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ABSTRACT

Matched filtering of optical dynamic signals in the
form of truncated in time monochromatic radiation
isinvestigated. The expression of transmission func-
tion was obtained for optical network in the form of.
diffractional optical spectrum analyzer.

It was shown that transmission function of that net-
work is matched with complex spectrum of optical
dynamic signals in the form of truncated mono-
chromatic light oscillation, i.e. this spectrum ana
lyzer is matched filter for the signals of thiskind
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INTRODUCTION

Matched filtering of radio-signals is a well-
developed concept in radio engineering. However,
matched filtering methods are not widely used in op-
tical range. At the present time, as the optica range
is used for optical location and telecommunication,
the problems of optimal filtering of optical signalsin
the form of space-time wave packets (dynamics sig-
nals) becomes more and more topical.

This paper is devoted to the investigation of matched
filtering of dynamic signals in the optical range by
an optical four-pole network, similar to optical dif-
fractional spectrum analyzer.

The most important characteristics of a matched fil-
ter are its transmission function and pulse response,
i.e. a response to the & —function in time domain.
Within the frameworks of the radio-optics approach,
the transmission function of an optical network in
the form of optical diffractional spectrum analyzer
was obtained.

The pulse response of optical network was not dis-
cussed here, because this characteristic is very diffi-
cult to obtain in the optical range. Furthermore, in
the optical range both classical and quantum descrip-
tion of physical phenomena are used, and O — pulse
and hence the pulse response of optical network be-
comes difficult to interpret under such conditions.

LINEAR OPTICAL NETWORK

The optical network under study is a linear optical
system, including a grating, Fourier-lens and output
plane. The operation of optical network is described
in the Cartesian coordinates x, y, z .

The output plane of the grating is the same as the
front focal plane of the Fourier-lens, and the output

plane of the optical system is the same as the back
focal plane of the Fourier-lens. The grating is an
amplitude transparency, which transmission function
being expressed by the following relation:

T(x,) = Tyr(x,)(1 + mcosK, x,), @)

where T, is a constant.; m is the modulation coef-
ficient; x; isone of Cartesian coordinate of optical
system in the output plane of the grating; K isthe
grating’s space frequency;

H.|x|<0,5L

r(x;) =]
() F0, x| 2 0,5L,

where L is the aperture size of the optical system
and grating.

Three diffraction orders (maximums) are formed in
the back focal plane: a zero order, and two first
(principal) orders. The positions of principal orders
are determined by the parameters of optical system,
the frequency of incident light and, also by the space
frequency harmonic function written into the grat-
ing.

The Fourier-lens and two layers of free space com-
pose an optical coherent Fourier-processor, perform-
ing the spatial Fourier transformation [Ref. 1], the
kernel of this transformation being

@

Q(x,x,,0) =exp(ix,,x, /cF), (3)

where x, isone of Cartesian coordinates in the out-

put plane of the optical system; ) is the circular
frequency of light wave falling onto the grating in-
put plane; ¢ isthe speed of light; F' is the focal

distance of the lens; Wx, /cF = W, is the spatial
frequency.

TRANSMISSION FUNCTION OF OPTICAL
NETWORK

A transmission function of a linear optical network
is defined under the following conditions: the input
of this network is a plane monochromatic light
wave, falling normally onto grating, and the output
is light oscillations at the place where the first dif-
fraction order isformed.

E-083



EFTF’02 16" European Frequency and Time Forum

The plane light monochromatic wave, normally fal-
ling onto the grating input plane, is described by the
following expression:

e(ct —z) = E, expli(Wt — k'z)], (4)
where ¢ istime; z isthe direction of wave propaga
tion; E, is the amplitude; &' = w /¢ is the wave
number (¢ isthe speed of light).

Light oscillations in the grating output plane may be
written as

e (t,x,z)) = E, Tyr(x;) 0 -
{1 + mcosK, x,)exp[i(wyi — k'z))],

where z; is the Cartesian coordinate of the grating

output plane.
Because the grating output plane coincides with the
front focal plane of the Fourier lens, then the light
oscillations in the output plane of the optical system
may be described by the spatial Fourier transforma-
tion [Ref. 1]

e,(t,x,,2,) = by exp(iwt) O

°° 6
DIel(t, x,2;) exp(iwdx,, x, / cF)dx,, ©

where b, is a coefficient; x, is the Cartesian

coordinate in the output plane.
Eg. (6) can be re-written in the following form:

— . ! — I D
e,(t,x,,2,) = by expli(Wt kzz):[or(xl) 0
[(1 + cosK,, x;) exp(iw, x, )dx,,

where b, = byE, T,; z,is Cartesian coordinate of

output plane of optical system.

The result of integration of Equation. (7) is well
known, Ref. 2 is an example. It contains the zero or-
der and two first orders. The first order may be writ-

tenintheform
sin[0,5(w, —K)L
fi(tox2320):b2 [ ( 0) ]D
0,5(w, - K, )L (8)
Cexpli(t = k'z,)],

b, =0,5mb, .
Eq. (7) may be written in the form
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.fl(tax29zz) =
sinO,Sx—; o 0%
c x
=b, - ()
052 Hy- Lk, %
cF X,
[exp(iudt) [exp(id),

where ¢ = k'z, .
W=w(x,)=cF K,/ x, and

T, =x,L/cF dlow us to write function

Notations

f1(t,x,,2,) intheform

_, sin[(w— w)0,57; ]
s 9 - b D
Jtx2222) =y (w—w)0,57; (10)

Céxp(iw't) exp(id).

Function f,(¢,x,z,) isthe response of the optical

network to a plane monochromatic light wave. Such
wave may be treated as the result of a linear shift

operator W (with dimensional scale transforma-
tion) applied to the light oscillation e(?) , i.e.

e(ct —z) = We(). (12)

Then the law of transmission of light oscillations
e(t) by the optical network in the operator form is
given as

fi(t,x,,2z,) =E.D W, exp(iot) =

T (12)
=F.D W.F' §w-w),

where Fx is the operator of spatial Fourier trans-
formation; ﬁx is the operator of spatial truncation

by the aperture of the optical system; E—l is the op-
erator of inverse Fourier transformation in the fre-
guency-time domain.

Therefore, the function f,(¢,x,z,) describes the
result of transformations of the harmonic light oscil-
lation exp(i't) into a space-time distribution of

light field in the output plane of the optical network.
In the context of the theory of spectral measure-

ments [Ref. 3], the function f|(¢,x,z,) isthere
sult of transformations (12) of the & — function in
frequency space (O(W—W)) into the space-time

pattern in the output plane of the diffractional optical
spectrum analyzer. In this case, by definition [Ref.

4], a complex-valued function f,(¢,x,z,) isthe
spectrum spread function of a spectrum analyzer, or,
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more strictly, a complex spectrum spread function
[Refs. 5, 6], which determines the measurement of
instantaneous complex spectrum [Ref.2]. Complex
spectrum spread function (10) is necessary and suf-
ficient condition for the measurements of instanta-
neous complex spectrums when the oscillation being
analyzed moves in respect to afixed window (in this
case this fixed window is the aperture diaphragm).
Here lies a fundamental difference between this in-
stantaneous complex spectrum and the instantaneous
complex spectrum proposed by Kharkevitch [Ref.
7], where the window moves in respect to the oscil-
lation being analyzed.

It should be noted that instantaneous complex spec-
trums seem to be rare in optical spectroscopy, where
the power spectrum spread function [Refs. 5, 6] is
commonly used.

When an instantaneous complex spectrum is meas-

ured, the value Zy means the analysis time duration

in Eq. (10), and value W= OJ,k(] means the time

spectral frequency.
In the context of linear system theory [Ref. 8], the

function E,iek( et(] is a response to the har-
monic oscillation p[ 0,cw’i]. Unlike electrical cir-
cuits, the output of optica network is a two-
dimensional function k,iek et ] in the time-
space domain. In order to go from the space-time
function K, iek et ] to the transmission function
of alinear network [Ref. 9], it is necessary to fix a
point , k() ee() et ] inthe output plane of the optical
network. Light oscillations in this point are de-

scribed by the following expression
sHo)o,w-wlz,/ B

) o, W= W]z, (12
[p[ Occ, i —x't 1/ = E,aeile

E,iek)( et ]=m

According to the linear system theory [Ref. 9] the
definition of the transmission function of linear sys-
tem is the relation between the response of the net-

work to p[ 0,ai] and p[ 0,ai],i.e.

Eaei] _
pl 0, awi]
sHc,w-wlz,/

=m p[0,cp]r

,m—wk)

T,aei] =
(13

Function (13) does not dependent on time, therefore
this optical network is alinear stationary system.

Eg. (13) shows that the optical network, or the dif-
fractional spectrum analyzer is a matched filter to a
signal in the form of truncated harmonic light oscil-
lation (rectangular pulse).

If the transmission function of the grating is defined
by the sum of space harmonics

n,kJ]=ni,klx+ ZdFL;SSZ rk +
F (14)
+d 5 sKH2 gk e

then the corresponding sum of harmonic light waves
will interact in the output plane where the first dif-
fraction maximum is formed. The result of this in-
teraction depends on the complex amplitudes of light
harmonics.

Transmission function of grating (14) defines an-
other transmission function of a linear optical net-
work, matched with another optical dynamic signal.
Therefore, Eq. (14) alows us to synthesize different
matched filtersin the optical range.

CONCLUSION

Presented investigations are the further development
of radio-optical approach in the linear system theory.
Here the method of transformation of optical oscilla-
tions by a linear optical network is proposed. The
diffractional optical spectrum analyzer is discussed
as an example of such approach. These investiga-
tions allow us to solve some problems of optical dy-
namical signal processing; the problem of matched
signal filtering in the optical range is among them.
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