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Related Research
My current research centers on the area of smart transportation and urban computing, developing
innovative methodologies and applications to address efficiency, resilience, and sustainability issues in
urban transportation systems. I am particularly interested in integrating advances in machine learning
into human mobility modeling, agent-based simulation, and intelligent transportation systems.

With recent advances in information and communications technology, continuous streams of
spatiotemporal mobility and traffic data are generated in cities through various sensing technologies,
including loop detectors, cameras, RFID, cellphones, floating cars, and crowdsourcing platforms
(e.g., Google Waze). The exponentially growing urban big data provides us with unprecedented
opportunities to understand urban mobility and transportation systems in a data-driven way. However,
emerging issues are constantly challenging existing modeling frameworks. This is because most models
are either purely “data-driven” or based on strong assumptions: small-scale problem, linear system, and
stationary, homogeneous and fully-observed data, while the rich dynamics of transportation systems
(e.g., congestion propagation) is essentially ignored. 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. This evidence and the exponentially growing urban
big data are calling for innovative paradigms and techniques that can efficiently and reliably learn
from large-scale, high-dimensional, incomplete, nonlinear, non-stationary and heterogeneous
spatiotemporal mobility/traffic data generated from ICT. My long-term goal is to establish novel
and innovative computational frameworks that can learn from urban spatiotemporal “big data” and
provide advanced urban transportation applications for the operation and planning of smart and
resilient cities. My lab at McGill University aims to build reliable and efficient spatiotemporal
imputation/prediction models for advanced ITS applications and provide a state-of-the-art module to
future smart transportation solutions.

To this end, my recent research initiatives linking ICT and mobility mainly focus on developing
machine learning models for high-dimensional (in particular spatiotemporal) human mobility and
urban traffic data analytics:
Spatiotemporal transportation demand modeling. With increasing volume and complexity (in
particular dimension) in spatiotemporal mobility data, it becomes more and more challenging to
recognize the structural properties and critical features in using traditional tools and methods. To
this end, I developed a framework to characterize the complex interactions across space, time and user
features in aggregated transit smart card data (Singapore) using a probabilistic tensor decomposition
model [1]. This framework can learn latent patterns in high-dimensional urban mobility data sets
(temporal origin-destination [OD] matrix by user groups), and it is compelling in uncovering and
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reproducing the joint correlations of spatiotemporal travel behavior and user features with high
resolution.
Missing spatiotemporal traffic data imputation. The missing data problem is inevitable when
collecting spatiotemporal traffic data from ITS applications. Previous studies have shown the advan-
tages of tensor completion-based approach and Bayesian factorization in imputing missing entries in
spatiotemporal data. To this end, I proposed a fully Bayesian tensor factorization model and tested it
on a large-scale traffic speed data set collected in Guangzhou, China [2]. By using tensor structures,
our experiment shows state-of-the-art imputation performance and suggests that data representation
plays a crucial role in modeling high-dimensional spatiotemporal data sets.
Individual spatiotemporal travel behavior modeling. Characterizing spatiotemporal patterns in
individual travel behavior is an important question in urban planning and city-scale traffic control and
management. To solve this problem, I developed a spatiotemporal latent Dirichlet allocation (LDA)
model to characterize the generative mechanism of individual mobility based on a two-month licence
plate recognition data set in Guangzhou [3]. This framework can be used in recognizing routine
patterns and detecting anomalies in individual travel behavior, providing useful insights for traffic
monitoring, law enforcement, individual behavior profiling, and privacy protection [4].

Career Goals and Plan
My ultimate goal is to become a leading researcher in transportation and I would like to develop
signature directions integrating artificial intelligence knowledge with engineering domain expertise
(transportation engineering/dyanmics). In terms of research, I will work on fundamental research
questions to the operation and planning of smart transportation systems of the future, which will
lead to innovative and advanced ITS applications, helping improve urban transportation performance
and enhance urban life quality. Given that spatiotemporal mobility data is ubiquitous, the research
outcomes are expected to be valuable to other science and engineering domains and smart cities
applications.

For a professor, doing great science is necessary but not sufficient: the excellence of a professor
depends well on the quality of mentorship that he/she provides. My ultimate goal is to not only
equip my students with intellectual/technical skills but also make them independent and future-ready
researchers with critical thinking and academic skills (e.g., designing new research topics, writing
grants, communication, and collegiality).

In terms of supervision, I work closely with all members of my research team. Given the diversity
in interests, personality, and strengths of different students, I prefer an individual-based approach in
supervision and set up short-term/long-term goals accordingly for each student. I also find it very
important to provide students with enough research freedom after designing a good topic and tractable
research questions. This allows students to become increasingly independent over time. I, as the
supervisor, will help students develop their own ideas and ensure the ideas are consistent with their
objectives and strengths. I will also guide my students to recognize the reality of possible successes and
failures in their research, thus developing a sense of maturity and confidence. As a junior professor, my
personal experience tells the importance of providing career guidance. I will make a special effort in
helping students explore career opportunities (e.g., academia/industry) based on their interests, values,
skills, and strengths.
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Research Plan
Based on existing work and my recent progress, the specific research objectives are to:

• Objective 1: Develop advanced tensor learning and deep learning models for individual mobility;
• Objective 2: Develop new prediction schemes capturing long-range behavioral changes;
• Objective 3: Adapt the learning frameworks for data heterogeneity and ensure model reliability.
• Objective 4: Integrate ICT data into large-scale agent-based simulation.

Most existing spatiotemporal frameworks rely on linear and stationary assumptions, while real-
world transportation and traffic data are often nonlinear and non-stationary. Moreover, the lim-
ited number of sensors in real-world ITS applications often makes large-scale estimation problems
non-identifiable. To address these issues, I plan to establish a common computational framework
based on tensor learning and deep learning to characterize the underlying higher-order correla-
tions/dependencies in spatiotemporal mobility and traffic sensing data.

Urban transportation systems do exhibit long-range spatiotemporal dependencies (e.g., recurring
patterns at daily, weekly, and even monthly levels). Thus, a crucial and challenging research question
is to develop multiresolution learning frameworks which incorporate both short-range and long-range
dependencies.To this end, I propose to apply a hierarchical structure on top of tensor learning and deep
learning (RNN) to capture both short-range and long-range features simultaneously.

A wide variety of spatiotemporal data sets are generated from urban transportation systems. For
example, mobility flow can be organized as a fourth-order (origin×destination×time of day×traveler
type) tensor with each entry representing demand (count) and traffic speed data can be modeled as
a third-order (sensor×day×time of day) tensor with each entry denoting average speed (continuous
variable). These data sets cannot be modeled using the same framework, since travel demand essentially
follows a power-law distribution, whereas travel speed generally follows a Gaussian distribution.
Special attention should be paid to adapt models to different types of spatiotemporal data given
the underlying generative mechanisms. I plan to address the data heterogeneity issue by developing
flexible probabilistic frameworks that can accommodate different generative mechanisms, such as
Gaussian/Poison factorization, and testing them on heterogeneous data sets

This workshop will provide a great opportunity for me to interact with leading researchers in the
filed. I will take full advantage of this trip to present my research to and get feedback from fellows and
senior fellows attending this workshop.

Expectation
My short-term expectations of this workshop include:
• developing new research ideas by interacting with fellows and senior fellows;
• learning emerging research question in transportation from all fellows;
• exchanging problems and solutions (on research, supervision and teaching) with other junior fellows;
• getting valuable career advices from senior fellows.

In the long-term, this workshop will help widen and sharpen my research vision by interacting
and learning from leading researchers. In the meanwhile, I think this closed workshop will provide an
excellent opportunity to establish personal ties among all attendees. I would very enjoy an opportunity
to become friends with all fellows, and continuously sharing our research and career progress with and
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get advices and help from each other. This will be an amazing opportunity for early-career researchers.

Plan to Share Workshop Experience
The workshop will for sure give me a rich memory and experience. I will definitely share the my
experience with researchers I know during conferences, workshops, meetings, etc and other ways
of exchanging information (e.g., email). In particular, I will share my understanding with junior
researchers who will are potential attendees of future workshop.

During the workshop, if possible, I will share the workshop to my circle using Twitter, LinkedIn,
and Slack. After the workshop, I would like to summary what I learned in this workshop to a blog
post or article and share it on my personal website or medium.
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