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Low pass Filtering - I

Ideal LPF:

Iffir: ) LM w)

- i

L3, ]

sanaadaaad

a h

FIGURE 241 1 Tesl pondern af sies RS = oSk pisala and (h s Fourier speoeiruam. The
spceiren i akouble e imapy sios Uue i pradkding ol is shaovens o bl s e s e i fils
I fae page, The supecinpassd cucles have padi squal do 14 4l 160, el S0l wich
respect oo the full srs spectram imape, These radil ercloss $700 9507927, 970 and
A9.23 ol the paddod imape v, respeclively,



. L 1Y r

L R N e
= '.. -I‘-
5 -d-'\-

.' .

5' e

aaaﬂaﬂﬂ.ﬂ.

-\.l.'\l

il

Ay

Low pass Filtering - IT
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Butterworth LPF

1
1+[D(u,v)/ D,]*"

Hu,v)= D,: cutoff freq.

Where, D(u,v)= [(u —P/2) +(v— Q/z)z]]/2

e =

i, )

4 h oo

FIGURE 4.44 (a) Porspoctive plot of a Burmcrworth Jowpass-filter transfer funerlon, (b) Filter displayed as an
imere. (o) iller radial cross seclions ol orders | throoeh 4.



Gaussian LPF
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FIGURE 4.47 {a) Perspective plot of & GLPF transfer funeton. {b) Filter displaved as an image. (@) Fiiter
CuuiLil CT o 5eCl1ons [oT virlous valugs ol Oy,

TABLE 4.4
Lowpass filters, £ 18 the cutolf frequency and # is the order of the Butterworth filter,

Ideal Butterworth Ganssian

f ] il D(w, v) = Dy ) = 1
Hiew) {n it Du, v) = Iy Hew =13 [ Dt v)/ D] >

Hin, v) = ¢ Dwey2i




High pass Filter - I
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FIGURE 4.32 "lop row: Perspeciive plol, image represenbolion, aod oroes seclion ol o vpical ideal highpass
Filter. Middle and bottom roes: The same sequence for typical Botteraorth and Craussian lughpass filers,



High pass Filter - IT

Ideal Butterworth Gaussian

S

TABLE 4.5
[lighpass filters £, 15 the cutoft frequency and s is the order of the Butterworth filter,
[deal Butterworth Catpssian
[1 it D, ey = 0, ]
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High pass Filtering & Thresholding

For image enhancement:

abeg

FIGURE 4.57 (1) Thumb print. (b} Result of highpass hOllering (a). ic) Result of
threshoelding (b (Ongmal image courtesy of the ULS, National Insttote of Standards
and Technology. )



Band Reject Filter

TARLE 4.6
Bandreject filters. Woas the width of the hand, F1is the distance [, ») from the center of the filter, £y is the
culoll requency, and » 15 the order of the Butlerworth filter. We show IV instead of IMu, ©) Lo simplily the

notation im the tahle,

Lileal Butterworth Canssian
w W' Hiw ) = :
it Lx = fr= [} e ] Zn v 2
Hiw, vy = SR b2 L[ pw HiLw) — 1 — oo
| otherwise e — n;—’l

Band Reject

Band Pass




I'mage Degradation / Restoration

Degradation

fle.y)— > function

i

Restoration -
filter(s) Flx.v)

‘ DEGRADATION ‘ RESTORATION ‘

Freq. Domain: G(u,v)=Hu,v)F(u,v)+ N(u,v)

10



Noise Models: PDFs
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FIGURE 3.2 Somc important probability density functions.

Think about the equations!



Noise Models: Example - I
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FIGURE 5.4 Imagcs and histograms resulting from adding Gavssian, Rayleigh, and gamma noise to the image 12
in kg



Noise Models: Example - IT

salu & Pepper

Expooenlial Llnilcrm
2 h i
ik |
FIGURE 5.4 /Conrimied) Images and histograms resulting trom adding exponential, unitorm, and salt and
13

pepper noese Wy the image in Fg. 5.



Periodic Noise

Spatially dependent noise — sinusoidal noise

Impulses

a
b

FIGURE 5.5

(a} Inams
cartwpted by
sinusosickal nesise.
() Bpectum
(coch pair of
Lol
irprulacy
colreapoands t
e sine wave),
{Ciriginal image
courtesy of
NARAL

14



Restoration in Presence of
Noise Only - T

Spatial: g(x,y)=f(x,y)+n(x,y)
Frequency: G(u,v)=F(u,v)+ N(u,v)
Arithmetic Mean Filter:

C ted 1
A 1 / orrupted image
fOu)=— D g(s.1)

Mn s pes,,

Filter size

Geometric Mean Filter: |

f(x,y)= { [1sGs. r)}

(s,0)€S,,
15



Restoration in Presence of
Noise Only - IT

Harmonic mean filter: 7y )= "™

Z 1

(5.1)€S,, g(s,?)

Works well for salt noise, but fails for
pepper noise.

D g(s, 0"

(5.0)€S,,

Contra harmonic mean filter:  f(x,») = S g(5.1)°

(s,t)eSxy
Q: Order of the filter.
Q = 0: arithmetic mean; Q = -1: harmonic mean.

Q = +ve: eliminates pepper noise; Q = -ve: eliminates salt noise.

16



Restoration in Presence of
Noise Only - l:xample 1

ab
cd

FIGURE 5.7

{a) X-ray image.
{b) Image
corrupted by
addivive Caussian
noise, (¢) Result
ol lillering with
an arithmetic
mean e of siee
3 % 2, (d) Result
of lillering wilth a
Feometric mean
Mler of the same
SI7C,

{:ﬂriginal iMe
courtesy of Mr.
Joseph E.
Pascente, Lixi,
Inc.)

Malitataln

ol e e e )
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Restoration in Presence of
Noise Only - Example 2

4 b
g

FIGURE 5.8

(a) Tmage
corrupted by
peppel noise with
f probability ol
(.1.{h) Tmage
corrupted by salt
noise with the
same probabilicy,
{c) Result of
filtering {a) with a
3 = Jcontra-
harmonie filter of
order 1.5,

{d) Resull of
filtering (b) with

= 15
E. Aita




Contra Harmonic Filter: Q

Effect of wrong sign of Q:

ab

FIGURE 5.9
Fesults of select-
ing the wrong sign
in contraharmonic
biltering,

(a) Result of
tiltering

Fig. 3.8(a) with a
contraharmonic
filter of size 3 = 3
(b) Result of
filtering 5.8(b)
with@ = 1.5.

19



Order Statistic Filters

Median filter:  f(x,y) = median{g(s,)}

(s,0)eS,,

Max and min filter:

T

Midpoint filter:  f(x, ) =5[(m)ax {g(s,0}+ min {g(s,t)}}

$,1)ES,,

1
gr (SD t)
mn—d (5,0)€S,,

Alpha-trimmed mean filter: f(x,))=

Delete the d/2 lowest and the d/2 highest intensity values from g(s.t).

The remaining mn — dpixels are in g(s,t).

20



Median Filters

i h
o d

HGURE 5.10

(n) Image
cottupted by sali-
oncl-pepper noise
wilh prohabilities
=8 =10l
(h Besult ol one
prass wilh a
mieclizn Tilber ol
T B

(el Result of
prcscessing b
wilh Lhi= NilLer.
() Besult of
prrowessing (o]
wilth the samc

filter,

One pass

Two passes Three passes

21



a b

FIGURE 5.11

(a) Result of
filtering

Fig. 5.8(a) with a
max filter of size
3 = 3. (b) Resull
of filtering 5.8(b)
with a min filter
of the same size.

Max & Min Filters

Pepper noise: Max filter

Salt noise: Min filter

il

22



Filter Effect on Two Types of Noise

-*j}“' Wiy e & &8 b ab

FIGURE 5.12

(a) Image
corTupted

by additive
uniform noise.
(b) Image
additionally
corrupted by
additive salt-and-
pepper noise,
Image (b) filtered
witha 5 = 5,

(c) arithmetic
mean filter:

(d) geometric
mean filter;

(e) median filter;
and (f) alpha-
trimmed mean
filter with d = 5.

23




Adaptive Filters

2
O »n

f(x,y) = g(x, 1)~ —[g(x,y)—m, ]

2
O L

If noise (overall) variance = 0, return g(x.,y).

If local noise variance >> overall noise variance,
return a value close to g(x.,y).

If two variances are equal, return local arithmetic
mean.

24
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FIGURE 5.13

{a) Image
corrupted by
addiinve Guussinn
noise of xero
mein and
varianee 100,

) Result of
arithmetic mean
filtering.

(e) Result of
Foometric mean
Mlering.

{d) Result of
adaplive noase
reduct on
filtering, All filters
were ol slee

EE

Adaptive Filters:
Example

Self study:
adaptive
median
filter
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