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Azo] U= o8] AP Qo] S BHEE ME aTe] 2Ao]
233t

O 22 2o v 5 I AZ0f Oigh ZLHZ YHOZ AAE Fd 0|

(Synthetic Aperture Radar, SAR)2| &2 7I5M8 ZASI= LIS ska ¢ Risd

ol2#, ¢au}gl= KOMPSAT 5(X—band SAR)E ££& Zo|n, 20224
THAE SAR HAE xRt KOMPSAT 62 2A} o|&=E]o] 9lo] SAR
GFe] F 5 ggof tish 7thi7t ZokR|AL S

* £3], SAR G2 FeHlxel 22 7144 A (F- o, oHS 5) ol st

2 4R 9ERE0R BEEgIoN, 22 Berlreh Qlzet
BUHY 5 38UAE FR B

walA, SAR Qe A e E8a) SOC £ Bele) TixeslE Q)T o
aha, Eglel 27t Qluet welo) 7Rs A SHelet g ek AN 2ad

2) o7 =%
1 CIRIE 7 AICIOH B8 A0 212 OFIRT WAIDY Ot 22, B2 1% 5 M
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1) HAAR 2dg
Aol S| TESRE

[ Pietro Milillo(2019) 52
SIE AV |2 7120 2HE SAR S
o0 AAIE G0N B A RS el SES T
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O Jung Jungkyo(2019) 2
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QLD EES
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20184 O|E2[0t H|'=0t2| P£T|(Ponte Morandi) 12|

T =
83 &F = (European Space Agency, ESA)<2] ME]|d(Sentinel 1A/B) SAR
ol oM
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B 1-1 | dAeiaeel xgy

o AYHTRtO| XHE-H
g7 e 72 A8
* Pietro Milillo etc(2019). | + 1% 21M HH= + 20184 21E 0|20}
SAR Fd=2 E8dl SARgY 24 H|Ore| =] wofl CHaH
O|Ef2|ot H2tr| T2 83 | « AFZFA: 02|t 2003~2011AH0] &=
XS Ofst, 0| | LM COSMO-SkyMedet
L 7|8t192 SARYAMC| w2 | COSMO-SkyMed?t @& | Sentinel-1A/B SARYAS
&2 Jts8E HAl LFZESA)Q g, MEEZY MY
Sentinel-1A/B
THAMEIY &8
« Jung Jungkyo S (2019). | « CESAI7| INSARGA 25| « A7|Zt0] ZZEI WZQ| HHO|
Z712t0| ZE wFe| HEXNE 2N metg Sof wEe| oy
Ho|/ZH Iefg @It * AHE2GA: O|Z2|0f HHUS I8t INSARGN &2
ESe) INSAR gAal&tg e P ot
M | 2| Z7|=el InSARAL COSMO-SkyMed®t 98 |+ Mgt 2ItE thmoyl Chat
i TS0 25t wEF #o| 2F=ZESA 20135~20173 AO| A
DUEHE sy met Sentinel-1A/B g
ALY 8
« Jinghui Fan etc (2019). | « X|&E 2|0|X * XNYHESE Ho|N AIHHE
DInSAR @A2 &35t Z&7| X (terrestrial laser 122t EEA(Ground
43t 0|5 &9 =S scanner)2t Truth)2 21, CESA|7| SAR
Qg ¢ COSMO-SkyMed Fyol ds0ls {5 &5,
3 CHEAI7| G4 &85t HlW | Hedg It
» GPSe} X[¥=HE 20|N
A9 7|EHOZ M|
7L Z2 20| A7
SHAZ XA
* SAR SME E5I0 He, | « ZRZAL * YMBUAEA EH, SARGY
w22 MY - Q| SAREA &g HH 2 28 EY
=7101ZEt 2|9 S8t | AHHIZAL * SARBY &AL Mt
= om :J;??_f O 2 =01 ofdy | - f_i—i—?f Ifﬂff-lgl ot i . ’.“:_1'%* =71Q12 2} | LAt
== =] « SIEEDT|EOT R Y| 2HE
2 3w S MY * SARE &8¢t My =7telmat
=712122} 2| AEfet 2ot Al
EHE &

A= NAb XA

10



CHAPTER 2

SAR &
N8t 2SAH

. RZE JHR
. EZEAL MMet HIOIE

S R - 24
. SAR B ZEAILE A







02 SAR GAl 70} E2AH|

1. 24 R
1) EZEAL] Y2

[ (7HE Ao YAEGEREFR, Remote sensing)= S2/&Q1 HE Q0] Al Q= =)
C

XIS = SIS B ZHI(GYHM)E OISl FIST! HIO|EIS 24610 2ot= H=2E

= SR T[S U

c GubElo g QI FF7], =Rl BAE dAYAE HAME &85l
xE, d7], slgols At A5 (FAR] BAHE gRjsta £A45617] 3
7les 7

O F2 S7) 2AFAE 80l 2P UEoHK| $ilE 22(0M ZEefct XY Z2E
FISE 2= AN, B2 27ts XI0)| tigt Xtz 20| 7kssotd, HIMe SE8(EE #

AN OISSH ARIQI AIZICR 2 4 Gl BEl0| ATI EAE T53t

s A 7R oR A EFHAE Ha, Zod ue GERETIE
(mosaic) o2 FHE|sH }

AL 7170 R 4 9}

C R SHGHE o AR WEH O KA FURI o] iR e
A

4 F71=2 d5st] AAER FHE 5 low, FRA=NY B

1) Thomas Lillesand, Ralph W. Kiefer, Jonathan Chipman. 2008. Remote Sensing and image
interpretation(6th edition). p.1.
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* 335} /3 (passive sensor)2 7FAIGA it ofug} ZRAIFA R} shago]
B Ak} Ad (ultra—violet) o4, 17go] 71 A &M (infra—red) A1SE J/3T0]
E 2 858 5 Qlo] B Bof(d: A e, TAEA 5)9 T35l &84

* G4 HloJH (SAR) &t -2 553 XA (active sensor) & ¢1/dol AT 7
178 /et whdol I glo] dloele] F5o] 7hssith= ol s

\l

2) BIZES] 2E

O 2AEAL 7|1E2 KIH-25(earth observation)S Sdlf AES| HaKAIHA X QIZ2H)

o SN2 BRG] I3t SR 20| 2EE

« B3], S DAY FEOI FALY ol St ge A R &
AL BN, FAEY 4 0 B3 5 PR, A0 BeE, S0
05 N SARE, KA, A8, §4, AR 2L A 5 2

918 Hopol M FEETL 91 (<2 2-1> FL)

[0 27PEEQt R2sh £X|K|SE, YAK|E S kS FH|E ME X [E 722 Digital

(=

Elevation Model, DEM) MAME 2[5t 7|x Xi=22 2% QIOH,

. Zo}o] x}oﬂwﬂ = A AP o2 Aol oAU =7hs T R

+ 91 AATAL 71&0) R nla YR Al FEAPS vET $5ANL o
Ao wighg golsle], Adizel tit Ax A5 SHoR BEEIS
(2 2-1 )

2) e, Aae, SUE 2015 AAE BAIS SiE BARA S FeUI o £8 e SRR 52
L4
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J22-1 | 94 BHEU BS Hof

A2 ZL|OL L=

Rz XA} M9

2. EZEAL AL} GIO]E]

1) AR MM 57

0 22EAIE XIEIR/PR) 2 QIBH(UY HR/SAYA 5)O0R WSt HA|

[y | |

3) UIOJHZHAE. EAL https://terms.naver.com/entry.naver?cid=58947&docld=3577742 (2021'H 48 15 ZAM

I HS & HmE= H2Rb 15, SR W

Ar2det g8 ST AR SOK0[gA.

https://www.donga.com/news/It/article/all/20190509/95452921/1 (20194 5¢& 9 X

Mining and geology, http://argongra.es/en/business—areas/mining-geology (20214 42 152 ZA)
el 2020. 100 CHAEC| ZAM 242k, OFAOF T IR & X K. EEAlE.

LEH QPO £ Z2IHLOLAE. A https://Awww.news . kr/photos/details/?2780098 (20174 102 192! Xh
38 North. Pyongyang's Space Launch in Pictures. https://swww.38north.org/2016/02/schae020816/ (2021

4% 152 )
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X HrAKelectromagnetic radiation)?} SH(0f| BIAEl= AL E4E 018610 H|0|

BHE FlISold, 2AMol= 157 e
* "R WA= oldR] (energy), TP (wavelength), F4(frequency) 522
e, 3Pgo] BeS4Z ofux|et Sk 716k, 3Pgo] Z4E oy

Klof Fupe= el ol2itt 5/4de B H F5 E8H(E 2-2 Fa)

J72-2 | HX |t Ci%(band)

gamma ray ultraviolet infrared radio
- /I I ]
X-ray visible i microwave
=
shorter wavelength longer wavelength
higher frequency < - lower frequency
higher energy lower energy

TTTTTTYVAVAVANSZERN

AtZ: NASA. The Electromagnetic Spectrum.
https://imagine.gsfc.nasa.qov/science/toolbox/emspectrum1.html (access May 13. 2021)

O 2= M2 CE HAP (O] tHAE(O): 7IAZY, MM, Oj0|3= 0|2 §)S

HXlot= MME Soll HXIZ otz =2 SEXR YE2E FIS0lH, MM SR

2t BX| 7158 Yol SRt 0| H2FE(@d 2-3 1)

» AAEALE AN E= TA 559 AlA (active sensor)d 2t =58 XA (passive

o O

sensor)%) 2 £&¢&t 4= Q)

lo

g AME] Fiolle SolthLiDAR), 93 2ot (SAR), &3FEX171(Sonar)

o« %
O O O W
SOl AL, 5P MMl g, ARZIE, A4, HelAd AIM ol 9=
4) UBAY EE BT MB(O: radanS WESHT, SHOI O3 HIAEl RS Tl AT} ZXISHE %
5) KIEAS 0| EfQ | #INE O|LIXIS HA7L ZKISHE 2

16



J22-3 | 558 M2t 58 MM 57

UZERA LA
SE8HN =S A
(Active Sensor) (Passive Sensor)
2ol egafoly e i
A nm = Multi spectral (Microwave
(LlDAR) (SAR O) Camera) Radiometer)
SLER7| Ho|M 0|z} SSM/I
(Special Sensor
(Sonar) (Infra Red Camera) Microwave/Imager)

A= XA A

O YEXO2 25 M= EHFZC| SAIUXI(HRRM, 7IAR, Xkl S)E EXIok

A EAUTRISS 0/85) HEE S50 ¢ 0l8E

H, 559 AME efidge] vrAL AlUX|7} obe} AlA 7L gl Z=iEollA]
9. to]Z2 23} (microwave) 52 W&ESHL, EAof
AtElo] HEote = A E FA51Y] 7|Sok= WA (" 2-4 Fan)

7V AL 18, S R ] B2 Bk AAHL 5
g

6) 0|F&. mm HRIMA| Z&. X7t ZAlsk= & 'S4 Zlo|E . 2NYE.
https://news.v.daum.net/v/20210331080036431 (2021 3% 31YAY
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T2 2-4 | SSE MLt 25 N2 X01H

& M X (Passive Sensor) 5548 MM (Active Sensor)

Xt&: Geospatial World. What is Active and Passive Remote Sensing?

https://www.geospatialworld.net/videos/active—and-passive-remote—sensing/ (2021 48 15 &
K2 MAF Y

OIS, ‘T3t 1 ARIA(1~5)2t LISH A8l O 21 Al2I=(1~5),
el ety 3 SA1-olid- AL HE0i| 0127 P7IK| & 24712021 48 71R)2| fledE
2EoIL 28 SYE 2-1 1)

O LELEH= 19923 91d MEP|E &5S flet 1Rl ‘RYE 158 X3 TA

OI

o]F gt AT olHE
'l:

A=A (H=RD), AHAlhS

)‘l O:E
>

ol

=

ol
:L

g L FIQ R R I
2

« FAME FAISH of2lE 914 3A(KOMPSAT-3A) 9t 21 3¢ 22 WA
%EH}B] (CAS-500)< _317]—-—H ]—E—'_ 50cmeEe=2 47H U= (RGB+NIR) & Xﬂ:g_

[k

ol
30

S
=]

ol2]g} 55 (KOMPSAT-5) 9} 2022 AL o 7491 o}2]7} 65 (KOMPSAT-6)+=
A} #|o]H (Synthetic Aperture Radar, SAR)E €jgh A1

o] Hlof| = thE HES EFO0Z IS AoA G4 HolH (SAR) 718t
24 FEAA +(constellation) & 7iE U7

18




E2-1 | Cpeizel

olzely 28 HE

—o

e

e

(TAET)

Algeldealg)

18(92), 25(93), 35(99)

13(95), 25(96), 35(99), 55(06), 5AS(17),
63(=2d 15)(10), 75(17)

CEXAEL-E(0r1E)

13('99), 25(06), 35(12), 3A5(15),
55(13), 63(21 0H)

FXH= (X2

15(10), 2A5(18), 2B5(20)

1}3} |$0|A‘I

13(03), L=uk5t94(13), 35(13)

TSLLIHE(ANASIS)

ANASIS-I(=2-23155)(06), ANASIS-I1(20)

MESRY

12(2NE=EXY)

Xta: S=SZRFATS) KM2E XA MY

2) HZAEAL HOIH

O HZEAMOME ENOR ZaMiMet 22 38 MME FSEE Al Ji
(raster = pixel) ClIOJE{Q & HO|H(SAR)LE LiDAR(Light Detection and
Range)2 Z2 S=& M7 S5H= Mak(point cloud) HIOE FAI0| Qe

* P2 HolEe AAREE 0O x m)] FHIE T 5 e 7 =

JE

Aof]

skl ZH(8~11bit) & Rofate] Hlojelz B3t

7RG Tl e dlo] Akl Mol wE7EA (Red), E2M(Green), 1M (Blue)

o2 o] 7] gt Ao ez xgsla glom, o] 3719 Meg gHidstH
AEto] o 2 QA= MAlT AFES] o] TR (17 2-5 &)

- Aol o B 4

7Ike = AJZfElsto] v‘i‘— of o]&stal lom (¥ 2-6 &an), 9%

<]

A Q)3 AR F/de] -7, Tloledl 715H ¢h=
2

(Imaging Radar) = FAP |3} A5 GAFo 2 HEkslo] EMof o] &5l ¢l

7) SERA. &, 'EAY A LSS5t OIS AILAI 3020t A 2020 82 SUAL
https://www.yna.co.kr/view/AKR20200805040100504 (20214 4€ 15 Z{A)

8 SRYZLRATL,

HTIHEH(RIBQA). https://www.kari.re.kr/kor/sub03_02.do (20214 4% 152 ZiAH)
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12 2-5 | Raster Data YH=2} RGB F4to|

Af&: Humboldt State Geospatial Online — Image Bands. NASA.
https://asp.humboldt.edu/OLM/Courses/GSP_216_Online (access April 15. 2021)

T2 2-6 | B AEXIS IHAM B B4

AEROSPACE
RESEARCH
NSTITUTE

214 35, 239l 8y P4t

57 X121(2019. 04. 05 13:00) f .

Am: s=dE2FA1E KARI TV. ZEx LH A= 2N FHEE, &, 14).
https://www.youtube.com/watch?v=0YaAALVMdmw (2021 04%! 15 ZiAH)
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Ave)

ol

0O s53 M9l 5t £590I 210|CHLIDAR)S| AR, H[0X ASE Eoff HiAf=l HHO

SIXIE XYZ ZHE(Point)= H2t510] A%

r

A2 (point cloud) Blo]el Solck AAe] A7 Bl Be HEE 44 A4
sk Waloln, BRI 7128 YAE B Jej YT 2-7,

2-8 1)

12 2-7 | M&(point cloud) GIO[E GiA| 33 2-8 | SAR S OllA|

Xt&: GEODETICS. https://geodetics.com/lidar-  X}&: SIIS. https://www.si-imaging.com/gallery
point—clouds/ (accessed April 15. 2021) /kompsat-5 (accessed May 13. 2021)

3) #ZAEAL LIOIE 2| SHY =

O

r
iRl

Zliel 8= Felol Mol | ?lolid= HARAKIZS| F20| SQ0IH, S5

St FAIXIRO|

o1 oo —

EX2 FZ7Hspatial), 2Z(spectral), YAKradiometric), AlZt
(temporal) S2| sHA = (resolution)Z HE&4E

* 375l/d % (spaital resolution) = 93/g0ll 715 %= Sk (pixel) & 3715 2o},
sha gk H9] o7t Fsh= AA AW ARE T

- o2 5o} Selfalr} 2 WARHA02L 03,22.) AHAIC] E9 157)(39)
19)9] - Shke] Fo] 7=2AIR oF 50cme] RIS AHishs V=S 71
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ol 71ZEE B Fas aby
Sl tielo] wess BusiEs}
P REC S E

Oﬂ

Sn
=

|
o« B335 A (spectral resolution)= 3
4 (band) & WalH, AMA7}F RS 5
=0} Q7] AL (TIAF) 2= EXE 4 gl
3 (panchromatic) G4} 471 YH=(RGB+NIR) &)
¢l Landsat 82] M= 519 GA3-& 235
NS 7HR L Q129
NS E Shte] A (F
o

il

gk g =,
[EdmE

o,
2

s

)

240l 7hs
=01 ol2fF 3ART =
AA7FEAE vhH - b)2to] 28 =
S5 e
A7 R &
15 oloprlab, 229 o852

9719] HiT oA FIFHRE F
HIAL S ALE (radiometric resolution) = 4
Fe 4 AR

2 11bit(29] 1145 2048) 2 FAtdolE & Al 98

SN SYA]
X 7

o

5 o
(e}
=
249
e

=

AR e
7}OF
aE

’“‘)Oﬂ it ZpAIEHA A

1753 = (spatial resolution) &= 91’30 |
UrERE,
olE] FH5o] 715l BEThAe] Wt Folg

dni} X2 SRS

e AR AAANA L=
A (Spec1f1catlon) 2 g5t 9

9) USGS. Landsat Missions, https://www.usgs.gov/core-science-systems/nli/landsat/landsat-8

(202141 4% 152 ZM)
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J382-9 | 918 SR ME 471X] s H|w

improving
: Spatial & temporal
Airborne cameras / resolution
100
10 Bit resolution  Discrete level
? MERIS 21665536
g c
.0 o
E 1.0 214 | 16384 2
S °
=
3 6 cays.......0q - EEESEII— L pwatery OIS - 215 1A g
E QuickBird 11 {2048 £
= 8days o (RS - - --- SeaWiFS, AVHRR 21011024 E
g ddays ......001 ool 2
8 SPOT, ASTER, Landsat 2° 256 E
a 6
0.001 — T
T ivnisssnrasfessasenss 2t 116
0.0001 —
22 a4
HH H HE H H: 221 4
L I I I: |
0Am i 1m 10m 100m  1km 10km 100 km
Airborne cameras : : I - JAVHRR
uickgidPaN | STOT S b
] H %_l
QuickBird Multispectral Landsat MODIS
ASTER

Nominal spatial resolution

Xt=: Dimitrios A. Kasampalis et al(2018)
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3. SAR QAo EM
1) 30| (Radar) MIA|

[J H0||(RAdio Detection And Ranging, Radar)= 553 MIM2| SHLIO|H, OHELIZ
Sot0] 0|2 2ME YAKincidence) 7 SHZEE S A2t E MS(signal)E &

AI5101 2XIRIKIO| YA Rl FZIEM RO

s FHQ A ol (Imaging Radar) AA2% SAR(Synthetic Aperture
Radar) 2} RAR (Real Aperture Radar)7} 91&

« ¥k o]y wlojejoll A x| F= A7 sl ol & 3t
J= ARk sk DR ot /T gl ERIUVES] Sk Bl AV Sl

i)

2) SAR2t RARQ| X}0|

O S H0|H AARCZ=EE &-pilcl= HIfo| HH2 72|2| Mo Hi2oto] Za
oftH, Ol= -IRHH|LIS| 377} 2|0|H So| o=t 0| JUSE 20l

* RAR= AIM7F 7HR1AL Q= Z27H (aperture) 2F REELW7E g o2 S551]
zoll, xSt IE B glo] AeE FS5she FEE, AsdEe

* SAR+= RARO] |l Au} A5.9] mhgto] A1 SHeLt =]
227} (doppler effect) & o]gsH 71 SHEUE ALE-

=
=
Ea s

N

I

10) 2iX|S, Olch}, O|E, Ol&E. 2017. Sentinel-1A/B 2192| SAR ZHIFdS 28t AT He| 4. st
RIE&ts| F=AEHEE]: 409-409.
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A Ueh B3, B ASE olgsl o ME BARE ST
slom, We Welel A T Kol tig DAY= IS HASoH: o
A (1% 2-10 &)

121 2-10 | RAR2Zt SARS| x}o|

e

1A I
He Hl
RAR(Real Aperture Radar) SAR(Synthetic Aperture Radar)

Xt&: Laurent Ferro—Famil Eric Pottier(2016)122] 1212 MA}t M7

3) SAR B ZRO BAT|H
(1) SAR 940] £57 2 9 U4

[1 SAR 9MdYA2 | -Band, S-Band, C-Band, X-Band £ At2ck= HOfpo| mpxt
CH(band)Of| L2t 253 4= QIOM 0|S IFE HAHS HFSIE| XS AKRSI Q1213

« 1% L-¥1=+= g aPddo] H|al =& 433 (coherence) ©] A% 7] W&o

11) 8%, 2020. SAR(EH 747 8lo|d) 2. 2E H4675: 52-53.
12) Laurent Ferro—Famil, Eric Pottier. 2016. Microwave Remote Sensing of Land Surface, Elsevier. 1-65.
13) 0] 0= Ka-band, Ku-band, S-band, P-band & C{¥st tHH0| QUCH.
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* L-Band= 3P7g0] Zof ©x]A2|E AX|e, F6g 7 ojR|= ©R15)9]

U= v upgo] g2 X-Mts I dEs =X, BRIARZ} Eokkl=
o] A (3 2-2 73l

H2-2 | Yo|H BEFE Fo== 1Y F L~XME0] ChSh KA

HHEH I S s
L #E 1-2 GHz 30-15cm Long Band, ATC 2{|0|E S0 Al
S HiE 2-4 GHz 15-7.5cm Short Band

Compromise(S2+ XAt0|2k= 2J0f), SH2|(~60km)
FO71 HWA ROt AS &80 £E3

C Hie 4-8 GHz 7.5-3.8cm

X e 8-12 GHz | 3.8-2.5cm | HH2|(~30km) 7&, &= &5, X-Band 0|5 S0l AL

XI=: 521-1984~IEEE Standard Letter Designations for Radar-Frequency Bands. 1984. IEEE.
[0 SAR MME Bt 2IM0lk= 1978 SEASAT(L-Band MM EIHS AIRCZ
ENVISAT, TerraSAR-X, Radarsat, ALOS, Sentinel S LISt QA2 22 =

« $Eygts 2013W KOMPSAT-59] WAt Ad-335lHA =4k SAR F4
(X-Band) & 23519131, 20229 KOMPSAT-6% A ol (& 2-3 &al)

14) InSAR(Interferometric SAR)= SLX|H0|| Cigt AHZIQ SAR FAS &&610] XEHEl JMRIE FESID
UM SYFHEE H= 7I-OIC

15) YA, 47|E. 2013. RadargrammetryE 0|25+ C-EiE U X-HHIE SAR AUAC| DEM AiA TI}
Hota7 P EsStS|X|, 21 45 109-116.

26



H2-3 | SAR Y 2288 2R

ER AT Hgue Y EEEY
Seasat 1978 L-Band(HH) NASA, USA
ERS-1/2 1991/1995 | C-Band(VV) ESA, Europe
J-ERS-1 1992 L-Band(HH) JAXA, Japan
o .
Radarsat-1 1995 C-Band(HH) CSA, Canada
N e
ENVISAT/ASAR 2002/2012 | C-Band(Dual) ESA, Europe
ALOS/PalSAR 2006/2011 | L-Band(Quad) JAXA, Japan
TerraSAR-X/TanDEM-X 2007/2010 | X-Band(Quad) DLR/Astrium, Germany
Radarsat-2 2007 C-Band(Quad) CSA, Canada
COSMO-SkyMed-1/4 2007/2010 | X-Band(Dual) ASI/MID, ltaly
RISAT-1 2012 C-Band(Quad) ISRO , India
HJ-1C 2012 S-Band(WV) E:iEaSDA/CAST/N RSCC,
Kompsat-5 2013 X-Band(Dual) KARI , Korea
PAZ 2013 X-Band(Quad) CDTI , Spain
ALOS-2 2013 L-Band(Quad) JAXA, Japan
Sentinel-1a/1b 2013/2015 | C-Band(Dual) ESA, Europe
Radarsat Constellation-1/2/3 |2017 C-Band(Quad) CSA, Canada
SAOCOM-1/2 2014/2015 | L-Band(Quad) CONAE, Argentina

Xt&: Alberto Moreira, et al(2013)

[] SAR AIS SOI5H= YAl 7|2 MO AZH D=(ScanSAR Mode), AERM D=
(Stripmap Mode), AZZI0|E 2 =(Spotlight Mode)7t OO, 117HEl OE|Lto| Hisk
ORF Qo ZHZ2| IRt 212l X0 it Fate| 20| HEfR(TR 2-11 &)

« 0|2 7)AI5}7] Saf otHE ke WIRkS mAIste] Bldt A tisl SUsH vkY
oAl TEo] E 4 JUE = 5= TOPS(Terrain Observation by Progressive

H2% SAR 4 Qe E8AE - 27



SAR)IOEES BRIg SAR $140] FhUElel &8 FU(: §3 S5

Sentinel-1)

a8 2-11 | SY2olE Y YA

(2) SAR 978 4718 5t 54

[] SAR QA2 2510 MHE F= U BM5H= 7|0l= InSAR, DInSAR, SBAS,
PSInSAR, TCPINSAR, MAI S LI5St HiHO| Qle

* InSAR (Interferometric SAR, SAR ZHd71H)+= SYX|Go] dist AH#H L
SAR GG(M=Z TE Al7]ol )& &8sl RFFEL} YRS FEsk
AAZR] GPIPEE S ¢ e 7o R, F G4 7] nlAlst QdxE

Artste] -85k YHAD

=]

* 9 2-129} 20| SWE o|gal FHIAAE H(rectified) F&= D= W= SAR

16) ZA2] 9. 2014. TOPS 914 SAR B AIAH 78 U 45 T7t G SA9LY FMQeTs| =2X|
9d 25: 74-79.
17) OI2IZL 2016, DIMAIEEHS| BES I3t BE CHEA| HOIEZHIZ 0] THE MSARSL HASIRI=S.

28



GAAE DAL 5lM, phase interferogramOlghs ¢V ARE THIES} 7dR
(coherence) & AJAotal, W9 A= AT 7] Y= AAsH:E dele P&
InSAR @/3x2jzt o

J3 2-12 | SAR SHx2(2t InSAR FYX2| Hx}

1. SAR Process

| Get Contents | | Area Selection | | Set Orbit Info.

2. Interferometric SAR Process

Find PSC Point Unwrap Mask
Phase Find & &
Interferogram Coherence Make TIN Make Disp.Map Del ATM. Effect

Xfg: X&: Minkyo Youm., et al(2017)19)

18) Minkyo Youm, Hongsic Yun, Hanbual Kim, Woneung Lee, Kwangbae Kim.. 2017. A Study on Optimal
D-InSAR Filtering Technique According to Landform Relief. The 5th International Symposium on Sensor
Science Proceedings 1, no.8: 723.
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* DInSAR(Differential SAR Interferometry, SAR XF&7H37]9H)+= InSAR 7]
HE o] &sl Lozl RFt AR dloJElollA DEM< ©o]&5t] AZPHE
AAsE, SRR E7]= WHS DInSAR 7[Holgkal g9

DInSARE o] g2 X3S A5t QAre] W35} (phase differential) S

2 Wholnl, DEMY] slgmel 2 % glo] 9] uRrE HUsh
25 4 = 590 98

DInSAR7} #2 &&= 2oks AFez % x|gHs), Ex
A z}e] nAek ¥t EUER 5

* SBAS(Small BAseline Subset, Tt3AF @714 7H71H) = A|AGE =5
SAR GAES B45H DInSARS] Sl 7ol & 4 18

« F 71 AP ER | FE ARG wiitol] Z[die @& AFRE o8-Sl
K3 T T & Rlov), AW AR olsk oat WAl Fh5Ao] e
wHol 98

PSInSAR (Persistent Scatterer SAR Interferometry, 317g4FA] 7Hd71H)
120) TRAERR| (2)%]7} Bi5kR] komA] Aute] Aleto] wo] ojil= 74|
812510 SAR GAtOA BHstE BR|(ZHE, 7| A% &3 =

a3 0 AAste] U K|E WSS ZFSH: PHD

PSInSARE 2|4 16732] AlAIE /< vlasl A& H91E
ARolM e aabEolxRt, A7 A2 KHd KgollM

o

=

A

it
oy

_,d
oy o

[e]

(e

L g}
.

i
—

a3

ol

* TCPInSAR (Temporarily Coherence Point InSAR)+ PSInSARS} SBAS?]
T2 Z1el] sla) 1ok el

19) National Research Council of Italy. Differential Synthetic Aperture Radar Interferometry.
http://www.irea.cnr.it/en/index.php?option=com_k2&view=item&id=77 (access April 28. 2021)

20) A. Ferretti, C. Prati, and F. Rocca. 2001. Permanent scatteres in sar interferometry. IEEE
Transactions on Geoscience and Remote Sensing, Vol.39(1): 8-20.

21) &gt 2011, SAR Interferometry 7|&3t S8 MAHIY|&, 223 65 101-113.
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4. SAR S EEAEILE A

1) FL AL
[ 368, ZAZQ010)2 2HEAIS S5 SAR 24 0GR SAIE 4 k= 2R Hojet
SIS 2, BI9| S0 SaiE SAR 20| Crst Risist X0l 257 28

ek gR) A2 AR QIRE XFHE), X[skeSol 2Rt XRFEA,

« 378 XQPHst ¢
2Rk vslo]E Sof| E8ET Qlon, o] vl siok 2 Ty TEolw 8-823)

O et 2Q2005)= SEAIQ| OHEX| X[HIEG} sids FHHA
JERS-1 SAR E&= 0[8510] 2f 67F SEAOf|M L2t ZolHs 8

oco=2
+o] A A dHole BAg
4eme] FISPE Lol 18-S BB

O Z242K2010)2] S720llAt= SBAS DInSARL PSINSAR 7[#2] Hw
= AAIE 240 ZEO0| W, PSINSARE &2 X[ 240 EF0| JSS &2l

b, x|% ol EAe] HBE Selol 54
A 918 Uitk 8 4 9182 F2I51582)
243 9(2013)2] SITOM= ABHOW SX2 S5 SAR SAI0| K| BB Haie
77|x|: (PR M LY S ARHAIR], S DEMS| BBice, T | X1 34 SS HA

22) ZRIX|. 2013. AAE XIE $e| BE7|(TCPINSARRE SBAS)S 0|&%! 0= YL2tAT} (AL SHtas

ZIA|. CHBIIZEIAISIBIR|. 20 15 21-34.

23) oi&, Z|AIA. 2010. Interferometric Synthetic Apeture Radar(InSAR)Q| &2, YAHFX|. 113 35:

108-118
24) 24821, 2Ee,
25) ZIAr4 (2010). CHSA|7| SAR gAIS

143-151.

HSY, ZER. 2005, SHOIHE Ol S22 AlZiEol HE. AFHEHAE 382 42 381-394.
OI8TH AIAIE B9l BZ7|E Bl 24, HHAZARISEIX], 26(2),

H2% SAR &t 7HR2t E8A1| - 31



3 PSInSAR 7|88 $83 B4 2ol DEM Aot 2 ogo] gl A
o Uerdo)

O gk 21(2015)= H=2| Hi2keHi2t XIS 1471272F #F5t COSMO- SkyMed
SAR Fd= 0IEo10] F=t ot R0 TSt

o] ATt 6270l FSHe B4 BASH Aol Adel wet spyt S
BEjo] AaM Makshs PgE BAIoHS2D

[ 4PAIRH 9/(2019)= TerraSAR-XE 217+ EIGiE] = At F4X| X[Ci0] HAIS EAI510]
AS0| B1x| U 7|20| WIS BEGIS
« o] oA Ll 549 K| 42 WeH(S) O] AL Bl SHIEE
3 BUEY 75 4E AASEE)

[J 2151 2|(2017)= 670 7t TerraSAR-X 21A90| &5t MiIS~2Z= A0|Q]| SEM A
TEEAZS 012, H2o| B AU RoIEE FHol= AT E st HE IS

o] A=
SAR 9% B8l TR

re
1 (e}
X
z
1o
2l
ol
K
a
l
it
k1
o,
lﬂ
1o
r O
20
ox,
M
=,
td
A
o
o,
otl‘.
)
4

20156 3] WEAAIN B SH TEHE 182 3km 70| oF 16%
(29, 11km) Aol 3em oPge] KIASHE SIS, SAR B2 $ol Hoke
SAehaA ¢

N

c TP KGR EA SEOR 25W TRNSTE Qlte] 14 ol
S7b1 kRl xlod o 2 the x|edurt s} ol WAgshe Ay

* PS-InSAR A& o] 837 ]olle 9/ LAY 47} 252 (PS-InSARE

26) 58, £87, LU, FEU. "USHHE SAR FHQ| J[oh AXIHE B QM BA" SEEHEEIX]
31.6-1 (2013): 447-454.

27) stekd, 2=, TS, 0|2E. 2015. InSAR /2= FAES 0|85 4= &2 UJ|X| IZ HARH-O| 37t
B3t 2. tfelAAEMEEIX], 318 65 501-512.

28) B, 01571, O1&%. 2019. TerraSAR-X ESHS 233 HEY HX| 25 WA Hat DLEY. gt
HAAISISIX| 358 25 327-336.
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167 o142l AlAIE At & Q)5lo] D-InSAR (Differential InSAR) S A&

20164 893t 2017 19 HAH ¥ QL vlask 2 674 2 FeH oF 7mm
of Hep} gl o= FaEgon,

oF 4. 6mm= UER} SAR G4
o83 Ax Qmetel Aok RUEY /5L HBS2)

e
@
N
Ra)
T
FfF
Da)
12
1o
(@)}
X
e
4r
)
jula)
31'4
ot
rlo

[0 7[EL A G712 BRiE(2019), EEY-Z2E(2017) 32 GVt US

(2019) 5 A1Evjold 714iE HEoio] G eojciel B ek
ENS 883

- g LEH(017) € SAR G4 Ul AR BR/ANE 918 Heid 7hEe
Argstal, SAR G/l HEst &1, deTEES FRISIUE 7]e gt
5342 271519890

20) 23t @EA Holn, 0|2, 2017. D-InSAR 7|HS 0|25t SHM n&HME 7t X|Ht X5t 24 5t

P Hsls|X|, 263 3&: 35-41.

30) 3, . 2019, XHMCIESON 55 S8 SIS QI3+ QAI0|EO) SHZE0F & HIot oI GL|E=

orgH
ChereA—AR2lX| 363 63 12561-1260.

31) E¥Y, Zd=H. 2017. H2i92 0183 SARZY SHE QA 37 . =S MEX(HEASL), 347
731 31-39.
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2) =2| Ak

(] Abdulkadir Ozden et al(2016)2 WZ0| 1519} Q| T2 HHO| 3 X|2|X IHEH
I A= 2K 5 =2 2 QT2 BLIEE FO00flA SAR S| & 7154

rulo

g
=Pl

£2 9 oxe wUeY dAe] AAH £8HS s
Sh= 19| olgtol Tis) Aokl s

Fu g8 A7t

="

]
of

[J Cascini, L et al(2013)2 S2t5HAE ERS-ENVISAT 2 115HAE COSMO- SkyMed
SIAT DINSAR 241 HIHS 0|23} O[22|0f HEIX[CI0] X|HRIGH EIX|S 254

FEe] AL He Xag mUERst AP s AP Exlslet] &
okT, TR WS AR bRl §-8siks ATE RINEIGLR

O Bruckno et al(2013)2 InSAR 7|HS &850 ATE, UM ZAIH S XS 2|
St gk 9| Q1o D0 Lot 27| ZX| 7is-dilt RE8E Lilfoh= S+E A
]%‘511 X]

« B4 Auto] golg sl BAE AAE o] YR|E GIS AZESIS
Hmot 34 AlA elohs A o2 AR el ot Y uie 295 A
[J Biondi(2020) 52| &70{Af= 20199 £1|=l 0[2(ofe] EEJEIDL(Morandi Bridge)

O Al S& SaHl SAR Se2| TISYEE 22510] W2l Lt L2|0(E(mm) e
o| &S HRlok= LS M

* SAR g HAE B we] AFolux] Mets BAlSHL ol dATE WY
& 9188 ARSI E3D)

32) Abdulkadir Ozden, Ardeshir Faghri, Mingxin Li, Kaz Tabrizi. 2016. Evaluation of Synthetic Aperture
Radar Satellite Remote Sensing for Pavement and Infrastructure Monitoring. Procedia
Engineering. Vol.145: 752-759.

33) L Cascini, D Peduto, D Reale, L Arena, S Ferlisi, S Verde, G Fornaro. 2013. Detection and
monitoring of facilities exposed to subsidence phenomena via past and current generation SAR
sensors. Journal of Geophysics and Engineering. Vol.10(6).

34) Bruckno, Brian S., Andrea Vaccari, E. Hoppe, W. Niemann and E. Campbell. 2013. Validation
of Interferometric Synthetic Aperture Radar as a Tool for Identification of Geohazards and At-Risk
Transportation Infrastructure. 63th Highway Geology Symposium.
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[0 Zhu Wu(2019) &2 ALOS-1(L-band) % COSMO-SkyMed(X-band) S&i&
ALZ5I0 S= 2 XG0 CHet X|2HElot (RS InSAR 241 WS 2Eal o

F Z2RE AAQ AAE o) 8a Azt H) 35mme] KIS} JReS Bl
slgion, Hale] glelo] B, AZ 515, K|aled Sof ot AL w0

3) SAR B¢ &8 A

O =LH- 2| STAOIM MM HiQE 20| SAR 2A47[-2 = mm ~ =) mm2| X[t
He| 52 20| 7ISoIUCH, AAIE BeE EEoH St HeIE FJok= XY

« Jx Qlxglo] Ho| IES Q3 A B4 WhH o 2= PSInSAR®E DInSAR
7 5t B4 i o g2 vcE

* PSInSAR 2102 x%ge] HE B F4517] flaixe ddsRs A8
A ZEAtE (Ground Truth) & o83l Aozt 2 Heks|of g

* PSInSAR WAle- x4} AERtg FE-S el 1A (Persistent Scatterer)©l]

T

SGSHe WA 58 AVG(EE 7Y S0l RIS BhSIXE 5%

A dRE F50] AFgAY 147 Fof PSInSAR A& A
8317] ol2de 74$ theke 2 DInSARZF G213k HHE
ZfollA] ARgEl= RX1%d715% (Ground Control Point, GCP)
of] &It x]2}& Fx(Georeferencing) & &3l A1/ ozt 17} 71

>
.
1o
ox.
o
o2
ofl
J

35) Biondi F, Addabbo P, Ullo SL, Clemente C, Orlando D. 2020. Perspectives on the Structural Health
Monitoring of Bridges by Synthetic Aperture Radar. Remote Sensing. 12(23).

36) Zhu W, Li W-L, Zhang Q, Yang Y, Zhang Y, Qu W, Wang C-S. 2019. A Decade of Ground
Deformation in Kunming (China) Revealed by Multi-Temporal Synthetic Aperture Radar
Interferometry (INSAR) Technique. Sensors. 19(20).
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36

A_SATON H= QUIAfR} 20| O] FHelet BHO| X|H HO| EX (0= ot
.i

Etr ST} HIS SEOIM SEHQI HOS LIEILID], J4 2 WAlS 9y
215 U NS QIS HIST}BRI0| IS

* Sentinel, COSMO-SkyMed, TerraSAR-X & T2 275} 9= SAR
S €89l 497 oy, dREE 7|Ed ZY-AFE dolEHE AT
Ex o] 9tA E85al S

|

= ol Aol dhel U5k Al719) SAR Bg A5 $1siA
= 898 PEHZO 27, HE JHSl I DRSS B
wjo] Fo Yukx 02 ulgo] of ol ATk g nejsiof 3

B 2K SAR A BRS 9fst MEQIZI0| IR SE3H SHA0|H, S5, 2T
QITI2jo] OFH 74 U 2 121 122 LIZIEHAO] CHSH 01l XIKIZ} 2101 B! 0

[}
CHot A Zatet /|

771922 SOC yAIEshs {5 [oT AlA =0 upE FEds /g
olUje} SARS 2SI UARAL AT FHE HES B
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T T E il N %
"r i FI=E o BT _ﬂl K TK
AL Al — 1oy = au Ki B
| _ | = == mﬂaﬁ Uio" m -
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SUMMARY .
4

A

Direction of using SAR imagery for efficient management of national

infrastructure: Focusing on railway infrastructure

Kihwan Seo, Ryunghyeok Im, Ilwha Lee

Key words: SAR, Railway Infrastructure, Management, Safety Inspection

The purpose of this study is to suggest a direction for the safe and efficient
operation and management of linear national infrastructure such as railroads
and bridges. Large-scale national infrastructure such as roads and railroads has
inherent risks of ground subsidence due to its size and weight. Monitoring and
managing this is one of the key roles of the management entity, and
management and inspection are carried out by technicians with essential
qualifications. Currently, in the high-speed rail section, technicians are directly
sent to the site to survey the facility and monitor the subsidence, but there is
a limitation that the site can only be accessed at dawn when there is no rail
operation. Although such a safety inspection method involves a lot of cost
(time/manpower), the reliability of safety diagnosis is not secured. A new
approach is needed to improve the inefficiency and low reliability of monitoring
and inspection of linear infrastructures such as high-speed railway. In addition,

an efficient inspection method for data-driven safety inspection and

SUMMARY - 75



management of all sections of the railway network should be proposed to
accelerate the government’s ‘SOC digitization’.

Imaging radar (SAR) is a type of remote sensing sensor that can measure
displacement of several millimeters through analysis methods such as DInSAR
and PSInSAR. The use of imaging radar (SAR) is expected to be able to detect
minor changes on the surface of the entire railway section, and it is expected
that some reductions in time, manpower, and cost required for on-site
investigations to some extent. The safety inspection based on satellite remote
sensing has the advantage of being able to periodically observe the entire
railroad network at a relatively low cost, and synergy can be expected from the
government's promotion of SOC digitization and linkage with digital twins.

In order to use SAR images for safe and efficient operation and management
of railway infrastructure and digitization of SOC, it is necessary to prove the
applicability of InSAR technology through experiments, and to use both on-site
inspection methods and SAR images. In addition, improvement directions for
some of the major laws related to railway infrastructure management and safety
are suggested to be improved so that sensors (IoT) and data acquired by
sensors (SAR/optical satellite images, etc.) can be utilized for infrastructure

inspection and management.
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