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Abstract—TerraSAR-X is Germany’s first national remote
sensing satellite being implemented in a public-private partner-
ship between the German Aerospace Centre (DLR) and EADS
Astrium GmbH. TerraSAR-X was launched on June 15™, 2007
and will supply high-quality radar data for purposes of scientific
observation of the Earth for a period of at least five years. At the
same time it is designed to satisfy the steadily growing demand of
the private sector for remote sensing data in the commercial
market [1].

Index Terms — TerraSAR-X, radar, satellite, launch and early
orbit phase, commissioning phase, system potential

I. INTRODUCTION

The TerraSAR-X features an advanced high-resolution X- :
Band Synthetic Aperture Radar based on the active phased Figure 1 - Artist’s view of TerraSAR
array technology which allows the operation in Spotlight-,
Stripmap- and ScanSAR Mode with various polarizations. It

combines the ability to acquire high resolution images for : TerraSAR-X at a glance:
detailed analysis as well as wide swath images for overview He'lght: 4.88 m
applications. In addition, experimental modes like the Dual Width: 2.4 m
Receive Antenna Mode allow for full-polarimetric imaging as | Launch Mass: 1.'230 kg
well as along track interferometry, i.e. moving target — (including payload mass 400 kg)
identification. Orb!t. - 514 km
Inclination: 97.4°, sun-synchronous
Launcher: Dnepr 1 (former SS-18
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The TerraSAR-X satellite bus is a heritage from the |Launch: from Baikonur, Kazakhstan
successful Champ and Grace missions. The TerraSAR-X [|ife time: 5 years
features an advanced high-resolution X-Band Synthetic |Radar Frequency: 9.65 GHz
Aperture Radar based on the active phased array technology . . 5 .. 150 MHz nominal
which allows the operation in Spotlight-, Stripmap- and | TransmitBandwidth o 000 experimental
ScanSAR mode with two polarizations in various |Polarization: HH/VV/HV/VH
combinations. StripMap Mode: Resolution: 3m x 3 m
It combines the ability to acquire high resolution images for | [Range x Azimuth] Scene Size: 30 km x 50 km
detailed analysis as well as wide swath images for overview SpotLight Mode: Resolution: 1 m x 1.5 m...3.5 m
applications. The experimental Dual Receive Antenna (DRA) | [Range x Azimuth] Scene Size: 10 km x 5 km...10 km
Mode allows to independently receive the echoes from the [g.-ucAR Mode: Resolution: 16 m x 16 m
two azimuth antenna halves. This new experimental mode | [range x Azimuth] Scene Size: 100 km x 150 km

enables the use of interesting new features like Along Track
Interferometry, full polarimetric data acquisition and the
enhancement of the stripmap azimuth resolution.

Table 1 — TerraSAR-X system parameters.



Ill. THE TERRASAR-X GROUND SEGMENT

The TerraSAR-X Ground Segment is provided by DLR and
constitutes the central element for controlling and operating
the TerraSAR-X satellite, for calibrating its SAR instrument,
and for archiving the SAR data as well as generating and
distributing the basic data products [2].

The DLR Ground Segment is based on existing national
infrastructure as much as possible and will be optimized for
flexible response to (scientific and commercial) user requests
and fast image product turn-around times. It is composed of
three major elements:

e The Mission Operations Segment (MOS) provided by
the German Space Operation Center (GSOC).

e The Payload Ground Segment (PGS) provided by the
German Remote Sensing Data Center (DFD) and the
DLR Remote Sensing Technology Institute (IMF).

e The Instrument Operation and Calibration Segment
(I0CS) provided by the Microwaves and Radar
Institute (IHR).

IV. SCIENTIFIC COORDINATION AND COMMERCIAL
EXPLOITATION

e The scientific exploitation of the TerraSAR-X data will
be coordinated by DLR, which is the point of contact
for all science users.

e Commercial customers, on the other hand, will have to
contact Infoterra for access to TerraSSAR-X data via the
commercial TerraSAR-X Exploitation and Service
Infrastructure (TSXX) developed by Infoterra. In
addition to the baseline station in Neustrelitz, Infoterra
will set up additional receiving stations for so-called
Direct Access Customers (DAC) respectively Direct
Access Partners (DAP). These so called Direct Access
Stations (DAS) are foreseen to extend the baseline
receiving station concept.

V. MISSION STATUS

A. Launch and Early Orbit Phase (LEOP)

TerraSAR-X was successfully launched on June 15",
2007, 2:14 UTC on a Dnepr-1 in Baikonour, Kasachstan.
During the LEOP the basic functionalities of the bus and
the prime and secondary payload were checked out
successfully:

e First acquisition 15 minutes after launch over ESA
ground station in Malindi / Kenia

e Satellite and SAR instrument were operational and
working well

e X-band data reception switched on at LEOP day 4

e SAR performance is excellent, the first image was
processed at LEOP day 5 on June 19", 2007

o 2-frequency GPS Receiver IGOR (secondary payload)
of the German Research Centre for Geosciences (GFZ)
is operational

e Check-out of the Laser Communication Terminal, LCT
(secondary payload) completed. The first satellite-to-
ground link was executed successfully.

e All standard imaging modes (strip, spot & scan) have
been exercised.

e The Launch and Early Orbit Phase was successfully
completed on June 21%, 2007. All activities planned
were performed as scheduled.

e Reference orbit was reached on June 26", 2007.

Only four days after launch the first SAR image was
processed successfully. As shown in figure 1, a 30 km x
60 km area in Russia, western to Wolgograd has been
imaged in the stripmap mode, HH polarization. The
resolution is ca. 15 m.

In the upper half of the image, the Tsimlyanskoye
reservoir can be seen. Here the River Don is dammed with
the water being used for power generation. In the upper
right corner of the view, you can see a channel with a weir.
In the immediate neighborhood the meandering oxbow
river bends can be seen as dark surfaces. Calm water
surfaces are typically very dark in radar photographs, since
the radar radiation hitting them is reflected away. In the
centre-left of the image, a railway bridge over the River
Don can be seen with the railway line disappearing
towards the northeast.

In the lower half, large, agricultural areas dominate. The
fields form regular patterns, on which can be spotted
meandering tributaries. The different brightness results
from the differing vegetation and the particular stages of
their annual growth cycles.

During this survey, a thick cloud cover prevailed.
Nevertheless, radar satellites such as TerraSAR-X offer
imaging capability even in case of cloudy skies and at
night. However, exceptional strong precipitation events
like heavy thunderstorms may influence even radar
imaging. Such an event can be seen at the upper left part of
the radar image as a bright "veil".

The successful processing of the first image
demonstrated the functional capability of the satellite on
one hand and the operability of the ground segment on the
other hand. The entire processing chain including order
input, scheduling, commanding, data acquisition, on
ground data reception, SAR processing and archiving of
the images has been verified. This result was also the
consequence of a comprehensive pre-launch testing
program including numerous space-to-ground-segment
tests.



Figure 2 - First TerraSAR-X image, Tsimlyanskoye reservoir, taken 19 June

2007, 15:03:24 UTC

B. Commissioning Phase Baseline Tasks

The commissioning phase was started June 22", 2007,

encompassing an ambitious program with respect to the
following goals [3]:

Orbit and attitude verification:

The orbit and attitude products were verified explicitly
by using laser ranging. The attitude product verification
is covered implicitly by the instrument pointing
calibration. The manoeuvre planning based on the
reference orbit concept ensures the satellite is kept
within a £250 m orbit tube [4].

Instrument Characterization/\erification

Focal points of the investigations were instrument
temperature characterization and check of instrument
configurations for basic modes as well as special
settings for antenna pattern and pointing calibration [5]

[6].

Overall SAR system performance characterization:

The overall SAR system performance characterization
comprises an initial characterization during the first
cycles over scenes with one corner reflector in order to

verify the format of the quick look images, header and
radar raw data. The correctness of the data take
commanding was verified via raw data and point target
analysis. The characterization was then extended to
verify the consistency of imaged scenes with selected
modes and beams via evaluation of the response of
several corner reflectors [4][7].

Calibration of the radar data:

The TerraSAR-X calibration comprises the

0 geometric calibration,

antenna pointing calibration,
antenna model verification,
relative radiometric calibration
absolute radiometric calibration
o internal instrument calibration

[elNelNolNe]

To ensure the successful execution of the different
calibration procedures, dedicated calibration campaigns
were performed. A calibration field was established in
the vicinity of Oberpfaffenhofen, Germany enclosing an
area of 120 km x 40 km. Calibration targets like corner
reflectors, transponders and ground receivers were
deployed at 30 positions. At the end more than 80
calibration campaigns with deployed reference targets
and about 90 acquisitions across the Amazon rainforest
were carried out and more than 1000 data takes were
evaluated [8][9].

Check-out of receiving station and processing system:
The check out of the reception and transcription systems
and the SAR processing system was performed
including all inputs, such as SAR and calibration raw
data, SAR header data, orbit and attitude products,
processor settings and auxiliary products comprising
calibration data and instrument parameters.

SAR product verification and release of the basic
products: SAR product verification comprising the
archive product verification and the delivery product
verification w.r.t. format, annotation and content.

Check out of Direct Access Stations operated by
Infoterra GmbH.

Load tests including the commercial service segment:
Two dedicated load test campaigns were performed in
order to simulate a realistic load for ordering,
processing and delivery work flow [10]. A high number
of requests as expected in the operational phase were
generated including conflicting orders in order to test
the mission planning system [11] and to detect hidden
errors in the work flows.

Interferometric processing:

The interferometric processing was based on the
nominal L1b products only and was used in the SAR
product verification context for complex data product
format verification including binary annotation and for
consistency  checks with annotated processing
parameters such as Doppler, timing, velocity “B”
parameter, etc. Also the relative geolocation accuracy




was assessed and the relative orbit accuracy was
derived. The phase preserving processing and product
formatting were verified [12] [13].

e The operational interfaces were opened in early August
2007 between the TerraSAR-X ground segment
provided by DLR and the TerraSAR-X Exploitation
Infrastructure (TSXX) which is provided by Infoterra
GmbH. The future product ordering and catalogue
product ordering was enabled. Thus the commercial
service segment was betimes included in the testing
program in order to ensure a smooth start of the
commercial business.

e SAR product verification:
The SAR product verification comprises the archive
product verification and the delivery product
verification. Amongst others the format, annotation and
content are verified [14] [15]. After all the results of the
commissioning phase are reflected in the updated basic
product specification [16], including also improvements
with respect to the initial version as for example the
o improvement in absolute radiometric
accuracy from 1.1 dB to 0.6 dB
o improvement in relative  radiometric
accuracy from 0.68 dB to 0.31 dB
0 improvement in spotlight mode (azimuth)
resolution from2.2 m to 1.7 m
o0 improvement in pixel localization accuracy
from 2.0 m to 0.3 m in range and 0.53 m in
azimuth
0 improvements in side lobe ratio of ca. 4 dB.
In order to improve the side lobe ratios the
weighting function was adopted at the cost of
an acceptable reduction of the slant range
resolution of 9 % from 1.1 mto 1.2 m.
Finally the experimental high resolution spotlight (300
MHz) products were characterized and the respective
order option was activated.

C. Investigating Further Potential of TerraSAR-X

Alongside to the regular schedule the potential of the
TerraSAR-X system comprising both space and ground
segment was investigated with respect to the following
applications:

e Repeat pass interferometry [17],
e Persistent scatterer potential [18],

e Along track interferometry utilizing the aperture
switching mode for traffic measurements [19],

e TOPSAR mode which is a new acquisition mode
proposed by E. Attema (ESA-ESTEC) and F. Rocca
(POLIMI) [20]. This mode aims at achieving the same
coverage and resolution as ScanSAR, but with a nearly
uniform SNR and DTAR [21]. It is going to be the
operational mode for Sentinel-1. Interferometric Wide

Figure 3 — Image of Sydney Harbour Bridge: Multi-temporal overlay of three
high resolution spotlight (300 MHz, V'V pol.) images (red, green, blue) acquired
from September to November 2007. The overlay is solely based on image
annotation data and thus demonstrates the geometric accuracy of TerraSAR-X
L1b products. Any color in the image depicts a temporal change of the
reflectivity. Unchanged targets appear as grey image pixels [15].

Swath (IWS) mode. Meanwhile TOPSAR data takes
were performed and a phase preserving processing and
the TOPSAR interferometry was demonstrated [22].

o Effectiveness of the Total Zero Doppler Steering
method to control the attitude of the satellite for a
reduction of the Doppler offset. This method provides a
minimal shift of the Doppler spectrum by the order of
some Hz and thus eases the SAR processing [23].

e Suitability of the sensor for SAR oceanography, which
benefits especially from the high special resolution of
TerraSAR-X. New insights into measurements of wind
fields, ocean waves and currents were made possible
[24].

e Applicability for disaster management and crisis
information: Flood mapping in Yorkshire, UK, July 3rd,
2007 and Villahermosa Mexico, November 6th, 2007,
Oil Spill in Ukraine/Russia, Kerch Strait, November
2007, [25].

VI. CONCLUSION

The commissioning phase was finished right on schedule
after 5.5 month and the goal was attained to ensure
optimum SAR product quality and to accomplish the full
operational readiness of the space and ground segment in
December 2007. The TerraSAR-X team executed a very
comprehensive program involving tasks such as calibration,
characterization and verification of the SAR instrument and
overall SAR system performance, and verification of the
final image products. During the commissioning phase
12000 data takes were executed and all imaging modes
were tested and verified. In several cases the obtained
results even exceeded the initial specifications.
Consequently TerraSAR-X turned out to be a very stable
precision instrument for radar imaging.
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Furthermore the potential of TerraSAR-X for repeat pass
and along track interferometry and TOPSAR was shown.
Novel techniques such as the Total Zero Doppler Steering
proved their effectivity. The benefit from the high
resolution provided by TerraSAR-X was demonstrated for
geoscientific applications, oceanography and disaster
monitoring.

On January 7", 2008 the operational phase was kicked off
and the image production for scientific and commercial
users is running extremely satisfactory since then.
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