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Abstract— Polarization ellipse is characterized by polarization 

orientation angle and ellipticity. The ellipse orientation is given 

by the angle between major and horizontal x axis known as 

polarization angle. The shift in polarization angle may induce 

errors in the decomposition affecting the scattering elements. The 

orientation angle compensation affects the result of coherency 

matrix and decompositions such as Freeman-Durden and 

Yamaguchi decomposition modelling technique. The focus of this 

research is to assess the effect of deorientation process on volume 

scattering for PolInSAR imagery. Radarsat-2 fully polarimetric 

C-band data is used in this paper. The open source tool PolSAR 

pro has been utilized for SAR image processing. The POA shift 

compensation is implemented over the PolInSAR pair to 

minimize the overestimation and underestimation problem. The 

research highlights the application of polarization angle shift 

(POA) on PolInSAR imagery and the effect of this de-orientation 

process on volume scattering. 
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I.  INTRODUCTION (HEADING 1) 

Synthetic aperture radar (SAR) sensor transmits 

electromagnetic energy and receives the backscattered amount 

of energy after interaction with the objects on earth‟s surface. 

SAR sensor has an added advantage of forest canopy 

penetration and due to this penetration capability it is widely 

used for forest biophysical parameter retrieval.  

 

Decomposition modelling technique is used for retrieving the 

scattering elements. There are two types of decomposition 

modelling, namely, coherent decomposition and incoherent 

decomposition [1] [2]. Coherent decomposition is able to 

characterize only the coherent targets which give completely 

polarized backscatter, also known as point or pure scatterer 

[1]. Incoherent decomposition occurs in natural objects like in 

forest/vegetation areas which are characterized by coherency 

matrix. Three types of scattering mechanisms, namely, surface 

scattering, double bounce and volume scattering are explained 

by the Freeman-Durden decomposition model [3]. On the 

other hand, the Yamaguchi decomposition model [4] considers 

four scattering mechanisms, namely, surface, double-bounce, 

volume and helix scattering. Multiple component scattering 

models [5] consider five scattering mechanisms, namely, 

surface, double-bounce, volume, helix and wire scattering. 

II. STUDY AREA AND DATA SET 

In this research, the study area used is Barkot forest, which 

lies between                      (latitude) and 

                     (longitude) in Uttarakhand state in 

the northern part of India. Single look complex (SLC) 

Radrasat-2 data is used in this paper. Data acquired in fully 

polarized in C band data with wavelength 5.55cm. This data 

was fully polarized based data and both the images were 

accessed with the gap of 23 days. 

 

III. METHODOLOGY 

The PolInSAR data processing was carried out in few stages, 

which are defined further down. First of all scattering matrix 

was generated for both master and slave image. Co-

registration was performed for SAR image pair. PolInSAR 

based coherency matrix was generated for the co-registered 

images. PolInSAR image was De-orientated and 

decomposition of de-oriented image was done. From 

decomposition three scattering elements i.e. surface scattering, 

volume scattering and double-bounce scattering were 

extracted. Accuracy assessment was done using RMSE and 

percent accuracy.  

A. Generation of master and slave image scattering matrix 

PolInSAR image was generated by using SAR images (Master 

image and slave image) using interferometry. Both images 

show relationship between polarimetric mode and 

interferometric mode. Master image is taken from January 28, 

2014 and slave image is taken from February 20, 2014. Both 

the images are taken from the same range for the diverse plots 

in two distinctive time periods.    
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B. Coregistration of master and slave image 

Image co-registration is significant part of PolInSAR data 

processing which is used for the alignment of two SAR 

images so as to get their phase difference. Co-registration is 

applied on SAR image pair [6]. The Images provided as input 

for the co registration function are complex. SAR image pair 

used have same type (i.e. complex) and same projection 

system (all slant range or all ground range projected or all 

geocoded), otherwise the slave image(s) must be reprojected 

into the projection system of the master image. As the 

reference of master image, the slave image is co-registered 

and estimated for any shifts in the rows and columns of SAR 

image pair. 

 

C. PolinSAR based coherency matrix 

Berman and Sanchez [7] made an approach to generate 3×3 

covariance matrix using PolInSAR pair of Radarsat-2 dataset. 

The covariance matrix was generated with the help of 

lexicographic matrixes obtained from PolInSAR pair and 

Freeman-Durden three component model was adopted to 

generate surface, double-bounce and volume scattering 

elements.  

Previously all the decomposition model were developed using 

covariance matrix. After getting the sensitivity of POA [8] of 

SAR data with coherency matrix element all the 

decomposition modelling are again redefined in terms of 

coherency matrix elements. An approach to get coherency 

matrix elements from PolInSAR pair will be implemented to 

get scattering elements from coherency matrix based 

yamaguchi four component decomposition model [4]. The 

advantage of coherency matrix is revealed in a work of 

yamaguchi. 

 

PolInSAR based coherency matrix (T) was generated with the 

help of co-registered Master and Slave images. Pauli feature 

vector of master image  was multiplied with the transpose 

of complex conjugate of slave image [7] 

 

D. PolInSAR based decomposition of coherency matrix 

Decomposition modelling is used for retrieving the scattering 

elements from coherency matrix. Huyen [9] first used the 

target decomposition technique. Cloude and Pottier [10] 

reviewed the potential of different decomposition modelling 

approaches for scattering information retrieval from PolSAR 

data. There are two types of decomposition modelling, 

coherent decomposition and incoherent decomposition. Three 

types of scattering mechanisms; surface scattering, double 

bounce and volume scattering were deliberated by the 

Freeman-Durden decomposition model [3]. The Yamaguchi 

decomposition model [4] considers four scattering mechanism 

surface, double-bounce, volume and helix scattering. The 

Multiple Component Scattering Model [5] considers five 

scattering mechanism surface, double-bounce, volume, helix 

and wire scattering. Yamaguchi decomposition model: 

 

   

where, , , ,  are power for surface, double-bounce, 

volume, helix scattering and , , ,  are the expansion 

matrix for surface, double-bounce, volume, helix scattering. 

 

E. Deorientation of PolInSAR based coherency matrix 

POA is an angle between the semi-major axis of polarization 

ellipse and direction of propagation of electromagnetic wave 

(as shown in figure 2-1) which gets changed after interaction 

with objects. The shift in POA may occur due to the shape and 

orientation of the object. Overestimation of volume scattering 

and underestimation of double-bounce scattering was 

observed due to POA shift. POA compensation of SAR data is 

recommended to minimize the overestimation and 

underestimation problem. The POA shift compensation 

implemented on both the data of PolInSAR pair. Using POA 

compensated data 3×3 coherency matrix will be generated. 

[11]. Finally decomposition modelling of generated coherency 

matrix will provide surface, double-bounce and volume 

scattering. It uses the coherency matrix to define the scattering 

behaviour of forest. Lee et al., [12] characterize a method 

focused on the circular polarization. For the estimation of the 

orientation angle from the PolSAR data. The following 

formula is used for the estimated OA shift . 
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where, Re is real part 

 

  is Angle shift in the orientation and the estimated orientation 

angle (OA) ranges from 
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In the formula of coherency matrix elements 
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[ ] is Coherency matrix after POA shift U is Rotation matrix 
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IV. RESULTS AND DISCUSSION 

This section concerns with the results achieved using the 

adopted methodology. The present research paper was 

attempted to assess the deorientation effect on PolInSAR 

image. PolInSAR based coherency matrix was used in this 

paper. PolInSAR image wzas generated through the co-

registration of the master and slave images. Deorientation 

process was applied to PolInSAR imagery and the effect of 

this de-orientation process was examined on the obtained 

results. Polarimetric decomposition modelling was used to 

obtain the scattering elements i.e. volume scattering, double-

bounce scattering and surface scattering.  This information can 

be further used to derive parameters required for semi-

empirical modelling i.e. EWCM for the AGB estimation. 

Accuracy assessment was accomplished using two statistical 

parameters i.e. coefficient of determination (R
2
) and root mean 

square error (RMSE). 

First of all the SAR images were combined using PolInSAR 

based coherency matrix. The PolInSAR image was subjected 

to deorientation. Regression analysis was carried out for the 

PolInSAR image before deorientation. Before de-orientation 

of PolInSAR, figure 1 depicts that the volume scattering varies 

linearly with field biomass. Field biomass and volume 

scattering shows value of coefficient of determination (R
2
) as 

0.589. The deorientation equation is used for PolInSAR based 

coherency matrix. Coherency matrix is utilized in Yamaguchi 

decomposition after deorientation process. Four 

decomposition mechanism generated surface, double-bounce, 

volume and helix scattering but the results attained are mainly 

contributed by a decomposition component i.e. volume 

scattering from the forest canopy cover. After de-orientation 

of PolInSAR based coherency matrix,  element 

gets reduced which is a cross-polarized element. Due to the 

decrease in  element, volume scattering also decreases. 

 

 
 
Figure 1: Linear regression between field biomass (x axis) 

and Volume scattering (y axis) of PolInSAR image for 49 

locations of field plots (before de-orientation) 

 

After deorientation PolInSAR volume scattering shows low 

correlation as compared to before deorientation PolInSAR 

volume scattering. This study utilized after-deorientation 

PolInSAR volume scattering image. This is because the result 

does not rely upon higher correlation values for precise 

biomass estimation but on the certainty of elements 

participating in the scattering. This information retrieval is 

easier from after-deorientation procedure carried out on 

PolInSAR image. PolInSAR based coherency matrix 

generated by co-registration of SAR images (master and slave 

images). Figure 1 and figure 2 shows the relation between 

field AGB and PolInSAR based volume scattering. It is clearly 

seen from the figures (figure 1 and figure 2) that very less 

difference (0.02 approximately) in coefficient of determination 

(R
2
) was obtained after de-orientation of PolInSAR coherency 

matrix 

 
Figure 2: Linear regression between field biomass (x axis) 

and Volume scattering (y axis) of PolInSAR image for 49 

locations of field plots (after de-orientation) 

 

This study utilizes after-deorientation PolInSAR image to 

acquire all the scattering information. Both figure 1 and 2 

shows that for the volume scattering values ranging from 0.2 

to 0.8 field biomass values lies in the range 150 (t ha
-1

) to 270 

(t ha
-1

). The combination of two images i.e. PolInSAR image 

shows higher correlation value as compared to SAR images 

(master and slave images). 

 

 
 

Figure 3: Volume scattering values before and after de-

orientation of PolInSAR image for 49 locations of field 

plots 
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Figure 3 shows the contrast in volume scattering (y axis) value 

in 49 sample plot (x axis), before and after deorientation for 

PolInSAR image. The green line shows that value of volume 

scattering before deorientation and the black line shows that 

the value of volume scattering after deorientation. 

 

V. CONCLUSION 

This section provides the conclusion of the research paper 
done based on the results gathered following the adopted 
methodology. Polarization orientation angle shift compensation 
was implemented on PolInSAR pair image. PolInSAR pair 
image was decomposed for the retrieval of different scattering 
information utilizing a polarimetric Yamaguchi decomposition 
model. PolInSAR based coherency matrix was generated over 
which Yamaguchi decomposition modelling was applied to 
retrieve scattering information. In this modelling four 
components, namely, surface scattering, double bounce 
scattering, volume scattering and helix scattering were 
retrieved. Volume scattering of PolInSAR image have shown 
an increasing trend with the increase in field biomass.  

In the PolInSAR image, before-deorientation volume 
scattering show coefficient of determination as 0.5890 and 
after-deorientation volume scattering show coefficient of 
determination as 0.5664. To minimize the overestimation of 
volume scattering, de-oriented PolInSAR image was used.  

. 
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