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DLR Maritime SafetyandSecurity Labs

Maritime Safety and Security Lab, Bremen 

- Fundamental science, 
developmentof newmethods
andalgorithms

- Development of operational 
softwareprocessorsto generate
valueaddedmaritime dataand
informationproducts
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DLR-Forschungsstellen Maritime Sicherheit

- Satellite-basednear-real-time 
(NRT) services

- Systems for the improvementof
maritime traffic safetyand
integrity

Maritime Safety and Security Lab, Neustrelitz 
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Introduction: SAR oceanography research and development

Å Fundamental research in SAR Imaging Mechanisms 
Å Finding  interdependencies between SAR imaging and geophysical or oceanographic properties
Å Develop (empirical) model functions to deduce sea surface properties from SAR

1. Basic Research  - Functions & Algorithms 

Å Robust implementation of developed algorithms and methods
Å Performance optimisation for Near-Real-Time (NRT) capabilities
Å Integration  in operational data processing chain at antenna ground stations

2. Software Development  - Prototype & NRT Processor
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Introduction: SAR oceanography research and development

Å Fundamental research in SAR Imaging Mechanisms 
Å Finding  interdependencies between SAR imaging and geophysical or oceanographic properties
Å Develop (empirical) model functions to deduce sea surface properties from SAR

1. Basic Research  - Functions & Algorithms 

Å Robust implementation of developed algorithms and methods
Å Performance optimisation for Near-Real-Time (NRT) capabilities
Å Integration  in operational data processing chain at antenna ground stations

2. Software Development  - Prototype & NRT Processor

Å Contribution to improve forecasts, oceanographic and geophysical understanding
Å Analysis of extreme events
Å Possible applications for institutions and industry

3. Processing, Databases  and Scientific Exploitation



Satellites: X-bandSAR(syntheticaperture radar)
TerraSAR-X and TanDEM-X

launched  in 2006 and 2010

Ʒ active sensor: sunlight independence 
Ʒ signal penetrates the clouds

Sentinel 1A /1B

Ʒ ESA Satellite

Ʒ 703 km altitude  

Ʒ ground  speed 8km/s, 14.5 orbits/day, 

Ʒ sensor:   high frequency C-band  SAR,       
wavelength 5.5mm,  frequency 5.4GHz

Ʒ The repeat-cycle is 12 days, but the sameregion
canbe imagedwith different incidenceanglesafter
2 days.



Satellites: X-bandSAR(syntheticaperture radar)
TerraSAR-X and TanDEM-X

launched  in 2006 and 2010

SAR                                                                                   OPTICAL

TerraSAR-X / TanDEM-X

Ʒ DLR/AIRBUS Cooperation

Ʒ 514 km altitude  

Ʒ ground  speed 7km/s, 15 orbits/day, 

Ʒ sensor:   high frequency X-band  SAR,       
wavelength 31mm,  frequency 9,6GHz

Ʒ The repeat-cycle is 11 days, but the sameregion
canbe imagedwith different incidenceanglesafter
2 days.
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Satellites: X-bandSAR(syntheticaperture radar)
TerraSAR-X TerraSAR-X and TanDEM-X

launched  in 2006 and 2010

© Google Maps© Google Maps

X-band

2007

2010

Stripmap 30km ScanSAR  100km Wide ScanSAR   250km SpotLight10km

1m resolution

3m resolution

16m resolution

35m resolution

10km



Wind Field: Background

Synthetic aperture radar is capable of providing wind information over the ocean by 
measuring the roughness of the sea surface. 

Capillary waves traveling along the boundary layer of a fluid are dominated by the effects of surface tension.
The source is the turbulent fluctuations of wind vector.  

clouds clouds
clouds

stronger wind Ÿ high surface roughness Ÿ stronger radar backscatter     

SAR-Derived Wind Fields
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GeophysicalModel Function(GMF): 

Radar band GMF Spaceborne SAR Sensors

C-band (5.6GHz) CMOD4,CMOD5/5N ERS/SAR,ENVISAT/ASAR, RADARSAT-1/2

L-band (1.3GHz) LMOD1/2 JERS-1, ALOS PALSAR-1/2

X-band (9.6GHz) XMOD/XMOD2 TerraSAR-X/TanDEM-X, Cosmo-SkyMed
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SAR Wind Algorithms
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Wind Shadows: Extend up to 80 km

Power Production: Cubic relation with wind speed
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Obviously: 

Great Interest in high resolution + large coverage wind assessment

Operational NRT Wind Processor: SENTINEL-1 Wind Field (05.06. 2015)

Windparks:

Á Built

Á Under Construction

Á Planned



Colocations Bias RMSE SI

371 (training) -0.32 m/s 1.47 m/s 16.0%

52 (validation) -0.17 m/s 1.47 m/s 17.0%

XMOD2 Validation

X.-M. Li and{Φ [ŜƘƴŜǊΣ άAlgorithmfor
SeaSurface Wind RetrievalFrom
TerraSAR-X andTanDEM-· 5ŀǘŀΣέIEEE 
Transactions on Geoscienceand
Remote Sensing, vol. Early Access 
Online, 2013.



5km
TS-X Strimap (23.08.2012)

10km

Alpha Ventus Offshore Wind Park

Wind Wakes
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Wind Wake Signatures

Profile 2


