BIOMETRICS 58, 387-397
June 2002

A Generalized Discriminant Rule When Training
Population and Test Population Differ on
Their Descriptive Parameters

Christophe Biernacki,'* Farid Beninel,>** and Vincent Bretagnolle3***

1Université de Besancon, UMR CNRS 6623, 25030 Besangon, France
2TUT Département STID, 8 rue Archiméde, 79000 Niort, France
3CEBC-CNRS, 79360 Beauvoir sur Niort, France
*email: biernac@math.univ-fcomte.fr
** email: beninelQuniv-poitiers.fr
*** email: bretaQ@cebce.cnrs.fr

SUMMARY. Standard discriminant analysis methods make the assumption that both the labeled sample
used to estimate the discriminant rule and the nonlabeled sample on which this rule is applied arise from the
same population. In this work, we consider the case where the two populations are slightly different. In the
multinormal context, we establish that both populations are linked through linear mapping. Estimation of
the nonlabeled sample discriminant rule is then obtained by estimating parameters of this linear relationship.
Several models describing this relationship are proposed and associated estimated parameters are given. An
experimental illustration is also provided in which sex of birds that differ morphometrically over their
geographical range is to be determined and a comparison with the standard allocation rule is performed.

Extension to a partially labeled sample is also discussed.
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1. Introduction

Discriminant analysis usually proceeds in the following man-
ner {Lachenbruch and Goldstein, 1979; Gnanaddesikan, 1989;
McLachlan, 1992). A sample of objects is drawn from a pop-
ulation and a partition of this sample is known. Each object
within the population is described by several characters or
certain measurements, which together form a feature vector
belonging to a suitable feature space. Using the feature vectors
and the individual labels of the sample, an allocation rule is
established in order to classify other nonlabeled objects from
the previous population.

Fisher (1936) proposed two-class linear discrimination in
the Euclidian feature space by using Mahalanobis distance,
but since his work, many extensions have been proposed. Rao
(1948) extended Fisher’s approach to more than two groups
(see also Anderson, 1958). In a general case, the multinormal
model allows quadratic allocation rules {(cf., Tomassone et al.,
1988), and some parsimonious models between linear and full
quadratic possibilities are conceivable, like models introduced
by Banfield and Raftery (1993) and revisited by Celeux and
Govaert (1995). Nonparametric methods have also been ex-
plored using kernel procedures (Silverman, 1986), the &k near-
est neighbors methods (Fix and Hodges, 1951), or other works
on projection pursuit (Friedman and Stuetzle, 1981). The lo-
gistic discrimination, first proposed by Anderson (1972), is
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another direction that may be interpreted as a semiparamet-
ric classification. Adaptation of some previous methods as well
as new proposals have also been considered in the case of qual-
itative data (Celeux and Nakache, 1994). Another important
research topic is model selection, e.g., cross-validation (see
Hand (1986) for a review) or the Akaike information criterion
(Akaike, 1974).

However, in all previous situations, the labeled and the non-
labeled samples come from the same population. Here we are
interested in the multinormal discriminant analysis problem
when the populations (learning and testing) may be slightly
different, e.g., when they come from different origins or be-
long to different classes of individuals, a common situation in
biology. For instance, morphometric bird sex discrimination
is impaired by the fact that many bird species show consider-
able variations in size over their geographical range (Zink and
Remsen, 1986). Thus, geographical origin may affect mean
and variance of normal distributions of species features in each
sex group, and the sex discriminant rule may not be applied
with efficiency from one sample to another. A very similar
problem arises with regard to age differences since mature
birds are often larger or heavier than immature individuals
(see Bretagnolle, Genevois, and Mougeot (1998) or Genevois
and Bretagnolle (1995) for examples).

Van Franeker and Ter Brack (1993) proposed an empirical
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