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rier Transform
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) Baptiste Joseph Fourier

Fourier was born in Auxerre,
rance in 1768

Most famous for his work “La Théorie
Analitigue de la Chaleur” published in 1822

= Translated into English in 1878: “The
Analytic Theory of Heat”

uch attention when the work was first

One of the most important mathematical theories in
modern engineering
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Any function that periodically repeats itself can be
expressed as a sum of sines and cosines of
different frequencies each multiplied by a different
coefficient — a Fourier series



. | he Big Idea (cont...)

Einzelne Summanden biszur Ordnung 0 Uberlagerung

Notice how we get closer and closer to the original
function as we add more and more frequencies
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“rete _ rier Transform (DFT)

Transform of f(x, y), for x =0, 1,
-1, denoted by F(u, v), is given

) .M-landv=0,1,2...N-1.
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DFT & Images




mages (cont...)

Fourier spectrum of the image
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dhe DFI and Image Processing

To filter an image in the frequency domain:
1. Compute F(u,v) the DFT of the image
2. Multiply F(u,v) by a filter function H(u,v)
3. Compute the inverse DFT of the result

Frequency domain filtering operation

. Filter Inverse
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transform furu:tmp Fourier
) ‘ Hiuw, v) ‘ transform

F(u, v) Hiw v)Flu, v) -‘_‘_‘-

Pre- 7 Post- O
prncew.qmnr ) ' processing

1

f(x.y) g(x. y)

[nput Enhanced
image image




S0Mme Basic Frequency Domain Filters

Low Pass Filter

High Pass Filter



O e Basic Frequency Domain Filters
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1Cy Domain rilters




STNO0thing Frequency Domain Filters

eved in the frequency domain by



ldeal Low Pass Filter

fall high frequency components that are a
specified distance D, from the origin of the transform
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deéal Low Pass Filter (cont...)
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show an image, it's Fourier spectrum and a
leal low pass filters of radius 5, 15, 30, 80 and
erimposed on top of it
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]da _Low Pass Filter (cont...)

Result of filtering
with ideal low pass
filter of radius 5




hy | Low Pass Filter (cont...)

Result of filtering
with ideal low pass
filter of radius 15



terworth Lowpass Filters

unction of a Butterworth lowpass filter of
der n with cutoff frequency at distance D, from the
in is defined as:




BOtterworth Lowpass Filter (cont...)
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vorth Lowpass Filter (cont...)

Result of filtering
with Butterworth filter
of order 2 and cutoff
radius 5
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ult of filtering with
terworth filter of
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(Gaussian Lowpass Filters

Iction of a Gaussian lowpass filter is
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Lowpass Filters (cont...)

Result of filtering
Y A with Gaussian filter
” |||| ”l with cutoff radius 5
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Result of filtering
with Gaussian filter
with cutoff radius 30

wd .
I

Result of filtering
with Gaussian
filter with cutoff
radius 85

Result of filtering
eoe =l \vith Gaussian filter

Pl \\ith cutoff radius
I e S

aaaaaaadd aaaaaaadd



-

*l‘.‘."

Result of filtering
with Gaussian
filter with cutoff
radius 15

wd
T

.illﬂaaa

pass Filters Compared

Result of filtering
with Butterworth
filter of order 2
and cutoff radius
15



Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingiy, the

company's software may
recognize a date using "00"
as 1900 rather than the yEar

2000.

& A

pass Filtering Examples

aussian filter is used to connect broken

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00"
as 1900 rather than the yEar
2000.



Bowpass Filtering Examples

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingiy, ithe
company’'s software may
recognize a date using "G0°
as 1900 rather than the vEGr

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00"
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1ltering Examples (cont...)

aussian filters used to remove






JOWpass iltering Examples (cont...)

oeoe@ a 5 Gaussian lowpass
filter

aaaaaaaa

- Spectrumoff TS .o @ a Processed

original image ‘ ' ‘ ‘ | | l ‘ image

...nullilaaa




jin the Frequency Domain

ail in images are associated with



ldeal High Pass Filters

The ideal high pass filter is given as:

where D, is the cut off distance as before




deal High Pass Filters (cont...)
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- high pass filtering high pass filtering high pass filtering
with D, = 15 with D, = 30 with D, = 80



BUtterworth High Pass Filters

The Butterworth high pass filter is given as:

where n is the order and D, is the cut off distance as
before
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BUitterworth High Pass Filters (cont...)
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Results of
Butterworth
high pass
filtering of
order 2 with
D, = 80

Igh pass
filtering of order 2 with D, = 30




Gaussian High Pass Filters

The Gaussian high pass filter is given as:

where D, is the cut off distance as before




gdlissian High Pass Filters (cont...)
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Results of Gaussian high pass
filtering with D, = 30
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Lﬁ Images taken from Gonzalez & Woods, Digital Image Processing (2002)
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Results of ideal Results of Butterworth
high pass filtering high pass filtering of order
with D, = 15 2 with D, = 15

Results of Gaussian
high pass filtering with
D,=15
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Homo nor o hic Filterin g

pased on illumination-reflectance, then frequency
10t as easy to perform.

nys
ot separable.

ation and reflectance components of the

le to improve appearance of an image by simultaneous brightness
mpression and contrast enhancement it is necessary to separate
ymponents.

ecall, an image can be modeled mathematically in terms of
1 and reflectance as follow: f(x,y) = I(x,y) r(x,y)
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