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Abstract: ISRO’S RISAT-1 was the first SAR satellite equipped with the compact polarimetric (CP) mode for data acquisition. To exploit the advantages offered by the CP mode, the datasets need to be polarimetrically calibrated. The polarimetric calibration procedure estimates the polarimetric distortions in the datasets caused due to channel imbalance, crosstalk and Faraday rotation. These polarimetric distortions cause the misinterpretation of the ground targets in the polarimetric decomposition techniques. The Freeman compact-pol polarimetric calibration algorithm is the most commonly used algorithm. In this study, the RISAT-1 Circular Transmit Linear Receive (CTLR) dataset of the RISAT CalVal site was used to estimate the polarimetric distortion parameters and these distortion parameters were used to polarimetrically calibrate the RISAT-1 CTLR dataset of the Doon Valley region, Uttarakhand, India. The Cloude compact-pol decomposition algorithm was used to evaluate the ground target characterization accuracy before and after polarimetric calibration using the Freeman compact-pol polarimetric calibration algorithm. Before polarimetric calibration, urban targets were showing surface scattering behaviour and river channels were showing increased double-bounce scattering behaviour. After polarimetric calibration, the urban targets were showing dominance in double-bounce scattering and river channels were showing dominance in surface scattering as per the theory. 
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1. Introduction 
In the Compact Polarimetry (CP) Synthetic Aperture Radar system architecture, only one polarization of Electromagnetic Wave is transmitted which is a combination of equal weighted horizontal and vertical polarizations [1]. The CP SAR has been promoted as an alternative for the fully polarimetric SAR system because of its capability to collect similar science quality polarimetric SAR data of the ground targets with reduced hardware complexity, reduced data transmission rate, almost double swath coverage, reduced Pulse Repetition Frequency (PRF) and with no compromise in the spatial resolution [2], [3]. The most commonly developed CP SAR architecture for both spaceborne and airborne platforms is the Circular Transmit- Linear Receive (CTLR) system, which transmits the EM wave in either right or left circular polarization (ܪ +ഥ ܸ݅) which is achieved by transmitting both horizontal and vertical polarizations simultaneously with a phase shift of 90 degrees and receives linear H & V polarizations simultaneously [4]. The Polarimetric SAR data is useful in understanding the different scattering mechanisms happening on the Earth’s surface from different types of targets using the phase and amplitude 
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information from the different polarization channels data with the help of polarimetric decomposition and classification techniques [5]. But the polarimetric distortion in the PolSAR datasets causes the Polarimetric decomposition and classification techniques to produce wrong outputs which result in misinterpreting the scattering phenomenon and the ground targets. The channel imbalance, phase bias and crosstalk are the various types of polarimetric distortions caused due to the system non-idealities and the Faraday rotation error is the polarimetric distortion induced due to the atmosphere which is more dominant for low-frequency SAR systems operating in L-band and P-band [6]. The crosstalk occurs due to the non-ideal behaviour of the Transmit-Receive Modules (TRMs) and other antenna elements. The antenna elements which radiate the RF signal as EM waves into the free space is arranged in such a way that it transmits in circular polarization and receives in horizontal and vertical polarization, but due to the non-ideal behaviour of this antenna element the horizontal element is also sensitive to the vertical polarization up to some extent and vice versa, leading to the crosstalk error. The channel imbalance and phase bias occurs between the different polarizations channels due to the amplifier gain mismatch between the amplifiers in the horizontal and vertical section of each TRMs. The system should transmit or receive with the same antenna gain. The channel imbalance results from the antenna gain error and it describes the amplitude or phase unconformity of the different polarization channels, both in transmission and reception [7]. Faraday rotation error occurs when an EM wave propagates through an external magnetic field. The charged ions at the Ionosphere of the Earth’s atmosphere causes the polarization plane of the EM wave to rotate around the radar line of sight with the Faraday Rotation Angle (FRA). This changes the polarization state of the EM wave leading to Faraday rotation error. The most important error is the overestimation of volume scattering targets like vegetation caused due to the crosstalk and Faraday rotation errors. The band ratios using different channels results in wrong results due to the channel imbalance and phase bias between different channels [8]. Radar Imaging Satellite (RISAT-1) launched on 26th April 2012 by Indian Space research Organization (ISRO) was the first of its kind to build and operationalize the compact polarimetry Space-borne SAR in Earth Observation orbit. The uniqueness of having two separate Transmit/Receive Modules (TRM) to support H and V polarizations, enabled the incorporation of circular polarization in onboard system architecture. RISAT-1 SAR, operated in the C-band (5.35 GHz) acquired the compact polarimetric data by the transmission of the EM wave in Right Circular mode and coherent linear reception was done giving rise to RH and RV output channel datasets (figure 1) [9]. This study focuses on the estimation and minimization of polarimetric distortions in the RISAT-1 compact-pol Fine Resolution Stripmap (FRS) dataset using the external polarimetric calibration techniques with the help of polarimetric distortion parameters estimated from the Trihedral and Dihedral corner reflectors deployed at the SAR Calibration and Validation site in India. The main objective of this study is to test the generalized applicability of these polarimetric distortion parameters for the polarimetric calibration of compact-pol FRS dataset of RISAT-1 acquired from anywhere on the Earth. The model-based polarimetric decomposition technique was also evaluated to assess the ground target characterization accuracy before and after polarimetric calibration. 

Figure 1. RISAT-1 CP-SAR data acquisition scheme 
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2. Study area and Dataset  
2.1 Study area 

The Doon valley region covering Haridwar and Rishikesh ancient cities of Uttarakhand state in India was selected for this study. Figure 2 shows the Google Earth image of December 2014 of the Doon Valley. From the Google Earth image, it can be seen that the study area comprises of all types of possible ground targṡets, viz. Water bodies, barren lands, Urban structures, Vegetation and highly undulated terrain. This type of study area results in all types of possible scattering mechanisms expected from the ground targets which is required for assessing the polarimetric quality of the SAR dataset. 
2.2 Dataset 

The RISAT-1 CP-FRS dataset of the Doon valley region acquired on 5th November 2014 was used for this study. The parameters of the datasets are given in Table 1. 
Table 1. Metadata of the dataset 

Date of acquisition Mode Polarizations Swath (Km) Resolution (Azx Rg) Look Direction 
05-November 2014 FRS-1 RH,RV 25 3 x 2 m Right 

3. Methodology 
 The polarimetric calibration algorithm developed by Freeman et al for compact-pol data is implemented in this study [10]. In the CTLR data, since only one polarization is transmitted it is impossible to correct the polarimetric distortions encountered during the signal transmission. So in the Freeman algorithm, it is assumed that the system is perfect during signal transmission and the polarimetric distortions induced during the signal reception is estimated and corrected. The Polarimetric distortion Matrix (PDM) formulated by considering the channel imbalances, crosstalk and Faraday rotation error is as follows [10]:  

Where, ߜଵ and ߜଶ are the complex crosstalk distortion parameters during signal reception time, 
ଵ݂  is the channel imbalance parameter during signal reception, Ω  is the Faraday rotation angle during signal reception. Since the signals are transmitted in the circular polarization, ideally it will not be affected by the Faraday rotation errors. ሾܯሿ is the measured CTLR matrix and ሾܵሿ is the scattering matrix free from polarimetric distortions. 

Table 2. Polarimetric distortion parameters estimated from RISAT-1 CalVal site FRS-1 dataset 
Disctortion 
Parameter 

Complex Crosstalk 
Parameter ‘ࢾ૚’ 

Complex Crosstalk 
Parameter ‘ࢾ૛’ 

Channel Imbalance 
Parameter ‘ࢌ૚’ 

Faraday Rotation 
angle ‘ષ’ 

Value 0.8715+0.2086j -0.0770-0.1996j -0.9576+0.6808j 0.01927 degrees The RISAT-1 FRS-1 dataset of the CalVal site at India where both Dihedral and Trihedral corner reflectors were deployed was used to estimate the polarimetric distortion parameters using the Freeman compact-pol polarimetric calibration algorithm and the estimated polarimetric distortion parameters are shown in Table 2. The polarimetric distortion parameter values listed in Table 2 were used to perform the polarimetric calibration of the RISAT-1 FRS-1 dataset of the Doon valley region and to estimate the 

൤ܯோுܯோ௏൨ =  1
√2 ൤ܵுு − ݅ ܵு௏ܵ௏ு − ݅ ܵ௏௏ ൨ =  1

√2 ൤ 1 ଵߜଶߜ ଵ݂ ൨ ቂ Ωݏ݋ܿ Ω݊݅ݏ−Ω݊݅ݏ Ωቃ ൤ܵுுݏ݋ܿ ܵு௏ܵ௏ு ܵ௏௏ ൨ ቂ Ωݏ݋ܿ Ω݊݅ݏ−Ω݊݅ݏ Ωቃ ൤ݏ݋ܿ 1 ଶߜଵߜ ଵ݂ ൨ ൤ 1−݆൨   (1) 

Figure 2. Study area 
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polarimetrically calibrated CTLR matrix. The equation (1) was matrix inverted to perform the polarimetric calibration procedure. The Cloude compact-pol decomposition method proposes a model-based surface/volume/dihedral technique. Initially, the covariance matrix C2 of the compact-pol dataset is converted to the Stokes vector as follows [11]: 
2ܥ =  ൤〈ܯோுܯோு∗ 〉 ∗ோ௏ܯோுܯ〉 〉

∗ோுܯோ௏ܯ〉 〉 ∗ோ௏ܯோ௏ܯ〉 〉൨  =  1
2 ൤ ݃଴ + ଵ݃ ݃ଶ + ݅݃ଷ݃ଶ − ݅݃ଷ ݃଴ −  ݃ଵ ൨  (2) 

Where, ሾ݃ሿ is the stokes vector. The decomposition technique relates the 4- elements of the Stokes Vector (SV) of the compact –pol dataset to the elements of the T3 matrix. This is done to correlate the stokes parameters to the scattering coefficients of the medium. Assuming refection symmetry, the T3 matrix elements are written in terms of stokes vector parameters as follows [11]: 

݃௦ =  ൦
݃଴݃ଵ݃ଶ݃ଷ
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(3) 

Where ߠ denotes the mismatch in rotation between the scatterer symmetry axis and the radar coordinates. The model-based 3-component decomposition is implemented in Cloude compact-pol decomposition as follows [11]: 
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(4) 

Where, ݉ =  ଵ
௚బ

ට∑ ௜݃ଶଷ௜ୀଵ . 
The Cloude compact-pol polarimetric decomposition was implemented on both the uncalibrated and polarimetrically calibrated datasets to analyze the improvement in ground target characterization after polarimetric calibration. 
4. Results and Discussions 

The RGB composite of the model based Cloude compact-pol decomposition technique generated from the polarimetrically uncalibrated dataset is shown in figure 3. The Red band represents the double bounce scattering component, the green band represents the volume scattering component and the blue band represents the odd bounce scattering component. By analyzing the figure 3, it can be seen that the urban structures are showing surface scattering behaviour instead of showing double-bounce scattering(due to the multiple ground to building reflections of the transmitted EM wave). The dry river beds are seen in red colour because of double bounce scattering behaviour, but as per theory, the dry river beds and other smooth surfaces should show odd bounce scattering behaviour. The vegetated regions in the study area are also showing an overestimation of the volume scattering component because of the absence of any double-bounce scattering behaviour even at the sparsely vegetated regions. Figure 4 shows the RGB composite of the model based Cloude compact-pol decomposition technique generated from the dataset after polarimetric calibration using the methodology explained in the previous section. By comparing figure 3 & figure 4, it can be seen that after polarimetric calibration there is a significant improvement in the polarimetric quality of the dataset. By analyzing together the Google Earth image of the study area shown in figure 2 and the polarimetrically calibrated RGB composite shown in figure 4, it can be observed that the dry river beds and the water channels are now appearing in blue colour indicating odd bounce scattering behaviour, the urban structures are now appearing in red colour indicating dominance of double bounce scattering component and a decrease in volume scattering and increase in double-bounce scattering behaviour 



The 3rd International Electronic Conference on Remote Sensing (ECRS 2019), 22 May–5 June 2019;  Sciforum Electronic Conference Series, Vol. 3, 2019 

5 
 

can be observed at the less dense vegetated areas. All the scattering behaviours obtained from the ground targets were now completely obeying the expected scattering behaviours from these targets as per theory. 

Table 3. Cloude compact-pol decomposition-scattering magnitude analysis Ground Target Before Polarimetric Calibration After Polarimetric Calibration 
Odd bounce 

scattering 
magnitude 

(dB) 

Volume 
scattering 

magnitude 
(dB) 

Double 
bounce 

scattering 
magnitude 

(dB) 

Odd bounce 
scattering 

magnitude 
(dB) 

Volume 
scattering 

magnitude 
(dB) 

Double 
bounce 

scattering 
magnitude 

(dB) Dry river bed -25.28 -19.43 -16.09 -28.36 -36.25 -55.46 
Urban structures -11.65 -15.31 -25.93 -49.88 -33.52 -27.36 
Thick Vegetation -12.89 -7.73 -21.25 -27.76 -21.71 -28.40 

Table 3 shows the scattering magnitude values of the dry river bed, urban structures and thick vegetation obtained from the Cloude compact-pol decomposition technique before and after polarimetric decomposition. By analyzing the table, it can be understood that the double bounce scattering and volume scattering were dominant at the dry river bed with an average magnitude of -16.09 dB and -19.43 dB respectively before polarimetric calibration. After polarimetric calibration, both double-bounce scattering and volume scattering magnitudes reduced to -55.46 dB and -36.25 dB respectively leaving behind the surface scattering component as the dominant scattering type mechanism with a magnitude of -28.36 dB. Before polarimetric calibration, the urban structures were showing dominance in surface (odd bounce) scattering behaviour with a magnitude of -11.65 dB and after polarimetric calibration, the surface scattering magnitude reduced to -49.88 dB and double-bounce scattering became dominant with a magnitude of -27.36 dB. Before polarimetric calibration, the thick vegetated regions were showing high dominance in volume scattering magnitude of -7.73 dB, but along with that, there is very high surface scattering present with a magnitude of -12.89 dB. After polarimetric calibration, it can be observed that the volume scattering component continues as the dominant scattering mechanism with a magnitude of -21.71 dB and the surface and double-bounce scattering mechanisms reduced considerably to -27.76 dB and -28.40 dB respectively. The reduction in volume scattering magnitude at the vegetated areas indicates the reduction in the overestimation of volume scattering component after polarimetric calibration.  

Figure 3. RGB composite of compact-pol 
decomposition before Polarimetric 
Calibration 

Figure 4. RGB composite of compact-pol 
decomposition after Polarimetric 
Calibration 



The 3rd International Electronic Conference on Remote Sensing (ECRS 2019), 22 May–5 June 2019;  Sciforum Electronic Conference Series, Vol. 3, 2019 

6 
 

5. Conclusions  
The compact-pol system architecture has the potential to replace the Quad-pol SAR architecture because of its competing data quality and less hardware complexity. From the Cloude compact-pol decomposition results it can be seen that the ground targets are wrongly characterized because of the misinterpretation of the scattering mechanisms caused due to the polarimetric distortions. After polarimetric calibration using the Freeman compact-pol polarimetric calibration method, it is found that the Cloude compact-pol decomposition was giving accurate ground target characterization. So the polarimetric calibration is of the high requirement for the compact-pol datasets because of the system induced and atmosphere induced polarimetric distortions. It can also be concluded that the polarimetric distortion parameters estimated from the RISAT-1 CalVal site can be applied for any RISAT-1 FRS dataset to carry out efficient polarimetric calibration. 
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