the status of the SED the team is some weeks behind. 
Therefore, the experiment should be de-scoped and simplified if 
possible. It should be considered to skip the automatic antenna 
movement and use a fix antenna position and mount the antenna 
short before launch. Compare the design with previous launch 
activities of BX29_TARDIS. 

Presentation 

REMARK:  Slides – Consider including the experiment name on your slide 
layout to always make it visible who is presenting.   

REMARK:  Giving a slide showing your progress throughout the presentation 
helps listeners to focus (e.g. when changing between mechanical, 
thermal, electrical & software design).  

SED (Editorial) 

REMARK:  Document name/footer not as per naming guidelines.  

REMARK:  When you use anything from a former team (i.e. IMUFUSION 
heritage) make it very clear! It needs no description and can be 
handled as a black box with interface (e.g. power distribution, 
controller…) 

REMARK: Hard to follow the changes from last version. Please provide a 
highlighted version next time. 

REMARK:  Make more use of pictures and diagrams (e.g. experiment 
concept). You can also make use of the Appendix.  

RID:  Include the PDR & CDR reports in the Appendix. 

REMARK:  Stay consistent with units throughout the document (e.g. 
Temperature in °C or Kelvin in Chapter 2). 

REMARK: Remove blank pages: 8, 74, 79 

REMARK: Keep the numbering scheme for your Requirements, Verification 
and Tests and the Risk Register consistent. Otherwise it is not 
possible to follow the changes.  

REMARK:  1.5.2 Team Members – Photos of members would be nice. 

REMARK:  Mechanical Design – Many details and results presented of the 
performed FEM analysis, but too little details/information about 
the fixation and deployment system. 
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REQUIREMENTS AND CONSTRAINTS 

REMARK: Good rework of this section but it needs further work.  

REMARK: Added objective is good, OK now 

REMARK:  Keep the numbering scheme consistent so changes are easier to 
follow.  

REMARK:  Be consistent with units (e.g. P.5) 

RID:   F.2 – key requirement -> expand this into performance, etc.  

RID:   F.3 – Specify what it means  

RID:  F.4 – unclear what to measure 

RID:  F.4.1 – Combination of several functions with different verification 
methods; 

split it up  

RID:   Performance requirements related to F.4.1 missing 

REMARK:  P.1.2 – “most accurate” is very subjective and will lead to a loop 
of decrease accuracy of other sensors to make this measurement 
more accurate. 

RID:  P.2 – Design requirement  

REMARK:  P.3, P.4 – With the now matching ranges you could combine both 
requirements or you could keep them separated and think about 
whether different ranges are needed. 

RID:  P7 – Design requirement   

RID:  Design requirements – many are missing regarding the vehicle 
(BX gondola) and whether you will be compatible with it  

- Environment (temperature, pressure, vibration, shock) 
- Interface properties (footprint, weight, voltage, peak current, 

power, data rate) 
- Interface physical (rails, bolts, power connector, data 

connector) 

RID:   D.16 – functional (and duplicate) requirement  

REMARK:  There is no requirement clearly stating what the experiment does 
to achieve your mission objective.  

RID:  Specify exactly what to measure on which channel. 

RID:  Sample rate for ELF spectrum missing 
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PROJECT PLANNING 

WBS 

REMARK:  Improved since first SED, very good work packages 

REMARK:  Consider adding System Level Testing to the work packages. 

RID:  Assigning work packages to all team members is as good as 
assigning it to no one, because no one feels responsible. Please 
assign dedicated team members to the packages.  

Schedule 

REMARK: Your Gantt chart is very good. Add a progress line to see where 
you should be and what is delayed.  

REMARK:  The figures and tables are very hard to read. You can also use 
the Appendix to include larger images.  

REMARK:  Compare your manpower availability and the manpower needed 
at specific times to identify problem areas. 

Resources 

RID:   Budget – include travel expenses (also for non-sponsored 
students) 

RID:   Budget – Clarify “spares”. 

RID:  External Support – Specify what is sponsored by the external 
support (advice, financial, facilities, …) 

REMARK:  You use different tools for project management (e.g. Microsoft 
Teams). Please provide your experience with these in Chapter 7.4 
“Lessons Learned” 

Outreach 

REMARK:  Following the constrictions from the university webpage, think 
about creating your own independent website with a complete 
English translation.  

RID:  Contrary to what is written on your website, the last review will 
make the decision whether your experiment will fly with the 
BEXUS balloon or not.  

RID:  Your Facebook reach is currently limited. Create an 
interesting/engaging post, message the rexus-bexus@esa.int 
notifying them about your post, and they can share it. This way 
you probably generate more likes/followers.  

RID:   Keep making it interesting. 
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Risks 

REMARK:  Please keep the numbering scheme constant.  

RID:   Rework your risk register and put more effort in it.  

REMARK:  What about your science? How could it be affected? 

EXPERIMENT 

Mechanics 

REMARK:  Interfaces – The housing inside will be fixated onto the rails of the 
gondola (same as IMUFUSION) and the outer structure (antenna 
and deployment system) will be fixated with the help of brackets 
and L-shapes –ok. For safety reasons every component mounted 
outside the gondola needs to be secured additionally. Therefore, 
you need to provide attachment points (e.g. eyelets, 
holes/feedthroughs in the components) where we can fixate a 
safety line (steel cable/flexible rope e.g. Dyneema). 

REMARK:  How are the PCBs mounted inside the housing? Same as 
IMUFUSION? 

REMARK:  How are you going to build the brackets for the interieur? 

RID:  Due to lack of time and constrictions following corona try to 
simplify your experiment. Instead of a deployable antenna try to 
build a fixed antenna. The antenna can then be mounted on the 
gondola before launch and manually released.  

REMARK:  For the new antenna design ask the experts (contact ZARM, they 
will provide you with further help and contact information): Are 
there problems with HERCULES? Where should breaking points 
be integrated in the antenna for landing? Should it be more 
flexible? Etc.   

RID:  You need to provide a detailed description of the fixation and 
deployment of the antenna. When and how should this take 
place? Include this information in chapter 6 as well!  

REMARK:  How does the servo motor move the antenna? How and where is 
the motor attached and what about force transmission?  

REMARK:  Braincase: There are inconsistencies between your CAD model 
and the SED. The connector positions are different and on p. 33, 
first paragraph, you mention a bar underneath the gondola, which 
is not inside the CAD model.  

REMARK:  FEM-analysis of single components is not as important. 
Concentrate on the connection points between gondola and the 
complete experiment. Describe which forces were applied and 
where.  

REMARK:  There are a lot of screws and bolt facing outside the structure. 
They could damage your antenna. Instead think about using 
countersunk screws. 

REMARK:   Where are the electronic components of the antenna placed?  
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Electronics 

RID: Clearly state which boards are heritage and which are built by 
yourself. Provide schematics of self-made boards (i.e. ADC 
Board, IMU-K board). Which boards will be newly manufactured? 

RID:  ADS1281 is a 32 Bit Converter, not 24 Bit. Make sure to choose 
correct ADC! 

REMARK:  The ADC will create a lot of noise.  

RID: No power distribution board provided. Make sure to separate the 
power distribution from highly sensitive parts. 

RID:  How will you guide the antenna cable? 

RID:  4.5.1 – The AFE in combination with the loop antenna is the main 
element of your project. Please describe the function of each 
element in detail (e.g. the two stages of 2nd order Chebyshev filter 
(dimensioning) and the amps with adjustable gain). 

RID:  How much attenuation does the filter have?   

RID:  Describe the Antenna on electrical side: how many windings, what 
kind of wire, diameter of wire, diameter of Antenna... 

RID:   How is the antenna connected to the AFE? Describe antenna 
impedance matching. 

RID:   Explain why you chose specific input gain, filter, etc.  

RID:  Calculate the signal budget to figure out when your system might 
be over saturated.  

REMARK:  Does the experiment need a calibration loop? This may also be of 
help to characterize noise pick-up from the gondola during flight. 
If you can prove that it does not cause saturation, why not identify 
some emission that can be used as a reference during flight (e.g.  
50Hz or the 16.7Hz from Swedish rail (very similar to German 
ones so testable prior campaign))? 

REMARK:  4.7 PWR System – Why do you drive two TRACO TEN Converter 
in series? TRACO doesn’t recommend this. 

RID:   Please describe pwr consumption of each part of the experiment 
(in table?). 

RID: Include the power distribution schematics in the electronics 
design chapter and design a board for it. Here we need 
information about power (table and Graph in Watt). Make very 
clear what is adapted from IMUFUSION. 

REMARK: Consider conductive housing for shielding. 

REMARK:  Sensitivity to (audible) noise and vibration – try to characterise it 
to see if it is an issue that needs to be solved as far as possible. 
Can an accelerometer on the RF front-end be used? Consider 
with how much interference you can live and whether you can filter 
the data afterwards.  
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RID:   6.1.3 electrical interfaces – Wrong values in table 27 peak PWR, 
average PWR and Total PWR consumption. Reminder: On 
BEXUS we have a battery voltage of nominal 28.8V. 

Thermal 

REMARK:  This chapter doesn’t include enough information. Provide detailed 
descriptions.  

RID:  Passive insulation concept should be described. What thickness 
of material? How attached to the setup? How are feedthroughs 
realised? 

RID:  There is no basic calculation included. You should compare the 
heat loss with the value of internal heat to confirm the thermal 
concept. 

RID:  You should compare the specifications of your setup with the 
previous behaviour of IMUFUSION regarding expected launch 
situation. 

RID:  What about a thermal protection of the servo motor? What about 
the working temperature range of the motor? When will it be 
activated? Investigations of the surrounding conditions missing. -
> Team: It will be activated on ground, so the setup should be 
prepared for conditions similar to previous launches (pressure, 
temperature, humidity, snow/rain). 

RID:   In chapter 4.7 Power System: No single WATT listed! 

Software 

REAMRK: Are you using controller and sw from IMUFUSION? Make it clear! 

REMARK: The description in this chapter is too basic. But your coding 
progress is very good, continue with it.   

RID: No description for the SPI communication between STM and ADC 
since the ADC is still missing. This is a huge work package, 
therefore push the ADC ordering! 

RID: No implementation concept so far, only FreeRTOS. But how will 
you implement the threads? Do you have experience with RTOS 
multithreading? Give further explanations in this chapter.  

REMARK: Explain the used Client/server system more clearly.  

REMARK  Data Acquisition – Please make considerations about the used 
file system on SD card. Prefer a journal file system if possible, in 
order to have a chance to rescue data in case of a file system 
failure. 

REMARK: Data storage - Consider generating more than one file. 
Generating more files is more reliable in case of corruption and 
the files are easier to handle.  

REMARK: Don’t use SD cards with different types. Fly with SD types which 
you used for tests. Include the SD card status on a checklist. 
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REMARK:  Nothing provided on the "Scientific SW" (Processing on collected 
data): particularly interesting for the integration time and filtering 
that can be applied 

REMARK:  Is there any need for accurate absolute time knowledge to 
correlate readings with events from other experiments, manmade 
interference or for detected natural signals. GPS? RTC onboard 
enough? SW procedure to correlate with respect to G/S clock 
might be enough? 

VERIFICATION AND TESTING 

Verification Matrix 

RID:  As mentioned before, keep your numbering scheme consistent to 
make follow up easier.  

REMARK:  General – You can start verifying components during the design 
phase using analysis or testing. Some of your requirements only 
use test as a verification method. They can also be verified by 
review.  

RID:  D.6 – A, T (Calculate at several points throughout the design)  

REMARK:  D.7 – Can basically see this while manufacturing/assembly.  

RID:  D.8 – R difficult, calculate instead (A) 

RID:  D.10, D.11 – I doesn’t work here  

Test Plan 

REMARK:  Try to include a logical order for your tests. Sometimes the 
changes needed after “test 2” can affect the results of “test 1”, 
which you already finished earlier. Then you would have to repeat 
“test 1” again and that costs time.  

RID:  Your planning is very vague in terms of time. Define dates and 
keep in mind that you often need to book facilities or external 
workshops in advance.  

REMARK:  T.5 – Planned for September might be a little late since the 
campaign will be in October and shipping takes time. 

REMARK:  T.5 and T.6 are both thermal vacuum tests. Because of general 
situation (less time/access to test labs) it could be possible to skip 
one. 

RID:  Test T.7, Drop test: You need to provide a test description. How 
are you going to prepare 10g0-conditions? 

RID:  T.12 – There will be no vibration test for BEXUS at ZARM. 
Normally the teams put the setup into a car and drive on a bumpy 
road. 
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LAUNCH CAMPAIGN PREPARATION 

REMARK:  Chapter 6 is a very important chapter for SSC and the flight 
preparations. The Campaign Requirement Plan will include only 
information given in this chapter. Therefore, you need to make 
sure that this chapter is updated and compliant with the previous 
chapters.  

RID:  6.1.2 Safety Risks – The outer components of the gondola need 
to be secured with an additional safety cable. This also needs to 
be included in the mechanical design.  

RID: 6.1.3 – Ask for 2 IP addresses and update your power 
consumption with a better estimation from your current design.  

REMARK: 6.1.4 Launch Site Requirements – Be more specific. Also think 
about things you will need at the campaign. What about a high-
speed digital oscilloscope? 1Hz Spectrum Analyser? Reference 
emitter? It is very important to characterise the environment 
(Dome, Hercules and Gondola and/or performance of their P/L 
there). As a minimum a matched load to replace the antenna and 
redo the cold noise testing. 

REMARK:  Consider request to be allowed to use a reference signal at the 
launch site 

REMARK:  6.1.5 Flight Requirements – Is there any sensitivity to environment 
("semi-industrial") during campaign: this is important to help 
predicting experiment behaviour and to elaborate possible 
requests to SSC (e.g. roof fan blades off, lights, need for outdoor 
calibration sessions...) 

REMARK:  The requirement regarding EM shielding is unclear (who is 
responsible, you or SSC?). Shielding is only possible to a degree 
since you can’t shield the antenna. Preferably characterize the 
signals to be able to discriminate them.  

REMARK:  Consider early EMI testing as a requirement for payload manager 
& SSC (include detailed description of surroundings and area, 
what you are looking for and what you want to achieve) 

REMARK:  6.2 Preparation – Final assembly & testing on day 3 is rather late.  

RID:   Provide a checklist for launch preparation. 

RID:  Timeline for Countdown (CD) & Flight missing. Include 
information about how and when the antenna is attached to the 
gondola/deployed. If you are using safety pins before flight you 
need to include a timeline for their removal.  
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Integration Progress Review – IPR 
 

Experiment Acceptance Review – EAR  
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