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Two coupled investigations of TerraSAR-X (TSX) high-resolution data are described
within this project: geometric validation, and estimation of the tropospheric path
delay using measurements of corner reflectors (CRs) placed at different altitudes but
nearly identical ranges. The CRs were placed within Alpine and valley sites in
Switzerland, where terrain diversity provides ideal territory for geometric validation
studies. Geometric validation was conducted using slant-range SSC products from the
spotlight and stripmap modes in ascending and descending configurations. Based on
the delivered product annotations, the CR image positions were predicted, and these
predictions were compared to their measured image positions. To isolate path delays
caused by the atmosphere, six TSX stripmap scenes (~35 x 50 km) were examined
containing four identical CRs with the same ranges and an altitude difference of
~3000 m. The CR arrangement made it possible to verify the annotated TSX
atmospheric path delay by comparing the predicted slant range with the slant range
obtained by measuring the reflector image coordinates. Range differences between
the high- and low-altitude reflectors helped to quantify small variations in the path
delay. Both stripmap and spotlight TSX products were verified to meet the specified
accuracy requirements, even for scenes with extreme terrain variations, in spite of the
simplicity of the atmospheric model currently integrated into the processor. Small
potential improvements of the geolocation accuracy through the implementation of
more comprehensive atmospheric modeling were demonstrated.
Within this context Figure 1 shows absolute location errors for the CRs at the highand low altitude stations. Figure 1 a) shows the absolute location error scatterplot for
26 CRs at Alpine and valley test sites in 7 products (stripmap mode). Solid markers
indicate descending, hollow markers ascending geometry. Triangles represent highaltitude CRs at Jungfraujoch, circles CRs at valley sites. Figure 1 b) shows the
absolute location error scatterplot, using the TSX atmospheric model with true CR
heights. Figure 1 c) shows the absolute location error scatterplot for the CRs, using an
improved atmospheric model. Figure 1 d) shows the absolute location error scatterplot for the CRs in the stripmap scenes with a hypothetical sampling window start
time (SWST) bias shift of 0.60 m subtracted from the data.
Conclusions:
The absolute geolocation accuracy of TSX stripmap products was tested using corner
reflectors with surveyed positions. The measurements revealed range errors all well
below 1 m. However, a small bias in the range error estimates persisted, probably
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caused by the application of a model not calibrated for mid-latitudes, that additionally
only corrects for one scene-wide reference height. The measured azimuth errors were
also all below 1 m. A clear separation between measurements from ascending and
descending acquisitions was observed; the cause is under investigation. Instead of the
TSX product default single path delay estimate per scene, it was shown that use of the
local terrain heights would improve the range geolocation accuracy, especially for
acquisitions over variable terrain. Estimates based on ray tracing through an atmospheric model consisting of refracting layers lowered the standard deviation of the
resulting range geolocation errors by about three. A range error offset of between 50
and 70 cm remains after the improved atmospheric correction, possibly due to an
SWST bias initially calibrated in tandem with a suboptimal atmospheric path delay
model. Currently, TerraSAR-X generates the highest-resolution civilian SAR products available, easily meeting its initial accuracy specifications. It is expected that if
adjustments were made to the standard atmospheric model currently used (especially
the addition of a digital elevation model), the geometric accuracy of the highresolution products would further improve.
.

Figure 1: Absolute location error scatterplot for the CRs
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