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PREFACE 

This is the Student Experiment Documentation (SED) of the project 
STRATOSPOLCA - STRATOSpheric POLarimetry with Cadmium Telluride 
Array - flown on the BEXUS 31 high-altitude balloon campaign launched on the 
29th of September of 2021 from SSC’s Kiruna Base, in Sweden.  

The project started as a collaboration of the Student Club for Astronomy 
Astrophysics and Astronautics of Coimbra (SAAA/AAC) with the Laboratory for 
Instrumentation and Particle Physics of Portugal (LIP) after several successful 
ventures on other projects. 

The purpose of this document is to allow every reader to know and 
understand the development of this project as well as being able to find every 
reference and technical production of the project. 

The REXUS/BEXUS programme is realised under a bilateral Agency 
Agreement between the German Aerospace Center (DLR) and the Swedish 
National Space Agency (SNSA). The Swedish share of the payload has been 
made available to students from other European countries through a 
collaboration with the European Space Agency (ESA). EuroLaunch, a 
cooperation between the Esrange Space Center of SSC and the Mobile Rocket 
Base (MORABA) of DLR, is responsible for the campaign management and 
operations of the launch vehicles. Experts from DLR, SSC, ZARM and ESA 
provide technical support to the student teams throughout the project. REXUS 
and BEXUS are launched from SSC, Esrange Space Center in northern 
Sweden.
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ABSTRACT 

Gamma-Ray polarimetry is very relevant to the understanding of gamma-ray 
bursts (GRB’s) and high-energy astrophysics phenomena. It is still a relatively 
unexplored field, and the data collected so far is in general statistically poor to draw 
good conclusions, since the noise-level of gamma-ray on the range of 100 keV and 
1 MeV is at least one order of magnitude higher than the actual signal, at flight 
altitudes. This experiment addresses this issue by measuring the background noise-
level of gamma-ray as a function of the altitude and the multiplicity of the events, so 
that future experiments and simulations can benefit from this data to improve their 
statistics. 

To do so, we use a Cadmium Telluride polarimeter in order to record cosmic 
gamma-ray background discriminating between single, double and multiple events 
with off the shelf electronics, student researched and developed software. 

The start of the project was in the months of July and August of 2019. The 
Mission was approved by the RX/BX Organisation in December of the same year. 
The Launch Campaign was expected for September/October of 2020; however, with 
a world-wide pandemic, the activities were delayed.  
  The experiment herein detailed was then launched on the 29th of September 
of 2021 by the BEXUS Campaign 31. The Launch and Recovery were successful in 
spite of the software difficulties which ultimately led to dissatisfactory scientific 
results. 
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1. INTRODUCTION 

1.1 Scientific/Technical Background 

1.1.1 Scientific Motivation 

A simultaneous gravitational-wave and gamma-ray burst signal emitted by a 
neutron star merge revealed a new way to look at our universe and to boost multi-
messenger astrophysics. Combining the ground-observations of gravitational 
waves, for example at LIGO-Virgo, with the observation of GRB’s is essential, since 
GRB’s provide useful constraints to the location of the event generating the 
gravitational wave source. 
  Gamma-ray polarimetry provides us additional information about the 
geometry, the magnetic field and the physical processes of pulsars, solar flares, 
active galactic nuclei, galactic black holes, and GRB’s.  
  A gamma-ray polarimetric experiment intends to study those GRB’s and will 
measure the level of polarization of a strong gamma-ray flux, i.e. the rate of photons 
whose polarization is aligned in the same direction. Therefore, these celestial signals 
as well as gamma-ray emission signals from a source of GRB’s are the object of 
a polarimetric experiment’s study. In a balloon experiment there are specific noise 
sources in the atmosphere, for example the cosmic rays. These high-energy 
particles, when interacting with the earth’s atmosphere, generate gamma-ray 
photons. The radiation that comes from this type of phenomena contributes to 
the background radiation, that in a polarimetric experiment is noise, and can affect 
the signal recorded during a polarimetric experiment.  
  Experiments in this field of study already have been conducted, but few of 
them provided fine statistics since we need to have a good estimate of the 
background noise-level of gamma-ray in this range of energies, in order to design 
instruments with fine performances, since the magnitude of the diffuse cosmic 
gamma-ray is at minimum one order of magnitude higher than the signal coming 
from the source, making it very hard to make secure conclusions.  

Moreover, these experiments did not discriminate against the Compton 
double-events. These events are essential for gamma-ray polarimetry, it’s through 
them that we know the level of polarization of a certain gamma-ray emission. When 
a single photon encounters a pixel, there are different kinds of events that can take 
place. The first is a simple interaction between the photon and a detector pixel by 
photoelectric or Compton effect. However, sometimes after the first interaction, the 
photon still holds energy to ‘jump’ to another pixel and generate a second interaction. 
 In fewer cases, the photon can generate more than two interactions in 
different pixels. These different types of events can be labelled as single, double and 
multiple events, respectively. Certainly, other events can occur, for example, two hits 
in the same pixel, or the photon hits one pixel and jumps off the detector and it is 
recorded as a single event. Many different combinations of interactions can occur, 
but the probability of such events is very low. Herein, only the single, double, and 
multiple events are relevant. 
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  Taking into account these issues, it is very important to record the percentage 
of such events as a function of the altitude, in order to simulate an environment close 
to a scientific satellite mission, since in a polarimetric experiment, the events that 
result from the background radiation influence the significance of the final results. 
 Studying those events due to background radiation, without the presence of 
a source flux, a future polarimetric experiment can benefit from the background 
events registered during a high-altitude balloon flight. In a few words, in this 
experiment the objective is to measure the noise for future polarimetric experiments’ 
calibration. 

1.1.2 Recurrent obstacles in likewise experiments 

  Throughout the flight, the designed experiment is able to detect another type 
of radiation: the cosmic rays. The detector employed was chosen for its sensitivity 
to this kind of radiation. Upon interaction of  a cosmic ray with the detector, a very 
strong signal occurs and the detector signal saturates. The experiment is able to 
distinguish the signal coming from a gamma-ray photon interaction, and a cosmic 
ray signal, since the difference of amplitude between the two signals is in terms of 
orders of magnitude. Regarding the saturation of the detector, it is not able to operate 
in these conditions; in a worst-case scenario, within a time interval of one second, 
but since the time of data acquisition is of a few hours, the saturation does not 
represent a problem to the experiment, since cosmic rays are rare events (on 
average less than 1 every 30s). 
  Another aspect that one may consider, is the orientation of the detector. If the 
goal of the experiment were to do polarimetric measurements, that is, to measure 
the level of polarization of a beam generated by a given source, the orientation would 
be in fact important, since the detector would be required to face the source directly. 
 However, the purpose of our experiment is not to do polarimetry (although 
STRATOSPOLCA is polarimetric in nature), but to measure the background level of 
gamma-ray to calibrate future polarimetric experiments, therefore the direction of the 
incoming photons is not of interest. Nonetheless, it is intended to record the 
percentage of the event types at a given altitude, whether the photons come from 
the top, bottom, left or right. 
  The interaction of photons with the gondola itself or the other experiments is 
another aspect important to discuss. The energy level that we are dealing with is in 
the range of 100 keV to 1 MeV, and within this window of energy, most of the photons 
don’t interact. These simply go through the material (unless any lead or high atomic 
number-based material surrounding the experiment), and so it is perfectly possible 
to work in such an environment.  
  For last, it is common to find malfunctioning pixels in detectors such as the 
one suggested. This can be explained looking backwards to the process of 
manufacture of the CdTe crystals. It is very difficult to monitor this process by the 
manufacturers, and few of them produce materials with a few imperfections, 
especially when the detectors have dimensions of 10 mm or higher, which is 
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precisely the chosen detector’s dimension. Also, these factors are aggravated due 
to the detector's age, so it is normal the number of pixels that cannot be used. In 
experiments like the described herein, it is frequent to work with only 8 pixels. Since 
the goal is to receive data for a few hours, and the interest concerns only in the 
counting of the events, the error induced by these malfunctioning pixels is very low, 
and that's why it is acceptable to work with such anomalies, as it is also feasible to 
simulate the malfunction pixels and reduce the error caused by the malfunctioning 
pixel. 
  It is important to understand that, although there are some occurrences that 
can induce an error, the probability of such phenomena is very low, and so by the 
end of the experiment, in spite of inducing some error, it is not problematic and can 
be corrected by data analysis methods.  

1.2 Mission Statement 

  STRATOSPOLCA shall measure the background noise-level as a function of 
the altitude and the multiplicity of the events, making use of a Cadmium Telluride 
detector and obtaining data for future polarimetric experiments. 

1.3 Experiment Objectives 

1.3.1 Primary Objectives 

Obj.1.1. Measure the level of single, double and multiple events, drawing a profile 
of such events as a function of the altitude.  (Technical) 
Obj.1.2. Reach a wide non-technical audience. (Outreach) 

1.3.2 Secondary Objectives 

Obj.2.1. Improve future polarimetric experiments Signal-To-Noise Ratio1. 
(Technical) 
Obj.2.2. Compare data acquired to pre-flight simulations. (Scientific) 
Obj.2.3. Measure the energy of the interactions. (Scientific) 

1.4 Experiment Concept 

  The main components of STRATOSPOLCA are the Cadmium Telluride 
(CdTe) polarimeter, the electronic system and the primary housing structure. 
  When an interaction between a gamma-ray photon and a pixel occurs, a 
signal is sent. That signal is filtered and amplified. Only then, the transformed signal 
will pass through the ADC, turning it into digital, so that the FPGA can do what is 
meant to do: differentiate between events, make temperature readings. Once this 
process is complete, the information will be stored in an SD Card. Also, the ground 

 
1Refer to chapter 1.1 
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will be in contact with the Gondola Interface, via E-Link, which will be in 
communication with the experiment via Ethernet. 
  A simple block diagram is presented below. For a more detailed systems 
diagram, visit Chapter 4.1.1. 

 
 

Figure 1-1: Experiment block diagram. 

1.5 Team Details 

1.5.1 Contact Point 

General Contact Information 

 Email:  STRATOSPOLCA.bexus@gmail.com 

 Address:  SAAA/AAC 
Rua Padre António Vieira, No.1  
3000-315 Coimbra, Portugal 

Team Leader - Henrique Neves 

Phone:  +351 927485755 

 Address:  Rua Da Saragoça, No.40, R/C Esq. 
3000-379 Coimbra, Portugal 

 Email:  henrique.neves@student.fisica.uc.pt 
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1.5.2 Team Members 

Table 1-1: List of team members. 

Photo Information Tasks 

 

Name: Henrique José Torres Neves 
University: University of Coimbra 
Degree: Integrated Masters in 
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● Team Leader 
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Name: André Filipe Graça Neves 
University: University of Coimbra 
Degree: Masters in Physics, 3rd year.  

● Science Team 
● Simulation Team 
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University: University of Coimbra 
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year 
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University: University of Coimbra 
Degree: Bachelor in Physics, 2nd 
year 
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2. EXPERIMENT REQUIREMENTS AND CONSTRAINTS 

2.1 Functional Requirements  

Table 2-1: List of functional requirements. 

F.1 The experiment shall measure the intensity of the gamma-ray background. 

F.2 Moved to D.14. 

F.3 The experiment shall measure the temperature of the electrical components. 

F.4 Moved to D.15. 

F.5 The experiment shall send the data to the ground station through E-Link during 
the whole flight of the balloon. 

F.6 Moved to D.16 

F.7 The experiment shall synchronize the measurements with time. 

F.8 The experiment shall differentiate between the multiplicity of events. 

F.9 The experiment shall synchronize time with altitude. 

2.2 Performance Requirements 

Table 2-2: List of performance requirements. 

P.1 The FPGA shall be able to distinguish events within a time interval of maximum 
10 microseconds. 

P.2 
Measurements will be summed for a period of 1 second and sent to Downlink, 
corresponding to a vertical resolution of 4-5 m sea-level, given the average 
ascending speed of 4-5 m/s. 

P.3 The experiment shall log the ambient pressure in a range of 10 mBar to 1200 
mBar. 

P.4 The experiment shall register the ambient pressure with a resolution of 5% or 
less. 

P.5 The experiment shall measure the inside temperature in a range of -55 °C to 
+30 °C. 

P.6 The experiment shall measure the inside temperatures with a resolution of +/- 
2.0 °C. 

P.7 The experiment shall register the duration, temperature, pressure and altitude at 
least every 2 seconds. 
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P.8 The electronics shall operate between -15ºC and 25ºC. 

P.9 The system shall record time with a resolution of 1 second.  

P.10 The experiment shall measure the inside temperature at least every 2 seconds. 

P.11 
The experiment shall distinguish energies with a precision of 0.05 keV. (Due to 
the features of the detector and its electronics, it is possible to achieve this 
perform with a 24-bit ADC) 

2.3 Design Requirements  

Table 2-3: List of design requirements. 

D.1 The experiment shall operate on Pre-Launch, Countdown, Flight, and Post-
Flight temperature ranges of BEXUS2. 

D.2 The experiment shall operate in the vibration profile of the BEXUS vehicle 
flight, launch and landing. 

D.3 The experiment mass shall not exceed 3.8 kg. 

D.4 The experiment shall connect to the gondola’s E-link with a RJF21B 
connector. 

D.5 The experiment shall not disturb or harm the launch vehicle. 

D.6 The experiment shall not be disturbed by unwanted electromagnetic fields. 

D.7 The assembled experiment shall withstand shock corresponding to the 
experiment's fall on the ground from a height of 3 m. 

D.8 
The experiment shall connect to the gondola power supply with an 
Amphenol PT02E8-4P connector, being the pin A is the positive signal, pin 
B is the ground signal and pins C and D are empty. 

D.9 The experiment shall operate with the 28V-DC that the gondola provides. 

D.10 High voltage components shall not disturb the rest of the experiment. 

D.11 The experiment shall communicate with the Ground Station through E-Link 
via Ethernet protocol. 

D.12 The volume of the experiment shall not exceed 38 x 33.8 x 21.6 cm3. 

D.13 The thermal isolation shall be provided to maintain the internal temperature 
higher than 0ºC during pre-launch, launch and recovering. 

D.14 The experiment shall use its own voltage regulators to ensure the 

 
2 Reference to: BX_REF_BEXUS_User Manual_v7-4_04Dec18. 
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continuous and stable power supply for electronics.  

D.15 The experiment shall store all the measured data into an on-board non-
volatile memory. 

D.16 The experiment shall keep a continuous timeclock from launch to landing. 

D.17 The experiment shall operate on the pressure profile of the BEXUS vehicle 
flight. 

D.18 The experiment power consumption shall not exceed 13Ah. 

2.4 Operational Requirements 

Table 2-4: List of operational requirements. 

O.1 The experiment shall accept a request for radio silence at any time while 
on the launch pad. 

O.2 The experiment shall be able to conduct measurements autonomously in 
case of loss of connection with the ground segment.  

O.3 
The experiment shall be able to enter a secure mode after landing 
(sensitive equipment - the Detector, and the DC/DC converter of 28V to +/- 
15V on PCB2 - shall be disabled).  

O.4 The content of the on-board memory shall be downloaded to the ground 
station after payload recovery.  

O.5 The ground station shall store the received data onto a hard drive during 
the flight. 

O.6 The experiment shall register the voltage on the regulators on the on-board 
memory. 

O.7 The experiment shall begin by the power on of the gondola. 

O.8 The experiment shall be able notify the ground when it reaches the altitude 
to enter a housekeeping or nominal mode. 

O.9 The Ground shall be able to control the change of mode of operation of the 
flight system. 

O.10 The Ground Station shall be able to turn off critical devices.  

 
 

2.5 Constraints 

Table 2-5: List of Constraints. 
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C.1 The Physics Department/UC will be closed during the first two weeks of 
August. 

C.2 
BEXUS-specific constraints specified in the User Manual 
(BX_REF_BEXUS_UserManual_v7-4_04Dec18), namely flight profile and 
its properties (Temperature, and Pressure as well as reached altitude). 

C.3 The spread of nCOVID-19 virus. (Chapter 3.2.1 nCOVID-19 Situation and 
Response) 
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3. PROJECT PLANNING  

3.1 Work Breakdown Structure (WBS) 
 

 

Figure 3-1: WBS summary diagram. 

3.1.1 WP 1 - Management 

Leader: Henrique José Neves (Team Leader) 
Team: Ricardo Gameiro, Alexandre Mendonça 
Description: The Management WP scope is to plan and control: budget, resources, 
and schedule. This WP provides for coordination between Sponsors and the Team 
to assure the most efficient use of resources and facilities. 

3.1.2 WP 2 - Science 

Leader: Joana Pereira 
Team: André Neves, Inês Oliveira, Maria Inês Ferreira 
Description: WP 2 assures scientific following of the project, in order to set goals, 
requirements, and improvement of the overall mission return. 
(WP2.1 - Simulation) - Pre-flight simulations are programmed in order to 
acknowledge what data we expect to obtain and to calibrate the instrumentation. 
(WP2.2 - Post Flight Data Analysis) - A dedicated sub-package to analyse the 
acquired data and compare with pre-flight simulation 
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(WP2.3 - Science Report) - This sub-package involves every scientific production 
and writing for the project as well as work related to such. This includes reading 
articles and reporting. 

3.1.3 WP 3 - Hardware and Design 

Leader: José Sousa 
Team: Bárbara Matos, Rita Roque, Hugo Luís, Sofia Rodrigues, Daniel Torres, 
Diogo Marques, Inês Carmo, Daniel Monteiro. 
Description: This Work Package details and provides both electronic hardware and 
physical design of the project as well as the components disposition.  
(WP3.1 - Design) - Comprising both hardware and general design, this sub-package 
performs preliminary and critical design of mechanical and electrical subsystems. 
(WP3.2 - Hardware) - This sub-package deals with Hardware design, conception, 
and production. From early-breadboarding to final product. 
(WP3.3 - Calibration) - Dealing with a pixelated detector requires extensive 
calibration which this sub-WP follows through with the team of WP4 and LIP’s 
laboratories which will lend us radioactive isotopes for testing for the sub-WP 
duration. 

3.1.4 WP 4 - Software 

Leader:   Joana Gonçalves 
Team: Hugo Costa, Afonso Lemos, João Pedro da Silva, Pedro Póvoa, Henrique 
Cardoso. 
Description: The Software WP manages, plans, and executes the software 
subsystems, thus separated between Flight and Ground Software.  
(WP4.1 - Flight Software) - Program the FPGA to store data in the SD and send it to 
the ground station.  
(WP4.2 - Ground Software) - Program the communication between the gondola and 
the ground station.  Our Ground Support Team shall store received data from the 
gondola and command it if necessary. 
(WP4.3 - Testing) - Telemetry and software testing is very important for the 
successful operation and execution of this experiment. Unit-testing and other 
measures shall take place to assure proper behaviour of the Software. 

3.1.5 WP 5 - Outreach 

Leader: Inês Oliveira 
Team: Dora Ribeiro, Matilde Simões, Miriam Neves 
Description:  Assuring that the public is aware of our experiment and to keep up 
with press activities, WP 5 assures smooth communication with journalists and 
organises trips to schools. 
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(WB5.1 Social Media) - Presence on Social Media is relevant to reach interested 
people and give up-to-date social reports on our project as well as involving society 
on its completion. 
(WP5.2 Educational Outreach) - Going to schools and giving talks to the younger 
generation is part of our DNA as members of the SAAA/AAC and these activities 
allow us to motivate and create the foundations for future experiments of the kind. 
(WP5.3 Scientific Outreach) - Presenting to our peers and the scientific community 
in general will allow for this project to grow outside itself and its results should make 
a difference, even if small. 

3.1.6 WP 6 - Documentation 

Leader: Ricardo Gameiro  
Description: Whilst Management is its own WP, Documentation here is separated 
because we see the necessity to give Documentation its own importance and 
independance to achieve good Configuration and Information Management. 

3.1.7 WP 7 - Integration and Testing 
Leader: Bárbara Matos 
Team: Joana Gonçalves, Afonso Lemos, João Pedro da Silva, Pedro Póvoa, 
Henrique Neves, André Neves, José Sousa, Rita Roque, Hugo Luís, Hugo Costa.  
Description: This WP joins efforts from WP2, WP3, and WP4 for the final project 
integration, and system-level testing activities. 

3.2 Schedule 
A minimised version of the Gantt chart is available below. The full size is 

available in Appendix E. 
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Figure 3-2: Project Gantt chart. 

3.2.1 nCOVID-19 Situation and Response 
This new chapter has been introduced due to the novel Coronavirus which 

started around the end of 2019 and spread to Europe in late January and beginning 
of February.  
  All our members are situated in Portugal, within 200 km distance of Coimbra. 
And all study at the University of Coimbra. With regards to our Technical Support, 
some are in Coimbra, others are in the United States of America and some in Italy. 
At this moment (late August) none of the members has been affected by the virus. 

The University of Coimbra where the project’s laboratory is situated, closed 
on the 9th of March of 2020 and the Dean decreed that there would be no more in-
site activities at the University until the end of the semester. The country entered a 
State of Emergency mid-March and ended at the beginning of May This State of 
Emergency explicitly prohibits the movement of people. 

For mitigation, we kept a list of prioritised tasks which have been delayed and 
work around these to act preventively. On the tasks which are impossible to schedule 
(such as thorough laboratory experiments and testing) we could not do better than 
take educated guesses or reschedule for whenever the University re-opens.  

This has caused direct problems with the design of the experiment. Not 
having the capability to test the Detector as necessary, Signal Conditioning has been 
delayed. In this version we present a preliminary version of this signal conditioning 
which has been done with resources to early testing and prior experience. Due to 
the Hardware of the Signal Conditioning not being complete, both the Thermal and 
Power Analysis are deemed incomplete. 
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3.2.2 Project Extension 
The experiment went through some design rework after the first wave in late 

June 2020 as expected but the team surpassed the negative effects of the delay and 
pushed for a finalised design. There are no more delays, at this point, which are 
directly due to COVID. There is only a cumulative delay. 

The situation as of November 2020 was still very unclear with regards to the 
future. We, therefor, implemented a Scenario Based assessment: 

Table 3-1: Assessment based on the pandemic scenario and the response to be given for each 
scenario. 

Scenario Response 

Scenario 1: No State of Emergency is declared 
at the Municipality of Coimbra. Access to 
University is still possible. 

The team shall reduce the visits to the University to perform 
the required tasks but following the health and safety 
guidelines. 
The team shall focus on tasks with higher priority first. 

Scenario 2: The State of Emergency is declared 
at the Municipality of Coimbra. Access to 
University is limited. 

The team shall work with the laboratory to access the 
facilities as needed.  
Tasks and teams that can work outside of the laboratory 
should, at this scenario, be moved to outside the laboratory. 

Scenario 3: The State of Emergency is declared 
nation-wide. Access to the University is closed. 

Teams shall work from their homes and the tasks shall be 
executed from there as possible. 

The main constraint to any scenario is that for security reasons, the detector 
cannot be moved out of the laboratory. However, the activities planned requiring the 
detector concerned mostly Verification and Validation on the later stage. 

The State of Emergency in Portugal was declared or revoked every 15 days 
and incident only in the Municipalities with a higher number of cases per 100 
thousand citizens.  

Table 3-2: History limitations caused by the Covid-19 

Begin Date End Date Scenario Project Phase Mitigation Measures Delay 

03/20 05/20 3 Design Data from the detector was 
acquired prior to declaration. 

Validation of electronic 
implementation delayed. 

05/ 20 09/20 1 Integration N/A. Access was possible.  N/A. 

09/20 01/21 2 Integration Teams worked in smaller 
numbers.  

N/A. Project was adapting to the 
new project schedule. 

01/21 19/04/21 3 Integration As described in Scenario 3. 
Critical Path Method tells us 
Software is the most critical 
development subsystem. 

Detector testing with new 
Software is delayed. 
Hardware and Mechanics depend 
on Software development. 

19/04/21 Launch 1 Integration N/A. Access should be 
possible. Resume activities. 

N/A 
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  The AIT (Assembly, Integration, and Testing) activities have been 
rescheduled taking into account the Portuguese Government’s Council of Ministers 
of 11th of March 2021. 

Since the 19th of April, access to the laboratory was resumed normally until 
the Launch Campaign. Some restrictions applied, but we’ve managed to proceed 
with the tasks within the applicable restrictions.  

 
Figure 3-3: AIT and Launch Logistics Schedule. Updated 13/08/2021. (This Figure is enlarged 

in Appendix E)  
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3.2.3 Post-Project Activities 
 Post-project activities are planned within the scope of Outreach and 
Communication activities as well as with Scientific research and publications. 
However, these activities will lie outside of the scope of our participation in BEXUS. 
 Nonetheless, we’d like to leave a brief overview of future planned activities: 

○ Participation in Conferences and Publications; 
○ Presentations in High-schools; 
○ Start of a new REXUS/BEXUS project; 
○ Start of a Cubesat project (on-going); 
○ Start of a SRAD Rocket project (on-going); 
○ Organise a student event to promote participation in European 

projects and activities; 
○ Participate in student welcoming activities and publicise the 

REXUS/BEXUS as well as other programs, activities, and courses 
in Space. 

3.3 Resources  

3.3.1 Manpower 

Table 3-3: Availability of current members from December 2019 to December 2020. Red - less 
than 30%; Orange – between 30% and 50%; Yellow - between 50% and 70%; Green - above 
70% availability. Where 100% is 12 hours/week. 

Name Team Function D J F M A M J J A S O N D 
Hugo Costa Software Team Software Specialist              
Joana Gonçalves Software Team Software Coordinator              
Afonso Lemos Software Team Software Specialist              
Pedro Póvoa Software Team Software Specialist              
João Silva Software Team Software Specialist              
Henrique Cardoso Software Team Software Specialist              
André Neves Science Team Science Coordinator              
Inês Oliveira Outreach Team Outreach Coordinator              
Maria Ferreira Science Team Simulation Specialist              
Joana Pereira Science Team Simulation Specialist              
Dora Ribeiro Outreach Team Outreach Specialist              
Matilde Simões Outreach Team Outreach Specialist              
Ricardo Gameiro Leadership Deputy Team Leader              
Alexandre Mendonça Leadership Assist. Team Leader              
Henrique Neves Leadership Team Leader              
José Sousa H&D Team H&D Team Member              
Bárbara Matos H&D Team H&D Team Member              
Rita Roque H&D Team H&D Team Member              
Hugo Luís H&D Team H&D Team Member              
Sofia Rodrigues H&D Team Mechanical Specialist              
Daniel Torres H&D Team H&D Team Member              
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Figure 3-4: Hours per Month Available per Team 

 
Figure 3-5: Number of members of each team per month 

  Looking at the figures we can note that after March 2020, the teams maintain 
a stable number of members - the only team that has less members available at two 
months, Outreach, is due to COVID. We can also see that whilst the hours available 
diminish during June (due to the University exams) - and this would be and was a 
bottleneck resolved by decreasing focus on bureaucratic tasks and taking on a 
leaner approach -, they quickly pick up during the following months, crucial to 
Integration phase and Testing.  

During the later stages of the project (after Launch), the expected work hours 
of the Software and H&D teams decrease; however, the other teams maintain the 
manpower required to complete these phases, namely, Data Analysis performed by 
the Science Team, as well as the overall outreach activities performed by the 
Outreach Team.  
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3.3.2 After Project Extension 

Table 3-4: Availability of current members from December 2020 to December 2021. Red - 
less than 30%; Orange – between 30% and 50%; Yellow - between 50% and 70%; Green - above 
70% availability. Where 100% is 12 hours/week. 

Name Team Function D J F M A M J J A S O N D 
Joana Gonçalves Software Team Software Coordinator              
Afonso Lemos Software Team Software Specialist              
Pedro Póvoa Software Team Software Specialist              
João Silva Software Team Software Specialist              
André Neves Science Team Science Specialist              
Inês Oliveira Outreach Team Outreach Coordinator              
Maria Ferreira Science Team Science Specialist              
Joana Pereira Science Team Science Coordinator              
Dora Ribeiro Outreach Team Outreach Member              
Matilde Simões Outreach Team Outreach member              
Ricardo Gameiro Leadership Deputy Team Leader              
Alexandre 
Mendonça 

Leadership Assistant Team Leader 
& Mechanics Specialist 

             

Henrique Neves Leadership Team Leader              
José Sousa Electronics Team Electronics Coordinator              
Bárbara Matos Electronics Team Electronics Specialist              
Hugo Luís Electronics Team Electronics Specialist              
Daniel Torres Electronics Team Electronics Specialist              
Diogo Marques Electronics Team Electronics Specialist              
Maria Cruz Electronics Team Electronics Specialist              
Rita Roque Mechanics Team Mechanics Coordinator              
Sofia Rodrigues Mechanics Team Mechanical Specialist              
Henrique Cardoso Software Team Software Specialist              
Miriam Neves Outreach Team Outreach & Electronics 

Specialist 
             

Daniel Monteiro Mechanics Team Mechanical Specialist              
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Figure 3-6: Hours per Month Available per Team 

 
Figure 3-7: Number of members of each team per month. In analyzing the graphic, one 

should take the point that some members are working in two teams. 

3.3.3 Budget 

  Below, a descriptive table of our expected budget for the project. Items which 
already have a ‘Financer’ attributed are items to which we have already acquired 
and financed. 
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Table 3-5: Costs and Expenses list. Status: B - Bought; TBB - To Be Bought; D - Delivered 

Description Cost Multiplicative 
Factor Total Financer Status 

Selection Workshop:  
Travel and Stays 700€ 3 2.100€ SAAA/AAC Delivered 

Cabling 80€ 1 80€ LIP Delivered 

FPGA + microcontroller 800€ 1 800€ LIP Delivered 

ADC 104€ 6* 624€ LIP Delivered 

Housing 25€ 1 25€ LIP Delivered 

Temperature Sensors 2€ 10* 20€ LIP Delivered 

SD Card 142€ 3 426€ LIP Delivered 

Detector 22.000€ 1 22.000€ LIP- INAF/OAS Delivered 

Electronics Box 20€ 2* 40€ LIP Delivered 

Mechanical Box 20€ 2* 40€ LIP Delivered 

Student Training Week 750€ 1 750€ FCTUC Delivered 

Shipping Box 400€ 1 400€ Active Space 
Technologies Delivered 

Launch Campaign: 
Shipping 200€ 1 200€ Crowdfunding3 Delivered 

Launch Campaign: 
Travel  500€ 4 2.000€ NA Cancelled 

Launch Campaign: 
Hotel 630€ 4 2.520€ NA Cancelled 

Scientific Outreach  1.000€ 1 1.000€ LIP On-Going 

Total 32.625€ 

All costs account with 20% overheads. 
* Spare parts included. 

On our budget, we account TBD as money we shall acquire through other 
sources, namely crowdfunding and other endorsements. On our first (Summer of 
2020) crowdfunding campaign we gained 253,25€. A second campaign was 
performed in 2021 but unsuccessful in its goal.  It was found that these activities 
have a greater public impact and reach, especially if accompanied by webinars.  

 
3 Sponsorship is being worked on with local logistics companies. 
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The Detector has been lent by INAF/OAS by the PI Dr. Ezio Caroli, and we 
have acquired handling and securing knowledge to mitigate risks related to the 
detector usage. 

As of late 2021, a new SoC+FPGA was acquired. The costing of this FPGA 
has already been included in the overheads of the previous.  

Table 3-6: List of sponsors and their support. 

Sponsor Supported 

SAAA/AAC - Student Club for 
Astronomy Astrophysics and 
Astronautics of Coimbra  

Travel expenses Selection Workshop 

LIP - Laboratory for Instrumentation 
and Experimental Particle Physics 

Laboratories, ADCs, PCBs, other 
electrical components 

Department of Physics, UC Classrooms, Radioactive Isotopes 

Department of Electrotechnical 
Engineering, UC FPGA 

Faculty of Science and Technology, UC Travel expenses Training Week 

American River College, USA  Server Support, Backup FPGA 

INAF/OAS of Bologna, Italy Detector 

Institute of Systems and Robotics, UC FPGA 

Active Space Technologies Testing Facilities, and Transport Box 

3.3.4 Project Handbook 

  At the beginning of March 2020, more members entered the team. Our 
Recruitment process at this point was fairly well matured but with the advent of 
COVID-19 almost all our internal processes had to be reviewed and, for better 
coverage and communication, we decided to document our processes through a 
small (less than 10 pages) document we call “Project Handbook”. 

The chapters titled below cover the processes, responsibilities, and provides 
easy-to-access important information: 

0 General Considerations 
0.1 Detector Handling 

1 Communication 
1.1 Slack 
1.2 Email 
1.3 Other Means 
1.4 External Communication 
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1.4.1 Social Networks and Website 
1.4.2 Media 

2 Tasks and Processes 
2.1 Usage of Trello 

2.1.1 S.M.A.R.T. Criteria 
2.1.2 WP and WBS Organization 

3 Work Breakdown Structure 
3.1 Usage 
3.2 Changes 

4 Student Experiment Documentation (SED) 
4.1 Issued By 
4.2 Approved By 
4.3 Changes 

5 Project Management 
5.1 Leadership 
5.2 Coordination 
5.3 Work Packages 
5.4 New Members 
5.5 Calendarization 

6 Finance 
6.1 Expenses 
6.2 Incomes 

APPENDIX A - Access (Table of platforms and links) 
APPENDIX B - Team Management (Table of names) 
APPENDIX C - Technical Support 

The revision of this handbook was helpful throughout the phases of the 
Project and, after feedback from new members, we have arrived at a situation of 
maturity of the manual that comfortably transmits important information to both 
newcomers and older project members. 

3.3.5 External Support 

Table 3-7: List of external entities that assist the project and their support. 

Entity Investigator Expertise 

LIP - Laboratory for 
Instrumentation and Particle 
Physics of Portugal, Coimbra 
 

Dr. Rui Curado Silva 
Endorsing Professor 

Scientific Support, 
Laboratory 

Dr. Nuno Carolino Hardware Support 

Dr. Miguel Moita Laboratory Support 

ESA - European Space Agency 

Eng. Yvan Hubert 
BEXUS Mentor (until 
02/2021) 

Hardware, Software, FPGA 

Eng. Koen De Beule 
BEXUS Mentor (from 
02/2021) 

R&Q, Electronics, Systems 
Engineering, Verification 
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Universidade da Beira Interior, 
LIP-Covilhã Prof. Jorge Maia Technical Support on 

Atmospheric Radiation 

Department of Physics, UC Dr. Custódio Loureiro FPGA Programming and 
Support 

Department of Electrotechnical 
and Computer Science, UC 

Dr. Jorge Dias, 
Dr. Jorge Lobo 

FPGA, Other Electronics, 
Software Design Support 

American River College, USA 

Prof. Paulo Afonso Scientific and Team 
Support 

Graham Smith FPGA Development 

Dr. Jordan Meyers Hardware Development 

INAF/OAS of Bologna, Italy 
Dr. Ezio Caroli Detector Handling 

Dr. Natalia Aurichio Detector Testing and 
Results 

Department of Electronics, 
Telecommunications, and 
Informatics, University of Aveiro 

Dr. Arnaldo Oliveira FPGA Programming and 
Support 

3.4 Outreach Approach 

  The outreach plan started in November 2019 with the STRATOSPOLCA blog 
inserted in the already existing SAC website (http://sac-
aac.pt/projetos/STRATOSPOLCA/), following information about the project and 
future announcements. With our sponsors including LIP, SAC, AAC, FCTUC and the 
Department of physics we managed to achieve a concrete outreach approach:   

3.4.1 Social Media 
  We currently have a page on Facebook, an account on Instagram and on 
Twitter (@STRATOSPOLCA) where we publish news about the project and present 
our experiment to the general public. These pages are linked to the website and can 
be easily identified by our logo. 

3.4.2 National and Local Media 
  In order to reach the National general public in December 2019, we had two 
interviews with RUC, which is a local university radio, at least seven publications on 
online newspapers and an interview for RTP which is the public national TV channel. 
 The report for RTP was on air the 3rd of January 2020 and reached an online 
audience of at least 4.4 thousand views. 
  We have made contact in December 2019 with the UCV, the university 
television, so that a promotional video about us, containing some experiment details, 
is made in the future. 
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  In May 2020 we planned the first crowdfunding campaign. Our plan was to 
present webinars related to space sciences, as well to create a campaign on PPL, 
a Portuguese crowdfunding platform, and to sell raffles. Our plans regarding the 
webinars is to have our endorsing professor as a speaker and also to have guests 
from various scientific backgrounds.  
  Between September and August 2020 articles were published in some of our 
team member’s town newspapers.  Due to the COVID-19 crisis, traditional 
media wasn’t responsive. 

3.4.3 International Outreach 
  The AHEAD Project is an ongoing project aiming to integrate efforts in high-
energy Astrophysics and promote the domain at the European level where we are 
going to participate with our project to get some guidance and reach an international 
general public. 

3.4.4 Presentations and Publications 
  In order to reach a scientific specified public, we arranged local secondary 
school’s presentations sponsored by the University of Coimbra and lectures at the 
Physics Department. We aimed at giving small presentations in our group member’s 
local schools in 2021.  
  After the balloon flight and the completion of the data analysis these are to be 
presented in the National Meeting on Astronomy and Astrophysics and others. 

3.5 Risk Register 

Risk ID  
TC – technical/implementation  
MS – mission (operational performance)  
SF – safety  
VE – vehicle  
PE – personnel  
EN – environmental  

 

 

Probability (P)  
A. Minimum – Almost impossible to occur  
B. Low – Small chance to occur  
C. Medium – Reasonable chance to occur  
D. High – Quite likely to occur  
E. Maximum – Certain to occur, maybe more than once 

Severity (S)  
1. Negligible – Minimal or no impact  
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2. Significant – Leads to reduced experiment performance  
3. Major – Leads to failure of subsystem or loss of flight data  
4. Critical – Leads to experiment failure or creates minor health hazards  
5. Catastrophic – Leads to termination of the REXUS and/or BEXUS programme, 
damage to the vehicle or injury to personnel  

The rankings for probability (P) and severity (S) are combined to assess the overall risk 

classification, ranging from very low to very high and being coloured green, yellow, orange 

or red according to the SED guidelines. 

Table 3-8: Risk Register. 
ID Risk & Consequence P S PxS Action & Mitigation 

PE01 Core Team Member 
Leaves Project B 1 Very Low 

Substitution within the same team. More 
team members have been recruited and 
taught core tasks. 

MS01 

Flight Software Failure 
due to overflow and 
subsequent blockage of 
the experiment 

B 2 Low 

Simulations shall be done to analyse all 
possible situations. The risk is mitigated by 
ensuring methodologies are in place to act 
before an overflow happens. 

MS02 
Electronic Failure due to 
Low Temperature on the 
experiment 

B 2 Low Thermal design and testing shall assure 
D.13. 

MS03 

Malfunction during flight: 
Detector Failure due to 
external highly energetic 
particles. 
 

C 3 Medium 

Detector shall be thoroughly tested as 
redundancy is not possible. Software is 
aware of the problem and can 
algorithmically surpass these events. 
Hardware is designed to be against these 
events.  

MS04 Failure of DC-DC 
Converter in Flight  B 3 Low 

DC-DC Converters shall be thoroughly 
tested as redundancy is not possible due to 
weight and size requirements. 

MS05 In flight malfunction of 
SD Card. B 1 Very Low The ground station storage will act as a 

redundancy. 

MS06 ADC Failure in Flight B 3 Low ADCs shall be tested thoroughly.  

MS07 E-link communication 
Failure B 1 Very Low The experiment has 1 SD cards recording 

the information. 

MS08 Condensation on 
Electronics A 3 Very Low The electronics will have a conformal 

silicone coating. 

MS09 Damage due to High 
Voltage A 4 Very Low 

Silicon Coating. DC/DC placed very close 
to the detector. Insulate spatially from 
conducting materials. 
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Insulation tape will also provide further 
safety. 

MS10 Damage to SD cards 
upon landing B 2 Very Low Communication throughout E-Link. 

MS11 In flight Temperature 
Sensor Failure. B 3 Low More than 1 sensor shall be in place for in-

flight check. 

MS12 Vibration damage during 
flight B 2 Low Mitigation by testing and vibration analysis 

on design phases. 

MS13 Pressure Sensor  
Failure B 3 Low More than 1 sensor shall be in place. 

MS14 Failed Recovery C 2 Low Critical information is transmitted during 
flight to the Ground Station. 

TC01 

Testing Repercussions 
on the material and 
mechanical properties of 
the experiment 

C 1 Very Low 

A Bill of Materials is available to buy the 
components if one fails or breaks before 
flight. Tests are designed to reduce 
mechanical properties wear. 

TC02 Travel damage B 2 Low Same as TC01.2.  

TC03 Bad Experiment 
Mounting before flight B 2 Low 

Redundant checklist and multiple-person 
approval. During both flight campaign and 
Integration, spare parts shall be available. 

TC04 Detector Failure during 
laboratory handling A 3 Very Low 

The Detector shall be handled with support 
from Laboratory technicians. Detector 
handling shall be documented in internal 
reports and shared with the interested 
parts. An Agreement has been signed with 
INAF/OAS of Bologna. Shipping shall be 
contracted with the appropriate service 
provider.  

Risk regarding the detector has been covered with mitigation measures on 
part of handling of the detector. An Agreement has been signed in April with both 
INAF/OAS and the legal representation of STRATOSPOLCA by SAAA/AAC.  
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Figure 3-8: Risk Evolution of Personnel Risks 

 
Figure 3-9: Risk Evolution of Mission Risks 

  
Figure 3-10: Risk Evolution of Technical Risks 
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4. EXPERIMENT DESCRIPTION 

4.1 Experiment Setup 
4.1.1 Overview 

  The experiment is based on a detector which is sensitive to gamma radiation.  
At the core of the detector is a 5x5 pixel matrix of CdTe semiconductor 

interacting with the radiation. The detector and all the electronics (the SoC FPGA, 
PCB’s, etc) will be inside an aluminium box. 
  The main subsystems of this experiment are the detector and the SoC FPGA 
+ microcontroller (SoC FPGA). Thus, the Cadmium Telluride (CdTe) Detector 
provides a voltage output, as it detects gamma rays. This analog signal is filtered, 
amplified and converted to digital in a main PCB (PCB 1), and then processed and 
saved in SD Cards by the SoC FPGA. There is another PCB for DC/DC converters 
and LDOs as it’s specified in the Power System chapter.   
  Temperature sensors measure the temperature of the electronics in PCBs 
and the temperature of the detector. This data is sent to the SoC FPGA. This way 
the SoC FPGA can turn off power system components if their temperature is higher 
than it’s operational temperature. The microcontroller provides the E-link 
communication interface between the gondola and the SoC FPGA. In the diagram 
below, there is an overview of the information exchange between the main 
components. 

 

Figure 4-1: Overview Electronics Block Diagram. 
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  A measurement chain is presented below: 

 

Figure 4-2: Flowchart of the measurement chain 

  The initial idea of using a GPS and a barometer to associate the data acquired 
to the altitude of the balloon has been abandoned in favour of the use of a Real Time 
Clock. The flight profile and the time can be related by a post-flight analysis by 
retrieving the altitude data from the Gondola GPS. 
  For a general overview of the systems and subsystems as well as their 
interactions you can analyse the Block Diagram below.  
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Figure 4-3: The Systems Block Diagram. 

  Before the start of the experiment, our system is in an energy saving mode, 
in order to prevent overheating. In this phase, the detector, the ADC and the 
amplification circuit are switched off, through the LDOs that control their power 
supply. When the experiment starts, the FPGA turns on the LDOs that were off and 
all the subsystems start to work. 

4.1.2 Detector specifications and characterization 

  The main component of STRATOSPOLCA is a gamma radiation sensor, 
which has a 5x5 pixel matrix of CdTe (Cadmium Telluride) as its sensitive part. In 
this document we refer to it as the CdTe Detector, or simply the Detector.  
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4.1.2.1 5x5 CdTe pixel matrix and electronics 

  The main function of the experiment is to measure the multiplicity of events, 
and the energy of gamma rays as a function of the altitude. The multiplicity of events 
is related to the number of pixels with which the same gamma photon interacts.  

The energy is related to the current value, generated when the interaction 
with the CdTe pixel occurs. This current peak in the related pixel is pre amplified and 
converted to voltage by a charge sensitive preamplifier (CSP) of the type CS507. 
One CSP for each pixel is included in the Detector component, as one can see in 
the Figure 4-4. The sensitivity of these preamplifiers is 2V/pC, and a voltage peak 
signal is generated when an interaction occurs, because there is a direct 
proportionality relationship between the energy of the photon and the amplitude of 
the current signal generated.  
  This means that the important information is the maximum voltage value of 
the CSPs output signal. 

 
Figure 4-4: The Detector component including the 5x5 CdTe pixel matrix and 25 CSPs - top 

view. 

4.1.2.2  Detector Pixel Malfunction 

  Not all of the detector pixels are working properly. This can be explained 
looking backwards to the process of manufacture of the CdTe crystals. It is very 
difficult to monitor this process by the manufacturers, and few of them produce 
materials with a few imperfections, especially when the detectors have dimensions 
of 10 mm or higher, which is precisely our detector’s dimension. Also, these factors 
are aggravated due to the detector's age, so it is normal the number of pixels that 
cannot be used. 
  To evaluate how many of the pixels are working, we analysed the signal 
output of each pixel when exposed to a Ba-133 gamma source. A working pixel has 
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a signal with a small rise time, followed by an exponential decay, whenever a 
gamma-ray is detected. A non-working pixel has a different and unpredicted wave 
form, from which the event energy cannot be measured. The figure below shows a 
typical signal from a working pixel and an example signal of an inactive pixel. 

  

Figure 4-5: A typical signal of a working (left) and non-working (right) pixel, as seen 
on the oscilloscope. 

  After evaluating the signals of all 25 pixels, seven were identified as inactive, 
corresponding to 72% of working pixels. A map of the active and inactive pixels is 
presented below. 
  This issue does not affect the scientific objectives of the experiment. It is 
current in likewise experiments problems like these. As a matter of fact, it is common 
to work with only 8 pixels. Since we are going to receive data for a few hours, and 
we are only interested in the counting of the events, the error induced by these 
malfunctioning pixels is very low, and that's why we can work with such anomalies. 
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Figure 4-6: Signal analysis showed that eighteen out of the twenty-five pixels are working. 

4.2 Experiment Interfaces 

4.2.1 Mechanical 

  Our experiment can be understood as a mechanical envelope described by a 
rectangular prism with dimensions 353x357x203.5 mm³, composed by an off-the 
shelf aluminium box — for mechanical support — and coated with polystyrene (XPS) 
and reflective sheets — for thermal isolation. Because these dimensions are smaller 
than the space between the rails of the gondola, the edges of the bottom plane (353 
mm side) shall be extended to 380 mm using 3 mm thick aluminum L-profiles, to be 
compatible with the gondola rails and attached through M6 rubber bumpers, also 
adding 22.6 mm in height. The rubber bumpers were selected for several reasons: 
to protect our critical high value component — the detector — as these elements’ 
attenuate vibrations and shocks; to provide electric insulation and also because they 
have been used in other BEXUS experiments and thus are validated for this type of 
application.  
  The mounting scheme follows the Mounting Instructions for Rubber Bumpers 

on BEXUS document. The table below lists all the components needed to fix our 
experiment to the gondola.  

Table 4-1: Components needed to fix our experiment to the gondola. 

Type Part code Quantity Size 

Rubber bumper VW 191 201 256 4 SW19 x 15 x M6 

Locknut DIN 985 4 M6 

Washer ISO 7094 8 M6 

Thread stone N.A. 4 M6 

L-profile N.A.  2 35 x 35 x 3 

  Below, we show a footprint of the bottom of our experiment. 
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Figure 4-7: Footprint of the bottom side of STRATOSPOLCA. 

  The mounting diagram is shown in Figure 4-7, where our experiment is 
represented in respect to the gondola; only the gondola and the interface elements 
are shown with full opacity for representation simplicity. Each rubber bumper is  fixed 
to the gondola rail using a thread stone and a washer with a big outer diameter. 
 Another washer is put on top of the rubber bumper, followed by the L-profile. 
Each foot of the mechanical interface is secured with a locknut.  The corresponding 
technical drawings are presented in appendix C (Figure C-2). 
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Figure 4-8: Fixing the aluminum L-profiles to the gondola rails with M6 rubber bumpers (CAD 
on the left, real on the right and bottom). 

4.2.1.1 Position inside the Gondola 

  The CdTe semiconductor has an active area of 6 cm2 and a solid angle of 4π. 
 Because the detector is sensitive to gamma rays incoming from any direction, 
the experiment can be placed anywhere inside the gondola without affecting its 
detection efficiency. As a result, the placement of our experiment inside the gondola 
can be decided by BEXUS, according to the other experiments requirements.  

4.2.2 Electrical 

  The experiment uses 2 external electrical interfaces: the Ethernet Interface 
through the E-Link connection, provided by EuroLaunch, communicates with the 
Ground and the power supply from the gondola. The connectors used are presented 
below. 
  Data Rate of Uplink:  0.9 kbps   
  Data Rate of Downlink: 7.2 kbps 
  The bitrate count was made taking in account headers, checksums and 
correctors, besides data and telecommands. 
 All of this considering we would send Downlink data packages 5 times per second. 

Table 4-2: List of external electrical interfaces and respective connectors. 

Interface Connector 

Ethernet RJF21B Amphenol RJF21B connector 
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Battery MIL-C-26482P series 1 MIL-C-26482P connector 

4.3 Experiment Components 

4.3.1 List of components 

  In the table below, we list the components, as well as their supplier and 
current status. 
Table 4-3: List of experiment components and their quantity. Green status means that the 
components are ready for assembly, orange means that the component still needs 
customization. 

Component Quantity Size [mm] 
Total 
mass 

[g] 
Cost [€] Supplier Status 

Mechanical Interface 

 L-profiles 2 35 x 35 x 3 1269 7.89 LIP 
workshop Customized 

Rubber 
bumper 4 SW19 x 15 120* 0 ZARM Delivered 

Thermal Design 

XPS sheets 2 1250 x 600 
x 50 584.01* 7.99 Leroy 

Merlin Customized 

Interior SLI 
coating 1 160 x 210 TBD 2.50 Decathlon Customized 

Fasteners 

DIN 985 
locknuts 
(SAE) 

10 / 27 M6 / M3 37.50* 1.38 / 2.94 Fabory / 
Fabory Delivered 

ISO 7048 
(SAE) 

6 / 10 / 
12 

M6 x 70 / 
M3 x 10 /  
M3 x 6 

18.50 * TBC / 0.66 
/ 0.74 

Fabory / 
Fabory / 
Fabory 

Delivered 

Standoff 12 M3x5.5x10  22.64 Fabory Delivered 

Box and electrical 

Electronic 
box 1 

250.19 x 
250.19 x 
101.30 

1553 50.50 Digikey Customized 

Detector 1 128 x 128 x 
72 385.00 22,000 LIP Delivered 
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Power 
Supply 
connector 

1 
20,96 x 
11,40 x 
20,62 

8 13.18 Digikey Delivered 

E-link 
connector 1 33,3 x 33,3 

x 39,1 33 30.75 Digikey Delivered 

SoC FPGA 1 107 x 68.6 90 100 Terasic Delivered 

PCB1 board 1 86 x 210 TBD TBD TBD Assembled 

PCB2 board 1 93 x 80 TBD TBD TBD Assembled 

USB panel 
mount 1 30 TBD 9.95 DataPro Assembled 

 
  All the mechanical elements that needed to be customized (experiment box, 
L-profiles and XPS coating) were sent to our workshop for customization. 
  To keep track of all the extra material related to the mechanics assembly of 
the experiment and eventual needs for resupplying, an inventory sheet was 
designed and is presented in the table C-1 of the appendix C. 
  The experiment summary table is presented below. The experiment 
dimensions are final; the COG was calculated by the CAD software; the experiment 
mass is still a predicted value and will be updated when a final weighting is 
performed. A weight margin was given as the total mass of the PCB1 and cables are 
not known yet. 

Table 4-4: Experiment summary table. 

Experiment mass (in kg) 4.00 +/- 0.2 Kg 

Experiment dimensions (in m) 0.382 m x 0.357 m x 0.231 m 

Experiment expected COG position (in m): (-0.007348, -0.000078, -0.064191) 

  The moments of inertia at the center of mass and origin were also determined 
with the CAD software, as to evaluate the mechanical stability of our experiment. 
 These values are presented in the table below and show that, for all axes, 
there is a big resistance to change the rotary motion of our experiment, making it 
mechanically stable. 

Table 4-5: Experiment moments of inertia (determined with Fusion). 
 Ixx Ixy Ixz Iyx Iyy Iyz Izx Izy Izz 

COG 5x10⁷ 1x10⁵ 1x10⁶ 1x10⁵ 5x10⁷ -2x10⁵ 1x10⁶ -2x10⁵ 7x10⁷ 

Origin 6x10⁷ 1x10⁴ -9x10⁵ 1x10⁴ 6x10⁷ -2x10⁵ -9x10⁵ -2x10⁵ 7x10⁷ 
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4.4 Mechanical Design 

4.4.1 Mechanical requirements 
 The required space and connection requirements for the mechanical design 
was iteratively discussed between the Electronics, Software and Mechanical 
departments of the experiment, and is summarised on the following table. 
Table 4-6: Mechanical requisites for components, space and connections. 

Component Dimensions 
[mm] 

Inputs 
(from) 

Outputs 
(to) Description 

Detector 128 x 128 x 72 PCB2 PCB1 Measuring device 

PCB2 93 x 80 PCB1 Detector Detector power supply 

PCB1 86 x 210 Detector 
SoC FPGA 

PCB2 
Power supply 

Signal acquisition 

SoC FPGA 107 x 68.6 PCB1 E-link Experiment control 

Power supply 
connector 

20,96 x 11,40 x 
20,62 Gondola PCB1 Power supply 

E-link 
connector 

33,3 x 33,3 x 
39,1 

SoC FPGA/ 
Gondola 

Gondola/ SoC 
FPGA Communication interface 

USB panel 
mount 30 PC SoC FPGA Direct communication to 

SoC FPGA (testing only) 

  The mechanical system of the experiment is composed of three main 
elements — the experiment box, the thermal coating and the mechanical interface 

(already described in section 4.2.1). The technical drawings of the elements of the 
mechanical system are presented in Appendix C. The figure below shows the CAD 
representation of our system; the detector, both PCBs and the SoC FPGA will be 
placed inside the experiment box.  The E-link, power supply connectors and USB 
panel mount will be attached to the side of the experiment box. Around the 
experiment box there will be a polystyrene (XPS) isolation. 
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Figure 4-9: 3D view of the mechanical design. The box lid is not represented and the thermal 

isolation is represented with some transparency (CAD). 

4.4.2 Experiment box 

  All the experiment’s components are placed inside the 1550WNBK box, 
produced by Hammond Manufacturing and ordered via Digikey. An off-the-shelf 
solution was preferred, as to save design and manufacturing time to the H&D team. 
 This box is 250.19 x 250.19 x 101.30 mm³, providing enough volume to place 
the PCBs, the detector, SoC FPGA and the required cabling, properly protecting 
them from collisions and from the external environment. This box is made of 
aluminium, which provides the necessary RF shielding and the ground reference to 
the electronics. The box was ordered with a finish of black textured polyester powder 
paint and a silicon factory installed gasket for protection (IP66) in case of a water 
landing. Aluminium was the material of choice for the box, as there are many 
alternatives in the market and because it is a rigid and low-density metal, which is 
significant to reduce the mass of our experiment. The electronics and the detector 
will be covered with a silicone based conformal coating, to protect them from 
condensation due to low temperatures and to prevent electric discharges in low air 
density. 
  The attenuation of the 100 keV — 1 MeV gamma photons through the 
thickness of the aluminium box (2.5 mm) was investigated, and a transparency of 
89% — 96% is expected, posing no obstacle to the goal of our experiment. These 
calculations are better discussed in section 5.3. 
  The detector, PCB2 and PCB1 are directly screwed through the bottom of the 
electronics box using M3 bolts, standoffs and locknuts. As there was no room for the 
SoC FPGA at the bottom or side walls of the box, it was decided to attach it to the 
top of the box lid. Corresponding safety measures were implemented upon 
experiment mounting and dismounting; warning stickers (see appendix C.1.2.-1) 
shall be added to the box lid and enough cable length shall be added to perform the 
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necessary connections. The figure below illustrates the disposition of these 
components inside the experiment box. 

 

Figure 4-10: Disposition of the interior of the experiment box - top view and interior 
side view (photo taken from the USB cable mount hole). 
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Figure 4-11: Disposition of the interior of the experiment box - sectional side view 
(CAD). 

  The power supply, E-link connectors and USB panel mount were screwed to 
the side wall of the box, with M3 bolts and locknuts. The E-link connector and USB 
panel mount was placed the closest possible to the SoC FPGA and the power supply 
connector, to the corresponding connector embedded in PCB1. The position of these 
connectors can be observed in Figure 4-11. The required holes for component 
mounting were made by the Physics’ Department Workshop on request. 

4.4.3 Thermal envelope 

  To properly insulate our experiment from the low temperatures of the 
stratosphere, a thermal envelope shall be added to the outside of the experiment 
box. The selected material was polystyrene (XPS), as it is a material with low thermal 
conductivity (0.034 W/mK), is fire resistant and has perforation robustness, adding 
some rigidity to our experiment. The thermal calculations (specified in section 4.6) 
demand a XPS thickness of 5 cm. All the faces of the box shall have the thermal 
envelope on the outside. 
  The necessary openings for the power, USB and E-link cables, bolts and nuts 
will be carved in the XPS sheets, leaving a comfortable space for easy 
assembly/disassembly of the experiment components. After the cables are attached 
and the experiment is ready for launch, the holes shall be refilled with the XPS 
material and secured with aluminium tape, to ensure the maximum thermal 
insulation possible.  

For additional thermal isolation, we will coat the XPS sheets and the inside of 
the experiment box with a single reflective layer. These details related to the thermal 
design are fully discussed in section 4.6. 
  The transparency of the thermal XPS envelope to the 100 keV — 1 MeV 
gamma rays was determined (section 5.3) to be 97% — 99%, which does not 
compromise the goals of our experiment. 
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4.4.4 Experiment mounting 

  The power, E-link plugs and USB panel mount are attached to the 
corresponding side walls of the experiment box via M3x10 ISO 7048 bolts and 
secured on the inside walls with M3 DIN 985 locknuts, as seen on the example of 
the figure below. 

 
Figure 4-12: Connector mounting example. The E-link connector and the USB panel 
mount are attached to the side wall of the box in the same way as the power supply 

connector (CAD). 

          The result of mounting the E-link, power supply and USB panel mount 
connectors is shown in the figure below. Both the E-link and power supply 
connectors satisfied the fit test required by BEXUS. 

 
Figure 4-13: Connector side of the experiment box: E-link (left), USB panel mount 

(center) and power supply (right).  

  The two PCBs and the detector are fixed to the experiment box with M3x6 
ISO 7048 bolts, M3 x 5.5.x10 standoffs and locked in place with M3 DIN 985 
locknuts. The standoffs provide the necessary elevation from the surface of the 
experiment box to make room for cables and soldered parts (that also need electrical 
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isolation). As an example, the fixation of the PCB1 is shown in the figure below. The 
detector and PCB2 will be mounted in a similar way. 

 
Figure 4-14: Mounting vertex example for the PCB1 (the detector and PCB2 will be fixed in a 

similar way) (CAD). 

  We were expecting to attach the FPGA to the box lid in the same way as the 
aforementioned components, but the FPGA was delivered with top and bottom 
standoffs already glued to the board, so four M3 x 10 ISO 7048 were used to mount 
the FPGA on the box lid. 
  The experiment box will be bolted to each L-profile of the mechanical interface 
with three M6x70 bolts and locknuts that pass through the bottom of the aluminium 
box, the bottom XPS board and through the  L-profiles and are fixed with M6 
locknuts, as shown in the figure below.  

 
Figure 4-15: Schematic representation of the experiment box mounting on the interface rails. 

Three M6 bolts and locknuts will be used for each L-profile (CAD). 
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  The rest of the thermal coating is secured around the experiment box with 
aluminum-tape. Extra carvings on the XPS were made to ensure easy access to 
all fasteners, namely, near the M6 locknuts of the L-profiles, as shown in the figure 
below.  

  
Figure 4-16: Interface details: the XPS sheet was carved to ease the access to the M6 

locknuts that fix the experiment to the rubber bumpers. 

  After mounting the experiment, it is not expected to have any moving parts 
that change the experiment’s COG prior, during nor after the flight. To protect any 
person handling the experiment from injury, the sharp edges were rounded prior to 
experiment mounting. Upon inspection of the CAD model, we expected that the only 
dangerous elements are the aluminum L-profiles. so a fillet was made to each edge 
when cutting them to the desired length.  If, upon handling the physical elements of 
the experiment, we identify any other component with sharp edges, we shall take 
the necessary precautions and smooth it or cover it with a non-cutting material. The 
thread of the M6x70 bolts that attach the experiment to its interface were also cut 7 
mm for safe handling. 

4.4.5 Structural analysis - FEA 
  To assess the structural behaviour of the payload, FEA studies have been 
conducted for different purposes. 
  The 3D CAD model was simplified to include only load bearing (electronics 
box, XPS envelope), sensitive components (like the detector setup and PCB boards) 
and mechanical fasteners. Since the SLI is structurally irrelevant, it was removed for 
these studies, otherwise it would overcomplicate the meshing and solving phases 
because they are very thin films that create contact instabilities. The contacts were 
defined to make sure that “glued” components and fasteners were treated 
appropriately within the software. This also helped ensure that the model was 
properly constrained. Meshing was done taking into account the overall size of the 
model so that the mesh would be coherent although allowing to find stress 
concentrations in sensitive spots, namely around the holes for fasteners. 
  To verify the experiment box could potentially survive a shock excitation, a 
load equivalent to a net center of gravity acceleration of +/-5g horizontally and -10g 
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vertically was applied. The results in terms of von Mises stress, total displacements 
and safety factor are presented in Figure 4-17, Figure 4-18, and Figure 4-19, 
respectively. For this quasi-static load analysis the maximum von Mises stress was 
of 88 MPa, however these results are a sign of singularities around the fastener 
holes where there are stress concentrations. The displacements are larger within 
PCB1 with a maximum value of 0.47 mm, which is expected given the loading 
direction and the slender geometry of the PCB board. Nonetheless, the minimum 
safety factor is 3.4. 

 

Figure 4-17: Shock analysis - von Mises stress 
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Figure 4-18: Shock analysis - total displacements 

 

Figure 4-19: Shock analysis - safety factor 

  In order to look for potential issues related to vibrations, mainly during 
transportation, a modal analysis was conducted and the first 6 natural frequencies 
were calculated and are presented in Table 4-7. With these results, it is possible to 
assume that resonance should not be an issue, since the 1st natural frequency is 
quite higher than the vibrational excitations expected especially during 
transportation. 
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Table 4-7 - Modal Analysis results 

Mode Frequency [Hz] 

1 88.03 

2 188.7 

3 197.4 

4 241.5 

5 260 

6 274.9 

 
  When applied a static load equivalent to 120kg mass on top of the experiment 
setup, maximum von Mises stress is 102.3 MPa, concentrated on the holes of the 
mechanical interface rails, as expected load bearers. These aluminum rails are by 
far the most solicited part of the payload structure in this situation, with a maximum 
total displacement of slightly less than 0.2 mm on the XPS, which is acceptable with 
a minimum safety factor of 2.1 overall. Figure 4-20, Figure 4-21, Figure 4-22, show 
the results for this study. 

 

Figure 4-20: Static analysis - von Mises stress 
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Figure 4-21: Static analysis - displacements 

 

Figure 4-22: Static analysis - safety factor (detail view in mechanical interface rails) 

 

 

4.5 Electronics Design 

  Being the SoC FPGA the brain of the experiment, every component is 
somehow connected to it. Below is a block diagram representing the general design 
of the main electronic components.  
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Figure 4-23: General electronics block diagram. Power connections (red); data signals (blue) 

4.5.1 Signal Conditioning 

 When a CdTe detector's channel detects a gamma ray, the output signal of that CSP 
is a voltage analog signal consisting of a peak value between 20 and 230 mV that 
takes about 500 us to descend to the initial level. Below is an example of these 
signals, for a 25us scale and a 250us scale. 

 
Figure 4-24: Example of CSP output signal in a 250us time scale (left) and in a 25.0us time 

scale (right). 

4.5.2 Filtering stage 
  In order to facilitate the further processing of signals by the SoC FPGA, we 
introduced a filtering stage.  
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  Through filtering techniques using Python, we concluded that the most 
appropriate filter to use is a low-pass filter with a cut-off frequency of 16 kHz, since 
it reduces high frequencies, but does not disturb the shape of the signal. Below we 
present the result of this simulation and the low-pass filter design used. R9 is a 
resistor of 4470 ohms and C2 is a capacitor of 2.2nF.  

 
Figure 4-25: Results from filtering simulations using a low-pass filter with a cut-off 

frequency of 16kHz. 

 
Figure 4-26: Design of low-pass filter used in simulations. VF2 is the location of the filtered 

signal. 

4.5.3 Amplification Stage 
  After the filtering stage the signal will be converted to digital on an ADC. Since 
the signal’s maximum amplitude varies between 20mV and 230mV and the input 
range of the ADC is between 100mV and 3V, an amplification stage is required. We 
used Barium 133 and Cesium 137 to take these measurements. These radioactive 
sources match the energy levels that we intend to measure in the stratosphere. The 
design of the amplification stage is presented below. An OPA325 non-inverting op 
amp was used in this circuit. 
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Figure 4-27: Simulation amplification stage circuit.  

 
Figure 4-28: Result of amplification stage simulation. Red signal is the V_Output and the 

green one is VG1 in the figure above, referring to the CSPs output signal. 

  After performing the tests in the laboratory, we realized that it would be 
necessary to eliminate two resistors in relation to the simulations circuit and the final 
circuit with an approximated gain of 38.2V/V. 
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Figure 4-29: Final amplification stage circuit. 

4.5.4 Analog to Digital Conversion 
  The CdTe Detector has 25 pixels, however we will only use three ADCs of 8 
input channels each, because 7 of the 25 pixels are not working. 
  To synchronize one ADC, we will create an external pulse in the SYNC_IN 
pin. This generates the internal reset of the digital block. The pulse in the SYNC_IN 
pin is synchronous with the oscillator (external MCLK). We apply an asynchronous 
pulse on the START pin, which is then internally synchronized with the external 
MCLK clock, and the resulting synchronous signal is output on the SYNC_OUT pin. 

To synchronize the three AD7771, the SYNC_OUT pin of one device is 
connected to other devices. This synchronization method requires the use of a 
common MCLK signal for all the AD7771 devices connected, as explained in 
AD7771 datasheet. 
  The ADCs convert 128 kSamples per second, which means that the time 
interval between samples is 7.8 microseconds. This time is short enough to ensure 
that the ADC samples a value close enough to the maximum value of the CSP signal, 
when an event happens. The maximum error in this measurement value, still allows 
the scientific requirements to be met. 

4.5.5 Data Processing and Storage 

  The digital signals that have information about the gamma rays energy and 
interactions will be processed in SoC FPGA and saved in SD Cards. More details 
about this part can be found in chapter “Software Design”. 
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4.5.6 Housekeeping 
  Temperature sensors will measure the temperature of the electronics in the 
PCBs. This data will be sent to SoC FPGA. This way SoC FPGA can turn off devices 
of the power system, if the temperature of a component is higher than its operational 
temperature. 
  Since IPR a temperature sensor was added in the detector to monitor its 
temperature. 
  The signals from temperature sensors of the PCB1 and PCB2 and the RTC 
to SoC FPGA are digital and the temperature sensor of the detector is analogue. 

4.5.7 Power System 
  As the components do not directly use 28V (supplied by the gondola) as their 
power supply value, several DC-DC Converters and LDO’s were used to match the 
required voltages. DC-DC converters were mainly used when a big voltage step 
up/down was required.  
  Since the DC-DC converters tend to be noisy, we used LDO’s to supply the 
analogue components. More details about this part can be found in chapter “Power 
System”. 

4.5.8 Schematics and PCBs  

  In this subchapter we present the electronics schematics of the experiment’s 
main components and the PCBs. The interfaces between the several components 
are represented at the first figure of this chapter (Electronics Design). The 
schematics of all the remaining components and the PCBs design can be found in 
the chapter “Additional Technical Information”.  
  The components position and their connections are distributed over two 
PCBs. The PCB1 and the PCB2.  
 PCB1 is the main PCB, in it we have the signal conditioning stage, the ADCs, three 
temperature sensors and the power system components to power up the remaining 
components of the experiment. More details about the power system can be found 
in chapter “Power System”. The inputs of PCB1 are the signals coming from the 
detector, the 28V from the gondola battery and the -15V from PCB2. The outputs 
are: 5V to the Soc-FPGA, as well as all the output digital signals that are going to 
FPGA.  
  PCB2 contains the DC/DC Converters and LDO’s used to power supply the 
CdTe Detector and the CSPs, which includes one high voltage DC/DC Converter 
(15 to 150V), one 28 to +-15V DC-DC, and two LDOs (15V to 12V and -15V to -
12V). There is also a temperature sensor to monitor the temperature of the PCB. 
 Having this second PCB allows us to isolate the high voltage (150 V) from the 
rest of the experiment.With the use of proper insulating cables this 150V bias won’t 
be of any risk.  
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  The schemes of PCB1 and PCB2 are represented below, then there are the 
real images of PCBs design, and finally we show real pictures of the PCBs with 
almost all the components solded. Only some two position connectors are missing. 

 
Figure 4-30: Scheme of PCB1. 

 
Figure 4-31: Scheme of PCB2. 

  The main rule that was followed when designing the PCB’s was: having the 
noisy components, such as the DC-DC converters, as far away as possible from the 
analog part. Because it’s very important not to put even more noise in the analog 
signals coming from the detector. 
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Figure 4-32: PCB1. 

 
Figure 4-33: PCB2. 
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Figure 4-34: Real Picture of PCB1 

 
Figure 4-35: Real Picture of PCB2 

  The content of the schematics for each of the PCBs is represented in the 
‘’Additional Technical Information’’ chapter. 

4.5.9 As-Built Electronics 
  The electronics design used in the flight is described in chapter 4.5. 

During the launch campaign the detector developed some issues and was 
non-operational. While fixing it, some parasite capacitance was created in series 
with the output of each channel. In order to fix this problem, a 1 Mega Ohm 
resistor was added in parallel, as seen in the figure below. 
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Figure 4-36: Last minute PCB adaptation. 

Every other component worked as intended. 

4.6 Thermal Design 

4.6.1 Environmental conditions and experiment requirements 
  STRATOSPOLCA will be attached to the inside of the BEXUS Gondola. 
 Taking into account that we are scheduled for a day launch, with an expected 
float temperature of -50.6 ºC outside the Gondola, we expect that the minimum 
temperature inside the Gondola should fall near -48ºC (according to the document 
Thermal Design for BEXUS Experiments - handout). It is also known that all the 
canvas covers will be attached to the Gondola, shielding the experiment from direct 
sun exposure. The table below summarizes the environmental conditions relevant 
to the experiment’s thermal design. 

Table 4-8: Expected environmental conditions. 

Accommodation Flight conditions Surrounding 
temperature Direct sun exposition 

inside the Gondola day launch -48ºC No 

  To determine the operational temperature range of the whole experiment, 
each electronic component was analysed (from the respective datasheet). This 
information is shown in the table below.  The expected dissipated power of each 
component is also present in this table. 
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Table 4-9: Experiment components’ operating temperature range and dissipated power. 

Component Operational Temperature 
Range [ºC] Dissipated power [W] 

SoC FPGA -40 to 100 2.25 

Temperature Sensor (x4) -55 to 125 0.000594 to 0.00198 

ADC -40 to 125 0.399 to 0.459 

SD Memory Card -45 to 85 - 

Detector -15 to 20 1.8 

28V to 5V DC-DC -40 to 85 0.32 to 0.33 

5V to 3.3V LDO (x2) -40 to 125 0.218 to 0.25 

28V to +/-15V DC-DC -40 to 105 0.331 to 0.356 

15V to 12V LDO  -40 to 125 0.255 to 0.285 

-15V to -12V LDO  -40 to 125 0.228 to 0.24 

-15V to -2.5V LDO -40 to 125 0.00775 to 0.00775 

5V to -2.5V LDO -40 to 125 0.15525 to 0.17055 

Operational Amplifiers -40 to 85 0.141642 to 0.1557756 

15 V to 150 V DC-DC -40 to 85 ~ 0 

RTC -40 to 85 0.000495 

CMOS -40 to 85 0.0231 

Total ≽ -10º C < 15º C 6.13 to 6.33 

 
  The component that limits the temperature range of the experiment is the 
detector (minimum operating temperature of -15ºC and maximum operating 
temperature of 20ºC). Because the detector structure that was provided by LIP - 
INAF/OAS consists on both a sensitive array of pixels and front-end electronics, we 
contacted the laboratory responsible for manufacturing this component regarding 
the expected behaviour when this component is subjected to temperatures out of 
the aforementioned range: 

● Below -15ºC: spectroscopy performance is reduced and the conductive glue 
bondings can be damaged. 

● Above 20ºC: the sensitive pixel array is subjected to increased dark currents 
and there is a dramatic increase in noise. 



- 72 - 
 

 

 BX31_STRATOSPOLCA_SED_V5-1_22Mar22 

 

  To provide a safety margin to these limits, we are aiming at maintaining the 
experiment’s temperature within -10ºC to 15ºC with our thermal design. The volume 
of the experiment that needs to be thermally isolated from the external environment 
is dictated by the dimensions of the surrounding housing (the experiment box). 
 According to the mechanical design, the experiment box can be approximated 
to a rectangular prism, were its surrounding surface, A, can be calculated from the 
box’s height (h), length (l) and width (w) according to the following formula: 

 

Table 4-10: Determination of the surrounding surface area. 
Width (w) [m] Length (l) [m] Height (h) [m] Surface area (A) [m²] 

0.246 0.246 0.0963 0.2400 

 

4.6.2 Past Experiments 
  Prior to STRATOSPOLCA, two experiments using the same Cadmium-
Telluride detector and with similar front-end electronics flew on balloon experiments. 
We were advised to find similarities and differences between these experiments and 
STRATOSPOLCA. 

● Cactμs: Cactμs was an experiment using a similar detector (manufactured 
by the same laboratory and with the same components) that was part of the summer 
2002 trans-Mediterranean flight campaign from the Italian Space Agency balloon 
facility in Milo (Sicily). The temperature range to which the detector was subjected 
during the flight was of -6ºC to 28ºC, which did not produce any influence on the 
overall detection apparatus. The figure below shows the in-flight temperature profile 
of the detector and electronics system. 

 

Figure 4-37: Flight temperatures recorded by the Cactμs experiment 
●  SSGX: SSGX (Payload #13) was yet another experiment that was part of the 
HASP 2018 launch, also using a similar CdTe detector. Resistive heating elements 
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for temperature compensation were implemented but were only activated for 
approximately 60 seconds towards the end of the flight (that was longer than a 
typical BEXUS flight). The figures below show the payload temperature recorded by 
the temperature sensors installed within the experiment’s PCBs, as well as the 
usage of the active heating elements. The electronics were very similar to ours: the 
CPLD is similar to our FPGA, the amplification stage and the ADCs also follow the 
same configuration, so the power dissipated by the electronics can be compared. 

 
Figure 4-38: Flight temperatures recorded by the SSGX experiment. 

 
Figure 4-39: Activation of heating elements by SSGX 

  The parameters relevant to the thermal design of past experiments are shown 
in the following table, as well as STRATOSPOLCA’s. 

Table 4-11: Summary table for past experiments and STRATOSPOLCA. 

Experiment 
elements/conditions 

CACTμs SSGX 
 

STRATOSPOLCA 

Cadmium Telluride Detector ✅ ✅ ✅ ¹ 

Flight time [hours] 12 13 5 ² 

Float altitude [km] 39 - 26 ² 

Detector temperature [ºC] -6 to 28 - 4 to 25 ¹ 

Resistive heating elements - ✅ not used ❌  
Notes: ¹ From thermal simulations. ² From BEXUS manual/estimations. 
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  With this, we conclude that the Cadmium Telluride detector was capable of 
surviving longer flights at higher altitudes with no heating active elements. 
 Consequently, we will design our thermal system relying only on passive 
elements and validate their performance through numerical simulations and 
environmental testing. 

4.6.3 Passive thermal elements 
  To minimize the complexity of our thermal design and lower the chances of 
failure, we preferred to implement only passive elements for temperature regulation, 
as they are more reliable and predictable than active elements. Our thermal design 
is based on a polystyrene (XPS) envelope and a single-layer isolation (SLI) to 
regulate the interactions between our experiment and the environment.   

4.6.3.1 XPS envelope 
  To isolate the experiment from the external environment, we chose 
polystyrene (XPS), as it has a low thermal conductivity (k=0.034 W/mK), is a light 
material (density of 34 kg/m³), rigid, easy to handle and can be easily cut to the 
desired shape. The necessary thickness of XPS can be determined using the 
following formula: 

 

where L is the thickness of the insulator, k is the thermal conductivity, Th is the 
desired temperature inside the experiment, Tc is the temperature outside the 
experiment and H is the rate of heat), given by the total dissipated power of the 
experiment (already determined in section 4.6.1.). For these calculations, we 
considered a target temperature of -5ºC, as it is within our established temperature 
range. 

Table 4-12: Determination of the XPS thickness. 

k for XPS 
[W/mK] 

A 
[m²] 

Th 
[ºC] 

Tc 
[ºC] 

H 
[W] 

L 
[mm] 

0.034 0.2400 -5 -48 7.31 48.0 

  We can calculate the required thickness of XPS solving the above equation 
for L, which attains L = 5.5 to 5.7 cm. However, these calculations do not take into 
account the reflective sheet that will coat the inside of the experiment box (more on 
section 4.6.3.2.), which will keep more power inside. To be safe and to meet with 
commercially available sheets, a thickness of 5 cm was implemented. As this 
thickness is compatible with our design, we won’t need any active heating elements 
to maintain the operational temperature of our experiment prior, during nor after the 
flight. The adequation of the XPS thickness was confirmed by thermal simulations, 
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to account for more complex phenomena than the thermal conductivity and total 
power dissipation by the electronics. 
  The XPS was cutted into six rectangles (5 cm thick) from a single sheet, 
according to the following table.  

Table 4-13: Dimensions of the XPS pieces. 

Placement Dimensions [mm] 

Top 348 x 352 

Rear 348 x 151.31 

Front 348 x 151.31 

Left 246 x 151.31 

Right 246 x 151.31 

Bottom 250 x 246 

  The XPS was first marked with the dimensions of the pieces and then cutted 
with a heated box cutter, as shown in the figures below. On the front XPS sheet, 
large holes were carved for easy access to the electric interface. On the right and 
left pieces, carvings were also made to comfortably screw in and out the M6 locknuts 
of the L-profile. For redundancy, two complete sets of XPS thermal envelope were 
manufactured. With the spare XPS, four extra pieces were cut to fill the holes around 
the E-link and power connectors after the gondola cables are attached in order to 
isolate the experiment during flight. These pieces shall be secured with aluminum 
reflective tape for a clean and robust finish. 

 

 

 



- 76 - 
 

 

 BX31_STRATOSPOLCA_SED_V5-1_22Mar22 

 

 

Figure 4-41: XPS sheet marked and 
ready for cutting. Each XPS sheet 

provided a full thermal envelope for the 
experiment. 

Figure 4-40: Smoothing the XPS pieces 
after cutting. 

 

Figure 4-42: Front and top pieces of the 
XPS thermal envelope. Large holes were 

carved on the front piece for a 
comfortable connector plug-in/out. 

 
Figure 4-43: XPS filler for the power and E-link connector holes to improve thermal 

isolation during flight. 
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4.6.3.2 Single layer isolation 
  To maintain the desired temperature inside our experiment, our goal is to 
isolate it from the external environment as much as possible; we aim at minimizing 
the absorbed environmental fluxes as well as the heat losses to the environment. 
 For this, we will use an aluminized single layer isolation (SLI) outside the 
thermal envelope (to shield our experiment from the solar light) and inside the 
experiment box (to keep the heat inside the box and maintain its temperature within 
the established operational range). These foils were produced in the following 
manner: 

● Outside SLI: the gondola’s canvas covers are expected to shield our 
experiment from sun exposure, however, may this protection be removed by any 
reason, and we decided to cover the outside surface of our experiment with a 
reflective aluminium tape, capable of withstanding temperatures between -40ºC to 
140ºC. This sheet will reflect radiant heat and prevent our experiment from 
overheating. This sheet is also waterproof and windproof, which protects our 
experiment from harsh landing conditions. The XPS pieces of the thermal envelope 
were coated with this aluminium tape, solely on the exterior face, as shown in the 
figure below. 

 
Figure 4-44: Thermal envelope coated with the aluminium tape to reflect external radiation. 

● Inside SLI: to reduce the losses from the experiment to the surrounding 
environment, we will cover the inside walls of the experiment box with an aluminized 
reflective single-layer reflective sheet. This foil will reflect the heat coming from the 
electronics, maintaining the electronics components within their operational range. 
For the interior isolation, we used a survival blanket, with resin (absorbing surface) 
and aluminum (reflective surface) surfaces, separated by a PET layer. This survival 
blanket is 12 𝜇m thick and light,and thus compatible with our mass budget. This 
blanket was fixed to the experiment box with the same aluminium tape used for the 
exterior SLI and the final result is shown in the figure below. 
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Figure 4-45: Experiment box coated with the thermal blanket. The bolt’s holes were left open 

and the edges were protected with aluminium tape to prevent handling fractures. 

4.6.3.3 Other design considerations 
  When designing the mechanical system, we aimed at minimizing the heat 
bridges between the experiment box and the surrounding environment. The 
aluminum experimental box only contacts the cold environment through six M6 bolts 
that are attached to the L-profiles that provide fixation to the Gondola. The material 
of these bolts will be stainless steel, as it has a lower thermal conductivity when 
compared to other structural metals. The aluminum L-profiles do not contact directly 
with the experiment box, so it is not expected a significant heat transfer between the 
gondola rails and the experiment box (this will be analysed in thermal simulations). 
  We are not expecting significant hot spots in the electronics components, as 
we are using components with high efficiency (DC/DC converters) and the currents 
flowing through our components (LDOs and amplifiers) are low. With this, there is 
no need to add extra thermal components for heat collection in critical components. 
 These considerations shall be confirmed in the thermal simulations. 

4.6.4 Thermal simulations 
  To iterate and validate the thermal design, the model was studied using FEA 
in Ansys 18.1. This study tried to optimize the computational limitations (availability 
of personal computers and time) and the precision needed for reliable results to 
assess the needs for active thermal elements so that the operation of the detector 
and other electronic components would not be compromised from an early design 
stage. A cold situation for the detector is a dangerous scenario to be investigated, 
however there is evidence that there should be no issues from previous flights with 
the same detector and similar electronics. The approach to the thermal analysis and 
verification of the experimental setup included an overall static study, as if the whole 
box was in the same extreme cold environmental conditions for a long time, so that 
transitional effects would be negligible, and a series of iterative static studies at 
different conditions, to approximate the different phases of the launch campaign, for 
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comparison. The assumptions and results for each of these studies will be 
explained after the general pre-processing of the model conditions are presented. 
  The 3D CAD model was simplified to keep only the most relevant components 
to the thermal analysis. The rubber bumpers and effect of conforming coatings on 
the electronics was not considered to be of significant importance. Because the 
manufacturer of the SoC FPGA does not provide a CAD model, the component was 
approximated by a cuboid. Moreover, since the processor is placed at the center of 
the board, it was assumed that most of the dissipated heat was coming from there 
and the distribution was uniform across the board. Furthermore, the exterior SLI was 
not considered either because its purpose is only as a radiation shield, in case the 
experiment box is accidentally exposed to the sun. 
  The default materials options available within Ansys were very limited, so a 
materials library was created from scratch to accommodate more accurately the 
available data from manufacturers, sellers or information extracted from the CES 
Edupack 2019 database. The mechanical interface rails are made of cold formed 
5083 87 aluminum alloy. The thermal envelope is XPS (expanded polystyrene) for 
thermal insulation. The electronics box is assumed to be made on an 8000 series 
aluminum alloy, according to the datasheet. Since there is no engineering datasheet 
for the space blankets’ material used as SLI, the thermal conductivity was 
approximated through an thermal-electrical analogue and this value was estimated 
to be 0.14 W/mK, which also matches information found in other commercial brands. 
 On the detector, there is uncertainty about the plastics surrounding the array 
on the alumina plate, the properties of the alumina, the glues previously applied. The 
laboratory responsible for the detector was contacted on these matters, but 
unfortunately, they do not have any engineering documentation with further details. 
 The SoC FPGA and PCBs are assumed to be made of a virtual material with 
weighted properties of FR4 and copper. The fasteners and connectors are simplified 
to be made of stainless steel AISI 304. 
  Contacts definition was done automatically in the software assuming that 
bodies were bonded to each other. This way, a degree of freedom analysis showed 
that all the components that are meant to be in contact were correctly defined. 
  The mesh shown Figure 4-49 in was first performed with a default element 
size defined by ANSYS 18.1 but some areas were refined by using mainly hex 
dominant method with both quadrilateral and triangular elements and further element 
size refinement mainly in the detector and PCBs as well as the fasteners and other 
smaller components where thermal gradients are relevant, are among these refined 
areas. The overall mesh had mainly elements with a value of skewness of 1.0 and 
an orthogonal quality value of 0, thus improving the quality of the mesh and a more 
effective convergence as well as more accurate results. 
. 
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Figure 4-46: Mesh - overview 

 
Figure 4-47: Mesh - detector 

 
Figure 4-48: Mesh - PCB1 and PCB2 



- 81 - 

 

  For thermal loading, radiation and conduction are the most important modes 
of heat transfer to take into account, especially during flight. 
  In the overall static study, it was assumed that the exterior walls of the box 
and the interface were exposed to -48ºC. Internal heat generation loads were 
assigned to each component with power dissipation, namely the detector CSPs, 
DC/DCs, LDOs, the SoC FPGA, ADCS and other smaller components. Radiation 
loads were also assigned to components of high emissivity like the electronics 
plastics or the interior SLI sheeting and the ambient temperature inside the box was 
an average of 20ºC. This value is based on the stationary situation assumed, where 
the experiment starts at room temperature (as the box is closed and sealed) and 
immediately goes to flight. The results are shown in Figures 4-52. It is possible to 
observe the thermal gradients from outside the box to inside and smaller gradients 
along the fasteners. The detector system should be between -15ºC and 20ºC, and 
the results showed a temperature around 6ºC. Hot spots in PCB1 are likely, with 
both LDOs 5V to 3.3V and 5V to 2.5V peaking at around 69ºC and even higher hot 
spots in PCB2 with 86ºC in the LDO -15V to -12V and LDO -15V to 12V. All results 
are within the range of operating temperatures presented in Table 4-9. A standard 
weighted average for thermal conductivity and density was considered for the 
material of the components within the PCB as 60% of copper and 40% of FR4.The 
next descriptions and results refer to an iteration of studies to simulate what happens 
during the launch campaign.  

 
Figure 4-49: Static study results - internal view 

  As a starting point, this Phase 1 - Preparation refers to a situation where the 
payload has been closed and sealed and awaits to go to the launch pad. Materials, 
contacts and meshing. Internal heat generation and radiation emissivity is still 
considered nominal as previously. However, the temperature at the interface and 
exterior walls is now assumed to be the average 20ºC in the preparation room. 
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 Besides this, natural convection is assumed to be happening inside the box 
with stagnated air with an average convection coefficient h=10 W/(m2K). In Figure 
4-53, it is possible to observe that hotspots still exist but at lower temperature around 
49ºC, less than the previous static study. The detector setup with mounting should 
be between 20ºC. Although 20ºC is the maximum operating temperature for the 
detector, the data acquisition will not be performed during the preparation phase, so 
no issues arise from this result. 

 

Figure 4-50: Phase 1 - Preparation results 

  For Phase 2 - Countdown, a scenario with an outdoor temperature of -10ºC 
was studied. In this context, the exterior of the payload and the mechanical interface 
were deemed to be in equilibrium with the outside and the ambient temperature 
inside the box as 20ºC, since the sealing should conserve the atmosphere from the 
preparation room for a while and the electronics are working and generating heat as 
well in nominal operation conditions. For this stage, natural convection still applied. 
Figure 4-51 shows the results, where the detector should be operating between 17ºC 
and 19ºC. Once again, the detector will not be acquiring data during this phase, so 
the detector could be safely at higher than 20ºC. 
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Figure 4-51: Phase 2 - Countdown results 

  Although a transient study would be desirable for the flight phase, that was 
not possible. An equivalent Phase 3 - Flight static study was carried out. For this 
stage, in the stratosphere, radiation and conduction become the main modes of heat 
transfer. Convection stops playing an important role throughout the flight, as the 
pressure decays with altitude and the remaining air inside the box leaks through the 
connectors and other openings. Inside the gondola the temperature is -48ºC and the 
ambient temperature of the box is estimated to be at an average around 20ºC. Figure 
4-52 shows the temperature distribution expected for this scenario. The results are 
very similar to what was established for the general static study, with the detector 
setup around 6ºC, a temperature safely in the middle of its operating range.       

 
Figure 4-52: Phase 3 - Flight results  
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  A Low Power Mode study was also carried out to evaluate the effect within 
the flight's preparation phase. Assuming an outside temperature of -15ºC as well as 
a natural convection. Just some of the electrical components were activated such as 
FPGA, DC/DC 28V-15V, LDO 5V-3.3V, CMOS, RTC, temperature sensors and LDO 
5V-2.5V. The results as shown in Figure 4-53 all components were within the safety 
temperatures considered in the Table 4-9. The detector, although near its maximum 
operating temperature, will not be acquiring data during this phase, so the existence 
of high dark current does not compromise the success of our experiment. 

  
Figure 4-53: Low power mode   

  Additional studies were performed by considering an extreme temperature 
recorded for BEXUS in past-flights: Thermal Conditions considering -80ºC outside 
the gondola and during nightlight. In Figure 4-54, considering -80ºC outside and no 
convection considered, the results were also promising, with similar hotspots as the 
ones obtained in the study with -48ºC outside. The detector is within the safety 
temperature range, around 13ºC. 
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Figure 4-54: External Temperature of -80ºC 

  With these results in mind, the current thermal design should leave the 
detector and the electronics within their operational range. 

To complete the thermal simulations, an additional study was carried out.  The 
aim was to vary the weighted average of the material thermal conductivity and 
density applied to the components inside the PCB. In addition to the values 
previously presented for 60% Copper and 40% FR4, an average of 50% Copper and 
50% FR4 and also 40% Copper and 60% FR4 was considered. The results obtained 
are very similar. 

  
Figure 4-55: Weighted average of the material characteristics applied to the components 

inside the PCB: 50% Copper and 50% FR4 and 40% Copper and 60%, respectively 

         Although the severity of having the detector operating outside its temperature 
range is critical (as it leads to experiment failure), static thermal simulations show 
that the corresponding probability is low during flight time. Nevertheless, these 
simulations will be validated during the T-VAC test, by using a temperature sensor 
to evaluate the detector’s behaviour.  We believe this data will also be of interest to 
future experiments using a similar detector.  
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4.7 Power System 
  The power supply to the experiment is provided by the Gondola battery. This 
power supply has a nominal value 28V DC, therefore several DC/DCs converters 
and LDO’s are used to obtain the correct power supply values for each component. 
The following block diagram represents how the power will be distributed throughout 
the experiment, and how the power system components will be distributed through the 
two PCBs.  

 
Figure 4-56: Power system block diagram. 

  Due to the characteristics of the batteries under flight and load conditions, 
presented in the BEXUS User Manual, the voltage provided by the gondola battery 
won’t be a constant value of 28V during all the flight. Then, the 28V to +-15V DCDC 
converter was carefully selected to work between the 20V to 30V range. Also, we 
decided to use LDOs (Low-dropout regulators) to provide the power supply to the 
analog devices, because they produce more stable output than the DC/DC 
converters. 
  The red circle in some components, in the figure above, means that those 
components can be switched on/off on demand. This switch will then be controlled 
by the FPGA. 
  We also added redundancy in the power system, using two DC / DC 
converters from 28V to + - 15V from PCB2 in parallel, as well as two DC / DC 
converters from 28V to 5V from PCB1. Refer to the image C-10 in the Appendix C.  
  The inside part of the MIL - C-26482P series 1 connector will be soldered to 
two isolated wires that will power up the PCB. 
  In the table below, there is the power budget. The exact values of the 
consumed currents will be obtained experimentally. 
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Table 4-14: Consumption table. 

Component VDC (V) I_max (mA) P_max (W) 

Detector CSP’s 12 150 1.8 

ADC’s  3,3 139,1 0,459 

SoC FPGA* 5 450 2.250 

Temperature Sensors x4 3,3 0,6 0,002 

DC-DC [28V to 5V] 28 11,8 0,33 

LDO [5V to 3.3V] (1) 5 0,1 0,013 

LDO [5V to 3.3V] (2) 5 0,1 0,237 

 LDO [15V to 12V] 15 10 0,285 

LDO [-15V to -12V]  -15 1 0,240 

DC-DC [28V to +-15V] 28 12,7 0,356 

LDO [-15V to -2.5V] -15 0,6 0,00775 

LDO [5V to 2.5V] 5 0,1 0,1552 

RTC 3,3 0,15 0,000495 

CMOS Clock 3,3 7 0,0231 

Opamp’s 3,3 68,22 0,1558 

Total (Reference 28V) 226 6,33 

*It’s an estimation of how many mA the SoC FPGA will consume. 

  To sum up, our experience will need 6,33 Watts of power coming from the 
28V power supply. This is the equivalent of pulling 0,226 A. The flight is expected to 
last 4,5 hours which means our experiment needs the batteries to provide at least 
1.017 Ah which is below the limit of 13 Ah. As all the components are going to be 
used all the time, since T+0 till the deployment of the parachute, no spikes or lows 
in the current usage are expected. 
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4.8 Software Design 

4.8.1 Software Changes 
  During the testing and integration Work Package, the FPGA unit had some 
issues on the internal circuits. At a PCB testing we burnt some components, and the 
FPGA was connected to them and had some minor issues, but on the long run, had 
major interference on the microprocessor and GPIOs interfaces. Due to that the 
change of the FPGA is mandatory.  
  Since the flight campaign was postponed, the Software Team and the 
Leadership decided that the change of the FPGA could benefit the experiment. The 
fact that the teachers that helped us in these areas are more comfortable with the 
Xilinx work which benefits the whole process of the software development.  
  The design shall be maintained the same, the only change is the on-board 
FPGA itself and the programs in use for the software development on the board. 
  The development shall have two phases, starting with a development board 
lent by a teacher in order to know the exact specifications (logic elements, GPIOS, 
and many others...) to buy the final board to be used on the launch campaign. 

4.8.2 Software Concept 
4.8.2.1 General knowledge/Embedded system 
  System on a Chip (SoC) or System on Chip is an integrated circuit (IC) 
which integrates all components of a computer or other electronic system into a 
single chip processing system (PS) with the programmable logic (PL), such as: 
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Figure 4-57: Inner look of the SoC FPGA block diagram 

The FPGA component focuses on the parallel and heavier processing, 
whereas on the HPS side the focus is on making sure that all the systems are 
working according to plan.  

The HPS side has the main objective of creating a boot loader. Basically, it 
functions as a computer which is, when the FPGA is connected to the power source 
of 5V the software starts working based on the BOOT.bin file stored previously on 
the onboard SD. 

The boot has two main cortex, which are the following: the one that receives 
information from the ground station and the one that sends it to the ground station.  

4.8.2.2 Software Development 
  The software design will be implemented on a Xilinx SoC FPGA production 
and the tasks were divided between the Arm Processor and the FPGA. It shall 
handle, not only the main data from the ADCs - FPGA module- and storage on an 
SD card, but also temperature sensors, the DC-DC converter and the connection via 
E-link to the ground station as exemplified in Appendix C: Figure C-17.  
  The main purpose is to design a software that automatically recognizes the 
type of event and stores its value into an SD card. The downlink connection shall be 
maintained while the shut-down request isn’t sent (up-link) and it shall send the 
information of the counters (type of event), the temperature (temperature sensors), 
the value of the real-time clock (RTC), the status of the DC-DC converters and the 
information of the last command received. The following diagram represents the 
outlines of the software developed.  
  The strategy of the development taken by the software team was to update 
the previous design and adapt it to the final board (Xilinx).   
  Programmable logic is mainly developed in the Xilinx Design Environment, 
the Vivado Software, which handles automatically the connection from the PL to the 
PS. While on the Processing System (PS) the development is based/developed on 
the Vitis platform. At last, everything is connected through the creation of a 
bootloader (BOOT.bin file). 
  There is a wide range of FPGAs, such as Artix, Kintex, Spartan, Virtex, Zynq 
ZC70X, etc. Nevertheless, ZedBoard is the developing board in use. What made us 
chose this board to develop and practise were these characteristics: 

● Different memories types 
● Dual-core ARM Cortex-A9 
● Great variety of peripherals 
● SoC architecture 

  To prevent using the PCBs in an early phase, the evaluation board was the 
key to proceed with the software development. The evaluation board has the 
functionality of simulating the ADC. Another great functionality of the Zedboard is 
the capability of using both boards together, evaluation and Zedboard, for testing. 
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  For the final board, our final choice is between two similar boards, either Zybo 
Z7-10 or Zybo Z7-20 (Zedboard processor is the same kind as these two boards). 
The big difference is, not only the price, but also the number of logic gates that each 
of them has. 
  Logic gates are devices that can operate with one or more input signals to 
produce only one output signal. This device uses 0 (lack of signal) ou 1 (signal 
presence) logic or in Boolean Logic (True or False). The behaviour of logic gates is 
known from the truth table which represents the logic state of inputs and outputs. 
 This means that logic gates are important to run any program in the device 
depending on the complexity of it. 
  The boards offer multiple Pmods (digilent® brand open pattern interface) 
which the programmer can specify which protocol will run in each of them. For 
example, in this case, we will use one group of pins to handle SPI protocols and 
another group handling the I2C protocol. 
  The final FPGA is Xilinx Z7-10 and, as expected, works well for the required 
functionalities.  

4.8.2.3 Devices and Interfaces  

ADC 
  The data received from each channel of the ADCs, individually, corresponds 
to the digital information of two detector wires in series. Those values have a total 
32 bits, that include an alert bit, 3 characteristic bits from the ADC channel, CRC 
value that corresponds to 4 bits and 24 bits that have the value of the interaction. 
 These bits are multiplied by eight since they represent eight pixels, having a 
total of 256. Once this process is complete, the information will be analysed and 
stored in an SD Card. The interface protocol between the FPGA and the ADCs is 
SPI (Serial Peripheral Interface). 

SPI (Reading ADC) 

  The SPI protocol was mainly created to replace the parallel communication 
without having to route parallel bus around the PCB, SPI interface is based on the 
connection of four wires in order to maintain communications between different 
electronic devices at high speeds. The size of data influences the communication 
because it slows the process. Since this project requires a high-speed frequency, 
the protocol is beneficial. Besides the high-speed communications, SPI also has 
compatibility with a large type of systems and has a low power requirement, which 
is also very beneficial. 
  As SPI is a simple interface, nowadays it is very common to be used for 
communication with the peripherals of devices where we want to transmit data in 
real-time, because it is compatible with various systems, it also has the ability to 
have both a Master and a Slave behaviour, in which the Slave follows the clock of 
the Master without having to set another clock. 

The implementation is according to the following image:  
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Figure 58: Representation of the ADCs reading. 

The information is read through MISO (master input slave output) and “asked” 
by the MOSI (master output slave input). The slave select works to define which 
ADC the FPGA reading information from. The clock comes from the FPGA and is 
the same for every ADC in order to work synchronously.   

RTC 
  The real time shall be collected from the RTC module. The Software Design 
required the development of an internal timer on the SoC FPGA that shall be used 
alongside the RTC. Thereafter, with the timestamp of each interaction, photon-
detector, it is possible to know the real time if we compare the SoC FPGA timestamp 
with the RTC value. This use will improve the data storage by lowering the data size 
and ensure that the SD card can save all the valuable data. The timer refers to the 
timestamp of each event arriving to the FPGA, which is stored with its corresponding 
value. Throughout the experiment the RTC values shall be collected in order to 
increase precision of the time of the flight.  
  The RTC has an I2C interface which, when connected to the FPGA, will have 
a physical connection of two wires. The information shall be collected by a pointer 
only once at the specific addresses regarding the real time clock since is multi-drop 
configuration and the hardware uses the same protocol. The data is represented as 
a 24-bit number and it will be stored in the SD card.  
  The RTC has the objective of monitoring the duration of the experiment. Since 
this hardware corresponds to a chronometer, the procedure is to read at every 
second the value. To assure the failure of the power cycle the RTC resets the value 
to zero and it will be possible to verify the time the failure occurred. 

SD Storage 
  The storage shall have a maximum of 760M bits/sec, which means 
approximately 95M Bytes of information stored per second. The information shall be 
stored in binary.  
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  The memory of the FPGA and the SD card can be compromised due to the 
limited capability. This questions us to find a safer way to store the values. One 
possible solution could be to store the input values in different files according to the 
ADC. This way, the file doesn’t comprise the compacted information and reduces 
the possibility of compromising the information. Alternatively, replicating the files 
may increase the strain of the microcontroller due to the extension of the files and 
its duplication. This implies running tests at a further developed stage of the program. 

The temperature sensors have the same interface as the RTC. The collected 
data will be sent to the ground station frequently, in order to verify if the hardware 
components are working at an adequate temperature. In case of malfunctioning, a 
reboot of the system is possible. 

Temperature sensor 
  Each sensor has an address and a resolution between 9 and 12 bits, which 
the user can select. 
         The connection to the ground station via Ethernet not only has the purpose to 
send some data mentioned previously, but also to verify if everything is going 
according to plan. Therefore, the software needs to be ready to, in case of reboot, 
retain the information on the SD and start the analyses back again.  

 
Figure 4-59: I2C multi drop representation (temperature sensors and RTC). 
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Figure 4-60: I2C timing diagram for read word format. 

DC-DC and LDOs 
  Regarding the DC-DC converters and LDOs, the only actions required from 
the software are the ability to enable or disable them, as a safety measure to prevent 
overheating.  

4.8.2.4 Software program flow and Data handling 
  The received input values are conveyed by designed block diagrams that, 
through pin control mode (serial input), are ready to proceed to the following step. 
The following procedure is shown in Appendix C - Figure C-18. 
  After the capture of the ADC values some bits are discarded which are the 
ones that correspond to the alert bit and the CRC. Some bits are added to the 27 bit 
(event intensity and the pixel location), values that correspond to the ADC (2 bits) 
and the time of entrance (32 bits- according to the duration of the flight).  
  To be considered an event, the values must be higher than the previous one 
by a certain value given by the science team and the following ones must be lower. 
In fact, the name of that value is called peak. This path happens to all of the values 
that arrive from the ADC, although to be considered an event, values from other 
pixels must be taken into consideration. Double and multiple events are considered 
if, in different pixels, in the same instants, there are two or more peaks.  
  A two-bit value is attached to the previous bits to identify the type of event the 
value corresponds to.  
  The ability for a system to recover from a failure requires that incorrect system 
operation can be detected and analysed during run-time. Since the alteration of the 
software is impossible during flight the mitigation of possible bugs must be pre-flight. 

4.8.3 Telemetry 
Table 4-15: Downlink Message. Total of 148 bytes per Message 

Bytes Description 

32 UDP Header 

16 Sequence Number 

16 Sum of Simple Events 

16 Sum of Double Events 

16 Sum of Multiples Events 

40 Temperature values (4 sensors) 

12 Detector Temperature Sensor 

4 DC-DC convertor (4 units) 

6 Last command received 
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Table 4-16:   Uplink command list. 

Name Bit Command Description 

SAMPLE START 100000 Ground forces start of ADC sampling and 
DC0, DC2, and DC3 

SAMPLE STOP 110000 Ground forces stop ADC sampling. 

RESET 010000 Ground forces reset to the entire system. 

DC0 Reset 000001 Ground Resets DC-DC0 Regulator 

DC0 Disable 000011 Ground Disables DC-DC0 Regulator 

DC1 Reset 000101 Ground Resets DC-DC1 Regulator 

DC1 Disable 000111 Ground Disables DC-DC1 Regulator 

DC2 Reset 001001 Ground Resets or Disables DC-DC2 
Regulator 

DC2 Disable 001011 Ground Disables DC-DC2 Regulator 

DC3 Reset 001101 Ground Resets DC-DC3 Regulator 

DC3 Disable 001111 Ground Disables DC-DC3 Regulator 

End of Experiment 101010 Disables power from all DC/DCs 

Start of Experiment 111111 Start of Experiment: 
Enable DC1. 

  UDP will be used for communications in Uplink and Downlink. 
  This decision was made taking into account the fact that UDP is much easier 
to implement, compared to TCP or other methods, since no communication channel 
creation is required. 
  Also, for the application at hand using UDP, will provide faster 
communications, something that we value over the slower, even the more reliable, 
TCP communication protocol. 

Table 4-17: DC / DC ID and its function 

DC/DC ID Function 

DC0 Detector Unit 

DC1 CMOS Clock, RTC, Temperature 
Sensors 

DC2 ADCs 

DC3 Operational Amplifiers 

 



- 95 - 

 

4.8.4 Connection between FPGA and CPU 
 The connection between the FPGA and the CPU corresponded to the most 
concerning part of the development since the beginning. This section was made 
easier due to the fact that only some important variables were intended to be passed 
on to the microcontroller. The important variables are the counting of the events 
(simple, double and multiple).  

During testing, a problem was encountered, which was the shared memory 
between CPU and FPGA sections.  There was a detail that made it impossible for 
the two sections to work at the same time, the colliding use of some registers made 
the debugging of the problem impossible.  

4.8.5 FPGA section 
 Initially, the final design had 3 ADCs, each one with 8 pixels from the detector. 
Due to the malfunctioning of several pixels, the interface between ADC-FPGA had 
to change to 1 channel instead of the initial 3 channels, one for each ADC. In the 
beginning, the detector had 24 working pixels, in the end only 7 were used. 

Some timing problems emerge in the connection between FPGA and SD 
card. Since the software had no parallel tasks between the gathering information 
from ADC and storing it in the SD card the program had to read the data for 5 
seconds and only then store it (which is approximately 1 second) which means 
during the storing phase the FPGA doesn’t read the information from the ADC. 

 

 
Figure 61 - Connection between ADC, FPGA and SD card. 

4.8.6 CPU section 
 On the final design, a temperature sensor was added, an ADC type 
temperature sensor aiming to take the temperature of the Detector. After developing 
the code, during the first testing, in the launch campaign, the system was breaking, 
the system started to break due to the added temperature sensor. As a precaution 
the temperature sensors were being read because if the program broke, nothing else 
would keep on working (boot, memory share, and others). So, no temperature values 
were read on the flight.  

1. Storing on the SD 

 After the decision to not reading the temperature sensor, there was no need 
to store the values of the temperature sensors but to only store the important 
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information regarding the detector and ADC related information. Some alterations 
were made to the FPGA related coding.  
 

2. UDP and Ground station 

 The ground station was fully working but the communication between FPGA 
and CPU wasn’t running, ‘Fatal errors’ were encountered, as mentioned previously. 
No need for a ground station since the main objective was to store the values from 
the Detector.  
 On the last call before the flight, the design was reduced to half. Only the 
FPGA section was working and being stored in the SD card. There was no 
interconnection between cores (FPGA and CPU) because of fatal errors 
encountered on last testing. Due to that, no temperature was being read and 
visualized on the ground station. The values of the event counts were not being 
visualized in the Ground station, which made the flight time stressful without knowing 
whether the program was running or not. 

4.9 Ground Support Equipment 

  The Ground Support Software is based on a Python 3 implementation with a 
graphical user interface using the Tkinter library. 
 For the communication, User Datagram Protocol (UDP) sockets shall be used. 

In the Uplink communication, the user shall select the GUI button that pleases 
the required command, which will send a string of 6 characters, as shown on the 
table 4-12. This command will be recorded on a text file with the respective 
timestamp.  After sending the command, the program waits for an 
acknowledgement via Downlink, without blocking the rest of the program by using 
different threads. This acknowledgement will also be recorded on the same text file, 
with the respective timestamp. 
 In the Downlink communication, each time the ground station receives a new 
message, it will record it on a text file with the respective timestamp. At the same 
time, the program will update the graphical interface labels and live graph. 
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Figure 4-62: Ground Support Unit Graphical Interface. 

  As seen in the previous figure, all the commands are presented as clickable 
buttons that when pressed will write the command into a text file and send it via 
uplink. 
  The flight station IP address can be written on the GUI and then read by the 
program, that will not send any message until a valid IP address is defined. 

All the data presented in the GUI is read from each downlink message. 
Something to note is that the live graph and the “Number of events since last 
second” are the sum of all the single, double and multiples events that occurred. 
 In case of any failure in the ground computer, the program can be rebooted and the 
files used for storing the commands/acknowledgements and the Downlink 
messages remain saved. This reboot will not affect the communication between the 
ground and flight stations. 
  The Ground Equipment needed before and during flight will be: 

● During Flight 
● 1 Computer 
● Testing 
● Multimeter 
● Oscilloscope  
● Regulated Power Supply 
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5. EXPERIMENT VERIFICATION AND TESTING 

5.1 Verification Matrix 

Table 5-1: Verification table [T-Test; R-Review of Design, I-Inspection, A-Analysis or Similarity] 

ID Requirement text Method Reference Status Verification 
Result 

F.1 
The experiment shall measure the 
intensity of the gamma-ray 
background. 

 
R, A, T 

Test 5 
 
Analysis 4 

T, R - Completed 
Test 5 - 
Completed 

Verified 

F.3 
The experiment shall measure the 
temperature of the electrical 
components. 

R, T Test 6 
Test 13 T - To be done Cancelled 

F.5 

The experiment shall send the data 
to the ground station through E-
Link during the whole flight of the 
balloon. 

R, T Test 13 
T – Completed 
Malfunction in 
flight. 

Verified 

F.7 The experiment shall synchronize 
the measurements with time. R, A, T 

Analysis 3 
Test 17 
Test 13 

T, A, R - To be 
done Cancelled 

F.8 
The experiment shall differentiate 
between the multiplicities of the 
events. 

A, T Test 9 
Test 13 T - Completed Verified 

F.9 The experiment shall synchronize 
time with altitude. R, T Test 13 T- Completed Verified 

P.1 
The FPGA shall be able to 
distinguish events within a time 
interval of 2 microseconds. 

R, T 
Datasheet 1 
Test 5 
Test 13 

R, T - To be done 
Test 5 - 
Completed 

Verified 

P.2 
The experiment’s altitude precision 
should be between 50 and 100 
meters.  

R By design I - To be done Verified 

P.5 
The experiment shall register the 
inside temperature in a range of -
55 °C to +30 °C 

R, T 
Datasheet 5 
Test 6 
Test 13 

R, T - Completed Verified 

P.6 
The experiment shall register 
temperatures with a sensitivity of 
+/- 2.0 °C 

R, T 
Datasheet 5 
Test 6 
Test 13 

R, T- Completed Verified 

P.8 The electronics shall operate 
between 0ºC and 25 ºC R, T Test 2 

Analysis 5 R, T - Completed Verified 

P.9 The system shall record time with 
a resolution of 1 second. R, T 

Datasheet 1 
Test 17  
Test 13 

R, T - NA NA 

P.1
0 

The experiment shall measure the 
temperature at least every 2 
seconds. 

 R, T Test 6 
Test 13 A, R - Completed Verified 
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P.1
1 

The experiment shall distinguish 
energies with a precision of 0.05 
keV. 

R, T 
Datasheet 1 
Test 9 
Test 13 

R - Completed Verified 

D.2  
The experiment shall operate in 
the vibration profile of the BEXUS 
vehicle flight, launch and landing. 

 
A, T 

Test 3 
Test 4 
Analysis 2 

T - Completed Verified 

D.3 The experiment mass shall not 
exceed 4 kg. 

 
 
A, T 

By design 
Test 18 

I, A, T - To be 
done Verified 

D.4 
The experiment shall connect to 
the gondola’s E-link with a RJF21B 
connector. 

 
R, I,  By design I, R - Completed Verified 

D.7 

The assembled experiment shall 
withstand shock corresponding to 
the experiment's fall on the ground 
from the height of 3 m. 

T, A 
Test 4 
Analysis 2 
Test 2 

T, A - To be done Pending 

D.8 
The experiment shall connect to 
the gondola power supply with an 
Amphenol PT02E8-4P connector. 

R, I,  By design I, R - Completed Verified 

D.9 
The experiment shall operate with 
the 28V-DC that the gondola 
provides. 

R, T Datasheet 6 
Test 13 R - Completed Verified 

D.1
0 

High voltage components shall not 
disturb the rest of the experiment. R, T  Test 13 

By design T, I - Completed Verified 

D.1
1 

The experiment shall communicate 
with E-Link via Ethernet protocol. R, T Test 13 

R, T - Worked 
during test. 
Malfunction in 
flight. 

Verified 

D.1
2 

The volume of the experiment shall 
not exceed 38x33.8x21.6 cm3 R, I By design R - Completed 

I - Completed Verified 

D.1
3 

The thermal isolation shall be 
provided to maintain the 
temperature higher than -50.6ºC. 

A, T,  
Test 2 
Analysis 1 
Analysis 5 

T, A - Completed Verified 

D.1
4 

The experiment shall use its own 
DC-DC Converters to ensure the 
continuous and stable power 
supply for electronics. 

R, T  
Test 8 
Datasheet 6 
Test 13 

T13, R- 
Completed 
Test 8 - Complete 

Verified 

D.1
5 

The experiment shall store all the 
measured data into an on-board 
non-volatile memory. 

A, T  
Test 7 
Test 13 
Analysis 3 

A, T - Completed Verified 

D.1
6 

The experiment shall keep a 
continuous clock from launch to 
landing. 

R, T Test 13 
Test 17 

 
NA 
 

 
Verified 
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D.1
7 

The experiment shall operate on 
the pressure profile of the BEXUS 
vehicle flight. 

A, T,  Test 2 
Analysis 2 T, A - Completed Verified 

D.1
8 

The experiment current 
consumption shall not exceed 
13Ah 

A, T Test 13 T - Completed Verified 

O.2 

The experiment shall be able to 
conduct measurements 
autonomously in case of loss of 
connection with the ground 
segment.  

R, T Test 13 T - Completed Verified 

O.3 

The experiment shall be able to 
enter a secure mode after landing 
(sensitive equipment shall be 
disabled). 

T Test 13 T - To be done Cancelled 

O.5 
The ground station shall store the 
received data onto a hard drive 
during the flight. 

T Test 13 
Test 15 T - Completed Verified 

O.7 The experiment shall begin by the 
power on of the gondola. T Test 13 T - Completed  Verified 

O.9 
The Ground Station shall be able 
to turn off critical devices in case of 
dangerous temperatures. 

T Test 13 
Test 6 T - To be done Cancelled 

5.2 Verification Plan 
  In the tables below there are the datasheets numbers and the corresponding 
component, as well as the Tests and Analysis mentioned above. 

Table 5-2: The relation between the datasheet number and the respective component. 

Datasheet number Respective Component 

1 ADC 

2 FPGA 

5 Temperature Sensors 

6 DC/DC converters 

7 RTC 

Table 5-3: Tests and analysis descriptions. 

Test number Test 2 

Test type Thermal vacuum 

Test facility Active Space Technologies 

Tested item System level test (whole system) 
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Procedure, Test level 
and duration 

Acceptance test. The experiment shall be placed inside the 
TVAC chamber, in its operational configuration. The 
chamber pressure (21 mbar/min) and temperature 
(3ºC/min) shall be adjusted, while operational checks 
(recording of experiment data and monitoring of localised 
temperatures) are being performed. Functional checks at 
the following temperature/pressure conditions shall be 
performed: 1) 25ºC & 1 bar; 2) 30ºC & 1 bar; 3) 30ºC & 5 
mbar; 4) -40ºC & 5 mbar 5) -50ºC & 5 mbar; 6) -60ºC & 5 
mbar; 7) 25ºC & 1 bar. The experiment shall be evaluated 
for an additional 15 minutes after the conditions are 
returned to ambient temperature and pressure.  

Required material 

To properly interface with the T-VAC chamber custom-
made cables were prepared, as well as an interface plate 
(made of aluminium), compatible with our mechanical 
interface (rubber bumpers thread locations) and the T-VAC 
accommodation holes. The design of this plate was 
designed by the H&D team (see appendix C.5) and 
manufactured by Active Space Technologies. 

Emergency break off 
points: 

The experiment shall be interrupted if the temperature 
measured in the critical components is out of their 
operational range. 

Test campaign 
duration 8 days 

Test campaign date 29 July to 5 of August 2021 

Test completed YES 

Requirements 
verified YES   

 

Test number Test 3 

Test type Vibration (random) 

Test facility Car 

Tested item System-level test (whole system) 

Procedure, Test level 
and duration 

Acceptance test. Random test:  The experiment shall be 
placed inside a car and turned off during the whole test. The 
car will be driven for 30 minutes on a bumpy road. A full 
functional test shall be performed after the end of the test. 

Test campaign 
duration One day 

Test campaign date 3 August 2021 

Test completed YES 
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Requirements 
verified YES 

 
Test number Test 4 

Test type Mechanical static 

Test facility University of Coimbra laboratory 

Tested item Subsystem-level test: mechanical structure 

Procedure, Test level 
and duration 

Acceptance test. Static test: the experiment shall be placed 
in a solid and stable surface. A load of about 120 kg (30 
times the weight of the experiment) shall be placed on its 
top. Deflections and deformations shall be identified. 
Duration: 15 min.  

Emergency break off 
points 

Static test: the load will immediately be relieved if significant 
deflections and deformations are observed.  

Test campaign 
duration  One day 

Test campaign date 26 of August 2020 (preliminary test)  
March 2021 (updated test) 

Test completed YES 

Requirements 
verified YES 

 

Test number Test 5 

Test type Detector Unit Test 

Test facility University 

Tested item Detector 

Model Real  

Procedure, Test level 
and duration 

 The detector shall be connected to an amplification system 
and this system connected to an oscilloscope.  
The detector will be exposed to a radioactive source and 
each of the 25 channels will be tested. 
The output of this test shall be documented on a channel-
by-channel basis.   

Test campaign 
duration One day 

Test campaign date  15th of June 2020 

Test completed YES 
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Requirements 
verified F1 

 

Test number Test 6 

Test type Temperature Sensor Test 

Test facility University 

Tested item Temperature Sensors 

Model Component Testing 

Procedure, Test level 
and duration Testing the operation of the temperature sensor. 

Test campaign 
duration One day 

Test campaign date 22 to 27 of July 2020 

Test completed YES 

Requirements 
verified F.3, P.5, P.6, P.10, and O.9 

 
Test number Test 7 

Test type SD data storage Test 

Test facility University 

Tested item SD cards  

Model Prototype Real, Software, Communication Interface 

Procedure, Test level 
and duration 

Test all the data storage protocol, with the information 
related to every sensor, 12 channel ADC’s connections and 
the RTC 
-Test the data package construction and storage rates 

Test campaign 
duration Two Days  

Test campaign date Third week of August 2020 

Test completed YES 

Requirements 
verified 

D.15  

 
Test number Test 8 

Test type DC/DC Converters Test 
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Test facility University 

Tested item DC/DC Converters 

Model Component Testing 

Procedure, Test level 
and duration Testing the operation of the DC/DC converters 

Test campaign 
duration  One day 

Test campaign date 22 to 27 of July 2020 

Test completed YES 

Requirements 
verified D.14 

 

Test number Test 9 

Test type ADC Test 

Test facility University 

Tested item ADC 

Model Component Testing 

Procedure, Test level 
and duration Testing the operation of the ADC 

Test campaign 
duration One day 

Test campaign date  April 2021 

Test completed YES 

Requirements 
verified N/A 

 
Test number Test 13 

Test type Flight Simulation Test 

Test facility University 

Tested item Experiment - All Systems Testing 

Model Flight Model 
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Procedure, Test level 
and duration 

Personnel: 1 Team Leader; 1 Simulation Officer 
(Responsible for the overall simulation); 2 to 3 Hardware 
Officers (Responsible for power supply, assembly, and 
inspection before and after simulation); 1 Ground Station 
Officer (Handling and command of the Ground Stations); 1 
Software Officer (on-site debugging); 1 Control Officer 
(WireShark Computer); 2 Laboratory Technicians. 
T-2H30 Initiation: 
● Connect All The Systems and Assembly; 
● Ethernet connection to a Ethernet Switch; 
● External Power connected to Regulable Power Source; 
● Ground Station 1 Connected to Ethernet Switch; 
● Control Computer for WireShark; 
● Control Computer uploads IP to Flight Computer; 
● Control Computer disconnects from Experiment; 
● Setup Temperature Control Outside of the Experiment; 
● Simulation Officer confirmation. 
T0 Background Noise Phase:  
● Simulation Officer signals Start of Test; 
● Ground Station 1 (GS1) sends SOE to Experiment; 
● Control Officer confirms WireShark is functioning; 
● GS1 RESET DC 1; 
● GS1 RESET DC 2; 
● GS1 RESET DC 3; 
● GS1 RESET DC 4; 
● GS1 SAMPLE START; 
● Wait 20 Minutes. 
● GS1 SAMPLE STOP; 
T+1H00 Radioactive Source Placement Phase: 
● Simulation Officer inserts Radioactive Source; 
● GS1 SAMPLE START; 
● Wait 2 Hours; 
T+3H00 Loss of Connection Phase: 
● Simulation Officer signals Start of Connection Loss; 
● GS1 physically detaches Ethernet connection of 
experiment; 
● Wait 0H30; 
● GS1 connects Ethernet Switch; 
● GS1 confirms receival of Experiment Downlink; 
● Wait 0H20; 
● GS1 SAMPLE STOP; 
● GS1 RESET Experiment; 
● Confirmation of Experiment Is Working; 
● Wait 0H20; 
● GS1 SAMPLE STOP; 
● Simulation Officer removes Radioactive Source; 
T+4H50 Simulation Officer signals End of Test. 
After Test: 
● Disassembly of Experiment; 
● Retrieval of SD Cards; 
● Read of SD Cards; 
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❏ Confirm cohesion of data; 
❏ Confirm data has been correctly stored; 
❏ Science will collect data and plot results. 
● Ground Station will store their results and compare with 
Science 
● Hardware Officers confirm Status of Experiment; 
● Comparison between Temperature registered by 
Experiment and collected Temperature Control; 
● Register Lessons Learned. 

Test campaign 
duration 

Half a week 
1st Day: Briefing of Test and Initiation Procedures; 
2nd Day: Morning Briefing; Background Noise, Radioactive 
Source, and Loss of Connection Phases; Debriefing; 
3rd Day: Disassembly of Assembly and After Test phase; 
Afternoon Debriefing and Lessons Learned. 
4th Day: Collection of Reports and Team Meeting. 

Deliverable Reports 

● Scientific Report 
○ Technical validation 
● Flight Software Report 
○ Experiment Behaviour 
○ Data Collected 
● Ground Stations Report 
○ Behaviour of Ground Stations 
○ Data Collected 
● Hardware and Mechanics Report 
○ Experiment Behaviour 
● Lessons Learned 

Test campaign date Changed 

Test completed Cancelled 

Requirements 
verified N/A 

 

Test number Test 17 

Test type RTC Component Testing 

Test facility University 

Tested item RTC 

Model Prototype Real, Software, I²C Interface 

Procedure, Test level 
and duration Test the operation of RTC 

Test campaign 
duration 2 days 

Test campaign date 22 to 27 of July 2020 
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Test completed YES 

Requirements verified F.7, P.9, D.16  

 

Test number Test 18 

Test type Mass test 

Test facility University 

Tested item Subsystem and system mass 

Procedure, Test level 
and duration 

Subsystem weighting: the mass of each subsystem shall be 
determined with a weighing scale. System weighting: after 
assembly, the whole experiment shall be weighted on a 
scale. 

Test campaign 
duration 2 days 

Test campaign date December 2020 

Test completed Partially completed 

Requirements 
verified N/A 

 
Test number Analysis 1 

Test type Multiphysics computer simulation.  

Test facility N/A 

Tested item Physical properties 

Model Computational model. Virtual 

Procedure, Test level 
and duration 

Study of the event types in the conditions of the flight, using 
MEGAlib, Medium-Energy Gamma-ray Astronomy library, 
a set of software tools which is designed to simulate and 
analyze data of gamma-ray detectors: 

● Geometry (used to simulate the components and 
materials of the detector  

○ single pixel (april 2020) 
○ 5x5 matrix (june 2020) 
○ CdTe detector with aluminium box (january 

2021) 
○ CdTe detector with aluminium box, other 

aluminium components and gondola (august 
2021) - Final 

● Used beams: 
○ An homogeneous beam is a cylindrical 

beam of particles of chosen radius, it was 
the most used one. 
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● Execution: Test the efficiency of the geometries in 
different situations 

○ single pixel in lab conditions (air properties 
at sea level - standard) and vacuum  

○ 5x5 matrix in lab conditions (air properties at 
sea level - standard) and vacuum  

○ altitude simulations: 5x5 matrix tested from 
18km to 27km - changing the air density for 
each km. 

○ detector and aluminium box for lab 
conditions, vacuum and 27km. 

○ final geometry for 27km. 
Graphic results of the simulation mentioned above in 
APPENDIX F 

Test campaign 
duration Two months 

Test campaign date May 2021 

Test completed Partially completed 

Requirements 
verified N/A 

 
Test number Analysis 2 

Test type Structural analysis – FEA 

Test facility Autodesk Fusion 360 - education license 

Tested item Simplified mechanical model 

Model Prototype Virtual 

Procedure, Test level 
and duration 

A finite element model was established with the most 
sensitive and structurally relevant components. Pre-
processing of the model was done, in terms of materials, 
contacts and loads. To verify structural integrity 3 studies 
were done: 
● Quasi-static: -5g horizontally and -10g vertically g 
multiplier load was applied to the model to simulate a 
transient load of shock type; 
● Modal analysis: determine natural frequencies to get 
clearance for vibration response; 
● Static analysis: 120kg applied on top of the experiment. 

Test campaign 
duration One week 

Test campaign date 14/10/2020 

Test completed YES.  
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Requirements 
verified  N/A 

 
 

Test number Analysis 3 

Test type SD data storage Test 

Test facility University 

Tested item Software Storage System 

Model Virtual Prototype 

Procedure, Test level 
and duration 

Simulate all the data storage protocol, with the information 
related to every sensor, 12 channel ADC’s connections and 
the RTC 
-Test the data package construction, and storage rates.  

Test campaign 
duration One week 

Test campaign date August 2021 

Test completed YES 

Requirements 
verified N/A 

 
Test number Analysis 4 

Test type Gamma ray attenuation analysis 

Test facility N.A. 

Tested item N.A. 

Model Physical calculations 

Procedure, Test level 
and duration 

Estimate the transparency of the experiment materials to 
gamma rays of energy in the range 100 keV - 1 MeV. A 
transparency above 80% is adequate. 

Test campaign 
duration One day 

Test campaign date 22/04/2020 

Test completed YES 

Requirements 
verified F1 
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Test number Analysis 5 

Test type Thermal analysis - FEA 

Test facility Autodesk Fusion 360 - education license 

Tested item Simplified mechanical model in static and iterative static 
studies to approximate transient conditions.  

Model Prototype Virtual 

Procedure, Test level 
and duration 

A finite element model was established. Materials were 
assigned, contacts and loads defined. The model was 
meshed. Interface and exterior walls of the payload had 
boundary conditions changed to match different stages of 
the launch campaign.  

Test campaign 
duration Two Weeks 

Test campaign date 31/10/2020 

Test completed YES.  

Requirements 
verified N/A 

 

5.3 Verification Results 
  In the tables below there are the results of analysis that were made. The 
Analysis 5 is not updated. 

Table 5-4: Results of analysis 2. 

Verification 
number Analysis 2 

Type of test Structural analysis – FEA 

Facility Autodesk Fusion 360 - education license 

Verified item Simplified mechanical model 

Verification 
description Verify structural integrity for shock, vibration and static loading...  

Expected 
Results No issues are expected. 
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Obtained 
Results 

● Quasi-static analysis: von Mises stress had a maximum value of 
88MPa in stress concentration points such as the long fasteners 
connecting the detector to the box, but safety factor is still a 
minimum of 3 overall. Maximum total displacement is 0.47 mm in 
the long PCB1. 

● Modal analysis: 1st mode of vibration had a frequency of 88 Hz, 
so there is no risk of resonance even in the lorry transportation. 
In terms of displacements amplified by a resonance situation, 
PCB1 is the single most affected component, being thin and long. 

● Static analysis: maximum von Mises stress is 102 MPa and 
maximum displacements are 0.2 mm. This contributes to 2.1 
safety factor overall.  

Conclusions 

We do not expect major damage of the mechanical structure in a 
shock situation and the structure should survive the required load. 
Vibration during transportation and handling should not be an issue 
either. 

Table 5-5: Results of analysis 4. 

Verification 
number Analysis 4 

Type of test Gamma ray attenuation analysis 

Facility N.A. 

Verified item N.A. 

Verification 
description 

The gamma ray attenuation of the experiment box (2.5 mm of 
aluminum) and the thermal coating (50 mm of extruded polystyrene 

(C8H8)n) was determined using the formula , 

where is the attenuation,  is the mass attenuation 

coefficient of the material and  is the material thickness. The mass 
attenuation coefficients were taken from the XCOM database from 
NIST. 

Expected 
Results A transparency above 80% for all energies is considered adequate. 
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Obtained 
Results 

 

Conclusions 
The materials of the experiment are transparent to 87% - 94% of 
gamma photons in the energy range 100 keV - 1 MeV. This does 
not compromise the goals of our experiment. 

Table 5-6: Results of analysis 5. 

Verification 
number Analysis 5 

Type of test Thermal analysis -FEA 

Facility Autodesk Fusion 360 - education license 

Verified item Simplified mechanical model in static and iterative static studies to 
approximate transient conditions.  

Verification 
description Verify that the components are within their operating temperatures. 

Expected 
Results 

Some hotspots in PCB1 are expected. A out of range cold scenario 
in the detector is plausible but with the insulation strategy applied, 
expectation is that the detector is safe. 

Obtained 
Results Temperature distribution: 



- 113 - 

 

 
 

 

Conclusions 

With the current thermal design, 100ºC hotspots are expected in the 
LDOs, but operation is safe. The detector setup should be 
somewhere between 4ºC and 25ºC, with the array operating at 
around 6ºC. The DC/DC converter in the PBC1 could be operating 
near the upper temperature limit.  

Table 5-7: Results of Test 2. 

Verification 
number 

Test 2 
 

Type of test Thermal vacuum 

Facility Active Space Technologies 

Verified item System level test (whole system) 

Verification 
description The TVAC test full description is described in the appendices. 

Expected 
Results 

The experiment is able to survive decompression to pressures 
below 5 mbar. 
All components are within their operational temperature range. 
The structural integrity and operationality of the experiment is not 
compromised by the stratosphere temperatures and pressures. 

Obtained 
Results 

The components that raised concerns regarding overheating in the 
thermal simulations were well within their optimal temperature 
ranges; 
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The experiment is able to survive decompression and wide 
temperature changes without suffering structural damages; 

Conclusions STRATOSPOLCA is able to survive the thermal and pressure 
conditions expected for the flight. 

Table 5-8: Results of Test 3. 

Verification 
number 

Test 3 
 

Type of test Vibration (random) 

Facility Car 

Verified item System-level test (whole system) 

Verification 
description The experiment was driven on a bumpy road for 30 minutes. 

Expected 
Results 

The experiment does not show any structural damages compromise 
and the fasteners stay tight. 

Obtained 
Results The obtained results are in accordance with the expected results. 

Conclusions STRATOSPOLCA will most probably survive the vibrations that may 
occur during the course of the BX campaign. 

Table 5-9: Results of Test 4. 

Verification 
number 

Test 4 
 

Type of test Mechanical Static 

Facility LIP-Coimbra Laboratory 

Verified item Subsystem-level test: mechanical structure 

Verification 
description 

Acceptance test. The testing procedure was the following: 
1. The mechanical structure of the experiment was fully assembled; 

the PCBs, FPGA and detector were removed to prevent 
unexpected damages. 

2. The mechanical structure of the experiment was mounted on the 
T-VAC interface plate, as it mimics the interface with the Gondola. 
This structure was placed on the ground. 

3. For the preliminar test, two H&D team members (the lightest 
member was on piggyback), with a combined mass of about 130 
kg stepped onto the center top of the experiment for two minutes, 
as depicted on the left picture For the aluminum L-profiles load 
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test, the team members were seated on the experiment top XPS. 
(right picture) 

 
Old load test (steel L-profiles) 

 
New load test (aluminum L-profiles) 

4. The experiment was disassembled and each part was inspected 
for deformations and deflections. 

Expected 
Results 

Deflections and deformations on the XPS, L-profiles (both stainless 
steel and aluminum) and experiment box should be minimal to non-
existent. 

Obtained 
Results 

The only deformations were found on the top and bottom XPS, due 
to the pressure of the localized nuts that secure the experiment 
elements (detector, PCBs and FPGA), as was expected. An 
example is shown in the figure below. 

 
These deformations do not compromise the performance of our 
experiment. 
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Conclusions 
The experiment was found capable of resisting the required static 
loads for a BEXUS flight, with minor deformations in the bottom and 
top XPS sheets, as expected.  

Table 5-10: Results of Test 5. 

Verification 
number Test 5 

Type of test Detector Unit Testing 

Facility LIP-Coimbra Laboratory 

Verified item Detector 

Verification 
description 

Detector exposed to a radioactive source and every channel was 
read to compare expected output with obtained output. Document 
the noisy channels. 

Expected 
Results 

All channels should be noise-less. However one or more may be 
noisy. (Where the noise is much greater than the signal.) 

Obtained 
Results 

 
The obtained results are displayed on the above picture. We have 
dubbed Inactive Pixels as those which aren’t scientifically useful for 
the experiment due to their very low Signal to Noise Ratio.  

Conclusions 
With this knowledge we have reduced the number of needed 
outputs for the experiment and therefore won’t be reading 
unnecessary channels.  
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Table 5-11: Results of Test 6. 

Verification 
number Test 6 

Type of test Temperature Sensors Test 

Facility LIP-Coimbra Laboratory 

Verified item Temperature Sensors 

Verification 
description 

One spare Temperature Sensor was mounted on a breadboard using the 
same circuit schematic that is implemented and the Flight Software Team, 
through the SoC FPGA, would verify their code and the results coming 
from the Temperature Sensor against a room thermometer. 

Expected 
Results 

The Temperature Sensor should provide a temperature via I2C that falls 
on its expanded uncertainty with respect to a calibrated and documented 
thermometer.  

Obtained 
Results 

The Temperature Sensor worked as expected. However, the temperature 
would rise slightly above room temperature. We expected this already and 
it is explained by the electronics’ heat dissipation. 

Conclusions Both the software and the digital temperature sensor worked as designed. 
The Test is capable of verifying requirements F.3, P.5, P.6, P.10, and O.9. 

Table 5-12: Results of Test 7. 

Verification 
number Test 7 

Type of test SD data storage Test 

Facility LIP-Coimbra Laboratory 

Verified item SD Card 

Verification 
description 

The SD Card was mounted on the SoC FPGA and the Flight Software 
Team, through the SoC FPGA, would verify their code by writing and 
reading on the SD Card with “Fake” data like  

Expected 
Results The SD Card should be able to read and write with the functioning rates. 

Obtained 
Results 

The Software was capable of reading and writing on the SD Card without 
loss of information during the whole test. 

Conclusions The software works as designed. 
The Test is capable of verifying requirement D.15. 
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Table 5-13: Results of Test 8. 

Verification 
number Test 8 

Type of test DC/DC Converters Test 

Facility LIP-Coimbra Laboratory 

Verified item DC/DC Converters  

Verification 
description 

Each of the spare DC/DC converts has been mounted on 
independent circuits like the circuits implemented on their 
respective PCB. 
A verification was done with respect to the input and output voltage 
and to the stability of the DC/DC converter. 

Expected 
Results 

The DC/DC Converts should provide the output defined on their 
respective datasheets and project-specific requirements. 

Obtained 
Results All the DC/DC converters worked as expected. 

Conclusions 

The hardware circuit and the respective DC/DC converter or LDO 
functioned as expected. Our implemented circuit is expected to 
work alike. 
The Test is capable of verifying requirement D.14. 

Table 5-14: Results of Test 5. 

Verification 
number Test 17 

Type of test RTC Component Testing 

Facility LIP-Coimbra Laboratory 

Verified item Real Time Clock (RTC) 

Verification 
description 

One spare RTC was mounted on a breadboard using the same 
circuit schematic that is on PCB1 and the Flight Software Team, 
through the SoC FPGA, would verify their code and the results 
coming from the RTC. 

Expected 
Results 

The RTC should provide a time through I2C according to how long 
it has been powered on.  

Obtained 
Results 

The software worked as expected and we verified that a power off 
of the RTC would clean the RTC memory and return to an all-zeroes 
state.   
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Conclusions The software worked as expected. 
The RTC is capable of verifying requirements F.7, P.9, and D.16. 

Table 5-15: Results of test 18. 

Verification 
number Test 18 

Type of test Mass test 

Facility University 

Verified item Subsystem and system mass 

Verification 
description 

Subsystem weighting: the mass of each subsystem shall be 
determined by weighting the corresponding components and 
fasteners with a weighing scale. System weighting: after assembly, 
the whole experiment shall be weighted on a scale. 

Expected 
Results The mass should not surpass the mass budget of 4 kg. 

Obtained 
Results 

Subsystem weighting: 
Each component was weighted with the corresponding fasteners. 

Subsystem Component Mass [g] 

Mechanical interface 701.64 ± 1.9 

 L-profiles 494.0 ± 1.0 

Rubber bumpers, washers and 
thread stones 

123.1 ± 1.6 

Thermal elements 636.0 ± 12.7 

 XPS sheets and coating 636.0 ± 12.7 

Box and electrical 2323.31 ± 1.4 

 Experiment box 1550.0 ± 1.0 

Detector 417.0 ± 1.0 

SoC FPGA (old version) 91.04 ± 0.01 

PCB1 132 ± 1 

PCB2 95.67 ± 0.01 

Power supply connector 10.25 ± 0.01 

E-link connector 27.35 ± 0.01 

Total 3660.951 ± 12.9  
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System weighting: The assembled experiment was weighted, with 
all components except for the FPGA and the experiment cables and 
the total mass was 3.515 kg. This value is well below the 
STRATOSPOLCA mass budget, with a comfortable margin for the 
remaining elements to be assembled. 
Final weighting: the final mass of the experiment was 3.6 kg, without 
the rubber bumpers. 

Conclusions 

Using aluminium instead of stainless-steel L-profiles has made our 
experience compatible with the proposed mass budget, still with 
some margin for cabling and estimation errors. The final mass of 
our experiment is 3.6 kg (without the rubber bumpers). 
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6. LAUNCH CAMPAIGN PREPARATION 

6.1 Input for the Campaign / Flight Requirement Plans 

6.1.1 Dimensions and Mass 
Table 6-1: Experiment mass and volume. 

Experiment mass (in kg) 4.0 +/- 0.2 kg 

Experiment dimensions (in m) 0.382 x 0.357 x 0.231 

Experiment expected COG position (in m) (-0.007348, 0.000078, -0.064191) 

 

6.1.2 Safety Risks 
Table 6-2: Experiment safety risks. 

Risk Key Characteristics Mitigation 

Use of High Voltage  

Voltage: 150V 
Component: DC/DC 
converter bias of the CdTe 
detector 

Silicon Coating 
DC/DC placed in PCB2 
Insulate spatially from 
conducting materials. 
Use of a proper insulating 
cable 

Radioactive samples 

For tests we plan to use 
gamma ray radioactive 
samples. Which will be 
provided by a certified 
institution, ICNAS4, and 
the procedures will be 
reviewed with this 
institution and with SSC. 

Shielding; 
Documentation; 
Transportation; 
And Handling Procedures 
clearly identified and a team 
trained for them.  

 

6.1.3 Electrical Interfaces 
Table 6-3: 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 

 
4 ICNAS is a Portuguese Institute of Nuclear Sciences Applied to Health. 
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 Data rate – Downlink (max. and average) *:  7.2 k bit/s 

 Data rate – Uplink (max. and average) **:  0.9 k b/s  

 Interface type: Ethernet 

Power system: Gondola power required? Yes 

 Peak power and current consumption: 0.226mA and 6.33W 

 Average power and current consumption: 0.219 mA and 3.13 W 

 Total power and current consumption after lift-off   28.5Wh and 1.017 Ah 

Power system: Experiment includes batteries? No 

 Type of batteries: N/A 

 Number of batteries (and S x P): N/A 

 Capacity (1 battery): N/A 

 Voltage (1 battery): N/A 

*Calculations were made considering we would send the data package around 5 times every 
second. We overestimated a data package of 180 bytes.  
**We still don’t know exactly how many times we would need to communicate with the gondola, 
but we don't expect it would be more than once every second. 

6.1.4 Launch Site Requirements 

Access to E-link as soon as possible  
  In order to make sure everything is working properly and the temperatures 
are adequate, so we can turn devices off if necessary. 

Items in launch site: 
● 2 computers (To be provided by the Team) 
● Table and chairs for 8 people 
● Basic tools 
● Duct tape 
● Philips screwdriver (compatible with M3 and M6 bolts) 
● Box cutter (for emergency cuts only) 
● Nut driver (compatible with M3 and M6 nuts) 
● Aluminum tape 
● Soldering Station, if possible 
● 28V power supply for ground tests 
● Oscilloscope 

  A detailed list is provided on Appendix D - Checklists, chapter “Flight 
Campaign Checklist”. 
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6.1.5 Flight Requirements 
  The flight altitude shall be at least 26 km. 
  The flight altitude should be as high as possible, considering flight payload. 
  The ascension velocity shall not be greater than 5 m/s, and should not be 
greater than 4m/s. 

6.1.6 Accommodation Requirements 
  The experiment doesn’t require a specific placement on the gondola. As 
long as materials such as Titanium, Lead and Tungsten shall not exist in other 
experiences, because they interfere with the gamma rays we want to measure. 

6.2 Preparation and Test Activities at Esrange 
  To test the system, we need to use radioactive sources. We will need some 
space for that, with tables and chairs as well as basic tools and a soldering station 
in case something has been damaged during transportation. 
  We intend to use a Ba-133 radioactive source to test the system, during 
the campaign preparation days. This radioactive sample will be shielded inside a 
Lead cylinder for greater protection, whenever we are not using it for tests, and 
further safety procedures are described in the Figure C-22 in Appendix C. 

We will use our computers to test the software, through the various tests 
that will be defined. This includes the E-link system and FPGA code. 
  We are also preparing a Mechanic’s Esrange Campaign Handbook 
(MECH-book) with the aim of simplifying the organization and procedures 
scheduled for the flight campaign, by including all the checklists, pictures and 
instructions needed to perform all activities related to mechanics. 
Table 6-4: List of planned activities. Activities are numbered using PAx references and the 
total Checklist of those is provided on the Appendix Checklist D II. 

Day Main Task Description Duration 

1 (PA1) Inspection of experiment The team shall inspect and document the experiment upon 
opening for the first time. Verify connections and screws 00:30h 

1 (PA2) External Power Supply And 
Communication 

Connect devices to the External Power System and to the 
Communication System (Ethernet Switch) 00:10h 

1 (PA3) Communication with Ground 
Station Test  Direct Ground Station Communication Testing  00:20h 

2 (PA4) Testing Detector Unit Testing the Detector Unit with radioactive samples 02:00h 

2 (PA5) Checking DC-DC Converters Checking DC-DC Converters using the system mounted on PA2 00:30h 

2 (PA6) RTC  Make sure that the time measured by the RTC is the same as 
measured by the E-Link GPS 00:10h 

2 (PA7) SD Card Reading Test Data recording with SD Card 01:00h 

2 (PA8) Final Mechanical Assembly Final Assembly of experiment and gondola installation 02:00h 

2 Individual Experiment Test As defined by BEXUS User Manual, Note 1 of Chapter 8.3  
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6.3 Timeline for Countdown and Flight 
Table 6-5:  Timeline of the experiment events. 

Time [s] Signal Function 

T-4H00 DC1 Reset 
Start LDO which powers RTC and Temperature 
Sensors. Manual Register of current time and 
compare with RTC. 

T-0H15 Start of Experiment DC1 is turned on and experiment powers 
Temperature Sensors and RTC. 

T0 (Launch) SAMPLE START 
Experiment starts recording data; DC/DC converters 
are turned on to allow the start of components: ADCs, 
CMOS Clock, and Detector. 

T + 4H00 SAMPLE STOP Stop recording data 

T + 6H00 End of Experiment On the later part of the descent the ground station 
emits this signal to turn off all DC/DCs before landing. 

6.4 Post-Flight Activities 
  When the gondola is found, the experiment shall be switched off manually 
by the recovery team. To do this, the experiment shall be unplugged from external 
power. The high voltage will not be a risk for the recovery, because the high 
voltage is confined inside the experiment.  
  After the arrival of the experiment at ESRANGE, the experiment will be 
inspected and its condition shall be documented. 
  Then, the data on the SD card will be copied and saved on a laptop and 
uploaded to the Project Online Drive. 
 Checklist of Activities: 

o On Recovery: 
▪ Manually remove connector of Power Supply and E-link 
▪ Photographic Registration of the Experiment’s Status 

o On Arrival to ESRANGE: 
▪ Team Inspection 
▪ Photographic Registration on Disassembly 
▪ Removal of SD Card 
▪ SD Card Upload to Online Storage 
▪ Final Documentation 

o Post-Flight Debriefing 
▪ Round-table analysis of Flight 
▪ Lessons Learned 
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7. DATA ANALYSIS AND RESULTS 

7.1 Data Analysis Plan 

  To accomplish the scientific experiment objective, which is the 
measurement of the multiplicity of the gamma-ray interactions as a function of the 
altitude, the data analysis plan proposed is herein stated. 
  The first step is to count the events that occurred during the flight and 
separate them in single, double or multiple, We need to separate the multiplicity 
of the events, because the detector will have different efficiency profiles for the 
different types of interactions, and in order to later compare them with the 
simulations, it’s easier to visualize the data as separate, as the simulations are. 
  Next, the accuracy of the analysed data is evaluated by comparison with 
the simulations. The simulations consider a perfect environment, so this side-by-
side analysis, allows us to understand more clearly the imperfections of the data, 
due to factors we do not control, as well any noise that not considered, for 
example, the background noise caused by the electronics, and other experiments, 
hence being able to remove them to have more clean data. Once this process is 
complete, one is able to analyse more clearly the data acquired. 
  Then, as for our secondary objective is to measure the energy of the 
interaction, energy spectrums are drawn, to once again, compare with the ideal 
spectrums obtained through simulations. 
  The data treatment is done using a Python program that selects the 
information (which are doing the conversion of the binary data from the FPGA into 
readable data and since we know that our detector saturates for values above 
2,5V it is important to take  out that data, as a first approach), and present it in 
such a way that we can have a clear understanding of the data collected during 
the flight. 

7.2 Launch Campaign 
 Arriving at the launch campaign, some final software integration tests were 
still left to be performed. On the first day the team tried to add a new software 
function to the system that was not planned and as a consequence, time was 
wasted doing that when it would've been wiser to focus on other problems.  

When doing all system testing, two problems were found: one problem was 
the shared memory between CPU and FPGA sections.  There was a detail that 
made it impossible for the two sections to work at the same time, the colliding use 
of some registers made the debugging of the problem impossible. Consequently, 
the STRATOSPOLCA had to fly without a ground station and was only able to 
read and save the data on the SD card. The second problem appeared when 
testing the detector, the detector wasn't working at all. In order to fix this problem, 
we had to ask for permission from the detector owners to open it up and figure 
out what was the problem. We managed to receive the permission and proceeded 
to open the detector. It is important to note that we've never opened the detector 
and the documentation had little to no information on how the detector was built, 
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so it's fair to say that we were under a lot of pressure. We managed to discover 
some cracks on the PCB's and we proceeded to fix those cracks. 

    
Figure 7.1 - Cracks that were fixed in the detector. 

After the attempt on fixing the detector we proceeded on testing each pixel. 
The detector was functional but with an increase on high frequency noise. While 
fixing the detector a series capacitance appeared on the output signal of every 
channel. To fix this a 1 Mohm resistor was added on PCB_1 in parallel on every 
channel coming from the detector (to discharge the capacitance).  

 
Figure 7.2 - 1MΩ resistors added on PCB1. 

After mitigating all the problems, the STRATOSPOLCA was ready to fly in 
an autonomous mode. 
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Figure 7.3 - Mounting STRATOSPOLCA in the gondola. 

 
Figure 7.4 - Final photographs before flight. 

 After the flight, a visual inspection was made and the STRATOSPOLCA 
structure did not suffer any physical damage. We just found one irregularity. The 
power supply connector of the detector fell during the landing of the gondola. 

 
Figure 7.5 - Detector DB9 connector disconnected after landing. 
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7.3 Calibration 
 In order to get a correlation between the data received from the flight and the 
energy of the actual events that occurred, the team had to perform a calibration of 
the detector by hitting the experiment with a Ba133 radioactive source (for which the 
energy spectrum is well known) and analysing each channel’s spectrum. The raw 
spectrum, for each functional pixel, of the BEXUS flight for the STRATOSPOLCA 
team is as following: 

 
Figure 7.6 - Raw spectrum of a pixel when hit by a Ba133 source. 
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Notice channel 3 isn’t presenting a clear signal, that may be because 
there are too many signals (due to the electronics’ noise for example) around 
those values making it impossible to distinguish between signal and noise. That 
being said the team considered that this pixel is not properly functioning and won’t 
consider the flight data that comes from it. 

This process has not been conducted yet due to the lack of computational 
power that we have access to. It's an unexpected issue that needs to be 
mitigated… 

7.4 Data Analysis 
To determine the multiplicity of the events, and considering the technical 

difficulties that STRATOSPOLCA faced, we will consider: 
● a simple event to be a signal with a certain index without having 

other channels with the same index 
● a double event, a signal within the same ADC index, being the 

interval of 0.0000625s, which is still a reasonable interval to 
consider a double event. 

● and for multiple events, 2 ADC index or higher 

Energy (eV) 

 
time (s/16000) 

Figure 7.7 - Representation of an event as a function of time, the event can be 
identified at t=0. 

To find the multiplicity of the events, we need to merge all the .csv files in 
one, and check if there are repeated indexes. 

After this is done, we plot the spectrum of the STRATOSPOLCA flight, and 
compare it to the simulations, as explained before. 

It's important to notice that the spectrums are in respect to the voltage of 
the signal. In order to check the energy of the events, one needs to come back to 
the calibration, and then do the correspondence between voltage and energy, and 
it will be possible to plot a function of energy. 
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7.5 Results 
Following the Data analysis plan described above we have obtained 

preliminary results for the multiplicity of the events, separating singles from 
doubles and multiples and obtained the following plot. 

 
Figure 7.8 - Multiplicity of events as a function of time. 

As expected, single events dominate during the entire flight. A deeper 
analysis into a better understanding of the data and results must be obtained 
soon. 

7.5.1 Post-Flight Analysis Review 

7.5.1.1 Mechanics and Thermal 
After the flight campaign and the corresponding inspections, there are 

some noteworthy points that may be of interest for future experiments and 
projects: 

- Our mechanical design proved to be sturdy and compatible with the 
requirements of the BEXUS flight. Thorough post-flight inspections 
showed very little or no damages to the experiment body; all the screws 
and cables were securely in place; the experiment components were 
immaculate and only small deformations were identified on the outer edges 
of the XPS plates. This shows that an aluminium-based rigid structure, 
combined with thick XPS plates, held in place with locknuts and standard 
screws are a good solution for BEXUS flights. 

- It is possible to find a sweat-spot between mass and sturdiness. One 
of our main struggles was to keep our experiment mass low (to achieve a 
higher flight altitude) while keeping our experiment sturdy. At first, we 
planned to use stainless-steel L-profiles for the mechanical interface with 
the gondola, but soon discovered that this greatly increased our total mass; 
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the L-profiles and interface screws weighted about 1.3 kg, which 
corresponded to 31% of our experiment weight. The BEXUS organisation 
proposed we used aluminum L-profiles instead. Although aluminum is 
softer and more bendable than stainless steel, it is much more light-weight, 
so we explored the option using thicker aluminum L-profiles to compensate 
for its lack of sturdiness. Using 3 mm thick aluminum L-profiles lowered our 
experiment mass in 0.8 kg, which is substantial to a 4 kg experiment. The 
aluminum L-profiles proved their sturdiness in the static load test (load of 
~120 kg), guaranteeing the required sturdiness without compromising the 
total mass budget. 

- A successful low-cost thermal design is possible. Our thermal design 
was based on household items, easily available in a thrift store. On the 
outside, we combined 5 cm thick XPS plates (the same that are used in 
house construction for thermal insulation) with aluminum duct tape. We 
also covered the inside of our experiment box with a survival blanket, made 
of mylar and resin, to keep the heat generated by the electronics inside. 
Although intricate handwork was required to implement this thermal 
design, it was very easy to adapt it to our experiment shape (and eventual 
modifications), requiring no prior detailed design. This thermal design 
proved to be more than sufficient for our heat retention requirements and 
was implemented at very low cost ~25€. Custom-made professional 
thermal shieldings need prior and detailed design, lack flexibility to 
changes once manufactured and have a much higher cost. Therefore, we 
advise future BEXUS experiments to use simple components for thermal 
insulation. 

- The cable plug-in should be comfortable. Both internal (experiment 
related) and external cabling (Gondola interface) should have sufficient 
space for connector and hand plug-in. One of the most important lessons 
learned for mechanics was to account for the space needed to plug-in by 
hand the connectors in future designs. 

7.6 Lessons Learned 

7.6.1 Management 
 During Pre-Selection and PDR, we have learned that the best way to 
successfully run this project is to be clear of our individual goals to everyone. 
Thus, our Management works closely with everyone - with periodic 1:1, and WP 
meetings - to assure that personal and professional goals are met as well as 
making sure that no grievances are created between members.  
  During the late Design phase (between the PDR and the CDR) we learned 
that good planning and procurement of recruitment should be done preferably as 
early as possible to ensure two goals: the first, is to have the most possible 
number of members as early as possible - have everyone integrated since the 
earliest design meeting; the second goal would be to have already the members 
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in place in case of the occurrence of rare but impactful events such as COVID-
19. At the beginning of the project we tried to reach more people but were 
unsuccessful.  
  We also learned that, when we organise the tasks for the realisation of the 
project, namely through the Gantt chart, we must give particular importance to 
their dependence on each other, focusing more on tasks whose compliance with 
the deadline is essential for the execution of the tasks who are dependent on it. 
In this way, we can avoid delays in the following stages of the project. 
  We assume that good coordination of tasks is essential, where 
communication takes on a fundamental role for better time management by the 
members responsible for the tasks. In our case, this good time management is 
crucial, because all members need to reconcile the project with their studies. 
  A great lesson we take from this project, from our work experience, is that, 
often, the curiosity of the members, their motivation and focus has much more 
influence on the success and fulfilment of the various stages of the project than, 
properly speaking, their technical knowledge. The two when combined is when 
the team is best fit. 
  It is good to always be prepared to take notes and record the various 
subjects that are talked about, as well as the conclusions and decisions that are 
taken. This way information is not lost and communication becomes more 
effective. 
  When working with suppliers (both internal and external), a standard 
document of processes, requirements, inputs, and outputs is a good 
uniformization of the communication standards aligned with Quality Management 
and Control.  
  Don’t assume something will be “easy” or done within the time allocated 
(specially for Software, it’s black magic) - moreover if you expect to do so under 
stress. 
  If you have the luck of having a mentor that promotes social gatherings, 
awesome - these go a long way to help your team members flourish and meet 
others, share experiences, and get loose. 

If you have team meetings, good! - don’t forget to do them regularly. If you 
don’t, just start. Everyone will thank you later. 

When something goes wrong, think about this: it’s only good worrying 
about what actually is under your control. If something is outside your control, 
don’t lose your time or temper over it. Teach this mentality to your team and then 
promote an environment of empowering everyone to do what they love and want 
to do. 

7.6.2 Systems Engineering  
The presence of a Systems Engineer and experience in that field as well 

as in the concurrent engineering field is highly important to mitigate technical risks 
and improve communication between the technical teams. A Systems Engineer 
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is a person who manages requirements. Requirements are the main driver of 
any project. Don’t disregard this if you want to be alive at the end of the day. 
  Adopting a pessimistic but realistic approach or rather conservative 
approach to critical situations or worst-case scenarios - like an overhead mass 
budget - may allow us to manage the expectations and add margin to unexpected 
events. Put margins on your requirements and make clear definitions of the 
reference points. 
  We also understand that, when there are some technical doubts that 
prevent us from moving forward with a certain task, it is important to make a 
decision and move forward, instead of waiting for a long period of time to find the 
ideal solution, which often never comes up. In these cases, we also assume that 
it is preferable to opt for the simplest solutions, avoiding developing work that later 
turns out to be unnecessary and unproductive. 
  Another learning, which is also related to the previous topic, is that we must 
take advantage of the help of teachers and professionals with experience in the 
subject to obtain information that would otherwise be more difficult to obtain, 
would take us longer and possibly, it would not have as much quality nor would it 
be so well adjusted to our needs. 
  In the laboratory, for everything to be well organised, an inventory must be 
created with the various materials that are available to the team. Stickers can also 
be used to identify the less obvious components that are in the laboratory and 
that need to be used by team members. 
  When buying parts or components, the team should take into account: 
component testing, flight model, backup models (at least one), and sum 
overheads to mitigate risks and delays associated with broken components or 
processes which didn’t deliver the correct output. 
  Talking about models, what is a model? We had the same question for way 
too long. Read ECSS-E-HB-10-02A. It will answer all of your questions and help 
make an actual verifiable and testable as well as verified and tested project. 
  Design having in mind testing and pre-flight activities. Some components 
need to be accessed before flight and should be easily accessible (like having an 
external connection on the experiment connecting directly to the flight computer 
for easy access on pre-flight activities). 
  Test like you fly and fly like you test is a good formula for designing tests 
and to design the overall flight operations. Failing to design the tests and flight 
operations alike may provide unexpected errors. 
  The test campaign (namely TVAC and Functional Testing) is the best way 
to stress test everything - from the hardware, the software, to the team. If 
something fails, make it your top priority to fix before flight.  

Don’t test something you are not going to be flying (like a software that 
doesn’t do what the final software version is going to do - specifically if it messes 
with the temperature and critical points). 

Prepare the Launch Handbook well far ahead (unfortunately, due to lack 
of including this action in the planning, we had to push it on the last days before 
the launch campaign). 
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  Make sure the team understands the criticality and priority of the functions 
to accomplish the Mission Goals. 
 Read the ECSS standards and handbooks…. These are proven and tested 
methods that can easily help and guide you (we used the DRD for Test 
Specifications and Test Procedures and it worked like magic for the TVAC). 
  Requirements: if you ever have to do something well, it’s requirements. 
Just write them, and make sure they are complete and make sense. (And follow 
the ECSS guidelines) 

7.6.3 Configuration & Change Management 
 Learn to track your work and what changes you do (both to design and to 
the assembly or integration of your subsystems). Documentation is not just 
reviewing documents for gramatical, it’s also: versioning, revision and approval 
cycles, track changes, cohesion between requirements, design, and production, 
and configuration. 
 Speaking of Configuration, what is Configuration? Well, do you remember 
which of your PCB units has been assembled? The first, the third….? Did anyone 
put a Part Number and a Serial Number or anything alike on the PCB? Well… we 
neither, but highly recommend you to. And what changes did you do to that PCB 
the other night? Yeah…. at least keep a logbook. 

Product Tree with your Configuration Items identified will go a long way in 
helping everyone know what part is what and what makes up what. 

Another topic important to configuration: Changes. Changes happen 
invariably. Keep something up to date with your changes (a spreadsheet with a 
change log may suffice).  

7.6.4 Electronics 
 When designing the electronics, it's a good practice to put some accessible 
pins for testing, for example in the communication lines, voltage references, etc… 

It is also important to put some led's on the PCB's, mainly in the power 
supply lines. The LED's are a visual check to see if the components are turned 
on. Also, if you can put LED's in the outside of the experiment, do so, in order to 
monitor some critical components that you may have. 

It's a good practice to have a switch on/off button on the outside of the 
experiment. 

Don't use SMD capacitors and resistors with a size below 0805, the extra 
work on soldering is not worth it. 

When testing your electronics take some time on building some cables for 
testing (instead of using singular jumpers), it will save you time in the long run. 

If you want to monitor the temperature of a component in a PCB, place the 
temperature sensor in the backside of the PCB (right below the component). You 
need to calibrate the temperature sensor afterwards. 
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7.6.5 Mechanics 
 Using one integrated Computer Aided Design and Finite Element 
Analysis (or even Computer Assisted Manufacturing) software avoids 
compatibility issues and information loss on file conversion. The overall workflow 
of the mechanical design is highly improved, especially feedback implementation.  

7.6.6 Software 
 If you really have to leave things to be done/programmed during the 
Launch Campaign, make sure those add something to the mission goals. 
 For systems that require fast processing- data high-level programming- like 
C++, it’s a bad choice. The best programming language for these situations is 
low-level programming, for example, RTL, like Verilog or VHDL, which can 
provide fast handling of information. 

During flight, it is essential to have communication to the ground station, 
otherwise it’s not possible to know whether the experiment is functional or not. 

7.6.7 Launch Campaign 
During the Launch and Flight Campaign, try to ‘isolate’ the launch team as 

much as possible from external stress-drivers. The Campaign may be stressful 
enough for your team, nobody wins with more stress. (And if you are the Team 
Leader or the responsible person for the Campaign, remember that you are the 
last person that can ever be stressed. This is applicable to every step of your 
project.) 

7.7 Abbreviations 

  Add abbreviations to the list below, as appropriate and delete unused 
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  
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 
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FAR  Flight Acceptance Review 
FST  Flight Simulation Test 
FRP  Flight Requirement Plan 
FRR  Flight Readiness Review 
GSE  Ground Support Equipment 
GUI  Graphical User Interface 
HK  Housekeeping 
H/W  Hardware 
ICD  Interface Control Document 
I/F  Interface 
IPR  Integration Progress Review 
LIP  Laboratory for Instrumentation and Experimental Particle Physics 
LO  Lift Off 
LT  Local Time 
LOS  Line of Sight  
Mbps  Megabits 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 
RTC    Real Time Clock 
SED  Student Experiment Documentation  
SNSA  Swedish National Space Board  
SODS  Start Of Data Storage 
SOE  Start Of Experiment 
SSC  Swedish Space Corporation 
STW  Student Training Week  
S/W  Software 
T  Time before and after launch noted with + or - 
TBC  To be confirmed 
TBD  To be determined 
UC  University of Coimbra 
WBS  Work Breakdown Structure  
ZARM  Zentrum für Angewandte Raumfahrttechnologie und Mikrogravitation 
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APPENDIX A  – EXPERIMENT REVIEWS 

I. Preliminary Design Review – PDR 
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II. Critical Design Review – CDR 
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III.Integration Progress Review – IPR 
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IV.Progress Review 
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V.  Progress Review 2 
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VI. Progress Review 3 
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APPENDIX B  – OUTREACH AND MEDIA COVERAGE 
 
Table B-1: STRATOSPOLCA social networks. 

Media Handle Link 

Website N/A http://sac-aac.pt/projetos/STRATOSPOLCA/ 

Twitter @STRATOSPOLCA https://twitter.com/STRATOSPOLCA 

Instagram @STRATOSPOLCA https://www.instagram.com/STRATOSPOLCA/ 

Facebook @STRATOSPOLCA https://www.facebook.com/STRATOSPOLCA/ 

LinkedIn STRATOSPOLCA https://www.linkedin.com/STRATOSPOLCA/ 

 

I.  Outreach Actions 

Table B-2: Media coverage about STRATOSPOLCA. 

Date Media Title Link/Image 

25/11/2019 RUC (University 
Radio) 

DE COIMBRA PARA O 
ESPAÇO: 13º CICLO DO 
BEXUS PODE LEVAR 
UMA EXPERIÊNCIA DE 
COIMBRA ATÉ À 
ESTRATOSFERA 

https://www.ruc.pt/2019/
11/25/de-coimbra-para-
o-espaco-13o-ciclo-do-
bexus-pode-levar-uma-
experiencia-de-coimbra-
ate-a-estratosfera/ 

12/12/2019 
Ardina News 
(Online 
Newspaper) 

STRATOSPOLCA: de 
Coimbra para estratosfera 
para medir radiações num 
balão da ESA 

https://ardina.news/articl
e/2019_12_12_1049047
590_STRATOSPOLCA-
de-coimbra-para-
estratosfera-para-medir-
radiacoes-num-balao-
da-esa 

12/12/2019 
Visão/Sapo 
(Online 
Newspaper) 

STRATOSPOLCA: de 
Coimbra para estratosfera 
para medir radiações num 
balão da ESA 

https://visao.sapo.pt/exa
meinformatica/noticias-
ei/ciencia-ei/2019-12-
12-STRATOSPOLCA-
de-coimbra-para-
estratosfera-para-medir-
radiacoes-num-balao-
da-esa/ 

12/12/2019 
Sapo 
LIFESTYLE 
(Online 

Experiência da 
Universidade de Coimbra 
vai à estratosfera num 

https://lifestyle.sapo.pt/vi
da-e-carreira/noticias-
vida-e-
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Newspaper) balão da Agência Espacial 
Europeia 

carreira/artigos/experien
cia-da-universidade-de-
coimbra-vai-a-
estratosfera-num-balao-
da-agencia-espacial-
europeia 

12/12/2019 
Beira News 
(Online 
Newspaper) 

Experiência da UC vai à 
estratosfera no balão 
BEXUS 31 da Agência 
Espacial Europeia 

https://beiranews.pt/201
9/12/experiencia-da-uc-
vai-a-estratosfera-no-
balao-bexus-31-da-
agencia-espacial-
europeia/ 

12/12/2019 
Notícias UC 
(University 
News Website) 

Experiência da UC vai à 
estratosfera no balão 
BEXUS 31 da Agência 
Espacial Europeia 

http://noticias.uc.pt/univ
erso-uc/experiencia-da-
uc-vai-a-estratosfera-
no-balao-bexus-31-da-
agencia-espacial-
europeia/ 

12/12/2019 

Jornal do 
Luxemburgo 
(Online 
Newspaper) 

Experiência da UC vai à 
estratosfera no balão 
BEXUS 31 da Agência 
Espacial Europeia 

http://jornaldoluxemburg
o.com/2019/12/experien
cia-da-uc-vai-a-
estratosfera-no-balao-
bexus-31-da-agencia-
espacial-europeia/ 

12/12/2019 
Press Point 
(Online 
Newspaper) 

Experiência da UC vai à 
estratosfera no balão 
BEXUS 31 da Agência 
Espacial Europeia 

https://presspoint.pt/bal
ao-bexus-31/ 

12/12/2019 
Penacova 
Actual (Online 
Newspaper) 

TECNOLOGIA ESPACIAL - 
Experiência da UC vai à 
estratosfera no balão 
BEXUS 31 da Agência 
Espacial Europeia 

https://www.penacovact
ual.pt/2019/12/tecnologi
a-espacial-experiencia-
da-uc.html 

12/12/2019 

Rádio Regional 
do Centro 
(Online 
Newspaper) 

Experiência de estudantes 
da UC vai à estratosfera 

https://www.radioregion
alcentro.pt/noticias/expe
riencia-de-estudantes-
da-uc-vai-a-
estratosfera/ 

12/12/2019 Campeão das 
Províncias 

Experiência de estudantes 
da UC vai à estratosfera 

https://www.campeaopr
ovincias.pt/noticia/exper
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(Online 
Newspaper) 

iencia-de-estudantes-
da-uc-vai-a-estratosfera 

12/12/2019 
Observador 
(Online 
Newspaper) 

Experiência de estudantes 
de Coimbra vai à 
estratosfera num balão da 
ESA 

https://observador.pt/20
19/12/12/experiencia-
de-estudantes-de-
coimbra-vai-a-
estratosfera-num-balao-
da-esa/ 

12/12/2019 
Notícias de 
Coimbra (Online 
Newspaper) 

Experiência de estudantes 
de Coimbra vai à 
estratosfera num balão da 
ESA 

https://www.noticiasdec
oimbra.pt/experiencia-
de-estudantes-de-
coimbra-vai-a-
estratosfera-num-balao-
da-esa/ 

12/12/2019 Sapo 24 (Online 
Newspaper) 

Experiência de estudantes 
de Coimbra vai à 
estratosfera num balão da 
ESA 

https://24.sapo.pt/atuali
dade/artigos/experienci
a-de-estudantes-de-
coimbra-vai-a-
estratosfera-num-balao-
da-esa 

12/12/2019 
Expresso 
(Online 
Newspaper) 

Experiência de estudantes 
de Coimbra vai à 
estratosfera num balão da 
ESA 

https://vidaextra.express
o.pt/vida/2019-12-12-
Experiencia-de-
estudantes-de-Coimbra-
vai-a-estratosfera-num-
balao-da-ESA 

12/12/2019 
SIC Notícias 
(Online 
Newspaper) 

Experiência de estudantes 
de Coimbra vai à 
estratosfera num balão da 
ESA 

https://sicnoticias.pt/pais
/2019-12-12-
Experiencia-de-
estudantes-de-Coimbra-
vai-a-estratosfera-num-
balao-da-ESA 

12/12/2019 
Notícias ao 
Minuto (Online 
Newspaper) 

Experiência de estudantes 
de Coimbra vai à 
estratosfera num balão da 
ESA 

https://www.noticiasaom
inuto.com/tech/1376027
/experiencia-de-
estudantes-de-coimbra-
vai-a-estratosfera-num-
balao-da-esa 

12/12/2019 Público (Online 
Newspaper) 

Balão vai levar experiência 
de alunos portugueses até 
à estratosfera 

https://www.publico.pt/2
019/12/12/p3/noticia/bal
ao-vai-levar-
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experiencia-estudantes-
portugueses-ate-
estratosfera-1897085 

13/12/2019 
Correio da 
manhã 
(Newspaper) 

Experiência na estratosfera 

 

13/12/2019 Diário As Beiras 
(Newspaper) 

Balão da Agência Espacial 
Europeia leva experiência 
de alunos da FCTUC 

 

13/12/2019 
Diário de 
Coimbra 
(Newspaper) 

Balão da ESA leva projeto 
de alunos até à estratosfera 

 

13/12/2019 
Luxemburgo 24 
(Online 
Newspaper) 

Experiência de estudantes 
de Coimbra vai à 
estratosfera num balão da 
ESA 

https://lux24.lu/portugal/
experiencia-de-
estudantes-de-coimbra-
vai-a-estratosfera-num-
balao-da-esa/ 

13/12/2019 
Mira Online 
(Online 
Newspaper) 

Experiência da 
Universidade de Coimbra 
vai à estratosfera no balão 
BEXUS 31 da Agência 
Espacial Europeia 

http://miraonline.pt/expe
riencia-da-universidade-
de-coimbra-vai-a-
estratosfera-no-balao-
bexus-31-da-agencia-
espacial-europeia/ 

16/12/2019 
A Cabra 
(University 
Newspaper) 

O céu é o limite para a 
equipa STRATOSPOLCA 

https://www.acabra.pt/2
019/12/o-ceu-e-o-limite-
para-a-equipa-
STRATOSPOLCA/ 
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19/12/2019 RUC (University 
Radio) 

A Secção de Astronomia e 
o projeto STRATOSPOLCA 

https://www.mixcloud.co
m/inforuc/minerva-
19122019-a-
sec%C3%A7%C3%A3o
-de-astronomia-e-o-
projeto-
STRATOSPOLCA/ 

02/01/2020 
RTP (National 
Broadcasting 
Organization) 

Compreender o Espaço - 
Estudantes de Coimbra 
participam em projeto da 
Estação Espacial Europeia 

https://www.facebook.co
m/fctuc/videos/vb.16617
2510142/259354279420
1766/?type=2&theater 

20/02/2020 
RUC 
(University 
Radio 

HENRIQUE NEVES FAZ 
BALANÇO DO 
STRATOSPOLCA NA 
SUÉCIA 

https://www.ruc.pt/2020/
02/20/henrique-neves-
faz-balanco-do-
STRATOSPOLCA-na-
suecia/ 

30/07/2020 LIP (Website) 
STRATOSPOLCA: 
Integration Progress 
Review 

PT: 
https://www.lip.pt/?secti
on=press&page=news-
details&id=974&ref=ho
mepage&lang=pt 
EN: 
https://www.lip.pt/?secti
on=press&page=news-
details&id=974&ref=ho
mepage&lang=en 

27/08/2020 Reconquista 
(Newspaper) 

Beirão lidera experiência 
científica no espaço 

 

27/08/2020 Região de Leiria 
(Newspaper) 

Estudante de Leiria 
participa em experiência na 
Agência Espacial Europeia 
na Suécia 
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31/08/2020 
Notícias de 
Viseu 
(Newspaper) 

Estudantes Naturais De 
Viseu Participam Em 
Projeto Que Irá Até À 
Estratosfera 

https://www.noticiasdevi
seu.com/estudantes-
naturais-de-viseu-
participam-em-projeto-
que-ira-ate-a-
estratosfera/ 

01/09/2020 Boletim do Lip  
(News Bulletin) STRATOSPOLCA 

 
https://www.lip.pt/outrea
ch/lipnews/pdfs/issue17
_pt.pdf (page 27) 

10/09/2020 
Notícias de 
Fátima 
(Newspaper) 

Jovem de Fátima participa 
em experiência na 
estratosfera 

https://www.noticiasdefa
tima.pt/educacao/jovem
-de-fatima-participa-em-
experiencia-na-
estratosfera-
?fbclid=IwAR3Wki6N40
zjXfA61scofjt35fZv6JBk
UwtmZtYAUJnBaVLFN
MHqMUT4jF8 

10/09/2020 Trevim 
(Newspaper) 

Lousanenses participam 
em projeto 
da Agência Espacial 
Europeia 
  

12/10/2020 Jek Magazine The Sky is the limit with 
STRATOSPOLCA 

https://issuu.com/jeknow
ledge_/docs/jekmagazin
e_october20 (page19) 

22/10/2021 Sábado 
(Newspaper) 

Experiência científica de 
estudantes de Coimbra 
pronta para seguir para o 
espaço 

https://www.sabado.pt/ci
encia---
saude/detalhe/2021092
2-1135-experiencia-
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cientifica-de-
estudantes-de-coimbra-
pronta-para-seguir-
para-o-espaco 

22/10/2021 Observador 
(Newspaper) 

Experiência científica de 
estudantes de Coimbra 
pronta para seguir para o 
espaço 

https://observador.pt/20
21/09/22/experiencia-
cientifica-de-
estudantes-de-coimbra-
pronta-para-seguir-
para-o-espaco/ 

24/10/2022 

SAPO Lider 
Magazine 
(Online 
Newspaper) 

Stratospolca: a experiência 
de estudantes portugueses 
a caminho do espaço 

https://lidermagazine.sa
po.pt/stratospolca-a-
experiencia-de-
estudantes-
portugueses-a-caminho-
do-espaco/ 

18/11/2022 LIP(Website) O voo da 
STRATOSPOLCA 

https://www.lip.pt/index.
php?section=press&pag
e=news-
details&id=1132&ref=ho
mepage 

 

II.  Presentations 

16/02/2020 - Presentation about the project at the meeting “LIP Jornadas 2020”. 
(https://indico.lip.pt/event/650/) 

 
Figure B-1: Presentation of the STRATOSPOLCA project at the meeting “LIP Jornadas 

2020”. 



- 177 - 

 

10/09/2020 - Presentation about the project at the meeting “XXX Encontro 
Nacional de Astronomia e Astrofísica”.  
(https://www.iastro.pt/research/conferences/enaa30/) 

25/09/2020 - Presentation about the project at the meeting “Give me more Space” 
organised by Physis (Portuguese association of Physics Students). 
(https://www.facebook.com/PhysisPT/videos/vb.175892925794811/6266723080
17492/?type=3&theater) 

03/11/2021 - Presentation about the project at the meeting “Café com Física” 
organised by the Physics Department of the University of Coimbra. 
(https://indico.lip.pt/event/1008/) 

 
Figure B-2: Presentation of the STRATOSPOLCA project at the meeting “Café com 

Física”. 

III. Crowdfunding 

26/06/2020 - Webinar about Portugal in the future of space exploration. The 
orator was Dr. Rui Curado Silva from LIP with Rui Patrício, ex-CEO and currently 
Business Development Manager at Active Space Technologies, as a guest. 

28/08/2020 - Webinar about the work of João Lousada, an analog astronaut and 
STRATOS flight controller and ISS Columbus Operation Systems Engineer at the 
German Space Operations Center with GMV INSYEN in Munich, Germany.  
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30/07/2021 - Launched a crowdfunding campaign on experiment.com with a 
duration of 45 days. The funding goal is 4000$. 

IV. Logo 

Our logo was designed by freelance logo designer Nadia Castro. 
@nadiacastro.uk 

   

  

 

  

 

Figure B-3: STRATOSPOLCA logos. 
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APPENDIX C  – ADDITIONAL TECHNICAL INFORMATION 
I. Mechanics 

A. Technical Drawings 

 
Figure C-1: Schematic representation of the whole experiment. 

Figure C-2: Schematic representation of the interface rails (in grey). 
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Figure C-3: Schematic representation of the experiment box. 

 
Figure C-4: Manufacturer’s datasheet of the experiment box. We ordered the 1550WNBK 
model, with a silicon factory installed gasket and black textured polyester powder paint. 
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Figure C-5: Drawing for T-VAC interface. 

B. Stickers 

  
 Figure C-6: Warning sticker to attach to box lid. 

C. Internal documentation 

1. Mechanics Inventory 

Version Issue date Document type Valid from 

1.0 16/10/2020 Inventory 16/10/2020 
Issued by: Rita Roque, Mechanics coordinator 
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Table C-1: Mechanic’s inventory 

Ref. Size Quantity Location Person Date 

B-BOX M3 x 10 8 Toolbox Rita Roque 15/10/2020 

B-CON M3 x 10 20 Toolbox Rita Roque 15/10/2020 

8 Experiment Rita Roque 15/10/2020 

B-INT M6 x 70 20 Toolbox Rita Roque 15/10/2020 

20 LIP workshop Rita Roque 06/11/2020 

B-PCB M3 x 6 17 Toolbox José Sousa 01/11/2020 

8 Experiment Rita Roque 15/10/2020 

N-CON / N-
PCB 

M3 45 Toolbox José Sousa 01/11/2020 

8 Experiment Rita Roque 15/10/2020 

N-INT M6 33 Toolbox Rita Roque 15/10/2020 

R-INT M6 2 Toolbox Rita Roque 15/10/2020 

4 Experiment Rita Roque 15/10/2020 

S-PCB M3 x 10 11 ToolBox José Sousa 01/11/2020 

23 Experiment Rita Roque 15/10/2020 

 

2. Inventory guidelines 

General rules: 

● Any change in location/quantity of the mechanic’s material shall be added to 
table C-1 (refer to new entry); 

● Any material not mounted on the experiment with quantity lower than 5 shall be 
reported to WP7 during coordination meeting or through wp7_coord slack 
channel and marked red in table C-1; 

● The active entries (corresponding to the present inventory state) have the date 
with green filling. 
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Table columns: 

● Ref.: the material reference has the form X-YYY, where: 
○ X corresponds to the type of material: B - bolt; N - nut; R - rubber 

bumper; S - standoff; V - velcro; A - aluminum duct tape. 
○ YYY corresponds to the mechanical sub-system of the material: BOX - 

experiment box; CON - connectors (E-link and power supply); INT - 
mechanical interface; PCB - PCB and FPGA boards. 

● Size: refers to the dimensions of the material in mm. 
● Quantity: refers to the number of units of a material allocated to a specific 

location. 
● Location: refers the the place where the material is stored (ex: Experiment, 

Toolbox, Cardbox, etc); 
● Person: refers to the person that did the inventory for that material; 
● Date: refers to the date (format: DD/MM/YYYY) of the inventory entry. 

New entry: 

● A new entry shall be made every time a material changes location or quantity. 
The following steps should be performed to table C-1: 

○ Create new row below the last entry for the material in consideration; 
○ Merge cells for Ref. and Size column; 
○ Fill in columns Quantity, Location, Person and Date; 
○ Change the fill color of Date to green and remove fill color for inactive 

entries (keep in mind that some past entries can still be active, if they 
refer to an unchanged location); 

○ Change the fill color of Quantity to red if there is any quantity lower than 
5 for any material not mounted on experiment. 

D. Mechanics Tools for on-site assembly 
❏ Spanner nº19 
❏ Philips screwdriver M6, M3 
❏ Flat-blade screwdriver M3 
❏ Box cutter 
❏ Scissors 
❏ Ring spanner nº 10 
❏ Ratchet wrench nº 5.5 
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II.  Electronics 

 
Figure C-7: Inputs of PCB1. 

- Bottom right corner of figure C-7 we have the inputs coming from the 
detector. 
- Top 3 connectors are the inputs to control the 3 ADC’s. 
- CONNECTOR_GONDOLA is the connector that brings the 28V from the 
Amphenol PT02E8-4P connector. 
- IN_FPGA_PCB2 brings the remote controls of the DCDC’s to the PCB1. 
- IN_-15V brings -15V to the PCB1 to feed the -15 to -2.5 LDO. 
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Figure C-8: Schematic an OPAMP. 

- Quad Op Amp that represents the schematic of Figure C-8. 
- We have 4 of this quad Op Amps and one dual Op Amp. 
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Figure C-9: Example of the Schematic of an ADC. 

- The FPGA can control the functioning of the ADC through the MODE1_0, 
MODE1_1, MODE1_2, MODE1_3. If it's through SPI or Pin Control Mode. 
- FPGA can reset the ADC through the RESET1 pin. 
- The FPGA can control the data that comes out. It does that by manipulating 
the FORMAT1_0 and FORMAT1_1 pins.  
- The pins SYNC_OUT1 are to synchronize the 3 ADC’s. Refer to the 
subchapter “Analog to digital Conversion” in the chapter “Electronics Design” 
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Figure C-10: Schematic of one temperature sensor. 

- The temperature sensors have two pins to configure their addresses to 
communicate by I2C protocol. Besides that, the RTC can also communicate by 
I2C protocol with the microcontroller through their relative slave addresses. The 
distribution of the address of these components are in the table below. 

Table C-2: Distribution of the address for each component. 

PINS ADD1 ADD0 Slave address 

TMP1 0 0 1001000 

TMP2 0 open 1001001 

TMP3 0 1 1001010 

TMP4 1 0 1001100 

RTC N/A 1101000 
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Figure C-11: 28V to 5V DCDC converter. 

- Two DCDC’s in parallel for redundancy. 
- Trimmer to ensure that V before the diodes is 5+Vd (V dropout of the diode). 
- Jumper in Control_OnOff for debugging. Either it connects directly to FPGA or to 
VCC.  

 
Figure C-12: LDO’s of PCB1. 

- Every enable has a jumper for debugging. Either it connects directly to the 
FPGA or to VCC. 
- JP6 is where the jumpers must connect if they want VCC. 
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Figure C-13: Output connector of the PCB1. 

- Top 3 connectors are the output of the ADC, they go to the FPGA. 
- OUT_SENSORS is the connection I2c. 
- CONNECTOR_5V_FPGA is the 5V to power-up the FPGA. 
- CON_PCB2 28V to feed PCB2 
- CON_PCB2_REMOTE brings the remote controller (ON/OFF) of the 
DCDC’s in the PCB2. 
- CON_SENSOR_PCB2 brings the I2C from the PCB2 to PCB1  
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Figure C-14: Schematics of the PCB2 input connectors. 

- CON_SENSOR is the input/output of the I2C protocol. It also has the 
3.3V to feed the temperature sensor. 
- CON_PCB1 is the 28V that comes from the PCB1. 
- REMOTE_DCDC holds the controls for the enable of the DCDC’s. 
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Figure C-15: Power supply of the PCB2. 

- Two 28V to +/- 15V DCDC converters for redundancy. 
- Transistors in the enable pin of the 28V to +/- 15V DCDC converters 
because the ON voltage value is above 10V and with this mounting the 3.3V are 
capable of inducing 28V at the control pin. 
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Figure C-16: Outputs of the PCB2  

- OUTPUT_150V feeds the CdTe semiconductor. 
- OUTPUT_12-12 feeds the CSP’s of the detector. 
- OUTPUT_-15V output of -15V to feed the PCB1. 

 

 
Figure C-17: Schematic of RTC and CMOS clock. 



- 193 - 

 

 
Figure C-18: Design of PCB1 
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Figure C-19: Design of PCB 2 

 The design of PCBs is complete. 

Coding of the Connectors 

 The external connection to power supply from the battery of the gondola is made 
through an Amphenol PT02E8-4P connector. The pin distribution is:  

Table C-3: Coding of the Amphenol PT02E8-4P connector between gondola battery and 
the experience 

PIN Function 

A +  

B       - 

C Empty 

D Empty 

 The connections between PCB1, PCB2 and FPGA are specified in the schematics 
of the input and output connectors, stated before in this chapter.  
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III. Main electrical component datasheets 

● Below are the models of the different electronics components, which 
contain the link to their datasheet. 

● Amplification: 
● Operational amplifier 
● OPA325IPWR 
● Analog to digital conversion: 
● ADC 
● AD7711 (Rev. G) 
● CMOS Oscillator 
● DSC1033CI1-008.1920 
● Housekeeping: 
● Temperature Sensors 
● TMP100 
● Real Time Clock and Crystal 
● DS1337S+T&R 
● LFXTAL003000 
● Storage: 
● SD Cards 
● RP-SMTT64DA1  
● Power Supply: 
● DC/DC converter (28V to 5V) 
● UWS-5/10-Q12P-C 
● DC/DC Converter (28V to +/-15V) 
● PDQ30-Q24-D15-D 
● DC/DC Converter (15V to 150V) 
● R15-150B 
● LDO (5V to 3.3V) 
● LP38692MP-3.3/NOPB 
● LDO (-15V to -2.5V) 
● XC6902N251MR-G 
● LDO (15V to 12V) 
● LM2940SX-12/NOPB 
● LDO (-15V to -12V) 
● LM2990S-12/NOPB 
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IV. Software 

 
Figure C-20: SoC FPGA design. 
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Figure C-21: Software design development. 
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V.  Radiation Procedures

Figure C-22: Description of the radiation procedures, i.e handling and transportation. 
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VI. Thermal Vacuum Test Specification 

A. Introduction 
A thermal vacuum test (TVAC) is necessary to test the experiment 

hardware of STRATOSPOLCA under the profile of the BEXUS vehicle flight, 
satisfying the Design Requirement D.17. Vacuum conditions will be applied to 
verify that the systems (mainly electrical) have nominal performance in the 
absence of convective cooling, while the thermal test will validate the thermal 
analysis and design of STRATOSPOLCA. This document describes the specific 
TVAC test specifications (TVAC TSPEC). 

1. Reference Documentation 
- BX_REF_BEXUS_User-Manual_v8_03Jun21 
- BX31_STRATOSPOLCA_SED_V4-2_14Mar21 
- ECSS‐E‐ST‐10‐03C Annex B, Annex C (adapted) 

2. Definitions and abbreviations 
AST Active Space Technologies 
BX BEXUS, SNSA/DLR program for Balloon Launch 
DML Declared Materials List 
TSPEC Test Specification 
TVAC Thermal vacuum 

B. TVAC Requirements 

ID Description Verification criteria 

TVAC.001 The experiment shall be compatible with 
the AST TVAC chamber. 

Successful integration in the 
AST TVAC chamber. 

TVAC.002 The TVAC chamber shall decrease the 
pressure from 1 mbar to below 5 mbar. 

Successful pump-down 
procedure to less than 5 mbar. 

TVAC.003 The TVAC chamber shall decrease the 
pressure from ambient temperature to -
60ºC. 

Successful temperature 
decrease to -60ºC. 

TVAC.004 The temperature shall be measured in 
several places of the experiment. 

Temperature sensors are 
installed close to critical 
components (identified via 
thermal simulations). 

TVAC.005 
 

Experiment telemetry data shall be 
supervised and recorded during the TVAC 
test. 

Successful data transmission 
to and registration by the 
Ground Station. 

TVAC.006 The experiment shall be operating during 
the lowering of the pressure in the vacuum 
chamber. The experiment shall be in a 
similar mode as during the real BX flight. 

No operational issues detected. 
Temperature measurements 
are within datasheet values. 
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TVAC.007 A functional test shall be performed at 30 
ºC and 1 bar. 

No operational issues detected. 
Temperature measurements 
are within datasheet values. 

TVAC.008 A functional test shall be performed at -40 
ºC and 5 mbar. 

No operational issues detected. 
Temperature measurements 
are within datasheet values. 

TVAC.009 After the TVAC test has been performed, 
the experiment shall be kept operating for 
an additional 15 minutes, with no leakages 
or overheating problems. 

No operational issues detected. 
Temperature measurements 
are within datasheet values. 

C. Test Organization 

1. Schedule 
The TVAC test was performed at Active Space Technologies using a 

standard 8 hour shift. 

Date Description Location 

29 Jul. Transport preparation and experiment packing  LIP 

4 Aug. Transport and experiment mounting LIP & AST 

4 Aug. Experiment preparation AST 

4 Aug. Hot cycle and pump down AST 

4 & 5 Aug. Cold cycle AST 

5 Aug. End of test AST 

25 Aug. EAR LIP 

 

2. Responsible Team Members 

Function Name Mobile E-mail 

Systems Engineer / 
Team Leader 

Henrique José Neves  927485755 
 

henrique.neves@coimbra.lip.pt 

TVAC General Inês Carmo 964000580 ifcarmo@live.com.pt 

Electronics José Sousa 938819761 zekarlos123@hotmail.com 

Mechanics Rita Roque 919962189 ritaroque@fis.uc.pt 

Software Joana Gonçalves 913779929 jm.orada.goncalves@gmail.com  
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3. Responsible Test Engineers 

Function Name E-mail 

Test Engineer Frederico Teixeira frederico.teixeira@activespacetech.com  

Test Engineer Marcelo Conceição marcelo.conceicao@activespacetech.com  

D. Test Facility 

1. Laboratory Description 
The Thermal vacuum chamber (figure below) is located in a clean 

laboratory (cleanliness class ISO 7). 

  
Figure C-22: STRATOSPOLCA mounted on the thermal vacuum chamber available at 

AST. 

2. AST Vacuum Chamber Specifications 
The TVAC was conducted in Active Space Technologies (AST) large 

thermal vacuum chamber (ISO 7), which has the following properties: 
 

Parameter Value 

Temperature range -73 ºC to +200 ºC 

Temperature exchange rate 1 K/min or 2 K/min. 

Pressure range Ambient to 1x10⁻⁵ mbar 

Usable volume 70 x 55 x 35 cm 

Max. payload mass 30 kg 
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a) Mechanical Interface 

The mechanical interface of the AST TVAC chamber is depicted below. 

 
 Figure C-23: Technical drawing of the AST TVAC chamber mechanical interface. 

To mount STRATOSPOLCA into the AST TVAC chamber, a custom-made 
TVAC plate was manufactured at AST (see the figure below). 

 
 Figure C-24: Technical drawing of the TVAC plate. 
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b) Electrical interface 

The AST TVAC chamber has six Sub-D 25 feedthroughs (mirrored male-
male connection). AST provided STRATOSPOLCA with the corresponding 
female connector. The pinout distribution is represented below, which represents 
the front view of the 25 pin connector. 

 
Figure C-25: Pinout distribution of the Sub-D 25 feedthrough (outside connector). 

c) Test Instrumentation 

The power supply and measurement equipment provided by AST during the 
TVAC are presented in the table below. 

 

Equipment Specification Quantity 

Pressure and 
Temperature Sensor PT100 6 sensors 

Data acquisition and 
control units 

Huber Pilot One 
Edwards pumping station 40 channels 

Power supply Keysight U8032A 3 channels 
10.36 W / 28 V / 0.37 A 

E. Experiment Setup 

1. Experiment Description 
STRATOSPOLCA shall measure the background noise-level as a function of 

the altitude and the multiplicity of the events, making use of a Cadmium Telluride 
detector and obtain data for future polarimetric experiments. The main 
components of STRATOSPOLCA are the Cadmium Telluride (CdTe) polarimeter, 
the electronic system, the primary housing structure and the software data 
analysis. 

When an interaction between a gamma-ray photon and a pixel occurs, a 
signal will be sent. That signal will be filtered and amplified. Only then, the 
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transformed signal will pass through the ADC, turning it into digital, so that the 
FPGA can do what is meant to do: differentiate between events, make 
temperature readings. Once this process is complete, the information will be 
stored in an SD Card. Also, the ground will be in contact with the Gondola 
Interface, via E-Link, which will be in communication with the experiment via 
Ethernet. A simple block diagram is presented below. 

 
Figure C-26: STRATOSPOLCA block diagram. 

The technical drawing of STRATOSPOLCA is presented in the figure below, 
and the corresponding summary and DML tables are the following. 

 

Experiment mass (kg) 4.00 +/- 0.2 Kg 

Experiment dimensions (m) 0.382 x 0.357 x 0.231 

Experiment expected COG position (m) (-0.007348, -0.000078, -0.064191) 
 

Component Materials and description 

Detector Materials: (1) CZT: solid crystal; (2) gold: contacts (solid); 
(3) passivating resist; (4) bonding: cured adhesive (solid); 
(5) substrate: diclad+Sn+Cu solid    
Description: CZT detector ~10 x 5 x 3 mm3 bonded 
inside a diclad PCB 25.4 x 25.4 x 1.8 mm3 (bonding 
material is space qualified adhesive) + plastic ring to 
reach 3 mm of thickness. 
Overall thickness 3 mm                                            
 Scientific Test: CZT+Au+passivating resist                
Support only: bonding adhesive + substrate+ABS                                                                                                                                                              

Mechanical structure Material: Aluminum (AA 8019) 

FPGA FR4 
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PCBs FR4 

Thermal coating Aluminized Mylar, XPS foam, aluminum tape, velcrum,  

Fasteners Stainless steel (AISI 304), nylon 

 
Figure C-27: Technical drawing of STRATOSPOLCA. 

2. Mounting 
The components needed to mount STRATOSPOLCA on the TVAC plate are 

enumerated on the following table and their integration is shown in the following 
figures. 

 

Type Part code Quantity Size 

Rubber bumper VW 191 201 256 4 SW19 x 15 x M6 

Locknut DIN 985 4 M6 

Washer ISO 7094 8 M6 

L-profile Custom 2 35 x 35 x 3 mm 
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Figure C-28: Mounting STRATOSPOLCA (without thermal insulation) on the TVAC plate 

(top) and chamber (bottom). 

3. Electrical Connections 
The power system specifications of STRATOSPOLCA is presented in the 

table below. 
 

 Power Consumption Current Consumption 

Peak 6.33 W 0.226 mA 

Average 3.13 W 0.219 mA 

Total 
After lift-off 28.5Wh 1.017 Ah 

 
The electrical connections used during the TVAC test are described in the 

table below. 
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Type Cable Name Pin number 
Female outside 

connector as reference 

Length  
(meters) 

Outside 
TVAC 

Chamber  

Power 13, 12 + 6, 5 4.8 

USB 1, 2, 3, 4 2.2 

Ethernet - B 14, 15, 16, 17, 18, 19, 
20, 21 

2 

Temperature 
Sensors  

7, 8, 9, 10 + 22, 23, 24, 
25 

TBD 

Inside TVAC 
Chamber  

Power 1, 2 + 8, 9 3.2 

USB 13, 12, 11, 10 3.2 

Ethernet 25, 24, 23, 22, 21, 20, 
19, 18 

5.4 

Temperature 
Sensors  

3, 4, 5, 6 + 14, 15, 16, 17 TBD 

4. Temperature Sensor Locations 
STRATOSPOLCA already has four temperature sensors for the BX flight. 

However, five additional sensors were added to provide a more complete analysis 
during TVAC (see figure below). 

 
Figure C-29: Position of the additional temperature sensors for the TVAC. 

The following table enumerates all the sensors used for the TVAC, along 
with other relevant information. The optimal range for each temperature sensor 
was determined by narrowing by 20 degrees the value specified in the closest 
component’s datasheet. 



- 208 - 
 

 

 BX31_STRATOSPOLCA_SED_V5-1_22Mar22 

 

 

Name Description Flig
ht 

Datasheet Optimal range 

DET Detector YES - -15 ºC to 20 ºC 

PCB 
INSTR 1 

Close to DC-DC (28 V to 5 V) YES -40ºC to 85ºC -20ºC to 65ºC 

PCB 
INSTR 2 

Close LDO -15 V to 2.5 V YES -40ºC to 85ºC -20ºC to 65ºC 

PCB 
INSTR 3 

Close to RTC YES -40ºC to 85ºC -20ºC to 65ºC 

PCB 
POW 

Close to LDO 15 V to 12 V YES -40ºC to 125ºC -20ºC to 105ºC 

SOC / 
FPGA 

FPGA YES -40ºC to +85ºC -40ºC to 85ºC 

ADC - NO -40ºC to 105ºC -20ºC to 85ºC 

LDO 1 LDO 5V to 3.3 V (digital) NO -40ºC to 125ºC -20ºC to 105ºC 

LDO 2 LDO 5V to 2.5V NO -40ºC to 125ºC -20ºC to 105ºC 

LDO 3 LDO 15V to 12V NO -40ºC to 125ºC -20ºC to 105ºC 

LDO 4 LDO -15V to -12V NO -40ºC to 125ºC -20ºC to 105ºC 

PT_1 Interface between experiment 
and chamber - Left 

NO -200ºC to 850ºC N/A 

PT_2 Aluminum profile - Left  NO -200ºC to 850ºC N/A 

PT_3 Aluminum profile - Right NO -200ºC to 850ºC N/A 

PT_4 Interface between experiment 
and chamber - Right  

NO -200ºC to 850ºC N/A 

PT_5  NO   

PT_6 Above box NO -200ºC to 850ºC N/A 

 
The additional temperature sensors used only for the TVAC test were 

controlled with an Arduino board, placed outside of the TVAC chamber, to simplify 
the software implemented on the Ground Station. 

The PT sensors are from and were controlled by Active Space 
Technologies. The PT_1 was installed in the plate which holds the experiment, 
the PT_2 was mounted on the aluminum profiles of the experiment and the others 
were placed as AST saw fit during the mounting procedure. 
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5. Test Accessories and Tools 
● Secondary Voltage Source 
● 1 computer support electronics 
● 1 computer support software 
● Arduino + Breadboard + Perfboard Temperature Sensor Configuration 
● External Data Cables 
● Pelikan Case with 

● STRATOSPOLCA Flight Unit 
● TVAC Cables 

F. Test Specification 

1. Test Sequence 
For the BX 31 flight approval, functional tests are required at the following 

conditions: 
- T = 30ºC, ambient pressure (P = 1 bar) 
- T = -40ºC, P = < 5 mbar (5 x 10-3 bar or 500 Pa) 

The temperature variation rate was 2ºC/min, while the pressure variation 
rate could not be controlled with the AST setup. Due to time and material 
constraints (and because the BX requirements do not forbid it) only one TVAC 
cycle was performed. 

We propose the following test sequence: 

1. Test setup at ambient temperature and pressure; 
2. Functional test at ambient conditions; 
3. Temperature stabilization at 30ºC; 
4. Functional test at 30ºC +/- 2ºC and ambient pressure (mandatory 

test 1); 
5. Pressure reduction to < 5 mbar; 
6. Functional test at 30ºC+/- 2ºC and  < 5 mbar; 
7. Temperature stabilization at -40ºC (mandatory test 2); 
8. Functional test at -40ºC+/- 2ºC and  < 5 mbar; 
9. Temperature stabilization at -60ºC; 
10. Functional test at -60ºC+/- 2ºC and < 5 mbar; 
11. Return to ambient temperature and pressure; 
12. Functional test at ambient conditions. 

The reference temperature for the TVAC test was the one measured by an 
AST sensor coupled to the TVAC interface plate - PT_1. 

The TVAC test shall be interrupted if the temperature measured by the 
temperature sensors falls out of the corresponding survival range or if some 
unexpected experiment failure occurs. 
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2. Functional Tests 
STRATOSPOLCA was fully operational during the whole duration of the 

TVAC test. The data collected by the Ground Station along with the temperatures 
recorded by the additional temperature sensor indicated whether the experiment 
is operating correctly. 

G. Step-by-step Procedure 
 

ID Description Results / Remarks 

1. Preparation 

P1 Mount the experiment on the 
TVAC chamber. 

Date: 04082021_1305 
Mounting was performed by Frederico Teixeira and 
Henrique Neves on the Clean Room. 
Pre-Mount notes: The experiment was recleaned 
because the outer part showed a lot of dirt (white-
tissue test came out with a black area).  Mount 
Notes: It was impossible to use with the 
predetermined fasteners because it wasn’t 
mechanically feasible to insert them. (No space 
available for the fasteners to slide into.)  

 

P2 Connect all measurement 
lines to the data acquisition 
unit. 

04082021_1305 
The connection was done in parallel with P1. 

P3 Connect the experiment to 
power supply. 

04082021_1310 
The experiment was connected to the Power Supply. 
 
04082021_1616 
Power Supply reconnected. 
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P4  Start data recording. 04082021_1310 
Data recording by the FPGA was confirmed. 
 
04082021_1618 

- FPGA Confirmed: 1618 
- Electronic Temperature Sensors: 1618 

P5 Switch on the experiment and 
check all signals. 

04082021_1310 
All experiment-signals were confirmed.  
External temperature sensors were displaying 
incorrect temperature values..  
 
04082021_1320 
Experiment was switched off for Lunch. 
 
04082021_1450 
Electronics Team started debugging the 
Temperature Sensors problem. The problem was 
found to be a connector (brown) disconnected due to 
mechanical strain. 
 
04082021_1618 
Restart of experiment. 
EVERYTHING OK. 

P6 Record ambient pressure and 
temperature. 

Date: 04082021_1620 
T = 20.0 ºC 
P = 1*10^3 mbar 

P7 Perform a functional test. 04082021_1621 
SOC-FPGA Support computer restarted 
 
04082021_1622 
SOFTWARE OK 

P8 Record temperature sensor 
values. 

 
Sensor Measurement Optimal range 

DET 27.48 -15 to 20º C 

PCB INSTR 1 N/A -20ºC to 65ºC 

PCB INSTR 2 27.00 -20ºC to 65ºC 

PCB INSTR 3 22.00 -20ºC to 65ºC 

PCB POW N/A -20ºC to 105ºC 

SOC/FPGA 41.51 -40ºC to 85ºC 

ADC 27.96 -20ºC to 85ºC 

LDO 1 33.28 -20ºC to 105ºC 
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LDO 2 33.36 -20ºC to 105ºC 

LDO 3 40.36 -20ºC to 105ºC 

LDO 4 33.76 -20ºC to 105ºC 

PT_1 19.90 N/A 

PT_2 19.89 N/A 

PT_3 19.89 N/A 

PT_4 19.88 N/A 

PT_5 19.88 N/A 

PT_6 19.58 N/A 
 

P9 Close TVAC chamber. Already closed. 

2. Hot cycle & pump down 

H1 Set vacuum chamber to hot 
operating temperature (30ºC) 

Date: 04082021_1628 

H2 Wait for temperature 
stabilization. 

Date: 04082021_1708 
TVAC Operator changed the temperature to 32ºC on 
the machine so that PT_1 reaches 30ºC. 

H3 Perform functional test at 
30ºC+/- 2ºC. 

Date: 04082021_1719 

H4 Record temperature sensor 
values. 

Date: 04082021_1719 
 
Sensor Measurement Optimal range 

DET 44.02 -15 to 20º C 

PCB INSTR 1 N/A -20ºC to 65ºC 

PCB INSTR 2 Can’t read 
because FPGA 
is not working. 

-20ºC to 65ºC 

PCB INSTR 3 Can’t read 
because FPGA 
is not working. 

-20ºC to 65ºC 

PCB POW N/A -20ºC to 105ºC 

SOC FPGA Can’t read 
because FPGA 
is not working. 

-40ºC to 85ºC 
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ADC 40.10 -20ºC to 85ºC 

LDO 1 46.91 -20ºC to 105ºC 

LDO 2 46.71 -20ºC to 105ºC 

LDO 3 54.70 -20ºC to 105ºC 

LDO 4 47.32 -20ºC to 105ºC 

PT_1 30.25 N/A 

PT_2 26.20 N/A 

PT_3 26.11 N/A 

PT_4 30.34 N/A 

PT_5 30.54 N/A 

PT_6 24.61 N/A 

 
On this step, the FPGA communication stopped 
working. Debugging was not possible and the team 
agreed to continue working.  

H5 Pump down to < 5 mbar. 04082021_1721 
Henrique Neves: Step was not performed due to 
high temperature of some components and 
prediction for <5mbar at 30ºC to be too high. 
Requirements were checked, and no requirement 
was breached. 

H6 Perform functional test at 
30ºC+/- 2ºC and < 5 mbar. 

 
N/A (read H5) 
Functional test at 04082021_1726 with 30ºC, 
normal pressure. 
 

H7 Record temperature sensor 
values. 

 
Sensor Measurement Optimal range 

DET 45.46 -15 to 20º C 

PCB INSTR 1 N/A -20ºC to 65ºC 

PCB INSTR 2 N/A -20ºC to 65ºC 

PCB INSTR 3 N/A -20ºC to 65ºC 

PCB POW N/A -20ºC to 105ºC 
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SOC FPGA N/A -40ºC to 85ºC 

ADC 41.38 -20ºC to 85ºC 

LDO 1 48.19 -20ºC to 105ºC 

LDO 2 47.93 -20ºC to 105ºC 

LDO 3 55.86 -20ºC to 105ºC 

LDO 4 48.56 -20ºC to 105ºC 

PT_1 29.97 N/A 

PT_2 26.85 N/A 

PT_3 26.77 N/A 

PT_4 30.01 N/A 

PT_5 30.20 N/A 

PT_6 24.92 N/A 
 

3. Cold cycle 

C1 Set vacuum chamber to first 
cold operating temperature (-
40ºC) 

04082021_1731 
Action performed. 
At 04082021_1850 the Chiller was changed to -
60ºC to increase the dT gradient to force the 
temperature down to the -40ºC temperature. At this 
moment the temperature of the air on the pump was 
around 20ºC. 
  
Sensor Measurement Optimal range 

DET 53.34 -15 to 20º C 

PCB INSTR 1 N/A -20ºC to 65ºC 

PCB INSTR 2 N/A -20ºC to 65ºC 

PCB INSTR 3 N/A -20ºC to 65ºC 

PCB POW N/A -20ºC to 105ºC 

SOC-FPGA N/A -40ºC to 85ºC 

ADC 45.88 -20ºC to 85ºC 

LDO 1 53.27 -20ºC to 105ºC 

LDO 2 52.56 -20ºC to 105ºC 
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LDO 3 60.59 -20ºC to 105ºC 

LDO 4 53.12 -20ºC to 105ºC 

PT_1 -40.75 N/A 

PT_2 5.81 N/A 

PT_3 7.07 N/A 

PT_4 -41.15 N/A 

PT_5 -42.61 N/A 

PT_6 16.53 N/A 
 

C2 Wait for temperature 
stabilization 

On this step, the Backing pump was turned on 
and Pressure was dropped below 5 mbar. 
Start: 1915 (-40ºC)  
START OF PUMP: 1916 
End: 1938  
“End” => Pressure below 5 mbar 

C3 Perform functional test at -
40ºC+/- 2ºC and < 5mbar. 

 

C4 Record temperature sensor 
values. 

Date: 04082021_1946 
 
Sensor Measurement Optimal range 

DET 53.30 -15 to 20º C 

PCB INSTR 1 N/A -20ºC to 65ºC 

PCB INSTR 2 N/A -20ºC to 65ºC 

PCB INSTR 3 N/A -20ºC to 65ºC 

PCB POW N/A -20ºC to 105ºC 

SOC-FPGA N/A -40ºC to 85ºC 

ADC 44.47 -20ºC to 85ºC 

LDO 1 55.04 -20ºC to 105ºC 

LDO 2 54.92 -20ºC to 105ºC 

LDO 3 62.81 -20ºC to 105ºC 

LDO 4 56.36 -20ºC to 105ºC 

PT_1 -51.89 N/A 
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PT_2 -2.71 N/A 

PT_3 -0.58 N/A 

PT_4 -51.86 N/A 

PT_5 -53.83 N/A 

PT_6 13.50 N/A 
 

C5 Set vacuum chamber to 
second cold operating 
temperature (-60ºC) 

04082021_1946: Chiller was set to reach -62ºC 
overnight. Experiment will be on during this time. 
Pressure is now under 2mbar. 
05082021_0801: The PT_1 temperature was still 
close to -44ºC overnight. The chiller was set to -80ºC 
to force the decrease in temperature.  
 
05082021_0958: The PT_1 temperature only 
decreased to -46.97ºC.  

C6 Wait for temperature 
stabilization. 

 

C7 Perform functional test at -
60ºC+/- 2ºC and < 5mbar. 

Not performed. Explanation on C5. 

C8 Record temperature sensor 
values. 

05082021_10:00  
 
Sensor Measurement Optimal range 

DET 49.26 -15 to 20º C 

PCB INSTR 1 N/A -20ºC to 65ºC 

PCB INSTR 2 N/A -20ºC to 65ºC 

PCB INSTR 3 N/A -20ºC to 65ºC 

PCB POW N/A -20ºC to 105ºC 

SOC-FPGA N/A -40ºC to 85ºC 

ADC 38.29 -20ºC to 85ºC 

LDO 1 50.81 -20ºC to 105ºC 

LDO 2 49.64 -20ºC to 105ºC 

LDO 3 55.83 -20ºC to 105ºC 

LDO 4 51.44 -20ºC to 105ºC 
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PT_1 -47.00 N/A 

PT_2 -14.18 N/A 

PT_3 -10.13 N/A 

PT_4 -48.12 N/A 

PT_5 -54.51 N/A 

PT_6 9.91 N/A 
 

C9 Set vacuum chamber to 
return to ambient temperature 
and pressure. 

05082021_1207 

C10 Wait for temperature 
stabilization and ambient 
pressure.  

05082021_1232 
Pressure on 4 mbar.  
Sensor Measurement Optimal range 

DET 49.26 -15 to 20º C 

PCB INSTR 1 N/A -20ºC to 65ºC 

PCB INSTR 2 N/A -20ºC to 65ºC 

PCB INSTR 3 N/A -20ºC to 65ºC 

PCB POW N/A -20ºC to 105ºC 

SOC-FPGA N/A -40ºC to 85ºC 

ADC 41.47 -20ºC to 85ºC 

LDO 1 52.70 -20ºC to 105ºC 

LDO 2 52.08 -20ºC to 105ºC 

LDO 3 60.51 -20ºC to 105ºC 

LDO 4 54.40 -20ºC to 105ºC 

PT_1 19.79 N/A 

PT_2 20.63 N/A 

PT_3 22.16 N/A 

PT_4 19.81 N/A 

PT_5 19.81 N/A 
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PT_6 23.28 N/A 
 

C11 Perform functional test at 
ambient temperature and 
pressure. 
 

05082021_1320 
 
Sensor Measurement Optimal range 

DET 54.33 -15 to 20º C 

PCB INSTR 1 N/A -20ºC to 65ºC 

PCB INSTR 2 N/A -20ºC to 65ºC 

PCB INSTR 3 N/A -20ºC to 65ºC 

PCB POW N/A -20ºC to 105ºC 

SOC-FPGA N/A -40ºC to 85ºC 

ADC 46.95 -20ºC to 85ºC 

LDO 1 57.48 -20ºC to 105ºC 

LDO 2 56.92 -20ºC to 105ºC 

LDO 3 65.34 -20ºC to 105ºC 

LDO 4 58.80 -20ºC to 105ºC 

PT_1 20.00 N/A 

PT_2 25.66 N/A 

PT_3 26.67 N/A 

PT_4 20.04 N/A 

PT_5 19.98 N/A 

PT_6 26.72 N/A 

 
 
At: 
05082021_132943 
Experiment turned off. 

4. End of test 

E1 Open the vacuum chamber 
and visually inspect the 
experiment exterior for 
damages. 

Performed by AST personnel. 

E2 Disconnect all cables and Done 
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dismount experiment.  

E3 Visually inspect the 
experiment interior for 
damages. 

 
 

By request of the Electronics team, the experiment 
was verified on-site at Active Space Technologies. 
No damage was found by visual inspection. 
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Transportation back to the Laboratory. 

E3 Store all data. Files stored in STRATOSPOLCA’s personal drive: 
external_sensors_temperature_logs_corrected_h

our.csv 
TVAC_SoftwareTeam.xlsx 
Dados AST/TVAC 

 

H. TVAC Results 

The time series of the temperature and pressure sensors of the TVAC 
system (controlled by AST) are presented in the figure below. The reference 
temperature sensor is represented by the dark brown dashed line - PT_1. During 
the TVAC test, the temperature was varied between 30ºC and -51.89ºC, while the 
pressure was dropped down to the order of 8x10⁻² mbar. 
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Figure C-30: Temperature and pressure timeseries of the AST sensors TVAC. 

The timeseries of the temperatures recorded by the critical component’s 
sensors is shown below. The only component that fell out of the optimum range 
during the course of the TVAC test was the detector, which reached a steady state 
operation around 54ºC. Although this temperature is above the one 
recommended by the manufacturers, the experiment functionality is not 
compromised, only its performance. 

 
Figure C-31: Temperature and pressure time series of the critical component’s sensors. 
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The temperatures recorded for the most relevant sensores, pressure 
and temperature setpoints are presented in the following table. 

Table 14: TVAC result summary. 

Sensor 19.90ºC 
& 1 bar 

30.25ºC 
& 1 bar 

-40.75ºC 
& 1 bar 

-51.89ºC & 
<5 mbar 

-47.00ºC & 
<2 mbar 

20.00ºC 
& 1 bar 

DET 27.48 44.02 53.34 53.30 49.26 54.33 

ADC 27.96 40.10 45.88 44.47 38.29 46.95 

LDO 1 33.28 46.91 53.27 55.04 50.81 57.48 

LDO 2 33.36 46.71 52.56 54.92 49.64 56.92 

LDO 3 40.36 54.70 60.59 62.81 55.83 65.34 

LDO 4 33.76 47.32 53.12 56.36 51.44 58.80 

From the TVAC test we highlight the following positive aspects: 
● The components that raised concerns regarding overheating in the 

thermal simulations were well within their optimal temperature 
ranges; 

● The experiment is able to survive decompression and wide 
temperature changes without suffering structural damages; 

● The experiment is fully isolated from the outside environment; 
● Although the communication stopped mid-test, the FPGA was able 

to record data on the SD card of the whole TVAC cycle without 
overflow issues. 

However, there were some important issues that need urgent addressing 
before the EAR, namely: 

Issue Consequence Action 

The detector was 
consistently above the 
maximum 
recommended 
temperature. 

According to the manufacturer, if the 
detector experiences a temperature 
above 20ºC, the sensitive pixel 
array is subjected to increased dark 
currents and there is an increase in 
noise, which may compromise the 
experiment performance. 

A test regarding the signal 
distinguishing from the noise 
in function of temperature 
will be performed to 
evaluate the amount of 
noise expected at 54ºC.  

The FPGA stopped 
communicating during 
the TVAC, however all 
the data was 
successfully recorded.  

The most probable cause is due to 
the cabling of the TVAC 
experiment. 
If this happens during flight, 
experiment data and status is not 
accessible online, but does not 
compromise offline d retrieval. 

Debugging will be 
performed to ensure the 
FPGA is fully 
communicating during flight. 
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APPENDIX D  – CHECKLIST 
I. Flight Campaign Checklist 

1 Main Computer Flight (Ground Station) 
1 Support Computer (Ground Station Backup) 
1 Support Computer with Windows (Flight Software Team) 
Tool Box 

● Philips screwdriver  
o M3 
o M6 

● Nut driver  
o M3 

▪ Wrench 
▪ Socket 

o M6 
▪ Wrench 
▪ Socket 

● Tweezer 
● Pliers 
● Heat-shrink tubing 
● Aluminum/Reflective tape 
● Velcro 
● Scissors 
● Weld Absorbent  
● Box-cutter 
● Duct Tape (Isolating)  
● 2x Cables BNC (Oscilloscope) 
● Bifurcation T (BNC) 
● 3x Breadboards 
● Wires 
● Adapter DC 5V 
● Charger SoC FPGA 
● Arduino Uno 
● Arduino Uno Cable 
● mini-USBB <-> microUSBB 
● micro-USBB <-> USBA 
● Ethernet Cable 3x 
● Ethernet Switch 
● Charger Ethernet Switch 
● HDMI <-> HDMI 
● Caliper 
● Cartão SD Radiation Hardened 
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Radioactive Sources and Documentation 
● Ba133 

Spare Material 
● 1x PCB1 
● 1x PCB2 
● Every Spare Electrical 
● Rubber Bumpers 2x 
● M6x70  
● M6 Nuts 
● M3x6 Bolts 
● M3 Nuts 
● M3x10 Spacers  
● M3x10 Bolts 
● Survival Blanket 

Ethernet EXPERIMENT Connector 
Power EXPERIMENT Connector 
PCB Schematics Documentation (Printed) 
Pinout/Interface Documentation (Printed) 
Flight Campaign Checklist (Printed) 
Planned Activities Checklist (Printed) 
Assembly Procedures (Printed) 
 

II. Preparations And Test Activities at ESRANGE 
PA1 - Inspection of Experiment 
Material Needed: 
❏ Photographic Equipment (either smartphone or camera) 
❏ Philps Screwdriver (compatible with M3 and M6) 
❏ Nut driver x2 (compatible with M3 and M6) 

Procedures: 
❏ Photograph transport case  
❏ Opening of transport case 
❏ Removal of the experiment  
❏ Opening of the experiment box 
❏ Photograph internal and external experiment  
❏ Check/tighten all nuts, bolts and standoffs 

Deliverable:  
Pre-Flight Inspection and Tests, 1 to 2 pages A4   
❏ Photographic documentation 
❏ Damage reports 
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❏ Possible concerns PA1 

PA2 - External Power Supply and Communication 
Material Needed: 
❏ Ethernet Switch 
❏ 2x Ethernet Cables 
❏ Power Supply 
❏ Ground Station Computer 
❏ Software Support Computer 

Procedures: 
❏ Turn On Ground Station 
❏ Connect Ethernet Switch to Power 
❏ Connect Experiment to Ethernet Switch 
❏ Connect Ground Station to Ethernet Switch 

Deliverable: 
 Pre-Flight Inspection and Tests, 1 to 2 pages A4   
❏ Observations of PA2 

PA3 - Direct Communication to Ground Station Test 
Material Needed: 
❏ Ethernet Switch 
❏ 2x Ethernet Cables 
❏ Power Supply 
❏ Ground Station Computer 
❏ Software Support Computer 

Procedures: 
❏ (Same as PA2) 
❏ Verify GS IP on computer 
❏ Connect Software Support Computer to Experiment 
❏ Verify Experiment IP on Support Computer  
❏ Update GS IP on Experiment Firmware 
❏ Update Experiment IP on Ground Station 
❏ Verify Commands: 
❏ SoE 
❏ SAMPLE START 
❏ SAMPLE STOP  

Deliverable: 
 Pre-Flight Inspection and Tests, 1 to 2 pages A4   
❏ Ground Station Communication 
❏ Observations of PA3 
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PA4 - Testing Detector Unit 
Material Needed: 
❏ Ethernet Switch 
❏ 2x Ethernet Cables 
❏ Power Supply 
❏ Ground Station Computer 
❏ Software Support Computer 
❏ Radioactive Sample 

Procedures: 
❏ Same as PA3 
❏ Insert Radioactive Sample directly above the Detector  
❏ Observe signals received by the Ground Station 
❏ Document  
❏ Remove Radioactive Sample 

Deliverable: 
 Pre-Flight Inspection and Tests, 1 to 2 pages A4   
❏ Screenshot of changes in Ground Station 
❏ Observations of PA4 

PA5 - Checking DC-DC Converters 
Material Needed: 
❏ Ethernet Switch 
❏ 2x Ethernet Cables 
❏ Power Supply 
❏ Ground Station Computer 
❏ Software Support Computer 
❏ Multimeter 

Procedures: 
❏ Same as PA3 
❏ GS sends Commands: 
❏ DC0 Reset 
❏ DC0 Disable 
❏ DC1 Reset 
❏ DC1 Disable 
❏ DC2 Reset 
❏ DC2 Disable 
❏ DC3 Reset 
❏ DC3 Disable 
❏ Observe Experiment Behaviour 
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❏ Document 

Deliverable: 
 Pre-Flight Inspection and Tests, 1 to 2 pages A4 
❏ Observations of PA5 

PA6 - RTC 
Material Needed: 
❏ Ethernet Switch 
❏ 2x Ethernet Cables 
❏ Power Supply 
❏ Ground Station Computer 
❏ Software Support Computer 

Procedures: 
❏ Same as PA6 
❏ Document RTC Time 

Deliverable: 
Pre-Flight Inspection and Tests, 1 to 2 pages A4 
❏ RTC Time and Ground Station Computer Time Register 

PA7 - SD Card Reading 
Material Needed: 
 TBD 

Procedures: 
❏ Remove SD Card from Experiment 
❏ Connect SD Card to Computer 
❏ Upload SD Card content to Google Drive 

Deliverable: 
 TBD 

PA8 - Final Mechanical Assembly 
Material Needed:  
❏ Photographic Equipment (either smartphone or camera) 
❏ Philips screwdriver (compatible with M3 and M6 bolts) 
❏ 2x Nutdriver (compatible with M3 and M6 bolts) 
❏ Aluminum tape 
❏ PA8 Checklist 

Procedures: 
❏ Experiment closing (1 hour) 
❏ Check all cables 
❏ Close box lid 
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❏ Place top XPS piece 
❏ Close gaps with aluminum tape 
❏ Take photo 
❏ Gondola mount (30 min.) 
❏ Slide rubber bumpers with thread stone and washers onto the Gondola 
rails 
❏ Place experiment on top to align the rubber bumpers and tighten the 
rubber bumpers to the Gondola 
❏ Put L-profiles onto the rubber bumpers and tighten M6 locknut. 
❏ Take photo 
❏ Experiment is ready for Flight Simulation Test (FST) and Flight 
Compatibility Test (FCT) 
❏ Final mechanics go-flight (Duration: 30 min.) 
❏ Pull off USB connector (RBF) 
❏ Fill connector holes with XPS and secure it with aluminum tape; 
❏ Take photo 
❏ Mechanics Go-Flight 

Deliverable: 
❏ Observations PA8 with photos 
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APPENDIX E - GANTT CHART 
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Figure E-1: Gantt chart 
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APPENDIX F - SIMULATION RESULTS 
 

 
Figure F-1: Single pixel efficiency irradiated by homogeneous beam  

 
Figure F-2: 5x5 matrix efficiency irradiated by homogeneous beam 

 
Figure F-3: 5x5 matrix efficiency irradiated by isotropic beam 
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Figure F-4: Altitude simulation – 5x5 matrix efficiency irradiated by isotropic beam, air 
parameters (density) change with altitude. Conclusion – There are no big differences in 

the detector efficiency in between detection altitudes 15km to 27km. 

 
Figure F-5: 5x5 matrix efficiency irradiated by isotropic beam – difference between 

efficiency including the aluminium box and without it. From now on, we are just 
simulating for 27km. 
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APPENDIX G - SCIENTIFIC PUBLICATIONS 

Figure G-1: Virtual 2021 IEEE Nuclear Science Symposium and Medical Imaging 
Conference (Wednesday, 20.10.2021 - 07:00 - 08:45 (EDT, NY, US East Coast, Time Zone)) 

Poster and video presentation. 

 

Figure G-2: 25th ESA Symposium on European Rocket and Balloon Programme and 
related Research - 1-5 May 2022, Biarritz, France - Abstract. 
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