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MeTop o6bHapyXxeHus
aptedakToB
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MpepnoxeHa npoueaypa pa3paboTku metopa
o6Hapy>XXeHns C NOMOLbI0 MAaCCUBHOMN
ONTUKO-3/IeKTPOHHOM CUCTEMbl 6€CNUIOTHOro
BO34YLIHOIO CyAHA Ha C/I0XKHOM ¢doHe,
o6pa3syeMoM nsnyvyeHnem atmocdepbl

B Aa/ibHeM MHdpaKpacHOM AuanasoHe

(8-13 MKM). ATMOCdepHbIt pOH, Ha KOTOPOM
NpOUCXOAUT O6HapyXXeHne 6eCnMIoTHOro
BO3AYLWHOIO cyaHa, pOpMUPYeETCS U3NTYHEHUEM
o6nayvHou aTmMocepbl NpyU HabaaeHUU

C 3eMHOW NoBepxXHOCTU. Ocobbli NHTepec
BbI3bIBAeT CJIOXHbIN GOH, CO34aHHbIN
Ky4yeBbiMU 06/1aKaMun pa3/IN4HON 6aNNbHOCTU
WAn ApyruMu Knaccamu o6,1akoB, MMeoLWnmMmn
paspbiBbl. [pUHMMatlOTCA cneayowue
AonyLlWweHns: KopoTKkodpoKycHas onTUKo-
3/IeKTPOHHAsa cMcTeMa uUMeeT LWNPOKOoe noJe
3peHus, BupeonHpopmaumsa o6 apredakre

1 poHOBOWM xapaKkTepucTMKe NpeacTaBieHa

B 6MHapHoM Bupae. O6pabaTbiBaeMbii
BUAEOMOTOK — 3TO ABYMEPHbIN MacCuB,
3/leMeHTbl KOTOPOro coaepXaT UHGopmMaLuio
06 ypOBHe 3HepreTU4YeCckom ipKoCTm
M3Jly4eHUs B BbIGpaHHOM HamnpaB/ieHUN.
AKLLeHTbl HanpasJieHbl HA He06X0AMMOCTb
MOHUTOPUHIa USMEHEHUWN CTPYKTYPbI
nsnyyawouwero poHa U oTCyTCTBUE
Heo6xoauMoCTU o6pabaTbiBaTb KaXAabl Kaap
BuAeomnoToka.
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Method of Detecting
Artifacts on a Complex
Background by an
Optoelectronic System
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1.

A procedure for developing a detection

method using a passive optoelectronic system
of an unmanned aircraft against a complex
background formed by atmospheric radiation in
the far infrared range (8-13 microns) is proposed.
The atmospheric background on which the
unmanned aircraft is detected is formed by

the radiation of the cloudy atmosphere when
observed from the Earth’s surface. Of particular
interest is the complex background created

by cumulus clouds of different scores or other
classes of clouds with discontinuities. The
following assumptions are accepted: a short-
focus optoelectronic system has a wide field

of view, video information about the artifact
and background characteristics is presented

in binary form. The processed video stream is

a two-dimensional array, the elements of which
contain information about the level of energy
brightness of radiation in the selected direction.
The emphasis is on the need to monitor changes
in the structure of the emitting background and
the absence of the need to process each frame of
the video stream.

Keywords: Infrared range, field of view,
passive optoelectronic system, robotic system,
atmospheric background, background-target
image, artifact, unmanned aircraft
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INTRODUCTION

The aim of the study is to develop a method of optical
and information support for the detection of artifacts
by a robotic system against a complex background
under the following assumptions:
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1. BBEAOEHWUE

Llenpl0 HCCIeLOBAaHUS sBAseTcsI pa3paboTka
MeToJa OITHKO-UHPOpMaIMOHHOTO obecrmeye-
HUusS Oob6HapyXeHHs apTedpakToB PObOOTH3HUPOBAH-
HOU CHCTeMOH Ha CJIOKHOM (QOHe MPH CIeAyIIINX
JOIyIIeHUSIX:

e apredakroM, IOAJIEKAIKM OOHAPYKEHUIO,
aBsgeTcs becriuiioTHoe BO3AYIIHOE CYyTHO (BBCQ);

* MHQOPMAIIMOHHBIM KaHAIOM POOOTH3HPOBAH-
HOM CHCTeMBl SIB/ISETCS IIaCCUBHAsI OIMNTHKO-
3/eKTpoHHast cucrteMa (II0O9C) ¢ IMHPOKHUM
rosieM 3peHusi, paboTaromas B faapHeM HHOPa-
KpacHoOM fAuariasoHe (8-13 MKM);

* BUIeOMHOOPMALIUS O HAXOASIIUXCS B II0JIe 3pe-
Huga II02C ¢oHe M apTedakrTax IOCIe OKOHYA-
TeJIbHOM 06paboTKM ITpeAcTaBisieTcss B OMHap-
HoM Buze (puc. 1),

AtMocepHbEt $oH (AD), Ha KOTOPOM IIPOHCXO-
ouT obHapyskeHHe BBC, dopMmupyeTcss H3TydeHHEM
obrmayHO aTMocdepsl Ipu HAOMIOLEHHUH C 3eMHOM
[10BepXHOCTH. OCobBI HHTepeC BBI3BIBAET CIOKHBIH
&OH, CO3JAaHHBIN KydeBBIMH OOJIaKaMH Pa3THYHOM
Oa/IZIPHOCTH MM JPYTMMH KJIacCaMH 06J1aKoB, HMe-
IOIMMU pa3pbiBbl. I[IOIC B mpoliecce rprueMa U obpa-
60TKU H31ydeHUs: aTMochepHOro poHa 1 BBC popmu-
pYyeT Ha OKOHEUHOM YCTPOICTBE BUEOIIOTOK, KasKAbI
KaJIp KOTOPOTO IIpPefCTaBysieT coO0M ABYMepPHBIH Mac-
cuB Uy p, 37€MEHTBI KOTOPOrO COZepsKaT MHPopmMa-
LIUI0 06 YpOBHE SHEPreTHYeCKON SIPKOCTH H3/Ty4eHHs
B BbIOpAaHHOM HallpaB/IeHUH.

il 4

« the artifact to be detected is an unmanned air-

craft (UAV);

 the information channel of the robotic system

is a passive optoelectronic system (POES) with
a wide field of view, operating in the far infrared
range (8-13 microns);

« video information about the background and

artifacts in the field of view after final processing
is presented in binary form (Fig. 1).

The atmospheric background (AB) on which the
UAV is detected is formed by the radiation of the
cloudy atmosphere when observed from the Earth’s
surface. Of particular interest is the complex back-
ground created by cumulus clouds of different scores
or other classes of clouds with discontinuities. In the
process of receiving and processing radiation from
the atmospheric background the POES and the UAV
form a video stream on the terminal device, each
frame of which is a two-dimensional array Uy, the
elements of which contain information about the
level of energy brightness of radiation in the selected
direction.

2. FUNDAMENTALS OF THE METHOD
OF OPTICAL AND INFORMATION
SUPPORT FOR ARTIFACT DETECTION
The method of optical and information support for
the detection of artifacts on a complex background
by a robotic system is based on the background
principle of information extraction [1-4]. Its essence

IR radiation receiver
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of artifacts by a robotic system on a complex background

v
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and information support of detection should be updated

v

YacToTa IT0Aa4YH KaIPOB M3 BHIEO0IIOTOKA
JIJISI IOC/IeAYIONIe 06pabOTKH IIPOCTPAHCTBEHHBIM
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The frame rate from the video stream for subsequent processing
by the spatial method of detecting the UAVs on the AB
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IIpoCcTpaHCTBEHHBIH criocob o6Hapy>keHuss BBC Ha A® | Spatial method of detecting UAVs on AB
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Fig. 2. The method of optical and information support for the detection of artifacts by a robotic system on a complex background
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2. OCHOBbI METOAA OINTUKO-
NMHO®OPMALIMOHHOIO OBECIEYEHWA
OBHAPYXXEHWA APTEDAKTOB

Merton, onTUKO-MHGOPMAIMOHHOrO obecrieyeHUs 06Ha-

PYKeHHs apTepaKTOB Ha CJIOKHOM QoHe poboTH3Hpo-

BAaHHOM CHCTeMOI OCHOBaH Ha (GOHOBOM IIPHHIIUIIE

u3BIedeHUs: uHOopMmanuu [1-4]. Ero cyTh 3awiroda-

eTcs B TOM, YTO IIPH OTCYTCTBHM aIlPUOPHOM HHOOP-

Manuu o Hamuuuu BBC B mose 3peHus I103C Heob-

XOAUMO OTC/IEXKUBATh JIOKAJIbHBIE M3MEHEHUSI OJTHOTO

WA HeCKOJIbKHUX IIapaMeTpoB IIPOCTPAHCTBEHHO-

BPeMEeHHOMU CTPYKTyphl H3ny4deHUsI AP, OTIMYHBIE OT

3HAaHHU O IIPUPOLHBIX 3aKOHOMEpPHOCTSIX. M3MeHeHHs

3TUX I1apaMeTPOB IIPOHCXOAAT BC/IEACTBHE MCKKeHUS

NPUPOAHBIX 3aKOHOMEPHOCTEH ITPOCTPAHCTBEHHOM

CTPYKTYyphI u3nyuenus AP usnydenrem BBC (puc. 2) [1].

2.1. Cnoco6 nosy4yeHUs NPOCTPAHCTBEHHOWN
coCTaBAAIOLLLEN ONTUKO-
MHOpMaALMOHHOr0 obecrneyeHuns

DKCIepHMeHTabHble MCCAeIOBaHHUSA IIPOCTPaH-

CTBEHHOM CTPYKTYpBl H31y4eHHS AP 3aKII0YAIOTCS

B OLIeHKe 3aBHCHMOCTH KO3QO HIIMEeHTa IMIPOCTPaH-

CTBEHHOM KOppensuuu R(n) pasnudHeix popm obmay-

HOCTH B TOPH30HTa/bHOM HaIlPaBIeHUAX MEXKAY

CTPOKaMHU U B BePTHKAJbHOM HaIIPaBIeHUAX MEXKIY

cTonbllaMu MacCHBOB 37eMeHTaX (QOHO-1le/IeBOro

nsobpakenus (PLIH). XapaKTepHBIM OTIMYHEM IIpO-

CTPAaHCTBEHHOM CTPYKTYPBl H3/Iy4YeHHS Pa3IHYHBIX

K/IaCCOB 06JIAYHOCTH SIBJISIIOTCSL Pa3Mephbl HEOLHOPOZ-

il 4

lies in the fact that in the absence of a priori infor-
mation about the presence of UAVs in the field
of view of the POES, it is necessary to monitor
local changes in one or more parameters of the
spatio-temporal structure of AB radiation different
from knowledge about natural patterns. Changes
in these parameters occur due to the distortion of
natural patterns of the spatial structure of the AB
radiation by UAV radiation (Fig. 2) [1].

2.1. A Method for Obtaining the Spatial
Component of Optical and Information
Support

Experimental studies of the spatial structure of AB

radiation consist in assessing the dependence of the

spatial correlation coefficient R(n) of various forms
of clouds in the horizontal directions between the
rows and in the vertical directions between the
columns of arrays of elements of the background-
target image (BTI). A characteristic difference in the
spatial structure of the radiation of different cloud
classes is the size of the inhomogeneities, which
were determined by the value of the spatial corre-
lation coefficients between the rows and columns
of the BTI arrays, taking a value above the level of

0.5. Hence, by the level of 0.5 of the spatial cor-

relation coefficient R(n), knowing the step of the

angular shift between the rows, it is possible to
estimate the angular dimensions by the angle of
the place (e), and between the columns the angular

PacueT k03¢ duIlMeHTa IPOCTPAHCTBEHHOM KOppensiuu R(n) AQ
B TOPHM30HTAJIFHOM HaIIpaBIeHUIX () MeXKay cTpokamu OLIU
Calculation of the spatial correlation coefficient R(n) of the AB
in horizontal directions (B) between the lines of the BTI
W, | W, | W, | W, w, W,
U Uy, U1,3 Uy, Ul,y U1,m \4 E E1,2 E 3 E . E1,y E1,m
Pacuet KosdpduLeHTa
Up1|Uz2 | Ug3 | Usy U,y Uz, m TPOCTPaHCTBERHOM v, Evi|Ey | B3| Bo Ey Eym
' ’ ’ Koppenanuu R(n) A® ' ’ ’
Us1|Us 5 Us 3| Us Us Us B BEPTUKATEHOM Vs Ey1|Eso|Ess|Esa| oo | By Esm
' ' ' HaIIPaBIEHUAX (€) MEXKIY ' ’ ' ' ' ’
Uy 1| Us 2| Us 3| Us s Usy Uy m CT0n6uaMH onu . Vy Ey1| B2 |Eas|Eaa| =00 |Eay Eym
Calculation of the spatial
correlation coefficient R(n)
of the AB in vertical
Ux 1 Ux 2 Ux 3 Ux 4 Ux y Ux m directions (E) between Vx Ex 1 Ex 2 Ex 3 Ex 4 Ex y Ex m
' ' the columns of the BTI ’ '
Ui1|Un2 Un3|Una| 0 | Upy| *o0 |Upm Vy Eo1|Eys|Ens|Ena| *** |Eny| *°* |Enm
Puc. 3. Memoduka uccnedosaHus npocmpaHcmeeHHolU cmpyKmypbi usny4eHuss AQ
Fig. 3. Methodology for studying the spatial structure of AB radiation
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HOCTell, KOTOpble OIpelesisiuCh 10 3HAaUeHHI0 Ko3d-
GUILILEeHTOB MPOCTPAHCTBEHHOMN KOPPeIsLIUK MeXIy
CTpoKaMM M cTonbuaMu MmaccuBoB OIM, mpuHHMa-

IOIMMHK 3HadeHHe Bbllle ypoBHS 0,5. OTcloga Io
ypoBHIO 0,5 K03pPHIeHTa IIPOCTPAHCTBEHHON KOP-
pensuuu R(n), 3HAs IIAr yIJIOBOIO CABHUIA MEXIY
CTPOKaMH, MOXKHO OLIEHUTb YIJIOBbIE pa3Mephl II0
yray Mecta (€), a Mexkay CToN6IjaMU YITIOBble Pa3Mepbl
o a3umyTy (B) HeogHOpOoAHOCTeH AD (puc. 3) [5-7].

TakuM o6pasoM, IONydeHHBIE Pe3yabTaThl 3KCIIe-
PUMEHTA/IBHBIX MCC/IeIOBAHUI II03BOJIM/IH OLIEHUTH
B [BYX HAIIpaBJIeHHUSX YIJIOBBIE pa3Mepbl HEOTHOPOA-
HocTelt AQ, UTO CTAJl0 OCHOBOM ITPOCTPAHCTBEHHO
COCTaBJISIIOIEHN ONTHKO-MHPOPMALIMOHHOIO obecrieve-
HUS 06Hapy>KeHUs M300pakeHHs BBC Ha Ad.

AHanHu3 pesy/lbTaTOB HCCIeNOBAaHUH M3/TydyeHHs
HeogHOponHocTer A (prc. 4) MO3BOIWUI Pa3LeIUTh
MX Ha [IBeé TPYIIIBl B 3aBHUCHMOCTH OT KX YIJIOBOTO
pasmepa:

* B IIepBYIO TPYIIIly BXOIST Te KJIACChI 00/IaYHOCTH,
KOTOpBIE COfiepsKaT MeJIKoMacHITabHble HeOoqHO-
POOHOCTH BeTHUYMHOM 5-15° B BePTHKa/JIbHOM
1 TOPH30HTA/IPHOM HaIIpaBlIeHusx: Kydesas (Cu),
BBICOKOKYy4YeBasi (Ac), mepucrokydeBass (Cc)
u nepuctas (Ci) (puc. 4 a).

e BTOpas TIpyIIla BKJIIOYAeT KIACChl 00JIAUHOCTH,
KOTOpBIe COflep>KaT KPyIHOMAacIITabHble HEOLHO-
POOHOCTH C YIJIOBBIMH pa3MepaMH, IpeBblIlIa-
IOUMU TonydeHHble @M, coctaBisaoT 25-40°:
cnouctast (St), ciaoucro-kydeBast (Sc), IepHCTO-
cnorcras (Cs) GopMbl 06IauHOCTH U siIcCHOe Hebo
(puc. 4 b) [1-4].

Ha ocHOBe Moy4eHHBIX 3HAaHUM O IIPOCTPAHCTBEH-
HBIX CIIeKTpaX HeoJHOPoAHOCTer AQ M TOYeUHBIX H30-
6paskenut BBC 6pU1 paspaboTaH MPOCTPAHCTBEHHBIH
criocob obHapyskeHust BBC Ha A® (puc. 2). CyIIHOCTb
criocoba 3aKIIOYaeTCs B IIPeJBAPUTEIBHON CerMeHTa-
uuu LI nepen mprMeHeHHEM aITOPUTMa II0POrOBOL
00paboTKH, YTO OTIHYAET ero OT M3BEeCTHBIX CIIOCOOOB
(puc. 2). OmpeseneHHe pa3MepoB CeTMEHTOB ITPOBO-
IOUTCSL B COOTBETCTBHUM CO CIIOCOOOM ITOJy4eHHS ITpo-
CTPAaHCTBEHHOM COCTAB/IAIOIIEN ONTHKO-MHPOPMAaLIH-
OHHoOro obecrieueHuUs obHapykeHHUs (pUc. 5 a, b). ITo
[I03BOJISIET CYUTATh, YTO B IIpefie/laX YIJIOB, OIPaHU-
YeHHBIX pa3MepaMHU BbISIBJIEHHBIX HeOJHOPOIHOCTEH,
CIy4akHBIM Mpoliecc u3nyuyeHHus AP MOKeT CUUTAThCS
CTallMOHAPHBIM, II0CKOJIbKY €ro IPOCTPAaHCTBEHHBIH
CIIeKTP He COAEP>KUT BbICOKOYACTOTHBIX COCTAB/ISIOMIMX.
B IIPOTHBOIIOIOKHOCTb 3TOMY, C/IyYaMHBIM IIPOLIECC
n3nydeHus BBC IPOCTPAaHCTBEHHBIN CIIEKTP Bcerza
COIEP>KUT BBICOKOUACTOTHBIE COCTAB/SIOMINE, YTO
I103BOJISIeT BhIPaboTaTh pellaroliee IIPaBHIO AJISL aJiro-
pHUTMa [TOpOroBokt 0bpaboTku cermeHToB PLIU (pHc. 2).
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Fig. 4. Dependences of the spatial correlation coefficient R(n)
of the AB of various forms of clouds in horizontal direc-

tions (B) between the lines of the BTI

dimensions by the azimuth (b) of the AB inhomoge-
neities (Fig. 3) [5-7].

Thus, the obtained results of experimental stud-
ies made it possible to estimate in two directions
the angular dimensions of the AB inhomogeneities,
which became the basis of the spatial component of
the optical and information support for the detection
of the UAV image on the AB.
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Puc. 5. [pocmpaHcmeeHHas cmpykmypa usaydeHust A®: a) ¢ KpynHomacwmabHbimMu HeodHopodHocmamu; b) ¢ meakomac-

Fig. 5. Spatial structure of AB radiation: a) with large-scale inhomogeneities; b) with small-scale inhomogeneities
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b)

TakuMm o06pa3oM, IpeIOKeHHBIN IIPOCTPAHCTBEH-
HBIM criocob obHapyxkeHuss BBC Ha AQ mo3Bosser
IyTeM I10C/eN0BaTe/IbHOI0 IIPHMEeHEeHHUS aJrOpUTMa
CerMeHTAallMd WU AJITOPUTMa IIOPOroBo 06paboTKu
cermeHTOB LM Mony4YUTh HHGOPMALIKMIO O HATHYMH
apredpakToB B IoJie 3peHus [1I03C, mpencTaBIeHHYIO
B OMHapHOM BHJle C BO3MOXKHOCTBIO OIlpefe/leHMs
KoopauHat BBC [5-7].

2.2. Cnoco6 nony4yeHUs NpoCcTpaHCTBEHHO-
BPEeMEeHHOro COCTaB/AoLWen ONTUKO-
MHPOpMaALIMOHHOr0 obecrneyeHuns

ITpoiecc m3nydyeHuss AP cBs3aH C TepMOAHHaMHYe-

CKUMH U TypOyJIeHTHBIMU IIPOLleCCAMH, ITPOHCXO-

JAIIKMMKA B aTMOC(I)epe H SBISIOIIKMMYCS CJ'Iyan;IHbIM

HeCTAallMOHAPHBIM KaK IT0 IIPOCTPAHCTBY, TaK U IIO Bpe-

MeHH. I/I3BECTHO, YTO BCe CJIy‘-IafIHbIe IIpoLIeCChl ITpH

JUIUTEJIPHOM PAaCCMOTPEHHH I10 CBOEI I[Ipyupone Bcerga

HeCTallMOHAapHBbI, HO IJI KPKAOro M3 HHX CYILIECTBYET

OrPaHHYeHHBIM MHTEPBA/I BpeMeHH, KOIZld CIy9arHBIM

Imporecc MOXKHO CHHUTATh CTALIMOHAPHBIM. ,E[}IH TOI'O

YTOOB! ITPOCTPAHCTBEHHOE ONTHKO-MH(GOPMALIOHHOIO

obecrieyeHue B PaMKax MeToda 06Hap}7)KEHI/I5I comep-

JKaJIO CTalIMOHAPHbBIE XaPAKTEPHCTHKHU CHy‘IaI;IHOFO I1po-

Hecca M3/Iy4YeHUs A®, HeobXomyMO HX TIEpUOAHYECKH

YTOYHATb.

Takyro IIepHOJHUYHOCTh MOKHO OLI@HHTH, HCIIO/Ib-
3ysl Cr1ocob IOoNydeHHs IIPOCTPAaHCTBEHHO-BpeMeHHOM
COCTaBHHIOmefI OHTI/IKO‘I/IH(I)OPM&LII/IOHHOI‘O obecrie-
YeHUs 06Hapy>KeHI/IH apTE(l)aKTOB Ha CJIIOOKHOM Q)OHe
(puc. 2). OCHOBO¥ TaKOro Cr10coba sIB/IsIeTCsl pacyeT Kodd-
bHUIMeHTa B3aMMHOM KOPPEeISILIMK MEXAY I1OCTYIIAo-
MKMMH Yepe3 paBHbIE IIPOMEXYTKH BPEMEHH KaJpPaMH

Analysis of the results of studies of the radiation of
AB inhomogeneities (Fig. 4) made it possible to divide
them into two groups depending on their angular size:

« The first group includes those classes of clouds
that contain small-scale inhomogeneities of
magnitude 5-15° in the vertical and horizontal
directions: cumulus (Cu), altocumulus (Ac), cir-
rocumulus (Cc) and cirrus (Ci) (Fig. 4a).

« The second group includes cloud classes, which
contain large-scale inhomogeneities with angular
dimensions exceeding the obtained BTI, are 25-40°:
stratus (St), strato-cumulus (Sc), cirro-stratus (Cs)
cloud forms and clear skies (Fig. 4b) [1-4].

On the basis of the knowledge gained about the
spatial spectra of inhomogeneities of AB and point
images of UAVs, a spatial method for detecting UAVs
on AB was developed (Fig. 2). The essence of the
method consists in preliminary segmentation of the
BTI before applying the threshold processing algo-
rithm, which distinguishes it from the known meth-
ods (Fig. 2). The size of the segments is determined in
accordance with the method of obtaining the spatial
component of the optical and information support for
detection (Fig. 5 a, b). This allows us to assume that
within the angles limited by the size of the identified
inhomogeneities, the random process of AB radiation
can be considered stationary, since its spatial spec-
trum does not contain high-frequency components.
In contrast, the random process of UAV radiation, the
spatial spectrum always contains high-frequency com-
ponents, which makes it possible to develop a decisive
rule for the algorithm of threshold processing of BTI
segments (Fig. 2).
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BHIeOIoToKa (pHc. 6 a). FIHTepBal BpeMeHH, COOTBeT-
CTBYIOIIET0 YPOBHIO 0,5 KoadpdUIlHieHTa B3aMHOH KOp-
pesLUY KafipaMH BHeoroToka (puc. 6 b), mossomnser
OLIEHHUTh BpeMs CTAl[MOHAPHOCTH — «BpeMsl >KH3HH»
XapaKTepHUCTHK IIPOCTPAHCTBEHHOU CTPYKTYPHL AD, T. e.
HMHTEepPBaJl BpeMeHH, C IePUOSUYIHOCTBIO0 KOTOPOIO CyIe-
nyeT OOHOBJIATDH IIPOCTPAHCTBEHHOE ONTHKO-MH)OPMa-
LIIOHHOTO obecriedeHre obHapyskeHUs [1-4].

2.3. Cnoco6 nony4yeHMUs BpeMeHHOM1
COCTaB/IfAKOLLLEN ONTUKO-
UHPOpMaLMOHHOro obecrneyeHus

KpoMe paccMOTpPeHHOIO BbIIIe, aKTyaJbHBIM OCTaeTCsl

BOIIPOC O 11e/1ec000pa3sHOCTH 06paboTKK Bcex KaIpoB

BHJEOII0TOKa, dopmEpyeMbIM I109C B mporiecce obpa-

OOTKM aJTrOpUTMaMH IIPOCTPAHCTBEHHOIO CIocoba

obHapyxkeHHs BBC Ha A® (puc. 2). BpUla BBIIBHHYTA

TUIIOTe3a O TOM, YTO YaCTOTAa OCHOBHOL I'apMOHHKH

CIIeKTPa/IbHOM IUIOTHOCTH MouHOCTH (CIIM) ¢nykTya-

LMK SIPKOCTH U3/1ydeHHsl HeoqHOpoAHocTel AD Oymer

HIDKe KaLIpOBOI;I yactoThl ITO3C. CitegoBaTeIbHO, CyLIe-

CTBYeT BO3MOXKHOCTb YMEHBIIUTh KOJTHYECTBO KaJPOB

M3 BHJIEOIIOTOKA, IOABeprammuxcs obpaborke amro-

Thus, the proposed spatial method for detect-
ing UAVs on AB allows, by sequentially applying
the segmentation algorithm and the algorithm for
threshold processing of BTI segments, to obtain
information about the presence of artifacts in the
field of view of the POES, presented in binary form
with the possibility of determining the coordinates
of the UAV [5-7].

2.2. A Method for Obtaining

the Spatio-Temporal Component

of Optical and Information Support
The process of AB radiation is associated with ther-
modynamic and turbulent processes occurring in the
atmosphere, and is random non-stationary both in
space and time. It is known that all random pro-
cesses under long-term consideration are always non-
stationary by nature, but for each of them there is
a limited time interval when a random process can
be considered stationary. In order for the spatial opti-
cal information support within the detection method
to contain stationary characteristics of the random
process of AB radiation, it is necessary to periodically
refine them.

4qepes3 paBHBIE IDOMEXKXYTKH BPEMEHHU KaJpaMH BHUE0II0OTOKA

of the video stream arriving at regular intervals
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\ \ \ \ | \ |
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PacyeT Ko3ddUIIHeHTa B3aUMHOM KOPPEISILIUU MeXAY ITOCTYIAIOIU MU

Calculation of the coefficient of mutual correlation between the frames

P(t)

Puc. 6. Memoduka uccaedo8aHus NpocmpaHcmaeHHo-8peMeHHAs Cmpykmypa usaydeHus A® (a); ycpedHeHHbIll 8U0 OUeHKU
KoapduLLeHma ssaumHoli koppensyuu R(t) mexady kadpamu eudeonomoka (b)

Fig. 6. Research methodology spatial-temporal structure of AB radiation (a); averaged type of estimation of the coefficient of
mutual correlation R(t) between the frames of the video stream (b)

b)
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PUTMaMU B PaMKax IIPOCTPaHCTBEHHOIO criocoba obHa-
pykenust BBC Ha AD.

JI7151 HaXOKIeHHSI OIITHMA/TBHOK YacTOThI 06paboTKu
Ka/ipoB 6bUT paspaboTaH criocob ITony4deHHs BpeMeH-
HOM COCTaBJISIIOLIEH ONTHKO-UHPOPMAIIHOHHOrO obe-
criegeHrs. OLleHKa BpeMeHHOU U3MEeHYHMBOCTH IIPOBO-
JH/achk IIyTeM OLIeHKH 4acTOThl OCHOBHOM I'apMOHHUKH
CIIM GnyKTyalluH SIPKOCTH H3/1y4eHHsI HeoZHOPO.-
HocTern AQ®, 06pa30BaHHBIX Pa3IMYHBIMU KJIACCAMH
06/1a4HOCTH, M COIVIACOBAHMS C HeH YacTOTHI IIOAAYHU
Ka/IpoB [/1s1 06pabOTKY U3 BHUIEOIIOTOKA.

s monydeHus oueHok CIIM 6bUIH ITpOBemeHBI
H3MepeHUsT GIyKTyallui SIPKOCTH H3/1ydeHUs] HeO4HO-
ponHocTell A® B QHMKCHPOBAHHBIX HaIIpPaBIe€HUSX IIO
yIJIy MecTa (€) B IIPUTOPH30HTHON 06/1aCTH C YaCTOTOM
JOVCKPeTH3aLlMK, B THICSYY pa3 BbIIIe KaJpOBOL pas-
BepTKU. IIpu 3ToM 3HaueHHe asuMmyTa (f) ocTraBanoch
[IOCTOSIHHBIM B TeudeHHe HeCKOJIbKUX MHHYT (pHC. 7
a). B KaKIOM HCC/IeNOBAHHOM HAIlpaBlIeHUH ObLIH
II0/IyYeHBbI I10C/IeJ0BATe/IBHOCTH M3 HeCKOIbKUX ThICAY
3Ha4eHHUH QyKTyallul SIPKOCTH H3JIydeHHsS Heol-
HopoxmHOCTell AQD IS PaslMYHBIX KIAcCOB M 6asioB
obnmauHoctH [1-4].

[Tony4eHHble MACCHBBl OBUIM IIOBEPrHYTHI CTa-
THUCTUYeCKOH 06paboTke ¢ MpHMeHeHHeM I1epHOfI0-
rpaMMHOro Metroja olleHKH CIIM. PesynpTaTaMu

Such periodicity can be estimated using a method
for obtaining the spatio-temporal component of opti-
cal and information support for detecting artifacts
on a complex background (Fig. 2). The basis of this
method is the calculation of the coefficient of mutual
correlation between the frames of the video stream
arriving at regular intervals (Fig. 6a). The time inter-
val corresponding to the level of 0.5 of the coefficient
of mutual correlation between the frames of the video
stream (Fig. 6 b) allows us to estimate the stationarity
time - the “lifetime” of the characteristics of the spa-
tial structure of the AB, i. e. the time interval with the
periodicity of which the spatial optical and informa-
tion support of detection should be updated [1-4].

2.3. Method of Obtaining the Time
Component of Optical
and Information Support
In addition to the above, the question of the expedi-
ency of processing all frames of the video stream gen-
erated by the POES during processing by algorithms of
the spatial method of detecting UAVs on AB remains
relevant (Fig. 2). The hypothesis was put forward that
the frequency of the fundamental harmonic of the
spectral power density (SPD) fluctuations in the bright-
ness of the radiation of AB inhomogeneities will be

OAO «MM3 umeHu C.U. BaBUAOBA — yNPABASIOLLLAS KOMMNAHUS XOAAMHIA «beAOMON

OnTuyeckuin 3asoa «Ccpepan

BENOM

M3 BABI A

uwOnTuieckrid 3aeoa «Cdoepa) OCHOBAH B 1994 roAy Kak domaman
OAO tMUHCKKWIA MEXaHM4eCKKid 3a80a umeHKn C.A. Basmaosa — yNpas-
ASIOLLLOA KOMMAHKE XOAAMHIQ BeAOMON AAT TTPOM3BOACTEA ONTMYECKMX
SAEMEHTOB. B HOCTOALLIEE BpEMA 3ABOA BhiNyckaeT BoAbLLOE KoAMYE-
CTBO OMTM4ECKMX SAEMEHTOB AMMHOM CA )CTH M0 4epTe \
3akazyukd. ONTMHECKME 3AEMEHThI, MpOM3IBEAEHHbIE WONTHY AM
3gsosom (Cchepay, yCrellHo MPUMEHSIOTCH BO MHOTHX YHUKAAbHEIX
ONTOSAEKTPOHHbIX CUC
AAS TIPOM3BOACTBA BbIC
TEXHWHECKOE NEPEOCHALLL
~ 30UMA NPOM3BOAC p
| POM3IBOACTEG
'Hd cooTBeTCTBME ThE
\MHOroAETHWA O
AHCDHLUMPOBAHHLI

www.belomo.by
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CTaTUCTUYeCKUX MCCAefOBaHUK CTaJl HHTepBall
0,08-0,25 T'11 OLleHKH OCHOBHOM YaCTOTBHI FapPMOHHUKHU
CIIM ayKTyaluM SIPKOCTH H3/IydeHHS HEeOLHOPO.-
HocTell A®, 06pa30BaHHBIX 00JAYHOCTBIO PA3THIHBIX
K/IaccoB U 6aymnoB. Mcxons K3 IOMyYeHHBIX Pe3yJibTa-
TOB, IIOSIBU/IACh BO3MOYKHOCTH BBIOOPA OIITHMAasIbHOMU
YaCcTOThI I1I0JAaYM KaJpOB M3 BHUEOIIOTOKA [JIsl IIOCTIe-
Iyiomen o6paboTKH MPOCTPAHCTBEHHBIM CIIOCO60M
obHapykeHus BBC Ha A® Ha 4acToTax, 3HAYHUTEIBHO
Hike (o 1 I'm), gem KazpoBas dacTtoTa (50 1) Buzeo-
roroxa (puc. 7 b).

BbiIBO/ bl
TaxuM 06pa3oM, pa3paboTaHHBIN METOH, OIITHUKO-UHPOP-
MallMOHHOro obecriedeHMUs] oOHapyskKeHHS apTedaKToB
POOOTH3UPOBAHHOM CHCTEMOR Ha CI0OKHOM QOHe, OCHO-
BaHHBIK Ha GOHOBOM IPHUHLMIIE H3BJIedeHHUS HHOOp-
MaLIMH, COCTOUT U3 TpeX CII0cobOB I10OTy4ueHHs! Heobxo-
OUMBIX COCTAB/SIOIMIMX ONTHKO-MHPOPMALILOHHOIO
obecrieueHHs: BpeMEHHOIO, ITPOCTPaHCTBEHHO-BpeMeH-
HOT'0, IPOCTPaHCTBEHHOIO.

Criocob TonMy4eHUsI BPeMEHHOH COCTAaBIISIOIIEH
ONTHKO-MHGOPMAIIMOHHOIO 0obecriedyeHUs I103BOJISIET
OIITHMM3HPOBATh BBIOOP YACTOTHI IIOJAYM Ka/IpOB K3

lower than the frame frequency of the POES. Therefore,
it is possible to reduce the number of frames from the
video stream being processed by algorithms within the
spatial method of detecting UAVs on the AB.

To find the optimal frame processing frequency,
a method for obtaining the time component of optical
and information support was developed. The estima-
tion of temporal variability was carried out by estimat-
ing the frequency of the main harmonic of the SPD
fluctuations in the brightness of the radiation of AB
inhomogeneities formed by different classes of clouds
and matching with it the frame rate for processing
from the video stream.

To obtain SPD estimates, fluctuations in the bright-
ness of the radiation of AB inhomogeneities were
measured in fixed directions along the angle of the
place (e) in the near-horizon region with a sam-
pling frequency a thousand times higher than the
frame scan. At the same time, the azimuth value (b)
remained constant for several minutes (Fig. 7a). In
each direction studied, sequences of several thousand
values of fluctuations in the brightness of the radia-
tion of AB inhomogeneities for different classes and
cloud scores were obtained [1-5].
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Fig. 7. Dependence of the correlation radius on the angle of the AB observation point ()
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B nvHelike npoaykToB npeAcTaBneHbl UTTepbriesble BONOKOH-
Hble MUKOCeKyHAHble Na3epHble VCTOYHWKWA C Pa3inyHOW Bbl-
XOAHOW cpeaHeit MOLHOCTLIO A0 50 BT 1 aHepruein B uMnynbce
40 20 MK/pK., @ Takke 33jatoLLve BOIOKOHHbIE /la3epbl C pasHoW
bukcnposaHHoOW AnutenbHocTbio MMMynbca 40 nc, 1-10 Hc.
BO3MOXHbI JONONHUTENIbHBIE OMNUUK, HanpuMmep, reHepaTop 2
rapMOHWKW /NI CeNEKTOP UMMYNbCOB. YHNKabHbIe XapakTe-
PUCTUKI N3TYYEeHUSI U CTabUIbHOCTb HaLLWX N1a3epoB NO3BONS-
0T MCMO/b30BaTh UX A8 UcciejoBaTeNbckux 3a4ady B obnactu
B3aVMOZENCTBUSA U3/TyYeHUs C BELLEecTBOM, a Takxke ANs rpo-
MbllneHHoro npumMeHeHUs. OO0 «[Tonapyc» Takxke agantipyer
NasepHble UCTOYHUKN MOJ, NHAVBUAYaNbHbIE 3aAa4n 3aKkasun-
KOB, eC/I1 3TO HeobXoANMO.

PL/B-30 | PL/B-64 | PL/G-30 | PL/G-64
ANVHa BONHbI, HM 1030 1064 1030 1064
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MakcumanbHasi BbIXOAHasA MOLHOCTb, BT 10-40 10-40 10 10
JHeprua B umnynbce, MKAXK <20 <6
AvameTp BbIXOAHOro ny4vyka, Mm <1,5 <1,5
YacTtoTa cnegoBaHus mmnynscos, MINy 1-10 0,3-10
KayectBo nyuka M2 <1,3 <1,3

KomnnekT anektpoHukn Laser Control System Bkntoyaet B cebs cucremy
yrnpasneHus U CUHXPOHV3aLn nNasepa, ApaiBepa nasepHbix AVOAOB, AaT-
YnKkKM 1 gpyroe. JlocTynHbl K 3aKasy: ApaliBep nasepHoro gnoja «babou-
Kka», ApariBep 3afatoLLero 1a3epHoro AVoAa, ApaiBep MOLLHbIX 1a3epHbIX
ANOA0B, reHepaTop 31eKTpUYecknX UMNYNLCOB 1 3agepxek. Bce ycTpoid-
CTBa VIMEIOT CTaHAAPTHYH O6LLYIO LWWHY YrpaBieHns 1 yHUBepCanbHbIN
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KOH$Urypauum.

Ha TeppuTopun KOMMaHWW BO3MOXHa AeMOHCTpauust paboTbl Nasepos,
a TaKke BbIMNOMHEHWE YyCayr Mo MUKpoobpaboTke Matepuanos: peske,
CBEPNeHUN 1 abnsLumMn Kepamuiku, NoJTyNpPOBOAHNKOB, CTEKO, NNaCcTUKOB,
NAeHOK U TA.

MpenmyLecTBaMu Hallel KoMMNaHuM ABNSOTCA rnbkan LeHoBas novTu-
Ka 1 BbICOKWI TEXHONOTYeCKNA ypoBeHb MPov3BOACTBA.
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BH/IEOIIOTOKA ISl TIOC/Iefyomer 06paboTKy ITPOCTpaH-
CTBEHHBIM CI10c0boM obHapy>keHHsI BBC Ha AD.

Crocob momy4yeHHUs! IPOCTPAaHCTBEHHO-BPeMEeHHOM
COCTaB/ISIOIIEN ONTHUKO-MHPOPMAIIOHHOro obecrieye-
HUS T103BOJISIET ONTHMH3HUPOBATh MHTEPBAT BpPeMeHH,
C TIEpHUOIMYHOCTBIO KOTOPOIO C/IefyeT OOHOBIISATH BEIOOP
pasMepa cerMeHTa. JTO COCTAB/sieT OCHOBY CIIocoba
II0JTy"deHMsI IPOCTPAHCTBEHHOK COCTABJISIOIIEH OITHKO-
MHQPOPMALIMOHHOrO obecriedeHMs, HeOOXOMUMOM IS
peayM3alK [TPOCTPAHCTBEHHOro criocoba obHapyske-
Hus BBC Ha A®, cocTodIero U3 aJIFOpUTMa CerMeHTa-
uuu OLIH 1 anropyuT™Ma IoporoBor 06paboTKoL.

IIpriMeHeHKe MeTolIa OITHKO-MH(POPMALIIOHHOIO obecTiete-
HUsT 0OHAPYSKEHES TI03BO/IUT ITPEMICTABHTh POOOTH3HPOBAHHOM

crcTeMe MHPOPMALIHIO O HUTHMYKE apTe(akIoB B II0/Ie 3peHKs
I103C B Bypie brHApHOro OLIH, YTO B JUTHHEEIIEM obecrieyur
BO3MOPKHOCTB OITpeie/IeH s KoOparHaT BBC B ITPOCTpaHCTBe.
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The obtained arrays were subjected to statistical pro-
cessing using the periodogram method of estimating
the SPD. The results of statistical studies were an inter-
val of 0.08-0.25 Hz for estimating the fundamental
frequency of the harmonic of the SPD fluctuations in
the brightness of the radiation of AB inhomogeneities
formed by clouds of different classes and scores. Based
on the results obtained, it became possible to choose the
optimal frame rate from the video stream for subsequent
processing by the spatial method of detecting UAVs on
AB at frequencies significantly lower (up to 1 Hz) than
the frame rate (50 Hz) of the video stream (Fig. 7 b).

CONCLUSIONS

Thus, the developed method of optical and informa-
tion support for the detection of artifacts by a robotic
system on a complex background based on the back-
ground principle of information extraction consists
of three ways to obtain the necessary components of
optical and information support: temporal; spatial-
temporal; spatial.

The method of obtaining the time component of
the optical information support makes it possible
to optimize the selection of the frame rate from the
video stream for subsequent processing by the spatial
method of detecting the UAV on the AB.

The method of obtaining the spatio-temporal com-
ponent of optical information support makes it possi-
ble to optimize the time interval with the frequency of
which the segment size selection should be updated.
This forms the basis of a method for obtaining the
spatial component of optical and information support
necessary for the implementation of a spatial method
for detecting UAVs on the AB, consisting of the BTI
segmentation algorithm and the threshold processing
algorithm.

The use of the method of optical and information
support for detection will allow the robotic system to
provide information about the presence of artifacts in
the field of view of the POES in the form of a binary
BTI, which will further provide the ability to deter-
mine the coordinates of the UAV in space.
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