
Jelfeldolgoz ás-
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Anal óg digit ális
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Folytonos elemi jelek

◮ Szinuszjel
x(t) = Acos(ωt + φ) (1)

◮ Egységugrás jel

u(n − n0) =

{

1, n ≥ n0

0, n < n0
(2)

◮ Lineáris változású jel

r(t) =

{

t , t ≥ 0
0, t < 0

(3)

◮ Dirac jel

δ(n − n0) =

{

1, n = n0

0, n 6= n0
(4)
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előadás

ANTAL Margit

Jelek és
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Line áris
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Diszkr ét elemi jelek
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átalakı́t ás
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Alapműveletek jelekkel

http://www.ee.washington.edu/class/235dl/EE235/
Project/lesson2/lesson2.html

◮ Időtartományban módosı́tó műveletek:
◮ Időtükrözés (Reflexió): y(t) = x(−t)
◮ Időintervallum skálázás: y(t) = x(at)
◮ Időeltolás: y(t) = x(t − t0)

◮ Amplitúdóban módosı́tó műveletek:
◮ Skálázás: y(t) = cx(t)
◮ Összeadás: y(t) = x1(t) + x2(t)
◮ Szorzás (pontonként): y(t) = x1(t) ∗ x2(t)
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Időtükr özés
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Időintervallum sk álázás
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sin(2t)
sin(t/2)
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Időeltol ás
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Amplitúd ó sk álázás
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Jelek összead ása
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Jelek szorz ása
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Anal óg digit ális átalakı́t ás

◮ Mintavételezés
◮ Kvantálás
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Mintav ételezés

ANALÓG JEL → DISZKRÉT JEL

FÜGGETLEN VÁLTOZÓ: FOLYTONOS → DISZKRÉT

f : R → R, f (t)

f (t0), f (t1), . . . f (tn), . . .

ti = i · Ts

f [0 · Ts], f [1 · Ts], f [2 · Ts], . . . f [n · Ts], . . .

JELÖLÉS: f [i · Ts] → f [i]
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átalakı́t ás
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Kvant álás

FÜGGŐ VÁLTOZÓ: FOLYTONOS → DISZKRÉT

mintaérték mérete

Pl. 8 bit → 256 féle érték

25.12 → 25 25.34 → 25

Felbontás: minta mérete bitben
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Mintav ételezési frekvencia
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Péld ák

◮ Telefon: Fs = 8kHz, minta 8 bites
◮ Audio CD: Fs = 44.1kHz, minta 16 bites
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előadás

ANTAL Margit

Jelek és
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Aliasing

Legyen fs a mintavételezési frekvencia

k ∈ Z

Nem lehet megkülönböztetni az f0 frekvenciájú
mintavételezett szinusz jelet az f0 + k · fs frekvenciájú
mintavételezett szinusz jeltől
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Aliasing - matematika (1)

Jel: x(t) = sin(2πf0t)

Mintavételezési frekvencia:fs (periódus:ts = 1/fs)

x [0] = sin(2πf0 · 0 · ts)
x [1] = sin(2πf0 · 1 · ts)
x [2] = sin(2πf0 · 2 · ts)

. . .

. . .
x [n] = sin(2πf0 · n · ts)

(5)
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Aliasing - matematika (2)

sin(x) = sin(x + 2πm),

x [n] = sin(2πf0nts) = sin(2πf0nts + 2πm) =
sin(2π(f0 + m

nts
)nts)

Legyen m = kn és helyettesı́tsük ts = 1
fs

x [n] = sin(2πf0 · n · ts) = sin(2π(f0 + kfs)nts)
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Nyquist frekvencia

Egy folytonos jelet akkor mintavételezünk
megfelelelőképpen, ha a mintavételezési frekvencia
legalább kétszer akkora, mint a jelben jelen levő
legnagyobb frekvencia.

fs ≥ 2 · fmax (6)
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Amplitúd ó, magnitúd ó és energia

◮ Amplitúdó: x [n]

◮ Magnitúdó: |x [n]|

◮ Energia: xE [n] = x [n]2 = |x [n]|2
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Line áris rendszerek tulajdons ágai

◮ homogenitás

ha x [n] → y [n]

akkor kx [n] → ky [n]

◮ additivitás

ha x1[n] → y1[n]

és ha x2[n] → y2[n]

akkor x1[n] + x2[n] → y1[n] + y2[n]
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Amplitúdó, magnitúdó és
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Homogenit ás

y[n]x[n]

kx[n] ky[n]

Rendszer

Rendszer
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átalakı́t ás
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Additivit ás

Rendszer

Rendszer

Rendszer

x1[n]
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LTI (Linear Time Invariant) rendszerek

Időinvariáns - Shift invariance
ha x [n] → y [n]

akkor x [n − i] → y [n − i]
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Anal óg digit ális
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Péld ák line áris rendszerekre

◮ Állandóval való szorzás: erősı́tő, csillapı́tó
yOUT = k · yIN

◮ Az egység rendszer: a kimenet egyenlő a
bemenettel yOUT = yIN

◮ A null rendszer: yOUT = 0
◮ Konvolúció (ld. következő fejezet)
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Line áris
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Szuperpozı́ci ó
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Példa line áris rendszerre

y [n] = −0.5 · x [n]
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x1[n]
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y1[n] = −x1[n]
2

0 5 10 15 20 25 30 35
−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

Ido 

y
1
[n]



Jelfeldolgoz ás-
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átalakı́t ás
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Anal óg digit ális
átalakı́t ás
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x2[n]
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előadás

ANTAL Margit

Jelek és
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átalakı́t ás
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Példa nemline áris rendszerre

y [n] = x2[n]
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y2[n] = x2
2 [n]

0 5 10 15 20 25 30
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

y
2
 [n] 

Ido



Jelfeldolgoz ás-
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Nemline áris → Line áris

z[n] = x [n] · y [n]

log z[n] = log x [n] + log y [n]

Homomorfikus jelfeldolgozás
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Páros és páratlan

N páros, x [0], x [1], . . . , x [N]

xparos[n] = x[n]+x[N−n]
2

xparatlan[n] = x[n]−x[N−n]
2

x [n] = xparos[n] + xparatlan[n]

xparos[N/2 − 1] = xparos[N/2 + 1].
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Páros indexű és páratlan indexű (1)

Fontos a gyors Fourier transzformáció megvalósı́tásánál

xparos[n] =

{

x [n], n = 2k
0, n = 2k + 1

xparatlan[n] =

{

x [n], n = 2k + 1
0, n = 0

(7)
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Páros indexű és páratlan indexű (2)
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