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Aerosols and clouds forma1on research in      

A5‐Unibo experiment on‐board BEXUS 18 

 Lessons learned 



REXUS/BEXUS Programme 

•  Realised under a bilateral Agency 

Agreement between the German 

Aerospace Center (DLR) and the 

Swedish Na?onal Space Board (SNSB) 

•  The Swedish share of the payload has 
been made available to students from 

other European countries through a 

collabora?on with the European Space 

Agency (ESA) 
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Advanced Atmospheric Aerosol Acquisi?on and Analysis 
A5‐Unibo 



Introduction: AEROSOLS 
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«Atmospheric aerosols» (or par'culate 

ma.er) = solid and/or liquid that lie 

suspended in air having diameters between 

about 1‐2 nm to about 100 μm 

 

 

 

Sources: 

•  Natural  

•  Anthropogenic 

 



Relazione sull'a;vità di Doaorato                                         

November 17, 2011, Forlì, Italy 
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•  Direct effect: effect exerted by aerosols on the radiative balance of the Earth 
through a combination of scattering and absorption of radiation 

•  Indirect effect: suite of possible impacts of aerosols on cloud properties 
(reflectivity, lifetime,…), due to the action as CCN (Cloud Condensation Nuclei) 

•  Aerosols and clouds still continue to contribute the largest uncertainties to the 
current estimates of Earth’s changing energy budget 

   

Forster et al., 2007; 

Boucher et al., 2013 

Aerosols effects on climate 



Scientific Objectives 
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Primary Objec?ves 

• Study cloud forma?on processes and IIN 

Inves1gate the correla?on between 

ioniza1on and nuclea1on rates 

• Ver1cal profiles of key atmospheric 

parameters (temperature, humidity, 

pressure), par1cle size distribu1ons and Ion 

(posi1ve and nega1ve)densi1es 

Secondary Objec?ves 

• Retrieve aerosol samples and analyze them to determine 

aerosol composi1on and morphology 
• Create a reliable simple concept for future atmospheric 
measurements 



A5 Unibo SYSTEM Design 
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A5 Unibo SYSTEM Design 
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How the educational challenge started 

Team 

Scien?fic 

Idea 

Team WBS 
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 A5Unibo Team – Project Management 
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A5‐Unibo 

1. Project 
Management 

2. Documenta1on 

3. Subsystems 

3.1. Power  3.2. Electronics 

3.3. Mechanical 
3.4. Ground 
Sta1on 

3.5. Thermal 
3.6. Instruments 
and Sensors 

3.7. Sonware  3.8. Tes1ng 

4. Outreach 

5. Scien1fic 
background and 

Analysis 

2 PhD Students  different backgrounds 

7 Master Students  

1 Bachelor student 

•  Sub‐Teams 

•  Weekly Mee1ngs 

•  Challenge Students from different facul1es 

•  Team members: Responsibility, adaptability 

Unified Commitment to a Goal  

 

 



Millestones and Reviews – Lessons Learned 
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Selec1on 
Workshop 

12/2013 

PDR 

3/2014 

CDR 

5/2014 

IPR 

8/2014 

EAR 

9/2014 

Launch 

10/2014 

•  Project management of a space system during a complete mission. 

Hands‐on experience.  

 

•  ESA standards, ECSS (European Coopera1on and Space Standardiza1on) 

 

•  Adap1ng to schedules within the framework of an Interna1onal Space 

Agency by working in a project environment respec1ng deadlines, 

milestones and passing reviews from experts. 

•  Problem solving strategies 

 

• Gana Chart +WBS (Work Breakdown Structure) 

  



Ready for Flight 
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Launch Day 10th October 2014 
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Max Al1tude: 27,2 km     Floa1ng 1me: 1h 8 min    Landing site: Finland 

 



Landing and recovery 



Lessons Learned of different subsystems 

Project Management 

•  Fundraising and communica1on with companies is fundamental, one person should be 
dedicated en1rely to this task. 

•  Consider big 1me margins for purchasing and delivering. 

•  Consider and respect internal deadlines ‐ team work responsibili1es 

Power 

• Margins:  Power budget was too conserva1ve. 

•  Harnessing strategy –early phases. 

Electronics 

•  To avoid late modifica1ons of the boards or unexpected behaviors, the design of the boards 
should start very early in the project. 

•  Communica1on between sonware and electronic subsystem is essen1al. 

•  Grounding scheme. 

Tes1ng 

•  Fundamental to start thinking about tests, procedures, and facili1es as soon as possible.  
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Lessons Learned of different subsystems 
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 Mechanical 

• op1mize weight and size,  the mechanical fixa1on and housing of the instruments  

Thermal 

• Un‐direct control 

• Tes1ng of the thermal subsystem was also not sufficient oversizing of the baaery pack 

Ground Sta1on 

• Labview sonware environment 

Instruments and sensors and scien1fic subsystem 

• Industrial use for the instruments. hard to adapt to the system 

Sonware 

• Check compa1bility of the communica1on protocols between sensors – early phases 

• Different opera1ng modes were implemented and the mission was divided into different 
mission states  successful 



Data Analysis 
Results 
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Vertical profiles: atmospheric parameters 

•  Exponential drop of 
pressure with height 

•  Low relative humidity: air 

dry at ground level, 
decrease until about 5 km, 

then more or less constant, 

slight increase at about 26 
km 

 

•  Tropopause level ≈ 11 km 
extending until ≈ 25 km = 

stratosphere 



Vertical profiles: particles size distribution 

Fine particles (≤ 2 µm): 
exponential drop 

Coarse particles (> 2 µm) 
 

o  2 µm < diameter < 10 µm: 

present at ground level and 

then at tropopause level 

o  Diameter ≥ 10 µm: linear 

increase until ≈ 1 km, 

absent at upper heights 



Vertical profiles: ion densities 

1.  When present, negative ions 
≫ positive ions 

 
3.  Charged particles intermittent: 

•  positive ions until ≈ 6.5 km 
•  negative ions at ground 

level and > 7 km, with 

maximum at ≈ 22 km 

4.  Behaviour consistent with 

previous observations  



Correlations 

•  Positive correlation ions – particles 
•  Correlation particles - positive ions >: both particles and positive ions 

higher at ground level (lower troposphere) 
•  At altitudes > 9 km (upper troposphere – lower stratosphere) 

correlation particles – negative ions 
•  Correlation particles - relative humidity > temperature 

•  Role of ions further confirmed applying a multilinear regression model 

 



Conclusions 
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A5‐Unibo experiment was successful: ver1cal profiles were 
correctly measured and every component worked properly 

Posi1ve correla?on ions – par1cles 

Rela1ve humidity more correlated than temperature 
(poten1al effect radia1on/nuclea1on) 

New sonware analysis  



A5Unibo educational activities  

Aerospace Engineering Faculty 
Open Days (03/04/2014) 

Elementary School Ac1vi1es (60 
children) in Flight Mechanics 

Laboratory (14/04/14) 

Presenta1on to the Advance 
Science Ins1tute of the University 

of Bologna (Nov‐2014) 

Seminar: March2015, 26th – 
Science week. Liceo Scien1fico 

Fulcieri Paolucci diCalboli. Seminar: 
“A clouds physics research: Forlì 
flies through the stratosphere"  
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Inspiring new genera?ons 



Follow us!! 

 A5‐Unibo Website: www.the5f.com/bexus/ 

 Facebook page: 

haps://www.facebook.com/A5Unibo 

 Twiaer page: haps://twiaer.com/A5Unibo 
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 Experiment Components 

Light Op?cal Par?cle Counter 

 

 

 

 

 

 

 

 

        Air Ion Counter 
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LOAC Meteomodem 

Performance 

(FR1,PR1) 

0.2 to 50 µm (19 channel bins)  

0 to 2000 particles/ cm3  

10 s  

Laser diode 25 mW @ 635 nm  

 

Operating Range -20° to 25° C  

Power 7,2 VDC 

450 mA ± 30 mA  

Weight 250 g  

Size 250 x 180 x 100 mm  

Air Ion counter Alphalab 

Performance 

(FR2,PR2) 

2 million / 10 (ions per cc) 

Sampling time: 2s 

Accuracy:+/- 25% 

Operating Range -50 to +50 C 

Power Internal batteries (9V alkaline).  

8 hours life at maximum drain 

Weight 0.42 Kg 

Size 165.1 x 93.98 x 76.2 mm 



5. Experiment Components 

BOXER Pump 

 

 

 

 

 

 

 

Sioutas Sampler 
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Pump BOXER 7502 Boxer Pumps 

Performance Flow rate up to 32 l/m 

Operating Range -50 to +50 C 

Power 12 V DC 

Max current 3 A 

Weight 1.1 Kg 

Size 168*86*83 mm 

Sioutas Sampler 

Sizes Stage A: 2.5 µm 

Stage B: 1.0 µm 

Stage C: 0.50 µm 

Stage D: 0.25 µm 

Operating Range Any 

Wind Velocity < 5 mph 

Weight 0.159 Kg 

Size 8.6 x 5.5 cm 



5. Experiment Components 

Absolute pressure sensor 

 

 

 

 

 

 

 

Rela?ve Humidity sensor 
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MS5607 Barometric pressure 
sensor 

MEAS Switzerland 

Opera1ng pressure 
Opera1ng temperature 

10 to 1200 mbar 
‐40 to +85 C 

Pressure accuracy 
at 25°C, 700..1100 mbar 
at ‐20..85°C, 300..1100 mbar 

 
± 0.5 mbar 
± 2 mbar 

Temperature accuracy 
at 25°C 
‐20..85°C 

 
± 0.8 C 
± 2 C 

Supply Voltage  1.8 to 3 V 

Size  5x3x1 mm 

HIH9120‐021  Honeywell 

Opera?ng RH 
Opera?ng temperature 

0 to 100% RH 
‐40 to +125 C 

RH accuracy (at 25°) 
Temperature accuracy 

± 1.7 % RH 
± 0.6  

Supply Voltage  2.3 to 5.5 V 
(3.3 V nominal) 

Supply current  0.6 mA 
(1mA max) 



5. Experiment Components 

Micro‐controller Arduino MEGA 2560 

 

 

 

 

 

 

Arduino Ethernet Shield 

 

 

 

A5‐Unibo     Advanced Atmospheric Aerosol Acquisi1on and Analysis  BEXUS  38 

Opera1ng Voltage  5V 

Input Voltage  7‐12V 

Input Voltage (limits)  6‐20V 

Digital I/O Pins  54 (15 PWM output) 

Analog Input Pins  16 

DC Current per I/O Pin  40 mA 

DC Current for 3.3V Pin  50 mA 

Flash Memory  256 KB  

SRAM  8 KB 

EEPROM  4 KB 

Clock Speed  16 MHz 


