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ABSTRACT: 
 
The aim of this study is to investigate the effect of various Global Digital Elevation Models (GDEMs) in producing high-resolution 
topography model using TanDEM-X (TDX) Coregistered Single Look Slant Range Complex (CoSSC) images. We selected an 
image acquired on Jun 12th, 2012 over Doroud region in Lorestan, west of Iran and used 4 external digital elevation models in our 
processing including DLR/ASI X-SAR DEM (SRTM-X, 30m resolution), ASTER GDEM Version 2 (ASTER-GDEMV2, 30m 
resolution), NASA SRTM Version 4 (SRTM-V4, 90m resolution), and a local photogrammetry-based DEM prepared by National 
Cartographic Center (NCC DEM, 10m resolution) of Iran. InSAR procedure for DEM generation was repeated four times with each 
of the four external height references. The quality of each external DEM was initially assessed using ICESat filtered points. Then, 
the quality of, each TDX-based DEM was assessed using the more precise external DEM selected in the previous step. Results 
showed that both local (NCC) DEM and SRTM X-band performed the best (RMSE< 9m) for TDX-DEM generation. In contrast, 
ASTER GDEM v2 and SRTM C-band v4 showed poorer quality. 
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1. INTRODUCTION 

The increasing demand for a precise Digital Elevation Model 
(DEM) in various applications such as agricultural, navigation, 
flood management, and defense needs a careful attention in 
DEM production procedures. One of the best ways to produce 
DEM is to use high-resolution radar images by implementing 
InSAR techniques. The most advantage of this method is that it 
is independent from atmosphere, cloud contamination and sun 
angle as compared to optical images (Jacobsen, 2004).  
One of the most important steps in producing DEM using radar 
data is the height reference model that is used in interferometric 
processing to remove long-wavelength topographic phase 
component from differential interferograms before phase 
unwrapping. This step helps improve phase unwrapping quality 
especially in regions with steep slopes and also improve the 
absolute precision of the final DEM (Chunxia and Linlin, 
2005). Usually free global digital elevation models such as 
ASTER GDEM and SRTM with spatial resolutions of 30 and 
90 meters, respectively, are used for this purpose. DEM 
accuracy highly depends on various parameters including 
topographic characteristics of the area and therefore the 
accuracy of global DEMs may vary in different locations 
(Athmania and Achour, 2014; Gupta et al., 2014; Kolecka and 
Kozak, 2013; Satgé et al., 2015). 
TanDEM-X (TDX) is the first space-born bistatic InSAR sensor 
that has solved the temporal decorrelation problem of repeat 
pass sensors. The main purpose of launching TDX was to 
produce a high precision global DEM with the standards of 
HRTI-3 (Huber et al., 2009; Krieger et al., 2007). In this study, 
the effect of various global digital elevation models in 
producing high-resolution DEMs using TanDEM-X 

Coregistered Single Look Slant Range Complex (CoSSC) 
images is investigated.  
In the following sections the assessment procedure and results 
will be declared.  
 
 

2. STUDY AREA AND TANDEM-X DATA 

In this research we used a TanDEM-X Coregistered Single 
Look Slant Range Complex (CoSSC) image in bistatic mode 
with the following characteristics acquired on Jun 12th 2012 
over Doroud region in Lorestan, west of Iran. 

 

Date of 
acquisition 

Inc. 
angle 

Pass 
Baseline 

(m) 
HoA 

12-06-2012 22 Desc. 262.34 11.87 

Table 1: TanDEM-X image characteristics 

 

The study area is located in a mountainous region with a plain 
in the middle part which is under agricultural cultivations. The 
shaded relief image is shown in Fig. 1. 
 
 

3. METHODOLOGY 

The main objective of this paper is to assess the quality of 
TanDEM-X InSAR DEM when different height references are 
used to for long-wavelength topographic phase removal. 4 
external digital elevation models were used in our processing 
including DLR/ASI X-SAR DEM (SRTM-X, 30m resolution), 
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ASTER GDEM Version 2 (ASTER-GDEMV2, 30m 
resolution), NASA SRTM Version 4 (SRTM-V4, 90m 
resolution), and a local photogrammetry-based DEM prepared 
by National Cartographic Center (NCC DEM, 10m resolution) 
of Iran. 
 

 

Figure 1: Shaded relief map of TanDEM-X DEM 

 
 
For the quality assessment, we used  ICESat laser altimetry data 
which are taken with 70 m diameter footprint, 170 m along 
track interval and 5 to 30 km across track interval in different 
latitudes (“NASA/ICESat,” n.d.). They have 3.7 m horizontal 
geolocation accuracy and less than 1 m vertical accuracy, so 
they are appropriate for accuracy assessment of large areas. The 
location of ICESat filtered points on ASTER GDEM v2 and 
TDX is shown in Fig. 2. All the DEMs are resized to 30m pixel 
size by cubic interpolation. ICESat data are filtered using 
criteria in Table 2 because of the presence of the systematic 
errors (Huber et al., 2009). 
 
 

ICESat Std<7m Width<25m Energy<10fJ Peaks<6 

Table 2: Criteria used for ICESat data filtering 

 
After filtering original ICESat data, we obtained 635 data points 
in our study area. However, as the ICESat points were not 
covering all the area covered by TDX image according to Fig. 
2, they could not be used for a complete accuracy assessment of 
InSAR DEMs. Accordingly, after pre-analysis of external 
DEMs, each InSAR DEM was assessed again using the more 
precise external DEM selected in the first step. 
 
The statistical parameters used for assessment include median 
absolute deviation (MAD) (Leys et al., 2013), standard 
deviation (STD), root mean square error (RMSE) and NIMA 
LE90 (Gupta et al., 2014). NIMA LE90 is an overall estimate of 
the DEM accuracy which assumes the observations have normal 
distribution and it describes a 90% confidence interval of the 
DEM accuracy. 
 
 

4. RESULTS AND DISCUSSION 

The four statistical parameters including MAD, STD, RMSE 
and NIMA LE90 are calculated for the pixels coinciding ICESat 
points and the results are shown in Figure 3. 
In the initial assessment using ICESat points both local (NCC) 
DEM and SRTM X-band performed the best (RMSE< 9m). In 
contrast, ASTER GDEM v2 and SRTM C-band v4 showed 
poorer quality as it is shown in Figure 3. 
 
 

 

 
Figure 2: Location of ICESat data (red points) on GDEM v2 

(on the top) and TDX (on the bottom) 
 
 
 

 
Figure 3: Accuracy assessment of reference height models with 

ICESat data 
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It is assumed that this behavior also exists in the TDX DEMs 
generated with each of these height references. Therefore the 
procedure was repeated for TDX DEMs. According to Figure 4 
and Table 3, the same results obtained when assessing TDX 
DEM products generated with each of these height references. 
 

 
Figure 4: Accuracy assessment of TDX DEM products 

generated with different height references according 
to NCC DEM 

 
 
 

 
MAD 
(m) 

STD 
(m) 

LE90 
(m) 

RMS 
(m) 

TDX with 
GDEM v2 

8.62 11.43 18.81 13.23 

TDX with 
NCC DEM 

6.92 10.75 17.69 10.77 

TDX with 
SRTM_C v4 

21.79 27.36 45.04 45.98 

TDX with 
SRTM_X 

10.39 14.08 23.17 15.49 

Table 3: Statistical parameters calculated for TanDEM-X DEMs 

 
 
Furthermore, histograms of height differences between each 
TDX DEM product and NCC height model are shown in Figure 
5. The adaption quality to the reference height model is clearly 
depicted, especially for the SRTM v4 DEM which has 
obviously skewness with large values of standard deviation. 
The sources of systematic errors might change from one sensors 
type to another one.  In the optical DEMs, e.g. ASTER GDEM 
v2, presence of clouds, the number of stereo images, and the 
existence of negative bias cause to reduce the final DEM 
Accuracy (Arefi and Reinartz, 2011). 
 
In Radar Imaging systems, the factors like incidence angle and 
baseline which result in different height of ambiguities can have 
different effects on the final InSAR DEM (Chunxia and Linlin, 
2005). According to the assessment which is reported by 
Kolecka and Kozak in 2013, the land covers specially the 
vegetation and forest covers decreases the precision up to 10 
meters. Other main error sources in C band DEMs are the void 
values distribution and the steep slopes For X band DEMs the 
incidence angle and azimuth of the radar beam geometry  play a 
key role in improving the quality of DEM (Kolecka and Kozak, 
2013). 
 
In our experiment we find that, although the use of an external 
height reference model helps effectively in phase unwrapping 
step of an InSAR DEM generation, a careful consideration 
should be done on the selection of this reference DEM. We find 

that the selection of the external DEM may affect the accuracy 
by more than 10m with RMSE increasing from  10m in TDX, 
corresponding to photogrammetry-based DEM, to 27m, 
corresponding to SRTM C band v4. 
 
 

 

 

 

 
 
Figure 5: Histogram of differences between TDX DEM 

products and NCC DEM 
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5. CONCLUSION 

The aim of this paper was to assess the quality of TanDEM-X 
DEM when different external height references were used in the 
long-wavelength topographic phase removal step of DEM 
generation. The results showed that the quality of external DEM 
highly affects the final DEM quality. In our assessment using 
different global DEMs for an area west of Iran we found that 
both local photogrammetry-based DEM and SRTM X-band had 
the best performance. In contrast, ASTER GDEM v2 and 
SRTM C-band v4 showed poorer quality in this area. The 
quality of the final high-resolution TDX DEM could be 
deteriorated by more than 2 times depending on the external 
DEM used for processing. 
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