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O/=2 NASA(National Aeronautics and Space Administration)2t 82| ESA(European Space
Agency)OliMi= OIXIQ] MAE EYolde QRe XM SI1e 5ok =50 G20, FE
QIESIT XE7tss 2= JhiMold = Aict 55 EE= o0 Chsh A0 A==otil QUL
2020-30 ECiolhi= 10 DiEg SFUREO0| /iY== S T AUHBSEHP 7ISE A= Olfoi,
SHOME 0.15 m 2 NISS(near-infrared imaging spectrometer for star formation history) 7HEH0]|
0]0{ 0.2 m 2 SPHEREx(spectro—photometer for the history of the universe, epoch of reionization,

and ices explorer) & AREHAIUHAN =X MEHZ FOSI2 A0t JI2iL, OFF] SRR

JHE 20 AN U Fei2 FE0L, eh=0ilM 2610 YEES M| et 71Kl A=l0]
SISt SO P2 £0=2 TE HHIE ASoIH 2RIt Z&dotk| et OIXI9] MiA0]| tigt Z=20
EolAT, Afercigt AR 2 Z1Tet EEE Soff *FYEE dEo| 7|2l =H|7t 24| EQolt &
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= =
et FEolH £k, RFME JIEtT 200N =19 Wekds
o O

SEOP| SIEt ABF
WSS AEOID), SIEH PR YYIS0| P2iRel XM OES KL 7IH0

715 7|t

https://lwww.jstna.org | 283



=Y RFYHG MAUS AT S

for

Working Group H|¢t

Biho Jang
https://orcid.org/0000-0002-4889-0044
Jae-Woo Kim
https://orcid.org/0000-0002-1710-4442
Sungwook E. Hong
https://orcid.org/0000-0003-4923-8485
Youn Kil Jung
https://orcid.org/0000-0002-0314-6000
Soojong Pak
https://orcid.org/0000-0002-2548-238X
Soyoung Chung
https://orcid.org/0000-0002-2887-002X

284 |

https://doi.org/10.52912/jsta.1.3.283

Abstract

In order to satisfy the intellectual curiosity of mankind to explore the unknown, National Aeronautics and
Space Administration (NASA) in the United States and European Space Agency (ESA) in Europe are
embarking on various R&D under the motto of the grand dream of pioneering space into a safe and
sustainable environment. In the 2020s and 30s, it is expected that advanced giant observation equipment
will be in operation, such as the development of a 10-meter—class telescope in space. In Korea, following
the development of the 0.15 m Near-Infrared Imaging Spectrometer (NISS), Korea Astronomy and Space
Science Institute (KASI) is also participating a 0.2 m Spectro-Photometer for the History of the Universe,
Epoch of Reionization, and lces Explorer (SPHEREX) as an international cooperation partner in small
exploration telescope. However, domestic experience in the development and operation of the space
telescopes is still insufficient, and there is no plan with long—term prospects for constructing telescopes. In
order to answer questions about the unknown world that mankind has not experienced using our own
equipment, planning and preparation for the construction of a space telescope through close cooperation
among industry-university—institute—government is urgently needed. In this paper, the necessity,
background, development goals, and expected effects of the development of the Korean Space Telescope
are summarized conceptually, and a working group (WG) is also proposed. In the WG activities, Korea shall
take the lead in establishing the Korean—style space telescope development plan, and will start a valuable
step to establish the national direction in the field of space astronomy and related technologies. We hope

that the WG will be another milestone in Korea's space development.

sl : AjEa), 9FRYd, 940E, ALAL, S
Keywords : giant observation equipment, space telescope, working group, development
plan, space development

1. A2

2030l AR A7 B 7T 10 m & F8ULarge UltraViolet
Optical InfraRed surveyor, LUVOIR[1]) 7i& Alglo] 9o, X/dollA= 30 ma AT
7%l GMT(giant magellan telescope)l2], TMT(thirty meter telescope)3] & E-ELT
(Buropean Extremely Large Telescope)l4l7} ALEE 5 Hoh AHSHH|7F AR+
=S AFE Aog AJAFEHFig. 1). U395 National Aeronautics and Space
Administration, NASA)¥} -8-H25=HEuropean Space Agency, ESA)OIA+= AF9] X4
Hol= Aol 55 QPdsha A&7kset S0 & At HH o R tofst A
= AlEstal QITH5] oA 30 m & ASEEER] AdPEEAEGMDY Ao
SAFY FEYRA, e} A=A i Byt ofuet £3E717] Aol odstar Q)
oHel. S5UYF 02 0.15 mF NISS(Near-Infrared Imaging Spectrometer)[715 7Hs5}
o] XMAAFH A 150 o] ARSE v} 9o, SPHEREx(Spectro-Photometer for the
History of the Universe, Epoch of Reionization, and Ices Exploren)[7] 5 A3EAIGL4
7ol =AEY SHEYRE Zofstar lok. ey, obF] S5g-d7 9] A} 2ol Qlof =
W A2 FE5aL, SollA Sesto] S AAHs] 915 4714 Aol BARE A%

ol
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World Astronomy and
Space Observation Telescopes

. "We reach for new heights and reveal the unknown for the benefit of humankind.”

@ “Shape the developmentof Europe's space capability and ensure that investmentin
esa space continues to deliver benefits to the ditizens of Europe and the world ™

K\ “We search for the scientific answer to the unknown fundamentals of the
universe with our technology and equipment.”

Fig. 1. World Astronomy and Space Observation Telescopes in 2020-30s.

AAA ¥ 2FHL7(James Webb Space Telescope, JWST)O] thgt -2 EHE HAlo]
29, FT 5of S5l et AT Eolvl 2 & o Ao (Fig. 2a), THE

= QFIFE0] 7| 7RS 12204 0] A Q% tHFig. 2b). HabEX(Habi-table Exoplanet
Observatory)[10], Lynx(Lynx X-ray Observatory)[11], LUVOIR[12], OST(origins space
telescope)[13] 5 th=9] XA LA 203620399 %0 24 7 2 UARE A

ojtt. gt =8 AXI= 7+ 71eAA7t 109 ool Hhi= @ A=K Fig. 209141 2030
ol 2| 7l&e FA Al 20409 o]F v Aol $atet 2 Hwst ok AjAoR
sfejo] 42 7hs/do] =t ol B Aol AWskA| dosH, SEE Y 7H‘:£r/1ﬂﬂ
717t 1w 243 Al Wofl 7 AlAtsfof sk, o]9F 2 SRS v
AAE w7 AR E7Fs i Aol

t}o] 71&2 A TAY o] PojR]= Zo] ofym, 8 At} H L-go] FQJEofof

JWST Google Search Trend (10 years) Aatrophysics Decadal Survey Build Times

| 1 16
13 1 u
| . doc, | 8
| 1% Ll ¥ |

= = Y 6

1 LA Y . N
Wit .20 NN OO IR L . 2
7012 7013 2014 2015 2016 2017 2018 219 200 K01 2002 o

Years

Hublde Chandks Spitser SORA JWST WHIST

(a) (©

Fig. 2. Technology trend and urgency of the development of space telescopes. (a) James

3
i

55

Years from Survey to Launch
s8R

12 Ty
Korea China Japan EU

Technelogy gap relative to US (Year)

Webb Space Telescope (JWST) search frequency identified by Google Trend, (b) years from
survey to launch [8] and (c) technology gap between major advanced countries for space

telescope development [9].
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o AH gtk ARG o ok AlA Fao] f57]eE EASkl e NASAE 7
TR w} Zpoj7h QAT LY AFE XS o= AF 7|ERE A, HAE, H
AR Fa 4 do] A-iH AlE E01 JWSTQ] A 208 @A SRS Ve T 4 H
AEE Fdstal 9t ESE NASAS ei= 52l SDO(solar dynamics observatory)2]
A5, A5 719RE YAPHA] 10¢0] dglor, AlAH AES Aosta HR Ve B4
51 ATHA|(phase A)OIA E4A] @491 BekAl(phase B)E dol7k= 7|7HE 2-31o] A
QEATH14]. UM E =8 2097 ES YsiA= B 7€ 7e&SHe
Z(technology readiness level, TRL}Z 495111, Z+ 7]&9] TRLE &Y & U&= 53 A
Zro] "ottt 1197] wizof 20308t #S5E SHE I ofF e B VRb|E 7
12 AJZtsfiof gitt.
FFHEEE AHE] HAE S5 12 Edlle= 7HAIAL dAIESol 7R A
= 7HIth AollAs rbd, A, A el EARE ti7le] o S5k o] T
Ae FHJAT AF QS IS5 o L, ZHYA dERE IS Vs
stk 131'} 4-7}01] Ae Aol BE st ol tigt ©&o] 7HsSHH15]. B0l
o= A A(Starlink)@} 22 tfEgFe] FEAN(CubeSat)e] AT Waf[1615+L U
7] gzl SEEES B8 BS B2 ARl Z4E S7Ht ZloE AYEH.
SHARATAOME AT 1998WRE H8F1&9  FIMS(Far-ultraviolet Imaging
Spectrograph, 20034 AHL}F MIRIS(multi-purpose infrared imaging system, 20134 gt
ADE 7S olF Bl AHRA B W £2871s, HE7] Alo71eS SR, 20124
5H A 2F 914 159 EAE= NISS018d IAhE gy H]:r“iﬂ AA /A 71
&, GAA 97 94 A4 71E 52 SR 201398 E 58 2T ©3HFASIO)
AA7F A&E AR 7iE2013-2016), SiC 2A419] YA (Finishing) 3787142016~
2018), 958 24 HISHTFH B 712 A7H2018-2021)F Boto] 2AFH2 T st
SIC A5 =] 7fdsk= IHgollA, AnbrlE, Ed(bonding A2 ¥ 2HHE 71&S &
Halth, SASFAAZNA ARG Bl R =Y 7EH2017-2023)S S5l 7HAE
AZHA o] 9 AT E 0] 7|&S JEstal, £47%, A-84%t 4 249 #3719 7| &
< 7l&sk= FrEole](Super Eye) S ERF 152 At A5 $49 A5 69 84
71& 7HH2019-2022) S35kl Qlek BiEo], 3= 5394 718 A-H20202021)F
&oto] WA 9 AlRS BPAStaL 9o, 24 gt 2242 3 A0 Z1eA
112021-2024) AHE dsH 24AE 714 Hdshke 5 5] SEAA0l 485
= ARl QavEES NTSITHLT). f19F 22 ZRAESS Soto] Joged 23

Al(optical telescope assembly, OTA), Z2AE tUZHE(project management, PM) %
A|2H] XYo@ (systems engineering, SE), 18|11 A/RAIAEQ] 7874 SHTOZH,
TRL 24 74 B0l A2 & xRl & & Stk 11 9] 539738 #dsk= &
Z7]7|(science instrument), B3 AZEJof(flight software) @ ZHI} HAE(integration
and testing) ®oF= A O & =] LA Rooll A WARGEIA| 9] 2717 A2t o
FEOFE 7] 2 3ol 9JeEE TRL 5 ol 7|&S gHet ZoE wHsh 4= Qi

FFATATAL FIAR AL AT} SFAIAL 5] Hopaz Bt TRLS Fig. 301
Zkeks] et
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Current TRL of space telescope technology

2016~ 2018
SiC finishing process technology & e 1998~ 2013
Development of off-axis optical Jis Devek of sci d
system performance evaluation : i satellite series (FIMS, MIRIS)
2020~ 2021 i 2012~ 2017
Korean space telescope planning fi! Development of next-generation
research L small satellite series (NISS)
i
; s SRR 0N i 2017~ 2023
H Development of solar corona graph
"'wxmm ! for International Space Station
i
2018~ 2021 i 2018~ 2021
Basic research on ultra-light non- =~ 777777 z - Basic research on ultra-light non-axial
axlal aspherical reflectors for space aspherical reflectors for space
2019~ 2022 ! iﬂlll" 2028 f ultra-high Iuth
Super Eye Brid . - of altrs gt
G sl o optical surface engraving mirror and

phase control technology
TRL 1~4: TRLS5~:
Fig. 3. Space Telescope technology readiness level (TRL) distribution map obtained by a

project promoted by Korea Astronomy and Space Science Institute (KASI).

202091 9gEHEE AlstA THA7|1E} HUE Ve RS B /A HYE Y
o a3t A7|&S avlekal /Y HFES EQotal 9lom, SHEAT Y, 7lo|AE ¢
T AT-YT BlEo] Aol = AFRAAT A S| (Beyond the Moon, BtM)
s R 35718 A%t AT IS Aljtele], TSk AAkE 2R Fol

£ =RoAe vt Feo] AUSH|E A9 (new space) Aol 75 7HHS
+ Qe =AFeAN AAHR SFTAAY MAERS ARlet, 54U S B3t
THERE ASsigleH, | Aol g Alstdde] S8 A%t A 1EE AjtsiaL
A} gt

2. QFUUR| HLSEO!

-

N

SFEYE S R 28UeS AEsh] Yol Fig. 49 2ol JWST 9] 72+
(work breakdown structure, WBS)E =513 TH18]. o] & &AM Heiw HYE =
HAAo=R IV o, 847|& & 5 oA 7I&go] Aiyor wot, IAEgHo=

r:L

JWST WBS

planning &execution

1.9 Projoct reviews & analysis [ & control

i 5
1 1

i Sg[::::ﬁ:r:tudlesl Scienceinstruments E Flight Sc!_ft\'-'are Launch vehicle
! 2.0 8.0 i 9.0 10.0

| i

: i e . e b
i | Obser\ratow Cii:lser\ratr.lr\_‘I Optical Telescope ] T
: pm'e':t m:;a“me"t Systems eragineer!ng 1ntegratl?1n & testing Assgnahly i Supshield
1 1
! 3. .0 i ]
! H
| 1 it 3.1 5yst. eng. mgnt 41 ?bs_:I&T:gml 5.1 OTA mgnt i e

1.2 Project planni .2 Facility planning 1 B -
E & conn:la " 32 ;equ[::mt:nalvsls & modifications 5.2 OTA systems i :: g ::»I-

: ; ign
| 1.3 Performance and Meuheat on 4.3 Optical test Planning|  engineering Jgiictesr.2 188
R 3.3 Configur & interface : i P
i 1.4 Risk : mogt & control & execution 5.3 OTAI&T §  semblyGibest
fi Lt RIS g 3.4 Trade studies/LCC analysis 4.4 Obs. IBT 5.4 OTA simulators ]
! 1.5 Manufacturing adm. 3.5 Technical risk mnnt Planning & execution A H
i 1.6 Configuration mgnt |- 5 " |45 tsunch ot vabicorar | 5-5 OTA Design.
' 17 Doclinentation Mg t3-5 Technology develpmt ;g 1eu8 taunch manufacture & test| !
. on n 5 5

| 1.6 Phatojvideo docum. 3.7 Integrated modeling Iostperalon 5.6 Wavefront sensing | |
1 1
! ]

Fig. 4. Work Breakdown Structure (WBS) of James Webb Space Telescope (JWST) and
key development items marked in blue.
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&89 ol Bolgt Eoks wehiog #7151t AREAQl ZHtofo] i3t A% s
FIAIAE T Z a7} AU, & =4 AIjkste= OTA #of 7le/de Bk S44
o= /s, PM, SE H £} HIAE 5 95097 AL i Al REEA] $RtE=
- o 7|3t

AEIS AR dA 9+ YofAs U (sensitivity), Holl's{resolution), 14
(flexibility), 2254] o]u]R(high-contrast imaging) 52| ¥=0| FFZA o2 & F|ojo}k
o} gRbAQl LYol AT EoleS FEoks 7162 84+ ZiHaperture),
HIAPE 9] 2701w, /82 sPdti R Aok} 59 847t L5k, s E ofnlF
oA FRETE /9AS] AUAAA 017 =23 2 40|tH19L

S5 RS A 199090 Aol @A 309 @A 8=, AFIH BSETHA
2 02_4 H5S FJsto] #1419 Mg Wegth 535S ol8sto] oy A
A= HpE ARt &89 Hx 599749 Hd ds S53t o]l Alzi
< 4otk = OHOﬂ— 518 09749 IS tiA|sk= JWST 7F EARE ogoloh 2.4 m
279l o5 YA EY AP omE 24P7F Hil WACRE THF He AVIE TR
JWST(Fig. 5= 2t1%4] 2(Lagrange 2; L2, Fig. 6) A|-oA F& HA st =S 35
5 22 50 Higt AS AT AR AlFsl & Aoz 7|t £2171 7idstets &
FHE7e] L2 AR LR HIE olEs]= olg7] "ol sl fARF AE(low earth

T o

Webb will have a 21 ft diameter primary mirror, which

would give it about 7 times more collecting area than

Hubble. Hubble's mirrer is a much smaller 8 ft in .

diameater and its comresponding collecting area is

48.4 square feet. Webb will have significantly larger .
field of view than the NICMOS camera on Hubble

(covering more than ~15 times the area) and .

JWST Primary Mimor

significantly better spatial resolution than is available |
with the infrared Spitzer Space Telescope. :

Hubble Primary Mirror A "’

Fig. 6. James Webb Space Telescope (JWST) vs. Hubble Mirror Comparison [20].

Hubble

les (1.5 million km)

Fig. 6. James Webb Space Telescope (JWST) relative to the Hubble telescope’s orbit around
the Earth [Credit: National Aeronautics and Space Administration (NASA)] [21].
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Table 1. Korean Space Telescope Survey

Categories Necessity Specifications Science goals

Results = Requiring space - Wide field of view - Active galactic
telescope photometric exploration using  nuclei: accretion
observations, which  small aperture telescopes disk, black hole

overcomes the spatial — Narrow field of view but deep ~ mass

resolution of ground-  photometry and spectroscopy - High—energy

based telescopes observations in UV, visible, and  phenomena: white
- Requiring multi-band  near-infrared bands dwarfs, intergalactic

observations, which - Beyond the retirement of HST ~ medium, interstellar

overcomes telluric around 2030s medium at halos

absorptions in UV and - Large field of view (>30 arcmin) — Gravitational lens:

IR bands observations with large exoplanets, galaxy

- Synergy with large aperture (> 3 m) telescopes clusters, cosmology,
telescopes, e.g., GMT - Wide spectral ranges in UV, galaxy evolution, low

- Acquiring cutting— visible, and near-infrared surface brightness
edge space bands features, solar
technology and - Wide field of view photometry  system, multi-
spreading public with high-resolution messenger
outreach of spectroscopy astronomy
astronomy
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(@) (b)
Fig. 7. Optical layout of segment mirror system. (a) Segment mirror size, shape and collection

area and (b) optical layout of optical system.

Table 2. Draft specifications of optical telescope assembly (OTA) for Korea Space Telescope

[tem Specification (TBC)
Optical configuration Korsch type
Diameter of primary mirror 3.5 m (outer diameter)

2.9 m (inner diameter)

Segment size (edge to edge) 700 mm
Number of segments 18
Wavelength coverage 0.3-1.0 um (2.5 um)
Field of view 10-30 arcmin
Focal length 73 m (F/20)
Collection area 8.06 m? (segment area)

6.6 m? (inner circle area)
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@ (b)

Fig. 8. Review of allowed space of Korea launch vehicles for Korean Space Telescope. (a) side

view and (b) top view.

Table 3. Payload specification of Korea Space Telescope

ltem Specification (TBC)
Dimension 2.8 m(L) x 2.5 m(W) x 4.6 m(H)
Launch mass 3,000-4,000 kg
Orbit LEO
Components OTA + Bus + FPI*(3-4 ea)
Power 1,000-2,000 W
Pointing accuracy Sub-arcsec (HST)

(Fine Guidance Camera might be considered)

LEO, low earth orbit, OTA, optical telescope assembly; FPI, focal plane instrument.
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Fig. 9. Telescope distribution according to (a) wavelength versus aperture and (b) sensitivity

versus wavelength.
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aperture, the greater probability of finding terrestrial exoplanets [23] and (b) Direct observation

and analysis of exoplanet atmospheres [24].
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(© (h)

Fig. 12. Applications of element technologies for Space Telescope. (a) Astronomical Telescope
with segmented mirror [2], (b) solar concentrating system with large number of mirrors [25],
(c) Ultra—precision machining with multi-axis precision control [26], (d) foldable display using
Hinge mechanism of deployment technology[27], (e) Earth Observation Satellite (EOS) for
environmental monitoring [28], (f) optical layout of Lithography with off-axis aspheric mirrors
[29], (g) Hubble Space Telescope (HST) and Key Hole as a spy satellite application [30], and

(h) concept for Free Space Optical Communication with precise optical performances [31].
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A Study on the Method of Calculating the Launch Period of the
Asteroid Exploration Mission
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Abstract

Abasic study was conducted on how to determine the launch timing of a space probe targeting an Earth—
approaching asteroid. In the future, when a probe mission targeting an asteroid approaching Earth's orbit is
conducted in Korea, in order to determine the launch time, an appropriate solution should be obtained by
applying the Global Optimization technique. For this, accurate current orbit information of each asteroid
must be obtained first, and prior scenarios such as Earth's orbit information, main engine performance
information of the probe and launch vehicle, the number of gravity-assisted maneuvers, and maximum
flight time limit should be discussed. Also, the criteria for optimization should be determined first. In this
paper, based on these prerequisites and information, a method for finding the launch time of an asteroid
probe was studied using the open source software such as PyKEP and Evolutionary Mission Trajectory

Generator (EMTG) which are the programs for interplanetary trajectory generation purpose.

BAJo] 1 PA7F QAL A, AY2Z5} PyKEP, EMTG(Evolutionary Mission Trajectory
Generator)
Keywords : interplanetary space exploration, asteroid, global optimization, PyKEP,
Evolutionary Mission Trajectory Generator (EMTG)
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Fig. 1. Spacecraft Launches and Mars Distance from Earth. https://en.wikipedia.org/wiki/
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Fig. 2. The variations of interplanetary transfer orbits between the earth and the mars.
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Fig. 3. The minimum delta-velocity required to escape the sphere of earth’s gravity influence

and reach to the Mars orbit.
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Table 1. KSLV-II's estimated launch capability

BAM B SHE HM ARy 3H ATEA ATHE AT s
(kg) &% (g) e AlZt(sec)  RIEEY &= EHE &L
(m/sec? (km/sec) (km/sec)
1,500 4,591.6 14.9 502 7.50 =27t
500 3,091.6 19.1 502 9.59 =27t
200 3,291.6 20.8 502 10.46 =7t
100 3,191.6 215 502 10.79 1.95
90 3,181.6 21.6 502 10.82 2.13
50 3,141.6 21.8 502 10.96 2.74
40 3,131.6 21.9 502 11.00 2.88
30 3,121.6 22.0 502 11.03 3.01
20 31116 22.0 502 11.07 3.14
10 3,101.6 22.1 502 11.10 3.26
Reference: Oct. 2020 data.
KSLV, Korea Space Launch Vehicle-lI.
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Fig. 7. The Pork—chop plots which shows the required departure energy from the earth to

mars. The left plots are from NASA’s reference [15], the right plots are the results of author’s

program.
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Table 2. Current cube—-craft missions
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Fig. 8. The targeted asteroid’s orbits of currently programmed exploration missions.
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Keplerian propagator =
Lambert solver
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Figure 1. Schematic representation of an interplanetary leg with a DSM
Ref: F. Sena, etc. “Study on Interplanetary Trajectories towards Uranus and Neptune (AAS 21-372)"

Fig. 9. The schematic of the interplanetary legs and DSM (Deep Space Maneuver) [24,28].
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Fig. 10. The interplanetary trajectory generation programs of NASA and ESA [25,26,30].
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Center)?] EMTG(Evolutionary Mission Trajectory Generator)2} ESA/ACT(Advanced
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3 AR dEAIA] Potod, gk Ak &5 EATF 43 A UckFig. 12). Table 30l &
A7HA] G %] ofzu A Ad)/do] Rt QokE JHES YERHSITH
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Fig. 11. NASA, Ames Research Center’s Trajectory Browser. https://trajorowser.arc.nasa.gov
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Fig. 12. The asteroid Apophis. https://id.wikipedia.org/wiki/99942_Apophis

Table 3. The Apophis Asteroid characteristics

Mission target 99942 apophis
AT, LAX 2004 4 6 &, Tucker RA, Tholen DJ, Bernardi F
e H=sE 30.78 km/sec(X|7 29.78 km/sec)
= 370 meters
ST 0.89 year
E0|ALE 2029 4 € 13¢, XF12X 36,000 km &2 014

https://www kasi.re.kr/kor/publication/post/newsMaterial /28706
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simulation result). DSM, deep space maneuver;

Generator.
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Fig. 14. One of the trajectory candidates from Earth to asteroid Apophis (in case of including

1 DSM, EMTG’s simulation result). DSM, deep space maneuver; EMTG, Evolutionary Mission

Trajectory Generator.
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Launch Environment Test for Scale magNetospheric and
Ionospheric Plasma Experiment (SNIPE) Engineering
Qualification Model

Min-Ki Kim'", Hae-Dong Kim'"?, Won-Sub Choi!, Jin-Hyung Kim',
KiDuck Kim!, Ji-Seok Kim? Dong-Hyun Cho?®
'Korea Aerospace Research Institute, Daejeon 34133, Korea

2University of Science & Technology, Daejeon 34113, Korea

3Pusan National University, Busan 46241, Korea

ERe ISHUEAD ZASHPIMO! SNIPE(Scale magNetospheric and lonospheric Plasma Experiment)
9| AMIQIZZHEQOM)OI| CHEH LALFEAIE 38 Zit 2 0|F Sl 22 & U= A=Y U= =AY
7L B0 CHS =BHCh SNIPEE 2371835 S et DS BIAMIE X 6Ug ZAFRER
2 4717} HUH[AS ol UFE 3SIC}. Cho| HIDH HIZF M ARMRISEHAS Solf MY A4 &
HES RE8ES ATl oIt ANQIZS RO UAIREEAIRMEZ 20199 1R A[R0] =AU, O
7|8 EAE YR EHES oI 2021H0] 27t AlRFE Q2N 2E AP} SHAZUSS 22!
g 2= QUL = RHQ AZOIM S0 B2 1RF AR LA} 2Kt A[RA2| LARLO| CHECk= HOl
O, 1AF AlE AR Ee| 270 A9 YARHE RO ZAUES 17Foh= 7150] UM LR =
= A SIES0] X AR HSH 2N Z2ZEUCHE FOIC 2 =22 F Aldel &

|
U= LEfH £85 2401, X% Ot 2ARIE9 12 EA0| 2 = U= ALSS HMAGBIA.

This paper discusses the results of launch environment tests for the engineering qualification model (EQM)
of nanosatellite Scale magNetospheric and lonospheric Plasma Experiment (SNIPE) for scientific missions
and lessons learned for the design of nanosatellites. SNIPE is a group of four formation—flying 6U
nanosatellites with a range of payloads for missions including space weather measurement. We developed
the EQM to verify the preliminary design prior to fabricating the flight model. Launch environment test of

EQM was conducted for the first time in 2019, and all failures were corrected and verified at the second
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test conducted in 2021. A notable point of the two tests is that the nanosatellite deployer used in the first
test is different from that of the second test. The second deployer has the capability to fix the internal
satellite whereas the first deployer just contains and deploys the satellite. Thus actual mechanical loads the
satellite receives is reduced for the second test compared to the first test. This work compares the

mechanical responses of two tests and proposes general guidelines for structural design of nanosatellites.

S0l : BN, ERM, 2094, AARIETE, 24B BT, 2499 1

Keywords : launch environment test, scale magnetospheric and Ionospheric plasma
experiment (SNIPE), nanosatellite, engineering qualification model,
nanosatellite deployer, nanosatellite fix
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2.1 SNIPE(Scale magNetospheric and lonospheric Plasma Experiment)
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Table 1. Subsystem and units in SNIPE

Subsystem Units

CDHS(Command and Data Handling System) OBC
EPS(Electric Power System) EPS board

Battery

Solar panel
AOCS(Attitude and Orbit Control System) RWA

MTQR

ST

ASS

GPS receiver

GPS antenna
COMS(COMmunication System) UHF transceiver

UHF antenna

S-band transceiver

S-band antenna
STS(Structure and Thermal Control System) Structure
PS(Propulsion System) Thruster
Payload SST

MAG

LP

Iridium

GRBM

SNIPE, Scale magNetospheric and lonospheric Plasma Experiment.

Fig. 1. SNIPE external figure. SNIPE, Scale magNetospheric and lonospheric Plasma Experiment.
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Table 2. Vibration test specification for qualification level

Quasi static 110G

Sine vibration Omitted

Random vibration 7.4 Grms, 20-2,000 Hz
Low level Sine Sweep 5-2,000 Hz, 0.15-0.4 G

Table 3. Random vibration specification

Frequency [Hz] Amplitude [g?/HZ]
20 0.02
50 0.02
100 0.02
200 0.05
500 0.05
1,000 0.025
2,000 0.013
RMS acceleration [g] 7.42
Duration [sec/axis] 120
Directions XY, Z
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Random Vibration Test Specification
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N
N
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\\
N
0.01 Frequency
20 200 2000
Fig. 2. Chart for random vibration specification.
7HIAIR(LLSS, Low Level Sine Sweep)y& =83ttt tht 183154 Wo]&2 shdsh= AlA
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Mo ofg Wdh 4+ 9k ol 91 YIS0l gl Bl AN 1 @il

oS AshA hebdet,

2.3 1R} 2AEHZAIY & Hup 2M

2 2BABE 20198 1080 B IEABUKTD $57B A el
THI3L WARe] Sl A8 B3 Al & AL Fig. 33 2ok POl 44 A48
Spao] ob4] ZH|slA) Qigplel 13 A1He] WAL 23k Al Tl olRe Apge]

Fig. 3. Test deployer and test axes.
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Table 4. Amplification of response over input load of quasi static acceleration test

Axis Amplification
X 7.96
Y 5.08
Z 3.39
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Fig. b. Quasi-static acceleration test result for first vibration test. (a) X axis, (b) Y axis, (c) Z axis.
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Table 5. Natural frequencies measured in LLSS of first vibration test

X Y VA

Lowest Initial 78.00 94.30 72.58
mode Half sine (+) 97.97 95.04 70.88
Half sine () 83.93 97.19 71.05

Random 84.24 105.35 70.43

Shift 19.97 11.05 2.15

(%) (26%) (12%) (3%)

Main Initial 476.44 166.44 96.64
mode Half sine (+) 472.71 167.72 105.88
Half sine () 470.19 163.69 92.96

Random 471.24 173.46 98.15

Shift 6.25 9.77 12.92

(%) (1%) (6%) (14%)
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Fig. 6. Random PSD(Power Spectral Density) result for first vibration test. (a) X axis, (b) Y
axis, (c) Z axis.
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deployment of the solar panel (left).

Fig. 8. Failure of iridium module (right) and its original picture (left).

https://lwww.jstna.org | 329



Z2P1Y SNIPE AMMQISZZO LAREAY 2 24

330 | https://doi.org/10.52912/jsta.1.3.319

Fig. 9. Scratches of solar cells in undamaged solar panel.
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Table 6. Amplification of response over input load of 1st and 2nd quasi static acceleration test

Axis First test Second test
X 7.96 1.33
Y 5.08 1.21
YA 3.39 1.07
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Fig. 10. Quasi-static acceleration test result for second vibration test. (a) X axis, (b) Y axis,
(c) Z axis.
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Table 7. Natural frequencies measured in LLSS of second vibration test

X Y z
Main mode Initial 239.00 119.78 179.31
Sine burst 240.33 120.45 177.34
Random 228.67 124.51 158.78
Shift (%) 10.33 (4.3) 4.73 (3.9) 20.53(11.45)
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Fig. 11. Random PSD result for second vibration test. (a) X axis, (b) Y axis, (c) Z axis.
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Current Trends of the Synthetic Aperture Radar (SAR) Satellite
Development and Future Strategy for the High Resolution Wide
Swath (HRWS) SAR Satellite Development
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Abstract

This paper is made to suggest a future strategy for the Korean High Resolution Wide Swath Synthetic
Aperture Radar (HRWS SAR) satellite development by surveying the current trends for the SAR satellite
technologies. From the survey, the latest SAR technology trends are revealed of using Digital Beam-
Forming (DBF), SCan-On-Receive (SCORE), Displaced Phase Center Antenna (DPCA), interferometry,
and polarimetry for exploiting the SAR imagery. Based on the latest SAR technology trends and the foreign
HRWS SAR development cases, the strategy for the future HRWS Korean SAR satellite development is
suggested to develop the DPCA and SCORE technologies by using the KOrea Multi-Purpose SATellite—6
(KOMPSAT-6) which is going to launch in a few years, and consequently to develop the HRWS SAR

satellites which can monitor the whole Earth at weekly intervals.
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FA]o] : SAR(Synthetic Aperture Radar) 9143, 39 a4 SAR, thFedE3 SAR, thAd
SAR, SAR 7Hi7]
Keywords : Synthetic Aperture Radar (SAR) satellite, High Resolution Wide Swath
Synthetic Aperture Radar (HRWS SAR), Multiple-Input Multiple-Output
(MIMO) SAR, multichannel SAR, SAR interferometry

1. NE

1978 X|%9] SAR(Synthetic Aperture Radar, @/g7l-teo]t}) 143%1 SEASATO| AL
& AF7HA] oF 40 SRt 73] B SAR f14do] HAkE o] AFE &AL 9loH, Sy
2l 201349 HEAA8914 525 WAkl A -8 SOl Atk SAR 142 HIgel 2
83t EO(electro-optical, A3} #1d3h= 22 dlolot o5 ARgsto] @4 H ¥t &
glo] 80| 7Fs3itt. T18]al SAR 4189] E42 ol&sto] WA ol Higt thefRt £40]
7Fs 3t

# =olA= SAR 914 AN @Rk mietslal o] & v o g % f-Fuet HRWS(High
Resolution Wide Swath, 113[4°8985E) SAR 9499 7P ERE Al bskoitt. ol& Hsh
2804 91448 SAR EAIA 71& MY S 71sstReH, 2.1 SAR HAA A4 AT
SFNA= @A SAR BAIAE "EAIst] A2 o2 R85 Q= HEZAQ] SAR HES
7I&skginh. 1214l 2.2 SAR HAA 71 N SFolA= 2.2.18004 A 8L A
= HHA SAR & 71&S AVNGHAL, 2.2.28004 241 SAR EAA| 7€ MY 5% &

WSkt 2.3 SAR BAIA I &8 71& SFolA= 7129 SAR 9 &8 7T s
Al AFEIL U= F8 SAR G &8 718l thsl gttt 3EolAl= ol A SAR
HAAl 71 T 5% il HRWS SAR 914 7N ARIE Hlge= &% %ﬂ‘%a}
HRWS SAR 913 7Wd2kE ARSI

2. $I4E8 SAR(Synthetic Aperture Radar) EX{H| 7|=

2.1 SAR B Hd WY S

2.1.1 RADARSAT-II

RADARSAT-II= 7HUtt CSA(Canadian Space Agency)?} MDA(MacDonald Dettwiler
Associates of Richmond, BC)7t 3| 7id3t 717t 9)4do|th. RADARSAT-1I-= RADARSAT-
9] 594402 200719 128 TAFESeH 107 28 SOl 1l Fig. la= RADARSAT-
[19] B2 HolErh 8 £/ Table 13} At
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L-band SAR Antenna (PALSAR-Z) Direct Transmission Astenna

Fig. 1. SAR payload satellites. (a) RADARSAT-II [1], (b) SAR-Lupe [3], (c) TerraSAR/TanDEM
[4], (d) KOMPSAT-5 [5], (e) ALOS-2 [6], (f) COSMO-SkyMed 2nd Generation [7]. SAR,
Synthetic Aperture Radar; KOMPSAT-5, KOrea Multi-Purpose SATellite-5; ALOS-2, Advanced
Land Observing Sate-llite-2.

Table 1. RADARSAT-II characteristics [1,2]

[tem Characteristic
Resolution 3-100 m
Polarimetry Quadruple
Orbit Sun—-synchronous
Altitude 798 km
Orbit inclination 98.6°
Frequency band C-band
Center frequency 5.405 GHz
Antenna Active phase array antenna
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2.1.2 SAR-Lupe

SAR-Lupet= &% OHB-System AG7} 7st 5 Fx9] FAR/doltt. SAR-Lupe:
2006 129 AR 155 AlFRo2 20084| 7€ WARE 557K & sti7t 2o =2 -85
TH3L. Fig. 1b= SAR-Lupe®] B4= HojErh 78 £/442 Table 29} Zth

2.1.3 TanDEM-X (TDX)

TDX(TanDEM-X: TerraSAR-X add-on for Digital Elevation Measurementi= =Y
DLR(German Aerospace Center), EADS GmbH, 18|11 Infoterra GmbH”} &7 7idtst 71
ZH1dolet. TDX= TSX(TerraSAR-X)9] 5914422 20109 0¥ LA L™ 1H7F
L8 FoltH4]. TDXE= 1Y DEM(digital elevation model, X FIEE)S SH5}7] 9
o ® a3t 7Hd 9 Hinterferometric image) 90| 7Fs0lEE TSX A 0lA] H]|gsH &
FE 3ttt Fig. 1o= TDXQF TSX9| 34 HojEth 8 542 Table 33} £t

Table 2. SAR-Lupe characteristics [2,3]

[tem Characteristic

Resolution 05m,Tm
Polarimetry Single
Orbit Polar
Altitude 500 km
Orbit inclination 98.2°
Frequency band X-band
Center frequency 9.65 GHz
Antenna Reflector

SAR, Synthetic Aperture Radar.

Table 3. TDX characteristics [2,4]

[tem Characteristic
Resolution 1,3,16m
Polarimetry Quadruple
Orbit Sun-synchronous
Altitude 514 km
Orbit inclination 97.44°
Frequency band X-band
Center frequency 9.65 GHz
Antenna Active phase array antenna

TDX, TanDEM-X.
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2.1.4 KOrea Multi-Purpose SATellite-5 (KOMPSAT-5)

KOMPSAT-5(KOrea Multi-Purpose SATellite-5)= $-#lL}2t KARI(Korea Aerospace
Research Institute)7} 7H#gt ]4do]tt. KOMPSAT-5+ 20134 890l ARE|gloH, 1di7}
& SoltH5]. Fig. 1d= KOMPSAT-59] @& HolEr. 2 5442 Table 49F &t

2.1.5 Advanced Land Observing Satellite-2 (ALOS-2)

ALOS-2(Advanced Land Observing Satellite-2)x= Y& JAXA(Japan Aerospace and
Exploration Agency)7F 7HtetE 94Jolct. ALOS-2+= ALOS-19] &£¢4402 20144 5€
HAElom, 17t 28 FoltHol. Fig. le2 ALOS-29] 34e HojErt 8 542
Table 52} Ztt.

2.1.6 COSMO-SkyMed Second Generation Synthetic Aperture Radar (CSG-SAR)
CSG-SAR(COSMO-SkyMed Second Generation Synthetic Aperture Radar)= ©|€&]o}

Table 4. KOMPSAT-5 characteristics [5]

[tem Characteristic
Resolution 1,3,20m
Polarimetry Single
Orbit Sun-synchronous
Altitude 550 km
Orbit inclination 97.6°
Frequency band X-band
Center frequency 9.66 GHz
Antenna Active phase array antenna

KOMPSAT-5, KOrea Multi-Purpose SATellite—b5.

Table 5. ALOS-2 characteristics [6]

[tem Characteristic
Resolution 3,6,10, 100 m
Polarimetry Quadruple
Orbit Sun-synchronous
Altitude 628 km
Orbit inclination 97.9°
Frequency band L-band
Center frequency 1,236.5/1,257.5/ 1,278.5 MHz (selectable)
Antenna Active phase array antenna

ALOS-2, Advanced Land Observing Satellite—2.
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ASI(Italian Space Agency)ollX 87-2A-& Al5-5kaL, I-MoD(Italian Ministry of Defense)©l|
A A wob e wE F& 4delrh. CSG-SARE CSK(COSMO-SkyMed  first
Generation)?] ¥&9/d 02 2t7t AlZEoH, 157]= 20199 12¥€ AT, Fig.
1= CSG-SAR®| @42 HolEth 8 E4J2 Table 63} Zth.

2.2 SAR Ex 7|= Y S

2.2.1 Y4t SAR ©XH J|&

UUHA 0 2 SAR A|ARR QFEL HIAF ElE -8 R Tof wat 2Asto] Tkt A B
& &3t SAR EAA0l A-8E= 91 vl QU] A9, FEUE 4% ik (sub-
aperturefs= U1l $541 ZE(TRM, transmit/receive module)®] 33 2715 24
sto] BAF diEl S /9 5 UTHS]

2.2.1.1 Stripmap

SAR A|A"9] 71 7] 2A9] JAHEE stripmap BEO|th Stripmap HEE QHL ©
do] shte] IEE 07 1o FlojA, Flg 229} o] AL strip YA IS 5
t}. Stripmap HE9] sdE= FEIUY] XK azimuth)yS 3t S22 sfal QbEure] X
1ol 2]o] = ey a7t H*@’(slant—range}g OE 3t 508 Sh=221do s #d
= 4 Qlok oy 1127t Weke] FARA R (slant-range) IE d,2 o 4] (1)1} Zo] &
AETH-11].

o2 X0 £

A71A cpe= WO £ 5 YEIYY, B2 ok =S Uepdt), 2|3 QHEy 19z
(azimuth)®] A= 6,%= oF 4 )2+ 71—0] FAETHE-11],

Table 6. CSG-SAR characteristics [7]

[tem Characteristic
Resolution 0.35-40 m
Polarimetry Quadruple
Orbit Sun-synchronous
Altitude 619.6 km
Orbit inclination 97.86°
Frequency band X-=band
Center frequency 9.6 GHz
Antenna Active phase array antenna

CSG-SAR, COSMO-SkyMed Second Generation Synthetic Aperture Radar.
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(a) (b) Spotlight Synthetic Aperture
P Ly =15+ AB, il
. 'P"é\ - L - £ P Begin of
imaging
Azimuth
W\ 4 End of
A\ D nd of
x ‘g(?;, ‘{\ imaging
= A, N Swath Width
: Yok
T RN
5 =% \lo X
= ‘;‘b"’ \ ) image center
E Vol x
\\/ _V Ground Range

synthetic aperture of
stripmap mode

Fig. 2. General principles of SAR imaging. (a) Stripmap mode [8], (b) Spotlight mode [12].

b, =2 @

71 dg= EL ZolE YEri.

2.2.1.2 Spotlight

Thok eIzt WRKtEIY AR HIEE #olal At spotlight HE7F ARGETH
Spotlight LEfA= o= 3 A|9S A4S 0 Fig. 2bolAA" <L sfiglo], sigd A
Qbofl ARt g oF He A vE =R WS BHEA Eo s Ao dis o]
FPAREE I AolE S7HIZIAL, A= H £2 sW=E A "ok He K
By 1) = 8. oFl A 3)% At

()

= 3)

a7 2n0,

of714 At 33 UehiL, A0, B AZolHe] MAT WP B Tole WEF
W Ao]9] 2k vreinkg-11]

2.2.1.3 ScanSAR

UHF stripmapEth O WS #EZo] WS, scanSAR EE=7F ARSE & Qi
ScanSAR HE9] 157} g Qe B2 Fig. 329t 2o thg(multiple) 22 WHroixl &
3 PEE(sub-swath)ol SR L 7to] ko], WRkS uigA] Hek. o] WEo], 7t 4%
HEEEL2 stripmap A-FHT G2 A B¢ FFETE. AAgE A7 £ F scanSAR
HEs W& #5520 SAR 942 WA Hoh SRR stripmap =0 BIS W2
S e RolxITHs8, 131,

2.2.1.4 Terrain Observation by Progressive Scans (TOPS)

TOPS(Terrain Observation by Progressive Scans) 2=+ stripmap 2 E=9] dZo|H, QF
Hu B8-S vz 1o 2k HIsk= scanSAR EE9k= tH27|, Fig. 3be} Zo] ey
WS Tt R ol el Mo RE WA AR BIWTH TOPS BEE
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In Elevation and
Azimuth

(b) g
‘ Scanning Beam

Fig. 3. General technologies of SAR payload. (a) ScanSAR mode [13], (b) TOPS mode [13], (c)
TOPS mode image [14], (d) ScanSAR mode image(no scalloping correction applied) [14].

TOPS, Terrain Observation by Progressive Scans.

Fig. 3¢9} 3doflA] & 4= 9= AAH scanSAR EE FAloA A= gk 2 Uehd 4= 9=
scalloping @& AASIY FHEEE FIAZ 5 ATHB,13,14].

2.2.2 =41 SAR EXH 71& WY S

QoA HHZA SAR -8 71&o] o] AWy, theo® Al SAR B4 V1% 5FS
Aot @A multistatic, DBF(Digital Beam-Forming, HAERIF)E 7IFt0= &t
HRWS 7& 50| =2 A5l 3lor, sig 7le2 7Pk vjeiol 483t 2 7oz o
FTH8, 111

Ol

2.2.2.1 Bistatic and multistatic SAR

St QHEUS o] &3lo] Ala}t 42418 BE $35H= 7129] monostatic SAR 4|28}
H|15}e], bistatic SARE Fig. 4a%t o], $41719F $41717F 30A 0= olA Sl Fojd
A|AES Qufsl | multistatic SAR+ 31He] ~417]E 7HA|+&= bistatic SAR®R= Th2 7 Fig.
4%} o] tg(multiple) A171E 71 #look AlAELS: Qu]gtcH15]. 71229] monostatic
AR} Blwste] $A719F AV IES TR BeEcks AE A0l oY Z=E g9
= 85T & Qe AR I 75t 7RssHA HoH1LL 151

FA7] 7L B2 s U B2 AEE IS ¢ oS B opyel, W S AAISHA

U 159 HIRE uA| 25k O R WA 34 W T S HUofA AL ATE
A}t o 4= SITH11L O]Eﬁ} EXEZ U9 bistatic?} multistatic SAR AJAE> A G-EA

o Wol ARG Qtt. WHAE AFEA] o 29 AP WE, I3 At Fof #st
W AE A2 SE H 3D tﬂ&]’ % 5] AULH11L, 151

2.2.2.2 High resolution wide swath synthetic aperture radar (HRWS SAR)

HRWS SAR AAEI2 Fig. 4c9} Zo], o8] 7§9] &8 7f7sub-aperture)2 Uolz &
FA REUE 7HAAL ok ZF &7 7ioa2 7PEAR] 4l APdol] dd =] it =7t
W3Fo] thg(multiple) 423 7H7-E2 B0k #lojth o (wavefront) ¥l B Fo| &
< =7t o] e AAREe = BML=E] ARGEITHSB, 11,161
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{a) Bistatic Triangle (b'!““n ””'“-"y‘ € @ u::;ln::;ula
Transmitter (Tx) (Bistatic Plana) &#\ \ Pelbibs
2 |
/
Target (Tgt)

(d) (e) (f)

- STSO g DPCA & # | multiple Rx beams

3 waveforms : SCORE in in elevation for

2 'l burst mode ultra-wide coverage
DBF for
waveform =

separation

-

***** o blind ranges for given PRF

—_

)

—
M,

Fig. 4. Latest technologies of SAR payload. (a) Bistatic flight [15], (b) Multistatic flight [15], (c)
HRWS SAR [8], (d) MIMO SAR [11], (e) Multichannel ScanSAR [11], (f) Single—channel SAR
with multiple elevation beams [11], (g) Digital beam forming with reflector antenna [17], (h)
SMAP mission [19]. HRWS SAR, High Resolution Wide Swath Synthetic Aperture Radar;
MIMO, Multiple=Input Multiple-Output; SMAP, Scil Moisture Active and Passive.

ﬂ
o

o]e} Z& 7|48 SCORE(SCan-On-Receive, AIATN) 71&0)gt En, =22
SHA] QYO HA WL} M= S =ol=t] Aot E3L Eote= glolth s |
A7 o R AE HolA = e 47 Vel AEYsked, olF 7M1 ez
FAEEL AN T ZeY(ambiguity)ye S7HA7IA FaL, 94 B =S wY
T U= W2 =57 t199] F4E €2 & A g8 11,161

e}

[o)

e}

0.

2.2.2.3 Multiple=input multiple—output synthetic aperture radar (MIMO SAR)
&Y stripmap ZEE 7K HRWSS 51917 w1k AT S 1 m ool &Y 4= 9]
O}, 150 kmErH 2 BEES 9154 15 m o9 tha 11 eHEuUrt B a5k wiizo] §2
HEE vigoll= FAEsIH11] I55S 26k 1% a2 Fig. 4dol vet Sle
AXE F M $A71E BAlof| AR&sH= Zlolt}. o]#{gt MIMO(Multiple-Input Multiple-
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Output, FEUHHEEH) SAR= A HL ZolE A frAshar H5EZ + vf

2 =9 4 A1l

2.2.2.4 Multichannel ScanSAR

Multichannel scanSAR+= Fig. 4e@} 0], DPCA(Displaced Phase Center Antenna, &4t
HIZ| QPSS ARMEY) 7162 ARgSto] B2 o] ®Het W ViR AERE W =Y
AHEHS E85101, SCORE 7]es AREsto] 11k7) Hlo] Weks AARIO = HAsto] =
< e} Y2 BESES A= 7otk SHAIRE Y3 W}, & AFUEZ ¥is) 181 A
2 T burst PRF(Pulse Repetition Frequency, BARFEFTR)9} 742 o2 ofF] 3
Asflof o #AJo|tH8,11,16,171.

2.2.2.5 Single—channel SAR with multiple elevation beams

Single-channel SAR with multiple elevation beams< multichannel scanSAR2] Hj¢t &
SHolEH17). Fig. 40141 & 4= il shio] B2 ¥ 2AP|2 S48 M2 th2 B
dbtSo] AR THE Wko R Ao B2 u, 2710 whuhg whe 4A1E 4 glEs
059 2 1=7t fEo] whEojAltt o] 7|&Z Sty 2715 A SHAY burst LES
ARS8 Qlo] EIA A SV 4= AHHB 11,1718l

SEAIRE, sfidsfoF & 27H4] oj#fgo] itk A WA=, AR tE $4A HAZRRE THEo]
A= BRAfREo] FAlO] AlE o, A= ThE Thelof e skl 2 Wit @01y
WA AB7)e =7 7 S/ (range ambiguity) H48lsh= Aot 1E1l F WA=
glole7t Muhs $Alsks setolls 4lE sHA F517] igol Tske 5 E7Fs A
(blind range)olth. SHAITH A WA of2 2 1wzt HRFo g F2 Fo| WS s 4 s
FEUR A 4= UL, F HA oHE2 A& EolA U= F 719 S ARESHAY &
5 E7Fs A7 #5ES 71RAY o5 & =E HH5] ¥ske PRFE ARESto] si2

2

o 4= UT}8,11,171.

2.2.2.6 Digital beam forming with reflector antenna

QFEY wfiglo] 17 s= BhARE Qtelute] TS sidstal, thdRt by HidS HAE
WA o® A 7Hse DBF 71&2 483 o] DBFE A-&3F WAk QHeu 7|&o]t. Fig.
4g%} o], mbEY RAREY QU= Eote= Hojtt hE shvt e 2 9] FE 84
(feed element)ol] Al /IS et WhAlh= A eZfo] S7Ishs Wo s watshy] o
2oll, Z=2lshe WhAR Jiekol] g mE /A4S AR Q7|9 sh EuHg 17]. A WA
ofglole} vl Zt =7tmbet E Jl9] HE ASES FX|7]9 shA =7| o], ARk
H23E ARt AltAIZro] Hol EofEt o]l QMU= $5 dH ] At XEE F
F 1Yol E of|FA] Bt m R TS0l TS, 171,

2.2.2.7 Rotating reflector antenna
Rotating reflector antenna 7H'd-2 SMAP(Soil Moisture Active and Passive) T2 A E0]|
A NASA/JPL] 98l &7)=] i}, Fig. 4he} o], o] 71«2 DBF 7|&< ARSSHA] grom,
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she] I =7t oF 13-14.6 rpm_E S-sk= QLS A[RFot=S 217,191

FEREL oF 40 km2] FSEZ 7HAh SR A7) FuelEo] B8 = F9 94
A3 Wg3Fe] 817 1,000 kme] FEEo] 7HsdH HH17,19]. o] 71&2 A A7 V&
o] ¥ H} 4uf) wiEA] FJS 5= A Tt 2B FEUE ST AL ol 7E
Ioh. 3)3o] AIREH 982 FoiXl AmolA HojuA] AEE 91439 AA|7} Aloj=|ofof
gHcH17,19].

O

2.3 SAR EINX| UA B 712 S8

2.3.1 SAR interferometry

SAR 7V1;l741(1nterferometry) 712 ARG, AEHS] D s, Wt o]z 2 F/%
A Z2e w7 WME ulS- FYeHA S8 5 = Aot & SHE ¥AEA] Ts
°[tH20,21]. SAR 7HA 71&9] S4] ofo|tjol= Froixl EFR ol tisf ot o 1A &
£ AR HE AN 53 F 7l o] glojot Aol 23 1 Hlwske Ao]

7} SAR 939 1ol geet gloltt wt AH7F gt o] Q7] wiizoll, AEwd Ei=
deju|g G2 gojtt 3 B & Zo| Ajolg AAIskL é ?—-_ = QItH8,111. SAR ZHIA
719 7124%] SFCE interferogram©| UTHS]. ©] g oH gk A FGof| st
= 7 9] SAR FFoE TR = FA Ale]oflA 9] H*J Aol yehdit), & &
2 ot A3 YAd Fdoletal T 4= QoH22l. Fig. 5a interferogram @2 THE0]
Z DEMO]t},

Fig. 5. SAR interferometry. (a) DEM from Interferogram [8], (b) DINSAR at Mexico City [8], (c)
PS [24], (d) PS vs SqueeSAR [25]. SAR, Synthetic Aperture Radar; DEM, Digital Elevation
Model; DInSAR, Differential Interferometry SAR; PS, Permanent Scatterer.

https://lwww.jstna.org | 347



SAR 9I4 JHEE U 35 HRWS SAR $IA JHuFe)

348 | https://doi.org/10.52912/jsta.1.3.337

AR, interferograme ARESHFH LOS(Line Of Sight, &&41) wieke] okt A HEH Y 3k
T & Zolghe 7Idieks HEA, ofd 3 94o] AR HE ARt 22 A4aE
ok, P duich M o2 LOS WRFe g EYsHA 7| wizol, AFeE 3o
k7 €cH21.22]. o] X3FsHY =S 2a51517] 98 DEMS AR&3lo] X85k
=& HAJSH differential interferograms THE0] ARESH=t], 0| 7|&-< DInSAR(Differential
Interferometry SAR)ZFaL EtH21,22]. Fig. 5b-2 DInSARZ 942 Mexico cityd] X|FEH
9] 1ol

mlo

2 o
= T«

og‘. i
E{S
o

2.3.1.1 Permanent Scatterer Interferometry Synthetic Aperture Radar (PSInSAR)
PSInSAR(Permanent Scatterer Interferometry SAR, X AARIAIZH] SAR)= DInSAR
T SIUE AREHAE Yu|E =g FF 5 Q= 71€clth o] 7142 PS(Permanent
Scatterer, AHAFAANE AMESH=H], ol FAAIA ARHY] W3l HE 2718 2o
shutel Pz Uehte], B35 Wgolt uiejel e H 2 EAo] ol sjgach
[8,22—24]. Fig. 5collA9] 224 2 TerraSAR-X@t ENVISAT @402 3t PSE Hehd
oH24].

2.3.1.2 SqueeSAR
PSInSAR+= QIF F2ES PSE AEsto] B4R Qjofl= 1 U7t AsHerH23,25]. °]
£ F55H7] flsiA 7B squeeSAR+E= PS Qo= AR FARE oot RIS/ E 7H=
oI gAMlE, & DSDistributed Scatterer, EXEARIANE o]-&st0] &2 49 X+ &4
I B4 TUER ¥ 5 e S 7R QItH23,25]. SqueeSART o5 F49] 4
S A7) {8l 283 FEE “squeezing ot= HIA FEiRCH25]. Fig. 5d= PS 71&

squeeSAR 7&& A F U= SHHLS vt 1ol

2.3.2 Synthetic aperture radar—ground moving target indication (SAR-GMTI)

SAR-GMTI(Ground Moving Target Indication, A/gol5EAEA )= SAR 9144<] dlolg
£ AR&Sto] A9 ol 5EAIE BSSH 7Isolth SAR BAA 91492 EO EAAl 9148
HEA 9 7 glo] S 85T & 7] Wigol, A olsEAIE ASH R HEShe
o f2sttt. SHAIRE SAR= EO2K= HhEA #A0| H= ols A £&& FEs] 4
4= Qlofof o] ZEA|9] A3t YRS FAol BHT = AtH20,27]. A olF ATt B
T7F Y=L Ut Fig. 6acllA A2 Qs A2 ol s &A1 UERdH.

T, HRWS 72 22 4 e 22 22H 542 71K SAR I4=2 ARgstol GMTIS
o5 EA BA 7FedE &olEle A7t S| 1FY Fofl lrH28,291.

rﬂrusﬂ

ﬂlEL mLu

2.3.3 SAR polarimetry

SAR polarimetry= 15 9 At AlAA0] tigt Hu} B4 54 7|fte R EX|, = &
=, T @ =A] T S HoollA B/dA 2 ARl EeeHy AHE At g ARS:
E= 7]&olths]. AA| Akt FEe S7ohA Akt mef, Rk 9 f&(dielectric) 54
< Aok WP 5 Qlon, SIE A URoA HSR A2t HAYUSE sy &

p
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()
Fig. 6. Polarimetric and interferometric SAR (a) GMTI [26], (b) ALOS/PALSAR polarimetry [30],
(c) PollnSAR [8], (d) PoISAR vs PolInSAR [33], () SAR tomography [33], (f) SAR tomography
forest characteristics and height [8]. GMTI, Ground Moving Target Indication; ALOS-2,
Advanced Land Observing Satellite-2; PALSAR, Phased Array L-band Synthetic Aperture

Radar; PolInSAR, Polarimetric SAR Interferometry; PoISAR, Polarimetric SAR.

2T 5 Q= Eeshy ndlS /i == QJtH8]. Fig. 6bE ALOS/PALSAR(Advanced Land
Observing Satellite/Phased Array L-band Synthetic Aperture Radar, HEAAITE44/9
/U-HHOﬂ L-9i= 6‘1—*37“:?-{11]0‘[]:]—) EX—“EO"/\-] Zojst Qﬂ_ﬂ Oﬂ/ﬂ-O]T;]-BO

SAR H1Hpolarimetry) 71&S WHAIA HdAl(interferometry) 71&-& S35t polarimetric
SAR interferometry= thg HotE Aol iyt T T ol449] SAR ZHEA F4E& =&st
of AAE e F TE2E Aol EAok= ARMAIEY] 4 £ 9 72 B4 T 5
Q= "ol tH23,31,32]. Fig. 6¢= polarimetric SAR interferometry@ 3 9] 0] A=
o|t}. Fig. 6d= polarimetric SAR®} polarimetric SAR interferometry 7|&< Y| st 19

ol

2.3.4 SAR tomography

SAR tomography= SARY] 7|2 7HgQl A5-94do] Aot whdo 2 /NS
B/dsto] R =S Eole AT FARE Y=E ol-85hH, Fig. 6e?t Zo] thefst 1
L7 gFo g JAkE ES0le] 7129 SAR A AHO| =o] FE/A E5T 4 Sl 7]
Holt}8,23,33-35]. °]F7|&Al(dual-baseline) 22 FAS EESI= polarimetric SAR
interferometry?l= th24), SAR tomography= thEs71&A(multi-baseline) 2.2 34+ &
5olo] ARMAIES] 4 B2 9 12 EAS TS oA weld 4= JItH8l. Fig. 6eE Fig.
6de} vlashH SAR tomography®}t polarimetric SAR, 18|31 SAR tomography®} polar-
imetric SAR interferometry2}2] X}o]& & 4= St} Fig. 6f= 4 B4 € %°|& SAR
tomography 7| & &gt Z{o]tH8 23],

https://www.jstna.org | 349



SAR Q4 JHesigt 9 3% HRWS SAR Q1N ezt

350 | https://doi.org/10.52912/jsta.1.3.337

ol

3. &% HRWS SAR(High Resolution Wide Swath Synthetic
Aperture Radar) &4 W=

0

3.1 ali2] HRWS SAR 94 70 Af|

FF 2yt HRWS SAR 914 7NTd=RE A7l 98, A4 A& SAR HAA %
SAR @4 A 71& 7Y 5T &0, 312] HRWS SAR 9178 71 AHIIE A E L.

200995 ¥ TSX+= Fig. 7a2} Z©] DRA(Dual Receive Antenna, O[5TAIRHEILDE ARS
stod 22d DPCA 71&2 AlEsHATH36L. 1 23 Fig. 7bolAAd, 25/ 2A(ambiguity
suppression)s 59 IAE FAo| Az, Hot AEet GRS A2 4 AU} Fig. 7bollA]
9] 12 URAQl T QHEY RER HFtt G40l o9 182 DRA HER &Y
3t /el

201397 201490l TSXE AR8stol izt WeFes SCORE 71&S AIASITH3TI.
TSX= o] AlE 9l 27119 ¥& W& ARESh= W& ARESIITHATL. Fig. 7collA &
T Uxol, A& 1a4 H7F A QoA Holx BT A (ambiguity)® 8] FAH, 1A
E o] 2EX TJ9dl= EolA] gh=t. Fig. 7collA 9% 192 h jlos IS I
0|1l REZ 13]\::‘% 2709] Wl 1wzt WRFo g wrfjg ARESHo] et GAeIHH3TI.

(€) & pormminge
A ﬁ/ o

Fig. 7. Foreign cases of HRWS SAR development. (a) TSX 2 channels DRA [36], (b) TSX 2
channels ambiguity suppression [36], (c) TSX SCORE ambiguity suppression [37], (d) TSX-
TDX 4 channels ambiguity suppression [38], (e) MirrorSAR concept [39], (f) Tandem-L
concept [42]. HRWS, High Resolution Wide Swath; TSX, TerraSAR-X; SCORE, SCan-On-

Receive; DRA, Dual Receive Antenna.



J. Space Technol. Appl. 1(3), 337-355 (2021)

201499 TSXS} TDX+= Z12F DRA HEE AMgsto] 4142 &% DPCA 7|&S Al
SIRCH38]. 11 A3, Fig. 7dollAA™ 254 AAIE ol IAE FAJo] Aletrl, Bt At
FFE A2 5 AUk DLR Fig. 7e0l49}F 2ol SAR AlS $41& Tdoh= 1012] HRWS
3 A gollAl BEARE SAR 4155 =415t0] ThA] HRWS 9430l Adshs 3t9] =418
Ao F F/3H mirrorSARE ARISIFITH39). o] ZR2AEL 2418 ok §4do] @A
SAR A% Ay I vk $=3¥617] wjizo] SA7Il E5T 4 Sirk= 3ol qlom 2024
| AL AlE = o] 31TH39,401.

DIR2 E3t Fig. 7folA49} Zo] 27 15 mY] reflector HEIUE HESE T 719] 914407
o]F0Xl Tandem-L ZRHAEE AQt5tGirt. o] 21432 SCORE 7% o851 staggered
SAR411E 73T o[t} o] 7]&= 218) Tandem-L2 o oF 350 kmo] H=ES 712
F lom, A4 AL oF 1570 29 F= FJT ofgolrH4l,42]. EFF TS D7) ¢
off o5 I Wk A9 'R ofgolar, 2024'A AL ool tH41,42].

Airbust DLR¥ &7 worldSAR -9 7H9-S AIQtsFATHA3). WorldSARE =22
ThEA|YE H|EE 4459 SAR 9142 o &&5to] AAWETVIE £0]1 55 W,
F=9] A4S AlFeths NS 7ML QUoH43l. A worldSAR #9482 599
TSX/TDX 18]al AH|RIS] PAZE HJ=o] glom, PAZ= AHQIo|= B3leh= ojulo|H
TSXE 7|8to 2 vhEo]Zl f)/do|tH43].

ol12] HRWS SAR 9143 7 AHIE A ERA 9-E7F & 5= Q= 22, 17k SAR 1
H7F e =7 F A Vleeas TR Sl R
E2 LS 7HIHA BAlO] W2 BEES AlBT 4 A= HRWS SAR 914 7ol &
EXE 313 Qloks Aot ESH HRWS SAR ©]%7HA] 25
TS =olHH BEEE Aofof ol ASES HolHW WYEE S|AYsloF BAE,
HRWS SARQ] 314171421 DBF thsAd 7]&o] /HE= 1l 9= A=Al JZstHA] o]
BS54 EAlE 352 4 vk Aol 38E At Aol

Mo oX

rlo

ox,

O
g5
=
Mo
=2
2
o.>9: i
i_‘é
:Oé‘

3.2 g% 22|Lt2t HRWS SAR 94 7Hexi=

32 AHE EXHZ2 -2uEte] HRWS SAR $14 7iideks ofefje} o] AQtsict,
(1) TSX P2 7/Hg== KOMPSAT-659] dual phase centerl44] 7152 E3f 24
DPCA Al8Z AAlst T 7|aS SHIIT.

multistatic SARE Al¥ste] ¥ 7|&S SHR.
(4) KOMPSAT-69] i1do|= MAS /LT uf, o] 249 S FAAE 9142
A 8 5 JEF
) (DDA A9 7[e=o] FEE L Z5EUE o, Tandem-17 22 dF AtEUE
¥

AL 25 dRz A AT #S5S HES 5 e SAR S NIt
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(6) WorldSARS} Zo] th=13] SAR Y44& 3 -8dk= IAIFE 7|70l risto] it
SAR ¥4 HSH} FA]9), o] ARSI polarimetry SAR interferometry, tomo-
graphy2} 22 3D SAR GAAY 71&S 7ttt

oA AFTE 71& LJoll= HRWS SAR FJEYF Al PAste B2 ¥ HolHE Eot &
o= Astr] s g8 Monboard) Blolel A7 7|&{45] 7iEE HFT a7t k.
4. 4=
AG7HA] SAR ©AA| 7€ SAR 9/dA2] 71 53 9 99] HRWS SAR 7Y AlElE

ARSI 181 ol & v o R 5 -yt HRWS SAR 914 7HEdeRe AQtst3it.

SAR HAIA 71& 5ol TaME HHA SAR 28 7|&H ollgl DBF, SCORE, DPCA 5

Z41 SAR FAA 710l sz oA ZAKSIGIEE SAR I3 714 5l Bl 1t

A, Bt 5 o83 thtRt PAdA R 7leol tis RARSITE 12131 Se] HRWS SAR

7i A= DLROIA TSXE &-835to] SCORESF DPCA 7€ AlEeh 202K e gog

3 i AR 991 Tandem-L7HA] golRQitt,

FE Syt HRWS SAR 91 7=kl disiA= TSXE 283 319l HRWS SAR 7

2 AlEE Zarste] 3 Ui EAF 91591 KOMPSAT-62 2235 HRWS SAR 71&70d Ak

do=z LEU=7t HRWS SAR 7142 7Hdsl| Halixe A713to] 2% %2 =27t 9
aolrt. o]eh T2 F ARIS Wzt 7]9do] B0 R PRl W Ydo] wEth IR
2 07 38 9 A Eof A7art A BAketal FEot] A AES
29] JIks F-Hote] AlUA a3ks gisks o] Yasit.

ZIAjo| 2
D3 o] 92 915) AT AAS IR el AASIAEEA BAE Y
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Possibility and Accuracy of Extracting Room Temperature
Information from Mid-Infrared Sensor Satellite Images

SeokWeon Choi®, DooChun Seo, DongHan Lee

Korea Aerospace Research Institute, Daejeon 34133, Korea

29
SHRU4Z 0/85101 HSe FYS AR $0| 2 SHU= HIGHA| LK 20| WA AAI0)
OISt 1 YA MTHDR SHM HAS 0IZ0I0] ZHSH ZSE 4

=
= -
2 529 28 £ + e /tsds E0F1 Ut & =20kl SH HME 7KiE 21
g

S =
FYO| o2 2k R FE Vtsd & 0 ol AT oitt. ==20M dEE MUY 9
T2 J2 29 25 H BARICH, E8E 20| B2 M9 M=o Hotiks, EE
REH 2 AL ofet BHEE Skl 7 (0A Skl Mol U] S+ 2 HluX XL
LR UCE = 4 AN, HIESA 29 SRl SHXI9| Ot ZA Al~(emissivity)2] S2taly

A= 01T5] siiZaore X2 HOF QA EIUC

It was common knowledge in textbooks that images acquired using mid-infrared ray were not suitable for
measuring temperature near room temperature. But a recent satellite image using a mid-infrared sensor
show the possibility that the result measured using the mid-infrared sensor can also measure the
temperature near room temperature. In this paper, the possibility and accuracy of extraction room
temperature information from satellite images with mid-infrared sensors are reviewed. The mid-infrared
satellite image reviewed in this paper showed the temperature of room temperature well, and regarding
the reliability as an absolute value of the measured temperature, the effect of the heat transfer amount due
to the direct reflection of sunlight on the surface and the effect of the infrared absorption amount absorbed
in the atmosphere can be seen as a relatively small or constant value. However, the problem of uncertainty
in the radiation coefficient due to physical properties, which is the limit of the non—contact thermometer,

remained a problem to be solved.
sigol 1 SA0A 4 B4, FHAN AN, AL L& 24, 24 A

Keywords : mid-infrared satellite image, mid-infrared sensor, ambient temperature
measurement, measurement accuracy
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1. NE

Aol 7GR ogo] 71 AAr]ntolw, @ ou]ofA= BlolX|t Aol w9
Hol= 7T 71 99 2ol HolR] gh= AR |uhE $A5te] F2& ofo|th.

Ao whgo] wih 25 AAJS] FHESte] Aol 0.75-3 nm Y92 SH YA, 325
umE 224, 25-1,000 pmE ¥ Aol S| siglou, 2ol olEt 25
A8 2319 0.75-1.4 pmE 2A Q) X(near infrared, NIR; IR-A), 1.4-3 umE @294
(short wavelength infrared, SWIR; IR-B), 3-8 ym 992 5% 2)A(medium wavelength
infrared, MWIR, IR-C), 8-15 um= & 24(long wavelength infrared, LWIR; IR-C), 15~
1,000 pmE =22} X(far Infrared, FIR)O12FaL FHESEIL QTHI].

Ao AAe Ao HoE AX WAEE Ao HE S4she By A4 A
o8 YR+ AU HAH: 53 AlA Bjo= 8T ke glow, o] et AlA

o] FRE TSI skt Asedol AEE= AH AAMe 53 AAE Eol AR

ShH, SWIR AlA= FEFAY t71274 5ol 882 4= 3710l 1400 ©ol gAj== Hol
1, 8-15 pmo] A A o AlA = 25785 96l ol 2851 Stk

SH A ol8sto] F5T Y2 R F29] 2= F4ole AHIAl ftk= Aol 4
Aollont, FHT SIS ol & A YIS AuEHE FHAAH AAE ol8st] 54

‘% o =2
3 ANBE JL H20) LES 2T 4 Atk TRsHE HolR grH2-s)
7}%1% % 03%94 e S g0 2154 U

2. 2=

Ao AAE olgste] g Soks A2 F BARIY BAF gl ofgt 42 &%
She AR, B4H o= A Gol 52 T dolls THIFA F9S ZFokE HY A
ol ot AL 4940 T HPF F5K(solar absorbance)s ©-&3iA Akt
EAI7E] BAl] gigt QAEe AT B2t F4]o] o3 A 2% 459 it Zjojof &
‘gxJol] T EAL AlG=(emissivity) g FolA AlLLE oHA| EH, Aol oJgt duekFo] i
o FZA QAT A oA Jof|A o]FojXER, 3-14 pm] JHE FZQ4olgty Ra
7|% gt

AL FA] ot 2% SHFPEL, Fig 1914 BE, T2 HH BARE R0 E wbg
9 2o uet BAETF FUSHA] S BRIT = glon (4], ARte] 2121 300 Kol
et A= 8-15 pme] A QA sPgtioll A= o FEo] FATE A71%E 7HAAL Q7]
wizo] o] TPE o]-8oto] A2 FEO] HEgt 2% Z7o] BololA|uh, XM mgTh
Q1 3-8 pmolAl= 3Fgol et 7127 e 2l 37]|% Ao}, o] it AR FEO 2%

2ol A deA] ghe A0 FelA qlolch

279} ool ZOlHE 375 um FAL G0 K o] 1] thajd & EEE 4 9o
U, 4h20] be Lol sl 2 LEo] el E Tyl thE EabEe] 27]E A,
spgol wjel BAbEe] 217 Hol7k A 2 FHlolHg, o T4k WL AL Ko B
A BASP ol Agaia] ehe 4 ol WS A B2 4 ok
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Fig. 1. Spectral radiance as a function of wavelength and temperature (typical example).
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Fig. 2. Satellite camera light path.
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Fig. 3. Relationship between mid-infrared sensor temperature and radiance.
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Abstract

This research discusses the change in radio frequency (RF) characteristics according to the number of
Gores on the deployable mesh antennas for potential micro—satellite applications. The deployable type of
lightweight mesh antenna can be used for various space missions such as communication/SAR/ SIGINT.
In order to implement an ideal curvature of antenna surface, sufficient number of antenna rib structures
are required. However, the increase in antenna ribs affects various design factors of the antenna system,
especially total system mass, complexity of deployable mechanism and reliability. In this paper, the proper
number of ribs for the mesh antenna were derived by comparison of electro-magnetic (EM) simulation
results of example of antenna model in accordance with the various number of ribs.
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Table 1. Comparison of various types of spaceborne deployable mesh antennas
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Fig. 1. Configuration design of reflector antenna (zero membrane stiffness in radial direction).
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Fig. 2. Deployed and stowed configurations of mesh antenna model.
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Fig. 5. Configurations of reflector antennas according to the number of gores (a) Ideal (b) 24~

gore (c) 32-gore (d) 48-gore (e) 64-gore.
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Table 2. Summary of electrical performance of antenna according to the number of gores

The number of Gain Side-lobe level [dB] 3dB BW
gores (dBi) E-plane H-plane (deg.)
Ideal 449 -26.5 —-28.8 1.0
24 44.0 -30.7 -31.6 1.0
32 44.6 -31.1 -31.8 1.0
48 44.8 -25.5 -27.1 1.0
64 44.8 -26.1 -28.0 1.0

5] 49 11017} 247} o) gold whAkto] olF#I9l Juiel A.90] B8 1dB oz ofSe]
Z2:59ick. SH, Qe RG] A9, 31017} 327 of3kel Caseol M 3 ¥A) Kol
23 AR WA WEo] HolAl 54 »}Emaua Qe o}Se] s Jtofe] el ]
4] 27 ek} 31017} 6470 ool Whke] o 4Hel Twe olRi 99 fAKE
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oJfE &0t A RISt 11019] o] w2 WhARE RMS HHQAF9] HSk= Fig.
70 YR AT

J10]2 Il WAYSH= QY o540 Tl Ruze's Equation[13]& ©]-8-5t0] 245t
o}, ALFE RMS 23} g2 4] (4)oll tidsto] EH Ao o3t o] S&AS AXsll o, o]
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Fig. 7. Antenna RMS surface error according to the number of gores.
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A Review of the Candidate Areas and Missions for Lunar Landing
Sites based on NASA Workshop & Overseas Landing Missions

Joohee Lee', Dong-Young Rew

Korea Aerospace Research Institute, Daejeon 34133, Korea

FelUets 20229 88 ARE E Htis X322 ol 22 A=0|th 221 MBR @3 TS
JI2A12iE SoiAl B2l Bt M2H 0% 20302 OF7IKl= 2 ASs 2ol 2= A=olH. 2
S|

=
1H0ll= ASM| A0 et Mefet A5 X|FH0| Y2 4 IO, MetA] S3 &0l T EhA}
Tt HIEA| HRSIT 2 =20M= 20188 NASA
QITE0|M HOret 2O Ef RF SHX|NH0| CHet XS HIEOZ NASAS| MoonTrekE 0125101 1471

ROt XIefZs 2 Xiejo] SM2 SAGICL J2/7 03 XIj0| 85 OjHet & A5 U0 XK

2of

YT BAS PliM= E AHEAIS0| et A

U0 B T Y XF F71SO| Y XF XIo{2} Of2EDIA(rtemis) A So & U39 5

280l CHaHM = LOF BRATH.

Abstract

Korea plans to send a pathfinder lunar orbiter to the Moon for the first time in August 2022. And according
to the 3rd Basic Plan for Space Development Promotion, the plan is to send a lunar lander to the Moon
before 2030. The selection of the lunar landing area can be varied depending on the lunar lander's mission,
therefore preliminary research on the lunar landing sites is essential for a successful lunar exploration
mission design. This paper analyzed the characteristics of major regions among 14 proposed regions using
NASA's MoonTrek based on the data on the candidate areas for the major moon landing proposed sites by
the NASA workshop in 2018. And we looked into what kind of future moon landing missions are suitable
for these areas. We also looked at the importance of lunar Antarctica area through the recent lunar landing

areas of Moon landing countries and Artemis plan.

4o} : g A% Ao, & U3 Ao, AZE FET, ol=Euls m2 I

Keywords : lunar landing site, lunar polar region, Shackleton crater, Artemis program
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Fig. 1. Yellow stars indicate the high—priority landing sites outlined in the workshop report [7].
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Fig. 2. Aristarchus crater search result using NASA MoonTrek website. LRO NAC and Chang'e
2 CCD Merge, Ortho Mosaic [6].
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Fig. 3. Elevation profile and Sun angle at near site of Aristarchus crater.
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Fig. 4. Generated 3D print file of surrounding areas at Aristarchus crater.
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Fig. 5. Reiner Gamma Lunar Swirl search using MoonTrek.



J. Space Technol. Appl. 1(3), 375-395 (2021)

Elevation Chart

Elevation Profile(s) Non-Interpolated

SHTh Flold nt 73 XA BAE= QPR 2k=o] B At FAEE e A
RIEE Ao Hol fF AR FHAY 2448 S5 At A5 FEAS 45T 2
87d0] Uil Bt Fig. 7914 #loly nt 19 32k X[3< &t ohd
AlFow Fot AY 7Ie71E #RlE 4 o

2.3 O2|RA A (Marius Hills, 53°W/13°N, & 2HHO| HICt X[, {21 EAL )

H(Lava Tubes)o] AA= 0] U= F-97F Hol et I G A=A A H|(Selene)] o]
o 5 AEE ol8sto] Aot 529 HdS FRIEFH A = 1 km, 2] 50 km)sH | & skt
[7]. &% 721 & FAA] 2ol ojAl= 4 5o8HE kS Kok AFAE] EH
71AE AT o e FEAY 59 7 o= wrhE

Fig. 8°ll4= NASA®| LROCIA LROCE °l-&sf &gt X192 F2 MoonTrek= °l&
Slo] HAgE ofw|R]olct, miE} A d K9] HAEE FARE o]u]X|(Fig. 9)2F 33+ A B
<93t olu|A|(Fig. 10)E &3l HFH & 2FA49] 245o| 7hs Ao BAEE 2= A3
o] AU RIS FF FHA| Ao thet Ko} et A4S B9l 7IsF o= 25 ¢t
Ak 245 FHAGRIAE AEY BR/4Jo] Urtal wetdrh

o

Fig. 7. Generated 3D print file of surrounding areas at Reiner Gamma lunar swirls.
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Fig. 8. Marius Hills search using MoonTrek.
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Fig. 9. Elevation profile at near site of Marius Hills.

Fig. 10. Generated 3D print file of surrounding areas at Marius Hills



J. Space Technol. Appl. 1(3), 375-395 (2021)

2.4 RAJHIO| HICHMare Moscoviense, 147°E/26°N, & SIM X}9l &g
o)

TAguo] vith= g Sido] X5k 2|9 o] HEsH &2 §fo| olilslE|Eks

o] EAfjol= Ao uF om, spit AHYUT} Fb Ago] U= A Hog == A

712 ket (4 nT)el ATt AE-37F FHeE ACE BAET QIei7]. Egh HATHEO] u}
th= 2 & et AFRRI Kim et al-2 AF-37F 5835 & 25 7153t A Holghs =57
< IHSIE FoH10l. wetA ol AR A|EE & AEAKPLO)X BAE 1611%5
ZHEHLUTDY] A5 717F ol o] A|Fel thigt F4 EFS ARl stgirt. oA &
s} 9 AFARAL A SO FARIE X[ o@H oulz} Qlrkal £ 4= QJtt. Fig. 1104+
NASAS] MoonTrek< ©-83to] LROCZ st mATuke] vith 2|99] A JA}S Ho
Fr}. o] X 9] HAEE XAFHH Fig. 1201419} o] IR A Hojlx= HAHE 7} 250 &
o] Fe A & 4= oirh. 1A Fig, 130149} Zo] 331 A FS &2 4l
AH o &= AAET} ARt X o] wol 2F5A419] 2FRo| ARt A HS 2S5 Qloh 9
A of| f s

o S|
= =1

Hep gt 242 B8l 7led o 250 bdet 2k FEAQ9% Y

Baxel e el

ok ok

Mo
e
iz}

Layars

LRO LROC Image Mosaic, Mare
Moscoviense

vation Profile(s) Non-Interpolarec

Fig. 12. Elevation profile at near site of Mare Moscoviense.
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Fig. 13. Generated 3D print file of surrounding areas at Mare Moscoviense.
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Fig. 14. Mare Tranquillitatis regions search using MoonTrek.
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Fig. 15. Elevation profile at near site of Mare Tranquillitatis.

Fig. 16. Generated 3D print file of surrounding areas at Mare Tranquillitatis.
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LRO LOLA Hillshade, S Pole, Peak Near
Shackleton, Candidate Landing Site 07
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Elevation Chart

Flevation Profile(s) Non-Interpolated

LRO LOLA DEM, § Pole, 87.5 deg  ~+- LRO LOLA DEM, 5 Pole. 75 deg
LRO LOLA DEM, S Pale, 45 deg

Fig. 18. Elevation profile at near site of Shackleton crater.

Fig. 19. Generated 3D print file of surrounding areas at Shackleton crater.
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Fig. 21. Elevation profile at center site of SPA basin. SPA, South Pole Aitken.

Fig. 22. Generated 3D print file of surrounding areas at SPA basin. SPA, South Pole Aitken.
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Fig. 23. Chang’e 4 & 5 landing sites. (a) The Chang’e—4 landing site and Finsen on a 7-meter—
resolution Chang'e—2 digital orthophoto map [14], (b) Chang’e 5 landing site, MONS RUMKER.
This image of Mons Rimker on the Moon was captured by Apollo 15 astronauts in 1971.
Located in Oceanus Procellarum—-the Ocean of Storms—Mons Rimker is a raised region

formed by volcanic activity late in the Moon's history [16].
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Fig. 24. Elevation profile of Chang’e 4 & 5 landing sites. (a) Chang’e 4 landing site (b) Chang’e

5 landing site using MoonTrek.
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Fig. 25. Chandrayaan-2 candidate landing sites. This wide—angle Moon view shows the prime

(right blue dot) and alternate (left blue dot) Chandrayaan—2 landing sites [18].
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Fig. 26. Elevation profile of Chandrayaan—2 primary landing site using MoonTrek.
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Fig. 27. Beresheet landing site. Beresheet attempted to land in Mare Serenitatis, the "Sea of

Serenity," shown as the larger circle. The approximate landing site is in the inner circle [20].

Elevation Chart

SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFACE EXPLORATION
i 1

Fig. 29. Artemis program for Mars exploration [21].
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Fig. 30. Shackleton crater and its rim areas (yellow box) using MoonTrek.

5. Mot

£ =RoAe EEoAE vlE NASA 35004 AjkE 2 25 F8 FEA A tigh
AmE v R vl=k NASAS] MoonTrek #4 E1E o83 1470 ARt A A5 IF F8
T A9 EAS Aok, % ojd B A5 YFo] H3A| Yottt HAFHoE
TE I ARHos Mok ZHA, 2EAH] X3P 278 Fu A
Ao thofa] EASHITE weba A&HH o R S7HARl BAo] A4 IR Z0= ot &
g g AE d5] Fofohks H7ks A5H vl g
olAEtd Fo] Fofstal 9loH, o5 It oA B AH URE Awsldd g 25 A9
of tisiAl Yobrr, AEAZ AAHE X Ge] el Lobegket. 183 ul= NASAdA
71 321 ofZEu| A A4 AEAHoR AY F B I= X F] Fa4d0l oAl Lot
Hoxrt.

o3t BAo] NASA2] MoonTreks o83t tghzlol & g HHE sQlst &= gJo
o, & o NS JE+= NASA PDS(Planetary Data System)2] €& X3 To]EL} NASA
Quick map & &8sto] & o TAHOE FRlsk= A ={sfof gt

QU ofa] & 215 Alglo] 2AF oz AP YA ko), & 2FA] Ao B
2 AZto] A8 ER= Mg ARSI AFHE 39 AR Golut U AFtAtEo] Al]tst
£ Y 5 taix] 2234 430 vz asgo] lokal Azl weta] gko g f-ajuet
7t AdstA 2 2 A5 A5 tig) I3t A, Ve A, 2 B T, /U A E
H] 59] ZHo 75t ol A& F YFE T ARMA] 1leky, A5 FEAGS AR}

[e]
T EHT ae] gk BE ofe] 2] 3 Telsle AU U 4 9w, W %

o,
i
2

IR

https://www.jstna.org | 393



NASA f13& H ofiel ZSYR0 7|8 &

394 | https://doi.org/10.52912/jsta.1.3.375

B AP AFYFOFATA 1A G AT WIS D PR YTAT A
O
=

References

1. Ministry of Science and ICT, The 3rd Basic Plan for Space Development Promotion (Ministry
of Science and ICT, Sejong, 2018).

2. BSA, Sharing Earth observation resources/missions database (ESA 2000-2001) (2021)
(Internet], viewed 2021 Sep 15, available from: https://directory.eoportal.org/web/eo
portal/satellite-missions

3. National Research Council [NRC], The Scientific Context for Exploration of the Moon
(National Academies Press, Washington, DC, 2007).

4. Lunar Exploration Analysis Group [LEAGI], Advancing science of the Moon, Specific Action
Team Report (2017).

5. National Research Council [NRC], Vision and Voyages for Planetary Science in the Decade
2013-2022 (National Academies Press, Washington, DC, 2011).

6. Moon Trek, NASA JPL web-based portal for exploration of Moon (2021) [Internet], viewed
2021 Sep 15, available from: https://trek.nasa.gov/moon/index.html

7. Jawin ER, Valencia SN, Watkins RN, Crowell JM, Neal CR, et al., Lunar science for landed
missions workshop findings report, Earth Space Sci. 6, 2-40 (2019). https://doi.org/
10.1029/2018EA000490

8. NASA, Aristarchus crater (2018) [Internet], viewed 2021 Sep 15, available from: https://
moon.nasa.gov/resources/347/aristarchus-crater

9. NASA, Lunar swirls (2006) [Internet], viewed 2021 Sep 15, available from: https://
science.nasa.gov/science-news/science-at-nasa/2006/26jun_lunarswirls

10. Kim KJ, Wahler C, Berezhnoy AA, Bhatt M, Grumpe A, Prospective *He-rich landing sites

on the Moon, Planet. Space Sci. 177, 104686 (2019). https://doi.org/10.1016/j.pss.2019.
07.001

11. Kim YH, Choi SH, Yu Y, Kim KJ, Basic lunar topography and geology for space scientists,
J. Space Technol. Appl. 1, 217-240 (2021). https://doi.org/10.52912/jsta.2021.1.2.217

12. Spudis PD, Bussey B, Plescia J, Josset JL, Beauvivre S, Geology of Shackleton crater and the

south pole of the Moon, Geophys. Res. Lett. 35, L14201 (2008). https://doi.org/10.10
29/2008GL034468

13. Wikipedia, Chang'e 4 (2021) [Internet], viewed 2021 Sep 15, available from: https://en.

wikipedia.org/wiki/Chang%27e_4



J. Space Technol. Appl. 1(3), 375-395 (2021)

14. Bruce Murray Space Image Library, Regional map of the Chang'e-4 landing site [Internet],
viewed 2021 Sep 15, available from: https://www.planetary.org/space-images/regional-
map-of-ce-4-site

15. Wikipedia, Chang'e 5 (2021) [Internet], viewed 2021 Sep 15, available from: https://en.
wikipedia.org/wiki/Chang%27e_5

16. The Planetary Society, Mons Riimker [Internet], viewed 2021 Sep 15, available from:
https://www.planetary.org/space-images/mons-r%C3%BCmker

17. Wikipedia, Chandrayann-2 (2021) [Internet], viewed 2021 Sep 15, available from:
https://en.wikipedia.org/wiki/Chandrayann-2

18. The Planetary Society, Chandrayaan-2 candidate landing sites (wide) (2021) [Internet],
viewed 2021 Sep 15, available from: https://www.planetary.org/space-images/chand
rayaan-2-candidate

19. Wikipedia, Beresheet [Internet], viewed 2021 Sep 15, available from: https://en.wiki
pedia.org/wiki/Beresheet

20. The Planetary Society, Beresheet landing site (global map) [Internet], viewed 2021 Sep 15,
available from: https://www.planetary.org/space-images/spaceil-lander-site

21. NASA, Artemis plan: NASA’s lunar exploration program overview, NASA report, NP-2020-
05-2853-HQ (2020).

Author Information

0] = 3| jhl@kari.rekr 88 9Y dyrew@kari.re.kr
201349 9=3st HAElelE =510 S |EY Fa ool 19964
1998d7E A A=FE-FA7d F AL BRIE FERE &, WRE 719AeIA
FEARITT FAATAo R A7 Folot A5 o FEALE T AR-E EFet
8 AT Foks 7Rl 5 A9, 9F A o0, 201058 A A=3-9FA
A& R At g 3 A ek Eopel o g TFHNA AEE YL AUt T8 AF 4
= 7fe 9 gAA) Ropo] et A7 Solck - Ty Hok & BALE Eale $REAL BAL
A A2E AA|, 25 - P - A0l 71E e 9 A Sl

gt
S ol

ol
=

ol

https://iwww.jstna.org | 395






31et 28

Journal of Space Technology and Applications

https://www.jstna.org

JSTA £

1.JSTA &= 9i7t 45 (22, 5%, 88, 118 UY) LiE
2. JSTA O RSk e i

MIZSH00F St

AR 22101

3. JSTA E1IE st #1= JSTA §H1|0IXI(https://vvvvvv.jstna.org)l- t JSTA
jstna.org)0ll AN E[0] QU= EOXIE0 M2t BESlg X

60 O|LHOf JSTA BTSN st 29

> O ol
=H =& #il=
x

TEAATS ASL0| oHst STEL. 7|22 T2/t
28ttt
5. =2 Hil= ZEX0|0{0f 511, LI staX|o &= MEE oAM=

-
dle HREE JSTA 9 517t §l0| HE N2 S5 STEHA= 2=,

ENA|AHI(https://submission.jstna.org)S

| Ole| H=7101 2foh o
HAFEZL 8l0] JSTA BTSN SHE

Sofl 2eelez

EA|AEhttps://submission.
50 MS-Word2Z ZHSE|0O0F SiCt,

IME|D, JSTA

=, HAS Soll JSTA Off EH0| S

6. AME =20t 7|1Z9] 72X S0 Cet MU= MA0IA AW, MAE2 ST YN MHES =2

1ot 2AL=00{0F BiCt.
*IRHH 0|z 2lM= JSTA EH0|X|(https:/ Aww. jstna.org)Lt JSTA 22101 &
jstna.org)®| “FOXIE O HIHE YAlS AFEoICt.

7. =2t 7| 020 MAS2 S0 $M BeldES BEAl 22, SA6I=E BT

(https://mwww.jstna.org)2t JSTA 22121
QuCt.

8. == % 7/Id

IZ29| A== 1HY 200,000822

g %EI %
r9)2|

ETTAA - (https://submission.jstna.o

A AEhttps://submission.

JSTA EHO|X]
TRIE0| BAI=|0]

| JSTA L2z = 33| AIRRO2 LRSI

skaX| JSTA B 29
JSTA HE=
Tel: +82-42-865-3351
E-mail: jsta@ksss.or.kr

JSTA 7= 33 29

als| A=

Tel: +82-42-865-3391
E-mail: ksss@ksss.or.kr



971t 82

Journal of Space Technology and Applications

https://www.jstna.org

AUTHOR’S CHECKLIST

O

O

Manuscript in a format of MS-Word 2013 or later.

Sequence of title page, abstract & keywords, introduction, methods, results,
conclusions, acknowledgments, and references.

Title page with article title, author's FULL NAME(s) and affiliation(s).

Contact information of the corresponding author’'s E-mail address, Office Phone
number, ORCID, and heading title, with all authors’ ORCID.

Abstract up to 300 words and keywords up to 6 words or phrases.

All table and figure numbers are found in the text.

All tables and figures are numbered in Arabic numeral in the order of its appearance
in the text.

Computer generated figures must be produced with high tones and resolution.

All references listed in the reference section should follow the reference citing rule
and the valid reference format specified in INSTRUCTIONS FOR AUTHORS in JSTA.



e 38

Journal of Space Technology and Applications
https://www.jstna.org

COPYRIGHT TRANSFER AGREEMENT,
DISCLOSURE OF CONFLICT OF INTEREST AND
DECLARATION OF ETHICAL CONDUCTS

Manuscript Title:

COPYRIGHT TRANSFER AGREEMENT

The authors(s) of the above-listed article hereby agree that the Korean Space Science Society holds the copyright to all
submitted materials and the right to publish, transmit, and distribute them in the journal or all other media; the Society also
holds the right to reproduce the article, including in reprints, photographic reproductions, or any other reproductions of
similar nature, and the right to adapt the article for use in conjunction with computer systems and programs, including
publication in machine-readable form and incorporation in retrieval systems.

DISCLOSURE OF CONFLICT INTEREST

| / We declare that potential conflicts of interest for all authors, or acknowledgment that no conflicts exist, are included in
the manuscript. Disclosures include the source of funding, consultation fees and stocks and relationships with a company
whose products or services are related to the subject matter of the manuscript. All authors agreed to the terms outlined
in this document and approved the submission of this manuscript for publication.

DECLARATION OF ETHICAL CONDUCTS

v |/ We abide by the RESEARCH AND PUBLICATION ETHICS of the JS74 Guidelines in submitting this manuscript.

v' The author(s) has a specific and important contribution, and is officially responsible for the content of the article

v' This manuscript has not been published before and will not be submitted for publication elsewhere until a decision
has been made on its acceptability for publication.

v' The author(s) conducted all research activities (e.g., data collection, writing reports, and presenting results) in an

honest and sincere way, described the research content and its importance in an objective and specific way, and
did not change, omit, or add to the results.

Corresponding Author E-mail:

Print name Signature Date

Print name(s) of Co-author(s)

Print name Signature Date
Print name Signature Date
Print name Signature Date
Print name Signature Date
Print name Signature Date

* All author(s) should sign this form in the order listed in the manuscript.
* The above copyright transfer agreement must be signed and returned to the JSTA Editorial Office (Tel: +82-42-865-3351,
Fax: +82-42-865-3392, E-mail: jass@ksss.or.kr) before the manuscript can be published.



F|e1}t S8 R

© 00 N O O B~ WOWN -

W W W W N N N N N N N DN NN =222 = a2 —
W RN =2 © © ® N o a B N = 0O © o N o g b w N = O
Rl

w w
(SIS

FEX Y
LiZIATO| A I 52X
HRAY

EUN=F

CIOMAARE
STARUAOAIAH
ALY

SUSTY
ERAHo|AYE
P EEL
SEEd
2{0|CIHATHO|A
202

DA

HIZEIA

o
—H0

AR

o 4o
o
=
o
El

2
i
o
El

MEFLEIE

iy
[>

HIZ2UAE

HE=JQIELINE

R
o

ol
El

>
(| [l
o el ==
Jor o
El

o Op

g

36
37
38
39
40
41
42

45

47

49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68

69
70

ADFE T 2{OFI{MH|
AHO|AERH

E|
=l

n=

=
Im

|EZI0t0]

=

o2
m

PIEHTZAE
O], AHO|A

0jouey

X|0t0[O]AHOq A
X|QAER
710|ZABH[0A

72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
a3
94
95
96
97
98
99
100
101
102
103
104

105
106

L=

YRLAZTAS

At

e X gs52F
U=yl

()

_o'g
k=]
=
r=
0>

HEn e Pl
HEnEP e aL
B | Z TSR |1

olt

ERMEEETEELIY
IRt
17|

o

r

ol

SRENS AT
=N
ARYSPFUY
=S
Shatitel s
SHJO[AK]|
SHERUAHO|A
otat

Stg |- A | AH

Aurora Propulsion Tech.
KAIST Q183 4+A

KT sat

KTL
LIG HAH
S&K es

SM QIAEZHE
Space K

Thales Korea



O AR1I& k=2 =
FHNs 8 M 3=
S 2 ¢ [20214 5¢ 31

SS9 | 20214 119 30

2 8 9l | 27|

B 0| Zois - s

2 Al A | AHER et

CHHEAA Rd+ TEZ 776

TEL : 042-865-3391

E-mail : ksss@ksss.or.kr

Homepage : http://ksss.or.kr
HE -1 | AZES - A=

TEL : 02-2277-3324

E-mail : guhmok@guhmok.com







Remote sensing & Telepresence

New SpaceE £I$t

QIBQIA SHE Mu|A

£Eol ?=0] 2H3SLIC.

91N BRIAIAH JHLE AT

1995 AEof2 =X 28 2= Al
8 XA AE, 2|d FAABA 200 M X[EH L 2 HESHH
& = )

SOLESat-01

A oy 3] o
SR JHSH= 2 | R4 24!
SN A IMIHLS Sof STl 4|, FE L

2878 HB5tuxt gLct.

=
n
T,
o
=

bt
b
-0

A
0Q
reora o9

It A

>
S

0

_|

4
N
0
e
A%

Specifications
o EITA| @ X7 25 P2}
Space Weather Sensor

CEL ST

: <6kg

13U

* UHF, S-band

11

Lu” Gl'ifﬁth i SPACEFLIG HJ." @ a.i. solutions

UNIVERSITY ascension

BIRIA - -G A

ol e
A 324

STEPCubelah-2

SEO|A HAI R Eo
STEP CubeLab-Il EMCH2tal STSLabOlA| F=1914 ZHCH2]
AIO R FHLFQI 6U X AHSIMRILICY,

Nk

Specifications
o EfTHA| : TDIZEAIZM 712t
LWIR 7toi[2
2 7|2t
EHQITX|B T ZH|(SADA)
HErY EfATX| T
T EYSIIHE
=i <6kg
16U
: UHF, S-band
114

[




KN\ | =28 2HPH heepukswre.kasi.re.krisnipe

Korea Astronomy & Space Science Institute

‘Plasmapause

/Field-aligned
currents

Pedersen
currents




euzowos e

— iy ey -

XEUICH [H82 = gl=0l AIA

KF-21 22 S JHEst| flet 22|19 =22 st

o
°
selo] 2 Hat L3S Hof Ci3tti=o| 5h=o

KF-21 HQS(Z=ZA Tt A|220|E)

LRI = SE @ LHH ol AlRfa} 0|2, St SRFMY0| RS0 ZLIC.

A RB BTN

KOREA AEROSPACE INDUSTRIES, LTD.

www.koreaaero.com | TEL 055-851-1000 | FAX 055-851-1004



T O AGAIAE =57

IE=2019]

SpaceEye-X

A Very High-resolution Satellite
0.5m & 18km @550km

-~ o g
Ground Systems -
Mission control systems and
Image receiving & processing systems

?solution Satellite
-
& 12km @600km

Nn* SATREC INITIATIVE

' SI www.satreci.com



- Best Partner for Satelllte Operatlons

(—r)0l0 I%ﬁ'.: 0431—"?'—31} HIHE %%‘é."—ll-'-r

o 1—2— II”M&'F:.“ -E-OF"I Total Solutlon Iil-h-

MNARYESS RS U S 201 7Het

O[0ISAL SIARIN X SPIXIAAIARIO St SEFOI HEMS 7|80 OFyx
SHE I HEHOE 2354 QU IELIZM FH|7} (0] USLICE

LESE, X QImat 1t ATEQ0] JHEMEX] HEH| Lt ME[AS MISSHEM Y8232 B

SLHHIE =2z 3 SHAIJEK] © 122E S HEN AHARNE i 2214Y



J S I / \ Vol. 1 No. 3 November 2021 https://www.jstna.org

ARTICLES

283 Proposal of Joint Planning Working Group for Development of Korean Space Telescopes
Jeong-Yeol Han, Woojin Park, Youra Jun, Jihun Ki1, Yunjong Kim, Seonghwan Choi, Young-Soo Kim, Ji-Hye Baek,

Bongkon Moon, Biho Jang, Jae—Woo Kim, Sungwook E. Hong, Youn Kil Jung, Soojong Pak, Soyoung Chung

302 A Study on the Method of Calculating the Launch Period of the Asteroid Exploration Mission
Bangyeop Kim, Dong-Young Rew

319 Launch Environment Test for Scale magNetospheric and lonospheric Plasma Experiment (SNIPE)

Engineering Qualification Model
Min-Ki Kim, Hae-Dong Kim, Won—-Sub Choi, Jin—Hyung Kim, KiDuck Kim, Ji-Seok Kim, Dong—Hyun Cho

337 Current Trends of the Synthetic Aperture Radar (SAR) Satellite Development and Future Strategy for

the High Resolution Wide Swath (HRWS) SAR Satellite Development
Ungdai Ko, Inho Seo, Juyoung Lee, Hyunjae Jeong

356 Possibility and Accuracy of Extracting Room Temperature Information from
Mid-Infrared Sensor Satellite Images
SeokWeon Choi, DooChun Seo, DongHan Lee

364 Analysis of Radio Frequency (RF) Characteristics and Effectiveness according to the

Number of Gores of Mesh Antenna
Jin—Hyuk Kim, Si—A Lee, Tae-Yong Park, Han-Sol Choi, Hongrae Kim, Bong—Geon Chae, Hyun—-Ung Oh

375 A Review of the Candidate Areas and Missions for Lunar Landing Sites based on
NASA Workshop & Overseas Landing Missions

Joohee Lee, Dong-Young Rew

Azt — — 9
i5 StRA = |5kS|
The Korean Space Science Society



	목차앞_최종본
	01 한정열 외_가제본
	02 김방엽 류동영_가제본
	03 김민기 외_가제본
	04 고웅대 외_가제본
	05 최석원 외_가제본
	06 김진혁 외_가제본
	JSTA 투고규정_배포기관_판권
	JSTA 광고파일(1-3)_화면용
	빈 페이지
	빈 페이지
	빈 페이지



