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Abstract
We derive limiting distributions of symmetrized estimators of scatter. Instead of 
considering all n(n − 1)∕2 pairs of the n observations, we only use nd suitably cho-
sen pairs, where d ≥ 1 is substantially smaller than n. It turns out that the resulting 
estimators are asymptotically equivalent to the original one whenever d = d(n) → ∞ 
at arbitrarily slow speed. We also investigate the asymptotic properties for arbitrary 
fixed d. These considerations and numerical examples indicate that for practical pur-
poses, moderate fixed values of d between 10 and 20 yield already estimators which 
are computationally feasible and rather close to the original ones.

Keywords Asymptotic normality · Incomplete U-statistic · Independent component 
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1 Introduction

Robust estimation of multivariate scatter for a distribution P on ℝq , q ≥ 1 , is a recurring 
topic in statistics. For instance, different estimators of multivariate scatter are an impor-
tant ingredient for independent component analysis (ICA) or invariant coordinate selec-
tion (ICS), see Nordhausen et al. (2008), Tyler et al. (2009) and the references therein. 
Other potential applications are classification methods and multivariate regression, 
see, for instance, Nordhausen and Tyler (2015). Of particular interest are symmetrized 
estimators of scatter which are defined in Sect. 2. Throughout this paper, we consider 
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