
Traitement des données SAR

Principe et filtrage du speckle

Pierre-Louis FRISON
pierre-louis.frison@u-pem.fr



RADAR DATA

Phase imageAmplitude image

RADARSAT - Fine 1

SLC product



Coherent Imagery System  Speckle noise

Single pixel value = no meaning

Homogeneous are = statistical distribution



Image de réflectivité radar Acquisition réalisée par un radar
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Histogram over an homogeneous area
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Histogram over an homogeneous area
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Goal of radar image filtering: 

Decrease the standard deviation s (noise)

without modify the mean m ( radar refelctivity)



Dans le  domaine spatial

E(I)

Génération d’images multivues

Spatial convolution: image * window

9 looks if pixel sare not correlated

Example: ERS data - PRI products :  3 looks

Réduire le bruit (speckle) = faire la moyenne des pixels (intensité)



Sète - France: 21.06.2001

RADARSAT FINE 1

INCIDENCE 38°, 4 x9 m

Intensity image

(from SLC product)





Sète - France: 21.06.2001 RADARSAT FINE 1
INCIDENCE 38°, 9 x9 m

3x1 average window 6x2 average window

< 3 Look < 12 LookDue to pixels correlation!

SPATIAL MULTILOOK PROCESSING



Sète - France: 21.06.2001 - RADARSAT FINE 1 - INCIDENCE 38°, 9 x9 m

3x1 average window 6x2 average window

< 3 Look < 12 LookDue to pixels correlation!

SPATIAL MULTILOOK PROCESSING

Photo aérienne (www.géoportail.fr)



SAR Image Filtering:

Goal: estimate R  s °

Most simple: Box Filtering: I average : E(I)

Advantages: simple + best estimation (MMSE) over homogeneous area

Inconvenients: Details lost, fuzzy introduction

==> Need to introduce specific filters taken into account speckle statistics

Other classical filters: (median, Sigma, math. morph…..): WORST! 
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Neighbourhood size depends on local scene characteristics

==> Adaptive filters



Adaptative Filter: Frost, Kuan, Lee
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Adaptative Filter: Frost, Kuan, Lee

Box filtering
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Dans le  domaine spatial

E(I)

Génération d’images multivues

Spatial convolution: image * window

9 looks if pixel sare not correlated

Example: ERS data - PRI products :  3 looks

Réduire le bruit (speckle) = faire la moyenne des pixels (intensité)

Dans le domaine temporel

Date 1

Date 2

Date 3

Date 4

4 looks if surface 

has not changed

Perte d’information spatiale (détails) Perte d’information temporelle



TEMPORAL MULTILOOK PROCESSING

ERS - PRI product ERS - 3 dates average image



: Spatio-temporal domain

temporal domain

Date 1

Date 2

Date 3

Date 4

Preservation of spatial res.

Total loss temporal information

Spatio-temporal domain

Date 1

Date 2

Date 3

Date 4

Small degradation of spatial res.

small degradatio ntemporal information



 for k = 1, …, N 

: Spatio-temporal domain

Quegan & Yu, IEEE  TGRS 2011

N: acquisitions number (different dates)

Jk: pixel value of the output (filtered) image

Ik: pixel value of acquisition k

< Ik >: spatial average over a local neighbor. Around Ik

Date 1

Date 2

Date 3

Date 4

Small degradation spatial ressolution

Small  degradation temporal resolution

temporal average


