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Abstract

The TanDEM-X mission is currently acquiring a new dataset to provide a temporally independent DEM, the so-called
“TanDEM-X Change DEM”. This set of acquisitions taken between 2017 and 2020 has a clear temporal separation with
respect to the data used for the generation of the TanDEM-X global DEM which were acquired between 2010 and 2015.
Therefore, this new DEM aims to enable the characterization of terrain changes. Improvements in the acquisition plan-
ning process and in the data processing have been necessary to allow the generation of this Change DEM with fewer ac-
quisitions but still very high accuracy. For this, the use of an edited TanDEM-X DEM as a "starting point" for the inter-

ferometric processing is mandatory.

1 Introduction

Since 2010, the TanDEM-X mission flies two similar sat-
ellites as a large single-pass bistatic SAR interferometer.
The acquisition for the global TanDEM-X DEM took
place until 2015 and the product was completed in 2016.
This global TanDEM-X DEM raised great interest. How-
ever, part of the data used for its generation is already
more than eight years old and many changes in the topog-
raphy of the Earth occurred since then. Consequently, in
2017, the TanDEM-X mission decided to acquire an addi-
tional complete coverage of the Earth's landmass as the
satellites have sufficient resources for several more years
of operation [1]. The goal is to provide a temporally inde-
pendent dataset within a well-defined time span from Sep-
tember 2017 to mid 2020. This additional DEM will allow
monitoring topographic changes on a global scale by
comparing it to the TanDEM-X DEM. The name of the
resulting product is therefore "TanDEM-X Change
DEM".

This paper summarizes the concepts for the new acquisi-
tions and the specifications of the TanDEM-X Change
DEM. It then outlines the different steps of its generation
and finally presents some first results.

2 TanDEM-X Change DEM

2.1 Acquisitions

For the global TanDEM-X DEM, at least two global cov-
erages were performed and two more coverages were ac-
quired over mountainous terrain from an opposite viewing
direction in order to resolve shadow and layover. Addi-
tionally, individual regions like deserts and forests were
re-acquired in specific configurations. All in all, it took
around four years to collect all the data. In order to reduce
the acquisition duration and due to additional constraints,
the acquisition planning has been improved. Such con-
straints are the shorter maximal duration of a data take to
avoid too fast degradation of the battery and the lower
number of ground stations restraining dramatically the
contact time per orbit. The newly elaborated acquisition

scenario maximizes the performance based on the experi-
ence and lessons learned from the TanDEM-X global
DEM acquisitions. The Earth was separated into dedicated
acquisition areas according to the dominant land classes,
terrain types and seasonal changes as shown in Figure 1.

Figure 1 Areas covered during the TanDEM-X Change DEM
acquisition phase (from 2017-09-21 until 2019-12-31)

Most of the Polar Regions (grey) were already acquired in
the respective local winter seasons of 2016/2017. Glaciers
(light blue) are acquired twice during local winter in order
to avoid low coherence of melted ice and snow. Moun-
tains and mountainous forests (red/pink areas) are ac-
quired twice in local summer time to reduce noise and to
get additional information for processing. Moreover, glac-
iers, mountains or mountainous forests need be acquired
with heights of ambiguity (HoAs) between 45 m and 90
m. Mountainous deserts (orange) are acquired twice inde-
pendently of the season. Temperate and boreal forests
(dark green) are acquired once in local summer (“leaf
on"). Deserts (yellow) are acquired with steep incidence
angles to compensate for the low backscatter of sand and
thus to ensure a sufficiently high signal-to-noise ratio. Fi-
nally, tropical forests (light green) and the rest of the
world (brown) are acquired once independently of season
but with HoAs larger than 50 m for forest. Table 1 sum-
marizes the acquisition constraints for each acquisition
region indicated by the same color as in Figure 1.
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round
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Table 1 Acquisitions parameters and expected relative height
error for the Change DEM acquisitions

During the acquisition of the Change DEM dataset, the
system faced two further challenges. First, the number of
conflicts with commercial and scientific customers in-
creased due to higher utilization of the satellites for ac-
quiring TerraSAR-X mission products. An agreement
with the commercial partner Airbus D&S was therefore
established. Second, in July 2019 the primary transmit
chain on TDX-1 failed due to a malfunction of the first
high power amplifier stage. The redundant chain was
switched on and the TanDEM-X mission was re-activated
after about two months. Both challenges mentioned above
lead to a prolongation of the acquisition phase from end of
2019 into the first half of 2020. Currently, about 85% of
the data for the Change DEM is acquired.

2.2 Specification

The Change DEM follows technically the same product
format specifications as the final global TanDEM-X DEM
[2]. It has 12 m posting and is expected to have similar
absolute horizontal and vertical accuracies (see Table 2).
The absolute height accuracy which is driving the use for
temporal height change detection will be in the same order
as the TanDEM-X global DEM, respectively, well below
10 meters [3].

Absolute Absolute Rel?{tﬁ;ﬁ;ﬂﬁl
DEM Product Posting Horizontal Vertical 90% linear Coverage
Accuracy Accuracy oint-to-point
CE90 LES0 Ls P
error
0.4arcsec | o
TanDEM-X DEM 2m@ Specified: < 10m <10m 2 m (slope < 20%) Global
(standard product) t Measured: <2 m | Measured: <2 m | 4 m (slope > 20%) ©
equator)
TanDEM-X Change | 0.4 arcsec <10m Global
DEM (CDEM) (~12Zma@ <10m expected similar Not specified acquisitions
(2nd temporal DEM) | equator) 1o DEM (< 2 m) (with local gaps.)

Table 2 TanDEM-X DEM and Change DEM specifications

Nevertheless, there are two major differences:

1. although the acquisitions will be global, the mosaicked
final TanDEM-X Change DEM may not be global.
There will be data gaps due to missing acquisitions or
DEM scenes not suitable for Change DEM mosaicking.
These areas may not be re-acquired in the scheduled

NOT PEER-REVIEWED | Posted: 19 October 2020

time span. The corresponding pixels will be marked as
invalid.

2. the lack of several coverages will affect the relative
height error performance. These random errors will al-
so vary slightly over the swathes (in range) since a
clapboard pattern of two coverages with shifted beams
is no longer available. Consequently, more filtering
(more interferometric looks and different filters) will be
applied to minimize the noise. Table 1 gives an over-
view of the relative height accuracy to expect depend-
ing on the different acquisition regions.

Some other known deviations are listed in the following:

o there will be areas with remaining local phase un-
wrapping errors which may not be resolved in the final
Change DEM since there are no independent coverag-
es to average/combine. Large absolute height offsets
might thus be present on local scales.

e shadow and layover regions in difficult terrain will not
always be filled with data from other viewing geome-
tries.

e other limitations to the information layers (e.g. limited
accuracy of the water mask) due to the reduced num-
ber of coverages.

3  Generation of the TanDEM-X
Change DEM

3.1 Interferometric processing

Since there will be only one new global coverage, the du-
al-baseline framework developed for the mission cannot
be used anymore. However, the now available final global
TanDEM-X DEM product can be used to counter this is-
sue. The Change DEM acquisitions are thus processed by
the so-called “delta-phase” approach developed originally
for the processing of the High-Resolution DEM acquisi-
tions [4] in the interferometric processor (the ITP) instead
of the dual-baseline phase unwrapping algorithm as de-
picted in Figure 2. Nonetheless, the global DEM cannot
be used as is. Editing is required since it is an interfero-
metric surface model which includes noise and artefacts
from incoherent areas.
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Figure 2 Update of the ITP interferometric part of the ITP to
enable the processing of the new acquisitions.
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3.1.1 TanDEM-X DEM editing

The global TanDEM-X DEM still contains some small
gaps and voids and water bodies are characterized by
noise as their height is exclusively derived from the inter-
ferometric SAR data. For phase unwrapping, these areas
need to obtain valid elevation values. Two frameworks
have been developed at DLR in order to edit TanDEM-X

DEMs. Both are able to identify and flatten the water bod-

ies, to interpolate void areas and perform edge-preserving

smoothing:

o one framework is specific for Antarctic and Green-
land. It is semi-automatic and focuses especially on the
derivation of the land/ice-shelf water front. It is ap-
plied on the 12 m posting TanDEM-X DEM [5].

e the other one, for the rest of the world, derives and us-
es reference maps to identify water bodies and fill the
voids. It is performed on the 30 m posting version of
the global TanDEM-X DEM [6].

3.1.2 Interferometric processing

Instead of the phase equivalent of a flat Earth, the phase
simulated from the edited version of the global TanDEM-
X DEM is subtracted from the acquired interferometric
phase in order to reduce the density and number of the in-
terferometric fringes. It is important to note, that - alt-
hough the process starts with the first global DEM - the
new phase (height) values are independent of the old ones.
Phase unwrapping is significantly facilitated and errors
are nearly eliminated. Nevertheless, large scale errors in
the edited DEM may not be fully recovered by the process
despite the moderate HoAs of the new acquisitions and
may affect the output DEM performance.

The process also analyzes temporal changes and uses sta-
ble areas for calibration of the absolute height (absolute
phase offset) of the Change Raw DEMs which is thus no
longer based on the stereo-radargrammetric data exploita-
tion. These areas, which show no significant changes, are
also used to pre-calibrate the individual (Raw) DEM
scenes prior to geocoding. This further reduces possible
offsets and horizontal shifts in the data — facilitating great-
ly final calibration and mosaicking. Hence, the so-called
pi-ambiguities (i.e. wrongly selected height ambiguity
bands due to synchronization phase offsets) will be avoid-
ed. The usage of the edited DEM reduces the overall ef-
fort in the processing (no more re-processing due to the
pi-ambiguities) and calibration in order to mitigate the
loss of freedom in the selection of suitable raw DEM data
from the available coverages.

3.2 Final calibration and mosaicking

Before mosaicking the absolute calibration of the Change
raw DEM scenes is checked by the Mosaicking and Calibra-
tion Processor (MCP). The calibration comprises a least-
squares adjustment to ICESat calibration points and tie
points to neighbouring DEM scenes like the procedure ap-
plied for the global DEM. This will detect inconsistencies in
the pre-calibrated Change raw DEM scenes and ensures the
same exact vertical accuracy like for TanDEM-X DEM [6].
In contrast to the mosaicking of the TanDEM-X DEM and

HDEM products, that needed a complex selection and com-
bination approach of several coverages, for the Change
DEM just a single coverage is fused for most areas. In case
of overlapping areas, a height error weighted mean fusion
will be applied. The DEM production will concentrate on
areas with potential 3D changes.

4  Demonstration over Devon Island

The proposed Change DEM generation process was tested
in different areas and applied on several short data takes
over Devon Island. Figure 3 shows the nominally flattened
interferometric phases and the residual phases (so-called
“delta-phases™). In Figure 3b the depicted residual phases
exhibit few fringes which ease and fasten dramatically phase
unwrapping. Nevertheless, there are obvious larger changes
in the measured height. Figure 4¢ presents these changes in
blue, i.e. the glaciers and the snow-covered regions with
height differences of down to -5 m. Due to the independent
phase unwrapping, the actual elevations could be main-
tained. The red boxes in Figure 4c are the overlapping areas
between the two scenes. The height differences there are the
nearly identical in both scenes emphasizing that the calibra-
tion performed in the ITP is correct (at cm level). Finally,
Figure 5a exhibits the mosaick of the different Change Raw
DEMs and Figure 5b is the mosaick of its difference w.r.t to
the TanDEM-X DEM. No calibration was required before
the mosaicking.

5 Conclusion

This paper aims to show the new developments of the
TanDEM-X mission with respect to the Change DEM data
acquisition and processing. This new DEM, generated
from acquisitions independent to those used for the pro-
duction of the global DEM, has a sufficient quality and
accuracy to enable the retrieval of even small terrain
changes on global scales with unprecedented resolution
when comparing it to the TanDEM-X global DEM.
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Figure 3 Two scenes from the same datatake acquired on 02/11/2017 over Devon Island (HoA=40 m/cycle). (a) interferometric
phases flattened with an ellipsoid; (b) interferometric phases flattened with an edited TanDEM-X DEM.
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Figure 4 Two scenes from the same data take acquired on 02/11/2017 over Devon Island (HoA=40 m/cycle). (c) height differences
between the new acquisition and the edited reference DEM; (d) Change Raw DEMs calibrated to the edited reference DEM
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kFigure 5 Devon Island mosaic. (a) mosaicked DEM of the processed Change Raw DEMs; (b) height
DEM-X DEM
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