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ABSTRACT 
Context. The article discusses the issues of increasing the accuracy of automatic control of a moving object using a mathematical 

model of a meter and a device observing measurement errors in the on-board controller of the control system. The object of the 
research is the processes of automatic control of a moving object with a mathematical model of a meter and a device observing 
measurement errors in the on-board controller of the control system. The subject of the research is a method and algorithms for 
increasing the accuracy of automatic control of a moving object with a mathematical model of a meter and a device observing 
measurement errors in the on-board controller of the control system. 

Objective. The aim of research is an improving the accuracy of automatic control of a moving object. 
Method. This aim is achieved through the use in the on-board controller of the control system of the mathematical meter model 

and the observing device built on its basis, the estimation of the useful component and the systematic error, depending on the motion 
parameters of the controlled object, using only the useful component for control, without systematic error. 

Results. A method and algorithms for increasing the control accuracy of a moving object through the use in the on-board 
controller of a mathematical meter model and an observer of systematic measurement errors, built on its basis, have been developed. 
The efficiency and effectiveness of the developed method and algorithms were confirmed by mathematical modeling in the 
MATLAB environment of the control processes of a moving object in a closed circuit with a control system. 

Conclusions. The results of mathematical modeling confirmed the operability and efficiency of the proposed method and 
algorithms and allow them to be used for practical purposes in the development of mathematical support for high – precision 
automatic control systems. 

KEYWORDS: automatic control, control accuracy, movement control systems, measurement errors, observing device, 
mathematical model.  

 
ABBREVIATIONS 

GCS 222 ZYOX  is a Gyroscopic Coordinate System; 
GSE is a Gyrocompass Sensing Element.  

 
NOMENCLATURE 

)(•nf  is a mathematical model of the control object; 

nX  is a control object state vector; 

nС  is a vector of control object constants; 
)(•jmf  is a j-th meter component of mathematical 

model; 
mX  is a meter state vector; 

mС  is a vector of meter constants;  
)(•uf  is a control law; 

U  is a control vector; 
*
mX  is a vector of required movement parameters; 

uС  is a vector of control law constants; 
F  is a quality control function; 

m
∧
X  is a measurement evaluation vector; 

m0
∧
X  is a vector of estimation of useful component of 

measurements; 

jm
∧
X  is an estimate vector j-th component of the 

systematic measurement error; 
jλ  is a j-th observer coefficient vector; 

H  is a kinetic moment vector of the gyrocompass 
sensing element; 

Ω  is an angular rate of kinetic moment vector; 
jM  is a j-th vector of disturbance moment; 

mΘ  is a measured deflection angle of gyrocompass 
sensetive element in vertical plane; 

m
∧
Θ  is an assessed deflection angle of gyrocompass 

sensetive element in vertical plane; 

m0
∧
Θ  is an assessed  usefull components of deflection 

angle in vertical plane; 
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jm
∧
Θ  is an estimation of the j-th component of the 

systematic measurement error from jM – disturbance 
moment; 

mΨ  is a measured deflection angle of gyrocompass 
sensetive element in horizontal plane; 

m
∧
Ψ  is an assessed deflection angle of gyrocompass 

sensetive element in horizontal plane; 

m0
∧
Ψ  is an assessed  usefull components of deflection 

angle in horizontal plane;  

jm
∧
Ψ  is an estimation of the j-th component of the 

systematic measurement error from jM -disturbance 
moment in the horizontal plane; 

Θ
0f  is a mathematical model of the useful component 

in vertical plane; 
Θ
jf  is a mathematical model of the j-th deviation 

component in the vertical plane; 
Ψ
0f  is a mathematical model of the useful component 

in horizontal plane; 
Ψ
jf  is a mathematical model of j-th deviation 

component in horizontal plane; 
Θλ j  is a j-th observer coefficient in vertical plane; 
Ψλ j  is a j-th observer coefficient in horizontal plane; 

3ω  is an Earth rate; 
σ  is a geographic latitude; 
l  is a gravity center displacement; 
m  is a displaced mass; 
g  is a free fall acceleration; 
a  is a vessel acceleration or deceleration; 
V  is a speed of the controlled object; 
R  is a radius of the Earth; 
K  is a course of the controlled object; 

rV  is a speed of course change; 
r  is a radius of course change; 

zω  is a yaw rate; 

zmω  is a measured yaw rate; 

zwω  is an assessed yaw rate; 
ψ  is a yaw angle; 

mψ  is a measured yaw angle; 

wψ  is an assessed yaw angle; 
δ  is a rudder deflection angle. 

 
INTRODUCTION 

The quality of the control system as a whole is 
determined by the quality of the mathematical, 
algorithmic and software of the on-board controller 
designed to solve the set functional task, the quality of 
input information coming to the on-board controller from 

the measuring devices, as well as the quality of processing 
the output signals from the on-board controller by the 
executive devices.  

Information from measuring devices, in addition to the 
useful component, also contains fluctuation and 
systematic measurement errors [1–4]. Fluctuating 
measurement errors cannot be completely eliminated, but 
can be reduced by hardware or software processing in the 
meter itself or on-board controller of the control system 
using bandpass filters. There are also more complex 
processing methods using a mathematical model of the 
control object for filtering and simultaneous observation 
of parameters of the state vector that are inaccessible to 
direct observation [5–7], including those that are optimal 
in noise [8]. Mathematical models of the controlled object 
are also used to predict the movement of the controlled 
object, determine failures [9], and other purposes [10–15]. 

Automation of control processes allows to exclude the 
human factor as much as possible [16–17], which is the 
cause of a large number of accidents and catastrophes, 
and to significantly reduce the human influence on the 
control processes of mobile objects [18–21].  

This article discusses the issues of increasing the 
accuracy of automatic control of a moving object through 
the use of a mathematical meter model in the on-board 
controller. Existing solutions, as will be shown below in 
the review, do not use the capabilities of mathematical 
meter models in the on-board controller for improving the 
accuracy. Therefore, the development of such systems is 
actual scientific and technical task. 

The object of the research is the processes of 
automatic control of a moving object with a mathematical 
model of a meter and a device observing measurement 
errors in the on-board controller of the control system. 

The subject of the research is a method and 
algorithms for increasing the accuracy of automatic 
control of a moving object with a mathematical model of 
a meter and a device observing measurement errors in the 
on-board controller of the control system. 

The purpose of research is an improving the 
accuracy of automatic control of a moving object. 

This aim is achieved through the use in the on-board 
controller of the control system of the mathematical meter 
model and the observing device built on its basis, the 
estimation of the useful component and the systematic 
errors, depending on the motion parameters of the 
controlled object, using only the useful component for 
control, without systematic errors. 

 
1 PROBLEM STATEMENT 

A mathematical model of the control object is 

),,( nnn
n

dt
d CUXfX

= ,  (1) 

 
mathematical model of a meters is 

 

),(...),(),( 10 mnkmnmn
m

dt
d CXfCXfCXfX

++=  (2) 
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and the law of an object motion control is 
 

),,( *
umu CXXfU = .  (3) 

 
It is required to minimize the control error 

 
min* →−= XXnF .  (4) 

 
2 LITERATURE REVIEW 

The article [22] discusses the issues of reducing an 
errors in measuring fluctuating concentrations for specific 
type of diffusion monitor. Observations have found that a 
significant error may be present in the estimates of the 
mean values of rapidly changing concentrations. Similar 
conclusions were also drawn from the numerical 
calculation of the error and its variance using the time-
dependent field concentration data. The results indicate 
that when measuring substances with short-term 
exposure, excessive exposure estimates can be expected 
when sampling fluctuating concentrations. A simple 
modification of the sampler is proposed to reduce or 
eliminate this error. 

In article [23] a method for eliminating the error in the 
results of measuring the surface shape of space structures 
with a high spatial resolution is proposed. When 
measuring the surface shape of a spherical mirror model, 
it turned out that measurement errors can be divided into 
systematic, depending on the projected gratings, and 
random, which are influenced by the optical properties of 
the object and the measuring system. A method for 
eliminating errors is proposed, including a band-pass filter 
to remove systematic errors and averaging procedures to 
reduce random errors. Using the example of measuring 
the surface shape of a spherical mirror model and a white 
plate model, it is shown that the proposed method can 
eliminate measurement errors by more than 50%. The 
effectiveness of the method is presented by the results. 

In article [24] issues related to temperature drift and 
synchronous measurement error of the axial displacement 
sensor in an engine with a magnetic suspension are 
considered. There was proposed a configuration of the 
displacement sensor, consisting of three meters, a pair of 
meters is used to eliminate the synchronous measurement 
error, and the third sensor to take into account the 
temperature drift. A mechanism for generating a 
synchronous measurement error caused by incorrect 
assembly was presented, as well as an operational 
amplifier for obtaining the exact position of the axial 
center by adjusting the weighting coefficients of the 
readout signals of a pair of sensors. A temperature 
compensation circuit was also presented. An experiment 
was carried out on a test bench of an engine with a 
magnetic suspension, confirming the effectiveness of the 
proposed methods. 

In article [25] the issues of eliminating the low-
frequency vibrational disturbance in the constant 
component of the measurement of the Michelson 

interferometer, used to measure the communication signal 
with distributed polarization in fibers with high two-ray 
refraction, are considered. Compared to the space 
interferometer, the DC components in the interferograms 
of the all-fiber interferometer oscillate more intensely. 
These fluctuations are mainly caused by the disturbance 
of the motorized delay line in motion, which is confirmed 
by the corresponding models and experiments. A method 
for processing signals of group averages is proposed to 
eliminate low-frequency oscillatory disturbances, and the 
results of experimental confirmation are obtained. 

The article [26] deals with the measurement of the 
flow rate of matter based on the phase method with 
homodyne frequency conversion. The principles of 
implementation of a contactless flow meter with 
compensation for fluctuations of electrophysical 
parameters in the flow are shown. The measuring device 
consists of a main channel, which extracts information 
about the flow rate of a substance, and a reference 
channel, to extract information about the electrophysical 
parameters of a substance in the flow. the minimum 
number of required adjustment elements, which has a 
positive effect on its reliability and stability in the 
presence of various external influences. 

In article [27] the issues of motor speed control are 
considered. The quality of control largely depends on the 
accuracy of the speed feedback signal. The measuring 
method used in the incremental encoder is the most 
widely used due to its high theoretical accuracy. 
However, in practice, the internal error of the optical 
grating of the incremental encoder and the error of the 
analog-to-digital conversion make it difficult to achieve 
the theoretical accuracy of speed measurement. The 
article proposes a single-phase self-adaptive method for 
ideal suppression of the speed measurement error. The 
performed modeling and experiment confirm the 
efficiency of the proposed method. 

In article [28] the issues of assessing the position of 
the rotor of synchronous machines with permanent 
magnets for medium and high speeds are considered. 
Describes an intelligent, non-touch speed control method 
for the entire speed range, which is especially suitable for 
pumps and fans. A simple method of observing the 
voltage of the reverse electromotive force was found, 
which is integrated into the control strategy. In addition, 
systematic errors and their effect on the accuracy of the 
calculated rotor position are systematically analyzed and 
documented. The theoretical results are confirmed by 
simulations and measurements. 

In article [29] the issues of estimating deviations of 
the actual radar directional pattern from the ideal one for 
remote sensing of ocean surface currents are considered. 
A calibration method is proposed based on the time-
averaged local spatial speed of coverage in order to 
reduce the influence of deviations of the actual radar 
radiation pattern on the measurements. 

At the same time, as follows from the above review, 
the authors have not found solutions to improve control 
accuracy by using in the on-board controller of the motion 
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control system a mathematical meter model and an ob-
server, built on its basis, to determine of systematic meas-
urement errors that depend on the parameters of the con-
trol object and taking them into account when control. 
Therefore, the solution of these issues is an urgent scien-
tific and technical task. 

 
3 MATERIALS AND METHODS 

The right side of the mathematical model of the 
measurer (2) contains a vector – function ),(0 mn CXf , 
determining the behavior of the useful component of the 
measured signal, and the vector of the function 

),(1 mn CXf , ),(2 mn CXf , …, ),( mnk CXf , determining 
the behavior of the systematic components of 
measurement errors.  

To estimate these components  write the vector 
equation (2) in the form 

 

),(0
0

mn
m

dt
d CXfX

=

∧

,                        (5) 

),(1
1

mn
m

dt
d CXfX

=

∧

,                         (6) 

… 

),( mnk
km

dt
d CXfX

=

∧

,                        (7) 

kmmmm
∧∧∧∧

+++= XXXX ...10 .          (8) 
 
After numerical integration of the system of 

differential equations (5)–(7) in the onboard controller, 
we obtain the vector of estimates of the measured 

parameters m
∧
X  and the vector of estimates of its 

components    m0
∧
X , m1

∧
X , …, km

∧
X . Due to the 

inaccuracy of the mathematical model, integration errors, 

and other factors, the vector of estimates m
∧
X  over time 

will more and more differ from the measurement vector 

mX  and estimates m0
∧
X , m1

∧
X , …, km

∧
X  from their 

actual values.  
To prevent this from happening, cover equations (5)–

(7) with feedback on the deviation of the estimate vector 

m
∧
X  from the measured vector mX . 

 

)(),( 00
0

mmmn
m

dt
d ∧
∧

−+= XXλCXfX ,       (9) 

)(),( 11
1

mmmn
m

dt
d ∧
∧

−+= XXλCXfX ,      (10) 

… 

)(),( mmkmnk
km

dt
d ∧
∧

−+= XXλCXfX ,    (11) 

kmmmm
∧∧∧∧

+++= XXXX ...10 .                (12) 
 

The system of vector differential equations (9)–(11), 
together with the vector equation (12), ensure the 

retention of the vector of estimates m
∧
X  near the 

measurement vector mX , and also an estimate of the 

vectors of the components m0
∧
X , m1

∧
X , …, km

∧
X . Using 

in the control law (3) estimates of the vector m0
∧
X  instead 

of a vector of dimensions mX  
 

),,( *
0 umu CXXfU

∧
=  

 
allows to minimize control error (4)  

 
min* →−= XXnF . 

 
Consider a practical case of using this method on the 

example of a gyrocompass.The vector differential 
equation of the GSE motion has the form 

 

∑
=

=×+
∂
∂

=
n

j
jtdt

d

1
,MHΩHH                       (13) 

 
GCS is located in the center of the gyrocompass 

sensor suspension, the axis 2OX  is directed along the 
kinetic momentum vector of the GSE, the axis 2OY  is 
perpendicular to the axis 2OX , the axis 2OZ  
complements the GCS to the “right” one. 

Vector differential equation (13) in GCS has the form 
 

∑
=

•
=Θ

n

j
yjMH

1
,                             (18) 

∑
=

•
=ΨΘ−

n

j
zjMH

1
.cos ,                             (19) 

 
or after defining the right-hand sides 
 

)coscossin(sinsincos3 Ψ−Ψ−Ψ−=Θ
•

KK
R
Vσω , 

).sinsincos(cos

)cossinsin(cos

)sincos(cos3

Ψ+Ψ−

−−Ψ−ΨΘ−

−Θ+σ−ΘΨσω=Ψ
•

KKmal
r

VKKtg
R
V

lmgtgtg

r  

200



e-ISSN 1607-3274   Радіоелектроніка, інформатика, управління. 2020. № 4 
p-ISSN 2313-688X  Radio Electronics, Computer Science, Control. 2020. № 4 

 
 

© Zinchenko S. M., Nosov P. S., Mateichuk V. M., Popovych I. S., Appazov E. S., 2020 
DOI 10.15588/1607-3274-2020-4-19 

To simplify the obtained equations of the course meter 
sensitive element motion, denote 

Ψσω−=Θ sincos30f , 

)coscossin(sin1 Ψ−Ψ−=Θ KK
R
Vf , 

)sincos(cos30 σ−ΘΨσω=Ψ tgf , 

Θ=Ψ tg1 lmgf , 

)cossinsin(cos2 Ψ−ΨΘ−=Ψ KKtg
R
Vf , 

r
Vf r−=Ψ

3 , 

).sinsincos(cos4 Ψ+Ψ−=Ψ KKmalf  
Through the integration errors, inaccuracies of 

mathematical models, other factors, estimates mm
∧∧
ΘΨ ,  

will deviate more and more from the measured values 
mm ΘΨ , .  

To keep the estimates mm
∧∧
ΘΨ ,  near the measured 

values mm ΘΨ , , a observation device with component 
estimation was used. 

 

)(00
0

mm
m f

dt
d ∧

ΘΘ
∧

Θ−Θλ+=
Θ ,                     (20) 

)(11
1

mm
m f

dt
d ∧

ΘΘ
∧

Θ−Θλ+=
Θ ,                      (21) 

)(00
0

mm
m f

dt
d ∧

ΨΨ
∧

Ψ−Ψλ+=
Ψ ,                    (22) 

)(11
1

mm
m f

dt
d ∧

ΨΨ
∧

Ψ−Ψλ+=
Ψ ,                      (23) 

)(22
2

mm
m f

dt
d ∧

ΨΨ
∧

Ψ−Ψλ+=
Ψ ,                      (24) 

)(33
3

mm
m f

dt
d ∧

ΨΨ
∧

Ψ−Ψλ+=
Ψ ,                      (25) 

)(44
4

mm
m f

dt
d ∧

ΨΨ
∧

Ψ−Ψλ+=
Ψ ,                      (26) 

mmm 10
∧∧∧
Θ+Θ=Θ ,                                         (27) 

mmmmmm 43210
∧∧∧∧∧∧
Ψ+Ψ+Ψ+Ψ+Ψ=Ψ .       (28)               

 
The mathematical model of the GSE motion, 

represented by the system of differential equations (20) – 
(26), is numerically integrated in the on-board controller 
of the automatic motion control system.  

Component m0
∧
Ψ  of equations (28) is a useful 

component of the course meter reading without inertial 

deviation components 4..1, =Ψ
∧

jjm . Substituting this 
value into the control law (3), obtain an increase in the 
accuracy of the course movement of the control object (1) 

),,( *
0 umu Cf ΨΨ=

∧
δ . 

 
4 EXPERIMENTS 

Fig. 1 presents the results of mathematical modeling 
of the GSE motion when bringing into meridian.  

Initial experimental conditions are: longitudinal speed 
of the vessel is smV /0)0( = , angular yaw rate 

is sz /0)0( =ω , course angle is 0)0( =ψ , initial 
deviation of the GSE frame from the meridian is 

40)0( −=Ψm .  

As can be seen from the graphs mm
∧
ΨΨ , , the 

reduction to the meridian occurred within 10000 s (about 
2.8 hours). 

Fig. 2 shows GSE motion during the acceleration of 
the vessel. 

Initial experimental conditions are: longitudinal speed 
of the vessel is smV /0)0( = , angular yaw rate 

is sz /0)0( =ω , course angle is 0)0( =ψ , initial 
deviation of the GSE frame from the meridian is 

0)0( =Ψm . From the moment of time st 2000=  the 
vessel began to increase the speed to smV /10= .  

As can be seen from the graphs mm
∧
ΨΨ , , the GSE 

deviation and its estimate change up to 10  from the 
action of disturbing moments during the acceleration of 
the vessel. At the same time, the deviation of the useful 

component m0
∧
Ψ  does not exceed 5.0 .  

Fig. 3 shows the GSE motion during the braking of 
the vessel. Initial experimental conditions are: the 
longitudinal speed of the vessel is smV /0)0( = , angular 

yaw rate is sz /0)0( =ω , course angle is 0)0( =ψ , 
initial deviation of the GSE frame from the meridian is 

0)0( =Ψm . From the moment st 0=  the vessel 
gradually increases a speed to smV /10= , further moves 
with constant speed smV /10=  to the moment 

st 2000= , then carries out passive braking.  

As can be seen from the graphs mm
∧
ΨΨ , , the GSE 

deviates from the meridian by an angle of up to 0.5  from 
the action of disturbing moments during the braking of 
the vessel. At the same time, the deviation of the useful 

component m0
∧
Ψ  does not exceed 5.0 . 

Fig. 4 shows the results of mathematical modeling of 
the GSE motion when changing the course of the vessel.
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Figure 1 – The GSE motion when bringing into meridian 
 

 
Figure 2 – The GSE motion during the acceleration of the vessel 
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Figure 3 – The GSE motion during the braking of the vessel 

 

Figure 4 – The GSE motion during the course change 
 

Initial experimental conditions are: longitudinal speed 
of the vessel is smV /4,10)0( = , angular yaw rate 

is sz /0)0( =ω , course angle is 0)0( =ψ , initial 

deviation of the GSE frame from the meridian is 
0)0( =Ψm . 
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From the time st 2000=  the vessel began to change 

course from 0=ψ  to 90=ψ . As can be seen from the 

graphs mm
∧
ΨΨ , , the GSE deviates from the meridian at 

an angle of up to 20  from the action of disturbing 
moments during the course change. At the same time the 

useful component m0
∧
Ψ  changes almost perfectly. 

 
5 RESULTS 

The article discusses the issues of increasing the 
accuracy of automatic control of a moving object using a 
mathematical model of a meter and a device observing 
measurement errors in the on-board controller of the 
control system. 

The existing methods for solving this problem are 
analyzed, their shortcomings are revealed, the urgency of 
the problem being solved is formulated.  

A method and algorithms for increasing the control 
accuracy of a moving object through the use in the on-
board controller of a mathematical meter model and an 
observer of systematic measurement errors, built on its 
basis, have been developed.  

A particular case of application of the developed 
method and algorithms for a vessel's gyrocompass was 
considered. 

 
6 DISCUSSION 

There were considered the method and algorithms for 
improving the control accuracy using the mathematical 
meter model in the on-board controller of the control 
system.  

The analysis of the literature has shown that the 
known methods of increasing the control accuracy imply 
the improvement of the experimental conditions [22], the 
use of bandpass filters and averaging procedures [23, 25, 
29], design solutions [24], the use of reference models 
[26], self-adjusting algorithms [27], mathematical models 
of the control object and observers [28]. However, in 
open sources, the authors failed to find methods and 
algorithms that increase the accuracy of controlling by 
using a mathematical meter model in the on-board 
controller of the control system. 

The efficiency and effectiveness of the developed 
method and algorithms were confirmed by mathematical 
modeling in the MATLAB environment of the control 
processes of a moving object in a closed circuit with a 
control system.  

As shown in Fig. 1–Fig. 4 simulation results, the 
proposed method and algorithms, in comparison with the 
known solutions, make it possible to increase several 
times the accuracy of automatic control of a moving 
object due to the use of a mathematical meter model and 
an observer built on its basis in the on-board controller of 
the control system, assessing systematic measurement 
errors and eliminating them when controlling a moving 
object. 

This allows to assume that the considered method and 
algorithms can be recommended for use in the 
development of software for high – precision automatic 
control systems. 

Further studies can be related to improving the 
accuracy of control movement with the Kalman filter.  

 
CONCLUSIONS 

A method and algorithms for improving the accuracy 
of automatic control with mathematical meter model in 
on-board controller were proposed. 

The scientific novelty of the obtained results consists 
in the fact that for the first time a method and algorithms 
for improving the control accuracy using the 
mathematical meter model in the on-board controller of 
the control system, have been proposed. 

This is achieved through the use in the on-board 
controller of the control system of the mathematical meter 
model and the observing device built on its basis, the 
estimation of the useful component and the systematic 
errors, depending on the motion parameters of the 
controlled object, using for control only the useful 
component, without systematic errors. 

The practical value of the obtained results lies in the 
fact that the developed method and algorithms were tested 
by mathematical modeling in the MATLAB environment 
of the control object movement in a closed circuit with a 
control system. 

The results of mathematical modeling confirmed the 
operability and efficiency of the proposed method and 
algorithms and allow them to be used for practical 
purposes in the development of mathematical support for 
high-precision automatic control systems. 
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AНОТАЦІЯ 

Актуальність. У статті розглянуті питання підвищення точності автоматичного керування рухомим об’єктом з викори-
станням математичної моделі вимірювача та спостерігаючого за похибками вимірювання пристрою у бортовому контролері 
системи керування. Об’єктом дослідження є процеси автоматичного керування рухомим об’єктом з математичною моделлю 
вимірювача та спостерігаючого за похибками вимірювання пристрою у бортовому контролері системи керування. Предме-
том дослідження є метод і алгоритми підвищення точності автоматичного керування рухомим об’єктом з математичною 
моделлю вимірювача та спостерігаючого за похибками вимірювання пристрою у бортовому контролері системи керування.  

Мета. Метою дослідження є підвищення точності автоматичного керування рухомим об’єктом.  
Метод. Дана мета досягається за рахунок використання у бортовому контролері системи керування математичної моделі 

вимірювача і спостерігаю чого пристрою, побудованого на її основі, оцінки корисної складової і систематичної похибки 
вимірювання, що залежить від параметрів руху об’єкта керування, використання для керування тільки корисної складової 
без систематичної помилки вимірювання. 

Результати. Розроблено метод і алгоритми підвищення точності автоматичного керування рухомим об’єктом за рахунок 
використання у бортовому контролері системи керування математичної моделі вимірювача і спостерігаючого пристрою, 
побудованого на її основі. Працездатність та ефективність розробленого методу і алгоритмів перевірені математичним мо-
делюванням у середовищі MATLAB процесів керування рухомим об’єктом у замкнутій схемі із системою керування. 

Висновки. Результати математичного моделювання підтверджують працездатність і ефективність запропонованого ме-
тоду та алгоритмів і дозволяють рекомендувати їх для практичного застосування при розробці математичного забезпечення 
високоточних систем автоматичного керування рухом. 

КЛЮЧОВІ СЛОВА: автоматичне керування, точність керування, система керування рухом, помилки вимірювання, 
спостерігаючий пристрій, математична модель. 
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AННОТАЦИЯ 
Актуальность. В статье рассмотрены вопросы повышения точности автоматического управления подвижным объектом 

с использованием математической модели измерителя и наблюдающего за ошибками измерения устройства в бортовом 
контроллере системы управления. Объектом исследования являются процессы автоматического управления подвижным 
объектом с математической моделью измерителя и наблюдающего за ошибками измерения устройства в бортовом контрол-
лере системы управления. Предметом исследования являются метод и алгоритмы повышения точности автоматического 
управления подвижным объектом с математической моделью измерителя и наблюдающего за ошибками измерения устрой-
ства в бортовом контроллере системы управления.  

Цель. Целью исследования является повышение точности автоматического управления подвижным объектом.  
Метод. Данная цель достигается за счет использования в бортовом контроллере системы управления математической 

модели измерителя и наблюдающего устройтва, построенного на ее основе, оценки полезной составляющей и систематиче-
ской ошибки измерения, зависящей от параметров движения объекта управления, использования для управления только 
полезной составляющей без систематической ошибки измерения.  

Результати. Разработан метод и алгоритмы повышения точности автоматического управления подвижным объектом за 
счет использования в бортовом контроллере системы управления математической модели измерителя и наблюдающего уст-
ройтва, построенного на ее основе. Работоспособность и эффективность разработанного метода и алгоритмов проверены 
математическим моделированием в среде MATLAB процессов управления подвижным объектом в замкнутой схеме с сис-
темой управления.   

Выводы. Результаты математического моделирования подтверждают работоспособность и эффективность предложен-
ного метода и алгоритмов и позволяет рекомендовать их для практического применения при разработке математического 
обеспечения высокоточных систем автоматического управления движением.  

КЛЮЧЕВЫЕ СЛОВА: автоматическое управление, точность управления, система управления движением, ошибки из-
мерения, наблюдающее устройство, математическая модель. 
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