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1 Introduction 
These last years, hazard monitoring is becoming an issue of main concern. Natural hazards 

such as earthquakes, tsunamis or tornadoes cause a major impact on the human society. 

Human activities may lead also to hazardous situations, where construction and mining are the 

most representative examples. This work will focus particularly on terrain deformation. 

There are lots of techniques available to perform terrain deformation monitoring. Remote 

Sensing is a discipline widely used in this field. It can be defined as the acquisition of 

information from an object or phenomenon without being in physical contact with it. This 

interaction is generally done through electromagnetic radiation. These electromagnetic waves 

illuminate the target producing a backscatter that can be retrieved and interpreted. Remote 

sensing techniques are divided in two main groups: active and passive. Passive Remote Sensing 

uses a natural source of radiation to produce the electromagnetic waves, such as the Sun. 

Optical devices are a clear example. On the other hand, Active Remote Sensing uses an 

artificial source to self-generate the electromagnetic waves, for example an antenna. In this 

work a particular Active Remote Sensing technique will be used: the Synthetic Aperture Radar 

(SAR).  

A SAR is a particular kind of radar system which can obtain high resolution data from long 

distances. This study will focus on the orbital SAR case.  This particular deployment has some 

advantages: it can retrieve periodic information relative to high extensions of terrain over the 

Earth, no matter the weather conditions and the day/night cycle. These characteristics make 

this technique a very versatile solution for continuous global monitoring.  

SAR data can be processed to obtain many kinds of information. Land classification, traffic 

monitoring, Topographic maps generation and subsidence detection are only a few examples. 

Each application is associated to particular techniques. The specific technique which allows 

extracting terrain deformation from SAR data is called SAR Diferential Interferometry (DInSAR). 

It is able to retrieve the terrain subsidence occurred between two SAR acquisitions, achieving 

terrain displacement resolutions in the order of millimeters, which is quite impressive 

considering that the sensor is at hundreds of thousands of kilometers. More sophisticated 

DInSAR algorithms are also able to retrieve temporal deformation evolutions from a stack of 

SAR acquisitions. 

DInSAR has turned into a mature discipline these last years *Berardino’02] *Ferretti’00] 

*Ferretti’04] *Lanari’04+ *Mora’03-2]. A wide number of SAR satellites had been launched: ERS-

1/2, JERS-1, Radarsat-1 are good examples. All these satellites were equipped with a SAR 

system able to work with a single polarization,i.e., emission and reception of the waves pulses 

at the same polarization state. Due to this fact all the techniques developed considering this 

particular kind of data.  

Several satellites with polarimetric capabilities have been launched lately: Envisat (2002), Alos 

(2006), TerrSAR-X (2007) *Weminghaus’04+*Buckreuss’08+, Radarsat-2 (2007) *Morena’04+ and 

TanDEM-X (2010) are the principal ones. Also new missions are planned to put in orbit new 

sensors, such as Sentinel-1 (2013) or Radarsat Constellation (2014-2015). Polarimetric data, 

unlike the Single Polarization case, is generated emitting and receiving at several polarization 
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states, which diversifies the information retrieved by the satellite. This data obviously opens a 

new range of possibilities derived from these sensors. 

 

1.1 Actual Polarimetric Satellites. Top-left: Envisat. Top-Right: ALOS. Bottom-Right: TerraSAR-X and TanDEM-X. 
Bottom-Right: Radarsat-2 

Polarimetric data is usually used in the Polarimetry framework for a wide range of applications 

*Lee’09+: land segmentation, crop monitoring or biomass survey are a few examples. This work 

will focus in use this data from the DInSAR point of view, trying to upgrade the results obtained 

by simply using Single Polarization data. It will be considered all the disciplines available in the 

SAR Differential Interferometry framework, in order exploit the possibilities of the polarimetric 

data.  

To obtain the results of this work it has been used data from two polarimetric satellites over 

two different urban areas. The first set consists of 21 Radarsat-2 Fine Quad-Pol SAR images 

over the metropolitan area of Barcelona. The second set is composed by 49 TerraSAR-X Dual-

Pol SAR images over the city of Murcia. Both sites are affected by its own deformation 

phenomena, which will be reviewed in detail in the Results Chapter. 

This document is organized as follows: Chapter 2 is devoted to review the basic concepts 

involved in the disciplines implied in this work. It will first be exposed the SAR concepts to 

better understand the nature of the Data used and its principal characteristics. Next section 

will explain the basics of the SAR Interferometry and more specifically, the SAR Differential 

Interferometry, and how the terrain deformation is related to the SAR data acquired. A few 

notions of the Polarimetric Processing will be given to better understand how it will be used 

for DInSAR purposes. Finally the geocoding process will be described, which will be very 

important in certain parts of the DInSAR processing. 
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Chapter 3 will be devoted to describe step by step the process to obtain deformation patterns 

and topographic errors from SAR data. Both low and high resolution methods will be 

described. 

In Chapter 4 will show how to deal with the Polarimetric data in the DInSAR processing. As it 

will be seen, different philosophies will be taken whether a high or low resolution DinSAR 

methods has been used, trying to take profit from both.  

Chapter 5 will present the results obtained from the datasets available. Here it will be tested 

the different methods described in the previous chapters. It will also be interesting to see the 

differences between the two datasets, taken with two different sensors. 

Finally in Chapter 6 some general conclusions will be given as well as the direction to follow 

from now on in order to develop new PolDInSAR techniques.  
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2 Theoretical Basic Concepts 
In this Chapter it will be reviewed all the basic concepts to better understand the process 

carried out to obtain the subsidence results. First a brief overview of the Synthetic Aperture 

Radar (SAR) will be given. Next the technique involved in the processing, called SAR 

Interferometry (InSAR) or more precisely Differential SAR Interferometry (DInSAR) will be 

explained. Finally some considerations regarding polarimetric SAR (PolSAR) will be reviewed to 

introduce the use of Polarimetric data in the DInSAR processing. 

2.1 SAR basic concepts 
A Synthetic Aperture Radar (SAR) is a radar system capable of obtaining high resolution data 

from a far distance through electromagnetic interaction. In this particular case orbital SAR 

systems will be under study. This system works as any other radar: It emits an electromagnetic 

wave that reflects over the desired area and then retrieves the backscattered waves. This is an 

example of an active system, i.e. it does not depend on any external source of energy. This fact 

has many advantages, such as the full day/night operating capacity. Moreover it works in the 

microwave spectrum, which makes it very robust to atmospheric effects. Another important 

fact is that the retrieved wave has both modulus and phase information, which is very useful 

for a large number of applications and techniques, in particular SAR Interferometry which will 

be explained in the next chapters.  

2.1.1 Orbital SAR geometry 

An orbital SAR may have several acquisition geometries. In the scope of this work only data 

acquired with the so called Strip Map mode will be used, so only its particular geometry will be 

explained. Fig. 2.1 shows the principal parameters that define this geometry. 

 

Fig. 2.1 Strip Map geometry principal features 

In this geometry the SAR antenna points sideway with a particular elevation angle (θ1). This is 

due to the fact that the SAR system only delivers distance information and this way the left-

right ambiguity is avoided. The SAR illuminates an area over the earth which the relative 
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movement between the satellite and the Earth. This spot is called Swath and will determine 

the maximum area visible. The radar reference system will be taken from the sensor point of 

view and will be on a plane defined by the coordinates azimuth and range, usually called Slant 

Range. The azimuth direction follows the orbit of the satellite around the Earth. The range 

direction is parallel to the line of sight (LOS), which is the imaginary line that links the sensor 

and the target. Each pulse emitted reflects on the area limited by the Swath and return to the 

radar system, where it is stored.  

The radar system emits a pulse every 1/PRF seconds, where PRF is the Pulse Repetition 

Frequency. Each pulse emitted is sampled at a determined Sampling Frequency (fs). The locus 

where each pulse is emitted determines the azimuth position. The sample of each pulse 

determines the range position. This data can be displayed over a matrix, with the rows 

indicating the azimuth direction and the columns indicating the range direction. This 

consideration can be done due to the fact that the satellite velocity is several orders of 

magnitude lower than then pulse travel velocity (approximately the speed of light) and it can 

be assumed that the satellite is still between the emission and the retrieval of the pulse. 

Usually the dimensions of the matrix are addressed as lines (azimuth) and samples (range) in 

the SAR context. This matrix forms a preliminary coarse image, the so-called Raw Data, which 

represents the projection on the slant range of the targets over the Earth. The geographic 

coordinates system is usually called Ground Range in the SAR context. This image needs to be 

“focused” to obtain the high resolution image desired, the so-called Single Look Complex (SLC), 

as it will be seen in section 2.1.2. 

The projection over the Slant Range plane implies several distortions in the image that must be 

taken into account. Fig. 2.1 depicts the three of them. 

 

Fig. 2.2 Slant Range distortions. (a) Foreshortening, (b) Layover, (c) Shadowing 

Foreshortening is the compression of the terrain slopes perpendicular to the line of sight of the 

radar antenna. Due to the acquisition geometry, all the targets in those slopes are at similar 

distances from the radar and so they appear compressed in a few samples on the Slant Range 

plane. The target compression grows severe as the slope angle approaches the incidence 

angle. 

Layover occurs when the terrain slope angle is higher than the incidence angle. This effect 

implies a reversion in the order of the samples in the slope, since the top is closer to the radar 

than the bottom. Buildings are a typical case of Layover, having a slope angle of 90 degrees.    
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Shadowing happens when a terrain slope opposed to the radar has an angle higher than the 

incidence angle. That implies the appearing of shadowing zones, which are areas not 

illuminated by the electromagnetic and from which is not possible to retrieve information. 

2.1.2 SAR Processing 

The resolution in a SAR system is defined as the minimum distance between two objects in 

order to be able to separate them in the Slant range plane. The next two formulas define the 

resolution both in azimuth and range directions respectively. 

   
    
 

 (2.1) 

 

   
   

  
 (2.2) 

Where c is the speed of light, τp is the temporal length of the radar pulse, R is the distance 

between the radar and the target, λ is the wavelength and La the physical length of the 

antenna in the azimuth direction.  

The only design parameter available to control the resolution in range is τp. In the azimuth case 

the crucial parameter will be the antenna size La, since R and λ are restricted by the system 

geometry and the specific application. Applying the typical values of the satellites in orbit, the 

resolutions obtained are in the order of kilometers. These resolutions are not suitable for most 

of the applications and so a way to improve them is mandatory. 

Inspecting Eq. (2.2) it can be seen that in order to have a resolution of meters in azimuth an 

antenna of a few kilometers length is needed. This is obviously practically impossible at the 

moment. In order to achieve this resolution it will be exploited the concept of Synthetic 

Aperture (SA). It is widely known that an array of antennas of the same kind is equivalent to a 

larger antenna, so an antenna with a higher resolution. The basic idea behind the SA is to 

synthesize an array of antennas, taking different positions of the satellite along the orbit as 

different antenna elements of a hypothetical array. Combining the images of each antenna 

coherently, i.e. taking into account the phase difference for each antenna element, an image 

with higher resolution in azimuth will be generated. Fig. 2.3 depicts the idea. 
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Fig. 2.3 Synthetic Aperture representation  

With this approach the length of the SA can be considered the length of the effective antenna, 

which is the space covered by the satellite while a particular target is inside its swath.  

              
     

  
 (2.3) 

Where LSA is the SA length, vsat is the satellite velocity and tobs is the target observation time. If 

we apply this new length to (2.2) we obtain: 

   
  
 

 (2.4) 

As it can be seen, the resolution in the SA approach only depends on the antenna length in the 

azimuth direction. It can be considered to make the antenna arbitrarily small to achieve higher 

resolutions, but it is not possible due to sampling issues with the PRF. However longitudes of a 

few meters are enough to cover power restrictions and satisfy the resolution needs of most of 

the applications.  

The range resolution issue is a design matter. As seen in (2.1), the shorter the pulse length the 

higher the resolution. As the pulse is shortened, the power must be increased in order to 

achieve the energy necessary to accomplish the signal to noise ratio specifications of the 

system. To have resolutions in the order of meters the peak powers needed are unviable in an 

orbital platform. The solution to this problem is the Chirp signal (Fig. 2.4). This signal is 

characterized by the increasing of its frequency along its duration. However the important 

characteristic in this case is that it has a sharp autocorrelation. This way a longer pulse can be 

sent distributing the power along the time and then convolute the received pulse with a 

replica in reception to “compress” it obtaining its autocorrelation. 

 

Fig. 2.4 Chirp pulse 
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The range of frequencies covered by the chirp pulse will define its bandwidth Bc, which will 

give the duration of the pulse resulting from the autocorrelation. 

   
 

  
 (2.5) 

Where τc is the autocorrelated pulse duration. If we apply (2.5) to (2.1) we obtain 

   
    
 

 (2.6) 

Where τc << τp, the length of the original pulse. The next figure depicts an example with two 

pulses. 

 

Fig. 2.5 Example of chirp compression. The red pulse is the emitted pulse and the blue pulses are the responses. 
Left figure and right figure shows the pulses before and after the compression respectively  

2.2 InSAR and DInSAR basic concepts 
SAR Interferometry (InSAR) is a technique which is able to retrieve height information from a 

pair of SAR acquisitions, each one from a slightly different point of view. This information is 

embedded on the phase of the SAR images, specifically in the phase difference between the 

two acquisitions. Each SAR image is a set of complex values, which can be expressed as 

      
                          (2.7) 

where Ai and Φi are the amplitude and the phase of each SAR acquisition respectively. The 

phase of each SAR image can be defined as 

    
  

 
                                (2.8) 

Where λ is the wavelength, ri is the range distance between the target and the SAR sensor and 

Φscattering,i is a term due to the target backscattering, which is supposed to be uniformly 

distributed in (0,2π+. An interferogram is defined as the hermitic product between two SAR 

acquisitions. 

       
  (2.9) 

Then, the phase of this interferogram, the so-called interferometric phase, takes this form: 

         
  

 
                                      (2.10) 
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Usually it is assumed that the terrain characteristics are not changing between acquisitions, so 

that the backscattering terms cancel each other out. Then the interferometric phase is related 

to the distance difference between each sensor and the target, but in fact it can be related to 

particular characteristics of the scene under inspection. Due to the cyclical nature of the phase 

it is more appropriate to define the phase difference between two pixels of the interferogram. 

So the interferometric phase difference between two points of the interferogram, let’s say A 

and B, can be expressed as [Carrasco’98] 

    
  

   

      
    

 
  

   

      
    

 
  

 
                              (2.11) 

Where the yet undefined variables are: 

 r0: Sensor to target range distance. 

 Bn: Perpendicular baseline, which is the distance between the two sensors in the 

direction perpendicular to the line of sight. 

 θ: Incidence angle respect to the floor. 

 ΔrAB: Increment of sensor to target distance between A and B. 

 ΔhAB: Topographic increment between A and B. 

 ΔρAB: Deformation increment in the range direction between A and B. 

As it can be seen in (2.11), the interferometric phase can be divided in 5 components: 

1. Flat-Earth component: Is the term that depends on Δr. It is intrinsic of each 

interferogram and takes the form of a phase ramp, growing from near range to far 

range. This term is purely geometric and can be extracted knowing the orbital and 

Earth model information. 

2. Topographic component: Is the term which contains the information related to 

topography. As it can be seen, the sensibility will depend on the perpendicular 

baseline. This is the relevant component for InSAR purposes. 

3. Deformation component: This term depends on the possible deformation that may 

have occurred in the time between the two acquisitions. This is the relevant 

component for DInSAR purposes. 

4. Atmospheric component: This term depends on the variation in the atmospheric 

conditions which appear as undesired phase patterns.  

5. Noise component: It accounts for all the rest of noise source which degrade the quality 

of the interferometric phase. 

So basically the elements that provide useful information are the topographic and the 

deformation components. InSAR techniques try to isolate the topographic component. To do 

so the other components must be neglected as much as possible. In order to minimize the 

deformation component the temporal separation between the two acquisitions is reduced to 

the minimum so that the possible deformation between the two acquisitions is also negligible. 

This is a way to obtain Digital Elevation Models (DEM), i.e. maps with terrain height 

information, which are very useful in many topographic and geologic applications.    

On the other hand, the DInSAR case, which is the main interest in the scope of this work, tries 

to extract the deformation component of the phase. To do so the topographic component 
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must be neglected. The usual way to eliminate the topographic component is to synthesize it 

from an existing DEM of the area under study. Having this DEM it is easy to build the phase 

component since the other parameters are purely geometric and substract this component 

from the interferogram phase. The result of this subtraction is the so-called Differential 

Interferogram. The technique of extracting the terrain deformation between the two 

acquisitions that form the interferogram is usually addressed as Classic Differential 

Interferometry. As a step forward several techniques have been developed in order to obtain 

the temporal evolution of the deformation, which are usually addressed as Advanced 

Differential Interferometry. In the next chapters this techniques will be reviewed.  

2.2.1 Interferometric phase quality and sources of decorrelation 

In (2.11) it has been shown that there are some factors that can degrade the quality of the 

phase. A usual way to estimate this quality is the interferometric coherence [Hansen’01], 

which is generally defined as 

  
      

  

       
         

  
 (2.12) 

where S1 and S2 are pixels from the first and the second acquisitions and E{.} stand for the 

expectation operator. The information quality wanted is found on the magnitude of this 

measure, which can be related to the signal to noise ratio this way: 

    
   

     
 (2.13) 

As it can be seen, this magnitude ranges from 0 to 1, being 1 perfect correlation and 0 total 

uncorrelation. Since there is only one realization available of each pixel and assuming 

ergodicity, the expectation operator is substituted by a spatial averaging leading to the next 

expression for the coherence magnitude. 

     
          

     
    

      
  

         
  

   

 
(2.14) 

SAR acquisitions are usually oversampled, i.e., the pixel spacing is finer than the real 

resolution. In (2.14) N represents the effective number of looks, the number of pixels that are 

averaged taking into account the resolution instead of the pixel spacing. This parameter 

determines the quality of the estimator, which will be a trade-off with the loss of resolution 

due to the spatial averaging. 

All the factors that degrade the phase quality can be defined as different components of the 

coherence magnitude: 

                                    (2.15) 

These components are defined as follows: 

 γreg, Misregistration decorrelation: Term due to inaccuracies during the registration 

process.  
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 γspa, Spatial decorrelation: Term due to the different observation angle between 

acquisitions. From a spectral point of view this is equivalent to consider different parts 

of the range spectrum. The spectral shift that defines this effect is *Gatelli’94+: 

   
    

           
 (2.16) 

 where f0 is the carrier frequency and α is the terrain slope. This expression leads to 

define a critical baseline in which the spectrum of both acquisitions is totally 

uncorrelated: 

      
   
 
            (2.17) 

where Bw is the bandwidth in the range direction. Then the targets with a short 

bandwidth, such as the distributed targets, will be more affected by this kind of 

decorrelation than the targets with a wide spectrum, such as the punctual targets. 

 γdc, Doppler Centroid decorrelation: This is the equivalent case of the spatial 

decorrelation but in the azimuth direction. It is due to the difference in the Doppler 

Centroids of both acquisitions Δfdc. The decorrelation factor can be written as 

*Blanco’09+  

        
    
  

 (2.18) 

 where BA is bandwidth in the azimuth direction.  

 γvol, Volumetric decorrelation: This term is related to the penetration of the radar 

waves into the illuminated scene. In fact, it analyzes the similarity between the 

backscattering target responses in the vertical direction between the images of the 

interferogram. Consequently it will strongly depend on the height target distribution 

within the resolution cell as well as the radar wavelength and the scattering medium. 

 γtemp, Temporal decorrelation: This term is due to changes in the scene in the time 

lapse between the two acquisitions. In this situation the backscattering term in (2.10) 

does not cancel and must be considered an unknown phase term. 

 γtemp, Thermal decorrelation: This term accounts for all the noise introduced by all the 

measuring system. 

2.2.2 DInSAR Interferometric chain 

The interferometric chain is the process which obtains the differential interferograms from the 

original SLC images. The several steps in order to set up the data and generate the 

interferograms is illustrated in Fig. 2.6. 
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Fig. 2.6 Interferometric Chain Flow Chart. 

As it can be seen, there are also the orbital information and the external DEM as inputs 

besides the SAR images. Now each step will be briefly described. 

 SLC Registration: Acquisitions are taken at different times and from different points of 

view. The first fact may cause a global spatial offset between each image due to the 

slightly different orbit of acquisition. The second fact induces offsets between particular 

pixels due to the geometric distortions of SAR images (Fig. 2.2). The registration process is 

carried out in two steps: the coarse registration, able to retrieve the global offset and the 

fine registration, which adjusts one image over the other at subpixel level so that each 

pixel represents the same information [Monells’08].  

 SLC filtering: The images are filtered in range and azimuth in order to counteract the 

effects of spatial and Doppler Centroid decorrelation (see section 2.2.1). The filtering is 

performed over the images, previously to the creation of the interferograms, in order to 

avoid the unnecessary noise. 

 Interferograms selection: The total number of interferograms M that may be generated 

from a set of N images is given by 

   
 

 
  

      

 
 (2.19) 

For a large set of images the number of possible interferograms is overwhelming. 

Moreover, due to phase quality issues (see section 2.2.1), not all the interferograms are 

suitable to perform Interferometry, and so it is wise to make an interferogram selection 

previously. This selection is done considering as features the spatial and temporal 

baselines and the Doppler difference. The discrimination can be done simply by 

thresholding or by a Delaunay triangulation in the tridimensional space formed by the 

selected features *Blanco’09+.   

 Interferograms generation: This step generates the interferograms from the selected 

pairs of images doing its hermitian product. 

 Orbit generation: Generally the orbital information is given in state vectors, at time 

intervals much larger than the azimuth spacing of the SAR images, since the orbit 

behavior is very smooth. The state vectors are interpolated through a third order 

polynomial in order to retrieve the full orbit. There is also the possibility of refining the 

orbit through control points, which relate the slant-range and the ground-range plane 

*Monells’08+. 
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 Synthetic interferograms generation: This step generates the synthesized topographic 

phase using the orbital information and an external DEM the topographic reference. This 

process is done through geocoding techniques (see section 2.4).    

 Differential interferogram generation: This step subtracts the topographic component of 

each interferogram in order to generate Differential interferograms. It also generated the 

multilooked differential interferograms related to the coherence maps calculated in the 

next step. 

 Coherence calculation: This step generates the coherence maps of the differential 

interferograms. They will be useful in the DInSAR processing to determine the quality of 

the differential phase. 

2.3 PolSAR basic concepts  
Polarimetric SAR systems, usually addressed as PolSAR systems, are able to retrieve more than 

one SLC image at once from the same scene. These systems are based on a particular 

characteristic of the electromagnetic waves, the polarization, which defines the 

electromagnetic state of the wave. Combining different polarizations of the incident and the 

received wave, different polarimetric channels with its own information can be retrieved. The 

principal application that uses this kind of data, the so-called SAR Polarimetry, is based on 

extracting the geophysical information inherent in the polarimetric channels *Cloude’98+. This 

task is out of the scope of this work, but basic notions to better understand some 

transformations that will be made to suit the data to our purposes will be explained in this 

Chapter. 

2.3.1 Wave Polarization 

Assuming a monochromatic plane wave, the Electric field of a wave propagating in the 

   direction in a Cartesian system can be defined as 

          
  
  
   

                
                

  (2.20) 

where E0x and E0y are the amplitude of the electric field in    and    respectively, k is the wave 

number and    and     are parameters which define de polarization. The different polarization 

states possible can be defined considering the shape that defines the tip of the electric field 

along the time. In fact, the polarization depends on          and 3 different possible 

general cases are possible: 

 Linear polarization:    . The propagated wave is a sine wave inscribed in a plane 

with a certain orientation  . 

 Circular polarization:   
 

 
   , E0x = E0y. In this case, the wave describes a circle 

around the    axis since the amplitude of the electric field in both components is the 

same. 

 Elliptic polarization: Any other combination of parameters. It generally describes an 

ellipse around    axis.    

  Fig. 2.7 describes the general polarization ellipse with its principal parameters: 
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Fig. 2.7 Polarization Ellipse 

2.3.2 Scattering matrix 

The definition of scattering matrix strongly depends on the acquisition geometry of the 

system. This work is based on orbital monostatic data, which is usually based in Backscattering 

Alignment (BSA), i.e., the reference axis of the transmitter and the receiver, which are the 

same in that case, point from the sensor towards the target. In that particular case, let’s 

consider an emitted wave Ei which illuminates a target and the backscattering is recovered in 

the form of the received wave Er. To better understand the concepts let’s assume horizontally 

and vertically polarized waves, i.e.,       and      . 

     
       

     (2.21) 

     
       

     (2.22) 

In order to relate both waves, assuming the far field hypothesis which is always true in orbital 

SAR, a complex bidimensional matrix may be defined, called Scattering Matrix. 

 
  
 

  
   

     

 
 
      
      

  
  
 

  
 
  (2.23) 

where R is the range distance between the sensor and the target. This term will be obviated 

since does not affect the polarization state. Due to the monostatic configuration and reciprocal 

considerations, in this case Shv and Svh can be considered equivalent. In fact, in order to avoid 

this reciprocal information, it is usually considered the Scattering vector     . 

                    
 

 (2.24) 

Another Scattering vector, called the Pauli decomposition, can be defined as follows: 

                 
 

  
                      

  (2.25) 

Since on the original data usually provides separately the components     and    , the last 

component of the Pauli decomposition is the addition of this components. The Pauli 

decomposition is of particular interest since it is closely related to particular geometric 

characteristics of the scene easily found in urban areas, which is the framework of study. 
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 P1: It is related to odd bounce scattering. The most significant cases are the specular 

scattering (1 reflection) and the trihedral like scattering (3 reflections).  

 P2: It is related to even bounce scattering. The most significant case is the dihedral 

like scattering (2 reflections), such as the ground to wall reflection. 

 P3: It is related to volumetric scattering. This is usually related to vegetation, since it 

depends on the penetration of the wave on a medium where it has multiple 

reflections.  

2.4 Geocoding 
SLC data is given in its particular coordinates system, the so-called Slant Range, with its axis 

(azimuth,range) related to the sensor orbital position and the target to sensor distance 

respectively. This is obviously not a suitable reference when displaying geographical 

information, since usually this information is given in geographical coordinates (latitude, 

longitude) or planar map coordinates such as the Universal Transversal Mercator (UTM). 

Geocoding are the techniques able to relate the Slant range coordinates with these more 

useful coordinate systems. In the next sections the basic geocoding algorithm will be 

explained.  

2.4.1 Earth model 

The objective of geocoding is to project Slant Range data over the Earth and vice versa, so an 

Earth model is necessary in order to make the projection. The basic model that can be used is 

an ellipsoid, defined by its axis (a,b). 

  

  
 
  

  
 
  

  
   (2.26) 

The basic idea is that the ellipsoid adapts as much as possible to the real Earth surface, even if 

it is locally on the area of interest. In fact a huge number of ellipsoids have been defined, each 

one fitting better to particular areas over the Earth. These ellipsoids are the so-called Datums. 

In the scope of this works two different reference Datums will be used: 

 European Datum 50 (ED-50): Used globally in Europe. 

 World Geodetic System 84 (WGS-84): Used worldwide, as the datum that adapts 

better to the Earth surface globally. 

Having in mind the resolution of the SAR data used (a few meters), an ellipsoid may be too 

much simple to model the Earth Surface. To refine this model a DEM can be used, which 

provides the terrain elevation over the ellipsoid. There are several techniques to generate 

DEM, Interferometry among them (see Chapter 2.2), which can provided a wide variety of 

products at different resolutions. There are also some accessible databases of DEM with global 

coverage, such as the ones provided by the Shuttle Radar Topography Mission (SRTM). 

2.4.2 Geocoding basic Algorithm 

Let’s define a point P=(Px, Py, Pz) over the Earth surface in Cartesian coordinates located in the 

Earth center. Let’s suppose also this same point in the Slant Range system, with its position 

(azimuth,range). The azimuth coordinate is related to an orbital position defined as S=(Sx, Sy, 

Sz) in the same cartesian coordinate system as point P. The range coordinate is related to the 
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distance R between the satellite and the point P. Let’s assume also that the satellite velocity 

(Vs) and surface point velocity (Vp) are known. Fig. 2.8 depicts the scene. 

 

Fig. 2.8 Basic Scene features needed to perform geocoding 

With all this parameters the next equations can be defined [Curlander’95]: 

 Range Equation: It defines a sphere with radius R centered in the satellite position S. 

              
         

 
        

     (2.27) 

 Doppler Equation: It relates the satellite velocity and the point P velocity with the 

Doppler frequency in that point. It generally defines a conical surface, but as the 

targets are focused in zero-Doppler geometry (fD = 0) the surface turn into a plane. It 

is also assumed an ECEF (Earth Centered, Earth Fixed) Cartesian coordinate system, 

where the axis are fixed in the surface and are turning with the Earth. In this scenario 

Vp = 0. 

   
 

 

             

     
 (2.28) 

 Earth Model: This is the model defined at 2.4.1. Its final expression considering the 

point P  with height h provided by a DEM is 

  
 

      
 

  
 

      
 

  
 

      
   (2.29) 

These equations altogether relate the Slant Range with the Ground Range. The algorithms 

based in them are different depending on the sense of the transformation: 

 Direct Geocoding: In this case, the sense of the transformation is from Slant Range to 

Ground Range. The coordinates (range, azimuth) are associated to particular values of 

R, S and Vs and h is supposed to be known for any possible P. Point P is obtained as 

the intersection of the surfaces defined by Eq. (2.27), (2.28) and (2.29). In fact two 

intersection points are obtained but one is easily discriminated knowing the satellite 

looking side. The system to solve is non-linear so an iterative method must be used, 

such as the Newton-Raphson algorithm. 
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 Inverse Geocoding: In this case, the sense of the transformation is from Ground 

Range to Slant Range. This case is simpler than the previous one since it only uses Eq. 

(2.27) and (2.28), which are not coupled and can be solved separately. Azimuth 

position is obtained searching the orbital position S which makes fD equal to 0. 

Knowing S and P, R can be obtained from (2.27) which can be easily related to the 

range position. 
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3 DInSAR processing 
This chapter will describe the processing able to retrieve the terrain deformation and the DEM 

error from the available stack of differential interferograms. As it has been seen in section 2.2 

the differential phase has many contributions that must be somehow separated to reject the 

undesired components. Usually the deformation phenomenon expected have a linear 

behavior, so the method exposed here will adjust the available data to a linear model, which 

will account for both the deformation and the DEM error. The next sections will describe the 

procedure step by step. 

3.1 Pixel selection 
An important issue to obtain reliable results in the DInSAR processing is the quality of the 

phase. The quality of this phase depends on many factors (see section 2.2), so a selection step 

must be done to avoid pixels with a bad phase quality. The phase quality is given by the phase 

standard deviation, but due to the noise present in the image it is impossible to measure it 

directly. Therefore an estimation of the phase quality must be obtained instead. Several phase 

quality estimators are available and will be described in the next subsections. 

3.1.1 Pixel selection based on the coherence estimation 

As seen in chapter 2.2.1, the coherence is an estimation of the phase quality. It has the 

drawback that a spatial averaging (multilook) must be done in order to be obtained.  Due to 

this fact this pixel selection is said to work at low resolution. Fig. 3.1 depicts the relation 

between the phase standard deviation and the coherence for different multilooks. As it can be 

seen, for high multilook windows the quality of the estimator is better. 

 

Fig. 3.1 Phase Standard deviation VS Coherence graphs for several multilooks.  
Solid Line: Estimator. Dotted line: Exact value 

 

The algorithm followed to select candidates is very simple. A pixel is selected if its coherence 

value is above a certain threshold in a certain percent of the interferograms available.  The 
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quality of the estimator depends on the multilook applied, so there is a trade-off between the 

quality of the measure and the loss of resolution. Considering this fact there is no theoretical 

minimum of interferograms needed to apply this method, but obviously a higher amount will 

help to retrieve a more accurate estimation of the deformation. 

Due to the multilook applied this method is more suitable for distributed targets, which are 

not much present in urban areas. However we will see in next Chapters a new point of view to 

take profit of the multilook effect in the framework of polarimetric data.  

3.1.2 Pixel selection based on the amplitude dispersion 

In this case the estimator is based on the amplitude dispersion *Ferretti’01+: 

   
  
  

 (3.1) 

Where σA is the amplitude standard deviation and mA is the amplitude mean. For pixel with a 

high SNR, DA is a good estimator of the phase standard deviation. Fig. 2.1 shows a graph with 

the relation between the phase standard deviation and the amplitude Dispersion. This graph 

has been obtained through simulation, considering a temporal series of ideal scatterers which 

are gradually corrupted with noise. Considering a large number of realizations, both the 

amplitude dispersion and the phase standard deviation statistics can be obtained.  

 

Fig. 3.2 Amplitude dispersion VS Phase standard deviation. Images considered: 21. Realizations: 5000 

This method work at pixel level, which means that works at high resolution. In fact it aims for 

the so called Permanent Scatterers, which are punctual targets stable in time and it is 

commonly used in DinSAR processing at high resolution framework. It has some drawbacks, 

such as it requires a certain amount of images (≈30) to have a reliable estimator and a 

radiometric calibration of the images is mandatory.  
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3.1.3 Pixel selection based on temporal spectral correlation between Sublooks 

This method aims for similar targets as the amplitude dispersion method, but the procedure is 

different. The idea is based in the fact that punctual targets have a flat spectrum. The first step 

is to divide the spectrum of each image involved in two parts along the range direction.  Stable 

Point-like scatterers are characterized by a correlated spectrum in range and azimuth along all 

the temporal stack of acquisitions. These scatterers will preserve a constant spectrum along 

time so the estimated temporal spectral correlation between Sublooks will be high and these 

targets will take part in the final selection. 

Two different estimators can be used in order to obtain the temporal spectrum correlation: 

the coherence and the entropy. The entropy estimator has demonstrated to be better due to 

its major sensitivity in high quality values, i.e. high coherence or low entropy, so it will be used. 

The coherence estimator have the same expression as in the low resolution case, but now the 

multilook is taken as the temporal string of each Sublook stack. The entropy estimator 

expression is *Iglesias’08]:  

                            

 

   

 (3.2) 

where i and j are the indices of the pixel of the Sublook. The value of pk(i,j) is obtained as 

        
 

 
    

                                    

                
  (3.3) 

where X and Y are the temporal string of the pixel (i,j) for each Sublook stack respectively and γ 

is the coherence between each string.  

As well as the amplitude dispersion operator there is a relationship between the entropy value 

obtained and the phase standard deviation. This relation is depicted in Fig. 3.3. 

 

Fig. 3.3 Temporal Entropy VS Phase standard deviation. Images considered: 21. Realizations: 5000 
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As in the amplitude dispersion case this graph has been obtained through simulation, 

departing from the same corrupted temporal series of scatterers. In this case, the temporal 

entropy between sublooks is obtained along with the phase standard deviation. 

The main drawbacks of this estimator are the factor of two loss in resolution in the range 

direction due to the sublooks generation and as the amplitude dispersion method, the 

dependence of the estimator reliability with the number of images. On the other hand, no 

radiometric calibration is needed since the pixel quality targeted does not depend on its 

amplitude. This will be the algorithm that will be used in the high resolution results obtained in 

the scope of this work.  

3.2 Linear model 
Once the pixel candidates with the desired quality are chosen, it is time to retrieve the 

information from the corresponding pixels of the phase of the differential interferograms. As 

seen in previous chapters, this phase will deliver two products: 

 Terrain deformation rate. 

 Topographic error associated to the DEM. 

The first main problem is that each interferogram has an unknown phase offset. To overcome 

this problem the process will not be performed over the selected pixel but with the relations 

between neighboring pixels. The relations are done using a Delaunay triangulation, which links 

all the randomly distributed selected pixels with a net of non-overlapped triangles, as shown in 

Fig. 3.4. The triangulation approach will also avoid the need of an initial unwrapping since the 

node pixels are supposed to be close enough in order to avoid the wrapping of the phase in 

the arc. Another benefit expected is the alleviation of the atmospheric effect, because due to 

its low pass behavior it will be similar on the two nodes that generate the arc.  

 

 

Once the triangulation is set, the phase of each arc can be defined as 

   
  

 
            

  

 

  
        

                                (3.4) 

where λ is the wavelength, Ti and Bi are the temporal and spatial baselines for the i-th 

interferogram, vk is the linear deformation rate, εk is the topographic error, βk the non-linear 

deformation component, ηk is the atmospheric component and nk account for all the noise 

sources. All the components just described refer to pixel k. As said before, considering that the 

arcs are short enough, the atmospheric component can almost be neglected. The main 

(rn,an) 

(rm,am) 

arcm,n 

Fig. 3.4 Example of Delaunay triangulation. The grey dots are the selected 
pixels, linked by arcs, generating a grid of non-overlapped triangles 
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components of this phase are the ones related to liner deformation rate and DEM error, so a 

linear model of the phase can be defined as 

        
  

 
               

  

 

  
        

            (3.5) 

where Δv and Δε account for the linear deformation rate increment and the topographic error 

increment for each arc. Now a model adjustment function can be constructed for every arc. 

     
   
                                                

 
 

   

 (3.6) 

This function is minimized through a Conjugate Gradient Method (CGM) and the optimum 

values for Δv and Δε are obtained for each arc *Blanco’09+.   

In order to have a measure of the quality of the information obtained for each arc a Model 

Coherence Function is defined, which will be used to discard the arcs with low quality values, 

i.e, that does not adjust well to a linear model proposed. 

               
 

 
                                    
 

   

  (3.7) 

This function lays in the [0,1] interval, delivering 1 if the model totally fits the data and 0 if the 

model and the data are totally decorrelated.  

Once the reliable values of Δv and Δε for each arc are found, it is time to integrate them and 

find the absolute values for each pixel. To do this integration the CGM method will also be 

used. In this case, the absolute values that minimize the mean square error of each pixel will 

be found *Blanco’09+. Since the values of the arcs are relative, some reference absolute values 

will be needed to anchor the data and retrieve the rest of values for each pixel. These 

reference values are called seeds and must be obtained from external information or inferred 

from the scene. 

Finally another consideration must be taken into account. Either at high or low resolution, the 

fact of selecting a pixel is related to its overall quality. So it might happen that in some 

interferograms the quality of some selected pixels is so low that the minimization delivers a 

bad quality values for Δv and Δε. In order to reject these pixels an integration test is 

performed. This test is based in the comparison of the deformation rate and topographic error 

increments obtained by the minimization with increments generated from the final absolute 

values obtained by the integration. If the difference between them is higher than a threshold 

the arcs are discarded. Pixels that may remain unconnected are also eliminated. After that, a 

new integration process with the surviving pixels and arcs is applied to retrieve the new 

absolute values.  
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4 DInSAR with polarimetric data 
In this chapter it will be reviewed the uses of polarimetric data in the framework of DInSAR 

processing. Full-Pol and Dual-Pol data have the same nature as Single-Pol data, so each 

polarimetric channel can be processed independently. From the simplest point of view, 

without taking into account the polarimetric properties, this richer data can contribute in 

terms of redundancy or completeness to improve the results of the processing. Here these two 

aspects will be studied and related to the existing DInSAR methods. 

The approach followed in this work will focus on the combination of the results obtained by 

applying the DInSAR processing to each polarimetric channel separately. The pixel selection 

used will play an important role in how the results will be combined, whether it is at low 

resolution (spatial coherence estimator) or at high resolution (Amplitude dispersion or 

Temporal Sublooks correlation estimators). In the next sections the considerations derived 

from the use of each estimator will be discussed.  

4.1 Pixel selection criterion considerations 
There are several ways to obtain the pixel candidates with enough phase quality to extract 

reliable information from them (see Chapter 3.1). Each estimator has its own characteristics, 

but in the purposes of this work the main issue will be whether if it works at high or low 

resolution. This fact is due to the coherence estimator used in the low resolution approach 

implies an averaging in the space domain in contrast with the high resolution methods. To 

apply or not this averaging will determine how to deal with the results obtained. 

4.1.1 Low resolution selection criterion 

As seen in section 3.1.1, the low resolution pixel selection is based on the coherence 

estimator, which is based on a spatial multilook. This method is more suitable for areas with 

distributed targets since the spatial averaging is ideally supposed to be applied to resolution 

cells with similar characteristics. This is hardly the case in urban areas where cells are 

dominated by high amplitude reflectors with different physical and geometric properties 

randomly distributed among the scene. However human made structures turn to have a high 

coherence due to their stability and significance inside the coherence averaged pixel. 

The existence of different scatterers with several characteristics will be reflected in its different 

contribution on each different polarimetric channel available. The coherence of an averaged 

pixel will be related with the quality of the pixels in that area for that particular channel. The 

spatial averaging also implies a loss in resolution, so the results will not refer to an isolated 

pixel but the whole area taken by the multilook, so this method leads to detect low pass 

subsidence behaviors, i.e., wide area effects that evolve smoothly in space. This kind of 

behavior will not depend either on the polarimetric channel used to compute the deformation, 

since it is referring to a general effect and all the scatterers inside the averaging window will 

be affected by the same general deformation phenomena. For that reason the subsidence 

detected in spatially coincident averaged pixels of different polarimetric channels must be 

redundant and can be useful to reduce the noise of the measure. Fig. 4.1 depicts the situation. 
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Fig. 4.1 Principle of algorithm at low resolution based on the multilook effect 

From this point of view, the ideal case would be a total coincidence of selected pixels (once the 

multilook is applied) between all the available polarimetric channels. To have a good degree of 

coincidence the number of overall selected pixels needs to be high, which is generally true in 

urban areas. In the results Chapter several coherence levels and averaging window sizes will be 

tested using sets of images at different bands to find the valid and optimal parameters. 

4.1.2 High resolution selection criterion 

There are two methods that work at high resolution, based on two different estimators of the 

phase quality: Amplitude dispersion and Sublooks temporal spectral correlation (either 

coherence or entropy estimators). These selection criteria are focused on finding punctual 

stable targets, fairly abundant in urban areas due to the human made structures. The 

particular characteristics of each estimator are explained in sections 3.1.2 and 3.1.3. In the 

scope of this work the Sublooks temporal spectral correlation based on entropy estimator will 

be used. This is not a key issue since the only feature of interest is the high resolution 

selection. 

High resolution implies working at pixel level, i.e. without any kind of spatial averaging. 

Considering the resolution of the last generation satellites (a few meters) and the size of 

targets expected in urban areas, the scattering of each resolution cell will be caused by 

particular dominant objects. On the other hand the backscattering level in each polarimetric 

channel is strongly related to the geometry of the objects inside each pixel. This fact opens the 

possibility of distinguishing more than one object inside the same resolution cell, each with a 

different physical geometry.  

Another consideration is that the radar acquisition system distortions (see Fig. 2.2), in 

particular layover and foreshortening, cause that spatially separated objects may lie on the 

same resolution cell in the slant-range plane. As it will be seen, thanks to the DInSAR 

processing it will be also possible to separate these two scatterers. 

Let’s consider that the DInSAR processing has been applied to all the sets of interferograms, 

working with each polarimetric channel separately, using either the original channels or the 

Pauli decomposition components. The linear model of the DInSAR processing obtains two 

parameters from the phase of a stack of interferograms: The terrain deformation rate and the 
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topographic error. The latter is related to the DEM used to subtract the topographic 

component of the differential phase of each interferogram. To better understand the purpose 

of the algorithm described here, let’s assume that the DEM used is a Digital Topographic Map 

(DTM), i.e. its information refers to terrain only, without any other objects over it such as 

buildings, vegetation or any other over ground element. Let’s assume also that it models the 

surface of the earth perfectly, without any errors. Then all the topographic error obtained by 

the DInSAR processing will be associated to these over ground elements, so it will be possible 

to extract their height. As said before and considering a single pixel, its contribution in each 

polarimetric channel may be caused by different scatterers, each located at a different height 

but laying in the same cell due to the distortions of the Slant range plane. It is possible with 

this information to separate these scatterers when all the information is projected back again 

to the Ground range plane through a geocoding process (see section 2.4).  

On the other hand, scatterers that lie on the same resolution cell and have similar height must 

be closer in the Ground range, since the distortions of the Slant range plane would separate 

them otherwise. Working at high resolution allows detecting the particular deformation 

behavior of each pixel, but considering the small size of the cells of the new generation 

sensors, these points are very close in space so its deformation behavior must be very similar. 

Since it is not possible to significantly separate these objects, its deformation patterns can be 

averaged to reduce the noise of the measure. Fig. 4.2 shows all the possible cases.  

 

 

Another aspect to take into account is the resolution cells that only have one candidate of a 

particular polarimetric channel. Given the high resolutions is much probable to find a 

significant number of pixels in this case. Then the combination of results in several polarimetric 

channels contributes to increase the pixels density thanks to the complementarily. In the 

results chapter a statistic of the distribution of points will be given to remark the relevance of 

this case. 

  

Slant-range 
merge merge separate 

P1 P2 P1 P3 P1 P2 

P2 

P1 

P3 P1 P2 
P1 

Fig. 4.2 Different cases that may be found in the high resolution processing 
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5 Results 
The objective of this Chapter is twofold:  To test over real data all the concepts described in 

the previous chapters, such as the redundancy or the completeness of polarimetric data in the 

DInSAR framework, but also to find the parameters that better adjust to the data to obtain an 

optimum processing.  

Two different datasets taken over urban areas will be used. The first dataset consists of 30 

Radarsat-2 Fine Quad-Pol images (21 images until May 2011) of the city of Barcelona, with a 

regular interval of 24 days between acquisitions. The second dataset is composed by 49 

TerraSAR-X Dual-Pol images (HH and VV channels) of the city of Murcia, with a regular interval 

of 11 days. Radarsat-2 dataset has been acquired in the scope of the project SOAR-EU 6779.  

Barcelona is under an important activity with the construction of new underground 

infrastructures. For instance, the tunnel that will connect the High Speed Train (AVE) line with 

France will pass very close to the Sagrada Familia cathedral. Also the new underground line 

(L9) that will connect the city with the airport could generate subsidence in different urbanized 

areas. After the collapse of one block in El Carmel neighborhood in 2005 due to a new 

underground line and the building damages caused by the AVE tunnel in the South of the city, 

there is a clear need of a large scale monitoring of these activities. Fig. 5.1 shows a comparison 

of the area in study between the Pauli RGB decomposition of a Full-polarimetric SAR image 

compared with an optical image with the global subsidence results. In this figure it has been 

indicated the principal zones under study. 

 

Fig. 5.1 Pauli RGB representation and optical image of the Barcelona metropolitan area with the global 
subsidence results. The orange line shows the L9 metro line track. The areas under study are indicated in red. 

Certain zones in Murcia are affected by subsidence since the 90’s due to the presence of 

aquifers in the subsoil, mainly related to the Segura River, which crosses the city. The 

subsidence has caused from moderate to severe damages in more than 150 buildings and 

other structures. In order to measure the temporal evolution of the deformation in depth, 22 

A 

C 

B 
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extensometer boreholes were installed, in four suburban areas of in the South and East of the 

city. An extensometer consists of a device for measuring the deformation of the ground along 

a borehole. They provide valuable data for the validation of the DInSAR results. Fig. 5.2 show 

the comparison between the Pauli RC decomposition of a Dual-polarimetric SAR image and an 

optical image of the area in study. 

  

Fig. 5.2 Pauli RC (Red-Cyan) representation and optical image of the city of Murcia. The are under study is 
indicated in red. 

In the Pauli representation, the red color is associated to double bounce scattering, cyan to 

single bounce scattering and white both scattering behaviors present. As it can be seen, the 

urban areas are characterized basically by the presence of both channels. This means that both 

scatterings are involved in the areas where human made structures predominate. This is not a 

coincidence, since many of these structures behave as trihedrals and dihedrals.  

As it can be seen, the nature of the deformation is very different in each test site. However a 

linear deformation pattern behavior is expected in both cases. This point must be stressed 

because only the linear model of the deformation pattern will be obtained in the results.  

These two datasets will also give the opportunity to test the different behaviors between 

images at C and X band, with its different resolutions and parameters (see Table 5-1). 

 Radarsat-2 Fine Quad-Pol TerraSAR-X Dual-Pol 

Carrier frequency 5,4 GHz 9,65 GHz 

Sampling frequency 31,6 MHz 164,8 MHz 

Pulse Repetition Frequency 1380,3 Hz 2900,3 Hz 

Range Resolution (Spacing) 5,77 m (4,73 m) 1,18 m (0,91 m) 

Azimuth Resolution (Spacing) 5,88 m (4,82 m) 6,6 m (2,44 m) 

Polarimetric Channels HH VV HV VH HH VV 
Table 5-1 Principal characteristics of the sensors used to generate the results 

As it can be seen, TerraSAR-X Dual-Pol data has better features in terms of resolution and 

bandwidth than Radarsat-2 data, but on the other hand, the number of polarimetric channels 

available is smaller. The results will be extracted from the Pauli decomposition of the data, so 



31 
 

there will be two independent channels available for TerraSAR-X and three for Radarsat-2. The 

results will also test the benefits of the inclusion of the third channel in the processing.   

5.1 Low resolution results 
First the results based in the spatial coherence estimator will be obtained. The first objective is 

to test the redundancy of the different polarimetric channels. Then the appropriate coherence 

and multilook thresholds to have a good trade-off between quality and pixel coincidence 

between channels will be estimated.  

The phase quality is directly related to its standard deviation. The coherence is an indirect 

estimator of this quality, so a relation between phase standard deviation and the coherence 

level exists. The quality of the coherence estimator depends on the multilook applied, so the 

coherence threshold related to each phase standard deviation threshold will depend on the 

multilook. Table 5-2 shows the coherence threshold regarding each phase standard deviation 

and the multilooks chosen. 

 20º 15º 10º 5º 

5x5 0,38 0,48 0,64 0,90 

7x7 0,30 0,40 0,60 0,80 

10x10 0,20 0,26 0,37 0,63 

15x15 0,13 0,18 0,26 0,47 
Table 5-2 Relation between the multilook applied and the coherence threshold for each phase quality level 

The first step will be to check the pixel selection distribution between all the available 

polarimetric channels to observe the coincidence between them and see its redundancy. The 

next step will be to combine the coincident pixels to remove the noise of each separated 

measure. Next some subsidence results will be shown. Table 5-3 and Table 5-4 show assigned 

representation of each case, both for 2 and 3 channels available. 

 
P1 only 

 
P2 only 

 
P1&P2  

Table 5-3 Legend for 2 channels case. P1=HH+VV, P2=HH-VV 

 
P1 only 

 
P2 only 

 
P3 only 

 
P1&P2 

 
P1&P3 

 
P2&P3 

 
P1&P2&P3 

Table 5-4 Legend for 3 channels case. P1=HH+VV, P2=HH-VV, P3=2HV 
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5.1.1 Murcia test site 

This test site has a big portion of urban area but also some natural or cultivated areas on the 

borders. In this case only the P1 and P2 channels are available. The DInSAR processing has 

been applied for each polarimetric channel and each possible combination of multilooks and 

phase standard deviation thresholds indicated in Table 5-2. The results of the pixel distribution 

can be found in the appendix, from Table 7-1 to Table 7-4. Graphs Fig. 5.3 to Fig. 5.6 give an 

quick overview on this results. 

 

Fig. 5.3 Pixel distribution graphs for 5x5 multilook in the Murcia test site 

 

Fig. 5.4 Pixel distribution graphs for 7x7 multilook in the Murcia test site 
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Fig. 5.5 Pixel distribution graphs for 10x10 multilook in the Murcia test site 

 

Fig. 5.6 Pixel distribution graphs for 15x15 multilook in the Murcia test site 

From these graphs it can be seen that the coincidence between pixels of the two different 

channels improve as the phase quality threshold and the multilook get higher. Regarding the 

phase quality threshold this is obvious because less restrictions in the pixel selection involves a 

higher number of pixel candidates which favors the coincidence. The case of the multilook 

must be seen from two points of view: First the area under study gets divided in bigger 

subsections (multilooked pixels) which imply fewer positions over the image to consider, and 

so is easy to find a coincidence between them. On the other hand, urban areas are 
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characterized by an overall high coherence, so the coherence of the multilooked pixel will be 

generally high. Then some low coherence areas may be selected globally in the multilooked 

pixels, zones that may not be selected otherwise. This is not a problem since behaviors 

pursued in this case are wide area effects. There is naturally a trade-off between the loss of 

resolution and the quality of the coherence estimator, but it is generally restricted by the size 

of the phenomena under study. Considering the higher multilook used (15x15) and the pixel 

size (0.91 x 2.44 m), the multilooked pixel has size 13.65 x 36.6 m. Some examples at different 

multilooks will be given to foresee the suitable values for the subsidence patterns expected. 

Fig. 5.3 to Fig. 5.6 also show that the pixel coincidence remains relatively high in all the cases. 

Table 5-5 shows the mean coherence value of the area in study for each polarization channel. 

This value is obtained averaging all the coherence maps available. 

Multilook Pixel size (m) First Pauli Channel Second Pauli Channel 

5x5 4.5 x 12.2 0.521 (15º ↔ 10º) 0.537 (15º ↔ 10º) 

7x7 6.4 x 17.1 0.460 (15º ↔ 10º) 0.486 (15º ↔ 10º) 

10x10 9.1 x 24.4 0.413 (10º ↔ 5º) 0.450 (10º ↔ 5º) 

15x15 13.6 x 36.6 0.380 (10º ↔ 5º) 0.430 (10º ↔ 5º) 
Table 5-5 Pixel size and average phase quality for each multilook applied 

The mean coherence level of the area is high which indicates an overall high phase quality, as 

expected in urban areas. This is of great help to have a good pixel coincidence and it can be 

seen in the results. Fig. 5.7 is an example of the distribution of the pixel coincidence among the 

scene. As in Fig. 5.2 it is a red-cyan respresentation, where cyan represents the pixels selected 

for the P1 channel, red the ones for the P2 channel and white the pixels selected for both. 

 

Fig. 5.7 Left: Red-Cyan representation of the pixel coincidence in the Murcia test site.  
Multilook: 7x7, phase quality threshold: 20º. Right: SAR Amplitude image 

Now some interesting results will be given to illustrate the characteristics of the low resolution 

processing in Murcia. The first site under study is a bridge over the highway. The bridge is on 

strong and deep foundations which make it very stable. However the access ramps to the 

bridge are builded over a less table terrain. Fig. 5.8 depicts the scene. 
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Fig. 5.8 Bridge over the Highway in the South-West of the city of Murcia. Access ramps are indicated in red and 
the bridge in blue.  

Due to the technique employed in the construction of the bridge, the ramps are affected by 

subsidence while the bridge structure remains stable. Fig. 5.9 shows the low resolution results 

for the most permissive phase standard deviation threshold (20º), for a case of high multilook 

(15x15) and another at low multilook (7x7). In this results it can be clearly seen the trade-off 

between resolution and quality. The averaging of several channels that reduce the noise of the 

measures can be a good aid for lesser multilooks, where the theoretical quality of the 

estimator is worse. This way there resolution is better preserved and the results do not lose 

much reliability.   
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Fig. 5.9 Bridge results for σphase=20º and two different multilooks. Up: 7x7, Down: 15x15.  

The next site under study is a building located at Paseo de Florencia. There are several 

buildings with similar characteristics in this avenue and this is the only one affected by 

subsidence. Fig. 5.10 shows the low resolution results of this location. 
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Fig. 5.10 Paseo de Florencia building results for σphase=20º and two different multilooks. Up: 7x7, Down: 15x15. 

It can be appreciated in both multilook windows the deformation in the building and the east 

side street. Particularly in the 7x7 multilook case it also appears a higher deformation pattern 

in the nearby park, which is not detected in the 15x15 window. This is probably caused by the 

lack of quality in the interferograms phase in that area. In fact, all the pixels in that area 

correspond only to a single polarimetric channel, and so it can be considered less reliable. 

5.1.2 Barcelona test site 

As it can be seen in Fig. 5.1, the test area selected comprises most of the metropolitan area of 

Barcelona and surrounding cities as well as some natural areas. There is also a portion of sea 

inside the scene that will be filtered with a mask to avoid undesired random pixels 
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This case has been processed with the same multilook and phase quality thresholds as the 

section above (see Table 5-2). To better compare with the Murcia case it has been considered 

first the combination of only the two first Pauli channels. Then the results with all the channels 

have also been generated to examine the differences between all three cases.  

5.1.2.1 Two channels processing 

In this case the procedure will be parallel as in the Murcia case, i.e., only the two first Pauli 

channels will be used. The pixel distribution in this case is resumed from Table 7-5 to Table 7-8 

in the appendix chapter. Fig. 5.11 to Fig. 5.14 resume graphically the results in the tables. 

 

Fig. 5.11 Pixel distribution graphs for 5x5 multilook in the Barcelona test site using two channels 

 

Fig. 5.12 Pixel distribution graphs for 7x7 multilook in the Barcelona test site using two channels 
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Fig. 5.13 Pixel distribution graphs for 10x10 multilook in the Barcelona test site using two channels 

 

Fig. 5.14 Pixel distribution graphs for 15x15 multilook in the Barcelona test site using two channels 

The coincidence results are a bit worse than in the Murcia case. This can be explained looking 

at the overall coherence of this dataset. The next table shows the mean value of all the 

coherence maps available. 
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Multilook Pixel size (m) First Pauli Channel Second Pauli Channel Third Pauli Channel 

5x5 23.6 x 24.1 0.414 (20º ↔ 15º) 0.416 (20º ↔ 15º) 0,418 (20º ↔ 15º)  

7x7 33.1 x 33.7 0.360 (20º ↔ 15º) 0.364 (20º ↔ 15º) 0,363 (20º ↔ 15º)  

10x10 47.3 x 48.2 0.319 (15º ↔ 10º) 0.319 (15º ↔ 10º) 0,323 (15º ↔ 10º) 

15x15 70.9 x 72.3 0.292 (10º ↔ 5º) 0.292 (10º ↔ 5º) 0,295 (10º ↔ 5º) 
Table 5-6 Pixel size and average phase quality for each multilook applied 

As in can be seen in Table 5-6, the phase quality is globally lower than in the Murcia case (see 

Table 5-5). The main factors that induce this imbalance may be: 

 Temporal resolution: The temporal interval between acquisitions is much lower in the 

Murcia case (11 days VS 24 days) which reduces the temporal decorrelation of the 

interferograms. 

 Spatial decorrelation: Interferograms baselines are generally much lower in the 

TerraSAR-X case than in Radarsat-2. The bandwidth available for the TerraSAR-X 

sensor is also higher than the Radarsat-2 one. These factors reduce the spatial 

decorrelation of the Murcia interferograms.  

So the lack of quality in the data is mostly induced by the interferometric characteristics of the 

dataset. The pixel coincidence worsening due to this lack of quality impacts especially in the 

low multilook cases, which can be corroborated looking at Table 7-5 to Table 7-8.  

 

Fig. 5.15 Left: Red-Cyan representation of the pixel coincidence in the Barcelona test site using two channels. 
Multilook: 7x7, phase quality threshold: 20º. Right: SAR Amplitude image 
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Another fact to take into account is that in Radarsat-2 interferograms the area covered by the 

largest multilook window (15x15) is much wider than in the TerraSAR-X case (over 5000 square 

meters). In some places the resolution might not be enough to characterize some of the 

subsidence phenomena present in the urban areas. So in this case the trade-off between 

multilook and phase quality/coincidence will be more critical than in the Murcia case. Fig. 5.15 

shows a pixel distribution respresentation with the same characteristics as Fig. 5.7. 

Fig. 5.16 shows the subsidence results obtained over a sports complex near the Camp Nou 

(zone A).  

 

Fig. 5.16 Barcelona 2 channels subsidence results over sports complex. σphase=20º. Left: 15x15. Right: 7x7. 

In that case the effect of a too much high multilook can be clearly seen. In the case of a 

multilook of 15x15 the subsidence is detected but very roughly. A lot of details are lost which 
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can be recovered taking a low multilook at the cost of losing some quality, effect which is 

palliated by the meaning between pixels. 

Another interesting subsidence case takes place in the airport (zone B). The zone affected by 

the construction of metro line 9 is affected with a very wide area subsidence phenomenon 

which is ideal to deal with the higher multilook cases. 

 

Fig. 5.17 Barcelona 2 channels subsidence results over Airport L9 metro line construction area. σphase=20º.          
Left: 15x15. Right: 7x7. 

As it can be seen in Fig. 5.17 the characterization of the subsidence phenomenon is better 

preserved in the high multilook cases than in the sports complex area. Another interesting 

observation is the lack of pixel coincidence, especially in the 7x7 multilook case. It can be 

observed in the runways of the airport (P1 channel) or the area of maxim deformation (P2 
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channel). This is caused by the particular characteristics of this test site, which cannot be 

considered properly an urban area. For example, the wide areas occupied by the runways, 

which is a flat asphalt surface, are a perfect example of single bounce scattering so it will only 

contribute to the P1 channel. Areas with buildings, which are more urban-like, preserve the 

pixels coincidence much better.    

The last zone under study is situated between the Gracia and the Horta-Guinardó districts 

(Zone C). This area is also affected by the construction of the L9 metro line. The Tunel Boring 

Machine (TBM) is advancing from East to West and during the last acquisition (May 2011) it 

was beginning to enter the Gracia district.   

 

Fig. 5.18 Barcelona 2 channels subsidence results over Barcelona metropolitan area L9 metro line construction. 
σphase=20º. Left: 15x15. Right: 7x7. 
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In Fig. 5.18 it is clearly appreciated the correlation between the metro tunnel and the 

deformation pattern. The extension of this pattern is also correlated to the advance of the 

TBM during the TBM time span. As in the sports complex, the higher multilook window is too 

large to characterize the deformation phenomenon. On the other hand, the 7x7 window 

seems to fit well enough to recognize the main focuses of the subsidence. As in the other 

cases, the pixel coincidence remains quite high generally. An exception in this case seems to be 

the high deformation areas, which are usually characterized by a single polarization 

mechanism. This is probably related to the fact that the building activities degrade the phase 

quality and it is harder for the different mechanisms to survive. 

5.1.2.2 Three channels processing 

In this section the inclusion of the third channel will be discussed. In this case it will be two 

different types of coincidence: between pairs of two channels and between the three channels 

altogether. These two cases can be considered as different quality levels since the number of 

samples implied in the mean will be different: three levels combining two channels having the 

same quality as the case above and a new level combining three channels with a higher 

quality. The next graphs show the pixel distribution for the different multilooks and phase 

quality thresholds tested. As usual, the graphs with the numerical information can be found in 

the appendix chapter (Table 7-9 to Table 7-12). 

 

Fig. 5.19 Pixel distribution graphs for 5x5 multilook in the Barcelona test site using three channels 
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Fig. 5.20 Pixel distribution graphs for 7x7 multilook in the Barcelona test site using three channels 

 

Fig. 5.21 Pixel distribution graphs for 10x10 multilook in the Barcelona test site using three channels 
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Fig. 5.22 Pixel distribution graphs for 15x15 multilook in the Barcelona test site using three channels 

If the different coincidences are considered altogether without making any distinction 

between quality levels, the total coincidence raises significantly compared to the two channels 

case. Comparing these results with the Murcia case, it is noticeable that the coincidence 

between them is more alike. Despite having an overall lower phase quality in the Barcelona 

case, the inclusion of the third channels, which usually associated to low quality pixels (volume 

scattering in natural environments), proves to be a good support in urban areas.  

Taking a closer look to the graphs and tables, the next considerations can be done: 

 For permissive values of phase quality (20º, 15º) the impact over the pixel 

coincidence in the different multilooks is lower than in the two channels case. 

 For the more strict value of phase quality (5º), the number of mean pixels of three 

channels drops drastically compared to the other phase quality layers.  

Fig. 5.23 shows a representation of the pixel coincidence distribution, being in this case an RGB 

image, where blue represents the pixels selected for the P1 channel, red the ones for the P2 

and green the pixels selected for the P3 channels. Cyan, yellow and magenta stand for the 

different combinations of two channels and white is the combination of the three of them. 
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Fig. 5.23 Left: RGB representation of the pixel coincidence in the Barcelona test site using three channels. 
Multilook: 7x7, phase quality threshold: 20º. Right: SAR Amplitude image 

In order to compare with the 2 channels, the same areas will be presented now. First the 

sports complex near the Camp Nou (Zone A). 
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Fig. 5.24 Barcelona 3 channels subsidence results over sports complex. σphase=20º. Left: 15x15. Right: 7x7. 

Comparing Fig. 5.16 and Fig. 5.24, the visual difference between the results with 2 channels 

and the 3 channels is unnoticeable. On the other hand, most of the pixels are the average of all 

3 channels, so the subsidence value will be more reliable than in the 2 channels case. It must 

be considered that the resolution of the measure is in the order of millimeters, so this fact is 

important.  

Let’s review now the results obtained at the airport, regarding the construction of the L9 

underground line (Zone B).  
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Fig. 5.25 Barcelona 3 channels subsidence results over Airport L9 metro line construction area. σphase=20º.          
Left: 15x15. Right: 7x7. 

The 15x15 multilook case has 3 channels coincidence in most of the cases. However in the 7x7 

multilook case this is generally found in building areas. However compared with the 2 channels 

case, the runways area which was a P1 zone only, now it has a good component of P3 too. This 

is a clear example of how P3 channel is not necessarily associated with a low coherence rural 

area. 

Finally the L9 construction over the urban area will be reviewed (Zone C).  



50 
 

 

Fig. 5.26 Barcelona 3 channels subsidence results over Barcelona metropolitan area L9 metro line construction. 
σphase=20º. Left: 15x15. Right: 7x7. 

As in the 2 channels case, in this is also hard to find a good level of coincidence in the high 

subsidence zones for the 7x7 multilook window. In most of the cases, P3 is found in areas with 

where there was only a P2 contribution before. 

5.2 High resolution Results 
This section will show de benefits of the combination of results at high resolution. This 

approach is conceptually very different from the low resolution case. The high resolution will 

be able to detect deformation from singular targets instead of global subsidence effects, so the 

information will be much richer and more precise. Besides, the availability of many 

polarimetric channels, which are related to different physical properties of the targets, will 

help to the completeness of the combined results.  
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It will also be reviewed the co-cell target separation through topographic error discrimination. 

Some coincident pixels in the slant-range plane are physically separated in the ground-range 

plane. It will be seen some examples over real data of how geocoding is able to do this 

separation.    

In all the cases the temporal spectral correlation of sublooks estimator will be used, concretely 

the one based on the temporal entropy. As seen in Chapter 3.1.3, this estimator aims to find 

punctual stable targets in time which fits what is expected in this section. It has been taken the 

same phase standard deviation thresholds as in the coherence case, which are related to 

certain temporal entropy thresholds, as indicated in Table 5-7. 

Phase quality threshold 20º 15º 10º 5º 

Temporal Entropy threshold 0.58 0.46 0.28 0.12 
Table 5-7 Relation of phase quality with the Temporal Entropy 

5.2.1 Murcia test site 

The high resolution DInSAR processing has been performed for the two first Pauli Channels 

separately and for each phase quality threshold, obtaining the pixel distribution described in 

Table 7-13 on the appendix chapter. In all the cases the height separation threshold is set to 

half the size of the resolution cell in the range direction, in this case about 1.25 meters. 

 

Fig. 5.27 Pixel distribution graphs for high resolution processing in the Murcia test site 
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 Coincident Pixels in 2 or 3 mechanisms simultaneously, with a height standard 

deviation under the threshold established. The DEM error and subsidence results 

obtained are averaged to reduce noise. They will be called mean pixels from now on.   

 Pixels originally non-coincident with any other mechanism or coincident pixels 

separated through height thresholding. They will be called isolated pixels from now on. 
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Some observations can be made observing Table 7-13: 

1. There are more pixels selected in P2 than in P1. The number of pixels in P1 drops 

drastically as the phase quality threshold gets more restrictive, passing from a pixel 

number ratio between channels of 1.3 for the 20º case to 1.82 for the 5º case. The 

explanation can be found in Fig. 5.28. As it can be seen, the pixels P2 have an overall 

higher quality than the pixels in P1.  

2. There is a higher percent of isolated pixels in P2 than in P1 in all the cases, or what is 

the same, there are more mean pixels in P1. This is mostly caused by the unbalance in 

the total number of selected pixels in both cases.  

3. The mean pixels generally increase with the phase quality threshold as the phase 

quality threshold gets strict. The increase is drastic from the 20º to the 15º phase 

standard deviation cases.  

4. The percent of total pixels compared with the sum of the original channels decreases 

as the phase quality threshold gets strict, which is obvious considering point 3.  

 

Fig. 5.28 Temporal Entropy histogram for channels P1 and P2 

The previous histograms are generated using the entropy information of all the selected pixels 

with the less restrictive threshold (20º phase standard deviation). That is the reason for its 

abrupt end at an entropy value of 0.58. As it can be seen the overall quality of pixels belonging 

to P2 channel is much better than pixels of P1. This pixel selection unbalance will be discussed 

later together with other cases.   

Now some subsidence results corresponding to the areas studied in the low resolution case 

will be presented, in order to compare both methods. The first zone is the bridge over the 

higway. 
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Fig. 5.29 Bridge high resolution results for σphase=20º  

As it can be seen in Fig. 5.29 the subsidence phenomena is not quite well appreciated as in the 

low resolution case. This may be due to the specular reflection in the road since the bridge 

structure (stable area) is perfectly characterized in the high resolution results. In fact, it can be 

seen that the selected pixels are located mainly in the areas with buildings, while the roads are 

practically deserted. In the area of interest, the pixels in the road are located on the borders of 

itself, probably corresponding to structures like fences. 

The other area under study, which is the building located in Paseo de Florencia, will show the 

benefits of this method over the low resolution one.  
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Fig. 5.30 Paseo the Florencia building high resolution results for σphase=20º 

As it can be seen, a deformation gradient in the range direction is appreciated which was 

unnoticed in the low resolution results. Considering the acquisition geometry of the SAR data 

(Ascending orbit, Right looking) this results indicate that the building is tilting toward the east. 

Thanks to the high resolution this phenomena, which has a small magnitude, can be detected. 

Now and example of co-cell pixel separation will be presented. In order to select a good 

example it is necessary to find 2 pixels greatly separated in height. These pixels can be found in 

high building, where it may happen that a reflector on the top of the building is detected in 

one of the polarimetric channels and a pixel on the ground at the same range distance is 

detected with another polarimetric channel. The next figure depicts this case in the Torres 

Atalaya building. 
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Fig. 5.31 Co-cell pixel separation example in the Torres Atalaya building. Left: 3D respresentation of the results. 
Right: Radar reflectivity image of P1 and P2 channels of the area under study 

As it can be appreciated, the pixels are so far in distance that its deformation behavior may be 

different. This way it is possible to separate them in the ground-range plane and consider its 

behavior separately. 

5.2.2 Barcelona test site 

As in the low resolution case, this Section will be split in 2 parts. The first one will only use the 

two first Pauli components to better compare with the Murcia results. The second will test the 

performance of the inclusion of the third component of the Pauli decomposition in the 

processing. 

5.2.2.1 Two channels processing 

The next graphs describe the pixel distribution between the two results using the two first 

Pauli channels. 
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Fig. 5.32 Pixel distribution graphs for high resolution processing in the Barcelona test site with two channels 

In this case the pixels have also been separated in mean pixels and isolated pixels. Some 

observations can be made comparing the results with the Murcia case: 

1. As in the case before, the number of pixels selected for P2 is higher than P1. However 

the difference is not as high as before. There is also some increase in the pixel 

extinction ratio between channels, but is not as relevant as in the previous case.  

2. In this case there is also a general predominance of isolated pixels in the P2 case 

compared with the P1 case, but it is almost insignificant.  

3. Unlike the Murcia case, the percent of mean and isolated pixels remains fairly constant 

with the increase of phase quality threshold.  

4. In this case, the percent of total pixels compared to the sum of the original channels 

remains almost constant, which also agrees with point 3. 
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Fig. 5.33 Temporal Entropy histogram for al Pauli components in Barcelona test site 

As it can be seen the ratios in all quality layers are very balanced in Barcelona test site, unlike 

the Murcia case. The reason of that can be explained looking at Fig. 5.33. As it can be seen the 

different histograms are very alike, so the quality in the different channels follows a very 

similar pattern. Then there is no unbalance between the different quality layers, so the ratios 

remain alike. The slight dominance of P2 channel can also be noticed in the globally higher 

values in the histogram. 

Now the results over the different zones under study will be shown. First the sports complex 

near the Camp Nou.  

 

Fig. 5.34 Barcelona sports complex high resolution results with two channels for σphase=20º 
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As it can be seen, the deformation is not as well characterized as in the low resolution case. 

This is due to the fact that this zone is mostly characterized by distributed scatterers.  

The next zone is the L9 construction area at the airport.  

 

Fig. 5.35 Barcelona airport L9 construction area high resolution results with two channels for σphase=20º 

As in the previous case, the lack of relevant human structures like building makes it hard to 

characterize the zone globally. On the other hand, some details are now visible. For example, 

the different subsidence behavior between the traffic circle and the access to it indicated in 

the figure.  

These benefits can also be seen in the last study zone, located between the Horta-Guinardó 

and Gracia districts. As it can be seen in , to identify the global subsidence behavior it is usually 

better to use the low resolution method. But in order to identify details, the high resolution 

method is better. In the low resolution results with the 7x7 multilook window (see Fig. 5.18) it 

is possible to identify the focus of maximum deformation, but only with one pixel. In this case 

this area is better defined by several pixels. 
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Fig. 5.36 Barcelona metropolitan area L9 construction area high resolution results with two channels for 
σphase=20º. The high deformation focus is indicated in red 

5.2.2.2 Three channels processing 

In this section will be reviewed the impact of the inclusion of the channel P3 fir the high 

resolution results. As in the low resolution case, several new cases will appear: 

 Mean pixels product of pairs of channels (P1&P2, P1&P3, P2&P3). 

 Mean pixels product from all three channels (P1&P2&P3). 

 Isolated pixels unique in its resolution cell. 

 Isolated pixels from two different channels sharing a cell. 

 Isolated pixels from three different channels sharing a cell. 

Fig. 5.37 gives an overview of the pixel distribution among all this cases and some statistics to 

better understand the information. Isolated pixels have been considered together. The more 

detailed numerical pixel distribution can be found in Table 7-15 in the appendix chapter. 
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Fig. 5.37 Pixel distribution graphs for high resolution processing in the Barcelona test site with three channels 

As in the other cases, some observations can be made. 

1. The number of pixels selected in P3 is between the number of pixels in P2 and P1.  

2. The ratio between mean pixels and isolated pixels is equalized a little bit respect the 

two channels case. This is expectable since the inclusion of a third channel increases 

the probability of coincidence. 

3. The ratio of total number of pixels compared with the sum of originals increases a little 

from the two channels case. It also remains constant as the phase quality threshold 

increases, unlike the Murcia case, where there was a clear drop.  

4. There is a particular behavior that affect the highest phase quality layer (5º), where 

the values seem to digress a little bit from the pattern established by the other quality 

layers.  

As in the 2 channels cases, there is a good balance between all the quality layers. As it can be 

seen in Fig. 5.33, the histogram of the P3 channels matches up very well with the other 

channels, so the statistics in the pixel distribution remain stable. The small digression 

mentioned in point 4 can be also explained from Fig. 5.33. As it can be seen, the histograms 

follow approximately a linear pattern for values on entropy higher than 0.15. The 5º phase 

quality layer has a Temporal Entropy threshold of 0.12, so it is barely outside this linear pattern 

and may explain the unbalance. 

The results between the two channels processing and the three channels processing are quite 

similar. The next 3 figures show the results for the three zones under study. 
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Fig. 5.38 Barcelona sports complex high resolution results with three channels for σphase=20º 

 

Fig. 5.39 airport L9 construction area high resolution results with three channels for σphase=20º 
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Fig. 5.40 Barcelona metropolitan area L9 construction area high resolution results with two channels for 
σphase=20º 

The basic difference between these results and the 2 channels processing ones is the 

enrichment of information. This ought to be quite obvious since a new channel is included, but 

the fact that P3 channel is usually associated with vegetated areas it is remarkable. As it can be 

seen in Table 7-15 there are more pixels selected from this channel than in the P1, so in urban 

areas this channel also taken an important role.  

Finally an example of co-cell pixel separation will be shown. As in the Murcia test site a high 

building has been chosen to depict the situation. Concretely one of the Mapfre Towers 

situated at the Vila Olimpica. This tower is characterized by a metal structure around itself 

which is very reflective for the radar system and will serve good for this purpose. 
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Fig. 5.41 Co-cell pixel separation example in the Mapfre Towers. Left: 3D respresentation of the results. Right: 
Radar reflectivity image of P1 and P2 channels of the area under study. 

As it can be seen the tower height is perfectly characterized by the results. Here the top of the 

tower and the scatterer situated in the harbor laid in the same resolution cell and it is possible 

to separate them thanks to the DEM error information and the geocoding technique.   
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6 Conclusions and future work 
This work focuses in the use of polarimetric SAR orbital data in the DInSAR framework. The 

approach followed is based on combine the DInSAR results of the different polarimetric 

channels. The objective is to enhance the quality of each one of them separately. Since two 

main types of DInSAR processing are available (low and high resolution), two different 

approaches has been designed in order to perform the combination. 

The low resolution approach is based on reducing the noise of the measure through the 

averaging of the different channels. The quality of the terrain deformation measure depends 

on the quality of the interferometric phase. This way, a permissive phase quality threshold will 

lead to noisier results. In the case of single-pol data, this threshold is usually set to a low 

restrictive value in order to ensure good pixel coverage. This approach will be followed in the 

case of polarimetric data as well, since each channel is processed separately. The main 

difference is that some of the noise due to low quality pixels can be reduced in the averaging. 

Several multilook windows and phase quality thresholds have been tested providing some 

general conclusions: 

 Pixel coincidence strongly depends on the phase quality threshold employed. The 

algorithm is consistent with this fact, since if the phase quality threshold is restrictive 

the pixels are supposed to be reliable. This will lead to fewer pixels selected and so less 

coincidence. This is not an issue since the quality of the pixels is high. On the other 

hand, if the threshold is permissive there will be more pixels but less reliability. But in 

this case, since the number of pixels is bigger, the pixel coincidence will be higher. This 

will allow the averaging of more pixels to reduce the noise. 

 Large averaging windows provide a better estimation of the deformation but can 

degrade too much the resolution. This way it is possible that some deformation 

patterns will not have a good characterization. 

 The technique can be employed with dual-pol and full-pol data. Full-pol data is 

preferred, since the addition of the third channel provides more information and the 

pixel coincidence (considered globally) is very similar. Then, up to three samples are 

averaged in order to obtain the final results, which reduces the noise even more. 

 The results obtained at low resolution are a good way to obtain a global 

characterization of a deformation phenomenon. On the other hand, since it is using a 

spatial averaging window, deformation patterns of small extent may not be detected. 

The high resolution method aims for the opposed purpose. Since it is dealing with single pixels 

and considering the high resolution of the sensors used, the reflectivity of the pixels will be 

caused with a high probability by a single scatterer. Then, particular deformation phenomena 

can be detected. The availability of different polarimetric channels will aid in the completeness 

of the final results, thanks to the predominance of the so-called isolated pixels. The first source 

of this kind of pixels is the resolution cells with the contribution of only one polarimetric 

channel. The other one are the pixels which can be separated through DEM error 

discrimination. Pixels which were located in the same resolution cell due to SAR geometry 

distortions can be separated through geocoding techniques. The so-called mean pixels are the 

remaining ones, which coincide in the same resolution cell with a height difference lower than 
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an established threshold. After obtaining the results from the two different sensors, applying 

several quality thresholds, some general conclusions can be extracted: 

 The number of isolated pixels, both pixels which were originally separated and pixel 

which are separated through DEM error discrimination, is always bigger than the 

number of mean pixels. Always more than 75% of the pixels are isolated, so the 

different channels are very complementary. This fact will increase a lot the final 

number of selected pixels. 

 If the phase quality distribution is similar between the different channels, as in the 

Barcelona case, the pixel distribution balance remains quite stable in the different 

quality layers. On the other hand, this balance is broken once there is different quality 

distribution among the channels available, as in the Murcia case. In this particular case, 

the unbalance is caused by the particular orientation of the buildings which favor the 

response of the P2 channel. 

 The characterization of the global deformation phenomena is not as good as in the low 

resolution case but, on the contrary, it is possible to detect deformation patterns and 

particular behaviors which were not detected in the low resolution results. 

So the potential of polarimetric data to improve the terrain deformation results provided by 

the DInSAR processing has been demonstrated. The statistical properties of the data of each 

polarimetric channel have been used to improve the quality of the final results, both at low 

and at high resolution.  

From this point there are several ways to follow in order to improve these methods: 

1. The error committed in the DEM error calculation affect directly the combined 

processing, since a height threshold is set in order to separate pixels. It depends on 

many factors, such as the interferograms baseline distribution, the quality of the 

triangulation between pixels used during the DInSAR processing or the external seeds 

used to perform the final integration. This error should be modeled in order to obtain 

it as a product in the DInSAR processing. Some first approaches to this issue can be 

found at *Mora’03+. 

2. Both high and low resolution has its own benefits in order to detect several 

characteristics of a deformation phenomenon. So, in order to take profit of both 

methods, a multi-resolution approach can be considered. The first approach would be 

to make a joint DInSAR processing between high and low resolution for each 

polarimetric channel to then combine the results at the end. Different new 

considerations will be taken into account in order to deal with the multi-resolution 

combination of pixels. 

3. A complete new approach would be using phase quality optimization methods. These 

techniques are based on finding the optimal scattering mechanism, as a combination 

of the polarimetric channels available, which provides the better phase quality. There 

is a low resolution approach which optimizes the quality in terms of coherence 

*Cloude’98+ and there are some new approaches being developed for the amplitude 

dispersion method *Navarro’10+. Since in the scope of this work it has been used the 
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Temporal Sublooks spectral correlation method, an analogous optimization method 

should be developed. 

 

 

  



67 
 

7 Appendix 

7.1 Pixel distribution tables 

7.1.1 Murcia low resolution 

Multilook 5x5 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 99479 75187 42716 6154 

P2 original 110429 89467 57440 11080 

P1 only 14557 (14.6%) 14072 (18.7%) 11454 (26.8%) 2509 (40.8%) 

P2 only 25507 (23.1%) 28352 (31.7 %) 26178 (45.6%) 7435 (67.1%) 

P1&P2 84922 (85.4%) (76.9%) 61115 (81.3%) (61.3%) 31262 (73.2%) (54.4%) 3645 (59.2%) (32.9%) 

TOTAL 124986 103539 68894 13589 

Table 7-1 Selected pixels distribution for a 5x5 multilook 

Multilook 7x7 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 59385 46035 23881 7629 

P2 original 65483 54886 33064 12605 

P1 only 6423 (10.8%) 5984 (13%) 5477 (23%) 2636 (34.5%) 

P2 only 12521 (19.1%) 14835 (27%) 14660 (44.4%) 7612 (60.4%) 

P1&P2 52962 (89.2%) (80.9%) 40051 (87%) (73%) 18404 (77%) (55.6%) 4993 (65.5%) (39.6%) 

TOTAL 71906 60870 38541 15241 

Table 7-2 Selected pixels distribution for a 7x7 multilook 

Multilook 10x10 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 35161 31922 24504 9902 

P2 original 38152 35866 29888 14732 

P1 only 2661 (7.6%) 2498 (7.8%) 2415 (9.9%) 2230 (22.5%) 

P2 only 5652 (14.8%) 6442 (18%) 7799 (26.1%) 7060 (47.9%) 

P1&P2 32500 (92.4%) (85.2%) 29424 (92.2%) (82%) 22089 (90.1%) (73.9%) 7672 (77.5%) (52.1%) 

TOTAL 40813 38364 32303 16962 

Table 7-3 Selected pixels distribution for a 10x10 multilook 

Multilook 15x15 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 18363 17398 14533 8607 

P2 original 19571 19026 17069 11473 

P1 only 1013 (5.5%) 933 (5.4%) 809 (5.6%) 1058 (12.3%) 

P2 only 2221 (11.4%) 2561 (13.5%) 3345 (19.6%) 3924 (34.2%) 

P1&P2 17350 (94.5%) (88.6%) 16465 (94.6%) (86.5%) 13724 (94.4%) (80.4%) 7549 (87.7%) (65.8%) 

TOTAL 20584 19959 17878 12531 

Table 7-4 Selected pixels distribution for a 15x15 multilook 
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7.1.2 Barcelona low resolution with two channels 

Multilook 5x5 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 63657 39313 14596 662 

P2 original 67691 42731 16666 707 

P1 only 17170 (27%) 15576 (39.6%) 8124 (55.7%) 472 (71.3%) 

P2 only 21204 (31.3%) 18994 (44.5%) 10194 (61.2%) 517 (73.1%) 

P1&P2 46487 (73%) (68.7%) 23737 (60.4%) (55.5%) 6472 (44.3%) (38.8%) 190 (28.7%) (26.9%) 

TOTAL 84861 58307 24790 1179 

Table 7-5 Selected pixels distribution for a 5x5 multilook 

Multilook 7x7 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 42331 27434 8071 1290 

P2 original 45224 29945 9321 1432 

P1 only 7162 (16.9%) 8150 (29.7%) 4315 (53.5%) 862 (66.8%) 

P2 only 10055 (22.2%) 10661 (35.6%) 5565 (59.7%) 1004 (70.1%) 

P1&P2 35169 (83.1%) (77.8%) 19284 (70.3%) (64.4%) 3756 (46.5%) (40.3%) 428 (33.2%) (29.9%) 

TOTAL 52386 38095 13636 2294 

Table 7-6 Selected pixels distribution for a 7x7 multilook 

Multilook 10x10 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 28672 23479 15094 2543 

P2 original 29741 25188 16628 3020 

P1 only 2621 (9.1%) 2923 (12.4%) 3765 (24.9%) 1444 (56.8%) 

P2 only 3690 (12.4%) 4632 (18.4%) 5299 (31.9%) 1921 (63.6%) 

P1&P2 26051 (90.9%) (87.6%) 20556 (87.6%) (81.6%) 11329 (75.1%) (68.1%) 1099 (43.2%) (36.4%) 

TOTAL 32362 28111 20393 4464 

Table 7-7 Selected pixels distribution for a 10x10 multilook 

Multilook 15x15 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 15751 13514 10653 3585 

P2 original 15790 14055 11500 4122 

P1 only 1155 (7.3%) 997 (7.4%) 1152 (10.8%) 1370 (38.2%) 

P2 only 1194 (7.6%) 1538 (10.9%) 1999 (17.4%) 1907 (46.3%) 

P1&P2 14596 (92.7%) (92.4%) 12517 (92.6%) (89.1%) 9501 (89.2%) (82.6%) 2215 (61.8%) (53.7%) 

TOTAL 16945 15052 12652 5492 

Table 7-8 Selected pixels distribution for a 15x15 multilook 
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7.1.3 Barcelona low resolution with three channels 

Multilook 5x5 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 63657 39313 14596 662 

P2 original 67691 42731 16666 707 

P3 original 67272 45017 18575 841 

P1 only 6802 (10.7%) 6864 (17.5%) 4524 (31%) 343 (51.8%) 

P2 only 11208 (16.6%) 11006 (25.8%) 6958 (41.7%) 420 (59.4%) 

P3 only 9457 (14.1%) 11518 (25.6%) 8225 (44.3%) 559 (66.5%) 

P1&P2 9036 (14.2%) (13.3%) 6938 (17.6%) (16.2%) 2958 (20.3%) (17.7%) 134 (20.2%) (19%) 

P1&P3 10368 (16.3%) (15.4%) 8712 (22.2%) (19.4%) 3600 (24.7%) (19.4%) 129 (19.5%) (15.3%) 

P2&P3 9996 (14.8%) (14.9%) 7988 (18.7%) (17.7%) 3236 (19.4%) (17.4%) 97 (13.7%) (11.5%) 

P1&P2&P3 37451 
(58.8%) (55.3%) (55.7%) 

16799 
(42.7%) (39.3%) (37.3%) 

3514 
(24.1%) (21.1%) (18.9%) 

56 
(8.5%) (7.9%) (6.7%) 

Total mean %  89.3% 83.4% 85.9% 82,5% 74.2% 74.4% 69% 58.3% 55.7% 48.2% 40.6% 33.5% 

TOTAL 94318 69825 33015 1738 

Table 7-9 Selected pixels distribution for a 5x5 multilook 

Multilook 7x7 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 42331 27434 8071 1290 

P2 original 45224 29945 9321 1432 

P3 original 43215 30512 10357 1592 

P1 only 2815 (6.6%) 3026 (11%) 2251 (27.9%) 561 (43.5%) 

P2 only 5304 (11.7%) 5814 (19.4%) 3793 (40.7%) 814 (56.8%) 

P3 only 5304 (12.3%) 5447 (17.9%) 4481 (43.3%) 961 (60.4%) 

P1&P2 4658 (11%) (10.3%) 4190 (15.3%) (14%) 1716 (21.3%) (18.4%) 288 (22.3%) (20.1%) 

P1&P3 4347 (10.3%) (10.1%) 5124 (18.7%) (16.8%) 2064 (25.6%) (19.9%) 301 (23.3%) (18.9%) 

P2&P3 4751 (10.5%) (11%) 4847 (16.2%) (15.9%) 1772 (19%) (17.1%) 190 (13.3%) (11.9%) 

P1&P2&P3 30511 
(72.1%) (67.5%) (70.6%) 

15094 
(55%) (50.4%) (49.5%) 

2040 
(25.3%) (21.9%) (19.7%) 

140 
(10.9%) (9.8%) (8.8%) 

Total mean % 93.4% 88.3% 87.7% 89% 80.6% 82.1% 72.1% 59.3% 56.7% 56.5% 43.2% 39.6% 

TOTAL 57690 43542 18117 3255 

Table 7-10 Selected pixels distribution for a 7x7 multilook 

Multilook 10x10 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 28672 23479 15094 2543 

P2 original 29741 25188 16628 3020 

P3 original 27625 23676 16911 3423 

P1 only 1344 (4.7%) 1170 (5%) 1271 (8.4%) 743 (29.2%) 

P2 only 2197 (7.4%) 2520 (10%) 2810 (16.9%) 1394 (46.2%) 

P3 only 1010 (3.7%) 1438 (6.1%) 2655 (15.7%) 1684 (49.2%) 

P1&P2 2206 (7.7%) (7.4%) 2183 (9.3%) (8.7%) 2056 (13.6%) (12.4%) 588 (23.1%) (19.5%) 

P1&P3 1277 (4.5%) (4.6%) 1753 (7.5%) (7.4%) 2494 (16.5%) (14.7%) 701 (27.6%) (20.5%) 

P2&P3 1493 (5%) (5.4%) 2112 (8.4%) (8.9%) 2489 (15%) (14.7%) 527 (17.5%) (15.4%) 

P1&P2&P3 
23845 

(83.2%) (80.2%) (86.3%) 

18373 
(78.3%) (72.9%) (77.6%) 

9273 
(61.4%) (55.8%) (54.8%) 

511 
(20.1%) (16.9%) (14.9%) 

Total means % 95.3% 92.6% 96.3% 95% 90% 93.9% 91.6% 83.1% 84.3% 70.8% 53.8% 50.8% 

TOTAL 33372 29549 23048 6148 

Table 7-11 Selected pixels distribution for a 10x10 multilook 
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Multilook 15x15 Phase standard deviation threshold 

 20º 15º 10º 5º 

P1 original 15751 13514 10653 3585 

P2 original 15790 14055 11500 4122 

P3 original 14781 13027 10844 4682 

P1 only 726 (4.6%) 516 (3.8%) 421 (4%) 473 (13.2%) 

P2 only 714 (4.5%) 926 (6.6%) 1130 (9.8%) 1114 (27%) 

P3 only 305 (2.1%) 410 (3.1%) 685 (6.3%) 1466 (31.3%) 

P1&P2 1029 (6.5%) (6.5%) 993 (7.3%) (7.1%) 942 (8.8%) (8.2%) 689 (19.2%) (16.7%) 

P1&P3 429 (2.7%) (2.9%) 481 (3.6%) (3.7%) 731 (6.9%) (6.7%) 897 (25%) (19.2%) 

P2&P3 480 (3%) (3.2%) 612 (4.4%) (4.7%) 869 (7.6%) (8%) 793 (19.2%) (16.9%) 

P1&P2&P3 
13567 

(86.1%) (85.9%) (91.8%) 
11524 

(85.3%) (82%) (88.5%) 
8559 

(80.3%) (74.4%) (78.9%) 
1526 

(42.6%) (37%) (32.6%) 

Total means % 95.4% 95.5% 97.9% 96.2% 93.4% 96.9% 96% 90.2% 93.7% 86.8% 73% 68.7% 

TOTAL 17250 15462 13337 6958 

Table 7-12 Selected pixels distribution for a 15x15 multilook 

7.1.4 Murcia High resolution 
Phase threshold 20º 15º 10º 5º 

P1 original 166540 124098 68756 23928 

P2 original 216257 171855 106787 43614 

P1 only 89310 (53.6%) 66415 (53.5%) 36155 (52.6%) 11948 (49.9%) 

P2 only 139027 (64.3%) 114172 (66.4%) 74186 (69.5%) 31634 (72.5%) 

P1&P2 mean 7738 (4.6%) (3.6%) 35858 (28.9%) (20.9%) 27247 (39.6%) (25.5%) 11960 (45.2%) (24.8%) 

P1&P2 split 69492 (41.7%) (32.1%) 21825 (17.6%) (12.7%) 5354 (7.8%) (5%) 1173 (4.9%) (2.7%) 

Total mean % 4.6% 3.6%  28.9% 20.9% 39.6% 25.5% 45.2% 24.8% 

Total split % 95.4% 96.4% 71.1% 79.1% 60.4% 74.5% 54.8% 75.2% 

TOTAL 
375059 

(98% of P1+P2) 
260095 

(87.9% of P1+P2) 
148296 

(84.5% of P1+P2) 
56735 

(84% of P1+P2) 

Table 7-13 Selected pixels distribution at high resolution for the Murcia test site 

7.1.5 Barcelona High resolution with two channels 
Phase threshold 20º 15º 10º 5º 

P1 original 109586 76638 36781 9833 

P2 original 121429 87049 43610 12284 

P1 only 65539 (59.8%) 47471 (61.9%) 23706 (64.5%) 6504 (66.1%) 

P2 only 77382 (63.7%) 57882 (66.5%) 30535 (70%) 8955 (72.9%) 

P1&P2 mean 26985 (24.6%) (22.2%) 20244 (26.4%) (23.3%) 10540 (28.7%) (24.2%) 2805 (28.5%) (22.8%) 

P1&P2 split 17062 (15.6%) (14.1%) 8923 (11.6%) (10.3%) 2535 (6.9%) (5.8%) 524 (5.3%) (4.3%) 

Total mean % 24.6% 22.2% 26.4% 23.3% 28.7% 24.2% 28.5% 22.8% 

Total split % 75.4% 77.8% 73.6% 76.7% 71.3% 75.8% 71.5% 77.2% 

TOTAL 
190236 

(82.3% of P1+P2) 
136087 

(83.1% of P1+P2) 
67504 

(84% of P1+P2) 
18814 

(85.1% of P1+P2) 

Table 7-14 Selected pixels distribution at high resolution for the Barcelona test site using P1 and P2 
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7.1.6 Barcelona High resolution with three channels 
Phase threshold 20º 15º 10º 5º 

P1 original 109586 76638 36781 9833 

P2 original 121429 87049 43610 12284 

P3 original 116435 82591 40076 10887 

P1 only 49146 (44.8%) 36158 (47.2%) 18469 (50.2%) 5167 (52.5%) 

P2 only 62218 (51.2%) 47360 (54.4%) 25706 (58.9%) 7738 (63%) 

P3 only 67149 (57.7%) 49426 (59.8%) 25288 (63.1%) 7267 (66.7%) 

P1&P2 mean 15803 (14.4%) (13%) 12234 (16%) (14.1%) 6734 (18.3%) (15.4%) 1971 (20%) (16%) 

P1&P3 mean 10515 (9.6%) (9%) 5603 (7.3%) (6.8%) 1619 (4.4%) (4%) 292 (3%) (2.7%) 

P2&P3 mean 5534 (4.6%) (4.8%) 2311 (2.7%) (2.8%) 623 (1.4%) (1.6%) 861 (7%) (7.9%) 

P1&P2&P3 
mean 

10859  
(9.9%) (8.9%) (9.3%) 

9002  
(11.7%) (10.3%) (10.9%) 

4614  
(12.5%) (10.6%) (11.5%) 

476  
(4.8%) (3.9%) (4.4%) 

P1&P2 split 3362 (3.1%) (2.8%) 1728 (2.3%) (2%) 336 (0.9%) (0.8%) 556 (5.7%) (4.5%) 

P1&P3 split 11802 (10.8%) (10.1%) 8794 (11.5%) (10.6%) 4493 (12.2%) (11.2%) 661 (6.7%) (6.1%) 

P2&P3 split 11182 (9.2%) (9.6%) 8010 (9.2%) (9.7%) 3806 (8.7%) (9.5%) 834 (6.8%) (7.7%) 

P1&P2&P3 
split 

6547  
(6%) (5.4%) (5.6%) 

3320  
(4.3%) (3.8%) (4%) 

916  
(2.5%) (2.1%) (2.3%) 

232  
(2.4%) (1.9%) (2.1%) 

Total mean % 33.9% 26.5% 23.1% 35% 27.1% 20.5% 35.2% 27.4% 17.1% 27.8% 26.9% 15% 

Total split % 66.1% 73.5% 76.9% 65% 72.9% 79.5% 64.8% 72.6% 82.9% 72.2% 73.1% 85% 

TOTAL 
293557 

(84.5% of P1+P2+P3) 
209118 

(84.9% of P1+P2+P3) 
103071 

(85.5% of P1+P2+P3) 
28572 

(86.6% of P1+P2+P3) 

Table 7-15 Selected pixels distribution at high resolution for the Barcelona test site using P1, P2 and P3 
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