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MATHEMATICAL MODELS OF THE DYNAMICS OF CONTROL OBJECTS
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The authors analyze the challenges of forming correlation matrices in solving problems of iden-
tification of matrix models of the dynamics for real-life industrial objects. They propose generalized
algorithms that allow for reducing those matrices to similar matrices of useful signals. The specific
characteristics of real-life noisy technological parameters are taken into account and it is also
demonstrated that said algorithms can be used in the absence of a correlation between the useful
signal and the noise and in the presence of such correlation.
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Introduction

It is known [1-6] that one of the main
challenges in solving problems of automated
control of industrial objects is establishing the
quantitative interrelations between technologi-
cal parameters characterizing the processes in
those objects both in statics and dynamics. The
statistical correlation method for determining
these dynamic characteristics is based on the
solution of an integral equation that includes
the correlation functions R, (z) and R, (z) of
the input X(z) and output Y(z) signals. How-
ever, in real-life objects, interferences and noises
are imposed upon the useful signal (that has to
be obtained with the least possible amount of
distortion), thus hindering the calculation of the
estimates of their static characteristics. The pa-
per considers one possible option of creating
alternative digital methods and technologies for
forming the correlation matrix of the dynamic
model of industrial objects, which is generally
described with matrix equations of the follow-

ing type

Ryy (/1) ~ ﬁm (,U)W(,U)’
u=0, At, 2At, (N -1)At, (1)

where R, (1) is the square symmetric matrix
of the autocorrelation functions with dimension
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NxN of the centered input signal X(t) ;

R, (z) is the column vector of the cross-
correlation functions between the input X(t)
and the output Y (t), W(x) is the column vector
of the impulsive admittance functions. However,
the real technological parameters g(At) and
n(iAt) are the sum of the useful signals X(t),
Y(t) and the noises £(iAt), 7(iAt), therefore,

matrix equation (1) of real-life technological
processes can be represented in the following
way:

Ry, (44) = Ryg (W (u2),
u=0, At, 2At, ..., (N-1)At
Fg (1) = Tog (1) (12),

=0, At, 2At, ..., (N-1)At

where T, () is the square symmetric matrix of

the normalized autocorrelation functions with
dimension N x N of the centered input signal
g(t); re,(x) is the column vector of the nor-
malized cross-correlation functions between the
input g(t) and the output. However, obvious
inequalities emerge in this case:
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u)| )

As a result, in practice adequacy of iden-
tification of the model of the dynamics (1) of
technological processes fails in many cases.

Problem statement

To ensure an adequate solution to the
problem of identification of matrix models of
the dynamics of industrial objects, we need to
develop a robust technology for forming the

matrices  R%(x) , RF(4)

correlation 0 o

2 (), ;( ) that ensures that the following

equalities hold:

(
(_;Rry(lu)z Ry (,u) 3)

Technology for forming the correlation
matrix in the presence of a correlation be-
tween the useful signal and the noise. Tech-
nological parameters of real-life industrial ob-
jects are characterized by the presence of the
noise &(t), which in most cases is in correlation
with the useful signal X(t) [2,3,8]. Therefore,
the formula for determining the estimate of

R,,(#) can be represented in the following
form:
Rooll) = >0k (i + s)t) =
_[Ra(@+D, atu=0
Ry (1) + Ry, (1) atu#0.

Thus, to make correlation matrices equi-
valent to the matrices of useful signals, we need
to subtract the value of D, from the estimates of

R,,(0), and the value of Ry, (x) from the es-
timates of Ry, (1), i.e.
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Roo(11)=
R,,(0)-D, Ry (4t)-R,. (1) e RyIN-2)at]-R,, [N -2)at]
Ry (at)-R,. (a0 R, (0)-D, o R(N-2)at]-R,, [N -2)at]
N R[N —1)At]‘—“RXE [IN-1a] R[N —Z)At]I:RXé [N -2)a1] R, (('J')'— D,
o (1)~
Ry (At)-Ry, (A) RN -2)At]-Ry, [(N -1)a]
! D,-D, D,-D,
R, (A0)-R,, (1) Rygl(N=2)at]-Ry, [(N-2)at]
= 1 R

RN [0 B[ 2] R[]
D,-D, D,-D, h

where D, is the noise variance, R, (u) is the
cross-correlation function between X(t) and
g(t).

Given below are the formulas for deter-
mining the estimates of D, and R,, (x).

;i“[ iAt)g(iat)—2g(iat)g((i +1)at)+
+g(iat)g((i+2)at)], 4)
R 1) = 5 RY (1) ©)

where

R ()~ 2 al00g G+ 1+ D) -
— (@i + 2)At)=3g((i + g+ A +1)At) +
+29((i+ u+ A)A)+g((i +u+ A +2)At)]  (6)

For instance, when A=1 , e
R, (At)>0,R,,(2At)~0, expression (6) will
have the following form:

R, (At) = Zg t)g((i +1+1)At)—

—g((i +1)At) Sg((l +1+1+1)At)+
+29((i +1+DAt)+ g((i +1+1+ 2)At)]
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And the expression for determining 0)~ AR, (0)R}, (0)
R, (At) will have the following form: “TT AR 0)
AR, (AUR;, (1)
1 Ry (At)~ TRLG) | 9)
Ry, (At) ~ — Ry, (At). AR, (2At)R}, (2At)
AR, (2At)

Similarly, when 2=3, i.e. R, (At)>0,
R,.(2At)>0,R,,(3At)>0,R, (4At)~0 , the ex-
pressions for determining R} (At) and R, (At)
will have the following form:

R, (At) ~ ;ig(iAt)[g((i +1+1)At)—-

—g((i +1)At)l—:3g((i +1+3+1)At)+
+29((i +1+3)At)+ g((i +1+3+2)At)]

1o,
RXg (At) ~ E RXS (At) )

Our research has demonstrated that the es-
timates of R, () can also be determined by
means of the cross-correlation functions Ry, ().
To that end, we determine the estimate of
R}, (12) by means of the generalized expression.

R ()= 3Ry (i) (7)

And the estimate R{,(At) is determined
from the formula

R () = > san 9(iA0)a(( + -+ D)~

—g((i + u)At)—3g((i + 2+ 1 +1)At) +
+29((i + g+ A)AL)+g((i + p+ A +2)At)] (8)

Thus, in the presence of a correlation
between X (t) and &(t) at x=0, u=At, u=24t,
etc., the expression for determining the cor-
responding estimates R, (0) , R, (At) ,
R, (2At),... can be represented in the following
form:

The application of generalized expres-
sions (5)-(8) opens the way by determining the
estimates R, (0), Ry, (At), R, (2At), Ry, (3At),
etc. to correct the corresponding elements of
correlation matrices. Therefore, in the presence
of a correlation between X(t) and &(t), sub-
traction of the corresponding estimates
R,.(At), R, (2At), R,,(3At), ... and the value

of D, rom the elements of the columns and

lines of the correlation matrices that represent
the estimates of R (At),R,(2At), R ,(3At), ...

L[]
leads to their correction. For instance, when
R,,(At)>0, R, (2At)~0 , R, (3At)~0,....,
using the result obtained from expressions (5)-(8)
the element of the second column in the first
line and the second line in the first column

(Ry(AL)—R,, (At)=R,, (At)) is corrected, and

then the robust normalized correlation matrices
of noisy signals will have the following form:

—_ —_—

oo (1) = 1 (1) =

R (40)- R (8t)~ Ry (a) R, [(N 1]~ Ry [N -2t

1

D, -D, D, -D,
R, (1) R, 80 Ry, 1) RN -2h]<R, [ -2p) (10)
D, -D, 1 D, -D,

Rgg[(!\il;l]At]z Ry [N-10] R, [(N“—I z)A{] =Ry [N -“ﬁ}At]
D, -D, D, -D,

In that case, the result of formation of
correlation matrices is regarded as valid only
when the estimates of R, (u) at
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1=0,u=At p=2At u=3At... obtained
from expressions (5)-(8) match, i.e. the adequa-
cy of the obtained results is achieved through
their duplication. Therefore, after such correc-
tion, the obtained matrix can be considered
equivalent to the matrix of useful signals.

Conclusion

The authors propose two alternative ro-
bust generalized technologies that enable one to
reduce the correlation matrices of noisy techno-
logical processes to the matrices of their use-
ful signals both in the absence of a correlation
between the useful signal and the noise and in
the presence of such. The adequacy of the results
is achieved through duplicating the obtained esti-
mates of the elements of matrices by both
methods.
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OBYEKTLORIN STATISTiK DINAMIK MODELLORININ iDENTIiFiKASIYASINI TOMIiN EDON
ROBAST TEXNOLOGIYALARIN NOZORI OSASLARI

T.A.9liyev, N.F.Musayeva, U.E.Sottarova, N.E.Rzayeva

Real istehsalat obyektlorinin dinamik modellorinin korrelyasiya matrislorinin tortib edilmasinds qarsiya ¢ixan
gatinliklor analiz olunmusdur. Kiiylonmis texnoloji parametrlarin matrislorinin onlarin faydali signallarinin matrislorine
gotirilmasinin alqoritmlori toklif edilmisdir. Alinan noaticolorin adekvathigim tomin etmok ticiin real kosilmoz texnoloji
proseslarin xiisusiyyatlori nozors alinmis ve taklif olunan texnologiyalarin faydali signalla kily arasinda ham korrelyasiya
olan hal tigiin, hom do korrelyasiya olmayan hal tigiin effektivliyi gostarilmisdir.

Agar sozlar: stoxastik proses, identifikasiya, texnoloji parametr, kiiy, kiiylonmis signal, korrelyasiya funksiyast,
korrelyasiya matrislori, normallagmis giymatlor, dinamika modellari
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POBACTHASA TEXHOJIOTI'UA ®OPMUPOBAHUSA KOPPE/ISIIIMOHHBIX MATPHUI
MATEMATHYECKHUX MOJAEJEU JTMHAMUKHN OB BEKTOB YIIPABJIEHU A

T.A.AnueB, H.®.MycaeBa, ¥Y.J3.Carraposa, H.J.P3aeBa

AHanu3npoBaHBl TPYAHOCTH (HOPMUPOBAHUSI KOPPEISIMOHHBIX MATPUI] IPU PEIICHUN 3a7ad HUACHTU(DHUKALUH
MaTpPUYHBIX MOJENEH TUHAMHUKH pealbHbIX MPOM3BOJICTBEHHBIX 00BEKTOB. IIpemnoskeHbl 000OIIEHHBIE AITOPUTMBI,
MO3BOJISIOIIME CBECTH TH MATPULBl K MaTPHUIAM, aHAJIOTMYHBIM MAaTpUIAaM IOJE3HbIX CUTHAJOB. IIpu 3TOM yuTeHBI
creuuduKN peanbHBIX 3allyMJICHHBIX TEXHOJIOTMYECKHX NMapaMeTpOB U MOKa3aHa BO3MOXHOCTb NMPUMEHEHHS JaHHBIX
NTOPUTMOB KaK JUIS CITydasi, KOTrJla MeX/y TIOJIE3HBIM CUTHAJIOM M ITIOMEXOH HET KOPPEISINH, TaK ¥ IS CIydasi, Koraa
KOPPEIALHUS MEKAY HUIMHU IPHCYTCTBYET.

Knroueswvie cnosa: cmoxacmuueckuii npoyecc, udeHmu(])uKauuﬂ, MexXHOI02UHeCKULL napamemp, nomexa, 3aWnyl€HHbl1/7
CUCHA, KOppEeIAYUOHHAA gbyHKL{M}Z, KOppelslyUOHHbLE MaAmpuysvl, HOPpMUpPOBAHHblE OYEHKU, Mmooenu OUHaAMUKU

MORUZSLOSR —<«»— REPORTS =—<«»=— [OKNAbI



