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RESEARCH OF ORIENTATION METHODS OF AUTONOMOUS MOBILE ROBOTS IN
INDUSTRIAL CONDITIONS

A. D. Yechevskyi, S. V. Sotnik

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

E-mail: anatolii.iechevskyi@nure.ua

Annotatiom: The work analyzes the main methods of navigation of mobile robots, in particular
odometrics, computer vision, artificial markers and tags, lidar, and SLAM. their principles of
operation are considered in detail; The advantages and disadvantages of the considered methods of
orientation of autonomous mobile robots in industrial conditions are determined.

Key words: mobile robots, navigation, markers, artificial intelligence, autonomous systems.

JOCJIIXKEHHS METO/IIB OPIEHTALIIL ABTOHOMHHX MOBLIbHUX POBOTIB
Y IMMPOMHUCJIOBUX YMOBAX

A. JI. €EueBcbknuii, C. B. CoTHuk

XapKiBCbKHIl HAllIOHATBHUN YHIBEPCHTET PaliOeIICKTPOHIKH
VkpaiHa, 61166, Xapkie, np. Hayku 14

E-mail: anatolii.iechevskyi@nure.ua

Anomayia: Y po0OOTi NmpoBeJieHO aHANi3 OCHOBHMX METOJNIB HaBirarii MoOUIBHMX poOOTIB,
30KpeMa OJIOMETPHYHI, KOMIT IOTCPHOTO 30py, MITYYHHX MapKepiB Ta MITOK, JigapiB Ta SLAM. ix
JleTanbHO pO3IIAHYTO NPHHOMIM POOOTH; BU3HAYEHO [EPEBArd Ta HENONIKH PO3IIAHYTHX METOIIB
Opi€HTAIlil ABTOHOMHHX MOOLNBHHUX pO0OTIB Y NPOMHUCIOBHX YMOBAX.

Kmouoei crosa: MoOLILHI pobOTH, HABITALISI, MAPKEPH, IITYYHHH 1HTEJIEKT, ABTOHOMHI CUCTEMH.

RELEVANCE OF THE WORK. The development of industrial autonomous mobile robots is a
key direction of modern robotics [1-9]. In the face of increasing automation of production and service
processes, efficient navigation of mobile robots is a critical factor in ensuring their accuracy,
performance, and adaptability to changing environments.

The purpose of the study is to analyze the navigation methods of mobile robots, assess their
effectiveness and determine the optimal orientation methods for different operating conditions.

MATERIALS AND RESEARCH RESULTS. The orientation of autonomous mobile robots is a
key element of their effective operation in industrial environments, where accurate positioning,
reliable navigation and adaptation to changing environments must be ensured. Next, we will consider
the main orientation methods used in modern automated production systems, as well as their analysis
taking into account the specifics of industrial environments, such as the presence of dynamic
interference, variable lighting conditions and complex geometry of space.

The orientation methods of autonomous mobile robots in an industrial environment can be
classified according to several key criteria:

- according to the principle of obtaining information — contact and non-contact;

- by the type of sensors used — optical, electromagnetic, acoustic, inertial;

- if it is necessary to modify the environment — methods that require the installation of additional
infrastructure, and methods that work in an unmodified environment;

- by the nature of the information received — absolute (determine the position in the global
coordinate system) and relative (determine the change in position relative to the previous state);
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- by computational complexity — real-time methods with low requirements for computing
resources and resource-intensive methods that require high-performance computing systems.

Consider odometric methods, which are the most fundamental approaches to the orientation of
mobile robots. They are based on measuring the rotation of the wheels or the movement of the robot's
links to determine the distance traveled and change orientation.

The principle of operation of odometric systems is to count the pulses of encoders mounted on the
wheels or axles of the robot. According to the known parameters (wheel diameter, robot base), the
distance traveled and the change in orientation are calculated. Modern solutions use:

- optical encoders with a resolution of up to 10000 pulses per revolution;

- magnetic encoders with high resistance to environmental conditions;

- adaptive filtering algorithms to compensate for slippage and surface irregularities.

The advantages of odometric methods have been determined: low cost of sale; minimum
computing requirements; high data refresh rate; no need to modify the environment.

The main limitations are: accumulation of error over time and distance traveled; sensitivity to
wheel slippage; dependence on the quality of the displacement surface.

Figure 1 shows the principle of operation of an odometric sensor for reading pulses during the
rotation of wheels, axles, etc.

Crpym

!
© UL

Figure 1 — Pulse reading chart

Next, let's look at computer vision techniques that are based on processing images obtained from
cameras to determine the position of the robot and identify objects in space [10]. The basic principle
of the method is to analyze visual information to recognize markers, lines, objects or create a map of
the environment.

The method uses the following types of cameras: mono cameras for basic object recognition;
stereo cameras to assess the depth of the scene; RGB-D cameras for three-dimensional information.

For image processing, algorithms are used, such as: classical computer vision algorithms (SIFT,
SURF, ORB) to highlight special points; deep neural networks (CNN, YOLO, SSD) for object
recognition; Structure from Motion algorithms for reconstructing a three-dimensional scene. Features
of the use of computer vision in industrial settings include:

- high flexibility, which allows the method to be used to recognize complex objects and scenarios,
such as the identification of pallets or conveyors;

- sensitivity to changes in lighting, which can be a problem in industrial workshops with
insufficient or alternating light;

- significant requirements for the computing platform. The advantages of computer vision systems
are: rich information about the environment; the ability to recognize objects and obstacles; relatively
low cost of sensors; no need to modify the environment.

The limitations include: sensitivity to lighting conditions; high computational requirements;
problems with homogeneous surfaces without texture.

Next, we will consider systems using artificial markers that involve the placement of special marks
in the working environment to determine the position of the robot relative to these marks.

The main types of markers used in industrial robotics are:
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- RFID tags for radio frequency identification and QR codes and other visual markers;

- ArUco and AprilTag markers optimized for robotics;

- infrared markers resistant to changes in lighting;

- magnetic tapes and marks for precise movement.

Technical characteristics of modern systems with markers: positioning accuracy from £1 mm to
+5 cm (depending on the type of markers); reading range from a few centimeters (magnetic markers)
to 10+ meters (optical markers); data refresh rate from 10 to 100 Hz; resistance to industrial
conditions (dust, vibration, electromagnetic interference).

The advantages of systems using markers are determined: high accuracy and reliability of
positioning; relative ease of implementation; low computational requirements; resistance to changes
in the environment.

At the same time, the following limitations have been identified: the need for preliminary
modification of the environment; limited flexibility when changing routes; Token infrastructure
installation and maintenance costs.

The computer vision system from Boston Dynamics, implemented in the Spot mobile robot,
provides orientation in warehouses with an accuracy of 3 cm. The system uses a combination of
stereo cameras and deep learning algorithms to recognize landmarks and build a real-time map of the
environment (Figure 2).

Figure 2 — Spot robot with AprilTag and reflective markers [11]

Methods based on the use of lidar (Light Detection and Ranging) are among the most common for
orientation of mobile robots in industrial settings. Lidars measure distances to objects in space using
laser beams, creating an accurate map of the environment.

Features of the application of lidars in industrial settings include: high accuracy (up to 1-3 cm),
which allows them to be used for navigation in complex environments such as warehouses or
workshops; efficiency in low light conditions, which is important for industrial premises; sensitivity
to external factors such as dust, smoke or mirror surfaces reflecting laser beams.

The advantages of the method include reliability and accuracy, which makes lidars a major
component of orientation systems in autonomous logistics robots. However, drawbacks such as high
cost and the need for regular calibration limit their use in budget-friendly systems.

Simultaneous Localization and Mapping (SLAM) is a method that allows a maobile robot to
simultaneously determine its location in space and build a map of an unknown or partially known
environment. The basic principle of SLAM is an iterative process in which the robot uses sensor data
to assess its position and update the map to account for accumulated errors.

The method is based on the use of different types of sensors, such as:

- lidars (2D or 3D) for measuring distances to objects;

- cameras (mono, stereo or RGB-D) for obtaining visual information;

- ultrasonic sensors for estimating distances in simple environments.

Probabilistic algorithms are used to process data in SLAM, such as: Advanced Kalman Filter
(EKF) for position estimation and error correction; Particle Filter for working in complex and
nonlinear environments; graph methods (Graph-based SLAM) to optimize the map and trajectory.
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Features of SLAM applications in industrial settings include: high accuracy in static environments,
which allows the method to be used for navigation in workshops or warehouses with fixed
infrastructure; sensitivity to dynamic interference (e.g. people, vehicles), which may require
additional filtering algorithms; significant requirements for computing resources, especially when
using lidars or high-resolution cameras.

The advantages of the method include the ability to work in unknown environments without prior
mapping, which is essential for flexible manufacturing systems. However, disadvantages, such as
high computational complexity and sensitivity to changes in the environment, limit its effectiveness
in dynamic industrial environments.

The choice of navigation method depends on the specific operating conditions of the robot. SLAM
is the most versatile, as it allows you to work in unknown environments, but it has a high
computational complexity. Marker-based navigation provides accuracy but requires additional
infrastructure. Using a predefined map is the fastest method, but limited to static environments only.

CONCLUSIONS. The study found that each orientation method has its own advantages and
limitations. Odometric methods are the simplest and cheapest to implement, but their accuracy
decreases due to the accumulation of error. Computer vision techniques provide flexibility and rich
information about the environment, but require significant computing resources and are sensitive to
changes in lighting. Systems using markers provide high accuracy and reliability, but require
modification of the environment, which is not always advisable in dynamic industrial environments.
Lidar systems demonstrate high accuracy and efficiency even in difficult environments, however,
their high cost can be a limiting factor. The practical value of this study lies in the possibility of
choosing the most effective method of navigation depending on specific tasks and operating
environment. Further research prospects involve the use of artificial intelligence technologies to
improve the adaptability of mobile robots to changing environmental conditions. The results obtained
can be used to develop new navigation algorithms and improve autonomous mobile robots, which
will help increase their reliability and performance in real operating conditions.
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