Commonly used DSP formulae

IR filter pre-warp
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Bilinear transformation
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For a BPF replace z* in the LPF by:
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The LPF cutoff frequency oc , = o, — oy and the stopband frequency ws , = wc , + Ao, where Aw
isthe transition bandwidth. Thisyields:
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For a BSF replace z* in the LPF by: +z%(z* - &) / (1 - « ). Thistime the LPF cutoff should
be oc , = (05/2) = (0cy — @y). Thisyields:
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FIR Filter Coefficients
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Window Characteristics - Table 6.1
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Filter h(t) matched to signal f (t)
h(t) = kf " (ty, — t)
or equivalently
H(@) = kF’ (o) exp(-joty)

z-transform of Filter Output Autocorrelation Sequence

input x output y

Syy(2) = H(2) H(Z™) S«(2)

z-transform of Filter Input/Output Cross-Correlation Sequence

input x output y

Sy(2) = H(2) S«(2)
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The noise variance at the output of a filter =_; a; z'/(1 - ™. ; by z') is given by the solution to:
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The noise variance at the output is: oy = o2 2,

Wiener Filter

input y output x

Pyy Nopt = Py

Minimum MSE

Mopt = E[ Xz(n)] - h-(l)—pt Dyy

LMS Adaptive Filter

input y output x

e(n) = x(n) —h"(n-1) y(n)
h(n) =h(n-1) +2 x y(n) e(n)

LS filter

Ryy(Mh(n) = ry(n)

RLS Adaptive Filter

input y output x

h(n) = h(n - 1) + Ry y(n) e(n)
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DFT
Nz 0 .2znk O
X(k) = Zo x(n) exp - | N O (9.12)

n=

Inverse DFT
1 N=t 0. 2znk [
x(n) = N kgo X(k) exp ol N O (9.13)
Power Spectral Density
00
Sx(@)= 2 ¢x(m)exp(-jomAt) (9.24)
m = -oo
Autocorrelation
At 2/t
Pyx(M) = o J Six(®) exp(jomAt) de (9.25)
Linear Prediction
P
x(n) = Zl g x(n—i)
=
Prediction Error
e(n) = x(n) = X(n)
Order-P AR Spectral Estimate
~2
Oe (9.38)
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