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u(t) )

Identification

Plant
uil yﬂ

Descriptions:

* state variable;

« differential/difference equation;
* transfer functions: K(s), K(z) ;
* impulse response: k(t), k. ;

« step response: hit), h,(t).
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Discrete case

> K(Z) >

n n
Yo = Z KUy = Z Kin_i Uy — discrete case
k=0 k=0
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For input signal u, we measure respective output signal y, :

u

1'..o"-......-"' t, <t <...<ty T
i:::::::::::::::::i
y t, T t
{un }r’:l:o {yn }rl:l:O
it:t:::'.::::::::::::tiN t
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Discrete case
We want to determine discrete input response (for U, =6, ): ki

We have sequence of measurements:

and following tasks:
1) plantislinear:k, (9), but we don’t know the values of parameters @

2) we want to determine sequence of values of K, Ki,...,Ki
where:

k.. - impulse function
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Discrete case
3) plantis nonlinear, we approximate: k_ (6), 0

*

4) plantis nonlinear, we approximate by the sequence of discrete impulse

response k' ,k’,....k"

where:
k., - given function

6 - unknown vector of parameter

ROPEAN
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ad. 1. Linear plant

N
Yn = Z Kig (Q)Un—k
k=0
where:
Ky - given function, €-unknown

yOZkiO(e)uO N-L>R
Vs = kio(@)u; +kiy (O)u, dimy =L
Yn = kiO(H)UN +ki1(‘9)uN—1+---+kiN (H)UO diméd =R

Solution of the above system of equations is calculated values of &
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ad. 2. Determination of discrete impulse responses values k,,ki,,..., Ky

Yo = Z KU
k=0

Yo = KioUg
Y, = KioU; + kiU

YN = KUy + KUy +...+ Ky Uy
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ad. 2. Determination of discrete impulse responses valuesk.,,k.,,..., Kk,
Denote: Ty 4, 0 - 0] k]
u U, . k.
){1 — YN .1 .O . — UN .Il — kiN
0
Yy | Uy Uy o U _kiN_
Solution:

YN :UNkin — kin :UlilYN
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Ad. 3. Plant is nonlinear; approximation by k. (6).

N —
Yo = Z Kix (e)un—k — approximation
k=0

where: IZik - given function, @ - unknown vector of parameters
Performance index:

Qu0)=30,-7F =3 v~ SR loh |

Optimization problem:

0y > Qul6h)=minQ, (0)
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ad. 4. Plant is nonlinear, we approximate by the sequence of discrete impulse
responses k*,k*,...,k"

IIIIIIIIIII

N —
Model: Yo = Zkikun—k

Performance index:

o B N N no 2
QN(klo kll """ klN):Z(yn_yn)Z:Z(yn_zklkun k]
n=0 n=0 k=0
Optimization problem:
KKk > Qulke k! )= min Q (g, ki oo Ky )
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ad. 4. Plant is nonlinear, we approximate by the sequence k* k’,...,k"
Solution: o
oQu(k Kk ,..k ) )
— k. =k’ = =
oKy, 'Zlij_:'z:*f P =012 N
IziN.:IZiT\l
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ad. 4. Plant is nonlinear, we approximate by the sequence k* k’,...,k"
N N k
Z ynun—p = szikun kun p p = 011121---; N
n=0 k=0 n=0

Since for n<0 equality u, =0 holds, we can replace nwith N

N N N
Z ynun—p - Zkiizun—kun—p p= 0,1,2,....N
n=0

k=0 n=0
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ad. 4. Plant is nonlinear, we approximate by the sequence k*,k*

Let us denote n-p=x.Then we can rewrite the set of equations:

N-p N N-p
zy;ﬁpuxzzkik Zuﬁp—kuz P 20,1,2,.--,N
2=0 k=0 z=0
where:
N-p
D Yyl = pyu,p[p] — correlation of input and output signal
x=0
N-p
DU o, = puu,p[p k] — autocorrelation of input signal
=0
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ad. 4. Plant is nonlinear, we approximate by the sequence k* k" ,... .k’
The set of equations can be expressed in the equivalent form:

N
pyu,p[p]zzkizpuu,p[p_k] P =012,....,N
k=0

or

I Pyuo [0] 1T Puuo [0] Puuo [_ 1] P [_ N ] | k.z Eyu = IEUUkiT\l
pyu,l[l] puu,l[l] puu,l[o] puu,l[l_ N] kl*l U

Kne = Pas Py

_pyu,N[N]_ _puu,N[N] puu,N[N_l] puu,N[O] __kiT\I
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Continuous case

> K(s) >

0
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For input signal{u(t)}; we measure respective output signal {y(t)}; :

/\/ t, <t <..<ty<T

) ! {U (tn )}::LO {y(tn )}rio

z;(t)

: l l l l l l l l l l l l l l l l l :
|||||||||||||||||||
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Continuous Case

We have measurements: {u(t)}_,, {y(t)}

t=0 7 t=0
and following tasks:
1) plantislinear and we don’t know the values of parameters: k.(t,6), 8

2) we want to determine ki(t)

where:

k.(t,6) - known function, @ - unknown vector of parameters
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Continuous Case
3) plantis nonlinear, we approximate: k (t,0) , @

4) plantis nonlinear, we approximate impulse response by k.(t)
where:

k.(t,0) - given function, 8 - unknown vector of parameters
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ad. 1. plant is linear and we don’t know the values of parameters: k(t,9), 8

t

y(t) = I K (Z', Q)U(t — T):ir

tn

y(tn):jki(r,ﬁ)u(t—r)if n=12,...,R

0

Solution of the above system of equations with respect @ gives identification
algorithm.
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ad. 2. we want to determine k(t)
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ad. 3. Plant is nonlinear, we approximate: k(t,6),
where:

. t
Model: j 2'6? t r)dr

Approximation:

t

y(t,0)) dt = j( jki(r,H)u(t—z')dert

0

Performance index:

Q'—.—|

Optimization problem: o0, —>QT(<9*)=m9inQT(9)
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ad. 4. Plant is nonlinear, we approximate impulse response by k. (t)
Model:

Performance index:

Optimization task (minimization of functional):

ki (£) = Qr k] (7)) = min Q (6, 7))
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ad. 4. Plant is nonlinear, we approximate impulse response by k. (t)

ki (£) = Qr (6! (7)) = min @ (i ()

HUMAN CAPITAL @ oy
i UAUAN DESS ST Wroclaw University of Technology R
Project co-financed from the EU European Social Fund



r Master programmes in English
Wroctaw University of Technology : . -

at Wroctaw University of Technology

ldentification of Dynamic Plants
ldentification of Impulse Responses

ad. 4. Plant is nonlinear, we approximate impulse response by k. (t)
Q(K;(r)+on j( i hu(t - r)erZdtz
:]( t[lZ u(t—7)dz - 5jh trdTIdt j( tj tz'dz'jzdt-i—
—25j(y(t)—j12i(r)u(t—r)drﬁh( it -z )dydt + 65 jUh u(t - rdrjzdt—

=Q1—26QZ+52Q3=Q

@_—2Q2+25Q3\H=o = Q,=0 Vh(r)

00
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ad. 4. Plant is nonlinear, we approximate impulse response by k. (t)
j[ jk u(t - fdfjjh Z)dydt =0
0 0
u(t)=0 for t<0, so t—T

H ik t—z)d Tji h(x)u(t - )dxzdt =0
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ad. 4. Plant is nonlinear, we approximate impulse response by k. (t)

]h(z)[y(t)u(t—;()dt—]k .T[u dtdr]d;{ 0
\2
}y(t) dt:]kl }ut ot - y)dtdz

where: t—y=y

HUMAN CAPITAL ]" oy
i UAUAN DESS ST Wroclaw University of Technology R
Project co-financed from the EU European Social Fund



r Master programmes in English
Wroctaw University of Technology -

at Wroctaw University of Technology

ldentification of Dynamic Plants
ldentification of Impulse Responses

ad. 4. Plant is nonlinear, we approximate impulse response by k. (t)

T-y

_[ Y(7 + ){)U(}/)dt = T[ k.’ (r) Iu(y)u(y+ ¥ —T)dth
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Thank you for attention
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