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Osnova prednasky:
¢ Butterworthiv filtr.

® Konvoluce jako filtrace ve frekvenéni oblasti. C wi s
) ¢ Homomorficka filtrace oddélujici

¢ Priklady filtrace dolni propusti: ostré orezani; hladky Gaussian. osvétleni a odrazivost.

¢ Priklady filtrace horni propusti: ostré ofezani; hladky Gaussian. ¢ Systematicky navrh 2D FIR filtri.



Filtrace ve frekvencnim oboru ?;‘
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L F(u,v) = F{f(z,y)}
2. G(u,v) = H(u,v) .* F(u,v),
kde .* znamena nasobeni sobé odpovidajicich prvki v maticich.

3. g(z,y) = FH{G(u,v)}

Pripominka pro cviceni: Pro zobrazovani obvykle pouzivame In ||F'(u,v)||, abychom sniZili velky
dynamicky rozsah. PFi filtraci se ale musi pracovat s pivodnim spektrem F'(u,v).
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Konvoluce ve frekvencnim spektru
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¢ Nasobeni v matici prvek po prvku.

¢ (Vysoka) rychlost je dana vyuzitim rychlé FFT.

Méjme matici a rozméru M X N a matici b rozméru P X Q).

Konvoluci ¢ = a * b |ze spocitat postupem:

1. Dopln matice a, b nulami, aby mély rozmér alespon M + P — 1, N + Q — 1 (obvykle az do
velikosti mocniny dvou kvili FFT).

2. Vypocitej 2D FFT matic a, b (v MATLABu pomoci ££t2). Vysledkem jsou matice A, B.

3. Vynasob komplexni Fourierova spektra C' = A . x B, soucin prvek po prvku.

4. Vysledek konvoluce c ziskej inverzni Fourierovu transformaci (v MATLABuU pomoci ifft2).
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Poznamka: konvoluce pres spektra je v MATLABuU rychlejsi pro velké matice. Pro malé matice je rychlejsi conv2,

magic(3);

ones (3) ;

Priklad 2D konvoluce v MATLABuU

ifft2(£f£ft2(A) . *xf£ft2(B));
C(1:5,1:5); % extract the nonzero portion

real(C) % remove imaginary part caused by roundoff error

filt2.
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Dolnopropustni filtrace, orezani v ostrém kruhu, =5, 15, 50 @‘
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original filtr Sedoténovy V)'/stup pseudobarva

-
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Dolnopropustni filtrace Gaussianem, o = 10, 30

original filtr Sedotonovy vystup

pseudobarva
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Hornopropustni filtrace, orfezani v ostrém kruhu, r=5, 15, 50
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original filtr Sedoténovy vystup pseudobarva
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Hornopropustni filtrace Gaussianem, o = 10, 30
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Priklad, fourierovska filtrace, gaussovsky filtr
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Gaussian filtered, line for profile in red
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Input image, 1D intensity profile
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Priklad, fourierovska filtrace, Sobeluv filtr
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Priklad, fourierovska filtrace, Abs(Sobelav filtr)
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Sobel filtered

- . o . Sobel filtered, 1D intensity profile
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Dolni propust, Butterworth (1) @
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Filtr, ktery ma nejméné zvinéné frekvencni spektrum a konverguje k nule u maximalni frekvence

(S. Buttherworth, 1930).

Shifted log(abs(FFT)) of the original image 12
100 10
200 1g
300f
; : 16
400 [ i
i 3 S : _4
500 [ERE
600’““”"“ 5
700 0
200 400 600 800 1000 -2

Vychozi obrazek Frekvencni spektrum


http://cmp.felk.cvut.cz

Dolni propust, Butterworth (2)

Ip Butt filter n=1, cutoff=66 Shifted log(abs(FFT)) of the filtered image
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Butterworthliv dolnoprop. filtr FFT filtrovaného obrazku
H(u,v) = (D(l ))2, kde D(u,v) = vu2 + v2. Cislo n je stupen filtru.
1+ ZSL,U n
0

Dy je frekvence filtru odpovidajici poklesu amplitudy o 3dB.
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Dolni propust, Butterworth (3)

Filtrovany obrazek

Vychozi obrazek
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Homomorficky filtr (1) @
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Cil: normalizovat soucasné jas pres cely obrazek a zvysit kontrast.
Vychazi se z predpokladi, ze:
¢ osvétleni i se méni v obrazku pomalu (malé frekvence),
® odrazivost r se méni rychle, protoze scéna byva riiznoroda,
® obrazek Ize rozlozit v kazdém pixlu na soucin dvou sloZzek — osvétleni 7 a odrazivosti 7:

flx,y) =i(z,y) r(z,y).

Hlavni myslenka: pouzit funkci logaritmus pro oddéleni komponenty osvétleni a komponenty
odrazivosti.
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Homomorficky filtr (2) @
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2(xy) = Inf(r,y) =i(z,y) +Inr(z,y)
Fourierovo spektrum Z(u,v) = I(u,v)+ R(u,v)

Filtrovani ve frekvencni oblasti S(u,v) = H(u,v)Z(u,v) = H(u,v)I(u,v) + H(u,v)R(u,v)
prevod zpét do prostorovych soutadnic s(x,y) = F~1{S(u,v)} a ndvrat z In

g(ZC, y) — €Xp (S(ZB, y))

Vysledkem je potlaceni zmén v osvétleni scény a zlepseni odrazivostni slozky.
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Homomorfické filtry @
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14k - , , - —— homomorphic filter 1
) — Standard high—pass filter

Homomorphic filter made by adaptation of Buttherworth highpass
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P¥ipominka: Filtr je pouzit na Z(u,v) a nikoliv na plvodni spektrum F(u,v)!
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Vysledky homomorficke filtrace

Vychozi obrazek Filtrovany obrazek



http://cmp.felk.cvut.cz

S N
Navrh 2D FIR filtra @
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¢ Dvojrozmérné IIR filtry se nepouzivaji kvili nestabilité (neni zarucena kauzalita).
¢ FIR filtry se snadno reprezentuji jako matice koeficient(i. Snadna implementace.
¢ 2D FIR filtry jsou prirozenym zobecnénim 1D FIR filtrd.
¢ FIR filtry |ze navrhnout, aby mély linearni fazi, coz omezuje zkresleni.
® Pouzivaji se tfi ndvrhové metody:
1. Metoda transformace frekvence prevadi 1D filtr na 2D.
2. Metoda vzorkovani frekvence vytvari filtr podle pozadované frekvencni odezvy.

3. Metoda okna sklada filtr z idealni impulsni charakteristiky a vyhlazovaciho okna.
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Metoda transformace frekvence

Lze vyuzit metody pro navrh 1D filtrii. Prevod na stfedové soumérny 2D filtr. Dobra metoda.

Priklad v MATLABU (Parks-McClellandv optimalni navrh):
b = remez(10,[0 0.4 0.6 1],[1 1 0 01);

h = ftrans2(b);

[H,w] = freqz(b,1,64,’whole’);
colormap(jet(64))

plot(w/pi-1,fftshift(abs(H))) figure, freqz2(h, [32 32])
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2D Parks-McClellan Filtr
pokracovani prikladu
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10 optimal Parks-McClellan filter

1D optimal Parks-McClellan filter
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g r
Metoda vzorkovani frekvence
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Vytvari filtr na zakladé zadané frekvencni odezvy ve formé matice, ktery danymi body prochazi.
Mimo vzorkovaci body je chovani libovolné, obvykle zakmitavani.

Ptiklad v MATLABU (néavrh 11 x 11 filtru)

Hd = zeros(11,11); HA(4:8,4:8) = 1;

[f1,£2] = freqgspace(ll,’meshgrid’);

mesh(f1,f2,Hd), axis([-1 1 -1 1 0 1.2]), colormap(jet(64))
h = fsamp2(Hd) ;

figure, freqz2(h,[32 32]), axis([-1 1 -1 10 1.2])
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Actual filter fregqueancy response
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|deaIni odezva filtru se vyhladi koeficienty v okné. Aproximuje se idealni filtr.
Vétsinou poskytuje lepsi vysledky nez metoda vzorkovani frekvence.

Hd = zeros(11,11); HA(4:8,4:8) = 1;

[f1,f2] = fregspace(ll,’meshgrid’);

mesh(f1,f2,Hd), axis([-1 1 -1 1 0 1.2]), colormap(jet(64))
h = fwind1(Hd,hamming(11));

figure, freqz2(h,[32 32]), axis([-1 1 -1 1 0 1.2])
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Magnitude

Metoda okna @ 0
pokracovani prikladu
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Harmrming window smoothed filter

Given filter ideal response
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Input image




Input image, line for profile in red




Input image, 1D intensity profile
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Gaussian filtered




Gaussian filtered, line for profile in red
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Input image, line for profile in red




Input image, 1D intensity profile
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Sobel filtered




Sobel filtered, line for profile in red




Sobel filtered, 1D intensity profile
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Sobel filtered




Sobel filtered, line for profile in red




Sobel filtered, 1D intensity profile
600 - . : :

400

200

200 T

400

G00 1

-B DD 1 1 1 1 1
0 ol 100 150 200 250 300

Distance along profile



Abs(Sobel filtered)




Abs(Sobel filtered)
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Shifted log(abs(FFT)) of the original image
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|p Butt filter n=1, cutoff=66
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Shifted log(abs(FFT)) of the filtered image
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Homomorphic filter made by adaptation of Buttherworth highpass
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Harmrming window smoothed filter
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