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1. ABSTRACT

The increase in resolution of satellite sensors has provided new tools for describing and modelling the surface of the Earth.
While hyperspectral sensor provide hundreds of bands giving an unprecedented insight of spectral signature of materials, mul-
tispectral sensors allow to capture spatial details at very fine scales. These theoretical advantages also pose some hard problems
and new challenges in terms of remote sensing image processing: 1) the high number of redundant bands induce collinearity
problems and the well-known overfitting phenomenon and, 2) since images are also spatially redundant, this knowledge must
be included in the classifier through careful spatial processing techniques. Nevertheless, the evaluation of the relevance of the
extracted (both spectral and spatial, contextual or textural) features is a difficult problem. Building models in such scenarios in-
volve high-dimensional data processing and thus create the need for i) classifiers that are efficient and robust in high dimensional
spaces and for ii) feature selection routines [1] capable to select features that are discriminative to solve the problem.
Regarding classifiers, kernel methods and support vector machines (SVM) have been shown to be robust methods capable

of handling high dimensional input spaces. SVMs have been successfully applied to a wide range of remote sensing problems
dealing with spectral [2], contextual [3] and multi-temporal and multi-source [4] information. Regarding feature selection, sev-
eral strategies have been discussed in the remote sensing literature: great attention has been given to filters, i.e. feature selection
methods working independently to the classification, and more complex strategies interacting with the classifier (wrappers)
start drawing interest.
In this paper we propose a wrapper integrating feature selection and classification within the framework of multiple kernel

learning (MKL, [5, 6]): we want to define an ad-hoc kernel defined by a convex combination of base kernels:

K(x, x′) =

M∑

m=1

dmKm(x, x′) with dm ≥ 0,

M∑

m=1

dm = 1 (1)

In order to do that, the weights vector d must be optimized, simultaneously as the SVM problem using the sum kernelK .
This can be achieved by wrapping the classical SVM solver with an optimization routine.

In this paper we apply SimpleMKL, a recently proposed method to find optimal linear combinations of kernels [7], on both
hyperspectral (HyMap) and multispectral (QuickBird) images. This model performs a reduced gradient search over the primal
of the SVM to optimize d.
For the purpose of feature selection in multidimensional data, we may build as many kernels as we have initial variables.

Nonetheless, in the case of remote sensing images and when confronted to datasets carrying more than one hundred bands, such
a strategy would imply the creation (and storage in memory) of several hundreds of kernels. This problem precludes the use
of the original formulation of SimpleMKL for problems including thousands of training pixels. To overcome this problem, we
propose prameter estimation using kernel alignment [8]:

A =
〈Km, yy�〉F√

〈Km, Km〉F 〈yy�, yy�〉F
(2)

where yy’ is the ideal kernel giving the value 1 if two pixels belong to the same class and 0 otherwise. If two kernels are
aligned with the labels vector and not aligned with eachother, their combination will be valuable to solve the problem, because
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both kernels contain independent information. In our setting, we select the best candidates for SimpleMKL, by maximizing the
alignment of each feature’s kernels Km with the output vector. Then, SimpleMKL selects the best combination to solve the
problem.

Experiments are carried for several scenarios:

(a) One kernel per input variable is selected and kernel parameters are estimated using alignment;

(b) Each variable is associated to several kernels with different parameters (as proposed in [7]): this way, multiscale solutions
are possible;

(c) Kernels encoding similarity between groups of features are used. These groups are created either by the type of feature
(spectral-spatial in the case of QuickBird image) or by their physical meaning (in the case of HyMap image);

(d) Discriminative variables are selected using prior knowledge about their physical meaning and the best combination of
kernels is optimized (HyMap image only).

Excellent classification results were observed in both multi and hyperspectral images. Significant improvements to the
solution of the standard SVM are observed for all the experiments led. Additionally, the model returns automatically a rank of
the most relevant features and hence the most important physical signal characteristics are discovered.
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