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Introduction to SAR imagery 

ÂPrinciple: emission of electro-magnetic waves 

and recording of the backscattered signal 

 

ÂSpecificities: 

ÅAll-time system  

ÅDistance sampling: geometrical distorsions  

ÅCoherent imagery: speckle noise  

ÅInterferometry (DTM, ground mvt monitoring,é) 

ÅPolarimetry  

  

page 2 



Introduction to SAR imagery 

ÂNew generation of SAR sensors 
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CSK 
TerraSAR-X 

RadarSAT-2 

TanDEM-X 

Sentinel I 



Introduction to SAR imagery 

 

 

Â  Improved resolutions  

ÅSpatial resolution 

ÅTemporal resolution 

ÅAngular resolution 

ÅPolarization 
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Introduction to SAR imagery 

 

 

 

 

Â  Difficulties 

ÅNoise is different  

ÅSignal is different 

- Geometric distorsions 

- Sensitivity to corners 
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Distance sampling: 

geometric distorsions  

@ONERA 



SAR data and statistics 

ÂData: complex electro-magnetic field 

(amplitude     ,         ,   intensity                      ) 

 

ÂSpeckle: coherent imagery, interferences 

ÅGoodman model (rough surfaces) 
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SAR data and statistics 

ÂOne channel, Goodman model: 

ÅMulti-look images:  

ÅIntensity distribution: Gamma 

ÅAmplitude distributions: Rayleigh-Nakagami 
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Le multi-vue temporel 

 

Image Terrasar-X initiale Filtrage  multitemporel 



Multi-vues temporel : les super-images 
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« super-images » sur Martigny  
 

CSK 34° 
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SAR data and statistics 

ÂK channels, Goodman model: 

ÅVectorial data:  

ÅCircular complex Gaussian distribution:  
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SAR data and statistics 

ÂMulti-look data, Goodman model: Wishart distribution 
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coherence 
phase 



SAR data and statistics 
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K=1 

Amplitude data 

(classification, object 

recognition,é) 

K=2  

different incidence angles 

Interferometric data: 

geometric information 

(elevation, movement)  

K=3 

different polarizations 

Polarimetric data 

Backscattering mechanisms 

(classification, object recognition,é) 

@DLR 

@DLR 

@ONERA 

@RadarSat2 



ÂMod¯les statistiques pour lôimagerie 

SAR 

 

ÂApproches par patchs  

 

ÂApplications ¨ lôimagerie SAR 
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Probl¯me  dôestimation 

Aim: estimate the original signal from noisy observations  

 

 

 

Context: high resolution, urban areas 

« Noisy » measured signal Ideal signal  

@ONERA @CNES/ONERA 



Denoising and « averaging »  

 

 

 

 

 

 

ÂAveraging of many noisy values: estimation of the 

« true » reflectivity 

Âéonly if the selected values are coming from the 

same underlying noise-free valueé 

           How can we select them on the image? 
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Selection based filtering  

ÂLocal selection : 

ÅSelection of the closest pixels (mean 

filter) 

 

ÅSelection and weighting by distance of 

the closest pixels: gaussian filter 

 

ÅSelection of the most homogeneous 

sub-window (splitting in 4 directions) 

 

ÅSelection with a region growing 

algorithm (adaptive neighborhood) 
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 Selection-based filtering  

ÂNon-local approaches:  

ÅRelaxing locality and connexity constraints for pixel 

selection: selection based on similarity  

 

 

 

 



 Selection-based filtering  

ÂNon-local approaches:  

ÅRelaxing locality and connexity constraints for pixel 

selection: selection based on similarity [Yaroslavsky, 85] 

 

 

 

 



 Selection-based filtering  

ÂNon-local approaches:  

ÅRelaxing of locality and connexity constraints for pixel 

selection: selection based on similarity [Yaroslavsky, 85] 

 

 

 

ÅSimilarity of pixels = similarity of patches [Buades, 05]  

 

 

 

 

 



Non-local approaches 
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H1 : Hypothesis of redundancy in images  



Non-local approaches 
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H2 : similarity between patches        similarity of central pixels 



Local / non-local 
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Non-locality and patches 
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Non-locality and patches 
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How to compare noisy patches ? 

ÂBuades et al. (2005) 

ÅEuclidean distance between patches 

ÅImplicit assumption of AWGN 
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How to compare noisy patches ? 

ÂExample of signal dependant-noise: 

 

 

 

 

ÅLimits of the euclidean distance: 

page 31 


