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PREFACE 

 

This Student Experiment Documentation presents the Daemon experiment 

flown in the BEXUS-16/17 programme. It describes the scientific and technical 

goals of the experiment with detailed mechanical, electronic, software and 

scientific design choices. The relevant project management choices are also 

presented in this document. It contains the schedule of the Launch Campaign 

and the results of the data analysis afterwards. The SED contains every bit of 

information about the experiment. 
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ABSTRACT 

 

Solar light, specifically the ultraviolet component of the solar spectrum is an 

essential environmental factor for life. Solar radiation can enhance or damage 

the living systems. The main target for the UV radiation is the nucleic acid, 

important component of the living systems. The UV damage of DNA can 

model the stochastic damage of the living cells. The experiment continuously 

monitored the variation of the damaging effect with altitude from the Earth's 

surface to the stratosphere, i.e. from the ozone shielded state of the living 

systems to the decreased ozone concentration state. The experiment followed 

the development of the DNA damage by optical/spectroscopic methods. The 

experiment provided valuable extension to the results of BioDos. The 

measurement methods and the results of the two projects can contribute to 

future satellite missions and allows more complete understanding of the 

biological risk and the space safety. 
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1 INTRODUCTION 

1.1 Scientific/Technical Background  

 

Astrobiology is a complex scientific field which studies topics related to life in 

the Universe, among others the possibility of extraterrestrial biospheres, the 

effects of space environment on the human body and the evolution and 

growth of life on Earth. 

The latter topic focuses on what environmental and chemical requirements 

had to be met for life to be able to develop and survive on the early Earth. 

Apart from the presence of water and the biogenic elements (C, H, O, P, N) 

from which all biomolecules necessary for life are composed of, the suitable 

thermal conditions and an energy source, every life form needs to withstand 

the hazards of its environment. Such major environmental hazards are parts 

of the electromagnetic radiation emitted by the Sun, in particular the ultraviolet 

(UV) radiation. At present, more than 90% of UV radiation is filtered out by the 

ozone layer, however life on Earth began to evolve before the evolution of the 

stratospheric ozone layer [1]. During the evolution of the simplest and earliest 

life forms, the high-energy range of the UV spectrum was present on the early 

Earth, therefore the study of how simple living systems or biochemical 

molecules are damaged by solar ultraviolet (UV) spectrum is a key element in 

understanding the origins of life.  

Apart from the study of the beginnings of life on our planet, the investigation 

into UV damage offers some insight into a yet unproved theory called 

panspermia [2]. According to the theory, organic molecules or even bacterial 

spores are able to travel and survive in space. The proposed transport 

mechanisms include radiation pressure and meteorites [3]. Life travelling in 

space is also exposed to unfiltered UV radiation, justifying the study of direct 

UV damage on simple biological systems. 
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The molecules and living systems life began with had no notable UV 

protection, therefore studying the effect and the dynamics of solar UV 

radiation damage on model biomolecules and organisms can contribute to our 

knowledge on the evolution and survival of life in harsh environment. 

The harmful effects of ultraviolet radiation on living organisms are based on 

the molecular changes mostly in DNA. The DNA chain consists of a sugar-

phosphate backbone and purin and pyrimidine organic bases. UV radiation 

induces the dimerisation of adjacent pyrimidine bases (Figure 1.1) and leads 

to the formation of photoproducts such as 6-4 bipyrimidines and cyclobutane 

dimers [3-4].  Dipyrimidines present in the DNA chain impair the replication 

mechanism (DNA doubling during the division of cells), resulting in mutations 

(for example: skin cancer in human cells) or cell death. 

 

Figure 1.1 ï Pyrimidine (thymine) dimerisation due to ultraviolet radiation. 

The ultraviolet spectrum can be divided into four wavelength ranges: 

¶ UVA (315-400nm) 

¶ UVB (280-315nm) 

¶ UVC (200-280nm) 

¶ VUV (100-200nm) 

The dimerisation of pyrimidine bases can mainly be attributed to UVB 

radiation, while shorter wavelengths (UVC) revert this and cause 
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monomerisation [4-6]. In polychromatic UV environment the two processes 

run parallel and the overall effect reflects the dominant range of radiation. 

Several biochemical models are available for studying pyrimidine 

dimerisation, such as polycrystalline uracil thin layers, bacterial spores and 

bacteriophage DNA. Daemon uses purified T7 phage DNA for the purposes of 

the measurement which contains two types of pyrimidine bases (cytosine and 

thymine). The experiment contains uracil samples too, which is the third 

pyrimidine base found in RNA. 

The measurement method is based on the change in the pyrimidine sampleôs 

attributes. Due to the dimerisation of pyrimidine molecules caused by UV 

exposure, the sampleôs absorbance (optical density, OD) decreases [5] 

(Figure 1.2, 1.3). 

 

Figure 1.2 - Decrease of optical density (absorbance) of uracil in the UV range. The red 
rectangle highlights the range of OD change associated with dimerisation 

 

The OD decrease caused by dimerisation is most prominent in a 50nm wide 

range of the absorbance spectrum of a pyrimidine base (~250-300nm). The 

OD change on the outlying ranges can not be precisely attributed to 

pyrimidine dimerisation. 
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Figure 1.3 - Decrease of optical density (absorbance) during irradiation with a 
germicidal lamp at 288 nm 

 

The optical density (Figure 1.4) of a material can be assessed using a UV-VIS 

spectrophotometer.  
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Figure 1.4 ï Definition of optical density (OD) where I0 is the intensity of the radiation 
before passing through a DNA or uracil sample, and It is the intensity of the transmitted 

radiation 

 

The usage of a spectrophotometer however cannot provide all the data 

needed for the precise analysis of UV damage on the samples. The 

methodology of a spectrophotometric measurement only allows a few data 
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The dynamics of the dimerisation process could be studied better with a 

continuous measurement in particular on a space platform (onboard a satellite 

or the Columbus (ISS)).  

The conception of the continuous measurement was first designed and tested 

during the BEXUS-15 BioDos experiment [8, 10]. Daemon improved and fine-

tuned the pilot experiment setup, but the measurement method is the same 

and utilizes the following idea. 

Optical density can be calculated from the intensities in front of and behind 

the sample material which can be monitored by UV sensitive SiC 

photodetectors (Figure 1.5). For the measurement to work, two sets of 

detectors are required: 

¶ Reference diode: measures the initial radiation (I0). It is NOT placed 

behind a sample. 

¶ Sample diode: measures the transmitted radiation (It). It is placed 

behind a sample. 

 

Figure 1.5 ï Measurement setup of Daemon and BioDos 

 

The voltage levels measured by the detectors correlate with the intensity 

(irradiance) of the UV radiation falling on them; decreasing absorbance leads 

to an increase in the voltage values measured by the sample detectors. After 

converting the electric signals of both types of diode to irradiance values, the 

OD can be calculated from (1). 
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There were some anomalies observed in BX15 BioDos regarding the 

calculated OD which were under investigation in the Daemon project. A 

significant amount of data points had negative values of OD which is 

scientifically impossible due to it meaning ñthe filtered radiation is higher than 

the unfilteredò. It must be emphasized, however, that broadband UV sensors 

were used in BioDos. Even though the sensitivity of the detectors was at the 

maximum in the relevant wavelength range (~280nm), the sensitivity was still 

high enough in the UVA and UVC ranges to cause a very high level of ñnoiseò 

in the experiment as the behavior of the samples in these respective ranges is 

not as predictable and understood as in the 50nm wide range specified 

before. This can cause nonsensical data during evaluation. Therefore in 

Daemon, the major change besides the usage of DNA samples is the 

utilization of UVC and UVB sensors with a much thinner sensitivity spectrum. 

The calculation of OD from the sensor data will yield more precise results. 

The gained data may also be used to correct the BioDos findings. 

To evaluate the results of the electrical measurement, regular 

spectrophotometric measurements were also executed. The extent of change 

in the samplesô respective OD levels can be determined by comparing their 

initial and end state absorbance values. The decrease of absorbance also 

correlates with the physical dose of radiation (Figure 1.2) [9], therefore being 

a good indicator of the dimerisationôs effect of UV radiation on this 

biochemical model.  

The calculation of UV dose was also improved in the Daemon experiment. 

UV-radiation strength in the upper atmosphere is dependent on the altitude 

because of the UV-filtering effect of the stratospheric ozone layer. At 25-

30 km of altitude the UVB and UVC components of solar radiation appear in 

the electromagnetic spectrum typical to that altitude. As mentioned before, the 

desired effect on pyrimidine bases is caused mainly by UVB rays. Therefore 

the filtered detectors were used to separate the UV-spectrum into UVB and 

UVC. This lead to more representative measurement data since we were able 
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to determine the dose of Ăusefulò radiation rather than the sum of the whole 

UV-range. 

Part of the scientific results of BioDos (calculated dose, UV irradiation) are 

attached in Appendix C. As the previous experiment was also a pilot for this 

type of measurement, some technological data was also compared with 

Daemon. The most important is the comparison of the thermal behavior of the 

experiments.  

 

1.2 Mission Statement 

 

The Daemon experiment studied the adverse biological effect of UV-radiation 

on DNA in stratospheric environment using a continuous measurement 

method. The experiment was based on the BEXUS-15 project BioDos. The 

introduced changes in the experiment setup provided further details to our 

field of study in order to improve the proposed measurement method. 

 

1.3 Experiment Objectives 
 

Obj. 1 Scientific Measuring the absorbance of 
the biological samples during 

the flight. 

Primary 

Obj. 2 Scientific Measuring the intensity of 
stratospheric UV-radiation in 

UVB and UVC ranges 
separately. 

Primary 

Obj. 3 Scientific Comparing the absorbance 
change of the DNA and uracil 
samples with the results of the 

uracil samples in BioDos. 

Secondary 

Obj. 4 Scientific Calculation of the Biologically 
Effective Dose 

Secondary 

Obj. 5 Technical Improving the technology 
platform used for continuous, 

Primary 
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in-situ biodosimetric 
measurements. 

Obj. 6 Technical Comparing the thermal 
behaviour of the experiment 

with previous results. 

Secondary 

 

1.4 Experiment Concept 

 

The experiment measures the harmful biological effects of UV radiation by 

using DNA and uracil samples with UV photodiodes behind them. It has five 

separate blocks: four optical boxes (OB) and an electronic box (EB). The 

optical boxes are placed on four sides of the gondola. The optical boxes are 

outside the gondola cover and (just as the sample holders) they are eloxated, 

therefore the effect of reflections from the gondola and the balloon are 

minimized and are not significant in the measured irradiance. 

The optical boxes contain: 

¶ DNA samples. Not all samples are irradiated; some of them serve as 

dark controls used to infer the possible non-UV caused damage. 

¶ Uracil samples. As with the DNA samples, there are both irradiated and 

dark samples. 

¶ UV-photodiode detectors (PD) which measure the optical density of the 

samples as described in 1.1. All of the irradiated samples have a PD 

behind them. The experiment uses UVB, UVC and broadband UV 

detectors. Each optical box has a PD of each type to measure the 

unattenuated irradiance in the stratosphere. The PDs have a view 

angle of 30-40 degrees  

¶ Thermal sensors to follow the experimentôs thermal behaviour during 

the flight. 

The electronic box contains: 

¶ AUX board regulating power protection and power distribution 
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¶ PS board which supplies the electronic circuits with sufficient energy 

during the entire mission. 

¶ OBDH board performing data collection, data processing and 

communication functions. 

¶ A motherboard which creates an interconnection between the cards 

and the EB connectors. 

The experiment uses the 28V/1A power source of the gondola and has a 

digital interface to the E-Link. The experimentôs EGSE (Electrical Ground 

Support Equipment) and its GUI (Graphical User Interface) constantly display 

the measurement data and also enable manual commands such as the 

adjustment of sampling frequency. 

1.5 Team Details 

1.5.1 Contact Point 

 

Team e-mail: bexus-daemon@hvt.bme.hu 

 

Dr. Gyºrgyi Ront·,  

endorsing professor 

Semmelweis University 

Department of Biophysics and Radiation Biology 

Address: 37-47 TŤzolt· u. H-1094, Budapest, Hungary 

Tel.: +36 1 459-1500 

E-mail: ronto.gyorgyi@med.semmelweis-univ.hu 

 

Student contact point: 

Veronika Gr·sz 

veronika.grosz@gmail.com 

+36 20 45 868 45 

Egry J·zsef utca 18 H-1111, Budapest, Hungary 

mailto:ronto.gyorgyi@med.semmelweis-univ.hu
mailto:veronika.grosz@gmail.com
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1.5.2 Team Members 

 

The Daemon team consists of engineering students of the Budapest 

University of Technology and Economics. Detailed information about the team 

members can be found below. The team membersô expected workload is the 

work each teammate contributes to the project if the completed experiment is 

100%. 

 

Andr§s Fut·  

Educational background Electrical Engineering, PhD 

Field of work electronics design 

Expected workload 5% 

Academic credits N/A 

 

Vilmos Gor·cz  

Educational background Electrical Engineering MSc 

Field of work electronics design, software design, project 
management 

Expected workload ~20% 

Academic credits N/A 

 

Veronika Gr·sz  

Educational background Biochemical Engineering MSc 

Field of work scientific background, data analysis, project 
management 

Expected workload ~20% 

Academic credits N/A 

 

B®la Hegyesi  
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Educational background Energy Engineering BSc 

Field of work mechanical design, thermal design 

Expected workload ~16% 

Academic credits 4 

 

Borb§la Marosv§ri  

Educational background Computer Engineering BSc 

Field of work software design, outreach 

Expected workload ~16% 

Academic credits N/A 

 

L§szl· T·th  

Educational background Electrical Engineering BSc 

Field of work electrical design 

Expected workload ~5% 

Academic credits N/A 

 

Vilmos T·th  

Educational background Aircraft Engineering 

Field of work mechanical design, thermal design 

Expected workload ~18% 

Academic credits N/A 
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2 EXPERIMENT REQUIREMENTS AND CONSTRAINTS 

 

2.1 Functional Requirements 

 

F.1 The experiment shall measure the absorbance of the DNA samples. 

F.3 The experiment shall measure the temperature inside the experiment 
boxes. 

F.4 The experiment shall measure the current and voltage of all  internal 
circuits. 

F.5 The experiment shall store the measured data during the whole flight. 

F.6 The EGSE shall transceive data with the experiment. 

F.7 The experiment shall measure the UVB and UVC radiation during the 
whole flight. 

F.8 The experiment shall measure the absorbance of the Uracil samples. 

 

2.2 Performance requirements 

 

P.1 The experiment shall be able to sample the analogue channels at 
least 1 sample/second at all analogue channels. 

P.3 The PS shall provide Ñ2.5V, 3.3V and two Ñ5V output voltages. The 
accuracy of the output voltages shall be as follows: 

+2.5V:        +10/-12% 
-2.5V:         +0/-14% 
Ñ5V:           Ñ5% 
3.3V:          Ñ4% 

P.4 The temperature measurement of the EB and the OBs shall be in the 
range of -55 to +130 degrees Celsius. 

P.5 Temperature measurements shall be performed with at least +/- 3 
degrees Celsius of accuracy. 

P.7 The non-filtered photodiode detectors shall be sensitive in the range 
of 200 to 400nm wavelength(Ñ25nm). 

P.9 The UVB detectors shall be sensitive in the range of 280-
315nm(Ñ5nm). 

P.10 The UVC detectors shall be sensitive in the range of 200-
280nm(Ñ10nm). 

2.3 Design Requirements  

 

D.1 The optical boxes shall be mounted on the 4 sides of the gondola. 

D.2 The optical boxes shall contain 2 dark samples per box as a 
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reference. 

D.3 The OBs shall be mounted on the gondola chassis without the risk of 
falling down. 

D.4 The packaging of the DDs (DNA detectors) shall protect the 
biological samples from environmental impacts. 

D.5 The experiment shall be designed so that it does not harm the 
gondola or disturb its operation. 

D.6 The mounting of the experiment shall be designed to be compatible 
with the rails of the gondola. 

D.7 The experiment shall be designed to tolerate the mechanical loads 
determined by the vibration and acceleration profile of the BEXUS 
balloon. 

D.8 The experiment shall be designed to be operational in the 
temperature range expected at the launch site. 

D.9 The experiment shall communicate over the E-Link by using TCP/IP 
protocol. 

D.12 The measured current on the photodiode shall not exceed 2800nA. 

D.13 The temperature of the optical boxes shall not exceed 40 degrees 
Celsius. 

D.14 The nominal input surge current of the experiment shall not exceed 
1A. 

D.15 The absorbance shall be measured with two independent samples in 
all UV bands in the four optical boxes. 

D.16 The experiment shall operate from the 28V battery power source of 
the gondola. 

D.17 The type and location of the connectors shall be designed to enable 
simple, fast and stable connection by the experiment team. 

D. 18 The experiment shall have an input voltage range of 23V to 34V. 

D. 19 The power supply shall limit the experiment input current to a 
maximum of 180mA. 

D. 20 The experiment shall be equipped with 32Mbit memory to store data 
during the whole flight. 

D.21 The experiment shall withstand the low pressure environment of the 
stratosphere. 

2.4 Operational Requirements 

 

O.1 The experiment shall be launched during daylight. 

O.2 The detector windows shall be covered before the launch and after 
recovery. 

O.3 The experiment shall be able to send measurement and telemetry 
data to the EGSE. 

O.4 The experiment shall send measured data collected during the 
communication loss after reconnection. 
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O.5 The experiment shall be able to adjust the sampling frequency 
autonomously. 

O.6 The ground station shall store the received data onto a hard drive 
during the flight. 

O.7 The experiment shall be able to conduct measurements 
autonomously in case connection with the ground segment is lost. 

O.8 The EGSE shall display measurement and telemetry data with their 
respective units. 

O.9 The experiment shall be able to receive commands from the EGSE. 

O.10 The content of the onboard memory shall be downloaded to the 
ground station after payload recovery. 

O.11 The onboard memory pointer shall be set to its initial value after pre-
flight tests by a ground command. 

O.12 The DDs and UDs shall be protected by the provided protective lids 
while being transported. 

 

2.5 Constraints 

 

¶ The budget of the experiment is limited to the amount detailed in 3.3.2.  

¶ The mass of the experiment needs to be optimized in order to reach 

higher altitudes during the flight. 

¶ Due to the strict schedule of the BEXUS programme, we should use 

general components which are easy to purchase. 

¶ The flight altitude shall be minimum 25km. 

¶ The float phase shall last for at least 1h. 
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3 PROJECT PLANNING  

 

3.1 Work Breakdown Structure (WBS) 

 

The WBS contains the work packages associated with the experiment. Each 

work package has a team member responsible for it. 

 

Figure 3.1 ï Work Breakdown Structure of the Daemon project 
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3.2 Schedule 

 

Figure 3.2 shows the Daemon schedule. Project management and outreach 

tasks are not shown as they are continuous during the project. 

 

Figure 3.2 ï Gantt diagram of the Daemon project. Current status is represented by a 
red line. 
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1.1 Phage preparation
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3.2 SW communication

3.3 Onboard software

3.3.1 Design

3.3.2 Test

3.4 EGSE

3.4.1 Design

3.4.2 Test

3.5 EGSE + OBDH test

4 Electronics design
4.1 OB design

4.1.1 breadboard design

4.1.2 PCB design

4.1.3 Population

4.1.4 Test setup

4.1.5 Thermal test

4.2 AUX panel design

4.2.1 PCB design

4.2.2 Population

4.2.3 Test setup

4.2.4 Thermal test

4.3 MB panel design

4.3.1 Circuit design

4.3.2 Population

4.3.3 Wiring

4.4 PS panel design

4.4.1 Transformer design

4.4.2 Manufacture

4.4.3 Population

4.5 Detectors

4.5.1 Irradiation

4.5.2 Calibration

5 System test
5.1 Thermal test

5.2 UV-test

5.3 Software test

5.4 Mission simulation

DecJune July August Sept Oct NovDec Jan Feb March April May
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3.3 Resources  

3.3.1 Manpower 

 

The team members were assigned to their tasks according to their fields of 

study and previous experience. We also have experts (as it is described in 

3.3.3) who help us when we encounter a problem the team has not seen 

before. 

Three of the team members have previous experience in the programme, and 

can help the others in certain tasks and work packages. For example, the 

software design of the experiment will be done by one of the new team 

members. She, as a computer engineer, has experience in software design, 

but Vilmos Gor·cz, who wrote the BioDos software, helped her in doing that. 

 

 

Figure 3.3 - The availability of the team in hours/month (availability during Reviews and 
the Launch Campaign is excluded)  

 

The schedule of the experiment was devised while determining the availability 

of the team members responsible for each task. As every team member has 

other responsibilities during the course of the Daemon project (exam periods, 

holidays, etc.), the time table is constructed taking these into account. For 

example the time consumption of the software design lasts for four months 

not because it couldnôt be completed in a shorter time, but because the 

people responsible for it were available less in the spring semester. 

January February March April May June July August SeptemberOctober NovemberDecember

.Şƭŀ IŜƎȅŜǎƛ 40 40 20 20 20 80 0 0 30 30 20 20

.ƻǊōłƭŀ aŀǊƻǎǾłǊƛ35 35 35 35 35 20 120 120 35 35 35 35

!ƴŘǊłǎ Cǳǘƽ 8 8 8 8 8 8 8 8 8 8 8 8

±ƛƭƳƻǎ DƻǊƽŎȊ40 50 4 4 4 10 20 20 10 10 10 10

±ƛƭƳƻǎ ¢ƽǘƘ 20 15 20 15 20 20 20 20 20 10 10 10

±ŜǊƻƴƛƪŀ DǊƽǎȊ40 50 60 60 35 20 100 120 80 20 20 20

[łǎȊƭƽ ¢ƽǘƘbackup bakcup backup backup backup backup backup backup backup backup backup backup

Sum 183 198 147 142 122 158 268 288 183 113 103 103
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3.3.2 Budget 

The financial basis of the experiment is provided through university funds. 

which covers every financial need of the experiment detailed in tables 3-1 and 

3-2. The launch and review costs not included in tha tables below (22000 

EUR) are provided by the Hungarian Space Office. 

 

 Table 3-1 ï Financial details of the Daemon experiment 

Travel 23 392 

Consumables 10 439 

Small Equipment 1 845 

Miscellaneous 369 

Overhead 13 034 

Total 49 079 

                                   

Table 3-2 ï Detailed consumables of the Daemon experiment 

Detailed Consumables 
[EUR] 

OB MB OBDH AUX PS total 

Electrical 148 148 148 148 148 738 

PCB 321 413 756 627 756 2 875 

Tests /50 EUR per h/ 185 185 

Hardware I. (raw materials) 554 554 

Sensor+Detectors 5 535 5 535 

Hardware II. (workshops) 554 554 

     
Total 10 439 

 

3.3.3 External Support 

Daemon is a joint project between the Semmelweis University (SOTE) and 

the Budapest University of Technology and Economics (BME). The team has 

access to laboratories and workshops from both universities.  

Á Semmelweis University provides Daemon with utilities necessary to 

test and investigate the scientific background of the experiment and to 

analyze the results.  This includes a radiation laboratory with a variety 

of UV-sources and a biochemical laboratory suited for the preparation 

and post-flight analysis of the biological samples (e.g.: thermal cycler). 
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Á BME gives us access to the mechanical and electrical workshops 

required to carry out the tasks associated with the mechanical and 

thermal design of the experiment (for example: soldering stations). 

The experiment is consulted by the experts of the Research Group for 

Biophysics of Semmelweis University and the Space Research Group of 

BME. 

Á Dr. Gyºrgyi Ront· and Dr. Attila B®rces consult the scientific 

background of the experiment (SOTE ï Institute of Biophysics and 

Radiation Biology).  

Á Dr. Antal B§nfalvi consults the questions regarding the mechanical 

design of Daemon (BME ï Department of Broadband 

Infocommunications and Electromagnetic Theory) 

Á Dr. J·zsef Szab· and G§bor Kocsis consult the analogue electronic 

design of the experiment (BME ï Department of Broadband 

Infocommunications and Electromagnetic Theory) 

Á Dr L§szl· Csurgai-Horv§th consults the software and digital 

electronic design of Daemon (BME ï Department of Broadband 

Infocommunications and Electromagnetic Theory). 

Á Dr. P§l Bencze consults the questions about atmospheric physics and 

stratospheric environment. (Hungarian Academy of Sciences ï  

Geodetic and Geophysical Research Institute) 

3.4 Outreach Approach 

 

The outreach program started with the teamôs own website, so official 

information is gathered in one place, and is easily accessible to everyone. Itôs 

been online since the beginning of December 2012. 

http://lab708.mht.bme.hu/daemon 

The websiteôs main segments are the following:  

¶ BEXUS: here is an overall presentation of the BEXUS program 

http://lab708.mht.bme.hu/daemon
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¶ Project: this item includes all the pages closely related to our project, 

our experiment. 

o Experiment: overview of the experiment, scientific explanations  

o Team: introduction of the student team and collaborating experts 

o Timeline: shows our project progress   

¶ Gallery: photos are displayed here 

¶ Sponsors: our sponsors are listed here, with links to their respective 

websites 

¶ Links: links to websites that related to our project (future media 

coverage, other REXUS/BEXUS experiments, etc.) 

¶ Contact: information on how to contact the team (e-mail address, 

Facebook page, etc.)   

The ñTimelineò item contains information about the ongoing events, for 

example the reviews. We plan to add more items under the ñProjectò segment; 

describing the experiment more in depth, giving a few details about 

constructing our instrument. We constantly added more links to the ñLinksò 

page and update the News box on the home page and the Timeline, plus add 

photos to the Gallery. 

Social Media 

We created a Facebook page, in order to connect with our audience directly. 

We write informal posts about our project, and other related themes (1-2 

post/week, may vary depending on what is happening to the team). The page 

is set to allow everyone to post on the timeline, add photos and videos. The 

Facebook page naturally has more updates than the website. 

http://www.facebook.com/pages/daemon.bexus 

If we can record some interesting footage then we will post those on 

YouTube. The social media accounts would be linked with each other. 
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Targeted and broad media 

We can reach university students by publishing in the university newspaper 

called MŤhely, collaborating with the student studio of the university. We have 

a small TV, and a radio studio (BSTV, R§di· Pozit²v), which are broadcast 

online. 

We plan to contact blogs and websites covering space-related, scientific 

topics. Thanks to BioDos experiment we already have media contacts, for 

example we could continue the series that appeared on cydonia.blog.hu. We 

should be able to publish on ţrvil§g.hu, the Hungarian astronautical news 

portal.  

Lectures 

We would give lectures at the university, in courses called ĂSpace 

Technologyò, and ĂPractical Space Technologyò, and we can also give 

presentations in scientific conferences. 

Scientific publications 

Upon the completion of the project, our results will be disclosed in the form of 

scientific publications. (For example in the Journal of Astrobiology and 

Outreach) 

 

The list of outreach activities is presented in Appendix B. 
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3.5 Risk Register 

 

Risk ID  

TC ï technical/implementation  

MS ï mission (operational performance)  

SF ï safety  

VE ï vehicle  

PE ï personnel  

EN ï environmental  

 

Probability (P)  

A. Minimum ï Almost impossible to occur  

B. Low ï Small chance to occur  

C. Medium ï Reasonable chance to occur  

D. High ï Quite likely to occur  

E. Maximum ï Certain to occur, maybe more than once 

Severity (S)  

1. Negligible ï Minimal or no impact  

2. Significant ï Leads to reduced experiment performance  

3. Major ï Leads to failure of subsystem or loss of flight data  

4. Critical ï Leads to experiment failure or creates minor health hazards  

5. Catastrophic ï Leads to termination of the project, damage to the vehicle or 

injury to personnel  

 

Table 3-1: Risk Register 

ID Risk (& consequence if 
not obvious) 

P S P x S Action 

TC10 Critical components do not 
arrive in time, work is 
delayed. 

B 2 Very Low Ordering the components 
in time. 

TC20 Critical components are 
destroyed during testing 

B 2 Very Low Ordering spare parts. 
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TC30 Experiment boxes are 
damaged during testing 

B 2 Very Low Careful handling of the 
experiment, having spare 
parts. 

TC40 Experiment boxes are 
damaged during delivery to 
Esrange/ in Esrange before 
the Launch 

B 3 Low Having a spare OB and 
spare parts for the EB. 

TC50 The samples and detectors 
are mixed during the 
assembly of the experiment 

C 2 Low Careful planning and 
documentation of the 
place of each sample and 
detector. 

TC60 Due to the underestimation 
of the required budget, we 
cannot afford critical 
components  

B 2 Very Low Careful planning of 
budget 

MS10 The balloon is launched 
after sunset, radiation 
measurement is impossible. 

C 4 Medium Reminding the 
EuroLaunch experts 
about the importance of 
sunlight for the 
experiment. 

MS20 The balloon does not reach 
at least 25kms of altitude. 

B 3 Low Acceptable risk, no 
action. 

MS30 The float phase is shorter 
than 1 hour. 

C 2 Low Acceptable risk, no 
action. 

MS40 The temperature inside the 
boxes goes above 50ÁC, 
DNA samples are damaged 

A 4 Very Low Acceptable risk, no 
action. 

MS50 One of the Optical Boxes 
fails during flight 

B 3 Low Careful design, PCB 
poplation and assembly, 
otherwise acceptable 
risk.  

MS60 EB fails during flight B 4 Low Careful design and 
assembly, otherwise 
acceptable risk. Some 
scientific data would still 
remain usable. 

MS70 Ground Station and/or 
EGSE software fails during 
flight 

B 2 Very Low Spare ground station at 
the Cathedral.  

SF10 Parts of the experiment fall A 4 Very Low Usage of safe 
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from the gondola mechanical interfaces. 

PE10 A team member leaves the 
project permanently. 

B 2 Very Low Recruitment of new team 
members. 

PE20 A team member becomes 
temporarily unavailable. 

C 2 Low Making sure that all roles 
in the team can be 
substituted. 

 

 

A Material Safety Data Sheet of a T7 phage DNA product is attached to 

Appendix C. Please note that Daemon does not use this particular product as 

we prepare and purify the DNA ourselves, but the material is the same, 

therefore the safety regulations apply to Daemonôs samples as well. As the 

preparation process is done entirely in the laboratories of SOTE in Budapest, 

and the biological material is sealed in the sample holders before shipping, 

dealing with DNA at Esrange can only happen if the sample holders are 

damaged and the quartz layers with the material on them are uncovered. In 

this case, the key elements in the handling and disposal of the samples are as 

follows (highlighted from the attached MSDS): 

¶ Wearing rubber gloves is advised if quite a few quartz lenses need to 

be handled. Prolonged skin contact may cause irritation. 

¶ The disposal of the material presents no danger, special disposal 

methods are not required 

¶ The material is not dangerous to the ecosystem, it does not 

accumulate, it is not toxic etc. (in case a sample holder breaks during 

landing and the quartz lenses fall on the ground) 

¶ There are no materials with which the T7 DNA has a dangerous or 

toxic reaction 

An MSDS of uracil is also attached in Appendix C with similar key elements of 

handling a broken sample holder. 
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4 EXPERIMENT DESCRIPTION 

 

4.1 Experiment Setup 

 

 

Figure 4.1 ï Block diagram of the experiment 

The block diagram of the experiment can be seen in figure 4.1. It consists of 

four optical boxes (OBs) and an electronic box (EB). Every box is a closed 

aluminium box. 

In each OB: 

¶ There are 7 DNA detectors (DD). 

o 1 DDs of the 7 are blind ï those are not irradiated.  

o 2 DDs of the 7 are measured by 2 PDB (PD with UV-B filter) 
sensors,  

o 2 DDs of the 7 are measured by 2 PDC (PD with UV-C filter) 
sensors and  

o 2 DDs of the 7 are measured by 2 PDF (PD with no UV filter or 
UV full band) sensors. 

¶ There are 4 uracil detectors (UD). 
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o 1 UD of the 4 are blind ï those are not irradiated.  

o 1 UD of the 4 are measured by 1 PDB (PD with UV-B filter) 
sensors,  

o 1 DD of the 4 are measured by 1 PDC (PD with UV-C filter) 
sensors and  

o 1 DD of the 4 are measured by 1 PDF (PD with no UV filter or 
UV full band) sensors. 

¶ 1 PDB sensor that measures UV-B band irradiance directly (PDB-REF) 

¶ 1 PDC sensor that measures UV-C band irradiance directly (PDC-REF) 

¶ 1 PDF sensor that measures the full UV band irradiance directly (PDF-
REF) 

 

All DDs and UDs are the same. 

Each PD has an amplifier circuit. Analogue signals in the OBs are multiplexed 

by EMUXs, those are controlled by the EB. In each OB there is a temperature 

sensor. 

The EB contains 3 electronic cards. These cards are connected to a 

motherboard. Connection between the motherboard and EB connectors is 

implemented by wires. 

There are 2 base plates (BP): EB and 2 OBs are placed on BP1 and the 

another 2 OBs are placed on BP2. 

 

4.2 Experiment Interfaces 

4.2.1 Mechanical 

 

Fixation and mounting of the electronic box  

The EB is fixed on a base plate with bolted connections. For the fixation of the 

PCBs in the EB, card lock retainers are used. Lock washers and thread fixer 

glue is applied for all bolted connections, except for the ones on the bottom of 

the EB, where a flat surface is needed, therefore we use countersunk head 

bolts there (without lock washers).  
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List of components: 

- 6 pieces of M4 bolts 

- 6 pieces of M4 self-clinching nuts 

- 12O7 loc-tite glue 

- 6 pieces of card lock retainers 

Fixation and mounting of the OBs  

The four OBs are mounted on two base plates: two OBs are placed on the 

same base plate as the EB and the other two OBs are mounted on the 

second base plate. Each OB is fixed to its baseplate by four pieces of M4 

bolts with lock washers and thread fixer glue.  

List of components:  

- 16 pieces of M4 bolts 

- 16 PEM SP-M4-1 self-clinching nuts 

- 12O7 loc-tite glue for screw fixing 

 

Fixation and mounting of the base plates  

 

The base plates are bolted to the gondola rails by hammer head bolts, lock 

washers and self-locker nuts. We decided on the sheet metal type base 

plates. The finite element calculations showed that this structure can 

withstand  the expected loads. The manufactured base plates can be seen in 

figure 4.1. The manufactured base plate's mass is 620g, so the Daemon 

experiment is lighter than BioDos, while the used samples are doubled. 

  

List of components: 

- 8 pieces of M6 hammer head bolts  

- 8 pieces of M6 lock washers  

- 8 pieces of M6 self-locking nuts. 
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Figure 4.1 - The produced base plate. 

 

4.2.2 Electrical 

  

 

 

 

 

Figure 4.2 ï RJF21B connector Figure 4.3 ï MS3112E8-4P connector 

 

The experiment uses the 28V/1A common battery power. The experiment 

connects to the battery source by the connector that is in the user manual 

(MS3112E8-4P) (Figure 4.3). The experiment uses E-Link. The experiment 

connects to the E-Link system by the connector that is in the user manual 

(RJF21B) (Figure 4.2).  

 






























































































































































































































































































































