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Filtering in Frequency Domain
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Example: Frequency Domain Filter
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Wraparound Effect & Zero Padding





Can we pad the filter?



Filtering Steps

 f(x,y) is MxN. Pad to PxQ. Typically, P=2M, Q=2N
 Form fp(x,y) of size PxQ by adding necessary zeros to f(x,y)
 Multiply fp(x,y) by (–1)^(x+y) to center transform
 Compute F(u,v) by DFT of fp(x,y)
 Use real symmetric filter H(u,v), of size PxQ & center at (P/2, 

Q/2). Form G(u,v)=H(u,v)F(u,v)
 Compute gp(x,y) by product of real part of IDFT of G(u,v) and 

(–1)^(x+y). 
 Extract g(x,y) taking MxN at left top corner of gp(x,y)
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Filtering Steps

 f(x,y) is MxN. Pad to PxQ. Typically, P=2M, Q=2N
 Form fp(x,y) of size PxQ by adding necessary zeros to f(x,y)
 Multiply fp(x,y) by (–1)^(x+y) to center transform
 Compute F(u,v) by DFT of fp(x,y)
 Use real symmetric filter H(u,v), of size PxQ & center at (P/2, 

Q/2). Form G(u,v)=H(u,v)F(u,v)
 Compute gp(x,y) by product of real part of IDFT of G(u,v) and 

(–1)^(x+y). 
 Extract g(x,y) taking MxN at left top corner of gp(x,y)



Filtering in Spatial vis-à-vis 
Frequency Domains
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Example Gaussian Filter
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Image Smoothing

Frequency Domain Filters



Image Smoothing – Low-pass Filter

 Low-pass Filtering
– Ideal: Very sharp
– Butterworth
– Gaussian: Very Smooth

 Butterworth Filter is parameterized by Filter 
Order
– High Order  Ideal
– Low Order  Gaussian



Ideal Low-Pass Filter (ILPF)
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Ideal Low-Pass Filter (ILPF)



Ideal Low-Pass Filter (ILPF)
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Ideal Low-Pass Filter (ILPF)



ILPF

Radius Power (α)

10 87.0

30 93.1

60 95.7

160 97.8

460 99.2

Blurring & Ringing decreases 
with increase of radius / power 



Blurring & Ringing in ILPF

ILPF  Box Filter  Sinc in Spatial Domain



Butterworth Low-Pass Filter (BLPF)
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Butterworth Low-Pass Filter (BLPF)

Unlike ILPF, no sharp cut-off



BLPF

Radius

10

30

60

160

460



ILPF BLPF

- Smooth transition in blurring
- No ringing

- Sharp transition in response 
causing heavy blurring & ringing



BLPF: Ringing increases with order



Gaussian Low Pass Filter (GLPF)
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Gaussian Low Pass Filter (GLPF)



Radius

10

30

60

160

460

GLPF

- No ringing as IDFT of 
Gaussian is Gaussian



ILPF BLPF
-Smooth transition in 
  blurring
- No ringing

GLPF
- No ringing- Sharp transition in 

response causing heavy 
blurring & ringing

Radius: 10, 30, 60, 160, 460



GLFP

BLFP

ILFP



Image Smoothing: Low-Pass Filters



LPF: Character Recognition



LFT: Printing & Publishing



LFT: Printing & Publishing





LPF: Satellite Imagery



Image Sharpening

Frequency Domain Filters



High-Pass Filter (HPF)
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Image Sharpening – High-pass 
Filter

 High-pass Filtering
– Ideal: Very sharp
– Butterworth
– Gaussian: Very Smooth

 Butterworth Filter is parameterized by Filter 
Order
– High Order  Ideal
– Low Order  Gaussian



Ideal High-Pass Filter (IHPF)
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IHFP

BHFP

GHFP



Image Sharpening: High-Pass 
Filters



Ideal High-Pass Filter 
(IHPF)



Butterworth High-Pass Filter 
(BHPF)
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Butterworth High-Pass 
Filter (BHPF)



Gaussian High Pass Filter (GHPF)
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Gaussian High Pass 
Filter (GHPF)



IHPF
BHPF  
GHPF

Radius: 
30, 60, 160



Image Sharpening: High-Pass 
Filters



HPF: Finger Print

BHPF: n=4, D0=50



Thank you
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Laplacian in Spatial Domain

 Laplacian
– Isotropic 
– Rotation Invariant
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Laplacian in Frequency Domain
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Laplacian in Frequency Domain
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Laplacian in Frequency Domain

 Enhancement Eq:

 Scales of             and                 as computed 
by DFT differ widely due to the DFT process

 Normalize             to [0,1] before DFT
 Normalize                 to [-1,1]
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Laplacian in 
Frequency Domain



Comparative Laplacian in 
Spatial & Frequency Domains



Unsharp Mask, Highboost Filtering & 
High-Frequency-Emphasis Filtering

 In spatial domain:

 Masking Unsharpemphasized- De:1

 Filtering Highboost:1

 Masking Unsharp:1
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Unsharp Mask, Highboost Filtering & 
High-Frequency-Emphasis Filtering

 In frequency domain:
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Unsharp Mask, Highboost Filtering & 
High-Frequency-Emphasis Filtering

 In frequency domain:
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Image: 
416x596

D0=40 
(5% of 
short 
side of 
padded 
image)

k1=0.5

k2=0.75



Homomorphic Filtering

 Illumination-Reflectance Model in frequency domain
 Illumination Component

– Slow Spatial Variations
– Attenuate contributions by illumination

 Reflectance Component
– Varies abruptly – junctions of dissimilar objects
– Amplify contributions by reflectance

 Simultaneous dynamic range compression & contrast 
enhancement



Homomorphic Filtering
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Homomorphic Filtering
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Homomorphic Filtering
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Homomorphic Filtering

 Illumination Component
– Slow Spatial Variations
– Low Frequencies  log of illumination
–             attenuate contributions by illumination

 Reflectance Component
– Varies abruptly – junctions of dissimilar objects
– High frequencies  log of reflectance
–             amplify contributions by reflectance

 Simultaneous dynamic range compression & contrast 
enhancement
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Image: 1162x746
γL=0.25, γH=2, c=1, D0=80



Band-reject & Band-pass Filters
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Band-reject & 
Band-pass Filters



D0=80, n=4

Notch Filters – 
Narrow Filtering



Notch Filters – Narrow Filtering
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Butterworth Notch Reject Filters
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D0=80, n=4







Thank you
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