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Understanding convolution:
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Image enhancement in the frequency domain:
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Observation:

_‘33&3(@_\* R)m+(L +1) n)
8

'- ‘/\l’gl(l/\ ‘& an& }. Qe 0\05& ‘bb NA’ ‘e (—g ’("F{I":T +)s) [S aSSDO\.a"'Q& ‘tb e
2 = FRIRRS ' ' whee

G 2 e-\)’:ﬁ ( {m = RV\) (-&II)I

.~ Fourier coeffcient s ot He botom rigt bve  @ssociated +H 5 )

Cos [ZX (Km+n i (0,0}
(ow ‘F)'l.ﬂtu\evx&/ Qomfonew(s', (N ))

A san(%‘({mﬂ'«»)) |

2. Similerly, e can chech fhat [ourier coeficients at B e
L°v-’ 7 'rvvkuev. cy

E’(}’ (’%,&)’7-(0,0)

O\re 0&&50(,{&*'2& "'V (Uw ‘F(Gzh{ncy Cam‘)o/\uﬂs.

3. Foun'nv CDQ,H‘CWVI"S (/V\ 'H’\?_ m(ddl(, Cavg aSSooior\-gd 'a u&(j&, '92%&("17’
(/OWl/])unh\'(’S

0 .. High- fass —RHQMJ -
\ Rewore coefficients at b coners |

£ -— [ ‘ Low- pass filtering

i \ e
b R“"W'- C“’H:i(juv\*s ot He Cnfer |




Centralisation:
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Therefore, to compute F(u,v), we can compute DFT of (—1)*¥ f(z, y).




Definition 3.5: A low-pass filter (LPF) (LPF) leaves low frequencies unchanged,
while attenuating the high frequencies.

A high-pass filter (HPF) leaves high frequencies unchanged, while attenuating the low
frequencies.

Basic steps of filtering in the frequency domain

. Multiply f(z,y) by (—1)**v.
. Compute F(u,v) = DFT(f(z,y)(—1)**¥)(u,v) .

. Multiply F by a real "filter” function H (u,v) to get

G(u,v) = H(u,v)F(u,v)
(point-wise multiplication, but not matrix multiplication)
. Compute inverse DFT of G(u,v).

. Take real part of the result in Step 4.

. Multiply the result in Step 5 by (—1)**v.
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Example of Low-pass filters for image denoising
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Examples for high-pass filtering for feature extraction
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Image deblurring in the frequency domain:

Mathematical formulation of image blurring
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