
International Foundation HFSJG 
Activity Report 2008 

127 

 
 
Name of research institute or organization: 

Remote Sensing Laboratories, Department of Geography, University 
of Zurich 
 
Title of project: 
Geometric Validation of TerraSAR-X High-Resolution Products  
 
Project leader and team: 
Dr. Erich Meier, principle investigator 
Michael Jehle, Dr. David Small, Dr. Adrian Schubert 
 
Project description: 
Project Outline 
The main task of the project is to perform geometric validation of high-resolution 
TerraSAR-X (TSX) products, particularly from the stripmap and high-resolution 
spotlight modes. Using high-resolution products from the spotlight and stripmap 
modes in ascending and descending configurations, a statistical analysis of the 
geometric accuracy is carried out for each product, based on ground control points 
(GCPs). These are selected from various sources: (1) corner reflectors placed within 
the testsites, (2) national survey points, and (3) tiepoints selected from digital 
topographic and cadastral maps. Known GCP positions are compared to predicted 
positions, based on the product annotations. The GCP-based error statistics are 
calculated and patterns highlighted. Comparisons between equivalent products are 
made with slant-range and terrain-geocoded data processed from TerraSAR data. 
Terrain geocoding is possible using a Swiss DTM, the SRTM digital surface model 
(DSM), and a DSM obtained from LIDAR, available only for one specific test area. 
Finally, successive ascending (and descending) acquisitions complete proposal 
documentation  and may be used in the context of an interferometric investigation of 
product geometric consistency, helping to quantify systematic annotation variability. 
 
Calibration Validation 
Corner reflectors at different altitudes but identical ranges were deployed in the alpine 
test areas Meiringen/Interlaken and Jungfraujoch. Range differences between the 
high- and low-altitude reflectors help quantify small variations in the path delay. The 
reflectors in the alpine area were located such that ascending orbits had nearly-
identical ranges to the Jungfraujoch-Interlaken pair, while descending orbits had 
nearly-identical ranges to the Jungfraujoch-Meiringen pair. Additional meteorological 
data (temperature, humidity, pressure) from two weather stations near Interlaken and 
Jungfraujoch provided further reference information for investigations of atmospheric 
influences.  
 
Scientific Context and First Results 
The calibration and validation process of high-resolution spaceborne synthetic 
aperture radar (SAR) systems has become increasingly important with continuing 
improvements to the resolution of SAR systems surveying the Earth. Atmospheric 
path delays must be taken into account in order to achieve geolocation accuracies 
better than 1 meter. These effects are mainly due to ionospheric and tropospheric 
influences. Path delays through the ionosphere are frequency-dependent, proportional 



International Foundation HFSJG 
Activity Report 2008 

128 

to the inverse square of the carrier. At frequencies higher than L-band under average 
solar conditions, the major contribution of the atmospheric path delay comes from the 
troposphere. Especially for SAR geolocation measurements, these atmospheric 
contributions introduce ’geolocation noise’ that without correction causes shifts in 
geocoded products. 

A set of TSX data and GPS measurements of corner reflectors at the testsites 
Meiringen/Interlaken and Jungfraujoch are used to verify path delay results from the 
radar image with models, as well as for comparison with the operational TSX 
processor’s own atmospheric path delay model.  

Since the TSX operational processor corrects the whole scene in question for the 
influence of the atmosphere using average TEC values, the mean scene height and the 
nominal mid-range incidenceangle, atmosphere-induced geolocation errors of around 
1 m are possible in mountainous regions. Together with differential GPS (DGPS) 
measurements of four on-site corner reflectors and the TSX data, the results from the 
models and the measurements were cross-validated. A set of six TSX scenes were 
used to compare the operational ’average’ atmospheric correction to a model utilizing 
meteorological data (raytracer), as well as to a simple altitude-dependent model. 
While the meteorological model may not be suitable for operational use, the altitude-
dependent model is straightforward and easy to implement. A comparison between 
these approaches and the DGPS measurements indicates a path toward improvement, 
especially in mountainous areas. 

Six TerraSAR-X Stripmap scenes (30 km x 20 km) containing four identical corner 
reflectors at altitudes of ~570 m (Meiringen/Interlaken) and ~3580 m (Jungfraujoch) 
were examined. Figure 1 illustrates the geometry and location of the scenes.  

Figure 1: Observation geometry of the alpine testsite 
 
In order to obtain nearly identical ranges for reflectors at different off-nadir angles, 
the reflectors closer to nadir are located ~3000 m below the reflectors farther from 
nadir. Locations fulfilling these requirements were found in Switzerland for the 
descending case with a pair covering the Jungfraujoch and Meiringen regions, and for 
the ascending case with a Jungfraujoch and Interlaken pair. The arrangement serves 
two purposes: 
 
(1) The same nominal antenna gain pattern correction is normally applied to two 
equal-range reflectors. Therefore, differences in their reflected intensities indicate 
topography-induced antenna gain pattern correction errors. 
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(2) The nominal correction scheme for the atmospheric path delay can be tested by 
comparing predicted and measured ranges. The range differences between the high- 
and low-altitude reflectors help quantify relative differences in the path delay. 
 
Another interesting side effect is that the average scene height in both configurations 
is close to the midpoint between the two reflector altitudes. Additional meteorological 
data (temperature, water vapour pressure, air pressure) from weather stations near 
Meiringen, Interlaken and Jungfraujoch provided further reference information for 
accurate modeling of the refractive index and atmospheric path delays. 

Though they play only a minor role in this case, ionospheric path delays observed 
during the data takes and at the corresponding locations were estimated using the total 
electron content (TEC) along the ray path. TEC measurements were obtained from 
global vertical TEC maps with bi-hourly temporal resolution.  
 

As a first test, the absolute image localization error for all corner reflectors in each of 
the six TSX products was measured. Accurately surveyed DGPS measurements of the 
corner reflectors were used to predict their range and azimuth positions in each 
image, and these predictions were compared to their measured locations. Figure 2 
shows a plot of all estimated location errors at the alpine testsite. The blue circles 
indicate descending-, the red circles ascending products. While for Interlaken and 
Meiringen (b) the range errors are on the order of a cm, for the Jungfraujoch site (a) 
the range errors increase to a mean of approximately 0.58 m. Since the TSX 
tropospheric correction is based on an average scene height roughly halfway between 
the test site altitudes (Jungfraujoch and Meiringen/Interlaken), the expected average 
location errors in range for the sites would be expected to be approximately of the 
same magnitude with opposite signs. Differences in the descending case are usually 
higher in comparison to the ascending cases, as the signal path through the 
troposphere was longer, due to the more oblique incidence angle. 

 
Figure 2: Location error of measured corner reflector positions in range direction. 
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Figure 3:  Modelled and measured atmospheric path delays. Path delays in a) for Jungfraujoch 
(JJ) testsite and in b) for the Meiringen/Interlaken (MI) testsites. In c) wet path delays compared 
to measured air- and water vapour pressure (normalized) and in d) path delay differences 
between the results of the JJ and the MI testsites. 
 
Figure 3(a) and (b) show the total tropospheric path delays (hydro + wet component) 
estimated from the models, including the results from the measurements as well as the 
ionospheric delays. In Figure 3(c) the black and yellow lines show the distribution of 
air pressure and water vapour during the data takes in comparison to the wet path 
delays estimated from the raytracer model. Both pressure parameters are normalized 
to the assumptions of the standard atmosphere. Figure 3(d) shows the differences in 
atmospheric path between the mountain (Jungfraujoch) and the valley (Meiringen/-
Interlaken) testsites and therefore measures the dynamic of the path delay models at 
these altitudes. The results from the height-dependent model are very similar to the 
raytracer results. An exceptional scene was the data from June 25th (heavy rain) 
where high water vapour pressure was measured, which significantly increased the 
wet path delay contribution. The path delays estimated from the image as compared 
to the GPS measurements are plotted in red, and are less consistent with the model 
results, but strongly correlate with the water vapour measurements (Figure 3(a) to 
(c)). This is unsurprising, as the variations arise from the differences between these 
constant delays and the GPS-measured vacuum propagation. The TSX average 
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correction does not significantly vary across the ascending/descending geometries 
and therefore causes only a constant shift. From Figure 3(a) and (b) it can be seen that 
the shifts between the model and the measurements are nearly constant.  
 

This suggests that the scene-average method used by the TSX operational processor 
significantly underestimates the tropospheric delays compared to the results from the 
raytracer - and the height-dependent model. While the range location errors for the 
low-altitude reflectors were normally on the order of a cm, the range errors at the high 
altitude station were usually over half a meter. The absolute location error for a 
scene-average path delay estimate should result in comparable range errors at equal 
height offsets above and below the average scene height. Our test sites at 
Jungfraujoch (3580 m) and Meiringen/Interlaken (~570 m) with average scene 
heights of 2160 m/1860 m nearly fullfilled that condition. When the annotated delays 
from the TSX products were replaced by the results from the raytracer for the 
individual locations, a nearly constant range shift of ~0.7 m was estimated. On the 
one hand, this indicates that the corrections from the raytracer are reasonable, yet on 
the other hand, suggests an inherent systematic shift of ~0.7 m which is still within 
the specifications of the TSX accuracy requirements. 
 

Since the dynamics of all methods are similar, differences between the models are 
likely due to different atmospheric starting positions. The results for the last two 
acquisitions are more similar for the various models. The range deviations from the 
image measurements and the path delays from the raytracer show that this is probably 
due to the increased amount of atmospheric water vapour during these data takes. As 
a result, the path delay in the SAR image increases. The standard correction from the 
TSX annotations does not take these effects into account. Therefore, the influence of 
the higher water vapour pressure could be directly observed in the changes in the 
range location errors. In other words, the larger path delay in the image compensates 
for the underestimated average path delay which leads to the observed ’increased’ 
accuracy. Path delay estimates from the raytracer include the higher water vapour 
pressure, but probably to a lesser extent, as the heavy rainfall occurring at that day 
was observed to be very localized. This might also be seen from its path delay 
estimates. Loss of accuracy caused by poor modelling of wet path delay estimation in 
such storm events are not expected to exceed ~10 to 15 cm. 
 
Key words: 
Synthetic aperture radar, SAR, atmosphere, troposphere, ionosphere, path delay, 
geolocation accuracy, calibration, TerraSAR-X. 
 
Internet data bases: 
http://www.geo.uzh.ch/de/units/rsl/forschung/radar-remote-sensing-sarlab/ 
 
Collaborating partners/networks: 
German Aerospace Center (DLR) in Oberpfaffenhofen, Airport authorities on the 
grounds of the Meiringen and Interlaken airports, the Swiss Federal Office of 
Meteorology and Climatology MeteoSwiss. 
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Scientific publications and public outreach 2008: 
Refereed journal articles and their internet access 
Jehle, M., Perler, D., Small, D., Schubert, A. and Meier, E., Estimation of 
Atmospheric Path Delays in TerraSAR-X Data using Models vs. Measurements, 
Sensors, DOI:10.3390/s8128479-8491, 8, 8479-8491, 2008. 
http://www.mdpi.com/1424-8220/8/12 
 
Conference papers 
Schubert, A., Jehle, M., Small, D. and Meier, E., Geometric Validation of TerraSAR-
X High-Resolution Products, Proc. TerraSAR-X Third Science Team Meeting, 
Oberpfaffenhofen, Germany, November 25-26, 2008. 
http://sss.terrasar-x.dlr.de/papers_sci_meet_3/paper/CAL0163_schubert.pdf 
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