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Convolution

Linear convolution:
(f * 9)lx / F(t)gle — )d

Circular convolution (f and g are both T-periodic):
to+T
(Fog@= [ fOg- o
to
If f is aperiodic and g is T-periodic, then:

(f *g)(x) = (fr ® g)(z), where Z fz+kT)
k=—o0
Discrete Convolution
Linear convolution of two sequences x[n] and y[n]:

o0

(@xy)ln]= Y almlyln—m]

m=—00

Circular convolution (x[n] and y[n] are both N-periodic or of length N):

N-1
(z®y)| Z xz[m]y[n —m mod N]
m=0
If y[n] is N-periodic, then:
(zxy)[n] = (zny ®y)[n], where zn[n]= Z x[n — kN]
k=—o00

Fourier Transform

Fourier transform:

9= [ s

(f *9)(z) = FH(F(f) - Flg)) ()

Convolution theorem:



Discrete-time Fourier Transform

Let consider a continuous-time signal z.(t). For a given sampling period T, the sampling times are
tn,=nT, nez,

and the sampling values are
z[n] = zo(tn) = zo(nT).

The discrete-time Fourier transform (DTFT) is defined as:

XI/T(W) _ Z x[n]ef2ﬂ'iwnT
Let define -
xq(t) = Z z[nld(t —nT),

then, the DTFT can be seen as the Fourier transform of x4(¢):

Flag)(w) = /_OO xq(t)e 2Tt dt

= >z / 5(t — nT)e 2 tqt

n=-—o00 -

oo

— Z m[n]e—Zﬂ'iwnT.

n=—oo

Convolution theorem for DTFT. Consider two sequences z[n| and y[n] and their DTFTs X /7 (w)
and Y /p(w). Then:

Discrete Fourier Transform

The discrete Fourier transform (DFT) is defined as:

N—1
X = Z xN[n]e_Q’”%", k=0,...,N—1,
n=0
where -
zn[n] = Z x[n — mN].
The DFT can be seen as the DTFT sampled at
__k
W = NT.



We have:
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