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1 INTRODUCTION 

1.1 OBJECTIVE 

This document introduces to the TerraSAR-X Value Added (VA) products with focus on the En-
hanced Image products. It provides the specifications of the Enhanced Image (EI) products and 
their auxiliary raster products. Furthermore, the Customization Services available for TerraSAR-X 
Basic and Enhanced Image products are detailed.  

The Geo-Information (GI) products are only shortly outlined in this document. They are described 
in more detail in individual specification documents. These documents are provided by the Cus-
tomer Service of Airbus Defence and Space upon request. 

 

1.2 REFERENCE DOCUMENTS 

ID Title / Reference 
Issue. 
Rev 

RD-1  
TX-GS-DD-3302: TerraSAR-X Ground Segment Basic Product Specification Docu-
ment 

1.9 

RD-2  
TerraSAR-X Value added Products Design Specification Document, TSXX-JOR-SPE-
2001 

8.1 

RD-3  TerraSAR-X Basic Product Specification Document, TX-GS-DD-3302 1.7 

RD-4  
Radiometric calibration (sigma naught coefficient calculation) of TerraSAR-X data, 
TSXX-AirbusDS-TN-0049 

1.0 

RD-5  
TerraSAR-X Services Value Added Products - Enhanced Image Product Format 
Specification, TSXX-AirbusDS-SPE-0012 

1.3 

RD-6  
TerraSAR-X Surface Movement Monitoring Service - Technical Product Specification, 
AirbusDS-SMM-SPE-0001 

D7 

RD-7  GEO Elevation10 - Technical Product Specification 1.1 

RD-8  
TerraSAR-X Change Detection Product Specification (Basic Product, Advanced 
Product & Service), AirbusDS-CD-SPE-0001 

1.0 

RD-9  
Ground Control Point (GCP) Extraction from multiple TerraSAR-X Data - TerraSAR-X 
GCP Product specification, AirbusDS-GCP-SPE-0001 

2.1 

RD-10  
TerraSAR-X Ground Segment, Ship Detection Product Format Specification, TX-GS-
PS-3036 

D1 
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1.3 DEFINITIONS AND ABBREVIATIONS 

Term Definition 

ADM
SAR

 Ascending / Descending Merge 

ACT Across Track Enumeration file 

ALT Along Track Enumeration file 

Airbus DS Airbus Defence and Space 

DEM Digital Elevation Model 

DLR Deutsches Zentrum für Luft- und Raumfahrt e.V. 

DN Digital Number 

EEC Enhanced Ellipsoid Corrected 

EI Enhanced Image 

GCP Ground Control Point  

GEC Geocoded Ellipsoid Corrected 

GI Geo-information  

GIM Geocoded Incidence Angle Mask 

HS High Resolution SpotLight 

IAM Incidence Angle Mask 

LSM Layover and Shadow Mask 

MAP Maximum A Posteriori 

MC
SAR

 Mosaic 

MGD Multilook Ground Range Detected 

NRT Near-real-time 

OI
SAR

 Oriented Image 

ORI
SAR

 Orthorectified Image 

PGS Payload Ground Segment 

RaN
SAR

 Radiometric Corrected / Normalised image 

RDG Radargrammetry 

RE  Radiometrically Enhanced 

RES Local Resolution Mask 

SAR Synthetic Aperture Radar 

SC ScanSAR, Wide ScanSAR (in Product name and annotation) 

SE Spatially Enhanced  
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Term Definition 

SL SpotLight 

SM StripMap 

SMM  Surface Movement Monitoring Service 

SSC Single Look Slant Range Complex 

ST Staring SpotLight 

TSX TerraSAR-X 

UPS Universal Polar Stereographic 

UTM  Universal Transversal Mercator 

VA  Value Added (product) 

WGS84 World Geodetic Reference System 1984 

WSC Wide ScanSAR 
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2 TERRASAR-X VALUE ADDED PRODUCTS 

In addition to the TerraSAR-X Basic Products Airbus Defence and Space provides the so-called 
TerraSAR-X Value Added (VA) products. The TerraSAR-X Value Added products are differentiated 
into Enhanced Image (EI) products and Geo-information (GI) products. The Geo-information Prod-
ucts are products that are more sophisticated and provide geo-information such as subsidence 
maps, topographic base maps etc.  

The Enhanced Image products are based on TerraSAR-X image data and provide a higher level of 
processing compared to the TerraSAR-X Basic Image products, as described in RD-3. The follow-
ing products are available: 

 ORISAR - Orthorectified image 

 MCSAR - Mosaic image 

 ADMSAR - Ascending / Descending Merge image  

 RaNSAR - Radiometric Corrected image 

The products are described in detail in the following chapters. 

In addition to these Enhanced Image products Customisation Services are offered, which can be 
applied to Basic as well as Enhanced Image products. They include: 

 OISAR - Oriented Image (subset image of a defined area) 

 Re-projection to geographic projections defined by the customer  

 Rescaling to 8 bit e.g. for visualisation purposes for mapping applications 

These Customisation Services are described in chapter 3.7 

Below the TerraSAR-X based GI products are listed and shortly described. The TerraSAR-X GI 
products are specified in more detail in separate documents, which are listed below and can be re-
quested at the Customer Service of Airbus Defence and Space. 

 Surface Movement Monitoring Service (SMM): The Surface Movement Monitoring Service 
(SMM) generates information about surface displacements (caused by e.g. mining activities, oil- 
and gas production or infrastructure construction), by applying radar interferometry techniques 
to spaceborne SAR data. Surface movement information can be derived with a precision of a 
few millimetres to centimetres per year. For details see RD-6. 

 Change Detection Mapping: The Change Detection Mapping service derives changes on 
Earth’s surface with high geometric location accuracy. For the basic image to image change de-
tection of TerraSAR-X data two methods can be applied: amplitude change detection and co-
herent change detection. For details see RD-8. 

 Ground Control Point Product (GCP): A ground control point is a specific point on the surface 
of the Earth, which can be used to geo-reference image data sources like remotely sensed im-
ages, scanned maps etc. Due to the high spatial resolution and outstanding geo-location accu-
racy of TerraSAR-X imagery ground control points can also be estimated with the help of radar-
grammetric techniques from TerraSAR-X images. For details see RD-9. 

 Radargrammetry Digital Elevation Models - Elevation10: Radargrammetry (RDG), a tech-
nology based on methods from photogrammetry, is used for the generation of Digital Elevation 
Models (DEM). DEMs derived from TerraSAR-X data have a pixel spacing of 10 meters. For de-
tails see RD-7. 
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 TerraSAR-X Ship & Iceberg Detection Service provides information on detected vessels and 
ice objects in Near Real Time (NRT) in down to ~ 15 min after data downlink. Optionally, the 
corresponding SAR image products can be delivered together with the detection information in 
an image format which is optimized to fulfill the strict NRT requirements of maritime safety & se-
curity applications. For more information see RD-10. 
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3 TERRASAR-X ENHANCED IMAGE PRODUCTS 

3.1 ORTHORECTIFIED IMAGE (ORISAR) 

The Orthorectified Image product (ORISAR) is a highly accurate geocoded image with terrain correc-
tion included. All terrain distortions inherent in satellite imagery, particularly in areas of high relief, 
have been removed.  

As the image data is geocoded to the earth’s surface represented by a DEM, the ground position 
accuracy is among others influenced by the quality (vertical accuracy) of the applied DEM. Addi-
tionally the pixel location accuracy of the resulting orthorectified product is influenced by the inci-
dence angle and the orbit determination accuracy. For TerraSAR-X three different orbit determina-
tion products at diverse accuracies are available: 

1. Predicted orbit with a specified accuracy of 700 m along track; used for NRT processing 

2. Rapid orbit with a specified accuracy of 2 m (3D, sigma); used for standard Basic Image 
product processing 

3. Science orbit with a specified accuracy of 20 cm (3D, sigma) aiming at 10 cm; used for high 
accuracy processing purposes [RD-1] 

The availability of the orbit products increases with the accuracy.  

 Predicted orbit: directly after SAR data downlink  

 Rapid orbit: latest 2 days after SAR data downlink 

 Science orbit: 5 days after SAR data downlink  

In order to achieve the highest geometric accuracy, the ORISAR production uses Basic Image prod-
ucts generated with the science orbit as a standard. If a faster delivery is required also Basic Im-
age products based on the rapid orbit are used. 

In Figure 3-1 the influence of different incidence angles chosen for acquisitions on the pixel posi-
tion in a geocoded SAR image is shown (the SAR signal is detected to an ellipsoid, e.g. WGS 84). 
This figure additionally illustrated how important the usage of a digital elevation model for ge-
ocoding of SAR data is in general.  

 

Figure 3-1: Influence of the incidence angle on the pixel position in a geocoded SAR image 

Figure 3-2 depicts the impact of height errors in digital elevation models on the pixel location in or-
thorectified SAR images.  
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Figure 3-2: Influence of height errors on the pixel position in an orthorectified SAR image 

Table 3-1 shows the theoretical pixel displacement in range that is caused by DEM elevation er-
rors. The table is based on the following equation: 

 cot*hionerrorpixellocat   

where:   h:  vertical error 

: local incidence angle 

 

Table 3-1: Pixel location errors (in meter) for orthorectified TerraSAR-X image products (RD-
3, modified) 

 

 

The ORISAR product is principally equal to the TerraSAR-X Basic Image product EEC. Due to the 
major influence of the DEM on the pixel location accuracy of an orthorectified image (see Table 
3-1), only high precision DEMs are used for ORISAR production. It is assumed that the input DEM is 
provided by the customer and has a better performance than the DEM used for EEC production 
Thus, this product has a higher level of geometric correction in comparison to Basic Image product 
EEC. An example for an ORISAR product is shown in Figure 3-3.  

The ORISAR is available with the radiometric representation in radar brightness β0
 like the Basic Im-

age products, but also a radiometric calibration (σ0) or radiometric normalisation (γ0) is selectable 
during processing (see chapter 3.4). Furthermore, the processor provides options (speckle filters 
and multi-looking) to reduce speckle noise in the SAR image. 

Speckle noise is a common phenomenon in all coherent imaging systems, like SAR imagery. The 
source of this noise is attributed to random interference between the coherent returns issued from 
the numerous scatterers present on a surface, on the scale of a wavelength of the incident radar 
wave (i.e. a resolution cell).  

 

Abs vertical accuracy 20 23 26 29 32 35 38 41 44 47 48 50

2 m 6 5 4 4 3 3 3 2 2 2 2 2

6 m 17 14 12 11 10 9 8 7 6 6 5 5

10 m (TD-X) 27 24 21 18 16 14 13 12 10 9 9 8

16 m (SRTM-X/C) 44 38 33 29 25 23 21 18 17 15 14 13

30 m (DTED-1) 82 71 61 54 48 43 38 34 31 28 27 25

100 m (GLOBE) 275 236 205 180 160 143 128 115 103 93 90 83

Degree
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a
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n
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Figure 3-3: Orthorectified Image (ORISAR) example (Sumatra, Indonesia, Sept. 4th, 2009) 

A radiometric enhancement technique should reduce speckle with a minimum loss of information in 
order to allow better discrimination of scene targets and easier automatic image segmentation. 
Generally speaking, speckle noise can be reduced by multi-look processing (see chapter 3.4) or 
spatial filtering. However whichever approach is used, the ideal speckle reduction method pre-
serves radiometric integrity of the image, the edges between different areas and spatial signal var-
iability, i.e. textural information. 

If the ORISAR processing is based on SSC images the multi-looking is applied during the orthorecti-
fication process. Thus the speckle noise can be influenced by the selection of an appropriate num-
ber of looks. In case that the orthorectification is based on a MGD product, the multi-looking was 
already applied to the data during MGD processing. The selected number of looks is in accordance 
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to the selected resolution variant of the MGD product (i.e. spatially or radiometrically enhanced, 
see RD-3).  

In addition, SAR speckle filter can be applied during ORISAR processing. Customers can select dif-
ferent adaptive speckle filters. Adaptive filters accommodate changes in local properties of the ter-
rain backscatter as well as the nature of the sensor. In these types of filters, the speckle noise is 
considered as being stationary, but the changes in the mean backscatters due to changes in the 
type of target are taken into consideration. Adaptive filters reduce speckles while preserving the 
edges (sharp contrast variation). Adaptive filters modify the image based on statistics extracted 
from the local environment of each pixel. Thus, the adaptive filter varies the contrast stretch for 
each pixel depending upon the Digital Number (DN) values in the surrounding moving kernel. The 
following speckle filters are currently implemented within the ORISAR processor.  

Lee Filter: The Lee filter utilises the statistical distribution of the DN values within the moving kernel 
to estimate the value of the pixel of interest. It assumes a Gaussian distribution for the noise in the 
image data. Further, the Lee filter is based on the assumption that the mean and variance of the 
pixel of interest is equal to the local mean and variance of all pixels within the user-selected mov-
ing kernel.  

Gamma-MAP Filter: The Maximum A Posteriori (MAP) filter is based on a multiplicative noise 
model with non-stationary mean and variance parameters. This filter assumes that the original DN 
value lies between the DN of the pixel of interest and the average DN of the moving kernel. Moreo-
ver, many speckle reduction filters assume a Gaussian distribution for the speckle noise. However, 
recent works have shown this to be an invalid assumption. Natural vegetated areas have been 
shown to be more properly modelled as having a Gamma distributed cross section. The Gamma-
MAP logic maximises the a posteriori probability density function with respect to the original image. 
It combines both geometrical and statistical properties of the local area. The filtering is controlled 
by both the variation coefficient and the geometrical ratio operators extended to the line detection. 

Frost Filter: The Frost filter replaces the pixel of interest with a weighted sum of the values within 
the n x n moving kernel. The weighting factors decrease with distance from the pixel of interest and 
they increase for the central pixels as variance within the kernel increases. This filter assumes mul-
tiplicative noise and stationary noise statistics.   

For the ORISAR product the following auxiliary raster files can be produced optionally: 

 Geocoded Incidence Angle Mask (GIM) 

 Incidence Angle Mask (IAM) 

 Layover and Shadow Mask (LSM) 

 Local Resolution Mask (RES) 

 Along Track Enumeration file (ALT), only if the customer owns the DEM 

 Across Track Enumeration file (ACT), only if the customer owns the DEM 

The auxiliary raster files cover the same area as the ORISAR and are provided in the same carto-
graphic map projection. For more details on the auxiliary raster files delivered for the Enhanced 
Image products see chapter 3.5.  
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In the following the processing parameters for the ORISAR are summarised:  

Table 3-2: Processing parameters for ORISAR product 

TerraSAR-X Input Data SSC, MGD-SE*, MGD-RE 

DEM Input Customer owned DEM or Elevation10 (see RD-7) 

Pixel Spacing Only selectable if production is based on SSC; for other input data variants 
the spacing of the respective basic product defines the output 

Number of Looks Only selectable if production is based on SSC; for other input data variants 
the number of looks of the respective basic product defines the output 

Speckle Filter Gamma Map, Lee, Frost with a respective filter window or none* 

Radiometric Correction Beta0*, sigma0, gamma0 

Auxiliary Raster Files GIM, IAM, LSM, RES, ALT, ACT 

* Parameters for Standard ORI
SAR

 product 

 

Standard ORISAR product specifics 

This specifies the standard processing of an ORISAR product. However, customers can select all of 
the above mentioned processing options. Please note that this will influence the product character-
istics and delivery content.  

The image is represented in map geometry. The standard map projections are UTM (Universal 
Transversal Mercator) or UPS (Universal Polar Stereographic) with WGS84 ellipsoid. UTM is used 
for major parts of the globe, but as UTM would produce large distortions in polar regions, UPS is 
applied if the scene centre is located North of 84 degrees Northern latitude or South of 80 degrees 
Southern latitude, i.e. close to the poles.  

It is delivered as 16 bit GeoTiff format. For the standard ORISAR product no speckle filtering is ap-
plied. The radiometric representation is beta naught. 

The standard ORISAR product is based on the Basic Image product MGD with the resolution variant 
Spatially Enhanced (SE). Thus, all specifications with respect to TerraSAR-X image characteristics 
like spatial resolution, pixel spacing and radiometric accuracy are in accordance with the Ter-
raSAR-X Basic Image product (see RD-3).  

The geometric accuracy and the scene extent of the ORISAR depend on the quality and coverage of 
applied DEM.  

The standard ORISAR product delivery content includes no auxiliary raster files. 
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3.2 MOSAIC (MCSAR) 

In order to cover a geographical area larger than a standard TerraSAR-X scene, neighbouring ge-
ocoded or orthorectified images are combined into one image in a seamless way. Supported input 
products are EEC, ORISAR, RaNSAR or GEC depending on the customer’s localisation accuracy re-
quirements.   

Figure 3-4 shows an example of a mosaic (MCSAR). 

  

Figure 3-4: Mosaic (MCSAR) example (Brazil, Sept. 7th, 2012) 

In order to achieve a homogeneous looking mosaic it is important to select input scenes which are 
consistent from a radiometric and geometric point of view, i.e. they must have been acquired in the 
same imaging mode and from the same looking direction. The incidence angles shall be similar, if 
possible.  
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During mosaic processing the following steps are undertaken in order to generate a homogeneous 
mosaic: 

 The input images might have different pixel spacing even if they are acquired in the same im-
aging mode. Thus, a resampling has to be performed during processing. The output pixel 
spacing can either be defined by the customer or by the operator. In case of the standard mo-
saic product the largest pixel spacing of the input images defines the pixel spacing of the final 
mosaic.  

 Depending on the size and location of the mosaic the input data might be projected to different 
UTM / UPS zones. Thus, in the above-mentioned resampling step also a re-projection can be 
performed. The output UTM / UPS zone is either defined by the customer or the operator.  

 The geometric accuracy of the TerraSAR-X data is very high. Therefore, a geometric adapta-
tion in order to minimize the relative shift among the various images before combining them is 
not necessary. Nevertheless, it is possible to run the mosaic processor with the option to per-
form an image matching in the overlap areas to analyse the geometric fidelity of the data. For 
example this option is applied in case GECs are used for mosaic generation. The matching 
delivers tie-points and information on the spatial discrepancies of these tie-points. In case that 
the scenes of the mosaic do not match well from a geometric point of view, options are availa-
ble to cope either with shift, linear trend, or higher order mismatch. For TerraSAR-X mosaic 
generation a general image resampling using low order optimisation polynomial transfor-
mations calculated from tie-points proved to be sufficient for geometric adaptation.  

 Due to temporal and other acquisition differences, for almost all TerraSAR-X mosaics a radio-
metric difference is determined. However, the final mosaic shall be a radiometrically balanced 
image. A global optimisation approach is applied to all images simultaneously in order to avoid 
trends and extrapolation effects. This procedure estimates the radiometric differences (Ratio) 
between the different images in the overlapping areas, and determines radiometric correction 
factors that minimise these differences in a global sense.  

Further, different wind conditions or ice / no-ice conditions during the various image acquisi-
tions may have a strong temporal variation on areas covered by water, which will result in an 
inhomogeneous appearance of these areas. Therefore, it is possible to use a water body mask 
to set the area of the mask to a defined value. 

 During production, specific mosaicking boundaries are automatically detected along overlap 
areas of the input images, e.g. along natural edges or line structures like tree lines, streets, 
field borders or between different land cover types. These so-called cut-lines are used for the 
mosaicking in order to avoid the visibility of cutting edges in the final image product. The cut-
lines are generated automatically but can also be manually manipulated.  

 The geometric and radiometric corrections as estimated by the previous steps and the identi-
fied cut-lines are considered during the actual mosaicking step, also called stitching. Beside 
the mosaicking along cut-lines, the mosaicking with an pixel averaging approach (feathering) 
is also possible and can be applied for example in areas where the identification of continuous 
cut lines is not feasible (e.g. extended homogeneous areas).  

Optionally, the auxiliary raster files of the input images can be mosaicked along the same cut-
lines. The mosaicking module generates a source mask (SOU), where a numeric value gives 
an identification on the source input image for each output pixel (details see chapter 3.5 and 
RD-5).  

In case that the mosaic covers a very large area, several mosaics are generated, which cover geo-
cells (tiles). When combining the geo-cells, they appear as homogeneous mosaic as also a geo-
metric as well as radiometric adaptation is performed between the various mosaic geo-cells.  
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Further, it is possible to cut the mosaic in accordance to a definition of an area of interest (AOI), 
which can be provided by the customer. This might be the above mentioned geo-cells, map sheets, 
outlines of a state or any other AOI definition. The AOI can be provided in ArcGIS Shape file or ex-
change format or in case of a rectangular area coordinates. This operation is a customisation of 
the product and thus also described in chapter 3.7 (Customisation Services). 

Beside the source mask (SOU), in addition the following auxiliary raster files will optionally be 
available: Geocoded Incidence Angle Mask (GIM), Incidence Angle Mask (IAM) and Layover and 
Shadow Mask (LSM).  

The masks cover the same area as the mosaic and are provided in the same cartographic map 
projection. A detailed description of the auxiliary raster files for the Enhanced Image products can 
be found in chapter 3.5. 

The radiometric correction of the mosaic is depending on the selected input images.  

As mentioned, the product provides seamless image information for an area larger than a standard 
scene. It is quickly interpretable and can be combined with other sources of information and used 
for map sheet generation. Table 3-3 gives an overview of the processing options for the MCSAR 
product. 

Table 3-3: Processing parameters for MCSAR product 

TerraSAR-X Input Data EEC*, GEC, ORI
SAR

, RaN
SAR

 

Pixel Spacing Customer specified or largest pixel spacing of the input images* 

UTM Zone Customer specified or according to the UTM zone of the largest part of 
the area to be mosaicked*  

Water Mask On customer request 

Radiometric Correction Beta0*, sigma0, gamma0 

Auxiliary Raster Files SOU*, GIM, IAM, LSM  

* Parameters for Standard MC
SAR

 product 

 

Standard Mosaic (MCSAR) product specifics 

This specifies the standard processing of a MCSAR product. However, customers can select differ-
ent input product types and resolution variants. 

The standard MCSAR product is based on the Basic Image product EEC. Thus, all specifications 
with respect to TerraSAR-X image characteristics like spatial resolution and pixel spacing are in 
accordance to the TerraSAR-X Basic Image product with the largest pixel spacing (see RD-3).  

The image is represented in map geometry. The standard map projections are UTM or UPS with 
WGS84 ellipsoid according to the guidelines described in chapter 3.1. It is delivered as 16 bit Geo-
Tiff format. The radiometric representation is beta naught.  

The geographical extent of the MCSAR depends on the specifications provided by the customer.  

The standard MCSAR product delivery content includes only the source mask (SOU), all other auxil-
iary raster files are optional. 
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3.3 ASCENDING / DESCENDING MERGE (ADMSAR) 

The ADMSAR product is a merge, i.e. a combination of orthorectified TerraSAR-X images from as-
cending and descending orbits with the same looking direction or in exceptional cases from the 
same orbit direction but acquired at different incidence angles. This achieves a reduction of the im-
pact of the typical SAR effects such as shadow and layover, which are usually visible and may ob-
scure parts of the area under investigation. Depending on the location and size of the area of inter-
est the input data product is selected. In case the AOI is covered by the overlapping area of one 
scene from each orbit direction, EEC or ORISAR products are selected for the ADMSAR product gen-
eration. If the area cannot be covered by one scene, first two mosaics (MCSAR) for both orbit direc-
tions are generated from the EEC or ORISAR products and used as input to the ADMSAR generation. 
Figure 3-5 shows an example for an Ascending / Descending Merge (ADMSAR). 

 

Figure 3-5: Ascending / Descending Merge (ADMSAR) example, (Germany, Sept. 18th, 2012) 

The following main processing steps are undertaken during ADM generation:  

 As mentioned in the previous chapter, the input images might have different pixel spacing 
even if they are acquired in the same imaging mode. Thus, a resampling is performed during 
processing. The output pixel spacing can either be defined by the customer or by the operator. 
In case of the standard ADMSAR product the largest pixel spacing of the input images defines 
the pixel spacing of the Ascending / Descending Merge.  

 Depending on the size and location of the ADMSAR the input data might be projected to differ-
ent UTM / UPS zones. Thus, in the above-mentioned resampling step also a re-projection can 
be performed. The output UTM / UPS zone is either defined by the customer or the operator.  

 The geometric accuracy of the TerraSAR-X data is very high. However, in mountainous re-
gions it might occur that due to errors in the DEM used for orthorectification the geometric ac-
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curacy is not sufficient. Thus, at the beginning of the processing a check of the geometric ac-
curacy of the input data is performed. If a geometric adaptation is needed the same correction 
procedure as for the mosaic is performed (see chapter 3.2) 

 For the final step of the Ascending / Descending Merge generation information about the local 
incidence angle and areas affected by layover and shadow is required. The information is 
available in the GIM or IAM and LSM.  

On a case by case basis the operator decides between the following two merge methods: 

 Maximum incidence angle: the image with maximum local incidence angle is selected as 
source of information to generate the output pixel if the area is not affected by layover or 
shadow. 

 Weighted mean using incidence angle: Based on the incidence angle of the two input im-
ages a weighted mean is calculated from the grey values of the input pixels. The 
weighting of the grey value of the input image with the higher incidence angle is higher. If 
one of the input images is affected by layover or shadow it is excluded from the calcula-
tion. This method also reduces radiometric differences between the two input images. 

The used merge option is documented in the annotation information of the product. 

During the merge process a source mask (SOU) is generated, which allows the identification 
of the origin image data source for each pixel. For details on the source mask see chapter 3.5.  

Table 3-4: Processing parameters for ADMSAR product 

TerraSAR-X Input Data EEC*, ORI
SAR

, MC
SAR

 (based on EEC or ORI
SAR

) 

Pixel Spacing Customer specified or largest pixel spacing of the input images* 

UTM Zone Customer specified or according to the UTM zone of the largest part of 
the area to be merged*  

Output Frame Union frame*, full coverage of input images 

Radiometric Correction Beta0*, sigma0, gamma0 

Merge Method Maximum incidence angle*, weighted mean using incidence angle 
(operator selects appropriate method) 

Auxiliary Raster Files SOU 

* Parameters for Standard ADM
SAR

 product 

The standard Ascending / Descending Merge product is processed to a union frame, where the 
output product covers only the overlapping area. However, it is also possible to keep the image in-
formation of both input image areas, which are not merged. Note that this might impact a strange 
look and feel to the product, as the layover and shadow areas are removed only in the merge are-
as. 

According to the selected radiometric representation of the input products, the ADMSAR can be de-
livered in radar brightness (β0) radiometric calibrated (σ0) or normalised (γ0). 

Standard Ascending / Descending Merge (ADMSAR) product specifics 
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This specifies the standard processing of an ADMSAR product. However, the customer can select 
also different input product types and resolution variants. 

The standard ADMSAR product is based on the Basic Image product EEC. Thus, all specifications 
with respect to TerraSAR-X image characteristics like spatial resolution and pixel spacing are in 
accordance to the TerraSAR-X Basic Image product with the largest pixel spacing (see RD-3).  

The maximum incidence angle merge method is used as standard method.  

The image is represented in map geometry. The standard map projections are UTM or UPS with 
WGS84 ellipsoid according to the guidelines described in chapter 3.1. It is delivered as 16 bit Geo-
Tiff format. The radiometric representation is beta naught.  

The geographical extent of the ADMSAR depends on the location of the Area of Interest defined by 
the customer as well as the overlapping area of the two input images and includes only this area 
(i.e. union frame).  

The source mask (SOU) is delivered with the product which shows the origin of each pixel in the 
product. Optionally, the delivery includes all individual source images for the respective ascending 
and descending orbits as further reference for the analyst in case of interpretation difficulties. 
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3.4 RADIOMETRICALLY ENHANCED IMAGE PRODUCT 

Calibration is a process which ensures that the radar system and the signals that it measures are 
as consistent and as accurate as possible. Absolute calibration allows taking into account all the 
contributions in the radiometric values that are not due to the target characteristics. This permits to 
minimise the differences in the image radiometry and to make any TerraSAR-X images obtained 
from different incidence angles, ascending-descending geometries and / or opposite look directions 
easily comparable and even compatible to acquisitions made by other radar sensors.  

All TerraSAR-X Basic Image products are processed and delivered in radar brightness (β0). More-
over, further radiometric corrections, compensating for effects of local pixel scattering area and in-
cidence angle on the local backscatter, can be applied to the data. Two different kinds of radio-
metric corrections are possible, which can be applied for the Radiometrically Enhanced (RaNSAR) 
product for TerraSAR-X Basic Image product types GEC and EEC: 

 Radiometric calibration: resulting in sigma naught (σ0).  

 Radiometric normalisation: resulting in gamma naught (γ0).  

Note that the radiometric correction is also possible for the ORISAR products (see chapter 3.1). 

In the following the above mentioned three different radiometric corrections, which can be applied 
to any SAR data, are described in more detail. 

Beta naught / radar brightness (β0) 

Beta naught also called radar brightness (β0). It represents the radar reflectivity per unit area in 
slant range. It is preferred by system design engineers as beta naught values. These are inde-
pendent from the terrain covered. 

Sigma naught (σ0) 

Backscattering from a target is influenced by the relative orientation of the illuminated resolution 
cell and the sensor, as well as by the distance in range between them. This requires a detailed 
knowledge of the local slope, which is represented by the local incidence angle. For the calculation 
of sigma naught the local incidence angle is used to correct the influence of the terrain to the 
backscatter signal. In order to calculate sigma naught the correction factor sinθi (where θi is the lo-
cal incidence angle) is applied to beta naught. Thus, sigma naught is the radar reflectivity per unit 
area in the ground range (see Figure 3-6). It is preferred by scientists as its values are directly re-
lated to the unit surface reflectance. Sigma naught is usually expressed in dB. 

Gamma naught (γ0) 

For the correction to gamma naught the correction factor tan(θi) is applied to beta naught (or 
1/cosθi to sigma naught). It represents the power returned to the antenna from an area perpen-
dicular to the radar beam. Gamma naught values are equally spaced and its characteristics show 
that it maintains relatively constant reflectivity over a wide range of incidence angles for rough sur-
faces, i.e. each range cell is equally distant from the satellite, near range and far range are equally 
bright. Thus it is preferred for antenna calibration purposes. 

The calculation of sigma naught and gamma naught requires information on the local incidence 
angle as input. For the EEC product the Geocoded Incidence Angle Mask (GIM) is used. For the 
GEC products a local incidence angle mask based on the ellipsoid is calculated and used for radi-
ometric calibration. 
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Figure 3-6: Radiometric calibration and normalisation 

In the RaNSAR images the effects in the backscatter values due to terrain and radar geometry are 
removed. This is useful for applications like classifications and feature extraction which do not take 
angular dependencies of the SAR data into account. Further the radiometric correction is also im-
portant if several images of the same area or neighbouring areas should be combined. Figure 3-7 
shows an example of a beta naught corrected TerraSAR-X image (Basic Image product) in com-
parison to the same image with a sigma naught correction applied (RaNSAR). 

 

 

Figure 3-7: Radiometrically Enhanced Image (RaNSAR) example: beta naught correction (left) 
versus sigma naught correction (right) (Switzerland, Sept. 16th, 2007) 

The auxiliary raster files IAM (Incidence Angle Mask) and LSM (Layover and Shadow Mask) are 
generated during processing and delivered with the product. For more details on the auxiliary ras-
ter files see chapter 3.5.  
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The following table summarises the processing options for the RaNSAR product. 

Table 3-5: Processing parameters for RaNSAR product 

TerraSAR-X Input Data GEC or EEC* 

Radiometric Calibration Sigma naught or gamma naught 

Auxiliary Raster Files IAM*, LSM* 

* Parameters for Standard RaN
SAR

 product 

 

Standard RaNSAR product specifics 

Like the Basic Image products GEC and EEC the standard RaNSAR product is represented in map 
geometry. The standard map projections are UTM or UPS with WGS84 ellipsoid according to the 
guidelines described in chapter 3.1. It is delivered as 16 bit GeoTiff format. All specifications with 
respect to TerraSAR-X image characteristics like spatial resolution, radiometric accuracy, geomet-
ric accuracy, scene extent, etc. are according to the TerraSAR-X Basic Image product chosen as 
input to the RaNSAR production (see RD-3). 

Included in the delivery of a standard RaNSAR product is the Incidence Angle Mask (IAM) and the 
Layover and Shadow Mask (LSM). 
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3.5 ENHANCED IMAGE PRODUCTS AUXILIARY RASTER FILES 

All TerraSAR-X Enhanced Image products are accompanied by auxiliary raster products. Depend-
ing on the Enhanced Image product type, different auxiliary raster products are available (see pre-
vious chapters). All masks are provided with the same map projection, pixel spacing and spatial 
coverage as the TerraSAR-X Enhanced Image product itself. The auxiliary raster products are de-
tailed below: 

 

Geocoded Incidence Angle Mask (GIM)  

The Geocoded Incidence Angle Mask (GIM) contains coded information on the local incidence an-
gle and on the location of radar shadow and layover for each pixel. The GIM provided with the En-
hanced Image products is generated in the same way as for the EEC Basic Image products.  

For GIM generation, the following definitions of local incidence angle and shadow areas are ap-
plied: The local incidence angle is the angle between the radar beam and a line perpendicular to 
the slope at the point of incidence. For its determination it is necessary to know the slant range 
vector and the local surface normal vector. Areas of radar shadow shall be determined via the off-
nadir angle, which generally increases for each scan line from near to far range.  

The following encoding of the incidence angles in the GIM product is applied: 

 Incidence angles are given as 16-bit integer values in tenths of degrees, e.g. 10.1° corre-
sponds to an integer value of 1010. 

 The last digit of this integer number is used to indicate shadow and / or layover areas as 
follows: 

Last digit 1 indicates layover (ex. 1011) 

Last digit 2 indicates shadow (ex. 1012) 

Last digit 3 indicates layover and shadow (ex. 1013) [RD-3] 

The GIM is only calculated during the Enhanced Image processing for the ORISAR product and the 
RaNSAR product based on GEC. The GIM calculation for the ORISAR uses the high accuracy DEM 
as input. The GIM for the RaNSAR based on GEC is calculated for the ellipsoid. For all other En-
hanced Image products the GIM provided with the input data (Basic Image products) is used. 

 

Incidence Angle Mask (IAM) 

The Incidence Angle Mask (IAM) is an alternative representation of the local incidence angle in-
formation available in the GIM. The mask is calculated in the same way like the values in the GIM 
as explained above. The advantage of the IAM is that it can directly be applied for further pro-
cessing like radiometric calibration of thematic analysis as the values are float values and not en-
coded. The mask is delivered in float GeoTiff / BigTiff format. In case an IAM is chosen as auxiliary 
raster product, the data volume is larger than when a GIM is chosen. The IAM is always accompa-
nied by the Layover and Shadow Mask (LSM). 
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Layover and Shadow Mask (LSM) 

The Layover and Shadow Mask is the second part of the alternative representation of the GIM. The 
LSM is always delivered together with the IAM. It contains only the information on radar shadow 
and layover regions for each pixel. It can directly be used for image analysis purposes without ad-
ditional encoding operation, which has to be applied for the GIM. The calculation of the Layover 
and Shadow Information as described for the GIM. However, the labelling of the Layover and 
Shadow pixels differs from the one used for the GIM. It is as follows: 

0 indicates invalid / no data areas 

1 indicates areas affected by shadow 

2 indicates background (neither shadow nor layover) 

3 indicates areas affected by shadow and layover 

4 indicates areas affected by layover 

The LSM is delivered in 8-bit GeoTiff / BigTiff format.  

 

Local Resolution Mask (RES) 

The Local Resolution Mask (RES) identifies for each pixel in the orthorectified product the number 
of input pixel, i.e. if the pixel in the orthorectified image represents the same area as the input im-
age the value is one. E.g. if the value is lower than one, one pixel value is unitised for several out-
put pixels, e.g. on steep slopes. Therefore, the mask represents the local resolution per pixel. The 
local resolution is dependent on the local topography and incidence angle. The mask is delivered 
in 16-bit GeoTiff / BigTiff format. 

 

Source Mask (SOU) 

The Source Mask (SOU) provides a numeric value that allows the identification of the source input 
image for each output pixel. It is a mandatory auxiliary raster file delivered in 8-bit GeoTiff / BigTiff 
format for the Mosaic (MCSAR) and Ascending / Descending Merge (ADMSAR). 

In case of the MCSAR the values used in the SOU is referenced to the input images in the annota-
tion file (see RD-5). For the ADMSAR the input images are also referenced in the annotation file, but 
as for the merge a weighted mean options can be used, the following approach for coding of the 
SOU is applied: The invalid value is set to 0, the value 50 and 100 indicate the two input images. In 
case a weighted mean is used for the merge the mixed output values are appropriately coded in 
between, according to the fractions contributed by both input images. 

 

Enumeration files (ALT and ACT) 

Enumeration files cover two files called Along Track Enumeration file (ALT) and Across Track 
Enumeration file (ACT). Both files provide the original location in SAR geometry (range-azimuth) 
for each output pixel. These files are useful for conversions between slant range, ground range 
and geocoded geometries, e.g. for geocoding of additional products or raster overlays that are co-
registered with the input image. The files are only available for ORISAR products which are based 
on DEMs owned by the respective customer. The files are delivered in 16-bit GeoTiff / BigTiff for-
mat. 
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3.6 ENHANCED IMAGE PRODUCT FORMAT 

The TerraSAR-X Enhanced Image product format follows the same standards as the TerraSAR-X 
Basic Image products. Thus, the format shall be consistent for all types of Enhanced Image prod-
ucts. The TerraSAR-X standard Enhanced Image product packages includes: 

 Hierarchical product structure (directory) 

 Metadata in XML annotation  

 Image data for each polarisation in individual files in unsigned 16 bit GeoTIFF / BigTIFF 
format 

 Preview images: Quicklooks of each polarisation of the SAR image in individual files in 
TIFF format  

 Auxiliary raster files (details see chapter 3.5), if available 

 Metadata for each source image in XML annotation 

 Support data as the XVS file for the XML annotation files 

 Quality information 

For detailed information on the Enhanced Image product format refer to RD-5. 
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3.7 CUSTOMISATION SERVICES  

The previously described TerraSAR-X Basic and Enhanced Image products reflect the standard 
product following standardised processing rules. However, some customers may have different re-
quirements with respect to the product. Therefore, the Customisation Services have been estab-
lished in order to be able to meet these requirements. The Customisation Services are available for 
the TerraSAR-X Basic and Enhanced Image products. In the following the different Customisation 
Services are detailed. The different services can be combined. 

 

Subset generation (OISAR) 

The so-called Oriented Image (OISAR) is a subset of a TerraSAR-X orthorectified or geocoded im-
age, a Mosaic or an Ascending / Descending Merge product. The subset region is defined by the 
customer via an area of interest polygon or in case that the area is rectangular by corner coordi-
nates. For example, the subset generation process can be used if a mosaic shall be cut into tiles 
which represent a map sheet grid. Thus, it can directly be combined with other sources of infor-
mation for further production purposes.  

 

Reprojection 

The standard cartographic projections for TerraSAR-X Basic and Enhanced Image products are 
Universal Transversal Mercator (UTM) and Uniform Polar Stereographic (UPS) with WGS84 ellip-
soid. 

The Customisation Services include the transfer of the products to other cartographic projections 
selectable by the customer.  

 

Rescaling 

All TerraSAR-X Basic and Enhanced Image products are produced in 16 bit format as standard. 
On occasion, the data may be reduced to 8 bit, e.g. for visualisation purposes in mapping applica-
tions, or in case that such scaling does not lead to significant loss of informational detail. 

The Customisation Services provide an additional 8 bit scaling of the image data, either as auto-
mated or as interactive 8 bit scaling. The automated option considers the minimum and maximum 
data values inherent to the input data set and scales this data range to the 8 bit numerical range of 
1 to 255. In the interactive option the minimum and maximum values of the input data set to be 
scaled to 8 bit can be specified by the customer. 


