
DSA – March 1, 2021

Topics: DTFT, DFT, physical vs. computational resolution, inverse DFT, mod-N

wrapping, DFS, DFT matrix, FFT algorithm, circular convolution, overlap-add and 

overlap-save methods of fast convolution with examples, digital matched filters.

overlap-add method  



DSA – March 1, 2021

DTFT, DFT, physical vs. computational resolution, inverse DFT, mod-N wrapping, 

DFS, DFT matrix, FFT algorithm, circular convolution, overlap-add and 

overlap-save methods of fast convolution with examples, digital matched filters

overlap-save method  



DTFT

frequency resolution and windowing 

I2SP – Ch.9

O&S – Ch.10

































N = 32;

n = 0:N-1;

k = 0:N-1;

A = (1-k/N) .* (k<=N/2) + (k/N) .* (k>N/2);

[nn,kk] = meshgrid(n,k)

ww = 2*pi*kk/N;

AA = (1-kk/N) .* (kk<=N/2) + (kk/N) .* (kk>N/2);

x = real(sum(AA .* exp(j*ww.*nn))/N);

X = real(fft(x,N));

Xs = fftshift(X);

ks = -N/2 : N/2-1;

figure; stem(ks,Xs,'r--','marker','none'); hold on

stem(k,X,'b-','marker','none');

figure; stem(k,X,'b--','marker','none'); hold on

stem(ks,Xs,'r-','marker','none');

construct input x(n)

right-sided FFT,  Xk

symmetric FFT,  Xk

FFT shift example
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further notes on fast convolution & project-5

The following MATLAB example clarifies the operations that are 

required for implementing the overlap-add and overlap-save method 

both in the time-domain and in the frequency-domain via the FFT. It 

uses the built-in function buffer. This code can serve as the basis of 

the functions ovadd and ovsave required in project-5.

The script for this example, ov1.m, as well as the overlap-add 

function, ola.m, are included as part of project-5.

The function ola will be needed also in future projects.



overlap-add example

for-loop acts on each column of Xb



overlap-add example

function ola is included in project-5



overlap-add example

same block outputs as before

for-loop acts on each column of Xb

real( ) is required to remove numerically 

generated very small imaginary parts



overlap-save example

M zeros are inserted by buffer at the 

beginning, and M zeros are padded at the end

length-N blocks overlapped by M samples

time-domain version, runs over the columns of Xb



overlap-save example

wrapped blocks



overlap-save example

output the wrapped blocks by their start-times, 

ignoring the first M samples of each block



overlap-save example



% ola.m - overlap-add procedure

%

% Usage: y = ola(Y,R)

%

% Y = NxM matrix of columns to be overlap-added by hop-size R

% R = hop-size, must be 0 < R <= N, R=N (no-overlap)

%

% y = column vector of overlap-added columns

function y = ola(Y,R)

[N,M] = size(Y);

L = R*(M-1)+N;

y = zeros(L,1);  

n = (1:N)';

for m = 0:M-1

y(m*R + n) = y(m*R + n) + Y(:,m+1);

end

ola function








