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This dissertation deals with statistical methodologies to apply to morphological classification of seeds
through extracting information directly from their digital images. It concentrates more on the classifi-
cation task, trying to enhance the quality of prediction, and on the automatizing of the classification
process. These tasks are very important in botany because they avoid human contradictions in seed
classification and to save a lot of time to specialized botanists.

Firstly we focused on describing all stages necessary to move from a picture containing raw information
of scanned objects to a data matrix usable as input for further statistical analyses. We illustrated how
to convert an image so as to enhance its inner contrast in order to get easier the image segmentation. It
has been introduced an approach that adapts a widely used method for detecting moving objects from
video, called background subtraction (foreground detection), to image segmentation framework. It has
been shown how it assists segmentation process to get good results, and allows to automate the process
when foreground color of images is not constant, as well as speeding it up significantly. Then methods
for enhancing quality of objects and removing residual noise have been illustrated. At the end of the
first chapter, a kind of general features that characterized the objects are explained, pointing out which
information they convey.

In the second chapter we focused on tools used by modern morphometrics and the theoretical con-
cepts of shape analysis. Firstly we explained the concept of landmarks and its importance. Then we
showed the different strategies that can be followed so as to remove from the Configuration Space the
influences of location, rotation and scale moving to the Shape Space, illustrating step by step how to
transform Euclidean coordinates of objects into Kendall’s coordinates and into Bookstein’s coordinates.
Furthermore we illustrated General Procrustes Methods, that are used for analyzing distribution of ob-
jects optimally superimposed. Then we dealt with Fourier Analysis, a mathematical method widely used
in several fields for decomposing and analyzing periodic signals into a weighted sum of simpler sinusoidal
component functions, and in our case for summarizing the geometrical information of the object outlines.
Finally we described several approaches for fitting a function in case outlines are opened.

In the third chapter we presented an original tree approach for combining different classifiers. Since
in a classification problem with large number of classes the complexity is high, this algorithm splits the
complex problem of classifying among C classes into C-1 sub problems less complex than the original
one, each of them classifying between only two classes. It builds a binary tree of C -1 nodes, and places
a classification rule in each node, taking advantage of the different prediction capability of the classifiers.
Helped by a real dataset, we found that the tree approach proposed can be a useful tool for enhancing
the goodness of prediction, although this is not true for every situation, but according to kind of data
and type of classifiers.

In the fourth chapter we presented an original approach aimed at evaluating the reliability of a
classification rule. This task is pursued by re-training the classifier on resampled versions of the original
data. User-defined misclassification costs are assigned to the obtained confusion matrices and then used
as inputs in a Beta regression model which provides a cost-sensitive weighted classification index. The
latter is used jointly with another index measuring dissimilarity in distribution between observed classes
and predicted ones. Both index are defined in [0, 1] so that their values can be graphically represented
in a [0, 1]2 space. The examination of the points in the [0, 1]2 space for each classifier, computing the
convex hull, allows us to evaluate its reliability on the basis of the relationship between the values of
both indexes obtained on the original data and on resampled versions of it. Even in this case we tested
our original approach on real data, in order to check its operation.

In the fifth chapter, and in Appendix A more in details, we presented the R functions we created in
order to check the reliability of the original theoretical approaches presented in the previous chapters
and to be able to perform the analyses of the next chapter.

In the last chapter we applied all theoretical concepts developed in the previous chapters to real
botanical data. The data consists in germplasm data, and the main goal was to study how this kind
of data respond to morphometrics approaches of classification, comparing the results obtained using
different kind of classification algorithms so as to check if and how much their performances of classifi-
cation are distance. Furthermore we combined all methods developed into a single automated process,
that is resulted consistent and efficient, able to perform morphological classification of seeds extracting
information directly from their digital images.


