Frequency Domain Processing

Frequency domain processing
eHomomorphic filtering
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Recap: Fig 4.1
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FIGURE 4.1 Thc function at the botiom is the sum of the four functions above it
Fowrer's iden m TROT that periodac Tunctions could be represented as a weighted sum
of sanes and cosames was mel walh skeplicism.,

02/07/2002 Frequency Domain Processing



02/07/2002

M polnts ————

M poinis ————

x

T

An example: Fig 4.2
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Basic Scheme

Frequency domain filtering operation

: Filter Inverse
Fourier . . .
:'> o function Fourier
transform
H(uw, v) transform

Flu.v) H (e, v)F(u, v)

Post-
processing

Pre-
processing,

flx.y) g(x.y)
[nput Enhanced
image image

FIGURE 4.5 Basicsteps for filtering in the frequency domain.
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An image and its DFT: Fig 4.4
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FIGURE 4.4

(a) SEM image ol
a damaged
integrated circuwit,
(b} Fourier
spectrum of (a).
(Crriginal image
courtesy of Dr, 1L
M. Hudak,
Brockhouse
Institule for
Mlaterials
Research,
McMasier
Universily,
Hamilvon,
Crntario, Canada.)
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filtering
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FIGURE 4.7 (a) A two-dimensional lowpass filter function. {b) Result of lowpass filtering the image in Fig. 4.4(a).
(c) A two-dimensional highpass filter function. (d} Result of highpass filtering the image in Fig. 4.4{a).
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Ideal Low Pass Filter
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FIGURE 4.10 (a) Perspective plot of an ideal lowpass filter transfer function. (b) Filter displaved as an
image. (c) Filter radial cross section.
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An image: Fig 4.11

aaaaaaadd

ab

FIGURE 4.11 (a) An image of size 500 X 500 pixels and (b) its Fourier spectrum. The
superimposed circles have radn values of 5, 15, 30, 80, and 230, which enclose Y2.0,
Ud.6,96.4, 980, and 99.5% of the image power, respectivelv.
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LPF at different cut-off frequencies

Notice the oa s

“ringing”
in b-f.
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a b FIGURE 4.12 (a) Oniginal image. (b} Results of ideal lowpass filtering with cutoff
€ d frequencies set at radii values of 5, 15, 30, 80, and 230, as shown in Fig. 4.11{b}. The
e [ power removed by these filters was 8,54, 36, 2 and 0.3% of the total, respectively.



Butterworth LPF

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

() 1 if  D(u,v)< D, 1
H(u,v)= \
0 if Duv)>D,

LPF

D(u,v) = \/m (Circularly symmetric) P b(u,v)
H (u,v) Butterworth filter:
H(u,v) = :
D(U,V)/DO ’ 1+[D(u, V)/DO]ZH
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“Ringing”: Fig 4.13

G JUNNRNNARATRNATARMIRTRIRERIC
H '.
1
| |I .-"“-.l -
'| f\
BER
INETRY
1 ||' '|___|I
2 by ':I.IIIL".\.|'"_III.\]II|I_£ spabial

ab

cd

FIGURE 4.13 (a) A frequency-domain ILPF of radis 5

filter (mote the ringing). (¢} Five impulses in the spatial domain, simulating the values
'SSINg

T W :\.- 3 i B E
of five pixels {d} Convelution of () and (¢} in the spatial domain
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Butterworth filter: Fig 4.14
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FIGURE 4.14 (a) Perspective plot of a Butterworth lowpass filter transfer function. (b) Filter displayed as an
image. (¢) Filter radial cross sections of orders 1 through 4.
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LPF example again
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FIGURE .15 ia) Orkglnal Imssc

Compare wilh Fig. 4,12
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Resplts of fliering with BILPFs of order 2,
d ZH1, as showm in Mg, 4.01(b).
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Spatial representation of BWF
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FIGURE 4.16 (a)-(d) Spatial representation of BLPFs of order 1, 2,5, and 20, and corresponding gray-level
profiles through the center of the filters (all filters have a cutoff frequency of 5). Note that ringing increases
as a function of filter order.
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Gaussian LPF

Hiu, v) H(u, v)
? 1.0 !

0.667
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FIGURE 4.17 (a) Perspective plot of a GLPF transfer function. (b) Filter displayed as an image. (¢) Filter
radial cross sections for various values of D,.

H(u,v) =exp(—-D*(u,v)/20?)
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Filtering using GLPF
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FIGURE 4.19

(a) Sample text of
poor resolution
(note broken
characters in
magnified view).
(b} Result of
filtering with a
GLPF (broken
character
segments were
joined).
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Another example

Historicaliy, certain computer
pPrograms were written using
only two digits rather than
four to define the applicable
yaear. Accordingly, the
company's software may
recognize a date using 00"
as 1900 rather than the vEIr

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00"

as 1900 rather than t%r
2000.
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Frequency domain processing
HPF

-

HPF 0 if D@uv)<D,
Hu,v)=< .
1 1t Du,v)>D,

Butterworth filter:

1

Hu,v)= 1+[D, / D(u, V)]
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HPF: Fig 4.22
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FIGURE 4.27 Top row: Perspective plod, image representalion, and cross section of a typical idesl highpass

filter, Middle and hotiom rows: The same sequence for typical Butteraorth and Gaussinn highpeess filters
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Spatial representation of HPF
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FIGURE 4.23 Spatial representations of typical (a) ideal. (b) Butterworth, and (c¢) Gaussian frequency
domain highpass filters. and corresponding gray-level profiles.
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Ideal HPF
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FIGURE 4.24 Results of ideal highpass filtering the image in Fig. 4.11(a) with Dy = 15, 30, and 80,
respectively. Problems with ringing are quite evident in (a) and (b).
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BWF
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FIGURE 4.25 Results of highpass filtering the image in Fig. 4.11(a) using a BHPF of order 2 with D, = 15,
30, and 80, respectively. These results are much smoother than those obtained with an [LPFE.
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GHPF

R

FIGURE 4.26 Results of highpass filtering the image of Fig. 4.11(a) using a GHPF of order 2 with D, = 15,
30, and 80, respectively. Compare with Figs. 4.24 and 4.25.
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Homomorphic filtering

Consider f(x,y) = i(x,y). r(x,y)
/ N

llumination ~ Reflectance
Now [Kf(x,y)¥ U {i.r}
So cannot operate on individual components directly
Let z(x,y)=In f(x,y) =Ini(x,y) +Inr(x,y)
Hz(x,y)FE U {In#& U {Inr}
Z(u,v)=1+R; Let S(u,v)=HZ =HI +HR
s(x,y)=0"{HI+ O " {HR}
Let i'(x,y)=0O"{H} ; r'(x,y)=0"{HR}

Frequency Domain Processing
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Homomorphic filtering (contd.)

Us(x,y¥ ' +7r

g(x,y) =exp (s(x,))
=expi +expr'
— io (x9y) ro (x9y)

In practice: | — slowly varying => LF
r— fast varying => HF

— @
fx.y) 7 In —»| EXp | —»
X,y
. Eee @ g(x,y)

Inr

In |

—| LPF
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Homomorphic filtering (cont.)

FIGURE 4.31
- Homomorphic
- N A\ 1 r
flx, ¥) Et} In DFT Hu,v) (DFT) exp glx, ¥) filtering approach
for image

enhancement.

Hu,v) FIGURE 4.32
i Cross section of a
circularly

svmmetric filter
function. D{u, v)
Yl — 1s the distance
from the origin of
the centered
transform.

¥

D{u. v)
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FIGURE 4.33

(a) Original
image. (b) Image
processed by
homomorphic
filtering (note
details inside
shelter).
{(Stockham.)
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An example
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