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Space Systems Design and Test Laboratory yg L

ProfDrAIimwNa adSyY ! {[! D
Astronautical Engineeringepartment
Istanbul Technical Universjfiurkey

A FoundefManager Space Systems Design and Test Labor:
A FoundefManager SmallSaCommunicatiorLaboratory
A UNISEGLOBABCMember, PoC MICCoordinator

A IAACorrespondindglember

A IAF Correspondant

A CSGESTO AVT Panel Member
A VP TAMSAIAMSATITR TA1IALM

Areaof expertise Design analysisand developmentof pico- and nanosatellite
(6 in orbit ¢ 3 de-orbited), mannedand unmannedrotorcraft systemgincluding
prototypes) computationalfluid dynamicsand aerodynamicspropulsionand,
defenseandeducationtechnologies

@' ¢9e

SLUNISEES oo%



ITU, Istanbul , Turkey

S LUNISER A=
by 360 Degrees by Orhan Durgut """""" i s

With a history stretching back ove?46years(1773) providingtechnicaleducationwithin
a moderneducationalenvironmentand strongacademicstaff, Istanbul Technical

Universityd T Gsstmnglyidentified with architectural and engineeringducationin
Turkey

A Department of Astronautical Engineering since 1983
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UNISEQR History 3 UNISEC A=y

A Started Nov 2011, by three Istanbul Universities

(I

U, NDUTUrAFA, YTU)

A Over 20 participant universities

A Support of government, aerospace industry and
research institutions

A 12 meetings so far hosted by starters and
supporting institutions

A Working on establishing UTEB as a legéity (to
be completedsoon

A Variousjoint CanSatCubeSaactivities projects
A International cooperation
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Established 112011, becamel.ocalChaptenn Nov2014

Pastactivities
- Participated INCLTHEn 2011, 2012, 2015and 2Q.7

- Participated in MIC in 24, 2012, 2014, 2015, 201nd 2QL7
- AttendedAll UNISEGIobal Meetingsince 2013

- Organized MIC Seminars

- Participated IPAIAXAPSCAO EKNOFESSTANBUCanSat

- Held CanSat Training Program/Competitsomce 2014

- Practical Space Projec&CubeSattaunched 3ongoing
projects

A Keep it multidisciplinary, international and multi institutional

TURKEY
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HIGHSCHOOL
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COMPETITION

July2020
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SIRA TAKIM NO TAKIM ADI PUANI
1 3424 MARTI 96.6911
2 5901 ALEM-I FEZA 95.9558
2 0610 SPACE VERTEX 95.9558
4 3410 BOZACILAR 95.5882
5 3431 Pegasus 94.8529
] 3437 Stal Robotik 94.4853
7 5902 GELEBI 93.3823
8 4501 MFL Sci Tech 91.9118
9 3450 ANKA ARGE TAKIMI 90.8088
10 3405 APERION 90.4411
10 5904 HFZ CAELUM CLAVA 90.4411
10 3435 RC MAKERS 90.4411
13 3420 Hydrotech 90.0735
14 3451 EAGLE TECH 87.5000
15 0501 SAC-05 87.1323
15 3442 TRUE ORBIT 87.1323
17 3403 HyperDUx 86.7647
17 6101 GOKBORU 86.7647
19 5903 COFSAT 86.0294

20 3406 BAL-SAT 85.6617
21 3449 Nova 84.5588
22 3443 V-SAT 83.4558
23 3446 WAYSAT 81.6178
24 4401 FEZA 81.2500
25 6701 Robotso 79.4118
26 6703 UMUT 78.3088
27 3444 VOYAGER 77.9411
27 3434 PALIEN 77.9411
29 0611 TiM SYNTAX 77.5735
30 0104 ROTATEK 77.2058
31 0607 KOZMIK KARINCALAR 76.8382
32 3415 ESENBIL LAYKA 76.4705
33 5201 GALAXY 75.7352
34 0102 Merih 73.5294
35 4201 AKSEHIR FEN LISESI 71.6911
36 0601 AAL_RMK 69.1176
37 0701 sUTA 66.1765
38 3440 THE ASGARDIANS 62.1324
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Parasiit Haznesi <+—
(Yiksekligi: 20 mm)
(Capi: 88mm)

Gorev Yiikii Plakasi
(Yiksekligi: 2 mm)
(Capi: 88mm)

Elektronik Komponentlerin
Bulundugu Bélme
(Yiksekligi: 119.5 mm)

(Capi: 88mm)

Alt Plaka S e———
(Yiksekligi: 2 mm)
(Capr: 88mm)

Parasiit Plakasi
(Yiksekligi: 2 mm)
(Capi: 88mm)

— Gorev Yiikii'niin
Korunacag B6lme

(Yiiksekligi: 50.5 mm)
(Cap1: 88mm)

Orta Plaka
(Yiksekligi: 2 mm)
(Capi: 88mm)

— Kamera Haznesi

(Yuksekligi: 44.5 mm)
(Capi: 88mm)
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TEKNOFEST 2020 CANSAT COMPETITION
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USA NRL/NASA CANSAT 2020 25 INISER A

‘ @ 700m
- _—

» ¥ CanSatis deployed ,
‘ ‘ from the rocket.

W 4 ‘('\_ i

4 2
-— A =
Glider is released Z g
Rockeatsaclligansat ' autonomously from & g o
' the Container. = = ...
Payload glides in a '
circular pattern
with a 250m radius above 100m =¥
for at least one minute. :

Container continues to
descend.
A | - ' 100m

Payload deploys a parachute to
descend safely
Rocket launches. udd - while collecting and
I ' . transmitting desired data.
-

Payload lands, initiates
Container completes sound generation and
its descent and initiates = . is ready for recovery.

sound generation.
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wn About the National Space Progre X ‘ @ 60229ce82baee pdf x @ CanSat Competition b + - X

< C A Guvenli degil | cansatcompetition.com/winners.htm|

* Uygulamalar ™ Gmail @B YouTube B¥ Haritalar

CanSat Competition Winners

Sponsors

\_LRJS NAVA HJ
ESEARC

LABORATORY

NASA Goddard

\//M

VIRGINIA TECH.

ﬂ A2 Aramak icin buraya yazin
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2020 Winners

First Place
Univeristy of Hawaii Maui College, USA
UHMC Team Onipa'a

Second Place
Universitas Gadjah Mada, Indonesia
Narantaka

Third Place
University of Manchester, UK
Manchester CanSat Project

Fourth Place
Zonguldak Balent Ecevit University, Turkey
grizu-263

Fifth Place
UPIITA, Mexico
Team Thor

09:56
20.02.2021
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AlIAA SPACE DESIGN CONTEST Z204idcEp

University Spoce Engineering Consortium

LunarBaseCamp

LUNAR BASE CAMP PROJECT - FROZEN FOREST

The first attempt at an expandable, multi-functional and international base camp on the groon

STEPS
Establishment of Power Infrastructure
Deployment of Lab Module
Deployment of Hab Module and Assembly

Polar LLO
Descent

i, . : i . -
s oS e T : : : ; : ’ ; CONCEPT OF OPERATIO
P ; 5 Y : o 1. Low Earth Orbit Trajectory (LEO) N N @ .
l, 2. Trans-Lunar Injection (TLI)
II . 3. Trajectory Correction Maneuver
! ' 4 3 @ 4. Lunar 12-hr Frozen Orbit Insertion for Satellite Deployment . 4 & L L
¥ ‘\ a o ry = : NEAR -SHACHLETON 5. Descending to the Low Lunar Orbit (LLO) and Landing
% : B . Y . . CRATER. -
N . N 6. Deployment of Inflatable Habitat 3
X t :
N 7. Regolith Wall by 3D Printers G T |
)
~
e 8. Depl t of Solar Panels 3 -
eployment of Solar Pane! N .
[ T (6]
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Samplereturn project

University Space Engineering Consortium

MARS ORBIT
N INSERTION

SAMPLE RETURN \

VEHICLE EARTH ”s b

TRANSFER

4
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7
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RENDEZVEQUS

WITH ORBITER -
TRANSFER “
e . @

MARS DRBIT

@ EARTH RE-ENTRY

CAPSULE
EARTHRY-ENTRY

MARS LANDER
MARSB-ENTRY

ABCENDIING PHASE
ORBITER
EARTH RETURN OREIT

INSERTIOFN

P ENTRY CAPSULE
TRANS-MARS INJECTION B

SAMPLE RETURN
STAGE SEPERATION
SPACECRA

FIGURE 1: CONCEPT OF OPERATIONS

E 2019 \GdbabAH @ghts reserved. \'oy

University Space Engineering Consortium




3 UNISER Ao

Project X
Turkiye'nin ilk PocketOube Projesi
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Cooperation in the field of space

and aeronautics
(FEH -MZELKFICETSRN)

K1 c

JAXA and Republic of Turkey’s Ministry of
Transport, Maritime Affairs and Communications
(JAXAE PILa#HE EWEREES)

—

" 1Wona 3W04a38 M

e Provision of opportunity for long duration
material exposure

(HFHGEORVMBREBRES)

e Deployment of one cubesat (3U)
(BMETE1HR (3U) OmH)
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SHARJAHSATMISSION *IMSECHE
A ForUNIVERSITY of SHARJAH, UAE

A Capacitydevelopmentthrough

I Sciencenission stardetectionandsun
observation

I Imagingmission earthandspace

A Payload
I X Rayetector (spesificationgjiven
I Opticalcamera(spesificationgo be determineq
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Telecommand &

Telemetry
Download XRD and

Camera Data

50-100m/px res.
Earth Image

TO BE LAUNGIM Q4/2021
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Engineeringualificationmodel
(EQM)assembly
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UoSVHF/UHF GS
Establishedarch 2020
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30 m Cozunurlik
Optik Gorlintu

\

\ Veri
\ Transferi
’ \ 8.0-8.4 GHz

TTC /
VHF/UHF ‘

v 1! X-Bant Alici |
istasyonu

Uydu
komuta
kontrol

istasyonu
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TrainingCubeSa(EDUSA)T ,,,,,,,,, HUNISEC 42
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TEKNOFEST 2021
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ULTURAL UNMANNE > DIGITAL TEC

Nippe—
UNMANNED AERIAL
VEHICLE SWARM

cgupsrlmus
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UNDERWATER SYSTEMS
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University Space Engineering Consortium

)\ REPUBLICOFTURKEY . L ; M
| MINISTRY OF INDUSTRY i . :

%/ AND TECHNOLOGY : g Turkish

NATIONAL SPACE
PROGRAM

www.tua.gov.tr

0° 09
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Cx
%NATIONAL SPACEPROGRA Mé

Turkish Space Agency

* Creating and acquiring facilities and technologies that would ensure independent access to
space through the development of space and aeronautics industries,

» Decreasing the dependency on foreign resources, enhancing competitiveness in the
international arena,

* Developing the relevant human resources and enhancing our skills and capabilites on space-
related activities

In line with the welfare and national interests of our society;

* Ensuring that the use of space and aeronautics technologies become more widespread,

» Developing scientific and technological infrastructure in space and aeronautics technology,

» Building these skills and enhancing capabilities,

* Carrying out relevant work to ensure that other sectors of the national defense industry benefit
from the expertise and knowledge acquired through space and aeronautics technologies,

*  Supporting R&D and high-tech entrepreneurship,

* Keeping the records of objects on behalf of the State launched into space through international
agreements,

* Carrying out the registration work or assigning relevant authorities to carry out the registration
work within the UN.

U\ B
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University Space Engineering Consortium

Cx
%NATIONAL SPACEPROGRA Mé

1-Moon Mission

In memory of the 100" Anniversary of the Foundation of the Republic of Turkey, the first contact with
the moon will be established.

» During the first stage, the first rough landing will be made on the Moon with our national and
authentic hybrid rocket that shall be launched into orbit in the end of 2023 through international
’ cooperation .
\ * During the second stage, the initial launching, which carried our probe to the orbit, will be made
through our own rockets and soft landing will be made on the moon

* Toensure that our country is one of the few countries that could conduct scientific activities on
Moon,

* Toacquire experience and knowledge on launching technologies and deep space systems,

* To create the infrastructure necessary for many areas ranging from the technology of radiation-
resistant equipment to communications, from autonomy to artificial intelligence,

* To enable the commercialization of sub-systems developed through national and domestic
resources,

* Toincrease the awareness within the society on space

T\ =

o ..o
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Cx
%NATIONAL SPACEPROGRA Mé

3-Regional Positioning and
Timing System

Developing a regional positioning and timing system for Turkey

* Investing in positioning and timing through projects involving critical technologies

» Creating international collaboration

» Through small-budget technology workshops; the organization of technology show-off events
* Designing and planning an earth-based and space-based structure in a progressive manner

*  Ourcountry will acquire the skill of independent positioning and timing

* We will develop our own precise navigation applications in defense, agriculture, urbanization and
autonomous vehicles,

*  We willincrease the accuracy of positioning and timing for our country and our region,

» - Our country will acquire the technology of positioning and timing systems.

U\ 2
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METU Aerospace Engineering Departmean“NlSEcMmRKEY

lllllll ty Spoce Engineering Consortium

G Founded in 1981 (D)) METU | eomcemmmesss seanmmme
C More than 600 students (BS + MS + PhD) i
C Fully Accredited by ABET

C Space related undergraduate courses

A Introduction to Aerospace Engineeringt(1 s
year) ;

A Space Vehicle Desigri(¢ear)

A Spacecraft Dynamicst{4/ear)

A Introduction to Rocket Technologyt(4
year)

A Inertial Navigation Systemst{4ear)

A Introduction to Space Sciences (Graduat

A Applied Orbital Mechanics (Graduate)

C Close collaboration with the Aerospace
Companies and also the research institutes i
Ankara.

A Candidate Engineering fot"4ear
undergrad students.
A Summer training programs

UZAY Mgy L
BOLUMI

l‘ .",-“NGUK Ve
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_Past Activities 3 '/“NlSEc Aaictid

g StUdentS a.re aCtiver InVOIVIng In Usmsat Hnlvar;lly Spoce Engineering Consortium
(since 2014) andieknofestModel Satellite

competitions. /
C APSCO Student Small Satellite (SSS) Project

I 2" Summer Camp was held in METU in
2018 for 1 month with attendees from
several countries. o

T In collaboration with TUBITAK Space o
Technologies Research Institute, a 3U
Nanosatellite was developed. 22 students
involved in the design and development
process. e

C Collaboration in Space themed EU Research

Designed 3U Nanosatellite for APSCO SSS
Projects &roject /
i AstroNetl-Il, The Astrodynamics Network /ﬁ

(modeling and attitude control of flexible

+X Solar Panel (EPS)

spacecraft, formation flying using low
thrust propulsion, and space inspection and
autonomy)
i DeOrbitSail, De Orbiting Satellites Using
Solar Sails DeOrbitSail Satellite
C METU Aerospace Society Qoncept
C Member ofEuroavig European Association \ METOCansal2014) j

of Aerospace Students)
C Organization of Annual Aerospace Days.

oY ’.O
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Present & Future Activities “N|S[|}T..w=v

llnurarslly Spoce Engineering Consortium

C Forming a more active research group for space
activities.

i Especially for researches on spacecraft guidance,
navigation and control.

I Research papers to be submitted to the3A$TS
and InternationalAstronauticalCongress 2021.

C Improving the curriculum with multiple other space
related courses.
T New courses to be taught starting from next year.
C Involvement in international/national competitions.
I A group of 7 students are working on their
proposal for theVIC7. K Research outcomes for visual aid 'for navigaticy
I Several teams (2 for now) will be competing in and control of small sareTes
TeknofestModel Satellite Competition this year. The 7th
C New international / national project proposals. Mission Idea Contest
G Space Technology Development Zone
C As a part of the recently announced National Space
Program, a Space Technology Development Zone

will be established on METU grounds3albasj
Ankara.

C Close collaboration with other institutes and
universities for contributing to the goals of the
Space Program.

@' ¢9e
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University Space Engineering Consortium

N

University of Turkish Aeronautical Association

o 0% 9@
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Star Clustering with Machine Learning

Unsupervised

Machine Learning

Machine Learning
. Supervised
Machine Learning
Classification

Density Gaussian Hierarchical
Based Models
oY ..
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Data Points

URSA MAJOR CONSTELLATION

DB Clustering

epsilon =2 and minpts = 50

Data Points with
Same Labels L NS0 e . . .

=~ O, wh =

1500
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A Question:For a CubeSat with electric propulsion system, what

are the feasible trajectory alternatives for a Moon Mission from
LEO?

A Key ConceptsRestrictedThreeBody Probleml.ow-Energy
Trajectories, Particle Swarm Optimization

A Aim: Developing machine learning techniques for determining
low-energy trajectories

A Satus:a ® C®, 9NI} MONJM.IMLEBOMOKND @ 5y T A f
4 ® manAVvb Yaman Preliminary Orbit Design for a CubeSat
Moon Missionaccepted for 8th National Aerospace
ConferencelJHUK2020-156.



Orbit Desigrnm LEO to Moo#see =

A We used particle swarm optimization (PSO)
algorithms for finding optimized trajectories of
minimized propellant and transfer time:

Moon Dist: 1238502 Earth Dist: 859789 Current Day: 12

x 107
5 -
— _\_\_\_\-\-‘""-\.
4r e iy
4 ™~

2 - -
£
—_
> 0 I

2+ ]

4k /_

-G

1494 1.496 1.498 1.5 1.502 1.504
x (km) % 108
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Orblt DGSlgn ’/"“ISEBTHRKFV
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Orbit Alternatives for Regional Navigation Satellite Systen
(RNSSpr Turkey

A Question:What are the building blocks for a regional navigation satellite system

’

A Key ConceptgElliptic) Inclined Geosynchronous Orbits [(E)IGSO], Geometric
Dilution of Precision (GDOP)

A Aim: Determining best GDOP and highest elevation satellite system
configurations for Turkey region for a stand alone and/or augmentation system

A Status:
i S. N&N{m®NB y»8 R.f | 0 P oUN@AXE Gdzt ¢ kNI rid €. TolaRreliminary
Orbit Design for Turkish Regional Navigation Satellite Sy&minternational Conference
on Recent Advances in Space Technologies (RAST 2012842 72®19.
i U.¢Cdz€ QdziIC} ND PaANamw| Ce» 9y IAAYyS ¢ {4d, Besigdant vy =
Optimization of Turkish Regional Navigation Satellite System as an Augmentation,System
accepted for 8th National Aerospace Conference, URQRO-166.

V
'/“"ISEG GLOBAL
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Orblt DGSIgn ’{!.'“I&EBTHRKFV

Orbit Alternatives for Regional Navigation Satellite Systen
(RNSSpr Turkey

A We worked on EIGSO and GEO satellites as
building blocks like In QuaZenith Satellite
System, we studied GDOP values for
alternative orbit designs as standalone
system and augmentation system to GPS.




