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Abstract

Recently, the synthetic aperture radar (SAR) has been increasingly in demand due to its advantage of being

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

the function and characteristics of representative SAR imagery analysis tools.

F4lo] : SAR(synthetic aperture radar) B4 24, SAR G4 &8, SAR @4 EH&+F
Keywords : SAR (synthetic aperture radar) imagery analysis, SAR imagery utilization,
SAR imagery analysis tools
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1. M2

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

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

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

Table 1. List of SAR satellites launched since 2010

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

observation; sea—ice

SAR, synthetic aperture radar.
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SAR 9149 B, SW=E FIAI717] flsl Aol A= f1/do] thiEoelH, 1o ot
2} /g0l olsshA BESIaAL Sk B XS sk WAE WEA ok 91489 A
Alet IS HE 5 g Al wet E]—E B3 e AlZtztol7] wizol gRbdo®
AF&Ao)7] 2123t ground range@t AE WEEO 2 1A HAFAALO 2 HBlEIEL 29lo]
st B3 AP Hrgstr] fgt Exé 2, M HEe] A f5F 5ol w21} o
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Slof o]-gstar Slch
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& 7Fs3t SAR 9132 thEA A8 ST (HIF 557t Fdsteh FE oA E ZAIH
FH SEEEAEHDL B2 FFFG00 kgd) HAAERE ofle}, 247 YAo® SAR

s:or

AR GAR slom AYE, o= TS SR 392l el K5 U ol
Kol ket 2 AZE Qo] Bk B2HQl B4 TS ) AA 714 B FYEAET

O] AT y=ofof & Aot £ =S 55l FF = SAR 94 WJ Sh=e= iy
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2. SAR EM 10| QY

U O = SAR YA AL ERE ST YA HlolE(raw data)E A=ollA] S=4lst
3 AAE] I 714 SLC(Single Look Complex) -2 GRD(Ground Range Detected) T
o[Ele} Z-2 Level 1 BHO=E ARt AREALA Al ZHT}. AMAR= A5 Level 1 Hlo[ElE
ol-gsto] Zxke] &g FAof 9A 7Rl A TS ST SAR Fd= EAISHL &
&5k Aol oA 7P Hol A= A2 SAR AN FMEASE &5t 1 32
o] &5l= Aolot. TRPAFAl g2 A9 Aol wt T ghS 27| Wil 55 g4,
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FHARASE EE5SHe S 7 94dnktt SAR A= S WY E #ERE 5
o] W2} 234 thEAt 71E2 02 AT EA, WAREA, multi-looking, geocoding®]
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IS AR 94 A= EA(satellite orbit correction) SAR FAS &2 949 A=
AEE et glog HAsto] 914d9] iAo wE ARl SAR HlolE9] *ALE Eol=
ZJolct. HMAR A(radiometric calibration)} SAR GAte] TAlZlo] SHIAAASZRS
ERd = Q== BT Zdolct, 7120 Z Level 1 SAR FAR2 BHAF HAo] o] 9]
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#E Fob7] ol B4l Igoloh ERF ohE ZEAAR A2|H SAR 94T BlstEdH
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Table 2. The characteristics of 6 SAR imagery analysis tools

Name

Company

Country

Utilization

Access

HyP3

ASF/DAAC

USA

- Radiometric terrain correction
- Interferometric SAR
- Change detection

A limited amount of
processing for a user
per month

GAMMA

GAMMA

Switzer-
land

- DEM
- Displacement maps
- Land use maps

Commercial

SNAP
S1TBX

ESA

Europe

- Calibration

- Speckle filtering
- Co-registration

- Orthorectification
- Mosaicking

- Data conversion

- Polarimetry

- Interferometry

Free

ENVI
SARscape

L3Harris

USA

- Flood mapping

- Dem extraction

- Change detection

- Displacement map
- Ship detection

- Persistent scatters
- Image geocoding

Commercial

ISCE

JPL,
Stanford
Univ.

USA

- Earthquakes

- Volcanism

- Mountain building

- Micro—plate tectonics

Members only

PG-
STEAMER

Pixoneer

South
Korea

- Land cover map
- Disaster analysis
- Terrain information

Application dependent;
Free for non—profit

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

3.1 ENVI (Environment for Visualizing Images)

2 914
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2Eg E9 718 94 Z Elold, otk 59 dlolE A= A|dstH, ARgAt 24de) 4
e el b Bath Jett Jrg A OlDlxl wA7h GIS A&7k " Azt 4]
2] B2k ool AT & = et YRS FEShe © AHET. EE AHE, 5}
ol ~AHEY & LDAR ¥ SARE Z3FH BE {39 vlo[elg Ao, Hro] ma
#go] e glo] A/ =vet YA E29F B9 ARSAREC] "Edol AMAT 5= 9l

olv

0.

= Aol Ut
ENVIS] SARscapet= SAR ¥4 £4& 95+ SARscape analytlcs toolbox HES ATt
t}. SARscape analytics toolbox: S5HA|, AHlerx], HIlEA] 5 SAR I3 &8st 12

714 58 9 B E st GUIR A 4 s vl Ego]qmg 1). ¥ukzQl
SAR P/ Ale B2 AR 247} A9] A171 S84 o] e Folo] ARBAR: &
et AgjagS A dokA] G, E4A BAol| g Ay A 4= ok k3t 2
7] S BiFste] F7HAR1 Hio WE A2E $HT 4 IrH4l. ENVIE Windows &
£ Linux &% A|A| 7]dto]s, ZAAF0 2 8 GB o4k RAM} 470 oli}e] CPUS #
A3t}

3.2 GAMMA

GAMMAZ} 75ty Be]sh= AR AT Eo]2 SAR dlo|&olA] DEM(Digital Elevation
Model), H1¢] ¥ 9 EX| o]§ H T2 HF ASEZ AET & Sl A4 A7 Z2A4A
£ 7| Y¥sit}. E93] Fig, 29} 7*0] SAR GA9] interferometric T2AA] F& 02 7% o]
ofg] HEo] ZFES] glow, 7t HES TR FEE JEo] ok TR IR ANE
2Rl AdollA AEH s AgE & °]—°—“:1 ATYES 59 Absglolo] agos AT 5

T Qlth. GAMMAOIA A& 7Hs3t 94 HlolElZ&= AR ERS-1/2, JERS-1, SIR-C/X-SAR,
RADARSAT-1/2, ENVISAT ASAR, ALOS PALSAR, TerraSAR-X, Cosmo-SkyMed §°] 1o
o, 4GS F8al] Ygt F2 7152 Table 37 ZATH5,6). GAMMAE UNIX 29 A
Al 719to], PC/LINUX 9 PC/NTe} 7 Yl=2EoldoA A3 7hssitt.

SAHscane Analytics Toolbox
SAR Change Detection
*~ SAR DEM Extraction
* SAR Displacement Mapping
* SAR Flood Mapping
* SAR Image Geocoding
" SAR Persistent Scatterers
* SAR Sentinel Auxiliary File Download
* SAR Sentinel Download ASF
" SAR Sentinel Download ESA SciHub
- SAR Sentinel Multidownload
* SAR Ship Detection
* SAR Time Series
+{__ Refinement
+ Management
¥ Tools

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

aperture radar, ENVI, environment for visualizing images.
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Fig. 2. Results of SAR processing using GAMMA. Sentinel-1 interferogram over oil fields in

Yibal, Oman (left) and SAOCOM-1A Pauli decomposition of TOPS(Terrain Observation with
Progressive Scans) acquisition over Formosa province, Argentina (right). SAR, synthetic

aperture radar.

Table 3. The key features of GAMMA

Function

Description

Modular SAR Processor
(MSP)

- Range compression with optional azimuth prefiltering
- Autofocus
- Azimuth compression

- Multi-look post processing

Interferometric SAR
Processor (ISP)

- Precision registration of interferometric image pairs
- Adaptive filtering of interferograms

- Phase unwrapping

- Generation of topographic height

Differential Interferometry
and Geocoding Software
(DIFF & GEO)

- Differential interferometric processing

- Required for 2-pass differential interferometry

Interferometric Point
Target Analysis (IPTA)

- Surface deformation histories, terrain heights, and relative
atmospheric path delays
- Optimal match to the observed interferometric phases

Land Application Tools
(LAT)

- Filtering

- Classification
- Visualization
- Mosaicking

Geocoding and Image
Registration Software
(GEO)

- Generate multi-look intensity image (ML) in slant range geometry
- Co—register multiple images in slant range geometry

- Display and raster file generation tools

Display Tools (DISP)

- Single look complex and detected multi-look intensity SAR images
- Interferograms, unwrapped phase, and interferometric correlation
- Display and editing of phase unwrapping flag files

SAR, synthetic aperture radar.

https://doi.org/10.52912/jsta.2021.1.2.268



J. Space Technol. Appl. 1(2), 268-281 (2021)

3.3 HyP3 (Hybrid Pluggable Processing Pipeline)

HyP3(Hybrid Pluggable Processing Pipeline)s= ASF(Alaska Satellite Facility) DAAC
(Distributed Active Archive Center)ol|A] TH= @ ZAA E7 AREA}F Uh&4 SAR TZAA
= AlBet HyP3= 2o € &9 A AHAE Algshy, @4 et Jei= FHol ARt
=lo] Sltt. HyP3+ ASFQ] dlolg AM 5121 Vertexoll S&=0] lo] ARSAR} A+43<
T YIS A A9 = o, ARE 7153t SAR = 2ot WA S8 A B4
(RTC), ZHdAl SAR(InSAR), ¥3} B4 A& SH3chFig. 3). B 21} B2 sl 244
o] AEl= AWS SHE HAFB= E8oto] HER =M, A2 golA ARATT 2F
AEES AT 5 Sl F4S ABI ET Vertex Ul o= T2 737 HA A} HyP3
£ AR Y E290 5T 4 Q= RESTful API ¥ Python AZESo] 7%} 7|E
(SDK)E Al&3tt}. HyP3+&= SAR Ao gk @2 R4S 7HA|aL QIA] gote ARgA}7} o]
&9l SlojA 4F Tlole e} FAT A5k A AE = Aol Slth. Y& PALSAR
RTCY co-registered NIES} 22 UTM HBAZ EYE co-registrated 0|9 AL H5
24 7Fs5hH, ASF DAACO] <fsh Hat & v ZETH7,8].

3.4 ISCE (InSAR Scientific Computing Environment)

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

TA Other DAACs + Feed!

Search Type Dataset Area of Interest - WK SEARCH v ‘!°
oo o B2 CI.

Geographic ~ ~ Sentinel-1 ~ POLYGON((-141.0174 57. -
250 ¥ of 177,407 Files OnDemand  Downloads

<
Jection Zoom View ‘Atea of Inerest Selection Shape

) v + - A m + 20 0~ ¥ K’ Data Access Disruptit
lat 56.1178" 3 July 21,2021 [MORE]

This website uses coc
o ensure you get the be

experience on our wel
More

Raw Zoom  Queue On Demand —-_—
TFiles) e O ¥ a Scene Detail 8 Files

[

“  S1B_IW_GRDH_1SDV_20210719T235246_20210719T235311_02 L1 Single Look Complex (SLC)
7870_035352_BFBS5 N 3.86 GB a

_GRDH_1SDV_2021... 8B26 ) o
021 23:53:11Z B alY os Sentinel-1 - C-Band

£

021 23:53:362

LO Raw Data (RAW)

Accessing this data requires you to log in 1.55GB
_GRDH_1SDV_2021... BFBS = il ¥ o8
02123:52:46Z = v '
Start Time - 07/19/21,23:52:467 & Flight Direction  ASCENDING & L1 Detected High-Res Dual-Pol (GRD-HD) 3
/_SLC__1SSV_2021... 7950 W Stop Time - 07/19/21,23:53:112 & Polarization * VV+VH % 838.33 MB
02115:57:032 B ¥ os Beam Mode * IW & Absolute Orbit - 27870
o Path-19 & Data courtesy of ESA L2 Ocean (OCN)
Frame - 185 & Citation 613 MB
I_GRDM_1SDH_2021... 172D E’ W 08 -
0211504487 = : , —
i e Search: Baseline SBAS More Like This XML Metadata (SLC) ©2021 ASF | Contact |

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

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

3.6 PG-STEAMER(Pixoneer Geomatics Software Tools for Exploitation

And Management of Earth Resources)

PG STEAMER(Pixoneer Geomatics Software Tools for Exploitation And Management
of Earth Resources)= =Wl 7|41 it ool A 7t AAGAL Rizof| gt A2, &4,
12 9 292 97 WEHoln %fe} % S2EF] &o2 Mol o) P oh
o 5% WA= PAEo] SIet. The BR0) 94 IR, WEARS dol U % 9

uavll__uav12_hh.filt_topophase.unw.geo

Application Display Set Zoom Select Print Tools Help

| | |

Fig. 4. Visualizing the output products of an UAVSAR interferogram on August 24, 2014. The
strong fringe caused by the South Napa earthquake is shown in ISCE. ISCE, INSAR Scientific
Computing Environment. UAVSAR, Uninhabited Aerial Vehicle Synthetic Aperture Radar.

276 | https://doi.org/10.52912/jsta.2021.1.2.268



J. Space Technol. Appl. 1(2), 268-281 (2021)

o, $8 7|50E YN CERE HYHE FE5P7] ATt 7IHEA, FAEA, HAje]A
715 F4AE 2 8475, DEM A4, 33 FAA], 14934 A= Al GIS

5= ASEt H2HRIE(TB) oo thés /%4 Holes AAtes St &+

4= 131, T3 PG-STEAMER 4.0 HARE AAZE Z2A|ARTP, real time processing)

Fsstet. Fig. 5914 & 4= 940l ool 7|¥te] AREAL QIFHo| AR AMAP} HiRE

Aesh= o Qlof vi-$- 2l olw, E3 RTP 7" A8ot] 2HAE A AM-S T &

A=F FAEUCE PG-STEAMERS] 8 A4 7152 Table 49+ ZTH101.

File Manager Bar 2x
= COMPOSITE QL

- =K5_20200803205304 0000003
“KOR_CULTU PSshp

Stretch Coverage: @ Band " Visbleregion " ROI
‘Select Band : [“COMPOSITE OLE : Channel 1 =)

Min: 19,0000 Max: 2550000
Mean : 87.9798 Std. Dev. : 618419

Composite Manager Bar & X | W
Gray #1

Gray #1 | 1027241, 14247735 | Pixel( 103, 923) 5427436426 € 4029576063 N 134 16m 2171135 E, 400 17m 3761035 N

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

And Management of Earth Resources.

Table 4. The key features of PG-STEAMER

Function Description

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

- Export to HTML file from metadata

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

- Vector file overlay

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

- Interactive histogram stretch
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Table 4. Continued

Function Description

3D Composer - Interactive 3D view
- Path analysis

- Line of sight analysis

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

- Tile printing for big workspace

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

- Image local warping

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

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

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

SNAP(SeNtinel's Application Platform& ESAZ} 7t 27 AT EJo]2 A SARS} 35
SH = T Sentinel 914 AlB|2AA L2 ARE AP Sk= of2] 719 ToolboxE ©]
20]x 9t} S1TBX(Sentinel-1 ToolBoX)= FZ Sentinel-1A/B JA1} 7HE7HE A&
Sk7] 9t TR0 R tiFA 0 R Aol Q= SAR #4] &= F siuolth SAR FAY

o @93t calibration, speckle filtering, coregistration, orthorectification, mosaicking,
data conversion, polarlmetry, interferometry & HFE9] A21HS P 4= glom,
A Ao g TE, B4, Byt 22 AT X /B R Akl Qo Fig. 6
< Sentinel-1 914 F/d= o83t AT ZEAAQ] BG5S HolEth S, SNAPE T<edt
SAR GHAY Qo% Graph Builder®t 72 SE= W9 A" 7|HE AS3ich
Graph Builderi= AR&AS] F40] SIe2 7|3 Aabgs g5kl AREARS] Q7o) wet
0] A2l E3F &4 Flole] £ 4 Qloh ERF DEM ARsTHEEE 3 HAold 5
< 2% "Rt 715E AR 1 Hiol® SNAPS &9l A23t SAR B B #4 =

T VAR Pl o g wAsto] yEE 4= itk o]A 7 SNAPE B 914 AlmE A
g £ opye}, B EA=o] AAY 3 q= +¥L 4 Atk SNAPZ Windows,
Unix, MacOS & TRt LFAAE 7|5t g 46, 24 Al = 8 GB old9 RAM
I} 43101 o}4Fe] CPUE BATHHIL
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Fig. 6. Analysis of Sentinel-1 SAR imagery using SNAP. SAR, synthetic aperture radar; SNAP,

SeNtinel's Application Platform.

4. 22 A X

re

AF7H] SAR FFREAET= 71240 SAR A2 2 AASl|ARE A B AAE
240 0|27 17HA] Zzke] EAof| gl thFsiA| Jide] Eol el it SEAIRE SAR YT
M 720 Ad o] £7] mieel B2 ARAREe] of#teE A3l A= Aol
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‘goke Ak ul-f- Fas1th S, SAR =2 71EA e §fo] 7] miZeol dgt 74 3
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