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SUMMARY

After Korean War, Korea was one of the poorest countries in the
world in 1950s. In a sense, it is not too much exaggerated to say
that Korea is indebted to the supports from foreign countries for the
current economical prosperity. Now Korea becomes the first country
in the world who changed its status from a supported country to a
supporting country. Until now, Korean government has done its
responsibilities and duties in order to support economy, develop
society and eliminate poverty for developing countries. From now on,
it is necessary to advance ODA in order to provide practical support
for developing countries as well as to level up from the previous
fundamental level. One good example is the technology providing
training program in nuclear energy area.

The most dominant training program of Korea for developing
countries is "Techno Peace Corps Program(Scientific and Technological
Support Program for Developing Countries)” which Ministry of
Education, Science and Technology started in 2006. Besides this
program, there have been international training programs for
developing countries in various areas such as geological resources,
nuclear energy, railroad train, standards & science, meteorology, IT
and space which is most recent one. The present study analyzed the
domestic training programs for developing countries in science and
technology area and bench-marked international space training
programs which NASA, JAXA, ESA, and UNOOSA have provided.

This study suggested a model of international space training
which Korea is to pursue. In near future, space technologies will

become necessary technologies from which all humankind should

- xi -



receive their benefits and the space market will expand inevitably. As
a result of this study, the existing space training program could be
specialized and enriched. And also, policies which is to develop a
world class space training program were proposed and an
international space training program was developed. Such a training
program was verified as a successful model by performing the field
test. As an evidence of success, the space training program scored
9.5 out of 10 at the evaluation by participants of the international
space training program.

In fact, the field test which was done in this study will act a
bridehead to advertize and spread the space technologies of Korea
to space developing countries. In near future, it will contribute to
exports in space area, too. Specifically, the international status and
voice of Korea will be raised by consolidating the relationship with
the developing countries and the domestic space industries will be
activated by reserving potential customers for the purpose of exports
in space area. At this time, China and Japan, who are new comers in
space market, are exerting their efforts to open world space market
by using ODA programs at the target of space developing countries.
Korea should do its efforts to keep up this trend not to be behind
the track.
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Subject Lecturer
Introduction to program and orientation/ )
i Dr. J. M. Choi
Space development in KOREA
System Engineering Dr. H. S. KIM
Spacecraft Subsystem Dr. J. R YIM

Satellite Integration and Test Practice

Dr. G. W. Moon

EO Payload Dr. S. H. Lee
Dr. H. S. Lim
Introduction of On-orbit Calibration & Field Campaign
Mr. J. H. Song

Remote Sensing Applications

Dr. S. H. Hong

Hands-on training on ground system :

operation of ground system and satellite control

Dr. D. W. Chung

Remote Sensing Theory Dr. M. J. Choi
Satellite Orbit Dr. H. D. Kim
Dr. G. H. Choi

Space Science

Space Policy & Global Cooperation

Dr. N. M. Choi

Subject Lecturer
Satellite Communication Dr. S. P. Lee
Satellite Mobile Communication Dr. D. I. Oh
Introduction to SAR Satellite Dr. S. H. Min
SAR System & Signal Processing Dr. H. S. Min
Oceanographic Application for EO data Dr. J. H. Rhu
Meteorological Utilization for EO data Dr. D. H. Kim
Regulatory and Procedural Consideration for Satellite Dr. J. M. Park

Network Filing to the ITU
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JAXA Education Activities and Space Education Center
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" [Space Education
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(ESERO)E A ¢)

O ZAFGSS(ISEBs] LIz EAEL ZFEY wWH3
WEYZE FA35F3L NASA academy®} 22 =44 &

o AFAE A H)
O FHEL 93 wSH 7]3 AFIACY COSPARS mid 3
ol et B AT} Hafel S FHAE
O EAAF (Outreach initiatives, AFCIE Ul FARAF T)
1) UN/ESA(joint) Follow-up Program - H|E'd
O M==S 93 UN/ESAS ZJE Egolyd I

O “Remote-sensing applications”2 FAZ, 7|4 Edo|Y

2 Yag 5 ZAE AFTF AA (2000)
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O Efolyd Z2AET

”Applications of Remote-Sensing

Technology for Coastal Zone Management in Vietnam”

O the Remote Sensing Centre of the General Department of

Land Administration of Vietnam (RSC/GDLA)¢] ZZAHE

Al <t

- 12 EFold (1), 22 Ed o] (2
H&2 OJT Edlold ¥

- GDLA ¥ B 7|# £33 % 4049 9

24 UNOOSA
(United Nations Office for Outer Space Affairs)

7} obAlot. e}

1) 299
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L. ofz )7k
1) A9

O 19981 X Z519] the African Centre for Space Science and
Technology, WolA|2o}¢] the African regional Centre for
Space Science and Technology Education, 7+ U ¢ AHE

(@]
4=

O volA o} ARt FHslm, NASEDA/EMSTZF A& A4

2) L&A

O &9](Diploma) #74
- 25 I : RS/GIS, SatCom, SatMet, BSAS
- RS/GIS course(2006.11)
- A 5 110 29 T
» 27} : Kenya, Liberia, Gambia(l), Sudan(2),
Ethiopia(3), Zambia(1), Uganda(1),
S/ Africa(1), Cameroon(4), Malawi(1),
Nigeria(11)

o =" opH 7t
1) w57

O Regional Centre for Space Science and Technology
Education for Latin America and the Caribbean

(CRECTEALC)Z HA|=, Bebd s 27t Q1S
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O F#7]# : National Space Research Institute(INPE, Brazil)
National Institute for Astrophysics, Optics and
Electronics (INAOET, Mexico)

O 8 34 (Graduate courses, A = 7}ol| A 7dE 9}

O 1985~2002d 770€¥ F2~7F 22, National Institute for
Space Research (INPE)e] 3 s}ol] F31= A=

O 2003~2005 36 gAE°] CRECTEALC/Brazil Campus®l

N ng Fu

O 2006 12¥€71A] s ZAE LAY, ol=sl gy}, Egjn|o},
vopd, 274 g4, Ad, S8dlol, 227 i =
ny=a F3t=, d#AE=E, og o}, 7y, 2FEks, 711‘4:
A5, djul, getato], #HF, yol Ao, Muld, T2
o], Wl zete] 189749 HEIIE HiZF S
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Industries Association) ¢ = A 3] AFolH, IAS A4
HEL F=Z EADS, Safran, Thales, Dessault Aviation,

Airbus 598 FF+F 719Y

O AH WEe WYHIIE v ALY A9 7 e e
9l WRE AT 23HVL @

O FAHY Hok : AR FY FIE



)

o

F

—

ofAol7t F wH 7}

1

o
pul

% IAS mM Al nEH 7|

00 o oF N
ﬂ.._ O_E ‘_IJVI JI
ol o m% <0
wu, N M_Hﬂ :
“_ 4 % " & xT@JJ
5 o S
2 =T B o
. B o D 0 &
- - o N5
I <o - It
res iy ~ w &
- b N ol
oo ol ® O I mK
= T
A K- 7K = &
U U o
RSN X F R
< XN N 70 )
o B K i e ofF ER=
w M0 g < o _ M 5. U
s PEy pE 75
TR I I S @m =
o Kk H) ﬁ_._; . - n
amo o+ M o N o N ‘_I*WL
I I - Or- g Eﬁ M o

™ H o = O du

0

®) ®)

<a¥ 3-7. IASS] A|A>
- 77 -



O 7I1# Y HF ®oke= A IAS ZZIH(IAS Annual
Program), =713 7§ A< (Development Support), IAS
A7 2~(IAS Campus) Al FHOZ oS

Managing Diroctar

- M. Reynes

Managng Director Attache
- A Guastavi

IAS ANNUAL PROGRAM I

IAS Annund Program (FASLAY
- AM. Pons

Campus Director
PELZAZO

IAS Annusl Program Support &
Tutorate
- D. Fericl
~ M. Prime

Sk INSTITUT

Deronautious of spotia

Ey

Associated Team
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- J. Broguet (Space’
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Aerospace )
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O ZgH]
- 795 (IAS/GIFAS A9 =& 71# Z3hE)
- AgH (@ BxER)

- ofaul (AvlE A7 e

3) Master Program

O =2 XA
- HE o ouid
- 717 1409
- A7) 2 8.1 ~ 9.30(¢)
- A ZYgE ER2 AR
- A7 AR} 10091
- A7 =7 15 ~ 25 A=
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- 1AS FEY 7|3 +H 22

O ZHl

- 498 (IAS/GIFAS A wE 71# Z3H)
- A (A HxH)

- o 3w

O ZAHQ] Z2AE 3
a. ATR A Z 2 I3 (&Yoo}
- BEYH : ATR, Lycée Saint Exupéry, DIT Daar Es salam
precision Air
- Aeronautical Maintenance Technicians Training
(2007958 33zt F 499 7]&A 3-7)
- Aeronautical Maintenance Training Knowhow Transfer to

Daar Es salam Institute of Technology

% ATR : Aerei da Trasporto Regionale or Avions de Transport

Régional, Ol E2|of-Z &t A otxto &tx7| M Z=AL

o

b. UniKL-MIAT(Z &l o] A]o}) A ¥ ZZ 1Y
- 3t EY : Airbus, Eurocopter-Malaysia, Airbus Military, &

SEF=el mys fAlw

% UniKL-MIAT : University Kuala—Lumpur Malaysian Institute of

Aviation Technology
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Please, select five good lectures in order and write down their reasons.

Please, select one lecture which is relatively less interesting and write

down the reason.

Please, select one good field trip and write down the reason.

Please, select one field trip which is relatively less interesting and write

down the reason.

What is your opinion on Cultural Experience (Falk Village, Everland,

Bamboo forest) as a part of training program?

What was the best thing during the training period?

What was the worst thing (or inconvenience) during the training

period?

Which part of the training should be kept or continued for good

training program?
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How do you evaluate this training program in overall? (out of 10)

/10 (1: worst, 10: best)
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Any comments?
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VI. Field Test
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. FASFARIAR)FH FPA SFAE F=

O =A% AR (AF) ot A 1F F3) NHE 91 =39
A (=g 98], 2011. 3. 22)

- “"KARI International Space Training 2011" $X.

- OFEI X o]l = B Fol= N 27

O ‘Al 13] FASFTARJIAF) olHAFTEF FT3)(HA, 2011
12. 12 - 12. 13y FA oA

- ‘KARI International Space Training 2011" ¥} IAF ©}e] A <
OF FIE AAlGte A82 IAF oA EF I 62
oNA 129 A7VIFoEA FAF

- “KARI International Space Training 2011" o gt &7 2
A% B o7

- B 7#Y fFus 2O AR For &§
o] 7

O IAFE 53 7|8 sAz4%e] &¢d $Fus 32

- IAF 2011 = A7]%3] 71k & UNESCO, UN-OOSA,
COSPAR®}e] ¥ % ‘KARI International Space Training
2011 &1

- IAF 2011 & A7153] 7|3F 5 NASA FF oA 233/
ZTZAE %ﬂ%%ﬁ(lPMC) A 71& 3] A ‘KARI
International Space Training 2011 $-E
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O 3r 5 (o) 3T
O s TZ W} 7Fo] A 7HE
155t 79|
Time 6.13(Mon) 6.14(Tue) 6.15(Wed) 6.16(Thu) 6.17(Fri) 6.18(Sat) 6.19(Sun)
o5 EFE 29
; 2= PENE | quaam oz | gusN e oy AT sy | Tourof satreC
10:00~12:00 o A T T (=215 &
oF & o) = = ST SatreC-I
@z
12:00~13:00 Lunch Lunch Lunch Lunch Lunch
Tour of
Korean Traditio
= ol4 MEAAE 7} .
: R =i EO EFTfH 742 Hol=ZE nal Cultures
13:00~15:00 (272 (DIEE) o=z wEx) (Folk-village) Free Schedule
e E= &
Everland
15:00~15:30 Tea break Tea break Tea break Tea break Tour of Hyundai
(HHREAN
: A== HE == AT B X o= H 4
15:30~17:30 7 Fe — o o
(Hsl3) HE=Z) (EHEEUA) (HHA)
—_ = = -
<3 6-2. 1‘[’7(]' ol = }_’-_i:l%]>
257t 7ol
Time 6.20(Mon) 6.21(Tue) 6.22(Wed) 6.23(Thu) 6.24(Fri) 6.25(Sat) 6.26(Sun)
o +EIH g =4
SHEAEE o
10:00~12:00 '_(;ﬂ':g;nH - SAR 24 -7 TR
: = @sH) HUEEE
12:00~13:00 Lunch Lunch Lunch
Tour of
E5¥ TOE A rg=s =8 Kyong-Bok
13:00~15:00 | &2 Field work 5‘“5%‘%% ES LiZ 23 MH < °K:\|IE"‘ 8= 29 Ol palace De";g;;e for
' RS s dupHEs | @=3
it R == 02
15:00~15:30 Tea break Tea break Tea break
A S=E= O
"S5 ool [OREZSUS R
15:30~17:30 (QEH%E') (HEE) (o)
—_ = = -
<3 6-3 2‘[’7(]' ol = .‘__i:l%]>
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T ATt

Al ZH NFYdE
08:30~09:00 OHEl ALAHAH| A ET2 A 2 ‘Greenish café)
09:00~09:30 A= ol R DR EHEE BEL oty o S0 ] AT
09:30~10:00 MR/ SE|AY TE/+Y EY
10:00~12:00 @H = AlZH2AIZE
12:00~13:00 Hal AAF
13:00~15:00 @2 = AZHL 2AZH
15:00~15:30 Q&A AZH T 4= A|ZH30E)
15:30~17:30 Q= = AZH2 (2A17h)
17:30~18:00 Sh2 Un gel 8l HA SEAE HE
18:00~18:20 SIS =18 O MEH A T A AEBIEA TE

18:20~ HUAAFRZHOl AL 2=

<3t 6-4. Fo AZtE>

<3 65 FA-FuF Fof HA| 4>

6/17 (3) M E21 OL0I, KAIST 1 29 & ME|, S W ALS At ORAHZ &

Time Program Note

09:00 Departure(KARI)

09:30 Departure(DCC)
09:30-09:50 Movement
09:50-10:40 SatreC
10:40-11:00 Movement
11:00-11:50 SatreC-|
11:50-12:19 Movement
12:10-13:10 Lunch (Indy)
13:10-15:00 Movement
15:00-16:20 Hyundai Motors
16:20-18:00 Movement
18:00-19:30 Supper (Solviva)
19:30-21:00 Noraebang
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6/22 () L= S FHIE| etT2 ey FARE - 25
Time Program Note
08:40 Departure(KARI)
09:00 Departure(DCC)
09:00-11:00 Movement
11:00-12:00 JukNokWon(Bamboo Forest Park)
Exs i Iy
12:50-15:30 Movement
15:30-17:00 Naro Space Center
17:00-18:40 Movement
18:40-20:10 Dinner
20:10-20:30 Movement
20:30 Hotel Check-in e e

6/23(%) =01

ol
=

0

Time

Program

Note

08:00-09:00

Breakfast(in Hotel)

09:50-10:00

Check-out

10:00-10:30

Movement

10:30-12:00

POSCO-Gwangyang mill

A Al F2(061-790-2407)

12:10-13:00

Lunch

13:00-14:00

Movement

14:00-16:00

KAl

16:00-18:00

Movement

18:00-19:30

Dinner(Ginseng land rest area)

(041-754-9200)
2|52 7213

19:30-20:10

Movement

20:10

Guest House

6/25(E) B 52 0. SE SN2 AE
Time Program Note
09:00-09:30 Departure from Daejeon
11:30-12:00 Parking and moving
12:00-13:00 Lunch el o
13:00-15:30 Gyeongbokgung seeing and moving
15:30-16:30 Bukchon experience program
16:30-19:00 Free tour of Insadong
19:00-19:30 Moving to Hotel & Assigning the room LEemy
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dTa
2 F A (ETRI) AR TANE ol spallee@etri.re kr
o5 5
O O . .
AP System A 2=(3] 4 B ) U five2one@apsi.co.kr
: 2885 Y49 FAH&SAR _
Satrec-i Usd shmin@satreci.com
94 2
B 7173478 EO A5 7]4&& A=F dkim@kma.go.kr
KAIST A o] 2 Z] WE 3% | hcbang@fdcl kaist.ac.kr
i A4 A e8] tagikim@kpu.ac.kr
7% et el I e
Slkast <=3 AES jhseon@empal.com
PASIRS! SAR Al2H] 2 A5 A g o] &< | hoonyol@kangwon.ac.kr
0 2%% W F7h
- 2R TS AV R V18NS R 67 AR
<t 67 24F TE=7Et 71AE>
2AF7} 71 &
. ) Environmental Information Center /National
&= (Mongolia) '
Remote Sensing Center
ST Electronics (SatCom & Senor Systems)
d 7}& (Singapore)
DSO National Laboratories
7|27 =226
Central-Asian Institute for Applied Geosciences
(Kyrgyzstan)
2 2] ¥ (Philippines) University of the Philippines
National Space Agency of Republic of
712} & 2~ Bk (Kazakhstan) K'azakhstan —
Space research institute n.a. academician
U.M.Sultangazin
FulY ol(Romania) Institute for Space Sciences
. National Institute of Aeronautics and Space
1= 4] Al o}(Indonesia)
(LAPAN)
Ajo]d &8} (Seychells) Vice-President’'s  Office
E] 7] (Turkey) TUBITAK UZAY
) = (Thailand) Geo-InformaticsandSpaceTechnologyDevelopment
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Agency
Centre for Integrated Mountain

)% (Nepal) International
= epa
3 Development (ICIMOD)

& & H] o}(Colombia) Colombian Air Force

Pakistan Space and Upper Atmosphere Research

1}7] 2~ & (Pakist
(Pakistan) Commission(SUPARCO)

3 F(Peru) CONIDA Space Agency of Peru
VIETNAM ENVIRONMENTAL

H| E 3 (Vietnam)
ADMINISTRATION (VEA-MONRE)
1 2~E}2] 7HCosta Rica) Costa Rican Institute of Electricity
Fols SouthAfricanAstronomicalObservatory
(South Africe Republic) NationalResearchFoundation
o} 2 n}o] Al (Azerbaijan) Invest Telekom
Central Information Organization

u}#| {1 (Bahrain)

Provincial Surveyor General

2~2] 7HSri Lanka)

O 24 37 T &3 ad
- s e RE 3 A= Vel dd 23 TF Ay o
2 9 g@de oy, o dale X i At
G e Aee de 37HA 8Rle=® ud

1. ¥&
2. FFE QT (52A T KARIONA Ee3t, 359
WA g2 wsAo] REsjof 3/ =Tt B
AR A= 4d4H =2d

3. KARI A $Fus Z2H
A(=7F - Fetzgrt - A54 o oAl =
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O

WAy g

- KARI International Space Training 2011 F7}x} T2
6-9 Iz
Ay A o o
<3 6-9. 2011 = A|-¢-Fu5 wHA P>
Nation Organization Name Job Title / Position Note
National Space Agency of Republic of Kazakhstan Saule Rakhmatullayeva expert F
Kazakhstan —_— =
Space research institute n.g. academician A R ST s T
U.M.Sultangazin
Viel VIETNAM ENVIRONMENTAL ADMINISTRATION Thi Bich Hue Mguyen
ietnam :
(VEA-MONRE) Thi Hai Van Hoang
} Burak Yaglioglu Researcher
Turkey Tubitak Uzay :
Ozgun Yilmaz Researcher F
Thailand Geo-Informatics and Space Technology Ravit Sachasiri Engineer
Development Agency (GISTDA) Komrawee Phoorirak Policy and Planning Analyst
M i Environmental Information Center /Mational Remote | MNandin-Erdene Geserbaatar Engineer
Rgoss Sensing Center Batzul Dembereldor] Engineer
ST Electronics (SatCom & Senor Systems) Eng Kiong Lim SM (Special Projects)
Singapore
DS0 Mational Laboratories Rayner Koh Project Manager
Romania Institute for Space Sciences Andreea Maria Julea scientific researcher F
Seychelles Vice-President’s Office Beryl Payet Senior Engineer (Ag) F
Kyrgyzstan Central-Asian Institute for Applied Geosciences Bakytbek Aliev IT engineer
Fhilippines University of the Philippines Florence Galeon Assistant Professor
Abdul Rahman Head
Indonesia | National Institute of Aeronautics and Space (LAPAN) -
Suhermanto Director
International Centre for Integrated Mountai
Nepal ki Iongev:;:):meirt S;Eﬂr;;) sela Rajan Man Bajracharya System Analyst
Colombia Colombian Air Force Alvaro Gelverth Molano Deputy Director
Peru CONIDA Space Agency of Peru Eddy DelaCruz Researcher
Central American Association for Aeronautics and
CostaRica | Space (Asociacion Centroamericana de Aeronautica Carlos Alvarado President
y del Espacio, ACAE)
s Pakistan Space and Upper Atmosphere Research Atig-ur REHMAN Sec Head
Commission(SUPARCO) Muhammad YASIR Sec Head

Total: 24 | F: Female
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umyTe=ara

— Introduction to Program
- Overall Schedule
— Orientation

(jmchoi @harizel] KARI Proprietary

Program Rules

J—— umyTe=ara

+ Certificate of Completion will be provided for the one who attends all
classes (Permission is required in advance)

« All participants should be escorted by KARI personnel at KARI
premises

« All participants should be escorted by the corresponding personnel
atvisiting organizations

» Rooming, boarding, field trip traveling, sightseeing expenses are
covered for group activities
- Insurance, international call, mini-bar, personal activities
arenot covered

[mchoi@iar reks] KARI Proprietary "
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15t Week 2nd Week

smyve=aa smyve=ara
Time 6.20(Mon) 6.21(Tue) 6.22Wed) |  6.23(Thu) 6.24(Fr) 6.25(sat)
Time 6.13(Mon) 6.14(Tue) 6.15(Wed) 6.16(Thu) 6.17(Fri) 6.18(sat)
Inmoductione) Hands-on training
i :f“’e‘{“;""m/ Satelite Systems |c o oo Sotlite assembly and)] Tour of SatreC & Trend of Small Earth Observ on ground system :
10001200 ¢ oment Engineering Db integration testing SatRec 10:00~1200| Remote Sensing Theary ation Satelltes loperation of ground|
acedevelapmen (Dr.HS. Kim) ront-Teel (Dr.G. W. Moon) L (DrMJ.Choi)  |Introduction to SAR satellte! system and satellte
inKorea, (Or.S. H. Min) control
(Or.JM. Choi) (0r.DW. Jung)
1200~1301 Lunch Lunch Lunch Lunch Lunch (Kwang Yang Steel
1200-1300 Lunch Lunch (Jung-NogWon | Mil company) Lunch
Tour of bambooforest) Tourof
[13:00~14:0( Fundamentals of Korean Traditionall Kyong-Bok
Space sience / €O Payload Satelite Control Culures Tour of NARO Palace
(0.6, H. Choi) (Dr.J. R Yim) (DLSH. Lee) (Dr.HC. Beng) (FolkVilage) utlization SARSystem & SpaceCenter | Tourof KA, | Space Policy & &
1300~1500 for EQ data Signal Processing Aircraft factory | Globdl Cooperation|  cultural
fL4:00~ 150 Everland (Dr.D. H. Kim) {Dr.HY. Lee) ( Choi) | pxperience
Tour of HYUNDA
115:00-15:3( Tea break Tea break Tea break Teabreak Automobile I
Company 1500-1530 Teabreck Tea break Tea break
Space Rdiation _Tour o AT and Grownd| 1 o for .
hss0-173]  Sotelte Ot | EfectsforSatelte |- sabon Satellte Satelite Mobile Hands-on trairing on e e
(Or.H. D. Kim) s bl (Or. T.Y. Kim) 1530-17:30|  communication Validation and Caiibration AR
(Dr.H. Seon) Dr. DW. Chung) (Dr.DL Oh) (Dr.HS. Lim) N
) President)
KARI Proprietary 13 [jmehoi @ e kr] KARI Proprietary 1

S 1233 $FAE Axlel A e - BA)

)
N
=)

ena)
Kores Aerosr meﬁ

Ill. Space Development Promotion Plan (1/2) !E'U‘_"'-%

CONTENTS P
/ scienceand Technology Satlite. 2006 ﬁ:g}g‘;’;ﬁ:‘g g:;:'; :
| (Micro Satelite) KOMPSAT2 3
[ 2003 . 2011
STSATA 11 KOMPSAT5:
SARPayload

S
; BN [ —
” Korea Aerospace Research Institute 1999 e /

KOMPSAT-1

2009 2010 KSLV-A(3)
KSLV-A(14)KSLV-1(2)

be launched |
! 2011

STSAT]

” Space Development History in Korea
m Space Development Promotion Plan

m Role of Government
” Satellite Development
M KARI AIT Facilities

‘W Korean Space Launcher

KON
Optical Payload

KOMPSAT-3A:

018 2017 Optic + IR Payload

TBD "
8D KOl
(GEOSal)  (GEOSat) _Opica

™ ropricy ot T coan s e
eory Do Tis o e, it 5
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V. Satellite Development (1/16)

V. Satellite Development (3/16)

;'/ KOMPSAT(Korea Multi-Purpose Satellite) Program

« KOMPSAT Program _
Foreign Partners S _df
KOMPSAT-2 KOMPSAT-3 KOMPSAT-5 [
i
KOMPSAT - 1 _o P

- Launchedin ‘99.12 .
| -04-12

(Koreanindustry Participants : | - under AIT

Hyundai Aerospace, g -To be launched at '12

Korean Air, Samsung,
Aerospace. Hanwha,
Doowon, Dagwoo

i
® Multi-Spectral Camera @ Multi-Spectral Camera @ SAR

p p Foreian Partner : TRW (USK)  KOMPSAT=-2
® Resolution ® Resolution (Synthetic Aperture Radar) — Launchedin '06.7 KOMPSAT - 5
(1m : pan. 4m : color) (0.7m : pan. 2.8m : color) @ Resolution : 1m/5m/20m - Operational EEYRETR
© Launch : Jul. 2006 ® Launch : 2012 ® Launch: 2011 }; | _ Foreign Partners : ) _ SAR Payload [Radarlmagef
Astrium (Germany & Francel, (— ThalesAlenia )
\_ . \_ELOPIsraell ) - Tobe launchedin 11,/

gt e s mote o gt e s mote 1
|

Agenda K/I\\RI Temperature changes with altitude K/I\\RI
1. Troposphere \\
= Climate Change |
2. Stratosphere | ‘
= Ozone Depletion i ‘
= Balloon/Airship & High Altitude UAV |
3. Mesosphere ”
ol e ' !\
4. Ionosphere ? e |
5. Solar Wind & Cosmic Rays s

6. Korean Astronaut Project I ! S
- |
T WY SRCybher.com

[Title] KARI Proprietary 2 [Title] KARI Proprietary 5
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|
3. Mesosphere K/I\\RI

|
2-1. Ozone Depletion K/I\\RI

[J0zone Depletion Chemical Process
= CFC Ozone depletion process
- Creation of ozone:

0,+uv ->0+0

0+0,+M—-0;+M
- Destroy of Ozone: One Cl atom could destroy 100,000 O,

molecules
CCI,F, (CFC) + uv — CCIF,+ Cl
Cl+0, - CIO+0,
ClO+0; - Cl+20,

!
E
KARI Proprietary

[rite] KARI Proprietary 8 [rite]

S

S

8. Training Korean Astronaut

# Astronaut Training (Mar. 2007 ~ Mar. 2008)

7,

(4) Astronaut Candidates Selection -Final Stage (Dec. 2006)
C= =]

Simulation of Isolation
r

8 Candidates

G

Mission Training

Space Env.

Adaptation Test
at Russia
KARI Proprietary

6 Candidates

[Tile]

KARI Proprietary

[Tile]

9. Launch of Korean Astronaut K/I\\RI

Soyuz rocket (4/6) Soyuzlaunch pad (4/7) Press conference(4/7)

@ Launch Preparation at Bikonur (Mar. 26~ Apr. 8, 2008)
Space suits check (3/27)

Space suits check(3/27)

Arrival (3/26)

i

Z(4/8

Boarding Soyu:

KARI Proprietary

[Tile]
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10. Space Flight of Korean Astronaut

umyTe=ara

# In-flight & Missions (apr. 8 ~ Apr. 19, 2008)

Docking with ISS (4/10)

Soyuz spacecraft (4/11) RussiaMCC

[Tite] KARI Proprietary 2

Agenda K/I\\RI

umyTe=ara

4 Background

4 Two-Body Problem

4 Orbital Elements

4 Perturbations

@ Orbit Types

4 Orbit Determination

4 Orbit Maneuvers

4 NORAD TLE, JSPOC'’s SP data, Space Debris

[Lecture on Satellte Osbis] KARI Proprietary 2

19:00.Inside Heli
KARI Proprietary

150 &%=
T °H Q)
|
2
Kepler's Law K/I\\RI
i
+ Second Law
—The line joining the planet to the Sun sweeps out
equal areas in equal times (1609)
I Areal Area2 | Pl
< =1 . SEY Paneany
ver L ver
30 Days j.¥/ 30 Days
Areal= Area2
[Ref. Sellers]
[Lectureon Satllte O] KARI Proprietary 8
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Conservation of Energy & Momentum

umyTe=ara

Maximum PE

> M U .
—V" ——=——=¢ Energy cquation
2 r 2a
[Lecture on Satelite Osbits] KARI Proprietary 20

SLR System

S

+ System
- Two-way travel timeis a
measure for distance
between the satellite and the
tracking station

+ Retro Reflector Array
- The Retro Reflector Array
reflects the laser beams
directed to the satellite back
to the tracking station

[Lectureon Satellte Obits] KARI Proprietary 70

NORAD TLE

S

[ 1680080 Bo01TH

DIBE0N | e

Satelite
Humbsr

i Element
1 6 B Humber

1188080 85

Inclinetion

[Ref. Kelso]
[Lecture on Satellte Osbis] KARI Proprietary 84

Orbital Elements

S

[Ref. Sellers]

[Lecture on Satellte Osbis] KARI Proprietary 2

Maneuver Types

S

+ Combined maneuver (altitude + inclination)

Figure 6-13. Geometry for a Combined Maneuver. A transfer from LEO o GEO is shown to
the correct scale. The transfer orbit is just slightly below the initial 28.5° LEQ
orbit. Notice how close the LEO satelite appears (0 the Eath when it's drawn to
scale.

[Ref. Vallado]

[Lectureon Satellte Obits] KARI Proprietary 80

JSPOC SP Data

umyTe=ara

+ JSPOC(Joint Space Operations Center)'s
SP(Special Perturbation) data

+ Conjunction Assessment
+ Collision Avoidance Maneuvering
+ SP data using full perturbations
« Accuracy
*+LEO:>40m
+GEO:>120m
+ Space debris
+ More than 22,000 (> size of 10 cm)
* More than 600,000 (> size of 1 cm)
+ 15,000 of NORAD TLE Catalog (unclassified,
published)
+ Total mass of space junks (6,000 tons)

Effective number of objects (+10 cm, LEO)

(Ref. NASA, Dr. Liou)

[Lecture on Satellte Osbis] KARI Proprietary 85
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Space Debris

S

Space Debris

umyTe=ara

[Lecture on Satellte Osbis] KARI Proprietary 86

[Lecture on Satellte Osbis] KARI Proprietary 8

O 133 294 194 54 (2011.06.14)

- SN2 AR - A

Agenda K/I\\RI

umyTe=ara

+ Systems Engineering Overview
+ System Overview

+ System Development Flow

+ Requirement Generation

KARI Proprietary

Example (1/2)

umyTe=ara

« Task: Define remote sensing satellite system

« Step 1. Draw system architecture
- system
- boundary

/ Environment

H Launch vehicle
Ground station €=

>

Equipment

KARI Proprietary 6
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Propulsion Subsystem

umyTe=ara umyTe=ara

« Objectives
—To provide impulse for orbit maneuver and attitude control by thruster

Passive
Thermal - I + Behavior

Control _—

HW a = Input

o + Control input
Active sl e — Processing
Thermal P + Valve operation
- Output

+ Orbit and attitude change

L

KARI Proprietary 14 KARI Proprietary 18

Define System Architecture K/I\\RI Select Orbit \
eRvesara eRvesara
§ + Satellite can be classified by
Mission Orit et orbital radius.
(SunSynchronous)  OptiatPayoad | i

- Low Earth Orbit (LEO)
- Medium Earth Orbit (MEO)
- Geo-Synchronous Orbit (GEO)
- Highly Elliptical Orbit (HEO)
- Deep Space
+ Sun synchronous orbit is generally BN RN SN
used for remote sensing at low el

Xband/S-band earth orbit.
Antenna

«X-band Image

+S-band TLM
Downink

« Analysis for orbit selection
- Revisit time
- Ground track

Optical Payload
-Panchromatic.

~Multi-spectral A )
'l - Ground station contact time
— Orbit period

— Payload characteristics

LaunchVehicle

KARI Proprietary 32 KARI Proprietary 33

Verification

Design and Verification Flow K/\\RI

S

umyTe=ara

+ Requirements are verified based on specification. SystemDesign —— fw
« Most of mechanical and electrical analysis will be performed during —  Ioterfice

development phase. 4‘ afaleed, Payioad > Support

Integration

« Acceptance test will be performed for flight model hardware. 1t

Satellite AIT ‘ Final Product

Spacecraft
e ] Tne

CALVAL
GSE
Development

MGSE  |-imimimimoms [ S S 8 i LEoP
EGSE  |mrmimimimims Ll - "

GroundSegment
H Dnvehw“;mm

(3

Launch

| [
Uoc GS Integration
T

4‘ Mobile Unit
['Caunch Vehicle |
‘Services
KARI Proprietary 45 KARI Proprietary 47

14 Axil Mods.

==

1
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Verification Overview (3/3)

umyTe=ara umyTe=ara

Building Block Approach

Payload

S"‘,"‘P"‘:f'“ ‘5“‘:‘{“l:m R Satellite
erification Verification
| Verification System

SBWIlIw

[ Software |
Launch pad (LP) Spacecraft Bus MW

» Terminal Countdown Comp Subsystem
Vehicle assembly Liftoff Verification Verification
Y0

buicing (VAB)

System
Verification

No2 Spacecrafestand |
assambly buiding (STA2) |

Spacecraft [
Ver iﬁcatinn
Compatibility

<Spacocialt>
« Spacectt/feinng
+ composito making o
« he second

Sstage Ground Segment
- Spacecrft il checkout

MCE
Verification
T

<Launch vebicle>
« Vehicke integrafion

'+ Vehicle system test
Spacecraftand firing. « Counldown
‘assembly building (SFA) 1 v
F— a8 - External G8 Launch Vehicle
epat ey ransporting IRPE
o s st " \
e from SFAto VAB Verification
KARI Proprietary 50 KARI Proprietary 100

O 133} 294 2914 54 (2011.06.14)
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Human vs. Satellite K/\\RI

Agenda \
eRvesara eRvesara
« Introduction to Spacecraft Subsystems searsTanonay
« Structure and Mechanism Subsystem(SMS) i s TSR
« Thermal Control Subsystem(TCS)
« Electrical Power Subsystem(EPS) —_‘E;ﬂi]
« Attitude and Orbit Control Subsystem(AOCS) E
+ Propulsion Subsystem(PS) ‘WSPWR[: e E;m
« Telemetry, Command and Ranging Subsystem(TC&RS)
+ Flight Software Subsystem(FSW)
¥ Distnbuion U
Nerve System = TC&R
On-board Computer TransponderBoard
[Spacecraft Subsystems, 2011-06-14] KARI Proprietary D [Spacecraft Subsystems, 2011-06-14] KARI Proprietary 10
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Thermal Pointing Error Analysis

umyTe=ara

« Thermal Pointing Error

— Pointing error of the sensors or payloads which occurs as a result of
structural distortion induced by the thermal load
« Purpose

—This analysis verifies that spacecraft structure can minimize thermal pointing
error induced by thermal load on orbit. ’
Thermal Pointing Error
Mg Camera
~, v Pointing — Initial
SUN;.: ! — After distortion
4} v, by thermal load
‘Star Tracker#1
Pointing

Ny Ster Trackers2
Pointing

« Analysis Result

—— Cold Case

KARI Proprietary 2
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* Purpose

—Maintain all the elements of a spacecraft
system within their temperature and gradient
limits for all mission phases

— Maintain interface temperature to payload and
launch vehicle

— Control spacecraft bus temperature distribution
to minimize thermal distortion

— Perform thermal analysis including worst-case

MLI Integration prior to
Transportto Launch Site

[Spacecraft Subsysterss, 2011-06-14] KARI Proprietary 20

EPS Architecture K/\\RI

Battery : 1 EA

PCDU : 1EA

[Spacecraft Subsysterss, 2011-06-14] KARI Proprietary “
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Sine Burst Test/Sine Vibration Test

« Purpose (Sine Burst Test)
— This test verifies the strength of primary structure members.
« Purpose (Sine Vibration Test)
— This test qualifies the structure and subsystem for the low frequency
sinusoidal transient loads.
« Test Configuration

S|
1

B

umyTe=ara

[Spacecraft Subsysterss, 2011-06-14] KARI Proprietary 2

Thermal Model Correlation
with Thermal Balance Test Results 1

umyTe=ara

Thermal Model for Thermal
Vacuum Test

Satellite in Thermal Vacuum Chamber

Thermal model is correlated with thermal balance test results

Correlated thermal model will be the most reliable tool on the ground
to predict orbit thermal conditions

[Spacecraft Subsysterss, 2011-06-14] KARI Proprietary 35
|

Test Example : Power Profile K/\\RI

iareety

+ Power Profile Test
— Check the Power Switching
— Check the Pulse Command
- Measure the Unit Power

Pipiew ~PAGE 2 EPS PONER PROPLE REDUNDANT SDETEST

1

e T 40 Fron 20805215801

e

[Spacecraft Subsysterss, 2011-06-14] KARI Proprietary 48




AOCS Sensors(2/6)
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« Gyro (Gyroscope)

— Devices that sense rotation in space, without reliance on observation of
external objects

—Need at least three. Usually use more for redundancy.

—Can integrate to get angle.

—DC bias errors in electronics will cause the output of the integrator to ramp
and eventually saturate (drift)

—Several types of gyro are used as satellite inertial sensors

+ Mechanical Gyro, Ring Laser Gyro, Fiber Optic Gyro, Hemispherical
Resonator Gyro, MEMS Gyro

| ey 1
o
L

[Spacecraft Subsysterss, 2011-06-14] KARI Proprietary 59
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COMS Propulsion
System (Bi-Propellant)

KOMPSAT Propulsion
System (Monopropellant)

[Spacecraft Subsysterss, 2011-06-14] KARI Proprietary 9

O 133 294 394 54 (2011.06.14)

Contents

umyTe=ara

Part 1. Space Environment

1. Introduction

2. Natural Space Environment
2.18un
2.2 Earth

3. Space Environment Effects
3.1 Radiation Effects
3.2 Spacecraft Charging

Part 2. Radiation Analysis and Testing
1. Radiation Environment

2. Radiation Analysis

3. Radiation Testing

4. Summary

[Tite] KARI Proprietary 2

Environments for Satellite K/\\RI

S

Space Environments

0 Radiation

0 Thermal

0 Blectromagneticetc.

Storage &
Transportation

~a

Contamination

[Tite] KARI Proprietary 6
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Nuclear Fusion

umyTe=ara

Nucleus: the positively charged
concentration of matter at the center of
an atom

+ protons (positive)

+ electrons (negative)

* neutrons (neutral)

« occur when a nucleus is
struck by another nucleus

P il .
— O
([ ]

o \Eledmn .\, = .
Tt

KARI Proprietary 7

Galactic Cosmic Rays

S

All elements in periodic table with E ~ GeV
Mostly protons and bare nuclei of heavy ions
Omni-directional

Trajectory bent by Earth’s magnetic field

0O 0D 0D 0O O

Major cause of SEE

(Tite] KARI Proprietary

= AP-8 Max for Trapped Protons
= AE-8 Max for Trapped Electrons

= JPLO1 for Solar Flare

= CREME for Galactic Cosmic Rays

= Orbit Generation

= Mission lifetime

[Title] KARI Proprietary 23

Exteriors of the Sun

Photosphere:

- ‘visible surface’ of Sun
-T=5800K

- sunspots, surface features
present

Chromosphere:

- just outside of photosphere

- hot gas, magnetic features
-T=10,000K

Corona:

- Very hot (few million degrees)
- visible during eclipse,
coronagraph

(Tite] KARI Proprietary

Radiation Effects

JLES
Trapped Population Long-term effects
* Protons = Total lonizing Dose (TID)
* Electrons = Displacementdamage dose(DDD)
Solar Particles Transient Effects
= Solar Winds = Single Event Effect (SEE)
= Heavy lons * Single Event Transient (SET)
Cosmic Rays Electrostatic Discharge (ESD)
*Heavy lons
o Raditon TestResui___]
KAl
18, 5 duy 2003
< VS FunctonsiFaireats5KRad e
= . | cumrentincrease from 20 kRad "/ e i

o ) W 0]

Dose,kRad ()

TID E319| off SEE Z1t2| of

Tite] KARI Proprietary 12

Major Tasks K/\\RI

S

Breadboard EM QM l
SDR CDR

Q Detailed Sector Analysis
Q Qualification Testing
Q Shield Design

[Tite] KARI Proprietary a7
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Software Task

umyTe=ara

QFloating-point calculation

20 i 1 20 1
D= Hsm(n +;)7T + Hcos(u + E)zr
n=1 -~ n=|

0100% duty cycle for calculation core CPU 32+

OStores 32 KB of datain SRAM and transmits through
Communication Processor Module (CPM)

QCalculation results displayed in real time on screen and stored in
PC

CPU32+ —m—

CPM

(Tite] KARI Proprietary

Small Radiation Monitor

umyTe=ara

= Specifically designed for small satellite
- Weight~ 0.7 kg
- Volume <10 x 10 x 5 cm?
- Power<3W
= Common sensor for easy data exchange (ESAPMOS)
* Extended Capability for new understanding
» Stand-alone operation capability for easy accommodation
- Includes processor and data I/F electronics
- Standard data I/F such as RS232
Experiences
- Previous instruments on KITSAT-1,2 and 3
- New instrument on STSAT-2 (PFM completed)

Tite] KARI Proprietary 4

O 15z 394 1A =% (2011.06.15)
- BN AR - AL ol

ETRI

‘ Contents

1. Overview

2. Satellite Communication Services

@

. Satellite Coordination

4. Com. Satellite System Design

2

. Com. Satellite System Development

)

. Application

- 128 -

ETRI

I 1. Overview (Satellite Network (2)) |

[J Communication Satellite System

Comm. Sat %B%EQE(:EQ)
[\

/
meo,Leo) /|

o Spacecraft: Payload and Platform (Bus)
0 Ground TT&C : To monitor operation and to control
‘spacecraft
o Earth Station : To transmit /receive comm. signal
forintended service

- FSS (Fixed Satellte Service)

- BSS (Broadcasting Satelite Service)
\ . oTerminal

- Fixed / Mobile type

! A -3
5 (Terminal)
Launcher  Earth Station
«

Ground TTC

tary 4




‘ Overview (Orbit and operation (2)) ‘

Orbit and operation
P __Geostationg, Ony

22,300 miles

— -
il ooy ot

- xoreasats
rewsrant
g
BRAZILSAT 82 s’
-
8
ETRI
3. Satellite Coordination (2) ‘
tellite Coordination (2) @
* Timeline established in Articles 9 and 11 of the RR:
poaventen  Coordinaton Noticaion
FINg § o IS Filng
e [
§ § \ntoUse /
s H g
2 : vea
E‘ H
H H eruists s 2y
Data NWCBRFC ecenion

‘ 4. Com. Sat. System Design (4) ‘

Attenuation due to atmospheric absorption

§3o g
FEY o T " oo
(a) 6/4-GHz band (b) 14/12-GHz band

20
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ETRI

2. Satellite Services

Satellite Manufacturing
«Satellite Manufacturing

+Fixed Satellite Services

+ Component and Subsystem Video, Data

Manufacturing M L

+Remote sensing
+Transponder leasing.

*Mobile Satellte Services

*Mobile Telephony

+ Data/Messaging

Ground Equipment
* Mobile Terminals

+ Vehicle Manufacturing
+ Component and

« VSATS & USATS
+ DBS dishes
« Handheld phones Subsystem Manufacturing

11

ETRI

‘ 4. Communication Satellite System Design (1) ‘

[satelitesystem | [desired destination] [ iar e demodin
in the destination earth station

gnal qua

Carrier-to-Noise ratio, C /N

proper link parameters Radio channel related

|Lanh station relmcdl | Satellite related

‘ 4. Com. Sat. System Design (5) ‘

LINK ENGINEERING (bent-pipe satellite)

Uplink: (Ey/No)p
=EIRP,(L+L)+(G/T);-228.6+f 0.

Sl Downlink EIRP,= (EIRP,-0B0)
/ angponder

228.6dBW/Hz°K is the A

Boltzmann's constant A

HG/Mes
Eartsaion carnsation
enomiter Tecaner
Overall link: [E/N,] =[(Ey/N,), I +I(Ey/Ny)s T +I(Ey/L,). ]
1,)s represents the carrier-to-intermodulation interference ratio due to the quasi-
linear property of the transponder power amplifier.
+(E,/1,), depends on the access method and OBO level.

TRANSPONDER NORMALLY SPECIFIED BY ITS UPLINK (G/T), AND DOWNLINK EIRP,

a




ETRI

4. Com. Sat. System Design (6) ‘

- o

« ®

“ *

4 =

“ 2

« 0

« 5

5 £

b 2
e T T T e e Tt
W mow w w e wm e I S

ETRI

5. Com. Sat. System Development - example (1) ‘

O Mission and Services

Mission
To acquire Space proven technology of Ka band Payload system and to apply public
services

Services to be provided
Government communication services
natural disaster prevention and recovery services
Public communication services
Satellite internet, distance-leaming

Data Rate
Satellite Internet
Forward / Reverse : 70Mbps Max./ 8Mbps Max.
Natural Disaster : 8Mbps Max. in symmetric
High speed Trunk : 155Mbps Max.

O 15z 394 24 =% (2011.06.15)

Contents

umyTe=ara

+ Reminding the basics of Electro-Magnetic Waves

« Introduction to spaceborne high-resolution electro-optical Camera

+ Image acquisition mechanism of EO sensors

« EO payload architecture

+ Introduction to the key factors in the performance of EO sensors

- Difficulties in the development of spaceborne EO cameras

+ Optical system engineering for the development of spaceborne camera
« Introduction to the development of Camera Electronics Unit

+ Introdct’n to the development of Payload Data Transmission Subsystem
+ Payload electric interface and electric function check

+ Introduction to the electro-optical payloads in KOMPSAT series

Electro-Optical Payload KARI Proprietary 2

N%E

Spaceborne EO Sensor Group by Mission K/\\RI

| Communication I | Applications | | Scientific | | Special |

[ I ] ]
Communication links Earth orbiting
planetary

Earth observation
defense
Telescopes initiative Intelligence
Civil comm Navigation Space platforms ELINT(spy ship)
Military strategic | [Eartnresources || Manufg-in-space || Spacestation Jamming
Military tactical Weather Solar power relay Shuttles Burial-in-space
Relay Search & rescue Biological Space surveillance
Early warning Space station Solar Stellar and tracking
Nuclear burst support
Boostphase operations Laser beam
tracking || Spacecraft repair, RF beam
Fire detection maintenance, Particle beam
Oceanography erection, Smartrocks
Space mines
Fighting mirrors

s ELINT : Electronic Inteligence

Electro-Optical Paload. KARI Proprietary
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Rayleigh Criterion: a picture (cont’d)

umyTe=ara

If a second point of light makes an angle of q;;,;; With the
first point, then it can just be resolved.

In this case:
Opmie = $in(1.22 /D) = x’/s’= x/s = GSD/Altitude

lens

Flectro-Optical Payload KARI Proprietary 3

umyTe=ara

PM Bezel

Primary baffle

Primary
Mirror

Secondary Mirror

Flectro-Optical Payload KARI Proprietary 60

umyTe=ara

L SNR
Linearity
Uniformity
| saturation
Thermal cycling
MTF @ Vacuum
Straylight / Vignetting
KM Ghost image

oy T

Flectro-Optical Payload KARI Proprietary "

Spaceborne Camera Payload System |

umyTe=ara

« Extremely reliable

+ Compact & lightweight

+ High speed handling of image data

« Durable against radiation from space

SATELLITE

« The higher resolution, the more
image data generation

— higher speed transmission
- compression and encoding

GROUND
o STATION

Flectro-Optical Payload KARI Proprietary 3

OSE: Assembly, Integration, and Tests

smype=ama
Optical Module

s

Electro-Optical Subsystem

Electronics i
High Stabi
(FPA+CEU) s Precision Optics gm,cm,e

=g Large-aperture lightweighted
high-precision optics
Lightweighted,
high-strength,
athermalized
- optomechanics

tm::f:d , made of CFRP

high-uniformity or Sic

high-linearity

durable video

electronics

Electro-Optical Paload. KARI Proprietary 65

OGSE’s for AEISS Tests K/\\RI

Electro-Optical Paload. KARI Proprietary 120
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+ Using a Wave Front Sensor and LAC Flat Reference Mirror|  OM Gimbal
Mount

Electro-Optical Paload. KARI Proprietary 12

O 153} 4¥ A 1A

- 94 AIT NE - A}

e

Agenda KR

+ What is Assembly, Integration and Test (AIT)
+ AIT Process
+ Types of Testing
« Satellite Integration
+ Satellite Test

+ Environment Test : Launch Environment

+ Environment Test : Orbit Environment

« Environment Test : Electromagnetic Environment
+ KARI AIT Facility
+ AITC Facility Tour

[Satellite Assembly, Integaation and Testing] KARI Proprietary 2
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« Configuration for

- Optical performance test

* MTF, focus
mechanism
characterization, dark
signal noise, etc.

- Thermal balance test

+ EOS thermal hardware
verification and model
correlation

Cooling Cooling
— i WF
"

Local shroud
Collimator e

Flectro-Optical Payload KARI Proprietary 8

9 (2011.06.16)

AIT Process

umyTe=ara

| AIT Planning : Test Requirements, I&T Plan/Procedure, Schedule |

Electrical Test Bed(ETB) Equipment/Structure
Design/Integration Delivery

‘ Hamess Installation

ETB Test
BUS Integration
EGSE
Design / Manufacture
Payload Integration on BUS
MGSE

Design / Manufacture

Structure Test Module

Design/Integration

STM Test

[Stellte Assembiy, Entegraion and Testng]

KARI Proprietary 6




Satellite Integration

DLS Antenna Installation

SAR Antenna Installation

[Stellte Assembiy, Entegraion and Testing]

KARI Proprietary

Environment Test : Launch Environment

umyTe=ara

« Shock test : L/V Separation Test

- Verification and qualification of the spacecraft

structure and instruments

— When subjected to a shock environment due to

pyrotechnics and latching loads

— Release of launcher spacecraft interface clamp
band, and release of solar panels, antennas, etc.

— L/V Separation Test
— Pyro-Shock Test
+ Acoustic test

- Verification of the spacecraft against the specified
acoustic loads under the fairing of the launch

vehicle.

— The acoustic test is done in a reverberant

chamber.

Satelite

Launct
Vehicl

[Stellte Assembiy, Entegraion and Testing]

KARI Proprietary

WORKING DIMENSION : 98 m x 10.0 m
VACUUMLEVEL : AMB. PRESS. ~ 10 Pa
TEMP.RANGE :

- LN2 (LOW) MODE : less than -183 'C

~ HOT MODE with Halogen Lamp : 120 'C
DAQ & Power Supply

— T-type Thermocouple, 840 ch

— DC Power supply 100 ch (150 VDC, 5 A)
Satellite Loading System

- Satellite Dolly (S.W.L.) : 5,000 kg

~ Lifting system (S.W.L.) : 10,000 kg

« Satellite Access System

— 2 approach fixtures

* Local Thermal System

— Open loop GN2 system (-150 C to 120 C)
— Open loop He system (less than 40 K)

[Stellte Assembiy, Entegraion and Testing]

KARI Proprietary

- 133 -

Satellite Test

o,
Thermal Test

EMC/RFC Test

[Stellte Assembiy, Entegraion and Testng]

KARI Proprietary

Environment Test : Electromagnetic Environment K/\\RI
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EMC in Satellite System
INTER-SYSTEM EMC
(Outside of Spacecraft)

INTRA-SYSTEM EMC
(Inside of Spacecraft)

EMI EMS PULSED L . P 4 NATURAL &
(Emission) ‘ ‘ (Immunity) EMI Launch Vehicla/Sits || Lightning ‘ COSMIC NOISE
e ] Cos [ [re ]
EFT/Burst] | Voltage Dip
Conducted RF Disturbance
Acoustic Noise (CE&CS)
16Hz_60Kz 24KHz 20KHz 150Kz 30MHz 300MHz_1GHz
N———
Subharmonic Harmonics Radiated Disturbance

(RE&RS)

[Stellte Assembiy, Entegraion and Testng]

KARI Proprietary

OTVC (Optical Thermal Vacuum Chamber)

+ WORKING DIMENSION: 93 m x 10.0m
* VACUUMLEVEL: Atm. PRESS. ~ 10 Pa
+ TEMP.RANGE :

- LN2 (LOW) MODE : less than -183 'C

— GN2MODE :-150 C to 120 T

- 6 independenttemp. control channels
+ DAQ & Power Supply

- T-type Thermocouple, 120 ch

- DC Power supply 20 ch (100 VDC, 15 A)
* Vibrationisolation system

- lessthan : 107 Grms

[Stellte Assembiy, Entegraion and Testng]

KARI Proprietary



TVCs (smaller Thermal Vacuum Chambers) K/\\RI

umyTe=ara

Medium T/V chamber (S/C System TB/TV Test)
*  Working volume : 3.6 m(D) X 3 m(L)
+ VacuumLevel: less than 10 Pa
+ Temperature Range :
- GN2 Mode :-173 C ~ 120 'C
- LN2 Mode : -196 'C

#1 Small TV Chamber (®1.0)
+ Component TV Test & Small satellite TB/TV Test
+ Workingvolume: 1.0 m(D) X 1.5 m(L)
+ VacuumLevel: less than 10 Pa
+ Temperature Range :
- GN2 Mode :-150 C ~ 120 °C

#2 Small TV Chamber (90.7)
« Component TV Test & Small satellite TB/TV Test
*  Workingvolume: 0.7 m(D) X 1.0 m(L)
+ VacuumLevel: less than 10 Pa
+ Temperature Range :
- GN2 Mode :-150 'C ~ 120 'C

Small Thermal Vacuum chambers

[Satellte Assembly, Integration and Testing] KARI Proprietary 2

Middle Vibration Shaker System (V964) K/\\RI
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= Vibration Test for small satellite & component
= Single electro-dynamic vibrator with slip table
= Max. sine force : 80 kN
= Half sine bump : 267 kN
= Displacement  :50.8 mm (pk-pk)
= Mounting surface : 1 m
= Max. mass of test object : 1 ton

[Satellte Assembly, Integration and Testing] KARI Proprietary 28

O 152k 494 2WA =% (2011.06.16)
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Introduction — Attitude Pointing K/,\R,

Attitude: pointing aceur:
KOMPSAT 1 KOMPSAT 2 QuickBird2 Orbview-4

* Resolution * Resolution * Resolution * Resolution
10m m 0.6m m

* Pointing accuracy = Pointing accuracy  * Pointing accuracy = Pointing accuracy
0.1degree 0.025degree 0.028degree 0.032degree

= Attitude = Atiitude ® Atitude knowledge = Attitude knowledge
knowledge knowledge 8.59x 10 deg 1.6X1073deg
0.08degree 0.02degrees * Attitude stability = Attitude stability

5.73x1074 deg/sec 3.3x107 deg/sec

<Attitude control accuracy depending upon image resolution>

[Tite] KARI Proprietary 7

Gyroscopic Stiffness K/.\m

« Immune to disturbance torques

« Effective to apply during large
thrust ( Firing apogee kick motor)

. Provide§ the simple stabilization Angulr
mechanism Momentum

T
2 ’ D
Disturbance torque Disturbance torque Integrated
Disturbance
[Todi=Ho
KARI Proprietary 12
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Attitude Kinematics
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« Principal rotation theorem

If we substitute i=/1n1+/:nz +in,

Then the Direction Cosine Matrix(DCM) is obtained in the form

If(l— cosg)+cosd Il (1-cosg)+1sing 1 (1-cosg)-1,sing
[C1=] i, (1-cos §)—I;sin ¢ /;(ken%)wuwﬁ Ll (1=cos @) +1,sin g
Li(I-cos@)+1,sing L7,(1-cosg)—Ising ff(l—cosqﬁ)wos(/)

Note that 1
cos ¢ = ;(('u +C, +Cy5-1)
and

2sing=C,,-C,, q

AUysing=C,~C,, sin g == [4(Cp =Co) 5 (Co =G+ (= Ci)]
— -

P

KARI Proprietary 28

Purely Passive Stabilization (3)
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— Stability conditions

(8 30,+0,0.+1> 0,0,
(b) o0,0.>0 +

(¢) Bo,+0,0.+1>0

*)> I>1,
@ I<I +I.

7, =05(6-07")

T T 3
+J6-01F - 4(070 + 60" +9

Stability region in o, -0, 3
plane > T o

08 06 04 02 0 02 04 06 08 1
o,

i iy x

i " 52
V4270

Control Command Law Using Euler Angle
Errors (2) Uy

+ The simplest control law for stabilizing and attitude
maneuvering such a system may be stated as follows
T =Ko =D+ K= Kf +Kf.
T, =K, (0., —0)+K,0=K,0; +K 6.

T =K Wy =)+ Ky =Ky + K

where ¢,,,.0.... ¥... and ¢;.6;.y; are Euler command and error
angles, respectively; j 4.y are the Euler angular rates

KARI Proprietary 63

Attitude Kinematics
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* Quaternions
Definition of Quaternions
w1 =¢ ; principal angle
g= sinécosw g, = sinécos p.

. "
¢; =sIN=COS Y. ¢, =COS =
’ 2 2

Y q=q,+ i+ g+ gk =q,+q

4" =¢,~qi-qj-qk=q,+q

Note that

‘]1: +‘l::+(13:+(14: =1

KARI Proprietary

Dual-Spin Satellite
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« Dual-spin satellite with nutation damper
-Nutation damper is used to prevent flat spin

- Also stabilli]zes any nutational mode present

S
Rotor ‘ Dual-spin spacecraft
T , with spring-mass-
/ U / damper system
CcM. /
/6/ / b, ; nutation damper
Lo
al /
b1 > /L/,H Platform ,//
el /"/

Main Mission Payload
Summary

- Ultraviolet/Visible Camera(UV/Vis)
- Near-Infrared Camera(NIR)

- Long-Wave Infrared Camera(LWIR)
- High Resolution Camera(HIRES)

- Star Tracker Cameras

- Laser Altimeter(LIDAR)

- Bistatic Radar Experiment

- Gravity Experiment

- Charged Particle Telescope

- Launched in 1994
- Program for NRL and BMDO

KARI Proprietary 72
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Momentum-biased Satellite

smype=am
« Example
B (Earth's North
Fi e
+ Orbital Motion
Roll Avis
+T,
Control Torque
KOREASAT L1l
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Contents K/\\RI

S

-

. Satellite Thermal Management Overview

. Satellite Thermal Environment

. Satellite Thermal Control Subsystem (TCS)
. Satellite Thermal Control Hardware

. Thermal Analysis

. Ground Test

N o oos W N

. Support for Launch Base and LEOP

‘Thermal Design For Satellite KARI Proprietary

Attitude Control using Thrusters (2)
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— Input/output relationship for PWWPF modulator

[a-nE,~(E, -1

——  Thruster pulse width: Q‘::*flﬂ‘ E-G-1 |
E-E |
- t ==zl fa_
Thruster off time: =T “[(1—/7)54.—5,[
c 1
~—» Pulsefi i f=
= ulse frequency: =

Minimum pulse width: A = —7ln(1-h/K) = hr
K

Where E%,:lﬁ: equivalentdeadband. #=v,-U,,

KARI Proprietary 89

Thermal Environment during Launch K/I\\RI
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+ Launch scenario %
- Launch Vehicle : LM-2C

— Launch Base : Xichang Satellite Launch Center .,

Orbit

D

— Satelite
onbit

Phase Time (sec) Description
A—-B 0~619 LM-2C/CTS Powered Flight
B-C 619~ 2986 CTS Coast Flight
cC-D 2986~ 3111 CTS Powered Flight
Lm-2C
‘Thermal Design For Satellite KARI Proprietary
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Ok - LOW HEAT TRANSFER PATH

/ - MULTLAYER NSULATION BANFETS
q
Ot eum
o N
Kus suBReFLECTOn
9
EQUIENT & -a Zyg
t Ko suBRErECTOn
Oun o
= 0,
i, n
\Csani NN
[ % Oray
e 0N THRUSTER

TEMPO communication Satellite
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Variable Emissivity Surface

+ New technology

— The electrochromic films allow for direct variation of the radiator surface
emissivity, which in turn varies the heat rejected from the space radiator

- Extremely low control voltage of + 2V to change/maintain state
- Low power required to change emissive states and even less to maintain them

N

lowemissivity state

Low emittance zone

Speciral Emittance

46 8 10121 1618202 %BB N
Wavelength, micton

Typical variation in thin-film electrochromic

surface spectral emittance

2

High emittance zone

Thermal radiation of variable

CEELANEEE (from Document reported by Paragon SDC)

‘Thermal Design For Satellite KARI Proprietary 42

Construction of MLI
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1TO Coating
Aluminum Coating +——

miiMylar

1> Second Layer

External MLI
/4 mil Double
Dac(m r::;::\sgj Aluminized Mylar

(10layers)

Aluminum Coating «——

T Inner Layer
2miltylar <— v

Attachment Hardware.
(nutand bolt)

BlackKapton Sheet

Aluminum Tape Strap
(internallayer ground
ttachment)

=™ Mylar Sheet

——" Dacron Separation

Standard Kapton Sheet
Remote Ground Attachment

Electrical ground of MLI
satelite Side
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Radiator Areas and Locations

KOMPSAT2

#2| =
=

<

uueu%,
AT

S

*
Rl

Determine the detail size and
location of radiators based on the
thermal analysis
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Mass Tradeoff for Radiator with Heat Pipe
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STEADY STATEENERGY BALANCE

( TALHEATLOADS ) + Qu = { )
1
i
HEAT SINK Hu
onLy. i
/4
ENVIRONMENTAL HEAT LOADS
2 /@ pisouans oeoo)
g s e (R)
H !
! HEAT SINK PLUS
o i HERT P g,
L I (ESTIMATED) “~ nsa;‘fmzoensnav
{ Ag
e Heat pipe inserted M
) ! radiator effective zone |
ow 20w e
I/ A '/ WA
0 TR T Y Y | L1
0w ® @ o 10 m w0 10t 20 20 20
THERMAL DISSIPATION - WATTS
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Processor Controlled Heater

Thermostat Controlled Heater

-

Patch heater installation

TAYCO augmentation heater for integral
part of propulsion systems

Etched foil heaters

‘Thermal Design For Satellite KARI Proprietary 54
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Develop Thermal Math Model
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+ Developed the thermal mathematical model
- Toindirectly verify the thermal design
- To predict the satellite temperature in on-orbit space environment
— ThermalDesktop/RadCAD S/W

‘Thermal Design For Satellite KARI Proprietary 57
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Agenda K/\\RI

S

v Remote Sensing

\ Remote Sensing Systems

v Image Processing

\ Thermal Infrared Images

\ Meteorological, oceanographic, and environmental applications
v Oil Exploration

N Mineral Exploration

[Remote Sensing] KARI Proprietary 2

Temperature Limits for Thermal Design K/\\RI
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Maxi lificati limit
AT=10°C (MIL-STD-1540-B), 5% (Commercial Satellite)
Maxi limit
AT=11°C (MIL-STD-1540-B), 5% (Commercial Satellite)
i i limit
4T=5¢ [Commercial Satelite) . Uncertainty

Worst case predicted temperature limits

i y ~ Uncertainty (for heater control case, 4T =0C)
! 4T=5% (Commercial Satellite)

Mi i limif
AT=11°C (MIL-STD-1540-B), 5% (Commercial Satellite)
Mini temperature limit
AT=10C (MIL-STD-1540-B), 5% (Commercial Satellite)
Mi lification

- Exterior thermally i

and thermally i no inty

‘Thermal Design For Satellite KARI Proprietary 61

(2011.06.20)

Remote Sensing
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Multispectral imaging systems

>> Multispectral scanning systems:
Multispectral scanner systems are widely used to acquire images from aircraft and
satellites. Both cross-track and along-track systems are used.

Scan O, LY
Eﬁm L
_

o
soh

A Cross-rack 8. g track

Figure 1-19 Maltispectal scamer ysiens,

[Remote Sensing] KARI Proprietary a7
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Remote Sensing Systems

Summary of Landsat program

Continuing Three Decades of Earth Imaging

Avalanche Peru) St Louis Flood Misso Huricane Katrina aftemath (New Orfeans)
1

2005 - Landsat 7

1980 - Landsat 2

LANDSAT1
wt o
s -
LANDSATS 2
o & ™
% LANDSAT S Future Landsat Mission
- LANDSAT 7 -~
=
2 3 & £ 5 § = 2 )
S = = =
& 2 & & & S & S Si
[Ty e———— USCSFatsheaim
US CntictSavr o8
[Remote Sensing] KARI Proprietary 4

Thermal Infrared Images
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IR Region of the Electromagnetic Spectrum

Reflected
iR Thermal IR

I i
10000, 10 HQ COs O s co,
10 1,

\

105 t0 12.5 um
band

0 12 14

Transmittance, %

o 2 2 O B
Wavelength, um

3tosum 8to 14 um
Band band
Figure 5-1 Electromagnetic spectrum showing spectral bands used

in the thermal IR region. Gases that cause atmospheric absorption are
indicated.

>> The reflected IR region ranges from 0.7 to 3.0 um and is dominated by reflected solar
energy. Bands 4, 5, and 7 of the Landsat TM record in this region.

>> R radiation at wavelengths of 3 to 14 um is called the thermal IR region.

>> The term IR energy mistakenly connotes heat to many people; therefore, it is import to
recognize the difference between reflected IR energy and thermal IR energy.

[Remote Seasing] KARI Proprietary "o
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Figure 514

A. Three small fires of glowing charcoal briquettes are located within a grove of trees. On
the 8 to 14 um image the warm signature of the trees effectively masks the fires, but on
the 3 to 5 um image the fires are clearly visible and the signature of the trees is subdued.
B. A large campfire in an open field is visible on both images.

C. On the 8 to 14 um image this target could be mistaken for vegetation, but on the 3 to 5
um image it is clearly recognizable as a hot target.

D. A large campfire and three vehicles with warm engines are located in an open field. The
four targets are resolvable on the 3 to 5 um image, but the campfire signature conceals the
other targets on the 8 to 14 um image.

[Remote Seasing] KARI Proprietary 139

Remote Sensing Systems

Satellite Performance Summary

CE— an
[inclination |

st S0k 730 e 5k T

B S WSG9y 03 s 361"/ un e
98 minutes 98 minutes. 97 minutes 93.4 minutes. 94,6 minutes 100 minutes
Eqworl oo [ Wi wmor2w  w0m w30am 1030m
5.5 days. 5.5 days 35days.

i e LT S e P 5

|
o 0 degres 0 dgres 0 degres 0 degres 5 degres e
PPN - 022 @ i Pan = 041 m @ v Pan= 25 m @ nad Pan= O6m @rad 5. Fan = 046 m @ i
Sl MS=32m@nadir MS-165m@nadr MS-10m@nadir  MS-24 m@nadir " e MS = 1.8 m @ nadir
e than/Ans | dbm/asus | ive/sus thn v

Pans450-800 nm

Pan:450:500 om — o
WSLG: 450510 nm 1 12 R): 630-69
HS2 (G 510 560 o

0526929 0m  Pan:d50-800

2 0 e 1030 1080 50 53200 535 15 510
EERLE L i oy ssonm MRSt m WSO pensomn UG 0G T
A (U 75753 WS4 . 053 : sk T 200 sz 5565

om nm L ad om MS3 (C): 400-450 nm.

BnazETR WS4 (N 8601040

A B CBGRRT bpd  llbgsd isbiupd

[iimuminaoe sz [T 22150k 205 masime 26k k2

32 sages (electable) 64 stages pan
Time Delay Integration pan 24 stages MS
NoTOl M (soloctable
3 50 s4

45 > 60

12 Geokye-2 final engineering specs to be determined
12 The National Imagery Iteroretabilty Rating Scale (NIRS) is scae used for rating the quality of imagery.

[Remote Seasing] KARI Proprietary 69

Thermal Infrared Images

0 O

o o g B o wouss
WowGHT noow WoNGHT

Figure 57 Diomal rdant emperaure cuves (dagramamsc) orypical matesial,

>>AT| may be measured with a thermal inertia meter, which employs a radiometer and
standard rock samples of known emissivity and thermal inertia. Electric lamps heat the
target material and the standards to a uniform level, the radiometer measures radiant
temperatures, and the meter than calculates the AT/ target material.

>> Table 5.3 lists AT/ values determined in the field using this meter. These relative values
are useful for discriminating among different materials.

[Remote Sensing] KARI Proprietary - 741;372 <0
Ayhd

Meteorological, oceanographic, and
environmental applications KPR
Radar Images of Internal Waves

>> Waves form at the interface between fluids of different density; the well-known
example is surface waves, or wind waves, which form at the interface between water and
air.

>> Within water bodies, the thermocline is the interface between the surface layer of
warmer, less-dense water and the underlying layer of colder, denser water.

>> In shallow seas, tidal currents that encounter g
seafloor iregularities, such submarine canyons and
breaks in slope, may cause waves at the thermocline. szme

>> These waves are commonly called internal waves
but are also known as solitons or internal gravity
waves.
L=
V)
oo
)
o
Figure 86 Modelof annerlvan sovin eltonsip -
wen it pt, s oghnss, nd g
Mdifd rom Osborn nd Butch (190, i .
[Remote Sensing] KARI Proprietary 169
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Meteorological, oceanographic, and
environmental applications
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Thermal Plumes

[Remote Sensing] KARI Proprietary 187

Oil Exploration

S

Sudan Project

> Landsat images were shown to be reliable sources
of geologic information.

> The geophysical surveys and wells outlined a
sedimentary basin in northeast Kenya that could
extend northward into the adjacent part of Sudan.

[Remoe Seasing] KARI Proprietary 0
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- 7AX A Field work - 7FA}

Agenda K/\\RI

S

+ Introduction
— KOMPSAT-2 imaging process
— Definition & Scope of Cal/Val
- Introduction of On-orbit Calibration
— Calibration Parameters

+ On-orbit Calibration
— Spatial Calibration
- Geometric Calibration
— Radiometric Calibration

« Field Campaign
— Field Experiments
—Cal/Val Sites

KARI Proprietary 2

) 7 %

Cal/Val Work Flow
smvvesaTa
Pre-Launch Post-Launch
LEOP Life-Time
IAC Perf
(In-Orbit Activation & Check) [ EEtTONTaNeS
monitoring
F\lenﬁcal_\on& _ Re-Characterization

Re-Calibration

Calibration

Restorationin IRPE Performance
Initial values Ve e

define

alidation

Update values and of Satellite,
Camera and E-O Level 1 Processor

KARI Proprietary 9
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Radiometric Calibration

smvvesaTy
+ Radiometric model
- Push-broom sensors
C(k,n,b,m)
Alk) glknb)  v(kb)
R0
Rad'
Amplification
Optics & Read-out
fters o otoctor(ny Tedister ®) X(k.n,b,m)
X(kn,b,m)=R[A(K).G(m,K)g(k,n,b).y(k,b).Rad(k,n,b)+C(kn,b,m)]

KARI Proprietary 16

MTF Characteristics (Point target)
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+ MTF Characteristics from Point Source

o Phe 4T s
fr 2R < =
: i
] 7]
H 4
: f N
/ i
1 1
£ A * o K wo W5 01 0ff 02 05 03 0% 04 06 0
il i N S
e T
s .
: 1 :
: [
I X
: |
) \ ™
¥
7 - ]
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PAN to MS Registration K/I\\RI
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KOMPSAT imaging system A Random spacecraft motion | Parallax between bands A

Random motion Satellite Direction

Totne
s mass center
siteme

drecton

, .
Planedpaih

KARI Proprietary 4“4

Absolute Radiometric Calibration
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gy ;
KOMPSAT-2

X \'\\
N

Digital Number in image data is merely a linear alue of the d radiance.

KARI Proprietary 20

Imaging Accuracy

2 Grt tation
Image PSS->MCE

Ancillary i E

Satellite Operation Center

KARI Proprietary

PAN to MS Registration

S

__Parallax effect 4

<DEM>

[

p: parallax
He: ellipsoidal height
d 1 .
1;:Ha7 o f: focal length <Corrected registration imagery>
cos
KARI Proprietary 45
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Radiometric Sites

+ Deserts
- Bright and Uniform
- Hightefctance minmizes atmospherc uncertaintes
— High Elevation
- Allacquistion shes above 3500t levation
— Minimal Precipitation and Cloud Cover
" Maintains stablty and ncreaseschance ofacquistion
- Large

+ Minimizes adjacency effects

KARI Proprietary

59
AYAETO

O 2%Fxt 1YA)

- ol EAANAE B

Contents

5
5
Fi
b
ol
3
!

2o

% Infroduction & Background

B

» GMR-1 Air Interface Specification

B3

» GMR-1Terminal Development

B3

» Satellite/TETRA Dual-mode Terminal Development

Mobile Satellite Communication KARI Proprietary 2

Field Campaign - Radiometric

umyTe=ara

« Atmospheric Measurements
— Cloud cover monitoring — Total Sky Imager
— Direct solar radiance — Automated Solar Radiometer
- Direct, total, and diffuse irradiance — Multi-filter Rotating Shadow-band
Radiometer
— Vertical profiles of temperature, pressure and relative humidity — Radiosonde
Balloon

KARI Proprietary 62
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Mobile Satellite Systems

“—Z—>
'%? Inter Satellite Link
; 7 (Is)
Mobile User K

Link (MUL) .

small cells
i (spotbeams)
T
\C%‘g}/

N \
se s:%
footprint o &
- e T —~

PSTN: Public Switched
Telephone Network
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", = Gateway Link

Mobile Safellite Communication KARI Proprietary 6
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Multiple Access — FDMA, TDMA, CDMA
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< FDMA(Frequency Division Multiple Access): AMPS

< TDMA(Time Division Multiple Access): GSM

< CDMA(Code Division Multiple Access): CDMA
. To avoid confusion, people could take turns speaking (time division), speak at different
pitches (frequency division), or speak in different languages (code division).
. CDMA is analogous to the last example where people speaking the same language can
understand each other, but not other people. Similarly, in radio CDMA, each group of users
is given a shared code. Many codes occupy the same channel, but only users associated
with a particular code can communicate.

frequency frequency frequency

time time

FDMA TDMA CDMA

Mobile Satellite Communication KARI Proprietary "

&
&

Thuraya Satellite Coverage
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% The regional coverage area consists of hundreds of spot beams whose size
are several hundred kilometers in diameter.

< Subscribers located anywhere in the coverage area may have full use of the
GMR-1 system services.

KARI Proprietary

G
Disaster Management System \

Disaster Area

No TETRA Network

LocdtionTrace) €ommand system
Disasler banagement
[ coe
Nebwork
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Mobile Satellite Communication

GMR-1 Terminal Prototype
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£
LA
L GMR-1vs. TETRA
Ehuvezea
System GMR-I TETRA TETRA R2
; TI/4-CQPSK, 6PSK, /4~ T1/4-DQPSK, 11/8-D8PSK,
Rl CBPSK, Tr/4-DBPSK T 4DQRSKS mulfi-carrier 4/16/64QAM
ponannel | G165k~ 160.825kHz 25kHz 25KkHz ~ 150KHz
Multisle DMA TDMA TDMA
Access
1525.0~1559.0 MHz(RX), Y g
Bands 1606 51 660.5M(1x) 380~933MHz 380~933MHz
B 148.8Kops 28.8Kops £91.2bps
block coding, Reed-
. Muller coding, 16-state
block coding, Reed- > "
| comelsiondcodng, | Milercoding lesate | 1R
b Interleaving(inter/intral, - convolutional coding,
Coding Golay coding, punciured convolutional parallel concatenated
s coding, interleaving,
scrambling ol convolutional
serameing coding(QAM),
interleaving, scrambling

Mobile Satellite Communication

KARI Proprietary

GMR-1/TETRA Protocol Stack Architecture
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TETRA Protocol Stack

/% (GMR-1) Protocol Stack

RIOS(VxWorks)

Mobile Satellite Communication

KARI Proprietary
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Satellite and TETRA Operation
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Satellite and TETRA Dual-mode Advantages K/I\\RI

% Ifferrestrial network is available, SAT/TETRA dual mode HHT shall
preferentially use the TETRA network. But SAT/TETRA dual mode HHT
can use the sateliite network in the regions where the terrestrial
networkis not yet installed or the terrestrial communication systems
including TETRA are destroyed by natural disasters such as the
earthquake, tsunami and hurricanes.

+# Network Preference Operations

OSAT preferea. Retry
= SAT only : search only Satellite network SAT after
R
= SAT preferred: Satellite = TETRA (search sequehc p::mn
Retry TETRA after

= TETRA only : search only TETRA network
= TETRA preferred : TETRA - Satellite

Save W Ciose

System preference
@ SAT ony

umyTe=ara

The price and form factor of SAT/TETRA dual mode HHT willbe
competitive, compared with the existing commercial Satellite or
TETRA HHTs. The SAT/TETRA dual mode HHT shares a single pair of the
baseband modem SOC and the AFE ASIC for both Satellite and
TETRA functions except RF components.

SAT/TETRA dual mode HHT will have significantly low energy
consumption since the power consumption of the baseband
modem SOC is just about half of the commercial dual-core
processors.

Both Airinterface specifications of satellite and TETRA are the
ETS|{European Telecommunication Standard Institute) standards.
The satelite coverage and TETRA service region are almost same.

Mobile Sateliite Communication KARI Proprietary
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= = o = . 23
- 2FHS A FA - AAE o Wsd
Contents K/I\\RI
R (Imaging Radar)
- Introduction to SAR ‘ Active sensor -
~SAR opera tion Mode Imaging on daylight, :llghh'l or cl(‘)udy condition
- Application Area of SAR image
- Application technique
— SAR satellite missions
[Tite] KARI Proprietary 2
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Security

KARI Proprietary

Change Detection

D Differential Interferometry

+ detect terrain change by making DEM periodically

S

+visualize small change of terrain

+Upto 2 mm change due to earthquake, tunneling

[Tile] KARI Proprietary 4

SAR Satellites

1995

1995
99 EuropeanERS2  Canadian
1982 US/Gemanlialian el
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1991 y 4
European ERS1 $ @J —"v v ;1
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2000 o
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Topography Mission
" 1o78 o
1981", U.S. Seasat 2007

US. SIRA TerraSAR 2002
«\ European Envisat-1

) 2006
2008 2007
Isracl TEGSAR SAR-Lupe3 2007 SAR-Lupet
" *# Italian Cosmo-Skymed
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§—

— ? : \ 2007
' 2008 2007 SAR-Lupe2
SAR-Luped 2007 tallanCosmo-2
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ASAR INSTRUMENT SYNOPTIC DIAGRAM

CENTRAL ELECTRONICS SUBASSEMBLY (CESA)

ANTENNA_SUBASSEMBLY (ASA)

[ o sy 55 [ o 4] | ot 55

[Tile]

TerraSAR (Germany)

KARI Proprietary

TerraSAR
+Frequency : X-band
+Resolution : 1~ 16 m
«Swath : 5 km ~ 100 km
« Polarization : full
« Steering : electronic
«Launch : 2007/06/15

[mie] KARI Proprietary

Suit to high resolution DEM




Cosmo-Skymed (ltaly)
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Cosmo-Skymed

«Frequency : X-band
+Resolution : 1~100 m
« Swath : 10 km ~ 200 km
+Polarization : single , dual
« Steering : electronic
« Launch : 2007/08/06 COSMO-1

2007/12/09 COSMO-2

[Tile]

Agenda K/I\\RI

== eRvesara
« Synthetic Aperture Radar
« Polarimetric Scatterometer System
« Ground-Based SAR System
+ SAR Systems, Technologies and Applications
+ Conclusion
KARI Proprietary 2

Radarsat (Canada)

Azimuth Resolution of RAR and SAR K/I\\RI
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Real Aperture Radar:

S=/R/L
=(wavelength x range)/(antenna_length)

Synthetic Aperture Radar:
d=AR/2Ls
=(wavelength x range)/(synthetic_length)/2

Strip Mode: Ls= MR/L, 5=L/2
Spot Mode: Ls> MR/L, 5<L/2
Scan Mode: Ls< AR/L, ©>L/2

- Irrespective of R /

- L: Smaller the better?! /
Carl Wiley (1951)

[Tite] KARI Proprietary 5
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Launch dates:
Radarsat-1: Nov. 4 1995
C-band, HH
Radarsat-2: December 14 2007
C-band, Quad-Pol., Strip, Spot, Scan etc.

[Tite] KARI Proprietary 7

Polarimetric SAR

© Mapping of
acreage

o Detection of small
fields

© Mapping of field
heterogenities

o Crop type
recognifion

o Growth stage
assessment

o Crop parameter

assessment
[Tite] KARI Proprietary 36
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Phase Change K/\\RI
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HH Phase at 19ns

degree
&

. N |

1 12/9 1212 12/15 12/18 \?/2‘\%2:27 12/30 12 15 oy o1ns N7 VZ# 1723
20 :j

-40

50" down = 4mm penelration

Suface
Stabilzed e

nontiy
The 4mm penetration in radar line of sight can be misinterpreted as a
5.6mm vertical subsidence.

[Tite] KARI Proprietary 54

ENVISAT
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Launch date: 2002.2.28
C-band
Dual Polarization

Multi-mode: Strip, Scan

e
s

[Tite] KARI Proprietary 3

Planetary SAR : Cassini to Titan
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CASSINI SPACECRAFT.

[Tite] KARI Proprietary 46

Rice Growth Monitoring K/\\RI

S

B .
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Fal e ' [+ g
- :
5 [y e
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DOVay of e DOV(Day of sean)
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GB-InSAR Phases

envoreesy

Change Phase Difference |Range phaseramp Sensitivity

5 Displacement:
DINSAR | g, et | 6=62-1= s none %_ i
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[Tile]

Conclusion
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+ SAR will flourish with multiple frequency, polarization and
interferometric capabilities.

+ Korean will celebrate the launch of KOMPSAT-5 COSl in 2011
+ PolScat : An essential tool for ground calibration of SAR

+ GB-SAR: waiting for various applications such as
- Safety monitoring of hatural or anthropogenic structures

- Microwave backscattering properties of target
- New SAR system concept design

+ SAR, PolScat, GB-SAR will make a complete set of microwave
imaging solution.

KARI Proprietary
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Numerical model and Satellite data(1) K/.\m

umyTe=ara

RMSE of monthly mean Geopotential over NH
(Jul, 2006)

Input data ~ Model

$

Model and data = 59-37.8 = 21.2m

Model = 44.34-37.80 = 6.54m

[

o Cogel 654
A Ary
DATA 14,66
A KM report, 2007

KARI Proprietary

1= &

H-1 ©

Radiation Law

S

Stefan Boltzman law:
E=cT¢
(E: Watts/m?2)

A: cloud - colder

B, D: clear-sky ocean and
land surface - warmer

KARI Proprietary
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Vlvs. IR image

1 B

5 g L 20 Coﬁj:gtion

1 White Dark Gray Low Cloud 5

: : 8=
2 NotClear Whie High Cloud N % Noclouds | Low clouds
& White White Conv. Cloud Dark Bright

Visible
Low Cloud

4 White Dark:

¥ roo)

50

Rain estimation using Microwave

umyTe=ara

With Cloud ~ Without Cloyd With Cloud ~ Without Cloud
LowT, HighT, HighT, LowT,

||
)

Lo
Emissi

vi“vit
OCEAN (Emission)

LAND (Scattering)
High freq. Low freq.
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|
Special Alert of Asian Dust

S

01UTC 21 MAR 2002

01UTC 23 MAR 2002

Asian Dust in Seoul
(23 March 2002)

The average PM10 concentrationin
Springtime = 50

2002.4.7.-9.

35 7 o0 om om0 o2

i Faure

WARTFTOpITETary 4l

[
NDVI from MODIS

Normalized Difference Vegetation Index LAY

The reflectance is

relatively small (~20%) in

the visible region, but it
has large value (~60%

in the near infrared
region over the healthy
vegetation area.
NIR-VIS
NIR+11S | Vegetation

S NDIT =

inced Vegelation Index (EVI)
=

N
3

02 04 06 0810

Reflectance (%)

* white/brown: rocky, sand, or snow zone
* light green: shrubbery or grassland zone
* dark green: tropical rain forest

3

04 05

06 07 08 09
Wavelength (kM) g ceps, cor

KARI Proprietary 55

Rayleigh Scattering and Mie Scattering K/\m

S

As the scattered energy is

mainly concentrated in the

forward direction in Mie

scattering, Rayleigh

Mie Scattering - scattering is dominant at top
of atmosphere.

Rayleigh
Scattering

For larger particles in the
atmosphere, solar radiation is
i scattered in all wavelength

due to Mie scattering. This
makes white cloud.

Where is the light coming from?

KARI Proprietary 63

Theoretical Background (1/3) K/,\Rl

Nyvisaa
(TB Difference BTD = Th,,-Th,,)
Water vapor & Ice cloud Dust & Volcanic cloud
Ny e e
| Absorption . /CJ Absorption 1 —_
| llum<i2um 11um>12um
11um 12um 11um 12um
Enmitted Thermal Energy From Underlying Surface || Emitted Thermal Energy From Underlying Surface

BTD = Positive BTD = Negative

KARI Proprietary 76
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]
Basic Concept

S

< Definition: Weighted mean temperature of soil and vegetation
< Methodology : Split-window Method
@© Surface Emissivity is known
@® Atmospheric transmittance can be corrected using two windows channels (IR1 & IR2)

@© Satellite zenith angle
LST Retrieval

Ly =[eB(T)+(1- gL +L°

Suace AT Tans W

[

Surface
emissivity

KARI Proprietary 95

|
Algorithm Development

umyTe=ara

Matchup DB for LST
RTM (MODTRAN4) - simulation data - matchup DB - Equation

Conditions included in RTM sii 0 TIGR vewig andefrom MTSATLX}

Atmospheric Profile TIGR database 0
Satellite Viewing SVAof TIGR point (0° ~ 60" )

Angle (2311 profiles  535) &
Land Surface N A 3

Temperature Ta—- 6K~ Ta + 14K (int. : 2K) g |
IR1:0.9576 ~ 0.9890 il

e (int.: 0.00314) 20

Emissivity by Channel 1R2: 0.9663 ~ 0.9908
(int. : 0.00245) 5
.
s w1 w0 k0 1e0
Long\m
KARI Proprietary N’ 9%

O 2% 5944 194 9 (2011.06.24)

Mo

- AR A, AR £

Agenda
eRvesara

« Space Mission Operations
« Overview on LEO Satellite Mission Operations of KARI
+ KOMPSAT-2 Ground System

- Mission Control Elements

— Facilities Elements

— Ground stations
+ KOMPSAT-2 Flight Operations Team
+ Hands-on Training
[Tite] KARI Proprietary 2

s

Mission Operations System

umyTe=ara

+ MOS is the collection of people, procedure, hardware, and software
associated with elements of command, control, and communications,
ground element, and mission operations

+ The mission operations concept describes how the MOS will carry out the
mission according to the mission concept and supporting architecture

Ground System
Command &
C d Tracking Data
omman Bus & Payload

Requests Suppon
Data Telemetry Space
Users Segment

Mission Data MissionData | (SPacecraft)

Data Relay
(el KARI Proprietary 73
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- Plant Reusable
Launch Site > Integrated Item
== 11—

Buling
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MCE H/W Configuration

umyTe=ara

C&M Workstation

=
11
1310

[ ooe
=1 ||
1SS = '
EEEEE
) o H
A ﬂ Hlﬂu ; L1 Lanvon TH/ T Procy
| RF Rack /ODEW/BE Rac "Ggl‘u = Kl = -
[ KARI Proprietary 38
K2 FE External Interface
smvvesaTy
Facility Element
Data,resuls, reporis
Date, rsults,reports
e Neompoweranciaysenices. K3 MCE
Data,resuls, reports
[Tite] KARI Proprietary 4

Ground System, KARI Site

umyTe=ara

9MAntenna

RF Equipment Room  Mission Operation Room
Low-Orbit Operation 3 -

7.3MAntenna
Low-Orbit Operation

13MAntenna
Geo-Orbit Operation

13MAntenna
Low-Orbit Operation

[Tie] KARI Proprietary a

K2 MCE - TT&C Functions

S

+ 13m TT&C Station
—S-Band Uplink & Downlink
— Telemetry Processing
— Command Processing
—Tracking and Ranging
«+ Table data tracking, Monopulse Tracking
« Ranging and Doppler Measurement
— Control and Monitoring
+ Fully Unmanned Remote Operation in Real Time Pass with C&M
» K-2 Configuration was stored in C&M!
TT&C Functions

[Tite] KARI Proprietary #“

Organization
smyve=ara
[ [ I [ I
Real Time Mission Flight System Operations Antenna
Operations Planning Dynamics dministratior Engineering Operations
[P] FOE
(o]

+ FOM : Flight Operations Manager
+ OC : Operation Controller

+ Op : Command Operator

+ MP : Mission Planner

+ CP: Command Planner

« FDE : Flight Dynamics Engineer
« SA: System Administrator
« OE : Operation Engineer

[Tite] KARI Proprietary 57
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umyTe=ara

« XTLM Function and Usage
—eX TLMemetry : off-line telemetry
analysis tool
« CSV file preparation
« Telemetry data preparation
« Telemetry Analysis

—CMD Ack Count increment
verification

— CMD Status change verification
— Dump data verification

Lloix|

Tinfleype [0 3] e KORRZTor
|

¥ shp winga ne o ety o

8 0 2
Tin i

|
Moemoni Fl

Pocessing
ugutFolder Open

o] A

Satine
A
Endiine
I

Dunp e :[06C 5]
L e —

o s T —
wry | el

g

[Tile]
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|
O 253 5Y4) 294 51 (2011

- 73}

Agenda

umyTe=ara

1. Global Trends
2. Global Space Sector Size
3. Governments’ Space Investment by Application

4. Space Industry Evolutions

KARI Proprietary

- 152 -

MP(2) — Mission Planning

umyTe=ara

« Mission Planning
— Event Prediction and Verify Event Result (Ex. Ground Contact, Eclipse etc.)
— Mission Plan with Schedule Edit Module
+ S-Contact Mission Insert
+ Imaging and Download Mission Insert
—Command Plan Generation and Transfer to SOS

P
e

COED
o) ) )

[Tile] KARI Proprietary

06.24)

. FHg

The Financial Crisis and Its Consequences
for the Space Sector

e

umyTe=ara

The commercial space sector could profit from the various
financial stimulus funding that governments distribute to the
private sector to boost recovery

rOn the

down side

The credit crunch has made banks more risk wary and investing
in space systems still entails a great deal of development and
operational risks

- People could demand that more govemnment funding is directed
to creating jobs and mitigating the effects of the crisis to the ‘real”
economy

n'the face of Expiaining 6 & viti i
= - Explaining to people how space activities produce
rsing concrete financial and social benefits that are worthwhile

should become a principal task for all actors involved

unemployment

- Future space programmes should demonstrate their
capacity to produce such positive results for society even
from their conceptual phase of development

J

KARI Proprietary



‘ﬁﬁ‘ Landscape of space programs worldwide
& (2009) L

KAR) Fropragary o

Manned Spaceflight

S

« Manned spaceflight programs tend to have a very high level of investment ;
the require constant commitment from countries investing in these types of
programs due to the 10 to 20 years implementation time-frame; and
finally, the US accounts for approximately 80% of world’s spending

+ World Government Expenditures for Manned Spaceflight Programs
(1991-2010)

US Dollars in millions:
14,000

2,000

o
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009
Source Euroconsul

KARI Proprietary 51

World Government Expenditures for Launchers  f\
Programs (2010) Total: $4.6 billion LIRS

Ukraine 17
Germany 9 .
[

Japan 268
Kazakhstan® 55
South Korea 40
Ttaly 22 ]
' .

Tawan3
Brazil 97

Nigeria3 (e) .
a ' |
Pakistan 2 (&)
@ esimates
el forlanch nstcure
s budot s nanc contutios of  ember Sates oot
ionl DUt for ESA embers St and arads s g o 1
Sonelprogram on, cudes conrions t £
Source :Euroconsult
KARI Proprietary 55

World Government Expenditures by

Application(1991-2010) ENeorsata
Security

Launchers

Science
40,000

EO
30,000

20,000 Manned

spacefight

10,000

0
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

Source Entoconsull

KARI Proprietary 27

Expandable Launch Vehicles

umyTe=ara

« Autonomous access to space is the primary reason why governments
develop launch vehicles and with the enlargement of government space
programs over time, the need for autonomous launch capacity has become
increasingly more important

US, Russia, Europe, China, India, Ukraine, Israel

Japan
KARI Proprietary 53
=
K/l\\RI

umyTe=ara

World satellite industry revenues posted average annual growth of 11.7% for the
period from 2004 through 2009

* $120

$80

»
g
S

Revenue (in Billions of U
@
&
S

@
¢t
S

@
=1

2004
2005 2006 9007 2008 S
Source: State of the Satellite Industry Report, SIA, June 2010
KARI Proprietary 60

- 153 -



World Satellite Services Revenue

Future Satellite Manufacturing and Launch
Services Market

umyTe=ara umyTe=ara

g8

40

Revenue (in Billions of U.S. Dollars)
&

« Euroconsult estimates that 1,229 satellites will be launched in 2010-2019,
a59% increase over the unit 772 launched in 2000-2019

1) Consumer
1) Fixed
Mobile
1 Remote Sensing

i Satellites launched & to be launched 772 1,229 +59%
@ satellites satellites
si0
" Tatal mass launched & to be launched  1580tons ~ 2,297tons  +45%
Satellite market value for the decade ~ $91 billion $144 5billion  +59%
Consumer . $68.1 | $75.3
- Satelite TV (DBS/DTH) $353 | $402 | $469 | $554 | $649 | $718 e o
= $03| S8 | S16| S21 $25] 25 Launch market value for the decade $38 billion $51 billion +34%
- End-User Broadband $02 $03 | 03 $04 $08 $10
Fixed 89 | $93 | §107 | $122 | §130 | $144_ 1. Includes capacity for DTH i illi illi 9
R AR AR A R R STy pacity Space industry market for the decade ~ $129billion ~ $195.4 billion ~ +51%
$19] $20| S22 26| 28| $34
Mobile $18 | $17| 820 $21 $22 | s22 2. Includes VSAT SENIC?S
~Remote Sensing 04| 05| S04 04| s7] sio| 3 Includes mobilesatellite
mx\ si69 | ss28 | $620 | 726 | ssa0 | s9a0 telephony and data

Source: State of the Satellite Industry Report, SIA, June 2010

KARI Proprietary
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(74> @ http:/ /www.facebook.com)\

facebook i & EE

KART satellite training 2011 pe L
aH=2 a8

1893 = A3

B G S8
=

o

18- F0t8 - M2 EY

el
0 22l 2= B 23

m Muhammad Yasir Paying attention or thinking of Forever Alone

group
HH 23 2:12 - FOIE - 228

HES RLEMR..

E Andreea Maria Julea

1 have just arrived from Bon Jowi's amazing concert in Bucharest and I remembered
our nightin Morasbang and Carles singing "It's my life”....great
memaories. ... missing vou all a lot!

=HEL o - F0HE - M2 270 - 202

& Ravit Sachasiri'= Bt Carlos Alvarado Bricefio'= 01 F0FEH ICH
Carlos Alvarado Bricefio Andreea, this is INCREDIBLE! ! In this
exactly moment I am listening this same theme in a pub in Cos

ta
Rica, and I was saying to my girlfriend about the Karoke's Korean
Experience just one minute before you send this message! 1
Definetly the Warld is connected in a kinda weird way! 11 Miss you a
lot dear! ! :{

oY 2@ 750 - FOLE -1

<719 6-2. Facebook of KARI International Space Training

2011>
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57}« 71271 22 ¥ (Kyrgyzstan) - 7] & : CAIAG

Conceptof the CAIAG
Soan, Information - Communication System

CAIAG
—

Central Asian Institute for
Applied Geosciences:
Introduction to CATAG

Dr.Bolot Moldobeknv
Eﬂmﬂ b.moldobelovEeaiag:k,
caiag.

Internet
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=7}« 28] H(Costa Rica) - 7] & : ACAE(CA)

Qur inspiration

Franklin Chang Diaz
Costa Rican - American
Agebl

First Latin American Astronaut
Seven missions:

— §TS-61-C

— 5T5-34

— STS—46

— STS—60

— §T5-75

— 5T5-91

— STS-111

No Artificial Ingredients

Carlos Alvarado
2011.06.

VASIMR® VASIMR®

Variable Specific Impulse

* NASA will test Magnetoplasma Rocket®

the VASIMR®
(VF-200) on the — Lunar cargo transport
1SS in 2014 — In-space refueling

— Ultra-high speeds for
distance space missions
(Mars = 39 days)

<% A4-2. F2EE 7 HEAE HHFE>

27} : ¥]7](Turkey) - 7| ¥ : TUBITAK UZAY

TUBITAK UZAY

+ Publicbody
—TJUBITA— +  Affiliated to TUBITAK
+ R&D institute, aiming athaving a pioneering role in the national research
U Z A Y communityin Space.

SPACE TECHNOLOGIES RESEARCH INSTITUTE

Certifications

+ IS0 9001 certified in December 2000
+ IS0 9001:2000 certified in December

2003
+ Clean Room: 5295 Part 1 1989
and BS/EN ISO 14644
— Part 1 1999
— Part 2 2000
+ Plant Security Certification

-G
TSEISO-EN
5000,

Assembly
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nal Space Agency of the Republic of Kazakhstan (Eazcosmos)

@ -

3 - ~ .7 -"t
% i e - Nl
NATIONAL SPACE AGENCY OF THE

REPUBLIC OF KAZAKHSTAN
(KAZCOSMOS)

=7} : 7FA & A ¥ (Kazakhstan) - 7] & : KAZXOSMOS

‘ National Space Agency of the Republic of Kazaklistan (Kazcosmos)

Talgat Mussabayer is e frstolass
CosmonautPiot, the frst and currenty only
Muslim-cosmonaut, who has taken the holy
Muslim book — Koran — with himself tree
times and fluminated it with space light, and
by doing so has demonstrated religious moral
ofaMuslim

‘ National Space Agency of the Republic of Kazalkhstan (EKazcosmos)

Cosmodrome “Baikonur”

Cosmodrome “Baikonur” is the main element of infrastructure of the space industy
eing createdinthe Republic of Kazakhstan,

Currently, cosmodrome “Baikonur”is leased by the Russian Federation.

ere are “Dnepr’, ‘So)#uz‘ “Zenith’, “Proton™ launch vehides on “Baikonur
osmodrome. Also, creation of “‘Baiterek” SRC is began.

Both, manned spacecrafts and space vehicles of various purposes, are being launched
inder the intematonal programs of Russia, USA, European Saaceégenw‘ as wéll as Saudi
frabia and other countries of the word. Today, totally more than 2500 space vehides has
peen launched from “Baikonur’ cosmodrome.

«Protons

«Zeniths

‘ National Space Agency of the Republic of Kazakhistan (Kazcosmos)

Creating of “Baiterek” Space Rocket Complex in Baikonur cosmodrome
‘Objective: creatinglaunching andtechnical complexes in*Baikonur® cosmodrome, aimed
for preparing and launching spacecrafts of various purposes from “Baikanur
cosmodrome using the launchingv ehicles“Angara” of various classes, launchingvehicle
wAngara A1.2» oflight class and «Angara A S5» of heavy class.

“Baiterek” SRC has been created onthe basis of
universal stand-start complex, whichis situated on
the platform-250 of “Baikonur cosmodrome, from
wherethere was launched “Energia’launchvehide
with “Buran” spacecraft.

2 ter RC ableto launch spacevehicles

erek” project realization,
Russianventure

ted ontheparity basis.
iriod : 2005 2017.
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Program Note

DeparturefKARI)

Departure(DCC)
09:00-11:00 Movement
11:00-12:00 JukMokWon{BambooForest Park)
12:00-12:50 Lunch e o
12:50-15:30 Movement
15:30-17.00 Maro Space Center
17:00-18:40 Movement
18:40-20:10 Dinner e
20:10-20:30 Movement

2030 Hotel Checkcin R
KAR Propriatary

<X E-3. o €A 2>

E AW 50| 23(6.23(3)]

s

B/2AZ)FH 2T
Time Program Note
08:00-09:00 | Breakfast(inHotel)
09:50-10:00 | Check-out
10:00-10:30 | Movement
10:30-12:00 | POSCO-Gwangyang mill 4 2 F RO -TIOL0T)
12:10-13:00 | Lunch ngﬁ:&:g@m
13:00-14:00 | Movement
14:00-16:00 | KAl
16:00-18:00 | Movement
18:00-19:30 | DinnerGinsenglandrest area) e A T
19:30-20:10 | Movement
20010 GuestHouse

KARI Bropristary
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Time Program Note

09:00 Departurel KARI)

09:30 Departure(DCC)
09:30-09:50 Movement
09:B0-10:40 SatreC
10:40-11:00 Movement
11:00-11:50 SatreC-|
11:50-12:10 Movement
12101310 Lunch (Indy)}
13:10-15:00 Mowvement
15:00-16:20 HyundaiMotors
16:20-18:00 Movement
18:00-19:30 Supper (Solviva)
19:30-21:00 Moraebang

KAR Progracary
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AW =0 230625(5)]

W

ARZ SO, SEHL NS A

Time Program Note
09:00-09:30 Departure from Daejeocn
11:30-12:00 Parking and moving
12:00-13:00 Lunch IR ENLEE
13:00-15:30 Gyeongbokgung seeing and maving
15:30-16:30 Bukchon experience program
16:30-19:00 Freetour of Insadong
18:00-15:30 Movingto Hotel & Assigningthe room ey
KARY Bropriarary
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Dos jovenes ticos se capacitaran en agencia espacial coreana g

ESCHI0 par LU MIqUel Rerrers Lasto

+ Miembros de la agencia espacial centroamericana

Dios jdveries costaricenses, miembros de 13 Asociacidn Centroamenicana de Aeronautica ydel Espatio
(ACAE), fueron nominados para participar en una capacitacion del Instituto de Investigacion Aeroespacial
e Corea (AR por sus sinlas en inglés), Este diima es uno de los mas importantes en Asia,

Los jdvenes son Laura Barillas y Carlos Alvarado, este Ofimo presidente de ACAE. Seqin resatd & LA s
PRENSA LIBRE, dicho espacin de estudio en Coreaviene a complementar (05 avances en el proceso de
imvestigaciony desarollo del primer satélite centroamericano, gue se desarolla en ACAE.

"Esta 85 una gran opartunidad que 58 nos da para fortalecet o3 conocimientos en diversos campos que
hoy son indispensables, sobre todo par 13 necesidad de adguirr conocimient y especializaciin en el
terna Por esta razdn, se vigja & Corea a parficipar en dos procesos de capacitacion intensivs.”, diio
Alvaradn,

Capacitacion

Alvarato vigjard a Dagjeon, Daedeok Science Town, Corea del Sur para patticipar del Intemational

o ; ; = T -
Spa{ce Training del Knreg Agrnspgcle Research Ipshtute (KARI). IEsteﬂentrenE{mlenm, de dos gemgnas, Calos Abarado presiderte de ACAE
serd del 13 &l 25 de junio prosimo v contara con & padicipacion de lideres de organizaciones Waiard a Corea del Sur con b nalidad de
reIaC|t|;naQas £on etl camlpnfaemets;?ltac“al de todo &l planeta iy tendra como gje tematico el desarrollo de oatcipar del Iternational Space Traning
IESEaACNesaEanmag s RRRITaeS del Korea Aerospace Research Insfitute

(KARD).

En este Ofimo se tocardn temas como ingeniena de sistemas, carga Ofl, sensores rematos,
comunicaciones sateltales, ciencia v politica espacial integracion y funcionamientn de las estaciones terrestes, entre ofros,

El presidents de ACAE indic que en la Ofima semana visitard el NARQ Space Center, ubicado en Goheung County, al Sur de Sedl, asi como
instituciones de investigacion v representantes de I3 industia aeroespacial coreana,

For su parte Barillas, estudiante de Ingenierfa en Mantenimiento Industial del Tecnoldgico de Costa Rica, perenecients al Grupo de Plasmas del TEC,
natticipard en el International Summer Program de Karea Aerospace University (KAL), donde recibitd cursos sobre ingeniera aerondufica y
entrenamignto en campo durante un mes (del 20 de junio al 15 de julio), en un programa dirigido a estudiantes universitarios,

Alvarado sefiald que I35 nominaciones se realizaron lego e |3 intermediacian del Ministerio de Ciencia y Tecnologia, v 13 Embajada e la Repdblica
de Corea en Costa Rica.

Eseribale aLuis Miguel Herrera Castro: (hererapiensalioe coc,
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