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Abstract- RISAT is a multi resolution, multi polarization and multi mode Indian microwave satellite that is capable to 
operate in day, night and all weather conditions. It has an active micro remote sensor that provides for cloud penetration and 
day-night imaging capability. These special nature of C-band synthetic aperture radar (SAR) enables applications in 
agriculture, particularly paddy monitoring in kharif season and management of natural disasters like flood and cyclone. 
Generally SAR backscattering behavior depends upon the sensor parameters like frequency, polarization and incidence angle 
as well as on target parameters such as dielectric constant, roughness and geometry. In this paper we propose to calculate the 
kappa statics for the classified image with help of circular polarization waves.  
 
Keywords- Back Scattering Coefficient, Circular Polarization, SAR, RIAST-1, Classification. 
 

 
I. INTRODUCTION 
 
RISAT (RADAR Imaging Satellite) is the first Indian 
microwave active mode satellite that is capable to 
operate in day, night and all weather conditions even 
during cloud cover times. RISAT was launched on 
26-04-2012 from shriharikota, Nellore Dist., A.P., 
INDIA, marks the initiation of a new class of  Earth 
observation imaging products and services. The 
RISAT High Resolution SAR will be operating in C-
band at a frequency of 5.35 GHz.  
 
The choice of C-band frequency of operation, 
polarization diversity and capability of simultaneous 
imaging in both cross and linear polarization will 
ensure wide applicability in the thrust areas like 
vegetation, agriculture, forestry, soil moisture, 
bathymetry, geology, glaciology, coastal processes, 
man-made structures identification and flood 
mapping.  
 
The combination of co-cross and cross polarization 
capability will provide additional edge over existing 
SAR satellites like RADARSAT and ERS. The 
RISAT can operated at spot mode, scan mode and 
strip mode depending on the resolution and swath. 
The high resolution images of 1 meter can also be 
obtained with this sensor. To analyze any microwave 
imagery it is our duty to know the back scattering 
behavior of that particular scene.  
 
In this paper the circular polarized images were taken 
to analyze a part of Rajastan state. For that work we 
estimated the back scattering values of the scene first. 
 
The radar backscattering coefficient of RISAT-1 OF 
CFRS data is calculated as  

 
σ0(dB) = 20 log10(DN) - K (dB) +  

10log 10( sin(Ip) /sin (Ic))           (1) 
and 

β0= 20 log10(DN) - K (dB)                  (2) 
 
DN is the digital no. of the pixel 
β0 is radar backscatter coefficient  & K is calibration 
constant σ0 is radar backscatter coefficient taking into 
consideration the effects of incidence angle Ip is 
incidence angle of pixel under consideration Ic is 
incidence angle of scene center 
 
II. DATA USED 
 
The study area is located on north side of India and 
center point of the data is at a latitude of 27.031875 
North and longitude of 76.464352 East. This area 
belongs to the state of Rajastan.  

 
Table 1: Characteristics of Data 

Radar Carrier Frequency 5.35 GHz (C-
band) 

Incidence angle 48.704Deg 

Polarizations RH & RV 

Datum WGS 84 

Sensor height at the equator 542 km 

Revisit time (Orbit repeat 
cycle) 

25 days 

Resolution 3 meters 

Sensor Look RIGHT 

Mean Local Time 6 AM 

Date of Pass 15-MAR-2013 
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The characteristics of the microwave imagery have 
given in the above table1. The images are of right 
circular polarized images. That means that the 
transmitted signal is right circular polarized signal 
and received signal is horizontal and vertical return 
signal(RH and RV). The reason to take circular 
polarized waves is that the information we get with 
circular polarized imagery is generally more when 
compared to co or cross polarized waves. It had been 
proved already that the circular polarized waves are 
better to classify the land cover when compared to 
fully polarized waves. 
 
III. PROCEDURE 
 
A. Generation of  sigmao image: In first step we have 
to generate sigmao  image from the given polarized 
images. To generate this sigmao image we uesd Envi 
4.8 software. The calibration constant values have 
given in the meta data of the imagery  file. Sigmao 
image for RH and RV were calculated separately. 
Because the beta images are different for the both RH 
and RV. But incident angle images are same for the 
both. The detailed procedure has been given in 
figure1. 
 

 
Figure 1: Generation of sigmao image 

 
C. Kappa statistics: The kappa statistics for each 
category have been given in the below table 2 and 
table 3. 
 

Table 2: Kappa values 
   Kappa for each Category. 
    Class Name    Kappa 
         WATER 0.5745 
   AGRICULTURE 0.8024 
  SETTELEMENTS 1 
        BARREN 0.6429 
        FOREST 0.375 

 
Overall Kappa Statistics = 0.6636 

 
And the overall accuracy of the classified iamge is 
78% and kappa value is 0.66. 

 

 
Figure 2: Procedure for classification 

 
IV. RESULTS AND DISCUSSIONS 
 
B. Generation of FCC image and  classified image: 
The sigmao images of RH and RV were calculated 
separately as mentioned earlier. These two images 
were added to get addition image. A false colour 
composite (FCC) image has been obtained by having 
RH with Red, RV with Green and addition image 
with Blue guns. The false RGB colour image has 
been given figure 3. The FCC image has been 
modified as supervised classified image by taking 
signatures from the imagery.  The classified image 
has been given figure 4. 
 
The kappa statistics were performed on classified 
image to get the  efficiency of the procedure on the 
image. The detailed procedure has been explained in 
with figure 2. If the kappa value is one then that is 
ideal case and it is zero then that is worst case. More 
number of signatures and more number of sample 
points generally gives us more accurate values. 
 
The classification has been obtained by taking only 
dual polarization images. Generally it is not 
suggestible to go with dual polarized data to judge 
about classification. But the input images are 
circularly polarized ones, which give much more 
information when compared to cross or co 
polarization images of the same scene. If we take any 
one other co or cross polarized data along with the 
present two data values the kappa values would be 
much better. Now we got accuracy of 78% and kappa 
value of 0.66 . The values are not so impressive but 
with dual pole data these values are much more 
impressive. The accuracy of forest is very less due to 
that double of the terrain area looks like settlement 
and shadow area of the forest will be looking like 
dark.  It is always controversy to classify the forest 
surrounded area.  
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Table 3: Accuracy values in percentages 

 
 
 
 
 
 
 
 

 
 

 
 

 
Figure 3: FCC image, classified image and optical image. 

 
 
 

 

Class Reference Classified Number Producers Users 
Name Totals Totals Correct Accuracy Accuracy 

WATER 3 5 3 100.00% 60.00% 
AGRICULTURE 27 22 20 74.07% 90.91% 

SETTELEMENTS 3 2 2 66.67% 100.00% 
BARREN 15 16 12 80.00% 75.00% 
FOREST 2 5 2 100.00% 40.00% 


