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Abstract: This talk will describe new approaches to monitor traffic for extreme congestion 
triggers ranging from incidents to city-scale disasters. While the field of traffic monitoring has 
advanced rapidly over the last several years due to falling sensing, communication, and 
computational costs, several holes remain which have high impact on operational efficiency and 
safety. This talk will describe potential solutions for monitoring extreme congestion events in 
terms of improved sensing technologies and better algorithms to extract information from the 
existing data streams. 
      
First, we show the traffic state estimation problem can be linked to the traffic incident detection 
problem, resulting in a unified framework to solve both problems simultaneously. The joint 
problem is posed as a hybrid state estimation problem, and a multiple model particle filter is used 
to estimate the state while accommodating the nonlinearity and switching dynamics of the traffic 
flow model under incidents. Experiments on field data show the joint framework can improve 
both incident detection capabilities and post incident traffic state estimation. 
      
Second, we will discuss estimation methods for the emerging problem quantifying the resilience 
of the city-scale traffic network to extreme events such as natural disasters using only GPS data 
readily available from taxis. The method works by estimating the hourly traffic state from the taxi 
data, then solving a low rank plus column sparse matrix decomposition problem on the traffic 
data matrix.  Using a dataset of 697 million taxi trips in New York City, the analysis indicates 
that Hurricane Sandy impacted traffic conditions for more than five days and caused a peak delay 
of two minutes per mile. Practically, it identifies that the evacuation caused only minor 
disruptions, but significant delays were encountered during the post-disaster reentry process.  
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