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TUBITAK Uzay Teknolojileri Arastirma Enstitiisii

Uzay Teknolojilerinde Tiirkiye’nin Onciisii

TUBITAK UZAY, uzay teknolojileri alaninda tlkemizin teknolojik
bagimsizligini saglamak ve diinyadaki gelismeleri yakindan takip ederek
oncl olmak amaciyla faaliyetlerini stirdiirmektedir. Uydu sistemleri ve alt
sistemleri basta olmak (zere, optik sistemler, haberlesme sistemleri,
gorintl isleme, uzaktan algilama, derin uzay gorevleri ve insanli uzay
gorevlerine dair genis bir yelpazede projeler yiriitmektedir.

Enstitl, uzaktan algilama alanindaki calismalarini - derinlestirerek,
uydulardan alinan goérintleri isleyip hassas tarim, afet yonetimi ve
cevresel izleme gibi alanlarda algoritmalar ve yazilim araglar
gelistirmektedir. Bunun yani sira, RF tasarim, pasif ve aktif mikrodalga
devreleri, antenler ve 8zgiin tabanbant haberlesme gibi ileri teknolojiler
Uzerinde de calismalarini stirdtirmektedir.

TUBITAK UZAY, uydu entegrasyon ve test (AIT) hizmetleri ile danismanlik
gibi alanlarda da ulusal ve uluslararasi is birliklerinin merkez (sst
konumundadir. Enstitimiz, bu is birlikleri ile teknolojik yenilikler
sunmakta ve kiiresel alanda rekabet edebilecek ¢6zimler iretmektedir.

TUBITAK Space Technologies Research Institute

The Leading Organization of Tiirkiye in Space Technologies

TUBITAK UZAY continues its activities with the aim of ensuring Tirkiye's
technological independence in the field of space technologies and staying at
the forefront of global developments. The institute carries out a wide range
of projects, including satellite systems and subsystems, optical systems,
communication Systems, image processing, remote sensing, deep space
missions, and manned space missions.

By deepening its efforts in remote sensing, TUBITAK UZAY processes satellite
imagery to develop algorithms and software tools for precision agriculture,
disaster management, and environmental monitoring. Furthermore, the
institute continues to work on advanced technologies such as RF design,
passive and active microwave circuits, antennas, and unique baseband
communication systems.

TUBITAK UZAY also providing satellite integration, and testing (AIT)
services, as well as consultancy in national and international collaborations.
Through these collaborations, our institute offers technological innovations
and delivers solutions capable of competing on the global level.

uzay.tubitak.gov.tr
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Tiirkiye’nin Ik Milli Yer Gézlem Uydusu

- Ttrkiye’s First Ingligemnous Earth Observation Satellite
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ilk Yerli Gézlem Uydusu

RASAT, Tiirkiye’nin ilk yerli yer gdzlem uydusu olarak
TUBITAK UZAY tarafindan gelistirilmis ve 17 Agustos
201°de Rusya'nin Yasny firlatma iissiinden ydriingesine
gonderilmistir. 687 kilometre irtifada, giinese senkron bir
yoriingede gorev yapmis olan RASAT, Tiirkiye’nin uzay
teknolojileri alaninda bagimsizlik hedefi dogrultusunda
atilan 6nemli adimlardan biridir.

Tarim, sehir planlama, afet yonetimi, haritacilik ve ¢evre
izleme gibi bircok alanda kullanilan veriler saglayan RASAT,
baslangicta 3 yil stirecek bir gorev icin tasarlanmis olmasina
ragmen yaklasik 11 yil boyunca aktif olarak hizmet vermistir.

FIRLATMA TARIHi / LAUNCH DATE GORUNTU ALANI (1 KARE) / IMAGING AREA (1 FRAME)
17.08.20M 30 km x 30 km

@ HiZMET OMRU / SERVICE LIFE KUTLE / MASS
3+ (M) Yil / 3+ (O1) Years ~93 kg

Uydu, giinde ortalama 4 kez TUBITAK UZAY yer istasyonuna
veri ileterek, Turkiye’nin uydu teknolojileri alaninda tecriibe
kazanmasini saglamistir. Tamamen yerli yaziim ve donanim
kullanilarak gelistirilen RASAT, Tlrkiye’'nin uzay teknolojile-
rinde disa bagimlligini azaltma hedefine bulyik katkida
bulunmustur.

23 Adustos 2022 tarihinde iletisimimizin kesildigi RASATtan
elde edilen bilgi ve deneyimler, Tlrkiye'nin uzay ¢alismalarini
ilerletmis ve IMECE uydusu gibi daha ileri projelere temel
olusturmustur.

First Indigenous Earth Observation Satellite

RASAT, Tiirkiye's first Earth observation satellite, was developed
entirely with domestic resources by TUBITAK UZAY and launched
into orbit from Russia’s Yasny launch site on August 17, 2011.
Operating in a sun-synchronous orbit at an altitude of 687
kilometers, RASAT represents a significant step towards
Tiirkiye's goal of independence in space technologies.

Initially designed for a three-year mission, RASAT provided
valuable data in various fields such as agriculture, urban planning,
disaster management, mapping, and environmental monitoring
for approximately 11 years. The satellite transmitted data to the
TUBITAK UZAY ground station an average of four times a day,
helping Ttrkiye gain experience in satellite technology.

By utilizing entirely domestic software and hardware, RASAT
greatly contributed to reducing Tirkiye's dependence on
foreign technology in the field of space.

On August 23, 2022, communication with RASAT was lost, but
the information and experiences gained from the satellite
have advanced Tirkiye's space endeavors and laid the
groundwork for more advanced projects like the IMECE
satellite.

OFE
uzay.tubitak.gov.tr
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Yiiksek C‘bzﬂnﬁrlﬂklﬂ Yer GOzlem Uydﬁsu-

High Resolution Earth Observation Satellite

YORUNGE / ORBIT rt.c;ﬂ COZUNURLUK / SPATIAL RESOLUTION

686 km dairesel / 686 km circular

18.12.2012 20 km x 20 km

HiZMET OMRU / SERVICE LIFE KUTLE / MASS
5+ Yil / 5+ Years ~409 kg

! -
FIRLATMA TARIHI / LAUNCH DATE

Yiiksek Coziiniirliiklii Yerli Uydu

TUBITAK UZAY ve TUSAS is birligiyle gelistirilen GOKTURK-2,
Tiirkiye’nin ilk yiiksek coziindrliikli milli yer gézlem uydusudur. 18
Aralik 2012’de basariyla uzaya firlatilan uydu, yerden 686
kilometre vyiikseklikte Giines’e eszamanh kutupsal yoriingede
gorev yapmakta ve Diinya etrafindaki bir turunu yaklasik 98
dakikada tamamlamaktadir.

GOKTURK-2, 2,5 metre pankromatik ¢coziinirlige sahip kamerasiyla
Tarkiye’nin yani sira diinyanin her noktasindan goriinti alabilmekte-
dir. Turkiye ve cevresinden alinan gértntiler, anlik olarak Ankara’da
bulunan yer istasyonuna aktarilabilmektedir. Bu sayede Tark Silahli
Kuvvetleri ile bircok kamu kurum ve kurulusunun uydu gérinti
ihtiyaclart milli imkanlarla karsilanmaktadir.

5|6

PAN25m-MSI5m

GORUNTU ALANI (1 KARE) / IMAGING AREA (1 FRAME)

GOKTURK-2, yalnizca bir gdzlem uydusu projesi degil; ayni
zamanda Tarkiye’nin uzay teknolojilerinde badimsizlik
yolunda attigi stratejik bir adimdir. Proje strecinde gelistirilen
kritik uydu bilesenleri, daha sonraki uydu projelerine gliclii bir
altyap! olusturmustur. Bu calismalar sayesinde Ulkemizde
uydu gelistirme altyapilari kurularak, nitelikli insan kaynadi
yetismis ve uydu gelistirme kabiliyeti devamlilik kazanmistir.

Savunmadan afet yonetimine, sehir planlamadan haritaciliga
kadar pek cok alanda kullanilabilen GOKTURK-2, Tirkiye'nin
uzay teknolojilerindeki muhendislik yetkinligini diinyaya
gosteren 6nemli bir donim noktasidir.

High Resolution Indigenous Satellite

GOKTURK-2, developed in cooperation between TUBITAK UZAY and
TUSAS, is Tiirkiye's first high-resolution national Earth observation
satellite. Successfully launched into space on December 18, 2012, the
satellite operates in a Sun-synchronous polar orbit at an altitude of
686 kilometers from the Earth, completing one orbit around the Earth
in approximately 98 minutes.

With its camera boasting 2.5-meter panchromatic resolution,
GOKTURK-2 can take images from every point on Earth, as well as from
Tiirkiye. Images taken from Tirkiye and its surroundings can be instantly
transmitted to the ground station located in Ankara. This ensures that
the satelfite imagery needs of the Turkish Armed Forces and many public
institutions and organizations are met with national capabilities.

Istanbu\

GOKTURK-2 is not just an observation satellite project; it is also a
Strategic step taken by Tirkiye towards independence in space
technologies. The critical satellite components developed during the
project process have created a strong infrastructure for subsequent
satellite projects. Thanks to these efforts, satellite development
infrastructures have been established in our country, qualified human
resources have been trained, and satellite development capability has
gained continuity.

GOKTURK-2, which can be used in many fields from defense to
disaster management, urban planning to cartography, is an important
milestone that demonstrates Tirkiye's engineering
competence in space technologies to the world.

uzay.tubitak.gov.tr
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Uydu ve Uydu Alt Sistemleri Gelistirme Projesi
Satellite and Satellite Subsystems Development Preject

#

FIRLATMA TARIHi / LAUNCH DATE
15.04.2023 16 km x 16 km

HiZMET OMRU / SERVICE LIFE KUTLE / MASS
5Yil/ 5 Years ~750 kg

IMECE Projesi

TUBITAK UZAY tarafindan tasarlanip gelistirilen ve iretilen IMECE,
Tiirkiye’nin ilk yerli ve milli metrealti ¢oziinirliiklii yer gézlem uydusu-
dur. 15 Nisan 2023 tarihinde saat 09.48’de basariyla uzaya firlatilmistir.

686 kilometre irtifada Giines’le eszamanl yoringede gérev yapan IMECE,
Tarkiye'nin yiksek ¢ozindrlikI yer gdzlem verisi ihtiyacini karsilamakta;
cografi sinirlama olmaksizin dinyanin her noktasindan goriinti
alabilmektedir. Elde edilen gdrintiler savunma, afet ydnetimi, cevre ve
sehircilik, tarim ve ormancilik gibi bir¢ok alanda kullanilmaktadir.

Projenin baslangicindan itibaren 300'e yakin uzmanin gérev aldigi IMECE
ile Ulkemizde uydu sistemleri gelistirme ve test altyapilar kurulmus;
tasarim, retim, montaj, entegrasyon ve test faaliyetlerinin tamami Tark
mihendisler tarafindan gerceklestirilmistir. IMECE Projesi, yalnizca kritik
uzay teknolojilerinin kazaniimasini saglamakla kalmamis; ayni zamanda
nitelikli insan kaynadi ve mihendislik bilgi birikiminin olusmasina énemli
katki sunmustur.

YORUNGE / ORBIT IS\  COZUNURLUK / SPATIAL RESOLUTION
686 km dairesel / 686 km circular - PAN 0.99 m - MSI 3.96 m

GORUNTU ALANI (1 KARE) / IMAGING AREA (1 FRAME)

Tarkiye, bu proje ile kendi uydu kamerasini ve kritik uydu bilesenlerini
gelistirebilen ve hatta ihrac edebilen bir tlke konumuna ulasmistir. Proje
kapsaminda elektro-optik uydu kamerasi, haberlesme sistemi, tepki
tekeri, elektrikli itki sistemi ve motoru, yildiz izler ve ugus bilgisayari gibi
kritik alt sistemler TUBITAK UZAY tarafindan milli imkanlarla
gelistirilmistir.

Tarkiye’nin ilk milli alcak yoriinge uydu platformu Tstar-L ile tarihce
kazanan IMECE’den elde edilen bilgi birikimi (izerine insa edilen Yilksek
Cozanarlokla Takim Uydu Gelistirilmesi Projesi (IMECE-2 ve 3), daha
yilksek ¢ozindrliik, daha hizli haberlesme, gelismis veri isleme kapasitesi,
uzun gérev dmril ve takim uydu mimarisiyle birlikte calisabilirlik gibi
yeteneklerle tasarlanmaktadir. Bu projeyle Tarkiye'nin  ylksek
cOzOnUrlikla yer gozlem verisini kesintisiz sekilde elde etmesi ve bu
alanda sardrdlebilir bir uydu ekosistemi olusturmasi hedeflenmektedir.

IMECE Project

IMECE, designed, developed, and produced by TUBITAK UZAY, is
Tiirkiye's first domestic and national sub-meter resolution Earth observa-
tion satellite. It was successfully launched into space on April 15, 2023, at
09:48.

Operating in a Sun-synchronous orbit at an altitude of 686 kifometers,
IMECE meets Ttirkiye's need for high-resolution Earth observation data and
can take images from any point on Earth without geographical limitation.
The obtained images are used in many fields such as defense, disaster
management, environment and urban planning, agriculture, and forestry.

With IMECE, a project involving nearly 300 experts from the beginning,
satellite systems development and test infrastructures have been
established in our country; all design, production, assembly, integration,
and test activities were carried out by Turkish engineers. The IMECE Project
has not only enabled the acquisition of critical space technologies but has
also made significant contributions to the formation of a qualified human
resource and engineering knowledge base.

With this project, Tiirkiye has reached the position of a country that can
develop and even export its own satellite camera and critical satellite
components. Critical subsystems such as the electro-optical satellite
camera, communication system, reaction wheel, electric propuision
system and motor, star trackers, and flight computer were developed by
TUBITAK UZAY with national capabilities within the scope of the project.

The High-Resolution Satellite Constellation Development Project
(IMECE-2 and 3), built upon the knowledge gained from IMECE, which
gained heritage with Tirkiye's first national satellite platform Tstar-L, is
being designed with capabilities such as higher resolution, faster commu-
nication, enhanced data processing capacity, fonger mission life, and
interoperability with a satellite constellation architecture. This project
aims for Ttirkiye to continuously obtain high-resolution Earth observation
data and establish a sustainable satellite ecosystem in this field.



Tiirkiye’nin ilk Milli Haberlesme Uydusu

First Indigenous Communication Satellite of Tiirkiye
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TURKSAT:

Tiirkiye’nin I1k Milli Haberlesme Uydusu

Tirkiye’s First National Communication Satellite

TURKSAT 6A Projesi

Tiirkiye'nin ilk yerli ve milli haberlesme uydusu TURKSAT 6A,
9 Temmuz 2024 tarihinde Tiirkiye saatiyle 02.30'da, SpaceX'in
Falcon 9 roketiyle ABD'nin Florida eyaletindeki Cape Canaveral
Firlatma Ussii’nden uzaya firlatilmistir.

Firlaticidan  ayrilmasi  sonrasinda gegici  yériingesinden nihai
yorlingesine ulasmast icin bes yoriinge transfer manevrasini basariyla
gerceklestiren TURKSAT 6A, gérev yéringesine kendi sistemleriyle
ulasan ilk yerli uydu olarak tarihe gecmistir. Boylelikle Ttrkiye,
haberlesme uydusu gelistirebilen 11 tilke arasina girmistir.

TURKSAT 6A Projesi, TUBITAK KAMAG 1007 Kamu Kurumlari Arastir-
ma ve Gelistirme Projelerini Destekleme Programi kapsaminda
yUrituldd. Proje yoneticisi TUBITAK UZAY olup, TUSAS, ASELSAN ve
CTECH proje ortaklari arasinda yer almistir.

Yer sabit yortinge uydu platformu olan Tstar-G (zerinde tarihce
kazanmis olan TURKSAT 6A uydusunun yériingede gdreve alinmasi
ile tlkemizin haberlesme uydulari alanindaki ihtiyacinin énemli bir
bolima uydunun hizmet dmrii olan 15 yil boyunca karsilanmis olacak-
tir. TURKSAT 6A uydusu sayesinde, Ttrkiye'nin yani sira Avrupa,
Kuzey Afrika, Asya kitasindaki kapsama alanlari ile cok genis bir
kitleye hizmet ulastirilabilmektedir.

Proje kapsaminda ucus bilgisayari, gtic diizenleme birimi, gli¢ daditim
birimi, yildizizler, glines algilayici, tepki tekeri, kimyasal itki arayiiz
birimi, 151l kontrol arayuz birimi, elektrikli itki motoru, elektrikli itki
yakit besleme birimi, elektrikli itki gli¢ isleme ve kontrol birimi
TUBITAK UZAY tarafindan gelistirilmistir.

TURKSAT 6A Project

Tiirkiye's first indigenous communication satellite, TURKSAT 6A,
was launched into space on July 9, 2024, at 02:30 Turkish time from
Cape Canaveral Launch Complex in Florida, USA, aboard SpaceX's
Falcon 9 rocket.

TURKSAT 6A, having successfully performed five orbit transfer
maneuvers after separation from the launcher to reach its final orbit
from its temporary orbit, has gone down in history as the first domes-
tic satelfite to reach its mission orbit using its own systems. Thus,
Turkey has entered the list of 11 countries capable of developing
communication satellites.

The TURKSAT 6A Project was carried out under TUBITAK KAMAG 1007
Public Institutions Research and Development Projects Support
Program. TUBITAK UZAY was the project manager, and project
partners included TAI, ASELSAN, and CTECH.

AVRUPA / EUROPE TORKIYE / TURKEY . ASYA/ ASIA

With the commissioning in orbit of the TURKSAT 6A satellite, which gained
heritage on the geostationary satellite platform Tstar-G, a significant portion
of our country's need in the field of communication satellites will be met for
the satellite’s service life of 15 years. Thanks to the TURKSAT 6A satellite,
services can be delivered to a very wide audience with coverage areas in
Europe, North Africa, and the Asian continent, in addition to Tiirkiye.

Within the scope of the project, flight computer, power distribution unit,
power control unit, startracker, sun sensor, reaction wheel, chemical propul-
sion interface unit, thermal control interface unit, electrical propuision
thruster, electrical propuision xenon feeder, electrical propuision power
processing and contro/ unit was developed by TUBITAK UZAY.

uzay.tubitak.gov.tr




Ay Arastirma Projesi: Tiirkiye'nin Derin Uzay Yolculugu
Lunar Research Project: Turkiye's Deep Space Journey

Ay Arastirma Programi, Tiirkiye’nin Ay’da varlik gdsteren
sekiz iilkeden biri olma hedefine yonelik 6nemli bir adimdir.
Bu proje ile Tiirkiye, ilk kez Diinya disinda bir gk cisminin
yoriingesine girerek operasyonlar gerceklestirecek ve
gelecekteki derin uzay gdrevleri icin altyapi olusturacaktir.

Ay Arastirma Programi’nin proje yoneticisi kurumu olarak
TUBITAK UZAY, ilk Ay gérevinin gérev tasarimi ve operasyon-
lar ile ilk milli derin uzay aracinin tasarimi, gelistiriimesi,
testleri ve firlatiimasindan sorumludur. IMECE ve TURKSAT
6A’dan elde edilen proje yonetimi, sistem muhendisligi,
firlatma ve operasyon sdreclerindeki tecriibeler, Ay
gorevlerinin basarisinda kritik bir rol oynayacaktir. Bununla
birlikte cesitli yerli paydaslar tarafindan milli imkanlarla
gelistirilen bircok sistem de ilk kez bu gérev dahilinde Tstar-D
derin uzay uydu platformu ile Ay’da ve dolayisiyla derin
uzayda tarihce kazanacaktir. Boylece bu oénemli adim,
Tirkiye’'nin uzay teknolojilerindeki ekosistemini, yetkinligini
ve rekabet guclini daha da giiclendirecektir.

Proje kapsaminda yapilacak bilimsel arastirmalar, Ay’daki
suyun kokeni, kutup bolgelerinde bulunan su buzunun
incelenmesi, yerel manyetik alan yapilari ve yizey isil
ozellikleri gibi kritik konularda uluslararasi bilim dinyasina
onemli katkilar saglayacaktir. Tlrkiye, bu kesifler ile uluslara-
rasi alanda bilimsel deger dreten dlkeler arasindaki yerini
glclendirecektir.

Bu gorev, Tarkiye’nin uzayda yerli ve milli sistemlerle varlik
gostermesiyle uluslararasi alandaki prestijini artiracaktir. Ay
yorlingesinde yapilacak operasyonlar, Tirkiye’nin bilimsel ve
teknik is birligi aglarindaki konumunu gliclendirecek, yerli
uzay sanayiinin ihracat potansiyelini arttiracaktir.

GOREV HARITASI / MISSION MAP

yériingesine gecis @ Yori

The Lunar Research Program is an important step towards Turkey's |
goal of becoming one of the eight countries with a presence on the |
Moon. With this project, Turkey will, for the first time, enter the orbit
of a celestial body other than Earth to carry out operations and
establish the infrastructure for future deep space missions.

Ay Arastirma Programi

As the project management institution for the Lunar Research
Program, TUBITAK UZAY is responsible for the mission design and
operations of the first Lunar mission, as well as the design, develop-
ment, testing, and launch of the first national deep space vehicle. The
experience gained from IMECE and TURKSAT 6A in project manage-
ment, systems engineering, launch, and operation processes will play \

Tiirkiye’nin Ik Ay Gérevi
[trkiye’s First Lunar Mission

a critical role in the success of the Lunar missions.Moreover, many

systems developed with national capabilities by various domestic

stakeholders will gain flight heritage for the first time on the Moon, ¢ \ ® Y

and consequently in deep space, with the Tstar-D deep space M

satellite platform within the scope of this mission. Thus, this £ -

significant step will further strengthen Turkey's space cﬁ
)

technology ecosystem, competence, and competitiveness.

The scientific research to be conducted within the scope of the project
will make important contributions to the international scientific
community on critical issues such as the origin of water on the Moon,
the study of water ice found in polar regions, focal magnetic field
structures, and surface thermal properties. With these discoveries,
Turkey will strengthen its place among the countries that produce
scientific value internationally.

This mission will increase Turkey's international prestige by establish-
ing its presence in space with domestic and national systems.
Operations to be carried out in lunar orbit will strengthen Turkey's
position in scientific and technical cooperation networks and increase
the export potential of the domestic space industry.

0 Enberi diizeltme manevrasi 0 Sert inis

cikarma

Thruster firing and acquisition of
third transfer orbit

De-orbiting maneuver

o Firlatma o tki atesleme ve Diinya’dan kacis
) . Launch il
o ilk Transfer Yoriingesine Yerlesme 0 Transfer diizeltme manevrasi 0 aund e Thruster firing and Earth escape maneuver
- - . = Acquisition of the first transfer orbit T
Ikinci transfer yoriingesi ve o Ay yoriingesini elde etme S e q o Transfer correction maneuver
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uzay.tubitak.gov.tr




- LEO’dah Ay’a, Uydu Platformu Ailesi
Satellite Platform Family, From LEO to the-Mobn

TstarGO

Uzay Araci gdrev operasyon yazilimi. TUBITAK UZAY mihendisleri tarafindan, 20
yil askin uydu operasyonu tecriibesiyle gelistirilen yazilim paketi TStarGO ile uzay

gorevlerinizi bir Gst seviyeye tasiyin.

Temel Bilesenler ve Yetkinlikler

Komuta Kontrol: Uzay araci uzkomut-uzdlciim haberlesmesi, Saglik durumu
takibi, Gorev otomasyonu.

Yoriinge Dinamikleri: Yoriinge belirleme, Yoriinge ilerletme, Manevra
planlama, Yakit optimizasyonu.

Faydali Yiik Yapilandirma: Kapsama alani belirleme, Ariza ¢6zimii bulma,
Konfigtrasyon dedisikligi.

Arsiv ve Analiz: Uzun donemli arsiv kaydi, Akilli veri analizi, Ortak veri kaynagi.

Uydu Simiilatorii: Gorev prosedir testleri, Operator egitimi, Sistem analiz.

Yetkin ve Uyarlanabilir
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Uzayda Faal: LEO ve GEO uydularinda aktif kullanimda; Ay misyonu ve 6tesi
icin hazr.

Cok Yonlii Tasarim: Farkl gorev ve faydali yikler icin uyumlandirilabilir,
iletisim protokolleri ve uydu parametreleri dedistirilebilir.

Dayanikli Sistem: Mikro servis kullanimi ve yiiksek elverislilik secenekleriile
kesintisiz operasyonlar.

Giivenli ve Saglam: Gelismis sifreleme / sifre ¢cozme ve anahtar yonetimi
yetenekleri.

Kullanici Dostu: MasaUistli ve web arayiizleri, modern teknolojiler, stirekli
iyilestirme.

Gorev Uyumlulugu: Faydali yiike 6zel yazilim bilesenleri entegrasyonu.
Linux Altyapisi: Debian tabanli isletim sistemi, diger dagitimlara uyarlanabilir.

Spacecraft mission operation software. Elevate your space missions with TStarGO,
a software suite crafted by TUBITAK UZAY engineers backed by over 20 years of
satellite operations experience.

Key Components and Capabilities

Command & Control: Spacecraft telecommand & telemetry, Health monitoring,
Task automation.

Orbit Dynamics: Determine orbits, Propagate orbits, Plan maneuvers, Optimize
resources.

Payload Configuration: Antenna coverage selection, Fault recovery, Modify
configuration.

Archive & Analysis: Long-term data archival, Smart analysis, Single data source.
Satellite Simulator: Mission procedure tests, Operator training, System analysis.

Adaptable & Competent

Field-Tested: Powers LEO and GEO satellites today; ready for Tiirkiye’s lunar
mission and beyond.

Versatile Design, Adaptable Core: Supports different missions with flexible payfoad
compatibility. Ability to modify communication protocols and satellite parameters.
Resilient System: Microservice usage and high availability options ensure
uninterrupted operations.

Secure and Robust: Safeguard missions with advanced encryption/decryption and
key management.

User-Friendly: Desktop and web Uls, using modern technologies and continuous
refinement.

Mission Compatibility: integrate mission specific software components.

Linux Infrastructure: Debian-based operating system, adaptable to other distros.

TstarL-100

Turkiye'nin ilk yerli LEO uydu platformu. RASAT (2011) ve GOKTURK-2 (2012)
uydulariyla elde edilen basarilarin verdigi motivasyonla, 2023 yilinda metre alti
cOzanrlikla yer gdzlem uydusu IMECE’yi yériingeye tasiyan TstarL platformunu

gelistirdik.

¢ Yoriinge: SSO, LEO

« Yiik Kapasitesi: 150 kg’a kadar

« Kiitle: platform <600 kg (kuru), yakit <15 kg (Xenon)

o Boyutlar: g2m x 3,2m

* Hizmet Omrii: >5 yil

« Uyumlu Firlaticilar; Falcon-9, Soyuz, Vega-C ve dider blylk tasiyicilar
o jtki Sistemi: Hall Etkili Itki Motoru: >70 mN (1500 W) (Yakit: Xenon)

Gli¢

¢ Gii¢ Barasi Tipi: Diizenlenmemis 28V
¢ (Cikis Giicli Kapasitesi: 3,0kW’a kadar
« Batarya Gerilim Araligi: 26V - 33V

« Batarya Hiicre Tipi: Lityum-iyon

Yoriinge ve Yonelim Kontrolii

* Kontrol Hassasiyeti: <0,1°
¢ Belirleme Hassasiyeti: <0,005°
¢ Ceviklik: 60° manevra <100 saniyede

Tirkiye’s first indigenous LEO satellite platform. Encouraged by prior accom-
plishments RASAT (2011) and GOKTURK-2 (2012) we developed the Tstarl,
which carried the sub-meter resolution Earth observation sateliite IMECE to
orbitin 2023.

o Orbit: SSO, LEO

* Payload Capacity: up to 150 kg

o Mass: bus < 600 kg (dry), propeflant <15 kg (Xenon)

* Dimensions: 22m x 3.2m

o Life: >5 years

o Compatible Launcher: Falcon-9, Soyuz, VegaC and other major launchers

* Propulsion system: Hall Effect Thruster >70 mN (1500W) (propelfant: Xenon)

Power

o Power Bus Type: Unregulated 28V Bus
o Qutput Power Capability: Up to 3.0kW
o Battery Voltage Interval: 26V-33V

o Battery Cell Type: Lithium-ion

Attitude and Orbit Contro/

e Control Accuracy: <0.1°
o Determination Accuracy: <0.005°
* Agility: 60° maneuver in <100 second

uzay.tubitak.gov.tr




TstarG-100

Turkiye'nin ilk yerli GEO uydu platformu. 2024 yilinda TURKSAT 6A’nin
firlatiimasiyla basariyla gérevlendirilen TstarG, Tirkiye’nin uzay teknolojile-
rindeki artan yetkinligini gozler 6niine sermektedir. 10 kW’a kadar cikis guc(,
genis bir firlatici yelpazesiyle uyumluluk ve 15 yili asan gérev dmriyle TstarG,
kendini kanitlamis bir platformdur ve bir sonraki GEO haberlesme uydunuzu
desteklemeye hazirdr.

¢ Yériinge: GEO

« Kiitle: Platform (nominal) < 1.400 kg, yakit (maks.) 2.660 kg,
firlatma kitlesi 3-5 ton

* Boyutlar: 23,75m x 4,0m (faydal yUk haric)
* Hizmet Omrii: 15 yil
* Uyumlu Firlatici: Falcon 9, Falcon Heavy, Ariane 6, New Glenn

Gii¢

* Gii¢ Barasi Tipi: Tam Diizenlenmis 100V
* Cikis Giicii Kapasitesi: 10kW’a kadar

* Batarya Gerilim Araligi: 56V - 98V

* Batarya Hiicre Tipi: Lityum-iyon

Yoriinge ve Yonelim Kontrolii

* Kontrol Hassasiyeti:
o TepkiTekeri: <0,060°
° [tki Motoru: <0,120°

« Belirleme Hassasiyeti: <0,005°

Tirkiye’s first indigenous GEO satellite platform. Successfully deployed in 2024
with the Jaunch of TURKSAT 6A, TstarG demonstrates Tirkiye’s growing capabil-
ities in space technology. With up to 10 kW output power, compatibifity with a
wide range of launch vehicles, and an operation lifetime of over 15 years, TstarG

is mission-proven and ready to support your next GEO communications satellite.

e Orbit: GEO

o Mass: nominal bus <1400 kg, propellant max 2660 kg,
launch mass 3ton-5ton

* Dimensions: 3.75m x 4.0m (excluding payload)
o Life:15 years
o _Compatible Launcher: Falcon 9, Falcon Heavy, Ariane 6, New Glenn

Power

o Power Bus Type: Fully Reguiated 100V
o Qutput Power Capability: Up to 10kW
* Battery Voltage Interval: 56V - 98V

e Battery Cell Type: Lithium-ion

Attitude and Orbit Control

e Control Accuracy:
o Reaction Wheel: <0.060°
° Thruster: <0.120°

o Determination Accuracy: <0.005°

TstarD-100

Bilgi birikimimizi ve yeteneklerimizi ileriye tasiyarak, Tirkiye’nin ilk yerli Derin
Uzay gdrev platformu olan TstarD’yi gelistiriyoruz. TstarD, Turkiye’nin Ay
Arastirma Programi Uzay Aracr’nin kalbinde yer almakta olup, Tirkiye’nin Ay ile
ilk temasini gerceklestirmek Gizere tasarlanmistir.

« Yériinge: ic Glines Sistemi gezegen yériingeleri
* Yiik Kapasitesi: Kiitle 300 kg, arayiiz calisma sicakligi -20 +50,
kontrol arayuzleri CAN, UART, SpaceWire.

¢ Kiitle: Platform 1450 kg (kuru), yakit 1700 kg

¢ Boyutlar: 2,7 m x 2,7 m x 2,5 m (firlatma konfiglirasyonu)
* Hizmet Omrii: >3 yil

¢ Uyumlu Firlaticilar: Blue Origin, MHI, SpaceX, Firefly

Gii¢

« Gii¢ Barasi Tipi: Diizenlenmemis 28V
¢ Cikis Giicii Kapasitesi: 2,6 kW’a kadar
 Batarya Gerilim Araligi: 24V - 33,6V
« Batarya Hiicre Tipi: Lityum-iyon

Yoriinge ve Yonelim Kontrolii

. Kontrol Hassasiyeti:
o Tepki Tekeri: <0,060°
o [tki Sistemi: <0,120°

. Belirleme Hassasiyeti: <0,005°

Extending the knowledge and our capabilities, we develop the TstarD, Tiirkiye’s
first indigenously developed Deep Space mission platform. TstarD is now at the
heart of the Tiirkiye’s Lunar Research Program Spacecraft, designed to achieve
Tiirkiye’s first contact with the moon.

o Orbit: Inner solar system planetary orbits

o Payload Capacity: mass 300 kg, interface temperature -20 +50,
control interface CAN, UART, SpaceWire

o Mass: bus 1450 kg (dry), propeflant 1700 kg

o Dimensions: 2.7m x 2.7m x 2.5m (launch configuration)
o Life: >3 years

o Compatible Launcher: Blue Origin, MHI, SpaceX, Firefly

Power

 Power Bus Type: Unregulated 28V Bus
* QOutput Power Capability: Up to 2.6kW
o Battery Voltage Interval: 24V - 33.6V

o Battery Cell Type: Lithium-ion

Attitude and Orbit Control

o Control Accuracy:
o Reaction Wheel: <0.060°
° Thruster: <0.120°

 Determination Accuracy: <0.005°
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TUBITAK UZAY Yer istasyonu
TUBITAK UZAY Ground Station

Yer istasyonu, uydu operasyonlarinin basarisi igin
hayati 6neme sahiptir ve Enstitiimiiz biinyesinde
gelistirilen uydularin isletmesi icin kullaniimaktadir.

TUBITAK UZAY Yer istasyonu, Turkiye’de yerli ve milli
imkanlarla ilk kez gelistirilen 7.3 metre ve tedarik edilen
5.4 metre capinda iki anten barindirmaktadir. RASAT,
GOKTURK 2, IMECE ve TURKSAT 6A uydularinin test,
devreye alma ve operasyon sireglerinde etkin bir
sekilde kullaniimis olup, halen aktif olarak hizmet
vermeye devam etmektedir. Ayrica, TUBITAK UZAY
tarafindan gelistirilecek olan IMECE 2-3 ve Ay Gorevi
Uzay Araci gibi yeni uydu projelerinde de kullanilacaktir.

TUBITAK UZAY Yer istasyonu’nda bulunan donanimlarin
koordineli ¢alismasini saglayan istasyon kontrol sistemi
yazilimi, uydu komuta kontrol yazilimlari ve yer gdzlem
uydular tarafindan cekilen gértntlerin anlamlandiril-
masini sadlayan veri kiymetlendirme vyazilmi da
TUBITAK UZAY tarafindan gelistirilmistir.

Bu sistem ve yazilimlar sayesinde asadidaki veri alma ve
gbnderme, izleme ve kontrol, telemetri ve komut, veri
isleme ve depolama, zamanlama ve senkronizasyon,
kurtarma ve yeniden yapilandirma gdrevleri basarili bir
sekilde gerceklestirilmektedir.

Th d station is vital for th f satellit - m m -
fos and 5 used for operating the sateltes developed | TUBITAK UZAY YER ISTASYONU

within our Institute.

7.3-meter diameter antenna developed for the first time in
Turkey with domestic and national capabilities, and a

i YER ISTASYONLARINDAKI SISTEMLER YERLI
.4-meter diameter antenna that was procured. It has been , . - .
actively used in the testing, commissioning, and operation ) ‘ IM K AN L ARL A T As ARL AN I P U RETI I.IYO R

The TUBITAK UZAY Ground Station hosts two antennas: @ | ‘

processes of the RASAT, GOKTURK 2, IMECE, and TURKSAT
6A satellites, and continues to provide active service.

Furthermore, it will also be utilized in new satellite projects to —
be developed by TUBITAK UZAY, such as IMECE 2-3 and the Y -

Lunar Mission Spacecraft } . DESIGNING AND PRODUCING SYSTEMS IN
The station contro! system software, which ensures the

coordinalt;d o;,)erat/ojjv o; the h;Vrdwaer ;t the ;IU'B/TAK : GRUUND 57/4 T/UN W/TH [UCA[ FAC/UT/ES
UZAY Ground Station, the satellite command and control

software, and the data valorization software that enables the

interpretation of images taken by Earth observation

satellites, have also been developed by TUBITAK UZAY.

Thanks to these systems and software, the following tasks
are successfully performed: data reception and transmission,
monitoring and control, telemetry and command, data
processing and storage, timing and synchronization, and
recovery and reconfiguration.

i 000751 (&

uzay.tubitak.gov.tr



Optik Sistemler Arastirma ve Uygulama Laboratuvari

Optical Systems Research and Application Laboratory g O P M E R

TUBITAK UZAY biinyesinde kurulan Optik Sistemler
Arastirma ve Uygulama Laboratuvari (OPMER), yiiksek
¢oziiniirliiklii uydu kameralan icin gerekli olan biiyiik
Olcekli optik sistemlerin milli olarak tasarlanip (retil-
mesini saglayan ileri teknoloji altyapisidir. Laboratuvar-
da, uzay kameralarina yonelik ayna, lens, prizma ve filtre
gibi optik bilesenler; yiiksek hassasiyetli taslama,
parlatma ve yiizey formu diizeltme sistemleri kullanilarak
liretilmektedir.

OPMER’de kurulan tretim hatlari, 1 metre ¢apa kadar optik
elemanlarin islenebilmesine olanak tanimakta ve yiizey
form hatalari A/20 dalga cephesi dogrulugunda elde
edilmektedir. Yizey plrazlGliga olctimleri 1 nanometre
RMS seviyesine kadar indirgenebilmekte, bu sayede optik
performans acisindan diinya standartlarinda yiizey kalitesi
saglanmaktadir.

Laboratuvar binyesinde yer alan AR (antireflection) ve HR
(yiiksek yansiticilr) kaplama sistemleri, optik yiizeylere
genis bant araliklarinda yuksek performansli kaplamalar
uygulanmasina olanak vermektedir. Ayrica, spektral
gecirgenlik ve yansima olctimleri, interferometrik dalga
cephesi analizleri, indeks homojenligi ve ylzey parizlalugi
testleri gibi cok yonli karakterizasyon faaliyetleri
ylrdtilmektedir.

Tim bu calismalar, yeni nesil gézlem uydularinin kamera
optik sistemlerinin tamamen yerli imkanlarla gelistiril-
mesini mimkin kilmaktadir. OPMER, Turkiye’nin uzay
gozlem kabiliyetine yonelik kritik optik teknolojilerde disa
bagimlligini azaltan, vyerli Gretim ve Ar-Ge odaklh
strddrdlebilir bir altyapi olusturmustur.

Established within TUBITAK UZAY, the Optical Systems
Research and Application Laboratory (OPMER) is an advanced

technology infrastructure enabling the indigenous design and ‘ - - ‘
manufacturing of large-scale optical systems required for R 0 PT I K S I ST E M L E R
high-resolution satellite cameras. Within the /laboratory, : = 3 -

optical components such as mirrors, lenses, prisms, and filters hd O

for space cameras are manufactured using high-precision ‘ I L LI L Es IY R ‘

grinding, polishing, and surface figure correction systems.

The production lines established at OPMER alfow the processing i t 3

of optical efements up to 1 meter in diameter, achieving surface | |

form accuracy of /20 wavefront precision. Surface | {al / N D / GE N O U S OP T/ CA L
roughness measurements can be reduced to 1 nanometer

RMS, ensuring world-class optical surface quality and . : : S YS TE M S

performance. i

The laboratory houses AR (antireflection) and HR
(high reflectivity) coating systems, enabling the
application of high-performance coatings over
wide spectral ranges. In addition, spectral
transmission and  reflection measurements,
interferometric wavefront analyses, refractive
index homogeneity tests, and surface roughness
characterizations are carried out as part of
comprehensive optical verification activities.

All these capabilities make it possible to develop
optical camera systems for next-generation Earth

observation satellites entirely through national
resources. OPMER has established a sustainable,
R&D-oriented infrastructure that reduces foreign depenad-
ency and strengthens Tirkiye’s strategic independence in
critical optical technologies for space observation.

uzay.tubitak.gov.tr



HALL Etkili itki Motoru Gelistirme Altyapisi
Test Facility Establishment Project for Hall Thruster System Development

Kalkinma Bakanligi destegi ile TUBITAK UZAY
tarafindan 2010 yilinda baslatilip 2018 yili sonunda
tamamlanan HALE Projesi’nde Tiirkiye’nin ilk uydu
itki sistemi gelistirme laboratuvan kurulmus ve
yine bu proje kapsaminda Tiirkiye’nin ilk elektrikli
itki sistemi tiim ekipmanlari ile gelistirilmistir.

Kurulan laboratuvar, 100 m? 100,000 sinifi temiz
alana sahip olup 5 kW giice kadar olan elektrikli itki
sistemlerinin performans testlerinin yapilabilmesi
icin gerekli olan tim donanim ve techizata sahiptir.
Bu kapsamda laboratuvar, uzay ortamini simile
eden 3 farkll boyda vakum kabini ve bu kabinler
icinde system o&zelliklerini belirlemek amaciyla
kullanilan gerekli tim test cihazlarini (itki 6lcim
cihazi, Langmuir ve Faraday plazma 6lcim uclari
gibi) barindirmaktadir.

Proje kapsaminda gelistirilen sistemde yer alan 1500
W ve 300W Hall Etkili itki Motorlari, Katot, Yakit
Besleme Birimi, Gui¢ Isleme ve Kontrol Birimi, kurulan
bu laboratuvarda yerli olarak tasarlanmis, Uretilmis
ve test edilerek uzay kalifikasyonlari tamamlanmistir.
Bu sistemler, Alcak Yer Yoriinge gorintileme
uydusu ve TURKSAT 6A haberlesme uydusunda
kullaniimis olup halihazirda tarihce kazanmaktadir.

Ayrica uydu itki sistemleri alaninda gelecedin
teknolojisi olarak kabul edilen sistemlerden biri
olarak Kabul edilen elektrikli itki sistemlerinin yerli
olarak dretilebiliyor olmasi Tirkiye’nin bu alandaki
disa bagimhiligini en aza indirmektedir.

HALE Project - which was initiated by TUBITAK UZAY in
2010 with the support of the Ministry of Development and
completed at the end of 2018. Tiirkiye’s first electric
propulsion  system development laboratory was
established, and again within the scope of the project,
Tiirkiye’s first electric propulsion system was developed
with all of its equipment.

The electric propuision faboratory has a 100 m2 100,000
class clean room and has all the necessary equipment to
perform performance tests of electric propulsion systems up
to 5 kW. In this context, the laboratory contains vacuum
chambers of 3 different sizes that simulate the space
environment and all necessary test setup (such as
thrust measurement device, Langmuir and Faraday 4
plasma probes) used to determine the system [
properties in these chambers.

The developed system equipment  including f-3
1500W and 300W Hall Effect Thrusters, |5
Cathode, Propelfant Feed Unit, Power
Processing and Contro/ Unit were designed,
manufactured and space qualified by required

tests within the scope of the project. These
systems are operating in a LEO Earth Observa- &
tion Satellite and TURKSAT 6A Telecom
Satellite and getting flight heritage.

In addition, the fact that electric propulsion
systems are considered as one of the future technol-
ogy of satellite propuision systems, ability to
produced as domestic product minimizes Tiirkiye's
foreign dependency in this field.

—_—
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Tiirkiye’nin ilk Milli Uydu Gériintiisii Portall
Tirkive’s First Indigenous Sateffite Image Portal

TUBITAK UZAY, Uydu Gériintii isleme ve Geoportal TUBITAK UZAY developed the GEZGIN Portal, Tiirkiye’s first indige-
Olusturma  Projesi  (GEOPORTAL) kapsammt_ja nous satellite image portal, within the scope of Satellite Image
Tiirkiye’ninilk milli uydu gdriintiisii portal olan GEZGIN Processing and Geoportal Creation Project (GEOPORTAL).

Portal’i gelistirdi. The raw images downloaded from the RASAT Satellite are transferred

Rasat uydusundan indirilen ham goriintiler geometrik ve to the GEZGIN Portal after geometric and radiometric corrections, and ; V S N ‘

radyometrik diizeltmelerin ardindan codrafi referansla- geo-rectifications are performed.

ma islemi vyapilarak GEZGIN Portal'na kisa siirede . . . . .
> yap RASAT images are used in areas such as mapping, disaster monitor- ——
aktariimaktadir. . . == .
ing, forestry, urban planning. T : mm

RASAT gorintileri; haritacilik, afet izleme, ormancilik, ) ) ) = o . '-‘
kentsel planlama gibi alanlarda kullaniimaktadir. Requestec_l Images cqn be easily down{oaded by 'search/ng on _— ; a ‘ UYDU GORU NT ’ SU Po RTALI ‘

the GEZGIN Portal using the features given below;
GEZGIN Portal'na badlanilarak; -Search by drawing
-Cizim ile arama -Search by political borders

A . __ s RN S FRST INDIGENDUS SATELLT

-Yer ismine gdre arama -Search by entering the coordinate information : _ _
-Koordinat bilgisi girilerek arama - Search by uploading fife e 2 BB I ek g S ; \
-Dosya yUkleyerek arama Using its features, you can download all images ' f e Gl WA VT SHAR /NG ID OR ]-/4 \
ozellikleri  kullanilarak istenilen alana ait RASAT to the desired area quickly and easily. Ta - r o Pt TR i o
gorantaleri hizl ve kolay bir sekilde indirilebilmektedir. 2 = - Crgk P | R T *, : ; 3

- et el S : o WX
@tﬁrkiye.ggx.};r f Pl Pl il | P £ :Q: '?. \
Tiirkiye Cumhuriyeti vatandaslari e-Devlet Kapisi iizerinden ._i.i’___ : 3 B b o ; +% . §
istenilen alana ait RASAT gériintiilerini dicretsiz olarak QUAALAC[Z[[1Ne[VALS T e b : . e - . 4
indirebilirler. e AT Ve A Ea \ GEZGIN Portal’'nda yer alan arsiv goriintiilerini
o GEZGIN Portal’'nda yer alan arsiv gériintiilerini sorgulaya- S ydrh A 5N MR S N ) ' sorgulayarak istediginiz bolgenin zaman

rak istediginiz bdlgenin zaman icerisindeki degisimlerini i o Ry B | 3
inceleyebiﬁrsiniz. ’ ’ icerisindeki degisimlerini inceleyebilirsiniz.

® By logging into GEZGIN Portal, archive imagery of desired | SR EINE VRS : s e Y . ; d oo
region may be searched to observe changes within the time. [t RSN SUES S S ' S The changes in the selected region over spesific

o Diinya’nin farkli bolgelerinden segilmis segme gériintiiler A : R ) | o time can be analyzed by querying the archive
blog.gezgin.gov.tr adresinden paylasiimaktadir. e e 5 B - images on the GEZGIN Portal

e Selected images from different parts of the world are
shared at blog.gezgin.gov.tr.

04.10.2012 29.07.2013 18.03.2014 14.05.2015 11.03.2016

www.gezgin.gov.tr

Yavuz Sultan Selim Koéprilsii - istanbul

uzay.tubitak.gov.tr




GAP Bélgesi’nde Hassas Tarim ve Siirdiriilebilir Uygulamalarin Yayginlastiriimasi Projesi
Widespread Application of Sustainable Precision Agriculture Practices in Southeastern Anatolia

Project Region

Sanayi ve Teknoloji Bakanligi GAP Bdlge Kalkinma idaresi

In the scope of Widespread Application Of Sustainable ‘3
Precision Agriculture Practices in Southeastern Anatolia Project |

Baskanligi tarafindan desteklenen proje kapsaminda,
oncelikle giibre olmak {izere dodru tarimsal girdiyi
(giibre, su ve ilag, vh.), dogru konumda, dogru zamanda,
dogru oranda uygulayarak optimum verim oranlarina
ulasmak icin hassas tarim calismalari yiiriitiilmektedir.

Pilot alanlarda vapilan denemelerde HA ve uydu
goruntileri  kullanarak, dedisken oranli  glbreleme
uygulamalari ile en ylksek maliyetli girdi olan glbre
kullaniminda %25’e kadar tasarruf saglanmustir.

Proje kapsaminda gelistirilen Hassas Tarim Uygulama
Yazilimi ile uzaktan algilama algoritmalari kullanilarak:

* Degisken Oranli Glbreleme
* Anomali Tespiti
+ Uriin Deseni Haritalama
* Yabanci Ot Tespiti
« Uriin Rekolte Tahmini
analizleriile hassas tarim calismalari gerceklestiriimektedir.

S6z konusu hassas tarim analizleri web tabanli GAP
HASSAS  (Ciftci-Danisman  Araylz() ile sunularak,
ciftcilerin ve tanm danismalarinin Glineydogu Anadolu
Bolgesi’nde yetistirilen Grtnlerinin gelisimlerini izleyerek
optimum verim elde etmelerine olanak saglanmaktadir.

Region (GAP), funded by Ministry of Industry and Technology-
Southeastern Anatolia Project (GAP) Regional Development
Administration, in order to reach the optimum yield rates by
applying the optimum agricultural inputs (fertilizers, water
and pesticide etc.), at the right location, right time and right

rate, precision agriculture applications are carried out.

Variable rate fertilization was executed by using UAV
and satellite imagery resulted in the fertilization
use by 25% in test fields.

By using remote sensing algorithms with the
Precision Agriculture Application Software
developed within the scope of the project:

* Variable Rate Fertilization
* Anomaly Detection
* Crop Mapping
* Weed Detection
* Crop Yield Forecasting
Precision agriculture studies are carried out.

These precision agriculture analysis are available to the farmers
and consultants in the Southeastern Anatolia Region via Farmer-
Agricultural Consultant Web Interface in order to monitor
development of their crops to optimize their crop yields.

16 yilinda cekilen hiperspektral goriintiiler ile farkh iiriinlerin gelisiminin izlenmesi

)

1Mart 2016

HASSAS

HASSAS
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Balistik Goriintii Analizi ve Tanima Sistemi
Ballistic Image Analysis and Recognition System

TUBITAK tarafindan gelistirilen ve diinyadaki en iyi
balistik inceleme sistemlerinden biri olan BALISTIKA®,
silahlarin kovan ve cekirdek iizerinde biraktiklan izleri 3
boyutlu inceleyebilmektedir. Elde edilen delilleri veri
tabanindaki tiim delillerle karsilastirarak olaylarin hizl
bir sekilde aydinlatilmasini saglamaktadir.

BALISTIKA® ile atesli silahlarin kovan ve mermi cekirdekleri
Gzerinde biraktiklari izleri inceleyen balistik uzmanlar, bu
izleri karsilastirarak kovan ve mermi cekirdeklerinin ayni
silahtan atilip atiimadigina karar verebilmektedir. Olaya
karismis silah ve faillerin tespit edilmesiyle adli vakalarin
kisa sirede, disik maliyet ve yiksek verim ile
aydinlatilmasi  sadlanmakta ve hukuki bir sorumluluk
Gstlenen uzmanlarin dogdru karar vermesinde énemli rol
oynamaktadir.

Birden cok iilkede ve 30 farkli boélgede hizmet veren
BALISTIKA®, 3 milyondan fazla delili rahatlikla isleme ve
iliskilendirme yetenegine sahiptir. %90’dan fazla kardes
delil bulma basarisina sahip olan sistem 50.000°den fazla
kardes delil irtibati kurmustur.

Kanit Girisi 3D + Ust Veri

Developed by TUBITAK, BALISTIKA® stands out as one of
the premier ballistic examination systems globally, adept
at analyzing the three-dimensional traces left by firearms
on casings and projectiles. By cross-referencing collected
evidence with a comprehensive database, it facilitates
the swift resolution of incidents.

With BALISTIKA®, forensic ballistic experts can scrutinize
the unique markings on casings and bullet cores to
determine whether they originated from the same firearm.
This capability aids in identifying the weapons and
suspects involved in cases, enabling quick resolutions
while maintaining cost-effectiveness and high efficiency. It
is instrumental in guiding legal experts in making informed
decisions.

BALISTIKA® operates across multiple countries and 30
different regions, efficiently processing and correlating
over 3 million pieces of evidence. The system boasts a
remarkable success rate of over 90% in identifying sibling
evidence and has established connections among more
than 50,000 related pieces of evidence.

Veritabani Sonuglar 3D Veri

BALISTIKA

BALISTIK GORUNTU ANALIzI
VE TANIMA SISTEMI

INDIGENOUS BALLISTIC IMAGE ANALYSIS
AND IDENTIFICATION SYSTEM

| VERI ELDE ETME / DATA ACQUISITION

Akill yazilim ve donanim sistemi sayesinde yiiksek kaliteli
gorintilerin olusturulabilmesine olanak saglar.

The intelligent software and hardware System enables the
creation of high-quality images.

| DELIL ISLEME / EVIDENCE PROCESSING

Goruntuler, kanitlar, vakalar ve bireyler hakkindaki bilgilerin sunucu birimi
yardimiyla muhafaza edilebilmesine ve eslestirilebilmesine olanak saglar.

It allows the information about images, evidence, cases, and individuals to
be stored and matched with the help of a server unit.

SORGU VE GORUNTULEME / QUERY AND VISUALIZATION

Olusturulan gorantilerin dnceki verilerle karsilastirilabilmesine
ve analiz edilmesine olanak saglar.

It enables the generated images to be compared with and
analyzed against previous data.

uzay.tubitak.gov.tr



Tiirk Astronot ve Bilim Misyonu
Turkish _Asz‘ronaut an_d Science Mission

Tiirk Astronot ve Bilim Misyonu, Tiirkiye'nin uzaydaki ilk insanlh
bilimsel projesidir. TUBITAK UZAY tarafindan  yiiriitilen bu
projeyle, Alper Gezeravci Tiirkiye’nin ilk astronotu olarak Uluslar-
arasi Uzay Istasyonu’na génderilmi§tir. ’

Astronot secim slrecine yaklasik 36 bin kisi basvurmus, zorlu testler
sonucu Alper Gezeravcl ve yedek aday Tuva Cihangir Atasever

secilmistir. Basinda genis yanki bulan bu siirec, Tlrkiye'nin uzay

hedefleri konusunda blyuk bir ilgi uyandirmistir.

Alper Gezeravcl,” AXIOM-3 “gdreviyle SpaceX Crew Dragon uzay
araclyla ISS’e génderilmis ve burada 18 giin boyunca 13 bilimsel
deney gerceklestirmistir. Bu deneyler, biyoloji, biyoteknoloji, fizik
ve insan arastirmalari alanlarinda 6nemli veriler
saglamistir. Uzayda yapilan bu calismalar,
Tirkiye'nin bilimsel arastirmalarina katk|
sunmustur. Y

‘9 Subat’ta diinyaya basariyla dénen
Gezeravcl, Tarkiye’'nin insanli  uzay
misyonunu basariyla tamamlamistir.
Turk Astronot ve Bilim Misyonu,
Tarkiye'nin uzaydaki varligini giiclen-
‘diren tarihi bir adim olmustur.
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*  TURKIYE'NIN iNSANLI
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The . Turkish Astronaut and Science Mission is Tiirkiye's first
manned scientific project in space. Led by TUBITAK UZAY, Alper

" Gezeravcr was sent to the International Space Station (ISS) as

Tiirkiye’s first astronaut through this project,

The astronaut sefection process, saw around 36,000 applicants,
with Alper Gezeravci chosen as the primary astronaut, and Tuva
Cihangir Atasever as the backup astronaut following rigorous
testing. This process received widespread media coverage and
generated significant interest in Tiirkiye's space ambitions.

On January 19, 2024, Alper Gezeravci was sent to the ISS by the”

SpaceX Crew Dragon spacecraft as part of the AXIOM-3 mission.

During his 18-day stay, he conducted 13 scientific experi-

ments in fields such as biology, biotechnology,

physics, and human research. These experi-
ments provided valuable data for Turkey.s
scientific endeavors.

Successfully returning to Earth on Febru-
ary 9, 2024, Gereravcr completed
Tirkiye's first manned space mission. The

~ represents a historic step in strengthening
Tirkiye’s presence in space.

Turkish Astronaut and Science Mission-

Yortinge Alti Arastirma Misyonu . -
Sub-Orbital Research Mission

Tirkiye’nin ikinci astronotu Tuva Cihangir Atasever, 8 Haziran -

2024 tarihinde Virgin Galactic’in VSS Unity araci ile gerceklestird-
igi yoriinge altr arastirma ucusunu basariyla tamamlamistir. Tiirk
Astronot Bilim Misyonu Projesi kapsaminda gerceklestirilen bu
ugus, Turkiye’nin uzay arastirmalarindaki onemll adimlarindan
biri olarak dne ¢ikmaktadir.

Taslyici ucak, VSS Unity aracini 14 kilometre irtifaya tasidiktan sonra
roket motoru ateslenmis ve ara¢ 90 kilometre yiikseklige ulasmistir.
Toplamda yaklasik 1 saat 10 dakika siren ucusta Atasever, mikro
yercekimi ortaminda (¢ dakika sren serbest disis asamasinda

yedi bilimsel deney gerceklest|rm|st|r

Tiirkiye's second astronaut, Tuva Cihangir Atasever, successfully
completed a suborbital research flight on June 8, 2024, aboard
Virgin Galactic’s VSS Unity vehicle. This flight, carried out within the
scope of the Turkish Astronaut Science Mission Project, stands out as
one of Tiirkiye's significant steps in space exploration.

After the carrier aircraft lifted the VSS Unity vehicle to an altitude of 14
kilometers, the rocket engine ignited, propelling the vehicle to an
altitude of 90 kilometers. The entire flight lasted approximately I hour
and 10 minutes, during which Atasever conducted seven scientific
experiments in the three-minute freefall phase in a microgravity
environment.

uzay.tubitak.gov.tr
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Endiistriyel Hizmetler
Industrial Services

TUBITAK UZAY, basta uzay sektérii olmak iizere cesitli sektdrlerde tasarim,
analiz, liretim, muayene, montaj, entegrasyon ve test gibi kritik faaliyetlerde
kanitlanmis uzmanlik ve yetkinliklerini cesitli hizmetler yoluyla sunmaktadir.
Son teknolojiye sahip altyapi ile saglanan bu kapsamli
hizmetler, paydas kurumlarin projelerini basarili bicimde
gerceklestirebilmesinin oniinii agmaktadir.

Paydaslari icin, hizmet saglayiciigin étesinde, stratejik bir is
ortagl konumundaki TUBITAK UZAY, Ay’a yonelik misyonlar-
dan havacilik ekipmanlarinin gelistirilmesine uzanan genis bir
alanda uzmanlik ve altyapr saglamaktadir. Bu deneyimli kadro
ve modern teknolojik altyapi ile ileri mihendislik projelerinin
tim asamalarinda gerekli teknik destek ve dogrulama
faaliyetleri sunulmaktadir.

MLI Tasarim, Uretim ve Entegrasyon Coziimleri
MLI Design, Manufacture and Integration Solutions

Uzay araclan ve ekipmanlarinin, uzay ortaminin zorlu termal kosullarindan
etkin bicimde yalitilabilmesi i¢in MLI (Multi-Layer Insulation / Cok Katmanl
Yalitim Battaniyesi) ile uygun kaplama uygulanmasi gereklidir. TUBITAK Uzay
Teknolojileri Arastirma Enstitiisii biinyesinde, uzay araclari ve
ilgili ekipmanlar icin MLI ¢oziimleri kurum ici siireclerle
tasarlanmakta, (retilmekte ve entegrasyonu gercekles-
tirilmektedir.

TUBITAK UZAY biinyesinde gelistirilen her bir ekipman ve uzay
araci 6zelinde 6zgun tasarim ve Gretim yaklasimi benimsen-
mekte; farkli isterler ve sinir kosullariyla uyum saglanmaktadir.
IMECE Yiiksek CozGnGrlikla Yer Gozlem Uydusu ile ucus
tarihcesi kazandirilan MLI ¢dziimleri sayesinde, ¢esitli gereksinim
ve cevresel kosullara uygun tasarim, Gretim ve entegrasyon
hizmetleri sunulmaktadir.

TUBITAK UZAY offers its proven expertise and competencies in critical activities
such as design, analysis, production, inspection, assembly, integration, and
testing across various sectors, particularly the space sector, through a variety of
services. These comprehensive services, provided by a
state-of-the-art infrastructure, pave the way for stakeholder
organizations to successfully implement their projects.

Beyond providing services, TUBITAK UZAY serves as a strategic
business partner for its stakeholders, providing expertise and
infrastructure in a wide range of areas, from lunar missions to
the development of aerospace equipment. With this
experienced team and modern technological infrastructure, we
provide the necessary technical support and verification
services at all stages of advanced engineering projects.

To effectively insulate spacecraft and equipment from the harsh thermal
conditions of the space environment, the application of a suitable ML/
(Multi-Layer Insulation Blanket) coating is essential. MLI solutions for spacecraft
and related equipment are designed, manufactured, and
integrated through in-house processes at the TUBITAK Space
Technologies Research Institute.

A unique design and manufacturing approach is adopted for
each piece of equipment and spacecraft developed at TUBITAK
SPACE, ensuring compliance with diverse requirements and
boundary conditions. Thanks to ML/ solutions, which have
gained a flight history with the IMECE High Resolution Earth
Observation Satellite, design, manufacturing, and integration
services taifored to various requirements and environmental
conditions are offered.

AIT Tesisi Kurulum, isletme ve Kullanimi

AIT Center Establishment, Operation and Utilization

TUBITAK UZAY, bir AIT (Montaj, Entegrasyon ve Test) tesisinin Kalifiye
siireclerle kurulumu, isletilmesi ve kullanimi konusundaki kanitlanmis
yetkinliklerini egitim ve danismanlik hizmetleri yoluyla paydaslariyla paylas-
maktadir.

Tum AIT faaliyetleri yaninda, Isil Vakum Testleri, Titresim ve Sok Testleri, Akustik
Test ve EMI/EMC testleri konusunda danismanlik ve egitim hizmetleri vermekte-
dir. Ayrica, asadidaki tesislerin kurulumu ve isletimi icin danismanlik ve egitim
hizmetleri verilmektedir:

+ AT Merkezi

+ Temiz Oda

+ Elektronik Uretim Altyapisi

+ Optik Uretim ve Entegrasyon Altyapisi
sl Vakum Test Altyapisi

o Titresim Test Altyapisi

¢+ Akustik Test Altyapisi

+  EMI/EMC Test Altyapisi

TUBITAK UZAY shares its proven competencies in the installation, operation
and utilization of a qualified AIT (Assembly, Integration, and Testing) facility
with its stakeholders through training and consultancy services.

In addition to AIT activities, TUBITAK UZAY provides consultancy and
training services for Thermal Vacuum Tests, Vibration and Shock Tests,
Acoustic Tests, and EMI/EMC tests. Furthermore, consultancy and training
services are provided for the installation and operation of the following
facilities:

o AIT Center

* (Clean Room

*  Electronic Production Infrastructure

« Optical Production and Integration Infrastructure
* Thermal Vacuum Test Infrastructure

* Vibration Test Facility

*Acoustic Test Infrastructure

o EMI/EMC Test Facility
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Uzay Operasyon Destek Hizmetleri
Space Operations Support Services

Uzay Operasyonlari Destek Hizmeti, uzay gérevlerinin basarili bir sekilde
yiiriitiilmesini saglamak amaciyla tasarlanmis bir dizi faaliyet ve hizmeti
kapsar. Bu hizmetler, uydu operasyonlarini, uzay kesif gorevlerini ve diger

uzay tabanh faaliyetleri siirdiirmek ve optimize etmek icin
gerekli altyapi ve uzmanligi sadlayarak uzay operasyon-
larinin  planlanmasini, yiriitilmesini ve ydnetilmesini
destekler.

Bu hizmet, uzay gdrevlerinin sorunsuz ¢alismasini, izlenmesini
ve kontrol edilmesini sadlayan kapsamli bir teknik, operasyo-
nel ve lojistik faaliyetler setinden olusur. Bu hizmetler, uzay
varliklarinin saghgini ve performansini stirdtirmek, gorev
verilerini yonetmek ve uzay operasyonlarinin giivenligini ve
verimliligini saglamak icin gereklidir.

The Space Operations Support Service encompasses a range of activities and
services designed to ensure the successful execution of space missions. These
services support the planning, execution, and management of space

operations, providing critical infrastructure and expertise to
maintain and optimize satellite operations, space exploration
missions, and other space-based activities.

This service is composed of a comprehensive set of technical,
operational, and logistical activities that enable the smooth
functioning, monitoring, and control of space missions. These
services are essential for maintaining the health and
performance of space assets, managing mission data, and
ensuring the safety and efficiency of space operations.

Uzay Hukuku ve Politikalar
Space Law and Policy

TUBITAK UZAY, calisma alani olan uzay sektdriine dair hukuki diizenlemeler
ve bu diizenlemelerin ortaya ¢ikariimasinda etkin olan uluslararasi diplomasi
faaliyetlerini yakindan takip etmektedir. Tim diinyada, uzay alaninda o6zel

sektoriin artan roli ile birlikte, kiiresel diizeydeki akimlar ve
gelismelerin de sayisi ve cesitliligi artmaktadir.

Kurumumuz, mihendislik, uluslararasi iliskiler ve hukuk
disiplinlerini iceren ¢ok disiplinli bir bakis acisiyla, strdrile-
bilir bir uzay ekosistemi olusturmak tizere strateji gelistiriime-
si ve gerek kamu gerekse de ozel sektér paydaslarinin
esglidiim icinde calisabilmesi icin danismanlik ve egitimler
vermektedir.

Miihendislik
Engineering

Uluslararasi iliskiler
International Relations

TUBITAK UZAY closely follows the legal regufations related to the space sector,
which is its field of work, as well as the international diplomacy activities that
are effective in the creation of these regulations. Worldwide, with the increas-

ing role of the private sector in the space field, the number
and variety of global trends and developments are also
increasing.

Our institution, with a muitidisciplinary perspective that
includes engineering, international relations, and law
disciplines, provides consultancy and training to develop
strategies for creating a sustainable space ecosystem and to
ensure that both public and private sector stakeholders can
work in coordination.

Hukuk
Law Disciplines




Uretim ve Entegrasyon Altyapilarimiz
Prodluction, assembly and Integration Facilities

TUBITAK

UZAY

SMD Dizgi Cihazi
SMT Pick and Place Machine
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TUBITAK UZAY biinyesinde yiirtitilen projelerin elektronik kart tretimleri
ve uzay uyumlu kablo Gretimleri toplamda 600 m? Temiz Oda alaninda
gerceklestiriimektedir. Tirkiye’nin Temiz Oda kosullarinda ilk ve tek uydu
elektronigi Gretim merkezi konumunda laboratuvarimizda asagidaki altyapilar
mevcuttur.

Assembly of PCB boards and production of space compatible harness are
performed in Clean Room environment which is 600 m?in total within TUBITAK
UZAY. Infrastructures of our laboratory, which is Turkey’s first production
center of space electronics with clean room environment, are listed below:

PCB Yikama Makinesi Krem Lehim Uygulama Cihazi
PCB Cleaning Machine Solder Paste Screen Printer

Nem Alma Ozellikli Akilli Depolama Sistemleri Buharli-Vakumlu Lehimleme Firini
Smart Storage with Dehumidification Vacuum Vapor Phase Soldering System

Bilesen Bacak Sekillendirme Cihazi
Component Lead Bending Too!

Kablo Orme Masalari Kablo Test Cihazi El ile Uretim Hatti
Harness Tables Cable Stripping Machine & Pull Tester Hand Producing Line

[
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Muayene Altyapilarimiz
O U /’ / /’) S IO QC Z’/O /’] / /’7 f/’ a S Z’/’ U C Z‘U /’ e S “Gergeklestirilen muayenelerde IPC, ESA (ECSS) ve NASA tarafindan yayinianan ilgili standartlar temel alinmaktadir.”

“The inspections are based on the relevant standards published by IPC, ESA (ECSS) and NASA.”

@ X-Ray incelemeleri @ X-Ray Inspections @ Gorsel Muayene @ Visual Inspection
Devre elemanlarinin i¢ metalik yapilari ve reflow teknigi ile yapilan X-ray imaging technique is used to examine the internal metallic Stereo Mikroskop (1-2) ile baski devre kartlarinin ve lehim The compatibility of the printed circuit boards and solder connections
BDK lehim baglanti yapilarinin incelemeleri icin X-i1sini ile gériintileme structures of the circuit elements and the PCB solder connection badlantilarinin uygunlugu degerlendirilmektedir. Bu kapsamda, is evaluated with the Stereo Microscope (1-2)
teknigi kullaniimaktadir. structures made with the reflow technique. « Bos BDK degerlendirilmeleri (3) « Empty RAC evaluations (3)
X-Isini teknigi kullanilarak; Using the X-Ray technique; + Lehim badlantilari degerlendirilmeleri (4-5) « Evaluation of solder joints (4-5)
* BGA lehim baglanti degerlendirmeleri * BGA solder connection evaluations « Mikro-kesit degerlendirilmeleri ve (6) « Micro-section evaluations (6) and
* Metalik Hatlarin kontroli * Control of metallic lines « Hata analizi stirecleri de stereo mikroskop ile takip edilmektedir. « Error analysis processes are also monitored with a stereo microscope.
« Yonga teli baglant teyidi * Chip wire connection confirmation
« Delik ici gecis ve lehim dolgu kontrolleri tahribatsiz muayene imkani * Through-hole penetration and solder fifling controls are
ile degerlendirilmektedir. evaluated with the possibility of non-destructive testing.
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@ Termal Kamera Degerlendirmeleri
Cevresel test sonrasi BDK (izerindeki komponentlerin isil degerlerinin
takibi ile arizall komponent tespiti ve BDK'nin degerlendiriimesi
saglanir.

@ Mikro-Kesit inceleme a

Bos veyakomponent montajiyapilmis BDKi¢ yapisal hataolusumlarinin
detayli gorsel incelemeleri ve boyutsal dlctimlerin yapilabilmesi
icin, bolgenin mikro kesitinin alinarak degerlendirilmesini sadlayan
tahribatli muayene metodudur.

@ Thermal Camera Reviews
Thermal camera images helps to inspect PCBs by detecting the defective
component via monitoring the thermal values of the components on the
PCB after environmental tests.

@ Micro-Section Inspection
It is a destructive inspection method that allows detailed visual
inspection of internal structural defect occurrences and dimentional
measurement of the micro-section of the defective region from k

o
Sae
i
mounted or empty PCB. [=
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Test Altyapilarimiz
Our Testing Infrastructures

Isil Vakum Test Altyapilari

TUBITAK UZAY Isil Vakum Test Altyapilari, uydu ekipmanlarinin tasarim
ve ucusa hazir olduklarinin dogrulanmasi icin gerekli olan uzayin sl
ve vakum kosullarini simile etmektedir. Test altyapilari ekipman ve alt
sistemlerin test gereksinimlerini karsilayacak sekilde genis kapsamli
bir kabiliyete sahiptir. Bu altyapilar uydu ekipmanlarinin gelistirme,
muhendislik degerlendirmesi ve kalifikasyon testleriicin kullaniimaktadir.

Thermal Vacuum Test Facilities

TUBITAK UZAY Thermal Vacuum Test Facilities simulate thermal and
vacuum space environment which is necessary for the verification of
spacecraft equipment design and flight readiness. The Test Facifities
offer a wide range of performance capability, which can be matched
to the test requirements of equipment and subsystems. Typical uses of
these facilities have included development, engineering evaluation, and
qualification testing of spacecraft components.

EMI/EMC Test Altyapisi

Gelistirilmekte olan uzay ekipmanlarina, MIL-STD 461F standardina gére
gerekli olan EMI/EMC testleri gerceklestirilmektedir.

EMI/EMC Test Facility

Required EMI/EMC tests are performed to the being developed space
equipments according to MIL-STD 46]F standard.

@ Titresim Test Altyapisi

Titresim Test Altyapisi, uydu ve ekipmanlarin firlatma sirasinda maruz
kalacagi statik, dinamik ve akustik ytkleri simle ederek bu yiklere
dayanimlarini dogrulamaktadir.

Vibration Test Facility

Vibration Test Facility verifies the survivability of spacecraft and its
equipment to static, dynamic and acoustic foads by simulating the
launch conditions.

Pirosok Test Altyapisi

Pirosok Test Altyapisi, uydu ve icerisinde bulanan alt sistemler ile
ekipmanlarinin uydunun firlaticidan ayrilmasi, gines panelleri,
antenlerin agiimasi ve diger piro teknik aktiveler sirasinda maruz
kalacadi sok kosullarini simiile ederek bu kosullara olan dayanimlarini
dogrulamaktadir.

Pyroshock Test Facility
Pyroshock Test Facility, verifies the survivability of spacecraft and
its equipment by simulating the separation, solar panel - antenna

deployment and other pyro-technic activities which cause shock foads.

Tl
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