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Microplastic contamination of food and beverages has become a global concern in recent
years. As a novel approach, magnetic microrobots offer promising potential to address
microplastic separation and degradation. However, achieving precise, intelligent, and
automated navigation control for microrobots in such tasks remains a significant challenge.
This level of control is typically achieved by modeling the complex dynamics of microrobots,
the environment, and the actuation system. In this study, an alternative approach was presented
using a model-free deep reinforcement learning algorithm (DRL) to navigate a magnetic
microrobot on fluid surfaces. In order to simulate the process of reaching a microplastic
particle on the fluid surface, the DRL system was implemented to train the microrobot to
autonomously navigate from an initial position within the real-world environment to a
specified target position. A magnetic actuation system based on two permanent magnets and
one-axis Helmholtz coils was constructed to manipulate the position of the microrobot. During
the training phase, the microrobot demonstrated high accuracy and speed in achieving the
desired position. The evaluation results of the trained model also confirmed the microrobot's
success in all episodes, with an average reward of 39.02 out of 40 and a standard deviation of
0.71. These findings indicate that the control system could effectively learn an optimal policy
by employing DRL without any prior knowledge of environmental dynamics or the actuation
system.
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Smart Control of a Microrobot for Navigation on Fluid Surface and Simulation
of its Application in Microplastics Removal

EXTENDED ABSTRACT

Introduction

Over the past few decades the presence of microplastics in foods and beverages has caused irreversible
damage and disease to humans and other organisms. To address this issue, it is necessary to develop a
sustainable and efficient method of separation and degradation of microplastics. There has been considerable
interest in using microrobots in order to achieve this objective. Nevertheless, this approach faces a critical
challenge in terms of automating, intelligent, and precise control and navigation. As traditional methods are
typically based on approximate and empirical approaches, they require complex dynamic modeling of the
environment and actuation systems in order to analyze microrobot behavior. As a result of remarkable
advancements in artificial intelligence technology, reinforcement learning algorithms (RL) have been
introduced as a potential alternative method of addressing the challenge of microrobot navigation control. The
RL makes it possible to train agents by enabling them to interact with real-world environments. The objective
of the microrobot was to reach the target point, simulating the process of approaching microplastic particles
floating on the surface of a fluid. In this study, the hypothesis is to create a high-performance control system
using RL, eliminating the need to develop a specialized modeling of the magnetic field or fluid dynamics.
Material and methods

In this study, a magnetic actuation system was constructed to control a disk-shaped magnetic microrobot
in a real-world environment. Changing the angle of the magnets affects the magnetic field and gradient within
the workspace, which in turn, affects the position of the microrobot floating on the fluid surface in the xy plane.
In order to align the microrobot in the Z-direction, a Helmholtz coil was used to generate a uniform magnetic
field. In order to detect and determine the microrobot's position in the xy plane, an image processing procedure
was employed. In this study, a Soft Actor-Critic algorithm (SAC) was utilized for microrobot control. Due to
its sample-efficient capability, SAC is considered as a suitable choice, particularly in real-world scenarios. The
training process was conducted through two repetitions. After observing the microrobot's state, the agent took
action, and then the control system provided a feedback in the form of a reward or penalty primarily based on
the microrobot's distance from the target position.
Results and discussion

Through 10,000 training steps, the SAC algorithm evaluated all available actions within the environment
to determine the optimal policy for microrobot control. As a result, the agent enhances its actions in order to
achieve an optimal control strategy. During microrobot training, there was a noticeable trend of shorter episode
lengths and higher average rewards. These results show that implementing this optimal policy for the
microrobot resulted in following a shorter and quicker path to reach the microplastic position.

Conclusions

It was demonstrated that the SAC algorithm could effectively achieve an optimal control strategy for
microrobot navigation without requiring any prior knowledge of environmental dynamics, microrobot
behavior, or actuation systems.



