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Abstract

The purpose of this research is to propose the measurement of improving DEM by using the water surface range of SAR image analysis
for river corridors and to suggest the construction of satellite-based 3D river spatial information of inaccessible regions such as North
Korea. For this research, it has been progressed from the accessible area, watershed of Namgang river, the branch of Nakdonggang river.
The satellite image was collected from SAR satellite image data for a year in 2021 which was provided by ESA from Sentinel-1A/B data
and extracted from the seasonal water surface area. Ground gauge water level was collected from hourly intervals data by WAMIS. The
DEM was improved by analysis of the river altitude of water surface area change by the combination of the ground water level of minimum
to maximum water surface area data extracted from SAR image analysis. After the improvement of DEM, the altitude of the river varied
that it is defined to comprise more natural form of river DEM than the existing DEM. The correction validation of improvement DEM was
necessary in field survey elevation data; however, the correction validation was not progressed due to the absence of the data. Although,
the purpose of this research is to provide the improvement of DEM by using the analyzed water surface by existing DEM data and SAR
image analysis. After the progression of additional correction validation research, we would plan to examine the application in other
places and to progress the additional methodological research to apply in inaccessible and unmeasured area including the North Korea.

Keywords: River corridor, Water level, DEM Improvement, SAR, Sentinel-1A/B

d7lite]|o|c] &= OlZet Skl DEM 7Hid et

o

£ G170 SH470] CHo SAR A 410 Of5t 4012 H9IS 0l23H DEMS THAIats WS Aokt S5k 268 Bl 2(2(0) 28 7}

S5t 914 7Iuio] 3342 SH B7HYE 7 WS HAISIS SAOR 5k ULt 012 I3 U2 TKsE Hle| US Y 2

ore aéHor&'cr SN SUSBLETOIM BT L Sentinel-1A/B ZER0 Chs 20211 112H0] SA =

& 251 WAMISO] 112 26200] 128 SBISIC) SARRY 40l Ol 23 el Asferate

0] 412 4912 2510} 4312 Slo] TF2 51| =S 24510 DEME HAISISICH DEM 4 3 staimelLy

DEI}01S Cloret 21 LIEILID 210f 7120] DEMEC i3 joiA2te efe] 512 DEMS 744511 9l 0= Betelck, el DEMO| f

B YEE 222 S5l BROIM 28 A NSRRI LRSI AR SR Olsf ST HSS 23512 R3IICH I AP0 7|20

DM SAR Q44 £410] Ol 2412l 2180|912 0| 8510 DEMS HATSH= Wi MASISICH 8 HEie AZ0| Chet 27} 178 435

3 C12 20| Chet 284 A U S5t 22 DAS/HIR 20| 2B 4 Al YHRS 2712 AAIsHs $72 A Aol

AN

P
-1_0 N
01
052
Ot
.-
IﬂJ

I
0
1]
Eﬂ
2
N

—>
I
o X

HABO: ST, 49, AYDEAR Y, BH47HR0I, Sentinel-1A/B

*Corresponding Author. Tel: +82-31-910-0619
E-mail: jh-kim@kict.re.kr (Kim, Joo-Hun)

© 2022 Korea Water Resources Association. All rights reserved.



914 J.-H. Kim and H.-S. Noh / Journal of Korea Water Resources Association 55(11) 913-922

LME

42 AR A ol TheRt A A7 1] =2 9lsh 7
e =T FE 100 A= AP EYS Eelste] 20251
7HA] 122000992 FAS o o = 414t S0 Fst
I 3iek HRAHEdo| @A AL F AR 7HIAAIE 33+
Yo g FAste] HYE RO 24 FAA|A A AL 4
V= 2 A g s ARRES ntlshe 215 SAFEA =T
A 2159 AL E 79| s AIA 54 SO
FR1E] 1 glom, o]2{Rt 324 5P S 52 34
Sff o=, Alsh o R 2SS, BaA Q) AL E 9
S AFETE A Y 5o F-8oll vt = A o & Z|HiETh

32 5P S B A= P s A ol A= Bum e
al. (2022)2 71&9] sPdgtEl e - AUSAT sheAlg e 5
Ao = o]folH O SHHER 5 AATA| A" o] 7|HkE
= 6P E=ofl ek 32k T 20 si2{rhe] Hegte] et
S AABFA T, Kim and Lee (2021)-2 =23 LiDAR (Light
Detection and Ranging) & ©]-83t 32+ sbd P & 55}
I HEC-RAS 25 o]-§5fo] Ml 2| 540 Bl w gt )
Art.

TS B AibH o 2 5P M-S mdle)eh=t|
ARG EH RS QR 712 A Atms Ao A H S
I3¥5k= DEMO]t}. ©] DEM< =
of chish xlsf B7F 2 B "ol A A7 9 F ol S Al
AREETE.

A71=20] 749 LiDAR == InSAR (Interferometric Syn-
thetic Aperture Radar) 2 ©]0]%(imaging) =] 0] &3t &<~/
A BHllgS -golsHA st AR DTM= Als-skal St
LiDAR®] 7-¢- ¥ 0 2 1 m o)/ o] g7t ‘ol 5oll A oF
0.1 mo] Eo| A =E 7HA|H, o] TA] 2| 0] B4 HHElF]
B0 FH35ItH(Neal et al., 2012).

ML E/g=0] 785319 o2 =A7 7oA AlgshaL =
DEM-& &85} 9loH, 22 DEM I #H-54] SRTM
DEM-2 2000 SRTM (Shuttle Radar Topography Mission)
O g KE] ALt 215 T ] ©F 80%3] 60NOIA 56S Ato] €]
RES g7 9tk Yan eral., 2015). 2712 DEM ZA
71 oA 3 O} E(CFO0 m), U} 5F 5L | o}
(2F30 m) AR, ZZof Tad Hole o] FZF == 30 m
ojH, Ao et Al @ 2h= S F2olA 4.7 m~9.8 m
(Rodriguez et al., 2006) &2 3 m~5 m&] A& =2 @ A&
Z¥= 7 0 2 71571 QItk(Sun ef al., 2003). SRTM DEM-2
DTMo] obd A4 7t 1] o] 7} Z9tE]of QY.

I o}2 22 DEM2 ASTER (Advanced Spaceborne

>

o

o

Thermal Emission and Reflection Radiometer)l] 23} A4+
&)= DEMO|tt. o] A2 AH|H| @ A S5Fof] ofofl A/
30m DEM2.2, 201 1'd¢] 8223 ASTER GDEM22] 4=2]
B2 7 m~14 m ©]th(Mason et al., 2016).

Mason ez al. (2016 7HE /=10 §54-RdE A+E ¢
| AHE = 22 DEM 2] JE 7t 7 E|ojof st o] &
{13l SAR F/ge] ofaf AYH SHR|e] FTH Ao
DEME 7jA5t= S A AR HE Qlct.

Islam and Sado (2000)=DEM} 317 $14 o|n| 2| & AR
ol T4 S G2 oA, S A R A2 o2 B
Skl g 4l-& 2748 (geological), 1@ 8H4 (physio-
graphic) H|o|E], EX| 0 & U 1 5 FA| o] of 2] 25
Foll 34 ABALE AAISHATE T3 Raclot (2006)F
Hostache et al. (2009} DEMT} T84 E o]n] 2] S Ags
o] spxlo] =918 4ot T4 A A =g Al&tetrt.

Tanaka et al. (2019)-> #1574 792 td = DEM#} £
QTS oot T4 =91 Y-S ST o]
71 o] 83t 419 7t

2 2=, 17
FFNHEEZE
o] Z5 713 &<k 3
A 21 TS HloE 9 Bl 50] QtEl= 9ol 3 34
A= ol 4 U= IS

o] 99| Choi e al. (2020)2 ) 49 AR
o= ¢J5f AMERF = EA]2] K ¥(National Geographic
Information Institute, NGII)2] 10 m DEM-& A5 O L o]
DEMelA= st 2| 5go] FA] = et gloH, =9t
I5FR|7F 0] QFE] o] YA DEMALEC] tioff &7 AR
U= v 0 = DEM-& 745to] MR o1 5 4-a)gh vt QL
/g R of| AR E = T TE FagtTlo|H A

Z-0] H 9ot A7t whE FSto| o). 914 SAR AllA =+
55 gt o] EAY of Kot fredsto] AlehA Q1 Fetd At
oA ou| 2 & E5 4 7] flzol S HAE g5
Skt YRFA o = ARG-HT,

/RS el B 9 152 916 SAROIA Y EH &
T H91E AHgSte] DEME 7145t ] 7 S7tskal /1o
™, 5 H 9= LY DTM} B 0 & 5ol 55k Qlrt
(Raclot, 2006; Schumann ez al., 2011; Matgen et al., 2011;
Garcia-Pintado et al., 2013). ©]= DEM 9] 4~/3 4= A AH
= &0l 91 ES TR AR S 4 /leH, o] &
T/ Bdlo] FaA|A Rdlo] 34 9 E dlSot=H
A S FIAE o Aok

=oll A 289t DEM 74 5 S 9] #5022 A

o
-
=
=

=)




J.-H. Kim and H.-S. Noh / Journal of Korea Water Resources Association 55(11) 913-922 915

E2 &, LIDAR 52| IS o] 8510 @4 B o] 7}
T AN EEL 5 —t— T7H RS AL Sl
T SRk B2 W A §2 ASARI AR A
el Z-g-5t=dl A7F et

2 AFIAE SARS] 61 S W91} A sl obd
Tt o]t M 9]E HolF= DEM< 7l sh= <
Altste] Betat 22 vl A Hof 28 7Hs3t 9144 71%F
©]32191 51 B R FE PHL AN BH 02 5k
gl_g , O]E-_(H'H = J—,] 1/1—57};(1201 w7 o 0_|:12 AFO

a’o T 1= o—

= A7 APsint. o= e B3t 22 | AIS/HHEE
2] o] tht B2 2 mele] ool A AAE DEMS S8
FoaH ZT/Ae RE A= YL F A AL

2 AlmEch

2, A= 2 3

2.1 QIR U z|AbREE 2pR
& Qo] AT A AL HE e ARA S
S 2 sigrh WS FEd AR SolM TP A 2o
/e B AV B A Eelehe AR E
AL = ofeFel 91303t R stA = 7FeRd o 2 uhp Al 2
FoE AA AFNM FEL2 Fr27F oA H, et o
At A S57dat ettt B el F o H A2 3493k
o] 5ol = 186.3 kmolH, @] ESLE H e
2(2019635) 5 43-0] ZA3tch(Fig. 1).
ZF PS40l 2021 1€ 1958 2021 128 31 24714]
A1 Fdol EAchs Al 1A ] oAt S
Jotalal, ol A= 2} 9149 SARYS A= E o8-t
PPA B4 2 Y3 DEMO] WAdS Rt At E A

sfe] Fgstact.

2.2 2052 d SAR A&

SAR 9] 7Hd-2 1950 tH Goodyear Aircraft Cooperation
9] Carl Wiley®]l 2ol AIRT=]| Itk SAR G4 AF/8 <] 7] o] &=
o] = Doppler beam-sharpening-= ©] % Goodyear 3 A2} &
2] xo] dfste] &Js A & 1™, 7] ol FAE X-band
glolHE o]-gste] Zgsk3irt. 1978\ dlli= NASA/JPLO]
A 7 AA] 2] 22] 917991 SEASATO] g P55 54
S5 $8E oM S| TRt SAR Fd= AlEsHTt
(Jeong and Lim, 2009; Kwag, 2011).

GHLFHEAS) 2] ERS-1/2, ENVISAT, 7iUth-$-F
(CSA)S] RADARSAT-1, & 95=1(JAXA)2] JERS-1 &
21990t} o] T E A 21 SAR Q14 olth(Kwag, 2011). Table 1
2 SAR 271 913 9 @A 235U SAR A 7|5ke] oS
A 2|3t Zlo|t}.

SHH, §-H I S|(EU)= 2001 A7 H 35742 0] &

O_Ll
o

A TSEAL AlRIE0] 7 A % g ofl Ko U 0}74] zF OZ]
5 w2 23 dlolele] tat e Bg Sheshe %

S AlgYstal 91 0™ (Lim and Kang, 2017), :’Jlﬂiq—:,’-i
2 ZHo]H Aolehe 2 Haotel A A

o 2 Mejd Al2|= Fof ol A AAIE td o= 7ig
O 2 SAR Ho|E 9] AME-S 27| H o & o] it

St @A 2854 o2& 55 (KOMPSAT-5)2t
2022 WAL A ¢l ole]2 63 (KOMPSAT-6), 18] 172025
| dPAtof| A 91 =211 9143 0] SAR AIA S HAISH $4d o]t
olQlofl ik o H-&-914 0 = E8-d 42542 SARSI 471
9} EO (Electro-Optical) 914 1715 2024 @ 7k2] A4 %] of| o]
M, 4255 &AM 0 7 %4 SAR 107], EOYA 27] 147]
AE9d& Aeletr] Qg AFES AlgEel A

Fig. 1. Study area of the Namgan (Riv.) basin
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Table 1. SAR Satellites overview

Year Satellite Nation Band
1978 | SEASAT USA L
1981 | SIR-A USA L
1984 | SIR-B USA L
1991 | ERS-1 Europe C
1991 | ALMAZ-1 USSR S
1992 | JERS-1 Japan L
1994 | SIR-C/X-SAR USA, Germany | L,C,X
1995 | ERS-2 Europe C
1995 | Radarsat-1 Canada C
2000 | SRTM USA C X
2002 | ENVISAT Europe C
2006 | ALOS-1 Japan L
2007 | TerraSAR-X Germany X
2007 | Radarsat-2 Canada C
2010 | COSMO-SkyMed 1-4 Italy X
2012 | RISAT-1 India C
2013 | PAZ Spain X
2013 KOPMSAT-5 Korea X
2014 | TanDEM-X Germany X
2014 | ALOS-2 Japan L
2014 | PALSAR-2 Japan L
2014 | Sentinel-1A Europe C
2016 | Sentinel-1B Europe C
2018 | SAOCOM Argentina L
2018 | Capella X-SAR Europe L
2018 | NovaSAR-1 USa, UK, S

Australia, India
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1) https://www.eoportal.org/satellite-missions/copernicus-sentinel-1
2) https://scihub.copernicus.eu/dhus/#/home
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Table 2. Satellite datasets used in the analysis
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No. | Mission Identifier Mode Product type Resol. Polarisation Start date and Time Stop date and Time
1 S1A 1% GRD High Dual VV/VH 20210105T092315 20210105T092344
2 S1A IwW GRD High Dual VV/VH 20210117T092314 20210117T092343
3 S1A W GRD High Dual VV/VH 20210129T092314 20210129T092343
4 S1A W GRD High Dual VV/VH 20210210T092314 20210210T092343
5 S1A W GRD High Dual VV/VH 20210222T092313 20210222T092342
6 S1A W GRD High Dual VV/VH 20210306T092313 20210306T092342
7 S1A 1% GRD High Dual VV/VH 20210318T092313 20210318T092342
8 SI1A W GRD High Dual VV/VH 20210330T092314 20210330T092343
9 S1A W GRD High Dual VV/VH 20210411T092314 20210411T092343
10 S1A W GRD High Dual VV/VH 20210423T092315 20210423T092344
11 S1A 1% GRD High Dual VV/VH 20210505T092315 20210505T092344
12 S1A W GRD High Dual VV/VH 20210517T092316 20210517T092345
13 S1A W GRD High Dual VV/VH 20210529T092317 20210529T092346
14 S1A W GRD High Dual VV/VH 20210610T092317 20210610T092347
15 S1A 1% GRD High Dual VV/VH 20210704T092319 20210704T092348
16 S1A W GRD High Dual VV/VH 20210826T093125 20210826T093154
17 S1A 1% GRD High Dual VV/VH 20210914T092322 20210914T092352
18 S1A W GRD High Dual VV/VH 20210926T092323 20210926T092352
19 S1A Iw GRD High Dual VV/VH 20211008T092323 20211008T092352
20 S1A IwW GRD High Dual VV/VH 20211020T092323 20211020T092352
21 S1A 1% GRD High Dual VV/VH 20211101T092323 20211101T092352
22 S1A IW GRD High Dual VV/VH 20211113T092323 20211113T092352
23 S1A 1% GRD High Dual VV/VH 20211125T092322 20211125T092351
24 S1A W GRD High Dual VV/VH 20211207T092322 20211207T092351
25 S1A W GRD High Dual VV/VH 20211219T092321 20211219T092350
26 S1A W GRD High Dual VV/VH 20211231T092321 20211231T092350
27 S1B Iw GRD High Dual VV/VH 20210710T212407 20210710T212441
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Fig. 2. Preprocess of SAR images
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Fig. 7. Improved the DEM using SAR image in the river corridor
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