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Transfer Function Modeling

H: Linear System

u(t) —>| —> (1) y(t) = g(t)* u(t) = Cy(t)>g(t- t) ot
g(t) : impulseresponse L [y®)] =L [ut)]dL [g®)]
5(2) g()

L — G k transfer function: G(s) =L [g(t)]
y JDGMM- 4

Y(s)
Y(s) =U(5)xG(s) P |G(s)=——
U(s)

Us)— G >Y(s)
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as’ +bs+¢

Modéd (2;3) G(S) = ———= ~
S +ds +és+ f

H: harmonic inputs, transient behavior neglected
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(A) & (B) yield:

. . . e ., . . . b . C -
Y(jw) = - dX(jw)X(jw) - —X(jw) - ——X(jw) +axU(jw) +—X(jw)+——X(jw
jw (jw) jw (jw
I ntroducing Y : the estimated Y value
- . . e . . . b . C -
Y(jw)= - dX(jw) X (jw) - —X(jw) - —=X(jw) +at(jw) +—H(jw)+——=>7(jw
jw (jw) jw (jw)
eY(iw,)u eJ(iw,)u
e . U e . u
Collecting then e u e u =
measured samples: Y =€Y(jw)u U =¢&J(jw)u |Y - R"Jl (©)
e . 0 ¢ . 0
e © u e u
n=387 ~ ~
ev(iw,)f &J(jw,)H
Regression matrix R: Vector of parametersJ :
é U U _ Y Yy u )
R=al) - —— Y xjw, - — -—— J=[a b ¢ d e f]
e v (lw) w o (w)
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Result

Optimal parameter vector based on aleast squarecriteria:

J’ :arngin(Y- YO)) (Y-Y@)) ) |3 :(RTR)'lRTY
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Difficulties

D R'R Iscloseto singular, parameters can be inaccurately computed during inversiot

T . . . * . . . o)
P If R R isnotinvertibleor J isinaccurate, one can introduce a scaling matrix a

J =agmin(Y-Y@)) a(Y-YQ)) o)
J

3 =(RTaR) Ra&Y

D At low frequencies, the phase angles can be negative violating the linearity assumptic

Solution: reject these undesired values
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Conclusions

P Successful use of Transfer Modeling Techniqueto
Unsteady Pressure Transducer Signal Processing

PN The Transfer M odeling Technique is more precise than previousy
used curvefitting method (error 5timessmaller in this example)

PN Corrections are easily implemented: multiplication of the digitized signal
by the inverse of the Transfer Function M odel yields the corrected signal.

P The Transfer Modeling Technique allows much faster signal processing;
especially if one considersthe full pressure signal (harmonics + noise)

o The Transfer Function M odel and the corresponding parameters
estimation algorithm can be directly applied to similar cases.

Questions
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Ampl = Bmat;
Phas = Amat* pi/180;
oL omeg = 2*pi*Afreq;
definitions.  Uomeg = ones(size(Ampl)):
Yomeg= Ampl.*exp(j* Phas);
Q =diag();
divis = (j*omeg)." 2,

R = [Uomeg, Uomeg./(j* omeg), Uomeg./divis,- Yomeg.* (j* omeg), - Y omeg./(j* omeg), - Y omeg./divis];
. Yreg= Yomeg;
al gor ithm: ParaEstim=inv(R'"*Q*R)*R"*Q* Yreg;
reconstr = R*ParaEstim;
er =reconstr - Yreg;

figure(l);
plot(Afreq,abs(err));
figure(2);
p| ot: subplot(211);
plot(Afreq, abs(Y omeg), Afreqg abs(reconstr))
subplot(212);
plot(Afreg, unwrap(angle(Y omeg)), Afreq, unwrap(angle(reconstr)));

format long E;
A = real(ParaEstim);

Xport estimators: — g— fag o oo

dimwrite('.\UPT_TF_estimators.txt',C,'\t");
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