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STUDY OF METHODS OF DYNAMIC DESCRIPTION
OF THE ENVIRONMENT FOR COLLABORATIVE
ROBOTS-MANIPULATORS IN THE CONCEPTS OF

INDUSTRY 5.0

The relevance of the study of methods of dynamic description of the
environment for collaborative manipulator robots in the context of Industry 5.0 is
due to the need to create interactive, intelligent and adaptive production systems.
Industry 5.0 is focused on human-robot interaction, where collaborative robots play
a key role in increasing the productivity and flexibility of production processes.
Given the rapid changes in the environment in which robots operate, it is important
to develop effective dynamic description methods to ensure the safety and accuracy
of human interactions. Such methods allow robots to quickly adapt to changing
conditions and unpredictable situations, which is critical for reducing risks when
working together with operators. In addition, the development of robotic systems in
the concept of Industry 5.0 contributes to achieving a higher level of automation,
personalization and integration of cyber-physical systems, which emphasizes the
importance of research in this area. The main methods of dynamic description of the
environment of collaborative work within the concepts of Industry 5.0 are presented
in Figure 1.

The methods of dynamic description of the environment of the collaborative
robot ensure the ability of the robot to adapt to the changing conditions around it,
respond effectively to them and ensure safe interaction with a person. Given the
specificity of cooperation with people, such robots must use complex algorithms to
analyze the environment in real time and make quick decisions.
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Methods of dynamic description of the collaborative robot environment

e

Use of sensor data. Collaborative robots actively use various sensors to create a map of
the environment. They can use laser rangefinders (LiDAR), ultrasonic sensors, stereo
cameras and infrared sensors to build a three-dimensional model of the space around
them. This allows robots to accurately determine the distance to objects, the presence
of a person.

&

Methods of mapping and localization (SLAM). One of the most important methods of
dynamic description is simultaneous localization and mapping (SLAM — Simultaneous
Localization and Mapping) algorithms. SLAM allows the work to simultaneously build a
map of the unknown environment and determine its position on it, which is critical for
naviaatina in chanaina conditions and adaptina to new obiects in the work area.

Machine learning and artificial intelligence. Machine learning and artificial intelligence
algorithms are increasingly being used to analyze the work environment. Neural networks
help the robot identify objects and people in the environment, analyze their movements and
predict possible actions. This allows the operation in real time to make decisions about
changing the trajectory to avoid collisions.

B0

Image processing. Collaborative robots use computer vision techniques to detect and track

4 )objects as well as people in their working environment. Using cameras and image processing

algorithms, robots can recognize the operator's gestures, movements and postures, allowing
them to work more flexibly and accurately respond to human actions.

&

)

Adaptive trajectory planning. Robots use dynamic trajectory planning techniques that
allow them to constantly adjust their movements based on up-to-date information about the
environment. This includes adapting the route in real time to avoid obstacles, changing speed
or stopping when danger is detected.

;

Data fusion (Data Fusion). Collaborative robots often combine information from different
sources (sensors, cameras, other sensors) to obtain a more accurate and comprehensive
understanding of the environment. This method allows the robot to integrate different types
of data, improving its ability to analyze and describe the surrounding space.

;

Prediction of environment dynamics. To ensure safe and effective work interaction,
methods of predicting changes in the environment are used. They can estimate how the
location of objects or a person will change and adapt their behavior based on these
predictions. This is especially important to avoid dangerous situations.

;

Using models of human behavior: Since collaborative robots are designed to work safely
alongside humans, modeling human behavior is an important method. Robots analyze the
operator's movements, determine his intentions and adapt their actions, in particular to
maintain synchronous operation or avoid potential collisions.

Fig. 1. The main ones methods dynamic description surrounding
environment collaborative work within concepts Industries 5.0
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Collaborative works are actively used different methods for dynamic
description environment , each from whose has your advantages and disadvantages.
We will conduct analysis of each method and reveal their advantages and
disadvantages from the point sight use to describe dynamic surrounding
environment kolbota.

Using sensory data is one of key methods that allows robots to navigate in
space and find obstacles Laser range finders ( LIDAR ), ultrasonic sensors, stereo
cameras and infrared sensors create three-dimensional model of the space around
the robot. The advantage of this approach is high accuracy in definition distances to
objects and fast detection obstacles , however the cost of such sensors can be high,
and their work in conditions of dust or reflections sometimes gives false data.

Methods simultaneous localization and mapping (SLAM) is extremely
effective for construction maps a new environment , allowing work at the same time
to map space and determine actually position. This is especially useful for
navigating the unknown or variables conditions. However, SLAM requires large
computing resources resources , and in environments with many moving objects
algorithms they can lose accuracy that maybe slow process adaptation of the robot.

Machine learning and artificial intelligence algorithms provide robots with the
ability to identify objects and people in the environment, predict their actions and
make decisions to avoid collisions. Such algorithms enable robots to operate in
complex environments, but require significant resources to train and tune the
models, which can be a time-consuming process. In addition, the quality of
recognition largely depends on the quality of the training data.

Adaptive planning trajectory provides permanent adjustment based on robot
movements relevant data about the environment . It increases efficiency work in
variables conditions and allows quickly respond to the appearance obstacles.
However this method can need complex calculations that slows down process
adoption decisions in real time . Merger data from different sensors improves
precision analysis because integration different types information allows avoid false
conclusions. But it also increases complexity system and its computer requirements
resources .

Predicting the dynamics of the environment allows robots to estimate how the
location of objects or people will change, and to adjust their behavior in advance.
This is critical for security, but the accuracy of predictions depends on the quality
of the input data and algorithms. Using human behavior models is another important
technique for collaborative robots that work in close proximity with operators.
Analyzing a person's movements, the robot can predict their actions and avoid
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possible collisions. At the same time, misinterpreting the operator's intentions can
lead to undesirable results, especially in critical situations.

Conclusions. In the course of research , modern methods of dynamic
description of the environment for collaborative manipulator robots in the context
of Industry 5.0. it was found that the adaptability and safe interaction of robots with
humans are key aspects for increasing the efficiency of production processes. The
use of dynamic description methods allows robots to quickly respond to changes in
the environment and ensure reliable collaboration . The importance of further
research in this field is confirmed by the trend towards deeper integration of robotic
systems into cyber-physical production processes.
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