Anomaly detection of PM2.5 spatio-temporal data
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In the past, monitoring of PM2.5 concentration in Taiwan was mainly based on the air quality
monitoring stations managed by the Environmental Protection Administration of Taiwan. However,
there are only 77 stations in Taiwan, and it is too expensive to cover many areas. In these years,
plenty of low-cost sensors have been installed, especially the small internet-of-things sensing
devices called AirBoxes, which have been deployed across Taiwan to give a broader coverage. A
new challenge is that the measurements of these sensors are unstable and abnormal conditions often
occur. In this talk, we provide a method to detect abnormal sensors through spatio-temporal
prediction models and their residuals. Based on these residuals we can find the possible abnormal
subsequences and sensors that could malfunction. We analyzed the PM2.5 concentrations of
AirBoxes in Taichung City in 2020, and performed monthly spatio-temporal outlier detection. The
data are of large volume and messy, so the analysis was proceeded in several steps. We considered
three existing spatio-temporal prediction models, and selected the best one in the sense of mean
squared prediction errors via cross validation. Then a functional principal component analysis with
the expectation-maximization algorithm was used to cluster sensors. Finally we use an all-pairs
similarity search for time series in each cluster to identify the possible abnormal subsequences and

sensors. We have identified many sites in the industrial area, which are worthy of further follow-up.
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