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Analysis of Reentry Prediction of CZ-5B Rocket Body

Jaedong Seong®, Okchul Jung, Youeyun Jung, Daewon Chung

Korea Aerospace Research Institute (KARI), Daejeon 34133, Korea

29

B =22 20214 20| 3= FRIRFMY|7 |ZHR-S(IADC, Inter-Agency Space Debris Coordination
Committee Reentry) AHEIQ EIAE ZHQIO] BA THAQ! E= 27 bBE YA MXIY AIE 0%
=4 LHES E&lotl U}, RF=X2 XY KIE2 SHIQ 2711t FA|, XAl CHet Fefst HEo| £
i, CH7 | 20| 22ty S22 FElet 00| (EL. =01 IADCOAlE T HHRIS D %=
O 712 247|501l tigt 452 ot UL, StESRFATEMAME 201552 0[0i| &o{stl
ULt 2 AR0ME SFEAVE XSS AEE OIS0k ol Bl 2X3E 7|HE MRS,

ol BA CHAOl MTIY AEE KIEEH 2, AN MR A of 73x0| RXI0IE E0i0i

o| ML 2 SOIFILY,

C]

[e]]
pox
= o

o2

-

O|E &
Hotst 7|
Abstract

This paper represents a reentry time prediction analysis of CZ-5B rocket-body in China, subject to analysis
of the Inter-Agency Space Debris Coordination Committee Reentry (IADC) reentry test campaign
conducted in May 2021. Predicting the reentry of space objects is difficult to accurately predict due to the
lack of accurate physical information about target, and uncertainty in atmospheric density. Therefore, IADC
conducts annual re—entry campaigns to verify analysis techniques by each agency, and the Korea
Aerospace Research Institute has also participated in them since 2015. Ballistic coefficient estimation
method proposed to predict target reentry time and the result confirmed the difference of 73 seconds,

which confirms the accuracy of the proposed method.

Aol ¢ ST, SAIRRIA, ARY B, HEAR, A7 2 919

Keywords : space debris, space situational awareness, reentry prediction analysis,
ballistic coefficient, Inter-Agency Space Debris Coordination Committee
Reentry (IADC)

1. NE

Celestak®] SATCAT(SATellite CATalog)oll W2 dA7EA] HeAdol LAlE o]%
712 ARYAY FEAE 522 Hold EAIQ =
AT 712 ARGk AH= EAolcH1]. 27171 22 EAlES

A
= 25,5000 o], o] % TjREL
o712 ARG £

https://lwww.jstna.org | 149


https://crossmark.crossref.org/dialog/?doi=10.52912/jsta.2021.1.2.149&domain=pdf&date_stamp=2021-8-31

Y 6Bz LA O MY AIF 0F 24M

150 | https://doi.org/10.52912/jsta.1.2.149

SE|AY AZF=X]9E 2,000 kg o1l HFEAQ] 85 10%-40%7F AEsto] AFo = Yot
skar QITH2l. EA7IA] o] AR 2= sl Yststo] HshE obrohA] i 3o
U, IATA 954(1978), A710134(1979), FER2 LARA|(1993), DER2 AR A= (1996),
AHO|AME(2003) T AA AVl Holet A e 5] EARTH3-11]. SAF R Ao
ER] 22 2,000 kg o] EAl= 1590l 1714 AzIdskaL Sl

0|9} Z-& Aol A A F2AH 7 Z A YLI(ADC, Inter-Agency Space Debris Coor-
dination Committee)= 1997 S84 XY BZHole 4 Aol I Uk A

Sl 1998 E FY9RT FHo ANY A4 oS AL Y 1-28] st
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Al & et JHo| BA| 5o= FUst FAo] ofFrt olF EH&sy] St A0l A=
7HA] EstA] A= T Ut Anilkumars T2 TLE(Two Line Element) T|o|EE o]&
sto] A=AEE Aoty ZVHEEE Agoto] ARY S-S FsIATHI2]. Pardinie=
ANRY Ao vt ti7|de Heks 2-8sto] ti7|d: H49] vfg=E AL, o
o IADC F=RloA 7Fg & g di7|de Hes =&5she A5
Yurasove H7|8% A4 282 B9l XY B4 BEEE =0l
1007 o1ge] 22 TLE HOJHE ol-&sto] th7|de A-E 24T F Al=2d E dS5S
olal, 71 tiH] e S FRIsHTHIAL 1 2ol Dodin[16k ©]&4 greAl4=e
A A, Reyhanoglull7hk= ARG =419 #F Al =hHo] Yot 3, Pardinill8l=
USA-193&= AR A& AT 5= 22 33t vt

{12}k Zo] HiAlo] XY A2 Y al&2 {Isl et AF=0] THEIUL, A&
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S, AR EAY] et A4 F @A, A AJHO] B 59 1o ofHs] L
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TAAR] Aok S AL 80 kel ek A HISHE AU Ade-entry
time)o] s, AAHERS] otAHolt FEAREE SJulaks A otk UuHHOR T 8O
km Q12204 1Y) 249 £ho] o]RolA R HE o] THAA 3, T 80 km
E QO RN APYFOR S kmo] REMSIE HK7] dhio] Mt AL ARE
2 Ags7] ofF7] Wolct.

olo] 2 AToIAL HAIst ATEE HB5te] HEASE S o2 o] §3le] 42l

A AlelSe s¥she dEre A8l g dEre 24 V1€ gRPE Zeard A4,

SeAl 229 A ‘?J]EX*HH 3K GAR s 5
B WA, 7% AR Zrakd YYoibe dA7A] S5t ARl EA|9] B TLE Ho]

Elo|A] ZFZte] 7] Adof| SfFshe YRS &3t o1= FEA = (osculating orbit) FEIE
HLo] Ay ARE SSskt A9k4 o7 TLE Hlojg 9] $AkE by Tawels
“Johe AN AE7F AAE

Fig. 12 78 5B IAAS] g7 Zaude yehdt. TLE Hol87} 734l w2t
ARt7go] Ha; Rolxn, AHY Aol 7HESE FA5H &7t Woldle S
At

U Sl AE A T2yt 7P & v BEASRE 2 Aotk SRR
= A|4=(BC, Ballistic Coefficienti= FEAGCy), FHHM), FHA(A)2] T2 =Tt

BC=— o))

Lo AL FRE ol §3le] BEASE AN 5 glork, AAY A olE FAIS A
2A19] e, DRI % BAL A DS L 5 Q] BEA] B BAolE Hast &
TeIZES HEstol PA BT i LEshst g W e HASE FASIG. Fig
28 S5 Halo] AEARE AAY A Aol A G AT 5 ek o714 Lt
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Fig. 1. Semi—-major axis profile of CZ-5B rocket body using TLE(Two Line Element) data.
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Fig. 2. Semi—major axis using non-optimized and optimized BC(Ballistic Coefficient) values

(Prediction time = 2 May 2021 16:00:02.344; Actual Re—entry time = 9 May 2021 02:14:00).

S A 4(Non-Optimized BOY= 378 A A 2419 AHE 7I¥He 2 ARt Zolch

2 25} oA AR LarefE(Pattern Searching Method)= ©]-8-8HtH19].
HRAAMA] FaE)Ee F2AE darelF(Heuristic Algorithm)o] §F FF2A 012 5]
Al 79l 7|eksto] A9 s Algshe Wl 1 E(grid = B A1 o]
BAZ1AL Go|AY F94 229 S5 HMck=s o E 3R] FEAE darEEe]
H|g} H| A FAF o] A2 FAof|A BA o= SiE HAT &= glor, 2 Aok
o WPl S ARk BASE] wiEo] sig FarefEo] Adsirtal wskint. sf
11FE A-8-S 95 MATLABS] Global Optimization ToolboxE AR5

Table 13} 2= AZ=ASE SRt A dat HelA ] FarelEe] XS 242 it

Y

Table 1. Orbit perturbation model

Perturbation Option Value
Central body gravity Gravity model EGM2008
Max. degree 100
Max. order 100
Tides Solid full tide, Ocean tide
Drag Model NRLMSISE 2000
Flux/Ap File SpaceWeather-All-v1.2.txt
Geomagnetic update Every 3 hours with interpolation
Solar radiation pressure Model Spherical
Shadow model Dual cone
Third-body gravity Sun & Moon JPL DE421
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Table 2. PSM(Pattern Searching Method) properties

Properties Value Properties Value
Polling method GPS Positive Basis 2N Grid contraction factor 0.5
Complete poll False Grid expansion factor 2
Max. iterations 100 Grid size tolerance 1.0E-06
Initial grid size 1 Solution tolerance 1.0E-06

WA R Farzjgoe] deje] g=AE Agshd TLE vlol8g 7kt 7 231E TLE
glolEolA A=EHlolEE AFsHL, olE HEHA=E Wity HelE A=t Agd g
A ol83ste] 7FE FH4l TLE Hlolge] 717 A=dllES 35, Axdls 23%
Z e AR iRt ARES b ARt 71 AgRd ) vttt

4 2 HAE AT A= e YEH, Alkdls 5 g ﬂ(a,,l)ﬂ 71E
WH3(ar, )2 et A Haspeles FAE oISttt ’6H Ao M =Estalat sk Al
o4 T Aot

0

N
1
Frnin = N Zlan ~ap, Q)
i=1

N2 A7 m2utls vhs o] ARSE TLE Hlojgo] =5 oju|gict. Auby Taut] A3
goll W2 9] TLE HlolHE #-8sl 2#=H TLE dlolee] 93 &Y & o, A
Q) EAlY] B4 17t RoldSE F23] 1k spFEo| AA7] wiidl| ojet T2 54
< Eoks o gk FEo] Qlok whEhi] AR AEAS] S/l wt st TLE d
ole £& 12{ok= Zlo] Yasit.,

FHsl7t B 235} oA Lold HF BEAGE -85kl EA 11%7F 80 km
o == Q7] A=dES st QY ARS diS3ith o] oA E Table 29|
Aernds FYotA 283ttt

o]% A7to] Z&] AjZ-2 TLE tlojelEo] viREH oj4fe] FAlg FUsHA whEst=, &
whg 2k Aojel Y A7 913t TLE HlolEE 40 R F=&0}o]
Agstct Aebd mRurl AL 98 1020712 TLE HlolElE ARgslat], o= XY
tidoll it Aldet E447] Ak, TLE vlolel9] vjxzs7], E4|9] A% 52 1Lefsta] 274s)
of gttt Aty maubd S 3] B2 TLE Hioj8E 283 739, @35 TLE o]
B9 e Y & AU T ALY Aol 7HE o UrEM% F43 1% s}t 55
aEsl7] ol2le wdo] EAgitt. ofFel WiRE= TLES 4 EE 27 WelYs eis
H 102071l TLE Hlo|BHE AM&Sh= A 5-100] et tiMEi% ZE5h= A 9ufsiH,
159 AR AAHS SohHA A2 FHA SHJolth
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New TLE data
|
Add 1
Select BC by PSM [
TLE data group 1
(All past TLE data)
Orbit propagation using selected BC
Semi-major axis profile generation Obtain semi-major axis w.r.t time
R —— N ; |
i BC optimization by PSM 1 - Compute the error from
[ _l______________| semi-major axis profile
Orbit prediction using optimized BC No
(Altitude < 80 km) Stopping condition met?

Fig. 3. Flowchart for re—entry time prediction.

3. Y 6Bz AMXIS] MTIY AIE o= 24

20219% 22+ IADC AXY 24 57190 A4 5BE A= 20219 4¥ 299 F= sto]
o] e Aol A Bl AR BES Yol WAL S5 WA 7€ ot
n]7h et A 55 WARAS] PO R WAL & 1% 170 km x 370 km A&l EAZh
Fig. 4= 37 5B TAMAY] @45 Hojw, Aol gt theF4Ql HE= HH] 5 m, &£0]
33.2 m, A 18EC] o2& AdH FH | HFEAZA 19909 olF 7P & 7EY
HAlo] Az ARo]e}.

Fig. 4. CZ-5B Rocket Body [20].
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Table 3& AKX &40 gt SFA FEE Uehdch AL A9 5E HRAY7HA] &
4271191 TLE Hlo&j7}F siZH A1, 4R Aoy 7], J/4 Alde A= dreAs At

z27 9 271270& 3 sielth

uj= AR ZZHAME (CSpOC, Combined Space Operations Center)ol|A] Bl E35H= TLE
HolE[21]F ol-&ste] 5¢ 5YFE o 1247 7HE 02 59 8 214174 F 639 AXIY
A Yo, ZF 24 Al ARESE TLE HlolH, 4 23 Z&d XY A1, ZhedAIzk
thH] QAHIH A= Table 49 Ath. 7+ B4 gele & ARHd T2 g4 2
2F AzdZo] AHeE= 27 FEES 93t TLE Tlolg7t X419 HolHR A==
Aot} EA42xof tigt At Al 4] ()} 2ol AT 5= U trep= A XU Al
A, t= ARG alF 2, t,= A5Z T AE 47 orljith

= w x 100 3)

T trer — by

RL l
Lo GRH0R Q1% t/IATe] RIS Tefstel A Mankel Ao Ao TIE
5 2 stk

% 63]9] B4 A}, BeALE 100.5102 kg/m™IA 106.5602 keg/m*7HA] WERGERL, A
Y Al-o] trhgo] wet AHhy mRundyt HA geALsg J83 Aednte] et
A2t 71k B & 4 Utk ol AT B4 o R AR AxdS 1Y
I} AA] B HlolE <l TLE Hlo]E2e] Afol7t HAt F7tok= Z 0= i 4= Slrt. A%

Table 3. Properties for re—entry time prediction

Value
Prediction period (UTC) 05 May 2021 13:48:22 — 08 May 2021 23:39:59
Actual re—entry time (UTC) 09 May 2021 02:14:00
BC constraint (kg/m?) 49.2881 < BC<416.9079
Initial BC (kg/m?) 102.2727
Number of TLE data 42

Table 4. Properties for re—entry time prediction(Actual re—entry time: 09 May 2021 02:14:00 UTC)

TLE epoch time (UTC) BC (kg/m?) Fitness value Re-entry time (UTC) Relative error (%)

1 05 May 2021 13:48:22 106.3385 0.0406 08 May 2021 19:48:14 7.62
2 06 May 2021 11:59:10  106.5602 0.05640 08 May 2021 22:32:48 5.92
3 07 May 2021 08:37:57 105.5856 0.0610 09 May 2021 00:26:57 4.29
4 07 May 2021 18:55:50 101.5300 0.0687 09 May 2021 02:30:51 0.90
5 08 May 2021 04:00:47 100.5102 0.1218 09 May 2021 02:41:47 2.08
6 08 May 2021 20:34:12  102.9402 0.1328 09 May 2021 02:15:13 0.36
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T2 oe] =g ofu|ehs ATieAre] A9 H4 B4 Al 7.62%0014 HA; Aaste] mhA]
g B0l A= 0.36%E WEREaL, A xte] -9 1.219] Alolg HojFro] XY o 3
#2lof Zofgh o7l 713e] Wk @A1R1 80% ] At ATHE =& SRlsHth

ARG EAS] B4R 271H%, vi2== TLE Hlol8 9] ¥k, F7]of wet UrE}Ur% A
A A& e4k= 22 5= 71l @_qw 71329 A4 Ysto] Ao 43
kel Het g 7)3e] Al A vuE Bofl Akt A7) 5 TReohe A
o] Aot wetEw, oj2fgh SHA 2 ?i%oﬂfﬂ ARkt 71H2 o7l 713 5 7P S
gt AdtolH, Bt QS 1 FE wol = <=3t AIE HofFgir

Fig. 5+ AXY HH|R10] Feigt 97} 7] XHXJ?J 4 AnE EAA7o) wet vehd
Aotk ZHQl AIZAIER] 59 59 Qlollxl= ATES] BVt AiE o R WA vehdth
7F R 718 A EE ] 7139 B AR Aldo] duteiizte] whet FHAt = o]

JI
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Fig. 5. International comparison campaign for re—entry time prediction.
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Abstract

The Solar and Space Environment Division of the Korean Space Science Society investigated the use and
possession of ground and satellite observations and models of solar and planetary data operated by
domestic research institutes and universities. Based on the findings, we would like to introduce
observational instruments, data, and models in solar and interplanetary fields in this paper to improve
understanding and use of each data and explore opportunities for interdisciplinary research. The ground
and satellite observations, which require a lot of investment, were mainly held by research institutes
(National Meteorological Satellite Center, Polar Research Institute, Korean Space Weather, Korea
Astronomy and Space Science Institute and KAIST Satellite Research Institute), and model development
was overwhelmingly carried out at Kyung Hee University. In solar and interplanetary fields, we introduce
Fast Imaging Solar Spectrograph (FISS), neutron monitors, and the analysis models [for the Solar Dynamics

Observatory/Atmospheric Imaging Assembly (SDO/AIA) and Hinode/X-Ray Telescope (XRT) obser-
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vations] in nonequilibrium ionization state as representatives. Survey on solar and interplanetary fields can
be downloaded from the website of the Korean Space Science Society (http://ksss.or.kr/). The paper
makes know the importance of long—term and continuous management of space science-related
materials, and hopes to contribute to enhancing the status of domestic space science data by utilizing

locally produced data by various personnel participating in space science research.

Sgo] : Aesete], 9514, Y, YT
Keywords : The Korean Space Science Society (KSSS), space weather, sun, interplanetary
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Fig. 1. Current status of solar and interplanetary data by related institutions.
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Table 1. Current status of modellings for solar and interplanetary field

Model Institute Classification Condition
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Model Institute Classification Condition
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Table 2. Current status of satellites for solar and interplanetary field

Satellite Institute Condition
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Table 3. Current status of ground instruments for solar and interplanetary field

Instrument Institute Condition
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6562.817 A

Fig. 2. Sunspot and light bridge observed by FISS on June 6 2014. Raster image at the
wavelength of = 4.0, - 0.5, = 0.2, 0, 0.2, and 0.5 A from the center of absorption line by
scanning 26” x 41” field of view (Courtesy of Juhyung Kang).
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Fig. 3. Jang Bogo and Daejeon Neutron Monitors registered in NMDB.
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Fig. 4. Jang Bogo Neutron Monitor (Right building is Space Weather Observatory, Courtesy
of Jongil Jung).
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Fig. 5. Comparison of initial data between Jang Bogo (Courtesy of Roger Pyle).
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The Solar Space Environment Division of the Korean Society of Space Science (KSSS) has recently
conducted a survey among the domestic researchers affiliated with academia, national research institutes,
and for—profit institutes of how the data and models in their professional research field are produced,
maintained, and utilized. The primary purpose of this survey is to increase the awareness and utilization of
the space environment data and models as well as to promote constructive collaborations among the
domestic and international researchers. The models and data surveyed are categorized into three sub-
fields: the solar and interplanetary space, the (terrestrial) magnetosphere, and the ionosphere and upper
atmosphere. The present paper reports the survey results in the “Magnetosphere” category. The survey

shows that the domestically produced data in this category are far less than the data produced in other
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categories. This can be understood in part as follows: Magnetospheric research relies heavily on the in—situ

observations but the development and operation of space-hardened satellites require a significant
investment. Nevertheless, the recent publications show an increasing trend of research using the data
from the ground stations and the recently launched domestic space missions. In the modeling front, there
are first—principles physics models covering from the magnetospheric scale to the sub-ion scale and the
models geared towards the space weather prediction. The detailed survey results can be accessed from
the KSSS website (http://ksss.or.kr/).

Aol : POFIBLD] HOFSFA AR, SFIA, A1, B, 94, 2
Keywords : Korean Society of Space Science (KSSS), space weather, magnetosphere,

instruments, spacecraft, models
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Fig. 1. Current status of magnetosphere models and /n-s/tu observation by universities and

institutions.
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Table 1. Current status of magnetosphere models in Korea

Model Institute Classification Condition
Hybrid Simulation Code ds|tistul /S e X D =
3D MHD(magnetohydrodynamic) o .
Zs|tfstn X 2 HF
Wave Model
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MEHTH ESNEEL=] =K
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PIC Simulation Code SHEy X 24 7

3D Global MHD Simulation Code ZE0stY x| 2Y =
Particle and Wave Prediction Model _ B )

S=0ey =X 2 =R

in Radiation Belt
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Fig. 2. KREAM usage example. Provided by Hwang, J. in KASI with permission. KREAM,

Korean Radiation Exposure Assessment Model.
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Fig. 3. Example of wave distribution prediction model in Earth’s magnetosphere. Provided

by Kim, K. C. in Chungbuk National University with permission.
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Table 2. Current status of satellite data in magnetosphere

Satellite Institute Classification Condition
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Fig. 4. RBSP-A satellite observations showing chorus wave (top), EMIC wave (second), the

directional flux of 1,079 keV electrons (third), and temporal snapshots of directional fluxes of

electrons at two energies (bottom). Adapted from Lee et al. [2] with permission of Journal of

the Korean Physical Society.
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Fig. 5. MMS satellite observation data. Provided by Kim, H. E. in KyungHee University with

permission.
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Fig. 6. RBSP-B satellite proton data from L2 (up) and L3 PAD (pitch angle distribution)

(bottom). Provided by Lee, J. H. in KyungHee University with permission.
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Fig. 7. Magnetic field and current density by Cheolloan 2A satellite from National

Meteorological Statellite Center of Korea Meteorological Administration.
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Table 3. Current status of holding data from ground based observe in the magnetosphere

Instrument Institute Classification Condition
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al. [14] with CC-BY-NC.
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Abstract

In 2020, the solar and space environment division at the Korea Space Science Society surveyed the status
of data archives in solar physics, magnetosphere, and ionosphere/upper atmosphere in Korea to promote
broader utilization of the data and research collaboration. The survey includes ground- and satellite-based
instruments and developing models by research institutes and universities in Korea. Based on the survey
results, this study reports the status of the ground-based instruments, data products in the ionosphere
and upper atmosphere, and documentation of them. The ground-based instruments operated by the
Korea Polar Research Institute and Korea Astronomy and Space Science Institute include ionosonde,

Fabry-Perot interferometer in Arctic Dasan stations, Antarctic King Sejong/Jang Bogo stations, and an all-
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sky camera, VHF radar in Korea. We also provide information on total electron content and scintillation
observations derived from the Global Navigation Satellite System (GNSS) station networks in Korea. All data
are available via the webpage, FTP, or by request. Information on ionospheric data and models is available
at http://ksss.or.kr. We hope that this report will increase data accessibility and encourage the research
community to engage in the establishment of a new Space Science Data Ecosystem, which supports
archiving, searching, analyzing, and sharing the data with diverse communities, including educators,

industries, and the public as wells as the research scientist.

g4lo] : A, 137, 584, A B, Hlold A
Keywords : ionosphere, upper atmosphere, space weather, ground observations, data
ecosystem
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Table 1. The list of ground—based observations of the ionosphere and upper atmosphere

managed by Korean institutes and universities

Instrument Institute Location Data Period
orof 1973.04 - 2009.07
0| = =EHmAT 01 2010.06 — 241
HiZ= 2009.01 — Xy
0|2 ZH|(JVD) SX|HAA 2 RIS || 2017.01 - &ixy
2 X sk K| 2014.03 - ix4
32 NE1FE K| 2017.02 - &xy
HE2-H2 7HA N
=N NN 2015.10 - &y
AQH 7|2LE 2016.10 — Sx4
T2t
XA [ N1 L = DA 2018.03 — &ixi
(2z2
IX|ETA SNBSS K] 2008.06 — 24X
T2t
= AT |X| 2016.12 - &ixy
(CH71%) ShEMEATH
EHSARZIH 2008.04 — &ixy
=[P EEPNENIEIZIMN 2007.03 — 241
s4g0|H
SIZHSTY S A 2017.10 — =X
VHF 20| A=A S ASH 2009.12 - Sixy
23 CpAlsk | K| 2015.08 - &4xy
SXATA
43 NSIE|K| 2015.03 — &xy
SEMROITY 3 YIS |X| 2015.12 - 2iX
GNSS HSMHE 2020.11 — XY
AEIBO|A 217 ERRHKVNEZLY 2021.07 - 2iXf
ST 38 25 2013.09 - =i
CHA 2013.08 — X
O™, M= 2011.11 — 24Xy
2X|o1A[28] =3 MUK 2016.12 - 24X
KA MRIZY)
N U2 S| K| 2018.01 - &ixy
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Jang Bogo Vertical Incidence Pulsed Ionospheric Radar JBSON
DYMASONDE TONOGRAM  2017-12-02 (DoY 338) O5:I0:12 UT (16:36:00 LST)
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Fig. 1. An example of the lonogram derived from the Dynasonde analysis procedure. (Top)
Recognized echoes marked with color and number, electron density profile presented by red
solid line, and ionospheric tilt (red: zonal, blue: meridional) inside inner box. (Bottom) Echo’s

line—of-sight velocity and horizontal location.
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Fig. 2. Local time variations of monthly averaged ionospheric parameters in March 2018. (a)

electron density profile, (b) F-region horizontal plasma velocity, (c) west-east and (d) south-

north tilt angles of the ionospheric layers.
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Fig. 3. A general configuration of the narrow—field FPI observation and sample fringe images
from it. (a) Schematic of FPI observation geometry. The height of airglow emission layer is
only for 630 nm emission. (b) 2-dimensional sky image including several fringe patterns. (c)
632.8 nm HeNe calibration laser image for providing instrument parameters. FPI, Fabry—Perot

Interferometer.
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Fig. 4. Monthly averaged of hour-mean ion velocity from the JVD (red arrow) and neutral wind
from the FPI (blue arrow) for four months (May—-August) in 2017. Adapted from Ham et al.
[20] with CC-BY-NC. FPI, Fabry—Perot Interferometer. JVD, Jang Bogo Vertical Incidence

Pulsed lonospheric Radar Dynasonde.
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wave), °]'54 A& T #Htravelling ionospheric disturbance, TID)¥} 22 Z&]d/11E0)
719] ngk ol ohE AY s Aok 5835 WS ARE AlSRit EAT
A2 tiels o] A/ SH7] we 2 o @42 Astr] s 2008 3ERH
HAL Aol Ad7iers dAlste] #5 AuE Batelal ot E3 vl SAFA
e}t 3= ATt FE 2R NS MRS 201649 1295 E= FHISH|
A SF7VIRS SO AAsl] &9 Folth. HEAHEY Advies 6-ZX A gH &,
Princeton Pixis 1024B CCD 7t} Z1&]3r 2719 e HE|(OI 557.7 nm and OI 630.0
nm)E IR 2314(/0.95) 3913 MH7HEtolt. e AR ISR o X5 MKt
Hgk= 8-EXA " &, Princeton Pixis 512F CCD 7h2h, 8] 4719] Foie HE)(OI
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ZiH|2tolt}. Fig. 5% HAARAEH 157 B Agoldof A5t MH7H=t Bgola,
Fig. 62 OI 557.7 nm¥} OI 630.0 nm T JAtolch

s

Fig. 6. Examples of all-sky camera observations in Bohyunsan Observatory. (left) Ol 557.7 nm

(right) O1 630.0 nm.
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2.4 VHF H2|3 Zo|g] / |4 golH
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Fig. 7. Daejeon VHF ionospheric radar (left) Yagi antenna array of VHF radar (right) The

geometry of the observation. Horizontal curves represent the loci where the ray path is

perpendicular to the geomagnetic field at E- and F-region altitudes. A small solid circle
indicates the location of the VHF radar. Adapted from Kwak et al. [21] with CC-BY-NC. VHF,
Very High Frequency.
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Fig. 8. Range—time variation of (a) signal-to—noise (SNR), (b) Doppler velocity, and (c) spectral
width of the E- and F-region irregularities observed by the Daejeon VHF ionospheric radar.
Adapted from Yang et al. [22,23] with CC-BY-NC.
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gt AT of F2 v, =59 &=, T18a AHEY F AAjo]tt,

20179 10¥oll= 719 VHF A2 Fole] FXJof f-deloly Qrelut vid(1719] $41
QreElUel 5719 AIRMEWS: 712 AR, ES3 FE, 181 fA4E I5 % REE
184 Wzo} 7h 4=t Qltt. fd8lolt|(Enhanced Meteor Detection Radar, EMDR)
QL ui g2 7129 VHF Ag]¥ #HlolH9] Transmitter?t Transceiver 52 8 H&&
FHoHH, AT 2FH7]o] Fhste] B loiAle fAdES 15T 5 e Aotk A4S
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Fig. 9. Daejeon VHF meteor radar (left) antenna array (right) location of receiving antenna.

VHF, Very High Frequency.

Height — Events: 6980

Fig. 10. Meteor detection report (top) sky maps, (bottom) meteor counts and horizontal wind velocity.
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419] Sky map SllAle]ch. Fig. 10 3Fgt 922 1% A7t ol ¥l Ao uE 84 55
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2.5 GNSS &=

GNSS= of2] tho] g3 /dollA] SAloke ASE Hol AR8ARe] fIX|9} A1z HdsA
AAsh= A|AEl0 R ul=9] GPS, #Aoke] GLONASS, 88| Galileo, $=+9] Beidou
50] Utk GNSS AT L di9(GPS 7% L1: 1,575.43 MHz®} 12: 1,227.60 MHzZ ARE)
Hksalo] Alof G HAIXE ALSH=t], GNSS $417]%= o] A &S o} ALgR1e} 94 A
o]9] A& AWletal, o|F HIF O R AREAR] QA& 4%t GNSSe AHEA 7t ARl
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Fig. 11. Two-dimensional maps of the rate of TEC derived from GPS/GLONASS observations
in Korea. Courtesy of Byung—Kyu Choi. TEC, Total Electron Content. GPS, Global Positioning
System.
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Fig. 12. Bohyunsan GNSS scintillation station (left) GNSS antenna tower. (right) GNSS
scintillation observation on 11 July, 2021. Courtesy of Junseok Hong. GNSS, Global Navigation
Satellite System.
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Basic Lunar Topography and Geology for Space Scientists
Yong Ha Kim'", Sung Hi Choi!, Yongjae Yu!, Kyeong Ja Kim?
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Daejeon 34134, Korea
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), 10CH HICHEIS| HICE, 20| HiLY, 10| HiLY, Z239| BT}, 29| HiCf, f{te| BTt S719| Bt

C}, QIAQ| HITH, &719| HICH 59| HILY), 6t S=7UEIZ, ZHELTA, #HE2], OIZ|AEIRA, AH|
HISA, HOHRA)E MRS 29| X2 I1(highland), HiEKmaria), A1%(mountains), S&7
(crater), &2 =/Z(ille, rima), XI7tCH(graben), S(dome), 2USZ(ava tube), FT= M

}._g_%l— A

-

o
(wrinkle ridge), Z&(trench), EH(rupes), 12|17 &9 HH & st 22 H[otel

Cf. Eat, Zo| Lig 71X B DU CEE 242 AVFGIHCE Ximol K AIGREe w7 stdat o
APS SUUAE 0|83t MO ZHS 7IEOR Si It HEMOI Zo| XA AL T2 !

=7 NS 7|0 F M-HIER2|A 7|(Pre-Nectarian), HER2|A 7|(Nectarian), 222& 7|(Imbrian),
OIZtEANIA 7|(Erathostenesian), ZHZELFA 7|(Copemican)2 LEELCE OX[EO2 QI7to| &f &8
Ol =71HR1 AV PPt Hl= 229l 2 B 2 U740 Oist LIES HeoIRieH, oF SR EAREGTH
27

OlA] 7HE B AHF| &X|Q] THEE ATHGIICH.
Abstract

Upon the human exploration era of the Moon, this paper introduces lunar topography and geologic
fundamentals to space scientists. The origin of scientific terminology for the lunar topography was briefly
summarized, and the extension of the current Korean terminology is suggested. Specifically, we suggest
the most representative lunar topography that are useful to laymen as 1 ocean (Oceanus Procellarum), 10
maria (Mare Imbrium, Mare Serenitatis, Mare Tranuillitatis, Mare Nectaris, Mare Fecundatis, Mare Crisium,
Mare Vaporium, Mare Cognitum, Mare Humorum, Mare Nubium), 6 great craters (Tyco, Copernicus,
Kepler, Aristachus, Stebinus, Langrenus). We also suggest Korean terms for highland, maria, mountains,
crater, rille, rima, graben, dome, lava tube, wrinkle ridge, trench, rupes, and regolith. In addition, we
introduce the standard model for the lunar interior and typical rocks. According to the standard model on

the basis of historical impact events, the lunar geological eras are classified as Pre—Nectarian, Nectarian,
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Imbrian, Erathostenesian, and Copernican in chronologic order. Finally, we summarize the latest discovery
records on the water on the Moon, and introduce the concept of water extraction from the lunar soil, which

is to be developed by the Korea Institute of Geoscience and Mineral Resources (KIGAM).

FHol : &, AY, A, @ HiH, FEF, g9 2

Keywords : moon, topography, geology, lunar maria, impact crater, lunar water
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Fig. 1. Moon by naked eyes with “Rabbit and barrel”
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Fig. 2. Korean terms for 1 ocean, 10 maria, and 6 great craters.
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Tacitus, Taruntius 5)&, H& o= 34 99 A=, v29] vV, VI, VI, VI +
dolli= B 18 IMNEY B Fofsiitt ol HA FoloA= FAI AATe =
JRYE JBES FAIsH gt eglo] Helok E35] VI 9] = tE S50l ZH=
Yaa, AED, 28929 o5 Fofgt o] VA o|th. o]Fof gl X0 thsf 74
Ql o] Foj=Ed=], 17919 529] Johann Schroter”t W7t Selenotopografisches

Table 1. Korean Terms for Oceanus and Maria (https://ko.wikipedia.org/wiki/)

0I5 2t 015 Sk a3k WE ()
£330 Y Oceanus Procellarum 18.4°N 57.4°W 2,568
=2|9| HiCt Mare Frigoris 56.0°N 1.4°E 1,596
H|2| HiCt Mare Imbrium 32.8°N 15.6°W 1,123
SL29| Hitt Mare Fecunditatis 7.8°S 51.3°E 909
Q9| Hitt Mare Tranquillitatis 8.5°N 31.4°E 873
TE9 it} Mare Nubium 21.3°S 16.6°W 715
29| HiC} Mare Serenitatis 28.0°N 17.5°E 707
=%20| HiCt Mare Australe 38.9°S 93.0°E 603
9| HICt Mare Insularum 7.5°N 30.9°W 513
GIHO| HICH Mare Marginis 13.3°N 86.1°E 420
$tef Hict Mare Crisium 17.0°N 59.1°E 418
5719 Hict Mare Humorum 24.4°S 38.6°W 389
QIA|9] HiC} Mare Cognitum 10.0°S 23.1°W 376
AD[AQ| HIC} Mare Smythii 1.3°N 87.5°E 373
ZE2F9| HIC Mare Nectaris 15.2°S 35.5°E 333
=29 it Mare Orientale 19.4°S 92.8°W 327
Klsi|e B Mare Ingenii 33.7°S 163.5°E 318
BATHO[ B} Mare Moscoviense 27.3N 147 .9°E 277
S=EQ| HiT} Mare Humboldtianum 56.8°N 81.5°E 273
=7|9| HiCt Mare Vaporum 13.3°N 3.6°E 245
I of HiCE Mare Undarum 6.8°N 68.4°E 243
gH Ol HCt Mare Anguis 22.6°N 67.7°E 150
HE9| HIT} Mare Spumans 1.1°N 65.1°E 139
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Table 2. Korean Terms for Lacus (https://ko.wikipedia.org/wiki/)

0I5 2fEl0f 01 A= ak XiE(km)
S|Yo| S Lacus Spei 43.0°N 65.0°E 80
HRO| T4 Lacus Odii 19.0°N 7.0°E 70
RO S Lacus Felicitatis 19.0°N 5.0°E 90
EfEol 54 Lacus Excellentiae 35.4°S 44.0°W 184
ZIEe 5 Lacus Lenitatis 14.0°N 12.0°E 80
=39 & Lacus Mortis 45.0°N 27.2°E 151
Qliel 34 Lacus Perseverantiae 8.0°N 62.0°E 70
HE2Q &= Lacus Aestatis 15.0°S 69.0°W 90
Ao &4 Lacus Temporis 45.9°N 58.4°E 117
£29 & Lacus Doloris 17.1°N 9.0°E 110
MO o Lacus Bonitatis 23.2°N 43.7°E 92
A9 sS4 Lacus Luxuriae 19.0°N 176.0°E 50
29 s Lacus Veris 16.5°S 86.1°W 396
W20 S Lacus Oblivionis 21.0°S 168.0°W 50
FH29 3 Lacus Timoris 38.8°S 27.3°W 17
=9 5 Lacus Somniorum 38.0°N 29.2°E 384
7189 3 Lacus Gaudii 16.2°N 12.6°E 113
1=9 5 Lacus Solitudinis 27.8°S 104.3°E 139
Ag9 55 Lacus Hiemalis 15.0°N 14.0°E 50
2ol & Lacus Autumni 9.9°S 83.9°W 183
Table 3. Korean Terms for Sinus (https://ko.wikipedia.org/wiki/)
oIS 2tE 0I5 Sk 3k XIEkm)

ZEQ| ot Sinus Asperitatis 3.8°S 27.4°E 206
gL=9 gt Sinus Lunicus 31.8°N 1.4°W 126
FAPHel 2t Sinus Iridum 44.1°N 31.5°W 236
Ta9 o Sinus Fidei 18.0°N 2.0°E 70
Arel gt Sinus Amoris 18.1°N 39.1°E 130
g9 Tt Sinus Successus 0.9°N 59.0°E 132
2809 B Sinus Aestuum 10.9°N 8.8°W 290
0|59 o Sinus Roris 54.0°N 56.6°W 202
Z3t9| o Sinus Concordiae 10.8°N 43.2°E 142
=g o Sinus Honoris 11.7°N 18.1°E 109
SYo| o Sinus Medii 2.4°N 1.7°E 335
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Table 4. Korean Terms for Palus (https://ko.wikipedia.org/wiki/)

0|5 2tH0] 0| A 4 XIEkm)
2E|9| & Palus Putredinis 26.5°N 0.4°E 161
+Ho| = Palus Somni 14.1°N 45.0°E 143
Mol = Palus Epidemiarum 32.0°S 28.2°W 286

Fragmenten©| tiEZ o]t} o] #Mo| Riccioli®] BAES U AMRIO X =24 HEO
2 ZERA 1, 19358 ZAHEAY(International Astronomical Union)°] 6009 74
9] Riccioli®] HHES Aeioto] FAISHE| . FAEAR-S 1960¢thol] A% =40
o3 & HHQ A|Fo] AZLo=E ISEHUA, F= Q10| H 479 5xle} dIxyoio] o]
= A9 A Fofsiairt. A= ke WAEE 29 AP tsf =AEAES 1L
lo] H SF—AF SRR o5& Fojstal it

29| Yol gol APolEoe] B, 53] iy F&19 olge] BF FHolgke A
0] & & AL AFolES HYY = gloy JIHE AR St gle A7l
SRR SRS E 2ol AAR AFolge EF ¢ aE glou, Aok ditE A
ol it 0|52 7]ste] YHRISoNA A8 4= Uofof Al ot 2 =72 ol
HoE Aol EAR o] AP} 7240 A&t A4l2 st gtk ¢4 AR

‘ATt SHYF 6t o], Dol 1 tiYF 100 v, 6t/ ch ekl 29] tiEs |
FS IRIEA HgstA AT A AlKelt}. o714 1 g E59] ¥ Oceanus
Procellarum), 10tH Hith=, W], B2, 118, #EF, 8, 9, 371, A4, &71, 789 6t
tho]1, 6HiTh= ElE, ZHEYFA, AEY, ol AL, AHMRA, FIdRA0lt) o
714 AIFet 1 HiF 10t Hith= Table 1914 Hzo] 27|17k WA ZFgAR ] QUA| gkot
Aol £ Agolr}. g “Hol Hitt' = S Al AL 2717 FAJ4E iﬁﬂéq—:ﬂl
STl FBAAA I 222 AEst] olE g 100 Hitk= AASHA] 29t o] AF=
FOES ARRICREE o] H 4= Qe tiftE A[Po|BE, 27F 25304 Al ]X]E
£ & 1] Ui SHFREE 2 A=Y Aotk |2 #59] B9}t Wolvt 1t
10t Hit= 22 5= 2= Fosit

ol

|9 F=07 AA Hol: BES vt maria)2 F-2WA], 10 == gk 31
Zol= SAlterra)® oo, Al ¥ high lands) o2kl &3 2o & 1
H7GoNA FS5HA Holi= #H ol St E3tetal T W E o] ARGE|QITE 229
ksl i B0 o8 FAE 3HESNvolcanic craten)@t Q1% Z=o] Q&) §
A= SEESHimpact crater, ©]5} BT FEHE FESICE 1 Qo] AMl(mountains),
SHE- 29 /A rilles, rima), {dome), F= SAl(wrinkle ridge), A|7H(graben), 24
(rupes) 59 2 AFE2 47 A THF o2 AEH,

IEE g HHOA B w2 AHEA o =2 Hitte}l tiu|Enh v dojehs 282 AL

mlo
_>|i'.
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(Keplen©ll 9Jsf A Bg= ATk gt 3P (anorthositic) 940] /&0l A &
T (basaltic) Bit #H¥} F5lo] FEFHTE ofE=(Apollo) 16°] e 11919 34
A2 98% oS ASlok= AFYA(Plagioclase feldspan)@t 2% W22l #4(Pyroxene)2
2 F3EoH3] AP et o] 95%97%2] 2 (Anorthosite, CaAlSi, Ol 3%-5%
9] 24 (Albite, NaAlSi;0n) 0 & o]FofA IFro s FREETH3]. ¥HH ofZ& 127} A3
3t Hpce] @RQR ARFA, HA(Olivine), $14, EJeHE 4 (lmenite)S Z3TITHA]. E3F
HHAY SE 7 E = (impact crater number density)7} & 11¢l0] vittE T} Al A
o7 93] a3 7|7t kEEo] S-S ARG AXE WA HolxRt ESoll Sle
oflo]EZl EX|(South Pole Aitken basiny= AA| 1 &7} %2 EWHSE 1% X|djo|c}, &)
Z18} 270 9 FETE it 2@ FIE)0] &5 L2 E o|FL

9 EHO A Foll 7FF efiE S9eA S A= o= 459 |(4.51 £0.01 Gajeltt
Bl 1192 & AA 229 83%F AHAIsHH, thef 4491 W& o] FAH=AH6]. Hitk=
29| AR FONA Hol= ®)9] 1/32 AX[stH, 2719 A} & EAlo] A-degA 7]
oF Ylelg|A 7]of| sfigsh= 38-429 | Ao 8<9to] &7 S0i9t HHoR FAH otk
FET N U BEE 2T Uo|2 7MY 42 2 FFQ tigeE oF 109 | He=
FAFETHTL 13y 259 g2 & 240 sigohAl ¥ F2 &A= 2ot vtk
FHO G2 SHE EE0] 7RISk, Al BAE v S= s =0l oF 59 |9
AIZE Zo)7} Qlo], Adf &0 sHise SUFS 7S Jirh st £&0] A7 T4
7} oFE & Shol YFE o] vtk ShHolNE £25k= AR ofsiE). FF2] g AZto]
= ololEX] EA] thZo & gfobA 7FE XM s BEEC] YR AoE FHH
U5 BHikZ EZ0] Agsto] fd Sk EdE(pyroclaticsre AT 4= AsleH, f=E
o] Elehg kol ufet it Ajo] LA}, E3F ARAoA TEEE 7] F{vesicle) > &
Qo] FASH| FH FAE A= AR

THFo= s W 7MY =0l He E AB2 S=elth 19609 Hojl= A9
SHF B8HEF ARSI AL SiA E3lt= R E7| % 513l ou, S5 toA Hofkl 24
A 9] F=ol o3t AP oz gars| lAlEe] wt FETE FPE U Gene Shoemaker
7} 1970\l = X Fol $H9 Y(superposition}s Z-85l0] LpolE 317] Al
Zhstn] o 1 AF7F HEstRpolA A @eite] edtiol® oty SET= of &
2 Fgolof|RE F= oflo]EX] EA(FF 2,500 km, Z°] 13 km)7HA] okttt &9
Bt 7= BN QAR 75 Hhocks FAEA, A9 vith X0 g ==
g F4 2719 A=A

1A EES 2= A9 A 7 S N2 SEAY 2710 HHE R (power
law)2] FEHA(InN = Ina —minr)s AYH, 2+719] F4A= 153t A a)2t Z(m)
2 7rAECHS]. 5994 EAHo] A8 XA A A 7] E7IRE F9A19] #H
Holpet No| A#tA(Int = Inb +ninN) JA] HPZ0E HHEW, 24710 7Y
53 At A2 BEECHT). NI = HEEAIE o|FEg, ddd o S=+
O] 7+ AXH sfig EHO] A7+ F4 Azt e AR

7157t thefRt AT EA AT dEH 2AA7EE HHO| ~17 km/sE FEOHH, ¥
A 4= FZ5Hcompression shock wave)’t & AH O RHE WAIPO R HA Y7, F
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S8} AN rarefaction shock wave)’l 2= XA 9] B2 &£&35f0] 1Y 0]% LIRSS
N S5 SEE(ejecta)E FolF] FHIZ FH0 27 FETE = . 9] X}
FETE YARBCE Rt 22 H7]|9] SEHT Zo)7) fobA o] 7]‘65}‘:]'. E
3t 25 Folg7t A3 AR w71k sk, ol SEAITE YAl BAAAA vte=
%Ee:rL A= Hofo] tr2ct. uj=k NASA Ames A740] AFof oJshd dAkzto] 5% o]
Sl of H|AERL FE0] ofyH %5-_#: nE Agog JPEHI. 9% SN 5
{central peak)o] Yol Hlold F9= HIAER FEZ AARITE tE $&52 HHOR
HE 1 km Zo7H] =& Zo= —’:‘—%‘d%tﬂ, #2421 a7t 49| BitiMare Orientale)
2Ao]HH10]. Fig. 32 &7 +2E AR Astal =t O SE1Hsimple
crater)ol|Al& vFgo] SR Hvolcanic breccia)®t $& &-8{(impact mel) 2.2 A4
R} 7]HRre] 74 5] Holx, F(rim)dt v FEoll £EE TE(ejecta blanket)°]
Hxsict B SEF(complex crater)= S Higof S20] 2Rt}

FETY EFAAE o of27HA7L oY, & =RollAe Hol =710 wEh
49, 39, 5 118 F=7= ol ¥l Fig. 4= EEA S&57Moltke crater)
2 429 =Y AFA a4 2Fo] 7 kmoll AP HF(Z )7t A7) ~20%) st AU
o}, FHo] Bl A2 RF52 SEECIth &2 % 24 == A7IAl 2 H50]
t}. 5% S=HFig. 5; Bessel crater, A7 16 km)= &3ol= Ek Higbo] EXJo|H B3} 3
E74Fig. 6; Buler crater, 37 28 kmy= &2 vigh Zobo] 2% 42 Z8{(central peak), H

=2
o

/\ sz £E8 0% }v 7|urete] #
@ s 882z 448 ga3 ))K 58 87|

Fig. 3. Schematics of a simple crater and a complex crater.
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Fig. 4. Moltke crater (Apollo 10, NASA). A typical small bowl-shaped crater surrounded by a
bright halo of higher-albedo ejecta material (https://www.hq.nasa.gov/office/pao/History/
alsj/a410/AS10-29-4324.jpg).

Fig. 5. Bessel crater (Apollo 15, NASA). A bowl-shaped with a shallow slumping floor
(https://history.nasa.gov/SP-362/ch5.4.htm).
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Fig. 6. Euler crater (Apollo 17, NASA). A complex crater with a central peak on the shallow
slumped floor, and surrounded by rough ejecta materials (https://history.nasa.gov/SP-
OJAFA o

QL Aolct, Ty FE7

362/chb.4.htm).
(rim) ¥fo2 {d 34 81 A &4 SE559] WA B2t
(slumping blocks), A&]o] W& &S 7}

O
S 1

= o9 MY & S8 F Aol HFet
ZtHFig. 7; King crater, 278 77 km, Fig. 8; Schrédinger crater, 274 320 km). &2 &
= PR g3 92 2EE FX(ejecta rays)E 7ML Stk Al7to] ZE 9325}

(space weathering)oll 9J3] FZE= AA Wl vl4 24 FEZ o] FEYa 520
+ 4F AP FEEAF e Dille,
1 7|gt AR S SASkET, HEE

=

Ak
257 ojo] FLHOR B % g o)
Lol ABe
SUAHA = 290 Ago] brk. A

TE7F 2 AL o] rima)7F 9
|9 d(lava channel)o] 522 FAISH Fof] Ho]
Tl YA FFo] B PR SHF BErel AAw Aw Qlok Fig. 99 Fig. 102
52 788 Ud

HEZAOZ ol AEFEA(Aristarchus) =+ A $12E Al=(Vallie Schréter)™} H]<]

Hirtoll A 9] &) (Hadley) At E74Rima Hadley)E Hoi5-=d], o] 2|3
Bog: & HRlrh I ARgSHA] Al 7 79| AeS(normal fault) Aol W2 A7}

A o] Q= AB= gl=tl, B9 A Yl fAIsks oFlotth e AFti(Rima Ariadaeus)

A 7t

FAoItt. of

7t Ao thFig. 11). TR H] 2] virtel F719] vt} Ate]9] ot (Apennine)

ZAE2L )@ I7l2L oty S (Apennine trench) e WEF0 g2 B
2 ISHPFCEE 59 vito] o A AFQA FA A
o AUHFig. 12). /o] =2 &3] F= EA

npEo] HE7HIA £2 TS5
(Rupes Recta, GO|Z Straight Wal)}& &
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Fig. 7. King crater (Apollo 16, NASA). A large crater with multiple central peaks with terraced
rim and slumping blocks (http://Iroc.sese.asu.edu/posts/32).

Fig. 8. Schrédinger crater (Clementine, NASA). A large young-fresh crater with an internal

ring. (https://www.lpi.usra.edu/science/kiefer/Education/SSRG2-Craters/schrodinger.gif).
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E'hd uf =

- e ._. I:'
f ramry RIH.D-
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Fig. 9. Schréter’s rille (Apollo 15, NASA/JSC/U of Arizona). A typical meandering rille (https://

moonmark.space/intuitive-machines/).

e A
‘:?.I'.{H'_ r} ."fh

, ﬁ;

Fig. 10. Hadley rima (Apollo 15, NASA). The Apollo 15 landing site is marked with a cross

(https://www.britannica.com/place/Hadley-Rille).
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Fig. 11. Rima Ariadaeus (Apollo 10, NASA). A graben: feature sunk down between two parallel
fault lines (https://history.nasa.gov/afj/ap10fj/photos/31-r/as10-31-4646.jpg).

Fig. 12. Rupes Recta (LRO). The arrows indicate the direction of sunlight on the 8" lunar day

(http://zooniverse-resources.s3.amazonaws.com/blogs.zooniverse.org/4/files/2010/07/

Screen-shot-2010-07-24-at-15.00.49.png).

https://lwww.jstna.org | 229



SFLEIM0IA 2ot Hof X XA

230 | https://doi.org/10.52912/jsta.1.2.217

Z2 50| FofAHA 249] 8 AHo] FAH AR FAH. o] AP Az 1%
Al Aol x] ATk D 8Y ol =2 AFolA el ¢

YeR}7] wzo]l Qg ole, Bith X9 #Ho| E5HAA FE
F& F5 sAH(wrinkle ridge)ol=} . HEAQ] FF A 759 BHitolA Hol=H,
] ole F5 54 ol A @-Hrima)x EArhFig. 13).

Th7 02 H7|ole XUt Su|E2-2 XFPOZE E(dome)T 5= (lava tube)S E 5
Ut FE FAo] w2 80| F2 BETRoA $AET A= 9BY 1= 5718 I
Aot} 7= =9 mlE o], 2172 8-12 km=E AHAL tshd, o] 22>
o7k Al A= . o] A FoloFa 7GRt ou]o] Bolto|tt. §dEES AL 5
Aof oJst AT SHAF TEof A EAE L) Fig. 14% Reconnaissance Orbiter”} @2

(o)
N o
=
Bl
=)
=
_l
2
of.
ok
[N
o
fn%

O

-

Wrinkle Ridge

Fig. 13. Wrinkle ridge on Mare Nubium (LROC) (NASA/GSFC/Arizona State University)
(http://Iroc.sese.asu.edu/posts/799).

Fig. 14. A pit crater as a possible entrance of a lava tube (Reconnaissance Orbiter)

(http://photojournal.jpl.nasa.gov/catalog/PIA13518).
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2 9P FEol(pit crater)o|th. E9] HHO| =EH AF

2 8oFsa EXE gRlstA Ht. 9% T30l 2x
oA B Al B YARTEH oo, T4
g7ol7] wEe] vlEe] & R/l 712 FEAZA A-87 7HA]7}F It

Fgole] el
wol ] £

ot
‘

iy
B
1
-

5
N
o
0
:

3. 9ol XLty 7|2 54

g AFske] 2AAQ] A v o) ERE 72l AT Aol Bl 4 F1HLuna)
7} 27} 380.05 kgt 326 g9 EAZ 7HA|AL A2 AZSHAA A= QL 7FE F2ol=
20209 11€9 239 AR F=9] Zof 5571 2020 12€ 1940 AI53E 1.731 ke €4
A=E 20209 12 16900 7|3l Fidsialnt. ofE= d49] A+ 23, @54 (olivine),
4 (pyroxene), A& (plagioclase) 52 FEC] RISt Aol gl M= FET
WAEo] & EH &2 9 Armstrong®] °l5-S WA armalcolitest FHE7|= T}
Hith= E(Fe)e] F73t AFAE (basaltic)e] 1, 11H2 Ho| HZ3t 3139 (anorthositic)
2 Cao| 5 APFAo] dEolth Btk T3 Mg AlFe] 41 Troctolite(HEHA +
APA), Norite(RH4A3]4 813 ), KREEP(K, Rare Farth Elements, Phosphorus) &%
FZgkelal Qe FE viEolA] &3] Hole 48 brecciay> APA 0] 9-A|gt BAJSHEZ
2 %feldspathic polymict volcanic breccia) ©]a, Mg®@} Fe7} &85t 1782 (mafic) 342+
U YA Hirhe] RS v AT $i4o] ¥ B, AFFAE H Atk A
To] EHRIHETE Ho] FHokal /o] o, Aol gl AR BEL! EerE A (lmenite,
ferro-titanic oxide)® ESHIL k. olER] Hx PA EHO Tk Eekateo]
7%= SHRANE o]F9] & AFoA Ak EjRttle] dRAT BuEQrt. IHvE
?l(Clementine) BAMI-Z vt AFRS] Blgtk hefo] A2 02 Wk SRIsHIrH11].

A HE(regolithi= B3t A9l REHET EGZ Yuohe SN =& =
A BEYE AAE S5 E ottt & HE(regolithys 419 WOl 2R t]4 24 EE(micro
meteorite impacts)ol] 5} 27| oA A, uj-¢- 11 U7Po| 2 o]Fojx REZZ ofn[gith
HESO FA= 42 HiHolA= 2 m, I¥0A= 20 m =2 FHEN12]. RE= &,
7RI ERE 2 FE 27t FEE A YA 52 6k Stk 199 HE=
FulEA)Y AE7KSI0)7F B W, Hitke] #EE= Fefl Mg7t F7%t 18 d(mafic) /3
o, AiHog Ag7lrt REoitt. BE= HUF YAHHe, Ne, C, N& 2ol §lof,
o]59] FHYA B4 02 Yo BA BF HstE S Sttt FZols B IR
ZoA 7 B2 FGAHFALAE, H)7F 2 9] AkAe) Ajlsto] 2EAHH,00E A&
Ao 5ol W& 7Fs/do] A= ESE Bk ¥4 F *He, C, N2 mlgjo] & 714
oA AMEE A== 7Hs/dE Al7|= Uk

o] i 12 FARE Q5] o} E R 11, 12, 14, 15, 16 BAF GAl, ZEA] 2o AAAE
1969958 2802 AR5t o] AZAIES BiE g7t 6] WH== 19779714
AREStoH, 9|zt & 59319] XA ZFso] AA=AT13]. F 59319 A7 FA] 7R
273)= A S B2 TYE QT JYo] 200 km oWl AR (Lunar Shallow Quakes)
o] 83] T=ZEAY, Yol 835-1,200 kmQl AE A (Lunar Deep Quakes)©| 243] HZE]
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AcH13]. TS AR 78 A=Y S8 S ARE S 240k 12 2 4R
do] ZpEEQIcH14]. B AA YEE 3,346 kg/mPEA /S g=o] Aol vlg| @A
5] At A At B HHE 783 5 $Hilol oot 2ol F4lol & wPE oF 1/4
of 35k 380 + 40 km 2719} 5,200 + 1,000 kg m*2] WEE AYE o] ZAgHH141.
20139 oAM= G A7 Bt 50-65 km FAE FFEUAS. 1Y v
(NASA)Q] GRAIL(Gravity Recovery and Interior Laboratory) @AY 4 23}, 29 Bt
A2t FA= 3443 km=E 4785 ITH15]. A 83 2] 22 @A AR 7199 WRA
7140l ZA51A] k=t A5 Eo] A E AL A Q1 AHRAFSKHremnant magnetization)
£ EfstRg, s} 27]9] 22 AR 7|99 WA ERSkltha siAEeiel. 1
U ZRARLE gt 99 IA EHEARPYE 2743ke] 9l 259 | Agst &
9] tholuti7} Of5tE]7] Al&Fste] 199-89] | Atolof] AEEIHAL oJAXITH17L. 9]
ojE A Aol thet &7t 119 Wolut H&= olf= slid Al719] dAlo] uijg- 3]s}
of Ay &7 A=t FE5o5l7] dizolth. @4 22 AR 719 WE A Ao
LAk, TH GHE A HoflA] 1,000 nTE A3Jsk= 33 AF7]old(magnetic anomalies)°]
SAE o]" FA] Aol & Rl AP SRl o8 fiH Al A
A B0l A ARke] FHIE HEE QY] wizolth

o A Alzof AA EHo] 899 vtttk 7Hd(magma ocean hypothesis)o] @2
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Fig. 15. Schematics of moon’s interior and its creation concept.
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Fig. 16. A standard lunar stratigraphy [18].
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Fig. 17. Hydrogen contents measured by LEND onboard LRO and temperature distribution
[28]. The star indicates the impact site of LCROSS.

Fig. 18. A combined image of Moon Mineralogy Mapper (M3) measured by ISRO onboard
Chandryaan-1 (ISRO/NASA). The blue color indicates the enhancement of H,0/OH (https://

commons.wikimedia.org/wiki/File:Water_Detected_at_High_Latitudes_on_the_Moon.jpg).
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Fig. 19. A concept of extraction of water and other resources from lunar regolith [36].
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Abstract

Space observation data includes research data such as stars, galaxies, Sun, space plasma, planets, and
minor bodies observed through space missions, including processing and utilizing the observation data.
Astronomy and space science observation systems are getting larger, and space mission opportunities and
data size are increasing. Accordingly, the need for systematic and efficient management of space
observation data is growing. Therefore, in Korea, a strategy and policy for space observation data should be
established. As a stage of preparation, National Aeronautics and Space Administration (NASA)'s data
strategy, which developed from extensive understanding and long—term experience for space observation
data, was analyzed. Based on the analysis results, we propose a strategic direction and 10
recommendations for Korean space observation data strategies that will be the basis for establishing space

observation data policies in the future.

Wlol : 95U, 97T, A7, A% B, AR A
Keywords : space observation, space mission, data, data strategy, data policy
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Fig. 1. Planetary exploration and space science proposals in 2014-2040 mid— to long-term
space development plan for space exploration. Adapted from Government of Korea [1] with

CC-BY.
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5 AFo BRE 245k dl o] dd A= 1EEY ARE BASHL A5k A
o[tH2]. &S, o|FA ¥ F8% ARE AEHoE sl 8T & Qe A= ﬂrﬂ %
iﬂo] Ao ARt fEuEte] A9, Am I AL EE AR FRA40] et 1ARAt

FESIH3]. ol T ok B AL /i - Fo] 15 ALY AAHE
Sk Aol 240 TEolA U] Wiz 2 Hltt olAle 2|7} ARt Akmol w2 &2
gjofct. gefet oflitat Q1E, ARkE FUs) idstke #S AlAEY Am E8-S Eish|
913t weto] vi=Al F ”]"'4’ =7} R&D ARICE 55 5 AIARoA Bitd Ame
T3AA AL 7HAH, AFA 7iRle] ofd BS A|ARRE 25k 7Hely = 7tolA] &}
2ol st AAZQ] BEE sfof sk, oS YAl =7} XY ApE HERS 1911, o] A
22 B E &g T 7|HollAs Am S ol & Aot o] =EolAe Sy
2] S AR A% S o) WS ok A7l 718el v 5= (National
Aeronautics and Space Administration, NASA)9Q] & AT BA5HQL) o|& vigo=z
U] Aol te S A A EaL ARRS AIjgi

=29 20ME 1S Abm Ao tis] Agshy] Aofl 7124l vl S &
9] 49|, 505 Am A E FAo] gt Rkl ARRE AEsioint 33ellA= NASA
eI FR A (science mission directorate, SMD)2] A& A2 Q9Fst1, o] AX A
A5 48olM = U] 505 AR A 8-S St Ak E A ARKE Al
QFsto] Gk = Fh=9] 515 AR A SHok= H| 7|ofstalA} Sttt

Nl

_E

2. i3
2.1 QFUZ A2 o

A A= AFAIE ol8ste] 5T BE ARE o, /iS4l A=
e mASH ot 9 Ame IS5 ol weEh oA AT S A& (earth ob-
servation data)?} 9F= A& (space observation data)® &8 4= Ut AL A7
£ 9 UFE B0 dojdl BE FH Y AFE TSI ARRE, A7, St 50]‘:}

FUS AR 9T YTE B WREF Rob Y(E, 23} B $F Fekaol, 2
4 S %é“& Aack T AR WE U5 ARE /1S L BEY A BFUE Table
12 ATBE ARG STV A7 OIS AT Rl Fig 29} Fig 32 4% A785

A5} 05 A2 o Hold) o] EgolL 30 el dF W8S e

Table 1. Definitions of earth observation data and space science data

Scope Definition

Earth observation data Data for Earth observation in all forms acquired from space
missions

Space observation data Data such as stars, galaxies, sun, space plasma, moon, and
planets observed by space missions

(including processing and utilizing of observation data)
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Fig. 2. Examples of earth observation data. Adapted from NASA with public domain. (a)
https://science.nasa.gov/earth-science/earth—data (b) https://earthobservatory.nasa.gov/

images/52059/sediment-spews—from-connecticut-river

Fig. 3. Examples of space observation data (solar dynamics observatory data (a) and hubble
space telescope data (b)). (a) Adapted from Korea Data Center (KDC) for SDO with public
domain. (a) Adapted from Korea Data Center (KDC) for SDO with public domain. http://
swcd kasi.re.kr/jpg_512/aia/131/2010/20101105/20101105_001021_SDO_AIA_131_512.jp
g (b) Adapted from European Space Agency(ESA) with public domain. https://www.esa.
int/About_Us/ESA_history/Starryeyed_Hubble_celebrates_20_years_of_awe_and_discovery

22 QFUE A2 MW HH

O =71

= Ag Ae QF0E AEE G840 A I AEsty B8-S FTglsl]
Rt ZZAR] W} AY o, 505 doly Ao fidolls HEt A EoHHAE
g, HFED, P 59 Amrt BT 9T HES 2okl 1sh Am oplolH

& #S Arint ofyz}, Bd(model) A&, A= T Etool), AZEH 0P,
et o8l (metadata), #A4 5 HI9IE Wil HoPEE SR tsitt2]. o2t A=E o
o] A% B AAE At olE AR HEEE st A H|a&H oy, AAE
T A8sp] Pt 1%7] dhizol]l NASAoA= A Hofd] AARE of-E 4= U= 49 Al
ZJ(NASA Plan for Increasing Access to the Results of Scientific Researchy& $~d5}o] A

2 AmEgol FHH A2ge BYRIAY 2xEFo)sty, B4 BAS HASE LLEF)
3] 9Ish ke mewe S, ARE A28, ZeoY, 4w o5 HelE BE 4
57 EFE|E T



J. Space Technol. Appl. 1(2), 241-255 (2021)

A1 718, 84, 4 ARFE Aottt T18]al o]F B S E NASAQ| SMDofA= sHE &
ol MAET] EE{(Astrophysics Division), A7+t EE(Earth Science Division), E{YdA
2] EX(Heliophysics Division), 3’335} EX(Planetary Science Division)& 9Jgt H}
TAA A= ] d FF" (computing) HERE AT o] T3 HA|IH 7|29t I
T AR, E3 AR AAISHILL, ZF BA A= I E gEAY olF v R 2R &
=2 A= A S Y= jh

S Am A Be A W] AR Alm A F7) 599 Aol digt A4t ARE,
AR 9 Hol Wk AR AAsHof tH2]. AARE skl B4tk 42 WEE
NEHAY AFE S5k "ol =3k do] ot} At H3ol Tdslr] oA B5
7 AlA"l AE, 5 AR, 718 AR, 20 ATESo] 5o] BashH, Ak A4k A,
vz 9l Ho] B wAle AFARER 7Ie/EARE 1He] 71hSt 80 R o|Fofxof gt
o}, of2et IS IHEI o AFPsy] s A= HHo] Lasitt, S AR
Aol ot FAAR] opFlolH 29 & AE, Ak Hd, Ak AH|Aof #Rt Ujgo] 23t
=, 2k A 7|80 R sto] 7 Zopo] E40f| Bhe A AAS -dfjof gtk

]

e o

3. NASA X}2 M2} 24

o] olAl= NASAY] & Zfo] thsf] 82 8fstal olF £49513ith NASA o]Qjof=
- 9=HEuropean Space Agency, ESAZ} FE=HE(National Astronomical Ob-
servatory of Japan, NAQ)) & =<] 7|t = A7) A= et A4S 2ARHIAEL
NASAE AlQgt the 7]iolls S35 ARE 913 HEskd A= Aol A= ] 33
AaE 2H2 5 Adrh ESAS] B4 8 A¥HEuropean Union)ollA AAISk= 73 HlolE
Z=HBuropean Data Strategy)e WEZATL, o= HoFs E4oH] o= BE A=ol| tigh i
ot} LUt A, =7t AeRlEAlE 15 A5 Tkt AT3.5,018 35,
o] T3t A Hopo] HARE Nefsh= ZolH, of7|dk Apm Aol o] gt 8-
oAt ol ol {2 vl AIASHA AEl=lo] = NASAS] A= MRS E45199t.

3.1 NASA Xtz M=}

NASAE €7]12Q1 et TS flsliMe ook A5 2 HFE AlAge] mie- 892 <
A5k, o5 flRt MEE Age A4} sleith o F #13F A BAE NASA AR=91H3]
(NASA Advisory Council, NAC)= B} Elo|&{2] Bi ARE Islal A/Hst7] 913k | Hlo]
B AT EABig Data Task Force, BDTRE FAJ5I3t}. BDTF= 201585H 20178714
5519 2H, Data Science: Statistical and Computational Methodologies for NASA’s Big
Data in Science’, ‘Making NASA Science Data More Usable’, ‘Modeling Workflows',
‘Server-side Analytics 5 & 4%9] & HI1AE A&3191, o)== NASAS A= HHx}
A AlQ7] Y3t 712 AE7t HJr). o]2 HEEOE NASA SMDoAE AH 7|&9] o
Wg ggelol Hot ARYT} AR oplo|nE e, g 59 B o 2 Teky W
= 7FsSHA sk M= A 7idstr] {18l 2F 749 tiE, Yzt 7199 IT A7kt
shA A g T Y7 1E(Strategic Data Management Working Group, SDMWG)
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ZZ519th SDMWGE 201849 10€0] Atw ] dek YaHe 7AFsta, ¥ dlolE (big
data), Ze-= HE(cloud computing), 2E AFo]dA(open science), SHAI7F A7kinter-
disciplinary research) 5 Y] 714 8 ZA2 ZdFoz B39t E3F SDMWGE
2018490 “SMD2] 2019¥ ¥ 2024W7HA|9] Atw e]o} AxE] Ak HuA[7]S 245}
3L, SMDE ofF 5Rlsto] 4719 ot RA(AA D] 257, HdEEd 57, 408t 2
5, AFast ZRE S8 s Ukl Qlck

SMD&= A=FalQl At ] W AFES 2%t B, A, Al 7] B E 11719
o g FgH ATE FPololon, ol2gt Mehks fdsk= o] R XX} A 42
A, AL At Eal ARk AlASHAL ok

E3l SMDE 212 T A2k RS QI xbojolA, A&l 2ha Ul AZE] A|AH A4,
HeFA FITA R Ao, thorst AT AR AAEIT) o]est Wil ARRS st wo

L offel 2ol Al 7] 28 29 BHIS A Fshsict.

i

oot
e

ST ARE SANE 9.

A2 AT BE5te] WHAAC T,

A BN AR PANS BeshEA Tk X e 3 AR AES @Y
afsfo} .

Table 2% SMDO] Ah2t o] @l AHY S ARt Y golct
SDMWGE 2 42 2PAshs A14e] 87 At 23 ARt 59 59 5950 84

w4 ke AR olZstert. webd SMDO] A Wl AFE 27 Aol thet 2712191 A

7P} maste, 7t 2t 2ol oS Amsle] deke PEs) WANTIES WSt 9k

Table 2. Summary of NASA SMD data management and computing strategy

Vision: To enable transformational open science through continuous evolution of science

data and computing systems for NASA’s Science Mission Directorate.

Mission: Lead an innovative and sustainable program supporting NASA’s unique science
missions with academic, international and commercial partners to enable groundbreaking
discoveries with open science data. Continually evolve systems to ensure they are usable

and support the latest analysis techniques while protecting scientific integrity.

Goal 1: Develop and Implement  Goal 2: Continuous Evolution Goal 3: Harness the Commu-

Capabilities to Enable Open of Data and Computing Sys— nity and Strategic Partnerships

Science tems for Innovation

Strategy 1.1: Strategy 2.1: Strategy 3.1:

Develop and implement a Establish standardized Develop common metadata
consistent open data and soft— approaches for all new standards for all NASA
ware policy. missions and sponsored science data.

research that encourage the
adoption of advanced

techniques.
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Table 2. Continued

Strategy 1.2:

Upgrade capabilities at
existing archives to support
machine readable data
access using open formats

and data services.

Strategy 1.3:

Develop and implement a
SMD data catalog to support
discovery and access to
complex scientific data

across Divisions.

Strategy 1.4:

Increase transparency into
how science data are being
used through a free and

open unified journal server.

Strategy 2.2:

Integrate investment
decisions in High—End
Computing with the strategic
needs of the research
communities using this

capability.

Strategy 2.3:

Invest in capabilities to use
commercial cloud
environments for open
science to make data
accessible by diverse set of
academic and commercial

users.

Strategy 2.4:

Provide tools and training to

scientists to be better able to

collaborate with all types of
computational and computer
scientists, including Artificial
Intelligence and Machine

Learning (Al/ML).

Strategy 3.2:

Utilize the full capacity of
advances in High End
Computing to achieve

SMD’s research goal.

Strategy 3.3:

Promote opportunities for
continuous learning as the
field evolves through

collaboration.

NASA, National Aeronautics and Space Administration; SMD, science mission directorate.

=
2x

3.2 NASA Xt H=f S8

NASAE Zt2 ZAE 9Jgt SMDY] Atz AZhS Al A7 ARFYE (community), S,
W19, A @Y 718 SoRRE S0k ool mYg Jvto A 83 WA
A3 gtk SRt SEE AR gt 71e Fn A5H FAS F3 Alag,
A5 B8, 71¢ S Yok vhisjor Siek. o] FolAle NASAY) A Hief BES 245}
o] ol nigoz Seluete] S3u A Ak SYShe v Ego] Hukt gt ok
NASA Az ¥ % A 2 37 (7ol

A3 2
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9 Aolgl
A& Az 9 ARG Aag A
A2 AT

>'_>"d
rE
3
to
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A% 27 AEsh 9 9570t Hofe] Zkolck NASAL ot A,
AnEQo] Y ARE AT, F2ol /5ol shel Wedat H4Alo] FAHT, FHAol &
opRItkIL 7FZFHTHT]. ESAS] A AREE4Q] Jan Worner® “ESAQ] o]u|z], X o z]4]o]
it "2 7ishe 22 Space 4.0 ¥7004 AHE Algstal, dAlska, 4T 285k,
IS F= 2 519 593 94(This evolution in opening access to ESA’s images,
information and knowledge is an important element of our goal to inform, innovate,
interact and inspire in the Space 4.0 landscape) 2t F{TH8]. o]={gh oA S-ueh=
g ek Ahm A FEStolok ST A et Am AR ARl Ha4e &

o= 7} Tl cheket QlEols EES NS ANE A2ESo] 29T frame-
work)® 402 F4E %= 9k 7l AREgol ZaPTE AR 43, 24, B2
9 B8 95t i (class), EelE | (library), 822 13 QIE|Ho]A(application pro-
gramming interface, API), --&IT& 73 AH|A AAH 4 52 Al5olH, z2F TZAE

= 124 700 QLS TH5R DAL FEolol ASHOR AHetn B8 % JEE B,

TS R AZE 4101 —Eﬂ%HEH E]*’]HEHQ} st Z}E—E* 375t E‘r H2oF ‘*TLX}Q}

T A A= Bxl Xlé?—ZﬂOL A= B ARE ALE A AEeh AL E 1] T
A Z87h A= Bxolh. Ak USAIAY 2Fo] AFEE XA ugo s o] FT
E7] A7 oA #@%94 717k Bot AwE S5 et A3t YTt AFPE = Fot
Alzto] Aol wet A= gl AZLE0], skEgofof tigh Mz 7|Eo] 54T 4 AL 7
29 3 gl A2 A= A oy FAlAQl AFY s A8 E A 2
ole}. ofofl whet zp& o] ZHA7t A EebE 4= Q7] miel] 71 A=l MEL Ve A
she 22 Aesior et olE AsiME AT F7] Al 2AHAM A= 9 AFY AlLE
ot AR 77E Bashal, 22 7le2 ARgelal ados A8shy] et ek
upsfoF etk E3t Ahw, £LE 0] 9 stEgolel HH Ve N, A, FAE A9
& e WEoR Aw A FHsor gtk Akm w2 H ARY ALE e Adsh
ARt A= A, ARY AT H4 9 7E2 D8k o] bRt B 285, ol
3 S mpE o R X9shy] sf A& Aot *8}% 22 D5 o|HH7].
Els

p

—_—

mlo é oo

A i BEQ A SEVAS Fe] AR e ohel, 719 7 Bl JlThiY £
A 719] HF29l §YS ZAIT B o Zojole] B, o B PHE Folt A=

o} Holoro] §9 4TS o) B =7, e Hop @4l vl 5L AT BT 5 9
L 71812 vhd 4 ek BRA0 @A A8 @ A7t ARl e 7} slws
AR AR BN Y 5 Aon, 2 7lue] 4ol WA AARe BT 4 U dnet

), SANE F7 Folof & Zolct,
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4. 312 QFWE X2 M S Y AT A

AAA & ZEe o] thefet A2} 71 7iE, i Abdol [ glow, ol5
HIF O = 7} 7|oA= a7 |&d s SEctAY AERlgS Fdshke 5 ARt ofy
gt 702 % A, V)&, 7 research, technology, development, RTD) A& &4k
Skaz QU ol2Rt oA st Akm® RTD A7} 5 StE tREAof sh, S8 A&
AAE A+ AFUE, W71, A, del=elA sk A= a5t

U 2 S04 AR AlgS Al Aol 83t 53] 515 Ame Y
ol 7l oR F7kskal Q. T1o] wet A= AlEeRle|B)= A e, fHolA
(curation), <, &4, FFE 5ol et 583 I dfjof gt} oI5 B FHY A=E
H1 w27 G5sto] 2oigt wo] &8E 4 ULF o= Aot Aot AlFal FAlFRl
TAS T 5 e 7185 AFdof 2t olF FH[st] s o] FollM= vt 9=
TS AR A Hal AREE AIjtstarat g

S Am AR AL ARRS AgsE] Aol et Ao digt 2 93] 27HAE AR
SkarA} Stk oli= NASAS] SMD Ak #] W AFHE Aoy ® o= Weos A4
Aotz DA 1B dfjof k= 83 2% HFolth. S URloAE ol YEE BlEe

2 AR G2 FYabIE A,

R ARE WA £gA1714) ke,
AEE LAES BEio] A2YGHE], 2LEF] BF TS A& 0 A4

Q.

HA P22 75} Ahm A HopollA 7HE F-35HA Ql4AlEojoF & o). I5) Alm
£ A7 Ao w7/ HPBEUA R EAEAY UM 5 Qlok webd 9E AR
£ BEoks A2 A9 BT S84 HET B3 AR 2 Ak 9,

5)°] FUE AHE=A 4T 7S 7RIt & 501 20109 WARE NASA
9] g|F T 94J91 Solar Dynamics Observatory(SDO)Q] 7Hgh oflAHA 57H] &994]
h 8654 Eef(ef 93] Hle]ar, 14 L ALRE Y T IAA] oF 10¢o] 4
Atk NASAS mRAE £Q] Qlent 4] wol1, 1At AR ¥ 912, Atmospheric
Imaging Assembly(AIA)?} Helioseismic and Magnetic Imager(HMI)S 7ieet ~eHZ = of
st E5|TEnfe 7] Z9lshE £ of o]& o =® Ktk SDOE TAF & EA7HA] 10
4 A 9= o, Ak7 &8RS oF 6 PBoltk. T3t SDO9}F WHH AT Ay =S
St o] 4 Ho| =T, 2020697H4] Q1&3la== °F 67t zo] 'IATH10l. SDO9| =
Ame 59 A7|13F o] AmE o835 B HlolHe} | 2 78] " 28 A4 7S
SHA| it o|A" ek S E= AFE VNI E AAHH Ame Ui EVFsT AR
(irreplaceable data)o]1, IHA Amol= 24l AkmolE BAE Al7]0l dgle]l SYstA &
K3 7HE AdH. o4k, Qg 5 11 of olf&E ofn| £7t ARE Hicks A2 4
SHA] Zotof o Zio[tt.
5 A dF2 AJA" B0 Q] Ao}, 1T A|AHIY] SHEQojet AT Eo] I 7]
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sifd

FUlo] FAstal QAL A2 FVIE MEL 7ol ANl k. oo S AREAL
Y= $F0] BoMA A=E ATt TEske 71H YoM Rt A% Wl 78
sfjof Qi 53] optolE TN = A=E ARSIl A2 /A /w2 ARkl 2de
SEEAAIEFEA], At AL Sk 2Eofol drjgo= olEstal 317] wiEe] ol=et
A2 71207 IS EaTt Al ol AdliAE dlite] e, Mz AT A
of wh A" 7S AL AAAR AAEE B agdor 29T 4 S Ao
o S AR A" o] AdEiol dieh Briet S ASH R olal, o8 EHE 44t
Aol A= B AL 71E A= O]X*(mlgratlon) Ao A”E A= = A

A 7 7RSS A 29 93 VRO R v B2 S AR ZF:F -4
Pt WAL ARG AEsiglnt. 1S A= A2 Hal AR s, WIRE AL 3 5
3t 2oko] Akm ARSAREY S Aw AR £HT W IXto] HYIE A= E

o
o9t rlo
: 3

-

J

—

mlo

o oo

EF

O

p

z
i)

7t ZRAES A iE 779 A= B gt 74]@43 Z33fof gt A=
2] AZol= A= AlE(data product), A AZEF o] 9 & i, A= HiE AY 5
o] xgtr|ofof git}, EFF ZRAE 7|0 Wi Atm ] AYE FLA|S}E ofof gk

U BE §F AR oigt A= A A 2ES FYeof #oh AR 849 Fist
7] $lsiAle A= HEA, |14, 7H‘%“é% =olof 5t ol& 9%t ES AP 98
Ul Zdgsks 9 GFHAES A= B2 29 52 dFE X3 285}
Eli=3

o} 73 L9 $FEE AR oFlo|B A Aok gt AR SRE olF A=

1*717“—'_% Telots S AT o AE £ F7] Jd A FHoloF st
Z2AE 9]9] YR opplo|H, X optolB, f ofFtolHo ot Ay} A1

2% Ago] "asit

E A2 9 EY = AEst] Adeior gtk =9l st 25 ARUE
oAE QE A AMgo] I 91T, AL 3 ket = 8 AR Qi
NASAOIA = 25}, F8h, ofgt Hopof|4|9] @& AA FAS A=t Qo o, F8
71€) tisiAE BlE7l 43S E5foF gt

o}, of7to]Bo] IT AlAH0] gt H7t € QAL 53 oY 7|2 AYeict. 5422l
IT AlA”9] =iF7]= 5olc), wiie]] 5 o2 AJAsglof gt 7h & 7j4do]
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New Space Response and Industrialization Strategy
for Micro & Small Satellites
Inho Seo', Hyun-Jae Jeong

Agency for Defense Development, Daejeon 34186, Korea
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2 =R0ME E)AEEe FAHOIA 3 2 UIZHRLE AVHSH, IV =S &8st f2|L2te
PTLUSt M2 MAlBIL 22 ARFHIE ZBIGI0 MMANCE JHUE= (RDANHAES2 HHIE
2l 20| XM EXE JHK|1 B2 COTS(Commercial Off-The-Shelf) 2E Al & 24
, I, L2l S2 12010 HEHRES TH[ol0f 8Tt 55| Hs?ld 28A1 Sl 7RdS J12{ot
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Abstract

In this paper, the New Space characteristics and response of micro & small satellite, and space
industrialization strategy using domestic technologies are described. Recently, micro & small satellites are
developed worldwide, including Starlink, having the characteristics of low-cost, light-weight and satellite
constellation. Therefore, it is necessary to prepare for the constellation operation by considering the use of
Commercial Off=The=Shelf (COTS) parts, satellite weight, shape and mass production. In particular, it is
necessary to develop Multi Input Multi Output (MIMO) technology in consideration of the frequency
interference during constellation operation, and to prepare and make efforts to secure frequencies in the
government. Among the commercial-grade memories of Samsung Electronics and SK Hynix, the space—-
grade memory field using radiation tolerant memory and the high reliable packaging and space environment

test technology has potential as a space industrialization strategy.

Ao (R)2FH, ool vxe

Keywords : micro & small satellites, new space, memory
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Fig. 1. Characteristics of new space micro & small satellites.

ot
gl
=
—
NS
(@}
)
Lo

©

%

g5 FH|sfloF gtH1l. wEtA 9144 1714 Algtstal A sk 7

YL ST 4= glom= ') A TEfsto] of7] 719 SMIES o AT
A5t 715AE S TERE 75430l =
Fig. 20014[9-12] ~Ek 914 60717} E4]0] Gopke GAke B[], Foka 2Hde] o
FOo= oA 4 1714 HHE 11 oA Al 715-S sp|Eths 7] 29y
Ao wkA AN ER AE2 7155kl g 7FsAo] &t

219 1€ 19 710 6,542719)(3,3727] A6, 3,1707] 58E5)14] 391430l
A= QloH, A7k AFet et A, DY, Telesat, Kuiper, ZHRH AdEC] BF
AAZoA GG, AT 2] AR Qo] G =l diHlsloF stz 3]1]7]
55 9le 37152 AAEHEY g7l solth

A7k st (22949 E4 2 832 Fig 30 29F @ AshArHI-14]. )4
FHFES ML E 3ol Har A, TREAHAL tige] S8 E-E 7
A3 Qie}. whEha], COTS #& ARE13], 91489 % 9 IA4, diike aeistal +£3
£S5 FHlofof it} k3t AR, SEINE Yot F715 23280 "o, A&
712 QG 715E0] tE FHAENM 55 OR S| fleiile A=) HE
ki 25802 FRBP| ik 5] 558 oR FA5taL thA|sof Sttt

[}

o

ek
El

—

Mo

Payicnd Starlink
) Satellite
15 .'_. % = & X~Ku [
foptical comem ) Ku~K T
me- 07-
19.36Hz 12764z
" Downlink Downlink
Foadar Link
75- %o-
33:3; W 5GHz
= ety " Uplink i
it TR S | bt = AOE
Starlink [} 5 §|48 28 o ~— Gateway Ka o Starlink
HASHY SN YEHI site (CPE)

Fig. 2. Low earth orbit satellite communication structure (example).

258 | https://doi.org/10.52912/jsta.1.2.256



J. Space Technol. Appl. 1(2), 256-267 (2021)

-EMN-%#%

' CoTS

"""'[ﬂﬁ%g] _[%%%r

Fig. 3. Characteristics & response of new space micro & small satellites.
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Technology Trend in Synthetic Aperture Radar (SAR)

Imagery Analysis Tools
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Abstract

Recently, the synthetic aperture radar (SAR) has been increasingly in demand due to its advantage of being
able to observe desired points regardless of time and weather. To utilize SAR data, first of all, many pre-
processing such as satellite orbit correction, radiometric calibration, multi-looking, and geocoding are
required. For analysis of SAR imagery such as object detection, change detection, and DEM(Digital
Elevation Model), additional processings are needed. These pre-processing and additional processes are
very complex and require a lot of time and computational resources. In order to handle the SAR images
easily, the institutions that use SAR images develop analysis tools and provide users. This paper introduces

the function and characteristics of representative SAR imagery analysis tools.

F4lo] : SAR(synthetic aperture radar) B4 24, SAR G4 &8, SAR @4 EH&+F
Keywords : SAR (synthetic aperture radar) imagery analysis, SAR imagery utilization,
SAR imagery analysis tools
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1. A2

34 7|+ Flo|thsynthetic aperture radar, SAR)= S5-%{active) AIAZE 94 E= v|3PH|
olA AVt PR mfo|ARTE Ao R Aot FHHOA HEARE 0] Foke= AR
AERRE Aol AP=g THEAY AES BS5H= ol A|A” ot nlo|aEx} S}
FHE AMESE] d2oll ~5(passive) A1 FSHoptical) A2} 7HA] /A LA shgtel=

2] ot Bl 7|4 279 FFE LA ot AHF ISo] 7Hssith

SAR9| 7S & FEIHIZ A=) ARG oH, Ha; gt #ofg 9 W7k
Zolth. SAR= #Sshe YAof wet AAE HIF) EA0f "Aste] tf7] SolA AxHS &
Sohs B4, el gAste] SollA RG-S WS WA, AVl AAE HAsto] 15
Sk A0 & SLEE) Table 1-2 20109 % HWARE SAR 91489 52 Hojerh &3

Table 1. List of SAR satellites launched since 2010

Satellite  Country Launch  Lifetime Wave- Purpose
length
RISAT-1 India 2012 = byears C Land observation
KOMPSAT-5  South 2013 = 7vyears X Land observation
Korea
ALOS-2 Japan 2014 > 7years L Land observation
Sentinel-1 Europe 2014 = 7years C All-weather ocean and land high
resolution multi-purpose observation
SAOCOM  Argentina 2018 > byears L Hydrology and land observation
RCM Canada 2019 2> 7years C Multi-purpose SAR observation,
expecially for ice
NISAR USA/ 2023 > 3years L/S High-resolution all-weather imagery
India  planned of ocean and land, especially suited
for soil moisture
BIOMASS Europe 2023 = 5years P To quantify the forest biomass, the
planned extend of forest and deforested
areas and the delimitation of flooded
forests
TanDEM-L  Germany 2023 > byears L All-weather land observation, in—
cluding surveillance and emergency
management
Capella USA 2018 = 3years X All-weather high—-resolution land
observation; sea-ice
ICEYE Finland 2018 2> 2years X All-weather high—-resolution land

observation; sea—ice

SAR, synthetic aperture radar.
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5] = TR He 2T 249 SAR 9149 Aol SUKsHL ke Aol 243 SAR
2 dFE 2 FHE 90| Hetl, 248 NS AR eE =2 Alext s
5 28 Qlo] A Aoy RYE ]| §-&stth= ARlo] Slok. vl et A4
tidoz F7] fZo] olsshs EA9 F= F2olu | HelolA st HIke 24
S7] ot 2= SITHIL A i F91 tHEAQ] 249 SAR 94922+ ICEYES}
Capella 91/3°] Qleh. ICEYE: 18719] F-391d 02 A=, AUEAE F 524 0= 3t
tH1,2]. Capella 918> 36719 -G E =M, 1417 ©919] -2 AHEAIES o]
&oto] HISRAIE F HHO0E JTH2 3l

SAR 9149 A%, SW=E FIAI717] Slsl Axeo] A= f1/do] thiEoel, T1of o
2}t 914do] ol FstHA USRSk Bt AE FYPoks WA mEA Hoh 9499 A
Aot TS HE 5 of2] Aol ot 5]—'5 Fde] A7 AZHe]7] wizo] dekos
AREALOIA] 94433t ground range®}t FE HWIgFO 7 VA E HAIGAIO 2 HElFE AHo]
st B3 AP W] H?l’ B 2, A HEO] A8 75 5ol w=t A o
AR FERR| A "ot SHAWE YAAAIEEA, AR A, multi-looking, geocoding® -2 A A
] AJ2 GRE AREAREO A= B4 ofle Ajielx, 7 A ZAAE siAshe Wk
AZAQ XA Eti= o HHT weoke7} vigo] Eofof gttt oo ‘I]rﬂ} HAIAIS] SAR
P BEshe 7IHolM= SAR B2 A Aot ZAT 5 e 4 == MY
Slof o]-gstar Qlch

2 =ollAe el thEZQI SAR F4 HAETES] /Y 8 E &8 e 5ol sk
AW E A} 3 SAR /el Hiet =27t S7etal QIA|EE, @A7EA] = UioflA Zidste] A
& 7Fs%t SAR 9182 thEA A8 ST OHIF 5271 Fdsteh FE oA E ZAIH
TR S ARt 22 FBH(G00 kga) f3ERE oyl 249 -?4"30115 SAR
AXE AT ACE A Ho® JUo= SAR F42] 5g°] B& &stA o|Fo]
Aol wet w2 AZE Qb Bk 383%1 A 82 ¢ A T1es i?l PR
o] /i% Hg=]ojof & Aolot. £ =F B3l FF i SAR 94 Y EAETE Y
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2. SAR EM 10| QY

U O = SAR YA AL ERE ST YA HlolE(raw data)E A=ollA] S=4lst
3 AAE] I 714 SLC(Single Look Complex) -2 GRD(Ground Range Detected) T
o[Ele} Z-2 Level 1 BHO=E ARt AREALA Al ZHT}. AMAR= A5 Level 1 Hlo[ElE
ol-gsto] Zxke] &g FAof 9A 7Rl A TS ST SAR Fd= EAISHL &
&5k Aol oA 7P Hol A= A2 SAR AN FMEASE &5t 1 32
o] &5l= Aolot. TRPAFAl g2 A9 Aol wt T ghS 27| Wil 55 g4,
At 1] 9 B 5 A "HAIoks ®ofollA wol AQItt. HRt opgt 3= Hsf ©X|,
Y 71 1= 58 5 /A BYE = o] .

FHARASE EE5SHe S 7 94dnktt SAR A= S WY E #ERE 5
o] W2} 234 thEAt 71E2 02 AT EA, WAREA, multi-looking, geocoding®]
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IS AR 94 A= EA(satellite orbit correction) SAR FAS &2 949 A=
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Table 2. The characteristics of 6 SAR imagery analysis tools

Name

Company

Country

Utilization

Access

HyP3

ASF/DAAC

USA

- Radiometric terrain correction
- Interferometric SAR
- Change detection

A limited amount of
processing for a user
per month

GAMMA

GAMMA

Switzer-
land

- DEM
- Displacement maps
- Land use maps

Commercial

SNAP
S1TBX

ESA

Europe

- Calibration

- Speckle filtering
- Co-registration

- Orthorectification
- Mosaicking

- Data conversion

- Polarimetry

- Interferometry

Free

ENVI
SARscape

L3Harris

USA

- Flood mapping

- Dem extraction

- Change detection

- Displacement map
- Ship detection

- Persistent scatters
- Image geocoding

Commercial

ISCE

JPL,
Stanford
Univ.

USA

- Earthquakes

- Volcanism

- Mountain building

- Micro—plate tectonics

Members only

PG-
STEAMER

Pixoneer

South
Korea

- Land cover map
- Disaster analysis
- Terrain information

Application dependent;
Free for non—profit

SAR, synthetic aperture radar; ASF, Alaska Satellite Facility; DAAC, Distributed Active Archive
Center; HyP3, Hybrid Pluggable Processing Pipeline; DEM, Digital Elevation Model; SNAP,
SeNtinel's Application Platform; S1TBX, Sentinel-1 ToolBoX, ENVI, Environment for
Visualizing Images; ISCE, InSAR Scientific Computing Environment; JPL, Jet Propulsion
Laboratory; PG-STEAMER, Pixoneer Geomatics Software Tools for Exploitation And
Management of Earth Resources.

3.1 ENVI (Environment for Visualizing Images)

2 914

A4S AShL BASH BH 02 LS ENVEE 2445 712 715 3 add-on
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HES B0 718t B4 & dlojo, Zoltt 59 Hlole A2® st AR 249l 4
A= Uel= ol et ALt JRE AFRi. ow|A] &47}, GIS AE7t 2 kAt A
2] 1t o AolA] AlEE 4= Q= R HHE S50k H] ARSET HE AHES, S}
ol AHEY, & LIDAR ¥ SARE Z3Rt HE {39 HolHE A shy, Hxe] 2T
o] R glo] AAQl ko) 5 E2FE 53l ARGAREC] "HEldol AMAT 4= A
o= o] it

ENVI9] SARscapes SAR ¥4F 42 9ISt SARscape analytics toolbox ZES A| gt
T}, SARscape analytics toolbox= 84|, Aute], HSIEHA] 5 SAR G4 &85t 12
7HA] 88 B FANE shue] GUIZ AT 4= =S heoldl HaolthFig. 1). &Rk
SAR Q4 AEle B AR 2783 A2 A7F S8SHAI, o] HES §5to] ARARE &
et AgS A7 HAISHA oL, A FA v AigE A¥S 4 Qlok E e E
7] S BiFste] F7HAR1 Hio WE A2E $HT 4 IrH4l. ENVIE Windows &
£ Linux &9 AA 7]gto]s, X4A1F0& 8 GB ol4e] RAMIt 4370 o] CPUE &
etk

0.

—

=

3.2 GAMMA

GAMMAZ} 7idstar sk A8 AT Eol= SAR Hlo|& o4l DEM(Digital Elevation
Model), H¥] B & EZ] o]§ Wit 72 HF ASES AT = Qe HA| Ay Z2AA
£ AHgitt. 51H39] Fig. 29 2ol SAR 9749 interferometric Z2A FH 02 7=|of
ofg] HEo] ZFES] glow, 7t HES TR FEE JEo] ok TR IR ANE
2Rl AollAl 7fEd oz AgE 4= 9lom ATYES Gofl Asdfole] AE&H0= AT 5
T Atk GAMMA®IA A8 7hs%t 914 tlol82+= AR ERS-1/2, JERS-1, SIR-C/X-SAR,
RADARSAT-1/2, ENVISAT ASAR, ALOS PALSAR, TerraSAR-X, Cosmo-SkyMed 5°] 1.2
o, IS Z83517] 9t F2 7152 Table 33 Zt}H5,6]. GAMMAE UNIX 29 A
A| 718k, PC/LINUX ¥ PC/NTS} @] A AE|o]Hof|A A8 7Hs5iet.

SARscape Analytics Toolbox
" SAR Change Detection
*+ SAR DEM Extraction
" SAR Displacement Mapping
* SAR Flood Mapping
" SAR Image Geocoding
" SAR Persistent Scatterers
* SAR Sentinel Auxiliary File Download
* SAR Sentinel Download ASF
* SAR Sentinel Download ESA SciHub
* SAR Sentinel Multidownload
* SAR Ship Detection
* SAR Time Series
_| Refinement
Management
Tools

Fig. 1. Analysis of SAR imagery observed by Sentinel-1. The ENVI SARscapce allows users
to easily display, monitor and automatically extract information from SAR data. SAR, synthetic

aperture radar, ENVI, environment for visualizing images.
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Fig. 2. Results of SAR processing using GAMMA. Sentinel-1 interferogram over oil fields in
Yibal, Oman (left) and SAOCOM-1A Pauli decomposition of TOPS(Terrain Observation with
Progressive Scans) acquisition over Formosa province, Argentina (right). SAR, synthetic
aperture radar.

Table 3. The key features of GAMMA

Function Description

Modular SAR Processor - Range compression with optional azimuth prefiltering
(MSP) - Autofocus
- Azimuth compression

- Multi-look post processing

Interferometric SAR - Precision registration of interferometric image pairs
Processor (ISP) - Adaptive filtering of interferograms

- Phase unwrapping

- Generation of topographic height

Differential Interferometry - Differential interferometric processing
and Geocoding Software - Required for 2—-pass differential interferometry
(DIFF & GEO)

Interferometric Point - Surface deformation histories, terrain heights, and relative
Target Analysis (IPTA) atmospheric path delays
- Optimal match to the observed interferometric phases
Land Application Tools - Filtering
(LAT) - Classification
- Visualization
- Mosaicking
Geocoding and Image - Generate multi-look intensity image (ML) in slant range geometry
Registration Software - Co-register multiple images in slant range geometry
(GEO) - Display and raster file generation tools
Display Tools (DISP) - Single look complex and detected multi-look intensity SAR images

- Interferograms, unwrapped phase, and interferometric correlation
- Display and editing of phase unwrapping flag files

SAR, synthetic aperture radar.
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3.3 HyP3 (Hybrid Pluggable Processing Pipeline)

HyP3(Hybrid Pluggable Processing Pipeline)s= ASF(Alaska Satellite Facility) DAAC
(Distributed Active Archive Center)oA TH= @ ZAA E2 ARERF W9 SAR TZAA
AlS3tet HyP3= 2t € &9 A AHIAE Algsh, @A Hek ez Ho] Algt
H‘ﬂ Atk HyP3& ASFQ] dlolg] M =191 Vertexoll S31E]0] Qlo] AR&A7T A4
A g HA AT 4= 9Jom ARE 7Fs3E SAR GARS Zlof HIPA 24 A g HA
(RTC), ZHdAl SAR(InSAR), ¥3} B4 A& SH3chFig. 3). B 21} B2 sl 244
o] AEl= AWS SHE HAFB= E8oto] HER =M, A2 golA ARATT 2F
AEES AT 5 Sl F4S ABI ET Vertex Ul o= T2 737 HA A} HyP3
£ AR Y E290 5T 4 Q= RESTful API ¥ Python AZESo] 7%} 7|E
(SDK)E Al53tth. HyP3+= SAR Aol gt B2 A 4% 7HA|aL YA] gote AREAR} o]
43tof QlojA A HlolE]Q}t AN AAsHA A AHeHk= o] k. dE PALSAR
RTCY co-registered NIES} 22 UTM HBAZ EYE co-registrated 0|9 AL H5
=4 755, ASF DAACO] ofsf B3 9 vjzE 78],

3.4 ISCE (InSAR Scientific Computing Environment)

ISCE(InSAR Scientific Computing Environmenti= 244 A3 210]E 7]Hto 2 NASAS]
JPL(et Propulsion Laboratory)@} AEZE tfstw 7} Fgste] 7dsiiet. AReARe] HojA,
284, 94, Bd/de L5l SAR Processing &2 750132, U tlolE F4
2 GDAL(The Geospatial Data Abstraction Library) formatf o2} TIFF, GeoTIFF, ENVI,

Geographic = Sentinel-1 = POLYGON{{-141.0174 57

‘ Data Access Disrupti
July 21,2021 {MORE]

1 Fies) e § B8 Scene Detail &Files
021 23:53:362 T U S 51BIW_GRDH_15DV_20210719T235246_20210719T235311.02 - L1 Single Look Complex (SLC) =1
7870.035352_BFB5 3.86GB a
D‘ER?H;?%V 20218826 () §l W ¢ Sentinel1 + C-Band
LO Raw Data (RAW)

1.556GB
_GROH_1SDV_2021.. BFBS

021 2352462 DAY o
L1 Detected High-Res Dual-Pol (GRD-HD) &

836.33 MB

LE_18.2021.. 7950 0¥ s
L2 Ocean (OCN)
613 M8

I_GROM_15DH_2021... 172D i

071 15014487 ﬂ ‘ﬁﬁ' o8

*StreetMap cortributors XML Metadata (SLC) ©2021 ASF | Cantact

Fig. 3. On demand processing in Vertex which is ASF's data search portal. Vertex is the
easiest way to use Hyp3 and provides a friendly interface. ASF, Alaska Satellite Facility; HyP3,
Hybrid Pluggable Processing Pipeline.
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NetCDF, HDF5 52 A|¥gtth. T Y=+ ol 7[Htol, AAFEE= A7 A 5

3 AEE &S Esto] FAEE olE E5 U dlolEof et fAdwt o] 3F
AEH, A= HlolE 4] H AAE AN o £A0] o] ATt oA ZeTH
off HA= FgFol Ark= Aol Utk ISCECIA= ALOS, ERS, ENVISAT, Cosmo-SkyMed,
RadarSAT-1, RadarSAT-2 ¥ TerraSAR-X 52 94 dlolHE A& 4= oW, Fig. 49}
Zo] F2 InSAR E4E 3slct. ISCE= X Sentinel-1A SAR Hlo|E|(stripmap 2
TOPS(Terrain Observation with Progressive Scans) B=)g& A2|st7] st 74 249
TOPS 2E Ho[gE A2sl7] 9t MEL HAEE7} L= o] 7kt ISCE= 2%
A, FYA, MacOS 5 Tt LJAAE 7IREe =2 F&RHIL.

3.6 PG-STEAMER(Pixoneer Geomatics Software Tools for Exploitation

And Management of Earth Resources)

PG STEAMER(Pixoneer Geomatics Software Tools for Exploitation And Management
of Earth Resourcesq= =t 7|4Q1 Hav oo 7idet AARAL Apz=of thgh A2, B4,
7HE 9 282 95t AEHo|1 EFFHQ] ATEQ0] &34 08 W] nEo] gl sht
o 5% WA= PAEo] SIet. The BR0) 94 IR, WEARS dol U % 9

fpplication Display Set Zoom Select Print Tools Halp

[ | "

Fig. 4. Visualizing the output products of an UAVSAR interferogram on August 24, 2014. The
strong fringe caused by the South Napa earthquake is shown in ISCE. ISCE, INSAR Scientific
Computing Environment. UAVSAR, Uninhabited Aerial Vehicle Synthetic Aperture Radar.
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om, %8 71508 JHIYORNE YBE F25] At 7|5k, PARA, BAolL,
55 59 2% QAN 9 2415, DEM A, 339 QAEA, SHAA A% A, GIS

5 o= ASETh EH2HIe|E(TB) olde] théd I tlolHE AAKe R |t &
Agt 4= 9Ja1, T3 PG-STEAMER 4.0 HHEE AAZE Z2AAJRTP, real time processing)
o] 755tk Fig. 5014 & 4= Qlo] ofolE 7[6te] AREA} QIE|Ho| AR AREA} HiwE
Aesh= o Qlof vi-$- 2l olw, E3 RTP 7" A8ot] 2HAE A AM-S T &

AEE FHE AT PG-STEAMERS] 9 AA| 7152 Table 49t ZTH10].

G 41 Pk 348 16m 2171

Fig. 5. Image processing of a sample SAR imagery observed by KOMPSAT-5. PG-STEAMER
has robust image processing tools that are easy to use interface and functionality. SAR,
synthetic aperture radar. PG-STEAMER, Pixoneer Geomatics Software Tools for Exploitation

And Management of Earth Resources.

Table 4. The key features of PG-STEAMER

Function Description

Catalog - View metadata from raster (xdm, jpeg, bmp, tiff, MrSID,
JPEG2000) and Vector (xvc, dxf, shp, dgn, xyz)
- Preview data file (raster, vector)

- Export to HTML file from metadata

Image Composer/Analyzer - Open multiple datasets in multiple coordinate system
- Auto—warping and mosaic with raster and vector bands
- Statistics (histogram, scattergram)

- Vector file overlay

Vector Composer - Support DXF, DGN, SHP, and XVC file
- Coordinate conversion from vector file

- Interactive histogram stretch

https://lwww.jstna.org | 277



T e S

HI

278 | https://doi.org/10.52912/jsta.1.2.268

Table 4. Continued

Function Description

3D Composer - Interactive 3D view
- Path analysis

- Line of sight analysis

Map Composer - Auto gridding for map image
- Vector overlay on map image

- Tile printing for big workspace

Tools & Utilities - Mosaic images
- Convert map projection
- Coordinate conversion

- Image local warping

Image Processing - Geometric correction
- Auto GCP(ground control point) matching
- Orthorectification GCPs & RPC

- Spatial filtering

DEM Tools - Stereo DEM generation/upgrade
- DEM generation from vector generation
- DEM from XYZ

- DEM interpolation

3.6 SNAP S1TBX (SeNtinel's Application Platform Sentinel-1 ToolBoX)

SNAP(SeNtinel's Application Platform& ESAZ} 7t 27 AT EJo]2 A SARS} 35
SH = T Sentinel 914 AlB|2AA L2 ARE AP Sk= of2] 719 ToolboxE ©]
20]x 9t} S1TBX(Sentinel-1 ToolBoX)= FZ Sentinel-1A/B JA1} 7HE7HE A&
Sh7] 913t 29O fSA 08 #olil QL= SAR 24 =T 5 Shelth SAR A

o @93t calibration, speckle filtering, coregistration, orthorectification, mosaicking,

o] APigE XS 4 lom,
Tt A2 FAT A /B ERE AlEskl . Fig. 6
< Sentinel-1 $IdYFS ol-8Rt AA ] 2] BG5S Holwtth M, SNAPS Tegt
SAR GHAY Qo% Graph Builder®t 72 SE= W9 A" 7|HE AS3ich
Graph Builderi= ARAFS] B4]0] Hes 71 A2 45kl AMGARS] Q7] w2t
weo] A2 Fok £47] 2715io] £4 4 9k £8 DEM AETRERE 9 wAjolL &
< ZRE ARt 7152 HAIRH. L ol SNAPS 53l A|2i’t SAR I B 4 &=

T A= @A oz MAgste] UiHE 4= Stk ofAF SNAPS B 914 A=E A
g & o}, B BA=Fo] MAE Y Ade ¥ o Stk SNAPLS Windows,
Unix, MacOS & ttget @FAAE 7Mooz 45k, 24 AlFez 8 GB o142 RAM
I} 43101 o}4Fe] CPUE BATHHIL

data conversion, polarlmetry, interferometry 5 S5
AAA o TE, FA, =

OE'_
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Fig. 6. Analysis of Sentinel-1 SAR imagery using SNAP. SAR, synthetic aperture radar; SNAP,

SeNtinel's Application Platform.
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