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1. Basics

Coherence is a statistic measure for the matching quality of the interferometric master and slave image. The absolute value ( of the interferometric coherence of two complex signals z1 and z2 with expectation values zero is defined by:
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(1)

The following formula is applied:

The standard estimator D for ( is computed on a L pixel window as follows:
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(2)

A well-known formula for the expectation value E(D) is given by:
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(3)

The standard estimator overestimates low coherence values (Fig.1). This bias  is only relevant for small coherences and small window sizes.  
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Fig. 1: Expectation value of standard coherence estimator for different window sizes

For an unbiased estimation d of ( the Cramer-Rao bound for the standard deviation can be computed:
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(4)

Fig.2 shows the standard error of the standard estimator D as a function of true coherence ( for different window sizes L. The standard errors are smaller than the Cramer-Rao bound since the estimators are biased.
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Fig. 2: Standard deviation of standard coherence estimator for different window sizes

2. Estimation with constant window size

The straightforward approach for bias minimizing is to choose a constantly high pixel number L, using the asymptotical unbiasedness of D. Fig.3 presents the expectation values of the standard estimators as in fig. 2 (dots) and their standard deviations (lines) as functions of the true coherence.
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Fig. 3: Expectation values of coherence estimators for different window sizes (L=5; L=20; L=64) and Cramer-Rao bound

They are contrasted by the Cramer-Rao bounds for unbiased estimation. For a window size of L=64 the maximal bias for true coherence values ( ( 0.1 is smaller than 0.05. The standard deviation values of D for L=64 are even smaller than the Cramer-Rao bound. The estimation is asymptotically unbiased: For L=64 the bias for true coherence values of ( ( 0.5 is smaller than 0.01.

The interferometric processor GENESIS at DFD of DLR uses this approach with a constant window size of L=64. The effective number of looks is ca. 2/3 of L=64 because of spectral shift filtering.

3. Bias controlling by adaptive window size

Fig. 1 shows that the estimation bias can be controlled by varying the window size L as a function of a first guess coherence value D0. The window size as function L=f(D0) of the first guess coherence estimation D0 is shown in fig. 4.
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Fig. 4: Window sizes of adaptive estimator as function of first guess coherence for different bias values

 It is obtained for fixed bias values by solving the equation 

D-E(D,L)=bias=const. 

Notice that for D0( 0.1and a bias value of ( 0.03 the number of pixels becomes very high (L  ( 100). For a bias of 0.05 at least 50 pixels are necessary to estimate a true coherence of ( ( 0.1.

By the assumption of the first guess D0 being identical with the true coherence (, it is possible to give a lower bound for the standard deviation of the estimator with adapted window size (Fig. 5, bias=0.05). The expectation value of the adaptive coherence estimator is biased by definition (green dots in fig. 5). The lower bound of the standard deviation of the adaptive estimator has by and large the same values as the Cramer-Rao bound.
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Fig. 5: Expectation values of standard estimator (L=64), adaptive estimator (bias=0.05) and 

Cramer-Rao bound

4. Comparison

Fig.5 shows the expectation value and the standard deviation of the estimator with constant window size of L=64 for comparison with the adaptive estimator.

Five points can be stated here:

1) For coherence values of ( ( 0.2 the bias of the estimator with L=64 is smaller than half of the bias 0.05 of the adaptive estimator. 

2) For coherence values of ( ( 0.1 the standard deviation of the estimator with L=64 is smaller than the lower bond of the adaptive estimator. Moreover it is much smaller than the Cramer-Rao bound for ( ( 0.2.

3) Only for very low coherences ( ( 0.1 the bias of the standard estimator becomes higher than the bias of the adaptive estimator.

4) For very low coherences ( ( 0.1 the real standard deviation of the adaptive estimator can be assumed to be much higher than the values given in fig. 5,
since the number of looks is a random variable as a function of the first guess coherence estimation D0.

5) A clear advantage of the adaptive estimator is the higher resolution at higher coherence values which is caused by the smaller number of looks.
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