Cislicové spracovanie signalov

(I) 1D konvoluicia

Definicia 1 (Definicia konvoltcie — spojitg pripad). Konvoliicia dvoch spojitych signdlov f(t) a g(t) je takd operdcia *, pre ktord
plati

0902 [ T gt - Ty

Definicia 2 (Definicia konvolticie — diskrétny pripad). Konvoldcia dvoch diskrétnych signdlov f[n] dky N a g[n] d(Zky M je
takd operdcia *, pre ktort plat(

flnl=gln] & 3" flklgln — K]
k=—oc0

Pozndmka:
1. > re_ .. hovorime o nekauzdlnom nekonecne dlhom systéme,

2. >°72, hovorime o kauzdlnom systéme nekonecnej dl'zvky,
3. ot je kauzdlny systém dizky K.

Vlastnosti konvolticie

1. f(t) % g(t) = g(t) = f(t) (komutativnost) Vlastnosti suvisiace s Cislicovgm spracovanim signalov
2 (f(t) * gl(t)) *g2(t) = f(t) * (gl(t) * g2(t)) 1. f(t) * 6(t + s8) = f(t + s) (konvoldcia s impulzom =
(asociativnost) all-pass filter)
3. f(2) * (gl(t) + 92(t)) = f(t) * g1 () + F(2) * g2(¢) 2. f(t) * h(t) = wy(t) (vzfah medzi vstupom f(t)
(distributivnost) a vystupom y(t) linedrnej sdstavy s impulzovou charak-
4 %(f(t) *g(t)) _ dfT(tt) «g(t) = £(t) * d%(tt) teristikou h(t))
(derivdcia) 3.F{f®)xg()} =F{f®)} F{g()}
5. F(&) * g(t) = F (&) * g(t) (konjugdcia) (Fourierova transformdcia konvolvovanych signdlov sa

rovnd sucinu transformovanych signdlov.)

6. (fxg)(t+s)=F(t+s)xgt)=F(t)*g(t+s) y

(posunutie konvolvovaného signdlu sa rovnd posunutiu 4. f(t) x g(—t) = korel (f(t),9(t)) (koreldcia)

vstupného signdlu) , ,

5. dlika(f[n] % g[n]) = N + M — 1 (di*ka kon-

volvovaného signdlu sa rovnd sictu dlZok jednotlivgch
signdlov - 1 (signdly konecnej dl’zvky))

7. F@t) * f(t) = f(t)--- = N(w,o?) (viacndsobnd
(auto)konvolicia vedie ku gaussovskému rozdeleniu
(centrdlna limitnd veta))

I.I  Maticovy zapis

Ak f[n] a g[n] st dizky N, resp. M, mézeme konvoliciu zapisat v maticovom tvare. Visledny signal bude mat velkost N + M —1.

flo] 0 0
_ /oo i gﬁ

ylnl = flnl« glnl 2 S flklgln — K] = el sul sl 0 7
k=—o0 !

f[N;l] FIN — 2] g[M.—l]
0o .. 0 FIN = 1]

V pripade kauzalneho systému h[n] d[ikg K a d[ikg vstupného signédlu M

0 [ hl0] ]
y[0 h[1] h[0] .
y[1] . Im
y[2] _ : h[1]  h[0]
: K —1] ... R[1] h|[0] :
y[M.—l] : . x[M —1]
i RIK—1] ... hR[1] A[0] |
alebo vektorovo zapisané
y = Hx

Matica H je velkosti M x M a urtuje vztah medzi vstupngm signalom z[n] a vistupom y[n]. Podobne x = H™'y.
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Cislicové spracovanie signalov

Kated; ra telekomumkac i

(a) Originélne signély f[n| =
a gln] ={3,4,5}

Priklad 1: Majme signdly f[n] = {1,2},¢9[n] = {3,
Riesenie:
1. Podla definicie 2.
y[0] = f[0]g[0] =13 3
y[1] = fl0lg[1] + f[1]g[0] =14+23 =10
y[2] = f[0]g[2] + f[l]g[]l] =15+24 =13
y[3] = fl]g[2] =25 10

4,5} Najdime vysledok konvolicie f[n] % g[n].
Maticovo:
100 3 3
21 0| () _ [0
0 2 1 5 13
0 0 2 10
fInlxglnl=y[n]

Visledok: y[n] = {3,10,13,10}; velkosti: N =2, M =3 = N + M — 1 = 4. (Graficky obr. ).
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(e) y[8] =2.5=10

Obr. 1: Priklad konvolicie. [[n] = {1,2},g[n| = {3,4,5},y[n] = {3,10,13,10}

@yl =14+23=10

Priklad 2: Majme vstupny signal z[n] = {1,‘/7i + 1,2,\/75 +1,1,1 — ‘/7570,1 - \/75} a FIR filter
s impulzovou charakteristikou h[n] = {1,—1}. Najdime odpoved tohto systému na vstupny signdl
a uréme typ filtra.
Riesenie:
yln] = hn]xan] = {1, -1}« {1,2 + 1,2, 22 1 1,1,1 - L2,0,1 - L2} =
:{ i _iﬁ_l’_ﬁ7_§,£_1’1_ﬁ§_ }
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(a) Vstupng signdl z[n]

Filter h[n] ,potita” rozdiely po sebe iducich vzoriek, t. y(n)

d 1 2 3 4 5 6 7 8mn
(b) Vystupng signdl y[n]

= z(n) — z(n — 1) (nazgva sa aj first-

difference filter), a ako vidiet odstrafiuje jednosmernt zlozku, ide teda o velmi jednoduchy (a zlg)
hornopriepustny filter (magnitidovd charakteristika je M () = 2sin (Q))

2
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Cislicové spracovanie signalov fpgmcomnac

() 2D konvoltcia

Definicia 3 (2D Konvolicia — diskrétny pripad). Podobne ako pri jednorozmernej konvolicii (Def. ), definujeme dvojrozmerndi
konvoldciu dvoch dvojrozmernich signdlov

o o

flna, ol % glna,mal &Y " >~ flka, kalglng — ky,na — ko

k1=—00 k2=—00

Ako funguje 2D konvoliicia: na
1 2
1 2 3 4
ni
3 4 ni w ni
4| 3 3 | 4
2 1 1 2
nai no
(a) Signély f[n1,n2] a glni,na] (b) Jeden signdl (lubovolny) posunieme a preklopime okolo os{ 1 a na.

(0) y[0,0] =3.7=21 (e) y[2,0] = 3.9+ 4.8 = 59 (f) y[3,0] = 4.9 = 36
1|23 12| 3 |
4 45 36 — | 19| 53| 63 4 5 46 I3 —>| 19| 53 | 63 | 42
52 ‘ 59‘ 36| 7 28 19 21 | 52 | 59 36‘ 7 8 29 1 21| 52| 59| 36
(g) y[0,1] =3.44+1.7=19 53 (i) y[2,1] = 3.64+4.5+1.942.8 = 63 () y[3,1] = 4.6 +2.9 = 42

19| 53 | 63 | 42 19| 53 | 63 | 42

21|52 | 59| 36 21| 52| 59| 36

21| 52| 59 | 36

(k) y[0,2] =3.14+1.4=7 () y[1,2] = 3.244.1+1.542.4 = 23 (m) y[2,2] = 3.344.241.6+2.5 = 33 (n) y[3,2] =4.3+2.6=24

‘ Visledok
4 1] 1|4 14 |7 2| s 14 |7 |6
R 7 | 23|33 24 7 | 23| 33| 24 7 | 23| 33| 24 237 . 7 | 23|33 24
o 19| 53| 63 | 42 19| 53| 63 | 42 —| 19| 53| 63 | 42 —| 19| 53| 63 | 42
21| 52| 59 36 21| 52 59| 36 21| 52| 59 | 36 21|52 59| 36
(0) y[0,3] =1.1=1 (P y[l,3]=12+21=7 (@) y[2,3] =1.3+22=7 (1) y[3,3] =2.5=6

1 1
Priklad 3: Majme masku (2D signal) f[ni,no] = & [ Lo } a g[ni,ng) (obrazok [(@)). Najdite

vysledok konvoldcie tgchto dvoch signalov.

Riesenie:
1 11 °
sl | = = O
1 1 1
(a) Vstupny 2D signél g[n1, no] (b) Vysledok konvollicie

Ako vidiet signdl f[nq,ns] (maska) spriemerovéva (napr. y[5,5] = 3% (1.9[5,5] + 1.g[4,5] + 1.g[3, 5]+
+1.9[5,4] + 1.9[5,4] + 1.g[4,4] + 1.¢[3,4] + 1.9[5,3] + 1.g[4, 3] + 1.g[3,3]) susedné bloky g[ni,nz], ¢im sa
,vyhladil” Sum pozadia.
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Cislicové spracovanie signalov
Odkazy

e 2D Konvolicia |

e 2D Konvolucia ll

e [Konvolucia - wikipedia

e |Properties of convolution |

e |Properties of convolution Il

e [Creative convolution

e [Creative convolution — audio files

e [Zaostrovanie obrazkov pomocou konvoldcie
e |[Efekty na obrazkoch pomocou konvoltcie
e Matrix _convolution filters

o Filter JAVA applet
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http://graphics.stanford.edu/courses/cs178/applets/convolution.html
http://www.songho.ca/dsp/convolution/convolution2d_example.html
http://en.wikipedia.org/wiki/Convolution
http://www.uh.edu/phys7397/slide4.pdf
http://www.dspguide.com/CH7.PDF
http://www.soundonsound.com/sos/sep10/articles/convolution.htm
http://www.soundonsound.com/sos/sep10/articles/convolutionaudio.htm
http://www.roborealm.com/help/Convolution.php
http://wally.cs.iupui.edu/n351/raster/filterDemo.html
http://www.gamedev.net/reference/programming/features/imageproc/page2.asp
http://www.falstad.com/dfilter/
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