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SUMMARY

This report brings out the results of independsmiibration exercise carried out by the team

for RISAT-1 FRS1 and MRS data. In all, twelve calibration campaigns ¢fatar FRS1 and

8 for MRS HH modé synchronized to RISAL pass of different beams and polarizations,
covering the span of eleven mosatftom April 2015 to February 2016, have been analysed.
Point target as well as the distributed target data were usethé absolute radiometric
calibration of RISAT-1 data. In order to study the response sensitivity, Corner reflectors (CR)
of differentshapes and sizes (dihedral, square trihedral and triangular trihedral having 1.5m,
0.60m and 0.90m leg length respectively) were utilized. Ahmedabad Sitesg8p«l site and
grounds of M.G. Science Institute and Nirma University) with near homogenediy dawed

bare soil and a desert environment site in Desalpar, Rann of Kutchh(Gujarat) were used for the
deployment of point targets, whereas, Amazon Rainforest was used as the distributed target for
estimating the calibration constant. Geometric calibratfo@ec Tiff data for both the modes

was also attempted. In view of high sensitivity of signal to clutter ratio(SCR) for the precise
calibration results, an experiment was also conducted using black cloth (5 X 5 m) as a

background for deployment of CR.

Initial calibration analysis revealed that the SBGpal calval site is suitable for the absolute
radiometric calibration of RISATL FRS mode data. Whereas, Rann of Kutch site was found

to be suitable for @and FRS as well as MRS mode data. The differeabeden the average
estimated calibration constants and the constants provided with the data was found to be within
1dB for both MRS and FRS mode data with the exception of ERf#am 66, for which the
difference was found to be ~ 2dBor MRS mode datai, was observed thalie differencevas

found to be within 1dB when the SCR value exce2ddB, whereas for the SCR values
between1% o 20 dB, the difference was ~ 2dB. The
20dB are considered to be precsal repated hereRadiometric calibration using distributed
target yielded thewverage difference of 0.32 dB for HH Polarization and 0.87 dB for HV
polarization meetingthe satellite missionspecifications Geometric calibration results for

MRS showedhe RMSE to be ~43 m in latitude and ~15m for longituelgure work will

include the site suitability test of Rann of Kutch site febdnd data, geometric calibration
using Differential GPS measurements and to explore the facility for RCS characteraiatio

the CRs currently being used for the calibration exercise.

12
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1 INTRODUCTION

1.1Background

Calibration is the act or process of comparing certain specific measurements in an instrument
with a standard. The major goal in utilizing imaging radar data is to infer someoibio
geophysical parameter about target areas within the scene via analymsretorded radar

signal. For coherent radar systems such as a synthetic aperture radar (SAR), the recorded signal
consists of both phase and amplitude information. Although many applications like INSAR,
PolInSAR require extraction of phase informatiooni SAR data, a majority of applications

utilize the amplitude information recorded in the SAR signal history. To utilize this amplitude
information requires a normalization process to remove radar system effects. This
normalization process usually resultsn an esti mate of the radar c
coef fi ci en t-by{pikebbpsisdontheaaripus targets being imaged by the radar and

is referred to as radiometric calibration.

SAR data used for quantitative temporal and/or spatialysis requires calibration to ensure

that observed pixel values of amplitude and phase can be related to the geophysical parameters
of interest. Furthermore, if SAR images from different sensors are absolutely calibrated they
can (in principle) be direty compared. The process of radiometric calibration of SAR images
involves comparison of the backscattered radar reflectivity signal from a ground resolution
element containing a calibration target of known signal response, such as a Corner reflector
(CR)[7]. CR are considered to be reliable targets for SAR calibration because the magnitude
of the returned signal is large relative to the size of the target, their signal response is insensitive
to errors in alignment (unlike dihedral reflectors), and dueyrelatively cheap to manufacture

and maintain (unlike transponders). If the geodetic location of a deployed CR is accurately
known,then it can be used for geometrical calibration of SAR products as long as it is visible
above the background signal léva the SAR imageryOver a period of time, need of
radiometric calibration has become absolutely necessary in view of availability of SAR data
from various spaceboe sensors like ER®2, ENIVISAT, RADARSAT-1/2, ALOS
PALSAR-1/2, COSMO SkyMed, TerraSARX and RISATF1. Tocompare datéom different
sensors, extract geophysical parameters fraokscatter measurements using models, icayry

out multrtemporalstudies over large areas, build up a database of backstadsuremest

for different types of teainincidence anglegtc.,requirescalibrated SAR data producishus

13
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the present study focuses on the radiometric calibration of RIBARR sensor for passive
standard target.

1.2.1 RISAT-1 SAR Sensor

RISAT-1 i s I ndiabs first smpyacCban.dRISARis ISOAdRY sens o
capable of acquiring data in multi polarisation mode, including quad linear polarisation, but it

is also first of its kind to operate in hybrid circular polarimetric mode for earth observation

[29]. It operates at various beam modes having a number of combinations of linear polarisation
modes as well as circular polarisation modes, incidence angle, swath and resolutibfl Fig.

shows schematic diagram of RISATSAR beam modess]. Detailed spedications of

RISAT-1 SAR beam modes are givenTiable }1.

400 km 7
(QUALIFIED)

Figure 1-1 Schematic Diagram showing different beam modes of RISAT SAR

14
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Table 1-1 RISAT -1 Image quality parameters

Swath coverage Selectable within 107-659 km off-nadir distance on cither side

Incidence angle coverage 12°-55°
Image quality
Mode Polanization
Single pol Dual pol Circular (hybrid) Quad pol
HH/HV/VV/VH HH + HV/VV + VH polarimetry HH + HV + VV + VH
TX: CP
Rx: Vand H
(experimental)
HRS I m (azimuth) x 0.67 m (range) resolution,
10 x 10 km (10 x 100 km experimental) spot,
Min o =~16dB
FRS-1 3 m (azimuth) x 2 m (range) resolution,
25 km swath,
Min g =~-17dB
FRS-2 3m(azimuth) x4 m 9m (azzimuth) x 4 m
(range) resolution, (range) resolution,
25 km swath, 25 km swath,
Min o = ~19 dB o= ~-20dB
MRS 21-23 m (azimuth) x 8 m (range) resolution,
115 km swath,
Min o, =-17dB
CRS 41-55 m (azimuth) x 8 m (range) resolution,

223 km swath,
Min g ==17dB

HRS: High resolution stripmap, FRS: Fine resolution stripmap, MRS: Medium Resolution
ScanSAR, CRS: Coarse resolution ScanSARJKES, GFRS, CMRS and GCRS refers to

circular polarization in respective modes.

ﬂkm

659%m

Figure 1-2 Imaging Geometry of RISAT-1
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This Gband active antenna based, muaitbde SAR payload was launched on 26th April 2012
by PSL\W-C19 flight. After positioning at 536 km stsynchronous dawdusk circular orbit it
was operatedn May 1, 2012.

To achieve calibration accuracies required for most scientific analysis, a complex process
utilizing Internal (built-in device) measurements aickternal (ground deployed device)
measurements is needed. In general, any scientific apphaatich involves the comparative

study of radareflectivity requires some level of radiometric calibration. A synthetic aperture
radar (SAR) i nstrument maps the radar refl ect
sensing tasks. Depending tre application, a different degree of radiometric calibration is

required. In the order of increasing complexity, this can be either
a) Relative radiometric calibration within one scene,
b) Relative radiometric calibration within all scenes of one mission, or
c) Absolute radiometric calibration.

A physical unit can only be attached to the measured reflectivity map after radiometric
calibration. The first case (a) is sufficient, for instance, for visual feature extraction. Exemplary,
the second type (b) is a peguisite for multitemporal coverage, the derivation of reppass

interferometric images, or relatively calibrated polarimetric channels. On the other hand,

absolute radiometric calibration (c) is beneficial or required for
1 Derivation of physical paranters like soil moisture from reflectivity measurements
1 Automatic feature extraction and classification for instance for land usage maps
1 Comparability and crossalibration between different SAR instruments

It has to be noted that absolutely calibrated iezagre the most versatile, as they inherently
include relative calibration. This is the reason why SAR image products are usually delivered
absolutely calibrated.

1.2.2 External Calibration

The use of ground targets with known scattering properties to derive the radar system transfer
function is referred to as external calibration. The advantage of external calibration over
internal calibration is that the end-end system performance can Oiectly measured.
Therefore system parameters, which are difficult to measure, such as antenna pattern, the bore

sight gain and angle and also signal propagation effects, can be determined from the external
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calibration. All data products generated byRSorrelator are absolutely calibrated such that
image pixel intensity is directly expressed in terms of the mean surface back scatter coefficient.
External calibration allows absolute determination of the scattering coeffigent it is
desirable to débrate a radar image by measuring the return power from a target of known radar

cross section [8, 9]. The external calibration technique generally involves two type of targets:

Point Targets e.g. Active target Active Radar Calibrator (Transponder), RassTargets
Corner reflector (Dihedral or Trihedral), Flat rectangular Plate, Sphere (Metal), Lurieberg

Lens reflector etc.

Distributed Targets e.g. Forest, Desert, Run way, rough sea, large towns etc. [10]

Amazon Rainforest is an established distridutrget for SAR data calibration as announced

by SAR subgroup of Working Group on Calibration and Validation (WGCV) of Committee on
Earth Observation Satellite (CEOS). Canadian Boreal forest is also being used by researchers
as distribtied target for SARalibration [22, 23]There are various standard point targets for
SAR data calibration which can be classified based on their nature of functionality viz. active
and passive standard targets. In active domain, active radar calibrator (ARC) and potarimetri
active radar calibrator (PARC) are used whereas in passive domain dihedral corner reflector
(DHCR), triangular trinedral corner reflector (TTCR), square trihedral corner reflector
(STCR), luneburg lens are used. In this study, passive standard targeR(OHCR and
STCR) has been utilized for RISAT SAR calibration. For absolute calibration, point target
RCS is computed and compared with the theoretical RCS of CR.

1.2.2.1 Point Target Analysis

Point targets are typically manmade devices such as, corner reflectors (Passive devices),
transponders or Active Radar Calibrater&\RCs, tone generators and receivers (Active
devices). The advantage of using ARC is thhagaglarger radar crossectionthe size is small

and can be tuned as per oneds r eqg-adayseime nt as
very difficult to find an area free from bright mamade targets for use of corner reflectors
whereas, ARC can be used anywhere because higagadar cross section value. Each of

these device spans a geometric area much less than a resolution cell but exhibits a radar cross
section that is bright with respect to the total backscattered power from the surrounding target
area within the resolign cell. The strength of the radar signal reflected from an object is

conventionally represented by the radar c®@ssct i on ( RCS) 0. It 1 s ex
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physical size of an isotropic radiator that would give rise to the same level of reflastibat
observed from the sample target. The RCS,
reflect radar signals in the direction of the radar receiver and has units of dyear(when
expressed in decibels as dBRCS is usually used for jpd targets or targets comparable to

the resolution cell. To minimize the calibration errors from the background area, point target
RCS should be at least 20 dB larger than the total power scattered from the SAR image
resolution cell. The pointing angletbie device relative to the radar must be precisely measured
(an uncertainty < 10), since generally the radar cross section is highly dependent on orientation.
An additional consideration is the contribution from multipgth]. This occurs when either

the transmitted or reflected signal scatters off the local terrain or nearby structures and is
received by the SAR antenna simultaneously with the calibration target return. The device RCS
should be characterized by measuring its scattering propertiesmtrallea environment over

a range of temperatures and viewing angles. There are basically two methods available for

determination o0 by using point targets
1 Integral Method

1 Peak Estimation Method

In integral method, the value of calibration constarmtasved by integrating the power from
all the pixel values of point targethereador peak estimation method estimated peak value of
a reflector is usefl.3, 30, 31].

Gray et al. (1990)13] showed that integral method for SAR image calibration is b#tear

the peak estimation method. SAR image calibration where the peak pixel value of the impulse
response of a known radar reflector is used to derive the backscatter coefficient of adjacent
clutter areas may be affected from the problems arising fronreath@nd norcoherent radar

or processor phase errors with associated focus problems, look registration, and
underestimation of the peak value of the reflector. It was shown by[@t®&jrthat the integral
method is independent of the radar system focysural coherence and thereby possesses an
important advantage over the usual technigue which relies on an estimate of the peak of the
reflector impulse response. The impulse response function (IRF) is the point target return which
measures the focusing dienergy distribution in SAR image in both elevation and azimuth
direction. As it has already been proven that integral method is better than peak estimation
method, hence, in this work, integral method has been used for deriving the calibration

constant.
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There are other variations which also affect the value of back scattering coefficient, they are:

Range and Incidence Angle Variation
Multilooking

1
1
1 Slant Range to Ground Range Conversion
1

Fading Considerations
1.2.2.2 Distributed target

Distributed targets are an extension of point targets; due to terrain irregularities, most natural
targets do not have wallefined reflection geometry, but rather they tend to have many
scattered reflection points. Distributed targets are comprised ol raEmentary point
scatterers, where each scatterer has random reflection amplitude, but the superposition of these

random amplitudes will result in the total RCS for that distributed target.

Followings assumptions are taken in to consideration whiletsgdedistributed target

- A flat terrain is considered, i.e. there is no slope.

- Any change in incidence angle across a distributed target is neglected, i.e. a distributed
target corresponds to one average value of the incidence angle.

- The pixelvalue in the image is proportional to square root of intensity,

- The intensity value is proportional to the radar brightrigss
The two derivation methods of the backscattering coeffi@€rare

1 The simplified derivation method allows a rough estinwdtine backscattering
coefficient

1 The comprehensive derivation method includes a set of equations for accurate
derivation of the backscattering coefficient to remove the sources of radiometric
errors (e.g. ADC nonlinearities or replica pulse power vianat the elevation

antenna pattern)

The radar brightned® is proportional to the backscattering coefficishdivided by the Sine

of the pixel incidence angle,

oo [ Qe | 1)

19



Absolute Calibration and image quality assessment of RISPRS and MRS mode data

where,a is local incidee angle

The digital number giving the value of a pixel in PRI products say DN is directly relab8d to

and tos®° by the relation
00 wéei odEo
WEEQ O (1'}5—8,“,“
i Q¢ |
wEEi O/0OE O (2)
where, heconstant4) is a function depending on the local incidence angle and can be written

as

~

weéei olweg o —— 3)
where, K is the calibration constant araler is the reference incidence angle (mid range
incidence angle). K is specific to the type of data product and to the processing centre.
The back scattering coefficient is usually expressed in decibels,

., Q0 pm a€Q 4

The back scattering cdicient of a distributed target by simplified method is given by
; - By 00y - —— (5)

where, N is the number of pixels within the Area of Interest (AOI),

i andj are the range armakzimuth locations of the pixel within the distributed target containing

N pixels,

DNj is the digital number corresponding to the pixel at location (i,)),
a is the average incidence angle within the distributed target,

aref IS the reference incidence dag

Second method for the derivation of backscattering coefficient is Comprehensive method,
which gives the absolute value ®f. But for this method we have absolute values of other
parameters also. These parameters are sensor dependent and derivedusitly byternal

cali bration method. I f these parameters are

SO,
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Both of the above described methods give the value of back scattering coefficient for
distributed target. Simplified method gives the rough estimate of back scattering coefficient
whereas, comprehensive method gives the absolute value of back scattefiigeot
Comprehensive method gives good result as compared to simplified method because in that
method, all the loss factors are calculated and added to the final calculation. If the point targets
are not available in that case, we can calculate thk beattering coefficient by taking

distributed target as a reference.
1.2.3 Geometric Calibration

The Geometric Calibration of an image refers to the accuracy with which an image pixel can
be registered to an eartixed grid. Geometric distortion arising frowariation in the terrain

elevation is especially severe for a sideking, ranging instrument such as a SAR.

To check the geometric calibration of a SAR image, the imagedioate system is compared

with a reference, usually some ground map projectiothis study, it is done by comparing

the known locations of corner reflectors whose positions have been adequately surveyed with
the location estimated from G&if image of RISAT-1 MRS/FRS.

1.3 SAR Image Quality Assessment

Image quality refers both thé impulse response properties of a radar/processor combination,
and to the response of the system to distributed scatterers. The SAR response to a point target,
assuming negligible background reflectivity and thermal noise, is commonly referred to
ImpulseResponsé-unction (IRF) Calibration and monitoring of SAR instruments parameters
with respect to different beams and polarizations is required to ensure the consistency in the
derived backscattered values. Use of passive corner reflectors as poirt isuge¢ of the
fundamental approaches for SAR calibration. To evaluate the image quality parameters,
impulse response of these reflectors in both elevation and azimuth directions is m&8dseaired.
analysis of the signature of a point target in a SAR inaigevs the determination of several
parameters that are related to the SAR side lobe peaksTié]image quality parameters
evaluated are background to peak ratio (BP) ratio, peak side lobe ratio )(PsgiaRal
resolution, radiometric resolution andegtated side lobe ratio (ISLR) for each of the corner
reflectorsFigurel-3 shows the IRF of an isolated point target. The Impulse Response Function
is a sinc function with a mainlobe and many secondary lobes. The figure shows a one
dimensional cut of théRF in the azimuth direction (spacecraft velocity direction) and two

guality parameters measured from it (spatial resolution and PSLR). A SAR image is the result
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of coherently processing returned echo signals; thus, the pixel values are complex quantities
The peak intensity is the maximum pixel value in the main lobe of the impulse response

function.

EAIN LOBI

Figure 1-3 Graphical representation of a SAR point target response showing several
guality parameters [16].

1.3.1 Spatial resolution

The spatial resolution is the distance between two objects on the ground at which the images
of the objects appear distinct and separate [E6&m the impulse response function, it is
calculated athe distance between the points wittensities 3dB below the maximum intensity

of the main lobe peak in the azimuth and range directions. The definition of the 3dB points is
equivalent to the points with half the intensity of the maximiilre ideal spatial resolution of

a SAR system can mmputed from theory and then compared with that obtained from the

IRF analysis.

The spatial resolutions in range and azimuth are obtained from theory:

Slant range resolution: —

where c the speed of the light and B the chirp bandwidth.

Ground range resolutiofi: —

where (G is the | ocal i ncidence angl e.
Azimuth resolution” -

where L is the antenna length in azimuth direction.
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IRF of a point target and the points 3dB below the maximum inteasttghown in Figur8.
To determine these resolution it is necessary to calculate the pixel and line spacings (range and
azimuth spacing, respectively). These values are calculated as:

@

"y
¢O

whereSpr is the pixel spacing (i.e. the range spacing) and Fs is theirsgrinpbjuency.
y w0

0 YO

where Spa is the line spacing (i.e. the azimuth spacing), Vst is the $amgamutuatelocity

and PRF is the pulse repetition frequeridyese values are very close to those of the range and

azimuth resolutions. It pangthat the mainobe of the IRF is contained just in one pixel and it

becomes impossible to determine the distance betweeBdBepoints. So, an interpolation is

needed by a factor of at least 8 to make the measurement possible.
1.3.2 Peak side lobe ratio

The peak side lobe ratio, PSLR, is defined as the ratio of the peak intensity of the most
prominent side lobe to the peak intensity of the main lobe. There are two measures of the PSLR,
corresponding to the two sides of the main lobe both in azimuth age directions. This
parameter is expressed in decibfl§]. It represents the ability of the SAR to identify a weak

target from a nearby strong one.

The PSLR is calculated as
0 YO Yp € Q- (6)

wherels stands for the peak intensity of the most intense Isioe and, stands for the peak
intensity of the main lobe. The PSLR may be improved by sieéa sidelobe clutter and
noise minimization with multipl@perture SAR, which considerably improves thelity of
SAR image.

1.3.3 Integrated side lobe ratio

The integrated side lobe ratio (ISLR) is the ratio of the power (energy) in thdobaitothe
total power in all the side lobes. It characterizes the ability to detect weak targets in the
neighborhoof bright targets an$ a measurement of the relative importance of the side lobes

with respect to thenainlobe [16].
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The European Space Agency (ESA) established the ISLR as the ratio of the power within a
squarecenteredon the maximum and ten resolutioalls side, without considering an inner

window of two resolution cells side and the power in the second window.

|=-o-W¢L LE, W,

R s (7)

1.3.4 Signal to Clutter Ratio

Thelarge RCS is required to ensure adequate visitdlitgve thesurrounding background
scatterers, often termed clutt®ue to the clutter and noisy environment on the ground, the
clutter contribution adjacent to growfided reference target shld be taken into account for
the performance estimatio@nemeasure of visibility is the target sigrakclutter ratio(SCR)

and is estimated as follows:

YO Y —— (8)

wherell fsthe backscattered energy of a reference point targetl Areés Gepresenttie mean
backscattered energy of the clutter within a resolution cell [I&measure thtarget signal

to-clutter ratio from an actual SAR image, ttagio of the peak power ithe target impulse
response tdhe mean background clutter power, estimated from anlacated close to the

target, is often used.
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2 CAL VAL SITE

2.1Site selection

For the proper calibration of the data, suitable site selection for the pointdapgeyment is
the prime requirement. Following factors are taken into acombah choosing sites fqoint

targetdeployment:

1. The flatness and homogeneity of the surrounding land.
2. Perceived sources of radar clutter in the vicinity.

3. Distance from metalt boundary fences.
4

. Overlap of adjacemoint target CR) responses.
2.2Description of sites

Four sites were selected in and around Ahmedabad and Rann of Kutch, Gujarat based on the
above mentioned factofer the present studystudy area map selected site presented in
Figure2-1. These selected sitese comprised of homogenous areas with uniform Sdile

point targets were deployed at particular locationithin these siteswhere background

reflection is less as compared to point target return.

Jammu & Kashmir

Gujarat

Bay of Bengal S —
(east)

Arabian Sea
(west)

] M.G. Science Inst., A

Figure 2-1 Study area map of Cal Val Site
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2.2.1 SAC-Bopal site, Ahmedabad

The SAGBopal site in Ahmedabad has been developed for vicarious calibration of high

resolution optical as well as SAR sensors. This site has been artificially created by SAC
adjacent to Bopal campus. The site consists of a very uniform leveledahdréyellow in

color) of 115m x 115m with very clear brick boundary constructed on all four sides and 4m x

4m concrete white squares on the four corners of the site.

December 2014

Figure 2-2 Calibration site near SAC, Bopal Campus[courtesy: Google earth]
Figure2-2 shows its location (marked by yellow circle) on the google earth iniage to its
comparatively smaltize, his site is suitable for high resolution mode RISATata (FRS
1/2).

2.2.2 Desalpar ste, Rann of Kutch

The Rann of Kutch site is an extensive mudflat which gets inundated during monsoon and
flooding from fresh inland and saline water from the Gulf of Kutch during-dwgrist. During
summer months (Mar&hluly), the Rann becomes dry andrba with high temperatures (>40

deg C), resulting in creation of salt encrusted flat wasteland, totally devoid of vegetdi#on

fact that the site is devoid of any buildings and vegetation and its large uniform area, makes

this site a potential site fohe calibration of high and medium resolution SAR sensors.
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In the winter season (NovembielFebruary), the minimum temperature can go below 10 deg

C. The average annual rainfall is less than 25mm and the area is situated-aA@ontabove

sea level. The size of this site is neark? 3g km andrigure2-3shows its location on google

earth image. Because of large size and uniform background, this site is suitable for calibration
of both medium resolution (MRS) and high resolution (FRE RISAT-1 data.

Figure 2-3 Calibration site at Desalpar,Rann of Kutch [courtesy: Google earth]
2.2.3 Grounds at M.G. Sci Institute and L.D. Arts College Ahmedabad

This site is situated at the center of Ahmedabad city, which resolve lots of logisti& iFsue
grounds at M.G. Science Institute and L.D. Arts college are being utilized for corner reflector
deployment during satellite pass. These grounds have approximate area of 5600 sg. m. (80m X
70m) and 13225 (115m X 115m) respectively. These both sresqgaite suitable for
radiometric calibration of FR$ RISAT data but not suitable for MRS data due to small size,
vicinity of buildings and high extemtf vegetation around iEigure2-4 shows the location of

two grounds on google earth image.
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Figure 2-4 Calibration grounds at MG Science Instituteand L.D. Arts College
Ahmedabad [courtesy: Googlesarth]

2.2.4 Nirma University Ground, Ahmedabad

Nirma University Football ground is used as suitable site for corner reflector deployment due
to wide area, flat terrain, dry soil and homogenous soil texture. The shape of this site is
rectangle covering 160 m itength and 80 m in width. The total area of this site is
approximately 12800 sg. m. and this site is quite suitable for radiometric calibration df FRS

RISAT-1 data. The synoptic view of Nirma University ground is showRigure2-5.

Nragadii

DeparrmentOf )
.——-ﬂ 1 S
Computer Englnecrmg !
ot 1 " »

-

%lrma Unlversny
M !

Figure 2-5 Calibration site at Nirma University, Ahmadabad [courtesy: Google earth]
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Table 2-1 center latitude and longitudes ofcal val sites

Iﬁ;’_ Location Name Latitude N(deg.) nggg;ge
1 SAC, Bopal, Ahmelabad 23°02'43.06" 72027'07.54"
2 MG Science Instute, Ahmalabad 23°02'10.15" 72°32'35.85"
3 Nirma University, Ahmelabad 23°07'47.97" 72927'07.54"
4 DesalparRann ofKutch 23°46'14.10" 70°43'19.30"
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3 MATERIALS AND DATA USED

3.1Corner Reflectors

In the present study,omt targets ¢orner reflectorshave been used for the radiometric and
geometric calibration of RISAT data.The advantages of usin@gagsive calibration point
targetsover active transponders are thHaty can bduilt with high radiometric accuracies, do
not delay the reflected sign@ desired property for geometric calibration), and are relatively
robust for fielduse during the calibration campaigrheir limitations being their bulky size
because of which itannot be movedasilyto a new locatiorand data recording cannot be

dore.

Trihedral corner reflectors are relatively insensitive to misalignments which is a main reason

for their use. Utilizing precise levels and compasses (taking the local declination into account),

an alignment accuracy of n@anbelhchfewed. Thisoesults i z i mu
a misalignment uncertainty of below 0.1 dB. Ttheoretical values of theadar cross section

of corner reflectors can be easily computed. However, mechanical imperfections will lead to a

reduction of the theoretical vadu
3.2General Criteria for Designing a Corner Reflector

In general, a corner reflector should be built regarding the following principles: it shoafd be
light weight, easy to mount, difficult to be reached by unauthorized people, well fixed, and
resistanto all weather conditiong he triangular trihedral corner reflectors used in this study

arein cubic shape and madg of aluminumhaving wooden mount
3.2.1 The Material of Corner Reflector

For the reason of keeping the mechanical stability and accuracytifidiad shifts to a
millimetric level, both the size and the weight of the structure should be kept limited. In this
regard, thamost suitable material faorner reflector is aluminum, which is remarkable for its
low density and ability to resist corios due to the phenomenon of passivation. The density
of common aluminum alloy varies from 2.6 g/cm3 to 2.9 g/cm3, while the density of common
iron and steel can vary from 7.75 to 8.05 g/cm3. For example, a small trihedral corner reflector
made of aluminumwith a size of 50 cm x 50 cm x 75 cm and 2mm width weighs approximately
5.6 kg (take density as 2.8 g/cjnButif the same corner is made of steel, it will weigh 16 kg

(8 g/cm3) in total, which is a remarkable increasweight.
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3.2.2 The Shape of Corner Refctor

In principle, the reflector should be characterized by a reflectivity much higher than that of the
surrounding scatterers, the reflector should have a high RCS for a relative small size. Some of
the most common corner reflectors being used are lti&¢,ihedral, triangular trihedral, and
cubic trihedralThe theoretical maximum RCS for different types of corner reflectors is shown

in Table3-1[17].

Table 3-1 Theoretical maximum RCS for different types of Corner reflectors[17]

Maximum Theoretical
“ RCS (dBm’)

Triangular Trihedral oy 4ma®
T
Flat square plate 4ma*
or=—p3
Image credit: Drake and Hatfy [2013]
Circular Trihedral 0.507x3a*
ﬂf S ——
FH]
Dihedral 8ma*
gy = e
Image credit: Ferratti et al. [2007)
Square Trihedral 12ma*

-

Image credit: Qin et al. [2013]

Considering the fact thahe makingof triangular trihedral is easier, it is considered better to
use triangular trihedral. However, for the experimenting purpose, square trihedrals and a
dihedral having leg length 0.60m, 1.5m were also used along with the triangular trihedrals (leg

length 0.9@n) in the present studyAn assembly of two flat metal plates placed at right angles
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to each other is called a dihedral corner reflector. If the line of intersection between the plates
is perpendicular to the radar line of sight, the specular reflectoon éme plate will rebound

from the other and return in the direction of the radar. Thus dihedral corner reflector presents
a large radar cross section. The addition of third plate orthogonal to both the others will form
a trihedral corner reflector, whichill allow triple reflection in both elevation and azimuth
relative to the trihedral symmetry axiBigure 3-1, Figure 3-2 and Figure 3-3 show the
triangular trihedral, square trihedral awithedral used in this study for the radiometric
calibration of RISAT1 data.

Figure 3-2 Square Trihedral Corner Reflector (size 060m)
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Figure 3-3 Dihedral Corner Reflector (size 1.5m)
3.2.3 The Installation of Corner Reflector

In order to gain a maximum RCS, the corner reflector should be installedovizantal plate
and the direction of the reflectors should be set along LOS in order to gain the maximum RCS.
If the direction deviates from the LOS direction or tilts slightly, the RCS value would decrease

considering the different shape and size of tr@ers.
324The Bending of Cornerdos Pl ate.

The most possible influencing factors that could bias the result are precipitation and bending
plates. A possible phenomenon that may bend metallic plates is the thermal exgamrseon.

given leg length of the corneeflector, it should be calculated.
3.3Data Used

RISAT-1 Images of FRE and MRS mode with various types of polarizatioar@acquired

over the area of interest. RISAlToperating in Gband, has capabilities in terms of coverage,
polarization, range of incidence angles and contains scan SAR mode of opératabril3
(thirteen) SAR Image was acquired consisting 4 (four) ER®age and 9 (Nine) MRS Image

in CEOS format. For the data used in the present analysis, the incidence angle varies from
14.25 to 44.78. Details of the data used is shown in TaBi2.
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Table 3-2 Details of the RISAT-1 data used in the study

Incidence
Mode Date Polarization| Beam No Angle Node [Orientation
FRS-1 ] 21. Apr. 2015| HH, HV 104 44.78032 | Ascending Left
FRS-1 ] 25. Apr. 2015| HH, HV 21 31.20945 [Ascendingl Right
FRS-11] 22.Jan.2016] RH, RV 66 14.24753 | Ascending Left
FRS-1] 15. Feb. 2016] RH, RV 87 32.98252 [Ascendingl Right
MRS 5. Jul. 2015 HH, HV 87-97 36.79629 [Descendin Left
MRS | 30.Jul.2015| HH, HV 87-97 36.79907 |Descendin Left
MRS | 24. Aug. 2015 HH, HV 87-97 36.77593 |Descendin Left
MRS | 18. Sep. 2015 HH, HV 87-97 36.79698 [Descendin Left
MRS | 13. Oct. 2015 HH, HV 87-97 36.81646 |Descendin Left
MRS | 7.Nov.2015| HH,HV 87-97 36.78942 |Descendin Left
MRS | 2.Dec.2015| HH,HV 87-97 36.76666 |Descendin Left
MRS | 27.Dec. 2015 HH, HV 87-97 36.76462 |Descendin Left
MRS | 14. Feb. 2016] HH, HV 87-97 36.80517 |Descendin Left
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4 METHODOLOGY

4.1General

The most common image quality parameters measured3Aftiimages are derived froamd
describe the shape of thepulse response function. The impulse response fun@if) of a
SAR image ighe response to a point target assuming negligible reflectivity and thermal noise
ThelRF is also sometimes referred to as a point spread fun&ombsolute calibratio®RCS

of corner reflector is computed and compared with the theoretical RCS.

For point target analysis, passive corner reflectors of known radarsgossn were deployed
considering three important poirf&s3].

0] Orientation of corner reflector with resp@atSAR antenna

(i) The deployment site characteristics and

(i)  Size and material of the CR i.e. it should have sufficient energy for scattering.

Precise deployment of CR is the primary requirement and for the best results, CR should be
pointed directly along théore sight of the SAR antenijd4]. Secondly, deployment site
should be free from the mulgiath contributions and should be located distant from tiaeepo

lines and housing colonies [35]
4.2Approach for Radiometric calibration using Point targets

After deploying theseriesof standard angle reflectors wikimown scattering cross section o
the ground calibration fieldthe theoretical scattering cressction of the standard angle
reflectors (iet) to the corresponding image powet)) through the RISATL image of the

calibration fieldcan be related to thmlibration constaras[32]:

b 9)
where,- is the energy associated with the point target i; is the theoretical radaross
sectionof the corner reflector—is the incidence angle of the target i.

In order to improve the precision, the number of samples should be as much as possible. Using
theaverage of the measured values corresponding to the point targets as the final negdsurem

result ofthe calibration, i.e. calibration constants were determined as follows:

O —-B U (10)
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The typical response of point target image as seen in the RISARS 1 imageof 22'¥ January

2016is shown in Figurd-1 below:

Satellite
moving
direction

Figure 4-1 RISAT-1 FRS1 image of 22nd January 2016
The key step in measuring the calibration constant is point target pulse response energy
measurement. As alread\gscribed in the previous sections that there are two types that are
commonly used (i) peak estimation method and (ii) integral power méthttek present study,
Integral Power method has been udadintegral method13], power from a standard point
target is taken by integrating tip@wer from all pixel values corresponding to the point target,
to arrive at the calibration constadtfter receiving single look complex (SLC) dataeRS
and ground range detected product (GRD) of MRS8ectors were lated intheimageand
Integralpower method was applied to derive calibration constant.
The stepdollowed for the calculation othe energy associated with point target, following
steps were used:
1. Firstly, thebackground corrected integrated powepoint targesusing corresponding
RISAT-1 imagehas been calculated using the below mentioned app{8éth
I.  Extraction of a sub image of M x M pixels (here M=32 for FRS mode data)
around the point target from imagEigure 4-2 & 4-3) converting the pixel
values into intensity by squaring pixel DN values and calculation of the
integrated power (PIPI=EZ (%P N
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Figure 4-2 Schematics showing the subset of the data containing CR

Figure 4-3 Subset of the image containing corner reflector
ii.  Selection of four corner areas around the point target in sub image witk N x
(here N=8 for FRS mode data) pixels (as shown in Figedeand derivation
of the mean background intensity and calculatiorth&f mean background

power (<B>.

Figure 4-4 Selection of the clutter windowsaround CR
lii.  Subtraction of the mean background power from the integrated corner reflector

power value to obtain background corrected integrated power (PT).

PT = PI- —<B> (11)
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2. Using the background corrected integrated power, energy associated with point target
Is estimated using the following equation:

- 0 Y N QaaQ (12)
Ground area of the pixel at point target can be calculated as,

Ai = (Line spacing x Pixel spac.i
where, value of line spacing and pixel spacing can be obtained Gnatput Line
Spacingand Output Pixel Spacingtags respectively dfieader file provided with the
dataandsi np: cah be manually calculated.

3. Using the energy estimated in step 2, and ufafigwing equation38],

0 pTEaE "BOU ” pTEOEQ p Tt

aEQ OOo oI VHQ (13)
where, j = incidence angle at position of point target and
scattering area = (azimuth resolution * slant range resolution)/sini (14)

cdibration constant is determined for each corner reflector and then average value of

the calibration constant calculated and reported for that particular mode and beam

Using the above steps, calibration constants was determined for each dataejadant target
analysis was also carried out in Gamma softafegmdller and Werner, 199@hd the same

results were compared by results obtained by masalalilations

It should be noted that while calculating the calibration constant for MR &, tsirm was not
consideredvhile calculating the scattering ar@gg. 14) as it was assumed that GRD product
of MRS dataalready takes into account this factor while converting from g®Lgound range

Also, output pixel spacing and output range spaciag wsed for the calculation.

4.3Determination of Signal to cltter ratio (SCR)

Forthe determination of signal to clutter ratibe methodologydoptedn [13] has been used

and is described belaw

Consider the calibration of a uniform region of an ac&@aR image as shown in Figure 8 of
ground area\ny, havingNn, pixels which has an unknown back scattering coefficgénT he
subscriptnu denotes that the area in question contains receiver noise as well as uniform clutter

signal. The known reference redtor is within ground are@yns, havingNpnupixels and cross

sections. The subscrigbnudenotes that the area in question contains the reflector, the receiver
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noi se and wuniform clutter signal. Data is ¢c¢
ground ared\n, havingN, pixels and being at the same incidence angle as other two areas. The

integrated powers over these three specified areas are defiiied asiEand E, respectively.

Sl
51 ;}E@E

Slant Range Pixel Number

Figure 4-5 Schematics showing the area containing clutter and point target

Ou= -UmuAnu / An ) (13)
Up =-UOpwu( Apnu/ Anu) (14)
o=@  An u)U Enlb/Amn)] (15)

where, each ground area A may be related to the number of pixels N by using

A = N UO0r Uda [/ sin d (16)

where, #@dreanbelbBbmage sl ant range and azi muth
inci dence angl e. By restricting the range ex
of the regions considered. | f we dsamping have

distances, we can determine so by converting it into ground range. Then, the equation (15) can

be adjusted for a ground range image using:
ar = 0g sin d a7

where Ug is the ground range pi xednglesoéthear at i o

distributed target and point target are same.

A sub image oM*M pixels centered on the point target is extracted from the image. Next, the
background intensity is determined. The size and position of the pixel regions used may be
varied. Thisensures that nearby bright points can be avoided, thus allowing accurate
determination of the mean background from uniform areas located within the same field as the
point target. The mean background is subtracted from thdnsadee to leave an image
contining only the point targeReturn from point as well as distributed target are calculated

using equations (18) and (19):
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meaf—lpnu z areaAnu 2
£, = < ay — Demu Ty aii>APnu

HNpnu N Nnu (18)

where, @ is the image power associated with pixel ij. The normalized integrated uniform

scatterer power in the area Al

areadAnu 7 areaAn .,
?u=ﬂ=< L > Ajj )61-_6;
Nnu Nmu Nau Nn s1in (29)
Then, the signal to clutter ratio is calculated as:

SCR =— (20)

The summary of the steps adopted for the absolute radiometric calibration -df &#REVIRS

intensity data is sbwn in Figure4-6.

RISAT-1 FRS/MRS
intensity image

Corner Reflector Identification

v

v
Point target energy Average Clutter
estimation energy estimation

|

‘ | RCSof CR, incidence angle at
¥ target and at center

i |
SlgnalR':Lg utter Calibration
I constant (CC)
SCR>20dB HCRE200E

» Discard the CC values

4
Comparison with CC value
provided in the header file

Figure 4-6 Flowchart of the methodology adopted in the study
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4.4Radiometric calibration using distributed target

To perform a precise absolute image calibration, we can use distributed targets for deriving the
radar backscattering coefficient. Distributed targets are the targets which are large and uniform
in nature. Forest, Desert, run way, rough sea, large totmsire some examples of distributed

targets.

Distributed targets can be viewed as extension of point targets. Due to terrain irregularities,
most natural targets do not have wadifined reflection geometry, but rather they tend to have
many scattered flection points. Distributed targets are comprised of many elementary point
scatterers, where each scatterer has random reflection amplitude, but the superposition of these
random amplitudes will result in the total RCS for that distributed target. Tleegaoastant

over the time and shows very little variation in the back scattering coefficient. This property of

the distributed targets is used to calibrate the SAR image.
Followings assumptions are taken in to consideration while selecting distributetd targe

1. Aflat terrain is considered, i.e. there is no slope.

2. Any change in incidence angle across a distributed target is neglected, i.e. a distributed
target corresponds to one average value of the incidence angle.

3. The pixel value in the image is proportibta square root of intensity.

4. The intensity value is proportional to the radar bimgisso,,

Here, we have taken Amazon Rainforest as a distributed target, due to its well defined nature

in the literature. Its total area is approximately 5.5 Millior’km

For carrying out radiometric calibration using Amazon as the distributed target, following steps

were carried out:

1) Amazon is selected as the area for performing calibration using distributed target

method.

2) FRS mode image of the area is obtaine8IL€ format.

3) This image is then converted to amplitude image with the help of ENVI Software.
4) Further the image is opened in ENVI software for viewing and analyzing.

5) Region of Interest tool provided in the tools menu is used for selecting a regioa i

image. As the area is uniform in nature, so the region can be selected anywhere in the image.
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6) Statistics of this area was obtained using the stats tool of ROI. It is obtained in the terms
of Digital number for each pixel present in the region.

7) Further, total intensity of 2he selected

8) Average Intensity of the area can be found out by dividing, the total intensity by the

number of pixels (lavg = 1/ N, where, N = number of pixels in the region).

9) Standard vale of Gamma Naught is found to be constant for the Amazon Rainforest
due to its uniform naturd& his value is taken to be equal-&5 dB for HH and12.5 for HV

in performing calculations.

10) Calibration constant (K) is calculated using following relasioip:

K = 10*0g10 (lavg)i G O (21)
where, 00 = 20 * Cos d
Here, d is the average incidence angle of th

4.5Approach for Geometric Calibration

Geometric calibration was attempted for Gatf images of the RISATL data. Followingare

the steps adopted for the same:

1) Poi nt targets are used as a point wi t h

deployed at different locations in the field.

2) Geographic location of each corner reflector was taken with the help of hand held GPS

device at the time of deployment.

3) Co-ordinates obtained through GPS device are recorded for each corner reflector.

4) Geo Tiff data product is obtained for RISAT FRS and MRS mode.

5) This Tiff format is opened using Image processing software ENVI.

6) No w, Corner Reflectorbés are identified in

7) Using 6Cursor/ Location val ueddindtes ofleactpr ovi d

corner reflector is noted down.

8) Difference in ceordinates is calculated in both latitude and longitude dire¢tidmd

the actual geometric error.
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9) Geolocation accuracy is checked by comparing the RMSE error with the actual

specifications.
4.6Mobilization and deployment of Corner Reflectors

For the CRs deployment in Desalpar, Rann of Kutch, the cabin at Instit@&ismmological
Research (ISR) laboratory in Desalpar was used to store the corner reflectors and then the
corner reflectors were transported to the sites (site at Runn and fields in front of ISR cabin)

using tractor. Figurd-7 shows the mobilization ardeployment of corner reflectors at various

sites.

(a): Truck carrying CRa&t ISR Laboratory at Desalpar (b): CRs being loaded into the truck

(c): Transportation of CRs to the site

(d): Setting of CRs in progress
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(e): Deployed Corner Reflectors

Figure 4-7 (a-e) Mobilization and deployment of Corner reflectors
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5 RESULTS AND DISCUSSION

5.1General

The point targetand distributed targeanalysishas beencarried out forthe radiometric
calibration ofRISAT-1 intensitydataof FRSand MR Smodeof different date of pas#n order

to carry out absolute radiometric calibration of SARndard point targets with knowraéar

Cross Section (RCSjre deployedccurately pointing towards the SAR sensor over a low
clutter region. Once the point targets are imaged, integrated power from two dimensional IRF
of deployed standard target is analyzed after removing clutter ome. the IRF,quality
parameters likéSLR, PSLR andpatialresolutionin the range and azimuth are also calculated.
Signal to clutter ratio and calibration constant were calculated using the estimated point target
and average clutter energ$tudy of theeffect of clutter window size on ISLR by keeping the
point target window size constant was also attempted and the results are répaite8:-1
and5-2 show the number of corner reflectalsployedat various sites for different datés

FRS1 and MRSespectively

Table 5-1 Number of CRs deployed for FRS1 for different dates

1 Ahmedabad | 21st April 2015| Beam No. 104, | 1 TriangularTrihedral
HH

2 Ahmedabad | 25th April 2015 | Beam No. 21, HH| 1 Triangular Trihedral|

3 | Desalpar, Ranrl 22nd January| Beam No.66, | 8 Triangular Trihedral|
of Kutch 2016 RH, RV

4 Desalpar, Rann 15th February | Beam No. 87 RH,| 8Triangular Trihedral,
of Kutch 2016 RV 3 Square Trihedral &

dihedral

Table 5-2 Number of CRs deployed forMRS for different dates

1. Ahmedabad 5th July 2015, Beam 1 Triangular trihedral
87-97,HH
2. Ahmedabad | 30th July 2015, Bearr 1 Triangular trihedral
87-97,HH
3. Ahmedabad 24th August 2015, 2 Triangular trinedrals
Beam 8797, HH
4. Ahmedabad 13th October 2015, 4 Triangular trihedrals
Beam 8797, HH
5. Ahmedabad 7thNovember 2015, 4 Triangular trihedrals
Beam 8797, HH
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6. Ahmedabad 2ndDecember 2015, 4 Triangular trinedrals
Beam 8797,HH
7. Ahmedabad 27th Decembe2015, 4 Triangular trihedrals
Beam 8797, HH
8. Desalpar, Rann d 14th February 2016, 8Triangular Trihedral,
Kutch Beam 8797,HH 3 Square Trihedral &
1 dihedral

5.2Resultsof absolute radiometric calibration using point targets

The deployedeflectorresponses in RISAT SAR images were analyzed to derive radiometric

parametersf the data and computing the necessary calibration peas
5.2.1 Results for Ahmedabad site

The location and response of CR deployed at SAC Bopal, Ahmedabad site and its response in
FRS1/MRS image for different dates is shown in Figbi®and5-2 respectively. The building

located at the south of CR can be clearly seen in the MRS image with very bright response.

Figure 5-1 Location of CR at Ahmedabad site on Google earth image
RISAT-1 SLCfor FRS1 and GRD for MRSlata were taken to frequency domain using FFT
and were interpolated in frequency domain with an interpolation factor of 16 in range and 16

in azimuth direction. An inverse FFT resulted in 16x interpolated IRF for point tardets, T
for all the reflectors, interpolated Impulse Response Function (IRF) was dddsed) the
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steps already explained in the methodology section, the calibration constant was derived and

the results thus estimated for each date are as follows:

5.2.1.1 21 April 2015:FRS-HH Polarization

Beam-1n0o4
Il nci dence angild4ed .a’280s3cene center
Calibration Coiw9t. &6mMt9 Band Met a

Figure 5-2 Response of CR aBAC, Bopal,Ahmedabad site d FRS-1 SAR intensity data
on 21/04/15

Point Target Relative Power
(4253, 13161) Point

CR_Bopal_8x8 8x8
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Figure 5-3 Impulse response function of the CR for 2% April 2015 FRS-1 image for
different target and clutter window sizes

Table 5-3 Estimated calibration constant for 2Bt April FRS -1

CR N Locat POis?tze Cl ustitzeer CcaolnisbtraDi(fdee;
1 Bopal 8 x8 4 x 4 79.12 0.57
1 Bopal 8 x8 6 X 6 79.11 0.58
1 Bopal 10x10 8 x 8 79.11] 0.58

Averag 0.58
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The difference between estimated calibration constant (CC) and provided CC fdr bdasn

104 having HH polarization was found to be within the specification of satellite (within 1dB)
as can bseen from Tabkd-3. It is also observed from the table that the variation of target and
clutter window size have almost no impact on the estimated CC which is ideal and shows that

the background is uniform.
5.2.1.2 25 April 2015: FRS-HH Polarization

B e a m-2nlo
|l nci dence angi3l .a%09%4cene center
Calibration Coiwst.@rbt3_Band Met a

Figure 5-4 Response of CR aSAC, Bopal,Ahmedabad site d FRS-1 SAR intensity data
on 25/04/15

Point Target Relative Power
(768, 9801) Point

CR_Bopal_8x8 88
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Figure 5-5 Impulse response function of the CR for 28 April 2015 FRS-1 image for
different target and clutter window sizes

Table 5-4 Estimated calibration constant for 25" April FRS-1

CR N Locat i Poisriltze\/\ Cl ustitzeer Ccaolnisbtrz Di(fdee)
Bopal 8 x 8 8 x8 74. 71 1. 33¢
Bopal 16x16 16x16 74.75 1. 298¢
Bopal 16x16 8 x 8 74.76 1. 28F¢
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Bopal 32x32 8 x8 75.58 0. 47(
Bopal 32x32 16x16 75. 54 0. 517
Aver a 0. 98]

The difference between average estimated calibration constant (CC) and provided CG for FRS
1 beam 21 having HH polarization was found toniin the specification of satellite (within

1dB) as can be seen from Tabld. However, it is observed from the table that with the
increase in the target and clutter window size, the estimated CC increases and the difference
decreases.

5.2.1.3 5th July 2015 M RS-HH Polarization
Beam-8ni®®d® 0O P D7

|l nci dence angil36 .aR96s2cene center
Cali bration Coiwsit. adrbt5. Band Met a

CR Response

Figure 5-6 Response of CR aBAC, Bopal,Ahmedabad site d MRS SAR intensity data
on 05/07/15

CR_Bopal_7x7_4x4
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Figure 5-7 Impulse response function of the CR for ¥ July 2015 MRS image for
different target and clutter window sizes

Table 5-5 Estimated calibration constant for 8" July 2015

CR I\LocatPOir.]t .C|Utt Calieriffer
size| window| Const
1 Bopa 3x3 4 x4 69. 43 -5.017
1 Bopa 4 x4 4 x4 69. 51 -4.9367
1 Bopa 5x5 4 x4 69. 52 -49279
1 Bopa 6 X6 4 x 4 70. 50 -3.9456
Aver a -4.7068
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It can be seen from TableSthat the estimated CC remains almost same as the target window
size increases from 3 to 5, but with the further increase in the target window size, it starts
increasing. The reason might be due to the presence of building near the CR. As the target
window size increases, integrated power increases because of the inclusion of the power from

the building response which in turn increases the estimated CC.

D.O.P: 5 JUL 15/HH

22

20 20 20 ® 20

18

16 ) 16.1486
- 15.1576 15716064

SCR

14
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10
4_4 54 6_4
Point_Clutter Window size

8- Calculated SCR ==@==Threshold SCR
Figure 5-8 Calculated SCR for different target and cluter window sizes
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Figure 5-9 Range and azimuth spatial resolution estimated from IRF
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5.2.1.4 30th July 2015: MRS-HH Polarization

Beam no- 87-89-91-93-95-97
Incidence angle at scene cerite36.79907
Calibration Constant_Band Metar4.552

Ny .fo.,h: CR Response
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Figure 5-10 Response of CR aSAC, Bopal Ahmedabad site d MRS SAR intensity data
on 30/07/15
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Figure 5-11 Impulse response function of the CR for 30 July 2015 MRS image for
different target and clutter window sizes

Table 5-6 Estimated calibration constant for 30" July 2015

CR N Locatolnt CluttiCalibrpn; g
size| window| Const

1 Bopa 3x3 4 x 4 71. 47 -3.082

1 Bopa 4 x 4 4 x 4 71. 13 -3.413

1 Bopa 5x5 4 x 4 72.38 -2.1625

1 Bopa 6 X 6 4 x 4 72.50 -2.0447

Av er a| -2.6755

For this date, the same trend was observed as that in the cdsduty 3015 MRS. It can be
seen from Tablé&-6 that in this case also, the estimated CC remains almost same as the target
window size increases from 3 to 4, but with the further increase in the target window size, it

starts increasing.
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Figure 5-12 Calculated SCR for different target and clutter window sizes
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Figure 5-13 Azimuth spatial resolution estimated from IRF
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5.2.1.5 24th August 2015 MRS-HH Polarization

Beampo8 B8 D PV D D7
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Figure 5-14 Response of CR aSAC, Bopal, Ahmedabad site d MRS SAR intensity data

on 24/08/2015
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Figure 5-15 Impulse response function of the CR for 2% August 2015 MRS image for
different target and clutter window size

Table 5-7 Estimated calibration constant for 24" August 2015

CR Point wClutter Cali br .

Locat . . Di f f e

N o S| ze S| ze Const g
Bopa 4 x 4 4 x 4 74 .11 -0.5307
Bopa 5x5 4 x 4 74 .54 -0.0998
Bopa 6 X6 4 x 4 75. 20 0.5583

Av er a
(of foi -0.3152

cases

For this date again, the same trend was observed as that in the cisndf3" July 2015

MRS. Table5-7 shows that the estimated CC remains almost same as the target window size

increases uptb, but with the further increase in the target window size, it starts increasing for

the case of CR deployed in SABbpal campus. Whereas, for the case of the CR deployed in

Nirma University ground, the difference found was very lafidee SCR for the CRleployed

in Nirma University ground was found to be very poor (less than 11dB), hence while reporting
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the average value, it is not considerblikma University ground is surrounded by large number
of buildings, error in locating the CR response might Hzajgpened.
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Figure 5-16 Calculated SCR for different target and clutter window sizes
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Figure 5-17 Azimuth spatial resolution estimated from IRF
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5.2.1.6 18" September 2015: MRSHH Polarization
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Figure 5-18 Response of CR aSAC, Bopal, Ahmedabad site d MRS SAR intensity data
on 18/09/2015
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Figure 5-19 Impulse response function of the CR forl8" September2015 MRS image
for different target and clutter window size

Table 5-8 Estimated calibration constant for 18" September2015

CR Ng Locat| /0 ET] WiCrllcliJct)\:v Ccaolnlsbtr Df(foleslr)E
Ni r mg 4 x 4 4 x 4 75.65 1. 107

Ni r mg 5x5 4 x 4 75. 41 -0. 86 ¢

Ni r mg 6 X 6 4 x 4 75.66 1. 10¢

Aver a -1. 02

On this datehe CR deployed in Nirma University ground, the difference foundmaginally
less The SCR for the CR deployed in Nirma University ground was fourfietbetteras
compard to SCR ofthe previous dateeployment.Table5-8 shows results of point target
analysis of CR, which shows thaith the change of point target window size tlesults
remains almost sam€@onsistency in the estimated calibration constatitates the uniformity

of the site.
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Figure 5-20 Calculated SCR for different target and clutter window sizes
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Figure 5-21 Azimuth spatial resolution estimated from IRF
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5.2.1.7 13th October 2015: MRSHH Polarization
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Figure 5-22 Response of CR at SAC, Bopal, Ahmedabad site of MRS SAR intensity data
on13/102015
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Figure 5-23 Impulse response function of the CR for 18 October 2015 MRS image for
different target and clutter window sizes

Table 5-9 Estimated calibration constant for 13" October 2015

CR NLocatPOir.]t W _Cluetrt Cal i br Di f f e
size |window Const a

Bopa 4 x 4 4 x 4 72.47 -1.9725

Bopa 5x5 4 x 4 72.07 -2.3719

1 Bopa 6 X6 4 x 4 73. 204 -1.2384

Aver adgd -1.86

A different trend was observed for the case df O8tober MRS data. From Tak#e9, wesee
that as the target window size increases first the estimated CC increases and with further
increase, it starts getting decrease. This trend was unlike to the previous trends observed for

the same location.
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Figure 5-24 Calculated SCR for different target and clutter window sizes
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Figure 5-25 Azimuth spatial resolution estimated from IRF
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5.2.1.8 7th November 2015MRS-HH Polarization
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Figure 5-26 Response of CR at SAC, Bopal, Ahmedabad site of MRS SARensity data
on 07/132015
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Figure 5-27 Impulse response function of the CR for  November 2015 MRS image for
different target and clutter window sizes

Table 5-10 Estimated calibration constant for 7" November 2015

Poin )
CR NLocatl wi nddgd .CIUttcal'eriffer
, wi ndow Const
si ze
1 Bopa 4 x 4 4 x 4 72. 44 -2.0567
1 Bopa 5x5 4 x 4 72 .47 -2.0483
1 Bopa 6 X6 4 x 4 72. 78 -1.7674
2 Nirm 4 x 4 4 x 4 72.98 -15352
Aver a -1.8519

The same trend as that of1®ctober MRS was also observed in this case. From Tab

it can be seen that as the target window size increases first the estimated CC increases and with

further increase, lecreases. The reason for this might be attributed to the different background

conditions. There might be inclusion of some bright pixel (because of the increased vegetation

at the site) in the clutter window size, because of which the background corpettethrget

energy got decreased which in turn decreased the estimated CC.
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Figure 5-28 Calculated SCR for Bopal site and for different target and clutter window
sizes
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Figure 5-29 Azimuth spatial resolution estimated from IRF
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5.2.1.9 2nd December 2015MRS-HH Polarization
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Figure 5-30 Response of CR at SAC, Bopal, Ahmedabad site of MRS SARensity data
on02/122015
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Figure 5-31 Impulse response function othe CR for 2"d December 2015 MRS image for
different target and clutter window sizes

Table 5-11 Estimated calibration constant for 2 December 2015

Poi n )
CR Locat wi ndd .Cll“tcalleriffel
. wi ndow Const
Si z€
1 Bopa 4 x 4 4 x 4 73. 94 -0.7081
1 Bopa 5x5 4 x 4 73. 94 -0.7081
1 Bopa 6 X6 4 x 4 74 . 73 0.0785
2 Nirm 4 x 4 4 x 4 75. 34 0.69
Aver a -0.6688

The results obtained from point target analysis for corenr reflector deployment on December

02, 2016 is shown in tab11. The results shows that very marginal diffrence of calibration

constant obtained and claibration constant of header file is obtatheck again, it was

identified that sites having SCR near threshold value of SCR shows consistent results.
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Figure 5-32 Calculated SCR for Bopal and NirmaUniversity sites and for different
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Figure 5-33 Azimuth spatial resolution estimated from IRF
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5.2.1.10 27th December2015 MRS-HH Polarization

Beam-8ni®d®d 0O D P7
| nci dregnlcee aat $8@éneéecd4e68ter
Cali bration Coiwsit. 6Mt2 Band Met a

Figure 5-34 Response of CR at SAC, Bopal, Ahmedabad site of MRS SARensity data
on 27/122015
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Figure 5-35 Impulse response function of the CR for 2% December 2015 MRS image
for different target and clutter window sizes

Table 5-12 Estimated calibration constant for 27" December 2015

CR|Loca PoiniClutter | Calibr .
N o n wi ndow si ze Constalefe
1 Bopad 4 x4 4 x 4 71. 58] -3.0123
1 Bopad 5x5 4 x 4 70. 99| -3.6095
1 Bopad 6 X 6 4 x4 71. 25| -3.352
2 | Nirn 4 x4 4 x4 71. 06| -3.5381
2 | Ni rn 6 X 6 4 x4 71. 62 -29739
Aver a -3.297
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Figure 5-36 Calculated SCR for Bopal and Nirma University sites and for different
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Figure 5-37 Azimuth spatial resolution estimated from IRF
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Summary of the results for Ahmedabad sitesand discussion

The summary of the radiometric calibration results obtained for Ahmedabad sites is shown in
Table 513 & Table 514 for MRS and FRS. mode data respectively. It can be seen from
Tablethat the calibration constant difference betwaearagesstimated and provided values

was found to be withiddB for FRS1 beam 104 and beam 21 respectively. However, for MRS
data the diftrence was found to be within the range 8t0.9 dB. The reason of getting such

large difference is might be due to the SCR vallibe. SCR vale should be at least 20dB in
order to minimize errors in computation of the calibration factor.[Bg} it was found that the
calculated Signal to clutter ratio (SCR) values for Ahmedabad sites (Bopal and Nirma
University ground) were less than 20 dB for MRS datadan be seen from Tabld B). The
variation of SCR for this site was found to be within the raofde8-20 dB. The reason of such
variation is the varying amount of vegetation as can be seen from the ground pictures of the
sites at different dates, for some dates when the background is clean, the value of SCR
approaches the specified value of 20dBevdas, for the cases when there is large amount of
vegetation present on the site {3luly 2015), signal to clutter ratio was found to be very poor
(13.2dB).

Time series variation of the average estimated calibration constant, provided calibration
consant and SCR is shown in Figure3B. It is clearly visible from the figure that for cases
where SCR value is near to 20dB (féf Pecember ~19dB and for ?4August ~20dB), the
estimated constant was found to be approaching the provided value andearendédfof the
estimated and provided CC was within 1dB. For the cases where the SCR value is between 16
18 dB range (18 Oct and ¥ Nov 2015), the difference was found to be less than 2dB. For
SCR values less than or equal to 15dB, the difference foasdmuch higher (5July, 30"

July and 2% December 2015AIthough, the SCR values for the same sites for#R&ata was

found to be well above the threshold value of 2Q@&ble5-13).

Table 5-13 Difference between averagestimated CC and provided CC alongwith the
calculated value of SCR for MRS

S.No| Date Average Provided Difference SCR
Estimated calibration (dB)
Calibration constant
Constant (CC)
1. 5-07-2015 69.494 74.455 4.961 15.16
2. 30-07-2015 71.305 74.552 3.247 13.28
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3. 24-08-2015 74.331 74.646 0.315 18.50
4. 13-10-2015 72.582 74.443 1.861 16.98
5. 07-11-2015 72.670 74.522 1.852 16.01
6. 2-12-2015 73.945 74.653 0.708 19.70
7. 27-12-2015 71.305 74.602 3.297 13.9
Table 5-14 Calculated value of SCR for FRSL
S.No. Date and Beam Average Provided | Difference SCR
Estimated cC (in dB)
CC
1. 215 April 2015 (FRS1) 79.117 79.699 0.582 35.6329
Beam No. 104, HH
2. 25" April 2015 75.072 76.053 0.981 32.2518
(FRS1)
Beam No. 21, HH
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Figure 5-38 Time series variation of average estimated and provided calibration
constant along with SCR
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The sites in Ahmedabad was found to be behaving well in terms of SCR fol kR,
however for MRS data, it was observed that SCR was not meeting the required specifications.
Because of the variation in the vegetation amount, the results differ fromodd&te. So,
alternate site for MRS data calibration was required and hence, Desalpar, Rann of Kutch site
was selected for the study as this site is large in size, having very uniform background and

devoid of any vegetation or buildings.
5.2.2 Results for Desgbar, Rann of Kutch site

While deploying the CRs in Desalpar, Rann of Kutch satdurther consideration when
choosing site locationfor CR deployment was to ensure that the $ode response of
adjacently sited CR wouldot overlap and they hawear dstinction of their responses in the
image.Generally, the baselines between all CR stesuld be greater than 20 times the pixel

size so for MRS mode data the distance between two adjacent CRs should be greater than
around 500m, whereas for FRS the laseline should be at least 60Maintaining large
distancebetween CRdor MRS modewas possible due to the availability of large parcel of
uniform landin Desalpar siteDeployed CRs were identified in the image and analysis was

done. The results obtainéal each date is as follows:

5.2.2.1 22nd January 2016, FRSL (RH)

B e a m-6n6o
|l nci dence angilled4d .aB47s5cene center
Cali bration Coiwst 8Bt2 Band Met a

The locations of the deployed CRs at Desalpar, Rann of Kutch site, on Google Earth image are
shownin Figure5-39 and their responses in RISATFRS1 image of 2Rd January 2016 are
shown in Figure 510. The FRS1 data of 2%t January 2016 was not available due to some

downlinking problem in the Antarctica station.
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¢!\

1370165

Figure 5-39 Locations of deployed CRs on Google Earth Image (common for 21
January 2016 FRS1 pass and 2% January 2016 FRS1 pass)

Figure 5-40 Response of deployed CRs as seen di®January 2016 FRS1 image)
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Figure 5-41 Impulse response function of the CR (2 & 7) for 22 January 2016 MRS
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Table 5-15 Estimated Calibration Constant for different CRs

RCeofrIne( WPi Onidno .CI utt CCaoI ni sbtra Difter
No. sizeWInOIOW esti ma (dB)
1 7x7 6 X 6 70.17 1.656
1 7x7 7x8 70. 00 1.826
2 6 X6 6 X 6 70. 78 1.051
2 6 X6 8 x 8 70. 74 1.090
3 6 X6 6 X 6 68.96 2.862
3 6 X6 6 x 8 69. 11 2.716
4 4 x5 6 X 6 70. 014 1.791
4 4 x5 9x10 70. 05 1.779
5 4 x5 6 X 6 69. 33 2. 492
5 11x1 17x4 69. 07 2. 757
6 8 x8 6 X 6 69. 35 2.474
6 4 x 4 8 x 8 69. 32 2.503
7 7x 8 6 X 6 70.60 1.230
7 4 x5 4 x4 70. 57 1.256

Aver ag 1.963

The difference between estimated and provided calibration constant was found to be within
2dB for all CRs except CR 3, 5 and 6 for which the difference was slightly higher. The reason
of this comparatively large difference might be because of the improper elevation setting of
these CRs which was due to the faulty mount. However, the average difference value was found
to be within 2dB.

5.2.2.2 14th February 2016, MRS (HH)

Beam-8ni®®d 0O D P7
|l nci dence angi36 .a8f051lcene center
Cali bration Coiwsit. ad®tl Band Met a

The locations of the deployed CRs at Desalpar, Rann of Kutch site, on Google Earth image are
shown in Figures-42, 5-43, 544 & 5-45 and their responses in RISATMRS image of 14
February 2016 are shown in Figusd7 and 548.
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Absolute Calibration and image qualigssessment of RISATFRS and MRS mode data

Corner Reflector

‘ Approx. Distance = 600 m ‘

Figure 5-42 Snap showing the distance between deployed CRs

Desalpar

Figure 5-43 Locations of deployedCRs on Google Earth Image (common for 14
February MRS pass and 1% February 2016 FRS1 pass)

In order to study the effect ahe background on SCR, this time, an experiment was done by
using the black cloth as a background for CR. CR was deployelddndboth of size (85) m
which was greater than the size of one pixel of ARER 11 in Figur&-45and deployed CR

in Figure5-46).
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Absolute Calibration and image qualigssessment of RISATFRS and MRS mode data

Figure 5-44 Locations of deployed CRs at Ranmf Kutch (with field photographs) on
Google Earth Image (common for 1# February MRS pass and 1% February 2016
FRS-1 pass)

Figure 5-45 Locations of deployed CRs at the fields in front of ISR cabin (wit field
photographs) on Google Earth Image (common for 1% February MRS pass and 1%
February 2016 FRS1 pass)
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Absolute Calibration and image qualiggsessment of RISATFRS and MRS mode data

Figure 5-46 CR deployed on black cloth background

a

Figure 5-47 Response of CRs () as seen in RISATL MRS image of 14 Feb 2016




Absolute Calibration and image qualiggsessment of RISATFRS and MRS mode data

Figure 5-48 Response of CRs (@0) as seen in RISATL MRS image of 14 Feb 2016

CR_2_8x8_8x8 CR_3_16x16_8x8
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