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Issues of using fiber-optic elements for constructing a ground-based
distributed system for measuring solar optical radiation

H.H. Asadov}®?2 U.F. Mammadova?®P

!Research Institute of Aerospace Informatics, Baku, Azerbaijan
2Azerbaijan State University of Oil and Industry, Baku, Azerbaijan

Abstract: This article is devoted to the development and optimization of star-shaped structures for measuring solar
optical radiation using fiber optic cables. The feasibility of optimizing the star-shaped structure of a
measuring system for estimating solar radiation in radial directions from the center of the study area is
examined. It is shown that using a star-shaped structure to measure temperature in radial sectors of a
circular zone can achieve a twofold improvement in signal-to-noise ratio compared to measurements
using diametrically positioned fiber optic cables.
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1. Introduction

As noted in [1], the method of distributed measurement
of solar radiation using fiber optic elements allows for long-
term measurements with high spatial resolution. According
to [2,3], distributed fiber optic sensors/hereinafter DFOS (
Distributed Fiber Optic DFOS sensors enable distributed
positional measurements of physical quantities such as
temperature, pressure, and mechanical stress along a fiber
optic cable laid in a specific direction. These sensors can
replace a large number of independent discrete elements,
which are typically installed at intervals along the objects
being monitored. This makes it possible to monitor over
fairly long distances, up to tens of kilometers. The use of
DFOS reduces power consumption and system cost.
According to [1], DFOS are not subject to aging and allow
multiplexing while simultaneously performing quasi-static
measurements.

One of the promising areas of application of DFOS is
undoubtedly the measurement of solar optical radiation on
the Earth's surface. As noted in [4], the relevance of such
measurements lies in the fact that the Sun is an important
source of energy for our planet, and any small change in this
energy can affect such crucial areas as agriculture,
climatology, and energy. As noted in [5], ground-based solar
radiation measurements are still the most accurate compared
to remote measurements from onboard various aircraft. At
the same time, distributed measurements of solar radiation
using DFOS , have a disadvantage, which is that the physical
processes used in them (Rayleigh, Brillouin , Raman
scattering) are subject to the influence of temperature [6,7],
pressure, mechanical stress [8,9].

According to [4], the technology of distributed solar
optical radiation measurements is based on the principle of
bolometers , which consists in the fact that the power of the
acting electromagnetic radiation can be established by
determining the temperature of a material whose absorption
coefficient is known.
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Moreover, if the temperature of such a material in the
absence of solar radiation is known, then the temperature of
the said material can be determined by the formula

T(t) =To + (B2te®). (1—exp(-22¢)) (1)
where is tthe time of exposure of the material to solar
radiation; E;,is the density of solar radiation; A;,is the area
of the solar radiation absorber; ais the absorption
coefficient, his the coefficient of heat transfer to the
associated element with temperature T,; Ais the area of heat
transfer to the element with temperature T; cis the specific
heat of the absorber; mis the mass of the absorber.

It should be noted that direct application of the
bolometric principle in distributed fiber-optic solar radiation
measurement is complicated by the fact that the ambient
temperature along the fiber-optic cable's path is initially
unknown. To address this issue, two fiber-optic cables
containing surface layers with different absorption
coefficients are used in the selected monitoring direction.

As shown in [4], in this case the solar radiation flux
density can be determined by the formula

_ -1y
Einc -

@

where is T;the temperature of the first cable; T,is the
temperature of the second cable; c;, c,are constants defined
as

— Ainc®

G = “na 3
— AincQz

G = Th,a 4

The principle of two cable measurements Ej,.is
illustrated in Fig. 1.
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Fig. 1. lllustration of two cable measurements of solar
optical radiation density

The signal-to-noise ratio can be estimated using the

formula
TZ_Tl

Stine = Cr=CDAT, (5)

where are T, the noises in temperature determination due

to the influence of the external factors mentioned above. We
formulate the research problem as follows:

It is necessary to carry out measurements E;,.on a
circular area by constructing a star-shaped DFOS structure ,
an illustration of which is shown in Fig. 2. In this case, it is
permissible to use radially directed DFOS , shown in Fig. 1,
in which the absorption coefficientse; ¢ leave an ordered set

A={a}i=1n (6)

nradially installed gauges by sector .

The times (durations) of temperature measurements in
such meters installed along a sector of a circular area (Fig.
2) denoted as t;also constitute an ordered set T', where

T={t}j=Tn @)

It is also necessary to estimate the gain in the signal-to-
noise ratio when carrying out measurements on a star-shaped
structure of sensors compared to the result of measurements
along a diametrical path along a circular area using one
extended section of an absorption meter, the signal-to-noise
ratio of which can be estimated using formula (5).

2. Research methodology

Let us consider a distributed star-shaped structure of a
solar optical radiation density meter (Fig. 2).

Fig. 2. lllustration of a star-shaped structure for the
implementation of distributed measurements of solar
radiation density with n number of sections in the study
area

For a star-shaped distributed system, one may require the
signal-to-noise ratio to increase to an extreme value. In the
discrete case discussed above, the optimal relationship
should be determined.

= f(ay) ©))

at which the average value of the signal-to-noise ratio
across sectors, defined as

Sep = o E I (T = T)| (9

(c2=¢))ATy L7
would reach extreme values.

If we accept constancy T;across all sectors and T; =
Othen the research problem is reduced to finding such a
discrete function (8) for which the average indicator is T,
where

1
p =25 T (10)

TC

would reach an extremum. In this case, we assume the

indicator remains constant AT, across all sectors. If we

accept , n —» cowe can move from the discrete model

discussed above to the continuous star-shaped DFOS model

. In this case, the research problem can be formulated as
follows : Calculate the optimal continuous function

t=f(a) (11

at which the objective functional F,formed on the basis
of expression (1) as an optimization criterion would reach an
extremum, where

Fy = i ;"12 Csa[l — exp(—C,t)]da (12)
Where
ba=a-a 19
C3 — Ein}clﬁinc
hA
Cy= e

To solve the formulated problem, we impose the
following restrictive condition on function (11):

J22 f(@)da = Cs; C5 = const  (14)
1

Constraint condition (11) stems from the need for
efficient distributed measurements. Taking into account
expressions (12) and (14), we formulate the objective
functional for variational optimization Fyas follows:

Fy = f;lz i [C3a[1 - exp(—CJ(a))]] da —
[ florda—cs]  (25)

Where A-Lagrange multiplier; A = const.
To calculate the optimal form of the function f(a), i.e.

f(a)opelet's use Euler's method, according to which the
solution to problem (12) must satisfy the following condition

d{Cza[1-exp(—C,f (@))]-Af (@)}
@) =0 (16)

From expression (16) we find
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fl@) = ¢ In (45%) (17)

When solving (17) F,it reaches a maximum, which is
easy to verify using the Lagrange criterion. We have

dz{C4a[l—exp(—C4f(a))—ﬂf(a)]}
a(f @)*

=—C, eXp(—C4f(0())

The negative sign obtained as a result of calculating the
second derivative of the integrand in (12) with respect to the
desired function shows that the functional F,reaches a
maximum when solving (17). Let us calculate this
maximum. Taking into account expressions (12) and (17),
we obtain

_ UCZC:-'._UC _ _ Gl _ azcz_“ _
FO _f% Aa [1 exp( In A )]:1(1— a; Aa [1
2 ] o= Ca(af-ad)-F(ap—ay) (18)
C3CLa

Aa

From expression (18) we obtain
2
Tcp =Ci(ay +ay) — o (19)

In the case of using one diametrically located measuring
instrument, t — cofrom (1) we T, = Oobtain

T, =Cza (20)
We define the gain in determining the temperature as

Ty aytay A
T, o« C;Cha

when a, = awe have

A . .
Thus, —— « a;we get a winy =1+ i.e. we a; —
C3Cy a

aget a double winy = 2.

Accordingly, in the case of equal noise values in the star-
shaped structure of the meter and in a system consisting of
one pair of diametrically laid cables, a twofold gain in the
signal-to-noise ratio can be achieved in the area under study.

3. Conclusion

The possibility of optimizing the star-shaped structure of
a measuring system for assessing solar radiation in radial
directions from the center of a circular study area has been
formulated and resolved. It has been determined that a star-
shaped structure for measuring temperature in radial sectors
of a circular area can achieve a twofold improvement in
signal-to-noise ratio compared to the use of diametrically
positioned fiber optic cables.
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