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World Launch Records since Beginning... 27 & Al =X}
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https://en.wikipedia.org/wiki/Timeline_of_spaceflight

Space Agencies in numbers & Al H|

o x5 5

—_ O
Name - |Initialisms/Acronyn ~ |Country ~|Budget M$|-:|[Employees |~| Founde( - |Astronaut|~ Sat Ops|~|S. Rocket|~
RN iialisms/acromyt National Aeronautics and Space Administration NASA — United States 22,629 17,000 1958 Yes Yes Yes
Mohammed bin Rashid Space Centre MBRSC (ex. EIAST N N T N B
Comision Nacional de Inecetcaciones Espacales CNE China National Space Administration CNSA - China 11,000 1993 Yes Yes Yes
Ty T —— e European Space Agency ESA L ESA 7,430 2,200 1975 Yes Yes Yes
ii’r—"—g_m o German Aerospace Center DLR Germany 4,233 8,127 1969 Yes Yes Yes
islombian cspa:e Commw’ssic;nA — %E CNES CNES h I France 3,024 2,500 1961 Yes Yes Yes
oclacion Centroamericana de Aeronautica y el Espacio ACAE
Croatian Space Agency (Hrvatska Svemirska Agencija) CROSA Russian Federal Space Agency ROSCOSMOS B Russia 2,770 1992 Yes Yes Yes
zech: Ministerstvo dopravy Ceské republiky in, of Transpor N N N 7 N
;ani:hh,:aﬁ(,tna\tsgiep@vni; e republl AD/'RC,fDTRK. ™ Indian Space Research Organisation ISRO (3““) India 1,900 20,039 1969 Yes Yes Yes
T e T R Rss o Italian Space Agency ASI I raly 1,800 200 | 1988 Yes Yes Yes
:i'n‘e”aifi:n gc‘:;eg‘;i’c:“ V6 Kévipo Agothjiatog) % Japan Aerospace Exploration Agency JAXA ! ®  Japan 1,699 1,545 2003 Yes Yes Yes
National Instiute of Aeronautcs and Spce LapAN Korea Aerospace Research Institute KARI % South Korea 519 910 1989 Yes Yes
National Space Ag
Lithuanian Space A L . L ] ES
= % South K 519 910 |-
Malaysian Space A
National Remote Si KAR I l O u O rea es
CentreRoyaldeTd ™ -
st :n?> . . Canadian Space Agency CSA Canada 297 670 1989 Yes Yes
lew Zealan pace Agency NEoA
National Aerospace Development Administration NADA (ex. KCST) Mexican Space Agency AEM Mexico 250 2010 Yes Yes Yes
Ezlr':xuguaalyasnasczace Agency (Agencia Espacial de Paraguay ) A_E Belqian Institute for Space Aeronomy BIRA Be|g|um 224 1964 Yes No No
S — an Instituto Nacional de Técnica Aeroespacial INTA =  Spain 211 1942 Yes Yes Yes
e el =)o ISwiss Space Office S5O Switzerland 177 1998 No No No
Centre for Remote Imaging, Sensing and Processing CRISP Netherlands Institute for Space Research SRON Netherlands 110 1983 Yes Yes No
Soviet space program CCCP - -
Syrian Szace‘;giy SsA Swedish National Space Agency SNSA = Sweden 100 1972 Yes Yes Yes
T T T T T T et Norwegian Space Centre NRS / NSC Norway 97 1987 No Yes Yes
[Lkmenitan Notlons Space foeny e State Space Agency of Ukraine |OKAY [ Ukraine 80 1992 Yes Yes Yes
ﬂ"gef ssfafess SpaceRForce e —— ﬁiw — Austrian Space Agency ALR p== Austria 75 1972 No No No
Zbe! ate Space Researc! gency zbekCosmos, zbekCo:
Azerbaijan National Aerospace Agency® AMAKA Polish Space Agency POLSA f— Poland 62 2014 Yes Yes No
ational Space Science Agency NSSA ore .
:a:ional Zommisssion fo/:Aerospace Research and Development E(S)SNTDA BraZI|Ian Space AgenCy @ BraZ” 47 1994 Yes Yes YeS[lZ]
o Ak Erates Shace Jamal . Comisién Nacional de Actividades Espaciales CONAE (ex. CNIE) Argentina 45 1991 No Yes Yes
Space Technology nstitute (Vién Cong nghé vi try Viet Nam) unll Pakistan Space and Upper Atmosphere Research Commission |SUPARCO Pakistan 45 1961 No Yes Yes
Philippine Space Agency PhilSA Philippines 38 2019 No Yes No
National Space Research and Development Agency NASRDA Nigeria 32 1998 No Yes No
Australian Space Agency ASA (ex. NSP) Australia 32 2018 No Yes Yes
Israeli Space Agency ISA Israel 15 1983 Yes Yes Yes
South African National Space Agency SANSA South Africa 12 2010 No No No
Turkish Space Agency TUA Turkey 4 2018 No Yes No
Mohammed bin Rashid Space Centre MBRSC (ex. EIAST) | ME=pypai, UAE 2016 Yes Yes No
[R1] https://en.wikipedia.org/wiki/List_of_government_space_agencies
1§ O XA AI X n .
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https://en.wikipedia.org/wiki/List_of_government_space_agencies
https://www.kari.re.kr/cop/bbs/BBSMSTR_000000000131/selectBoardArticle.do?nttId=7504&pageIndex=1&searchCnd=&searchWrd=

Space Agency Budget (MUS$) in 2020 & AIAH === 0| &t

25,000
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15,000

10,000

5,000

US: 22,629 M$
China: 11,000 M$
The rest: ~20,000 M$
KARI: 519 M$ Budget / 910 staff

but for both Aeronautics & Space...

[R1] https://en.wikipedia.org/wiki/List_of_government_space_agencies

[R2] https://www.reddit.com/r/GlobalPowers/comments/6jvzmqg/event_mexican_space_agency_funding_increased_new;/.

[R3] https://fr.wikipedia.org/wiki/Agence_spatiale_alg%C3%A9rienne.

[R4] https://fr.wikipedia.org/wiki/Liste_des_agences_spatiales »
[R5] https://spaceq.ca/canadian-space-agency-budget-increases-20-for-2020-21 N

)

m 2011 (M$)
m 2020 (M$)
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https://en.wikipedia.org/wiki/List_of_government_space_agencies
https://www.reddit.com/r/GlobalPowers/comments/6jvzmq/event_mexican_space_agency_funding_increased_new/
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https://spaceq.ca/canadian-space-agency-budget-increases-20-for-2020-21/

Mohammed bin Rachid Space Centre, Dubai

v

DubaiSat-1 (30.07.2009) - 20 MUSD investment
 MBRSC owned / Satrec Initiative developed Small Sat (SI-200 bus)
o Earth Observation - 2.5m resolution @ 700 km altitude
> Launched by Dnepr PC20 from Kazakhstan

v

DubaiSat-2 (21.11.2013)

o MBRSC engineers made with Korean Support
o Earth Observation

> Launched by Dnepr

v

KhalifaSat (29.10.2018) IRATAA ThsE
> Launched on H-IIA 202 from Tanegashima, Japan
o Earth Observation - 70cm resolution @ 613 km altitude

v

Hope Mars Mission (19.07.2020)

> Collaboration with Univ. of Colorado Boulder, UC Berkeley & Arizona State Univ.
> To study Martian Atmosphere & Climate

OLOD0kmy' s 110,142 T rEkm

S % Yeosijae
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Orbital Resources & Applications /S48 A= XJ L SEZ0F

» GEO and NonGEO Orbits and Applications MEO 33

GPS / Galileo
AItiude: ~20,000 km

GEO TAIHT
Telecom / Meteo
Altitude: 36,000 km
LEO MAlT ‘
Telecom / Observation / Meteo
Altitude: ~1,000 km

On the Equatorial plane

Stratospheric
Balloon/HAPS
Altitude: ~30 km

8

e
/s

Deep Space Al+'5 #Hlk
Space Mining / Tourism
Distance: Far away to

- Moon (~384,402 km)
- Mars (54 ~ 400e6 km)

Yeosijae
Future Consensus Institute 20.08.2020 8



LEO Projects of Today &2 HAZ EEZHES

» Earth Observation - Optical » Telecom - Broadband
> PlanetLab o > OneWeb - o ’
net. &g Terra Bella We
> SkyBox Imaging 4 > Starlink s OneWe » L
0 llirt}lleCast : ) I8 urthecast << AXELSPACE > 03b mPower l_/E_g YsAaT -~
> Axelspace (Japan > Leosat
> BlackSky - LeoStella BLACK o Kuiper O?) b mPOWER
- - amazon | project kuiper
» Earth Observation - RF: SAR & Radio occultation » Telecom - 10T
o Capella -~ . > Astrocast (ex Else)
> Synspective % Synsped've > Hiber (ex Magnitude Space) ASTROCAST
> Spire Capella Space  J\ Spire > Kepler Communications ’g‘hiber.,
> PlanetiQ . > Myriota .‘K EpLER
° .. PLANETI@ > Spire, ... .
CRITICAL DATA FOR A SMARTER PLANET ) M M 9 rlota
» Earth Observation - RF: Passive Radio » Telecom - Cloud / Blockchain
> HawkEye 360 ‘ HawkEye®® > SpaceBelt, SpaceChain,
> Kleos Space, Unseen Labs, ... | o ... SPACEBELT sp.\l:.-_
¥ (WDKLEOS - EHAR

e

i % Yeosijae
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https://www.newspace.im/

LEO Projects of Today &2 HAZ EEZHES

» New Launchers » In Orbit Services
> ABL Space - RS1 A o D-Orbit-ION ) =vO
) Aelvum Space - RAVN'_X AR!ANQVUHK:, > ExoLaunch Gl CAONCH
* Ariane Works - Themis o Momentus - Vigoride, Argoride Z
> Arianespace - Vega, Vega-C, Ariane 6, ... . — . NanoRacks MOMENTUS
> Astra - Rocket 3.0 arfanespace
> Black Arrow - Black Arrow service&solutions > Open Cosmos ':FI NANORACKS
> Firefly - Alpha, Beta, ASTRA > Precious Payload
> IHI Group - Epsilon TFIREFLY » Spaceflight Industries ‘ RISESASGS

> Landspace - SL-1 M
> One Space - SRV-1 LA CE 4

> Orbex m/@m » Balloon Based Launchers
> PLD Space > Space Ryde
> Relativity Space - Terran 1 »  7ero to Infinit
y
> Rocket Factory Augsburg Homtﬁ*’ m RF/\

ROCKET L-AB

> Rocket Crafters
> Rocket Lab - Electron
> Skyroot Einrodge - Vikram 1

" Skyrora SPACEX

o SpaceX - Falcon 9, BFR, ... ,

> Virgin Orbit - Launcher One 4
OR3IT

e Yeosijae
* N M)  Future Consensus Institute 20.08.2020
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New Space Evolution 7= AH0|A & Al

» Technology Trend 7l=H2 2 Al

o High Speed / Low Power Electronics / Computing Power =/ MEE M2 B AR 7= 2 A
> Everlasting Equipment Miniaturization A|£X Ol XH| =90 4235}
> High Degree of Automation & Robotics Potential st/ 2E231e A
> Cubesat Standardization =» Fast Prototyping FEAMO| EF3 > HHE T2 EEQ AlH
> Evolutionary Ground Infrastructure SAAMKE Ol X|AA|AEI OlZELO| L=

=» Space Democracy =2 SF7|= EF9| bixEs}

Mainframe TR
— Current satellites* g Human . Capella (atlaunch) ,  Capella (in space)

Workstation

*\* .j

L %

—
o
©

b= T
£ e | N _
=R | *\ : Wearables .
()
£ i Mini- ! M n
% 10 Computer 4
0 Personal R", N hRﬂcl)ci)rgPS sized
10 Computer & o *\\ ;
-3 ~/Smart Phone "~ ~ g
10~ g
1960 1970 1980 1990 2000 2010 2020 2030 wemsAR®  2.5m

[Ref.1] e Yeosijae
[Ref.2] * N Future Consensus Institute 20.08.2020 11


https://www.zurich.ibm.com/st/smartsystem/
https://spacenews.com/capellas-first-satellite-launching-this-fall/

Jot

New Space Evolution 7= AH0|A & Al

» Business Trend Al E 2 SiA
> Cubesat Standardization = Capex Efficiency HAMOo| gFol=>HE ML
> New Application Ideas =» Business Opportunities MBS 2250F00|C|0 > ME2 H| =LA 2 E
o Private Investment with High Efficiency in Mind NS = AISt= Q1717 2 o EX}
> Artisanal Manufacturing = Automated Factory EOI™HAMO| =25 AU S 24 2ldH|zto 2 HI X Z
(GEO Sat: 2 years =¥ Starlink Sat: 2 weeks) (Custom GEO @|d: 2 =» Starlink &M 2F)

Evolution of the Mobile Phone
832019
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https://www.youtube.com/watch?v=uqC8CuFoPsU
https://www.pinterest.fr/pin/474074298248817526/
https://spacenews.com/musk-says-starlink-economically-viable-with-around-1000-satellites/

New Space Evolution 7= AH0|A & Al
» Business Trend AR E S
> Space Economics - AA”HO HEREA

- Total Cost = Satellite + Launch + Operations

™ raditional Space

SEERE

- X E SA/ES ?E 60 ~ 200 Million USD
- MXHE 7|4/ d 100 ~ 300 Million USD
- N 2=59d 20 ~ 500 Million USD
- M= ZARE 50 ~ 800 Million USD
— New Space 22| / Cubesat 0.5 ~ 5 Million USD 0.5 ~ 5 Million USD
HEAH| 2 50 ~ 200 Million USD 0.3 ~ 4 Million USD
2 H|g - QMU U xT|2Y B - ANYA A 27|2% BYe
- Xg=8X & FX2Es HE - XN&gd=dX & XIE—T— H|E
- 94 27|t 28 HB G hei e g

Z H|2 200 ~ 1,000 Million USD /10 years 2 ~ 10 Million USD / 10 years

e Yeosijae
* N M)  Future Consensus Institute 20.08.2020



New Space Evolution 7 2H0|A & Al

» Market Trend S
> Polar Maritime Routes =» Polar Region to be covered 20| oz g = EIX|YHO| EA/EE MHAEHQ

> Space Tourism =» Sub-orbital & Inter-Continental SO A > MY = ol /TSt HAHdH
> Hybrid & Integrated System Requirements SIO|EE|E / HE[O|M A AR A 27

Space X intercontinental rocket flights
Estimated BFR flight times

12f2700Km

4ol 9
ﬂ

gmins

<
London

Mach 3.st > 5

FLIGHT PATH New York j
LA Tokyo

100,00 110,000 m e — . .

Passeng ecom: ) i i Dubai *H ong KU”E

+Singapore

eI
29HOOKM
(242 AQ)

Sydney

[Ref.1]
[Ref.2] X )
[Ref.3] S Yeosijae
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https://news.zum.com/articles/7736352?t=t
https://www.pinterest.fr/pin/308848486920196011/
https://www.networkbeyondborders.com/blog/who-will-be-the-1st-expat-to-try-this-rocket-in-2022--40

ol
P
=D

New Space Evolution? = AHO0lA

==
» The Space Environment is still Hostile Q=3 A2 M5 X 0| OfL|CH

(¢]

Space Radiation / Charged Particles
Micrometeoroids & Space Debris
No Maintenance / Replacement Possible

o Vacuum

(¢]

o

™ 40 Bt Ho
Ok A > A

charged particles

O

micrometeroids S E radiation

and debris vacuum

[Ref.1] R Yeosijae
[Ref.2] * N M)  Future Consensus Institute 20.08.2020 15


https://www.slideserve.com/sheri/the-space-environment
https://www.nationalgeographic.com/science/space/reference/space-junk/

Small Satellite Market A& { A AlE

Aeadernia

(415 units) '#

Civil
government
(301 units)
units
Defense . 4 : !
(118units) &) [ B &

2010 2020

i) % Uy Wy Uy Sy Sty Y0y 5000

Avear I N
s per sclelie 58 kg ‘- ‘z j. ‘- kg

£33B

maz ﬁ; Y,

5 B
Manufacturing $14B - * J

w
$51B
and launch value . . L
'}dH I I' Iil' 5IEE‘

Total number of
smallsats launched _
Euroc®nsult

Yeosijae
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https://www.geospatialworld.net/news/pandemic-wont-stop-smallsat-market-takeoff/

EUROCONSULT'S PROSPECTS FOR SMALL SATELLITES MARKET 4TH ED-

L
x e a
Global connectivity g .a ®
5 Lower latency e » w y
igh value differentiator w J y S + g +

High frequency change detection via Al

SAR and VHR commercial data
Value-added services for various markets

‘ ‘ Q ‘ 6 ‘ 6 A')’ “h Daily Revisit

TELECOM

* ©  WulsENCHD
900 - e INFORMATION (M2M,
a | 5 IOT, AlS, ADS-B)
e o o | + Low data rate/narrowband
x for data collection
5 from grou sensors like ®
cUbesat::ﬁ?:gﬁg;maﬁon ; L. *SATELLITES <500KG To BE + @ @ @ remote dev es and vehicles
i &’ LAUNCHED BETWEEN 2018-2027

and educational purposes

; PROSPECTS FOR THE SMALL SATELLITE MARKET
© Euroconsult 2018 - Unauthorized reproduction is a copyright violation

‘ < v
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Small Satellite Landscape A QLMo EHA

BUILD
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—————LrockaT Lrac a,.ﬁ:ace Isaraerospace f ?,,:} LEO AEROSPACE _ . . ., f”"*-“-s-‘?“‘-‘-“-“-

ananecrows —k- -
spacex @o3IT JRor. ) 0-0R3:T Gmeration p,,. et

o Dooseler o~ 4 fhmere o BATR

aWS : :" Helieal Commungaton Technslogpes SABER
N =g — LEAFSPACE ASTRONAUTICS
¥ Ul KSAT v q’d"yl“c.i‘u:gp&ce 'SATDATA
APPLICATIONS : ')
== o Orbital Insight
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. - s
net, SWARM & LY NK O OneWeb ;}l aerospacelab CrowdAl
[Ref.1] https://blog.memohub.io/new-space-economy-analysis-trends-and-mapping/ : Yeosijae
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https://blog.memohub.io/new-space-economy-analysis-trends-and-mapping/

Funding,... 4|, &X}&-X| 7} 0| & =2 ¢L|LC}.

» Seraphim Space Fund closes at 91 MUSD invests in US, Finnish Geospatial Satellite Companies

SSSSS

ne’r =2 AXELSFAEEJ GHGsat C-j Orbital Insight AAE‘!I.}‘..IQII'-I'IME Public IR urthecast

IGFYE ‘ 9 ISTROTECH
1: ASTRO DIGITAL Y@;IJNY ﬂk o g SATELLOGIC /" |
OneWeb . @® Bmf‘ﬂﬁq o .{,ﬁn ‘QRBITAL exactEarth
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Vector Space

ﬁsat&eamh T /= SFACEFL[GHT — WBI?5 G®MsPACE
“**-——— o) A x”[cg“ M SpaceTangu “ NS v ANBSPACE BLOBAL
s lawkE [_-\,/ "'*-L SIS AT'_AE Onivaan Asnosmce, Ine. . 4 SPACEPHARMA
(d‘bétﬂl - . @) Q ,.-.. KYVIicET A /
il ' —21 B @ ASTROCAST —) wusos AfSTECH SABER
L C - N STA/R
!ﬂg s%‘& BCT - %Fl’ect‘ve Space K#BST ( f\
"""""""""""" ry"ﬂk anlneusn
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C:-? IEBULA ADE ilLE AR
@Aemspace @WD“LD”'EW . magmtude space SRCRIRE NSPACE| | === s

: lGHHI"I"

i % Yeosijae
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Private Space Investments 217 EX} 2445}
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https://preciouspayload.com/blog/taking-business-into-space/

Smallsat 22 Projects of Today €X|jo| == AW T2HES

sl
» Earth Observation - Optical » Telecom - Broadband
> PlanetLab o > OneWeb A - ’
net. 4 Terra Bella e
> SkyBox Imaging J o Starlink ¥) OneWe ‘\
0 llirt}lleCast : ) I8 urthecast << AXELSPACE > 03b mPower l_/E_g YsAaT -~
> Axelspace (Japan > Leosat
> BlackSky - LeoStella BLACK > Kuiper O?) b mPOWER
- - amazon | project kuiper
» Earth Observation - RF: SAR & Radio occulit. » Telecom - 10T
o Capella -~ . > Astrocast (ex Else)
> Synspective % Synsped've > Hiber (ex Magnitude Space) ASTROCAST
> Spire Capella Space  J\ Spire > Kepler Communications ’g'hiber.,
> PlanetiQ . > Myriota .‘K EpLER
° .. PLANETI@ > Spire, ... .
CRITICAL DATA FOR A SMARTER PLANET ) M M 9 rlotq
» Earth Observation - RF: Passive Radio » Telecom - Cloud / Blockchain
> HawkEye 360 ‘ HawkEye® > SpaceBelt, SpaceChain,
> Kleos Space, Unseen Labs, ... | o ... SPACEBELT sp.\l:.-_
¥ (WDKLEOS - EHAR

—

X Yeosijae
N ™)  Future Consensus Institute 20.08.2020 21


https://www.newspace.im/

Smallsat Earth Observation - Optical

» Planet Labs (www.planet.com)

Type
Industry

Founded

Founder

Headquarters

Number of
locations

Area served
Key people

Products
Services
Number of

employees
Website

2010 Cosmogia, US W

° ne.I- 2010 Planet Labs, US }[ 2015 Planet Labs

Dove series (2013~) «  Blackbridge sold to Planet Labs
Flock-1:28 x 3U (2014~)

Flock-2e: 20 x 3U (2016~)
Flock-2p: 12 x 3U (2016~)
Flock-3p: 88 x Dove sats

-

Private

Spacecraft design
Robotic spacecraft
Earth observation satellite

Image processing Flock-2k: 48 x
December 29, 2010011 Flock-3m: 4 x Dove sats
Will Marshall. Chris Flock-3p’: 4 x Dove sats

Boshuizen, Robbig

Schingler! 121
San Francisco, CA, .81 [ 1998 RapidEye, DE ]—»[ 2011 Blackbridge Ltd, Can }
G offices (USA, Germany,

Netherlands, Canada)l®
Worldwide

Will Marshall (cED)
Robbie Schingler (cso
David Oppenheimer (CFo)

:;dywm e [ 2009 SkyBox Imaging, US ]—}[ 2014 Google Acq., US H 2016 Terra Bella, US
[

S0 BB ARl «  SkySat constellation (2013~) «  Google Acquisition 500 MUSD

"SkySat" imaging satellites

2017 Planet Labs }

« RapidEye constellation (2004~) « RapidEye+ constellation (2014) + Tella Bella sold to Planet Labs

-

Satellite-based Earth imaging
and analytics

480 (25 of March 2013

planet.com&

Yeosijae
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http://www.planet.com/

Smallsat Earth Observation - RF Radar

» SAR (Synthetic Aperture Radar)
o Iceye (https://www.iceve.com/)

o Capella (https://capellaspace.com) : constellation with 0.5m resolution



https://www.iceye.com/
https://capellaspace.com/

Smallsat Earth Observation - RF Radio Occultation

» GNSS-RO (Radio Occultation) Needs

> Radio Occultation observation via refraction of GNSS signals varying upon air pressure, density, humidity &
temperature...

o According to SpaceNews, NOAA (National Oceanic & Atmospheric Administration)
obtains > 2,000 soundings done daily but wants to perform more than 20,000 soundings/day
- COSMIC (2006) / COSMIC-2 constellation currently working (US-Taiwan System)
- 2" Commercial Weather Data Pilot contract awards to

GeoOptics: Cicero satellites (1%t one launched in Jan. 2018) N \
PlanetlQ: 18 - 22 satellites by mid 2022
Spire: 80 cubesats

/ Transmitter (GPS) \
R1: https://scied.ucar.edu/radio—-occultation-for-teaching-box ‘
R2: https://www.eodc.eu/data-services/wegc-gnss-ro/ l
R3: https://www.cosmic.ucar.edu/what-we-do/gnss-radio-occultation/ ‘
R4: https://aqupubs.onlinelibrary.wiley.com/doi/epdf/10.1002/2014SW001133 |

Receiver (LEO)

\ »! .e
~ % Yeosijae
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https://spacenews.com/radio-occultation-ams-2020/?fbclid=IwAR1WCshDE9rQN1sl0MUoyP4BEfhQQST7VPuFIIuKAmxMp0QwQnq5YDd5Deo
https://scied.ucar.edu/radio-occultation-for-teaching-box
https://www.eodc.eu/data-services/wegc-gnss-ro/
https://www.cosmic.ucar.edu/what-we-do/gnss-radio-occultation/
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1002/2014SW001133

Smallsat Telecommunications - Broadband

Origin OneWeb, US SpaceX, US Telesat, Can Leosat, FR Kepler, Can Amazon, US O3B, SES, Lux
No. of Sat. 720 > 2,862 12,000 + 30,000 117 > 71 108 140 3,236 11
Constellation 18 Paolar planes 83 planes 6p/ls SSO Piggyback 98 planes @589- 7 sat Equatorial
86.4° Inclined + polar @100°/99.5° 629km
5p/9s
@1200/@37.4°
Orbits 1200 km 1100~1325km 1000~1200 km LEO LEO LEO 8063 km MEO
U/L&D/L Ku-band Ku-band Ka-band Ka-band spots Ku-band Ku-band Ka-band
Gateway Ka-band Ka-band Ka-band Laser / Ka-band Ku-band 7? Ka-band
ISL NO YES (no 15tGen.) Laser Comm. Laser Comm. Not yet Not yet
Sat. Manufact. Airbus SpaceX TBD TAS ACS / Kepler m”?
Sat. Mass 145 kg 386 kg
Product Broadband Broadband Broadband B2B broadband S&F Broadband Broadband
4000 trx/sat
Budget 3.5 BUSD 10 ~ 15 BUSD N/A 3.5 BUSD < 100 MUSD N/A N/A

Yeosijae
Future Consensus Institute
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https://ec.europa.eu/growth/tools-databases/dem/monitor/sites/default/files/DTM_LEO - Spectrum access v1_0.pdf

Smallsat Telecommunications - IoT

USA NovaWurks for P/F Space Cloud, Space Private Network upto 6 GHz None 5 kW class

DEN 12 Spinoff of GomSpace / Deal with AISTECH Srl (E) AIS, ADS-B 1090 MHz (ADS-B) ? 3U Gomspace

USA 50 JV Iridium & several national navigation auth. ADS-B 1090 MHz (ADS-B) 75 Iridium NEXT (hosted P/L)
ESP ? ? AIS, ADS-B 162 MHz (AIS) 2 Gomspace

CHE 7 Thuraya (tech, regulat, sales, distribution) DTO IoT L-band 2 3U

CAN 15 Iridium AIS 162 MHz (AIS) 58 Iridium NEXT (hosted P/L)
AUS 4 CNES (TCR for first satellites) Backhaul IoT L/S-band 2 1.5U

CAN 4 Echostar M&A (10.2019) DTO IoT S-band 2 16U Astro Digital (hosted P/L)
NLD 5 Iridium DTO IoT 400 MHz 2 6U ISIS

FRA 0 ? ? ? 0 ?

CAN 21.5  Iristel (telco) DTO IoT, store & fwd data Ku/S-band 2 3U Clyde Space / Kepler
FRA 0 CNES / CLS DTO IoT, AIS 401 MHz 0 16U TAS/Nexeya
GBR ? Semtech DTO IoT ISM UHF (LoRa) 1 6U NanoAvionics M6P
AUS 17 exactEarth (investor + space segment) + Optus DTO IoT 161 / 400 MHz 1 3U SpaceQuest

LUX ? ? DTO IoT ? ? ?

GER 5 ESA/DLR DTO IoT ISM UHF 1 ISS embarked

GBR 16 Globalsat DTO IoT, voice, low data comms ? 3 6U Gomspace

USA 150 Global Fishing Watch AlS, ADS-B, GPS-RO 102(6)21\41\1/[{;;?2153_)8)’ ~50 3U Spire

USA 25 SweetSense DTO IoT 149 MHz ? 4 (illegal) 0.25U0
China 52 Free WIFI for all 1 272 total satellites foreseen.
China IoT 7 (TBC)

. Hongyan constellation
Hongyani(Wild China CASC satellite manufacturer Broadband & IoT L-band / Ka-band 60 gtellites by 2022
Goose) - CASC .

> 300 sat in total
Hongyun / Xingyun China CASIC platform IoT narrow band 156 mini-satellites @ 1000 km
USA 103 M$ Softbank, IoT via GEO
Test on Northrop Grumman Cygnus
USA 37 partners inc. 27 MNOs with 1.5 B subscribers NB-IOT via LEO (600 - 960 MHz) Sub GHz LTE cargo tug
Bluewalker-1 Demosat
NB-IOT like proprietary system via LEO,
USA 110 M$ Vodafone, Rakuten & several other MNOs but compatible with standard mobile ?
phone
China AIS, ADS-B, Industrial IoT AIS / ADS-B / Sub GHz 3 48 sats
Yeosijae
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https://www.airspaceix.com/
http://aerial-maritime.com/
https://aireon.com/
https://aistechspace.com/
https://www.astrocast.com/
https://www.exactearth.com/
https://www.fleet.space/
https://www.linkedin.com/company/helios-wire-iot/
https://hiber.global/
https://www.hiotee.com/
https://www.keplercommunications.com/
https://www.kineis.com/
https://lacuna.space/
https://myriota.com/
https://www.oqtec.space/
https://sat4m2m.com/
https://www.skyandspace.global/
https://spire.com/
https://www.swarm.space/
https://www.wifi.com/
http://www.commsat.cn/
https://www.skylo.tech/
https://lynk.world/
https://ast-science.com/
http://en.head-aerospace.com/

Smallsat Telecommunication - Cloud / Blockchain

» SpaceBelt Data Security as a Service
> By Cloud Constellation Corp.

> A network of 10 LEO satellites (Youtube video)

» Space Web Services (SWS)

o By Airspace Internet Exchange (AirspacelX)

> Polar LEO 120 satellites (5 KW class)

» SpaceChain: Open Source Space Blockchain Node

» Black SKy Geospatial Intelligence Service

DirechObi/él-'O

\ Satellite EO SATURN
; On Board :

Processing

Border Security
Disaster Recovery
Resource Management

= . 4 <% b - ‘;‘ v
- .~ :‘ ‘ Direct to Mobile Terminal =
0 . . ol 7 S

Mobile Satellite Anywhere :
EO Terminal On Earth US Patented

e Yeosijae
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https://youtu.be/URBb_FbBr_8

Smallsat Paradigm Shift ASCIM Oj2{Ctel 0| =

» Smallsat Paradigm Re-alignment

(e]

(e]

1980: Cheaper, Faster, Better

2000: Faster, Better, Cheaper

- 2020: Better (& Smaller), Faster, Cheaper

» Space as a Service (SaaS) for Customers 17ZHZ 2|t SF A|AEIO] M{H| AT}

(e]

[e]

Over-Supplied Capacities
Segmented Services

Pay per Use Economy
Service Provider’s Market
Government Driven
Regional Players
Immediate Service Apps

> ==X ZATA|CH Increased Competition

> /3¢t A|AH AMH|A Integrated/Hybrid System Services

> 4 o|-T'—X| s/ E-||0| E| &AM AMH|A gt Al / Data Analytics included

= M7|# o|3A 0| Subscription Economy

=> N2 OF=A|F| = A& Customer Satisfaction Market

= FEolnlzio| ed= =C| PPP (Public Private Partnership)

> == 2 AN Global Players =» Spatial Players

= XI7|H FI|H 9l 28 =1 Long-term Space Exploration & Exploitation

e Yeosijae
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Space for Korea ¢t=29| 7}=/d
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[Ref.1] STEPI

2L AL 0|A(Old Space) FA0H 0|A (NewSpace)
25 [ wpm | | MR byl Sl
XS EES T, / MEZ2HxLA 2
e e e,
|| H 0] 4 e X|2) 4, lor. aiciol,
A2 g Bryre dolg Afela | T F
) | K J SIE{Sl AMH| T 7|8
e § A
FAIR 25/0/ S
oS —
{ 2| AH|A
T =49
= ZItE, AlZh =8 Dli%':——"'. 3 || EFHYE
L&) 0] &4 28987 2710)M HIE ojl i x|
HEx
II:II' E‘l : I
214 NE LA 27
\. / (RHAHR) y=2
29l [
EESN
SHFFEA o> ogp 2= HEFEX
!\\ B el e N
N
%t 28 et AI=E £t 718 £HA >
4
Yeosijae

54 =<
Q=

2OIREIR - FUSLTAI & &

Ho|AS XHE

Future Consensus Institute

|
X xH O| E|H}X]
o 11— A=
20.08.2020

30



Space for KTsat #|O|E| A1} AL 0| A

» Current GEO Satcom Situation
o DTH: Satellite Video in Decline vs. Explosion of OTT =» Demand is there somewhere...

> Internet & Data: More & more mobile platform
* Internet via Satellite - no meaningful growth
- [LEO constellation on its rise] = [GEO satcom] € [Terrestrial mobile]
> Remote Connectivity: sustaining alone with specific needs: SCPC, Military, ...
> Euroconsult predicts next potential growth will come from maritime & aero IFC.

23.3

Capacity Supply

(Tbps)
1.1 CAGR
Capacity Leased P A D .
(Tbps) 0.7 D o
2022 2028
“Market expansion’

2014 - = e 9 -
Growing pains "Return to revenue growth”

Capacity Revenue AGR 19.4
($ billion) 11.8 -2% CAGR 107 GR 125

Capacity ARPU e AGH ,

($/Mbps/month) 2 R AGR

585
348 191 =
e Yeosijae
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Space for KTsat #|O|E|A 1} A O|A

Ol =0t X2 2HH GEO/LEO Ku-band, Ka-band, Q/V-band, Optical Laser Comm,
| 7|=E X} Maritime, Aero/IFC, Gov/Military, .
| =& X} QKD/Security, Optical, 5G Hybrid, Data Analytics, In-Orbit Services,

AYSH F77| AThoIN 22 / E':.* X Bz AU 93
- omw

ESHELHTLOI“ E‘Wam “ ‘ EAerO
7ata Re Hy b r’ dFCN SQ{LE: planetary NetWOrk GEO
LEQ
0! Fra

gl Eq TS _

QKDPl4 O”VH
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Space Hope for Korea
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