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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 A o
GCS OX,Y,Z, is a Gyroscopic Coordinate System; Xom is a vector of estimation of useful component of
GSE is a Gyrocompass Sensing Element. measurements;
AN

Xjm is an estimate vector j-th component of the
NOMENCLATURE

f,,(e) is a mathematical model of the control object; systematic measurement error;

] ] A j is a j-th observer coefficient vector;
X, is a control object state vector; ) o
H is a kinetic moment vector of the gyrocompass

C,, is a vector of control object constants;

fjm(®) is a j-th meter component of mathematical
model,;

X[, 18 a meter state vector;

Cp, is a vector of meter constants;

f, () is a control law;

U is a control vector;

th is a vector of required movement parameters;

C, is a vector of control law constants;

F is a quality control function;
N
Xm is a measurement evaluation vector;

sensing element;

Q is an angular rate of kinetic moment vector;

M isa j-th vector of disturbance moment;

®p, is a measured deflection angle of gyrocompass
sensetive element in vertical plane;

AN
®m is an assessed deflection angle of gyrocompass

sensetive element in vertical plane;
N
®om is an assessed usefull components of deflection

angle in vertical plane;
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Ay
Ojm is an estimation of the j-th component of the

systematic measurement error from M- disturbance
moment;

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

A
Wm is an assessed deflection angle of gyrocompass

sensetive element in horizontal plane;
A\
Wom is an assessed usefull components of deflection

angle in horizontal plane;
AN
¥ jm is an estimation of the j-th component of the

systematic measurement error from M | _disturbance
moment in the horizontal plane;
f(? is a mathematical model of the useful component
in vertical plane;
<)
f]

component in the vertical plane;

is a mathematical model of the j-th deviation

f(;P is a mathematical model of the useful component
in horizontal plane;

f ;P is a mathematical model of j-th deviation

component in horizontal plane;

XGJ-) is a j-th observer coefficient in vertical plane;

klﬁl is a j-th observer coefficient in horizontal plane;

o3 is an Earth rate;

o is a geographic latitude;

| is a gravity center displacement;

m is a displaced mass;

g is a free fall acceleration;

a 1is 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;
V, is a speed of course change;

r is a radius of course change;

®, 1s a yaw rate;

®;m 1s a measured yaw rate;

™y, 15 an assessed yaw rate;

y is a yaw angle;

W, 1s a measured yaw angle;

y, 1s an assessed yaw angle;

 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
dXp
dt

=1 (X, U,Cp), (D

mathematical model of a meters is

dX,
dt

:fo(XnaCm)+f1(XnaCm)+~--fk (ancm) (2)
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and the law of an object motion control is

U=f,(Xp.X",Cy) . (3)
It is required to minimize the control error
F :HX“ —X*H 5 min. 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 fy(X,Cp,),
determining the behavior of the useful component of the
measured signal, and the vector of the function
f1Xh.Ch) s H(Xp,Ch)s oo f(X},Cpy), determining
the behavior of the
measurement errors.

To estimate these components
equation (2) in the form

systematic components of

write the vector

A

d Xom

dt :fO(thCm): (5)
d N
X1
= fiXn,C), (©6)
t
A
d Xk
= =1 (Xh.Cn) @)
AN N A N
Xm = Xom+ Xim+...+ Xkm. (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

AN
parameters Xm and the vector of estimates of its

A N AN
components Xom, Xim, ...,Xkm. Due to the
inaccuracy of the mathematical model, integration errors,

A
and other factors, the vector of estimates Xm over time
will more and more differ from the measurement vector

VAN VAN A
X, and estimates Xom, Xim, ..., Xkm from their

actual values.
To prevent this from happening, cover equations (5)—
(7) with feedback on the deviation of the estimate vector

Ay
Xm from the measured vector Xy, .

A

dxX A

dfm —£(Xp,C) + (X —Xm),  (9)
A

dX A

dt”“ =£,(X.Cr) + M (X —Xm),  (10)

4
4
N
d Xk o
dt”‘ =f(Xp,Cr) + A Xy = Xm), (11)
A A A A

Xm = Xom+ Xim+...+ Xkm .

(12)

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

N
retention of the vector of estimates Xm near the
measurement vector Xp,, and also an estimate of the

AN A

A
vectors of the components Xom, Xim, ..., Xkm. Using

A
in the control law (3) estimates of the vector Xom instead
of a vector of dimensions X,

N *
U=f,(Xom,X ,Cy)
allows to minimize control error (4)

-

* .
X,-X “—) min .

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

dH oH 4
=—+QxH=)M;,

— (13)
dt ot <

GCS is located in the center of the gyrocompass
sensor suspension, the axis OX, is directed along the

kinetic momentum vector of the GSE, the axis OY, is
OX,, 0oz,

complements the GCS to the “right” one.
Vector differential equation (13) in GCS has the form

perpendicular to the axis the axis

. n
HO=Y My, (18)
izl
. n
~Hcos®O¥ = Y My , (19)
=1

or after defining the right-hand sides

®=-w;ycososin¥ —Vﬁ(sin Ksin¥ —cosK cos '),

Y = m3(cosccos Ptg® —sin o) + Imgtg® —
—%tg@(cos Ksin¥ —sin K cos V) Ve
r

—mal(cosK cos W +sin K sin V).
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To simplify the obtained equations of the course meter
sensitive element motion, denote

f0® =-@3coscsin'¥,
\ A .
f1® = —E(sm Ksin¥ —cosK cos V),

fOLP =3 (cosocos Ytg® —sino) ,
fl'*' =Imgtg®,

fqu = —Vﬁtg(@(cos Ksin¥ —sin K cos V),

f4\P =-—mal(cos K cos ¥ + sin K sin V).

Through the inaccuracies of

A A
mathematical models, other factors, estimates ¥m,®m

integration errors,

will deviate more and more from the measured values
Y0,0m -
N AN
To keep the estimates Wm,®m near the measured

values ¥,,,®p,, a observation device with component
estimation was used.

A
48 _ 1 415 @ ~6m). 0)
A
e (G ) e
A
L0 5 2 (= ) )
A
LA = ¥ 4 (¥~ Fm), 23)
A
L 2 (). (4
A
LM Y (= ), (25)
A
: q;:m = 130+ (¥~ ). (26)
Om =Oom+ O1m, 27
¥Ym=%om+¥im+¥Yom+¥m+Yam. (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.

AN
Component Wom of equations (28) is a useful

component of the course meter reading without inertial

A
deviation components V¥ jm,j=1..4. Substituting this

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

A *
5=f,(¥om, ¥ ,Cy).

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 wvessel is V(0)=0m/s, angular yaw rate

w(0)=0°, initial
deviation of the GSE frame from the meridian is
Y, (0)=-40°.

is @,(0)=0°/s, course angle is

N
As can be seen from the graphs Y¥p,,¥m, 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 wvessel is V(0)=0m/s, angular yaw rate

is ®,(0)=0°/s, course angle is w(0)=0°, initial
deviation of the GSE frame from the meridian is
Y, (0)=0°. From the moment of time t=2000s the
vessel began to increase the speed to V =10 m/s.

N
As can be seen from the graphs ¥,,,%¥m, 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 ‘?’()m does not exceed 0.5°.

Fig. 3 shows the GSE motion during the braking of
the wvessel. Initial experimental conditions are: the
longitudinal speed of the vessel is V(0) =0 m/s, angular
yaw rate is @,(0)=0°/s, course angle is (0)=0°,
initial deviation of the GSE frame from the meridian is
¥n(0)=0°. From the moment t=0Ss
gradually increases a speed to V =10m/s, further moves
speed V =10m/s to
t =2000 s, then carries out passive braking.

the vessel

with constant the moment

AN
As can be seen from the graphs ¥,,%¥m, the GSE

deviates from the meridian by an angle of up to 5.0° from
the action of disturbing moments during the braking of
the vessel. At the same time, the deviation of the useful

A
component Wom does not exceed 0.5°.

Fig. 4 shows the results of mathematical modeling of
the GSE motion when changing the course of the vessel.
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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
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Figure 4 — The GSE motion during the course change

Initial experimental conditions are: longitudinal speed deviation of the GSE frame from the meridian is
of the vessel is V(0)=10,4 m/s, angular yaw rate ¥, (0)=0°.
is ®,(0)=0°/s, course angle is wy(0)=0", initial
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From the time t=2000 s the vessel began to change

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

AN
graphs ¥y, ¥m, 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

N
useful component Wom 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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AHOTANIA

AKTYaJbHiCTb. Y CTaTTi pO3IJSHYTI MATAHHS MiABUIIEHHS TOYHOCTI aBTOMATHYHOTO KEPyBaHHS PyXOMHUM 00’ €KTOM 3 BUKOPH-
CTaHHAM MaTeMaTHYHOI MOJETl BUMIpIOBaya Ta CIIOCTEPIrarodoro 3a MoXHOKaMU BUMIPIOBaHHS IIPUCTPOIO y GOPTOBOMY KOHTpOJIepi
cucreMu kepyBaHHsA. O0’€KTOM JOCIIDKEHHS € IPOLECH aBTOMaTHYHOTO KEPYBAHHS PyXOMUM 00’ €KTOM 3 MaTeMaTHYHOIO MOJIEILTIO
BHMIpIOBaya Ta CIIOCTEPIralodoro 3a MoXMOKaMH BUMIpPIOBaHHS IPUCTPOIO Y OOPTOBOMY KOHTpOJIEpi cucTeMH KepyBaHHs. [Ipenme-
TOM JOCII/DKCHHSI € METOJ[ 1 aJITOPUTMHM HiJIBUIICHHS TOYHOCTI aBTOMAaTHYHOI'O KEPYBAaHHS PyXOMHM 00’€KTOM 3 MaTeMaTHYHOIO
MOJIEJITF0O BUMIpIOBaya Ta CIIOCTEPIraroyoro 3a moxXxuOkaMu BUMIPIOBaHHSI IPUCTPOIO Y OOPTOBOMY KOHTPOJIEPi CUCTEMHU KePyBaHHI.

Merta. MeToo 10CniKeHHS € HiABUIIEHHS TOYHOCTI aBTOMAaTHYHOTO KEPYBaHHS PYXOMHM 00’ €KTOM.

Mertoa. [JaHa MeTa IOCSTa€ThCsS 32 PaXyHOK BUKOPUCTaHHS Yy O0OPTOBOMY KOHTPOJIEPI CHCTEMH KepyBaHHS MaTeMaTHYHOI MOZEI]
BUMIpIOBaYa i CIIOCTEPIrar 4oro MpUCTPOI0, MOOYIOBAHOTO Ha ii OCHOBI, OLIHKK KOPHCHOI CKJIAJOBOI i CHCTEMAaTHYHOI MOXHOKU
BHMIPIOBAHHS, IO 3aJIEKUTh BiJ IapaMeTpiB pyXy 00’€kTa KepyBaHHsS, BUKOPUCTAHHS JUIS KePyBaHHS TIIBKH KOPHCHOI CKJIAaI0BOI
0e3 cHCTeMaTHYHOI HIOMUJIKY BUMIpPIOBAHHSI.

Pe3yabsTaTn. Po3po6iieHo MeTO i aIrOpUTMH MiABUICHHS TOYHOCTI aBTOMaTUYHOI'O KEPYBaHHS PyXOMHUM 00’€KTOM 33 paXyHOK
BUKOPUCTaHHS y OOpPTOBOMY KOHTpOJIEPI CHCTEMM KepyBaHHS MaTeMaTH4YHO! MOJelli BUMipioBaua i CIOCTEpIraroyoro IpHCTPOIO,
nobyoBaHoro Ha ii ocHoBi. IIpare3natHicts Ta eeKTUBHICTh PO3POOIEHOr0 METOLY 1 aIrOPUTMIB MEpeBipeHi MaTeMaTUIHHM MO-
nerroBaHHsM y cepenoBuini MATLAB nporieciB kepyBaHHSI pyXOMUM 00’ €KTOM Y 3aMKHYTil CXeMi i3 CHCTEMOIO KepyBaHHSI.

BucHoBku. Pe3ynpTaTit MaTeMaTHIHOTO MOJIECIIOBAHHS MiATBEPIKYIOTh NPAIe3IaTHICTD 1 €PEKTHBHICTH 3alPOIIOHOBAHOTO Me-
TOJy Ta AJITOPUTMIB 1 TO3BOJISIOTH PEKOMEHIYBATH iX Ul MPAKTHYHOTO 3aCTOCYBAHHS MPH PO3pOOIi MaTEMAaTHYHOTO 3a0e3MeueHHS
BHCOKOTOYHHX CHCTEM aBTOMAaTHYHOTO KEPYBaHHS PyXOM.

KJIIOYOBI CJIOBA: aBTOMaTH4HE KepyBaHHS, TOUHICTh KEPyBaHHsS, CHCTEMa KEPyBaHHS PYXOM, ITOMIJIKH BUMipIOBaHHS,
CIOCTepiraroyuii MpUCTPiid, MaTeMaTHYHA MOJIEIb.

VK 629.05:656.61:004.942
MHOBBIIIEHUE TOYHOCTHA ABTOMATHYECKOT'O YIIPABJIEHUSI C MATEMATHYECKOW MOJIEJIBIO
MN3MEPHUTEJISA B BOPTOBOM KOHTPOJIJIEPE
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AHHOTAIUSA

AKTyaJIbHOCTB. B cTaThe paccMOTpeHB! BOIIPOCHI MOBBIIIEHHSI TOYHOCTH aBTOMATHYECKOTO YIPABJICHHS MOABIKHBIM 00BEKTOM
C HCTOJb30BAaHUEM MaTEMAaTHYECKOH MOJETHM M3MEPHUTENs U HAOMIOAAIONIETO 3a OMMOKAMU M3MEPEHHs YCTpOilcTBa B G0PTOBOM
KOHTpOJIIEpE CHCTEeMBI ympasieHHus. OOBEKTOM HCCIEIOBAHUS SABIAIOTCSA MPOIECCH aBTOMAaTHYECKOTO YNPABIEHUS MOJBHKHBIM
00BEKTOM ¢ MAaTEMaTUYECKOW MOJEIBI0 U3MEPHUTENS U HAOMIOJAIONIEero 3a OMNOKaMi H3MEPEHHsI YCTPOHCTBa B OOPTOBOM KOHTPOJI-
nepe cucteMsl ynpasieHus. [Ipexmerom mcciemoBaHMs SBIAIOTCS METOJ M alTOPHTMBI HOBBIMICHUS TOYHOCTH aBTOMAaTHYECKOTO
YTIPaBJICHUS TOBIDKHEIM OOBEKTOM C MaTeMaTHUECKOW MOJENBI0 H3MEPHUTEIIS M HaOIIOAAIONMEero 3a OINOKaMU M3MEPeHUs! YCTPO-
CTBa B OOPTOBOM KOHTPOJIIIEPE CUCTEMBI YIIPaBICHUSL.

Hexas. Lenbio nccnenoBanus sSBISIETCS MOBBIICHHE TOYHOCTH ABTOMATHYECKOTO YIIPABJICHUS MOABHKHBIM OOBEKTOM.

Metoa. JlaHHas Lesib JOCTUIAeTCs 38 CUET UCIOJIb30BaHHUS B OOPTOBOM KOHTPOJIEPE CHCTEMBI YIPaBICHHS MaTeMaTHYECKOH
MOJIEM U3MEPUTENs U HaOII0JAI0IIETr0 yCTPONUTBA, IIOCTPOSHHOTO HA €€ OCHOBE, OLIEHKHU TOJIE3HOH COCTABIIAIONIEH U cUCTeMaTHYe-
CKOH OMUOKM U3MEpeHHMs, 3aBHUCSIIEH OT MmapaMeTpoB ABIXKEHUS OOBEKTa YNpPaBICHUS, MCIONb30BAHUS /I YNPABIECHHUS TONBKO
TIOJIE3HOM COCTaBIIAIONIEH 0e3 CHCTEeMaTHYeCKOH OITHOKY U3MEPEHHS.

Pe3yabTaTn. Pazpabotan MeTOq M aNTOPUTMBI MOBBIICHNS! TOYHOCTH aBTOMATHYECKOTO YIIPABICHNUS ITOIBIKHEIM 0OBEKTOM 32
CUeT UCIIOIB30BaHMs B OOPTOBOM KOHTPOIIIEPE CHCTEMBI YIIPABICHHsI MaTEMaTHUECKOH MOJENIN H3MEPHUTEIs M HaOJI0afoOIero ycr-
pOHTBa, MOCTPOCHHOTO Ha ee ocHOBe. PaboTocrocoOHOCTh M 3P (PEKTHBHOCTE Pa3pab0TaHHOTO METO/a M alrOPHUTMOB IPOBEPEHBI
MaTeMaTHYeCKHM MojeinpoBanueM B cpene MATLAB nporeccoB ynpasieHHs: MOABHKHBIM OOBEKTOM B 3aMKHYTOH CXeMe C CHC-
TEeMOW yIpaBJICHHS.

BbIBoabI. Pe3ybTaThl MaTEMaTHYECKOIO MOZCIMPOBAHUS MOATBEPXKAAIOT PabOTOCIIOCOOHOCTD M 3()(HEKTHBHOCTD IIPEIIOKEH-
HOTO METOJa U aITOPUTMOB M MO3BOJIAET PEKOMEH0BATh MX AJISl MPAKTUYECKOTOo MPHMEHEHMsS MpU pa3paboTKe MaTeMaTHYECKOro
obecredeHusT BBICOKOTOYHBIX CHCTEM aBTOMAaTHYECKOTO YIPAaBICHHUS ABMKCHUECM.

KJIFOYEBBIE CJIOBA: aBToMaTHuYeCcKOE YIIpaBiIeHUE, TOYHOCTh yIIPABICHUS, CUCTEMA YIIPABJICHUS IBMYKEHUEM, OUTHOKH H3-
MepeHus, HabII0Jalomiee yCTPOHCTBO, MaTeMaTHIeCKast MOJIEIb.
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