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1 Introduction

Synthetic Aperture Radar (SAR) was first developed for long range mapping and
surveillance, geological mapping and monitoring Earth surf&ceeman, et al., 1994FAR is a
progressive remote sensing technol ogsurfaces ed
targets, which also has capabilities to acquire the data during all weather conditions, day and nighf
imagining capability. The SAR sensors are designed for stable operations, equipped with
capabilities to capture muitiequency, multpolarized éta with different acquisition modes such
as Interferometric swath mode (IW), Extra wide swath (EW) mode, Ground Retgetion
(GRD) mode.SAR is an active microwave radar system, transmitting horizontal or vertical
polarized signal towards the targetdareceives backscattered energy from the target. Single
polarization radar system transmits horizontal (HH) or vertical (VV) polarization signal and
receive signal in the same polarization. In case of duabp®lll pol. radar system, the signial
transmittedalternativelyin both the polarization channels but receisgsultaneouslyhe signal
from the target in both the polarization channels. In hybrid radlar system, circular polarized
pulse either left or right circular signal is transmitted oritontal or vertical direction, and
backscatter is received in both the polarized channels. These unique micchesacteristicse.,
linear polarization, circular polarization, etc., helps in retrieving additional information about the
target. The pigl imagedcontains both amplitude and phase information which can be related to
the geophysical parametsrof the target. Usually the amplitude information is used to extract
properties of theimaged target by the radar while phase information is beirsgduin
Interferometric SAR and Polarimetric SAR data applications.

Thedata qualityandapplicationausing spacdasedSAR system areapidly improvedeven
with un-calibrated image# the pastThough inearlier years radiometric calibration of SAR
imagewas secondarfFreeman, et al., 1994yvith rapid development in SAR sensors, geometric,
radiometric and polarimetric calibration has become mandatory. The radiometric calibration is
relating theradar backscatter response of the target to the radesdaditer value of the target
within the SAR image. The radiometric calibrated images are requdwedomparson with
different sensor, extraon of geophysical properties from the target response. Recent advances in
calibration techniques made SAR datepresents normalized radar cross section (RCS). The

advantage of different polarized SAR data is achieved, unless the different channels can be




compared with one anoth¢fFreeman, et al., 1998yVhile in case of Polarimetric radgtH, HV,
VH, VV) data gives amplitude and phase information from the behaviour of the scattered waves

from a target. The distortion may occur in the phase anditadginformation of a target.

Usually in dual polarized sensors, errors such as fluctuations in the trangmoitted and
receiver gain, illumination antenna pattern and system noise are observed. The mentioned error
are accounted in radiometric calibration correction. To extract the behaviours and properties of the
target, normalization is required to estimatearacross section (RCS) or backscatter coefficient
on a pixel by pixel basis for targets being imagined by the radar and also known as radiometric
calibration (Freeman, et al., 1998)lo verify the accuracy of the dual pol data, radiometric
calibration 8 made and ensured that the data is calibrated with known calibrated targets such ag
corner reflectors or transpondefSreeman, et al., 1994\While in case of airborne or spaceborne
qguad (full) pol SAR data, Channel imbalance and Cross talk areeth@s observed. The
parameter which obstructs this comparability of measurements from different polarisation
channels is known as channel imbalance. The channel imbalance represents both amplitude
imbalance and phase imbalar{géhisek, Shashi and Valentyn 2019p reduce the undesirable
attenuation by a polarized channel on the measurements of other polarized channels, isolation of
the polarization channels is required. Cross talk is defined as distortions in the polariatatric d
due to improper channel isolation. To minimize the error in RCS estimation for PoISAR data,
radiometric calibration has to be applied. To ensure the-pas®ciprocity and to minimize the
error due to imperfect isolation of polarimetric channelBbiaion technigues for minimisation
of crosstalk and channel imbalance are adofffegeman, et al., 1995)

The SAR image quality depends on spatial resolution, PSLR and ISLR of the target response
(Dadhich, et al.2018) Spatial resolution in azimuth and range direction, Peak and Integrated side
|l obe ratiods (PSLR & | SLR) are obt aiagsangs durfi
backscatter symmetry and is based on statistical comparison of the data with idesic#heore
models(Pottier et al, 2007)
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2 Objectives
The objectives of this scientific report are:
Stability analysis forcorner reflectorsleployedn Surat Basin, Australia.
Radiometric and Polarimetric calibration of airborne UAVSAREANd data.
Gamma Naght stability analysis carried out for Amazon Rainforest@adadiarBoreal

forest.

3 Study Area

3.1 Stability analysis for corner reflectors deployed in Surat Basin, Australia

\

Figure 1. Deployed corner reflectors (1.5m) at Susasin calibration site, Australia.

The corner reflectorsave beemleployed in paddocks belongs to a sheep grazing company
near Gunning, North of Canberra which is approximately 5%kigure 1)situated in North
Eastern Surat basin in Queensland, Alistr& he calibration site isharacterized billy and
surrounded with trees, dense vegetation, buildings, metallic boundary fences and infrastructure.
Thesecorner reflectors are maintained by the Australian Geophysical Observing System (AGOS)
and areused for calibration of Synthetic Aperture Radar (SAR) sensors mainly X and CTirasd.

facility offers reliable means to perform ongoing radiometric, geometric, and impulse response
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measurements for calibration of Synthetic Aperture Radar (SAR) instrumesisace borne or

airborne platformgGarthwaite, et al. 2015)

3.2 Radiometric and polarimetric calibratiorof airborne UAVSAR |l-band data, Rosamond,
USA

The Rosamond dry lake placed between Antelope Valley and Mojave retigtsouthern
California state USA (Figure 2) It is naturally formed dryakebedwith a large flat surface of
35kn?. This site is best suited for calibration purpose, because the study area is characterised by
least amount of vegetation and the swfaas curvatne variation of less than 40 c(Abhisek,

Shashi and Valentyn 201t the dry lake, array of trihedral corner reflectors of different sizes
(4.8 m,2.4 m, 0.7 mhave been deployed for calibration purpaieband, Pband and Ka band
sensorrespetively). For L band there are 10 CR with East facing (350 heading) and 13 CR with
West facing-170 headinpwith respect to NortliRonald, Elaine and Alex Fore 2015yigure 3

shows the responsd trinedral cornereflectorsof SLC image (HHpol.)

Figure 2. Google Earth image showing study area footprint (left image) and display of deployed
corner reflectors at Rosamond dry lake bed (right image)
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Figure 3: SLC image of HHpol showing corner reflectors deployed at Rosamond dry lake

3.3Gamma Naught stability analysisver Amazon Rainforest an€CanadianBoreal Forest

Amazon Rainforest is widely used as distributed target site for Synthatituke Radar
(SAR) calibration(Figure 4) Amazon Rainforests amoist broadleaf foresh the Amazon
biomethat covers most of thtmazon basirf South America. It is geographically located at
3.4653° S, B8.2159° W.This basin encompasses 7,000,866 (2,700,000sq.mi), of which
5,500,00km? (2,100,000sqg.mi) are covered by the rainforest. This region includes territory
belonging to nine nations. The majority of the forest is contanitidn Brazil, with 60% of the
rainforest, followed byeruwith 13%, Colombia with 10% and with minor amounts
in VenezuelaEcuadoy Bolivia, Guyana SurinameandFrench GuianaAlthough it is a natural
dense rainforest, deforestation and fires are reducing the current forest coverage, and also
widespread tree mortality. The response of this sitedar data shows a remarkably high degree
of homogeneity over a large area, but still it has some spatial and temporal variability due to
deforestation effects and seasonal variability which impacts the SAR calibration accuracy.
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Figure 4. States of AmazonasAmazon Rain Forest

Figure 5 shows th@®ntario province situated in Canada Boreal Foisteal forests have
both a fundamental economic and environmental role. Boreal zone consists of Sweden, Finland,
Russia and Canada. i@l forests cover almost the entire land surfaces in the northern hemisphere
betweenc0° N and70° N, reaching 50° N in East Siberia and West Car{@@NTORO 2003)
Canada's Boreal forest comprises about one third of thengpaar boreal forest that ringed the
Northern Hemisphere, mostly north of the’ 0 The area is dominated by coniferous forests,
particularly spruce, with vast wetlands, mostly bogs and fens. The boreal forest zone consists of
closed crown conifer forestgith a conspicuous deciduous elem@nadian Boreal forest n.d.)

The boreal region is far from being Ajusto
The monthly average winter temperatures decrease and the suvenagreaincrease. Precipitation

is mainly in the form of snowfall but is remarkably less frequent. As a consequence, the growing
season for the vegetation is longer in Sweden and Finland, although the growth rate per year is
bigger in Siberia(SANTORO 2003)
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4 Data Used

4.1 Stability analysis for corner reflectors deployed in Surat Basin, Australia

The following table 1 gives the information of the datased for this study and it is

downloaded from Alaska data faciithSF (https://search.asf.alaska.ed/#/

Table 1: Data Attributes

Satellite| Sentinei1lB Data type SLC
Acqgiifﬁozf ggggg%i%&m/mmg FORPEIET -
Beam modg Interferometric Wide (IW) Llaﬁtgi]titjfdeé ifs% 4?665gE4 E
Frequency 5.405 GHz, Gband Ressli?igﬁ 2.33 meters
;?:cl:tiig?\ Right look R:;émltgg 14.066 meters

15
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4.2 Data used for radiometric and polarimetric calibration of airborne UAVSARKband data.

Uninhabited Aerial Vehicle Synthetic Aperture RadBlAVSAR) operates at 1.25 GH
frequency which gives fully polarimetric SAR data. UAVSAR carry the radar instrument which is
in a pod mounted to the fuselage of a Gulfstream Ikhgethown in figure 35The aircraft flies at
an altitude of 12.5 km and maps a 20 km swath with inciel@mgles ranging from 2%o 6%

Fully polarimetric Single Look Complex (SLC) images are available with range and azimuth pixels
spacing of 1.66 m and 1 m respectivelffhe data sets are downloaded from

http://uavsar.jpl.nasa.gothe other attributes arTable 2

Table 2: List of precision data files and radar parameters of SLC imagery

Data

Data files Rows | Columns
type

Data acquisition: 285/2019

Rosamd_17012 19029 002 190528 LO90HH_CX_01.sld

Rosamd_17012 1962002 190528 LO90HV_CX_01.slc
SLC 92253 | 9900
Rosamd_17012_ 19029 002_190528 LO90VH_CX_01.slc

Rosamd_17012_ 19029 002_190528 LO90VV_CX_01.slc

Site | Rosamond, Data frequency| 1.2575 GHz
California, USA (L band)
Looking direction | Left Acquisition mode | Quad pol (HH,
HV, VH, VV)
Byte order | Little Endian Complex type | F-Complex
Range Resolution 1.8 m Azimuth Resolution | 0.8 m
Bore sight | 90 degree

Table 3: List of precision data files and radar parameters of Ndi imagery

Data

Datafiles Rows | Columns
type

16




Data acquisition: 28May 2019

Rosamd_17012_19029 002_190528 LO90HHHH_CX 01
3X3.grd

Rosamd_17012_19029 002_190528 LO90HHHV_CX_01_]
3X3.grd

Rosamd_17012_19029 002_190528 LO90HHVV_CX 01 |
3X3.grd

Rosamd_17012 9029 002_190528 LO90HVHV_CX_01_ML
3X3.grd

Rosamd_17012_19029 002_190528 L0O90HVVV_CX_01_N
3X3.grd
Rosamd_17012_19029 002_190528 L090VVVV_CX _01_N
3X3.grd
Data frequency | 1.2575 GHz Acquisition mode | Quad pol
(L band)

Byte order | Little Endian Bore gght | 90 degree

GRD 3192 | 2083

Range Resolution| -0.000166680 Azimuth Resolution | 0.000166680
degrees degrees

4.3 Gamma Naught stability analysis carried out for Amazon Rainforest and
Boreal Forest Canada.

Sentinell data specifications

Sentinell is equipped with a SARensor operating at-Gand (5.405 GHz). The data
acquired is levell GRD (Ground Range Detected). This product consists of focused SAR data
that has been detected, miidtoked and projected to ground range using an Earth ellipsoid model.
Ground range awdinates are the slant range coordinates projected onto ellipsoid of the Earth.

Pixel values represent detected magnitude. Phase information {$ildstn.d.)

GRD products available in three resolutions, characterized acthesition mode and the level
of multi looking applied Full Resolution, High Resolution, Medium Resolutiétroduct resolutions
by mode:Strip Map GRD, Interferometric Wide Swath GRD, Extra Wide Swath GRD.

Table 4: Details of Setinel-1 data
Satellite Sentineil

Product Type Ground Resolution Data
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Sensor mode

Acquisition mode

Radar Center Frequency (GHz)
Radar Wavelength(m)
Study Year

Spatial Resolution

Table 5: Details of ALOS 2 PALSAR 2 data
Satellite

Product Type

Sensor mode

Acquisition mode

Radar Center Frequency (GHz)
Study Year

Spatial Resolution

Interferometric Wide swat{iWw)

Dual Polarization

5.404999
0.055466
2015, 2016,2017

10 10 m

ALOS 2

HDR

PALSAR 2

Dual Polarization

1.2

2015, 2016, 2017
25m * 25m

Sof t waOpendsource software such as PolSARpro V.6.0, ENVI Classic \abd!

GammaMsy22 (|l i censed

5 Methodology

software)

5.1 Stability analysis for corner reflectors deployed in Surat Basin, &aba

To estimate RCS for each corner reflector and derive image quality parameters using IRF of the

corner reflector, the following steps arged:

softwarebs

wer e

1 As the SAR system is linear, for a point target like corner reflector, impulse response function

was genated to determine the image quality parameters. The location of each corner reflector

is identified based on peak intensity value of the target from the SAR image.

1 To eliminate the influence of background noise present in the pixel containing coreetorefl

location for the clutter background is selected near to the point target.

18
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1 Theoretical radar cross sectigno) of the point target is estimated by using equation 1 which

is dependent on frequency of the SAR system and size of the corner reflector.
" — 1)

_ = radar wavelength (5.4 GHz)
a = inner leg length of triangular trihedral plate (1.5 m)

1 Gamma software generate the impulse response functions for a given corner reflector by area
integration method based on CResizhape and theoretical RCS. This method minimizes the
calibration error caused by the speckle and receiver n@semada 1996)

1 Calibration factor k is derived by calculating integrated power of a point target from
interpolated background corrected intensity image with estimation of incidence angle at each

corner reflector location.
Q. — )

where, Q= calibration constant of th& torner reflector,
- = energy associated with the petatget,
» = theoretical radar cross section of the corner reflecto
—=incidence angle of th& icorner reflector.

1 Signal to clutter ratio (SCR) is the ratio between point target energy corrected for clutter and
average clutter energy per pixel. SCR is determined for each corner reflector and is ednsider
when signal to clutter ratio is greater than 20 dB. The corresponding values are then used for
further analysis of the SAR image.

1 Image quality parameters like spatial resolution in range & azimuth direction, Peak Side Lobe
Ratio (PSLR), Integrated Sidebe Ratio (ISLR), Signal to clutter ratio are measured

1 Spatial resolution is derived from width of the main lobe at a power level, 3dB width from the
peak of the impulse response function measured in both azimuth and range direction as showr
in Figure 6 Azimuth resolution is estimated by usinggiation 3 and Rangeesolution is

estimated using duation 4(Dadhich, et al. 2018)

Azimuth resolutior? - 3)

Range resolution consist of slant range and greande resolution:
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slant range resolutich —

ground range resolutich — (4)

where,
L = antenna length in azimuth direction
c=speed of the light
B=chirp bandwidth
* =local incidence angle
PSLR is the poweratio of highest side lobe power to peak power in main lobe, whipbwer
resolution between main lobe and side lobe of the(RRW, et al. 2016)as shown irFigure 6
and the PSLR formulae is given Bguation 5.
PSLR= 2010g10*(P sidelobe/ P mairlobe) (5)

ISLR is the ratio of the integrated sitie energy to the integrated mdmioe energy, which
describes the extent of energy spread around mair{foleet al. 2016)shown inFigure 6and
the ISLR formulae is given bgquation 6.

ISLR=20*log10*(side lobe energy/ main lobe energy) (6)

—_—Main lobe

PSLR

_—Secondary lobe

Relative power (dB)

-8 -6 -4 -2 0 2 4 6 8 10
Range/ Azimuth (m)

Figure 6: Impulse Response Function in range and azimuth directi@a@hich et al. 2018)
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5.2 Radiometric and polarimetric calibration of airborne UAVSAR-band data.

calibration of airborne UAVSAR sensor-fland)in this work. Primarilythe uncalibrated full

pol. dataset is used to obtain the parameters mentioned in the steps below.

T

Polarimetric TargetDescriptions

The below mentioned methodology is followed to achieveddemetric and polarimetric

Absolute calibration constant (A) was estimated using the methodology giyalexander,
Bruce and Brian 2014nd(Shweta, et al. 2017)

Co-pol. channel imbalanceijfparameter and epol. channel phase differen¢ge n are
estimated at each corner reflector. Cypsk channel imbalance (g) and crged channel
phase difference 1 arederived from a sufficiently large homogenous featureless patch
(distributed target) of the scene.

Estimated vales of A, f, g, 1 and® 1 are used in the correction of the dataset to
obtain radiometric and phase calibrated dataset. Since phase difference between polarizec
channels (HH and VV) is 1.5° and less than the specified value ofi®gdsumed that the
dataset is well radiometrically and phase calibrated.

Polarimetric signatures are generated using the above corrected dataset, and these signatur
should match the ideal signature of corner reflector.

Cross talks (u, v, w, z) and ahan e | i mbal ance (U, k) are estji

phase corrected d at Quegan. 199Qane diaswaditls algarithgno r i
(Ainsworth and FerreFamil 200§ are best calibratio techniques which can be used to

minimize the cross talks and channel imbalance. In this study, Quegan's algorithm was used tQ
generate polarimetric distortion matrix (PDM).
The above estimated u, v, w, =z, Uddchanoel k Vv
imbalance correction, generating polarimetric calibrated dataset.
Polarimetric signatures are generated using the above corrected dataset and should match th

idealsignature of corner reflector.

Radar polarimey is science of acquiring, processing and analysing the polarization state of an
electromagnetic wavéPottier, Lee and Famil 2007 he polarization information contained in
the backscatter wave is highly related to the targetsmetrical structure, orientation and

a l

e
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geographical properties such as humidity, roughness and soil conductivity. This characteristic
information can be completely described by scattering matrix S or coheremt Tnar covariance

matrix C.

Scattering Matix (S)

SAR system is a highesolution radar capable of measuring the complex form of reflectivity of
the target. A SAR image represents the scattering matrix elempgint @mplex form or radar
cCross g nadarms mhintedsity for the receive (ghd transmit (p) waves of the radar
(Freeman 1995)The horizontal and vertical components helps to describe electromagnetic wave
(E) and given b¥rror! Reference source not found7:

.8 — 3 g )
Where,
i = electric field vector of the incident wave.
s = electric field vector of the scattered wave.
ko= wavenumber of the illuminating wave.

R = radar distance beten target and radar antenna.

The four elements of the scattering matrix are complex and these elements are measureg
from the magnitudes and phases measured by the four channels of a polarimetric radar. Thes
scattering properties vary with frequency amok angle of the radar. For linear polarization the
scattering matrix (S) is measured using two polarized antennassaddfined by Error!
Reference source not found, which is a 2x2 matrix:

Yooy (8)

The intensity in the crogsolarization terms is much lesser than thepobterms, which is
influenced by background and instrument noise. In case of 4statio configuration, scattering
matrix is assumed symmetrical, reciprocity theorem SHV = SVH is applied, and has three
independent elements in a full polarimetric system. In case-stBb¢ configuration, scattering

matrix is not symmetric. Various polarimetric features can be derived frontdkiersng matrix

)

D
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or vector. The scattering matrix is transformed into scattering vector on Pauli basis and used for

decomposition techniques and is giverBrgor! Reference source not foundo.
v ny
Scattering vectorp = Y Y 9)
QY

Covariance (C) and Coherency (T) Matrices

The covariance and coherence matrices are derived from scattering matrix. It explains the relation
between received signals in the chdasnef polarimetric radar and describes the scattering
properties of the target. In mono static condition, reciprocity symmetry is assumed and 3x3
matrices were obtained suchBguation112 andError! Reference source not found. In case
bi-static, symmetry cannot be assumed, and 4x4 matrices were obtainedisuoh &eference

source not found13andError! Reference source not found15.

A covariance or cohereneeatrix is a second order statistics of scattering matrix elements and it

is Hermitian semi definite positive matrix. These matrices are constructed from a unitary target
vector obtained from the projection of a scattering matrix onto a reduced and mbBdifiegpin

matrix set.

Covariance Matrix

System vectors such &6 andError! Reference source not foundare constructed from the

backscattering matrix [S], that helps to extract information of the target. The matrix is based on

lexicographic combinations of scattering matrix elements. The fitgfonelps to keep the norm
of the target vector invariant, which is equal to the total power scattered by the(Roger,
Lee and Famil 2007)

o) YUY UGTY ] (10)

~

0 Y Y Y Y] (11)
sYs WYY Y'Y

[Cid=0Q = "Y' Y «¢sYs WYY (12)
Y Y MCY 'Y SY's

Equationl. Covariance 3x3 matrix for morgiatic case
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Where * represents the conjugate a@nmepresents the conjugate transpose.

N S‘Y s I\Y !\? I‘Y I\Y “Y l‘v I’I

_ - ~ _ 11 “Y n? S‘Y $ “Y “Y “Y “Y i
[Ci=0Q Q = :: AV N Y SY s YotV - (13)

u Y Y Y Y Y Y SY s ¥

Coherency Matrix

Coherency matrix is obtained from scattering matrix in Pauli basis form and same as the

covariance matrix.

[Ts] =00 =
sY Ys Y Y Y Y ¢ Y Y Y °
- Y Y Y Y ° sY Ys ¢ Y Y Y °©
¢ Y Y Y ° ¢ Y Y Y ° T SY s
(14)
YUY YUY,
O, 2w, uny un,
T4="0 Q VPR, (15)
[ - a I'iY ’ Y Y Y 11
U"Y z.,Y z.,Y z.,Y L’J,

The Eigen values of the above matrices are positive, real semi definite He(Ptiaer, Lee and

Famil 2007) Span of the data is defined as the sum of the diagonal elements is proportional to the
total received poer from the polarimetric channels. The first diagonal elements of the matrices
give the single bounce scattering information, the second diagonal elements give double bounce
scattering information and third diagonal elements gives information about vetattering.

Radiometric and Phase Calibration

While applying the radiometric correction, two types of error occurs (a) SAR cross track
antenna pattern error due to wrong measurement in the elevation angle between the radar and pix
location and (b) erran the slant range to ground range project of the pixel area due to misreading
in the local incidence angle of that particular piffgleeman 1995)The correction for the above
two errors are applied to the dataset and areldigérd by the JPL/NASA. Radiometric correction

(D
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is to convert image pixel values into normalized radar cross segtigrirbm Equation 13which
is an important goal in calibrating SAR images and estimBleaise calibration is to minimize the
phase biapresent in both e¢pol and crospol channels. Neglecting the cross talks and channel

imbalances, radiometric and phase calibration is applied to the dataset&qsgtiem 16

i QQ"Ah R -Q"R TAh
Y 0O (16)
i QQ”"Aa "h i Q"A "h
Where,’Y= r adi ometric and phase calibrated scat

and received polarization o6r 6.

Swv, Shh, SvhShv = observed scattering matrix

A = absolute calibration factor

f = co-pol channel imbalance parameter

g = crosspol channel imbalance parameter

N p =phaseerroricur rent when transmitting or recei

After removal of the ibitrary phasekEquation b reduces tdequation 17

. O YO R i -QF
Y 0 (17)
i QQ’ i

Where L L L

Estimaion of Absolute Calibration Parameter (A):

Absolute calibration parameter (A) is the calibration factor relating the SAR image
intensity and radar cross section of the tafigketsanobu, et al. 2013t is obtained usingquatian
18 (Alexander, Bruce and Brian 2014ihd Equation 9 (Ronald, Elaine and Alex Fore 2015)

5 9%» o =
= M1 " o
Jord 2] (mi%s) T (BiBe)]? (19)

Where,, 1= RCS of a triangular trihedral corner reflector
(=5} %) =COS-6 1+ (Sin%s tCoFbd) Sin-oi

—5i Incidence angle relative to the triangular trihedral corner reflector
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%d&i Azimuth angle relative to one of the vertical side of the corner reflector (max. response of the
corner reflector is at 45 deg.)

_: Wavelength of the radar signal

L = length of inner side of the triangular corner reflector (2.4384 meters)

Estimation of cepol channel imbalance (f) and phase difference phi_t

Co-pol channel imbalance parameters f and " are estimated usingquation14 for
each corner reflectors and mean value of them is considered as effective value. Phase anomal

nn between HH and VV polarizations are estimated usogation 15

¥
I Y% oio o (20)
1M1
Py CHEH Y (21)

Where)'y N (0,

Estimation of cosspol channel imbalane (f) and phase difference phi_r

Crosspol channel imbalance parameterssgestimated usindghomogenous distributed
target of 70x 700 pixels fronthe image as peqguation22 and ghase anomaly n between

HV and VH polarizations are estimated usetgiation 23

T

BT *
rm HI 7,10% I (23)

Where)'m 0 (0,

Phase anomaly at transmissiogand reception , is estimated usingquation21 andequation
23
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Polarimetric Calibration

Polarimetric SAR data calibration is an importantgess to ensure accurate extraction of the
geophysical properties of the target. Calibration is required to understand polarimetric signatures
of the target and also to compare observations between scenes andGhesmgn 1994)To
transform data into quantitative parameter such as biophysical or geophysical properties, it is
necessary to assure that dataset is not contaminated. The distortion matrices which is estimate
express the polarimetric transformation between transsnisand reception using channel
imbalance and cross taliShen, Tao and Xueliang 2011) Airborne SAR system, the cross talk
is range dependent and cannot be neglected which becomes an importantisegmfarimetric
calibration procedure. Well established Quegan and Ainsworth cross talk correction models are
available and detailed description of these models are defined in the following sections.

Distortion ModelsQuegands Al gorithm

The calibration algorithm proposed Quegan is more general approach amkly used
as standards for cross talk calibration of the polarimetric deftiés unified approach has been
applied to the scattering matrix and it relies on the scene dominated targets. The algorithm requires
unsymmetical data and uses quantities derived from the covariance matrix. It permits ready
interpretation of the terms in the calibration procedure without system reciprocity assumption. The
following are the assumptions are used to perform cross talk calibrélieracquired dataset is

fully polarimetric and available in the form of the scattering matrix.

1) The observed scattering matrix can be modeled as a linear system.

2) Scattering reciprocity is satisfied unless the target is physically altered Sij = Sji.

3) In caseof distributed targets, cross polarized channels are not corrélgtato 0.

4) The off diagonal terms of the matrices [R] and [T] are small compared to the diagonal

terms.

The systems effects are modeled by two stage linear process so that observed da&agaatrix

be written as
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S=RST+N

Where, R and &re phase and amplitude distortions introduce on receive and transmit and N is
system noise. The above expression can be rewritten as

[S]=[MI][S] +[N]
Where,
[S] = observed scattering matrix in the form ofi(SSnv, Svu, Sw) T
[S] = True scatterig matrix in the form of (S, S, Swv) T
[M] = Distortion matrix of dimension (4x3)
[N] = System noise matrix (M, Nav, Nvi, Nw) T
Due to condition (3) and (4), the region being calibrated is dominated by targets for, which the
vector S of the covariae matrixd® Qfets reduced to (24

” -r[ ?
o m ., T (29

Where,
g idy've Y W O= Y 'Y O
Now, observed covariance matrix (C) ofl[iS given by (29 ignoring system noise
C =M Md, (25)
Where M is the conjugate transpose of M

Distortion matrix can be expressed as
| O | OLO -~

Q mm
M=Y '| ‘; 'p Y 1 aon (26)
| 646 | ap T TP

This distortion maix consists six unknowns u, w, z are the complex crosstalk parameters and

| , k are the complex channel imbalance parameters. u, v, w, z can bedbtammequation (27
u=@© 6 -6 60) [/ o
v=@0 0 -0 0 )/

z=0 0 =60 ) [/ o (27)

w=@©0 06 -0 6 ) [/ 0]

P &6 D s
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The term| can bederived as shown in equation 2&ssuming the random neg in cross

polarized channels are equal, i.&+N Nnv

T
| 1 € p gl s p ¢ S |
C$ S $ S
oy ——
0 oo 0*0 (28)
X=0 a0 00
k::
VI __/

Polarimetric signatures

Polarization signature is defined as a plot of the backscattered power receivedefrom th
target (corner reflector) as a function of the polarization of the incident wave and backscattered
electromagnetic wave. It helps in visualization and analysis of backscatter behaviour of a target
(Polarimetric Analysis of Airbme DLRESAR for Vegetation Characterization 2012he
polarization of a wave is described by four independent variables:

(a) Hlipticity of the incident wave

(b) Crientation of the incident wave

(c) Ellipticity of the backscattered wave

(d) Orientatian of the backscattered wave.

Only two variables either ellipticity and orientation of the incident wave/ backscattered wave are

used at a time to portray the-pol and crosgol signatures.

In co-pol case, the polarization of the scattered wave is sampelarization of the incident
wave, while for the case of crepslarization, the polarization of the scattered wave is orthogonal
to the polarization of the incident wave. a0 | ar i zati on signature of
pol ari zationl lseaygnabhapeo odrdvagenerated due t
polarimetric data. For linear polarization, thepm response is unity and cressl response is

zero. These signatures help in identifying different surface scatterer.
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The polarimetric ignature can be generated using electromagnetic wave synthesis. The
synthesised scattering matrix {[2JE can be generated from the actual scattering matrix ([S])
with respect to varying ellipticity angle.\ and orientation anglé {.

Y Y Y'Y
Where,
wECi | Qs o i e
i Q¢ Geoi o LY G Q: A0

5.3Gamma Naught stability analysis carried out for Amazon Rainforest and
Boreal Forest Canada.

Stability evaluation of the gamma naught values for Amazon Rain Foré®oreal forest
- Rain forest is a uniform, distributed areference target for relative (range and azimuth antenna
pattern determination) and absolute calibration target. Reflectivity estimates (sigma or gamma
naught) are calculated which helps to understand the stalviétyAmazon rainforest. To calculate

gamma naught values, the below mentiomation(29 & 30) is used.
a i1 8d0 Fj (29)
oA = GA |/ cos (30)

DN = digital number of the intensity image.
CF = calibration facto~83.0 dB

The following procedure is used to calculate gamma naught values for both C and L band data:
common areashared by both C and L band data was selected.cdbadinates forAmazon
rainforestare 49’5 8 6 3 4 6% 0 610 G &®6 9OV 5 4 6% 9 &I 5 7 dddBoial foresare
4958034060 NOQEB OWS5 4 6% 9 N5 7 @é@brodéssing of data is requireal

apply gamma naught formula. Calibration is the imporséep providinghe pixel values that are
directly related to the radar backscatter of the scene. Thouglalibnated SAR imagery is
sufficient for qualitative use, calibrated SAR images arentisdéor quantitative use of SAR data.

For performing the calibration step, following equation is used:

Value (i) =—
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where, value (i) = original DN
Ai = dn(i), Gamma Naught

For masking out the water pixels, two methods can be utilized:

o

Based on the intensity values: In thigthod histogram is generated for the intensity image and
from the histogram, minimum value was used to select water pixels. Either sigma naught or
gamma naught may be used to select water pixel. The conditior appliF Sigma_VV<
1.25E%thenlelse®. This condition selects the wate
Based on sampl e wat e methpd sangplesobwateripixels@rg setected |
and histogram is generated. The threshold values observeginalse whichlie between27

dB to-12 dB.

In this study, water pixels were maskad byusing histogram methodhe steps explained above

is shown in Figuré. Figure 8 shows water pixels and wetland pixels masKeel.intermediate

layer contains only forest pixelse., without water, which is used to calculate gamma naught

values. The calculated gamma naught values are in linear scale which is converted to decibel scal

for further observations.

Gamma Naught
Brl_m_ Methodology stability
Acquistion assessment-
l 2015-2017

> Speckle filter quantitative

comparison of C
& L band resulls

Radiometric
calibration “Sigma
Naught ¢ *” “Water Mask”
. 4 (water values are
Data without derived from the
water pixels data)

=

Figure 7: Flow-chart showing methodology
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Showing water pixels Showing water and wetland pixels

Figure 8: Left image showthe selection of water pixels based on water threshold and right
image show the selection of wet land soil and water pixels based on intehgéyg.v

6 Results & Discussion

6.1 Stability analysis for corner reflectors deployed in Surat Basin, Australia

Estimation of Signal to Clutter ratio (SCR) and RCS
The sentinell c¢-band data of 25 July 19, 08" August 19 and 18 August 19 are used for

estmation of RCS, calibration constant, PSLR, ISLR, azimuth and range resolutions.

Signal to Clutter ratio (SCR)

It is defined as the ratio between peak power in the target impulse response to the mean

background clutter power. The background targets sadiag corner reflector has their own
backscatter which influence the impulse response of the corner reflector. The unwanted
background noise and background scattering from the other objects is termed as clutté&. Table
contains pixel values of the cluttesed for the IRF analysis. This clutter and noisy environment
should be considered while estimating the impulse response of the corner reflector, to obtain
backscattered energy of the corner reflector without clutter energy from other objects. SCR can
be calculated using the formulae given Bguation31 and fig9 shows the signal to clutter ratio

derived for each corner reflector.
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where,

, = backscattered energy of the corner reflector,

, 0 = mean backscatted energy of the atter.

Table 6: Details of clutter used for RCS estimation

(31)

Clutter_ID | Sample Lines Clutter_ID | Sample Lines
C1 18953 530 C6 8761 4538
C2 18823 1824 C7 11961 7367
C3 12462 1057 C8 3459 3139
C4 8784 1765 C9 3484 1247
C5 7744 2329

Table7 contains the pixel values of each corner reflector location, derived from SLC Héthfzol

for the considered study period {23uly 19, 068" & 18™ August19) and are used for RCS
estimation. The signal to clutter ratio for each cornéector and RCS differers were estimated

and given in &ble 8 and Table 9. It is observed that difference between estimated RCS and
theoretical RCS3o be less than 1 d@igure10). The mean RCS was found to be 37.84 + 0.334
dB which is maintained foraeh CR except CR40. For CR40 abrupt change in incidence angle and
signal to clutter ratio was observ@ggures1ll & 9). The high RCS difference at CR40 is due to
high impulse response whose RCS for the CR is 40%@Bhis used for ASAR sensor (5.3 GHz)
calibration(Thankappan, Williams and Dawson 201The temporal variation in signal to clutter
ratio are found to be greater than the specified value of 20 dB. Higher SCR value was noticed for
CR40 whose estimated RCS valugyieater than other CR RCS values, which also corresponds
to brightness of CR of 45 dBrat cband. The mean SCR was found to be 35.55 + 1.94 dB.

*ASAR sensor operates at 5.3 GHZ frequency. The incidence angle of this ASAR is areund 15
45 degrees with ® 8.4meter azimuth resolution and 9.5 to th8ter resolution for IMS and APS

mode respectivelgThankappan, Williams and Dawson 2011)
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Table 7: Corner reflector locations in SLC image for diff. elst

Table 8: Estimation of SCR for each CR

CR_ID Sample\ Lines | Sample \ Lines | Sample \ Lines
25" July 2019 | 06" August 2019 | 18" August 2019
CR19 | 18985 | 486 18987 486 | 18995 484
CR27 | 18835 |1850 | 18837 1849 | 18844 1847
CR30 |12440 |1101 |12443 1101 | 12449 1098
CR36 |8770 |1812 |8772 1812 | 8779 1810
CR37 | 7784 2317 |7786 2316 | 7793 2314
CR38 | 8795 | 4545 |8797 4545 | 8803 4541
CR40 12020 |7356 |12022 7356 | 12028 7353
CR41 | 3500 |3153 |3502 3150 | 3508 3149
CR42 | 3524 | 1264 |3527 1263 | 3532 1261

i incid Signal to Clutter ratio (in dB)
utter ncidence
CR_ID " 06" August 18" August
ID angle (deg.) 25" July 2019 2019 2019
CR19 C1l 35. 716 |34.420 34.438 36.103
CR27 C2 35.678 37.722 36.608 36.701
CR30 C3 33.983 31.862 32.034 30.577
CR36 C4 32.950 36.993 36.261 35.08
CR37 C5 32.663 36.105 38.663 37.727
CR38 C6 32.957 36.919 35.949 35.076
CR40 C7 33.867 42.140 40.679 41.400
CR41 C8 31.375 35.467 34.836 34.106
CR42 C9 31.383 36.711 36.833 36.195
Table 9: Estimation of RCS and its diffemee
Theor
. Estimated Theoreticall Estimated Theoreticall Estimated
Incidence etical
Clutter RCS RCS RCS RCS RCS
cRID ID angle (dB) (dB) (dB) (dB) (dB) RCS
(deg.) (dB)
25" July 2019 06" August 2019 | 18" August 2019
CR19 | C1 35. 7 138.168 0.210 38.188 | 0.190 38.182 | 0.196
CR27 | C2 35.678 | 37.663 0.715 37.834 | 0.544 37.695 |0.683
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CR30 | C3 33.983 37.270 1.108 37.432 0.946 37.179 1.199
CR36 | C4 32.950 38.399 -0.021 38.465 -0.087 38.241 0.137
CR37 | C5 32.663 37.601 0.777 37.982 0.396 37.731 0.647
CR38 | C6 32.957 37.693 0.685 37.844 0.534 37.621 0.757
CR40 | C7 33.867 45.039 -6.661 44.861 -6.483 45.149 )
6.771
CR41 | C8 31.375 38.127 0.251 37.978 0.400 37.879 0.499
CR42 | C9 31.383 37.608 0.770 37.862 0.516 37.596 0.782
44
42 ~o-06-Aug-19 =<18-Aug-19 ~+-25-Jul-19
40
o 38 /\
o
£ 36 7 /\ p
S
& 34
32 N
30
28
crl9 cr27 cr30 cr36 cr38 cr40 cr4l cr42

Figure 9: SCR d each CR estimated using SLC HH pol data

Corner Reflector ID
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—K_18th Aug-19

K_25th July-19 \/

crl9 cr27 cr30 cr36 cr37 cr38 crd40 crdl crd2

RCS difference in dB
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Corner Reflector ID

Figure 10: Difference between theoretical RCS and estimated RCS for HH pol.
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31 S

Incidence Angle in degrees

incidence angle- 25July19

30
crl9 cr27 cr30 cr36 cr37 cr38 cr40 crd4l cr4?

Corner Reflector_ID

Figure 11: Incidence angle of each CR obtained from SLC HH pol.data

Impulse Respnse Functions of each CR's identified from SL-GHH pol. Data:
Impulse Response FunctiditlRF) is the radar response from the corner reflector with
negligible thermal noise and background reflectivity. Impulse response functions are generated for
each caner reflector for all the SAR images acquired. IRF are generated from GAMMA software
based on integral method. Target window size of 16*16 and clutter window size of 8*8 are used

to generate IRF. The following figures show two dimensional IRF of eachraefftextor for the
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considered time periaathich is a sin function of maiebe and many secondary lobes. To estimate
spatial resolution, ISLR, PSLR of a corner reflector, the IRF is measured in both azimuth and

range direction.

Spatial resolution:It is defined as between two objects on the ground, when the targets appear

clear and distinct. It is derived from width of the main lobe at a power level, 3dB width from the
peak of the impulse response functiéig(re 6), measured in both azimuth and rangeation
asdetailedin TablelO. The ideal spatial resolution of a SAR system is given in the product file
and is compared with the estimated value obtained from impulse response function of a target. The
azimuth and range resolution damobtained by usgithe below Huation (3) and (4). 2.33 meters

and 14.06 meters are the specified range and azimuth resolutions respectively. Difference betwee
specified resolution and estimated resolufionazimuth and range resolutios determined as
shown in kgure 21. The Hgures13i 20s how response of CR6és wuse

impulse response functions.

—
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Figure 12: IRF for CR19 on 28 July, 08" Aug, 18" August 2A.9 using SLC HH polarization data
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Figure 13 IRF for CR27 on 28 July, 06" and18" August 2A.9 using SLC HH polarization data
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Figure 14: IRF for CR30 on 2% July, 08" and18" August 209 using SLC HH polarization data
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Figure 15: IRF for CR36 on 28 July, 08" and18" August 2A.9 using SLC HH polarization data
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Figure 16: IRF for CR37 on 28 July, 08" and18" August 2.9 using SLC HH polarization data
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Figure 17: IRF for CR38 on 28 July, 08" and18" August 2A.9 using SLC HH polarization data
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Figure 18: IRF for CR40 on 28 July, 06" and18" August 2A.9 using SLC HH polarization data
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Figure 19: IRF for CR41 on 28 July, 08" & 18" August 209 using SLC HH polarization data
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