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Auto-correlation

Ideal sampling

Ideal reconstruction

Z-Transform

(complex convolution)

Parseval Theorem

Correlation in Z-
domain

Residues (1%-order
poles)

Frequency Response
and Group Delay

All-pass (gain
normalized)

Linear-phase system
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H (ej“’) = A(w)e/B-2w).  A(w) is real-valued; B, a are constants
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IIR filter (causal)

Butterworth filter

Impulse Invariance

Bilinear
Transformation

Rectangular window
Generalized Hamming

window

Window method (FIR)
Parks-McClellan
(Linear-phase FIR)
Sampling the Fourier

Transform

Transfer function
reconstruction

DFT (WB‘" —e’ 2”7?)
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Q= 2 t (a)) =2tan"! (QT)
B @= 2
1, n=01,..,N—-1
wgln] = u[n] —u[N] = {0, other n
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wy[n] = (a — (1 —a)cos (N — 1)) wg[n]
Hamming: o = 0.54 Hanning: a = 0.50
. F
Hy(e/®) «— hyln] h[n] = hq[n]w(n]

. . . 1 tr , .
H(e) = Ha(e/) x W(e®) = — f Ha(e7)W (e/@-9)dg
—TT
H(ej“’) = A(w)e /@@=, A(w) is real-valued; B, a are constants

Aw) = Q(w)z:;oa[n](cosw)"

Q(w)=1: (FIR type 1) Q(w) = cos (%) : (FIR type2)
0(w) = sin(w) : (FIR type 3) 0(w) = sin (%) . (FIR type 4)
Ykl =X(2)|  en = X(el®)| _2m k=01 ,N-1
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X[k] = x[n]win x[n] == ) X[k]Wyk"
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DFT DFT
x[(—m)y] «—— X[(—k)n] x*[n] —— X*[(—k)y]
ropln) = LAt 2 ity
topln) = T ) 2 st

R[]} o Xp(e/®)
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]S{x[n]} A E— Xop(e]w)
DFT _.2n
x[(n—n)y] —— e TN MX[k]
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e/ N ox[n] el X[(k = ko)n]

DFT prr 1
x[n] ® h[n] «—— X[k]H[k]  x[n]h[n] —— § X[kl © H[k]
N-1
x[n] ® h[n x[€]h[(n — £)n]
£=0
M-1
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Decimation d[n] = x[nM] D(z) = T X (WMZM )
k=0
z Ltipl
Interpolation c[n] = {x [Z] , n multiple of L C(z) =Xz
0, othern
FFT DIT X[k] = G[k] + Wi H[k] X[k + N/2] = G[k] — Wk H[k]
FFT DIF gln] = x[n] + x[n + N/2] hin] = (x[n] — x[n + N/2DW}
M M
Arithmetic/Geometric K = MM +1) P oMt
progression Z - 2 Z a = 1—a
k=1 k=0
< MM + 1)(2M + 1)
Sum of squares z k2 = g
k=1
Tri tri - . .
idréﬁg?gsne e cos(a *+ B) = cos(a) cos(B) + sin(a) sin(B)

sin(a £+ B) = sin(a) cos(B) =+ sin(B) cos(a)
sin(a) + sin(B) = 2sin <% (a+ ﬁ)) cos <% (a— ﬁ))

cos(a) + cos(B) = 2 cos <% (a + ,B)) cos <% (a — ,B))

0 0 /6 /4 /3 /2
sin(0) 0 1/2 V2/2 V3/2 1
cos(8) 1 V3/2 V2/2 1/2 0
tan(0) 0 V3/3 1 \3 %)
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