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I INTRODUCTION

   Synthetic Aperture Radar (SAR) systems have been widely used in observing oceanic phenomena, such as ocean waves, 
shallow sea bottom topography, internal waves, boundary currents, oil spills, ship wakes and so on [1]. In the last decades, 
considerable efforts have gone into retrieving quantitatively surface wave information from SAR images [2]-[3]. To extract 
ocean wave spectra from SAR images accurately, several nonlinear methods have been developed following the theory 
presented by Hasselmann et al. [4].  

An inversion algorithm with fully polarimetric SAR image data has been developed to measure wave slopes in range and 
azimuth directions [5]-[7]. Using Fourier transforms, the complete directional ocean wave slope spectrum can be measured 
by the orthogonal slope information. The advantage of the polarimetric method is that a nearly direct measurement of the 
slope is made without the use of a parametrically complex modulation transfer function (MTF).  

The variation of polarization orientation angle is mainly caused by waves traveling in the azimuth direction. To a lesser 
extent, it is affected by waves traveling in the range direction. A new method, originally used in topographic measurements 
[8], was proposed by Schuler et al. [7] to derive the wave slope information in the azimuth direction, and also the wave 
spectra. Additionally, an eigenvector / eigenvalue decomposition average parameter , proposed in Pottier [9], is adapted to 
measure wave slopes in the range direction. The incident angle  is affected by waves in the range direction that, in turn, 
modifies the “roll-invariant” . Thus, wave slopes in the azimuth direction have no effects on . Otherwise, the oriental 
angle  is largely sensitive to wave slope in the azimuth direction, not range direction. Therefore, both  and 
are capable of measuring wave slopes in any direction. He et al. [10][11] developed an algorithm to retrieve ocean wave 
spectra from linearly polarized SAR data.  

II FORMULAE AND RESULTS 

In this presentation, we consider polarimetric SAR measurements of ocean waves using linearly polarized SAR images 
and the polarization orientation angle method. We use various sea states to validate RADARSAT-2 polarimetric SAR 
measurements of ocean wave spectra; specifically, we consider C-band quad-polarization SAR data.  

The formulae for polarimetric SAR measurements of ocean wave spectra is as follows[11]: 
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Here,  is the polarization orientation angle. Subscript  indicates a copolar channel of linear polarization at 
degrees. It indicates HH polarization when 0 , and VV polarization when 2/ . Therefore the polarization 
subscript p can be neither h nor v in equation (1) in order to allow solution for the range and azimuth slopes in this relation. 
Note that equation (1b) degenerates into equation (1a) if h , and when v , equation (1b) vanishes. 

Comparisons are made between ocean wave spectra measured using RADARSAT-2 Synthetic Aperture Radar C-band 
quad-polarization backscatter data and in situ buoys maintained by the National Oceanic and Atmospheric Administration 
(NOAA)/National Data Buoy Center (NDBC). The estimated ocean wavelengths, wave directions, and significant wave 
heights are in very good agreement with those measured by the buoy.
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