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Morphological Operations

* Operations on binary images that changes the shape of the object
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Colour Images Fourier Series !

« Color image is represented as a three channel matrix, namely * A periodic signal can be represented as

RGB. Each denoting intensity of the specific color a combination of basis function with
different frequencies

: !
* Represent any periodic function as a
o8 {ugl) weighted combination of sine and
‘"W =% cosines of different frequencies
co8(Zugt) « Intuitive description of signals:
{\/\A/\/\ t Q Frequency characteristics of a
- - signal
oonadt) , OEasier analysis of signal using
s . trigonometric functions

Colour Image
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Fourier Transform Extension to 2D Domain !
« For non-periodic signals that doesn’t repeat « Image can be represented as corrugation obtained by summing
Time +— Frequency sines and cosines in two directions
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2D Fourier Transformation
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wand v are frequency variables corresponding to @ and y
Flu,v) s complex, i.e. Fu,v) = Fplu,0) + jFy(u,v)

Frlu,v) (u, v)?

Magnitude [F(u,v)| = y w,v)? + Friu v)?

Phase angle = m’(-u\u(%)
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2D DFT Examples

Centered Magnitude ered Phase
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DC-value (mean) at the center
Frequency
Spectrums are A B Ax B

stretched before
displaying

B A* B* A

A* is the complex conjugate of A
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Fourier Transform Magnitude Spectrum
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2D Discrete Fourier Transformation
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Fourier Transform
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Tnverse Fourier Transform

fla,y) =

M-1N-1
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Where f(x,y) is an image, defined on a M x N grid
F(u,v) is its Fourier Transform

Properties of 2D Fourier Transform

Linearity:

Shift/Translation:
Rotation:

Domain Scaling:

Convolution Theorem:

Multiplication Theorem:

Duality:

where (z',y') and (u'

Image Processing in Fourier Domain
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Flaf(a, y) +bgle,y)} = aF(u,v) + bG(u, v)
Fiflx — '?‘u ¥ 'Ju )} = Flu,v)ed2mturotem)
F{fa'y')} = Fu',v)

F{Jlaz,by)} = \amp(“ 7)

F{flz,y)* gle.y)} = Flu,v)Glu,v)

F{f gl )} = (Fu,v)* Glu,v))
F{F{f(z.9)}} = f(-z.—y)

,v') are coordinates in the rotated system.
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Image Filtering:

Spatial domain: convolution with
a spatial operator

+ Frequency domain: multiply FT
of signal and filter, and compute
inverse F'T of the product

Why choose one over the other ?
« Computational cost: The filter
may be simpler to specify or
compute in one of the domains
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Ideal Filters

Low Pass Filter

High Pass Filter Band Pass Filter

Blurs the output Computes edges
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Hybrid Images

High Frequency
Edge Image

Low Frequency
Blur Image
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Summary

« Morphological operations changes the shape of the object in a
binary image

* Fourier Transform decomposes a signal (1D/2D) into
combinations of sines and cosines

« For 2D images Discrete Fourier Transform can be performed

* When changing domain from spatial to Frequency: Convolution
becomes Multiplication and vice versa

« Fourier Transform based processing makes it easier to remove
periodic noises or perform image sharpening

« Phase is important in reconstructing the image
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Noise Removal

Periodic noise could
not be removed in
spatial domain
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Don’t Forget the Phase
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Periodic noise shows

up as spikes away

from origin in Fourier
omain

Notch filter:
Set rows, columns of
DFT corresponding to
noise = 0

Band Reject Filter:
Create filter with 0s at
radius of noise from center,
1 elsewhere
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