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The Morphological Profile (MP) has been proposed for the classification of remote sensing images with very
high spatial resolution and reduced spectral information, such as panchromatic IKONOS data [1, 2]. It consists
of a granulometry with two advanced morphological filters, the geodesic opening and the geodesic closing [3]. The
improvement in terms of classification accuracies was clearly demonstrate over several experiments and now the MP
is a well know tool of the remote sensing community, especially for the analysis of urban area.

The extension of the MP, namely the Extended Morphological Profile (EMP), to multispectral or hyperspectral
data is not straightforward. Because of the multi-valued nature of pixels, the morphological operators which require a
total ordering relation cannot be applied. Plaza et al. have proposed an extension to the morphological transformation
in order to integrate the spectral and the spatial information from the hyperspectral data [4]. A simpler approach was
proposed in [5]. The authors proposed to use the Principal Component Analysis (PCA) in order to reduce the spectral
channels to a few number of features, the principal components (PC) and to apply the MP on each PCs. Then the
EMP is built by the concatenation of all MPs. But it was found that too much spectral information was lost during
the PCA.

To overcome this shortcoming, it was proposed to fuse the original spectral channels together with the EMP [6].
Supervised feature reduction algorithms, such as Decision Boundary Feature Reduction or Decision Boundary Feature
Reduction, were used to reduce the redundancy of the fused features. Improved classification accuracies and substantial
reduction of the training time were obtained.

In this paper, an alternative approach to data fusion is discussed. The PCA is optimal for the purpose of repre-
sentation under some simple assumptions: The n observed variable, i.e., the spectral channels x, result from a linear
transformation of m latent variables Gaussianly distributed and thus it is possible to recover the latent variable, i.e.,
the principal components, from the observed one by solving the following eigenvalue problem:

Av = Y, v, subject to ||v|2 =1 (1)

where X4 = E [xcxg] R e—% Zle (xi — mm) (xi — mx)T and x. is the centered vector x € R™. The PCA only relies
on second order statistics and theoretical limitations for hyperspectral data analysis have been pointed out in [7]. Since
the PCA does not handle all the spectral information, another unsupervised feature extraction is proposed, namely
the Kernel PCA (KPCA) [8]. The KPCA is a non-linear version of the PCA solving a similar eigenvalue problem in
a different feature space:

1
Aa = Ka, subject to ||a|2 = N @)

where K is the kernel matrix constructed as follows:

l];:(x;,xi) Z(x;,xi)
K (x:,x) (x:,x) - 3
k‘(xé,xl) k;(xe., x*)

The function k is the core of the KPCA. It is a positive semi-definite function on R™ that introduces non-linearity
into the processing. This is usually called a kernel. Using kernel, it is possible to implicitly compute the PCA in a
feature space H where the data better fit the PCA model. This is the kernel trick: Noting the mapping ¢ : R” — H,
the equality k(x%, x7) = (®(x*), ®(x?))yn» holds for every kernels. Two classical kernels are 1) the Polynomial kernel

k(x,y) = ({(x,y)r + q)* where ¢ € R*, p € NT and 2) the Gaussian kernel k(x,y) = exp (—M) where o € RT.
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In remote sensing, Gaussian kernel is typically used and previous work on KPCA have shown it to be appropriated [9].



Table 1: CLASSIFICATION RESULTS FOR THE ROSIS-03 DATA SET.

SVM & Linear kernel SVM & Gaussian kernel
Feature Raw PCA KPCA Raw PCA KPCA EMPpca EMPkpca
Nb of features 103 3 12 103 3 12 27 108
OA 76.40  78.32 78.22 79.48  78.38 79.81 92.04 96.55
AA 85.04 81.77 87.58 88.14 85.16 87.60 93.21 96.23
K 68.67 71.95 72.96 74.47  72.73 74.79 89.65 95.43

Therefore, it was chosen to compute the KPCA in these experiments. From the extracted kernel principal components
(KPC), the EMP is constructed as usual: a MP is built for each KPC.

The data sets used in the experiments were two hyperspectral images, one from airborne sensor (ROSIS-03) and
one from satellite sensor (HYDICE). The HYDICE data set, cover a high spectral range, from 0.4um to 2.4um and
contains non-Gaussian noise.

The features extracted by the PCA and KPCA are first compared through the Mutual Information (MI). The
MI is used to test independence between two variables and intuitively MI measures the information that the two
variables share. A MI close to 0 indicates independence, while a high MI indicates dependence and consequently
similar information. According to the MI measure, it is found that KCPA is more robust to the noise contains in
the HYDICE data. The extracted KPCs have small MI while the PCs have high MI. Although uncorrelated, these
features are still dependent. Retaining 95% of the variance as the criterion to select the remaining number of (K)PCs
leads to stable number of KPCs, around 10 for each data sets. While with the PCA, for the ROSIS-03 image 3 PCs
were selected and for the HYDICE image 40 PCs were selected: The non-Gaussian noise is distributed over several
PCs.

The EMP was constructed using (K)PCs corresponding to 95% of the cumulative variance. A circular structuring
element with a step size increment of 2 was used. Four openings and closings were computed for each (K)PC, resulting
in an EMP of dimension 9 x m (m being the number of retained (K)PCs).

Results for the ROSIS-03 data set are presented in Table 1. The classification were obtained with a linear and non-
linear SVM. The best results are obtained with the EMP built with KPCs and clearly outperforms the EMP built with
PCs: the overall accuracy is 96.5% for the EMPypc, and 92.0 % for the EMPpc,. The Mc Nemmar test was applied
to assess the statistical significance of difference between each result. It is found that KPCA performs significantly
better than PCA: For both the linear and non-linear classification of KPCs and PCs and for the construction of the
EMP. However, the difference between the non-linear classification of the raw data (the spectral channels) and the
KPCs is not significant.

As a conclusion, the KPCA can extract more informative features than PCA for the construction of the EMP.
Moreover, KPCA is robust to the noise contains in the hyperspectral remote sensing data. For these reasons, KPCA
should be preferably used. Further research are needed to better identify which kernel is the most appropriated for
the hyperspectral images.
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