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Introduction to SAR imagery

A Principle: emission of electro-magnetic waves
and recording of the backscattered signal

5
ﬁ A Specificities:

- A All-time system
A Distance sampling: geometrical distorsions
A Coherent imagery: speckle noise

A Interferometry (DTM, ground mvimo ni t ot
A Polarimetry
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Introduction to SAR imagery

A New generation of SAR sensors

TanDEM-X
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Introduction to SAR imagery

A Improved resolutions
A Spatial resolution

A Temporal resolution
A Angular resolution

A Polarization

Anzahl der Satelliten: 5, identisch
Bahnebenem: 3

Mittlere Hohe: ca. 500 km, optimiert
fur hdhere Auflésung
Bahninklination: ca. Polar, alle
Anzahl der Satelliteninden
Bahnebenen:

Orbit 1: 2 Satelliten

Orbit 2: 1 Satellit

Orbit 3: 2 Satelliten
Winkelzwischen den Bahnebenen
und Phasenwinkel der Satelliten

optimiert fUr eine kUrzestmdgliche
Systemantworzeit
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Introduction to SAR imagery

Difficulties
A Noise is different
A Signal is different

- Geometric distorsions

- Sensitivity to corners
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SAR data and statistics

A Data: complex electro-magnetic field 2z = Ael¥
(amplitude A = |2|, intensity [ = A% )

A Speckle: coherent imagery, interferences
A Goodman model (rough surfaces)

22
p(2]0%) £ p(Re[:], Im[]j0?) = — exp (_H)

q Distribution of z
e des imaginaines

A
~
:‘L 3 N axe des reels
[ 2 i

N
: /},/":‘:‘:&Q : : T 2 f— R
IO
70N\

(\
ZUEES

%

Circular complex Gaussian distribution

Im[z] ) Re[z]

TE’LECOM

‘ arisTech
- Esim



SAR data and statistics

A One channel, Goodman model:
A Multi-look images: -7 Y I

A Intensity distribution: Gamma
A Amplitude distributions: Rayleigh-Nakagami

L=20 L=5

Gamma distribution
Nakagami—Rayleigh distribution

0 0.5 1 1.5 2 25 3 0 0.5 1 15 2 25 3

Intensity |z|2 Amplitude |z| @
- T



Le multi-vue temporel

Image Terrasar-X initiale Filtrage multitemporel
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Multi-vues temporel : les super-images
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SAR data and statistics

A K channels, Goodman model:

AVectorial data: k = (zy,...,2x)
A Circular complex Gaussian distribution:
1
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SAR data and statistics

A Multi-look data, Goodman model: Wishart distribution
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SAR data and statistics

K=2 k = (z,2/)t ke
different incidence angles
Interferometric data:
geometric information
(elevation, movement)

1 DelB
2
L=0 ( De736 1 )

K=1 PA— Aej(f’
Amplitude data

(classification, object
_recognition, e)

AV 22p)"
dn‘ferent polarlzatlons
Polarimetric data
Backscattering mechanisms
(classification, objectr e c 0 g4
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@FNES/ONERA

« N0|sy » measured S|gnal |deal 5|gnal

Context: high resolution, urban areas
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Denoising and « averaging »

A Averaging of many noisy values: estimation of the
« true » reflectivity

A € only if the selected values are coming from the
same underlying noise-f r ee v al ueé

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

A Local selection :
A Selection of the closest pixels (mean

filter) -

A Selection and weighting by distance of
the closest pixels: gaussian filter E

A Selection of the most homogeneous o T
sub-window (splitting in 4 directions) ;

A Selection with a region growing
algorithm (adaptive neighborhood)
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Selection-based filtering

A Non-local approaches:

A Relaxing locality and connexity constraints for pixel
selection: selection based on similarity

. ] 1 searched noise-free value
Ug = "1‘1-’('5-. IL) Ut 1, estimated noise-free value
teQ vg observed noisy value
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Selection-based filtering

A Non-local approaches:

A Relaxing locality and connexity constraints for pixel
selection: selection based on similarity [Yaroslavsky, 85]

d(vg, vt) )
h?

g = -u;(s__ f)-z;t w(s,t) = exp(—
tef

image extracted from [Buades et al., 2005]
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Selection-based filtering

A Non-local approaches:

A Relaxing of locality and connexity constraints for pixel
selection: selection based on similarity [Yaroslavsky, 85]

X d(vg. v
Ug = Z-u.r(s._t)t*t w(s,t) = exp(— : 12 t))

el

A Similarity of pixels = similarity of patches [Buades, 05]

[] Search window W,
[ Similarity window A,

[ Similarity window Ag

.,:_’g Scan of ¢
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Non-local approaches

H1 : Hypothesis of redundancy in images
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Non-local approaches

H2 . similarity between patches = similarity of central pixels
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Similarity of noise~free patches

o LE= :
0 10 20 30 40 50
Similarity of noise—free values
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Local / non-local

Local approach
Weights map

Weighted
average

Non-Local approach

| .
- | Weights map
n
> | Weighted
1 | average
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L

Search window
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Non-locality and patches

MNoisy

image

Search window

Local approach
Weights map

Weighted
average

—_— —— —_——_——_— —_——_————— — - — — - — — — — —y

MNon-Local approach
Weights map

Weighted
average

Patch comparison

-

Patch 1

T

H-

Dissimilar patches —> low weights
Similar patches —> high weights

Patch 2
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Non-locality and patches

MNon-Local approach
Weights map

|

|

l - s
| —-

| average
|

Dissimilar patches —> low weights
Similar patches —> high weights

Search window

How to compare noisy patches?

Patch 1 Patch 2
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How to compare noisy patches ?

A Buades et al. (2005)
A Euclidean distance between patches [ T
A Implicit assumption of AWGN . s

. Similarity window At

is low = decide “similar”

Is high = decide “dissimilar”
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How to compare noisy patches ?

A Example of sighal dependant-noise:

A Limits of the euclidean distance:

) 2
2
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