i

DOI:10.22184/1993-7296.FR0s.2020.14.5.394.408

200 nnam
TeNeBU3NOHHaHA
MaTpuua:
acnekKkTbl

3P PeKTUBHOCTM
npUMeHeHus

A.B. Medsedes', A. B.Tpunkesuu?, C. H. Knasesa’

1 OAO «PocmoscKuil onmuko-mexanudeckull 3a60d, Pocmos
Beaukuti, sIpocaasckas 064., Poccus

2 3A0 «3BC», Mockea, Poccus

3 OKEB OAO «Pocmosckuil onmuKo-mexaHueckuil 3600,
Pocmos Beaukutl, SIpocaasckas 064., Poccus

B cTaTbe pacCMOTpPEeHbl acneKTbl ABYX
KOHCTPYKLUOHHbDIX pelleHu gns
MHOrocCneKTpasibHbIX NPpU60pPOB. PewleHns AaHbl
B BUAe KOM6MHaLMU B3aNMOA,0MNOJHAIOWNX
ApYr Apyra KaHasoB: TEMNJIOBU3SUOHHOIO

KaHajna c KaHa/JIoM Ha TeNIeBU3UOHHOM

CeHCcope M TenJIOBU3MOHHOIo KaHana
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BBEAEHWE

PacmiMpeHHble BO3MOKHOCTH H MHOTOQYHKIIHO-
HaJbHOCTh MHOTOKAHQJIBHBIX MHOI'OCIIEKTPATIbHBIX
OIITHUKO-JIEKTPOHHBIX CHCTeM HAOMIOeHUs CeronHs
06Cy>kIAIOTCS OOCTATOYHO MIMPOKO. HerrpeMeHHOM
M CaMOM IONY/ISPHOM COCTAaBHOM YaCThIO TaKHX
CHUCTeM CTAaHOBSITCS TeIUIoBH3HOHHEIe (TTIB) Habio-
OaTenbHBIe KaHAJBI, CIOCOOHBIE QYHKIIMOHHUPOBATH
He3aBHCHMO OT BHEIIHEHM OCBeIIeHHOCTH.
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Image Intensifier Tube
or Television Matrix:
Aspects of Application
Efficiency
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The article discusses aspects of two design
solutions for multispectral instruments. The
solutions are given in the form of a combination
of mutually complementary channels: a thermal
imaging channel with a television sensor
channel and a thermal imaging channel with a
channel built on an electron-optical converter.
The methods for increasing the efficiency of
each combination of coordinated observing
systems with extended limits of applicability

in various conditions of external influences are
given.
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INTRODUCTION

The advanced capabilities and multifunctional-
ity of multichannel multispectral optoelectronic
observation systems are widely discussed today.
An indispensable and most popular component of
such systems is thermal imaging (TI) observation
channels that can function regardless of ambient
light.

This interest is understandable. Possessing a high
detection probability, TIs provide almost uncondi-
tional identification of objects with a positive ther-
mal contrast against the background of the general
image of the surrounding environment. When the
temperature of an object is higher than the tem-
perature of the background, then the probability
of its detection remains even if its image occupies
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JTOT MHTepec BronHe 0bbsicHUM. Obnamas BbICO-
KO BEPOSITHOCTBIO obHapyKeHusi, TIIB obecriequu-
BAIOT IIPaKTH4YecKH Oe3ycIOBHOe BhbIIeleHHe OOBek-
TOB C IIOJIOKMTE/IbHBIM TEIUIOBHIM KOHTPAaCTOM Ha
¢doHe obmero u306paskeHHs OKpY>KaromeH obcTa-
HOBKH. Korza Temmeparypa obbeKkTa BbIIIe TeMIIepa-
TypsL GOHA, TO BEepOSITHOCTD ero 0bHAPY>KeHUS COXpa-
HSIeTCsl AaKe IIPH YCUJIOBHH, KOIZIA ero u3obpaskeHHe
3aHMMaeT IUIOLaAb, MEHBIIYIO IUIOLIAAKK OJHOIO
3/ieMeHTa GpoTorpreMHUKaA. [IpUYKMHa KPoeTcs B TOM,
YTO MHTETPaJIbHBIH IIOTOK M3/1yYeHHs, [T0MIaJaouK1
Ha 3TOT eAWHCTBEHHBIM 3JeMeHT, QpOPMHPYET CHI-
HaJI, JOCTATOUHBIH [JIs BbIAENeHUs 06beKTa Ha TeM-
IepaTypHOM GoHe OKpYsKaIoIler 00CTaHOBKH.

JUCTaHIIMOHHBIe BOSMOXKHOCTH TaKOI'0 TOYEYHOIO
obHapy>KeHHUsI CHJIBHO HAarpeThIX IIpeJMeTOB MOTYT
BBIXOJUTh [aJIeKO 3a IIpelesibl, PacCYMTaHHbIe Ha
OCHOBe KpuTepHeB [[KoHCOHA. [Ipu 3TOM BO3MOXK-
HOCTb OOHapyskeHHUsI OymeT B 3HAUHUTeIbHOM Mepe
OIlpeleIsiThCS SHepreTUYeCKMMHU XapaKTepUCTUKAMU
obbeKkTa. ITO 1103BOsieT OOHAPY>KMBATh €ro Ha [JIKC-
TaHLMAX, 3HAYUTE/IbHO IPEBBIIIAIOIINX pPacueTHBIe
3Ha4YeHUs.

OtmetuM, 4TO TIIB-CHCTeMBI IIPOSBIAIOT 3HAYH-
Te/IbHbIe IPEHMYIeCTBa [0 CPaBHEHHUIO C KJIACCH-
YeCcKUMHU HpHGOpaMH "HouyHoro BupmeHus (ITHB) Ha
OCHOBe 3JIeKTPOHHO-OIITHYECKHUX IIpeobpasoBaTtesnerl
(30I1). 310 mposiBisieTcss B o6Hapy>KeHHH 0OBEKTOB
Ha AUCTAHLUSIX, [IOYTH B 4 pasa OONBLUINX, UYeM JHC-
TaHLIMU OII03HAaBaHHUs. B To BpeMs Kak B [THB Ha 30I1
OUCTAaHIMKU OOHApyKeHHsI MOTYT IIPeBbIINATh JHC-
TaHIMY OIIO3HAaBaHMS BCEro JUING B ~ 1,5-2 pasa.

He cexkpeT, 4TO TeIUIOBasl CHTHATypa OOBEKTOB
CU/JIBHO 3aBHCHUT He TOJIBKO OT COCTOSIHUS CaMOro
06BeKTa, HO M OT BHEIIHHUX YCIOBHH: TEIJIOBOE H30-
OpaskeHHe B JOKAIHBYIO IOropy OymeT OTIHMYaThCS
OT 1306paskeHHUsI B CyxX0e BpeMsI H3-3a MaCKHPYIOLIEro
BO3/IeFICTBUS BOABL U IPSI3H. B 3TUX YCTIOBUSIX 0OBEKT
1 $OH MOILYT MMeTh OOHHAKOBYIO TeMIIepaTypy, TO
ecTb u3obpakeHHue bymeT obmagaTh HY/IEeBBIM TeIlIO-
BBIM KOHTPacToM. TaKue yCI0BHS He I103BOJST 0bHa-
PYKUTB 00BEKT AasKe Ha O6IM3KHUX AUCTAHIHSIX, He3a-
BHCHMO OT pa3pelleHUs H306pakeHUs.

PacueTHast 3aBUCHUMOCTb [JAJbHOCTH OOHapysKe-
HUS OT TEIIOBOIO KOHTPACTa KBAAPATHBIX 0OBEKTOB
B BHJE KBaJApaTa Pa3IHU4YHOM IUlomanu (1] mpencras-
JleHa Ha puc. 1. PacyeT mpoBeneH IJIsI MeTEOPOJIOTH-
YeCKOHM JaJIbHOCTH BUAHMMOCTH (MJIB) 20 KM K OTHO-
IMIeHUs CATHaaX/mym 3,2, IIpu 3TOM [ji YKCTOTHI
3KCIIepHUMeHTa IIPHU pacyeTe MCIIOAb30BAJIUCh HOaH-
Hble OOBeKTHBOB, HMEIOIINX HIeHTUYHBle Xapak-
TePUCTHUKU I10 QOKYCHBIM PaCCTOSSHHUSM, CBETOCHJIe
U IIPOIIYCKAHHIO.

an area smaller than the area of one element of the
photodetector. The reason lies in the fact that the
integral radiation flux falling on this single element
generates a signal sufficient to highlight the object
against the temperature background of the sur-
rounding environment.

The remote sensing capabilities of such pinpoint
detection of highly heated objects can go far beyond
those calculated based on Johnson’s criteria. In this
case, the possibility of detection will be largely deter-
mined by the energy characteristics of the object.
This allows it to be detected at distances significantly
exceeding the calculated values.

It should be noted that TI systems show signifi-
cant advantages in comparison with classical night
vision devices (NVDs) based on image intensifier
tubes (IIT). This is manifested in the detection of
objects at distances that are almost 4 times greater
than the identification distance. Whereas in night
vision devices on image intensifier tubes, the detec-
tion distances can exceed the identification dis-
tances by only ~1.5 to 2 times.

It is no secret that the thermal signature of objects
strongly depends not only on the state of the object
itself, but also on external conditions: the thermal
image in rainy weather will differ from the image in
dry time due to the masking effect of water and dirt.
Under these conditions, the object and background
can have the same temperature, that is, the image
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Puc. 1. PacuemHas 3a8ucumocmp 0aAbHOCMU 06HAPYXKEHUS
0m mMenA08020 KOHMpAcma K8adpamHoz20 06svexma
Fig. 1. Calculated dependence of the detection range of the
thermal contrast square of the first object

PHoTONICs vOL. 14 N2 52020 395



=

METO/Abl OLEHKN SPDEKTUBHOCTU
OYHKLUMUOHUPOBAHUA NMPUBOPOB

Jns oueHkH 3dpderTrBHOCTH TIIB-TIpHbOpa MPUHSITO
MCII0JIb30BATh 3Ha4YeHHe TeIlJIOBOro KoHTpacTa 1,5 K.
B CTaHIZApTHBIX YCIOBHUSIX NPHMEHeHHs NpHU6opoB
peasibHbIe KOHTPACTHI He IpeBrImatoT (0,8-0,9) K.

Ha puc. 2 npuBegeHbl H3BeCTHBIe 3aBHUCHMOCTH
IAIBHOCTH [0 00BbeKTa OT OTHOIIEHMS CHUTHAJ/IIyM
IIPH PasIMYHBIX 3HAUYEHHAX TEMIIEPATYPHOIO KOH-
TpacTa A MaJOpasMepHBIX Lieled THIa becITHiIoT-
HBIX JIeTATe/JIbHBIX allllapaToB IIJIOIIA/bIO A=(0,25-
0,5) M?. Pe3ynbpTaThl IIOJAY4YeHBI IIPU C/IeAYIOMIMNX
HCXONHBIX YC/IOBUSIX: AUCIEPCHBIM COCTaB BO3[AyXa
COOTBETCTBYeT KOHTHHEHTA/NbHOMY YMePeHHOMY
[IOSICY B JIETHHUM Ce30H; CIeKTPaJbHBIM AHAIla30H
8-12 MrM; MIB=20 kM; npubop c MaTpPULIEH GUPMBI
OPCAL ¢opmarta 640x480 31eMeHTOB C pasMepoM
nuKcena 17x17 MKM cO 3HadyeHHeM 3KBUBAJIEHTHOU
IIyMy pa3HOCTU TemIiepatyp (SLIPT) He bonee 50 MK
1 00beKTHBOM C QOKYCHBIM pacCTossHHeM 210 MM
U cBeTOCHUION 1:1. IIpeBhIlIeHHEe TeMIIepaTypel 06b-
eKTa HajJ, TeMIIepPaTypol OKpy)Karollero ¢oHa B 3Ha-
YHUTeNTBHOM CTEIleHU OIIpefie/isieT BepPOsiTHOCTbh OOHa-
Py’KeHHsl 00BeKTa, U aHa/IM3 3aBUCHMOCTeH (CM.
PHC. 2) 3TO IOATBePKIAET.

OcobeHHOCTb 0O6HAPYs>KEeHHSI U COITPOBOXKIEHHUSI BO3-
OYIIHBIX 0OBEKTOB CBsI3aHA C HeOOXOOUMOCTHIO obe-
CIIeYUTD BeJIMYHMHY CUTHaI/ IIyM He MeHee 6 eUHHII.
9Ta BeJIMYMHA SBJISeTCS MOPOrOBOM XapaKTepPHCTH-
KOM TeIlJ/IOBU3MOHHOIO aBTOMAaTa 3axXBaTa BO3[YIL-
HBIX 00BEKTOB Ha Pa3/TMYHBIX JA/JBHOCTSX (CM. pHC. 2:
TodeuHasl IyHKTHUPHAas TUHUS). [IpH paBeHCTBe TeM-
nepatyp obbvekTa U PpoHa (TeII0BOK KOHTPACT pPaBeH
Hy/to) TIIB-CUCTeMBbl He MOTYT OOHApY>KUTh Lieib Ha
JIIOOBIX TUCTAHLIUSIX.
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will have zero thermal contrast. Such conditions will
not allow detecting an object even at close distances,
regardless of the image resolution.

The calculated dependence of the detection range
on the thermal contrast of square objects in the form
of a square of different areas [1] is shown in Fig.l.
The calculation was carried out for a meteorologi-
cal visibility range (MVR) of 20 km and a signal-to-
noise ratio of 3.2. At the same time, for the purity
of the experiment, the calculations used the data of
lenses with identical characteristics in terms of focal
lengths, luminosity and transmission.

METHODS FOR ASSESSING

THE PERFORMANCE OF THE DEVICES

To assess the efficiency of a TI device, it is customary
to use a thermal contrast value of 1.5K. Under stan-
dard conditions of using the devices, real contrasts do
not exceed (0.8-0.9) K.

Figure 2 shows the known dependences of the
distance to the object on the signal-to-noise ratio
at various values of the temperature contrast for
small targets such as unmanned aerial vehicles
with an area of A=(0.25-0.5) m?2. The results were
obtained under the following initial conditions:
the dispersed air composition corresponds to the
continental temperate zone in the summer season,;
spectral range 8-12 pm; MVR=20 km; a device with
an OPGAL matrix of 640 x 480 elements with a pixel
size of 17x17 pm with an noise equivalent tempera-
ture difference (NETD) no more than 50 mK and a
lens with a focal length of 210 mm and aperture
ratio of 1:1. The excess of the object temperature
over the ambient background temperature largely

IleHCTBUTENBHO, I Ba>KObI

B CyTKU 06beKThl 63 BHYTPeHHHUX 40
HMCTOYHHKOB TeIlIa IIPOSIBIISIIOT
HYJIeBOH CpPeJHHM TeIlJIOBOM KOH-
TPACT C OKPY>KaIer Cpelor. ITo
06yC/IOBIEHO PA3TUYHOHM TeIIo-
BOM HKHepLHeH W Pa3/THYHBIMU
3aKOHAaMU HarpeBa M/IH OXJIaK-
IoeHUusT TpUOOPHBIX KOPIIYCOB
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Puc. 2. 3agucumocmsb danbHocmu 00 06veKMa om 8eAUYUHbI NApamempa «cuz-
Han/ wym» 0451 06seKmMo8 ¢ pasAu4HbIMU Menao8bIMU KOHmMpacmamu

Fig. 2. Dependence of the distance to the object on the value of the “signal / noise”
parameter for objects with different thermal contrasts
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O, — CpelHeKBaZipaTHUecKkoe OTKIOHEeHHe BapHallui
KOHTpAcTa II0 IuIomaau obbekTra. Ha IpakTHKe MBI
UMeeM Opr>0 U ATgp#0.

OnHako B JEHCTBUTENBHOCTU BCTpPeUaloTCsl Hebna-
TOIIPUATHBIE YCIOBHS B BHE, HAaIlpUMep, IJIHUTE/Ib-
HOI'0 MOPOCSILEro OOXKASA KU OTCYTCTBHA ConHUa. IIpu
3TOM 3HadeHHe 0,y TaKKe IIpUONIH3UTCSI K HYIIO,
Y BUAKUMOCTH B TIIB-KaHas OyfeT IpakTHYeCKH Hyle-
Bas. B 3THUX yCIIOBHUSX ITOBBICUTh 3QGEKTUBHOCTD IIPU-
bopa c TIIB-KaHAJIOM MOXHO IIyTeM €ero JOIONHH-
Te/IbHOI'0 OCHAIIeHUs HaOII0AaTeIbHBIM KaHa/IOM Ha
ocHoBe J0II U1K HHU3KOYPOBHEBBIM TeJIeBU3HOHHBIM
KaHaJIoOM.

du3nyecKUN MPUHOUII PpaboTel 3TUX 000MX
KaHaJI0OB KOPeHHBIM 00pa3om OTIHMYaeTCs OT IIPHH-
nuna ¢yHruuoHHpoBaHus TIIB-kaHama. B ero
OCHOBe - 3Q(}eKT perucTpanru OTPaskeHHOIO OT
Le/Iefl eCTeCTBeHHOI0 CBeTa B BUAHMMOM MU OJIMKHEM
HK-guamnasoHe. HcIIo/i1b30BaHMe TaKOro IIPMHIMIIA
OTKPBIBAET LIe/IbIH PAJ IPeHMYILEeCTB.

B mepByio odepenp - 3T0 6oee KOMPOPTHEIE YCII0-
BUS PACIIO3HAaBaHUS U HUASHTUPUKALHMU 10 BHUOU-
MoMy wu3obpakeHH0. IlonydeHHOe H306pakeHHe
10 CPAaBHEHHIO C TEIUIOBU3HOHHBIM H300paskeHHeM
TOrO >Ke MaciTaba mmeer bosbllee YHCIA XapaKTep-
HBIX 0COO@HHOCTeH 1 COOTBETCTBEHHO 60Jiee BBICOKUH
IIOTeHIIHaJI BhIeIeHU KOHTPACTHHIX 30H. YTO [103BO-
JISIeT OII03HATh 0OBEKT M OIpele/INTh ero IIPHUHAIEXK-
HOCTb I10 BHEIIHHUM XapaKTepHBIM IIPU3HaKaM.

Hambosmee 9acTo KOHCTPYKLHIO HHPOPMALIMOH-
HBIX KaHAJIOB HaOMIoJaTebHBIX IIPHOOPOB CTPOSIT Ha
OCHOBe KOMOMHAIMu KaHalioB Ha TIIB-TipreMHHKe
M BHJeoKaMepe. DTH KaHajbl IIO

determines the probability of object detection, and
the analysis of the dependences (see Fig. 2) con-
firms this.

The peculiarity of detecting and tracking airborne
objects is associated with the need to provide a sig-
nal-to-noise ratio of at least 6 units. This value is
the threshold characteristic of a thermal imaging
machine for capturing air objects at different ranges
(see Fig. 2: dotted line). When the temperatures of
the object and the background are equal (thermal
contrast is zero), TI systems cannot detect a target at
any distance.

Indeed, twice a day, objects without internal heat
sources exhibit zero average thermal contrast with
the environment. This is due to different thermal
inertia and different laws of heating or cooling of
instrument cases and the background, a semi-limited
soil mass.

However, the probability of detection and identifi-
cation is determined not by the average thermal con-
trast, but by the Doyle contrast [2]:AT,, =/AT; +03;
where ATy is the average thermal contrast over the
object area; g,y is the standard deviation of contrast
variations over the object area. In practice, we have
d,r>0and ATgp#0.

However, in reality there are unfavorable condi-
tions in the form of, for example, prolonged drizzling
rain and the absence of the sun. In this case, the
value of g, will also approach zero, and the visibility
in the TI channel will be practically zero. Under these
conditions, the efficiency of a device with a TI chan-
nel can be increased by additionally equipping it with

MHOTHMM IIapaMe€TpaM B3aHMHO

1,0
JOIONHAKT [Apyr Apyra. Ilpu

obbeJUHEHUU B  COlJIACOBAaH-
HyI0 Hab/II0aTelbHYI0 CHUCTEMY
UX 3QPeKTUBHOCTD IIOBBIIIAETCS,
a IPaHHUIBL IPUMEHSIeMOCTH IIpU-
bopa pacmmupsirorcs. CucreMa
coxpaHsieT paborocmocobHOCTH
Jaxe Torga, Kkorga B YyCJIO-
BUSIX BHEIIHHX BO3JEHCTBUH
ONWH U3 KaHaJI0B CTAaHOBUTCS o
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ecmecmaeHHol ocaeleHHOCMU MecmHOCMU 8 npolecce NOUCKa 06sekmos (Kpu-
8as 1- TlB-kaHaa; kpugas 2 - TB-kaHan)

Fig. 3. Dependence of the frequency of using Tl and TV channels on the level of
natural illumination of the area in the process of searching for objects (curve 1 -
Tl channel; curve 2 = TV channel)
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n0B (puc. 3). IIpu 0CBeIlleHHOCTH, MeHbIIIeH UK paB-
HoM 5-1073 1K, manbHOCTh 06Hapy>ReHHUS TB-KaHAIOM
Pe3Ko IaJlaeT, U Mofassiomee 60bIIMHCTBO CTy4aeB
obHapykeHHsI 06bekTOB obecrieunBaeT TIIB-KaHa.
Ob6psicHeHHe KpOeTCsi B He3aBHUCHUMOCTH PabOTHI
TIIB-kaHaja OT YpPOBHS OCBelleHHOCTH. C IIOBBIIIE-
HHeM YPOBHS OCBELIEHHOCTH YBeIHYUBAETCS 07
CHUTyallMH, B KOTOPBIX [HOAJBHOCTh TB-KaHala oOKa-
3BIBAETCS BBILIE JAJLHOCTH JEHMCTBHS TeIJIOBHU30PaA.
B muarmasone ocsemieHHOCTH (1-2):1072 1K 3pPeKTHB-
HOCTb 060MX KaHa/IOB OblIa oIlpemeseHa IIPUMEpPHO
OOMHAKOBOH.

ITosaraeM, 4YTO IIpUMeHeHHe JOIIOTHHUTeIbHO K TB-
u TIIB-KaHajIaM [PYrHUX HaONI0JaTelbHBIX KAHAIOB
HellesnecoobpasHo. IIOSICHUM CBOe MHEHHe: JOION-
HUTebHBIe KaHalbl OyayT 1160 QyHKIIHOHATBHO
ny6IMpoBaTh OCHOBHBIE KaHAJBI, MO0 3QPeKT OT Ux
HCII0/1b30BaHUS OyIeT HecOroCTaBUM I10 CPAaBHEHHUIO
C M3eP;KKaMHU OT MX BBeIeHUS B CUCTEMY.

COBPEMEHHDbIE 201 U METO/bI

MX COBEPLLEHCTBOBAHUA

OpHaKo caefyeT OTMEeTUTh, YTO YCHJIMTeIHd H300pa-
>KeHHsI Ha ocHoBe DOII 103Bo/sI0T HabMIOAATD CLIeHBI
c 6o1ee HU3KO OCBEIlleHHOCTBIO I10 CPAaBHEHHIO C TOH,
KOTOPYIO JOCTUTalOT OObIUHBIe BHeOKaMephl. JTO
CBS3aHO C TeM, YTO IIOPOTOBasl YyBCTBHUTEIBHOCTb
Te/IeBU3HMOHHBIX IIPHEMHHKOB YCTYIIaeT IIOpPOoraM,
obecrieyrBaeMBIM 31eKTPOHHO-OIITUYECKUMHU IIpe-
obpaszoBarensiMHU. MMeHHO II0O9TOMY TeXHOJIOTHS
yCUJIeHHUS SIPKOCTH M300paskeHUSI U CerofHS COXpa-
HseT [IPOYHble [IO3HULUH IIPH [IPOH3BOJACTBE HOYHBIX
HaboaTeIbHBIX ITPU6OPOB.

OmHOM M3 MOCIeJHHX MHPOBBIX HOBHHOK CTall
9O0II Photonis 4G+, y KOTOpPOIoO y>Ke HalasKeH CepH-
HBIM BBINYCK. IIpubop mpexacraBiseT cobor mopa-
601Ky 6osee panHen Bepcuu DOII 4G. MUHUMAaIbHAS
I06pOTHOCTS (OIIpesienisieTcsl Kak IPOK3Be/leHHe Beyu-
YMHBI «CUTHAJI-IIYM» Ha IIPefe/IbHYI0 Pa3spellaollyio
criocobHOCTh B JMH/MM) 6blIa yBenudeHa m0 2200
B HOBOM MOAHQHUKAIIMHU, T.e. 6oee uem Ha 20%.

B kayecTBe mpuMepa otedecTBeHHBIX JOII ¢ BBICO-
KHMH XapaKTepUCTHKAMH IIpHBelleM TepMeTH3HPO-
BaHHBIE 3/IeKTPOHHO-ONTHYeCKHe IIpeobpa3oBaTenu
cepumn DIIMI144T (tabn. 1). IIpeobpa3oBaTenu cHab-
>KeHbl MUKPOKaHaJIbHBIM YCHUJ/ICHHEM U BCTPOEHHBIM
KMCTOYHUKOM IIHMTaHHS MMIIYJILCHOTO HaIIPsKeHHs,
BK/IIOYAIOIIMM CXeMy aBTOMAaTH4eCKOH pery/lTHpOBKHU
SIPKOCTH (APS) npoussoAcTBa AO «Katopy (r. HoBo-
CHGHPCK). D0II uMmeroT poTokatod, Ha ocHOBa GaAs
C OTpPHLATE/JIbHBIM 3JIeKTPOHHBIM CPOACTBOM, ILJIO-
CKUU HUIH chepHYecKUH 3KPaH Ha CTeKISSHHOM JHCKe
WM BOJIOKOHHO-ONTHYECKOM 3yeMeHTe. [Ipubopsl
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an observation channel based on an image intensifier
tube or a low-level television channel.

The physical principle of operation of these two
channels is fundamentally different from the prin-
ciple of operation of the TI channel. It is based on the
registration effect of natural light reflected from tar-
gets in the visible and near-infrared range. The use of
this principle offers a number of advantages.

First of all, these are more comfortable condi-
tions for recognition and identification in the vis-
ible image. The resulting image, in comparison with
a thermal image of the same scale, has a greater
number of characteristic features and, accordingly, a
higher potential for highlighting contrasting zones.
That allows you to identify the object and determine
its belonging by external characteristic features.

Most often, the design of information channels for
observation devices is based on a combination of chan-
nels on a TI receiver and a video camera. These chan-
nels complement each other in many ways. When
combined into a consistent observing system, their
efficiency increases, and the limits of the device’s
applicability expand. The system remains operational
even when, under conditions of external influences,
one of the channels becomes ineffective.

As a result of experimental studies using the
domestic thermal imager TTP-1 and the foreign tele-
vision device PZB-200, the effectiveness of using a
combination of TI and television (TV) channels was
confirmed (Fig. 3). When the illumination is less
than or equal to 5-107 lux, the detection range of the
TV channel drops sharply, and the overwhelming
majority of cases of object detection are provided by
the TI channel. The explanation lies in the indepen-
dence of the TI channel from the illumination level.
As the illumination level increases, the proportion of
situations in which the range of the TV channel turns
out to be higher than the range of the thermal imager
increases. In the illumination range (1-2)-107 lux,
the efficiency of both channels was determined to be
approximately the same.

We believe that the use of other observation chan-
nels in addition to TV and TI channels is impractical.
Let us explain our opinion: additional channels will
either functionally duplicate the main channels, or
the effect of their use will be incomparable in com-
parison with the costs of their introduction into the
system.

MODERN IMAGE INTENSIFIER TUBES

AND METHODS FOR THEIR IMPROVEMENT
However, it should be noted that image intensifier
tubes based on image intensifier tubes make it pos-



NpefHa3sHAYeHbl /ISl YCHUIEeHUS
c1abbIX CBETOBBIX IIOTOKOB B JHa-
I1a3oHe IOJHH BoJIH oT 500 mo
900 HM IpU OCBEIIEHHOCTSAX OT
11073 mo 200 nK.
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Tabnumua 1. OCHOBHbIE TEXHUYECKNE XapaKTepucTukmn SMNM-1441

Table 1. Main technical characteristics of EPM-144G

MapameTpbl

Parameters

i g

3HayeHue
Value

Ha BpicTaBke Africa Aerospace MHTerpaﬂbHaﬂHyBCTBMTEHPHOFTb¢OTOKaTQﬂ§,MKA/HM,HEMEHEE 1800
Integral photocathode sensitivity, LA/Im, minimum
and Defence (centsi6ps 2018 roza)
KoMIlaHus Photonis IpeacTaBuiIa CnekTpasbHasa YyBCTBUTENLHOCTbL GOTOKATOAA HA A/IVHE BOJTHbI 170
yctporicteo  EBCMOS, KoTopoe 850 HM, MA/BT, He MeHee
6pa- Spectral sensitivity of the photocathode at a wavelength of 850 nm,
I/IMeeTVQJYHKLU/IIO CIIMSHUA HU30 p% mA/W, minimum
SKeHHH C JBYX KaHajloB. HouHou
KaHaI YCTpoﬁCTBa EBCMOS 1103U- KOa(beI/I'LI,I/IeHT npeo6'pa30'BaH‘v|s| npu OCBieSLLI,EHHOCTI/I 2-107° K 6-10%
LOHUPYeTCs Photonis, BbIION- Conversion factor atillumination of 2-107> Ix
HEeHHBIM Ha OCHOB€ 3JIEKTPOHHO- Mpepen paspeLieHus, WTp /MM 60
onThveckoro ImpeobpasoBartens, Resolution limit, lines/mm
B KOTOPOM MUKPOKaHa/IbHA4 IIJIa-
p p V Pa3pelueHne npn ocseweHHOCTH 200 /1K, WTp /MM 36
cruHa (MKII) 1 pochopHBIT 3KpaH Resolution at illumination of 200 lux, lines/mm
3aMeHeHbl crenuaabHbiM KMOIT-
Q)OTOHpI/IeMHI/IKOM. B HacTosIee BxogHom ?KBI/IBaHEHT TEMHOBOI0 TOKA, MKJIK 0,25
Input equivalent of dark current, px
BpeMs TaKas HOYHasl TeXHOJIOIHs
Ha JOIl mocTymHa C OByMs pas- OTHoLeHMe «CUrHanN/ wym» 23
pemeHUsMH (2 ¥ 4 Meramukcesna), Signal to noise ratio
9TO IIpENOCTAB/SACT II0b30BATE" KosddunumneHT nepegaum koHTpacta | Contrast transmission coef-
JIAM Ka4YeCTBEHHOe€ U KOHTPACT- Ha MPOCTPAHCTBEHHbIX YaCTOTaX: ficient at spatial frequencies:
Hoe I/I306pa>KeHI/Ie. —2,5 IJJTD/MM —2.5lines/mm 0,90
=7.5wWwTtp/ MM —7.5lines/mm 0,78
B CBS3M C aKTUBHBIMU pabo- ' ) '
P —15wTp/Mm —15lines/mm 0,58
TaMH II0 COBEPIIeHCTBOBAHHIO

J0II ZOCTaTOYHO MHTEPECHO CpaB-

HUTb JAJIbHOCTb OMO3HaBaHHUs QUIYPHEl YeloBeKa Ha
KOHTpaCcTHOM ¢oHe 151 KaHayioB ¢ 3OII pasHBIX II0OKO-
neHuN. O6obueHHbIe faHHbIe (Tabl. 2) CTAIK pe3ysib-
TaTaMH Pac4yeToB IO CTaHAAPTHBIM MeToAHKaM [3]
U I10JIeBBIX UCIIBITAHUH.

Hanbornee OOCTYIHBI Ha OT€YECTBEHHOM PBIHKE
90Il 3/1eKTPOHHO-OITHYECKHe IpeobpasoBaTenu
THII0B JIIM-62T", SIIM-65I mpousBoacTBa AO «KaTtom»
(r. HoBocubupck). IOIl Tumos IIIM-62I, IIIM-65T =
IIpefCTaB/IsA0T cobor IoKoneHue III ¢ aBTOMaruye-
CKOH PperyJIHpOBKOM SPKOCTH, HPSIMBIM II€peHOCOM
1300paskeHHs, IOIYIPOBOAHUKOBEIM (OTOKATOLOM,
a TakKe MHKPOKAaHAJIbHOM IaacThHOoM (MKII), ycTa-
HOBJIEHHOU MeXAy POTOKATOLOM M 3KPaHOM >KeJITO-
3€JIEHOI'0 CBeYeHMS. 10 ‘

OLleHUTh Ja/JbHOCTh OIIO3HAaBaHUS QUILYPHI 4esio-

BeKa Ha KOHTpPAacTHOM ¢oHe [ KaHajla C oTeye-
crBeHHBIM DOII (Hanpumep, TUIa SIIM-62I) MOKHO
o pacueTHoMy rpaduky (puc. 4). Be3ycioBHO, IJisi
KaHasa ¢ J0II ycinoBus HabniomeHus: OyayT B OCHOB-
HOM OIIpefie/IsiTbCSl YPOBHEM eCTeCTBeHHOHM HOY-
HOH ocBemeHHocTd (EHO). IIpy ee CHHKeHHH 3Ha-
YeHHUs! [aJbHOCTHU OOHapyskeHHsI M Pacllo3HaBaHMS
OyAyT yMeHBIIATbhCS BIUIOTh [0 IIOJIHOM IIOTEepH
BUIMMOCTH.

W =========

\
\
\
\
\
107 104 1073

1072 101 0,5 1,0
E, 1K

Puc. 4. 3asucumocmb 0anbHOCMU 0NO3HABAHUS Pu2ypbl
yenoseka om océeleHHocmu Ha MecmHdocmu 04s 20T
nokoneHus 3

Fig. 4. Dependence of the identification range of a person’s
figure on the illumination in the field for generation 3 image
intensifier tubes
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B 3TOM CjIydae OLleHKa JalTbHOCTH BUAeHHUs 6asu-
PYeTCsi Ha OCHOBHOM IeOMEeTPHYeCKoH GopMyIie Jaib-
HOCTH Ipu6opoB, ucmonpsyomux J0I1: D=>b/a,, roe
b - pasmep sneMeHTa pas3NoKeHHUs, HeOOXOIHMBIN
anasi obHapy>ReHHUsl HIIM OII0O3HABaHHUS, M; Oy — CyM-
MapHasl paspemIamoIas criocobHocTs KaHana [THB.

B obmem c1ydae CyMMapHasi yIJoBas pasperlaro-
masi criocobHocTh mpubopa 3aBUCUT 0T EHO u psga
COCTaBJISIFOLIUX U OIIpefeIsieTcs KaK:

The Ocpp. CTPYKTypHasl YIJIOBasl pas3pellarolas
crocobHOCTh mpubopa, 3aBUCANIAS OT IIaPaMEeTpPOB
OITHYECKOM CHCTeMBI Ipubopa M Yy4YHUTHIBAIOUIAS
ero reoMeTpUYecKHle HeCOBEPUIEHCTBA; O, o, ~ IIpe-
IenpHasl yIJNoBasl paspellalolliasi CIIOCOOHOCTD IJasa,
npuBefgeHHas K orokarony 3OII; oy, - HOpemenn
Has paspelarmnias criocobHocTh poTokaToma IOII,
obycnoBieHa ¢IyKTyalHeHd IIOTOKA 3JIEKTPOHOB
($0TO3/1€KTPOHOB).

PacyeTHble JAaHHbIE IIOATBEPKAECHBI pe3yJlbTaTaMuU
HaTYPHBIX MCIBITAHUM, PacXoXKAeHHe MeXIy pacueT-
HBIMH U GaKTHUYECKUMH 3HAYEHUSIMH [IaJTbHOCTeH
orto3HaBaHUs (Tabi. 2) He mipeBbimIaeT 10-15%.

KOHCTPYKTUBHOE UCIMOJIHEHUE
KOMBUHUPOBAHHDbIX MPUBOPOB
Tak ke Kak obbennHeHHe B ofHOM Ipubope TIIB-
u TB- KaHal1oB KOMOHHALIMS TeIJIOBU3UOHHOTO
KaHasa ¥ KaHasa Ha J0I1 JaeT BO3MOKHOCTb IIOCTPO-

Tabnuua 2. 1anbHOCTb OMO3HABAHUS GUIypbl YenoBeka
Table 2. Human figure recognition range

Ycnosus
Conditions

0,05 (monoBuHa

0,1 (nonHas /lyHa)

| m,,y ONTUKO-3JIEKTPOHHbIE CUCTEMbI M KOMNJIEKCbHI Il

sible to observe scenes with lower illumination com-
pared to that achieved by conventional video cameras.
This is due to the fact that the threshold sensitivity
of television receivers is inferior to the thresholds
provided by electron-optical converters. That is why
the technology for enhancing the brightness of the
image today retains its strong position in the produc-
tion of night observation devices.

One of the latest world novelties is the Photonis
4G+ image intensifier tube, which has already been
in serial production. The device is a revision of an
earlier version of the 4G image intensifier tube. The
minimum quality factor (defined as the product of
the «signal-to-noise» value by the limiting resolution
in lines/mm) was increased to 2200 in the new modi-
fication, i.e. more than 20%.

As an example of domestic image intensifier tubes
with high characteristics, let us cite sealed image
intensifier tubes EPM144C series (Table 1). The trans-
ducers are equipped with microchannel amplifica-
tion and a built-in pulse voltage power supply, which
includes an automatic brightness control (ABC) cir-
cuit produced by Katod JSC (Novosibirsk). Image
intensifier tubes have a photocathode based on gal-
lium arsenide GaAs with negative electronic affinity,
a flat or spherical screen on a glass disk or a fiber-
optic element. The devices are designed to amplify
weak light fluxes in the wavelength range from 500
to 900 nm at illumination levels from 1-103 to 200
lux.

At Africa Aerospace and Defense (September 2018),
Photonis unveiled EBCMOS, which has dual channel

OCBeLLEeHHOCTb, JIK

[llumination, Ix

0,01 (4eTBEPTH- 0,001 (3Be3gHoe 0,0001 (o6na4Hoe

0.1 (full moon) JyHbI) JyHbI) He60) 3Be3/H0e He60)
0.05 (half moon) 0.01(quarter moon) 0.001 (starry sky) 0.0001 (cloudy
starry sky)

be3 npubopa Hou- 230 130 45 - -
HOTO BUAEHMUSA, M
Without night
vision device, m
MMokoneHue l, M 300 200 150 100 50
Generation |, m
Mokonenwnell, m 630 630 590 390 145
Generation Il, m
[MokoneHune lll, m 810 810 770 530 200
Generation Ill, m
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Puc. 5. [Mpumep 06veduHeHUs 08YX KAHANOB: CAe8a — MenAo-
BU3UOHHOE U306paXkeHue; cnpasa — u3obpaxceHue ¢ 6oAbLuel
demanuzauyueli 6Aazodaps Komnaekcuposaruto ¢ 0TI

Fig. 5. Example of combining two channels: on the left -
athermal image; on the right — an image with greater detail
due to integration with the image intensifier

eHUsl 3bbeKTUBHON HAONIIOZATENBPHON CHCTEMBI,
[I03BOJISIIONIEl MCIIO/Ab30BATh IIPEHMYIIEecTBA Kask-
OO0 M3 KaHAJIOB B OIlpelleJIeHHBIX YC/IOBHUSX IIPHU
MEHSIOIIMXCSI BHENIHUX [IapaMeTpax HabmiomeHU.
Ha puc. 5 npofeMOHCTPUPOBAHO, KaK BO3PacCTAIOT
BO3MOXHOCTH OPHEHTHPOBAaHHS Ha MECTHOCTH
B KOHKPETHBIX BHEIIHHX YCJIOBHUSIX HablIomeHUs
IIPU COBMeIlleHHUH TeIJIOBU3UOHHOI'0 M300pasKeHH s
c u3obpaskeHHeM OT HOYHOI0 KaHana Ha JOII.

H30keHHble COOOPasKeHHUSI JIeITM B OCHOBBY
CO3JAHHUS [BYXKAaHAJIBHBIX MaJIOTabapUTHBIX IIPH-
6opoB HabmomeHHs, B KOHCTPYKLHH KOTOPBIX
IIprMeHeHbl Hanboiiee MIPOCThle pelleHUs I KOM-
6MHAIMU IBYX KaHa/loB. B 3TOM CBA3M HHTepecHa
ONTHYeCKass CXeMa OKyJsipa C IPU3MOM KyOHUKOM,
[IO3BOJISIIOIIUM IIPOHU3BOLUTL KOMILJIEKCHPOBaHHeE
n306pakeHUsT ¢ 3KpaHa JOIl U TEMJIOBU3HUOHHOIO
M306pasKeHUSI ¢ MUKPOAUCILIES

=

fusion functionality. The night channel of the EBC-
MOS device is positioned by Photonis made on the
basis of an electron-optical converter, in which the
microchannel plate (MCP) and the phosphor screen
are replaced by a special CMOS photodetector. At
present, such night technology on image intensifier
tubes is available in two resolutions (2 and 4 mega-
pixels), which provides users with high-quality and
contrasting images.

In connection with active work on improving the
image intensifier tube, it is quite interesting to
compare the recognition range of a person’s figure
against a contrasting background for channels with
image intensifier tubes of different generations. The
generalized data (Table 2) became the results of cal-
culations according to standard methods [3] and our
own experiments in field tests.

The most available image intensifier tubes on
the domestic market are image intensifier tubes
of the EPM-62G, EPM-65G types produced by Katod
JSC (Novosibirsk). Such IITs as EPM-62G, EPM-65G
are generation III with automatic brightness con-
trol, direct image transfer, semiconductor photo-
cathode, and a microchannel plate (MCP) installed
between the photocathode and the yellow-green glow
screen.

It is possible to estimate the identification range
of a human figure against a contrasting background
for a channel with a domestic image intensifier tube
(for example, of the EPM-62G type) according to the
calculated schedule (Fig. 4). Of course, for a chan-
nel with an image intensifier tube, the observation
conditions will be mainly determined by the level of
natural night illumination (NNI). With its decrease,
the values of the detection and recognition range will
decrease up to a complete loss of visibility.

IIpU OJHOBPEMEHHOM BKIIIO-
yeHun ODOIl M MHKpOAMCILIES

MukpogucIuiei

OKRyJISIp

(puc. 6), 3aIMHUIIeHHAs IaTeHTOM

RU2690044 C2 [4].
IIpocToTa CXeMHOTO pelleHHs

okynsipa obycioBreHa HebO0/b- 5 3
WIUM 3HAYeHHeM yAaJeHus &
BBIXOJHOTO 3padKa, COCTaBISI0- 'é""n

m

mero 23 MM IpH GOKyCHOM pac-
CTOSIHUU 23 MM. YIJIOBOe IIoJie
3peHHs1 cocTaBiasgeT ~42°, pua-

2 = =5

=) I
P |
i 1

i i | T
ht ik 3padok
| rnaasa

MeTp 3pavkKa I/1a3a IPpUHUMAeTCs
paBHBHIM ~6 MM. Ha cxeme wu30-
OpaskeHBI: BXOJHOM 3PauoK, TpPex-
JTMH30BBIK OKYJSIP U CBeTOHe/H-

CBeTofenuTe/lbHas HDI/I3M3.‘KY6HK

Puc. 6. Onmuueckas cxema 08yXKaHanbHo20 OKYASpa
Fig. 6. Optical scheme of a two-channel eyepiece

TeJIBHBIN KYOUK, ITPOITYCKAIOIUI
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50% cBeTa oT 3kpaHa J0II u oTpa-
SKalomKKu 50% cBeTa OT 3KpaHa
MHKpoOAHCILIes. TaKON 06BITHBIA
CBETOJE/IUTENDb I03BOJIIeT HOCTa- T
TOYHO IIPOCTO IIPOU3BOLUTH KOM-
IJIeKCUpPOBaHHe M306paskeHUs
¢ 9KpaHa 3O0Il U TeIJIOBU3HOH-
HOTO H300paskeHHS IPHU OJHO-
BpeMeHHOM BKJIO4YeHUH IDOII
1 MHUKpopucraes. IIpu BBIKIIIO-
YeHHUH OJHOI0 M3 KaHaJoB 0Cy-
IeCTBIAETCS HabnlomeHHe
TOJIBKO OJJHOTO K3 3KPaHOB — HUJIH
J0Il, unu MUKpojuciies. Ilpu-
BeleHHOe CXeMHOe pelleHHe OKY-
nspa mo3BoaseT npubopy pabo-
TaThb B TpeX peXKHUMax: PeKHUM
yCUJIeHUs SAPKOCTH, TeIJIOBU-
3UOHHBIM PeXHM K II0JHOCTBIO
COBMeIleHHBIH peXHUM. Bapu-
aHT KOHCTPYKTHBHOIO MCIIO/IHE-
HHS TeNJIOBU3MOHHO-HOYHOTO
npubopa HabniofeHHs IOKa-
3aH Ha pUcC. 7 Ha OOKOBOM Ppa3-

TeIUIOBU3HOHHBIN 06BEKTUB

HO4YHOM 06BEKTUB

e
30IT -

KpOHIITEHH KPeIUIeHUs

Puc. 7. Tennosu3uoHHo-Ho4Hol npu6op (60kosoli paspes)
Fig. 7. Thermal imaging device (lateral section)

TeIJIOBU3HOHHOE
doTormpuemHoe
~ YCTPOMCTBO

' | Okynap  HarmasHuK

pese mo obouM KaHajJaM - HOY-

HOMY M TeIJIOBU3MOHHOMY, ero BHeIIHHH
BUJ - Ha pHC. 8, a mapaMmeTpsl — B Tabn. 3. KoH-
CTPYKLIMS BK/IIOYaeT HOUHOH 7-IMH30BBIH 0ObEKTHUB,
37IeKTPOHHO-ONITUYeCKUM Ipeobpa3oBaTens THIIA
SIIMG62I, TeNJIOBHM3MOHHBIM TPeXJHH30BHIH 00B-

In this case, the estimation of the range of vision
is based on the basic geometric formula for the range
of devices using image intensifier tubes: D=b/a,,
where b is the size of the expansion element required
for detection or identification, m; ay is the total reso-

lution of the TI channel.

PyKroaTKU
IepeKIoYaTenen

BUHT KPBILIKU '
6aTapeiHOro OTCeKa

Puc. 8. Tennosu3uoHHO-HOYHOU npubop
Fig. 8. Thermal night vision device

JLIOTIONTHUTENTbHBIA
~ KPOHIITENH

- BaTapeMHBII
OTCeK

KPOHILUTEHMH KPeIlIeHUsI

In the general case, the total
angular resolution of the device
depends on the NNI and a number
of components and is determined
by the following formula:

where a,, is the structural angu-
lar resolution of the device, which
depends on the parameters of the
optical system of the device and
takes into account its geometric
imperfections; o, ;, is the limit-
ing angular resolution of the eye,
reduced to the image intensifier
tube photocathode; a,, is the lim-
iting resolving power of the image
intensifier tube photocathode is
caused by the fluctuation of the
electron (photoelectron) flux.

h ORyIsIp
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Ta6nuua 3. XapakTepncTmkn Tena0BU3MOHHO-HOYHOro Npubopa
Table 3. Characteristics and thermal imaging night vision device

MapameTpbl

OonTuyeckoe yBennyeHme, Kpat
— HOYHOM KaHan
— TenJIOBU3NOHHbIN KaHan

leomeTpuyeckoe paspeLleHune, IMH /MM
— HOYHOW KaHan
— Tena0BU3NOHHbIN KaHan

TemnepaTypHoe pa3spelieHue, K
Mone 3peHns, rpag.
— HOYHOM KaHan
— Ten/I0BU3UOHHbIV KaHas
AnonTpuinHasa perynmposka okynspa, gntp

[Anana3oH paboynx Temnepatyp, °C

rabapuTHble pa3Mepbl, MM
— 6e3 KpenneHus K opyxxuio
— CKpenJieHneM K OpyXXuio

Macca, Kkr

i g

Parameters 3HaueHue | Value
Optical magnification, multiplicity factor 1,0

- night channel 1,0

- thermalimaging channel

Geometric resolution, lines/mm

— night channel 60

— thermal imaging channel 114
Temperature resolution, K 0,08

Field of view, degrees

— night channel 40

— thermal imaging channel 36

Eyepiece diopter adjustment, diopter +3
Operating temperature range, °C —40...60
Overall dimensions, mm

— without attachment to weapons 140x88x 80
— with attachment to the weapon 140x88x102
Weight, kg 0,75

eKTHUB, TeIJIOBU3HUOHHOEe (OTOIpHEeMHOe YCTpPOH-
CTBO, MHUKpOAHUCIUIeN THma B1.5MJ0800.600.
1102, TpexXJIHWH30BBIM OKYJISIP, HarJMa3HUK OKYISPa,
a Takke KPOHIUTEHNH KperuleHUs. [Ipubop Habmrio-
IeHUs MoJ06HOM KOHCTPYKLHH SIBISI€TCS IIPOCTBHIM
M HaJeXHbBIM IHEBHO-HOYHBIM HIMPOKOYI'OJBHBIM
npubopoM C OLHOKPATHBEIM yBelHYeHHeM KaHaIoB,
KOTOPBIM obeclieunBaeT ecTeCTBEHHOe BOCIIPHS-
THe, a TaKKe BBOJ B I10JIe 3peHUS AOIIOTHUTEIbHOM
MHPOpMALIUH.

OcobeHHoOCThIO Ipubopa HabIIOmEHUS SIBISETCS
HaJIW4Yhe MUKPOLUCIUIES, IIOCTOSHHO BHIHMOIO
B II0JIe 3peHHUsl oOILIero OKy/aspa depe3 IIPHU3MY-
KyOHK. DTO IMO3BOJIsIeT BBOAUTH B II0je JI0ObIe
HHQOPMAIlMOHHBle 3HAKHM M TeIJIOBU3HOHHOE
n306paskeHUe.

Hebonpmoroe pacueTHOe yaajJeHHEe BBIXOLHOIO
3pauka KOMIIEHCUPYeTCs UCII0Nb30BAaHUEM OKYIISIpa,
KaK IPOCTOM Jymbl Iyisi 06ouX KaHanoB. CxeMHoOe
pelleHHe IOIyCKaeT BO3MOXHOCTh HabmomeHUs
IIPU APYTOM yIaJleHHUH I1a3a (6osibile pacyeTHOro)
6e3 guckomdopra, mpucymero npubopam, B KOTO-
PBIX pasMep U yAaJleHHe BBIXOLHOTO 3payuka OAHO-
3HAYHO QOPMUPYIOTCS IOIOJHUTENBHBIMU obopa-
YUBAIOIIHUMU ONTHYECKUMHU CUCTEMAMU.

JanpHOCTh OIIO3HABAaHUS dYejloBeKka yepes
TeIJIOBU3UOHHO-HOYHOM Ipubop momobHOro THIA
MOXeT COCTaBJIATh 6omee 700 M. CHelHMaJHCTaM
K3BECTHO, YTO OONBIIMHCTBO MaorabapuTHBIX IIPU-

The calculated data are confirmed by the results
of field tests, the discrepancy between the calcu-
lated and actual values of the identification ranges
(Table 2) does not exceed 10-15%.

DESIGN OF THE COMBINED DEVICES

In the same manner as TI and a TV channel are com-
bined in one device, the combination of a thermal
imaging channel and a channel on an image inten-
sifier tube makes it possible to build an effective
observation system that makes it possible to use the
advantages of each of the channels in certain condi-
tions with changing external observation parameters.
Fig. 5 shows how the possibilities of orientation on
the ground in specific external conditions of observa-
tion increase when combining the thermal imaging
image with the image from the night channel on the
image intensifier tube.

The above considerations became the basis for
the creation of two-channel small-sized observation
devices, in the design of which the simplest solu-
tions for a combination of two channels were applied.
In this regard, the optical scheme of the eyepiece
with a prism cube is interesting, which allows the
integration of the image from the image intensifier
tube and the thermal image from the microdisplay
while simultaneously turning on the image intensi-
fier tube and microdisplay (Fig. 6), protected by pat-
ent RU2690044 C2 [4].
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6opoB HabniogeHUs NO/KHBL obecriedrBaTh 06HAPY-
SKeHUe 06beKTOB Ha AUCTAHIUAX 500-600 M u obia-
JaTh MaKCUMaJIbHO BO3MOSKHBIM I10JIeM 3pPeHUS.

[Ipy HeoOXOOMMOCTH MOKHO OTK/IIOUHTH BBOJ,
BCeX MU300PasKeHUN C MUKPOAMCITIES U UCII0Nb30BaTh
TOJIBKO HOYHOM KaHAa/l KaK IIOJHOIIeHHBIN IMaCCHB-
HBII HabnrofgaTenbHbIM [THB ¢ ecTeCTBeHHBIM BOCIIPH-
SITHeM KM300paskeHHsI. I 3THX Liellell MOKHO BKIIO-
YKUTh HeBUAMMYIO I r71a3a HMK-mmomcBeTky, Korga
yCI0BHS BUOMMOCTH 3aTPyJHEHBI HM3-3a KpalHe HHU3-
KOM €CTeCTBEHHON HOYHOM OCBEIeHHOCTH.

W, XOTS MOMKHO HCIIOJIB30BaTh TOJIBKO HOYHOM
P&KMM HIH TOJBKO yHHUBEPCA/NbHBIH I1aCCHUBHBIA
pekMM (pekHUM TeIUIOBH3HMOHHOIO HabmlomeHUs
C IIpefesibHO BO3MOKHBIMH IIapaMeTpaMHu obHapy-
SKeHHUSI), BCe-TaKu Haubonee 3ddeKTHUBHBIM bOymeT
ONHOBpPeMeHHOe HCIIOJb30BaHHe 000HMX KaHa-
JIOB - HOYHOro KaHa/la ¢ J0Il U TemnjoBHU3HUOH-
Horo. OCTAaHOBHMMCS Ha BapHaHTe KOHCTPYKTHB-
HOI'0 HCIIOJIHEHUS TeIlJIo-TeIeBU3HOHHOro Ipubopa,
obsazaromero HEKOTOPBIMHU CIIelMHUIECKUMHU 0CO-
6eHHOCTIMH. OLHA M3 HUX 3aK/II0YAETCSI B TOM, UTO
npubop mMeeT yBenHdeHHe 060MX KaHAJIOB 60Jb-
Ilee, 4YeM y IIpocTOro HabmaiomaTenbHOro npubopa
¢ GyHKUMSMHU OJHOKpATHOro rmpubopa.

BTopol 0COGEHHOCTBIO SIBISIETCSI CIIOCOOHOCTH
TeJeBU3HUOHHOIO0 KaHaJla CTPOHUTh H300paskeHHUe
MECTHOCTH U OII03HABaTh 0OBEKTHI IIPH AOCTATOYHO
HU3KHX YPOBHSIX €CTeCTBEHHOHM HOYHOM OCBellleH-
HOCTH - IIPU 3Be3HOM Hebe.

Ha puc. 9 mpexncraBineH GOKOBOHM paspe3 Teje-
BU3HMOHHOIO KaHala C 5-JIMH30BBIM OOBEKTHBOM,
TeIJIOBU3HOHHOTO KaHajla C 3-JIMH30BBIM O00BeK-
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The simplicity of the eyepiece circuit design is due
to the small value of the exit pupil removal, which is
23 mm at a focal length of 23 mm. The angular field
of view is ~42°, the diameter of the pupil of the eye is
taken to be ~6 mm. The diagram shows: an entrance
pupil, a three-lens eyepiece and a beamsplitting
cube that transmits 50% of the light from the image
intensifier tube and reflects 50% of the light from
the microdisplay screen. Such a conventional beam
splitter makes it easy to combine the image from
the image intensifier tube and the thermal imaging
image while simultaneously turning on the image
intensifier tube and the microdisplay. When one of
the channels is turned off, only one of the screens
is monitored, either an image intensifier tube or a
microdisplay. The given schematic solution of the
eyepiece allows the device to operate in three modes:
brightness enhancement, thermal imaging mode
and fully combined mode.

Avariant of the design of a thermal imaging-night
observation device is shown in Fig. 7 on a side section
along both channels - night and thermal imaging,
its appearance is shown in Fig. 8, and the parame-
ters are in Table 3. The design includes a 7-lens night
objective, an EPM62G image converter, a three-lens
thermal imaging objective, a thermal imaging pho-
todetector, a B1.5MDO0800.600.CO2 microdisplay, a
three-lens eyepiece, an eyepiece cup, and a mount-
ing bracket. An observation device of this design is
a simple and reliable day/night wide-angle device
with a single magnification of the channels, which
provides natural perception, as well as input into the
field of view of additional information.

A feature of the observation

i — A A, = N\
5 '_o_l'" D 6 6 7.

Puc. 9. Tenno-menesu3uoHHbIli npubop (60kosoli paspes)
Fig. 9. Thermal television device (lateral section)

device is the presence of a micro-
display, which is constantly vis-
ible in the field of view of the
common eyepiece through a cube
prism. This allows you to enter
any information signs and ther-
mal images in the field.

The small calculated exit pupil
distance is compensated for by
using the eyepiece as a simple
magnifier for both channels. The
circuit design allows observation
at a different distance of the eye
(more than the calculated one)
without the discomfort inher-
ent in devices in which the size
and distance of the exit pupil are
uniquely formed by additional
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TUBOM M OKYJSPHOIO KaHajiaa
C 4-1THMH30BBIM OKYyIsipoM (Tese-
BU3HOHHBIM 00BEeKTHUB 1, Tene-
BU3HOHHBIN (QOTONPHEMHHUK 2,
TEIVIOBU3UOHHBIN OOBEKTHUB 5,
TeIJIOBU3HOHHBIN QoTonpueM-
HUK 6, 3JIeKTPOHHBbIe O/I0KH 7,
MUKpomUCcILIen 8, OKyasip 9,
HarlasHUK 10 okynsgpa 9, a TakKe
b6aTapelHBIN OTCeK 15 M KpOH-
IITeNH KperuleHUs 16). BHeIIHU NI
BUJ Npubopa HabIOmeHUs MOKa-
3aH Ha puc. 10, a ero mapaMeTpsl
IpHBelleHbl B Tabi. 4.
TeneBH3HMOHHEIH KaHal
IIOCTPOEH Ha BHIEOHATUYHKE
EV76C661ACT )54 nudpoBOM
regepartope Ha 12 MmI'nm. HHu-
UManusalys M yOpaBleHUe
BUEO0JAaTYUKOM BBIIIOJIHAETCH
C IOMOIIBIO IIOC/TIeL0BATEIbHOTO

i g

Puc. 10. Tennomenegu3uoHHbIl npubop
Fig. 10. Thermal television device

nHTepderica SPI. TeIIOBU3HMOHHBIN KaHal Cofep- The range of human identification through a
KUT UK-MHUKpobomoMeTpuvIeckKUui Moayab S6IR-4272 || thermal-night vision device of this type can be more
U IOC/Ie[0BaTelbHO-TTIapa/IeNIbHBIN mpeobpa3oBa- || than 700 m. Experts know that most small-sized
Tenb 5560MMHGY. BeIXOmHBIe CHTHAIBI IofaroTcs Ha || observation devices must detect objects at distances
I10C/Ie[OBAaTe/IbHO-TIApAJI/IeNbHBIN ITpeobpa3oBartens || of 500-600 m and have the maximum possible field
DS90CR286. C DS90CR286 mapasnenbHbI 24-6uT- || of view.

HbIH RCB KOm M CHUTHaJIBl CHHXPOHU3anuu HSYNC, If necessary, you can turn off the input of all
VSYNC u DE moctynaioT Ha 1jBeTHoM OLED mHzauKa- || images from the microdisplay and use only the night

Top THIla SXGA0GOSC.

channel as a full-fledged passive observational TI

Ta6n. 4. XapakTepuUCTUKM TeNI0TeNEeBM3NOHHOMO Nnpnbopa
Table 4. Characteristics of the thermal imaging television device

MapameTpbl Parameters 3HayeHue | Value
OnTuyeckoe yBesindeHue, kpat Optical magnification, multiplicity factor 3,0
YBe/IMY4EHNS C y4eTOM LMPPOBbLIX BOSMOXXHOCTEN, Magnifications for digital capabilities, multiplicity 601120
KpaT factor ' '
Mone 3peHnsa TB-kaHana, rpag. TV channel field of view, degrees 13,4x10,7
®opmat TB kaHana, nukcen TV channel format, pixels 1280x1024
Mone 3peHna TrB-kaHana, rpag Tl channel field of view, degrees 12,1x9,1
®opmart TMB kaHana, nukcen Tl channel format, pixels 640x480
dopmaTt Mukpogmcnaes, nuKcen Micro display format, pixels 1280x1024
Bpemsa pabotbl nprbopa, 4ac Device operation time, hours 4
AnanasoH paboumnx Temnepatyp, °C Operating temperature range, °C OT1-40p060
[abapuTHbIe pa3Mepbl, MM Overall dimensions, mm 260x128x101
Macca, kr Weight, kg 1,14

PHOTONICS VOL. 14 N2 52020 405



=

TemnyoTelleBU3HOHHBIA NIPU6OP - 3TO IPOCTOH
M HafleXXHBI BapHaHT, I03BOJISIIOIIMK II0/y4aTh
Te/leBU3HUOHHOe, K60 TelI0BH3HOHHOE KM KOM-
II7IeKCHPOBAHHOE TeIUIOTe/eBU3HMOHHOe H306paske-
HHe, paccMaTphBaeMoe 4yepe3 OKY/ISp Ha eJUHOM
MUKPOJHUCILIee.

CNnocob KOMMNNEKCNPOBAHUA
MNOJIYTOHOBDbIX TENEBUA3UOHHDbIX

N TEMNJTOBU3NOHHbIX MU3OBPAXEHUN

B xome pabot Haj co3maHueM IPUOOPOB C KOMIIIEK-
cupoBaHHeM H300paskeHUM, IIOJyUYeHHBIX B Pa3-
JIMYHBIX CHEeKTPAJIBHBIX [AHAIla30Hax, OB oTpa-
6oTaH CI10co6 KOMIIIEKCHPOBAHHS I10JYTOHOBBIX
TeJIeBU3HUOHHBIX U TeIUIOBU3HMOHHBIX H300pakeHUH,
BIIOC/JIEeACTBHM 3alUIIeHHBIN HaTeHToM RU2684585
C1[5].

FoBOpST 0 MHOTOKAaHAJIBHBIX CHCTEMaX, ClefyeT
06paTUTh BHHMaHHE Ha TO, YTO KOHCTPYKTHBHOE
pelmeHre npubopa C pa3HeCeHHBIMH KaHaJaMH,
KOKIBIM M3 KOTOPBIX HMMeeT COOCTBEHHOe BXOJHOeE
OKHO, CO3/aeT IIPOeKTHPOBIIUKY IIPaKTHYeCKHU
Hepaspemumyio mpobrmeMy. OHa CBsi3aHa C HaJH-
YHeM IIPOCTPAHCTBEHHOrO Iapajuiakca. YMeHblle-
HUe PAaCCTOSHUS MeXAY OIITUYeCKHMMU OCSIMU KaHa-
JIOB BO BCeX C/Ay4dasix OrPAaHHYMBAETCS pasMepaMu
BXOJHBIX 3PAauKOB KAaHAJIOB, MHOTAA JOCTUIAOIIMX
3HAYUTEeIbHBIX PA3MePOB.

Pe3ynpTaThl IPaKTHUYECKUX HCIBITAHUMN IIOKa-
3aIM, YTO peXHM KOMIUIEKCHPOBAaHUS H306pa-
SKEHUM IPU Pa3HeCeHHBIX 3padykax obecrieyrnBaer
Ka4eCcTBEHHOe H300pakeHHeE TOJBKO HAa TOH OAJb-
HOCTH, Ha KOTOPOH CBeJleHBbl ONTHUYecKHe OCH KaHa-
noB. IIpy HM3MeHeHUHM AUCTAHLUMUU HaOIIOmeHHUs
nosiBisieTcsl 3ddPexT mBoeHHs H306paskeHuUs. Oue-
BU/IHO, YTO KOHCTPYKTHBHOe HCIIOJIHEHMe ONTHYe-
CKOHM CXeMBbl OOBeKTHBHOM YacTH IIpubopa B BUIe
OIHO3PauKOBOM CHUCTeMBI (T.e. HaJlHU4YHe OOHOU
001Iell OIITHYECKOM OCH /I BCeX KaHa/IOB) II03BO-
7seT IIPOU3BOAUTH KOMIUIEKCHPOBAHHE TeIlJIOBU-
3MOHHOTO U TeJNeBU3UOHHOIo H300paskeHUnl 6e3
IBOEHHUS M306PasKeHUH HE3aBUCHUMO OT AUCTAHLIUU
HabIoneHusd.

O6beKTHBHBle YaCTH OJHO3PAUKOBBIX TeILIOTe-
JIEBU3HUOHHBIX CHCTEM MOTYT OBITh pelleHBl B Pas-
JTUYHBIX BapHUAHTaX: B BHJE CHUCTEMBl C OOIIHM
BXOLHBIM OKHOM M IIOCIeAYIOLIMM PpasjeleHHeM
KaHaJIOB BHYTpU obbeKTHUBa (puc. 1la) MIK B BUIe
OBYXKAaHAJIBHOTO OIITHKO-3JIeKTPOHHOIO 0I0Ka,
IIOCTPOEHHOI0 I10 KOaKCHalbHOU cxeMe (puc. 11b).
Onrudyeckas cucrtema (puc. 1la) 3amunieHa IaTeH-
ToM RU2700033 C2 [6]. KoakcuanpHasg OIITHKO-
3/IeKTPOHHAsl CHCTeMa COCTOUT M3 ABYX KaHAJIOB,
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with natural image perception. For these purposes,
you can turn on the IR illumination invisible to the
eye when visibility conditions are difficult due to
extremely low natural night illumination.

Although it is possible to use only the night mode
or only the universal passive mode (thermal imaging
mode with the maximum possible detection parame-
ters), the most effective will be the simultaneous use
of both channels: the night channel with the image
intensifier tube and the thermal imaging channel.
Let us dwell on a variant of the design of a heat-tele-
vision device, which has some specific features. One
of them is that the device has an increase in both
channels greater than that of a simple observation
device with the functions of a single device.

The second feature is the ability of a television
channel to build an image of the area and identify
objects at sufficiently low levels of natural night illu-
mination (with a starry sky).

Fig. 9 shows a lateral section of a television chan-
nel with a 5-lens objective, a thermal imaging chan-
nel with a 3-lens lens and an eyepiece channel with
a 4-lens eyepiece (television lens 1, television photo-
detector 2, thermal imaging lens 5, thermal imaging
photodetector 6, electronic units 7, microdisplay 8,
eyepiece 9, eyecup 10 of eyepiece 9, as well as battery
compartment 15 and mounting bracket 16). The exter-
nal view of the observation device is shown in Fig. 10,
and its parameters are given in table 4.

The television channel is built on the EV76C661ACT
video sensor and a 12 MHz digital generator. The
video sensor is initialized and controlled using the
SPI serial interface. The thermal imaging channel
contains an S6IR-4272 IR microbolometric module
and a 5560ING6U serial-to-parallel converter. The out-
put signals are fed to a serial-to-parallel converter
DS90CR286. With DS90CR286, parallel 24-bit RGB
code and HSYNC, VSYNC and DE sync signals are fed
to the SXGA060SC color OLED indicator.

A thermal television device is a simple and reli-
able option that allows you to obtain a television,
or thermal imaging or integrated thermal televi-
sion image viewed through an eyepiece on a single
microdisplay.

METHOD FOR COMBINING GRAYSCALE
TELEVISION AND THERMAL IMAGES

In the course of work on the creation of devices
with the integration of images obtained in differ-
ent spectral ranges, a method for the integration of
grayscale television and thermal imaging images
was worked out, subsequently protected by patent
RU2684585 C1 [5].
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Speaking of multichannel sys-
tems, one should pay attention
to the fact that the construc-
tive solution of the device with
spaced apart channels, each of
which has its own entrance win-
dow, creates an almost insoluble
problem for the designer. It is
associated with the presence of
spatial parallax. The decrease in
the distance between the opti-
= cal axes of the channels in all
cases is limited by the size of the
entrance pupils of the channels,
sometimes reaching significant
sizes.

The results of practical tests
have shown that the image com-
plexing mode with separated
pupils provides a high-qual-
ity image only at the distance

3epKao at which the optical axes of the
channels are brought together.
g When changing the observation

4 rT— = : .
= distance, the effect of ghosting

appears. It is obvious that the
design of the optical scheme of
the objective part of the device in
= the form of a single-pupil system

b) I

cuanbHas cucmema

Puc. 11. BapuaHmbl 00H03pa4Ko8bix cicmem: a) 00HO3pa4Koads cucmema
C 06U4UM 8XODHbIM OKHOM U pa3deaeHUeM KAHAA08 8Hympu 06vexmusa; b) Koak-

Fig. 11. Options for single-pupil systems: a) single-pupil system with a common
entrance window and channel separation inside the lens; b) coaxial system

(i.e., the presence of one com-
mon optical axis for all channels)
allows the integration of thermal
and television images without
ghosting, regardless of the obser-
vation distance.

HMeIMKUX oOmylo ONTHYecKyl Oocbh. IIpyU 3TOM
ONMH M3 KaHAJIOB YCTAHOBJICH Ilepel APYTHM B 30He
LIeHTPAJIPHOTO 3KPAaHUPOBAHUS 3epKaIbHOro 06%b-
eKTuBa. Takasg cucTeMa B 3aBUCHUMOCTU OT IIpU-
MeHseMbIX POTOIIPHUEeMHUKOB MOXXeT UMeTb MUHHA~
TIOPHBIE pa3Mephl U BeC, YTO JOCTATOYHO aKTYaJIbHO
IIPU ITPOEKTHPOBAHUM HOCHMOM HabmionaTenpbHOHN
TeXHUKH.

PaccmMaTpuBasgs KOMIUIEKTOBaAaHHE MHOTOCIIeK-
TPaJIbHBIX HPUOOPOB (GOTONPHEMHBIMH YCTPOM-
CTBAMH CJIeflyeT yOeAUTh BHHUMaHNe COBpeMeHHBIM
CeHCOpaM TeJIeBU3MOHHOIO M TeIlJIOBU3MOHHOIO
OuamnasoHoB. Bumeomonynb E2V - MOHOXpOMHas
TeJleBU3MOHHAsl KaMepa BBICOKOM YyBCTBUTENIb-
HOCTH C IIHPOKHUM JIJHUHaMHYeCKHUM [Haa30HOM
CBETOBOI'O BOCIIPHATHS W paspemreHueM 1280x1024

The lens parts of single-pupil
thermal television systems can be
solved in different versions: as a system with a com-
mon entrance window and subsequent separation
of channels inside the lens (Fig.11a) or in the form
of a two-channel optoelectronic unit built accord-
ing to a coaxial scheme (Fig.11b). The optical system
(Fig. 11a) is protected by patent RU2700033 C2 [6]. The
coaxial optoelectronic system consists of two chan-
nels with a common optical axis. In this case, one of
the channels is installed in front of the other in the
area of the central shielding of the mirror lens. Such
a system, depending on the photodetectors used,
can have miniature dimensions and weight, which
is quite important in the design of portable observa-
tion equipment.

Considering the completing of multispectral
devices with photodetectors, attention should be
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(SXGA) npu pasmepe nukcens 10x10 mxm. CMOS
OATYHUK BHAEOMOAY/sS obecriedrBaeT BO3MOKHOCTb
CO3MaHUS HM300paskeHUSI B YCIOBHSIX OT JHEBHOTO
CBeTa [0 OCBeIeHUS CLIeHBl CBeYeHHeM 3Be3JHOIO
Heba (1073 1K) B BULKMOM CIIEKTpe U CIIeKTpe OJIHK-
Hero HMK-puama3oHa. HM3KUH ypoBeHb COOCTBeH-
HBIX IyMoB CMOS patumka obecriedymBaeT HeIlpe-
B30OMJEeHHOe OTHOLIeHHEe CHUITHa/l/HIyM C 4acTOTOH
KagpoB go 60 I'm.[ig yaydlleHHs KadyecTBa H30-
OpaskeHHUsS HCIIONB3YIOTCS QYHKIIMH KaMephl: APY,
aBTOMAaTHYeCKOe YyIpaBjleHHe BpPeMeHeM 3KCIIO0-
3UIIMH, KOpPpeKLMsl HeOLHOPOSHOCTeH YCHJIeHUS,
KMCKYCCTBEHHOE KOHTPAaCTHUpOBaHUeE.

TeroBU3UOHHBIN MoAynb MT1280x1024 - MoHO-
XpOMHas TeIUIOBU3WOHHAas KaMepa Ha OCHOBe
HeoxJaXXaaemMon Matpuipl DLEI280 (amopdHBIN
KpeMHMH) ¢ pa3pemeHreM 1280x1024 (SXGA) mpu
pasMepe muKcena 15x15 MrM.

BbiBO/L

PaccMOTpeHBl KOHCTPYKTHBHBIE peIleHHs MHOIO-
CIIeKTPAIBHBIX MPUOOPOB B BUIe KOMOMHALIUU B3a-
MMOJOIIONHAKIINUX APYT Apyra MHGOPMALIMOHHBIX
KaHaj10B. KoMOMHAIIMU TEIJIOBU3HOHHOIO KaHala
C KaHaJIOM, IIOCTpoeHHBIM Ha JOIl mau Ha Teje-
BH3MOHHOM CeHCOpe, SBJISIOTCA COIJIAaCOBAaHHBIMHU
HabnogaTeBHBIMUA CUCTEMaMHU. T CHUCTeMBI IIPo-
SIBJIAIOT BBICOKYIO 3QPeKTHUBHOCTh M PACHIUPSAIOT
FPaHULUBl HMX MCIIOJb30BaHHS B Pa3/IMYHBIX YCIIO0-
BUAX BHEIIHUX BO3IEHNCTBUH.
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paid to modern sensors of television and thermal
imaging ranges. The E2V video module is a mono-
chrome high-sensitivity television camera with a
wide dynamic range of light perception and a reso-
lution of 1280x1024 (SXCA) with a pixel size of
10x10 pm. The CMOS sensor of the video module
provides the ability to create an image in conditions
from daylight to illumination of the scene with the
glow of the starry sky (1073 lux) in the visible spec-
trum and the spectrum of the near infrared range.
Low noise CMOS sensor provides an unmatched sig-
nal-to-noise ratio with frame rates up to 60 Hz.To
improve the image quality, the following camera
functions are used: AGC, automatic exposure time
control, gain non-uniformity correction, artificial
contrast.

Thermal imaging module MTI1280x1024 is a
monochrome thermal imaging camera based on an
uncooled DLE1280 matrix (amorphous silicon) with
a resolution of 1280x1024 (SXGA) with a pixel size
of 15x15 pm.

CONCLUSION

The design solutions of multispectral devices in the
form of a combination of mutually complementary
information channels are considered. Combinations
of a thermal imaging channel with a channel built on
an image intensifier tube or on a television sensor are
matched observation systems. These systems show
high efficiency and expand the boundaries of their
use in various conditions of external exposures.
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TexHOJIOTHsA 6ecITPpOBOAHOH 3apsaaKH BITJIA ot WiBotic

MHorue KkpynHble KOMMAHMKU MAAHMPYIOT Npeanaratb ycayrm € MCNonab3oBaHMEM
6ecnunoTHbIX NeTaTenbHbix annaparos (BIMJIA). OgHaKo Ha NYTU peanusauumn 3Tux
NJAHOB eCTb NpensTCTBME: BpeMs noseta kommepyeckux brJIA orpaHuyeHo Manoi
eMKoCTblo 6aTapen. OgHUM U3 CNOCO60B peLleHns 3To NpobiemMbl NpeACTaBASeTCS
ucnonb3oBaHne 6onee 3pPeKTUBHbIX U TMOKMX peleHnid 3apsaAKU. ITO 06bACHSeT
Gonbloii UHTepec K paboram crtaptana WiBotic, npeanaraiouiero peweHus Ans
3apaaKu akkymynsTopos BINJIA U po60TOTEXHMKMU.

WiBotic npeanaraet peweHus no 6ecnpoBoAHON 3apsfKe U ONTUMMU3ALUK IHep-
ronoTpebneHns Ang pbiHKA aBMALMOHHBIX, MOOGUAbHbIX, MOPCKUX W MPOMbILIIEH-
HbIX po60ToB. Ero TexHonorus Adaptive Matching — 370 HOBbIVi MeTOA, UHAYKTUBHOW
nepeAayun 3Heprum, KOTopblii, N0 C/I0BaM NpepcTaBUTeNei KOMNaHK, obecneunBaet
YPOBHM MOLLHOCTH, Heobxoaumble ans BIJIA u apyrux neTatesbHbIX annapaTos.
PeweHus no ontumusauuu obecneymsBaloT MOAPO6HbIA MOHUTOPUHI NMapaMeTpoB
3apsapaa 6atapeu nocpeacTsoM 6MbanoTek nporpaMmHoro obecneyeHus. B couetanuu
€O CTpaTernvyeckum passepTbiBaHuemM 060pyaoBaHUA AN 6eCnpOBOAHOI 3apAAKM 3TK
nporpaMmmHbie GYHKLMMN NpeaHa3Ha4YeHbl NS MakCMMM3aumm BpemeHu 6ecnepe6boit-
Hoi pa6oTbl BINJIA. PeweHus no 6ecnpoBogHoii 3apagke WiBotic Takke noaaepxu-
BalOT N/JIAHMPOBAHME MOMOJIHEHUS dHepreTU4eckoro 6anaHca; OHW NpeAHasHayYeHbl
ANA YCTAaHOBJIEHMS 04epeAHOCTM 3apAAKU HECKONbKMX PO60TOB OT OAHOIO M TOrO Xe
nepeaaTymnka.

becnposogHas nepeaya snepriv (bM3)

Wcnonb3oBaHue  3MEKTPOMArHUTHLIX  moneit
B KayecTBe MCTOYHWUKA 3/1EKTPUYECTBA BOCXOAUT
K KoHLy XIX Beka, korga Hukona Tecna Bnepsble
NpOAEMOHCTPUPOBAN  Nepeayy  3eKTpU4ecTsa
6e3 npoBogoB. MeTog0n0rus 6eCNPOBOAHON CBS3N
XOPOLLO WU3BECTHA, HO KOHCTPYKLMS NepeaaTqukos,
WX PACNosoXeHue, MakcuManbHas 3GGeKTUBHOCTb
N HeobXoAMMOCTb OTAAXEHHOrO NoBedeHMs BCew
cucTeMbl NPeACTaBASIOT COBOI COXHYIO 3afady,
Tpebylowlyo  CreunanbHbIX HaBbIKOB M Mepe-
[OBbIX VHCTPYMEHTOB, TakKMX KaK uWCIeHHoe
MoZenupoBaHue. Hambonee pacnpocTpaHeHHble
cuctembl B3 UCMOML3YIOT MHAYKTUBHYIO CBA3b

1,0

WM MArHUTHO-PE3OHAHCHYIO TEXHONOTMIO, KaX-
[3s 13 KOTOPbIX UMEET CBOM CWAbHbIE U Cnabble
CTOPOHbI (puc. 1).

Haubonee pacnpoCTpaHeHHbIn METOZ — MHAYK-
TUBHbIN, OH WWPOKO MPUMEHSIETCS B NOTPebUTENb-
CKux npubopax. K coxanenuio, oH 3¢dekTuen
TONbKO TOFAA, KOrAa aHTEHHbI PACMONOXEHBI O4eHb
6nm3Kko apyr K Apyry. Pobotbl 1 BIJIA He moryT
NO3MLMOHMPOBATLCS JOCTATOYHO TOYHO, YTOGLI
obecneunTh cebe HALEXHYIO 3apsiaKy MY MOMOLLM
WHOYKTUBHLIX ~ CUCTEM. HOBeWWas MarHWTHO-
PE30HAHCHAA TEXHONOTMS MpefiaraeT ropasao
60AbLLYI0 TMBKOCTb B MO3MLMOHNPOBAHIM. OHAKO
TUNUYHBIE PE3OHAHCHBIE CUCTEMbI OTMYAIOTCA
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Puc. 1. ConocmasneHue 3pexmusHOCMU pazaUyHbIx mexHoAo2uli 6ecnposodHoli 3apaoku

HaMumem 061acTu, rae AOCTUrAEeTCA MaKCUMab-
Has 3ddexTuBHOCTL. ECn poboT HeHagonro ocTa-
HABNNBAETCS MW HAXOAMTCS He B LLEHTpe 3TON
06nactn, 3QPeKTMBHOCTb CHUKAETCA, a Bpems
3apsiAKM YBENYMBAETCS.

TexHonorns WiBotic coyetaet B cebe cub-
Hble CTOPOHbI KAK WHAYKTUBHDIX, TaK W PE30HAHC-
HbIX CucTem. HOBas 3amaTeHTOBaHHas CMCTeMa
QANTUBHOMO COMNACOBAHMS MOCTOSHHO KOHTPO-
NNpYeT  OTHOCUTENbHOE MONMOXKEHWE  AHTEHHDI
W AMHAMUYECKW PErYAMPYET Kak annapaTHble, Tak
W NPOrpaMMHO-annapaTHble NapameTpbl, YTOObI
NOAAEPXMBATL MaKCUMAbHYIO  3OGEKTUBHOCTD,
obecneunBas HafeXHYIO 3apsaKy Ha  BbICOKMX
YPOBHSX MOLYHOCTH JaXke BEPTUKAILHOM, ropu-
30HTaNbHOM M YINOBOM CMELLEHMM 3apsKaeMoro
06bEKTA Ha HECKONbKO CAHTUMETPOB.

MpOrpamMMHbIv aropUTM

BaXkHast GYHKLMS OLIeHKV BpeMeHu NpoCTos — 3Ha-
HuWe Toro, KOrAa HyXHo 3apsaxartb bIJIA npu pas-
pagke 6arapen. Y pasHbiX poboToB barapen oTam-
YaI0TCS MO TUNY XMMUYECKOTO COCTaBa, 3HAYEHNAM
HanpsXeHns u Toka. MukponporpammHoe obe-
cneyenve Gupmbl WiBotic no3BonsieT oLeHMBaTh
PO6OTOB, NOCTYNAOLYMX HA 3APSAKY, M YCTaHABAN-
BaTb HEOOXOANUMbIE NApaMeTpbl 3apsiaKkK AAs ONTH-
MMM 3HepronoTpebneHus. bopTosoi 6n0K
KOMMbIOTEPHOrO YMpaBAeHNs [aeT BO3MOXHOCTb
BMJ/IA nonyyatb MpsIMOIA ZOCTYN K BCTPOEHHOMY
3apSAHOMY YCTPOWCTBY NS BbINOMHEHUS Tex Xe
QYHKUMIA. bnarofaps apxuTekType CTpYKTYpUpoO-
BaHHOI 6ECMIPOBOAHON CETW PobOTLI MOTYT OCTa-
BaTbCS MOCTOSHHO 3aPSHXKEHHLIMU, YTO MUHMMM3N-
pyeT BpeMs MPOCTOSt M CHKAET OLLYI0 CTOMMOCTb
3KCnAyaTauum napka poboTos.

MHOr1e MHHOBALWMK B 061CTH POBOTOTEXHMKM
NosiBAAITCA HA BbiXoje PY-ycunutens nepepar-
4MKa, A 3aTeM Ha MPUEMHUKE — HA BXOZE B BbiNpS-
MuTeNb. WMEHHO 3fecb MOXHO JMHaMU4ecKu
HacTpauBaThb MMMeZaHC HOBLIX CUCTeM. Takum
00pa3oM, MOSBNAETCH BO3MOXHOCTL YHEeAMTLCS,
YTO, MAKCUMANW3MPYS nepefady MOLHOCTM, NOA-
LepXVBas COMNAcoBaHHbIE COMPOTUBNEHME UCTOY-
HUKA 1 Harpy3ku Ha obeux CTOpoHax TpaHcdop-
MaTopa C BO3AYLUHbIM CEPAEYHIKOM, MOXHO 04EHb
6bICTPO AMHAMUYECKV HACTpanBaTh 060pya0BaHME
B peanbHOM MaclrTabe BpemeHW. 3T0 obecnedn-
BAET NpUCNocabanBaeMocTb K ABUKEHNSM, CHOAM
WIW U3MEHEHNSIM, IPOUCXOAALLMM B CUCTEME.

Ipodonxenue — Ha c. 441
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