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Mission Objectives

Cryosphere

* Glacier and ice sheets
topography — volume -
mass change

* Dynamic processes in
glaciers and ice-shelves

* Sea ice deformation

* Marginal Ice Zone
variability
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Adapted from [1]

Solid Earth

* 3D surface deformation
(strain)

* Sudden topographic
changes
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Satellite Formations

Harmony A

Sentinel-1D

e
Harmony B stereo 300

Bam
Taken from [2]

e Two formations

¢ Close formation has a cross-track baseline — sensitivity to
height

® There is also an along-track baseline — sensitivity to
movement in the radial direction.

® Stereo formation offers line of sight diversity for wind and
surface motion retrieval
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Relevance

e Coherence time of scattering from the ocean surface
O(20ms) [3]

® — we typically do not expect a SAR system flying in a
formation for cross-track interferometry (XTI) to be able to
produce elevation measurements of the surface.

® Due to the too large along-track baseline, the surface
becomes decorrelated between observations of the same scene.

® — The effective along-track baseline must be small enough to
allow backscatter from successive looks at the surface to be
correlated.

Harmony's bistatic nature, and squinted (off boresight) line of
sight, allows for formations where the effective along-track baseline
is small enough to make relative elevation measurements of the
surface possible.
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Formation Geometry

In a typical SAR the Flight path
along-track baseline is the
physical separation Arr.
If a squint n is introduced, the PP
effective along-track baseline is v
not the physical separation. Zero doppler LoS
BaTr is a function of the & ) )
squint angle and the : § S
cross-track separation Ary. st
Arpy -
AE:'TT
— @acg
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Formation Geometry

® Similarly, the effective cross-track baseline is not as in the
unsquinted case. Thus, formations can be designed that have
small along-track baseline, while maintaining significant
cross-track baseline needed for sensitivity to topography.

® The analysis will show that measurements are possible over
the swath of Sentinel-1.
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Error in the interferometric measurement

The interferometric phase measured by Harmony will have
contributions both from the topography of the scene and from
movement in the direction of the line of sight

d) = ¢t0po + d)ATI ar ¢n-
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Removing the effect of the along-track phase

® The phase due to the along-track baseline ¢ o171 can be
estimated, ¢aT1, by the two-channel receiver system on-board
each of the Harmony satellites.

® The estimate can be subtracted from the measured phase to
remove the undesired AT| component.

® The estimator has an error eary

¢t0po = ¢topo + €ATI + @,
Bl
EATI = PATI — B—¢ATI,
lIs
where B)| is the effective along-track baseline of the two Harmony
companions, and By, is allong-track baseline of the two-channel
receiver system.
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Calculating the uncertainty

The Cramer-Rao lower bound for the phase standard deviation [4]

is used:
1—~2
Op = 4| ———
¢ 2Ny?’

CRLB
where ~ is the coherence and N, is the number of independent
looks.
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Contributions to the coherence

Coherence [5]

Y = YSNRYtYQuantYAmb-

~ is the product of the coherences due to: signal-to-noise ratio
7sNR. temporal decorrelation 7;, quantisation yqQuant and the
ambiguities Yamb.

The last two contributions are not considered in the analysis as it
is expected that SNR and temporal decorrelation will be the
dominant contributions to ~.
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SNR and coherence time

Coherence due to SNR [5]
1
1+ SNR (00, NESZ) '

YSNR =

where NESZ stands for the noise-equivalent sigma zero, and ¢ is
the backscatter coefficient.
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Coherence time of ocean surface [5] [6] [7]

Yt = YXTIVATI, (1)
By

—1_ , 2

VXTI BJ_,c ( )

yar = e T/, (3)

where B . is the critical cross-track baseline, B is the effective

cross-track baseline of the Harmony companions, 7 = % is the
time lag between acquisitions due to the effective along-track
baseline and platform velocity v, and 7. &~ 3.29\/U is the
coherence time at wind speed U.
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Combining the error contributions

The variance in the measured interferometric phase is the sum of
the variance due to the system SNR and temporal decorrelation,
and the variance of the estimator ¢arr

B \?
_ 52 Pl 2
¢ =\ 9¢n + (B”S) J¢ATI’

where we have assumed that the two variances are uncorrelated.

Total Variance
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Method of computing the error

‘Angle of incidence Wind speed
& LoS vector & wind direction,

| |
! |

NRCS (model) SNR

NESZ Baselines Coherence time

SNR Temporal

H

Geometric

resolution
Total
Level-2 product Number of
resolution independent looks
of interferometric
phase

Height of
ambiguity

Error in relative
elevation
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Assumptions in the computation of the performance

® The spatial resolution of the level-2 product strongly affects
the error in the result. In the first set of results that we
present we have assumed a resolution of 8 km x 8 km.

® The SNR of the system is assumed to be 5dB which is
reasonable for SARs [5].
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Formations considered

® The formations are described

using the terms /e and P
alAQ [8], where « is the the performance analysis.
semi-major axis, Ae is the
differencelof the the Euclidean ale/m aAQ/m
norms of the eccentricity 50 200
vectors, and AQ is the 75 400
difference of the right 100 600
ascensions of the ascending 150 800
nodes of the two companions.

* al\e sets the vertical baseline o e oa Farmony
due to the eccentricity companions.

difference and aAS2 controls the
baseline at the Equator due to
the different ascending nodes.

1A refers to the difference between the orbits of the two Harmony companions
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Cross-track baseline
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Along-track baseline
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Uncertainty due to noise

alAe = 50m, aAQ = 200m ale = 75m, aAQ = 400m
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The uncertainty is given in terms of 1o.
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Uncertainty due to AT phase correction
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Total uncertainty
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Discussion

¢ Results show that the error is O(10 cm) over the majority of
the swath, throughout the orbit, with the exception of the
poles.

® The range of angles of incidence is wide enough to include the
250 km swath of Sentinel-1.

® Depending on the formation parameters, the height error can
be optimised at different points along the swath.

® The performance shown is promising and by increasing the
number of independent looks, e.g. setting the product
resolution to 10 km x 10 km, the performance is enhanced.

® The error rises sharply at the two points during the orbit
where the Harmony companions cross each other and their
cross-track baseline tends to Om.
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Sea-state bias

® The sea state bias is a source of error that was not considered
in the analysis.

® We expect the sea-state bias to be a function of wind speed,
wave height and incidence angle.

® Sea-state bias models can likely be estimated using
comparable methods as for SWOT.

® The correction uncertainty is expected to be in the order of
cm.
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The way forward

e Constrained optimisation of the formation parameters to
reduce the error should be performed.

® The variation of the SNR over the swath will be included in
the analysis, by incorporating models for the ocean
backscattering.

® The antenna pattern of typical SAR systems will be accounted
for in the analysis to calculate how the NESZ varies with
different polarisations.

® Estimate the impact of sea-state bias on the performance.
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