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METHOD OF ARRANGEMENTS OF EXPLORATION OBJECTS
DURING THE EXPLORATION OF DATA

Abstract. The effectiveness of the forces and devices of intelligence operations is determined by the number of
intelligence objects discovered and the quality of intelligence obtained about them. In turn, these indicators depend on the
degree of conformity of the results of the decision of the task of planning the use of forces and means of exploration, in
accordance with the conditions of the operational situation. However, when the number of multiple reconnaissance objects
is large, the existing reconciliation approach does not allow for adaptive, rational planning for the use of reconnaissance
assets. The article proposes the solution of the actual scientific task of developing a scientific-methodical apparatus of the
ranking of objects of intelligence in the assessment of the operational situation, in the interests of intelligence planning. The
rank of an exploration object is calculated based on its qualitative and quantitative characteristics. The functional
dependence of the rank of the intelligence object on its intelligence value and its identification with the operational
environment is realized by a fuzzy artificial neural network. In the course of the research, the authors used methods of
artificial intelligence, theories of information processing, the method of analysis of hierarchies and general scientific
methods of analysis and synthesis. The result of the ranking procedure is the introduction of a plurality of scheduled
intelligence objects into the order. Arranging multiple intelligence objects allows you to formalize and solve the quasi-
optimal distribution of intelligence assets and forces. The practical significance of the study conducted by the authors is
that the proposed method is appropriate to use in the development of software for decision support systems that are
intended to solve the intelligence tasks of military forces of the national security and defense sector.
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Introduction

The effectiveness of the forces and devices of
intelligence is determined by the number of intelligence
objects (IO) that were discovered and the quality of
intelligence that they have obtained.

In turn, these indicators depend on the degree of
conformity of the results of the solution of the task of
planning the use of forces and devices of intelligence
(FDI), in accordance with the conditions of the
operational situation.

The key operation that is used to solve the
reconnaissance planning task is the operation of
detecting and identifying intelligence objects.

Objects that are identified by intelligence are
characterized by a variety of qualitative and quantitative
characteristics that have different intelligence values
and, accordingly, varying degrees of importance.

Thus, the detection and recognition of intelligence
objects requires the implementation of a credible,
scientifically sound mapping of the many characteristics
of intelligence objects H on the set of real numbers
that characterize the rank of the & -th intelligence object

wi 2f () > wg,
where hy ={hy,....h,} b € H.

The presentation of the image f(h;)—> wy

analytically in the context of the problem under
consideration does not exist today. The techniques

currently available implement mapping f (/) —> wy

using a mathematical apparatus that is based on expert
judgment, rationing or multiplicative (additive)
convolution methods.

The application of the specified group of methods
to the implementation of the procedure of ranking of
objects of intelligence is conditioned by the presence
of the following disadvantages in the existing
methodology of planning the use of forces and devices
of intelligence:

the lack of automation of the planning procedure
for the use of reconnaissance tools in the given
conditions of the operational environment;

the analysis of the results of the implementation of
the plan for the use of forces and devices of exploration
is not formalized and subjective;

accounting of the consequences of the results of
the use of intelligence during the next planning of the
use of forces and devices of intelligence is missing.

Thus, in situations where the number of multiple
reconnaissance objects is large, the existing approach of
reconciling reconnaissance objects does not allow for
adaptive, rational planning for the use of intelligence.

Setting the task of the research. The
decomposition of the task of planning the use of forces
and means of exploration into a number of partial tasks
and their relationship is presented in Fig. 1.

In a formalized form, the task of ranking IO in the
context of solving the problems of planning the use of
FDI can be represented in the following form:

,o= argmax(F(ﬂ[afr]))’

e
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Fig. 1. Structural and logical scheme of solving the problem of planning the application of FDI

where F(n[a,r]) is the objective function of an

indicator of the efficiency of functioning of FDI;
n[a,r] is the plan for the application of FDI

while using the appropriate scheduling algorithm a to
the 10 ranking list 7;

a is the planning algorithm for the use of FDI,

r is the ranked IO list consisting of n elements,
meaning of the i-th element 7;

characterizes the rank of the i-th 10 among n
objects;

G is the set of constraints that are imposed on the
scheduling procedure in a given operational
environment.

As the value of the objective function

F(nla.r])

of the expression (1), in this paper we consider the total
rank of the 10, during the implementation of the plan 7.
The effectiveness of the intelligence plan w of the
implementation process, it is suggested to evaluate
according to the following criterion.

(Z?:] (kl- a7 )/n) — min;

if i- th 10 don't take into account;

)

ki = 0,
k; =1, ifi- th OP take into account.

where k; is the binary coefficient characterizing the fact

of consideration of the i-th IO during the

implementation of the plan m; # is the rank of the i-th

10 that is calculated according to the proposed method;
n is the number of IOs that are taken into account while
planning.

Analysis of the recent works. In the works [1, 2],
the author proposes a method for determining the
rational number of intelligence features to determine
their membership in the objects of intelligence.

The authors of the works [3-5] proposed a
scientific and methodological apparatus for determining
the state of exploration objects. The proposed
approaches require considerable computing resources.

The analysis of the works [6-8] states that the task
of estimating the rank of IO is similar to the classical
problem of classification (recognition) of images. The
most common and tried and tested mathematical
apparatus used to solve similar problems today is the
mathematical apparatus of artificial neural networks.
However, the use of the classical neural network to
solve the problem of ranking a large number of 10 is
associated with the problem of training artificial neural
networks and involves the presence of a certain training
sample. Accordingly, to implement this procedure
requires a set R that includes as its elements a pair of
values and many characteristics. The process of
generating a set R of mandatory data consistency
conditions is a complex, time-consuming process, due
to the inability to characterize a complex multicriteria
object with a single numerical value.

A reliable solution to this problem can be ensured
by proposing to characterize the 10 as an object capable
of belonging to three classes — "important", "middle",
"unimportant" — with a specific function of belonging to
each class. The formalization of this procedure is
conveniently carried out using the mathematical
apparatus of the theory of fuzzy sets.

Thus, the purpose of the article is to develop a
method of ranking intelligence objects in the
processing of intelligence when  conducting
intelligence using a mathematical apparatus of fuzzy
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artificial neural networks, which will allow to take into
account the consequences of the use of intelligence
tools to observe the 10 in the planning of intelligence
with the application of the principles of ranking taking
into account dynamic changes in the operational
environment.

Presentation of the main material

The IO ranking method using a fuzzy artificial
neural network consists of sequentially performing the
following steps.

Step 1. The architecture of an artificial neural

network, in the form of a graph G=(X,V),, is

formed, where X is the set of vertices of an artificial
neural network, V is the set of connections between the
elements of the set X. The weights of connections w;;
between network neurons are activated by random
values in the range of possible values from -0.5 to 0.5.

The coefficient value is calculated w; :

* n 2
Wi =2 Wi 3)

where n is the number of vertices in the i-th layer of a
fuzzy neural network.

The connection weights between the neurons of
the adjacent layers are re-initialized:

wy = Bowy [ wi, )

where P is the scaling factor that is calculated
according to the expression

B=0,7-p"", (5)

where P is the number of neurons in the inner layers of
the artificial neural network, n is the number of layer
neurons. For each vertex of an artificial neural

network, the offset wy;,w; €[-B,B]. is randomly

determined.
Step 2. The sampled learning objects, the vector,
are fed to the input of the artificial neural network

x=(x1,x2,x3,x4,x5,x6),

as well as the corresponding standards of the results of
their processing by belonging to the classes of the set
C of the vector d.

Step 3. Perform the phasing procedure of the first
layer of an artificial neural network. This procedure
consists in determination of the membership function

p(x| cj) of the 10 characteristics xj,x;,X3,X4,X5,Xg

to classes that are defined on the set
C—u(x|cj),j el_,|C|.

The fuzzy set membership function is a
generalized indicator function of the classical set. The
implementation of this procedure involves two steps.
The first stage is the calculation of class centers V;; of
the elements of the set C for each IO intelligence
feature.

s = 3 (W) ) 3 (W e ©

xeX; xeX;

> (v (x|c_i))2 #0

xeX;

where S is the iteration number; X, is the set of

1
learning objects that characterize the value function of
the i-th characteristics of the IO to the elements of the
set C.

The second step consists in the calculation of the
values of the membership function of the i-th 10
characteristics on the S-th iterations:

MS(x|cj)_ 1/(x_Vl.'i)

4 ’

2
2 (V) )
SIKIIO ()C—V-l-)2 > 0; (7)
;,LS(x|cj)=l, SIKIIIO (x—Vy-)2=0.

Both steps are performed iteratively until the
difference of the obtained values of the class centers
meets the condition

where ¢ is the minimum possible difference between
the values of the centers of the classes that are
obtained in two successive iterations.

The expression (7) allows to determine the
function of belonging of the characteristics of the 10 to
the elements of the set C depending on its quantitative
value.

The result of passing the vector of characteristics
of the IO x through the first network layer is a
synthesis of the second network layer whose function
of vertices activation has the form

y2k=min(p(x|cj)),ier6,jeﬁ (8)

where p(x;) is the belonging function of the i-th

characteristics that are used in the learning process of
the object, the sample that trains up to the j-th element
of the plural C.

The argument of expression (8) is determined by
the values of the signals propagated by the vertex-
parent vertices of the k fuzzy set graph C.

Step 4. Each neuron of the third and subsequent
network layers receives a signal from all neurons of
the previous layer, converting the received signal in
accordance with the activation function and it is
broadcasted to each neuron of the next layer.

Neuron function activation argument z; is
calculated according to the expression

n
2j = W, + 2, Vi Wy ©)
i=1
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where n is the number of neurons in the previous
layer.

Based on the value of the argument z, we
calculate the value of the activation function of the
neuron

vi=1(z):

Step 5. The required continuation training of the
artificial neural network is checked according to the
defined criterion. If the stop criterion is fulfilled, the
algorithm control flow is passed to step 9. The
classifier error is calculated on the last layer of the
artificial neural network according to the expression:

€= Z?=1|di _yi|’

Step 6. The error is backpropagated. Each neuron
of the source layer receives a target value d; that

calculates the magnitude of the error o;:

"

o; =(di—y:) f (z),
where
fv(Zz‘)=fv(Zz‘)'(1_f(Zi))'

The correction value of the link axis Awj; is

calculated, as well as the magnitude of the offset
adjustment Aw; -

Awj; = - 6; -z Awy; = 0.+ O;.

The size of o; is sent to the neurons of the
previous layer.

Step 7. Each inner layer neuron sums the input
from the neurons in the next error layer o; and
calculates the magnitude of the error by multiplying
the value that is obtained by the derivative of the
activating function.

o =f () 2" o) Wy

Computing the changes in the weights of
connections between adjacent neurons according to the
expression:

ijl- =a-0o; -zj;AwOl- =a-0;.
Step 8. Each neuron changes the weight of its

relation to the offset elements and the neurons of the
previous layer:

Wi = Wi +Awj;.
Step 9. The final rank of the 10 by the expression

T

B

=N Y2 X‘Cl € .-

n

where ¢; is the coefficients that characterize the
quantitative ~ measure  of the  corresponding
characteristics of the set C.

An example of the implementation
of the methodology

The automation of the IO ranking process is
performed by using software that implements the
developed method. A data snippet that defines the
functions of the fuzzy network argument to the plural
element C, that is shown in Table 1.

In Table 1, each characteristic of the IO is
determined by four values p;,u,,Hs,Ly, Where .x. is

the magnitude of the characteristic, , is the function
of belonging to a value x to the i-th plural object C. A
training sample of an artificial neural network is
defined on a set of IOs that are characterized by a
species vector

o :(X],X2,X3,X4,X5,X6,C],C2,C3).

A fragment of the training sample artificial fuzzy
neural network is shown in Table 2.

Table 1 —Fragment of the value of the membership functions p for arguments x;,x,,x3,x4,x5,%g

X I} Mo M3 X2 I} Mo M3 X3 I} Mo M3
10 0,92 0,06 0,002 1,8 0 0,11 0,89 0 0 0,04 | 0,96
50 0,8 0,15 0,05 2,13 0,01 0,11 0,88 9 0,03 | 0,05 | 0,95
100 0,7 0,22 0,08 2,46 0,02 0,10 0,88 18 0,15 0,1 0,75
122,1 0,68 0,23 0,09 2,79 0,04 0,10 0,86 27 0,15 | 0,31 | 0,54
X4 I} Mo M3 X5 I} Mo M3 X6 I} Mo M3
700 0,01 0,1 0,89 0,9 0,01 0,09 0,9 7 0,01 0,1 0,89
600 0,02 0,13 0,85 0,8 0,1 0,25 0,65 7,4 0,02 | 0,13 | 0,85
500 0,03 0,17 0,80 0,7 0,15 0,33 0,52 7,8 0,03 | 0,17 0,8
450 0,04 0,22 0,74 0,6 0,21 0,54 0,25 8,2 0,04 | 0,22 | 0,74
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Table 2 — Fragment of a training sample of an artificial fuzzy neural network

X X2 X3 X4 Xs X6 H H H3
600 1,8 0 200 0,85 7,0 0,01 0,10 0,89
600 1,8 0 200 0,85 7,0 0,01 0,24 0,75
600 3,0 0 200 0,85 7,0 0,01 0,24 0,75
600 1,8 0 200 0,65 7,0 0,1 0,3 0,6
600 1,8 0 200 0,85 11,0 0,01 0,2 0,79
600 1,8 0 200 0,85 7,0 0,01 0,35 0,64
300 1,8 0 200 0,85 7,0 0,01 0,1 0,89

Based on the analysis of the above data, we can
conclude that the use of an artificial fuzzy neural
network allows to realize the mapping

S () = we

with a high degree of reliability of the obtained results.
The mean square error of training of the neural network
is 3.9 points of rank.

Thus, the results of the proposed method are
reliable and can be used in solving the problem of
scheduling the observation of the I10.

The conclusion from the article

Thus, the developed method takes into account the
ranking of the 1O that is performed in the framework of
planning the use of intelligence, factors that affect the
conditions of exposure of the IO and the operational

situation. The use of a mathematical apparatus of fuzzy
artificial neural networks allows to take into account the
consequences of the use of reconnaissance tools for
observing 10 in the course of intelligence planning, to
apply the principles of 10 ranking depending on the
dynamically changing operational environment.

The  proposed  method  implements a
comprehensive approach to solve the task of ranking the
IO and provides the desired degree of effectiveness of
the process of functioning of the intelligence system in
different conditions of the operational environment.

The direction of further research is the
development of practical recommendations for the
integration of the developed method in intelligence and
information support to increase the efficiency of
planning the collection and processing of intelligence
information on the 10.
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Merton paH:KyBaHHS 00’ €KTIiB pO3BiIKHu
mig yac 00po0KH pO3BiTyBaILHAX BioMoOCTeii

C. O. Boptauk, O. A. Boiiko, O. B. [Tmunumms, €. A. FOcyxno, O. M. Maxkcimerko, €. M. Koyrauii, 0. M. Cokin

AHoTanisi. PesynbratuBHicTh npouecy (yHKIIOHYBaHHS CHII 1 3aCO0IB PO3BIJKM BH3HAYAETHCS KUIBKICTIO BUKPHUTHX
00’€eKTiB po3BiAKH 1 siKicTIO 100yTOI MPO HUX PO3BiMYBaJIBHOI iH(oOpMalii. B cBOI0 4epry BKaszaHi NOKa3HUKM 3aJIeXaTh BiJ|
CTYIEHs BiANOBIIHOCTI pe3y/bTaTiB BUPIIICHHS 3aBIaHHS IUIAHYBaHHS 3aCTOCYBaHHS CHJI 1 3aCO0IB PO3BIJIKH, Y BiJIOBIAHOCTI
JI0 YMOB OICPATHUBHOI OOCTaHOBKM. Pa3oM 3 THUM, KOIM KUIbKICTb MHOXHHH PAH)XYEMHX OO0 €KTIB PO3BIIKM Ma€ BEIHKY
KIJIBKICTh, ICHYIOUMH MiJXiJ paHXyBaHHSA 00 €KTiB PO3BIIKM HE JIO3BOJISIE peali3yBaTH alalTHUBHE palliOHAJIbHE IUIAHYBAHHS
3aCTOCYBaHHs 3ac00iB pO3BifKH. B cTaTTi NpONOHYEThCA BUPIIICHHSA aKTYaJbHOIO HayKOBOTO 3aBJAaHHSA PO3POOKH HayKOBO-
METOAMYHOI0 anapary paHKyBaHHS 00’ €KTiB PO3BIJIKHU IPH OLIHIII ONEPaTUBHOI 0OCTAHOBKH, B IHTE€pecax IIaHyBaHHS PO3BIJIKH.
Panr 00’ ekTy po3BiJIKH pO3PaXOBYETHCS 3 ypaXyBaHHAM HOro SIKICHHUX 1 KUIbKICHUX XapaKkTepUCTHK. DyHKIIOHAJIBHI 3aJIeKHOCTI
paHry 00’e€kTa pO3BiAKK BiJ HOro po3BimyBalbHOI HIHHOCTI 1 OTOTOXKHEHHS HOTo 3 OINEpaTHBHOIO OOCTaHOBKOIO Peali3yeThCs
HEYITKOIO IITYYHOI HEHPOHHOK Mepexero. B Xozi NmpoBeNeHOro IOCIIJUKeHHS aBTOPaMHM BHUKOPHUCTaHI METOIH ILITYYHOTrO
iHTenekTy, Teopii 00pobku iHpopMarlii, MeTos aHali3y iepapXiil Ta 3araJbHOHAYKOBI METOIM aHalli3y Ta cuHTe3y. PesynbraTom
BUKOHAHHS IPOLEAYPH PAaHXKYBaHHS € BBEICHHA Ha MHOXMHI 00 €KTiB PO3BIAKH, IIO IUIAHYIOTHCS, BIJIHOIICHHS IOPSIKY.
BropsiixyBaHHS MHOXHMHM 00’ €KTIB PO3BIJIKH 103BOJISE (hOPMali3yBaTH i BUPILINTH 3aBAAHHS KBa3iONTHMAIBHOI'O PO3NOIITY
3aco0iB i cmil po3Biaky. IIpakTH4YHA 3HAYMMICTH IPOBEACHOrO aBTOPAMHU JIOCHIPKEHHS IIOJATaE B TOMY, 10 3aIPONOHOBaHUI
METOJ JIOLIJIbHO BUKOPHCTOBYBATH HPH PO3POOLI MPOrpaMHOro 3a0e3NeueHHs IJIsl CUCTeM MiATPHUMKH NPUIHATTA pillleHb, fKi
NpU3HAUYCH] JUIS BUPIIICHHA 3aBJaHb PO3BIAyBaJIbHOrO 3a0e3MeuceHHs Aill BiHCbKOBMX ()OPMYBaHb CEKTOpPY HAIllOHAJIBHOI
6e3neku Ta 000pOHH.

Karwo4doBi caoBa: paHxyBaHHS; 00’€KTH DPO3BIAKY; IUIAHYBAHHSA PO3BiIKH; HEYiTKI MHOXWHH; IUTYYHI HEHPOHHI
MepeKi; 3aCTOCYBaHHS CHJI i 3aCO0IB PO3BIIKH.

Meron paH:KMpOBaHUS 00bEKTOB Pa3BeIKH
BO BpeMs 00pa00TKH pa3BelbIBATEIbHBIX CBeJeHUI

C. A. bopthuk, A. A. boiiko, A. B. ITnnunumms, E. A. FOcyxno, A. H. Makcumenko, E. H. Koyrnsii, 0. M. Cokon

AHHOTanus. PesynpratuBHOCTH Tporiecca (hYHKIIMOHUPOBAHMS CHIJI U CPEIICTB PA3BEIKH ONPENEISETCS KOIHMYECTBOM
PacKphITBIX 00BEKTOB pa3BEIKU M KAaueCTBOM JOOBITOWM O HHMX pa3BelbIBaTeNIbHOW MH(poOpManyu. B cBoro ouepens yka3aHHbBIE
MOKa3aTely 3aBUCAT OT CTEIEHH COOTBETCTBUS PE3YJAbTATOB PEIICHMS 33/a4d IUIAHWPOBAaHMS INPUMEHEHHS CHJI U CPEJICTB
pa3BelKH, B COOTBETCTBHH C YCIOBHSMH OIlEpaTHBHOW 00CTaHOBKU. BMecTe ¢ TeM, Korza KOJIMYeCTBO MHOXKECTB PaH)KUPYEMBIX
00BEKTOB pa3BeJKHM MMeeT OOJbIIOE KOJMYECTBO, CYLIECTBYIOLIMI MOAXO] PaH)KUPOBAHHE OOBEKTOB Pa3BEIKH HE I03BOJISET
peann3oBaTh aJanTHBHOE pAaIMOHAJIbHOE IUIAHWPOBAaHHE INPHMEHEHHsl CPEJCTB pa3BelKkH. B crarbe mpeiyiaraercs pelieHue
aKTyaJbHOM HAaydHOH 3a1audl pa3padOTKH HaydHO-METOIMYECKOro ammapara paHKMpOBaHWE OOBEKTOB Pa3BEIKH IIPH OLICHKE
OIepaTHBHOM OOCTAHOBKH, B HMHTEpecax IUIAHUPOBAHUS pa3Belkd. PaHr OoOBEKTa pa3BelKU PACCUMUTHIBACTCS C y4ETOM €ro
Ka4eCTBEHHBIX M KOJIMUECTBEHHBIX XapakTepucTHK. (DyHKIMOHAIBHBIE 3aBUCUMOCTH paHra oObeKTa pa3BelKh OT ero
pa3BelpIBaTEILHON IIEHHOCTH W OTOXIECTBIICHHE €r0 C OIEePaTHBHON OOCTaHOBKOH peann3yeTcs HEeYeTKOH HCKYCCTBEHHOM
HEHpOHHOH ceThio. B Xome mpoBeneHHOro MCClIeNOBaHMSI aBTOPAMH HCIIOJIb30BAHBI METOABI MCKYCCTBEHHOI'O WHTEIUIEKTa,
Teopud 00paboTku MH(GOPMAIMH, METOJ| aHAJIM3a HepapxXuid W OOIIeHaydHble METOIbl aHadW3a W CuHTe3a. Pe3ympratom
BBINTOJTHEHHUS TIPOLIEAYPHl PAH)KUPOBAHUS SIBJISICTCSl BBEJICHHE HA MHOXKECTBE OOBEKTOB Pa3BENKH, IUIAHUPYEMBIX OTHOIICHUE
MopsiiKe. YTIOpsIOYeHHe MHOXKECTBA OOBEKTOB Pa3BEIKH ITO3BOJLIET (popMann3oBaTh M PEIIUTH 3a7ady KBa3HOINTHMAIBHOI'O
pacnpeznesieHus CpeiCcTB U cuil pa3Benxu. [Ipaxrudeckas 3HaUMMOCTb IPOBEJEHHOIO aBTOPaMM HMCCIIEIOBAHMS 3aKII04YaeTCsl B
TOM, YTO TPEAIOKEHHbIH METOJ LeJIecO0Opa3HO MCIONb30BaTh NP pa3paboTKe NPOrpaMMHOIO OOECIICUeHUs JUIS CHCTEM
TIOIEPKKH TPUHATHS PELIeHHH, KOTOpbIe MpeJHa3HaueHbl JUls PelIeHHs 3aJad pa3BeblBaTeNIbHOr0 obecrieueHus AeHCTBIN
BOEHHBIX (DOPMUPOBaHHI CEKTOPA HAIMOHAIBEHOH 0€30MacHOCTH U 00OPOHBI.

KawueBble ciaoBa: PaHXHUPOBAHUE, 00BEKTBI Pa3BCAKH; IUUIAaHUPOBAHUSA pPa3sBCAKHW; HCUYETKHE MHOXKECTBA,
HCKYCCTBCHHBIC HeﬁpOHHBIe CETH; IPUMEHEHUE CUJT U CPELICTB PAa3BCAKHU.
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