
Cas vs frekvemce - v case

y[n] = b0x[n] + b1x[n− 1] + . . .+ bQx[n−Q] −a1y[n− 1]− . . .− aP y[n− P ]

y[n] =

Q∑
k=0

bkx[n− k]−
P∑
k=1

aky[n− k]

y[n] = h[n] ? x[n] =

∞∑
k=−∞

x[k]h[n− k]

ve frekvenci

ω = 2π
f

Fs

X(ejω) = DTFT {x[n]} =

∞∑
n=−∞

x[n]e−jωn

Y (ejω) = DTFT {y[n]} =

∞∑
n=−∞

y[n]e−jωn

prenos a cinitel prenosu

ω1 = 2π
f1
Fs

H(ejω1) |H(ejω1)| argH(ejω1)

pro vsechny frekvence - frekv char
H(ejω) |H(ejω)| argH(ejω)

obrazem konvoluce je nasobeni
Y (ejω) = X(ejω)H(ejω)

stupid derivation - nejde ...

H(ejω) = DTFT {h[n]} =

∞∑
n=−∞

h[n]e−jωn

z-transformace
y[n] = b0x[n] + b1x[n− 1] + . . .+ bQx[n−Q]−a1y[n− 1]− . . .− aP y[n− P ]

X(z) =

∞∑
n=−∞

x[n]z−n

x[n]
Z−→ X(z)

operace s z

x[n]
Z−→ X(z)

ax[n]
Z−→ aX(z)

a1x1[n] + a2x2[n]
Z−→ a1X1(z) + a2X2(z)

x[n− k]
Z−→ X(z)z−k

∞∑
n=−∞

x[n− k]z−n =

∞∑
n=−∞

x[n]z−(n+k) =

∞∑
n=−∞

x[n]z−nz−k = z−k
∞∑

n=−∞
x[n]z−n = z−kX(z)

x[n− 1]
Z−→ X(z)z−1

Vztah s DTFT

X(ejω) =

∞∑
n=−∞

x[n]e−jωn X(z) = x[n]z−n

z −→ ejω

X(ejω) = X(z)|z=ejω ,



z-transf dif rovnice

y[n] = b0x[n] + b1x[n− 1] + . . .+ bQx[n−Q] −a1y[n− 1]− . . .− aP y[n− P ]

Y (z) = b0X(z) + b1X(z)z−1 + . . .+ bQX(z)z−Q −a1Y (z)z−1 − . . .− apY (z)z−P

prenos fce

H(z) =
Y (z)

X(z)

Y (z) + a1Y (z)z−1 + . . .+ apY (z)z−P = b0X(z) + b1X(z)z−1 + . . .+ bQX(z)z−Q

Y (z)(1 + a1z
−1 + . . .+ apz

−P ) = X(z)(b0 + b1z
−1 + . . .+ bQz

−Q)

Y (z)

X(z)
=
b0 + b1z

−1 + . . .+ bQz
−Q

1 + a1z−1 + . . .+ apz−P

¿¿¿¿

H(z) =
b0 + b1z

−1 + . . .+ bQz
−Q

1 + a1z−1 + . . .+ apz−P
=

Q∑
k=0

bkz
−k

1 +

P∑
k=1

akz
−k

na DFT ...

H(ejω) = H(z)|z=ejω =

Q∑
k=0

bke
−jωk

1 +

P∑
k=1

ake
−jωk

polynomy

B(z) =

Q∑
k=0

bkz
−k

A(z) = 1 +

P∑
k=1

akz
−k

rozklad polynomu
x2 + bx+ c = 0 −→ x1, x2

x2 + bx+ c = (x− x1)(x− x2)

x2 + 2x+ 1 = (x+ 1)(x+ 1) = (x− (−1))(x− (−1)) −→ x1 = −1, x2 = −1

x2 − 2x+ 2

x1,2 =
−b±

√
b2 − 4ac

2a
=

2±
√

4− 8

2
=

2± 2j

2

x1 = 1 + j, x2 = 1− j

rozklad prenos fce

H(z) =
b0 + b1z

−1 + . . .+ bQz
−Q

1 + a1z−1 + . . .+ aP z−P
=
z−Q(b0z

Q + b1z
Q−1 + . . .+ bQ)

z−P (zP + a1zP−1 + . . .+ aP )

= b0z
P−Q (z − n1)(z − n2) . . . (z − nQ)

(z − p1)(z − p2) . . . (z − pP )

H(z) = b0z
P−Q

Q∏
k=1

(z − nk)

P∏
k=1

(z − pk)

H(ejω) = b0e
jω(P−Q) (ejω − n1)(ejω − n2) . . . (ejω − nQ)

(ejω − p1)(ejω − p2) . . . (ejω − pP )

modul

|H(ejω)| = b0
|ejω − n1| |ejω − n2| . . . |ejω − nQ|
|ejω − p1| |ejω − p2| . . . |ejω − pP |

= b0
product of lengths of blue vectors

product of lengths of red vectors



argument

argH(ejω) = (P −Q)ω
arg(ejω − n1) arg(ejω − n2) . . . arg(ejω − nQ)

arg(ejω − p1) arg(ejω − p2) . . . arg(ejω − pP )

= (P −Q)ω + sum of angles of blue vectors −sum of angles of red vectors

————- nas filtr ———— ω = 0

|H(ejω)| = 1
|1− 1| |1− (−j)| |1− j|
|1− 0.9ejπ/4| |1− 0.9e−jπ/4|

= 0

ω = π/4

|H(ejω)| = 1
|ejπ/4 − 1| |ejπ/4 − (−j)| |ejπ/4 − j|
|ejπ/4 − 0.9ejπ/4| |ejπ/4 − 0.9e−jπ/4|

=
0.75 0.75 1.8

0.1 1.4
= 7.3

ω = π/2

|H(ejω)| = 1
|j − 1| |j − (−j)| |j − j|

|j − 0.9e−jπ/4| |j − 0.9e−jπ/4|
= 0

ω = π

|H(ejω)| = 1
| − 1− 1| | − 1− (−j)| | − 1− j|
| − 1− 0.9e−jπ/4| | − 1− 0.9e−jπ/4|

=

√
2 2
√

2

1.75 1.75
= 1.84

argukmenty delat nebudem ...
————— stabilita

x[n] ∈ [−C, + C] −→ x[n] ∈ [−D, +D]

FIR

D =

Q∑
k=0

C|bk|

IIR
|pk| < 1

zobrazovani a design
HdB(ejω) = 20 log10H(ejω) = 10 log10 |H(ejω)|2

Wp =
fpass
Fs/2

Ws =
fstop
Fs/2


