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Fig. 3. The IDEM and its height error map (provided by DLR)

 

Fig. 4. A piece of data used

3. Scope of work

The fi rst stage of work involved appropriate preparation of the data. From the sets of 
points captured via airborne laser scanning, terrain points were selected which were 
later used for the interpolation of a digital terrain model (DTM) in a regular grid with 
an interval of 1m. The fi nal DTM was characterized by height measurement accuracy 
expressed as a mean error amounting to 0.15 m for open terrain with little roughness 
and 0.25 – 0.30 m for forested terrain. The DTM was used to create a map of slopes 
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values, i.e. below 2 degrees, between 2 and 6 degrees and above 6 degrees were 
analysed, excluding urban and forested terrain. The accuracy of the TanDEM-X 
Intermediate model was measured in terms of the root mean square error (RMSE) 
calculated in accordance to the differences in height between the points in particular 
profi les, and the corresponding points interpolated from the examined model. In 
addition to determining the RMSE value, a statistical analysis was performed taking 
into account the minimum and maximum heights, standard deviation and the mean 
value of height differences. The analyses were performed using the modules of the 
SCOP++ software from Inpho. 

4. Results and Discussion

The height differences between the ALS-derived DTM and the TanDEM-X Intermediate 
DEM were compared in 17,889 points measured along the profi les, among which 
9,300 points were located in areas with a slope below 2 degrees, 7,468 – in areas 
with a slope from 2 degrees to 6 degrees, and 1,121 – in areas with a slope above 
6 degrees. Figure 12 shows the differences in the height between the TanDEM-X 
model and the reference model for a selected profi le consisting of 10 measurement 
points.

A regression analysis revealed a high value of the coeffi cient of determination 
R2 = 0.99 (Figure 7) which indicates a considerable similarity between the ordinates 
in both models and, in consequence, a high accuracy of the TanDEM-X Intermediate 
DEM.

 

Fig. 7. Correlation of heights measured on the TanDEM-X Intermediate DEM 
and on the model generated with airborne laser scanning data

Table 1 gathers the results of statistical evaluation of the differences between heights 
recorded on both models for areas characterized by different slope values, which, 
however, do not exceed 20 degrees. For the three examined classes, the accuracy 
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Fig. 8. Height differences between reference points for areas with a slope below 2 degrees

Fig. 9. Height differences between reference points for areas with a slope between 
2 degrees and 6 degrees

Fig. 10. Height differences between reference points for areas with a slope above 6 degrees
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5. Conclusions

This article presents one of the fi rst results of accuracy assessment of the Intermediate 
DEM provided by the TanDEM-X mission over the territory of Poland. The studies 
have confi rmed the initial assumptions concerning the absolute height accuracy of the 
Intermediate DEM. Based on the research fi ndings, a conclusion can be made that 
the Intermediate DEM for the southwestern territory of Poland shows an absolute 
height accuracy of LE90 = 0.85 m for fl at and hilly areas with a slope below 
20 degrees.

The interferometric measurements performed during the TanDEM-X mission 
represent a valuable photogrammetric material and the quality of interferometric 
data acquired using the bistatic InSAR mode is considerably higher than the quality 
achieved during SRTM missions (Rizzoli et al., 2012).

It should be remembered that the quality of a model generated with interferometric 
measurements depends not only on the terrain slope, but also on the terrain coverage. 
In the present study, the reference points belonging to particular profi les were located 
exclusively in open terrain, covered mostly with low vegetation. Therefore, future 
studies should also examine the impact of various forms of land cover and terrain 
slopes exceeding 20 degrees on the accuracy of the Intermediate and Final DEM.

Acknowledgments

The authors would like to thank the German Aerospace Center (DLR) for providing 
TanDEM-X Intermediate DEM under the project “Accuracy assessment of a Digital 
Elevation Model based on TanDEM-X data” (Proposal ID: IDEM_CALVAL0195, 
issued on 17.03.2014).

References

Runn Balzter, H., Baade, J. and Rogers, K. (2016). Validation of the TanDEM-X Intermediate Digital 
Elevation Model With Airborne LiDAR and Differential GNSS in Kruger National Park. IEEE 
Geoscience and Remote Sensing Letters, Vol. 13, No. 2, 277–281. DOI: 10.1109/LGRS.2015.2509500.

González, C., Bräutigam, B., Martone, M. and Rizzoli, P. (2014). Relative Height Error Estimation 
Method for TanDEM-X DEM Products. Proceedings of the 10th European Conference on Synthetic 
Aperture Radar, 3-5 June 2014 (pp. 1001–1004).

González, C., Bräutigam, B. and Rizzoli, P. (2016). Relative Height Accuracy of TanDEM-X DEM 
Products. Proceedings of the 11th European Conference on Synthetic Aperture Radar, 6-9 June 2016.

González, J. H., Bachmann, M., Krieger, G. and Fiedle, H. (2010). Development of the TanDEM-X 
calibration concept: analysis of systematic errors. IEEE Transactions on Geoscience and Remote 
Sensing, 48, 716–726. DOI: 10.1109/TGRS.2009.2034980. 

Gruber, A., Wessel, B., Huber, M., Breunig, M., Wagenbrenner, S. and Roth, A. (2012). Quality 
assessment of fi rst TanDEM-X DEMs for different terrain types. Proceedings of the 9th European 
Conference on Synthetic Aperture Radar, 23-26 April 2012.




