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This paper presents a new method to identify the coherences samples in the coherence region that give the maximum distance. 

This method directly shifts the coherence region without stretching or rotation so that the shirted coherence regions preserve 

the original shape. The coherence region is shifted by large length in upper, right directions so that shifted regions locate 

within the upper, right half plane. The projection vectors giving the phase diversity of the shifted coherence regions provides 

the nearly estimation for the longest axis. Utilizing the phase diversity method proposed by Tabb et. al, the proposed method 

estimates four projection vectors’ candidates for the maximum distance from the two shifted coherence regions. Selected 

From the four candidates, the two candidates giving the maximum distances are the final estimations. Since the longest axis 

coincides with the orientation of the elliptical coherence region, the longest axis is used to estimate topographic phase. 

Experiments are applied on the ESAR polarimetric interferometric data to validate the proposed method and assess its 

potentials to estimate topographic phase.  

1.  INTRODUCTION 

Polarimetric SAR interferometry introduces Polarimetric techniques into interferometric applications. It investigates the 

dependency of complex interferometric coherence on polarization states so as to separate scattering mechanisms existing in 

the same resolution cell and to obtain the targets’ vertical structure [1]. The coherence region, within which all possible 

copolar complex coherences locate in, is of great interest [2]. It is because coherence region is necessary to analyze the 

variations of complex coherences with polarization states. Lots of efforts have been done to extract the shape of coherence 

region [3] and to estimate the phase diversity of coherence region [2]. However, they need to rotate the coherence region and 

calculate the eigenvectors of every rotated polarimetric interferometric data matrix. Therefore, it consumes lots of time to 

compute the information about coherence regions. 

2.  PROBLEM DESCRIPTION 

According to RVoG model, coherences in different polarization states distribute along a straight line in complex plane. The 

topographic phase can be estimated from the intersections of the line and the unit circle. In other words, any two different 

coherence samples are feasible to fit the line and to obtain the topographic estimation [4]. However, the coherences disperse 

over an elliptical or triangle region other than a straight line [2]. Therefore, different choices of coherence samples lead to 

distinct estimations for the topographic phase. To obtain the stable estimation for topographic phase, we propose to use the 

longest axis of coherence region to estimate the topographic phase.  

One method to calculate longest axis is to calculate the shape of the coherence region and to search for the maximum distance. 

However, the method needs extensive computation and consumes lots of time. It computation efficiency needs to improve. 

3.  OUR SOLUTION 

We propose directly shifts the coherence region without stretching or rotation. As shown the Fig. 1 and Fig. 2, the coherence 

regions marked by black solid ellipses are shifted in the upper, right directions respectively. The shifted distance should be 

large. The longer the shifted distance is, the closer the projection vectors estimated from phase diversity method are to those 



giving the longest axis. As indicated by phase diversity method [2], the projection vectors A  and B
 , which give the phase 

diversity of shifted coherence region in upper half plane, are estimated from: 
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where the matrix is defined as 12Ω 1 2
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, symbol L  indicates the shifted length and means the unitary matrix. 3I

Similar to equation (1), the phase diversity of the shifted coherence in right half plane are given by the projection vectors: 
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Selected From the candidates A , B
 , C

 amd D
 , the two candidates giving the maximum distances between their original 

coherences are used to estimate the longest axis of coherence region. The distance between candidates is calculated from: 
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Since the longest axis coincides with the orientation of the elliptical coherence region, the straight line fitted from the 

coherences given by the propose method are used to estimate topographic phase.  
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Fig. 1 Orientation Direction Close to Horizontal Direction   Fig. 2 Orientation Direction Close to Vertical Direction 

4.  EXPERIMENTS 

To analyze the performance of the proposed method, experiments are applied on DLR E-SAR L-band data acquired from 

Traunstein. In the experiments,  is used to estimate the longest axis of coherence region and topographic phase. 

Compared with the longest axis from the shape of coherence region, the estimation accuracy of proposed algorithm is 

analyzed.  
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