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MY/bTUCNEKTPAJ/IbHAA
CUCTEMA JOCMOTPA
B UK- UTTu-AUANMA30HAX

B.B.Cmapues, B.K.ITonos, A.B.Haymos,
AO "OKB ACTPOH";
000 "Unppakpucmana”, Mock.o6a., JIbimrapuro

Oco3HaHM1e CyLL,ecTBOBaHUS TEPPOPUCTUYECKOMN
Yyrposbl B OTHOLEHUMN 06bEKTOB 0CO6011 BaXXHOCTH
BbIABMHY/10 33434y o6ecneyeHms 3ITUX 06beKTOB
COBpPEMEeHHbIMUW CpeACcTBaMM 3aLmnTbl. OnucaH
MY/IbTUCNEKTPaJIbHbIN KOMIJIEKC O6HapyXXeHUs
CKPbITHO MPOHOCUMbIX NpeAMeTOB B UHPpaKpacHOM
n TeparepueBomMm guanasoHax 3/1IeKTpOMarHUTHbIX
BOJIH, NpUBeAEeHbl €10 OCHOBHbIE TEXHUYECKUe

M KOHCTPYKTUBHbIE XapaKTepUCTUKW.

067aal0T pa3sIMYHBIM IIOIJIOIIEHHEM B Tepa-

repleBOM JHala3oHe, 4YTo obecrne4ynBaer
HeoOXOOUMYI0 KOHTPACTHOCTh H300paskeHHI. Pas-
paboTaHHBIN KOMIUIEKC IpefHa3HadeH A obHapy-
SKeHHUSI 3aIpelleHHBIX OPraHHYecKHX, MeTaJlIhue-
CKHX U IIOJIMMEPHBIX BEIlleCTB IIPH CKPLITOM ITPOHOCE
B 3/IeMEeHTax OJeXJbl, B TeparepleBoM AHAIla30He
PaZHOBONTH U KOMOMHHPOBAHHOM BHJE B BUAHMOM,
MHOPAaKpPACHOM, TeparepLeBOM [Hama3oHax. Kpat-
KU 00630p Pa3sBUTHS TeXHOJIOTMH HH(PAKPACHOIO
IeTeKTUPOBAHMUS paHee ObLI IIPeICTABIEH B KypHaIe
"®oroHuka" (cM. PoToHHKa, 2017, Ne 3, "MyIbTHCIIEK-
TPJIBHBIN MOAY/Tb OOHApyskKeHHSI K aHaIH3a YIpo3
IJIS. OXPaHBl IIPOTSIKEHHBIX 00BeKTOB Ha 6ase HK-
U Bupgeo cucrteMm'). B kommanum AO "OKB Actpon"
pa3paboTaH M CO3maH TeparepleBBIH KOMIITIEKC
obHapyskeHHs 3allpellleHHBIX IIPeIMEeTOB. B cTaThe
OIMCAaHBl Ha3Ha4YeHHe U 06/71acTh NpHMeHEeHHUS! KOM-
IIJIeKCa, ero OCHOBHbIe TeXHHUYeCKHe M KOHCTPYKTHB-
HBle XapaKTepUCTUKHU.

P A3TUYHBIe MAaTEPHAJIbI U OHOTOrUUecKue TKAaHU

TEPATEPLUEBOE U3JTYMEHUE

JuanasoH d4acToT TeparepueBoro (ITwL) wu3nyde-
HHS 3aHMMaeT IIPOMEeXKYTOYHOe IIOJIOKeHHEe MEeXAY
nHdpakpacHor (MK) 1 MHUKPOBOIHOBOM 00/MaCcTIMU
37IeKTPOMarHUTHOro crekTpa (puc.l). YCIoBHO rpaHU-
maMu TT-mpara3oHa CYHUTATCS 4YacTtoThl 0,02 TTig
1 10,00 TT11 [1]. 9TOT YacTOTHBIN MHTepBaJI 3aHUMaeT
YacTh 3/IeKTPOMArHUTHOIO CIIeKTpa MexXAy HHOpa-
KpacHBIM (MK) ¥ MHKPOBOTHOBBHIM [JHAIIa30HAMH,
II03TOMY €ro 4acTO TaKyke Ha3bIBaIOT JanbHUM HK-
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IR AND THZ-RANGES
MULTISPECTRAL SCREENING
SYSTEM

V.V.Startsev, V.K.Popov, A.V.Naumov,
JSC"OKB ASTRON",
LLC "Infrakristall", Moscow Region, Lytkarino

Awareness of the existence of terrorist threats
against the facilities of particularimportance

has placed a priority on the task of providing

these facilities with modern means of protection.

A multispectral complex for detecting concealed
objects in the infrared and terahertz ranges of
electromagnetic waves is described, as well as its
main technical and design characteristics are given.

ifferent materials and biological tissues
D have different absorption in the terahertz

range, which provides the necessary con-
trast of images. The developed complex is designed
to detect forbidden organic, metallic and poly-
meric substances with concealed carrying in
clothing elements, in the terahertz range of radio
waves and in a combined form in the visible,
infrared, and terahertz ranges. A brief review of
the development of infrared detection technology
was previously presented in the journal "Photon-
ics" (see Photonics, 2017, No. 3, "IR and video sys-
tem based multispectral module of detection and
analysis of threats for the protection of extended
objects"). A terahertz complex for detecting forbid-
den items has been developed and created by JSC
"OKB Astron". This article describes the purpose
and scope of the complex, its main technical and
design characteristics.

TERAHERTZ RADIATION

The frequency range of terahertz (THz) radiation
ranks an intermediate position between the infra-
red (IR) and microwave regions of the electromag-
netic spectrum (Fig. 1). Conditionally, the limits
of the THz range are the frequencies from 0.02 THz
to 10.00 THz [1]. This frequency interval occupies a
part of the electromagnetic spectrum between the
infrared (IR) and microwave ranges, so it is often
also called the far IR or submillimeter range. The
spectra of complex organic molecules (molecules
of proteins and DNA, explosives, etc.) lie in the
terahertz range.

DOI:10.22184/1993-7296.2017.66.6.98.112



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
Il OPTOELECTRONIC DEVICES AND SYSTEMS
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

i1

[NViHa BOJHbI, M

Puc.1. DnexmpomazHumHbil cnekmp
Fig. 1. Electromagnetic spectrum
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BuanmbIn avanasoH

MM CYyOMIUIMMETPOBBIM JUAIIa30HOM. B Teparepiie-
BOM [Halla3oHe JieXKaT CIeKTPHI CJIOKHBIX OpraHuye-
CKHX MOJIeKYJI (MoreKybl 6enkoB 1 [JHK, B3pbIBUATBIX
BEIeCTB U JP.).

TeparepueBoe H3/ly4yeHHe SBJISETCS HEHOHH3UPY-
IOIIKMM, B OTJIMYHEe OT PEHTTeHOBCKOIO H3j1y4yeHUs.
Buonornyeckye TKaHU 00/1aAI0T PA3IUYHBIM II0ITIO-
IIeHHeM B JAaHHOM JHalla3oHe, 4YTO II03BO/IseT obe-
CIIeYUTh KOHTPACTHOCThL CHHMMKOB. Ilo cpaBHeHHIO
C BUAUMBIM U K- H3/1ydyeHHeM TeparepleBoe H3Jy-
YeHHe MeHee IIO[Bep;KeHO paccesHHUIo. B pesyibraTe
B 3TOM JMalla30He [IPO3payHbl MHOTHE CyXHe JU3JIeK-
TpHUUYeCcKHe MaTepHasbl, TakKHe KaK TKaHHU, [epeBo,
bymara, mmacTmaccel. [103TOMy TepareprieBoe H37y-
YeHHe MOKHO MCIIONBb30BaTh /IS Hepa3pylIalolero
KOHTPOJISI MaTepHaJIoB, CKAHHPOBAHHS B a3pOIIOp-
Tax U IIPOYHX KOHTPOITHPYeMBIX CIykb6ax. B To ke
BpeMs [JIMHA BOJHBI H3/Iy4YeHHS NOCTATOYHO Maja,
4TOOBl 06ecredyuTh CYOMHKPOHHOE IIPOCTPAHCTBEH-
HOe pa3pellleHHe TP HUCII0JIb30BAHKUM CBOOOIHO pac-
IIPOCTPAHSAIOIIET0CH H3y4eHUs. MOJIeKy/abl pa3inyd-
HBIX BellleCTB UMEIOT CBOM YHUKaJIbHbIe pe30HaHCHEIe
JIMHUHK B TeparepLeBOM CIIeKTpe, KOTOpble MOSKHO
WCIIONIB30BATh IJISI TOYHOM HIAEHTUPUKALIMH. DTO
[I03BOJISIeT IIPOBOAUTL HIOCHTHPHUKALIMIO MOJIEKYII
[0 UX CIIeKTPaJbHBIM 'OTIIedyaTkaMm'. B coueTtaHumu
C IonydeHHeM H300paskeHHS B TeparepleBoM AHa-
[1a30He 3TO II03BOJISIeT OIIPe/e/INTh He TOJIbKO GOopMYy,
HO U COCTaB HUCC/IelyeMOoro obbeKTa.

TepareplieBoe H3jIy4deHHe MOXKeT ObITh IeTeKTH-
POBAaHO BO BpeMeHHOM o0macTH, T.e. MOXeT OBITH
M3MepeHa KaK aMIUIMTyAa, TaK U dasa 3JIeKTpo-
MarHMTHOTO II0JIs. DTO II03BOJIsIeT HAIIPAMYIO H3Me-
PSITh BHOCUMBIHM HCC/IefyeMbIM 00BeKTOM CABHUT a3,
a 3HAYMUT I103BOJISIET HCC/IEeOBATh OBICTPONpOTEKA-
Iolpe Iporeccel. OcoO6eHHOCTb TeparepLeBoro aHa-
JIM3a 3aK/II0YaeTcs B TOM, YTO OH 06/aZaeT BO3MOXK-
HOCTbBIO O HOBP@MEeHHO HU3MepATh aMILIMTYAY U pasy
BOJIHBI. B OOBIYHBIX CIIEKTPOCKOIIAX, HCIIONB3YeMBIX
CIy>k6aMU KOHTPOJISI CKPBITHO ITPOHOCHMBIX ITPef-

Terahertz radiation is non-ionizing, in contrast
to X-ray radiation. Different biological tissues
have different absorption in this range, which
allows for the contrast of the images. Compared
with visible and IR radiation, terahertz radiation
is less susceptible to scattering. As a result, many
dry dielectric materials, such as textiles, wood,
paper, plastics, are transparent in this range.
Therefore terahertz radiation can be used for non-
destructive material control, scanning at airports
and other controlled services. Furthermore, the
wavelength of the radiation is sufficiently small
to provide submicron spatial resolution when
using freely propagating radiation. Molecules of
different substances have their own unique reso-
nance lines in the terahertz spectrum, which can
be used for accurate identification. This makes it
possible to identify the molecules by their spec-
tral "imprints". In combination with obtaining an
image in the terahertz range, this makes it pos-
sible to determine not only the shape, but also the
composition of the object under study.

Terahertz radiation can be detected in the time
domain, i.e., it can be measured as the ampli-
tude and phase of the electromagnetic field. This
makes it possible to directly measure the phase
shift introduced by the object under investigation,
and therefore allows one to investigate fast pro-
cesses. The peculiarity of terahertz analysis is that
it has the ability to simultaneously measure the
amplitude and phase of a wave. In conventional
spectroscopes used by the services of control of
concealed items, only the intensity of radiation at
certain frequencies is measured. Terahertz experi-
ments often include measurements of the tempo-
ral characteristics of the electromagnetic field of
terahertz pulses that interacted with the sample
(i.e., reflected or passed through). The Fourier
transform applied to these time domain data pro-
vides information on the phase and amplitude of
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METOB, U3MepSIIOT TOJIbKO MHTEHCHBHOCTD U3/1y4YeHHUsI
Ha OIlpeJie/IeHHBIX YacToTax. TepareprieBble 3KCIIEPH-
MEHTBI YaCTO BK/IIOYAIOT B cebsi M3MepeHHs BpeMeH-
HBIX XapaKTePUCTHUK 3TeKTPOMArHUTHOIO IOJS Tepa-
repleBbIX UMIIY/IbCOB, KOTOPBlEe B3aMMOJIEHCTBOBAIH
c obpasuoMm (T.e. OTPA3HJIMCh WM IPOLLIN 4epe3
Hero). [Ipeobpa3oBaHue Oypbe, IPHMeHEHHOE K STUM
OAHHBIM BpeMeHHOM o006/1acTH, II03BOJISIeT IIONY-
YUTh MHPOPMALIMIO O dase U aMIUIMTYIe HMITY/IbCa,
a Takke MHOXKECTBO JIOIIOTHUTENbHON HHGOPMALIUU
06 obpaslie, ¢ KOTOPHIM B3aUMOZEHCTBOBAJ Teparep-
LIeBbIF UMITYJIbC [2-4].

NCTOPUA N COBPEMEHHOE COCTOAHUE
PA3PABOTOK

IlepBble 3KCIIEPUMEHTBI, CBSI3AHHBIE C JETeKTHpPOBa-
HyeM TI1-u3ny4veHUs, IPOBOIHIIKCE elre B 1897 rogy
XenpukoMm Pybencom u ®oxcom Hukonacom [5]. Torma
OHHM pellaJid 3aJadyy OIpefe/ieHUs CIIeKTPaJbHOIo
COCTaBa HU3/Iy4eHUs abCOMIOTHO YePHOTOo Teja C IIOMO-
119:3:0) 6on0MeTpa. Hamuoro mosgHee, B 1975 rony,
AycToH [6] pa3paboran reHeparop UMIynIbCcHOro TIm-
H3JIy4eHHs, [IOCTPOeHHBIN Ha OCHOBe QOTOIePeKIIIO-
yaTenss - QOTONPOBOASINEN aHTEHHBI, Bo3Oysknae-
MOH (GeMTOCeKyHAHBIMHU Ja3epHBIMH HMITyJIbCaMU
OIITHYEeCKOro auamnai3oHa. Co3maHue B 80-X romax
MOIIHBIX MMIIYJIBCHBIX J1a3epPoB, B YAaCTHOCTH, dem-
TOCeKYH/IHBIX, T.e. FeHepPUPYIOLIMX MMIIYIbChl IJIH-
TEJIBHOCTBIO mopsiaKa 100 dc (1 dc = 107 ¢), oTKpbLIO
IyTh A/ Pa3paboTKU KOMIIAKTHBIX HCTOYHHKOB
TepareplLeBOro H3JIy4eHHsI, OCHOBAHHBIX Ha B3aM-
MOZIEHMCTBUH JIa3€PHOI0 H3/Ay4eHHSI C BeIIeCTBOM.
BBISICHMIJIOCh, YTO TepareplieBoe H3jyYeHHe MOKHO
IIOYYUTh 32 C4YeT HeJIMHEeHMHOro Ipeobpa3oBaHHUS
BBICOKOMHTEHCHBHOI'O JIa3€pHOIO M3JIy4YeHUs B KpPH-
cTannax (reHepalus Pa3HOCTHOM YacTOTHI), a TaKXe
3a CYeT HeKOTOPBIX TMHENHBIX 3QPeKTOB, TaKUX KaK
MHAyLUHMPOBaHHAS JIa3ePHBIM HUMITYJILCOM TeHepalius
HOCHTesIeH B IIOYIIPOBOOHHKAX.

B KoHIle 80-X rofOB CBEpIIMJICS IIPOPHIB B Tepa-
repLEeBbIX HCCIeJOBAHUAX: OB BIIEPBBHIE IIPOLEMOH-
CTPUPOBaH MeTOJ, TepareplieBON CIIeKTPOCKOIIHU
Bo BpeMeHHoM obnactu (Terahertz Time-Domain
Spectroscopy, THz TDS). 9TOT MeToJ, OCHOBAaH Ha reHe-
panMu M AeTeKTUPOBAHHUM KOI@PeHTHOIO Teparep-
LIeBOr0 M3/1y4YeHHsl C IIOMOIbI0 KMMIIYIbCOB OLHOIO
U TOI'O JKe Jla3epa. B oTiiM4uMe OT APYTUX METOMNOB, IAe
M3MepsIeTCsI TOJIbKO Orubalomasi MMITy/Ibca HJIM MOLI-
HOCTb H3J/IyYeHMs, TeparepleBasi CIIeKTPOCKOIIUS BO
BpeMeHHOH 0671aCTH I03BOJISIET C BHICOKKMM pa3pelle-
HHMEeM HeIIOCPe[ACTBeHHO AeTeKTHUPOBATh dIeKTpHYe-
CKoe II0JIe TeparepLeBoro MMIIY/IbCA, IJIHUTEeIbHOCTh
KOTOpOro - Bcero mopsaka 1 mc (1072 ¢). Hemocpen-
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the pulse, as well as a variety of additional infor-
mation about the sample with which the terahertz
pulse has interacted [2-4].

HISTORY AND STATE OF THE ART
DEVELOPMENTS

The first experiments related to the detection
of THz radiation were carried out back in 1897 by
Henrik Rubens and Fox Nicholas [5]. At that time
they have been solving the problem of determin-
ing the spectral composition of the radiation of
an absolute black body using a bolometer. Much
later, in 1975, Auston [6] developed a generator
of pulsed THz radiation, built on the basis of a
photo-switch: a photoconductive antenna excited
by femtosecond laser pulses of the optical range.
The creation of powerful pulsed lasers, in par-
ticular, femtosecond lasers generating pulses of
duration about 100 fs (1 fs = 107> s) in the 80’s
opened the way for the creation of compact sources
of terahertz radiation, based on the interaction
of laser radiation with the substance. It was
found that terahertz radiation can be obtained
through the nonlinear conversion of high-inten-
sity laser radiation in crystals (generation of a dif-
ference frequency), and also due to certain linear
effects, such as laser-induced carrier generation
in semiconductors.

At the end of the 1980s, a breakthrough in tera-
hertz studies occurred: Terahertz Time-Domain
Spectroscopy (THz TDS) method was demonstrated
for the first time. This method is based on the
generation and detection of coherent terahertz
radiation using pulses from the same laser. Unlike
other methods, where only the pulse envelope or
the radiation power is measured, terahertz time-
domain spectroscopy allows for the direct detec-
tion of the electric field of a terahertz pulse with
a high resolution, the duration of which is only
about 1 ps (1072 5). Direct measurement of the elec-
tric field makes it possible to extract information
on the phase shift of the terahertz field when it
interacts with the object, and thus offers opportu-
nities for studying ultrafast processes (occurring
over a fraction of picoseconds).

The development of laser technology, the cre-
ation of installations capable of generating stable
and powerful ultrashort laser optical pulses, has led
to the further development of THz spectroscopy [7,
8]. The first studies in this field were conducted by
Martin Nuss et al. at the Bell Labs in the early 1990s.
Historically, the first leader in terahertz studies
was the research team from the Rensselaer Poly-
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CTBEHHOEe H3MepeHHe 3JIeKTPHUUeCKOro II0/ls II03BO-
7sieT u3BieYb HHGOPMALIHIO 0 caBUre da3bl Teparep-
LIeBOTO IIOJISI IIPHU €0 B3aHMMOJENCTBUH C 0OBEKTOM,
a 3HAYMUT, OTKPHIBAeT BO3MOXKHOCTH MJISI MCCIe[0Ba-
HUS CBePXObICTPHIX (IPOUCXOASAIIUX 32 JOTH ITHKOCe-
KYH/I) IIPOLIeCCOB.

Pa3sBUTHe Ja3epHOM TeXHUKH, CO3[aHHe YCTa-
HOBOK, CIIOCOOHBIX TeHEepHUPOBaTh CTAOHIIbHBIE
M MOIIHBIe yIbTPAaKOPOTKHeE JIa3epHble OIITHYeCKHe
MMIIY/IBCHI, IIPHBEJIO K JAJIbHeHIeMy pa3BUTHIO Tl
criekTpockonuu [7, 8]. IlepBele HMCC/IeOBAHUS B 3TOH
cdepe mpoBenu MapTuH Hycc U ero Koyuiery B 1abopa-
Topusix Bell Labs B Hauase 1990-x romoB. HcTopuiecky
IIePBBIM JIMJEPOM B TeparepLieBbIX HCCIeJOBAHUSIX
CTaja MCCIeoBaTesbCKas CPyIlla U3 PeHcellepos-
CKOT'O TIOJIUTeXHUYEeCKOT0 MHCTUTYTA BO IVIaBe C JIOK-
TopoM CH4YeH YKaHb. PeHCeIepOBCKHM IIONTHUTEX-
HUYEeCKUH HMHCTUTYT OJHHM H3 IepBbIX OTKPBLI
OTHeNBbHYI0 J1abopaTopHio, KOTOpas 3aHHMaeTcs
TOJIBKO TeparepLieBbIMU HCCIeIOBaHUSIMHU. Ha KoH-
depenumu CLEO (Conference on Lasers and Electro-
Optics) B 2005 rogy CuyeH YsKaHb U ero KOJIIETH
cllenany JOKJIAJ O IIepBbIX pe3y/IbTaTax IPUMeHeHHUs
TepareplLieBbIX BOJH [JIs BbISIBIEHHUS B3PbIBUATHIX
BeIlleCTB U 6HOIOTMYecKOro opyskusi. HcIone3ys Tepa-
repueBoe u3ay4yeHue Ha yactoTe 0,3 TT1r, oHU cymenu
OUCTAHLIMOHHO UAeHTUGUIIMPOBATh 0Opa3Ipl MyKH,
COJIM, COABL U CIIOp DAKTEPHI.

Komnanus TeraView, Kembpumx (AHIIHS),
BBIIENIM/IACh M3 HCCIeNOBaTeNbCKON J1abopaTopuu
Toshiba B Hauane 2001 roma. CorpynHuku TeraView
IIeEPBBIMU IIPOBENIH PsiJi SKCIIEPUMEHTOB I10 MHOIO-
CJIOMHOMY CKAaHHPOBAHUIO II0JYIIPOBOLHUKOBBIX
MHKPOCXeM, YTO Yy>Ke OTKPBIBAJIO Ilepell HOBOM Tex-
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technic Institute, headed by Dr. Xi-Cheng Zhang.
The Rensselaer Polytechnic Institute was one of the
first to open a separate laboratory, which only deals
with terahertz research. At CLEO (Conference on
Lasers and Electro-Optics) in 2005, Xi-Cheng Zhang
et al. made a report on the first results of using
terahertz waves to detect explosives and biological
weapons. Using terahertz radiation at a frequency
of 0.3 THz, they were able to remotely identify sam-
ples of flour, salt, soda and bacteria spores.

TeraView, Cambridge (England), separated from
the Toshiba research laboratory in early 2001. Tera-
View researches were the first to conduct a series
of experiments on multi-layer scanning of semi-
conductor chips, which has already offered oppor-
tunities of practical use of the new technology in
non-destructive testing.

StarTiger research group (Space Technology
Advancements by Resourceful, Targeted and Inno-
vative Groups of Experts and Researchers) was
founded in 2002 by the European Space Agency
based on the Rutherford and Appleton lab (Eng-
land, Oxford). StarTiger Group has obtained the
world’s first terahertz photo of a human hand. The
sensor developed by StarTiger Group uses terahertz
radiation of 2 frequency bands: 0.25 and 0.30 THz.
Thus, an image is obtained in two spectra and a
contrast is created between the materials with
different transmittance and reflection parameters
in different spectra. The main advantage of this
sensor is due to the fact that it does not emit elec-
tromagnetic waves. This is a passive camera of
the terahertz range emitted by almost all objects,
both biological and non-living ones.
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HOJIOTHell IIePCIeKTUBBl IIPaKTHYeCKOro MCII0/Ib30Ba-
HH S B 1ePeKTOCKOIIHH.

HccnepgoBaTenbckast rpymma StarTiger (Space
Technology Advancements by Resourceful, Targeted
and Innovative Groups of Experts and Researchers)
6p11a ocHOBaHa B 2002 rogy EBpomercKMM KoCMHYe-
CKHM areHTCTBOM Ha 6a3e ymabopatopuu Pesepdopza
u dmitoHa (AHrnus, Okxcdopn). Ipynma StarTiger
[o/ly4yrsia IepByI0 B MHpe TeparepleByio ¢oTorpa-
duro pyku denoBeka. CeHCOp, pa3paboTaHHBIN I'PyIl-
mor StarTiger, HCIIONb3yeT TeparepleBoe H3jyue-
HUe 2 auarna3oHoB yactoT - 0,25 1 0,30 TTw. Takum
obpa3soM, momnydaeTcs u3obpaskeHHe B ABYX CIIEKTPaX
M CO3/IaeTCsl KOHTPACT MEXIy MaTepHajaMH C pas3-
JTMYHBIMHU IIapaMeTpaMHU IIPOIYCKaHUSA KU OTpake-
HHUS B Pa3sHBIX CHekTpaX. OCHOBHOe JOCTOHMHCTBO
TaKOI'O CEHCOpa CBSI3aHO C TeM, YTO OH He H3/IydaeT
3/IeKTPOMAarHHUTHBIE BOJIHEL. DTO IIACCMBHAas KaMmepa
TeparepLeBoro AHalla3oHa, KOTOPBIKM HCIIyCKaeTCs
IpakTU4YeCKH BceMH 06beKTaMH, KaK OHosormue-
CKHMMH, TaK 4 He SKUBBIMH.

ObopoHHast KoMIaHus QinetiQ u3 Bemuxobpu-
TaHUM B Te Xe Tofibl paspaboTasa TakKe JBYXCIIEK-
TPaJIbHBIM TeparepLieBbIl CeHCOP. [I0CKOIBKY CeHCOop
GYHKIIMOHMPYeT Ha OBYX 4acToTax — 250 u 300 rura-
repL, TO CTAHOBHUTCS BO3MOKHBIM pa3jadyaTh MaTe-
PpHabl, UCIIONb3Ysd KX ONTHYECKHe XapaKTepUCTHKH,
HaIlpHMep OTPasKaloLIyIo CII0CO6HOCTh. B Teparepiie-
BOM CIIeKTpe OTpaskalollasi CIIOCOOHOCTb Tela CHH-
>KaeTcs, a U3/lydaTesbHas CIIOCOOHOCTD IOBBIIIAETCS
C POCTOM HYaCTOThl H3/1y4deHHs. DTy 0cobeHHOCThb
MOYKHO HCII0/Ib30BaTh AJISI TOTO, UTOObI CHU3HUTh YHCIIO
JIOKHBIX TPeBOT. YZAJIIOCh IONyYHUTh H300paskeHMe
pa3sIMYHBIX 0OBEKTOB uUepe3 pasHble MaTepHallbl -~
HOXH M HeMeTa/UIMYeCKHe IIPeJMeThl, CIIPATaHHbIe
B KapMaHax U rasere.

AHTIIHICKasg KoMIaHus ThruVision (Bblaenuiach
u3 ynabopaTopuu Pe3epdopia M DIUITOHA B Hadase
2000-x rogax) B 2008 romy paspaboTana HOBBIM THII
TI1-meTeKTopa AJ1s1 UHAYCTPHUU 6e30IIacCHOCTH U IIPO-
Bejla ero HCIBITAaHHS. B OCHOBe [eTeKTOPOB JIeSKUT
HCIIONIb30BaHHe MMKPOCTPYKTYpP Ha ocHoBe GaAs
1 GalnAs ¢ GOTOHHBIMU KpHUCTaJZIaMH. JleTeKTop
[I03BOJISeT YyJaBJMBaTh H3JIy4eHHe B [JHalla30He
OT HeCKOJIBKHX COT THMrarepll [0 HeCKOJIbKHX Tepa-
repl 1 KMeeT YyBCTBUTEIbHOCT HA YPOBHE IIMKOBATT.
OcobeHHO IIeHHBIM SIBJISeTCS HaJla’keHHOe ITPOMBIII-
JIeHHOe IIPOM3BOACTBO MAaTPHILL AeTeKTOPOB Teparep-
LIeBOr0 AHalla3oHa 3ToM GUPMOK. JOCTOMHCTBOM
OAHHOU TeXHOJIOTHH SIBJSeTCS TO, YTO OHA IIaCCHB-
Hasl 1 [103BOJISIET [10/1y4aTh M300pPaskeHHU Sl C IOMOIIbIO
M3JyYeHHUs] caMoro obbekTa. [leTeKTopsl paboTaroT
IIpY KOMHATHOM TeMIlepaType C 4YacTOTOH O6oiblie
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During the same years, QinetiQ Defense Com-
pany from the UK has also developed a two-spec-
tral terahertz sensor. Since the sensor operates
at two frequencies, 250 and 300 GHz, it becomes
possible to distinguish materials using their opti-
cal characteristics, for example, reflectivity. In
the terahertz spectrum, the reflectivity of the
body decreases, and the emissivity increases
with increasing radiation frequency. This fea-
ture can be used to reduce the number of false
alarms. It was possible to obtain the image of vari-
ous objects through different materials: knives
and non-metallic objects, hidden in pockets and
newspaper.

The English company ThruVision (separated
from the Rutherford and Appleton lab in the early
2000s) developed and tested a new type of THz
detector for the security industry in 2008. The
detectors are based on the use of CaAs and CalnAs
based microstructures with photonic crystals. The
detector allows capturing radiation in the range
from several hundred gigahertzes to several tera-
hertzes and has sensitivity at the picowatt level.
Especially valuable is the established industrial
production of matrixes of terahertz range detec-
tors by this company. The advantage of this tech-
nology is that it is passive and allows you to obtain
images using the radiation of the object itself.
The detectors operate at room temperature with a
frequency of more than 1 Hz, which allows you to
capture moving objects.

The basics of using a combined visible and tera-
hertz image in the early 2000s were suggested by
Rick Blum, a professor at LeHigh University (USA).
The resulting combined image gives more infor-
mation than is contained in each original image
separately. The combined image has enough infor-
mation to see, for example, a weapon concealed
under clothing. The basic idea of combining two
images is as follows. The digital pattern of the
original image is subjected to wavelet transform,
superimposed by a terahertz image. The inverse
wavelet transform allows you to obtain a combined
image. This approach was implemented by us in
the development of the complex.

Nowadays, terahertz technology is developing
as a completely new diagnostic direction. Tera-
hertz waves allow us to see through many opti-
cally opaque materials. With the help of terahertz
radiation it is possible to obtain a picture of the
structure similar to the X-ray, but without the use
of potentially dangerous X-ray radiation. Terahertz
sensor is a passive sensor and absolutely harm-
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1 I'11, 4YTO 1103BOJISIET CHUMATDh JBU-
SKyIIHecs: 0O BbeKTEHI.

OCHOBBI NpHMEHEHHUs KOMbOU-
HUPOBAHHOIO BUIKMMOILO H Tepa-

briok kamep

[MaccmBHas
Teparepuesas

repLeBoro u306paskeHus B Havyae
2000-x romoB IIpedJIOKKUI PHK
Bitom, mpodeccop yHHBepCHTeTa
LeHigh (CIIA). IlomyueHHOe KM
KOMOMHHMPOBaHHOe H306paskeHHe
naeT 6onpire MHGOPMALIMH, YeM
COIEeP>KUTCS B KasKIOM HCXOLHOM
M300paskKeHUU II0 OTHE/IbHOCTH.
Ha koMbuHHpOBaHHOM H300pa-
SKeHHH JI0CTaTOYHO MHPOPMALIHH,
4TO6Bl BHIETH, HAIIPUMEpP, OPY-
JKHe, CKPBITOe IIOJ OfeXKMAOH.

Kamepa

Kamepa

Kamepa
BnaeoHabnoaeHna

TennoBu3MOHHas

JInHnu cBa3n

KoMMmyTaTop Ethernet

KomnbtoTep
Ethernet

NCTOYHUK

OcHOBHasi ujes KOMOHHHUPOBA-
HUS ABYX H300paskeHUI 3aKIIIo-
4Jaercsl B CylefyromeM. L{udppoBon
obpa3 mcxomHOro H300paskeHHUS
IoiBepraeTcs BeHBIeT-TIpeobpa-
3oBaHuI0 (Wavelet transform), Ha
KOTOPBIM HaKJIAABIBAETCS Tepa-

subsystem

CeTb 371eKTpoNUTaHNS

Puc.2. Cmpykmypa mepazepueso20 KOMNAeKca 06Hapy>KeHus 3anpeweHHbIX nped-
Memoe u e20 nodcucmemoi
Fig. 2. Terahertz complex for detecting forbidden objects Structure and its

nuTaHus
becnepebomHbIv

repueBoe usobpaskeHue. O6pat-
HOe BeHBJeT-TIpeobpa3oBaHUe I103BOJISIET IIOJNYUYUTh
KOMOMHUPOBAaHHOe U300paskeHHe. TaKOM ITOAXO0H, ObLI
peasil30BaH HAMHU NP pa3paboTke KOMILIEKCA.
CeromHsl TepareplieBasi TeXHOJIOTHUSI Pa3BHUBAeTCs
B KaueCTBe abOCOMIOTHO HOBOIO JHATHOCTHYECKOTO
HaIlpaB/ieHUsl. TeparepiieBble BOJHBI I103BOJISIOT
BUJETb CKBO3b MHOIHe OIITHYeCKH HeIlpo3pauHble
Martepuanbl. C IIOMOIIBIO TeparepleBoro MU3ayueHUs
MOKHO IOJIyYUTh CHUMOK, II0 CTPYKType MOAOOHBII
PEeHTTeHOBCKOMY, HO 6e3 HCIIONb30BaHHUS IMOTeHIIU-
aJIPHO OIIACHOI'O PEeHTTeHOBCKOIO H3/IydeHHUs. Tepa-
repLeBbINl CEHCOP IPEeACTaBISeT COOOM IMacCHBHBIN
OATYMK U abcomoTHO 6e3BpelieH ISl YeloBeKa, TaK
KaK HCTOYHMKOM CHTHAJIOB 3/leCh SIBJISIeTCS ecTe-
CTBeHHOe H3/1y4eHHe 06beKTOB. B aspomoprax Tepa-
repLeBBIH CEHCOP MOXKHO HCIIONB30BaTh JJIs1 0OHapy-
SKeHHSI OPY>KHS, CITPSITAHHOTO IIOfL ofie>kAoM. [Ipruem
B OT/IMYHeE OT IeTeKTOPOB MeTaJl/la, KOTOPhbIe HCIIONb-
3YI0TCS ceuac, TepareplieBblil CEHCOP CIIocobeH 3aMe-
THUTb U HeMeTa /UIM4ecKyIo B3pbIBUaTKYy [9-14].

CTPYKTYPA KOMITJIEKCA

B cocTtaB cozganHoro Ha AO "OKB ActpoH" Teparepiie-
BOTO KOMIIIeKCa OOHApysKeHHUSs 3aIlpelleHHbIX Ipef-
MeTOB (PHC.2) BXOOHUT:

e TepareplieBas Kamepa;

e KaMepa BHEOHAONIOIeHUS;

* TEeIUIOBU3WOHHAs KaMepa;

* APM omeparopa;

less to human, since the source of signals here is
the natural radiation of the objects. At airports,
a terahertz sensor can be used to detect weap-
ons concealed under clothing. Moreover, unlike
metal detectors, which are used now, a terahertz
sensor is also capable of detecting non-metallic
explosives [9-14].

COMPLEX STRUCTURE

The terahertz complex for detecting forbidden
objects created by JSC "OKB ASTRON" (Fig. 2)
includes:

« Terahertz camera.

NasepHbin
MMMy NbC

—

Ty,

I'I

I

Puc.3. ®omonposodsiuas aHmeHHa
Fig. 3. Photoconductive antenna
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* CpencTBa Iepefayd HHGOPMalMK OT CPeLCTB
JocMoTpa Ha APM orepartopa;
* HCTOYHUK Oecriepe6OHHOrO MUTaHUS.

SJIEMEHTHAS BA3A

KOMIJIEKCA OBHAPY>XXEHUA
doTonpoBoAALMNE AHTEHHDbI

doTompoBoAAIAS aHTeHHA (PII-aHTeHHa,
photoconducting switch) sBnsiercst onHuM u3 Haubo-
Jlee YacTO HCIIONb3yeMBIX eHEPATOPOB M IIPHEeMHH-
KOB TeparepleBoro usnydeHus. ®Il-aHTeHHA COCTOUT
U3 JIByX MeTa/UIMYeCKUX 3JIeKTPofoB (pHUC.3), pacIo-
JIO’KeHHBIX Ha HEKOTOPOM PAacCTOSIHUU APYL OT ApPyra
Ha IIOTyIIPOBOSHUKOBOM IIOAJIOKKe. K 3ymekTpomam
IIPUK/IaABIBAETCS HAIIPSIKeHHe MOPSIKA HeCKOIBKHIX
KHJIOBOJIBT. [IPH OCBEINEHHH 3a30pa MeK[Y 3/1eKTPo-
OAMH YIBTPAKOPOTKUM JIa3epHBIM HMITYIbCOM KOH-
LeHTPAlMsI HOCHTeJIeH 3apsiia B IONYIIPOBOLHHUKE
pe3Ko Bo3pacTaeT Ha KOpPOTKOe BpeMs (Iopsika
eIUHUL] HUIU OeCATKOB ITHKOCeKyHH). [as sddek-
THUBHOTO IIOIJIOIIEHHS JIa3€PHOr0 H3Ty4YeHHs C OCBO-
bokIeHHeM HOCHTeNel 3Heprusi poToHa JIa3epHOro
M3/y4YeHHUs JO/KHA IIPeBBIIATh UPUHY 3allpelneH-
HOM 30HBI IIONYIIPOBOAHHKKA. Bo3HHKIIMe cB060n-
Hble HOCHUTEJIN YCKOPSIIOTCSI IIPHJIOSKEHHBIM K 3230pY
IoyieM, B pe3y/IbTaTe Yero BO3HHKAET KpPAaTKOBPeMeH-
HBIM HMIIY/IBC TOKA, KOTOPBIM M SIBASETCS HCTOY-
HHUKOM TeparepreBoro M3nay4deHHs. TakUM obpasom,
JIa3epHBIA HMMIIYJIBC CIYKUT CBepXOBICTPBIM Ilepe-
KJIIoYaTesieM )l aHTeHHBI, IIepeBOISLIUM ee U3 H30-
JIUPYIOIIETO B IIPOBOJSIIIEe COCTOSIHUE. [J/TUTeIBHOCTb
HMMIIYJIbCA TOKA U CIIEKTP UCITYCKaeMOH TepareprieBoH
BOJIHBI OIlpeJie/IIeTCs BPeMeHeM >KU3HU HOCHTeseH
B IIOJIyIIPOBO/IHHKE.

B peasbHOM CHUTYallMH SHEPrus TeparepleBoro
HMMITY/IbCa HCIIBITBIBA€T HACBHIIIEHHE IIPH yBelTHdYe-
HUU SHEPrUM JIa3epHOTO0 KMIIyJIbCa. DTO CBSI3aHO
C TeM, 9TO GOTOMHAYIIHPOBAHHbIE HOCUTEIH SKPaHHU-
PYIOT IIOJIe CMellleHHsI. YBeTHYeHHe I0/1s1 CMeIleHU s
TOKe HAaTa/JIKHWBAeTCsl Ha OrPaHHYEHHUs], CBS3aHHBIE
C BO3MOKHBIM 3JIEKTPUUYECKUM IIpo6oeM IIOMIOKKH.
[lone 3neKTpUYecKoro mnpobost COCTaBIsSeT OKOJIO
400 xB/cm s apcernupa rannus (GaAs).

MpueMHUK nsnyyeHus

BbI6op IIpHeMHHUKA U3TyYeHHSI (ITH) ¥ oI HBI BOJIHBI,
Ha KOTOpou OH OymeT paborarh, ompefensieT Bce
OCTajIbHBbIe 37IeMeHThl KOHCTPYKIHUH u3fenus. CoBpe-
MeHHasl TeXHHUKa OOHapysKeHHS B3pbIBUaThIX (BB),
orpapisomux (OB) u HapkoTHYecKux (HB) BemecTs
B OCHOBHOM HCIIONB3yeT MeToAsl 3abopa Ipobhl BO3-
AyXa M ero XxpoMarorpaduyieckuil aHaau3. Hanudue
XapaKTepHBIX II0JI0C IIOIVIOUIEHHS B TeparepleBout
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+ Surveillance camera.

¢ Thermal imaging camera.

+ Operator’s AWS.

* Means of transferring information from the
means of inspection to the operator’s worksta-
tion

e Uninterruptible power supply system.

ELEMENT BASE OF THE DETECTION
COMPLEX

Photoconductive antennas

Photoconductive antenna (PC-antenna, photocon-
ducting switch) is one of the most commonly used
terahertz radiation generators and receivers. The
PC-antenna consists of two metal electrodes (Fig.
3), located at some distance from each other on a
semiconductor substrate. A voltage of the order
of several kilovolts is applied to the electrodes.
When the gap between electrodes is illuminated
by an ultrashort laser pulse, the density of charge
carriers in a semiconductor increases sharply for
a short time (of the order of one or tens of pico-
seconds). For effective absorption of laser radia-
tion with the release of carriers, the energy of
laser radiation photon should exceed the width of
the semiconductor forbidden band. The resulting
free carriers are accelerated by a field applied to
the gap, resulting in a short-time current pulse,
which is the source of terahertz radiation. Thus,
the laser pulse serves as an ultrafast switch for
the antenna, which transfers it from the insulat-
ing state to the conducting state. The duration of
the current pulse and the spectrum of the emitted
terahertz wave are determined, basically, by the
lifetime of the carriers in the semiconductor.

In a real-world situation, the energy of the tera-
hertz pulse experiences saturation with increas-
ing energy of the laser pulse. This is due to the
fact that the photoinduced carriers shield the dis-
placement field. The increase in the displacement
field also encounters the limitations associated
with possible electrical breakdown of the sub-
strate. The electric breakdown field is about 400
kV/cm for gallium arsenide (CaAs).

Radiation receiver (RR)

The selection of the radiation receiver (RR) and the
wavelength at which it will operate determines
all other elements of the product design. Modern
techniques for detecting explosive (ES), toxic (TS)
and narcotic (NS) substances mainly apply the
methods of sampling air and its chromatographic
analysis. The presence of characteristic absorp-
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E Y3en

CKaHMpoBaHuA

Cucrtema GpoKycnpoBkm

Jatynk
NONIOXEHNS <
3epkana no X

CKaHupytolee
3epkano

JIEY 171G
> N0N0XeHus
3epkananoy

CBY-3epkana

Laccu

f

f

\'4

warosbIM ABuratenem

SneKTpoMexaHu4eckuni SNeKTpoMexaHN4YecKum
NpVBOA, KaApOBOWA NpVBOS, CTPOYHOW
pasBepTKum pasBepTKu
KoHTponnep KoHTponnep
yrpaeneHus yrnpasneHus

LaroBbiMm ABuratesiem

KoHTponnep BbluncanTens
CBY 650K ynpasneHuns VI'IPaBﬂeHMfI
6noka CBY nepBrYHOM
nysna 06paboTKm
Y3en CBY-petekTop CKaHMPOBaHMS o

BO34YyLWIHOro

8-KaHanbHbLIN

OXNIAKAEHMA

|

BcnomoraTenbHbIn

Moaynb
CBY-petexTopa

bnok nutaHus
cneuunanbHbIX
Hanps>KeHnwn

Puc.4. CmpyxkmypHas cxema mepazepuesol Kamepbl
Fig. 4. Structural diagram of the terahertz camera

obnactu criekTpa y BB, OB 1 HB, a Takske OTCYyTCTBHe
TaKOI'O IIOIVIOIIEHHS § MaTepHaJIoB KOHTeHMHepa yKa-
3BIBAIOT Ha MEePCIeKTHBHOCTh HpHMeHeHHs TIL-
M3y4eHUs 11 UX OOHapyskKeHHs CIeKTPaTbHBIMU
MeTOfAaMH M Ha BO3MOXKHOCTb Pa3paboTku M co3pa-
HUS CTAlIMOHAPHBIX U IIOPTAaTUBHBIX CHCTeM be3omac-
HOCTH Ha OCHOBe TeparepleBoro BUJeHU .

OCHOBHBIM BOIIPOCOM IpH BbI6Ope IpHEeMHHKA
SIBJISIETCSL METOJ HCIIOJIb30BAHMS B AKTHBHOM M/
IMacCMBHOM pesxume. OOHAKO CYINECTBYIOT 3HAYH-
Te/JIbHbIE TPYSHOCTH B H3TOTOBJIEHMHM HCTOYHHKOB
TeparepLieBOro M3JIy4yeHUs [JIS IMOJCBETKH B aKTHB-
HOM pexkuMe. Pa3paboTaHHBIM HaMH KOMILIEKC
IeTeKTHUPyeT COOCTBeHHOe TepareplieBoe H3/yueHHe
06BeKTOB 6e3 I0MOTHUTEIbHOM MO CBETKH.

CTPYKTYPA TEPATEPLLEBOW KAMEPbDI

TeparepueBas kamepa (TTLIK) cocTouT U3 6510KOB

(puc.4):

*  VY3eJI CKAaHUPOBaHUS.

* CucreMma QOKYCHPOBKH.

+ CBY610K.

» KoHTpo/Iep yrpaBaeHHU.

e BBIUMCINTENb yIIpPaBIeHUS U IMEepPBUYHOM obpa-
60TKH 1306paskeHUS.

Cucrema d)OKyCVIpOBKVI n onTnyeckasa cxema
3epkanbHble cucTeMBl (3C) UMEIOT 3HAYUTE/IbHEIe
IperMYyIlecTBa Iepef JIMH30BBIMH CHCTEMAMHU.

tion bands in the terahertz region of the spectrum
in ES, TS and NS, as well as the absence of such
absorption in the container materials, indicate
the promise of using THz radiation for their detec-
tion by spectral methods, as well as the possibility
of developing and creating stationary and portable
security systems based on Terahertz vision.

The main issue in choosing a receiver is the
method of use in the active or passive mode.
However, there are significant difficulties in the
production of terahertz radiation sources for back-
lighting in the active mode. The complex devel-
oped by us detects its own terahertz radiation of
objects without additional illumination.

TERAHERTZ CAMERA STRUCTURE
The terahertz camera (THZC) consists of the fol-

lowing units (Fig. 4):

¢ Scanning unit

» Focusing system

* Microwave units

+ Control controller

« Control calculator and primary image process-
ing.

Focusing system and optical scheme

The mirror systems (MS) take significant prece-
dence over the lens systems. They consist of reflec-
tive surfaces that do not introduce chromatic aber-
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OHU COCTOST M3 OTPA’KAWIIKX [IOBEPXHOCTEH, He
BHOCSIIKMX XPOMaTH4YeCKUX abeppalluH, [O3TOMY
YMCTO 3epKaJibHble CHCTeMBl HAUJIYUIIHUM 06pa3oM
IPUMEHSIOT B ynbTpaduonerosor (YP) u mHdpa-
KpacHon (MK) obnacTtsax cmekrpa. IIpu cpaBHH-
TeJbHO HECJIOKHBIX KOHCTPYKUHAX 3C MOXKHO
[IOJIyYUTh JOCTATOYHO COBePIIEeHHYI KOPPeKIIHI0
chepudeckor abeppalliu. ITH CHCTeMbl HUMeIOT
BBICOKYIO CBETOCHJIy M Ppa3pellaloniylo CIocob-
HOCTh IIpU 60bIIeN KOMIIAKTHOCTH. ITOCKOJIBKY
ONTHUYEeCKOe CTeKka0 He paboraerT B Tru-obinactu
CIIeKTpa HM3/y4eHHsI, KOMIIOHEHTBl ONTHYeCKOH
cxembl 3C ObLIM BBIIIOJTHEHBl HAMU U3 MeTajlla.

Cucrema QOKYCHPOBKM TepareplLieBoro II0TOKa
COCTOMT M3 4 aJIOMHUHHEBBIX 3epKaJl, YCTaHOB-
JIeHHBIX Ha >KeCTKOM ILIacCH. BxomHoe 3epKajo
IIJIOCKOe — CKaHHpYyIollee; y3el CKAaHUPOBAHUA
obecrieurBaeT MeXaHUUYeCKYI0 Pa3BepTKy IIOTOKA
TeparepleBOoro H3JyueHHUs OT obbeKTa Ha IIpHU-
eMHBIH [leTeKTOop. BTopoe M deTBepToe 3epkana
UUIHHAPUYECKHe, a TpeThe - Topudeckoe. Ilep-
BOe 3epKajio SIBJISeTCS CKaHUPYWIIUM, OHO obe-
ClledYHBaeT IMOJy4yeHUe H300paskeHUSI Heobxo-
OV MOIO IPOCTPAHCTBA IpegMeTOB M IepefaeT
n3obpakeHHe Ha IIOBEPXHOCTb BTOPOILO 3epKala,
KoTOopoe GOpMHPYeT CBeTOBOEe IATHO, IlepefaBa-
eMoe Ha NpPUeMHHK H3nydeHHUd (puc.5). Koppek-
LK HCKa’)KeHHH ONTHYeCKOH CHCTeMBl BBIIOJI-
HeHa II0 MeTOAYy rayCCOBCKOM KBaJpaTyphl, IpHU
KOTOpPOI IJIOTHOCTb TPAaCCHpPYeMBIX JIyuek OIlpe-
JessieTCs YMCIOM JIydel, PacIoIo)KeHHBIX BIO0JIb
panuyca. MakcMMajabHOe YHC/IO paBHO 18. DToro
AOCTAaTOYHO A5 abeppalui 3pavyka BIJIOTH H0 36
IopsaKa.
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rations, so purely mirror systems are best used
in the ultraviolet (UV) and infrared (IR) spectral
regions. With relatively simple MS designs, it is
possible to obtain a rather perfect correction for
spherical aberrations. These systems have a high
aperture ratio and resolution, with greater com-
pactness. Since the optical glass does not work
in the THz region of the emission spectrum, the
components of the MS optical scheme were made
of metal.

The first mirror is scanning, it provides an
image of the necessary space of objects, and trans-
fers the image to the surface of the second mirror,
which forms a light spot transmitted to the radia-
tion receiver (Fig. 5). Correction of distortions of
the optical system is performed by the method
of Gaussian quadrature, wherein the density of
traced rays is determined by the number of rays
located along the radius. The maximum number is
18. This is sufficient for pupil aberrations up to 36
orders of magnitude.

The focusing system provides the concentra-
tion of the terahertz radiation flux from the
object to a ruler of 8 conical waveguides of the
receiving detector. The terahertz flux focusing
system consists of 4 aluminum mirrors mounted
on a rigid chassis. The flat input mirror is scan-
ning; the scanning assembly provides a mechani-
cal sweep of the terahertz radiation flux from the
object to the receiving detector. The second and
fourth mirrors are cylindrical, and the third one
is toric.

The diameter of the focused spot of the tera-
hertz radiation flux is approximately equal to the

TN
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Puc.5. Onmu-
ueckas cxema
mepazepuesoll
Kamepsl (a) u waccu
onmuueckoli
cucmembl mepa-
2epuesoli kamepbl

¢ 3epkanamu (b)
Fig. 5. Optical
scheme of the
terahertz camera
(a) and the terahertz
camera optical
system chassis with
mirrors (b)
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CucteMa GOKYCHPOBKH obecliedrBaeT KOHIEH-
TpaLuio IoToKa TTI-m371ydeHHUs 0T oOBeKTa Ha
JIMHeNKy 13 8 KOHUYeCKHUX BOTHOBOAOB IIPHEMHOI0
JertekTopa. J[JuaMeTp CHOKYCHPOBAHHOIO IIATHA
II0TOKAa TeparepLeBoro U3jy4YeHU s [IPHMePHO paBeH
OAUaMeTpy BXOAHOIO OTBEPCTHSI KOHHYECKOrO BOJI-
HOBOJIa PYIIOPHOM aHTEHHBI IIPHEeMHOr0 JleTeKTopa,
0K0/IO 7 MM. DTO obecreuymnBaeT IIpHeM BCero Tepa-
repLeBoro IOTOKa, IIOCTYIAIIero oT obbekTa Ha
BxomHoe okHo TI'LIK, yTo obecrieyrBaeT IIoy4eHHe
MaKCHMaJIbHON 4YyBCTBUTEIBHOCTH CUCTEMBI.

CBY-6110K, NPUEMHUK U3Ny4eHUs
[IJppeMHHKOM IIOTOKa TeparepleBOro H3Jy4YeHUS
sBnsietcsi CBY-6710K, KOTOPBIN IONy4YaeT Tepareplie-
BRI CHUTHQJI OT CHCTeMBI QOKYCHPOBKH. CBY-6510K
COCTOMT M3 BOCbMHKaHaJbHOro CBY-meTekTopa,
BCIIOMOTATe/JIbHOTO MOAY/IS W y3/la BO3AYIIHOTO
oxnaxkaeHus. CBY-meTeKTOp COCTOHUT K3 BOCBMHU
HAEHTUUYHBIX KaHAJIOB, paboTaloIIKUX OFHOBpe-
MEHHO [Jisl MOJIy4eHHSI BOCBMHKPATHOIO IIOBBIIIE-
HH S CKOPOCTH CKaHHUPOBAHHU .

CBY-IpHeMHHUK BBHIIIOJIHEH [0 TeTepOAMHHOU
cxeMe. YacTtoTa rerepomusa 125 ITi u mpeobpaso-
BaHHe IIPOM3BOAUTCS Ha BTOPOM TapMOHMKe reTe-
pPOOMHA B CMeCHTeJle H3 BCTPeUYHO-TlapajljIeIbHbIX
nuopmoB IloTku. Pabowast mosoca yCHIMTeNSl MPoO-
ME)KYTO‘-IHOI;I yacToThl 20 ITr. CBY-meTexTOp Hpen-
cTaBiusieT coboil BOCeMb ITPHEMHBIX KOHHYECKHX
BOJIHOBOZOB PYIIOPHBIX aHTEHH, PaCIIOJIOXKeHHBIX
B IMHUIO, HO CO CMeIlleHHeM B IIaXMaTHOM IIOpsaKe.
Takoe pacmonoskeHHe CHeNaHO AJIS TOro, 4YTOobBI
MeXXAy 3PdeKTHBHBIMH allepTypaMH BOJIHOBOIOB
He OBLIO IIPOCBETOB, TaK KaK 3$PeKTHUBHBIE aIlep-
TYpBl MeHbIIe (GH3MYECKHUX BXOAHBIX AHAMETPOB
IIpUeMHBIX KOHMYeCKUX BOJTHOBOAOB. BHYTpH KaK-
JIOro IIpUeMHOI'0 BOJTHOBOZA YCTAaHOBJIEH CMeCHTe/Ib
Ha BCTpe4YHO-IIapa/UleNbHbIX Auogax IMoTku. Cur-
HaJI TeTepoAHHa IIOABOSHUTCS K CMECHUTeJISIM II0 BOJI-
HOBOZIAM CIIeIIMaJIbHOM KOHQUIypanuu ans obe-
CIledyeHM s pacIpele/leHUS OAMHAKOBOM MOIIHOCTH
U opgHoMW $assl A/l KaXXKAOTO JHUOAHOIO CMeCHTeNs
(puc.6).

Curxan ITY ycunuBaeTcs Majgomymsamumu CBY-
YCUIHUTENSIMU U OeTeKTHUPYyeTCsl aKTUBHOM CXeMOH
IeTeKTUPOBAHUS. BcriomoraTenbHBIHN monyns CBY-
neTeKTopa obecriedrBaeT YCTAHOBKY W IOAJEpKa-
HHe peskMMOB paboTsl Bcex CBY-Moayer A/s MOTy-
YeHHU s OIITHUMAJIPHOIO YCHUJIeHUS U JUHAMMUYECKOIo
IMala3oHa II0JIe3HOr0 CHrHasna oT bvexrta. Ilomy-
YUBIIHICS CUTHAI OLJMQPOBLIBAETCA U II0JaeTcd Ha
KOHTPOJIep yIIpaBleHUS U 06paboTKU AJsT Hanb-
HelIero GOpMHPOBAHHUS KaApa H300paskeHHU .
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diameter of the entrance aperture of the conical
waveguide of the horn antenna of the receiving
detector, i.e. about 7 mm. This ensures the recep-
tion of the whole terahertz flux coming from the
object to the THzC input window, which ensures
the maximum sensitivity of the system.

Microwave unit, radiation receiver

The receiver of the terahertz radiation flux is a
microwave unit that receives a terahertz signal
from the focusing system. The microwave unit
consists of an eight-channel microwave detector,
an auxiliary module and an air cooling assembly.
The microwave detector consists of eight identical
channels operating simultaneously to obtain an
eightfold increase in the scan rate.

The microwave receiver is performed by hetero-
dyne scheme. The frequency of the heterodyne is
125 GHz, and the conversion is performed at the
second heterodyne harmonic of the local oscilla-
tor in a mixer of counter-parallel Schottky diodes.
The operating band of the intermediate frequency
amplifier is 20 GHz. The microwave detector con-
sists of eight receiving conical waveguides of horn
antennas arranged in a line, but with a staggered
offset. This arrangement is made in order that
there are no gaps between the effective apertures
of the waveguides, since the effective apertures
are smaller than the physical input diameters
of the receiving conical waveguides. A mixer is
mounted on the counter-parallel Schottky diodes
inside each receiving waveguide. The local oscil-
lator signal is fed to the mixers via waveguides of
a special configuration to ensure the distribution
of the same power and one phase for each diode
mixer (Fig. 6).

The FC signal is amplified by low-noise micro-
wave amplifiers and detected by an active detection
circuit. The auxiliary module of the microwave
detector ensures the installation and maintenance
of the operating modes of all microwave modules
in order to obtain the optimum amplification and
the dynamic range of the useful signal from the
object. The resulting signal is digitized and fed
to the control and processing controller to further
form the image frame.

SURVEILLANCE CAMERA

AXIS M1011 video surveillance camera with the
Axis Communications built-in lens was used by
us as a finished product. The surveillance camera
is installed next to the input window of the tera-
hertz camera.
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KAMEPA BUAEOHABMTKOLOEHUA

Kamepa BupeoHabmomeHus Monenu AXIS MI1011
CO BCTPOEHHBIM OOBEKTHBOM KOMIIAHHUH "AXis
Communications"” HUCoab30BaIach HAMH KaK FOTOBOE
uszenve. KaMepa BHUeOHAONIOMEHHUS YCTaHOBIEHA
PSLIOM C BXOJHBIM OKHOM TeparepLieBoi KaMepHl.

TEMNIAOBN3NOHHASA KAMEPA

Hamu nmpuMeHeHa TeIIOBM3HMOHHAS KamMepa MOJenHu
ACTPOH 384, TerJIOBU3HUOHHBIN 00 BEKTHUB KOMIIAHUU
"ACTpoH" SB/ISeTCSI TOTOBBIM H3lenueM. O6BeKTUB
BBIIIOJIHEH M3 MOHOKPHCTa/l/la TepMaHUS C I10/I0COM
IIPOIIYCKAaHUSA 7-14 MKM U QOKYCHBIM PaCCTOSHHEM
28 MM, IIPOCTPaHCTBeHHOe paspemeHuHe IFOV 0,89
mpap (IFOV Instantaneous Field of View). ExnHCcTBeH-
HOM [JIOIIOTHUTEIBHON 0COOEHHOCTBIO M3MEIHUS SIBIIS-
I0TCSl IIOBBIIIEHHBIe TPeOOBAaHHUS K KauecTBy repMa-
HHEBOH OIITHKH, YTO JOCTUIAeTCs MCII0/Nb30BaHHEM
IU1sl U3TOTOBJIEHHS 3aTOTOBOK BBICOKOCOBepIIeHHBIX
MOHOKPHCTAJI/IOB C HHU3KOHM IIOTHOCTBIO JHC/IOKa-
LMK M OTCYTCTBHEM KX CKOIIEHUH. Tell/IOBU3HOHHA S
KaMepa yCTaHOBJIEHA PSZOM C BXOLHBIM OKHOM Tepa-
repLieBOHM KaMepBl.

KOHTPOJUIEP YIMPABJIEHUA U OBPABOTKUA
CBY-BJIOKA U Y3J1A CKAHUPOBAHUA
CurHamsl B UOPOBOM BHIE OT Ka’KIOIO M3 BOCBMH
KaHAJIOB CHHXPOHU3UPYIOTCSI C IOJIOKEHHEM BXOZ-
HOT'0 CKaHUPYIOIETO0 3epKajia O HOBPEMEHHO I10 IBYM
KoopauHaTaM. Kazap mu3zobpaskeHHUs II0C/IeI0BATEIBHO
CTPOMTCSI U3 6 BEPTHKAJIBHBIX II0JIOC, B CBOIO Oue-
penb COCTOSIIMX U3 BOCBMH CTONOIOB (110 YHCITY BXOA-
HbIX CBY-KOHMYeCKHX BOJHOBOJOB U [I€TeKTODPOB).
I[Tone3HBIN CUTHA OT 06BeKTa BeCbMa MaJl II0 CBOEH
IIpUpOJe IIPOUCXOXKAEHHS M MACKHPYeTCs HeH3-
6e>KHBIMM TeIlJIOBBIMU IIyMaMHK BCEro MpPHeMHOIo
TPaKTa, IIO3TOMY IIPOM3BOIUTCS LHPPOBOE HAKOILIE-
HHe UHOOPMAIIUHU [JIs1 KasKAOro JeMeHTa (ITHKCersi)
Kazapa. IIpy 3TOM 3a HeCKOIbKO KaJpoB II0/e3Hasl
COCTAaBJSIONIAS CHUTHaJa pacTeT OBICTpee IIyMOBOU
COCTABJISIOIIEH, UTO U II03BOJISIET Iy4Ile yBUIETh pPa3-
JTUYHBIe YYaCTKHU 00beKkTa. COOpMHUPOBAHHBIE KA PhI
HaIIPaB/SIIOTCS Ha KOMIIBIOTEp ISl JaJIbHeHIIen
06paboTkH cIleManbHBIM IIPOrPAMMHBIM obecrie-
YeHHEeM C IIe/Ibi0 BBISIBIEHHSI CKPHITHIX ITpeJMeTOB
Y yCTPaHEeHH I IOMeXOBbIX CUI'HAJIOB.

Y3E/1 CKAHUPOBAHWSA

Y3e/l CKAaHUPOBAHUS IIpefHA3HAdeH JJISI BBHIIIOTHe-
HHS II0BOPOTA IIEPBOrO 3epKaJia CHUCTeMBl QOKYCH-
POBKHU B IByX IIJIOCKOCTSIX C LIe/IBIO IT0CTIe/I0BATeIBHOTO
obxozma rromanu o6bekTa M GOPMUPOBAHUS KaZpa
M300paskeHHUsI B TeparepLieBoM [Hala3oHe. [1oBopoT-
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THERMAL CAMERA

We used a thermal imaging camera ASTRON384.
The Astron thermal imaging lens is a finished
product. The lens is made of a germanium single
crystal with a bandwidth of 7-14 pm and a focal
length of 28 mm, IFOV spatial resolution of 0.89
mrad (IFOV - instantaneous field of view). The only
additional feature of the product is the increased
requirements for the quality of germanium optics,
which is achieved using high-quality single crys-
tals with low dislocation density and the absence
of dislocation clusters for manufacturing blanks.
The thermal camera is installed next to the input
window of the terahertz camera.
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Fig. 6. Eight-channel microwave detector (a) and horn
waveguide antennas (b)
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HOe 3epKajio 3aKpeIljieHO Ha MexXaHH3Me y3Jia CKaHH-
poBaHMA. [IBa IIATOBBIX ABHTraTesss obecreduBaIOT
MeXaHHUYEeCKYI0 Pa3BePTKY I10 BePTHKAJIXU KU [OPHU30H-
TaJIM II0TOKA TeparepreBoro U3/lydeHHs OT o6BeKTa.
OcCHOBHBIE [eTa/Id BBIIIOJIHEHBI W3 ATIOMUHHUSI [/
CHMKEHMSI MAaCChl ¥ COOTBETCTBEHHO JUHAMHYECKUX
Harpy3oK. Ka>k bl M1aroBblH IBUTATe/b yIIPaBsSeTCs
OT cO6CTBEHHOr0 KOHTPOJL/Iepa yIIpaBieHHs . KOHTpo/-
JIepHl YIIPaBJIeHM s ABUTATeASIMU IOIYYalOT YIIPaBIIs-
IOI[Me CUTHAJIBI OT KOHTPOJIJIepa YIpaBaeHHUs 670Ka
CBY. VY3en CKaHMPOBAHHUS BbIJAaeT ABa CUTHAIa CHH-
XPOHM3ALMK B KOHTPOJLIEP yIpaBiaeHUs 6moka CBY,
KOTOpBIe COOTBETCTBYIOT CPeAHUM I10/IO’KEHHSIM I10BO-
poTHOro 3epkasa. Ilo 5TUM CHUTHa/aM IIPOM3BOAUTCS
CUHXPOHM3all1s LIeHTpa KaJpa n306paskeHHUs B Tepa-
repLieBOM AHalla30He C OCHOBHOM ONTHYECKOH OChIO
CUCTeMBI GOKYCHPOBKHU. Y3€jI CKAHHUPOBAHUS YCTAHOB-
JIeH Ha IIacCH CHCTeMBl GOKYCHPOBKH IJis obecrieye-
HUSI TOUYHOCTH M CTAbHIBPHOCTH PaboThl ONTHYECKOM
CHCTeMBI TepareplieBoK KaMephl.

PE3YJ/IbTATbl PABOTbI TEPATEPLLEBOIO
KOMIIEKCA

TecT-06beKTEl pasMelaJMCh Ha Tejle YeloBeKa
M 3aKpBIBAJIMCh Pa3IU4YHBIMH MaTepHalaMH.
Ha puc.7a npuBefeHbl H300paskeHHs (CKPUHIIOT

i1

CONTROL AND PROCESSES CONTROLLER
OF THE MICROWAVE UNIT AND THE
SCANNING UNIT

The signals in digital form from each of the eight
channels are synchronized with the position of
the input scanning mirror of simultaneously by
two coordinates. The image frame is consistently
constructed from 6 vertical bands, which in turn
consist of eight columns (by the number of input
microwave conical waveguides and detectors). The
useful signal from the object is very small by its
nature of origin and is masked by the inevitable
thermal noise of the entire receiving path; there-
fore, digital accumulation of information is made
for each frame element (pixel). Furthermore, for
several frames, the useful component of the signal
grows faster than the noise component, which
makes it possible to better see the various sections
of the object. The generated frames are sent to
the computer for further processing with special
software to identify hidden objects and eliminate
jamming signals.

SCANNING UNIT
The scanning unit is designed to rotate the first
focusing mirror in two planes in order to sequen-
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skpaHa APMa) sKCIlepuMeHTaTopa C HafleThIM My/s-
SKOM TI0sICa, CKPBITOTrO II0J] OfEXK/IO0M. B IIeHTpanbHOM
yactu (puc.7b) HaxoguTcs n30bpakeHHe, IOTydae-
Moe C TeparepleBOro KaHana (TeCTHpPyeMBIH OOBEKT
y>ke BUJIeH). Ha puc.7c JaHO KOMOMHHPOBaHHOE K30~
6paskeHHe, 0bpaboTaHHOE aHANIUTHUYECKUM 6710KOM
APM. BusiHO, 4TO KOMILIEKC YBePeHHO 06Hapy>kK1uBaeT
TeCTHPyeMBbIH 0OBEKT.

3AKJ/TIOHEHUE
B AO "OKB AcTpoH" chopMynHpoBaHA KOHIIEI-
LUl aKTUBHOM CHCTeMBl oOHapykeHHs Ha b6ase
TrLU-MCTOYHHUKOB U JeTeKTOpoB, obecreunBaloue
BO3MOXHOCTb OOHapy>KeHHsI CKPBITHO IIPOHOCH-
MBIX BeIecTB, BbIOpaHa cxeMa reHepauuu TIII-
M3/y4YeHUs U IIpHeMa OTPakKeHHOI0 U PacCessHHOIO
u3nydeHUN. Takke pa3paboTaHBl OCHOBBI TEXHOJIO-
I'MHA KOMIIAKTHBIX UCTOYHHUKOB U IIPUeMHUKOB TI'1I-
n3nydeHUs Ha 6a3e HaHOCTPYKTYp GaAs u InGaAs.
Pa3paboTaHa KOHCTPYKLMS K H3TOTOBJIEH MakKeT
KOMIIaKTHOTO0 HCTo4HMKa T u3nydeHus (mo 1,2
Tlr) Ha MHDOJTYIPOBOAHUKOBBIX HAHOCTPYKTYypax
C JOCTaBKOM H3JIy4YeHHS, B TOM YMCJIe M II0 HAaHO-
CTPYKTYPHPOBAHHOMY OITOBOJIOKHY. Pa3paboraHa
KOHCTPYKLUHMS M M3TOTOBJIeH MaKeT MNpHeMHHKA
TTL-U31y4eH s (mo 1,2 TI'w) c 4yBCTBUTE/IBHOCTEIO,
II03BOJISIOIIEH PeruCTPUPOBATh CUTHANBI OT 00BeK-
TOB OOHApY’KeHHU S B PeSKHMe PeaIbHOTO BpeMeHH.
Ha 6ase TIL-UCTOYHHUKOB U IeTeKTOPOB KOM-
naHuenn AO "OKB AcTpoH" H3TroTOBJIeHa aKTHBHAs
cucteMa o06Hapy>KeHHsI CKPBITHO IIPOHOCHMBIX
BemlecTB. CHCTeMa COCTOMT K3 IIaCCMBHOM Tepa-
repleBol KaMephbl, KaMepbl BHeOHabnOgeHHUS
U TeIlIOBU3MOHHOM KaMephl, H3Je/ile BBIIIOJIHEHO
B BHJle MOHOOJIOKA. B KOHCTPYK-
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tially bypass the area of the object and form an
image frame in the terahertz range. The rotating
mirror is attached to the mechanism of the scan-
ning unit. Two stepper motors provide a vertical
and horizontal mechanical sweep of the terahertz
radiation flux from the object. The main parts
are made of aluminum to reduce weight and
therefore dynamic loads. Each stepper motor is
controlled from its own control controller. The
control controllers receive control signals from
the microwave unit control controller. The scan-
ning unit outputs two synchronization signals
to the microwave unit control controller, which
correspond to the average positions of the rotat-
ing mirror. These signals synchronize the center
of the image frame in the terahertz range with
the main optical axis of the focusing system.
The scanning unit is mounted on the chassis of
the focusing system to ensure the accuracy and
stability of the optical system of the terahertz
camera.

TERAHERTZ COMPLEX OPERATION
RESULTS

The test objects were placed on the human body
and concealed under various materials. Fig. 7a
shows the images (screenshot of the AWS screen)
of the experimenter with the model belt concealed
under the clothes. There is an image obtained
from the terahertz channel in the central part
(Fig. 7b) (the tested object is already visible). Fig.
7c gives a combined image processed by the AWS
analyzer. It can be seen that the complex positively
detects the tested object.

IHM KOMIIJIeKCa COBMECTHO
¢ KaHanoM Tlu-mumamna3oHa
(peanr30BaHHBIM IIaCCUBHOMU

TeparepleBoyd KaMepoH) peanu- r ' g
| »

30BaHBI: KaHaJl BHUAeoH306pa-
SKEHHUS B BUOKMMOM OIITHYECKOM L)
IUaIa3oHe W KaHal Hu3obpake- )
Hus B UK-obnactu crekrpa (8-14 ;
MKM), HMeEeTCs BO3MOXKHOCTH
[I0C/Ie YO ero HaJ/IOKeHU A
IIOJTyYeHHBIX U300paskeHUI U UX
coBMecTHOU o06paborku. Ilapa-
MeTPHI CUCTEMBI:
* YacToTa CMeHBI KaJIpOB BUIEO-
CHUTHaJa - 6 Kaap/c;
* paspelleHHe KaJpa BUIEOCUT-
HaJsa — 320 x240 MHUKCeoB OJ1s

Puc.7. M306pasxceHus mecm-06sekmos 8 sudumom duandszoHe (a),

8 mepazepuesom duanazoHe (b) u cymmapHoe 06pabomarHoe uzobpaxeHue (c)
Fig. 7. Images of tested objects in the visible range (a), in the terahertz range (b)
and the complete processed image (c)

ontuveckoro 1 MK-muamnasoHa;
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» dopmar uszobpaskeHUs - jpg, BUAELOPOIHKA ~ avi;
* [AJbHOCTH [lepellavl BU/IEOCUTHa/Ia OT KOM-

miekca - o APM orepaTtopa -0 100 M;

* BpeMs XpaHeHUs 3alIMCaHHOM BUJeOHHPOpMa-

LMK ~ He MeHee 30 CYTOK.

OTobpaskeHHe pe3ybTaTa AOCMOTPA OCYLIECTBIIS-
eTCsl B IByX pe>KUMax:

* TeparepleBOH KaMephl
¢ KOMOMHHPOBAHHOTO BHIEOHAOTIONEHUS C Irpadu-

YeCcKHM BblJIeJieHHeM 30HBI PACIIOIOKeHHU S CKPBI-

Toro o6’beKTa (MecTa 3aKJIaAKHU) Ha U306paskeHuU

IDocMaTpHUBaeMoro cybbeKTa.

PaspaboTaHo crelLHa/bHOe IIPorpaMMHOe obe-
cniedeHue (CIIO) gnsi APM omepatopa. OHO II03BO-
JsieT Co3/1aBaTh MACIITA6HYIO ITPOEKIIMOHHYIO MOJEb
obBeKTa JOCMOTpA C IOC/IeyIOMel aBTOMATHYeCKOH
06paboTKOM BUIEOCHUTHAJIOB, ITOTyYaeMbIX OT ITACCHB-
HOM TeparepleBOK KaMepbl, KaMepsl BHIeoHabnoze-
HHUSI, TeIIOBU3HMOHHOM KaMepbl, C Lie/iblo o6HapysKe-
HM4 3aIlpellleHHbIX [IPeIMEeTOB.

CIIO BBIAAeT aBTOMATHYECKYI CHUTHAIH3ALHIO
OIlepaTopy O MONIBITKAaX IIPOTHBOJEHCTBUS PacCIIO3-
HaBAaHMUIO; BbIAeT $OTO- U BUIeO0-U300paskeHHs BO
BHEIIHIOIO CHCTEMY B BUIHMOM [Halla3oHe AJISl IIpO-
BefleHUS GOToMIeHTHOUKALUU JIHLA; ONpefensieT
TOYHOe IIPOCTPAHCTBEHHOE IIOJIOKeHHe KU COOTBeT-

CONCLUSION

JSC "OKB Astron" has formulated the concept of
an active detection system based on THz sources
and detectors, which makes it possible to detect
concealed substances, a scheme for generat-
ing THz radiation and receiving reflected and
scattered radiation was selected. Also, the fun-
damentals of the technology of compact sources
and receivers of THz radiation based on GaAs
and InGaAs nanostructures have been developed.
A design was developed and a model of a com-
pact THz radiation source (up to 1.2 THz) was
manufactured based on semiconductor nano-
structures with radiation delivery, including
nanostructured fiber. A design was developed
and a model of a THz radiation receiver (up to
1.2 THz) was manufactured with a sensitivity
that allows recording signals from detection
objects in real time.

JSC "OKB Astron" has manufactured an active
system for detecting covertly carried substances
based on THz sources and detectors. The system
consists of a passive terahertz camera, a video
surveillance camera and a thermal imaging cam-
era, the product is configured as a single unit.
The design of the complex together with the THz
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CTBYHOILIHE MaciTabable K03GOULIMEHTH ISl IIPOBe-
IeHHsI CPaBHEHMS 3aperMCTPHUPOBAHHBIX aHOMAJIMI
K306paskeHUN C 6UOIHMOTEKOM 3aIlpelleHHBIX K IIPOo-
HOCy IIpe/IMeTOB; C ILie/ipl0 06Hapy>keHHS 3aIlpelleH-
HBIX IIPeJMeTOB IIPOMU3BOAMUT CHHTE3 H300pasKeHUs
cybbeKTa IyTeM aHaIK3a BHIEOCUTHAJIOB, IIOTy4YeH-
HBIX OT ITAaCCMBHOM TepareplieBOH KaMepbl, KaMepEl
BH/IeOHAOIIONEeHH ST U TeIJIOBU3HUOHHOM KaMephl.

Bospocmiasi B mocjiefHee BpeMsi TeppOpPUCTHUe-
CKasl yrpo3a B OTHOLIEHHH 06BEKTOB 0CO60M BasKHO-
CTH Ha IIepBbIH IVIAH BBIABUTAET 3a1a4y obecriedeHuUs
3TUX 00BEKTOB COBPeMEHHBIMHU CPeACTBAMH 3aIIUTHL.
Bopeba ¢ TeppopH3MOM - OflHA M3 CaMbIX IIPUOPUTET-
HBIX 3aJja4, CTOSILIUX Iepesi BCeMH CHUJIOBBIMH BeIOM-
crBamu Poccuu. Ilpegnaraemast AO "OKB "Actpon”
HOBasi JOCMOTPOBAsI CUCTEMA ITO3BOJIUT CYIIeCTBEHHO
IIOBBICUTD yPOBEHb 6€30IIaCHOCTH BasKHEHIIHUX 06BeK-
TOB POCCUICKON MHPPACTPYKTYPHL.
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band (implemented by a passive terahertz cam-
era) provides for a video image channel in the
visible optical range and an image channel in the
infrared spectral region (8-14 pm) with the possi-
bility of subsequent imposition of the images and
their joint processing.

System parameters:

« Video signal frame rate is 6 fps,

+ Resolution of the video signal frame: 320 x 240
pixels for the optical and IR range,

« Image formatis jpg, video is avi

« Video transmission range: from the complex

to the operator’s workstation is up to 100 m,

« Storage time of the recorded video informa-
tion is not less than 30 days.

The display of the result of the security screen-
ing is carried out in two modes:

« Dby a terahertz camera
« Dby combined video surveillance with a graphic
isolation of the concealed object location area

(embedding location) on the image of the

screened subject.

Special software has been developed for the
operator’s workstation. It allows creating a large-
scale projection model of the object of security
screening with the subsequent automatic pro-
cessing of video signals received from a passive
terahertz camera, a video surveillance camera,
a thermal camera, in order to detect forbidden
objects.

The special software provides automatic sig-
naling to the operator about attempts to resist
recognition; it yields photo and video images to
the external system in the visible range for photo
identification of the face; it determines the exact
spatial position and the corresponding scale fac-
tors for comparing the recorded image anomalies
with a catalogue of forbidden objects; with the
purpose of detecting forbidden objects, it synthe-
sizes the image of the subject by analyzing the
video signals received from a passive terahertz
camera, a video surveillance camera and a ther-
mal camera.

The recently increased terrorist threat with
respect to the facilities of particular importance
places a priority on the task of providing these
facilities with modern means of protection. The
fight against terrorism is one of the highest
priorities for all Russian security agencies. The
new scanning system offered by JSC "OKB Astron"
will significantly increase the level of safety
of the most important facilities of the Russian
infrastructure.



