Assessment of single baseline PolInSAR in tropical context

for vegetation characterisation
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Overview of the presentation

TropiSAR dataset
Full resolution and low resolution dataset

- Single baseline PolInSAR inversion method
Influence of topography, ...

Inversion results and resolution

- Polarimetric analysis of the volume contribution
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TropiSAR data set

- French Guyana
Tropical Forest
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- 7 Full PoISAR images on the Paracou site :
acquired in interferometric conditions

- Very high diversity :
Troplcal forest W|th more than 1000 trees speC|es
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o Avallable measurements for companson
LIDAR Ground height
LIDAR Vegetation height

(we acknowledge Lillian Blanc from CIRAD for those measurements)




BIOMASS reprocessing
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Reprocessing approach

- Processing performed from raw data
Provide the proper center frquency
Simulate correctly the frequency shift for interferometric processing

- Challenges associated with low resolution processing

Radiometric calibration cannot be performed with the deployed
trihedrals (too small)

Intermediate processing at 50MHz correctly centered at 435MHz — in
order to assess the antenna pattern and the calibration key
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Data quality assessment
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Estimation procedure

- Random volume over ground model
Compute the 6x6 covariance matrix
Compute the line (Ferro-Famil method)

Select the ground point from 2 solutions
e HH+VV and HH-VV

Filter the ground topography (plane fit)

Compute the vegetation height based on the smoothed
ground and an a priori value of the attenuation

- Output in radar geometry
Ground topography
Vegetation height
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Radar geometry and topography.

Radar measured height is a difference in the same range bin
The top of the tree is imaged before its trunk

d = h/tan(0)

4,
2 4%

In case of topography, this can create a significant spatial variation in the tree height, even for a constant tree height
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DEM LIDAR ~ DCM LIDAR - DCM LIDA

Radr eometry

UTM geomer
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Reference elevation

DSM=DEM+DCM

PolInSAR DEM
Radar geometry

PolInSAR DCM
Radar geometry
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Azimut (m)

Available reference data

LIDAR + SRTM
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Ground height from high

PolInNSAR
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Difference between HH phase center height and Lidar z, difference between smoothed PolInSAR and Lidar
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Low bias and good RMSE for the PolInSAR approach

Wider distribution for HH phase center height, high bias and
RMSE




Ground mean height with Lidar Ground height (zg) estimation with PolinSAR
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Vegetation height

> PolInSAR vegetation height from high resolution SAR data
Radar geometry
UTM geometry

> PolInSAR vegetation height from low resolution SAR
Radar geometry
UTM geometry

=
]
o)
N
>
-
<
S
c
]
S
=
]
o
)
]
S
L
'32)
A
o
~N
(neg
<
()]
c
©
(a R




50

Veg mean height with Lidar Veg height (h,) estimation with PoliInSAR H i g h res O I u t i O n d ata

45 g
<
=3
2
40 5
= 5
=% S
N g
> x
[~ — 35 <
S b
=2 3
c a
-%G 30 2
= 2 10 15 20 25 30 35 40 45 50
8 @ Lidar mean vegetation height (m)
n
E = 25
LL
o™ .
— Biais Std Dev
o 20
(9\}
n'd 403-405 | 1.99m 4.38m
<
p) 15
c
©
as 10

0 200 400 600 800 10001200140016001800 O 200 400 600 800 10001200140016001800
Range (m) Range (m)




PolInSAR 2013, Frascati, January 29th

High resolution data
PollnSAR DCM
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Summary of SB polInSAR estimati

- Good performance for the under canopy ground topography
for both high and low resolution data

- Good performance for the vegetation height estimation for high
resolution data

- For low resolution data, over-estimation of the vegetation
height.

- High sensitivity to the baseline

- Importance of topographic correction for an accurate
vegetation height assessment




Polarimetric Decomposition from

Ground contribution

- The 3x3\RVoG Polarimetric cohgrency matrix J"is the sum of
two contriputions .

T = aTground T ol

- Inthe Pauli basis each diagonal component is associated to
one mecanism :
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T 4 rary: T35
Single Bounce Double Bounce Diffuse Component
HH+VV HH-VV HV

«  Tuuand T,..unq CaN be estimated without constraint from
Cloude and Papathanassiou or Tabb’s approach
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Ground Resp.  Veg. Resp.
(T T.)s Lidar Ground
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Minimal standard deviation
for h, for 100 pixels
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The Cramer-Rao bound for the RVoG
corresponds to the best achievable variance
for unbiased estimator [Roueff et al. 2011]
(more detalils In the poster session)

In the following we compare :
Ground to Volume ratio and the CRB
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Minimal standard deviation

Ground over Volume ratio for h, for 100 pixels Lidar Ground

(meters) (meters)

The best Cramer-Rao Bound Is obtained when approximately
the same energy comes from the volume and the ground :
(ie. especially on flat ground )
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Conclusions

- Under canopy ground height can be estimated with
a good accuracy

- Vegetation height estimation performance
IS sensitive to temporal decorrelation
strongly depends on the baseline choice
Single baseline: overestimation for low resolution data

- RVoG Polarimetric decomposition
enables to separate ground and volume contribution

can help to understand the estimation performance in
correlation with the Cramer-Rao bound
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