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Talk Abstract

Balancing an inverted pendulum is a challenging task and a classic problem
in control theory [1],[2],[3]. Such a system is characterized by its unstability
and nonlinearity that requires precise instrumentation and control algorithms
[4]. In this work, we present the design and implementation of a stabilized
inverted pendulum system using an ESP32 embedded system, a MPU6050
gyroscope, and a PID controller. The MPU6050 gyroscope is used to measure
the tilt angle of the pendulum, providing feedback to the control system. The
PID gains (Kp, Ki, and Kd) are tuned using a trial and error approach, taking
into account factors such as rise time, settling time, overshoot, and steady-
state error. The ESP32 embedded system is chosen as the main controller
due to its powerful processing capabilities, built-in Wi-Fi and Bluetooth
connectivity, and support for various peripherals. The performance of the
stabilized inverted pendulum system is evaluated based on its ability to
maintain the pendulum’s upright position under various conditions, such
as external disturbances and changes in the pendulum’s parameters. The
integration of voice control adds a unique and user-friendly aspect to the
system, allowing for intuitive interaction and control of the inverted pendulum.

Keywords: Self-Balancing Robot, Control Theory, Microcontrollers, PID
Controller.
Acknowledgements

This work was supported by the national funds through Fundacdo para a
Ciéncia e Tecnologia (FCT), I.P. in the framework of the ICT project with



references UIDB/04683/2020 and UIDP/04683/2020. The co-author also
extends gratitude to the Foundation for Science and Technology (FCT) for
the doctoral research https://doi.org/10.54499/2020.06312.BD, grant 2020.0-
6312.BD, and Catedra CEiiA de Ciéncia e Tecnologia Aeroespacial. The
authors acknowledge ICT of University of Evora for providing the research
scope and enabling the work.

References

[1] Chaotic behavior of seismic mechanisms: experiment and observation
ANNALS OF GEOPHYSICS, 55, 1, 2012; doi: 10.4401/ag-5359

[2] Mathew, Alex & Ananthu, R & Binsy, P & Vahid, Abdul & Thomas, Ciby
& Sidharthan, S. (2021). Design and control of a two-wheel self-balancing
robot. IOP Conference Series: Materials Science and Engineering. 1114.
012058. 10.1088/1757-899X/1114/1/012058.

[3] Wanniarachchi, W. K. & Samarathunga, Piyumal. (2016). Two-Wheeled
Self balancing Robot. 6th Research Symposium, Uva Wellassa University
Volume: 978-955-0481-09-5

[4] Lopes, L.M., Gracio, C., Fernandes, S. et al. Using Couplings to Suppress
Chaos and Produce a Population Stabilisation Strategy. Regul. Chaot.
Dyn. 28, 191-206 (2023).



