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MNpu TeneBUsNOHHOM pasBejke ypoBeHb
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BO3MOXHOCTEN Te/IeBUSUOHHOW pasBeaku

Ha pa3/InYHbIX HOCUTENNX C UCNOJIb30BAHUEM
3Ha4YeHum K03 PNLUNEHTOB APKOCTU O6BHEKTOB
pasBeaku, GOHOB U MOKPbITUA, MUHUMA/ILHOTO
pasmepa o6bekTa. [lokasaHa npuemaemas
[OCTOBEPHOCTb UCMO/Ib30BAaHUSA METOAUKU
NPUMEHUTE/IbHO K KOHKPETHbIM YC/IOBUSIM.
Paspa6oTaHbl HeO6X0AMMbIE peKOMeHAaLUNn

Nno NpOTUBOAENCTBUIO CpeACcTBaM Te/1IeBUSUOHHOMN
pasBeAKU B yCJI0BUSIX HEY,0B/IETBOPUTE/IbBHOIO
nokasaresns pa3BeafoCcTynHOCTU.
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BBEAEHWE

Ha coBpeMeHHOM 3Talle Pa3BUTHS TeXHUKHU 3HAUU-
TeJIPHO YBeJIMYHBAETCSI YHCIO O0OBeKTOB pafuo-
37IeKTPOHHON 60pebbl (P3B), BC/IENCTBHE 4Yero pe3Ko
BO3POCIH TpebOBaHHSI K IIPOTUBOAEHCTBHIO (I[1/1) TeXHU-
YeCKUM CpeficTBaM pa3BenkH (TCP) MHOCTPaHHBIX IoCy-
OapCTB M OpPraHMU3aLUH PafHOIeKTPOHHOM 3aIIUTHI
CBOMX OOBEKTOB. BoeHHBIe KOH(PIMKTBHI [IOCTeIHUX
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Increasing the
Assessment Efficiency
of Television
Reconnaissance
Facilities
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In the case of television reconnaissance, the
illumination level and the range of evaluation
by optoelectronic devices have an impact

on the object detection and recognition
probabilities. A methodological approach has
been proposed to increase the assessment
efficiency of television reconnaissance facilities
on various carriers using the luminance factor
values of the intelligence targets, backgrounds
and coatings, and the minimum object size.
The acceptable reliability of this method in
relation to the specific conditions has been
proved. The necessary recommendations

have been developed to counter the television
reconnaissance facilities in the conditions of an
unsatisfactory intelligence availability.
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INTRODUCTION

At the present stage of technology development, the
number of electromagnetic warfare (EMW) facilities is
significantly increasing, due to which the requirements
for countermeasures (CM) to the technical reconnais-
sance equipment (TRE) of foreign states and arrange-
ment of electromagnetic protection of their facilities
have sharply grown. The military conflicts of recent
years are distinguished by the growing role of technical
intelligence in the information support of combat activ-
ities of the troops and preparation for them [1, 2]. One
of the most informative and efficient types of technical
reconnaissance is electrooptical reconnaissance (EOR)
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7IeT OTIMYAIOTCS BO3PACTAIOIIel PObI0 TeXHHUYeCKOH
pasBenKy B MHGOPMAILMOHHOM obecriedeHHI O0eBBIX
JEeMCTBUH BOMCK M IOATOTOBKe K HUM [1, 2]. OOHHUM
13 Haubomee HHOOPMATUBHBIX U OMEPATHUBHBIX BUIOB
TEeXHUYECKON Pa3BelKHU SIBJISIETCS. OIITUKO-IeKTPOHHAS
pasBenka (O9P) U mpesknae Bcero TeneBH3MOHHas (TB)
pasBenka (TBP), ammapaTypa KOTOPOM Ppa3MelaeTcs
Ha Pa3MHYHBIX BUJAX HOCUTeNEH.

Bo3pacTaromuil AMHAMH3M OIIepaTHBHON obcTa-
HOBKH, CBSI3aHHBIM C YACTBIMH IepeMeIleHUsIMU 00b-
ekToB TBP, BBIHYXIAeT K HeobX0OMMOCTH IIPOrHO3H-~
POBaHUS Pa3BefobOCTAHOBKH U Mep IIPOTHBOAEHCTBUS
B IIpPeAIIONaraeMbIX paloHaX OHUCIOKALUH OOBEKTOB
IUIs1 TIOBBIIIEHMS HX SKUBYYeCTH. JTO JelaeT aKTyalb-
HOM OLIeHKy BO3MOYKHOCTEM YKa3aHHOIO BHJAa pas-
BeIKU. MeTOomOo/IOTMYeCKOM OCHOBOM TaKOM OLIeHKHU
MOTYT SIBJISITBCSL YTBep>KAEHHBIE METOAMKH, MCIIOJNb-
3yIollle JAaHHBIE, COCpPelOTOUYeHHble B HOPMATHBHBIX
IOKyMeHTaX. OHU 00ecIIeYrBaIOT BBICOKYIO TOCTOBEP-
HOCTb OLIEHKU ITPH HAIUYHMH HeoOXOAMMOM ITOTHOTHI
HCXOAHBIX AaHHBIX. ONHAKO B YCIOBHUSX JUHAMHYHO
M3MEHSIOIENCS PafgHOIeKTPOHHON 0O6CTaHOBKHU
HCII0/Ib30BaHHE YKA3aHHBIX METOAHK IIO LieJIOMY Psiiy
OOBEKTUBHBIX INPHUYMH 3a4aCTyI0 He IIpelCTaBIISeTCs
BO3MOKHBIM.

B 3HaUMTeNBHOM Mepe YIOBIETBOPSIOIIEe COBPeMeH-
HBIM yCJIOBHSIM METOAMKH OIlepaTHBHOI OLIeHKH HeKO-
TOphIX BU/I0B TBP mipefyioskeHE! B (3, 4]. OHu 6a31pyroTcs
Ha QYHKIIMOHAJIPHOM MeTofie 0bO0OIIeHHBIX Iapame-
TPOB, I'Jle B KauecTBe II0Ka3aTesl OLleHKH HCII0/Ib3YeTCs
BEPOSITHOCTh OOHapyskeHHUs 0ObeKTa W, KK BeposiT-
HOCTb pacriosHaBaHus W, B BuTe OYHKIIMOHAIBHOM
3aBHCUMOCTH OT JIBHOCTH TB pasBeaxku I[p:

WO(P) = f(ﬂp) . (1)

MHoOsKkecTBO rpadudecKux 3aBucHMoOCTel (1) cozmep-
>KaT B cebe Bce BO3MOXKHBIE CUTYAIIMH Pa3BelOCTYIIHO-
cty myis TB-pasBenku M 00BbeKTa, HOPMATHBHBIE I10KA-
3aTenu B BUIe 0D0CHOBAHHBIX 3HAUEHUI BEPOSITHOCTEH
nrbo DANBbHOCTEHM, OTIMYAIOTCS HAIJISIAHOCTBIO U IIPO-
CTOTOM B HKCIIONB30BaHUU. OB60OIeHHe 3aKII0YaeTcs
B IIpeCTaB/IeHHUM IIapaMeTpoB cpencTBa TB-pa3Benku
B BHU/Ie eJUHOr0 KO3QOUILIMEHTA 10 Bblie/IeHHbIM TUIIO-
BBIM TPYIIIaM CPeACTB, YTO CYIIeCTBEHHO objerdaer
IIpOBeZieHM e OLIeHKM B KOHKPETHBIX CyYasix.

Ilespr0 HACTOSIIEIO0 HCC/IeNOBAHUS SIBIISETCS OAJlb-
Helllllee Pa3BHUTHe OIEPATUBHBIX METOAHK OLIEHKHU
Pa3BeNIOCTYIIHOCTH 06beKTOB TBP 1 pa3paboTka pexo-
MeHAauuu o I1[] TBP, cBsI3aHHBIX C IIpedbsBlIeHHeM
TpeOOBaHUN K MAaCKUPYIOIEMYy OO0BEKT IOKPBITHIO
IIPUMEHHUTEIBHO K KOHKPETHBIM YCIOBHSM, OIlpene-
JIsIeMBIM IIPOrHO3HUPYEMBIM MJIH PeajbHBIM GOHOM.

=

and, above all, television (TV) reconnaissance (TVR),
the equipment of which is placed on various types of
carriers.

The growing dynamism of the operational situation
related to the frequent movements of TVR facilities,
makes it necessary to predict the intelligence situation
and countermeasures in the proposed areas of deploy-
ment in order to increase survivability. This makes it
relevant to assess the capabilities of this type of intelli-
gence. The methodological basis for such an assessment
can be the approved methods using data contained in
the regulatory documents. They provide high assess-
ment reliability in the presence of the required compre-
hensive initial data. However, in a dynamically chang-
ing electronic environment, the use of these methods
for a number of objective reasons is often impossible.

The methods for operational assessment of certain
types of TVR that comply with the up-to-date conditions
are proposed in [3, 4]. They are based on the functional
method of generalized parameters, where an object
detection probability W, or recognition probability W, is
used as an assessment ratio in the form of a functional
dependence on the range of TV reconnaissance [l,,.

Wo(p) = f(ﬂp) . (1)

The set of graphic dependencies (1) contains all pos-
sible situations of intelligence availability for TV recon-
naissance and a target, the statutory indicators in the
form of reasonable values of probabilities or ranges have
certain clarity and ease of use. The generalization con-
sists in presenting the TV-reconnaissance parameters in
the form of a single coefficient for the selected typical
groups of facilities that greatly facilitates the assess-
ment in specific cases.

The purpose of this study is to further develop opera-
tional methods for assessing the intelligence accessibil-
ity of TVR facilities and prepare recommendations in
terms of the TVR countermeasures related to the require-
ments for a masking cover in relation to the specific con-
ditions determined by the predicted or real background.

STATEMENT OF PROBLEM
TVR allows to get visible images of the targets, includ-
ing at night with low illumination levels. TVR is based
on the transformation of the visible target image,
namely the spatial distribution of illumination at the
observed facility to a temporal sequence of electrical
signals (video signals) using a line-by-line scanning
optical system and a photosensitive converter.

It is proposed to take the functional dependence of
detection probability W, and recognition probability
W, of facilities on the range Ji, in the form of a graphi-
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NMOCTAHOBKA 3AAAYN
TBP 1o03BONsSeT IOAy4aTb BHAMMBIE K300paskeHUS
00BEeKTOB, B TOM YHC/Ie HOYBIO IIPH HHU3KOM YpPOBHE
ocBellleHHOCTH. TBP ocHOBaHa Ha Ipeobpa3oBaHHUSX
BUIMMOr0 H300paskeHHUsI 00BEKTa - IIPOCTPAHCTBEH-
HOTO pacIpefie/leHHs] OCBeLeHHOCTH Ha Habiona-
eMOM OOBbeKTe BO BpPeMeHHYIO II0C/Ie[0BaTelbHOCTh
3IeKTPUYECKHX CUTHAJIOB (BUIEOCUTHAIOB) — C IIOMO-
IIBI0 IIOCTPOYHO CKAHHPYIOIIEL ONTHYeCKOM CHCTeMBL
1 GOTOUYBCTBUTENBHOTO ITpeobpasoBaTeris.
I[Tpennaraercsi B KauecTBe 000OLIEHHOM OLIEHKH BO3-
MokHOCTer TBP HpUHATh QYHKUMOHAIBHYIO 3aBU-
CHMOCTb BEepPOSITHOCTU obHapyxkeHUss W, K BepOSITHO-
CTH pacriosHaBaHus W, 00BeKTOB OoT AalbHOCTH [,
B BUJle rpadHyecKok 3aBUCHMOCTH (1). DT MoKa3aTenu
IO/KHBI OBITH B SIBHOM BHE CBSI3aHBI C JaTBHOCTBHIO
J, WK C 30HOH JIeNCTBUSL KaK [IPOTHBOGOPCTBYOIEH
CTOPOHBI, TaK K CBOMX BOMCK [yl obecrieueHHsT MaKCH-
MaJIbHOM 3alUTBI CBOMX 0OBEKTOB. ITO TaKKe BAXKHO
Y U151 pelieHus 3agayuu I17] TBP.

OLLEHKA AOCTYINMHOCTH
r’PA®OAHAIUTUYECKM METOLOM
[Tony4uM 3aBHCHMOCTb (1) B SIBHOM BH[e, NPUTOAHOM
KaK ISl PaCYeTOB B KOHKPeTHBIX H3BeCTHBIX YC/IOBHSX,
TaKk U B 0000IleHHOM BHJIe, MCII0/Ib3ysl TUIIOBOK COCTaB
cpenctea TBP, IipeficTaB/IeHHEIH Ha PHUC. 1.

IlapameTpamu cpenctBa TBP ABISIOTCA: AHAMETP
3pauka obbeKTHBaA d,, POKyCHOE paccTosIHUE f.5, K03HPH-
LIMeHT ITPOIyCKaHHUsI OOBeKTUBA T,, UYBCTBHUTETBHOCTDH
IIpHUeMHHUKa u3nydeHust @, . (110 OTOKY HU3/Iy4YeHus),
IUIONIAb ITUKCeTa S ¥ ero pa3mep |, YIioBasi pasperua-
IOIasi CIIOCOGHOCTD OITHKO-37IEKTPOHHOM CHCTEMBI Y-
K mapameTpam cpefbl OTHOCATCA: KO3QOHUIIMEHT IIPOIIy-
CKaHMS aTMOCHEPBI T, U CpefHUM K03QOHUIIHEHT SPKOCTH
doHa r, a TakKe AATBHOCTD pasBesiku [1,. K mapamerpam
0ObeKTa OTHOCSITCSL ero KPUTHUeCKUE pasMep L, cpen-
HUH KO3QPUIIMEHT SPKOCTH [,g UIN CPeTHUI KO3PPH-
LIMeHT SPKOCTH MaCKHPOBOYHOIO ITOKPHITHS I, (B Cydae
€ro MCII0/Ib30BaHUSI).

Jinst TBP dopma 06beKTa - IJIaBHBIH eMacKUPYIOITHI
IIpu3HaK. [Ipy 95TOM MOKeT pellaThCs Kak 3afada obHa-
PYy’KeHMs, 3aK/IIOYAIOIIAsAC] B OTHECEHHH y4acTKa H30-
OpaskeHHS K OfHOM U3 JBYX KAaTETOPHUH “0OBEKT + HOH»
WK «QOH», TaK WU 3aZjadya Pacllo3HABaHMSA, CBA3aHHas
¢ GopMHpOBaHHEM 3PUTETBHBIX 00pa3oB 0OBEKTOB, HX
CpPaBHEHMEM CO “CJIOBapeM» U BbIOOpOM Hauboree I1oxo-
SKEro U3 HUX.

IlapaMeTphl CBsi3aHBl ypaBHeHHeM TBP, ompefe-
JIAOIMM II0TOK @, Ha BXofe IPHEeMHHKA H3JIyde-
HHA. B KavyecTBe IPHEMHHMKA Yallle BCErO MCIIOIb3YIOT
JIMHEMKY WIX MAaTpHIly Ha OCHOBe ITPHOOPOB C 3apsmo-

BOM CBs13bI0 ([13C) C 4yBCTBUTEBHOCTBIO @, o 110 107 BT
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cal dependence (1) as a generalized assessment of the
TVR capabilities. These indicators should be explicitly
related to the range A, or to the action zone of both the
opposing side and own forces, in order to ensure maxi-
mum protection of the facilities. This is also important
for solving the problem of TVR countermeasures.

GRAPHOANALYTICAL ACCESSIBILITY
ASSESSMENT

We will obtain dependence (1) in an explicit form, suit-
able both for calculations under the specific well-known
conditions, and in a generalized form, using the typical
composition of the TVR facilities shown in Fig.1.

The parameters of the TVR facility are as follows:
the lens diameter d,; focal length f,; lens transmit-
tance 1,; radiation receiver sensitivity @, .., (in relation
to the radiation flux); pixel area § and its size I ,;,,; angu-
lar resolving power of the optical-electronic system y,,..
The environmental parameters include the following:
the atmospheric transmissivity t, and the average back-
ground brightness coefficient ry, as well as the reconnais-
sance range [l,. The object parameters include its critical
size L,;,, the average brightness factor r or the average
brightness factor of the camouflage coating r,, (if any).

For TVR, the object shape is the main unmasking
feature. In this case, it is possible to solve both the detec-
tion problem that consists in assigning an image area to
one of the two categories «object + background» or «back-
ground», and the recognition problem related to the for-
mation of visual object images, their comparison with
an «index» and selection of the most similar of them.

The parameters are united by the TVR equation that
determines the @, flux at the input of the radiation
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Puc. 1. Tunosol cocmas cpedcmea TBP
Fig. 1. Typical composition of the TVR facility
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M pasmMepoM ITHKCena |, COCTABIAIONIEM eIUHUILIBL
MHKpOMeTpoB. KadecTBo obHapyskeHHs! OymeT olpene-
JIITBCS OTHOIIeHHeM CUTHaT/myM: q=Pp, /P, oo .

Hcxons 13 HasHavyeHHs TBP, o4ueBUIHO, YTO COAepsKa-
HHEeM OIIePaTHBHOM OLIEHKH, IIPUeMJIEMOM AJI IIpaKk-
TUKH C BBIXOAOM Ha peKoMeHIauuu 11o I1]] TBP, mo/skeH
OBITH 3TAIl COOCTBEHHO PacIlO3HABaHMUS. [l03TOMy IIpH-
MeM BepOSTHOCTb PAaCIIO3HaBaHU Wp 32 OCHOBHOM ITOKa-
3aTeJIb OLIeHKM BO3MOXKHOCTeH TBP, a B KauecTBe OJIHOIO
13 TpeX yPOBHEH pacIio3HaBaHUs (0OHapyskeHUe, pasiu-
YyeHMUe, OIO3HAHUe) BelbepeM YpOBeHb OIIO3HAHUS, YCTa-
HaBJIMBAIONIUI THII 06beKTa. Bblbop momobHOro Kpu-
TepHs OLIeHKH CBA3aH C TeM, YTO MMEHHO 3TOT YPOBeHb
Haubosee eTaJbHO II03BOJISIET YCTAHOBUTH QOpMy 00B-
exrta. [Ipu 3ToM Hamboree OOBEKTHBHBIM ITapaMeTpOM,
XapaKTepU3YIOIIUM 3Ty BEpPOSATHOCTb, SIBJISETCS KOJIH-
YeCTBO 3/IEMEHTOB paspelneHus N, YKIaIbIBAIOIINXCS
Ha MMHUMIBHOM (KPUTHYECKOM /ISl OIIO3HAHUS) pas-
Mepe o6beKkTa N=L; /L.

C yd4eToM IIpHBeIeHHBIX COOOpaKEeHHI B KadecTBe
MICXOJHOI'O COOTHOLIEHMSI BePOATHOCTH PACIIO3HABAHMS
IUIS TIOCTPOeHMS YIIPOLIEHHOHM METOAMKH OLIeHKH BO3-
MO>KHOCTEl MOKeT OBITh IIPHHSTO ClIefylolnee IIpUbin-
>KeHHOe COOTHOIIIeHHE:

W, ~ @{W'I\?'N—Q}. 2)
@

B BelpaskeHHU (2) O(x) - MHTErpasl BEPOSTHOCTH, a
W — SMIIMPHYECKHUMN KO03QOULIMEHT, 3aBUCSIIUK OT
OTHOILIEHUS CHUTHaJI/IIyM, 3HadeHHe KOTOPOIO JIeKUT
B mpenenax: 0,13sws<l, mpudeM, 14 q=5,4 w=1. AHa-
M3 TeXHUYEeCKHX XapaKTePUCTHK COBPeMEHHBIX
cpencts TBP, yclIOBUH HUX NPHUMEHEHMS W IIPUHATHIN
YPOBEHb PACIIO3HABAHUS, a TaKKe TpeboBaHUeE oIepa-
TUBHOCTH OLICHKH II03BOJISIOT YCIOBUE W=1 IPUHAThH
B KayecTBe OCHOBHOro. KospouimeHT Ny XapaKkTepu-
3yeT TpebyeMmblil (10 BepPOSITHOCTH) YPOBEHb PacIlO3Ha-
BaHUS. [|J1s1 BBIOPaHHOIO YPOBHSI OIIO3HAHMSI 3TO 3Hade-
HUe B COOTBETCTBHUH C KpUTepHeM JIKOHCOHA (CM. Tabi1.)
MOXKHO IPUHATH PaBHBIM: Ng=x06,5. KospduumeHt Q,
3aBUCSAIIMI OT KBAUIMQUKALMHK OIepaTopa M obbema
AIpHOpHOM MHpopMaLuy 06 06beKTe A1l BEIOPAaHHOIO
YPOBHSL pacIlO3HaBaHHS, MOXKHO IIPHHATb PaBHBIM [5]:
Q=0,97.

TpeboBaHMe ONMEPAaTHBHOCTH II03BOJSET Orpa-
HUYUTHCSI YYETOM TOJIBKO OFHOIO II€PBOI0 YCIOBHS
q=5,4 (w=1), monarasi ero THUIIOBBIM. JTO IIOATBEPSKAA-
eTCS aHaJIM30M TeXHHYECKMX XapaKTepUCTUK COBpe-
MeHHBIX CpeAcTB TBP K YCIOBUH HX NIPUMeHEHMUS.
Torma B COOTBETCTBHM C (2) BepOSTHOCTb CTAaHOBHTCS
dyHKIIHer HeKOToporo 060611eHHOro mapamMeTpa

x=(QN/N,)-Q, 3)

=

receiver. A ruler or matrix based on the charge-coupled
devices (CCDs) with a sensitivity @, ., of up to 10> W
and a pixel size I ;, of a few micrometers is most often
used as a receiver. The detection quality will be deter-
mined by the signal-to-noise ratio: q=®,,/ @, min-

Based on the TVR purpose, it is obvious that the
operational assessment, acceptable for practice with
the following recommendations in relation to the TVR
coutermeasures, should be the stage of recognition.
Therefore, we will take the recognition probability W,
as the main indicator for assessing the TVR capabilities,
and we will choose the recognition level that establishes
the type of object as one of the three recognition levels
(detection, discrimination, identification), since this
level allows to determine the object shape in details.
Moreover, the most objective parameter describing this
probability is the number of resolution elements N that
fit on the minimum (critical for identification) size of
the object N=Ly;/Ly,.

With due regard to the above considerations, the
following approximate ratio can be taken as the initial
ratio of the recognition probability for developing a sim-
plified capability assessment method:

w, -0 AN, @
N,

In expression (2) @(x) is the probability integral; w is
an empirical coefficient depending on the signal-to-noise
ratio, the value of which is within the following range:
0.13<w<1, where for g=5.4 w=1. The specification analysis
of the up-to-date TVR facilities, conditions for their use
and accepted recognition level, as well as the require-
ment for the assessment efficiency, allow to accept the
condition w=1 as the main one. The coefficient N, char-
acterizes the required (in terms of probability) recognition
level. For the chosen identification level, this value can be
taken equal to Ny~6,5, in accordance with the Johnson’s
criterion (see table). The coefficient Q, depending on the
operator’s qualification and the amount of a priori infor-
mation about the object for the selected recognition level,
can be taken equal to [5]: Q=0.97.

The efficiency requirement allows to consider only one
first condition q=5,4 (w=1), assuming it to be typical. This
is confirmed by an analysis of the technical specifications
of the up-to-date TVR facilities and their usage conditions.
Then, in accordance with (2), the probability becomes
a function of some generalized parameter

Xz(QN/Nq))_Q) (3)
being an informative component of the recognition

process. It is this parameter that must be modified to
obtain the desired method.
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HMeIOIIero CMbICT UHQOPMATHBHOM COCTABISIONIEH
Ipoliecca pacmo3sHaBaHMA. MMeHHO 3TOT IapameTp
MIPeNCTOUT BHAOW3MEHHUTh ISl IONyYeHHs HCKOMOM
METOIHKH.

3HaueHue N, (UCIOMB3yeTcsl KPUTEpUH [IKOHCOHA)
BBIOMPAETCS B COOTBETCTBUU C TAbIMYHBIMHU JAaHHBIMU
(cM. Tabn.). B JaHHOM C/Iy4Yae IIPUMeM YPOBeHb OII03HABA-
HUSI, TOra TpebyeMoe 3Ha4UeHHUe, TapaHTHUPYIoIee W,20,5,
6y,ELE‘T Ng=6,5. Mcxons U3 ombITa, 3Ha4yeHHe Q MOSKHO IIpH-
HATb: Q=0,97. OCHOBHOe ITpeobpa3oBaHUe KACAETCS BULO-
K3MeHeHUs! N, XapaKTepU3yIOIlero pealbHbIN (OlleHUBa-
eMBIH) YpOBeHb OIO3HABAaHMs U IIPeCTaB/ISIONero cobort
YUCIO0 3JIEMEHTOB paspelleHUs L., YKIaJbBaloOIIMXCs
Ha MUHUMIBHOM pasmepe o6beKTa L, , KK

L . L_.
—_min __ ““min (4)

Lo Yosc'Dp

3HaueHHe JIMHEMHON paspellaloliel CIocobHo-
ctu (PC) HaxoOMTCS Kak [IpoM3BeJieHIe yrn0130171 PC
OIITHKO-31eKTPOHHOM cucTeMbl (0O3C) Yoy HA Haslb-
HOCTb pa3Beiku Dy. B cBoro ouepenp yrnosas PC 03C
CKJIafbIBAeTCsl U3 yraoBou PC IpHeMHHKa OINTHYe-
ckoro usnydeHus (IIOH) y,, U yI/10BoH PC oIITUYeCKOkH
cucteMsl (OC) Yoc, T-€. Yosc=Yoc* Yuou-

JI7151 BOMCKOBOH ITPaKTHKK HeT HeoOXOAHUMOCTH OpH-
e€HTHUPOBAThLCS Ha KOHKPETHOE CPefICTBO BEICOKOTOYHOI'O
opyxkus (BTO), ucrions3ymoimee cpeacrsa O9P (TBP), Tem
6ormee uTO MHOroobpasrie HCIIO/Ib3yeMbIX THIIOB 0OJIb-
mioe. PaljMoHajibHee pellaTh 3a7ayy OL@HKHA OTHOCH-
TE/IHO CYILECTBYIOIIMX BHUOB Pa3BelKH: BO3AYLIHOM
WJIM Ha3eMHOM, BbIOpaB /ISl 3TOTO ITapaMeTphl TYULIHX
CPeZCTB MM 6/THM3KHUX K TAKOBBIM. B 3TOM C/Tyuae MOSKHO
B BBIpaKeHHeE [IS IIapaMeTpa X BBeCTH KO3QPUIIHMEHT
BH/IA Pa3sBelKU R, KOTOPBIN OOBeAMHSIET IIOCTOSHHbIE
KO3QOUIIMEeHTEl M yKa3aHHBIe IapaMeTphl I10 BHIAM
Pa3BenKy M paCCUMTBIBAETCS 3apaHee B BUE:

R=Q'—f06‘ (5)

(L2 2A+S)-N,
B BBIpaRKeHUU [y 000OLIEHHOr0 MapaMmeTpa X,
a 3HAYUT, U [JIs1 BEPOSITHOCTU B SIBHOM BHJE IIPef-
CTaBJeH IlapaMeTp, XapaKTepU3YIOLUIUN BHJ pas-
BE[KM, IJIaBHASI XapaKTEPUCTHUKA O0OBEKTA C TOYKHU
3peHUsI ero pacrio3HaBaHUs - MUHUMAIbHBIN pa3Mep,

IAJIBHOCTD Pa3Be/IKH
x=fmin R ©)
DP

Ocraercsi yd4ecTh peanbHBIE YCIOBUS Habmome-
HUsl 00beKTa Ha HekoTopoM ¢oHe. [ 3TOro BBeZeM
B IIapaMeTp X HEKOTOPHIH KO03QPUIIMEHT yMeHbIle-
HUS paspelIaionerl CriocobHocty a. OH 6ymeT HUrpath
POJIb COMHOSKHTENISI, 3aBHUCSIINEr0 OT BHUIHUMOIO KOH-
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Tabnunua. YncneHHble 3HAa4YeHMS NoKasaTenen KpuTepus
J>KOHCOHa

Table. Numerical values of the Johnson'’s criterion
indicators

KayecTBO BUAEHUS

Yncno paspellaembixX WTPUXOB

Vision quality ans obecneyeHna W=0,5
Number of strokes allowed to ensure
W=0.5

OB6Hapy>eHune 1,0+0,25

Detection

PasnnyerHve 4,0+0,80

Discrimination

Onos3HaBaHwue 6,4+1,50

Identification

The value of Ny (the Johnson's criterion is used) is
selected in accordance with the tabular data (see table).
In this case, we will accept the recognition level, then
the required value that provides for W,>0,5, will be
Ny=6,5. Based on experience, the value Q can be
taken as follows: Q=0,97. The main transformation
concerns the modification of N that characterizes the
actual (estimated) recognition level and represents
the number of resolution elements L, that fit on the
minimum object size L ;,, or

N-= Lmin - Lmin . (4)
Lo Yosc'Dp

The linear resolution (LR) value is found as the prod-
uct of the angular LR of the optical-electronic system
(OES) Yoac and the reconnaissance range D,.In turn,
the angular LR of the OES consists of the angular LR of
the optical receiver (OR) y,,, and the angular LR of the
optical system (OS) Yoc, i.€. Yosc=Yoc+ Vrou-

For military practice, there is no need to focus on
the specific high-precision weapons (HPW) using the
EOR (TVR) facilities, especially since the variety of
types used is rather large. It is more sustainable to
solve the problem of assessing the existing reconnais-
sance types, such as air or ground one, while select-
ing the parameters of the best facilities or something
close to them. In this case, it is possible to enter the
reconnaissance type coefficient R into the expression
for the parameter x that combines the constants and
the specified parameters by the reconnaissance types
and is calculated in advance as follows:

Q'fo
R- (1,22 2A +6s).N¢‘ )

The expression for the generalized parameter x, and,
therefore, for probability, explicitly provides a param-
eter specifying the type reconnaissance. The main
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TpacTa obbekTa U PoHa K. AHAJIOTMUYHBIM IapaMeTp
HCII0/Ib3yeTCsl B pOTOpasBe[Ke B BHE SMIIMPHYECKOIO
COOTHOIIeHHUS [6]:

a=[K/(2-K)]%. @)

IIpaBoMepHOCTh TaKOIroO IIOAXOHda OIIpaBJaHa, eCIH
OIIMPAThCS Ha eAUHCTBO GH3NUECKOIO IIPUHIIUIIA I10/Ty-
YeHHSI M300pasKeHUsI B PacCMaTpHUBAeMOM JHaIla3oHe
IuiH BoyiH TBP. B cBOr0 o4uepenb KOHTPACT BhIPA3HM KaK
OTHOCHUTE/IBHYIO Pa3HOCTb SIPKOCTeH d4epe3 CpelHMe
KO3QUIIMEeHTHl SIPKOCTH B pPacCMaTpHBaeMOM [Harla-
30He ODP nmna obvekta [, U GOHA T, C IIOMOIIBIO
COOTHOIIIeHKS

K=—LooBl (8)
max {7, T, }

[Ipon3sBeeHe MHUHHMAJIBPHOTO pa3Mepa 0OBeKTa
Ha KO3QPUIIMEeHT yMeHbIIeHHs PC B BBIpaKeHUH I
00061eHHOr0 mIapamerpa X 0603HAUMM KaK HEKOTOPBIH
SKBUBUIEHTHBIH pa3Mep obbeKTa H C y4eToM yXyaIeHHs
PC H=L_;,,* . Takoe IipefcTaBjieHue II03BOJISET IOTyYUTh
CeMEeHCTBO KPHUBBIX, OTPKAIOLIMX 3aBHCHUMOCTb 3KBHBA-
JIEHTHOTO pasmepa OT BUAMMOro KoHTpacta H=f(K) mis
BCEX BO3MOXKHBIX QHUKCHPOBAHHBIX 3HAUeHUIH MUHUMAaJIb-
HBIX pa3MepoB o6beKTa (pUC. 2). IIpK 3TOM MBI yIHUTHIBaEM
BIHSTHHE BUAMMOIO KOHTPACTa Ha Pa3pelIalomlyo CI10co6-
HOCTB IIPU OLIeHKe BO3MOKHOCTer TBP U 3ddeKTUBHOCTH
Mep 3aLIKUTEI CTALIMOHAPHBIX 06BexToB o1 BTO.

Ha ocHoBaHMU IpepjiaraeMoro MeTOOHYEeCKOIro
rogxona o6OOIIEHHBIM IIapaMeTp X OIIMCBIBAeTCs
BBIpaKeHHEeM

x=1R _q. ©)
D,

BeipaskeHre (9) BrIodaeT B cebs Bce AaHHBIe,
HeoOXOmMMBIe M IOCTaTOUHBIE ISl IIPOBENeHHUs oIle-
paTHBHofl oueHkd TBP. Torma Mbl IOJIyYHM ceMeH-
CTBO 3aBHCHMOCTEH BEPOSITHOCTH PaclIOo3HaBaHUS
06BbeKTa OT JAIBHOCTU Il 33JAHHOTO BHUIA Pa3BeAKU
U [ BO3MOXKHBIX QUKCHPOBAHHBIX 3HAYE€HUM 3KBHU-
BAJIEHTHOTO pa3mepa obbeKkTa B BHIE W,=¢(Dp) mpu
H=const (puc. 3).

3aBUCHMOCTH, IIPUBeIeHHbIe Ha PHC. 3, II0JIyYeHEI
IUISL CPeACTB BO3AYINHOM TBP, KOTOPBIM COOTBETCTBYeT
3HaueHHe Ko3pPHIlMeHTa BHIOA pa3sBeAkud R. Pacuer
yKa3aHHBIX QYHKIHOHAIBHBIX 3aBHCHMOCTEH IIPOH3-
BOAUTCS I10 U3BeCTHOM dopmyile [7], alllIpOKCUMUPYIO-
Iler UHTerpajl BepOSTHOCTU B BHle

Wp(x)z0,5~[1+kx -,/l—exp(—O,GZSXZ)J, (10)

rae k,=-1mpu x<0 u k,=1 mpu x=0.

object specification in terms of its recognition is the
minimum size, reconnaissance range:
- Loin R
X—D—P—Q. (6)
It is necessary to consider the actual conditions of
object observation against a certain background. To do
this, we introduce a certain resolution reduction factor
a into the parameter x. It will play the role of a fac-
tor depending on the apparent contrast of the object
and the background K.The similar parameter is used
in photo reconnaissance in the form of an empirical
relation [6]:

ax[K/(@2-K)]%>. @)

The legitimacy of this approach is justified if we
rely on the united physical principle of obtaining an
image in the considered wavelengths range of TVR. In
turn, we obtain the contrast as a relative brightness
difference using the average brightness coefficients in
the EOR considered range for the object 7, and the
background 7, using the following relation:

Hh—T
K= ‘07_‘”‘_ (8)
max{n, T}
5,0
— Lpyjp=5,0m
45+ — Ly=4,5M
— Lyypy=4,0M
40 — Lnn=3,5M
— Lyip=3,0M
35| Lon=2,5M
— Lyip=2,0M
— Lyp=1,5M
3,0 -
, — Ly=1,0M
Luin=0,5M
E. 2,5 ‘min
b
2,0 +
1,5+
1,0 -
0,5 H
0 | | | | | | | | |
o o1 02 03 04 05 0,6 0,7 0,8 0,9 1,0
K
Puc. 2. Cemelicmeo 3agucumocmetl 3K8UBAAEHMHO20 pA3-
mepa om 8udUM020 KOHmMpacma
Fig. 2. Family of dependences of the equivalent size on the
visible contrast
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1,0

0,9+

0,8+

M 4,5M

0,7 -

N Lsm \25M am 5M
0,6
= 3M

Im 3,5M
0,5
0,5M

0,4+

0,3

0’2 1 1 1 1 1 1 1 L 1

0 4 8 12 16 20 24 28 32 36 40 44 48
Ap, kM

Puc. 3. Cemeticmeo 3asucumocmell 8eposimMHOCMU pacnos-
Hasaxus om oanbHocmu
Fig. 3. Family of dependences of recognition probability on
the range

OLUEHKA AOCTYINHOCTHU
ATIMOPUTMUHECKUM METOAOM

Hapsany ¢ npuBefeHHBIM TrpadoaHATUTHUYECKUM
METOIOM OLIeHKH BO3MOXKHOcTer TBP Obl1 co3maH
AITOPUTM OIEPAaTHBHOM METOOHWKHU M BBIIIOTHEHA
ero ImporpaMMHas peanusaliis B BHUAe IIPOrpaMM-
Horo obecrieuenus (I10) [8]. Ha puc. 4 mpexncras-
JIEHO IJIaBHOEe OKHO BBIOOpa OJHOTO M3 Tpex BUIOB
HOCHUTeNeHr cpeldcTB TBP: BO3AYLIHBIX, KOCMHYECKHX
Y Ha3eMHBIX.

PaccmoTpuM paboTy MporpaMMmbl Ha IIpHMepe
BO3JYILIHOIO HOCHUTess. BBIOpaB MAHHBIN PeXHUM,
oIepaTopy HeoOXOAMMO BBEeCTH HCXOJHbIe IAHHBIE
1o o6beKTy 3alIMTHL U YCJIOBUSM BefeHUs TBP, aHa-
JIOTHYHbIe T'padoaHAIUTHUYECKOMY METOHLYy: KpUTHYe-

.

L T —

Kocmuseckin HoCHT e BoaayiuHkif HOCHTE N

Halestbii HOCHTENE

Puc. 4. TnasHoe 0kHo 8bI60pa 00H020 U3 mpex 8U008 HOCU-
meneli cpedcme TBP

Fig. 4. Main selection window for one of the three TVR
facilities
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The product of the minimum object size and the LR
reduction factor in the expression for the generalized
parameter x will be denoted as some equivalent size of
the object H, with due regard to the LR deterioration
H=L_;,-a. Such representation makes it possible to
obtain a family of curves reflecting the dependence of
the equivalent size on the apparent contrast H={(K) for
all possible fixed values of the minimum object size
(Fig. 2). Moreover, we consider the visible contrast
effect on resolution when assessing the TVR capabili-
ties efficiency of measures to protect the immovable
objects against the HPW.

Based on the proposed methodological approach,
the generalized parameter x is described by the follow-
ing expression:

HR
=3~ 9)

The expression (9) includes all the data necessary
and sufficient for an operational TVR assessment.
Then we will get a family of dependences of the
object recognition probability on the range for a given
reconnaissance type and for possible fixed values of
the equivalent object size in the form W,=¢(Dp) at
H=const (Fig. 3).

The dependencies shown in Fig. 3 are obtained
for the airborne TVR facilities that correspond to the
reconnaissance type coefficient value R. The calcula-
tion of these functional dependencies is performed
according to the well-known formula [7] approximat-
ing the probability integral in the following form:

W, (9)=0,5[ 1+k, - J1-exp(-0,625¢%) |, (10)

where k,=-1at x<0 and k,=1at x>0.

ACCESSIBILITY ASSESSMENT

BY ALGORITHMIC METHOD

Along with the above graphic-analytical method for
assessing the TVR capabilities, an operating algo-
rithm was developed with its software implementa-
tion in the form of software (SW) [8]. Figure 4 shows
the main selection window for one of the three types
of TVR carriers: air, space and ground.

Let us consider the program on the example of an
air carrier. Having selected this mode, the operator
needs to enter the initial data related to the protected
object and the TVR usage conditions, similar to the
graphic-analytical method, such as the critical linear
dimensions and the brightness factor of the object,
the background brightness factor. The operator is also
provided with an opportunity to select a reconnais-
sance assessment indicator (for example, discrimina-
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CKHe JIMHeHHble pa3sMepbl U KO3QPUIIMEHT SIPKOCTH
0bperTa, KOIQPUIIMEHT SIPKOCTH QoHA. Take orepa-
TOPY [JaHa B3MOXKHOCTb BbIOOpA ITOKa3aTessl OLleHKHU
BeJleHHs pa3BeJKH (HaIlpuMep pas3nuyeHHe) (pUc. 5).
[IporpaMma paccUMThIBaeT (PYHKUHOHAIbBHBIE 3aBH-
CMOCTH BEPOSITHOCTH OOHApysKeHHs OT HAJIbHOCTU
BeneHus TBP.

Tak KaK CpeficTBa pa3Be[KH 00/1aatoT pa3IMYHbIMH
IoKa3aTe/lsIMU pa3pellalolllell CIIOCOOHOCTH, BIIMS-
IOIIMMHK Ha BBIYMCIEHHe 5KBHBAJICHTHOIO pasMepa,
TO CTPOMUTCS CeMeMCTBO KPHBBIX, IIPelCTaB/SIOLINX
GYHKUMOHAIBHYIO0 3aBUCHMOCTh BBIOPAaHHOK BepoOsIT-
HOCTH OT JAJIbHOCTH BeleHHs pa3BelKH. B KadecTse
IpuMepa BblbepeM /ISl aHAIH3a S9KBUBAIEHTHBIH Pa3-
Mep 0OBeKTa 3alUThI, paBHBIKM 0,11 M. DToMy Ppas-
Mepy Ha rpagrKe COOTBETCTBYeT KpHBas I10J, HOMePOM
1. ing Toro 4ToO6Bl OOBEKT 3aIUMTHL ObUT Pa3iUveH,
BEpPOSITHOCTDb Pa3/IMYeHMs JOoJKHA ObITh He HInke 0,5.
DTOMY I10Ka3aTe/Il0 COOTBETCTBYET AAJIbHOCTh BeeHH
pa3sBenxu, paBHas 1 kM. IlomBens ykasaTelb MBIIIN
Ha COOTBeTCTBYIOIUIYI0 KPHBYIO, OIIEpPaTOp IIONy4aeT
TOYHOe 3HaueHHe. Takke B IporpaMMe UMeeTcs 670K,
IIpefHA3HAYeHHBIH [Tl OLIeHKH HeobX0qMOCTH Befle-
HHA Mep IPOTHBONEHCTBHS TeXHUYECKHMM Pa3BelKaM.
Jsist 3TOro HeobXoAMMO BBIOPATh 3KBHBAJIEHTHBIN
pasmep, BBeCTH [J/IBHOCTL BefeHMs TBP. Omepatopy
OyoyT maHBI peKOMeHAAlKHU 1o Mepam I1]I TBP.

[TonyyeHHOe 3HayeHHe NAIbHOCTH BeleHHs pas-
Be[KH MCIIO/Nb3YeTCs Jajee sl IIOCTPOeHHs 30H pas-
BeJIOCTYIIHOCTY OOBEKTOB 3alIUTHL OT CpeAcTB TBP
C y4yeTom peibeda MECTHOCTH. [jig 3TOro B C/Iefyio-
IeM MOAyJle MPorpaMMbl Heob-

tion) (Fig. 5). The program calculates the functional
dependencies of the detection probability on the TVR
range.

Since the reconnaissance facilities have various
resolution indicators affecting the equivalent size cal-
culation, a family of curves is plotted that represents
the functional dependence of the selected probability
on the reconnaissance range. As an example, we will
choose for analysis the equivalent size of the protected
object, equal to 0.11 m. This size on the graph corre-
sponds to the curve No.l. In order to distinguish the
protected object, the discrimination probability must
be at least 0.5. This indicator corresponds to a recon-
naissance range of 1 km. By moving the mouse pointer
to the relevant curve, the operator obtains the exact
value. Moreover, the program includes a unit designed
to assess the need for countermeasures against the
technical intelligence facilities. For this purpose, it is
necessary to select an equivalent size, and enter the
TVR range. The operator will receive recommendations
on the TVR countermeasures.

The obtained value of the reconnaissance range is
used further to build the reconnaissance areas of the
protected objects against the TVR, with due regard
to the terrain. To do this, it is necessary to enter the
input data in the next program module. In the com-
mand line, select the menu item «Options» and in the
available list, select the item «Set the reconnaissance
facility parameters». In the window that opens, the
operator sets the flight speed and altitude of the air
carrier of the TVR equipment, as well as the obtained

XOOWMMO BBeCTH HCXOOHBIE [OaH-

Hble, B KOMaHJHOH CTPOKe Hazo
BBIOpaTh IIYHKT MeHIO
MeTppl» U B OTKPBIBHIEMCSI CIIH-
cKke BbIOpaTh MYHKT «yCTAHOBUTb
IapaMeTphl CpPeficTBA Pa3BelKU».
B OTKpBIBIIEMCSI OKHE OIIepaTop
33[jaeT CKOPOCTb M BBICOTY IIOJIeTa
BO3YILIHOTO HOCUTEIs CpefcTB TBP,
a TaKKe IONYy4YeHHYIO AJbHOCTb
BelleHUs pa3BeIkU. BeiOupaeT BUJ
caMoJieTa-pa3Bef4HUKa - HaIpH-
Mep CaMojieT HMHOCTPAaHHOM aBH-
AKOMIIAaHHH, COBEpIIAIOLIEl Perc
Ha TeppuTOpuH Poccurckoin Pepe-
paLiMu. 3aTeM OIepaTop BhIOKpaeT
Pe’KMM IIOCTPOEHHS 30H pa3Belfo-
CTYIHOCTH: CTaTHYeCKHUM U [HHa-
MHYeCKUH KM HAHOCHT Ha 3JIeK-
TPOHHYIO KapTy MeCTOIIOJIOKeHHe
0OBEKTOB 3aIUTHI.

«Hapa— 2 -

Puc. 5. OkHo npozpammbl 0451 pacdema 3a8UCUMOCMU 8epOSIMHOCMU 06HApyKe-
HU$ om danbHocmu eedeHus TBP

Fig. 5. Program window for calculating the dependence of the detection probabil-
ity on the TVR range of vision
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Ha cimemyroieM 3Tame OIlepaTop 3aJaeT TPAeKTOo-
puio 1osieTa HOCHUTeIs CpencTBa TBP myTeM HaHece-
HHUS TUHHUH Ha 371eKTPOHHOM KapTe. ITporpaMma aBTo-
MaTHYeCKH C y4eToM Ipoduiis penbeda MeCTHOCTH
Y BBICOTHI I10JI€TA CaMOJIeTa CTPOMT 30HY BemeHHsS TBP
U1 BbLJe/IsieT KPAaCHBIM I[BETOM OOBEKThI 3alIUThI, BUJIO
Bble JIeMacKUPYIOLIHe IIPU3HAKK KOTOPBIX MOIYT OBITh
Ppas3IUYeHsH.

BbIBO/J,

Pa3paboTaHHAs METOLHMKA OIMEPAaTHBHON OLIeHKH
BO3MOKHOCTel TBP IIOCTpoeHa Ha HCIIOIb30BaHUU
MHHHMAJIbHOTO Habopa MCXOOHBIX NAaHHBIX (Cpen-
HHe 3HadyeHUS K03OOUIIMEeHTOB SPKOCTH THIIOBBIX
06bexkTOB, GOHOB K IIOKPBITHM). MHHHMAIBHBIN
(KPUTHUYECKUN [l PacIo3HAaBaHUS) pa3mep 06b-
eKTa PpeaJIl3yeTcsi C IIOMOINBIO IIpelBaAPHUTEeIBHO
PAacCUHUTAaHHBIX I'padUUYeCKUX 3aBUCHMOCTEN 3KBH-
BaJIEHTHOI'O pa3mepa obpekTa 0T BUIMMOIO KOHTpa-
CTa, BEPOSITHOCTH paclo3HaBaHUS A/ 3aJaHHOIO
BHU/A CpeiCTBA pa3BefKH. MeTomyuKa MOKeT OBITh
HCIIONb30BaHAa B yCIOBHAX KOHQIUKTHOTO IIPOTHBO-
JEeNCTBUS JJIS1 OIePaTHBHOM OLIEHKH BO3MO>KHOCTEH
TBP Ha3eMHOIro KU BO3[YIIHOro 6a3HpOBaHHUS C IIpPHU-
eM/JIeMOHN TOYHOCThIO. KpoMe Toro, mpHUMeHeHMe
IIPOIrPaMMHOT0 obecriedeHHsI, OCHOBAHHOIO Ha aJIro-
PUTMHUYECKOM MeTofie OLleHKH Ppa3BedJoCTyIIHOCTH,
[103BOJIsIeT 3HAUHTENIbHO IIOBBICUTH OIE€PATHUBHOCTH
MeTOOHMKH. Bce 3TO m03BONSIeT MPOBOAUTDL OLIEHKY
Pa3Be[IOCTYIIHOCTH OOBEKTOB 3aIlMThI, BBIOMPATH
Haubosee 3¢pdexTrBHBIE Mepkl 110 [1J1 TBP u 3abnaro-
BpeMeHHO HUX IIPUMEHSTh, YTO B 3HAUMUTEIbHOM CTe-
IIeHH CHI>KaeT UHGOPMATHBHOCTD BefleHHUS Pa3BeIKU
IIPOTHUBHUKOM.

JanpHerIlee HalpaBleHHe MCCIeLOBAHUM CBS-
3aHO C IIOBBbIIIEHHEM JOCTOBEPHOCTH OLleHKHU IIyTeM
aHa/lIn3a pe3y/lbTaTOB UHCTPyMEeHTAJIBHOTO KOHTPOJIS
CpenCcTBaMH OIITHKO-3JIeKTPOHHOTO KOHTPOJISI Ha Pas-
JUYHBIX HOCUTensix. Hambornee monmxonsiner apxu-
TeKTYPOH IIOCTPOeHHS aJITOPUTMa OLIeHKU SBISeTCS
IIpUMeHeHHe HEHPOHHBIX CeTel /15 KIacCUGUKALUU
1306paskeHU I 110 TUITYy 06beKTa, CeMaHTHUYeCKOH cer-
MeHTallM1 U obHapykeHUHU 06BeKTOB. B HacTosiliee
BpeMs Haubosee IMOAXOASINUM THUIIOM HEHMPOHHBIX
TeXHOJIOTHH [/ JaHHBIX 3afad SB/ISIIOTCS CBEPTOY-
Hble HeHPOHHBEIe CeTH. MX apxXHUTeKTypa IpeAanosna-
raeT yepegoBaHUe CBEPTOUHBIX (convolutation) u 06b-
enuHsoomux (pooling) cioes.

CBepTOUHBIe CJIOM HeoOXOOUMBI Ajisi oObenHHe-
HHUS 3Ha4eHHI PACIIOIOKeHHBIX PSIOM IIHKCeI0B
13 3aXBa4eHHOTO0 KaJipa OT CPe[ICTB BUIOBBIX Pa3BefjoK
U BBIle/IeHU M HHU3KOYPOBHEBEIX IPU3HAKOB B [IEPBOM
cimoe 1 bonee 0606IIeHHBIX ITPU3HAKOB B IIOCTENYIO-
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reconnaissance range. The operator selects the type
of reconnaissance aircraft, for example, an aircraft
of a foreign airline making a flight over the territory
of the Russian Federation. Then the operator selects
the reconnaissance zone development mode (static
and dynamic) and indicates the location of protected
objects on an electronic map.

At the next stage, the operator sets the flight tra-
jectory of the TVR carrier by drawing a line on an
electronic map. With due regard to the terrain profile
and the flight altitude of the aircraft, the program
automatically sets the TVR control area and highlights
in red the protected objects which specific unmasking
features can be distinguished.

CONCLUSION

The developed methodology for the operational assess-
ment of the TVR capabilities is based on the use
of a minimum set of initial data (average values of
the brightness coefficients of typical objects, back-
grounds and coatings). The minimum (critical for rec-
ognition) size of an object is implemented using the
pre-calculated graphical dependences of the equiva-
lent object size on the visible contrast, the recogni-
tion probability for a given type of reconnaissance
tool. This method can be used in the conditions of
conflict countermeasures for the operational assess-
ment of the ground-based and air-based TVR capa-
bilities with an acceptable accuracy. In addition, the
use of software based on the algorithmic assessment
method for intelligence availability can significantly
increase the method efficiency. All these factors make
it possible to assess the intelligence availability of
the protected objects, to select the most efficient TVR
counter measures and apply them in advance that
greatly reduces the informational value of enemy
reconnaissance.

The further research area is related to the increase
in the assessment reliability by analyzing the instru-
mentation control results using the optoelectronic
facilities on various media. The most suitable archi-
tecture for an assessment algorithm is the use of
neural networks for image classification by object
type, semantic segmentation, and object detection.
At present, the most suitable type of neural network
technologies are convolutional neural networks. Their
architecture involves alternation of the convolutional
and pooling layers.

The convolutional layers are required to combine
the values of adjacent pixels from the captured frame
provided by the imagery intelligence means and high-
light the low-level features in the first layer and
more generalized features in the subsequent ones. In
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mux. [IpakTHYecKH 3THUMH CJIOSIMH IIPHMEHSIeTCs
orlepalys CBePTKH SIAPOM CBEPTKH - KBaJPAaTHBIMU
OKHaMH HebosbIoro pasmepa. CBepTka — MaTeMaTH-
YyecKas oIlepallysi, KOTopasi IJIABHO IIepeMeIlaeT OfHY
GYHKLMIO [10 APYTOHM U M3MepsieT MHTerpal UX Toued-
HOTO IIePeMHOKeHH . [JIs IT0/TyYeHUs MAaTPULIBI TN
«KapThI» IIPU3HAKOB SIIPO CBEPTKHU II0C/IELOBATEIBHO
COBUIaeTcs I10 TOPHU30HTAIM KU BEPTHKAIM, BBIIION-
HSISl JaHHBIM Habop AeHCTBUM. BecoBele Ko3dduIIU-
eHTBHI SIAPa CBePTKU HEM3BECTHBI U YCTAHABIMBAIOTCS
B I1poliecce obydeHMs HeHMPOHHOM ceTH. HasHadeHUe
obpenuHsIOmMKX c1oeB (pooling layers) - ckaTue Bxon-
HOTO M300paskeHUsI WM IIPOMEKYTOUHBIX KapT IIPU-
3HAKOB JIJI51 COKPAIleHHsI BBIYUCIHUTETbHON HAaTPYy3KH,
pacxoja MaMsTH U KOJMYeCcTBA IIapaMeTPOB HEeHPOH-
HOM CeTH.
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practice, these layers apply the convolution operation
by the convolution kernel, namely the small square
windows. Convolution is a mathematical operation
that smoothly moves one function along another and
measures the integral of their dot multiplication. In
order to obtain a feature matrix or «map», the convo-
lution kernel is sequentially shifted in horizontal and
vertical directions, performing a given set of actions.
The weight coefficients of the convolution kernel are
unknown and are set during the neural network train-
ing process. The purpose of pooling layers is to com-
press the input image or intermediate feature maps to
reduce the computational load, storage consumption,
and the number of neural network parameters.
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