Lecture 5.5 '

Practical Aspects on System Identification and Summary

® Remarks of Persistent Excitation Conditions
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Persistent Excitation

Just as for the off-line case, it is important that the input signal
changes sufficiently in order to excite the system so that the
experimental data contains enough information about the dynamics
of the system. This leads to the concept of persistent excitation
relating to the input signal. Such persistent excitation

concept /condition applies during the whole identification period.

Most stable linear systems may be represented by the so called finite

impulse response (FIR) model:

y(t) = biu(t — 1) + bau(t —2) + ... + byu(t —n) = @1 (1)6

where
=1[b ... b, )"
\_ Yy,
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o=[ut—1) ... ult—n)*

The estimate is given by 6 = [@7 ®]71dTY, where

23271+1 u(j — 1)2 232,14,1 w(j — Du(j —2) - 232114,1 w(j — Lu(j —n)
Z,t]’:?l_+1 u(j — 2)u(j — 1) Z§:?1+1 w(j — 2)2 o Z?‘:n{»l w(j — 2)u(j —n)
T ; . .
b b =
S u G - DY G - muG - 2) S ul = )2
j=n4+1 L7 L\ J j=n+41 L3 L3 < j=n+1 AW

This matrix has to be non-singular for the estimate to be unique.
This is called an excitation condition. For a long data set, t — o0,

and all sums may be taken from 1 to ¢.

\. J
Lecture 5.5 Lecture Notes on System Identification and Data Analysis Page 3/5
( N
Define:

c(0) c(1) coe(n—1)

j c(1) c¢(0) o e(n—2)
On, = lim —CI_)I o =

t— 00

cn—1) c¢n—-2) --- c(0)

where ¢(k) are the empirical covariances of the input. That is:

[

1

c(k) = flgl; 7 Z u(j)u(j — k)
=1

Definition: A signal w is called persistently exciting (PE) of order n

if the matrix (), is positive definite.
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Examples:

e White noise: u(t) is white noise, with zero mean and variance
o?. Then c¢(n) = 0%6,,. and C,, = 021, which is always positive
definite. Thus C), is nonsingular for all n, and white noise signal

is PE of all orders.

e Step signal: u(?) is a step of magnitude o, then c(k) = o2, and

('), is nonsingular only if n = 1. Then a step is PE of order 1.

e Impulse signal: u(t) = 1 for t = 0, and 0 otherwise. This gives
c(n) =0 for all n and C,, = 0. Therefore, this signal is not PE of

any order.

Important Note: It is necessary for consistent estimation of an
n-th order system that the input signal be at least persistently

exciting of order 2n.
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