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Âîññòàíîâëåíèå ñèãíàëà, íå ñîäåðæàùåãî

÷àñòîò âûøå Ωc

Ïîñòðîèëè Xs

Óñòàíîâèëè, ÷òî Xs(jΩ) = X (e jΩT )
Êàê ïî x [n] âîññòàíîâèòü xc?

Hr = rect(−Ωc ,Ωc)

Hr (jΩ)Xs(jΩ) =

= Hr (jΩ)
1

T

∞∑
k=−∞

Xc(j(Ω− kΩs)) = Xc(jΩ)

(åñëè Ωs > 2Ωc)

Îáðàòíûì ï.Ô. ïîëó÷àåì xc(t) èç Xc(jΩ).



Ôèëüòð íèæíèõ ÷àñòîò

(ðàññêàç î ôèëüòðå)

y(t) =

∫ ∞
−∞

Hr (jΩ)Xs(jΩ)e jΩtdΩ

|Hr (jΩ)| = T

hr (t) =
1

2π

∫
Hr (jΩ)e jΩtdΩ =

T

2πjt
(e jΩc t−e j(−Ωc )t) =

=
sin(Ωct)

πt
.

y(t) =
∑
n

hr (t − n)x [n]



Ôèëüòðû ñ áåñêîíå÷íîé èìïóëüñíîé

õàðàêòåðèñòèêîé

Çàäà÷à Äî ñèõ ïîð:

ñèãíàë áåñêîíå÷íîé äëèíû.

íåïðåðûâíàÿ èìïóëüñíàÿ õàðàêòåðèñòèêà ôèëüòðà

Êàê ñäåëàòü ðåàëèçóåìûé ïðàêòè÷åñêè äèñêðåòíûé

ôèëüòð?
Èìïóëüñíàÿ èíâàðèàíòíîñòü

h[n] = Tdhc(nTd)

Ïîäõîä

ñäåëàòü ôèëüòð äëÿ íåïðåðûâíîé ÷àñòîòû

äèñêðåòèçèðîâàòü åãî

Èçáåæàòü íàëîæåíèÿ ñïåêòðîâ!

Ñì. ïðèìåð 7.2 èç (Oppenheim et al. Discrete-time

DSP)



Ôèëüòðû ñ êîíå÷íîé èìïóëüñíîé

õàðàêòåðèñòèêîé

h[n] = hd [n]w [n],

w [n] =

{
f (n), 0 ≤ n ≤ M

0, èíà÷å.

f (n) - ôóíêöèÿ îêíà (ñì. íèæå), M - øèðèíà îêíà.



Îêîííûå ôóíêöèè w [n]



Ïðèìåðû ôèëüòðîâ ñ êîíå÷íîé ÈÕ

Hanning:

w [n] =

{
0.5− 0.5 cos(2πn/M), 0 ≤ n ≤ M,

0, èíà÷å

Èäåàëüíûé ôèëüòð íèæíèõ ÷àñòîò:

h[n] =
sin(ωc(n −M/2))

π(n −M/2)
w [n].

Ôèëüòð âåðõíèõ ÷àñòîò?





Äèñêðåòíîå ïðåîáðàçîâàíèå Ôóðüå

Wn = e j
2πn
N

k



Ôèëüòðû äëÿ 2D

y [n,m] =
∞∑

n0=−∞

∞∑
m0=−∞

x [n,m]h[n − n0,m −m0]

Îáû÷íî:

y [n,m] = (x [n,m] ∗ hx [n]) ∗ hy [m]

H(e jωx , e jωy ) = Hx(e jωx )Hy (e jωy )



Python è çàäà÷è íà äîì



Python è çàäà÷è íà äîì



Çàäà÷è

Óñòàíîâêà Python

Çàâåäåíèå ïàïêè

Çàäà÷è ïî ÷àñòîòíîé ôèëüòðàöèè èçîáðàæåíèé

Çàäà÷è ïî (íåëèíåéíîé) ôèëüòðàöèè

Ñòàòüè
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