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Many applications have shown the use and success of classical compartment models in estimat-
ing the states and evolution of disease spreads. Similarly, the study of Optimal Control Theory
has shown positive results in those scenarios but, sometimes, lack computational and theoretical
tractability, specially in the cases of long-term problems or uncertain scenarios. In that context,
Model Predictive Control (MPC) has become apparent, as it provides a more tractable version of a
(Stochastic) Optimal Control Problem by approximating the solution through a simplified version
of the control problem over a shorter horizon. Nevertheless, the current state or uncertainty can
affect the local optimal solution, what provides niche to the introduction of learning methods in
the process [2].

The works in [4], [1] propose approaches considering social distancing for control strategy due to
the lack of vaccines in the early stages of the SARS-CoV-2. More recently, the authors in [5] used a
learning-based MPC iterative framework for epidemic mitigation introducing a real-time strategy,
proposing the use of linear regression for parameter estimation, and testing for isolation as control
strategy. Also, as part of the MPC schema, the authors in [1] also present a state observer, an
asymptotically stable estimator of the unreliably observed states.

From this perspective, we propose a Learning-Based Model Predictive Control strategy for a
susceptible-infected-recovered-quarantine (SIRQ) model for an uncertain scenario, where one has
only reliable measures of the population in (Q)uarantine. For this work a testing for isolation
control strategy is proposed, also considered reliably measurable.

As in [5], we consider a interactive framework of parameter estimation and feedback control
computation [3]. Differently from the previous, we propose the use of a long short-term memory
(LSTM)-Based State Observer, a deep learning algorithm for sequential data, for hidden state and
parameter estimation, provided to the control computation. This kind of algorithm has previously
shown positive results in epidemic prediction, for inferring disease states and future outcomes [6].

We show how this kind of approach could be a reliable option for epidemic disease mitiga-
tion. Future works include the discussion of a more complete set of compartments, for vaccine
effectiveness estimation, and robust control under uncertain vaccination availability.

Acknowledgement
This work is part of an MSc project study suported by the FGV EMAp and CAPES, under

the advisory of professor Maria Soledad Aronna. The current research is also funded by FAPERJ
through the Jovem Cientista de Nosso Estado Programme Process E-26/203.223/2017 and by
CNPq (Brazil) through Process 312407/2023-8.

1fredson.aguiar@fgv.br
2soledad.aronna@fgv.br

Proceeding Series of the Brazilian Society of Computational and Applied Mathematics, v. 11, n. 1, 2025.

Trabalho apresentado no XLIII CNMAC, Centro de Convenções do Armação Resort - Porto de Galinhas - PE, 2024

010007-1 © 2025 SBMAC



2

References
[1] R. An, J. Hu, and L. Wen. “A nonlinear model predictive control model aimed at the epidemic

spread with quarantine strategy”. In: Journal of Theoretical Biology 531 (2021), p. 110915.
issn: 0022-5193. doi: 10.1016/j.jtbi.2021.110915.

[2] L. Hewing, K. P. Wabersich, M. Menner, and M. N. Zeilinger. “Learning-Based Model Predic-
tive Control: Toward Safe Learning in Control”. In: Annual Review of Control, Robotics,
and Autonomous Systems 3.1 (2020), pp. 269–296. doi: 10.1146/annurev-control-
090419-075625.

[3] B. L., T. Müller, H. Vietz, N. Jazdi, and M. Weyrich. “A survey on long short-term memory
networks for time series prediction”. In: Procedia CIRP 99 (2021). 14th CIRP Conference
on Intelligent Computation in Manufacturing Engineering, 15-17 July 2020, pp. 650–655. issn:
2212-8271. doi: 10.1016/j.procir.2021.03.088.

[4] M. M. Morato, S. B. Bastos, D. O. Cajueiro, and J. E. Normey-Rico. “An optimal predictive
control strategy for COVID-19 (SARS-CoV-2) social distancing policies in Brazil”. In: Annual
Reviews in Control 50 (2020), pp. 417–431. issn: 1367-5788. doi: 10.1016/j.arcontrol.
2020.07.001.

[5] B. She, S. Sundaram, and P. E. Paré. “A Learning-Based Model Predictive Control Framework
for Real-Time SIR Epidemic Mitigation”. In: 2022 American Control Conference (ACC).
IEEE. 2022, pp. 2565–2570. doi: 10.23919/ACC53348.2022.9867851.

[6] Z. Yu, K. Wang, Z. Wan, S. Xie, and Z. Lv. “Popular deep learning algorithms for disease
prediction: a review”. In: Cluster Computing 26.2 (Sept. 2022), pp. 1231–1251. issn: 1386-
7857. doi: 10.1007/s10586-022-03707-y.

Proceeding Series of the Brazilian Society of Computational and Applied Mathematics. v. 11, n. 1, 2025.

010007-2 © 2025 SBMAC


