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Abstract — The paper considers an approach to building a
neural network control system for mobile robots based on
EDGE platforms for Industry 5.0 applications. An architecture
combining Raspberry Pi and ESP32 is proposed for local
collection, processing and analysis of sensor information,
execution of compact neural networks and decision-making in
real time without the use of cloud services. The developed
system provides integration of modules for environmental
assessment, route planning and adaptive motion control, which
allows to increase the autonomy, response speed and reliability
of mobile robots in dynamic production environments. The
results obtained confirm the prospects of using EDGE
computing and compact neural networks for creating
intelligent robotic systems of the new generation.
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I. INTRODUCTION

In the current conditions of the development of the
Industry 5.0 concept, the creation of intelligent mobile robots
capable of autonomously performing tasks in a dynamic
production environment without constant connection to cloud
services is of particular importance [1,2]. The use of EDGE
platforms allows transferring the processing of sensory
information and decision-making directly to the board of the
robotic system, which ensures the minimization of data
transmission delays, increased reliability of operation and
reduced dependence on external network
infrastructure [3]. At the same time, the development of
compact neural networks creates the prerequisites for the
implementation of complex algorithms for computer vision,
navigation and prediction directly on low-power computing
devices, such as Raspberry Pi and ESP32, which makes this
area of research one of the most relevant for modern robotics
and cyber-physical systems [4].

Let us analyze the latest publications within the
framework of this study.

In the article, Minghui Wang, Yuchao Niu and co-authors
proposed a comprehensive review of modern learning
methods for motion planning and control of mobile robots,
focused on the implementation of the concept of embodied
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intelligence, which investigated the use of deep learning,
reinforcement learning and neural network approaches for
autonomous  navigation and interaction with the
environment [5]. The proposed approach allows to increase
the adaptability of mobile robots to complex and uncertain
operating conditions by using previous training data and
experience of interaction with the environment. The use of
the presented solutions in mobile robot control systems on
EDGE platforms for Industry 5.0 is limited due to the
significant computing resources required for the operation of
most modern artificial intelligence models, which
complicates their implementation on low-power Raspberry Pi
and ESP32 devices.

In the study by Muhammad Imran, Md. Al Billah et al.
developed a hybrid fuzzy-PID controller to improve the
accuracy of trajectory tracking of a differential mobile robot
by adaptively adjusting the control parameters according to
the current state of the system. The proposed method
provides a reduction in motion error and improves the
stability of the control system compared to classical PID
controllers during maneuvers of varying complexity [6]. This
approach is focused mainly on low-level motion control and
does not take into account the tasks of neural network
analysis of the environment, local artificial intelligence and
autonomous decision-making, which are key components of
mobile robot control systems on EDGE platforms for
Industry 5.0.

In their work, Chia-Chi Lai, Bo-Jhang Yang, and Chien-
Jung Lin proposed a hybrid control system that combines the
Deep Q-Network algorithm and a PID controller with multi-
sensor data fusion to improve the efficiency of automatic
docking of autonomous mobile robots in complex
environments. The developed approach allows to increase the
positioning accuracy, reduce the time of docking operations,
and ensure more reliable operation of the robot in the
presence of obstacles and uncertainties [7]. The practical use
of this solution within the EDGE architecture of Industry 5.0
is complicated by the orientation of the method to a highly
specialized docking task and the need to implement a
computationally complex deep reinforcement learning
algorithm.
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In the article, Wei Bi, Wei Bi, Wenjun Wang, and co-
authors investigated the problem of adaptive formation of a
group of omnidirectional mobile robots with guaranteed
convergence time and constraints on the initial parameters of
the system. The proposed method provides stable formation
and maintenance of the structure of a robotic group even in
the presence of dynamic changes and external disturbances,
which is important for multi-robot systems [8]. The presented
approach is focused on the tasks of group control and
coordination of mobile robots and does not consider the
issues of local neural network processing of sensor data,
computer vision and autonomous decision-making on EDGE
platforms. In the study, Thor Sh. Nevliudov, Vladyslav V.
Yevsieiev and Elvin A. Jabrayilzade developed an intelligent
method for planning the movement of a collaborative mobile
robot in a dynamic environment based on the VFH+
algorithm and semantic processing of LiDAR and video
camera data. The proposed approach allows to improve the
quality of navigation by combining geometric analysis of
space and semantic object recognition, which provides a
more substantiated formation of the robot's movement
trajectory [9]. Despite the high level of intellectualization of
navigation, the work does not consider the issues of building
a distributed EDGE architecture based on Raspberry Pi and
ESP32, as well as optimizing compact neural networks for
local execution of artificial intelligence algorithms in real
time.

The analysis of modern scientific publications indicates a
significant interest of researchers in the use of artificial
intelligence, neural networks, adaptive control and intelligent
planning of the movement of mobile robots [9-14]. At the
same time, most of the existing works are focused on solving
individual tasks of navigation, control, docking or group
coordination of robots and do not take into account the
comprehensive implementation of all stages of data
processing and decision-making directly on low-power
EDGE platforms. This confirms the relevance of research
aimed at developing neural network control systems for
mobile robots based on Raspberry Pi and ESP32 for Industry
5.0, which combine local processing of sensory information,
compact neural networks, autonomous route planning and
adaptive control in a single intelligent architecture.

II. GENERAL ARCHITECTURE OF A NEURAL
NETWORK CONTROL SYSTEM FOR MOBILE ROBOT
ON EDGE PLATFORMS

The proposed architecture is intended for the
implementation of an autonomous mobile robot control
system that performs data collection from sensors, local
information processing, neural network analysis of the
environment, route planning, and formation of control
actions without the use of external servers or cloud
platforms [15-16]. The developed architecture of the neural
network control system for mobile robots on EDGE
platforms is presented in Figure 1.
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Figure 1 - The architecture of a neural network control
system for mobile robots on EDGE platforms has been
developed

Let us describe the purpose of each module of the
proposed architecture of the neural network control system
for mobile robots on EDGE platforms (Fig. 1):

Sensor subsystem - provides information about the
environment and the internal state of the mobile robot using
cameras, rangefinders, inertial modules and other sensors,
forming the primary information flow for further processing.

Data acquisition and synchronization module (ESP32) -
performs real-time sensor polling, synchronizes the received
measurements and performs their primary processing before
transmission to the central computing node of the control
system.

Information preprocessing module - performs noise
filtering, normalization and reconciliation of data from
heterogeneous sensors in order to increase their reliability
and prepare for further neural network analysis.

Compact neural network module (Raspberry Pi) -
implements local execution of artificial intelligence
algorithms for object recognition, scene analysis and
prediction of potentially dangerous situations without using
external computing resources.

Environmental assessment module — generates a digital
representation of the workspace based on the results of neural
network analysis and sensor data, determining the level of
risk, passability and degree of uncertainty of individual
sections of the environment.

Route planner — calculates a safe and effective trajectory
of movement of the mobile robot, taking into account the
configuration of the environment, current constraints and
predicted changes in the situation.

Intelligent decision-making module — analyzes the results
of planning and assessment of the environment to select the
optimal strategy for robot behavior in accordance with the
task and the current situation.

Motion control loop — converts high-level navigation
commands into actuator control signals, ensuring accurate
trajectory processing and stability of the mobile platform
movement.

Executive mechanisms implement the physical
execution of the formed control influences by controlling the
motors, servo drives and other devices of the mobile robot.
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The feedback between the executive mechanisms and the
sensor subsystem provides continuous control of the
parameters of the movement and the state of the system,
transmitting current data to the control loops for correcting
the robot’s actions in real time.

The proposed architecture of the neural network control
system for a mobile robot on EDGE platforms provides the
execution of a full cycle of data analysis, navigation and
decision-making directly on board the robot, which
significantly reduces information processing delays
compared to traditional cloud solutions and increases the
efficiency of responding to environmental changes. Unlike
classical control systems that use predefined algorithms or
centralized computing resources, the proposed approach
combines the capabilities of compact neural networks, local
processing of sensor data and intelligent route planning,
which allows adapting the robot’s behavior to conditions of
uncertainty and dynamic obstacles in real time. The use of a
distributed architecture based on Raspberry Pi and ESP32
ensures a rational distribution of the computational load
between the system nodes, increases its fault tolerance and
reduces power consumption compared to solutions that
require high-performance servers or permanent network
connectivity [17-19]. Due to this, the architecture is more
effective for tasks of autonomous navigation, monitoring and
adaptive control of mobile robots in Industry 5.0
environments, where the speed of decision-making,
reliability of operation and independence from external
infrastructure are of critical importance [20,21].

CONCLUSION

The paper proposes an architecture of a neural network
control system for mobile robots based on the Raspberry Pi
and ESP32 EDGE platforms, which provides local execution
of the processes of collecting, processing and analyzing
sensory information, as well as autonomous decision-making
in real time without the use of cloud services. The developed
approach combines the capabilities of compact neural
networks, environmental assessment, route planning and
adaptive motion control, which contributes to increasing the
autonomy, speed and reliability of mobile robots in dynamic
Industry 5.0 environments. The results obtained confirm the
prospects of using EDGE computing to create intelligent
robotic systems of a new generation and determine the
feasibility of further research in the direction of optimizing
neural network models for low-power embedded platforms.
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