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ABSTRACT
Synthetic aperture radar (SAR) data used for quantitative temporal
and/or spatial analysis requires calibration to ensure that observed
pixel values of amplitude and phase can be related to the geo-
physical parameters of interest. The process of radiometric calibra-
tion 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. In this study, absolute radiometric calibration of RISAT-
1 intensity data of fine resolution stripmap-1 (FRS-1) and medium
resolution ScanSAR (MRS) mode was carried out by utilizing array
of standard point targets of various types (triangular trihedral,
square trihedral, and dihedral) with known radar cross-section
deployed prior to satellite overpass with precise azimuth and
elevation angles in Desalpar, Rann of Kutch in western India. The
derived calibration constants using the integral method were then
compared with the values provided in the header file. Deviations
in the results are reported in this article. The results obtained show
that the difference between the estimated average calibration
constants for FRS-1 and MRS mode data with the provided value
was found to be within the absolute radiometric accuracy specifi-
cation of Radar Imaging SATellite (RISAT-1). Near-range to far-
range difference of 0.1–0.2 dB for HH (Horizontal transmit,
Horizontal receive) polarization and 0.1–0.3 dB for HV (Horizontal
transmit, Vertical receive) polarization was estimated for the same
scene using distributed target analysis indicating the stability of
calibration for the same scene. This study also concluded that
Desalpar site in Rann of Kutch has the potential of being an
operational SAR calibration site.
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1. Introduction

Radar Imaging SATellite (RISAT-1) is India’s first indigenously developed space-borne
C-band synthetic aperture radar (SAR) sensor satellite launched in 26 April 2012, and the

CONTACT Shweta Sharma shweta@sac.isro.gov.in Space Applications Centre, ISRO, Ahmedabad, India.
This work is supported by our own organization Space Applications Centre, ISRO, Ahmedabad.

INTERNATIONAL JOURNAL OF REMOTE SENSING, 2017
VOL. 38, NO. 23, 7242–7259
https://doi.org/10.1080/01431161.2017.1371858

© 2017 Informa UK Limited, trading as Taylor & Francis Group

D
ow

nl
oa

de
d 

by
 [

Sp
ac

e 
A

pp
lic

at
io

ns
 C

en
tr

e]
 a

t 0
0:

00
 0

4 
Se

pt
em

be
r 

20
17

 

http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/01431161.2017.1371858&domain=pdf


operational phase of the mission started in the month of May 2012. RISAT-1 is not only
capable of acquiring data in multi-polarization mode and quad linear polarization, but it
is also first of its kind to operate in hybrid circular polarimetric mode for Earth observa-
tion (Misra et al. 2013; Misra and Kirankumar 2014). The specifications of RISAT-1 SAR
sensor have been shown in Table 1 (Misra et al. 2013).

From the early stages of the mission, data quality of all data RISAT-1 data products are
monitored routinely for radiometric calibration performance (Misra and Kirankumar 2014;
Gupta, Kartikeyan, and Chowdhury 2014). SAR data used for temporal or spatial analysis
need calibration to confirm that perceived pixel values of amplitude and phase can be
related for retrieving the geophysical parameters (Dobson et al. 1986; Freeman 1992). In
radiometric calibration, analysis of backscattered radar reflectivity signal of point target of
known reflectivity is carried out (Gray et al. 1990; Corr 1982). Accurate backscatter
estimates enable more robust use of the retrieved values in applications such as the
monitoring of deforestation, land-cover classification, and delineation of wet snow-cov-
ered area. These backscattering coefficients rely completely on the calibration constant
provided with the image data. To achieve calibration accuracies required for most scien-
tific analysis, a complex process utilizing internal (built-in device) measurements and
external (ground deployed device) measurements (Dobson et al. 1986; Freeman 1995;

Table 1. RISAT-1 beam modes and specifications.
Polarization

Single pol Dual pol
Circular (hybrid)

pol Quad pol

Image quality
mode HH/HV/VV/VH HH+HV/VV+VH Rx: V and H HH+HV+VV+VH NESZ

High resolution
spotlight mode
(HRS)

1 m (azimuth) ×
0.67 m (range)
resolution

−16 dB

10 km ×10 km
(10 km
×100 km
experimental)
spot

Min σ0 = −16 dB
Fine resolution
stripmap mode-
1 (FRS-1)

3 m (azimuth) ×
2 m (range)
resolution

−17 dB

25 km swath
Min σ0 = −17 dB

Fine resolution
stripmap mode-
II (FRS-II)

3 m (azimuth) ×
4 m (range)
resolution

9 m (azimuth) ×
4 m (range)
resolution

−19 dB (circular
polarization)

25 km swath 25 km swath −20 dB
(Quad Pol.)

Min σ0 = −19 dB Min σ0 = −20 dB
Medium
resolution
ScanSAR mode
(MRS)

21–23 m (azimuth)
× 8 m (range)
resolution

−17 dB

115 km swath
Min σ0 = −17 dB

Coarse resolution
ScanSAR mode
(CRS)

41–55 m (azimuth)
× 8 m (range)
resolution

−17 dB

223 km swath
Min σ0 = −17 dB

Swath coverage: Selectable within 107–659 km off-nadir distance on either side.
Incidence angle range: 12–55°.
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Srivastava et al. 1996; Srivastava et al. 2003; Cote et al. 2007; Shimada et al. 2009; Touzi
2012; Shimada 2015) is needed. The external calibration technique generally involves two
types of targets: point targets, for example, active target – active radar calibrator (trans-
ponder), passive targets – corner reflector (CR) (dihedral or trihedral), flat rectangular plate,
sphere (metal), Luneberg – lens reflector, so on, and distributed targets, for example,
Amazonian Rainforest (Freeman 1995; Srivastava et al. 1996).

Globally, various space-borne C-band sensors like ERS-1/2, ENVISAT, RADARSAT-1/2,
and recently launched Sentinel-1A are available. For the calibration of these SAR sensors,
various standard point targets viz. active and passive standard targets have been used in
the past (Freeman 1995; Srivastava et al. 2001; Shimada et al. 2009; Touzi 2012; Shimada
2015; Schmidt et al. 2015; European Space Agency (ESA) 2015). In this study, passive
standard targets (dihedral CR, triangular trihedral CR, and square triangular CR) have
been utilized for RISAT-1 SAR calibration. Calibration constant for RISAT-1 data (both
medium resolution ScanSAR (MRS) and fine resolution Stripmap-1 (FRS-1) mode data)
has been derived using point target array, deployed synchronous to satellite pass, and
then the estimated constants were compared with the provided values in order to assess
the radiometric calibration stability of RISAT-1 data. The major objective of the study is
to assess the radiometric calibration stability of FRS-1 and MRS mode intensity data of
SAR sensor on board RISAT-1 satellite using point target array deployment in Desalpar,
Rann of Kutch, western India. For CRs’ response analysis, co-polarization and circular
polarization images, i.e. HH (horizontal transmit, horizontal receive), RH (right hand
circularly polarized transmit and linearly receive in horizontal polarization), and RV
(right hand circularly polarized transmit and linearly receive in vertical polarization)
were used in the present study. Near and far range calibration stability was also studied
using three scenes (16 January 2014, 23 February 2014, and 17 February 2015) of
Amazon rainforest MRS data of HH and HV polarization (horizontal transmit, vertical
receive). The stability of only radiometric calibration of dual polarization (HH–HV) and
compact (RH–RV) polarization data has been assessed. Calibration of polarimetric mode
will be considered in a future paper.

2. Study area and data used

2.1. Study site

The selection of suitable site for the deployment of standard point targets is the major
requirement for proper calibration of the data. Flatness and homogeneity of the sur-
rounding land, devoid of vegetation, metallic boundary fences, perceived sources of
radar clutter, and large area in order to avoid overlap of adjacent point target (CRs)
responses are the factors that are taken into account when choosing sites for point
target deployment.

Based on the abovementioned factors, for the present study, Desalpar, Rann of Kutch
site (with Latitude 23о46ʹ14.10”N and Longitude 70°43ʹ19.30”E) was selected for point
target deployment (Figure 1). The size of this site is 3 km × 7 km. Figure 1 shows the
location of the study area in false colour composite (FCC) image of Resourcesat-2 LISS-4
sensor having green, red, and NIR bands.

7244 S. SHARMA ET AL.
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This site is an extensive mudflat which gets inundated during monsoon and flooding
from fresh inland and saline water from the Gulf of Kutch during June–August. During
summer months (March–July), the Rann becomes dry and barren with high tempera-
tures (>40°C), resulting in creation of salt-encrusted flat wasteland, totally devoid of
vegetation. The fact that the site is devoid of buildings and vegetation and its large
uniform area makes this site a potential site for the calibration of high and medium
resolution SAR sensors.

2.2. Data used

RISAT-1 intensity images of FRS-1 and MRS mode with various types of polarization were
acquired over the area of interest during January 2016–March 2016. Details of the data
used in the study are shown in Table 2.

2.3. Types of CRs used

For the study, various types of CRs were used. Figure 2 shows the triangular trihedral
(inner leg length of 90 cm), square trihedral (inner leg length of 60 cm), and dihedral

Figure 1. Map showing the location of study area (Desalpar Cal Val site) within Gujarat, India, in FCC
image of Resoursesat-2 LISS-4 sensor.

Table 2. Details of the RISAT-1 data used in the study.
Mode Date Polarization Beam no. Incidence angle (º) Node Orientation

FRS-1 SLC 22 January 2016 RH, RV 66 14 Ascending Left
FRS-1 SLC 15 February 2016 RH, RV 87 32 Ascending Right
FRS-1 SLC and GRD 10 March 2016 RH, RV 107 46 Ascending Left
FRS-1 SLC and GRD 11 March 2016 RH, RV 87 32 Ascending Right
MRS GRD 14 February 2016 HH, HV 87–97 36 Descending Left
MRS GRD 10 March 2016 HH, HV 87–97 36 Descending Left
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(inner leg length of 1.2 m) used in this study for the radiometric calibration stability
assessment of RISAT-1 data. Table 3 shows the detail of the CRs used in this study.

3. Methodology

In the present study, point targets (CRs) array has been used for the radiometric
calibration stability assessment of RISAT-1 data. Different types of CRs viz. triangular
trihedral, square trihedral, and dihedral were deployed by the calibration team at
Desalpar, Rann of Kutch site in India, synchronous to satellite pass for calibration of
FRS-1 and MRS mode data. All the CRs were configured as per the calculated parameters
with respect to satellite parameters, and their global positioning system co-ordinates
were also recorded. Sufficient care was taken while setting up the CR, so that accurate
azimuthal as well as elevation angle could be obtained. Utilizing precise levels and
compasses, an alignment accuracy of 0.5° for both azimuth and elevation could be
achieved. Mobile phones and other metallic objects were kept at far-off distance to
avoid any disturbances. Because of large availability of land parcel within the site, it was
possible to maintain sufficiently high distance between CRs. Minimum 600 m distance
was kept between two nearby CRs in both x and y direction which is nearly 25 pixels for
MRS mode data and 200 pixels for FRS-1 mode data. This will be an advantage while
processing the image, as no CR will affect each other’s response and overlapping of side
lobes can be avoided. After deploying the series of standard angle reflectors with known

Figure 2. Types of CRs used in the study: (a) triangular trihedral, (b) square trihedral, and (c)
dihedral.

Table 3. Details of CR used in the study.
CR type Maximum theoretical RCS Leg length (m) RCS (dB m2)

Triangular trihedral σT ¼ 4πa4

3λ2
0.9 29.491

Square trihedral σT ¼ 12πa4

λ2
0.6 31.921

Dihedral σT ¼ 8πa4

λ2
1.2 42.202
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scattering cross-section on the ground calibration field synchronous to satellite pass,
single look complex (SLC) data of FRS and multi-look, ground range detected product
(GRD) of MRS were analysed. It has already been shown by various researchers in the
past that the point targets with known scattering cross-section can be used to establish
the relation between output signal and the backscattering coefficient. Point targets (CR)
were located in the generated intensity images, and the integral method was applied to
derive the calibration constant. Referring to Ulander (1991), the theoretical scattering
cross-section of the standard angle reflectors (σref) to the clutter corrected point target
energy (εp) through the RISAT-1 image of the calibration field was related to the
calibration constant (K) as

K ¼ εp
σrefsinθ

; (1)

where, εp is the clutter-corrected point target energy; σref is the theoretical radar cross-
section (RCS) of the CR; θ is the incidence angle of the target. The average measured
values ðKavgÞ corresponding to the point targets has been reported as the final mea-
surement result of the calibration for each date and is calculated as

Kavg ¼ 1
N

XN
i¼1

Ki; (2)

where, N is the number of point targets used and Ki is the measured calibration constant
corresponding to point target i.

The key step in measuring the calibration constant is energy associated with point
target. There are several methods for deriving the calibration constant K from point
targets, including (Woode, Desnos, and Jackson 1992) (i) the peak estimation method
and (ii) the integral method applied to pixel values. In this work we followed the integral
method which was first proposed by Gray et al. (1990). To determine average clutter
intensity, four areas of size 8 ×8 pixels in range and azimuth direction around the point
target are selected in such a way that they exclude pixels having influence of point
target or any other point target responses (Figure 3). Then, average clutter intensity is
calculated and converted into energy by using pixel area. Similarly, point target energy
was determined by selecting 8 ×8 cell grid in the range and azimuth direction centred
around the point target. 2 ×1 looks in range and azimuth direction, respectively, have
been used. Clutter-corrected point target energy (εp) is determined by subtracting point
target energy by average clutter energy.

The large RCS is required to ensure adequate visibility above the surrounding back-
ground scatterers, often termed clutter. Due to the clutter and noisy environment on the
ground, the clutter contribution adjacent to ground-fixed reference target should be
taken into account for the performance estimation. One measure of visibility is the
target signal-to-clutter ratio (SCR) and is estimated in the study as follows:

SCR ¼ σp
σ0Ares

; (3)

where, σp is the backscattered energy of a reference point target, σ0 is the mean
backscattered energy of the clutter, and Ares represents the area of the resolution cell
(Zénere 2012).
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The summary of the steps adopted for the radiometric calibration stability assessment
of the FRS-1 and MRS intensity data is shown in Figure 4. For near-range and far-range
calibration stability assessment, the methodology adopted by Chapman, Siqueira, and
Freeman (2002) has been used.

Figure 3. Arrangement of point target and clutter window used in the integral method.

Figure 4. Flow chart of the methodology adopted in the study.
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4. Results and discussion

In order to assess the radiometric calibration stability of RISAT-1 SAR sensor, standard
point targets of various types (triangular trihedral, square trihedral, and dihedral) with
known RCS are deployed prior to satellite overpass with precise azimuth and elevation
angles in Desalpar, Rann of Kutch Cal Val site in India. The deployed reflector responses
in RISAT-1 SAR images were analysed to derive radiometric parameters of the data and
compute the necessary calibration parameters. Tables 4 and 5 show the number of CRs
deployed at various sites for different dates for FRS-1 and MRS respectively.

The responses of the deployed CRs at Desalpar, Rann of Kutch site, in RISAT-1 FRS-1
and MRS intensity images are shown in Figures 5–10.

Impulse response functions (IRFs) of the corresponding CRs deployed on 10 March
2016 image are shown in Figure 9 for triangular trihedral and dihedral only. Dihedral
corner reflector (CR9) is showing very poor IRF (main lobe is almost flat) as compared
to the response of triangular trihedral CRs as can be seen in Figure 9. The reason can

Table 4. Number of CRs deployed for FRS-1 mode.
Date Beam no. Polarization Number of CRs deployed

22 January 2016 66 RH, RV 8 Triangular trihedral
15 February 2016 87 8 Triangular trihedral, 3 square trihedral, and 1 dihedral
10 March 2016 107 8 Triangular trihedral and 1 dihedral
11 March 2016 87 8 Triangular trihedral and 1 dihedral

Table 5. Number of CRs deployed for MRS mode.
Date Beam no. Polarization Number and type of CR deployed

14 February 2016 87–97 HH 8 Triangular trihedral, 3 square trihedral, and 1 dihedral
10 March 2016 87–97 HH 8 Triangular trihedral and 1 dihedral

Figure 5. Response of CRs as seen in 22 January 2016, FRS-1 image.
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be attributed to the improper alignment of CR9 with respect to satellite parameters
as its signal response is very much sensitive to errors in alignment. The error in the
orientation of the reflector considerably reduced the backscatter of the reflector’s
resolution cell, resulting in the absence of the bright target in the image. However,
good response of dihedral, square trihedral, and triangular trihedral CRs in both MRS
(14 February 2016, HH) and FRS-1 (15 February 2016, RH) images is observed, as is
evident from Figures 6 and 7 (bright target response). The comparative analysis of
various types of standard point targets (dihedral, square trihedral, and triangular
trihedral) is illustrated in Figure 7 and Table 6. It shows the comparison of 3 dB
width (range and azimuth) calculated using IRF for various types of CRs for 15

Figure 6. 14 February 2016, MRS image: (a) response of CRs at Desalpar desert area as seen in the
image and (b) response of CRs in farm fields at Desalpar as seen in the image.
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Figure 7. 15 February 2016, FRS-1 (RH polarization, incidence angle 32°) image: (a) response of CRs
at Desalpar desert area as seen in the image, (b) response of CRs in farm fields at Desalpar as seen in
the image, and (c) IRF of different types of corner reflectors.

Table 6. Comparative study of various types of CR.

Range resolution (m) Azimuth resolution (m)
Difference between estimated

and specified value (m)

Specified (m): 2.34 Specified (m): 3.33

Polarization Type of CR Estimated (m) Estimated (m) Range Azimuth

RH Dihedral 2.04 3.84 0.30 0.51
Square trihedral 2.18 3.30 0.16 0.03
Triangular trihedral 2.10 3.11 0.24 0.22

RV Dihedral 1.95 3.3 0.39 0.03
Square trihedral 1.91 3.14 0.43 0.19
Triangular trihedral 2.09 3.66 0.25 0.33
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February 2016, FRS-1, RH, and RV polarization data. The estimated range and azimuth
resolutions are found to be matching well with the corresponding values provided in
the header file.

The IRF corresponding to one of the square trihedral (CR8 with size 60 cm) is shown
in Figure 11 (a–c)for 14 February 2016 MRS mode HH polarization data and for 15
February 2016 FRS-1 mode RH and RV polarization data, respectively. Peak-to-side-lobe
ratio for both range and azimuth is found to be higher for RH and RV polarization as
compared to its values in the case of HH polarization. Point target energy and clutter
intensity corresponding to CR8 for different dates are shown in Table 7.

SCR was computed for each deployed CR, and it is used as a quality check parameter.
Only those results were considered as reliable, where SCR was found to be greater than
20 dB. Figure 12(a) and 12(b) shows the estimated calibration constant for each
deployed CR along with the SCR values for MRS mode HH polarization data of 14
February and 10 March 2016, respectively. The difference between estimated and
provided calibration constant for FRS-1 mode data of different beams and having
different modes and polarizations along with average SCR value is shown in Table 8.

The difference for all the dates for both FRS-1 and MRS mode was found to be within
2 dB as per the defined radiometric calibration specification for point target for RISAT-1
mission (SAC 2015). For the same beam (no. 87) for FRS-1 mode data, results of the
analysis show consistency for the estimated calibration constant of different dates (15
February and 11 March 2016). For RH polarization of FRS-1 having beam no. 87, the
estimated average calibration constant was found to be 69.98 and 72.77 dB for 15
February and 10 March 2016 data, respectively, whereas, for the same beam having RV
polarization the estimated values are 66.60 and 69.36 dB, respectively.

Central Amazon Rainforest (latitude: 6.486717° N, longitude: 65.590916° E) was selected
to evaluate stability of calibration in the same scene as this site is considered to be flat

Figure 8. Response of CRs as seen in 10 March 2016, FRS-1 (RV polarization) (all are triangular
trihedral CRs except CR9).
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Figure 9. 10 March 2016, MRS image (HH polarization, incidence angle 36°): (a) response of CRs as
seen in the image (all are triangular trihedral CRs except CR9) and (b) IRF of the CRs.
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Figure 10. Response of CRs at Desalpar Cal Val site (same area as shown in Figure 9) as seen in 11
March 2016 FRS-1 image (all are triangular trihedral CRs).

Figure 11. IRF of square trihedral corner reflector (CR8) observed for: (a) 14 February 2016, MRS HH,
(b) 15 February 2016, FRS-1 RH,and(c)15 February 2016, FRS-1 RV.
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terrain and uniform in nature. Assuming a constant γ0 (gamma-nought), which is defined as
the normalized RCS divided by the cosine of the incidence angle, for the rainforest over the
incidence angles implies that a pixel observed at far-range incidence angle and near-range
incidence angle in same scene should have the same γ0 value in both sides. Three scenes of
MRS mode RISAT-1 data of 16 January 2014, 23 February 2014, and 17 February 2015 were
used for the analysis. The incidence angle variation is shown in Table 9. The nominal value
of γ0 for HH is −6.5 dB and nominal γ0 for HV is −12.5 dB (Schwerdt et al. 2016; Hawkins

Table 7. Results of point target analysis of square trihedral CR.

Date of pass
Point target energy
including clutter (dB)

Average clutter
intensity (dB)

Incidence angle at
point target (°) Polarization mode

14 February 2016 83.54 59.67 35.50 MRS, HH, GRD
15 February 2016 92.25 57.42 32.43 FRS, RH, SLC
15 February 2016 88.68 57.64 32.43 FRS, RV, SLC

Figure 12. Estimated calibration constant and SCR for: (a) 14 February and (b) 10 March 2016 GRD
product of MRS mode data with HH polarization.

Table 8. Estimated calibration constant (CC) and SCR for FRS-1 mode.
Estimated CC (dB)

Date
Beam
no. Mode Polarization

CC provided
with data

(dB) Mean
Standard
deviation

Difference with mean of
estimated CC (dB)

SCR
(dB)

22 January
2016

66 SLC RH 71.832 70.015 0.636 1.816 26.32
66 SLC RV 66.597 66.083 0.854 0.513 26.04

15 February
2016

87 SLC RH 70.645 69.989 0.529 0.655 32.83
87 SLC RV 67.478 66.601 0.260 0.876 31.93

10 March
2016

107 SLC RH 74.222 72.774 0.382 1.447 38.44
107 SLC RV 71.019 69.365 0.521 1.653 37.68
107 GRD RH 71.262 71.695 0.379 −0.433 38.98
107 GRD RV 68.058 67.774 0.521 0.283 37.39

11 March
2016

87 SLC RH 70.582 69.918 0.434 0.663 34.39
87 SLC RV 67.416 66.287 0.651 1.128 33.62
87 GRD RH 67.623 69.661 0.412 −2.038 36.74
87 GRD RV 64.456 66.008 0.600 −1.552 35.40
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et al. 2000). Four different regions (at different azimuth but same range) each at near range,
centre of the scene, and far range were evaluated for each scene, and γ0 was estimated.
Average value of γ0 was reported for near range, centre, and far range for same scene. The
results of the analysis are shown in Table 9.

It can be seen from Table 9 that as we move from near range to far range the γ0 value
remains nearly constant with the difference in the range of 0.1–0.2 dB for HH polariza-
tion and 0.1–0.3 dB for HV polarization. However, the difference between the γ0 value
estimated and reported in the literature (Schwerdt et al. 2016; Hawkins et al. 2000) was
found to be within the mission specification (1 dB for relative calibration).

4.1. Uncertainty analysis

The theoretical value of RCS of CR tends to reduce due to mechanical imperfections
which in turn will have an impact on the calibration results. The factors that can act to
reduce the RCS of a CR at boresight compared to the theoretical value are misalignment
of the reflector, inter-plate orthogonality, plate curvature, size deviation, and surface
irregularities. The reduction in RCS due to various factors is described in Zink and
Kietzmann (1995), Ulander et al. (1991), and Döring, Schwerdt, and Bauer (2007). For
uncertainty analysis in this study, the manufacturing tolerance specifications of the CRs
(Table 10) were used. From these values, the RCS reductions have been computed to
achieve the actual radar cross-section of each reflector.

The RCS error-budget due to the abovementioned factors (using the manufacturing
tolerance specifications) was calculated for each type of CRs. The total calibration
uncertainty was then estimated by calculating the root mean square error (RMSE)
using the following equation:

Table 9. Near-range and far-range calibration results.

Estimated γ0
(dB)

Near- to far-range
difference

(dB)
Difference from
reported γ0 (dB)

Date Range Mean incidence angle (º) HV HH HV HH HV HH

16 January 2014 Near range 25.82 −12.3 −6.0 0.1 0.1 0.2 0.5
Mid range 30.66 −12.3 −5.9 0.2 0.6
Far range 34.92 −12.4 −5.9 0.1 0.6

23 February 2014 Near range 14.70 −11.7 −5.5 0.0 0.2 0.8 1.0
Mid range 20.19 −11.7 −5.7 0.8 0.8
Far range 25.07 −11.7 −5.5 0.8 1.0

17 February 2015 Near range 46.81 −11.8 −5.9 0.3 0.2 0.7 0.6
Mid range 49.91 −11.8 −5.7 0.7 0.8
Far range 52.90 −11.5 −5.8 1.0 0.7

Table 10. Tolerance specifications of CR used.

Reflector type
Inner leg length of

CR (m)
Size tolerance

(mm)
Inter-plate

orthogonality
Surface
flatness

Surface
irregularity RMSE

Triangular trihedral 0.9 ± 0.5 Better than 0.20° Less than
0.4 mm

Less than 0.2 mm
Square trihedral 0.6 ± 1
Dihedral 1.2 ± 2
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RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
σ21 þ σ22 þ σ23 þ σ24 þ σ25

5

r
; (4)

where, σi,i =1,2,3,4,5 are the estimated error due to misalignment of the reflector, inter-
plate orthogonality, plate curvature, size deviation, and surface irregularities, respec-
tively. The total RMSE for triangular trihedral and square trihedral was found to be 0.15
and 0.45 dBm2, respectively.

5. Conclusions

This study presents the recent results of the absolute radiometric calibration of RISAT-1
FRS-1 and MRS mode data using different types and sizes of point targets in a desert
environment site in Desalpar, Rann of Kutch, western India. In all, six calibration cam-
paigns data (four data for FRS-1 and two data for MRS) spanning from 22 January 2016
to 11 March 2016 were used for the study. The results obtained show that the difference
between the estimated average calibration constants for FRS-1 and MRS mode intensity
data with the provided value was found to be within 2 dB which meets the defined
absolute radiometric accuracy specification for RISAT-1 mission. Near-range and far-
range calibration stability assessments were done using distributed target. The results
of this calibration stability assessment analysis indicate that as we move from near range
to far range, the γ0 value remains nearly constant with the difference in the range of 0.1–
0.2 dB for HH polarization and 0.1–0.3 dB for HV polarization.

SCR was also computed for each deployed CR, and it was found that for the study site,
average SCR is greater than 20 dB which is prime requirement for the precisely calibrated
results. Effect of the varying target and clutter window size on the estimated calibration
constant showed that the results do not show much variation when target and clutter of
different window sizes were used for the computation of background corrected point target
energy. This shows that the background of Desalpar Cal Val site is uniform and homoge-
neous indicating that it can be used as an operational SAR calibration site for C-band,
whereas, for other frequencies, the suitability of this site needs to be checked.
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