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Multidimensional structural identification at regular
signals

New structural identification algorithm at a regular signals for the multidimensional objects with
unstable poles is discussed in this article. This algorithm is based on the use of transformation of Laplace for the
decision of reverse control task. It allows to find the object transfer matrices from the control input and from the
indignation input as a result of the quadratic functional minimization.
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BararoBuMipHa cTpyKTypHa ifeHTHdiKkalisg NpU peryJsipHUX CUTHAIaX

HoBuit anroputm cTpyKkTypHOi imeHTH(iKawii OaraToBUMipHHX MOXJIHMBO HECTIHKHMX 00’€KTIB NpH
PEryJISIpHAX CHTHAJIaX PO3IIITHYTO y CTATTi. 3a3HAYCHHH alNrOpUTM 3aCHOBAaHHI HA BUKOPUCTAHHI IEPETBOPEHHS
Jlammmacy st po3B’si3aHHS 3BOPOTHOI 3a7adi KepyBaHHSA. BiH 103BONse 3HAXOMWUTH MATPHUIl TEpeNaTHUX
(yHKIiH 00’€KTa BiIl PEryapOBAaHOIO BXOAYy Ta Bim 30ypeHHS B pe3ynbTaTi MiHIMI3alil KBagpaTHIHOTO
(yHKIIOHATY SKOCTI.
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From the automatic theory point of view there are many mobile control objects with
two multidimensional entrances (control signals u and disturbances y) and one output vector x
(fig.1) with unstable poles. Such objects dynamics is characterized with the help of two
transfer function matrix W, and W,. Knowledge of these matrices allows successfully design
the optimum control systems. A lot of methods for the structural identification of the
multidimensional objects dynamics with a stochastic entrances signals is today well-known
[1, 2]. At the same time the structural identification of dynamics with vector regular signals
requires comfortable algorithms development.

Figure 1 - Block diagram of the multidimensional object
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The main purpose of present research is to determinate the mathematical model, which
characterizes interrelation between the control signals, disturbances and output vector whith a
help of identification.

Let consider that vectors u, y and x components are measured fully. At this case, the
structural identification task can be formulated as follows: after the known vectors u, y and x
components records find the transfer function matrixes W, W,, and also estimate the vectors u
and y influence on the vector x.

The solution of the problem is found as a result of the develop an algorithm for
structural identification of multivariable dynamic object with regular input signals.

Let the identification object dynamics is characterized by matrix transfer functions
W,y (Fig. 2), which may have unstable poles. Suppose that as a result of the processing of

input and output vectors regular components are defined Laplace transforms U, and X,

0, = L{‘q} L X, = Lix). @)

u

In the case of the object instability in the vector X » components will be presented
unstable poles of U » and unstable poles of W,,,. So it appears the possibility to define a
diagonal polynomial matrix 7, as a result of the left-hand removal of unstable poles X » 31,
which differ from the unstable poles U ,, such that

Y =W, X,. 3)

In this case, the vector Y » with image vector U expresses the equation
Y;} = Ep ) Up > (4)

where F;, - matrix transfer function, all the poles of which are located in the left half-plane
(LHP) of complex variable s

F

lp

=W,-W,. (5)

Thus identification problem consists in determining such physically implement F;, that
reaches the minimum to the quality functional

J

Joo
- - fur(e-e.- 4)-ds, (6)
2-m-j

—joo
where ¢ — identification error which is arose from errors models U , and Y , and is equal to

e=F U -Y, (7)

p

A — positive definite polynomial weight matrix .
To solve this problem the ratio (7) must be submitted in vector-matrix form

e=|F, —E][ﬂ ®)

p
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The Hermitian conjugate vector &+ from equation (6) is
- -1l K
e.=0, Yp]{_lE” } 9)

As a result of substituting expressions (8), (9) in the formula (6) identification quality
functional takes the following form

P 0,.0. 0,7,.][E,
J=ot ulm, g2 Tl P labas. o)
2mj o, Y, U, ¥ _E

Positive definite polynomial matrix 4 may be presented as a product of Hermitian
conjugate [4] polynomial matrices with a help of factorization

A= 4y 4, (11)

such that the determinant of the matrix 4, has only zeros with negative real parts. Since the

product of vectors U ,,.{J ,+ is a singular matrix (‘U »-Up* |=0), then it can not be done all

the steps of factorization [3]. The procedure proposed at article [5] have been used to
overcome this difficulty. The result of consistent execution reduction poles and decreasing the
order of polynomials stages from algorithm described in [3] makes possible to introduce the

product U »-U p as follows
U,-U,.=D-L-D.. (12)

As a result, finding the pseudo inverse matrix L to L" in accordance with the algorithm
[6] make it possible to define e first variation of the quality functional as

1 o
8J:2.Tc.j'jtr{AO*'[AO'Fip'D_AO‘YP'UP-D*I-L]-L.D*.SFIP*_i_
+8F, D Le[Do-Fpe- Ay = LD U, Y, - Ay Ay} ds (13)

With a help of separation product
H=4,Y, U, DL, (14)
can be represented as a sum of three functions:
AV, U,.-D'-L'=H,+H, +H_. (15)
where matrix Hy — the results of division of polynomials numerators of elements H to
polynomials denominators; fractional rational matrix A, with analytic only in the right half-

plane (RHP) poles; fractional rational A. matrix with analytic in LHP poles.
Thus, expression (13) is reduced to

oJ = 2 1 -.jtr{AO*'[AO'Ep'D__(H0+H++H—)].L.D*.8EP*+
-n-‘]
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+08F,-D-L-[D.-F .- An— (H,+H_+H_).]- 4)}-ds, (16)

and the condition of the functional (10) minimum on the class of analytic functions in the
RHP variations 6F7, is determined from (16) in the following form

A,-F,-D=H,+H,. (17)

Consequently, the desired matrix transfer functions ¥, can be calculated on the basis of the
algorithm

F, =4 -(H,+H)-D". (18)
In that case the object W, transfer functions matrix is shown in the form
W, =W,"F, (19)

if we take into account the W, F;, with (18).
The algorithm for structural identification of the multidimensional object by analyzing
the regular components of vectors u and X provides the following operations:

e search matrix W, with reversed as a result of left-hand removal of unstable poles of
X,, which differ from the poles U,;

e factorization of weight matrix 4 from (17);
identification of analytical complex variable matrix D in RHP based on (12);
calculation of Hy + H  as a result of separation (15);
calculation F';, based on equation (18);
identifying W,.

In this way, we substantiate the algorithm for structural identification the model of
multidimensional object with arbitrary dynamics in a matrix of transfer functions W,, with
regular exposure.

Conducted Researches of the multivariable object dynamics made it possible to obtain
the following scientific and practical result:

e substantiate a new algorithm for structural identification of dynamic multivariate
models moving object, including unstable, which allows to determine the structure and
parameters of the transfer function matrix of this object with regular vectors "input-output".
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MHoromepHasi CTPYKTypHasi HAeHTH(HKALUS NPU PeryJIsipHbIX CUTHAJIAX

HoBrIif anroput™ CTPYKTypHOH HACHTU(HUKAIIH MHOTOMEPHOIO BO3MOXKHO HEYCTOHYHMBOTO OOBEKTa
IPH PETySIPHUX CHUTHAJIAaX pAacCMOTPEH B CTaThe. YKa3aHHBIH aJTOPUTM OCHOBAaH Ha HCIIOIb30BAHUU
npeobpas3oBanus Jlammaca s pemeHns oOpaTHOH 3amaun ympasieHus. OH MO3BOJSET HAXOAWTH MaTPHUIIBI
nepeaaTouHbIX (PYHKIHMA 00BEKTa OT PEryJUPYEMOr0 BXOJa M OT BO3MYIICHHS B PE3YJIbTaTe MUHUMH3AIUU
KBaJpaTU4HOTrO (yHKIIMOHAJIA KaYeCTBa.
uaeHTuuKanus, nepegaToyHas GyHKIUs, MATPULA, BEKTOP, Jlamiac
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OOrpyHTyBaHHs BHOOPY mapamMeTpa peryJIFOBaHHS
HOPMHM BHCIBY CHCTEMOIO aBTOMATHYHOTO KEpPYBaHHS
36pPHOBUMM CIBaJIKAMH

VY crarTi npuBeIeHi pe3yIbTaTH TEOPETHYHOTO OOIPYHTYBAHHS MapaMeTpa PeryJitoBaHHs HOPMH BHUCIBY
CHCTEMOI0O aBTOMAaTHYHOTO KEpyBaHHS 3€PHOBUMH CiBaJIKaMH 3 KOTYHIKOBUMHU BHCIBHHMH alapaTaMu.
OTtpuMaHi i mpoaHaIi30BaHi 3aJIeKHOCTI IHTEHCHMBHOCTI BHUCIBY BiJl IIBUAKOCTI PyXy CiBaJKH, poO0YOi JOBXUHH
KOTYIIKH 1 MepeaToyHol BeJIMYMHH, a TAaKOX IIUIBHOCTI PO3IOJiTY 3epHA B3JIOBXK psjIKa BUCIBY Bia poOodoi
JMOBKHHH KOTYIIKH 1 TepemaToyHoi BenmumHHU. [lokazaHo, mo B sKocTi mapamerpa perymoBaHHi CAK
MIPOIIECOM BHUCIBY 3€pHOBOI CiBaJIK{ JOIIBHO IPUHHATH MIUTFHICTH PO3IIOALTY 3€pHA B3AOBXK psAIKa BUCIBY, sSKa
JHIHHO 3aJISKUTH BiJl KEPYIOUOTO IisTHHS - poO0UY0i JOBKMHN KOTYIIKA BUCIBHOTO arapara.

CHCTeMa aBTOMATHYHOT0 KepyBaHHs, TapaMeTp peryJIl0BaHHs;, 3¢€PHOBA CiBaJIKa, INIJIbHICTH

1O.M. IIapxomenko, B.A. Konaparen, M.JI. Ilapxomenko

Kuposoepaockuii nayuonanbHulll mexHuyeckutl yHugepcumem

OO6ocHoBanne BbIOOpPa MapaMeTpa peryJHpOBaHMS HOPMBI BbICEBA CHCTEMOH aBTOMATHYECKOIO
ynpaBJeHHs 3ePHOBBLIMH CeslIKAMH

B crartbe npuBeneHbl pe3yibTaThl TEOPETHUECKOT0 OOOCHOBAHMS HapameTpa peryJupOBaHHsS HOPMBI
BBICEBA CUCTEMOM aBTOMATHUYECKOTO YIPABIECHUS 3€PHOBBIMU CEAJIKAMH C KAaTyLIIEYHBIMU BBICEBAIOLIMMU
anmapaTtaMu. IlodydeHbl ¥ IPOAaHANIU3UPOBAHBl 3aBUCUMOCTU MHTEHCUBHOCTH BBICEBA OT CKOPOCTH JIBUIKECHUS
CESUIKH, paboYell JUTMHHBI KaTyIIKH U NepelaTOYHON BEIMYMHBL, & TAKXKE IUIOTHOCTH paclpeeeHus 36PHOBOTO
MIOTOKA BJOJNH PsiiKa BbICEBAa OT pabouyeld UIMHHBI KAaTYHNIKH M II€pefaTOYHON BeNWUYMHBL. [loka3aHo, 4TO B
KadgecTBe mMapamerpa peryiaupoBanus CAY mporeccoM BbICEBa 3€PHOBOI CESUTKM LIENECOO00pa3HO NPHHATH
IUIOTHOCTh PACHpEAEICHUs] CEeMsH BJOJb PsAAKA BBICEBA, KOTOpas JHMHEHHO 3aBHCUT OT YHPABIISIOIIETO
BO3/IecTBUSI — paboyeil [UIMHBI KaTyIIKK BBICEBAIOIIETO allIapara.
CHCTEMA aBTOMATHYECKOI0 yIPaBJICHHUS, HapaAMeTP PeryJIMpoBaHus, 3¢PHOBas CesIKa, INIOTHOCTh

ArpapHuii cexTop YKpaiHM € CTpaTeriyHOl 1 HaWOUIbIl e(EeKTUBHOIO Taly33i0
HapOJIHOTO TOCIMOJapcTBa, ska 3a miacymkamu 2012 poky eauHOIO 30eperiia MO3UTHBHE
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