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Guest Editorial
Introduction to the Special Issue on Intelligent

Transportation Systems in Epidemic Areas

THE COVID-19 pandemic has posed significant challenges
to transportation systems in various aspects, such as

transferring patients and medical resources, enforcing phys-
ical distancing in public transportation, and controlling virus
transmission through transportation networks. To address these
challenges, a variety of artificial intelligence technologies,
such as autonomous driving, big data analytics, intelligent
vehicle routing and scheduling, and intelligent traffic control,
have been employed in the design of intelligent transportation
systems. This Special Issue provides a forum for researchers
and practitioners to present the most recent advances in
presenting and applying intelligent technologies to promote
transportation systems in large-scale epidemics.

A number of submissions were received in response to
our open call for papers of the Special Issue. All these
papers were rigorously evaluated according to the normal
reviewing process of the IEEE TRANSACTIONS ON INTEL-
LIGENT TRANSPORTATION SYSTEMS. The selection process
considered criteria on originality, technical quality, as well as
practical significance. Totally, 12 articles were selected after
at least a double round of high-quality reviews.

In [A1], Li et al. proposed a multi-objective vehicle routing
problem (VRP) model, named VRP4E, which takes into
account not only the traditional travel cost but also the
prevention cost in epidemic situations. To efficiently solve the
problem, a novel multi-objective ant colony system algorithm
was proposed and then verified on 25 benchmarks by compar-
ing with six state-of-the-art methods. Moreover, the VRP4E in
different epidemic situations and a real-world case in Beijing–
Tianjin–Hebei region, China, were studied to provide helpful
insights for combatting COVID-19-like epidemics.

In [A2], Wu et al. developed an improved variable neighbor-
hood descent (IVND) algorithm by combining the metropolis
acceptance criterion of Simulated Annealing (SA) and the tabu
list of Tabu Search (TS), while K-means clustering and nearest
neighbor strategy are integrated for generating initial solutions.
The experiments were conducted by comparing IVND with
VND, SA, TS, variants of VND, and large neighborhood
search (LNS) on test and practical instances with different
scales, and the results demonstrated the superior performance
as well as the robustness of IVND.

For emergency preparedness in COVID-19, in [A3],
Bi et al. developed a traffic control mechanism based on
queueing theory to generate cooperative behaviors and opti-
mize resource allocation in an urban transportation system.
The experimental results showed that the introduction of the
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incentive-based traffic control mechanism can significantly
reduce hazard response time, travel delay as well as the energy
usage of the urban transportation system at the expense of
monetary rewards.

In [A4], Lv et al. explored the effect of Digital Twins (DTs)
in Unmanned Aerial Vehicles (UAVs) on providing medical
resources quickly and accurately during COVID-19. A UAV
DTs information forecasting model was constructed based
on AlexNet, which can provide smaller transmission delays,
lesser energy consumption in throughput demand, shorter task
completion time, and higher resource utilization rate.

To predict the demand of urban ride-hailing for residents’
healthy travel, rational platform operation, and traffic control
during the epidemic period, in [A5], Huang et al. presented a
deep-learning model, called MOS-BiAtten, based on encoder-
decoder network with multi-head spatial attention mechanism
and bidirectional attention mechanism. The proposed model
was evaluated on the real-world dataset during COVID-19
in Beijing, and the experimental results demonstrate that
MOS-BiAtten achieves a better performance compared with
the state-of-art methods.

In [A6], Wang et al. developed a method to mine knowl-
edge from raw Automation Identification System (AIS) data.
First, berths are identified by improved density-based spatial
clustering. Then, some data features, such as ship deadweight,
arrival time, dwelling time, ship types, etc., can be extracted
using information matching and statistical analysis. Next,
the dynamic time warping method is employed to analyze
abnormal ship behavior patterns and quantify the impacts
of COVID-19. After that, a significance test is employed to
determine an impact threshold through year-on-year analysis
on ship flow, daily throughout and berthing time of quays.
Finally, statistical analysis is used for the short-term impact
analysis. A case study based on four-year AIS data in the
Oslo port area showed that the proposed method can identify
abnormal patterns caused by COVID-19 and estimate its
impacts.

In the survey paper [A7], Karatas et al. investigated the
emerging decision problematics observed during epidemics/
pandemics under four research clusters, including 1) effects of
epidemics on transportation, 2) effect of mobility on pandemic
spread, 3) logistics and delivery systems, and 4) medical waste
management and wastewater-based epidemiology. Next, they
explored the operations research tools implemented to solve
the transportation and location-related decision problems in
each cluster.

To solve the adaptive traffic signal control (ATSC) prob-
lems in in epidemic regions, in [A8], Zhang et al. presented
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a cooperative multiagent reinforcement learning framework,
called neighborhood cooperative hysteretic deep Q-learning
network (NC-HDQN), which analyses correlation degrees
with their connected neighbors and weighs observations and
rewards by these correlations. Two NC-HDQN methods used
expert experience and Pearson coefficients to analyze corre-
lation degrees with their connected neighbors, respectively.
Evaluation on a synthetic scenario and two real-world traffic
scenarios demonstrated the proposed method gave a better
performance in almost every standard test metric for ATSC.

In [A9], Chen et al. proposed a hierarchical object asso-
ciation algorithm based on a two-level strategy. Besides,
a refinement approach was designed to choose optimal object
poses to improve the estimation of object pose as well as to
enhance the accuracy of semantic maps. The experiments on
both simulated and real hospitals demonstrated the superiority
of the proposed approach over existing state-of-the-art meth-
ods in terms of association accuracy and trajectory errors.

In [A10], Liu et al. presented a depth-sensing and recon-
struction system to address the lack of dense and accurate
360 depth datasets in the large-scale indoor environment. First,
an omnidirectional depth completion convolutional neural net-
work model was proposed to extract features from cross-
modal omnidirectional input with unequal sparsity, and deal
with the imbalanced data distribution and distortion in the
panoramic input. Second, a 3D reconstruction system was
designed to integrate the depth completion into omnidirec-
tional localization and dense mapping. The proposed method
was evaluated on 360D large-scale indoor datasets and real-
world sequences of a challenging hospital scene. The exper-
imental results demonstrated the superiority of the proposed
method compared with the state-of-the-art approaches in terms
of depth completion and 3D reconstruction.

In [A11], Wang et al. proposed a temporal–spatial aggrega-
tion embedding network (TSAEN) for multi-object tracking.
The proposes network includes a temporal-aware correlation
module (TACM) and spatial-aggregate embedding module
(SAEM), which can fully obtain and aggregate appearance
clues related to moving objects in previous frames. The TACM
learns the temporal homogeneity features of the current and
previous frames to perceive features with correlated appear-
ance cues. Then, the SAEM adjusts the spatial deformation
for each perceived temporal homogeneity feature and aggre-
gates them for re-ID embedding learning. The experimental
results demonstrated the superior performance of the proposed
method.

In [A12], Zhou et al. proposed a heterogeneous deep rein-
forcement learning algorithm based on a graph attention net-
work to navigate robots in dynamic environments, especially
in crowd and epidemic situation. The algorithm encodes the
constrained human–robot-coexisting environment in a hetero-
geneous graph with four types of nodes, and constructs an
interactive agent-level representation for objects surrounding
the robot. Also, it incorporates the dynamic constraints from
the non-holonomic motion model into the deep reinforcement
learning framework. The experimental results showed that the
proposed method outperformed four baseline algorithms and
can be easily migrated to real robots.
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