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Your text should be intelligible to scientists of various fields and engineers with a general scientific 
background. 

Before you submit your proposal, please ensure that you have read the REXUS/BEXUS User 
Manuals for more detailed information. The forms and the documents are available at 
www.rexusbexus.net.   

To submit your proposal to ESA, please register at www.joinspace.org and download this 
application form as a Word file.  The completed form must be uploaded again before the deadline. 

  

Team/Short experiment name E.g. the acronym of the full experiment title  
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Full experiment title Infra-Red albedo measurements In Stratosphere 
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  not of importance for our experiment 

 
Science & Organisation 
 

Team Information  

Student team leader: 
 
Gustaf Ljungné 
24-05-1994 
Swedish 
Space Engineering Master Program 4th year 
Spacecrafts and Instrumentation  
Luleå University of Technology(Sweden) 

 

Contact information 
of team leader: 

Tel. +46 709 610 679 

gustaf.ljungne@gmail.com 

Tarfalavägen 1A 

981 44 Kiruna 

  

REXUS/BEXUS 
 

Experiment 
Proposal Form 

 

 

http://www.rexusbexus.net/
http://www.joinspace.org/
mailto:gustaf.ljungne@gmail.com


  
 

  Page 2 of 12 

Members of your team:  
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Luleå University of Technology (Sweden) 

Role: Head of electric design and testing 
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Tel. +46 721 610 400 
Space Engineering Master Program 4th year 
Aerospace Engineering 
Luleå University of Technology (Sweden) 

Role: Coding and implementation 

 
Alexander Korsfeldt Larsén 
27-08-1993 
Swedish 
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Space Engineering Master Program 4th year 
Spacecrafts and Instrumentation  
Luleå University of Technology (Sweden) 

Role: Public relations and fund raising 

 
Lisa Jonsson 
01-02-1995 
Swedish 
Tel. +46 706 509 535 
Space Engineering Master Program 4th year 
Spacecrafts and Instrumentation  
Luleå University of Technology (Sweden) 

Role: Coding and implementation 
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Arttu Tianen 
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Finnish 
Tel. +35 840 035 4949 
Spacecraft Design Master Program 
Luleå University of Technology (Sweden) 
Role: Electric design and testing 
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Luleå University of Technology (Sweden) 
Space Campus, Kiruna 

Role: Head of Mechanical design 

 
Francois Piette 
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Exchange student 
Aerospace Engineering 
Luleå University of Technology (Sweden) 
Role: Fund raising and mechanical design 
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What is the scientific 
and/or technical objective 
of your experiment? 

Our experiment aims to: 

Study the albedo of the polar region of Earth. 
By using Infrared and VIS sensors, we try to determine the albedo 
of different surfaces in the polar region.  
 
We want to study the incoming and outgoing radiation, mostly in 
the infrared and visible spectrum. However, if the funding allows, 
we would also investigate the UV spectrum. We will try to find if 
snow and/or vegetation affects the albedo. We are expecting to find 
differences between the albedo of snow and cold white clouds. 
 
The “red edge” is a spectral signature characteristic of terrestrial 
vegetation. This is due to the strong absorption by chlorophyll in the 
red region, in contrast with a strong reflectance in the near-infrared. 
We will use this to observe vegetation and distinguish between 
living and dead plants in order to detect and describe the 
anomalies in the terrestrial albedo. 

As the albedo reflection, indirectly affects vegetation and therefore 
the climate circle of the next year we would like to combine our 
data with albedo measurements of previous years and see its 
connection and effects of climate change in the arctic.  

The decrease of ice and snow in the Arctic contributes to global 
warming, driven by the decrease of the albedo which causes 
fundamental changes in the Arctic ecosystem (and therefore to the 
whole planet).  

Are you planning to fly an 
existing REXUS/BEXUS 
experiment? 

No 

Why do you need a 
rocket / a balloon?  

In order to study the albedo of the polar region we need to 
investigate the radiation budget. This is done by comparing the 
incoming with the outgoing radiation. In order to study the 
reflected/re-emitted radiation from the surface we need to be able 
to look directly onto the different surfaces. This includes snow 
covered areas, snow-free areas, healthy/unhealthy vegetation.  In 
addition, another huge impact factor for the albedo are clouds. In 
order to study the clouds effectively we need a balloon to get into 
the higher parts of the atmosphere to directly study the incoming 
solar radiation and the outgoing radiation.  

This kind of research is difficult to achieve without a balloon, since 
remote sensing using satellites have trouble to distinguish between 
cold clouds and snow on the ground, since they are both white and 
have a low temperature. The balloon can also take measurements 
during the ascent and descent phase to see how the atmospheric 
conditions affects the albedo. 

Additionally, the polar regions are extremely important for the 
global climate but they have not been studied enough. BEXUS 
therefore provides a unique opportunity to study this otherwise 
remote place. 
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What flight 
characteristics do you 
require?  

The maximum altitude needs to be above the tropopause so that 
the experiment is above the clouds. That way we can study the 
difference between the albedo of clouds and snow. 
 

The sensors will take measurements during the whole flight. For 
the flight at maximum altitude, a longer flight-time means more 
measurements. A longer float-time would reduce errors of our 
measurement. As a minimum float-time at maximum altitude we 
would consider around 2 hours. 

We need the duration of the flight to be, at least for the most part, 
during the daytime. 

 

Where did you get the idea 
from? 

Associate Professor Mathias Milz at LTU gave us the initial idea for 
the project. 

 
Palle et al, Changes in Earth’s Reflectance over the Past Two 
Decades; 
Palle et al - Inter-annual variations in Earth’s reflectance 1999-
2007; 
Cockell et al, Cryptic photosynthesis – extrasolar planetary oxygen 
without a surface biological signature; 

 
 

Describe your experiment  
The experiment has a goal to acquire albedo data during the 
balloon's journey in the atmosphere. To do this the use of 
photodiodes as sensors are the main part of the experiments 
equipment.  
 
By placing the sensors as shown in figures 2 and 3 provided in this 
document, and mentioned in the mechanic’s part of this document, 
we will receive data from the upward direction, as well as towards 
the ground, which will allow us to differentiate the intensity from the 
upward direction and from the ground depending on the altitude. A 
camera is also placed among the sensors. The idea is also to take 
measurements once every five seconds to acquire a good set of 
values. The sample frequency can easily be adjusted if needed. 

 

 

Figure 1. Layout of the system 
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In addition to the sensors, the experiments consist of an electronics 
box. Which draws power from the gondola. Connected to the box is 
the mentioned sensors and a camera (See figure 1). Inside the box 
we have the most of the electronics placed. This is described more 

in a later part of the document. 

What data do you want to 
measure?  

We want to look at radiation in the infrared and near infrared 
spectrum, specifically 1.6 µm, 6.3 µm, and 10µm. With other 
sensors we would like to study the visible spectrum between 0.4 
µm and 0.7µm. The radiation data is investigated for different types 
of surfaces, such as snow and clouds. In addition, we will measure 
the external atmospheric conditions, such as temperature and 
pressure. 

 

How do you want to take 
measurements? 

Via sensors (photodiodes) we collect the intensity through a MCU 
and store them in a data storage unit. We use a RaspberryPI with a 
connected camera to take and store images taken while we ascend 
the atmosphere. 

Describe the process flow 
of your experiment. 

 1 hour and 30 prior to launch the sensors and collection of 
data is set to standby 

 15 minutes prior to launch a start-up command tells the 
sensors to start gather data 

 During flight measurements are being taken every 5 
seconds 

 Every twentieth measurement is sent down via the BEXUS 
downlink to act as an ok sign and backup in case some of 
the memories would stop working 

 Stop measurements before landing to protect the data 
storage unit 
 

What do you plan to do with 
your data after the flight?  

The results for the albedo can be related to other atmospheric 
characteristics, such as climate. As higher reflectivity (higher 
albedo) results in a higher percentage of the incoming solar 
radiation to get reflected back to space, it influences climate and 
global temperatures. A lower albedo heats the planet. 
 
Increased temperatures reduce the area covered by snow and ice 
thus reducing the albedo. The lower albedo increases the 
temperature even further thus creating a positive feedback loop. 
Records show that the albedo of Earth is not constant but rather 
some large decadal variabilities have been observed. These 
variabilities can be attributed to differences in the amount, 
thickness and location/distribution of clouds with time. The albedo 
also varies depending on what type of cloud it is, the size of a cloud 
and the microphysical properties of a cloud. 
 
A simple answer as to where the variations in the behaviour of the 
albedo are coming from is difficult to establish. Therefore, we will 
compare our obtained results for the albedo with previous ground 
observations and earthshine records and will attempt to fit our 
measurements to the previously established trends. If our 
measurements show deviations from these decadal variations it 
would be an indicator for some recent change, possibly climate 
change. Here our measurements of temperature and pressure can 
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help us to correctly compare our measurements and the 
measurements from previous experiments. 

 

Clouds have both a warming and a cooling effect on climate 
by reflecting incoming solar radiation and trapping outgoing 
terrestrial infrared radiation, respectively. Thus, obtaining 
measurements all throughout the ascend stage will provide a 
picture for the situation at different altitudes. The spectral 
signature obtained can be used to map vegetation with very 
high resolution data. This is done using the red edge 

characteristics in the infrared spectrum.  
Atmospheric temperature and pressure are measured as their real-
time values will contribute to the explanation of how the albedo can 
be influenced by atmospheric conditions. This can lead to a more 
precise theoretical model and also add to the estimation of errors in 
our calculations. 

 

Organisation of your 
project 

 

Are you scientifically and 
technically supported by 
institutes and/or senior 
scientists? 

We will be receiving support from personnel at Luleå University of 
Technology, each specialized in a different field of atmospheric 
science. This ensures that we will have the required expertise for 
all of our software and hardware needs, as well as a deep 
understanding of the science behind the project. 

 

We have two endorsing professors that will be with us from start to 
finish, aiding us with both project organization and scientific 
knowledge: 

 Associate Professor Mathias Milz, Atmospheric science 

 Associate Professor Thomas Kuhn, Atmospheric science 

 

For consulting purposes, these people in particular have pledged 
their support: 

 Senior Lecturer Anita Enmark, Atmospheric science 

 Senior Lecturer Johnny Ejemalm, Atmospheric science 

 PhD Student Rita Edit Kajtar, Atmospheric science 

 Olle Persson, Operations Administrator, LTU Centre of 
excellence 

 Åke Wisten, Electronics teacher 

 

Do you have access to a 
workshop or a laboratory 
that meets the fabrication 
and testing needs of your 
experiment? 

Yes, our entire team will have full access to the workshops and 
laboratories at LTU Kiruna. These contain mechanical tools, 
soldering equipment, and will allow us to perform all the necessary 
tests for our experiment. 
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Do you have all the 
material and equipment 
that is needed for your 
experiment? If not, how do 
you plan to obtain it? 

We do not have all the equipment yet. Most items will be purchased 
through common electronic suppliers. We also have access to the 
university’s computer software such as CAD, Eagle and more for 
the construction of the experiment. 

How do you plan to finance 
your expenses? 

Apply for financial support from SNSB (Swedish National Space 
Board). Project money from Luleå University of Technology (2500 
SEK/student) 

Who else will support you 
(sponsors, others)? 

Joakim Öman and Kent Andersson at SSC Esrange are willing to 
take a look at and provide some input to mechanical and electrical 
design. This means we can confirm the viability of our design at an 
early stage. 

 

Outreach Programme  

Describe your outreach 
programme for before, 
during and after the 
REXUS/BEXUS flight 
campaign. 

Publish finished project on LTU’s webpage. Present project for new 
space engineers at LTU. Most of the team members are from 
different universities, they can have a presentation at these 
different locations. This will give our project an international 
outreach. 
 
We would like to present our experiment at a conference about the 
climate.    

 
We will also create a webpage, Facebook page and Twitter 
account for the project as well as contact the local papers and 
radio. 

 
 

Experimental Set-up & Technical Information  
 

Mechanics  

Describe your experimental 
set-up. 

Equipment: 

 RaspberryPi 

 Two Arduino microcontroller 

 Data storage unit 

 Six light sensors (VIS, near-IR and mid-IR) 

 Camera 

 Thermometer and barometer + GPS 

 Heaters 
 

The experiment is separated in two parts, an electronic box 

containing Raspberry, one Arduino, data storage, thermometer, 

barometer, GPS and heaters, and an external boom including one 

Arduino, light sensors and camera. Inside the electronic box the 

temperature will be monitored to be able to sustain a viable 

environment for the equipment. The barometer will also be 

monitored to make a rough approximation of the altitude during the 

flight. They often also come mounted on the same sensor PCB. On 

the boom at least 6 sensors (3 different wavelengths, with 2 of 
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each, and more if budget allows it), will be placed, three pointing 

upwards and three downwards. At least one camera, facing 

downwards to be able to differentiate between snow covered 

ground, clouds, vegetation which will help with data analysis. 

 

All sensors and the camera are attached to a horizontal boom that 

extends itself from one side of the gondola, and is perpendicular to 

said side (see figures 2 and 3). Sensors are placed both on the up 

and the down sides of the boom, near its free end, and the camera 

is located on said end, pointing towards the ground.  

 

Figure 2. How the set up would look like 

 

Figure 3. Placement on the gondola  

Estimate the dimensions 
and the mass of your 
experiment (kg and m). 

Dimensions: 
 Electronics box: ~0.15 x 0.125 x 0.25 [m] 
 Sensors (TBD, outside of the Gondola on the boom) 
 Boom: ~0.5 [m] 

 
Mass: 

 Electronics box + isolation: ~ 2 [kg] 
 Electronics in electronics box: ~0.7 [kg] 
 Boom: ~2 [kg] 
 Sensors + Cable to boom: ~0.2 [kg] 
 Data storage: ~0. 5 [kg] 
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Indicate the preferred 
position of your experiment: 

 

                
             Front view of a gondola         Top view with mounting rails 

 

The experiment is meant to be mounted on a horizontal position, 
preferably as near the bottom of the gondola as possible, so that 
the ground-pointing camera is as little obscured by the gondola as 
possible. Additionally, it is preferred that the experiment is mounted 
so that the boom extends itself as a prolongation of one of the 
horizontal sides of the gondola. 

Electrics/Electronics  

Will you need the 28 V DC 
power supply from the 
REXUS service system or 
power from the BEXUS 
gondola, respectively?  

BEXUS gondola for powering electronics 

 

Will you need (additional) 
batteries? What do you 
need for charging? 

No 

 

Estimate the electrical 
consumption of your 
experiment (Ah or Wh).  

The first estimate on power consumption for the measurements is 
about 47 Wh. This is based on calculations that the experiment 
uses a RaspberryPi + camera for image handling only, one or a few 
microcontrollers to handle the experiment, and data, and 6 sensors. 
The model of the sensors and number used may change while 
under development, and this may change the estimated power 
consumption.  

The experiment will also need heaters, and the consumption of 
those are very depending on temperature and load of the 
computers. On the boom, some heaters are needed on the 
sensors.  

A first estimate will be that the heaters will use close to 50 Wh 
which means a total of 97 Wh. This is estimated with an active time 
of 10 hours. 

Do you use any equipment 
with high inrush currents? If 
so estimate the current (A). 

No  
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Do you need auxiliary 
power? Do you need a 
separate umbilical? 

No 

Use of uplink and downlink: Downlink for data transfer and an ok sign telling us that the 
experiment and the collection of data has started and is working. 
Uplink for sending start-up sequence and cut-off sequence. 

 

Provide an event timeline, 
including the experiment 
actions during flight, such 
as timer or telecommand 
events. 

PRE-LAUNCH OPERATIONS: Ground test of all experiment 
subsystems 

 

T0 - 1.5h Start up power and set collection of data on standby 

T0 - 15 min to launch a startup sequence command is sent so data 
from the sensors starts collecting. During flight there is no further 
uplink communication with the experiment. Only a downlink 
containing an ok sign composed of every 20:th measurement, 
working as a backup if the measurements fail to be saved on the 
SD cards. 

CUT OFF -5 min send a telecommand message terminating 
measurements. 

 

 

Environmental Questions 
& Safety Issues 

 

Does the experiment use 
wireless devices?  

No  

Does the experiment create 
any disturbing magnetic or 
electrical fields?  

No  

 

Do you expect to use high 
voltages in any part of your 
experiment? 

No  

Is the experiment sensitive 
to light?  

Yes  

 

Is the experiment sensitive 
to vibrations?  

No  

 

Does the experiment 
generate vibrations? 

No  

 

Will you use any 
flammable, explosive, 
radioactive, corrosive, 
magnetic or organic 
products? 

No  

 

Will you use a laser? No  
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Is your experiment airtight? 
Are parts of your 
experiment airtight? 

No 

Are there any hot parts 
(> 60°C)? 

No 

Are there any moving 
parts? Are the moving parts 
reachable?  

No 

Do you need any pressure 
systems from EuroLaunch 
before launch?  

No 

Is there any aspect in your 
experiment which you 
believe may be viewed as a 
safety risk by others 
(regardless of whether you 
will mitigate this risk in your 
design)? 

No 

 

Additional comments Since the sensors measures IR-radiation, they are sensitive to 
heat. For this reason we planned to have the sensors placed a 
distance from the gondola to mitigate this problem. We also have 
planned on making a small barrier on the boom to further protect it 
from damaging influence of other experiments. 

 

Snow covered ground is necessary since we will study the 
differences between snow and cloud albedo which are better 
detectable through HAB experiments rather than other remote 
sensing measuring techniques, due to ascendance and 
descendance phase. In addition this helps us describe and 
discriminate the conditions and influence of the clouds in spectral 
classification of IR emissivity. 

 

 

 
 


