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Context
Classification using PolSAR images

Classification : a long term task for PoISAR
o Lots of algorithms :

[¢]

Freeman-Durden decomposition [Freeman and Durden, 1998]
o Yamagushi decomposition [Yamaguchi et al., 2005]

o Touzi decomposition [Touzi, 2007]
o

o H/a/A decomposition [Cloude and Pottier, 1997]
— Building / Non-Building discrimination

Times Series are now available !
o New satellites
o New image distribution policy

New tools?
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SAR imagery
SAR and PolSAR

L; : integration length
L¢ : physical length

0 : incidence angle

R : target-radar distance
W : swath width

(a,d) : azimuth axis, distance axis

Propagation vector k  Polarization H  Polarization V. Polarization H and V

Alternate emission of H and V
Simultaneous reception of H and V

3 information channels : HH , HV=VH, VV
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SAR imagery
Speckle and Covariance Matrix

p € CM, a pixel of image |
[Goodman, 1976] :

1 -1
P(P;C):FM|C|e p'Cp

Measure 1 Measure 2 C : covariance matrix

L
.1
C=Efpp']»C= Z;pnﬁ

Spatial averaging Temporal averaging Adaptative averaging
NL-SAR
[Deledalle et al., 2014]
Binary partition trees
[Alonso-Gonzalez et al., 2012]

1 image : L neighbouring L images : 1 pixel
pixels
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Entropy
Definition

Eigenvalue and Eigenvector of C :

{v/}1=1.m : eigenvectors of C
principal components

{A\i1}1=1,m : associated eigenvalue
variance associated to the
component

Polarimetric Entropy :

M A
H=-> pelogypc  pc=—p—
k=1 lel Al
Measure of the variability in the samples set :
H=0 H = 0.6309 H=1

,p;3=0 pr=p=p3=3

N|=

pr=1,po=p3=0 pL=p2 =
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Entropy
Under-estimation of H

Influence of the number of samples :
oL>3
o L small : H under-estimated [Lépez-Martinez et al., 2005]

H=0.309, H=10.4, H=0.69

6 pixels 100 pixels
P(OI;IS|H) P(H|H) P(H|H) P(HIH) P(H|H) P(H|)
0.045 3%
0.04r 4 0.2F
0.035
0.03r 0.15
0.025
0.021 4 0.1F
0.015
0.011 4 0.05F
0.005
0 0.2 0.4 H 0.6 0.8 1 GD 0.2 0.4 H 0.6 0.8 1
H=0.28 H=0.35 H=057 H=0.30, H =0.40, H = 0.69

23/07/2015 7/19 Flora Weissgerber Temporal Entropy



Entropy
Over-estimation of H

Noise Mixing
H 7 CNR Y\ clutter to noise ratio H 7 when mixing
H 1 H'
He-
0.5 o
_H, | .
Hes
—H, g
_H, :
30 0 10 20 a0 R
CNR Entropy estimated using 100 pixels
p=Tos+b from 2 populations with the
mixing-proportion r :
T=C+T e r N(0,C5) et (1—r) N(0,Cy)
- r ./\[(0, C3) et (1 — I’) N(07C1)
I =o02l,: entropy = 1 e r N(0,Co) et (1—r) N(0,C5)
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Comparison between temporal and spatial entropy | San Francisco

City of San Francisco

Neighbourhood with particular street orientation

Map : SoMa District
Data sets

SoMa District Candlestick point
RADARSAT 2 TerraSAR-X DRA UAVSAR
C : 5mx8m X : 6mx2m L : 1.8mx0.8m
1 image 3 images 12 images
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Comparison between temporal and spatial entropy | San Francisco

Entropy in low resolution

Entropy on Radarsat-2 image, C band, 5mx8m resolution : 5 X 5 boxcar filter

H oMY I

o Good contrast between vegetation and parallel oriented neighbourhood
o High entropy on SoMa district
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Comparison between temporal and spatial entropy | San Francisco

Entropy in high resolution

o Entropy varies in time (especially for
the sea)

o Poor contrast : mixing phenomenon

= ge e
2010-04-11 2010-04-22 2010-05-03
3 X 9 boxcar filter
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Comparison between temporal and spatial entropy | SoMa District

Entropy in temporal series

2009-02-18 2009-11-19 2010-01-15 2010-03-01 2010-04-23 2010-11-10

2011-11-03 2012-04-18 2012-11-02 2013-05-07 2014-06-20 2014-11-12
3 X 4 boxcar filter

H 0NN Tl

o Entropy varies in time
o Poor contrast : mixing phenomenon

o SoMa District (oriented 0°from track) small entropy
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Comparison between temporal and spatial entropy | SoMa District

Temporal Entropy

Temporal entropy

Spatial entropy 2009-02-18  Spatial entropy 2010-04-23
H Ol = !
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Comparison between temporal and spatial entropy | Candlestick point

Spatial entropy in temporal series

2010-01-15  2010-0

3-01 2010-04-23 2010-11-10

e

: ‘ . =
2011-11-03 2012-04-18 2012-11-02 2013-05-07 2014-06-20 2014-11-12

H O 1

3 X 4 boxcar filter

o Entropy varies in time

o Poor contrast : mixing phenomenon
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Comparison between temporal and spatial entropy | Candlestick point

Temporal Entropy

Spatial entropy 2009-02-18  Spatial entropy 2010-04-23
H O . 1
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Interferometric degree of coherence

4 entropy behaviours

HTem poral

HH
P1,12
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Conclusion

Polarimetric time-series
o numerous spatial entropy maps
o one temporal entropy map

Complementary information
o Spatial entropy

o spatial disorder : variation of scattering mechanism between neighbour pixels
o poor contrast in high resolution (mixing during the estimation)
o Temporal entropy
o temporal disorder : variation of scattering mechanism in time
o no resolution loss
o add information on the degree of coherence
o high and stable degree of coherence — low entropy
o decreasing degree of coherence — medium entropy
o low degree of coherence — various entropy

In the future
o Study the temporal a/A maps
o Combine these information into a classifier
o Take into account the orientation of the building
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