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Abstract. We describe our own method (which we call "Graph Structured Analysis" including a series of
processes) to aim at promoting knowledge discovery towards clarifying the mechanisms of complex

phenomena from various time series data. This method is based on Bayesian networks and supports
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structurally analyzing and visualizing the relationships among multiple variables with time series data. We
show some examples of applying this method to actual time series data acquired in our development area of
automobiles. In each example, we discuss its utility while giving interpretations along engineering

viewpoints.
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The input time-series
data

!

Do the pre-processing for
categorizing the original data

Do the main processing for learning
BDeu score-based Bayesian networks
by using a tabu search algorithm

No

-l'Yes
The output of a Bayesian
network solution with the
highest BDeu score

Do the post-processing for
extracting a specific subgraph

The output of a maximal
subgraph of the original
Bayesian network

Fig. 1. The flowchart of our method "Graph Structured Analysis".
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Table 1. Each data size and structure exploration time in section 3.

N p Exploration time [s]
Subsection 3.1 500 3 1
Subsection 3.2 4000 3 2
Subsection 3.3 5750 70 180
Subsection 3.4 12800 3 3
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A visualization of an input graph A visualization of an output subgraph
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Fig. 2. An example of automatically extracting a maximal subgraph g(®) which consists of all the

higher-level hierarchy parent nodes of node xg.
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Fig. 3. 1D time series plots and 2D scatter plots for 3 nodes x;, x, and x3, and the result of analyzing

the relationship among nodes.
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Fig. 4. Measurement points (nodes) x;, x, and x3; of aerodynamic pressure fluctuations on the

simple-car model.
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Fig. 5. 1D time series plots and 2D scatter plots for 3 nodes x;, x, and xs3, and the results of

analyzing the relationships among nodes (2 cases of wind speeds of 5.0m/s and 13.8m/s).
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Fig. 6. Schematic flow image around vehicle ([17]: Fig.23).
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Fig. 8. Measurement points (nodes) of aerodynamic pressure fluctuations on the car body surface and

some images of their time series data.
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Fig. 9. Results of analyzing and visualizing the relationships among nodes.
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(a)Simple Visual task (b)Simple Auditory task
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Fig. 10. Outlines of “(a) Simple Visual task™ and “(b) Simple Auditory task”.
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Table 2. Brain activations based on MNI coordinate.
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(a)Simple Visual task (b)Simple Auditory task

Fig. 11. Results of “(a) Simple Visual task” and “(b) Simple Auditory task”.
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