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Investigation of SAR Systems, Technologies and Application Fields
by a Statistical Analysis of SAR-related Journal Papers

Hoonyol Lee

Department of Geophysics, Kangwon National University

Abstract : The purpose of this paper is to establish the category of SAR(Synthetic Aperture Radar)
systems, technologies and application fields, thus to provide the world-wide trend in SAR research and
development activities by analysing SAR-related journal papers. This paper presents an analysis result
of SAR-related journal papers published from the late 1960s to early 2005. Abstracts and indices of
2665 peer-reviewed, English journal papers published in 243 journals were collected from the
Cambridge Scientific Abstracts and classified into the categories according to the system, technique,
and application field. Statistics on each category were provided so that one can understand the historical
and on-going development in SAR systems, techniques, and a variety of application fields such as land,
ocean, cryosphere and atmosphere. This statistical analysis data would be a valuable guideline to
establish a future SAR system application and satellite manoeuvering policy in Korea.
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Table 1. Analysis Procedure and work plan.
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Fig. 3. Yearly publication of SAR-related journal papers.
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Table 2. Classification Scheme (STAR).

STAR Class Sub-class Description
SEASAT-A 1978(100days), USA, L-HH
ERS-172 1991-2000(ERS-1), 1995-(ERS-2), EU, C, VV
. Radarsat-1 1995-, Canada, C, HH
Unrepairable -
JERS-1 1992-1998, Japan, L, HH
Envisat 2002-, EU, C, dual pol.
System Planetary Sensors radio telescope, Magellan, Cassini
Shuttle SIR-A, SIR-B, SIR-C/X-SAR, SRTM
. Airborne Sensors onboard airplane
Repairable
Ground/ISAR GB-SAR, ISAR
Simulated SAR simulation
ETC ETC Scatterometer, Radiometer, Altimeter, Almaz, Receiving System, etc
SAR General visual interpretation
Basic SAR Algorithm modelling, parameter extraction

SAR System/Processor | focusing, filter, new system
SAR Classification Thematic Mapping
Radarclinometry Shape-from-shading
Radargrammetry Stereo SAR

InSAR DEM Interferometry, Phase unwrapping
Technology - -
InSAR Coherence change detection, decorrelation
DInSAR Differential InSAR, surface deformation
Advanced
PSInSAR Permanent Scatterer InSAR
PoISAR Polarimetry
Pol-InSAR Polarimetric and Interferometric SAR
Tomography 3D modelling
ATI Along Track Interferometry
Agriculture agricultural crop, vegetation, trees, but agricultural soil goes to Soil.
Archeology/Subsurface | subsurface penetration, paleo-channel, landmine detection.
DEM from InSAR, radargrammetry, and radarclinometry. Slope
T h
Opography angle from PolSAR.
forest, biomass, vegetation. forest fire, deforestation, but crop goes
Forestry .
to agriculture
Geology h:thology, structural mapping, geomorphology, mineral exploration,
Applicati Land lineament.
ion an
pphca Geotectonics tectonic motion, subsidence, land slide, tectonic strain
Hydrology rivers. lakes, limnology, flood, snow, ice (non-polar)
Seismology earthquake displacement
Soil soil moisture, soil type (natural or agricultural)
Volcanology volcanic morphology, swell, subsidence, lava flow, eruption
Urh anmade urban a'rea mapping. Target, building, power line, foliage/snow
penetrating target detection.
Thematic Mapping land cover map. Classification of various surface type.
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Table 2. Continued.

STAR Class Sub-class Description
Wind wind speed and diregtion measurement from capillary or gravity
wave by backscattering coefficient. comparison with scatterometer
Surface Wave v\fa.ve c?used by wind., bathymetry, tide, etc. wave spectra. waves
visible in SAR resolution.
Ocean Internal Wave surface imprint of internal wave
Current eddies, upwelling, current, frontal system
Bathymetry subwater topography from wind/wave/tide pattern
Slick ail slick, biological film
Ship ship detection, ship wake
Application Intertidal/Coastal intertidal zone, coastal zone.
Glaciers glacier motion, Glacier snow cover, glacier retreat/expansion
Sealce sea ice type, first year ice, multi-year ice, pressure ridge, lead,
Cryosphere polynya, floe, Iceberg, sea ice snow cover.
Ice Sheet/Ice Shelf cnontine'nta.l ice cap, ice str.eam, ice 'sheet motion, topography, hinge-
line of ice shelf, snow on ice sheet/ice shelf
weather systems imprinted on ocean surface. Storm, rain, wind,
amplitude weather front, atmospheric lee wave, marine atmospheric boundary
Atmosphere layer, vortex, solitons, atmospheric gravity wave.
atmospheric delay or refraction of radar signal by water vapor,
phase ionosphere, etc.
Representative or Review paper ;:sir:i/er;t;l;l;e, exemplary paper recommended for vital reading or
|
Table 3. SAR Systems (Mode-based). 7)o EAE o] 7]& WAL o]Foiyr} L= A
Specification Type 9] mE kel SAR 7| Hjg7]o) 2tElo] AlEE
Target Earth or planets 2 glen AFHA SAR AAY HAE 337
Vehicle stationa.ry, airborne, satellite, shuttle or SAR A|28o) e A AFR-E T 9t SAR H7-)
specestip SlotAl AR AHS AT Z7lo) ehat vl
Antenna monostatic or bistatic o] St SHAHQ AT TEHS] B2 X
Carrier frequency | X, C, S, L, or P bands oz g -)F— Qlch ol Al el A 3]
Polarization single-, dual-, full-polarization (HH, HV, . - - . =
VH, VV) sfigtet, 3t B FAR) oA Hi71= 7hS A
Imaging mode | strip, scan, spot, elc A ZRRFA oI M Gl B E e
Examples: Y 4 GBIt B4 T elolg gl B8
« SIR-C/X-SAR: Earth, shuttle, monostatic, L/C/X, full-pol, T it 3 AAHGround—based) SARE A|Alo]| A
Sip. gdot AlolES ol8ste Flolt e FAYS o

» ERS-1/2: Earth, satellite, monostatic, C, V'V, strip

« SRTM: Earth, shuttle, bistatic, C/X, HH/VV, strip

» Arecibo Antenna: planet, stationary, monostatic, multi-
bands, multi-pol, strip/spot

« Magellan, Cassini SAR: planet, spaceship, monostatic, S,
HH, strip

« AIRSAR/TOPSAR: earth, airborne, mono/bi, L/C/P, full-
pol, strip ‘

SAR %32 FAste] A7t B&Es7| = St
SARE shtel Qhe|ifof A BE 3k=
monostatic FAo[AY, F 7H9] SHEUE o] 85t 8}
U= A4S 3k T shbe AIRES Sk bistatic
R G Qir}, EA7A] hEEe) IS HA o
A B2 PAHAE SARE 25 monostatic &

A A o]
SrAlE

[e}
Hhale
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ol

I Qiok, I B|37) RS- SARS] thiE:
EA00| A= bistatic YA 02 850 -,—x] 2 Ea
A ERE9] Z2Y interferometry 7|HLE &

w

Bl a2 okf?.

= Axpriake] 24 AE4o wib X, C, S, L,
P eﬂs SO Lt 33714 $5954 TR SAR
iz oA 7HA] QHEUE ol &3te] = 71A] olidel &
A 545 7M1 SAR AlM7F SRR, o271
ATHY MMM = T 4 AFFehe o5t

U}olﬂiﬁjr—l WP YAlshe HgE o Aktst
25| webd HH, HV, VH, Vv 4] 714
7F & 4= Qlth, EH—u—u:«l olF$1A SAR AlAE T
) GO Htole = 7k HPE A
gslo] A& 42 Qe AFHA AlAEo] HAEY 28
Zo]AU(Envisat, ALOS) €AFE 7|8 gt
(Radarsat—2, TerraSAR—X),

3L FYot= o JoldE 1yE ¥ fe s
! 1 A& o2 ARE I+ stripZl, QL
WA HBAA A §F 2ol B Y
2 g 32 TR FGoks FAQ scan EE,

o

Ao & HASAA

Envisat ©]3-2] A1Z4/4] AlMoll&= o8 ez 4

o
A o) =
49l S 25w 9l

SAR Al e =54 A ALEHE HAA
(Vehicle) ¥ 17 A wpat EFsl= Aol =7 £
Ao ﬁﬂoM SAR AlA %‘%—3— 37%] #W} 2l

ol & & glon, °P—H*é 9l Aol gAE Al
AR Zze| BFE L g l 1 oFgEA g Al
A= Fjo] sdEtcHTable 4)

HA Fe7h 27k AT B AR BAE
SAR A2 HOA} AT, 24T, AFA|TH=E Wi
o714 1A QIF9A SAR AJAELE 1978 Seasat—
AS AFoz 3lo] 1990V hofl AL ERS-1/2,
JERS-1, Radarsat—1¢] o]o] djgglit}, o]&<] £
oo aby, 9o #wF 9 Y 2 U4 (Radarsat—1 Al
<)ol F3H=]o] QIthTable 5), o]t A|28le 2| A
AE vlg] NYE Al st 43 AFFe ARE
A&H o skt Asoict, o] v vj&g =

ASZ AI71Ho R th2 GAES 98 5 7] HEd

&L 7 A ES Eo)E spot SAR Interferometry 7]&¢] 2o & T3S skt
S S(Carrara et al, 1995) 5ol 3tk 7129 AT A 24 1593 daAQl EHL olF T2 b5 W
4 SARE strip 2E2 1AEJOoU Radarsat—13} S BE3ithe Aoy 3 theket #q TAE AlF
Table 4. SAR Systems (Vehicle-based).
Class Sub-Class SAR Systems Characteristics
SEASAT-A (USA, 1978), ALMAZ-1 (Russia, 1991-1993), Magellan | . -

et Genoraton | SAR (US: 1990-1994, Venus), Cassin SAR (US, 19972004, Tian) Smlg .ez :fl”eri‘cyl’ smgde
Unrepairable | o | ERS-1 (BU, 1991-2000), ERS-2 (U, 1995-), JERS-1 (Japan, 1992-1998) f" a taRO . S “tg f)mo ¢

€XCe adarsat-

SAR (Satellite Radarsat-1 (Canada, 1995-) P :
and Spaceship) . ENVISAT (EU, 2002), RADARSAT-2 (Canada, 2006s), PALSAR | single freq., dual-pol,

2nd Generation

(Japan, 2006s), TerraSAR-X(EU, 2006s), TanDEM-X (EU, 2008s)

multi-mode (s: scheduled)

Next Generation | LightSAR (US), MicroSAR(EU), Military SAR systems

light, constellation, real time

SIR-A (USA, 1981), SIR-B (USA, 1984), SIR-C/X-SAR (USA,

multi-frequency, full-

, Shutle | o rmany, Ttaly, 1994), SRTM (USA/Germany, 2000) polarization, multi-mode,
Repairable SAR bistatic (SRTM)
(Shuttle, TOPSAR (JPL, USA), IFSARE (ERIM/Intermap, USA), DO-SAR
Airborne, (Donier,Germany), E-SAR (DLR, Germany), AeS-1 (Aerosensing,
Ground Systems) Airborne Germany), AER-II (FGAN, Germany), C/X-SAR (CCRS, Canada), | fairly versatile

UK), etc.

EMISAR (Denmark), Ramses (ONERA, France), ESR (DERA,
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Table 5. SAR System Specifications.

o . Look |Antenna size Peak
Mission polari . Alt. | Swath Resolu | Data rate
Sensor | Country eriod Band ation angle | (azimuth X (km) (k) Power ton(m) | (Mbps)
T1 Z Jil
P (degree) | range, m) &W) P
6/1978-,
SEASAT-A| USA L HH 20 10.8%22 | 795 100 1 25 | 110(5bps)
105 days
11/1981, .
SIR-A USA /19 L HH 47 94x22 260 50 1 25 Optical
2.5 days
10/1984. 224,257 304
SIR-B USA ’ L HH 1560 | 10.8x22 7 20-40 1.1
8.3 days 08 360 2 (3-6 bps)
usaA/ 12x2.9/
SIR-C/ 4/1994, 11 1590, | 4.4/1.2/ 90 (4-8 bps)
Germany, L/C/X | full 20-55 12x0.7/ 225 25
. d . -
X-SAR Ttaly ays 12%04 225 14 /45(4-6 bps)
3/1991- 300 87.5
ALMAZ-1 | Russi ’ S HH 20-65 X 1. -4 2 1
ussia 25 yrs 12x15 70 30-45 50 5 (5 bps. Q)
7/1991-2/ 105
ERS-1 EU C A\AY 20 10x1 780 100 48 2
2000 i (5 bps, 1/Q)
4/1995- 105
ERS-2 EU C \Y 20 1 0 1 4.
S present v 10X 78 00 8 25 (5 bps, 1Q)
2/1992-10 60
JERS-1 J L HH 38 12x24 570 75 13
A 11998 2 Gops, 1Q)
11/1995- 790 85, 105
Radarsat-1 | Canad: C HH 20-60 x1. - 5 10-100 ’
adarsal anada present 15x1.5 200 50-500 (4 bps, Q)
USA/ | 2/2000, HH/ 12x0.7/ 180 (C),
SRTM C.X 20-60 233 | 56225 | 1.2/14 25
Germany | 11 days vV 12x04 90 X)
Envisat EU 2002 C dual 15-45 10x1 800 | 57400 | 0.6-1.3 25 100
Radarsat-2 | Canada | ca. 2006 C full | variable | 15x1.5 |790-820| 20-500 - 3-100 -
ALOS Japan 172006 L dual 8-60 89x29 692 | 30-350 10-100 | 120,240
(PALSAR)| P ohE ’
TerraSAR-X] Germany | ca. 2006 | X dual 20-45 48x07 515 | 10-100 1-16 300
TanDEM-X | Germany | ca. 2008 X dual 20-45 4.8x0.7 515 | 10-100 1-16 300
LightSAR L,C. .
USA - full bl - - - - -
(US SAR) orx | | VeTRE
COSMO-
I - X - - 00 - - -
SkyMed | 12 6
S T German - -
SAR y
BIeke Zlojck, FUHE EF 1001e] of5t T 1uE o AT SAR AlAEIY ERL Bt ARE e
7hA] AEE R Qe A 2002 HAbE 3o o] &3t A AHlQ] AwFslo] 2o] w0} 2|1 Ytk ®
Envisat, 20064 19 A 929 ALOS PALSAR, g QTS o|Fo] HAte R YA HYE £ Ye

gro @ Wi} o A9l RADARSAT-2 (Canada, 20064
4), TerraSAR-X (EU, 20064 %), TanDEM-X

(EU, 20084 %) S
oo]:§_]_- AALE O

cooaa

2 A M QI Hot "y o
AL AR 7|E &ox ek A
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7t 7heR $EA, F87] 9 AT SAR Al
HE MZE 7| Aol ghaeo] sl Al g9
SAR A &FE AIEE & 4= 917] fioll A 7leso]
efe]o Qlet, fEstEAo] SAR AIME Aol FAa&
A9 SIR-A (USA, 1981), SIR-B (USA, 1984),
SIR-C/X-SAR (USA, Germany, Ttaly, 1994)= cha}
7, ThEa, holst 29 HEE o35t LEAY AR
£ 993 E3] SRTM (USA/Germany, 2000)2 A=
60m Hol%l % 2etofl A C-band®t X-bandE ©1-&
sto] @] 6004 59 602714 FAIA 30m DEM
(Digital Elevation Model& 7-&& A12& ¢ 1Y ot
o ¥71% g, vl 7)o HAHE AAE FA] v ¢ oheF
g JY e ARl Ha glon At GAE A
U A7) e itk Bj87] 23 SARE= TOPSAR
(JPL, USA), IFSARE (ERIM/Intermap, USA), DO-
SAR (Donier,Germany), E-SAR (DLR, Germany),
AeS-1 (Aerosensing, Germany), AER-II (FGAN,
Germany), C/X-SAR (CCRS, Canada), EMISAR

(Denmark), Ramses (ONERA, France), ESR

(DERA, UK) 5°] th#ojrt,

2) 71&(Technology) 2% |7l
SAR 7|&2 37 7|2 7|&(Basic Technology)Z
AH 714(Advanced Technology)?] & 72 A|&3}
k. 71& 71 2 SARY B7] G4 ol gstAL
SAR A|2RIF} HAE 7]6E FA6H, o= ThA| SAR
General, SAR Algorithm, SAR System/ Processor,
SAR Classification &2 AlEH} 8 7142 SARS]
A7) o okt S50 ¥l Q4E ol 8stAY = A
ol4t9] SAR AF&2] YAt Hphase difference)E o|&
3 7les £ETh AR vlede
Radargrammetry, InSAR DEM, InSAR Coherence,
DInSAR, PSInSAR, PolSAR, Pol-InSAR,
Tomography, ATI 7]&0] 3=} SAR 7|49 74
o BR 712 U 714 bt cheat 2o

Radarclinometry,

(1) Basic Technologies

SAR Generalt —r'i SAR HP7] o]‘ ‘%
e A1) B 2 8 el S48 o

A Hole E49] At 548 2ds} sto] AlEd o)A
oAU agh B dRE FE5 e ¢udES
NEHe 7]aS 238t} SAR System/Processorss
SAR focusing, BHH(filtering), F+= A2 7Hd9
SAR Al2®E 48] 9t Zles Es“’% SAR
Classification SAR B4& 0|83l BRES £F
£ FHsto] FA % (Thematic Map)E ZAdsHe RS
SRE e UE 7IHE S

(2) Radarclinometry

Radarclinometry+= SAR @& g4 817 gro] A
FEHO| AAza WA A Y %Ai olg 4
Abste] G| Y| gholl Al A &9 DEMS PaLAst
L 7)&EA, Shape—from—Shadmgolﬁhi gt} o]
7140 AL Thol oA} Bo HEi = 2 o]Alo] KAF
o] g}7] ZHhe o]-g3te] DEMS 92 & g7 i,
o Ak Azgho] EAske W/ BARY Aol of
42 5 ok Ty 949 WYl 9 AE A
A o] i HEBHA LA ofoF st A
DEMSZ HHt= A& ZpyollA] 27] @27} Al -3
B BAR0] Sl olF Esh= ofg 7ix] dagE
o] 7¥tE)7 % k.o EaiA3Hinhomogeneous) I

S Holz A EoA= 1 ARgo] =38] Aot

(3) Radargrammetry

Radargrammetry+ A2 o2 ZEoA &4 ??}
A SAR F/d= o8ty AN B Be A
A 8to] photogrammetry©l sjgdtch o] 7|42
5 2HE 2 7ol B, £ g9 29 Y
of upe} #¢ WaFo] T same-side stereo®t
opposite—side stereoZ Udth FHE= 9449 AL
same-side stereot= £2 ZEREL 33to] golg H
274 2 B(FE B2 AB)olA viEtREE ot F
G YAHEE B 10-40% o4 AA gejote] #
P Aol FojZct, HE2 9449 XY Here st

wl-IIHU

T EGE o Q) I ER B2 AZoR I
=g IAH A4 ascending(ZF2 descending)

|

S = Aol BYErt
T S A =3 HFEE ol §3te] A4
2t %okt AxKparallax)E AXRSEL, oF 11 AE
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o A4t 1= & ALkt DEME ¥t o] Bot Uy
off 7iE InSAR 7|58 AdAE 01837] dgof ¢
A AE &89 S =4 vlE olstE fA]s)okst
1A= ZRE g2 4= HEnE g2 S48 Yol
of k=t Hlslo], radargrammetry= AE2 AEHA
& & 4208 Y2 {A51H "ok dHalAdo] Qlot
ek InSAR 7)&0] Wasty] Ea AN gt g4
< 94 €& 4 §l= A9 DEMES F&3= Yo
2 AMgEo] ghet Tt o] 7je2 Hlole A ¢
APZES} ztol7h S48 A RY Fo] S EE o=
gjAlof A gof] wE 7|8} Y=H{geometric distortion)
o] A YA 7 AT Aol oA He 2He] A
tt. £3] Opposite—side stereo SARE same-sidel2
o A& w0]9 52 o280 AT SARY] 7]
S} o] uf$- Alste] Heksh Ao xet AgHe 2}
5 9 4 ok B3 7 R AE ] 1k E
T817] alAl= 24 3 Ho| = 4 A 37]9]
& 275 Abgstolof 8t7] mfEo DEMS] +H34=
7} SAR ol vlste] 4] 29| 18 Hadhs &3
o] ltt,

(4) TnSAR DEM
InSAR DEM2 5+ & ol4fe] B4 2] SAR A}
=y

<l

HollA YL JHE 0]83]= Interferometric SAR
(InSAR) 71%& FollA 13j4e DEMS Yojdl= 7l1&
oty & 49 SARE ¥= o g F /HY SHHVE
Aol vl Aol "t} gk QL Al O
St eAlTHE F@Eshe FHE 2 B(single—pass
interferometry)2 & 9loH, ol fiHEY 57|
AL} SFGEM S o835 SRTM AFollA AMgH
th. E o2 gejo] InSAR DEM2 3hi}e) Alagloz
AZHQl Zho] S £3 w9 ulat vja) Y=S AHs
o & A9 SARE d= WO ZX(repeat—pass
interferometry), =2 34 HA SAROIA] o]Fof
ek, o] wf A=) Aol - H&aljor 517 Wi
ol §37] Alage] o] WS HEste AL vig- oY
CHGens and Genderen 1996).

oje} Zho] AJ7ZHA B2 FIHH O R A8 HojH 9l
T QU= SARE BAEH vIsiA|S] e wigke] 42
l W Ao] FEEHZ W Eol Cross—Track

T
ot

Interferometry (XTDzt 3p, #lojt] B AL QAL BF
of 2o R AFEojof XY kel gt £ale3
£ % §lth, InSAR DEM 7142 98 = Sl& 1=
T F O Uz A (baseline) FoAl dold HA
9] X13Y wigkofl =2IQ1 AJE(baseline perpendicular,
Bp)ol 48, 11231 vfolagu}e) upifo| 28 A
W57} EolXthBamler and Hartl, 1998), 3HA19 Bp
7HHF ARE IS 407)A Rebe @4l W
AJ3ted Critical Baseline(Bo)o|zk= ghofl 23l Algte
o, Ber ulo| 2T abat SAR B4 HIE E(Z
2 range 3F=] ) vlfjglct, EEo] F¢ Ay 1
T Agtes 4= A vE Wert Ee, A ' HE8e
£ = vl oA = AlEju]E ot

InSAR DEM-2 SAR®| 2} Ao fzo]of| Bt 27}
el 2 @AA 7] el SARQ| R d e}
A 2 §A =Y, o1A-L radargrammetry 710
vlsto] Aokt Yo Hzdt a1y 7leAel B
oAl B uf AIFY T A=) HEG 9IS 1 vl o]
5te] =2 Pohfo 811, phase unwrapping® 2+
< TofA] AAL Alzto] Wol A Q=7 el 7]&H
08 J1vdwof 43t}

InSAR DEM 7|&9] AJ&-2 19784 Seasat-A2] 2}
H2Y] S olgdtod E7IAA FAEY Y, T
Ze] gArol Al fUA £AY T2 E 2o Azt
A7t EXqste AR AEHo| Aot -7 BB}
A FH= B AGoMe Yol FAARE st
7| B2l InSAR DEM 7]|&-& 2437 uf$ o},
et gd dHUE ARESE repeat-pass
interferometryE ©]-83F InSAR DEM2 ¢15$1419]
HEY 7HZ o] FolEA] g ol Ame] F2A W
37t A9 gl AR T B2 I3 A FS A9stas
AT DAl HEL Qi

olof ykste] F AELEE FAlf BAE F57] SAR
e A8} 9 AE3} oA L Y= FAlolH,

[o3

on M
> 2 n2

A 20004 $HEFEAS o83 SRIM YHE= F

QU] A E 60mE FAIsHHA 1Y F<t HH 60
TofjA B¢ 60272 A A4 DEMZ 30| 4233
AEZ dglom 2004dEof A AlA 90ulE AL,
022 300|E =R Ay g qlct <l
914< 0183 InSAR DEME 2% 714 ZolE 4=

K

> ©
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ojejofjA Sl v SXA|F]= Ao) Wasitt o
= Aol 948+-E ©]F°] InSAR DEM7|&o] &
Mtk SRTMoA AR 23 Ix|8he 23lsle] A
A4-2%1 DEMO) uf¢ 48gt AEUz2 dojd Aow
7|,

(5) InSAR Coherence

InSAR Coherences InSARY) 7Hd 4+e] 7=
S¢ 120 94el AR2A AR T o

A
Slal F ARhs dovle BHoAE ”H—cr’— 3
coherence a5 7HA He v S o] g 1A
AE 4o 7= EAl= W2 coherenced 2HA Hr,
22222 coherencew oW E2|& @ifo] ATt
whel oput MY AQI7EE B ALRA, Hag 3
9] &= &9l SAR Abzef tigt FEAF Alg=(correlation
coefficient) & AI7HIQ] B-& F3) L&tk 12|t =
SAR AR+ 247 & 3 ¥19] S4Tto] o] F017]7] giE
of, SAR At& 9] F7HARI Hto.& AIHAY Hebg T
ARt} o|2A o 2= FHA g Foke 990 |
S4= 83t coherence TS T = ot o] 9
o oA AgtA7L # (homogeneous)dfol ke
271 2ol 9 Z7]of A7kl YA =, ofof wt
2} coherence #£8] 40 227t E0i71A Hot o]
Q2= E3] coherenceZt W& RellA] 4lstA HAEs}
™, AA coherence #-& HB7Ioke Aol A7t
InSAR DEMO|Y DInSARN A= &2 coherence®
e Qe Z WA Eo| ARk So] RatejHoR
B3kskA] obe At et 9] 9l HEE &
£33t &, ARAES AR e AdEolA o 24
of 24 e A9 AREY YHA7F Moz w3ld
o sl POl LE 12139l MsKsystematic
surface change}s YAAZ TR|8lo] 2|&9 1EL}
oS 7ok 7169l HHete, coherences FAI W
o AFAEY RVt AR, B2 wpfHoE W
sfsto] A7} oS- EFAIRE 2L AR} stof B2}
94 3 H3E A& e Ao] EX o}
SAR9| A AlAet BR 20 48 AYE FA =
o2 e A7t 360k sldahs, SARS] ¢ HAl
el 28g U2 4ARAY) FA U] W ol

[¢]

coherence®t A ZAHT} o] Wf AFRIAIES] 2] F
2912l ZHfolle e Fo] Fzero)ll 7H7te] Eof
coherence® $HA3] oA Hrh HE AIZHH<0l xjolE
£ AR & repeat—pass interferometry] A<,
FH9 Aol AY gl AxE A oAM= 4 | 7hol
AA dolA InSAR coherence GAoA A7 22+
1A W7} F3lo] Kol gt} E3) vlud 42 A7)
| AFeA|7} BE A 2R HalrF dojupAjgt Ft
o] ¥7]4 mtojA R uofjx o] 4-E3kE % AH7| 9
ol 8t m**olb} SAR ¥7] B/l
g 2% coherence B4
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(6) DInSAR

Differential InSAR (DInSAR)& A £9]
ElojE S Yenle 9 Agwa gopd 4
2A, I Y ARAES A E HAe 14
=2 coherence’t FAIHE oA HA A7
A dorl= AL 018 FHAE B3l dold +
7lgolet, thEAQl |24 2| %o ojgk 2] 3x2] ¥ 7|
EE FotAL Wete] 55 WES 2aeta, vh1nte
olgoll oJst sHite] A& WS gohlin, Az 715
A A3t ok AMg-0 2 elgh AREYE} ot 3]
= 9ol Vel 22 o]F whAlse AlgkA7 2A18
o 4=9] B5-& S Al ot

HE InSAROIA dolxje AtelE 7|88kl
A, ARILEO| oJgh $l4k 2l WS, ti7] F AR
ot 278 % AH & Fo| BT 4o 9t} DInSAR 7
sofA At WS dohl7] HsiAe 7lskerd A4
W AFuE Q3 QW T 7| &S A Aok
sit} 7)81eHE ARS Qlofl7] YEiAE 94 o] Rsll
A= A&7t ashe, o Jurt gl A 7] A

oA A ARG 223l A% Bt} 2|E 1T

N 1]
z

rlr FE e o

¥ R
irlrjg

¥ T 30
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of & A4S AlASHs Yo RE w9 v A=
oA 24H A <] SAR, 32 F A9] SAR} 9]
A A5¥ DEMe] Baslt InSAROIA 7]4lo] 0%
7$-oll= DEMe] 9J3t $4to] 28 4712 7] wi2o]
o} = 2ol SAR FATEC 2 E DInSARe| &3 A& W
AE B 5 A AT B olTt Hee
2] 947 fi2ol BAH R o RoA DEME EAU
2 InSAR DEME #J5to] & Ao} o Hasitt, o3t
InSAR AlZ o)A SARQ) 7181814, Awnmol ofFt 9
A& glof A WAE FFsho] Yalre Aee
Ao =g Melulg o2 dohfiok 317 wfiel o
° Aust 7|&S a7 vt A4 ERS-1/2%
Envisat®] ¢ A AlA DORIS AlA8HE o]83te Q)
9409 Y12 FA3813 910 Delft FohollA F4
2] WAlo 2 5em ABE] Y4 YA AEE Agstz
olt} 28u} JERS-10]4 Radarsat—1-2 o|&{3t A=
HE | Jopde dojll 5= gloja] A Ao i
BAY AA gitto] dojF ol
AZbol w2 Z|3o] HE dohls AL BHoR
3M= DInSAR 7]&2, 7R 2 ARHA o2 Hats)
£ gi7]9] EHA AFEE 5 giok ti7]o] Q3 &
ke A 1= whet di7] G, $E, AeEe] Wt
59 93g nesfoF gt L-bandolAl AHEEE
GPS Aladlolde= Helde] H3kE 471 943 & 71
ool 24 WAL TR AXI|HE FAlo] g3}
o] o]5 BASHIL 9lon, A4 GPS Al &AM
429 BES T MEjEe] Wik RYEHsL
olont, #A7HA = SAR AF2 BA ol Lash 4=l
el B2 e 2A6HA Yeth ToF SAR AlAH
o] M& u]&3t £ ufo|AR2uE AMESH= multi-
frequency Al2® o2 WARTHY of7] m3ke] B4o)
75 = o, obx7HA] o]2{3t AlA”E EA5}
| et
A go| w2 dj7] azte] 7+ Wt 24 e
A0 AAFE= HERE x| ot bt} e Az 7]
oA di7] ET7t SAR Al AA) 71015HA] &
9lc}. webA DInSAR 7142 A F2| W7t A=
U2 E29l FZof ol gua] BE 3l oA,
A% W97} 7] T Wske Yoyl Ay nEel
= ABA glo] WS A, 1L AR WHY ¥

ok

% o

+

A3 AU glo] & coherence® 7HAE RollA
gt &-go] 7hs3t 714017 tiEof F2 Atdol BA ¢

23 Aojolu} Azt I MY

(7) PSInSAR

PSInSAR (Permanent Scatterer InSAR) 7]&-&
AZHH o2 vnA g 1A ARMAREE FAdollAl
Z&310] o]59 YA Wizt FAHCE 33
02X AR HMYE de 7Ieolth 2 AR
ZEAR] F FRE, AR Hojxe A3
oLt g Zro] ERATE Algto] o
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=, AV, H7h A2 A aetEg AoEnt ¢
Abslz mHe] HEF S ARASe) SAROIA 7| EE=
Hge| Ao et HH, HV, VH, Vvl Y] 7}A| H
HER 399 9E S0l Hve a8 H) 335 4
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94 SAR AlA &= Y] 712 HF B FolA F 7|
Aelgt o= Q)= dual-polarization €2 HAE &
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AA7ake] w3 Adele YAREEFR 2 =220
HE7} o] f= AL BH| F¥(paralle)dt 7|4
2| W (perpendicular)dl= 2713He] A7) Bt &, EH
o ZA= o) ] 7hA] Ao Vel & qlew, o] ¥
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wgo] Al AR A o FEHY 4x4
3E o A 3 (scattering matrix)oll 23] A o5
o, 2|2 ot QARZYol A 9] Akt AlE LW ofr
Sh HF e ] wt QAR T Al e ARE A
et o] o HFo] et & HAMS] AEjol wet &
A A 5 Altsh= A7]4-S YeblE polarization
signatureE T-8to] BA49 Ak EAE d+LgiT) of
get Ak 2 AL Ao whEl Covariance
Matrix, Coherency Matrix, Stokes Matrix, Mueller
Matrix, Kennaugh Matrix2t= A2 o2 g2 4
57| = i},

Polarimetryol X} & AMHE E¢3 st
=2 2k dl 74 ARk E Ale] AdighE Algst
of &gt Total Powere ZA|IZQ At A71& F8is
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= o] Wgo] & & AJA”Y B AEE UE
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HH} VO AR FAIEE=|, FE ol trihedral
corner reflector@t Zro] Z<= ¥€] ¥tAHodd—-bounce)
E sk oA Al A= AR 180%7) Eli=
vkl dihedral corner reflector®t Zro] &4 Hoj
HRALS k= o)l A= 0=7} vk, A4 Abel

4 o K

of AFEA oA 27ke] FH AA7IE 71AA o] A
HEALZE ofupz] 942 Thst A& single—bounce
difo] FrAog oot 180%9] YFAHE ol
AT o] 422 F2E 714 double-bounces Y2
7le 2419 A 0= M, 2 A¢ ¢
A E77 dEd F2 187 ¥ FEHG
double-bounce?] A& Uehfo] o 22 ApA}
£ HolA He EXo| qlow Exeh AetA|o] o
diffuse® FAHC}

T3 At 9] eigenvalue®t eigenvector 24
polarimetric entropy (H), polarimetric anisotropy
(A), alphag AAl7|% gt} Entropy (H)w AR
o] Bl M (randomness)}& YERN =Y, H=0¥ A<
o= Tt AlRE H=101 Bl F9g Al &
FHF Ao} dojd S 9|ttt Anisotropy+
eigenvalueS9] B|ZA AW, A Q] A4S
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Aoz BH Ak 455281 Ffolle thol oy AA
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AREE ofu|giet, olefgt AgHE ARt AP EL 9
5okt o f-85HA o] glow ofHw

7% o] o] R0l 41 gl

v
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(9) Pol-InSAR

Polarimetric—Interferometric SAR 7}&& full-

polarizations 7F)& F B4l InSAR7} 7Hs8t 7|

e

Mo} AR T2 QOIS S 7 GAY Ak 9
U gigo] Ak WEO] FEAF WY 52 ol8 el

hai [<J= )
AT AL B A 294 MeE FEAUE

7]&olcHCloude and Papathanassiou, 1998). &
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B¢ 7, Y, 57 29  SAR B8 xute] ZA
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(10) Tomography

SAR Tomographyt 918 %2 SARE
A AtE Aoyl 419 YA BEE dolfjart
dh= 7j&olt), SARY ¥7)9F 4 Lk
Ye UL A 329 EAS Aare
9= tomography®d 7ido] EFE 7j&egA, of
A2 AE el HEa gl

T
=
ol

(11) ATI

Along-Track Interferometry= % SH|UE 1|3
A7b AYste W3k dAHEE Ura}ol v gdsto] 5t

L_ /\/‘\A]O 1:}._ 0]_]4__& /\/\]o g}q 011_ 3]. x]od
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Zp= 00] 2 Aol gk, AFA7}F nfo]22nte] %3y
Fo g FARITHA ArFA|9} QHElLt At} o] A7t &
A 5 Rie] A HIAZ Yehdth AT &+
R 7Y £& S Lt A4t 1F TES T
A3k 4= 9lom ARl BAH o2 AM-El= Moving
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X(DLR) 215914304 A= ool

3) 8 20HApplication Field) & XAl

SAR®| & HolApplication Field)= A2 th4t
Eof wtet 2)(Land), 1%¥(Ocean), = A(Cryosphere)
2 o) 7](Atmosphere) 2 E-F8lALE.
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Archeology/Subsurface(a1318}/2J81-%), Topography
(R¥1%), ForestryAHd), Geology(R12D), Geotectonic
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%), Volcanology(@H4Fsh), Urban/ Manmade(=A|/<
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Current(315), Bathymetry@IAAE), Slick($-5/4

o
FEA7} o] A1k} Fok AAe) ok = el

E19)), Ship(Alg}), Intertidal/Coastal(@7H/AehHz
/‘11'\50}5&1:}.
FEol SE5HA ¢ S =
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B2 3¢ 2okl 23 o jlou, XU H|
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2 2RIt SAE oAl B3 didoll b Glacier
(43}, Sea Ice(dH), Ice Sheet/Ice Shelf(UAl/ B4

2 Aesigd,
SAR®] Y3 B} FHOE ofARE A % o
HE W13 4371 80l 3 91 g A

ALY oo A 011:]-__ }]o]r;}

el 12 G7E A b SETHE A
ofsitt. 7] it siopolit el Uehb: 295
ATFSHe 2E ] B4 Hojz BRI ol
Al SAR #1712 ©)43F A7:¢} SAR T} Beig
7o £ 7R Wieslet, BT FREA 28 Hofo)
22 e e .
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() Land - Agriculture

HA]
a9 A% l o2t SAR
Huj7] ZWOﬂ =9 &9
IAE of5A Eolthrt w7k A AetiM 271 9 o
S RFE L) S Alkgto] MY AAA He €YE ol
3tof B9 g W&t of uf mlo| A2t JWOI
T2 7S B Y] 27) dACA 3 Adge] &
A= Zopgge] Asto] o ol B5S %‘
7] ol Atste] S717F "yl dojut w9 s
S 71 2UEE & 4 Q= 71 9] SAR g4l
AzE, BF C-HEoAs o A% 27]0 o]t
23} dAto] dojut AAB)R) o}onq L-HiEojA]:= 1
o] &S BT} o7l 7|7 BB 4 9lr}. PoISAR 7|
8319 W Aleke] Gejo] et 2 FRE
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(2) Land — Archeology/Subsurface
SAROA ARgeh= mfo]lARute B ool w2
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(3) Land - Topography

SARE ©o|£3l9 DEME ¥+ THE ¢4
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(5) Land — Geology
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HietR o] AglE §4617] gl Agolu A&k
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{6) Land — Geotectonics

DInSAR, PSInSAR®} 22 7]&2 ol83f A9 &
3} HYE A8 e 28 BokRA], WA, dig Al
A FX, Aok Hoh 32 T2 Qg ARke] Hat
AR Q] 7HeA B A B2 dohfied] E8-Frt

(7) Land - Hydrology

ol T4 vl gle g
specular RIAME YoA $HF At A5 7} af
5] SAR F/dolA FHET o
A Bt} olE o] 83t} 424
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7= Cryosphere® T E78}4T}

(8) Land — Seismology

Axlof] 5k A& A HEE DInSAR ¥
PSINSARE H{W 1L o] & A2 A9 AU B
AT, Ty A3 sty U2 S3kste] A
T g0l g2 o= S8l EHAE 97| whgel of
AAe vl= ARV F5 A9t Zoj H27) %04
2 A AgEo] =gt} g glok,

(9) Land — Soil
SARS] ¥V E B E &F U Y Fxe) uf
$ A3 BAE 7R olF O EYY S Y
ohfil EgFo] HE-2 skt ol 85 Slth o7
[s]
= E

AF7AE o] ¥ qhofl Y3l

(10) Land - Volcanology

£31] F50] W2} A1} k27| Hje] SAR W
T\t chobet B oj8 il §] 52 Lohd
ST}, 8 DInSAR 714:& 0|43} njaste) BEo
2 Qg M e Aol Ael @A Yeli=d o]
£t} o3 B4 34 Bue) Yo
skanke] 91719} 45 B4E oy 4 9
2 e B shio] 23l A0 A7 W
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(11) Land - Urban/Manmade

SARE: A4 245 Q1% TR S A58 s Al
£3 4 gJon], FAPoR b EoR SoE B
g2 ERE Y, S0l HEE 4R 5ol S84
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(12) Land - Thematic Mapping
U}O]—:LEJH s Higo| WE SAR G444 54
olgate] A# mES EFelo]l FAEE s
‘3] ol g-Ht},

(13) Ocean = Wind
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(14) Ocean — Surface Wave

o aiA AY, 257l o dojue &Y slutE
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bajeo] A 2 et e
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Gl w2t 27t 2 05]71 Eﬂ—u:f’ﬂ ”H—cv’— %U]iv: bﬂ‘”J
2] At FA7L Hof it

(16) Ocean — Current

SAR FAME o|€3le] Current eddies, up-
HFele s &

715 ol e,
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ofo|t}, F= SAR FAS ¥t

(17) Ocean — Bathymetry
20} 877} 34 AT AEES ol SAR
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(18) Ocean - Slick
viete] 7]180] fEEAY B ZEo] FAH
W ol BHE 2eH ke —‘%’%‘01 7] e,
SAR F/dellA A vi}rt et W18 7H e AY
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2t G4 JAlel A4 sfubrt A0 dofle slickd
8 Weh B o)A vebd & 7o) 97 o
o, 2 o) sk Aol oat 712 £ 4
Sofliz o0 A} tol SARS] £440] o
2 £& T4 Rofolt}
(19) Ocean — Ship
HPﬁPoﬂ ol vie Zet v Aleks g
AR FAolA oS A3 w2 R UrEPLJEP.
lE ol-gate] Alute] &2 AAISHL Algt E/dof
2 A8 2 9 FRE

t}, 3}l Alte] ship wakeS SI7-6}7| % g},

(20) Ocean — Intertidal/Coastal

Z7Hg B2 3ok A 9o Al EAE dsit) =
7 ot A9 2] A3 boundary s Aok, &
7k Aot EoFe] st B S AE a5 &

e Q77 AR,

(21) Cryosphere — Glacier
SAR ¥ DInSARE o|-g3te] Wate] F& 4, W&
G3 e FY A, Wty FEV S At

nj

(22) Cryosphere — Sea Ice
3] Ffol whE At EAJE detaL o B2
o] HglE HApsith First-year ice, multi—year ice,

pressure ridge, lead, polynya, floe, iceberg, 31H-<

2 woll Uit A+ =R

(23) Cryosphere — Ice Sheet/Ice Shelf

=2 digolL} otol&Rme) 2o EHE % =R S
HlA P(Ice Sheet)¥} 0] 7l0] 3|42} Fhiti= HHof AR
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(24) Atmosphere — Amplitude

F2 7] @A Q13| g4 EHo| LEefL= SAR
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A, H719] lee wave, 4=} th7]9] A Kol gt A
I, vortex, soliton, W71l gravity wave 50l
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(25) Atmosphere ~ Phase

Z8 2A4bo)| A DInSARY PSInSAR 7|&8 248
o Uehts 719 £5714 dejgel o3t vlolaz
gto] & 7hh 32 2 A 59l U7l E Aok
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4) Representative or Review Papers
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(review)d)] Bl@8he =22 w2 FAJEIYT) =5 B4
Aol Z+ BEAALE0] Ze3tof| whebA representative -
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Z3hof| o3f) FP-H7)E oA, hEE THE =EelA
A5 Q4EE A =EEolth Review =2 %
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727} ol o] EA3 STA EF AAR ERFsle A
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5. =& &4 3%

o

1) AA=(System)

=REo) 22 AMH SAR AlAES ERS-1/2(551
, 24%), 357 BAl SARG39H, 24%), Shuttle(201
H, 9%), Seasat(150H, 7%), Simulated SAR(220H,
10%), Radarsat—1(144%, 7%) 5-°Ith(Fig. 4). Seasat
2 B3} 10049 Y ol &55kA] Got AFR 9] eko] WA
o= Etahal Az AFUA SAR Alago]7)
o Foff i A B 429 =F(7%)001 A AMG-E| T

e
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L A

Pianetary,

@ PRadarsat-1, 144, 7%
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Shuttle, 201, 9% “Envisat, 12, 1%

Airborne, 539, 24%

Fig. 4. Distribution of joumal papers related to the SAR Systems.
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1%) A% T& A7 =2l ARE T,

2) 7I&(Technology)

A =& 5 & 249392 7% } Fhestl o
, o] FA 7% (1907H)= 7]z7] AMgBHA T
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SAR Algorithm 24% (589%), SAR System/
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DInSAR”} 4% (103%), InSAR Coherence 2% (46%),
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Tomography (6%#), Radarclinometry (6#)% o2
18235728

SAR 7| FollA AE7]&S FF SAR AlAR WA
o] 27+ olF & Fa3t 247} =7 ghEe Fig. 604
€ AW7|e| 25 = BAste] BASIg 27
E2 £57H =82 100%5 $3E W, SARS] #7] B4

Technology
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Radarclinometry, 6, \ 6% / ~DInSAR, 103, 4%
0% * \\\\\ )

/ ! ~PSINSAR, 37, 1%
. /- PoISAR. 179, 7%
P\ | PoHnSAR, 7, 0%
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SAR Algorithm, 589,
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e i ‘\\‘
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System/process| Bt 169, 7%
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Fig. 5. Distribution of joumal papers related to the SAR Technologies.

Advanced Technology
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Fig. 6. Distribution of joumal papers related to the SAR Advanced
Technologies.
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Fig. 7. Distribution of joumal papers related to the SAR Applications.
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Application - Ocean
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Application - Ocean.

Application - Cryosphere
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Fig. 10. Distribution of journal papers related to the SAR
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Application - Atmosphere
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Fig. 11. Distribution of journal papers related to the SAR
Application - Atmosphere.

2618 (46%)& AFA3Hd SARE o] &3 8| A Hof
Z 7 We =Roj BE5HtHFg. 9. £ Winds=
60% (11%), Current 50% (9%), Internal Wave 46
(8%), Slick 37 (7%), Ship Detection 23H (4%),
Intertidal/Coast 20 (4%), Bathymetry 20 (4%)
olm] 7|6} =] 308 (Tolek,

A £ope] 326 = FollA 216 (66%)°] Sea
Ice &ololl MFAA A7t o] FoHThFig. 10). EFF
Glacier 58H (18%), Ice Shelf/Ice Sheet 47H (14%)
o wEE|glon, 7]ek 53 (%ol ek,

71 Rofef A= 68HO =& FollA SAR 7]
(amplitude)¥rE o1& =72 48 (7T1%)°19 1,
SAR $4H(phase)S o83t =82 208 (29%) °I3itt
(Fig. 10).

6. Z

rhu

19601t} o] % SARe} BHeis)
ol A1 A7 2665919 201
SAR®] e Tol A oS- Thopet
o) ThoR B4 Hopo] A8 e
SAR A0 27)9] B3t 7)o
3 3

i
o

£
Hu
ghd o}Z
2

P
&
<k

T
et}
o

~ B

ol-)l
4
o

S

O
-
4>
%0
¥

o
)
_Slrﬂ.—ﬂ

L=

T_‘Z—‘:
b
34
1
[~
oh
K
%o,
o
- B
N
i
18
o >, ¢

&3 9] GAe] B4 21U ol AAR9] Tofdt 7
549 ekl o} Bk HHE AJAR O R HHsh=
A g sl IS & 4 UGk o] dAFte
SAR & =2& 48k R4 SARS AlAH, 7
A A5 AAsket
ojoj7t ik, vk, =% Zhi«l Ao glojA Br} 2
A AAE T 2ot UG =7 B4l qlolA
= 2t o g2 AF Ah3 AREE BAste A
Eqlofok 3R Ho] ofjR o' Heth $oE o] AR
7} letsiutol SARS) 7+ ool AFstn FAL 4
Hot=t 712 AR 2A BEH7E 7dgtct,
SARY A|AH] 7|4 9 B8 Hopo] WhH L ¢
Aol F57) ALES sk L8l Ao
HE 5 ok de Aoz Halele 99 SAR
< FAF R =] Yofie At Akl
71, A 1H AYE EYE S 3-8 glojof

%,

O iy % fu R
(O oAl

-173-



Korean Journal of Remote Sensing, Vol.22, No.2, 2006

2 7Msslthe A2 At o2 SARS| At &
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