AvaAuon Yonc ue Tpatrela PiAtpwyv

* H upn avamapioTaTal aT1ro TNV ATTOKPIoN
UIOG O€Ipa PIATPWYV TTOU £pappolovTal oTnv
EIKOVA

* Mia katnyopia QiATpwyv TToU epappolovTal
ouxva givai Ta @iAtpa Gabor
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Etmrecepyaoia eikdvag o€ TTOAAEC KAipakeg, Multi-scale image processing
‘EXEI TNV TTPOEAEUOT) TOU OTO YEYOVOG OTI...

To avBpwTtrivo cuoTnua 6pacng

human visual system (HVS) artroteAcital
atrd TTOAAATTAG wvodlaBaTd XwPIKA QiATpa
OUVTOVIOMEVA O€ DIAPOPETIKEG OUXVOTNTEG

( *’3 ‘ Multiple Spatial Frequency Channels
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(HVS) Human Visual System
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The HVS is extremely complex. Receptor cells on the back inner surface of
the eyeball pass electrical impulses through various nervous pathways to
the visual cortex.

In this part of the brain, various cells perform different types of processing
on the incoming signals. Hubel and Wiesel [2] deduced that simple cells are
sensitive to specific orientations with approximate bandwidths of 303.
Campbell and Kulikowski [3] carried this concept further and demonstrated
that humans have spatial frequency sensitivity as well as orientational
sensitivity. This led to a model that the HVS is made up of "a number of
independent detector mechanisms each preceded by a relatively narrow
band “filter &tuned' to a different frequency. Each “filter and detector would
constitute a separate &channel' 2[4], p. 564a. Experiments indicate that the
frequency bandwidth of simple cells in the visual cortex is about one octave
[5]. This HVS multi-channel “filtering model agrees with a popular generic
approach to signal decomposition, namely, wavelet analysis.
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The frequency spectrum of a Gaussian
function is also a Gaussian:
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Gaussian smoothing as a band-pass filter

When we smooth a function by convolving with a Gaussian function,
in the frequency domain we multiply the frequency spectra

G(w)
G(x)

v

BTN R AR S Fourier b e __._

Transform
I(x) ‘m - A@) | N
AN

G ‘m - G(0)A©)
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Gaussian smoothing has the effect of cutting off the high frequency
components of the frequency spectrum, F(a).

Because only a limited range of frequencies remains, this is called
band-pass filtering.

High pass filters eliminate low frequencies and leave high
frequencies.

Low pass filters eliminate high frequencies and leave the low
frequencies.
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Filtering with the Laplacian of a Gaussian at different spatial
scales is equivalent to band-pass filtering at different spatial
frequencies.

Wide Gaussian functions smooth a lot, for analysis on large
spatial scales. These result in a narrow band-pass filter for

low spatial frequencies.

Narrow Gaussian functions smooth a little, for analysis at
fine spatial scales. These result in a wide band-pass filter
which includes high spatial frequencies.
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Smoothing followed by differentiation leads to filters of different sizes
with a center-surround spatial structure, like the receptive fields of
Retinal Ganglion Cells ; Nl

sin(10x)

DeValois (and others)
proposed that V1 cells are
tuned to spatial
frequency.

V1 simple cells can be G(x)
modeled as Gabor filters.

A Gabor filter is the
product of a sinewave and
a gaussian.

sin(10x)G(x) & 4 EVIE T

.1'.[
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Fourier Transform of a Gabor Filter

The Fourier Transform of a Gabor filter i1s a localized set of
spatial frequencies.

Gabor filters are band-pass filters. They are tuned to spatial
frequency.

Fourier
+~— Transform

[
'
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Mia povodidoTaTtn ocuvaptnon Gabor givail Eva
MIyadIkd cuvnuIToviKG ohua (sine & cosine)
dlapopPwuévo atrd yia Gaussian repIBaGAAouca

o, N TUTTIKA a1ToKAIon TNG Gaussian - KaBopidel To XwPIKO EUPOG.
A, MAKOG KUPATOG TOU PIYyadIKoU CUVNUITOEIOOUG
211/\ , KaBopilel TNV ETTIAEYOPEVN XWPIKI ouXvOTNnTa

ks ke Ky

TugwartT
Figure 1: Gabor wavelets
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H piyadikn 2-D cuvdpTtnon Gabor kal o Fourier petaoxnuatiopdg TG YPAQOVTAl avTioToIXa

g(x,y)=¥exp —l X2 + y2 + 27 WX
2700, 2\ o0, o,
1| (uU=W)> v?
G(u,V) =expy —— +
(,Y) 2 o’ o

u Vv

W 1 cuyvotnto Tov GLVNTOVIKOD EMIMEGOV KOUOTOG KATE TO UNKOC TOL
X — d&ova,

G, KO O, glvan 1o yopikd evpog g Gaussian mepiPaAlovcag 6Tovg
adEovec X,Y , EVO

a =1/2rq o, =1/ 27my
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2D
Gabor filter
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OewpwvTtag ws uNTPIKG wavelet 1o g(X,y) TOTE TO CUVOAO TwV QIATPWYV TTPOKUTITEI ATTO
KATAAANAES aAAQYEG KAIHOKAG KAl TTEPIOTPOPEG TOU JECO TNG YEVVATPIAG CUVAPTNONG

O (X, Y) = "G(X,y), a>1, m,n = oxépotot

OT1TOU Ta M, N TTPO0dIoPICouV TNV KAiJaKa (scale) Kal Tov TTPoCavATONIOUO
(KaTEUOUVTIKOTNTA) TOU KUMOTIOIOU

X =a "(Xcos@+Yysind), Yy =a "(—Xxsind+Yycosh)

0=nm/K
0 cival n ywvia TepIoTpoPic Kail K gival 0 OuvoAIKOS apiBuOS Twy TTPOCAVATOANIC WY

QiATpa peE OTTOIOONTTOTE TTPOCAVATOAICUO NTTOPOUV VA TTPOKUWOUV PE TNV TTEPICTPOPI TOU
OUCTHMATOG TWV X-y GUVTETAYMEVWV

QIATPAPIOUA EVOG OUATOG KE QUTA TN CUVAPTNON PAG ETTITPETTEI TOV “TOTTIKG”
TTPOCOIOPICHO TNG CUXVOTNTOG
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H oxediaon tTwv @iATpwyv (filter bank) yivetar woTe va KAAUTITEI OAN TNV
d1a0<oiun TTeploxn ouxvoTATwy. O1 cuvapThoelc Gabor oxnuarilouv éva
TTANPEC aAAG N 0pBoywVvIo CUVOAO CUVAPTACEWYV PAcng.

*O1 ouvapTioeic Gabor TTapoucidalouv evOIaQEPOV OTO TTEDIO TWV
OUXVOTATWYV
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‘Eotw om U, kar Uh n xaunAdtepn Kai n uwnAdTePN QVTIOTOIXO KEVTPIKN OUXVOTNTA TTOU
evola@épel. 'Eotw K 0 aplBudg Twv KATEUBUVOEWV Twv QIATpWY Kal S o apiBudg Twv
OI0@OPETIKWYV KAIMAKWYV. H oxediaon Twv @iATpwy Gabor yivetal €101 WOTE Ol ATTOKPIOEIG

NUICEWG EUPOUG TWV PIATPWY VA EQATITOVTAI.
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Fig. 1. The contours indicate the half-peak magnitude of the filter re-
sponses in the Gabor filter dicticnary. The filter parameters used are
U,=04, U,=005 K=6,and S= 4.
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2D-Gabor Function

* |tis a Gaussian ‘
weighted sinusoid

* |tis used to model
Individual channels

« Each channel filters a
specific type of
texture

p = 45
* @ =120Hz
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Gaussian 0uUo OIaoTACEWV

n1,n2=64

n1,n2=64 ) , std1,std2=5
Std1,std2=10 AIa@OpPETIKNG dIaaTTOPAG

012 --~
014 --~
0084 --~
006 --~

0.04 - -~

0.02 --~

TR

40

function h = d2gauss(n1,std1,n2,std2,theta)
r=[cos(theta) -sin(theta);
sin(theta) cos(theta)];
fori=1:n2
forj=1:n1
u=r*[-(n1+1)/2i-(n2+1)/2];
h(i,j) = gauss(u(1),std1)*gauss(u(2),std2);
end
end
h = h / sgrt(sum(sum(h.*h)));
% Function "gauss.m":
function y = gauss(x,std)
y = exp(-x"2/(2*std”*2)) / (std*sqrt(2*pi));
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Odd Gabor filter
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Even Gabor filter
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MAeovekTApaTa @iATpwv Gabor
« AmAdTNTAQ,
* O BEATIOTOG KOIVOG XWPIKOG/OUXVOTIKOG EVTOTTIONOG Kal

*  HikavétnTa va €EOUOIWVEI TNV CUUTTEPIPOPG aTTAWY KUTTApwYV Tou Visual Cortex
QATTOPOVWVOVTAG CUXVOTNTEG KAl TIPOCAVATOAIOUOUG

O1 mAéov ouvnBiopéveg epapupoyEég TwV QiATpwy Gabor,
(i) avayvwpion-Tagivounon Kai

(i) TMNuaTtoTToinon
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Gabor Filters

IIT—Properties of Gabor filters

e Scale (frequency) and orientation
selectivity

e Achieve the lower boundary of the
uncertainty relationship

= Uncertainty principle: Ax - Aw = 1/477 Ay - Av = 1/47
=~ Oiher filters: Ax - A = 1/4 Ay - Av = 1/47

#~ Gabor fTilters: Ax - Au = 1/478 Ay - Av=1/47x

e Complete but non-orthogonal
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OpoI16TNG KAVOVTAG XProN TNG MECNG TIMAG TNG ATTOKPIONG PIATPWYV

1T 2 3 4 5 8

U L
o e

1 2 3 4 R &
orlentation
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