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This image, from the German radar satellite TerraSAR-X, shows the urban region of Munich and the
surrounding area. It was acquired on 2 May 2009 at a resolution of 10 metres. The colours in this radar
image provide information about how strongly the surface of the Earth reflected back the transmitted
radar signals in different polarisations.
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Munich and its environs

The urban area is depicted in shades of red and yellow, while agricultural land appears in shades of
green with woodland and forest areas shown in shades of blue. This information can, for example, be
used to produce land usage maps, as well as for town planning purposes.

Polarisation is a property of electromagnetic radiation such as light or the microwaves used in radar
systems. This term specifies the orientation of the oscillation plane of these waves relative to their
direction of propagation. In general, a distinction is made between horizontal and vertical polarisation
of the waves.

Fully polarimetric mode

For the Synthetic Aperture Radar (SAR) used on TerraSAR-X, the polarisation of the transmitted signals
is preset in one of two planes. Horizontally and vertically polarised impulses are transmitted in an
alternating sequence. Through the reflection process at the surface of the Earth, this polarisation is
altered in a way that is characteristically dependent on the properties of the illuminated object.

To measure the polarisation orientation of the return signals, the TerraSAR-X antenna is electrically
divided into two halves on receive. The front half receives only horizontally polarised waves, while the
rear half receives only vertically polarised ones. If, for example, a horizontally polarised impulse is
transmitted and reflected back by an object, it may experience a rotation of its polarisation. This means
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that the reflected impulse would no longer have only a horizontally polarised component, but would
instead now also have an additional, vertically polarised component. By virtue of the simultaneous
measurement of both these components by the two halves of the antenna, it is possible to determine
the extent of the polarisation rotation, which in turn makes it possible to draw conclusions about the
reflection process itself.

During the sensing process, the satellite acquires four images of the scene simultaneously. If the
transmitted impulse is horizontally polarised (H), two images are obtained, designated HH and HV. The
first letter denotes the transmitted polarisation while the second letter denotes the received
polarisation. If the transmitted impulse is vertically polarised (V), two images, this time designated VH
and VV, are obtained.

Improved information content in the recorded image

The image shown here of the city of Munich was created by superimposing the HH image (red), the VV
image (green) and a composite image of the cross-polar channels, HV and VH (blue). Different
reflection mechanisms then become clearly visible. The ploughed areas to the north of Munich appear in
different shades of green and can be clearly distinguished from one another. The effect known as
‘surface scatter’ dominates here. In this case, the radar signal is reflected back to the antenna after a
single scattering process. The city area, depicted in shades of red and green, predominantly causes the
radar signals to be reflected back from ground and building facades in a two-stage, ‘double bounce’
reflection process. In woodland and forested areas, shown on the image in shades of blue, the term
applied is ‘volume scatter’, because the signal does not find its way back to the radar antenna until it
has been reflected many times between the branches and trunks of the trees.

This information is used to produce land usage maps, used for city planning and for the classification
and cataloguing of agricultural and forestry areas, and to determine the nature of biomass components.

The TerraSAR-X mission

TerraSAR-X is the first German satellite that has been manufactured under what is known as a Public-
Private Partnership (PPP) between the German Aerospace Center (Deutsches Zentrum fir Luft- und
Raumfahrt; DLR) and Astrium GmbH in Friedrichshafen. The satellite travels around Earth in a polar
orbit and records unique, high-quality X-band radar data about the entire planet using its active
antenna. TerraSAR-X works regardless of weather conditions, cloud cover or the absence of daylight
and is able to provide radar data with a resolution of down to one metre.

DLR is responsible for using TerraSAR-X data for scientific purposes. It is also responsible for planning
and implementing the mission as well as controlling the satellite. Astrium built the satellite and shares
the costs of developing and using it. Infoterra GmbH, a subsidiary company founded specifically for this
purpose by Astrium, is responsible for marketing the data commercially.
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