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ABSTRACT 

The quality and accuracy of DEMs derived from repeat-

pass InSAR is limited by atmospheric phase screen 

(APS) difference and decorrelation between SAR 

images. In this paper, we show a compromising but 

effective approach to avoid DEM gaps and remove 

height errors induced by the atmosphere. Existing low 

resolution DEMs are used as external data to improve 

the quality of interferometric DEM. Our approach 

focuses on two aspects: 1) Estimate the APS from a 

differential interferogram with a low-pass filter in the 

frequency domain, and remove the height errors caused 

by APS. 2) Fill data voids and calibrate the height with 

an external DEM. The proposed method has been 

applied on high-resolution COSMO-SkyMed Tandem 

data with one-day temporal baseline over Mt. Qilian in 

north-western China. The resultant DEM has been 

validated in comparison with an officially-issued 

1:50,000 DEM. Our preliminary result shows that 

atmospheric artifacts and data voids have been removed 

effectively. 

 

1. INTRODUCTION 

Digital Elevation Models (DEM) of the Earth’s surface 

can be built using synthetic aperture radar (SAR) 

interferometry [1]. In this technique, multiple coherent 

SAR images are combined to form interferograms, and 

the interferometric phase is used to measure the ground 

topography. While Interferometric SAR (InSAR) can 

be classified into single- and repeat-pass interferometry 

according to the number of platform passes involved, 

here we will limit our discussions to repeat-pass InSAR 

only. 

 

The quality and accuracy of the DEMs derived from 

repeat-pass InSAR is limited by atmospheric phase 

screen (APS) difference and decorrelation between 

SAR images. The APS difference due to atmospheric 

effects, introduces global and local phase errors. This 

kind of error is very difficult to remove and cannot be 

ignored. Zebker et al. reported that spatial and 

temporal changes of 20% in the relative humidity of the 

troposphere could lead up 80 to 290 m errors in derived 

topographic maps for baselines ranging from 100 m to 

400 m in the case of the SIR-C/X-SAR [2]. Another 

limitation, the decorrelation, can be differentiated into 

1) geometric decorrelation, caused by incidence angles 

changes, and 2) temporal decorrelation, caused by 

physical changes in the terrain. Decorrelation usually 

results in data voids in interferometric DEMs. These 

void areas may have steep topography (layover and 

shadow regions), or, are covered by vegetation or water.  

 

In order to overcome these problems and to increase the 

InSAR accuracy, many approaches are proposed, for 

example, multi-baseline InSAR, permanent scatterer 

InSAR (PS-InSAR), etc. For multi-baseline InSAR, a 

maximum likelihood or maximum a posteriori 

estimator is used to calculate height values of the 

ground surface [3]. Although the accuracy of the 

resultant DEM can be very good, the requirement of 

multiple data sets is often hard to meet. PS-InSAR can 

even achieve sub-meter accuracy for topographic survey 

[4], but this technique needs even more data sets, and 

only estimates the height of permanent scatterers. The 

density of permanent scatterers can hardly meet the 

needs of DEM generation, especially in mountain areas. 

 

In this paper, we present a compromising but effective 

approach to avoid DEM gaps and to remove height 

error induced by the atmosphere. ASTER GDEM 

(ASTER Global Digital Elevation Model) with 30 m 

resolution is used to facilitate the InSAR DEM 

procedures. The ASTER GDEM is radarcoded into 

SAR image coordinates, and then a differential 

interferogram and a height map in SAR coordinates are 

obtained to extract atmospheric phase errors and to fill 

the data voids (severely decorrelated areas). Our 

method is applied on high-resolution data: a pair of 

COSMO-SkyMed Tandem images with one-day 

temporal baseline. 

 

2. INSAR DEM RECONSTRUCTION WITH            

ASTER GDEM 

It is well known that the phase of a pixel in a SAR 

interferogram can be decomposed into several 
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components, based on the cause of each phase 

component [5]. They are:  

1) phase due to radar-target slant-range difference 

between acquisitions; 

2) deformation phase due to possible geometric 

changes of the target; 

3) atmospheric phase due to atmosphere changes 

between two data acquisition times; 

4) phase noise due to thermal noise, co-registration 

errors, etc. 

 

The phase due to radar-target range difference between 

passes can be estimated with a reference DEM, e.g. 

ASTER GDEM or SRTM. After removing the phase 

calculated from the reference DEM, a differential 

interferogram can be generated. The differential 

interferometric phase can be written as the sum of 4 

terms, 

 

diff atmo defo n                         (1) 

 

where diff , atmo , defo ,  , and n  are the 

differential phase, the APS, the deformation phase, the 

residual topographic phase due to DEM error, and 

phase noise, respectively. 

 

Differential interferograms are commonly used to 

measure the ground surface deformation. However, for 

topographic mapping, if the deformation signal can be 

neglected from the differential interferogram with very 

short temporal baseline, the main power of the low-

frequency signal should come from the atmospheric 

artifacts. Therefore, the atmospheric phase can be 

filtered out from differential interferograms to improve 

the accuracy of the resultant DEM. On the other hand, 

the reference DEM also provides initial height values 

with low resolution – useful data for height calibration 

[6].  

 

Considering the discussion above, our approach focuses 

on two aspects: 1) extract atmospheric phase by a low-

pass filter, and remove it from the flattened 

interferogram, 2) fill data voids and calibrate height 

with ASTER GDEM. The workflow of our approach is 

shown in Fig. 1. 

 

Atmospheric Phase Estimation 

Atmospheric signals in interferograms usually have 

wavelengths larger than 0.5 km [7]. Hanssen found that 

signals with wavelengths less than 0.5 km are unlikely 

to have an atmospheric origin, since there is no 

physical explanation for the increase of delay variations 

at such small scales. Instead, it is likely caused by high 

wavenumber noise in the data. This can be caused by 

thermal noise, co-registration errors, DEM error, etc. 
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Figure 1. Flowchart of our approach 

 

Therefore, we apply a low-pass filtering method to 

estimate atmospheric phase in the frequency domain. A 

fifth-order Butterworth filter with a cutoff wavelength 

of 500 m is adopted. Because the deformation signal is 

not considered, we do not have to distinguish between 

atmospheric phase and deformation phase, which is an 

intractable problem in data processing of DInSAR.  

 

Data Voids Filling and Height Calibration 

Data voids in interferometric DEMs are pixels where 

the coherence is below a certain threshold. On these 

pixels, it is unreliable to calculate height from the 

interferometric phase, which is almost entirely 

corrupted by noise. For a single interferogram, the 

height at the data voids can only be filled by an 

external DEM, and this step must be applied before 

geocoding, to reduce positioning errors. A 

coregistration between the simulated SAR image from 

the reference DEM and the interferogram amplitude 

image is needed to align the reference DEM to SAR 

coordinates correctly.  

 

Height calibration can eliminate systematic errors, 

mainly caused by orbit errors. After removing the 

highly nonlinear errors introduced by atmosphere 

effects, a linear calibration model is enough. The 

calibrated height can be written as: 



 
2 2

1 2 3 4 5H h C l p lp l p               (2) 

 

where H, h, C, (l, p) and 1 5 are calibrated height, 

un-calibrated height, constant height offset, SAR 

coordinates in azimuth & range direction, and linear 

coefficients of systematic errors, respectively. 

 

Pixels with high coherence are chosen for calibration. 

The control height is derived from ASTER GDEM. 

Then the coefficients C and 1 5  are estimated by 

least mean square method. 

 

3. EXPERIMENTAL RESULTS 

The approach has been tested on COSMO-SkyMed 

Tandem data over Mt. Qilian in north-western China. 

The images are acquired in stripmap (Himage) mode 

with 3 m resolution. Basic information of the data set is 

listed in Table 1. Because of the one-day temporal 

baseline of our test data, no deformation signal is 

assumed in the experiment. 

 

Table 1. Basic information of the test data set 

Observation date 2009-6-3/2009-6-4 

Normal baseline 63 m 

Incidence angle 48° 

Height ambiguity -164 m 

Azimuth×Range spacing 2.2×1.6 m 

 

Fig. 2 outlines the 10×10 km-wide test area acquired 

from Google Earth. The landscape of this place is 

influence by glacier activity. We can clearly see the 

riverbed eroded by the seasonal melting of glaciers 

from Fig. 2. The terrain’s elevation ranges from 3100 

m to 4300 m. The height variation is quite high for 

such a small area of around 100 km
2
.  

 

 
Figure 2. Landscape of the test site from Google Earth 

 

Fig. 3a shows the differential interferogram of our test 

site. The topographic phase has been removed by 

means of ASTER GDEM. The phase due to 

atmospheric turbulence is clearly evident. Because the 

reference DEM only has a resolution of 30 meters, 

much lower than the COSMO-SkyMed data, it is clear 

to see the residual topographic phase cause by DEM 

error. 

 

 
 

 
Figure 3. (a) Differential phase of the test site, the 

topographic phase is removed with ASTER GDEM. (b) 

Atmospheric phase estimated by Butterworth low-pass 

filter. 

 

Fig. 3b is the atmospheric phase extracted by the 

Butterworth low-pass filter. High wavenumber signals 

are filtered out. The phase filed is complex, and it 

would induce a nonlinear error that is hard to remove 

by height calibration. The atmospheric phase values 

range from    -1.14 rad to 2.1 rad in the test site. It 

could lead up to errors ranging between -55 m to 30 m 

in the resultant DEM. 

 

After estimating the atmospheric phase, the remaining 

tasks are to subtract the estimated phase from the 

topographic phase, unwrap the phase and convert it to 
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height. Before geocoding, the final step before 

generating the DEM is to fill the data voids and to 

calibrate the height with the ASTER GDEM. This is an 

indispensable step for DEM quality and accuracy. 

 

Pixels with coherence value lower than a threshold are 

defined as void data. The threshold of the test site is 

0.35, and about 8.7% pixels of the interferogram are 

data voids that have to be filled with ASTER GDEM. 

Most of the data voids are in decorrelated places due to 

layover, shadow and temporal changes. 

 

Pixels with high coherence are chosen for height 

calibration. The control height is taken from the 

radarcoded ASTER GDEM, which is aligned to the 

interferogram by a matching between a simulated 

image and the SAR image. Calibration parameters are 

computed from linear regression by least mean square 

method. For a stable estimation, samples with large 

residual are filtered out in the regression analysis. 

 

 
Figure 4. DEM reconstructed from COSMO-SkyMed 

Tandem data. The red rectangle indicates the area 

used to compare with ASTER GDEM. The black lines A 

and B indicate the profile lines for the accuracy 

assessment. 

 

  
Figure 5. Comparison of DEM details between (a) 

COSMO-SkyMed DEM and (b) ASTER GDEM. 

 

The resultant DEM is projected to UTM coordinates 

with 10 m resolution. The result is shown in Fig. 4. We 

chose a subset area of our result (outlined with a red 

rectangle in Fig. 4) to compare with ASTER GDEM. 

Fig. 5 shows shaded relief images of the two DEMs. 

Obviously, the COSMO-SkyMed DEM portrays the 

terrain details much more clearly. Besides the 

advantage of high-resolution, the result also benefits 

from the filtering in our approach. The topographic 

details are still remained after removing the 

atmospheric phase extracted by the low-pass filter. 

 

In order to assess the DEM accuracy, a 1:50,000 DEM 

over the test site is used for inter-comparison. This 

DEM is produced by digitizing maps in the National 

Geomatics Center of China. Since it’s very difficult to 

identify control points in this area, the comparison is 

performed on two profile lines. Fig. 6 plots the profile 

analysis between the resultant DEM and 1:50,000 DEM. 

The elevations have good agreement on the two profile 

lines. The standard deviation of height difference of the 

samples on profile line A and B are 6.3 m and 7.1 m 

respectively. 

 

 
 

 
Figure 6. Profile analysis among COSMO-SkyMed 

DEM and 1:50000 DEM. (a) Profile line A. (b) Profile 

line B. 

 

4. CONCLUSION 

An effective InSAR procedure for DEM generation has 

been described. The ASTER GDEM is used as 

reference DEM to remove atmospheric artifacts and fill 

data voids in the resultant DEM. The advantage of our 

approach lies in the usage of existing low resolution 

DEMs to improve the quality of interferometric DEMs 

even with a single interferogram. Experimental results 

with COSMO-SkyMed Tandem data proved 

improvement of DEM resolution and accuracy of the 

resultant DEM. This approach is useful for rapid 
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updating of basic geo-information, especially in 

emergency situations. 
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