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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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TO THE QUESTION OF PHYSICAL IMPLEMENTATION
OF OPTICAL NEURAL NETWORKS

Abstract. The practical realization of optical neural networks with a small number of elements is considered. It
is presented the application of the optical neural networks to the systems of adaptive optics. In this case, the usage
pattern of the neural network assumes the impact on changes in the characteristics of the system. The application of
adaptive optical system is a good example to design the automatic adjustment of the parabolic reflector when the sun
moves across the sky. Since the parabolic reflectors used in solar power plants do not provide the necessary eco-
nomic efficiency, this problem solving is relevant and actual. Using the adaptive optics systems allows to solve this
problem due to the transition to light parabolic reflectors made of thin polymer film with a mirror coating. Fixing the
shape of the parabolic reflector is ensured by the balloon system filled with a gas at the pressure slightly above
atmospheric. The small weight of the parabolic reflector makes possible to use the servo-driven elements to develop
a small torque. In particular, the balloon regulating elements are changing the volume of gas by solar heating. In this
case, the controlling is created by focusing a portion of the solar energy entering the system on servo-driven ele-
ments. The paper is considering the different designs of optical neural networks. The optical neural network with thin
optical transparency as a matrix of weights is presented as the most effective and easiest in implementation. In this
case, each light source corresponding to the neurons of the first layer of the network is forming several images and
the linear set of sources is transforming into the two-dimensional one. Optical summation of this matrix by columns
ensures the performance of additive summation and this sets the work of the optical neurons on the second layer.

Keywords: neural network, optical signal, alternative energy, reflectors, control signals.

The work [1] outlines a strategy for the development of artificial intelligence systems in the Repub-
lic of Kazakhstan. A distinction of this strategy lies in the integrated interdisciplinary approach to the
creation of all components of artificial intelligence systems (Al), focused on a wide range of practical
applications, including the creation of molecular informatics systems [2, 3] based on the latest achieve-
ments in the field of physical chemistry of polymers [4, 5]. As is known, one of the most important areas
of Al systems development is artificial neural networks (ANNs). Currently, ANNs are mainly presented as
computer models and their physical implementation have to be considered [6-8].

As shown in [9, 10], one of the most promising directions for the physical implementation of ANNs
lies in the creation of optical intelligent systems. An important step on this path is the development of
optical ANNs. The advantage is presented in the possibility to work directly with a two-dimensional data
array, which corresponds to the distribution of the light field in the input plane of the optical system.
However, the development of optical neural networks is currently faced with well-defined difficulties.
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One of them is the limitation of their practical application. Thus, this work will show an unexpected
application of optical neural networks in the field of solar energy.

Namely, at present, solar energy is developing in several directions. In particular, despite significant
progress in increasing the efficiency of solar photovoltaic panels, the development of solar collectors and
concentrators remains relevant [11-14]. The design of such systems can be quite complex (including from
the point of view of the used optical circuits [15]), however, devices based on the use of the historically
first radiation concentrator - a parabolic reflector [16, 17] continue to be discussed. (The latter can be
used, including, in combination with solar photovoltaic panels [18].)

The disadvantage of this type of systems is in sufficiently large weight of reflectors, which are being
increased by area increasing. Accordingly, the large expenditure of energy is required on targeting the
optical axis of the reflector to the Sun. In addition, the production of the reflector with typical characte-
ristics is quite difficult; as a result, the cost of the energy increases. Moreover, the typical systems descri-
bed in the literature [16, 17] are required to use servo-driven mechanisms, as well as rather complex con-
trol systems that ensure the tracking of the Sun's movement across the sky. As shown in [19], the problem
of guidance of solar power systems in the Sun is very serious, and its decision to continue to be expended
considerable effort. So, [20], in particular, describes a guidance system in which continuous movement of
a solar power plant takes place, regardless of whether the Sun is in direct view or hidden behind clouds.

In terms of energy consumption, the most effective way to ensure the required orientation of the
reflector in space lies in using thin polymer films. The scheme of the corresponding system is shown in
figure 1.

Figure 1

The reflector is presented as a gas-filled cylinder made of two parts. One part (1) is the reflector
itself, which made of a polymer film with a reflective coating. The upper part is transparent and serves to
ensure the given shape to the system when it is filled with gas at the pressure slightly higher than
atmospheric (3). This Figure also schematically shows balloon servo-driven mechanisms (2).

Taking into consideration a small weight of the reflector itself, which can even be reduced due to the
Archimedean force (which arises due to the fact that the gas inside the cylinder formed by the films (1)
and (3) is heated during the work), it can be used the servo-mechanisms that perform only relatively small
mechanical work.

In particular, such servomechanisms can be presented as balloon assemblies from polymeric elastic
shell filled with gas or vapors of a slightly volatile liquid. When the gas is heated or the liquid is evapo-
rated, the pressure will grow, the shell will be stretched; as a result, the system is able to ensure the rota-
tion of the reflector to the required angle, as illustrated in figure 2. To protect the system from external
influences (in particular from wind exposure), it is advisable to place it inside the containment shell as
shown in figure 2. Here is shown the reflector (1) which is attached through the rods (3) to the assembly
where the working body (2) heated by focused solar radiation is placed.
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The entire system is situated inside the transparent protective sheath (4), which can also be made as a
balloon from the transparent polymer film and filled with gas at a pressure slightly above atmospheric.
Figure 2b shows the position of the focusing system during the rotation due to the servo-driven balloon
system, which changes its volume heating by solar radiation. It should be emphasized that in this figure
the servo-driven balloon system is shown schematically in the form of spheres for the sake of clarity;
however, it is more convenient to use more complex geometry in order to optimize the response of
systems to changes of temperature.

2

Figure 2a, 2b

Thus, the balloon parabolic reflectors really allow to make a device from the most cheap and light-
weight materials that can be used in solar energy with a significant reduction of the cost.

The important element of the system is to provide the change in the orientation of the reflector while
the Sun is moving across the sky. As noted above, the typical systems use control of complex software
systems that take into account the geographical location of the reflector. However, this task can also be
solved by the systems of adaptive optics, the system that provides automatic orientation of the reflector
due to the temperature changes of the balloon system (in this very case). In other words, part of the solar
energy entering the system is directed to servo-driven cylinders, which ensures the correct orientation of
the reflector in automatic mode without using any additional control devices.

Thus, the considered system works due to the unequal heating of the three control elements. Since the
temperature of the control elements is determined by solar radiation this example provides a convenient
illustration of the possibility to use practically the optical neural networks. Indeed, the solar radiation from
the control elements must be transformed to ensure the heating all three elements corresponding to the
specified functioning of the device as a whole.

It should be emphasized that this example is used only to demonstrate the fact that the optical neural
networks can be used to immediately generate control signals. It is significant that in this very case there is
no need to use nonlinear optical elements that have to be introduced into the optical neural network when
it is considered as a system intended only for information processing. In this case, the control assemblies
with control optical (thermal) signals act as the nonlinear elements.

Neural networks are currently primarily used as information processing means. The vast majority of
existing neural networks is presented as nothing more than computer programs.

At the same time, as it is shown in this work, the neural networks, even with a relatively small
number of elements, can be used in automatic control systems as the assemblies that ensure the formation
of effects that physically implement one or another algorithm of executive programs.

Optical neural network (in case of the physical implementation) has the advantage to work directly
with two-dimensional data array. This is illustrated in figure 1, which schematically shows three light
sources acting as neurons of the first layer and three radiation detectors acting as nonlinear elements of the
neurons of the second layer of the network. In this case, the radiation from each source by three different
optical elements is focused on each receiver. In order not to clutter up the drawing, it is shown the course
of the rays only for the 1st and 3rd optical elements associated with each light source.
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In the situation when the focusing optical elements have different transmission functions, it is easy to
see that this kind of system performs additive summation of the original signals. In other words, the
focusing elements together with the radiation detectors perform the same operations as the formal neurons
of any classical artificial neural network.

Figure 3 is presented only to illustrate the nature of the operation of the optical neural networks. The
advantage of this system lies in only visibility, and its technical implementation is very complicated due to
the necessity of using a large number of focusing elements. It is much more easier to develop the physical
implementation of the optical neural network by using the Fourier transforms of the lens (figure 4).

et \@\ e
% o I

Figure 4

The figure also shows the three light sources that are placing in the focal plane of the input lens. The
lens converts the radiation of each point source into a plane wave, which propagates at a certain angle to
the optical axis; this angle is determined by the distance from the point source to the optical axis.
Accordingly, the distribution of light intensity occurs at each point of the screen located behind the lens
L1; it is determined by the superposition of the contributions from all these plane waves. Further, it is
possible to ensure the construction of the screen’s holes by using the L2 lens. The radiation intensity
corresponding to this image will also be the sum of the contributions from point sources.
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From the point of using the system as a neural network, the disadvantage lies in the fact that the
contribution from point sources does not have adjustable weights. It can be eliminated by providing a non-
uniform diagram of the point sources used as the neurons of the first layer.

However, providing this diagram of the light point sources would not be a non-trivial task. Thus,
taking into consideration that at the early stages of the implementation of optical neural networks there is
no need to work with a large number of neurons, the following modification of the optical ANN is pro-
posed.

The basis of this modification is about the optical element shown in figure 5. This optical element is
actually made as a set of lenses arranged in a ruler from the single blank by the method of stamping or
casting.

D T D 07 D

Figure 5

By applying such element, it is possible to develop the optical neural network using the fact that the
set of light sources playing the role of inputs to neural networks located along a certain line appears as the
set of dimension 1. This set can be displayed on the screen that appears as the set of dimension 2. This
conditiom meets the nature of the connection between the number of network neurons and the number of
weight coefficient; the number of weights is equal to the square of the number of neurons in the Hopfield
Neuroprocessor.

This very implementation of the system is shown in figure 6. Figure 6a shows the nature of the
radiation conversion by the set of point sources of the optical element, which is shown in figure 5. The
figure emphasizes that the optical element creates an image of sources that are also located along a straight
line.

Figure 6b demonstrates how the optical elements are used to expand the linear set of sources into the
two-dimensional set. The top view of the system is considered in the Figure. The number (1) marks the
entire line of the optical sources of the original radiation. The number (2) marks the set of optical elements
that is shown in figure 5. The system also includes the screen made as optical transparency, focusing ele-
ments (4) and radiation receivers (5) presented as the control nodes of the device (for example, nodes
providing the orientation of the parabolic mirror on the Sun). Each optical element (2) creates its own
system of images of the point sources of the screen (3).

The result of this conversion is illustrated in figure 6¢. It shows the individual columns formed by the
images of the original light sources presented because of the construction of the image elements (2). The
screen (3) is made as optical transparency and the transmittance of its individual sections is non-uniform.
In an extreme case, this screen may be made as a mask with holes corresponding to the non-zero weights
of the neural network.

[
~— 0 =0
[]

Figure 6a, 68
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Figure 6¢, 6d

Hereafter, the radiation generated by each column enters the focusing elements (4) which form the
image on the receivers (5). The focus is illustrated in figure 6g. In other words, the receiver has the light
created by the secondary sources forming the column of the matrix corresponding to the intensity distri-
bution on the screen of figure 6¢. Optical elements (4) can also be unified and produced by stamping or
casting from relatively cheap polymeric optical transparent materials.

Thus, this paper shows the opportunity to transform existing approaches to the implementation of
optical neural networks. The proposed approach allows to remove the problem of the inclusion the non-
linear optical elements to the composition of the ANN since the signals generated by such network are
directly fed to the nodes that execute commands. In other words, final elements are working as non-linear
converter that performs certain functions. The approach also means using the neural networks with a small
number of elements. The implementation of the optical neural networks can be carried out on the basis of
the transformation of one-dimensional data array to two-dimensional one. It allows using the optical
transparencies as the classical means of information processing for physical optics.
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ONTUKAJBIK HEUPOH/IBIK KEJIJIEPII ®U3HUKAJIBIK ICKE ACBIPY TYPAJIBI MOCEJIETE

Annotanmmsi. CaJpICTBIpMalbl TYpAE a3faraH 3JIEMEHTTEPJCH TYPAThIH ONTHKAIBIK HEHPOHABIK JKeliepai
MPAKTHKAJBIK TMalgaaHy MYMKIHAIKTEepi KapacThIpbutafbl. MyHmall ONTHKANBIK HEHPOHABIK JKENijep amarnTHBTI
ONTHKA XYHeCiHAe KOJIAaHBUTYBl MYMKiH. By xarmaiiia HeMpOHIBIK JKEINiHI MaiianaHy CHITaThI KYHEHIH CHIaT-
TaMajapblH ©3TepTyAi KaMTaMachl3 €TETiH ocepJli KaJabITacThIpaabl. MyHIald ToCUIIEeMEHI KOJAaHy MBICAIBl —
KYHHIH Ke3JIeHCOK >KbUDKYBI Ke3iHe apaboialblK MIaFbUIIBIPFEIITH aBTOMATThI TYPJIe KYpYyFa apHaJFaH aJanTHBTI
ONTHKANBIK JKyHe. Byl MiHAETTI menry e3eKTi O0JbIN TaObLIaabl, OUTKEeHI Ka3ipri yakpITTa TeTMOKOHABIPFhLIAPIA
KOJTAHBUTATHIH TIapa0oJIaliblK IMaFbIIBICTRIPFBINTAP KAKETTI SKOHOMHMKAIBIK THIMILTIKTI KaMTamachl3 ETTEHI.
AnanTHBTI ONTHKA JKylesepiH maiinanaHy Oyi mpoOieMaHbl aifHajbl jKaObIHBI 0ap KyKa IOJIMMEpIli IJICHKaaaH
KacaJlFaH JXCHUT napaloJajblK IaFbUIBICTHIPFBILTAPFA OTYy eceOiHeH Lienryre MyMKiHAik Oepeni. byn sxarnmaiina
napa®onablK IAFbUIIBIPFBILITHIH HBICAHBIH OEKiTy arMocdepalblK KbICBIMHAH Oiplama acaThlH KbICHIM Ke3iHe
ra30eH TONTHIpBUIFaH OAJUIOH JKYHeciH maiinanany eceOiHeH KamrTamachl3 erinezi. [lapaGonayblk IIaFbUIBICTBIP-
FBIIITHIH CaJMarbl IIaFblH aifHaIMalibl HYKTEHI JaMbITAaThIH CEPBOXKETEK JJIEMEHTTEPIiH NaijalaHyFa MYMKIHJIIK
Oepeni. Atamn aiiTkaHaa, OyJ1 OaJUTOHIBI PETTEYI AIIEMEHTTEP I Makigananyra MyYMKIHIIK Oepei, Olap IblH Kejlemi
oIapIarbl Ta3gsl KYH JKBUTYBIMEH KBI3NBIPY Ke3iHze esrepeni. By skarmaiima OGackapy ocepi CEpBOMKETEKTi dJie-

— 222 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2019

MEHTTEp/Ie JKyHere TyCeTiH KYH SHEPTHACHIHBIH Oelirin Gokycray ecebiHeH jkacanaapl. JKyMbICTa ONTHKAIBIK HEH-
POHIIBIK, YKETUIEPIiH dPTYPIIi KOHCTPYKIMSACHIHBIH HYCKaJlapbl KapacTelpbliaabl. COHBIMEH KaTap, €H THIMII caaMak
K03 (QHUIIMEHTTEPiHIH MaTPHUIIACH! PETIHE JKYKA ONTHKAIBIK TPAHCIIAPAHTTHI Nai1aJaHaThlH ONITHKAJIBIK HEHPOHIBIK
KeJti O0JIbINT TaObUIATBHIHBI KOpCceTimi. by skarmaiina sxesiHiH OipiHIn KaOaThIHBIH HEHPOHAAPhIHA XKayall OepeTiH
OacTanKsl JKapblK KO3ACPiHIH OPKAKCHICH OipHEeme OeHHeaep i KaIbIITACTRIPAIbl, HOTH)KECIHIE KEILTIK KONTereH
Ke31ep eKi emeMai 0oibin e3repei. by MaTpuiiadbl OaraHaap OOMBIHIIA ONTHKAIBIK KOCY aIIUTHBTI KOCY Orepa-
HUSCHIHBIH OPBIHIATYBIH KAMTAMAChI3 €Te/Ii, OJ1 €KIHII Ka0ATThl ONTHKAJIBIK HEHPOHIAPIbIH dKYMBICBIH KOPCETEI.
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K BOITPOCY O ®U3UYECKOM PEAJIN3AIIAA ONNITUYECKNX HEHPOHHBIX CETEN

AnHoOTanus. PaccMaTpuBalOTCs BO3MOXKHOCTH IMPAKTHYECKOTO UCTIONB30BaHMUS ONTHYCCKIX HEUPOHHBIX CETEH,
COJIepXKAIUX CPABHUTEIHHO HEOOJBIIOE KOJUYECTBO 3JIEMEHTOB. [10Ka3aHO, 4TO ONTHYECKHE HEWPOHHBIC CETH
TaKOTO POAa MOTYT HAWTH NMPHMEHEHWE B CHCTEMaX aJIalTHBHOI ONTHKHU. B 3TOM cirydae XapakTep HCHOIb30BaHUS
HEHPOHHOW CEeTH Tpennojaraer, 9To oHa (OPMHUPYET BO3IACHCTBHE, OOECIICUNBAOIICe U3MECHEHNE XapaKTePUCTHK
cucteMsl. [IpuMepoM TpPUMEHEHHS TaKOTO poja IMOIXOAa SBISAETCS aJalTHBHAS ONTHYECKas CHCTeMa, MpeIHa-
3HAYCHHAs U aBTOMATHYECKOW TMOACTPOMKH MapabOIMYecKOro OTpaXkaTels NMPH IEePeMENICHWH COJHIA IO He-
OockiioHy. PelleHre naHHOW 3ajadyMl SIBISIETCS aKTyalbHbIM, TaK KaK B HACTOsIIee BpeMs Mapaboiiyeckue oTpa-
JKATEIH, UCIOJIb3yEeMbI€ B I'eJIMOYCTAHOBKAX, HE 00ECIEUNBAIOT HYXHOM SKOHOMUYECKoU ddekruBHOCTH. Mcmob-
30BaHUC CHCTEM aJAlTUBHOW ONTHUKU MO3BOJISICT PEUINTh JAHHYIO MpoOiIeMy 3a Cu€T mepexoja K JISTKHM mapado-
JIMYECKUM OTpaXaTejIsiM, BBIIIOJIHCHHBIM W3 TOHKOM HOﬂHMepHOﬁ IJICHKU C 3€PKaJIbHbBIM MOKPBLITUEM. CDI/IKC&LII/IH
hopmbl MapabOIMYECKOr0 OTpa)kaTeiss B JaHHOM ClIydae 00eCIeunuBaeTCsl 3a CYET HCIIONB30BAHMS OaTOHHON
CHUCTEMBI, 3aII0JTHEHHOW Ta30M IPH JaBJICHUW, HECKOJBKO IMPEBHIIAONMM atMochepHoe. Marblid Bec mapadoim-
YECKOT0 OTpaKaTells O3BOJISIET UCIOIh30BaTh CEPBOIPUBOTHBIC JIEMEHTHI, Pa3BUBAIOIINE HEOOIBIION BpallaTeib-
HBIA MOMEHT. B 9acTHOCTH, 3TO MO3BOJIIET HCIIOIH30BATh OAJUIOHHEBIC PETYIUPYIOIIUE 3JIEMEHTHI, 00bEM KOTOPBIX
W3MEHSETCS TPH HarpeBe HAXOJIIErocs B HHUX Ta3a COJHEYHBIM TEIUIOM. YTPAaBJISIONIIEe BO3ACHCTBHE B JAaHHOM
cirydae co3maéres 3a CuéT (OKYCHPOBKH YaCTH COJHEYHOM SHEPTHUH, MOCTYIAIONIEH B CHCTEMY Ha CEPBOIPUBOTHBIX
aneMeHTax. B paboTe paccMaTpuBarOTCsl BApUAHTHI Pa3IMIHON KOHCTPYKIIUU ONITHYECKUX HEHpOHHBIX ceTeil. [Toka-
3aHO, 9TO Hambonee 3H(HEKTUBHBIM C TOYKH 3PEHUS MPOCTOTH Pean3alliy SBJSETCS ONTHYECKash HeHpOHHAs CETh,
WCTIONB3YIONIasi B Ka4eCTBE MATPHUIIBI BECOBBIX KOA(M(HUIIMEHTOB TOHKHH ONTHYECKUH TpaHCIapaHT. B maHHOM
cilydae KaX[Iblid U3 UCXOJHBIX NCTOYHUKOB CBETA, OTBEYAIOIIMX HEHPOHAM IIEPBOTO CIIOS CETH, (POPMHUPYET HECKOJIb-
KO M300paKeHHUiA, B pe3yJIbTaTe YEero JIMHEHHOE MHOKECTBO MCTOUYHHKOB Mpeodpasyercs B AByMepHoe. OnTudyeckoe
CYMMHUPOBAHUE )IaHHOﬁ MaTpHulbI 11O CTOJ'I6HaM O6CCHC‘{I/IBaeT BBITIOJIHEHUE ON€pallui aJAUTUBHOTO CYMMUPOBAHU,
KOTOpOE 3a/1aeT paboTy ONTHISCKUX HEHPOHOB BTOPOTO CIIOS.

KiroueBble cJioBa: HEpPOHHAS CETh, ONTUYECKUN CHUTHAJ, aJbTCPHATUBHAS SHEPIeTUKA, OTPAXKATENH, YIIPaB-
JISTIOIIAE CHTHAJIBL.
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