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-1 RADAR: Radio Detection And Ranging
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FORESHORTENING

» Sensor-facing slope
foreshortened in image

* Foreshortening effects decrease
with increasing look angle

LAYOVER

* Mountain top overlain on
ground ahead of mountain

» Layover effects decrease with
increasing look angle

SHADOW

» Area behind mountain cannot
be seen by sensor

* Shadow effects increase with
increasing look angle
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Inverse SAR (ISAR)
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Spotlight SAR t7
configuration

ISAR
configuration

Reference system X-Y-Z
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Polarimetric SAR(PolSAR)

SAR ¢ls

Sy gl Cax cdl e g Lol pllis zge alizio b udad 5l oolanl

44.7ngch

VH 9 HV ‘VV HH oo lasw] S yg0 O g 30 LgLfb uu...‘aﬁ

radar antenna
transmits vertically

polarized energy \'L‘l'llclill
VV toward the earth send
= — —>

vertical
vertical filter
receive -

b.
backscattered vertically
polarized energy from earth
is received by the antenna
radar antenna
transmits horizontally
HH polarized energy )
toward the earth horizontal
R > » send
c.

horizontal
horizontal filter
receive  a -




3 85 wim Aoy

&

HH polarization (red)
Transmits horizontal waves
Receives horizontal waves

HV polarization (green)
Transmits horizontal waves
Receives vertical waves

VV polarization (blue)
Transmits vertical waves
Receives vertical waves

SAR ¢glgf

PolSAR

3-Polarization color overlay
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PolSAR

Double Bounce

RELATIVE SCATTERING STRENGTH BY POLARIZATION:

Rough Surface Scattering 1S, PISL 1218, T or [S. |
Double Bounce Scattering |5 [>|5, |>|S,, | or |5, |

Volume Scattering Mainsource of S, | and |S,, |

X-BAND 3 cm C-BAND 6 cm L-BAND 24 cm P-BAND 65 (m

Rough Surface

alz.
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Space
Shuttle
Color-

Infrared
Photograph

SIR-C Color
Composite:
*Red =
C-band HV
* Green =
L-band HV
* Blue =
L-band HH
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Interferometric SAR (InSAR, IFSAR)

Sy S35 slo SSS 5l eolawl :Across-track Interferometry
Olojed O yao & KB laz e 90 3l oolaiwl L DEM L mlaws slas )l 21 el
(two-pass) Solas ey 9o ,0 L (One-pass)

Oleyed Oygo 4 pwe SO o Sl :Along-track Interferometry
i gl (Differential Interferometry) cglas b 90 L (DPCA)

One-pass and two-pass IFSAR
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Pass #2
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Change detection by InSAR

Nov 13, 2009 Nov 18, 2010 Interferogram

Movement

-6cm 0 +6cm
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DEM generation by InSAR

Atacama Desert, Chile
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Satellite Agency/Country Year Band Resolution Polarization Weight
SEASAT-SAR NASA/USA 1978 L 6,25 HH 2,290
SIR-A NASA/USA 1981 L 7,25 HH
SIR-B NASA/USA 1984 L 6,13 HH
ERS-1/2 ESA 1991/1995 C 5,25 Vv 2,400
ALMAZ-1 USSR 1991 S 8,15 HH 3,420
HH (payload)
JERS-1 SAR NASDA/Japan 1992 L 6, 18 HH 1,400
NASA/USA C/L 75,13 quad 11,000
SIR-C/X-SAR DLR/Germany 1994 X 6, 10 Vv (approx.)
ASI/Ttaly
RADARSAT-1 CSA/Canada 1995 C 8,8 HH 3,000
SRTM NASA/USA 2000 C 15, 8 dual 13,600
DLR/Germany X 8,19 \AY (payload)
ENVISAT-ASAR ESA 2002 C 10, 30 dual 8,211
ALOS-PALSAR JAXA/Japan 2006 L 5,10 quad 3,850
SAR-Lupe (5) Germany 2006-2008 X 0.5,0.5 quad 770
RARDASAT-2 CSA/Canada 2007 C 3,3 quad 2,200
Cosmo-SkyMed (4) ASI/Italy 2007-2010 X 1,1 quad 1,700
TerraSAR-X DLR/Germany 2007 X 1,1 quad 1,230
TanDEM-X DLR/Germany 2009 X 1,1 quad 1,230
RISAT-1 ISRO/India 2012 C 3,3 dual 1,858
HI-1-C China 2012 S 5,20 \'AY N/A
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Historical Analysis Monitoring———
*
> \ —
ERS-1 Slentinel-:ui
ERS}2 : Sentinel-1b
Envisat T
: <
= ©
Radarsat-1 0
Radarsat !
Constellatjion o
Radarsat-2
Y
Risat-1

B T
| ‘ ALOS-§ =
e ©
| @
-

[ SOACOM-1a,b

'\.\ -
Cosmo-SkyMed
-
Josmo-SkyMed SG T
i = =
rraSAR-X g
TanDEM = '
PA x
KOMI75AT-5
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
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_ 30 |
1 Radarsat?2 (2003) : Canadian remote SAR system
Range: 789 km
Period: ~100 minutes
(orbits per day: 14)
Repeated cycle: 24 days

® The same beam in a specific region

Electronically beam forming
C-band, several polarizations
Resolution:~ 3-100 (m)

Swath width: up to 500 (km)
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Sensor Agency/Counry Band Resolution
C/X-SAR  CCRS/Canada X/C 09,6
AIRSAR NASA/USA C/X/L 0.6,3
E-SAR DLR/Germany X/C/S/L/P 0.3,1
F-SAR DLR/Germany X/C/S/L/P 0.3,0.2
Pi-SAR NICT, JAXA/Japan X/L 0.37,3
EMISAR DCRS/Denmark C/L 2,2
PHARUS TNO-FEL/Netherland C 1,3
Ingara DSTO/Australia X 0.15,0.3
RAMSES ONERA/France W/Ka/Ku/X/C/S/L/P  0.12,0.12
CALABAS FOA/Sewden HF/VHF 3,3
DBSAR NASA/USA L 10, 10
UAVSAR NASA/USA L 1.0, 1.8

Lynx Sandia/USA Ku 0.1,0.1
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Lynx

(Sandia National Laboratories, USA)

55kg
320w
30km
Ku (15.2-18.2GHz)

Stripmap, spotlight,
GMTI, CCD
Horn-fed dish antenna
3.2 deg. Azimuth beam,
7 deg. Elevatin beam
Spotlight: 0.1m-3m
Strip-map: 0.3m-3m




