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[aTynku cMcTeM NoXKapHOW oXpaHbl A
6100KETHOro NOTpe6uTenss UMerT BbICOKYHO
OO0 NIOXHbIX cpabaTbiBaHUN. MpeacTaBneH
NpoeKkT MHOrocnekTpasbHOM CUCTEMDI
06Hapy>XeHUs BO3ropaHus, B KOTOpPOM NoJie3HbIN
CUrHan BbigensieTcs Ha GpoHe I0XKHbIX MoMeX
nyTemMm KOM6MHaLMN CUIHAJIOB C CEHCOPOB,
aHaNU3NPYIOLMX U306paxKeHNs B HECKOJIbKUX
cnekTpanbHbIX (BUAUMOM, cpegHem UK-,
Tennosom UK-) amanasoHax. NpusegeHbl
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BBEAEHWE

ObHapyskeHHe II0Kapa Ha PaHHeH CTaJuU ero BO3HUK-
HOBeHHS SB/ISeTCS K/IIOUeBOM 3aJader COBPeMeHHBIX
CHCTeM IIOKAaPHOM OXPaHbI. B 3aBMCHMOCTH OT COCTaBa
FOPIOYHMX MATePHAJIOB M YCJIOBHME OKDPYKAIOLIEH Cpefbl
IOKap Ha Ha4ya/IbHOM 3Talle MOXKET XapaKTePH30BaThCd
PasnuYHBIMHM GaKTOpaMH: JIOKAJIbHBIM IIOBBIIIEHHEM
TeMIIepaTypsl (T/IeHHe), Halh4uKheM [JbIMa, IIaMeHH
C IBIMOM HJIH TOJIbKO OTKPBITOIO IIJIAMEHH.

PasBUTHe CHUCTeM BHJIEOZIETEKLIUH IIOKapoB 06yC/I0B-
JIeHO B TOM 4YH(/Je U 3KOHOMHYECKMMH (PaKTOpaMU:
CHH>KeHHEM CTOMMOCTH JE€TeKTOPOB, Pa3BUTHEM CHCTEM
6ecrIpoBOIHOM CBSI3H, IOSBIEHHEM >HeprodpdexTB-
HBIX CHCTeM CBSI3H JIJ11 aBTOHOMHBIX YIaJIeHHBIX CUCTEM,
BO3MOXKHOCTBIO ~ aBTOMAaTH4eCKOr0 OOHapyKeHUs
ObIMa M IJIJAMEHH, KaK OCHOBHOIO (aKTopa, eJuHBIMH
[I0’KAPHO-OXPAaHHBIMH CHCTEeMaMH [jIi KOHTPOJS IIPO-
TSDKeHHBIX 00BeKTOB M OXPaHsIeMOro ITPOCTPAHCTBA.
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The detectors of fire protection systems for the
budget consumer have a high proportion of false
alarms. A project of a multispectral fire detection
system is presented, where a useful signal is
distinguished against false interference by a
combination of signals from detectors analyzing
images in several spectral (visible, average IR,
thermal IR) ranges. The test results are presented.
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INTRODUCTION

Fire detection at an early stage of its occurrence is a
key task of modern fire protection systems. Depend-
ing on the composition of combustible materials and
environmental conditions, a fire at the initial stage can
be characterized by various factors: local temperature
increase (smoldering), the presence of smoke, a flame
with smoke, or only an open flame.

The development of video fire detection systems
is also due to economic factors: reducing the cost of
detectors, the development of wireless communication
systems, the emergence of energy-efficient communi-
cation systems for autonomous remote systems, the
ability to automatically detect smoke and flame as the
main factor, unified fire and security systems for moni-
toring extended objects and protected space.

The limiting factor in the development of automatic
fire detection systems for extended objects is a high
proportion of false alarms. This is primarily due to the
fact that high-performance thermal-looking detectors
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Coep>KMBAlOMMUM (aKTOPOM Pa3BUTHS aBTOMa-
THYeCKUX CHCTeM MAeTeKLUUM OrHSl Ha ITPOTSKeHHBIX
00BeKTaX SBSETCS BBICOKAS MOJsS JIOKHBIX cpaba-
THIBAHUH. JTO 0OYC/IOB/IEHO IIpeXkie BCero TeM, YTO
BBICOKO3)(QEeKTHUBHbBIE TEIUIOBU3HUOHHBIE [JeTeKTOPHI
«CMOTPSIILIET0 THUIIA» HA JUAIA30H 3-5MKM [0 CHUX IIOP
SIBJISIIOTCSI JOCTATOYHO JOPOTMMH, a IPUMeHeHHUe JIpy-
TUX [IeTeKTOPOB IIPHUBOAUT K YBETHYEHHIO JIOKHBIX
cpabaTeIBaHUM.

Eme ofHUM HeJOCTaTKOM aBTOMAaTHYECKHX CHCTeM
SIBJISIeTCSI OTHOCHUTEIbHO HebosblIasi JaabHOCTh 0OHApy-
KeHHUS OTHS.

NMOCTAHOBKA 3A4A4YU

YBe/nndeHHe [OATBHOCTH [eHCTBHSA C OJHOBPeMeH-
HBIM CHH>XKeHHEeM BepOSITHOCTH JIO)KHOH TPeBOTHU
MOXKeT ObITh obecriedeHO MyTeM KOMOHWHAIIUK CEHCO-
POB, aHAJIM3UPYIOIUX IOJydaeMble H300paskeHUS
B HECKOJIBKUX CIIeKTPaJIbHBIX AHalla3oHaX (BUAMMOM,
cpenHeMm HK, TemnoBom HK). MHOrocreKTpaabHOCTb
Takoke obecriedrBaeT OTAe/NeHHe I10/Ie3HOr0 CHTHajla
OT JIOKHOTO M3-3a JIAMII, COJIHIA, O6/IMKOB, OTPaskeHUH
M37yYeHHMs U IIp.

[lepCeKTUBHBIM  HaIlpaBAeHUEM  Pa3sBUTHUI
CPelCTB paHHero obHapyskeHHs I103KapoB SBIISETCS
KPYT/IOCYyTOYHBIM [AMCTAaHIIMOHHBIM BHEOMOHH-
TOPUHI B HECKOJbKMX CII@KTPajJbHBIX [OHAIla30HAX.
[IpermymiecTBaMM TaKOTO MOHMTOPHHIA SBJISIETCS
BO3MOXKHOCTb OOHApy>KeHHUsI II0Kapa Ha OTKPBITBHIX
IIPOTSDKeHHBIX 00BeKTaXx M IPOCTPAHCTBAX, OTCYT-
CTBHe HeoOXOAUMOCTH HaXOXAeHUS HaTUYUKOB
1 060pynoBaHUS B HEIMOCPEICTBEHHOM O/IM30CTH OT
IOTEHIIMaJbHOI0 OYyara BO3rOpaHUS HIM B KOHTAKTe
C HUM, oOHapyKeHHUe IIOKapa B HAaYaJIbHOM CTAJUU
C TOYHBIM OIIpefe/ieHHeM KOOpAMHAT M MecTa oyara
Bo3ropaHus (1, 2].

PELUEHUE 3A0AYN - CUCTEMA
ABTOMATUYECKOIO OBHAPY)XEHUA

«OKB «ACTPOH»

B AO «OKB «ACTpoH» pa3paboTaHa My/IbTHUCIIEKTPIb-
Hasl cucreMa (KOMIUIEKC) PaHHero obHapyskKeHHUs BO3-
ropaHus. OCHOBHOM 3ajJadyel 3TOro allllapaTHO-
IIPOrPAaMMHOIO0 KOMIIJIeKCA SIBJISIeTCS AMCTAHIIMOHHOe
aBTOMaTH4ecKoe oOHapy>KeHHe X MOHHTOPHHI II0¥Ka-
POB BCTPOEHHOK aHA/TUTHKOK, OCHOBAHHOH Ha aHAJIH3e
MHOTOCITEKTPAJIBHOTO M300paskeHUsI OT CEHCOPOB BUIH-
moro guarmasoHa (0,5-0,8 MKM) M TeIlJIOBU3HOHHOTO
IuariasoHa (3-5 MKM).

KoMIiekC HMeeT BO3MOSKHOCTb KPYIJIOCYTOUHOIO
KOHTpOJsl OOCTAaHOBKM K aBTOMAaTH4YecKoro obHa-
PY)KeHHUS BO3TOpaHHS B pajuyce J0 5 KM C KPyrOBBIM
0630pom 360°.

=

of the “looking type” for a range of 3-5 microns are still
quite expensive, and the use of other detectors leads to
an increase in false alarms.

Another disadvantage of automatic systems is the
relatively small range of fire detection.

SETTING OF THE PROBLEM

An increase in the range of action, while reducing the
likelihood of a false alarm, can be achieved by a combi-
nation of detectors that analyze the resulting image in
several spectral ranges (visible, average IR, thermal IR).
Multispectrality also provides the separation of the use-
ful signal from the false due to lamps, the sun, glare,
radiation reflections, etc.

A promising area for the development of early fire
detection tools is round-the-clock remote video moni-
toring in several spectral ranges. The advantages of
such monitoring are the ability to detect fire in open
extended objects and spaces, the absence of the need
for detectors and equipment to be in close proximity
to a potential source of ignition or in contact with it,
the detection of a fire in the initial stage with accurate
determination of the coordinates and location of the
source of ignition [1,2].

SOLUTION TO THE PROBLEM - AUTOMATIC
DETECTION SYSTEM BY “DESIGN BUREAU
“ASTRON"

JSC “Design Bureau “Astron” has developed a multi-
spectral system (complex) for early fire detection. The
main objective of this hardware-software complex
is remote automatic fire detection and monitoring
by built-in analytics based on the analysis of multi-
spectral images from detectors in the visible range
(0.5-0.8 pm) and thermal imaging range (3-5 pm).

The complex has the ability to monitor the situa-
tion around the clock and automatically detect a fire
in a radius of up to 5 km with a 360-degree circular
view.

Built-in analytics uses for color analysis the color,
temperature and time characteristics in the sequence
of frames of two spectral ranges and integrates the
obtained temperature data for real-time fire detection.
After receiving a confirmation of the fire, communi-
cation and data transfer is carried out via fiber-optic
communication channels or via mobile communica-
tion channels, as well as trunking communication
from complex to complex within direct visibility.

The developed automatic hardware and software
complex is an autonomous optoelectronic system for
multispectral observation with simultaneous registra-
tion of an optical image, a thermal imaging image,
and such a key fire factor as the excess of temperature
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BcTpoeHHas aHA/MTHUKA HKCIIONbB3YyeT A/ HHTe-
JIeKTYyQJIPHOTO aHa/IM3a LBeTOBble, TeMIlepaTypHBble
U BpeMeHHBble XaPaKTePHUCTHUKU B I10C/IelOBATEIbHO-
CTH KaJJpOB ABYX CIIeKTPAIbHBIX AHAIIA30HOB U UHTe-
TPUpPYeT IIOJIyYeHHble TeMIIepaTypHble JaHHbIe AJIS
obHapy>keHHS IOKapa B peabHOM BpeMeHH. [locie
MOJIy4YeHUs MOATBepPKAEeHUs O IIoXKape CBSI3b U IIepe-
Jlada JAHHBIX OCYIeCTBIISIETCS I10 OITOBOIOKOHHBIM
KaHaJIaM CBSI3U WIH Uepe3 KaHAJIbI MOOKJIBHOM CBS3H,
a TakKe TPAHKUHIOBOM CBSI3H OT KOMILJIEKca K KOM-
IIJIeKCy B IIpefiesiaX MPSIMOIM BUAHMOCTH.

Pa3zpaboTaHHBIM aBTOMATHYeCKHH aIlllapaTHO-
[IPOTPAMMHBIM KOMIIJIEKC SIB/ISETCS aBTOHOMHOM
OIITO3/IeKTPOHHOM CHCTeMOIM MHOIOCIIeKTPaIbHOI0
HabJIIofeHMs C OMHOBPeMeHHOM PerucTpalien onTH-
YeCKoro H300paskeHHsI, TeIIOBU3HMOHHOIO H306pa-
SKeHHSI U TaKOro KIIO4YeBOro ¢akTopa IOoXKapa, Kak
IIpeBbIIIeHHe TeMIIePaTyphl Hal GOHOBOM . KoMmieKc
IpefHa3HAYeH [JIsI PaHHero obHapyskeHHS IIOXKapa
Ha IPOTSKEHHBIX 00BeKTax, IIPOMBIIUIEHHBIX IIPel-
NIPUATHSAX, O0OBEKTaX TPAHCIIOPTHOM HHPPACTPYK-
TYPBI, B IECHOM U CeJIbCKOM XO3SIHCTBe U T. II.

MHOrocreKTpaabHbIM KOMIIJIEKC COCTOMT H3 ILIBeT-
HOM LIGPOBOM BUIEOKAMEPDI, MATPUYHBIX MUKPO6O-
JIOMeTPHUYECKHUX HeOXJIKLAEeMBIX TeIlJIOBU3MOHHBIX
bOoTOIpHeMHUKOB Ha AHAIIa30H U3/IydeHHs 3-5 MKM,
C IOJSIMH 3PEeHHSsI, COOTBETCTBYIOINHMMH IIOJIIO 3pe-
HUS BHIeoKaMephl, O/0KOB IIHUTAHUS, yIIPaBIeHHUS
1 06paboTKH, MOMeIeHHBIX B 06IKH Kopmyc (puc. 1).
H3obpaskenue B Bumumom (0,5-0,8 MKM) U Temo-
BU3HMOHHOM (3-5 MKM) COBMeIIAIOTCS IJIsI 1le/Ier aHa-
nu3a B 000MX JUamna3oHax I10 TexHonoruu «fusion».
CyTb ee 3aK/II0OYaeTCs B IIOJIHOM COBMeIleHUU TeIlIo-
BU3HOHHOIO U TeJIeBH3HMOHHOIO H300pakeHUH
B OJHOM Kajpe. B 3aBUCHMOCTH OT IIOIOJHBIX YCJIO-
BUH OIIepaToOp MMeeT BO3MOSKHOCTb HAab/II0aTh CLIeHY
B Pa3sHBIX CIIEeKTPaJIbHBIX JHAIa30HaX: B BHAKMOM
0,35-0,78 MKM, WUJIU B TEIUJIOBUZUOHHOM 3-5 MKM,
WM CMeCh 00eNX KapTHHOK.

IIporpammHoe obecriewerue (I10) obpaboTku maH-
HBIX COBMECTHO KCII0JIb3yeT JaHHbIe BU/E0, TEIJIOBHU-
3MOHHOIO KaHajla KM IIPOCTPaHCTBEHHO-BpeMeHHBbIe
M3MeHeHUsI 00BeKTOB s KIacCUubUKAILMKU 00/1acTer
IIO>Kapa II0 BTOPUYHBIM IIPHU3HAaKaM (ABIMY, Harpe-
TOMY BO37yXy) U II0 HaJIHMYHIO MEePBUYHBIX IIpHU3Ha-
KOB (OTKPBITOTO OTHSI) B IIOC/IEI0BATEIbHOCTH KaJpPoB
B PeaJIbHOM BpPeMeHH.

Kak MOKa3plBAIOT PaCUeTEl, C PACCTOSHHUS YKe
1000 M ouar moskapa pasmepom 2x2 M He byzmeT obHa-
PY>KHBaThCS BHOEOKaMepOH paspelleHreM 2 MIIkc
B BUAMMOM AuamnasoHe (0,5-0,8 MKM) C yIJIoM IO/S
3peHHs 06BeKTHBa OKoj0 30 rpaaycoB. Takoro pas-
Mepa odyar Ioskapa C TeMIepaTypod 1500 K 6ymer
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Puc. 1. 90°-3nemeHmM Kpy208020 MyAbMUCNEKMpPAanbHO20
menno8u3UOHH020 KOMNAEKCA ¢ QyHKUUel cosmelleHus
(fusion) u306pa>keHus mennoguU3LUOHHO20 U 8udeo Kadpa
Fig. 1. 90° element of a circular multispectral thermal imag-
ing complex with the function of combining (fusion) images
of thermal imaging and video frame

over the background. The complex is designed for the
early detection of fire at extended facilities, industrial
enterprises, transport infrastructure facilities, in for-
estry and agriculture, etc.

The multispectral complex consists of a color digital
video camera, matrix microbolometric uncooled ther-
mal imaging detectors for a radiation range of 3-5 pm,
with fields of view corresponding to the field of view
of the camera, power supply, control and processing
units placed in a common building (Fig. 1). The image
in the visible (0.5-0.8 pm) and thermal imaging (3-5
pm) are combined for analysis purposes in both ranges
using the “fusion” technology. Its essence is the com-
plete combination of thermal imaging and television
images in one frame. Depending on weather condi-
tions, the operator is able to observe the scene in dif-
ferent spectral ranges: visible 0.35-0.78 pm or thermal
imaging 3-5 pm, or a “mixture” of both pictures.

The data processing software shares video, thermal
imaging channel data and spatio-temporal changes
of objects to classify areas of the fire by secondary
features (smoke, heated air) and by the presence of
primary features (open fire) in a sequence of frames in
real time.

As calculations show, from a distance of already
1000 meters a fire focus of 2 x 2 meters will not be
detected by a video camera with a resolution of 2 MPs
in the visible range (0.5-0.8 pm) with an angle of
view of the lens of about 30 degrees. A fire center of
this size with a temperature of 1500K will be detected
by a video camera at a distance of not more than
150 m. It is optimal to use video cameras to detect
secondary signs of a fire (for example, smoke). To
increase the detection range of open fire, it is neces-
sary to use photodetector arrays with a maximum
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0OHapy>KMBaThCsl BHIEOKAMepOkl Ha PACCTOSHHUU He
6osee 150 M. BugeokaMephl OIITHMAJIbHO HCIIO/Ib30-
BaTh [JISl JeTeKIIMKW BTOPHUYHBIX IIPH3HAKOB IIOXKapa
(HanpuMep, AbIMa). [ yBelH4YeHHs HATbHOCTH
obHapy>KeHHsI OTKPBITOrO OTHSI HeOOXOOHUMO HCIIOJIb-
30BaTh QOTONpPHEeMHBIMH MAaTpPHULBl C MaKCHMaJlb-
HOI YyBCTBUTEIBHOCTBIO B CIIeKTPAIBHOM JIHAIla30He
700-1500 K, ueMy COOTBETCTBYeT CIIeKTPaJbHBIN AHaA-
Ia3oH 3-5 MKM.

CTPYKTYPA MYJIbTUCNEKTPAJIbHOIO
TEMNTOBN3NOHHOIO KOMIJIEKCA

KoMIUIeKC COCTOMT M3 12 IBYXCIIeKTPAJIPHBIX KaMep
(0,5-0,8 MKM, 3-5 MKM) C IIOJIIMHU 3peHus, COBIIaZAl0-
IIMMHU B 000X JHUATIA30HAX, YCTAHOBIEHHBIX B OLHOM
obImeM KopITyce C yrJIaMH MeXIY OIITHYeCKUMU OCSIMHU
30 rpagycoB. Kaxkgas HOBYXCIeKTpajJbHasi KaMepa
MMeeT COBMellleHHe TeIl/IOBUSMOHHOIO U BHIEOM30-
OpaskeHH s C UHTEeIeKTYaIbHBIM aHAIKM30M TeIlJIOBOIO
[ois. AHa/lM3 B CIIeKTPaJbHOM AHalas’oHe 3-5 MKM
IIPOM3BOJUTCS [0 MOJEIH «IIOABJIEHHE TIOopsSuero
0bBeKTa», IpeBHIMIAIOIIETO0 TeMIIepaTypy ¢oHa, 6e3
OBMKEHHS, MUHHMaJbHAas IUIOMAAb obbekTa 4 M2.
AHa/lKM3 B CIIeKTpajbHOM [JHamasoHe 0,5-0,8 MKM
IIPOM3BOAKTCS. 110 IIOSBIEHHIO [BIDREHHS OOBEKTOB
mop, yraaMu 35-135° K TOPHU30HTY, OTCYTCTBHIO TOPU-
30HTaJIPHBIX IlepeMelleHHI, BO3MOXKHO YBelIH4YeHHe
wiomaau ot 100 m> u 6osee, yBelHYeHHe BBICOTHI
obBeKTa BhIIIe 5 M. B IIpoliecce HACTPOMKHU U TeCTH-
POBaHUSI UHTe/IeKTyalbHBIN aHAIN3 J0/DKeH HMeTb
BO3MOKHOCTb 00y4UeHHs C IIPHMeHeHHeM HeKpocere-
BBIX TEXHOJIOTHH.

ITprMeHeHHe HHTeIIeKTyaIbHOM BUAe0aHATUTHKHU
C TpexMepHBIM IIOCTpPO€HHeM IIepPCIIeKTHBBl M KaJIH-
OPOBKOM Ha AUCTAHLIMK JJ0 TOPH30HTA, BO3MOSKHOCTBIO
KIacCubUKalMH 06beKTOB II0 [TapaMeTpaM IUIOMAIH,
CKOpPOCTH IIepeMelleHHs, HallpaB/leHUs IlepeMelle-
HHUSI MCK/IIOYaeT BO3MOXKHOCTb IIPHMeHeHHS CKaHHU-
PYIOLIKX KPYyTrOBBIX 0030PHBIX CHCTeM. [/Isl Ha[leXKHOH
paboThl AITOPUTMOB aBTOMATHUYeCKOrO0 PacIO3HaBa-
HHS MOJIe/ler yTPo3bl M aHAIM3a KOHTPACTHO-GOHOBOM
06CTaHOBKH He0bX0AHMMO GUKCHPOBAHHOE II0JI0KEHHE
6e3 ABMKEHMS MONCTHUIAIINEN II0BepXHOCTHU. [aH-
Hoe TpeboBaHHe obecrieunBaeTCs TONBKO QHUKCHPOBAH-
HBIM I10JIOKeHHEM OIITHKO-3JIEKTPOHHBIX CUCTEM U HUX
IIpefiBAPHUTEIBHON KaJIMOPOBKOM I10 MeCTy YCTAaHOBKH
Ha aHa/IM3 Hab/1101aeMo¥ CIeHBbl.

Jlns ocymiecTBieHHs KpyroBoro ob6sopa 360° 6e3s
BO3MOKHOCTH KPYroBOIO CKAaHHUPOBAaHHUS Heobxo-
OIUMO IpHMeHeHHe MHHHMMAJIbHOTO KOJIMYecTBa CTa-
LIMOHAPHBIX TeIIJIOBU3MOHHBIX KaMep Ha JHaIlla3oH
3-5 MKM. IIpu yrie ob3opa Kaxxmon KaMepsl 30° Heob-
XOIMMO UCIIONB30BaHUe 12 Kamep [3,4].

=

sensitivity in the spectral range of 700-1500K, which
corresponds to a spectral range of 3-5 pm.

STRUCTURE OF THE MULTISPECTRAL
THERMAL IMAGING COMPLEX

The complex consists of 12 two-spectral cameras (0.5-0.8
pm, 3-5 pm) with fields of view coinciding in both
ranges, installed in one common building with angles
between the optical axes of 30 degrees. Each two-spec-
tral camera has a combination of thermal imaging and
video images with intelligent analysis of the thermal
field. Analysis in the spectral range of 3-5 microns is
carried out according to the model of “appearance of
a hot object” exceeding the background temperature,
without movement, the minimum area of the object
is 4 square meters. Analysis in the spectral range of
0.5-0.8 pm is performed by the appearance of the
movement of objects at angles of 35-135 degrees to the
horizon, the absence of horizontal movements, an
increase in area from 100 sq. M is possible. meters or
more, an increase in the height of the object above 5
meters. In the process of tuning and testing, intelligent
analysis should be able to “learn” using neural network
technologies.

The use of intelligent video analytics with three-
dimensional perspective construction and calibration at
a distance to the horizon, the ability to classify objects
according to parameters of area, speed of movement,
direction of movement excludes the possibility of using
scanning circular survey systems. For reliable opera-
tion of algorithms for automatic recognition of threat
models and analysis of the contrast-background situ-
ation, a fixed position is required without moving the
underlying surface. This requirement is ensured only
by the fixed position of the optoelectronic systems and
their preliminary calibration at the installation site for
analysis of the observed scene.

To carry out 360-degree circular viewing without the
possibility of circular scanning, it is necessary to use
a minimum number of stationary thermal imaging
cameras in the range of 3-5 microns. When the viewing
angle of each camera is 30 degrees, it is necessary to use
12 cameras [3,4].

PECULIARITIES OF PRD SELECTION

In our opinion, the photo-receiving device (PRD) of
the mid-IR range (3-5 microns) is most functional for
detecting fire sources, since this range has minimal
atmospheric attenuation and maximum sensitivity in
the spectral range corresponding to an open flame. The
radiation of the fire source in this range is maximum,
while light smoke is almost transparent to radiation
in this range. The energy parameters of radiation in
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OCOBEHHOCTW BbIBOPA @Y

®oronpuemHoe  ycrporcTBo  (®IIY)  cpemHero
HK-muamasoHa (3-5 MKM), Ha Hall B3IVIsAn, Hauboiee
GYHKIMOHAIBHO IS OOHApyKeHHUs O4YaroB IIOKApPOB,
IIOCKOJIBKY 3TOT AUAIIa30H MMeeT MUHMMAa/IbHOe aTMOC-
depHoe ocnabneHHe U MaKCHUMAa/IbHYIO YyBCTBUTEINb-
HOCTb B CIIeKTPaJIbHOM [Halla30He, COOTBETCTBYIOILEM
OTKPBHITOMY IUIAMEHH. M3/y4yeHHe o4yara roskapa B 5TOM
Oyalla3soHe MaKCHMAaJbHO, IIPH 3TOM JIETKHMI JbIM
IIOYTH IIpPO3payeH )i H3JIyYeHMs B 3TOM [JHalla3oHe,
JHepreTUYeCKHe II0Ka3aTe/Id U3Iy4YeHHs B CIIeKTPasib-
HOM Jyarna3oHe 3-5 MKM Ha HeCKOJIbKO IIOPS/IKOB BBIIIE
3Ha4eHUH BO BTOPOM TeIlJIOBU3HOHHOM CIIeKTPa/IbHOM
IHrarasoHe 7-14 MkM. MMeHHO I10 3TOH [IpUYKHe Jyalia-
30H 3-5 MKM MCII0JIb3yeTCs [JIS JeTeKTUPOBAHUS 04aroB
BO3TOPaHUA M OTKPBITOTO OTHS. JlMaIlasoHy H3/Iyde-
HMS C AJIMHOK BOTHEI 3-5MKM COOTBETCTBYIOT OX/IsKAAe-
Mble TeIlJIOB3UOHHBIe POTOIIPUEMHMKY Ha aHTUMOHU/IE
uHaus (InSb), a Takke CTPYKTypax KaJMHH-PTYTb-
Tennyp (HgCdTe). Bo BTOpoM AMara3oHe H3/Ty4eHHUs
7-14 MKM HCIIONIB3YIOTCSl HeoXJIaXAaeMble D0lIOMeTpH-
yeckve npueMHHKU. CToumocTh ®ITY Ha ocHoBe 6oi10-
METPOB IIPH IMPOMBIIIJIEHHOM IIPOM3BOJCTBE Ha [Ba
[OpsAKa MeHbIle, YeM CTOMMOCTh MAaTpHIL Ha OCHOBe
HgCdTe, InSb, mpu sTomM THnHYHble 3HaueHHs] NETD
(TemIlepaTypHasi 4yBCTBUTEe/IBHOCTb, PaBHas MHHH-
Ma/IPHOM 3KBHBJIEHTHOM IIYMy Pa3sHOCTH TeMIlepa-
Typ, - Noise Equivalent Temperature
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the spectral range of 3-5 pm are several orders of mag-
nitude higher than the values in the second thermal-
imaging spectral range of 7-14 pm. It is for this rea-
son that the 3-5 pm range is used to detect fires and
open flames. The radiation range with a wavelength of
3-5 pm corresponds to cooled thermal imaging photo-
detectors based on indium antimonide (InSb), as well
as to cadmium-mercury-tellurium (HgCdTe) structures.
In the second radiation range of 7-14 pm, uncooled
bolometric receivers are used. The cost of PRDs based
on bolometers in industrial production is two orders
of magnitude lower than the cost of matrices based on
HgCdTe, InSb, with typical NETD values (temperature
sensitivity equal to the minimum equivalent noise of a
temperature difference - Noise Equivalent Temperature
Difference) for bolometric matrices 50-100 mK (for PRDs
based on HgCdTe, values of the order of 10-20 mK are
typical). The most important advantage of bolometric
infrared detectors is the ability to work without cool-
ing (at temperatures around 300K), while most photon
detectors operate at cryogenic temperatures (usually at
least 77K).

The spectral range of 7-14 pm corresponds to a maxi-
mum in the temperature range of 30-150 °C. In this
temperature range, it is possible to detect only heated
combustion products, warm smoke. However, in most
real atmospheric situations and combustion conditions,

Difference), s 6omomMeTpuvecKux
Matpul coctasisieT 50-100 MK (mna
®I1Y Ha ocHoBe HgCdTe THUIHMYHBEI
3HaudeHMs nopsgika 10-20 mMK). Baxk-
HeHIIMM IIpeuMylecTBoM 60710~
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Puc. 2. braok-cxema MyaAbmucnekmpanbHo20 KOMNAEKCa 06HApy KeHus
60320paHull
Fig. 2. Block diagram of a multispectral ignition detection system

bepHBIX CUTyallul U YCIOBUE Iope-
HUsl OOHapyskKeHHe BO3TOPaHMS II0
COITPOBOKIAIOIEMY ero IMy bostee
Pe3y/IbTaTHBHO B BUIUMOM AMaIla-

110 ®POTOHUKA TOM 14 N2 12020



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
OPTICAL ELECTRONIC DEVICES & COMPLEXES
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

30He BHJeOKaMepaMH BBICOKOIO paspelleHHs. O4yeHb
Pezko BOSHUKHOBEHHE OTHS IIPOUCXONHUT 6e3 IIPofyKTOB
TOpeHMsi, BUOUMEBIX B Auamasode 0,3-0,8 MKM, coOT-
BETCTBYIOIEMY BUAMMOMY JHara3oHy. HMcmons3oBaHue
6ono1vleTp1/1qec1<Hx ®OIIY pnsa guamasoHa 7-14 MKM He
000CHOBAHO I10 PaHee YKa3aHHBIM IIPUYHMHAM C YIeTOM
MaKCHMYMa CIIeKTPaIbHOM YYBCTBUTEIBHOCTH : HU3KOH
3pPeKTUBHOCTH JeTeKLMH OTKPBITOTO OTHS C TeMIlepa-
Typoti Bele 500 °C, meTeKLIHUH 06BeKTOB C TeMIIEPATyPOH
1o 150 °C, B TOM YHC/Ie HATPeThIX aBTOMOOMIIEH, JTI0feH,
IIPUBOOAIIEN K JIOKHBIM CpabaThIBAaHHUSM. B0O3MOXK-
HOCTb JeTeKUMH TeIUIOrO AbIMa M IIPOAYKTOB FOPEeHHS
MHKPODOTIOMETPHYEeCKUMH MATpPHUIIAMK [JHAIa30Ha
7-14 MKM Ha IpaKTHKe HIeHTHYHa BO3MOXKHOCTAM HX
ABTOMATHYeCKoro 00HAPY>KeHHUS B BUANMOM JIHAIIa30He
I10 HarpeThIM 4acTHIaM 6ormee 1 MKM, 06pa3yonrMcs
B pe3y/ibTaTe FOPeHHs U BUAHUMBIM B AuanasoHe 0,3-0,8
MKM. [IpH 3TOM LieHa MHUKPOO0IOMETPUYECKHIX MATPHI]
C OIITUKOM Ha JHaNa3oH 7-14 MKM 3Ha4YUTeIbHO IIPeBOC-
XOAUT CTOMMOCTDb KaMep BUJHUMOTo JHarnasoHa [5,6].

[IpMeHeHHe OXIaKOAeMbIX CHCTeM, PaboTaIoNIHX
B JHamas’oHe 3-5 MKM, IIPUBOJUT K 3HAYMTEIHHOMY
YAOPOKAaHHUIO BCEr0 KOMIUIEKCA. EOMHCTBEHHBIM HEOX-
JIOKOAeMbIM MAaTPUYHBIM JETEeKTOPOM Ha JHAIA30H 3-5
MKM sIBJIsieTcsl pa3paboTaHHbIl B «OKB «ACTpPOH» [leTeK-
TOp ACTpoH-64017/1.

OCOBEHHOCTW MPOIrPAMMHOIO
OBECIEYEHUA
HaMM yCTaHOBJIEHO, YTO [yl yBepeHHOH PaboThl KOM-
IUIeKCa 0CTaTOYHa 06Iasi YacToTa aHa/IK3a CLIeHbI 10 5
pa3 B cexyHay. CHM>KeHHE CKOPOCTH COBOKYIIHOIO aHa-
133 HeobXOMMMO /ISl IIOTTHOLIEHHOT0 aHa/TH3a. AXUTeK-
Typa KOMIUIEKCa C YYeTOM 3TOro IapaMeTpa I103BOJISeT
KCII0/Ib30BaTh HENOpOorve M HafeXHble CTaHJapTHHIe
ceTeBble YCTPOKCTBA, He Tpebylolue creryansHoro I10.
9TO ONTUMAJIBHO /1L MAJIOK IIPOITyCKHOM CIIOCOOHOCTH
IIPOBOJHOM MK 6ecrIpoBOLHOM CeTH IIPH HaXOXKAeHUH
KOMIUIEKCA B yJaJleHHBIX MecTax U PaboTel B aBTOHOM-
HOM pekKrMe.

BbicOKast [OCTOBEPHOCTb OOHApy>KeHUs Ioskkapa
Y HHM3Kasl BEPOSTHOCTD JIOKHOM TPeBOTH, a TaKKe TO4-
HOCTb OIIpefe/ieHHss KOOPAMHAT BO3TOPaHMS [TOCTH-
raeTcsl Kak alllapaTHOM 4YacThio (B Gonbller CTelleHH
XapaKTepHUCTHUKAMH JeTeKTopoB K HK-maTpum), Tak
M HMHTe/UIeKTyaIbHBIM aJITOPUTMHYECKUM obecriede-
HUeM. AHaJIM3UpyeMoe H300paskeHHe B 000HX CIIEKTpax
XapaKTepH3yeTcs 60/bIIMM KOTHYeCTBOM IIYMOB H BO3-
MyILIeHUH. BUAMMBIN [OUAIa30H IIOABEP)KeH BO3JeH-
CTBUIO OOBEKTOB CO CXOKMMH IapaMeTpaMH [JIs aHa-
NM3a: TyMaHa, CBETOBBIX OTMKOB, MBIIKYLIMXCS TeHeH
OT 0071aKOB, COJIHEYHOM 3aCBEeTKU U [Jp. TeIlIOBU3HOH-
HBIF [JUAIla30H XapaKTepu3yerTcs OONBIIMM YpOBHEM

=

the detection of fire by the smoke accompanying it is
more effective in the visible range with high-resolution
video cameras. Very rarely, the occurrence of fire occurs
without combustion products visible in the range of
0.3-0.8 pm, corresponding to the visible range. The
use of bolometric PRDs for the range 7-14 pm is not
justified for the previously mentioned reasons, taking
into account the maximum spectral sensitivity: low
detection efficiency of open flames with temperatures
above 500 °C, detection of objects with temperatures
up to 150 °C, including heated cars, people, leading to
false alarms. The possibility of detecting warm smoke
and combustion products by microbolometric matrices
in the range of 7-14 pm in practice is identical to the
possibilities of their automatic detection in the visible
range by heated particles of more than 1 pm resulting
from combustion and visible in the range of 0.3-0.8 pm.
At the same time, the price of microbolometric matrices
with optics in the range of 7-14 um significantly exceeds
the cost of cameras in the visible range [5, 6].

The use of cooled systems operating in the range of
3-5 microns leads to a significant increase in the cost of
the entire complex. The only uncooled matrix detector
for the 3-5 micron range is the Astron-64017D detector
developed at “Design Bureau “Astron”.

SOFTWARE FEATURES

We found that for the complex to work confidently, the
overall scene analysis frequency up to 5 times per second
is sufficient. Reducing the speed of aggregate analysis
is necessary for a full analysis. The architecture of the
complex, taking into account this parameter, allows
the use of inexpensive and reliable standard network
devices that do not require special software. This is
optimal for the low bandwidth of a wired or wireless
network when the complex is in remote places and
work offline.

High reliability of fire detection and low probability
of false alarms, as well as the accuracy of determin-
ing the coordinates of ignition is achieved both by the
hardware (to a greater extent by the characteristics of
detectors and infrared matrices), and by intelligent
algorithmic support. The analyzed image in both spec-
tra is characterized by a large number of noise and dis-
turbances. The visible range is affected by objects with
similar parameters for analysis: fog, light flare, moving
shadows from clouds, sunlight, etc. The thermal imag-
ing range is characterized by a large level of intrinsic
noise, intrinsic fluctuations of temperature fields.

To detect smoke in the visible range, it is based on
an analysis of the dynamic and static properties of
video images. The detector is based on an algorithm
that includes the following basic steps: pre-processing
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CODCTBEHHBIX IIYMOB, COOCTBEHHBIMH QIYKTYal[HSIMU
TeMIIepPaTyPHBIX I10JIeH.

O6Hapy>keHHe ObIMa B BUIHUMOM [IHAIa30He IIPOU3BO-
JUTCSI Ha OCHOBE aHa/IM3a JMHAMMWYECKUX U CTAaTHYeCKUX
CBOYICTB BUJIe0M300pasKeHHI . B 0cHOBe paboTk! eTeKTopa
JI&KUT QJITOPUTM, BKIIOYAIOMIMH CJIefyIolle OCHOBHbIE
mary: mpenobpaborka KagpoB; IIOCTpoeHHe (HOHOBOTO
Ka/ipa U IIOKCK [IBIDKYIIKXCS obrmacred; obHapyskeHHe
obnacTer-KaHIUAATOB; KIACCHPUKAIIUS JBMKYIIMXCS
0671acTe-KaHANIATOB, BBIOOP M AHAIM3 BEPOSTHOCTEH
KIaCCUQUKALUK COOBITHSI KaK IOKapa. YKa3aHHBIe
AITOPUTMBL PaboThl HHTENIEKTyaJIbBHOM aHAJIUTUKU
MOr'yT paboTath TONMBKO I10Ce 3D-KalMOpPOBKY aHAIH3H-
pyeMon clLieHBbl IO AAAbHOCTH, pasMepaM, IUIOLIASM
U JBIDKeHMIO0. TpexMepHas KaIUOpOBKa aHalIHU3Hpye-
MO CLIeHBI I103BOJISET OIIPefesisiTh pa3Mepsl 0OBEKTOB
Y JAJTBHOCTH B 3aBUCHMOCTH OT PACIIONIOKeHH s 06BEKTOB
OTHOCHUTE/IbHO FOPHU30HTA M II€PCIIeKTHBbI, COOTBETCTBY-
IoIer pOKYCHOMY PAaCCTOSIHHIO 0OBeKTHBOB. Tpexmep-
HYI0O KUIMOPOBKY CLIEHBI, a TaKKe KCII0/Ib30BAHKE MHO-
THX JIFOPUTMOB BHIe0AHA/IM3a HEBO3MOKHO IIPOBOIUTh
IpU CKAaHHUPYIOIIHUX CHUCTeMaX, HUTUYHU [BIDKYILIEHCS
MOACTU/IAIONIeH [TOBEPXHOCTH. MIMEHHO IO 3TOM IIpH-
YHHe 0OHapy>KeHHe BO3TOPAHHS OIITHKO-3/IeKTPOHHBIMU
cucreMaMu ¢ GopTa 6eCIIMIOTHBIX JIeTATeIbHBIX alllla-
PaToB OOCTaTOYHO 3aTPYAHEHO H BBIIIOIHACTCS TOJIBKO
C IIOMOINBIO Ye/loBeKa. I[IprMeHeHHe CKaHUPYIOIIHX
CHCTeM IIPUBOIMUT K YZAeIIeBIeHHIO CHCTeM MOHHUTOPHHTIA
IJIs1 KpyroBOoro 0630pa, HO He MOKET pelllaTh 3a/la4H aBTo-
MaTHYeCKOro ObHapyKeHHSI 04aroB BO3ropaHus. IIpu
HaOJII0leHUH THEeM B XOpOILYIO IIOrofly B OoJbIler CTe-
IIeHU HCIIONb3YeTCsl TeJIeBU3UOHHOe H300paskeHHe BUIH-
MOIO CIIeKTpa, B HOUHBIX YCIOBUSX U IIPH IUIOXUX IIOTOL-
HBIX YCJIOBHSIX B M300paskeHHe 6OJBIIIe ITOAMEIIHNBAETCS
TeIJIOBU3HUOHHOIO CIIeKTpa. IIperMMyIecTBOM TeXHOJIO-
rau sBseTcs bosee ecTeCTBeHHAs IS UeIOBEUECKOIO
I71a3a KapTHUHKA 10/ 3PeHMs, MeHbIlas YTOM/IAeMOCTh
oreparopa, JIyqIIre II0Ka3aTeH 110 0OOHAPY>ReHHIO 1 pac-
II03HABAHUIO YIPO3bl 6e30I1aCHOCTH.

JBIKeHHe pacCMaTpHUBAETCS KaK I€PBUYHBIA IpH-
3HaK IpU OOHApy’KeHHUHU [IbIMa, M Ha IIepBOM 3Talle
AJITOPUTMA [JIS M3BJeYEHMS K3 TEeKYyILIero Kajapa Mef-
JIEHHO [BIDKYIIMXCSL 06lacTell IPHMeHSeTCS MeTof
BBIUUTAHUS QoHA. ObbeqUHEHHe IBIDKYLIUXCS YacTek
B CBSI3HbIe 00JIACTH-KAHIUAATHI BBIIIOHAETCS C HUCIIONb-
30BaHHEM OIlepallMil MaTeMaTH4ecKON MopdonIoruu
M KOHTYPHOIO aHa/iM3a MaTeMaTHYeCKHMMU aJIfOpPUT-
MaMH. OTIUYUTETBHON 0COOEHHOCTBIO A/ITOPUTMA SIBJISI-
eTcsl TakKe TO, YTO KIACCUHUKAIMS 06/1acTel OCyLecT-
BJISIeTCS Ha OCHOBe aHa/IM3a HaIllpaBlIeHHs UX BEeKTOPOB
OBIDKEHUS, OIpefie/isieMbIX OJI0YHBIM METOROM BBIYHC-
JIeHMS OIITHMYECKOIo II0TOKA, HAIlpaBIeHHBIX I10[ YIJIOM
oT 45° mo 135° K HMPKHEM TOPU30HTAIBHOM OCH Kafpa
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Puc. 3. Tecmosgble ucnbimaHust
Fig. 3. Testing

frames; building a background frame and searching for
moving areas; detection of candidate areas; classifica-
tion of moving candidate areas, selection and analysis
of the probabilities of classifying an event as a fire. The
indicated algorithms for the work of intelligent analyt-
ics can work only after 3D-calibration of the analyzed
scene in range, size, area and movement. Three-dimen-
sional calibration of the analyzed scene allows you to
determine the size of objects and ranges depending on
the location of objects relative to the horizon and per-
spective corresponding to the focal length of the lenses.
Three-dimensional calibration of the scene, as well as
the use of many video analysis algorithms, cannot be
carried out with scanning systems, the presence of a
moving underlying surface. It is for this reason that the
detection of a fire by optoelectronic systems on board
unmanned aerial vehicles is quite difficult, and is car-
ried out only with the help of a person. The use of scan-
ning systems reduces the cost of monitoring systems
for all-round viewing, but cannot solve the problem of
automatically detecting fires. When observing during
the day in good weather, the television image of the vis-
ible spectrum is used to a greater extent, at night and in
bad weather conditions, the thermal imaging spectrum
is more mixed into the image. The advantage of the
technology is a more natural picture of the field of view
for the human eye, less operator fatigue, better indica-
tors for detecting and recognizing a security threat.
Motion is considered as the primary sign when
smoke is detected, and at the first stage of the algo-
rithm, the background subtraction method is used to
extract slowly moving areas from the current frame.
The combination of moving parts in connected candi-
date areas is performed using operations of mathemati-
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(coryIacCHO OCHOBHOMY HAITPaBJIEHHIO PacIIPOCTPaHEHHs
IBIMA), B TO BpeMsi KaK HazeMHble 06beKTHI (aBTOMOOHIIH,
JTIONY) IBUTAIOTCSI B TOPU30HTAIIBHON IIIOCKOCTH C y4e-
TOM IIepCIeKTHBHI. [JaJbHeHIIne aITOPUTMBL CBSI3AHBI
C BBIYHCJIEHUSMHU KOHTpacTa Bebepa. Takod momxon
I103BOJISIET JOCTATOYHO 3PGIEeKTHBHO OTIHYATH ABIM OT
PeaIbHBIX 0OBEKTOB CO CXOKHM IIOBefieHHeM. Ha 3aKiio-
YUTETBHOM 3Talle 610K KIaCCHPUKALIUY BBIIAET CUTHAI
TPeBOTH B ClIydae oOHApy>ReHHsI AbIMa. [Ipe/iaraeMbli
ITOPUTM PeATH30BaH IIPOrPAMMHO C HCII0IB30BAHHEM
Visual C++ 1 OHUOTHOTEKH AITOPUTMOB KOMIIBIOTEPHOTO
3peHus U 06paborku H3obpaskeHu OpenCV [6].

PE3YJIbTATbl TECTOBbIX UCIMbITAHUI
U1 TIOATBEepP>KAEHHS BO3MOKHOCTH [IeTeKTHPOBaHUS
OTKPBITOTO OTHSI 6BUIH [TPOBEIE€HBI TeCTOBbIE UCIIBITAHHUS
TEeIIJIOBU3HOHHOIO [eTeKTOpa KOPOTKOBOJIHOBOIO JHa-
nasoHa (3-5 MKM). HMCIBITaHUS POBOSUIMCh C Lie/IbIO
[IOATBEPKAEHUS BO3MOXKHOCTH JeTeKTHPOBAHUS OTKPbI-
TOIO OTHS pasMepoM 2x2 M Ha AUCTaHUIMAX 5000 M
u bortee.

OTKPBITBIKL OTOHb HMMeJ TeMIlepatypy 6omee 1500 K
U YBEePEeHHO [eTeKTHPOBaJICd Ha JUCTAaHLUHUH [0
5000 M. TecToBble MCIIBITAHHS IIOKAa3aIM HeobXOmu-
MOCTb 06513aTe/IbBHOrO IIPUMeHeHUs UHTe/IeKTyaIbHOTO
BHJIe0aHA/IM3A.

BbIBO/bl

Jlnst obHapyskKeHHsI O4aroB BO3TOPaHMS M HaudaJIbHBIX
CTa[UI I105KapOB HEOOXOAHMO HCIIONb30BATh JeTEeKLIHI0
OTKPBITOTO OTHSI, a TaKKe JbIMa H IIPOAYKTOB ToOpe-
HUS. J|J1 JeTeKUHUHU OTKPBITOIO OTHs C TeMIlepaTypoHr
ropeHHUsI WK TieHHs boree 500 °C HCIIONB3yeTCs CIIeK-
TPaJIBHBIM JIMAIla30H 3/IeKTPOMArHUTHOIO H3JIy4eHHs
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cal morphology and contour analysis by mathematical
algorithms. A distinctive feature of the algorithm is
that the classification of regions is based on the analy-
sis of the direction of their motion vectors, determined
by the block method of calculating the optical flux,
directed at an angle from 45 ° to 135 ° to the lower hori-
zontal axis of the frame (according to the main direc-
tion of smoke propagation), while ground objects (cars,
people) move in a horizontal plane, taking into account
the perspective. Further algorithms relate to Weber
contrast calculations. This approach makes it possible
to quite effectively distinguish smoke from real objects
with similar behavior. At the final stage, the classifica-
tion unit gives an alarm in case of smoke detection. The
proposed algorithm is implemented programmatically
using Visual C++ and the library of algorithms for com-
puter vision and image processing OpenCV [6].

TEST RESULTS

To confirm the possibility of detecting open flame,
tests were carried out on a thermal imaging detector of
the short-wave range (3-5 pm). The tests were carried
out in order to confirm the possibility of detecting an
open flame measuring 2 x 2 meters at distances of 5000
meters or more.

Open fire had a temperature of more than 1500K and
was confidently detected at a distance of up to 5000
meters. Testing showed the need for mandatory use of
intelligent video analysis.

CONCLUSIONS

To detect foci of ignition and the initial stages of fires, it
is necessary to use the detection of open flame, as well
as smoke and combustion products. For the detection of

HHbIX CUCTEM BE3OMACHOCTH |
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3-5 MKM. OOHapyskeHHe OTKPBITOIO OTHS IIIOIAJbI0
2X2 M B IIPOEKLIMH B 3TOM AHalla3oHe IIPOH3BOAMTCS
aBTOMaTHYeCKM Ha OUCTAHLMM T0 5 KM ¢oTomprem-
HBIMU MaTpHULIAMH ACTPOH-64017/] ¢ MAKCMMYMOM CIIeK-
TPaJIbHOM YYBCTBUTEIBHOCTH 3-5 MKM. [IprMeHeHHe
6ooMeTpHUeCcKUX MAaTPHL] Ha CIIeKTPATbHBII AHAIIa30H
7-14 MKM C CIIeKTpa/IbHON YyBCTBUTETIbHOCTh Ha TeMIle-
patypst o 150 °C Heliennecoobpa3Ho I10 IPHUYKHE [1JI0XO0H
YYBCTBHUTEJIBHOCTA K BBICOKMM TeMIIEpPaTypaM, a IIpH-
MeHeHHe HX I JeTeKUHH FOPSAYero AbiMa U IIPOJYKTOB
ropeHust MeHee 3¢beKTHBHO B CPABHEHHU C KaMepaMU
BUJMMOIO [JHalla3oHa, B TOM YHC/Ie II0 IIapamMeTpam
1HeHa-3QPeKTUBHOCTb.

Obm1ast CTOMMOCTb KOMILIEKCa JjIsi KpyroBoro o63opa
He IIpeBbIINaeT / M/IH pybner. JlaHHBIM OIOIKeT BO3-
MOKEH TOJIBKO C HCIIONb30BaHUEM 00I0MeTPHYeCcKHX
MAaTpHMII Ha AHAIMA30H 3-5MKM, KCIIO/Ib30BaHHE OXJIaK-
IAaeMBIX CHCTeM A/t paboThl B 95TOM AMAIla30HE B KOM-
IUIeKCe IMpHUBeno 6bl K 3HAUUTENPHOMY YBeTHUEeHUIO
CTOMMOCTH, IIpHMepHO B 10 pas.

CI'I NCOKJINTEPATYPbI
MoHomapenko B. M., ®unayes A. M. «MHPpaKpacHas TEXHUKA W INEKTPOHHAS
onTUKa. CTaHOBNEHWUE Hay4HbIX HAanpaBneHns». - M.: ®u3matkHura, 2016.

2. A.Rogalski. Infrared Detectors. — CRC-Press Taylor Francis Group, 2-nd ed., London
New York, 2011, 876p.

3. @unayeA.M.,Tay6kuH W. U., Tpuwenkos M.A. TeepdomensHas omoaneKkmpoHuKd.
®omope3ucmopsi U gomonpuemHble ycmpoiicmea. — M. [dusmaTkHmra, 2012, 368 c.

4. Crapues B.B., Monos B. K., AHownH K.E.. MynbTucnekTpanbHbIi Mogynb 06Hapy-
OKEHWS ¥ aHaNW3a Yrpo3 A1s OXPaHbl MPOTSKEHHbIX 06beKTOB Ha 6ase UK- v Bugeocn-
cTem. - GomoHuka. 2017; 63( 3): 82-96. DOI: 10.22184 /1993-7296.2017.63.3.82.96.

5. Kynbuuukuit H.A., HaymoB A. B., Ctapues B.B. Heoxnaxaaemble Mukpobonome-
TPpbl IHPAKPACHOMO AUANA30HA-COBPEMEHHOE COCTOSIHIE 1 TRHAEHLIMM PA3BUTUS. =
HaHo- u mukpocucmemHas mexHuka. 2018; 20(10): 613-624.

6. http://www.astrohn.com.

Ob ABTOPAX

Crapues Bagum BanepbeBUY, K. T.H,
AO «OKB «Actpon», https://astrohn.ru,
r. JIITKapuHO, MoCK. 0611., Poccus.
ORCID ID: 0000-0002-2800-544X

IlomoB Bragumup KOHCTAaHTHHOBUY,
popov@astrohn.ru, AO «OKB «AcTpoH”,
https://astrohn.ru, r. JIeITKapuHoO,
Mock. 0671., Poccus,
ORCID ID: 0000-0002-2267-1994

BKJIAAL YJIEHOB ABTOPCKOI'O KOJUJIEKTUBA
CTaTesl IIOATOTOBIEHA HA OCHOBE MHOTOJIETHElH PaboThl
BCeX YIEHOB aBTOPCKOI'0 KOJ/UIEKTHBA.

PaspaboTKa K HCCIeOBAHUS BBIIIOTTHEHA 3a CYeT Co6-
CcTBeHHBIX cpefcTB AO «OKbB «ACTpoH».

KOH®JINKT UHTEPECOB
ABTOpBl  3asBNSIOT 06 OTCYTCBUH
HHTEpecoB.

KOHQIUKTA

114 POTOHMKA TOM 14 N2 12020

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
ONTUKO-3JIEKTPOHHbIE CUCTEMbI M KOMNJIEKCbHI Il
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

open flames with a burning or smoldering temperature
of more than 500 °C, the spectral range of electromag-
netic radiation of 3-5 microns is used. An open flame
with an area of 2 x 2 m in projection in this range is
detected automatically at a distance of up to 5 km with
Astron-64017D photodetector arrays with a maximum
spectral sensitivity of 3-5 microns. The use of bolometric
matrices for the spectral range of 7-14 pm with spectral
sensitivity at temperatures up to 150 °C is impractical due
to poor sensitivity to high temperatures, and their use
for the detection of hot smoke and combustion products
is less effective in comparison with cameras in the visible
range, including cost-effectiveness parameters.

The total cost of the complex for a circular review
does not exceed 7 million rubles. This budget is possible
only with the use of bolometric matrices for a range of
3-5 microns, the use of refrigerated systems to work in
this range in the complex would lead to a significant
increase in cost, about 10 times.
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