Frequency analysis, pyramids,
texture analysis, applications

Outline

A Frequency analysis and Fourier transform
Fourier transforms on images
T Definitions, properties
i Sampling issues
T Relation with Gaussian smoothing
T Image pyramids
i Gabor filters and wavelets
i Examples: Texture classification
A Non-linear filters
i Normalized correlation
T Median filtering




Basic idea

A View functionf(x) as a fvector o
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A The collection of components: F(u) =f. e, is the
transform of f

A Fourier Transform A Choose periodic functions as
the basis

f

€y

A representation for image changes

A We need a change of basis to move from pixel
intensities (space domain) to frequency domain.

A measure of
image content
at this frequency
and orientation




Fourier basis

A Fourier transform formulae
i 1D and 2D
T continuous and discrete
A What the frequency (power) spectrum and phase plots
mean
A Basic properties
I Linearity
i Scaling
i Differentiation




Fourier Transform (continuous)

1-D case:

F(U) = {f (X)e" ™ dx
f (X) = ff (u)e'**du

2-D case:

F(u,v) = ffk y)e ' #Ydxdy
f(xy) = At v)e>* " dudv

Fourier Transform (discrete)

Now the signal is of form f(i) , where i = 0é N-1
1D case:

F(W)=4 f()e "

2D case:

: f(i,j)e'izp(:'%j)

o
—~
<
<
~—
[
- Q
- Q




Signal domain
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Examples (1D)
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Magnitude spectrum

hase spectrum




Magnitude spectrum

"Phase pectrum

Convolution property

f(x) % g(x) =5 F(k) x G(k)

Convolution in Multiplication in
input domain - frequency domain

f(x) x g(z) =5 F(k) « G(k)

Multiplication in Convolution in
input domain = frequency domain




Question

A What causes the differentiation to emphasize noise, and
Gaussian convolution to remove fine features?

What content is lost from the original image?

Convolution with Gaussian kernel




FT of a Gaussian
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Frequency domain

Gaussian smoothing

Frequency masking due to gaussian filter >




Questions

A How do discrete images differ from continuous images?
A How do we avoid aliasing while sampling?

Sampling an image

Examples of GOOD sampling




Undersampling

Examples of BAD sampling -> Aliasing

Constructing a pyramid by
taking every second pixel
leads to layers that badly
misrepresent the top layer
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Low-pass filtering before
sampling

A The minimum frequency at A Solution: suppress high
which we must sample a signal frequencies before sampling
in order to be able to fully A Common solution: use a
reconstruct it called the Gaussian

Nyquist frequency. i multiplying FT by Gaussian is
A Nyquist frequency = 2 times equivalent to convolving

the maximum frequency image with Gaussian.

contained in the waveform.

Questions

A How can we represent images at multiple scales?




