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Abstract: Spatiotemporal mobility/traffic data, which registers timestamped travel activity/traffic state (e.g.,
flow and speed) observations from different locations (a network of sensors/zones), is an essential input to a
wide range of intelligent transportation systems (ITS) and urban planning applications, such as travel demand
prediction, trip planning, travel time estimation, route planning, ride sharing, transit service scheduling, signal
control, and disruption management. These applications are critical components of smart transportation of the
future, benefiting both travelers and transport agencies. The fundamental of modeling spatiotemporal
mobility/traffic data is to characterize the higher-order correlations/dependencies within the data and perform
efficient and reliable imputation/prediction for decision making. However, despite the abundance of modeling
techniques, emerging issues are constantly challenging existing modeling frameworks, such as small-scale
problem, linear system, and stationary, homogeneous and fully-observed data. As a result, in real-world online
applications, these methods often suffer from many practical issues, such as limited scalability, failure in
capturing multiresolution (short-range and long-range) dependencies, missing/non-stationary data problems, the
limited number of sensors, and data heterogeneity. In this study, we develop Bayesian temporal matrix and
tensor factorization (BTMF and BTTF) models for both missing data imputation and traffic forecasting. Comparing
to the traditional Bayesian matrix or tensor factorization models, BTMF and BTTF take into account temporal
dependencies among time slots of time series sequence, and BTTF is a higher-order extension for multi-
dimensional data. Both two models are fully Bayesian, which are capable of learning from sparse data and
estimating unknown data (i.e., missing data in the past and unknown data in the future).
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