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Abstract

Meanshift clustering is a well established algorithmthat
has been applied successfully in image processing and com-
puter vision. Cluster centers are derived by local mode
seeking identifying maxima in the normalized density of
the data set. Recently, quantum clustering that highly re-
sembles mean shift clustering has been proposed for ana-
lyzing microarray expression data. Quantum clustering is
based on physical intuition derived from quantum mechan-
ics. By an iterative process using a gradient descent pro-
cedure, the potential energy V belonging to the Hamilto-
nian of the time-indepedent Schrodinger equation develops
minima that are identified with cluster centers. The analo-
gies between the wavefunction in quantum clustering and
the multivariate kernel density estimator in meanshift clus-
tering areleading to closely related formulations. However,
the approach towards the minima of the potential in quan-
tum clustering needs to be performed unrelatedly to the for-
mulation, by gradient descent steps. In contrast, in mean-
shift clustering the approach towards the maxima of the nor-
malized density is performed by the meanshift vector that is
derived by the formulation of the methodol ogy. It points to-
wards the direction of the maximum increase in the under-
lying density. Based on these observations, we propose im-
plementing meanshift clustering to improve the efficiency of
local mode seeking in analyzing expression data.

1. Background

Meanshift clustering offers a practical approach to non-
parametric cluster analysis of large data sets. The meanshift
procedure [1,2,3] has been developed for high-quality pro-
cessing of low-level vision tasks. Recently, an analoguous
clustering method was suggested that is based on physical
intuition derived from quantum mechanics, called quantum
clustering [4]. Moreover, the quantum clustering method
has been applied for the anlaysis of DNA microarray exper-
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iments [5]. This suggests the capability of using the mean-
shift procedure for the analysis of gene expression data.
Here, we present the analogy between mean-shift cluster-
ing and quantum clustering. The mathematical and physi-
cal approaches, formulated independently, are complemen-
tary and nicely illustrate the robustness of the method.

The quantum clustering method is described as follows.
Given the Schrodinger equation
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is the probability distribution for any set of data points x;,
one can solve for the potential energy V. In particular, re-
quiring that min (V') = 0, the energy E becomes:
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where E can be shown to be positive, as well as being the
lowest eigenvalue of the Hamiltonian, thus describing the
ground state of the system. As explained in [4], V() ex-
hibits one or several local minima within the region of in-
terest, identified as cluster centers. F has the role of setting
the scale of which minima are observed. It is possible to lo-
cate the cluster centers by following a gradient descent pro-
cedure into potential minima, as shown in [4].

A mathematical derivation of the method was proposed
in [1,2,3]. The approach belongs to the area of statistics and
data analysis. Denoting by x;, ¢ = 1...n a set of n data
points in the d-dimensional space R%, the multivariate ker-
nel density estimator with normal kernel and a symmetric
positive definite d x d bandwidth matrix H, computed at
the point x is given by
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Quantum Clustering Mean Shift Clustering

Schrodinger Equation Currently Investigated
Wavefunction Kernel Density Estimator
Energy (E) Mean Shift Vector

Potential (V) Minima Local Density Maxima

Table 1. Comparison between Mean Shift
Clustering and Quantum Clustering

where
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i§ the Mahalanobis distance from x to x;; the gradient of
f(x) is calculated and the mean shift vector m(x) is ob-

tained: R
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The mean shift vector is an estimator of the normalized gra-
dient of the underlying density. Since it points towards the
direction of the maximum increse in the density, it can de-
fine a path leading to a local density maximum. The al-
gorithm has been proposed in [6], generalized in [7], and
achieves a high quality discontinuity-preserving filter-
ing as demonstrated in [1,2,3]. The relationship between
this algorithm and nonlinear diffusion filtering for im-
age processing applications was analyzed in [8]. It is
noted that the main difference between mean shift clus-
tering [1] and quantum clustering [4] is that a gradient is
used in the former, while a Laplacian is used in the lat-
ter as the competing force responsible for driving away
the data distribution v from its minima. Using the mean-
shift vector at each iteration for mode seeking is likely to
imporve the efficiency of the procedure. Table 1 summa-
rizes the comparison between the two approaches.

2. Application in Biological Data

Quantum clustering was applied in [5] on data sets de-
rived from three different microarray experiments in
which the gene/sample classification is known. In addi-
tion to comkparing the performance of mean shift cluster-
ing on these samples, the mean shift clustering can be tried
on other biological data sets ranging from clustering af-
ter truncation [9,5] to other accumulated data sets. Fig-
ure 1 provides an experiment example (data set taken from

Figure 1. Mean shift clustering example of a
data set taken from 24 tissues derived from a
DNA microarray experiment.

http://www.stat.berkeley.edu/users/terry/zarray) as will be
reported elsewhere.
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