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Common active remote sensing systems 

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

• Lidar (LIght Detection And Ranging) 
– short-wavelength laser light (e.g., 0.90 µm) 
– recording the light back-scattered from the terrain or 

atmosphere 

• 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 

Credit to: Weile Wang 



Synthetic Aperture Radar (SAR) sensors 





What is Radar? 
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• 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 

Credit to: Weile Wang 



Ranging: Distance Measurement 

? 

? 
c = speed of light 

   = 3.00 × 108 m/s 

Credit to: Weile Wang 



Mapping Multiple Objects: PPI Radar Display 

PPI=Plan Position Indicator 

Credit to: Weile Wang 



Synthetic Aperture Radar (SAR) sensors 



Synthetic Aperture Radar (SAR) sensors 



SAR 

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 microwave 
pulses to synthesize the azimuth resolution to become one very narrow beam.  





Doppler Effect 
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• 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) 
• This makes interpretation difficult 

Noise & SAR 

Adapted from F. Sarti 



SAR & Speckle Noise 

Adapted from A. Moreira 



SAR sensors 

1. Work by day & 
night 

2. Can “see” 
through clouds 

3. Enable several 
specific 
applications 

1. Images are 
more difficult 
to interpret for 
a non-specialist 

2. Presence of 
multiplicative 
noise (speckle) 

Image acquired over Munich, Germany 



Sample SAR applications 

Adapted from A. Moreira 

Ice melting monitoring 



Sample SAR applications 

Oil spill detection 

Adapted from A. Moreira 



Sample SAR applications 

Deforestation monitoring 

Adapted from A. Moreira 



Polarimetric SAR Tomography 





Sample SAR applications 

Interferometry 

Adapted from A. Moreira 



www.DLR.de  •  Chart 22 > Vortrag > Autor  •  
Dokumentname > 
Datum 



 

 TanDEM-X DEM (Kamtschatka) 



Sentinel-1 
Data Take 
SAR Interferometry 
1200 Km 
 
 

Datatake (7 slices): 
• IW mode 
• Vertical Polarization 
• Acq. Dates: 

• 09/08/2014 
• 21/08/2014 

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



SAR Imaging of Urban Areas 

www.DLR.de  •  Chart 25 

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


World Record in SAR Geolocation Accuracy 
Range Error After Corrections: < 10 mm  

www.DLR.de  •  Chart 26 

reference corner reflector, Wettzell 
σ = 9.9 mm  

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


Sample applications 

Target Detection 

(detection of tanks) 



Island  Barðarbunga Volcano 



Ocean Surface Parameter from space based SAR 

Sentinel-1 

Wind Waves Oil Coast line 

Ships Bathymetry Breaking Waves Single waves 

   Currents 

       Sea Ice 

Radarsat-2 



- Acquisition of SAR satellites 
- TerraSAR-X (& follow-ons)/   

Sentinel-1/  Radarsat-2/   other 
 

- NRT SAR product generation: 
SAR/oil image/Ship detection – 
wind/wave fields 
 

- New acquisition technologies 
EDRS, …. 
 

- Near real time maritime 
scencarios 
 

- User training/ facilities 
 

Maritime Security – NRT Services from 
DLR Neustrelitz 



Sentinel-1 
Acquired and processed at 
DLR Neustrelitz 



www.DLR.de  •  Chart 33 > Vortrag > Autor  •  
Dokumentname > 
Datum 



SAR-based ship detection vs. AIS (NRT Processing) 

TerraSAR-X  coastal AIS  

Golar Arctic (279m)  
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Aug. 23, 2012, 05:51 UTC, TerraSAR-X Stripmap 

Wind & Waves 
Measured by 
Satellite 





Built-up area 

Global Urban Footprint 



Global Urban Footprint 

− Binäre Maske aller 
künstlichen (vertikalen) 
Strukturen  

− Räumliche Auflösung  
0.4 arcsec (12.5 m) 

− Globale Abdeckung durch 
~180.000 TerraSAR-X 
und TanDEM-X 
Datensätze (~300 TB). 

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

Weltbank 



Global 
Urban 
Footprint 
TanDEM-X 
 
Deutschland 







Another Interesting Sensor: GRACE 

GRACE: Gravity Recovery And Climate Experiment 

Credit to: Weile Wang 
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