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Image Enhancement in Frequency Domain

« The principal objective of enhancement is to process a given image so that

the result is more suitable than the original image for a specific application .

« A frequency content refers to the rate at which the gray level change in the
Imager, where the rapidly changing in brightness values correspond to
high frequency, while the slowly change in brightness values correspond

to low frequency.

« The convolution theorem 1is the foundation of frequency domain

techniques. Consider the following spatial domain operations :

g(x.y) = h(xy) * f(x.y)



Image Enhancement in Frequency Domain

« The convolution theorem states that following frequency domain relationship
holds:

G(u,v) = H(u,v) F(u,v)

« Where G, H and F are the Fourier transforms of g, h and f respectively.

 H i1s known as the transfer function of the process. The goal is to select a
transfer function that changes the image in such a way that some feature of

the image is enhanced.

« Examples include edge detection, noise removal, emphasis of information

IS the image.
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Basics of filtering in the frequency domain

The frequency filters process an image in the frequency domain
may need the following steps:

1. Transform the image f(x,y) into the Fourier domain
Compute F(u, v) it is the DFT of the image

2. Multiply F(u,v) of the image by the filter.
I.e. multiply F(u, v) by a filter function H(u,v).

3. Find the inverse transform of the image G(u,v).
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» Basics of filtering in the frequency domain

Frequency domain filtering operation
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Image Enhancement in Frequency Domain

The mathematic equation for DFT is as following :

{-1N-
F(u,v) = -Mi-xZ Z f(x,y)[cos (Zﬂ(M 1;{))] jlsin (2"(1\4 l}3,))]

Where the real part is:
M=1N=-1

R(u,v) = MlN Z Z f(x, y)cos (2” (l;; t;3'))

x=0 y=0

Where the imaginary part Ps:
M-1N-1

I(u,v) = MNZ Zf(x y)sin (Zn(M 1;3’))

x=0 y=0



Solution :

Example : find the DFT for the following image

Image Enhancement in Frequency Domain

2
3
o 0° 30° 45° 60° 90°  180° | 270° 360°
(0Orad) (w/6)  (wHd) (m3)  (m2) (w) @ (3m2) @ (2m)
sina | 0 l ARK 1 0 | -1 0
2 2 2
cosa | 1 V3| V2 l 0 | -1 0 1
|2 |2 | 2
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M=2,N=2, fmoy_1‘ﬂou 2, f(1,0)=2, f(1,1)=3

F (O 0) = Z Z f(x,y)[cos (21’(((2) g))] — j[sin (Zn'((z) (2)))]

x= 0)-0

F(0,0) = %Z Z f(x,y)[cos(Zn(O))] —j[sin(Zn(O))]

x=0y=0

1
FO0 =7 Y fCaylcos (0)] - jlsin(0))

x=0y=0

1 1
FO0) =7 Y fCoy)I1=0]

x=0y=0

rmO)_-«1+2+2+3nn)—§ 2

F(0,1) = 42 Zf(x y)[cos (21: ) ][sm( )

x=0y=0
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F(0,1) = %[((I)ICOS(O)] = j[sin(0)]) + ((2)[cos(n)] = j[sin(x)])
+ ((2)[cos(0)] = j[sin(0)]) + ((3)[cos(m)] = j[sin(m)])]
F(0, 1)-1((1x1)+(2x 1)+(2x1)+(3x—1))=-——1

F(1,0) = 42 Z[(x y)|cos (271(]2'x O))] 1[sm( (12x+ (2)))]

xO\O

F(1,0) = %[((l)lcos(on — j[sin(0)]) + ((2)[cos(0)] = j[sin(0)])
+ ((2)[cos(m)] = j[sin(m)]) + ((3)[cos(m)] — j[sin(x)])]

F(1,0) =;l;-((1 Xx1)+2x1D)+2x-1)+(3 x—l))= -3
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F(1,1) = %zl‘ Zl:f(x, y)|[cos (Zn'( > 1 ))] jlsin <2n (lzx 12),))]

x=0y=0
F(1,1) = %[((l)lcos(O)l — jlsin(0)]) + ((2)[cos(m)] = j[sin(m)])
4 ((2)[cos(1t)] - [sin(n)]) + ((3)[cos(21r)] -J [sin(Zn)])]
F(1,1) =-}}-((1 X1D+2x-1)+2x-1)+(3x 1))= 0

Inverse Discrete Fourier Transform:

The mathematic equation for i-DFT is as following :
M-1N-1

f(x,y) = Z Z F(u,v)[cos (Zn ux = ))] }[sm(Zn (l;: 1;:”))]

x=0 v=0




End of Lecture
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