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CASE Study | - Adaptive Filtering

1 The Classical FIR filter




Where can it be used

1 Echo cancellation
1 Background Noise Suppresion
} Channel Equalization
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Vascular Compliance (Stiffness)
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Adaptive Filtering

Basic ldea
Jw,) Qv) foall w
(Unconstrained optimization )
note w is a vector!

For adaptive filtering we use the idea of iterative
descent :

J()(n+1)) < I(w(n))




Method of Steepest Descent

} Succesively update w inthe direction of steepest descent
(in the opposite direction of the gradient)!

1 The gradient points inthe  direction of the steepest
ascent, so subtract the gradient!

0
9= yw = 2

win+1) = wn) - Zug(n)




Description of gradient




Cost function for a wiener
filter (Haykin)

J(n) = gz — w?(b)p —p"w(n) + w'(n)Rw(n)

Vi(n) = @ correlation matrix
of the tap - input

vector u(n)

Crosscorrelation vector between the tap input and the desired res




LMS Least Mean Square

Vi(n) = —2p + 2Rw(n)
R(n) = u(m)ufi(n)
Vi(n) = —2u(n)d"(n) + 2u(m)uf m)wn)

wn+1) = wn) +pu(m)[d”"(n) — u (Mw(n)]

wn+1) = whn)+uun)e (n)




Properties of the LMS

+ LMScan be unstable if not
A 0< [ <1/(NE[x 2(K)])
}  MSE = _ AN<Signal Power>
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Normalized LMS

: Normalized LMS Calculates the step size using the
approximated power of the signal.

u(n)

wn+1) = wn) + pue(n) &+ uf (mu(n)

Normalized Calculates the step size using the approximated power
of the signal.
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Recursive Least Square

—_— et md

Better performance than LMS

Requires Matrix Inversion

No Code generation block from Mathworks!!!

Still possible !!!

BUsing Givens Rotation and Matrix
Decomposition

B Steepest Ascent has a recipe




CASE Study Il - Reverb

Normally a O Dr y 0 dossonotrsalind very well 8 musicians would like their
sound to be like Carnegie Hall or Hollywood bowl!




Some Math

Mathematical description of a Reverbed signal:

y[t] = x[t — L]+ Rx[t — 2L]+ R*[t — 3L]
Z- transform and using the Time - shift :

Y(2) = X(2)Z7Y+ RX(2)Z*L + R*X(2)Z 73t + -

Y(zy  Z7*
X(z) 1+ RZL

which iIs a......



Comb-filter
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Reverb/Subsystem3/Subsystem2/DeIay/Sum
which has resulted in an undefined operation.

The

results of this simulation are hardware
dependent and

may not be reproducible on other computers
running

Simulink. Consider correcting this condition by
setting 'Saturate on integer overflow ' parameter




Comb with Lo-Pass
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Modified Lo-Pass Comb
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Moorer Comb Reverb
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What about the Delay?
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How About Data Types?

ed-Point Tool
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HDL Coder Configuration
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VHDL version
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HW Co-Simulation
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