
STFT signal processing system
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Topics: FFT algorithm, STFT, ISTFT, OLA reconstruction, spectrograms, phase 

vocoder, time-scale & pitch-scale modification, resampling, COLA window 

property.



DTFT

frequency resolution and windowing 

I2SP – Ch.9

O&S – Ch.10



































































































Last week we discussed the use of the buffer function in conjunction 

with the overlap-add and overlap-save methods. The ola function acts 

on the output of the buffer function to implement the overlap-add 

operation.

The function ola will be needed also in implementing short-time Fourier 

transform (STFT) operations, as in project-6.

ola function



% 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



O&S – Sect. 10.3 & 10.4







% stftgram.m - STFT spectrogram

%

% [t,f,S] = stftgram(x,R,N,fs)

%

% x  = input signal

% R  = hop size

% N  = FFT frame length

% fs = sampling rate          Ts = 1/fs

% 

% t = m*R*Ts, m=0:M,          hop times in sec

% f = k*fs/N, k=0:N/2-1,      DFT frequencies in Hz

%

% S = STFT magnitude in dB,   make a surf plot

%

% size(S) = size(f) x size(t)

STFT can be displayed with a spectrogram plot

see also the built-in function: spectrogram



O&S - Example 10.10



fs = 10; T = 1/fs;  

T0 = 1e3;                            % time scale, sec

a = 3*pi*1e-3;                       % rads/sec^2

f1 = 1;  f2 = 2;  f3 = 3;  f4 = 4;

T1 = T0; T2 = 2*T0; T3 = 3*T0;

x = @(t) cos(2*pi*f1*t + a*t.^2/2) .* (t>=0 & t<=T1) + ...

cos(2*pi*f2*t) .* (t>T1 & t<=T2) + ...

(cos(2*pi*f3*t) + cos(2*pi*f4*t)) .* (t>T2);

R = 20; N = 256;

tn = 0:T:T3; xt = x(tn);             % sampled signal

[t,f,S] = stftgram(xt,R,N,fs);       % spectrogram



figure;

surf(t/T0,f,S,'edgecolor','none');     % plot vs. t/T0

axis tight; view(0,90); colormap(jet);

xlabel('t / T_0'); ylabel('f');

xaxis(0,3, 0:3); yaxis(0,5, 0:5);

title('spectrogram');

figure;

surf(t/T0,f,S,'edgecolor','none');     % plot vs. t/T0

view(-70, 50); colormap(jet); 

xlabel('t / T_0'); ylabel('f');

xaxis(0,3, 0:3); yaxis(0,5, 0:5); 

zaxis(-200,0, -200:100:0);

title('spectrogram');

standard display as 2-D intensity plot

can also be displayed as 3-D surface plot











The ola function can be used to carry out the 

overlap-add reconstruction operation 



O&S

Sect. 10.3 & 10.4



O&S

Sect. 10.3 & 10.4



STFT signal processing system

uses different hop sizes Ra , Rs
for the analysis and synthesis parts, 

performs a modification operation on the 

input STFT, generating an output STFT,

from the ISTFT, it reconstructs the output 

time signal by overlap-add procedure













see included references in project-6







































pitch-shifting example





G4

392 Hz



% stftgram.m - STFT spectrogram

%

% [t,f,S] = stftgram(x,R,N,fs)

%

% x  = input signal

% R = hop size

% N  = FFT frame length

% fs = sampling rate

% 

% t = m*R*Ts, m=0:M,          hop times in sec

% f = k*fs/N, k=0:N/2-1,      non-negative DFT frequencies in Hz

% S = STFT magnitude in dB,   if nargout==0, make a surf plot

function [t,f,S] = stftgram(x,R,N,fs)

X = stft(x,R,N).';   

M = size(X,2)-1;

k = 0:N/2-1; f = k*fs/N; t = (0:M)*R/fs;

Xmag = abs(X(k+1,:)); S = 20*log10(Xmag/max(max(Xmag)));

if nargout==0

surf(t,f,S,'edgecolor','none’); 

axis tight; view(0,90); colormap(jet);

xlabel('{\itt} (sec)'); ylabel('{\itf}  (Hz)');

end



Ra = 256;     % input hop-size

N  = 2048;    % FFT frame length

[x,FS] = audioread('flute2.wav'); x = x(:,1).';

r = 2;

y = pitchmod(x,r,Ra,N);   % pitch-shifted signal

soundsc([x, zeros(1,FS), y], FS);  % play sounds

figure; stftgram(x,Ra,N,FS);    

xaxis(0,3,0:3);  yaxis(0,1800, 0:400:1800);

title('spectrogram,  original signal')

Rs = round(Ra/r);         % output hop-size

figure;  stftgram(y,Rs,N,FS);

xaxis(0,3,0:3);  yaxis(0,1800, 0:400:1800);

title('spectrogram,  pitch-shifted,  {\itr} = 2')



resampling example

T = 10;              % total duration, sec

fs = 2; Ts = 1/fs;   % sampling interval Ts = 0.5 sec

p=2; q=1;            % resampling factor L = p/q    

% p=1; q=2;

L=p/q; fpq = L*fs; Tpq = Ts/L;    % Tpq = 0.25 sec

t = 0:Ts:T;                % t sampled at fs

tpq = 0:Tpq:T;             % t sampled at fpq = fs * p/q

a = 2*pi/50;               % a = chirp parameter

x = sin(a/2 * t.^2);       % sampled at fs

xpq = sin(a/2 * tpq.^2);   % sampled at fpq

figure; stems(t,x,'b’);    

title('rate  {\itf_s}');

figure; stems(tpq,xpq,'r'); 

title('rate  {\itLf_s},  {\itL = p/q}');

y = resample(x,p,q); 

ty = (0:length(y)-1)*Tpq;   

figure; stems(ty,y,'b'); 

title('rate  {\itLf_s},  {\itL = p/q}’);

slight differences due 

to the internal FIR 

filtering in resample




