A Density-Based Algorithm for Discovering Clusters in Large Spatial Databases with Noise

Martin Ester , Hans-P eter Kriegel, Jör g Sander, Xiaowei Xu

Institute f or Computer Science, Uni versity of Munich Leopoldstr . 11B, D-80802 München {ester | kriegel | sander | xwxu}@inf ormatik.uni-muenchen.de phone: +49-89-2180-{6268 | 5268 | 6268 | 6266}, fax: +49-89-2180-5246

Abstract:

Increasingly large amounts of spatial data are obtained from satellite images, X-ray crystallography or other automatic equipment. Therefore, automated knowledge discovery becomes more and more important in spatial databases. The task considered in this paper is class identification, i.e. the grouping of the objects of a database into meaningful subclasses. In an earth observation database, e.g., we might want to discover classes of houses along some river. Clustering algorithms are attractive for the task of class identification in spatial databases. However, the application to large spatial databases rises the following requirements for clustering algorithms: no or almost no requirement of domain knowledge to determine the input parameters, discovery of clusters with arbitrary shape and good efficiency on large databases. The well-known clustering algorithms offer no solution to the combination of these requirements. In this paper, we present the new clustering algorithm DBSCAN (Density Based Spatial Clustering of Applications with Noise) which relies on a density-based notion of clusters. It is designed to discover clusters of arbitrary shape and, furthermore, filters out noise as a separate class. DBSCAN requires only one input parameter and supports the user in determining an appropriate value for it. We performed an experimental evaluation of the effectiveness and efficiency of DBSCAN using synthetic data and real data of the SE- QUOIA 2000 benchmark and, additionally, we compared it to the well-known algorithm CLARANS. The results of our experiments demonstrate that (1) DBSCAN is significantly more effective in discovering clusters of arbitrary shape than the well-known algorithm CLARANS, and that (2) DBSCAN outperforms CLARANS by a factor of more than 100 in terms of efficiency.

Keywords: Clustering Algorithms, Arbitrary Shape of Clusters, Efficiency on Large Spatial Databases, Handling Noise.