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ABSTRACT

The goal of an inductive learning algorithm is to build discriminant functions from
part of the ground-truth samples (training set) so that the generalization capability of the
resulting classifier is maximized on previously unseen samples. The quantification of the
generalization capability is typically performed on another part of the ground-truth
samples, termed as test set. Most of the works on automatic classification have focused
efforts on improving the accuracy (generalization capability) of the classification process
by acting mainly on three levers which are: 1) data representation; 2) discriminant
function model; and 3) criterion on the basis of which the discriminant functions are
optimized [1]. These works are however based on an essential assumption that is the
ground-truth samples are of unquestionable quality. In this work, we will put this
assumption under light and show that the accuracy of a classification process (whatever
the kind of classifier used) critically depends on the quality of the adopted ground-truth.

The two well-known ground-truth collection approaches are: 1) on-situ observation
approach; and 2) photo-interpretation approach [2]. Each of them has its own advantages
and drawbacks but both are subject to errors in the labeling process. In the first approach,
this may occur because of georeferencing problems while in the second one spectral
mismatching errors by the human analyst are the main source of problems. Since the
presence of noise in a learning (training and test) set has a direct negative impact on the
classification process, the development of automatic techniques for assisting and/or
validating the ground-truth collection procedure is in our opinion crucial.

In the literature, very scarce attention has been paid for coping with this issue, which
is mainly faced through two different strategies. The first one consists in admitting
anyway the presence of noise in the data but designing a sophisticated classifier which is
less likely to be influenced by this presence [3]. The second strategy is based on the
removal of “suspect” samples from the learning set. In [4], the suspect samples are
identified and filtered (removed) from the learning set by means of an ensemble of three
classifiers (i.e., C4.5, k-NN and linear classifiers). In particular, a sample is expected to
be mislabeled if it is misclassified by the ensemble of classifiers.

In this paper, we propose an alternative approach that aims at interacting with the
ground-truth expert by providing him/her with a binary information of the kind



“validated”/“invalidated” for each learning sample. For each invalidated sample, the
expert may confirm or not the invalidation and thus correct or maintain the adopted
labeling before creating the final learning set that will be exploited in the classification
process. Our ground-truth validation approach is based on viewing the mislabeled sample
detection issue as an optimization problem where it is looked for the best subset of
learning samples in terms of class statistical separability. This problem is formulated
within a genetic optimization framework [5]-[6]. Each chromosome represents a
candidate solution for validating/invalidating the available learning samples.
Accordingly, the chromosome is configured as a binary string. The genetic optimization
process is guided by the joint optimization of two different criteria which are the
maximization of the between-class statistical distance and the minimization of the
number of invalidated samples. The former is expressed in terms of the Jeffries-Matusita
distance measure [1]-[2]. The latter allows to get at convergence a Pareto front from
which the ground-truth expert can select the best solution according to his/her prior
confidence on the reliability of the ground-truth.

Experiments were conducted on both simulated data sets and real remote sensing
images. The obtained results show that the proposed automatic validation method
succeeds in detecting the mislabeled samples with a very high accuracy, even when up to
30 % of the learning samples are actually affected by noise. Moreover, we show how the
removal of the detected mislabeled samples impacts very positively on the accuracy of
different classifiers, namely the support vector machine (SVM), the k-nearest neighbor
and the radial basis function neural network classifiers.
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