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ALGORITHM FOR GROUP CONTROL OF GAME PROTOTYPE
COMBAT NEURAL NETWORK

An algorithm for group control of a game prototype of a combat neural network is proposed, based
on the exchange of information between the physical elements of the network via the IR channel. The
algorithm is based on the automatic formation of a battle order by using the local mutual positioning of
network elements, and in the example under consideration, this order corresponds to a regular hexagon.
The local positioning tool is an IR radiation recorder containing 6 receivers located on a regular hexagon
base, as well as an IR study source synchronized by a signal from the operator segment. Local positioning
is initially carried out roughly, through the determination of the Galois coordinates of the remaining
elements of the network to a coordinate system tied to one of them. Further, precise positioning in space
is carried out, by adjusting the position of the network element to the signal arriving at the selected face
of the IR radiation recorder installed on this element. This approach allows us to demonstrate the nature
of group control: the operator gives a command to the network as a whole, and not to its individual
components. Specifically, the operator issues a command for a given movement in the space of the center
of symmetry of the hexagon, and then the specific movements of the elements are determined based on their
correlation with one of the vertices.

Key words: combat neural networks, unmanned vehicles, robotic weapons, teen games, group control,
Galois fields, IR learning.

Introduction. In [1], the concept of combat neural networks was proposed, which, from
the point of view of applied philosophy [2,3], is a natural result of existing trends in the
field of creating robotic weapons. Such networks are a swarm of unmanned vehicles, for
example, aircraft, which form a system integrity due to the fact that there is an exchange of
information between individual physical elements of the network. Simplifying, the network
forms a kind of remote analogue of the brain, which allows it to analyze information. The
main thing is that the CNN is focused on receiving commands from one operator - commands
are given not to its elements separately, but to the network as a system whole.

This approach allows, among other things, to significantly reduce the cost of an individual
component and qualitatively changes the nature of the combat use of the network, which is
expressed by the thesis of a post-industrial war as a war of costs [1]. Namely, when using
a large number of cheap unmanned vehicles, there is no need to provide high performance
characteristics. Moreover, such a network can be used in the “I call fire on myself” mode
in order to deplete the enemy in terms of ammunition. In this case, the network includes a
significant number of dummies, the only purpose of which is to cause fire on themselves
and, thereby, unmask the enemy and force him to spend ammunition. Such a mode of using
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the network is obviously expedient when the cost of the physical component of the CNN is
significantly less than the cost of the ammunition spent on its destruction.

The creation of the CNN corresponds to the concept of the innovation ladder, which
provides for obtaining commercial returns at each stage of the implementation of any large-
scale project. In this case, commercialization at the intermediate stages of the development
of the CNN is provided through the creation of exciting teenage games that allow you to
simultaneously improve the very algorithms of the CNN.

The algorithm of one of these prototypes is considered in this paper.

General principles of group control of a set of robotic systems and substantiation
of the need to develop local positioning algorithms. The CNN group control algorithm is
based on the following principles.

The physical elements of the CNN line up in a certain battle order, forming an ordered
structure in space. An example of such an order is the arrangement of six physical elements
of the CNN at the vertices of a regular hexagon (Fig. 1). The formation of elements in battle
formation is carried out without the direct participation of the operator, the only function
that is assigned to the control system here is to send synchronization signals over the radio
channel (“local clock™). Such a construction is carried out through the algorithm of mutual
local positioning of the physical elements of the CNN, which is considered below.

Network management is carried out by sending a command to the system as a whole.
Since the order of battle is ordered, the commands that specify its movement in space can be
addressed to virtual material points that specify the position in space of an ordered structure
as a whole. For the example shown in Fig. 1, such a virtual material point can be the center
of a regular hexagon, at the vertices of which the physical elements of the CNN are located.
The current position of the network in space and its current speed are also fully characterized
by the coordinates and vector of the given virtual material point.

Figure 1 — To the choice of a virtual material point for a demonstration example of a CNN
of six elements.

The reduction of the general command to the commands executed by individual elements
is carried out due to mutual local positioning, due to which the coordinates of each physical
component relative to the selected virtual point are known. The necessary correction is
made by on-board computing means.

Similarly, when using the ordered arrangement of the physical elements of the CNN in
space, other commands, the consideration of which is beyond the scope of this work, can
also be addressed to the network as a whole.
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Thus, an important component of the network management algorithm as a systemic
whole is to ensure the formation of a battle formation.

Let us consider the nature of the formation of such an order using the example of a
network consisting of six elements.

Due to uncontrollable factors (weather conditions, etc.), the location of the elements
of the CNN, from which the battle order is built, should be considered as arbitrary. At the
same time, it is essential that the correction of the battle formation should be carried out at
all stages of the movements of the CNN in space.

Let's turn to Fig. 2. Dots on it show the location of the CNN elements on the plane
(variants of the transition to the three-dimensional case are considered below). The selected
point refers to the CNN element, which is assigned the number 1.

The numbers for the CNN elements are assigned initially, they are recorded in the
memory of on-board computer systems.

Identification of CNN elements by other network elements by number is carried out as
follows. The network control segment (operator segment) at fixed time intervals generates
a signal that is captured by all elements of the CNN without exception. This time interval
is divided into cycles, the number of which corresponds to the number of CNN elements,
i.e. the synchronizing signal generated by the operator segment acts as a de facto “local
clock”.

Figure 2 — Local classification of CNN elements with local positioning

Each of the CNN elements at the cycle with the number n generates a signal corresponding
to the number of this element (Fig. 3). This makes it possible to distinguish between the
various components of the CNN.

Consequently, it becomes possible to issue commands (and at the level of the CNN
itself, i.e. without the involvement of an operator), which will ensure the formation of a
battle order, because. it is possible to classify network elements according to their position
in space at the current time.

The scheme shown in fig. 2 corresponds to such a classification. The element,
which is assigned the number 1, can be considered as located at the origin of the polar
coordinates, which is emphasized by the arrows drawn from the selected element to all
the others.
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Figure 3 — Diagrams of signals providing synchronization of optical signals
when identifying CNN elements

In accordance with the proposed algorithm, the selected element 1 (hereinafter this ele-
ment will be referred to as 1-support) selects from the remaining five elements the one that
allows you to proceed to the construction of a regular hexagon (battle order). In the future,
this element will be referred to as a 2-support element. Namely, this choice is made in such
a way that the straight line drawn between the 1-support and 2-support elements will divide
the Oxy plane so that two of the truncated elements will be in one half-plane, and the other
two of them will be in the other.

After the classification, the CNN elements are given a command to move to the ver-
tices of the hexagon, one of the symmetry axes of which is a straight line connecting the
1-support element and the 2-support element (Fig. 2).

Corresponding commands are also given to 1,2-support elements, since the length of
the segment connecting them may differ from the length provided for by the formation of
battle formation.

Thus, the formation of a battle order can indeed be carried out with local positioning by
choosing the above straight line, which will be referred to as the reference axis.

It is essential that the choice of reference elements and the reference axis is in no way
connected with the numbers originally assigned to the physical elements of the CNN. This
choice is made only on the basis of their current location in space. This approach, firstly,
ensures the minimization of the movements of the CNN elements when building a battle
formation, and, secondly, excludes the intersection of the trajectories of their movements.

Let us consider how exactly the local classification of the elements of the CNN can be
carried out, which ensures the construction of a battle formation. Let's start with a possible
variant of circuit implementation.

A variant of the circuitry implementation of the local positioning system for the
CNN elements. Let's turn to Fig. 4, which shows the functional diagram of the CNN ele-
ment, which fully corresponds to the case of a six-element network.

This scheme includes a chassis on which all the components of the device are mounted,
including the on-board computer, as well as servo-drive mechanisms that ensure the execu-
tion of commands. These components are not essential in terms of the formation of the
proposed algorithm. Essential from this point of view are the components that ensure the
implementation of the formation formation algorithm.
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These include:

—a set of infrared radiation receivers located on the base, which is a regular hexagon (1);

— amplifier-shapers (2), providing the threshold nature of the response of the IR receiver
to the input optical signal;

— source of infrared radiation, providing identification of the CNN element by its pre-
determined number (3);

— control microcontroller (4);

— Bluetooth-module or its equivalent, providing control and synchronization in the
sense of fig. 3 over the air.

For clarity, in Fig. 5 is a photograph of a test dummy for a local positioning system
including six IR receivers.

Figure 4 — Block diagram of the local positioning system in the Galois coordinate system.

Figure 5 — Photograph of a test layout for a local positioning system in
the Galois coordinate system.

Discrete polar Galois coordinates

Let us consider exactly how it is possible to ensure the determination of discrete
coordinates when using radiation receivers equipped with shaper amplifiers.

On fig. 6 shows a diagram corresponding to a discrete coordinate system, which will be
referred to as polar Galois coordinates.
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Figure 6 — Constructing a system of discrete polar Galois coordinates on a plane.

The choice of the name is due to the following considerations. To move to a discrete
analogue of Cartesian coordinates, it is natural to divide the plane into squares, which is de
facto used in modern television. It is more convenient to form an analogue of polar coordi-
nates when a separate “pixel” is not a square, but a triangle, which is shown in Fig. 6.

In this case, the analogue of the circles, considered as coordinate lines, are regular hexa-
gons nested into each other, highlighted in Fig. 6 bold lines.

The “first circle” includes 6 triangles, the second - 18, the third - 30. As will be clear
from what follows, the coordinate grid shown in fig. 6 is sufficient for local positioning of
the considered simplest CNN variant containing 6 physical elements.

The numbers 6, 18 and 30 indicated above correspond to the number of nonzero ele-
ments in Galois fields of the simplest type. Specifically, these are the fields GF(7), GF(19)
and GF(31) Otherwise, the convenience of using the coordinate grid in Fig. 6 is that the
number of triangles in each of the "circles" is one less than some prime number. This, in
particular, allows for each of the "circles" to use the generalized Rademecher functions
proposed in [4,5]. As shown in the cited works, the most convenient variant of construct-
ing such functions corresponds to the situation when the number of cycles on which the
orthogonal basis is built corresponds to the number of nonzero elements in the Galois field.
Therefore, for such coordinate systems as shown in Fig. 6, it is possible to construct dis-
crete polar coordinates based on the use of Galois fields. In this case, cyclicity is naturally
ensured, which is essential for the practical use of the basis of generalized Rademacher
functions that take values in Galois fields.

This circumstance ensures the transition from a separate group of six CNN elements to
more complex configurations, as will be clear from what follows.

We emphasize that for local positioning, it is sufficient to ensure that the location of the
CNN elements is fixed only in a “coarse” coordinate grid, similar to the one shown in Fig.6.
After determining the reference axis, fine tuning is carried out, and each of the components
here “acts” independently, adjusting its location in accordance with the vertex assigned to it
in the regular hexagon that makes up the battle formation.

For the case under consideration, such a correction is provided by well-known algo-
rithms, which is illustrated in Fig. 7.
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Figure 7 — To the algorithm for correcting the relative position of physical elements
CNN after "rough" tuning.

Fig. 7 emphasizes that when the physical components of the CNN, equipped with IR
radiation recorders of the type described above, are located at the vertices of a regular
hexagon, the signal from other elements of the fragment under consideration falls only on
one of the receivers located according to the scheme of Fig. 5 (the signal hits only one of the
faces of the hexagon). This makes it possible to carry out correction using standard methods
based on algorithms for minimizing the signal from receivers located on neighboring faces
(provided that the reference axis is chosen).

We also note that the considered case of using a regular hexagon as a basic configuration
for the combat formation of CNN elements in space, of course, is by no means the only
possible one. However, it obviously makes it possible to implement more complex structures
composed of regular hexagons, which is illustrated in Fig. 8, and it is these structures that
correspond to the use of polar discrete Galois coordinates.

Figure 8 — An example of a "mosaic" - the basis of a hierarchical
self-organizing structure.

Principle and algorithm of local positioning in discrete polar Galois coordinates.
Let's start from a specific example corresponding to the scheme presented in Fig.4. In
accordance with this scheme, each of the IR receivers located on a hexagonal base and
equipped with an amplifier-shaper generates either a logical zero or a logical unit at the
output.
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Consider the diagram in Fig. 9, which shows three possible locations of the same radiation
source, located on the same straight line. The same figure shows a hexagon corresponding to
the location of the receivers corresponding to the scheme of Fig. four.

Figure 9 — Towards the positioning of the source of cure in the polar
discrete Galois coordinates

It can be seen directly from the figure that, provided that the source is not located on a
straight line perpendicular to one of the faces of the hexagon, the illumination of those faces
on which the study falls will not be the same. There is a distance between the source and the
center of the hexagon, at which the illumination of the three faces facing it will not only be
different from zero, but also exceed the threshold of the amplifier-shaper connected to the
receiver. This case corresponds to the code combination 111, shown in Fig. 9 at the primary
location of the source (more precisely, such a combination includes six binary symbols,
but for clarity, only three of them are considered now). As the source moves away from
the center of the hexagon, the signal arriving at the receivers will weaken. Accordingly, at
a given radiation intensity and a given threshold for the operation of the pair "IR receiver -
amplifier-shaper", there will be a transition from code combination 111 to combination 110
and then to combination 010, as shown in Fig. 9. Thus, there is a division of sections of the
plane into areas, each of which corresponds to certain code combinations formed by pairs
of "IR receiver - amplifier-shaper".

Obviously, such region coding is very limited. However, there is a possibility to use the
fact that the specified coding depends on the intensity of the radiation source, and here there
is a deliberate connection between the discretization of areas on the plane and the nature of
the polar Galois coordinates, which were discussed above. This provides the primary local
positioning necessary for classifying the CNN elements according to their location in space,
understood in the sense of Fig. 2.

Conclusion. In the work, the case was considered when the group control of the CNN
is provided through the use of IR radiation receivers. This case, in accordance with the
provisions of works [6,7], corresponds to the concept of the innovation ladder proposed
in [9]. In accordance with this concept, work on each large-scale project should give
financial returns at each of the intermediate stages of its implementation. With regard to
the development of CNN, such an intermediate stage is the creation of teenage games that
imitate real CNN. For such systems, the use of IR receivers is quite acceptable. In addition,
it is precisely such systems that provide an opportunity for testing algorithms that can later
be used in real CNN.

In general, the results of the work show that the algorithms for the functioning of
the CNN can be quite simple, which demonstrates the promise of further research in this
direction.
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KYPBICTBIK HEWPIIK KEJII

IR apnacel apkblLiel Jceniniy Qu3UKanblK semMenmmepi apacvlHoa aknapam aimacyea Heeizoen2em
JHCAVBIHSEPTIK HEUPOHOBIK JICeNiHIY OlUbIH NPOMOMUNIH MONMYIK 0AcCKapy aneopummi YColHblagaH. An-
copumm dHceli dneMeHmmepiHiy Hcepeinikmi e3apa OpPHANACYbIH NAUOANAHY ApPKblLIbL YPblc MapmioiH
agmomammul mypoe KaaiblNmacmulpyea Hei30eneet JcoHe KapacmvlPulibll OMbulp2an mwlcandda Oy
mapmin mypakmel aimvlOYpulika calkec Keneodi. Xepeinikmi no3uyusiHbl aHbIKMAY KYpansbl KaOiMmel
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anmulOypulumul He2izoe OpHaLacKan 6 Kabblidagululmbl, COHOA-AK ONEPAmop cecMeHmiHiy CUSHATbLMEH
cunxponoanean UK zepmmey ko3in kammumoin UK caynenenyoi mipreyuii 60noin mabwiiaowl. Kepeinikmi
no3uYUsIay 6acmankbloa deeliniy Kanean snemenmmepiniy I anya koopounamanapuin onapovly dipeyine
0alNaAHBICMbIPLLIZAH KOOPOUHAMANAP JCYUeCiHe aHbIKMAY apKblabl WUAMAMEH Jicy3e2e Acblpbliadbl. Opi
Kapai, Keyicmikme 021 RO3UYUALAY Hcelll DNeMEeHMIHIH OPHBIH 0Cbl 2iemenmme opuamvinzan UK-cayneneny
JHcazbacvinbly mayoanean bemxeuiine Kenemin CusHANRA pemmey apKblibl Jcy3eze acblpuliadvl. byn macin
MONMbIK, OACKapyOblly CUNAMbIH KOpcemyee MYMKIHOIK bepedi: onepamop iceice OHblH Jceke KEPAMOac
bonikmepine emec, mymacmaii komanoa depedi. Haxmuipax atimeax, onepamop anmvlOYpoludmbly CUM-
Mempust YyeHmMpIHiY Kenicmicinde 6epileen K032aablcKka KomManoa 6epedi, co0an Keuin dieMeHmmepoin
HaKmul KO32anblCMapuvl 01apobly Oip moebemen Koppenayusacsl Hezizinoe anblkmanaobl.

Tyiiin ce30ep: sicayvineepnik HeUpOHOLIK dicelinep, YUIKbIUICLI3 KONIKmep, podommulK Kapyiap,
arcacecnipimoep otiviHdapwvl, monmuik oackapy, Ianya epicmepi, IR oxbimy.
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AJITOPUTM I'PYIIIIOBOI'O YIIPABJIEHUS UTPOBBIM ITPOTOTUIIOM
BOEBOM HEMPOHHOM CETH

IIpeodnooicen ancopumm epynnogoeo ynpasieHusi upooiM NPOMOmMunom 60e6oll HetupoHHOU cemu,
OCHOBANHYIL HA 00MeHe un@opmayuell medxcoy uzuneckumu nemenmamu cemu no UK-xanany. Aneo-
PpUumm OCHO8AH HA ABMOMAMUYECKOM (Popmuposanui 606020 NOPAOKA 3a cuem UCNONb308AHUS IOKATb-
HO20 63AUMHO20 NOSUYUOHUPOBAHUS INEMEHMOE Cemu, Npuyem 6 paccMampueaemom npumepe 3mom
NOpAOOK omeedaem NpagUIbHOMY WeCTUY2OTbHUKY. HMHCmpyMeHmom 10KarbHo20 NO3UYUOHUPOBAHUSL
aenaemcs pecucmpamop MK-uznyuenus, cooepicawuti 6 npuemMHuKos, pachnoiodlceHnvblX Ha OCHOBAHUL,
npeocmasisouiem coooll nPAsUIbHLIL WECMUY20IbHUK, a Makice ucmoynux MK-usyuenus, cunxponu-
3UPYemblll CUSHANOM, NOCMYNAIOWUM C ONEPAMOPCKO20 ceamenma. Jlokanvrhoe no3uyuoHuposanue ocy-
wecmensaemcs enauane epyoo, uepes onpedenenue Ianya-koopounam oCmMaibHbIX dNEMEHMO8 cemu K
KOOPOUHAMHOU cucmeme, NPUBA3aHHOU K 00HOMY u3 nux. [lanee ocywecmeniaemes mouHoe no3uyuoHu-
posanue 6 npocmpancmee, no NOOCMpPOUKe NOLOHCEHUs INeMEHMA Cemu K CUSHALY, NOCMYNAloujemMy Ha
svloenennylo epany pecucmpamopa MK-uznyuenus, ycmanoeiennoeo na oanuvii anemenm. Taxou noo-
X00 no3607sem npoOeMoHCMpPUPOB8As XapaxKmep epynnoeo20 YNpasieHus: onepamop omodem KOMaHoy
cemu 6 yenom, a He OmoenbHuIM ee Komnonenmam. Konkpemmno onepamop omoaem komanoy Ha 3a0aHHoe
nepemeujerue 8 NPOCMpPaHCcmMee YeHmpa CUMMEMpUU WeCmuy201bHUKa, d odjee KOHKpemHble nepeveuye-
HUSL DNIeMeNIN08 ONpedesioncs UCX00s U3 UX COOMHECeHUs: C OOHOU U3 ePULUH.

Knroueswvie cnosa: boesvle netiponnvle cemu, 6eCnuiommuvle annapamyl, pooOmMusuposanHvle 600py-
JHCeHUs, NOOPOCIKOBbIE USpbl, 2pynnogoe ynpaenenue, noas Ianya, UK-usyuenue.



