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PREFACE 
The necessity of wireless communications in modern society is not to be doubted. Several already 
applied technologies have changed the everyday life of the western civilization. Many more are 
expected to arrive and further settle wireless communication systems while raising the standard of 
living (5G, IoT, Satellite Constellations, High Altitude platforms, etc.). However, during this process, 
the scientific and technical requirements are getting stricter day by day. Thus, it is necessary to 
catch up with the advancements of technology by trying not only to discover new, but to improve 
the already existing ones.  

In this document, will be presented the deployment mechanism of a helix antenna with 
implemented ADCS algorithm for Ground Station tracking. The purpose of SHADE experiment is to 
take advantage of the efficient and beneficial characteristics of the helix antenna and use it for 
satellite communication purposes. A “smart” deployment mechanism is responsible for the 
deployment of the antenna by treating it as a spring. This results in reduction in space, volume, 
money and construction time and risks. The antenna is been controlled by SDR (Software Defined 
Radio) algorithms in order to reduce the complexity of the RF hardware and increase the flexibility 
of the system. Implemented ADCS system, is responsible to collect measurements from sensors 
like GPS, Altimeter, Magnetometer – Compass and IMU and to provide accurate calculations of 
the antenna’s position and pointing. The ADCS system is also responsible to trigger the rotation 
mechanism of the antenna, in order to correct the pointing towards the Ground Station’s Antenna.  

Alongside these goals, the educational aspects of this project are to be pointed out, regarding the 
necessity of documentation and management in space projects. By this whole process, SHADE 
team aimed to conceive, design, develop, integrate and construct the proposed experiment in 
order to experience the procedure of a space-related mission.  
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ABSTRACT 

 

SHADE:  
 
Testing an SDR based helix antenna deployment and pointing mechanism      
 
Team: 
M. Koukou  
V. Vellikis  
S. Megalou  
I. Ioannou  
I. Myrsinias  
I. Varvaringos  
D.E. Argiropoulos  
K. Koutropoulos  
A. Dourmisis 
E. Loukaridou 
G. Efthimiou 
O.R. Nerantzis 
 
Consultant Professor :  
Nikolaos Kantartzis 
 
Aristotle University, Thessaloniki, Greece 
 
The team’s experiment developed a deployment-pointing mechanism of a helix antenna 
operated with SDR algorithms.  Helix antenna properties are remarkable and particularly 
useful for satellites communication. A deployment-pointing mechanism which consists of 3 
coaxial cylinders, 2 stepper motors, 1 pulley and 1 thread. The mechanism deploys the 
antenna in longitudinal axis and rotates it towards the ground station in horizontal level. 
The antenna is deployed and undeployed during the flight. The GPS, an altimeter and a 
compass calculate the gondola’s position in order to rotate the antenna towards the 
Ground Station and close the communication link under different positioning conditions. 

The implemented ADCS algorithms are triggering the rotation mechanism of the antenna 
in order to correct the pointing and the orientation towards the Ground Station.  

The antenna operates with SDR algorithms achieving reduction in weight and volume, 
alongside achieving high efficiency and reconfigurability.  

The experiment is equipped with a HD Camera in order to receive real time information 
about the orientation and the condition of the antenna. 

SHADE flight on BEXUS 28/29 balloon lead to successful deployment and transmission 
and managed to receive and decode the transmitting packets. The rotation mechanism 
achieved the desired pointing requirements and all the data from the sensor go 
successfully saved to our system. No thermal risks appeared throughout the whole 
duration of the flight.  

The experiment got recovered from North Finland and proved full functionality even after 
the descend from stratosphere.  
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1 INTRODUCTION 

1.1 Scientific/Technical Background  

1.1.1 Helix Antenna 

The importance of a telecommunication system in our modern society is vital. The same applies at 
any space programme or application such as satellites, probes, telescopes, etc. The integration of 
any telecommunication system requires an antenna that will transmit the desired data. Constraints 
and requirements play a significant role in the selection of the antenna. Several characteristics 
must be considered e.g. gain, directivity, bandwidth, resonance, polarization, current distribution, 
reflection coefficient, VSWR.  

At a wide variety of space applications helix antennas are being used. Relatively high gain-
directivity combined with wide enough bandwidth and circular polarization are the main reasons. 
High gain is needed due to the big distances between satellites and ground stations. Bandwidth 
gives us the ability to use one antenna for different frequency bands and channels. Finally, circular 
polarization solves the problem of Faraday rotation, a physical phenomenon that takes place on 
the ionosphere layer and rotates the signal in an unknown and unpredictable way. 

 

 

Figure 1.1-1 Example of a helix antenna 

First of all, a theoretical analysis took place, calculations were made in order to know some 
important characteristics of the antenna. In the axial mode of radiation, the helix antenna radiates 
through its axis and is considered as an array of loop antennas. Analytically the radiation pattern 
comes from the following formulas: 

• 𝐸 = sin(
90˚

𝑛
)
sin(𝑛

𝜓
2⁄ )

sin(
𝜓
2⁄ )
cos𝜑 

• 𝜓 = 360˚[𝑆𝜆(1 − cos𝜑) + (1 2𝑛⁄ )]  

• Half power beamwidth:  𝐻𝑃𝐵𝑊 = 
52˚

𝐶𝜆√𝑛𝑆𝜆
 

• Beamwidth of first nulls: 𝛣𝑊𝐹𝑁 = 
115˚

𝐶𝜆√𝑛𝑆𝜆
 

• Directivity: 𝐷 = 12 𝐶𝜆
2𝑛𝑆𝜆  

• Input impedance: 𝑅 = 140𝐶𝜆 (feed from helix axis) 

• 𝑅 = 150/√𝐶𝜆 (feed from circumference) 

Where: 𝑛 = number of turns 

             𝐶𝜆= circumference, normalized to wavelength λ 

             𝑆𝜆= gap between 2 consecutive turns, normalized to wavelength λ                
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1.1.2 SDR – Software Defined Radio 

Since the beginning of telecommunications, the structure of a typical system is more or less 
standard. A source of information followed by a modulator, an encoder, some filters, amplifiers, 
mixers, matching circuits and finally the antenna.  

 

 

Figure 1.1-2 Block diagram of a typical FM transmitter 

 

Recently with the advancement of technology and the increasing processing power of computers 
some of the abovementioned elements can be replaced with software scripts and digital filters. 
This concept offers flexibility, reconfigurability, less volume and mass requirements. The 
advantage of an SDR based system is that it only requires high sampling frequency and a good 
processor and with these elements it can replace most of the complex and hard-to-integrate 
circuits. 

 

Figure 1.1-3 Example of MIMO SDR board (LimeSDR) 
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1.1.3 Deployment – Helix antenna as a spring 

In engineering, nearly everywhere, there are trade-offs. In our case helix antenna has big volume 
requirements which can lead to unwanted circumstances (big launch costs, not enough space for 
other components inside a satellite). Due to its natural geometry helix antenna can be treated as a 
spring, thus provide the energy needed for its deployment. Having the spring compressed means 
storing potential energy, by using this stored energy later in order to deploy the antenna we 
achieve independence of the deployment mechanism from any electrical or mechanical power 
system. The theoretical calculations were made using Hooke’s law: 

𝐹𝑠 = −𝑘𝑥 

• 𝐹𝑠= Force applied by the spring  

• 𝑘= Spring constant 

• 𝑥= Displacement of the spring form its natural position 

 

 

Figure 1.1-4 Example of stored potential energy in a spring 
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1.1.4 Attitude determination & control system 

The purpose of this chapter is to define the cinematic behaviour of the gondola in a 2D approach in 
order to define the necessary conditions to control the antenna orientation. 

Data-Problem definition 

The Shade experiment concludes a 2DoF Mechanism: 

• 1DoF for the deployment of the antenna 

• 1DoF for the control of the orientation 

The control mechanism can rotate the antenna, via an actuator, around the red axis which is 
parallel to the z-axis (z axis of the antenna’s frame f), watch Figure 1.1-5.  

The 𝑡𝑟 vector refers to the main transmission direction. 

 

 

Figure 1.1-5 Representation of the 1DoF control mechanism 

 

Assumptions 

1. The direction of the antenna rotation is parallel to the z axis of the gondola frame 
2. The gondola’s frame z-axis is parallel to the Z axis of the inertial frame (GS) 
3. As long as there is only angular control, the problem can be reduced to a 2D xy-plane 

 

Cinematic Analysis 

At the following figure, Figure 1.1-6, a 2D representation of a gondola’s arbitrary position is 

represented. The antenna also targets at an arbitrary direction 𝑟𝑡𝑟. G point represents the centre of 
gravity of the gondola, E point the SHADE experiment’s position inside the gondola. The F refer to 
the inertial frame, equivalent to the fixed ground station and f refers to the frame of the gondola, 
translational and rotational movement according. 
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Figure 1.1-6 2-XY Position of gondola 

 

At every instant the Experiment’s position is defined: 

𝑟𝐸 = 𝑟𝐺 + 𝑟𝐺𝐸 (1) 

By derivation with respect to the inertial frame the velocities are obtained. 

(�̇�𝐸)𝐹 = (�̇�𝐺)𝐹 + (�̇�𝐺𝐸)𝐹 (2) 

Where 

(�̇�𝐸)𝐹 = 𝑉𝐸 

(�̇�𝐺)𝐹 = 𝑉 

(�̇�𝐺𝐸)𝐹 = (�̇�𝐺𝐸)𝑓 +𝜔 × 𝑟𝐺𝐸 = 𝜔 × 𝑟𝐺𝐸 (3) 

Because 𝑟𝐺𝐸 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 according to the f frame. 

(�̇�𝐺𝐸)𝑓 = 0 

So, the necessary cinematic constraints in order to target to the ground station is the projection 

of 𝑟𝑡𝑟at the XY plane to be coicident to the 𝑟𝐸 position vector and have opposite direction: 

((𝑟𝑡𝑟*𝑒𝑥)*𝑒𝑥 + (𝑟𝑡𝑟*𝑒𝑦)*𝑒𝑦) × 𝑟𝐸 = 0 (4) 𝑎𝑠𝑠𝑢𝑟𝑒 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 

((𝑟𝑡𝑟*𝑒𝑥)*𝑒𝑥 + (𝑟𝑡𝑟*𝑒𝑦)*𝑒𝑦)*𝑟𝐸 < 0 (5) 𝑎𝑠𝑠𝑢𝑟𝑒 𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

 

For the ADCS, only a GPS and a compass are required, as it is proved in the Appendix C.      
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1.2 Mission Statement 

 

SHADE (SDR Helix Antenna Deployment Experiment) focuses on the development and 
deployment of a foldable helix antenna that operates under a software defined radio (SDR) 
module. This experiment is expected to demonstrate, under realistic conditions, the effectiveness 
of telescopic mechanisms in deploying and retrieving the foldable antenna as well as the 
appropriateness of SDR-powered antenna. In addition, an Attitude Determination Control (ADC) 
rotating system will be implemented and integrated with the above, to ensure correct pointing of 
the antenna towards the SHADE’s ground station. 

 

1.3 Experiment Objectives 
 

No Objectives Category of Objective 

 

1 To test a helix antenna 
deployment mechanism 

Technical Objective 

2 To test a helix antenna ADCS 
system and pointing 

mechanism 

Technical Objective 

3 To downstream data through 
an SDR-based system 

Technical Objective 

 

Secondary Objectives 

 

1 To calculate the efficiency of 
an SDR-based telemetry 
compared with E-Link. 

Technical Objective 

2 To gain experience from all 
stages of a space-related 

project, from conceptual level 
to manufacturing and flight. 

Educational Objective 

 

Table 1-1: Experiment Objectives  
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1.4 Experiment Concept 

 

The experiment concept is divided into following sub-phases: 

1) Design and construction of the helix antenna 
-Electromagnetic simulation and design 
-Mechanical design and tests on the antenna-spring 
-Antenna’s characteristics measurement in anechoic chamber 

2) Design and development of the deployment mechanism and the antenna rotation system 
- Mechanical simulation and analysis 
- Testing and verification of the deployment mechanism 
- Testing and verification of the antenna rotation mechanism 

3) Development of the SDR based transmitter  

- SDR signal output power measurement 

- Programming of the SDR board through the on-board host computer 
4) Development of the ADCS  

- Theoretical analysis and design  

- Development of the tracking algorithm 
- Integration of the antenna rotation system 

5) Sensitivity testing 
- Sensor sensitivity testing and calibration 

6) System stability testing 
- Long-term testing of entire system for stability under various simulated flight conditions 

7) Pre-flight analysis 
8) Flight 
9) Post-flight analysis 

- Comparison of SDR based telemetry with SSC’s E-link 
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Figure 1.4 – 1: Experiment’s Component Diagram. 
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2 EXPERIMENT REQUIREMENTS AND CONSTRAINTS 

 

2.1 Functional Requirements  

 

ID Functional Requirement 

F1 The experiment shall hold a system for the deployment of a helix antenna 

F2 The experiment shall hold an antenna pointing mechanism 

F3 The experiment shall hold an algorithm allowing automatic pointing of the 
helix antenna  

F4 The experiment shall downstream data to SHADE GS  

F5 The position of the gondola shall be determined by a GPS 

F6 The orientation of the gondola shall be calculated measured by an IMU 

F7 The balloon altitude shall be measured by an altitude sensor 

F8 The temperature inside experiment’s module shall be measured by a 
temperature sensor 

F9 A camera shall observe the deployment of the antenna 

F10 The orientation of the gondola shall be calculated by a digital compass 

 

2.2 Performance Requirements 

The Functional Requirement F1 has led to 3 Performance Requirements: 

ID Performance Requirements 

P1.1 The axial length of the helix antenna shall be 165mm at maximum 
compression. 

P1.2 The axial length of the helix antenna shall be 375mm during transmission. 

P1.3 The antenna shall be held inside 3 coaxial cylinders. 

 

The Functional Requirement F2 has led to 2 Performance Requirements: 

ID Performance Requirements 

P2.1 The antenna pointing mechanism shall be able to rotate 360° 

P2.2 The antenna pointing mechanism shall have a rotating accuracy of at least 

2ο  

 

The Functional Requirement F3 has led to 4 Performance Requirements: 

ID Performance Requirements 

P3.1 The algorithm shall calculate the degrees of rotation of the antenna at least 
every 30sec 
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The Functional Requirement F4 has led to 4 Performance Requirements: 

ID Performance Requirements 

P4.1 The transmitting frequency shall be 1.4 GHz 

P4.2 The transmitting power shall be 20 dBm 

P4.3 The transmitting bandwidth should not exceed 5 MHz 

P4.4 The achieved data rate should be at least 1Kbps 

 

The Functional Requirement F5 has led to 3 Performance Requirements: 

ID Performance Requirements 

P5.1 The GPS position accuracy shall be less than 5m 

P5.2 The GPS navigation update rate shall be at least 1Hz 

P5.3 The GPS sensor shall be able to operate up to an altitude of 35km 

 

The Functional Requirement F6 has led to 3 Performance Requirements: 

ID Performance Requirements 

P6.1 The gyroscope of IMU shall be able to measure within ± 2000°/sec 

P6.2 The accelerometer of IMU shall be able to measure within ±16g 

P6.3 The accelerometer of IMU should measure within ±0.2g resolution 

 

The Functional Requirement F7 has led to 2 Performance Requirements: 

ID Performance Requirements 

P7.1 The altitude sensor shall be able to measure within 0 to +30km 

P7.2 The altitude sensor should have measurement error smaller than 1m 

 

The Functional Requirement F8 has led to 2 Performance Requirements: 

ID Performance Requirements 

P8.1 The temperature sensor shall be able to measure within –55°C to + 160°C 

P8.2 The temperature sensor should have measurement error smaller than 2°C 

 

The Functional Requirement F9 has led to 3 Performance Requirements: 

ID Performance Requirements 

P9.1 The camera shall have resolution of 2Mpixels 

P9.2 The camera shall have framerate 10 fps 

P9.3 The camera shall be recording in colour 
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The Functional Requirement F10 has led to 1 Performance Requirements: 

ID Performance Requirements 

P10.1 The digital compass shall have a full-scale range ±1000 T 

 

2.3 Design Requirements  

 

ID Design Requirements  

D1 No components or parts shall be ejected outside the gondola  

D2 The casing of the antenna shall not hamper its radiation 

D3 The experiment shall not disturb or harm the launch vehicle  

D4.1 The experiment shall be able to withstand vibrations caused by the 
Hercules vehicle  

D4.2 The experiment shall operate in the temperature profile of the BEXUS 
vehicle flight and launch 

D4.3 The experiment shall operate in the pressure profile of the BEXUS flight 

D5.1 The experiment shall not interfere with other experiments 

D5.2 The experiment shall not interfere with other electrical systems 

D5.3 The experiment shall not interfere with SSC’s E-link and telemetry system 

D6.1 The Raspberry Pi3 B+ shall be powered by 5V  

D6.2 Stepper motor shall be supplied by 3.6V 

D6.3 LimeSDR mini shall be supplied by 5V 

D6.4 The overall consumption shall not exceed 38 W 

D6.5 The camera shall be supplied by 5V. 

D7.1 The electronics’ box shall have an AMPHENOL PT02E8-4P power 
connector 

D7.2 The electronics’ box shall have an AMPHENOL PCD RJF21B Ethernet 
communication link with the SSC E- Link 

D8 The mass of the experiment shall not exceed 13 Kg  

D9.1 The dimensions of the beam shall be 1000x40x40 mm3 

D9.2 The electronics box shall be 250x124x49 mm3 

D9.3 The external box shall be 118x120x140 mm3 

D9.4 The circumference of the antenna base shall be 471mm 

D9.5 The axial length of the antenna with the casing shall be 380mm 

D10 The temperature inside the experiment box shall not be outside the range of 
-40˚C to +60˚C 

D11 The ADCS stepper motor step angle should be 1.8° 

D12 The on-board memory shall be at least 1Gbyte 

D13 The camera’s field of view shall contain the deployment mechanism during 
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lift-off, float and descent phase.   

D14 The mechanism shall be designed to withstand static loads ±5g horizontal 

and ±10g vertical 

D15 The antenna shall not be able to rotate more than 360° from its starting 

position in order to prevent twisting of the cables. 

 

2.4 Operational Requirements 

 

ID Operational Requirements 

O1 The antenna shall be deployed after a specific time 

O2 The antenna shall be able to be deployed via a telecommand 

O3 The SDR module shall start transmitting after the antenna’s deployment 

O4 Pointing of the antenna towards SHADE GS shall be calculated 

O5 Antenna mechanism shall rotate and always aim to SHADE GS 

O6 The antenna shall be able to rotate via a telecommand 

 

 

2.5 Constraints 

 

ID Constraints 

C1 The thermal chamber cannot provide temperatures below -40°C 

C2 The university’s thermal testing setup cannot provide low temperature and 
pressure at the same time. 

C3 The university’s thermal chamber is only available in July and August. 

C4 The university’s vacuum chamber is only available in July and August. 

 

 



- 26 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

3 PROJECT PLANNING  

 

3.1 Work Breakdown Structure (WBS) 
The Work Breakdown Structure (WBS) is a helpful tool to achieve the subdivision of the project in 
three more specific levels. The specific tasks of each different subsystem are described, creating a 
solid base for the project sub-activities. 

 

 

 

Figure 3.1-1 Work Breakdown Structure 

 

You can find a full resolution WBS in Appendix C . 
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The team is divided in 7 (seven) main sub teams. Each sub team is assigned with specific tasks as 
described in the WBS. The team members are divided as following: 

 

Sub – Team Members Tasks 

                                                                        

 

Project Management 

SBS01 

 

 

Melina Koukou 

Project planning 

Mission Analysis 

Risk Analysis 

Cost Analysis 

Documentation 

 

 

 

Mechanics and Structure 

SBS02 

 

 

 

Ioannis Myrsinias 

Deploying and Rotating 
Mechanism 

Electronics Box Design 

Fixations 

FEM 

Size and Mass Budget 

Manufacturing 

 

 

Thermal 

SBS03 

 

 

Konstantinos Koutropoulos 

Thermal Analysis 

Insulation Sizing 

Heater’s Dimensioning 

Manufacturing 

 

 

 

Electronics and Software 

SBS04 

 

 

Andronikos Dourmisis 

Despina Argyropoulou 

Ioannis Varvaringos 

Orestis-Rafail Nerantzis  

Power Distribution 

Power Budget 

Electronics Interface 

Software design and 
development 

Data Management 

House Keeping procedures 

 

 

 

RF System and GS 

SBS05 

 

 

Vasileios Vellikis 

Spyros Megalou 

Ioannis Varvaringos 

Antenna Design (gondola and 
GS) 

RF Design (gondola and GS) 

CEM/RF Anlaysis 

GS User Interface 

Manufacturing 

 

 

 

AIT 

SBS06 

 

Melina Koukou 

Spyros Megalou 

Andronikos Dourmisis 

Kostas Koutropoulos 

Mechanical and Electrical 

Assembly 

Cabling 

Electronics and Software 
Integration 
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Ioannis Myrsinia 

Ioannis Varvaringos 

Verification and Testing 

 

 

Outreach 

SBS07 

Ioannis Ioannou 

Elli Loukaridou 

Georgia Efthimiou 

Fundraising and Sponsorships 

Outreach 

Recruitment and Training 

 

Table 3.1.1: Team Member’s Division 

 

 

 

3.2 Schedule 

 

In the following figure the summarized schedule of the project is described for each of the cycle 
phases. 

 

Figure 3.2-1 Summarized Project’s schedule 

You can find a full schedule in Appendix C. 
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Gantt Chart tool is also used in order to keep track of the team’s deadlines in and development in 
all the different phases of the project. The chart is always updated to the team’s needs. Seems to 
be a necessary planning tool in order to achieve the successful fulfillment of the project. 

 

You can find more details regarding the TeamGantt chart in Appendix C. 

 

Figure 3.2-2 Gantt Chart front page 
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Figure 3.2-3 Gantt Chart progress page 

 

 

The teamGantt platform allows you to keep track of the progress of the given tasks and 
milestones. It does not allow to add a progress line, but you can keep clear and organized track of 
the progress of the given tasks.  
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Changes at the Project Planning / since SED v2.1:  

Subsystem Change Cause Consequences 

RF Subsystem / GS  Testing shifted to July Delay in orders due to 
unexpected 
bureaucracy issues 

 There testing 
period got shifted.  

The delay does no 
jeopardize the 
planning. 

Electronics  Testing shifted to late 
June 

Delay in orders due to 
unexpected 
bureaucracy issues 

There testing period 
got shifted.  

The delay does no 
jeopardize the 
planning. 

Mechanical / Structure  Testing shifted to July Delay in orders due to 
unexpected 
bureaucracy issues 

There testing period 
got shifted.  

The delay does no 
jeopardize the 
planning. 

Thermal /Mechanical  TVAC shifted to 
August  

Availability issues There testing period 
got shifted.  

The delay does no 
jeopardize the 
planning. 

 

Changes at the Project Planning / since SED v3:  

Subsystem Change Cause Consequences 

Thermal /Mechanical  Testing shifted to early 
September  

1-6 / 9 / 2019 

Delay because of 
availability issues 

There testing period 
got shifted.  

The delay does no 
jeopardize the 
planning. 

Table 3.2.1 : Project Planning Changes  
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Airtable tool is used in order to achieve active participation of the members in the project’s 
deadlines, goals and tasks, by adding notes, save important documents and lists and keep track of 
members responsibilities in order to achieve efficient cooperation between sub teams.  

Airtable platform, offers the ability of Slack Notifications. That way, members are immediately 
informed for changes in the schedule, tasks or general planning. 

 

Airtable follows the same deadlines as TeamGantt chart. 

 

Figure 3.2-4 Airtable Tool  

 

The team’s internal communication is achieved with Slack App. The ability of different channels 
and discussion charts helps in better communication between the members of the team. 
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Figure 3.2-5 Slack App 
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3.3 Resources  

 

3.3.1 Manpower 

The availability of the team members is logged into the Availability Excel Matrix as shown below: 

You can find a better resolution of availability matrix in Appendix C. 

 

 

Table 3.3-1 Availability Matrix 
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As you can see from the availability matrix the majority of shades members are available during the whole 
summer. 

SHADE Manpower  IPR Final Testings Flight  Post Flight 

Melina Koukou 

SBS01/SBS06 

>20 h/w >20 h/w ~15 h/w 10h/w 

Andronikos 
Dourmisis 

SBS04/SBS06 

 

>20 h/w 

>20 h/w ~15 h/w 10h/w 

Giannis Myrsinias 

SBS02/SBS06 

>20h/w 

 

>20 h/w ~15 h/w 8h/w 

Spyros Megalou 
SBS05/SBS06 

>20h/w 

 

>20 h/w ~15 h/w 8h/w 

Kostas Koutropoulos 

SBS03/SBS06 

10-15 h/w >20 h/w ~15 h/w 10h/w 

Ioannis Varvaringos 

SBS05/SBS06 

10-15 h/w >20 h/w ~15 h/w 5h/w 

Vasilis Vellikis 

SBS05 

~10h/w ~10h/w ~10 h/w 10h/w 

Despina 
Arguropoulou 

SBS04 

>20h/w 

 

>20 h/w ~15 h/w 10h/w 

Orestis-Rafail 
Nerantzis 

SBS04 

>20h/w 

 

>20h/w 

 

~15 h/w 8h/w 

Ioannis Ioannou 

SBS07 

<10 h/w <10h/w <10 h/w 5h/w 

Elli Loukaridou 

SBS07 

10 h/w 10h/w <10 h/w 5h/w 

Tzina Efthimiou 

SBS07 

<10h/w <10h/w <10 h/w 5h/w 

 

Table 3.3-2 : Manpower Availability 

 

 

 

 

 

 

 



- 36 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

 

 

The availability of the integration and testing facilities and labs, after discussion with our professors 
and external supporters, is logged into the Facilities - Availability Excel Matrix as shown below: 

 

 

Table 3.3 – 3: Facilities and Labs Availability Matrix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Month

Week Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Facilities Availability

Electronics Lab 

Telecommunications Lab

CEM Lab

Mech Lab

Anechoic Chamber 

Thermal Chamber ITE Institute 

Vaccum Chamber ITE Institute 

Thermal-Vaccum Chamber ITE Institute 

Team's Lab 

Available

Unknown

Not Availble

Jan 19 Feb 19 Mar 19 Sept 19 Oct 19Apr 19 May 19 June 19 July 19 Aug 19
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3.3.2 Budget 

The budget of the project will be covered by Aristotle University of Thessaloniki. The university is going to 
cover > 50% of the project expenses. The rest of the expenses is going to be covered from potential 
sponsors who are willing to support our effort. 

A fully detailed budget analysis will be completed when the components’ and procedures’ list is fully 
determined. 

 

SHADE’s Budget 

Subsystem Component 
Description 

Component Amount Price Tot. 
Price 

Status Support 

 

 

 

 

 

 

 

 

 

 

Electronics 

 

 

 

 

 

 

 

 

IMU MPU-9250 M0 2 35,95 71,9 Arrived BAKIS  

GPS GNSS 5 CLICK 2 41 82 Arrived BAKIS 

SDR LimeSDR Mini 2 152 304 Arrived External 
Support 

OBC Raspberry Pi 3 Model B+ 3 40 120 Arrived External 
Support 

Converter DC-DC Step-Down 5V 3A 
- USB 

2 5,9 11,8 Arrived External 
Support 

TEMP Sensor TCN75A 6 5 30 Arrived External 
Support 

Stepper Motor A 57BYGH420 2 23,9 47,8 Arrived External 
Support 

Stepper Motor B 42BYGHM809 2 16,9 33,8 Arrived External 
Support 

Pressure Sensor MS580314BA 3 59,9 179,7 Arrived External 
Support 

Drivers A4988 6 3,2 19,2 Arrived External 
Support 

Compass MAG3110 2 17,5 35 Arrived External 
Support 

Camera Basler 106691 1 70 70 Arrived E-
DEVELOP 

I2C Raspberry HAT DEV-14459 2 5,95 11,9 Arrived BAKIS 
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Qwiic Adapter DEV-14495 10 1,5 15 Arrived BAKIS 

Qwiic Cable 1 PRT-14428 20 1,5 30 Arrived BAKIS 

Qwiic Cable 2 PRT-15109 20 1,5 30 Arrived BAKIS 

Differential I2C 
Breakout 

BOB-14589 6 10,95 65,7 Arrived BAKIS 

 

 

 

RF 

Band Pass Filter VBFZ-1400+ 2 41 82   Arrived External 
Support 

Antenna Stainless Steel 20 200 4000 Arrived External 
Support 

RF PCB  PCB Copper / Dielectric 10 30 300 Arrived Aristotle 
University 

Power Amp ZFL-2500VH+ 2 288 576 Arrived External 
Support 

Low Noise Amp ZRL-2400LN+ 2 145 290 Arrived External 
Support 

 

Thermal 

Insulation  polystyrene 5 13,5 67,5   Arrived External 
Support 

Insulation Alternative styrofoam 3 70 210   Arrived External 
Support 

Heaters KH-KIT-EFH-15001 1 154 154 Arrived External 
Support 

 

 

 

 

 

Mechanical 

Material -External 
Box 

Alumium  NA NA 200 Arrived External 
Support 

Aluminum Profile Aluminum Profile NA NA 120 Arrived External 
Support 

Material - Internal 
Box/Axes 

Stainless Steel NA NA 180 Arrived  Inoxia 

Material - Motor's 
Base 

Plastic NA NA 80 Arrived External 
Support 

Material - Antenna 
Casing 

Teflon NA  NA 85 Arrived External 
Support 

Rotating mechanism - NA  NA 150 Arrived External 
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components Support 

Antenna Material Stainless Steel   NA NA 100 Arrived  Inoxia 

 

Testing 

TVAC - - - 0 Cancelled Libre 
Space 

Anechoic - - - 0 Done Aristotle 
University 

Thermal Chamber - - - 0 Done Libr 

 

 

Manufacturing 

CNC - - - 0 Done  Gaitanidis 

Laser Cut - - - 0 Done  Gaitanidis 

Flange - - - 0 Done Gaitanidis 

Spring 
Manufacturing 

- - - 0 Done Moisiadis 

RF PCB 
Manufacturing 

- - - 0 Done Aristotle 
University 

Shipping Option no1. - - - 240 Done Aristotle 
University 

Option no2. - - - ~150 Rejected External 
Support 

Travelling Non-sponsored 
students  

- 200 5 1000 Done Aristotle 
University/ 

BETA  

Realistic Scenario Total. 

EURO 8,742 

Table 3.3-4: Budget 
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3.3.3 External Support 

The team is supported by Aristotle University of Thessaloniki through Telecommunications 
Laboratory. In particular it is supported by the following groups: 

 

• Unit of Electromagnetic Applications and Calculations 
➢ Teaching object includes: 

• Electromagnetic field 

• Wireless Wavelength 

• Analytical and Approximate Methods for Calculating the EM Field 
➢ Director:  Rekanos Ioannis, Professor 

• Radar & Microwave Unit 
➢ Director: T. V. Yioultsis, Associate Professor 

 

• Unit of Electroacoustics and Television Systems 
➢ Director: Papanikolaou Georgios, Professor 

 

• Signal Processing Unit and Biomedical Technology 
➢ Director: Chatzileontiadis Leontios, Professor 

 

• Optical Telecommunication Unit 
➢ Director: Kriezis Emmanouil, Professor 

 

• Telecommunication Systems and Networks Unit 
➢ Director: Karagiannidis Georgios, Professor 

Other professors or staff of the sector may also get involved in the project for consultation or 
helping in specific tasks. 

 

BETA CAE SYSTEMS 

One of the greatest companies in Greece with international presence, dedicated in the development of 
the very popular and complete package of Finite Element Analysis, has officially become our sponsor. 
Their programs, namely ANSA (pre-processor), EPILYSIS (solver) and META (post-processor) are 
among the best CAE software solutions worldwide.  

The company supports our work and helps us complete our experiment.  

OFFER: 5000 euro  

 

 

 

Figure 3.3-1: BETA CAE SYSTEMS logo 
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AUTH RESEARCH COMMITTEE 
 
The Aristotle University of Thessaloniki (AUTh) was founded in 1925, comprising only a single 
Faculty, that of Philosophy. Today it is the largest Higher Education Institution in Greece and 
Southeastern Europe, with 13 faculties and a total of 42 departments and 4 independent Schools. 
Aristotle University is located in the centre of Thessaloniki, spreading over an area of 43 hectares. 
Some of its administrative or educational infrastructure is off campus, in nearby municipalities. 
AUTh academic staff and students have numerous services and facilities at their disposal, such as 
University clinics, a Summer Camp, a University Farm, the Tellogleion Foundation of Art, a Sports 
Center, the University Forest Reserves, the Seismological Station, the School of Modern Greek 
Language, a Student Union, etc. 
 
AUTh research and technological development projects are funded by national, European and 
international agencies. At national level, these agencies include ministries, local authority 
organizations, public sector organizations, and private sector businesses/companies. The majority 
of research projects are funded mainly by the Directorate-General for Research and Innovation 
and other General Directorates of the European Commission. Additionally, a significant number of 
research projects are funded by European and international agencies, such as UNESCO, or major 
industries, which focus their business interests on technology and research applications. 
 
The committee supports our work and helps us complete our experiment. 

 
 
OFFER: 6000 euro / LABS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.3-2: Aristotle University of Thessaloniki logo 

 

HELLENIC AEROSPACE INDUSTRY  

HAI was established in 1975 having as its major mission to deliver services and products to the 
Armed Forces of the Hellenic State. By implementing an extrovert strategy during recent years, 
HAI has achieved to expand its customer base and to establish itself as a reliable partner of the 
leading aerospace industries globally. 

 

Operating with state-of-the-art production processes and highly qualified personnel, HAI offers high 
performance products and quality services 
 
HAI supports out endeavor by providing us with testing facilities (thermal and vacuum chamber), 
highly equipped labs and electronics’ equipment.  
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OFFER: TESTING FACILITIES / LABS 

 
 

 
 

Figure 3.3-3: Hellenic Aerospace Industry logo 
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3.4 Outreach Approach 
Our outreach program consists of the following categories: 

Webpage 

Here anyone can find detailed information about the team’s project. It covers in depth the scientific 
principals behind SDR technology and the mechanical properties of our deployment and pointing 
mechanism. It contains information about the competitions and institutions we participate. 
Furthermore, details about our faculty and team members are provided. And lastly, any interviews, 
reports and events with similar interest are to be included. 

You can find the link here: http://beam.web.auth.gr/ 

 

Figure 3.4-1 SHADE’s website 

Facebook 

The Facebook channel will serve as frequent communication with the team’s followers. Content 
about the progress of our project as well as interesting posts including news of aerospace 
innovations and events is published. The goal is to keep the general public in touch with our 
progress as well as broaden the interest of people in space science. 

You can find the link here: SHADE's facebook page 

http://beam.web.auth.gr/
https://www.facebook.com/BEAM-Beyond-Earth-Aristotle-Missions-179058536135435/?modal=admin_todo_tour
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Figure 3.4-2 SHADE’s Facebook page 

Instagram  

Within this platform the team will focus more on its progress through instastories and posts 
providing a more “fun” and appealing view of the team’s experience throughout this process. Posts 
containing a more personal point of view shall guide them through the project, not only by its 
strictly scientific nature, but also through the whole journey behind it. 

You can find the link here: SHADE's instagram 

 

Figure 3.4-3 SHADE’s Instagram page 

 

Events  

One of the most important processes of our outreach program along the webpage. Aiming to a 
more experienced audience among university students, including from undergraduate to even 
post-graduate and PhD students, events and presentations shall be hosted providing in depth 
information about the project. Education campaign will also take place in high-schools in order to 
familiarize students with space mission's applications and design procedure.  Secondary events 

https://www.instagram.com/beamauth/


- 45 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

will take place outside university borders, focusing on educating the general public on space-
related programs. 

 

Press and television 

To broaden its audience, the team is already in touch with local radio stations and TV channels 
interested in covering the course of the experiment.  Entropia internet radio has made a broadcast 
after SHADE’s selection in BEXUS Cycle 12. The team is also in contact with ERT (Hellenic 
Broadcasting Corporation - Greece National Television). 

 

BEAM and SHADE 

SHADE is the first BEXUS/REXUS team in GREECE. Companies, institutes, student and 
professors are mostly not familiar with the program. Companies are interested to invest on teams 
that have a continuous activity on their field, and that’s why, by creating, a wider space 
organization, BEAM (Beyond Earth Aristotle Missions ), we are promising that there is future in our 
project, a future that may not refer only to SHADE, but to all future BEXUS/REXUS projects. A 
sponsorship to BEAM, is a sponsorship to SHADE, but in a way that we provide the security of the 
sponsor’s investment.  

Figure 3.4-4: SHADE and BEAM relation 

 

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 
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Severity (S)  
1. Negligible – Minimal or no impact  
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  
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Table 3.5-1: Risk Register 

 

 

 

ID 
Risk (& consequence 
if not obvious) 

P S P x S Action 

TC1.0 
Temperature going 
outside of range of the 
components 

D 2 low 

We provide 
insulation of the 
experiments box in 
order to reduce the 
exposure to low 
temperatures. In 
parallel, several 
components 
produce heat while 
operating which 
leads to a rise in 
temperature. Also 
heaters will 
surround the 
motors to ensure 
their proper 
function. 

TC2.0 

Electrostatic discharge 
might cause failure to 
components during 
assembly 

A 3 
very 
low 

Use of proper 
grounding and ESD 
protection, along 
with redundant 
components and 
Remove Before 
Flight covers in 
critical areas. 

TC3.0 
Sun's radiation causes 
overheating to 
components 

C 3 low 

Increased amount 
of insulation 
material will be 
placed in the 
external box. 

TC4.0 
Cables/Connectors 
going loose through 
intense vibrations 

C 2 low 

Glue and Screws 
will protect the 
connections. The 
vibration test shall 
ensure the proper 
fixation of the 
cables/connectors 
in high levels of 
acceleration 
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TC5.0 

PCB components 
touch each other 
through PCB's 
shrinking under low 
temperature 
environment 

C 2 low 

PCB design will 
give the needed 
clearance between 
components in 
order to reassure 
the avoidance of 
touching each other 
or create shorts. 

TC6.0 
Shock during landing 
may cause damage to 
the experiment 

D 2 low 

The electronics 
where the data are 
saved, are located 
inside the gondola. 
The experiment 
ends before the 
landing. 

TC7.0 
Unexpected power 
loss will damage the 
experiment A 4 

very 
low 

No emission cause 
experiment's failure. 

TC7.1 

Data corruption or loss 
of data during 
unexpected power-
loss A 1 

very 
low 

The data will be 
saved frequently in 
SD card. 

TC7.2 

The experiment does 
not reboot after 
unexpected power 
loss B 1 

very 
low 

Watchdog will be 
added. 

TC8.0 
Damage or loss of 
parts during shipping 

C 1 
very 
low 

Spare components 
will be 
manufactured and 
emergency 
shipping 
procedures are 
going to be 
scheduled. Also 
Remove Before 
Flight covers will be 
added in critical 
areas. 

TC9.0 
Interference with E-
link 

A 1 
very 
low 

The frequencies 
used and the 
channel bandwidths 
show no potential 
interference. Filters 
are also going to be 
used on the 
transmitter to 
attenuate any 
possible leakage. 
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An interference test 
with E-Link is 
requested as a pre-
launch procedure. 

TC9.1 
Interference with other 
experiments 

A 1 
very 
low 

No interference with 
known experiments 
in the same 
gondola. 

TC10.0 
High frequency signal 
interfere with circuitry 

C 2 low 

Extra shielding will 
be placed to 
sensitive parts 

TC11.0 
Unexpected power 
loss to GS 

A 4 
very 
low 

No receiving leads 
to experiment's 
failure 

TC11.1 GS computer crash 

B 4 low 

Secondary 
substitute 
computer, 
completely 
compatible with the 
SDR Software will 
be brought, thus a 
little amount of data 
will be lost. 

TC12.0 
Deformation of 
antenna under low 
temperatures 

A 4 
very 
low 

The deformation of 
the stainless steel 
spring due to low 
temperatures is 
calculated in the 
scale of μm. It shall 
not be able to 
cause problematic 
emission. 

TC12.1 
Shrinking of antenna's 
casing 

B 4 low 

Dimensioning of the 
antenna has been 
chosen with respect 
to the TEFLON's 
shrinkage value. 
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TC13.0 

Jamming or reduced 
mobility of the 
positioning system 
due to material 
shrinkage and 
deformations. 

A 1 
very 
low 

Low shrinkage 
coefficient materials 
will be used in the 
rotation 
mechanism. Loose 
fit tolerances will be 
used in bearings 
mounting and 
double bearing 
support (fixed 
floating), will help in 
avoiding jamming. 

TC13.1 
Antenna deployment 
failure 

A 2 
very 
low 

The probability of 
the risk shall be 
minimized through 
intensive analysis 
and tests. A manual 
command shall 
force the 
deployment in case 
of automatic 
procedure failure. 

TC13.2 
Failure to establish 
communication 

B 4 low 

Manual 
telecommands will 
force deployment 
and rotation until 
communication is 
established. 

TC13.3 
Failure to orientate the 
antenna 

B 4 low 

Manual 
telecommands will 
force rotation until 
the link closes. 

TC13.4 
Failure to locate 
gondola 

B 4 low 

Manual 
telecommands will 
force rotation until 
the link closes, 
even if GPS fails. 

PE1.0 
Team members 
leaving 

A 2 
very 
low 

New members shall 
take place of the 
previous after 
recruitment. The 
team keeps proper 
documentation to 
help the new 
members fully 
understand their 
task. 
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EN1.0 Insufficient funding 

A 2 
very 
low 

The team has 
already covered a 
big part of the 
needed funding. 
Even if new needs 
appear, the 
marketing team will 
focus on finding 
new sponsors. 

EN2.0 
Delay on components' 
shipping 

B 2 
very 
low 

Delivery depends 
on the supplier. 1 
month margin has 
been given to 
project planning to 
cover possible 
delays. Also, higher 
priority equipment 
is already in the 
team's lab. 

EN2.1 
Delay on shipment to 
Kiruna 

B 1 
very 
low 

1 month margin has 
been given to 
project planning to 
prevent possible 
shipping delays. 

VE1.0 

Gondola impacting the 
ground or the 
Hercules vehicle 
during launch 

A 5 low 

Only specialized 
personnel shall be 
close to the site 
during launch. The 
position of the 
experiment on the 
gondola is far from 
the possible impact 
point with the 
Hercules vehicle.  
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4 EXPERIMENT DESCRIPTION 

 

4.1 Experiment Setup 

 

Figure 4.1-1 Experiments flow diagram 
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4.2 Experiment Interfaces 

4.2.1 Mechanical 

Note: 

The property class of the bolts is 5.6, which means that the minimum ultimate tensile load is 3390N 
and the minimum ultimate proof load is 3980N. Both are an order of magnitude above maximum 
forces (about 500N) which proves the security of the fixation. In addition, it should be mentioned 
that all external bolts are self-secured. 

4.2.1.1 Gondola fixation 

The experiment will be mounted on the gondola on two different positions exploiting the existing 
profiled trails. Both fixations, forward and backward are identical. Standard corner connectors are 
used to fix the profiled aluminum rod to the gondola trails. By the fact that the aluminum rod is in 
surface contact with the trails absorb any torsional forces. The bending (vertical) forces are 
compensated by the trail geometry and the tensional (longitudinal) side bending (lateral) loads are 
compensated by friction. In order to absorb the shocking loads during the cutting the rope phase 
and the landing, both interfaces use rubber bumpers. 

 

Figure 4.2-1: Gondola fixation 

 

Backward fixation 

Forward fixation 
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Figure 4.2-2: Backward fixation 

The forward fixation is identical. Continuing an approximative force estimation is taking 
place during the worst case scenario, of the cutting the rope phase, to validated the 
previous fixations. 

 

Figure 4.2-3 Simplified calculation of fixation forces during the cutting the rope phase 

For a total mass of 5kg concentrated at the center of gravity, from Newton’s law: 

𝛴𝐹𝑧 = 0⇔ 441.45 − 𝐴𝑓 − 𝐴𝑏 = 0 

𝛴𝐹𝑥 = 0⇔ 220.73 − 𝐴𝑓𝑥 − 𝐴𝑏𝑥 = 0 

Corner profiled connectors 

Rubber bumpers 

Gondola’s trails 
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𝐴𝑓𝑥 = 𝐴𝑏𝑥 = 110.36 [𝑁] 

Where, 

𝐴𝑓: the equivalent reaction at the forward fixation [N]. 

𝐴𝑏: the equivalent reaction at the backward fixation [N]. 

From Euler’s law around forward fixation (substituting the Newton’s law): 

Σ𝑀𝐴𝑓 = 0 

441.45 ∗ 0.359 − 𝐴𝑏(0.719 − 0.359) = 0 

𝐴𝑏𝑧 = 881.6 [𝑁] 

𝐴𝑓𝑧 = −440.15 [𝑁] 

Each support transfers the load to the gondola via two bolts.  

𝐹𝑏𝑧 = 440 [𝑁] 

𝐹𝑓𝑧 = −220[𝑁] 

Where,  

𝐹𝑏𝑧 , 𝐹𝑓𝑧: the respective applied vertical load to each bolt. 

The characteristics of the bolts that are used have the characteristics: 

Magnitude Units Value 

Material [−] Stainless Steel 

Diameter [𝑚𝑚] 6 

Applied torque [𝑁𝑚] 1.152 

Axial bolt force [𝑁] 960 

Friction force applied from each bolt: 

𝐹𝑓𝑥 = 𝐹𝑧𝑚𝑎𝑥 ∗ 𝜇 = 960 ∗ 1.05 = 1008 [𝑁] 

Where,  

𝜇: the friction coefficient (1.05-1.35). 

The safety factor for each case is over 2 which assure the security of the fixation on the 
gondola. 
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Figure 4.2-4: Profiled strut 

4.2.1.2 Electronics’ box fixation 

 

The electronics’ box is going to be fixed in the aluminium profile beam using screws that 
are going to be placed in the bottom of the e-box and attached to the aluminium profile.  

This way we are avoiding welding and its possible risks.  

Figure 4.2-5: Electronics’ box fixation top view 

Screws for fixation 
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Figure 4.2-6: Electronics’ box fixation side view 

The fixation of the electronics inside the box is the following: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2-7: Electronics’ fixation 

Screws for fixation 

Power Connector 

E-link Connectors 

E link / 
Power 

Power Distribution & 
Camera’s microcontroller 

Primary microcontroller, 
sensors unit & RF chain 

Connectors 

to External 
Box 
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4.2.1.3 Camera’s Fixation 

 

In this case instead of square rings, Pi parts are used again and the antenna’s base is fixed on the 
lateral skeleton of the gondola. The camera’s fixation permits the calibration of its position during 
the mounting. The inclination of the camera is fixed with friction by using an M6 bolt. In addition, 
dyneema security ropes are used to secure the camera and its base from unexpected free falling.   

 

Figure 4.2-6: Camera's fixation 

The red lines refer to security ropes that ensure the safety of the flight in a case of 
unexpected failure. A security rope has been also added to the camera itself by drilling its 
plastic casing. There are two degrees of freedom for regulation (inclination regulation1, 
inclination regulation2).  

Table 4.2-1: Characteristics of bolt at inclination regulation 1 

Magnitude Units Value 

Material [−] Stainless Steel 

Diameter [𝑚𝑚] 6 

Applied torque [𝑁𝑚] 1.152 

Axial bolt force [𝑁] 960 

Table 4.2-2: Characteristics of bolt at inclination regulation 2 

Magnitude Units Value 

Material [−] Stainless Steel 

Diameter [𝑚𝑚] 8.5 

Applied torque [𝑁𝑚] 1.7 

Axial bolt force [𝑁] 999 

 

Camera’s 
Frame 

Camera’s 
Base 

Ropes  

2 M6 bolts 

+2 M6 nuts 

Inclination 
regulation1 

1xM6 

Inclination 
regulation2 

Camera 
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The bolt forces are much higher than the applied loads from the camera. For example, if it 
supposed that an acceleration of 10g is applied at the circumferential direction (worst case 
scenario): 

 

Figure 4.2-7: Worst case scenario for camera fixation 

The applied torque at the inclination regulation will be: 

𝛵 = 10 ∗ 0.112[𝑘𝑔] ∗ 9.81 [
𝑚

𝑠
] ∗  0.113[𝑚] = 1.24[𝑁𝑚] < 𝑇𝑚𝑜𝑢𝑛𝑡𝑖𝑛𝑔 

𝑇𝑚𝑜𝑢𝑛𝑡𝑖𝑛𝑔 refers to the applied torque to pretension the bolt. At this case: 

𝑇𝑚𝑜𝑢𝑛𝑡𝑖𝑛𝑔 = 1.7 [𝑁𝑚] 

4.2.1.4 External box fixation 

The external box that contains the two stepper motors and controls the antenna’s deployment and 
orientation is fixed on the aluminium profiled beam with a welding to the aluminium profiled beam. 
The aluminium series of 6XXX is perfectly weldable with MIG. 

 
 

Figure 4.2-8: External box fixation 

Bolt connection 

1xM8 

4xM8 
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Dangerous 
point1 

 

Dangerous 
point2 

Dangerous 
point3 

It should be mentioned that the position where the aluminum profiled rod is bolted on the 
external box, coincides with the projected center of gravity position on the respective 
plane. This fact happens in order to minimize any torsional loads.  

4.2.1.5 Security Ropes 

In case of an unexpected failure or an unpredicted debris damage, it shall be ensured that no 
object of the experiment will experience free falling (for ground security reasons). To satisfy this 
requirement all the fixation and transmission bolts will be self-locking bolts with wire that avoid 
falling in case of relaxation and the relaxation of one pair result to the tightening of another, 
ensuring the proper functioning of the experiment. In addition, three security ropes will be added 
securing the most sensible points of the external structure. The dangerous points are defined as 
the points where a failure will result to a free falling of an object.  
   

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2-9: Dangerous points for free falling 

Hence, at the external box and the antenna’s base, security ropes will be added to prevent free 
falling. The security ropes will be tied at the corner skeleton of the gondola with bowline nodes. 
This kind of nodes is easy to tight but almost impossible to be untied. For security reasons two 
ropes at each point will be tied. 
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The security ropes will be Dyneema SK75F due to its very high tensile strength. The corner of the 
gondola has been chosen as tying point for two reasons: 

• It is close to the experiment. 

• In case of failure it secures the other experiments. 

 

4.2.2 Electrical 

 

Data: 

Table 4.2-3: Data interface specifications 

Aspect Specification Unit 

Connector type Amphenol RJF21B - 

E-link DOWNLINK 260050.4 bits/s 

E-link UPLINK 256 bits/s 

Protocol UDP - 

 
 

 

2x rope 1 

2x rope 2 

2x rope 3 

Figure 4.2-10 Security ropes 
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Power: 

To power the experiment, a power interface to the gondola +28.8 V battery is required. 

Table 4.2-4: Power interface specifications 

Aspect Specification Unit 

Connector type Amphenol PT02E8-4P  - 

Average power usage 31 W 

Peak power usage 38 W 

Experiment voltage input range 15 – 28.8 V 
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4.2.3 Radio Frequencies  

 

The theoretical design of the antenna leads to the following parameters: 

 

Parameter Value 

Operating frequency 1.4 [GHz] (1430 MHz) 

Wavelength  214.13 [mm] 

Anode angle  14.03 [˚] 

Circumference of helix  214.13 [mm] 

Diameter of helix 68.16 [mm] 

Length of a single loop 220.32 [mm] 

Step of helix (distance between 2 
consecutive loops) 

53.53 [mm] 

Number of turns 7 

Axial length 374.74 [mm] 

Total length (unfolded) 1.54 [m] 

Diameter of wire 2 [mm] 

HPBW 44.2 [˚] 

Main lobe magnitude 12.1 dBi 

Side lobe level (w.r.t. main lobe) -13.4 dB 

S11 @1.4 GHz -15 dB 

VSWR @1.4 GHz 1.4 

Material of wire Stainless Steel 

Material of ground Copper 

Material of quarter-wavelength 
transformer 

Copper 

Casing material (deployment case) Teflon 

Table 4.2-5: Antenna specification and parameters 

 

Simulation analysis: 

In order to predict the behaviour of the antenna, a simulation was created using CST – Microwave 
Studio. The simulation included the antenna and the reflector-ground in a free space environment. 
Future editions of SED will include simulation of the antenna inside the deployment mechanism 
and the whole experiment set-up on the balloon gondola. 
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Figure 4.2-11: 3-D Directivity @1.4 GHz 

The full results of the simulation are presented in Appendix C. 

Helix Antenna has an input 
impedance of 140~150 Ω, in order to 
be matched to a usual 50 Ω line 
(coaxial cable and coaxial connector), 
we use a quarter-wavelength stripline 
transformer between the line and the 
antenna as shown here: 

 

 

Figure 4.2-12: Quarter-wavelength matching 

 

Theoretical calculations for the matching of the antenna were made according to 
microwave theory. Specifically for the quarter wavelength transformer: 

 

 

Figure 4.2-13: Quarter wavelength transformer – Transmissions line model 

In order to achieve matching it is necessary for the following equation to be true: 

 𝑍𝑇 = √𝑍𝐿𝑍0  

Because: 

𝑍𝑖𝑛 = 
𝑍𝑇

2

𝑍𝐿
 ≡ Definition of quarter-wavelength transformer 

And 

𝑍0 = 𝑍𝑖𝑛 ≡ Matching condition 

 

So, a thin microstrip with a characteristic impedance of 82.5 Ω is modeled, and according to 
antenna theory the distance from the reflector can be calculated from the formula: 
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Figure 4.2 – 14: Parameters for the Impedance of thin microstrip 

 

Finally, a distance of 1mm as calculated from the formula, seem to be good enough for the 
antenna to be matched. As shown in Appendix C the antenna is matched since: 

• 𝑆11 is lower than -10 dB 

• 𝑉𝑆𝑊𝑅 is lower than 2 

Both those conditions are sufficient to ensure that the power is well absorbed and radiated by the 
antenna and no reflections exist. 

The microstrip line with its rigid structure offers integrity and stability and secures the proper 
deployment of the spring-antenna. In order to fixate the antenna except soldering it to the 
microstrip we use a plastic bolt and a plastic c-clamp for safety.   

 

Figure 4.2 – 15: CST Microwave Studio 3D Model of microstrip and c-clamp 

 

New simulations results: 

Our deployment mechanism, apart from deploying the antenna, shall protect it from sun’s 
dangerous radiation. After extended research and advices from experts we finally reached the 
conclusion of using Teflon. Teflon provides the radiation insulation that we need for the antenna 
material. But Teflon is a dielectric material, so it will affect the function of the antenna. In order to 
predict the antenna’s behavior with the Teflon casing, new simulations took place: 

A half-loop was added to the end of the helix antenna in order to assure the co-axiality of the 
applied force to the antenna casing, with the casing’s cylinders. Thus, the successful deployment 
of the antenna is guaranteed. 
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The results shown below were made with the casing covering the antenna : 

 

Figure 4.2-16: Antenna and Teflon casing modelling in CST Microwave Studio 

 

Figure 4.2-17: Half loop added at the end of the spiral 

 

 

Figure 4.2-18: Antenna and Teflon with half loop added at the end of the helix 
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Figure 4.2-19: 3D Directivity @1.4 GHz 

The full results of the simulation are presented in Appendix C. 

All the previous results imply that the antenna’s Teflon casing does not affect its function. On the 
contrary as shown in all the results there is a little improvement at the antenna’s directivity and at 
the antenna’s resonance (S11 or VSWR). 

Furthermore, simulations with the antenna on the BEXUS Gondola were done. Due to limitations of 
RAM Memory on our Computers we made a simplification of the gondola model and also the 
absorbers. 

The results shown below were made with the casing covering the antenna : 

 

Figure 4.2-20: 3D Model of the antenna with the BEXUS Gondola 

 

Figure 4.2-21: 3-D Directivity @1~2 GHz 

 

As we can see the BEXUS Gondola scatters the signal of the antenna but not to an extend that 
affects the performance of our experiment.  

The full results of the simulation are presented in Appendix C. 
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Our team in the final phase of the experiment performed some test on the anechoic chamber of 
our university. The task was to measure the helix antenna’s gain and radiation pattern. The test 
was performed using a logarithmic periodic antenna (off the shelf), thus we are able to state that 
the results are accurate and true. The procedure was: sending signals from our helix antenna to 
the logarithmic periodic and measuring the S21 parameter. After these measurements with a 
matlab script that can be found on Appendix C, due to the known distance between the two 
antennas we made a 2-D graph of the antenna’s radiation patter (see below): 
 

 
Figure 4.2-22: Measured 2-D radiation pattern of the helix antenna plotted in matlab 

 

4.2.3.1 Link Budget Analysis: 

The helix antenna is going to be transmitting all the data from the sensors. After the deployment 
takes place the characteristics of the desired communication channel will be: 

Carrier frequency 1.43 GHz 

Channel bandwidth 0.5 MHz 

Output power level 15 dBm 

Modulation type GMSK 

Data Rate ~0.5 Msps 

 

Our desired data rate requires a channel bandwidth of ~500 kHz,, those results are derived from 
calculation of the SNR at the receiver: 

Assuming a 20˚C temperature (if less, the better for us) and BW = 100 kHz we have thermal noise 
power 𝑃𝑁 = −124 [𝑑𝐵𝑚] and taking the worst case of the received power (see figure below) we 
have SNR = 34 dB, so according to Shannon’s Theorem: 

𝐶 = 𝐵𝑊 ∗ 𝑙𝑜𝑔2(1 + 𝑆𝑁𝑅) 

We have a channel capacity of C = 5.6 * 106 symbols/second or bits/second (GMSK). 

This channel capacity, although not possible to achieve, is far more than enough for our 
experiments data rate. 
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More detailed received power budget with respect to our desired SNR and many more parameters 
has been done in the chapter 4.9 – Ground Support Equipment. There can be found all the 
parameters taken into consideration for the calculation of the Link Budget.  
 

Also in the table above DBPSK modulation is mentioned and that is because we want to avoid 
phase synchronization problems. With DBPSK (or Differential Binary Phase Shift Keying) we can 
avoid the headache of the difficult issue of acquiring and maintaining phase synchronization in a 
simple BPSK (or Binary Shift Keying) modulation scheme.  

 

 

4.3 Experiment Components 

 

 

Subsystem Name Model Qty Status 

 Microcontroller Raspberry Pi 3 
B+ 

2 RCV 

Transmission Control 
System (TCS) 

    

 Helix Antenna Custom 1 RCV 

SDR LimeSDR mini 1 RCV 

Amplifier ZFL-2500VH+ 1 RCV 

 Bandpass Filter VBFZ-1400+ 1 RCV 

Attitude Determination 
Control System (ADCS) 

    

 GPS GNSS 5 CLICK 1 RCV 

Temperature Sensor TCN75A 1 RCV 

IMU MPU-9250 1 RCV 

Magnetometer MAG3110 1 RCV 

Stepper Motor 42BYGHM809 1 RCV 

Stepper Motor Driver A4988 1 RCV 

 Polyimide flexible 
heater 

KHA-KIT  

 

1 RCV 

Deployment Mechanism 
Control System (DMCS) 

    

 Altimeter (Barometer) MS5803-14ΒA 1 RCV 

Stepper Motor 57BYGH420 1 RCV 

 Stepper Motor Driver A4988 1 RCV 

 Polyimide flexible KHA-KIT  1 RCV 
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heater  

Power Distribution Unit 
(PDU) 

    

 DC-DC Converter 
Step-Down 1-17V     
1.8A 

ΟΕΜ  4 RCV 

 DC-DC Step-Down 
1.3-35V 3A 

OEM 1 RCV 

 Mosfet Control 
Module 

FR120N 4 RCV 

 DC-DC Converter OEM KIS3R33S 2 RCV 

Observation System (OS)     

 Camera Basler 106691 1 RCV 

Camera Mount Custom 1 RCV 

Expansion Components      

 Qwiic HAT for 
Raspberry Pi 

DEV-14459 1 RCV 

Qwiic Adapter DEV-14495 5 RCV 

 Differential I2C 
Breakout 

BOB-14589 2 RCV 

 Qwiic Cable PRT-14426 7 RCV 

 Qwiic Cable - Grove 
Adapter 

PRT-15109  

 

5 RCV 

Ground Station     

 Helix Antenna Custom 1 RCV 

 SDR RTL-SDR 1 RCV 

 Amplifier ZRL-2400LN+ 1 RCV 

Table 4.3-1: Experiment components 

 

List of mechanical parts 

At the following list the total mechanical parts are presented. 

Part Material Mass [g] Description 

Antenna’s Casing 

Small cylinder POM 202.57 
Small cylinder that 
contains the antenna 

Middle cylinder POM 206.42 
Middle cylinder that 
contains the antenna 
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Big cylinder POM 193.55 
Big cylinder that contains 
the antenna 

Antenna base Stainless steel 174.8 
Fixation of the big 
cylinder 

Antenna’s bolts Stainless steel  4xM4 

Antenna’s cap Nylon 101 80.59 It protects antenna 

Antenna’s cap 
bolts  

Stainless steel  2xM4 (Self secured) 

Helix antenna Stainless steel 
113.09 The antenna 

Reflector Copper 

Plastic edge base Nylon 101 5 
A circular spiral that 
ensures the coaxiality of 
spring forces  

Thread 
Dyneema fine 
(SK78, d=3mm) 

 
Controls the deployment 
of the External hub 

3xSecurity hinges 
Aluminium 
6065 

2.57 

Used to tie the different 
metal sheets of the 
external box to the 
gondolas’ skeleton 

External hub Stainless steel 216.59 

Responsible for the 
transmission of the 
rotational motion to the 
antenna, the antenna’s 
alimentation and the 
thread that controls its 
deployment 

2xConnection 
bolts 

Stainless steel  
2xM5 used to connect 
antenna base to External 
hub (self secured) 

2xConnection 
nuts 

Stainless steel  
2xM5 used to connect 
antenna base to External 
hub (self secured) 

External Box 

External boxe’s 
base 

Aluminium 
6061 

500.66 

Sheet metal forming the 
three sides of the 
external box (upper-
lower and a lateral one) 

External boxe’s 
side 

Aluminium 
6061 

476.13 
Sheet metal forming the 
three lateral sides of the 
external box 

4 corner 
connecotrs 

Aluminium 
6061 

9.92 
Used to connect the two 
different metal sheets 
that form the box 
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External box cap 
Aluminium 
6061 

264.93 
Covers the top of the 
external box 

External box bolts Stainless steel  6xM5 

External box nuts Stainless Steel  6xM5 

External box’s 
flange 

Aluminium 
6065 

98.13 Bearings housing 

Bolts of the 
external box’s 
flange 

Stainless steel  6xM5 

Nuts of the 
external box’s 
flange 

Stainless steel  6xM5 

2xSKF Deep 
Groove ball 
bearings 

100C6 Steel 49 
Absorbs the radial and 
axial loads during the 
antenna’s rotation. 

3x Small nylon 
distant 

Nylon 101  Fixation of the bearings 

2x Big nylon 
distant 

Nylon 101 2x1.3 Fixation of the bearings 

Gear nylon distant Nylon 101 2.31 
Precision of the gear’s 
position 

1x Circlimp DIN 
472 

Stainless steel 1.12 
Assures the position of 
the upper ball bearing 

Gear spline Stainless steel 0.21 
Transmits gear rotation 
to the external hub 

1xSKF Lock nut Steel 39 
KM 6, fixation of gear 
and ball bearings 
position 

Lock washer/ 
Locking clip 

 40 
MB 6 security clip for 
lock nut 

Spur pinion 
Steel 1.0503 
[C45] 

5.6 
Transmits torque and 
rotation from motor to the 
gear 

Spur gear 
Steel 1.0503 
[C45] 

150 
Transmits torque and 
rotation from motor to the 
external hub 

Gear stepper 
motor, 
42BYGHM809 

 360 
Controls the rotation of 
the antenna. 

Pulley stepper 
motor, 
57BYGH420 

 700 
Controls the deployment 
of the antenna  
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Pulley  50 
Retracts or frees the 
thread 

Gear motor base Nylon 101 

156.77 
 

Fixation of gear motor to 
the external box 

Pulley motor base Nylon 101 
Fixation of the pulley 
motor to the external box 

Motor base’s 
distants 

Nylon 101 0.4 
Isolate the heat bridge 
coming from the bolts, 
fixing the motor base. 

Thermal isolation 
of external box 

  
Isolates the internal 
components of the 
external environment 

Thermal isolation 
cap 

  
Isolates the internal 
components of the 
external environment 

EBOX 

EBOX 
Aluminium 
6061 

800 
Electronics’ box, that 
contains the electronics 

EBOX’s bolts Stainless steel  4xM5 

EBOX’s nuts Stainless steel  4xM5 

EBOX’s closing 
bolts 

Stainless steel  8xM4 

Camera 

Camera  15.00 
A camera that checks 
the deployment 

Camera’s Frame POM 50.61 
Fixation of camera on 
the gondola’s skeleton 

Camera’s Base  POM  
Control of the camera’s 
inclination 

Camera’s fixation 
bolts 

  2xM6 

Camera’s fixation 
nuts 

  2xM6 

4x Fixation ropes 
Dyneema SK75 
d=5mm 

 
Secures the position of 
the camera 

SHADE Fixation on Gondola 

Profiled 
aluminium beam, 
APS-8-4040L 

Aluminium 
6061 

258 

Welded to the external 
box, supports the 
external structure of the 
experiment 

4x Rubber   Used to absorb the 
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bumpers impulse loads during 
parachute deployment 
and landing. 

2xBackward 
corner connectors 

Stainless steel 4.92 
Fixes the profiled rod to 
the gondola’s trails 

    

Backwards 
fixation bolts 

Stainless steel  4xM6 

Backwards 
fixation nuts 

Stainless steel  4xM6 

2xForward corner 
connectors 

Stainless steel 4.92 
Fixes the profiled rod to 
the gondola’s trails 

Forward fixation 
bolts 

Stainless steel  4xM6 

Backwards 
fixation nuts 

Stainless steel  4xM6 

4xProfiled sliding 
struts 

Stainless steel  
4xM6 (fixation inside the 
trails) 

Sand paper tape   

Increase the friction 
coefficient between the 
Lateral Pi support and 
the gondola’s skeleton 

Safety ropes 

2xSafety rope 
Dyneema SK75 
d=5mm 

 
Secure the experiment 
from free falling in case 
of unexpected failure 

Table 4.3-2 Mechanical components 

 

Experiment mass (in kg): 7 

Experiment dimensions (Beam) in m 1 x 0.04 x 0.04 

Experiment dimensions (Electronics Box) in m 0.25 x 0.124 x 0.049 

Experiment dimensions (External Box) in m 0.118 x 0.12 x 0.14 

Experiment dimensions (Antenna) in m 0.27 x 0.27 x 0.375 

Experiment expected COG (centre of gravity) 

position in mm: 

The center of mass from 

the bottom corner of the 

experiment is: 

(148, 168.128, 124.41) 

Table 4.3-3: Experiment summary table 

 

  



- 75 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

4.4 Mechanical Design 

 

The mechanical design is consisted of three major parts: 

1. The External Box 
2. The Antenna 
3. The Camera 
4. The Electronics Box 

The Electronics box will be connected to the External Upper Box with an insulated plastic tube (this 
connection is not illustrated at the following pictures). The Upper External Box and the Electronics 
box will be welded on the aluminium profiled rods. The different boxes can be seen at the following 

pictures. 

 

Figure 4.4-1: Experiment set up 

The Antenna’s Box has one degree of freedom (DOF) regarding the External Upper Box. The 
Antenna’s Box is permitted to rotate around the perpendicular axis z in order to orientate  the 
antenna towards the ground station. 

 

Antenna 

External 
Upper Box 

Electronics 
Box 

Camera 



- 76 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

 

Figure 4.4-2: Experiment DoF 

Each box contains (in this section only the main active parts of the mechanism will be described): 

Electronics Box (EBOX): 

• Electronics 

• Software Defined Radio (SDR) 

External Box (EB): 

• Stepper motor that controls antenna’s deployment 

• Stepper motor that rotates the Antenna’s Box relatively to the External Box 

• Two deep groove ball bearings to support the External hub 

• Pulley 

• A spur gear  

• A spur pinion 

The rotation mechanism is based on the transmission between a spur gear and a spur pinion. The 
spur gear is mounted on the surface of the external hub (figure 4.4-3). The pinion is fixed on the 
respective stepper motor, responsible for the rotation and defines the number of external hub 
turns. The external hub is fixed on the antenna’s base with two M5 bolts and nuts. It transmits the 
rotation and the antenna turns. The second stepper motor controls the deployment of the antenna 
through a thread. The rotational movement of the Antenna around z axis will be ensured with two 
deep groove bearings (fixed-floating fixation) absorbing any xz, xy, yz loads due to non-principal 
inertial matrix at the rotational frame. 

𝑧 
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Figure 4.4-3: External box 

Due to the temperature’s variation (cold-hot condition) during the flight and the relatively low 
rotational loads, loose fit tolerances (k7 family) have been used to avoid severe interactions 
between different parts.  

The most critical and complicated part that connects the antenna’s base with the respective 
stepper motor is the external hub. It also serves as a bypass tube for the alimentation cable of the 
antenna and the thread that controls deployment. It is made from stainless steel due to its high 
strength and its low conductivity. The calculated axial thermal shrinkage due to low temperatures is 
low so there is no danger for the gearing mesh. This is because Nylon 101 and steel has very low 
thermal coefficients. Its drawing is presented below: 

Bearing1 
(Fixed) 

Pulley Stepper motor for 
deployment 

Lock nut 

Spur gear 

Bearing2 
(Floating) 

Big Nylon 
distant 

2xM5 

Bolts and nuts 

Circlimp 

External hub 

Gear Nylon 
distant 

Stepper motor for 
rotation 

Thermal Isolation 

Thermal 
isolation of 
metallic bolts 

Spur pinion 

Bearings 
housing 
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Figure 4.4-4: External hub drawing 

 

Table 4.4-1: Ball bearings specifications 

Type Deep groove ball bearings 

Supplier SKF 

Reference name 61906 

Proper working conditions -30 to 120 °𝐶 

Basic dynamic load rating 7.28 kN 

Basic static load rating 4.55 kN 

Limiting rotational speed 19000 rpm 

 

As can be seen in the specifications table the ball bearings are over-dimensioned regarding the 
specifications of SHADE’s experiment. The reasons for their selection are: 

• Low price 

• Low mass 

• Easy to find in the market 
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4.4.1 Pulley 

 

Figure 4.4-5: Pulley 

As it can be seen at the previous figure the pulley assures the proper direction of the 
thread during the deployment or the retraction function. Before rolling the thread, the first 
edge is passed through an eccentric cam and it is tied with itself with nautical node in 
order to avoid potential slippage. 

4.4.2 Motor’s Bases 

Two simple motor bases are designed for the mounting of the motors. Both will be 
fabricated by Nylon 101, material with bad conductivity and high strength in order to 
assure a proper thermal isolation of the motors. For better thermal behavior the motor 
bases will be mounted after the thermal isolation leaves. So, plastic distants are necessary 
to fix them on the External box’s frame. The motor’s bases have a slight mounting degree 
of freedom due to the elliptical holes of the External Box’s frame.   

4.4.2.1 Pulley motor’s base 

Pulley motor base refer to the mounting support of the motor, used for deployment-
retraction of the antenna via a thread and a pulley. The CAD design can be seen at the 
following picture. 

 

 

Assure the proper 
deployment and 
retraction  

Cam drilling for 
thread fixation 

Node to avoid 
thread slippage  
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Figure 4.4-6: Motors’ base 

4.4.2.2 Rotation motor’s base 

Rotation motor base refer to the mounting support of the motor, used for the control of 
antenna’s orientation. For manufacturing simplicity it is composed of two identical S parts. 
The CAD design can be seen at the following picture. 

 

Figure 4.4-6a:Rotation motor base 
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4.4.2.3 Motor bases mounting 

At the following image the mounting of the two motor bases is shown. Both are using 
mounting clearances for regulation to the experiment’s needs. 

 

  

Figure 4.4-6b: Motor’s base mounting 

 

4.4.3 Spur gear fixation on the external hub 

The spur gear is transmitting torque to the external hub by a spline. Its position is fixed through the 
Gear Nylon distant.  

 

Figure 4.4-7: Spur gear 

4.4.3.1 Spline calculation 

The spline calculation according to DIN 6885. 

Table 4.4–2: Spline calculation 

Shaft Diameter d 30 mm 

Length of payload 𝑙𝑜𝑓  9 mm 

Active spline's depth ℎ𝑡1  1.3 mm 

Needed transmitted torque T 0.2 Nm 

Allowed Torque 𝑇𝑜  0.45  
Allowed pressure 𝑝𝑚𝑒𝑝   147.15 N/mm2 

  147150000 N/m2 

Spline configuration 
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Applied pressure 𝑝𝑚  0.59561035 N/mm2 

  595610.352 N/m2 

Safety factor s 247.057493  
 

4.4.4 Gear Transmission 

In a first approach it would be better to use helical spur gear in the gear transmission mechanism 
as long as there are axial forces. However, the metallic spur gears start from modulus 2mm, which 
results to very thick teeth for SHADES’ experiment. Thus, the fixed-floating ball bearings support 
will absorb the axial loads and permits the use of straight spur gears. 

Table 4.4–3: Gear specifications 

Spur gear 

Modulus 1mm 

Pressure angle 20°  
Pitch diameter 60mm 

Number of teeth 60 

Material 1.0503 [C45] 

Supplier  HERION 

Reference 111-010-060 

Spur Pinion 

Modulus 1mm 

Pressure angle 20°  
Pitch diameter 23mm 

Number of teeth 23 

Material 1.0503 [C45] 

Supplier  HERION 

Reference 111-010-023 

4.4.5 Antenna 

The antenna consists of: 

• Helix antenna 

• Three coaxial cylinders (antenna’s casing) 

• Antenna’s base 

• Antenna’s base cap 
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The thread will be fixed with a node at the edge of the small cylinder. 

 

Figure 4.4–9:  Thread fixation 

The material that has been chosen for the antenna’s casing cylinders is Teflon due to: 

• Its neutral electromagnetic behaviour. 

• Relatively low density 

• Low friction coefficient 

The k family of loose fit tolerances will be used in order to ensure coaxiality and longitudinal 
movement (deployment and retraction of the antenna). 

Figure 4.4–8: Antenna 

Thread fixation 
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Figure 4.4–10: Transmitter case drawing 

Due to temperature difference the shrinkage-expansion of Teflon should be calculated. The 
expansion is not a problem for the coaxial cylinders because they are made by the same material, 
thus the shrinkage percentage is the same. The potential problem is located at the smallest 

cylinder and its interaction with the helix antenna. 

4.4.5.1 Tolerances 

The tolerances that have been chosen for the two contact points of the antenna’s casing 
are translated with some simple math, in order to express the minimum and maximum 
diameter of the cylindrical pieces. It is important to ensure that there is a clearance fit were 
the pieces are free to move when they are assembled in their final position, as shown in 
the related picture. The minimum diameter of the outer piece should be greater than the 
maximum diameter of the inner one.  

The following mathematical relation refers to the contact area between the outer and the 
middle part where the main diameter is 88mm.  

Ø88 =
JS6

𝑔4
=
88−11

+11

88−22
−12 

As mentioned before (88-11) > (88-12). 

There is also a similar relation for the contact area between the middle and the last, bigger part, where 
the main diameter is 106mm. 
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Ø106 =
JS6

g4
=
106−11

+11

106−22
−12 

Those relations lead to the following tolerance results: 

𝐸𝑆 − 𝑒𝑖 = 11 − (−22) = 33𝜇𝑚 

𝐸𝐼 − 𝑒𝑠 = −13 − (−12) = 1𝜇𝑚 

The fact that these subtractions give positive numbers ensures the clearance fit. Thus, the cylinders are 
able to move one into the other at two directions (back and forward) as the antenna will be deployed 
and undeployed. 

The contact area has a length of 20mm in the first case and 14mm in the second case. The biggest 
tolerance between the surfaces should be 33μm. However, it may form an angle where the edge of the 
inner cylinder touches the inner surface of the out cylinder. This may cause problems to the 
deployment. 

 

The math is as follows:  

sin(𝜃) =
66𝜇𝑚

20𝑚𝑚
=
66 10−6𝑚

20 10−3𝑚
= 0.0033 → 𝜃 = sin−1 0.0033 → 𝜃 = 0.189° 

sin(𝜃) =
66𝜇𝑚

14𝑚𝑚
=
66 10−6𝑚

20 10−3𝑚
= 0.004714 → 𝜃 = sin−1 0.004714 → 𝜃 = 0.27° 

 

The angle θ is small enough in both case so that it cannot cause any problems to the 
deployment. 

Furthermore, the design of the cylinders makes them fit perfectly as there are special 
configurations that do not allow rotational movements. Thus, the angle θ will be even 
smaller. 
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Figure 4.4–11: Teflon thermal behaviour 

 

As a result, the assumption that Teflon has a linear behavior is quite realistic. The shrinkage-
expansion for a thin section of each cylinder (ring section) can be calculated: 

𝑐𝑛𝑒𝑤 = 𝑐𝑜𝛼Δ𝑇 (1) 

Δ𝑑𝑛𝑒𝑤 = (Δ𝑑𝑖𝑛𝑖𝑡𝑖𝑎𝑙 + 1)𝛼Δ𝑇 (2) 

Where 

𝑐: circumferal perimeter 

𝑑: diameter 

𝑇: temperature 

It can be proved from relation (1) that for the same material the percentage of shrinkage or 
expansion remains the same. As shown below, the thermal coefficient of Teflon is much higher 
than beryllium copper’s. This means that there will be a danger of strong interaction between them 
only in cold temperatures. 

 

 

 

 

Expansion of Teflon 

Coefficient of expansion 
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Table 4.4 – 4: Thermal shrinkage calculation 

Material  Thermal coefficient [1/K] 

Teflon 0.000118 

Beryllium copper 0.0000167 

Nylon 101 0.000001 

Stainless steel 0.000012 

Shrinkage percentage 𝚫𝑻 = −𝟖𝟎𝑲 

Teflon 0.13% 

Beryllium copper 0.90% 

Shrank diameter 72mm for 𝚫𝑻 = −𝟖𝟎𝑲 

Teflon 0.68mm 

Beryllium copper 0.09mm 

 

In order to avoid the strong interaction between Teflon and beryllium copper the internal diameter 
of the last cylinder has been modified to 74mm, by reducing its wall thickness. 

The reason stainless steel is included in the previous is to justify why the distant ring parts are 
made by Nylon 101: 

• Good isolation 

• Low thermal expansion coefficient 

As long as 𝛼𝑁𝑦𝑙𝑜𝑛 < 𝛼𝑠𝑡 a blockage at the external hub rotation will not occur. 

4.4.6 Geometry testing 

The strength of the geometry shall be able to withstand the impulse loads during the parachute 
deployment phase and landing. According to the given feedback the impulse loads can be 
represented by a static 10g acceleration in the vertical direction and a 5g acceleration at the 
horizontal direction. 

The external loads in this case refer only to the inertial forces of each component. The two 
dangerous points mentioned before are simulated. 

𝐹𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙 = ∑ 𝑚𝑖𝑎 

𝑖: refer to the supported components of each case (i.e. the supported components of the antenna’s 
base is the antenna). 

At the vertical direction: 

𝐹𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙𝑧 =∑𝑚𝑖 ∗ (10𝑔 − 𝑔) =∑𝑚𝑖 ∗ 9𝑔 

At the horizontal direction: 

𝐹𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙𝑦 =∑𝑚𝑖 ∗ 5𝑔 
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4.4.6.1 Aluminum profiled beam 

Note: 

In this section the most critical parts of the experiment will be analyzed via Finite Element Method 

 

Figure 4.4–12:  Aluminum profiled beam 

Because of the section complexity, it is very computational expensive to mesh the profiled 
aluminum beam geometry. In order to test the strength of the used geometry a simplified one is 
used.  

 

Figure 4.4–13: Simplified aluminium profiled beam 

 
The simplified one is from the same material, the same length with slightly lower torsion and 
bending resistance. So, if the simplified rod is strong enough the real emf 4040 profiled beam will 
not fail. 

 

Table 4.4 – 5: Moment of inertia 

 𝐽𝑥𝑥  [𝑚𝑚
4] 𝐽𝑦𝑦[𝑚𝑚

4] 𝐽𝑧𝑧[𝑚𝑚
4] 

Aluminum 
profiled beam 
(emf 4040) 

86386.55 86386.55 172773.10 

Simplified 
aluminum 
profile 

73365.33 73365.33 146730.67 

 

𝐽𝑥𝑥 , 𝐽𝑦𝑦: Bending surface moment of inertia 

𝐽𝑧𝑧: Torsional moment of inertia 
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Figure 4.4–14: Canter of mass in the case with the maximum torsional torque 

 

The mass of the external structure is about 5kg. Only the one fixation will be modelled for simplicity 
reasons which in parallel consist a worst-case scenario. Below the FEM steady state model is 
showed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4–15: Maximum stress on the simplified aluminum profiled beam 
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The resulted maximum stress at the simplified aluminium beam is 

6𝑀𝑝𝑎 ≪ 150𝑀𝑝𝑎 

 which is much lower than the ultimate tensile strength of aluminium 6061. It is considered that the 

aluminium beam structure. 

4.4.6.2 External rod 

The external rod supports a mass of 𝑚 ≈ 1𝑘𝑔 (antenna’s base and the antenna). The similar 
process as before takes place  
 

Figure 4.4–16: External hub simulation 

  
 

 

5mg 

9mg 

Bearing 
support 

Axial 
fixation 



- 91 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

 

 

4.4.6.3 Transmitter’s Base 

This part supports the antenna with a mass of 𝑚 = 0.757kg and connects it, to the external rod. 

 

Figure 4.4–17:  Transmitter's base 

The maximum stress is much lower than the material’s strength, 7MPa ≪ 150𝑀𝑃𝑎. 
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4.4.6.4 External Box 

 

Figure 4.4–18:  External Box 

The maximum von Mises stress is much lower than the material’s strength. 

 

 

 

 

 

Fixation 
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4.4.6.5 Motors’ base 

The motor’s bases are crucial parts for the success of the experiment. This is why they 
have been simulated during the cutting the rope phase in order to assure the stability 
mechanical resistance of each base. 

 

Figure 4.4–19:  Motors’ Base FEM Analysis 

 

The maximum stress is much lower than the elastic limit of the material. The stresses at 
the Rotation motor base are much lower so, the geometry will overcome the cut of the 
rope. 
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4.4.7 Modal analysis 

The experiment consists of many parts that are thin for weight optimization reasons. This 
fact is derived of the relatively low applied loads on the structure. However, there is a risk 
that during functioning a resonance will amplify these loads leading to a potential failure. 
This is why a modal analysis takes place at this chapter regarding the rotational 
mechanism (dynamic part of the experiment). 

 

Figure 4.4 – 20: Eigenfrequency model 

The first six natural frequencies of the configuration have been calculated. 

 

Figure 4.4 – 21: Modal analysis results 

The first eigenfrequency is 45Hz much higher that the rotating velocity of the mechanism. 

𝑓𝑚𝑒𝑐ℎ = 0.25𝐻𝑧 ≪ 𝑓1 

So the resonance problem does not seem to be probable. 
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4.4.8 Electronics’ Box 

 

The e-box dimensions are 190x270x90 mm. 

 

 

Figure 4.4–22:  Electronics’ box side view 

The box consists of 3 aluminium plates that are going to be modified in the desired shape 
and screwed with each other in order to reduce this way the complexity and the cost of 
construction.  

The 3 aluminium parts are the following:  

Figure 4.4–23:  Flatten bottom plate 
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Figure 4.4–24:  Flatten middle plate 

 

Figure 4.4–25:  Flatten top plate 
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The e-box is separated into 2 floors where the electronics are mounted. On the first floor 
there are mounted the RF circuit and the sensors’ and GPS unit. On the second floor there 
are mounted the power distribution unit, the second Raspberry Pi+ and the motor drivers. 

Figure 4.4–26:  Inner Configuration 

On the left side of the box there are located the 2 E-link connectors and the power 
connector and to the right side there are located the GPS antenna and the hole for the RF 
and electronic cables. 

                       

 

 

 

 

 

 

 

 

 

 

 4.4–27:  E-Link and Power Connectors 

E-link Connector 

2nd floor 

1st floor 
floor 

Power distribution  

Motor drivers 

Power connector 

RF Circuit 

Sensors’ Unit 
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Figure 4.4–28:  Cable’s hole and GPS antenna 

 

4.4.9 External Box 

The External Box contains the rotational mechanism, which supports and orientates the 
antenna as well as the deployment mechanism which deploys and retracts the antenna. It 
is composed of 6 different aluminium plates that are connected to each other via profiled 
aluminium rods. 

 

Figure 4.4-29: External Box 

Cable’s hole 

GPS Antenna 
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The top and the bottom sides are fixed with self-threaded screw drivers. The other sides 
are mounted with form and friction connection, via t-nuts, at the profiled aluminium beams. 
The bottom and the mounting side where the stress field is more important have a 
thickness of 4mm. On the other hand the other sides are 3mm thick. 

 

4.4.10 Design improvements 

During the tests, increased friction at the thread path has been remarqued. This happened 
due to the resulted sharp edges from the fabrication process, at the transmitter’s ground 
plane and at the and of the s transmitter’s rod. In order to reduce friction two design 
decisions have been made. The first concerns an external pulley that drives the thread 
coaxially to the tip cylinder. 

 

Figure 1 External pulley 

The second refers to a plastic mechanical adaptor at the end of the transmitter’s rod. This 
adaptor is fabricated from POM which has relatively low friction coefficient. Its internal 
radius of 3mm permits a friction reduction. 

 

Figure 2 Thread's friction reducer 

 

Both decisions increase the deployment robustness. 



- 100 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

4.4.11 Cut the rope protector / Remove Before Flight 

 
The antenna before the flight is retracted, held by the deployment motor’s holding torque. 
Cut the rope protector refers to an extra security late access measure, to assure the 
packaging of the antenna’s casing before the flight. It is a 3D printed plastic part which 
surrounds the smallest cylinder of the casing and it is tighten to the antenna’s base. 

 

Figure 3 Cut the rope before flight protector 

 

Via an omega part it is tighten to the transmitter’s base. 
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4.5 Electronics Design 

 

4.5.1 Block diagram of electronics connections 

 

SHADE consists out of 4 electronic sub-systems: 

• Deployment Mechanism Control System 

• Attitude Determination Control System 

• Transmission Control System 

• Power System 

• Observation System  

 

 

The connection of those sub-systems: 

 

                                   Figure 4.5-1: Sub-systems electronic connections 
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Abbreviation Full System Name Responsible for 

DMSC Deployment Mechanism 
Control System 

Deployment and un-
deployment the antenna 
relevant to the gondola’s 
altitude. 

ADCS Attitude Determination 
Control System 

Rotating the antenna’s 
base to pointing the 
SHADE GS. 

TXCS Transmission Control 
System 

Sending temperature 
data via SDR and E-link. 

PS Power System Distribution of the power 
supply. 

OS Observation System Observing the 
deployment of the 
antenna via camera. 

Table 4.5-1 Abbreviations for sub-systems 

• Raspberry Pi 3 B+ 

Our experiment contains two Raspberry Pi 3 B+, one as the core of the whole experiment 
(MCU A) and one responsible for the observation system (MCU B). 

 

Technical Data: 

• Broadcom BCM2837B0, Cortex-
A53 (ARMv8) 64-bit SoC @ 1.4GHz 

• Extended 40-pin GPIO header 

• Gigabit Ethernet over USB 2.0 
(maximum throughput 300 Mbps) 

• USB 2.0 ports 

• Micro SD port for loading your 
operating system and storing data 

• 5V/2.5A DC power input 

• Power-over-Ethernet (PoE) support 
(requires separate PoE HAT) 

 

 

Figure 4.5-2: Raspberry Pi 3 B+ Physical 
representation 

 

 

 

 

 

https://www.raspberrypi.org/products/raspberry-pi-3-model-b/


- 103 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

4.5.2 Deployment Mechanism Control System 

 

 

 

Figure 4.5-3: DMSC electronic connections 

 

 

In order to define the characteristics of the motors suitable for the experiment, a few 
calculations needed to take place. The motors to be chosen will have to perform two 
different tasks. Firstly, to hold the thread and implement the deployment of the antenna 
and secondly, to rotate the antenna base through the gear.  

Hence, from the specifications of the antenna design the following data are collected: 

 

Frequency 1.4 GHz 

Spacing between Coils (Dc) 53.6 mm 

Wire Diameter 2 mm 

Outer Diameter 68.16 mm 

Number of Turns (N) 7 

Length at Radiation (Lr) 375 mm (Lr = N·Dc) 

Total Wire Length 2300 mm 

 

To calculate the forces applied on the spring, four additional elements are required. The 
free length of the spring (Lfree), the distance from Lfree during radiation (Δxr), the distance 
from Lfree when the spring is fully compressed (Δxmax) and the spring constant (k).  

Since the free length does not affect the spring constant, any suitable length can be 
chosen. For the purpose of the experiment Lfree is set equal to 465 mm. This results to the 
following table: 
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Free Length of Spring (Lfree) 465 mm 

Distance from Lfree during Radiation (Δxr) 90 mm 

Distance from Lfree at maximum 
Compression (Δxmax) 

300 mm 

Spring Constant (k) 
0.048 
N/mm 

 

Minimum force is applied to the spring while the antenna is radiating and maximum when it 
is fully compressed. It is necessary that both forces are high enough to compensate 
friction, so that no mechanical disturbance is caused. The friction forces for Teflon have 
been calculated to be 4.07 N. 

𝐹𝑆𝑝𝑟𝑀𝑖𝑛  =  𝑘 · 𝛥𝑥𝑟  =  4.34 𝑁 >  4.07 𝑁 

𝐹𝑆𝑝𝑟𝑀𝑎𝑥  =  𝑘 · 𝛥𝑥𝑚𝑎𝑥  =  14.4 𝑁 >  4.07 𝑁 

To select a suitable motor the final calculation concerns the maximum torque (T) that 
needs to be applied on the pulley (22mm in diameter) to hold the spring even when no 
external forces are applied. 

𝐹𝑃𝑢𝑙𝑙𝑒𝑦  =  
2 · 𝑇

𝐷𝑃𝑢𝑙𝑙𝑒𝑦
 >  𝐹𝑆𝑝𝑟𝑀𝑎𝑥  =  14.4 𝑁 

𝑇 >  0.16 𝑁𝑚 

As a result, a stepper motor that provides a torque greater than 0.16 N·m, shall be 
sufficient for holding the thread and implement the antenna deployment. 

 

For the rotating mechanism, the torque that shall be provided by the motor (MMotor) can be 
calculated as a fraction of the torque applied to the gear (MGear) over the transmission ratio 
(N). 

𝑀𝑀𝑜𝑡𝑜𝑟 = 
𝑀𝐺𝑒𝑎𝑟

N
 

�⃗⃗� 𝐺𝑒𝑎𝑟 can be calcuated as the product of the mechanism’s inertial matrix (𝐽 𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑠𝑚) times 

the angular acceleration of the system (𝛼 ). Thus, we proceed as follows: 

 

�⃗⃗� 𝐺𝑒𝑎𝑟  =  𝐽 𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑠𝑚 · 𝛼  ⇒  

{
 
 
 
 

 
 
 
 
𝐽 𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑠𝑚  = [

𝐽𝑥𝑥 𝐽𝑥𝑦 𝐽𝑥𝑧
𝐽𝑦𝑥 𝐽𝑦𝑦 𝐽𝑦𝑧
𝐽𝑧𝑥 𝐽𝑧𝑦 𝐽𝑧𝑧

] 

𝛼  = [
0
0
𝛼𝑧

]

�⃗⃗� 𝐺𝑒𝑎𝑟  =  [
0
0
𝑀𝑧

]

  ⇒ 

 

𝑀𝑧 = (𝐽𝑥𝑧 + 𝐽𝑦𝑧  +  𝐽𝑧𝑧) · 𝛼𝑧 
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From the SolidWorks file the inertial values are derived and the desired acceleration is 
implied as parameter: 

𝜶𝒛 6.2832 rad/s2 

N 2.6 

𝑱𝒙𝒛 -0.02545 kg·m2 

𝑱𝒚𝒛 ≅  0 kg·m2 

𝑱𝒛𝒛 0.03128 kg·m2 

 

𝑀𝑧 = 0.00583 · 6.2832 =  0.0366 𝑁𝑚 

𝑀𝑀𝑜𝑡𝑜𝑟 =  0.014 𝑁𝑚 

As the experts suggested us, the motors’ holding torque was chosen to be greater than 
the twice calculated values.  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 106 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

• Stepper motor 42BYGHM809  
 

Features 

• Step Angle (degrees): 0.9 
• 2-Phase (4-Wires) 
• Rated Voltage: 3V 
• Rated Current: 1.7A/Phase 
• Holding Torque: 45N.cm 

(4500g-cm) 
• Resistance: 1.65Ω/phase 
• Inductance: 4mH/phase 
• Form factor: NEMA 17 
• 42 x 42 x 48mm 
• Weight: 360g 
• Shaft Diameter: 5mm 
• Shaft Length: 22mm 
• Cable Length: 45mm 
• 4 x M3 Holes for mounting base 

Figure 4.5-4 Stepper motor 42BYGHM809 

 

• Stepper Motor Driver A4988  

This stepper motor driver permits control of one bipolar stepper motor up to 2 A output 
current per coil. Here are some of the driver’s key features: 

• Simple step and direction control interface. 
• Five different step resolutions: full-step, half-step, quarter-step, eighth-step, and 

sixteenth-step. 
• Adjustable current control permits the 

maximum current output to be set with a 
potentiometer, which allows the usage of 
voltages above the stepper motor’s rated 
voltage to achieve higher step rates. 

• Intelligent chopping control that 
automatically selects the appropriate 
current decay mode (fast decay or slow 
decay). 

• Over-temperature thermal shutdown, 
under-voltage lockout, and crossover-

current protection. 
• Short-to-ground and shorted-load 

protection.  

 

Figure 4.5-5: A4988 Stepper motor driver 

https://grobotronics.com/42byghm809-4.8kg.cm-400-steps-rev.html?fbclid=IwAR3NNlFRo5FjHQmj1qz_DDJ3yVU-_L-O257OvcMNdDSGGv4bJf9wKG93nb0
https://grobotronics.com/?subcats=Y&pcode_from_q=Y&pshort=Y&pfull=Y&pname=Y&pkeywords=Y&search_performed=Y&q=nema+17&dispatch=products.search
https://grobotronics.com/a4988.html
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Figure 4.5-6 A4988 connection 

 

• Altimeter Sensor MS5803-14BA  

 

 

Features 

• Operating Voltage - 1.8 to 3.6 V 

• Peak Supply Current - 1.4 mA 

• Operating Range - 0 to 14 bar 

• Resolution - 1 / 0.6 / 0.4 / 0.3 / 0.2 mbar 

• I2C and SPI Interface 

• Gel Protected 

 

 

Figure 4.5-7 MS5803-14BA physical appearance 

 

 
 

  

https://grobotronics.com/pressure-sensor-ms5803-14ba-breakout.html?fbclid=IwAR1RtkkyRB-CpP9GBqAStavO_8HgKdOFkE2C_K6uvzHSlQmbQRL8ag2Av4k
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• Polyimide flexible heater 
 
 

Features 

• Withstand Temperature 
Extremes from -56ºC to 200ºC  

• Excellent Tensile Strength, and 
Tear Resistance  

• Low Out-Gassing  
• Wattage 2.5, 5, or 10 W/in2  
• Small, Flexible Radius (0.032" 

Minimum)  
• Chemical Resistance to Many 

Solvents and Oils  
• Pressure Sensitive Adhesive  
• 28 or 115 or 230 Vac  

 

 
    Figure 4.5-8: Heater’s physical representation 

 
 

 
Figure 4.5-9: Heater Wattage Chart 

 

  

https://www.omega.de/pptst/KHA-KIT.html?fbclid=IwAR1vrSgLYixRUqWaHhIZXgnf5zqn2fuxPxqb5C9M72faXcII4olWBjRX0mA
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4.5.3 Attitude Determination Control System 

 

 

Figure 4.5-10: ADCS electronic connections 

 

• Stepper motor 57BYGH420 
 

 

Figure 4.5-11 Stepper motor 57BYGH420 

 

Features 

• Step Angle (degrees): 1.8 
• 2-Phase (4-Wires) 
• Rated Voltage: 3.6V 
• Rated Current: 2A/Phase 
• Holding Torque: 90N.cm (9000g-cm) 
• Resistance: 1.8Ω/phase 
• Inductance: 2.5mH/phase 
• Form factor: NEMA 23 
• 56 x 56 x 54mm 
• Weight: 700g 
• Shaft Diameter: 1/4" (6.35mm) 
• Shaft Length: 19mm 
• Cable Length: 30mm 
• 4 x 5.3mm Holes for mounting base 

 

• Stepper motor driver A4988 
 
As described above 
 

• Polyimide flexible heater 

 

            Described above 

 

 

https://grobotronics.com/57bygh420-9kg.cm.html?fbclid=IwAR1FZCoFeAC4I9-PNGF6VNco9FJqxgbWx0WqYJVQV88svxltq69d2o6SqPo
https://grobotronics.com/a4988.html
https://www.omega.de/pptst/KHA-KIT.html?fbclid=IwAR1vrSgLYixRUqWaHhIZXgnf5zqn2fuxPxqb5C9M72faXcII4olWBjRX0mA
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• GPS GNSS 5 CLICK 

 

Figure 4.5-12 GPS GNSS 5 CLICK 

 

 

 

 

Figure 4.5-13 Specifications of GPS  

 

• 9DoF Razor IMU M0 

The SparkFun 9DoF Razor IMU M0 combines a SAMD21 microprocessor with an 
MPU-9250 9DoF (9 Degrees of Freedom) sensor to create a tiny, reprogrammable, 
multipurpose IMU (Inertial Measurement Unit). It can be programmed to monitor 
and log motion, transmit Euler angles over a serial port or even act as a step-
counting pedometer. During the experiment it will gather data for postprocessing. 

https://www.mikroe.com/gnss-5-click?fbclid=IwAR3VFDrQi0mnrYuMpXY6Sh_zipq5HoDq1DSoa8AgtJlJsHARSQDjwKTE9Ww
https://www.mikroe.com/gnss-5-click?fbclid=IwAR3VFDrQi0mnrYuMpXY6Sh_zipq5HoDq1DSoa8AgtJlJsHARSQDjwKTE9Ww
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Figure 4.5-14 9DoF Razor IMU M0 

 Physical representation 

 

 

Temperature Sensor TCN75A  

 

Figure 4.5-15: TCN75A physical appearance 

TCN75A is a digital temperature sensor 
capable of reading temperatures from -
40°C to +125°C. The temperature data 
are measured from an integrated 
temperature sensor and converted to 
digital word with a user selectable 9 to 
12-bit Sigma Delta Analog to Digital 
Converter. 

• Supply voltage 2.7 - 5.5V. 
• Supply current 0.2mA typ.  

(0.5mA max.). 
• Temperature range  

-40°C / +125°C. 
• Accuracy ±1°C. 
• Resolution 0.0625°C. 
• Interface I2C. 

Communication with the sensor is accomplished via a two-wire bus that is compatible 
with industrial standard protocols (ie. I2C), permitting up to eight devices to be 
controlled in a single serial bus. This fact permits reading the current temperature, 
programming the set point and hysteresis and configuring the device. By default, the 
board is set on slave address '(MSB)1001000(LSB)', but the lower three bits (A2, A1, 
A0) are selectable via the three jumpers positioned on the PCB. 

 

  

https://grobotronics.com/digital-temperature-sensor-with-tcn75a.html?fbclid=IwAR2W2r2IfAToeCcqGbU-1xOW57feJ-oL-4CUJweSFsDC732_P7T9nKNI9TQ
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• Magnetometer MAG3110 

 

 
Figure 4.5-17: MAG3110 physical appearance 

 

 

 

Features 

• 1.95V to 3.6V Supply 
Voltage 

• Typical Supply Voltage  
• 7-bit I2C address = 0x0E 
• Full Scale Range ±1000 μT 
• Sensitivity of 0.10 μT 
• Pull Up Resistor Jumper 
• 13.3 x 14.5 mm 

 

4.5.4 Transmission Control System 

 

 

 

 

 

This subsystem contains all the rf components, 
the responsible control units and a connection 
with the E-Link. As suggested the Amplifier will 
be enabled after the launch of the gondola, in 
order to avoid high power transmission on the 
ground.  

 

 

  

 

 

 

 

Figure 4.5-18: TCS electronic connections 

https://grobotronics.com/triple-axis-magnetometer-breakout-mag3110-el.html
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• LimeSDR mini 

 
Figure 4.5-19: LimeSDR mini physical 
representation 

 

 

Figure 4.5-20: LimeSDR specifications 

 

 

• Amplifier ZFL-2500VH+ 

 
 
Features 

• wideband, 10 to 2500 MHz 

• high IP3, 35 dBm typ. 

• low noise, 5.5 dB typ. 

• protected by US Patent, 6,943,629 

Connectors Model 
• SMA ZFL-2500VH+ 

• BRACKET (OPTION “B”) 

• SMA ZFL-2500VHX+ 

Figure 4.5-21: Amplifier’s physical appearance 

 

Figure 4.5-22: Specifications 

  

https://limemicro.com/products/boards/limesdr-mini/
https://www.minicircuits.com/WebStore/dashboard.html?model=ZFL-2500VH%2B
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• Bandpass Filter VBFZ-1400+ 

Features 

• Good Rejection, 30dB up to 
6600GHz. 

• Low insertion loss. 

• Excellent power handling, 7W. 

• Temperature stable LTCC 
internal structure. 

• Rugged stainless steel unibody. 

• Protected by US Patent 
6,943,646. 

 

Figure 4.5-23: Filter’s physical appearance 

 
 
 
 

 
 
Figure 4.5-24: Specifications 
 

4.5.5 Power System 

 

 

 

Figure 4.5-25: Power system electronic 
connections 

 

 

 

 

 

The power is provided by the gondola 
power supply and then is distributed 
through the Power Distribution Unit. This 
unit is consisted by some step-down dc-dc 
converters. Each converter was chosen to 
cover the need of supply in each 
component of the experiment. 

 

  

https://www.minicircuits.com/WebStore/dashboard.html?model=VBFZ-1400-S%2B
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• OEM DC-DC Step-Down Converter 

 

 

 
Figure 4.5-26: OEM DC-DC Converter 
 

 

Features: 

• Module Properties: Non-isolated buck 
• Rectification: Synchronous 

rectification 
• Input voltage: 4.75V-23V 
• Output voltage: 1.0V-17V 
• Output Current: Lowering the value of 

3A, long 1.8A 
• Conversion efficiency: 96% 

(maximum) 
• Switching Frequency: 340KHz 
• Output ripple: 30mV (no-load) 
• Load regulation: 0.5% 
• Voltage regulation: 2.5% 

• Working temperature: -40 ℃ to +85 ℃ 

 

 

• DC-DC 8-50V Step Down to 5V/3A Converter Module to Micro USB Output 

 

 
 

Figure 4.5-27:  DC-DC Converter 

 

 

Features : 

• Use imported and integrated 
switching regulator modules manufacturing 
quality is stable and reliable. 

• Synchronous rectification,, the 
conversion rate is 96% or more, very low 
heat and can work in normal condition when 
restored. 

• Epoxy potting, seismic, water, 
moisture, dust, long term stable and reliable 
quality. 

• Super-thin, small size, high 
efficiency, easy installation and use. 

• Input voltage: DC8-50V, (12V 24V 
36v changes to 5V) 

• Output parameter: DC5V 3A MAX 
micro usb output 

• Size: 46x31x18mm 
 

 
 
 

https://grobotronics.com/dc-dc-converter-step-down-1-17v-1.8a.html?fbclid=IwAR2QGnx644LFJ8m3-2lue2elThHiA6s_DbriryqeXCaqwcL376ZzNM-1vU4
https://www.hellasdigital.gr/electronics/boost-and-buck-converters/dc-dc-8-50v-step-down-to-5v-3a-converter-module-to-micro-usb-output/
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• OEM DC-DC Step-Down Converter 
 

 

Figure 4.5-28: ΟΕΜ DC-DC Converter 

Features 

• Input voltage 3.2V - 40V 
• Output voltage 1.3V - 35V 
• Output current 3A (max) 
• Conversion efficiency of 

92% (maximum) 
• Output ripple <30mV 
• Switching frequency 65KHz 
• Operating temperature 

 -45 ℃ ~ +85 ℃ 

 

 

 

 

 

 

 

• Mosfet Control Module FR120N 

 

 
Figure 4.5-29: Mosfet Control Module 

 

Features 

• Product Type: MOSFET 
• Number of Channels: 1 Channel 
• Transistor Polarity: N-Channel 
• Vds - Drain-Source Breakdown Voltage: 100 V 
• Id - Continuous Drain Current: 9.4 A 
• Rds On - Drain-Source Resistance: 210 mOhms 
• Vgs th - Gate-Source Threshold Voltage: 4 V 
• Vgs - Gate-Source Voltage: 20 V 
• Qg - Gate Charge: 25 nC 
• Minimum Operating Temperature: - 55 C 
• Maximum Operating Temperature: + 175 C 
• Pd - Power Dissipation: 48 W 
• Dimensions: 33.5x16.6x11.5mm 

 
 
  

https://grobotronics.com/dc-dc-step-down-1.3-35v-3a.html?fbclid=IwAR3eCzwlACi6vo08c0oulXhnYYPAYL4bQyNhnAwEf80P13yQ68tR5fs0WrM
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4.5.6 Observation System 

This system will observe the experiment and will provide an image of its current state 
during the flight. If some visible error occurs, the image will lead to a proper action of 
correction. It consists of a camera connected to the central control unit.    

 

• Basler 106691 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5-30:  
Observation System 

 
Figure 4.5-31: Basler 106691 physical representation    

    

The Basler 106691 dart camera with USB 3.0 
interface provides camera data and power over one 
cable. The high bandwidth of USB 3.0 technology 
enables the dart cameras to deliver high-quality raw 
picture and video data in full motion. Compressing 
data, which causes image quality loss, is not 
necessary. These models also offer backwards 
compatibility to USB 2.0 which is mainly used on the 
Raspberry Pi 3 B+. 
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4.5.7 Extra Components 

 

 

• Qwiic HAT for Raspberry Pi 

 

 

Figure 4.5-32: Qwiic HAT physical appearance 

The Qwiic HAT connects the I2C bus 
(GND, 3.3V, SDA and SCL) on your 
Raspberry Pi to an array of Qwiic 
connectors on the HAT. Since the 
Qwiic system allows for daisy 
chaining boards with different 
addresses, you can stack as many 
sensors as you’d like to create a 
tower of sensing power! 

• 4x Qwiic Connection Ports 
• Select GPIO Pins Broken Out 
• Pi Tin Compatibility 

 

 

 

• Qwiic Adapter 

 

 

Figure 4.5-33: Qwiic Adapter  
physical appearance 

The Qwiic Adapter provides the perfect 
means to make any old I2C board into a 
Qwiic-enabled board. This adapter breaks 
out the I2C pins from the Qwiic 
connectors to pins that you can easily 
solder with your favorite I2C-enabled 
device. 

The Qwiic Adapter has two Qwiic 
connection ports, all on the same I2C bus. 
Four plated through holes are broken out 
for SCL, SDA, 3.3V and GND. These pins 
can be used to convert an old I2C-
enabled device into a Qwiic-enabled 
board. 

 

 

 

https://www.sparkfun.com/products/14459
https://www.sparkfun.com/products/14495
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• Differential I2C Breakout – PCA9615 (Qwiic) 

 

 

Figure 4.5-34: Qwiic Differential Adapter physical 
appearance 

The Differential I2C Breakout is the 
fastest and easiest way to extend 
the range of your I2C communication 
bus. The breakout uses NXP’s 
PCA9615 IC, which converts the two 
default I2C signals into four 
differential signals, two for SCL and 
two for SDA. The differential signals 
are sent over an Ethernet cable, 
which attaches to the breakout 
through the on-board RJ-45 
connectors. The differential signaling 
allows the I2C signals to reach 
distances of up to 100ft. while still 
maintaining their signal integrity. 

Features 

• Uses the PCA9615 buffer 
• I2C Supply voltage range 2.3-5.5V 
• Differential Supply voltage range 3-5.5V 
• draws 16µA of current 
• Extends I2C bus up to 100 feet 
• Data rate up to 400kHz 
• 2x Qwiic Connectors 

 

 

• SparkFun Spectral Sensor Breakout - AS7262 Visible (Qwiic) 

 

 

Figure 4.5-33: SparkFun Spectral 
Sensor Breakout 

The AS7262 Breakout is unique in its ability to 
communicate by both an I2C interface and serial 
interface using AT commands. Hookup is easy, 
thanks to the Qwiic connectors attached to the 
board  

The AS7262 spectrometer detects wavelengths in 
the visible range at 450, 500, 550, 570, 600 and 
650nm of light each with 40nm of full-width half-
max detection. The board also has multiple ways 
for you to illuminate objects that you will try to 
measure for a more accurate spectroscopy reading. 
There is an onboard LED that has been picked out 
specifically for this task, as well as two pins to 
solder your own LED into. 

 

https://www.sparkfun.com/products/14589
https://www.sparkfun.com/products/14347?_ga=2.214523927.1247997842.1570811308-798177488.1565624039
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4.5.8 Electronics PCB 

 

In order to mount the motor drivers’ and the power distribution integrated circuits to the e-
box, a supporting PCB has been designed. The PCB consists of passive components like 
connectors and capacitors for output voltage stabilization. 

 
Figure 4.5-35: Power distribution PCB (includes motor drivers and control Mosfets) 
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4.6 Thermal Design 
 

While studying the atmospheric conditions which will be faced upon reaching the altitude 
of 25-33 km, it became clear that each part selected for the experiment would have to be 
able to function in harsh environments. The predicted temperature of -40 degrees Celsius 
in that altitude during the floating phase and the even lower temperatures during the 
ascension, could possibly damage sensitive electronic parts threatening the experiment 
itself. Therefore, a thermal simulation would be of utmost importance and will be presented 
in the following updated versions. 

It is essential to choose parts that would be able to withstand and operate under the 
predicted conditions in order to minimize any risk of malfunctioning. In the table below 
each part of the experiment is presented with its own operating temperature range. 

 

Description Name 
Operating 

Temp 

SDR Lime SDR mini -10 to 40 °C 

Microcontroller Raspberry Pi 3B+ 0 to 50 °C 

Altimeter – 
Pressure sensor 

MS580301BA01-00 -40 to 85 °C 

GPS GNSS 5 CLICK -40 to 85 °C 

Temperature 
Sensor 

TCN75A -55 to 150 °C 

IMU MPU 9250 M0 -40 to 85 °C 

Amplifier ZFL-2500VH+ -20 to 65 °C 

Motors 4118L-07P -20 to 50 °C 

Heaters Polyimide Heater Kit -200 to 200 °C 

Table 4.6 – 1: Operating Temperatures 

 

The theoretical background for the following thermal analysis which will follow is based on 
two equations presented below. 

The experiment will be included inside an insulated box, therefore in each surface of the 
box the heat transfer can be estimated using the equation: 

𝐻 =
𝑄

𝑡
= 𝑘𝐴

𝑇𝑖𝑛𝑠𝑖𝑑𝑒 − 𝑇𝑜𝑢𝑡𝑠𝑖𝑑𝑒
𝐿

 

Where 𝑘 would be the thermal conductivity, 𝑇𝑖𝑛𝑠𝑖𝑑𝑒, 𝑇𝑜𝑢𝑡𝑠𝑖𝑑𝑒 the temperatures of the inside 

and outside surface of the box and 𝐿 the thickness of the material.  

Assuming the box can be considered a black body, using the Stephan-Boltzmann Law of 
Black body radiation, the radiation emitted from each surface would be calculated using: 

𝑃 =
𝑄

𝑡
= 𝑒𝜎𝛢(𝑇4𝑜𝑢𝑡𝑠𝑖𝑑𝑒 − 𝑇

4
𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔) 
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In order to maintain a suitable operating temperature for the electronics of our experiment, 
the project will be both thermally insulated and equipped with heaters. Thermal insulation 
shall be achieved using a polycarbonate layer surrounding the box in which every 
electronic part and sensor will be placed. The experiment will consist of two main parts, 
the antenna which will be located outside the gondola and the electronic parts which will 
be inside. Therefore, the thermal analysis of the model will be divided into two parts. 

• Internal Box 

The main heat transfer source for the part of the experiment which shall be located inside 
the gondola will be conduction and radiation. The estimated power usage of the electronic 
parts was estimated in a worst-case scenario as 𝑃 = 15𝑊. Therefore, assuming a 10% of 
that power will be distributed as heat inside the experiment the calculated power loss 
would be approximately 𝑃𝐿𝑜𝑠𝑠 = 1.5𝑊 

The internal box made of aluminium will be insulated with a layer of 20mm of extruded 
polystyrene surrounding it externally with a thermal conductivity of 𝑘 = 0.04𝑊/(𝑚 ∙ 𝐾). For 
every surface of the box can be calculated: 

𝑇𝑖𝑛𝑠𝑖𝑑𝑒 =
𝐻𝐿

𝑘𝐴
+ 𝑇𝑜𝑢𝑡𝑠𝑖𝑑𝑒 

As well as  

𝑇4𝑜𝑢𝑡𝑠𝑖𝑑𝑒 =
𝑃

𝑒𝜎𝐴
+ 𝑇4𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔 

Acknowledging the fact that heat transferred through the walls has to be equal with the 
heat loss due to radiation: 

𝑇𝑖𝑛𝑠𝑖𝑑𝑒 =
𝑃𝐿

𝑘𝐴
+ √

𝑃

𝜎𝐴
+ 𝑇4𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔

4

⇒ 𝑇𝑖𝑛𝑠𝑖𝑑𝑒 = 276.42𝐾 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6 - 2: Temperature in the box containing electronics inside the gondola on top of 
the aluminium beam 
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Placing the insulation outside the aluminium box allows for a better distribution of heat 
internally. This way the high heat conductivity value of aluminium is utilised to protect the 
constantly working amplifier from overheating while the produced heat can be used as well 
to maintain a suitable temperature inside the box. Furthermore, direct contact of the 
aluminium casing with the aluminium beam is avoided, resulting into reduced heat 
transfer. Taking into account that the canvas will be removed, it is proposed that the 
expanded polystyrene surrounding the box shall be in white colour, as to avoid 
overheating in case there is direct exposure to sunlight during the float time. 

 

For the antenna which will be situated outside of the gondola the analysis will be further 
divided into two more parts: 

• Ascension Phase 

• Float time 

During the ascension phase the main heat transfer source will be convection due to the 
density of the atmosphere and the difference in temperatures inside and outside the 
experiment box. The environment temperature in this phase can reach values such as -
70deg Celsius, which exceeds the operating temperature of the motors responsible for the 
deployment. Therefore, heaters will be used ensuring that a minimum temperature of -20 
degrees will be maintained close to the motors.  

In order to calculate the heat transferred in this situation, besides radiation, convection has 
to be added to the model. For the external box containing the motors, a 10mm layer of 
expanded polyethylene will be used on the inside, while a 20mm layer of extruded 
polystyrene will be surrounding the aluminium box in order to make it more durable to the 
harsh temperatures that it shall face.  Taking into consideration that the aluminium box will 
be in direct contact with the aluminium beam, a 15mm profile of nylon will be attached 
between the two to reduce the heat transferred. The motors will use another 18W power 
and following the same process as above a 10% of power was defined as the amount of 
heat loss for the external part. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6 -3: Temperature in the external box without heaters (Ascension Phase) 
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Heat transferred due to convection can be calculated as: 

𝑄𝐶𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 = ℎ𝐴(𝑇𝑜𝑢𝑡𝑠𝑖𝑑𝑒 − 𝑇𝑠𝑢𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔) 

In order to calculate the heat loss The temperature of the internal box will be set as 
𝑇𝑖𝑛𝑠𝑖𝑑𝑒 = 253𝐾 : 

𝑇𝑜𝑢𝑡𝑠𝑖𝑑𝑒 = −
𝐻𝐿

𝐾𝐴
+ 𝑇𝑖𝑛𝑠𝑖𝑑𝑒  ⇒ 𝑇𝑜𝑢𝑡𝑠𝑖𝑑𝑒 = 288.02𝐾 

Applying to the equation above: 

𝑄𝐶𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 = −13.6𝑊 

The heat transferred via convection as calculated above will have to be countered using 
heaters covering the experiments motors. 

During the float time the main heat transferring source will be conduction and radiation. 
The density of the atmosphere in the maximum altitude will be low enough that convection 
can be omitted. Additionally, at this stage the radiation coming from the sun could pose a 
high risk of overheating leading to malfunctions and even jeopardize the integrity of the 
experiment. In order to study the temperatures inside the experiment at that time the 
following simulation was created taking into consideration all the above. 

 

Figure 4.6 -4: Temperature in the external box (Float Time) 
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The presented model is a static model, assuming the motors operate at their maximum 
potential constantly during the float time, while the experiment is exposed directly towards 
the sun. This situation presents the worst-case scenario which may be encountered, as 
the motors are not expected to operate during the whole time and it is highly unlikely for 
the experiment to be facing at all times towards the sun. For a more accurate result 
additional simulations were developed with different conditions. 

 Figure 4.6 -5: Temperature in the external box (Float Time) [no sunlight, motors on] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6 -6: Temperature in the external box (Float Time) [sunlight, motors off] 
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The simulations prove that the experiment shall not be overheated even in the worst-case 
scenario or end up with temperatures outside the operating range of the motors. In the 
unlikely event of overheating during the real flight, the motors shall stop operating until the 
temperature drops within the safe operating range. In order to address the low 
temperature issue, the experiment shall be equipped with flexible heaters surrounding the 
motors able to rise the temperature back within their operating range. Additionally, the 
team has suggested that the motors even if the pointing is correct shall perform minor 
movements in order to avoid freezing. The external box will be also painted white in order 
to reduce the heat absorbed from the sun. 

To ensure proper function of the motors and avoid malfunctions due to low temperatures, 
they shall be kept at least 10 degrees Celsius above the minimum operating temperature 
provided in their data sheet. Upon further testing the exact operating temperature range 
will be verified.  

The camera used for the experiment will be placed within an action camera housing which 
shall be filled with expanded polyethylene sheets, in order to stabilize the camera inside 
the enclosure and reduce any heat transferred due to conduction. Furthermore, the cables 
between the two parts of the experiment (internal and external box) will be enclosed inside 
an Armaflex pipe which shall be surrounded with a white tape. In that manner they will be 
protected from the direct sunlight and therefore any radiation from the sun during the flight. 

The decisions concerning the thickness and the material of the insulation used at every 
aspect of the experiment were made based on data retrieved from multiple simulations 
with a variety of materials and sizes. Polystyrene was selected due to its low thermal 
conductivity factor as well as being a rather lightweight material.  

The selection of the flexible heaters used for maintaining the motors within their 
temperature range was a result of two factors. Initially, the heaters should be able to 
operate under the harsh environment conditions of the stratosphere and additionally the 
wattage used should enable them to reach the desired temperature in a relatively short 
amount of time to maximize their efficiency. For the second part the following 
mathematical equation was used to estimate briefly the time required. 

𝑃(𝑊𝑎𝑡𝑡𝑠) =
𝑚𝑐𝑝𝛥𝛵

𝑡
 

𝑃: Watts required to bring an object to a desired temperature 

𝑚: Mass of the heated object, 

𝑐𝑝: Heat capacity, 

𝛥𝛵: Difference between the initial and final temperature, 

𝑡: Warm up time 

 

The ordered heater kit contains a variety of flexible heaters both in size and in wattage. In 
order to pick the most efficient, it shall be able to cover as much of the motor as possible 
while as well output enough heat in a short amount of time as stated above. The results 
are presented in the table below, where the required heat-up time is calculated for 5 
different temperature differences. The marked heaters are the recommended, judging on 
their ability to cover most of the motor surface. 
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Table 4.6 - 1: Warm up time required to reach temperature difference of certain degrees Celsius  
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4.7 Power System 

 

4.7.1 Power Demands 

 
The experiment requires the 28.8 V supply, that will be provided by the battery pack embedded on 

the gondola. In the table below, there are some estimations about the power demands of our 

experiment. 
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In the above table there are calculations of the power budget during the different phases of the 

experiment considering the duty cycles too. The DC to DC converters that will be used have 

efficiency between 92 to 96 %, so multiplying the above value with 1.2 we can calculate the 

specific amount of needed power. The total power budget will be about 280 Wh.  

4.7.2 Power Distribution Unit 

The experiment’s components require different amounts of supply. The supply will be provided by 

the gondola and a power distribution unit will be constructed, using DC to DC converters. For this 

purpose, Step-Down DC to DC converters will be used with voltage outputs of 3, 3.6, 5, 12, 15 and 

23 Volts. The one that reduces the voltage to 23 Volts is needed to have an output between 

permitted values for the input of the converters. The efficiency of these converters is between 92 to 

96 %, so there aren’t a lot of power losses. In the schematic below the power distribution system is 

presented. 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 4.7-1 : Power Distribution Unit Schematic 

 



- 130 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

4.8 Software Design 

SHADE software is responsible for: 

• the deployment and retraction of the antenna. 

• the pointing of the antenna towards the SHADE GS. 

• collecting data from sensors and observation unit. 

• storing the collected data. 

• transmitting data through SHADE’s telemetry and SSC’s E-Link. 

• any safety actions needed during flight. 
 
You can keep up with the updates of the SHADE’s experiment code in GitHub. 
The final code currently exists in the master branch. 

 
 

4.8.1 Software Design Subsystems 
 
The SHADE consists of five software subsystems: 
 
1. The Deployment Mechanism Control System (DMCS). It is responsible to set the 

deployment of antenna using a stepper motor, manually by sending commands 
through SSC GS or automatically, if the timer exceeds a threshold. A pressure-
temperature sensor is part of that subsystem for the retrieve of the antenna. 

 
 

 
 

Figure 4.8-1: DMCS software sub-system block diagram 

 
 
2. The Attitude Determination Control System (ADCS) which is responsible to find the 

bearing between antenna’s position and SHADE’s Ground Station. The system uses a 
compass, a GNSS RX, and a stepper motor. An IMU is also part of this sub-system for 
post processing. In Appendix C, it is proved that the system will run correctly using only 
a GNSS and a compass. Despite the design to operate automatically, two manual 
modes shall take place if the team wants the antenna to scan or to be set in a specific 
angle. Those two manual modes will be useful in case of a malfunction of the ADCS. 

https://github.com/despargy/Shade/tree/master
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Figure 4.8-2: ADCS software sub-system block diagram 

 
3. The TX Control System (TXCS) is responsible to transmit data to the Ground 

Stations, SHADE’s and SSC’s. The temperature measurements along with a time flag 
and a specific bit string will be sent to SHADE GS through the deployed helix antenna 
and to the SSC GS through E-link at the same time. Also, all data collected by the 
sensors shall be stored in the on-board memory unit (SD Card A) and forwarded to 
gondola’s E-Link to reach SSC GS. This system consists of an SDR board, the 
pressure - temperature sensor and an Ethernet connection from MCU A to E-link. 

 
Figure 4.8-3: TXCS software sub-system block diagram 

 
 
4. The Heating Control System. By means of a temperature sensor and a structure of 

heaters, the software will be able to control the temperature of the external box.  

Figure 4.8-4: Heating control software sub-system block diagram 
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5. The Observation Control System (OBCS) is responsible to record the experiment’s 
course. It shall store images and/or video in the on-board memory unit (SD Card B). 
The images are forwarded to gondola’s E-Link to reach SSC GS. This system consists 
of the camera, the MCU B, and an Ethernet connection from MCU B to E-link. 

 
 
 
4.8.2 Design 

 
4.8.2.1 Process Overview 
 
System A: 
Four parallel processes are created, the ADC, DMC, TX and HEAT.  
Into the DMC process, there is a timer to check when to start the deployment of the 
antenna. If during that time a manual command is received the system starts the 
deployment of the antenna. If one of those occur, the DMC motor is actuated and the 
deployment takes place. At that moment, three things could happen, a confirmation 
command is sent, a retry command is sent or non-command (ex. Lost connection). If a 
retry command is sent, the motor retrieves and then deploys the antenna again. 
Otherwise, in case that no command is sent in three minutes, it is assumed that the 
deployment is done successfully.  
The ADC process, reads and saves data from the IMU, the GPS and the compass, until 
the successful deployment of the antenna. After the deployment, the auto-ADC starts. 
Every 3 minutes, data from the GPS and the compass are used to calculate the needed 
rotation angle. Then the ADC motor is actuated and the antenna faces the SHADE’s GS. If 
a command for the manual ADC is received the auto ADC stops, and the system waits for 
another command, in order to pick the scan mode or the set mode. If no command is 
received, ex. ιn case of lost connection, the auto-ADC starts again. Now, if the scan 
command is received, the ADC motor turns the antenna base to zero 0o, then to 360o and 
back to zero 0o. The team from the SHADE’s GS observes the results during the rotation 
of the antenna and by observing the received signal strength set the antenna to a specific 
angle in order to phase the SHADE GS. The team, through E-link, is able to send the set 
command to turn the antenna to a specific angle. So, if the manual command and then the 
set command are received, the antenna base turn to the desired angle. During the whole 
ADC process, the system keeps reading and saving data from the IMU, the GPS and the 
compass. Also, the system calculates the difference between the current angle and the 
desired one and check if the rotation will be clockwise or anti-clockwise, based on the 
shortest path considering overlap.   
The TX process is responsible for transmitting data. Before the deployment of the antenna 
the TX reads and saves data from the pressure-temperature sensor. Every 10 seconds  
sends the data from all the sensors through E-Link to the SSC GS. After the successful 
deployment, the amplifier turns on and so the orange led turns on. The process keeps 
reading and saving data from pressure-temperature sensor. The temperature 
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measurements are sent through SDR along with specific/predefined bits. The same data 
are sent to the SSC GS through E-Link for post processing purposes.  Every 10 seconds, 
the data from all sensors of the experiment are sent through E-Link to the SSC GS. This 
process runs until it is killed through a manual command. 
The HEAT process runs through the whole experiment parallel to all other processes. 
Depending the temperature of the external box, this process calculates the time needed 
for the heaters to run in order to reach a specific temperature (TBD after testing), which 
ensures a nominal operation of the motors. The heating control process runs until is set to 
be killed, for the cut-off mode. 
After 2 hours of operation, the DMC process starts checking the altitude of the gondola 
based on the pressure-temperature measurements. If the experiment is in the descent 
phase, the system alerts the team that we are before stop mode. In this phase, the team is 
able to return the experiment in the main mode by sending a command to abort cut-off. If 
they do not, the system moves to the retrieve mode. In this stage, the ADC and the TX 
process are killed. Then, the DMC starts the retrieve of the antenna DMC stepper motor. If 
the team observes that the retrieve is not successful, they can ask to retry retrieve. After 
that, the HEAT and the DMC processes are killed. The green led turns off and we are at 
the cut-off mode. SHADE experiment ends. 
System B: 
From the start of this program, the camera starts recording and saving images/video to the 
SD card B. Every 1minute, the latest image is sent through E-Link to the SSC GS. The 
team can stop the program by sending a command to stop recording. After that, this 
system is closed. 

 
 

Figure 4.8-5: Process Overview 

 
4.8.2.2 Possible errors and Safety 

 
Due to SHADE’s main task on software, it is crucial for its success to ensure that no 
malfunctions will occur during the flight. For that purpose, a watchdog timer shall be 
implemented. By using an electronic countdown timer that causes an interruption when it 
reaches 0, it is possible to avoid failure provoked by a freezing problem in the software. 
The watchdog timer is a chip external to the processor. However, it could also be included 
within the same chip as the CPU. This is done in many microcontrollers, like Raspberry Pi 
3 B+ that has an internal watchdog timer.  
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Furthermore, to deal with any internal errors that cause failure of automatic procedures in 
antenna deployment and orientation phases, equivalent manual telecommands shall be 
implemented. Hence, in case of communication loss that will derive either from 
deployment or rotation malfunctions, these commands will be sent through SSC’s E-Link 
to ensure the proper operation of the mechanism. 
Specifically, in case the balloon does not overcome the altitude’s threshold, or the 
altimeter fails, the system shall enter into Manual Deployment Mode, where a command is 
sent from ground to activate the camera and unleash the thread. On the other hand, in 
case after a successful deployment, the system fails to communicate with SHADE GS, two 
manual commands are implemented to restore signal reception. Firstly, a command is 
sent for the system to enter Scan Mode, where the antenna base is rotated 360 degrees 
while sending the temperature measurements. Afterwards, it enters the Main Mode again, 
until the Ground Operations segment figures out the proper rotation for closed 
communication link. Finally, thanks to the motor’s step tag in received file, the Ground 
Operations segment can send through E-Link the command to turn (Turn Mode) the 
antenna base to reach the step tag. 
In that manner, any crucial errors that could put the experiment at risk shall be either 
avoided or corrected. The Finite State Machines are added in Section 4.8.2.6 for better 
understanding of the different System Modes. 
 
 
4.8.2.3 Interfaces 

 
The schematic of the SHADE’s interfaces is presented below: 
 

 
Figure 4.8-6: Experiment interfaces 

 
 



- 135 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

 
4.8.2.4 Data handling 
 
SHADE aims to collect data from several sensors and forward them to three destinations. 
It contains a temperature sensor (TNC75A), a GPS sensor (GNSS 5 CLICK), a pressure-
temperature sensor (MS5803-01BA), a digital compass (HMC5883), an IMU (9DoF Razor 
IMU M0) and an observation unit (Basler 106691). Two microcontroller units (Raspberry Pi 
3B+) shall be responsible for processing and handling the data produced by the sensors.  

MCU A collects the data from all the sensors apart from the camera. The measurements 
shall lead to actions regarding the deployment and/or rotation of the antenna, but will also 
be stored in the memory unit and kept in a file. Every 10 seconds the MCU shall read the 
last data written to the file and forward them to E-Link to be sent to the SSC GS. The 
produced data rate of these data is 50,4 bps as can be seen in the following data budget. 

In addition, the temperature collected by the pressure-temperature sensor concerning the 
temperature of the Electronics Box shall also be forwarded to the TX Control System and 
sent to SHADE GS through the experiment’s antenna. Since the bandwidth appears to be 
only 2.4 bps which is extremely low, a load of dummy data (pseudorandom sequence) 
shall also be sent to ground to help calculate the Bit Error Rate of the SHADE telemetry in 
a higher accuracy. 

MCU B is only responsible for the camera. The action of assigning an entire MCU to the 
camera was considered necessary as to separate the processes and avoid errors in the 
main system of the experiment due to observation unit malfunctions. Hence, the second 
Raspberry Pi 3B+ shall be only connected to the Basler camera and store in its memory 
unit all the photos and videos taken. Moreover, every minute the camera shall send a 
photograph of the experiment and forward it to SSC GS through E-Link. 

For the photographs that will be taken by the camera, we chose PNG format which 
reaches a size of 7.76 bits per pixel1. Since the resolution of the camera is 2 megapixels 
(1920x1080), the total size of the photo shall be 16 Mbits or 2 Mbytes. The calculated data 
when sending the photo in a time interval of 1 minute is 260kbps. Hence, the bandwidth 
consumption accounts mostly for the image being transmitted every second which is still 
quite below the 2 Mbps bandwidth provided by the E-Link, according to the BEXUS 
manual. 

 

Type Model Interface 
Output 

data 
Time interval Data rate 

MCU B (Raspberry Pi 3B+) 

Camera Basler 106691 USB 3.0 

2MP in JPG 
 

compressio
n format 

1 min 260kbps 

MCU A (Raspberry Pi 3B+) 

Temperature 
 Sensor 

TCN75A I2C 16 bits 10 sec 1.6 bps 

 

1  https://stackoverflow.com/questions/4305101/jpg-bits-per-pixel 

https://stackoverflow.com/questions/4305101/jpg-bits-per-pixel
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GPS Sensor 
GNSS 5 
CLICK 

USB 2.0 272 bits 10 sec 27.2 bps 

Pressure- 
Temperature 

Sensor 
MS5803-01BA I2C 24 bits 10 sec 2.4 bps 

Digital  
Compass 

HMC5883 I2C 48 bits 10 sec 4.8 bps 

IMU 
9DoF Razor 

IMU M0 
I2C 144 bits 10 sec 14.4 bps 

Total       
2.600.050,4 

bps 
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4.8.2.5 Process Flow 
As the process overview, the flow graphs A and B comes of  : 
 

 
Figure 4.8-7: Experiment flow diagram A 
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Figure 4.8-8: Experiment flow diagram B 

You can find a full resolution Flow Diagram A and B in Appendix C. 
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4.8.2.6 Finite State Machine 
 

SHADE software design has many different state modes.  Some of these states are 
required just to make things clear and structured. Some others are implemented to ensure 
that every possible error will be detected. As the finite state machine diagram represents, 
the different operating modes are: 
 

 
 

Figure 4.8-9: FSM A Diagram 
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Figure 4.8-10: FSM ADC only Diagram 

 

 
 

Figure 4.8-11: FSM B Diagram 
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4.8.2.7 Deconstruction and Construction of code 
 
Due to the several independent processes of this experiment, it was necessary to split the 
flight software to separate modules. Then every module is deconstructed to simplify the 
steps of coding. This architecture enhances the programmer’s perspective of the 
experiment and makes it easier to start coding and connecting all these different modules 
in an ensemble that constitutes the construction of the Flight Software. See Appendix C. 
 

 
Figure 4.8-12: Construction and deconstruction diagram 

 
4.8.2.8 List of Commands 
System A 

FSM A cmd CMD Description 

<deploy> DPL Manual deploy of antenna 

<confirm> CON_DPL Confirm DPL 

<abort> AB_DPL Abort DPL 

<try_again> TRY_DPL Retrieve and retry of deploy 

<confirm> SUC_DPL Confirm of succussful 
antenna’s deploy 

<restart> RESTART Restart of experiment 

<cut_off> CUT_OFF Request to cut_off 

<confirm> CON_CUT_OFF Confirm of cut_off, save, 
retrieve 

<abort> AB_CUT_OFF Abort cut_off 

<try_again> TRY_CUT_OFF Deploy-Retrieve 

 
System A / ADC 

FSM ADC cmd CMD Description 

<manual_adc> MAN_ADC Out of Auto ADC 

<scan> SCAN Antenna scans 

<set> SET Antenna set to specific pose 

 
System B 

FSM B cmd CMD Description 

<stop_rec> STOP Stop recording and close 
camera 

 
The code part is in Appendix C. 
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4.9 Ground Support Equipment 

 

Our team is going to have two ground stations. First and foremost, its own ground station suitable 
for the transmitting frequency of 1.4 GHz and in addition to that it is going to use SSC’s Ground 
station (E-link). The SSC’s Ground station will be connected via Ethernet to a laptop which will be 
in the Dome. Our own ground station will be set on the Radar Hill. 

 

 

Overview of the two GS: 
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4.9.1 SSC’s Ground Station 

 

 

The ground support equipment consists of a Computer and the ground station program. The 
experiment is designed to run automatically during the flight and send raw sensor data 
(temperature, altimeter) as well as computed position and attitude data to SSC’s ground station 
through E-link. The calculated step of the stepper motor will be sent to the ground station as well. 
In addition to that after the deployment stage a picture of the antenna will be send to the ground 
station in order to observe if the deployment mechanism worked as planned. The ground station 
terminal will illustrate these data in a clear view for fast noticing of errors. It will compare the 
received data from the ADCS with the data provided by SSC concerning the position and attitude 
of the gondola in order to check the efficiency of the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9 – 1: General Concept of the use of SSC’s Ground Station 

 

 

 

Nevertheless, the experiment can receive basic commands (for example restart, recalibration) for 
recovering the system in some cases of failure. More specifically, there will be a manual procedure 
for each automatic one. For example, if the deployment won’t start automatically after a specific 
altitude a telecommand will be send in order to start the deployment. Furthermore, the antenna will 
be able to rotate manually by sending telecommands via SSC’s E-link.   

  

SSC Ground Station 

Ethernet 

Ground Station Computer 



- 144 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

 

4.9.2 SHADE’s Ground Station:  

- A helix antenna with 3 turns 

- Bandpass filter : VBFZ-1400+  

- Low noise amplifier  

o ZRL-2400LN+ with gain approximately 30 [dB] 

- LimeSDR mini module as a receiver 

- Personal computer 

Calculations were made and the received signal is way higher than the SDR receiver sensitivity. 

Below a flow diagram of the ground station is shown for better understanding: 

 

Figure 4.9 – 2: Ground Station System flow diagram 

 

Simulations to validate the calculations were made: 

  

Figure 4.9 – 3: View of SHADE’s Ground Station simulation model 
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 Figure 4.9 – 4: Ground Station 3-D Directivity  

 
Position and Mounting of the antenna 

The Ground Station antenna will be placed on a hill a bit far away from the Dome. The 
communication between SHADE’s ground station and the team in the Dome will take 
place either using a simple mobile phone or a walkie-talkie, or via internet if it will be 
possible to have internet connection on the radar hill. 

The helix antenna of the ground station will be set on a tripod. If we have a predicted 
trajectory of the balloon, we would be able to rotate the antenna manually in order to face 
to the area where the balloon will travel. If this won’t be possible we will use the GPS data 
from the GPS sensor through SSC’s E-link to know the balloon’s position in respect to the 
ground station. Otherwise if all of the above could not be done a simple dipole facing 
upwards would play the role of the ground station antenna.  This way we will have a 
closed link no matter what but with lower SNR. 

 

Figure 4.9 – 5: Ground Station Antenna on the tripod 
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Moreover below, according to matlab calculations (see Appendix C), we have calculated the 
received power as a function of the horizontal distance, in the calculations also we consider the 
angle of radiation of the antennas, thus putting as an input the correct antenna gain as a function 
of the angle:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9 – 7: Received Power during flight for simulated antenna and pessimistic estimations 

 

 

 

 

 

𝛼 =  cos−1 (
ℎ

𝑅
) 

⇒ 𝛼 = cos−1 (
ℎ

√ℎ2+𝑟2 
) 

Figure 4.9 – 6: Explanation of Radiation angle: α 
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Figure 4.9 – 7a: Received power with the measured antenna 

 

As it is clearly shown, whether we use a monopole antenna, or a helix antenna for receiving during 
the whole flight, the received power is way higher that the sensitivity of our receiver, thus we can 
be sure that our link is going to be closed during the whole flight. 

 

(See Appendix C for matlab code) 

 

For further link budget details, the received power was used to calculate the link budget of our 
experiment. We choosed a desired Signal-to-Noise Ratio or SNR of 20 [dB]. With this ratio we are 

able to achieve a bit-error-rate or BER of less than 10−20. This basically means the amount of 
wrongly detected bits will be so small that the post-processing procedure of our experiment will not 
be affected to an accountable extend. 

 

To extract that number (20 [dB]) we considered the theoretical formula for the probability error of 

GMSK which is 𝑃𝑏 = 𝑒𝑟𝑓𝑐(√0.5 ∗
𝐸𝑏

𝑁0
⁄ ) (See appendix for matlab code). 
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Figure 4.9 – 8: BER Performance of GMSK over AWGN Channel 

 

 

 

account : 

 

Figure 4.9 – 9: RF power budget for simulated antenna and pessimistic estimations 
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Figure 4.9 – 9a: RF power budget for with the measured antenna 

 

 

• Height and horizontal distance between GS and Gondola taken from BEXUS 21 trajectory data 

• Angle of radiation a calculated from theoretical analysis above 

• Gains of transmitter and receiver antenna taken from our simulations in CST 

• Antennas’ efficiency assumed to 50% (worst case scenario) 

• Output Power of LimeSDR mini = -10 [dBm] 

• Gain of power amplifier in the gondola = 25 [dBm] 

• Cable losses = 3 [dB] 

• Filter attenuation = 2 [dB] 

• Gain of the LNA on the receiver = 30 [dBm] 

• Additional losses of 3 [dB] due to potential antennas’ pointing error 

• Required SNR = 13 [dB] 

• Receiver sensitivity = -130 [dBm] 

• Random losses of 10 [dB] due to noise figures of devices (amplifiers, filters) and due to factor X 
(e.g. unexpected atmospheric losses, rain attenuation) 
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4.9.3 Graphical User Interface of Ground Stations 

 

The GUI that the command Ground Station will use in order to send the telecommands to the 
experiment will be the Ball Aerospace Cosmos interface. Ball Aerospace COSMOS provides all the 
functionality needed to send commands to and receive data from one or more embedded systems 
referred to as "targets". Out of the box functionality includes: Telemetry Display, Telemetry 
Graphing, Operational and Test Scripting, Command Sending, Logging, Log File Playback, Table 
Management, and more. It can provide a fully featured user interface to any piece of hardware that 
provides an electronic way of communicating with it (TCP/IP, UDP, Serial, etc).  

 

 

Figure 4.9 – 10: Ground Station Interface 

 

For the receiving Ground Station we are going to use GNU Radio for the reception, visualization 
and storage of the data on our computer. GNU Radio has the ability to configure the SDR modules 
that we are going to use, both on-board and on-ground. With custom scripts that we are going to 
use we ensure the correct procedure of: data -> modulation -> carrier envelope -> channel -> 
receiver -> demodulation -> BER analysis, post processing. 
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Figure 4.9-11: BPSK Received symbols plot on GNU Radio 

 

 

 

Figure 4.9-12: Frequency Spectrum Visualization on GNU Radio 

 

The reason GNU Radio was chosen is because it exists for public use for quite some years. This 
fact combined with our simple modulation scheme and in general our simplified telecom link 
system ensures that we can implement the block-codes required. Also several test of the codes 
are going to take place such as: test of the link in a room with 2 monopole antennas and 2 laptops, 
so we can be sure that the block-codes modulate, detect, demodulate successfully the desired 
data. 
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Figure 4.9-13: Example of a BPSK Implementation on GNU Radio 
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5 EXPERIMENT VERIFICATION AND TESTING 

 

5.1 Verification Matrix 

 

Table 5-1: Verification table 

 

ID Requirement text Method  Reference Status 

F1 
The experiment shall hold a 
system for the deployment of a 
helix antenna 

I, A - DONE 

F2 
The experiment shall hold an 
antenna pointing mechanism 

I, A - DONE 

F3 
The experiment shall hold an 
algorithm allowing automatic 
pointing of the helix antenna 

I, T 7 DONE 

F4 
The experiment shall downstream 
data to SHADE GS 

A, T 8 DONE 

F5 
The position of the gondola shall 
be determined by a GPS 

R, A, T 9 DONE 

F6 
The orientation of the gondola 
shall be calculated measured by a 
IMU 

R, A, T 10 DONE 

F7 
The balloon altitude shall be 
measured by an altimeter 

R, A, T 11 DONE 

F8 

The temperature inside 
experiment’s module shall be 
measured by a temperature 
sensor 

R, A, T 12 DONE 

F9 
A camera shall observe the 
deployment of the antenna 

R, A, T 13 DONE 

F10 
The orientation of the gondola shall 
be calculated by a digital compass 

R, A, T 10 DONE 
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ID Requirement text Method  Reference Status 

P1.1 
The axial length of the helix 
antenna shall be 165mm at 
maximum compression. 

A, T 14 DONE 

P1.2 
The axial length of the helix 
antenna shall be 375mm during 
transmission. 

A, T 14 DONE 

P1.3 
The antenna shall be held inside 
3 coaxial cylinders. 

I - DONE 

P2.1 The antenna pointing 
mechanism shall be able to 
rotate 360° 

A, T 23 DONE 

P2.2 The antenna pointing mechanism 
shall have a rotating accuracy of 
at least 2ο  

R - DONE 

P3.1 The algorithm shall calculate the 
degrees of rotation of the 
antenna at least every 30sec 

A, T 22 DONE 

P4.1 
The transmitting frequency 
shall be 1.4 GHz 

A, T 15 DONE 

P4.2 
The transmitting power shall 
be 20 dBm 

A, T 15, 16 DONE 

P4.3 
The transmitting bandwidth 
should not exceed 5 MHz 

A, T 17 DONE 

P4.4 
The achieved data rate should 
be at least 1Kbps 

A - DONE 

P5.1 
The GPS position accuracy 
shall be less than 5m 

R - DONE 

P5.2 
The GPS navigation update 
rate shall be at least 1Hz 

R - DONE 

P5.3 
The GPS sensor shall be able 
to operate up to an altitude of 
35km 

R - DONE 

P6.1 
The gyroscope of IMU shall be 
able to measure within ± 
2000°/sec 

R - DONE 

P6.2 
The accelerometer of IMU shall 
be able to measure within ±16g 

R - DONE 

P6.3 
The accelerometer of IMU should 
measure within ±0.2g resolution 

R - DONE 

P7.1 
The altitude sensor shall be able 
to measure within 0 to +30km 

R - DONE 

P7.2 The Altimeter “should have 
measurement error smaller than 

R - DONE 
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1m 

P8.1 
The temperature sensor shall be 
able to measure within –55°C to 
+ 160°C 

R - DONE 

P8.2 
The temperature sensor should 
have measurement error smaller 
than 2°C 

R - DONE 

P9.1 
The camera shall have resolution 
of 2Mpixels 

R - DONE 

P9.2 
The camera shall have framerate 
30 fps 

R - DONE 

P9.3 
The camera shall be recording in 
colour 

R - DONE 

P10.1 
The digital compass shall have a 

full-scale range ±1000 T 
R - DONE 

 

ID Requirement text Method Reference Status 

D1 
No components or parts 
shall be ejected outside the 
gondola 

R - DONE 

D2 
The casing of the antenna 
shall not hamper its 
radiation 

R, A, T 15 DONE 

D3 
The experiment shall not 
disturb or harm the launch 
vehicle 

R, I - DONE 

D4.1 

The experiment shall be 
able to withstand vibrations 
caused by the Hercules 
vehicle 

A, T 4, 5 DONE 

D4.2 

The experiment shall 
operate in the temperature 
profile of the BEXUS 
vehicle flight and launch 

A, T 2 DONE 

D4.3 
The experiment shall 
operate in the pressure 
profile of the BEXUS flight 

A, T 3 DONE 

D5.1 
The experiment shall not 
interfere with other 
experiments 

R - DONE 

D5.2 
The experiment shall not 
interfere with other 
electrical systems 

R - DONE 
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D5.3 
The experiment shall not 
interfere with SSC’s E-link 
and telemetry system 

R, A - DONE 

D6.1 
The Raspberry Pi3 B+ shall 
be supplied by 5V 

R - DONE 

D6.2 
Stepper motor shall be 
supplied by 3.6V 

R - DONE 

D6.3 
LimeSDR mini shall be 
supplied by 5V 

R - DONE 

D6.4 
The overall consumption 
shall not exceed 38W 

A - DONE 

D6.5 The camera shall be 
supplied by 5V 

A - DONE 

D7.1 

The electronics box shall 
have an AMPHENOL 
PT02E8-4P power 
connector 

R, I - DONE 

D7.2 

The electronics shall have 
an AMPHENOL PCD 
RJF21B Ethernet 
communication link with the 
SSC E- Link 

R, I - DONE 

D8 
The mass of the experiment 
shall not exceed 13kg. 

A, T 6 DONE 

D9 
The antenna shall change 
its axial length from 11 cm 
to 29 cm 

A, T 14 DONE 

D9.1 The dimensions of the beam 
shall be 1000x40x40 mm3 

R, A - DONE 

D9.2 The electronics box shall be 
250x124x49 mm3 

R, A - DONE 

D9.3 The external box shall be 
118x120x140 mm3 

R, A - DONE 

D9.4 The circumference of the 
antenna base shall be 471mm 

R, A - DONE 

D9.5 The axial length of the 
antenna with the casing shall 
be 380mm 

R, A - DONE 

D10 

The temperature inside the 
experiment box shall not be 
outside the range of -40˚C to 
+60˚C 

A, T 2 DONE 

D11 
The ADCS stepper motor step 
angle should be 1.8° 

R - DONE 
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D12 
The on-board memory shall 
be at least 1Gbyte 

R -  

D13 

The camera’s field of view 
shall contain the deployment 
mechanism during liftoff, float 
and descent phase.   

R, A, T 20 DONE 

D14 The mechanism shall be 
designed to withstand static 
loads ±5g horizontal and 

±10g vertical 

A, T 19, 21 DONE 

D15 The antenna shall not be 
able to rotate more than 
360° from its starting position 
in order to prevent twisting of 
the cables. 

A, T 23 DONE 

 

 

ID Requirement text Method  Reference Status 

O1 The antenna shall be deployed 
after a specific time 

T 18 DONE 

O2 The antenna shall be able to 
be deployed via a 
telecommand 

T 18 DONE 

O3 The SDR module shall start 
transmitting after the antenna’s 
deployment 

T 18 DONE 

O4 Pointing of the antenna 
towards SHADE GS shall be 
calculated 

T 18 DONE 

O5 Antenna mechanism shall 
rotate and always aim to 
SHADE GS 

Τ 18 DONE 

O6 The antenna shall be able to 
rotate via a telecommand 

Τ 18 DONE 
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5.2 Verification Plan 

 

Table 5-2: Example of a test description for a particular test 

Test number 1 

Test type Thermal Vacuum Test 

Test facility TBD 

Tested item Motors and Pointing Mechanism Structure  

Model Prototype/Engineering/Flight 

Procedure, Test level 
and duration 

Motors, antenna and mechanical pointing 
mechanism are going to be tested inside the thermal 
vacuum chamber in operative mode. The 
functionality of each component is tested before 
(control test) and after the test (target test). 
Afterwards, the results are compared to identify any 
difference from the nominal operative condition. 

Duration: 5h 

Test campaign 
duration 

2 days for thermal-vacuum chamber 

1 day for chamber preparation 

1 day for chamber testing 

Test campaign date June 2019 

Test completed NO 

Requirements 
verified 

The test will not be performed by the team as TVAC 
is not available in Greece and for our application 
and test 2 and 3 cover our test requirements 

 

Test number 2 

Test type Thermal Test 

Test facility Aristotle University of Thessaloniki 

Tested item All components and mechanical structure 

Model Prototype / Engineering / Flight 

Procedure, Test level 
and duration 

Each tested item is placed inside a thermal chamber 
to verify its applicability in temperatures down to -
60°C. 

Duration: TBD (Usually around 4h) 

Test campaign 
duration 

2 days for thermal chamber  

1 day for chamber preparation  

1 day for chamber testing  

Test campaign date 1-6th September 2019 
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Test completed YES 

Requirements 
verified 

D4.2, D10 

 

Test number 3 

Test type Vacuum Chamber  

Test facility Hellenic Aerospace Industry 

Tested item All components and mechanical structure 

Model Prototype / Engineering / Flight 

Procedure, Test level 
and duration 

All components and mechanical structure are going 
to be tested inside the vacuum chamber in operative 
mode. The functionality of each component is tested 
before (control test) and after the test (target test). 
Afterwards, the results are compared to identify any 
difference from the nominal operative condition. 

Duration: 5h 

Test campaign 
duration 

2 days for vacuum chamber  

1 day for chamber preparation  

2 day for chamber testing  

Test campaign date 1-6th September 2019 

Test completed YES 

Requirements 
verified 

D4.3 

 

Test number 4 

Test type Structural Vibration Test 

Test facility Aristotle University of Thessaloniki 

Tested item Mechanical Structure and Damn Masses  

Model Prototype / Engineering  

Procedure, Test 
level and duration 

The mechanical structure with damn masses which 
simulates the electronic PCBs and components are 
going to be tested inside a vibration structure in 
deployed mode. Afterwards, check the experiment for 
functionality and structural integrity. 

Duration: 5h 

Test campaign 
duration 

1 day 

Test campaign date 1-6th September 2019 
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Test completed YES 

Requirements 
verified 

D4.1 

 

Test number 5 

Test type Vibration & Aliveness Test 

Test facility Aristotle University of Thessaloniki 

Tested item All components and Mechanical Structure 

Model Engineering / Flight  

Procedure, Test 
level and duration 

All components and mechanical structure are going 
to be tested inside a vibration structure in non-
operative mode. Afterwards, all systems will be 
enabled (T1: MCU Aliveness, T2: Sensors 
functionality, T3: Antenna Deployment) and the 
functionality will be tested in order to reassure 
nominal operative condition. 

Duration: 9h 

Test campaign 
duration 

1 day 

Test campaign date 7th September 2019 

Test completed YES 

Requirements 
verified 

D4.1 

 

 

Test number 6 

Test type Weight Verification 

Test facility Aristotle University of Thessaloniki 

Tested item Entire Experiment 

Model Prototype / Engineering / Flight 

Procedure, Test 
level and duration 

Use scales to measure the weight of the entire 
experiment. 

Duration: TBD (Usually around 1m) 

Test campaign 
duration 

30 min  

Test campaign date July 2019 

Test completed YES 
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Requirements 
verified 

D8 

 

Test number 7 

Test type Pointing Algorithm Test 

Test facility Aristotle University of Thessaloniki 

Tested item Raspberry Pi, IMU, Compass GPS, Stepper Motors 

Model Engineering / Flight 

Procedure, Test 
level and duration 

The pointing algorithm of the antenna will be tested. 
The experiment will be placed in moving structure in 
order to test the orientation detection of the SHADE 
GS. 

Duration: 2h 

Test campaign 
duration 

3h 

Test campaign date 15 July 2019 

Test completed YES 

Requirements 
verified 

F3 

 

 

Test number 8 

Test type Downstream test 

Test facility Aristotle University of Thessaloniki 

Tested item Antenna, SDR, RF Components, Raspberry Pi, 
Temperature Sensors, GS 

Model Engineering / Flight 

Procedure, Test 
level and duration 

The Antenna will be in transmit mode and the 
receiving data will be verified through GS’s GUI. 

Duration: 1h 

Test campaign 
duration 

1,5 h 

Test campaign date 9th October 2019 

Test completed YES  

Requirements 
verified 

F4 
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Test number 9 

Test type GPS testing  

Test facility Aristotle University of Thessaloniki 

Tested item Raspberry Pi, GPS 

Model Engineering / Flight 

Procedure, Test 
level and duration 

Testing if the GPS gets location by moving it in 
different places. 

Test ends when correct location received 

Duration: 1h 

Test campaign 
duration 

1,5h 

Test campaign date 11 July 2019 

Test completed YES 

Requirements 
verified 

F5 

 

Test number 10 

Test type IMU and Compass Orientation  

Test facility Aristotle University of Thessaloniki 

Tested item Raspberry Pi, IMU, Compass 

Model Engineering / Flight 

Procedure, Test 
level and duration 

Testing the sensors calculations by changing the 
orientation. 

Duration: 1h 

Test campaign 
duration 

1,5h 

Test campaign date 13 July 2019 

Test completed YES 

Requirements 
verified 

F6 
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Test number 11 

Test type Altimeter Testing  

Test facility Aristotle University of Thessaloniki 

Tested item Raspberry Pi, Altimeter 

Model Engineering / Flight 

Procedure, Test 
level and duration 

Testing the Altimeter’s calculations by changing the 
altitude of the sensor, e.g. changing floors. 

Duration: 30min 

Test campaign 
duration 

30min 

Test campaign date 9 July 2019 

Test completed YES 

Requirements 
verified 

F7 

 

 

 

Test number 12 

Test type Temperature Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Raspberry Pi, Temperature Sensor 

Model Engineering / Flight 

Procedure, Test 
level and duration 

Testing the Temp Sensor’s measurements, by 
warming them up or cooling them. 

Duration: 30min 

Test campaign 
duration 

30min 

Test campaign date 5 July 2019 

Test completed YES 

Requirements 
verified 

F8 
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Test number 13 

Test type Camera Test  

Test facility Aristotle University of Thessaloniki 

Tested item Raspberry Pi, Camera 

Model Engineering / Flight 

Procedure, Test 
level and duration 

Recording and saving recordings from camera to 
Raspberry pi. 

Duration: 30min 

Test campaign 
duration 

30min 

Test campaign date 2 July 2019 

Test completed YES 

Requirements 
verified 

F9  

 

 

 

Test number 14 

Test type Length Measurement  

Test facility Aristotle University of Thessaloniki 

Tested item Antenna, Antenna’s casing, motor, Raspberry Pi 

Model Engineering / Flight 

Procedure, Test 
level and duration 

The antenna will be measured to verify the axial 
length in transmitting and non-transmitting mode.  
Axial in transmitting: 375mm 

Axial in non- transmitting: 165mm  

Duration: 30min 

Test campaign 
duration 

30min 

Test campaign date July 2019 

Test completed YES 

Requirements 
verified 

P1.1, P1.2, D9 
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Test number 15 

Test type Electromagnetic Propagation Test 

Test facility Aristotle University of Thessaloniki 

Tested item Helix Antenna, SDR board, LNA, Antenna Casing 

Model Prototype / Engineering / Flight 

Procedure, Test 
level and duration 

The antenna will be placed in an anechoic chamber 
to test its electromagnetic characteristics (radiation 
pattern, Gain). 

Duration: TBD (Usually around 2h) 

Test campaign 
duration 

3 hours 

Test campaign date 8th October 2019 

Test completed YES 

Requirements 
verified 

P4.2, P4.1, D2 

 

 

 

Test number 16 

Test type Reflector Coefficient 

Test facility Aristotle University of Thessaloniki 

Tested item Helix Antenna 

Model Prototype / Engineering / Flight 

Procedure, Test level 
and duration 

The antenna will be connected to a network 
analyser to measure S-parameters. 

Duration: 10min 

Test campaign 
duration 

30 min 

Test campaign date 9 July 2019  

Test completed YES 

Requirements 
verified 

P4,2 
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Test number 17 

Test type Bandwidth 

Test facility ESTEC’s TT&C Laboratory 

Tested item SDR board 

Model Prototype 

Procedure, Test level 
and duration 

The SDR-board shall be connected through a 
coaxial cable to a spectrum analyser to measure 
transmission bandwidth. 

Duration: 15min 

Test campaign 
duration 

30 min 

Test campaign date 12 July 2019 

Test completed YES 

Requirements 
verified 

P4.3 

 

 

Test number 18 

Test type Full Operation Test  

Test facility Aristotle University of Thessaloniki 

Tested item Entire Experiment 

Model Flight 

Procedure, Test level 
and duration 

Assemble entire experiment and ensure all testing 
points are in place. Run through simulated 
countdown. Run through simulated launch and flight. 

Duration: TBD (Usually around 6h) 

Test campaign 
duration 

1 day 

Test campaign date 9th September 2019 

Test completed YES 

Requirements 
verified 

O1, O2, O3,O4,O5,O6 
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Test number 19 

Test type Structural Strength  

Test facility Aristotle University of Thessaloniki 

Tested item Helix Antenna  

Model Prototype 

Procedure, Test level 
and duration 

Apply the required force to the antenna-spring in 
order to check the efficiency of the deployment. 
Possible repetitions to verify the sustainability of the 
material.  

Duration: 2h 

Test campaign 
duration 

TBD 

Test campaign date 8th October 2019 

Test completed YES 

Requirements 
verified 

D14 

 

 

Test number 20 

Test type Camera Test  

Test facility Aristotle University of Thessaloniki 

Tested item Camera, Raspberry Pi 3+ and Camera Mounting 
Mechanism  

Model Qualification / Flight 

Procedure, Test level 
and duration 

The camera mounted on the mounting mechanism 
will operate video recording of the deployment 
procedure. The camera’s field of view shall contain 
information about the antenna’s state when 
deployed in its final length. The camera shall 
operate for up to 5 hours in order to ensure that the 
data are collected in the on-board memory. 

 

Duration: 5h 

Test campaign 
duration 

 6 hours 

Test campaign date 8th October 2019 

Test completed YES 

Requirements 
verified 

D13 
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Test number 21 

Test type Static Load Test  

Test facility Aristotle University of Thessaloniki 

Tested item Entire Experiment 

Model Qualification / Flight 

Procedure, Test level 
and duration 

Static loads in the form of weights will be applied 
horizontally and vertically in respect to the total 
mass of the experiment. The static loads will be ±5g 
horizontal and ±10g vertical. The functionality and 
structural integrity will be checked. 

Duration: 30min 

Test campaign 
duration 

 1 hour 

Test campaign date 8th October 2019 

Test completed YES 

Requirements 
verified 

D14 

 

 

Test number 22 

Test type Antenna Base Pointing Frequency Determination 
Test 

Test facility Aristotle University of Thessaloniki 

Tested item Entire Experiment 

Model Qualification / Flight 

Procedure, Test level 
and duration 

Based on data from previous BEXUS flights, the 
frequency of the balloon’s orientation can be 
predicted. Hence, during the test, we shall confirm 
that the pointing mechanism and software control 
system can reach these speeds, while successfully 
transmitting data. 

Duration: 1h 

Test campaign 
duration 

 1 hour 

Test campaign date 8th October 2019 

Test completed YES 

Requirements 
verified 

P3,1 
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Test number 23 

Test type Rotation Algorithm test 

Test facility Aristotle University of Thessaloniki 

Tested item Entire Experiment 

Model Qualification / Flight 

Procedure, Test level 
and duration 

The rotation algorithm will be tested in order to verify 
that:  

1. The motor enables the antenna to rotate 360. 
2. The antenna cannot rotate more than 360 

degrees 
3. The infrared sensor detects the 0-position 

state 
 

Duration: 1h 

Test campaign 
duration 

 1 hour 

Test campaign date 9th October 2019 

Test completed YES 

Requirements 
verified 

P2.1, D15 

 

Test number 24 

Test type E-link Test  

Test facility Aristotle University of Thessaloniki 

Tested item E-Link 

Model Qualification / Flight 

Procedure, Test 
level and duration 

Testing Connection between ground station’s 
software and Gondola’s software. 

Duration: 1h 

Test campaign 
duration 

1h  

Test campaign date  8 July 2019 

Test completed YES 

Requirements 
verified 

- 
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5.3 Verification Results 

 

Verification Test No 2 

Type of test Thermal Test 

Facility Hellenic Aerospace Industry 

Verified item All components and mechanical structure 

Verification description The whole experiment is placed inside a thermal chamber for 5 
hours where the temperature drops at -60 deg Celsius. During 
this time the functionality of the experiment is tested, while the 
sensors register the measured temperature values. The data 
then are collected and used to examine the thermal profile of the 
experiment. 

Expected results The experiment should be able to withstand these temperatures 
for the whole test duration. Each component should operate 
within their respective operating temperature range. The 
temperature of the electronics box upon reaching a steady state 
should be around -35 deg Celsius. 

Obtained results The experiment functioned as expected at -60 deg Celsius, 
without any complications. Both the adc and the dmc motors 
remained fully functional during the whole test while reaching a 
steady state at -22.5 degrees Celsius, proving there will be no 
issue of freezing. Furthermore, the electronics box reached a 
steady state at -30 deg Celsius with the amplifier being at -12 deg 
Celsius and the raspberry at -20 deg Celsius. 

Conclusions The results of the thermal tests validated the theoretically 
estimated temperatures of the whole experiment, proving its 
sustainability in these conditions. 
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Thermal Test 1-Temperature Profile (ADC Motor) 

 

  

Thermal Test 2-Temperature Profile (DMC Motor) 
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Thermal Test 3-Temperature Profile (Electronics Box) 

 

  

Thermal Test 4-Temperature Profile (Raspberry) 
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Thermal Test 5-Temperature Profile (Amplifier) 

 

 

Verification Test No 3.1 

Type of test Vacuum Test 

Facility Center for Research and Technology Hellas 

Verified item  All components and mechanical structure  

*Batteries has been placed in order to power the experiment on.  

Verification 
description 

All components and mechanical structure are going to be tested 
inside the vacuum chamber in operative mode. The functionality of 
each component is tested before (control test) and after the test 
(target test). Afterwards, the results are compared to identify any 
difference from the nominal operative condition. 
 
*In the graphs the time is measured with logs. Logs frequency: 10 
sec 

Duration: 1.5h 

Expected results The experiment to be functional during the whole test. No cracks, no 
electronics’ failure, all data stored and temperature levels stay in 
nominal levels. 

Obtained results The experiment was functional during the whole test. No mechanical 
or electrical failure. All data stored and temperature stayed in 
nominal levels.  
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The experiment has verified its ability to be placed in the pressure 
profile of BEXUS without component or soldering malfunctions.  

Conclusions The experiment is functional in vacuum conditions. 

                   

 

 

                  

Vacuum Test of External Box, Electronics Box and Camera 
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Verification Test No  4 

Type of test  Structural Vibration Test 

Facility  Aristotle University of Thessaloniki   

Verified item  Mechanical Structure and Damn Masses  

Verification description  Prototype / Engineering  

Expected results  The mechanical structure with damn masses which 
simulates the electronic PCBs and components are 
going to be tested inside a vibration structure in 
deployed mode. Afterwards, check the experiment 
for functionality and structural integrity. 

Duration: 5h 
 
*The vibration structure was a car driven in 
chuckhole road.  

Obtained results  No crucks and no damage in structure. 

Conclusions  The mechanic structure works fine in vibrations 
environment. 

 

Verification Test No  5 

Type of test  Vibration and Aliveness test  

Facility  Aristotle University of Thessaloniki   

Verified item  All components and Mechanical Structure 

Verification description  Engineering / Flight 

Expected results  All components and mechanical structure are 
going to be tested inside a vibration structure in 
non-operative mode. Afterwards, all systems will 
be enabled (T1: MCU Aliveness, T2: Sensors 
functionality, T3: Antenna Deployment) and the 
functionality will be tested in order to reassure 
nominal operative condition. 

Duration: 5h.  
 

* The vibration structure was a car driven in 
chuckhole road. 

Obtained results  No crucks and no damage in structure. No damage 
in electronics. 

Conclusions  The mechanic structure works fine in vibrations 
environment. The experiment was fully functional 
after test. 
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Verification Test No 6 

Type of test Mass measurement 

Facility Aristotle University of Thessaloniki 

Verified item  Entire experiment 

Verification description Calculation the total experiment mas. 

Expected results Total mass <13kg.  

Obtained results External box with the mounted antenna and the thermal 
isolation: 6111.6 [g]. 
Electronics box with all the internal components and the 
thermal isolation: 3513.6 [g]. 
Cables + camera + camera’s base + switch: 1253.3[g]. 
Aluminum rod: 1107.2 [g] 
Thermal isolation of the switch: 86 [g]. 
Total mass : 12071 [g]. (accuracy 0.1 [g]) 

Conclusions The total mass satisfies the initial threshold of 13 [kg]. 

 

Mass measurements 

 



- 177 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

Verification Test No 7.1 

Type of test Pointing Algorithm Testing 

Facility Aristotle University of Thessaloniki 

Verified item  Raspberry Pi, IMU, Compass GPS, Stepper Motors 

Verification description The implementation of ADC algorithm is written in python and 
considers every possible condition that Gondola and antenna’s 
base can be set. For testing the algorithm’s procedure, data of 
gondola’s position such as data of the gondola’s rotation are 
given as input from the keyboard. The purpose of that is for 
easier testing instead of using data from gps and compass. 

The testing for ADC algorithm is separated in two parts: 

In the first part, the problem of ADC system is represented 
using GeoGebra tools. Via GeoGebra, it is possible to have 
the angle between antenna’s position and SHADE GS, 
dynamically, as you can change the position and the 
orientation of the supposed gondola, using variables and 
vectors.  Running the ADC program for many different data, 
we cross-checked, that the results of GeoGebra and program 
for the demand rotation of the antenna’s base were the same. 

In the second part, electronics team had to check how the 
program decides to rotate the antenna’s base in critical cases 
of overlap. Giving parameters that would bring the system in 
critical condition, it was checked that the program was given 
the expected results. Even in other conditions, the system 
decides to rotate the base with the direction that gives the 
smaller angle (shortest path). In many critical conditions it 
decides to rotate the base in the opposite direction in order not 
to exceed the overlap of +-20 degrees (-20 to 380 degrees).   

Expected results Proper angles and direction of the rotation 

Obtained results Angles and direction of rotation 

Conclusions The ADC algorithm is capable to calculate the proper angle of 
rotation and direction for every possible condition. 
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Testing ADC 1-Cross check results : GeoGebra and SHADE's code 

 

Testing ADC 2-Crosscheck results: Geogebra and SHADE's code 
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Testing ADC 3-Expected results in critical condition: SHADE's code 

 

Verification Test No  7.2 

Type of test  ADCS Algorithm Test  

Facility  Aristotle University  

Verified item  All components and mechanical 
structure  

Verification description  Prototype / Engineering / Flight  

Expected results  It is expected that ADCS algorithm is 
functioning.  

Obtained results  ADCS worked  

Conclusions  The ADCS shall function properly.  

*A video of ADCS functionality has been sent to Stefan Kramer. 
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Verification Test No 8 

Type of test Downstream test 

Facility Aristotle University of Thessaloniki 

Verified item  Antenna, SDR, RF Components, Raspberry Pi, Temperature 
Sensors, GS 

Verification description The LimeSDR mini was connected to the Raspberry Pi and the 
antenna. It was loaded with the GNURadio Transmitter code to 
send dummy data to the Ground Station’s antenna and 
receiver. The output data were then projected and tested. 

Expected results The dummy data are successfully received when SHADE 
antenna point towards the Ground Station. 

Obtained results The dummy data are successfully received when SHADE 
antenna point towards the Ground Station. 

Conclusions The SDR-based telemetry system is functional.  

 

           

           LimeSDR mini and Raspberry Pi, SHADE and GS antenna, Dummy Data receiver 

 

 

Verification 
Test No 

8.1 

Type of test Downstream test 

Facility Aristotle University of Thessaloniki 

Verified item  SDR, RF Components, Laptop, attenuators 

Verification 
description 

The LimeSDR mini was connected to a laptop. It was loaded with the 
GNURadio Transmitter code to send dummy data to the receiver on the 
other laptop through 140dB of attenuation. The output data were then 
projected and tested. 

Expected 
results 

The dummy data are successfully received through the 140dB 
attenuation even without the gain of the antenna’s 

Obtained 
results 

The dummy data are successfully received when SHADE antenna point 
towards the Ground Station even at the farthest distance. 

Conclusions The SDR-based telemetry system is functional.  
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LimeSDR mini, Power amplifier, filter, attenuators, LNA 

 

 

Verification Test No 9 

Type of test GPS testing 

Facility Aristotle University of Thessaloniki 

Verified item  Raspberry Pi 3 B+, GPS receiver 

Verification description The GPS receiver is connected via USB to the Raspberry Pi 3 
B+ and communicates with it as a serial device. Using the 
proper port and a python script, all the provided data are 
flowing through the serial buffer. Using the proper outputs, 
according to the NMEA sentences, the script isolates some 
needed data, like the current time, latitude, longitude, altitude 
and status of data. 

Expected results Latitude: 40.62, Longitude: 22.96 

Obtained results Time (UTC): 184250.00 – Latitude (North or South): 40.37(N) 
– Longitude (East or West): 22.57(E) – Altitude(m): 42.9 
– Status: A 

Conclusions The results of the sensor are really close to the ones obtained 
from Google Maps of the current position. 
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GPS testing 1-GPS Receiver data flow 

 

Verification Test No 10 

Type of test IMU and Compass Orientation 

Facility Aristotle University of Thessaloniki 

Verified item  Raspberry Pi 3 B+, IMU, Compass (Magnetometer) 

Verification description The IMU is connected via USB to the Raspberry Pi 3 B+ and 
communicates with it as a serial device. Using the proper port 
and a python script all the provided data are flowing through 
the buffer. The obtained data are: the current time, 
accelerometer(X,Y,Z), gyroscope(X,Y,Z), magnetometer 
(X,Y,Z). The compass is an I2C device with a specific address. 
Using a python script for calibration and data obtainment, the 
angle between the magnetic north and the magnetometer X is 
calculated. 

Expected results According to the sensors’ measurements it is expected to 
calculate the orientation of the magnetic north. 

Obtained results The IMU obtains a lot of data of its kinematic and magnetic 
state and the Compass finds the magnetic north the deviation 
of the X axis and the magnetic north.  

Conclusions The results of the measurements are satisfactory for usage on 
the ADC algorithm. 
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IMU and Compass Orientation1-Python script results 

 

IMU and Compass Orientation 2-Magnetometer and accurate compass comparison  
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Verification Test No 11 

Type of test Altimeter Testing 

Facility Aristotle University of Thessaloniki 

Verified item  Raspberry Pi 3 B+, Altimeter (Barometric – Temperature 
sensor)  

Verification description The altimeter is an I2C device with a specific device address 
provided by the manufacturer. Using a python script 
temperature and pressure data are obtained. Through a 
mathematical formula and having a reference pressure of the 
Mean Sea Level Pressure the current altimeter is calculated.  

Expected results The current location, that the measurement took place, is 
about 46-50 meters. 

Obtained results Using the current pressure from the meteorological station of 
Thessaloniki as a reference, the calculated result is about 51 
meters. 

Conclusions The pressure and temperature measurements of the sensor 
were a lot accurate and the possible deviation is through the 
reference pressure, which will be changed during 
measurements in other locations. 

 

Altimeter Testing 1-Current pressure and temperature 

 

Verification Test No 12 

Type of test Temperature Sensor Testing 

Facility Aristotle University of Thessaloniki 



- 185 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

Verified item  Raspberry Pi 3 B+, Temperature Sensor 

Verification 
description 

The temperature sensor is an I2C device with a specific address 
provided by the manufacturer. Using a python script, current 
atmospheric temperature is measured, in Celsius or Fahrenheit.   

Expected results The current atmospheric temperature according to the air-
conditioner.  

Obtained results The obtained results are accurate with a possible deviation of 0.5 
Celsius. 

Conclusions The measurements of the sensor are accurate. The sensor is 
capable to monitor the temperature efficiently. 

 

Temperature Sensor Testing 1-Current Temperature (Accurate) 

 

Verification Test No 13 

Type of test Camera Testing 

Facility Aristotle University of Thessaloniki 

Verified item  Raspberry Pi 3 B+, Camera 

Verification description The camera is connected via USB to the Raspberry Pi 3 B+. 
The manufacturer provides the proper software for unix-based 
systems and for use in multiple programming languages. 
Using the Pylon software and pypylon library for python it is 
possible to record and save images. 

Expected results Accurate image capturing  

Obtained results The expected image with some differences depending the 
settings. 



- 186 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

Conclusions This camera is capable to capture and record high quality 
images/videos. Depending on the settings it is possible to 
capture the proper image data depending on the environment 
conditions. 

 

Camera Testing 1-Camera Platform 

 

Camera Testing 2-Actual saved image through python inside a room 
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Camera Testing 3-Setting for auto-adjastments for outdoors use 

 

Verification Test No 14 

Type of test Length Measurement  

Facility Aristotle University of Thessaloniki 

Verified item  Antenna, Antenna’s casing, Network analyzer 

Verification description The antenna was put inside the casing to verify its ability to 
transmit properly when its axial length is 365 mm and 
compressed in non-transmit mode to 165 mm.  

Expected results S11 parameter below -10 dB when antenna’s axial length is 
365 mm. 

Obtained results S11 parameter below -10 dB when antenna’s axial length is 
365 mm. 

Conclusions The chosen length for the antenna at transmitting and non-
transmitting modes is adequate for the experiment. 

 

 

Antenna inside casing in transmitting mode (Axial length: 365 mm) 
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Verification Test No  15.1 (This is part of Test No 15)  

Type of test  Electromagnetic Propagation Test  

Facility  Aristotle University of Thessaloniki  

Verified item  Helix Antenna, Log Periodic standard 
antenna, Spectrum analyzer, Signal 
Generator  

Verification description  The antenna was connected to network 
analyzer with a Log periodic standard 
antenna inside AUTH’s anechoic chamber. 
In that manner the antenna’s S-
parameters, Gain and HPBW can be 
calculated.  

Expected results  Antenna’s S-parameters Gain and HPBW.  

Obtained results  Gain: ~12 dBi  

HPBW: ~ 30 deg.  

Conclusions  The antenna bahaved approximatelly as 
expected by theory.  

 

 

 

Setup for antenna’s S-parameters Gain and HPBW calculation 

 

Verification Test No 15.2 

Type of test Electromagnetic Propagation Test 

Facility Aristotle University of Thessaloniki 

Verified item  Helix Antenna with casing and Antenna base 

Verification description The Helix antenna with its casing and its base where place on a 
tripod 3.3 meters away from a log-period antenna with a gain of 
around 5dbi. A signal generator was connected to SHADE’s 
antenna and was fixed to 1430MHz. A spectrum analyser was 
connected to the log-period antenna.  

The power of the signal generator was slowly increased until we 
can identify the signal to the spectrum analyser connected to the 
log period antenna. 
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After we identified the signal calculations where made and the 
gain of the antenna was defined. 

After that the antenna was rotated in order to clarify the point 
where the power would drop 3 db in order to determine the 
HPBW of the antenna. 

Expected results Gain of the antenna should be around 10-12dbi 

HPBW of the antenna should be around 30-40 degrees 

Obtained results The calculated gain of the antenna was 11dbi. 

HPBW of the antenna was 36 degrees. 

Conclusions By ensuring that the antenna has a gain of around 11 dbi we can 
ensure after calculations were made a closed link through the 
whole time of the flight.  

Also a HPBW of around 35 degrees will help the antenna point to 
the ground station even if there are some minor mistakes in the 
ADCS. 
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- 192 - 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

 
 

 

 

Verification Test No 16.1* 

Type of test Reflector Coefficient 

Facility Aristotle University of Thessaloniki 

Verified item  Helix Antenna 

Verification description The Helix antenna without its ground was measured in order 
to determine if the Stainless steel alloy is appropriate to be 
used as an antenna. At the same time the Input impedance 
was measured in order to determine the exact characteristics 
of the matching circuit (PCB). 

Expected results S11 Parameters will look like the ones from the CST 
simulation  

Obtained results Clearly the measured S11 parameter resemble the S11 
parameter from the simulation and the input impedance is 
determined 

Conclusions By ensuring the efficiency of the stainless steel alloy, we 
proved that any other type close to this alloy would work 
properly as an antenna and we can now continue with the 
design of the matching circuit and ground of the Antenna.  

* This is part of test No 16   
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Testing Reflector Coefficient 1-Set up of the experiment 

 

Testing Reflector Coefficient 2-The measurement on the Network Analyzer 
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Verification Test No 16.2  

Type of test Reflector Coefficient 

Facility Aristotle University of Thessaloniki 

Verified item  Helix Antenna with casing and antenna base 

Verification description The Helix antenna with its ground and casing was measured 
in order to determine if the antenna is matched. 

Expected results S11 should be less than -10dB 

Obtained results The measured S11 is around -18dB and the antenna shows a 
kind of wideband performance. 

Conclusions By ensuring that the antenna is matched, the only step to 
prove that the antenna is ready to be used is the anechoic 
chamber test where the Gain, HPBW and radiation pattern will 
be determined. 

                       

 

Reflector coefficient of antenna with ground and inside casing 
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Verification Test No 17 

Type of test Bandwidth 

Facility ESTEC’s TT&C Laboratory 

Verified item  SDR board 

Verification description The SDR module was connected with the computer through 
USB and with the spectrum analyzer with coaxial cable. All the 
connections can be seen below 

A simple gnu radio code was formed. First a random bit 
generator followed by a block-code that packs the bits. After 
that a DBPSK block for modulating the data and a Square root 
raised cosine (SRRC) transmitting filter. Last is the block-code 
of the LimeSDR on GNU Radio for modulation at 1.4 GHz.  

Expected results The transmitting bandwidth shall not exceed 5 MHz 

Obtained results The transmitted frequency was exactly on-point (1.4 [GHz]) 
and the bandwidth was as expected (100 [kHz]). The 
resolution bandwidth of the spectrum analyzer was 10 [kHz]. 

Conclusions Everything is functioning as expected and that is due to the 
low complexity of the DBPSK algorithm used and also due to 
the small time duration of the test (approximately 30 minutes). 
With longer duration we would expect some frequency drift, 
but as written in the documentation the expected deviations 
are below the allowed limits. 

 

 

Bandwidth Test 1-GNU Radio Script 
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Bandwidth Test 2-Power Spectrum shown on the spectrum analyzer 

 

 

 

Verification Test No  18 

Type of test  Full Functionality Test  

Facility  Aristotle University of Thessaloniki   

Verified item  Entire Experiment  

Verification description  Flight 

Expected results  Apply the required force to the antenna-spring in 
order to check the efficiency of the deployment. 
Possible repetitions to verify the sustainability of 
the material.  

Duration: 3h 

Obtained results  The experiment had the desired functionality 
throughout the whole test.  

Conclusions  The software and electronics are working as they 
should. Correct pointing, correct calculations, 
correct mechanical and electronics behavior.  
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Verification Test No  20 

Type of test  Camera Test  

Facility  Aristotle University of Thessaloniki   

Verified item  Camera, Raspberry Pi 3+ and Camera Mounting 
Mechanism 

Verification description  Qualification / Flight 

Expected results  The camera mounted on the mounting 
mechanism will operate video recording of the 
deployment procedure. The camera’s field of view 
shall contain information about the antenna’s 
state when deployed in its final length. The 
camera shall operate for up to 5 hours in order to 
ensure that the data are collected in the on-board 
memory. 

 

Duration: 5h 

Obtained results  The camera can observe the experiment 
throughout the whole test. 

Conclusions  The mounting of the camera is functional and 
helps in acquiring the desired field of view. 

 

 

Verification Test No 24 

Type of test E-link Test 

Facility Aristotle University of Thessaloniki 

Verified item  E-Link 

Verification description Ground Station’s Software and Gondola’s Software are 
connected to BEXUS’ LAN and start  transmitting data , 
logs and images. Both programs send and receive data. To 
establish connection we use TCP/IP and UPD Protocols. All 
the data are transferred simultaneously using parallel 
programming. Also, some basic error handling was added 
so software programs can reconnect after an unexpected 
disconnect.  

Expected results It is expected that both software programs will receive and 
send all data, logs and images without any error or an 
unexpected behaviour. 

Obtained results Everything worked as expected. All data, logs and images 
transmitted successfully. 

Conclusions Stable Communication of the two software programs is an 
important process for the success of the experiment 
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E-link testing 1-Ground Software 
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E-link testing 2-Gondola’s Software 

 

E-link testing 3-Logical Thread Diagram 
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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 - 1: Experiment mass and volume 

Experiment mass (in kg): 7 

Experiment dimensions (Beam) in m 0.6 x 0.04 x 0.04 

Experiment dimensions (Electronics Box) in 

m 

0.25 x 0.124 x 0.049 

Experiment dimensions (External Box) in m 0.118 x 0.12 x 0.14 

Experiment dimensions (Antenna) in m 0.27 x 0.27 x 0.375 

Experiment expected COG (centre of gravity) 

position in mm: 

The center of mass from 

the bottom corner of the 

experiment is: 

(148, 168.128, 124.41) 

 

 

Figure 6.1 – 1: Dimensioning and Center of Mass 
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6.1.2 Safety Risks 

 

Table 6.1 - 1: Experiment safety risks 

Risk Key Characteristics Mitigation  

Unintentional 
deployment of the 
antenna 

Antenna casing Several tests of the 
deployment mechanism will 
take place in order to 
ensure such an event will 
have low possibilities of 
happening 

Unintentional start of 
antenna operation while 
on ground 

LimeSDR mini, 
RaspberryPi3 B+ 

Visual indicator (LED), is 
going to show when the 
antenna in in operational or 
non-operational mode. 

Mechanical mechanism 
failure during flight. 

Boom, External Box, 
Pointing Mechanism 

To the external mechanical 
mechanism, safety wire is 
going to be added in order 
to avoid free fall in case of 
material failure.  

External mechanical 
mechanism dispatch 
during landing shock 

Boom, External Box , 
Pointing Mechanism 

To the external mechanical 
mechanism safety wire is 
going to be placed in order 
to reassure that the 
mechanism is not going to 
eject far from the gondola 
during landing shock. 
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6.1.3 Electrical Interfaces 

 

Table 6.1 - 2: 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: 1 

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

 Data rate – uplink (max. and average): 256 bits/s 

 Interface type (RS-232, Ethernet): Ethernet  

Power system: Gondola power required? Yes 

 Peak power and current consumption: ~40 W and ~1.5 A 

 Average power and current consumption: ~27 W and ~1 A 

 Total power and current consumption after 
lift-off  

~100 Wh and ~6 Ah 

Power system: Experiment includes batteries? No 

 Type of batteries:  

 Number of batteries (and S x P):  

 Capacity (1 battery): Ah 

 Voltage (1 battery): V 
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6.1.4 Launch Site Requirements 

 

• If possible, the ground station needs to be placed in a point with high altitude (e.g. hill) in 
order to ensure line of sight with the balloon as long as possible 

• Proper and safe way of transferring the GS system is going to be needed. 

• A desk is needed to place the ground computer 

• Heating is needed for the team members who will be at the ground station 

• Internet connection 

• Chairs for the team members 

• Kiosk in case of sunny weather or rain 

• Power outlet for the ground computer and the components of the ground station 

• Additional computer screens are going to be needed to achieve more efficient view of 
Telemetry and Telecommands.  

• Receive Position – GPS Data from E-Bass. 

• 3 IP Addresses, that are going to serve the Hill GS and the 2 laptops in the dome.  

• Internet Connection on the hill 

 

6.1.5 Flight Requirements 

 

The experiment will need at least 1 hour of flight in order to ensure the nominal operation of the 
antenna, the deployment mechanism and the pointing mechanism. The optimal flight time is 4-5 
hours in order for the gondola to take all the possible orientations and thus test the pointing 
mechanism at all possible angles. 

An altitude of 27 km is sufficient, with this altitude and an horizontal distance of 150 km from 
ground station our antenna is expected to have the best gain towards the ground station.   

6.1.6 Accommodation Requirements 

 

A position near the outside of the gondola is needed in order to deploy the antenna and to have to 
pointing mechanism outside the gondola. Also a small hole in the cover of the gondola is needed in 
order to have electrical interfaces between the deployment-pointing mechanism and the 
electronics of our experiment. 
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6.2 Preparation and Test Activities at Esrange 

 

Table 6-3 - List of planned activities 

Time/Day Main Task Description Responsible 
Duration 
[h:m] 

Comments 

1 Unboxing Unboxing of 
shipped 
equipment 
(sensors, 
materials, 
cables) 

Andronikos  
Dourmisis, 
Spyros 
Megalou, 
Melina 
Koukou 

3:30  

1 Inspection, test 
and Verification 

Verification of 
all components 

Varvaringos 
Ioannis 

3:0  

 

 

1 Inspection, test 
and Verification 

Inspection and 
verification of 
masterbox 

Myrsinias 
Ioannis 

2:0  

1 Inspection, test 
and Verification 

Inspection and 
verification of 
mountings and 
interfaces 

Andronikos  
Dourmisis, 
Spyros 
Megalou, 
Melina 
Koukou 

2:0  

1 Inspection, test 
and Verification 

Inspection and 
verification of 
cables and 
connectors 

Andronikos  
Dourmisis, 
Spyros 
Megalou, 
Melina 
Koukou 

1  

1 Establishment Assembly and 
establishment 
of ground 
station 

Vasileios 
Vellikis, 
Varvaringos 
Ioannis, 
Melina 
Koukou 

3  

1 Outreach Social media 
posts and 
photos 

Ioannis 
Ioannou 

0:30  

2 Mechanical 
assembly 

Mechanical 
assembly of 
masterbox and 
secondary 
sensors 

Ioannis 
Myrsinias, 
Spyros 
Megalou 
 

2  

2 Mechanical Mechanical Andronikos 2  
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assembly assembly of 
primary 
sensors 

Dourmisis, 
Ioannis 
Myrsinias 

2 Mechanical 
Integration 

Mechanical 
mounting of 
entire 
experiment to 
gondola 

Ioannis 
Myrsinias, 
Elli  
Kizili 
Loukaridou 

3  

2 Cable 
connection 

Cable 
connection and 
cabling clean 
up 

Andronikos  
Dourmisis, 
Spyros 
Megalou, 
Melina 
Koukou 

1  

2 Power test Experiment 
power-on test 

Andronikos  
Dourmisis 

1  

2 Link test Experiment / 
ground station 
communication 
test 

Vasileios 
Vellikis, 
Spyros 
Megalou 

0:30  

2 Software test ADCS 
Algorithm test 

Orestis 
Rafail 
Nerantzis, 
Despina 
Argiropoulos, 
Andronikos 
Dourmisis 

3:30  

2 Data 
verification 

Data storage 
verification 

Despina 
Argiropoulos, 
Andronikos 
Dourmisis, 
Orestis 
Rafail 
Nerantzis 

1  

3 Full system test Fully 
integrated 
experiment test 
on ground 

Melina 
Koukou, 
Andronikos  
Dourmisis, 
Spyros 
Megalou, 
Despina 
Argiropoulos  

2:30  

3 Communication 
Test 

Link test with 
the whole 
experiment set-
up 

Varvaringos 
Ioannis, 
Vasileios 
Vellikis 

0:30  

3 Calibration test Calibration of Andronikos  0:30  
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all the sensors Dourmisis, 
Despina 
Argiropoulos 

3 Interference 
test 

Interference 
test with the 
other 
experiments 

Konstantinos 
Koutropoulos, 
Melina 
Koukou, 
Vasileios 
Vellikis 

1  

 

 

6.3 Timeline for Countdown and Flight 

 

Table 6-4 - Example of timeline of the experiment events 

Time [s] Signal Function 

  Verified experiment 
components and 
interfaces 

T-4h Ready for start of 
countdown 

 

T-2h Late access IMU initialization with 
current 
orientation/position of 
the gondola. 

T-2min Ready for balloon 
release 

 

T Launch  

T+1h 

(ascent phase) 

Antenna Deployment 
and start of 
transmission 

Transmission of 
deployment signal 
through E-link 

T+1.5h~T+3.8h 

(end of ascent phase) 

Receiving signals from 
antenna 

Analysing data from the 
incoming signals 

T+4h 

(start of descent phase) 

Retraction of the 
antenna 

Transmission of 
retraction signal 
through E-link 

Flight termination   

Recovery  Test for potential 
damage to the 
experiment 
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6.4 Post-Flight Activities 
By the end of the flight there are the following actions that should be done: 

• Data analysis 

• Conferences 

• Design for future implementations 

This chapter will be further developed in later stages of the project. 
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7 DATA ANALYSIS AND RESULTS 

7.1 Data Analysis Plan 
There are two main aspects of SHADE that require post-flight processing. They are categorized by 
the inputs they need. Firstly, to evaluate the achievement of Secondary Objective 1, the four 
following steps are needed: 

• After the landing of the gondola, the on-board memory unit will be retracted, so that the 
data can be restored in the ground computer.  

• In a separate file, the data collected by the team’s ground station through the SDR-based 
link will be stored. 

• Another file containing the data sent through E-Link will be archived. 

• Considering data stored on board as a guide, Bit Error Rates (BERs) of E-Link and SDR-
based telemetry will be calculated to reach conclusions regarding the effectiveness of the 
latter. 

Secondly, for Primary Objectives 1,2,3 a few more actions are required. As the data received will 
be the data collected by the temperature sensors, combined with the exact time transmission 
command was applied, it shall be possible to: 

• Calculate the amount of total time SDR link was closed. 

• Examine the success of deployment mechanism. 

• Determine the effectiveness of ADCS system. 

• Improve ADCS algorithms, judging by the conditions pointing errors were made. 

7.2 Launch Campaign 

 

During Launch Campaign at flight preparation the essential testing of components and actions to 
be done on ground are: 

1) Sensors  
2) Nominal deployment and retraction procedure 
3) Functionality of “action signals” – deployment and retraction 
4) Functionality of signals to control the antenna’s rotation  
5) Initialization of IMU and GPS module 
6) Stepper motors 
7) Rotation mechanism and algorithm 
8) SDR block codes 
9) Antenna’s S11 and VSWR deployed and un-deployed 
10) Sturdiness of connectors and electrical and mechanical interfaces 
11) EMC tests with other experiments, and gondola’s implementations 
12) Stability and binding of cables 
13) Screws and locks 
14) Grounding functionality 
15) Batteries 
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7.3 Results 

 

1. Technical results and scientific data evaluation 

• The successful communication between the helix antenna and the ground station is 
expected 

• The successful rotation of the antenna with respect to the developed DCS system is 
expected 

• The comparison between the SDR based link and the E-link is going to take place 

2.  Outlook 

• Data saved in the on-board memory and data sent through the link are going to be 
compared, and an evaluation of the trustworthiness of the SDR based link is going 
to take place 

• Further study for the improvement of the pointing mechanism’s accuracy is going to 
take place 

• Further evaluation of the volume efficiency of the deployment mechanism is going 
to take place 

• After the post-processing and the further evaluation of the results presentations at 
Greek universities are going to take place 

• After a successful launch and evaluation of the data interviews are going to be 
given at TV, radio, web radio stations are going to take place 

 

 

7.3.1 Input to Campaign Report 

 

The results and post flights analysis for each subpart of the project are described below.  

7.3.1.1 Electronics and Power results:  

During the flight the system was capable to maintain fully functional. The maximum current 
consumption was around 1.3 Amperes and the total power consumption was much lower 
than the worst calculated case. The power consumption was pretty stable even on full 
power mode. All the components where carefully set up and everything maintained 
unharmed even after the landing of the balloon. Most of the sensors were pretty accurate, 
although for a small period of time some noise existed that influenced the readability of 
them using I2C communication protocol. The cause of the noise is still unknown as we do 
not possess all the information of the events that took place in parallel. There was a 
problem with the reception of the GPS data, but it wasn’t a technical problem. The 
receiver’s certificate wasn’t qualified for altitude greater than 12000 meters, but it wasn’t 
clearly defined in its datasheet. Below the altimeter’s and GPS receiver’s data are 
presented. At the end of the blue line there was a shock as the balloon was cut down and 
later it is visible that the GPS receiver started receiving again under 12000 meters. 
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7.3.1.2 Software and ADCS Algorithm 

 

In general, the ADCS algorithm worked properly. Both modes (Auto, Manual) of the 
system had the proper behavior as they were designed. However an issue occurred when 
the gondola was above the 12km. The GPS signal was lost. The reasons are presented 
below. During the time that the experiment was in higher altitude than 12km, the team had 
to use the ADC System on the Manual mode. The rest of the time, the ‘auto pilot’ of the 
system was turned on. 

During the launch campaign, the Manual mode was developed for easier testing and to 
avoid situations relevant to motor stepping errors. It was not designed to solve other kind 
of problems. Its response was not as quickly as it is needed for those kinds of problems. 
The use of manual commands was a retardation factor of overcoming the GPS signal 
loses for so long. Handling this situation, the script of the experiment was modified during 
flight. The idea behind it was a new part of manual mode that in case of GPS signal error 
the program could get the Global Position from a text file. That file was uploaded from the 
ground station through E-link, as we were able to see in a screen, the GPS data from 
SSC’s GPS.  

Closing, it is worth mentioning, that if this ADCS method is planned to be used in a future 
mission, a very well consideration of the time response requirements is needed. That 
means that we have to keep in mind that the rotation of antenna’s base takes some time in 
order to end up to the required position based on the motors speed. In addition, due to the 
compass, which is a quite sensitive component, some time, in this case was 3 seconds, is 
needed to stabilize the real measurement. These problems and considerations are not 
negligible. 
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7.3.1.3 Thermal  

 

  According to the data from the temperature sensors, our experiment’s behavior during 
the flight campaign was ideal. Both the temperature values of the external box, as well as 
the internal one, were well inside our theoretically calculated and expected margins.  

• External Box: 

  The external box contained two thermal sensors, one for each motor so that their 
respective temperatures could be monitored. The data proved that both the DMC motor, 
which was necessary only during the deployment of the antenna, and the ADC motor, 
which was responsible for the rotation of the antenna, remained well within their operating 
temperature ranges. The temperature of the DMC motor during the deployment was 
measured to be between 20 and 15 degrees Celsius while dropping, as it was expected 
during the rest of the flight reaching just -18 degrees Celsius at its lowest point. On the 
other hand, the temperature of the ADC motor, which was more extensively used, reached 
a minimum of -6 degrees Celsius while peaking after that at a maximum of 28 degrees 
Celsius. The reason for this temperature increase was that after the initial fail of the ADC 
system the motor was constantly rotating the antenna performing scans in order to 
manually point the mechanism. 

 

 

 

 

 

 

 

Figure 1: ADC Motor Temperature Profile 
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Figure 2: DMC Motor Temperature Profile 

 

 

 

 

• Internal Box: 

  The internal box contained three more temperature sensors in order to monitor the 
temperature of the most crucial parts. The gathered data proved once again that the 
amplifier, the raspberry and generally the whole internal box itself remained within the 
desired and expected temperatures. More specifically the temperature of the internal box 
reached a maximum of 30 degrees and a minimum of almost 8 degrees Celsius allowing 
every part of the experiment to operate without risk of overheating or freezing. The 
amplifier which was producing the most heat did not face any risk at all with its 
temperature dropping from 40 to 15 degrees during the flight. 
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Figure 3: Electronic’s Box Temperature Profile 

Figure 4: Amplifier Temperature Profile 

Figure 5: Raspberry Temperature Profile 
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7.3.1.4 Mechanical design performance 

The mechanical design has satisfied the vast majority of design and operational 
requirements throughout the flight. This section will present rigorously each requirement’s 
situation regarding the mechanical design after the end of the experiment’s performance. 
Thus, the following five subsections describe each requirement’s final result, the general 
conclusions of the mechanical development and some potential future improvements. 

Design requirements evaluation 

 

ID Design Requirements  Flight result 

D1 No components or parts shall be ejected 
outside the gondola  

SUCCESS 

D3 The experiment shall not disturb or harm 
the launch vehicle  

SUCCESS 

D4.1 The experiment shall be able to withstand 
vibrations caused by the Hercules vehicle  

SUCCESS 

D8 The mass of the experiment shall not 
exceed 13 Kg  

SUCCESS 

D9.1 The dimensions of the beam shall be 
1000x40x40 mm3 

SUCCESS 

D9.2 The electronics box shall be 
250x124x49 mm3 

SUCCESS 

D9.3 The external box shall be 
118x120x140 mm3 

SUCCESS 

D9.4 The circumference of the antenna 
base shall be 471mm 

SUCCESS 

D9.5 The axial length of the antenna with 
the casing shall be 380mm 

SUCCESS 

D11 The ADCS stepper motor step angle 
should be 1.8° 

SUCCESS 

D13 The camera’s field of view shall contain 
the deployment mechanism during lift-off, 
float and descent phase.   

SUCCESS 

D14 The mechanism shall be designed to 
withstand static loads ±5g horizontal and 

±10g vertical 

SUCCESS 
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Regarding the requirements D1, D3, D4.1, D13, D14 (which concern the flight operation) the 
mechanical design had a very good response. 

• The experiment retained its hole integrity even after the landing crash (it is remarked here 
that a first landing on a tree has decreased the landing shock making them more but less 
powerful). This indicates that the experiment interfaces, as well as the rotational and the 
deployment mechanism were resistant. 

• No mechanical component or functionality (i.e. deployment vibrations) affected negatively 
the other experiments. 

• The experiment had not been affected by the vibration of HERCULES. 
• The experiment’s main transmission mechanism (Gear to transmitter’s base) had not been 

severely affected by the vibrations caused by the stepper motors during the rotation and 
pointing. 

• Pictures during the flight verify that the mechanical support of the camera remained steady 
through all the flight, surviving the shocks caused by the “cut-down” phase and the landing. 

• The mechanism survived the shocks caused by the “cut-down” phase and the landing, 
remaining functional. 
 

Operational requirements evaluation 

ID Operational Requirements Flight result 

O1 The antenna shall be deployed after a 
specific time 

ALMOST SUCCESS 

O2 The antenna shall be able to be deployed 
via a telecommand 

SUCCESS 

O5 Antenna mechanism shall rotate and 
always aim to SHADE GS 

SUCCESS (from the mechanical 
perspective) 

O6 The antenna shall be able to rotate via a 
telecommand 

SUCCESS 

 

Regarding the requirement O1 it is not a complete success because the deployment 
process was stuck in the beginning, but it was completed after a short amount of time. 
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Figure 4 Not fully deployed and fully deployed casing during the flight 

Regarding the requirements O2, O3 and O4: 

• The mechanism deployed. 
• The mechanism rotated successfully. 

Deployment difficulties 

The antenna’s casing part was the most complicated mechanical part of the experiment. 
The most difficult was to achieve precise tolerances that permit the proper deployment of 
the antenna.  

Even if POM is considered as an easy manufacturable material, during the fabrication 
process some difficulties have been occurred: 

• The final remaining stresses at the fabricated part was not possible to be known, 
regarding the limited fabrication time for the experiment. 

• So, the final cut of the part was transforming the casing’s coaxial cylinders to 
elliptical for 1/10mm. 

The above difficulty was encountered due to the lack of resources and the limited time for 
many trial and error fabrication procedures. 

Even though its slightly elliptical shock the antenna’s casing was functioning properly 
during the operational tests in Greece before the flight campaign. It should be mentioned 
that during the flight campaign deployment problems have been remarked and the 
possible reasons could be: 

• The Teflon spray addition to reduce friction (but at the same time it was increasing 
the external dimensions). 

• Dust and transportation damage (very sensitive tolerances). 
• Aluminum thin parts coming from External Boxes grinding during the flight 

campaign. 

The antenna’s casing was finally fully deployed thanks to the vibrations caused by the 
ADCS motor (rotation of the antenna). After the “cut-down” phase and the landing shocks 
the deployment was functioning without any stuck. So, it is considered that the shocks and 
the vibrations were in favor to restore the antenna’s casing functionality. 
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Additional deficits of mechanical design 

Some additional remarks regarding the operation of mechanical design are presented 
below: 

• The motors generated important vibrations on the External Box while the thermal 
isolation was not placed. 

• The ADCS motor did not succeed to retract the antenna. This happened because of 
the motor quality in combination with the deployment stuck, even though the 
security factor was at the order of 2. 

General conclusions 

To sum up the mechanical design’s evaluation, regarding the deployment mechanism, the 
rotational mechanism and the interfaces of the experiment: 

Positive 

• It is possible to exploit the tensile forces of a helix antenna to deploy it. 
• The proposed mechanical design was low cost and relatively simple. 
• The proposed mechanical design has been proven resistant and functional to all the 

applied shocks throughout the flight. 
• The proposed mechanical design has been proven resistant and functional to all the 

applied vibrations throughout the take off and the flight. 
• The proposed mechanical design has achieved almost all the concerning 

requirements. 

Negative 

• Not so efficient packaging of the antenna. 
• Many vibrations on the external box due to the direct mounting of the motor’s bases 

on it. 
• Very sensitive antenna’s casing tolerances→Deployment risk that could be proven 

vital for the experiment’s functionality. 
• The deployment motor did not achieve to work on full power. 

Future improvements 

To tackle the negative points of the mechanical design some suggestions are being 
proposed: 

• Weight optimization of the design→ investigation of what components were over 
dimensioned and proposition of a lighter design. 

• More efficient packaging of the antenna. The coaxial cylinders are considered quite 
sensible (regarding the tolerances). Investigation of different packaging and 
application of it to different antenna sizes. 
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Figure 5 AISat proposed deployment 

• Investigation of a more efficient packaging of the External Boxes components. 
o More compact design. 

• More tests on stepper motors to meet their specifications. 
o Better motor’s quality. 
o Test benches to define all the functional space of the selected stepper 

motors→transform it to a database. 

• Consideration to add a 3rd degree of freedom to the mechanism to achieve a better 
pointing of the antenna to the ground station. 
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7.3.1.5 Telecommunications  

 

Antenna results:  

One of the most innovative and operational parts of SHADE was, of course, its helix 
antenna. The technical characteristics achieved during construction were impressive for a 
non-mass-production helix antenna. 

To exploit the antenna’s spring shape we needed to use a material that could stand 
compression without permanent deformation and hard enough to withstand any forces or 
vibrations. After several attempts and discussions with experts, we came down to using 
Stainless Steel 302. This specific alloy held all necessary characteristics to meet our 
standards and support our experiment. But the use of a different material than copper 
came with several difficulties.  

First of all, due to the difference in the impedance of the antenna it was critical to construct 
a matching circuit that would keep the S-parameters to the desired level. Specifically, it is 
a general rule for an efficient antenna that the reflection coefficient (also known as S11) is 
below -10dB. To achieve that, the impedance of the antenna should be equal to the 
transmission line, which is 50 Ohms.  

Initially, we approached the issue by designing a PCB with microwave planar transmission 
lines and stubs above the ground plane to manage the impedance matching. 
Unfortunatelly, the waste of time and materials throughout this process made it unworthy 
and we focused on more traditional matching methods. The expected results were 
achieved through trial and error with Copper sheets of custom shapes and sizes, until we 
managed a reflection coefficient of -17dB.  

 

 

Another important problem we had to deal with was that due to copper’s elasticity, often 
during compression, the antenna would touch the ground plane, causing terrible 
malfunctions to its operation. For that issue, we used plastic screws and a teflon spacer to 
ensure there were no electromagnetic couplings. Afterwards, the antenna was tested in 
our Department’s anechoic chamber were its Gain and HPBW (Half Power Beam Width) 
were determined. With a Gain of ~12 dBi and HPBW of ~30 deg. our helix antenna is 
really close to the theoretical Copper made model. 
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Finally, the designed antenna and its deployment casing were tested on the harsh 
environment of the stratosphere on-board the BEXUS 29 gondola and was returned 
unharmed and operational (even after supporting the whole gondola for a few hours).  

 

After all these procedures, it has been made certain that the SHADE antenna is 
suitable for space applications and it is possible to use Stainless Steel 302 as 
construction material to exploit the antenna’s spring properties. 

Regarding the Ground Station antenna, it was made entirely out of Copper with a 
triangular copper sheet for matching which made its properties broadband. Only three 
turns were made to achieve a wider receiving angle. As the results during testing showed, 
the receiving antenna provided enough Gain and HPBW to receive the signal from the 
stratosphere, when pointing was correct. 
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The total system of GS antenna, LNA, Filter, Power Divider, Spectrum analyzer SDR 
module and Data SDR module worked exactly as expected and data were even decoded 
at a point to point distance of 138km. 

 

Ground station results:  

 

On the SHADE GS the received signal was split to reach the two SDR modules aiming to 
examine different parts of the experiment. After the signal reached the self-made helix 
antenna it was amplified by an LNA and filtered by a band-pass filter to end up in a 3dB 
power divider that would separate the signal to meet its two destinations. On the one 
ground computer, the power of the signal that reached the SDR module was measured 
through a spectrum analyzer function using SDR#. In parallel on the other ground 
computer, when data were sent from SHADE on board BEXUS 29, the signal was 
demodulated and decoded to acquire the data. This procedure was last successful at a 
point to point distance of 138km. Unfortunatelly, after that distance, the team focused on 
testing the pointing algorithm and only used a sine signal to measure the received power. 

Throughout the launch preparations, the team created an online campaign were people 
could write a quote to be sent from stratosphere. Thanks to a successful experiment these 
quotes were actually sent and received from stratosphere. Among them you will find the 
quotes of our mentors Paolo Concari, Stefan Kramer and our friends from TARDIS team. 
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Furthermore, throughout the flight log data were kept in order to cross-check whether the 
received power reached its theoretical standards. 

 

Time Stamp 
(UTC) 

Event 
Additional Notes 

2:33:20 
FLIGHT STATUS 

UPDATE Added box with aluminum spheres to increase mass (50 kg) 

3:11:10 
FLIGHT STATUS 

UPDATE Unfolding of the Balloon 

3:50:00 
FLIGHT STATUS 

UPDATE 
Launch on hold 

4:03:20 
FLIGHT STATUS 

UPDATE 
Inflation of the Balloon 

4:34:00 
FLIGHT STATUS 

UPDATE 
Balloon is released and ascending 

4:55:20 
Set ground station 
antenna  

Elevation 15.8 deg, Azimuth 110 deg 

5:02:20 CW check received power -86dBm 

5:03:30 
Set ground station 
antenna  

Elevation 11 deg, Azimuth 101 deg 

5:04:00 
Data Received on 
Radar Hill 

Received Data 

05:06:00 
Data Lost on radar 
hill   

5:09:48 CW check   

5:11:52 
Receiving cosine at 
radar hill 

received power -75dBm 

5:12:00 
Data received, CW 
check 

received power -80 dBm 

5:13:00 
Set ground station 
antenna  

Elevation 8 deg, Azimuth 101 deg 

5:15:00 CW check received power -75dBm 

5:18:00 Data Received   

5:20:45 Command: Scan 
(rotating the antenna in order to check the signal received in 

radar hill) 
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5:23:11 CW check received power -70dBm 

5:39:50 
FLIGHT STATUS 

UPDATE 
Reached 19 km altitude 

5:40:00 
Data received on 
radar hill 

Sending data and receiving on radar hill 

5:40:27 
Data Lost on radar 
hill 

  

5:43:49 
Data Received on 
radar hill 

  

5:44:19 
Lost Signal on 
radar hill 

  

5:45:58 
Data received on 
radar hill 

  

5:48:30 
Data Received on 
radar hill for 2 sec 

  

5:50:46 
Data received on 
radar hill 

maximum distance 138 km  

5:57:30 
FLIGHT STATUS 

UPDATE 
Reached 25 km altitude 

6:04:38 
Recalibration of 
SDR 

  

6:07:12 
FLIGHT STATUS 

UPDATE 
Reached 26 km altitude 

6:07:45 
Signal received on 
radar hill at -83 
dbm 

  

6:08:49 
Signal received on 
radar hill at -93 
dbm 

  

6:11:10 
Signal received on 
radar hill at -97 
dbm 

  

6:15:30 
Reached steady 
state on amplifier 
and raspberry  

amp_temp = 20 deg C, raspberry_temp = 30 deg C 

6:32:23 
CW check, set 
ground station 
antenna 

Elevation 5 deg, Azimuth 110 deg 

6:33:13 
Attempt to receive 
Data: Failed, CW 
check 

received power -100dBm 

6:41:10 
Receiving only 
noise at radar hill 

  

6:42:50 
Signal received on 
radar hill at -97 
dbm 

  

6:44:05 Attempt to receive maximum distance 209 km  
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Data: Failed 

6:55:31 Scan received power -110dBm 

6:13:00 
FLIGHT STATUS 

UPDATE 
15 min for Cut Down 

07:20:00 
FLIGHT STATUS 

UPDATE 10 min for Cut Down 

07:30:00 
FLIGHT STATUS 

UPDATE 
Cut Down 

07:50:57 
FLIGHT STATUS 

UPDATE E-Link Lost 

End of Bexus 29 Flight 
 

 

The received power over time can be seen in the following graph:  
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Overall Approach 

 
One of the secondary objectives of our experiment was to compare the quality of a 
communication link between an SDR based system and the SSC’s E-link. E-link is already 
proven to work, in fact the same system has been used for all the BEXUS missions. The 
disadvantages of the E-link, if any, are mainly the big volume and mass requirements. At 
this point we would like to clarify that, by no means at all, we do not imply E-link is not 
good, but for the sake of comparison we have to find some kind of trade-offs. So if E-link 
could take less volume, or weigh less, that would be beneficial for the BEXUS balloon, 
because it could fit maybe more experiments. 

At this point our communication link comes and takes the “lead” in terms of mass and 
volume. To continue, we compare communication systems, thus we should not forget to 
put some numbers on the table. We used GMSK modulation, which means more or less 
that the receiver either decodes the packet or not. There is no situation where some 
packets are decoded and some other not. So with our SDR transmitters-receivers by 
ensuring some specific received power levels, we are almost 100% sure that we can have 
a reliable communication system.  

On the other hand by using a directional antenna, the wanted signal power might easily 
become below the floor that is required for successful decoding. And that is due to nature 
of directional antennas. 

  
In conclusion an SDR based system could easily be developed and thus provide space for 
more experiments per gondola, but the selection of an omni-directional antenna is the best 
selection for such cases, as the balloon, and that is due to difficulty of developing a system 
that  rotates the antenna (like ours). The “easy” but not so efficient solution is to choose an 
omni antenna, while the most efficient solution is to use a directional antenna and a fast-
response system that will rotate the antenna. 
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7.4 Lessons Learned 

 

After PDR: 

Even from the preliminary stages of the project the team has realized the importance of 
documenting all the required information for a space-related project. Possible future mistakes have 
emerged and avoided even on such an early stage, i.e. communication failure due to insufficient 
antenna pointing. 

It has also been made clear, that for a relatively big project, organization, structure and an early 
start are crucial to its success. Due to the load of information to process and carefully write down, 
the importance of splitting up each chapter in smaller and simpler parts came up. Hence, each 
team member was assigned a part and after first completion, there was time to fill in the gaps and 
re-examine the consistency of the whole document. 

After Launch Campaign: 

When re-evaluating the whole progress of our team, from PDR stage to Launch Campaign, we can 
clearly spot the weaknesses and mistakes that have been made.  

Derived from the aforementioned observations, we can separate the weakness points into two (2) 
different categories: Technical and Management  

Management:  

1) Tasks management  
 

- Tasks was many times got assigned to wrong person, even from availability or 
knowledges perspective. That caused difficulties in the fulfillment of the task.  

- There was not always proper tracking of the assigned tasks. The uncompleted tasks, 
even if they are simple, can accumulate huge delays.  

- “Change of plans”: The alternation of an assigned task close to the deadline, can cause 
stress and disorientation of the team. (also, much more demanding work in order to 
catch the deadline).  

-  Not proper use of management tools in order the whole team to have access in the 
assigned tasks and their progress.  

- Dependencies between the assigned tasks was not always clear.  

 

2) Time management  
 

- Deadlines should have been looser and more well planned in order to add tolerances to 
potential delays of the task, that is very possible to happen.  

- Prototyping and orders should have been started way earlier in parallel with the design 
phase.  

- Always take under consideration the delays occurred from the suppliers/manufacturers, 
especially when the item/service is a sponsorship.  

- “Nothing works as “plug and play””: always take under consideration the fact that the 
person should get familiarized with new components/ technics/ measurement 
instruments or even test facilities. The lack of experience is not a mistake, but it can 
cause delays when not considered.  

- “Get to know your environment’s philosophy”: Bureaucracy is always a problem, but we 
need to accept that. As a new team in the university the procedures needed to get the 
project running was time consuming and caused critical delays as the financing was not 
allowed until one point. The university’s services were not working the whole summer, 
resulting in inability of the team to have any financial transactions during this period of 
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time. Although most of the problem was known or even suspected and should have 
been taken under consideration when designing the time schedule of the project.  

- “At the last moment”: Many times, the team was working until the last moment of a 
deadline. Separations of the tasks into smaller ones with shorter deadlines, may have 
helped the problem. 

- Assembly period should have been started way earlier. Mistakes and difficulties that got 
noticed during the assembly time, was really difficult to get solved efficiently and easier 
solutions got selected instead. 

- Wrong estimation of members availability. Exams’ or holidays’ periods should have 
been taken into more thorough consideration.  

- Also, you know that you failed in time management when “Greek Time” becomes a 
thing.  
 

3) Financial management 
 

- The budget planning seemed to be accurate enough for the fulfillment of the 
experiment, although many expenses as: traveling to the training weeks or individual 
expenses for the team (e.g. gas, tickets), should have been taken under consideration 
in the initial budget.  

- As mentioned before, the bureaucratic procedure from extracting money from the teams 
account was sometimes slow, as a result the members was paying for the needed item 
by themselves. That caused complications in the payment procedure.  

- “Buy only what you need”: some tools that was, in the end, never used for the 
experiment, could have been avoided. Although this never caused major expenses.  

- Always include in the initial budget the amount of money needed to maintain the labs 
into a good condition.  
 

4) Fundraising / Outreach  
 

- The team should have been able to approach companies-sponsors way earlier and also 
way more. That way the team would have been more flexible in ordering, manufacturing 
and even though design decision making. The team proceeded to more low-cost 
solutions that appeared to be less efficient.  

- Target market approach. The team should have been approached 
companies/organizations that are interested, or they want to appear interested in the 
field of research/space/engineering. That way the sponsorship would have been more 
possible.  

- Sponsors categorizing. Providing an organized sponsorship packet and presenting it to 
the potential sponsors is crucial in order to let them understand, the team’s needs and 
how much they can contribute on that. The sponsorship packet would include clearly 
noted the team’s needs and also clearly noted the sponsors categories. Those 
categories can be, e.g. Golden – who can claim the majority of promotion, Silver, 
Bronze and Supporters.  

- More frequent posts about the sponsors and how they contributed in the effort of the 
team.  

- More frequent communication with the sponsors in order to maintain the good 
relationship. (Newsletters, mails with the team’s progress etc)  

- More frequent posts in order to raise the views, likes, follows etc.  
- Keep your public updated.  
- Don’t forget to double check the posts. Many mistakes in the posted items noticed in 

the past.  
- Explain yourself. BEAM is a student association; SHADE is BEAM’s experiment. Those 

terms were not clearly defined from the beginning and caused confusion.  
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- Events, workshops, conferences are always good ideas, but if they are about to 
happen, they need to be implemented in the initial timeline. They appeared to be 
impossible, as the organization of those events is so time consuming.  
 

5) Human Resources management  
 

- As already mentioned, the availability of the members was not estimated correctly.  
- Careful of the team dynamics. The tasks should be fairly divided to the members.  
- Everyone must learn, everyone has the right to make mistakes, so overreactions should 

be avoided in order to maintain the right psychology to the team.  
- Team spirit is the most valuable weapon in order to overcome difficulties and reach the 

final goal. Without it nothing is really possible.  
 

6) Documentation and tools  
 

- Tools such as Team Gantt where not really useful as the team was not keeping track of 
them.  

- Slack appeared to be the most useful tool as it helped a lot the communication of the 
team and the assignment of the tasks was much clearer and more direct.  

- Team’s google drive, was frequently updated, but a lot of the documentation is still 
missing, especially during assembly period.  
 
 
 

7) Testing Facilities  
 

- The team faced difficulty in finding the proper testing facilities needed to complete its 
test plan. It appears to be more difficult than expected as in Greece, TVAC is not usual 
and if there is any it is not offered to the teams for tests.  
 

 

Technical: 

 

1) Mechanical  
 
- The design freeze for some components of the mechanical mechanism was achieved in 

early stages of the project, thus the order of the parts and the manufacturing procedure 
should have been started then, in order to avoid further delays.  

- Over dimensioning occurred in some of the parts, adding weight to the experiment  
- Assembly and cabling should have been taken under consideration during the design in 

order to ease those procedure and guarantee safe assembly and disassembly of the 
experiment  

- Size of connectors and cables should have been taken under consideration during the 
design of the electronics’ box. Bigger connector and non-flexible cables caused issues 
during the assembly.  

- Order of many spare parts should have been done as accidents occurred and created 
delays in the time schedule. 
 

2) Electrical and Electronics design  
 
- Better dimensioning of the motors or alternative design of the power system should 

have been done in order to use the motors in full power. That would ease the 
deployment and retrieve of the antenna.  
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- As described above, different GPS module should have been chosen. The licensing 
issue was not expected.  

- PCB design should have started in earlier stages of the prototyping as manufacturing 
mistakes caused delays in the time schedule.  

- Cabling procedure should have been more thoroughly planned in order to avoid over 
dimensioned cables that caused issues in the assembly  

- More spare components should have been ordered as delays from suppliers causes 
scheduling issues.  
 

3) Software  

 

- The ADCS algorithm should have been tested in earlier stages of the experiment, as 
mistakes in the initial parameters cause delays in the testing schedule. 

 

4) Thermal  
 
- Over dimensioning of the thermal insulation could have been avoided, making the 

assembly procedure easier.  
 
 

BEXUS 28/29 

One experience that we will never forget, Thank you for Everything 
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8 ABBREVIATIONS AND REFERENCES 

8.1 Abbreviations 

 

2D  2 Dimensional 

3D  3 Dimensional 

5G  5th generation 

AB  Antenna’s Box 

ACS  Attitude Control System  

ADCS  Attitude Determination and Control System 

AWGN Additive White Gaussian Noise 

BER  Bit Error Rate 

BWFN  Beamwidth of First Nulls 

BPSK            Binary Phase Shift Keying 

CEM  Computational Electromagnetism 

CFD  Computational Fluid Dynamics 

CST  Simulation Programme named: “CST” 

COG  Centre of Gravity 

DC  Direct Current 

DMCS  Deployment Mechanism Control System 

DLR  Deutsches Zentrum für Luft- und Raumfahrt 

DoF  Degrees of Freedom 

DBPSK Differential Binary Shift Keying 

dB  Decibel 

dBi  Decibel to 1 

EAT  Experiment Acceptance Test  

EAR  Experiment Acceptance Review 

EB  Electronics Box 

EM  Electromagnetic 

ERT  Hellenic Broadcasting Corporation (Greek Abbreviation) 

ESA   European Space Agency  

Esrange Esrange Space Centre 

EUB  External Upper Box 

FEM  Finite Elements Method 

FM  Frequency Modulation 

GPS  Global Positioning System 

GS  Ground Station 

GNSS  Global Navigation Satellite System 

GHz  Giga Hertz 

GUI  Graphical User Interface 

HPBW Half Power Beamwidth 

IMU  Inertial Measurement Unit 

IPR  Integration Progress Review 
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IoT  Internet of things 

LO  Lift Off 

LT  Local Time 

Kbps  Kilo Bits per second 

LNA  Low Noise Amplifier 

Mbps  Mega Bits per second 

MCU  Microcontroller Unit 

MIMO  Multiple Input Multiple Output 

m  meters 

mm  millimeters 

MU  Mechanical Unit 

NC  Not Completed 

N  Newton    

Nm  Newton meters 

OS   Observation System 

OTW  On The Way 

PA  Power Amplifier 

PCB  Printed Circuit Board 

PDR  Preliminary Design Review  

PDU  Power Distribution Unit 

PhD  Philosopher Doctor 

PS  Power System 

QAM  Quadrature Amplitude Modulation 

RCV  Received 

RF  Radio Frequency 

S11  Reflection Coefficient 

SD  Storage Data 

SDR  Software Defined Radio 

SED  Student Experiment Documentation  

SHADE         SDR Helix Antenna Deployment Experiment          

SNSA  Swedish National Space Agency  

SNR  Signal-to-Noise Ratio 

SRRC  Square Root Raised Cosine 

SSC  Swedish Space Corporation 

T  Time before and after launch noted with + or - 

TBD  To be determined 

TCP/IP/UDP Communication Networks Standards 

TXCS  Transmission Control System 

VSWR Voltage Standing Wave Ratio 

WBS  Work Breakdown Structure  

w.r.to   with respect to 

ZARM  Zentrum für angewandte Raumfahrttechnologie und Mikrogravitation 
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APPENDIX A– EXPERIMENT REVIEWS 

 
 

 

 

REXUS / BEXUS 
Experiment Preliminary Design Review 

 

 

Flight: BEXUS 29 

Payload Manager: TBC 

Experiment: SHADE 

Location: DLR MORABA, Oberpfaffenhofen Date: 11 Feb 2019 

 

1. Review Board members 
 

Kristine Dannenberg, SNSA 
Frank Hassenpflug, DLR MORABA 
Sebastian Weiß, DLR MORABA 
Katharina Schüttauf, DLR MORABA 
Alexander Kinnaird, ESA 
Rodrigo Avila de Luis, ESA 

 
 

Koen Debeule, ESA 
Stefan Krämer, SSC 
Maria Snäll, SSC 
Fredrik Rosenberg, SSC 
Simon Mawn, ZARM 
Dieter Bischoff, ZARM 

 
2. Experiment Team members 

 

Vasileos Vellikis 
Melina Koukou 
Despoina Argyropoulou 
Spyros Megalou 
Ioannis Myrsinias 

 

3. General Comments 
 

▪ PRESENTATION 

- The presentation was very well received by the members of the panel. 
 

▪ STUDENT EXPERIMENT DOCUMENTATION 

- Chapter 1 has good content but is far too extensive. 
ACTION: The team could consider moving the content of the introduction from page eight 
onwards to chapter 4 (design) or the Annex. 

- ACTION: The team shall consider improving the mission statement (see selection workshop 
presentation). 

- ACTION: The team shall consider including a diagram in section 1.4 to give a clear overview of 
the different elements of the experiment and how they interact with each other. 

- ACTION: Correct wording related to E-link (is not ESA but SSC or EuroLaunch). 
- ACTION: Correct document type on the front page from ‘Spec’ to ‘SED’. 
- In general the team shall define all acronyms on first use. 
- ACTION: The team shall include the ‘bookmark’ feature in their PDFs. 
- The team shall stick to the guidelines with respect to appendices. 
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4. Panel Comments and Recommendations 
 

▪ REQUIREMENTS AND CONSTRAINTS (SED chapter 2) 

- ACTION: The team shall add a requirement on the static loads (+/-5g horizontal, +10g vertical). 
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- Requirement F2 has been miscategorised, should be an operational requirement. 
- Requirement F3 has been miscategorised, should be an operational requirement. 
- Requirement F6 has been miscategorised, should be an operational requirement. 
- Requirement F7 has been miscategorised, should be an operational requirement. 
- Requirement F9 is evident, the team shall consider discarding it. 
- ACTION: The team shall consider including basic functional requirements related to their 

experiment. The following are suggested: 
o The experiment shall hold a system for the deployment of an Helix antenna. 
o The experiment shall hold an antenna pointing mechanism. 
o The experiment shall hold an algorithm allowing automatic pointing of the helix 

antenna. 
- The team shall consider enlisting the performance requirements of the system linking them to 

the functional requirements. 
- Requirement P2.1 has been miscategorised, should be a design requirement. 
- Requirement P5 has been miscategorised, should be a design requirement. 
- Requirement P6 has been miscategorised, should be a design requirement. 
- Requirement P7 is unclear and not verifiable. The team shall consider removing/modifying it. 
- Requirement D6.1 might be excessive and not required. The team shall consider discarding it. 
- Requirement D6.5 might be excessive and not required. The team shall consider discarding it. 
- Constraint C2 has been miscategorised, shall not be considered as such. 
- ACTION: The team shall consider including design requirements regarding the final dimensions 

of the experiment setup. 
 

▪ MECHANICS 

- ACTION: The team shall provide more detail on the rotational mechanism (design, components, 
elements in contacts, materials, etc.) 

- ACTION: The team shall provide more detail on the motors and gear sets to be used. 
- ACTION: The team shall provide more details on the fixation of the electronics. 
- ACTION: The team shall provide more details on the antenna cover (materials, tolerances, 

surfaces, etc.) with respect to properties which determine its dynamics (friction, for example) 
and consider possible coatings such as Teflon. 

- The team shall take into consideration that the design of the surfaces in contact is crucial to 
prevent stacking under cold temperatures. 
ACTION: The team is encouraged to test the deployment mechanism in cold temperatures. 

- When designing the deployment mechanism, the team shall consider that the spring force 
might not be perfectly axial and so it could cause staking of the mechanism. 

- ACTION: The team shall include a security rope (which could be a steel cable or a flexible rope 
like dyneema) to hold the elements hanging from the Gondola and prevent them from free 
falling in case the structure fails. 

- The team shall consider possible torsion forces generated in the structure by the moving 
elements of the system. 
ACTION: The team shall ensure the structure is strong and stiff enough to carry the loads of the 
external box and check if bending in axial direction and torques in radial direction are 
acceptable. 

- The team could consider attaching a ‘tension cable’ to better distribute the loads from the 
hanging elements of the system. 

- The team shall keep in mind cable twisting when designing rotating elements such as the one 
proposed. 
ACTION: Include a requirement on how the mechanism would be operated to prevent twisting. 

- ACTION: The team shall design for more threads on the gondola side to be flexible with the 
fixation of the inner electronics box. 

- Wind and/or aerodynamics analysis is not required nor relevant as the balloon is expected to 
move with the wind (no local airflow on the surroundings of the Gondola). 

 
▪ ELECTRONICS AND DATA MANAGEMENT (SED chapter 4.2.2, 4.2.3, 4.5, 4.7, 4.9) 

- ACTION: The team is encouraged to incorporate a system which enables them to check if the 
deployment has been successful. This could be, for example, a camera. 

- The team is encouraged to use an operation frequency of 1.4 GHz if required. 
- The team is encouraged to test the stepper motor in low temperatures and vacuum conditions. 
- The team shall provide a more detailed power budget and design of the power distribution 

system / unit. 
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▪ THERMAL (SED chapter 4.2.4 & 4.6) 

- The team shall keep in mind that inside the Gondola the temperatures are expected to be 
milder than on the elements located outside. If the antenna faces the Sun for long time 
temperatures could peak or if it in the shadow they could drop substantially. Absorbing and 
radiation properties of surfaces are a game of give and take and to find a balance on a 
BEXUS flight is not possible with a simple solution. 

- The main heat transfer mechanism on BEXUS is conduction. The setup will transfer large 
amounts of thermal energy when the gondola passes through a cloudy area in the 8 to 11km 
altitude range (temperatures could be down to -60°C) because of the heat capacity of water 
(small droplets or higher humidity). 
ACTION: The team is suggested to prevent heat bridges and avoid heat loss by conduction. 

- The use of MLI (multilayer insulation) for thermal control is discouraged. 
ACTION: The team shall consider using a proper insulation material. 

- Regarding the calculations presented on page 54, surface A seems to be missing. 
ACTION: The team shall provide a basic calculation with the „corrected“ equation and compare 
the result with the internal heat (electrical heat dissipation). 

- ACTION: The team shall provide a proper thermal design for the experiment. 
 

▪ SOFTWARE (SED chapter 4.8) 

- The team shall consider operating the antenna early in the flight instead of waiting until reaching 
cruise altitude. 

- The team shall consider implementing a functionality for manual operation of the antenna, not 
only to be able to deploy it in case of malfunction of the automated system but also for testing 
purposes, for example. 

- At the current moment the software section is simple, the team should add more detail on it. 
 

▪ VERIFICATION AND TESTING (SED chapter 5) 

- ACTION: The team is encouraged to test their motors and mechanisms in a thermal vacuum 
chamber as soon as possible. 

- Many tests seem to be on ‘prototype’ and ‘component’ level. Extensive testing on these levels 
could be very resource consuming. 
ACTION: The team shall think about the level at which they would like to perform their testing. 

- In general, performance requirements are first analysed and later tested. 
- In general, testing is rarely a standalone verification method. 
- The team shall consider verifying requirement D4.1 by analysis first. 
- Requirement D5.1 cannot be only verified by review, it needs to be tested. 
- Requirement D5.2 cannot be only verified by review, it needs to be tested. 
- Requirement D6.6 should be analysed first and then tested. 
- Requirement D7.1 should be reviewed first and inspected after integration of the experiment. 
- Requirement D7.2 should be reviewed first and inspected after integration of the experiment. 
- Requirement D8 should be analysed first and then tested. 
- In general the verification methods proposed by the team are good. 
- Some of the proposed test do not clearly verify the referenced requirement. 

ACTION: The team shall further define tests plans. 
 

▪ SAFETY AND RISK ANALYSIS (SED chapter 3.5) 

- The risk register is missing some risks which are really related to the project, for example: 
o Deformation of the antenna under the cold conditions. 
o Jamming or reduced mobility of the positioning system. 
o Antenna deployment failure. 
o Failure to establish connection. 
o Failure to orientate the antenna. 
o Failure to locate the Gondola. 

- Some of the risk probabilities proposed by the team seem to be quite high, for example TC6. 
- Some of the risks proposed seem to be too far-fetched or result of a bad design/implementation, 

for example: TC2, TC3, TC4. 
- The team is missing project management risks, for example a team member leaving, insufficient 

funds etc. 
- ACTION: The team shall complete and further define the risk register. 
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• LAUNCH AND OPERATIONS (SED chapter 6) 

- ACTION: The team shall clearly indicate on the SED Chapter 6 the ground station and antenna 
they are planning to bring to receive the signal from the experiment. 

- Safety risks could be mainly associated with external components falling from the Gondola, 
which could be mitigated by using a safety cable for the components located outside the 
platform. 

- ACTION: The team shall indicate on the timeline when do they expect to deploy the antenna. 
- ACTION: The team shall clarify why late access to the Gondola is required, if so. 

 

- ORGANISATION, PROJECT PLANNING & OUTREACH (SED chapters 3.1, 3.2, 3.3 & 3.4) 

• The team organization and work distribution seems to be good. 
• The budget is quite basic. 

ACTION: The team shall provide a more detailed version of the budget to ensure viability. 
• The team seem to have allocated a big budget for travel expenses (take into 

account ESA sponsorship of the trips). 
• ACTION: The team shall consider including the shipping of the experiment in the 

budget (take into account that might be expensive having a 2m diameter dish). 
• The team shall keep in mind that it is recommended that the experiment be 

shipped 4 weeks before the start of campaign. 
• ACTION: The team shall include the complete Gantt chart and availability 

matrix in the document. 
• ACTION: The team should perform full project planning to ensure the right people is 

available at the right time. 
• The team shall provide working links for social media platforms on the SED. 
• Some confusion was generated with the branding, SHADE for the experiment and 

BEAM for the team. For an outsider point of view, it would be better to stick with 
one of the names. 

• Great use of project management tools, please record how is it to work with 
them in the lessons learned. 

• ACTION: The team shall include details of available labs, integration and testing 
facilities in the external support section. 

 

5. Internal Panel Discussion 
 

▪ Summary of main actions for the experiment team 
- The team shall provide a detailed design of the rotational design mechanism (motors, 

gear set, surfaces in contact, etc.) and a clear test plan to ensure proper operation 
under cold conditions. 

- The team shall provide a detailed design of the deployment system (surfaces in 
contact, coatings, dimensions, tolerances, temperature-dependant properties, etc.) and 
a clear test plan to ensure proper operation under cold conditions. 

- The team shall provide more detail on the operation of the antenna and how to check if 
the deployment is successful, if the pointing mechanism is working, etc. 

 
▪ PDR Result: CONDITIONAL PASS 

 
▪ Next SED version due: v1-1, 16th March 2019 
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REXUS/BEXUS 
CDRs  

   EXPERIMENT CRITICAL DESIGN REVIEW  

  
  FLIGHT:  BEXUS 29  
  EXPERIMENT:  SHADE  
  LOCATION:  ESA/ESTEC   Noordwijk, The Netherlands       DATE:   17 May 2019   10:30  
  

  
1. REVIEW BOARD MEMBERS                

        
 ESA  Alexander Kinnaird  SSC  Maria Snäll  
 ESA  Rodrigo Avila de Luis  ZARM  Simon Mawn  
 ESA  Koen Debeule  ZARM  Dieter Bischoff  
 ESA  Paolo Concari  ZARM  Anna-Maria Buchner  
 ESA  Giorgio Parzianello  DLR-MORABA  Katharina Schüttauf  
 SSC  Stefan Kramer  SNSA  Kristine Dannenberg  

    

  
2. EXPERIMENT TEAM MEMBERS  
  

Melina Koukou  
Vasilis Vellikis  
Spyros Megalou  
Konstantinos Koutropoulos  
Andronikos Dourmisis  
Ioannis Myrsinias  
Ioannis Ioannou  

  

  
3. GENERAL COMMENTS  
  

PRESENTATION  

• The presentation was very well received by the panel members. Good design and structure.  

  
STUDENT EXPERIMENT DOCUMENTATION  
• The document in general is considered very good.  
• ACTION CDR-01: The team shall improve the readability of the document: o including cross-

references to make navigation easier (e.g. page 25 referring to Appendix C). o including 

bookmarks.  
o moving large analysis to the annex. For example, section 4.2.3 on radio frequency; except for 

the tables and important figures, the rest could be moved to the annex.  

• ACTION CDR-02: The team shall correct some details in the document: o  include all 

partners in the list of abbreviations (ZARM, SNSA, SSC).  
o include (if necessary) a missing figure in section 4.2.3.1 (there is an indication stating ‘see 

figure below’ but there is actually no figure below). o  Modify the document ID: should 

be ‘Apr‘ not ‘April‘.  
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o Remove blank pages such as page 8.  

 

  
4. PANEL COMMENTS AND RECOMMENDATIONS   

  
REQUIREMENTS AND CONSTRAINTS (SED chapter 2)  

   The panel considered there was a great improvement in the requirements section.  
• ACTION CDR-03: The team shall clarify that the antenna rotates +/- 180 degrees (maybe more?) 

from its set point, rather than just indicating 360 degrees (requirement P2.1).  
• Specifying that the ‘temperature shall be measured by a temperature sensor’ (requirement F8) is 

considered redundant. The team shall consider deleting ‘by a temperature sensor’.  
• The team shall consider including a requirement regarding the rotational speed of the motor.  
• The wording used for the functional requirements could be improved as currently it makes them 

sound like design requirements: ‘the experiment shall hold the system’.  
• Requirement D4.2 and D10 addressing the temperature profile of the experiment could be 

conflicting or fall into duplications. The team could consider reducing both to a single clear 
requirement on temperature or clarifying the difference.   

• Requirements P1.1 and P1.2 seem to be conflicting with requirement D9.  
• Requirement P2.1 and D15 regarding antenna rotation seem to be conflicting or a duplication.  
• Requirement D1 refers to ‘ejected’ components whether it should better indicate ‘falling’ 

components.  

  
MECHANICS  

• ACTION CDR-04: The team shall propose a proper fixation for the cable to the pulley, in order to 
prevent possible slippage.  

• ACTION CDR-05: When computing the required torque to be exerted by the motors, the team shall 
take into account the static and dynamic friction, jamming, change of lubricant properties due to 
cold temperatures, etc. If possible, the motors should provide at least twice the torque as 
theoretically estimated. A force budget should be established, and reported.   

• ACTION CDR-06: The team shall indicate in the SED the methods to allow the antenna (spring) to 
exert the force in the longitudinal direction (half a circle for the base of the antenna, cotton pad on 
the other side?).  

• ACTION CDR-07: The team shall update the mechanical interface to the Gondola: o  Use standard 

parts for the attachment of the Gondola to the rails (sliding bolts).  
o Use the rails of the bottom of the Gondola to attach your antenna, with 4 attachment 

points instead of two.  
o Remove the lateral fixation to the Gondola (this will give you more flexibility when 

positioning the experiment on the Gondola).  
o Move the experiment closer to the bottom of the Gondola. o  Be aware of the 

tolerances of the Gondola when planning the fixations (allow for some margin).  
o The team is suggested to take the fixation via the sliding block of the aluminium strut 

profile. This will cause much more friction than just the four clamping bolts.  
o In general welding is discouraged, avoid as much as possible.  

• There are some concerns within the panel that the mechanic link for the antenna to the shaft 
motor might be weak, although some structural analysis was presented confirming the structure is 
stiff enough.  

o ACTION CDR-08: The team shall do a vibration analysis of the structure and find the eigen-
frequencies of the system.  

o ACTION CDR-09: The team shall, if not done so yet, include the forces generated by the 
cable, the motor and the spring on the fixation of the antenna.  

• ACTION CDR-10: The team may consider repositiing the camera in order to better capture the 
deployment and pointing of the antenna.  

• ACTION CDR-11: Although some safety lines have been included already in the design, the team 
shall include safety ropes also for the camera itself (not only the structural support of the camera), 
the strut profile and the electronics box.  

• Regarding the camera fixation, the team shall leave enough tolerance for the clamp which will be 
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attached onto the square tube of the gondola (opening must be bigger than 40mm).  
• ACTION CDR-12: The team shall clarify how the hinge of the camera frame will be fixated to prevent 

moving or disarrangement.  
• ACTION CDR-13: The team shall clarify how the electronics’ box is attached to the strut profiles.  
• The team shall take into account that Teflon is not a very stiff material when designing the sliding 

cases (cylinders) that cover the antenna. Grooves might help to prevent twisting of the Teflon 
sections during deployment.  

  
ELECTRONICS AND DATA MANAGEMENT (SED chapter 4.2.2, 4.2.3, 4.5, 4.7, 4.9)  

• ACTION CDR-14: The team shall develop a procedure to ensure safety when transmitting high 
radiofrequency power for testing on ground, in accordance to European / Swedish regulations.  

• ACTION CDR-15: The team shall present a power budget including duty cycles and take into account 
the efficiency of the DC-DC converters.  

• ACTION CDR-16: The team shall present more information on the telemetry budget.  
o ACTION CDR-17: The team shall consider adding a notch filter on the transmitter and an 

output filter after the amplifier. The team is encouraged to discuss this with their mentor 

Paolo Concari 
• The team shall consider using a pressure sensor with greater range, as pressures can go down to 5 

mbar. Otherwise, ensure your altitude measurements are derived from other device such as the 
GPS when the pressure sensor is not able to measure anymore, or provides illogical values.   
  

THERMAL (SED chapter 4.2.4 & 4.6)  
• ACTION CDR-18: The team shall include information about the thermal protection for the camera.  
• Despite there is a complete thermal analysis performed, it is not clear how this results drive the 

thermal design of the experiment.   
ACTION CDR-19: The team shall clarify how has the insulation and heating system been sized.  

• The team shall take into consideration that mechanical components such as the motors might fail 
due to cold conditions before reaching the survival/operating temperature specified in the data 
sheet.  
ACTION CDR-20: The team shall verify as soon as possible that indeed the motor is able to operate 
at low temperatures. Specifically, it shall be tested starting it from very cold conditions (as 
expected after the Gondola passes cloudy areas in the range of 8 to 11 km altitudes, where 
temperatures might reach -60°C).  

• The team shall take into consideration the impact of heat path/bridges in the thermal models, 
through the struts to the Gondola and through bolts and metallic attachments.  

• ACTION CDR-21: The team shall specify which are the coatings (colour) of the external box, as this 
will have a relevant impact on the temperatures of the experiment.  

• The team shall take into account that the canvas cover of the Gondola will be partly removed in 
the corner where the experiment is mounted. This may reduce the thermal condition for the 
electronics‘ box (lower ambient temperature, but, potentially higher solar radiation when sun 
pointing) which is furthermore directly conducted onto a low temperature aluminium profile.   

  
SOFTWARE (SED chapter 4.8)  

• Excellent overview of the process, good considerations on safety and reliability, well described 
interfaces and flow chart and good modularization.  

• ACTION CDR-22: The team shall ensure there is enough man power on programming. At least two 
responsible for this task are recommended.  

• ACTION CDR-23: The team shall consider keeping the experiment running from the beginning (not 
waiting until a certain altitude is reached) except for the high power transmission from the 
antenna (for safety reasons).  

• ACTION CDR-24: The team shall consider and decide if the camera will automatically take the 
pictures and be recovered afterwards (easier implementation) or if the camera will be 
telecommanded and some (reduced size?) pictures downloaded during the flight.  

• ACTION CDR-25: The team shall provide a data budget including data from pictures, housekeeping, 
science as well as a list of the commands they would like to send.  

• ACTION CDR-26: The team shall test the proposed rotation algorithm for the antenna.  
• ACTION CDR-27: The team shall think and propose a logic for the coordination between the two 
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ground station points (the one receiving the e-link data and the one receiving the signal from the 
SHADE antenna). The data could be shared amongst both stations but is recommended to have a 
centralized control centre.  

  
VERIFICATION AND TESTING (SED chapter 5)  

• ACTION CDR-28: The team shall better mark the non-completed tests in other way rather than ‘NC’. 
This acronym is used for non-compliant giving the impression that your system does not comply 
with any of the requirements.  

• Some of the requirements are assigned multiple tests for verification. Similarly, one test seem to 
contribute to verify multiple requirements.  
ACTION CDR-29: The team shall better propose specific tests for each requirement, aiming to verify 
a specific function or performance.  

• ACTION CDR-30: The team shall further define and specify the tests. In particular, test 7 related to 
hardware and event handling.  

• It seems like some of the tests are already behind schedule.  
ACTION CDR-31: The team shall match their test plan to the project planning and determine if late 
testing impacts overall delivery/milestones.   

  
SAFETY AND RISK ANALYSIS (SED chapter 3.5)  

• The section regarding safety and risk analysis is considered to be quite good by the panel.  
• ACTION CDR-32: The team shall include a table in the document rather than an image (Table 3-1).  
• It is good that the team have identified new risks and included them. Nevertheless, in general, the 

objective would be to reduce the risks over time, as the project evolves.  
• ACTION CDR-33: The team shall consider including a cause for the risk TC13.0.  
• ACTION CDR-34: The team shall consider proposing more actions to reduce risk TC1.0.  

• ACTION CDR-35: The team shall consider raising the severity of risk TC2.0 and including more 

specific actions to mitigate or reduce this risk. 

 
• ACTION CDR-36: The team shall consider alternative actions to mitigate risk TC13.1 as tele 

commands might not be a useful solution to address this problem (e.g. reduce probability through 
design, analysis and test!).   

• Risks TC.14 are not properly categorized (not ‘TC’ risks). ACTION CDR-37: The team shall rename 
them.  

• ACTION CDR-38: The team shall consider the risk of the Gondola impacting the ground or the 
Hercules vehicle during launch.  

• The team shall consider a vibration test as an action to reduce risk TC4.0.  
• The team shall consider and request an interference test with the E-Link as an action to reduce risk 

TC9.0.  
• The team shall consider including RBFs (Remove Before Flight) covers to protect the experiment.  

  
LAUNCH AND OPERATIONS (SED chapter 6)  

• Three IP addresses will be allocated to the team.  
• The team shall take into account magnetic disturbances on the balloon pad which could influence 

the readings of the compass.  
• The team shall take into account that no ground station connected to the E-net (experiment 

network) may also be connected to the internet. This should be considered when determine how 
to communicate between the two ground stations.   

• ACTION CDR-39: The team shall consider moving the late access procedure to an earlier time if 

possible.  
• ACTION CDR-40: The team shall request to receive the position data from the E-bass in Chapter 6.  
• ACTION CDR-41: The team shall consider including a visual (LED) or sound indicator for the antenna 

when is transmitting at high power for safety reasons.  

  
ORGANISATION, PROJECT PLANNING & OUTREACH (SED chapters 3.1, 

3.2, 3.3 & 3.4)  Good use of Slack.   
• ACTION CDR-42: The Gantt is very detailed but the team shall make some improvements:  
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•  o  Add a progress line in the Gantt charts (appendix 153/154).  
•  o  Add or trace a clear critical path(s).  

• Improve the x-axis so the dates are easier to check.  
• It seems like the TVAC test is planned in a moment when the testing facilities are not available.  

ACTION CDR-43: The team shall update this information in the SED and plan accordingly to ensure 
the tests can be carried out as planned (especially over the summer).  

• ACTION CDR-44: The team shall aim to match the required time and expertise to complete the work 
packages with the availability of the team members.  

• ACTION CDR-45: The team shall include the final system AIT in the WBS.  
• ACTION CDR-46: The team shall provide a list of expenses vs. agreed/pending support and an overall 

surplus/shortage.  
• In general good outreach, good reach and good engaging content. The team could step it up with 

videos and pictures as you get more hardware and approach the campaign.  
• ACTION CDR-47: The team shall try to make as clear as possible the differences between SHADE, 

BEAM and BETA (sponsor) as it could be misleading / confusing for the general public.  
• ACTION CDR-48: The team shall use the standard REXUS/BEXUS Programme phrases to describe the 

program  
(‘German Swedish Program in Collaboration with ESA…’). All of them and more information can be 

found in the Outreach guidelines available on the TeamSite.  
• ACTION CDR-49: The team shall be specific with the terms used in the Outreach. o  DLR, SNSA, ESA 

are organizers of the program, not supporters. o  The team shall use SNSA instead of SNSB, 

when referring to the Swedish National Space Agency.  
o The panel of experts are, indeed, a panel of experts or reviewers, rather than judges.  

• ACTION CDR-50: The team shall fix the contact link on the webpage.  
. INTERNAL PANEL DISCUSSION  

  
Summary of main actions for the experiment team:  

• The team shall prove that the mechanical connection of the antenna is robust enough or modify it.  
• The team shall provide a new design for the fixation with the Gondola.  
• The team shall ensure the motors and mechanism will operate as expected under cold conditions 

and will provide enough torque to operate the antenna.  

 

PDR RESULT: CONDITIONAL PASS   
Next SED version due: 1st July 2019   
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BEXUS IPR  

Experiment Integration Progress Review  

 

 

1.  REVIEW  

Flight: BEXUS 29  

Experiment: SHADE  

Review location: Aristotle University Thessaloniki / Greece  

Date: 22-23 July 2019  

Review Board Members  

1. Stefan Krämer (SSC)  

2. Paolo Concari (ESA)  

Experiment Team Members  

Melina Koukou  Spyros Megalou  

Ioannis Varvaringos  Ioannis Myrsinias  

Despina-Ekaterini Argiropoulos  Ioannis Ioannou  

Konstantinos Koutropoulos  Andronikos Dourmisis  

Elli Loukaridou Kizili  Orestis-Rafail Nerantzis  

Vasilis Vellikis (via telecom)    

2.  GENERAL COMMENTS  

The team was very well prepared for the review and presented clearly and in 
detail the current status of the project progress. Changes were highlighted 
and discussed. The project seems well managed and the resources well 
organised. A workspace has been recently established by the team which 
offers the opportunity to work within their university with unlimited access.  

The team shows a strong bond and the spirit is extraordinarily positive. Almost 
all team members participated in the relevant parts of the review (partially via 
telecom) which made it possible to have  fruitful discussions and fast 
decisions.  

2.1.  Presentation  

• Very good and well prepared presentation with focus on details of the 

system and changes.  

2.2.  SED  

• ACTION IPR-01: The team shall update the document name with the mission 

number: BEXUS 29.   
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• ACTION IPR-02: The team shall follow the template and add the mission name 

on the front page.  

• Excellent Project Management Chapter.  

• ACTION IPR-03: The team shall compare budget used to still available in the 

budget list, as it is not clear how much funding the team has left.  

2.3.  Hardware  

• Raspberry Pi´s (later abbreviated RPi)  

• Sensors o GPS  

o Temperature sensors o  Altimeter o  IMU  

o Magnetometer  

o External Temp sensor via I2C / Ethernet interface   

• Basler Camera  

  

  

• Stepper Motor  

• SDRs  

• Helix Antenna prototype  

• Antenna Structure Prototype  

• Aluminium profile boom  

• Power Units / DCDC converters  

3.  FOLLOW UP ON CDR ACTION ITEMS  

• Almost all actions items are closed with SED 3.0 or during discussion 

at IPR.  

4.  PHOTOGRAPHS  

  

Test setup with all sensors in 

the loop connected to the RPi  
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List of stored data  

 

  

Stepper motor for antenna 

retraction including prototype of 

disk with rope  

  

Tuned prototype of helix antenna  
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Assembly of delivered telescopic 

antenna structure  

 

  

BASLER camera  

  

Test PCB for sensors  
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Assembled telescopic antenna 

structure  

 

  

Test of BASLER camera  

  

One of the two SDR used in the 

experiment  

  

Setup for testing packed exchange 

with GNU- 

Radio  
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Delivered gear for antenna 

pointing, probably to be changed or 

adapted.  

5.  REVIEW BOARD COMMENTS AND RECOMMENDATIONS  

5.1.  Science  

• SSC has approved 1430MHz.  

• ACTION IPR-04: The team shall characterize as much as possible the whole 

system with all components in the loop. A post-flight characterisation 

might be difficult because the antenna might break during landing. ALL 

information you can imagine, which could be important after flight for 

the evaluation of the results, need to be gathered before the flight!  

5.2.  Requirements and constraints (SED chapter 2)  

• ACTION IPR-05: The team shall update the requirements and constraints 

section according to the CDR report.  

5.3.  Mechanics (SED chapter 4.2.1 & 4.4)  

• The team might enlarge the electronics box by a few millimetres to gain 

more space for the electronics.  

• ACTION IPR-06: The team shall update the design of the outer box with the 

profiles as discussed: o Use a profile structure to carry the loads and 

transfer them to the base plate and boom.  

o Use a thin sheet of metal on the non-loaded sides of the outer box 

as thermal and impact protection.  

o Discuss the design update with your manufacturer regarding 

manufacturability.   SSC will place the GPS antenna on top of 

the gondola to ensure best line of sight.  

5.4.  Electronics and data management (SED chapter 4.2.2, 4.2.3, 4.5 & 

4.7)  

• ACTION IPR-07: The team shall leave as much space as possible between the 

two Ethernet connectors and the power connector. It will be very 

difficult to plug and unplug the connectors in the current configuration.  

• ACTION IPR-08: The team shall not use the cap on the E-Link connectors.  

• The absolute position of the antenna might be lost after an accidently 

reboot.  
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ACTION IPR-09: The team shall:  

o Consider using a (in the best case) contactless reference sensor 

for the ZERO position which can be applied at every boot 

sequence.  

o Implement an initialisation process, which is run after every reboot 

in flight mode. In Test mode on ground the team will need to trigger 

the initialisation by command.  

• ACTION IPR-10: The team shall consider using am Ethernet-switch instead of 

two E-Link connections. It will make it easier and more reliable to test, 

since you would have all hardware in the loop all the way to the E-Link 

interface.  

• ACTION IPR-11: The team shall check the layout of the RPi and the PCBs so 

the cables and connectors do not interfere.  

• ACTION IPR-12: The team shall implement a mechanism to force an external 

time for both RPis or an automatic script between the OBCs.  

• All breakout sensor boards will be mounted to the base plate in the 

electronics box.  

ACTION IPR-13: The team shall consider using nylon screws or metal for 
components depending on the thermal –or grounding behaviour 
demand.   

• ACTION IPR-14: The team shall use  an N-Type connector to the antenna on 

the electronics box interface.  

5.5.  Thermal (SED chapter 4.2.4 & 4.6)  

• ACTION IPR-15: The team shall use Styrofoam 250 AN or similar. This 

materials is flight proven.  

• The available T-Vac chamber has 400x400x600mm size and is at the 

University of Patras.  

ACTION IPR-16: The team shall try to have as much integrated and operating 
system as possible inside the chamber while testing.  

• ACTION IPR-17: The team shall use thermal glue to attach the thermal sensor.  

• ACTION IPR-18: The team shall add thermal sensors (e.g. via your camera 

RPi) on critical components for the test and flight.  

• Expect frequency drift due to change in the temperature during flight. 

ACTION IPR-19: The team shall characterise the change during the test  

• ACTION IPR-20: The team shall characterise the thermal bandwidth of your 

antenna before flight.   

• ACTION IPR-21: The team shall consider using a housing of the bespoken 

thermal insulation material for the camera.  

• ACTION IPR-22: The team shall test the camera during the thermal vacuum test 

and decide if it requires thermal protection and if the heat bridge to the 

Gondola via the mounting bracket is beneficial or a risk.  

5.6.  Software (SED chapter 4.8)  

• ACTION IPR-23: The team shall discuss adding a layer of safety to be able to 

control the power of the RPi by the second and vice versa.   
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• Both ground stations on Radar Hill and on the Dome are on the 

experiment (E-Link) network BUT not connected to the Internet.   

o ACTION IPR-24: The team shall clarify the necessary network between 

ground stations with an explanation and a sketch in SED 

Chapter 6.  

o 3 computer are needed:  

1. Ground station DOME - E-Link  

2. Computer Radar Hill - Internet  

3. Computer DOME - Internet  

Computer 2 and 3 are connected by internet BUT not connected to E-Link  

• The responsibilities in the software development are clearly defined 

and the interface well managed. The team members work closely 

together and have a basic understanding of the work of the other team 

members. The work is distributed as follows:  

o Tracking and algorithms (Despina).  

o Data handling and management (Orestis).  

o Sensor and control (Andronikos).  

5.7.  Verification and testing (SED chapter 5)  

• The thermal vacuum test is crucial for the experiment.  

ACTION IPR-25: The team shall:  

o  Be prepared and compare the results with the analysis while 

testing. o  Monitor the temperatures and do not risk components. o 

 Have thermal protection material or heat sink material ready to 
apply for immediate reaction on the test an iterate the test run with 
the new configuration  

5.8.  Safety and risk analysis (SED chapter 3.4)  

• No comments  

5.9.  Launch and operations (SED chapter 6)  

• ACTION IPR-26: The team shall define the late access procedure.  

• ACTION IPR-27: The team shall add the time for setting up the ground station 

antenna before or during count down.  

• ACTION IPR-28: The team shall have the ground station antenna operating 

during FCT and record all date as baseline and reference for post 

processing.  

5.10.  Organisation, project planning & outreach (SED chapters 3.1, 3.2 & 

3.3)  

• Proposed EAR date 12-13 September 2019  

• ACTION IPR-29: The team shall re-evaluate the travel cost for non-sponsored 

students and update the budget, taking the following costs into 

account:  

o Flights up to 400€ per person.  

o Hotel at Esrange about 65€ per person per day (incl. full 

board). o  Hotel outside Esrange might vary in price.  
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5.11.  End-to-end Test  

• The function of the RPi with the following sensors was successfully 

presented: o  GPS. o  Temperature sensors. o  Altimeter. o 

 IMU. o  Magnetometer. o  External Temp sensor via I2C / 

Ethernet interface.  

• Camera interface and recording of pictures was presented.  

• Operating the stepper motor via software interface.  

o Manual input.  

o Manual input of compass value – according algorithm and motor 

output for pointing.   

• Packet transmission and reception GNU Radio based with flight 

representative free path attenuation.  

• Heater hysteresis algorithm.  

6.  FINAL REMARKS  

6.1.  Summary of main actions for the experiment team  

• ACTION IPR-30: The team shall adapt the design of the outer box according to 

discussion held during the IPR.  

• ACTION IPR-31: The team shall adapt the changes on the motor base in terms 

of manufacturability (discuss with the manufacturer).  

• ACTION IPR-32: The team shall start the implementation of all electrical 

components and software packages as soon as possible. Almost all 

parts are existing and can be used.  

• ACTION IPR-33: The team shall perform a thorough and well prepared thermal 

vacuum test and evaluate the results during the test.  

6.2.  Summary of main actions for the organisers  

• No actions.  

6.3.  IPR Result: pass / conditional pass / fail  

• Pass.  

6.4.  Next SED version due  

• SED v4-0 due Thursday 5th of September 2019.  
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7.  INTEGRATION PROGRESS REVIEW – IPR  

Experiment documentation must be submitted at least five working days (the 
exact date will be announced) before the review (SED version 3). The input 
for the Campaign / Flight Requirement Plans should be updated if applicable. 
The IPR will generally take place at the location of the students’ university, 
normally with the visit of one expert.  

The experiment should have reached a certain status before performing the 
IPR:  

• The experiment design should be completely frozen.  

• The majority of the hardware should have been fabricated.  

• Flight models of any PCB should have been produced or should be in 

production.  

• The majority of the software should be functional.  

• The majority of the verification and testing phase should have been 

completed.  

The experiment should be ready for service system simulator testing 
(requiring experiment hardware, electronics, software and ground segment to 
be at development level as minimum).  

Content of IPR:  

• General assessment of experiment status.  

• Photographic documentation of experiment integration status, with 

comments were necessary.  

• Discussion of any open design decisions if applicable.  

• Discussion of review items still to be closed.  

• Discussion of potential or newly identified review item discrepancies.  

• Discussion of components or material still to be ordered or received by 

the team.  

• Clarification of any technical queries directed towards the visiting 

expert.  

• Communication and functional testing (Service system simulator testing 

and E-link testing for REXUS and BEXUS respectively).  
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1.  REVIEW  

Flight: BEXUS 29  

Experiment: SHADE  

Review location: Aristotle University Thessaloniki - Greece  

Date: 16th September 2019  

Review Board Members  

Stefan Krämer (SSC, Science Services, Payloads)  

Experiment Team Members  

Melina Koukou  Andronikos Dourmisis  

Vasilis Vellikis  Ioannis Varvaringos  

Despina Ekaterini Argiropoulos  Orestis-Rafail Nerantzis  

Ioannis Myrsinias  Konstantinos Koutropoulos  

Elli Loukaridou Kizili  Spyros Megalou  

2.  GENERAL COMMENTS  

  

2.1.   Review Summary  

The team presented a far integrated experiment. Only minor details were not 
yet mounted or fixated. The basic functions and the communication via 
Ethernet and RF Link were verified. Overall there is still a certain amount of 
work to be done on final integration, optimisation and testing but there is no 
obvious show stopper left.   

The function of the camera could not be presented since the corresponding 
RPi was mechanically damaged on integration. Test results verifying the 
function are available in the SED.  

2.2.  Mechanics  

Net Mass (measured)  n/a  kg  

Gross Mass (measured)  To be measured  kg  

• The Experiment was mounted to a piece of plywood and not fully 

integrated. The final mass has to be provided.  

2.3.  Electronics  

Low Battery Voltage  24  0.8A  

Average Battery 

Voltage  

28V  0.75A  

High Battery Voltage  32  0.7A  
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• Measurement with heaters on and transmission via RF.  

• Difference of current between Heaters and transmitters ON and OFF 

very small.  

• Power supply performed under variation of input voltage.  

• Several components on power PCB heated up significantly.  

  

2.4.  Software  

Uplink  n/a  

Downlink  To be measured  

• Ground Station o  Software ready – commands and receiving data 

and status.  

 o Graphical interface and presentation of HK data in work.  

• Experiment  

o  Experiment software functions were verified in end 

to end test. o  On board software is finalised and 

working. Only optimisation work left.  

2.5.  Verification and testing  

• Vacuum test has been performed with a passive experiment.  

• Several RF tests have been perform in local anechoic chamber.  

• Testing of pointing algorithm on integrated system pending. Pre-tests 

on hardware finished.  

2.6.  End-to-end Test  

• An end to end test was performed.  

▪ Stable communication and re-connection via Ethernet.  

▪ Reading of sensors on board.  

▪ Commands from ground station:  

• Control of TX.  

• Switching heaters.  

▪ Antenna deployment.  

▪ Power supply.  

▪ LED confirming transmission mode.  

▪ Transmission of data via the RF link.  

▪ Manual mode pointing of the antenna.  

2.7.  Launch Site requirements  

• Update launch site requirements as discussed in IPR with block 

diagram of system with ground station In dome and on radar hill with 

antenna.  

• Make exactly clear what you need where:  

Ground station area DOME.  

Ground station Radar Hill: …(power / e-net / internet?…).  
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3.  PHOTOGRAPHS  

  

External box with retracted antenna  

 

Electronics box side view  

 

Top view of experiment with external 

box / antenna and electronic box  

  

Deployment motor with heater  
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Pointing mechanism motor  

  

Gear for pointing mechanism with 

colored surface for position 

recognition  

  

  

Power PCB – will be replaced  

  

Ground station antenna  
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Link test between antenna and ground 

station  

  

   

  

  

  

  

  

  

4.  REVIEW BOARD COMMENTS AND RECOMMENDATIONS  

4.1.  Science  

• RF Link between experiment and SHADE antenna ground station is 

verified.   Pointing is pending.  

4.2.  Requirements and constraints (SED chapter 2)  

• No comments  

4.3.  Mechanics (SED chapter 4.2.1 & 4.4)  

• Mechanics in general good.  

• Fixation for safety wires sufficient and well placed.  

• Consider implementing an insert at the shaft to increase the bending 

radius of the rope for the deployment. Consider using Teflon or steel 

with a polished surface (as smooth as possible). The current design 

creates a high friction on the edge.  

4.4.  Electronics and data management (SED chapter 4.2.2, 4.2.3, 4.5 & 

4.7)  

• The step down converter and DCDC converters get very hot – a new 

PCB with more powerful DCDC converters is finished but not yet 

implemented.  

• Find the root cause for the strong heating of the step down converter 

and try to solve it.  

• Route the cables safe and bundle them where it makes sense.  
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• When you design the new Power PCB:  

o Keep more space between the components to avoid tensioning. 

o  Fixate the DCDC converters either by soldering or gluing 

of the connectors.  

4.5.  Thermal (SED chapter 4.2.4 & 4.6)  

• Add more temperature sensors at sensitive components:  

o Amplifier.  

o DCDC converters.  

o SDR.  

• Read out the on board sensors on GPS, RPi and camera and SDR 

and store and downlink data   Consider heat sink for amplifier if test 

shows critical temperatures.  

• Use thermal pads or thermal glue/paste to increase heat-exchange to 

bulkhead. Air gaps will prevent heat transfer completely in vacuum.  

4.6.  Software (SED chapter 4.8)  

• Ground Station o No comments  

• Experiment o No comments  

4.7.  Verification and testing (SED chapter 5)  

• Repeat vacuum test with experiment / transmitters on load. You expect 

high temperatures on the amplifier. Monitor the temperature with an 

additional sensor. Run the test until steady state or expected flight time 

is reached.  

4.8.  Safety and risk analysis (SED chapter 3.4)  

• No comments.  

4.9.  Organisation, project planning & outreach (SED chapters 3.1, 3.2 & 

3.3)  

• The experiment progress is well developed and almost in time.  

• Make sure that all your requirements are verified before the campaign.  

4.10.  End-to-end Test  

• Perform a long range test e.g. from a mountain around Thessaloniki to 

the University or use attenuators for the verification of the link budget 

over long distances with all components in the loop.  

5.  FINAL REMARKS  

5.1.  Summary of main actions for the experiment team  

• Add more temperature sensors on your critical components.  

• Repeat the vacuum test under load with the focus on the thermal 

behaviour of the critical components.  

• Verify the function of the pointing mechanism and algorithm on the 

integrated system.  

• Provide the final measured mass and the measured data rate of the 

experiment as update for the CRP.  

5.2.  Summary of main actions for the organisers  
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• No actions.  

5.3.  EAR Result: pass / conditional pass / fail  

• Pass.  

5.4.  Next SED version due  

• SED v4-1 due 11th of October, including the latest information for your 

experiment.   
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6.  EXPERIMENT ACCEPTANCE REVIEW – EAR  

Experiment documentation must be submitted at least five working days (the 
exact date will be announced) before the review (SED version 4) This will take 
place upon delivery of the completed experiment to EuroLaunch. The review 
may take place at either the location of the students’ university, or a DLR, 
SSC or ESA institute.  

Content of EAR:  

• Team presentation of project status  

• Follow-up of IPR action items  

• Review of schedule status with respect to REXUS program timeline 

and upcoming activities  

• Demonstration of the fully integrated experiment  

• Experiment mass properties determination/discussion  

• Mechanical and electrical interface checkout  

• Electrical Interface Test (REXUS service system simulator test or 

BEXUS E-link functionality test)  

• Flight Simulation Test (FST) – including a full end to end system 

demonstration  

• Experiment acceptance decision: Passed/conditional pass/failed. If a 

conditional pass is elected, the immediate action items should be 

discussed, along with an appropriate deadline(s)  
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APPENDIX B – OUTREACH AND MEDIA COVERAGE 

 

. 
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APPENDIX C – ADDITIONAL TECHNICAL INFORMATION 

Work Breakdown Structure: 
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Schedule: 
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TeamGantt 
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Manpower 
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 Deconstruction and Construction of code 
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MATLAB Code for the link budget analysis 

%Data from BEXUS 21 flight 

 

%Height : h [km] 

h = [ 15 20 24 25 27.5 27.5 27.5 27.5 27.5 27.5  27.5  

27.5  27.5  27.5  27.5  27.5  27.5  27.5  20   15];  

 

%Horizontal distance : r [km] 

r = [ 10 20 30 40 50   60   70   80   90   100   110   

120   130   140   150   160   170   180   190  200];  

 

%Distance between GS and gondola : R [km] 

R = sqrt(h.^2+r.^2); 

 

%Angle α [degrees] !!!!! SEE LINK BUDGET ANALYSIS 

FIGURE !!!!! 

a = acosd(h./sqrt( h.^2 + r.^2)); 

 

%Angle of both received and transmitted signal !!!!! 

SEE LINK BUDGET ANALYSIS FIGURE !!!!! 

a_rad = abs(90 - (a+10)); 

 

%----------------------------------------------------

---------------------- 

%Transimission frequency : f [Hz] 

f = 1.43*10^9;  

%Speed of light : c [m/s] 

c = 3*10^8;  

%Wavelength : λ [m] 

lambda = c/f;  

 

%----------------------------------------------------

---------------------- 
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%Gain of helix antenna at different positions : [dB] 

%Those numbers occur according to the radiation angle 

α_rad 

 

%Simulated 

GT = [-1 -1 5 10 12 13 13 13 13 13 13 12 12 12 12 12 

12 12 13 13]; 

 

%Measured 

GT_measured = [1.7 1.2 -1 5.7 7.9 9.8 10.5 11.4 11.8 

11.8 11.9 12 12.1 12.1 12.2 12.2 12.1 12.1 11.9 

11.8]; 

 

%Output Power of LimeSDR mini [dBm] 

Pt_SDR= -10; %Test in the lab showed -7 [dBm] 

but....pessimism  :( 

 

%Gain of PA [dB]  

G_PA = 25; 

 

%Cable losses : CL [dB] 

C_Losses = 1; %In reality with our cables is expected 

a lot less but....pessimism  :( 

 

%Filter attentuation [dB] 

Filter_loss = 2; 

 

%Transmitted Power [dBm] 

Pt = Pt_SDR + G_PA - C_Losses - Filter_loss; 

 

%----------------------------------------------------

---------------------- 

%Free space losses [dB] 

FS_losses = 20*log10(lambda./(4*pi*R*10^3)); 
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%----------------------------------------------------

---------------------- 

%Gain of the receiver antenna [dB] 

GRdB_1 = 1.5 - 3;  %If dipole, -3 dB due to 

polarization losses 

GRdB_2 = [4 6 7 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9];  

 

%Gain of LNA 

GLNA = 30; 

 

%Overall Receiver Gain 

GR_1 = GRdB_1 - Filter_loss + GLNA - C_Losses; 

GR_2 = GRdB_2 - Filter_loss + GLNA - C_Losses; 

 

%----------------------------------------------------

---------------------- 

%Friis Transmission formula in dB - ANTENNA 

EFFICIENCY 50% 

Pr_1 = Pt + (GT - 6) + (GR_1 - 6) + FS_losses; % (GT 

- 6) because antenna efficiency = 50% and also big 

pointing error are assumed 

Pr_2 = Pt + (GT - 6) + (GR_2 - 6) + FS_losses; % (GT 

- 6) because antenna efficiency = 50% and also big 

pointing error are assumed 

 

figure(1) 

plot(r, Pr_1,'LineWidth', 5) 

title('Received Power (Godnola antenna simulated)') 

ylabel('[dBm]') 

xlabel('Horizontal distance : r [km]') 

hold on 

plot(r, Pr_2,'LineWidth', 5) 

legend('Monopole for receive antenna','Helix antenna 

with 2 turns for receive antenna') 

grid() 
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hold off 

 

%----------------------------------------------------

---------------------- 

%We choose 13 dB of SNR for a Bit Error Rate < 10^(-

5) 

SNR = 20; 

 

%Receiver Sensitivity 

sens = -130; %Worst sensitivity measured for channels 

with bigger bandwidth than our intented 

 

%Link Budget 

link1 = Pr_1 - (SNR + sens) - 10; % -10 because of 

noise figure of different devices (amplifiers, 

filters) and factor X 

link2 = Pr_2 - (SNR + sens) - 10; % -10 because of 

noise figure of different devices (amplifiers, 

filters) and factor X 

 

figure(2) 

plot(r, link1,'LineWidth', 5) 

title('Link Budget (Gondola antenna simualted)') 

ylabel('[dBm]') 

xlabel('Horizontal distance : r [km]') 

hold on 

plot(r, link2,'LineWidth', 5) 

legend('Monopole for receive antenna','Helix antenna 

with 2 turns for receive antenna') 

grid() 

 

%Now we are going to introduce the measured results 

of the transmitting 

%antenna 

%Friis formula for the measured transmitting antenna 
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Pr_3 = Pt + GT_measured + (GR_1 - 6) + FS_losses; 

Pr_4 = Pt + GT_measured + (GR_2 - 6) + FS_losses; 

 

figure(3) 

plot(r, Pr_3,'LineWidth', 5) 

title('Received Power (Gondola antenna measured)') 

ylabel('[dBm]') 

xlabel('Horizontal distance : r [km]') 

hold on 

plot(r, Pr_4,'LineWidth', 5) 

legend('Monopole for receive antenna','Helix antenna 

with 2 turns for receive antenna') 

grid() 

hold off 

 

%Link budget for the measured transmitting antenna 

link3 = Pr_3 - (SNR + sens) - 10; % -10 because of 

noise figure of different devices (amplifiers, 

filters) and factor X 

link4 = Pr_4 - (SNR + sens) - 10; % -10 because of 

noise figure of different devices (amplifiers, 

filters) and factor X 

 

figure(4) 

plot(r, link3,'LineWidth', 5) 

title('Link Budget (Gondola antenna measured)') 

ylabel('[dBm]') 

xlabel('Horizontal distance : r [km]') 

hold on 

plot(r, link4,'LineWidth', 5) 

legend('Monopole for receive antenna','Helix antenna 

with 2 turns for receive antenna') 

grid() 
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MATLAB Code for GMSK over AWGN channel 

b = .5; 

Eb_N0_log = [0 2 4 6 8 10 12 14 16 18 20]; 

Eb_N0 = 10.^(Eb_N0_log/10); 

 

arg = sqrt(b*Eb_N0); 

 

Pb_1 = erfc(arg); 

figure(1) 

semilogy(Eb_N0_log, Pb_1) 

title('BER versus SNR for uncoded GMSK over AWGN 

channel'); 

xlabel('SNR(dB)'); 

ylabel('BER'); 

grid on 

 

 

MATLAB Code for anechoic analysis 

%This is a script translating raw measured data from AUTH's anechoic 

%chamber into SHADE's gondola antenna radiation pattern 

%The receiving antenna was a logarithmic-periodic antenna, off the shelf, 

%so we have a calibrated antenna, known parameters such as frequency, 

%wavelegth and distance between the antennas, thus we can safely extract 

%the results and rely on them for the rest of the RF analysis for our 

%experiment 

 

%Azimuth angles at which the S21 parameter was measured 

angles = zeros(1,51); 

for i=1:51 

    angles(i) = (i-1)*1.8; 

end 
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%Measured S21 for receiving antenna in horizontal and vertical position 

S21_Hor = [3.529327E-2, 3.594364E-02, 3.425303E-02, 3.365930E-02, 
3.341165E-02, 3.222447E-02, 2.975174E-02, 2.799514E-02, 2.693439E-02, 
2.547884E-02, 2.299666E-02, 2.020605E-02, 1.906622E-02, 1.639043E-02, 
1.437891E-02, 1.423906E-02, 1.300865E-02, 1.066644E-02, 1.141879E-02, 
1.052233E-02, 1.047226E-02, 9.228989E-03, 1.009781E-02, 9.005101E-03, 
8.973720E-03, 7.807378E-03, 7.262552E-03, 6.925857E-03, 4.097365E-03, 
2.456603E-03, 2.272706E-03, 1.531421E-03, 2.052972E-03, 1.661361E-03, 
4.578687E-04, 1.896067E-03, 2.560101E-03, 2.985508E-03, 2.542060E-03, 
3.796373E-03, 2.955180E-03, 3.617196E-03, 3.017416E-03, 5.160222E-03, 
4.306965E-03, 5.127170E-03, 5.868448E-03, 8.274962E-03, 6.275239E-03, 
7.360751E-03, 8.191100E-03]; 

S21_Ver = [2.651808E-02, 2.530507E-02, 2.597781E-02, 2.549517E-02, 
2.507668E-02, 2.410535E-02, 2.249952E-02, 2.146686E-02, 2.041918E-02, 
1.843225E-02, 1.602919E-02, 1.353537E-02, 1.090122E-02, 7.667355E-03, 
5.293985E-03, 3.293936E-03, 5.924771E-04, 3.043262E-03, 4.123081E-03, 
6.208248E-03, 7.741403E-03, 9.935141E-03, 1.007516E-02, 1.146143E-02, 
1.068565E-02, 1.189613E-02, 1.125704E-02, 1.082443E-02, 9.955697E-03, 
8.193454E-03, 7.570019E-03, 5.061509E-03, 3.170968E-03, 2.758259E-03, 
2.629310E-03, 4.403994E-03, 5.125862E-03, 7.101387E-03, 8.729469E-03, 
1.010200E-02, 1.061612E-02, 1.162478E-02, 1.161855E-02, 1.090097E-02, 
1.048653E-02, 1.001614E-02, 1.005845E-02, 6.687798E-03, 6.953362E-03, 
6.214837E-03, 5.010067E-03]; 

 

%Distance of the 2 antennas. 2 distances were taken into account, one from 

%the edge of the helix and one from the edge 

R_edge = 2120e-3; 

R_center = 2300e-3; 

 

%c,λ,f are known parameters 

freq = 1430e6; 

c = 3*10^8; 

lambda = c/freq; 

 

%The gain of the receiving logarithmic periodic s given from the datasheet 

Gr = 10^(5.7/10) ; 

 

%Conversion between the measured S21 and the gain of the antenna, 
according 

%to Friis formula, for both distances 

Gt_Hor_center = 10*log10((S21_Hor.^2)*(1/Gr)*(4*pi*R_center/lambda)^2);  
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Gt_Ver_center = 10*log10((S21_Ver.^2)*(1/Gr)*(4*pi*R_center/lambda)^2); 

 

Gt_Hor_edge = 10*log10((S21_Hor.^2)*(1/Gr)*(4*pi*R_edge/lambda)^2);  

Gt_Ver_edge = 10*log10((S21_Ver.^2)*(1/Gr)*(4*pi*R_edge/lambda)^2); 

 

%Plot them 

figure(1) 

plot(angles, Gt_Hor_center,'LineWidth', 5) 

title('Gain from center') 

ylabel('[dB]') 

xlabel('Angle [deg]') 

hold on 

plot(angles, Gt_Ver_center,'LineWidth', 5) 

legend('Gain (Horizontal)', 'Gain (Vertical)') 

grid() 

hold off 

 

figure(2) 

plot(angles, Gt_Hor_edge,'LineWidth', 5) 

title('Gain from edge') 

ylabel('[dB]') 

xlabel('Angle [deg]') 

hold on 

plot(angles, Gt_Ver_edge,'LineWidth', 5) 

legend('Gain (Horizontal)', 'Gain (Vertical)') 

grid() 

hold off 

 

%According to our measuements, the helix antenna has elliptical 

%polarazation while the logarithmic periodic has linear. This was the 

%reason that we performed 2 series of measurements, so we can measure 
bith 

%components of the electric field. 

 

%Now we are going to combine them so we can actually see the gain of the 
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%anntena for the elliptical polarization.  

 

%Add the components 

S21 = S21_Hor + S21_Ver; 

 

%Friis formula again 

Gt_center = 10*log10((S21.^2)*(1/Gr)*(4*pi*R_center/lambda)^2);  

Gt_edge = 10*log10((S21.^2)*(1/Gr)*(4*pi*R_edge/lambda)^2); 

 

figure(3) 

plot(angles, Gt_edge,'LineWidth', 5) 

title('Final gain from edge') 

ylabel('[dB]') 

xlabel('Angle [deg]') 

hold on 

plot(angles, Gt_center,'LineWidth', 5) 

legend('Gain (Edge)', 'Gain (Center)') 

grid() 

hold off 
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Full PCB’s schematic. 
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Full Schematic of electronics’ design.  
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Results of the simulation: 

 

 

 

Figure 4.2-11: Reflector coefficient or S11 @1~2 GHz 

 

 

 

Figure 4.2-12: VSWR @1~2 GHz 

 

 

Figure 4.2-13: Polar Directivity @1.4 GHz 
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Figure 4.2-14 Cartesian Directivity @1.4 GHz 

 

 

Figure 4.2-15: 2-D Directivity @1.4 GHz 

  



 

BX2829_SHADE_SED_v5-1_12Mar20_NON-HL   

 
  

Simulations results with extra wire: 

 

Figure 4.2-22: Reflector coefficient or S11 @1~2 GHz 

 

 

Figure 4.2-23: VSWR @1~2GHz 

 

 

Figure 4.2-24: Polar Directivity @1.4 GHz 
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Figure 4.2-25: Cartesian Directivity @1.4 GHz 

 

 

Figure 4.2-26: 2D Directivity @1.4 GHz 
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Simulation results with gondola 

 

Figure 4.2-29: S11 @1~2 GHz 

 

 

Figure 4.2-30: VSWR @1~2 GHz 

 

 

Figure 4.2-31: Polar Directivity @1~2 GHz 
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Figure 4.2-32: Cartesian Directivity @1~2 GHz 

 

 

Figure 4.2-33: 2-D Directivity @1~2 GHz 
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Simulation Results of SHADE’s Ground Station: 

 

Figure 4.9 – 3: Ground Station’s Antenna S11 

 

 

Figure 4.9 – 4: Ground Station’s Antenna VSWR 
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Figure 4.9 – 5: Ground Station’s Polar Directivity 

 

Figure 4.9 – 6: Ground Station Cartesian Directivity 

 

Figure 4.9 – 7: Ground Station 2-D Directivity  
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Flowgraph A
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Flowgraph B 
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Antenna Pointing Mechanism to Ground Station 
The system consists of: 

1. SHADE’s Ground Station 

2. Gondola 

3. Antenna (on Gondola) 

4. GPS - GNSS 

5. Compass 

Assumptions: 

1. Changes of kinematic parameters, LOW.  Enough time for calculations. No 
prediction. 

2. Affection in 2D dimensions - (X, Y). 

3. Pose = (Position, Orientation). 

4. Knowing position of SHADE’s GS. (Xgs, Ygs, Zgs). 

5. Knowing degrees reference between compass zero point and antenna’s zero 
point. 

6. Global position of antenna and global position of gondola are coincided. 

7. Without generalized problem, compass zero point coincides to antenna’s zero 
point, which coincides to magnetic North. 

Global Position of SHADE’s experiment.  

Using a GNSS, SHADE ensures that during the flight, the global position of the 
experiment, so the gondola’s too, is known, as gondola is moving.   So, for each t, of 
to< t < tcut – off , the antenna’s (x, y, z)  is given by the  GNSS.  [ref. gnss.cpp] 

SHADE’s ADCS system has a Ts rate. The kinematic analysis of the experiment 
divided in to some equal time gaps of Ts, and it is assumed that in time of :  tn = to + 
n*Ts, the pose of the gondola is (xn, yn, zn) .    

Figure 6 : System with GNSS  
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Figure 7: System with GNSS – vectors 

Orientation of SHADE’s experiment .  

That was only the kinematic analysis for the gondola’s position. But, the gondola 
also is self-rotating, so the orientation is also changing.  The GNSS is not enough 
and a compass is required. Just to mention, that the orientation can be found through 
a compass or an IMU. Because of the sensor fusion and the noise of it, a system 
which is consisted of an IMU sensor needs extra processing with Kalman filter. This 
is more complicated than the purpose of this experiment. For the SHADE’s 
experiment implementation, a compass will be sufficient.  

truth magnetic North -> compass -> antenna zero point -> antenna current position  

Two transformation needs to be analyzed for the system of the orientation  in order to 
relevant the antenna orientation based on the truth magnetic North. Transformation 
between: 

1. compass - the ground truth magnetic North, 

2. antenna – compass. 

 

 

For the 1st: the output of compass gives the angle between the compass zero point 
and the magnetic North, which is a global reference point for the orientation. So, the 
orientation of the gondola with the magnetic North as a reference point can be easily 
calculated. Now the orientation of the gondola is known. 

For the 2nd: The antenna’s base is able to be rotated.  During the construction of the 
experiment, SHADE team can place compass’s zero point and antenna’s base zero 
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point having the same vectors. Considering that, we know the transformation 
between antenna zero point and compass zero point (basically none transformation – 
same reference system). 

As far as now, the degrees between the magnetic North and the antenna’s zero point 
is known. Through stepper driver position, the system is able to find the angle that 
antenna’s base has every single moment.  

Finally, the correlation between antenna’s current angle and the magnetic North can 
be found for each t during flight.  

 

[

𝑥𝑔
𝑦𝑔
𝑧𝑔
] = 𝑅 [

𝑥
𝑦
𝑧
] 

: R the rotation matrix between the two systems, [x,y,z]T the basic ortho-regular 
system and [xg yg zg]T the coordinates expressed on the gondola system. 

 

 

 

Combine Global position and orientation measurements.  

As far as now, the relevant distance between Gondola and Ground Station is known 
and also the orientation of the Gondola. The follow mathematic equations show who 
the above data can be combined so the antenna can always point to SHADE’s GS.  

So expressing the position of the GS to the same system as the GPS coordinates, 
we have a vector which always points to the GS. 

𝑣 = 𝑐𝐺𝑆 − 𝑐𝑔 

: which is expressed on the GPS coordinate system. Considering the correlation of 
the magnetic system and the GPS system, we can see that their base vectors are 
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equal. As a result, we can transform the v vector to the new system multiplying it with 
the reversed matrix. 

𝑣′ = 𝑅−1𝑣 

Now we can calculate the angle between the gondola direction and the vector v 

𝑡ℎ𝑒𝑡𝑎 = cos−1
𝑣′𝑦𝑔

|𝑣′||𝑦𝑔|
 

and through the position of the stepper motor the final needed angle of rotation is  

𝑡ℎ𝑒𝑡𝑎𝑓𝑖𝑛𝑎𝑙 = 𝑡ℎ𝑒𝑡𝑎 + 𝑜𝑓𝑓𝑠𝑒𝑡 

: where offset will be related with the number of the specific position,the resolution of 
the step and the direction. 
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APPENDIX D – CHECKLISTS 
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