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1. INTRODUCTION

The classification of hyperspectral image pixels attracts a lot of attention due to the special high dimension and relatively
small sample size data property. Especially when the parametric classifiers, such as linear discriminant classifier and
quadratic discriminant classifier, are directly applied, the estimation of the covariance matrix will be a great challenge. Many
researches have been devoted to solve this problem. The regularized discriminant analysis (RDA) [1] is a well known
classical method. Instead of using regular maximum likelihood covariance estimator, a shrinkage (regularization) estimator
of the covariance matrix was employed in RDA. The basic idea of the shrinkage estimation of the covariance matrix 2 is to

combine the estimator of the unrestricted model (with many parameters), denoted as U , with the estimator of the restricted
model (with few parameters), denoted as 7' . That is, the shrinkage estimator of 2 , denoted as U", is of the form

U =AT+(1-A)U, )
where A €[0,1] represents the shrinkage intensity. In general, the estimator adopted in RDA is the U" with the maximum

likelihood estimator of ¥ (denoted as ™) substituted as U and the scalar covariance estimator 6/ substituted as 7'

[2]. The Leave-One-Out Covariance Estimator (LOOC; [3],[4]), and BLOOC [5] are just the variation version of the U "
The performance of the RDA and other parametric classifiers with the regularized covariance estimator depends on the

choice of the 7" and A simultaneously (usually, the adopted U is S ME ). That is, for a selected T, a corresponding
shrinkage density A should be decided. Since only several kinds of 7" are usually considered [7], how to choose the
corresponding A becomes a crucial problem. Instead of choosing A by cross-validation as suggested in [1], an analytic
result of calculating A has been derived by Ledoit and Wolf [6]. Several practical considerations and applications of [6]
were introduced by [7]. With these new developments, a A can be determined analytically without requiring
computationally expensive procedures. For example, if U = (u,,u,,-+,u,) and T = (£,,1,,**-, ), the optimal value is

Zp: Var(u,) — Cov(t, —u,) — Bias(u,)E(t, —u,)
l* — =l ; (2)
ZE[(ti _ui)z]

for which the minimum mean square error risk function is achieved. It has been shown in [6] that A” always exists and is

unique. In practical application, an estimation of A" is proposed by [7] as



PA A A
Z Var(u;)— Cov(t, —u,) — Bias(u, )(t, —u,)

E i=1

A= - 3)
Z (t; —u; )’
i=1

where all expectations, variances, and covariances in (2) is replaced by their unbiased sample counterparts.
One another view of estimating X in high-dimensional case is according to the structure of the estimator. The

estimation based on §™" is poor because it imposes too little structure [6]. U~ is designed to improve S M by imposing
another structure 7. In this study, we proposed a new estimator of 2 based on the foundation of [6],[7]. This proposed

estimator not only imposes structure 7 analytically, but also introduces the local structure to the estimation. The
performance of the proposed estimation of the covariance matrix is compared to the LOOC, BLOOC, and the estimator in
RDA via the classification error rate of the corresponding linear and quadratic discriminant classifiers. The results show that
the proposed method is an ideal approach for the covariance estimation in hyperspectral image classification.
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