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Introduction

The measurement of geometric dimen-
sions of details and complex spatial surfaces
with specified accuracy is extremely im-
portant in contemporary reality of develop-
ment of industrial production in Ukraine. The
quality and reliability of the functioning of
components and details of complex mecha-
nisms and machines depend on the accuracy
of their manufacturing. The three-coordinate
information and measurement systems for
measuring of mechanical values, details,
components, and spatial surfaces of various
configurations are used increasingly due to
the intensive development of instruments pro-
duction.

However, the existing coordinate meas-
uring machines are not so productive; they are
characterized by low accuracy, reliability, and
resistance to disturbance; they cannot be used
as content elements of flexible production
systems. These measuring tools cannot be
used for control of objects with complex spa-
tial surface and do not satisfy contemporary
requirements for accuracy and velocity of
measurements. The largest numbers of known
coordinate measuring machines are used now
in laboratory conditions only; they are not
adapted for the work in conditions of manu-
facturing workshops.

One of the important stages of the anal-
ysis of coordinate measuring systems is ex-
amination of their functioning in conditions of
manufacturing workshops, with deviations

from the normal conditions of the devices ex-
ploitations.

In the branch of measurements of me-
chanical values and parameters of movements
the methods and technical devices of coordi-
nate measuring systems are the only possible
means for non-contact control of movement,
velocity and acceleration.

In process of many practical problems
solution, that arise in instrument engineering,
as well as during scientific research, the infor-
mation deficiency exists due to the mode of
measurements of the function of the state and
other factors. This deficit is replenished by the
solution of the problems of control of distrib-
uted systems, such as mathematical modeling,
estimation of the state and parameters of sto-
chastic processes, minimization of the num-
ber of the points for measurement and optimi-
zation of their location in spatial domain.

Among numerical requirements for
measurements of mechanical characteristics,
the need to ensure high static and dynamic
characteristics regarding control under the in-
fluence of destabilizing factors with minimal
deviations in transient modes of operations is
important. One of the methods of disturbing
factors compensation is the use of gas-lubri-
cated linear motors in-built into the dampers
of the coordinate measuring system.

Purpose

The purpose of present study is to inves-
tigate the effect of non-Gaussian disturbance
on the control system of linear motors with gas
lubrication of the coordinate-measuring
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system during the measurements of mechani-
cal characteristics of objects with complex spa-
tial surface.

Main part

The case of measurement (estimation)
of a vector information parameter under the
influence of additive interference with a non-
Gaussian probability distribution density
(PDD) is studied.

The sampling of random process
X, = X(t,), h=1,...,H, is a mixture of useful
signals S(A,th), which contains information
about the measured information parameters
A={M\1,...,Am}, and, in addition, in general
case, non-Gaussian disturbance nn[1, 3, 4, 5]

X(in)=S(A, th)+nn.

Let’s suppose that the results of mechan-
ical characteristics measurements are the func-
tions of sufficient statistics, and they have the
asymptotic properties of sufficiency, shiftless
and normality, as well as fulfilled regularity
conditions.

We also suppose that additive disturb-
ance and measurement parameters are inde-
pendent.

The task of determining the optimal fil-
tering of random process of mechanical char-
acteristics measurements is in transforming of
the signal ¢ in order to most accurately repro-
duce S. The density of the distribution p(x /A1)
depends on the vector parameter A={1,...,4s},
p = 2. To obtain the expansion into a power
polynomial relative to x:

Inps (x/A) = [ iy ki@[x! = mi(©)]de + ¢, (o), (1)

where, cs(x) — is a function that does not de-
pend on A, and for the sequence to converge
x for the sequence {in ps (x/2)} to the loga-
rithm of the distribution density inp (x/A)

=1 ki (DF; () =

Where,_ Fl](l) = mH_](l) — ml(/l)m] (A)
I,j=1,5,m(1), mj(4) — are the moments.
According to (1), for finding the estimation of

psn(x//l) = eXP{Zfﬂ himi 1 -

where the following designations were used:
2
hmi(/l) = fa kimdt,
2
ho(A) = n [ Xi; ki(®)bi(t)dt,
tin = 271}=1 cs(xy),

where, c¢;(x, 1/A,,) — is a function independ-
ent on the component vector parameter.

According to the Kramer-Rao theorem,
the dispersion of any shiftless estimation is
determined by the inequality [1]:

G; = [-m{d® InW, (1)/dA*}]™%, (3)

where Wh(2) — is a likelihood function.
Let’s assume that the logarithm of the
likelihood function (LLF) exists and it is:

Bn=InWn{Xn-S(4,tn)}, (4)

for s —» oo it is necessary to determine k; (1)
from the solution of the system of linear alge-
braic equations [1]:

d .
ami(l), i=1,s,

the vector parameter, the approximation of
compatible density of the distribution of inde-
pendent sample values will be:

tin + ho(A) + cs(x, 4/ A1)}, )

where Wnh{*} —is the PDD of additive disturb-
ance.

The estimation of the accuracy of the
vector information parameter measurement
let’s examine on the base of example of ran-
dom vibration processes that take place dur-
ing the vibration of the basement in flexible
manufacturing systems, and the measurement
of the frequency — w, the derivative of the fre-
quency — ' and the phase — ¢ of the useful
signal of the sensors:

S(A, ty) = Uy cos[(w + 0,20't))t;, + ¢].(5)

Let’s represent the useful signal (2) S(4,
tn) as:

S, tr) = Upp cos( Ay + Aty + A3t2), (6)

where Li=@; 1L=0'; 3= .
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For the measured signal we define the
derivatives:

Sii, ty) = Upnth P sin( Ay + Aoty + A3t7); =1, 2, 3. (7

Estimating the information parameters
through the maximum of the posterior density

d o d
Eany(/l)‘jf/i:O, E

The lower limit of the Kramer-Rao ine-
quality for the dispersion of shiftless common

parameters of  the  useful  signal
A={p, o, o'}, let’s write as [4]:
G = |I;]/11151,j=1,2,3, ©)

where |I;;| - is the algebraic complement of
element lij of Fisher's information matrix;
II1]]; 1] — is the determinant of the matrix.
The elements of the information matrix
at i take into account the mutual dependence
of the evaluated parameters. If the measured

l;j = Y, hai (A1, Az A3, 11, 6) 3 (A1, A, A, 1) + Lgij-

where H = TA— is the whole part of the ratio;;
A= h- (h-1) — interval of time counts; ti— be-
ginning of the time of measurement; S’ — de-
rivative of the processed useful signal accord-
ing to the estimated parameter 4; (j= 1,2,3),

Yho1 Ru(th — tho)R(A, b, ty)A = S(A, ),

where Rn(th-th-1) — is a correlation function for
disturbance,  h(A,t;, t,) = uiN;2S(A, tp),
where uZ > 1 — is the coefficient that takes

into account the difference between PDD of

Jij = BAGAE Sh=1 S (A, th)Sy; (A tn) + Lpij»

where G2, = N2/A — is dispersion of dis-
turbance.

Iij = 023G TH_ U2, 72 [1 + sin2 (A + Aoty + A3t2)] + Ligi;-

For a large number of measurements will be:

v2 o
lij = pp S5 (D)2 (0 + = 17+ Dy,

2
where,  Up, = H 12 Ups GZ =
NZ(AH)™' = N2, /T —is the dispersion of ad-
ditive disturbance.

InW, (2)],,_;=0

of the probability distribution (PDPD), three
equations have to be performed:

d
| az;hﬂNy(lA%=i—O. ©

parameters do not depend on each other, the
information matrix is simplified, and we

have:
I,; O 0
[1] = [ O 122 0 ].
0 0 I3

Dispersion of the parameters for this
case will be

G2 = G2y = I;1/111;i=1, 2, 3.

The elements of the matrix (10) can be
expressed by the ratio:

(10)

(11)

dueto A=4; 114i; — component of Fisher's in-
formation matrix; /';— derivative for param-
eter Ai(i = 1,2,3), conditioned for A = 1 from
the weight function h(4, t, tn), which is a so-
lution of the equation:

(12)

additive disturbance and Gaussian one [3];
N2 — spectral density of disturbance.
Then the relation (11) will be:

(13)

Let’s put into (13) the value of deriva-
tiveSy;(4,¢,), for 0<t<T, and we will
have:

(14)

(15)

We signify 4 = U2 /2G2, that play the
role of generalized signal/disturbance ratio,
and the matrix [I] will be written as:
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1 -02T  1/5T? he11 he1z Dot
[l = u2p|—02T 1/3T? —0.25T3|+ [lgp21 Dag2z  Do2s) (16)
1/5T? —0,25T% 0,5T* Lzt gz D33
If the PDD of measured parameters [4]:
Wi(D) = 2rG?) 3D~ exp{—(2G6*D) ™% X1 X3o1 D (lica) (Mk—a)},  (17)

where G2 and a — are the dispersion and aver-
age value; D — determinant of the matrix R,
the elements of which are the value of the nor-
malized correlation function: Dik — the

2Dq4

[I/ld)l]] = (ZGZD)_l D21 + D12 D22
D3 + Di3

Let’s determine the correlation matrix
of errors (10) by the method of maximum
likelihood [1]: so, we have:

1 —02T 1/5T?
[l =pu2p|-02T 1/3T2 —0,25T3|.
1/5T2 —0,25T% 0,5T*

The determinant of this matrix will be:
[1] = (uap)3T?/720 (18)

Substituting values (15), (18) into (9),
under the influence of non-Gaussian additive
disturbances we have for: frequency, fre-
quency derivative, and phase, respectively,

G5 = {uppT? /613171,
Go = {uhpT* /24037,
Gg = {uip/3}7"

If the object of measurement is installed
on the rotary table, and it moves with a con-
stant speed, i.e. »'= 0, we have:

G3 = {uipT?/12}°%; G5 = {uap/3} 7"

Inequality (19) demonstrates that the
lower limits of the dispersion of estimates @ and
@ are significantly lover if they are measured in
the middle of the observation interval. The in-
crease in the accuracy of such measurements is
due to the fact that the off-diagonal elements 112,
I21, |23, 132 are equal to zero and only the elements
113, I31 differ from zero. If non-diagonal elements
in matrix [I] (16) differ from zero, it is necessary
to take into account the presence of correlation

(19)

algebraic complement of the element Rix in
the matrix, then the information matrix [I,;;]
will be:

Dy + Dy;  Dy3+ Dy

D3, + Dys D33

links between the estimation errors of individual
measurement parameters.

Thus, with an increase of p, T, i u2, the re-
duced error of measurement decreases, and the
measurement accuracy increases.

Conclusions

As we can see from (19) and taking into
account the non-Gaussian nature of the addi-
tive disturbance; this allows us to increase
significantly the accuracy of measured pa-
rameter. Moreover, the more the PDD of the
additive disturbance differs from the Gauss-
ian one, the more accurately we get the meas-
urement result.
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CONTROL OF LINEAR MOTORS WITH GAS LUBRICATION OF THE
COORDINATE MEASUREMENT SYSTEM

The problem of the influence of non-Gaussian disturbance on the control system during
the measurement of coordinate measuring system of mechanical quantities of objects with a
complex spatial surface is described in the article. It is shown that the accuracy of the filtering
of the random process of measuring mechanical quantities is significantly affected if to take
into account the disturbing factors with non-Gaussian probability distribution density.

Keywords: non-Gaussian interference; coordinate measuring system of mechanical val-
ues; disturbing factors; probability distribution density.
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KEPYBAHHSA JIITHIMHUMUA ABUI'YHAMHU 3 T'A30BUM 3MAIIEHHSIM
KOOPAUHATHO-BUMIPIOBAJIBHOI CUCTEMUA

Y cmammi posenauymo 3adauy eéniugy ne2aycoeoi 3a6adu Ha cucmemy Kepy8aHHs npu
BUMIPIOBAHHT KOOPOUHAMHO-BUMIPIOBAIbHOT CUCTIEMU MEXAHIYHUX eIUYUH 00 €KMIB i3 CKIA0-
HOI npocmoposoio nosepxuero. Ilokazano, wo na mounicms Qinempayii 6unadxkoeozo npo-
yecy UMIPIOBAHHSA MEXAHIYHUX BETUYUH 3HAYHOIO MIDOIO BNIUBAE BPAXYBAHHS 30YPrOI0OUUX ¢ha-
KMOpig i3 He2ayCo80I0 WINbHICMIO PO3NOOLIEHHS UMOGIPHOCMELL.

Knrouogi cnoea: nezaycosa 3aeaoa; KoopOuHamHo-6UMIPIOSAIbHA CUCIEMA MEXAHIUHUX
seuduH; 30yproroui haxmopu; WinbHicme po3noodileHHs UMOBIPHOCEIL.
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