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(Oral presentation)

Abstract
Inferring the correlation structure of a set of centered data if a key step in many signal processing
and machine learning procedures. Among others, radar/sonar detection, image segmentation,
dimension reduction, distance learning and clustering rely on the estimation of the covari-
ance/correlation matrix of an acquired data set [1]. Along with the need of an estimation of
the covariance matrix, there is another common aspect in all the above-mentioned applications:
the non-Gaussian and heavy-tailed nature of the data. As a consequence, popular Gaussian and
pseudo-Gaussian inference procedures may present a dramatic performance decay as extensively
shown in statistics and signal processing literature (see e.g. [2] and the references therein).

Motivated by a wide range of experimental evidences and measurement campaigns, the (Real
or Complex) Elliptically Symmetric (ES) model has been recently adopted to characterize the
statistical data behavior [3]. Together with its generality, the second feature that has placed
the elliptical model in the spotlight of signal processing and machine learning communities is its
“parsimony” in terms of required parameters. In fact, CES model is fully specified by two finite
dimensional parameters, i.e. a location vector and a positive-definite covariance/scatter matrix
(as the classical Gaussian model) and by an infinite dimensional functional [4,5] parameter,
usually called density generator, characterizing the data heavy-tailedness.

The aim of this work is then to investigate the joint estimation of the location vector and
the shape matrix of a set of independent and identically Complex Elliptically Symmetric (CES)
distributed observations from both the theoretical and computational viewpoints. This joint
estimation problem is framed in the original context of semiparametric models allowing us to
handle the (generally unknown) density generator as an infinite-dimensional nuisance parame-
ter. In the first part of the paper, a computationally efficient and memory saving implementation
of the robust and semiparmaetric efficient R-estimator for shape matrices is derived. Building
upon this result, in the second part, a joint estimator, relying on the Tyler’s M -estimator of lo-
cation and on the R-estimator of shape matrix, is proposed and its Mean Squared Error (MSE)
performance compared with the Semiparametric Cramér-Rao Bound (CSCRB) [6,7].
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Figure 1: MSE in the estimation of the location vector µ0 for the sample mean and for the Tyler’s
estimator.
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Figure 2: MSE in the estimation of the scatter V1,0 for the SCM, the Tyler’s estimator and the R-
estimator exploiting both the van der Waerden and the t5-score functions..
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