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Current Trends of the Synthetic Aperture Radar (SAR) Satellite
Development and Future Strategy for the High Resolution Wide
Swath (HRWS) SAR Satellite Development
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Abstract

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

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

1. NE

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

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

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

2. $I48 SAR(Synthetic Aperture Radar) EX{H| 7|=

2.1 SAR B Hd WY S

2.1.1 RADARSAT-II

RADARSAT-II= 7HUtt CSA(Canadian Space Agency)?} MDA(MacDonald Dettwiler
Associates of Richmond, BC)7t 3| 7id3t 717t 9)4do|th. RADARSAT-1I-= RADARSAT-
9] 594402 200719 128 TAFESeH 107 28 SOl 1l Fig. la= RADARSAT-
[19] B2 HolErh 8 £/ Table 13} At
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Fig. 1. SAR payload satellites. (a) RADARSAT-II [1], (b) SAR-Lupe [3], (c) TerraSAR/TanDEM
(4], (d) KOMPSAT-5 [5], (e) ALOS-2 [6], (f) COSMO-SkyMed 2nd Generation [7]. SAR,
Synthetic Aperture Radar; KOMPSAT-5, KOrea Multi-Purpose SATellite-5; ALOS-2, Advanced
Land Observing Sate-llite-2.

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

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

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

2.1.3 TanDEM-X (TDX)

TDX(TanDEM-X: TerraSAR-X add-on for Digital Elevation Measurementi= =Y
DLR(German Aerospace Center), EADS GmbH, 18|11 Infoterra GmbH”} $7 7idtet 71
ZF1dolet. TDX= TSX(TerraSAR-X)9] 59144202 20109 0¥ TAEACH 1d7F
-8 Fol|tH4]. TDX+= 1Y DEM(digital elevation model, A 1 @) SHE5E7] ¢
o 223t 7Hd 9 Hinterferometric image) 90| 7Fs9lEE TSX <A 0A] v s &
FE 33ttt Fig. 1o= TDXQF TSX9| @4 HolEth 72 542 Table 33} £t

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

[tem Characteristic

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

SAR, Synthetic Aperture Radar.

Table 3. TDX characteristics [2,4]

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

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

KOMPSAT-5(KOrea Multi-Purpose SATellite-5)= $-#lL}2t KARI(Korea Aerospace
Research Institute)7} 7H#gt ]4do]ct. KOMPSAT-5+ 20134 890l ARE|gloH, 1di7}
& SoltH5]. Fig. 1d= KOMPSAT-59] @& Hol&Er. 8 5442 Table 49F &t

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

ALOS-2(Advanced Land Observing Satellite-2)x= Y& JAXA(Japan Aerospace and
Exploration Agency)7F 7HetE 94Jolct. ALOS-2+= ALOS-19] &£¢440= 20144 5€¥
ARl om, 17l 28 FoltHol. Fig. le ALOS-29] 34+e HojErh 8 542
Table 52} Ztt.

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

Table 4. KOMPSAT-5 characteristics [5]

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

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

Table 5. ALOS-2 characteristics [6]

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

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

2.2 SAR Ex 7|= Y S

2.2.1 Y4t SAR ©XH J|&

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

2.2.1.1 Stripmap

SAR A|A"9] 7B 7] 2AQ] JAHEE stripmap BEO|th Stripmap HEE QHL ©
do] shte] BEEo = o] JoIA, Fig. 29} Zo| A%H swip FHS FAY %
t}. Stripmap ZE=9] s EE QHEUe] sl azimuth)yS 3 02 sk Qteuke] 2
1ol 2o] H= Sty 117t WeKslant-range)s THE 3t O Sh= 240 R #E
2 4 ok oty 1127k Wieke] HARAE (slant-range) IE d,2 o 4] (1)1} o] &
AETH-11].

o2 X0 £

71X cp= WO £E YEIYY, B2 ok tE-S Yepdt), 2|3 QHEy B9z
(azimuth)®] A= 6,%= oF 4 )2+ 71—0] FAETHE-11],

Table 6. CSG-SAR characteristics [7]

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

CSG-SAR, COSMO-SkyMed Second Generation Synthetic Aperture Radar.
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Fig. 2. General principles of SAR imaging. (a) Stripmap mode [8], (b) Spotlight mode [12].
8, == (2)

71 dg= EL ZolE YEriT.

2.2.1.2 Spotlight

ThoF HRe1 WIRKREEV AR SIS =olal AtHA spotlight HE7F ARGEIT
Spotlight LEAAE ol g A|9S AT 1 Fig. 2boAA™ Qe siglo], sig A<
bl ARG IFH T M2 AL viRtE =S e vl "ok sig Ao dish 2o
HPAREE 7N AolE S7HIZIAL, A= H £2 sW=E A "ok ez R
By 1) = 8. oFl A 3)% At
: 3)

a7 2n0,

oP1A A YL RN, a6, B AR a8 BolAe] WY
H3F Ajo]] 2t pehdict(s-11],

2.2.1.3 ScanSAR

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

2.2.1.4 Terrain Observation by Progressive Scans (TOPS)

TOPS(Terrain Observation by Progressive Scans) 2=+ stripmap 2 E=9] o], QF
Hu B8-S vz 1o 2k HIsk= scanSAR EE9k= tH27|, Fig. 3be} Zo] ey
WS Tt R ol el Mo RE WA AR BIWTH TOPS BEE
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Fig. 3. General technologies of SAR payload. (a) ScanSAR mode [13], (b) TOPS mode [13], (c)
TOPS mode image [14], (d) ScanSAR mode image(no scalloping correction applied) [14]

TOPS, Terrain Observation by Progressive Scans
scanSAR & JAoIA A= Fos yehd 4= =

U= AAH™

4 4= rH8,13,14].

pryun
=2 T M

Fig. 3c@} 3doflA] &
scalloping @4 xﬂﬂ%}oq FEEAES FIA
e

s

Ol

2.2.2 |4l SAR BH 7|& L S&
gloflA] HZ SAR &8 7|&o] tha] A Egky, tho 2 4l SAR 9AIA| 7|&
Feotdtt. @4 multistatic, DBF(Digital Beam-Forming, HA@HEQ)E 7[5t =
83t g o7

HRWS 71& 50| 2 dF=1 o, sd 71&2 77k vl=j

HTHB, 111.
Al BT Ssks 7129] monostatic SAR AJAEIT}
= #lolt]

2.2.2.1 Bistatic and multistatic SAR
SlLe] QHEUE of-&-sto] F4lt 4
B W5}, bistatic SAR+= Fig. 4a%} 0], 541719} X177 3702 HojA Q&=
bistatic SARQ}+= t}27 Fig.

AIAERE 9m[EkH| multistatic SARE SPHS] 241718 7HA)=
4be} Zro] g (multiple) 41715 71 #lolot AIARRE: Q]n[git}15]. 7129] monostatic
g w2 EeEloks 4, SAlol o7 ez gAY

A" v wste] FA41719F SAVIES

S =g} & Qe 71951 1 75} 715514 "eH11.15].
FA7] 7 BEE O B2 AHE IS 5 1S Bk opys), T S AFAEHA

U 159 SRS vAl 24shs HoE WA 34 2 I 34 HEOM AlAE HEE

A3} st 2= QloH11]. O]Eﬁ_ EAEZ Q) bistatic?} multistatic SAR AJAFI Z|FEHAL

of @Wol ARBHIL Ut} WA AFHAR] & 9 A Y, 459 A} Fy] #}

2 1z =4 4l 3. H:]_g]- 7= So| QIt}H11,15].

Iz A=
2.2.2.2 High resolution wide swath synthetic aperture radar (HRWS SAR)
HRWS SAR /\]/_\_Eé}f_)_ Flg 4C~9]’ 71—0], G‘{fﬂ 7H.o,] _/]\_'5':] 7H:F-(sub—aperture)i ]4-_'_011] =
EQl 54 Aol Azl k. 1wzt
o] &

A QEIVE 7H1AL ot 7 &AF T2
=2 =0l Flolt} upH(wavefront) Bl 9

W3] thg(multiple) 4% 7752 =0l
o w7k qlo] Bleke AAIZEo 2 Hit=g] ARSECHS,11,16]

o
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(a) (b) receive-only -— ()
Bistatic Triangle micro satellites (€) ’ radar illuminator ——
Transmitter (Tx) (Bistatic Plane) 2 (€€€) o
(e.0. TerraSARL) n A
N =

Receiver (Rx) 4 ~
—

% >

Baseline g

Target (Tgt)
(d) (e) z
: STSO % DPCA & multiple Rx beams
3 waveforms SCORE in in elevation for
: burst mode ultra-wide coverage

DBF for
waveform
separation

- -
- - -
_am. T -

-
W
-
-
-

S blind ranges for given PRF

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

©

0|9} e 7|4+ SCORE(SCan-On-Receive, $-41270) 71olet Bejs], 1222 5}
31 QFomA WIZIEel HAIES Rolid] ARSI Edt, Sotels ol whuig
2} gz A Wold Qi v A9 TS0l BEYske|, ol F/bHel el
2 P92 3F B84 ambiguitye F7A7IA S, B2 BT WIS Y

e =59 g9 A= 22 5 Ul e 11,16).

0.

)
%

4ok Lo

e

2.2.2.3 Multiple=input multiple—output synthetic aperture radar (MIMO SAR)
sAE stripmap HEES 7H] HRWSS 3912 93 s EE 1 m olotE €Y 4= 3l
O}, 150 kmETH & BEEE FI5iA 15 m o9 tha 71 eHEuUrt B ash] wiizo] §2
#EE vigoll= FAEsIH11] I55S 26k fI%r a2 Fig. 4del vet Sle
AXE F N9 $A715 Al ARz Aot o]2fg MIMO(Multiple-Input Multiple-
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Output, FEUHHEEH) SAR= A HL ZolE A frAshar H5EZ + vf

2 =9 4 A1l

2.2.2.4 Multichannel ScanSAR

Multichannel scanSAR+= Fig. 4e@} 0], DPCA(Displaced Phase Center Antenna, 4t
HIZ| QPSSR 714 ARgSto] B2 o] W9 W ViR AERE W =5
AHERS 28511, SCORE 714 ARGt 1=zt H]o] WgkS HARte = WAsto] &
< e} Y2 BESES A= 7Ieolth SHAIRE Y3 W}, & AFUEZ ¥is) 181 A
2 £ burst PRF(Pulse Repetition Frequency, BARHES 019} ZHe- o] 22 o}Z] 3
Asflof & AeltH8,11,16,171.

2.2.2.5 Single—channel SAR with multiple elevation beams

Single-channel SAR with multiple elevation beams< multichannel scanSAR2] Hj¢t &
SIoItH17). Fig. 4follA & 4= Qdxel, shte] FF ] 2AV|Z $AE A= bE A9
HHARREO] A2 ORE WFo R FAO] mAR o, Z7te] vl TR A ¢ leE
0ol F2 =7t {so] Eoldld o] 7l&E EY 2715 A SHAY burst REE
AR E e glo] EFAHE S7HIZ & T8, 11,17,18].

SEAIRE, sfidsfol & 271H4] oj#fgo] itk A WA=, AR tE S HAERRE T
A Ao FAlo] A o, MR ThE WhAQelE BTk 22 Wik 0ol
A A7 1= W XS (range ambiguity) F4slol= Aoth 181 &+ HA=
Folei7} AnkE $AI5H: Fololis $412 314 o] whEol] WS BS Bk AL
(blind range)olch. AR, 3 WA} ojelee WEZ Wgo R FL Eo| ML UE 4 Yt
QIR ST 4 9T, T WA olH e AR Wold 9 F Y] 914 AAgSAY B
2 Bk At BEES 71RAY o5 4 ULE AU Mok PRES AL83te] 512

P

o 4= UT}8,11,171.

2.2.2.6 Digital beam forming with reflector antenna

QFEY figlo] 17 RhARE Qtelue] TS s dstal, thdRt by Hids HAE
WAl o® A4 7Hse DBF 71&< 483t o] DBFE A-83F WAk QHelu 7]&o]t. Fig.
4gC} o], mEbEY RhAREY QHHU= Eote= Fojtt e shv e 2 /i) FE 84
(feed element)oll Al ZEA/4JS FaPtct. WAk deZio] F7lshe WRo R watshy|
2ol Ak WhAl Wkl 9] vl= 9 4E AeE 7|9k sh =g, 17]. A WAL
ofgjo]e} HlwalA, Zt &=7tiet E Jl9] Tt AT ES FX|7I9 shA =7| e, Ak
HEFS SIRE ALIATIO] Hol Fol=tt. o3t Q= 9 gl =Tt EH 4
F 1Y Eol E of|FA] Bt m R TS0l TS, 171,

2.2.2.7 Rotating reflector antenna
Rotating reflector antenna 7l'g-2 SMAP(Soil Moisture Active and Passive) ZZ A Eo]|
A1 NASA/JPLY| 9Jsf A70=]Qitt. Fig. 4he} Zol, o] 7]&2 DBF 7|&< ARSSHA] gom,
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ahte] T =7t OF 13-14.6 rpm o2 3|Hok= QHEUE A FdHES SHH17,19].

FOAUEE OF 40 km? BSEZS 7tk sHA|Tk 7] dare|59] Ef-g vh= A9, 914
X3y W] 3171 1,000 kme] #&Eo] 7hsskA HrH17,191. o] 71&E A AFE 71&
o] W} 4uf) w2 A &g 5= QA k. 2 HEUE SIHATE AL o8 V&
Ict. 3do] A=Y 91482 Foizl AlmollA] HoluA] Fe= 91499] ZpA7F Aloj=]ofof
gHH17,19].

¢}

2.3 SAR XX Y #E 7Ig S

0%

>

2.3.1 SAR interferometry

A
£ A2 ThE AR 858 5 7 olo] dolth dAel akEl SRS Hlmsks Zolt
7} SAR Ao} Aol ket dolct m Au7t mekEo] Q1] wje], Alejule] Ei
Yeloje] Betee dolct ut A= o] Holg AL 4% 4 9IeH8 1) SAR A
71429] 7229 247k02 interferograme] UEH8. o] ZHghe ol® g Aol shest
% A0] SAR A0 TEOIAIM T G Alolol o] 914 gt AolE Lehdic the o

928"

Fig. 5. SAR interferometry. (a) DEM from Interferogram [8], (b) DINSAR at Mexico City [8], (c)
PS [24], (d) PS vs SqueeSAR [25]. SAR, Synthetic Aperture Radar; DEM, Digital Elevation
Model; DInSAR, Differential Interferometry SAR; PS, Permanent Scatterer.
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AR, interferograme ARESHFH LOS(Line Of Sight, &&41) wieke] okt A HEH Y 3k
T & Zolghe 7Idieks HEA, ofd 3 94o] AR HE ARt 22 A4aE
ok, P duich M o2 LOS WRFe g EYsHA 7| wizol, AFeE 3o
k7 €cH21.22]. o] X3FsHY =S 2a51517] 98 DEMS AR&3lo] X85k
=& HAJSH differential interferograms THE0] ARESH=t], 0| 7|&-< DInSAR(Differential
Interferometry SAR)ZFaL EtH21,22]. Fig. 5b-2 DInSARZ 942 Mexico cityd] X|FEH
9] 1ol

mlo

2 o
= T«

og‘. i
E{S
o

2.3.1.1 Permanent Scatterer Interferometry Synthetic Aperture Radar (PSInSAR)
PSInSAR(Permanent Scatterer Interferometry SAR, X AARIAIZH] SAR)= DInSAR
% SR AHEHAE Yeu|e Fd=g FF = Q= 71€olth ©] 7142 PS(Permanent
Scatterer, IPARMANE AMGSH=T, ol Aol AlZEY] Wslof® HYE F7]5 Ho
shte] gA= yeh, HE dgolu BReler 2 22 #Zo] o] gttt
[8,22—24]. Fig. 5colA19] 254 -2 TerraSAR-X2F ENVISAT G440 & 8t PSE Uepd
oH24l.

2.3.1.2 SqueeSAR

PSInSAR+= QIF F2ES PSE AEsto] ZARY Qjofl= 1 U7t AsHerH23,25]. ©]
£ FE31] YalA R squeeSARE PS Qo AR -FARSE Flo|th HIRIEAS 7HX]&
1F gAE, & DSDistributed Scatterer, E-ZARAA)E o]-8sto] w2 29| 2+ &4
Al EAS TUEE AL 5 Q= S AT UrH23,25]. SqueeSARS 0| S-S 2]2o] 2
e A7] Y8 "ast AEE “squeezing k= A SESHEH25]. Fig. 5d& PS 7|<&}

squeeSAR 7e& A< e SHHS vt 1ol

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

SAR-GMTI(Ground Moving Target Indication, X015 EAEA )= SAR 9144<] dlolg
£ ARESto] A9 ol 5EAIE BSSHe 7Ieolt SAR BAA 9149 EO EAIA 914
HEA W 7 glo] Y4S 85 & 7] Wi, A olEAIE ASH R &S
4l fF2sttt. kA SARE EOSK= TFE2A EFo| H&= ol 5EAS £ s 4T
4= Qlofof o] 5E2A|9] AL3t YIRS FAol BET = AUTH20,27]. A ol AT B2
T7F AP= I Uk Fig. 6ac0llA A2 = 44212 ol 5EAE Yepdlic,

FL, HRWS 7&& & & Qe %2 22 EA4E 71 SAR G4 AREsto] GMTIY
o5 =4 ©A 7Fs/d= =olEle A7 5] X Sl AAH28,291.

2.3.3 SAR polarimetry

SAR polarimetry= 15 2 2} AEA|0] tfst Hul E4 =4
=, MY 2 A TR S8 HopollA A 2 ARl B FJEE At g AR
B 7]oloHsl. AA| ARt FES oA AR 1Y, U 9 f-(dielectric) 543

= JdsHA #Eg Aifﬂ, = A RO EASh= At HIAYSS AW &
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Fig. 6. Polarimetric and interferometric SAR (a) GMTI [26], (b) ALOS/PALSAR polarimetry [30],
(c) PollnSAR [8], (d) PoISAR vs PollnSAR [33], () SAR tomography [33], (f) SAR tomography
forest characteristics and height [8]. GMTI, Ground Moving Target Indication; ALOS-2,
Advanced Land Observing Satellite-2; PALSAR, Phased Array L-band Synthetic Aperture
Radar; PolInSAR, Polarimetric SAR Interferometry; PoISAR, Polarimetric SAR.

gt 4= Q= BTk 2dlS /e == QITHS. Fig. 6be ALOS/PALSAR(Advanced Land
Observing Satellite/Phased Array L-band Synthetic Aperture Radar, HEAAITE44/9
ZJHE L-9RE 7 oloh) ZeAEoA] Edgt Hul JAo|tH30).

SAR #H1Kpolarimetry) 7&S WHAIA M A(interferometry) 71&2 53t polarimetric
SAR interferometry= Ths HIZ Joj siL; T T o]Ae] SAR 7HdA 9= 2ot
of AAE e F TE2E Aol EA5k= ARMAIEY] 4 £ 9 72 B4 et 5
U= "W oIH23,31,32]. Fig. 6¢c= polarimetric SAR interferometry= 3t €:9] 0] A%
o|t}. Fig. 6dx polarimetric SAR?} polarimetric SAR interferometry 7|<< H|w3t 13

ol

2.3.4 SAR tomography

SAR tomography:= SARS] 7|& 7HdQl AF9/d0] AdFsk= HFos /N5
B/dsto] R =S Eole AT FARE Y=E ol-85hH, Fig. 6e?t Zo] thefst 1
L7 Hgo g gakE g5ste] 71E9] SAR A FEO| =o] HEAA] 5T £ = 7]
Holt}8,23,33-35]. °]%7|&A(dual-baseline) 22 FARS EESH= polarimetric SAR
interferometry?l= th27), SAR tomography= ths71&A(multi-baseline) 2.2 34+ &
5olo] ARMAIES] 4 B2 9 12 EAS TS oA weld 4= JItH8l. Fig. 6eE Fig.
6de} vlashH SAR tomography®}t polarimetric SAR, 12|31 SAR tomography®} polar-
imetric SAR interferometry2te] Zjol& & 4= St Fig. 6f= 4 B4 ¥ #°]E SAR
tomography 7|52 &3t Zo]tH8,23].
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3. &% HRWS SAR(High Resolution Wide Swath Synthetic
Aperture Radar) &4 W=

3.1 ali2] HRWS SAR 94 70 Af|

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

200992 TSXE= Fig. 7a2} Zo] DRA(Dual Receive Antenna, °©]5$ARMEILHE AR
sto] 24'd DPCA 7|&& AlEottH36l. 1 23t Fig. 7bollAAE, 254 A (ambiguity
suppression)E &9l IAE GAJo] AL, Hrp Aet Y2 A= 4= AT Fig. 7bollA
9] 12 URAQl T QHEY RER HFtt G40l o9 182 DRA HER &Y
3t /el

20133} 201490l TSXE AREsto] 11=zf WRFe g SCORE 1€ AIFSHITH3TI
TSX= o] AlE 9l 27119 ¥& W& ARESh= W& ARESIITHATL. Fig. 7collA &
T U=l %@ %9 Wik A QlojlA] Hol=, RS Al(ambiguity)2 QU8 AAE, 1A
E o] 2EX TJ9dl= EolA] gh=t. Fig. 7collA 9% 192 h jlos IS I
0|1l REZ :La]u% 2709] Wl 1wzt WRFo g wrfjg ARESHo] et GAeIHH3TI.

(a)

—_
Flight direction

T am

1 4
afi-channel fore-channel

() S—
e =,
4‘&/

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

Receive; DRA, Dual Receive Antenna.
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201499 TSXS} TDX+= Z12F DRA HEE AMgsto] 4142 &% DPCA 7|&S Al
SICH38]. 11 A3, Fig. 7dollAA™ 254 AAIE ol IAE FAJo] Aletil, Bt At
FFE DS 4 AUk DLR Fig. 7e0l49F 2ol SAR A1S $41& Tdoh= 1012] HRWS
Q37 A/dellAl BEARE SAR A1SE =4l ThA] HRWS f1/d0ll Adol= 309 424148
AdoF F/3H mirrorSARE AlRISITH39L. o] ZR2AEL S48 ok §4do] @A
SAR A% Ay I 7S $3617] wjizo] SA7Il G5 4 Sirk= 3ol qlom 2024
| AL Alg = o] 31TH39,401.

DIR2 E3t Fig. 7follA49} Zo] 27 15 mY] reflector AHEIUE HESE = 719] 91407
o]20jZ Tandem-L ZZAEE A0}t o] QAL SCORE 7|& ©|-835}9] staggered
SAR411E 78T o[t} o] 7]&= 218 Tandem-L2 o oF 350 kmo] H=ES 712
g lom, A4 AL oF 150 29 F= FJT ogolrH41,42]. EFF TS 7] ¢
off th I Wk g 'R oflgolar, 2024'A AL oflgolth41,42].

Airbusi= DIRZ} M worldSAR 9148 71dE Albstiet43]. WorldSARE =2
ThEA)RE B3t 4459] SAR 948 A 28010 AFEFV|E E0l1 B55HS HolH,
F=9] A4S AlFeIths NS 7T UoH43l. A worldSAR #9142 59
TSX/TDX 18]al AH|RIS] PAZE J=|o] 3lom, PAZ= AHQIo|R B3leh= ojulo|H
TSXE 7|8to 2 vkEo]Zl f)/do|tH43].

312] HRWS SAR 913 7HE AHE AT EHA 227 & 5= Q= A2, 17F SAR T
H7F e =7 5 a9 Vleees TR Qe
E2 TS 7HEA SAlO] B BEES AT 4 9= HRWS SAR 9143 7ol @
EAZ sfal Qlth= Zolk E3H HRWS SAR o] 47kA] oA B4 mj&o] SAR FAre] &
AEE =olHH BEEE FAofof ol ASES HolHW WYEE S|AYsloF BAEE,
HRWS SARQ] 31417121 DBF thsAld 7]&o] /i =1l 9 A=Al JZstdA] o]

254 BAls 3 4 glrks Ao] F¥EIths Aol

Mo oX

=)
rlo

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

32 AHE EXHZ2 -2uEte] HRWS SAR $14 7iideks ofefje} o] AQtsict,
(1) TSX P2 7Hg=E= KOMPSAT-659] dual phase centerl44] 715& E3) 2A€
DPCA Al¥Z AAlst I 7|aS SHIIT.

multistatic SARS Al¥ste] ¥ 7|&S HRI.

(4) KOMPSAT-69] 71glo|E Mz 7ide uf, thpd] 24F S 4G 40 E
A 8 5 Y= A

) (DDA A9 7[e=o] FEE L Z5EUE o, Tandem-17 22 dF AtEUE

=
Bl Y dR= A AT #S5E HEY 5 Ue SAR S NIt
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(6) WorldSARS} Zo] th=13] SAR Y44& 3 -8dk= IAIFE 7|70l risto] it
SAR ¥4 HSH} FA]9), o] ARSI polarimetry SAR interferometry, tomo-
graphy2} 22 3D SAR GAAY 71&S 7ttt

oA AFTE 71& LJoll= HRWS SAR FJEYF Al PAste B2 ¥ HolHE Eot &
o= Astr] s g8 Monboard) Blolel A7 7|&{45] 7iEE HFT a7t k.
4. 22
AG7HA] SAR ©AA| 7€ SAR 9/dA2] 71 53 9 99] HRWS SAR 7Y AlElE

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

SAR &A1 71& B3] TeM= HEA SAR 28 7|&H ofyzt DBF, SCORE, DPCA 5

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

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

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

3 i AR 991 Tandem-L7HA] golRQitt,

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

2 AMEE Farste] 1 Ui AR 9190 KOMPSAT-65 285 HRWS SAR 7|&7id A2k

grow Szl HRWS SAR 7148 /i) Sshds 471700 27 B S47} 2
R8I} olg} T Z AYL UF 7IQo] BEoR FAsl|dl B ¢igo] wiErt dejm
2 uizh B8 L 24 Hof A7t I SASKL Welstel A e
29| 4718 FHlo] AlUX) LIS Sofshs w2io] Wasich

ZIAjo| 2
D3 o] 92 915) AT AAS IR el AASIAEEA BAE Y
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