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Abstract:

In this study, a novel clustering algorithm based on the Apollonius kernel is
presented. By utilizing the graph Laplacian matrix and the k-means algorithm, this
method outperforms traditional approaches in separating clusters. In the first step, the
data are normalized to standardize the feature scales. Then, by computing the
Euclidean distance between points and applying the Apollonius kernel, the pairwise
similarity matrix is constructed. Using the k-nearest neighbor graph, only the
connections of the nearest neighbors are retained. Next, the graph Laplacian matrix is
obtained as the difference between the degree matrix and the similarity matrix. This
matrix represents the relationships between data points. By performing eigenvalue
decomposition on the Laplacian matrix, the eigenvectors corresponding to the
smallest eigenvalues are selected. The data are then projected onto a reduced space
where the clusters are more clearly distinguishable. Then, the k-means algorithm is
applied to the reduced data to determine the clusters. Finally, accuracy and other
standard clustering validation metrics are used to evaluate the quality of the
clustering. Experimental results show that this algorithm performs better than
traditional methods, especially on datasets with nonlinear structures. Furthermore,
the use of the Apollonius kernel in constructing the similarity graph improves the
accuracy of identifying local structures in the data.

Keywords: Clustering, Apollonius kernel, Laplacian Matrix, k-Means, Similarity
Matrix, Eigenvalues.
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