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ABSTRACT: Synthetic Aperture Radar is a promising technique for monitoring various land cover features.
Continuous day and night monitoring of various natural and manmade structures can be done using SAR. The
backscatter information from the features can be utilized for microwave imaging. Polarimetric properties of the
electromagnetic wave are used to separate different scattering elements available in a single SAR resolution cell.
Quad polarized SAR receives the backscatter information which utilizes the four different polarization channels. It
adds greater assurance in the results. This Quad-pol data should follow certain conditions to be a fully polarimetric
dataset. A fully polarimetric SAR data exhibits the phase coherency across different polarization channels. Hence
can be used for various stokes vector based analysis, polarimetric decompositions, phase correlation based studies
etc. This paper focuses on the evaluation of the RISAT-1 FRS-2 Quad polarized datasets to be a fully polarimetric
SAR datasets. The RISAT-1 FRS-2 and RADARSAT-2 data for the Manali region of date February 2014 were used.
In the preprocessing of the datasets radiometric calibration and multi-looking of the datasets was done. The phase
coherency between Co-polarized channels i.e. relative phase between HH and VV was evaluated. The degree of
polarization and the stokes parameter conditions were also analyzed. The RISAT-1 FRS-2 phase distribution curve
was compared with the same obtained from Radarsat-2 fully polarimetric data. The Radarsat-2 showed characteristic
relative phase curves matching to the theoretical PDF (Power Distribution curve). RISAT-1 FRS-2 was having
incoherency in between co-polarized channels HH and VV. The RISAT-1 FRS-2 was found inconsistent for
considering it as a fully polarimetric data. This made this data not suitable for the generation of relative phase (HH-
VV), generation of coherency matrix, calculating stokes parameters and polarimetric decomposition.

1. INTRODUCTION

Microwave remote sensing using SAR (Synthetic Aperture Radar data) has the potential of monitoring various land
cover targets as well as retrieving the target parameters because of its unique sensitivity to the geometrical, structural
and dielectric properties of the target. From the past few years with the development of quad-pol sensors like
Radarsat-2, TerraSAR-X and ALOSPALSAR-2 preference to the fully Polarimetric SAR data is given to extract
better information. This data provides the comprehensive polarimetric information which allows both model based
decompositions and Eigen value based decomposition. These datasets using Polarimetric SAR (PolSAR) systems
can be used to separate out the different scattering mechanisms-single bounce, double bounce and volume scattering
mechanisms available in single SAR resolution cell. It is done by analyzing the polarization state of various
polarimetric channels received after being backscattered from various man-made and natural targets (Lee & Pottier,
2009). It is useful in order to extract the qualitative and quantitative information of various targets like vegetation,
land, ocean and snow. The quad-pol SAR sensor transmits the microwaves in the Horizontal (H) and vertical (V)
polarizations simultaneously and receives in four polarization channels HH, HV, VH and VV. For the correct
information retrieval from the backscatter microwave, the phase coherency between the polarization channels of the
guad-pol data should be there. It should also follow the monostatic condition and should have high degree of
polarizations. The degree of polarization is the ratio of polarized power to the total power received from the
microwave sensor. This paper focusses on the evaluating the RISAT-1 FRS-2 quad-pol data for pertaining to be the
fully polarimetric datasets. Various conditions for this data to be fully polarimetric is analyzed. Phase consistency,
the monostatic condition and degree of polarization is also evaluated for this study. The comparative analysis with
the Radarsat-2 dataset has also been done.
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2. STUDY AREA AND DATASETS USED
2.1 Study Area
The Beas River Basin up to Manali town with area of 350.21 km? has been selected for this study, in the state of

Himachal Pradesh situated in Northern India. The area is at an altitude of 4350 m above mean sea level, 51km north
of Manali. The terrain is relatively undulating and is a part of North-Western Himalayas.
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Figure 1-Study Area

2.2 Datasets Used

The two datasets RISAT-1 in FRS-2 quad pol mode and Radarsat-2 datasets were used in this study. The comparative
analysis between the RISAT-1 FRS-2 and Radarsat-2 was done as both the datasets operate in the C band and has
the

Description Dataset-1 Dataset-2
Satellite RISAT-1 FRS-2 RADARSAT-2
Date of acquisition 23-2-2014 25-2-2014
Time of acquisition 12:55:32 UTC 10:19:39 UTC
Image Id 1428550131 PDS_03512070
Polarizations HH, VV, HV, VH HH, VV, HV, VH
Centre frequency 5.35 GHz 5.405 GHz
Acquisition mode FRS-2 Fine Quad Polarization
Incidence angle 49.044° 39.19°
Centre lat/long 29°14'05" N, 79°21'07" E 29°14'05" N, 79°21'05" E

Table 1-SAR data Specification



3. METHEDOLOGY

3.1 Methodology flow diagram: -
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Figure 2-Methodology flow diagram
3.2 RISAT-1 FRS-2 and RADARSAT-2 data processing
3.2.1 Calibration of the data

Calibration is the process of quantitatively defining the signal responses to a known controlled signal inputs.
After the radiometric calibration of the SAR data, it is possible to compare the values obtained by different
SAR sensors and also with the ground based observations. For SAR images the Digital Number (DN) value
is directly related to the received voltage in the SAR sensor. Also, the image intensity too is proportional
to the received power. The process to retrieve backscatter coefficient from the observed SAR image
intensity is known as the radiometric calibration (Mishra & Patel, 2015; Rao, Meadows, & Kumar, 2016).
Calibration has been performed over the given dataset according to the relation given below:

G = (DN),X sin(ip)x 1 (1)
P sin(ic) \/W/IO)

3.2.2 Scattering Matrix Generation

For the quad pol datasets, the EM waves are transmitted in the horizontal and the vertical polarizations. The
change in the polarization plane is experienced be the EM wave after being backscattered from the targets.
At the receiver the received electromagnetic waves can be represented in the form of a 2x2 scattering
matrix:-
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The complex backscatter information of the target in all the four polarizations is represented by this matrix.
This complex backscatter contains both phase and the magnitude information with it.



3.2.3 Coherency matrix generation

The coherency matrix gives the second order scattering mechanism information. This matrix is obtained
from the Hermitian product of the Pauli basis and describes the local variations in the scattering. The
vectorized form of the scattering matrix in Pauli format is given as:-

L Sun + Svyv
k, = = | Sun — Svv
p
V2 25y (3)
The coherency matrix so obtained is given by:-
([T]) = (k) @)

where T represents complex conjugate and represents the average over the whole data. The coherency
matrix obtained using (3) is given as

(ISun + Syvl*) ((Sun + Syv)(Sun — Svv)*)  2((Sun + Svv)Suv’) ©)
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Elements T11, T2z and T3 are sensitive to surface, double bounce and volume scattering from a single SAR
resolution cell. The sum of the diagonal elements represents the total backscattered power of wave. Also
the Eigen values of both the covariance matrix and coherency matrix are same.

3.2.4 Yamaguchi Decomposition
Yamaguchi decomposition is a model based technique which represents the coherency matrix into sum of
four scattering mechanisms- Surface scattering, Double bounce scattering Volume scattering and Helix

scattering (Yamaguchi, Yajima, & Yamada, 2006). The total power is distributed between the various
scattering mechanisms by applying modelling approaches.
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Here Coherency matrix T3 as the sum of powers in the surface scattering, double, volume and Helix
scattering mechanisms in eg-6.
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Here P and a the surface bounce and the double bounce parameters, derived using X-Bragg’s coefficient
and Fresnel reflection coefficient respectively. fs, fq, ,fv and f; are the expansion coefficients. For more
detailed study of this decomposition model (Yamaguchi, Moriyama, Ishido, & Yamada, 2005) can be
referred.



3.2.5 Degree of polarization (m)

Degree of polarization quantifies the amount of wave polarized to that of it that is not polarized i.e. it is the
ratio of the power of polarized wave to the total power of the electromagnetic wave. Its value lies between
0 and 1. It is an indicator of polarized and diffused scattering. If m is equal to 1, it implies that the wave is
fully polarized and is equal to zero for a partially polarized wave.
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The degree of polarization varies 0 to 1. For fully polarimetric data the value of the Degree of polarization
should be 1.

3.2.6 Co-polarization phase difference

A fully polarimetric data has phase coherency across the co-polarized channels HH and VV. The
Polarimetric Co-polar coherence (HH and VV) correlation between the co-polarized phase channels HH
and VV in the multi-Polarimetric radar. The normalized complex correlation coefficient is calculated as the
average of the product between the complex amplitude of the HH channel and the conjugate of the complex
amplitude of the VV channel. The normalization of the product is done by dividing the product by the
square root of the product of the powers in the HH and VVV channels. If the value of correlation coefficient
is one, then both polarization channels are linearly related. If the value of the complex correlation coefficient
is less than one, it indicates the phase delay between the polarization channels HH and VVV which ultimately
means they are not directly related. It also indicates that noise is present on one of the two channels.
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CPD can be defined as the ensemble average of the co-polarized phase difference between HH and VV
polarization channels in a multi-polarized or polarimetric radar(Leinss, Parrella, & Hajnsek, 2014). It is the
phase angle of the co-pol correlation coefficient (Rodionova, 2009). The co-polar phase difference can be
used to classify the image. The single bounce has the co-pol phase difference of 180° while an ideal double
bounce (or even-bounce) scatterer will have a co-polar difference as 0°. For the volume scatters the value
of CPD lies between -180° to 180°.The cross phases does not show any such correlations between the
channels hence cross polar phase difference is insignificant. It is uniform for the most of the features but
co-polar phase difference shows Gaussian Power distribution function.

_ _ {Im(SyySun))
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. is the co-polarimetric phase difference (CPD)and the Suw and Svv are the Horizontal and vertical co-
polar channels in Single complex look data.



4 RESULTS
4.1 Checking Phase coherency between HH and VV Channels and Yamaguchi Decomposition

The fully polarimetric datasets have the property of phase coherency across co-polar channels HH and VV.
Hence further stokes parameter based analysis and polarimetric decomposition can be possible. Here the
assessment of the co-polar phase coherency is done by calculating the relative phase across the polarization
channels and the Yamaguchi decomposition is applied for both the datasets.

Rdarsat-2 c¢)- RISAT-1 yamaguchi decomposed Image, d)- Relative Phase Image for RISAT-1

The fig-3 shows the Co-polar phase coherency and Yamaguchi decomposition for both Radarsat-2 and
RISAT-1 FRS-2 datasets. The pattern in co-polar phase coherence was found in the Radarsat-2 dataset (fig-
3-b) but it was missing in the RISAT-1 dataset (fig-3-d). The yamaguchi decomposition for the Radarsat-2
and RISAT-1 dataset is shown in fig-3-a and fig-3-c respectively. The over-estimation of the volume
scattering (random scattering) was seen in the RISAT-1 datasets. This random scattering was because of
the phase incoherency between the co-polar channels, hence the RISAT-1 quad-pol datasets lacks in co-
polar phase coherence which makes it unsuitable for yamaguchi decomposition and stokes’ based analysis.



4.2 Checking relative phase Image(HH-VV) for Snow

The relaitve phase was calculated for both the datasets Radarsat-2 and RISAT-1 in the previous section 4.1.
Here the analysis of the relative phase image for the snow cover is shown. RISAT-1 quad pol data was
found random and it don’t relate the target scattering properties (fig-5). The relative phase image using
radarsat-2 data shows the phase histogram of the scattering from the snow and variation in the relative phase
is seen across the different targets.
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Figure 4-Radarsat-2 relative phase curve for snow
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Figure 5-RISAT-1 relative phase Image curve for snow

4.3 Checking relative phase Image(HH-VV) for Vegetation

The diffused random scattering from the vegetation is received be the sensor. For the vagetation the relative
phase was calculated for both the datasets. Again RISAT -1 quad pol dataset was not able to relate the
relative phase with the target scattering property. In the Radarsat-2 fully polarimetric dataset, volume
scattering was related wth the relative phase and the generated phase histogram shown in fig-6..
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Figure 6-Radarsat-2 relative phase curve for vegetation

Figure 7-RISAT-1 relative phase Image curve for vegetation



For a monostatic Synthetic Aperture Radar like RISAT-1 it is excepted that the both the cross polar
channels will produce the similar intensities, resulting in the similar backscattering values in the VH and
HV polarization irrespective of the target types. We consider HV= VH for a fully polarimetric data. The
Cross-channel HV and VH polarizations has been shown in fig-8 and fig-9 respectively. The variation in
the power distribution is shown for both the polarization channels.
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Figure 8-Histogram plot for power in Db for HV
RISAT-1 quad-pol datasets

4.3 Degree of Polarization

Figure 9-Histogam ploy for power in dB for VH
polarizations in RISAT-1 quad-pol datasets

The Figure 10 and Figure 11 shows the value mean, standard deviation and maximum value for degree of
polarization for RISAT FRS-2 and RADARSAT-2 data respectively through bar-graph. Required
condition for a data to be Fully Polarimetric data is that value of degree of polarization should come 1 but
the mean value of degree of polarization is coming as 0.62 which is not appropriate for a Fully Polarimetric

data.
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Figure 10-Graphical Visualization of Degree of Polarization
for RISAT-1 quad-pol datasets

Figure 11-Graphical Visualization of Degree of Polarization
for RADARSAT-2 datasets



5 CONCLUSION

RISAT-1 FRS-2 data analysis was done and comparing it with fully polarimetric Radarsat-2 datasets and it
was found that RISAT-1 FRS-2 data doesn’t have phase coherency across the co-polar channels and hence
it can be concluded that this data is not suitable to use it for the stokes’ vector based analysis and
polarimetric decomposition based analysis.
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