Active Sensors — Synthetic Aperture Radar
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Common active remote sensing systems

e Radar (RAdio Detection And Ranging)
— long-wavelength microwaves (1-100cm)
— recording the amount of energy back-scattered from the terrain

e Lidar (Light Detection And Ranging)
— short-wavelength laser light (e.g., 0.90 um)

— recording the light back-scattered from the terrain or
atmosphere

e Sonar (SOund Navigation And Ranging)
— sound waves through a water column

— recording the amount of energy back-scattered from the water
column or the bottom
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Synthetic Aperture Radar (SAR) sensors

VIONTY PUTHON'S
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SAR
(Synthetic Aperture Radar)

AR TR
h ‘w R

[l
B e l"“l"l'|I |
“'."u’ F -fr .-\l ; 4
sha o \ “" M}i""m ‘ﬁ-lm-.-
st Wy 1y w
.-. & §

1 al"‘

{1
o
)



What is Radar?

TRANSMITTER RADAR PULSE

CIRCULATOR @ ]< ﬂ >

"TARGET"

RECEIVER

RADAR = Radio Detection And Ranging

Since radar pulses propagate at the speed of light, the difference to the “target
IS proportional to the time it takes between the transmit event and reception of

the radar echo
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Ranging: Distance Measurement

¢ = speed of light

Radar System

=3.00 x 108 m/s

Intensity <— signal level

<%— noise level
60 s
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Mapping Multiple Objects: PPl Radar Display
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PPI=Plan Position Indicator
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Synthetic Aperture Radar (SAR) sensors

Backscattered
Radar Pulse

Ground Targets




Synthetic Aperture Radar (SAR) sensors

SYNTHETIC ANTENMHA
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Figure 8.5 Principle of synthetic aperture radar operation. By

' jets ( r the entire time they aré
processing the returns from targets (A) fo t o

iluminated by the radar beam, a short antenna ca_a(rj"u_o e ool
many times longer (B) than its actual length, providing Imj

resolution.

Source; © Natural Resources Canada.

A major advance in radar remote sensing has been the improvement in azimuth resolution through the
development of synthetic aperture radar (SAR) systems. Great improvement in azimuth resolution
could be realized if a longer antenna were used. Engineers have developed procedures to synthesize a
very long antenna electronically. Like a brute force or real aperture radar, a synthetic aperture radar
also uses a relatively small antenna (e.g., 1 m) that sends out a relatively broad beam perpendicular to
the aircraft. The major difference is that a greater number of additional beams are sent toward the
object. Doppler principles are then used to monitor the returns from all these additional microw

Ai pulses to synthesize the azimuth resolution to become one very narrow beam.
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Doppler Effect
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Coherent addition (related to the coherent
properties of the emitted wave)

Terrain details

“Constructive”

combination ( Radar image

— high radiometry

‘ Destructive ~ combination
\ — low radiometry
—
oise & SAR] / /.

* One of the main problems of SAR image interpretation
» Optical images are normally affected by additive noise

 SAR images are affected by multiplicative noise
(speckle)

e Thic mal/ac intarnratatinn Aiffir i1+

Adapted from F. Sarti



SAR & Speckle Noise
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SAR sensors

Work by day &
night

Can "see"
through clouds

Enable several
specific
applications

Images are
more difficult
to interpret for
a non-specialist
Presence of
multiplicative
noise (speckle)
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Sample SAR applications

Ice melting monitoring
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Sample SAR applications

Coastal Damage
S———— 1 T

Wave + Current Wind
Forcing Forcing

Tanker 5

Oil spill detection




Sample SAR applications
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Polarimetric SAR Tomography

slant range [m]

100
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Sample SAR applications

Seismic Faults in Los Angeles Basin: Subsidence Phenomena:
[

San Jose Fault o

Raymond Fault == Water Pumping

Whittier Fault

El Modeno and Peralta Hills Faults

Los Alamitos Faull

Newport - Inglewood Fault

Palos Verdes and Cabrillo Faulls
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Oil & Gas Fields '

Los
, ) Velocity Field

[mmiyr]
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Terrain motion
in L.A., USA:
1992 - 2002

ERS-1/2, C-band
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> Vortrag > Autor «  www.DLR.de ¢ Chart 22
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TanDEM-X DEM (Kamtschatka)




Sentinel-1

Data Take

SAR Interferometry
1200 Km

EOC — IMF supported
ESA in verification of
Sentinel-1
interferometric
capabilities

Datatake (7 slices):
W mode
* Vertical Polarization
 Acqg. Dates:

« 09/08/2014

e 21/08/2014




www.DLR.de ¢ Chart 25

SAR Imaging of Urban Areas



http://en.wikipedia.org/wiki/File:TerraSARX_Logo.png

www.DLR.de ¢ Chart 26
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World Record in SAR Geolocation Accuracy
Range Error After Corrections: <10 mm

CR result of 28 TSX/TDX acquisitions
(residual bias removed)
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http://en.wikipedia.org/wiki/File:TerraSARX_Logo.png
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http://en.wikipedia.org/wiki/File:TerraSARX_Logo.png

Sample applications




Island Bardarbunga Volcano

/TERRASAR .S




Ocean Surface Parameter from space based SAR

Sea lce

Radarsat-2

DLR



- Acquisition ot SAR satellites

‘lD

- TerraSAR-X (& follow-ons),
Sentinel-1/° Radarsat-2/

- NRT' SAR product generatio
SAR/oil image/Ship detectiof®:

wind/wave fields

- a o B
= Near reaI tlme marltlme ‘

scenca rios

- User tgiming/ facilities




Sentinel-1
Acquired and processed at
DLR Neustrelitz







SAR-based ship detection vs. AIS (NRT Processing)
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Wind & Waves
Measured by
Satellite
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E DEUTSCHLAND - Halle (Saale) Hochwassersituation am 05. Juni 2013 - Betroffene Fliche 1:30.000
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Global Urban Footprint

. Built-up area




Global Urban Footprint

— Binare Maske aller
klnstlichen (vertikalen)
Strukturen

— Raumliche Auflésung
0.4 arcsec (12.5 m)

— Globale Abdeckung durch
~180.000 TerraSAR-X
und TanDEM-X
Datenséatze (~300 TB).

— SAR Datenerhebung
durch TerraSAR-X und
TanDEM-X zwischen 2011
und 2013;



Global
Urban
Footprint
TanDEM-X

Deutschland
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LIDAR

(Light Detection And Ranging)
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Another Interesting Sensor: GRACE

GRACE: Gravity Recovery And Climate Experiment
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