N Davide, Giudici, Advanced Remote Sensmg SyisteﬁTSj‘;xq+ =

(Aresys), |
Erik De Witte, European Space Agency (ESA)

ESA UNCLAS(IAEregvgﬂ Use = : e e e :
e — — o= e +..?§!-t°': co g %
T = »




\ s

StereoSAR Scope of the work {zesa

Aresys carried out the following tasks to arrive to an independent analysis of the
StereoSAR mission concepts performance

* Analysis of the StereoSAR concept
* Define and implement a set of performance prediction models

* Carry out performance sensitivity analyses versus the key drivers:
* Observation geometry (baseline & pointing strategy)
* Instrument configuration (antenna)
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StereoSAR: mission requirements \\Q“

eSa

* StereoSAR mission goal: To retrieve mesoscale and sub-mesoscale wind and Total

Surface Current Velocity (TSCV) maps in the global ocean, coastal areas and
inland seas.

* Measurement concept: To simultaneously observe sigmaO and Doppler velocities
along 3 lines of sight and in both polarisations, at high resolution.

* Accuracy requirements on TSCV parameters for StereoSAR mission

TSCV parameter m User requirements derived from an

International User Consultation

Modulus accuracy = 0.2 m/s Meeting in the frame of the ESA
Sireciian accuracy <40° Global Current Project.

Spatial horizontal = 5 km

resolution
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StereoSAR mission concept

« 2 companion satellites
« 1 flying ahead and 1 behind Sentinel-1

* they share the same orbit plane as
Sentinel-1 (near-polar, sun-synchronous

orbit with a 12-day repeat cycle);

 along-track distance ~275 km from
Sentinel-1;

out-of-plane angle ~45° on the ocean
surface (corresponding to an azimuth

squint angle ~20°;

Sentinel-1
Companion
Satellite 2

EEEEE
o
A
>
o
3
<

Sentinel-1

S1and $1-CS
Antenna footprint
overlap

Sentinel-1
Companion
Satellite 1
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StereoSAR: spacecraft concept {zesa
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StereoSAR: Coverage Scenario’s {cesa

Revisit Time - Static Contours

Observation .
86400.0 1728000 2592000 3456000 4320000 518400.0 604800.0 + =, - Scenarios CoveragelRedions
ik Staon VK 3 w- <. % . 2 b — = S1 Synergy Non Synergy
European Arctic Antarctic | Global Sampling Regional Areas Coastal Areas
Waters
A IW 2.08 mins SM 2.91 mins
EW 12 .
B NG EW 7 mins
c E¥al2 EW 7 mins
mins
D EW 0 mins SM 4.48 mins
E EW 6.95 mins SM 2.85 mins
WV 8.44 mins EW 0 mins SM 2.62 mins
G WV 8.44 mins EW 7 mins SM 0.98 mins
H WV 8.44 mins EW 9.8 mins SM 0 mins
ESA UNCLASSIFIED - For Official Use
— T | L — | _— - -—  EEm SILA ~
— I I h 11 = + I I - = — I I - s S I I — EEE E'E b I*I EI.II'DPEEI'I SPEEE AgEI‘IEY




StereoSAR: Pointing bias
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Figure 5-38: Histogram of the number of hits of specific ocean arc lengths over an orbit
Figure 5-36: Variation of stability of an Astrix 200 IMU with time
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StereoSAR: Performance Analysis

For one companion satellite

Modulus of sea surface motion @ 4m/s crosswind (swath-3 1- SAT:

0.9 corr{x,y)=0.98988
o
£ 0.8 std(x-y}=0.062150 mie

Z 0.7 mixy)=-0.013402 Vs

Modulus of sea
surface motion
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For two companion satellites

rr(x,y) = 0.98988

stg(x —y) = 0.062159m/s <

x —y) = —0.013402m/s

rr(x,y) = 0.63032
H(x —y) = 43.5908°
x —y) = —3.5554°

Modulus of sea surface motion @ 4m/s crosswind (swath-3 2-SAT)

0.9 com(xy)=0.98783

J corr(x,y) = 0.98783
| std(x —y) = 0.068979m/s
| m(x —y) = —0.009794m/s

E 0.8 std(x-y)=0.068979 mis
E 0.7 'mix-y}=-0.000794 m/s
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Figure 7-23: 2D velocity accuracy over 3 km x 3 km product
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StereoSAR scattering model / geometry {zesa

Well size 100 km x 100 km

4 m/s cross wind inside the well
25 m/s upwind outside the well
Resolution 3 km x 3 km

Ideal synchronization and
focusing is assumed cs
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StereoSAR mission concept {zesa

¥ S$ACE S auy\ppasbiecSgphhiktii AppetturecRRakiar( SHRR recedverssamiduseeTntinedill
as a transmiiittar off opotunityy

3 observations of the same area on the ground:
— v 1 mono-static observation performed by Sentinel-1;
v' 2 squinted bi-static observations performed by S1-CS.

> Sentinel-1's return Deppler signal firem the ecean surface is measured by each SAR receiver;
> the Deppler Centroid Anemaly (DEA) methed is applied te each acquisition in erder to

detect the TSCV veeters.
| ) i @

Geophysical
term (DCA)

Residual error

Antenna electronic

Geometric term . .
miss pointing term
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StereoSAR: The Doppler Centroid Anomaly \& CeSd

The estimated Doppler frequency wonsistsisht figguerartesms:

Gl =l e o,

Geophysical Residual error

term (DCA)
Antenna electronic

Geometric term ) =
miss pointing term

RieoriTRABPHISH FreTHEBR AEB/aR s, data;

®§15i% e 0 pe Uesh fipedt fie e tigrnantesied anegiimated firpatsd RrdatasarWsed avguired over
stationary hoftagenaiy BrFaeqen®uadidapds)g. rain forest);

&FFBE)Y&%WeEIeW%HW%ﬂH@'&&E?E% QURS AN PLRASPLEY DGR eBna dang FBF
determifie et Mitistic terms.
The REHBMance €3A Be estimated By the STNR
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StereoSAR CS system parameters

Antenna height

Antenna width

RX losses

Noise figure

Phase centres (az x el)
Element spacing elevation
Element spacing azimuth

ESA UNCLASSIFIED - For Official Use
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StereoSAR analysis

Pointing and geometry

The S1 and S1-CS beams should overlap by
aligning the swaths; this is achieved by:

1) mechanically pointing the S1-CS’s beam both in
elevation and azimuth at the mid-swath position
of Sentinel-1 (i.e. S1-CS’s platform roll and pitch);

2) mechanically applying a rotation about the
mechanical boresight of the S1-CS’s antenna;

3) following the electric (TOPS) steering of S1 Flight direction

ESA UNCLASSIFIED - For Official Use
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StereoSAR analysis

The roll pitch and yaw of the CS
required to achieve mechanical pointing

, bus

antenna 8’
@/ — Xanre S,
AARF
ZpaRF
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StereoSAR analysis

Mechanical alignment on the 3™
subswath of S1.

Other subswaths are aligned in elevation s

by electrical steering
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StereoSAR analysis {zesa

Electrical azimuth pointing for 0.02 Companion electrical pointing angles, AZIMUTH
different subswaths.
Required electrical pointing angles 0 = el RGNS DU Sk : ’
are relatively small compared to TOPS R\Q\\;\T\%%%%%,
Steering range 002 \‘\\

[ \\\‘\Nk\*\y \*\*\ﬂh\*\*‘

$ -0.04 B

\'\

-0.06 [ —— g

-0.08[] —— g4
TS5
S6

50 100 150 200 250 300 350 400
Along Track baseline [km]

-0.1
0
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StereoSAR scattering model

The scattering models used are the La Sapienza SSA2 models

CoPol(-), XPol(--), WindSpeed = 5 [m/s], Dir =90 [deg]
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| |
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StereoSAR scattering model &i‘;esa

The scattering models used are the La Sapienza SSA2 models

CoPol(-), XPol(--), WindSpeed = 25 [m/s], Dir =0 [deg]

10
I I
* 25 m/s upwind m———re
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——
. . —
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\ 0 . = Inc =30deg |
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V4 Py e~
. . b - e |NC = 50deg =~
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StereoSAR NESZ ‘\X esa

Simulated NESZ in
stripmap mode with

4 m/s wind speed

NESZ analysis
-17

-18

-19

-20

-21

The dashed lines show the

best values obtained in I

the swath. =1 S R .

The solid lines the worst IR p—

case values | — /
i

AlongTrack baseline [km]
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StereoSAR NESZ {cesa

Simulated SNR in

stripmap mode with ] — 1 - —=
“ =3 — —3

4 m/s wind speed. . = P s e e »
2 i — z 1

The cross-polarization SNR — |
Increases with the baseline o w0 w0 o w0 w0 e w om0

AlongTrack baseline [km] AlongTrack baseline [km]

SNR VH analysis

The dashed lines show the =3

best values obtained in o ————4

the swath. VT | =
. . w-l// =

The solid lines the worst =

case values )

0 50 100 150 200 _250 300 350 400
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StereoSAR Antenna pattern

StereoSAR antenna pattern
projected on ground.
Considering mechanical tilt

800

700

Antenna height
Antenna width
RX losses
Noise figure

Phase centres (az x el)

Element spacing elevation

Element spacing azimuth
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StereoSAR Antenna pattern {cesa

Computed 2 way pattern for S1 and S1-cs 2 way pattern

pattern 2-way [dB]

* 2 way pattern for 260 km baseline w P S S T | e g

* Iso-range in blue - Zi\fi///_/%
* Iso-Doppler in black %\b /// |
UGS

1<}

* Intersections of these lines are
dependent on the baseline

cross track [km]
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StereoSAR ambiquity ratios

RGDTAR WV analysis a2 AZDTAR VV analysis
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StereoSAR Total SNR ratios \\\W CSa

Values of signal to total noise ratio(STNR) decrease with increasing baseline for
CoPOL and increase for XPOL

STNR CoPOL Best (dashed) worst (solid) cases 5 STNR XPOL Best (dashed) worst (solid) cases
10
I [N [ S
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With signal to quantlza‘tlon noise fixed at 14.6dB
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StereoSAR: LOS accuracy {zesa
Standard deViation on Velocity 03 STD GRD vel CoPOL Best (dashed) worst (solid) cases |
in LOS direction shows little s1
S2
sensitivity to the increasing 025 ss [
baseline in CoPOL., i;‘ u
It is below 0.2 m/s for most of o2 s6 | |
the beams with a spatial i
resolution of 3 km x 3 km. | | | %
The XPOL component improves  2ugs ifeE 2 2 - - ':L:—LE = 35 = ol el Rl R
with a longer baseline
0.05
0
0 50 100 150 200 250 300 350 400

B [km]
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Conclusions {zesa

An independent analysis of a concept with two companions to Sentinel-1 satellite
as reported by Airbus has been carried out

Similar performances of the StereoSAR concept have been reported by both
studies

The location of the ambiguities in the two way antenna pattern should be
carefully evaluated in the mission design phase.

* Performance as a function of baseline length
* Between 200 and 300 km seem optimal
* Performance not very sensitive to baseline length
* Concept should be optimized for overall retrieval of wind and current.
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