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Image Enhancement in the Frequency Domain

* The firequency content of an mmage refers to the rate at whach the
gray levels change 1o the mage.

F Fapidly chanmns bnghiness valies cormmespond to lugh frequency
terms, slowly changmz bnghtness values comespond to lowr

# The Founer transfomm 15 a mathematical tool that analyses a signal
(e.Z. mmages) 1nto 1ts spectal components depending on 1t
wavelength (1.6 frequency content).

2D Discrete Fourier Transform
The DET of a dimtized fimchon fx,3) (Le. an 1mage) 15 defined as:
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The phasze angle (phase spectrum) of the transform 1s:
I{u,v)

(u, v)
Note that, F(0.0) = the average value of fixy) and 1s referred to as the de
component of the spectrum.
It is 2 common practice to mmitiply the image fx.v) by (-1)*7. In this
case, the DFT of (f{x.¥)(-1)""") has its onzin located at the centre of the
mmage. 1e. at (wv) = (AL2N2).

02, v) = tan™*

The figure below shows a gray image and its centered Fourler spectrum.

(®)
Figare 7.1 (2) Gray magze. (®) Centersd Fourier spectam of (a)
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The onzinal image contains two principal features: edges nin
approximately at =45°_
The Founer spectrum shows promunent components in the same

Phase spectrum
Phase data contains mformation zbout where objects are in the image. 1.

{c) Ceatrast enhanced version of Image (b) to show detail
Figure 7.2 Phaze spectram
Founer transform does not provide simmltaneocusly frequency as well as
i1 inf S
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Imverse 2D-DET

After perforoung the Fourner transform, 1if we want to comrart the 1mage
from the frequency domam back to the ongrnal spafial domam we apply
the imverse fransform. The mverse ZD-DIFT 1= defined as:
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where x=01...., M- and »=0,1...., N-I.

Freguency domain vz, Spatial domain

Freguency domain Spatial domain
1. | 15 resulfed froms Founer 15 resulted from sampling and
tran=form quanfrzaton
2.  refers to the space defined by | refers to the 11nage plane 1iself,
values of the Founer 1.2, the total mumber of prxals
transform and 1ts frequency | composing an 1mmage, each has
warables (a7} spahal coordmates (x,17)

3. | has complex quanhhes has mteger guanfities
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Filtering in the Frequency Domain
Filtenmgz in the frequency domain aims to erhance an 1mage through
meodifying 1ts DET. Thuas, there 15 a need for an appropriate filter funchon
Hiwv).
The filtennsz of zn 1magze Hx, ) works 1o 4 steps:

1. Compute the centered DFT, Flu, w) = 3{(—1 ¥z, v))

2. Compute Glwv) = F{u, v)H{uw v).

3. Compute the inverse DFT of G, 37 (G (w, ).

4. Ohtain the real part of I 1 (G(w,+)).

3. Compute the filtered image glx, v) = (—1 PRI {Gwv) ).
renerzlly, the mverse DFT 15 2 complex-valuad functon. However, when
Jtx) 15 rezal then the mnagmary pairt of the mverse DFT vamshes. Thos,
for 1mazes step 4, above, does pot apphy.
The firure balow illustrates the filtering 10 the frequency domarn
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Figure 7.3 Bauic steps for Alteno g in the fequency demain
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Low-pass and High-pass filtering
* [ow frequencies in the DFT spectum comespond to 1mage values
over smooth areas, while ngh frequencies comrespond to detailed
features such as edses & noise.
A filter that suppresses igh frequencies but allows low ones 15

called Low-pazs filter, while 3 filter that reduces low frequencies
and allows hizh ones 15 called High-pass filter.

* Examples of such filters are obtamed from circular Gaussian
funchons of 2 vanables:

l - o -
Hiu,v) = g LU+ a0 Low-pass filter

ﬂ..“.ﬂ.:ﬂ
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T

H{uw, ) = {1- Rt T "2] High-pass filter

The results of applying these two filters on the 1mage 1in Fizure 6.1(3) are
shown 1n the fipure belowr.

(2) Low-pass Elter fanctica (b) Bssult of lowpass Sltering
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{c) Highpasz: Slter Suncton

Figure 7.4 Low-pass: and High-pass Filtscmng

Low-pass filtenngz results 1in bhamnngs effects. while High-pass filtenngz
results 1n shaiper edges.

In the last example. the highpass Sltered im=ge has hittle smocoth sray-
level detail as 3 result of sething F(0.0) to O. This can be mmproved by
addings a constant to the filter. for example we add 0.735 to the previocus
hizhpass filter to obtzin the followinsz sharp imarge.

-

Figure 7.5 Rssult of highpaz: fiher modiSed by adding 0.75 to the Slter



