Filtering Iin the Frequency
Domain

Image Processing
CSE 166
Lecture 7



Announcements

A Assignment 3 will be released today
i Due Apr27,11:59 PM

A Reading

I Chapter 4: Filtering in the Frequency Domain



Overview: Image processing in the
frequency domain
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2D continuous Fourier transform

A (Forward) Fourier transform

:/ / f(t, z)e 2 dt dz

A Inverse Fourier transform
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2D continuoud-ourier transform

Example: box function
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Unit discrete impulse
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Impulse train
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Fourier transform of sampled function
and extracting one period
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Aliasing
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Aliasing In real images

Original Aliasing No aliasing
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FIGURE 4.19 Tllustration of aliasing on resampled natural images. (a) A digital image of size 772 x 548 pixels with visu-
ally negligible aliasing. (b) Result of resizing the image to 33% of its original size by pixel deletion and then restor-
ing it to its original size by pixel replication. Aliasing 1s clearly visible. (c¢) Result of blurring the image in (a) with an
averagng filter prior to resizing. The image 1s slightly more blurred than (b), but aliasing is not longer objectionable.
(Original image courtesy of the Signal Compression Laboratory, University of California, Santa Barbara.)
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2D Discrete Fourier Transform



2D discrete Fourler transform (DFT

A (Forward) Fourier transform
M—-1N-1

Fu0) = Y 3 fa,y)e ruiten
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u=20,1,2,... M—1landv=0,1,2,... N—1

A Inverse Fourier transform
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Centering the DF1:.
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FIGURE 4.22
Centering the
Fourier transform.
(a) A 1-D DFT
showing an infinite
number of peri-
ods. (b) Shifted
DFT obtained

by multiplying
flx) by (-1)"
before computing
F(u).(c) A2-D
DFT showing an
infinite number of
periods. The area
within the dashed
rectangle is the
data array, Fiu.v),
obtained with

Eq. (4-67) with

an image f(x, )
as the input. This
array consists of
four quarter peri-
ods (d) Shifted
array obtained

by multiplying
f(x.y) by (-1)™
before computing
F(u,v). The data
now contains one
complete, centered
period, as in (b). 13



Centering the DFT
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DFT magnitude of
geometrically transformed images
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DFT phase of

images

lly transformed

ICa

geometr

Rotated
about center

Translated

inal

19

Or

- -
- -
il e
A s
.
e e
.
e
-
o

e e
e
-

o
o -

-
\W\ o e - Z
- . -
- -
o .
e 7 7 e
- - \

B e
e

. .
e ; Y

. : .

. G .
.
- -

o
i

-

i
.

-
.
-
o
o .
- -

16

CSE 166, Spring 2020



Contributions of magnitude and phase
to Image formation

Phase

IDFT:
Phase only
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2D convolutiontheorem

A 2D discrete (circulagonvolution
M—-1N-1

f(x,y)kh(z,y) = > >j f(m,n)h(x—m,y—n)

m=0 n=0

r=012,.... M—1landy=0,1,2,... N—1
A 2D convolutiortheorem
f(x,y)%kh(z,y) <= F(u,v)H(u,v)

f(,y)h(e,y) <= F(u,v)%H (u,v)




Filtering

using convolution theorem
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Filtering using convolution theorem
Zero padding

Filtering In Fourier
frequency transform
domain
using
product Product
with

zero-padding -
& |
No wraparound s | Gaussian
error lowpasdfilter in
frequency domain

Inverse Fourier transform
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Filtering using convolution theorem

Filtering in Filtering in
spatial frequency
domain domain
using using
convolution product

Identical results
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