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Abstract In this paper, a new model for SAR intensity texture is presented, based on the local spatial structure of the observed image. Texture is represented by a correlated non stationary random process resulting from the local convolution of Gaussian white noise with 2D Gaussian kernels. An estimation method for the texture parameters is then presented, taking into account the presence of speckle and the stochastic multiplicative nature of the intensity texture itself. Next the method is validated by means of simulated speckled intensity texture data. Finally, the texture parameters are estimated over real polarimetric SAR data.
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Introduction



Data acquired by polarimetric SAR are directly related to physical properties of natural media. A more complete analysis of such data can be obtained by studying the spatial structure variation of the radar scene, caused by the fluctuations of reflectivity between neighbouring resolution cells. Due to the presence of speckle, these variations are usually described by their first and second order statistics. First order statistics were extensively studied with the multiplicative model [1], leading to the well-known K distribution [2]. This distribution was firstly derived for conventional SAR and extended to the multidimensional case [3] in order to deal with polarimetric datasets. Autocorrelation function (ACF) is the common descriptor for the second order statistics of intensity [4]. Generally, ACF is assumed stationary and isotropic. In this paper, a model that takes into account spatial fluctuations of the ACF and local texture orientation is presented and validated on simulated and real polarimetric SAR data.
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Spatial Fluctuation Model



The spatial information about a stationary random field X (s ) on a discrete grid s = [ x , y ]T is given by its 2D autocorrelation for the lag t : RXX (t ) = E [ X (s )X (s + t ) ] (1) where s and s + t are the two pixel locations considered, and E () denotes the expectation. In general



it is more convenient to deal with the autocovariance, i.e. the autocorrelation of the centred variable: C XX (t ) = E [ ( X (t ) − µX )( X (t + s ) − µX ) ] (2) and the corresponding normalised ACF : C (t ) ρXX (t ) = XX2 (3) σX where µX , σX2 are respectively the mean value and the variance of X .



2.1



Anisotropic Gaussian Process



Gaussian oriented texture can be obtained by convolving a zero-mean Gaussian white noise of unit variance with a bidimensional kernel K (s ) , s = [ x , y ]T . Then the stationary autocorrelation of the resulting field is given by: RXX (t ) = ∑ s ∈Z2 K (s )K (s − t ) (4) In this paper, we assume that SAR data texture correlation is a 2D anisotropic Gaussian function. Relation (4) indicates that this process can be generated by a filter with the following Gaussian impulse response:  1  u(x , y )2 v(x , y )2   A K (x , y ) = exp  −  +   (5) 2  2  σu 2πσu σv σv2   where A is a normalisation constant ensuring that the output texture has unit variance, σ u and σ v are the standard deviations of the kernel along directions u and v defined as:  u   cos θ sin θ   x    =   . (6)  v   − sin θ cos θ   y  Such an ACF can be represented by one of its constant value elliptical contour. By analogy with the one



dimensional case the ellipse resulting from the intersection of the normalised ACF with the plane of constant altitude exp(−1) is chosen. The ellipse axes may then be associated to the principal texture correlation lengths τu = 2σu and τv = 2σv . Texture orientation is defined by θ , the angle formed by the principal axis of the ellipse and a horizontal reference.



2.2



Gaussian Process with NonStationary Covariance



In the present study, non stationary process are represented by a field of kernels whose paralemers vary as a function of the spatial location s . The autocorrelation expression is then more general than the for the stationary case [5]: RXX (s, s ′) = ∑ u ∈Z2 Ks (u )Ks ′ (u ) (7) To simulate such data, we generate a family of Gaussian kernels {Ks (.)} with location dependent parameters. Each pixel of our non-stationary process is the local convolution of a zero mean white noise X with the corresponding kernel Ks : Z (s ) = ∑ u ∈ Z2 Ks (u )X (u ) (8) This method permits to generate a wide class of space varying textures, characterized by three functions of the spatial location τu , τv and θ defined in the above section.



3



Texture Model for SAR Data



In this paper we consider the statistics of single-look intensity data. To capture the intrinsic spatial variability of SAR data we adopt, for a given textured zone of intensity channel, the following model [6]: I (x , y ) = µIT (x , y )F (x , y ) (9) T (x , y ) is the correlated texture field containing the spatial variability of interest. This variable is normalised and µT = E [T ] = 1 . F (x , y ) is the pixel-to-pixel fluctuation due to speckle noise and µI the mean intensity of the area. For model simplicity, speckle contribution is assumed to be spatially uncorrelated, of unit mean µF = E [ F ] = 1 and for single-look data, of unit variance. As explained in the following, it is preferred to work with the centred normalised variable I − µI IN = (10) µI whose statistics are directly related to texture since its standard deviation i.e. its autocovariance at lag zero is equal to the intensity coefficient of variation. Furthermore, second-order statistics of I N are linked to those of T by a simple relation since its covariance can be written as: 1 C NN (t ) = 2 ( E [ I (s )I (s + t ) ] − µI2 ) µI (11) = RFF (t )RTT (t ) − 1



Finally, recalling that speckle is assumed to be uncorrelated of unit mean and variance, texture statistics can be estimated directly from data autocovariance: C (t ) + 1 (12) CTT (t ) = NN −1 1 + δ0,t where δ0,t is the Kronecker delta function. Relation (12) implies that for all non-zero lags CTT is equal to C NN , and for zero lag: G G C NN (0) − 1 2 (13) CTT (0) = σT = . 2 To obtain the estimate of texture covariance, it is only needed to correct the zero lag value of C NN according to (13).



4



Analysis of Simulated and Real Data



4.1



Covariance Estimation method



From the above sections, an estimation procedure for SAR intensity spatial texture covariance is derived. In a first stage the normalised intensity defined in the above section is computed on the region of interest with (10) where the mean intensity value is obtained on the basis of a square sliding window of dimension NS . Then, for each pixel, we compute the estimate of normalised intensity correlation with a spatial lag ranging from 0 to Lmax .The assumption is made that on a small window of size N S this correlation does not vary significantly and can be approximated by the stationary sample covariance estimate: N N 1 S S CˆNN (i, j ) = 2 ∑ ∑ I N (p, q )I N (p + i, q + j ) N S p =1 q = 1 (14) where the indices i and j vary between −Lmax and Lmax . The zero lag value of this estimate is linearly related to the product of texture variance and speckle contribution. Relation (13) is used to correct this value and keep only the covariance corresponding to texture contribution CˆTT (i, j ) . Assuming that this correlation is a 2D Gaussian function, the following stage is the estimation of the local correlation lengths τu,v and local orientation θ . This is done by calculating the two-by-two geometrical covariance matrix of CˆTT (i, j ) in the directions i and j. The eigenvalues of this matrix indicate the lengths of the ellipse axes, and the eigenvector argument corresponding to the higher eigenvalue is the orientation angle. To keep only relevant information, the covariance function is applied a threshold at exp(−1) so as to consider its central part only.



4.2



Estimation on simulated data



To evaluate the method, speckled non-stationary covariance intensity is simulated. Spatial information is modelled by a 128x128 pixels random Gaussian process with non stationary 2D Gaussian covariance generated as described in section 2.2. In order to focus on local orientation estimation, the generated field has fixed correlation lengths τu = 5; τv = 1.5 and θ



process is multiplied by an exponential unit mean noise in order to simulate speckled single-look SAR intensity data. The proposed Gaussian kernel estimation procedure is then applied to a 60x60 zone using a sliding window of size 31, and the covariance is computed for a maximum lag of 7 pixels in both x and y directions. Results are shown in figure 2. The algorithm tends to underestimate the correlation lengths, however the mean value for the estimated axis lengths ratio is close to the real one. Moreover, the trend of the estimated angle along a line is close to the simulated slope. 70
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Fig 3: Variation of the estimated angle along a horizontal line



4.3



(a)



Estimation on real polarimetric intensity channels



The method is applied to L-band polarimetric SIR-C SAR data acquired over the French Alps during April 1994. As the developed model deals with intensity, the processed data are the three polarimetric intensity channels S HH 2 , SVV 2 and S HV 2 . The texture variance [6] is first computed on each channel in order to



(b) Fig 2: Texture analysis. (a) simulated Gaussian kernels field (b) estimated Gaussian kernels from speckled simulation



angle varies linearly from 0 to 90 degrees. To obtain intensity texture data, the generated random field is squared and normalised so that the resulting process is unit mean and variance. Then this correlated texture Fig 4: Span image of the selected area on a SIR-C image. The arrow shows the 10x10 analysed zone.



find an analysis area with significant spatial variations. Then a 10 by 10 zone is selected for analysis, and the estimation method is applied with the same parameters than in the above section. The results of kernel estimation on the three channels are shown on figure 5. From the analysis, it is obvious that polarimetric intensity channels have different spatial structure. Kernels non stationarity is more pronounced on the VV channel, while HH global orientation is very different from the other channels. Moreover the HV channel shows a most important directionality.
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Conclusion



A new model is introduced, that extracts the spatial variability information from polarimetric SAR data texture. It has been shown that 2D Gaussian kernels are significant descriptors for local texture orientation and directivity. Subsequently, an algorithm to estimate texture parameters of SAR intensity data has been presented. This process takes into account the presence of speckle and assumes a multiplicative nature for texture variations. The method has been tested and validated over simulated speckled intensity data, and has been employed to retrieve texture parameters of real polarimetric SAR data. This analysis has revealed that the spatial structure of texture was dependent on the polarimetric channel.
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(c) Fig 5: Estimated kernels for polarimetric data.(a) HH channel, (b) HV channel, (c) VV channel.
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