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ABSTRACT

Over the last years the TanDEM-X mission acquired data for
a second global digital elevation model (DEM) the TanDEM-
X Change DEM. This new DEM is temporally independent
of the former global TanDEM-X DEM and therefore yields
the possibility of change detection. In order to decrease
the phase noise level the interferometric processing for the
Change DEM has been upgraded. This also allows a more
accurate change detection. Currently, the processing of the
global data is performed operationally. It includes the detec-
tion of terrain changes and first examples of detected terrain
changes can be presented.

Index Terms— TanDEM-X mission, Change DEM, in-
terferometric processing, terrain changes

1. INTRODUCTION

The TanDEM-X mission flies two satellites in bistatic forma-
tion in order to create digital elevation models. Since the first
global TanDEM-X DEM was a great success, it was decided
to acquire further data for a second global DEM with the
remaining resources [1]. The data for this second DEM, the
so-called TanDEM-X Change DEM was acquired between
2017 and 2020. Because of the temporal independence with
the former global TanDEM-X DEM (2010 - 2015) it pro-
vides the possibility of detecting terrain changes. An updated
processing, including a scenewise calibration and adaptive fil-
tering allows an even more accurate change detection. With
these adjustments of the Integrated TanDEM-X Processor
(ITP) the new data is currently processed at rates up to more
than 1000 ChangeRawDEM scenes per day. The status of the
production is given in [2].
This paper gives an overview of the interferometric pro-
cessing and the possibilities as well as limitations of terrain
change detection during the operational processing of the
TanDEM-X Change DEM.

2. GENERATION AND INTERFEROMETRIC
PROCESSING OF THE CHANGE DEM

For considerable areas of the Earth the acquisitions for the
Change DEM include only one coverage of data. For this
reason the dual-baseline approach [3] used for the genera-
tion of the global TanDEM-X DEM is no longer feasible and
the so-called ’delta-phase’ algorithm was developed for the
ITP [4]. The ’delta-phase’ algorithm makes use of an edited
reference DEM. There are different edited DEMs available
which will be used for processing the Change DEM data.
One edited DEM is specialised on Antarctica an Greenland.
It uses the 12 m posting TanDEM-X DEM [5]. The second
edited DEM covers the rest of the world and uses the 30 m
posting TanDEM-X DEM [6]. The third edited DEM is the
global WorldDEM30 provided by Airbus D&S [7]. The oper-
ational processing with this DEM started in November 2020.
All statistics and images in this paper refer to this processing.
A simulated phase of the edited reference DEM instead of
a flat Earth equivalent is subtracted from the interferometric
phase. The result is a much flatter phase with a low fringe
frequency. This reduces the time as well as the error rate of
the phase unwrapping immensely [4]. It has to be emphasised
that the resulting height values are independent of the height
values of the reference DEM.

2.1. Scenewise Calibration

The reference DEM does not only simplify the phase unwrap-
ping but is also used to calibrate the processed scenes individ-
ually. Therefore, the unwrapped phase difference between the
new interferometric phase and the simulated phase from the
reference DEM is used. A histogram of a resampled version
of the this delta-phase is formed and yields the first estimate
of the offset. It is assumed, that the main part of the scene has
not changed and therefore the highest peak corresponds to the
offset. Furthermore, terrain changes tend to have a broader
distribution and appear in lower peaks. The delta-phase pix-
els within a threshold from the first offset are assumed to cor-
respond to the non changed areas. These pixels are fitted with
a plane in order to estimate the offset and a tilt in azimuth up
to a certain limit.



2.2. Adaptive Filtering

Additionally, an adaptive filtering approach was developed
for the change DEM to make up for the lack of multiple cov-
erages [8]. This approach analyses each scene with respect to
azimuth ambiguities. Dependent on their strength the spectral
filtering for scenes with low influence of azimuth ambiguities
can be reduced. By doing so the phase noise is reduced and
the geometric resolution improves. Because the geometric
resolution of the Change DEM is supposed to be the same
as for the global TanDEM-X DEM [9], the multilooking of
the interferogram is adjusted to gain the same geometric res-
olution while reducing the phase noise even further. This ap-
proach is called adaptive because it is adapted for every scene
depending on the strength of the azimuth ambiguities. For
strong azimuth ambiguities the spectral filter in azimuth di-
rection is kept strong with a coefficient of 0.6 as for the global
TanDEM-X DEM. For weaker ambiguities the coefficient can
change to either 0.7 or 0.8 and therefore a weaker filter. A
distribution of the azimuth spectral filtering coefficient in the
current processing is shown in Fig. 1. The influence of the
azimuth ambiguities for most scenes is low (0.8) and the full
potential of the adaptive filtering is used.

Fig. 1. The distribution of the coefficient of the azimuth spec-
tral hamming filter within the operational Change DEM pro-
cessing. A subsample of of 24026 scenes was analysed

3. DEMONSTRATION TERRAIN CHANGES

During the operational processing of TanDEM-X Change
DEM a qualitative change detection is performed. It includes
the computation of a delta-height, a visual representation
of the height differences between the reference DEM and
the new Change DEM heights. It is computed from the
phase difference during the processing. Furthermore, there
is a Change indication mask (CHM), a geocoded flag mask,
which is based on a detailed analysis of the input and refer-
ence data. It indicates where the ITP found discrepancies and
whether these are reliable and significant. The whole content
of this mask would exceed the scope of the paper. Therefore,

the following description is incomplete but sufficient in this
context. Detected changes are subdivided into significant and
non-significant. For a change to be significant, the height
difference has to exceed a threshold (typically 6 m) on a re-
gional scale. The changed region has to have a minimum
size in order to exclude noisy pixels. Detected changes are
also subdivided into reliable and non-reliable changes. This
classification depends on the reference DEM used, e.g. pixels
which are filled with non TanDEM-X data are counted as non
reliable. These two classifications give four different change
categories as shown in Table 1. The following examples show
the ability of the ITP to detect significant and reliable changes
during the ongoing operational processing.

significant & reliable significant & non reliable
non significant & reliable non significant & non reliable

Table 1. Simplified extract from the color map of the CHM.

3.1. Small Scale Changes - Mining

The area shown in Fig. 2 is an acquisition taken over a mine in
the North of Australia in September 2017. The DEM shows
a typical mining structure. The CHM of this area reveals that
there are significant and reliable changes in the area, indicated
by the green color (cp. Table 1). The delta height reveals the
change directions and magnitudes. In this case it shows that
this mine is being closed because the hole gained height (red)
and the hill lost height (blue) compared to the former DEM.

(a) DEM (b) CHM

(c) Delta-height

Fig. 2. The DEM reveals a mine structure in North Australia.
CHM and delta-height confirm the changes in comparison to
the reference. The data was acquired in September 2017.



3.2. Large Scale Changes - Forestation and Deforestation

Another example for terrain changes on a larger scale is pos-
sible forestation and deforestation. The area shown in Fig. 3
was recorded in October 2017 over Uruguay. The DEM
shows a mountainous forest region. The CHM reveals sig-
nificant and reliable changes (cp. Table 1). The delta height
shows the direction and magnitudes of the changes. It can
be seen that parts lost in height (blue probably deforestation)
whereas other parts gained high (red probably forestation).

(a) DEM (b) CHM

(c) Delta-height

Fig. 3. Terrain changes in Uruguay. The DEM shows a forest
area and CHM and delta-height confirm the changes in com-
parison to the reference DEM. The Change DEM acquisition
was taken in October 2017.

3.3. Statistical Evaluation

Mining and forestation are only two examples of an abun-
dance of possible terrain changes that are detected. In order
to illustrate the number of different detected changes, Fig. 4
shows the distribution of the area per scene which is marked
as a significant terrain change.
There are significant changes which are reliable and there are
significant changes which are not reliable. Figure 5 illustrates
the connection between both. For the ongoing processing
Fig. 5 (top) plots the percentage of all significant and reli-
able changes in negative direction over the total percentage of
all significant changes in negative direction. Fig. 5 (bottom)
contains the same information for all changes in positive di-
rection. These plots illustrate two things:

• For points close to the red line almost all significant
changes are reliable. There is a high number of scenes
with only reliable changes in different orders of magni-
tude.

• The points further away from the red line show that the
algorithm is able to distinguish between reliable and
non reliable changes. The latter occur mostly in scenes
with a small area of changed heights.

Fig. 4. The distribution of the area [km2] that significantly
changed per scene (approx. 1500 km2) for a subsample of
24026 operationally processed scenes.

Fig. 5. Connection between significant and reliable and all
significant changes in negative (top) and positive (bottom)
direction for subsample of 24026 operationally processed
scenes.



4. LIMITS OF OPERATIONAL CHANGE
DETECTION

The previous section showed that the TanDEM-X Change
DEM yields major insights in qualitative terrain changes.
However, there are certain limits for the direct change detec-
tion within the operational ITP. Two dominant error sources
are explained in the following.

4.1. Reference DEM

The delta height given as a byproduct of the Change DEM
processing refers to the difference between new height data
and the specific reference DEM used for the correspond-
ing processing. The processing of the Change DEM data
takes place with three different edited versions of the global
TanDEM-X DEM. These reference DEMs are edited in dif-
ferent ways, but they have commonalities. As an example, all
of them have to fill voids with foreign data which will lead to
non comparable data sets within this image. Edited areas can
either lead to wrongly denoted changes directly or lead to PU
errors within the ITP and therefore the Change DEM.

4.2. Calibration

The calibration of each scene as explained in section 2.1
works well in approximately 99 % of the cases. However,
there are scenes in which the area of real terrain changes
makes up the main area of the scene. If additionally the
changes are very uniform, the scene can be wrongly cali-
brated on the changed area and the detected changes are not
real. In general terms, the calibration of Change DEM scenes
in the ITP is relative to the reference DEM and assumes only
local changes and not absolute changes of entire scenes. Even
if there are strong indications for terrain changes, a sophis-
ticated calibration should be performed before a quantitative
analysis.

5. CONCLUSION

This paper aims to explain the on-going processing of the
TanDEM-X Change DEM. Furthermore, it demonstrates pos-
sibilities for the characterisation of terrain changes during
processing. It could be shown that a qualitative detection of
significant changes between the TanDEM-X Change DEM
and the edited reference DEM is performed during the op-
erational processing. Even though there are limits of the
operational direct change detection, it shows the great po-
tential of quantitative change detection with the TanDEM-X
DEM Change DEM in the future.
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