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Review 
Question

What will the Fourier transform of f(t)?



What will the Fourier transform of f(t)?



Recap:
Prev Lecture

2-D Fourier 
Transform



Treat each channel (R, G, B)
independently 

Do 2-D Fourier transform on each 
channel.

What to do for color 
images? Remember: a color image has 

3 channels
(R, G, B)?



This lecture
Switch Gears

Time-Frequency Analysis

[Bringing time into frequency space]



● In previous lectures, we assumed frequency is constant.
● Example, 
● Can we have a signal model in which frequency can vary with time?

What do we mean by frequency varies with time? f0 is now  f0(t).

f0(t)  is linearly increasing with 
time 

Example:



Generalizing the sine wave signal to include frequency variation

Phase:
Frequency:
Amplitude:  a(t)

Amplitude (a) is constant

Frequency (f0) is a constant

Time-invariant sine wave signal model Time-varying sine wave signal model

Only phase is varying with time and 
only in a linear way.

All three are varying with time.
Phase variation can be non-linear; 
dependent on frequency variation



Frequency: f0(t)

Phase: phi(t)



Signal: x(t)

Frequency: f0(t)



Signal: x(t)



Signal: x(t)

Spectrum: |X(f)|

Frequency: f0(t)



Signal: x1(t) Signal: x2(t)



Srdjan Stankovic, Time-Frequency Analysis and Its Application in Digital Watermarking, Journal EURASIP, 2010



Short-time Fourier Transform (STFT)





Short-time Fourier Transform (STFT)

Resolution





Spectrogram



Multi-resolution analysis

Resolution

● Wavelets



Thank you

Reading Material


