Linear systems - summary

X(t)

h(t)
X(0) - Y(®
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Transients

y(t) = h(t)® x(¢) Y (0) = H(o0)X (o)

Random

S, (©) =|H() S (o)

S, (0)=HS (o)

P._.P.. are PSD’s

Yy’ & xx
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Correlation functions

Autocorrelation R_(7)=E[x(t)x(t+1)]

Crosscorrelation R, (1) = E[x(¢)y(t +1)]
Fourier Transform Relation
R(7) «— S(») S(w) = F[R(7)]

R, =h(D)®R,,
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White noise

R(7) = E[x(t)x(¢t)] = P_o(7) (Dirac)

S'(w) = const (all frequencies
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y=ax g=xi
X y X.
—_— a P 1
Measurement:

y; = ax;

y (iutput)

P x (input)
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X (t) h () y (t)
X @) H @) y @)

y(t) = h(1) ® x(1)
Y(o)=H(0)X(®)

Y()
X ()

H =

H =|H(0)|£D(®)
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de . A 3
94 D 2(yi-ax)(-x,)=0

=X-2nXx;=0

Yy nk=0

XY= Xi(éEI X;+n)
D XY =D %A, +n) = A XX + D XN, =a) XX

. D Xy,

XX,
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Ho) X)
Y) /

N )

2 X (@)Y()
H(w) = T X (@)X@)
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axi

y. /
X, — > STATIC 1 \

n;

h®)® x(t)
yoy
X(t)——=  DYNAMIC — <\

n(t)
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%Z X (@)X(®)=S _(») AutoSpectrum
M

% Y X' (@)X(@)Y(®)=S,,(0) CrossSpectrum
M

S,y (®)

H@) =50

e ()

Y'Y S S S
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X(t) y(®)

vy

—— DIGITIZE

x(i) l l y(i)
FF

T
=1..M
A
SPECTRA
I:I(k) = AL(I() Sxx Syy Sxy
Sx(K)

SUM

YZ(k) — § | S(I:y)(ls() |2(k) : Sxx /éyy gXY

o Sy . h(i) = FFT'[H (k)]
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85 (K) = X[ ()X, (k)
Six(k) = Yﬁ*(k) Yz (k)

A 1M ,

Sxx(k)_M; Sxx(k)

$, d0=L3 s
YY MZ:I YY

~ 1M
S == s’ k
0= 5 2 S
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Use of the coherence function

y’=1 1mplies all y caused by x

y"=0  Implies none of y is caused by x

y2 Is thus a measure of the identification
v*)0.9 Is usually the minimum
required

The coherence function may be used as a measure
independently for separate frequency ranges
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Errors

Aliasing (Sampling)
Random (averaging)
Leakage (Windows)
Bias
Insufficient resolution (N)

Input-output additive noise

Delays

Unmeasured excitations
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c < 1
SXX sYY m
n 1
|sxy | 'Y\/M
[1—'Y2]1/2
|H] Yv2M
LY ‘/7[1_72]
VM

Random Errors — theoretical values (Bendat)

Note: ¥  Isused for error estimation
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qoSXy 2 (X+My(Y+N)
SXX ) (X+M) (X+M)
o DX*Yy s 8, T
YXX+YMM S +S_ Sxx(l+s"‘—’“j °1+%
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X|—»

Xo— — —

Sy _ > HX, +X,)X; _p SXX +8%X,
S X, X; ° SxX,

XX

H, =

Signal Processing: Input/Output
Identification



Signal Processing: Input/Output
Identification



L _ISyF_IXYP

SISl XX Y'Y

XX yy
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Sy _ > HX, +X,)X; _p SXX +8%X,
S X, X; ° SxX,
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oISl IXYE

S!S X'XYY

XX Yy

Signal Processing: Input/Output
Identification



() =h(1) ® x(1)
Y(w)=H(0)X(0)
Y (o)

X (o)
H =|H (o) £®(v)

H =

Signal Processing: Input/Output
Identification



Example:SDOF
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4 | 5 ‘ O
T

DN I B

RijlL "
L
-4 : -5 |

0 50 100 0 50

phase(H) Coherence

Signal Processing: Input/Output
Identification



