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WhatWhat are are wewe doingdoing in in identificationidentification??
ll ExampleExample: : thethe firstfirst orderorder dynamicdynamic systemsystem

ll 1st 1st orderorder
ll RegressorsRegressors: y(k: y(k--1),u(k1),u(k--1)1)
ll y(k)=y(k)=--aa11y(ky(k--1) +b1) +b11u(ku(k--1)1)

ll ��y(2)y(2)�� ��--y(1) u(1) y(1) u(1) �� ��aa1 1 �� y�Ψθθθθ
��y(3)  y(3)  ��=  =  ��--y(2) u(2)  y(2) u(2)  ����bb11 ��

...                 ...          ...                 ...          
ll OrderOrder ofof rowsrows andand columnscolumns cancan bebe changedchanged!!!!
ll OptimalOptimal solutionsolution byby leastleast squaressquares costcost functionfunction

θθθθ��Ψ�Ψ���Ψ��y
ll ParametersParameters are are optimaloptimal forfor oneone--stepstep--aheadahead predictionprediction, , validationvalidation is done is done withwith

simulationsimulation ((multimulti--stepstep--aheadahead predictionprediction).).
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Predstavitve podatkovPredstavitve podatkov
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ModelModel
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SystemSystem IdentificationIdentification CaseCase StudyStudy
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MMotorotor--generatorgenerator test test rigrig
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MMotorotor--generatorgenerator test test rigrig

ll 100 W100 W DC motorDC motor, , outsideoutside exicitedexicited DC generatorDC generator

ll loadload: : twotwo 40 W40 W bulbsbulbs

ll datadata acquisitionacquisition withwith A/D A/D converterconverter, , inputinput signalssignals viavia D/A D/A 
converterconverter andand thyristorthyristor transmitertransmiter

ll nnonlinearonlinear staticstatic characteristiccharacteristic

ll processprocess inputinput: : voltagevoltage on motor on motor inputinput

ll processprocess outputoutput: : motor motor andand generator generator rotationsrotations perper minuteminute
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MMotorotor--generatorgenerator test test rigrig
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DataData acquisitionacquisition
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SamplingSampling timetime, , inputinput signalsignal, , prepre--processingprocessing

ll samplingsampling time time selectionselection
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SamplingSampling timetime, , inputinput signalsignal, , prepre--processingprocessing

ll inputinput signal signal selectionselection

ll PPRRBS signal, 10BS signal, 10--90% 90% settlingsettling timetime

ll removingremoving offsetoffset andand filteringfiltering
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Model Model structurestructure selectionselection

ll analanalysisysis ofof informationinformation matrixmatrix
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Model Model structurestructure selectionselection

ll OrderOrder andand regressorsregressors
ll 2nd 2nd orderorder

ll RegressorsRegressors: y(k: y(k--1),y(k1),y(k--2),u(k2),u(k--1),u(k1),u(k--2)2)

ll y(k)=y(k)=--aa11y(ky(k--1)1)--aa22y(ky(k--2)+b2)+b11u(ku(k--1)+b1)+b22u(ku(k--2)2)

ll ��y(3)y(3)��= = ��--y(2) y(2) --y(1) u(2) u(1) y(1) u(2) u(1) �� ��aa11��

��y(4) y(4) �� ��--y(3) y(3) --y(2) u(3) u(2)  y(2) u(3) u(2)  ����aa22 ��

...                         ...                    ......                         ...                    ...

ll LeastLeast--squaressquares costcost functionfunction -- ARXARX
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Model Model validationvalidation

ll same same inputinput signal as signal as forfor
identificationidentification

ll differentdifferent inputinput signal signal forfor validationvalidation
–– crosscross--validationvalidation

ll test test ofof residualsresiduals

ll frequencyfrequency responseresponse consistencyconsistency

ll inputinput--outputoutput consistencyconsistency

ll consistencyconsistency ofof parametersparameters,,

covariancecovariance matrixmatrix, , 

parameter parameter variancesvariances,,

model model reductionreduction, , 

model model purposivenesspurposiveness
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Test Test ofof residualsresiduals
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ll AutoregressiveAutoregressive model model withwith exogenousexogenous inputsinputs (ARX)(ARX)
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Test Test ofof residualsresiduals
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InputInput--outputoutput consistencyconsistency
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ConsistencyConsistency ofof parametersparameters, model , model reductionreduction, , 
covariancecovariance matrixmatrix, model , model purposivenesspurposiveness
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ReRessultults s ofof identifiidentificationcation
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ll DynamicDynamic systemssystems identificationidentification is a is a routineroutine operationoperation in in practicepractice
wheneverwhenever wewe dealdeal withwith linearlinear andand closeclose--toto--linearlinear systemssystems..

ll ImportanceImportance ofof inputinput signal signal selectionselection, , samplingsampling time time selectionselection, , 
signalssignals prepre--processingprocessing, , selectionselection ofof regressorsregressors andand model model 
validationvalidation..

ll SystemSystem identificationidentification is is highlyhighly ITERATIVITERATIVE, E, butbut cancan nevernever bebe
automaticautomatic..

ll TheThe resultresult ofof modellingmodelling is is alwaysalways a model, a model, nevernever a a copycopy..
ll TheThe qualityquality ofof model model dependsdepends on on thethe entireentire identificationidentification

processprocess..
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ll ARX, ARMAX, OE, BJ, ARARX, ARARMAX, PEM, ARX, ARMAX, OE, BJ, ARARX, ARARMAX, PEM, 
IVIV

ll ReRecursivecursive mmodelsodels: ARMAX, ARX, BJ, OE, PEM: ARMAX, ARX, BJ, OE, PEM

ll TimeTime--seriesseries identificationidentification: AR, ARMA, IVAR: AR, ARMA, IVAR

ll SegmentSegmentationation ofof datadata

ll StructureStructure searchsearch

ll OtherOther toolstools

MATLAB System Identification Toolbox


