DSA - Feb. 15, 2021

Topics: sinusoidal response, transients, time-constants, transfer functions, pole-zero
placement designs, noise reduction, group delay, SMA, EMA, and zero-lag filters,
block diagrams, direct, canonical, transposed, and lattice realizations.

H(w) = Hpr(w) + jHi(w) = frequency response

H(w) = |H ()

/%@ = polar form

|H (w)| = magnitude-response

#(w) = phase-response

nph(w) = —0(w) = phase-delay

_df(w)

dw

Ngr (W) = — proup-delay
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steady-state sinusoidal response
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Sinusoidal Response
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Sinusoidal Response

transient response
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double-sided vs. one-sided sinusoids




transient response
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transient response
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transient response
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Pole-Zero Pattern
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Filter Design by see the files
Pole-Zero Placement notch-digital.pdf

notch-analog.pdf
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group delay property

noise reduction

signal enhancement

transients, time constants

SMA, EMA, PMA, DEMA filters




group delay property for narrow-band pulses

H(w) = Hg(w) + jH(w) = frequency response

H(w) = [H(w)

@) = polar form

|H (w)| = magnitude-response

f(w) = phase-response

npn(w) = —0(w) = phase-delay
df(w
Ng(w) = — () = group-delay

dw




group delay property for narrow-band pulses

DTFT properties — O&S Ch.2 Table 2-2
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group delay property for narrow-band pulses
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Transfer Function Realizations |2SP — Ch.7

bo + b1z~ 4 byz™? direct form, DF-1
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y(n) =—ayy(n—1) —asy(n —2) + box(n) + byx(n — 1) + byx(n — 2)
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feeedback recursive part feed-forward non-recursive part




Transfer Function Realizations

- direct form, DF-1
realization
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direct form, DF-1
realization

sample processing

initialize wi, wo, vy, Vo
for each input sample x, do,

Wo = W
Wi =Y
Vo =V,
Vi =X

y=—aw, —da>w> +box+bv,+brvy




canonical form, DF-2
realization
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| | canonical form, DF-2
H(z) = N(2) ) = D(2) N(z) realization
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1 1 canonical form, DF-2
H(z) = N(z)- D(2) = D(2) - N(z2) realization
() - V()

wy(n+1) = wy(n)
Wo(n+1) = wq(n)

Wi(z) = 5 (1+a27 ' +a22)W(2) = X(2)




canonical form, DF-2
realization

» V(n)

wn) =—ajw(n—1) —asw(n —2) + x(n)

y(n) =bow(n) +byw(n —1) +byw(n —2)




canonical form, DF-2
realization
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sample processing

wo(n+1) = wy(n)
wq(n+1) = wy(n)

initialize wy, w»

for each input sample x, do,
Wop=—d| W) —d>W» + X
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transposed
realization

Y(2) = —a127 'Y (2) — as27?Y (2) + bo X (2) + b2 X (2) + bz 2 X (2)
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x(n)

transposed
realization

sample processing

initialize vy, v
for each input sample x, do,
y = box + vy
Vi =bix—ay+v
Vo =box—azy




transposed
realization
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transposition rules

1. replace adders by nodes
2. replace nodes by adders

3. reverse all flows

4. interchange input and output
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lattice / ladder
realizations

analysis lattice

x(n)

synthesis lattice

y(n)




lattice / ladder

realizations

standard lattice

x(n)

section 3

Id 1 section 2
N,

section 1

Vd,

L
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lattice / ladder
realizations

normalized lattice
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