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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). 
 

 
 

Fig. 1. The simplified scheme of multidimensional object 
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On this scheme: , 1,iz i n=  – phase coordinate i-zone's; iu  – the operating 
influence ,i il 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: 
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where , , , ,j j j j
i i i iA B C D 1, , 1,ij m i n= =  – are the matrixes of parameters for j-stage  

of i-zone; j
iz – a vector of phase coordinates; к0,j j

iiz z  – the j-stage border. 
The dynamics of all objects can be presented as a set of zone's models 
 

 1 2{ , , ..., },nM M M M=  (2) 

where , 1,M i ni =  – 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: 
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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): 

 1 2( ), ( ), ( ), ( ), ( ), 1,6.i i i i iz t z t u t l t r t i =  (3) 
 

2. The solution of the equations system 
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3. The calculation of dynamics model  parameters: 
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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: 

 

 
m m m
1 1 1 1 2 1 1 1
m m m
2 2 1 2 2 2 2 2

( 1) ( ) ( ) ( ) ( ) ( );

( 1) ( ) ( ) ( ) ( ) ( ),

Z i F Z i G Z i H u i V l i W r i

Z i F Z i G Z i H u i V l i W r i

⎧ + = + + + +⎪
⎨

+ = + + + +⎪⎩
 (6) 

 

where 
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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 

 

№ T z1(t) z2 (t) l (t) r (t) u (t) 

1 0      20,0 0 0 0 

100 

2 2 27,4 4,626866 – 2,1 – 0,1 
3 4 36,6 4,328358 – 3,2 0 
4 6      44,0 3,283582 – 2,9 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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Аннотация: Рассмотрена проблема идентификации динамики математи-

ческих моделей многомерных объектов, где алгоритм параметрической идентифи-
кации показан на примере модели одной зоны многомерного объекта в виде 
двойного апериодического звена. 

Реализуется рассматриваемый алгоритм параметрической идентификации 
математической модели динамики одной секции многокамерной сушильной 
установки вальце-ленточного типа в разработанном программном модуле, кото-
рый позволяет производить проверку  и давать оценку адекватности полученной 
модели.  
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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 modèles mathématiques  

de la dynamique des objets multidimensionnels 
 

Résumé: Est considéré le problème de l'identification de la dynamique des 
modèles mathématiques des objets multidimensionnels. Est présenté l'algorithme de 
l'identification paramétrique à l’exemple du modèle d’une zone de l'objet multidimensionnel 
(installation multicaméra du séchage du type rectifieuse à bande) sous la forme d'un 
double maillon apériodique. 
 
 

Авторы: Дорохова Татьяна Юрьевна – кандидат педагогических наук, 
доцент кафедры «Конструирование радиоэлектронных и микропроцессорных 
систем»; Выгузова Елена Юрьевна – кандидат филологических наук, доцент 
кафедры «Иностранные языки», ФГБОУ ВО «ТГТУ», г. Тамбов, Россия. 
 

Рецензент: Селиванова Зоя Михайловна – доктор технических наук, профес-
сор кафедры «Конструирование радиоэлектронных и микропроцессорных систем», 
ФГБОУ ВО «ТГТУ», г. Тамбов, Россия. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


