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Space and frequency analyze of an LSI optical system with 
different input signals 

T o a d e r e F l o r i n ' 

Abstract-Our goal in this paper is to develop a calculus 
algorithm beginning from Optical Fourier Transform 
and then to generalize to optical linear shift invariant 
systems. \Vc bcgin from thc premise that an optical 
system can be seen like a black box with an input and an 
output. Our system property analyze can be made in 
space with the help of convolution and in frequency by 
multiplying specters, these operation are 
complementarily. Optica! system also can be seen from 
the perspective of components which is made. So in our 
example we choose components which can made Optical 
Fourier Transform: a square aperture and a convergent 
lens. 

INTRODUCTION 

We consider an optical system which is characterized 
by input signal x f u ^ ^ u ^ ) and output signal 

y f u ^ A i ^ ) . We will find a relation between input 

signal and output signal by the means of system 
impulse response and transfer function. In optics we 
utilize linear shift invariant systems. By linear optical 
systems we understand that the system has a linear 
relation between input signal and output signals by the 
relation: 

a F [ a x , ( (1) 

If at the input we apply a 2D optic impulse 

- / i p W j "">^2) output image will be 

called system response to optical impulse with the 

notation / / (w, , 5/^1/^2) ^ ^ ^^^^ ^^^ 

relation; 

F l S { u , - / i , W2 (2) 

The system is linear shift invariant if system response 
to optical impulse is independent of impulse input 
position or more clearly an input impulse variation 
produce the same variation at the output. 

F[S{u, -Mi^z -M2)]=Ku^ -Mi) 

Knowing the impulse system response we can 
calculate in space with convolution relation between 
input and output signals: 

y( " p " 2 ) = J ' - ; " 2 -

(4) 
If in (4) we apply Fourier Transform then we will 

have Y( 0)^,0) 2) =X( <y,, ) ^ 2 ) 

input spectrum (5) 

, ^2 ) e x p [ - y (^y^ w, + co^u, )]du,du^ 

frequency response (6) 
In conclusion convolution in space is: 

(7) 

And equivalently in spaţial frequency by the means of 
Fourier transform we have: 

(8) 

In optical linear systems (7) and (8) can be 
generalized: 

(10) 
In conformity with result in eq.9 and eq.îO we will 
make a simulation of an optical system made by a 
square aperture and a convergent lens. 

FIRST EXAMPLE 

In table 1 we will se mathematical relation in parallel 
for the two situations. We have as input signal a 
harmonicallv plane wave. Results are presented in 
Fig. 1 
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sp.Jiial IrcLiuencv dimension. 
SECONL) E X A M P L E 

\Ve \ m I 1 make a inore complex analysis uith thc help 
of an optical binan' signal, made h\ the ncxi opiical 
l-^ouner srring; 
A(\,> )=[siiHx)^sin(3\)/3+sin(5\)/5-sin(7\);7] 

[sin(N )+sin{\ V3^-sin(5> )/5^siiu7> )-7] 

This rneans ihai we have al the input 16 harmonics 
plan waves and equivaienl spectrum consisting in 64 
poinis. The rest of the calculus is in conformily uilh 
situaiion in Table 1 
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I ig 2 The firsi column present analyses in space domain, on the x and y axes we have spaţial dimensions The 
second column present irequenc) domain analyses on x and \ a.\es we have spaţial tVequenc> dmiension 

ÎMI THiIRD EXAMPLF 
harmonicall> plane wa\ es of diverse spatia! îTequenc> 

Wc ha\c ds inpui signal an image. It is know ihat an and the spectrum will be a sum of points with random 
iinage can be decomposed in a very large number of distributions m spaţial frequency domam as in Fig 3 
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Fig. 3 The first c o l u m n presen l ana l y se s in space don ia in , on ihe x and > axes vsc havc spai ia l d i n i en s i on s The 

second c o l u m n present f requencv don i a i n ana l> se s on x and y a.xcb wc l iave spai ia l freqiicncv d i n i c n s i o n 

C O N C L U S I O N 

In this paper we Iry to de ve l op a ca l cu lu s a J gon i hn i 

\oi an op i i ca l l inear sh i f l invar iant sy s tem. made b> 

opi ica l c o m p o n e n t w h i c h can make op i ica l F o u n e r 

i r a n s t bnn W e lr>' to have a g loba l v i e w o f thc p rocess 

both in space and f requency in spaţial don i a i n 

ana lyze we ob se r ve ihat after we c o n s o l v e an in iagc 

w i i h an aperture the i m a g e change space pos i t ion, 

withoLit d i s l o n i o n . C o n v e r g e n t lens reduces s i gna l s 

but p roducc no i se In frequoncN ana l>zc wc o b s e i v c 

ihat inpui s ignal spcctrun i is made b> A po ints thcn (?A 

points iuid f inal i) h o r n a \ c r \ large nun iber 

spec t i um is nui l t ip l ied with t ians îer l unct ion and as 

result we h a \ e the same n u m b e r o f s amp le but other 

anipl i tude and lunct ion ol their spaţial pos i t ion lons 

let to pas^ on l \ thal c o m p o n e n t thai iniersect lens 

( l o w iVequency c o m p o n e n t s ) 
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