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* Overview of the Biomass mission
key studies & current research priorities

* Interest of P-band PolSAR data
for dense forests remote sensing

» Capabilities of the multi-baseline configuration
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+ Overview of the mission time-line

2009 2013 2016 2019 2021

[Selection as the 7th Earth Explorer mission)]

LAUNCH
esa (Vega)

Phases
A : Feasibility (of concepts)
B1 : Algorithm Requirement & Definition

(Product Definition & high level requirements)
B2,C: Prototype implementation

(Science and Developement)

D : Processor implementation & Testing
E : Exploitation




+ Overview of the mission time-line

Feasibility of concepts

2009 2013 2016 2019 2021

Phase A science activities: enrich the set of exp. data

Essentially driven by ESA/CNES airborne/ground based campaigns:
> BioSAR 1,2 & 3 (Airborne SAR / Sweden /2007,8 & 2012)
TropiSAR (Airborne SAR / French Guiana / 2009)

TropiScat (Scatterometer / French Guiana / 2011-2014)

AfriScat (Scatterometer / Ghana /2015-2017)

AfriSAR (Airborne SAR / Gabon / Jui,Feb 2016)

YV V V V




+ Overview of the mission time-line

Feasibility of concepts

e — BIOMASS will be basedon3 typesof ... ,
: P-band SAR acquisitions ’

PolSAR PolInSAR TomoSAR

(SAR Polarimetry) (Polarimetric SAR (SAR Tomography)
Interferometry)




+ Overview of the mission time-line

BIOMASS products to answer its scientific objectives

Forest biomass Forest height Disturbances

3%

Above-ground biomass Upper canopy height Areas of forest

(tons/hectare) (meter) clearing (hectare)
e 200 m resolution e 200 m resolution * 60x50 m resolution
1 map every 6 months * 1 map every 6 months * 1 map every 6 months
* global coverage of * global coverage of * global coverage of
forested areas forested areas forested areas
» accuracy of 20%, or 10 t ha- || * accuracy of 20-30% * 90% classification
! for biomass < 50 t ha! accuracy

CSd



+ Overview of the mission time-line

BIOMASS products to answer its scientific objectives

Level 1:
1. Level-1a: SLCs
2. Level-1b: geocoded, multi-looked

Level 1.5:
3. SLC stacks (co registered and ionosphere corrected)
4. Tomographic Cubes

Level 2 (under definition)

5. Biomass based on a SLC triplet

6. Forest height based on a SLC triplet
7. Disturbance based on a SLC triplet

Level 3 (under definition)

8. Global Biomass Mosaic (every 7.2 month)
9. Global Forest height Mosaic (every 7.2 month)
10.Global Disturbance Mosaic (every 7.2 month)

CSd



+ Overview of the mission time-line

Biomass key facts

LARGE
DEPLOYABLE
REFLECTOR

ARRAY

@-esa



+ Overview of the mission time-line

2009 2013 2016 2019 2021

Implementation Study
(Science & Development phase)

J, Biomass Level-2 Processor
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+ Overview of the mission time-line

2009 2013 2016 2019 2021

Implementation Study (Science & Development phase)
— Research & Development

Key research priorities :
> Perturbations related to physical scattering
> bio/geo-ecophysical changes

(daily for ASC/DSC, seasonal between triplets)
> Change of observation geometry (ASC/DSC)

> Algorithm Training&Validation strategy
(For PolSAR, PolInSAR & TomoSAR based retrieval algorithms)

> Combination of PolSAR & PolInSAR
(cF. Fusion at AGB level or with PolInSAR height or other metrics)

\ > PolSAR & PolInSAR synergies with TomoSAR /

-esa




Outline

* Overview of the Biomass mission
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* Interest of P-band PolSAR data
for dense forests remote sensing
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¢ How comes depolarization ?

¢ Resulting relation between

cross-pol (HV) backscatter & vegetation biomass
-5

Based on the normalization of the
RCS*, specific backscatter coefficients

. -10
can be derived :

e a
e T YooldBl = 10.10g,, [fm nle, ]

"fﬂv (dB)

: {Maine, Remningstorp,Alaska} ———
and related through {Landes, Queensland)}

power laws to forest {LaSelva, Paracouj —-

Above Ground
Biomass (AGB)

z= fylz,y) B
-25
50 100 200 300 400 500
AGB (t/ha)
RCS: Radar Cross Section defined from the
o o b [ anls o anp? P [ 2] with R the radar-target distance, P, is the incident
O _4”‘ m‘ =4m P m power and P, is the power scattered by the target.




ot

o, [dB]

TropiSAR campaign* & the challenging
case of tropical dense forests

PolSAR based indicator to cope with the saturation issue

ONERA

~85 ha of plots
(250-450 t/ha)

Pauli RGB image on the Paracou test site

-8 : ' . : :
10 | 7 1
. . . » .
-12 + - R 5 ' _'_ ] Regression parameters
i PCS '} LER ..“, o s 3' (correlation, dispersion, slope and intercept
14 E 1 Sy y ! with uncertanties)
i . . . . | Backscatter | p x? a b
200 250 300 350 400 450 FOFEA 019 | 52.64 | 2.33 (£1.808) | -18.64 (44.646)
¥, 0.36 | 32.46 | 3.67 (+1.420) | -22.01 (+3.648)
0 0.68 | 15.17 | 6.00 (£0.971) | -25.96 (+2.494)
0 Oy _
Vil dB,t _dB],h[m]—a1‘10810(AGB[t/ha]]"'ao
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[ Key fFeatures behind scattering mechanisms: ]

¢ Geometry (dimensions/orientations of scatterers in addition to bulk effects)
with respect to the wavelength

@ Dielectric constant of the material
(frequency dependent, and mainly driven by water content)

8

nwv=50% nv=80%

8

o

Example of a
dielectric cylinder:

SR, (dB)

& 8 8 8

/]

Couches K-1: diélectriques
Couche K+H1: air

8K+1

uK-l-l




PolSAR acquisition: beyond the HV backscatter

Based on the Pauli decomposition of the scattering — 10 1 0 0 1
matrix, the PolSAR information is commonly |(pp] lﬁ[o 1}’ﬁ[0 —1}’\6{1 O}
formulated with the coherency matric [T] S, +S
1
. k =— _
[lswrslirs ] [Sesdlsws] s TS
T={k, k== (S =Swl[Su*Sul’) {[Sm=SulSm=Swl"] [[Su=Sw|Sy. || <& h
2 )
2(S(Su*Sul | 2(SulSw=S.l] 4<shvshv°>

from which the real diagonal terms represent the backscattering power, and the off
diagonal terms the correlation between polarizations, from which scattering symmetries
can be derived:

Composite RGB image
resulting from the Pauli
decomposition (<HH-

VV>,<HV>,<HH+VV>)

Polarisation Orientation
Angle (POA) derived from
symmetric properties of
the [T] matrix

Images from the TropiSAR airborne campaign in French Guiana




PolSAR based indicator : the & coefficient

P-band _ _
[S] Scattering matrix
[T] Coherency matrix
v
OPOA Optimal Polarisation Orientation Angle
" Non-linear optimisation technique to minimize
[T
e F = |t?3|2 + |t§3|2 ™
( ) \y 0 _ - .
v t13 = —t12 -sin260 4113 - cos 20
0
[ T ] tﬁ — _t* g2 2 l _ X \
93 = —tag - sin” 26 + ta3 - cos” 260 + 2(7533 tog) -sindd

I\
/\
N

1 1 _
133 = §(t33 + t22) + 2 (t33 — tog) cos 40 — Re(tos) sin 46

t9 = SPAN —t{, —t5..
*L. Villard et al. ‘Biomass indicator for Tropical Dense Forests over Hully terrains from
P-band SAR intensity : y° or t° ?', Jan 2015, IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing (JSTARS).




Yhy [dB]

t° [dB]

PolSAR based indicator : the & coefficient

-8
10 F .
-14 | : * . .
_16 L 1 1 1 L
200 250 300 350 400 450 500
-8 Regression parameters
T (correlation, dispersion, slope
i RIS ) S .'.i-.--fn;'ris’;';":" (hiis and intercept with uncertanties)
12 Beieneninii : Backscatter | p X2 a b
a4 | FOFEA 019 | 52.64 | 2.33 (£1.808) | —18.64 (44.646)
7, 0.36 | 32.46 | 3.67 (+1.420) | —=22.01 (+3.648)
-16 ‘ ' ' ' ' ° 0.68 | 15.17 | 6.00 (£0.971) | -25.96 (+2.494)
200 250 300 350 400 450
i 0 0 |
biomass [t/ha] v, [dB],t [dB],h[m]=a,log,,| AGB[t/ha] +a,




PolSAR based indicator : the & coefficient

-8
10 | -
§ . . : . . :
- =12 } . .t .'.. B :o_‘ -o': felq oy
-14 | i . 1 ~ What we learn & develop
i | | | | | yo from TropiSAR data N
200 250 300 350 400 450 500 | Topographic effects originate important
-8 T . - - - dispersion regarding the backscatter
. -l sensitivity to AGB for high biomass values (>
10 + . u'fj,; I 200 t/ha),
= . e --;"’.‘" o < ST — standard backscattering coefficients are
D, 12 [t iintiie ® ] - : poorly correlated to AGB
[=]
J& L . 1 To remove these perturbations and recover
sensitivity to biomass, the ad-hoc PolSAR
16 J . . . . backscatter coefficient t° has been

200 250 300 350 400 450 500 \\d eveloped
biomass [t/ha]
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* Interest of P-band PolSAR data
for dense forests remote sensing
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Acquisitions modes

PoISAR PolInSAR TomoSAR
(SAR Polarimetry) (Polarimetric SAR Interferometry) (SAR Tomography)

Hauteur
Hauteur

These capabilities enable to increase the set of observations,
in order to enhance the underlying physical information




PolInSAR acquisitions

PolInSAR configuration defined by the
baseline, and the type of acquisitions :
repeat-pass or bistatic

A.R.sin(0))
h,=
2b.
Phase center height
given by: "
h h,=—2
VA zZ 2 J_l: a

'RvoG' model formulation, under the assumptions:
— Random Volume Over Ground
— zero ground contribution in HV

increasing
extinction o

v _ ol ) €% explwly - 2]dz
- [ expl=yp - 2]dz

y

2oh, . 25
W = folh) = qu)oi = /%0 eXp(Oosa +jazh) —1 cosf

Iy 2o+ exp(2h) —1




[ TomoSAR acquisitions ]

£ b, & .a.-.' Tomographic SAR is based on the combination

R-Y o of several acquistions from different tracks,
which enable to isolate voxels within an iso-
range volume

Vertical resolution is given by :

A.R.sin(0.)
2b™

assuming a sufficient sampling (cf.
Nyquist criteria) from several tracks

Closer than : pmin_ A.R.sin (91-)
n 2H

0z=

=
—
X

yalx)= [S(5 xle”* e

y N

Estimated backscatter - JKNE
S = z
for each voxel: (&5 x) Zyn(r; x)e

Observation from acquisition 'n' :

1<ngN




TomoSAR based results from TropiSAR data

Paracou

Nouragues

TomoSAR 3D layers from
TropiSAR data in French Guiana
for the 2 main test sites

(a) Nouragues

D. Ho Tong Minh et al., Remote Sensing of Environment 175 (2016) 138-147



TomoSAR based results from TropiSAR data

Orlglnal imaga r,, 0.37, Slopo 0.51 Layer Om, rp = -0.2, Slope = -0.29
5 g + o - i- ﬁf-" * |
Eé 0, ;&ﬁﬁ,ﬁ M. Eé 10+ + ?1. 4 . ..ﬂf’ 1 i
= | = |
-15; i -15
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D. Ho Tong Minh et al., Remote Sensing of Environment 175 (2016) 138-147




TomoSAR based results from TropiSAR data

@) Training: Nouragues b Training: Paracou
Validation: Paracou (b) Validation: Nouragues

RMS?E- sqf's.ss wliaa]
=166 (%) e

RM?;E B s{u.aa wlfm |
= 18.35 (%) .
= 0:.8 {

Paracou

-

Retrieved biomass (t/ha)
%] W
8 8

Retrieved biomass (t/ha)
8

Nouragues

8

0 100 200 300 400 500 600 0 100 200 300 400 500 600
Reference biomass (t/ha) Reference biomass (t/ha)

D. Ho Tong Minh et al., Remote Sensing of Environment 175 (2016) 138-147




Given these (airborne) results, why not using AGB directly as initial guest and
focus on changes with PolSAR/PolInSAR ?

L2 Implementation Study
Science & Development phase

‘ Biomass Level-2 Processor - -

coregistration
Biomass Level-2 Processor |

coregistration

T ‘omagraphic Cube Pluceanr

ﬂﬂ L

TMP Forest Height and Blomass Processor | | IMP Farest Height, Biomass and Disturbance Processar |

W =73

=

9313 1onpouid Z7 SSYWOIg

aseyd Wo

N




Temporal decorrelation analysis from tower based scatterometers

TropiScat AfriScat
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[ Temporal decorrelation analysis from tower based scatterometers ]

HV Tropiscat —Afriscat temporal coherences, 6 am, dry period (top) vs rainy period (bottom)
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Biomass mission scenario:
Probabilities to get at least one pair (optimal for PolInSAR)
with y(t,t+3) > [0.8,0.9] with N acquisitions
\ (From AfriScat statistical results at 6 am+30min, for dry & rainy periods) )

Event “E08”: “at least one y(t,t+3) > 0.8 _ 1.
Event “E08": “all pairs \ 1(t,t+3) < 0.8" ' \£08) = 1-P(E08)

HV
| s :_i"" — 1
/,-' ,‘__,.-' A
08 | o / -
— oo
=H 7 4
3} asr Examples:
. . g '
Points & bottom lines : il | » 5 acquisitions enable to reach
To account for the dependency between a the 95% confidence interval to
pairs, all set of uplets from N acquisitions 02} ] get at least one (t,t+3) pair with
have been generated, from which only the 09 coherence greater than 0.9
optimal pairs (t,t+3) have been " i . . . L
considered (from 2 to 6 pairs for 2<N<7) 1 2 3 4 5 6 7 8
Number of acquisitions R,
, 5 acquisitions enable to reach
1 ¥ — the 95% confidence interval to
e get at least one (t,t+3) pair with
08 | d e _ coherence greater than 0.8
/ e
% / / g% -,
I d p
Upper bound (top darker lines): g} 06 So "::s_,_,.j
Case of independence between all P Vs
possible pairs with N acgs, | /
from 2 to 21 pairs for 2<N<7) o
02+
= N-1 N—k
p(E08=]] _ (1-plylee+3k=08) " |~ &
1 2 3 4 5 [ 7 5

Number of acquisitions



[ Impact of temporal decorrelation on PolInSAR height retrieval ]

Main assumptions: o o 6 erpley 21
— Random Volume Over Ground = = TP explwty - 2]dz
— zero ground contribution in HV

I epexp(E +jah)—1 2
= do) = oL B i) =1 gy
0 cosp T IOz exp(22;) —1
, , Retrieval performances on
Increasing ° o o .
extinction o height and extinction:
o0 | : ; f » 1 200 __
g <
T s} i {160 8§
= 60 | P 1120 8
= 40 | ] - { &0 %
- @
: :
T W . o ? {140 7
o o
E E
0 . . L s 0

o s a2 03 04 )
Decorrelation { 1.-1)

Fig : Theoretical relative percentage error as a function of deccorrelation magnitude, for both
estimated forest height and extinction coefficient based on the RVoG model, and using a
multiplicative real factor gamma_t to simulate decorrelation. The reference extinction coefficient has
been set to 0.06 Np (typical value at P-band) ambiguity height to 30m, whereas the targeted Forest
heights (10, 20 and 30m) are respectively represented in red, orange and dark green




Alternative approach:
use of forward EM model [MIPERS4D] to build build likelihood Functions
(and generate lookup table i.o analytical formulation)

Scene & observation geometry

d{E,) . T o
a —}(ko - T)(EV) —f?W’{Eh)

g = IHE) ke — 73 (En)

&= fulz,9) o
with : 05(0. ) = 272 (m( S0, 6)))p o
@ % Coherent modeling
e o . & based on the DBWA
Gl = (;e " ekl - [ ol k)] canonical shapes (Distorted Born Wave
(k) -EGh) Approximation)

-
Simulated SAR
measurements




Use of MIPERS*? : inputs & outputs

Imaginary part of £"
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Alternative approach : use of forward EM model to build build likelihood functions
(and generate lookup table i.o analytical formulation)

7000

Vertical backscatter disttribution
along the transect
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Alternative approach : use of forward EM model to build build likelihood functions
(and generate lookup table i.o analytical formulation)

Set of in-situ plots

UNL-04

LNL-01

) = :
-10 d
| PEJ, —-15 ]
o ks 1
Simulated database > 5 —20 .
ofe 200 m —
(transferability) ” 2 2 :
. o ]
5 T —30%=: |
e 0 100 200 300 400 500
.« v e}
= -1 e - AGB [t/ha]
Calibrated i el Parametrized power law from the
indicator il e 1 MIPERS*° look-up table
.25
230 - - - - -
L] 100 200 300 400 500

biomass (ton.ha":u




Alternative approach : use of forward EM model to build build likelihood functions
(and generate lookup table i.o analytical formulation)

Set of in-situ plots

Simulated database
(transferability)

Calibrated 2
indicator =

-10

-15

UNL-04

LNL-01

100

200 300 400 500

biomass (ton.ha":u

AGB=E[B/t ,t0 ]
= IB .pasc(toasc/ B).pdsc(todsc/ B) dB

MMSE based on the conditional expectancy
buildt in the likelihood functions
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Alternative approach : use of forward EM model to build build likelihood functions
(and generate lookup table i.o analytical formulation)

LUNL-04,

LNL-01

" 1R2 0,902
E 500 [R>=0.774 % -
—a =, ] L ]
-e 400 | o
= § .
. ;| 2l
= g 200
& w0l
N ﬂ . | 1 | 1 | H
0 10 200 300 400 500 600
T " In-situ AGB [t/ha]
= \' ]
£ 204
8 ]
g —25 | ;
] i — 0 0
| AGB=E[B/t0 10, ]
0 100 200 300 400 500 = IB 'Dasc(toasc/ B)'Ddsc(todsc/ B) dB

MMSE based on the conditional expectancy
buildt in the likelihood functions



* Importance of experimental campaigns:

from the initial development to the performance analysis in spaceborne mission scenario

* Importance of EM modeling and the devolpement of EM models
for data analysis and a better used of exp data in retrieval algorithms

* But beyond theses studies....not doubt that we will learn a lot with BIOMASS P-band data,
over forested lands but also on many over landscapes and fields of research !




[ Synthesis & perspectives ]

* Importance of experimental campaigns:

from the initial development to the performance analysis in spaceborne mission scenario

* Importance of EM modeling and the devolpement of EM models
for data analysis and a better used of exp data in retrieval algorithms

* But beyond theses studies....not doubt that we will learn a lot with BIOMASS P-band data,
over forested lands but also on many over landscapes and fields of research !

v Merci de votre attention
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