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Guest Editorial
Special Issue on Big Data and Al for Computational
Transportation in the Cyber—Physical-Social Space

HE past decades have witnessed the rise and power of big

data, artificial intelligence, the Internet of Things (IoT),
cloud computing, and parallel systems. These advanced tech-
niques have great potential and capacity to enable new method-
ology, applications, and dramatic improvements for current
intelligent transportation systems (ITS). To this end, develop-
ing new concepts/methodology/tools/algorithms/applications
for future ITS with these technologies become more important
and promising.

The interaction and interoperability between the real world
and virtual world are now evolving rapidly which lead ITS
into the virtual-real interaction-based parallel transportation
systems. Obviously, ITS is a typical class of cyber—physical—
social systems, in which physical and cyber elements are
tightly conjoined, coordinated, and integrated with human
and social characteristics. The IoT devices can sense phys-
ical transportation systems in real time, while the social
sensor network can monitor traffic state and behavior from
cyberspace. The generated large-scale traffic data in the cyber—
physical-social spaces have flourished in almost all aspects
of ITS, which can provide new insights and perspectives on
transportation systems analysis, modeling, and understanding.

More and more transportation management and control
tasks require sophisticated and high-performance computa-
tional methods/platforms to deal with the complexity and
dynamics of traffic environments. Here are some examples:
traffic big data processing and analytics with the video and
trajectory data, activity pattern mining with the cell phone
data, large-scale traffic simulation and traffic signal con-
trol. The tight interaction between transportation science and
engineering with high-performance computing techniques is
needed.

This Special Issue aims to provide a forum for researchers
and practitioners in academia, industry, and government to
present their latest research findings and engineering expe-
riences in developing and applying big data, Al, and high-
performance computing techniques for ITS in integrated cyber,
physical, and social spaces.

The accepted articles cover a wide range of ITS topics
using big data and AI techniques. They also cover various
transportation modes like train, ship, and road transportation.
Below is a short summary of the accepted articles.

Metro passenger flow prediction is a strategically nec-
essary demand in an intelligent transportation system.
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Graph-based neural networks have been widely used in traffic
flow prediction problems. Graph convolutional neural net-
works (GCNs) capture spatial features according to estab-
lished connections but ignore the high-order relationships
between stations and the travel patterns of passengers. In [A1],
Wang et al. utilize a novel representation to tackle this issue—
hypergraph. A dynamic spatio-temporal hypergraph neural net-
work to forecast passenger flow is proposed. In the prediction
framework, the primary hypergraph is constructed from metro
system topology and then extended with advanced hyper-
edges discovered from pedestrian travel patterns of multiple
time spans. Furthermore, hypergraph convolution and spatio-
temporal blocks are proposed to extract spatial and tem-
poral features to achieve node-level prediction. Experiments
on historical datasets of Beijing and Hangzhou validate the
effectiveness of the proposed method.

In [A2], Wang and Sun propose a dynamic framework to
model spatio-temporal traffic data, with a particular application
for diagnosing anomalies. The framework focuses on charac-
terizing the variation in system dynamics with a time-varying
vector autoregressive model. A low-rank tensor structure is
imposed to model the collection of time-varying system matri-
ces. As the temporal factor matrix captures the principal pat-
terns/signatures across all time-varying system matrices, it is a
useful tool to diagnose abnormal generative mechanisms and
unexpected temporal patterns. Experiments demonstrate the
effectiveness of the proposed tensor learning framework with
extensive numerical experiments on both synthetic data and
real-world spatio-temporal traffic speed datasets. The results
show the superiority of the proposed model in uncovering
anomalous traffic network dynamics.

Notwithstanding  their ~ socioeconomic  attractiveness,
autonomous ships (MASS) should undergo exhaustive testing
to assure liability and trustworthiness before commercial
deployment. In [A3], Bakdi ef al. present data mining
methods for extracting, analyzing, and characterizing testbed
scenarios considering risk, complexity, and likelihood factors
for simulation-based safety and compliance verifications.
Atomic test-worthy components are designed from historical
navigation conflicts where collision or grounding risk
is forecasted within a 15-min horizon. This accurate
risk prediction incorporates ship dimensions, actual
maneuverability, available sea-room, COLREGs, and traffic
separation rules. The dynamic risk graph approach represents
spatio-temporal dependencies between nested pairwise
conflicts for comprehensive modeling and analysis of
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real-world multi-ship scenarios. These developed methods are
simplified mathematically and implemented in a hierarchical
super-efficient computational algorithm. The algorithm is
validated using AIS big data, vessel registry, digital maps,
and nautical chart; It showed potential applications for
traffic analysis, autonomy testing, risk control options, and
decision-making analysis.

In [A4], Haliem et al. present a dynamic, demand aware,
and pricing-based vehicle-passenger matching and route plan-
ning framework that (1) dynamically generates optimal routes
for each vehicle based on online demand, pricing associated
with each ride, vehicle capacities, and locations. This matching
algorithm starts greedily and optimizes over time using an
insertion operation, (2) involves drivers in the decision-making
process by allowing them to propose a different price based
on the expected reward for a particular ride as well as the
destination locations for future rides, which is influenced by
supply-and-demand computed by the Deep Q-network, and
(3) allows customers to accept or reject rides based on their
set of preferences with respect to pricing and delay windows,
vehicle type, and carpooling preferences. These (1)-(3) in
tandem with each other enforce grouping ride with the most
route-intersections together. (4) Based on demand prediction,
this framework re-balances idle vehicles by dispatching them
to the areas of anticipated high demand using deep reinforce-
ment learning (RL). The experimental results using millions
of trips extracted from the New York City Taxi public dataset
show the effectiveness of this approach in real-time and
large-scale settings.

In [AS5], Yuan ef al. address the speed—distance trajectory
tracking control problem for railway trains to facilitate the
effectuation of automation train operation (ATO). By propos-
ing a new virtual parameter learning-based approach,
we develop an adaptive control that exhibits twofold new
features with comparison to the existing literature: 1), while
the nonlinear operational resistance and railway line gradient
profile are unknown, the proposed control not only bears a
quite computationally inexpensive simplicity in structure but
also achieves accurate tracking control with respect to the
speed—distance trajectory benefiting by the virtual parameter
learning approach and requiring no function approximators
with a linearized structure to cope with the uncertain dynamic
nonlinearities in real time, and 2) by introducing a nonlinear
error transformation, the protection enveloping problem, which
is generally introduced by the onboard automatic train protec-
tion and wayside subsystems, operating independently from
the ATO subsystem in practice, are considered explicitly to
the control design for ATO for the first time. By invoking the
Lyapunov stability theorem, the resulting closed-loop system
is guaranteed to be globally stable with rigorous analysis and
proof.
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