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Penapisamalamranahfrekuensi

Frequency domain filtering operation
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FIGURE 4.5 Basic steps for filtering 1n the frequency domain.

Hubunganantaraoperasipenapisardalamramahspasiaddanranahfrekuensi
gx.y) = hy*(x,y) ¢ Gu,v) = HuVFL,V)
dansebaliknya g(x,y) = h&,yf(x,y) ¢ G@,v) = HO,v) * FQU,Vv)

Catatan ukuranmatriksH(u,v) dan H{,v) harussama
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A Perhatikarbahwapenapisardalamranahspasiadan dalamranahfrekuensi
keduanyaberkoresponden

JGp)*hlx, y) = Hu,v) Fu,v)

A Contoh citra pepperakandilakukansharpeningpadaranahspasialdanranah
frekuensi Penapis/angdigunakanadalah




A Penapisamalamranahspasial

f =imread (‘'lada - gray.omp' );

imshow ( ), title( '‘Original image' );

h=]0 -10; -15 -1;0 -10j;

fsharp =uint8( convn (double(f), double(h)));

figure, imshow ( f sharp ), title( 'Sharp image' );

Original image

Sharp image N




APenapisamalamranahfrekuensi

[f, map] = imread ('lada - gray.bomp' );
imshow (f, map), title( '‘Original image' );
h=[0 -10;, -15 -1;0 -10j;

[M,N] = size(f);

F = fft2(double(f));

H = fft2(double(h),M,N);
F2 = H.*F;

f2 = ifft2(F2);
g=real(f2);

figure, imshow (g, map), title( 'Sharp image'

Original image




Lowpass filter (LPBalamranahfrekuensi

APenapidolosrendah(lowpass filteJ bertujuanmenekankomponenberfrekuensi
tinggidanmembiarkankomponenberfrekuensrendahrelatif tidak berubah

AMenghasilkarefek blurring (atau smoothed imagg

ATigabuahLPF yangtama
1. ldeal lowpass filte(ILPIy
2. Gaussian lowpass filt¢ GLPF)
3. Butterworth lowpass filte(BLPF)



Lowpass
Filter

Formula

Image

Ideal

1 af Du,v) =D,
H(””")‘{U if D(w,v) > D,

WhereD(u,v) is the distance from point(v)
to the center of the frequency rectangle

D0 :

cutoff frequency

Sumber https://www.cs.uregina.ca/Links/clagafo/425-nova/Lab5/index.html

If the center is at (M/2,N/2)

D(u,v)= \/(u -M/ 2)2 +(v—=N/ 2):



https://www.cs.uregina.ca/Links/class-info/425-nova/Lab5/index.html
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|dealLow Pass&llter (ILPF)
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FIGURE 4.10 (a) Perspective plot of an ideal lowpass filter transfer function. (b) Filter displaved as an
image. (¢) Filter radial cross section.



Gaussian Low Pass Filter (GLPF)
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FIGURE 4.17 (a) Perspective plot of a GLPF transfer function. (b) Filter displayed as an image. (c) Filter
radial cross sections for various values of D,,.



Butterworth Pass Filter (BLPF)#w.)-——

|+[D@,v)/ D, "

n : filter order
D, : cutoff frequency

Hu, v) Hu. v)

i

FIGURE 4.14 (a) Perspective plot of a Butterworth lowpass filter transfer function. (b) Filter displayed as an
image. (¢) Filter radial cross sections of orders 1 through 4.



LangkahLangkahpenapisandalamranahfrekuensi(denganMatlab):

5.

6.

1.

Tentukanparameterpadding biasanyauntuk citraf(xQ/KI berukuranM x N,umumnya
parameterpaddingP dan (adalahP =2M and Q =

Bentuklahcitra paddingfp(x,y) berukuran P X @lenganmenambahkarmixelpixel
bernilainol pada f(Xx, y()J.

LakukartransformasiFourier paddp(x, V)

KodeMatlab: F = fft2( fp);
Catatan Langkah 2 dan @apatdigabungmenjadisbl: F = fft2(f, P, Q);
BangkitkarfungsipenapisH berukuranP x Q

Catatan jika penapisdiambildari matrikspadaranahspasialtransformaspenapis
denganFourier transform.

KalikanFdenganH
KodeMatlab: G=H.*F;
Ambibagianrealdariinverse FFT of G:
KodeMatlab: g=real(ifft2(G));

Potongbagiankiri atassehinggamenjadiberukurancitra semula

g=g(1:size(f,1), 1:size(f,2)),



Catatan

Langkalpadding(1l dan 2adalahopsional bertujuanagarcitraf(x,y) danpenapis
H(u,v) memilikiukuranyangsama

padded image
original image




% Penapisan dalam ranah frekuensi dengan Ideal Lowpass Filter (ILPF)

f= imread ('camera.bmp’ );

imshow (f);

[M,N] = size(f);

%Step 1: Tentukan parameter padding, biasanya untuk citra f( X,y )

% berukuran M x N, parameter padding P dan Q adalah P =2M and Q = 2N.
P =2*M;

Q = 2*N;

%Step 2: Bentuklah citra  padding fp (Xx,y ) berukuran PXQ dengan
% menambahkan pixel - pixel bernilai nol pada f(x, y).
f = im2double(f);
for 1 =1.P
for j=1:Q
if 1 <=M&&|<=N
fp () )=1C 1) )

else
fp (1) )=0;
end
end
end
imshow (f);title( ‘original image' );

figure; imshow ( fp );title( '‘padded image' ); 15



% Display the Fourier Spectrum

Fc=fftshift  (fft2(

fp)); % move the origin of the transform to the center of

the frequency rectangle

S2=log(1+abs(Fc));

% use abs to compute the magnitude (handling imaginary)

and use log to brighten display

%Step 3: Lakukan

figure, imshow (S2,[]); title( '‘Fourier spectrum'’ );
transformasi Fourier pada fpad (X, y)
fp));

F = fft2(double(

%Step 4: Bangkitkan  fungsi  penapis H berukuran P x Q, misalkan

%yang digunakan

DO =50; 9% cut

adalah Ideal Lowpass Filter (ILPF)

- off frequency

% Set up range of variables.

u=0:(P -1),
v=0:(Q -1)

% Compute the indices for use in meshgrid

idx = find(u > P/2);
u(idx) = u(idx)
idy =find(v > Q/2);
v(idy) = v(idy)

_P,

- Q;

penapis
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% Compute the  meshgrid arrays
[V, U] = meshgrid (v, u);
D =sqrt(U."2 + V.12);

H = double(D <=D0);
H = fftshift (H); figure;imshow  (H);title( 'LPF Ideal Mask' )i
figure, mesh(H);

%Step 5: Kalikan F dengan H
H = ifftshift (H);

LPF f =H.*F;

%Step 6: Ambil bagian real dari inverse FFT of G:

LPF_f2=real(ifft2( LPF _f)); % apply the inverse, discrete Fourier transform

figure; imshow (LPF_f2);title( ‘output image after inverse 2D DFT' );

%Step 7: Potong bagian kiri atas sehingga menjadi berukuran citra @ semula
LPF_f2=LPF _f2(1:M, 1:N); % Resize the image to undo padding

figure, imshow (LPF_f2); title( ‘output image' );

Sumber Program datasmerupakanmodifikasidari program yangliambil dari sini.
1. https://www.cs.uregina.ca/Links/clagafo/425-nova/l.ab5/index.html
2. https://www.mathworks.com/matlabcentral/fiIeexchanqe/5325®terinq-of-an—imaqein-frequencvdomla}in



https://www.cs.uregina.ca/Links/class-info/425-nova/Lab5/index.html
https://www.mathworks.com/matlabcentral/fileexchange/53250-filtering-of-an-image-in-frequency-domain

original image padded image Fourier spectrum

output image

LPF Ideal Mask output image after inverse 2D DFT

Hasil run program
denganlLPF, DO =50
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Catatan

AUntuk GLPFRnaka
H = double(D <=D0);
digantidengan
H=-exp( -(D.*2)./(2*(D0"2)));

AUntuk LPFPoutterwoth orde n, maka
n=1. % default
H = 1./(1 + (D./D0).A(2*n));



% Penapisan dalam ranah frekuensi dengan Gaussian Lowpass Filter (ILPF)

f= imread ('camera.bmp’ );

imshow (f);

[M,N] = size(f);

%Step 1: Tentukan parameter padding, biasanya untuk citra f( X,y )

% berukuran M x N, parameter padding P dan Q adalah P =2M and Q = 2N.
P =2*M;

Q = 2*N;

%Step 2: Bentuklah citra  padding fp (Xx,y ) berukuran PXQ dengan
% menambahkan pixel - pixel bernilai nol pada f(x, y).
f = im2double(f);
for 1 =1.P
for j=1:Q
if 1 <=M&&|<=N
fp () )=1C 1) )

else
fp (1) )=0;
end
end
end
imshow (f);title( ‘original image' );

figure; imshow ( fp );title( '‘padded image' ); 1



% Display the Fourier Spectrum

Fc=fftshift  (fft2(

fp)); % move the origin of the transform to the center of

the frequency rectangle

S2=log(1+abs(Fc));

% use abs to compute the magnitude (handling imaginary)

and use log to brighten display

%Step 3: Lakukan

figure, imshow (S2,[]); title( '‘Fourier spectrum'’ );
transformasi Fourier pada fpad (X, y)
fp));

F = fft2(double(

%Step 4: Bangkitkan  fungsi  penapis H berukuran P x Q, misalkan

%yang digunakan

DO =50; 9% cut

adalah Ideal Lowpass Filter (ILPF)

- off frequency

% Set up range of variables.

u=0:(P -1),
v=0:(Q -1)

% Compute the indices for use in meshgrid

idx = find(u > P/2);
u(idx) = u(idx)
idy =find(v > Q/2);
v(idy) = v(idy)

_P,

- Q;

penapis
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% Compute the  meshgrid arrays
[V, U] = meshgrid (v, u);
D =sqrt(U."2 + V.12);

H=exp( -(D.*2)./(2*(D0"2)));

H = fftshift (H); figure;imshow  (H);title ('Gaussian Low Pass Filter ');
figure, mesh(H);

%Step 5: Kalikan F dengan H

H = ifftshift (H);

LPF f =H.*F;

%Step 6: Ambil bagian real dari inverse FFT of G:
LPF_f2=real(ifft2( LPF _f)); % apply the inverse, discrete Fourier transform
figure; imshow (LPF_f2);title( ‘output image after inverse 2D DFT' );

%Step 7: Potong bagian kiri atas sehingga menjadi berukuran citra @ semula

LPF_f2=LPF _f2(1:M, 1:N); % Resize the image to undo padding
figure, imshow (LPF_f2); title( ‘output image' );

23



padded image

Fourier spectrum

original image

Gaussian Low Pas Filter output image after inverse 2D DFT output image

Hasil run program
denganGLPF, DO = 5(
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% Penapisan dalam ranah frekuensi dengan Butterworth Lowpass Filter (ILPF)

f= imread ('camera.bmp’ );

imshow (f);

[M,N] = size(f);

%Step 1: Tentukan parameter padding, biasanya untuk citra f( X,y )

% berukuran M x N, parameter padding P dan Q adalah P =2M and Q = 2N.
P =2*M;

Q = 2*N;

%Step 2: Bentuklah citra  padding fp (Xx,y ) berukuran PXQ dengan
% menambahkan pixel - pixel bernilai nol pada f(x, y).
f = im2double(f);
for 1 =1.P
for j=1:Q
if 1 <=M&&|<=N
fp () )=1C 1) )

else
fp (1) )=0;
end
end
end
imshow (f);title( ‘original image' );

figure; imshow ( fp );title( '‘padded image' ); 26



% Display the Fourier Spectrum

Fc=fftshift  (fft2(

fp)); % move the origin of the transform to the center of

the frequency rectangle

S2=log(1+abs(Fc));

% use abs to compute the magnitude (handling imaginary)

and use log to brighten display

%Step 3: Lakukan

figure, imshow (S2,[]); title( '‘Fourier spectrum'’ );
transformasi Fourier pada fpad (X, y)
fp));

F = fft2(double(

%Step 4: Bangkitkan  fungsi  penapis H berukuran P x Q, misalkan

%yang digunakan

DO =50; 9% cut

adalah Ideal Lowpass Filter (ILPF)

- off frequency

% Set up range of variables.

u=0:(P -1),
v=0:(Q -1)

% Compute the indices for use in meshgrid

idx = find(u > P/2);
u(idx) = u(idx)
idy =find(v > Q/2);
v(idy) = v(idy)

_P,

- Q;

penapis
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% Compute the  meshgrid arrays
[V, U] = meshgrid (v, u);
D =sqrt(U."2 + V.12);

n=2; % default

H=1./(1 + (D./D0).~2*n));

H = fftshift (H); figure;imshow  (H);title( ' Butterworth Low Pass Filter 0);
figure, mesh(H);

%Step 5: Kalikan F dengan H
H = ifftshift (H);
LPF f =H.F;

%Step 6: Ambil bagian real dari inverse FFT of G:
LPF_f2=real(ifft2( LPF _f)); % apply the inverse, discrete Fourier transform
figure; imshow (LPF_f2);title( ‘output image after inverse 2D DFT' );

%Step 7: Potong bagian kiri atas sehingga menjadi berukuran citra @ semula

LPF_f2=LPF _f2(1:M, 1:N); % Resize the image to undo padding
figure, imshow (LPF_f2); title( ‘output image' );
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padded image

Fourier spectrum

original image

Butterworth Low Pas Filter output image after inverse 2D DFT output image

Haslil run program
denganBLPF, n = 2,
DO =50
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APerbandingarhasil

output image output image output image

. 3
3 ; .t y
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Contohhasilrun padacitra pepperdenganGaussian Low Pass Filter:

original image
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