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Point Positioning Accuracy: SAR versus GNSS
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Geodetic SAR Product: Goals & Challenges

Design goals:
» Improve positioning of SAR image data
» As accurate as possible / foreseeable: mm-level
* Not to impact data integrity
» Usable for INSAR phase corrections
» Easy to use for scientists & SW developers

\TRF)
Challenges- F\‘\ghtpa“"(e‘g'
ject : SAR Satellite lonosphere
 Projection: 3D>2D . onosphere
* Height dependency 0

%—) R = %lc(t)dt

Decision:
- Not: interpolation of SAR image data
- But: correction layer in time coordinate system

Earth Dynamics (e.g. ETRF)
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SAR Geodetic Processor Architecture & Flow Chart

SAR Processor (TMSP)

/ SSC

SAR Geodetic Processor
(TMSP)

/ Corr. Grids
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Geodetic SAR Product Design: Correction Layer

Annotations per Grid Cell:

Base Parameters

Atmospheric Corrections

Px
G(x,y) X
Yo, Yo, Yo, Y01«’
Xo X1 X2 - Xn1
Y1, Y1, Y1, Vi,
Xo X1 X2 T Xn-1
y Y2, Y2, Y2, . Y2,

Xo X1 X2 . Xn-1

A

Py

. Ym-1, Ym-1, Ym-1, \\\ .. Ym-1,
Xo X1 X2 \-\\ Xn-1

* (x,y): Point coordinates in radar & map projection

* G(x,y): Regulargrid w.r.t. (x,y)

Pw Py Grid resolution 200 — 1000 m

DLR

t Slow time (UTC) Atyropo  Slow time correction (0.0)
T Fast time Atiopo Fast time correction
A, ¢h Geographic coord. (WGS84) A’ Tyropo dATyropodAh for assumed height h
X,y,Z XY,z coordinates in ITRF
a, r  image pixel coordinates lonospheric Corrections
los Line-of-sight vector in ITRF Ati,,  Slow time correction (0.0)
3 local incidence angle At,, Fasttime correction
(] Platform elevation
At.,m Sum of slow time corrections
AT, Sum of fast time corrections
Spares for Future Corrections Solid Earth Tide Corrections
Ato,  Slow time correction, ocean load Atser - Slow time correction
Aty Fast time correction, ocean load Atger  Fast time correction
Axo;  delta-x in ITRF, ocean load Axger  delta-x
Ayo,  delta-y in ITRF, ocean load Ayser  delta-y
Azp,  delta-z in ITRF, ocean load Azger  delta-z
A4 latitude correction
Ap  latitude correction
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Data Sources for Correction Layer

» Geodynamic effects:
* IERS Conventions for solid earth tides (GNSS compatible)
» Coordinate transforms (e.g. ITRF-ETRF)

» Tropospheric delays:
* 4D ECMWEF ERA-Interim data; 80 km res, 60 vertical levels, 1/(6 hours)

 lonosphere:
* CODE (Center for Orbit Determination Europe) Uni Bern
* DLR Space Weather Applications Center (SWACI)
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Example: Solid Earth Tides - IERS Conventions

Global map of geometric surface
shifts caused by solid Earth tides on
December 6%, 2014, 12:00:00 UTC
(full moon).
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SAR Geodetic Product Product Example

Tropspheric range lonosphericm range Geodynamic range
correction (ECMWF) correction (CODE) correction (IERS)
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Recipe

« Example 1: precise geocoding
* For every sample (i, 1)
* Read correction values At(t, 1), At(t, ) from grid; interpolate
» Zero-Doppler geocoding of pixel with timing (t+At, t+At)

» Example 2: INSAR phase correction
* For every sample (i, 1)
* Read correction values At
interpolate
 Correct INSAR phase by 2n(At, . (t, T)-ATy,..(t, T))/A
» Optional: apply differential phase correction from high resolution DEM

master b T) @Nd At (T, T) from grid,;
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Example: Removal of Stratified Troposphere

Test Site: Hierro

Master acquisition 2013-04-23T07:15:32
Slave acquisition 2011-11-10T07:15:31
Incidence angle 33°
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Validation with local GNSS

Test & validation of tropospheric and ionospheric delays with GNSS measured
delays for the Wettzell testsite during TerraSAR-X data takes (radar slant range
projected).

Troposphere (ECMWEF — local GNSS) Range 9.9+13.0 mm
lonosphere (CODE — local GNSS) Range 2.5+2.8 mm

- Globally available corrections are only 13 mm worse than local GNSS measurements
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Validation of ECMF Zenith Path Delay IGS Network

STD ZPD Difference from: 2011_01_01T00 to 2011_12_31T18GPS stations (215)

[mm]
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Application: 3D Coordinates from TerraSAR-X Stereo

- DLR/HGF-Project DriveMark®

Lantern

h
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Application: 3D Coordinates from TerraSAR-X Stereo

- DLR/HGF-Project DriveMark®

Lantern

h

108 images

105 images
' : North: +1,46 cm
Height: +0,74 cm

~ Height: +0,96 cm

L -

East: +3,05 cm
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Application to Sentinel-1 Data: Mexico City

Troposphere lonosphere

Solid Earth Tides

F. Rodriguez, DLR-IMF
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Application to Sentinel-1 Data: Mexico City

Original DInNSAR SGP corrections applied
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Conclusions

* New, easy to use realization of a Acknowledgement: project partly funded by
geodetic SAR product demonstrated  the German HGF projects DLR@Uni and

Drivemark™

Manifold applications

Product layer must tightly fit to a(n
accurate) SAR processor

Further study with Sentinel-1
recommended

Discussion expected

i DLR



	Adding Precise Wave-Propagation Information and Geodetic Corrections to Standard SAR Products�
	Point Positioning Accuracy: SAR versus GNSS
	Yes, it is Possible to Localize Objects with cm Accuracy
	Geodetic SAR Product: Goals & Challenges
	SAR Geodetic Processor Architecture & Flow Chart
	Geodetic SAR Product Design: Correction Layer
	Data Sources for Correction Layer
	Example: Solid Earth Tides - IERS Conventions
	SAR Geodetic Product Product Example
	Recipe
	Example: Removal of Stratified Troposphere
	Validation with local GNSS
	Validation of ECMF Zenith Path Delay IGS Network
	Application: 3D Coordinates from TerraSAR-X Stereo
	Application: 3D Coordinates from TerraSAR-X Stereo
	Application to Sentinel-1 Data: Mexico City
	Application to Sentinel-1 Data: Mexico City
	Conclusions

