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Abstract 
Radar Imaging Satellite (RISAT-1) with Synthetic Aperture Radar (SAR) antenna onboard is designed to image in multiple 
modes. Radiometric Data Quality Evaluation (RDQE) of SAR imagery helps in evaluating the quality characteristics of SAR data 
product. Back scattering coefficient i.e. sigma naught (σ0), radiometric resolution and the speckle index from the homogeneous 
extended targets are the prime qualitative and quantitative parameters used for evaluation. L-1 Single look complex (SLC) and 
ground range (GR) images, acquired in different mode, beam and polarization has been studied for evaluating the radiometric 
performance. This paper discusses methodology and results of an independent assessment on radiometric quality of RISAT-1 
SAR data which is performed using extended targets. The primary data that is being used to establish the radiometric calibration 
for RISAT-1 consist of images of a limited area of the Amazon rain forest collected with various modes, beams and  polarisations 
of the SAR. Using indigenously developed software the uniform area from the SAR image is selected to compute σ0, radiometric 
resolution and speckle index for each polarization. Behaviour of σ0 for each mode for a given polarization over Amazon rain 
forest is analysed and results are presented in paper. σ0 for HV polarization is varying between -13.7 to -12.83. For HH 
polarization it is varying between -8.95 to -7.0dB. Radiometric resolution for multiple targets for each mode for Level-1GR 
product is observed around 2 dB whereas on SLC product it is seen as 3dB. Speckle index for L1GR is nearly 0.5 and is stable. 
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Introduction 

RISAT-1(RADAR Imaging Satellite) SAR (Synthetic Aperture RADAR) is capable of providing data in five 
different imaging modes FRS (Fine Resolution Stripmap)-1 & 2, MRS(Medium Resolution ScanSAR), 
CRS(Coarser Resolution ScanSAR) and HRS(High Resolution Spotlight), with a wide range of swath, resolution 
and polarization options. For a mission like RISAT-1 with multi-polarization capability, the scale of calibration task 
increased further and requires a separate radiometric calibration of each polarization channel [2]. Radiometric data 
quality evaluation is an important aspect used to define the quality characteristics of SAR data. It requires 
representing pixel values or processed received signal in SAR images quantitatively [1]. 
 
Amazon rain forest is used here for analysis as it is a well calibrated large-scale distributed target which is ideal for 
beam pattern measurement, secondly, at C-band there is very little canopy penetration and an isotropic scattering of 
incident radiation by the tree leaves. Another reason of using the rainforest is the stability of the backscatter, which 
is less than 0.6dB [3]. Gamma naught measured over Amazon rainforest is known to be uniform around 6.5 dB 
across the range of incidence angles [5]. This paper describes the methodology for radiometric data quality 
evaluation using extended target. An interactive software tool is developed for image visualization which aids to the 
selection of homogeneous target. Using the intensity value within the marked area radiometric data quality 
evaluation parameters like sigma0, speckle index, radiometric resolutions are computed. Level-1 products generated 
by Data Product chain in operations forms input for this purpose. Results showing the behaviour of sigma-naught for 
different modes and polarization over Amazon rain forest are included in the last section.  
 

 
Radiometric Data Quality Evaluation (RDQE) – Methodology 

Approach used for radiometric data quality evaluation comprises of following steps: 
1) Image display for the demarcation of uniform target: Radiometric Data Quality Evaluation software tool is an 

interactive tool for image visualization with handle to select uniform area by drawing a polygon on image 
(Fig.1a). Other facility like display of data dump and profiles are provided in software which helps in the 
selection of uniform area. For the marked polygon statistical parameters like back scattered coefficient, speckle 
index and radiometric resolution are computed. Software generates polarization wise histogram and computes 
the scene dynamic range in terms of counts (Fig 1b). 
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Figure 1(a): RDQE Software Tool (b) Scene related parameters 
 
2) Computation of RDQE parameters: Intensity value of each pixel within the marked polygon is used for the 

computation of RDQE parameters defined as: 
a) Back Scattering Coefficient or sigma naught (0): Pixel value in the image is proportional to the square root 

of the intensity, which is proportional to the radar brightness 0, which in turn is proportional to the 
backscattering coefficient 0 divided by the sine of the pixel incidence angle[3]. To compute radar 
backscattering coefficient 0 from an image require local terrain slope i.e. incidence angle, available as a 
dense grid with L-1 Ground Range product and a calibration constant K [5]. 
 

  ∑ ,
,      ............................ (1) 

Where,  α, αref are incidence angles at the target centre and scene centre respectively, K is calibration constant  
 

b) Speckle appears as a grainy "salt and pepper" texture in an image caused by random constructive and 
destructive interference from the multiple scattering returns that occurs within each resolution cell. Speckle 
index is computed as the normalized variance of the signal intensity in the image of a homogeneous 
extended target [6]. 

   
.    

   
  .......................(2) 

c) Radiometric resolution is defined as ability to distinguish between uniformly distributed target with 
different backscattering coefficient [6]. Mathematically it is given by  
 

         ..................(3)             

3) Trend analysis: A regular monitoring of 0 is done over Amazon rainforest known as natural radiometric 
calibration reference site [4]. All the identified quality parameters are evaluated and stored into the database to 
monitor the sigma-naught stability.  

 

Result and Analysis 

Polarization-wise back scattered coefficients on Amazon rainforest is observed for data products in FRS-1, MRS 
and CRS modes (see Table 1). Plots in Fig. 2 shows the variation in 0 w.r.t. incidence angle along with radiometric 
resolution and speckle observed at different targets for FRS-1 as imaged on 16th Sep 2012 in Orbit Number 2172.  
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Figure 2 (a) Sigma Naught (b) Radiometric Resolution  and (c) Speckle index over Amazon in FRS-1 mode L1-ground Range 
product (orbit 2172, DOP16-sep 2012, L1-Ground Range) in HH and HV polarization. 
 
Sigma naught for HV polarization for three modes is varying between -13.7 to -12.83. For HH polarization it is 
varying between -8.95 to -6.5dB. Radiometric resolution for multiple targets for each mode for L1GR product is 
observed around 2 dB whereas on SLC product it is seen as 3dB and speckle index is found around 0.5 (number of 
looks is 4) which is as expected. With each acquisition on Amazon rainforest RDQE activity is carried out and 
statistical parameters are stored into database to study the SAR performance over the period of time.  
         

Table 1 Target Based Radiometric Data Quality Evaluation -  Amazon Rainforest 
 

Mode Polar. 0(dB) Speckle Index Radiometric Resolution Calibration Constant K Lat/Lon Incidence Angle 

FRS-1 
HV -13.7 0.4 1.48 67.52 

-7.88/-68.93 51.471 
HH -8.95 0.52 1.83 69.54 

MRS 
HV -13.22 0.45 2.18 82.20 

-8.16/-66.6 32.345 
HH -7.09 0.47 1.69 72.4 

CRS 
HV -12.97 0.54 1.8 78.65 

-8.38/ -57.07 21.64 
HH -6.5 0.46 1.6 69.3 
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