Fourier Transformiin
Graphicsiand \Vision
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ICS 288

% Ereguency Based Representation
off a Spatial Signal

Any ene dimensional functien: can e
represented as a linear combinatien off sine
Waves) of different frequencies
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1D Signal

Example: Once scan line of an image

Amoeunt of each wave defined by Iits
amplituderand phase
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Sine Waves form a Basis

Forms a basis, for the set of functions

u Sine wave ofi Gne freguency. Is linearly
independent off another

= Any functioni s a linear combination: of this
linearly’ independent basis function

Infinite Basis

s \When we do it in digital demain, we can find a
finite basis

= Matlab
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Fourier Transform (FT)

REQUENCY DOMAIN

] Amplitude

Extending It te 2D

Any: 2D filnction’ (an'inage)r can be
representedias a linear combination| of sine
Waves ofi different freguencies and
grientation




Extending it to 2D

Amplitude
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Amplitude

Amplittde

s How muchi details?

» Sharper details signify higher freguencies
n Willtdeal with this mostly.

Slide 8




= \Where are the
details?

s [hough we do noet
use it much,, it I1s
iImpoertant,
especially for
perception

U%[gme Properties of Fourier Transform

Symmetric

h(X) H(f)
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5[% Properties ofi Fourier Transform

UClrvine

A(f)

e b SEigt

SPATIAL DOMAIN FREQUENCY DOMAIN
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Convolution

Convolution Ker Aﬁl’)} ’ .

Imaging and Adding




5[% Convelution and Multiplication

UCIrvme

Aq(f)

|

—_

_

X
SPATIAL DOMAIN FREQUENCY DOMAIN
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Convelution and Multiplication

Ay(f)
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SPATIAL DOMAIN FREQUENCY DOMAIN
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5[% Convelution and Multiplication

SPATIAL DOMAIN
2() h,(X)*h,(x)

Al(f)X‘ 2(f)
f P _—

FREQUENCY DOMAIN

Image Filtering
Reduced the
Bandwidth
LOV\7 pass
filter

X — f
SPATIAL DOMAIN FREQUENCY DOMAIN
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Ideall Low Pass Filter
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Choesing Right Eilters

Sheuld not pass high freguency.
Sheuld be limited in; spatialdemain
Box Eilter in spatial demain

= Not goed since' passes high frequencies

Synch Eilter 1’ spatialdemain
a Infinitely’lengl ini spatial demain

Gaussian'is a geed compromise

X f
SPATIAL DOMAIN FREQUENCY DOMAIN
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Hierarchical Filtering

N/2 x N/2
N/4 x N/4
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Image Pyramid
Frequency Domain

Low resolution [

High resolution | _ 28~

High resolution
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Band-limited limages
(Laplacian Pyramid)

Band-limited Images
(Caplacian Pyramid)
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D e

UClIrvine
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Sampling and Recenstruction

Convolution
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Reconstruction

Multiplication

Convolution
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Reconstruction

Multiplication
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Aliasing

Signal 1s band-limited first
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Reconstruction

Reconstruction

Multiplication

Multiplication
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Blurring

Blurring
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