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Abstract-Our goal in this papcr is to develop a study 
about how Cartesian coordinate optical filter acts in 
frequency. We use coherent illumination and wc begin 
from the amplitude transfer function which is the optical 
transfer function of filter in this case of illumination. We 
define different t>'pe of filter LPF, HPF and BPF in 
Cartesian coordinate 2D and 3D then we pass an image 
trough this filter and wc see the filter effect on final 
image function of filter dimension which we used. For 
this we use an algorithm in three steps: we compute 
Fourier transform of an image, then we multiply this 
with filter transfer function then we make inverse 
Fourier transform on result. 

INTRODUCTION 

To develop our study we shall recall what is an optical 
filter? 
An optical filter is a 4 f teiecentric system; this is an 
aligned system consisting of an input image, first lens, 
Fourier plane, second lens and output image like in 
the Fig. 1 

Lwi» I 

Fig. 1 4f system 

The aim o f lens in such a system is as fallow: lens 
have property o f making Fourier transform in optics. 
If in the Fourier plane we put an aperture (let say for 
the beginning an arbitrary aperture) then we will have 
an optical filter like in the Fig. 3 where we can see the 
difference between filtered image and original image: 

lî ^ " 

1 . 

Fig. 2 optical filter 

RESULTS OF SIMULATION 

In the case o f coherent illumination which we use in 
this paper the amplitude transfer function (see bibi.9) 
is the filter transfer function. By coherent illumination 
here we understand parai lei light (Fraunhofer 
diffraction). 

Frequency domain method 

Let g(x,y) be an image formed by the convolution of 
an image f(x,y) and a linear, position invariant 
operator h(x,y) so we have g(x,y)^h(x,y)'*f(x,yj: then 
in the frequency domain we will have: 
G(u,v)=H(u,\>)F(uy); 
H(uy) is optical transfer function and G, H, F are 
Fourier transforms of g, h, f . 
Our goal after we compute F(u,v) is to select H(uy) 

so that the desired image g(x,y)='F'^ [H(u,v)F(u,v)J to 
have some new feature o^f(x,y). 
So in Cartesian coordinate we will defme LPF, HPF 

and BPF. 

LPF Low pass filter 

A low pass filter has a transfer function like this: 

H(u,v)= 
[1 if D{u,v) <D, 

Io if Diu^v) >D, 
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DQ is a specific nonnegative quantity and D(u,v) is 
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the d i s t a n c e f r o m H ( l i .v ) to ibe o r ig in o f f r equencv 
p lane T h e pcnnt o f t rans i t ion b e t u e e n 1 to O is ca l l ed 

{hc c u t o f f I r e q u e n c ) : he re cu to tT f r equencv is D . 

\ \ c h a v e the l PF 2 D r e p r e s e n t a t i o n in Fig. 3 and 3 D 
l e p r e s e n t a t i o n m Fig. 4 

Fig 3 f i l tcr t r a n s f e r f u n c t i o n 2 D 

LPF have the next cha rac t e r i s t i c s : h igh f r equencv 
r educ t ion hut the> rnake blur , no i se r e d u c t i o n b e c a u s e 
noise IS ins ta l led at h igh f r e q u e n c > . 
K e x t we will -^tudy h o w L P F ac t s for d i f f e r e n t c u t o f f 
f r equencv for an i m a g e vvith 2 5 6 x 2 5 6 d i m e n s i o n s v\e 
wH! usc the next c u t o f f d i m e n s i o n ; 128x128 . 8 0 x 8 0 . 
and 4 0 x 4 0 l~he result is i l lus t ra ted Fig. 5 

F ie 4 nUer t r a n s f e r f u n c t i o n 3 D 

50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 

50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 

50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 

Fig 5 The grapnics p resen t the s a m e in iage t l l tered wi th f i l ters h a v n i g d i f f e r e n t cutofT; as the c u t o f f f r e q u e n c v 
dec rea^e w e \m11 h a v e m o r e b lur on the i m a g e and osc i l l a t ion . O s c i l l a t i o n s a r o u n d i m a g e are c a u s e d bv 
t rans i to ry r e g i m e p a s s m g f r o m 1 to 0. 

HPF high pass fdter 
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A H P F has i n w r s e proport i e s Iike l PF. aiui is d e l l n e d 

likc 11P1-- 1-1 PI- u l i i c h w o can w n t e l ike ihis; 

/ / D i : / , ^ ) 

[1 if D ( / / , v ) > A")̂ , 

O is c u i o î T iVcquciK N 

rcpresciital ioM iii l ' ig 

MIM h a s i h c n e \ i c h a r a c i c i i s Ik ^ b l o c k Nns 
î r cque iKN aiul Ici lo pa.^s h i g h h\ . 'quciKN A^ clTc^i ii 
o i i h a n c c s IIK' IUMSC, r c J u c o s haMc ch-ai actoi islic > ol j n 
i n u i g c «ind is l i s l ' J Io : c^l^'e J c i c c i u > i i s N c \ l w c wiW 
sUuIn UOW I IPI" a c l s l o r d i l l c r o i i i c u l o H Ioi 
an i i n a g c \miIi diinciiMOMi-^ \ s i l l usc iIk-

n o \ i c u i o l f d i n i c i i s i o i i i 2 8 \ i : S . 8 0 x 8 0 . a u d 4 ( K 4 0 
I 'hc r e s u l t is i l l u s n a i c d in i m S 

F i e 6 f i l ter i r a n s f c r f u n c i i o i i 2 D 

u i h the 2 D i v p r e s e n t a t i o n iii Fig O and 3 0 

i i g . 7 î i l l c r i r a n s l e r l u n c l i o n 3 D 

5 0 100 150 2 0 0 2 5 0 
2 5 0 l _ . _ 

5 0 1 0 0 150 2 0 0 2 5 0 50 100 150 2 0 0 2 5 0 

5 0 100 150 2 0 0 2 5 0 5 0 100 150 2 0 0 2 5 0 
j 

5 0 100 150 2 0 0 2 5 0 

5 0 100 150 2 0 0 2 5 0 50 1 0 0 150 2 0 0 2 5 0 

im&iM r] 

50 100 150 2 0 0 2 5 0 

Fig. 8 the g r a p h i c s p r e s e n l the s a m e i m a g e f i l t ered w i t h f i h e r s h a v i n g ditTercnt cutotT, as the cuto lT tVequencN 
n i c r e a s e vve w i l l h a v e e d g e d e t e c t i o n m o r e p r o n o u n c e d o n the i m a g e and o s c i l l a t i o n . O s c i l h u i o n s around m i a g e 
are c a u s e d bv trans i lo i> r e g i m e p a s s j n g f rom 1 to O 

BPF high passfiîîer 

A BPi- is d e t i n e d l ike diCference b c i w c c n t w o l . P F 
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u i i h dilTereni cu tof tMrequencv B P F - H 1 ( u , v ) - H 2 ( u . \ ) 

H ( u . \ 
; 0 

1 

O 

lî 

IJ 

iî 

if 

D{u.v) 

D{u,v) 

> A . . 

> D , , 

\Mih ihe 2D representa t ion 
rcpresentai ioi i in Fig 10 

Ii acis like a med ian fil ter and has the charac ter i s l ics 
ihat we can reduce noise wi ihout b l u n i n g image and 
\ve can cheep edge charac ter i s l ics Nexr we will siudy 
h o w BPF acis lor d i f fe ren t cu io f f t r equency for an 
miage u i i h 256x256 d i m e n s i o n s we will use ihree 
Windows NMlh d imens ions : 4 0 x 2 2 0 , 100x160, 4 0 x 2 2 0 
lor firsi L P F and oiher three d i t fe ren i w indows wiih 
d imens ions 80x180 , 100x160 , 125x135 for second 
filier as in Fig. 11 

in Fig 9 and 3D 

Fi>Z ^ filter t ransfer funct ion 2D Fi2. 10 fil ier t ransfer func t ion 3D 

50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 

Fig I 1 ihe g raphics preseni ihe same image f ihered with fil iers hav ing d i f fe ren t d imens ions . It keeps speci f ic 
cha rac iens t i c s of L P F and H P F and is a media tor filter be iween this two filter 
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CONCLUSION 

This paper tries to distinguish with concrete example 
basic characteristics of LPF, HPF and BPF in 
Cartesian coordinate. These filters are ideals because 
are defined like 1 and O but they play an important 
role because they describe how an image is flltered in 
low, high and medium spaţial frequency domain. 
Because ideal character of this filter we observe 
oscillation around image, oscillation specific 
transitory regime. There are other optical filters like 
Gaussian, Hamming, and Butterworth which have a 
better transitory regime. Optical fiiter in Cartesian 
coordinate are very important in Optical Fourier 
signal and image processing. 
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