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Gunumuzde Dunyada Uzay
Uzay Bilimleri
*Uzay Teknolojileri
*Uzay Hukuku
*Uzay Politikalari
*Uzay Endiistrisi
*Uzay Ekonomisi / Ticareti
*Uzay Turizmi
*Uzay Biyolojisi, Muizigi, Mimarisi, ...



Uzayin Bashica Kullanim Alanlan

Baslica uc¢ alanda toplanabilir (yeryiiziinde yarar igin):

Haberlesme: Diinya’nin herhangi iki noktasi arasinda
canli, glivenilir, ses, veri, goriintii, video iletisimi
uydularla miimkiin olmakta.

Gozlem: Uzayin en eski, en yaygin kullanilan alani, ¢ok
genis sivil uygulamalar1 yaninda askeri kesif ve
1stihbarat dnemle One cikar.

Navigasyon: Insanligin ezeli riiyasi, simdi neredeyim,
nasil giderim sorusuna yanit.

Ayrica: Bilim, Turizm, Madencilik, ...
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YENI UZAY
Bir Paradigma Degisikligi




“Daha kiiciik, daha ucuz, daha iy1”

20. yiizy1l sonlarinda soylenmeye baslayan (smaller,

cheaper, better) bu sozler, yaklasik son 10 yilda

yasama gecmeye basladi.

» Elektronik ve MEMS (Mikro ElektroMekanik
Sistemler) alanlarindaki kiiciilme ve yetenek artisi

« Uzmanlarn, bilgi kaynaklarinin ¢ogalmasi

» Ogzel girisimlerin (startup) artarak ortaya cikmasu.

« Hazr ticari raf iirtinleri (COTS) ¢ikip yaygilagsmasi.

 Fiyatlar diismesi

e Tasarim ve uretin siirelerinin kisalmasi, hatta seri
tretime donmesi



“Daha kiiciik, daha ucuz, daha iy1”

Uydu tasarimi ve iiretimi:

« Daha kolay

« Daha ekonomik

« Daha giivenli

» Daha kisa stirede yapilabilir oldu.
(yillardan — aylara)

Bu gelismeler bliytik uydularin yaptiklarinin ¢ok
daha kiiciik uydular tarafindan, yapilabilmesinin
yolunu actr.

Uzay oyunculari ¢ogaldi. Birgok yeni “startup™
firma kuruldu. Bunlar uydu yapmaya, firlatmaya
isletmeye basladilar. Yen1 uygulama alanlar1 acild.




YENI UZAY

» Uzay artik biiyiik devletlerin ve biiyiik
firmalarin oyun alani1 olmaktan c¢ikti.

» Teknoloj1 genisledi, yayginlasti, ylizlerce
bliyiik kiiciik yen1 firma, devlet kurumu,
0zel kurulus, Universite, hatta lise, uzay
teknoloj1 ve uygulamalarina girdi. Aktif
calismaktadirlar.

 https:/ljast.hho.msu.edu.tr/index.php/JAST/article/view/420/324



https://jast.hho.msu.edu.tr/index.php/JAST/article/view/420/324
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Maliyetler 1/10, hatta 1/100
diizeyine Indi




Biytikliikler 1/100, hatta 1/1000
diizeyine geldi.
Bir Kg altinda hatta 100 gr uydular var.

The Smallest Satellite




Kiicliik Uydularin Avantajlari

Az sayida (1, 3, 5) biliylik uydunun yerini onlarla,
ylizlerle, binlerle kii¢lik uydu aliyor.

Bir veya birka¢ uyduda ariza durumunda sistem
¢okmiiyor. Kolay yedekleme olabiliyor.

Askeri onem: Saldirilara kars1 artmis sistem
dayaniklilig1 (diisman i¢in hedef artik tek degil cok,
ylizlerle)

Bir baska onemli biliyiik avantaj: Takim uydularin kisa
«revisity siiresi



Bir Ornekle «Revisity
Karsilastirmasi

50 milyon dolarla goriintii alma secenekleri:

« 50 milyon dolara 60-70 cm ¢o6ziiniirliikli bir biiyiik
uydu 5 giinde bir goriintii alabilir. Yiiksek risk (ariza,
saldir1)

10 milyon dolarlik 5 uydu ile her giin 1,5 - 2 metre
¢cOzuniirlikli bir goriintii alabilirsiniz. Daha diisiik risk

1 milyon dolarlik 50 uydu ile her giin 2,5 - 3 metre
cOzlniirliklii 5 goriintii alabilirsiniz. Cok diistik risk



Kiiciik uydu — Biiyiik uydu
karsilastirmasi
Yalniz biiyiiklerin yapabildikleri, kii¢iik uydularin

yapamadiklar1 bazi1 gérevler gene var.

o Biiyiik telekom uydular1 (DBS, dogrudan tv yayim
yapan, vb.)

* Cok yiiksek ¢oziiniirliikk gerektiren (10, 20 cm gibi)
uydular

» Bazi bilimsel uydular (Hubble, JWST, ...)
» Navigasyon uydular1 (GPS; Galileo, Glonass)
« Vbh.



Uydu Biiytiklik siniflandirmasi
1000 Kg < Biiyiik Uydu
1000 Kg > Kiiciik Uydu > 500 Kg
500 Kg > Mini Uydu > 100 Kg
100 Kg > Mikro Uydu > 10 Kg
10 Kg > Nano Uydu > 1 Kg
1 Kg > Piko Uydu
0,1 Kg > Fempto uydu



Kiip uydular (Cubesats)

YENI UZAY’1 tetikleyen onde gelen gelisme

1999°da Stanford ve UCSB tuiniversitelerinde 6grencilerin
uydu yapiminm kolaylastirmak i¢in bir uydu standardi ortaya

kondu (Bob Twiggs). Kiip uydu (Cubesat) denen bu standart
kisa stirede yaygin kullanima girdi.

Bir kiip uydu (1U)
10X10X10 cm
Bunun katlar1 uydular
(2U, 3U, 6U) .
Agirliklar: en ¢ok 1U 1¢in
2 Kg olabilir.




Kiip uydular (Cubesats)

Standart boy ve agirlik bircok avantaj kazandirmistir.

Hemen her parcasini hazir raf {irtinii olarak bulmak
mimkiindiir.

Firlatma maliyeti kiip basina 40K-50K dolara kadar
diismektedir. R, T
Bircok tiniversite firma b = '
ve uzay kurumu, degisik
amaclarla (bilimsel, ticarti,
egitim) kiip uydu yaparak
uzaya adim atmakta
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Chandra X-Ray Observatory




Uydu diinyasindan bazi
haberler

«Space economy venture-capital investments
rose 17% year-on-year to $3 billion across
103 companies in the third quarter (Q3) of
2023, according to a new report from VC firm
Space Capital.»



PIaHEt |abS, 200+ kiictik uydu ile

Whole earth” imaging with
unprecedented frequency

Large constellations of nanosatellites
based on cubesat architecture that will
fly in a low earth orbit of about 400
kilometers.

Each 10- by 10- by 30-centimeter dove
weighs just 5 kilograms, has an image

resolution in the 3- to 5-meter range,
and is built to be expendable:

According to planet labs, up to 20 percent of its
satellites can fail without affecting operations.



Pint sized Scottish "Spire” satellites

launched into orbit
Nov 29, 2018

The Glasgow (UK) built satellites, | )(m\
Funded by the UK Space Agency She

will monitor temperature, pressure ﬂ 4
and humidity information for weather *il ‘ k
forecasting and climate change. |
This is usually done by large satellites.

The 5kg satellites by Spire are unique due to their
function, tiny size, low cost and quick build time.
A constellation of 80 nano satellites ...

This style of satellites could revolutionise work in space.




Albedo, 10 cm ¢oziiniirliik, 1 saatte teslim
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NASA Bilimsel Kiip Uydusu

NASA's BurstCube, this compact, shoebox-sized
satellite, aims to explore short gamma-ray bursts - the
universe's most intense explosions.

After its deployment from the International Space
Station, BurstCube will employ its sophisticated
technology to detect, locate, and analyze these short-
lived, high-energy light flashes, which often stem from
the collision of neutron stars.

BurstCube: NASA's Compact Satellite Takes on the Cosmos' Most Explosive
Mysteries (spacedaily.com)



https://www.spacedaily.com/reports/BurstCube_NASAs_Compact_Satellite_Takes_on_the_Cosmos_Most_Explosive_Mysteries_999.html
https://www.spacedaily.com/reports/BurstCube_NASAs_Compact_Satellite_Takes_on_the_Cosmos_Most_Explosive_Mysteries_999.html

NASA Hears MarCO CubeSats Loud and
Clear from Mars

NASA's MarCO mission was built

to see whether two experimental,
briefcase-sized spacecraft could

survive the trip to deep space, and

the two CubeSats proved more

than able. | ‘ |

After cruising along behind NASA's InSight for seven
months, they successfully relayed data back down to
Earth from the lander during its descent to the
Martian surface.



NASA to demonstrate miniature

CubeSat swarm technology

by Chloe E. Tuck

Vandenberg AFP CA (SPX) Mar
05, 2024

Led by Carnegie Mellon
University in Pittsburgh and
funded by NASA's Small
Spacecraft Technology
program,

PY4 seeks to demonstrate
spacecraft-to-spacecraft
ranging, in-orbit navigation,
and ...




Lift off for ESA’s Pioneering nanosats
Paris (ESA) Nov 30, 2018

The first 'Pioneer' mission lifted off early this
morning from Sriharikota, India, with the two
Inventive little nanosatellites now circling the Earth,
ready for action.

The shoebox-sized satellites were developed under
ESA's ARTES Pioneer programme, and will aim to
prove the value of using nanosats for space-based
Radio Occultation: the process of using satellites
to measure how GNSS signals are refracted by the
Earth's atmosphere.



ESA Kiip Uydusu Astroid yolunda

ESA CubeSat will probe asteroid with radar
by Clarence Oxford, Paris, (ESA) Mar 28, 2024

The European Space Agency (ESA) has embarked on a
groundbreaking mission with the unveiling of the Juventas
CubeSat, a compact spacecraft integral to the Hera
mission aimed at exploring the Didymos binary asteroid
system. This pioneering endeavor will mark the first radar
investigation within an asteroid, focusing on the
Dimorphos moonlet, comparable in size to the Great
Pyramid.




SpaceX gets nod to put 12,000 satellites in orbit

Washington DC (AFP) Nov 16, 2018

SpaceX got the green light this
week from US authorities to put
a constellation of nearly 12,000
satellites into orbit in order to
boost cheap, wireless internet
access by the 2020s.

US FCC announced it had
authorized SpaceX to launch
7,518 satellites, adding to 4,425
satellites it has already approved and launched.

The FCC has also authorized other companies to
launch satellites, including Kepler (140 satellites),
Telesat (117 satellites), and LeoSat (78 satellites)...

GBI SRS TRIEHIS?




OneWeb: “Internet access
everywhere everyone”

o “OneWeb (Airbus Group) launched the first batch of
satellites of an initial 650-satellite constellation In
February 2019. (2600 by 2026)

» With OneWeb, it doesn t matter where you are. Soon
everybody will have access to high speed, reliable
Internet. We are a pioneering company building the first
global communications network to be powered by a

constellation of low-Earth-or
providing connectivity to peo

DIt satel
nle and

everywhere around the worlc
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ites, and will be
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Rivada Space: A Global
Communication Revolution

Rivada Space Networks Unveils OuterNET:

A Global Communications Revolution
by Clarence Oxford, Los Angeles CA (SPX) Mar 19, 2024

Rivada Space Networks has announced the launch of the OuterNET, its
groundbreaking low-earth-orbit (LEO) satellite constellation designed to
deliver the first-ever single, global, and omnipresent communications
network. "With OuterNET, we're making true global wireless connectivity a
reality for the first time," proclaimed Declan Ganley, CEO of Rivada.

Comprising 600 satellites, the OuterNET constellation promises
unparalleled global coverage, supported by end-to-end intersatellite laser
links that form a cohesive global mesh network in the void of space.




US developing cheap, disposable spy
satellites from civilian technology

The US Defense Department
IS looking at a new —
generation of light, cheap, | &« ¥
disposable satellites to el O B
help cut costs.

It could shave costs per
satellite from $1 billion to
only a couple of million
dollars..



US Navy nanosatellite for polar
commuhnication

A U.S. Navy UHF
nanosatellite designed for
polar communications ...
ICE-Cap is meant to
extend the coverage of
mobile units cell-phone-
like access in the polar
regions. More than 70 are
planned.




Raytheon’'s SeeMe satellite system
to help situational awareness

Washington (UPI) Oct 3, 2018

The SeeMe system will provide
situational awareness for ground
troops. It Is designed as a series
of micro satellites (45-50 Kg)
operating in a constellation.

e\
ot

Th_e system will prq\{ide small | o N,'S;TJIIBIJI\I}S &
IS QORCEI EREINWATREEIWENY/E  SATELLITE NETWORKS
time-sensitive imagery of
overseas locations from small
satellites with the press of a
button.




DoD Commercial Space
Integration Strategy

 DoD Releases 2024 DoD Commercial Space
Integration Strategy

« Today, the Department of Defense released the
2024 DoD Commercial Space Integration
Strategy. In line with the National Security
Strategy and the 2022 National Defense
Strategy, this strategy seeks to align the
Department's efforts and drive more effective
Integration of commercial space solutions
Into national security space architectures.



NASA Universite Yarismast

NASA Selects Eight University Teams for

2024 CubeSat Development Program

by Clarence Oxford
Los Angeles CA (SPX) Apr 01, 2024

In a significant move to foster innovation and

expertise in the small satellite sector, NASA,
alongside the U.S. Air Force and U.S. Space
Force, has announced the selection of eight
university teams for the 2024 Mission Concept
Program.




NASA Universite Yarismast

ASU student team's design selected as finalist for

2024 NASA-sponsored BIG Idea Challenge
by Kim Baptista, Tempe AZ (SPX) Mar 27, 2024

Arizona State University's Luminosity Lab student team was
recently selected as a finalist in NASA's Breakthrough,
Innovative, and Game-Changing (BIG) Idea Challenge. The
group is one of six teams selected by NASA to present at the
2024 BIG Idea Challenge Forum, Nov. 5-7, at NASA ...

The theme for the 2024 NASA-sponsored engineering
competition, "Inflatable Systems for Lunar Operations,"
challenges student teams to research, design and demonstrate
novel inflatable systems configured for future lunar operations




Bir Lise Cubesat Projesi
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« NASA to Launch Oakwood School's Student-Designed

CubeSat to Space Station (spacedaily.com), March 2024



https://www.spacedaily.com/reports/NASA_to_Launch_Oakwood_Schools_Student_Designed_CubeSat_to_Space_Station_999.html
https://www.spacedaily.com/reports/NASA_to_Launch_Oakwood_Schools_Student_Designed_CubeSat_to_Space_Station_999.html

3. Dunya Devletler1 Uzaya Ac¢iliyor

New Space dergisinden Mart 2024 basliklar:

« «Challenges of Entering the Space Market: Case of
Entrepreneurs in Central Eastern Europe»

 «Proposal for a Peruvian Spaceport: Impact Analysis»
« «Brazil’s First Steps in the Commercial Space Launch»

« «NASA Welcomes Ecuador as 26th Artemis Accords
Signatory»

Emerging Markets in the Space Economy.
(terradaily.com):

« «Saudi Arabia’s Technological Leap»

« «India’s Pioneering Space Endeavorsy


https://www.terradaily.com/reports/Emerging_Markets_in_the_Space_Economy_Opportunities_Beyond_the_West_999.html

Giliniimiiz Senaryolar
(haberlesme, Internet)

LEO’da takim uydular (yiizlerce, binlerce),
diizenli, ucuz, kiiresel internet hizmeti vermeye
baslamislardir.

[letisim hiz1 saniye 1-2 terabit, gecikme 25-50 ms
Kisiler dogrudan (cep telefonuyla) uyduya
erisebilecektir. (Kismen basladi bile)

Uyduyla dogrudan iletisim, sansiirii etkisiz
kilacak



Giliniimiiz Senaryolar: (gozlem)

 Goriintii takim uydular zaten saatte bir optik ve
kizilotesi goriintii almaktalar. Cok yiiksek ¢oziiniirliik
yayginlasacak. Kisa siireli video da miimkiin olacak.

 Sentetik Aciklikli Radar (SAR) yayginlasacak, gece
giindiiz ve her hava kosulunda gortintii almak
miimkiin olacak.

» Bu teknolojiler yalniz uzay yetenekli devletlerde
degil, gelismekte olan iilkelerde de var olacak.



Gliniimiiz Senaryolar:
(seyriisefer, GNSS)

ABD’nin GPS sistemi en eski, ve yaygin kullanimda.

Ancak onun yaninda diger bir GNSS sistemi olan
AB’nin Galileo sistemi yayginlasacak.

Rusya’nin Glonas ve Cin’in Beidue sistemleri da var..
Coklu alicilar yayginlasacak.

Bunlarin disinda Hindistan ve Japonya da GNSS
gelistirmekteler.

Turkiye’nin durumu: GNSS at LEO



“YENI UZAY” Paradigma
degisikligl sonuclari

 Artik uzay biiyiik devletlerin ve biiyiik firmalarin
tekel alan1 olmaktan ¢ikmustir.

* Yeni kurulan firmalar (startup), tiniversiteler, biiyiik
kiiciik yeni devletler mikro/nano uydu yapmakita,
1isletmektedir. Uydu uretimi ser1 iretim olmustur.

* Bu gelismeler Turkiye icin de yeni firsatlar ortaya
cikarmaktadir. Turkiye Uzay Ajansi politika
degisikligine gitmeli, yeni olusumlarin ontinu
acmali, onlar desteklemelidir.



Turkiye’de Durum

Gecmiste birka¢ kez Turkiye Uzay Ajansi kurulmasi

girisimler1 oldu. Sonunda TUA 2018’de kuruldu.
Heniiz bir politika ve strateji belgesi yok.

Ancak 2021°de 10 maddelik bir program aciklandi:

» «Uydu Uretimlerinin Tek Cati Altinda Toplanmasi
ve Yerli Uydu Gelistirme Programiy

o «Uzay Sanayii Ekosisteminin Gelistirilmesiy

e «Ay Programi»

Milli Uzay Programi - Tiirkiye Uzay Ajansi (tua.gov.tr)



https://tua.gov.tr/tr/milli-uzay-programi

unyamiz, Evimiz




Tesekkir
Ederim

rof Dr Fuat Ince
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