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In partial fulfillment of the terms for obtaining the PhD degree, Jilin Hu will give a lecture on the 
following subject: 
 
 

Managing and Analyzing Big Traffic Data 
—An Uncertain Time Series Approach 

 
on Thursday 14th of February 2019, 13:00, in room 0.2.13 at Selma Lagerlöfs Vej 300 

 

Abstract: 
We are witnessing a global trend towards urbanization that creates larger and larger cities. This 

development results in increased demands for mobility. At the same time, it also brings with it 

increased congestion, increased greenhouse gas emissions, and reduced air quality. 

Meanwhile, with the increasingly digitalization of vehicular transportation, notably the deployment of 

GPS devices, e.g., in smartphones and vehicle navigation devices, and sensors embedded in roads, 

massive volumes of data are generated that capture the traffic state of a road network. This data 

foundation and the above problems call for new data analysis techniques that enable high-resolution 

vehicular transportation services that contribute to addressing the problems. 

In this thesis, we adopt an uncertain time series (UTS) approach to capture both uncertainty and 

temporal dependency. We solve the following three problems: 1) data sparseness in UTSs in a road 

network; 2) decision making among several UTSs at each time interval; and 3) future forecasting for 

UTSs with spatio-temporal correlations. 

First, traffic data is uncertain and spatio-temporally sparse. It is common that one road segment may 

be traversed by several vehichles at different speeds at the same time such that an uncertain or 

stochastic weight is the most appropriate way of capturing the travel time. Yet, it is also normal that 

some road segments have no vehicle traversals during some time periods, and it is an almost 

impossible task to collect enough traversal data to cover all edges in a road network with stochastic 

weights at all times. All time-dependent stochastic weights on edges can be modeled as UTSs, we 

call this problem data sparseness in UTSs in a road network. To address this problem, we provide 

a general, data-driven Graph Convolutional Weight Completion (GCWC) framework to assign a 

stochastic weight to each edge. We further improve the performance of GCWC by incorporating 

contextual information. 

Second, UTSs on edges in a road network result in multiple UTSs for a pair of an origin and a 

destination since multiple candidate paths exist for the same pair. Therefore, we address the problem 

of selecting the optimal all paths from the set of all candidates, which we call decision making among 

several UTSs at each time interval. We develop techniques to find optimal paths with non-dominated 

costs that take the risk preferences of users into consideration. We investigate the relationships 

among risk preferences, categories of utility function, and different kinds of stochastic dominance. 

To improve the efficiency of comparing multiple UTSs, we propose a grouping strategy and a merge-

sort like procedure. 

Finally, given a partitioning of a road network into regions, we construct UTSs for Origin-Destination 

(OD) pairs. To estimate the future stochastic weights of any OD pair, we consider the problem of 

future forecasting for UTSs with spatio-temporal correlations. We propose a stochastic OD matrix 

forecasting framework that encompasses factorization, forecasting and recovery. We use machine 

learning techniques to address the data spareness problem in historical OD matrices and temporal 

 
 

 



dynamics in forecasting; specifically, we utilize Fully-Connected (FC) layers and Gated Recurrent 

Units (GRU), respectively, in a basic generic framework. Finally, we propose a dual-stage graph 

convolutional, recurrent neural network to better capture the spatio-temporal correlations in an 

advanced framework. 

We evaluate the proposed methods and frameworks by utilizing of five real data sets, four of which 

are traffic data sets from three different countries, specifically Denmark, China, and U.S.A., and four 

different places, specifically Aalborg, Chengdu City, highway toll gate in China, and New York City. 

Moreover, the data includes both GPS taxi data and loop detector data, which are two important 

sources of traffic data. The experiments conducted in each paper offer detailed insight into the 

efficiency and effectiveness of the proposed approaches. 

 
Members of the assessment committee are Professor Ira Assent, Aarhus University, Professor 
Matthias Renz, Kiel University, and Associate Professor Christian Thomsen, Aalborg University. 
Professor Christian S. Jensen and Professor Bin Yang are Jilin Hu's supervisors. Moderator 

Associate Professor Simonas Saltenis. 
 
All interested parties are welcome. After the defense the department will be hosting a small reception 
in cluster 3. 
 


