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Abstract of Thesis

Real-world data are usually in the form of spatio—temporal data, such as weather systems, transport
demand, and disease outbreaks. However, the complexity of this type of data means that analysis
techniques are not as well established. Identifying relationships, specifically causal relationships
within the spatio—temporal data can yield further understanding of natural phenomena, but the area is
not well understood. This work proposed a method to extract causal relations of clusters from multi—
dimensional event sequence data. The proposed Granger Cluster Sequence Mining (G-CSM) algorithm
identifies the pairs of spatial data clusters that have causality over time with each other. It
extended the Cluster Sequence Mining algorithm, which utilized a statistical inference technique to
identify occurrence relation, with a causality inference based on Granger causality. In addition, the
proposed method utilizes a false discovery rate to control the significance of the causality. The
method was tested using both synthetic data and semi-real data and can extract embedded causal
relations with high F-scores over different sets of data even under high spatial noise. False
discovery rate also helps to increase the accuracy even more under such cases and also makes the
algorithm less sensitive to the hyper—parameters. Furthermore, a local density estimation procedure
was also proposed. This procedure is a pre—processing step to the vector autoregressive modeling of
point—-process data, a process which was used during Granger causality inference in the proposed
algorithm, by applying a density estimation. Results on synthetic data showed that the procedure
improved model accuracy, especially under sparse data
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