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© Identificare parametricd prin MCMMP

@ Contextul de lucru

Doua modele ARMAX I

Eroare de Iegire (Output Error)

Auto-Regresiv cu Control eXogen

ARX[na,nb]: A(q ) y[n]=B(q " )u[n]+ e[n]| OE[na,nb]: y[n]= igg‘li ufn]+e[n. ‘
(48) ’
- E{e[n]} = O| . (49)]
E {e[n]e[n + k]! = %5,[k], Wk eZl N A y
. L (z0omot alD)

Cazuri particulare I
Obiectiv I

Ordin | Ordin I | :
I . _1 — P o Identificarea:
A(Q ) =1-0.8g ‘ A(qQ )=1-04q -0.329 \‘ = parametrilor modelelor ARX
B(q ') = q‘l‘ B(q™")=0.5q " +0.03q" = parametrilor modelelor OE

def
Uy [n] -

VVVV

u[n]‘ (filtrat) ¢ Posedd rddécini parazite. < 3.2

(50) U] (SPAB bipolar, de reguti) (95) folosind MCMMP.
e 2 tipuri de intrari:

1-0.8q"
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@ Contextul de lucru

Forma de regresie liniard a unui model ARMAX I » y[n]=fe" [n] + e[n]|
' \ vne Nl

. N
vectorul regresorilor vectorul parametrilor necunoscuti

B def
(pT[n]:[—y[n—l]—y[n—Z]---—y[n—na] | uln-1Ju[n-2]---uln—nb] |
¢ componenti nemédsurabild > ... e[n-1] e[n-2]--- e[n - nc]]

_()Tclj[alaz---am1 | bbby | cc,oeecy vneN

Cum s-ar putea determina
din date I/O mésuyate?

Metoda Celor Mai Mici Patrate (MCMMP)

e Daca s-ar dispune de o infinitate de realizéri:

5l C ;]@[nwl yn] =" [n]0+ efn]|
Q i

=il

0" = (Efglnlo’ [n}) " (E{olnlyin}- Efelnleln]})|

(8

e Pentru o singura realizare finita: I

def

Oy =(ﬁch[n]qf[n]j (ﬁch[n]y[n] |

V" Y

2 1 Ny
0 =E{(yInl-o"[n10" ) | R,
Relatii ice de esti TS s
elatii teoretice de estimare oy :an;(y[n]_q) [n]ON)

~ N
@ 0, =argmin 7, (0) =argmin

Oes 0es 1

) Relatii practice de estimare || 3.3 [>
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@ Probleme de simulare

Problema 3.1 (MCMMP pentru modelele ARX) I 1p \_/,\14\

Se studiaza influenta semnalului de intrare asupra calitatii estimatiei oferite de MCMMP pentru
modelele ARX. Aceste modele vor fi stimulate de cite 100 de ori cu fiecare din cele 2 intrari
(adica u — un SPAB bipolar de lungime 100, avind doar valorile —1 sau +1 si U — un semnal
de joasa frecventa generat prin filtrarea semnalului u). Dupa achizitia datelor de intrare-iegire,
se vor implementa relatiile de calcul ale estimatiilor parametrilor necunoscuti din Exercitiile
3.1 si 3.2. Estimatiile parametrilor vor fi mediate peste ansamblul celor 100 de realizari si li se
vor calcula deviatile standard. Cele 4 mini-simulatoare obtinute vor fi denumite prin:
ISLAB_3A (model ARX[1,1] & intrare u), ISLAB_3B (model ARX[1,1] & intrare Us), ISLAB_3C

(model ARX[2,2] & intrare u) si ISLAB_3D (model ARX[2,2] & intrare Uy).

0.6 p |Pentru fiecare mini-simulator, sa se reprezinte grafic intr-o figura erorile de estimare a
raspunsului in frecventa dupa cum urmeaza.

> In prima fereastra va fi trasat graficul erorii de estimare a amplitudinii raspunsului in
frecventa, adica media amplitudinii diferentei dintre raspunsul in frecventa ideal (in
absenta zgomotului) si raspunsurile in frecventa obtinute din cele 100 de realizari
(dupa estimarea parametrilor necunoscuti). Tubul de dispersie a amplitudinii se va
trasa pe acelasi grafic.

» In a doua fereastrd va fi trasat graficul erorii de estimare a fazei raspunsului in
frecventa, adica media fazei diferentei dintre raspunsul in frecventa ideal (in absenta
zgomotului) si raspunsurile in frecventa obtinute din cele 100 de realizari (dupa
estimarea parametrilor necunoscuti). Se va evalua tubul de dispersie a fazei pentru
fiecare eroare de estimare si se va trasa pe acelasi grafic.

intr-o a doua figura vor fi trasate graficul dispersiei estimate a zgomotului, (care este
obtinuta in fiecare realizare a procesului) si graficul valorii adevarate a dispersiei
zgomotului. Afigati in cadrul figurii valorile parametrilor adevarati si media valorilor
parametrilor estimati (calculata peste ansamblul realizarilor). < 3 _4 »>

SISTEMELOR




® Identificare parametricd prin MCMMP

Problema 3.1 (continuare) |

Pentru determinarea raspunsurilor in frecventa se va utiliza functia MATLAB dbode. Nu va
fi in nici un caz utilizata functia de analiza spectrala spa, deoarece raspunsul in frecventa
estimat trebuie obtinut prin combinatia dintre MCMMP si dbode. De asemenea, in cazul
modelului ARX[2,2], functiile de covarianta implicate de relatile de estimare ale MCMMP
pot fi evaluate cu precizie ridicata folosind functia MATLAB xcov, daca este utilizata cu
atentie.

0.4 p | Comentati rezultatele obtinute la punctul precedent. Observati influenta tipului de intrare
asupra estimarii radacinilor parazite din modelul particular ARX[2,2]. Daca acest proces nu
va putea fi stimulat decit cu intrari de joasa frecventa, cum credeti ca s-ar putea estima (fie
si imprecis) radacinile parazite?

Program Programe ce inainte de a rula mini-
existent pe CD trebuie proiectate simulatoarele
y ISLAB 3D . ISLAB 3A I existente, trebuie
_I— = executate comenzile:
ISLAB_3E | > global FIG |

'SLAB—3CI > FIG =1 ;
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Ce afiseaza mini-simulatorul I1SLAB_3D I

Estimating an ARX|[2,2] model by the Least Squares Method.

1r — estimation error 7
e standard deviation tube
2 051 1
— _‘-\-_"u_
=2 Tl
of -
E 0 | e —— _
c | T
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Ce afiseaza mini-simulatorul I1SLAB_3D I o
Estimating an ARX|2,2] model by the Least Squares Method.

1.5 True parameters: -0.4000 -0.3200 0.5000 0.0300
Estimated parameters: -0.3737 -0.2927 0.5047 0.0478
1 Eroarea de estimare a
dispersiei zgomotului
: A
=
: A ,
. V! [V V
o
O
=z
0.5 H — estimated _
—— true
I ] ] ] ]
0o 20 40 60 80 100

Realization index
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Rutine MATLAB (Problema 3.1)

R O

Estirmate the cross-cowvariance function mean-removed cross-correlatiaon)

Syrntax
L2
wF = HCOoOwF L L]
wF = oW L]
TF = HCocowiX, 'oprTciormn' ]
Loslag=] = HNCooOWwW [, P oIooa]lags)
Loslag=] = NCocowr ([ Imalacrs)
Loslag=] = moow (M, ., T . omaxlags . ' opdiosnt ]

Descripticon

oo estimates the cross-covariance sequence aof random processes. Auatocowariance is handled as a special
case.

The true cross-cowvariance sequence is the cross-correlation of rmean-removed Sequences

- ¢_1|.:_}":-"’l} = B0, 4 e — B, _”}')*}

wehere v and”-}' are the mean walues ofthe tvwo stationary randorm processes, and -3 is the expected walue

operator. xcowr estirmates the sequence because, in practice, access is available to aonly a finite =egment of the
infinite-lendth randorm process.

wr = mmocow (>, %1 returms the cross-covariance segquence in a length 2001 vector, where = and = are length &
vectors., For information on howe arrays are processed with =cow, see_Multiple Channels.

w = Hcocowix]l is the autocovariance sequence Tar the vector <. Wwhere < is an Ad-by-—-F~ array, v = =cowz returns an

array withh 2,01 rowwws whose F? colurmns contain the cross-covariance sequences for all caombinations aof the
colurmns of <.

Byv default, xcow computes raww covariances withh mo mormalization. For a lengath & vector

- DN — ] — 1 lN—ZL
-~ ey — E x{n+m}—ﬁ x] :_FE e = 0D
e T - 2= O = = .
==
c}__t[—m‘; e = O
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Rutine MATLAB (Problema 3.1) I e

E=stimate the cross-covariance function Jmean-removed crass-carrelation)

The output wvector o has elements givern by cim) = ¢ (F-R0, =1, ., 20-1.

ey
The covariance function regquires narmalization to estimate the function properly.
o= Hoow(x,'aopEicr' ) specifies a scaling option, where 'optiom' is

W 'bhiased’', for bhiased estimates ofthe cross-caovariance function

o 'unbiased!, for unhiased estimates of the cross-covariance function

o 'coeff£',tonormalize the sequence =o the auto-covariances atzero lag are identically 1.0

W 'none!',touse the raw, unscaled cross-covariances (defaulth
[c,lag=s] = mcocowi(x,Vw,maxlag=) where @ and = are length mwectors, returns the cross-covariance seqUeEnCcE
inalength Z¥maxlags+l vector oo lags is awvector of the lag indices where o was estimated, that is,
[ maxlags:ma<lag=s].

Hoovwi(x maxlaga) is the autocovariance sequence oveaer the range of lags [—maxlags:imas<lags].

[crlag=s]

[cr,lags] = =cowix,maxlaogs) where = is an m-bw-p array, returns array o with Z2¥maxlaogs+1 rows whose F'?'
calurmns caontain the cross-covariance sequences for all combinations of the columns of .

[cr,lag=s] = xcocow(x,V,.maxlags, 'opticn' )] specifies 3 scaling option, where 'optioxn' is the lastinput
argurment.

In all cases, =xcovw dives an output such that the Zeroth lag of the covariance wvectar is in the mMiddle of the sequence
at element or roww mas<lag+l or St m.

Algorithm

=covw camputes the mean of its inputs, subtracts the mean, and then calls_xcorr. For more information an

estimating covariance and correlation functions, seea [1].
< 3.9 >
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Problema 3.2 (MCMMP pentru modelele OE) I 3p

Daca ati ajuns la concluzia ca modelele OE (49) & (50), respectiv (49) & (55) ar putea fi
identificate cu ajutorul MCMMP, reluati Problema 3.1 pentru cazul acestor modele. Denumiti
mini-simulatoarele obtinute prin 1SLAB_3E (model OE[1,1] & intrare u), 1SLAB_3F (model
OE[1,1] & intrare Uf), 1SLAB_3G (model OE[2,2] & intrare uU) si ISLAB_3H (model OE[2,2] &
intrare U).

Programe ce tJ % fnainte de a rula mini-
e

irebuie proiecta simulatoarele
ISLAB 3E I existente, trebuie
= executate comenzile:
ISLAB_3F | > global FIG |
ISLAB_3G| > FIG = 1 -

ISLAB_3H |

<3.10>
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Problema 3.3 I 3p
Generalizati mini-simulatoarele anterioare si denumiti noile rutine prin 1SLAB_31 (pentru
modele ARX[na,nb]) si, daca este cazul, ISLAB_3J (pentru modele OE[na,nb]). In acest scop,

se poate utiliza functia de biblioteca IS MATLAB numita arx. Apelul tipic al acestei rutine este
urmatorul:

theta = arx(D,si) ;

unde: D este structura datelor de intrare-iegire, de regula creata cu ajutorul functiei
(metodei) constructor asociata obiectului IDDATA (vezi comentariile privind
proiectarea mini-simulatorului 1SLAB_2L din finalul Capitolului 2);

si este vectorul indicilor structurali si al intirzierii modelului:
si =[na nb nk],

unde na este ordinul componentei AR, iar nb+nk este ordinul componentei X;
practic, nk este numarul de coeficienti nuli ai polinomului B, pina la primul coeficient

nenul de grad minim (adica intirzierea intrinseca a modelului); urmeaza cei nb
coeficienti nenuli.

Argumentul de iesire theta este la rindul sau un obiect de tip IDPOLY (polinom de
identificare — in cazul modelelor SISO) sau IDMODEL (model general de identificare in cazul
modelelor MIMO).

il

Programe ce trebuie proiectateJ @ Inainte de a rula mini-

o simulatoarele > global FIG
ISLAB_3I | ISLAB_3J I existente, trebuie o J
executate comenzile: - 2 I <43.11 >




Despre biblioteca MATLAB de IS - System Identification toolbox —

¢ Alt obiect important IDMODEL I

Obiectul IDMODEL (modelde identificare) theta contine cimpurile:

a - A-pofynomral (row vector)
polinoamele modelului =»| b: [B-polynomial (row vector)-
c: "C-polynomial (row vector)-"
(A’B,.“’F) d: "D-polynomial (row vector)"
f: *"F-polynomial (row vector)*"
da: "standard deviation of a (scalar)"
db: "standard deviation of b (scalar)*
dc: "standard deviation of ¢ (scalar)*-*
dd: "standard deviation of d (scalar)-"
df: "standard deviation of f (scalar)*™"
S o 006 q na . oracr Ol A-pPOTrTynoiirral (sCabar)
HMhCﬂSU“OﬂHah')’nbi order of B-polynomial (scalar) "

al (scalar)
al (scalar)
al (scalar) |
al (scaflar) |

*order of C-polynom
"order of D-polynom

na,nb,...,n
( -’ D order of F-polynom

tunR -)ﬁhﬁ defay OT B-po
|t|aIState: [1x45 char]

= = =
=20

<
=]
o]
3

Name: "string*®
penoada(kgegnnu) =) Ts: -sample time in seconds (scalar) |
nputName: "*Nu-by-1 cell array of strings "
InputUnit: “"Nu-by-1 cell array of strings-”
OQutputName: *"Ny-by-1 cell array of strings"”
QutputUnit: "Ny-by-1 cell array of strings"
TimeUnit: "string”
ParameterVector: “"Np-by-1 vector-
PName: *"Np-by-1 cell array of strings*”
CovarianceMatrix: "Np-by-Np matrix*
NoiseVariance: "Ny-by-Ny matrix*
InputDelay: "Nu-by-1 vector-=
Algorithm: [1x38 char]
Estimationlnfo: [1x39 char]
Notes: "Array or cell array of strings*®

UserData: “Arbitrary™

Evident, ngnoan1em A si B se regasesc in cimpurile: theta.a, respectiv
theta.b. In theta.b sunt salvati atit coeficientii nenuli cit si cei nuli (datorati
intirzierii intrinseci) ai polinomului B. Ordinele polinoamelor sunt memorate fin

theta.na, respectivtheta.nb, iar intirzierea intrinsecd — in theta.nk. < 3‘12 >
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Rutine MATLAB - System ldentification toolbox (Problema 3.3) e ]

Estirmmate the parameters aof an AR or AR model.

alx

Syntax
L]
m = arxidata,ordsexr=)
m = arxidata, 'ma’' ;na, 'mb' b, 'nnk ' k)
m= arxi[(data,order=, "'Propexrciyl ! [, Valuauel o .. 0 "FPropercyIl!'  Waluasell)

Descripticon
The pararmeters orfthe AR model structure
* Algiyv(t) = Blg)u(t —nk) + e(t)
arge gstirmated using the least-sgquares Mmethhod.
data is an iddata objectthat contains the output-input data. ordexrs i=s diven as

L]
orders = [rna b 1k ]

defining the arders and delay aofthe AR model. Specifically,

—FLCE

FrOL: Alg)y = 1+a1q_1+ - |

a1 —mnd + 1

b Big) = b, + bzq_ + ..+ b g

See Folyvnomial Fepresentation of Transfer Functions in the "Tutarial” for more infarmation. The rmodel arders
can also be defined by explicitpairs (. - -, '"ma’' mna, 'nmb'' ,nb,. k"' .k, - .- . 1.

mis returned as the least-sgquares estirmates aorthe parameters. Faor single-output data this is an Aidpols object,
othhervwise an didarx= object.

For atime series, data contains nmno input channels and oxrdexrs = na. Then an AF model of order ma for 7 is

computed. 4 3‘13 >

® A(g)IVv(t) = e(t)
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Rutine MATLAB - System Identification toolbox (Problema 3.3) —

anrx

Estirmate the pararmeters of an AR aor AR model.

PModels withh several inputs

® A(gIVvIT) = Bilgluq(t —nkq)+ ... B e (t—rnrk_ )+ e(L)

are handled by allovwing b and ik to be rove vectors defining the orders and delays associated with each input.

PModels withh several inputs and several outputs are handled by allowing ma, mb, and @k to contain one rowve far

each output NuMmber. See_Multivariable AR Models: The idars Model in the "Tutarial™ for exact definition =.

The algorithirmt and model =stracture are affected by the property namearproperty valuae list in the input argurment.
Ll=seful aptions are reached by the properties 'Focus', '"'InputDelaswy', and "'Ma<Si=ze'.

S algorithm Properties for details ofthese properties and possible values

wwhen thhe true noise terr‘r‘nE(t) inthe AR rmodel =structure is not vwhite noise and na is nonzero, the e=timate
does not give a carrect model. His then betterito use armax, b, iww<d, Or os.

Examples

Here is an example thhat generates data and estirmates an AR model.

L]
A = [1 —-1.5 o.7]1]: B = [O 1 o.5]-
md = idpolswi(iA, Bl -
11 = dddatai( [ ] ,idimnmpuatci(3I00, '"rh="') 1 5
e = dddatal([].xrarndoi300,.1)]) 5
W = Simi(mid . [\ =71 =
= = [w,1a]:
m = ar=I=.[=Z 2 111:

Algorithm

The least squares estirmation prablem is an aoverdetermined set af linear equations that is solved usinag
CIR-Tactorization.

The regression matrix is forrmed so that only measured quantities are used (na fill-out vwith Zeros <] =
regres<sion rmatrix is larger thhan MaxxISi=e, the OR-tactorization is performed ina £ox-loop. -
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