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Abstract. Different fuzzy clustering algorithms, namely hierarchical fuzzy clustering,
hierarchical and horizontal samples and characteristics clustering and a new clustering technique,
namely fuzzy hierarchical cross-classification were applied to the study of several Romanian and
American coals using data obtained by applying the two-phase model of coal.

The characteristics clustering technique produces fuzzy partitions of coals properties
involved and thus is a useful tool for studying (dis)similarities between different features. The
cross-classification algorithm provides not only a fuzzy partition of the coals analysed, but also a
fuzzy partition of the characteristics considered. In this way it is possible, for example, to identify
which regression parameters or other physico-chemical features are responsible for the
similarities or differences observed between different groups of coals.

*Dedicated to Professor Alexandru T. Balaban on the occasion of his 70" anniversary
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INTRODUCTION

The “two phase model of coals™ considers that macerals on the one hand and minerals on the
other hand are well-mixed each of them and behaving as a homogeneous phases. In this case the
only location dependent characteristic is the ratio of the two phases, maceral and mineral,
respectively. Moreover, the ash content is a measure of this ratio and, as a consequence, any
property of a given coal sample appears as a weighted average of the properties of the two specific
phases to each coal sample.

The linear relationship between some well-known characteristics of coal and ash content was
demonstrated using many samples from different sites and countries [1,2]. The intercept of the ash
axis, for example, by the organic carbon straight line, represents the ash content of the “pure mineral
phase”. By the other way, the intercept by any exclusively mineral property, silica content, for
example, will estimate the ash originating in the “pure maceral phase”, i.e. organic matter and
inorganic ions and complexes. The ash content will vary only between these two limits.
Altematively, using extrapolation to the two limiting values, the estimation of any characteristic
specific to each of the two phases could be practically obtained.

Rather than using analytical data of particular samples, advantage was taken of the two
phase model of coal, in order to reduce the number of data subjected to fuzzy clustering analysis.
The regression lines allow a reliable characterisation of a given coal seam by means of the intercept
and the slope for each of the properties being taken into consideration, i.e. by as much as two
parameters for each property.

The proposed procedure should be more reliable than the conventional way of using matrices
of individual data (see for instance [3, 4]), since each straight line results from many of these, and
errors are controlled by fitting to the straight line and rejecting the obviously erroneous data. In
addition, the size of matrices can be reduced by about one order of magnitude.

It is the goal of the present paper to check, by the use of fuzzy methods of data classification,
whether from chemical point of view there is a significant difference between different Romanian
and American coals and, additionally, which are the most specific factors influencing the quality of
them. In addition, the fuzzy partition may be successfully used, for instance, in the studying the
origin and quality of coals.
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FUZZY CLUSTERING

Fuzzy clustering is an important tool to identify the structure in data. In general, a fuzzy
clustering algorithm with objective function can be formulated as follows: let X = { b L A & o
R® be a finite set of feature vectors, where p is the number of measurements and s is the
dimension of the input variables, xd = {x|j. X2, . . xsj]T and L = (L], L% .. ,LYbea n-tuple of
prototypes (supports) each of which characterizes one of the n clusters; a partition of X into n

fuzzy clusters will be performed by minimizing the objective function [5-7]
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where P = { Ay, ..., A, } is the fuzzy partition, Ai(xj) € [0,1] represents the membership degree of
feature point x' to cluster A;, d(x', L') is the distance from a feature point X' to cluster A;, defined

by the Euclidean distance norm
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Since the elements in the set have s features (coordinates) to describe their location in feature
space, each cluster center also requires s features to determine its location in the same space.

If ' is from X we may suppose that L' has the greatest membership degree to A;, that is:

ALY = max A, (x) (3)

The optimal fuzzy set will be determined by using an iterative method where J is
successively minimized with respectto A and L.

Supposing that L is given, the minimum of the function J(s L) is obtained for:




































