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Abstract

We propose a novel multivariate uniformity criterion
for testing uniformity of point density in an arbitrary
dimensional point pattern . An unsupervised, nonpara-
metric data clustering algorithm, using this criterion, is
also presented. The algorithm relies on a relatively gen-
eral notion of cluster so that it is applicable to clusters
of relatively unrestricted shapes, densities and sizes. We
define a cluster as a set of contiguous interior points
surrounded by border points. We use our uniformity
test to differentiate between interior and border points.
We group interior points to form cluster cores, and then
identify cluster borders as formed by the border points
neighboring the cluster cores. The algorithm is effective
in resolving clusters of different shapes, sizes and den-
sities. It is relatively insensitive to outliers. We present
results for experiments performed on artificial and real
data sets.

1 Introduction

This paper is about detecting clusters defined by uni-
formly distributed points in a D-dimensional space. A
cluster may have the dimensionality D of the parent
space, or it may occupy a lower, d-dimensional sub-
space. The volume occupied by the cluster may have
an arbitrary shape, but the points within it have an un-
known, uniform density. We achieve this by determin-
ing whether the neighborhood of a point is character-
ized by a uniformly dense point placement, in any d-
dimensional, linear subspace, d < D. If so, we group
sets of contiguous points, with the same density and
within the same subspace, into clusters. The main con-
tributions of this algorithm and their advantages over
most existing ones are as follows. First, we present a
new criterion to test the uniformity of point placement
in a given neighborhood. Second, unlike our approach,
most existing algorithms are sensitive to the shapes of
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the clusters to be detected. Third, most existing algo-
rithms require the user to specify certain input param-
eters whose values are critical to the performance but
require familiarity with the data being analyzed. The
clustering performance of the algorithm we present is
stable with respect to the few input parameters the user
needs to provide.

Our approach to clustering is based on the following
notion of a cluster: (1) A cluster as a set of contiguous
points having similar local structures, defined by the rel-
ative spatial distribution of points, which is in contrast
with the distributions in its immediate surround. In this
paper, we limit the definition of the local distribution to
local spatial density of points. (2) A cluster is composed
of two kinds of points. Interior points are character-
ized by the property that local neighborhoods centered
on them have uniform point density. Border points are
themselves members of such uniform neighborhoods,
but the part of the neighborhood centered on a border
point outside the cluster does not contain points from
the cluster; it may contain points from zero or more,
other, nearby clusters. Thus, the distribution of points
in the neighborhood is characterized by a piecewise uni-
form density. (3) The difference in densities across a
border point is referred to as the density contrast at that
border point. For a cluster to be perceived, the density
contrast across its border points must be greater than its
internal density variation.

Overview of Algorithm: There are two major parts
to the proposed clustering algorithm. First, we deter-
mine the dimensionality of the point distribution in the
vicinity of a given point. This determines whether in
the vicinity of a point the cluster is confined to a linear
subspace of the multidimensional parent space of the
data. Second, we develop a uniformity test for whether
the spatial distribution in the neighborhood of a given
point, is uniform in its (sub)space (sec 3), and use this
test to differentiate between interior and border points.
We group contiguous interior points to identify cores
of the clusters (sec 4). The cluster membership of bor-
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Figure 1. Clustering results for (a) artificial data with noise (light blue),(b) output of our algo-
rithm, (c) output for k-Means with k=5. (d) Output of our algorithm for overlapping clusters of
different densities. (f) Color image segmentation using our clustering method. Region bound-

aries are shown in bold.

our experiments, K was fixed at 50 and t.;4 at 0.2. The
results did not vary to any significant degree if we var-
ied K between 50 and 100 and ¢, in the range 0.1 and
0.3. For «, we also found that values between 0.01-0.05
gave nearly the same clustering results.

6 Conclusions

We have presented a novel unsupervised, nonpara-
metric clustering algorithm based on a multivariate uni-
formity test which we have also described. Our algo-
rithm can identify clusters of varying density, shape,
size and intrinsic dimensionality. Our main contribu-
tion is the novel uniformity criterion to identify interior
and border points, and its use to define a clustering al-
gorithm whose performance is not very sensitive to the
input parameters. This obviates the need to explicitly
model the underlying density. Furthermore, the cluster-
ing is robust to noise and outliers. In future work, we
plan to identify more cues for interior and border point
identification and extend this framework for identifica-
tion of clusters with modes (e.g. Gaussian distributed
data).
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