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Abstract: The article considers the identification problem of dynamics’ mathematical
models of multidimensional objects, the algorithm of parametrical identification is
shown in the example model one zone of a multidimensional object as a double
aperiodic link.

The considered algorithm of parametrical identification of dynamics’
mathematical model of one multi-chamber dryer drum-band type section in the
developed software module is implemented which allows to check and to assess the
adequacy of the obtained model.

The mathematical modelling problem of the controlled object is one of the key
components in the synthesis of automatic systems [1]. The most practical objects have
multiple inputs and multiple outputs, it means they belong to the class of
multidimensional (MIMO — Multiple Input Multiple Output), so the identification
problem of the dynamics mathematical models of MIMO-objects is relevant.

The identification problem is formulated as follows: according to the results of the
measured values of input and output variables of the object should be obtained are
optimal in some sense or the largest permissible error model suitable for the solution of
management tasks [3, 6]. The General identification problem of dynamic model of the
controlled object can be divided into a number of specific tasks, such as:

— identification of the model structure;

— estimation of model parameters;

— checking the adequacy of the obtained model.

For the identification of the model structure we will consider the simplified
scheme of multidimensional object (Fig. 1).
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Fig. 1. The simplified scheme of multidimensional object
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On this scheme: z;, i=l,_n — phase coordinate i-zone's; u; — the operating
influence /;, r; — the revolting influences from the next zones at the left and from the

right.

Based on constructive and technological reasons each zone is considered as the
local multistage object with the concentrated parameters described by system of the
differential equations with explosive right part [2]. The i-zone's model is written as:

1.1 11 171 1.1 1 1 1
Azzz(t)"'Bz”z(t)"'Czlz (t)+Dlrl (t), Z; E[ZO’ZK);

2.2 2.2 22 2.2 2 2 2
APz + Bruf (0 + CUIT (6)+ D (1), zi €lz0,2¢); "
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A0+ B0+ C () + DM (1), z elzytzgt ],

where Al-j , Bl-j , Cl-j , Dl-j , j=1,m, i=1,_n — are the matrixes of parameters for j-stage

J

of i-zone; z — a vector of phase coordinates; zl.JO, zJ. — the j-stage border.

The dynamics of all objects can be presented as a set of zone's models

M:{Ml, Mz, ceny Mn}, (2)
where M, i= 1,n —a model of i-zone.
Each stage in (1) can be presented to one of dynamics basic models [4]:
— aperiodic link (A);
— double integrator (DI);

—real double integrator (RDI);

— double aperiodic link (DA), etc.

The experiment on real object is made to definite the types of zone's models,
number of stages and an assessment of parameters. As a result of the solution of
structural identification problem optimum structures of dynamics models of MIMO
object zones are allocated, one of the main choice criteria is the minimum of the
maximum value of an absolute error of model.

The model parameters identification is the following stage after carrying out
structural identification. Let's consider algorithm of parametrical identification on the
example of model of one zone of multidimensional object in the form of a double
aperiodic link:

f=2(t);
Zy = a1z (t) +ayzy (t) + bu(t) + cl(t) + dr(z‘).

The parametrical identification algorithm of dynamics model of one zone of
multidimensional object consists of the following stages:

1. A choice of basic data for identification (for the set type of model six values of
the phase coordinates operating and the revolting influences in different time points get
out):

A4, B, W@, 1@, F@©), i=16 (3)
2. The solution of the equations system

Kozi (1) + Ky 25 (0) + Ko (1) + K31 (6) + Ky (1) = 2 (o), @
Kz} (1) + K zh (6) + Kqu' (1) + Kgl' (1) + Ko (£) = 25" (2).

560 ISSN 0136-5835. Bectuuk TI'TY. 2016. Tom 22. Ne 4. Transactions TSTU



3. The calculation of dynamics model parameters:

K. K¢ - K, K K. K.
== ay=—0_"0; p=T; =8y g="2, )

Nk K K K K.
| | 1 | 1

4. Checking the adequacy of the obtained model. To check the adequacy of the
obtained model imitating modeling is carried out. The values of phase coordinates are
calculated by the formulas:

{Zf“(iﬂ) = RZM (i) + G Z3(G) + Hyu(i) + VilG) + Wir(0); ©

Z3 (i +1) = BZ{M (§) + Gy Z5 (i) + Hou(i) + Vol (i) + Wyr (i),
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According to the result of calculation are plotted phase coordinates and calculated
the absolute error, based on the value which a conclusion about the adequacy of the
obtained dynamics model.

The program module in MathCAD system for realization above considered
algorithm of identification is developed. As an example we will consider the
mathematical dynamics model identification of one multi-chamber dryer drum-band
type section [5, 7].

The basic data for dynamics model identification of multi-chamber dryer drum-
band type section are given in the Table 1.

The results of mathematical dynamics model identification of multi-chamber dryer
drum-band type section and the check of its adequacy are given in the figure 2.

Table 1
Basic data for identification

Ne T zy(0) 2 (1) 1 r(?) u(t)

1 0 20,0 0 0 0

2 2 27,4 4,626866 -2,1 -0,1

3 4 36,6 4,328358 -32 0 100

4 6 44,0 3,283582 -29 0

5 8 49,9 2,686567 -3,0 -0,1

6 10 54,1 1,940299 -2,6 0,3
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By the results of the software module operation it is possible to draw a conclusion
that the obtained dynamics model is adequate as the absolute error of model doesn't
exceed accepted value.
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ITIporpaMMHBIil MOAYJIb HICHTH(PHUKALMYA MATEMAaTHYECKUX MO/ e/IeH
AWHAMHKH MHOTOMEPHBIX 00bEKTOB
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KuroueBble cJi0Ba: uacHTH(UKALMS MATEMATHYCCKHX MOJENCH; MaTeMaTH-
YecKoe MOZIETIMPOBaHNE; OOBEKT YIPABICHHS; IPOrPaMMHBII MOYJIb.

AHHOTanMsA: Paccmorpena mpoGiiemMa HACHTH(GHKALUA JUHAMAKH MATEMATH-
YEeCKHX MOJIeJIell MHOTOMEPHBIX OOBEKTOB, T/IE aITOPUTM HapaMeTpHUIEcKOil nAeHTH(H-
Kalliyi IOKas3aH Ha HIpUuMeEpe MOJACIU O[lHOﬁ 30HBI MHOI'OMCPHOI'O 00beKTa B BUIC
JIBOMHOTO alepuoIu4ecKOro 3BeHa.

Peanusyercss paccMaTpuBaeMblil alrOpUTM HapaMeTpUuecKoil HAeHTH(UKALNU
MaTEMaTU4YEeCKOM MOJENN IUHAMUKA OJHOM CEKLUUM MHOTOKaMEpHOM CYyIIWJIBHOM
YCTAHOBKH BallblIe-JIECHTOYHOTO THIA B Pa3pabOTaHHOM MPOTrPaMMHOM MOJyJeE, KOTO-
PpBIii O3BOJISIET IPOU3BOJAUTE NPOBEPKY U JaBaTh OLEHKY aJ€KBATHOCTH IMOJIyUYEHHON
MOJIEJIH.
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Programmmodul der Identifizierung der mathematischen Modelle
der Dynamik der multidimensionalen Objekte

Zusammenfassung: Es ist das Problem der Identifizierung der Dynamik der
mathematischen Modelle der multidimensionalen Objekte betrachtet. Es ist der
Algorithmus der parametrischen Identifizierung am Beispiel des Modells einer Zone des
multidimensionalen Objektes (der mehrzelligen Trockenanlage des Walzebandtyps) in
Form des doppelten aperiodischen Gliedes dargelegt.

Module logiciel de l'identification des modéles mathématiques
de la dynamique des objets multidimensionnels

Résumé: Est considéré le probléme de l'identification de la dynamique des
modéles mathématiques des objets multidimensionnels. Est présenté l'algorithme de
l'identification paramétrique a I’exemple du modeéle d’une zone de I'objet multidimensionnel
(installation multicaméra du séchage du type rectificuse a bande) sous la forme d'un
double maillon apériodique.

ABTopbl: [opoxosa Tamwvana IOpvesna — XaHIMAAT TNENArOrH4ecKUX Hayk,
noueHt Kadenpbl «KOHCTpyMpoBaHUE palUOAIEKTPOHHBIX W MHUKPOIPOIECCOPHBIX
cuctem»; Bwizyzoéa Enena IOpveena — xannuaaT (QUIONIOTHYECKUX HAyK, NOLCHT
kagenpsl «HocTpannsbie s3b1ku», PTBOY BO «TI'TY», r. TamboB, Poccusi.

Penensent: Cenueanosa 30s Muxaiinoéna — TOKTOpP TEXHAYECKUX HAYK, mpodec-
cop kadenpsl «KoHCTpYyHUpOBaHHE PAIMO3TIEKTPOHHBIX M MUKPOIIPOLIECCOPHBIX CUCTEMY,
®dI'BOY BO «TI'TY», r. Tam60B, Poccust.
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