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B HacToAwwee BpemA ANA HaBUraLUM aKTMBHO MCNOAb3yoTCA robanbHble
HaBUTaALMOHHbIE CMYTHUKOBbIE CUCTEMBbI, Takne Kak GPS, MIOHACC v papg,
Apyrux. NMpUHUMNMANbHbIM HEAOCTaTKOM TaKoro poAaa CUCTEM ABAAETCA
MX  KpaMHe  BbICOKaA  CTeneHb  YA3BMMOCTM K  CpeAcTBam
PagaMo3IeKTPOHHOIrO noAaBneHusa. B nocnegHue roAbl  YKa3aHHbIN
HefO0CTAaTOK CTa/l COBEPLUIEHHO HENPUEeMNEMbIM U HETEPMUMbBIM YXKe BO
MHOTIUX NPAKTUYECKMUX NPUNOKEHMAX HaBurauum [1,2].

Moatomy BO BCEM MWpPe aKTMBHO BeAyTCcA MCCNeAoBaHMUA,
HanpaBAEHHble Ha MOBbIWEHME YCTOMUYMBOCTU N HAAEMKHOCTU peLleHun
HaBUraumoHHom 3apaum [3-5]. Jlngepom 3TOro npouecca sBAAETCS
AreHTCTBO MepCcneKkTUBHbIX OOOPOHHbIX MCCNeAOoBaTENbCKUX MPOEKTOB
CLLUA (DARPA) [6-9]. XOTA NpaKTUYECKN BCE TEXHONOTMYECKU pa3BuUTbie
cTpaHbl (BKAtoYaa KuTtait) akTMBHO paboTatoT B 3TOM HanpaBAeHUN.

OAHUM M3 ecTeCTBEHHbIX HanpaBAeHUN TAaKOro poda UCCiea0BaHNM
ABNAETCA  WCMNONb30BaHWE  TMPOBEPEHHbIX  BPEMEHEM,  XOPOLIO
anpobMPOBaHHbIX KNACCMYECKMX MEeToA0B HaBuraumm no 3Be3gam WU
Tenam CONHEYHOM CUCTEMBI C MPUMEHEHUEM COBPEMEHHOM TEXHUKMU
0b6paboTKKn 1 aHanm3a nlobpaxkerHun [10,11].

Mpn 3TOM Hambonee BaKHbIM W OTBETCTBEHHbIM 3Tanom, B
Hanbonblien CTeNneHn BANAKOLWMM Ha TOYHOCTb PELIEHNA HaBUTALMOHHOMN
3a4a4uM, ABNAETCA onpefeneHne HanpaBAeHUA MEeCTHOW BEepPTUKANW.
Knaccmyeckmm  cnocobom  onpepeneHnAa  HanNpaBAEHUA  MECTHOWM
BEPTUKA/NIN ABASIETCA BU3MPOBAHME /IMHUM TOPU3OHTA. Bcneacteue
Hannuma Ha 3emne aTmocdepbl, B KOTOPOM NPOMUCXOAUT PacCeEMBAHME U
NOrNOWEHME ONTUYECKOTO WM3/lyYEHMA, a TaKKe MPUCYTCTBMUA Bapuauui
TemMnepaTypbl, AABNEHUA M BAAKHOCTU, MOPONKAAOWMX HEpaCYETHYH
pedpakLUnIo, UMEIOTCA OLMOKM pacyeTa MECTHOW BEPTUKAIN. ITU OWNOKK
ObICTPO pacTyT C YyBE/IMYEHMEM BbICOTbI M HA BbICOTAX MoseTa
6ecnUNoTHbIX NeTaTeNbHbIX annapaToB MOFYT CYLLECTBEHHO MpPeBbIWaTb
OWWNOKM Ha YpOBHE MOpA.

PaHee Hamu 6binM npoBegeHbl pacyeTbl NpoduNA APKOCTU B
pailoHe /IMHUM TOpPU3OHTA ANA BUAMMOINO U  UHGPpPaAKpPacHOro
AnanasoHoB cneKtpa [12]. [OaHHaa pa6bora Hayata pgaA
3KCMEPUMEHTAZIbHOU MNPOBEPKU 3ITUX pacyeToB nNpu HabawogeHuu
ropmn3oHTa € BbicOoTbl 370 M Hag, ypOoBHEM MOPA.



[ns HabnaeHNA KOHTPACTHOCTU rpaHMLbl aTMochepa-mope B BUANMOM
N uHPpPaKpacHOM JAmanasoHax W3roToB/leHa Kamepa, MMmelollas /ABa
COOTBETCTBYHOLMX KaHana.

1 — onTnyeckni KaHan; 2 — UHPpPaAKPACHbIN KaHan; 3 — pa3bem NUTaHUA.



ONTUYECKUM KaHan C nonem 3peHunsa AMamMeTpoM OKono 17° copepKut
obbektne Helios-44-2 (F=58 mm 1:2), co3patowmit n3obparkeHme Ha
3NEeKTPOHHO-oNTHUYeCcKom npeobpasosatene (30M) 3IMM223r-12-14AP
npounssoactBa 3A0 "IkpaH PIM", n ontnyeckyto matpuuy 3280 x 2464
nukcenen (Sony IMX219 Exmor), Ha KOTOpOM cTpouTcs n3obparkeHue
NIOMUHECUEHTHOro 3KpaHa 2J0MM. T[lepes 06beKTMBOM YCTAHOB/EH
ceeTodunbTp (B HacTosllee BpemMs BbINOJHEHHbIN M3 cTtekna KC11l wm
OrpaHMuYMBalOWNIM CMEKTPanbHYO 061acTb NMPUHUMAEMOrO U3/1y4YeHUS
BO/IHAMM A/INHHee 620 HMm).

4 — cBeTOPMAbTP; 5 — 06bEKTUB; 6 — ONTUYEecKaa maTpuua; 7 — d0I.



MHbpaKpacHbI  KaHan coaeput npuemHuk HTPA32x32dL2.1/0.8
(dupmbl Heimann Sensor) mmerowmin TepmonapHyo matpuuy ¢ 32x32
3N1eMeHTaMN W TepMaHMEBYIO J/IMH3Y, KoTopble obecneymsatoT none
3peHnAa nHppaKpacHoro KaHana 90°x90°.

CneundurKauna TEPMO3/IEKTPUYECKON MATPULLbI:

Technology n-poly/p-poly SiElement Resistance approx. 300 kOhms
Sensitivity approx. 450 V/W without optics and filter

Thermal pixel time constant <4 ms

Digital Interface IIC

Analog Output No

selectable Clock 1 to 13 MHz

EEPROM size 64 kBit

Pitch 90 um

Absorber size 77 um

Max. Framerate 60 Hz

(complete frame with maximum IIC and sensor clock speed and reduced
ADC resolution)

1024 sensitive elements

OnTtnyeckaa cneundukauma MK-npuemHuka:

Focal length: 2.1 mm (“L” equals the focal length of the lens)
F-Number: 0.8

Field of view: 90 x 90 deg

Lens coating: AR-Coating; average reflectance per surface

< 3% for 8um <A< 11.5 um

Environment acc. for MIL-C-48497



YnpaBneHne Kamepon OCYyLLLECTBAAETCA MUKPOKOMMboTepom Raspberry u
moaynem Ke-USB24R (KernelChip). cnonb3yetcs onepaunmoHHan cMctema
Linux ¢ nporpammoin ynpasneHua Ha A3blke Python. CBa3b ¢
MWUKPOKOMMbIOTEPOM OCYLLECTBAAETCA YyAaneHHo no 6ecnpoBogHOMy
KaHany WiFi ¢ BO3MOXHOCTbIO nogkntodeHna K cetn Internet. Mpu atom
peannsyetca AUCTAaHUMOHHOE yrnpaB/ieHMe KamMepoum U aBTOMATMYEeCKan
3anucb MHPOPMaLMM Ha BHELLHMIN CepBEpP A1A NOC/eAYOLLEero aHanmsa.

Iy

2- MHpaKpaCHblﬁKaHan; 6 — onTnyeckaa maTtpuua; 8 — moaynb Ke-
USB24R; 9 — nnata nutanua 30I1; 10 — mmkpoKomnbtoTep Raspberry.



B npouecce npoBepKn 1 TeCTUPOBAHUA Kamepbl bl N NONYYEHbI
n3obparkeHua JlyHbl n BeHepbl ¢ pasHbimn ycuneHnamm 30T,

JlyHa n BeHepa.
Yrnosoe pacctoaHum mexay Humm 6.5°, akcnosumuyma 0.26 c.




K coxaneHuto, B CBA3N C 3INMAEMWNOSIOTMYECKOMN CUTyaLMEN, YCTAHOBKY
Kamepbl 418 CbEMKN MOPCKOro ropn3oHTa NpULIAOCL NepeHecTtn Ha 2021
rog,.

MepBoHa4anbHO paboTa nogaepkmeanacb rpaHTom PODOU 12-08-00863-a
(OueHKa BO3MOXKHOCTEM WCNONb30BaHMA UMPPOBbLIX KapT npoduns
NOBEPXHOCTM B  MOHOKYJIAPHbLIX CUCTEMAX TEXHMYECKOro 3peHwuA
ontnyeckoro n WK-gnanasoHoB ANA pelweHuMAa 33a4ay4 HasBuraumMm wu
OpMEHTALMMN NeTaTeNbHbIX annapaTos).

Jlutepartypa:

[1] "lIran—U.S. RQ-170 incident has defense industry saying 'never again' to
unmanned vehicle hacking". URL:
https://www.militaryaerospace.com/computers/article/16715072/iranus-
rql70-incident-has-defense-industry-saying-never-again-to-unmanned-
vehicle-hacking

[2] "GPS jamming is a growing threat to satellite navigation, positioning,
and precision timing". URL:
https://www.militaryaerospace.com/unmanned/article/16714759/gps-
[amming-is-a-growing-threat-to-satellite-navigation-positioning-and-
precision-timing

[3] "LORAN compromise to allow further DOD jamming of GPS". URL:
https://www.militaryaerospace.com/home/article/16705944/loran-
compromise-to-allow-further-dod-jamming-of-gps

[4] "Air Force combat aircraft face a growing need for GPS and PNT
security to protect targeting and networking". URL:
https://www.militaryaerospace.com/sensors/article/14184710/pnt-gps-
security

[5] "Three companies set sights on precision navigation that works
independently of GPS". URL: https://www.militaryaerospace.com/rf-
analog/article/16713981/three-companies-set-sights-on-precision-
navigation-that-works-independently-of-gps



https://www.militaryaerospace.com/rf-analog/article/16713981/three-companies-set-sights-on-precision-navigation-that-works-independently-of-gps
https://www.militaryaerospace.com/rf-analog/article/16713981/three-companies-set-sights-on-precision-navigation-that-works-independently-of-gps
https://www.militaryaerospace.com/rf-analog/article/16713981/three-companies-set-sights-on-precision-navigation-that-works-independently-of-gps
https://www.militaryaerospace.com/sensors/article/14184710/pnt-gps-security
https://www.militaryaerospace.com/sensors/article/14184710/pnt-gps-security
https://www.militaryaerospace.com/home/article/16705944/loran-compromise-to-allow-further-dod-jamming-of-gps
https://www.militaryaerospace.com/home/article/16705944/loran-compromise-to-allow-further-dod-jamming-of-gps
https://www.militaryaerospace.com/unmanned/article/16714759/gps-jamming-is-a-growing-threat-to-satellite-navigation-positioning-and-precision-timing
https://www.militaryaerospace.com/unmanned/article/16714759/gps-jamming-is-a-growing-threat-to-satellite-navigation-positioning-and-precision-timing
https://www.militaryaerospace.com/unmanned/article/16714759/gps-jamming-is-a-growing-threat-to-satellite-navigation-positioning-and-precision-timing
https://www.militaryaerospace.com/computers/article/16715072/iranus-rq170-incident-has-defense-industry-saying-never-again-to-unmanned-vehicle-hacking
https://www.militaryaerospace.com/computers/article/16715072/iranus-rq170-incident-has-defense-industry-saying-never-again-to-unmanned-vehicle-hacking
https://www.militaryaerospace.com/computers/article/16715072/iranus-rq170-incident-has-defense-industry-saying-never-again-to-unmanned-vehicle-hacking

[6] "DARPA takes another look at precise positioning without GPS in
upcoming STOIC program". URL:
https://www.militaryaerospace.com/unmanned/article/16718988/darpa-
takes-another-look-at-precise-positioning-without-gps-in-upcoming-stoic-
program

[7] "DARPA asks industry for ideas on augmenting inertial navigation with
non-GPS technologies". URL:
https://www.militaryaerospace.com/communications/article/16718921/d

arpa-asks-industry-for-ideas-on-augmenting-inertial-navigation-with-
nongps-technologies

[8] "DARPA eyes inertial navigation technology for GPS-denied
environments". URL: https://www.militaryaerospace.com/defense-
executive/article/16721823/darpa-eyes-inertial-navigation-technology-
for-gpsdenied-environments

[9] "DARPA eyes photonic integrated circuits for non-GPS position,
navigation, and timing (PNT)". URL:
https://www.militaryaerospace.com/computers/article/16726508/darpa-
eyes-photonic-integrated-circuits-for-nongps-position-navigation-and-
timing-pnt

[10] "Optical Celestial Navigation". URL:
http://www.opci.com/technologies/optical-celestial-navigation/

[11] "Optimal attitude and position determination by integration of INS,
star tracker, and horizon sensor". URL:
https://ieeexplore.ieee.org/document/6819121

[12] Macnos U.A., TpuwinH B.A. Bbibop oNTMMaNbHOMO CNEKTPaNbHOro
AnanasoHa Ans HabntoaeHusa ropnsoHTa 3eman // TexHMyecKkoe 3peHme.
2013. Ne 1. C. 2-4. URL:
http://magazine.technicalvision.ru/public_ftp/issue 1(1)/
%D0%A2%D0%B5%D1%85.%D0%B7%D1%80%D0%B5%D0%BD
%D0%B8%D0%B5_1.pdf



http://magazine.technicalvision.ru/public_ftp/issue_1(1)/%D0%A2%D0%B5%D1%85.%D0%B7%D1%80%D0%B5%D0%BD%D0%B8%D0%B5_1.pdf
http://magazine.technicalvision.ru/public_ftp/issue_1(1)/%D0%A2%D0%B5%D1%85.%D0%B7%D1%80%D0%B5%D0%BD%D0%B8%D0%B5_1.pdf
http://magazine.technicalvision.ru/public_ftp/issue_1(1)/%D0%A2%D0%B5%D1%85.%D0%B7%D1%80%D0%B5%D0%BD%D0%B8%D0%B5_1.pdf
https://ieeexplore.ieee.org/document/6819121
http://www.opci.com/technologies/optical-celestial-navigation/
https://www.militaryaerospace.com/computers/article/16726508/darpa-eyes-photonic-integrated-circuits-for-nongps-position-navigation-and-timing-pnt
https://www.militaryaerospace.com/computers/article/16726508/darpa-eyes-photonic-integrated-circuits-for-nongps-position-navigation-and-timing-pnt
https://www.militaryaerospace.com/computers/article/16726508/darpa-eyes-photonic-integrated-circuits-for-nongps-position-navigation-and-timing-pnt
https://www.militaryaerospace.com/defense-executive/article/16721823/darpa-eyes-inertial-navigation-technology-for-gpsdenied-environments
https://www.militaryaerospace.com/defense-executive/article/16721823/darpa-eyes-inertial-navigation-technology-for-gpsdenied-environments
https://www.militaryaerospace.com/defense-executive/article/16721823/darpa-eyes-inertial-navigation-technology-for-gpsdenied-environments
https://www.militaryaerospace.com/communications/article/16718921/darpa-asks-industry-for-ideas-on-augmenting-inertial-navigation-with-nongps-technologies
https://www.militaryaerospace.com/communications/article/16718921/darpa-asks-industry-for-ideas-on-augmenting-inertial-navigation-with-nongps-technologies
https://www.militaryaerospace.com/communications/article/16718921/darpa-asks-industry-for-ideas-on-augmenting-inertial-navigation-with-nongps-technologies
https://www.militaryaerospace.com/unmanned/article/16718988/darpa-takes-another-look-at-precise-positioning-without-gps-in-upcoming-stoic-program
https://www.militaryaerospace.com/unmanned/article/16718988/darpa-takes-another-look-at-precise-positioning-without-gps-in-upcoming-stoic-program
https://www.militaryaerospace.com/unmanned/article/16718988/darpa-takes-another-look-at-precise-positioning-without-gps-in-upcoming-stoic-program

