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Type Mass Cost Time of Development
(kg) (US §) from Proposal to Launch
Conventional large satellite | >=1000 0.1-2B >5 years
Medium satellite 500-1000 | 50-100 M 4 years
Mini-satellite 100-500 | 10-50 M 3 years
Micro-satellite 10-100 2-10 M ~| year
Nano-satellite 1-10 0.2-2M ~| year
Pico-satellite <1 20-200 k <1 year
Femto-satellite <0.1 0.1-20k <] year
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Outline C STRA

» 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 educati

» Our educational project in the
aerospace vehicles.

»> How to be member of UNISE
— UNIversity Space Engineeri
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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 LEQO altitudes — online (I0S: 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.




. Small satellite — basic scheme LASTRA
Earth :
observation High-gain
Sun L1 platform antenna
sensurF
10. Payload module
9. ADCS module
8. OBDH module
7. TTC module
6. Propulsion system module
9. Thermal control module
4. Power system module
3. Downlink module
2. Uplink module
1. Battery module
ttach fiting~ |_ CPS
1 Attach fitting s 1
Omni-directional Boom (stowed)

antenna



file:///I:/Projects last/2016/AUST/Presentations/Access_1.avi

Hyperspectral
camera

On-board
computer

Communication

computer

‘ ‘ ~8 MB/s

DVB-S2 MOD

+
Solar panels;
Battery;
Gyroscopes,
Telemetry
system;
Sensors,
Propulsion
system, if
exist;
others

DVB-S2 DEMOD

Data Storage

Tx BUC
(5.83-5.85 GHz)

Rx BDC
(2.40-2.45 GHz)

~6 MB/s

100 - 900 MHz

'BPF (10 MHz)

'LNA

'BPF (10 MH2)

2W RF; 15 W dc

Tx BUC
(5.83-5.85 GHz)

Rx BDC
(2.40-2.45 GHz)

-
(

Antenna switch

Agy

C
L
(
(
-



‘8@88 Communication function of the small ERE)T;?

satellites

Satcom on-the-move

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?
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backward panel of the small satellites
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The small satellite as an
education tool




e e The development
NASA Reaches QOut to Universities for Small f [w]c| D] of small satellites

Satellite Technology Collaborations and CubSat’s in

MASA is once again extending an oppartunity to teams at colleges and universities the World

with campuses inthe U5, to propose small spacecraft technology projects to be 3 143 3

conducted in collaboration with NASA researchers. The Smallsat Technology UnlverSltleS IS

Partnerships solicitation is being issued by the Small Spacecraft Technolagy considered as

Program, as an appendix to the Space Technology Mission Directorate's (STMD)

MASA Research Announcement (WRA) far 2016, extremely
1mportant

small spacecraft, as small as the size of a four-inch cube, represent a growing field
of space research in which universities have often led the way. Small spacecraft, or
smallsats as they are commanly called, can provide an alternative to larger, more
COSt Feh, 26, 2016

dermn

m NASA Invites Media to Talk to Small Satellite HEEN

spal
Experts, Tour Labs
MASA will ho
assemply an =2 17,2016

How a NASA Team Turned a Smartphone into a f |w]e [P
Satellite Business

Satellites aren't small or cheap. The Salar Dynamics Chservatory launched by NASA in 2010 weighs about 5,800 pounds and cost $850
rillion to build and put into arbit.

Even the satellites built under NASA's Discovery Program, aimed at encouraging development of low-cost spacecraft, still have price tags
heyond the reach of smaller companies ar research arganizations: one such satellite, the sun-particle collecting Genesis, ran up $164
million in expenses despite its modest design and mission.

. Butthat's beginning to change as increasingly powerful technology comes in increasingly smaller packages. For example, in 2010 NASA and
the Department of Defense launched the Fast, Affordable, Science and Technology Satellite, aptly called FASTSAT . Weighing in at just 400
pounds, FASTSAT costjust $10 million and carried out six experiments in arbit, proving that low-cost, quick-to-assemble spacecraft were
possible.
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Main subsystems in the small satellite and areas for education

1. Precise modular mechanical construction: 1U-6

- Crossed Dipole Antenna

Solar Panel
p

2. Photovoltaic system and batteries

ArduSat payload board:
Arduinos + senso uite

3. Electrical power system; power distribution / ;

4. Telemetry, tracking and commands

w CubeSaIStructure B
=

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 comp
10. Onboard electronics, transmitters, receivers
11. Communication system; antennas

12. Satellite thrusters: ionic, plasma, cold gas, resistojet
13. Optical, infrared and hyperspectral cameras and

14. Scientific and test equipment



Concept for full standardization and modular architecture
(Example: "Plug-and-Play" technology)

_i — IMAGING
CAMERS COMMUNICATIONS

SIGNAL-PROCESSING it e
SOLAR-ARRAY - 8 relays commands, telem-

coumulm- i L i MODULE etry, and payload data.

. : processes payload data. ENERGY-
\ . - STORAGE
i - MODULES
FOLDING — :.;_—,- S ; act as batteries for
SOLAR N % 1

the spacecraft's

solar array.
ATTITUDE
SENSOR

RADATION
MONITOR

HOST COMPUTER
runs the spacecraft's
software “apps,” which
EXPERIMENTAL instruct the other
PAYLOAD
components.

PATCH ANTENNA

TORQUE RODS
work with the
reaction wheels to

 momentum.

PLUGGED

WITH THE MONARCH

approach to satellite

design, all the

components—including

the host computer,

reaction wheels, and . ) mﬁ vithout
communications e . . theuse of fuel.
module—have standard 2 ' =

connectors. On a cube- L ﬂmmﬂ“:eﬂf&“

shaped satellite like this S i i hm'zm‘ 7

one, up to 48 components [ embedded in each of

can be connected to the the six panels.

inside and outside of the

spacecraft's six hinged
“smart” panels.




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
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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

HRIDAYA

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 1dea 1s to combine these areas and to prepare
specialists with MSc. degree in the both areas.

Plamen |. Dankov

HICROWAVE
INTEGRATED CIRCUITS

in laboratory

T

INTRODUCTION
to

WIRELESS
COMMUNICATIONS

Plamen I. Dankov

HEROM PRESS - SOFIA - 2006




SOFIA UNIVERSITY
el I LLALER LT G ELR LIS IC L,

Admission Education Students

The University

Home [ The University / Faculties / Faculty of Physics / Degrese Programmes Jf Master's Degree
Programmes / Faculty of Physics / Engineering Physics /

Aerospace engineering and communications

M.Sc. Programme: Aerospace engineering and communications (in 2 modules)

Duration: 3 Terms
Form of education: Full time

Supervisor of the programme and module 2:
Assoc, prof. Dr. Blamen Dankov

FPhone: (+ 3592) 8161 806

E-mail: dankov@phys.uni-sofia.bg

Web: hl:t[:u {Hwireless.phys.uni-sofia.bg;
http: /fwww.phys.uni-sofia.bg/~dankov
Supervisor of module 1:

Assoc, prof. Dr. Yavor Shopov

Phone: (+ 3592) 8161 732

E-mail v Shc:upt:ntr:lh rs.uni-sofia.bg
http:,.-"_.-"x—vuw phys.uni-sofia.bag/~yyshopov
http://elearning-phys.uni-sofia. I:lg_ ~ywyshopow/

http: //Www.phvs.uni- \
sofia. bg/~dankov/Master%20program%ZOASE&C/CURRICULUM Plan %2020
13&2014/asec-red-3_bg 2013 2014.pdf




Ml Aerospace Engineering M2. Wireless and Satellite
» Basic Principles of Mission Design with Comn.lumcatmns |
Small Aerospace Vehicles * Applied Electrodynamics
« Aerodynamics and Orbital Dynamics * Introduction to Wireless Communications

e Satellite Communications
* Computer Practice in Communication
Networks and Protocols

 Aerospace Control Systems
 Navigation and Telemetry of Small

Aerospace Apparatus :
pate APD » Microwave and Wireless Technique
 Photovoltaic Systems and Power Sources : :
) * Modulations and Coding
in Aerospace Apparatus

e Integrated Circuits

» Antennas for Wireless Communications

 Operational Systems and Open-Source
Applications in'the Communications

* Security of the Communication Networks

and Applications » Communication and Information Systems
 Software Tools for Aerospace Engineering for Data Transfer

 Plasma and Plasma Propulsion Generators « RFID

« Satellite Systems and Satellite information
 Space Physics

e Unmanned Aircrafts

 University Micro- and Nano-Satellites

for Satellites  Optical Networks and Devices
» Modern Electromagnetic Materials and ¢ Mobile Radio Channels
Electronic Devices * Microwave Measurements

* Other * [nnovation Management



Our educational project

and activities in the area
of Small Satellites




Successful Participation in MIC2 |

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
The title was \i 1) Tha2nd

. . 4 Mission ldea Contes?’
"Small Communication %% .) for Micro/Nano-satellite Utilization

Satelllte MlSSlon for Go to the latest MIC web site!

i . . 1 _ " Results
Enhancement of Antarctic U rae
Inve Stigations“ . Review Team | Regional Coordinators | Reference _ x

News
Introduction to the Mission Idea Contest Follow us on ]
. ° ° = Sep7, 2013
Then a blg anlted paper We are pleased to share a
wonderful news from The Mission ldea Contest (MIC) was established last year to provide aerospace engineers, college
o ° Bulgaria. The small satellite students, consultants, and anybody interested in space with opportunities to present their creative ideas and
Was p ublls h ed Wlth mission described in gain attention internationally. The primary goal of MICs is to open a door to a new facet of space exploration
Bulgaria's MICZ semi-finalist and exploitation.
paper won the Bulgarian
A government grant for the Development of micro/nano-satellites started as an educational and research program primarily at university
authors ° P. DankOV, M. implementation. laboratories. As the microfnano-satellite technology matures, it has spread rapidly across the academics and
[More | industry for practical application.
. () 0 [UIn Bulgarian ]
Gacheyv, Z. Kiss'ovski, 1.

Krassimirov, D. Mateev, N. PLaMICS Applicton Forms
Neshev, O. Ognyanov, C.

Simeonoyv, V. Vassilev, K.
Zlatkov

=July 4, 2013

Visit us on Facebook, too!

=July 1, 2013
Eirst annoucement of Pre-
MIC3
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One of its 1ssues 1s 1n 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 1n 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)

Communications with the Bulgarian Antarctic Base




Non-Commercial Backhaul Communications with
the Polar Region Using University Small Satellites

.\ The 2nd
Our concept 1s to standardize and to improve | L Tl s hle T LoTe 1oy

the so-called "communication function" of the N g

university small satellites in close-to-circular &¥*%% UN/Japan
polar orbit in order to ensure backhaul ‘;% : Nano-Satellite Symposium

communications with the Polar regions! (Is Sl Nagoya, Japan
this possible in each case for each satellite?) October 10-13, 2012



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

II'prP.[ CTBIIKH B a€pOKOCMHYECKaTa HHAYCTPHHA
s o s
P @ Mission Idea Contest (MIC) ¢ link

Good news!

We are pleased to share a wonderful news from Bulgaria.
The small satellite mission described in Bulgaria's MIC2 semi-
finalist paper won the Bulgarian government grant for the
implementation!!

Please take a look at the followin... See More

|_|'I:||JEI-1 CTbNKH B 3aepoKOCMIYEeCKaTa HHAOYCTPHA

Bulgarian Small Satellite Project

Within 2-3 years, Bulgaria could
send mnto the space a small p-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 1s 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 Sess10ns
with one base station in
Antarctica can be organized:
1 on “base” orbit and 2-3 on
“side” orbits.

Normalized bit rate

0 1 1 1 1
0 50 100 150 200 250

single patch
2 patch array| |
4 patch array| 1

1045 GHz ]
downlmk

300 350 400 450 500 550
accsess tine , s
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University Space Engineering Consortium

Educational project — 2) CubeSat
Demonstrator

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.
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Educational project — 3) Online trace of
meteorological balloons

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.




University Space Engineering Consortium

Educational project — 4) Amateur
Student Space Center

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
= — ’
0' \\
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University Space Engineering Consortium

Educational project — 4) Amateur
Student Space Center

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 1s very active.
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University Space Engineering Consorfium

} w;_.‘

Educational project — 5) Small satellite
thrusters

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

1) plasma microwave source at atmospheric pressure; 2) chemical jet micro-
thruster ,,Resistojet” .
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CASTRA : : : " 3/ UNISEC
75 Educational project — 6) Small satellites '

and concept for the “swarm intelligence”

A combination between philosophy and technical ideas has been
o 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*

Swarm Intc”ig{:ncc

Fram MNarural o Anificial Systems

AL,

--b -. .
A
iTX/
1500 kmi " i 500-800 km

Vo y
> Earth \f




CASTRA
Educational project — 7) New concept for

identifications, classification and aggregation of
the space debris

HRIDAYA

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.
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University Space Engineering Consortium

- UNISEC Global — an University Space Englneermg
Consortium, hosted in Tokyo, Japan
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fGCEbOOk cov@phys.uni-sofia.bg
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OHEBHUK OTHOCHO CHUMEN XapecsaHna Buaeoknunose

OpraHW3aLUna ¢ HeCToNaHCkKa Len - Bunkyo-ku UNISEC-Global
Tokyo, Japan

We received 22 abstracts for Deorbit Device Competition from the
following countries
Belarus 1, Canada 2, Egypt 2. Estonia 1
XOPA b France 1. Ghana 2. India 2. ltaly 1. Japan 3
Poland 1. Portugal&ltaly 1. Russia 1
753 BumTe nosede
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University Spoce Engineering Consortivm . _— T .

“By the end of 2020, let’s create a world where university
students can participate in practical space projects in more than
100 countries”

ARABIC | BENGALI
(UNISEC-Global) allall sliaill dsia clasls cillas! Las jal) bgydll | RONG -G IFTTR SISST S FREFRR
BULGARIAN _ qCoHd 28, R0

“Oo Kpass Ha 2020 2., Heka Oda cb3dadeM eduH cesm, Kbdemo CHINESE
cmydeHmume Mozam Oa y4yacmeam @ [pakKmu4Yyecku KOCMUYecKuU -

npoekmu e rnogeye om 100 cmpaHu” %%UNISEC - iﬁﬁﬁﬁ

Buzus Ha UNISEC-Global

JAPANESE
~ 201311 A 248
1) 7 7 L 2> ADUNISEC-Global ® F| H i % e
KOREAN
Visién 2020-100 AFX 0| - = eH Ok}
2013fE11H 24H 0L — UNISEC - = E = — 1L
100-20205. Hacia finales del 2020 tendremos un mundo en | TR 2020-D00
gue los estudiantes universitarios podran ‘
215100 o i SealeBadhag ol 7 7 ot Uims . . F .o 2“13'-i| 11% 24% ‘EG"I EIEGI 2020 AL WS
+ = IS e L T 7 | participar en proyecios espaciales practicos en
2020 plo sl AR Ay oy L0 26 0] mas de 100 paises. 3peHne 2020-100 G GFD % '5ﬂ:\5, G
- i A 1l ) = TR ﬁ_"ﬂ' _
VISAO 2020-100 Vision 2020-100 K okoHvaHuio 2020 roga jaeaiTe coagagum mup, < ?‘T’?I\‘i ﬁ‘m - m [“Te
o . B KOTOPOM CTYLEHTEIVHWBERCUTETOR CMOryT ]C;Fﬂ:rs_—iﬁgm 74 3{||r$1¢ AR «
Ate oano de 2020 vamos Criar um mundo, onoel Bis Ende 2020 wollen wir 25 schaffen, dass in|| YYaCcTEOEATh B PeankHbIX KOCMUYECKHX NPOEKTAX o r _ .
estudantes universitarios poderfo participar de | mehr als 100 Landem weltweit Studenten an || Bbonee uem 100 crpanax el PIRHIERT FATS AT |
projectos espacials praticos 2m mais de 100 | praktischen Raumfahriprojekien teilnehmen Vizyon 2020-100 Pangitain 2020-100
Pafgg-g_ konnen.
- | Sa pagtapos ng tacng 2020, taye'y lumikha ng

. 2020 yil scnundan &nce 100 den fazla Ulkeds . !

B T o o isang mundo kung saan angmga mag-aaral 5a
- Universitecgrencilerinin katilabilecedi uygulamal o
- ] T e mga pamantasan sa humigit na isandaang banss
| ve gargekei uzay projelerinineldudu bir dinya ) : b )
] vEE ! ! ayrmaaring makilahok sa mga makabuluhang

yaratalim proyekiong pangkalawakan.






