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ABSTRACT 

Persistent Scatterer Interferometry for SAR data (PSInSAR) improves the ability of conventional InSAR time-series methods by 

detecting and analysing pixels where the portion of spatiotemporal decorrelations on the phase is negligible. Using dual/quad polarized 

SAR data provide us with an additional source of information to improve further the capability of InSAR analysis. In this paper, we 

present a method to enhance PSInSAR using polarimetric optimization method on multi-temporal polarimetric SAR data. The 

optimization process has been implemented to minimize the Amplitude dispersion Index (ADI) of pixels in SAR images over the time 

based on the best scattering mechanism. We evaluated the method on a dataset including 17 dual polarization SAR data (HH/VV) 

acquired by TerraSAR-X data from July 2013 to January 2014 over Tehran plain, Iran. The area has been affected by high rate (> 20 

cm/yr.) of surface subsidence due to groundwater overexploitation. The effectiveness of the method is compared for both agricultural and 

urban regions affected by land subsidence. Furthermore single pole and optimized polarization results are compared together and with 

external observations from GPS measurements. The results reveal that using optimum scattering mechanism decreases the ADI values in 

urban and non-urban regions and increase the PS Candidate pixels (PSC) about three times and subsequently improves the PS density 

about 50% more than using single channel datasets.  

 

1. INTRODUCTION 

Differential Interferometric SAR (DInSAR) technique is a 

powerful technique to map surface deformations in a wide area  

with high spatial resolution (Massonnet et al., 1993; Amelung 

et al., 1999; Lu et al., 2005; Li et al., 2008; Motagh et al., 

2010). Because of spatiotemporal decorrelations in the 

interferograms, it is not possible to always use all pixels from 

the study area during InSAR processing (Zebker and 

Villasenor, 1992). To analyse the surface deformation in time 

and space, time-series analysis of Synthetic Aperture Radar, 

i.e., Small Baseline Subsets (SBAS) and Persistent Scatterer 

Interferometric SAR (PSInSAR) is needed to be applied. These 

methods extend the capabilities of InSAR technique by 

identifying and processing pixels with negligible effect of 

decorrelations (Ferretti et al., 2001; Mora et al., 2002; Hooper 

et al., 2007).  

With the recent development in SAR sensors such as ALOS, 

RadarSat-2, TerraSAR-X, now it’s possible to acquire long 

time-series of SAR Data in multiple polarizations. Studies have 

shown that using multi-polarization data in PSInSAR method 

instead of single-polarized data improves the capability of the 

technique and leads to detection of more PS pixels in 

deformation maps (Navarro-Sanchez et al., 2010).  

In this paper, we proposed a method to apply the polarimetric 

optimization approach for the Stanford Method for Persistent 

Scatterers (StaMPS) analysis presented in (Hooper et al., 2007), 

with the aim to improve its performance in detecting both PSC 

and PS pixels. The improvement is based on minimizing ADI 

criteria for selecting PSC pixels in dual polarimetry X-band 

SAR data, which is followed by reproducing the SAR scenes in 

optimized scattering mechanism before applying StaMPS 

method for PS analysis. We test our method for a dataset of 17 

dual polarization X-band SAR data (HH/VV) acquired by 

TerraSAR-X satellite between July 2013 and January 2014 over 

Tehran plain. 

 

2. METHODOLOGY 

A pixel is defined as PS, if the phase of the pixel is dominated 

by a stable scatterer. Ferretti et al., 2001 presented an index 

called Amplitude Dispersion Index (
AD ) that can be employed 

as an estimation for the phase stability in scatterers with high 

values of SNR. In this method a low value of ADI, e.g. 0.4, is 

selected for the threshold and pixels with ADI value less than 

the threshold are candidate for PS. Hooper et al., 2007, 

introduced another alternative algorithm which first chooses a 

higher value of threshold for ADI to select candidates for PS 

pixels, namely PSC, and then applies a new additional 

parameter called temporal coherency (
x ) for the final PS 

selection. In temporal coherency PS pixels are defined as those 

in which the contribution of the decorrelated parts of the phase 

including orbital inaccuracies, spatially-correlated and 

spatially-uncorrelated errors in time is not large to obscure the 

phase signal (Hooper, 2008). Temporal coherence, which is 

similar to coherence magnitude, can be estimated as  
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Where 
,x i is the wrapped phase of pixel x in the ith 

interferograms, 
,x i is the estimate for the spatially-correlated 

terms, 
, ,

u

x i  is the estimate of the spatially-uncorrelated look 

angle error term and N is the number of interferograms. In the 

following, we extend the ADI for dual-pol data, optimize it to 

increase the density of PSC pixels and then apply phase 

stability using equation (1) to detect the final sets of PS pixels. 

Using Polarimetric Interferometric SAR (PolInSAR) we can 

produce a 2×2 scattering matrix [S] for each pixel, which can 

be vectorized using the Pauli basis (Cloude and Papathanassiou, 

1998). 
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Where ,vv hhS S are copular channel, hvS  is the cross polar 

channel and T is the transpose operator.  

Interferogram generation is performed by projecting target 

vector to a complex vector, ω. Applying the projection vector, 

which is corresponding to scattering mechanism, results in a 

scattering coefficient,  which defined as: 
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Where ∗ represents the conjugate operator.  

Now the problem is to find the best projection vector, ω, for 

each pixel in a SAR image to get better results than single-polar 

SAR datasets. In (Cloude and Papathanassiou, 1997) the 

general form of ω for full-polar SAR data is presented to solve 

the problem but in order to deal with dual-polarization data, we 
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use a reduced projection vector presented in (Navarro-Sanchez 

et al., 2010): 

0
2[cos( ),sin( ) ] ,

j T

e



  

  

  
 

  

 
(5) 

With respect to equation (5), the polarimetric optimization 

problem of finding the best scattering mechanism is reduced to 

finding α and ψ, two real numbers in a finite range. 

Heuristic and meta-heuristic search methods have proved to be 

powerful in global optimization problems (Xin-She Yang, 

2010). In this study we applied Simulated Annealing (SA) to 

find the optimum polarization mechanism. SA tries to find the 

values of α and ψ, which correspond to the lowest possible 

value of ADI. 

To calculate ADI in polarimetric data using MB-ESM, equation 

(6), it is sufficient to replace s by polarimetric scattering 

coefficient   as define in Equation  (4).  
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Now the main subject is to find the projection vector providing 

the optimum value of
AD . 

3. CASE STUDY 

Tehran, the capital city of Iran, is affected by high rate of land 

subsidence due to over extraction of ground water resources. 

Previous studies using InSAR methods showed that the 

subsidence in Tehran mainly occurs in western part of the 

Tehran Plain, locally exceeding 20 cm/year (Motagh et al., 

2008). Tehran includes both agricultural and urban regions 

which helps us assess the performance of the technique for 

different land uses. 

 

 

Figure 1. Landsat image of the study area in Tehran, Iran. The 

red rectangle shows the outline of the cropped TSX 

images used in this study. The inset in the upper left shows 

the location of Tehran in Iran. 

 

4. RESULTS 

By applying SA optimization method we expect that the 

histogram of ADI values in optimum channel is skewed to 

lower values. Figure 2 shows a comparison of the histograms of 

ADI for HH, VV and optimum channels. In this study, pixels 

with ADI value of lower than 0.4 are selected as PSC. As 

shown in Figure 2 the use of optimum channel results in greater 

number of pixels passing the ADI criteria. Since the ADI value 

of almost every pixel is reduced to its minimum value the 

chance of pixels to be selected as a PS will increase. 

 

Figure 2. Histograms of ADI for HH, VV and optimum channel 

After the meaningful increase in density of PSCs due to ADI 

optimization the next step is to iteratively finalize PS 

pixels among PSCs using Equation (1).  

Number of detected PSC and PS pixels are compared to 

conventional method using HH and VV channels. Table 1 

describes the percentage of extra pixels detected by using 

polarimetric data. Compared to HH channel PSC density in 

optimum scattering mechanism has increased about 1.7 times in 

urban regions and about 2.2 times in non-urban regions. The 

final PS pixels have increased by about 50% in both regions. 

Compared to VV channel our method improved the number of 

PSC pixels by about three times; the increment in the number 

of final PS pixels is almost similar to the increment obtained as 

compared to HH channel, i.e. about 50%. 

 
Region Type PSC(HH) PSC (VV) PS(HH) PS(VV) 

Urban 169 % 214 % 53 % 65 % 

Non-Urban 224 % 215 % 43 % 48 % 

Table 1. Extra PSC/PS pixels detected by using polarimetric 

data, compared by HH and VV channel 

 

 
Figure 3. Mean velocity of subsidence obtained by using 

proposed approach in this paper. The black triangle shows 

the location of permanent GPS station.  

 

By applying time-series analysis using PSInSAR we can obtain 

the mean rate of subsidence. Figure 3 presents the mean rate of 

subsidence obtained by using optimum polarimetric channel 
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overlaid on Google Earth image. We can see places in Figure 3 

with rates of more than 20 cm/year which is consistent with 

previous studies (Motagh et al., 2008).  

External observation of a GPS station which is located at 

southwest of city (see Figure 3) is compared with results of HH, 

VV and optimum channel. Mean Absolute Error (MAE), Root 

Mean Square Error (RMSE) and Standard Deviation (Std) are 

calculated for the difference between various results and GPS 

observations. Table 2 describes the goodness of the subsidence 

estimation using different channels used for PS analysis. 

PsInSAR using both conventional and optimum channel 

estimate the deformation with accuracy better than 1 cm as 

compared to GPS observations, although, using optimum 

channel shows slightly better MAE, RMSE and Std. than HH 

and VV results. 

 

Table 2. Numerical comparison between HH/VV and optimum 

channel with GPS observations 
Channel MAE(cm) Std. (cm) RMSE (cm) 

HH 0.67 0.95 0.87 
VV 0.71 1.01 0.96 

Optimum 0.54 0.69 0.49 

 

5. CONCLUSION   

In this paper, we evaluated a method to combine Amplitude 

Dispersion Index optimization with phase stability criteria and 

temporal coherence to improve the performance of StaMPS 

method for PSInSAR analysis using dual polarimtery SAR 

data. Minimizing the ADI values in polarimetric data increases 

the number of PSCs significantly. Our finding shows that 

implementing phase stability criteria after this step 

meaningfully improves the density of PSC/PS pixels in both 

urban and non-urban regions. In particular in areas with odd 

bouncing scattering (e.g. farmland regions) our findings shows 

that the use of polarimetry data increases the chance of finding 

more PS pixels for deformation analysis. The future researches 

should focus on implementing the method proposed here for 

full-polarimetry data in order to better estimate dominant 

scattering mechanism at each pixel which helps improve spatial 

sampling of deformation signal associated with different land 

cover. Moreover, we can also implement the polarimetric 

optimization for slowly decorrelating filtered phase (SDFP) 

pixels used in the SBAS technique (Hooper, 2008) to further 

improve its performance for different models of ground 

scattering. 
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