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Highlight of this lecture: the spectrogram

Rhapsody In Blue \Q





image7.png
Outli

« The d
* Rolal

- The fa
and

oo

b

e





image8.png
A: The discrete Fourier transform (DFT)
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Short-time Fourier transform: converting a sound to an image
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+ When visualizing STFT, we often discard the phase.
« Time and frequency resolution dopends on
the cholce of window,




image18.png




image19.png
Time and frequency resolution:
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Discrete Fourier Transform (DFT)

Definition: Assume that a block of signal s contains L points,
o
8= (80,8425 8L=1]

The DFT of s is defined as a discrete spectrum S that also contains L
points:
L—1 on
Sy = E S OXP (*jan) y homm001,2) .0, 5 —1.

n=0





image22.png
& —)a/ﬂ
X@iah=ren it jktrenle

O

C \
Discrete 24y ’“f' _’"7 ' I/
y‘-uno— ] b(OC/;‘\]- ;w
- . 2\.,7‘ JX(u R =
<t |





image23.png
Why is this called discrete Fourier transform?

Answer: Because the discrete FT is the discrete-time FT
sampled in frequency.
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Relation between DFT and DTFT

DFT Is DTFT sampled in frequency.

- Remarks: : =
For a finite-length signal: '
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Meanings and properties

DFT Is a linear transformation.

Rows of the matrix F are

orthogonal 1
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DFT is a projection onto a new coordinate system
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Notes:

1. Each row represents a basis vector.
2. Wa calculate their inner products with the signal

3, Fourler transform Is a change of basis from me to froquency.
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2B: The Fast Fourier transform (FFT)
and its inverse
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Regarding the computation load

Recall that
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Therefore, direct computation involves L? multiplications.

Is there any way we can reduce the computation load?
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The fast Fourier transform (FFT)

~ It turns out that it Is possible to reduce the computation from O(N?)
to O(N log,N), and this is generally referred to as FFT.

Cooley, J. W. and Tukey, O. W. "An Algorithm for the Machine Calculation of
Complox Fourler Serles.” Math. Comput. 19, 297-301, 1965.

Often named one of the 10 most Important algorithms In history.

Original algorithm is most efficlent if N = 27, 6.g. N = 1024,
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Architecture of the FFT*
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Computation saving is significant when N is large
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Lecture 10:
The Short-time Fourier Transform

Prof. Yi-Wen Liu
EE3660: Introduction to DSP
Last updated May 13, 2025
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Need for another kind of Fourier transform —
because DTFT is not useful in many applications
* Query by humming (e.g., soundhound.com)

* Speech coding over Internet
(0.9, Skype, LINE call, FB messenger call)

Automatic transcription of music

Notes:
In the real world, sounds are not stationary JI: 52 IR{).
Howavor...

DTFT requires Infinite sum over time.
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