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Calculation of intensity image

The intensity image is derived from the single look complex image within the Generic Interferometric Processor GENESIS. Intensities of the master and slave images, interferometric phase, (and optionally additional coregistered data sets) are calculated simultaneously during the corresponding multilooking and complex multiplication step of the GENESIS processor. The coherence estimation occurs later as an independent step.

The following formula is applied:
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g 
= resulting gray value

mr
= number of looks in range

ma
= number of looks in azimuth

re
= real component of complex SAR image at position (x,y)

im
= imaginary component of complex SAR image at position (x,y)

Geocoding and Terrain Correction:

A new approach (modified by B. Rabus from Goblirsch, 1997) consisting of an exact solution of the Range-Doppler equations is applied for geocoding and orthorectification. In a first step, the absolute phase is converted into a slant range DEM. This step comprises proper geolocation of each individual slant range positions.

In a second step the resulting irregularly spaced net of height points is resampled into a gridded DEM in a map projection. This resampling optionally allows the consideration of the intensity images and the coherence map as well.

Determination of Slant Range DEM

Geolocation is performed in a local moving coordinate system. Figure 1 describes the geometry:
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Figure 1: Geolocation Algorithm (zero Doppler)
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The geolocation is carried out using a local moving coordinate system (see figure 1). It’s origin is located at the spacecraft’s position on the master orbit. The origin and the base vectors of the coordinate sytem are a function of orbit time (azimuth).

The range and Doppler equations are:
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Where

s1/2
= state vectors master/slave

x    
= target vector
The target coordinates are determined as follows:
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Starting with some initial value (t0 the imaging offset  (tfinal(r1 ,t1) between  the master and the slave sensors is found by a regular falsi iteration on

|D| ( 0 .

For each pixel (r1 ,t1), this defines the interferometric 3D baseline 

B(3D)=(Bxs, Bys, Bzs)final 

and target coordinates

xs=(xs, ys, zs)final 

in the moving coordinate system.

The target coordinates in the Earth fixed frame are given by
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Resampling Algorithm

The output of the geolocation and height derivation process is a digital elevation data set in the slant range geometry. These point targets are irregularly distributed regarding a map projection. In order to provide a regularly sampled product, these points are resampled to a grid in a second step. Input to the resampling are the following matrices ((r, t) = range and azimuth pixel coordinates):

X(r,t) 
= Northing

Y(r,t)
= Easting

H(r,t)
= interferometrically derived height

I1(r,t)
= amplitude of master image

C(r,t)
= coherence

Optionally

I2(r,t)
= amplitude of slave image

In(r,t)
= further coregistered amplitude image(s)

Our gridding algorithm makes use of the almost regular spacing of the point targets in azimuth, which contrasts with considerable point to point variations of the spacing in range. In a first step quadratic polynomials, determined by least squares fitting, are used to transform the regular northing and easting (x,y) positions into the (r,t) space. In azimuth, this approximate transformation is accurate in azimuth to 0.1 pixels (this procedure takes care of moderately curved orbits and is tested for at least 100 km in azimuth). However in range the average accuracy is only 10-50 pixels, as most of the radar image distortions appear in range. 

As the quadratic polynomial gives only a first guess in range on where the interpolation shall be applied, the determination of the exact position is performed in a second step using a rotated lookup table along the range line ti (see figure 2). 
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Figure 2: rotated lookup-table

The rotation angle ( hereby is the average rotation angle of the entire frame.

After the setup of this one-dimensional lookup-table the range related rotation component is applied to the individual grid points (i):

Ri = cos( Xi + sin( Yi  ( lookup in table R-r  ( ri
where 

The height values, as well as the coherence and amplitude values, are resampled bilinearly using adjacent range lines and range values to ti and ri, respectively.
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