
Plamen I. Dankov 

„Small Satellites and Aerospace 
Engineering Education“ 

Sofia University “St. Kliment Ohridski”,  

Aerospace Student Seminar 
3rd of June 2016, Faculty of Physics A315 



The small satellites – a new different world 

in the Space! 

The small satellites – a new different world 

in the Space! 



Small satellites: 

Weight: < 50 kg; 

LEO altitude: 500-1500 km; 

Time of life on orbit: 1-3 years 

Small satellites: 

Weight: < 50 kg; 

LEO altitude: 500-1500 km; 

Time of life on orbit: 1-3 years 



Micro () 
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Nano-satellites (CubSat’s) Nano-satellites (CubSat’s) 

Femto Satellites Femto Satellites 



Small satellites as innovative investigation tools 

from the near Space and as educational instruments 

(university CubeSat's; weight <1 kg; 10x10x10 cm). 

Statistical data for CubeSat's on orbit; conclusions.  

Aerospace engineering education in Sofia university  

Our educational project in the area of small 

aerospace vehicles. 

How to be member of UNISEC Global 

    – UNIversity Space Engineering Consortium 

Outline 

../../../2012/Krasnojarsk2012/Reshetnewskie chtenia/Plenarno zasedanie/SUSAT3D_web.mp4


1.  Observation of the Earth surface from the near Space 

 (several hundred km) – new more effective technical 

 tool for remote sensing 

2. For solving of variety of scientific problems and test 

 of new technologies – considerable less expensive than 

 using of bigger satellites (>100 kg) 

3. For communication purposes and data transfer over 

 satellites on LEO altitudes – online (IoS: Internet 

 over Satellites) or offline communication sessions 

 (Store-and-Forward technology).  

4. For education of students and young people in the 

 area of aerospace engineering and new technologies 

 for efficient access to the near Space. 

Main Applications of the Small Satellites 



Small satellite – basic scheme 

file:///I:/Projects last/2016/AUST/Presentations/Access_1.avi
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Small satellite – communication scheme 

Basic 

transportation 

satellite 

systems 

(commercial 

or amateur)  



Communication function of the small 

satellites 

1 

1 

2 2 

3 

1) To take of pictures with 

high resolution and to 

transmit data to the ground 

station with big data rate.  

2) „Mail box“ – „Store and 

Forward” communication 

technology. 

3) TV pictures of the Earth 

from the near Space?  

file:///I:/Projects last/2016/AUST/Presentations/Orbits over South Pole.mp4
file:///I:/Projects last/2016/AUST/Presentations/Skybox Imaging HD Video of Burj Khalifa on April 9 2014 (1080p)-SD.mp4


Forward panel – always 

orientated to the Earth 

Backward panel – always 

orientated to the Space 

GEO 36000 km 

Remote Earth Station  

Small LEO 800 km 

Communications trough 

the backward panel 

Communications trough the forward panel 

Communications trough the forward and 

backward panel of the small satellites 



The small satellite as an 
education tool 



The development 
of small satellites 
and CubSat’s in 

the world 
Universities is 
considered as 

extremely 
important  
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The small satellite consists of almost all important equipment, included in a 

big satellite, but in considerable cheaper (COTS) implementation 

1U 
1.5U 

2U 
3U 

Cubesat: 
10x10x10 cm 

http://www.google.bg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fthefutureofthings.com%2Fcategory%2Fscience%2Fphysical-science%2Fastronomy-space%2F&ei=svyTVerCIIKQsAGThZ2YAw&psig=AFQjCNERURY0o436ojh3wRsKtEg4hnts2A&ust=1435848218411159
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Main subsystems in the small satellite and areas for education 

1. Precise modular mechanical construction: 1U-6U 

2. Photovoltaic system and batteries 

3. Electrical power system; power distribution 

4. Telemetry, tracking and commands 

5. Altitude determination and orientation control 

6. Command and data handling 

7. Guidance and navigation 

8. Thermal conditions and thermal control 

9. Flight control computer + communication computer  

10. Onboard electronics, transmitters, receivers  

11. Communication system; antennas 

12. Satellite thrusters: ionic, plasma, cold gas, resistojets  

13. Optical, infrared and hyperspectral cameras and sensors 

14. Scientific and test equipment 



Concept for full standardization and modular architecture 
(Example:  "Plug-and-Play" technology) 
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Plug-and-Play Satellites Air Force Research Lab 

http://spectrum.ieee.org/aerospace/satellites/us-air-forces-plugandplay-satellites/1 

Example: In the experiments at the Air Force Research Lab, 

workers can build an entire “plug-and-play” satellite in 4 hours! 

Following a careful script, they start by connecting the 

spacecraft’s six panels, which are hinged for easy access.  



Statistical data for the on-
orbit CubSat’s 



Statistics for CubeSat’s (1) 
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Statistics for CubeSat’s (2) 
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Aerospace engineering 
education in Sofia University 



MSc program in Aerospace Engineering and 

Communications 

A new master program “Aerospace Engineering and 

Communications” (in Bulgarian; English or Russian) has 

been established to “fill up the vacuum” in the modern 

aerospace engineering in Bulgaria. The program has two 

modules:  

• Module 1. “Aerospace Engineering (small aerospace 

vehicles)”  

• Module 2. “Wireless and Satellite Communications“  

The idea is to combine these areas and to prepare 

specialists with MSc. degree in the both areas.  



http://www.phys.uni-

sofia.bg/~dankov/Master%20program%20ASE&C/CURRICULUM_Plan%2020

13&2014/asec-red-3_bg_2013_2014.pdf  



M1. Aerospace Engineering 

• Basic Principles of Mission Design with  

 Small Aerospace Vehicles 

• Aerodynamics and Orbital Dynamics 

• Aerospace Control Systems   

• Navigation and Telemetry of Small 

 Aerospace Apparatus   

• Photovoltaic Systems and Power Sources 

 in Aerospace Apparatus   

• Satellite Systems and Satellite information  

• Space Physics   

• Unmanned Aircrafts 

• University Micro- and Nano-Satellites     

 and Applications  

• Software Tools for Aerospace Engineering 

• Plasma and Plasma Propulsion Generators 

 for Satellites   

• Modern Electromagnetic Materials and 

 Electronic Devices 

• Other   

Main Courses in the MSc. Program  
M2. Wireless and Satellite 

Communications 

• Applied Electrodynamics 

• Introduction to Wireless Communications 

• Satellite Communications   

• Computer Practice in Communication 

 Networks and Protocols   

• Microwave and Wireless Technique   

• Modulations and Coding   

• Integrated Circuits   

• Antennas for Wireless Communications   

• Operational Systems and Open-Source 

 Applications in the Communications   

• Security of the Communication Networks 

• Communication and Information Systems 

 for Data Transfer 

• RFID 

• Optical Networks and Devices 

• Mobile Radio Channels 

• Microwave Measurements 

• Innovation Management   



Our educational project 
and activities in the area 

of Small Satellites 



In 2012 the Bulgarian team from Sofia University (including 14 students and 8 

supervisors) was selected as a finalist from among 72 teams from 31 countries  

Successful Participation in MIC2 

The title was 

"Small Communication 

Satellite Mission for 

Enhancement of  Antarctic 

Investigations“. 

Then a big invited paper 

was published with 

authors:  P. Dankov, M. 

Gachev, Z. Kiss'ovski, I. 

Krassimirov, D. Mateev, N. 

Neshev, O. Ognyanov, C. 

Simeonov, V. Vassilev, K. 

Zlatkov 



Communications with the Bulgarian Antarctic Base 

One of its issues is in the field of information 
services for Antarctica, where communications are 
very difficult and there teams wait long to transmit 
data. Orbit may be set so as to pass there from 
daily or even several times a day, to collect data 
and to transmit it to Sofia and to other parts of the 
world in Europe, America, Asia, etc. So 
researchers can quickly receive feedback and 
respond as needed. The concept of satellites 
already been assessed as viable and promising in 
the International aerospace competition in Japan 
MIC2 (Nagoya, October 2012)  



Non-Commercial Backhaul Communications with 

the Polar Region Using University Small Satellites  

Antarctica Arctic 

Our concept is to standardize and to improve 
the so-called "communication function" of the 
university small satellites in close-to-circular 
polar orbit in order to ensure backhaul 
communications with the Polar regions! (Is 
this possible in each case for each satellite?) 

file:///I:/Projects last/2016/AUST/Presentations/Orbits over South Pole.mp4


Bulgarian Small Satellite Project 

  Within 2-3 years, Bulgaria could 
send into the space a small -satellite, 
which will cover the following three 
standard functions: 
1)  to collect images from the near space; 
2) to transmit/receive data for backhaul 
communications and 
3)  for education purposes. 
The developer is a group of companies 
and scientists together in an Aerospace 
cluster in Bulgaria 

CASTRA (Aerospace Technology, 
Research and Applications). 

The project already received an official 
governmental support, being approved 
for funding under the European 
Operational Program "Competitiveness".  



Educational project – 1) Extended Communication 

Sessions with Small Satellites 

The communication session 
can be prolong using 
switchable on-board antenna 
panel with 5 faces. Thus, 4-5 
communication sessions 
with one base station in 
Antarctica can be organized: 
1 on “base” orbit and 2-3 on 
“side” orbits. 

file:///I:/Projects last/2016/AUST/Presentations/SUSAT3D_web.mp4


Two years ago a fully functional CubeSat model was created with dimensions 

10x10x10 cm and weight several hundred grams. The author is our colleague eng.  

Ognyan Ognyanov. The aim of the project is mainly educational, but it possess the 

all main functionality of its category: telemetry, camera, data transfer, GPS 

positioning, gyroscope sensors for orientation according to the Earth magnetic 

field, solar panels, on-board computer, data storage, etc. 

Educational project – 2) CubeSat 

Demonstrator 

MVI_3557.avi


The possibility to trace the uncontrolled flight of a meteorological balloon,                 

to localize the object during the flight by the telemetry data and to localize               

the object after the cracking by the last received GPS coordinates is very similar             

to the possibility to trace the small satellites (like so-called CANSAT projects). Now 

the idea for the project has been used from the University Rescue Squad for training 

and education. 

Educational project – 3) Online trace of 

meteorological balloons 



The idea is to build an amateur Student Space Center with 7 aims: 

1) To trace small LEO satellites on orbit through the telemetry channels in VHF/ UHF band.  

2) To receive data from the satellites through the existed communication channels (for example, 

in S band) and its processing, storage, display, documentation, exchange with the partners by 

land communication systems, etc.  

3) Implementation of two-way connections (through uplink/downlink channels in the S and X 

band) for implementation of backhaul communications to remote stations – e.g. in Antarctica. 

4) Education of students (in BSc. and MSc. degree) applying modern forms of education 

 

 

Educational project – 4) Amateur 

Student Space Center 

http://www.google.com/imgres?sa=X&biw=1024&bih=662&tbm=isch&tbnid=EqnzrDCyzoweOM:&imgrefurl=http://www.iribsat.blogfa.com/8608.aspx&docid=u1l0wA5ReGW4rM&imgurl=http://www.promaxprolink.com/images/prodig-5II.jpg&w=425&h=341&ei=wn2MUuOlDsuqhAf65oGgBg&zoom=1&iact=hc&vpx=142&vpy=265&dur=1984&hovh=201&hovw=251&tx=110&ty=139&page=1&tbnh=140&tbnw=179&start=0&ndsp=20&ved=1t:429,r:16,s:0,i:129
http://sat.sibsau.ru/images/stories/Equipment/lecroy_wavejet.jpg


5) Ensuring possibility for precise determination to the distance to satellites and other object by 

laser rangefinder, mounted near to the communication antennas. Ensuring possibility for on-line 

visual observation of the LEO satellites or other objects through small telescope with high-

resolution camera, mounted near to the communication antennas. 

6) Non-space applications of the Student Space Control Center – for tracking and high-speed 

communications with aerospace objects with nearer proximity to the Earth surface – 

meteorological balloons, unmanned vehicles, etc.    

7) Communication and logistic support of the University Rescue Squad (URS) of Sofia 

University, which has long history and its team is very active.  

Educational project – 4) Amateur 

Student Space Center 

http://www.google.com/imgres?sa=X&biw=1024&bih=662&tbm=isch&tbnid=EqnzrDCyzoweOM:&imgrefurl=http://www.iribsat.blogfa.com/8608.aspx&docid=u1l0wA5ReGW4rM&imgurl=http://www.promaxprolink.com/images/prodig-5II.jpg&w=425&h=341&ei=wn2MUuOlDsuqhAf65oGgBg&zoom=1&iact=hc&vpx=142&vpy=265&dur=1984&hovh=201&hovw=251&tx=110&ty=139&page=1&tbnh=140&tbnw=179&start=0&ndsp=20&ved=1t:429,r:16,s:0,i:129
http://sat.sibsau.ru/images/stories/Equipment/lecroy_wavejet.jpg


Two types of small satellite thruster have been investigated and developed: 

1) plasma  microwave source at atmospheric pressure; 2) chemical jet micro-

thruster  „Resistojet” .  

Educational project – 5) Small satellite 

thrusters 



A combination between philosophy and technical ideas has been 

developed – the behavior of the small satellites like  swarms and 

different application of this concept – “Swarm intelligence”. The 

topic is „Integrated Small Satellite Swarm Defense against Meteoroids“  

Educational project – 6) Small satellites 

and concept for the “swarm intelligence” 



This is our last idea: active actions for treatment of the space debris.  The topic is 

extremely actual and urgent. This is fully student development; our participation 

in the next Mission Idea Contest for small satellite utilization – MIC 4 in Istanbul 

– October 2016. 

Educational project – 7) New concept for 

identifications, classification and aggregation of 

the space debris 



TV appearances 



UNISEC Global – an University Space Engineering 

Consortium, hosted in Tokyo, Japan 



UNISEC Global POC’s 





Thank you for 

the attention! 


