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THE METHOD DEVELOPMENT
FOR CONTROLLING THE MOBILE PLATFORM WITH FOUR STEERING WHEELS

The subject matter is a method for determining the robot trajectory with four steering wheels to reach a given point
on a terrain map. The research goal is to develop a method for determining the orientation of the wheels depending on the
trajectory of the mobile platform to increase the maneuverability of an autonomous robotic vehicle in a limited production space.
Tasks to be solved: to analyze similar solutions, describe the proposed design of the steering unit mechanism for a mobile robotic
cart, describe the kinematics of a mobile robot with four steerable wheels, develop an algorithm for the steering unit control module,
propose a method for controlling a mobile platform with four steerable wheels, and perform experimental studies on the
application of the proposed method. Scientific novelty: a method for determining the orientation of the wheels to reach a given
point on the terrain plan has been proposed. An algorithm for performing calculations using a software tool has been developed.
A mathematical justification for the method of controlling individual wheel blocks of a mobile platform has been provided.
Methods of the study: modeling methods and automatic control theory, methods for describing linear dynamic systems, analytical
modeling methods, computer modeling in the Matlab/Simulink environment. Results and conclusions: The mobile platform
movement principle using four independent steering wheels is considered. A method for determining the orientation of the
steering wheels depending on the trajectory of movement is proposed, which is based on the geometric analysis of the position
of the platform and the target point, which allows calculating the angle of rotation of each wheel in such a way as to ensure
movement to a given point without lateral slippage. A mathematical model of the control system is built, a structural and
functional diagram is developed, an algorithm for processing commands, calculating the angles of rotation is described, and
a three-level control system is implemented: linear speed, wheel orientation angle and angular speed of the entire platform.
The developed mock-up sample of the mechatronic steering wheel assembly is described. The simulation conducted in the
Simulink environment confirmed the operability of the proposed system.
Keywords: mobile robot; AGV; intelligent manufacturing; control method; automated system.

Introduction

In modern manufacturing environments, automated
guided vehicles (AGVs) play a key role in intra-shop
logistics, cargo transportation, and production line
maintenance. However, the effective use of AGVs is
often complicated by the specifics of the premises:
limited space, narrow aisles, a large number of
obstacles, and the need to perform precise maneuvers.
Mobile transport robots operating in confined spaces,
such as warehouses and factory floors, have strict
requirements for omnidirectional mobility. Currently,
various drive units have been developed that can move
in all directions [1-5]. The two most common
technologies that solve the problem of omnidirectional
movement can be distinguished: omnidirectional
Wheels [6] and rotary steering wheels [7].

The technology of using four steering wheels (4WS)
opens up new opportunities for improving the
maneuverability and precision of control of mobile
platforms. The basic idea of 4WS is that each of the
four wheels is not only driven by a separate motor,
but can also change its angle of rotation independently

of the others. This allows the AGV to perform complex
maneuvers, including:

— circular movement with a minimum turning radius;

— "crab movement" (lateral movement of the entire
platform);

— U-turn on the spot;

— precise positioning in the loading or service area.

In production facilities with narrow aisles, this
allows you to reduce the area required for maneuvering,
which, in turn, increases the density of equipment
placement and optimizes logistics routes. In addition, by
reducing the number of reverse movements, the load on
the drive mechanisms is reduced, energy efficiency is
increased and wear on the platform elements is reduced.

Intelligent control systems used for AGVs with
four steering wheels are able to process sensor data,
analyze trajectories and make decisions in real time.
This ensures safe navigation in a dynamic environment,
collision avoidance, and adaptation to environmental
changes. This technology is especially effective for
robots working in warehouse complexes, in electronics or
pharmaceutical production, where space constraints
are tight and movement accuracy is critical.
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This study is relevant because mobile platforms
with four steering wheels have increased maneuverability
in a confined space compared to traditional wheeled
and even tracked types of control. However, such
platforms are not yet very widespread due to the
complexity of their control methods. The complexity of
the control methods is due to the peculiarities of the
kinematic scheme of the mobile platform, in which each
wheel turns a certain angle independently of each other.

The goal of the work is to develop a method for
determining the orientation of the wheels depending on
the trajectory of the mobile platform to increase the
maneuverability of an autonomous robotic vehicle in
a limited production space. The object of the study is
an automated system for controlling the movement
of a mobile platform. The subject of the study is a method
for determining the trajectory of a robot with four
steering wheels to reach a given point on the terrain map.

Research task statement: to achieve the goal, it is
necessary to analyze similar solutions, describe the
proposed design of the mechanism of the steering wheel
block for a mobile robotic cart, describe the kinematics
of a mobile robot with four steering wheels, describe
the developed algorithm for the operation of the steering
wheel block control module, describe the proposed
method for controlling a mobile platform with four
steering wheels, and perform experimental studies on the
application of the proposed method.

Analysis of last achievements and publications

A wheeled platform with independent drives and
steering capabilities has several key advantages that make
it particularly effective for mobile robots in various
applications. Independent control of each wheel allows
the robot to perform complex maneuvers, such as turning
on the spot or moving in a tight space. This is especially
important for tasks where space is limited, such as in
production and warehouse facilities with narrow aisles.
Thanks to the independent wheel drive, the platform
can easily adapt to different surface conditions and
provide reliable traction with it. This reduces the risk of
slipping, allowing precise control of movement even on
uneven or slippery surfaces. Steering of each wheel
allows you to configure different movement modes,
such as parallel control to reduce the turning radius or
crab movement, where all wheels turn at the same angle
for lateral movement. This significantly expands the

possibilities of using a mobile autonomous robot
in various scenarios of its use.

In works [8-10] a comparative analysis of different
types of kinematic schemes of mobile robots is presented
(Fig. 1). Scheme 1 shows an example of the
implementation of a three-wheeled mobile robot with
a motorized rear wheel drive and a neutral steering
front wheel, with which the direction of movement
is controlled. Scheme 3 shows an example of the
implementation of a three-wheeled mobile robot, in
which a front drive steering wheel with a motor is
used. The rear wheels in this scheme are neutral
without motors.

M

4 k) 6

Fig. 1. The mobile robots main kinematic schemes classification:
M — Motor wheel; N — Neutral wheel;
MS — Motor and Steering wheel

Scheme 3 is a classic implementation of a mechanism
with differential control (Differential Drive) [11]. In such
a scheme, each wheel has its own separate drive (motor),
but the direction of movement and turns of the robot are
achieved due to the different speeds of rotation of the left
and right wheels, without turning the wheels themselves.
The advantage is a simple design, high maneuverability,
the ability to turn in place, but the disadvantage is the
complexity of control on uneven surfaces.

Scheme 4 uses four independent wheels, each of
which can rotate. This is the so-called four-wheel scheme
with independent wheel control (Four-Wheel Independent
Steering and Drive) [12]. Each wheel has its own drive
and can be independently controlled. This allows you to
control the direction of movement of the robot without
having to turn the entire platform. The advantage is high
maneuverability, the ability to move sideways (crab
movement), the ability to turn in place, but the
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disadvantage is the complex design and the need for
complex control.

In scheme 5, steering is achieved using Ackermann
Steering [13]. This scheme is used in cars and has
motorized front wheels that turn and rear wheels that
move straight. Turning is achieved by changing the
angle of the front wheels. The advantages are stability
at high speeds, effective steering over large areas.
The disadvantages include poor maneuverability in
confined spaces and the inability to turn on the spot.

Scheme 6 is a tracked platform where tracks are
used instead of wheels, which allows the robot to move
over complex and uneven surfaces (Tracked Drive) [14].
Tracks can be controlled using the differential control
principle. The advantage is high cross-country ability and
ability to overcome obstacles. The disadvantages of
such an implementation are limited maneuverability
compared to wheeled platforms, high friction.

The studies conducted in [8] showed the
effectiveness of a wheeled platform with independent
drives and the ability to steer.

The article [15] discusses the development of
a new control strategy for a four-wheeled mobile robot,
which allows it to accurately follow the route in off-road
conditions, while maintaining the desired orientation and
avoiding lateral slippage. The main goal of the study is to
develop a method that will not only provide the robot
with the ability to follow the trajectory, but also help
maintain the desired orientation of the robot,
compensating for the effect of slippage, which is typical
for off-road conditions. Also in this work a new approach
to control the angles of rotation of the front and rear
wheels using the strategy of “parallel control” is
proposed. To increase the accuracy of control in sliding
conditions, it was proposed to independently control the
angles of rotation of the front and rear wheels. The rear
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wheels are responsible for the correction of lateral
deviation, while the front ones control the orientation of
the robot relative to the trajectory. To implement this
strategy, two control laws are used, based on the
backstepping method, which allows to achieve both the
required trajectory and the desired orientation.

A feature of the proposed solution is the use of
an observer to estimate the side slip angles. This allows
to increase the control accuracy, taking into account the
adhesion conditions with the surface and adjusting
the algorithms based on the current slip conditions.
The application of the developed strategy is promising,
in particular, for solving tasks where mobile robots must
perform tasks in confined spaces or on rough terrain.
The results of the simulations confirm that the
combination of the observer with the control laws based
on the backward search method allows the robot to
perform complex maneuvers with high accuracy.

In [16], the design of a mechatronic system of
a four-wheeled robot with independent control of each
wheel and a mechanism of fault-tolerant feedback by
odometry is described. To perform tasks in a confined
environment, the authors decided to use a platform
with independent control of each wheel (4WS), which
provides high maneuverability and efficiency of
movement. One of the key design tasks was to
synchronize eight electric drives to provide independent
control of the movement and rotation of each wheel.
This allows the robot to perform complex maneuvers
in confined spaces. To implement these tasks,
an embedded controller based on an embedded PC
is used to provide the necessary computing power.

The article presents a 3D model and kinematic
diagram of the mobile platform, and provides
a description of the rotary unit for four independent
wheels (Fig. 2).
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Fig. 2. Proposed design of a mobile robot with four independent swivel wheels [14]:
a) 3D model of the mobile robot; b) design of the swivel wheel mechanism
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The kinematic models presented in the article are
used both for calculating motion control signals and for
estimating the robot speed. Special attention is paid to
solving problems with odometry and fault-tolerant
estimation of the robot speed and position. The authors
note that the developed system provides high
maneuverability and reliability in difficult conditions.
Fault tolerance is achieved due to special kinematics
estimation algorithms that allow ignoring incorrect
sensor data and maintaining operability even in the
event of partial equipment failures.

In [17], a motion control algorithm for a four-wheel
autonomous steering system (4WS) is presented, which
independently controls the steering angles of the front
and rear wheels. This capability allows the use of three
different driving modes: forward steering mode, crab
steering mode, and symmetrical steering mode.
The proposed algorithm effectively uses these modes
to achieve precise maneuverability, facilitating accurate
navigation to the target location. The authors conducted
a kinematic analysis of a four-wheel steered vehicle,
focusing on its motion characteristics.

A separate task should be to plan the trajectory of a
mobile autonomous robot with four independent swivel
wheels. In [18], a description of the trajectory planner
method based on the adaptive control strategy for a four-
wheel steering autonomous vehicle (4WS) is presented.
The article describes two control strategies for following
the trajectory of a mobile robot with four steering wheels
based on the feedback control method. In [19], a method
for controlling a four-wheeled vehicle with steering
wheels is proposed based on the calculus of variations,
and the corresponding optimal path is selected according
to a predefined objective function. In [20], a new
approach to local path planning for an independent
mobile base with four wheels (I14WS) is presented.
The proposed method adaptively steers and rotates the
platform, continuing to follow the given path and
avoiding obstacles. The implemented predictive control
model (MPC) generates optimized trajectories to avoid
collisions up to several meters ahead, taking into account
a set of data on a predefined trajectory, using the method
of laser reading of the surrounding space.

Method for determining the orientation of the wheels
depending on the trajectory of the mobile platform

In the process of moving a mobile platform, the
tasks of changing the rectilinear direction of movement

arise. For this purpose, various principles of constructing
steering mechanisms are used. In our work, the principle
of control with four independent swivel wheels is
considered. Fig. 3 shows a Kkinematic model of
a mobile platform with four wheels that can change
the angle of rotation.

This kinematic model is characterized by the fact
that the perpendicular lines to each wheel meet at
a single point, which is the center of rotation of the
mobile platform. This condition guarantees a rotation
without the effect of slipping. The intersection

point C(x,y) is the center of rotation or the

instantaneous center of rotation of the robotic vehicle.
It can change during the movement — for rectilinear
movement, the radius from C(x, y) to each wheel has
an infinite length, while for motion in place it is equal
to the distance from the center of the wheel mounting
to the center of the platform M (x,, v, ).

The center of mass of the robotic vehicle
M(X,,Yy,) rotates along a circular trajectory with
aradius R, as well as a linear velocity V and an angular
velocity @. The distance between the front and rear
axles is the wheelbase 1, the distance between the wheels
of one axle is the track d . Each wheel has a linear
velocity vector V, and a rotation angle J;, which is

measured between the longitudinal direction of the
robotic vehicle and the direction of the steering wheel.

Fig. 3. Kinematic model of a moving platform with four wheels
that can change the angle of rotation

The problem being solved has the following initial
requirements. For a platform located at point M (X,,Y,),

and currently having a velocity vector v (Fig. 4), it is
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necessary to determine such a rotation angle for each
wheel so that it reaches point 7'(x;, y,).

The following method
the problem.

On the map of the area, the coordinates of the
location of the mobile platform and the desired point
to which it is necessary to move this platform
are determined.

If the target point is not on the axis of the velocity
vector v, then it is necessary to find such a position of
each steering wheel to ensure smooth rotation of the
platform during movement to this point.

is proposed to solve

Tixs, y1)

0L IO

Fig. 4. Mobile platform movement trajectory

At the next stage, it is necessary to find the
coordinates of the center of the circle C(x, y), on which

the trajectory of the platform movement lies (Fig. 5).

v

Fig. 5. Coordinates of the center of the circle C (x, y) ,on
which the trajectory of the platform movement lies

When determining the center of the circle, it is taken
into account that its center is always located on the
axis emanating from the geometric center of the
platform (Fig. 5), perpendicular to the velocity vector v.

To calculate the value of the radius R, it is
necessary to determine the angle of inclination of
the trajectory of motion « (segment MT in Fig. 6).

Vv

Fig. 6. Radius R calculation

By the law of cosines we get:
d? = 2R*(1-cos(2c)), 1)

where d is distance between the center of the mobile
platform and the target point, R is the radius of the circle
on the boundary of which points M and T lie; « isthe
angle between the velocity vector v and the line d .

Let us rewrite (1) as follows:

d? = 2R*(1-cos(2a)) = 4R’sin’ a, )

Now from (2) we find R:

d
 2sina )

In order for the platform to reach point T,
knowing the radius of the circle that is the trajectory
of its movement, it is necessary to determine the angle
of rotation of each wheel.

Let us consider the procedure for determining
the angle of rotation of each wheel. To do this, we will
build a geometric model that describes the behavior
of the wheel during its rotation. Such a model for
one wheel is shown in Fig. 7.

The main task in this case is to find the coordinates
of the center of the wheel W, relative to the coordinates

of the center of the mobile platform M . When we know
this coordinate, we can draw a segment W,C from the

center of the circle of the platform's trajectory.
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The direction of rotation of the wheel will be
normal to the segment W,C .

In the general case, the platform will be in
an arbitrary position relative to the central axis, which
is the base for the terrain map and parallel to one
of the x or y axes in the coordinate system. In this case,

it is necessary to take into account the angle of rotation
of the entire platform « (Fig. 7).

Fig. 7. Geometric model describing the behavior of the wheel

In Fig. 7 D,, is the distance from the center of the
platform M to the line connecting the centers of the
front wheels. L, is the distance between the central
axis C,, of the platform and the center of the wheel W, .

The x coordinate of the point C, , which is the
center of the segment connecting the centers of wheels
W, and W, (Fig. 3), is calculated by the formula:

Cyx=C,-D,cosa, @)
where « is the angle of rotation of the mobile platform
relative to the base axis; D,, is the distance from the

center of platform M to the line connecting the centers
of the front wheels.

The y coordinate of point C, is calculated

similarly, but instead of cosine we use sine:
Cyv,=C,-Dysina. (5)
Finally, the coordinate of the wheel center W,
can be found using the;
W,, =C, —L,, cos(a—90), (6)
where L, is the distance between the central axis C,

of the platform and the center of the wheel W, .

The coordinate of the wheel center W, is found

by the formula:
W, =C, - L, sin(a-90), (7
The angle of rotation of the wheel is found as the
normal to the radius extending from the center of the

wheel W, , , to the center of the circle C, .

To find the normal, we need to know the diameter
of the wheel. Fig. 8 shows a schematic diagram
of the main parameters of the mobile platform for
calculating the angle of rotation of the wheel.

The coordinates of points D,, and D,, are

calculated using the formulas:

C, -W,
DWa :Wl,x - DW L = 2! (8)
\/(cx W, ) +(c, -W,,)
Cx _Wl X
Dy ~W,, - D, ' ©

J(ew) +(e,-w, )
where D,, is the wheel diameter; W,, is x coordinate
of the wheel center; W, is y coordinate of the wheel
center; C, is X coordinate of the trajectory circle center;
C, isy coordinate of the trajectory circle center.

The wheel rotation angle ¢, is calculated as the

angle between the central axis of the mobile platform,
which is represented by points P, and P,, and the

vector V, connecting points D,, and D, .
6, =197 (Dysy =Dy Dia =Dy ). (10)
0,=tg*(P,,~R,.P,-R,). (11)
where D,, and D, are the points that define the

diameter of the wheel; P, and P,, are the points that

fy
define the length of the platform along the main axis.

Pf
)

1

,’F’b

Fig. 8. Calculation of the wheel rotation angle
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The modulus of the difference between the values
of 4, and 6, is calculated by the formula:

d, =|6,-6,, (12)
The wheel rotation angle o, is calculated

by the formula:
8, =min{d,,[180—d,|}. (13)

Design of the swivel wheel unit mechanism

To build our own mechanism for the swivel unit,
existing designs of similar solutions were analyzed.
The MK4 Swerve Module [21] is an example of
an SDS Swerve drive. The MK4 is equipped with
a 1.5-inch wide swivel wheel. The MK4 uses a set
of SDS 2nd generation bevel gears to drive the swivel
wheel (Fig. 9). The MK4 uses a centrally located steering
encoder to directly measure the angle of rotation without
the use of gears. This eliminates encoder backlash
and reduces the complexity of the design.

Driven motor Steering

wheel motor

Mechanism with
angular gear

Steering wheel

Fig. 9. SDS swivel wheel design

The compactness of the design is achieved by the
vertical arrangement of the wheel drive motors and the
rotation of the entire mechanism relative to the platform.

Fig. 10 shows an example of the implementation
of the swivel wheel mechanism using the differential
construction principle [22].

This configuration of the drive motors allows for
a reduced height of the mechanism, which is suitable
for the implementation of autonomous mobile robotic
platforms for warehouse purposes. Such mechanisms
can be located in the corners of the platform.
The MK4i module inverts the motors on the
MK4 module to a lower position, where they do not
interfere  with other components of the system.
Thus, the overall height and center of gravity are lower.

The MK4i module also moves the wheel further into the
corner of the chassis for a wider wheelbase, which
provides more stable operation of the mobile robot. Since
the wheel is moved to the area usually occupied by the
frame, the MK4i includes an auxiliary plate for proper
placement in the chassis.

Driven motor

Gear-based drive

Fig. 10. Differential drive of the swivel wheels

Thus, the considered examples of the
implementation of swivel wheel mechanisms showed
that each design has its own advantages for a certain
sector of application and can be changed depending on
the purpose of the end device. This work proposes
a universal design of a mechatronic module that uses
the advantages of a parallel arrangement of motors
to simplify the implementation of the wheel drive,
and a differential one, which is characterized by
a lower height.

Fig. 11 shows the proposed design of the swivel
wheel unit.

This design uses a gear mechanism to rotate the
wheel relative to the chassis (Fig. 11, a). Using
a mounting plate, the wheel rotation unit is attached to the
chassis with four screws. Thanks to the drive gear, which
is mounted on the axis of the stepper motor, rotation is
carried out to a given angle. The gear of the rotation
angle sensor (Fig. 11, b) rotates synchronously with the
drive gear, through the main gear. The rotation angle
sensor is built on the basis of a multi-turn variable
resistor. The rotating wheel is driven by its own motor.
A belt drive is used to connect the wheel with the motor.

The entire mechanical part of the rotating wheel unit
is mounted on a base plate (Fig. 11, a, b), which rotates
relative to the axis on which the main gear is mounted,
which is rigidly attached to the chassis of the mobile
robot. An electronic control unit based on
a microcontroller is also mounted on the base plate.
This unit receives commands from the central control
unit via the RS-485 interface and Modbus protocol.




142

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2025. No. 4 (34)

Mounting plate
X

Main gear _Driven gear

‘Wheel fork
N

Steering
wheel motor »
Position sensor
gear

\ Steering wheel
position sensor

Belt /

transmittion “\Steering wheel

Fig. 11. Proposed design of the swivel wheel unit:

Mounting base

WMounting plate

Main gear\ Driven gear

Position sensor ___——
gear

s

“"Support bearings

Steering wheel Mounting base
i r

position sensor

.
S
Driven motor

4 “Wheel fork
Steering”
wheel motor

Belt
transmittion

\\
“Steering wheel

b)

a) view of the gear mechanism for rotating the wheel; b) view of the location of the motors and the rotation sensor

Description of the operating principle
of the automated system for controlling the position
of the steering wheel unit

Fig. 12 shows a block diagram of the motion control
system of a mobile transport robot with swivel wheels.

The central control unit performs the function of
collecting information from the local navigation
subsystem and transmitting commands to the executive
modules. It coordinates the operation of the turning wheel
units, based on commands from the remote control or the
autonomous navigation subsystem. At each step,
depending on the current location coordinate on the
map of the production facility, the angle of rotation of
each wheel is calculated. The obtained parameters are
transmitted using the RS-485 interface and the Modbus
protocol to each individual turning wheel unit.

The autonomous navigation unit is responsible for
the automatic movement of the robot according to the
programmed route or built-in navigation algorithms
(for example, using GPS, lidar, ultrasonic sensors, etc.).
It can determine the current trajectory of movement
and the position of the robot in space and transmits
this information to the central control wunit for
further processing.

Independent turning wheel control units directly
control the drives of each wheel. They receive commands
from the central control unit and autonomously regulate
the rotation speed and angle of rotation of the wheels.
Thanks to this architecture, each wheel can move
independently, which allows the robot to perform
complex maneuvers, such as turning on the spot or crab
movement (sideways movement).

Main control |
unit
Autonomous | ] Remote control
navigation unit unit
Front right .
g Rear right wheel
wheel control —@ *— .
. control unit
unit
Front left wheel Rear left wheel
control unit control unit

Fig. 12. Block diagram of the motion control system
of a mobile transport robot with swivel wheels

Fig. 13 shows a diagram of the control algorithm for
the rotary wheel module. At the beginning of the work,
the wheel is set to the initial position. The initial position
is considered to be the position when the limit sensor
installed on the base is triggered. All other positions
of the wheel are counted from this position.

After finding the initial position, the wheel is moved
to the middle position. The middle position is considered
to be the position in which the wheel is oriented
clearly parallel to the direction of movement of the
mobile platform.

When the module completes the calibration
stage, the module controlling its operation goes into the
waiting mode for commands from the main controller.
Upon receipt of a command from the controller, it is
processed and the specified angle of rotation of the
wheel is determined.
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Fig. 13. Swivel wheel module control algorithm

In case of receiving a specified angle, the process
of rotating the wheel to the specified position is started.
This position is determined by the number of pulses
to the stepper motor from the control module, and is
also controlled by data from the rotation angle sensor.
After reaching the specified position, the stepper motor
stops and holds the wheel in the specified position,
and the control module transmits a data packet to the
main controller to confirm the operation of performing
the wheel orientation.

Fig. 14 shows a diagram of the algorithm for
synchronous control of the complex of rotating
wheel modules.

At the beginning of operation, the initial position
of the wheels is initialized. For this, a corresponding
command is issued, which is recognized by each
individual rotation module. Each module, independently
of each other, executes the initialization command
and reports this to the main module at its request.

The main module sequentially polls each rotation
module and checks whether it has reached the initial
position. Only after taking the specified position, the
program proceeds to the stage of directly controlling the
movement of the mobile platform. The determination
of a certain angle of rotation of each wheel is based on

data from the main control unit, which is responsible for
laying the path. Typically, such a module is implemented
on the basis of a Raspberry PI mini-computer.

—

Initializing the Determining the
starting position of angle of rotation of
the wheels each wheel
N=0 N=0
Checking the initial Checking the
orientation of the achievement of the set
Nth wheel angle by the Nth wheel

Has wheel N
completed
the turn?

Has the N-wheel taken
position?

N=N+1

N Yes

T Yes
Expecting coordinates
from the pathfinding
module

Are the coordinates
received?

Fig. 14. Algorithm diagram for synchronous control
of a complex of rotary wheel modules

Based on the received target coordinate and the
current point in space, the method proposed in this work
determines the angle of rotation of each wheel.
Before starting the movement, the main controller
sends a command to each control module with the
corresponding data and monitors the completion of the
process of acquiring the wheels of the given orientation.
After completing the operation of turning the wheels, the
module goes into the waiting mode for new coordinates.

Synthesis of the automatic control system block diagram

Fig. 15 shows a block diagram of the system
for automatically adjusting the steering wheel angle
to a given angle and linear speed of movement.

In this scheme, three loops can be distinguished.
The first loop is responsible for regulating the

linear speed and providing the setpoint V., using
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a PID controller. The speed of movement is controlled
by an encoder mounted on the wheel axis. A speed sensor
is included in the feedback loop. The difference between
the current and desired speeds e,; is used to control

the motor, which provides the necessary acceleration
or deceleration. The encoder provides feedback and
measures the actual speed V, , which allows the controller

to adjust the motor operation to achieve the desired
speed value V,

arget *

The second loop is responsible for controlling
the rotation of each controlled wheel to the desired
angle ¢, An angle a multi-turn

rarget - sensor —
potentiometer — is used as a sensor to measure the current

angle of rotation of the wheel. The error e;; between

the actual angle o, and the specified angle of

rotation o,

target,i
regulates the motor, which ensures smooth and accurate
positioning of the wheel mechanism. The angle of
rotation is monitored by a sensor based on a multi-turn

is processed by a PID controller that

The third loop regulates the angular velocity o,

of the mobile robotic platform. Each wheel has its
own angular velocity, which is determined by the radius
of rotation for the i-th wheel R. and the linear velocity

of the i -th wheel V, . Angular velocity
o, =V;/R;, (14)
is determined by the turning radius, which is calculated
by the formula
|

R =———,
' tg (6(4),i)

is the angle of the wheel rotation; | is the

(15)

where &

distance between the front and rear axles.
The error between the actual angular velocity o,

and the average angular velocity «,,, determined

by the other steered wheels is fed to the PID controller
to correct the steering angle of the wheels.

The lateral component of the velocity for each
wheel is defined as:

: : V,; =V;sin(s,). (16)
resistor. The model takes into account a reducer based
on a gear transmission to provide the required ratio.
G
| |
! Spas,i s, A6; Sout i
| —>®—> PD  [—» Motor | S > |
| + Transmission :
y
i : !
[ |
! Si Angle :
| Sensor 1
[ B | | |
! A Lo Angle control :
I | | e e e e e e e L4
e R=1/t9(6.,) :
|
| Speed control |
| vy
: Vtarget,/‘ ey AV[ _____________________________ |
| 4>®—> PID —> Motor » w=V/R; Angular speed control |
| + |
| _ I
| v |
| Vi 26, i Spos,i :
: Encoder Wavg=Vavg/Ravg PID —?@—:7
: + :
|
o Other Steering Surgeri |
Wheels :
________________________________________ |
Fig. 15. Block diagram of the system for automatic adjustment of the steering wheel angle
to a given angle and movement linear speed
The lateral component of velocity is the component lateral displacements that occur during turns or

of the velocity vector that determines the speed
of an object in a direction perpendicular to the
main direction of its movement. This speed is directed
across the axis of motion of the vehicle or robot.
The lateral component of velocity takes into account

other maneuvers.

The circuits work in conjunction to ensure smooth
movement of the mobile robot. The first circuit controls
the speed of the platform, the second is responsible
for precise control of the angle of rotation of the wheels,
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and the third ensures uniform execution of the turn
by all wheels of the platform.
The total angular velocity of the mobile robot w,,

is determined based on the average turning radius
and the average linear velocity. The average turning
radius R, will be calculated taking into account all
four wheels, taking into account their individual radii R,

and linear velocities V, :
(17)

Then the angular velocity ,,, of the robot can be
calculated as:
wavg =Vavg / Ravg ’ (18)

where R, is the average turning radius, taking into

Vg
account the different turning angles for each wheel; V,,, is

the average linear velocity, calculated by the formula:

Given the independent control of each wheel
and their different angles of rotation, the formula
for angular velocity will look like this:

Oy = i[zv Jz Ztgl(vé>

i=1

(20)

Formula (20) takes into account the individual
angles of rotation and speed of each wheel of the mobile
robotic platform, which allows the robot to adapt to
complex trajectories and turns with different angles
for each steering wheel.

Thus, the proposed model allows you to control
the movement of a mobile platform with independent
control of each wheel, to ensure high maneuverability
in difficult operating conditions.

Description of the research results

Let us consider separately the circuit responsible
for precise control of the wheel rotation angle (Fig. 16).

1 4
Vg :ZZVH (19) This diagram corresponds to the manufactured
= _ )
mock-up sample of the swivel wheel module, which
is shown in Fig. 17.
Spos ew 465 Sout
PID » Motor > Gea?r . >
+ Transmission
T 6(‘)
Sensor <

Fig. 16. Block diagram of the wheel steering angle control circuit

Steering wheel
position sensor

Position sensor__~
gear (10 teeth)

Main gear _
(35 teeth) ~

Steering

wheel motor ~ )
N

Steering wheel
motor with driven
/ gear (10 teeth)

PID Controller with
motor driver

Steering wheel

Fig. 17. Appearance of the mock-up sample of the swivel wheel module
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The parameters of the components of the layout are
as follows:

— number of teeth of the main gear — 35 pcs.;

— number of teeth of the driven gear — 10 pcs.;

— gain of the positioning sensor based on a variable
resistor — 5;

— type of stepper motor - NEMAL7;

— rated current of the stepper motor — 2 A,

—torque — 40 N-cm.

Let us describe each component of the structural
diagram separately. The PID controller has three main
components:

— proportional component (P) provides a proportional
response to the error;

— integral component (I) provides correction of the
constant error by integrating the error over time;

— differential component (D) takes into account the
rate of change of the error, which allows to increase the
stability of the system.

The transfer function of the PID controller is
written as:

K,
WPID(S)zKp+?'+KdS, (21)

where K is the proportional component coefficient;
K, is the the integral component coefficient; K, is the

differential component coefficient; s is the Laplace operator.
The transfer function of a stepper motor driving
a rotary mechanism is written in the following form:

where K, is the motor gain, which characterizes the

conversion of electrical pulses into angular motion;
T is the motor time constant, which determines

the inertia of the system.

The design of the swivel wheel mechanism uses
a transmission system in the form of two gears with
a number of teeth of 35 and 10 — this determines the
ratio between the angles of rotation of the stepper motor
and the swivel wheel mechanism. If N, is the number

of teeth on the driving gear (10 teeth), and N, is the

number of teeth on the driven gear (35 teeth), then
the gear ratio:
N,/N, =35/10=35.

Thus, the transfer function of the transmission

mechanism will be:
Woars (s)=1/35, (23)

A variable resistor is used to measure the angle
of rotation through feedback. In this case, the
transfer function of the sensor can be approximated
by a linear relationship that converts the angle signal
into an electrical voltage:

Wsensor (S) =K (24)

sensor !

where K is the coefficient of conversion of the angle

sensor
of rotation into voltage, determined by the characteristics
of the variable resistor. This coefficient is usually
a constant value.

Let us transfer

substitute the determined

W, oor (8) = Kn , (22) characteristics into the corresponding components of the
Tns+1 steering wheel angle control system (Fig. 18).
ew A(S, 6out
4>®—> KotKi/s+Kys  —B  Kn/(Tms+l) —P 1/3,5
+
S
KSensor <

Fig. 18. Block diagram of the circuit for automatic steering angle adjustment with defined transfer functions

To synthesize the overall transfer function of the
system, we need to combine the transfer functions of each
element. The overall transfer function will look like this:

Wsw (S) :WPID (S) +Wmotor (S)+Wgears (S) +Wsensor (S) . (25)

We substitute the transfer functions of each element:

WSW (S) = (Kp +£+ dejLi Ksensor *
S T,s+1 3.5

Simplifying this equation, we get:

(26)

Ko K neor (K s+ K; + K, 8%)

3.55(T,s+1)
Let's simulate the developed automatic steering
angle adjustment circuit using the Mathlab Simulink tool.
Let's define the coefficients of the transfer
characteristics. For a stepper motor, the gain K, depends

W, (s)=

sw

(27)
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on the torque M developed by the motor at the rated
current 1, =24:

K, =M=4—0=20(N'0mj. (28)
I, 2 y

The system time constant T, is determined by the
inductance characteristics of the motor windings and
can be calculated by the formula:

T,=L/R, (29)
where L is the winding inductance (for the selected

motor type, 5 mH); R this is the winding resistance
(for the selected motor type, 2 Ohms).

Thus, for the selected type of Nema 17 motor with
an inductance of 5 mH and a resistance of 2 Ohms:

-3
T 5-10
2

m

= 0.0025(s).

Thus, after substituting the coefficients in (22),
we obtain:
Wmotor (S) = %
. s+1
Fig. 19 shows a circuit diagram of the automatic
steering angle adjustment built in Simulink.

)

A 4

20

1

R |
il PIDE) 0.0025s + 1 35 2

Fig. 19. Modeled circuit diagram of the automatic steering wheel angle adjustment

The PID controller parameters are as follows:

— proportional component coefficient K, =2.5;

— integral component coefficient K, =25;

— differential component coefficient K, =0.0125.

A graph of the transition process was constructed
for the selected coefficients (Fig. 20).

4. Scope = o x )
File Tools View Simulstion Help ~

@-BOP®| H-Q- |0 F|&

Sample based | T=10.000

Fig. 20. Transient process graph for the modeled system

As can be seen from the graph above, the system
reaches a stable state quite quickly, approximately
1-1.5 seconds after the start of the simulation. The value
of the output parameter stabilizes at 0.2, which

corresponds to a change in the wheel orientation
by 1 degree. The gain coefficient of the rotation angle
sensor is 5. It can also be seen that there is no significant
excess of the set parameter, and the system quickly
becomes stable. The output variable increases rapidly
at the beginning of the simulation, which indicates
that the system has good stability and fast response

Conclusions

This work studies a current topic related to solving
the problem of increasing the degree of mobility of
a mobile autonomous robot in a confined space.
The principle of turning a mobile platform using
four independent steering wheels is considered.
A method for determining the orientation of the steering
wheels depending on the trajectory of movement is
proposed, which is based on the geometric analysis
of the position of the platform and the target point, which
allows calculating the angle of rotation of each wheel in
such a way as to ensure movement to a given point
without lateral slippage. A mathematical model of the
control system was built, a structural and functional
diagram was developed, an algorithm for processing
commands, calculating the angles of rotation was
described, and a three-level control system was
implemented - linear speed, wheel orientation angle
and angular velocity of the entire platform. The work
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also describes the hardware implementation of the
steering wheel module, which uses a stepper motor,
gear transmission and a position sensor based on
a variable resistor. The developed prototype of the
mechatronic assembly of the steering wheels is described.
The simulation conducted in the Simulink environment
confirmed the operability of the proposed system:

References

the system quickly reaches a stable state, demonstrates
the absence of readjustments and high positioning
accuracy. Thus, the developed control method provides
high maneuverability and accurate tracking of the
trajectory of the platform with four independently
steered wheels, which is an important step towards
the development of autonomous robotics.

10.

11.

12.

13.

14.

15.

16.

Nevludov, I. et al. (2021), "Control System for Agricultural Robot Based on ROS", IEEE International Conference
on Modern Electrical and Energy Systems (MEES), P. 1-6, DOI: 10.1109/MEES52427.2021.9598560

Shi, Q., Wang, J. (2022), "Design and Realization of Mobile Robot Driven by Omnidirectional Wheels", Journal
of Physics: Conference Series. 2402, 012035, DOI: 10.1088/1742-6596/2402/1/012035

Nevliudov,l., Novoselov, S., Sychova, O., Gopejenko, V., Kosenko, N. (2021), "Decentralized
systems in intelligent manufacturing management tasks", Advanced Information Systems, 8(3), P.
DOI: 10.20998/2522-9052.2024.3.12

Kuchuk, H., Husieva, Y., Novoselov, S., Lysytsia, D., Krykhovetskyi, H. (2025), "Load balancing of the layers 10T fog-cloud
support network", Advanced Information Systems, 9(1), P. 91-98. DOI: 10.20998/2522-9052.2025.1.11

Bezkorovainyi, V., Binkovska, A., Noskov, V., Gopejenko, V., Kosenko, V. (2025), "Adaptation of logistics network
structures in emergency situations", Advanced Information Systems, 9(4), P. 39-50. DOI: 10.20998/2522-9052.2025.4.06
Neamah, H., Akkad, H. (2023), "A Comparative Review of Omnidirectional Wheel Types for Mobile Robotics",
SSRN, 20 p. DOI: 10.2139/ssrn.4488112

Artuso, P., Bocci, E. Ronci, M. (2011), "Four Independent Wheels Steering System Analysis", SAE Technical Paper,
01-0241, DOI: 10.4271/2011-01-0241

Nevliudov, 1., Novoselov, S., Sychova, O. Tesliuk, S. (2021), "Development of the Architecture of the Base
Platform Agricultural Robot for Determining the Trajectory Using the Method of Visual Odometry",
IEEE XVIIth International Conference on the Perspective Technologies and Methods in MEMS Design (MEMSTECH),
Ukraine, P. 64-68, DOI: 10.1109/MEMSTECH53091.2021.9468008

Owen, B. et al. (2014), "A lightweight, modular robotic vehicle for the sustainable intensification of agriculture",
IEEE International Conference on Robotics and Automation, P. 1-9, available at: https://eprints.qut.edu.au/82219/

Nevliudov, 1., Yevsieiev, V., Maksymova, S., Gopejenko, V., Kosenko, V. (2025), "Development of mathematical
support for adaptive control for the intelligent gripper of the collaborative robot manipulator”, Advanced Information
Systems, 9(3), P. 57-65. DOI: 10.20998/2522-9052.2025.3.07

Singh, R., Singh, G., Kumar, V. (2020), "Control of closed-loop differential drive mobile robot using forward and
reverse Kinematics", Third International Conference on Smart Systems and Inventive Technology (ICSSIT), Tirunelveli,
India, P. 430-433, DOI: 10.1109/ICSSI1T48917.2020.9214176

Zhao, Y., Feng, F., Zhang, R. (2015), "Development of a four wheel Independent Drive and Four Wheel Independent Steer
Electric Vehicle", Sixth International Conference on Intelligent Systems Design and Engineering Applications (ISDEA),
Guiyang, China, P. 319-322, DOI: 10.1109/ISDEA.2015.85

Ge, P., Guo, L., Chen, J. (2021), "Electronic Differential Control for Distributed Electric Vehicles Based on Optimum
Ackermann Steering Model”, 5th CAA International Conference on Vehicular Control and Intelligence (CVCI),
Tianjin, China, P. 1-6, DOI: 10.1109/CVCI154083.2021.9661256

Bae, J., Lee, D.-H. (2024), "Circular Path Tracking Control Scheme of the Self-Driving Robot Driven by Two BLDC
Motors", IEEE Symposium on Industrial Electronics & Applications (ISIEA), Kuala Lumpur, Malaysia, P. 1-5,
DOI: 10.1109/ISIEA61920.2024.10607318

Deremetz, M. et al. (2017), "Path tracking of a four-wheel steering mobile robot: A robust off-road parallel
steering strategy”, ECMR The European Conference on Mobile Robotics, Paris, France. P. 62-68, available
at: https://hal.inrae.fr/hal-02607237/file/pub00057050.pdf

Aref, M. M., Ghabcheloo, R., Mattila, J. (2013), "Mechatronic Design of a four wheel Steering Mobile Robot with
Fault-Tolerant Odometry Feedback”, 6th IFAC Symposium on Mechatronic Systems the International Federation
of Automatic Control, Hangzhou, China, 46(5), P. 663-669. DOI: 10.3182/20130410-3-CN-2034.00092

information
100-110.



https://doi.org/10.20998/2522-9052.2025.1.11
https://eprints.qut.edu.au/82219/
https://hal.inrae.fr/hal-02607237/file/pub00057050.pdf

149

ISSN 2522-9818 (print)
Cyuachuil cman HayKogux 00CIIONCeHy ma mexHono2itl 8 npomuciogocmi. 2025. Ne 4 (34) ISSN 2524-2296 (online)

17. Cho, Y., Noh, K., Lee, E. Jeong, H. (2025), "Introduction to a motion control algorithm for the autonomous 4-wheel
steering vehicle", IEEE/SICE International Symposium on System Integration (SlI), Munich, Germany, P. 1090-1094,
DOI: 10.1109/S1159315.2025.10871133

18. Al-saedi, Mazin, 1., Hiba Mohsin Abd Ali AL-bawi (2024), "Towards Sustainable Transportation: Adaptive
Trajectory Tracking Control Strategies of a Four-Wheel-Steering Autonomous Vehicle for Improved Stability and Efficacy",
Processes 12, No. 11: 2401. DOI: 10.3390/pr12112401

19. Tourajizadeh, H., Sarvari, M. Afshari, S. (2024), "Path planning and optimal control of a 4WS vehicle using calculus
f variations", Acta Mech. Sin. 40(2), 523217, DOI: 10.1007/s10409-023-23217-x

20. Liu, R., Wei, M., Sang, N., Wei, J. (2021), "A trajectory-tracking controller for improving the safety and stability
of four-wheel steering autonomous vehicles", Transport, 36(2), P. 1-17, DOI: 10.3846/transport.2021.14291

21. "SDS MK4 Swerve Modules. Educational Robotic Parts. AndyMark, Inc." available at:
https://www.andymark.com/products/mk4-swerve-
modules?via=Z21kOi8vYW5keW1hcmsvV29ya2FyZWEB0OKNhdGFsh2c60kNhdGVnb3J5LzVhZjhkN2Y1YmM2ZjZkNW
UzNmYyMzRkOA (date of access: 16.03.2025).

22. "SDS MK4i Swerve Modules. Educational Robotic Parts. AndyMark, Inc." available at:
https://www.andymark.com/products/mk4i-swerve-modules (date of access: 16.03.2025).

Received (Haoituna) 01.10.2025
Accepted for publication (Tlpuiinama 0o opyxy) 30.11.2025
Publication date ([{ama nyonixayii) 28.12.2025

Bioomocmi npo aemopis / About the Authors

Nevlyudov Igor — Doctor of Sciences (Engineering), Professor, Kharkiv National University of Radio Electronics, Head at the
Department of Computer-Integrated Technologies, Automation and Robotics, Kharkiv, Ukraine; e-mail: igor.nevliudov@nure.ua;
ORCID ID: https://orcid.org/0000-0002-9837-2309; Scopus ID: 57216434058

Novoselov Sergiy — PhD (Engineering Sciences), Associate Professor, Kharkiv National University of Radio Electronics,
Professor at the Department of Computer Integrated Technologies, Automation and Robotics, Kharkiv, Ukraine; e-mail:
sergiy.novoselov@nure.ua; ORCID ID: https://orcid.org/0000-0002-3190-0592; Scopus ID: 57201604404

Sychova Oksana — PhD (Engineering Sciences), Kharkiv National University of Radio Electronics, Associate Professor at the
Department of Computer-Integrated Technologies, Automation and Robotics, Kharkiv, Ukraine; e-mail: oksana.sychova@nure.ua;
ORCID ID: https://orcid.org/0000-0002-0651-557X; Scopus ID: 16647283500

Zygin Sergii — Kharkiv National University of Radio Electronics, Graduate student Department of Design Automation,
Kharkiv, Ukraine; e-mail: sergey.zygin@gmail.com; ORCID ID: https://orcid.org/0009-0003-3537-7713; Scopus ID: 59937709800

HeBmogoB Irop IllakupoBHY — JOKTOp TEXHIYHUX Hayk, mpodecop, XapKiBChKUI HAaliOHATGHUA YHIBEPCHUTET
panioeneKTpOHIKH, 3aBiayBay Kadeapu KOMI I0TEpHO-IHTErpOBaHUX TEXHOJIOTiH, aBTOMATH3aIlil Ta poOOTOTeXHIKH, XapKiB, YKpaiHa.

HoBocesoB Cepriii IlaBaoBuY — KaHAWAAT TEXHIYHMX HayK, JOLCHT, XapKiBCbKHMI HaI[lOHATbHUH YHIBEpCHUTET
panioenekTpoHiky, mnpodecop Kadeapu KOMI IOTEPHO-IHTEIPOBAHMX TEXHOJOTIH, aBTOMAaTH3alii Ta POOOTOTEXHIKH, XapKiB,
VkpaiHa.

CuuoBa Oxcana BononumupiBHa — KaHAWAAT TEXHIYHUX HAayK, XapKiBCHKUH HAIlIOHAJLHUN YHIBEPCUTET PAIiOCIEKTPOHIKH,
JIOLIEHT Kadeapr KOMII I0TepPHO-IHTErpOBAaHNX TEXHOJIOTIH, aBTOMaTH3aLil Ta poOoTOTeXHiKH, XapKiB, YKpaiHa.

3urin Cepriii €BrenoBn4 — XapKiBChbKHI HAIIOHAIFHHUI YHIBEPCUTET PaioelIeKTPOHIKY, acmipaHT Kadeapy aBTOMaTH3aIil
MIPOEKTYBAHHS OOYHCITIOBATIBHOI TEXHIKH, XapKiB, YKpaiHa.

PO3POBJIEHHA METOZY YIIPABJIIHHSA
MOBIJIBHOIO IVIAT®OPMOIO 3 HOTUPMA KEPOBAHUMHM KOJIECAMHU

IIpenvMeToM BHBYeHHSI € METOZI BH3HAUCHHS TpPAE€KTOpii pyxy pobOoTa 3 4YOTHpPMa KEpOBAaHMMH KOJECaMH IS JOCSTHCHHS
3aaHoi TOYKH Ha KapTi MiciieBocTi. MeTa 10CTiAKeHHsI — PO3POOHUTH METO/ BU3HAUCHHS OPi€HTALl KOJIIC BIAIMOBIAHO A0 TPAEKTOPIl
pyxy  MoOimbHOI  ruiatropMu  JUIS  HIABHIICHHS  MaHEBPEHOCTI  aBTOHOMHOIO  POOOTH30BaHOTO  TPAHCIOPTHOTO
3ac00y B OOMEKEHOMY BHPOOHHUOMY MPOCTOpi. 3aBAaHHs, SKi HEOOXiMHO BHKOHATH: MPOAHANI3yBaTH AHAJOTIYHI pIlICHHS,
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ONMUCAaTH 3alpOIOHOBAHY KOHCTPYKIIIO MEXaHi3My pyJbOBOTO KepyBaHHS MOOLIEHOTO pOOOTH30BaHOIO Bi3Ka; IOJAATH
KIHEMaTHKy MOOUIBHOrO po0oTa 3 YOTHPMa KEPOBAHHMH KOJECAMH; PO3POOHTH alrOPUTM MOJIYJS YHPABIIHHS PYJIBOBHM
KEepyBaHHSAM; 3alpONOHYBAaTH METOA  YNPaBIiHHA MOOUIBHOI  IUIATGOPMOIO 3  YOTHPMAa KEPOBAaHHMH  KOJIECaMH;
eKCIIEPUMEHTAIBHO JIOCTHIIUTH e)EeKTUBHICTh 3alpONOHOBaHOr0 Metony. HaykoBa HOBM3HA: 3alpONIOHOBAHO METOJ BU3HAUCHHS
opieHTamii Komic U1 JOCSATHEHHsS 33JaHOl TOYKM HAa IUIAHI  MICHEBOCTi; pPO3pOOJIEHO  aNropuT™M  pO3paxyHKIB
3a JOMOMOTOI0 IPOrPaMHOro 3aco0y; MaTeMaTHYHO OOIPYHTOBAaHO METOJ KEPyBaHHS OKPEMHMH KOJIICHHMH OJIOKaMH MOOITBHOT
wiarhpopmu. MeToau JOCTIAKeHHsS: MOJCTIOBaHHS U TEOpis aBTOMATHYHOTO KEPYBaHHs, OIMC JIHIHUX NMHAMIYHHX CHCTEM,
AHAIITHYHI METOAM MOJICIIOBAHHS, KOMIT'FOTepHE MozenmoBanuss B cepenosuuri Matlab/Simulink. Tocsirnyti pesyabtaTu
W BHCHOBKM. PO3rIsHYTO NpHMHIMI PyXy MOOUIBHOI IIaTGopMH 3a JOIOMOIOI0 YOTHPHOX HE3AISKHHX KEpOBAaHHX KOJIiC.
3anponoHOBaHO METOJI BU3HAYCHHS OpIEHTAllii KepOBAHHX KOJIC BiIMOBIIHO [0 TPAEKTOPil pyXy, OCHOBAaHOTO HA T€OMETPUYHOMY
aHaJI31 MONOXKEeHHs IAaThOPMU # IIJIBOBOI TOYKH, LIO Ja€ 3MOTY PO3paxyBaTH KyT HOBOPOTY KOXKHOTO KOJECa TaKHM YHHOM,
o6 3a0e3meynTy pyx A0 3aJaHOi TOUYKH Oe3 OokoBoro mpociusaHHsA. [loOynoBaHO MaTeMaTHYHYy MOJAENb CHUCTEMH KepyBaHHS,
PO3pOOJICHO CTPYKTYPHO-QYHKIIOHAIBHY CXEMY, OIHCAHO QJITOPUTM OOpOOJCHHS KOMaHI, OOYKCICHHS KYTIB IOBOPOTY,
a TaKOXX peayizoBaHO TPHPIBHEBY CHUCTEMY KepyBaHHS: JIIHIHHOIO IIBHIKICTIO, KyTOM Opi€HTamii KOJIC i KyTOBOIO IIBHIKICTIO
Bciel mardopmu. OnucaHo po3poOieHHil MaKeTHHIT 3pa30K MEXaTPOHHOTO By3ia KepMma. MOJeI0BaHHs, IPOBECHE B CEPEIOBHILI
Simulink, miarBepauiIo Npare3aaTHICTh 3aMPONOHOBAHOT CHCTEMH.
Korouosi ciioBa: Mo6inbHUI po6oT; AGV; iHTeNeKTyanbHe BUPOOHULITBO; METO]] KEpyBaHHSI; aBTOMAaTH30BaHA CHCTEMa.
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