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BIOMASS

P-Band waves (1=70cm) penetrate the

Scheduled for launch in 2024, ESA’s seventh Earth Explorer vegetation layer down to the underlying
Mission, BIOMASS, will carry the first P-band SAR to be flown in terrain, while giving rise to backscattering

space, to gather fully polarimetric acquisitions over forested from trunks and branches

areas worldwide in interferometric and tomographls\Tnodes — P-Band provides sensitivity to the whole
forest vertical structure, as demonstrated
by 3D tomographic analyses

Mission Objectives
o to determine the distribution of aboveground biomass in the

world's forests ] ] ] L/dar DTM & Forest he/ght
o to measure annual changes in this stock over the period of the

mission
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Vertical sections from AfriSAR (Gabon)




BIOMASS PHASES

BIOMASS will implement two acquisition phases:
o Tomographic phase (first 14 — 16 months): stacks of seven consecutive passes

with a revisit time of 3 days, to provide 3D imaging capabilities with a vertical all acquisitions are
resolution of about 23 m at the equator full-pol @
o Interferometric phase (rest of mission lifetime): stacks of three consecutive

acquisitions (or triplets) with a revisit time of 3 days, ensuring interferometric
global coverage every seven to nine months TomoSAR Pol-InNSAR PoISAR
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BIOMASS OBJECTIVES

Primary objectives 5042

500

Above Ground Biomass (AGB): dry weight of woody matter per unit area 5041 -
above the soll

400

5040 .

km]

300

Forest Height (FH): upper canopy height according to H100 standard z

5039 A

north

Forest Disturbance (FD): area where an intact patch of forest has been o35 |
cleared 4

5037 ~

- 200

r 100

Tomography: 3D voxels representing forest reflectivity

5036 T T T T T T T
4512 4513 4514 4515 4516 4517 4518 4519 4520

east [km] —-0

e TomoSAR DTM [m] LiDAR DTM [m]
Secondary objectives

Digital Terrain Model (DTM): sub-
1 160 canopy terrain topography

Forest/Non-Forest mask (FNF):
| 120 indication of forested areas as
1 seen by P-band

©200 200

y(m]
y [m]

1 160

1 120

80

Exploration of glacier dynamics

40 Subsurface geology

<3000 -2000 -1000 0 1000 2000 3000 4000
x[m}

3D sections from IceSAR 2012 (Greenland)) Tomography sections from AfriSAR (Gabon) ‘
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INTERFEROMETRIC CALIBRATION

Preliminary step to using Level-1 acquisitions: stack coregistration and phase

calibration

Main sources of disturbance, lowering coherence:

« ionosphere — additional shifts, phase disturbance & defocusing, Faraday
rotation

» baseline errors & troposphere — additional shifts, phase disturbance &
defocusing

range shifts of about 4

Satellite Latitude (")

additional phase m/TECU & phase differential shifts &
advance & group delay  variation of roughly 40 phase
rad/TECU

range defocusing negligible negligible i
all latitudes (stronger
around post-sunset about 8 m azimuth shift w
equatorial zone) azimuth shifts (linear gradient of 1 TECU/100

variations within the km differential shifts

lonosphere synthetic aperture)

(w iono height 350 km)

Faraday rotation phase variation of roughly errors in

0.05 rad/TECU polarimetry
azimuth defocusing P ——
hiaher lafitudes (thank several dBs IRF moderate O MU 20040 50260
Igher fatitu es_(t LS (non-linear variations degradation and , ,
to dawn-dusk orbit) AT T S resolution loss coherence loss TomoSAR at Remningstorp, Sweden — from BioSAR 2007
aperture) Oricinal dat3 60 Dhace (2
= 50 = 50
about 1 m orbit . = i
. . : : phase disturbance £ E
Baseline errors all latitudes accuracy w large shifts of some pixels . 220 2 20
. & defocusing 210 210
baselines i 0
. additional low-pass - phase disturbance 10 200 600 1000 1400 1800 2200 U 200 600 1000 1400 1800  220C
Troposphere all latitudes phase screens negligible & defocusing slant range [m] slant range [m]

= T il s L ] = O Il = fE == == = Il EE = — | imm %] > THE EUROPEAN SPACE AGENCY



L1 IONOSPHERIC CORRECTION

BIOMASS L1 processor compensates ionosphere on single images:
o estimation of ionosphere height from Faraday rotation variation in sub-apertures
(needs relevant azimuth variations)

o conversion of Faraday rotation to ionospheric screen

o defocusing at ionosphere height and compensation

o group delay correction —_—

o optional autofocus for scintillations ) — C(eB ' lﬁ?) TEC
Global vertical magnetic field B estimated for June 21st, 2007 at a height of 300 km COme f2 |

90

Caveats:
o low equatorial sensitivity KIM et al,, 2015
o requires wide averaging (tens of kilometers)
S=p o wide averaging reduces ionospheric screen resolution

o autofocus requires scene contrast & is model-free

N
v

Latitude [degrees]
o

» the technique is being revised/integrated: Kim,
Papathanassiou "TEC and lonospheric Height Estimation by Means of
Azimuth Subaperture Analysis in Quad-Polarimetric Spaceborne SAR
Data" IEEE JSTARS (2021)

» further (interferometric) corrections in synergy are needed

6

Longitude [degrees] JEHLE et al, 2009
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R

DTM L1 Stacks

Reference selection

V

Coregistration

Stacking

v

Azimuth common band

V

Slow varying ionosphere
compensation

Baseline errors
compensation

!

Fast varying ionosphere
compensation

!

SKP calibration

v

L1C Stacks

Calibration

] N N7 | | [ |
- m= CH b= 0l 2R 2= = m Em am [+l

/

A

higher interferometric accuracy wrt single
acquisitions (differential errors)

first target differential shifts & low-pass disturbances
(background ionosphere, baselines), finally faster
lonosphere

additional SKP calibration (residual low-pass screens &
phase offsets) to meet L2 requirements

HH channel selected as more responsive to terrain
(except for SKP, full-pol)

reference image selection based on geometry & quality
from L1 (ionosphere, RFI)

all steps have multi-baseline refinement of single
baseline estimates (except for SKP, multi-baseline)

7
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azimuth index

SLOW VARYING IONOSPHERE
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Estimated lonospheric Screen (split spectrum)

T T T T
0 500 1000 1500 2000
range index

Strong Phase gradient in azimuth direction
due variation in TEC along track

(acquisitions courtesy of CONAE)

Il cz W 4 1= 1111 o

o split-spectrum correction: exploits different frequency
behaviour of ionosphere-dispersive and non-dispersive
phase

o preliminarily tested on L-band SAOCOM pair (normal
baseline: 128m, bandwidth 50 MHz, on North Canada)

o for BIOMASS (6MHz) large area averaging is required to
obtain 5° phase accuracy

» phase ramps are estimated

o work in progress to account for bias due to large
BIOMASS baselines

can amount to fraction of cycles/some
cycles with high TEC and large baselines

8
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BASELINE ERRORS

o model-based inversion of dual-squint INSAR phase
o dual-squint phase mostly insensitive to troposphere, targets displacement and topography (low squint systems)

o lower-rank parametrization of the model chosen for BIOMASS geometry:.

Aoy (6 4 — :
GX@D( ) — ¢os Yo |Baz —sin(0 — 0,c5) RoAB . |

o residual azimuth coregistration is also compensated

o simulated interferometric pair over distributed
, , scene (30% of critical baseline)
| | T e roe | o errors added to the orbit of secondary image:
Baz=1.41m
AB1 =1.37 mm/km
ABJl = 0.01 mm/km
o coregistration from geometry applied before
correction
o Baz & AB1 are correctly estimated
o some residual remains due to uncorrected AB||

baseline

InSAR phase [deg]
InSAR phase [deg]
o

T T T T T T T T T
(I) 5060 10600 15600 20600 25600 4] 100 200 300 400 500 600 700 800
Azimuth [pixels] Range [pixels]

9
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FAST VARYING IONOSPHERE

o applied at high latitudes

o azimuth sub-apertures are generated for each slant range and image

o spatial bandwidth chosen based on a-priori ionosphere information

o azimuth-squint ionospheric phase screen is a blade-like function with slope depending on ionospheric height (thin
single layer ionosphere model is assumed)

o model is inverted by backprojection, applied to complex coherence to avoid phase unwrapping:

~

Cbi(ma h) =/ <'Y?l (37 + wh/ cos 0, T/J)>¢ o ionosphere height is

estimated as the
tomographic peak
(average for all ranges)

o stack is refocused
compensating the screen
retrieved at estimated
height

o If no ionospheric height is

4 05 'oh 05 ' 20 2 detected, the module
azmuh m] <0 azimuth (Km] applies no correction
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. Multi-squint phase
—-0-0-0-0-0 > lonospheirc range: 436.0266

\ | a -0.04 '

omographic reconstruction

\ -0.02

. N

spatial frequency [1/m]
o
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FAST VARYING IONOSPHERE

R Biomass
g - configuration
g?g\ '."1;;“,"3-" | 4
N2 v
Ion[deg; ecmizv)i“s‘zscu :sl[deg] L ime-domain - injected ionosphfre
Reflectivity cub T raWddata ] -'_s.‘:.q:: :§.-- i~ '__*
ﬁ simulation data e L. e
Set of PT E\“. \\. .}'\.:‘
I 4 R e
e _-_‘-;' . -‘"‘-;"J,
f ~ Bl e &N
75 A RS
lonospheric effects ¥ ‘:?. s = 3'_... = 4-:
PR T s
. . . . 5 =2 \;_\\.\::s\\ "’-.- ~?.‘
o boreal scenario simulated modeling the scene from TomoSAR (BioSAR 1) - ‘\““\;‘j.&.« 25
. . _ LA EESNY
o time-domain approach to compute raw acquisitions ¢ IE— \{:v -
= e
o focusing to obtain a BIOMASS interferometric pair -6 __:\- ~ :‘- .‘;
o strong fast ionosphere is simulated (CkL = 1034, ionospheric height 350 km) -tez 160 ang—el'?:m] ~156
-r
o low pass screen component is removed to emulate preliminary L1 correction
o screen is injected to the secondary acquisition within time-domain simulation 1
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FAST VARYING IONOSPHERE

Estimate vs injected fast ionosphere

INSAR coherence improvement lonosphere altitude estimation Injected ionosphere Estimated ionosphere
14000 1 Before fast-ionosphere removal 1.0+ 6 = :
After fast-ionosphere removal
12000 4
0.9 1 g
10000 1 4
0.8 1
8000
0.7 2
6000 - 5
0.6 - =, . -
5 0 N
4000 A = >, .
£ - E
0.5 4 5, .
2000 -2 I o
0.4 . P
0 T . T T . - . T i T i T y T i T - O 2
0.3 04 05 06 0.7 08 0.9 50 200 225 250 275 300 325 350 375 400 —4 R
ionospheric altitude [Km] X
-6 -.‘:’ e SN
-~ -~ %
T :—\l~ T . -l T T — T T
-162 -160 -158 -156 -162 -160 -158 -156
o Injected and estimated ionosphere agree well lono-range [k} lono-range [km]

o estimated screen is low-pass because of the finite synthetic aperture
o ionospheric height is correctly estimated

o INnSAR coherence over the scene after screen compensation improves

12
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SKP CALIBRATION

o L2 processing requires fine level of calibration and
topography correction

o SKP calibration compensates phase due to both ground
and residual disturbance

A Ak TNNY o SKP decomposition provides structure matrices of
19 Il i '

PP m-....hﬁ...u...I.J it ground and volume
100 200 300 o phase screens correspond to ground structure phases

SKP decomposition '

o afterwards the stack is ideally fully phase calibrated and

terrain compensated (terrain at zero level in tomography)

Nolume . .
= T ) u 1.-P
-20 100 200 300 . ‘ -m U\

N ol N 1= oI =

13
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SKP CALIBRATION

o TropiSAR acquisitions reprocessed to emulate BIOMASS -

200

o the only residual phase term is topography -

800 2
3

1000

1200

o SKP screens resemble topography scaled by o
different baselines

INT 0.25
o INT screens are noisier (less acquisitions to
perform SKP)
: : - N
10 - 10 4 800
TOM 20 - 20 A ! Z’:: Ly ~10
30 30 A £ - 1‘: 1400 =20
40 . 40 T Lh‘- oo -30
20 0 20 0 20
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SUMMARY AND CONCLUSIONS

BIOMASS interferometric processor implements state-of-the art calibration techniques

Some preliminary results support the proposed design

Further work is devoted to better assess performance and review the design

Applying fast ionosphere correction to maximise coherence before low-pass corrections is to be investigated

L1 corrections effects on interferometry are to be precisely assessed, to harmonize the calibration steps

Eventually, end-to-end testing is to be carried out

15
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