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Questions on Optimum Correction of Attenuation of
Carrier Laser Beam Energy in Distributed
Communication and Control Systems

Abdulov R.N.

Abstract— Questions on optimum correction of attenuation
of intensity of carrier laser beam in distributed control and
communication systems are considered. The model task on
compensation of intensity of carrier laser beam in distributed
control and communication systems is formulated. The task on
optimum multiplicative correction of attenuation of intensity of
carrier laser beam upon imposed limitation on power of used
signals is formulated and solved. The applicability of obtained
results for both the distributed laser communication system
and laser targeting systems of controlled missiles is shown.

Index Terms— attenuation; compensation; optical
communication, multiplicative correction.

I. INTRODUCTION

Different systems and complexes based on principle of
propagation of carrier laser beam on far distances are
encountered with attenuation of laser beam intensity on
distance. Major reasons for attenuation of laser beam
intensity in atmosphere are following[1]:

1.Absorption by atmospheric gases and attenuation due to
effect of atmospheric aerosol.
2. Turbulence of atmosphere caused scattering of laser beam.
3. Effect of meteorological precipitation.
Most specific spheres of utilization of directed laser beam are
following:
- Laser scanners and distance meters [2,3];
- Laser based optical communication [4,5]
- Transfer of energy on distance [6,7]
- Targeting of controlled missiles [8,9]
- Generation of optical noises for controlled missiles[10,11]
Such broad sphere of possible utilization of laser sources
conditioned existence of different methods and techniques
for accounting and compensation of laser beams intensity
attenuation on distance. At the same time, these methods can
be divided on following sub groups:
1.Methods of compensation of attenuation at transmitter.
2.Methods of compensation of attenuation at receiver.
In most cases of application of laser sources both methods
can be used. At the same time the optimization procedures of
these methods are quite different. The aim of this research is
analysis conditions for optimization of methods used for
compensation of laser beams intensity attenuation both at
transmitter and receiver.
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Il. SUGGESTED METHOD

Let us consider two models of distributed information
network where channel forming laser beams are sent from
transmitter of one cell to receiver of another one. (fig. 1 a,b).
First of all let us consider in brief the mechanism of
attenuation of laser beam intensity in atmosphere. According
to [12], power of laser beam when propagated through
atmosphere decrease by exponential law in line with
Bouguer-Beer law

P(I)=P(0)-e™
(1)

where: P(I) —luminous flux of laser radiation at distance I;
P(0) — luminous flux of laser radiation at source;
o — attenuation coefficient calculated on unit of distance as
sum of absorption and scattering coefficients.
According [12], following wavelengths are used in technique
of laser communication: 785um, 850 um, 1550 um. The
reason is that factor of scattering should be dominant in total
balance of attenuation of laser beam.
Following types of scattering should be differentiated:
1. Reley scattering, where r<<j; here r — radius of
scattering particles in atmosphere.
In this case the scattering coefficient o, is defined as
op,=A;-\*; A=const;
A —wavelength of laser irradiation.
2. Mi scattering, where r =2,

In this case
o=A, A0 A, =const
3. Nom selective scattering, where r>>A. In this case
o= A3 : )\’0

In this research we consider the case where A= const, i.e. 6=
const.

Let us consider the suggested method for optimization of
above considered models of distributed control and
communication systems using laser beam by correction of
attenuation at receiver. Basic principles of suggested
prosedure of optimization are follows:

1. We assume that following set exists

L=gy ' LN

where: I = liy + Al; Al = const; I=1n

2. In distributed system multiplicative correction of
attenuation is carried out in line with following condition
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n Xmax
2% -y(x)=C @, = [x-y(x)dx=C
i=1 —
here: ttenuated si IC_C'Or']St t th G t of ° ; ©=const @)
where. x; — atienuated signais arriving at the anput ot ¢, geometrical meaning of condition (2) is shown in fig. 3.
receiver passing distance |; between transmitter and receiver;
y(x;) — signal of multiplicative correction in form of

function of argument x;.
Formula (1) can be written in continuous form as

P2

Figl. Researched model of receipt of optical signals at the cell C from set of transmitting cells {P;}; = 1’ n

=1

Fig. 2. Researched model of receipt of optical signals sent from cell C to set of receiving cells {P;};
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Fig. 3. Geometrical meaning of condition (2), that is equality Ay x,,=S=C, where S is square of area situated under curve of
function F=x-y(x)

3. Following energetic requirements are imposed on signals
Fi=x and F,=y(x)

max

j[x - y(x)?Jdx — min

(©)

Physical meaning of condition (3) is that energy consumption
in distributed system should be minimum.

4. Following task is formulated: To formulate optimum
correcting function y(x) upon which following functional of
non- conditional variation optimization could reach its
minimum value

Fo=A-®, +D,
4

rae: A — Lagrange multiplier.
Taking into account formulas (2), (3), (4) we have

max max

F = Ix y(X)dx + I[x - y(x)?]dx
®)

In order to calculate the optimum function y(x), leading F, to
its extremum we use Euyler-Lagrange equation, in line which
searched for function y(x) should meet following condition

A0 x-y0)+ X2 y(0%}
dy(x) o

From condition (6) we get

A-X+2y(x)=0

¥
Nr“(‘.xl_,g(?ll

()
From formula (7) it could be found that
A - X
y() =-—=
(®)
Taking into account (2) and (8) we have
—jx——w C
)
From equatlon(9) we can find that
6C
A==—3
Xm
(10)
Taking into account formulas (7) and (10) it could be found
that
3C - X
I y(x)
m (11)

Thus upon solution (11) the target functional reaches
extremum. In order to determine the type of extremum the
second derivative functional (5) integrant on y(x) should be
calculated. As a result we can find that

d*fr-x-y()+x* -y} _,
> =
dy(x) )
Consequently, upon solution (11) target functional (5)
reaches its minimal value.

I11. DiscussION

Thus in line with solution (11) in distributed optical laser sets
of control and communications compensation of attenuation
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of signal power should be carried out using method of
adaptive multiplicative correction where correction signal is
directly proportional power of received signal

Above optimization model is applicable also for correction
realized at transmitter.

In this case all formulas (1)+(12) are valid ones but x would
mean not received signal at the input of receiver, but output
signal of transmitter.

As for applicability of results of held model research for laser
targeting systems of guided missiles, these results are
applicable in case of consideration of targets situated at
different distances from laser beam source by correction at
the output of laser emitter.

IV. CONCLUSION

In conclusion following major results of held research can be
formulated:

1. The model task on compensation of attenuation of laser
beam energy in distributed systems of control and
communication is formulated.

2. The task on optimum multiplicative correction of laser
beams energy attenuation upon imposing the limitation
condition on power parameters of used signals is formulated
and solved.

3. The applicability of obtained results in distributed laser
communication system also in laser targeting systems of
guided missiles is shown.
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