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 Agreement on reference systems and
methods for joint analysis of geodetic
positioning observations.

 Well identifiable target points, simultaneously
in radar image as well as in terrain.

* Ground control points for fusion and geo-
localization of SAR tomography results to
obtain absolute 3-D positions of a large
amount of natural scatterers.

* Geodetic SAR Mission requirements: high-
resolution, wide-swath, minimal time latency,
homogeneous data, instantaneous precise S e & .
positioning’ eIeCtroniC delays known. Fusion results before (left) and after (right) applying the reference point

coordinate correction*

* from Zhu, Montazeri, Gisinger, Hanssen, Bamler: Geodetic SAR Tomography, IEEE Transactions on
Geoscience and Remote Sensing, vol. 54, no. 1, pp. 18-35, Jan. 2016, doi: 10.1109/TGRS.2015.2448686
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Geodetic Benchmarks - SAR Target Points

Requirements for Geodetic Benchmarks:

Long term stability and well identifiable on ground and in images (optical and radar)

Persistent Passive Geodetic Scatterers Active Geodetic Scatterers
Scatterers

Onsala, close to VLBI telescopes, GNSS stations and
_absolute gravity point

METASENSING

from Zhu ét al,
doi: 10.1109/TGRS.2015.2448686

Not suitable as
geodetic benchmark
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3D Positioning with SAR — Research Questions
SAR Image Acqwsmon for Targets ovs %
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Quick overview with EO
Browser of Sentinel Hub.

Mean Sea Surface

* Quick download required! e

e What SAR modes are needed :/;""’/
for geodesy?

Ellipsoid
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3D Positioning with SAR — Research Questions

Point Target Analysis: Range and Azimuth as primary Observables at Sub-Pixel Level

Ascending Descending
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Azimeth

At (3028 px)

Aot (3028 pu)

[ e ——

«ECR P1: S1AIW2- <ECR P1: S1IA-IW1-

-~ Azlvath

Axiowts (3028 px)
Axieth (3028 pu)
3 3

PCT T RS

o
Bange = (130 m) Range (1024 px) 1150 m) « Range Range (1024 px)

Is there room for improvements in point target analysis?
Targets for different SAR missions applicable (C-Band versus X-Band)?

Targets for ascending and descending passes needed?

Left columns: Original
Sentinel-1 SLC SAR
image: area of 150m x
150m around ECR peak
marked in green.

Right columns: Image
areas of 32 x 32 pixels
oversampled by a
factor of 32 as
generated by point
target analysis to
extract the ECR peak
position
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3D Positioning with SAR — Research Questions

Corrections for Atmospheric / lonospheric Delays and Geodynamics

Tropospheric corrections: What accuracy? ECR Azimuth Offsets Average 95% confidence: S1AB

From what sources (GNSS, Models, ETAD)? - [ cencins | emcending MART R
What about short term variations not 1t . %%EE%
represented in operation IFS ECMWF

model? e e M
lonospheric correction: What accuracy? o '{i RS

From what sources (GNSS, Models)? ETADis | - o |

based on GNSS TEC product with 2.5x5

degree resolution. Is there a way to improve 1o 25 55 5 » 5 -

Incidence angle [°]

this with in-situ data?
. . i . . Linear model of the delay depending on incidence angle
Geodynamlc corrections: Is their quallty obtained by using few reference stations

sufficient for combination of SAR
observations over longer time spans
(definition of observation epoch)
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3D Positioning with SAR — Research Questions

Space Sensor and Ground Targets System Calibration

SAR sensor (satellite) calibration quality
(oscillator drift, geometric calibration)?
Sentinel-1A/B specific features to be
considered. Is there a standard ESA product
which corrects for all instrument and satellite
related issues?

Passive ground target calibration: Phase centers
to be determined precisely for each CR type and
viewing geometry?

Active electronic ground target calibration
(ECR): Definition of phase centers? Individual
calibration needed per ECR? Impact of
temperature on electronic delays (ECR)?
Radiometric and phase stability (ECR)?

Computational

phase center .

* Phase-center differs for ascending and descending geometry

* Offset in range and azimuth depends on incidence angle
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3D Positioning with SAR — Research Questions

Coordinate Estimation by Solving Range-Doppler Equation

0.04

* Impact of viewing geometry (incidence angles)?

* Impact of orbit quality on positioning? What orbit quality f@_ | )
is achievable? DY) :

-0.02

Y

AH [m]

 Requirements for targets for geodetic applications (form — O — ] p—
CR vs multi-directional octahedrons, radar cross section, S I S S il i S
ascending/descending observations)? R Em T e

6.00E-02

e Contribution of range and azimuth image coordinates to
positioning results?

5.00E-02

4.00E-02

« Number of observations needed for a positioning
solution? Time variability possible?

3.00E-02

2.00E-02

Standard Deviations [m]

 Differential positioning: How to? What errors might be PN S TTE.
eliminated? Over what distances? ooosroo | FHBESa ¢

0 50 100 150 200 250 300 350 400
Number of Data Takes (Azimuth+Range)

e Other techniques for 3D positioning with SAR?

e ox[m] ®oy[m] ¢ oz[m]
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3D Positioning with SAR — Research Questions

SAR for Satellite Geodesy & Space System Calibration

 SAR targets with known GPS determined coordinates . %4 .f%‘”’s
as reference stations for satellite geodesy applications ' J;éps os
and system calibration? i S " o

e Geometric calibration of radar sensors with radar
reflectors?

e Orbit validation by using SAR as an orbit tracking
instrument? SAR range bias as a validation
parameter?

* SAR ranges and azimuth as additional technique for
precise orbit determination?

Mean Sea Surface

_/_/_/ Ellipsoid
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Combining 3D SAR / InSAR — Research Questions

SAR 3D positions as absolute reference
coordinates in order to fix the datum of SAR
interferometry results?

Network design for optimal InSAR deformation
observations?

Global integration of InSAR results in standard
datums, such as the ITRF/ETRF?

Requirements for absolute 3D coordinates for
InSAR point cloud geolocalization?

Investigation on absolute deformation
estimates for large area, e.g., by cooperating
GPS or 3D SAR positions?

PSI: Default DePSI reference point
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Vertical deformation rate [mm/y]
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Integration of Geodetic Observations and SAR

Objective 1

Connect tide gauge markers geometrically
with GNSS network by geodetic SAR
technigue to determine vertical motion
and to correct tide gauge readings.

Objective 2

Unify height system at tide gauges to
compute absolute physical heights with
respect to a global reference. Local geoid
modelling per tide gauge station.

Objective 3

Combination of geometric and physical
heights in a common reference frame to
determine absolute sea level heights and
to connect height systems.

GNSS é GNSS é

GNSS . _
/_%\ ‘:'.' E “.“..--_..v" '.._.-.l GNS/S{/—‘

SAR

Sl Altimeter Satellite //
I Satellite ;

......

Local Tie N &

Levelling

-------------

Equipotential

Global Height

Equipotential

Reference Ellipsoid
L Surface h N
Topography/Bathymetry
B GNss Reference Marker Earth Geometry Earth Gravity Field Tide Gauges
B Tide Gauge Reference Marker h Ellipsoidal Height H Physical Height Height wrt. Tide Gauge

. . Zero Marker
. GNSS Permanent Station r Altimeter Range N Local Geoid Height

Reference: Gruber et al (2020), Remote Sens. 2020, 12, 3747; https://doi.orq/10.3390/rs12223747
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Integration of Geodetic Observations and SAR

| Spikarna/Vinberget

Martsbo

Forsmark/Kobben

Witadystawowo

[—
. r.am.
5

Loviisa

Lithuania

Baseline between tide gauges
Baseline between GNSS and tide gauge

® Calibration station

e 1 [ Co-location station (tide gauge & GNSS)
74 o Tide gauge station

= o GNSS station

o3 = | teba |— LT KR :
. o 4 ud c % &
- ® | Oberpfaffenhofen (DLR)
Lo _ . odetic Applications of Synthetic Aperture Radar, March 13 — 14,

2023. Aalto University, Espoo

Tum



Integration of Geodetic Observations and SAR

Tide Gauge Baseline Sea Level Difference vs. i :

ECR Tide Gauge Height Difference
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Summary

» Geodetic SAR positioning is similar to Precise Point Positioning with GNSS. Delay corrections and
calibration is more challenging for SAR.

» Most accurate SAR positioning achieved with TerraSAR-X using improved orbit solutions. Accuracy
by a factor of 2 to 3 worse than with GNSS depending on size of reflectors, number of passes and
viewing geometries (Gisinger)

» At low latitudes azimuth observation accuracy is driving the North coordinate accuracy, while range
observation accuracy is responsible for the East and Height coordinate accuracies. The latter are
strongly influenced by multiple observation geometries (Gisinger).

» For Sentinel-1, coordinate errors are significantly larger due to higher errors in azimuth and range
observations (C-Band radar). The height component is less degraded due to observation geometry
(Gisinger)

» For Sentinel-1 positioning accuracies can be improved by the number of repeated measurements
(Gisinger).

» Combination of multiple SAR missions with identical targets would provide best results (Gisinger).
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Outlook - SAR for Geodesy .

» Geodetic SAR positioning less flexible than GNSS. Long-term position monitoring might be a
possible application, but short term solutions are hardly achievable with SAR.

» Densification of permanent GNSS networks with SAR targets might be interesting as SAR doesn’t
require sophisticated ground infrastructure (for passive reflectors).

A\

Relative positioning might reduce several kind of errors in SAR positioning?

A\

Passive targets need to be protected against rain and snow and shall be large enough to use them
for different missions (radar bands).

» SAR as a satellite tracking technique for orbit validation or as observable to improve orbits.
Compared to other techniques (like SLR) SAR is limited to single observations per path. Possible
applications regarding the development of the ITRF can be considered (Gisinger).

» The accuracy of the orbit solution is the main driver for the measurement accuracy that can be
obtained with the corrected and calibrated observations (Gisinger).

» For geodetic applications calibration of sensors and targets is most critical. Also monitoring of the
evolution of calibration parameters is required.
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