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Smoothing frequency domain filters

Ideal Lowpass Filter (ILPE)

ILPT 15 the simplest lowpass filter that “cuts off ™ all lngh frequency
components of the DET that a1e at a distance greater than a specified

distance [, from the ongin of the {centered) transform.
The transfer fiuinchon of this filter 1=:

1 f.f Dl:“r |-"-::' <Dy
Hiu,v) = [
Q if Dlu,v) =D,

where I, is the cutoff frequency, and Diw, v} = i — M7Z7 + (6 — NJ2P
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Figuore £.1 () ILPF mansder foncton. (b)) ILPF 25 & image. (o) ILPF radial cross section

The ITPF indicates that zll frequencies 1nside 2 arcle of radius I, are
passed with no attepuabon, whereas all frequencies cutside thas crcle are
completely attermated

The mext figme shows a zray 1mage with s Founer spectrum. The arcles
supermmposed on the spechwm represant cufoff frequencies 5, 15, 30, 80
and 2 3.
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Figure 8.2 (3) Original imags. (b) &3 Fourier spectrum

The figure below shows the results of zpplying ILPF wath the previous
cutoff frequencies.
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Figure 8.3 (3) Oniginal mags. (b) - (£) Results of ILPF with cutoF fequencies 3, 15, 30, 80,
and 230 respectuvely.
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We can see the following effects of ILPF:
1. Blurmng effect which decreases as the cutoff frequency increases.
2. Ringing effect which becomes finer (1.e. decreases) as the cutoff
frequency increases.

Butterworth Lowpass Filter (BLPF)
The BILPF of order » and wath cutoff frequency at a distance Dy from the
ongnis definad as:
1
1+ [D(w, v)/Dp)?"

MNiw, r| a, vy

H(u,v) =
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Figare £.4 (2) BLPF tansfer functon. (b) BLPT 2: an muags. () BLPF radial cross secton
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Unlike IT PF. the BLPF transfer function does not have a sharp transition
that establishes a clear cutoff between passed and filtered fiequencies.
Instead. BLPF has a smooth transition between low and high frequencies.

The figure below shows the results of applying BLPF of order 2 wath the

same previous cutoff frequencies.
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Figure 8.5 (3) Criginal image. (b) - (f) Results oI BLPF of order 2 = 2 with cuteff frequeacies
5, 15, 30, 80, and 230 respectvely.

We can see the following effects of BLPF compared to ILPE:

1- Smooth transition in blumng as a funchon of increasing cutoff
frequency.

2- No nnzing 15 visible becausze of the smooth transition between low
and high frequencies.

3- BLPF of order 1 has no nnzmingz Ringing 15 impercephble m BLPF
of order 2, but can become siznificant in BLPT of lngher order as
shown m the figure below.
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Figure 8.4 (a) Reenkt of BLPF with order 3. {b) BLPF of order 3. (¢} Reenkt of BLPF with
arder 20. (d) BLPF of erdar 20. (cutof freqoency 30 in both cases).

BLFF 15 the preferred choice in cases where the fight control of the
transition between low and high frecuencies are needed. However, the
s1de effect of thas control 15 the pessibility of nnaine.

Gaussian Lowpass Filter (GLPT)
The GLPF wath cutoff frequency D 15 defined as:

H(u,v) = g~ D" (u#)/204"
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Figuru B.7 (a) CLPT transfer function. (b) GLPF as an imagx. (c) CLPF radial cross section

Unlike ITPF, the GLPF transfer fimetion does not have a sharp transiion
that establizhes a clear cutoff between passed and filtered flequencies.
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Instead. GLPT has z smooth transihion between low and ligh frequencies.
The figure below shows the results of zpplyving GLFPF.
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Figure §.8 (2) Crigmal imags. (0) - (f) Results of GLPF with cutoff frequenciss 3, 15, 30, 80,

and 230 respecuvely.



Dr.faryal Althefary [mage Processing Lecture 3

VWe can see the following effects of GLFF:
1. Smooth transtion m blumng a5 a fimchon of increasing cutoff
2. GLPF did not achieve z= much smoothms as BIPF of order 2 for
the same cutoff frequency.
3. Nonngmng effoct. This 15 important 1in siuzhons (e.g medical
mmzpng} where any type of arifact 15 not acceptable.

smoothmg (lowpass) filtenng 1= u=efial 1n many apphications. For
exzmple, GLPF can be used to bridge small zaps m broken characters by
blumng 1t 2= shown 1o the fizre balow, This 1s useful for automatic
character recogmtbon system.

Histarically, certain compuber Histaricaliy, certain computer
programs wanz wrikben using programs were writken wsing
only bwo digles rather than only twao digits rather than
faur to define the applicable four to define the applicable
yvear. Accordingly, the year. Accardingly, the
campany's software may company's software may
r|=i:|:l|;|ni:|:e i dabe ||=-ing "o rr_llcggnifg a date uging "o
B35 1900 rather Lhan the yega as 1900 rather than the y&gr
2000. — 2000, —

— & —ed
(=) il
Figure 9 {a) Text of poor resobntion . (b} Fesul of applyineg GLPF with cotefE=E0 oo {a)

LPF camn also be used for cosmetic processing prnor to pnnims and
publizhing as shown 1o the next izme.
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(2) (o)
Figure §.10 (2) Criginal mage. (b) Result of fikermg using GLPF with cutoff=80



Dir.feryal Althefery [mage Processing Lecture 3

Sharpening frequency domain filters
Edzes and sudden changes 1n grav levels am associated wath hagh
fiequencies. Thus to enhance and sharpen sigmificant detanls we need to
wse hizhpass filters 1o the frequency doman
For anv lowpass filter there 15 a ghpass filter:

Hyp (2 v) = 1 — Hyp (1, 1)

Ideal Highpaszs Filter (IHPF)
The THPF cuts off zll low fiequencies of the DFT buf maintain the kagh
ones that are within a certamm distanes from the canter of the DFT.

1 if Dlw, v} > Dy
Hiu,v) = [
a if Dlw, ) < Dy

where I}, 1s the cutoff frequency, and D, v} = i — M2 + (v — N2
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Figurg £.11 {2} IHPF fmansfer functon. (k) FIPF as an imagw. () [HPF radizl cxoss secton

The [HFPF sets to zero zll frequences inmide a crele of radins Dy while
passing, without attenuation, all fiequencies outside the corele.

The pext fipnie shows the results of applving ITHPF wath cutoff
fiequencies 15, 30, and 80.
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Figurs 8.12 (a) Original image. (b) - (@) Results of [FEPF with cuteff frequencies 15, 30, and
80 respectnely.

We can see the following effects of THPF:
1. Ringing effect.
2. Edge distortion (1.e. distorted. thickened object boundanes).
Both effects are decreased as the cutoff frequency mereases.
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Butterworth Hizhpass Filter (BHPT)
The transfer funchon of BHPF of order nr and wath cutoff frequency at
distance Ik, 1= defined a=

1

Hi{u,v) =

1+ [Dp /D (e, w)]2"

I, 1
[ ]
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(a) L) ()
Figurw .13 (2) BHFF trazsdfer functica. {b) BHPF as an image. () BPF radial cross section

The figure below shows the results of applying BHEF wath cutoff
fiequencies 135, 30 and 30,
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Figure £.14 (2) Cmiginal mage. (b) - (d) Resuks of BEPT wid cutoff fegquencies 15, 30, and

30 respectuvely.

We can clearly see the following effacts of BHPF:
1- BHPF behaves smoother than IHPF.

2- The boundanes are nmch less distorted than that of IHPF. even for

the smallest value of cutoff frequency.

Gauszian Highpass Filter (GHPF)

The Gaussian Highpass Filter (GHPT) with cutoff frequency at distance

D15 defined as:

H(N, L‘) — l S e—D-—'{u.;-).‘.-:D“_.:

(2) ®

()

Figure 8.15 (3) GHPF traxnsior fancdon. (o) GHPF as an image. (c) GEHPF radial cross secton
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The figure below shows the results of applying GHPT wath cuteff
fiequencies 15, 30 and 34.
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Fignre B.1& (a) Dr'.;i:.EJ:r_'agi. () - {d} Results of GEHPF with ELL'.DEdﬁ:iIII:Ili.IJEiIH 13, 30, and
B respactvely.
The effects of GHFPT are:
1. Nonnmng effect.
2. Less edee distorhon
3. The results are smoother than those obtained by IHPE and BHPE.



