Introduction of the mean shift algorithm in SAR imagery: Application
to shadow extraction for building reconstruction
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ABSTRACT: The mean shift is a non-parametric algorithm that shifts each sample to the mode of the
statistic it belongs to. This filter was originally dedicated to cluster analysis of data and has been recently
extended to image processing. In this paper, we are introducing the mean shift algorithm in SAR imagery. It
is shown that, after an adapted preprocessing step to reduce the granular aspect of amplitude SAR images,
the mean shift gives interesting performances compared to usual SAR parametric filters. This is achieved
without any assumptions concerning the underlying statistics involved in the images. An extension of this
filter to the coherence image is then proposed. Amplitude and coherence images are simultaneously filtered.
It is shown that these two filtered images can be used to improve shadow extraction for building
reconstruction.

1 INTRODUCTION

The reconstruction of buildings in urban environment using high-resolution SAR imagery is a challenging
field of investigation. Indeed, with the recent technology improvements, it becomes possible to use SAR
images taken from airborne sensors for recognition tasks. Nevertheless, the SAR phenomenology makes the
scene understanding very difficult and the need of semi or fully automatic tools to help interpreters is real. In
this paper, we aim at extracting shadows from high-resolution interferometric SAR (X-Band) images in urban
environment, from the RAMSES sensor (ONERA, France), using both amplitude and coherence information.
However shadows are not easy to extract and a filtering step is needed. Several parametric filters using
assumptions on the statistics of the SAR images have been proposed (for instance, the Lee filter (Lee 1980),
the Gamma MAP filter (Kuan ef al. 1987), the Fisher MAP (Nicolas 2003)). In this paper, we are considering
a non parametric approach by using the mean shift algorithm (Fukanaga & Hostetler 1975).

In section 2, we present some basics on non-parametric density estimation used in the mean shift algorithm.
Then, we detail the original mean shift algorithm and its recent extension to image processing (Commaniciu
& Meer 2002). The next section shows the behaviour of the mean shift filter and the influence of an adapted
preprocessing step on synthetic images. We also compare it with some usual parametric filters used in SAR
imagery. In the fourth section, results are shown on images from RAMSES, a French sensor of the ONERA.
Then, we extend the mean shift filter to the coherence image where shadows are also visible and we propose a
fusion algorithm of the amplitude and coherence filtered images.

2 THE MEAN SHIFT ALGORITHM

In this section we briefly describe the non parametric density estimation also called density smoothing and the
principle of the mean shift algorithm.



2.1  Non parametric density estimation

Let f be a probability density function, ¥ a random variable associated to f and Q = {xl,...,xn }a realisation

drawn from . A convolutive kernel is a bilinear form defined by:
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For any symmetric kernel K, the associate profile k is defined by K(x)= c.k(“x”2 ), where ¢ is a normalising

parameter. Two usual symmetric kernels are the truncated gaussian (Kg) and the Epanechnikov (Kg) kernels
defined by (Silverman 1986):
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Both kernels have a finite support, defined by the bandwidth 4: K (%] =0if ||x|| >h.

The Parzen estimator of f at the sample x; using K is defined as:
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The Parzen estimator is said to be non-parametric as it makes no assumption about the statistics that are
estimated. The shape and the number of modes of the resulting density depend on the choice of the bandwidth
parameter (Silverman 1986).

2.2 Principle of the mean shift algorithm

The mean shift alogorithm is introduced in Fukanaga & Hostetler 1975 as a non-parametric clustering
algorithm. It works in an iterative way to shift each sample uphill toward the local mode of the smoothed
density. The convergence of the algorithm is proven for the Gaussian kernel (Cheng 1985) and for any kernel
with a convex and monotonically decreasing profile, such as the Epanechnikov kernel (Commaniciu & Meer
2002). We consider in this paper only kernels satisfying these hypotheses.

Be {xlo ,xg ,...,x,? } the samples at the iteration 0. We note {xlm S Xy ey X } the samples obtained at iteration m.

For all samples, the smoothed density is given by :
frx (xj ) z K[ J z k

It is shown in Cheng 1985 that, for each sample the mean shift term at sample x7', noted ms, (x;” ), can be
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linked to the gradient of the smoothed density : ms,, K( ) a. th K( ) where a > 0.

By updating the data with x’”+l =x; +ms, K( ) each sample is iteratively shifted to the local mode of the
smoothed density. In case of unimodal statlstlcs, all samples following the same statistic converge to the same
mode, which means that the mean shift is a clustering algorithm. The algorithm stops at iteration / when all
the samples reach their respective mode, that is to say ms, (xi ) =0 forj=1I...n.

2.3 Extension of the algorithm to the spatial domain for image processing

The mean shift algorithm is extended to image processing by taking into account the spatial neighbourhood of
the samples (pixels) in Commaniciu & Meer 2002. The authors introduce the joint domain : each sample is
now described both by its range domain (gray level, RGB components...) and its spatial domain (position in
the image).

Vie[l...n], " = {sl ,a; } where s represents the spatial information and a the range information. Then, the

kernel is defined by the product of two kernels, K4 for the range domain and Ky for the spatial domain.



The smoothed density is written as:
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where 5, is the bandwidth in the range domain and 4g the one in the spatial domain. Only the samples lying
within A4 and hg of z7', will contribute to the estimation of the density at z} . The update of the samples is
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made by: a
The convergence occurs simultaneously in both domains and is reached at iteration [ when ms, (ai.): 0
and ms, (si) forj=1...n.

The clustering nature of this algorithm appears in both domains. In the same way as previously, in the range
domain, samples belonging to the same statistic converge to the same mode. Moreover, by updating the data
in the spatial domain, the localisation of the samples at each iteration is likely to change. Samples following
the same amplitude statistic spatially gather in basin of attraction.

3 EVALUATION OF THE MEAN SHIFT FILTER ON SYNTHETIC SPECKLED IMAGES

In order to evaluate the mean shift algorithm for SAR imagery, we compare its performances to the
performances obtained with parametric and non-parametric filters. In this section we present the evaluation
method as well as results on synthetic speckled images. Results on real images are presented in section 4.

3.1 Evaluation method

We generate a synthetic data set following the Rayleigh-Nakagami distribution, also called Generalised
Rayleigh distribution. This data set consists in images divided into two zones of 128x256 pixels. By adapting
the means of each area, we obtain 14 contrasts from 7.78dB to 0.41dB. For each contrast, 100 single look
images are considered. An example of these images is shown on figure 1a.
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Figure 1 — a) synthetic image (contrast 1.76dB), multilook image filtered with
b) an adapted bandwidth, c) a too large bandwidth

To compare the different filters in a quantitative way, we use the receiving operating curve (ROC) which
consists in plotting the probability of detection (p,) with respect to the probability of false alarm (py,). To do
that, we must define those probabilities. We note A the whole image, D the extracted region of the filtered
image whose amplitude is lower than a threshold ¢4, and V the true - darkest half of the synthetic image.
We define the probabilities of detection a(mc; false alarm as: ) )
D(th)nV D(th)- D(th) "V

Pa (th) v and p, (th) A_V
By using different thresholds from the minimum to the maximum values of A, we obtain several couples
(p fa (th), p 4 (th)) that represents the ROC of the filter on image A.




3.2 Choice of the bandwidth parameters

We test here the influence of the spatial and range (amplitude) bandwidths, respectively noted hg and hy4, on
the performance of the mean shift filter. The two areas of the synthetic images can be regarded as
homogenous areas, which means that the size of the considered area is large compared to the filtering
window. All the results on synthetic images are shown for a contrast of 1,76dB and are similar for other
constrasts. The influence of the range bandwidth is shown on figure 2a.
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Taking a larger bandwidth increases the efficiency of the filtering because it enables to consider more samples
belonging to the same statistic. However, using a too large bandwidth blurs the border between the two areas
(cf. figure 1c). On figure 2b, we can see that using a larger spatial bandwidth improves the results of the
filtering. Once again, considering more pixels helps to obtain a better smoothing of the density. On the other
side, the computational time drastically increases.

3.3 Influence of the multilook

As the mean shift algorithm is based on histogram smoothing, we check the influence of the multilook, used
as a preprocessing step. The multilook is a very common process in SAR imagery which enables to reduce the
granular aspect of SAR images resulting in less noisy local histograms. It is usually done by considering the
image in blocks of L pixels and taking the non-coherent mean of the L pixel of the intensity image.

To evaluate the mean shift in single and multi look, we need to consider the same neighbourhood. The mean
shift filtering window is a disc which diameter can be linked to the bandwidth by d = 2h, —1. Considering an

L-look preprocessing using square blocks, the diameter of the filtering window in multilook should be d .L_% .
Choosing a spatial bandwidth of 5 in single look gives a bandwidth of 2.75 in multilook with L=4. As
expected, the combined use of the preprocessing step improves the efficiency of the mean shift (see figure 2c)
by reducing the noise in the histogram.

3.4 Comparison with usual SAR parametric filters

Here, we are comparing the mean shift with several filters commonly used in SAR imagery. To take into
account the specific nature of the SAR images, the chosen filters are parametric, that is to say, they use
statistical models to estimate the underlying reflectivity of the pixels in the image.

Those filters are the Lee (Lee 1980), the Kuan (Kuan et al. 1985) and the Frost (Frost et al. 1982) which are
enhanced in (Lopes et al. 1990). They are based on the minimisation of the mean square error (MMSE) which
assumes that the true reflectivity of a pixel is a linear combination of the value of the pixel and its
neighbourhood. They also assume that the model fitting the SAR image is the Rayleigh-Nakagami
distribution.

We also choose the Gamma MAP (Kuan et al. 1987) and Fisher MAP (Nicolas 2003a) filters. They are based
on the maximum a posterieri (MAP) criterion. The assumed models are respectively the K and Fisher
distributions.

For a better understanding of the figures, we only show the results with the best MMSE filter (the Frost filter
in this case) and the best MAP filter (Gamma MAP filter in this case) using a 9x9 window. On figure 3, the
ROC:s of the mean shift filter and the parametric filters are shown on multilook images (L=4, hs=5).
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Figure 3 — Comparison of parametric filters with the mean
shift on mulilook images (L=4)

We can see that the Frost filter and the mean shift filter give the best results. It is important to notice that, in
this study, synthetic images correspond to fully developed speckle without any other noise (thermal noise or
outliers). The mean shift, which makes no assumption on the statistic of the image, gives similar results as the
best parametric filter used in an ideal case (Rayleigh-Nakagami distribution). This tends to prove that the
mean shift filter is quite robust. In the next section we study the performances of the mean shift filter on real
images.

4 EVALUATION OF THE MEAN SHIFT ON RAMSES IMAGES

RAMSES is a French SAR airborne sensor belonging to ONERA (Boutry 1998). In this experiment we use
high resolution interferometric data in X band. An amplitude image, where shadows are contrasted, is shown
on figure Sa.

We use the mean shift algorithm as well as the parametric filters presented in section 3.4 on this amplitude
image in order to extract shadow areas. We plot, on figure 5b, the ROC curves of the best MMSE and MAP
filters which are respectively the Frost and the Fisher MAP filters and compare them to the mean shift curve.
As we can see, for a py, higher than 1%, the mean shift is more efficient than the parametric filters. We show,
on figure 5d-e, the extracted shadows in black and the false alarms in white for the mean shift and Fisher
MAP filter at a py, of 2%. To delineate the shadow ground truth we did not consider regions where triple
bounced scatterers appear (Dupuis et al. 2000). Shadow pixels of the ground truth that are not extracted are
represented in light gray. We can see that the main shadow is well extracted on the mean shift filtered image
(figure 5d). With both filters, the small shadow is poorly extracted because it has a higher backscattering
level.
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Figure 5 — a) amplitude, b) comparison of the mean shift with parametric filters , c) amplitude filtered by the mean
shift, shadows extracted on the d) Fisher MAP, e) mean shift filtered images. Extracted shadow pixels, false alarms and
missed shadow pixels are respectively in black, white and light gray.



5 SHADOW EXTRACTION ON AMPLITUDE AND COHERENCE IMAGES

The shadows are visible on both amplitude and coherence images (see figure 6a-b). Therefore, we extend the
mean shift to take into account the coherence image.

5.1 Extension of the joint domain to coherence
In a similar way as in §2.3, we introduce an extension of the mean shift filter to the coherence image.
. Y 1S 1 Clrin—aim C;n—cl.m s'i"—sim
The estimated density is: f (z. ):—z K, — K. K| = , where K¢ and h¢ are
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the kernel and the bandwidth in the coherence domain.
The theoretical coherence I" is computed using the following equation (Maitre 2001):

E(lei)
E z1|2 E\z,

I is, by definition, between 0 and 1. Practically the coherence image (empirical coherence) is computed on a
finite number of pixels in a similar way as the multilook image, that is to say, by considering the images in
blocs of L pixels:

=

- ‘, where z; and z, are the two images of the interferometric couple.
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The statistical distribution of the coherence is, for L > 2 (Maitre 2001):
p(7/|F, L)=2L-10)1-12) y1-y*)", F,(L.L;1; )°T?), where ,F; is the hypergeometric function. In the

shadows, only noise is measured because no signal is backscattered to the sensor. Therefore the theoretical
coherence  is  zero.  The  distribution of the  empirical coherence in  shadows

is: p(C=0,L) = 2L - )pf1 - y*) "

In order not to lose too much in resolution, we restrain ourselves to use 4-look images. On figure 4, we plot
the distribution of the empirical coherence for L=4. As we can see, the empirical coherence goes from O to 1.
Therefore we choose the bandwidth in the coherence domain equal to 1.
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Figure 4 — Distribution of the empirical
coherence in shadows (L=4)

For the sample z7', the density smoothing occurs in both amplitude and coherence domains by considering

only samples that are lying within the amplitude, coherence and spatial bandwidths. A coherence bandwidth
equal to 1 implies that all samples in the coherence domain lay within the coherence bandwidth of z7 .

Therefore the coherence is filtered on samples which are lying within the amplitude and spatial bandwidths of

m

In the same way as previously, the global mean shift is composed of three mean shift terms. From this filtering
result two filtered images (amplitude and coherence) which need to be fused in order to have a common
shadow extraction.



5.2 Fusion algorithm

Shadows can be characterised by low amplitude and low coherence. To extract pixels satisfying both
conditions we use the following fusion algorithm. By thresholding regularly the filtered coherence and
amplitude images from the minimum to the maximum, we obtain two sets of hypothetical shadows. The
thresholds are noted S, = {sc}= {O,...,stepc,...,l} for the coherence and S, ={s, }=10....step , ..., max(A)} for
the amplitude. We note respectively C (sc) and A(s,) the coherence and amplitude images thresholded at s¢
and s4. For each s¢, we find the threshold on the amplitude image that maximises the following criterion:
L Cls)n AGs,)

C(SC)UA(SA)
pourcentage of pixels which are labeled as shadow on both images. We then obtain, for each coherence
threshold, an extracted shadow area that is the intersection of the two shadow areas.

. That is for each coherence threshold, we find the amplitude threshold that maximises the

5.3 Results

On figure 6¢c, we present the ROCs for the parametric filters, the extended mean shift and the fusion
algorithm. As we can see, the mean shift, either on amplitude or coherence images, has better performances
than the parametric filters. This is also visible on the extracted shadows at a py, of 2% on the amplitude image
(figure 6g). Moreover, we can see some complementarity between shadows extracted from amplitude and
coherence (figure 6h) images. For instance, the shadow on the left of the image presents not only some part
appearing in one of the two images but also another part, on the top, that is not extracted on both images. The
fusion algorithm enables a fast complete extraction of this shadow (figure 61). The extraction of the other
shadows is also improved.
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Figure 6 — a) amplitude, b) coherence images, c) comparison of the extended mean shift with the parametric filters, d)
amplitude and e) coherence filtered by the mean shift, shadows extracted on amplitude image filtered by the f) Fisher MAP,
g) mean shift, h) shadows extracted on coherence image filtered by the mean shift, i) shadows extracted on the fused image.

Extracted shadow pixels, false alarms and missed shadow pixels are respectively in black, white and light gray.



6 CONCLUSION

We introduced in this paper the mean shift algorithm in SAR imagery. We have seen that, the performances of
the mean shift, which requires no assumptions on the statistics, are similar to those of some parametric filters
used in SAR imagery on synthetic images following a Rayleigh-Nakagami distribution with (L=4). In
addition, interesting results have been shown on RAMSES amplitude images. We further extended this filter
to the shadow extraction by considering the coherence image. By using a fusion algorithm of the amplitude
and coherence filtered images, we improved the shadow extraction.
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