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Guest Editorial
Special Issue on Challenges and Responses of

Automation Science and Engineering
to the COVID-19 Pandemic

THE COVID-19 pandemic has not only posed a significant
threat to health, life, economy, and the whole society but

also led to numerous new theoretical and practical challenges
for automation science and engineering. The goal of this
Special Issue is to bring together researchers and practition-
ers into a forum to show the state-of-the-art research and
applications in responding to the challenges and opportuni-
ties of automation science and engineering to the pandemic,
by presenting efficient scientific and engineering solutions,
addressing the needs and difficulties for integration of new
automation methodologies and technologies, and providing
visions for future research and development.

The central theme of this Special Issue is on challenges and
responses in automation science and engineering for fighting
against the COVID-19 pandemic. It presents original, signif-
icant and visionary automation papers describing scientific
models, methods and technologies with both solid theoretical
development and practical importance in responding to the
COVID-19 pandemic.

The contributions in this Special Issue can be divided into
the following categories: epidemic spread and control; medical
resource planning and scheduling; and health system design
during the pandemic. Specifically, the following papers are
included:

First, the epidemic spread and control problems are
addressed in [A1]. Scarabaggio et al. propose a stochastic non-
linear model predictive controller to determine robust optimal
nonpharmaceutical strategies to tackle COVID-19 pandemic
waves, where a time-varying SIRCQTHE epidemiological
model is used to predict pandemic dynamics. Then, based on a
nonlinear stochastic model, predictive control actions, such as
restrictions of mobility for different socioeconomic categories,
are selected to minimize socioeconomic costs. Such a model
is tested in the network of Italian regions using real data.

In [A2], Luo et al. propose a “Susceptible, Exposed, Infec-
tious, No symptoms, Hospitalized and reported, Recovered,
and Death (SEINRHD)” epidemic propagation model based
on local community structures and social contact networks,
according to the development characteristics and trend of
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COVID-19 in a Chinese community. Such a model can provide
theoretical support for emergency work of relevant depart-
ments in different periods of an epidemic to help reduce the
rate of viral transmission, and finally resulting in ending the
epidemic.

In [A3], Chen et al. present a computationally efficient
optimization framework, referred to as COSMOS COVID-19
Linear Programming (CC19LP), to study the delicate balance
between the expected fatality rate and the level of normalcy
in the community. By focusing on “key contact” to separate
high-risk individuals from the rest of the population, CC19LP
minimizes expected fatalities through optimizing the use of
available personal protective equipment (PPE), vaccines, and
social precautions. An online CC19LP tool to automatically
access county-level data has been tested for all 3142 U.S.
counties.

In [A4], Islam et al. introduce an agent-based simula-
tion model of pedestrian dynamics for classroom-type indoor
spaces, which will help evaluation of activity policies con-
cerning contact-caused risks, such as physical distancing, seat
assignment, and entry/exit policies, in these places during the
pandemic. Both risk measures on average exposure duration
and number of contacts, and logistic metrics are used for policy
evaluation, and extensive simulation experiments are carried
out to evaluate policies under different indoor layouts, class
schedules, and occupancy levels, to ensure safe operations.

Second, the pandemic presents substantial new challenges
to the health system, where the design and operation of
healthcare facilities and activities need to respond to these
challenges. Along this line, in [A5], Liu et al. study the
patient admission control problem in buffer zones established
in Chinese hospitals to prevent virus spread and transmission,
where the patients who need hospitalizations after quick
treatments can temporarily wait for COVID-19 tests and
receive healthcare servOVIDices. Using the uniformization
method to discretize the patient flow, iteration algorithms are
introduced to solve the infinite- and finite-horizon Markov
decision process (MDP) models and optimal policies.

In [A6], Prakash and Zhong investigate the management of
primary care delivery with electronic visits (e-visits), which
becomes popular during the pandemic, using queueing mod-
els. A novel analytical framework using different queueing
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models is presented to analyze the primary care delivery
system and obtain the equilibrium patient flows under different
queue-joining behaviors. Such a model enables a rigorous
analytical investigation of system configurations and their
influence on system performance, and can provide actionable
insights to facilitate e-visits, especially during the COVID
pandemic.

To improve the efficiency and sensitivity of large-scale
screening against COVID-19, in [A7], Xia et al. propose an
Adaptive Group Testing (AdaGT) method to screen individ-
uals having COVID-19 infections through RT-PCR tests with
fewer tests and high testing sensitivities. Such a method can
improve the efficiency for screening the SARS-CoV-2 virus by
adaptively adjusting testing strategies based on an estimate of
positive ratio, and guarantee a high sensitivity of the tests by
determining group sizes to ensure at most one positive sample
on average in a group. An appropriate threshold for positive
ratio estimation can achieve a minimum average of tests to be
deployed in practical applications.

In addition, medical resources, particularly, their planning
and scheduling, become critical dealing with the pandemic.
To address these issues, in [A8], Pei et al. introduce a mul-
tistage and multi-type medical service network model, which
includes screening with nucleic acid testing, further testing,
and treatment of patients with mild and severe symptoms
and critical conditions. Then, a dynamic allocation strategy
of the medical resources at each stage is proposed based on
a stochastic optimization problem, which is solved using the
fluid queueing approximation. Using the data from Wuhan,
it is shown that the proposed algorithm could result in a
guaranteed service level while keeping the healthcare system
operational.

In [A9], Li et al. present a data-driven optimization
approach for multiperiod resource planning during the spread
of epidemics. Specifically, a new SEI3H2RD spread model is
constructed to generate the most potential scenarios of an epi-
demic using historical information. Then risk-averse stochastic
programming is used to obtain an optimal resource planning
solution. It is shown that the model predictions closely fit
the outbreak data in Wuhan and the decision approach can
reduce the cost of available resources and achieve the goal of
epidemic control.

In [A10], Li et al. investigate a new multiobjective order
assignment and scheduling problem for personal protective
equipment (PPE) production and distribution during the epi-
demics. First, a biobjective mixed-integer linear program for
optimal order assignment and scheduling of PPE production
is proposed. Then, a novel method to combine ε-constraint
framework and the logic-based Benders decomposition is used
to yield high-quality Pareto solutions.

Finally, in [A11], Liu et al. address the weekly physician
scheduling problem. First, a pointwise stationary fluid flow
approximation method is used to compute the queue length.
Then an efficient two-phase approach that consists of a staffing
standard and a branch-and-price algorithm is used to solve
the problem. Such a model can help hospital managers obtain
reasonable scheduling solutions to improve service quality
without increasing physician workloads.
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