
TECH 350: DSP
Class IX: The Fourier Transform and its Digital Implementations







The Discrete Fourier Transform (DFT)

Finding the contribution of a particular signal to a frequency: given a signal x of length N, and a particular 
frequency k, add up, for each member of x (from 0 to N-1), how much each signal member contributes to frequency 
k (as a complex number, indicating amplitude (real) and phase (imag.)).

2πk is the speed of the complex sinusoid in Radians/sec.

e-i is a clockwise tracing of the circumference of the circle

n/N is a measure of how far we are in the signal


Then, we simply do this for each k in our series

Also, sorry about the i (instead of j!)

k = 0, 1, …, N-1



The Inverse DFT

Finding the contribution of a particular frequency to a signal: given a set of complex sinusoids X, and a signal 
x of length N, add up, from k = 0 to N-1, how much each frequency contributes to the value of x at time step n.


2πk is the speed of the complex sinusoid in Radians/sec.


ei is a counter-clockwise tracing of the circumference of the circle


we divide by N to distribute the full amplitude of the signal over each frequency


Then, we simply do this for each n in our signal

Also, sorry about the i (instead of j!)

n = 0, 1, …, N-1



The Discrete Fourier Transform

Another potentially useful way to break down the DFT



Comparing Fourier Transforms

Comparison of types of Fourier Transforms



The Short-Time Fourier Transform (STFT)
The Short-Time Fourier Transform: given a signal, separate it into a set of sub-signals (windows), 
and calculate the DFT on each. This allows us to have information on how the spectrum changes 
over time (at discrete intervals, called frames), often visualized as a sonogram or spectrogram:



The Short-Time Fourier Transform (STFT)
Parameters of the STFT: 

Window Size - Number of samples in the window


Window Type - The type of envelope (windowing 
function) applied to the digital signal 

Window Step (AKA hop size) - How many samples are 
moved between calculating windows, determining how 
much the windows overlap 

FFT Size - the number of FFT bins (fftsize/2) that the 
spectral energy of the signal is put into. If too few, will 
get a poor understanding of the spectrum of the sound 
(leakage). Can oversample, improving frequency 
resolution, but that becomes computationally slower.



The Short-Time Fourier Transform (STFT)
Choice of windowing function = very important!



The Short-Time Fourier Transform (STFT)

Most important property of working with the STFT:


In other words: The better you can represent transients (attacks), the worse you can represent their 
frequency content. The better you can represent frequency content, the more smearing of transients 
you have. Solution: Find a happy medium between window size and FFT size and other STFT 
parameters, depending on the sonic content you’re working with (e.g., voice vs. percussion) 

Time resolution is inversely proportional to frequency resolution



The Fast Fourier Transform (FFT)
The Fast Fourier Transform: a 
computationally efficient method for computing 
the DFT of signal (O (N log N) vs. O (N2)).


 

Requires the length of the signal to be a 
power of 2 (1, 2, 4, … 1024, 2048, 4096, etc.), 
because the algorithm divides the signal into 
two parts and calculates the DFT on each of 
them, recursively.


The FFT is used nearly every time you compute the 
DFT on a modern computer. 


An oft-used (and free) C-based implementation is the 
“FFTW,” the “Fastest Fourier Transform in the West.”


