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PREFACE 

 

As young university students dominated by our research interest but also as concerned 

citizens of our planet, we understand the importance for atmospheric science and 

research.Although the greenhouse effect is vital for life on earth, an elevated effect can be 

dangerous. Human activities also contribute to the acceleration of the global warming, 

increasing the trace gases in earths’ atmosphere. As this is an ongoing phenomenon, 

entails the necessity of protecting our planet. 

In this documentation, we propose a low-cost idea of measuring atmospheric gases in 

High Altitude Platforms (HAP’s). We aim to use ground-based sensors in space conditions, 

ensuring their functionality in adjusted conditions inside the experiments set up. 

In here you will find the entire documentation needed to bring a project to life. The project 

management perspective, with the organization of the team as well as the outreach 

program is analyzed. Also, the mechanical and electronic design, as well as the software, 

thermal and data analysis is further elaborated. Our main restriction is the cost, keeping 

the experiment as low as possible in contrast with alternative methods, such as satellites or 

even stratospheric balloons with sensors built for these conditions. 

At this point, we would like to thank some of the people that helped in any way and 

without them this project would not have been possible. First, a big thank you to BEAMs 

first generation, Andronikos, Despoina, Elli, Giannis M., Giannis I., Giannis V., Gina, 

Konstantinos, Melina, Vasilis and Spyros for their mentoring, continuous support and 

encouragement.  

“Flying our dreams” never made more sense. 
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ABSTRACT 

 

Climate change is a global concern and greenhouse gases are the main factors causing it. 

The ECO WISE experiment aims to examine the main mechanisms that contribute to the 

aggravation of this phenomenon. 

Α vertical and linear distribution of the most important trace gases (CO2, O3) have been 

measured during the ascending and descending phase as well as the floating time of the 

stratospheric balloon flight. As alternative methods like satellites or other stratospheric 

balloon methods already succeed in this field, we are mindful to present a low-cost set-up 

for measuring atmospheric gases.  In order to measure those gases, we proposed 

commercial ground-based sensors while securing a favorable environment for their proper 

function during the flight. 

The proposed set up holds together various mechanisms for collecting atmospheric data 

and these mechanisms are working together and directing gradually the air sample 

through a path. 

In the future, this set-up can be extended with alternative sensor options, for various 

measurements in balloon flights. It provides independence in interested institutes in terms 

of budget, project execution time and disengagement from third parties. Our goal is to be 

spread around the world opposing to already existing methods. 
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1 INTRODUCTION 

1.1 Scientific/Technical Background 

1.1.1 Global warming and Ozone depletion 

In today’s world, constant monitoring of atmospheric pollutants and ozone are of great 

importance. While there are many different methods for doing so, most of them are 

expensive and quite demanding. By implementing a simple and feasible set up, using 

ground-based sensors to monitor these gases, the cost becomes significantly lower. 

Ozone depletion (ozone hole) is the steady lowering of the amount of ozone in Earth’s 

atmosphere. 

Stratospheric ozone is one of the main factors that life on earth does not simply cease to 

exist. While the Sun is the biggest source of life, its’ light contains some very harmful rays, 

like UVA radiation which damages every living creature. Ozone is the main factor that most 

of this radiation does not reach the Earths’ surface, since it absorbs most of it. On the other 

hand, tropospheric ozone is a greenhouse gas and is considered to be a health risk and is 

very toxic. 

The greenhouse effect is the process by which radiation from a planets’ atmosphere warms 

the planets’ surface to a higher temperature than what it would be without the 

atmosphere. A greenhouse gas (GHG) is a gas that absorbs and emits radiant 

energy within the thermal infrared range. These gases are what is causing the Earths’ 

average temperature to rise through the years. That leads to global warming. 

Carbon Dioxide (CO2) is one of the most important greenhouse gases. Therefore, it is 

essential to keep track of its concentration through the atmosphere and try to detect any 

sources of human origin and reduce them. 

 

1.1.2 Scientific background 

Working principles 

• For the detection of ozone, electrochemical sensors have been used. The 

atmospheric air sample diffuses into the sensor, through the back of the porous 

membrane to the working electrode where it is oxidized or reduced. This 

electrochemical reaction results in an electric current that passes through the 

external circuit. This current is proportional to the ozone concentration in our 

sample. 
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Figure 1-1 Electrochemical sensor 

 

• For the detection of CO2 infrared absorption sensor is used (NDIR – NonDispersive 

Infrared Sensor). It is based on the spectroscopic method, using the absorption of 

infrared light by certain molecules at certain wavelengths, to get the exact 

concentration of these molecules. 

 

Figure 1-2: NDIR sensor 

 

For example, CO2 is known to have high absorbance in the infrared region of the 

electromagnetic spectrum at wavelengths of 2.7, 4.3 and 15 μm. Since the 4.3 μm 

wavelength is the one with maximum absorption and minimal interference from other 

elements, it is also the most commonly used in NDIR sensors. Infrared sensors also use a 

reference wavelength which is normally at 4.0 μm. 
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Using the known Beer-Lambert law 

 

𝐼𝑑

𝐼0
= 𝑒  𝜺∙C∙l     where, 

Id= The intensity radiation at 4.3 μm. 

I0=The intensity radiation at the reference wavelength of 4.0 μm. 

ε= Molar absorption coefficient. 

C= Molar concentration. 

l= optical path length. 

Since Id, I0,l can be easily measured and 𝜺is a known constant we can solve for C and find 

the concentration of CO2. 

 

1.1.3 Comparing with alternative methods & “Low-Cost” 

 

1.1.3.1 Comparing with alternative methods 

 

Satellite missions 

 

When it comes to satellite systems the problem is that they are joint ventures, as they 

come with third party involvements. Another disadvantage of a satellite mission is the cost, 

with millions of dollars to launch, while a lot of paperwork is needed so a satellite is ready 

to be placed in orbit. Lastly, a satellite mission can take from 2 to 5 years from the idea to 

the actual launching of the mission. 

In general, it is hard and expensive to launch but also to maintain satellite operations. 

In detail: A conventional satellite can cost approximately between 100 and 300 million 

euros and a low cost CubeSat, less than 500,000 euros, although the exact price depends 

on several factors, such as its size or the complexity of the type of service you want the 

satellite to carry out. 

Also, the first CubeSat of a constellation can be in space within 8 months. But even if a 

CubeSat has a lower cost than a conventional satellite, they operate better in 

constellations, so their price is multiplied if needed. 

Spectroscopic methods 

One widely spread method for collecting comparable data is spectroscopic method. 

Spectroscopic methods predominate, as far as very low concentrations are concerned, 

owning to the good resolution in measurements. Yet, it constitutes a financial burden and 

https://www.google.com/search?sxsrf=ACYBGNT-UT8I01YGLCFBDGzuCM_x6v1vMg:1578940128829&q=%CE%B5%CE%BB%CE%B1+%CF%81%CE%B5&spell=1&sa=X&ved=2ahUKEwiYj4CsmoHnAhWisKQKHeidDpsQBSgAegQIChAv
https://www.google.com/search?sxsrf=ACYBGNT-UT8I01YGLCFBDGzuCM_x6v1vMg:1578940128829&q=%CE%B5%CE%BB%CE%B1+%CF%81%CE%B5&spell=1&sa=X&ved=2ahUKEwiYj4CsmoHnAhWisKQKHeidDpsQBSgAegQIChAv
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an overqualified method comparing to the use the team wants to give with the ECOWISE 

set up. 

 

Gas Chromatography-Mass Spectrometry (GC-MS) 

 

This is an analytical method that combines the features of gas-chromatography and mass 

spectrometry to identify different substances within a test sample. It is commonly used in 

environmental analysis for tracking organic pollutants in the environment. 

The precision of a measurement is proportional to the required time. That is an important 

disadvantage since the time of a stratospheric flight is restricted. Although the problem of 

the flights’ time is easily overcomed, gas chromatography still remains a complex method, 

that need huge and expensive equipment to carry out the analysis of gas samples. 

The pricing can vary and depends on if you have or own the instrumentation, software and 

all of the consumables and columns needed to test a gas sample or if you have the 

expertise to set up and run all of the analysis methods required. Also, the cost per test 

depends on the method development cost, the number of samples you want to run and 

the time you want to have the method developed. 

Accuracy, precision, and reliability are some of the main concerns about GC-MS that can 

be affected by the developed method and affect its pricing. 

 

A comparative table can be seen below, summarizing the above text. 

Table 1-1 Alternative methods Cost Range 

METHOD COST RANGE 

Satellite Missions ~500,000 – Several Millions 

Spectroscopic methods - 

GC-MS ~1,000 to 10,000 per test 

 

It is not possible to have a representative price, for each one of the methods, because the 

cost of the separate methods as well as the gas testing in each one of them can be 

considered as a separate project. So, the table and the results above are a product of a 

small but extended research in such matters. 
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1.1.3.2 Low-Cost 

When it comes to the entire cost of a stratospheric flight with the ECOWISE set up, there 

have been some calculations. 

The cost of a weather balloon depends on the amount of payload it can carry as well as on 

the manufacturer. 

From a specific manufacturer, a weather balloon can cost for approximately 8kg of 

payload, around 818,09€ (900$). Specifications of such a balloon can be seen in the Figure 

below: 

 

Table 1-2 Specifications of a Totex weather balloon 

Weight 400g 

Manufacturer & P/N Totex TX4000 

Material Natural Latex 

Inflation Gas Hellium 

Payload 4-18 lbs 

Rate of Ascent 320m/min 

Burst Diameter 50.59ft 

Burst Altitude 120,000 – 130,300ft 

Neck Diameter 5.0com 

Neck length 12.0cm 

 

Next, calculating the cost of the ECO WISE set up without the cost of the atmospheric 

sensors, would be around 4000 euros. 

In total, the cost of the set up with the weather balloon would be around 5000 euros.  

From the total cost, the atmospheric sensors of the ECOWISE experiment are not included, 

because the purpose is to build a low cost set up that can be used with different kind of 

atmospheric sensors and provide independence in each user.  

The cost of the Helium or Hydrogen that will be used as a lift gas, and the rest of the 

equipment that will be needed so the experiment can be ready for the stratospheric flight, 

will not exceed the 100 euros, and is considered in the total amount above. 

In general, stratospheric balloons are a platform of choice for scientists and engineers, as 

they can be used to test and advance space science for far less than the cost of a satellite 

(up to 40 times less) and provide an opportunity to carry out concrete scientific 

experiments in a short period of time and obtain results quickly. 

Lastly, the final cost of a stratospheric flight, depends on the balloon itself, its size, the 

amount of lift gas and in an extend, the altitude you would like to achieve, and the amount 

of time of the flight. 
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As a conclusion, the ECOWISE set up can be considered as a low cost set up choice, for 

atmospheric measurements, compering to alternative methods and especially balloon 

borne methods with sensors built to work in space conditions. 

Also, it is not possible to carry a study about the maximum value or range, that considers 

the set up as a low cost choice, due to lack of cost information of similar projects. 

A first but not elaborate comparison, can be made with a previous REXUS|BEXUS teams, 

team OOXYGEN, Cycle 12 with a budget of 11.000 Euros, team TUBULAR, Cycle 11 with a 

budget of 30.000 Euros and team O-OZONE, Cycle 13 with a current budget of 12.000 

Euros. 

 

1.2 Mission Statement 

 

ECOWISE shall demonstrate a low cost set up for measuring atmospheric parameters for 

high altitude platforms. The goal is to take measurements of some important trace gases 

while maintaining the ground-based sensors’ functionality in space conditions. 

 

1.3 Experiment Objectives 

 

Scientific objectives: 

i. Measure the vertical distribution of greenhouse gases [Carbon dioxide (CO2) and 

Ozone (O3)]. 

ii. Measuring the variation ofthe concentration of Ozone (O3), as well as of greenhouse 

gas Carbon dioxide (CO2). 

 

Technical objectives: 

i. Create favorable conditions in order for the sensors to be fully functional while 

flying in a stratospheric balloon on extreme ambient conditions. 

ii. Preserve (by adapting) the favorable conditions in the entire stratospheric flight. 

 

When it comes to prioritizing our objectives, for our experiment to work and be a 

successful BEXUS campaign project, we shall have useful data after the flight. But for this to 

happen, the set up must be fully functional, and our technical objectives achieved. 
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1.4 Experiment Concept 

 

The concept of the experiment is to build a low-cost set-up that uses ground-based 

sensors in order to make a vertical and linear distribution of greenhouse gases during the 

entire flight of a stratospheric balloon. However, the most challenging part is to create 

favourable conditions inside the sensors' box to ensure their functionality in space-like 

conditions during the flight. To make this happen, the set-up mentioned bellow have been 

used and it will be described in general. 

In simple terms, the set up consists of a box, inside of which two ground-based sensors, a 

pump, valves, heaters, tubes and pipes are located. All these components are connected in 

a way that ensures the stability and the proper function of the experiment. 

Regarding the function of the components, the pump is used to create airflow in the tubes 

and thus collecting samples and tunnelling them inside the sensors’ box. Also, the valves 

are connected with the tubes in specific spots in order to control the flow. 

All the components are electronically controlled. More specific during the flight the 

following components were controlled: the valves, the pump, the sensors, the heaters and 

all processes surrounding the experiment. 

In addition, all the data was sent to the ground station via the gondolas E-link, and the 

electronics were powered by the gondolas DC power supply. 
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1.5 Team Details 

1.5.1 Contact Point 

Zoi Gousiou 

zgousiou@gmail.com 

 

 

 

 

1.5.2 Team Members 

Gousiou Zoi 

 

Team leader 

Current: 

Physics Department 

 

Institution: 

Aristotle University of Thessaloniki 

 

Responsibilities: 

Project management, Planning, Team coordination, SED 

editing, Graphic design(until April 2020), Outreach 

Alexiou Konstantinos 

 

Communications & P.M. 

Current: 

Rural and Surveying Engineering 

 

Institution: 

Aristotle University of Thessaloniki 

 

Responsibilities: 

Communication responsible (Companies, orders), 

Project Management involvement (Planning, Team 

coordination) 

 

  

mailto:zgousiou@gmail.com
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Dami Ypatia 

 

Software Subteam 

 

Current: 

Electrical and Computer engineering student 

Institution: 

Aristotle University of Thessaloniki 

 

Responsibilities: 

Sensors, Software 

Fratzeskos Panagiotis 

 

Electronics Subteam 

Current: 

Electrical and Computer engineering student 

 

Institution: 

Aristotle University of Thessaloniki 

 

Responsibilities: 

Sensors, Electronics Design 

Gkioulidis Miltiadis 

 

Thermal Control and Analysis Subteam 

Current: 

Physics Department 

 

Institution: 

Aristotle University of Thessaloniki 

 

Responsibilities: 

Data analysis, Thermal design, ThermalSimulations 
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Liodis Ioannis 

 

Science Subteam 

Current: 

Physics Department 

 

Institution: 

Aristotle University of Thessaloniki 

 

Responsibilities: 

Data analysis, data processing 

Michailidis Georgios 

 

Thermal Control and Analysis Subteam 

Current: 

Physics Department 

 

Institution: 

Aristotle University of Thessaloniki 

 

Responsibilities: 

Thermal design, Pump functionality, 

Stratospheric conditions 

Nikolaos Kougionis 

 

MechanicalSubteam 

Current: 

Department of Mechanical Engineering 

 

Institution: 

Aristotle University of Thessaloniki 

 

Responsibilities: 

Mechanical design, CAD drawings, Gondola 

mounting, Experiment construction  
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Giannis Nikolaidis

 

MechanicalSubteam 

Current: 

Department of Mechanical Engineering 

 

Institution: 

Technological Educational Institute of Central 

Macedonia 

 

Responsibilities: 

Mechanical design, CAD drawings, Gondola mounting, 

Experiment construction 

Dimitrios Charamis Science/Software Subteam 

Current: 

Physics Department 

 

Institution: 

Aristotle University of Thessaloniki 

 

Responsibilities: 

Data analysis, Data processing 

Iraklis Konsoulas Science/Software Subteam 

Current: 

Department of Informatics Engineering 

 

Institution: 

International Hellenic University, Alexander Campus 

 

Responsibilities: 

Data analysis, Software engineering 

Table 1-3 Team members information 
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2 EXPERIMENT REQUIREMENTS AND CONSTRAINTS 

 

2.1 Functional Requirements 

Table 2-1Functional Requirements 

ID Requirement text 

F.1. The experiment shall measure the concentration of atmospheric Carbon 

Dioxide (CO2). 

F.2. The experiment shall measure the concentration of atmospheric Ozone (O3). 

F.3. The experiment shall measure the altitude. 

F.4. The experiment shall calculate its location. 

F.5. The experiment shall measure the pressure. 

F.6. The experiment shall measure the humidity. 

F.7. The experiment shall measure the temperature. 

F.8. The experiment shall circulate air.  

F.9.1 The experiment shall send the obtained data via E-link. 

F.9.2 The experiment shall receive the obtained data via E-link. 
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2.2 Performance Requirements 

Table 2-2 Performance Requirements 

ID Requirement text 

P.1.1. The Carbon Dioxide concentration measurement’s range shall be between 0-

500ppm. 

P.1.2. The Carbone Dioxide concentration measurements shall be with the 

minimum resolution of 2 ppm. 

P.1.3. The Carbone Dioxide sensor shall have a response time < 1min. 

P.2.1. The Ozone concentration measurement’s range shall be between 0-8 ppm. 

P.2.2. The Ozone concentration measurements shall be with the minimum 

resolution of 0.01 ppm. 

P.2.3. The Ozone sensor shall have a response time < 1min. 

P.2.4. The Ozone sensor shall take measurements with accuracy of ± 2%. 

P.3.1 The experiment shall measure the altitude with the minimum resolution of 

2m. 

P.3.2. The experiment shall measure the altitude with a rate of 1 Hz. 

P.3.3. The experiment shall measure the altitude within a range of 0-30km 

P.3.4. The experiment shall measure the altitude with an accuracy in the range of  

(-20 to +20 mbar) 

P.4. The experiment shall calculate its horizontal position (latitude, longitude) 

with a GPS module with an accuracy of± 2.5 %. 

P.5.1. The experiment shall measure the pressure within a range 5 to 1000 mbar. 

P.5.2. The experiment shall measure the pressure with a resolution of 5mbar. 

P.6.1. The experiment should measure the humidity with a resolution of 0,01%r.H. 

P.6.2 The experiment should measure the humidity within a range of 0-100%r.H. 

P.6.3. The experiment should measure the humidity with an accuracy of ± 5%. 

P.7.1 The experiment shall measure the temperature with a resolution of 1ο C. 

P.7.2 The experiment shall measure the temperature within a range 

of (-40 – +60) ο C. 

P.7.3. The experiment shall measure the temperature with an accuracy of ± 3%. 

P.7.4. The experiment shall measure the temperature of the components with an 

accuracy of ± 5%. 

P.8. The experiment shall measure the pressure, humidity, temperature and GPS 

with a rate of 1 Hz. 

P.9. The experiment shall pressurize the air to at least 800mbar inside the sensor 

box. 

P.10. The experiment shall pump in and out air at a flow rate of 3-8 L/min 
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depending on altitude. 

P.11.1 The experiment shall receive data via E-Link with an uplink rate of 500bps. 

P.11.2 The team shall send the obtained data with the E-Link with a downlink rate of 

1,5kbps. 

P.12. The response time of the valves shall be smaller than 0.5 seconds. 

P.13. The experiments components shall respond to the user interfaces’ signals in 

less than 5 seconds. 

2.3 Design Requirements 

Table 2-3 Design Requirements 

ID Requirement text 

D.1. The experiment shall operate in the temperature profile of the BEXUS vehicle 

flight and launch. 

D.2. The experiment shall operate in the vibration profile of the BEXUS vehicle 

flight and launch. 

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

and launch. 

D.4. The experiment shall not disturb or harm the launch vehicle. 

D.5. The experiment shall not contribute to the rotation of the BEXUS gondola. 

D.6. The sensor box shall withstand the pressure difference between the inside and 

the outside. 

D.7. The pump shall be able to remove the air sample from the sensors’ box after it 

has been analysed. 

D.8. The setup shall not influence the air sample’s substance. 

D.9.  The dimensions of the experiment shall be restricted at most: 

0,5m x 0,5m x 0,5m. 

D.10. The weight of the experiment shall be at most 15 kg. 

D.11. The experiment shall store the obtained data at an SD card of at least 10 MB. 

D.12. The experiment shall pump out air from the sensors’ box. 

D.13. The experiment's Power Supply shall have a 24V, 12V, 5V and 3.3V Power 

Output and be able to take 28.8V input through the Amphenol PT02E8-4P 

Connector supplied from the Gondola. 

D.14. For the Supplied Voltage of 28.8 V, the total Continuous DC Current Draw 

should be below 1.85 A. 

D.15. The Total Power Consumption should be below 230 Wh. 
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2.4 Operational Requirements 

Table 2-4 Operational Requirements 

ID Requirement text 

O.1. The experiment shall be able to enter a secure mode after landing. 

O.2. The experiment shall be able to conduct measurements autonomously. 

O.3. The experiment shall receive manual commands from the ground station. 

O.4. The air pump-in shall be controlled autonomously by the software. 

O.5. The valves shall be controlled autonomously by the software. 

O.6. The heaters shall be controlled autonomously by the software. 

O.7. The experiments’ software shall control the function of the pump. 

O.8. The experiments’ software shall control the function of the valves. 

O.9. The experiments’ software shall control the function of the heaters. 

O.10. The experiment shall provide a simply yet consistent user interface at the 

ground station.  

2.5 Constraints 

Table 2-5 Constraints 

ID Requirement text 

C.1. The cost of the experiment shall be kept in a level to be considered a low-cost 

experiment [Chapter 1.1.3.2.] 

C.2. The ability of the team to reach facilities due to COVID-19 situation. 
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3 PROJECT PLANNING 

All figures portrayed in this chapter, can be found on the Appendix C, magnified (or more analytically 

captured) in order to be easy to read. 

3.1 Work Breakdown Structure (WBS) 

 

The Work Breakdown Structure is a tool that helps the team to first organize the work into 

manageable work packages. 

WBS serves as a framework for further project management tools. 

 

Figure 3-1 ECO WISE Work Breakdown Structure 

 

In the figure above, the overall WBS of the ECO WISE project is portrayed.  

In Appendix C, there is an extended WBS of each subteam, separately. 
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3.2 Schedule 

The overview of the whole project, can be seen in the figurebelow, using the TeamGantt 

tool, as an example. The current and complete status can be located in the Appendix C. 

This tool helped the team to have a better understanding of the tasks ahead that need to 

be done in order to have a succesful project all the way until the flight, as well as visualize 

the post processing part of the project. 

Also, it helped with the activities in the present, and the percent-complete of each activity. 

It maximized the availability of each member depending on if a task has to be done in a 

specific time of the year. 

A magnified and updated Gantt Chart, after the postponement of the campaign, separated 

for each subteam can be found on Appendix C. 

 

Figure 3-2 TeamGantt of the ECO WISE experiment 

 

The Gantt chart only displays the tasks of each subteam, and the entire organisation of the 

project in a timeframe, the one of the REXUS|BEXUS. The link between the tasks and the 

members of the team can be found in the analytical WBS in Appendix C, where it can be 

seen, which task has been assigned to which member. 

For its organization and communication, other than most used apps like 

Facebook/Messenger, Zoom, Skype and others, the team chose to communicate and share 

information through the Slack platform. 

It is clear for the team that this is the No.1 tool used to organize meetings or begin 

important conversations.
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An example of the teams’ communication with Slack can be seen in the figure below: 

 

 

Figure 3-3 Slack example 

For more specific task assignments the team at first, used the Airtable platform. 

An example of the teams work can be seen in the Figure3-4below: 

 

Figure 3-4 Airtable example 

 

Tasks were reorganized and reassigned every one or two months on Airtable. This was a 

way of breaking down bigger tasks into smaller and more manageable ones. 
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Airtable helps with the assignment of the tasks, allowing us to keep those tasks updated 

with attachments or notes while TeamGantt helps with the progress of each task and the 

overall experiment, with less details. 

Midway through the project, the team find it more efficient to have separate boards on the 

Trello tool, to assign tasks. Airtable is no longer on use, because it was not that user 

friendly.  

 

For BEAM’s marketing team, Trello is used to organize and assign tasks as well as follow 

the state of each task. Also, individual ECO WISE Subteams, use Trello for a specific 

timeline, tracking tasks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3-5 Trello example of BEAMs' Marketing Team 
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The Test Campaign was completed before the Flight Campaign. 

3.3 Team BEAM organisation 

 

BEAM [Beyond Earth Aristotle Missions] is a space technology student association that 

takes on and accomplishes innovative projects, in the field of space sciences and its 

applications. 

The concept of creating such a team was conceived in April of 2018 by a group of AUTH's 

(Aristotle University of Thessaloniki) students.  

BEAM's goals are: 

• To study and implement innovative ideas in the field of space sciences. 

• To gain knowledge and experience on space missions, from start to finish. 

• To enhance the interest of people and promote the field of space technologies and 

applications in Greece. 

• To promote Aristotle University not only to the space agencies and organizations 

mentioned above but also in the wide European academic/research community. 

BEAM has now been enlarged to 30+ members, and in the assets of the team is one 

successful project that flew to stratosphere with the REXUS|BEXUS program Cycle 12, 

named SHADE [SDR Helix Antenna Deployment Experiment], and two active projects, ECO 

WISE [Ecological COmputations WIth low-cost SEt-up], current project on the 

REXUS|BEXUS Cycle 13, and project LIGHT [Lunar Navigation Helmet] that takes part in the 

IGLUNA program. 

BEAM team, after ECOWISE’s participation on the Cycle 13, set goals of improving its’ 

organization and outreach strategy, that is affecting the team’s projects. With that in mind, 

the team brought together a joint marketing team for its’ projects. In this team, there are 

members of each project that represent their subteams, as well as the team leaders of each 

project, to bring the knowledge of the projects’ progress and the its needs. 

Finally, the teams’ social media are joint, so that we can reach a broader audience. Also, the 

team wishes to have a long-term presence on social media, promoting each year its 

different projects and the programmes it participates.   
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3.4 Resources 

3.4.1 Manpower 

The availability of each member of our team can be seen in the Availability Excel Matrix 

below, from December 2019 to October of 2021.The availability of the team due to the 

postponement of the campaign could not exceed the 5-10h per week until the campaign. 

After the Flight Campaing the availability of the team was not displayed in a chart as there 

was not a consistant availability from the members.  

 

 

Figure 3-6 Manpower 
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Added team members on the Software/Data analysis sumbteams are working externally on 

the project and in cooperation with subteam leader Ioannis Liodis. They are available until 

their tasks are completed. 

 

3.4.2 Budget 

The cost of the ECO WISE project has been covered by sponsorships. 

As ECO WISE is associated with BEAM, the teams share the same sponsors. 

Aristotle University of Thessaloniki and BETA CAE systems are BEAMs’ main sponsors that 

are willing to contribute in the making of this project. Future sponsors are going to cover 

the rest of the expenses (for example travel expenses) or materials needed. 

In the table below they will be listed, the amount of money the ECOWISE team spent for 

making the whole experiment possible, adding the expenses of the experiment itself, as 

well as everything else that was needed, like travel expenses, renting of rooms and General 

expenditure on missions. 

 
Table 3-1 Budget Overview 

Overview 

Group Euros Details 

Electronics 600 Sensors, Electronics components 

Mechanics 1000 Mechanics components and manufacturing 

Outreach 500 Promotional material, T-shirts, stickers 

Testing TBD TBD 

Travel costs (non-

sponsored students) 

657 
Selection Workshop (Travel + Room cost for 

2 non sponsored students) 

564 
Training Week (Travel + Room cost for 1 non 

sponsored student) 

4000 
Launch Campaign (Travel + Room cost for x 

non sponsored students) 

TOTAL 
7321 Euros (+The costs that are not yet considered because of the 

SED’s early editing – June 2020) 

TOTAL BUDGET 
AVAILABLE 

14.000 E 

 

*Note: This is how much it costs for the ECOWISE team to carry out the experiment for the 

REXUS/BEXUS programme.  
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3.4.3 External Support 

3.4.3.1 University Support 

 

This project is associated with BEAM, a team that already is supported by the Aristotle 

University of Thessaloniki and especially the Telecommunications Laboratory. 

Because the ECO WISE project belongs to a different field of studies, our team is also being 

supported through the Laboratory of Atmospheric Physics at Physics Department. 

The Laboratory of Atmospheric Physics is helping the team with their support, guidance 

and expertise in this field. Also, there is a lot of laboratory equipment that can help with 

the sensors testing and their ability to take reliable measurements. 

Professor Kostas Karatzas from the Informatics Systems & Environmental Informatics at the 

Department of Mechanical Engineering (MechEng), is also helping the team, mentoring 

with knowledge on low cost sensors and the data analysis part of the project.  

Also, Aristotle University of Thessaloniki, trying to bring science closer to the Greek 

community, built CIRI, AUTHs’ Center for Interdisciplinary Research and Innovation. A 

project that takes place at CIRI in the Construction Laboratory for Particle Detectors 

(ATLAS), uses facilities like vacuum tables and other technologies. We are in contact with 

them to find a way to test our experiment in a vacuum or thermal chamber in our 

hometown, Thessaloniki.  

 

3.4.3.2 Sponsors 

 

As ECO WISE is an experiment of team BEAM, is being financially supported by a 70% of 

BEAM’s sponsorships. The percentage of the financial support is depended on the team’s 

projects and the needs of each one of them. 

The sponsors of BEAM for the year 2019-2020 are: 

Aristotle University of Thessaloniki 

 

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 
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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 projects for two consecutive 

years. 

 

SUPPORT:12.000 € / Labs 

ECO WISE percentage: 8.400 € 

 

Figure 3-7 Logo of Aristotle University of Thessaloniki 
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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. 

 

SUPPORT: 5000 € 

ECO WISE percentage: 3.500 € 

 

Figure 3-8 Logo of BETA CAE Systems 

RAYCAP 

Raycap has decades of experience creating products that protect, support and conceal the 

world’s most valuable assets. The company manufactures advanced surge protection 

solutions for telecommunications, renewable energy, transportation, defense and other 

applications worldwide. 

Raycap’s purchase of surge protection technology manufacturer Iskra Zascite in 2015 

increased its related solution offerings for building infrastructure and general industrial 

applications while the 2018 acquisition of STEALTH Concealment Solutions in South 

Carolina USA, which pioneered the wireless concealment industry in the USA, supported 

Raycap’s initiative to enable the roll out of 5G and next-generation telecommunications 

networks in North America and Europe. 

SUPPORT: 3000 € 

ECO WISE percentage: 2.100 € 

 

 

Figure 3-9 Logo of Raycap 



38 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

AEGEAN Airlines 

 

Aegean Airlines S.A.[8] is the flag carrier airline of Greece and the largest Greek airline by 

total number of passengers carried, by number of destinations served and by fleet size. A 

Star Alliance member since June 2010, it operates scheduled and charter services from 

Athens and Thessaloniki to other major Greek destinations as well as to a number of 

European and Middle Eastern destinations. Its main hubs are Athens International Airport 

in Athens, Macedonia International Airport in Thessaloniki and Larnaca International 

Airport in Cyprus. It also uses other Greek airports as bases, some of which are seasonal. It 

has its head office in Kifisia, a suburb of Athens. 

SUPPORT: 

Aegean has agreed to provide the ECO WISE team and its non-sponsored students with 

tickets for the Launch Campaign. 

 

Figure 3-10 Logo of AEGEAN Airlines 

 

 

NETTOP 

 

After many years in the field of information technology and electronic components, 

NETTOP created this site to provide customers with a huge range of accessories from the 

world's leading manufacturers. 

In collaboration with the Raspberry Pi Foundation as official resellers in Greece NETTOP 

immediately brings all the new products on the day of their release and collaborates with 

the largest electronic component companies in the world. 

SUPPORT: NETTOP provided the team with several components, including the Raspberry 

Pi’s, pricing at around 400 €. 

 

Figure 3-11 Logo of NETTOP 
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IMEA Ltd and KNF 

 

IMEA Ltd: 

The experience of many years of IMEA’s technical team satisfies successfully the needs of 

engineering, selection of suitable solutions and supply of automation systems, gas analysis 

systems, equipment and instruments.   

IMEA Ltd was founded in 1980 and since then, is the representative / distributor of 

Hartmann & Braun in Greece and since 1996 of the Elsag Bailey Group of Companies. From 

2000 IMEA Ltd is is the official distributor and technical supporter for SIEMENS 

analyzers/analysis systems and their spare parts in Greece and Cyprus.  

The main activity of IMEA Ltd , covers the activities of the process automation as well as 

the instrumentation and control in the industries of Aluminium, Cement, Chemical, Energy, 

Food, Paper, Steel. 

 KNF: 

KNF was founded in 1946 by Kurt Neuberger in Freiburg im Breisgau, Germany. KNF have 

remained independent and family-owned ever since, offering a reassuring level of stability 

to our customers. The have established themselves globally as a solution provider 

specializing in the development, design, production and distribution of diaphragm pumps 

and systems for handling gases and liquids. With 17 companies worldwide today, KNF are 

still constantly expanding our multi-industry expertise and wide range of applications. 

SUPPORT:IMEA Ltd collaborated with the KNF company and agreed to sponsor the ECO 

WISE experiment with the needed pump of the experiment. 

 

 

Figure 3-12 Logo of IMEA Ltd 

 

 

 

Figure 3-13 Logo of KNF 
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ELVAL 

Elval is the aluminium rolling division of ElvalHalcor S.A., one of the leading flat rolled 

aluminium manufacturers worldwide and the only one in Greece. 

SUPPORT: ELVAL has been a great supporter to the team, and for a second consecutive 

year has sponsored the ongoing experiment with the needed aluminium plates that the 

ECOBOX and the top of the SensorBox consist of. 

 

 

Figure 3-14 Logo of ELVAL 

TECHNOMECHAN 

The company has held a leading position for 25 years in terms of design, design with CAD-

CAM, construction, installation of production lines and their maintenance.The mechanical 

equipment is complete and suitable to meet all the construction needs of the customer 

even in special constructions. 

SUPPORT: TECHNOMECHAN supported the team for a second consecutive year by helping 

with sponsoring the construction of the SensorBox. 

 

 

Figure 3-15 Logo of TECHNOMECHAN 
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STYROPAN 

The company was established in 1982, in Thessaloniki by Mr. Ioannis Katsaounidis with the 

main activity of manufacturing expanded polystyrene insulating products. To this day, the 

family company is directed by the 2nd and 3rd generation while Mr. Konstantinos 

Katsaounidis is its current CEO. 

SUPPORT: STYROPAN supported the team for a second consecutive year by sponsoring 

the ongoing experiment with the insulation that have been tested and have been also 

mounted on the experiment during the flight. 

 

Figure 3-16 Logo of Styropan 
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3.5 Outreach Approach 

Important milestones of the team have been posted at the teams’ website, Facebook page 

and Instagram profile. 

 

In detail: 

• Website 

On the website, the team aims to communicate information about the project, the teams’ 

achievements, and details about the experiments’ performance in the REXUS/BEXUS 

campaign, containing also pictures. 

Currently the website is under construction. 

 

Figure 3-17 BEAM teams' website overview 

 

 

 

Figure 3-18ECO WISEs representation at BEAMs' site 
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Figure 3-19 The website that is under construction 

 

• Facebook page 

The Facebook page is a way to keep the public updated with the projects’ information 

and the REXUS/BEXUS campaign, serving as a frequent communication channel. 

At the same time, we aim to broaden the interest of the people following our page in 

the field of Space Sciences. 

 

• Instagram profile 

The teams’ Instagram profile serves the same purposes as the Facebook page, being 

both active with stories of our daily life working on the project, as well as by posting 

material about the project itself, or content related to the field of Space Sciences. 

Screenshots of our teams’Social mediarepresentation on Facebook and Instagram can 

be seen in the Appendix B. 

 

Events 

i. ΣΠΕΦ Conference 

In order to enhance the teams’ outreach efforts, the progress of the project and the 

campaign itself were going to be presented in different conferences, such as the 4th 

Conference on Undergraduate Research in Physics. But, due to COVID-19, the conference 

was postponed and the team didn’t have the chance to present the project. The page of 

the Conference can be seen below: 
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Figure 3-20ΣΠΕΦ event 

The conference has been postponed to a not defined time due to the COVID-19 outbreak 

As far as the team has been developing an outreach strategy during the COVID-19 

outbreak (February-March-April 2020), it is a difficult task to find local events or organize 

school visits, due to the Hellenic Ministry of Health announcements of measures. 

The marketing team is already organizing such a strategy and is willing to actualize it after 

the outbreak calms down. 

ii. The Tipping Point in Education Support 

A member of BEAM brought his knowledge gained from the REXUS|BEXUS programme 

to greek students at the Lets Get Digital event of The Tipping Point in Education, 

helping the studentsthat wishto fly their own stratospheric balloon. 

See Appendix B for the photo. 

 

Figure 3-21 The Tipping Point webpage 

Webpage: https://www.thetippingpoint.org.gr/en/ 

https://www.thetippingpoint.org.gr/en/
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iii. Instagram Live:SPIN - Space Innovation 

SPIN – Space Innovation is a non-profit organization focusing on the development and 

knowledge-sharing of space technologies, consisting mainly of university students. 

They believe that scientific knowledge about space should be accessible to young 

people. 

So, they organize frequent Instagram Live Videos in order to achieve that. 

From the 4th to the 10th of May SPIN is organizing a series of live videos, that BEAM is 

invited, to talk about its 3 projects, and the programs it participates. 

 

Figure 3-22 SPIN webpage 

Webpage:https://space-innovation.org/, Instagram: @spin.spaceinnov 

  

https://space-innovation.org/
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iv. Community Sponsors: Copernicus Hackathon 

The Copernicus Hackathon in Athens is organised by Corallia, the innovation unit of the 

Athena Research and Innovation Center in Information Communication & Knowledge 

Technologies, with the support of NEANIAS Project and in collaboration with the Greek 

Space Technologies and Applications Cluster (si-Cluster), the Hellenic Association of Space 

Industries (HASI), Space Innovation (SPIN), and the Greek Copernicus Relay Network and 

the Greek Copernicus Academy Network. 

Corallia Organization asked team BEAM to be community sponsors. BEAM provides 

support by promoting the Hackathon event on its social media, and in return, the team, 

teams’ projects and participating programs had been promoted during the event. 

 

 

Figure 3-23 Copernicus Hackathons Webpage 

 

Webpage: http://www.corallia.org/en/, https://hackathons.copernicus.eu/ 

  

http://www.corallia.org/en/
https://hackathons.copernicus.eu/
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v. BEAM’s Recruitment 2020 

 Team BEAM decided to recruit new members for its 3rd generation, on May 2020. 

First, there was a presentation held online via Zoom, and the team introduced the projects, 

the programmes it participates and the future of the team. 

On the online recruitment day, there where a maximum of 79 participants, and in addition, 

150 students completed a google form showing interest in joining the team. 

 

 

Figure 3-24 Recruitment form for BEAM's 3rd generation team 
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Media 

The team is in contact with different media outlets (newspapers, radio stations, TV stations) 

interested in covering and sharing information about the project.  

3.5.1 Social Media Links 

Facebook page link: https://www.facebook.com/beamauth 

Instagram profile link: https://www.instagram.com/beamauth/ 

Current website (a new one is under construction): http://beam.web.auth.gr/ 

You can also get access to our social media through those QR codes: 

 

Facebook:   Instagram: 

 

  

https://www.facebook.com/beamauth
https://www.instagram.com/beamauth/
http://beam.web.auth.gr/
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3.6 Risk Register 

 

Table 3-2 Probability and Severity of Risks log 

 
 

 

Risk ID  

TC – technical/implementation  

MS – mission (operational performance)  

SF – safety  

VE – vehicle  

PE – personnel  

EN – environmental 
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Table 3-3 Risk Register 

D RISKS P S Code PxS ACTION 

MS.1 
Pump Failure: Slight to null air 

pumped (main motor issue maybe) 
Medium Major C3 Low Test of the whole experiment in a vacuum chamber 

TC.1 Excess of mass or dimensions limits Minimum Negligible A1 Very Low 
Measure the dimensions of the experiment 

properly 

MS.2 
Pump Heat Failure: Pump is 

overheated/underheated 
Low Major B3 Low Thermal tests 

TC.2 
Inner Box(es) Failure: Box can not 

maintain desirable conditions 
Low Major B3 Low Materials Specifications 

MS.3 
Pump Failure: Exceptional Issue 

with the pump, not specific 
Low Critical B4 Low Test of the whole experiment in a vacuum chamber 

MS.4 
V1-V2 not working properly (at 

least one of them) 
Low Major B3 Low Valves Tests 

TC.3 
Air Tubes Failure: Rip or 

disconnection of the tubes 
Low Critical A4 Very Low Fluid mechanics test, endurance tests 

TC.4 EcoBox: Any damage on the box Minimum Negligible A1 Very Low Performance test in a rough road 

MS.5 Raspberry Pi 4B Failure Low Critical B4 Low 
Testing of Raspberry Pi 4B in experiment's 

conditions(temperature, pressure) 

TC.5 

Sensors not working due to 

undesirable pressure and 

temperature 

Medium Major C3 Low 

Appropriate software to control the experiment 

and telecommands from ground station through E-

Link in case of failure of software 

TC.6 

Loss of communication with 

Ground Station (E-link manager 

damage) 

Low Major B3 Low Everything stored in an SD card 
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TC.7 SD overflow Low Major B3 Low Check the storage of the card before flight 

MS.6 

Software fails to control 

autonomously valves, pump, 

heaters 

Low Critical B4 Low 
Testing and manually control everything from 

Ground Station 

TC.8 Ground Station Computer Failure Low Critical B4 Low One second computer will be available to replace it 

PE.1 Withdrawal of a member Medium Significant C2 Low Be sure of the members availability and motives 

MS.7 

COVID-19 outbreak 

(Planning/Testing getting out of 

hand) 

Maximum Major E3 High 

Better understanding of the situation/Team 

organisation from home/(Skype/Cisco 

WebEx/Zoom meetings) 

TC.9 
Heaters fail to operate 

(overheat/underheat) 
Low Critical B4 Low 

Thermal calculations/simulations, Heaters test, 

Components test, Experiment test 

MS.8 
Intake pipe blocked by external 

elements 
Medium Major C3 Low 

A filter may be implemented (previous BEXUS 

teams have been investigated) 

MS.9 
Possible unscrewed-break of a 

SensorBox allen screws 
Minimum Negligible A1 Very Low 

Thread locker glue will be used to mount the 

screws into place 

MS.10 
Structure damage due to bad 

landing 
High Negligible   

There is no problem in damaging the experiment 

after landing. 

MS.11 
Undesirable pressure on the 

SensorBox 
Low Critical B4 Low 

A relief valve will be Implemented on the 

SensorBox 
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3.7 Last Phase Planning (After IPR) 

In the team’s IPR review, an exercise was practiced in order for the experiment to meet the deadlines and make it to EAR successfully, and 

then to the Launch Campaign. All tasks are now, after the flight campaign considered done or expired. 

The picture below has been changed through time, as It can be seen in section 3.2.  

In the picture below, the result of this exercise can be seen: 

 

Figure 3-25Team Gantt Planning Exercise 
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3.8 NEW Covid-19 OUTBREAK – Thessaloniki Edition 

 

Thessaloniki has entered a new Covid-19 outbreak era, as of mid-November of 2020. 

This is also a hard time for the team, as late October, and the month of November was 

dedicated to the last testing of the experiment, and the application of the updates of the 

ECOWISE experiment.  

As the months of September/early October are exam periods in Greece, there was a 

detailed plan of taking advantage the next months, late October and November for the 

final functionality tests of the experiment, after the updates took place. 

This plan, once again, was not executed due to external factors that the team did not 

expect. 

The combination of the postponement of the campaign and the second lockdown has of 

course affected the team. 

First of all the team has no access to the hardware of the experiment and the facilities to 

work on the experiment. Also, there are a lot of coronavirus cases in town, so it is very 

dangerous to meet as a team, in person. 

The lesson to be learned here, is that the planning can always be out of hand, because of 

factors no one cannot control 

Team bonding and catching up with the team on a regular basis remains important, 

something that the team has to work on. 

The future planning seems difficult, as we do not know when the lockdown will be over, 

and we will return to a normal everyday life with access to the hardware of the experiment 

and the facilities. 

Lockdown applied lighter measures leaving the team able to work on the experiment the 

last days of the EAR and after the EAR. The measures in addition with the year of covid 

restrictions, lockdown and members of the team being residents in different cities, made a 

big difference in the team’s performance and phycology. 
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4 EXPERIMENT DESCRIPTION 

 

4.1 Experiment Setup 

 

The design of the Eco-Wise experiment (the EcoBox) consists of the following parts: 

i. The Sensors-Box 

 

 

The set up has been built in a way that did not interfere with the other experiments and 

did not contribute to the rotation of the gondola. The outlet of the experiment is placed in 

the side part of the gondola for the reasons listed above. 

 

The center of mass of the experiment was in such a point to coincide with the center of the 

gondolas’ center. 
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Below there is an additional component diagram of the ECO WISE experiment. 

 
Figure 4-1 ECO WISE component diagram 
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4.1.1 Contamination and Mitigation 

 

As stated, the sampling method may affect the results. This possible contamination will be 

given quantitatively through the upcoming tests which concern pump’s effectiveness. 

A qualitative analysis is given below for CO2. 

Suppose we are in the circle k-1, with the sample sk-1, whose concentration is ck (ppm) in 

CO2. As soon as we implement our method the quantity of CO2 starts decreasing. At the 

end of this circle we measure inside the sensor box: 

• The pressure Pk-1 

• The temperature Tk-1 

We suppose that the concentration of CO2 of the previous sample will be ck/y (y will be 

determined after the tests), since we regard the gas as an homogeneous mixture, and let n 

be the moles of CO2 left. 

 

At this point, circle k starts, by filling the sensor box with the new sample. As soon as it is 

filled, we have N moles of CO2, where N=n’+n, and we measure: 

• The pressure Pk 

• The temperature Tk 

Using the ideal gas law for both k-1 and k state, and by dividing we have: 

𝑛

𝑛′
=

𝑃𝑘−1

𝑃𝑘

𝑇𝑘

𝑇𝑘−1
= 𝐴 

So A is known. 

In N moles we have ck ppm of CO2 so (ck*N*10-6) parts. 

In n moles we have ck-1/y ppm of CO2 so (ck-1/y*n*10-6) parts. 

In n’ moles we have c’ ppm of CO2 so p’ parts. 

Thus, it holds: 

ck ∙ N ∙ 10−6 =
ck−1

y n
∙ 10 ∙−6+ p′ 

𝑝′ = 10 ∙−6 (𝑐𝑘(𝑛′ + 𝑛) −
ck−1

y
∙ n) 

Hence, 

𝑐′ = p′ ∙
10−6

𝑛′
= 𝑐𝑘 (1 +

𝑛

𝑛′
) −

ck−1

y
∙ n

𝑛′
 

𝑐′ = 𝑐𝑘(1 + 𝐴) −
ck−1

y
𝐴 
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4.1.2 Calculating pump’s flow-rate 

 

In order to calculate the pump’s flow-rate every moment, given the data of our 

temperature and pressure sensors, we followed the method explained below. 

Let Pin, Tin be the pressure and the temperature measured inside the sensor box, Pout,Tout 

the pressure and the temperature measured outside the gondola, Vin the sensor box’ 

volume, Π the pump’s flow rate. Thus, it holds: 

𝑃𝑖𝑛𝑉𝑖𝑛 = 𝑛𝑖𝑛𝑅𝑇𝑖𝑛  →
𝑑𝑛𝑖𝑛

𝑑𝑡
=

𝑉𝑖𝑛

𝑅𝑇𝑖𝑛
∗

𝑑𝑃𝑖𝑛

𝑑𝑡
 

𝑃𝑜𝑢𝑡𝑉 = 𝑛𝑅𝑇𝑜𝑢𝑡 

We demand the appropriate V in order to have nin moles in Pout pressure and Tout 

temperature. For a specific moment, Pout and Tout was constant, so: 

𝛱 =
𝑑𝑉

𝑑𝑡
 =

𝑑𝑛

𝑑𝑡
∗

𝑅𝑇𝑜𝑢𝑡

𝑃𝑜𝑢𝑡
=

𝑑𝑛𝑖𝑛

𝑑𝑡
∗

𝑅𝑇𝑜𝑢𝑡

𝑃𝑜𝑢𝑡
 → 

𝛱 =
𝑉𝑖𝑛

𝑃𝑜𝑢𝑡

𝑇𝑜𝑢𝑡

𝑇𝑖𝑛

𝑑𝑃𝑖𝑛

𝑑𝑡
 

Therefore, every second we measured Tin, Pout,Tout, ΔPin/Δt for Δt=1 sec.  



58 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

4.2 Experiment Interfaces 

4.2.1 Mechanical 

 

4.2.1.1 Gondola Interface 

The ECO-WISE experiment was mounted on one of the bottom corners of the gondola. 

This way, direct access to the atmosphere was ensured, allowing the chosen sampling 

method of air suction. ECO-WISE utilises a framework made of L shaped aluminium beams. 

The two were connected using a set of rubber bumpers to isolate the Eco-Box both from 

the vibrations and to minimize the thermal pathways to the gondola.  

 

 
Figure 4-2 Side view of the ECO WISE mounting to the BEXUS gondola 

 

The specific choice was made by ECO-WISE to remove complexity ensuring at the same 

time the structural integrity of the experiment. A set of simulation using Finite Element 

Methods was created and the results were that this kind of construction can withstand an 

ECO-BOX of 15kg, which is the maximum allowed, with a safety factor equal or greater of 

15. 

 

Figure 4-3Static Loads Simulation of the Gondola Interface 1 
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Figure 4-4Static Loads Simulation of the Gondola Interface 2 
 

4.2.1.2 Structure and dimensions 

The overview of the structure is the following: 

− The innermost layer, which includes the vast majority of functional scientific elements, as 

well as smaller the electrical components. 

− The ECO-BOX, a parallelepiped shell bolted on a framework of construction rails, all 

made of aluminum. 

− Securing the aluminum panels on the rails is achieved using a multitude of M5x8mm Hex 

Socket Bolts with the appropriate Split Lock Washer, accompanied by M5 Hammer nut. 

− An exception is the top panel, which is secured simply by 4 M6x15mm Hex Socket Screw 

with fastened to the rails, since they have a hole that can be tapped to M6 thread on each 

end. 

− The frame itself is kept together by 4 Angle Brackets, secured in the same manner as the 

panels onto the rails for the horizontal rails. The vertical rails are attached via a direct 

connection through the M6 threaded hole. 

− The outer layer, in essence the thermal insulation used. 

 

Figure 4-5 Experiments' connections (Brackets and screws) 
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Figure 4-6 The ECO WISE experiment on the Gondola 

 

Figure 4-7  Isometric view of the whole assembly. The dimensions with the insulation are 516.00 mm X 

546.00 mm X 253.00 mm 
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4.2.1.3 Important Aspects of the Design 

 

Rubber Bumper: 

 

This component assists in reducing the forces due to sudden acceleration / deceleration. This is 

achieved through its compressibility, providing overall safety for the finer parts of the setup. 

 

Frame: 

 

The frame consists of eight rails secured together via angle brackets, forming a cube missing its top 

square. Its absence takes away some of the rigidity of the top parts of the frame, making it slightly 

more prone to vibrations near the top of the setup. However, three factors make this a valid choice: 

 

• The small footprint of the experiment means that torques are of a lesser magnitude. 

• The low height of the center of mass. Due to the position of the components, the center of mass, 

while not precisely located, lies obviously close to the main horizontal layer, on which most of the 

components are situated. 

• A deterring factor is the weight of the rails. Even though they are aluminum extrudes, the weight 

adds up, hence non-essential components are kept as lightweight as possible. 

• Finally, the side panels are aerospace grade aluminium and are bolted directly to every rail. This 

setup not only makes the setup more rigid but, due to the precision of the laser cutter that cut 

these panels, they made the frame as square as possible. 

 

4.2.2 Electronics 

 

The experiment used both Ethernet and Gondola Power (Batteries). It was connected to 

one 28.8 V/1 mA Battery Pack which consists of eight SAFT LSH20 Batteries in series where 

each has a 5A fuse through a box mount receptacle MS3112E8-4P connector mounted on 

the side of the EcoBox. The expected maximum current is 1.83A @28.8V. 

 

The experiment was also communicating with the ground station through E-Link using a 

RJ45 connector, and an Ethernet protocol. The Amphenol RJF21B connector was mounted 

on the side of the EcoBox. The expected Uplink Data Rate is 0,5Kbits/s and the Downlink 

Data Rate 1,5Kbit/s. 

 

For Powering the System we used a 01x02 PCB Terminal Block mounted on the Main PCB, 

connected straight to the Gondola Power Supply.  

All the connections on between the SensorBox PCB, Airflow PCB, Outside PCB and the 

Main PCB were secured with Male D-sub9 Socket soldered on each PCB. Their pinouts 

matched to be easy to use with commercial Female to Female cables.  

For the Pump, the Valves and the Heaters, we used 6 01x02 Terminal Blocks soldered on 

the Airflow PCB (5) and the SensorBox PCB (1). 
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As for the Pump Temperature Sensor-Main PCB Connection, we used an IDC/Molex cable. 

 

4.2.1 Thermal 

 

Apart from heat dissipation from various components, the experiment uses many heating 

elements (see 4.6 Thermal Design). Thus, the setup may transfer considerable amounts of 

heat to its environment. Measures to minimize conduction or other heat transfers to the 

gondola and neighbouring experiments have been considered. 

The external walls of the Ecobox were made from aluminium, which is a conductive 

material, thus a direct attachment to the gondola creates many heat bridges. So, in order 

to minimize the heat loss from the inside of the experiment to the outside and remove the 

heat paths, besides of a good insulation, a system based on rubber bumpers and 

Styrofoam bars, was designed. 

  

Figure 4-8 Representation of the connections 
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4.3 Experiment Components 

 
Table 4-1: Experiment summary table 

Experiment mass (in kg): Eco-Box:  8,9 

● Vacuum Pump: 0,216 

● Sensors Box: 1.5 

Experiment dimensions (in mm): Experiment footprint:  516x546x253 

Vacuum Pump: 50.6X75.4x83.85 

Sensor Box: 105.6x251x71 

Experiment volume(in m3): 0.01729 

Experiment expected COG (centre of 

gravity) position (in mm): 

Center of mass relative to bounding box origin: 

(X,Y,Z)=(156.9mm,250.4mm,62.4mm) 

ECO BOX dimensions: Without Insulation: 

(X,Y,Z)=(327mm,458mm,94mm) 

       With Insulations: 

(X,Y,Z)=(387mm,518mm,154mm) 

 

 

On the Table below ,there is a list of the experiments’ components, listed with a name, 

model, quantity, weight, dimensions and status, as far as the team knows in each phase of 

the programme.
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Table 4-2 Experiments' components list 

 
 

Subsystem Name Model Quantity Cost Cost in  € 
Cost x 

Quantity 
Weight (g) 

Weight x 

Quantity 
Status  

Mechanical 

Stainless Steel High-

Pressure Barbed Tube 

Fitting for Air and Water, 

4mm Tube ID, M5 x 0,8 mm 

Male 

4406T667 6 13,47 11,9883 11,9883 0,00122 3,66 

ARRIVED 

 

Mechanical Socket Head Screw M3*14 91290A119 8 11,49 10,2261 10,2261 0,001 8 ARRIVED  

Mechanical Standoff M3*16 93655A354 8 33,68 29,9752 29,9752 0,0021 16,8 ARRIVED  

Mechanical 
Button Socket Head Screw 

M3*8 
92095A181 29 9,37 8,3393 8,3393 0,0005 14,5 

ARRIVED 
 

Mechanical Socket Head Screw M4*10 91290A144 10 9,01 8,0189 8,0189 0,00184 18,4 ARRIVED  

Mechanical Thin Hex Nut M8 90364A101 1 8,57 7,6273 7,6273 0,0037 3,7 ARRIVED  

Mechanical 

Vibration-Resistant Pinch 

Clamp for Soft Hose and 

Tube, 15/64" to 9/32" ID 

52545K933 8 10,58 9,4162 9,4162 0,001 8 

ARRIVED 

 

Mechanical 
Pinch Clamp Plier, Straight 

and Side Jaw 
6541K69 1 39,25 34,9325 34,9325 0 0 

ARRIVED 
 

Mechanical Socket Head Screw M3*6 91290A111 12 8,71 7,7519 7,7519 0,00074 8,88 ARRIVED  

Mechanical Socket Head Screw M2,5*6 91290A101 2 8,89 7,9121 7,9121 0,0005 1 ARRIVED  
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Mechanical 

High-Temperature Silicone 

O-Ring 1 mm Wide, 5 mm 

ID 

5233T13 4 9,07 8,0723 8,0723 0,002 8 

ARRIVED 
 

Mechanical 
Nylon Unthreaded Spacer 

M3 
93657A501 20 24,80 22,072 22,072 0,0005 10 

ARRIVED  

Mechanical Standoff M3*12 93655A099 20 66,00 58,74 58,74 0,0015 30 ARRIVED  

Mechanical Socket Head Screw M3*40 91290A136 6 2,60 2,314 2,314 0,0006 3,6 ARRIVED  

Mechanical 

Static-Control Firm 

Polyurethane Rubber 

Tubing, for Air and Water, 4 

mm ID, 6 mm OD, Opaque 

White 

5790K62   17,50 15,575 15,575 15 15 

ARRIVED 

 

Mechanical 
Hex Drive Flat Head Screw 

Μ3*15 
92125A103 2 4,72 4,2008 4,2008 0,00111 2,22 

ARRIVED 
 

Mechanical 
T-Slotted Framing Gusset 

Bracket 
5537T658 1 36,96 32,8944 32,8944 0,0148 59,2 

ARRIVED 

 

Mechanical Socket Head Screw M5*10 91290A224 16 10,69 9,5141 9,5141 0,0031 49,6 
ARRIVED 

 

Mechanical Socket Head Screw M6*35 91290A202 4 5,08 4,5212 4,5212 0,0092 36,8 
ARRIVED 

 

Mechanical Socket Head Screw M5*8 91290A222 30 9,81 8,7309 8,7309 0,0029 30 
ARRIVED 
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Mechanical 
Split Lock Washer for M5 

Socket Head Screws 
91111A124 90 2,90 2,581 2,581 0,001 90 

ARRIVED 

 

Mechanical Hammer nuts CNC -CAT  90 29,70 26,433 26,433 0,001632 146,88 
ARRIVED 

 

Mechanical Socket Head Screw M6*15 91290A302 4 14,96 13,3144 13,3144 0,0046 18,4 
ARRIVED 

 

Mechanical 
Aluminium Rails (units in 

mm) 
CNC -CAT  2300 11,27 10,0303 10,0303 0,055 1265 

ARRIVED 

 

Mechanical 
MH 311 012 TT 3/2 

Solenoid Valve 

HAFNER 

PNEUMATIC 
2 ND ND ND 0,12 240 ARRIVED 

 

Mechanical Bottom Plate Alluminium - 0,00 0 0 1594 1594 NYA 

 

Mechanical Top Plate Alluminium - 0,00 0 0 1955 1955 NYA 
 

Mechanical Sensor Box Lid Alluminium - 0 0 0 254 254 ARRIVED 
 

Mechanical Diaphragm Gas Pump  NMP 850,1,2 HP 1 380,00 338,2 338,2 0,38 380 ARRIVED 

 

Mechanical Insulation Styrofoam - 0,00 0 0 700 700 OWNED 
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Mechanical 3D Printed tube Holders 
Holders (3D 

printed) 
6 0,00 0 0 0,0014 8,4 OWNED 

 

Mechanical Vavle Mounting Mounting 2 0,00 0 0 0,07 140 MANUFACTURED 

 

Mechanical 3D Printed Aero-Surfaces 3D Printed 2 0,00 0 0 0,07 140 OWNED 

 

Mechanical Pump Mount Mounting 1 0,00 0 0 0,04 40 OWNED 

 

Mechanical Sensor Box Alluminium - 0,00 0 0 1300 1300 SPONSORED 

 

Thermal Heaters KH-KIT-EFH-15001 1 kit (x8) 200$ 178,88 0 1,1 9 OWNED 
446,22 €         

Electronics 3,3uF Tantalum Capacitor TAP335K050SCS 2 1,86 € 1,86 3,72 0,000242 0,00048 ARRIVED 

 

Electronics 2,2uF Electrolytic Capacitor CE-2.2/100PHT-Y 2 0,02 € 0,02 0,04 0,0001 0,0002 
ARRIVED 

 

Electronics 0.1uF Ceramic Capacitor CM-100N-X7R 2 0,09 € 0,09 0,18 0,0001 0,0002 
ARRIVED 

 

Electronics 3.3nF Ceramic Capacitor CM-3.3N 2 0,04 € 0,04 0,08 0,000086 0,00017 ARRIVED 
 

Electronics Zener Diode 5V1 BZX55C5V1 6 0,03 € 0,03 0,18 0,0001 0,0006 ARRIVED 
 

Electronics Zener Diode 3V3 BZX55C3V3 1 0,03 € 0,03 0,03 0,0001 0,0001 ARRIVED 
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Electronics Led 3.0mm 
LL-304WC4B-W2-

1PD 
1 0,22 € 0,22 0,22 0,0001 0,0001 

ARRIVED 

 

Electronics Led 3.0mm LL-304GD2E-1A 1 0,07 € 0,07 0,07 0,0001 0,0001 ARRIVED 
 

Electronics Led 3.0mm LL-304YD2E 1 0,08 € 0,08 0,08 0,0001 0,0001 ARRIVED 
 

Electronics Diode 1N4002-DIO 7 0,03 € 0,03 0,21 0,0001 0,0007 ARRIVED 
 

Electronics FUSE 259,125 2 5,00 € 5 10 0,0001 0,0002 ARRIVED 
 

Electronics Dsub-9 Female Vertical DSC-109 2 0,23 € 0,23 0,46 0,011 0,022 ARRIVED 
 

Electronics 
MS5803-14BA Breakout 

Board 
SparkFun 1 59,9 $ 53,07 53,07 0,0019 0,0019 

ARRIVED 

 

Electronics BME280 Breakout Board Adafruit 1 22,14 € 22,14 22,14 0,022 0,022 ARRIVED 
 

Electronics MOSFET Transistor IRLB8721PBF 1 0,33 € 0,33 0,33 0,006 0,006 ARRIVED 
 

Electronics 1k Resistor CF1/4W-1K 3 0,24 € 0,24 0,72 0 0 ARRIVED 
 

Electronics 100k Resistor CF1/4W-100K 1 0,24 € 0,24 0,24 0 0 ARRIVED 
 

Electronics 1 Resistor CF1/4W-1R 4 0,24 € 0,24 0,96 0 0 ARRIVED 
 

Electronics 10k Resistor CF1/4W-10K 4 0,24 € 0,24 0,96 0 0 ARRIVED 
 

Electronics 20k Resistor CF1/4W-20K 4 0,24 € 0,24 0,96 0 0 ARRIVED 
 

Electronics 100 Resistor CF1/4W-100R 2 0,24 € 0,24 0,48 0 0 ARRIVED 
 

Electronics IR11BD Sensor SGX Sensortech 2 100$ 89,44 178,88 30 60 ARRIVED 
 

Electronics OXB431 Ozone Sensor Alphasense 2 44 € 44 88 30 60 ARRIVED  

Electronics Operational Amplifier MCP6004-I/P 2 1,19 € 1,19 2,38 0,00008 0,00016 ARRIVED 
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Electronics 
01x02 Pin Header P2.54 

Vertical 
282834-2 1 1,33 € 1,33 1,33 0,00008 0,00008 

ARRIVED 

 

Electronics Led 3.0mm LL-304YD2E 1 0,08 € 0,08 0,08 0,0001 0,0001 ARRIVED 
 

Electronics BME280 Breakout Board Adafruit 1 22,14 € 22,14 22,14 0,022 0,022 ARRIVED 
 

Electronics 
MS5803-14BA Breakout 

Board 
SparkFun 1 59,9 $ 53,07 53,07 0,0019 0,0019 

ARRIVED 

 

Electronics LEA-6S Breakout Board MIKROE-1032 1 50$ 44,72 44,72 2,1 2,1 ARRIVED 
 

Electronics Dsub-9 Female Vertical DSC-109 2 0,23 € 0,23 0,46 0,011 0,022 ARRIVED 
 

Electronics 1k Resistor CF1/4W-1K 1 0,24 € 0,24 0,24 0 0 ARRIVED 
 

Electronics Led 3.0mm 3V3 
LL-304PGC4B-G5-

2CD 
5 0,25 € 0,25 1,25 0,011 0,055 

ARRIVED 

 

Electronics Diode 1N4002-DIO 5 0,01 € 0,01 0,05 0,0001 0,0005 ARRIVED 
 

Electronics Zener Diode 3V3 BZX55C3V3 5 0,03 € 0,03 0,15 0,0001 0,0005 ARRIVED 
 

Electronics 
01x02 Pin Header P2.54 

Horizontal 
282834-2 5 1,33 € 1,33 6,65 3 15 

ARRIVED 

 

Electronics MOSFET IRLB8721PBF 5 1,04 € 1,04 5,2 1,5 7,5 ARRIVED 
 

Electronics 100k Resistor CF1/4W-100K 5 0,24 € 0,24 1,2 0 0 ARRIVED 
 

Electronics 100 Resistor CF1/4W-100R 5 0,24 € 0,24 1,2 0 0 ARRIVED 
 

Electronics 
10uF Tantalum Capacitor 

35V 
T350G106M035AT 2 1,58 € 1,58 3,16 0,02 0,04 

ARRIVED 

 

Electronics 1uF Ceramic Capacitor  C340C105K1R5TA 2 1,94 € 1,94 3,88 0,02 0,04 ARRIVED 
 

Electronics 100uF Electrolytic Capacitor RD1J107M0811MBB 2 0,04 € 0,04 0,08 0,02 0,04 ARRIVED 
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Electronics 0.1uF Ceramic Capacitor CCK-100N 1 0,04 € 0,04 0,04 0,02 0,02 ARRIVED 
 

Electronics 
10uF Tantalum Capacitor 

25V 
TC-10/25 1 0,38 € 0,38 0,38 0,02 0,02 

ARRIVED 

 

Electronics Diode 1N5062 3 0,04 € 0,04 0,12 0,0001 0,0003 ARRIVED 
 

Electronics Diode 1N4002-DIO 1 0,00 € 0 0 0,0001 0,0001 ARRIVED 
 

Electronics Led 3.0mm 
LL-304PGC4B-G5-

2CD 
4 0,25 € 0,25 1 0,011 0,044 

ARRIVED 

 

Electronics Zener Diode 3V3 BZX55C3V3 4 0,03 € 0,03 0,12 0,0001 0,0004 ARRIVED 
 

Electronics DCDC Converter 24/3 LM2937ET-3.3 1 3,71 € 3,71 3,71 1 1 ARRIVED 
 

Electronics DCDC Converter 28/24 S24SP24003PDFA 2 1,52 € 1,52 3,04 6 12 ARRIVED 
 

Electronics DCDC Converter 28/5 PDQE20-Q24-S5-D 1 20,29 € 20,29 20,29 6 6 ARRIVED 
 

Electronics 
Raspberry Pi GPIO Pin 

Header 
OK 1 0,00 € 0 0 0 0 

ARRIVED 

 

Electronics 
01x04 Pin Header P2.54 

Vertical 
MPT0.5/4-2.54 1 2,00 € 2 2 1,5 1,5 

ARRIVED 

 

Electronics 
01x02 Pin Header P2.54 

Angled 
282834-2 1 1,33 € 1,33 1,33 1,5 1,5 

ARRIVED 

 

Electronics Trimmer 100 Ohm T910Y-100R 2 0,33 € 0,33 0,66 0,6 1,2 ARRIVED 
 

Electronics Trimmer 400 Ohm T63YB470R 1 3,11 € 3,11 3,11 0,7 0,7 ARRIVED 
 

Electronics 1k Resistor CF1/4W-1K 2 0,00 € 0 0 0,0001 0,0002 ARRIVED 
 

Electronics 80 Resistor CF1/4W-82R 1 0,00 € 0 0 0,0001 0,0001 ARRIVED 
 

Electronics 10 Resistor CF1/4W-10R 1 0,00 € 0 0 0,0001 0,0001 ARRIVED 
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Electronics BSS138 Breakout Board Adafruit 1 3,95 € 3,95 3,95 0,01 0,01 ARRIVED 
 

Electronics 8:1 Serial Port Expander Atlas Scientific 1 15,00 € 15 15 100 100 ARRIVED 
 

Electronics 
ADS1115IDGS Breakout 

Board 
Adafruit 1 1,86 €   0 0,01 0,01 

ARRIVED 

 

Electronics 
TCA9548ARGER Breakout 

Board 
Adafruit 1 7,44 € 7,44 7,44 0,01 0,01 

ARRIVED 

608,66  €        

       SUM ( € ) (€) 1.142,88        

       TOTAL 

WEIGHT 
 (g) 8676,93229 
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Some of the most important components and their use in the experiment, will 

be analysed below: 
 

4.3.1 Solenoid Valve 

For the experiment 3/2-way solenoid valves (normally closed) were used, from “Hafner 

Pneumatik” for two mainly reasons. First, they can be functional in cold environments, so 

they are suitable for the utilization in the experiment and secondly, they are 

electromagnetic on/off valves, so it is easy to be controlled from the ground. 

 

Table 4-3 Solenoid Valve Model MH 311 012 TT 3/2Specifications 

Type 2-Way N.C 

Designed and built for down to –320°F (-196°C). 

Material 430F stainless steel body 

Connection 1/8-28 BSPT female thread 

Operating at 12 DC with rectified coil 

 

 

 

Figure 4-9 Solenoid Valve Model D2062-LN2-LT-12VDC 

 

Note: The chosen valves, even though are designed to work in similar conditions as our 

experiment, were tested thoroughly in the vacuum chamber, not only by themselves but 

with the combination of the rest of the components (pump, sensor box) as well. 
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4.3.2 Vacuum Pump 

 

The pump has two operations. First, it can provide an airflow of 2L/min to the Sensor Box 

and second, it can be used at the emptying of the sensors' box, by flushing the previous 

sample. 

Table 4-4 Characteristics of the KNF pump 

Delivery rate at atm. 

Pressure [l/ml] 

8 

Max Permissible 

operating pressure 

1.5 

Weight (g/oz) 218./7.69 

Ultimate 

Vacuum[mbar abs.] 

230 

 

 

 

 

Figure 4-10 NMP 850.1.2 KNDC-B model 

 

4.3.2.1 Pump functionality 

 

The volume of the sensors’ box is about 2L which can be arranged in any kind of shape. 

The pump used has already flown on a Bexus flight (TUBULAR experiment). 

By subtracting the volume of the sensors inside the box, the total volume of the 

atmospheric air is 1.8808L. 

The tests that were done, showed a flow rate of 8L/min at ground level and 3L/min at 

about 25km, that the balloon was supposed to reach. So, ideally, the sensors’ box was 

supposed to be full of air at 1atm in about 0.63min. When at least 0.63mins had passed the 

sensors would start their Data Acquisition Process (DAQ). 
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4.3.3 Heaters 

 

Table 4-5 Properties of the Heaters kit 

Withstands Temperature Extremes from -56 to 200οC 

Excellent Tensile Strength and Tear Resistance 

Small, flexible Radius 0.032’’ Minimum 

Supply Voltage 28 Vdc or 115 or 230 Vac 

Thickness 0.01 n 

Pressure Sensitive Adhesive 

 

The Polyminide Film heater kit (KH-KIT series) contains thin and flexible heaters with 

adhesive backing to conform to practically any flat or curved surface. 

This kit is comprised of various stickers: Each one has its own shape, size and resistance. 

They were used to warm up the air sample or other experiment components. When used in 

combination, these heaters can provide a number of resistances and wattages. 

 

 

Figure 4-11Polyimide Film heater kit 
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4.3.4 Connectors, tubes and tubings 

1. Tubes 

 
 

Figure 4-12 Tubes Site Representation 

  



76 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

2. Connectors 

 

 

 

 

 

 

 

 

 

 

The tubes are connected through barb tubing connections for 4mm Internal Diameter 

flexible tubing. This choice is dictated by the pump itself as it comes with these 

connections from the factory and we found them to be suitable for our application. The 

barb connection is airtight by its nature, due to the flexibility of the plastic. Stability of this 

connection is ensured with pressure clamps on the tubing that are suited for a large 

temperature variance. More specific: 

 
Figure 4-14 Pinch Clamp 

 

 

 

 

Figure 4-13The barb Connection 
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4.3.5 Insulation (Styrofoam Blue-Polystyrene XPS) 

 

 Table 4-6 Insulation Specifications 

Thermal conductivity (k):  0.033 W/mk-good insulator 

90%  of air-good shock absorber 

Density 20-40 kg/m3 

Thickness 50 mm 

Thermal Resistance (R)  0.9 m2K/W 

Specific Heat Capacity (C)  ~1.3 kJ/kgK 

Thermal Diffusivity ~0.00085 mm2/s 

Non vapour permeable 

The insulation has been glued together with a specific glue: 

*Although it is not part of the PTC design, below there is the technical data of the glue that 

was used to stick the insulation. 

Table 4-7 Glue (BISON POLY MAX HIGH TACK)  

Color White 

Durable to the extreme’s temperatures 

Durable to UV radiation 

Water resistant 

No dissolvers that can harm Styrofoam 

Non-toxic 

High adhesive power 

Quick drying 

Single elastic 

Density ~1.47 g/cm3 

Basic ingredient Modified silylium polymer 

Tensile resistance ~250 N/cm2 
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4.3.6 Aluminum foil sheet (Thermal foil Meteor 74016) 

 

   Table 4-8 Aluminum foil sheet specifications 

Dimension 12 (cm) 

Color  Silver 

Insulating film, protects against sun and cold 

One silver side 

Emissivity (e) 0.03 

Thermal conductivity (k)  ~ 202 W/mk 

High reflectiveness 

 

 

4.3.7 Aluminum Tape (with acrylic glue) 

 

Table 4-9 Aluminum Tape Specifications 

Color Silver 

Length 50 m 

Width 48 mm 

Emissivity (e) 0.03 

High reflectiveness 
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4.4 Mechanical Design 

 The mechanical design of the Eco-Wise experiment consists of two main parts: 

i. The Eco-Box 

ii. The Electronic parts 

4.4.1 Eco Box 

 

The term EcoBox refers to the outer shell of the ECO WISE experiment. This is the structural 

basis of the whole experiment, the rest of the components, both mechanical and 

electronics, are directly attached to it. 

 

Figure 4-15 See-through isometric view of the EcoBox 

 

4.4.2 Sensor Box 

The sensor box is the core component of our experiment and is where all the 

environmental measurements are happening. The material of choice for it is Aerospace 

grade aluminium based on its properties. The absolute pressure inside the sensor box 

varied from 0.005 Bar up to 1 Bar. The pressure was maximum when the measurements 

were taking place. 



80 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

 

Figure 4-16 Section Analysis of the Sensor Box Assembly 

 

For the construction of the sensor box was milled from a solid block of aerospace grade 

aluminium in a 5-Axis CNC Machine. 

 

Figure 4-17 Inside look at the sensor box 

 

First an operation with regards to the main cavity has occurred. There, all the main features 

were completed such as the holes for the PCBs mounting, the cutouts for the 3D-Printed 
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flow regulators, the facing of the top surface alongside with the holes that are needed for 

the lid mounting.  

After that, all the holes of the slides were created. Finally, the holes in the bottom were 

created with a different operation in the same machine. 

 

Gasket (SensorBox): 

The gasket helped the sensorbox seal, we were looking for a second option regarding the 

flange. During the flight campaign we found that the gasket was not sufficient, probably 

due to overtightening the screws multiple time, and additional epoxy and tape was used to 

mitigate the issue. 

4.4.3 Gas Circuit 

 

Figure 4-18Schematic representation of the plumping 

 

 

The gas circuit was composed of a pump, two solenoid valves and the sensor box. All the 

components were connected with each other through firm Polyurethane rubber tubing, 

which is suitable for these kinds of temperatures. For valves we choose two 3/2 way low 

operating temperature valves. The valve after the sensor box was used as a 2 way by 

sealing the exhaust valve. The pump was taking air from the environment and moving it 

inside the sensor box for the measurements to take place. The pump was operating 

continuously, and the control of the operations was happening only through the valves. 
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Figure 4-19 Top View of the experiment
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Figure 4-20 Isometric view of the experiment 
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The experiment was organized in cycles. Each of these cycles consists of several smaller 

stages, each with intermediate steps. What follows is an in-depth breakdown of the 

structure of one cycle. As mentioned before the pump was operating continuously, 

therefore we will not refer to it in the following explanation. Moreover, when the valve 1 is 

closed, the exhaust is active. That means that the air pumped has an escape route and it 

doesn’t increase the pressure between the pump and the valve 1. 

 

STAGE VALVE 1 VALVE 2 Description 

Sensor-Box 

Pressurization 

OPEN CLOSE The stage is terminated when the pressure, inside 

the sensor box, becomes 1 Bar 

Measurements  CLOSE CLOSE The stage is terminated after a given number of 

seconds  

Flushing OPEN OPEN The stage is terminated after a given number of 

seconds, which will be dictated by the full 

circulation of the air inside the sensor box. 
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Figure 4-21 Schematics of the 3 stages of the air flow 
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4.5 Electronics Design 

4.5.1 Block Diagram of electronic components 

 

 
The Electronic components of our experiment are located in 4 different Areas, mounted on 

5 different PCBs, in order to achieve better cable management as well as secure 

connections between them. 

The distinct Areas, as shown in the Block Diagram are the Electronics Box, Sensor Box, 

Airflow and Outside the Gondola. 

The Electronics Box is where the Main PCB and the Raspberry Pi are located. The Raspberry 

Pi is connected to the Main PCB with a 40 GPIO Pin Header and with the E-Link through an 

Ethernet Connector. The Main PCB is connected straight to the Gondola Power Supply 

through a Terminal Block, as well as every electronic component of our experiment 

through 4 x D-Sub9 and 1 x IDC/Molex cables. 

The Sensor Box is where all the Atmospheric and Environmental Sensors are located as well 

as the Heaters for the CO2Sensors. The SensorBox PCB is connected to the Main PCB with 2 

x D-Sub9 cables. 

The Airflow PCB is close to the Pump and the Heaters, containing 4 Switching Circuit for 

their operation, connected to the Main PCB with a D-Sub9 cable. For the Pump, the Valves 

and the Heaters, we used 5 01x02 Terminal Blocks. The Pump Temperature Sensor is also 

Figure 4-22 Block Diagram of electronic components 
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located at the Airflow Area, but different PCB is designed to avoid EMI trouble to the 

signals of the Sensor. This sensor is connected to the Main PCB with a Molex/IDC cable. 

The Outside PCB is located outside the EcoBox, containing the Sensors for Environmental 

Conditions and Location measurements, connected to the Main PCB with a D-Sub9 cable. 

All the Power Distribution is done through the Main PCB using two 28V=>24V DC-DC one 

28V=>5V DC-DC Converter in parallel and one 24V=>3.3V Voltage Regulator with 

forwarding diodes. 

The Raspberry Pi is used to control all the Sensors, Valves, Heaters and the Pump. Sensors 

were connected to the Raspberry Pi, after passing Logic Level Converters, Multiplexers to 

increase the number of Sensors that can be used by the Raspberry. The Valves, Heaters 

and the Pump were 

connected via a Switching Circuit.  

Indicator LEDs were used, located on each PCB to display whether different parts of the 

circuit are active or not. Specifically, they were indicating the status of the Valves, Pump, 

Heaters, DC-DC Converters and UART Sensors. 

Grounding was done following a Single Point Grounding, with all ground connections 

meeting at a single star point on the top Layer of the Main PCB, ensuring there were no 

floating grounds. As the 28V=>24V DC-DC converters’ Input and Output Ground Pins are 

not connected at the Main PCB, the experiment is isolated from the Gondola Power 

Supply. The Grounding can be seen in the Schematics of the Electronic Components where 

it is labeled as GND. The Analog Sensors that are  used in the SensorBox use a separate 

grounding wire (AGND) onto the Main PCB and there is a separate trace connecting the 

Analog Ground (GNDA) with Common Ground (GND), in order to achieve the same 

reference point. There is Ground Top Layer at every custom designed PCB. 
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The ECO WISE experiment consists of the following electronic components: 

 

4.5.2 Air Texture Measuring Sensors 

 

4.5.2.1 CO2 Sensor 

For the measurement of CO2 concentration, we used SGX infrared sensor IR11BD which 

communicates with Analog Output. Two IR11BD sensors were located inside the 

SensorBox. 

         Table 4-10 Important Measurement Parameters of the Carbon Dioxide sensor 

Parameter Min. Typ. Max. Units 

Voltage Supply 3 5 5 V 

Power Consumption  180  mW 

Weight  30  g 

Measuring Range 0  0.5 %v/v 

Detection Level 2   ppm 

Deviation from linearity   ±0,01 %v,v 

T90 Response Time   20 s 

Operating Temperature -20  55 °C 

Operating Pressure 30  130 kPa 

 

 

Figure 4-23 Carbon Dioxide sensor 
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4.5.2.2 O3 Sensor 

 

In order to measure O3 concentration, the team used OX-B431 sensors which provide an 

Analog Voltage Output. Two O3sensors were located inside the SensorBox. 

 

Table 4-11 Important Measurement Parameters of the OX-B431 

Parameter Conditions Min. Typ. Max. Units 

Voltage Supply  3.5  6.4 V 

Measuring Range  0  20 ppm 

Resolution   216  mV/ppm 

T90 Response Time    80 s 

Operating 

Temperature 
 -30  40 °C 

Operating Pressure  80 1 120 kPa 

Operating 

Humidity 
 15  85 % r.H. 

 

 

 
Figure 4-240X B431 

  



90 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

4.5.3 Electronics Components 

4.5.3.1 Raspberry Pi 4B 

 

The ECO WISE experiment includes one Raspberry Pi 4B as the core of the whole 

experiment. 

 

Table 4-12 Technical Data of the Rasberry Pi 4B 

Broadcom BCM2711, Quad core Cortex-A72 (ARM v8) 64-bit SoC @ 1.5GHz 

4GB LPDDR4-3200 SDRAM 

Gigabit Ethernet 

2 USB 3.0 ports and 2 USB 2.0 ports 

40 pin GPIO header 

Micro-SD card slot for loading operating system and data storage 

5V DC via USB-C connector (minimum 3A*) 

5V DC via GPIO header (minimum 3A*) 

Power over Ethernet (PoE) enabled 

Operating temperature: 0 – 50 degrees C ambient 

 

 

Figure 4-25 Raspberry Pi 4B 
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4.5.3.2 Instrumentation Amplifier 

 

The CO_2 sensors require a subtractor in order to compensate for variations in Battery or 

Supply Voltage. For this purpose, two instrumentation amplifiers based on the Operational 

Amplifier MCP3004 are used, located next to the CO_2 sensors. 

 

    Table 4-16 Important Parameters of the MCP3004 

Parameter  Min. Typ. Max. Units 

Voltage Supply  1.8  5.5 V 

Quiescent Current per Amplifier @Vdd=5.5V 50 100 170 μA 

Gain Bandwidth Product   1.0  MHz 

Operating Temperature  -40  85 °C 

 

Figure 4-27 Operational Amplifier MCP6004 

 

 

 

  

Figure 4-26Schematics of the Instrumentation Amplifier 
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4.5.3.3 4-Channel Analog to Digital Converter ADS1115 

In order to convert the Analog signal from the O3 and CO_2 sensors to I²C we used one 

Analog to Digital Converter ADS1115, mounted on the SensorBox PCB. 

    Table 4-13 Important Parameters of the ADS1115 

Parameter  Min. Typ. Max. Units 

Voltage Supply  2.0  5.5 V 

Supply Current   100  μA 

Sampling Rate  8  860 sps 

Resolution   16  bit 

Operating Temperature  -40  125 °C 

 

 

  

Figure 4-28 ADS1115 Breakout 
Board 
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4.5.3.4 GPS LEA-6S 

 

For the measurement of the experiments’ latitude and longitude, a GPS module is used, 

located Outside of the Gondola. This sensor communicated with the experiment through 

UART. 

 

 

Table 4-14 Important Measurement Parameters of the LEA-6S 

Parameter Conditions Min. Typ. Max. Units 

Voltage Supply  2.7  3.6 V 

Supply Current VCC= 3.0V  47  mA 

Power Consumption   121  mW 

Sensitivity Tracking and   Navigation  -162  dBm 

Horizontal Position Accuracy   2.5  m 

Max. Navigation update rate   5  Hz 

Velocity Accuracy   0.1  m/s 

Heading Accuracy   0.5  degrees 

Operating Temperature  -40  85 °C 

 

Figure 4-29  LEA-6S Breakout Board 
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4.5.3.5 Pressure/Altimeter Sensor MS5803-14BA 

 

For the measurement of altitude and pressure the experiment includes two 

Pressure/Altimeter sensors MS5803-14BA which communicate with I²C and 

make measurements by calculating temperature and pressure. One of them was 

located inside the SensorBox and the other one Outside the SensorBox. 

 

 

      Table 4-15 Characteristics of the MS5803 

Parameter Conditions Min. Typ. Max. Units 

Voltage Supply 
 

1.8 3 3.6 V 

Supply Current 
  

12.5 
 

μA       

Measuring Range 
 

0 
 

14 bar 

Resolution 
  

0.2 
 

mbar       

Operating 

Temperature 

 
-40 

 
85 °C 

Operating 

Pressure 

 
0 

 
14 bar 

 

 

 

Figure 4-30 MS5803 Breakout Board 
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4.5.3.6 Temperature and Humidity Sensor Bosch BME280 

 

For Temperature and Humidity measurements, we used two Bosch BME280 sensors. One 

of them was located outside the SensorBox and one inside. These sensors communicate 

through I²C protocol.  

 

Table 4-16 BME280 Specifications 

Parameter Conditions Min. Typ. Max. Units 

Voltage Supply 
 

1.71 1.8 3.6 V 

Sleep Current 
  

0.1 0.3 μA 

Current during humidity  

measurement 

  
340 

 
μA 

Current during pressure 

measurement 

  
714 

 
μA 

Current during temperature 

measurement 

  
350 

 
μA 

      

Operating Temperature 
 

-40 25 85 °C 

Operating Pressure 
 

300 
 

1100 hPa 

Operating Humidity 
 

0 
 

100 % r.H. 

 

 

 

Figure 4-31 BME280 Breakout Board 
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4.5.3.7 Adafruit Logic Level Converter - Bi-Directional 

 

The Adafruit bi-directional logic level converter is a small device that safely steps down 5V 

signals to 3.3V AND steps up 3.3V to 5V at the same time, using the BSS138 chip. We used 

it in order to translate the 5V output of the CO2  sensor to the desired 3.3V due to 

Raspberry Pi GPIO pins specifications. This breakout was mounted on the SensorBox PCB. 

 

Table 4-17Adaptor's specifications 

Parameter Conditions Min. Typ. Max. Units 

Gate Threshold Voltage  Id=1mA 0.8 1.3 1.5 V 

Maximum Continuous Drain-Source 

Diode Forward Current 

  0.22  A 

Maximum Power Dissipation 
  

0.36 
 

W 

Operating Temperature 
 

-55 
 

150 °C 

 

 

Figure 4-32 BSS138 Breakout Board 
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4.5.3.8 MLX90614 Infrared Temperature Sensor 

 

For the Pump and CO_2 Sensor Temperature Measurements, the experiment used two of 

the MLX90614 infrared sensors.  

Table 4-18 MLX90614 Specifications 

Parameter Conditions Min. Typ. Max. Units 

External Supply 
 

2.6 3 3.6 V 

Supply Current 
  

1.3 2 mA 

Resolution   0.02  °C 

Accuracy For temperature 

range 0-50°C 

 
0.5 

 
°C 

Object Temperature 
 

-70 
 

380 °C 

Operating Ambient 

Temperature 

 
-40 

 
125 °C 

Operating Humidity Non-Condensing 0 
 

85 % r.H. 

  

Figure 4-33 MLX90614 
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4.5.3.9 Adafruit TCA9548A 1:8 I²C Multiplexer 

 

In order to extend the I²C inputs of the Raspberry, an 1:8 I²C  Multiplexer is used. This 

breakout is be mounted on the Main PCB. 

 

 

Table 4-24 Features of the TCA9548A 1-to-8 I2C Multiplexer 

1-to-8 Bidirectional Translating Switches 

I²C Bus and SMBus Compatible 

Supply current 20μΑ @3.6V 

0- to 400-kHz Clock Frequency 

 Operating Power-Supply Voltage Range of 1.65V to 5.5V 

 

Figure 4-38TCA9548A Breakout Board 
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4.5.3.10 Switching Circuits 

 

For the activation of the Pump, the Valves and the Heaters, Switching Circuits based on the 

MOSFET IRLB8721PBF are used. In total there are be 6 Switching circuits like this in the 

experiment to control which components are turned on and when. One of them is located 

inside the SensorBox for the SensorBox Heater, and the other five on the Airflow PCB next 

to the Pump and the Valves. 

 

 

    Table 4-25 Important Parameters of the MOSFET IRLB8721PBF 

Parameter  Min. Typ. Max. Units 

Drain-to-Source Breakdown Voltage  30   V 

Gate Threshold Voltage  1.35 1.8 2.35 V 

Maximum Power Dissipation   65  W 

Operating Temperature  -55  175 °C 

 

Figure 49 MOSFET IRLB8721PBF 

 

  

 

 

  

Figure 4-34Schematics of the Switching Circuit 
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4.5.3.11 Power Distribution Unit 

 

The components of the ECOWISE experiment require different levels of power supply. 

Gondola batteries provide 28.8V and a Power Distribution Unit that consists of DC-DC 

converters regulate the Voltage to the desired value for each component. The voltage 

outputs of DC-DC converters are 24V with 93% efficiency, 5V with 90% efficiency and 3.3V. 

The Power Distribution Unit is incorporated at the main PCB. 

 

Figure 4-35 Power Distribution Unit 
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4.5.4 Electronic Schematics 

The Electronic Schematics show all the electronics components of the experiment and all 

the connections between them. 

 

Figure 4-36 Electronics Schematics 1 
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Figure 4-37 Electronics Schematics 2 
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4.5.5 PCB Layout 

To achieve better cable management, all the electronic components are mounted on 

Printed Circuit Boards, minimizing the number of the cables to 4 x Dsub9/Dsub9, 1 x 

IDC/Molex, 1 x  PCB Terminal Block and 1 x Ethernet. Specifically, there are 5 custom made 

PCBs located at the Electronics Box, Sensor Box, Airflow, Outside the Gondola and the 

Temperature Sensor breakout board for the Pump. 

The PCBs were designed using the KiCad Software. Each trace width was selected to fit the 

IPC-2221 Standards with some extra safety factor. Specifically, the width sizes that were 

used were 1.4mm for powering the high current drain components, 0.5mm for and 0.3mm 

for the low current traces. 

 

Figure 4-38 Main PCB Top Layer (GND) Figure 4-39 Main PCB Bottom Layer 



104 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

 

Figure 4-40 SensorBox PCB Top Layer (GND) 

 

 

Figure 4-41 SensorBox PCB Bottom Layer 
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Figure 4-42 Airflow PCB Top Layer (GND) 

 

 

Figure 4-43 Airflow PCB Bottom Layer 

 



106 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

 

 

 

 

 

  

Figure 4-46 Outside PCB Bottom Layer Figure 4-47 Outside PCB Top Layer (GND) 

Figure 4-45 MLX90614 Breakout Board Top Layer 
(GND) 

Figure 4-44 MLX90614 Breakout Board Bottom Layer 
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4.6 Power System 

4.6.1 Power Demands 

 On the table below there are estimations about the Power Consumption of the electronic 

components of our experiment. The DC DC Converters’ Energy Loss is estimated to be 

9.95Wh for both of the the 28V=>24V converters (93% Efficiency), 3Wh for the 28V=>5V 

(90% Efficiency) and 0.4Wh for the 24=>3.3V (50%Efficiency). In total our experiment is 

estimated to consume 186.4Wh or 6.47Ah @28.8V. 

 

 

Table 4-19 Power Demands 
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4.6.2 Power Distribution Unit 

 

The components of the ECOWISE experiment require different levels of power supply. 

Gondola batteries provide 28.8V and a Power Distribution Unit that consists of DC-DC 

converters in series, regulate the Voltage to the desired value for each component. The 

voltage outputs of DC-DC converters are 24V, 12V and 5V. As for the devices that require 

3,3V, due to their low current consumption, the voltage regulators of the Raspberry Pi are 

enough. 

 

Figure 4-48 Power Distribution Unit 

  



109 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

4.7 Thermal Design 

The primary goal of thermal design is to ensure proper thermal conditions for all 

experiment components at any phase of the flight. As a secondary goal, power consumed 

by heating elements and heat transferred from the experiment to the gondola, should be 

minimized. 

The experiment experienced different temperature ranges during the flight. Thus, in order 

to make the thermal study of the experiment easier the flight was divided into stages, with 

a wide temperature range each. 

4.7.1 Thermal Environment 

The experiment was subjected to various temperatures throughout the BEXUS campaign: 

Table 4-20 Stratospheric Conditions 

Experiment phase Temperature range(oC) Duration 

Preparation -10 to   +20 - 

Launch pad -10 to 10 Several hours 

Ascension -75    to    0 1.5 hours 

Floating phase -75   to     0 1-5 hours 

Descent -75   to    0 30-60 min 

Recovery -15   to    +5 1-2 days 

 

These limits refer to the external temperature and they were expected to exceeded by a 

few degrees Celsius. Inside the gondola, milder temperatures were expected to be faced. 

In detail: 

The stages of flight are: 

1. Preparation for launch  

2. Ascent  

3. Float 

4. Descent  

5. Landed, waiting for recovery  

Most of the stages consist of harmful temperatures for most of the components, 

specifically: 

1. PREPERATION FOR LAUNCH 

During this stage the experiment is on the ground, preparing for the mounting on the 

gondola. The temperatures ranges that were expected in this stage are: 

i. +16o to +20o in the DOME 
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In these temperatures the possibilities for the components freezing are zero. So, no 

problems were expected during the preparation in the DOME. 

ii. -10o to 0o on the Balloon pad 

This temperature range was expected to  be harmful for some of the components such as 

the electronics and there were high possibilities some of them to freeze. 

iii. -10o to +15o on the gondola outside and inside 

Again, this temperature range was expected to cause problems in the operating systems of 

most of the components before they even start to operate. 

2. ASCENT-FLOAT 

In these two stages the temperatures were expected to be approximately the same. During 

the ascend the team awaited the experiment to face a temperature range from -10o to 0o 

on the ground and approximately –50o inside the gondola. Those temperatures were 

expected to be faced on the highest, predicted, altitude (~ 21-22 Km) and during the float 

phase, in these altitudes, the temperature was predicted to be the same, approximately -

50o. These extreme temperatures could cause damage to the components leading to the 

failure of the experiment. 

3. DESCENT 

In this stage there was no reason to take samples, so the concern was to prevent the 

components from freezing. The temperatures were expected to be the same as in the 

ascent phase, so there weren’t high possibilities of components’ damage. 

4. LANDED, WAITING FOR RECOVERY 

In this stage it is possible for the experiment to land on snow. Until the recovery, the 

temperature range was expected to be from -15o to +5o, so the components could freeze 

and be damaged. 
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4.7.2 Thermal Components’ Requirements 

In this following matrix the temperature ranges of experiment’s components are included. 

Temperature ranges are based on the components’ datasheets. 

Heat dissipation is assumed to be equal to 100 % of power consumption. 

Table 4-21 Components Information 

Component (Αrea) 
Operating temperature 

range 
Comments 

Ozone Sensor 

(Sensor box) 
-20 to +40 °C 

Storage Temperature is 

much stricter (+5 to +30 

°C) 

CO2 sensor (Sensor 

box) 
-20°C to +55°C (ambient)  

Α/D converter 

(Sensor box) 
-40 to +85 °C  

Raspberry Pi 4B 0 to +50 °C (ambient)  

Temperature 

Sensors Bosch 

BME280 

-40°C / +85 °C 

(ambient) 
 

GPS -40 to +85 °C  

Pump 
-20 to +60 °C 

(ambient) 

The functionality of the 

pump in low 

temperatures was been 

investigated. 
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4.7.3 Thermal Control 

 

Passive Thermal Control (PTC):  

The goal of a passive thermal design is to keep heat in the experiment by preventing heat 

bridges, using insulating materials, reducing contact surfaces, and using reflecting surfaces. 

Considering all the above and the thermal requirements of the experiment, the PTC design 

of the ECO-WISE experiment consisted of the below: 

A thermal insulation that covered the Ecobox, minimizing the heat loss and creating 

suitable conditions (room temperature ~20 oC) for the components, an aluminum foil 

sheet that was coating the insulation reflecting most of the sun radiation, protecting 

the insulation, an aluminum tape that was taking part on the “sealing” of the 

experiment and some rubber bumpers that helped to minimize the heat bridges with 

the gondola. 

The PTC design 

Firstly, at the bottom of the Ecobox, was attached (with a Velcro tape) a piece of insulation. 

Then, the rest of the insulation was placed like a cap, which consisted of 5 pieces of 

Styrofoam, covering the Ecobox. This means that the insulation and the Ecobox was in 

touch but not glued together.  

Every piece had a 30 mm thickness. The pieces of the cover were glued together with the 

BISON glue and then the aluminum tape was placed around the pieces to “sealed” the cap. 

One layer at the top and one at the bottom and one layer at each diagonal where the 

pieces were glued together (see the image below), leaving no gaps in covering and making 

sure that the cap was stable and wasn’t going to break in pieces. 

*under the top aluminum tape, is the point where the top piece connects with the other 4 

pieces covering the top side of the cap. 

 

 

  

The cap of the insulation (not real 
dimensions) 

 

Aluminum Tapes(top, bottom, 
diagonals) 
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After the cap was made and placed on the Ecobox, it connected with the bottom part of 

the insulation, where the Ecobox has been attached with the aluminum tape.  

 

After the covering of the Ecobox with the insulation and after the “sealing” with the tape, 

the aluminum foil sheet was placed. The idea of the aluminum foil sheet came into 

consideration because most of the gondolas’ canvas was removed and many parts of the 

experiment were exposed to the sun’s radiation. This radiation can be very harmful for 

Styrofoam and can cause serious problems. So, in order for the insulation to be safe and 

the temperatures inside the Ecobox to be suitable, as they were before the removal of the 

canvas, the thick aluminum foil was placed around the experiment, reflecting most of the 

sun’s radiation. The foil was stabilized on the box with the help of the tape. Again layers of 

tape were placed around the box, making sure that the foil stayed in place (see the image 

below). 

 

After all this, the experiment was mounted on the gondola, using rubber pumpers, 

preventing the heat bridges with the gondola (see Mechanical interfaces). 

The Active Thermal Control 

 

The goal of an active thermal design is the heating of the experiment and of the 

components by using mainly heaters.  

See heaters specifications in chapter 4.3.3. 

 

 

 

 

 

Aluminum foil 
sheet 

Aluminum 
tapes 
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The ATC design 

According to the simulations the number of the needed heaters was 2. One near the pump 

to maintain the temperature when it was going to be necessary and one inside the sensor 

box to regulate the temperature. According to the simulations both of the heaters had a 5 

Watt consumption. For the pump the heater was placed near to it, in the aluminum wall of 

EcoBox 
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The concept of this idea was that, due to the high thermal conductivity of the aluminum, 

heat from the heater went to the pump, but the pump was not overheated, something 

likely to have happened if the team had placed a heater directly to the pump. 

Following the same concept, the heater in the sensor box was placed on one of the walls of 

the box, which was made of aluminum, in order for the heat to be better distributed inside 

the box without the sensors endangered (possible overheating and melting). 

The following mathematical equation was used to estimate the time that was needed for 

the heaters to increase their temperature. 

𝑃(𝑊𝑎𝑡𝑡𝑠) =
𝑚𝑐𝑝𝛥𝛵

𝑡
 

▪ P: Watts required to bring an object to a desire temperature 

▪ m: The mass of the object 

▪ cp: Heat capacity  

▪ ΔΤ: Difference between the initial and final temperature 

▪ t: Warm up time 

The pump was in touch with the aluminum, that means that they were in a thermal 

equilibrium and due to the high thermal conductivity of the aluminum (202 W/mK) when 

the heater was on the heat could travel fast enough through the layer warming up the 

pump and after some time both of them would come again in a thermal equilibrium. So in 

the above equation, cp can be the heat capacity of the aluminum, which is 0.897 J/gK. The 

mass of the pump is m=218 g and the P for the heater is 5 Watt. The ideal scenario was to 

always maintain the temperature of the pump above 0oC, so a good temperature 

difference was ΔΤ=5οC (=5 K), by the equation above the time that was needed is t=86 

second or 1.5 minutes. 

This means that when the temperature of the pump was going to fall to 0oC, the heater 

would be on for 1.5 minutes to warm it up. By doing this, the time that was needed to 

increase the temperature was little and at the same time there were zero possibilities for 

the pump to freeze because the lowest working temperature is -20oC (Extra insulation may 

be added if needed). 

Although, the heater wasn’t necessary during the flight (see thermal report). 

For the sensor box, where the temperatures were expected to be lower, it was clear that 

the heater should be on most of the time, if not all the time, because the heat would be 

distributed around the sensor box due to the material (aluminum) maintaining the 

temperature the whole time.  

But again, the heater wasn’t necessary (see thermal report) 
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4.7.4 Insulation 

 

Because of the extreme atmospheric conditions that were going to be faced during the 

flight, it became clear that a good insulation should cover the EcoBox. Styrofoam was used, 

a kind of extruded polystyrene (XPS). 

The main choice criteria were: 

1. Lightweight and shock absorber 

It is extremely lightweight, approximately 0,05 g/m3, and it is an excellent shock absorber 

due to the fact that Styrofoam is approximately 90% air. Thus, the experiment was also 

protected from crash landing. 

2. Great insulator 

Styrofoam has a very low thermal conductivity, k=0,033 W/(mK) and reduces convection. 

Thus, the Ecobox maintained a comfortable temperature inside regardless of the 

conditions on the outside. 

According to the calculations (See Appendix C – 8.7 ) in order to keep a reliable 

temperature on the EcoBox (+20oC) the thickness of the insulation was calculated to 

around 30mm.  

The same kind of insulation material was used in the BEXUS2829 campaign, in experiment 

SHADE and performed as it was supposed to, under low pressure and temperature during 

the flight. An extra test was performed with the whole set up ready.  
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4.7.5 Thermal Simulations 

These simulations were made before the flight in order to predict the possible 

temperatures inside the EcoBox. 

Worst Case Scenario -COLD (WCSC) 

This study took place in order to identify the lower possible temperature inside the Eco-

Box. The worst cold case scenario includes: 

i. The temperature of the surroundings remains at 223 Kelvin. 

ii. The valves remain closed, so the heat dissipation is 0W. 

iii. The pump never ceases its function. 

 

 

Figure 4-49 COMSOL Simulation of the Cold Worst Case Scenario 
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- Pump 

As demonstrated, the pump still remains at an acceptable level of temperature during this 

scenario. Although, to stay safe a 5W heater was placed on top of it, to avoid any 

misshapenness.  

 

- Sensors 

During this phase, the temperature inside the sensors box falls too low (250-255K) and the 

sensors may stop working. 

 

Figure 4-50 COMSOL Simulation of the Sensors (WCSC) 
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To solve that problem, a 5W heater was placed close to the sensors, so that the wanted 

temperature is reached as shown below. 

 

 

Figure 4-51 COMSOL Simulation of the Sensors with the Heaters (WCSC) 
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Worst Case Scenario – HOT (WCSH) 

This study took place in order to identify the higher possible temperature inside the Eco-

Box. The worst hot case scenario includes: 

i. The temperature of the surroundings remains at 269 Kelvin. 

ii. The valves remain open, so the heat dissipation is not negligible. 

iii. The pump never ceases its function. 

iv. The Sun irradiance is considered. 

 

 

Figure 4-52 COMSOL Simulation of the Hot Worst Case Scenario 
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- Pump 

The temperature of the pump still remains low enough in this scenario. 

 

 

- Sensors 

The sensors temperature is around 315 Kelvin, which is inside the window of temperatures 

that are given. 

 

Figure 4-53 COMSOL Simulation of the Sensors (WCSH) 

 

From the studies that were done above, we detected no local hotspots, so only the use of 

heaters was necessary. The insulation through the whole process was 30mm. 

Note: There were 2 ozone sensors and 2 carbon dioxide sensors placed inside the sensors 

box, but for the shake of the study only one set was shown. 
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4.7.6 Thermal Report of The Flight 

 

Before giving the thermal results of the experiment, with a brief explanation of this 

behavior, there is given below some useful information. 

 

Operating temperatures of the most critical components  

 Pump: -20o C  to  +60o C 

 O3 sensor: -20o C  to +40o C 

 CO2 sensor: -20o C  to +55o C 

Layers of atmosphere 

 Troposphere: 0 km to 13 km  

 Stratosphere: 13 km to 27,3 km 

Temperature of the environment 

 0 km to 13 km (Troposphere): Decreases  

 13 km to 20 km (Stratosphere): Steady 

 20 km to 27.3 km (Stratosphere): Increases (theoretically)  

For the flight of BEXUS 31 the phases were: 

 Ascending: 0-27.3 km  

  

 Floating: 27.3 km 

  

Before the flight, the experiment remained for a lot of time in the DOME, where the 

temperature was 16o C, there the team ran a lot of functional tests and confirmed that the 

experiment was operating as it supposed to do, with the temperatures being at 16o C to 

18o C. At 4:49 AM, the gondola went to the launch pad, where the temperature of the 

environment was almost 4o C.  
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From this time, there were almost two hours for the launch. At 5:00 AM the experiment was 

at the external power and at 5:06 AM the team started to operate the experiment with the 

heaters on. The initial temperatures were: 

• Ecobox:  16o C 

• Sensorbox: 16o C 

• Pump: 19o C  

  

The team operated the experiment until 6:15AM when the power changed to internal. At 

this time there were 45 minutes for the launch and the team stopped operating the 

experiment to save the power of the batteries.  

  

The purpose of this 1 hour and 9 minutes, where the experiment worked, was to pre-heat 

it. Specifically, the aluminium has a large thermal capacity C=0.92 [J/g oC], this means that 

for someone to change the temperature of the aluminium by 1 K, it requires a lot of 

energy. With simple meaning, it takes a lot of time for the temperature of aluminium to 

change, either increase or decrease. And in addition, the aluminium is a very good reflector 

of the heat radiation and combined with the 30mm of Styrofoam, it can maintain suitable 

temperature in cold environments. 

 So, by running the whole process of the experiment, the team generated some heat from 

the power losses of the components, that distributed inside the experiment through 

convection and radiation and by opening the heaters, that were directly attached to the 

aluminium, the warmed it up through conduction.  

And the temperatures inside the experiment a few minutes before the flight increased: 

• Ecobox: 28o C 

• Sensorbox: 27o C 

• Pump: 31o C 

So, the experiment had already reached a suitable temperature before the flight, 

specifically the aluminium had a good temperature, that could maintain due to the large 

heat capacity and of course all the components were pre-heated. 

  

With the ending of the pre-heating, the experiment was ready for launch.  
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In the following paragraphs, the measurements of the temperature, during the flight, are 

presented. 

  

➢ The temperatures were measured inside the Sensorbox (using the index “in”), 

outside the Sensorbox, while inside the Ecobox (using the index “out”) and outside 

the gondola, in the environment (using the index “env”).  

  

ASCENDING 

The ascending phase began with the temperatures of the experiment being high and 

suitable in comparison with the environment’s temperature, due to the pre-heating: 

  

▪ Tenv. : 5.7 oC 

▪ Tin : 27.8 oC 

▪ Tout: 28.4 oC 

This phase ended at 27.3 km. 

Below are given the graphs of the temperatures, as functions of the time of  flight and the 

pressures of Sensorbox and Ecobox, from which, important conclusions about the thermal 

behavior of the experiment, can be exported. 

➢ Tout – Altitude - Pressure: 

 

Figure 54 Tout – Altitude - Pressure 
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The extreme values of Tout were [24.5 oC, 28.5 oC]. This are high temperatures in 

comparison with the temperature of the environment. The temperature inside the Ecobox 

decreased, but not much. The reason of course is Styrofoam and the already heated 

aluminium. The experiment was generating heat, constantly, from the components and 

was losing very little due to the insulation and the reflective aluminium. These are the 

temperatures that the team expected from the simulations.  

  

But there was a little decrease in temperature. And this decrease was happening during the 

decreasing of the pressure. Due to low pressure, the convection increased. This means that 

the heat that the components were generating, was not contributed inside the Ecobox, but 

instead it was ‘’trapped’’ around the components, due to the convection, leading to a 

decrease of the temperature. But, in the graph, it is clear that, when the pressure was 

stabilized in a value the temperature increased. Due to the convection the components 

radiate more.  So, it is possible that, in this low pressure, the components had so much 

heated up (as it happen in floating) that  they were radiating more. Thus, the temperature 

sensor, in the Ecobox, was heated up and measured an increased temperature. 

 

 

Figure 55 Pump & SB Temperature / Temperature and Time 

  

In the upper graph, it is clear that the temperature of the pump increased as it was 

expected, due to the ‘’heavy’’ work that had to do. The sensor’s temperature was lower, but 

it was logical, because the sensor was measuring a part of the heat that the pump was 

radiating. 

In the Sensorbox, the temperature remained almost stable between 24 oC and 29 oC: 
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Figure 56 SensorBox Temperature over Time 

  

This was caused by: 

1. The pump that was pressurizing the air, thus was increasing it’s temperature. 

2. The already heated aluminium that created suitable conditions. 

3. The fact that outside the Sensorbox the temperature was high, meaning that the 

heat loss was minimum. 

All this created suitable conditions, in the Sensorbox making it hard for the temperature to 

fall in the few minutes that the measurements were taking. 

  

FLOATING 

During the floating phase the temperature increased a lot. In the Ecobox, in the Sensorbox 

and for the components. 

The Ecobox’s temperature reached about 38 oC, in the Sensorbox the temperature was 

stable and slightly higher, in the range [25.5 oC, 32.5 oC] and the temperature of the pump 

increased at about 40 oC. 

The reasons for this increasing were, the low pressure, that lead to an increase of the 

convection mentioned before, thus the heat losses were ‘’trapped’’ around the 

components, the Styrofoam and the aluminium that kept the heat losses inside and of 

course the much time of the floating phase. More time, more heat losses from the 

components and minimum losses from the insulation lead to an increase.  Below, there are 

the graphs from inside the Sensorbox and the pump’s temperature: 
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Figure 57 SensorBox Variables 

 

The pump was heating up more the air in the float and the temperature outside the 

Sensorbox was higher, so the heat losses minimized and the temperature inside increased. 

 

  

Figure 58 Pump & SB Temperatures 
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Due to convection and the ‘’hard work’’ the pump’s temperature was increased. 

Overall, the temperatures of the experiment were as  it was expected from the simulations, 

the calculations and of course the thermal test. The Styrofoam’s length was calculated at 

30 mm, in order to keep the temperature inside in these values.  

The same temperatures were observed in the thermal test, but in the flight were slightly 

higher due to the convection. 

The only unexpected, was in the floating phase where the temperature increased a lot. But 

of course, this is not strange since the floating phase last more hours. The calculations 

were made for 1-1.5 hours and the float lasted 5 hours. 

So, everything went great, the thermal design worked and the experiment performed as it 

was expected. The team managed to maintain the thermal conditions, for the sensors, 

suitable, as it had to do. 

 

4.8 Software Design 

 

The ECOWISE software is responsible for: 

 

controlling the air flow  

       • controlling the heating of the components 

       • collecting data from sensors  

       • storing the collected data at the SD card of the Raspberry pi 

       • transmitting data through SSC’s E-Link. 

       • storing the collected data at files at the ground station 
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4.8.1 Software design subsystems 

 

The Ecowise consists of three software subsystems: 

4.8.1.1 Data handle subsystem 

 

This subsystem consists of the microcontroller, the SD card, the E-link unit , the gas-

measuring sensors (O3, CO2), the temperature ,humidity and pressure sensors inside and 

outside the gondola and the GPS unit. The measurements from all the sensors are stored 

at the SD card and also transmitted at the ground station through the E-link unit. The 

subsystem is also responsible to share some of the measurements of the sensors to the 

other subsystems , for the proper control of the experiment. 

 
Figure 4-59 Data handle subsystem 
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4.8.1.2 Air flow control subsystem 

This subsystem consists of the microcontroller, the pump and the valves. Using the 

measurements of the pressure sensors, that are shared by the data handle subsystem, the 

subsystem controls the function of the pump and the opening and closing of the valves. 

 

 
Figure 4-60 Air flow control subsystem 

4.8.1.3 Heating control subsystem 

 

This subsystem consists of the microcontroller, the heaters driver and the heaters. Using the 

measurements of the temperature sensors, that are shared by the data handle subsystem, the 

subsystem controls the number of heaters that are active and the amount of heat that they 

produce. 

 

Figure 4-61 Heating control Subsystem 
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4.8.2 Design 

4.8.2.1 Process overview 

 

The main process of the experiment generates four processes that run simultaneously .One 

process for the air flow control, one for the heating control, one for the data acquisition of 

the sensors and the storage of the data , and one for the management of the 

communication with the ground station. Furthermore, a logger module saves data from all 

the processes at the SD card of the raspberry pi .The E-link manager module was 

communicating with the program running at the ground station . A graphical user interface 

was embedded at the ground program, so to visualize the data acquired from the 

experiment and to send manual commands. 
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The main process also stores some public vectors that enable the subprocesses to share 

information during the flight. The first vector stores the state of the stages of the air cycles 

of experiment, the second one stores the measurements of all the sensors of the current 

sampling cycle, the third one stores the state of the telecommands sent from the ground 

station and the fourth one stores the state of the experiment components (active or not). 

The data handle process is responsible for collecting the data from all sensors with a 

sampling rate of 1 sec. The same process, after each cycle of sampling, stores the data at 

the SD card. The e-Link manager reads the new data from the log files and sends them to 

the e-Link. The data of each cycle are also stored at the main procedure’s data vector, so 

the other subprocesses which control the air flow and the heating can have access to the 

current sensor measurements.  

The heating process is responsible for the heating of several components of the 

experiment. When the temperature of a component gets lower or higher than the limits, 

the heaters  turns on and off until the temperature is stabilized. 

The flow control process is responsible for controlling the flow of the air in the experiment. 

The process of air sampling occurs in cycles. Each cycle consists of three stages which are 

defined mainly from the combination of the open valves that control the air flow. The 

states of the 3 stages are stored in a vector of the main process. Before the beginning of 

each cycle, all the valves are closed. When the experiment begins, the pump is actuated 

and remains turned on until the ascending of the balloon. Since the valve 1 has 2 possible 

outputs, when the air shouldn’t enter the sensor box the output changes and the air flows 

out of the gondola. 
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Figure 4-62 Gas Circuit Stage 1 

 

At stage 1, the output of the valve 1 is at the sensor box and valve 2 is open. A timer is set 

for a predefined time interval. In this interval the sensor box is refreshed from the old 

sample as the pump is continuously sucking new air from the environment. Afterwards, the 

valve 2 closes and the stage 2 begin. 
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Figure 4-63 Gas Circuit Stage 2 

 

In stage 2, the pump is filling the sensor box with air, until the pressure inside the box 

reaches 1 atm. While the pump is filling the sensor box, the process checks the value of the 

pressure from the data vector of the main process. When the value of the pressure has 

reached 1 atm, valve 2 closes, and the output of the valve 1 switches to the outside of the 

gondola. 
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Figure 4-64 Gas Circuit Stage 3 

 

In stage 3, the data acquisition of the gas sensor begins, and a timer counts 30 seconds 

which is a safe time interval for ensuring the acquisition of valid measurements of the 

sensors. By setting the stage 3 cell of the stages vector to 1, the data handle process is able 

to separate the valid measurements of the gas sensors that occur during this time interval 

from the invalid ones, that occur the rest of the air cycle. These measurements are also 

stored, for further research of the sensors’ functionality. 

When the stage 3 comes to its end, the process is repeated until the descending of the 

balloon. Except from this autonomous routine, the operation of the components were also 

controlled, when necessary, with telecommands sent from the ground station. 
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Figure 4-65 Process overview 
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4.8.2.2 Possible errors and safety 

4.8.2.2.1 Watchdog timer 

 

The role of the software is crucial for the ECOWISE experiment, so it is essential to prevent 

unexpected malfunctions that cause the disorientation of the system. For achieving that, 

we used a watchdog timer. This is a timer that, counts down from a predetermined value 

until zero. Before it reaches zero the timer is continuously set to its primer value by the 

software. If for some reason the software freezes, the value of the timer reaches zero and a 

system reset occurs.    

 

4.8.2.3 Data acquisition and storage 

 

At the ECOWISE experiment, all the data are stored at an on board SD card and sent to the 

ground station via the E-link in a rate of 1 Hz. The data acquired from sensors that describe 

atmospheric parameters are stored temporarily in a vector, which contains the data from 

all the sensors and the timestamp of the measurement cycle. 

Every second the data of this vector is renewed. Such data are pressure temperature and 

humidity inside and outside the sensors box and GPS data. Two modules have access to 

this vector. Firstly, the data logger module transfers in every measurement the data from 

the vector to a log file. From this log file the transmitter unit reads the data of the last 

measurement and sends them to the e Link  

The second module that has access to the temporary vector is the storage module, that 

stores the data of the vector to the SD card. 

The table below below shows an estimation of the memory space needed to store the data 

during the whole flight, based on the produced output data of all the modules in 1 second. 

The column ‘output data’ shows the size of the measurement of each sensor. For one 

variable, the measurement is stored as a 32bit integer, to have the best accuracy. For the 

sensors that measure 2 variables, such as Temperature and Humidity sensor, the output 

data are the double, 64 bits. The Gps module, except for the latitude and longitude 

outputs has also a timestamp output that will be also stored as a 32bit integer, so the total 

output of the module is 96 bits. The ‘data rate per second’ column contains the 

multiplication of the columns ‘output data’ and ‘sampling rate’ and represent the bits that 

is stored at the SD card every second. Adding the data per second of all the sensors, the 

estimated storing rate is 416 bps. For the maximum flight duration of 4 hours, there is a 

total storage of 5990400 bits.  Thus, an SD card of 10 MB covers the storage requirements.  
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Table 4-22Sensors data sending rate per second 

 

TYPE MODEL INTERFACE OUTPUT 

DATA  

SAMPLING 

RATE  

DATA RATE PER 

SECOND  

SB Temperature and 

Humidity Sensor 

BME 280 I2C 64 bits 1 Hz 64 bps 

Outside Temperature 

and Humidity Sensor 

BME 280 I2C 64 bits 1 Hz 64 bps 

Pump Temperature MLX90614 I2C 32 bits 1 Hz 32 bits 

Sensors Temperature MLX90614 I2C 32 bits 1 Hz 32 bits 

SB Altimeter  MS58903-14BA I2C 32 bits 1 Hz 32 bps 

Outside Altimeter MS589003-14BA I2C 32 bits 1 Hz 32 bps 

GPS UBLOX -LEA-6 

Series 

UART 96 bits 1 Hz 96 bps 

CO2 Sensor 1 SGX IR11BD Analog 32 bits 1 Hz 32 bps 

CO2 Sensor 2 SGX IR11BD Analog 32 bits 1 Hz 32 bps 

O3 Sensor1 OXB431 Analog 32 bits 1 Hz 32 bps  

O3 Sensor 2 OXB431 Analog 32 bits 1 Hz 32 bps 

Total 
 

480 bps 
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4.8.2.4 Process flow 

The process flow of ECOWISE is depicted in the following process flow diagram. 

 

 

Figure 4-66 Process flow of the experiment 
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4.8.2.5 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.  

 

Figure 4-67 Code Deconstruction of the Experiment 
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4.8.2.6 File Distribution 

As for the file distribution of the experiment ,there are two kind of files, the files that save 

data acquired from the sensors and those which save information about the progress of 

the experiment. Each process stores its information in a different file and each sensor also 

has a separate file for saving its data for avoiding data loss in case of file corruption. There 

is also a data file with the data of all the sensors together, and one with the critical 

information of all the processes for the easy  transmission to the ground through the e-

link. 

  

File distribution 

Information Files Data Files 

Storage Storage Transmission Transmission 

Figure 4-68 File Distribution 
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4.8.2.7 Class diagram 

 

In this class diagram are presented the entities of the experiment’s software and the 

relationship between them. A brief description is given for each entity and its so far 

implemented functions can be found in the 8.6 section. 

On the Chapter 8.2.1.2 you can see the so far implemented code of the experiment. 

 

 

  

Figure 4-69Class diagram 
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4.8.3 E-Link Communication 

The Elink manager module is responsible for sending to the ground the acquired data of 

the sensors and information about the progress of the experiment and possible errors or 

malfunctions. Furthermore, it receives and handles commands from the ground station. For 

achieving this, there are three socket connections between the experiment and the ground 

station in different ports, one for the information, one for the data, and one for the 

telecommands. The graphical user interface visualizes the acquired data as graphs and 

displays a window with a stream of the critical information of the experiment. 
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4.8.4 Graphic User Interface 

The ground support equipment consists of a Computer and the ground station program in 

addition with the GUI. The experiment is designed to run automatically during the flight 

and send raw sensor data (temperature, pressure, GPS, etc) to the ground station through 

the E-link. The ground station terminal illustrates these data through the GUI in a clear 

view and it calculates them for fast noticing of errors. The GUI has several labels to display 

the live data received and their calculations through the E-link in order to check their 

efficiency. These labels are organised by sensor type. In addition, there are graphs 

presenting the received data. Nevertheless, the experiment is able to receive basic 

commands (for example restart) for recovering the system in some cases of failure. More 

specifically, there is a manual procedure for each automatic one. For example, if the valve 

won’t open automatically after a specific pressure a telecommand is send in order to open 

the valve. Furthermore, by sending telecommands via E-link the ground station is able to 

operate manually the experiment. In addition, the GUI has buttons for the telecommands 

that the Ground Station uses in order to send them to the experiment. At the upper left 

corner there are some buttons for open and close manually the valves, the pump and the 

heaters in case needed. There are also buttons for proceeding manually at the next stage, 

or even run a new cycle, and when the time of descending comes, there is a button for 

terminating the experiment manually. At the right side of the buttons the status of each 

component appears and the current stage of the experiment. When a component is 

activated, the corresponding box is green and when it is turned off it turns red. At the right 

side of the interface, the measurements of each sensor are visualised. 

 

 
Figure 4-70 First view of the GUI 
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4.9 Ground Support Equipment 

 

One personal computer in the ground station was connected to E-link through the 

Ethernet port and the second one was used as a backup solution in case of failure of the 

first one.  

The ECOWISE experiment was programmed to run automatically and send the data from 

sensors to SSC’s ground station through E-link. These data was stored in the computer for 

later analysis.  

The team also designed a Graphic User Interface (GUI) to display real time the sensor’s 

data and pump, valves states during the experiment. In this way, there was better 

visualised overview of the experiment during the flight and manually control it in case of a 

failure or error, sending the right telecommands. 
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5 EXPERIMENT VERIFICATION AND TESTING 

 

5.1 Verification Matrix 

V: Verified 

NV: Not Verified 

Table 5-1: Verification table for the Functional Requirements 

ID Requirement text Method Reference Status 

F.1. The experiment shall measure the 

concentration of Carbon Dioxide (CO2) in the 

sensors’ box. 

R, T 23 V 

F.2. The experiment shall measure the 

concentration of Ozone (O3) in the sensors’ 

box. 

R, T 24 V 

F.3. The experiment shall measure the altitude. R,T 13 V 

F.4. The experiment shall calculate its location. R, T 20 V 

F.5. The experiment shall measure the pressure. R, T 13 V 

F.6. The experiment should measure the 

humidity. 

R, T 21 V 

F.7. The experiment shall measure the 

temperature. 

R, T 12 V 

F.8. The experiment shall pump in air. T  1 V 

F.9.1 The experiment shall send the obtained data 

via E-link. 

R, T 16 V 

F.9.2 The experiment shall receive the obtained 

data via E-link. 

R, T 16 V 
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Table 5-2 Verification table for the Performance Requirements 

ID Requirement text Method Reference Status 

P.1.1. The concentration measurement’s range of 

Carbon Dioxide shall be between 0-500ppm. 

R - V 

P.1.2. The Carbone Dioxide concentration 

measurements shall be with the minimum 

resolution of 2 ppm. 

R - V 

P.1.3. The Carbone Dioxide sensor shall have a 

response time < 1min. 

R - V 

P.2.1. The concentration measurement’s range of 

Ozone shall be between 0-8 ppm. 

R - V 

P.2.2. The Ozone concentration measurements shall 

be with the minimum resolution of 0.01 ppm. 

R - V 

P.2.3. The Ozone sensor shall have a response time 

< 1min. 

R - V 

P.2.4. The Ozone sensor shall take measurements 

with accuracy of ± 2%. 

R - V 

P.3.1 The experiment shall measure the altitude with 

the minimum resolution of 50 cm. 

R - V 

P.3.2. The experiment shall measure the altitude with 

a rate of 1 Hz. 

R - V 

P.3.3. The experiment shall measure the altitude 

within a range of 0-30 km. 

R - V 

P.3.4. The experiment shall measure the altitude with 

an accuracy in the range of  

(-20 to +20 mbar) 

R - V 

P.4. The experiment shall calculate its location with 

a GPS module with an accuracy of 2.5m. 

R - V 

P.5.1. The experiment shall measure the pressure 

within a range 5 to 1000 mbar. 

R - V 

P.5.2. The experiment shall measure the pressure 

with a resolution of 5mbar. 

R - V 

P.6.1. The experiment should measure the humidity 

with a resolution of 0,01%r.H. 

R - V 

P.6.2 The experiment should measure the humidity 

within a range of 0-100% r.H. 

R - V 

P.6.3. The experiment should measure the humidity R - V 
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with an accuracy of ± 5%. 

P.7.1 The experiment shall measure the temperature 

with a resolution of 1ο C. 

R - V 

P.7.2 The experiment shall measure the temperature 

within a range of -40 to 60ο C 

R - V 

P.7.3. The experiment shall measure the temperature 

with an accuracy of ± 3%. 

R - V 

P.7.4. The experiment shall measure the temperature 

of the components with an accuracy of ± 5%. 

R - V 

P.8. The experiment shall measure the pressure, 

humidity and temperature with a rate of 1 Hz. 

R - V 

P.9. The experiment shall pressurize the air to at 

least 800 mbar inside the sensor box. 

R, T 1 V 

P.10. The experiment shall pump in and out air at a 

flow rate of 3-8lt/min depending on altitude. 

I, T 1 V 

P.11.1 The experiment shall receive data via E-Link 

with an uplink rate of 500bps. 

A, T 16 V 

P.11.2 The team shall send the obtained data with 

the E-Link with a downlink rate of 1,5kbps. 

A, T 16 V 

P.12. The response time of the valves shall be 

smaller than 0.5 seconds 

A, T 6 V 

P.13. The experiments components shall respond to 

the user interfaces’ signals in less than 5 

seconds. 

T 5 V 
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Table 5-3 Verification table for the Design Requirements 

ID Requirement text Method Reference Status 

D.1. 

The experiment shall operate in the 

temperature profile of the BEXUS vehicle 

flight and launch. 

A, T 2 

V 

D.2. 

The experiment shall operate in the 

vibration profile of the BEXUS vehicle flight 

and launch. 

T 3 

V 

D.3. 

The experiment shall operate in the 

pressure profile of the BEXUS vehicle flight 

and launch. 

T 1, 2 

V 

D.4. 
The experiment shall not disturb or harm 

the launch vehicle. 
I - 

V 

D.5. 
The experiment should not contribute to 

the rotation of the BEXUS gondola. 
R - 

V 

D.6. 

The sensor box shall withstand the pressure 

difference between the inside and the 

outside. 

A, T 1, 2 

V 

D.7. 

The pump shall be able to remove the air 

sample from the sensors’ box after it has 

been analysed, creating a vacuum of mbar. 

A*, T 1, 12 

V 

D.8. 
The setup shall not influence the air 

sample’s substance. 
R - 

V 

D.9. 
The dimensions of the experiment shall be 

restricted at most: 0,5m x 0,5m x 0,5m. 
R, T - 

V 

D.10. The weight of the experiment shall be at 

most 15 kg. 

A, T 4 V 

D.11. The experiment shall store the obtained 

data at an SD card of at least 10 MB. 

I - V 

D.12. The experiment shall pump out air from the 

sensors’ box. 

I, R, T 1, 5 V 

D.13. The experiment's Power Supply shall have a 

24V, 5V and 3.3V Power Output andbe able 

to take 28.8V input through the Amphenol 

PT02E8-4P Connector supplied fromthe 

Gondola. 

T 9, 25, 26 V 
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D.14. For the Supplied Voltage of 28.8 V, the total 

Continuous DC Current Draw should be 

below 1.85 A. 

T 9, 25, 26 V 

D.15. The Total Power Consumption should be 

below 230 Wh. 

A - V 
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Table 5-4 Verification table for the Operational Requirements 

ID Requirement text Method Reference Status 

O.1. The experiment shall be able to enter a 

secure mode after landing 
T 5 

V 

O.2. The experiment shall be able to conduct 

measurements autonomously. 
T 5 

V 

O.3. The experiment shall receive manual 

commands from the ground station. 
I, T 5 

V 

O.4. The air pump-in shall be controlled 

autonomouslyby the software. 
T 14 

V 

O.5. The valves shall be controlled autonomously 

by the software. 
T 6 

V 

O.6. 
The heater shall be controlled autonomously 

by the software. 
T 15 

V 

O.7. The experiments’ software shall control the 

function of the pump. 
T 14 

V 

O.8. The experiments’ software shall control the 

function of the valves. 
T 6 

V 

O.9. The experiments’ software shall control the 

function of the heaters. 
T 15 

V 

O.10. The experiment shall provide a simply yet 

consistent user interface at the ground 

station.  

A - 

V 

 

*The choice of the pump was made due to previous use of the same pump (previous 

model) in a BEXUS team (TUBULAR team Cycle 11) 
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5.2 Verification Plan 

Table 5-5 Vacuum test No.1 

Test number 1 

Test type Vacuum Test 

Test facility CERTH (Thessaloniki) 

Tested item Pump, Insulation 

Model Prototype 

Procedure, Test level and 

duration 

The pump has been tested inside the vacuum chamber 

in operation. The vacuum test was necessary to verify 

the expected functionality of the pump in such harsh 

conditions. In addition, the rigidity of the pressure 

vessel must be checked at such a high pressure 

difference. 

  

A piece of insulation was also tested along with the 

pump, to ensure and validate last year's good 

performance of this material in such conditions. 

 

Test Plan: 

The set up used two pressure 

sensors, one inside and one 

outside the Box with the known 

volume (that represents the 

SensorBox). 

The Test PCB will either be a 

breadboard or any spare PCB 

that manufactured in the team’s 

workshop. 

The battery array is already in 

the team’s hands and has been used last year in a similar test in a vacuum chamber in 

order to provide the set up with power. 

Test campaign duration 4-5 hours 

Test campaign date Expired 

Test completed NO 

Requirements verified - 
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Table 5-6 Thermal test No.2 

Test number 2 

Test type Thermal Test 

Test facility Hellenic Institute of Metrology 

Tested item All components and mechanical structure 

Model Engineering 

Procedure, Test level and 

duration 

All components placed inside a thermal chamber (a 

prototype of the flight assembly) and tested in 

temperatures down to -50 degrees Celsius.  

Test campaign duration 3 hours 

Test campaign date Performed after EAR 

Test completed Yes 

Requirements verified - 

 

 

Table 5-7 Vibration test No.3 

Test number 3 

Test type Vibration Test 

Test facility Aristotle University of Thessaloniki 

Tested item Entire Experiment 

Model Engineering 

Procedure, Test level and 

duration 

The whole experiment is driven in a harsh road. Afterwards, 

the structural integrity and functionality of the setup is going 

to be checked. 

 

Duration: 30 minutes 

Test campaign duration 1 hour (transportation and test) 

Test campaign date Performed pre-EAR 

Test completed Yes 

Requirements verified - 
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Table 5-8 Weight Verification test No.4 

Test number 4 

Test type Weight Verification 

Test facility Aristotle University of Thessaloniki 

Tested item Entire Experiment 

Model Flight 

Procedure, Test level and 

duration 

The weight of the setup is measured with the use of scales, to 

assure that it is in the expected limits. 

Duration: 5 minutes 

Test campaign duration 1 hour (transportation and weighting) 

Test campaign date Performed after the EAR 

Test completed Yes 

Requirements verified - 

 
Table 5-9 Test No.5 

Test number 5 

Test type Experiment Function 

Test facility Aristotle University of Thessaloniki 

Tested item Experiment Set up 

Model Flight 

Procedure, Test level and 

duration 

Testing the functionality of the experiment and its’ 

components function. 

Test plan: 

 

 

Test campaign duration Full Day 

Test campaign date Performed after the EAR 

Test completed Yes 

Requirements verified - 
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Table 5-10 Software test No.6 

Test number 6 

Test type Valves control test 

Test facility Aristotle University of Thessaloniki 

Tested item Software  

Model Engineering 

Procedure, Test level and 

duration 

Testing the function of the valves  

Duration:1 hour 

Test campaign duration 3 hours 

Test campaign date July 2020 

Test completed YES 

Requirements verified - 

 
Table 5-11 Electronics and Software test No.7 

Test number 7 

Test type 24V→3.3V DC/DC Converter Testing 

Test facility Aristotle University of Thessaloniki 

Tested item 24→3.3V DC/DC Converter 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the DC/DC Converter Output is exactly 3.3V. 

 

Duration: 10 minutes 

Test campaign duration 10 minutes 

Test campaign date 19 July 2020 

Test completed YES 

Requirements verified D.13 
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Table 5-12 Electronics and Software test No.8 

Test number 8 

Test type Switching Circuit Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Switching Circuit  

Model Engineering 

Procedure, Test level and 

duration 

Testing if switching circuit is activated properly with 

appropriate signals. 

 

Duration: 10 minutes 

Test campaign duration 10 minutes  

Test campaign date 19 July 2020  

Test completed YES 

Requirements verified - 

 

 
Table 5-13Electronics and Software test No.9 

Test number 9 

Test type Analog to Digital ConverterTesting 

Test facility Aristotle University of Thessaloniki 

Tested item Analog to Digital Converter 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the Voltage Output matches the Voltage Difference 

measured with 1mV accuracy. 

 

Duration: 30 minutes 

Test campaign duration 30 minutes  

Test campaign date 21 July 2020  

Test completed YES 

Requirements verified - 
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Table 5-14 Electronics and Software test No.10 

Test number 10 

Test type Temperature Sensor MLX90614Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Temperature Sensor MLX90614 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the measured object temperature of the sensor 

matches the temperature of a commercial thermometer. 

Duration: 1 hour 

Test campaign duration 1 hour  

Test campaign date 25 June 2020  

Test completed YES 

Requirements verified F.7 

 

 
Table 5-15 Electronics and Software test No.11 

Test number 11 

Test type Pressure/Altimeter Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Pressure/Altimeter Sensor  

Model Engineering 

Procedure, Test level and 

duration 

Testing if the measured pressure matches the ambient pressure 

and the pressure of a testing box. 

 

Duration: 30 minutes 

Test campaign duration 30 minutes  

Test campaign date 20 July 2020  

Test completed YES 

Requirements verified F.5 

 

 

 
Table 5-16 Electronics and Software test No.12 

Test number 12 

Test type Pump Activation Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Switching Circuit, Pump 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the Pump is activated properly with commands from 

the Main Control Unit. 

 

Duration: 1 hour 
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Test campaign duration 1 hour  

Test campaign date 21 July 2020  

Test completed YES 

Requirements verified F.8 

 
Table 5-17 Electronics and Software test No.13 

Test number 13 

Test type Heater Activation Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Switching Circuit, Heater 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the Heater is activated properly with commands from 

the Main Control Unit. 

 

Duration: 1 hour 

Test campaign duration 1 hour  

Test campaign date 21 July 2020  

Test completed YES 

Requirements verified - 

 

 

 
Table 5-18 Electronics and Software test No.14 

Test number 14 

Test type E-Link Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Ground Program, E-Link Manager 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the Ground Station and the E-Link Manager exchange 

Data properly. 

 

Duration: 3 hours 

Test campaign duration 3 hours  

Test campaign date 23 July 2020  

Test completed YES 

Requirements verified F.9.1, F.9.2 
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Table 5-19 Electronics and Software test No.15 

Test number 15 

Test type Experiment Data Logging Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Raspberry Pi Logger 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the Raspberry Pi Logger saved the acquired Data at 

the microSD card. 

 

Duration: 1 hour 

Test campaign duration 1 hour  

Test campaign date 22 July 2020  

Test completed YES 

Requirements verified D.11 

 

 

 
Table 5-20Electronics and Software test No.16 

Test number 16 

Test type Airflow Program Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Airflow Module 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the activation of the components in combination with 

Sensor Measurements and Ground commands was successful. 

 

Duration: 2 days 

Test campaign duration 2 days 

Test campaign date 23 July 2020  

Test completed YES 

Requirements verified - 
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Table 5-21Electronics and Software test No.17 

Test number 17 

Test type Experiment Program Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Main Program of the Experiment 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the Airflow, the Heater, the E-Link Manager and the 

Data Management threads operate simultaneously and 

exchange Data. 

 

Duration: 1 day 

Test campaign duration 1 day  

Test campaign date 23 July 2020  

Test completed YES 

Requirements verified - 

 
Table 5-22 Electronics and Software test No.18 

Test number 18 

Test type GPS Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Tested item GPS Sensor  

Model Engineering 

Procedure, Test level and 

duration 

Testing if the GPS detects the longitude and latitude properly. 

 

Duration: 1 hour 

Test campaign duration 1 hour 

Test campaign date August 2020  

Test completed NO 

Requirements verified - 
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Table 5-23 Electronics and Software test No.19 

Test number 19 

Test type BME280 Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Tested item BME280 Sensor  

Model Engineering 

Procedure, Test level and 

duration 

Testing if the BME280 sensor measures accurate ambient 

Temperature and Humidity. 

 

Duration: 2 hours 

Test campaign duration 2 hours 

Test campaign date August 2020  

Test completed YES 

Requirements verified F.7 

 

 
Table 5-24 Electronics and Software test No.20 

Test number 20 

Test type I²C MultiplexerTesting 

Test facility Aristotle University of Thessaloniki 

Tested item I²C Multiplexer 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the received Data after passing the Multiplexer is the 

same as when the Data received without the Multiplexer. 

 

Duration: 2 hours 

Test campaign duration 2 hours 

Test campaign date August 2020  

Test completed YES 

Requirements verified - 
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Table 5-25Electronics and Software test No.21 

Test number 21 

Test type CO2 Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Tested item CO2 Sensor  

Model Engineering 

Procedure, Test level and 

duration 

Testing if the Sensor gives accurate measurement of the target 

gas concentration. 

 

Duration: 3 days 

Test campaign duration 5 days 

Test campaign date Early September 2020  

Test completed YES 

Requirements verified F.1 

 

 

 
Table 5-26Electronics and Software test No.22 

Test number 22 

Test type O3 Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Tested item O3 Sensor  

Model Engineering 

Procedure, Test level and 

duration 

Testing if the Sensor gives accurate measurement of the target 

gas concentration. 

 

Duration: 3 days 

Test campaign duration 5 days 

Test campaign date Early September 2020  

Test completed YES 

Requirements verified F.2 
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Table 5-27Electronics and Software test No.23 

Test number 23 

Test type 28V→24V DC/DC ConverterTesting 

Test facility Aristotle University of Thessaloniki 

Tested item 28→24V DC/DC Converter 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the DC/DC Converter Output is exactly 24V. 

 

Duration: 30 minutes 

Test campaign duration 30 minutes 

Test campaign date August 2020  

Test completed YES 

Requirements verified - 

 

 

 

 
Table 5-28 Electronics and Software test No.24 

Test number 24 

Test type 28V→5V DC/DC Converter Testing 

Test facility Aristotle University of Thessaloniki 

Tested item 28→5V DC/DC Converter 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the DC/DC Converter Output is exactly 5V. 

 

Duration: 30 minutes 

Test campaign duration 30 minutes 

Test campaign date August 2020  

Test completed YES 

Requirements verified - 
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Table 5-29 Electronics and Software test No.25 

Test number 25 

Test type Ground Station Data Logging Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Ground Station Logger 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the Ground Station Logger saves the acquired Data at 

the microSD card. 

 

Duration: 1 hour 

Test campaign duration 1 hour  

Test campaign date August 2020  

Test completed YES 

Requirements verified - 
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Table 5-30Freezer Test No. 26 

Test number 26 

Test type Freezer Test (Thermal Test replacement) 

Test facility Aristotle University of Thessaloniki 

Tested item Experiment prototype 

Model Engineering 

Procedure, Test level and 

duration 

The Ecobox was going to be placed inside a freezer, where the 
temperature would reach -50o C and lower, following the temperature 
profile of a BEXUS flight. The test was going to be on for the same time 
that the BEXUS flight lasts, thus it was estimated that the duration will 
be about 4 hours.  

Test campaign duration 4 hours 

Test campaign date 17/8/2021 

Test completed No, the team eventually managed to get to a thermal chamber. 

Requirements verified - 
Table 5-31 Air fitting durability and leak test No. 27 

Test number 27 

Test type Air fitting durability and leak 

Test facility Aristotle University of Thessaloniki 

Tested item Barbed Fittings 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the air fitting and the flexible tubes are able to resist 

the 2bar air pressure difference. 

 

Duration: 30 min 

Test campaign duration 1 hour 

Test campaign date Mid of August 2020  

Test completed YES 

Requirements verified - 

 

  



166 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

All the Test Campaign Dates are subject to change due to the COVID-19 

outbreak delays. 

 
For the experiments’ mechanical tests, the team came up with a testing structure that will 

be explained below. 

TESTING STRUCTURE 

 

PROCESS’ STEPS 

 

Figure 5-1 Test visual 

 

 

 

• STEP 1  

In this step the pump will transfer the air from the box1 to the environment while the valve 

CV1 is open and through the complex valve CV2 until the pressure inside it becomes stable 

at 10 milibars. From this point the pressure regulator PR1 replaces the air that is sucked by 

the pump with atmospheric air, always keeping the pressure at 10 mb. Now CV1 closes and 

box1 simulates the environment in high altitudes in terms of low pressure. 

This process is repeated for the model sensor box MSB in which a pressure sensor is 

placed. 

 

 

TA
NK 

MSB 

CV4 

CV2 

CV3 
Box1 PUMP 

PR2 

PR1 

CV1 
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• STEP 2 

At this point the air in box1 is transferred in the MSB through the pump, until the pressure 

in the box becomes the needed. Then the sensors are ready to work, as every valve closes. 

 

 

• STEP 3 

The measurements are recorded and both CV3 and CV4 allow the nitrogen to fill the MSB 

while the pump throws the air sample to the environment, through CV1, CV3 and CV2. In 

the end of this step, the process is ready to be repeated, since the MSB is cleaned from the 

old sample. The last will be reassured by measuring very low concentration of the old 

sample’s gasses as well as by estimating that the nitrogen has replaced the old sample 

totally, since we will know both the N2 quantity and the pressure in the MSB. Therefore, 

the N2 tank will replace the atmospheric air in this process, since atmospheric air is almost 

78% nitrogen so it will diffuse into the sample without causing any problem. 

 

TESTING 

During step 1 and 3 the ability of the pump to empty the corresponding space will be 

tested. Also, during step 3 the efficiency of the MSB cleaning is tested, with the aid of the 

pressure sensor in the MSB and the N2 tank. 

During step 2 the time efficiency of the pump is measured over time, while the pressure 

inside the MSB increases. 

With those tests a part of the experiment is simulated and some parameters can be 

determined, such as the inflow in every case. 

The following will be tested with the above structure: 

i. Complex valves 

ii. Pump 

iii. Strength of materials (between 10mbars and >1 bar) 

iv. Time of a measurement circle 

v. Functionality of all of the components working together by the algorithm that will 

be set (as a simplification of the already existing algorithm for the whole 

experiment) 
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5.3 Verification Results 

 

Table 5-32Vacuum test results No.1 

Test number 1 

Test type Vacuum Test 

Test facility AUTH (BEAM’s site – Owned Vacuum Chamber) 

Tested item Pump, Insulation 

Model Prototype 

Procedure 

The pump is going to be tested inside the vacuum 

chamber in operative mode. The vacuum test is 

necessary to verify the expected functionality of the 

pump in such harsh conditions. Furthermore, the 

robustness of the pressure vessel needs to be tested in 

such high-pressure difference. 

A piece of insulation will be also tested together with 

the pump, to ensure and validate last year’s good 

performance of this material in such conditions. 

 

Test campaign duration 4-5 hours 

Test campaign date Expired 

Test completed NO 

Results - 
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Table 5-33 Thermal test results No.2 

Test number 2 

Test type Thermal Test 

Test facility Hellenic Institute of Metrology 

Tested item All components and mechanical structure 

Model Engineering 

Procedure, Test level and 

duration 

All components placed inside a thermal chamber (A 

prototype of the flight assembly) and tested them in 

temperatures down to -50 degrees Celsius.  

Test campaign duration 3 hours 

Test campaign date Performed after the EAR 

Test completed Yes 

Results 
The experiment performed well under the extreme low 

temperatures. 

 

 

Table 5-34 Vibration test results No.3 

Test number 3 

Test type Vibration Test 

Test facility Aristotle University of Thessaloniki 

Tested item Entire Experiment 

Model Engineering 

Procedure, Test level and 

duration 

The whole experiment was driven in a harsh road. Afterwards, 

the structural integrity and functionality of the setup was 

checked. 

 

Duration: 30 minutes 

Test campaign duration 1 hour (transportation and test) 

Test campaign date Performed after the EAR 

Test completed Yes 

Results Experiment was functioning well after the test 
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Table 5-35 Weight Verification test results No.4 

Test number 4 

Test type Weight Verification 

Test facility Aristotle University of Thessaloniki 

Tested item Entire Experiment 

Model Flight 

Procedure, Test level and 

duration 

The weight of the setup was measured with the use of scales, 

to assure that it is in the expected limits. 

Duration: 5 minutes 

Test campaign duration 1 hour (transportation and weighting) 

Test campaign date Performed after the EAR 

Test completed Yes 

Results Weight results were provided to SSC 

 
Table 5-36 Test results No.5 

Test number 5 

Test type Experiment Function 

Test facility Aristotle University of Thessaloniki 

Tested item Experiment Set up 

Model Flight 

Procedure, Test level and 

duration 

Testing the functionality of the experiment and its’ 

components function. 

Test campaign duration Full Day 

Test campaign date Performed after the EAR 

Test completed Experiment was functioning well and performing all cycles in 

the wanted sequence  

Results - 
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Table 5-37 Software test results No.6 

Test number 6 

Test type Valves control test 

Test facility Aristotle University of Thessaloniki 

Verified item Software  

Verification description The Activation of the Valves was tested on a breadboard with 

GPIO commands from the Raspberry Pi. 

Expected results The Valves open when the Raspberry Pi pin is high 

Obtained Results The Valves successfully opened when commanded 

Conclusions The Valves function properly 

 

 

  



172 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

Table 5-38 Electronics and Software test results No.7 

Test number 7 

Test type Switching Circuit Testing 

Test facility Aristotle University of Thessaloniki 

Verified item Switching Circuits 

Verification description The Activation of the Switching Circuit was tested on a 

breadboard with GPIO commands from the Raspberry Pi. 

Expected results 
The Switching Circuit was switched on when the Raspberry Pi 

pin is high. 

Obtained Results The Switching Circuit successfully switched on when 

commanded. 

Conclusions The Switching Circuits function properly. 
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Table 5-39Electronics and Software test results No.8 

Test number 8 

Test type Analog to Digital ConverterTesting 

Test facility Aristotle University of Thessaloniki 

Verified item Analog to Digital Converter 

Verification description The Input of the Analog to Digital Converter was measured by 

a multimeter and will be verified if it matches its output.  

Expected results 
The Analog to Digital Converter must have at least 1mV 

resolution and match the multimeter’s indication. 

Obtained Results The Analog to Digital Converters output matched the 

multimeter indication with 1mV resolution. 

Conclusions The Analog to Digital Converter works properly. 
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Table 5-40 Electronics and Software test resultsNo.9 

Test number 9 

Test type Temperature Sensor MLX90614Testing 

Test facility Aristotle University of Thessaloniki 

Verified item Temperature Sensor MLX90614 

Verification description The MLX90614 l pointed to a heating source and its output  

compared to a commercial thermometer. 

Expected results 
The MLX90614 temperature must match the Heating source’s 

temperature. 

Obtained Results The MLX90614 temperature wat the same as the Heating 

source’s temperature. 

Conclusions The MLX90614 works properly. 
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Table 5-41 Electronics and Software test results No.10 

Test number 10 

Test type Pressure/Altimeter Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Verified item Pressure/Altimeter Sensor  

Verification description The pressure sensor  placed inside a plastic bag which  filled 

with air, so the pressure changes and then the measurements 

was acquired. 

Expected results 
The pressure sensor’s measurements will be higher when the 

plastic bag is filled with air. 

Obtained Results The pressure sensor’s measurements were higher when the 

plastic bag was filled with air. 

Conclusions The Pressure Sensor works properly. 
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Table 5-42 Electronics and Software test resultsNo.11 

Test number 11 

Test type Pump Activation Testing 

Test facility Aristotle University of Thessaloniki 

Verified item Switching Circuit, Pump 

Verification description The Activation of the Pump was tested on a breadboard with 

GPIO commands from the Raspberry Pi. 

Expected results The Pump turned on when the Raspberry Pi pin is high. 

Obtained Results The Pump successfully turned on when commanded. 

Conclusions The Pump functions properly. 
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Table 5-43 Electronics and Software test resultsNo.12 

Test number 12 

Test type Heater Activation Testing 

Test facility Aristotle University of Thessaloniki 

Verified item Switching Circuit, Heater 

Verification description The Activation of the Heaters was tested on a breadboard with 

GPIO commands from the Raspberry Pi. 

Expected results The Heater turned on when the Raspberry Pi pin is high. 

Obtained Results The Heater successfully turned on when commanded. 

Conclusions The Heaters function properly. 
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Table 5-44 Electronics and Software test resultsNo.13 

Test number 13 

Test type E-Link Testing 

Test facility Aristotle University of Thessaloniki 

Verified item Ground Program, E-Link Manager 

Verification description The communication between the Ground Station and the E-

Link was tested.  

Expected results 
The Ground Station must receive the Data from the experiment 

and must send commands to it. 

Obtained Results The Ground Station received properly the Data from the 

experiment and sent successfully commands to it. 

Conclusions The Ground Station communicated successfully with the E-Link 

 

 
Table 5-45 Electronics and Software test results No.14 

Test number 14 

Test type Experiment Data Logging Testing 

Test facility Aristotle University of Thessaloniki 

Verified item Raspberry Pi Logger 

Verification description The Acquired Data was logged to files at the SD Card of the 

Raspberry Pi. 

Expected results 
The Data must be stored at the SD card with timestamps that 

match the measurement acquisition time. 

Obtained Results The Data was stored at the SD Card with correct timestamps. 

Conclusions The Data Logging at the SD Card was successful 
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Table 5-46Electronics and Software test results No.15 

Test number 15 

Test type Airflow Program Testing 

Test facility Aristotle University of Thessaloniki 

Verified item Airflow Module 

Verification description The simultaneous operation of the Heaters, Pump and Valves at 

an sampling cycle was tested using the sensors’ measurements 

that will be acquired by the Data Handling program.  

Expected results 

The Heaters, Pump and Valves must be activated at the correct 

timing following the specified thresholds for pressure and 
temperature readings. The Heaters, the Airflow and the Data 
Acquisition must run simultaneously in separate threads. 

Obtained Results The Heaters, Pump and Valves were activated at the correct 

timing following the specified thresholds for pressure and 
temperature readings.  

Conclusions The Airflow Program operated successfully.  
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Table 5-47Electronics and Software test results No.16 

Test number 16 

Test type Experiment Program Testing 

Test facility Aristotle University of Thessaloniki 

Verified item Main Program of the Experiment 

Verification description The simultaneous operation of the Airflow, Data Acquisition, 

Heating and E-Link programs was tested together.  

Expected results 

The operation of the Airflow, Data Acquisition, Heating and E-

Link subsystems must function simultaneously and separately 

without any interference. Furthermore, the Airflow shall be 

controlled by the Ground Station with commands and the 

Logging programs must save the Data at the SD card and the 

Ground Station. 

Obtained Results The operation of the Airflow, Data Acquisition, Heating and E-

Link subsystems functioned simultaneously and separately 

without any trouble. The Airflow was successfully controlled by 

the Ground Station with commands and the Logging programs 

saved the Data at the SD card and the Ground Station properly. 

Conclusions The Main Program of the experiment functions properly. 
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Table 5-48 Electronics and Software test results No.17 

Test number 17 

Test type GPS Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Verified item GPS Sensor  

Verification description The GPS sensor tested and its measurements about longitude, 

latitude and altitude compared to actual data from a 

commercial GPS. 

Expected results 
The GPS measurements must match the commercial GPS’s 

readings. 

Obtained Results - 

Conclusions - 
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Table 5-49 Electronics and Software test results No.18 

Test number 18 

Test type BME280 Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Verified item BME280 Sensor  

Verification description The BME280 sensor was placed next to a commercial 

thermometer and measure its temperature. 

Expected results 
The BME280 temperature must match the commercial 

thermometer’s temperature. 

Obtained Results The BME280 temperature was the same as the commercial 

thermometer’s temperature. 

Conclusions The BME280 works properly. 
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Table 5-50 Electronics and Software test results No.19 

Test number 19 

Test type I²C MultiplexerTesting 

Test facility Aristotle University of Thessaloniki 

Verified item I²C Multiplexer 

Verification description The I²C Sensors with similar addressed was placed at an I²C 

Multiplexer and their readings will be tested after passing and 

without the I²C Multiplexer. 

Expected results 
The Sensors readings after passing the I²C Multiplexer must be 

the same as without passing the I²C Multiplexer. 

Obtained Results The Sensors readings after passing the I²C Multiplexer was the 

same as without passing the I²C Multiplexer. 

Conclusions The I²C Multiplexer functions properly.  
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Table 5-51Electronics and Software test results No.20 

Test number 20 

Test type CO2 Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Verified item CO2 Sensor  

Verification description The CO2 Sensor was connected to the ADC after passing the 

band pass filtering circuit and its measurement will be acquired 

(without calibration procedures). 

Expected results 
The CO2 Sensor’s output must change when a CO2 

concentration increases. 

Obtained Results The CO2 Sensor’s output changed when a CO2 concentration 

increases. As a source of CO2  a candle was used. 

Conclusions The CO2 Sensor works properly. 
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Table 5-52Electronics and Software test results No.21 

Test number 21 

Test type O3 Sensor Testing 

Test facility Aristotle University of Thessaloniki 

Tested item O3 Sensor  

Verification description The O3 Sensor was connected to the ADC after passing the 

band pass filtering circuit and its measurement will be acquired 

(without calibration procedures). 

Expected results 
The O3 Sensor’s output must change when a O3 concentration 

increases. 

Obtained Results The O3 Sensor’s output changed when we blew on it due to 

cross sensitivity trouble 

Conclusions The O3 Sensor works properly. 
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Table 5-53Electronics and Software test results No.22 

Test number 22 

Test type 28V→24V DC/DC ConverterTesting 

Test facility Aristotle University of Thessaloniki 

Tested item 28→24V DC/DC Converter 

Verification description The 28→24V  DC/DC Converter’s Output was measured and 

check if it adequately powers the components that require 24V. 

Also, the output of each 24V DC/DC Converter must be the 

same before each diode in order to achieve balance.  

Expected results 

The Output of the 24V Converters must be trimmed to be 

exactly 24V after their diodes and be enough to power all the 

components that require that voltage. The output of each 24V 

DC/DC Converter must be the same before each diode in order 

to achieve balance. 

Obtained Results The Output of the 24V Converter was finally exactly the same 

and 24V after their diodes and all the components functioned 

properly. 

Conclusions The 24V Converters are functional. 

 

 

 
Table 5-54 Electronics and Software test results No.23 

Test number 23 

Test type 28V→5V DC/DC Converter Testing 

Test facility Aristotle University of Thessaloniki 

Tested item 28→5V DC/DC Converter 

Verification description The 28→5V  DC/DC Converter’s Output was measured and 

check if it adequately powers the components that require 5V.  

Expected results 

The Output of the 5V Converter must be trimmed to exactly 5V 

and be enough to power all the components that require that 

voltage. 

Obtained Results The Output of the 5V Converter was finally exactly 5V and all 

the components functioned properly. 

Conclusions The 5V Converter is functional. 
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Table 5-55 Electronics and Software test results No.24 

Test number 24 

Test type 24V🡪3.3V DC/DC Converter Testing 

Test facility Aristotle University of Thessaloniki 

Tested item 24🡪3.3V DC/DC Converter 

Verification description The 24→3.3V  DC/DC Converter’s Output was measured and 

check if it adequately powers the components that require 

3.3V.  

Expected results 
The Output of the 3.3V Converter must be exactly 3.3V and be 

enough to power all the components that require that voltage. 

Obtained Results The Output of the 3.3V Converter was exactly 3.3V and all the 

components functioned properly. 

Conclusions The 3.3V Converter is functional. 
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Table 5-56 Electronics and Software test results No.25 

Test number 25 

Test type Ground Station Data Logging Testing 

Test facility Aristotle University of Thessaloniki 

Tested item Ground Station Logger 

Verification description The Acquired Data was logged to files at the Ground Station. 

Expected results 
The Data must be stored at the Ground Station with 

timestamps that match the measurement acquisition time. 

Obtained Results The Data was stored at the Ground Station with correct 

timestamps. 

Conclusions The Data Logging at the Ground Station was successful. 

 

 
Table 5-57 Freezer Test results No.26 

Test number 26 

Test type Freezer Test (Thermal Test replacement) 

Test facility Aristotle University of Thessaloniki 

Tested item Experiment prototype 

Model Engineering 

Procedure, Test level 

and duration 

 

Duration: 5 hours 

Test campaign duration 6 hours 

Test campaign date NO 

Test completed NO 

Results - 
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Table 5-58 Air fitting durability and leak Test results No.27 

Test number 27 

Test type Air fitting durability and leak 

Test facility Aristotle University of Thessaloniki 

Tested item Barbed Fittings 

Model Engineering 

Procedure, Test level and 

duration 

Testing if the air fitting and the flexible tubes are able to resist 

the 2bar air pressure difference. 

 

Duration: 30 min 

Test campaign duration 1 hour 

Test campaign date Mid of August 2020  

Test completed YES 

Results 

As seen in the picture below, the air fitting with the flexible 

tube are connected tightly. 

And one more component with same threads to pair it with the 

fitting. First of all, the main target is to check if the fitting is 

able to resist 2 bar air pressure, the result is positive. Almost 4 

bar pressure was applied and the fitting resisted without 

possible air leaks. 
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6 LAUNCH CAMPAIGN PREPARATION 

 

6.1 Input for the Campaign / Flight Requirement Plans 

6.1.1 Dimensions and Mass 

 

Table 6-1 

Experiment mass (in kg): Eco-Box:  8,9 

● Vacuum Pump: 0,216 

● Sensors Box: 1.5 

Experiment dimensions (in mm): Experiment footprint:  516x546x253 

Vacuum Pump: 50.6X75.4x83.85 

Sensor Box: 105.6x251x71 

Experiment volume (in m3): 0.01729 

Experiment expected COG (centre of 

gravity) position (in mm): 

Center of mass relative to bounding box origin: 

(X,Y,Z)=(156.9mm,250.4mm,62.4mm) 

ECO BOX dimensions: Without Insulation: 

(X,Y,Z)=(327mm,458mm,94mm) 

       With Insulations: 

(X,Y,Z)=(387mm,518mm,154mm) 
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6.1.2 Safety Risks 

 

Table 6-2 Experiment safety risks 

Risk Key Characteristics Mitigation 

Use of a chemical sensor. Type: Electrochemical. 

Target gas: Ozone. 

While a chemical reaction between the 

electrolyte of the sensor and the ozone is 

taking place, the products of this reaction 

are not hazardous or dangerous. 

The main way of preventing a 

non-nominal pressure build 

up is through Valve 1. The 

structure of such a valve is 

Natural Close. That means 

that when the valve is not 

operated, or for some reason 

communication with the 

software is broken, the valve 

is going to be closed. In that 

state the “Exhaust Mode” is 

active. 

 

Therefore, even if the 

valve, or something from 

our side, is faulty no 

pressure can be built up 

in the sensor box. 

If, in the worst-case scenario, the Valve 1 

has a signal that keeps it open and the 

valve 2 is closed, then the specifications 

of the pump is going to prevent pressure 

built up. The pump’s limit is 2.5 Bar of 

relative pressure. This pressure is 

something that the sensor box will be 

able to handle and we are going to assure 

this through our tests. 
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6.1.3 Electrical Interfaces 

 

Table 6-3: Electrical interfaces applicable to BEXUS 

BEXUS Electrical Interfaces 

 

E-Link Interface: E-Link required? Yes 

 Number of E-Link interfaces:                 1 

 Number of required IP addresses:                 2 

 Data rate – downlink (max. and average):             1,5Kbit/s 

 Data rate – uplink (max. and average):            0,5Kbit/s 

 Interface type (RS-232, Ethernet):           Ethernet 

Power system: Gondola power required? Yes 

 Peak power and current consumption: 52.65W and 1.82A 

 Average power and current consumption: 51.29W and 1.78A 

 Total power and current consumption after lift-off  123.97Wh and 4.3Ah 

Power system: Experiment includes batteries?No 

 

6.1.4 Launch Site Requirements 

 

-Standard equipment that provided for all teams (e.g. tables, power outlets, chairs, 

toolbox) 
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6.1.5 Flight Requirements 

 

Our experiment collected atmospheric data throughout both the troposphere and 

stratosphere. The usual maximum altitude of a BEXUS flight was enough for collecting 

proper data for our research, although a higher altitude would provide us with more data 

but also with the opportunity to test the limits of our set-up’s durability. 

 The nominal float time was one to five hours depending on the direction and wind speed. 

A long duration of float time would result in statistically stronger and more accurate 

measurements while more time meant more measurements. During the day the 

atmospheric air is warm and our equipment’s performance could work according to the 

plan but also, if the sun sets during flight, the balloon could begin to descend due to the 

cooling of the gas. Day time then sounded like the best option. 

The team wished to have post flight access to accurate Ozone’s concentration from the 

Vaisala sondes’ data in order to validate our experiments’ data. After the CDR review and 

the request from the REXUS|BEXUS organizers, the team has managed to have the support 

of endorsing professor Dimitrios Balis, to use of the laboratory’s Sonde for the experiment. 

This matter was been discussed and brought back information about the possession of the 

Sonde and its mass, shape, attachment point, material composition and anything that the 

organization needs. 
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6.1.6 Accommodation Requirements 

 

The experiment’s box needed access to the outside environment since it is needed to 

collect atmospheric air samples. The entrance and exit of air of the setup were located on 

one side of the Eco Box, facing the exterior environment. Any position on the side-lines of 

the gondola were suitable in a way that the entrance didn’t interact with any other 

experiment beside or near it other than the exterior environment. 

The EcoBox, mounted in one of the lower corners of the BEXUS gondola as shown below, 

from the Preliminary Accommodation session at the Training Week: 

Figure 6-3 Picture from presentation  

“RXBX13_STW_BEXUS Accommodation Session_v1-1_27Jan2020” 

 

As placed on the Preliminary Accommodation session at the Training Week, the 

accommodation of the ECO WISE experiment is as wanted.
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6.2 Preparation and Test Activities at Esrange 

 

Table 6-4 - List of planned activities 

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

1 Unpacking Unpacked the delivered equipment Kougionis Nikolaos, Giorgos 

Michailidis 

3h 

1 Check Checked if the equipment arrived intact Giorgos Michailidis 2h 

1 Verification Verification of the components Giorgos the whole team 1h 

1 Outreach Day 

1 

Kept the social media updated Zoi Gousiou During the day 

1 Photography 

/Videography 

Kept archive for future outreach use Zoi Gousiou During the day 

1 Check Checked the correct 

electronic function 

Panagiotis Fratzeskos 1h 

1 Check Checked the correct mechanical function of the 

components 

Kougionis Nikolaos, Ioannis 

Nikolaidis 

5h 

1 Check Checked the correct  

software function 

Ypatia Dami 1h 

1 Calibration Sensors calibration in ground conditions Panagiotis Fratzeskos 2h 

2 Check Checked for the compatibility of the components Giorgos Michailidis 3h 

2 Assembly Experiment assembly The whole team 5h 
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2 Check Checked the E-link compatibility Ypatia Dami 1h 

2 Check Checked the data storing 

to SD card 

Ypatia Dami 0h30m 

2 Outreach Day 

2 

Kept the social media updated Zoi Gousiou During the day 

3 Last 

Assembly 

Assembly of the experiment to the gondola The whole team 4h 

3 Check Checked the correct assembly of the experiment to 

the gondola 

Kougionis Nikolaos, Ioannis 

Nikolaidis 

2h 

3 Check Last check with the experiments’ interaction with 

other experiments  

The whole team 1h 

3 Outreach Day 

3 

Kept the social media updated Zoi Gousiou During the day 

 

*Note1: There is an extended Checklist for the purpose of the experiment’s success. It can be seen in Appendix D – Checklistsand consists 

of checklists for each subteam that were needed, and also was categorized for Pre-Flight and Recovery Crew checking. 

 

*Note2: During the new- few months of the experiment, until the campaign, the checklists were subject to change, due to the lack of 

information about the team’s presence on the launch campaign. This form of checklists, was based on the performance of the experiment 

with the whole team presented on the campaign.
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6.3 Timeline for Countdown and Flight 

Table 6-5 - Example of timeline of the experiment events 

Time Signal Function 

Verified experiment components and interfaces. 

T-5 h Ready for start of countdown 

T-5 h - Connect Power Connector and Ethernet 

T-3 h 30 m Test Test a function summary when attached to a 

flight-ready gondola 

T- 2,5 h  Turn on the Experiment 

T – 2h  Last Check Valves, Pump, Heaters 

T-30 Warm-up IR11BD warm up 

T-15 min Warm-up Preheating of the pump 

T Launch 

T+30 sec Sampling Start measurements cycles 

During float Safe mode Opening/Closing of the valves to ensure there 

is no pressure inside the set up. 

End of float Terminate Shut down electrical components 

Recovery  Test for potential damage to the experiment 
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6.4 Post-Flight Activities 

Recovery: 

- A visual inspection of the condition of the EcoBox for potential critical damage. 

-Depressurization of the components 

Below the Recovery Sheet can be found: 
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Esrange activities: 

- Examination of the experiment setup, mechanical components and electronics are still 

functional. 

- Remove the electronics equipment like memory cards and Raspberry Pi. 

- Brief examination of the data quality and quantity, summary of the results. 

- Preparation of the experiment’s removal and safe storage before leaving.



200 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

7 DATA ANALYSISAND RESULTS 

7.1 Data Analysis Plan 

 

Science analysis for each gas: 

1. Concentration of the gases as a function of time (from sensors). 

2. Gondola position as a function of time (from the GPS and Altimeter). 

To provide general and scientifically correct information, first, the above data have to be 

combined in order to have the concentration as a function of gondola’s position. This 

function will be mapped. Then the parts of the gondola’s path that can be safely regarded 

as either vertical or horizontal will be examined separately as follows: 

a. Concentration - altitude (ascending phase) 

b. Concentration - (Long, Lat) (floating time) 

At this point, it is important to implement the method explained in section 7.1.1 in order to 

obtain more information about the experiment’s resolution. 

Therefore, we are able to: 

• Draw scientific conclusions. 

• Compare the graphs of the functions and the conclusions with the findings of 

previous and valid research based on alternative methods. 

Safety from errors: 

The data acquisition will be continuous, so the data from the concentration sensors need 

to be filtered before being used. First, temperature and pressure data inside the sensor box 

from the corresponding sensors will be gathered as a function of time. Then the existence 

of periods of time (Δt) that the temperature or the pressure was not proper for a gas 

sensor will be examined. Thus we are able to: 

• Exclude those values of Δt from the analysis. 

• Examine how the sensors function in those conditions. 
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Figure 7-1 Data Analysis Plan 

 

Figure 7-2Data Filter Plan 

In terms of chronological order, the analysis will be split into two parts: the live analysis 

and the post-analysis. The first will be done using a program running live, constructed by 

the Science Subteam in Python, while the second will be done after the flight, using both 

Python and OriginPro. 
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More specifically, the live analysis includes real-time data display and a first approximation 

analysis such as the pump’s flow rate, derived from the collected data. The post-analysis 

includes more sophisticated data processing and error analysis, regarding all measured 

variables. In the following schematic the above separation is presented. 

 

The live analysis part of the code has almost been completed and it can be found accessed 

in the following link for the data analysis sub-team repository:  

https://github.com/dyka3773/data-analysis-ecowise 

A fully detailed documentation for the live analysis program can be found under the Real-

Time-Analysis-Documentation page.  

 

Figure 7-4 Home page of repository’s Wiki 

 

Some test plots are demonstrated in the Appendix (9.5 Data Analysis Subteam) using data 

from previous BEXUS flights. 

 

Data Analysis Plan 

 

Post - analysis 

Data processing 

Error analysis 

Live data display 

First approximation 
analysis 

Live analysis 

Figure 7-3Data analysis plan separation 

https://github.com/dyka3773/data-analysis-ecowise
https://github.com/dyka3773/data-analysis-ecowise/wiki/Real-Time-Analysis-Documentation
https://github.com/dyka3773/data-analysis-ecowise/wiki/Real-Time-Analysis-Documentation
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7.1.1 Calculating the centre of mass 

 

Theoretical assumptions (THAS): 

1. Around the gondola, the air is sucked with cylindrical symmetry, with its trajectory 

as an axis. 

2. At high altitudes the atmospheric pressure is very low so we use the ideal gas law. 

3. Both pressure and temperature during one circle (between t1 and t2) are constant 

with values: <P> and <T>, the mean value for this Δt.etical assumptions (THAS). 

 

Calculations: 

Let Π(t) be the pump’s flow rate, V be the air sample’s volume in the atmosphere, m its 

mass, Mr be the average molecular mass of the atmospheric air and c the curve of 

gondola’s trajectory in 3D space. Then, the volume sucked during a time period dt is: 

𝑑𝑉 = 𝛱(𝑡)𝑑𝑡 

And from THAS 2: 

𝑃𝑉 = 𝑛𝑅𝑇 ⟹  𝑉 = 𝑚
𝑅𝑇

𝑃𝑀𝑟
 ⇒ 𝑑𝑉 = 𝑑𝑚

𝑅〈𝑇〉

〈𝑃〉𝑀𝑟
 

Thus: 

𝑅〈𝑇〉

〈𝑃〉𝑀𝑟
𝑑𝑚 = 𝛱(𝑡)𝑑𝑡 (1) 

So, by integrating (1) we get: 

∫
𝑅〈𝑇〉

〈𝑃〉𝑀𝑟
𝑑𝑚

𝑚𝑡𝑜𝑡

0

= ∫ 𝛱(𝑡)𝑑𝑡

𝑡2

𝑡1

 ⇒ 

𝑚𝑡𝑜𝑡 =
〈𝑃〉𝑀𝑟

𝑅〈𝑇〉
∫ 𝛱(𝑡)𝑑𝑡

𝑡2

𝑡1
 (2) 

Now let λ(x,y,z) be an expression of the sample’s density which combines both air’s density 

and pump’s flow-rate. By using λ we can assume that the sample lies on one dimension, 

the curve c, so λ indicates a linear mass density of that sample. So λ is represented by: 

𝜆 =
𝑑𝑚

𝑑𝑠
 

where ds refers to the curve c. 

Thus, we can find the center of mass using the curved integral: 

𝑟𝑐𝑚 =
1

𝑚𝑡𝑜𝑡
∮ 𝑟𝜆𝑑𝑠 =

1

𝑚𝑡𝑜𝑡
∮ 𝑟

𝑑𝑚

𝑑𝑠
𝑑𝑠 ⇒ 

⟹ 𝑟𝑐𝑚 =
1

𝑚𝑡𝑜𝑡
∫ 𝑟

𝑑𝑚

𝑑𝑡
𝑑𝑡

𝑡2

𝑡1
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By using (1) we get: 

𝑟𝑐𝑚 =
1

𝑚𝑡𝑜𝑡
∫ 𝑟

𝛱(𝑡)〈𝑃〉𝑀𝑟

𝑅〈𝑇〉
𝑑𝑡

𝑡2

𝑡1

⇒ 

𝑟𝑐𝑚 =
〈𝑃〉𝑀𝑟

𝑅〈𝑇〉𝑚𝑡𝑜𝑡
∫ 𝑟(𝑡)𝛱(𝑡)𝑑𝑡

𝑡2

𝑡1
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7.1.2 Updates regarding the data analysis sub team 

Due to the BEXUS postponement, the team decided to make a program for a significant 

part of the analysis to be done live. The extra time given has been exploited in order to 

achieve a better visualization of the data derived from the experiment in real time. Thus, 

the team can have a better understanding of the experiment and protect its components in 

possible hazardous conditions. 

 

7.1.3 Data visualization platform 

 

The data analysis sub-team has decided to construct and use a different platform for its 

needs. The new platform contains more details about some flight data but cannot interact 

with the experiment. It is strictly used for visualization and data display. For this reason, the 

software team’s GUI kept its functional parts but changed its visualization parts. 

For the needs of the data analysis sub-team a IPython Notebook have been used. 

Notebooks have almost the same runtime speed as the conventional Python scripts, so 

using one is faster than a fully built GUI, since it avoids the whole process of graphics 

rendering. Speed and efficiency is required in terms of visualization, thus a Notebook is a 

practical choice. 

Another important Notebook’s feature is the quick modifications that can be made if 

required or desired. In case of a GUI, other programs have to be used even for a slight 

adjustment, which renders its usage impractical. 

 
Figure 7-5 Part of the Notebook that was used during the flight for the data visualization 
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7.1.4 Data analysis and results 

7.1.4.1 Environmental and Experiment’s conditions 

 

Some of the most important measurements of the experiment were the pressure (P), 

temperature (T), and humidity (H) determination inside and outside the experiment. These 

variables are measured inside the Sensorbox (using the index “in”), and outside the 

Sensorbox while inside the Ecobox (using the index “out”). The environmental conditions 

(using the index “env”) were not measured by the experiment’s components, but they are 

provided by the BEXUS gondola. 

In the following paragraphs these measurements, alongside others relevant to 

temperature, will be presented. 

 

Ascending 

Live analysis and comparison 

In this subchapter the graphs that were live demonstrated are presented, hence the data 

are not cleaned yet. Also they are being compared to some data provided by the BEXUS 

organizers. 

The variables Tout and Pout as functions of the gondola’s altitude are given in the below 

graph, regarding the ascending phase. 

 

Figure1 Ecobox variables (P, T) 

 

The extreme values of Tout were [24.5 oC, 28.5 oC]. In comparison with the ambient 

temperature, these are extremely high, even without being inside the Sensorbox. In the 

“Thermal” segment of the SED further explanation is provided. 

For higher altitudes than 20 km, the curve is flattened because the pressure sensor was not 

capable of measuring under a certain threshold. This will be discussed in detail later.  

The ascending phase ended at 27.3 km, and it was linear. The mean gondola’s velocity was 

about 3.7 m/sec, according to the ECO-WISE measurements.    
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Figure2 Balloon altitude over time 

 

The sensor’s and the pump’s temperatures were also very high in comparison with the 

ambient. We observe similar behavior during this phase. These components also 

contributed to the thermal preservation of the whole experiment. 

 

Figure3 Pump and sensor temperature 

 

Humidity inside and outside the sensorbox throughout the ascending phase was within the 

specified performance requirements. The extreme values of the outside Humidity were 

measured to be 1.03% and 19.79%. Humidity inside the box was measured to be greater 

than outside at every stage but also steadily declining while the balloon was ascending, 

with its extreme values being ranging from 4.35 % to 26.2 %. The periodic fluctuation in 

humidity due to the pump’s function can clearly be seen in the graph. 
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Figure4 Humidity measures inside and outside of the sensorbox 

 

However, when comparing the measurements for outside Relative Humidity from [BEXUS] 

and [ECOWISE] there is an obvious significant deviation. 

 

Figure5 : Relative Humidity (ambient and outside) as a function of time 

 

This deviation can be explained by considering the difference in outside temperature 

measured. As can be seen below, the ambient temperature measured by the ECOWISE 

sensors remained practically stable whereas the actual ambient temperature, as was 

expected, steadily declines, and reaches a plateau at greater altitudes. Thus, taking into 

account the inverse proportionality between temperature and relative humidity, the 

differences in measured RH can be safely attributed to the temperature difference. 
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Figure6 Ambient and outside temperature as a function of time 

 

The temperature and pressure inside the sensorbox as a function of time during the 

ascending phase are presented below. 

 

Figure7 Sensorbox Variables (Ascending phase) 

 

The inside temperature remained well within the specified range of [-40 oC, 60 oC ] 

throughout the ascending phase. In fact, it remained surprisingly stable between 24 oC and 

29 oC, which is further discussed in the “Thermal” segment. The temperature’s stability can 

be seen well in the graph below. 
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Figure8 The temperature inside the sensorbox remains remarkably stable throughout the experiment 

 

Conversely, the pressure inside the sensorbox did not meet the performance requirements 

during the ascending phase (pressurization up to at least 800mbar at every cycle). The 

repeated cane shaped curves seen above represent each cycle. The pressure starts off 

equal to the ambient pressure and the pump steadily pressurizes the air in the chamber. 

Afterwards, it remains constant for a short time frame, when measurements are taken, and 

then quickly drops back to the atmospheric pressure while all the valves are open.  As is 

evident in the graph above, the pump was not able to continuously raise the pressure 

sufficiently after the ambient pressure was lower than 280 mbar. Unfortunately, it was 

determined that there was a leak somewhere in the sensorbox which resulted in the 

pressure inside essentially matching the atmospheric pressure during almost every stage. It 

should be noted that the selected pump could have perhaps not been perfectly suited for 

the required pressurization. This is being examined in detail in a following chapter.  The 

measured extreme values were [6.5 mbar, 1290.9 mbar]. 

The ambient pressure and temperature, as well as the altitude of the experiment over time 

were also measured by independent sensors, and the data are provided by the BEXUS 

organizers. 

In the following graph, the pressure measurements over altitude are presented. The 

pressure inside the sensorbox follows the periodic behavior mentioned above, with its 

minimums being inside the accepted error area of Pout for the higher altitudes. This was 

expected by the construction of the experiment’s stages, since all the valves are open 

during stage 3. Thus, Pin should equal Penv, or the ambient pressure. The ecobox was not 

airtight, so the ambient pressure should equal Pout, as an isothermal atmosphere[14] implies. 
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Figure9 Pressure measurements 

 

As the altitude decreases, the abovementioned equivalence between Pin and Pout 

disappears. Taking the pump’s behavior into account, this could be explained by its power, 

since the pump was providing a high flow rate which could not be compensated by the 

decompression in the given time period of stage 3. Namely, if the pump’s flow rate is 

quantified by a function “f”, then it is a function of both Penv and (Penv – Pin). Considering 

that Pin increases over time, during stage 1, it stands to reason that “f” is also a function of 

time. Therefore, for higher values of Penv, “f” gives higher flow rate and thus more time, 

than the duration of stage 3, is required for (Penv - Pin) to equal zero. 

This graph also shows the ambient pressure measured by the independent sensors. There 

is a significant systematic deviation between the two sensor’s measurements. A possible 

explanation is that the two sensors used were strongly affected by the temperature 

difference, which was up to 90 oC. 

 

Post Analysis 

Although all the aforementioned explanations are consistent, it can be seen that the 

systematic deviation between the two sensor’s measurements regarding the ambient 

pressure is not constant. It should be reminded that in the above subchapter there has not 

been any data cleaning. On the contrary, in this subchapter the analysis presented is more 

detailed and consistent with the exponential atmospheric law. 

In addition to the Balloon’s altitude measurements by the experiment’s GPS, the following 

graph presents the independent altitude data. 
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Figure10 Altitude measurements during ascending phase 

 

During the ascending phase the ECO-WISE team observed a significant delay in the 

altitude measurements compared to other teams. It can be concluded that the GPS did not 

function properly. Both curves are almost linear with different slopes, which indicate 

different vertical velocities. The observation made during the BEXUS campaign is being 

confirmed by this graph. Thus, the BEXUS altitude measurements will replace the ECO-

WISE measurements with respect to the time. This action will be tested by its results on the 

pressure – altitude relation. 

The corrected altitude over time graph is presented below. The curve is still linear during 

the ascending phase and the mean vertical velocity is 4.7 m/s. 

 

Figure11 Corrected altitude over time 

 

The critical test for this action is comparing the new pressure – altitude curves. 
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Figure12 Corrected pressure – altitude graph without error bars 

 

The isothermal atmospheric model suggests that: 

𝑃 = 𝑃0𝑒
−

ℎ

ℎ0 

where h0 is the isothermal scale height of the atmosphere: 

ℎ0 =
𝑅𝑇

𝑚𝑔
 

and: 

• T : the average temperature 

• R : the ideal gas constant 

• m : the mean molecular weight of air 

• g : gravity acceleration 

From the above exponential regression fittings, it can be derived: 

ℎ0
𝐵𝑋 = 7747 𝑚 

ℎ0
𝐸𝐶𝑂 = 7438 𝑚 

The percentage deviation is 3.99 % and can be attributed either to the different sensors, or 

to the different conditions in their environment. Considering that the mean molecular 

weight of the air is related to the humidity, and that the humidity difference between the 

two environments was significant as shown in the previous subchapter, this difference can 

be partially explained. For the purpose of this experiment, this deviation is acceptable. 

Taking into account the pressure sensor’s error bars, it is clear that the deviation is 
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negligible for a wide altitude range. Thus, the test is passed and the analysis will be based 

on this data combination. 

 

Figure13 Corrected pressure – altitude graph with error bars 

 

In the following graph, the pressure inside the Sensor-box is added to the pressure graph. 

The explanation given in the previous chapter about the incompatibility between the 

minimum pressure values inside the Sensor-box and the ambient pressure is still 

consistent. The differences are now even smaller, which implies again that the data 

matching was correct.  

 

Figure14 Pressure graph 
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Floating 

During this phase there is no need of doing the same process since the altitude is almost 

constant and it does not provide any important information. 

During the floating phase the pressure was extremely low and therefore the pressure 

sensor was not reliable. There are even negative outputs. 

 

Figure15 Ambient pressure during floating phase 

 

In these altitudes we expect the pressure to be less than 20 mbar. Since the error of the 

sensor is ±20 mbar in the temperature range [0 oC, +40 oC], the pressure measurements 

are not valid during this phase. 

The fluctuations in the altitude during the floating phase are presented in the following 

graph. In this phase the connection was lost for some minutes and this is the reason of the 

first wide gap in the data. The other discontinuities are attributed to the restarting of the 

experiment in order to change the maximum value of Pin, since the pump was not capable 

of reaching the initial pressure target.  

 

Figure16 Altitude and temperature over time 

 

The component’s temperature in the floating phase increased and this is again discussed in 

the “Thermal” segment. 
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As mentioned above, there exist certain discontinuities in the graphs below which are 

attributed to a loss of signal as well as the resbooting of the experiment’s systems. 

 

Figure18 Humidity inside and outside of the sensorbox during the floating phase 

 

The outside humidiity remained relatively stable throughout the floating phase and any 

changes were mostly gradual with its values ranging from 0 %  to  2.3%. The humidity 

measured inside however, as can clearly be seen in the graph, varied greatly and changed 

periodically with every cycle, with its extrema values being [3.17 %, 14.29 %]. 

Figure 17Pump and component’s temperature 
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Figure19 Sensorbox variables during the floating phase 

 

Again, the temperature inside the sensorbox remained relatively stable and slightly higher 

during the floating phase, in the range [25.5 oC, 32.5 oC]. The inside pressure remained 

extremely low, and the pump could only raise its value up to 47 mbar with the minimum 

pressure being 5 mbar. 
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7.1.4.2 Pump’s flow-rate modelling 

From the Pin data (pressure inside the sensorbox), the pump’s flow-rate can be modeled. 

This process is being theoretically analyzed in the chapter 4.1.2 “Calculating pump’s flow-

rate”. In the next chapters this method will be implemented on the real data gathered 

during the flight. 

Simplifications 

 

For a first order analysis, some simplifications are important. The formula derived from the 

theoretical analysis is: 

𝛱(𝑡) =
𝑉𝑖𝑛

𝑃𝑜𝑢𝑡

𝑇𝑜𝑢𝑡

𝑇𝑖𝑛

𝑑𝑃𝑖𝑛

𝑑𝑡
 

Since the duration of the pressurization, which is stage 1, is maximum 2 minutes, Tout and 

Pout will be considered constant values. The quantity Vin is always constant and according 

to the data, Tin is also a constant with significant accuracy. Therefore, the flow-rate can be 

expressed as: 

𝛱(𝑡) = 𝑎𝑚

𝑑𝑃𝑖𝑛

𝑑𝑡
 

The constant am will vary with the different cycles of the experiment. So in the cycle m, am 

will be expressed as: 

𝑎𝑚 =
𝑉𝑖𝑛

〈𝑃𝑜𝑢𝑡〉𝑚

〈𝑇𝑜𝑢𝑡〉𝑚

𝑇𝑖𝑛
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

The units will be: Vin [lit], T [K], P [mbar]. 

Thus, for every cycle, am and Pin derivative have to be calculated. There is no interest in 

calculating am so the analysis will be focused on the derivative of Pin. 

One last important simplification is that the leakage is not taken into account. 

 

Sensorbox pressure profile 

 

During stage 1, the air is pressurized in the sensorbox and thus the rate of change of Pin is 

very important for modeling the pump’s behavior. 

Among different functions, the one describing the data more efficiently is: 

𝑃𝑖𝑛 = 𝑎 − 𝑏 ∗ 𝑐𝑡 

The number of cycles that has been selected to focus on is thirty-two. For the first 20 

minutes of the flight the pump was capable of providing almost constant flow-rate, or 

equivalently the pressure was linear, since the duration of each cycle was such that the 

function Pin could be approximated as linear. Also, for the last cycles of the ascending 
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phase the pressure sensor was not reliable enough. Thus, the sample cycles selected for 

the pump modeling are between the first 20 and 100 minutes of the flight. 

The altitude and the ambient pressure at the beginning of the corresponding cycle are 

described as initial conditions. The initial conditions of the sample cycles are between 5 – 

27 km and 450 – ~1 mbar. 

The following graph shows the pressure changing with each cycle’s duration, regarding the 

pressurization stage only. 

 

Figure20 Pressure profile during stage 1 for different cycles 

 

The following graphs are presenting the regression fittings for three of the sample cycles, 

using the aforementioned function, with the flight time of the initial conditions written in 

the title. The x axis shows the duration of each cycle in seconds. 
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Figure21 Pin modeling during stage 1 with different initial conditions 
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The parameters a, b and c for all the sample cycles are presented in the following table. 

Table1 Table of parameters and important quantities 

 

 

In the first columns there are: the number of the sample cycle, the parameters a, b and c 

and the flight time. In the last columns there are: the initial conditions and the parameter a 

subtracted by the corresponding initial pressure.  

There are some significant results that can be derived by examining this table. First of all, 

the parameter c is almost constant throughout the different cycles. The mean value of c, 

which is dimensionless, is: 

�̅� = 𝟎. 𝟗𝟓𝟑𝟑𝟓 

while the maximum and the minimum c values are: 

𝑐𝑚𝑖𝑛 = 0.9416  𝑐𝑚𝑎𝑥 = 0.9604 

Thus, the maximum deviation from the mean value is 1.23% and hence it is acceptable to 

take c as constant, equal to the mean value of c. 

The fact that this parameter remains constant is implying that there is no dependence on 

neither the initial parameters, nor the pressure difference (ΔP = P initial ambient – Pin). Thus, 

this quantity is characterizing the pump’s behavior. The pump will start pressurizing the air 

into the sensorbox, but after a relatively long time the pressure inside will tend 

asymptotically to the value of parameter a, since: 

lim
𝑡→∞

�̅�𝑡 = 0 , 0 < �̅� < 1 
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The other two parameters, a and b, are constantly increasing with the initial ambient 

temperature. 

Figure22 Parameters a and b 

 

These two parameters are not dimensionless, but their units are millibars [mbar]. From 

their behavior it is clear that they strongly depend on the initial parameters, and especially 

on the ambient pressure. Yet, there is not an explicit relation between them. 

By the form of the regression function, it is clear that the parameter a shows the maximum 

pressure that can be reached for a specific ambient pressure value. By subtracting the 

ambient pressure from the value of a, the pressure difference ΔP described above is 

formed, for the maximum Pin. 

 

Figure23 Parameters relation to ΔP 
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The parameters’ relation to ΔP can be safely regarded as linear in a first order 

approximation.  Thus, both the maximum pressure that can be achieved by the pump and 

the parameter b are increased linearly with ΔP. 

One more significant result can be derived from the pressure regression function. 

According to the experiment’s performance requirements, the pressure inside the 

sensorbox should be at least 800 mbar at the end of the pressurization stage. The function 

shows explicitly if the pump is capable of pressurizing the air over that target value, 

provided that it works for sufficiently long time. The only condition is: 

𝒂 > 800 𝑚𝑏𝑎𝑟 

The following plot shows the behavior of the parameter a over altitude. The requirement’s 

condition implies that the only acceptable region of this graph is the upper left. Hence, this 

requirement had been met up to 12.5 km or equivalently, for the first 40 minutes of the 

flight. 

 

Figure24 Performance requirement condition (acceptable region: upper left) 

 

 

A more detailed examination of the pressure could provide more explicit information for 

their relation with the initial conditions. Yet, more details are not important for the 

experiment and will not be examined. What is important is that they depend on the initial 

conditions, regardless the closed form of the relation. Therefore, the regression function 

can be written as: 

𝑷𝒊𝒏 = 𝒂(𝑷) − 𝒃(𝑷) ∗ �̅�𝒕 

where this dependence is being implied with the symbol of the pressure generally. 

Conclusion 

Returning to the formula: 

𝛱(𝑡) = 𝑎𝑚

𝑑𝑃𝑖𝑛

𝑑𝑡
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and taking all the above into consideration, the flow-rate function can be written as: 

𝜫(𝒕) = 𝒂𝒎 𝒃(𝑷)|𝐥𝐧 �̅�|�̅�𝒕 

or 

𝜫(𝒕) = 𝟎. 𝟎𝟒𝟕𝟕𝟕 ∗ [𝒂𝒎 ∗ 𝒃(𝑷)] ∗ 𝟎. 𝟗𝟓𝟑𝟑𝟓𝒕 

or 

𝜫(𝒕) = 𝟎. 𝟎𝟒𝟕𝟕𝟕 ∗ 𝒅𝒎 ∗ 𝟎. 𝟗𝟓𝟑𝟑𝟓𝒕 

It is explicit that the pump’s flow-rate function tends to zero. Hence, only if the initial 

conditions are favorable, the pump is able to pressurize the air sufficiently for the 

experiment’s needs. Considering the ambient conditions and the “Performance 

requirement condition” graph, this pump was not the correct choice for the whole flight of 

this experiment. An additional performance requirement is that the pump should provide a 

flow-rate of 3-8 L/min. It has been clear that the flow-rate always tends to zero, thus, in 

every cycle this performance requirement is not being met. Yet, taking the pump’s 

behavior into account, this requirement cannot characterize the efficiency of the whole 

experiment, since the pump could pressurize the air sufficiently up to 12.5 km. 

 

Center of mass 

 

In the chapter 7.1.1 “Calculating the centre of mass” the altitude in which single gas 

measurements of a cycle can be placed is calculated. This is called centre of mass, 

regarding this experiment, and is equivalent with the centre of mass of the air sample 

collected during one cycle. 

In the abovementioned chapter the following formula has been derived: 

ℎ𝑐𝑚 =
∫ (ℎ(𝑡) − ℎ0)𝛱(𝑡) 𝑑𝑡

𝑡2

𝑡1

∫ 𝛱(𝑡) 𝑑𝑡
𝑡2

𝑡1

+ ℎ0 

where h0 is the experiment’s altitude at the start of a new cycle and h(t) is the experiment’s 

altitude at the moment t. From the chapter “Environmental and Experiment’s conditions” it 

is clear that the ascending phase was linear with a mean value of υ = 4.7 m/sec, thus: 

ℎ(𝑡) = 𝜐 ∗ 𝑡 

Furthermore, from the chapter “Pump modeling” the flow-rate function Π(t) has been 

expressed as: 

𝛱(𝑡) = 𝑑 ∗ 𝑐𝑡 

where d is a constant depending on the cycle number, and c =0.95335. With that being 

said, the center of mass can be expressed as: 

ℎ𝑐𝑚 = 𝜐
∫ 𝑡 𝑐𝑡 𝑑𝑡

𝑇

0

∫ 𝑐𝑡 𝑑𝑡
𝑇

0

+ ℎ0 
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where T is the duration of the corresponding cycle. By solving the integrals, hcm is 

calculated: 

𝒉𝒄𝒎 = 𝝊
𝑻 𝒄𝑻 −

𝒄𝑻−𝟏

𝐥𝐧 𝒄

𝒄𝑻 − 𝟏
+ 𝒉𝟎 

The above result is very important because it is independent of the corresponding cycle’s 

number.  

By implementing this formula to the real altitude data for each cycle during the ascending 

phase, the following graph is generated. This graph demonstrates the point of 

measurement that is equivalent to the center of mass of the sample gathered during one 

cycle. Every gas measurement that will be presented will refer to the altitude of the center 

of mass of the corresponding cycle. The negative and positive error bars show the starting 

and the ending point of each pressurization stage, correspondingly.  

 

Figure25 Altitude measurements of each cycle 

 

In order to clarify the use of the center of mass formula, the following graph is presented, 

which is generated by the altitude residuals to focus on the error bars’ scale. 
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Figure26 Error bars scale 

 

From this graph it is being clear that estimating the center of mass is important, since there 

are cycles that lasted about three minutes, during which time the experiment’s altitude has 

changed significantly. The error margins range from some meters to almost 700 m. If 

symmetric error bars had been assumed, it would mean that the pump’s flow-rate was 

constant, which is completely wrong. The center of mass is shifted to lower values than the 

mean altitude of each pressurization stage, which is consistent with the observational data. 

 

7.1.4.3 Concentrations 

 

Introduction 

Originally, the main target of the ECO-WISE team was to perform concentration 

measurements for Carbon Dioxide (CO2) and Ozone (O3) throughout the flight and thus 

build a profile for these two substances starting from the ground and reaching to early 

stratospheric altitudes. For that purpose, a pair of Infrared Gas Sensors (IR11BD) and a pair 

of Oxidizing Gas Sensors (OX-BX431) were used. However, these components are normally 

meant to operate on ground level and not on environments with constantly decreasing 

operating pressure and temperature. So, a structure which would suck, pressurize, and heat 

air to the desired amounts through a pump had to be built to artificially produce the 

suitable conditions. Unfortunately, due to a pressure leak and, as was explained in the 

previous segments, a wrongful pump choice the sensorbox was not sufficiently pressurized 

during most of its measurement cycles and as a result the validity of the concentrations 
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given by the sensors at best cannot be ensured and at worst is entirely false. Additionally, 

no calibration procedures took place and thus the measurements cannot be used to 

produce a quantitative profile as was intended. Instead, an attempt was made to create a 

qualitative image for the gases. Each pair of sensors had different operating requirements 

and calculating sequences. A summary of those as well as a short presentation of the final 

findings is shown in the following paragraphs. 

 

 

OX-B431 (O3 Sensor) 

 

Environmental Performance Ranges 

The sensor’s technical specifications manual indicates the pressure, temperature, and 

humidity ranges needed for its proper function. These three environmental variables were 

continuously monitored inside and outside the sensorbox and a thorough examination was 

completed in the Environmental and Experiment conditions segment. Firstly, the relative 

humidity inside the sensorbox was within 15-85 % only for the duration of the first few 

cycles. Afterwards, as can be seen in the graph below, RH% was always clearly below 15% 

during the measurement phase of each cycle. 

 

Figure27 Humidity Inside and Outside the Sensorbox as measured by ECO-WISE 

 

Moreover, OX-B431 has an 800-1200 mbar functional pressure range. As was discussed in 

a previous section, such pressure was only achieved for about the first 40 minutes of flight, 

when the ambient pressure was greater than 280 mbar.  
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Figure28 As can clearly be seen in the above graph, the inside pressure was not sufficient for a great 
part of the flight 

 

Conversely, the temperature inside the sensorbox remained remarkably stable between 24 
oC and 30 oC as has been previously shown. This temperature stability not only ensures 

that the sensors were inside their operating range, but it made the temperature 

compensation much simpler. Conclusively, for most of their operating phase, the two 

electrochemical sensors did not function inside their desired environmental ranges and 

their findings cannot be deemed reliable. Another possible, but not necessarily correct, way 

to interpret this result is that a great increase in the error margins for the measurements 

must be added. 

 

Calibration Procedure 

 

An integral part of converting the voltage measurements (Working Electrode and Auxilliary 

Electrode) given by the sensors into O3 concentration is the proper and multi-layered 

calibration procedure. There are 2 main sets of currents which must be accounted for and 

measured separately in a known concentration environment. The first is a DC Voltage 

offset  (the terms voltage and current are used interchangeably) on the electronics of the 

sensor which remains practically unchanged. Typical values are given for this offset by the 

manufacturer, but more accurate calculations are made during the calibration. The second 

set of currents is entirely due to the sensors and must be measured separately during the 

calibration as it is not stable at all. Due to the very low concentration of ozone in the 

atmosphere the measurements are comparable to these offsets and noise currents and 

thus it is impossible to make accurate measurements without having proper knowledge of 

them. Another important factor which must be considered during the final calculations is 

the temperature compensation. In this case, due to the stability of the temperature in the 
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sensorbox, one multiplication factor given by the manufacturer is enough to produce 

acceptable results. 

Necessary Functional Approximations and Oversights with smaller contributions 

 

Regardless of the calibration procedure approximations that unavoidably had to been 

made, there are two main initial assumptions under which the O3 concentration 

measurements are made. The first is the fact that the OX-B431 sensor measures the NO2 

and O3 concentrations combined. Considering that NO2 appears in much smaller quantities 

than O3 and mostly in the lower levels of the atmosphere (due to its connection to human 

pollution) its contribution to the sensors’ output can be ignored ( small increase in the 

uncertainty of the measurements). The second approximation which negatively affects the 

validity of the given results is the algorithm used to convert the voltage readings given by 

the sensors to concentration. The application notes provide multiple methods to 

compensate for the existing background currents and the temperature in order to calculate 

the O3 concentration. Given the ozone’s small concentration, the measurements are a lot of 

times comparable to the background currents and thus there exists the possibility that the 

used algorithm greatly overcompensates. A somewhat better algorithm selection could 

have perhaps been made if the sensors had been calibrated but the issue would be 

persistent regardless. For the graph presented below the following algorithm was used 

instead of the one mentioned in chapter 8.9. 

 

Where WEC is the corrected value for the working electrode and is converted to 

concentration. k’T is a constant which is temperature dependent for which only one value 

was used since temperature inside the sensorbox was stable. The other variables have been 

previously specified. 

 

 

Results 

Considering all the above, the circumstances of the experiment clearly have made it so that 

meaningful and accurate concentration measurements cannot be reliably made from the 

sensors. 

For the duration of the measurement phase of each cycle, the concentration 

measurements from both sensors are averaged and one measurement for each cycle is 

produced. This measurement is attributed to the altitude calculated by the center-of-mass 

formula. The following graph shows a qualitative image of O3 concentration (in arbitrary 

units). 
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Figure29 Characteristic concentration curve up to stratospheric Altitudes 

 

As can be seen in the above graph, the density of measurements is noticeably greater in 

earlier heights. This is attributed to the pump’s function as explained in previous segments. 

No error bars were included for the horizontal axis (concentration value) considering that 

the units of measurement are arbitrary. 

Another observation worthy of mention is that the derived curve has a smooth profile. This 

means that there are no outlier values which deviate greatly from the measured values 

around them. Thus, the hypothesis that the qualitative image produced is somewhat 

correct could possibly been made. 

 

IR11BD (CO2 SENSOR) 

 

Environmental Performance Ranges 

Just like the ozone sensor, IR11BD has its own designated set of environmental variables 

which must be in a certain range. Specifically, as is expected, the sensorbox temperature 

was well within the specified range of -20 oC to 55 oC. Again, the relative stability of the 

temperature makes the calculations easier. The Relative Humidity range indicated by the 

sensor’s data sheet is 0%-95% so the sensorbox was obviously met the requirements. In 

the case of pressure, however, the minimum pressure needed for the sensor’s proper 

function is 300 mbar. Thus, the pump was only able to create acceptable conditions for the 

sensor during the first hour of flight or up to altitude with ambient pressure about 100 
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mbar as can be seen in the Sensor Box Variables graph. The measurements taken beyond 

that point cannot be considered accurate or even valid. 

Calibration Procedure 

In the case of IR11BD, due to the higher concentration of CO2 in the atmosphere and the 

nature of the sensor, the calibration procedure is easier, less complex and produces better 

accuracy than the ozone sensor. In this case, there exist a few secondary constants that 

must be calculated through calibration, but they remain generally stable, so the 

manufacturer has provided a list of typical values. The main issue caused by not calibrating 

the sensor arises from the two main constants that need to be calculated separately for 

every sensor: the Zero and the Span. Essentially, (the temperature compensation is omitted 

in this explanation because in this case the contribution is both minimal and easy to 

calculate thanks to the temperature stability) the relation between the voltage 

measurements given by the sensor (denoted x in the equation below), the two constants 

and the concentration is: 

𝐶 =  {
− ln [1 − (

1−
𝑥

𝑍𝑒𝑟𝑜

𝑆𝑝𝑎𝑛
)]

𝑛
}

1/𝑎

 

Where n, a are two of the secondary constants and C is the concentration. In the two 

pictures below, it can clearly be seen that the concentration is extremely sensitive to small 

changes of Zero and Span. x is always greater than 0 and less than 0.3 in the taken 

measurements, two typical values are taken for n and a. These pictures are two families of 

concentration functions for different values of Zero and Span respectively 



232 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

 

Figure30 A family of concentration functions for small changes to Zero and Span respectively 

 

As can be seen in the graph above, for very small changes in Zero, the shape (monotonicity 

and curvature) of the function can change. The minimum of the function changes position. 

Likewise, for small changes in Span, a great change in scale can be observed. 
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Results 

Unfortunately, it can be safely determined that a reliable quantitative depiction of carbon 

dioxide concentration in the atmosphere is certainly not feasible without proper 

knowledge of Zero and Span. Additionally, the qualitative image shown below (which is 

derived using the same method mentioned in the ozone section) comes with great 

uncertainty. 

 

Figure31 CO2 Concentration curve up to early stratospheric altitudes 

 

As is clear from the presented graph, the same observation about measurement density 

can be made (that is expected, both sensors were in the same sensorbox). However, the 

same things cannot be said about the smoothness of the characteristic curve. Again, the 

measurements tend to follow a specified curve and are not completely random but, in this 

case, there are obvious gaps and noticeable deviations from the curve. 
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7.2 Launch Campaign 

During Launch campaign: 

1.  A final ground test of the critical and gas sensors took place, to ensure their 

proper function during the flight. 

2. Initialization of the GPS model took place. 

3. A test of the functionality of the pump took place, to ensure its proper 

functionality during the flight. 

 

7.3 Results 

7.3.1 Technical results and scientific data evaluation 

 

-The successful data transmission is expected. 

-Even though the pump was operational throughout the flight the performance was 

not enough to meet the requirements. Combined with the leakage problem in the 

sensor box the setup was not able to reach atmospheric pressures during the flight 

-The heaters were expected to heat the air sample at a given temperature (although 

they was no need of using them during the flight) 

-Proper data were expected to be collected and be compared with the 

O-zone team. 

 

7.3.2 Outlook 

 

1. Data were stored in the on-board memory (SD card), and at the same time be 

sent to the ground station.  

2. An extended data analysis took place after the flight, when all data are available. 

3. In the data analysis part, a cooperation with the O-zone team will follow and our 

results will be compared. 

4. An evaluation of the functionality of each of the experiments’ components took 

place. 

5. There was an evaluation of the reusable parts of the experiment and the 

experiment as a whole.  

6. The results are going to be presented in several university events and 

conferences. 

7. The finished results and the journey of the team through the programme will be 

promoted in local newspapers, radio stations and TV stations. 
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7.3.3 Input to Campaign Report 

 

Will be registered after the Launch Campaign 

 

7.4 Lessons Learned 

This section involves the special experiences and problems, the identified failures and 

mistakes as well as the possible improvements of the teams’ experiences in the 

REXUS|BEXUS programme on Cycle 13. 

For easy navigation, the section has been separated into the different phases 

of the program and into subcategories. 

 

The identification of failures and mistakes is pivotal, even from the early stages. Those early 

failures and mistakes can be found in different sections of the experiment, for example in 

the project management part, and the dynamic of its people. 

The identified mistakes proved that there was room for improvement in every section of 

the project. 
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7.4.1 Beginning of the team| Proposal Phase (July – October 2019) 

 

As the team finds itself in the early stages of the programme, many lessons have been 

learned. The induction of the teams’ members in the space industry was well taken with 

enthusiasm.  

Documentation and tools: 

The importance of the documentation of a space mission, and the procedures of writing a 

report, and getting a feedback from experts were realized. 

The right assigning of the tasks can improve the skills of each member, as well as the 

sharing of the knowledge between the team members. 

The documentation editing from the whole team was a difficult task, because of the 

amount of text written from different people. The team chose to be in the same place 

altogether writing the document but was sharing information with the help of the Google 

Drive. 

 

Human Resources Management: 

When it comes to the team as a dynamic system of different people, experiences like 

teamwork, conflict resolution, group decisions of risk taking and many more, motivate the 

students to work together for a common goal. 

 Beginning with the recruitment of the team, during the time of searching for an 

experiment to send the proposal, there was no filter to adding members to the team. Also, 

the choice of the project manager was not taken into full consideration which lead to many 

problems. 

Those were:  

- The wrong assigning of the tasks, and the lack of knowledge from the team members 

about the importance of their work as well as the general organization of the project. 

- The lack of communication and constant contact of the team members also contributed 

to a less organized project, as well as brought discomfort to the rest of the team members, 

decreasing their motivation working on the project 

- Last but not least, prepared the wrong kind of ground for the team’s communication and 

organization. 

During an important time for the experiments’ progress, just before the CDR, it was clear 

that there were members on the team that not only could not helpbut slowed down the 

progress of the experiment.So,some important conversations and actions had to be taken. 

That was a difficult time for the team, and it was a new experience for many members. 
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One thing that was not taken into full account, was the risk of a member leaving the 

project for reasons that had to do with the project itself, but also the need for some 

members to be asked to leave the project because they were not a good fit for the 

progress of the experiment.  

For the project management part, reassigning tasks, or further discussions of some issues 

figuring out a way to resolve the given issues, were some actions that were taken. 

More detailed project management is a simple solution to many problems and can prevent 

from serious mistakes. 

Recruitment: 

The lack of a mechanical engineer was not considered as a big problem from the team, 

thinking that a lot of members from other expertise, were capable of filling the shoes of 

the expert itself. That problem rose the very last minute, just before the PDR phase, and 

although the problem solving was successful by recruiting a mechanical engineer, it was a 

bit late.  

7.4.2 PDR phase 

The team was lately assigned a mentor, and that was a problem that caused delays. 

Documentation and tools: 

A big lesson was the use of the management tools that are very important for keeping 

track of the project, the tasks, and having the overview needed. 

Those tools helped keeping the team organized and steady working, because the tasks are 

being broke down to smaller and manageable ones. At first, it was difficult to introduce 

those tools to the team, and the team struggled to understand the importance of them. 

After different attempts of different approaches to the subject, Slack became the number 

one tool for beginning important conversations about the experiment and organising 

meetings, as well as the Trello tool became the next important tool for assigning tasks. 

When it comes to documentation, the shared document via Google Drive did not serve the 

team well because it was not compatible with the SED template so it rose concerns. 

After talking about it in the “Ask an expert session” on the Training Week, there is no 

alternative that will be a good solution for now. The team compromised with sending 

separate Word documents and leaving it to the SED editing responsible for editing. 

Afterall, the hard part was the writing of the SED version 1, in which all chapters should 

have been written from the start. The update and correction of the next version seems to 

be easier, when it comes to multiple people writing in it. 
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Human Resources Management: 

The team is still balancing the problems occurred in the previous phases, but also the new 

problems that showed up, as many teams do.  

Conflict resolving was one of them, and the understanding of the team members/tasks 

dependencies. For example, a task of one person will be depended on another persons’ 

task. Not being able to finish on time, can bring instability to the team, and deadlines were 

overdue. That also can cause stress and conflict between the team members. 

Of course, this is also a project management problem, that can be solved by better 

assigning the tasks, more frequent communication or understanding of the timeline and 

informing the team about the importance of due dates (and also assigned them right). 

The documentation approach, of each member having a separate Word document with 

their part of the SED, worked fine. 

 

 

COVID-19 Outbreak: 

This was an unpredicted situation. 

The worldwide lockdown, after the early days of March, caused many problems (unsolved 

at this phase). The team is not able to reach any facilities to make important tests for the 

experiment, resulting to inability to make progress. 

This also affected the team’s communication with companies, for fundraising, component 

sponsorships or even simple asks for information. Plus, because the teams’ finances are 

being handled through AUTH university, it took a lot of time for the money that the 

fundraising team ensured, to be ready for use. No orders can be placed until this point. 

The REXUS|BEXUS programme was not ablepostpone any deadlines, the CDR was 

cancelled and moved to a teleconference. That resulted to the team not physically working 

together, as online meetings became tiring from time to time and that affects the 

experience in total. The REXUS|BEXUS experience was lessened, having the teamwork 

under those conditions.  

Important notice coming from the previous phases: The right person should be in the right 

position at the right time 
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7.4.3 CDR phase 

 

Documentation and tools: 

The online CDR was successful, and while the Covid-19 outbreak situation became better 

(as by June 2020), delays of equipment and difficulties with company communication 

occurred. 

The documentation approach, of each member having a separate Word document with 

their part of the SED is still working fine. A note here is that it is may be better to have 

those documents well organized from each person and easily accessible. 

The addition of a second member in the SED editing process was also very good, 

overseeing various mistakes and bringing a fresh eye and a breakdown of the work to be 

done. 

 

Human Resources Management: 

The CDR phase found the team with new challenges, such as the change of the mechanical 

engineer. The importance of the commitment of a team’s members cannot be overstated. 

The addition of different people on the team, re-introducing them and building the team’s 

dynamic once again seems very challenging. 

It seems like a risk to be in a place of members changing in between phases but was 

necessary. Would recommend better understanding of each member’s needs, and that one 

should be sure about the members understanding of the importance of committing to a 

1+ year project. 

Problems such as dependencies between subteams seemed to be resolved with the new 

team members. That kind of problems that were very noticeable on the previous phase, 

seem to have been problems of some members lack of time, and experience (very young 

age). 
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7.4.4 IPR phase 

This phase is finding the team and the problems occurring from the COVID-19 outbreakto 

be minimized. That means that the team is able to reach the university and its facilities, and 

also orders and company communication has been easier and faster than the covid period. 

On the other hand, Greek bureaucracy ceases to surprise, making every order a longer 

prosses than it should be. 

Stressful periods (closer to deadlines) find the team a bit shaken up, and it is critical to find 

balance between the team members, the task distribution and the communication. 

The members availability in extra meetings was a bit confusing and the importance of the 

attendance of every member in the meetings was discussed thoroughly. It is believed that 

this happened because of the longer distance the team adopted due to the covid-19 

situation and some members went back to their hometown, together with the pressure of 

the work. For most of the team members, this is a new experience with many mistakes and 

lessons that may be frustrating at first.  

Project management mistakes (such as right task assignment, good communication, 

manpower distribution, meeting deadlines and more) should be considered as key factors 

for underachievement. 

Important notice:  

Having new team members in the team in later stages of an experiment, presents 

difficulties.It has to be taken into account, that new members joining the team should be 

incorporated in the team, its philosophy, the programme itself, the whole experiment and 

its purpose and also balance the new dynamic of the team.  

In the case of the ECOWISE team, the very sudden exit of the only mechanical engineer in a 

very critical stage, was very stressful and time consuming, trying to fill this void in a very 

short period of time, trying to meet deadlines but also ensure the success of the 

experiment in terms of the mechanical design. 

At the end of the day, the team found its way, and the addition to the team of the two 

mechanical engineers was very well taken and quickly adjusted. 

7.4.5 EAR phase 

 

As of the early September of 2020, the BEXUS3031 campaign has been postponed without 

further information. 

It is a difficult phase for the team, while working on the project for a year due to the late 

announcement of the campaigns’ postponement. From now on, after the team has more 

information about the experiment’s future on the programme, some decisions will have to 

be made in terms of availability, and team consistency. More information about this matter 

will be added on the next versions of SED, and the way this decision affected the team. 
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7.4.6 Flight campaign and preparation 

The team faced internal issues specifically in the coordination and communication part, 
regarding the willingness and team spirit of finishing the project. 

The postponement and short-noticed information when it came to the Flight campaign but 
the country’s laws that changed every other day, had a toll on the team spirit.  

A lot of the difficulties where discussed on the EAR that was held in Thessaloniki, part of it 
was help in a non-educational place, as the AUTH university did not allow us to go to the 
team’s premisses. 

The team faced the same difficulties until the very end, although each other’s willingness 
to finish the project in good terms was the overall feeling that existed. 
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8 ABBREVIATIONS AND REFERENCES 

8.1 Abbreviations 

Add abbreviations to the list below, as appropriate and delete unused abbreviations. 

 

AIT  Assembly, Integration and Test 

Asap  as soon as possible 

AUTH  Aristotle University of Thessaloniki 

BEAM  Beyond Earth Aristotle Missions 

CDR  Critical Design Review  

COG  Centre of Gravity 

CRP  Campaign Requirement Plan  

DLR  Deutsches Zentrum für Luft- und Raumfahrt 

DWO  Defined When Ordered 

EAT  Experiment Acceptance Test 

EAR  Experiment Acceptance Review 

ECO WISE Ecological COmputations WIth low cost SEt up 

ECTS  European Credit Transfer System 

EIT  Electrical Interface Test  

EPM  Esrange Project Manager 

ESA   European Space Agency  

Esrange Esrange Space Center 

ESTEC European Space Research and Technology Centre, ESA (NL) 

ESW  Experiment Selection Workshop 

FAR  Flight Acceptance Review 

FST  Flight Simulation Test 

FRP  Flight Requirement Plan 

FRR  Flight Readiness Review 

GSE  Ground Support Equipment 

HK  House Keeping 

H/W  Hardware 

ICD  Interface Control Document 

I/F  Interface 

IPR  Integration Progress Review 

LO  Lift Off 

LT  Local Time 

LOS  Line of Sight  

Mbps  Mega Bits per second 

MFH  Mission Flight Handbook 

MORABA Mobile Raketen Basis (DLR, EuroLaunch) 

ND  Not Defined 

NM  No Model 
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NYO  Not Yet Ordered 

OP  Oberpfaffenhofen, DLR Center 

PCB  Printed Circuit Board (electronic card) 

PDR  Preliminary Design Review  

PST  Payload System Test 

RBF  Remove Before Flight 

SED  Student Experiment Documentation  

SNSA  Swedish National Space Agency 

SODS  Start Of Data Storage 

SSC  Swedish Space Corporation 

SOE  Start Of Experiment 

STW  Student Training Week  

S/W  Software 

T  Time before and after launch noted with + or - 

TBC  To be confirmed 

TBD  To be determined 

THAS  Theoretical Assumptions 

WBS  Work Breakdown Structure  

ZARM Zentrum für Angewandte Raumfahrttechnologie und Mikrogravitation 
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APPENDIX A EXPERIMENT REVIEWS 

 

Preliminary Design Review – PDR 
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Critical Design Review – CDR 
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Integration Progress Review – IPR 
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Progress Review  
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Progress Review 2 
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Progress Review 3 
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EAR_Agenda 
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APPENDIX B – OUTREACH AND MEDIA COVERAGE 

 

 

Figure 8-1 Instagram page 1 
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Figure 8-2 Updated Instagram page 
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Figure 8-3BEAMs' Facebook page 
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Figure 8-4 Member of BEAM bringing his knowledge gained from the REXUS|BEXUS programme to greek 

students that are working on flying their own stratospheric balloon 
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Figure 8-5 AUTHs' Astronomy Observatory congratulating the ECO WISE team for its selection to participate 

on the REXUS/BEXUS programme 
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Figure 8-6 Friends of Astronomy Club in Thessaloniki, Greece congratulating the ECO WISE team for its 

selection to participate on the REXUS/BEXUS programme 
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Figure 8-7 Representation of team BEAM on a student's network page "Foititika Nea" promoting the team 

and the new recruitment 
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Figure 8-8 BEAM promoted the team's Recruitment via mass AUTH university student mails 
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Figure 8-9 Video of the BEXUS29 flight was shown during the Recruitment Presentation of BEAM 
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Figure 8-10BEAM featured on Youthnest's website as one of the "5+1 reasons that inovation exists in 
Thessaloniki" 
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Figure 8-11AUTH University Supported BEAM by promoting our projects and the programmes we 
participate 
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Figure 8-12 BEAM and REXUS/BEXUS featured on the in.gr website 

  

https://www.in.gr/2020/07/02/tech/veam-ereynitiki-omada-foititon-tou-apth-pou-kainotomei-sti-diastimiki-texnologia/
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Figure 8-13Different Sites covering team BEAM and the participation on the REXUS/BEXUS 
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APPENDIX C ACTIONS MATRIX 
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APPENDIX E– CHECKLISTS 

 

Table 8-1 

    SOFTWARE  

S.1. The ground station laptop PC will need to be put in place and operational.  

S.2. The correct version of the onboard software have been uploaded to the OBC.  

S.3. The communication through E-link with the experiment shall be tested.  

S.4. Verify that the data from sensors are realistic.  

S.5. Check the air flow software routine with a few cycles   

S.6. Check the response of all the mechanical components (pump, valves, heaters)  

S.7. Check that the testing measurements of the sensors where successfully written in the 

SD card. 

 

S.8. Check that all the sensors have been initialised in the required time of each one in 

order to function properly. 

 

S.9. Check the functions of the GUI by sending commands and by displaying the testing 

data of the sensors. 

 

    MECHANICS - PreFLIGHT  

M.1. All screws are fastened  

M.2. Pump and valves are operating nominal  

M.3. No leaks in the air circulation system (tube connections, sensorbox, valves)  

M.4. Tube connections are as expected  

M.5. Tube and cable pathways are mechanically secured  

M.6. Remove before flight tags have been removed from the intake/exhaust  

M.7. Insulation is properly secured, with adhesive, in the eco b  

    MECHANICS – RECOVERY CREW  

M.8. Intake and exhaust are in their place to ensure success of the experiment  

  



311 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

    ELECTRONICS – Pre FLIGHT  

E.1. Check that all the PCBs are mounted properly.  

E.2. Check that all (4 x D-Sub9, 1 x IDC/Molex, Power Terminal Block, 40 GPIO Header) 

cables are connected (and screwed) on the Main PCB (hand tight, DO NOT TIGHTEN 

TO HARD). 

 

E.3. Check that all (4 x D-Sub9, 1 x IDC/Molex, Power Terminal Block, 40 GPIO Header), 

connected to the Main PCB, are connected properly with the other PCBs, as mentioned 

next to each Socket on the top of the Main PCB. (To avoid confusion with the 

SensorBox cables, there will be different Male and Female sockets with unique 

matching) 

 

E.4. Check that the Raspberry Pi is connected to the E-Link with the Ethernet cable and the 

Main PCB with the 40 GPIO Header. 

 

E.5. Check that the 5 x Terminal Blocks of the Airflow PCB are connected properly to the 

Pump, Valves and Heaters (It is mentioned on the top of the Airflow PCB where to 

connect each component, as well as the proper polarity - hand tight, DO NOT 

TIGHTEN TOO HARD). 

 

E.6. Check that all (2 x D-Sub9, 1x Terminal Block) cables are connected and screwed on 

the SensorBox PCB (hand tight, DO NOT TIGHTEN TOO HARD). 

 

E.7. Check that the Hermetic Connector is screwed properly on the SensorBox wall from 

both sides. 

 

E.8. Check that the Ethernet and the Power Supply Connector on the top of the EcoBox are 

connected properly. 

 

E.9. Turn On the Power Switch on the top of the EcoBox.  

E.10. Check the 24V Power Supply Output of each 28.8V/24V DC/DC Converter and adjust 

the trimmers so they are used equally. 

 

E.11. Check the 5V Power Supply Output of the 28.8V/5V DC/DC Converter and adjust it to 

exactly 5V. 

 

E.12. Check the 3.3V Power Supply Output of the 28.8V/3.3V DC/DC Converter  

E.13. Check the Communication with the Ground Station for every Sensor (3 x Temp, 2 x 

Press, 1 x GPS, 2 x CO2, 2x O3).  

 

E.14. Check the control of the Pump, Valves and Heaters from the Ground Station (check 

LEDs, listen, check temperature data, feel). 

 

E.15. Check that all the PCBs are mounted properly.  
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    ELECTRONICS – RECOVERY CREW  

E.16. Turn Off the Power Switch on the top of the EcoBox.  

E.17. Unplug the Power Connector from the top of the EcoBox.  

THERMAL – Pre FLIGHT  

TH.1. Insulating material bonding check.  

TH.2. Possible damage during the transportation in insulating material check.  

TH.3. Heaters bonding check.  

TH.4. Proper operation of heaters check.  

TH.5. Heat bridges check.  

TH.6. Heat sinks bonding check.  

TH.7. Proper operation of heat sinks check.  

TH.8. Cables don’t contact heaters and heat sinks check.  

TH.9. Temperature in the Ecobox check.  

TH.10. Warming up the pump.  
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APPENDIX D – ADDITIONAL TECHNICAL INFORMATION 

 

8.3 Work Breakdown Structure  

 

Figure 8-14 [Figure 3-1 magnified] 

  



314 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

 

Figure 8-15 WBS_1-Science Subteam 
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Figure 8-16 WBS_2-Project Management Subteam 
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Figure 8-17 WBS_3-PR & Marketing Subteam 
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Figure 8-18 WBS_4-Software Subteam 
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Figure 8-19 WBS_5-Electronics Subteam 
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Figure 8-20 WBS_6-Mechanical Subteam 
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Figure 8-21 WBS_7-Thermal Subteam 



323 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

8.4 Gantt Chart  
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Figure 8-22 Gantt Chart as a previous example of the progress 
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8.5 Team Communication 

 

Figure 8-23  [Slack example magnified] 
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 Figure 8-24  [Slack magnified] 
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8.6 Software 

 

Code 

The code of the experiment can be found in the following link: 

 

https://github.com/ypatiapd/ECOWISE-experiment 

A brief description of the entities of the experiment’s software  

 

Master: 

The unction which initializes the experiment and stores the communal data and 

information vectors.Creates three threads to run in parallel, one for each subsystem of the 

experiment. 

Functions: 

Init_stages():void   

Initializes the vector with the stages’ of the air flow cycle state. 

Init_measurements():void 

Initializes the vector with the instant measurements of the sensors. 

Start():void 

Initializes the experiment and create the parallel subprocesses of the experiment. 

 

Data_Handler: 

This entity is responsible for reading the data of all the sensors and storing them at the SD 

card and in log files . 

Functions: 

Init_sensors():void 

Creates the instances of all the sensors of the experiment. 

Init_loggers(filename):void 

Initiates the data loggers of the experiment. Each  sensor’s data will be stored in a different 

file . 

Read_data():void 

Reads the data of all the sensors every one second. 

Read_In_Press():void 
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Reads the value of the altimeter inside the sensor box and stores it to the master’s data 

vector. 

Read_Out_Press():void 

Reads the value of the altimeter outside the gondola and stores it to the master’s data 

vector 

Read_In_TH():void 

Reads the values of the temperature and humidity sensor inside the sensor box and stores 

them to the master’s data vector 

Read_Out_TH():void 

Reads the values of the temperature and humidity sensor outside the gondola and stores 

them to the master’s data vector 

Read_GPS():void 

Reads the value of the GPS module and stores it to the master’s data vector 

Read_O3_1():void 

Reads the value of the first O3 sensor inside the sensor box and stores it to the master’s 

data vector 

Read_O3_2():void 

Reads the value of the second O3 sensor inside the sensor box and stores it to the master’s 

data vector 

Read_CO2_1():void 

Reads the value of the first CO2 sensor inside the sensor box and stores it to the master’s 

data vector 

Read_CO2_2():void 

Reads the value of the second CO2 sensor inside the sensor box and stores it to the 

master’s data vector 

Log_data():void 

Copies the data of the master’s data vector to a data log file for being send with through 

the elink. 

 

Flow_Control: 

This process is responsible to control the air flow of the experiment during each 

measurement cycle. It controls the function of the pump and the valves by using the 

measurements of the two altimeters of the experiment that are stored at the master’s data 

vector. The process also logs into and info log file some information about the progress of 

the process or possible erros, so to be send by the eLink to the Ground station . 
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Functions: 

Start_flow():void 

This process runs repeatedly until the descending of the balloon and controls every cycle 

of the air flow. 

Heat_Control: 

This process is responsible for controlling the heating of some components of the 

experiment during the whole flight. 

Functions: 

Turn_on_heater():void 

Actuates a heater. 

Turn_off_heater():void 

Turns off a heater. 

Check_heat():void 

Checks the need for heating of the components. 

Start_heating():void 

Starts the repeated process of heating control. 

 

Motor_Driver: 

This entity controls the motor of the pump by sending variable pwm signal. 

Functions: 

Actuate_motor():void 

Actuates the motor of the pump with the desired duty cycle of pwm , depending on the 

external pressure 

Turn_off_motor():void 

Turns off the motor of the pump 

Duty_cycle():void 

 Calculates the duty cycle of the pwm signal depending on the external pressure 

 

Heater_Driver: 

This entity controls the function of the heaters by sending variable pwm signal.  

Functions: 

Turn_on_heat():void 
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Actuates the heater by sending pwm signal 

Turn_off_heat():void 

Turns off the heater 

 

Valve: 

This entity controls the opening and closing of the two valves of the experiment with 

digital signal 

Functions: 

Open_valve():void 

Opens a valve 

Close_valve():void 

Closes a valve 

 

CO2_sensor: 

This entity reads the data of the CO2 sensor  using the Uart serial protocol and configures 

them for storage and sending to eLink . Functions for the configuration of the sensor 

operation and for its initialization will also be implemented . 

Functions: 

Init_dict():void 

Initializes a local vector of the entity that stores all the instant data readed from the sensor. 

Read_data():double 

Reads the data from the sensor parses them ,transform them to integer and stores them to 

the local vector 

parse_data():String[] 

 parses the string message returned from the sensor creating a list of the readed data, still 

in string form 

calc_crc():void 

calculates the crc value of the acquired message. This value is used to ensure that the 

transmition through the uart doesn’t have any faults. 

 

O3_sensor: 



331 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

This entity reads the data of the O3 sensor  using the SPI channel that the ADC is attached 

and configures them for storage and sending to eLink . Functions for the configuration of 

the sensor operation and for its initialization will also be implemented . 

Functions: 

Read_adc():double 

Reads the data from the adc channel that the sensor is attached 

Convert_meas():String[] 

 Converts the voltage value returned by the adc to the actual concentration of the gas, 

using equations and parameters from the sensors datasheet. 

 

GPS: 

This entity reads the data of the GPS sensor  using the Uart serial protocol and configures 

them for storage and sending to eLink The timestamp of the measuring sample is also 

provided by this module. Functions for the configuration of the sensor operation and for 

its initialization will also be implemented . 

Functions: 

Init_dict():void 

Initializes a local vector of the entity that stores all the instant data readed from the 

sensor,including the x and y position and the timestamp of the sample. 

Read_data():double,double 

Reads the data from the sensor parses them ,transform them to integer and stores them to 

the local vector 

parse_strings():String[] 

 parses the string message returned from the sensor creating a list of the readed data, still 

in string form 

 

Altimeter: 

This entity reads the data of the Altimeter  using the I2C protocol and configures them for 

storage and sending to eLink . A  library with the driver of this sensor will be used.  

Extra Functions: 

Init_dict():void 

Initializes a local vector of the entity that stores all the instant data readed from the sensor. 

Read_data():double 

Reads the data from the sensor and stores them to the local vector 
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T_H_sensor: 

This entity reads the data of the Temperature and humidity sensors using the I2C protocol 

and configures them for storage and sending to eLink . A  library with the driver of this 

sensor will be used.  

Extra Functions: 

Init_dict():void 

Initializes a local vector of the entity that stores all the instant data readed from the sensor. 

Read_data():double 

Reads the data from the sensor and stores them to the local vector 

 

 

Data_Logger: 

This entity is responsible for copying the measurements of all the sensors every sampling 

cycle to a data log file . 

Functions: 

Log_data():void 

Copies the data from the master’s data vector to the data log file. 

 

Info_Logger: 

This entity is responsible for writing information about the experiment’s and the 

components’ state to an info log file . 

Functions: 

Log_info():void 

Writes information for the state of the experiment in an info log file. 
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8.7 Thermal Analysis 

The thermal analysis is starting  by creating an atmospheric model on which we based the 

calculations. 

✓ Atmospheric Model 

According to atmospheric physics, the atmosphere can be consider as perfect gas, 

especially above 10 km, which is described mathematically by the law of ideal gas:  

                                                 PV=mRT (1)    

Using the type: m=ρV, where ρ is density, equation (1) can be written as: 

                                                   P=ρRT  (2) 

Also, the equation for hydrostatic equilibrium is: 

                                                dP=-ρgdz (3) 

And the equation that describes the 1st law of thermodynamics is: 

                                 dQ=du + dw= cvdT + PdV (4) 

where cv=(
𝑑𝑄

𝑑𝑇
)𝑉=𝑐𝑡 = (

𝑑𝑢

𝑑𝑇
)𝑉=𝑐𝑡 

We solve equation (3) by using equations (1) and (4) and assuming the following: 

• Adiabatic change: dQ=0 

• m=ρV=1 

By differentiating equation (1): 

                                         PdV +VdP=RdT, (m=1) (5) 

and using: cV-cP=R, where cP=(
𝑑𝑄

𝑑𝑇
)𝑃=𝑐𝑡: 

𝑑𝑇

𝑑𝑧
= −

𝑔

𝑐𝑃
≡ 𝛤𝑑 

The equation above is called, temperature gradient and its’ unit of measurement is oC/km 

and it shows the rate of temperatures’ decrease with height. 

For troposphere the temperature gradient is -6,4 oC/km, meaning that for every 1.000 m 

the temperature decreases approximately 6,4 oC. For stratosphere the temperature 

increases with altitude, but as we can see from the diagram below, the temperature is 

constant until 20 km, which is the altitude that was estimated that the gondola would 

reach (specifically ~21 km). 
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By using the above model, the thermal calculations are: 

 

✓ Thermal Calculations 

Thermal calculations were based on the equation of Fourier’s law: 

                                                      𝐻 = 𝐴𝑘
ΔΤ

𝐿
 

where Tin is the temperature inside the Ecobox and Tout is the outside temperature. 

Specifically, the Ecobox was made with 3 mm aluminium walls, which can be consider 

negligible due to the thickness and the high thermal conductivity of the aluminium, so:  

• Tin is the temperature on the inside surface of the insulation  

• Tout is the temperature on the outside surface, where the aluminium sheet was 

placed  

• Tsurr the temperature in gondolas’ environment  

• L1 the length of the styrofoam 

• k1=0.033 W/mK, thermal conductivity of Styrofoam 

• A is the total surface of the Ecobox with the insulation 
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The main heat sources for the experiment are the power losses from the components, 

conduction and radiation from the surroundings .  

Specifically: 

 

 

 

 

 

 

 

 

 

On the above image, with orange color and L1 length is the Styrofoam (insulation) and with 

green color and L2 length is the layer of aluminum. 

• Tin the temperature on the inside surface of the insulation  

• Tx the temperature between the two materials 

• Tout the temperature on the outside surface of the insulation  

• Tsurr the temperature in gondolas’ environment  

• L1 the length of the Styrofoam 

• k1=0.033 W/mK 

• L2=5mm the length of aluminium 

• k2=202 W/mK 

The main heat sources for the experiment will be the power losses from the components, 

conduction and radiation from the surroundings .  

 Also by Stefan’s Boltzmann law, we can consider the Ecobox as a grey body (a body that 

emits less energy than a black body) and the total net power is:  

 P=eσA(Tout
4-Tsurr

4)   (7) 

 where Tout can be consider as the temperature of the grey body and P is the difference 

between the net power that the body radiates and the net  power that the body absorbs 

from the environment. 

Specifically, Tout refers to the temperature of the outside material of the Ecobox, which is 

the aluminum foil sheet, with an emissivity, e=0.03 

From equation (7), by solving for Tout:  
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                                                  Tout=√
𝑃

𝑒𝜎𝛢
+ 𝑇𝑠𝑢𝑟𝑟

44
  (8) 

 

From equation (7) we can know how temperature Tout changes during the flight, but first 

wemust find how Tsurr changes during the flight  

 So, in order to make the whole process easier, we divided the thermal analysis in phases 

and the most critical phases are: 

 

• Ascent 

• Float 
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Figure 8-25 Temperature and time diagram 

 

➢ ASCENT 

The height that the gondola was expected to reach this year was estimated to be, 

according to the overall mass of the balloon, about 21-22 km.  The first 12 km would be in 

troposphere and the rest 9-10 km would be in stratosphere. So we divided this phase in 

two stages: 

• Troposphere 

• Stratosphere 

From BEXUS manual, we know that the nominal ascent speed is 5m/s, this means that the 

12 km were estimated to be reached in 2400 sec and the rest 9 km in 1800 sec. From the 

atmospheric model we know that the temperature decreases 6.4 oC or 279.55 K for every 1 

km and 1 km needs 200 sec to be reached. So, assuming that the temperature on the 

ground is approximately 0 oC and considering all the above we can create a diagram that 

shows us how temperature changes during the time period of ascent for 21 km height.   
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Figure 8-26 Outside temperature and time diagram 

Knowing that Tsurr, which is the temperature of the gondola, is bigger, approximately it 

shows a difference of +5oC…+30oC according to height, the diagram of Tsurr-t is: 

 

 

 

 

 

 

 

 

 

 

 

Tsurr (K) t (sec) 

268.95 200 

264.75 400 

260.55 600 

256.35 800 

252.15 1000 

247.95 1200 

243.75 1400 

239.55 1600 

235.35 1800 

231.15 2000 

226.95 2200 

222.75 2400 

222.75 2600 

222.75 2800 

222.75 3000 

222.75 3200 

222.75 3400 

222.75 3600 

End of troposphere (12 
km) 
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Table 8-2 

So we found how Tsurr changes and now we must find the net power, P. The main heat 

source inside the experiment was assumed to come from the power losses of the power 

consumptions of the components.  

Firstly, in the 1.5 hours of ascent the pump and the valves estimated to have an energy 

consumption of 40.14 Wh, so their power consumption was 
30.774

1.5
=26.76 Watt. We 

assumed that 100% of this would become heat, so the power loss was 26.76 Watt. 

For the rest of the components the energy consumption in 1.5 hours was estimated to be 

36.79 Wh, so their power consumption was 
27.8

1.5
=24.53 Watt. We assume that 10% of this 

would become heat, so the power loss was 2.453 Watt. 

Thus the total power loss was 29.21 Watt. This means that by the end of the ascend, 29.21 

Watt would have been distributed as heat inside the Ecobox. Around the Ecobox was the 

Styrofoam with 0.60 emissivity (e) and reflectiveness (R)~0.02, which could be consider 

negligible. So by the following equation e+R+τ=1, where τ is the transmission and 

considering that the Styrofoam was in thermal equilibrium with the Ecobox, in order to 

a=e, where a is the absorptivity coefficient, it occurs that approximately 40% of the heat 

got lost. Thus the net power that the experiment radiated was 29.21∙40%=11.684 Watt and 

for the whole surface of the Ecobox it was Prad.=11.684 A Watt. 

Also, according to Stefan-Boltzmann law the net power that an object absorbs from the 

environment is: 

                                                Pabs.=eσΑΤsurr4   (9)  

Where Tsurr is the temperature of the environment.  

 

 

As we calculate above the average value of Tsurr is 235.95 K, also it applies that e=0.03 

(due to aluminum foil) and σ=5.67∙10-8 W/m2K4. So, by equation (9) the average amount 

of net power that the Ecobox absorbed was Pabs.=5.2731 A Watt while the rest amount, in 

which the experiment exposed, reflected back due to the high reflective coefficient of the 

aluminum foil, R~0.97.  

Equation (7) give us the net power, which is the difference between Prad. and Pabs. , so 

P=6.4109 A Watt and by equation (8) the average value of Tout was 287.9 K. 

By equation (6), for H=P, it occurs: 

𝐿1 = 𝑘1𝐴
𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡

𝑃
 

222.75 3800 

222.75 4000 

222.75 4200 End of ascent (21 km) 
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A suitable inside temperature is Tin=20oC (293.15 K), so by the above equation occurs that 

the thickness of the insulation at the ascent had to be,  

 

 

  

L1= 27 
mm 
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➢ FLOAT 

This phase was estimated to be in the stratosphere (21 km this year), where Tsurr is 

approximately constant for this specific height and we assumed that would last about 1 

hour. In this period the pump and valves would have an energy consumption 26.76 Wh 

and the power consumption was 
26.76

1
=26.76 Watt. We assumed again that 100% would 

become heat, so the power loss was 26.76 Watt. For the rest of the components the energy 

consumption was 15.53 Wh, so the power consumption was 
15.53

1
=15.53 Watt and we 

assumed that 10% would become heat, so the power loss was 1.553 Watt. 

Thus, the total power loss was 28.313 Watt. Again 40% of the heat would escaped, due to 

the reasons that mentioned at the ascent, thus Prad.=11.3252 and for the whole surface of 

the experiment, Prad.=11.3252 A Watt.  

Again we can calculate by equation (9) how much net power the Ecobox  absorbed from 

the environment, where the average value of Tsurr was 222.75 K. Thus, Pabs.=4.186 A Watt 

and P=7.139 A Watt and by equation (8) the average value of Tout was 285.6 K. 

So, for 20oC (293.15 K), inside the Ecobox, by equation (6) it occurs for H=P: 

𝐿1 = 𝑘1𝐴
𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡

𝑃
 

 

And for the float,  

 

The difference between the thickness of the insulation at the ascent and at the float is 

small, so in order to have a suitable temperature that wouldn’t have a big declination from 

20oC,in both phases, the length of the styrofoam was selected to be equal to the average 

of the two numbers, thus 

 

 

 

 

  

L1=27.8 
mm 

L1=27.4≈30 
mm 
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8.8 PCB Schematics 

 

 

Figure 8-27 Sensor Box PCB Schematics 
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Figure 8-28 Airflow PCB Schematics 
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Figure 8-29 Outside PCB Schematics 
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Figure 8-30 MLX90614 Breakout Board Schematics 
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Figure 8-31 Main PCB 
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8.9 Scientific Background 

8.9.1 Previous BEXUS Flights 

In order to find the appropriate sensors for our experiment we need to study the previous 

BEXUS flights in terms of altitude, pressure and temperature ranges. All the data are 

extracted from the REXUS/BEXUS team site. 

 

Table 8-3: Extrema of Altitude, Temperature and Pressure from previous BEXUS flights 

Furthermore, it is important to study some previous BEXUS flight’s ascending, floating and 

descending time. 

 

Table 8-4: Ascend, floating and descend phase of previous BEXUS flights 

Although the extrema of the temperature and the pressure provide significant information, 

it is also important to study the variations in those conditions over altitude during previous 

flights. These data help us make the corresponding test plans. BEXUS 26 and 27 are 

studied in the following graphs. 

 

Figure 8-32: Temperature over altitude 

Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum

Altitude (m) 2001 32356 333 32290 0 26577 0 27499 299 28231

Temperature (oC) -68.8 9.7 -56.8 22.9 -61.9 5.6 -54.7 24.3 -64.6 4.16

Pressure (hPa) 11.8 999.4 5.7 996.6 21.0 970.0 14.5 977.3 14.3 957.4

BEXUS 22 BEXUS 23 BEXUS 24 BEXUS 26 BEXUS 27

BEXUS 22 BEXUS 23 BEXUS 24

Ascend time 1h 51min 1h 51min 1h 55min

Floating time 2h 34min 2h 42min 2h 9min

Descend time 29min 31min 30min
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Figure 8-33: Pressure over altitude 

 

8.9.2 Ozone distribution 

Ozone has very low concentration in the atmosphere, and its highest concentration is in 

the ozone layer of the stratosphere. We were aiming to detect O3 in the lower stratosphere 

over Kiruna, Sweden, which the BEXUS gondola reached. 

The data studied in terms of O3 distribution are taken from KIMRA and MIRA 2 researches 

of O3 profiles. The instruments used for these researches are the Kiruna Microwave 

Radiometer (KIMRA) and the Millimeter wave Radiometer 2 (MIRA 2). The ozone 

concentration profiles are retrieved using an optimal estimation inversion technique, and 

they cover an altitude range of ∼ 16–54 km, with an altitude resolution of, at best, 8 km. 



349 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

 

Figure 8-34: Left: the average of the 177 coincident O 3 profiles for KIMRA and MIRA 2 and the a priori 

profile used for the inversions. Middle: the mean of the difference (KIMRA–MIRA 2) for coincident profiles. 

The solid error bars are the standard error of the mean, and the dotted error bars are the standard deviation 

of the differences in the profiles at each altitude. Right: the correlation of the coincident pairs at each 

altitude. 

We were aiming to measure ozone’s concentration from the ground to the highest altitude 

of the BEXUS flight, which was about 20-25 km, with an altitude resolution of at least 1 km. 

The measurement’s resolution is defined by the O3 sensor. The amount of requirements we 

will meet and degree of agreement, define the deviation. The highest part of the region in 

which we measured is the lowest of the following figure. 

 

Figure 8-35: Left: same as left plot in the previous Fig. (in ppmv) but with markers showing the altitude 

separation of the partial columns. Right: scatter plot of the partial columns of coincident KIMRA and MIRA 2 

data. The error bars show the two cases of error estimation for the ground-based instruments. Lines of best 

fit are shown for each case, with the dashed line indicating the case of the higher error estimate. The slope 
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(m) and its standard error, and the intercept (c) for each line are shown. The correlation for each of the sets 

of partial columns is also shown. 

8.9.3 Carbon dioxide distribution 

Carbon dioxide is the most significant long-lived greenhouse gas in Earth's atmosphere. 

Since the Industrial Revolution anthropogenic emissions – primarily from use of fossil fuels 

and deforestation – have rapidly increased its concentration in the atmosphere, leading to 

global warming. The current concentration is about 0.04% (412 ppm) by volume, having 

risen from pre-industrial levels of 280 ppm.  

The data studied in terms of CO2 distribution are taken from AirCore and LISA 

measurements of vertical CO2 profiles. The LISA sampler (LIghtweight Stratospheric Air 

sampler) was designed to collect four bag samples in the stratosphere during a balloon 

flight for CO2, CH4 and CO mole fraction measurements. The LISA sampler was flown on 

the same balloon flight with an AirCore in Sodankylä, Finland. From the following figure 

the important gas for our experiment is only CO2. 

 

Figure 8-36: Comparison of AirCore and LISA measurements of (a) CO2, (b) CH4 and (c) CO mole fractions. 
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8.9.4 Cross sensitivity 

The cross sensitivity of OX-B431 sensor is shown in the following figure, extracted for the 

datasheet. 

 

Figure 8-37 Cross sensitivity of OX-B431 

 

A typical composition of the atmosphere is shown in the following table. 

 

Figure 8-38 Atmospheric composition 

 

The gases H2S, Cl2, C2H4 and NH3 are absent. The gases H2 and Halothane require 

significant concentrations for minor cross sensitivity. CO2 was measured so it could be 

abstracted correspondingly. SO2 sources are mainly industrial, so it cannot be a problem in 

the BEXUS flight area. Also, from LISA and AirCore measurements, in the ozone layer 

carbon monoxide’s concentration is not important. NO is also from industrial sources and 

although variable in concentration, it is significantly lower in the ozone layer. 

8.9.5 CO2 Sensor Calibration 

 

This procedure is based on Infrared Sensor Application Note 2 “Signal Processing for 

Infrared Gas Sensors” and Infrared Sensor Application Note 5 “Determining Coefficients for 

Linearization and Temperature Compensation”. For the calibration “Zero” and “Span” have 

to be calculated. 

NOTE: The temperature (Tcal) at the time of calibration must be measured. 

 

Calculating the “Zero” 

When the gas sensor is being exposed to the zero test gas without the presence of the 

target gas, we measure: 

• Act or A : the peak-to-peak output of the Active Detector in Volts. 
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• Ref or R : the peak-to-peak output of the Reference Detector in Volts. 

Then: 

𝑍𝑒𝑟𝑜 = 𝑍 =
𝐴

𝑅
 

 

Calculate the “Span” 

When the gas sensor is being exposed to the calibration test gas, A and R are measured. 
Then the Span or S, is given by the following relation: 

1 −
𝐴

𝑍 ∙ 𝑅
= 𝑆 ∙ (1 − 𝑒−𝑎𝐶𝑛

) 

Where: 

• C: the concentration of the applied calibration test gas in % Volume (i.e. 5 for 5% 

Vol.) 

• α: is fixed (shown in the following table) 

• n: is fixed (shown in the following table) 

Sensor Range (v/v) α n 

IR11BD 0.5 % 2.49 0.811 

2.0 % 1.12 0.667 

5.0 % 0.892 0.570 

Table 5 Table of fixed linearization coefficients for the calibration 

 

 

 

 

The above equation can also be written as: 

𝑦 = 𝑆 ∙ 𝑥 

Where: 

𝑦 = 1 −
𝐴

𝑍∙𝑅
 and 𝑥 = 1 − 𝑒−𝑎𝐶𝑛

 

The linear fitting on the diagram y=f(x) will provide the value of S. In the different ranges, 

as shown in the above table, the value of S may vary. 

 

Determining Coefficients for Linearization 

Differences in circuit designs could cause variations in all coefficients mentioned above. In 

order to achieve the appropriate accuracy, the following function can be used: 
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𝑦 = 𝑠 ∙ (1 − 𝑒−𝑎∙𝑥𝑛
) 

as the fitting function, where: 

• y: the Average Normalized Absorbance at each concentration or: 

𝑦 = 1 −
𝐴

𝑍 ∙ 𝑅
 

• x: Carbon Dioxide concentrations 

• α, s and n: the coefficients expected to be determined 

Temperature Compensation 

The major effect on the sensor is the apparent change in span with temperature, which is 

compensated using the following temperature compensation, called beta compensation. 

Alpha is not required for our sensor, yet it can be used for increasing accuracy over the 

concentration range. 

The alpha and beta coefficients are split into two ranges, assuming the value of Tcal is close 

to 20oC: 

i. Negative (of Tcal) temperature compensation (“alphan” and “betan”) 

ii. Positive (of Tcal) temperature compensation (“alphap” and betap”) 

Sensor Range (v/v) alphap alphan betap betan 

IR11BD 0.5 % 0.000464 0.000501 0.084 0.143 

2.0 % 0.236 0.329 

5.0 % 0.351 0.447 

Table 6 Table of fixed coefficients for the temperature compensation 

 

 

 

Alpha Temperature Compensation 

Normalized Ratio, or NR is called: 

𝑁𝑅 =
𝐴

𝑍 ∙ 𝑅
 

The alpha-compensated NR is given by: 

𝑁𝑅𝑐𝑜𝑚𝑝 = 𝑁𝑅 ∙ [1 + 𝑎(𝑇 − 𝑇𝑐𝑎𝑙)] 

Where: 

• T: the actual temperature measured at the sensor in Kelvin. 

• Tcal: the temperature measured during the calibration routine in Kelvin. 

• α: the fixed “alpha” coefficient. 
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Beta Temperature Compensation 

The compensated span coefficient is given by: 

𝑆𝑐𝑜𝑚𝑝 = 𝑆 + 𝛽 ∙
𝛵 − 𝛵𝑐𝑎𝑙

𝑇𝑐𝑎𝑙
 

Where: 

• T: the actual temperature measured at the sensor in Kelvin. 

• Tcal: the temperature measured during the calibration routine in Kelvin. 

• β: the fixed “beta” coefficient. 

Determining Coefficients for Temperature Compensation 

Again, there may be small variations in the coefficients’ values. Therefore, we have to 

follow the following process. 

 

Alpha Temperature Coefficient 

The Alpha Compensation equation is rearranged into: 

𝑦 = 𝑎 ∙ 𝑥 + 1 

Where: 

• y: Compensated Normalized Transmittance over Normalized Transmittance or: 

𝑦 = (
𝐴

𝑍 ∙ 𝑅
)

𝑐𝑜𝑚𝑝
(

𝐴

𝑍 ∙ 𝑅
)⁄  

• x: the actual temperature measured as the sensor in Kelvin minus Tcal. 

• Tcal: the temperature measured during the calibration routine in Kelvin. 

• α: the Alpha coefficient 

Yet, the Alpha coefficient effectively temperature compensates the zero reading, so the 

target value for the Compensated Normalized Transmittance calculation should be equal 

to 1 as this is equivalent to 0% vol. Thus: 

𝑦 =
𝑍 ∙ 𝑅

𝐴
= 𝑎 ∙ 𝑥 + 1 

To determine the Alpha coefficient, values for y and x are required in a satisfying wide 

temperature spectrum, when the sensor is exposed to 0% vol. The linear fitting will provide 

the Alpha coefficient. 

Beta Temperature Coefficient 

The Beta Compensation equation is: 

𝑦 = 𝛽 ∙ 𝑥 + 𝑆 

Where: 

• y: Spancomp 
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• β: the Beta Coefficient 

• x = [(T-Tcal)/Tcal] 

• S: Span 

To determine the Beta coefficient, values for y and x are required in the same temperature 

spectrum as before, when the sensor is exposed to the calibration gas. The linear fitting will 

provide the Beta coefficient. 

 

Calculation of the Target Gas Concentration 

The required concentration is given by: 

𝑪 = {−
𝟏

𝒂
∙ 𝐥𝐧 [𝟏 −

𝟏 − 𝑵𝑹𝒄𝒐𝒎𝒑

𝑺𝒄𝒐𝒎𝒑
]}

𝟏

𝒏

 

The concentration will be measured in % vol. 

NOTE: For this formula to work the value of (1-NRcomp) needs to be positive. If a negative 

value is obtained then check “Infrared Sensor Application Note 2”. 

 

Errors 

The measurements of all quantities (i.e. temperature), have some errors because of the 

measurement instruments. While determining the coefficients it is crucial to estimate those 

errors, as they are transmitted to each coefficient. If a quantity q is a function of the 

variables v1, v2, …, vn, and supposing all vi have errors, then q’s error is given by the known 

relation: 

𝜎𝑞
2 = ∑ (

𝜕𝑞

𝜕𝑣𝑖
)

2

∙ 𝜎𝑣𝑖

2

𝑛

𝑖=1

 

O3 Sensor Calibration 

The sensor will be calibrated with the aid of an ozone generator. Based on Alphasense’s 

Application Note “Correcting for background currents in four electrode toxic gas sensors”, 

the zero background current within a temperature range from -30oC to +50oC can be 

corrected. Electrochemical gas sensors generate a background current in addition to the 

current from oxidation or reduction of the sampled gas, called zero background current. 

For the correction of our sensor, the following relation is suggested to be used: 

𝑊𝐸𝑐 = (𝑊𝐸𝑢 − 𝑊𝐸𝑒) − 𝑛𝑇 ∗ (𝐴𝐸𝑢 − 𝐴𝐸𝑒) 

Where: 

• WE : working electrode 

• AE : auxiliary electrode 

• WEc : corrected WE output 

• WEu : uncorrected raw WE output 
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• AEu : uncorrected raw AE output 

• WEe : WE electronic offset on the ISB 

• AEe : AE electronic offset on the ISB 

• nT : temperature dependent correction factor 

The following table shows the values of nT for sensor OX-B431: 

Sensor Factor T/oC 

-30 -20 -10 0 10 20 30 40 50 

OX-B431 nT 0.9 0.9 1 1.3 1.5 1.7 2 2.5 3.7 

Table 7 Fixed correction factor values for different temperatures 

WEe and AEe will be determined by measurements. The corrected WEc is proportional to 

the concentration so the ratio factor will be determined during the calibration process. In 

addition, the factor nT will be redefined during the temperature compensation process. 

NOTE: A part of the aforementioned calibration was done. See 7.1.4 Data analysis and 

results. 
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8.10 OX5431 Sensor Data sheet 
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8.11 IR12BD Sensor Data Sheet 
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9 COVID-19 OUTBREAK AND UPDATES 

 

9.1 Thermal Test For The SensorBox 

 

The material of the sensor box must be thermally conductive to ensure the best 

distribution of heat in it, making the conditions inside suitable for the sensors. The first 

choice was aluminum because it has high thermal conductivity making it the best solution, 

although the team has in its possession a sensor box made from ABS material. ABS is a 

thermoplastic material with high thermal resistance making it unsuitable for the 

experiment, but its’ construction is much cheaper than aluminum, reducing the total cost 

of the experiment, thus the team must examine the thermal behavior of the ABS material. 

ABS is an anisotropic material, which means that the thermal conductivity, except for low, 

is also different in different directions, leading to unequal distributions of heat and making 

the thermal study of the material difficult. The thermal simulations were complex and thus 

unreliable making the team decide that the best way to examine if the ABS sensor box is 

suitable, is to directly test it.  The test plan must include the ABS sensor box, the pump, and 

two temperature sensors, which will give the data, also the same test must be done for the 

aluminum sensor box, to compare the two materials. Of course, the distribution of heat in 

the aluminum will be better from the ABS but If the temperature values that will deploy 

inside the ABS sensor box, fulfill the thermal specifications of sensors' function, then the 

ABS material will be selected, mostly due to its' low-cost construction. 

For the test, one temperature sensor was placed inside the sensor box, which was 

connected with the pump and the second sensor was placed outside. The goal was to 

pump air in, measure the temperature rise, and see the thermal behavior of the materials, 

taking more reliable results.   
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9.2 Mechanical Subteam 

9.2.1 Design Considerations for a more compact design 

 

After discussing the options for a more compact experiment, the team decided to 

investigate the feasibility of a sheet metal Eco-Box, which is going to be build around the 

sensor box. The idea behind this approach was that the team wanted to reduce as much as 

possible the weight and the footprint of the whole experiment without intervening the 

sensor box design.   
 

After doing a bibliographic research and talking with some people working in the 

manufacturing, the team decided that the optimal and cheaper solution for a compact 

design is a sheet metal Eco-Box. The combination of folded sheet metal, spot welds or 

Rivets and clever design can result in a Eco-Box with a fraction of the weight and volume 

of the current Eco-Box, which is using a more tradition design approach with rails, flat 

sheets of aluminum and lots of nuts and bolts. Our envision for such a design is that the 

rails and most of the nuts and bolts are going to be vanished.   
 

Currently, all the components are laid down in a 2D arrangement. That was done to ensure 

optimal access at all times and is much better when the team tries to implement it for the 

first time since it is obvious how everything is arranged and connected with its other. The 

novel approach that the team is considering using is arranging the components 

in stacks, similar to a CubeSat design approach, where the space is a restricted to minimum 

and every bit available is used. With that in mind, the design will be consisting of two 

levels. In the top level the Senor Box alongside with the electronics PCB and the Raspberry 

Pi will be placed and in the bottom level the pump, the valves and the controller PCB will 

be mounted. The connection between the two levels will include the two tubes attached to 

the SensorBox and the cable that connects the two PCBs.   
 

That way the whole experiment was fitted in a footprint not much larger than 

the sensorbox’s.  

 

9.2.2 Covid-19 Affects on the mechanical team 

 

Soon after the last review, due to the raise in Covid cases in our city and the existence of 

vulnerable people in the families of the mechanical sub-team members, the access to the 

experiment was almost zero. Therefore, even though we were ready for most of the test 

since the late September it wasn’t possible to execute them.   

 

 



371 

 

BX30_ECOWISE_v5_1_15_May_22 - ΝΟN HIGHLIGHTED   
 
  

9.3 Electronics and Software Subteams 

 

Besides a 2-month break after the IPR, as the BEXUS Campaign was postponed, the 

Electronics/Software progress was up to plan. Specifically, we have solved any potential 

trouble caused to our Systems hands-on and finally achieved excellent interaction between 

the electronic components. Also, perfect communication has been achieved between the 

Ground Station and the E-Link as well as between the GUI and Ground Station. Thus, the 

Data received from the experiment is visualized and the experiment can be manually 

handled from the ground. More than that, Data is stored properly at the SD card of the 

experiment and, at the same time, at the Ground Station. Due to the situation, Vacuum and 

Thermal Tests have also been postponed, although the Electronics/Software Setup to be 

tested is Functional and ready to support the Testing Procedure.  

 

9.4 Project Management and Planning 

Due to the postponement of the Launch Campaign, and the current situation in town due 

to the Covid-19 outbreak there has been an indefinite postponing of the testing and the 

last ACTIONS of the last review. 

The plan remains as it was: 

▪ Continue with the project 

▪ Understand and respect the new timeline of the project 

▪ The whole set up test remains undone and the team will proceed after the 

lockdown ends and the new mechanical design takes place 

▪ Meet the deadlines set by the organization 

▪ Rearrange the manpower and take into consideration the new team/time 

composition 

There is no known timeline to base the future of the experiment. The team has no access 

to facilities and the hardware of the experiment, as Thessaloniki, the town that the building 

of the experiment and the base of BEAM take place, has entered a new lockdown. 

The situation is now stable but not good, as Thessaloniki has a lot of Coronavirus cases and 

the future can not be predicted. 

Also the head of management of the team is now working full time in a Covid related 

position and given the situation in Thessaloniki, has limited time for the project during this 

time. 
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Figure 9-1 Covid Related Table 

 

As of the third week of January 2021 the restrictions due to the Covid-19 outbreak remain 

the same. This week, retail shops opened with message restrictions, although access to any 

other facilities is forbitten. 

The hardware of the experiment remains in a house of a team member. 

Also, half of the team members remain in their hometown, outside of Thessaloniki. 

Covid-19 cases have decreased, the population is now vaccinated in a slow rate of 8000 
vaccines per day. 

As of the last week of April 2021 the restrictions due to the Covid-19 outbreak remain the 

same. Week 4 of April, retail shops opened with click away options. 

The hardware of the experiment returned in Zoi’s house. 

Half of the team members remain in their hometowns. 

The government announced that next week shops and food services may open (after the 

Easter holidays) and we are waiting for announcements about the transportation between 

country states. 

9.4.1 Updates that will not be held 

The team will not proceed to the following updates, after it was decided in the last review: 
 

• Do not have a CO sensor, focus on finalizing the existing science  

• Do not include an airbag design  

• Do not include a camera  

• The team after a meeting with our endorsing professor and more 

research decided not to proceed with the Ozonesonde addition. The 

research of similar Ozone measurements in the area near Kiruna and the 

collaboration with the BEXUS30 O-zone team is considered enough for 

team’s ECOWISE proof of measurements in a good error range. 
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9.4.2 Updates Post flight 

 

Chapters 9.4 and 9.4.1 remain in the document post-flight for informative reasons and to 
understand the changes that were made pre-flight. 

9.5 Data Analysis Subteam 

The following plots are examples for the live analysis, using either BEXUS 24 data, or 
hypothetical data for visualization. In cooperation with the Software sub team these plots 
will be displayed in the GUI. 

 

Figure 9-2 Environmental conditions from BEXUS 24 flight data 

 

Figure 9-3 Sensor box conditions during the first two cycles using hypothetical data 
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Figure 9-4 Internal and external humidity plots using hypothetical data 
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