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® Identificarea modelelor neparametrice
@ Contextul de lucru

Doua modele ARMAX I

Eroare de Iegire (Output Error)
Auto-Regresiv cu Control eXogen B(q-!
ARX[na,nbl:  A(q™)y[n]=B(q"u[n]+e[n]| OEanb]: y[n]= Agg_li ufn]+efn ‘
(48) ’
L Wbt 4 49
E{e[n]} = O| . (49)
E {e[n]e[n+ K]} = 1°5,[K], Vk e Zl N y
. L (z00motalb)

Cazuri particulare I Obiectiv I

Ordin I | Ordin TI | o Detemiinarea:
= — ~ = L = raspunsului indicial
AQ )=1-08g ‘ A(q )=1-01q -0.56q ‘ = raspunsului la impuls
B(q) = q_l‘ B(q")=0.5q"+ 0-3q_2‘ 9 réspunsului in frecvents
(50) (51)
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® Identificarea modelelor neparametrice

@ Exemple (model ARX de ordin |
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Analizi tranzitorie Transient analysis of an ARX[1,1] model

8 i I \ I I I_
- , € orealizare ‘
56 SR S e
= raspuns indicial ideal
o4
@
T2 ,- -
§ ideal step response

0r S s a realization ]

| | I I |
0 20 40 60 80 100
Normalized time
-6 € tubul de deviatie standard : :
= R - 0 realizare medie
S4r N
O
E 2 —— average step response ]
% | ideal step response |
————————— standard deviation tube
| | | | |
0 20 40 60 80 100

Normalized time

¢ Operatia de mediere statisticd peste un numdr de realizéri este esentiali.
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® Identificarea modelelor neparametrice

m

@ Exemple (model ARX de ordin |

Analiza pe baza _
de corela;ie Correlation analysis of an ARX[1,1] model

@ 1r ideal impulse response ]
@ | I an estimation
o
@05 -
2
@ " -'h‘H u

e 4= 0 realizare - . .
S of! - secventa pondere ideala
D— " o - -
E .- -

| | | | |

0 10 20 30 40 50
Normalized time

@ .| —— average of estimated impulse response |
e ideal impulse response
a | I\ | standard deviation tube
L))
@ 0.5 |
@ e T
A7) | € tubul de deviatie standard - : .
> of = — o realizare medie |
E T T T T T T e - - — - —

| | | | |

10 20 30 40
Normalized time

50

¢ Ecuatia Wiener-Hopf este esentiala.
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@ Exemple (model ARX de ordin |
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raspuns in frecventa ideal |

o realizare medie |

Analizd
spectrald ~ Spectral analysis with Hamming window of length M = 30.
= T e ,ﬁ«-f- o estimatie
S | amplitudine I Lo -
B 440
s 107 4 ideal magnitude . E
'c | --— an estimation -
& | —— average N _
= ] standard deviation tube T ]
1 1 1 T L L i L L
102 10" 10° A\ 10
Normalized frequency [rad/s] (log)
200 . —~ 1 |
ideal phase
- — an estimation
> 1000 ___ average
o || standard deviation tube
@ 0 e e . _ ]
i)
2 Z C
o -100- faza I ‘€= o estimatie
_200 | L o L
10° 10’ 10° 10’

Normalized frequency [rad/s] (log)

¢ Ecuatia transferului densit#tii spectrale prin sisteme liniare este esentiald. | <
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® Identificarea modelelor neparametrice

@ Contextul de lucru

Matrice de auto-covarianta

L

def

RM(U): .
ru[l\/l _2]
r[M -1]

1 (U I Y A
Ll nl0l Rl

(o)
2] rli]

r[M-1] |
r[M—2]

r

[
r,[0]

Matrice Toeplitz simetrica I

Matrice al cérei element generic
depinde numai de modulul diferentei
> (| indicilor sdi.

3

Matricea poate fi construita folosind
numai o linie sau o coloand.

def
r,[k]= E{u[nJu[n —k]} Ecuatia Wlener-Hopf
vectorul parametrilor necunoscuti

Ipoteza Ergodica

r.[K] ~N—_ Zu[n]u[n K|, —

n=k+1

¢4 pentru a asigura o precizie
suficient de mare
¢ persistentd

Vkel % JI

/R (u)>0

h[K]
Proces

TRl

3~ E{vin]u[n —Kk]}=

de

“[h[0] hig] -

h[M —1]]‘

Cum s-ar putea determina O

Ry (W)=Y, u)

e=ﬁl<u)m(y,u)

>

din date I/O mésurate?

x ufn — k]|Iy h=IE  ectorul
covariantelor
mcrucugate !
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® Identificarea modelelor ne-parametrice
@ Contextul de lucru

S Persistenta (de ordin
Timp I M d inversabild
s I, [O] I [1] ru[2] I'-u[lvl _1]ﬂ / Mu

W R RO gE e gIM-2]
PRI

GM-2 g ool g
B r-u[l\/l _1] ru[2] I, [1] I, [O]

Frecventa

e Se pot determina primele A/ valori ale secventei pondere. I ¢ cel putin M linii spectrale nenule

Semnalul persistent ideal (M = o0) I Semnalul persistent practic

ﬂjmmﬂllﬂlﬁ Semnal Pseudo-Aleator (Binar) - SPA(B)
o SPAB ‘
[b [bs by b bo | SPA |
b =
i ’lwnl ! T [T F & hemra
| 0 N0 1 0 1|= 5
’ ‘ W J LT 8 o 1| o | persistentd egal
UERY) . .
| XOR NI EEE I 2 cu perioada.
0 250 3 1 \ 0 1 1 1 — 7

¢ Imposibil de generat. ‘ﬂ< 2.7 >
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@ Probleme de simulare

Problema 2.1 (analiza tranzitorie) I 1p

in cadrul acestei probleme, se va studia analiza tranzitorie. Modelele ARX si OE vor fi
simulate de 100 de ori cu intrarea treapta:

, <9
, ne10,100

0
u[n] = {1

(timp de cel cel mult 100 de perioade de esantionare).

0.1p|

0.1p

0.1p

0.3 p

0.4 p

Sa se reprezinte grafic, intr-o prima fereastra, raspunsul indicial ideal al modelului ARX de
ordin | (adic& in absenta zgomotului) plus prima realizare a iesirii. intr-o a doua fereastra,
sa se traseze media raspunsurilor obtinute (in prezenta zgomotului), impreuna cu
raspunsul indicial ideal si tubul de amplltudlne a iesirii oferit de deviatia standard. in acest
scop, se vor folosi functiile MATLAB: Fi I ter, mean si std. Observati ca deviatia standard
trebuie calculata luind in considerare ansamblul statistic al realizarilor si nu media acestor
realizari. Ce rol credeti ca are tubul de deviatie standard astfel ilustrat? Denumiti mini-
simulatorul pe care I|-ati proiectat prin 1SLAB_2A.

Studiati convergenta iesirii la raspunsul indicial ideal variind numarul de realizari ale
procesului ARX in diferite rulari ale mini-simulatorului 1SLAB_2A. Este aparent verificata
ipoteza ergodica? (Oferiti toate explicatiile necesare.)

Imaginati o tehnica de estimare pe cale grafica a celor 2 parametri a si b ai modelului ARX
de ordin |, folosind realizarile iegirii (mai precis zona tranzitorie a acestora).

Reluati simularile pentru modelul OE (proiectati mini-simulatorul 1SLAB_2B) si comparati
rezultatele cu cele ale simulatorului precedent.

Generalizati mini-simulatoarele I1SLAB_2A si ISLAB_2B pentru cazul unui model
ARMAX[na,nb,nc] (adica proiectati mini-simulatorul general 1SLAB_2C) utilizind aceeasi
intrare treapta de mai sus si un zgomot alb de dispersie unitara. Rulati simulatorul in cazul
modelelor ARX si OE de ordin Il. Comparati rezultatele celor 2 modele. Pot fi determinati
parametrii unui sistem de ordin Il (amplificare, supra-reglaj, pulsatie de rezonanta), afectat
de zgomot, prin analiza tranzitorie, ca in cazul sistemelor de ordin I? Daca nu, argumentati
de ce. Daca da, explicati in ce consta tehnica de identificare.

= 9p =

Program
existent pe CD

" ISLAB_2A |

Programe ce
trebuie proiectate

~ ISLAB_2B |

ISLAB_2C |

fnainte de a rula mini-
simulatoarele
existente, trebuie
executate comenzile:

> global FIGJ

>FIG:1;I

< 2.8 >
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filter Rutine MATLAB (Problema 2.1) F .

> help function I
Filter data with an infinite impulse response QIR ar finite impulse response (FIRD filter
» ;.
syntax heIpW|n|

A > doc function I
¥ = filterib,a, X
[v,2£] = £ilter(b,a,Xx)
[¥v,2£] = filter(b,a,x,z1)
v = filter(b,a,x,zi,dim)
[...] = £ilterib,a,x,[],din)

Description

The filter functionfilters a data sequence using a digital filter which works for both real and complex inputs.
The filter is a airect form i transposad implementation of the standard difference equation (see "Algarithm™).
Algorithm

The E£iltcer Tunction is iMmplemeanted a=s a directtarm | transposed =structure,
) ---
bB(r) By 1)
= —= (T
T Ty Lm) Zomi) Z oy m)
—aln] —a(3) —a 2]
ar Domeniul Domeniul
- Complex Timp
i)l = Bbil)* i) —+ bi=Z)] ¥ (rni—11 -+

oo o + Db irmnb—+1 ] ¥ [(11—11h )
O o o — aimnatl] T irn—raal

a2 iy rn—11 —

webhiere n»m—1 is the filter aorder, and which handle=s both FIR and 1R 1ilters_[1].

— ]_—|—CI(2)_:=‘:'_1—|—___—|—a(na_|_1}z—na




® Identificarea modelelor neparametrice

Rutine MATLAB (Problema 2.1) I
mean

Averadge or mean value of arrays

Syntax
&
M = mean(i)
M = mean(i,din)
Description

M = mean (i) returns the meanvalues of the elements along different dimensions of an array.
If & iz avector, mean(d) returns the mean value of A

If &isa matry, mean(4) treats the columns of 4 as vectors, returning a row vector of mean values.

If & iz amultidimensional array, wean (i) treats the values along the first non-singleton dimension as vectors,

returning an array of mean values.

M = mean(i,dim) returns the meanvalues for elements along the dimension of 4 specified by scalar dim.

m
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® Identificarea modelelor neparametrice
stol Rutine MATLAB (Problema 2.1) e 7

Standard dewiation

Sy ntax
-
= = =rtdi(I<)
= = =rtdAi(x,Elascg)
= = =rtdi(<,Elacg, dim)

Definition

There are tvwwo cormirmon textbook definition=s for thhe standard dewiation = of 3 data vectar =

-
1 2 EE
— - e
(1) s = ] E o _-x)]
i = 1 g
a1
1 - o | =
(2) =& — = E (ac, — ac)
£ = 1
wrhere
S 7
= 1 E
a0 = — ac
;e -
= 1
F R - - - R p— e .
and i= thhe nurmber aorf elermeant=s in the sample. The o Torms of thhe equation differ anly in vErsa= ir
the divisoar.
Description
= = =sStdi(Xx1 . where Xis a wvectaor, return=s the standard deviation using 1) above, IT = is a randorm sample of
2
datas frorm & normmal I:liS‘tI’il::lLl‘tiDI"l.S i= the best Lniboiaseds estimate of its wariance.

IT = i= & matrizx, =cdi(>x)1 returns a rowvw vector caontaining the standard dewviation of the elemeants of each calurmmn ar
.1 =Mi= a multidirmensional arrayw, scdi>=) is the =standard dewviation orfth elerments along the first nonsingleton
dirmensian of .

= = stctdiM,.,Clag) for Elag = 0O, is the same as =cd(=). For £flaog = 1, stdi>_,11 returns the standard
deviation using (2) abowve, producing the second Mmorment ofthe sample about its Mmean.

= = Zrtd(,.,Elag,.dim])] compdtes the standard dewviation=s along the dirmen=sion of = specitied by scalar dim.

<2.11>




® Identificarea modelelor neparametrice ==

rand Rutine MATLAB (Problema 2.1) I

Unifaormily distributed randorm numbers and arrays

, Uniform distribution generated by using function <RAND>
Syntax ‘ ‘
y 0.9{
- 0.8
¥ = rardin)l 07 50
¥ = randim,r) 06 z;'
¥ = ranmdi[m rn]) 805 go.
¥ = rand(m,n,p,.--) “oa Zo
¥ = rand([m nn p...]] 03 E
¥ o= randi=si=ze (&) ) 0.2L
rarid 01(—
s = ramndl 'state"']
00 00 200 400 600 800 1000
D i t_ Time
escripticn

The randifanction generates arrays of randorm numbers whose elements are anitorm iy distributed in the interval
L

¥ o= ramndin) returns an on-by-n matrix of random entries. An error messadge appears if nis not a scalar.
YW = randim,n) or ¥ = randi([m @]l returns an om-by-m matrix of randorm entries.

YW = randim,n,p,-..1 or ¥ = randi([m nn p...]1 denerates randarm arrays.

VW = randi=size (i)l returns an array of random entries that is the same size as o,

rand, by itself, returns a scalarwhose value changes each time it's referenced.
2 = rand('state')] returns a IS5-element vector containing the carrent state of the aniform genaerator. To
change the state ofthe generatar:

ramndl 'scace!' =1 Reseis the state to =.
ramndi '=statce' 0] Resets the generatar ta its initial state.
rand('state"' 3] Forinteger 3, resets the generator to its 3-th state.

ramndl'=stcatce!' ,Zum(l100%clock] ) Reseis it1o a different state each tirme. <] 2- 12 l>




® Identificarea modelelor neparametrice
rancdn Rutine MATLAB (Problema 2.1)

Rormally distributed randorm numbers and arrayvs

Gaussian distribution generated by using function <RANDN> Gaussian distribution generated by using function <RANDN>
Syntax 4 ; ; ; ;
-

F = rarndmnii) =

T = rarmdrifimo, 11) =

W o= rarndmni([m 1]l §

W o= randmnim,Il. P, - - - 1 @

o

W = randni([m 1 p.-..]1] s

¥ = randnisize (4] Q.

rardr

2 = randni'state')]

_ _ ) 260 400 . 600 860 1000 _40 260 460 . 660 860 1000
Descripticon Time Time
The rarndmn function generates arrays aof random nuambers whose elemeants are naormally distributed with rmean

2,

III,'-.-':alri:ar'n:e"::F = 1 ,and standard deviation © = 1
W o= ramndmnirn) returns an o-byen matris or randorm entries. AN errar mes=ade appears it mais not a scalar.
T o= ramndnim,mn) or ¥ = ramndmni[m 1n]) retuarns an mw-by-n matriz of randorm entries.
¥ o= ramndnim,mn,p,--.1 0or ¥ = randni([m @ p...7]1 denerates randorm arravs.
Y o= ramndnisdi=ze (Al retarns an array of random entries that is the same size as &
randn, by itself, returns a scalarwhose value chandes each time it's referenced.

=2 = randni'state')] returns a Z-element vector containing the current state ofthe normal generatar. To
change the state aofthe generatar:

ramndmni 'stcate ' (=] Fesets the state to =.
randni 'stcatce ' 0] Resets the generator to its initial state.
randni 'stcatce ' .31 Foar integer 3, resets the generator to its ath state.

ramdni'stcace!' ,sum(1l00%clock] ] Resets it to a different state each time. :I 2- 13 I:
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® Identificarea modelelor neparametrice

Problema 2.2 (analiza pe baza de corelatie) I 6p

Aceasta problema se refera la analiza pe baza de corelatie. Nucleul acestui tip de analiza il
constituie ecuatia Wiener-Hopf. Cu ajutorul acestei ecuatii, se poate determina o multime finita
de valori ale functiei pondere (raspunsul cauzal la impuls) asociate unui model de sistem cu
iesiri corupte de zgomot. Dorim sa determinam primele M =50 de valori ale functiei pondere
folosind cele 2 modele ARX si OE. Acestea vor fi stimulate cu un SPAB bipolar de lungime
N =100. Valorile semnalului de intrare sunt doar —1 si +1. Se vor efectua 100 de
experimente.

Sa se reprezinte grafic, intr-o prima fereastra, functia pondere ideala a modelului ARX de
ordin | (adica in absenta zgomotului) plus functia pondere estimata rezolvind ecuatia
Wiener-Hopf, cu ajutorul datelor de intrare-iesire corespunzatoare primei realizari a
procesului. (Folositi Exercitiul 2.2 pentru a implementa ecuatia generala a functiei
pondere ideale.) intr-o a doua fereastra, sa se traseze media es’umatnlor obtinute (in
prezenta zgomotului), impreuna cu secventa pondere ideala si tubul de deviatie standard
din jurul mediei Si in acest caz se vor folosi functile MATLAB: filter, mean si std.
Denumiti mini-simulatorul pe care |-ati proiectat prin 1SLAB_2D.

0.3 p Reluati simularile pentru modelul OE de ordin | (proiectati mini-simulatorul ISLAB_2E) si
comparati rezultatele cu cele ale simulatorului precedent.

0.7 p Modificati mini-simulatoarele 1SLAB_2D si ISLAB_2E astfel incit intrarea de stimul sa fie
egala cu:

Op

f[]— O —u[n], VvneN,

unde Up este un factor de normare egal cu 0.6, menit sa egaleze variantele lui U (semnalul

SPAB original) si U (versiunea filtrata a semnalului SPAB). Denumiti noile mini-
simulatoare prin I1SLAB_2F si ISLAB_2G, respectiv. Observati ca, de aceasta data,

estimatia secventei pondere pare a fi deviata in ambele cazuri. Care credeti ca este cauza

acestei proprietati nedorite? <|

m
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® Identificarea modelelor neparametrice
Problema 2.2 (analiza pe baza de corelatie — continuare) I

d. Pentru a diminua deviatia estimatiei secventei pondere, se pot aplica 2 tehnici de baza:
pre-albire de date sau idealizarea matricii de auto-covarianta a intrarii.
2D |> Pre-albirea datelor. Functia MATLAB cra efectueaza analiza be baza de corelatie

insotita de pre-albirea datelor, daca utilizatorul o doreste. Aceasta operatie consta in
filtrarea datelor de intrare-iesire cu ajutorul unui filtru [IR de tip AR[na]. Implicit, ordinul

filtrului este na = 10, dar utilizatorul poate specifica propria sa optiune in acest scop.
Albirea datelor (mai ales de intrare) conduce la diminuarea deviatiei estimatiei. In
general, aceasta tehnica este utilizata atunci cind nu se cunosc suficiente informatii
despre maniera in care a fost generata intrarea.
Apelul tipic al functiei cra este:

[ir,R,cl] = cra(data,M,na,plot) ;
unde: data este blocul de date masurate (2 coloane: [y u]);

M este numarul de valori ale secventei pondere ce trebuie estimate
(implicit: M=20);
na este ordinul filtrului de albire 1IR-AR (implicit: na=10); daca nu se

doreste pre-albirea datelor, se poate seta na=0;

plot este un parametru de afisare grafica; implicit: plot=1, care indica
trasarea graficului functiei pondere estimate; alte optiuni recunoscute
sunt: plot=0 (trasarea de grafice este inhibatd) si plot=2 (se
traseaza graficele tuturor functiilor de corelatie implicate);

ir este raspunsul cauzal la impuls (functia pondere) estimat(a);

R este o matrice care contine urmatoarele informatii de corelatie: pe
prima coloana se afla pivotii functiilor de covarianta; pe coloana a doua
se afla valorile secventei de covarianta a iesirii (dupa pre-albire, daca a
fost cazul); pe coloana a treia se afla valorile secventei de covarianta a
intrarii (dupa pre-albire, daca este cazul); aceste secvente pot fi si

direct trasate grafic prin apelul: cra(R);
cl este nivelul de incredere al estimatiei functiei pondere.

m
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Problema 2.2 (analiza pe baza de corelatie — continuare) I

3 p |»> Idealizarea matricii de auto-covarianta a intrarii. Daca utilizatorul este la curent cu
metoda de generare a intrarii $i poate evalua secventa sa de auto-covarianta, atunci
matricea ecuatiei Wiener-Hopf poate fi implementata direct. in acest context,
rezolvarea ecuatiei (care presupune totusi estimarea corelatiei incrucisate dintre
intrare gi iegire) conduce la estimatii cu deviatie diminuata.

Folosind fiecare dintre cele 2 tehnici anterioare, sa se modifice mini-simulatoarele
ISLAB_2F si ISLAB_2G pentru a testa diminuarea deviatiei estimatiei in cazul intrarii
filtrate U. In cazul celei de-a doua tehnici, se va evalua intii secventa de auto-covarianta a
intrarii in forma completa. Pentru a construi matricea de auto-covarianta a intrarii, se poate
folosi functia MATLAB toeplitz (avind in vedere ca aceasta matrice este de tip Toeplitz
simetrica). Denumiti mini-simulatarele obtinute prin ISLAB_2H si ISLAB_21 (pentru
modelul ARX) si ISLAB_2J si ISLAB_2K (pentru modelul OE).

® Identificarea modelelor neparametrice

m
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Program Programe ce fnainte de a rula mini-
existent pe CD trebuie proiectate simulatoarele
- - existente, trebuie
ISLAB_2D | ISLAB_2E | ISLAB_2I | executate comenzile:
ISLAB_2F | ISLAB_2J | > global F'GJ
ISLAB_2G ISLAB_ZKI = FIG =19
ISLAB_ZHI
<2.16>
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cra Rutine MATLAB - System ldentification toolbox (Problema 2.2) e ]

Ferform prevwhitening ba=s=ed carrelation analysis and estirmate imppulse responseae. ?°f'e'a“°"a"?'YSiS°f8"AR?<I1-1lm°de'

ideal impulse response
an estimation

°
3
2
Syntac %os g
8 of! i
- E_os : ]
CcCraf(datal = (") 10 20 30 40 50
- Normalized time
Cix.,.,F.=-11] = Ccraldata M, nia,.ploto]l -
crxa (B - —— average of estimated impulse response

ideal impulse response
- standard deviation tube

Description

)

Impulse response
)
@

data is the output-input data given as an iddata object. 0 10 2‘07 . 30 20 50
Normalized time

The raoutine anly handles single-input-single-output data pairs. (Far the multivariate case, apply cra ta teeo
siconals at a tirme, aoar use dmpulsesed cra preswhitens the input seguence, e, Tiltlers v throuagh a3 filler chosen =sa
thatthe result i= a= uncorrelated Gwewhite) as possible. The output = is subjected 1o the =same filter, and then the
covariance Tunctions afthe filtered » and v are compudated and graphed. The cross carrelation Tfunction betsweeaen
rprevhitenedl input and output is also caomputed and graphed. Positive values aofthe lag variable thhen
corre=pond= 1o an influence from v to later values of 5 In other vword=s, significant correlation for negative lag=s is
an indication of feedback fraorm » o wuin the data.

A2 properly scaled vaersion ofthis correlation function is also an estirmate ofthe system's iImMmpulse response -,
This is also graphed along withh 995 confidence levels. The output argurment ir is this impulse response
e=tirmate, =o that it= first entry caorrespond=s to lag zero. (HRNegative lags are excluded in i Inthe plot, the
irmpulse response is scaled, so that it corresponds to an impulse of height 157 and duration 7, where 7 is the
sarmpling interval ofthe data.

The aoutput argurment B contains the covariancaescarrelation inforrmation as follows: The first caolurmn of B
contains the lag indices. The second column contains the covariance Tunction ofthe fpossibly Ntered) output.
The third caolurmmn caontains the covariance function afthe (pos=sikbly prevhitened) input, and the fourth calurmn
contains the carrelation function. The plots can be redisplayved by cra(R).

The output argument ol is the 999 caonfidence level for the impualse response estimate.

The aptional argurrmeant M defines the number of lagas for which the covariancescarrelation Tunctions are
computed. The=s=e are from -FTtao M, =o thatthe length of R is= Z2M+1. The impul=se response i= caomputed frarm O ta
M. The detaudlt wvalue of MTis 20,

Forthe prewhitening, the input is fitted to an AR rmodel of arder na. The third argarment of cra can change this
order Trorm its detault value s = 10 WWithh 1ia = 0O the cowvariance and carrelation TJunctions orfthe ariginal data

=equences are aobtained.

ploc: plotc = 0O Oives mno plots. ploc = 1 ddetfaulth gives a plot aorthe estimated impulse response together
weithh &3 992 caonfidence region. plotc = = give= a plot aof all the covariance function=._

A often better allernative 1o cxra are the functions dompul=se and =cepp, which use a3 high order RRFE=mnod=l to

estirmate the irmpulse response. <l 2 1 I>
-
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toeplitz
Toeplitz matrixz Iy [O] Iy [1] I, [2] o I [M N 1]
- w1 g gIM-2]
ntax . . . : :
y' R, (U) = : o o 3 :
¢ Iy [ M — 2] o I [1] I, [O] I, [1]
T = toeplitz(c,t)
T = toeplitz(r) ru[M —1] A [2] I, [1] I, [O]
Description ¢ toate elementele matricii se regisesc pe o coloand (sau o linie)

A Toepiitz matrix is defined by one rowe and ane calumn. A syermettic Toepiitz matrix is defined by just one row.
toeplitz generates Toeplite matrices given just the row or row and column description.

T = toeplitz(c,r) returns a nonsymimetric Toeplitz matrix T having o as its first column and r as its first
row. If the first elements of c and ¢ are different, a messade is printed and the column element is used.

T = toeplitz(r] returns the symmetric aor Hermitian Toeplite matrix formed from wector r, where r defines
the first rowe of the matrix.

<2.18)>
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Problema 2.3 (analiza spectrala) I 2p —

Ultimul tip de analiza, cea spectrala, va fi ilustrat in contextul acestei probleme. Prin analiza
spectrala se urmaregte estimarea raspunsului in frecventa al unui proces furnizor de date,
folosind_ecuatia transferului densitatii spectrale incrucisate prin sisteme liniare. Ecuatia poate

fi rezolvata daca se estimeaza mai intii densitatea spectrala a intrarii (¢y) Si densitatea
spectrala incrucisata a intrarii si iesirii (¢uy). Functia MATLAB care efectueaza analiza spectrala
plecind de la date masurate este spa. Apelul tipic al acesteia este:

H = spa(data,M,w) ;
unde: data este blocul de date masurate (2 coloane: [y ul);

M este dimensiunea ferestrei Hamming aplicate datelor (implicit:
M=min(length(data)/10,30));

w este vectorul nodurilor de frecventa unde se doreste estimat raspunsul in
frecventa al sistemului;

H este raspunsul in frecventa al sistemului.

De notat ca fereastra Hamming este una dintre cele mai convenabile pentru estimarea
spectrala, avind expresia:

W [n] = 0.54 — 0.46 cos '\j””l, vYhneN,

e Hamming

| 1IN
duy (@) = H(e™)d, () , N

[€2.19/>

0 50 100

unde M este deschiderea ferestrei.




Problema 2.3 (analiza spectrala — continuare) I
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Mini-simulatorul 1SLAB_2L (al carui listing se afla inregistrat pe CD) a fost proiectat pentru
efectuarea analizei spectrale a modelului ARX de ordin I, in cazul in care sistemul este
stimulat cu intrarea filtrata Us (din Problema 2.2). Diagrama Bode afisata de functia ISLAB_2L
este comparata cu raspunsul in frecventa ideal dedus direct din ecuatia modelului (vezi
Exercitiul 2.4).

0.1p |a. Efectuati citeva simulari cu diferite valori ale deschiderii ferestrei (M) pentru a observa
influenta acestui parametru asupra calitatii estimatiei si a propune o valoare rezonabila a
lui.

0.4 p |b. Tnlocuit,i semnalul de stimul Us din mini-simulatorul 1SLAB_2L cu un zgomot alb (adica un
SPAB). Denumiti noul simulator prin 1SLAB_2M si repetati experimentul de la punctul
precedent. Comparati rezultatele celor 2 mini- simulatoare 1SLAB_2L si ISLAB_2M
pentru cele mai bune valori ale deschiderii ferestrei Hamming gasite in fiercare caz.

0.5 p |c. Proiectati mini-simulatoarele 1SLAB_2N si ISLAB_20 inspirate de cele 2 mini-
simulatoare anterioare, dar pentru modelul OE de ordin I. Efectuati din nou o analiza
comparativa.

1p |d. Proiectati mini-simulatoarele 1SLAB_2P, I1SLAB_2Q, ISLAB_2R si ISLAB_2S inspirate
de cele 4 mini-simulatoare anterioare, dar pentru modelele ARX si OE de ordin Il
Repetati analiza comparativa. A
Program Programe ce trebuie proiectate Q% Inainte de a rula mini-
existent pe CD | simulatoarele
= ISLAB_2M | ISLAB_2Q I existente, trebuie
ISLAB_2L I ISLAB 2N | ISLAB 2R I executate comenzile:
ISLAB_20 | ISLAB_2S | > global FIG |

ISLAB_2P | > FIG =1 ; | [€2.20
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Despre biblioteca MATLAB de IS - System Identification toolbox —

e Proiectati in tehnologia Programédrii Orientate Obiect (POO). I

e Obiectul principal I:» IDDATA I

D Structura de date intrare-iesire generate folosind ecuatiile modelului ales. Este creata cu
ajutorul functiei (metodei) constructor iddata asociata obiectului IDDATA (date de
identificare). Cele 2 matrici de date u (de intrare) si y (de iesire) au dimensiunile identice: N
linii si nr coloane. Fiecare din cele nr experimente (realizari) ocupa cite o coloana cu N
perechi de date intrare-iesire). Datele se regasesc in cimpurile D.u si D.y ale structurii D.
Structura este mult mai complexa si se compune din urmatoarele cimpuri:

Domain: ""Time"/"Frequency"*"
Name: "String”
OutputData: [1x37 char]

|y: "Same as OutputData“ |(-date de iegire
OutputName: y-by-1 Cce array of strings”

OutputUnit: “Ny-by-1 cell array of strings”
InputData. [1x36 charl
u: "Same as InputData" [|€= date de intrare
InputName: “Nu-by-1 cell array of strings-
InputUnit: "Nu-by-1 cell array of strings®
Period: [1x51 char]

InterSample: [1x36 char
Ts: [1x54 char] |€ perioada de esantionare
Tstart: calar arting time)"

Samplinglnstants: [1x51 char]
TimeUnit: "String”
ExperimentName: [1x43 char]
Notes: "Cell array of strings”

UserData: “Arbitrary” < 2 21 D
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Spectral is with H. i indow of length M = 30.

spa

E=stimate frequency response and spectrum by spectral analysis. P

ideal magnitude

--— an estimation =G

—— average it

rrrrrr standard deviation tube g
T

,
- 10% 10" 10° 10
Normalized frequency [rad/s] (log)

Syntax

Magnitude (log

g = sSpaildata)
- 200
g = spaldata M,w maxsi=e])
[o,.phi,spe] = spaidatal 3
3
2 o ideal phase
= = ! --— an estimation
Description & 1001 — average
rrrrrr standard deviation tube e
-200 2 ‘4 ‘ﬂ 1
10 10 10 10

Normalized frequency [rad/s] (log)

spa estimates the transfer function o and the noise spectrum Y orffie general inear rmodel

® vit) = Gilglu(t) +uv(t)

L)

where o i=s the spectrurm -:lfu(t} .

data contains the output-input data as an iddata object. The data may be complex-valuaed.

, ) . i . . G (et ™) N .
o is returned as an idExrd ohject (see idE£rxd) with the estimate of atthe frequencies specified by

rowy vector w. The defadltvalue of wis

-
w = [l:lz&8]s1lz8*pi T=

Here T= is the sampling interval of data.
D, (o)

o also includes information about the spectrurm estimate of at the =same frequencies. Both outputs are
returned with estirmmated covariances, included in o, See_idfrd.

Mi= the length ofthe lag window used in the calculations. The detault wvalue is

L
M = min(30,lengtchidatal #10)

<|2.22|>
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spa Rutine MATLAB - System ldentification toolbox (Problema 2.3) e

E=stimate frequency response and spectrum by spectral analvsis.

Changing the value of M exchanges bias forvariance in the spectral estimate. As Mis increased, the estimated
functions show more detail, but are more corrapted by noise. The sharper peaks a true frequency Tunction has,
thhe higher Mit needs. See_etcfe as an alternative far narrowhand signals and systems. See also_Estimating
Spectra and Fregquency Functions in the "Tutarial”.

maxs=i=ze contrals the memory-speed trade-off (see_algqorithm Properties).

Fortime series, where data caontains no input channels, ois returned with the estimated output spectrum and its
estimated standard dewviation.

wwhenn spais called wwith tvweo or thiree output arguments:

& dis returned as an idEfrd model with just the estimated frequency response from input to output and its
uncertainty.

- D ()
phi is returned as an idfrd model, containing just the spectrum data for the output spectrum v
and its uncertainty.

B =peis returned as an idEced model containing spectrum data far all output-input channels in data. That

iSif z = [data.OutputData, data. Inputhata], spe contains as spectrum data the matris-walued
powwer spectram of =.
T
= = E Ezit +m)z(t)Y exp(—Wm T win(m)
e = —Nd

Here wirnfrml isweight at lag m of an M-size Hamming windowy and FFis the frequency value i radiys. Mote that !
denotes complex-conjugate transpose.

The narmalization ofthe spectrum differs from the one used by spectrum in the Sidnal Processing Toolbox. See
Spectrum Mormalization and the Sampling Interval in the "Toutorial” for a more precise definition.

<2.23>
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Ce returneaza functia SPpa
e Obiect l ' FREQH I

H Structura de date reprezentind raspunsulin frecventa estimat folosind functia MATLAB spa.
Réaspunsurile in frecventa estimate folosind datele D se regasesc in blocul tri-dimensional
H.ResponseData, astfel: prima estimatie se afla in vectorul H_.ResponseData(l1,1, :),
a doua estimatie se afla in vectorul H_.ResponseData(2,2,:), etc. Sunt nr estimatii Tn
total. Fiecare estimatie contine K date cu valoricomplexe (partea reala si partea imaginara
a raspunsuluiin frecventa). Numarul K figureaza printre argumentele functiei 1SLAB_2L gi
reprezinta numarul de noduri (echidistante) de frecventa in care se doresc estimate
valorile raspunsului in frecventa. Ca si in cazul structurii de date, structura raspunsului in
frecventa este mai complexa, incluzind urmatoarele cimpuri (din care se constata ca
functia specializata spa poate oferi numeroase informatii spectrale sau de corelatie
refernoarela datele masurate glzgornot)

Name: "string-”

[Frequency: [1x48 char ]|€ noduri de frecventd
ResponseData: [1x40 char]@raspunsnlfrecven}‘a
SpectrumData: [1x38 charli€ spectru

|CovarianceData: [1x62 char] (-secvenyade(auto)covananya
NoiseCovariance: [1x57 char]

Units: "["rad/s"]|"Hz*"]-*
[[s: "scalar |€= perioadd de esantionare
InputDelay: "Nu-by-1 vector-*
Estimationlnfo: “"structure-
InputName: "Nu-by-1 cell array of strings*
QutputName: *"Ny-by-1 cell array of strings*"®
InputUnit: "Nu-by-1 cell array of strings
QutputUnit: "Ny-by-1 cell array of strings
Notes: "Array or cell array of strings-
UserData: "Arbitrary-*

Version: “"Internal Use-~ —_— —_—
Utility: "Internal Use-~ 2_24
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dhode EFEode frecquency respohse for discrete-time linear sysStens.
dhode (4, E,C,D,Ts,IU) produces a Bode plot from the single input IT
to all the outputs of the discrete state-space systew (4,B,C, D).
IT iz an index into the inputs of the syztem and specifies which

Magnitude (dB)

Phase (deg)

-

)

a
T

15

-
=
T

@
T

o
T

&
T

Bode Diagram

45

2 -1

Frequency (radisec)

Generate logatithimically spaced vectars

Syntax

L
¥
¥
¥

Description

The logspace function generates logarithmically spaced vectors. Especially useful for creating frequency
wectors, itis a logarithmic equivalent of linspace andthe ™" or colon operatar,

¥ = logspace {a,b) generates a row vectar ¥ of a0 logarithmically spaced paints hetween decades 10+a and

10-*b.

¥ = logspace(a,b,n) generates npoints between decades 104aand 10+b

¥ = logspace {a,pi) generates the points hetween 10+aand pi, which is useful for digital signal processing

logspaceia,b)
laogspace(a,b, n)
logspace(a,pi)

where frequencies aver this interval go around the unit circle.

Remarks

Allthe arguments to Logspace must be scalars.

input to use for the EBode response. Tz iz the sample period.

The frequency randge and number of points are chosen automatically.

dhode (NUM,DEN,T2) produces the Bode plot for the polynomial
transfer function Giz) = NUM(z) /DEN(=) where NUOM and DEN contain
the polynomial coefficients in descending powers of =.

dhode (4L, B,C,D,T2,I0, W or dbode (NUM,DEN, Tz, uses the user-
supplied freq. wector W which must contain the frequencies, in

radianzs/sec, at which the Bode response is to be ewaluated.

Aliazing will occur at frequencies greater than the Nyquist

frequency (pi/Ts). 2ee LOGRPACE to generate log.

vectors., With left hand arquments,
[MAG, PHASE , W] = dbode (&,5,C,D,Ts,...
[MAG,PHASE , W] = dbode (NUM,DEN,T=,...

!
!

spaced frequency

returns the fredquency wvector W and matrices MAG and PHASE (in

degrees) with az mnany columns as outputs and length(W) rows. HNo

plot iz drawmn on the screemn.

<2.25)>
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