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PAM3012PAM3012
Digital Image Processing for Digital Image Processing for 

RadiographersRadiographers

Image Enhancement in the Image Enhancement in the 
Frequency Domain Frequency Domain 

In this lectureIn this lecture

Filtering in the Frequency DomainFiltering in the Frequency Domain
Smoothing frequency domain filtersSmoothing frequency domain filters
Sharpening frequency domain filters Sharpening frequency domain filters 

Basics of Filtering Frequency Basics of Filtering Frequency 
DomainDomain
•• Frequency Domain is nothing more than Frequency Domain is nothing more than 

the space defined by values of FT & the space defined by values of FT & 
frequency variables (u, v) frequency variables (u, v) 

•• In this lecture we put some In this lecture we put some ‘‘meaningmeaning’’ to to 
the Fourier Domainthe Fourier Domain

Basics of Frequency Domain Basics of Frequency Domain 
FilteringFiltering

1.1. Compute DFT of the image, Compute DFT of the image, F(uF(u, v), v)
2.2. Multiply Multiply F(uF(u, v) by filter function, , v) by filter function, H(uH(u, v), v)
3.3. Compute inverse DFTCompute inverse DFT

Basics of Frequency Domain Basics of Frequency Domain 
FilteringFiltering
•• H(uH(u, v) is called a filter function, v) is called a filter function

–– suppresses certain frequencies in transform whilst suppresses certain frequencies in transform whilst 
leaving others unchangedleaving others unchanged

•• Analogous to coffee filter: stops larger Analogous to coffee filter: stops larger 
particles whilst allowing smaller ones to passparticles whilst allowing smaller ones to pass

•• Mathematically:Mathematically:

•• Filtered image obtain by taking inverse FT of Filtered image obtain by taking inverse FT of 
G(u,vG(u,v))

),(),(),( vuFvuHvuG ×=

Basics of Frequency Domain Basics of Frequency Domain 
FilteringFiltering
•• Basic stepsBasic steps
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•• Low frequencies: general greyLow frequencies: general grey--level appearancelevel appearance

•• High frequencies: detail, edges, noiseHigh frequencies: detail, edges, noise

Basics of Frequency Domain Basics of Frequency Domain 
FilteringFiltering

DFTDFT Inverse Inverse 
DFTDFT

Basic Filter FunctionsBasic Filter Functions

••LowpassLowpass Filter:Filter:
Attenuates high Attenuates high 
frequencies frequencies ‘‘passespasses’’ low low 
frequenciesfrequencies

••HighpassHighpass Filter:Filter:
Attenuates low Attenuates low 
frequencies frequencies ‘‘passespasses’’ high high 
frequenciesfrequencies

Basics of Frequency Domain Basics of Frequency Domain 
FilteringFiltering

Basic Filter FunctionsBasic Filter Functions

••LowpassLowpass Filter:Filter:
Attenuates high Attenuates high 
frequencies frequencies ‘‘passespasses’’ low low 
frequenciesfrequencies

••HighpassHighpass Filter:Filter:
Attenuates low Attenuates low 
frequencies frequencies ‘‘passespasses’’ high high 
frequenciesfrequencies

Basics of Frequency Domain Basics of Frequency Domain 
FilteringFiltering

LowpassLowpass FilterFilter

X

HighpassHighpass FilterFilter

X Smoothing Frequency Domain Smoothing Frequency Domain 
FiltersFilters
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Smoothing Frequency Domain Smoothing Frequency Domain 
FiltersFilters
•• Edge & other sharp transitions (i.e. noise) Edge & other sharp transitions (i.e. noise) 

contribute to high frequency content of contribute to high frequency content of 
Fourier DomainFourier Domain

•• Smoothing & blurring achieved by attenuating Smoothing & blurring achieved by attenuating 
high frequency components of Fourier Domainhigh frequency components of Fourier Domain

),(),(),( vuFvuHvuG ×=

Smoothing Frequency Domain Smoothing Frequency Domain 
FiltersFilters
Ideal Ideal LowpassLowpass FilterFilter
‘‘Cuts offCuts off’’ all components all components 
of FT that are greater of FT that are greater 
than distance Dthan distance Doo from from 
centrecentre
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CutCut--off Frequency, Doff Frequency, D00

Smoothing Frequency Domain Smoothing Frequency Domain 
FiltersFilters
Ideal Ideal LowpassLowpass FilterFilter

Filter Filter 
RadiusRadius

55
1515
3030
8080

230230

Ideal Ideal LowpassLowpass FilterFilter

CutCut--off Radiioff Radii
55

1515 3030
8080 230230

Smoothing Frequency Domain Smoothing Frequency Domain 
FiltersFilters
Butterworth Butterworth LowpassLowpass
FilterFilter
Does not have sharp Does not have sharp 
discontinuitydiscontinuity
No clear cutNo clear cut--off off 
between passed & between passed & 
filtered frequenciesfiltered frequencies
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Transfer FunctionTransfer Function
(n(nthth order)order)

Define cutDefine cut--off frequency as 50% transmissionoff frequency as 50% transmission
(I.e. (I.e. H(u,vH(u,v) = 0.5 when ) = 0.5 when D(u,vD(u,v) = D) = D00))

Smoothing Frequency Domain Smoothing Frequency Domain 
FiltersFilters
Butterworth Butterworth LowpassLowpass
FilterFilter
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Butterworth Butterworth LowpassLowpass
FilterFilter

Order: n=2Order: n=2
CutCut--off Radiioff Radii

55
1515 3030
8080 230230

Smoothing Frequency Domain Smoothing Frequency Domain 
FiltersFilters
Gaussian Gaussian LowpassLowpass
FilterFilter
Does not have sharp Does not have sharp 
discontinuitydiscontinuity
No clear cutNo clear cut--off off 
between passed & between passed & 
filtered frequenciesfiltered frequencies
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Transfer FunctionTransfer Function

H(u,vH(u,v) = 0.607 when ) = 0.607 when D(u,vD(u,v) = D) = D00

Smoothing Frequency Domain Smoothing Frequency Domain 
FiltersFilters
Gaussian Gaussian LowpassLowpass FilterFilter

Gaussian Gaussian LowpassLowpass FilterFilter

CutCut--off Radiioff Radii
55

1515 3030
8080 230230

ExampleExample
Gaussian Gaussian LowpassLowpass FilterFilter

DDoo = 80= 80

ExampleExample
Gaussian Gaussian LowpassLowpass FilterFilter

DDoo = 80= 80

DDoo = 100= 100
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Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters

Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters
•• Smoothing & blurring achieved by Smoothing & blurring achieved by 

attenuating highattenuating high--frequency content of frequency content of 
Fourier TransformFourier Transform

•• Edges can be enhanced by attenuating Edges can be enhanced by attenuating 
low frequency contentlow frequency content

•• HighpassHighpass Filtering Filtering 

Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters
•• HighpassHighpass filtering is precisely reverse filtering is precisely reverse 

operation as operation as lowpasslowpass filteringfiltering

),(1),( vuHvuH lphp −=

Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters

Ideal Ideal 
HighpassHighpass

Butterworth Butterworth 
HighpassHighpass

Gaussian Gaussian 
HighpassHighpass

Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters
Ideal Ideal HighpassHighpass FilterFilter
‘‘Cuts offCuts off’’ all components all components 
of FT that are small than of FT that are small than 
distance Ddistance Doo from centrefrom centre
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CutCut--off Frequency, Doff Frequency, D00

Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters
Ideal Ideal HighpassHighpass FilterFilter

Filter Filter 
RadiusRadius

1515
3030
8080
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Ideal Ideal HighpassHighpass FilterFilter

CutCut--off Radiioff Radii
1515
3030
8080

Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters
Butterworth Butterworth HighpassHighpass
FilterFilter
Does not have sharp Does not have sharp 
discontinuitydiscontinuity
No clear cutNo clear cut--off off 
between passed & between passed & 
filtered frequenciesfiltered frequencies
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Transfer FunctionTransfer Function
(n(nthth order)order)

Define cutDefine cut--off frequency as 50% transmissionoff frequency as 50% transmission
(I.e. (I.e. H(u,vH(u,v) = 0.5 when ) = 0.5 when D(u,vD(u,v) = D) = D00))

Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters
Butterworth Butterworth HighpassHighpass
FilterFilter

Butterworth Butterworth HighpassHighpass
FilterFilter

Order n=2Order n=2
CutCut--off Radiioff Radii

1515
3030
8080

Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters
Gaussian Gaussian HighpassHighpass
FilterFilter
Does not have sharp Does not have sharp 
discontinuitydiscontinuity
No clear cutNo clear cut--off off 
between passed & between passed & 
filtered frequenciesfiltered frequencies
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Transfer FunctionTransfer Function

H(u,vH(u,v) = 0.607 when ) = 0.607 when D(u,vD(u,v) = D) = D00

Sharpening Frequency Domain Sharpening Frequency Domain 
FiltersFilters
Gaussian Gaussian HighpassHighpass FilterFilter
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Gaussian Gaussian HighpassHighpass FilterFilter

CutCut--off Radiioff Radii
1515
3030
8080

SummarySummary

Filtering in the Frequency DomainFiltering in the Frequency Domain
Smoothing frequency domain filtersSmoothing frequency domain filters
Sharpening frequency domain filtersSharpening frequency domain filters


