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rivate companyi@8Space opened this bas -.L)rll,:'.mq in the G nhl Desert 4okm from Jinchang, northwest
“Gansu Provinee. Its aim is to educate and provide/an eny urmmuil for youths and tourists to experience life on
Mars.

MatjaZ Tai

- - iy g
A i = o z-'.z]

R tedsAraoaEnNI rates s |

France
Israel
Italy
Japan
The Netherlands |
Oman '
Spain

The Mars programme is part of the UAE’s e )
The UAL Space Agency even has a plan for a Mars settlement h\ 2117
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Space economy

Government
Space Budgets

Commercial
Human
Spaceflight |

| $3488B

Global Space
Economy

Network Equipment
= Gateways
| Very emall aperture terminals
E Network operations centers
Satellite news gatharing equipment

(M EFt (th2F
0ld space vs. new space

Launch Industry

Telecommunications
Telsvision
Telephone
Broadband
Aviation
Maritime
Foad and Aall

Earth Observation
Agriculture
Change Detection
Disaster Mitigation
Metsorclogy
Resources

Science
Earth Science
Space Science

National Security

Satellite Manutactur[ng] 5.7%

Consumer Equipment
Sat TV, radio. and broadband equipment
Global navigation satellite systams stand-alone
units & In-vehlcle systems

Public space
Commercial space

Military space

s
A
L
E
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bio and biotech

Investment:
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RESEARCH IN ORBIT

) e

Astronauts have run nearly 3,000 scientific experiments
on the International Space Station.

M Canadian Space Agency MEuropean Space Agency

UHE 7%/ 20211022

EYE| @yonhap_graphics HI0|AS uney kr/LevNi

fFogg HEst= YR/7IY

Japan Aerospace Exploration Agency

M Rosc

Biology and |
biotechnology

Technology
development

Educational
activities

Human research

Physical science

Earth and
space science

Top companies advancing space medicine

United States

=

—
Biogen inc | MicroQuin
Cambrdge. Massachusests, Camiridge, Massachusetts, Linitad
Urited Stales Sates
MGen 490 BioTech
Thousand Oaks, Cabfomia, Kaorwila, Tennasses, Unhed Etates
Urited States
Bevllio 7 Iymeancgen. inc.
Lo, Massashusetts ’t\ Rchmand, Vigina, Lnitsd States
Urited States

Uit States

Cambridge. Massachusests, . Mew York, New York, United States

Unitnd States

Merck

enibworth, New Jeveey, Unaed States

60% of companies shown have their headguarters in the LS,
with Israsl, France and Switzariand sharing second place iBB‘Yo
of all private Other are

equally among the UK, Netherlands and Haty

Anglex .| EllLily
Cambridge. Massachoserta, | 94 | Indianapols. Indsana, United Staes.

0 2
? Israel
—
Herzlya isiosl, Cougernay
| Swilzedand
[ Pluristem
0] Drowstionme
A% united Kingdom
Y4 i’

Astralenesa

Cambndge, Cambridgeshire.

‘United Kangdom
' Italy

Livorno, Tomcee, taly

4 6
Experiments (hundreds)

F—

+

NASA

8 110 12 14

G%Hr2, Nature

) e

B | Paris, de-de France, France
BANDF|
| Medes
Tenslouive, i Pyrenees,
e

Netherlands

—— QrgaNext Research
et Armhem, Gesdardand The
Natharands

Switzerland

Nova Space
=]
Zirich, Zunch. Switzerland

|('|' MNovartls

| Basel, Banel Suact, Swikzerland

Space Tech Analyzis
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HAUSXE Fo
Ministry of Health and Welfare enters

"SXOICE SFALH?” 2022 CARE IN SPACE CHALLENGE

B()RYUNG

@ JHELAILH,
=t QFofstoiIo)g

conl Wl -

P Paracon Qe spacg) §Santerd
2022,03.17. (=) [ iy 8

!El . 14:00~16:20 Yoo UCLA EEEEEE

ey
Q) e

AKIOM ?-mnawasr

YA, HHH

% )é!- *OH %’. ) e
Daily lives up there!

3 SHELTER 4 HEALTH 5 EDUCATION

pal |

& ENERGY/FUEL 7 SANITATION 8 RELATIONSHIPS 9 CLOTHING 10 VIOLENCE

M AESh

11 FAMILY PLANNING i 12 ENVIRONMENT 13 VOICE 14 TIME-USE 15 WORK

E" ®1.i:| €

mdivisualdeprivationmeasures.org, SpaceX
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o) rammeam
'r
Venturing beyond the ) g Wa. of challenges. The effects of gravity being
on top of the list§ P 5f 3 el o7 e aw-age spacesuits to counter the effects
of gravity in hog ironny eal b whopping $420 million already. The
space agency is : Rty "5 0 \ it moon mission which was earlier
planned for the

vankodesi

« m!&ﬁ Aojof stlkoba et K 8 At
.al’w g 45 zuniar~ 7% xu 715 B AR a4

|| | .

" ' 'a'{ 1

10
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Global Market Insiglwt;

EDIBLE INSECTS MARKET

Mars settlers could also turn to grasshoppers as an additional food resource. Grasshoppers are twice
as efficient when converting vegetable mass into protein as pigs, and five times as efficient as cattle.

7 581.5

Market value (2026)

Proewsw ire, com, space.com

= — 4 K| e
olF: SFHZ - 3D TSN i. !

Example space food 3D printed Wagyu beef -

& Wagyu features a distinctive fat marbling, taste, and texture. Based on these criteria, the
—— new 3D-printed beef is definitively wagyu.
T

Kang et al,, 2021. Nature Communications

O SEE

Printable steak, insect protein, fungus among NASA
space food idea winners

R

11
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of M| : =AM - NASA SH7|X| 3p m2IEl AZICHE| LLE
Example- space construction - the winner of NASA"‘S 3D-pr1nted
Mars habitat challenge

\ "We developed these technologies for space,
but they have the potential to transform the
way we build on Earth,”

"By using natural, biodegradable materials
grown from crops, we could eliminate the
building industry assive waste of
unrecyclable concrete and restore our planet."

) e

FME - D|UE TENYS

Example: space mining - biomining /A \\
4 7 b “MAXLARY o TN ZA
?ﬁtﬁ;";u | = Space station biomining experiment demonstral

fixafive

rare earth element extraction in microgravity ani
Mars gravity

Giemvity vaclon

- Filled culture
chambens

12
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Space technologies: applications

Monitoring

Monitoring and prediction of
earth-bound objects.

Space cleaning and debris
tracking and management.

Earth elevation and sea level
@ analysis and modelling.

Manitaring of extreme
- weather conditions and events.

Maritime vessel
monitoring and safety.
ﬁ Monitaring of critical
infrastructure.
% Moanitoring of
258 Loncubural activity

Climate change and
of COy

Monitoring and early warning
for missile defence.

EU Institute for Security Studies, KMA

SULFI: e A i
ESA: relations with ministries [ T ]

§ T R
[lﬂmwal] [uma ]:
Defence Foreign Affairs :

;
= ) b ) (2

SeenceDirect.com, ESA

13
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JAXA: relations with ministries
-. nt ministries and agencias l .
(in charge of security and
risk managoemant)

dJ
- Pre-disaster maps compiled from
ALOS archived data
. Satellite i i Loe m@m. Mie, Niigata,
observations Cthers: Iwate University
- Know-how on satellite image Working Groups of specialists in earthquakes, floods,
analysis \ landslides, and voicanic activity j
Disaster Q g pi
- Feedback on data usage
- Advice and suggestions

Fig 2. JAXA's approach to disister management suppart in Japan in cooperation with collaborative users. This figure shows the framework of organisations and their
functions at the time of the Grear Ezst japan Exrthguake. Collaborative users mean users with a direct relationship to JAXA. Ar the operational level, JAXA interacts direcrly
with each institution,

Kafu+ 2015, NASA

~N ) e
27} RERQt SF7|B Y — :
Leaders and space agencies E ;L

A cr*és

POCKOCMOC CENTRE NATIONAL

D'ETUDES SPATIALES
Dwight Eisenhower, Jiang Zemin, Vladimir Putin, Abe Shinzo, Charles de Gaulle,
Established in 1959 Established in 1993 Established in 1992 S e Established in 1961

in 2012

wikipedia, cnbe, MARCA, European Union

14
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Leaders and space agencies

US President Joe Biden, during his meeting with Japan’s Officials from the China National Space Administration

Prime Minister Fumio Kishida that the US will soon put a (CNSA) confirmed plans to build the International Lunar
Japanese astronaut on the Moon under the Artemis Program. Research Station (I1LLES) with Roscosmos, the Russian
He alzo confirmed America’s commitment to include a space agency. This base is set to rival Lunar Gateway, a
Japanese astronaut in the development of the Lunar planned space station in the moon's orbit serving as a
Gateway, an outpost that will be installed in the lunar orbit. vital hub for communication and research.

US Embassy in Tokyo, Republieworld.com, Guardian, Daily Express

a-g—?l%: .?__’F_EJPL_I% ) e
Dual technology: space telescopes

s

LOCKHEED MARTIN

4 335 inches . > v/
{0.85 meters)

NORTHROP
GRUMMAN

wikipedia, wikimedia, newatlas.com,

15
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Top 10 space agencies

Il 2t sy Eeme osenusy zean BB
1/ NASA 0|3 el @) 17.373(20) 22.629('20) #1448 DC |NE)
2 CNSA ) 21 A5t N/A 8.9(%20) =24 @)
3 ESA = AR ®) 2,200 (‘18) 8.1(22) | m2 @)
4 Roscosmos BlAlo} | 37| @) 170,500 ('20) 1.92 (‘21)| 223H @)
5 ISRO oz X O 170,099 ('21)| 1.8(22-°23) HEFF =
6.JAXA .%'E .%El‘a O 1,580&'?1). 4.14(_‘?‘).25-:: O
?.DI_R =Ll é*ar @) 8.127 (21) 1.37 [_':20)?:3— -
8| AS ojEtelo} X Lkt 200 (ZlE &) 2.1 ('20)| 2ot O
9/ CNES zTefa 2 Ak 2400 ('21) 3.03 ('20) == @)

16
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HOUSE SENATE

NASA: SJAIEH :
NASA: Decision making L
HHOLZ

mﬂn%é%ﬁﬁ

OSTP

772 E

[ Agriculturg | [ aaricuttuns, Nutritian. Forestry |

o s 23|

House/Senate"

The White House, US Congress, NASA National Academy of Sciences

) e

NASA: 2|AHEH
NASA: Decision making

IFES Y L
= BIRE

Balint+ 2015

17
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NASA =273
NASA programs: The past. present and future

Past spaceflight programs
1 %-15 (1954-1968)

2 Project Mercury (1958-1963)

3 Project Gemini (1961-1966)

4 Apollo (1960-1972)

5 Skylab (1965-1979)

6 Space Transportation System (1969-1972)
7 Apollo-Soyuz (1972-1975)

8 Space Shuttle (1972-2011)

9 Constellation (2005-2010)

10 Journey to Mars (2010-2017)

Satellites and robotic exploration
1 Earth, Moon & L2 point

2 Inner Solar System (including Mars)

3 Outer Solar System

Research

1 Aeronautics Research

2 Earth Sciences Program (1965-present)

3 Near-Earth object detection

4 Sounding Rocket Program (1959-present)
5 Human Research Program (2005-present)

Aatd 6 In-space power & propulsion using nuclear energy (ongoing)
prog . o . ;

CHIVE Pro rIams _ - 7 Study of Unidentified Aerial Phenomena (2022-present)

1 Human spaceflight: International Space Station (1993-present) 8 Other Initiatives

2 Commercial Resupply Services (2008-present)
3 Commiercial Crew Program (2011-present)

4 Artemis (2017-present)

5 Commercial LEQ Development (2021-present)

2021 O] ciSFC| o4t

FY2021 President’s Budget g e ——
Request Summary for NASA o mucs & St : prcarlilsy

23% ¥, . s Ter ) ; 1ABLE L&A 1,748.4 [

4.140.2 41873 4.4473 41473 40473

Internatisnsl Space Statian
Space Trampartstion

Space and Flight Suppert (SFS)
Commerdal LED Development

\ s, Planctary Science

Jumes Webh Space Telescape

JUS R g ==

STEM Lagagement

Safery, Security, unid Missiom Services
Mission Services & Capabilities ! 19406 L0
Enginwering, Salety. & Operations S, 7. L. 181

Coustruction and Envirsmentsl Complisnce
amd Resturntion

° nnstruction of Facilities
o Environmentsl Compliance snid
Hesturatisn

Easpector General

weeioiun, 1. 11693
\ Total

NASA

18
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Space exploration: prospects $308

$20B %
INVESTMENT(2019V52029} - /é

2019 2029

SER
5§58 S48 48
l mZ wm . oo
. : ® . _
'f + ¥
4 F : ’

= : Orbital Infrastructure = ~  Moon exploration Mars exploration Other deep space
fransportation

TOP INVESTORS (20191
.,g;;n% ) 13%

AHNSFHAY
Internatidnal ﬁa/ce Station

= w4 __+] O
t_ﬂ [ S . © NASA/RoscosmosiReuters |

19



Lel= 2, 0EH 5= 710F 5k=7f?

= 2023 oHHH

Aol Egio|
Gateway configuration,

Cesa

HExploreFarther

ERPE———

QF7|2: HIHD M
The top three space agencies: visions and philosophy

lopment, while pursuing space

space technology for national d

NASA: Han sps
science research and planetary exploration.
i y 1ce in an all-round manner: to

ly use; and effectively

positive™ T
for all humanity.

and humans into |

fi

to llldl\

prog

ESA E\(lorm the Universe, and sending satellites
se d s ainable environment ful all, are among the major challen

st century.

20
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A summary

3t 2 philosophy « R&D
MaF BER
£ O strateg [ [y S
Reda - A 5MM%
I'"7:” B= 71N system
—:EZ! ;I{‘H;f%% organization
=0l .
=S| H| @E%ﬁ%q operating system
x|_|§|' ;E'“: evolution
H= ’I@I% justification
}él'j—l E%U benefit
HQt: HRTH KX o
qIet: AT A
A suggestion: Research project group platform
Ky pmwsese cgemsaesery g e3spere Quimmnes or e
o m————
Pavee KITECH gypymes:  NSRUmww  CKICT oiowisses
s KFRI N
g_ﬁ';_!é; PRNBATU KIGAM s3unuaze MM SIR2IS178 KA\RH‘.'&!&LH
KRICT -
KERI 2521878 p=jeHaA o SRAXMSTY KFFE znsenamey

REFI
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P71 (1950'A0)

ZWoz A&

&
0.0

A vs. ErOlAr ) |
gmamw Qts De-orbit
=ET G

“‘"‘ 1at2nd Stage Separation
Ly

&

I

B Lincorr

2 2XEMIBITE 01 2H|
HE)|HE > HEEH > 2 BHTE > STLAH

Explorer 1(

QI 2|=0] 21Z2|H

CNYTHUK (AFELT)

1957.10. 4 (#)4H

0l= 2{z9| 018914

olAZ =0 1)

A—c

1858, 031
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200049 0H (Z=SHIA — =31 New Space)

< OO BIHE=, O, e2)0| LFHHY
< OIZH =T New sDaceM[H

Low Earth Orbit (LEQ) LEQ-L2 Segment
*.7 g
»

To Mars ->

# - .
-’ Lunar Orbit (LLO) ¥ N ol

= ~ b i
/ \ ~ b -~ =To
~ i
s LED LLO Shume_ o - ¢~ Asteroids->

SL:EHSI, i 0,( Lunar n Lumar?,

| Point  Refueling

) / Depot
N S

Earth - LED Shuttle
(Falcon - Dragon)

OIENHHg oz ainy
HUBE, AR, :n Sz

sxy/giao 27 |24
93 olza} 304 0[&}

smiee SIS

=X, B, HIER, OR, B S
SPIN OFF, New Space

o2 843
5, &gl

°"""7IIHI—I

: MEIT o =
oo -~ = AL, STAM, STAH, £51]
Jia0nE, AUZAL SHERY, Gkl
AT, YABA

25



X202 SHEIEEEES| 2= 2, O{EAH RF2 710f ok=71?

=7} SF2(National Space Power)

27}0) 0[olTt REE 275 S’

“@Zal= OFBZI0IN 237182 AR S S5 }
o

FFIE: SFLUAMN, A3, X8I H/w+ 3, QFHE & s/w
=7t SH: - $F7|=R&D =
x
. RFAY MEHA =Y o ;fﬂg
- SFEAY g3
\ J
o
GETCTETETTTREN -
+ IHEEY- 252lu A3} RHES:
* New Space S 4!, D17t QT MEfA| FI|L
- FF IR

=7} $F2(National Space Power)

o A3M-==(capacity);

ZH, "X, AR N 25 2EE 6] SFHEHS AT A=Y
o MM SE(Autonomy);

HX|H o|sfe} RS U S5 SH/AW s

UusA m

7 HEO| ChE YN E ot 7 M HEY
7 US HE 277 (Agency),
SFOA BT 95 TR 4 /EH
SFEHDE U SFAIAY WA Y

RN EZR2IY/EE2F AR

CHINA m
RUSSIA N

Capacity

¢ REHS A7 HHZ A HEEE 2

0 1 2 3
Autonomy
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L2lke| 7|22 A (Infra Structure)

Space Segment (Satellite)
Ground Segment

Space Segment

Launch Segment + Payload (EO, IR, SAR)
7 P | AFO /7 * Spacecraft Bus
Mission Orbit S-band uplink
+ Command Image taking
S-band downlink « Electro-optic (PAN, MS)
+ SOHdata & 4 * | Infrared
Salometey Fi )+ SAR (Multi-Polarization)
./ ,;"r X-band downlink
¥ - Image data
, + Ancillary data
v 2 il L N
: -t T s
. T S— -

-'-‘-""*‘"&' Ground Segment
‘ - * Mission Control
Launch Segment R St Processing
« ‘Calibration
+ Launch Vehicle
+ Launch Site

CEIENEE SR
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Space EcoSystem (STME{A[)?
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