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MY/IbTUCNEKTPA/IbHbIN
MOAV/Ib OBHAPY)XEHUS

W AHAJIU3A YTPO3 411 OXPAHDI
NMPOTAXXEHHDbIX OBBEKTOB

HA BA3E UK- U BUAEOCUCTEM

B.B.Cmapues, B.K.Ilonos, K.E.AHowuH,
AO "OKB Acmpon”, 000 "Hnpakpucmana”,
2. JIeimrapuHo

3apaum NoCcTpoeHUs pacnpegeneHHOW BCenorogHom
CUCTEMbI 3aLMUTbI )Xe1e3HOA,0POXKHOrO

nyTu U 06bEKTOB XKesle3HOW A0pOoru, raso-

M HepTEeNnpoBOAOB, a TAKXKe APYrUX MPOTSHKEHHbIX
06bEKTOB OT BO3MOXHbIX Yrpo3 Heo6bl4aliHO
aKTyasnbHbl. BaxHernwee 3HayeHuMe B o6LLen
cucTeme 3almTbl UMeeT 06Hapy>XXeHue pasIn4HbIX
yrpo3 6e30nacHOCTU U CBOeBpPEMEHHOe Ha HUX
pearupoBaHue. PellatoLLyto posb 34eCb UrpatoT
BUA,E0- U TeNJI0BU3UOHHbIe Npubopsl. B ctaTbe
paccmaTpuBaloTCsi BOMPOCbl KOHCTPYKLUU CEPUAHOTO
MYJ/1IbTUCNEKTPA/SIbHOIO BUAE0-TEMIOBU3UOHHOIO
moayns ACTPOH-3A u npuBoauTtcsa o63op ero
TeXHNYeCKUX XxapakTepuctuk.

NCTOPUSA PASPABOTKUN UK-OETEKTOPOB

TeXHOJIOTHH MPOU3BOACTBA MHPPAKPACHBIX IeTEKTO-
POB Pa3sBHUBAIOTCS U COBEPIIEHCTBYIOTCS yKe Ha IIpo-
TSKeHUU 6osee 200 jeT ¢ MOMeHTa IIpOoBeeHU S
OIIBITA AHIJIMHCKUM acTpoHoMoM VY. epmienem.
IIpy UCIIBITAHUM OH 06HAPY’KUJI, UTO B IIOJIyUeHHOM
C IIOMOIIBIO IIPU3MBI crieKTpe CONHIIA TeMIlepaTypa
KOHTPOJIBHOTO TepMOMeTpa IIOBBHIIIAETCS 34 IPaHU-
LIell KPAacHOrO CBeTa, U ero 3Ha4YeHUs OTIHYAITCS
OT IIOKA3aHUH JPYTHUX TePMOMETpPOB. IlepBbIl pabo-
TOCITIOCOOHBIN 3JIEKTPOHHO-OIITUYECKUN ITpeobpaso-
Bartesnb 6p11 paspaboran XoncToM B dpupme "dunurnc”
(TonnaHgus) B 1934 rogy. C cepenguHbl 30-X TOI0B
M3 OTKPBITOM IIeYaTH IIOJHOCTBIO HC4e3nu Iybnu-
Kanuu 1o HMK-texHuke. Hadajoch IepBoe COpPeBHO-
BaHMe BeJIMKUX AepxKaB - AHDIuH, CCCP, TepMaHuU
U CIIIA B 06/1aCTH HOYHOIO BUIeHHU 4. "CtakaH Xosicra"
6511 JOpaboTaH 10 CEpUITHOIO IIPOU3BOCTBA GUPMOK
EMI (AHrnus), u c 1942 o 1945 rop ux OpLIO BBIITY-
IIeHO HeCKOJIBKO THICSY IITYK [JISL HYXA OpHUTaH-
CKOM apMHHU. B KOHIIe BOMHEI B aMEepPHUKAHCKOU 30He
OKKymnanuu epmaHuu Ha 3aBoge "Karl Zeiss" 6pl1a
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IR- AND VIDEO SYSTEM BASED
MULTISPECTRAL MODULE

OF DETECTION AND ANALYSIS
OF THREATS

FOR THE PROTECTION

OF EXTENDED OBJECTS

V.V.Startsev, V.K.Popov, K.E.Anoshin,
JSC"OKB ASTRON", LLC "Infrakristall", Lytkarino,
Moscow Region

Under modern conditions, the tasks of constructing
a distributed all-weather system for protecting

the railway track and railway facilities, gas and oil
pipeline facilities, as well as other extended objects
from possible threats, are on the front burner. The
detection of various security threats and timely
response is of paramount importance in the overall
protection system. The decisive role is played by
video and thermal imaging devices. This article deals
with the design of serial multispectral video thermal
imaging module ASTRON-3A, and provides an
overview of its technical characteristics.

BACKGROUND OF CREATING INFRARED
DETECTORS

The technologies for the production of infrared
detectors have been developing and improving for
over 200 years since the experiment was conducted by
English astronomer W.Herschel. During the test, he
has found that in the spectrum of the Sun obtained
with the help of a prism, the temperature of the
reference thermometer rises beyond the boundary
of red light, and its values differ from those of other
thermometers. The first operating electro-optical
converter was developed by Holst of "Philips" (Holland)
in 1934. Since the mid-1930s, publications on IR
technology have completely disappeared from the
open press. The first competition of the great powers -
England, the USSR, Germany and the USA - has begun
in the field of night vision. "Holst Class" was finalized
to serial production by EMI (England), and from 1942
to 1945 they were produced in the amount of several
thousand pieces for the needs of the British army. At
the end of the war in the American zone of the German
occupation, a production line for the production of
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obHapy>keHa IIPOM3BOJACTBEHHAs JHMHHUS IO BBIIY-
CKy TeIJIOBBIX TOJIOBOK caMoHaBeneHus 'Kiel-IV"
c doTonpueMHHKaMH M3 CyabduAa CBHUHIA. Kpym-
Hble MCC/IeOBAHUS 110 POTOIPHEMHUKAM HAdaIHCh
B CIITIA B 1940 roay mocsie opraHusanuu HanmoHanie-
HOT'O COBeTa II0 OOOPOHHBIM MCCIeJOBAaHUSM IIpHU
npesugenTe CIIA. B 3amauu coBeTa BXOAUJIO KYPUPO-
BaHHe BOIIPOCOB ONTHUKH U MK-TeXHHKU. HM3BeCTHEI
HOUHBle MPHIeNBl [JJIs CTPeIKOBOIO OPYXKHS,
yAAYHO IIPHMeHeHHBble NP JecaHTe aMepHKaHIeB
Ha ocTpoB OkuHaBa. B 1944 rogy cTajlio M3BEeCTHO
06 MCII0/Ib30BAaHUK HEMELIKOK apMUel TeIlIoeseH-
FallMOHHOM alIapaTypsl 415 obHapyskeHHUs ¢ bepera
MOPCKHUX Lieiel (HarpeTsle TPy6bl aHIVIMKCKUX KOPa-
6r1ei ¢ paccTosiHUM 10 10 KM). ITo3Ke CTa/I0 U3BECTHO,
YTO HeMEeLKMMHM BOMCKaMH OeperoBoil oOOpOHBI
IIPUMEHSJINCh WHOPAKpPACHBIE TeIlJIoNeeHTaTOPhI
Ha JITMHY BOJIHBI 10 MKM C HCII0/Ib30BaHHeM boome-
Tpuueckoro spdexra. B 3THX mpubopax U3TyUeHUe
oT Liesier (kopabrer, KaTepoB U Ap.) cobrpanock mapa-
OonKUYeCcKUM 3epKajoM Ha 3auepHeHHOH IIJIaCTHUHKe,
HarpeBajo ee, YTO NPHUBOAMIO K BO3PACTAHHUIO
COIIPOTHBJIEHUSI. MOMEHT H3MeHeHHUS COIPOTHB-
JIeHUSI CBUJETeNbCTBOBA O HAXOXKAEHHUU KOpabis
B II0JIe 3peHUs TeIlIomeeHraTopa. OKo/IO CTa TaKHUX
pubopoB OBITIO M3TOTOBIEHO Ha 3aBofe 'Karl Zeiss".
B CoBerckom Coro3e mprbopaMu HOYHOTO BUIEHHS
3aHUMaNuCh I1.B.Tumodpees u B.M.ApXaHTeJbCKHH,
a Takke akagemuku C.H.BaBuioB u A.A.JlebeseB
13 JIEHUHTPafcKoro [0CyJapCTBEHHOr0 OIITHYECKOTO
HHCTUTYTa. K Havyaay BOMHBI YepHOMOPCKHUM $JIOT
pacrosnaraa 15 KoMIIJIeKTaMH KOpabelbHBIX CHCTEM
HOYHOIO BHJeHHs. AINapaTypa, pa3paboTaHHas
B 1943-1944 ropmax, mpegHasHadajach B OCHOBHOM
LISl MH>KEeHEePHBIX BOUCK. [ToctaHOoBIeHHeM KO 6511
CPOpMHUPOBAH MOTOPHU3HUPOBAHHBIM HHKeHEPHBIH
[IOJIK CIIeLIMa/JIbHOI0 Ha3HAauYeHHs, KOTOPBIK ObLa
BOOPY>KeH HOYHBIMH ITpubopamu "Anpda’, "Tamma’,
"KomeTa" 1 MHPpPAKPACHBIMHU IIPOSKEKTOPHBIMH CTaH-
nusiMu "OCA-1" u "OCA-2". Ilpubop "Anpda’ c mpo-
SKeKTOPHOM cTaHuuenn "OCA-2" mo3Bonsin obHa-
PY’KHMBaTh LieJib B TeMHOTe Ha PacCTOSHHHU 00 250
MeTpoB, a npubop "Tamma" - mo 150 meTpos. Ilpu-
6op "Kometa" mpegHa3HavasCs IJ1s IIOUCKA ITPOXO/I0B
B MUHHBIX IO/NSIX B HOYHBIX YCIOBUSX. [IJISl Lieser
nanpHero HabmiofmeHUs OblT pa3paboTaH OMBITHBII
obpasen mpubopa Ho4uHOro BuAeHHUS "CIOH', KOTO-
PBII IIpU IIPOKeKTOpHOM MK-ocBellleHHH I103BOJISLI
BUJIETh Ye/loBeuecKyo GUTypy Ha PacCTOSSHUU 10 450
MeTpoB. [IJ1s1 BOOPY KeHH I HH>KeHePHOT0 I10/IKa 661710
H3TOTOB/IEHO 7 MPOKeKTOPHBIX CTAaHLUM, 100 mpH-
6opoB "Anpda’, 78 mpubopor "Tamma" U 363 mpu-
6opa "Komera". B 1943-1945 rogax I0JIK IIPOBEJI CBBIIIE
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Kiel-IV homing heads with photodetectors from lead
sulphide was discovered at the Karl Zeiss plant. Large
studies on photodetectors have been started in the
United States in 1940 after the organi3Ation of the
National Council for Defense Research under the
US President, who supervised the issues of optics
and infrared technology. The night sights for small
arms are known, successfully applied when the
Americans landed on the island of Okinawa. In 1944
the use by the German army of the direction-finding
equipment for detecting offshore targets from the
shore (heated pipes of English ships from distances
of up to 10 km) became known. Later it was reported
that the German coastal defense forces were using
infrared thermal direction-finders at a wavelength
of 10 pm using the bolometric effect. In these devices,
radiation from targets (ships, boats, etc.) was
collected by a parabolic mirror on a blackened plate,
heating it, which led to an increase in resistance.
The moment of change of resistance testified the
finding of the ship in the field of view of the direction
finder. About a hundred of such instruments were
manufactured at the Karl Zeiss plant. In the Soviet
Union, P.V.Timofeev and V.I.Arkhangelsky, as well
as academicians S.I.Vavilov and A.A.Lebedev from
the Leningrad State Optical Institute were engaged
in the development of night vision devices. By the
beginning of the war, the Black Sea Fleet had 15 sets
of ship borne night vision systems. The equipment
developed in 1943-1944 was intended mainly for
engineering troops. By decree of the State Defense
Committee, a special purpose motorized engineering
regiment was formed, which was armed with night
sight devices "Alpha", "Gamma", "Comet" and infrared
spotlights "OSA-1" and "OSA-2". The device "Alpha"
with searchlight station "OSA-2" allowed detecting
the target in the dark at a distance of up to 250
meters, and the device "Gamma" - up to 150 meters.
The device "Comet" was intended for the search of
passes in minefields in the night conditions. For the
purposes of long-range observation, a prototype of the
night vision device "Elephant” was developed, which,
under IR illumination, allowed seeing a human
figure at a distance of up to 450 meters. For the
armament of the engineering regiment, 7 searchlight
stations, 100 "Alfa" devices, 78 "Gamma" devices and
363 "Comet" devices were manufactured. In 1943-1945,
the regiment conducted more than 300 thematic
drills that showed the suitability and effectiveness
of the developed devices for night observation of the
enemy’s forward edge of defense, for forcing water
obstacles, for indicating passageways in minefields,
etc. By 1944, domestic sight for night shooting "Iskra"
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300 TeMaTHYeCKHX yquHﬂ, [I0Ka3aBIIUX I[IPHULOJ-
HOCTb U 3PPeKTHUBHOCTh pa3paboTaHHBIX IpubO-
POB [I/I1 HOYHOTO Hab/MIOfeHHS 3a [TepeJHUM KpaeM
060pOHBI ITPOTUBHHKA, A/ POPCHPOBAHUS BOLHBIX
mperpan, Is yKa3saHUs IIPOXOJ0B B MUHHBIX IIOISAX
u ap. K 1944 rony MHKeHepHble BOMCKA ITOJy4MIIH
[lepBBI OTe4YeCTBEHHBINM IpHLeN [Is HOYHOH
cTpensbbl "Hckpa'. OgHaKO B 60eBBIX YCJIOBUSIX 3TH
npubopel He ycrienu cebs rmoxasats [1].

VMIHTeHCHUBHOCTD IIPOLIECCOB HCC/IeJOBAaHHH, pa3-
PabOTKM M OCBOEHHMS TEIIOBU3MOHHOTO HAIIpaB-
JIeHM s 3HAYMTeJIbHO BO3poCiaa B mociaemHue 50 jerT.
CeromHsi, pacCMaTpuBasg QU3HUYeCKHe IIPHHIIUIILI
obHapy>KeHHS TeIJIOBOIO M3Jy4eHUs U CYIIeCcTBY-
IOIIFe TexXHOJOTHH, MOXKXHO KJIacCHMPHUIIMPOBATh
HK-meTeKkTOpHI 0 Tpynnam (puc.l).

[IppuHUHUI PaboTHl BCeX TEIJIOBBIX HEeTeKTOPOB
OCHOBAH Ha M3MEHEHHH 3JIeKTPHUUYECKHUX XapaKTe-
PHUCTHUK MaTepHajla IIPHeMHHKA 33 C4YeT SHeprUu
IIOIJIOIIEHHOI0 TeIIOBOTO H3Jy4ueHHs. Y MHKpPobo-
JIOMeTPOB IIOBBIIIeHHEe TeMIlepaTypbl IpHeMHHKa
HM3MeHseT ero 3JIeKTPOIIPOBOJHOCTD, Y TePMOIIKIeH
nosiBisieTcss TepMo3d/IC, y MHUPO3TIeKTPUUECKOTO IIPH-
eMHHKa H3MeHSeTCs 3HayeHHe II0BePXHOCTHOIO
3apsfa, a y TepMO3JIeKTPOHHBIX TeIJIOBBIX [HO-
JOB - 3HadeHMe TOKa BHYTPeHHeH TepMO3JIeKTPOH-
HOU 3MMCCHH.
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has been developed. However, in combat conditions,
these devices never got a chance to demonstrate their
performance [1].

The intensity of the processes of research,
development and exploring of the thermal imaging
area has significantly increased in the last 50 years.
Today, considering the physical principles of detecting
thermal radiation and existing technologies, it is
possible to classify IR detectors into groups (Fig. 1).

The operational principle of all thermal detectors
is based on a change in the electrical characteristics
of the receiver material due to the energy of absorbed
thermal radiation. In microbolometers, an increase
in the temperature of the receiver changes its
electrical conductivity, thermal electromotive force
appears for the thermopile, the value of the surface
charge changes for the pyroelectric receiver, and
the thermionic thermal diodes have the value of the
internal thermionic emission current.

The technology of manufacturing thermal
detectors has reached a certain degree of perfection
and predetermined a number of advantages due
to which sensors of this type occupy a dominant
position in the market in quantitative terms. Their
advantages are the simplicity of the design and the
lack of cooler. There is practically noneed for servicing.
Microbolometers do not require cooling; they achieve

MK-peTekTopbl
IR Detectors

|

[
Heoxnaxgaemble
TenoBble AeTeKTopbl

Uncooled
thermal detectors

[

[ [ ]

. Tepmo- Mwkpo- Mwkpo- Mupo-
3N1eKTPOHHbIe KOHCO/bHble 6onomeTpbl INeKTPUKN
[IENICELIC Gumetann- Micro- Piroelectrics

Aoyl HEE bolometers
Thermo- Microcantile -
electronic bimetallic BST
thermal VO
e
PZT
QW Si/SiGe
— Tepmonuan
i)
Thermal
(Bi/Sb)

Puc.1. Knaccupukayus VK- demekmopos [2]
Fig. 1. Classification of IR detectors [2]

Heoxnaxxaaemble
$OTOHHbIE AeTeKTOopbI

Oxnaxxgaemble
}OTOHHbIE AeTeKTOopbI
Uncooled
photon detectors

Cooled photon
detectors

— Ha ocHoBe — CCcob6CTBEHHOW MNPOBOANMOCTbIO (PV)
$HOTOIMUCCUOHHOTO (MCT, SiGe, InGaAs, InSb, InAsSb)
addexTa

With intrinsic conductivity (PV)
Based on the (MCT, SiGe, InGaAs, InSb, InAsSb)
photoemission effect
— CcobCcTBeHHOM NpoBOANMMOCTbHO (PC)

(MCT, PDbS, PbSe)
With intrinsic conductivity (PC)

= C cobcTBeHHOM

NPOBOAMMOCTbIO (MCT, PbS, PbSe)
(MCT, InGaAs, PbSe)
With intrinsic —  CnpMMecHoI NpoBOAMMOCTbIO (SiX)

conductivity With impurity conductivity (SiX)

(MCN, InGaAs, PbSe)

—I QWIP (GaAs/AIGaAs)

— Ha ocHoBe $OTOIMNCCUOHHOMO
aoexTa (PtSi)
Based on photoemission effect
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TexXHOJIOTUU U3TOTOB/IEHHU S TeILIOBBIX IeTeKTOPOB
OOCTUITIA OIpeJe/eHHOM CTelleHH COBepIIeHCTBA
Y IpefomnpeleNuand psif, IpPeMMyIlecTB, 6narogaps
KOTOPBIM CEHCOPBl 3TOr0 THIIA 3aHMMAKT JOMHUHU-
pyiollee IOJIOKeHHe Ha PBIHKe B KOJIHMUYECTBEHHOM
OTHOIIEHUH. MX JOCTOMHCTBA — IIPOCTOTA KOHCTPYK-
LMK U OTCYTCTBHe HeoOXOLMMOCTH B OXJIAJHTeJe.
[IpakTHUYeCKH HeT HeobXOAHMMOCTH B CEPBHCHOM

Ta6bnuua 1. O6wwme xapakTepnucTnkmn moaynsa ACTPOH
Table 1. General specifications of ASRTRON module

[MapameTtp

Parameter

i g

Noise Equivalent Temperature Difference (NETD) of
40-50 mK for an aperture value of one [2].

When passing through the Earth’s atmosphere,
the thermal radiation is weakened due to the
absorption of gases by molecules, as well as the
scattering of molecules and particles (aerosols) by
rain, snow, fog, smoke, smog, dust. The "spectral
windows" of the Earth’s atmosphere are known:

3HayeHune lMpumeyaHne
Value Note

HanpsyeHve nutaHus, B
Supply voltage, V

~220B (+50/-100)
~220V (+50/-100)

Bo3MOXHO 12, 24, 48
12, 24,48 possible

YCTaHOBJ/IEHHAs MOLWHOCTDb, BT
Installed power, W

He 6onee 20
Not more than 20

M3onsauusa no sxoay, B

Permissible vibration

Insulation by input, V 3000 -
NMNyAbCHBIN TOK, KA [lo 20 PaspsigHbIM Ao 150
Pulse current, kA Up to 20 Discharge to 150
YactoTa ceTu nutaHus, Iy, 50 OTKNOHeHWe oT 45 go 65
Mains frequency, Hz Deviation from 45 to 65
Lonyctnmasa Bubpauns 2G

Pa3peleHune BugeokaHana, Mnkc
Video channel resolution, Mpx

1280x960,20x576

Bo3mMOXHO 00 5
up to 5 possible

YacToTa KaApoB, KaApOB B CEKYHAY

IR sensor resolution

Frame rate, frames/second = _

|-|.DOTOKO}'II:>I okaTtus Buaeo M-JPEG, H.264 B

Video compression protocols

[anbHOCTb 06HAPYXKEHNS, M O6Hapy>keHne Yyenoseka

. 1200 .

Range of detection, m Human detection

[anbHOCTb pacno3HaBaHus, M JeTekumns aHannTnKon
. 1000 X :

Recognitionrange, m Analytical detection

CnekTpanbHbLIN AManasoH, MKM 7-14 bonometp FPA

Spectral range, pm Boltometer FPA

Pa3peleHune MK-ceHcopa 384x288 —

DOKYCHOE paccTosiHue, MM
Focal length, mm

120,100, 75, 60, 40

CooTBeTCTBYyIOLAA ONTUKA
Appropriate optics

Standard video transmission

AnepTypa 1A bonbwas ceeTocmna
Aperture f/1,4:10.08 High aperture ratio
Pasmep Toukun NK-maTpuLbl, MKM 25 _

Size of the infrared dot, pm

CraHpapT nepefayv BUaeo PAL NTSC
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obcny>kuBaHUK. MukpobonoMeTpsl He TpebyloT
OXJIaKJEeHHU S, [JISI HUX AOCTUIHYT TeMIIePaTypPHBIN
3kBUBaIeHT myma (NETD) 40-50 mK mnst amepTyp-
HOTO YM(JIa, PABHOTO efUHUILIE [2].

IIpy mOpoxoXAeHUH dUepe3 aTMochepy 3eMiiu
TeIlJIOBOe H3Jy4eHHUe o0cCaabnsercs BClIeICTBUe
IIOIJIONEHHUsI MOJIeKyJIaMHU ra3oB, a TaKxke pacce-
SHUS CKOIUIEHHSIMHM MOJIEKYJI M 4acTul, (a’3po3o-
JISIMH) — JOXK/IeM, CHETOM, TYMaHOM, JIbIMOM, CMOT'OM,
IIBLIBI0. MI3BeCTHBI "OKHA ITPO3PAYHOCTH " aTMOCheph
3emMnu:

« 0,3-1,3 MKM (BUOMMBIN AMalla3oH) — "6ojbIIoe

OKHO'",
¢ 1,5-1,8 mxm (MK guamna3oH) - "mepBoe 0KHO',

e 2,0-2,6 Mmxm (MK nuama3soH) - "BTopoe OKHO',
e 70-15,0 MM - "TermoBor HK-muamasoH", U1K

"TpeTbe OKHO".

MonekynsipHOe TIIOIJIOUeHHe SIBASETCS IJIaB-
HOM NPUYMHOM ocnabieHus H31y4eHHUs (B OTCYT-
CTBHUe CHJIPHOTO 3aJbIMJIEHUSI U HHBIX IPHUYMH),
npyuyeM Haubosee CHIIBHO U3/Ty4YeHHUe II0ITI0IAeTCs
IIapaMU BOJBI, YIJIEKUCIBIM T'a30M M 030HOM (pHC.2).
Meskay TIOTOCAMH IPO3PAauyHOCTH CYILIECTBYIOT
I10/I0CHI IIOJIHOTO IOrIonieHusT UK-U31yueHus aTMOC-
depoii, B OCHOBHOM YIJIeKHCIBIM ra3oM CO, (2,6-2,9;
4,2-4,4 Mmxm) u mapamu Boxsl H,0 (5-8 Mkm) [2].

TEXHUYECKUE XAPAKTEPUCTUKN MOAVYIA
ACTPOH-3A

MynbpTUCIIEKTPaabHBIE BUe0-TeIlJIOBU3HUOH-
Hble Moxynu ACTPOH-3A (pumc.3), siBasiroTcst 6aso-
BBIMH 3/IeMeHTaMHU IIOCTPOeHHS paclpelle/leHHOU
CHCTeMBI 3aIIUTHI KeJIe3HOLOPOSKHOIO IIYTH U 06beK-
TOB >KeJIe3HOH JOPOTH OT BO3MOKHBIX YIpo3. Moayiu
pa3paboTaHbl C y4eTOM 3HAUHUTEIBHOTO OIIBITA 3KC-
IUTyaTallMK TeIJIOBU3HOHHBIX cHcTeM THIla ACTPOH
(Tabn.l) 1o oxpaHe MPOTSKEHHBIX OOBEKTOB KOM-
naHui 'Tasmpom’ u PXK/. IlpuMeHeHHe B MOZyJle
XOPOIIIO 3apeKOMeH/I0BaBIIKX Cebs TeII0BU3UOHHBIX
cucteM ACTPOH-320A100, ACTPOH-320A75, KOTOpEIe
CepUHHO BBIIYCKAIOTCS Ha MPOTS>KeHUH IIO0CTeSHUX
JeT, I03BOJISIeT TAPAaHTHUPOBATh YCTOMUYHUBYIO paboTo-
CII0CO6HOCTbh MOIY/ISl B TeUeHHUe Tpex JieT (UIu bosee
30000 yacoB HapaboTKM).

MynbTHCTIEKTpaabHbIN Moayabs ACTPOH-3A pabo-
TaeT B [BYyX JMalla30HAaX H3JIy4eHHs: BUIHMMOM
u pgansdHeM MK (7-14 mxMm). B MopnyJie, KpoMe TerJio-
BH3HOHHOIO KaHaja, IpeAyCMOTpPeH BHIEOKaHal
C IOAJIBbHOCTBIO BUOEHMS M paclio3sHaBaHUS g0 1000
MeTpoB. Yrael o630pa BHIEO- M TeIIOBU3HUOHHOIO
KaHa/lla UJeHTUYHBI. BHIeOKaHaa HCIIONb3yeTCs
B OCHOBHOM B JHeBHoe BpeMs. OgHaKo IpUMeHe-
HHe B KaMepax BUJUMOIO JHalla30Ha HU3KOYpOBHe-
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+ 0.3-1.3 pm (visible range) - "large window"

¢ 1.5-1.8 pm (IR range) - "first window"

¢ 2.0-2.6 pm (IR range) - "second window"

e 7.0-15.0 pm - "thermal IR range" or "third window"
Molecular absorption is the main reason for the

attenuation of radiation (in the absence of strong

smoke and other causes), and the most intense

radiation is absorbed by water vapor, carbon dioxide

and ozone (Fig. 2). Between the spectral bands, there

are bands of complete absorption of IR radiation by

the atmosphere, mainly by carbon dioxide CO2 (2.6-

2.9, 4.2-4.4 pm) and water vapor H20 (5-8 pm) [2].

ASTRON-3A MODULE SPECIFICATIONS
Multispectral video-thermal imaging modules
ASTRON-3A (Fig. 3) are the basic elements of
building a distributed railway track and railway
facilities protection system against possible threats.
The modules are designed taking into account
the considerable experience of operating thermal
imaging systems of ASTRON (Tabl.1) type for the
protection of extended objects of Gazprom and RZD.
Application of the well-proven thermal imaging
systems ASTRON-320A100, ASTRON-320A75 in the
module, which are serially produced during the last
years, allows to guarantee the stable operation of
the module within three years (or more than 30,000
operating hours).

Multispectral module ASTRON-3A works in
two ranges of radiation: visible and far infrared
(7-14 pm). In the module, in addition to thermal
imaging, a video channel with a range of vision and
recognition of up to 1000 meters is provided. Viewing
angles of video and thermal imaging channel are
identical. The video channel is used mainly in the
daytime. However, the use of low-level sensors in
the visible range cameras allows using the optical
channel at low illumination (up to 0.001 1x), which is
especially effective during the morning and evening
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Fig. 2. Earth’s transmissivity spectrum
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Tabnumua 2. Ten10BU3NOHHLIN, TeNEBM3MOHHbIN 610K 1 6/10K Nepegaymn
Table 2. Thermal, television and transmission unit

Ne

O603HayeHne
Ha cxeme
Symbolin the
diagram

OnucaHue
Description

Ha3HaveHune
Designation

TR T ObecneynBaeT feTekTMpoBaHme B GoKaIbHOW NIOCKOCTU M3MEHEHNS TeMMepa-
TYPHOTO NOJISA, BbI3BAHHOI0 HarpeBom K- y4amu nukcener 6010MeTpruyeckum
bonomeTpuyeckas  MaTpuua 13 oKcmMaa
1 MaTpuLa - “3MepeHem Temneparypbl .
. . . Provides detection in the focal plane of the change in the temperature
Bolometric matrix | Uncooled matrix of . . .
. . field caused by heating by IR-rays of pixels by bolometric measurement of
vanadium oxide
temperature
bnok 06paboTkm Mnata3axsaTa npous3BoAMUT 06paboTKy MHGOPMaL MM OT MaTPULLbI O 3HAYEHUSX
2 Mnata3axsaTa nHbopmaumm TemnepaTypHbix Noaen 1 npeocbpasoBaHme Ux B BUAEOM306pakeHme.
Capture board Information The capture board processes information from the matrix about the values of the
processing unit temperature fields and converts them into a video image.
BbICOKOYYBCTBM
TeneBnsnoHHas Mpnem CBETOBOrO N3/ly4eHWs BUAWMOrO AMana3oHa 1 BbiAavya CUrHana Ha naaty
Te/fbHaa MaTpuua
3 MaTpuua ; T 06paboTKm
) Highly sensitive R - L . .
TV matrix matrix Receiving light from the visible range and issuing a signal to the processing board
O6paboTKa CMrHa-
Mnata 06pabotkn | NoB OT TeneBmsmoH- | ObpaboTka cMrHana MaTpuLbl, HAKOMAEHWe 3apSA0B, YMHOXEHME CUrHana ans
4 BMAEOCUTHaNa HOM MaTpULbI YBEINYEHUS YYBCTBUTENILHOCTU, MPOTUBOTYMAHHbIE 3P DEKTbI
Video processing Processing of Matrix signal processing, charge accumulation, signal multiplication for
board signalsfrom TV increased sensitivity, anti-fog effects
matrix
BnaeoaHanms noay4eHHOro oT Na1aThl 3axXBaTa BUAEON306pakeHns no 3a4aH-
HbIM MHOrONapamMeTpanbHbIM YCTIOBUSAM. [LOCTYMNHbLI BCE YC/IOBUS aHA/IN3A: BXOL,
1 BbIXOZ, 13 30HbI, MepeceyeHne rpaHnLibl, 4eTeKLUs pa3MepoB U CKOPOCTH,
aHTUApebesr, ocTaBeHHble NpeamMeThl U Ap. VIHTepbenc MHTYUTUBHO NOHATEH
ST TR W HacTpamBaeTcs yaasieHHo 13 OMO. CUrHaabl OT 3TOro 610Ka Tak>Ke ynpaBAsoT
CepBep 06paboTkn = 064yBOM repMaHMEBOro OKHa NMPW NMPOXOXAEHMW N0e3a, BblAAKT TPEBOTY
nntunkm Compotrol
BMAEOAAHHbIX Ha OlMO.
5 COMPOTROL ’ . - . ) . :
. . Video processing Video analysis of video image capture received from the capture board for
video analytics . . . . - . _
unit Server specified multiparameter conditions. All the analysis conditions are available:
entry and exit from the zone, border crossing, detection of sizes and speeds,
anti-bounce, abandoned items, etc. The interface is user-friendly and remotely
configured from the Border patrol department. Signals from this unit also
control the blown-off of the germanium window during the passage of the train,
generate alarm at the Border patrol department.
bnok aBTomatmye- | TemnepaTypHbIM AMANA30H, AeTeKTUPYEMbIA B KAAPe MaTpULLeN, NpeBbiwaeT
CKOW HAaCTPOMKM HEeCKONbKO MOPSAAKOB, BECh ANHAMNYECKNI MANA30H HE MOXET YMeCTUTbCS
KOHTpacTa u geta- B rpaAaLmax ceporo TeNeBM3NOHHOr0 3KpaHa. Jas UCKIYeHNS 3aTeHeHHbIX
nen. AHanor PIXIM Y4ACTKOB KaXXA bl MUKCEb MMEET CBOK HACTPOMKY KOHTPACTHOCTU M APKOCTM.
DDE ONS TennoBuaeHns | ABTOMaTU4ecKas HACTPOMKA yUYUTLIBAET TAKXKe TeMnepaTypHbIe U3MEHEHNS
6 DDE Automatic BPEMEHM roa 1 BPEMEHM CYTOK.
adjustment of The temperature range detected in the frame by the matrix exceeds several
contrastand orders of magnitude; the entire dynamic range cannot fitin the gray scale of the
detailing. PIXIM television screen. To exclude shaded areas, each pixel has its own contrast and
analog for thermal brightness setting. Automatic tuning also takes into account the temperature
imaging changesin the time of year and time of day.
BOJIC 1000 Base-x kKoM~ MoakayYeHne MOAYNs K cCepBepy OCHOBHOM CUCTEMbI MO ONTOBOIOKOHHOMY
7 FOCL MyTaTop KaHany
1000 Base-x Switch | Connecting the module to the main system server via fiber optic channel
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Eﬂ ~220B N PE
- /]
2 l Y30 <30 MA
JaTtymk
#ﬁ — ToC — Detector RCD <30 mA
T — Natuunk / Detector Pa——— 12BDC y3l|/ll'l
i Harpesatesnb Harpesaresnb é ASHERIEIALS I-Il knacc
nnTaHns
repMaHMeBOro okHa 060pya0BaHMS OKHA S SPD
Germanium Transmission ource of power I-1l class
window heater equipment heater
bnok
DDE j BUAE0AHANTUTUKIN bnok
Bo/IOMeTpUYeckas MaTpuLa MnaTa 3axsata M306paskeHust 2-KaHasbHbIN crabunmsaumm
Bolometric matrix Capture board ﬁ COMPOTROL n306paxeHns
X X Video analytics Image
v v unit 2-channel stabilization
MaTpuua BUANMOro AuanasoHa MnaTta 06paboTkun BUAEOCUTHANA COMPOTROL unit
Visible range matrix Video processing board
1000 Base-X MydTa
KOMMYyTaTop —> BOJIC
> 1000Base-X |«  FOCL
Switch coupling
Puc.3. baok-cxema myabmucnekmpanbHo20 modyass ACTPOH-3A
Fig. 3. Block diagram of ASTRON-3A multispectral module

BBIX CEHCOPOB I103BOJISIET HUCIIOb30BATh ONTHYECKH I
KaHaJl IIpY HU3KUX ocBelleHUsX (7o 0,001 1K), 4To
ocobeHHO 3pdeKTHBHO BO BpeMsI YTPeHHUX U Bedep-
HUX BBIDABHUBAHHN TeMIlepaTyp. IIpegycMoTpeHO
IepeK/II0YeHHe KaMep B PeSKUM IIPOTHBOTYMAaHHOTI'0
HabnromeHus. Brarogaps HaAW4YHIO BYX KaHaJIOB
CYIIeCTBEHHO yBelHYeHa 0OHapy>KUTe/lIbHAs CII0C06-
HOCTb MOAYJSI B Jl060e BpeMsl CyTOK U IPH TI06BIX
IIOTOJHBIX YCTIOBHSIX.

OCOBEHHOCTU KOHCTPYKUNUN MOAYIA
ACTPOH-3A

SKecmrocmb u HadeskHoCMb KpenAeHua modyas Ha OIOPY KOH-
TaKTHOM ceTH (IIpM IpPUMEHeHHHU B CHCTeMaX poc-
CUICKHX SKeJIe3HBIX I0por) obecriedrBaeT OTCYyTCTBUE
Ko/e6aHUN U [POXKAHUS MOIYyas BO BpeMs IIpo-
XOK/IeHH S BBICOKOCKOPOCTHBIX I0oe30B. HacTporika
Ha I107Ie 3peHH s IIPOM3BOAUTCS 6e3 HapyIIeHUs rep-
METHYHOCTH MOAy/Is. KOHCTPYKIIMS KOPITyca Comep-
SKUT FepMaHHeBble OKHa C IIPOCBeT/IeHHEeM U ajiMa-
301006HBIM IIOKPBITHEM [JI5l UCK/IIOUEHHUSs [IOTepH
Ipo3padyHocTH B MK-nHarasoHe IIPH KX 3arpssHe-
HuM. CrenuanbHass KOHCTPYKIHSA 3aIIUTHL rep-
MaHHeBBIX OKOH IIpeJoTBpallaeT HX 3arpsa3sHeHHe
BO BpeMs IIPOXOXIAEeHHMs I10e310B. IlpegycMoTpeH
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temperature equali3Ation. It is possible to switch
cameras to fog monitoring mode. Due to the presence
of two channels, the detectability of the module is
significantly increased at any time of the day and
under any weather conditions.

DESIGN FEATURES OF ASTRON-3A MODULE
The rigidity and reliability of fastening the module
to the support of the contact network (when used
in the systems of Russian railways) ensures that
the module does not vibrate or jitter during the
passage of high-speed trains. Adjustment to the
field of view is performed without damaging the
module. The construction of the housing contains
germanium windows with clearing and diamond-
like coating to avoid spectral loss in the IR range
when they are contaminated. A special design is
provided for protecting germanium windows from
contamination during the passage of trains. Direct
heating of the germanium window is provided with
simultaneous thermal calibration of the matrix for
snow thawing.

Anti-vandal feature. Thanks to the mirror in the
thermal imaging compartment, the optical axis of
the thermal imaging module has been changed.
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IpsiMOIi 060TrpeB repMaHHUEBOro OKHA C O HOBpeMeH-
HOM TepPMOKaJIMOPOBKOM MaTPHIIbI AJIsI OTTAUBAHHUS
cHera.

AnmusandaabHocmy. Braromapst 3epKaiy B TeIIOBH-
3MOHHOM OTCeKe H3MEeHEeHAa OITHYeCKass OCh TeIlIo-
BU3HOHHOIO0 MOAy/Is. IIpM paspylleHHH BHEIIHEro
3aIMTHOIO OKHA B pe3y/bTaTe IOHaJaHUsI MeXaHH-
YeCKHUX BHEIIHHUX MpeAMeToB (KaMeHb, Iyas U T.[.)
IIPOM3BOAMTCS OBICTpasi 3aMeHa CheMHOIO MOZYJIs
BMecTe C OKHOM. CTOMMOCTbH CBHEMHOIO MOAYJIsA
B [ECATKH Pa3 MEHbIIe CTOMMOCTH TepMaHHEBOI0
06BbeKTHBA U TEIJIOBU30pa, KOTOpble OCTAIOTCS IIPU
3TOM LI€/IBIMH.

TosvliueHue HadexXHOCMU. BasKHBIMU 0COOEHHOCTSIMHU
SBJISIIOTCS: OTCYTCTBHE He0OXOMMMOCTHU IIPOBe/IeHU S
paboT B MO/IeBHIX YCJIOBUSIX BHYTPHU MOJYJIs, BRICOKASI
repMeTUYHOCTh MeX/y OTCeKaMH U C BHeIIHeH CTO-
POHOM KOPIIyCa, TepMETHYHOCTh Pa3beMOB IUTAHU A
Y OIITOBOJIOKHA CBSI3H, BCTPOEHHAS CUCTeMa 3a LU ThI
OT IlepeHaIpsSKeHUs I10 LelH MUTAHUA, JUIJIeK-
TpHUYecKass IIPOYHOCTb CTEKJIOMIJIACTHKOBOIO KOP-
Iyca, 3JIeKTpUYeCcKass U30aALKMs BEICOKOBOJIBTHBIMU
M30/I9TOPaAMU C HaIlIpSDKeHHeM IepeKpBITHS 6obIie
PaspsAHOro HANPS KEHUS paspsaaHMKA. BceM 3THM
IOOCTUTAEeTCSI HaZleXKHOCTh PaboThl MOAY/ISL B 3KCTpe-
MaJIbHBIX YCJIOBUSIX >Ke/le3HOM Aoporu. Mukpobo-
JIOMeTpHUYeCKHe MaTpHIIbl, IIPOLIeAIINe BOEHHYIO
IpueMKy, ¢ paborocrocobHocThi0 10 —-40°C HCKIIO-
YAKT HUX Jerpajaluio IIPU BO3MOXKHOM OTKIIIOYe-
HUM [MTAaHUSA B 3MMHee BpeMs. IIpOTHBOTYMaH-
HbIe HU3KOYPOBHEBbIE KAMEPHI BUAHMOI0 JHalla30Ha
OCHAIlleHBbl CBeXPCBETOCHJIPHOM OITHUKOM /ISl pac-
II03HABaHUS 00BEKTOB YIPO3 Ha PAcCTOSSHUU 10 1000
MeTpOB.

COCTAB TEXHUYECKNX CPEACTB MOAVY/IA

ACTPOH-3A

Mopynb conepkUT, KpoMe HeobXOAMMBIX AJISI TeIJIOo-

BHM3HOHHOIO M BHMAHMOTO OXPAHHOrO HabmiomeHHUs

6JI0KOB, ammapatypy [Aas 3aIMMTEl CAMOIO MOZYJIS

OT 37eKTPOMAarHUTHBIX IIOMeX, 3JeKTPUUYeCKUX

M MarHHUTHBIX HaBOAOK, CKauKOB K IIyIbCAllUH

HaIpsiKeHUs!, MOAAep>KaHUS B Heo6XONHMOM TeM-

[IepaTypHOM [Halla3oHe pa3/JTHYHBIX 6710KOB, 064yB

Y IIPSIMOM HarpeB OKHa, a TaK>Ke HeKOTOphIe ApyTrHue

37IeMeHTHI (Tabi1. 2).

KOHCTPYKIHSI MYJBTHCIIEKTPAJTIBHOTO MOIYJIS

ACTPOH (puc.4) BK/IIOYaeT OCHOBHBIE Y3JIbL:

e BepxHMH oTcek (1) comepsKUT HHU3KOYPOBHEBYIO
IIPOTHUBOTYMaHHYIO KaMepy BHIHMOILO AHala-
30Ha, 06beKTHB U OKHO CO IIeTKOH;

* HWXHHUH OoTcek (2), comepsKallUM HPU3MY O/
[IOBOPOTa ONTHUYECKOI OCH, CUCTeMY IOCTUPOBKH,

When the external protective window is destroyed as
a result of mechanical external objects (stone, bullet,
etc.), the removable module is quickly replaced with
the window. The cost of a removable module is tens
of times less than the cost of a germanium lens and
a thermal imager, which remain intact at the same
time.

Increased reliability. Important features are as
follows: no need for field work inside the module, high
tightness between the compartments and the outside
of the housing, tightness of power connectors and
fiber optics, built-in protection against overvoltage in
the power circuit, dielectric strength of the fiberglass
housing, electrical insulation with high-voltage
insulators with the overlap voltage greater than the
discharge voltage of the arrester. All this ensures
the reliability of the module in extreme conditions
of the railway. Microbolometric matrices that have
passed military acceptance, with performance of up
to -40 °C, exclude their degradation with possible
power outages in winter. Fog low-level cameras in
the visible range are equipped with ultrafast optics
to recognize threat objects at distances up to 1000
meters

4
J

i

Puc.4. KoHcmpykuus modyass ACTPOH-3A
Fig. 4. ASTRON-3A module design
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repMaHKeBoe 3aIUTHOE OKHO.
TeryioBoe H3/y4yeHHEe OT 00B-
eKTa yepe3 repMaHIeBoOe OKHO
rorajiaeT Ha 3epKajbHYIO IPU-
3My U HaIIpaBJsIeTCS BBepX
Ha OOBeKTHUB TeIJIOBU3HOH-
Horo Oyoka. PacronoxkeHue
B HM)KHEM OTCeKe HCKJIoYaeT
oceflaHMe Ha TrepMaHHEeBBIH
00BeKTUB MBJIM W KOHIEH-
cata. IOcTtupoBka Ha 06BEKT
OCYILIeCTB/seTCS U3MeHeHHeM
IIOJIOKeHMU ST 3ePKaJIbHOM IIPH-
3mbl. [Ipu3Ma BEIIIOTIHEHA
B BH/JIe KaCCeThI U JIETKO MOKET
6BITH 3aMeHeHa BMecCTe C rep-
MaHUEBbIM OKHOM.

e TepMeTHYHBII OTCeK (3), cozep-
SKAIMH CBeTOCHJIBHBIIN repMa-
HHeBbIH 00BeKTUB, OojioMe-
TPUYECKYI0 MaTpHIly, ILIATy
3axBaTa, 070K BHOeOaHaIH-
TUKH, YCTPOMCTBA 3alUTHI
OT IIepeHAIPSISKEHU S U JP.
Kopriyc Moaynass yCTaHOBIIEH

Ha BBICOKOBOJIBTHBIE OIIOPHEIE

H307TOPHI (4) C BRIZEP’KUBAeMbIM
HaHPH)KeHHeM, HpeBbIH.IaIOIJ.II/IM Puc.5. TexHonozus co30aHus ZepMGHUeGOIJ onmuku: a) YCMAHo8Ka eblpaujusaHus
Kpucmannoe 2epmMaHusi; b) npouecc 8bipalueaHus Kpucmaaaa memodom Yoxpanb-
CK020; C) 2epMaHuesble AUH3bI; d) 06BekMuUBbI C 2epMaHuesoli onmukol
PAOHHMKA Ha JMHUK MOJIHHeE3a- . . ) e ; .
Fig.5. Technology of creating germanium optics: a) plant for growing germanium

[HHTBL (3a3eMner’m) KOHTAaKT" crystals; b) process of crystal growth by Czochralski method; c¢) germanium lenses;
HOU CeTH >KeJIe3HOU JIOporu. Cam d) lenses with germanium optics

KOPIIYC BBIIIOJIHEH K3 CTeKJIOILIA-
CTHKA U He TpebyeT 3a3eM/IeHHUS.
Jlns ymobcTBa MOHTaska KOP-
nyc monyns ACTPOH-3A uMeer
Ha Tpex CTOPOHAax IOCAaJO04YHBbIe
MecTa I KpeIlJleHUS H30/5TO-
POB, KOTOpble YCTAHABIHBAKTCS
Ha NJIACTHHY OIOPBl KOHTaKTHOH
CeTH. ITO IIO3BOJISeT KPEIMTh
MOJY/Ib B 3aBUCHMOCTH OT Heo6-
XOOUMOCTU C JIeBOM, IIPaBOM
CTOPOH OIIOPBl MK QPOHTAJIBHO.
[TocamoyHble MecCTa C Tpex CTo-
POH Ha KOpIlyce MOAYJIS IIOf, K30~
JSITOPBl  HMEIOT TepMeTHYHOe Puc.6. Mpumep pabombi modynss ACTPOH-3A (ycrosusi — Ho4Yb, omcymcmaue ocae-
HCTIONHEHHe, YTO MO03BOJISeT yCTa- WwieHUs U Aezkuli CHez; u30bpaxkeHue "no3umugHoe”; danbHoCMmb 9o Yenoseka 400
Mempos, menaosu3udanbHOCMb 30HbI Ha6AAeHUs (8bideneHo KpacHbim) — 1100 m)
pOHe OT OTOpPbI KOHTAKTHOI CeTH Flgt 6. Example ofoperattoq ofASTR”ON—‘BA r?odule (cond:tlons - night, Ia'ck
of light and light snow, the image is "positive", the distance to the human is

U B 1I060M HampasieHuu 0630pa 400 meters, images with thermal imagination of the observation zone (highlighted
OT KeJIe3HO/IOPOSKHOTO My TH. in red) - 1100 m)

HampsikeHHe cpabaThIBaHHUS pas-

HaBJIMNBATb MOAYJ/Ib Ha 110008 CTO-

90 ®POTOHMKA N23/63/2017
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Ta6bnuua 3. HoMeHk1aTypa MOAYIEN U PACCTOAHMA AETEKTMPOBAHMS YenoBeKa
Table 3. Nomenclature of Modules and Human Detection Distance

doKyCcHoe Mone PaccTosHue PaccTosHMe 06HapyKeHNA

Mogenb Mmoayns pacctosHve, MM | AnepTypa 3peHns, Mm LETeKLUM 4eoBeka, M YyenoBeka, M
Module model Focal distance, Aperture Vision field, Human detection Human identification

mm mm distance, m distance, m
ACTPOH-3A30/08
ASTRON-3A30/08 30 0,8 22,0x18,0 150-200 500
ACTPOH-3A40/08
ASTRON-3A40/08 40 038 15,0x13,0 25-300 700
ACTPOH-3A50/10
ASTRON-3A50/10 50 1,0 11,7x9,8 350-400 900
ACTPOH-3A75/10
ASTRON-3A75/10 75 1,0 7.8%6,0 500-600 1500
ACTPOH-3A100/14
ASTRON-3A100/14 100 1,4 5.7x4,8 600-800 2500
ACTPOH-3A120/14
ASTRON-3A120/14 L20 14 5.0x4,2 800-1000 3000

B HM)XHeH YacTH KOpIlyca MOZY/Ib COLEP>KHUT
IBa repMeTH4YHBIX IP67 paspeMa [Ajis IIOAK/IIOYe-
HHS OIITOBOJIOKHA M CHJIOBOro Kabeysi. B KOMIIIEKT
IIOCTaBKH BXOOMUT OTBETHBIM IUTeKep A4 pa3beMa
C IOAK/IIOYEHHBIM OIITOBOJIOKHOM M KabejieM ITuTa-
HUS HeoOXOOMMOM [OJIHHBI, COIJIACOBAHHOM C MOH-
Ta’KHOM OpraHM3alnyedl. Bo3MOXHBI IIOCTaBKHU
C TIOAK/IIOUeHHBIMH K OIITOBOJIOKHY MydTOI U C IIpo-
KaJbIBaIOIMMM 3a’KMMOM [JIs1 COeIUHeHMUs IPoBOaa
MUTAHUS C TMHHUEN CaMOHEeCYIero N30J1HPOBaHHOIO
npoBoga. Mydra onTudeckoro Kabeass UMeeT repme-
TUYHOe HCIIOJHeHHe, obeclledyMrBalollee 3KCILTyaTa-
LIMIO MOJYJ/Isl HA OTKPBITOM BO3/yXe U He Tpebylolre
JIOIIOJTHUTE/IbHOM 3aIUTHI.

CBETOCWUJIbHbIE TEPMAHUEBDIE
OBbEKTUBbI MOAY/IEM ACTPOH-3A
FepMaHHUH IpoOIycKaeT CIIeKTP HU3Jy4deHHUsI B JHa-
rmaszoHe 2-16 MKM H HMeeT BBICOKHN KO3)OOHIIMEHT
IIPeJIOMJIEHH S, YTO I103BOJISIEeT [IOJyYaTh 3HAYMUTE/b"
HYIO OIITHYEeCKYI0 MOIIHOCTh IIPUOOPOB B IHAIIa30He
8-12 MkM. B TemioBu3HuOHBIX Moaynsax ACTPOH-3A
IIPUMEHSIOTCS CIIeLIMAJIBHO PacCUHUTAaHHBIE 00BeK-
TUBBI [/11 0OHApPy>keHHU S JIIOfeN B YCJIOBUSIX IIJIOXOM
BUJIMMOCTH Ha OONBLIIMX PAacCTOSIHUSX. OIBIT poc-
CHHUCKUX NPeJIpPHUITHH B obnacTu HK-TeneckoIosn
JUISL IOJIyYeHU s U UAeHTHUKAIUK NK-u3nydyeHus
3Be3/l MajJOH CBETHMOCTH II03BOJIHJI HaM CO3[aTh
CBepXCBETOCH/IbHBIE OOBEKTHUBBL JJISI TEIJIOBH30POB.

ASTRON-3A MODULE HARDWARE

The module contains, in addition to the units

necessary for thermal imaging and visible

surveillance, equipment to protect the module
itself from electromagnetic interference, electrical
and magnetic interference, surges and ripples of
voltage, maintaining various units in the required
temperature range, window blowing and direct
heating of the window and some other elements

(Table 3).

The design of the multispectral module ASTRON

(Fig. 4) includes the main assemblies:

+ the upper compartment (1) contains a low-level
fog camera in the visible range, the lens and the
window with a brush;

 the lower compartment (2) contains the prism for
turning the optical axis, the alignment system,
the germanium protective window. Thermal
radiation from the object through the germanium
window falls on the mirror prism and is directed
upwards on the lens of the thermal imaging unit.
The location in the lower compartment eliminates
dust and condensation on the germanium
lens. Adjustment to the object is carried out by
changing the position of the mirror prism. The
prism is made in the form of a cassette and can be
easily replaced with a germanium window.

 the sealed compartment (3) contains a high-power
germanium lens, bolometric matrix, capture
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Fig. 7. Example of detecting fallen objects from the overpasses

Puc.7. Mpumep 06Hapy>keHus ynasuiux npedmemos ¢ nymenpogodos

,I Mepeaaya no Eternet, oNTOBONOKHY

HaM mpejcTaB/isieTcsi, YTO Ba’KHOCTb TaKOro Ilapa-
MeTpa, Kak AuaMeTp 06beKTHBA, HeJOOLeHUBAETCs
CIelMaJTuCTaMH OXPAaHHOTO Te/leBUAEHHUS U CIelH-
aTMCTaMM, HCIOJNb3YIOIIMMU OXPaHHBIE TeIlJIOBH-
30psl. [Ipy MabIX AHaMeTpax 06beKTHUB He CIIocobeH
cobpath 0T JasbHero o6beKTa HeoOXOAHMMOe KOIHYe-
CTBO TeruioBoro MK-usnydeHus A1 peakIUU 6010-
MeTPHUYeCKOro IMuKcena. OcobeHHO Ba>KHBIM Pas-
Mep 06beKTHBA CTAHOBUTCS B TEIJIOBU30pe, TakK KakK
6o/0MeTp - 3TO, MHBIMH CJIOBAMH, TePMOPE3HCTOP,
HarpeBaeMbly MK-nydamu. OT TOro, CKOJIBKO Jy4eHr
mornajier or obbekTa Ha Homomerp, bymeT 3aBHCeTb
YyBCTBUTE/IBHOCTD BCETO TEIIOBH30PaA.

[IpUHSTO CUUTATh, YTO IMPHUMEHSTh MHKPOOOTIO-
MeTPBI 1Sl TIONy4YeHUsl U300paskeHUsl Ha JIHHHBIX
OUCTAHLUAX MPobleMaTHYHO, TaK Kak Tpebyercs
OnTHKa 60sblIero pasMepa C BBICOKOM IleHOH. Haru
OIIBIT IIOKa3blBaeT, YTO COBPEMeHHBIH ypOBEHb pas-
BUTHSI TEeXHOJOTMM BBIPAIIMBAHUS MeTomoMm Yox-
PanbCKOro KpyIHOrabapuUTHHIX (IHameTpoM Oonee
100 MM) MOHOKPHCTA/IIOB TepMaHHSI C BBICOKHMM
CTPYKTYPHBIM COBEpIIEHCTBOM I103BOJISIET MOMYyUYHUTh
HeobXoqMMBble JIMH3BL I10 BIIOJIHE IIpHeMIeMoM cebe-
CTOMMOCTH B IIPOMBINUIEHHOM MacmTabe [3]. Tep-
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board, video analytics unit, surge protection

devices, etc.

« the module housing is mounted on high-voltage
support insulators (4) withstanding voltage
exceeding the operating voltage of the arrester
on the lightning protection line (ground) of the
railway contact system. The housing itself is made
of fiberglass and does not require grounding.

For the convenience of installation, the housing
of ASTRON-3A module has seats for fixing insulators
on three sides, which are mounted on the support
plate of the contact network. This allows the module
to be fixed depending on necessity on the left, right
side of the support or front. Seats on three sides
of the module housing under the insulators are
hermetically sealed, which allows the module to
be installed on either side of the support of the
contact network and in any viewing direction from
the railway track.

At the bottom of the housing, the module contains
two sealed IP67 connectors for connecting fiber
and power cable. The supply kit includes a return
connector for the connector with the connected fiber
and a power cable of the required length, coordinated
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Puc.8. Pabomatow,uli modynb
Fig. 8. Operating module

MaHUeBble OKHA, KOHTAKTHUPYIOIIHE C arpecCHBHOMN
BHEIIHeH CpeJloN, UMeIOT CIIeIlJHaIbHOe "aIMa30IIo-
nobuoe" mokpeiTHe. OHO IIpefOTBpallaeT IIOBPEXK-
IeHYe TePMAaHHEeBOro OKHA IPU BO3[EHCTBUHU IIBIIH
Y a6pa3uBHBIX YaCTHUI].

HOMEHK/IATYPA MOLY/IEN

N PACCTOAHNA OETEKTUPOBAHWA
YEJIOBEKA HA XXEJIEBHOAOPOXXHbIX
nyTax

HoMmeHKJIaTypa MOAY/IeHM U PaCCTOSIHUSI JeTeKTHU-
POBAaHHUS dYesoBeKa Ha >KeJe3HOLOPOKHBIX IYTIX
IpuBeneHbl B Tabn.3. PacCTosiHMe OETEeKLHH YeJo-
BeKa OIlpeje/sieTcsi BCTPOEHHOM B MOAYJIb HHTeN-
JMeKTya/JbHOM QaHAaJIUTHUKOM. IlapaMeTpel, yKa-

i g

with the installation company. The delivery is
possible with the clutch connected to the fiber and
with a piercing clamp for connecting the power wire
to the line of the self-supporting insulated wire. The
optical cable clutch has a hermetic design, which
ensures the operation of the module in the open air
and does not require additional protection.

HIGH-APERTURE GERMANIUM LENSES OF
ASTRON-3A MODULES
Germanium passes the spectrum of radiation in the
range of 2-16 pm and has a high refractive index,
which makes it possible to obtain a high optical
power of devices in the range 8-12 pm. In thermal
imaging ASTRON-3A modules, specially designed
lenses are used to detect people in the conditions of
poor visibility over long distances. The experience
of the creation by Russian enterprises of infrared
telescopes for obtaining and identifying IR radiation
from low-luminosity stars allowed us to create ultra-
light lenses for thermal imagers. It seems to us that
the importance of such a parameter as the diameter
of the lens is underestimated by CCTV specialists
and the specialists using security thermal imagers.
With small diameters, the lens is not able to collect
the required amount of thermal IR radiation from
the far object for the bolometric pixel response. The
size of the lens becomes particularly important in
the thermal imager, since the bolometer is, in other
words, a thermistor, heated by infrared rays. The
sensitivity of the entire thermal imager depends
on how many rays will get from the object to the
bolometer.

It is generally accepted that it is problematic
to apply microbolometers to obtain images at long
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3aHHBIE B TAGJII/IHE, InpeacTaB/J€eHbl Ha OCHOBeE
OIIbITA 3KCIIIyaTallMHM Ha TJIABHOM XOLY SKeJIe3HOH
AOpOrH. JaHHEbBIe MOTYT OT/IHY4TbCs OT PAaCHETHBIX
II0 MeToAay I>KOHCOHA, TaK Kak peaibHas 3KCILIya-
Tallkgd YYHUTBIBAET 0CODEHHOCTH }KEHE3HO,E[OPO)KHOIZ

HHPPACTPYKTYPHL.

MHTennekTyanbHbi BUAEO- U TEPMOAHAIU3

B wMmomyne ACTPOH-3A mnpuMeHseTCS BCTPOeH-
Hasg MHTe/JJIeKTyajbHass BHIOeO- W TepMoaHa-
AUTHKA. HacTpoWKa aHAaAIMTHKH HMeeT [py-
SKeCTBeHHBIN HHTepderc, IMOHATHBIHN J060My
I10/1b30BaTe/II0 KOMIIBIOTEpa. Bce HACTPOMKH IIpO-
U3BOAATCS M3 CHTyallMOHHOro LeHTpa. HacTpawu-
BAIOTCS BCe CTAaHAAPTHBIE MOJENH Yrpo3, paspabo-
TaHHBle 3KCIIePUMEHTAbHBIM IIyTeM. HacTporka
WHTYUTHUBHO IIOHSTHA U 3aKJII0YaeTCs B KaTHOpOBKe
FOPHU30HTA U IIePCIIeKTHBBL C YUeTOM peaJIbHBbIX pas-
MepoB II0 MaHeKeHaM ue/ioBeKa M BBbIJIeJIeHHH 30H
KOHTPOJIA C oIlpefeeHHeM QyHKIIHH.

Ocob6eHHOCTH aHaNUTUKN ACTPOH-3A
OcobeHHOCTH pPaboThl AHATUTHUKHU 3aKIIOYAIOTCS
B YCJIOBUSX SKCIUIyaTallMM U CIeLUPUKU TeIlJIOBU-
3MOHHOT0 KM306paskeHHUs: JeTeKTUPOBaHKe 00 beKTOB
[10 2-3 IIMKCEeJIOB IPH pa3pelleHuHn 324 x256 TelIOBU-
3MOHHOT0 CeHCOPa, 3HAaUUTe/IbHO 60/IBIIH I AHaTIa30H
aHaJIU3UPyeMBIX TeMIIepaTyp, 4eM 256 rpajaluu
ceporo OOBIYHBIX TeNIeBHU3HOHHBIX H300paskeHHUH,
0COOEHHOCTH PacIlO3HaBAaHMUS JIOKOMOTHBOB K COCTa-
BOB I10€37]0B, 0COOEHHOCTH PaboThl IPU IbUIEBHIX,
CHE>XKHBIX OypsiX, COIPOBOXKIAIOMIUX [IPOXOJ, BHICOKO-
CKOPOCTHBIX II0€3/I0B, APO’KaHHe aHaJIHU3HUPyeMOro
n306paskeHU.

Pacno3HaBaHue yenoseka u npeamMmeToB
HHTenneKTyalbHas AaHAJIUTHUKA BUIEO U TEPMOU30-
bpaskeHHs cIiocobHaA pacIio3HaBaTh He TOJIBKO THII
obbekTa (4enoBek, cobaka, ImpegMeT, Ioe3[ H T..A.)
HO U OIIpefiesisieT ero pa3Mephl U CKOPOCTh JBUSKEHU S
(puc.6). IMeHHO HaHHBle PACIIO3HABAHHUS BCTPOEH-
HOM aHATUTUKON (00BeKTUBHBIN (aKTOp) yKa3aHBI
B Ta6J1.3 MOZIeJIPHOTO PSia MOAYIEH.

OCO06eHHOCTU OAHOBPEMEHHOM
perucTpauuu B BAAMMOM U TEMN/1I0BOM

cnekTpe
Bnaro,uapﬂ Ha/IUYHUIO ,E[BYX KaHAaJIOB CYyILIeCTBEHHO
YBe/JIHYNI4Ch O6Hapy>KI/ITEJ'[bHa$I CII0COOHOCTBH

MoOAy/sl B JHeBHOe, yTpeHHee U BeuepHee BpeMsl.
OTxenbHBIN aHAIN3 BHAEeOH306paskeHUs Ayb6nHupyeT
TEIJIOBU3HMOHHBIN KaHas, AOIONHSS ero. Belcokas
obHapy>KHTeNIbHASI CIIOCOOHOCTD MOAYIIS, ITPOSIBIIS-
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distances, since the larger optics at a higher price are
required. Our experience shows that the current level
of development of the technology of growing large-
diameter (with a diameter of more than 100 mm)
single crystals of germanium by Chochralski method
with high structural perfection makes it possible to
obtain the necessary lenses at a quite acceptable cost
price on an industrial scale [3]. Germanium windows
that come into contact with aggressive external
environment have a special "diamond-like" coating.
It prevents damage to the germanium window when
exposed to dust and abrasive particles.

NOMENCLATURE OF MODULES AND
DISTANCE OF HUMAN DETECTION ON
RAILWAY TRACKS

The nomenclature of modules and the distance of
human detection on railway tracks are given in Table
3. The distance of human detection is determined by
the intelligent analytics built into the module. The
parameters indicated in the table are presented based
on operational experience on the main course of the
railway. The data may differ from those calculated
by the Johnson method, since the actual operation
takes into account the specific features of the railway
infrastructure

Intelligent video and thermal analysis
ASTRON-3A module uses built-in intelligent video
and thermal analytics. Analytics setup has a user-
friendly interface, understandable to any computer
user. All settings are made from the Management
Center. All standard threat models, developed by
experiment, are configured. The setting is intuitively
clear and consists in the calibration of the horizon
and perspective, taking into account the actual
dimensions of the human dummies and the allocation
of control zones with the definition of functions

Features of ASTRON-3A analytics

Features of analytics consist in terms of operation
and specificity of the thermal imaging: detection
of objects up to 2-3 pixels at a resolution of 324x256
thermal imaging sensors, a significantly wider range
of analyzed temperatures than 256 gray standard
television images, features of locomotive and trains
recognition, with dust, snow storms, accompanying
the passage of high-speed trains, jitter of the
analyzed image.

Recognition of human and objects
Intelligent analytics of video and thermal imaging
is able to recognize not only the type of object
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fomiasicsi B 1r0b6oe BpeMsi CYTOK U IIpHU 1060¥ Iorofe,
obecrieyrBaeT BO3MOSKHOCTD [eTeKTHPOBAHHUS IIpeJ-
METOB, YIIaBIIHX C IIyTeIIPOBOZOB Ha SKeJIe3HOLOPOXK-
Hble IIyTHu (puc.6 u 7). Pa3paboTaHbl TUIIOBBlE pelle-
HUSL /IS ABYXITYTHBIX M YeTBIPeXIIYTHBIX JIMHHUH.

NMopgknroyeHue BOJIC n Hanagka ceteBoro
o6opyaoBaHus

J1s TIOAK/IIOUEeHHS BOJIOKOHHO-OIITHYECKOro Kabess
KCIIOJNIb3yeTCSL pacIpelenuTe/NbHas MydTa, KOTO-
pas mo3BosisgeT mpoBecTH TpaH3uTHBIe BOJIC u 3aBe-
CTHU HeobXonUMBble OIITUYeCKHe JUHUU A1 paboThl
Monyns. Hamajgka Bcex KOMIIOHEHTOB CeTeBOro 06o-
pyZoBaHHS He TpebyeT IIpoBefeHHS paboT BHYTPH
MoOAy/Id U IIPOHM3BOAMTCA IIO CETHU Ethernet TCP/IP
13 11060H TOUKHU AOCTYIIA.

CepBucHoe obcnyxmneaHue

TeNn10BU3INOHHOIo Mmoayng

TerJIOBU3MOHHBIA MOZY/Ib Ha BCEM IIPOTSIKEHUH
paboTsl He TpebyeT CIleLIMaIBHOIO CEPBUCHOI0 00CIy-
>KUBaHUS. [Ip1 He06XOAUMOCTH CIIeLIMaTbHBIX IIepe-
IIPOIIMBOK MAaTPHLBI MJIH HU3MeHeHHUs IIapaMeTpOB
BBIJAYM, AJTOPUTMOB 0OpabOTKM TeMIlepaTypHBIX
noner paboThl IIPOBOASITCS IYyTeM IIOAK/IIOYEHUS
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(human, dog, object, train, etc.) but also determines
its dimensions and speed of movement (Fig. 6).
Specifically, the recognition data by the built-in
analytics (objective factor) are indicated in the table
of the model range of the modules.

Features of simultaneous registration in the
visible and thermal spectrum

Due to the presence of two channels, the
detectability of the module increased significantly
during the day, morning and evening. A separate
analysis of the video image duplicates the thermal
imaging channel, complementing it. The high
detectability of the module, which manifests itself
at any time of the day and in any weather, provides
the possibility of detecting objects that fell from
the overpasses to railway tracks (Figs. 6 and 7).
Standard solutions for two-track and four-way lines
have been developed.

Connecting fiber optic links and setting up
network equipment

A distribution coupling is used to connect the fiber
optic cable, which allows to conduct transit fiber-
optic lines and to establish the necessary optical
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Yepe3 TepMeTHYHBIN pas3beM Kabens MDHUTAaHHUS,
cofepKallero CepBUCHBIe IIHHBI AJSI HACTPOHKHU
MatpuLbl. CepBHUCHOe 06CTy>KHMBaHUe 6JI0Ka aHATH-
TUKHU IIPOM3BOAUTCS 4epe3 ceTh Ethernet B mobomn
TOUKe AOCTyIa [4].

3AKJ/TIOMEHUE

MynbTuCIeKTpanbHbI MoAynb ACTPOH-3A saBns-
eTcst 6/I0KOM IIOJTHOM 3aBOZACKOM TOTOBHOCTH, yCTa-
HaBJIMBaeMBbIM Ha OIIOPbl KOHTAKTHOM CeTH W IOA-
KJI04YaeMBbIM K CHCTeMe IO OITOBOJIOKOHHOM CeTH
(puc.8). Mopynbs ACTPOH-3A crieinabHO pa3paboTaH
O715 HYX[I >Ke/le3HOH [NOPOTHM Ha OCHOBe CepHUIHO
M3roTaB/lHMBaeMbIX TeIJIOBU3HOHHBIX W BHIe06510-
KOB. Mozly/Tb IIOTHOCTBIO aIaIITUPOBAH 151 PaboThI
B YCJIOBHSAX >KeJIe3HOU NOPOrH. TexHHUeCKHe pelle-
HUS, HaHJeHHBle B Xofe pa3paboTKH, MOTyT OBITH
IIpUMeHeHbl KaK /sl YCOBepPLUIeHCTBOBAHMS Cylle-
CTBYIOIIMX TeIJIOBHM30pPOB, Tak KU AJsi pa3paboTku
TeIJIOBU30POB HOBOI'O ITIOKOJIEH U,
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lines for the module operation. The adjustment
of all components of the network equipment does
not require the work inside the module and is
performed via Ethernet TCP/IP network from any
access point.

Servicing of the thermal imaging module

The thermal imaging module does not require any
special maintenance for the entire duration of the
work. If you need special flashing of the matrix or
change the output parameters, the algorithms for
processing the temperature fields of work are carried
out by connecting through a sealed plug of the power
cable containing service buses for adjusting the
matrix. The analytical unit is serviced via Ethernet
network from any access point [4].

CONCLUSION

Multispectral module ASTRON-3A is a unit of full
factory readiness, installed on the supports of the
contact network and connected to the system via
fiber optic network (Fig. 8). ASTRON-3A module is
specially designed for the needs of the railway tracks
based on serially produced thermal imaging and
video blocks. The module is fully adapted to work in
the conditions of the railway. Technical solutions
found during the development can be applied both
to the improvement of existing thermal imagers
and to the development of new generation thermal
imagers.

KOHKYPC-KOH®EPEHIIUSI HAYYHBIX PABOT I10 OIITUKE U JIASEPHOM ®U3HUKE

Camapckun punnan ®MAH un Camap-
CKMA yHMBepcuTeT 0bbsaBnstoT XV Bce-

Monogble crneunanucTol,
YYEHYIO CTeneHb, MPUrNALATCS BbLICTY-

uveroLL e [na yyactus B KOHKypce-KoHpepeH-

LMK HeobXoAMMO:

POCCMNCKMA MOAOAEXHbIN  Camapckuia

KOHKYPC-KOH(pEpeHL Mo Hay4HbIX paboT
no onTuke W nasepHou ¢usnke. Utoro-

Bast KOH}epeHLMs y4aCTHUKOB KOHKYpCa
coctomTcs B Camape c 14 no 18 Hos6ps
2017 ropa.

K yyacTuio B KOHKypCe NpuriaLaTcs

CTYAEHTDLI, aCNUpPaHTbl U MOnoAble cne-

unManuctbl, npopaboTaswune He 6onee
naTW NeT nocine OKOHYaHWUS  By3a

1 He MMeloLLMe yYeHol cTeneHn. Ha KoH-

KypC NpeacTaBAfioTcs OpUrMHANbHble
Hay4Hble paboTbl MO ONTUKe, Na3epHO
GW3MKe, HAHOTEXHONOTUAM U CMEXHBIM
BOMPOCaM, BbLIMOMHEHHbIE KaK JIMYHO
KOHKYPCAHTOM, TakK ¥ B COQBTOPCTBE.
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MUTb Ha KOHdepeHUUW BHe KOHKypca
C AOKNA[AMMK.

HayuHble paboTbl y4aCTHUKOB KOHGe-
peHumn b6yayT onybnukoBaHbl B CHop-
HuKe poknagos XV  Bcepoccuitckoro
monogexxHoro  CaMapckoro  KOHKypca-
KOHbepeHLMK Hay4YHbIX paboT no onTuke
M nasepHon  ¢usmke.  M3bpaHHbIe
pabotbl 6yayT onybnnkoBaHLI B XXypHa-
nax "KomnbtotepHas ontuka"', “Journal
of Biomedical Photonics & Engineering”,
"®oTOHMNKA".
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BLICTYNAT BeAyLUME YUYeHbIe.
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