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• Fourier Transform of an impulse train is also an impulse train:
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• In the case of continuous signals:
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Sampling revisitation
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Sampling and aliasing
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If there is no aliasing, the original signal 
can be recovered from its samples by 
low-pass filtering.
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Sampling and aliasing
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Sampling and aliasing
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■ Without anti-aliasing filter: 

■ With anti-aliasing filter: 
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More formally qui

• Let ( ) ( ),[ , ] , ,M Ng m n f x y comb x y=

Using the multiplication property:
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in frequency domain

eta, nu: generic variables, 
used to calculate the 
integral in the convolution
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we start in the continuous
in signal domain
m,n: discrete indexes
x,y: continuous (real) coordinates
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Sampling

• Since k,l goes from –infty to +infity, we can change their sign in the formula
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sampling property of the delta function:
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Downsampling
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Downsampling makes the repetitions get closer to each other → risk of aliasing
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Downsampling
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Downsampling
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Additional repetitions in the 
basic period (-1/2,1/2)
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Example
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Aliasing in images

• Without the anti-aliasing filter the recovered image 
(subsampling+upsampling) is different from the original. 

• With anti-aliasing filter (low-pass), the smoothed version of the original 
image can be recovered by interpolation
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Sampling
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Sampling
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Interpolation
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Ideal reconstruction  
filter:



Gloria Menegaz

Anti-Aliasing

a=imread(‘barbara.tif’);
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Anti-Aliasing

a=imread(‘barbara.tif’);
b=imresize(a,0.25);
c=imresize(b,4);
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Anti-Aliasing

a=imread(‘barbara.tif’);
b=imresize(a,0.25);
c=imresize(b,4);

H=zeros(512,512);
H(256-64:256+64, 256-64:256+64)=1;

Da=fft2(a);
Da=fftshift(Da);
Dd=Da.*H;
Dd=fftshift(Dd);
d=real(ifft2(Dd));



Gloria Menegaz

Ideal Reconstruction Filter: 2D box
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2D sinc
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