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FOREST PARAMETER RETRIEVAL FROM P
BAND DATA:

Polarimetry and Polarimetric interferometry

Pascale Dubois-Fernandez

Isabelle Champion (INRA)
Franck Garestier (CESBIO)
Xavier Dupuis (ONERA)
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Observatoire aquitain

SR ONERA :
G /'S .
A S T /—_\ Institut Matiomal de la Recharche Agronomique

s

- The ONERA instrument: RAMSES
- The campaign over les Landes
- The calibration procedure
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- The radiometric analysis
The polarimetric analysis
- The Polarimetric interferometry analysis

. Conclusions
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RAMSES, the ONERA System
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+ XTI Si

mposio Brasileiro de Sensoriamento Remoto — XIII SBSR

Polarization

Band P* L* S C xX* Ku* Ka*
Center 0,43 1,3 3,2 5,3 9,6 14,3 35
Frequency GHz GHz GHz GHz GHz GHz GHz
. 70 200 300 300 1200 1200 1200
Bandwidth [ o | MAz | MHz | MHz | MHz | MHz | MHz
Transmit V/H V/H V/H V/H V/H V/H | VorH
Polarization
Receive |V and H|V and H|V and H|V and H|V and H|V and H|V and H

P, L, X, Ku : GMTI capability




X-Band Examples
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Polarimetry
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GMTI/ STAP

SAR Techniques

Bi-static

nSar




Planned Evolutions

RAMSES 2005 2008\
< ' . -
% .
3 .
-
§ .’lllllllllllllll
£ K RAMSES NG
N K¢ petit porteur
5
S
=
3

.ﬁl | | I>
SETHI SETHI 2006 ~g /

52 pods diam 530 mm , Lgth 2300 mm

e S

=

3 band simul P.L X, interfero, full polar

3
=2

§Mo’rorized elevation
:§Max Altitude 30 000 feet (1 pod)
%Min Altitude 300 feet
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The campaign, the site, the calibration
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Nezer Forest
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SAR Acquisitions

- Two days, 12 acquisitions/day

- Waveforms:
P+L simultaneous
Range resolution: P band 2.5m ; L band 1.3m
Incidence angle varying from 10° to 55°

- Multipass
4 tracks for PolinSAR processing
2 tracks for high incidence angle analysis
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avec angle de dépolarisation de 22,5°




Evaluation of the NEsigmaO

In dark areas

In the cross-pol channels by assuming the loss of coherence
between HV and VH is due to noise

Yoy [ SNR —— NEO,
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P Band calibration results

NESigmaO : better than -34 dB for co-polar channels

NESigmaO : better than -39 dB for crosspolar channels

HH et VV: + 0.7 dB Copolar phase: + 4°

to be compared to the expected 0.75dB, 3° phase error for 1° misorientation
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The radiometric analysis
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Radiometric analysis

L

$
[
-15 7<T‘ e

-20 -

P HV [dB]

25 ]

30 |

-35 ‘ ; ‘ ‘
0 5 10 15 20 25 30 35 40 45 50 55
Age of Parcel [Yr]

P_ Band Dynamic Range [dB]

Dynamic Range [dB]

m Dynamic Range PVV [dB] @ Dynamic Range LVV [dB]
@ Dynamic Range PHH [dB] @ Dynamic Range LHH [dB]
0O Dynamic Range PHV[dB] O Dynamic Range LHV [dB]
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Polarimetric analysis
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Background in polarimetry

<\(Shh+sw)(2> ((S+-S)Si—S')
(S-S ) St S <\(Shh—swf>

_ ASu(Si+S)) A Su(Su—S)')

A

2 (Si+So) S
2 (Sn—S)Sw )

{sf)

3 eigenvectors

3 eigenvalues

Alpha angle a = ). -

j -1
Z cos (‘ei1 ‘)

- A+ A, + A,

/Ii

Entropy

A

3
H = — lo "
Zl A+ A+ S A, A,

J

e; A,
e, 4,
A
90° ~—~—
/ >
Entropy
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Polarimetric analysis
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Inversion based on anisotropy

Hauteur (o)

=]
T

=1
o
T
|

=3
o

T
|

Anizotropie
o
5
——
+
@
+
1

78
LR

=3
5
T
+
+
|

2 5
=]
L e

% 10 15 i 75 30 Mesures au sol Estimation
Hauteur (1)

RMS error = 2m

XIII Simposio Brasileiro de Sensoriamento Remoto — XIII SBSR

ONERA




PolInSAR Analysis
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PolinSAR data: Nezer L P




PolInSAR dataset
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PolInSar data for biomass

Polarimetry: identifies the scattering type Ir‘rerfer'ome’rr'y:
elevatig=

Single-bounce Daub/e-bounce| Diffuse

ARSI

<4— Py
<Py

PolInSar: associates elevation to scattering type

Model Biophysical parameters
- free height

- free biomass
~attenuation
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Polinsar analysis
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to Remoto — XIII SBSR

, <S1TS2T*>
T \/<S1TS1T*><S2TS2T*>

XIII Simposio Brasileiro de Sen

Complex plane

Sy =8,1tS8, with <SaSb >:O

P A
Vot
P+B'"" P +P

Ve =F(VVy) = Vs
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0 Remoto — XIII SBSR

XIII Simposio Brasileiro de Sens
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Looking for Stable PolInSAR Scatterers

SPS: Coherence independant of polarisation

to Remoto — XIII SBSR

Surface

Coherence phase from elevation
Unity coherence
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Looking for Stable PolInSAR Scatterers

Random Volume

Treuhaft model
Identical layers with constant extinction coeff.

XIII Simposio Brasileiro de Sengariamenta Remata — XTI1 SBSR

o, extinction coefficient
h : height of volume

O: incidence angle
k, :geometric charact.

ONERA
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Random volume coherence

051"

Hv=10m

0.5
Hv=12.5m+

c=0dB/m
c=0.1dB/m [

c=2.0dB/m

Therefore, given a "volume only” coherence,
one can invert the height and the extinction coefficient

ONERA

THE FREMCH AEROSPACE LAB

hv=0n



Random Volume Over Ground Moc

Sp =S, +S, with <SgSv >:O

7/T ygﬂyv Pg-l—ij/g Pg—l—ij/v

Complex plane

XIII Simposio Brasileiro de Sensoriamento Remoto — XIII SBSR

ONERA




“Tio Brasileiro de Sensoriamento Remoto — XIII SBSR

Jw, such that P, (w;)=0
Jw, such that P, (w,)=0

Complex plane

X o

(W) =

£, (w)

B+ Ew) *

+

P,(w)

P+ P(w)
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Standard RVoG inversion
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DNERA

11 year old stand
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Inversion PolInSAR

. Standard Inversion RVoG
- Adapted to P-Band

Known attenuation
Time-frequency analysis
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PolInSAR results at P band

XIII Simposio
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PolINnSAR results at P band

Horizontal Profile
SR S e e B B B S B B B B B B B R e s s RVoG inversion at P-band
25+ e
i " 30
20 :— =] 25 //
3 i : E | .
~ 154 :?E - 2 .
= ] g .
T 10 1 g0
EE f 3
1 T 54 o
5 :' % 0/ T T T T 1
I 0 5 10 15 20 25 30
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PolInSAR at L band
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Conclusion (1/3)

- Calibration and evaluation procedure

- Radiometric analysis:
Better dynamic range at P band
Better dynamic range for HV

- Polarimetry

Good correlation between anisotropy and height for P band
* to be confirmed on other type of forests

Combine P and L bands
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Conclusion (2/3)

. PolInSAR

Good results at P band (1.2m rms)

Equivalent inversion results based on P-HH and P-VV
High sensitivity to altitude of ambiguity

Time frequency analysis: attractive concept
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Conclusion (3/3)

. Radiometric inversion
. Polarimetric inversion
. PolInSAR inversion

- 3 independent techniques
could be combined
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