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PREFACE 

 

A5-Unibo (Advanced Atmospheric Aerosol Acquisition and Analysis) is a 
scientific project developed by students, from the department of Aerospace 
Engineering, Environmental Science, and Informatics Engineering of the 
University of Bologna, which aims to deepen the knowledge of stratospheric 
aerosols and current theory on the cloud formation process. 

This experiment was proposed in the framework of the BEXUS programme 
that allows students from universities and higher education colleges across 
Europe to carry out scientific and technological experiments on stratospheric 
research balloons. Each year, two balloons are launched, carrying up to 12 
experiments designed and built by student teams. 

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

 

A5 is a scientific experiment whose aim is to study the microphysical 
processes involved in cloud formation.  

It flew on the 18th BEXUS balloon that was launched from Kiruna (SWE) on 
the 10th of October 2014. 

The experiment consisted mainly in two different phases:  

The first one being the in-situ measurement of key parameters involved in 
cloud formation such as particles' size distributions, humidity, temperature, 
and pressure. In addition to these parameters also ion densities were 
measured, in order to investigate a possible link between ionization rates and 
cloud formation. All the gathered data were then associated to a specific 
height and coordinate to create vertical profiles. 

The second one being the direct collection of Stratospheric Aerosols through 
the use of a pump and a particular type of sampling filters called Sioutas 
Impactors. These samples are then recovered and analysed in laboratory to 
gather information about aerosol's composition and properties. 

Some of the above mentioned measurements required the development of 
brand new designs, given the inadequacy of commercial instruments to work 
properly in the harsh stratospheric environment, and to satisfy some of the 
demanding scientific requirements. 

In particular, a great effort was put on the development of a control system to 
actively regulate the air-flux generated by the pump in a continuously 
changing environment. 

The challenges posed by these ambitious objectives were high, and even 
though not all of these were completely fulfilled, we believe that the 
development of this new balloon-borne design can provide the basis for future 
applications. Its multi-instrument approach, and the use of in-situ 
measurement, instead of numerical modelling for ionization study, could be 
replicated even in higher budget missions. 
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1 INTRODUCTION 

 Scientific/Technical Background  1.1

 

Aerosols are solid or liquid particles suspended in the air. 

They can come from a wide range of sources, both natural, such as 
volcanoes, sea foam or dust, as well as from anthropogenic sources such as 
combustion (e.g. transportation, heating, energy production, industry etc.); 
particles have a size range from few nm to hundreds of ɛm. 

The effects of their presence in the atmosphere can be divided into direct and 
indirect effects. 

 

The direct effect is the effect that aerosols themselves exert on the radiative 
balance of the Earth through a combination of scattering and absorption of 
radiation. The interaction of aerosol particles with the solar radiation depends 
on their size, shape, and chemical composition. Some components of the 
aerosol can scatter solar radiation reducing its flux to the Earthôs surface, and 
are thus capable of reducing the heating caused by greenhouse gases (for 
example, sulphate). Other components, such as elemental carbon, have a 
continuous absorbing effect that extends to the IR, and can contribute to the 
heating effect. The global Radiative forcing caused by this effect (the change 
in solar Irradiance with respect to 1750) results from the balance of positive 
forcing, mainly due to ñblack carbonò absorption of solar radiation, and a 
negative forcing of reflecting aerosols, and is estimated to be -0.5 Wm-2 
[Ñ0.40], which means an overall cooling effect [1]. 

 

The indirect Effect is the role that aerosols exert on radiative balance due to 
their interaction with clouds. In fact, cloud formation itself relies on the 
presence of aerosols that act as nuclei for condensation of water vapour. 
Moreover the abundance of aerosols influences some key features of clouds 
such as their Albedo and lifetime. 

In a cloud of constant liquid water content, a greater number concentration of 
aerosol particles leads to a greater number of smaller cloud droplets which 
leads to an enhanced reflection of solar radiation (due to increased surface 
area of the droplets) and hence an increased cloud albedo. 

This effect is called ñCloud Albedo effectò or ñTwomey effectò. 

The second indirect effect relates to the lifetime of clouds. An increase in the 
number concentration of aerosol particles leads to a greater number of 
smaller cloud droplets and hence reduces the precipitation efficiency of the 
cloud as smaller droplets take longer to grow to a size needed to precipitate 
out. This increases the lifetime of the cloud, and hence also its reflectivity over 
time [2]. 
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These indirect effects are difficult to evaluate, since the microphysical 
processes involved in cloud formation are not completely understood. 

However a net radiative forcing is estimated to be around -0.70 Wm-2 [-1.1, 
+0.4], and from this result it is clear that there is still a big uncertainty in the 
estimation of this effect. 

 

Another factor that is believed to affect cloud formation is the ionization of 
atmospheric particles caused by Cosmic Rays. This proposal stems from an 
observed correlation between cosmic ray intensity and Earthôs average cloud 
cover over the course of one solar cycle that was first reported by Svensmark 
and Friis-Christensen in 1997 [3]. 

The observed variation of low clouds by about 1.7% absolute corresponds to 
a change in Earthôs radiation budget of about 1 Wm-2 between solar maximum 
and minimum, which is highly significant when compared, for example, with 
the estimated radiative forcing of 1.4 Wm-2 from anthropogenic CO2 
emissions. 

The main mechanism that is believed to link ionization and cloud formation is 
the so called ñIon aerosol clear air mechanismò [4]: aerosols responsible 
for Cloud Droplets (CD) formation can be directly injected into the atmosphere 
(e.g., volcanic eruptions or pollution) or created from trace condensable 
vapours in the atmosphere itself. In the latter case ionization of gases can 
lower the nucleation barrier and hence increase the formation rate of UCN 
(Ultrafine condensation nuclei) that can eventually grow into CCN (Cloud 
condensation nuclei), which are aerosols with sufficient diameter 
(typically >0.1 ɛm) to act as nuclei for CD formation. 

Besides enhancing nucleation, charged aerosol particles resulting from CR 
ionization can also grow more quickly than uncharged particles owning to the 
enhanced condensation rate of polar molecules. 

These two effects combined together suggest that this mechanism has an 
outcome quite similar to the Aerosol-indirect effect, in the sense that it helps 
the formation of more smaller particles increasing cloud reflectivity and 
lifetime, but has two major differences: it acts on a global scale, is not spatially 
limited to polluted regions, and can act on different time scales, since CR 
fluxes vary not only through a solar cycle but on centennial and millennial time 
scales. 

Recent measurements by an airborne ion mass spectrometer in the upper 
troposphere showed large positive-ion clusters and recent observations in the 
Upper Troposphere and Lower stratosphere have shown high concentrations 
of UCN's (from 4 to 9 nm) that indicate very recent particle formation, 
consistent with numerical simulations for Ion Induced Nucleation (IIN) [5]. 

The search for a link between CR's and Cloud formation is also one of the 
main drivers for the CLOUD experiment conducted at CERN since 2009, 
where a chamber filled with atmospheric gases is crossed by charged pions 
that simulate ionizing CR's. Some preliminary results suggest that indeed IIN 
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is a relevant factor to determine nucleation rates in the upper troposphere [6]. 

 

 Experiment Concept 1.2

 

As mentioned, one of the most interesting features of our experiment was that 
it investigated at the same time a wide range of topics related to cloud 
formation, like aerosolsô density distributions, ionization, and chemical 
composition of aerosols, by using a multi-instrument approach. 

We installed an Optical Particle Counter (OPC) that uses back-scattered 
radiation of a laser diode to measure particle densities and size distribution of 
aerosols with a size range from 0.3 ɛm to 100 ɛm. 

Thanks to the slow ascending speed of the BEXUS balloon and the short 
sampling time of the OPC we were able to create detailed vertical profiles for 
particulate matter throughout the whole troposphere and stratosphere. 

In parallel to particle size distributions, also ion densities (both positive and 
negative) were measured through the flight with Air Ion Counters, leading to 
the creation of vertical profiles. 

Moreover, once reached the nominal altitude in the stratosphere, we 
performed an in-situ collection of aerosols with the use of a diaphragm pump. 
This pump created an airflow through a special collector, called Sioutas 
Impactor, which owns the advantage of sorting the sampled particles by their 
mass and size, making post-flight analysis much easier with respect to normal 
filters. 

This experiment design therefore combined the collection of aerosols, 

following the footsteps of previous experiments such as DUSTER [7] or 

ñStratospheric Censusò [8], to the direct in-situ analysis of particle distributions 

as the ones performed by other balloon-borne experiments, studying in this 

way both the direct effects of aerosols by analysing their chemical 

composition, and the indirect effects related to cloud formation. 
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 Experiment Objectives 1.3

 

Primary Objectives 

 

1. To create detailed vertical profiles for Particle size distributions and Ion 
densities throughout Troposphere and Stratosphere. 

2. To study the microphysical processes behind cloud formation, 
combining these data with key atmospheric parameters such as 
temperature, humidity and pressure. 

3. Investigate the correlation between cosmic-rays, ionization and 
nucleation rates.  

Secondary Objectives 

 

1. To retrieve aerosol samples and make them available for laboratory 
post-flight analysis (in particular, PIXE, SEM, ɔ-spectrometry) 

2. To analyze the samples determining aerosolsô chemical composition 
and morphology 

3. To create a reliable yet simple concept for future atmospheric 
measurements 

 

 

 Team Details 1.4

1.4.1 Contact Point 

 

Facilities address 

Flight Mechanics Laboratory 

Engineering and Architecture School 

Via Fontanelle 55 

47121 Forlì (Italy) 

 

Supervisor 

Prof. Fabrizio Giulietti 
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+39 0543 374 424 

fabrizio.giulietti@unibo.it 

 

Team Leader 

Nani Serrano Castillo 

+393270863294 

nani.serrano@unibo.it 

 

 

Team Website and e-mail 

www.the5f.com/bexus/ 

a5unibo@gmail.com 

 

 

 

1.4.2 Team Members 

 

Encarnaciòn Serrano Castillo (Team Leader and System Engineer) 

 

 

Encarnaciòn was born in Madrid in 1988. She 
took her bachelor and master degree in 
Aerospace Engineering in the Polytechnic 
University of Madrid. In 2011 she went to Italy 
with a Students Exchange program called 
ERASMUS. She was interested in the work that 
Flight Mechanics Laboratory was developing, so 
she stayed in Italy for her Master Thesis project: 
ñQuadrotor modelling and data fusion 
complementary filterò she had the opportunity to 

study the dynamics, to integrate sensors and acquire the data for the attitude 
determination system of a Quadrotor. Now she is a PhD student in Advanced 
Engineering Science at Bologna University with a project called ñNon-linear 
control for under-actuated systems, atmospheric and space applicationsò for 
attitude control. She is the team leader of A5-Unibo selected due to the fact 
that she has experience in coordinating groups, as logistics coordinator and 
Educational assistant in ESEO (European Students Earth Orbiter) 
programme. 

Encarnaciòn is responsible for the project management the project planning, 
the communication with sponsors and economical management and part of 

mailto:fabrizio.giulietti@unibo.it
mailto:nani.serrano@unibo.it
mailto:a5unibo@gmail.com
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the outreach of this project. She is also system engineer and due to her 
background she gave support to the electric and electronic subsystems and 
sensor interfaces and testing. 

 

Igor Gai (Ground Station) 

Igor was born in Borgo Maggiore (SMR) in 1991. 
He lives in Torraccia, in the small Republic of San 
Marino. He graduated in 2013 at University of 
Bologna, in Aerospace Engineering (Bachelorôs) 
with the thesis ñDesign and implementation of a 
control and remote management device for a 
satellite tracking system (ALMA-Tracker)ò. 

He also did a previous internship using LabVIEW 
on a Compact-RIO system for data acquisition and 
processing. He is now attending Aerospace 
Engineering Master Degree at University of Bologna.  

Concerning A5, Igor has developed the Ground Station SW and he was 
mostly involved in the software design. 

 

Danilo Boccadamo (Power) 

Danilo was born in Rimini in 1991. He lives in San 
Clemente, a small town near Rimini. He is a 
bachelor student in "Aerospace Engineering".  

At the moment he's writing his bachelor thesis on 
"Dual-Fuel Application in Diesel Motors". For this 
thesis he was responsible of setting the test bench 
and the acquisition systems. Furthermore he has 
as a hobby, static and dynamic modelling.  

 In A5-Unibo he is responsible for the Power 
Subsystem 
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Paolo Lombardi (Mechanics) 

 

Paolo, has completed his BSc in Aerospace 
Engineering at Bologna University, and he is 
currently studying for the Master Degree in 
Aerospace Engineering at Bologna University. 

Paolo is responsible for the Mechanical design of 
A5. 

 

 

Alice Zaccone (Software) 

Alice was born in Rimini in 1991, a small city in 
the centre of Italy. Alice studied Aerospace 
Engineering as an undergraduate at the University 
of Bologna, and is now studying to take the Master 
degree in Aerospace Engineering. For her 
bachelor thesis she worked on a project for the 
analysis of the atmospheric gasses. The system 
was composed of an array of gas sensors 
controlled with a microprocessor and she 
developed a software for data acquisition and 
transmission to ground. 

Alice is responsible for the configuration and 
control of the ambient sensors. 

 

Abramo Ditaranto (Electronics) 

 

Abramo was born in Matera, in the south of Italy, 

in 1988. He studied Aerospace Engineering at 

the University of Bologna and took his bachelor 

degree in 2010 working on a project which 

consisted on the creation and the construction of 

a device for infrared transmission developed for 

on-board satellite applications. 

In A5 Abramo is responsible for the Electronic 

Subsystem. 
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Marco Didonè (Thermal) 
 

Marco was born in Castelfranco Veneto in 1990. He 
lives in a small town called Albaredo in the North-East 
of Italy. He was graduate at the University of Padua in 
2013 with the thesis on ñEnvironmental flux modelling 
and thermal analysis for MISSUS experiment on 
stratospheric balloon BEXUSò and now he is a Master 
student in ñAerospace Engineeringò at the University 
of Bologna. He played basketball for ten years and at 
present he plays the bass guitar for a rock band.  

Concerning A5-Unibo experiment, Marco is 
responsible for the Thermal design. 

 

Riccardo Lasagni Manghi (Verification and Testing) 

Riccardo was born in Reggio Emilia in 1990. He 
took his Bachelor degree in Astronomy at the 
University of Bologna with his final thesis on ñVirial 
Theorem and its Astrophysics applicationsò. During 
summer of 2013 he attended the ñAlpbach Summer 
Schoolò organized by ESA, where he took active 
part in the development of the ñPacmanò mission. 
After this experience he decided to apply for the 
Master degree in Aerospace Engineering in 
Bologna where he is currently studying. 

In A5 he is responsible for the writing of the SED 
documentation and for the Testing and Verification process. 

Erika Brattich (Data Analysis) 

Erika was born in Genova (Italy) in 1984. 
Nowadays she lives in a small town called 
Ravenna in the North-East of Italy, 80 km far away 
from Bologna. She got her bachelor in Atmospheric 
Physics and Meteorology at the University of 
Bologna in 2003 with the thesis ñTechniques of 
data analysis and measurements in the Bologna 
areaò. She graduated in Physics at the University of 
Bologna in 2010 with the thesis ñComposition of 
atmospheric particulate matter in Bologna: 
Application of receptor modellingò. Now she obtained her PhD degree in 
Environmental and Geological Sciences at the University of Bologna with the 
thesis ñOrigin and variability of PM10 and atmospheric radiotracers at the 
WMO-GAW station of Mt. Cimone (1998-2011) and in the central Po Valleyò. 
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Meanwhile, since February 2014 she is assistant research fellow at the 
University of Bologna.  Concerning A5-Unibo experiment, Erika is responsible 
of the scientific and theoretical analysis of the experiment. 

Luca Mella 

Luca was born in Cesena in 1988. He worked a 
few years in the ICT industry before starting his 
studies in Computer Engineer at University of 
Bologna in 2008. He actively participated in 
several off-lecture initiatives and began to 
coordinate the CeSeNA Security group in 2010, a 
Unibo study group which takes part in security 
competitions around the world (aka Capture the 
flag). Luca took his bachelor degree in fall 2011 
with the thesis ñRilevamento di attacchi di rete 
attraverso protocolli di monitoraggio per router IPò 
and continued his studies with a Master on Computer Engineering at 
University of Bologna. During this time, he had the opportunity to study and 
work on several challenging topics like computer vision, distributed systems 
and embedded systems. He took his master degree in spring 2014 with the 
thesis ñICT Security: Testing methodology for targeted attack defence toolsò.  

Concerning A5 Luca contributed to the design and the development of the 
software systems and communications. 
 

1.4.3 Collaborators 

 
Alberto Sodi (System Engineer) 

He has completed his BSc in Aerospace Engineering at 
Bologna University with a Thesis in Control Theory, 
entitled: ñModelling and Control of an Extended Formation 
with Behavioural Approachò. He has earned his MSc in 
Aerospace Engineering at Bologna and has recently left 
the team due to working issues. 

His role as system engineer was absorbed by Nani. 
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Elisa Luconi  

Elisa was born in Chiaravalle (Ancona) in 1989. She took 
her bachelor degree in Environmental Science at the 
University of Bologna in 2012. During a stage in the INGV 
(National Institute of Geophysics and Volcanology) in 
Bologna, she wrote her thesis titled ñInteraction between 
hurricanes and phytoplankton blooms in the Atlantic 
Oceanò. 
Now sheôs earning her Master Degree in Science and nature management at 
the University of Bologna 
In A5 she has been Erikaôs collaborator for the scientific subsystem. 

 
Mattia Baldani 

Mattia was born in Urbino in 1989. He lives in Carpegna, a 
small town near Rimini. He took his bachelor degree in 
Computer Engineering at the University of Bologna in 2012. 
He has experience in the development of large distributed 
networked systems, embedded system design and 
programming. Concerning A5 Mattia contributed to the 
design and the development of the software systems. 

 

Svetlozar Orlovski 

Svetlozar (Zaro) was born in Stara Zagora (Bulgaria) in 
1986. He lives in Cesena since 2003. He is a bachelor 
student in "Computer Engineering". He has experience in 
networking, development of distributed networked systems, 
design and programming. Concerning A5, Zaro contributed 
to the design and the development of the software systems. 
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2 EXPERIMENT REQUIREMENTS AND CONSTRAINTS 

 

 Functional Requirements 2.1

 

See also Verification Matrix in chapter 5 

Table 2-1 Functional requirements 

Ref Requirement 

FR1 The experiment shall measure particlesô size distribution outside the 
gondola during the whole flight 

FR2 The experiment shall measure ion densities outside the gondola during 
the whole flight. 

FR4 The experiment shall measure outside ambient pressure during the 
whole flight. 

FR5 The experiment should measure outside ambient relative humidity 
during the whole flight 

FR6 The experiment shall collect aerosol samples drawing air from outside 
the  gondola during the floating phase in the stratosphere and make 
them available for post-flight analysis 

FR7 The experiment shall keep track of its absolute position throughout the 
flight, in order to relate the collected data to a particular height and 
coordinate 

FR8 The experiment shall measure the temperature inside the gondola in 
order to ensure the operational range of the instruments is not 
exceeded. 

FR10 The experiment shall save all the measured quantities on an internal SD 

FR11 The experiment shall relay all the measured quantities to ground  
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 Performance Requirements 2.2

Table 2-2 Performance requirements 

Ref   Requirement From 

PR1 

 

 

Measurements for particlesô size distribution shall be made at a 
rate of at least 1 measurement every 20 s, corresponding to a 
vertical resolution of 80-100 m, given the average ascending 
speed of 4-5 m/s 

FR1 
 

PR2 Measurements for ion densities shall be made at a rate of at least 
1 measurement every 20 s, corresponding to a vertical resolution 
of 80-100 m, given the average ascending speed of 4-5 m/s 

FR2 

PR5 The pressure measurements shall be possible in a range 
between 5 and 1100 mbar 

FR4 

PR6 The pressure measurements shall be made with an accuracy of Ñ 
1 mbar 

FR4 

PR7 The humidity measurements should be possible in a range from 
0% to 100% RH 

FR5 

PR8 The humidity measurements should be made with an accuracy of 
Ñ2% 

FR5 

PR9 The pump shall suck a nominal flow rate of 9 l/min at 
stratospheric conditions in order to maximize the efficiency of the 
collecting filter  

FR6 

PR10 The altitude shall be measured with an accuracy of at least Ñ40 m FR7 

PR11 The coordinates shall be measured with an accuracy of at least 
Ñ40 m 

FR7 

PR12 The temperature measurements inside the gondola shall be 
possible in a range from -20Ü to 50Ü. 

FR8 

PR13 The temperature measurements inside the gondola shall have an 
accuracy of Ñ1 ÁC 

FR8 

  

 Design Requirements  2.3

 

Table 2-3 Design requirements 

Ref Requirement 

DR1 The experiment shall withstand vertical loads of 10 g and horizontal 
loads of Ñ5 g 

DR2 The experiment should withstand landing shocks of up to 35g. 

DR3 The experiment shall be able to operate while exposed to outside 
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temperatures down to -15ÁC for the whole duration of pre-flight 
phase. 

DR4 The experiment shall be able to operate while exposed to outside 
temperatures down to -80ÁC for the duration of the flight. 

DR5 The experiment (and in particular the SD) shall withstand storage 
temperatures down to -15ÁC for the duration of the recovery 
procedures (up to 48 hours) 

DR6 Integrity of samples shall be guaranteed in case of water landing 

DR7 On the outside of the experiment housing, a 4 pin connector type 
MIL-C-26482P series 1 connector shall be installed in order to 
access the gondolaôs power bus 

DR8 The experiment batteries shall be qualified for use on a BEXUS 
balloon 

DR9 The experiment batteries shall either be rechargeable or shall have 
sufficient capacity to run the experiment during pre-flight tests, flight 
preparation and flight. 

DR10 The batteries in the gondola-mounted experiment should be 
accessible from the outside within 1 minute 

DR11 The experiment housing shall be supplied with a sufficient number of 
brackets or a bottom rail plate to facilitate safe mounting of the 
experiment. 

DR12 The experiment housing shall have mounting provision to interface 
on to M-EGON gondola 

DR13 A  panel mounted connector for the E-Link of the type Amphenol 
RJF21B must be used 

DR15 Components that can represent a possible hazard for the recovery 
team (OPCôs laser and batteries) shall be marked with a specific 
danger sign. (more details given in chapter 6) 

DR16 All components used for the collection of aerosol samples shall be 
clean to ensure that particles collected are stratospheric rather than 
contamination 

DR17 The pore size of the aerosolsô collecting filters shall be 0.5 mm, to 
ensure collection of small particles 

DR18 A sealing barrier shall be used to ensure that the components used 
for the collection of aerosol samples remains clean during assembly, 
testing and integration 

DR19 A blank control sampling filter shall be added, identical to the sample 
holder, to monitor the environment during pre-launch, launch and 
flight and assess any possible contamination 

Software requirements 
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SR1 SW shall be compatible with HW 

SR2 SW shall not crash in case of error/Handle failure 

SR3 SW shall monitor running time of each loop and eventually interrupt it 
(avoid delays in running time) 

SR4 SW shall restart in case of failure (not be compromised in case of 
power loss) 

SR5 SW shall not be locked in manual mode in case of data link loss 

SR6 SW shall continue to work correctly in case of failure of some 
devices 

SR7 SW shall store all collected data without any losses 

SR8 SW shall not overwrite or corrupt stored data 

SR9 SW shall use redundant data in the determination of descending 
phase start, meaning rely both on GPS and pressure data to 
determine descending rate but also request GS ACK 

SR10 SW shall comply with E-Link and TCP/IP specification 

SR11 SW shall not fail in case of GS connection failure and manage to 
reconnect 

SR12 SW shall not to be crashed by GS command errors 

SR13 GSS shall receive, display and log data 

SR14 GSS shall allow user to set commands to on-board software 

 

 Operational Requirements 2.4

 

Table 2-4 Operational requirements 

Ref Requirement 

OR1 The experiment shall be able to function autonomously in the event 
that contact with Ground is lost. 

OR2 Piping materials and parts of the instruments coming out of the 
experiment shall be protected with a remove before flight cover 

OR3 Remove before flight cover shall be removed before flight 

OR4 The experiment shall autonomously open the pinch valves and unseal 
the sampling filter once reached the nominal altitude in the 
stratosphere. 

OR5 The experiment shall autonomously close the pinch valves and re-seal 
the sampling filter prior to the descent 

OR7 The experiment shall be turned off prior to entering the descending 
phase (Pump, AICôs and OPC should be disabled) 
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OR8 The amount of Offset for the AICôs shall be measured prior to the flight 
and it shall not be higher than Ñ 100 mV 
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3 PROJECT PLANNING 

 

 Work Breakdown Structure (WBS) 3.1

 

 

Figure 3-1WBS 
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3.1.1 Subsystem Tasks 

 

Figure 3-2 Tasks I 

1. Project 
Management 

1.1. Project 
planning 

1.2. Review 
project planning 

1.3. Companies 
contact for 

purchasing and 
technical support 

feedback 

2. Documentation 

2.1. Receiving 
documentation 

from subsystems. 

2.2. Giving format 
to the document. 

2.3. Preparing 
slides for 

presentation 

3.1.Power (Danilo) 

3.1.1. 
Preliminary 

circuits 

3.1.2. Power 
budget 

3.1.3. 
Components 
(Selection, 

ordering, AIT) 

3.2.Electronics 

(Abramo) 

3.2.1. MC 
(Selection, AIT, 
programming) 

3.2.2. Sensors 
interface 

(H/W) 

3.2.3. PCB 
design 

3.3. 
Mechanical(Paolo) 

3.3.1.Planning 
structure 

3.3.2. CAD 

3.3.3. Mass 
budget 

3.3.4. AIT 



  Page 33 

Student Experiment Documentation                                  

 

 

 

 

 

 

Figure 3-3 Tasks II 
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 Schedule 3.2

 

Once A5-Unibo was selected, the tasks were defined in depth.  

Every task was appointed to a specific person, in order to cover all the 
aspects of the project. Every single member was also part of a working sub-
team, where all the information were shared deeply to avoid possible 
vacancies in the subsystems. If any member had to leave the team, other two 
or three members could take care of their work in order to not stop the 
progress of the project. 

The Gantt chart (see appendix C) gives an outline of the project duration. The 
chart was updated weekly as the project progressed, by inserting the pieces 
of information collected during the weekly meetings. 

Sub-team 1: Electronics and Power (Nani, Danilo, and Abramo) 

Sub-team 2: System, Test and Mechanics (Nani, Paolo, and Riccardo) 

Sub-Team 3: Software and ground station (Alice, Luca, and Igor) 

Sub-Team 4: Outreach (Igor, Nani, and Riccardo) 

Sub-Team 5: Scientific (Erika, Riccardo) 

Sub-Team 6: Sensor Interfaces (Nani, Alice, and Abramo) 

Sub-Team 7: Project Management, Documentation (Nani and Riccardo) 

 Resources  3.3

3.3.1 Manpower 

Depending on the availability of each team member we defined table 3.3-1. 

Table 3-1 Manpower per week 

Team Member Hours per Week 

Nani  16 

Riccardo 16 

Paolo 12 

Abramo 12 

Igor 12 

Danilo 12 

Marco 12 

Alice 12 

Erika 8 

Luca 12 
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Table 3-2 Manpower year 

Name of 
Team 
Member N  D  J F M A M J J A S O N D J 

Nani                               

Riccardo                               

Alberto                               

Paolo                               

Igor                               

Danilo                               

Alice                               

Abramo                               

Marco                               

Erika                               

Elisa 
    

                      

Luca                
 

Table 3.3-2 shows the availability of each team member during the year. The 
colours code is: Green (more than 70% of the time), Yellow (between 30 and 
70%) and red (Less than 30%) where 100% is defined as 16 hours per week. 
In grey the months of no participation in BEXUS programme. 

Months of the project are shown in orange for 2013, in blue for 2014 and in 
pink for 2015. 

 

3.3.2 Budget 

Table 3-3 Budget 

Components Price 
ú 

Amount Total ú Support Status 

Arduino 
Ethernet Shield 

33,17 1 33,17 FML Present 

Arduino Mega 
2560 

42 2 84 FML Present 

Micro SD Shield 22,97 1 22,97 FML Present 

Motion Mind 
Motor Controller 

95,77 1 95,77 FML Present 

Micro SD card 8 2 16 FML Present 

ADC (18bit I2C) 2,75 4 11 FML Present 

Relay 5A 5V 1,11 5 5,55 FML Present 

Batteries Li-Po 
SAFT 

530 
125 

2 1185 
FML Present 

RS232 to TTL 2,81 2 5,62 FML Present 
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Converter 

Air Ion Counters 550 2 (1 free) 550 FML  
ALPHALAB 

Present 

LOAC (OPC) + 
Software 

5940 1 5940 FML/DEC Present 

Pump (BOXER) Free 2 Free BOXER 
SPONSOR 

Present 

Electro-valves 
Sampling Unit 

850 1 850 
FML Present 

Temperature 
sensors 
DS18B20 

4,94 3 14,82 FML Present 

Temperature 
sensors 
LM35DZ 

1,11 10 11,1 FML Present 

Humidity 
Sensor 

HIH9120-021 

22,09 2 44,18 FML Present 

LT1110CN8 IC 
REG BUCK 
BOOST 12V 

0.4A 

4,67 3 14,01 FML Present 

Pressure 
Sensor 

2,8 3 8,4 FML Present 

Switching reg. 
5V 

15,14 2 30,28 FML Present 

Switching reg. 
Variable 

25,68 2 51,36 FML Present 

Beams,  plates, 
Mechanical 
Structure 

450 1 450 FML Present 

Heaters 70 4 280 FML Present 

Sioutas sampler 700 1 700 DEC Present 
 

GPS ñAdafruitò 40 1 40 FML Present 

Header 8 Pin 
Long 

0,35 1 0,35 FML Present 

Header 8 Pin 
Short 

0,31 10 3,1 FML Present 

Header 10 Pin 
Long 

0,5 5 2,5 FML Present 

Header 6 Pin 
Long 

0,35 5 1,75 FML Present 

MOSFET P-CH 
12V 2.6A 

0,36 10 3,6 FML Present 
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LTC4412ES6 
Selector 

2,78 7 19,46 FML Present 

497-7285-1-ND 
IC REG LDO 

3.3V 0.1A 

0,4 5 2 FML Present 

LT3080EST#TR
PBFCT-ND 

3,56 4 14,24 FML Present 

L7812ABV 0,54 5 2,7 FML Present 

Other IC 90 1 70 FML Present 

Arduino Mega 
Shield 

14,52 4 58,08 FML Present 

Consumables 
(cables, wire, 

etc.) 

60 1 60 FML Present 

Platforms 60 1 60 FML Present 

Modular Plastic 
Storage Boxes 

7,8 2 15,6 FML Present 

Printed circuit 
boards (SB1, 
SB2 Heaters 

Board) 

300 3 900 

Iacobucci HF Delivered 

Power Control 
Unit 

500 1 500 
Iacobucci HF Delivered 

 
Launch 

campaign Travel 
and 

accommodation 

1500 4 6000  Paid 

Travel and 
accommodation 

(CDR) 

350 1 350  Paid 

Taxes Robot-
Italy 

48,65 1 48,65 FML Paid 

Springs C6-100 32,5 8 260 FML Present 

Filters 6 30 180 LARS/SIMG Present 

Sampling Unit 
Box and tubes 

50 2 50 FML Present 

Connectors E-
Link and Power 

bus 

106 1 106 FML Present 
 

Total   19093 
 

   

 

FML: Flight Mechanics Laboratory funds  

DEC: Department of Environmental Chemistry 
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BOXER: Boxer Pumps. 

LARS, Laboratorio di Ricerche Ambientali 

SIMG, Società Italiana di Medicina Generale 

 

In table 3.3-3 all the components needed for the project are mentioned. 

The LOAC Optical Particle Counter has been purchased by FML and DEC 
jointly.  

As shown in table 3.3-4, ESA is our biggest sponsor regarding Travel and 
Accommodation, since it paid for the participation of four team members at 
every project-related event. The estimated amount sponsored is of 11400 ú. 

Table 3-4  ESA as Sponsor 

Description Price ú Quant. Total ú Support Status 

Travel and 
accommodation 
(PDR) 

1000 4 4000 ESA Sponsored 

Travel and 
accommodation 
(CDR) 

350 4 1400 ESA Sponsored 

Launch 
campaign Travel 
and 
accommodation 

1500 4 6000 ESA Sponsored 

TOTAL   11400   

 

Table 3.3-5 shows a more detailed description of the FML and DEC 
contribution. 

Green cells represent the funds we already have, instruments already 
purchased, or those that have been donated.  

 

Table 3-5  Sponsorship table 

Sponsor FML ú DEC ú ú Total 

Electronics 
Structure 

Already purchased instruments 

3857,82 
 

 3857,82 
 

LOAC 1900 3000 4900 

Sioutas  700 700 

BOXER PUMPS   Donated 

SAFT BATTERIES 1185  1185 

SB1, SB1, PCU 600  600 

Air Ion Counter 550  550 

Travel & accommodation (CDR)   350 
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3.3.3 Educational support 

We were mainly supported by Professor Fabrizio Giulietti, coordinator and 
supervisor of Flight Mechanics Laboratory (University of Bologna). 

 

From the scientific point of view, Professor Laura Tositti from Department of 
Environmental Chemistry of the University of Bologna offered support for 
the theoretical side, giving to A5Unibo the scientific idea of the project and the 
conclusions after post-flight analysis. 
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A5-Unibo would like to thank all the experts that offer their kind help in order 
to support the team. 

 

From ESTEC: 

 

Figure 3.3-4 Nickolaos Panagiotopoulos 

From Forlì: 

 

Figure 3.3-5 Support from Forlì 

Nickolaos 
Panagiotopoulos 

ωOBDH and Electronics 
Engineer 

ωA5-Unibo ESA Mentor, 
software and electronics 
support 

Matteo Turci 

ωFlight Mechanics Laboratory 

ωSoftware and system engineering support 

Matteo Ferroni 

ωFlight Mechanics Laboratory and Almaspace S.r.l 

ωElectronics support 

 Mauro Gatti 

ωFlight Mechanics Laboratory 

ωMechanical, CAD and FEM support 

Valentino Fabbri(AOCS and GNC engineer) 

ωSoftware and system engineering support 

Alberto Corbelli (Sensors/Actuators and System Engineer) 

ωSoftware and system engineering support 

Alessandro Rossetti 

Experimental Aerodynamics Temporary Researcher 

Dario Modenini 

Research Fellow at University of Bologna. 
































































































































































































































































































































