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B cTaTbe paccMaTpMBaeTCs HOBbIN
3KCrnepuMeHTasIbHbIN 06pasel,
BbICOKOMPOU3BOAUTE/IbHOIO ONTUKO-3/IEKTPOHHOI O
npu6opa s ayTeHTUGUKaLUM 3aLUTHBIX
rosorpaMm Ha AOKyMeHTax. B HeM ckopocTb
nosiy4eHus pesysbTaTa yBe/iMunmBaeTcs

6narogaps NpMMeHeHUI0 B KOHCTPYKLUK
KOMMapaTopa COBPeMEHHbIX CKaHUPYHOLLUX CUCTEM,
BbICOKOCKOPOCTHbIX PerucTpUpYHOLLUX YCTPOMCTB,
cneumManbHO pa3paboTaHHbIX U U3rOTOBJIEHHBIX
KOMMOHEHTOB ONTUYECKOW CUCTEMDI.
Mcnonb3oBaHWe KOppensLMOHHbIX GUALTPOB

B a/iropuTMe 06pa6oTkn MHGOpMaL MU, NOJTY4eHHOMN
C rosiorpamMMbl, 3HAYMTEJIbHO COKPALLAET Bpems

M NOBbILLAET HaAEXHOCTb NpoLecca NpoBepKu
NoA/IMHHOCTM 3aLLUTHbIX FOJIOrpaMM.

Knto4yeBble cioBa: 3alMTHbLIE FOIOrPaMMbI,
ANDPAKLUMOHHbIE 3aLLNTHBIE 3/IEMEHTbI,
ro0rpaMMHbIe 3aLWUTHbIE 3/IEMEHTbI, KOHTPO/Ib
NoA/IMIHHOCTW, aBTOMATUYECKMIA KOHTPO/Ib,
3aLLUNTHbIE TONI0rpaMMbl Ha OKYMEHTax

CTaTbs nonyyeHa: 22.12.2021
MpuHATa K nybankaummn: 28.01.2021

BBEAEHUE

Pagy>kHble TOJOTPAaMMBl IIMPOKO HCIIONb3YHOTCS
B KayecTBe OJHOIO M3 3/IeMEeHTOB 3aILMTHL JJI pas3-
JTUYHBIX JOKYMEHTOB: IIAaCIIOPTOB, BOJSUTE/IbCKHX
[IpaB, Pa3/JIMYHBIX CePTHGUKATOB U OPYIHUX IPOLAYK-
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INTRODUCTION

Rainbow holograms are widely used as one of the secu-
rity elements for various documents: passports, driver’s
licenses, various certificates and other security printing
products [1]. The relevance of this topic is difficult to
overestimate, even with the entry into our life of vol-
ume holograms on polymer carriers. Security rainbow
holograms are used as a fighting tool against counterfeit
goods in almost all spheres of human activity, which
inevitably leads to the emergence certain people’s need
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TOB 3aIIMTHOM Ie4daTH [1]. AKTyaJIbHOCTb JaHHOIO
HaIlpaB/ieHUs, Jake B CBA3M C BXOKIEHHeM B Hally
SKU3Hb 0OBeMHBIX TOIOIPAMM Ha IIOKMepPHBIX HOCH-
TeJISIX, CJIOKHO IIePeOLIeHUTh. 3allUTHbBIE pafysKHbIe
roJI0OrpaMMBl IIPUMEHSIOTCS KakK 371eMeHT O0pnObl
¢ KOHTpadaKTHOH IIPOAyKLKel IPaKTHUeCcKU BO BCex
chepax 4Ye/0BeueCKON [eATeIbHOCTH, YTO HeMHHY-
eMO IIPUBOJUT K IOSIBIEHUIO IIOTPeOHOCTH HX IIOAJe-
JIBIBATh Y OIIpe/le/IeHHOT0 Kpyra JuL,. COOTBeTCTBEHHO
3a/laya KOHTPOJIS IOJAMHHOCTH 3aLIMTHBIX PafysK-
HBIX TOJIOTPaMM ellle Jonro bymeT BocTpeboBaHa.

Pabora IO 3TOM M CMEXKHBIM TeMaTHKaM BeleTCs
B MITY ummeHu H.3.BaymaHa KO/UIEKTHBOM J1abo-
paTopuu «OIITHKO-TOJMOrpadrUecKhe CHCTeMbI» II0[
pykoBogacTBoM Ipodeccopa C.b. OgrHOKOBa yske bosee
10 seT. 3a 3T0 BpeMs 6bITH Pa3paboTaHbI, H3TOTOBIEHEI
Y IIOCTaBJeHBl 3aKa3uHMKaM KaK CHCTeMBI 3KCIIEePT-
HOT'O KOHTPOJIS 3aIMTHBIX IOJIOIPAMM, TaK M HOCH-
Mble 160 HaCTONBHBIE ITPUOOPHI OIIEPAaTUBHOIO KOH-
TPOJISI, OOHKMM M3 OCHOBHBIX TPeOOBaHHM K KOTOPBIM
SBJISIETCA:

¢ Masioe BpeMsl Ha CKaHHpOBaHHe obpaslia H IpH-

HATHE PelIeHHs O ero IOAJTHMHHOCTH / IIOJIeTIKe;
* HM3Kasl KBaJUQHUKALMS IepCcoHala, KOTOPBIK
OyIeT UCII0/Ib30BATh OIlepAaTUBHBIE CKAHEPHI.

CymecTByeT Kak MHHHMYM JBa II04X0[a K IIOCTPO-
eHHIO NPHUOOPOB OIepaTUBHOIO KOHTPOJISI FOTIOTPAMM.
B 060uX IoAX0/aX JIsL IPHUHSTHS PelIeHHsI O IIOATHH-
HOCTHM TOJIOrPaMMBbl IIPOBOJMTCS CpaBHeHHe HHOOP-
MallMM, IIOJIyYeHHOM C MCCIelyeMOH TIOJIOTPaMMEL,
¢ nHPOpMalHek C 3Ta/IOHHOL TOJIOTPaMMEBL.

B mepBoM IIofxofe B KauecTBe MHQGOpMALMHK IS
CPaBHEHHUsSI MCIIO/Nb3yeTCsl LIBeTHOe H306pakeHHe
C TOJIOTPAMMEI, IIOJICBEUEHHOH HMCTOYHHKOM HEKO-
TepPeHTHOr0 MYJIBTHCIIEKTPATIBHOrO «6eoro» cpera
Y 3aperdCTpUpoBaHHOe HUPPOBOM KaMepor. K TakKUM
YCTPOKCTBaM MOXKHO OTHECTH BH3ya/H3aToOp rojIorpa-
duueckux n3obpaskeHUM GHpMBI Peryma 2303, Takke
BH/I€OCIIeKTPa/JIbHBIM KOMIIapaTop ¢upMBbI Foster
& Freeman «VSC 8000» u mpubop ¢upmer Projectina
«DOCUBOX HD» (cM. puc. 1 a-c).

Bo BTOpOM Imonaxone CpaBHHBAIOT AUPPAKLIMOHHEIE
CIIeKTPbI, BOCCTAHOBJIEHHBIe KOT€PEHTHEIM H3JIy4e-
HHeM C KOHTPOJILPyeMOM TOJIOrPaMMBL K C 3TaJIOHHON
rO/IOTPaMMBI Ha OHOK HJIM HeCKOJIbKUX JJIMHaX BOJIH.
MeTtoz, aHanM3a KOTEPEeHTHBIX H300paskeHHH 3alIlUT-
HBIX TO/IOrpaMM (fajnee mo TekcTy 3I) 3aKio4aeTcs
B KODPE/ISIIMOHHOM Ppaclo3HaBaHHUU H300paskeHUMH
[IPOCTPAaHCTBEHHOIO pacIpesie/ieHUsI MHTeHCHBHOCTH
Ja3epHOr0 H31y4deHHUs, AUparupoBaHHOro B o0b6ma-
cTax 3T. ECIM KOrepeHTHO OCBeIleHHBIM 3/J1eMeHT
TOJIOTPAMMBI  COAEPKUT AHUQPAKLIHOHHbBIE PelIeTKH
C Pa3JIM4YHOM YacTOTOM U OpHeHTallheH, TO B Audpak-
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to counterfeit them. Accordingly, the task of the authen-
ticity control of security rainbow holograms will be in
demand for a long time.

Team of the “Optical-Holographic Systems” laboratory
under the guidance of Prof. S.B. Odinokov works on this
and related topics for over 10 years at the Bauman Mos-
cow State Technical University. During this time, both
systems for expert control of security holograms and por-
table or desktop xpress control were developed, manufac-
tured and delivered to customers. Main requirements for
these devices are:

+ short time for scanning a sample and making

a decision on its authenticity/forgery;

+ low qualification of personnel who will use express

scanners.

There are at least two approaches to the construction
of devices for the express control of holograms. In both
approaches, to make a decision about the authenticity of
the hologram, the information obtained from the inves-
tigated hologram is compared with information from the
reference hologram.

In the first approach, a colour image from a holo-
gram illuminated by a source of incoherent multispectral

“white” light and recorded by a digital camera is used as

information for comparison. These devices include the
Regula 2303 holographic image visualizer, the VSC 8000
video spectral comparator (Foster & Freeman), and the
DOCUBOX HD device (Projectina) (See Figure 1a-c).

The second approach compares diffraction spectra
reconstructed by coherent radiation from the controlled
hologram and from the reference hologram at one or
more wavelengths. The method for analyzing coherent
images of security holograms (hereinafter referred to as
the SH) consists in the correlation image recognition of
the spatial diffraction distribution of the intensity of laser
radiation in the regions of the SH. If a coherently illumi-
nated element of the hologram contains diffraction grat-
ings with different spatial frequencies and orientations,
then the diffraction pattern will include a zero order, as
well as pairs of diffraction orders symmetrically located
at a certain distance from it. The direction and distance
between these maxima and the zero order correspond
to the orientation and spatial frequency of the gratings
existing on the illuminated element.

In our opinion, this method is more accurate and
gives better results in the identification process, as
opposed to comparing colour photographs of holograms.
Fig. 1d shows the first version of an optoelectronic scan-
ner developed by the “Optical-Holographic Systems” lab-
oratory [2, 3], which works on the principle of compar-
ing spatial spectra reconstructed by coherent radiation
from a controlled hologram and spectra obtained earlier
from a reference hologram. This device, in contrast to
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LIMOHHOMN KapTHUHe 6yayT Habmio-
DAThCSL HY/IeBOM IOPSIOK, a TaKKe
napel AUQPAKLUMOHHBIX IIOPSIA-
KOB, CHMMETPHYHO PaCIIONIOKeH-
HBIX Ha HEeKOTOPOM paCCTOSIHHUU
0T Hero. HarmpasjeHue M paccTos-
HHe MeXIy STUMH MaKCHMyMaMHU
1 HyJIeBbIM IOPSIIKOM COOTBET-
CTBYIOT OpPHeHTALIMK M IIPOCTPaH-
CTBEHHOM YacTOTe PelIeToK, IIpH-
CYTCTBYIOIIMX Ha OCBEIeHHOM
37IeMeHTe.

[To HalleMy MHEHHIO, JAHHBII
MeTof, 6oJiee TOUeH U AaeT Tydllre a)
pe3y/bTaThl B ITpoliecce UAeHTUPU-
KallMK B OTJMYHe OT CPaBHEHHS
LIBeTOBBIX GOTOrpadHH roIorpaMM.
Ha puc. 1d mpencraBieH IepBbIR
BapHaHT OITHKO-3JIeKTPOHHOIO
cKaHepa paspaborku nabopato-
pun  «OmnTHKO-rosorpapuveckue
cucteMsl» [2, 3], KoTophlk pabo-
TaeT Ha IMPHUHIMIIE CPaBHEHHS
IIPOCTPAHCTBEHHBIX  CIIEKTPOB,
BOCCTaHOBJIEHHBIX KOTe€PeHTHBIM
H3jydeHHueM C KOHTPOJHpYe-
MOH TOJIOTPaMMBl U CIIEKTPOB,
IIOJlydeHHBIX paHee C 3TaJ0H-
HOM TOJIOTPaMMBI. Y 3TOr0 IpPH-
6opa B OTJIMYHeE OT IIpeJylaraeMoro
IIPUCYTCTBYIOT [IBA CyILIeCTBEHHBIX

scanner

Puc. 1. Mpubopbl KOHMPOAS NOOAUHHOCMU 20A02paMM: a) «Pezyna 2303»;

b) Foster & Freeman «\/SC 8000; ¢) Projectina «DOCUBOX HD»; d) onmuko-
3/eKMPOHHBIL CKAHep

Fig. 1. Devices for the authenticity control of holograms: a) Regula 2303;

b) Foster & Freeman \VSC 8000; c) Projectina DOCUBOX HD; d) optoelectronic

d)

HeloCTaTKa: 1 - MexaHHUecKoe

IepeMelleHHe OIITHYeCKOM TOJOBKH, YTO IIPHUBOIUT
K 3HAYMTe/NbHBIM BPeMeHHBIM 3aTpaTaM IIPHU HCClIe-
TOBAaHMH; 2 — B CBSI3U C 0COOEHHOCTSIMH KOHCTPYKLIMH
KOJIMYeCTBO U II0JIOKEHHe TO4YeK, KOTOpble MOTYT OBITh
IIPOBEpeHbl, OTPAHHUYEHO X PUKCHPOBAHO.

B mpenaraemom mpubope TakKe, KakK U B €r0 IIpef-
IIeCTBEeHHHUKE, HCIIONB3YIOTCS MaTeMaTH4YeCKH CHH-
Te3HpPOBaHHble HHBAPHUAHTHBIE KOPPEISIHOHHbIE
GUIBTPEI, KOTOpHIE COmEpKaT MHopManuio ob 3Ta-
JIOHHOM 0OBeKTe, a TaKKe O ero BO3MOXKHBIX MCKa-
JKeHUSIX, YTO I103BOJISIeT B HEKOTOPOM CTelleHH H36a-
BUTHCSL OT BIIHSHUS 3aIIyMJIEHHOCTH aHAJIH3HPYeMOH
KapTHHBI JUPPAKIIUOHHOIO PaCIIpefie/IeH s, a TakKe
OT OMmMHOOK TIO3UIIMOHHUPOBAHUS 30HAMPYIOIIETO
usnydeHus (4, 5]

OYHKUMNOHAJIbHAA CXEMA
ANOPAKLUMNOHHOIO KOMIMAPATOPA
3AWNTHDBIX TOJTIOrPAMM

Ha puc. 2 npuBeneHa GyHKIIMOHAbHASA CXeMa IIpPU-
6opa. M3 Hee BHUIOHO, YTO KOMIIAPAaTOpP BK/IIOYaeT
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the proposed one, has two significant drawbacks: 1 -
mechanical movement of the optical head, which leads
to significant time expenditures in the investigation;
2 - due to design features, the number and position of
control points is limited and fixed.

In the proposed device, as well as in its predeces-
sor, mathematically synthesized invariant correlation
filters are used, which contain information about the
reference object, as well as about its possible distor-
tions. This allows to some extent get rid of the noise
influence of noise in the analyzed diffraction distribu-
tion pattern, as well as positioning errors of the probe
radiation [4, 5]

FUNCTIONAL DIAGRAM OF DIFFRACTION

COMPARATOR OF SECURITY HOLOGRAMS

Fig. 2 shows a functional diagram of the device. It can
be seen that the comparator includes two channels:
a control channel (items 1-11) and a guidance chan-
nel (items 12-14). The guidance channel is designed to
determine the position of the investigated hologram
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Puc. 2. ®yHKYUOHANbHAS cXxema OUGPAKLUOHHO20 KOMNApAamopa 3auiumHbiX 20A02pamm
Fig. 2. Functional diagram of the diffraction comparator of security holograms

MOITY

B cebst 1Ba KaHaIa: KaHaI KOHTPOs (m103. 1-11) ¥ KaHan
HaBefleHUs (ro3. 12-14). KaHan HaBeneHUS IIpefHA-
3HaueH ISl OIpele/leHHs II0/I0KeHHUs HCCIeyeMOoUu
TOJIOTPAMMBI OTHOCHTEIBHO IIpubopa, a KaHaJI KOH-
TPOJISL BBIIIOTIHSIET COOCTBEHHO MPOLeAypPy HIEeHTH-
dUKAIIMK TOJOrPaMMBbl, 3aKIKOYAIONMIYIOCS B IIOJIY-
YeHUU AUPPAKIHMOHHBIX CIIEKTPOB OT HaMeYeHHBIX
TOYEK KOHTPOJISI U CPAaBHEHHUH IT0/IyYeHHBIX CIIEKTPOB
C 9TAJIOHHBIMH, I10JIy4eHHBIMHU B IIpoLiecce 00ydeHHU s
npubopa 1 XpaHALOIMMUCS B ero 6a3e JaHHBIX.

KaHan KOHTPOJIS COCTOUT M3 JBYXKOOPAHMHATHOM
CKaHUPYIOIIEeN CHCTeMBl IIOACBETKHU 1, comepskaler
Ja3epHBIN AMOA 2, KOJJIUMHPYIOUIUN OOBEKTHB 3,
3€pKaJIPHYI0 CHUCTeMY CKaHMPOBAHHSA 4, BKIIOYAIO-
Iy B cebs B TOM YMCIe 2 TalbBaHOMETPHUUYECKHUX
CKaHATOpa 5 U JOIIOJHUTE/IbHYIO0 THUH30BYI0 CHCTEMY
IlepeHOCa 3padyka 6, KOHTpolHpyemoro obbexra 7,

relative to the device, and the control channel performs
the actual hologram identification procedure, which
consists in obtaining diffraction spectra from the des-
ignated control points and comparing the obtained
spectra with the reference spectra obtained during the
training of the device and stored in its database.

The control channel consists of a two-coordinate scan-
ning illumination system 1, containing a laser diode 2,
a collimating objective 3, a mirror scanning system 4,
including, among other things, 2 galvanometric scan-
ners 5 and an additional pupil transfer lens system 6,
the controlled object 7, Fourier converting system 8,
visualizer 9, reproduction lens 10 and array photodetec-
tor (recording device) 11.

The guidance channel consists of a matrix of LEDs 12
for illumination of the monitored object 7, a projection
lens 13 and photodetector array (recording device) 14.

OnTuko-ronorpacguyeckme npubopsbi fr

= NPOBEAEHWE HAYYHO-MCCNEA0BATENLCKMX, ONEITHO-KOHTPYKTOPCKMX 1
ONbITHO-TEXHONOrMYeCKnx paboT B o0nacTv ronorpaduyYecknx TEXHONOMrMIA
- W3rOTOBNEHWE FONOrPAMMHLIX M AWDPAKUMOHHBLIX ONTHYECKHX JNEMEHTOR
- pazpaboTka W CO3AaHME ONTUKO-Tronorpadguueckuy yCTPORCTE AONONHEHHOW
peansHOCTH (AR-TEXHONOMMK), YCTPOWCTE KOMTPRONA NOANAMHHOCTH 33WMTHBIX ronorpamMm
- DPraHW3auMAa ¥ NpoBefeHHe TEMATHHECKMX KOH(DEPeHUMA, WKON, CEMHHAPOE ¥ BLICTABOK
B 0bnacty ronorpadivueckix TEXHONOrMA

rosfoa

ONTHEC-3NEKTPOHHBIA
CEAHEP HOKYMEHTOR

000 «OIT» P®, 107076, r. Mockea, yn. MaTpocckan TWLMHA, A. 23, cTp. 2, nog. 1a, a1. 5, n. XXV, k. 18,
Ten.: +7(499)263-63-44, e-mail: kus_a_s@mail.ru
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dypre-mipeobpasyoler cUCTeMBbl 8, BU3yanusaropa 9,
PenponyKUHOHHOro obpeKTHBA 10 U MHOTOILIOMIA-
OO4YHOro GOTOIIPHEMHOr0 YCTPOHCTBA (YCTPOMCTBA
peructpauuu) I1.

KaHan HaBe#eHHS COCTOMT M3 MATPHLEBI CBETO-
OHOJ0B 12 [ IOACBETKH KOHTPOIHPYeMOro 00"
eKTa 7, ITPOeKLHOHHOr0 0b6BeKTHUBa 13 U MHOIOILIO-
IAI04YHOr0 GOTOIIPHEMHOTO YCTPOMCTBA (YCTPOHCTBA
perucTpanuu) 4.

DKCMEPUMEHTAJ/IbHbIA OBPA3EL]
ANOPAKLUMNOHHOIO KOMIMAPATOPA
3AWNTHDLIX TOJIOrPAMM

Ha ocHOBe QyHKLIMOHAIBHOM CXeMbl Obla Ppaspa-
boTaHa omnTHYecKkasi cxeMa U 3D-Mofenb KOHCTPYK-
LIMM YCTPOKCTBA, KOTOPYI0O MOKHO BHJeTh Ha PHUC. 3a.

EXPERIMENTAL SAMPLE OF DIFFRACTION
COMPARATOR OF SECURITY HOLOGRAMS
Based on the functional diagram, an optical scheme
and a 3D model of the device structure were developed,
which can be seen in Fig. 3a. The design of the device
is based on the mezzanine principle and contains 3 lev-
els. On the lower level there is an on-board integrated
computer to which an external monitor, mouse and
keyboard are connected. The integration of the com-
puter into the device is caused by the need to organize
a high-speed data bus for transmitting large amount of
video information. Elements of the optical system of
the comparator and electronic components are located
on the two upper floors. An optical window is located
on top of the comparator for placing on it the inves-
tigated hologram or document with the hologram.
A cover is provided to eliminate

Puc. 3. lupakyUuoHHbIl KoMnapamop 3auumHsblx 20A02pamm: a) 3D-modenb
KOHCMPpYKUUU; b)-d) KOHCmpyKuus komnapamopa
Fig. 3. Diffraction comparator of security holograms: a) 3D model of the structure;
b) -d) comparator construction

external light.

To create an experimental sam-
ple of a diffraction comparator for
security holograms, in accordance
with the developed design docu-
mentation, optical, optoelectronic,
electronic, mechanical parts, assem-
blies and units included in it were
manufactured and purchased. Most
of the optical and mechanical com-
ponents are manufactured in Rus-
sia and Belarus. Optoelectronic
and electronic assemblies have also
been developed and manufactured
by Russian development firms, but
with the predominant use of foreign
components.

Figures 3b-3d show photographs
of the appearance of the device. The
overall dimensions of the scanner
were 330x330x650 mm, and the
weight was 20 kg, i.e. itis a tabletop
device. From the photo in Fig. 3Db,
you can get an idea of its dimensions
against the background of a in com-
parison with laptop. In the upper
part of the scanner, under the cover,
there is an optical entrance win-
dow through which the document
is scanned (see Fig. 3c, 3d). Tech-
nical parameters of the comparator
of security holograms are given in
table 1.

Let us now consider the ele-
ments of the device’s subsystems
and the principles of its operation

90 ®OTOHUKA TOM 15 Ne1 2021
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KoHcTpyKUHMs Npubopa IIOCTpoeHa 110 Me30HHUHHOMY
IIPUHLIUITY U COAEP>KUT 3 ypoBHs. Ha HU>KHeM ypoBHe
pacronoxkeH 60PTOBOM HHTErPUPOBAaHHBIM BBIYHC/IH-
TeJIb, K KOTOPOMY IOJK/IIOYAIOTCS BHEIIHUK MOHHUTOP,
MaHHIY/ISTOP “MBIIIB» K KJIaBHATypa. BcTpamBaHMe
BBIYLC/IUTENS] B IIPUOOP BBI3BAHO HEOOXOLHMOCTBIO
OpraHH3aluK BBICOKOCKOPOCTHOM LIMHBI JAHHBIX IS
nepefauu 6OJBIIMX MAaCCHBOB BHUIEOMHPOPMAIIHH.
Ha 7Byx BepXHMX 3Ta)KaX PACIIONIOKEHBI 3/1eMeHTHI
ONTHYEeCKOHM CHCTeMBI KOMIIApaToOpa M 3JIEeKTPOHHBIE
KOMITOHEeHTHI. CBepxXy KOMIIapaTopa PaCIIONIOKeHO
OITHYEeCKoe OKHO IS pa3MelleHHs] Ha HeM HCCIefy-
eMOK TrOJIOTPaMMbl HJIM JOKYMEHTa C TOJIOrPaMMOH.
[/ ycTpaHeHHs BHEIIHMX 3aCBETOK IIpeflyCMOTpeHa
KPBIIIKA.

s co3maHUS 3KCIepHMeHTaJbHOro obpasua
OUQPAKLHMOHHOIO KOMIIApaTopa 3aIIUTHBIX TIOJIO-
IrPpaMM B COOTBETCTBHHU C paspaboranHom K] 6putH
M3TOTOBJIEHBl M 3aKyIUIEHBl OINTHYeCKHe, OITHKO-
371eKTPOHHBIe, IeKTPOHHBIE, MeXaHHUYecKHe JeTalH,
y3/1bl U 6710KHM, BXOASIIKE B €r0 COCTaB. BOMBIIMHCTBO
ONTHYECKUX U MeXaHHYeCKHUX KOMIIOHEHTOB HM3TOTOB-
neHwl B Poccuu U Benopyccru. ONTHKO-37IeKTPOHHbBIE
M 37eKTPOHHBIE Y3/IbI TakKe pa3paboTaHbl M H3rO-
TOBJIEHBl POCCHICKHUMHU GUPMaMU-Pa3paboTUHKAMHU,
HO C IIPeMMYILeCTBeHHBIM HCII0/Ib30BaHHUEM 3apybesk-
HBIX KOMIIIEKTYIOMIHUX.

Ha pucynkax 3b - 3d npuBeneHs! GpoTorpadpuu BHeI-
Hero Buaa mpubopa. abapuTHble pasMepsl CKaHepa
coctaBuiaH 330x330x650 mM, a macca - 20 Kr, T.e. 3TO
HaCTONBHBIN ITpubop. [To pororpadpru Ha pUCyHKe 36

Puc. 4. SnemeHmbl KaHAna HageodeHus
Fig. 4. Guidance channel elements

Ta6bnuua 1. TexHuyeckme napaMeTpbl AMPPaKLMOHHOIO
KOMMapaTopa 3alNTHbIX FOI0rpamm

Table 1. Technical parameters of the diffraction
comparator of security holograms

BenndunHa
Value

[MapameTtp

Parameter

[IMHa BOHbI U3/1y4eHWNS 1a3epHOro 405
anoaa, Hv
Laser diode wavelength, nm

[nanasoH NpoCTPaHCTBEHHbIX HaCTOT 600-2000
peLIeToK, MOANEXALLMX KOHTPOO, MMt
Spatial frequency range of gratings to be

investigated, mm™!

AnameTp 061aCcTU KOHTPONS, MM 71
Control area diameter, mm

Bpems KOHTpONS OAHOI0 OKYMEHTA 80
He 6osee, C

Control time of one document no more
than, s

BeposiTHOCTb naeHTUOUKaLNK 0,96
Identification probability

Hanps>xeHve nutaHus, B 220
Supply voltage, V

FabapuTHble pa3mepbl 330%330%650
(WwrpmHa x ray6buHa x BbICOTa), MM
Overall dimensions

(width x depth x height), mm

Macca, Kr 20
Weight, kg

in more detail. Let’s start with the guidance channel
in Fig. 4. It consists of a multicomponent LED illumi-
nator 1, a projection lens 2 and a photodetector array 3.
There are also mirrors in the optical system for the con-
venience of arranging the device and reducing its overall
dimensions.

The guidance channel functions as follows. The mul-
ticomponent LED illuminator consists of 32 LEDs located
on a semicircle with a calculated radius at equal angular
intervals. The vertical axis of the illuminator (semicircle)
coincides with the vertical axis of the optical window
with the hologram. During operation, the LEDs turn on
discretely, illuminating the investigated hologram from
a certain direction. All gratings perpendicular to this
direction will diffract the incident radiation towards the
lens of the matrix photodetector. As a result, the video
camera registers the image of objects with certain orien-
tations of the gratings (see Fig. 5). Anticipating the quite
natural question: “Why not illuminate the hologram
with all LEDs at once?”, the answer is that in this case it is
much more difficult to isolate useful information against
the noise background.

PHoToONICcs vOL. 15 N21 2021 Q1
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MOKHO IIONYYHUTb IIPeNCTaBlIeHKe O ero rabapurax
Ha QoHe HOyTOyKa. B BepxHeM YacTH CKaHepa IIOf,
KPBIIIKOM PaCIIOIO’KEHO BXOAHOe ONTHYeCKOe OKHO,
yepe3 KOTOpoe M IIPOUCXOAUT CKAHHPOBaHHE [OKY-
MeHTa (cMOTpU puc. 3¢, 3d). TexHHYeCcKUe Iapame-
TPbl KOMIIApAaToOpa 3alIUTHBIX FOJIOTPAMM IIPUBELEHBI
B Tabm. 1.

PacCMOTPHM Tellepb 3/IeMeHTHI [TOACHCTeM IIprbopa
Y IIPUHITUIIBL ero JeHcTBUs 6osee meTanpHO. HauHeM
C KaHajla HaBe#eHHs pUC. 4. OH COCTOMT K3 MHOIO-
KOMIIOHEHTHOI'O0 CBETOLMOOHOIO OCBeTUTeNls 1, Hpo-
eKLIMOHHOT0 06BeKTHBA 2 U MATPUUHOIO GOTOIIpHEM-
HHKa 3. Taloke B OIITHUYECKOM CUCTeMe CTOSIT 3epKajla
IUIsT yEobCcTBa KOMIIOHOBKH ITpHU60Opa M CHHSKEHUS ero
rabapyUTHBIX pa3MepoB.

KaHan HaBeZeHHS QYHKUMOHHPYeT C/IeAYIOIIHMM
06pa3omM. MHOIOKOMIIOHEHTHBIN CBETOLHOIHBIN OCBe-
THUTE/Ib COCTOUT U3 32 CBETOLHOAOB, PACIIOIOKEHHBIX
Ha II0JIyOKPY>KHOCTH C PacyeTHBIM pafuycoM dYepes
paBHBIe YIJIOBBIe IIPOMEXKYTKH. BepTHKa/libHas 0Ch
ocBeTHTesNsI (II0NyOKPY>KHOCTH) COBIIQJaeT C BepTH-
KaJIBHOM OCBIO OINTHYECKOTO0 OKHa C TOJIOrPaMMOM.
B mporecce paboThl CBETOAMOABI BKIIOYAIOTCS IHC-
KpeTHO, IIOACBEeYMBas C OIIpeIe/IeHHOrO HallpaB/IeHUs
HCCIIeyeMyio rojiorpaMmy. Bce pellleTKH, IIepIIeH-

The frames of the investigated object, obtained in
all directions of illumination, are processed using the
software: noise removal, contrast enhancement, and
then stitching into a single image. The obtained image
is used to bind the hologram to the coordinate system
of the device. In Fig. 6 shows the result of the search for
support elements in the process of snapping. The colour
defines the type of the supporting element: the inscrip-
tion “POCCUS” (red), the inscription “RUSSIA” (green),
Eagle (yellow); the circle indicates the position of the ref-
erence element in the standard, and the square indicates
the position of the reference element on the image of the
investigated hologram.

Also, at this stage, the primary comparison of the
image of the investigated hologram with the reference
one takes place, and in the case of a complete mismatch,
it is recognized as counterfeit. In case of detection of
reference objects that coincide with the reference ones,
as a result of binding, information about the reference
Fourier spectra at the assumed control points is loaded
from the database. In the future, this information will
be used in the correlation comparison with the images
of the Fourier spectrum obtained in the control channel.
The technical parameters of the guidance channel are
given in table 2.

Puc. 5. V1306paxkeHus ¢ KaHana HageodeHusl, NOAy4eHHbIe NPU pa3AUYHbIX HANPABAEHUSIX N0OC8emKu
Fig. 5. Images from the guidance channel obtained with different illumination direction
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IOUKYJISpHble TAHHOMY HaIIpaBieHUIo, OynyT mudpa-
THPOBaTh IaJapollee HAa HHUX H3JIy4YeHHe B CTOPOHY
0b6BeKTHBA MAaTPUYHOI0 QOTOIIPHEMHOIO YCTPOHCTBA.
B pesynbraTe 3TOro BHJEOKaMepa PerMCTpUpyeT H30-
OpaskeHHe O0OBEKTOB C OIpefe/eHHBIMU OPHEHTALIU-
SMH pelleTok (CM. puc. 5). Ilpenynpesknas BIIOJIHe
3aKOHOMEPHBIH BOIIPOC: “I104eMy He II0/ICBEeTUTb L0JI0-
IPaMMYy Cpa3y BCEMH CBeTOAHONAMHU?», MOXKHO OTBe-
TUTh, YTO B TAKOM C/Iy4ae 3HAYUTE/IbHO CJI0’KHee Bblle-
JIUTBH I10JIE3HYI0 UHPOPMALIUIO Ha IIIyMOBOM QoHe.

Kagpel mccinenyemoro obbekra, IIOIy4eHHBIE IIPH
BCeX HaIIpaBJIeHUSX IOACBETKH, IIOABEPraroTCs IPO-
rpaMMHOI 06paboTKe: yaaleHHe IIyMOB, IIOBBIIIEHHe
KOHTpACTa U B a/IbHEeHIIIeM CIIHMBAIOTCS B eHHOe 130~
OpaskeHue. 1o MOMy4eHHOMY H300paskeHHIO IIPOK3BO-
JUTCS IIPHBSI3KA TOJIOIPAMMBI K CHCTeMe KOOpPIHHAT
npubopa. Ha prc. 6 IpuBeeH pe3y/n1bTaT IIOKCKA OIIOp-
HBIX 3/IeMEHTOB B IIpoliecce IIPUBS3KU. L[BeTom oIipe-
JleJIIeTCs THUII OIIOPHOIO 37eMeHTa: Hanamuch «POC-
CUSI» (kpacHas), Haamuch «RUSSIA» (3enenas), Open
(CRenTBIN); OKPY>KHOCTh YKa3blBaeT Ha II0JIO’KeHHe
OIIOPHOIO 3JIeMeHTa B 3TajJlOHe, a KBaJApaT — Ha II0JI0-
>KeHHe OIOPHOTIO 37eMeHTa Ha H300pasKeHUH HCCIemy-
€MOM TOJIOTPAMMEI.

Taxke Ha 5TOM 3Talle MNPOUCXOOUT II€PBUUYHOE
CpaBHeHHe H300pasKeHHUsI HCCIefyeMOM IOJI0rPaMMBL
C 5TQJIOHHOM, U B CJlydae II0JIHOTO HECOBIIAZIeHHS OHA
Ipu3HaeTcs: QanbCHOULIMPOBAHHOM. B cnydae obHa-
PY’KEeHHSI OIIOPHBIX 0OBEKTOB, COBIAAAIOIIMX C STAJIOH-
HBIMU B pe3y/IbTaTe IPUBSI3KHU, 13 6a3bl JAHHBIX 3aTpy-
sKaeTcsi HHGopMaLus 06 STaIOHHBIX Qypbe-CIIeKTpax
B IIpeAIiofaraeMbIX TOUKaX KOHTPOJIS. B JanpHelIIeM
3Ta UHQOPMaLIMS HUCII0/Ib3YeTCs IIPH KOPPeISILIHOHHOM

Puc. 6. Pesyabmam npouecca npugsisku 20102pammbi

K cucmeme K0OOpOUHam KoMnapamopa

Fig. 6. Result of the process of binding the hologram to the
comparator coordinate system

il 4

Tabnuua 2. TexHU4eCckmne napameTpbl KaHana HaBegeHUs
Table 2. Technical parameters of the guidance channel

MapameTp BenununHa

Parameter Value

JINHENHOE NoJie 3peHns, MM 60x60

Linear field of view, mm

VICTOYHUK N31y4eHns 32 «6enbix»

Radiation source cseToauoaa
32 «white»
LEDs

Konn4ecTBo HanpaBAeHW NOACBETKMN 32

Number of illumination directions

PaspelueHne CBETOHYBCTBUTELHOMN 2048x1088

MaTpULLbI, MUKCENU

Photosensitive array resolution, pixels

YactoTa KagpoB CBETOHYBCTBUTENLHOMN [o 340

MaTpuLbl, Kagp/cex Up to 340

Photosensitive array frame rate, frame/sec

Now let’s switch to the control channel. A photograph
with the principal subunits that make up this channel
is shown in Fig. 7. It contains a two-coordinate scanning
system of illumination 1, which allows to illuminate the
investigated hologram or document with a hologram
within the entrance window with a small beam aperture.
One of the key components of the scanner is the Fourier
transform lens 2, which forms parallel probing beams
to illuminate the investigated object along the normal
and, after reflection from the object, forms a diffraction
spectrum on the visualizer 3. The diffraction distribu-
tion from the visualizer is recorded using the projection
lens 4 and the photodetector array S and is transferred to
a computer for subsequent comparison with reference
information.

Consider the beam paths in the control channel. For
this, we first turn to the two-coordinate scanning sys-
tem, photographs of which are shown in Fig. 8. The
radiation from the semiconductor laser 1, having passed
through the collimator 2, first hits the mirror 3 (mounted
on a galvanometric scanner, scanning along the X axis).
Next, the image of the mirror 3 with the help of the mir-
ror transfer system of the pupil 4 is built in the plane
of the mirror 5 (in turn, fixed on a galvanometric scan-
ner, which performs scanning along the Y axis). After
that, the image of the mirror 5, using the lens transfer
system of the pupil 6, forms a quasi-point source of coher-
ent radiation at a given distance, scanning the space in
a12x12 degree cone. Thus, we illuminate the object in the
plane of the sample installation with a size of 70x70 mm
or a diameter of 50 mm.

Further, the radiation, passing through the Fourier
transform lens 2 (see Fig. 7), falls along the normal to the
small area of interest on the investigated object. Then,
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CPaBHEHHUHU C H300paskeHUSMHU Qypbe-CIIeKTpa, IOJy-
YeHHBIMH B KaHajle KOHTposd. TeXxHHYecKkue mapame-
TPBI KaHa/Ia HaBe/IeHHUsI IIPHBe/IeHbI B TabI. 2.

Temepp obpaTHMcsl K KaHaay KOHTpoins. dororpa-
busg ¢ NPUHLUUIIHMAILHBIMU Yy3JIaMH, BXOASIIHUMH
B COCTaB 3TOT0 KaHaja, HpHUBedeHa Ha puc. 7. OH
COIEPsKHUT JByXKOOPAMHATHYIO CKAHHUPYIOIIYIO CCTEMY
IIOJICBeTKH 1, KOTOpasi I103BOJISIET IIO[CBETUTD IIyYKOM
MaJIoro JHaMeTpa HCCIefyeMyl TOJI0rPaMMy KK
JOKYMEHT C FOJIOTPaMMOH B IIpefie/iax BXOJHOIO OKHA.
OIHMM M3 KJIIOYeBbIX KOMIIOHEHTOB CKaHepa SBJIsSeTCs
dypbe-mrpeobpasyromuil 06beKTUB 2, KOTOPBIH GOPMU-
pyeT IlapajUle/ibHble 30HIUPYIOIIHE IIYYKH JISL II0A-
CBETKHU HCCIefyeMoro obbeKTa [0 HOpMald U IIoc/e
OTpakeHHSsI 0T 06beKTa PpopmHpyeT AUGPAKIIMOHHBIN
CIIeKTp Ha BH3yanusaTope 3. JUPPaKLMOHHOE pac-
Ipefie/ieHre C BU3ya/lM3aTopa IIPU IIOMOINU IIPOeK-
LIHOHHOTO 0OBeKTHBA 4 U MAaTPHUYHOIO IpHEMHHKA
HU3JIy4eHHsI 5 PeTHCTPHUPYeTCd MU IlepefaeTcsa B KOM-
IIBIOTEp [JIS1 IIOC/Ie[yIOIero CPpaBHEHHS C 3TaJIOHHOU
“HbOpMalIHeH.

PaccMOTpUM XOf, Jy4ed B KaHajle KOHTpo/s. [ljis
3TO CHavyaja obpaTHMCSI K [ABYXKOOPAHHATHOM CKa-
HHUpYIOIler cucTeMe, QoTorpaduu KOTOPOM IIpHBe-
JleHbl Ha pHuc. 8. H3ny4yeHHe OT II0TYIIPOBOLHUKOBOIO
nasepa 1, HpoHAs 4Yepe3 KOIMMHPYIOMIUN 06BeK-
THUB 2, IIONaJjaeT CHavyasa Ha 3epkajio 3 (3aKkperieHHoe
Ha raJIbBAaHOMETPHUUYECKOM CKaHaTOpe, OCYILeCTBIISI0-
IeM CKaHHPOBaHHe BI0/Ib ocH X). Jlanee n306paskeHMe
3epKaJia 3 IIpH [IOMOIIH 3€PKaJIbHOM CHCTeMEI IIepeHoca
3pauKka 4 CTPOMTCSl B IUIOCKOCTH 3epKajia 5 (B CBOIO oue-
pelb 3aKpeIyIeHHOIO Ha a/IbBAHOMETPHUYeCKOM CKa-
HaTope, OCYILECTB/ISIOUeM CKaHHPOBAaHHE BIOJIb OCH
Y). Ilocre dero m3obpaskeHHe 3epKajia 5 IpH IIOMOIIH
JMH30BOM CHCTEeMBI IIepeHoca 3padka 6 GopMHpyeT
Ha 3aJJaHHOM PACCTOSSHHUM KBa3HTOYEYHBIM HUCTOYHHK
KOI'epeHTHOI0 M3/Iy4YeHMsl, CKaHHUPYIOIIKUH IIPOCTpaH-
CTBO B KOHYycCe 12x12 rpamycoB. TeM caMbIM MbI 10/~
CBeuHBaeM OOBEKT B IIJIOCKOCTH YCTAaHOBKH 06paslia
pasmepom 70 x70 MM WU JHaMeTpoM 50 MM.

Hanee wu3nydyeHHe, IIpPoxoAd uepe3 Qypbe-
npeobpasyromui o6beKTUB 2 (CM. PpHUC. 7), IHagaer
[0 HOPMaJIM Ha HHTEPeCyIolylo Majaylo ob1acTh
Ha obbeKTe MCCIefoBaHMs. Ilocie 4Yero B 3aBHCH-
MOCTH OT IIapaMeTpoB JHQPAKLUHOHHEIX pelle-
TOK, IIONABIIMX B IATHO IIOACBETKH, OUPparupyer
B 0OpaTHOM HaIlpaBJIeHUH U, IPOHJs ellle pa3 depes
dypbe-Trpeobpasyromuil 06beKTUB 2, GOPMHUPYET B €ro
HOKANBPHOM IIJIOCKOCTU, COBIIAMIAIOIIEN C IIJIOCKOCTHIO
BU3Yya/d3aTopa 3, OTUPPaKLUHOHHBIN CIIekTp. Pororpa-
GUM IIPOXOKAEHMS H3/IydeHHS B KaHajle KOHTPOJIS
IIoc/Ie JIByXKOOPAHHATHOM CKaHHPYIOIIEH CHCTeMBbl
IIpHMBEeEeHbI Ha pHC. 9.
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Puc. 7. SnemeHmbl KaHAAG KOHMPOAS
Fig. 7. Elements of the control channel

depending on the parameters of the diffraction gratings
that hit the illumination spot, it diffracts in the opposite
direction and, having passed through the Fourier trans-
form lens 2 again, forms a diffraction spectrum in its
focal plane, which coincides with the plane of the visual-
izer 3. Photographs of the passage of radiation in the con-
trol channel after the two-coordinate scanning system
are shown in Fig. 9.

Only half of the diffraction distribution pattern is
formed on the visualizer, containing only one of the dif-
fraction orders +1st or -1°t. The position of the illumination
radiation in the plane of the visualizer and the position of
the reflected zero order from the hologram coincide and
are known to us. Thus, the location of the same diffrac-
tion order completely determines the parameters, period
and orientation of the illuminated diffraction grating and
allows the process of comparison with the standard. Fig.
10a shows a top view of a diffraction spectrum visualizer.
In the photograph, we see three clearly distinguishable
maxima, which indicates that the illumination area on
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Puc. 8.
Jsyxkoop-
OuHamuas
CKaHupyrouas
cucmema

Fig. 8.
Two-axis
scanning
system

Ha Bu3yanu3aTope QOpMHUPYETCs TOIBKO II0JIOBHHA
KapTHUHBI OJUQPAKIIMOHHOIO paclpefeeHus, COLep-
sKalasi TOJIBKO OOUH K3 TUQPAKIIMOHHBIX IIOPSIKOB:
win +1-1, unn -1-u. IlonokeHHe H3Ty4YeHHUS IOA-
CBeTKM B IIOCKOCTH BM3ya/IM3aTOpa M IIOJIOKeHHEe
OTPakKeHHOI'0 HYJIEBOrO IOPSAAKa OT TO0JIOrPAMMBbI
COBITQJAIOT M K3BeCTHBHl HaM. TakuM obpa3om, pac-
[I0JIO’KeHHe OJHOIO IOPsiAKa JUPAKIIUU IIOTHOCTHIO
orpezensgeT IapaMeTphl, IIepHOJ M OpPHeHTaIHIo,
MOCBeUEeHHON OHQPAKIMOHHON PeHIeTKH M I103BO-
JsieT IPOBOAUTH IIPOLIECC CPaBHEHMS C 3TAa/IOHOM.
Ha puc. 10 a maH BUJ, CBepXY Ha BH3ya/IM3aTOP C AUd-
PaKLMOHHBIM CIIeKTpoM. Ha ¢oTorpaduu Mel BUOUM
TPU XOPOIIO Pa3IHYKMMBIX MaKCHMyMa, YTO TOBO-
PHUT O TOM, YTO B IIATHO IIOACBETKM Ha IroJorpaMMe
[onasii TPpU AUPAKUHOHHBIE PeLIeTKH, IIePHOJbI
KOTOPBIX OIIPefe/sIoTCsS PacCTOSHHUEM OT LeHTpa
KapTUHBI, a YIJIOBble OpHEHTALMH - IIOJIO’KeHHeM
Ha Iyre COOTBETCTBYIOINEro paguyca. Puc. 10 b comep-
SKUT ¢oTorpadHio ¢ MaTpUYHOIO IPHeMHHKA H37y-
yeHUs S5 (cM. puc. 7), u3obpaskeHHe KOTOPOH Iiepe-
maetcsi B 60PTOBOM BBIYHCIHTENb ST ITOC/IeAYIOIek
06paboTKM M CPaBHEHHUSI C 3TA/IOHHON HHPOPMALILeH.

the hologram has three diffraction gratings, the peri-
ods of which are determined by the distance from the
center of the picture, and the angular orientations are

Ta6n. 3. TexHnyeckme napameTpbl KaHana KOHTPOS
Table 3. Technical parameters of the control channel

[MapameTtp BennyunHa
Parameter Value
AnameTp 061aCcTU KOHTPONS, MM 71
Control area diameter, mm

[IMHa BOTHbI NCTOYHMKA KOTEPEHTHOIro 405
N3NTYYEHUS, HM

Coherent radiation source wavelength, nm

Pa3pelleHne CBETOHYBCTBUTEIbHON 2048x1088
MaTpULbl, NUKCENN

Photosensitive array resolution, pixels

YacToTa KalpOB CBETOYYBCTBUTENLHOM [o 340
MaTpULbI, Kaap/cek Up to 340
Photosensitive array frame rate, frame/sec

YacToTa CMEeHbI MOIOXKEHUI FalbBAHOMETPU- 1000
YeCkMx ckaHaTopos, My,

Positions change frequency of galvanometric

scanners, Hz

PHOTONICS vOL. 15 N2 | 2021 g5



i g

LECEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
m ONTUYECKME YCTPOUCTBA M CUCTEMbI I
LECEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Puc. 9. lNpouecc
CKAHUpOBaHusl
0oKymeHma

Fig. 9. Docu-
ment scanning
process

TexHHYecKHe IIapaMeTpbl KaHajla KOHTPOJS IIpHBe-
IleHdbl B Tab. 3.

[IporpaMMHoOe obecliedeHKe, KpoMme IPOBeIeHHUs
OIepPaTHUBHOIO KOHTPOJIS TOJIOTPaMM Ha [OKyMeH-
Tax, TakKe II03BOJISIeT aHAJIHM3HPOBaTh IIapaMeTphl
pelleToK, COomepsKallluXCsl B FolorpaMMax, CO3ZaBaTh
IUdpaKUMOHHBIe «KapThl» rojorpamm. Ha pwuc. 11
IIpHBEeNEeHbl  BHU3yaJlH3alUK  JUPPaAKIIHMOHHBIX
OTK/IMKOB — CIIeKTPOB IPU OAHMHOYHOM 30HAHPOBA-
Huu (puc. 11 a), crmekTp ¢parmMeHTa TOJIOTPAMMEI
«Open» (puc. 11 b), crexTp ¢parmeHTa ro0orpaMmbl

determined by the position on the arc of the correspond-
ing radius. Fig. 10b contains a photograph from the
photodetector array S (see Fig. 7), the image of which is
transmitted to the on-board computer for subsequent pro-
cessing and comparison with reference information. The
technical parameters of the control channel are shown in
Table 3.

The software, in addition to conducting express control
of holograms on documents, also allows you to analyze
the parameters of the gratings contained in the holo-
grams to create diffraction “maps” of holograms. In Fig.

Puc. 10. lugppakuuoHHoe pacnpedeaeHue Ha 8u3yaausamope
Fig. 10. Diffraction distribution on the visualizer
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«PO» (puc. 11 ¢) U CIeKTp BceH
TOJIOTPAMMBL.

3AKJ/TIOYEHUE

B 3aK/II0YEHUH BbIIETIMM OCHOBHBIE
KOHCTPYKTOPCKHE U IIPOrPaMMHBIE
pelLIeHus], peaH30BaHHbIe B aBTO- i
MaTH4eckoM  IUGPAKLHOHHOM ‘\
KOMIIApaTope [Isi OIIePaTHBHOIO Touxa xouTpona
KOHTPOJISI ITO/THHHOCTH 3aIUTHBIX
rOJIOTPaMM Ha JJOKyMeHTax. B KoH-
CTPYKLIMH IIpU6Opa HCII0Nb30BAHBL
ra/ibBAHOMETPUYECKHE CKAHATOPHL.
X NpUMeHeHHe II03BOJIHJIO 3Ha-
YUTE/NPHO CHU3UTh BpeMs, Heob-
XOAUMOe [JIsi KOHTPOJS 3aluT-
HOM TOJIOTPAMMBI C pa3sMepaMH
IIaCIIOPTHOM CTPaHHIBI. HCII0/b30-
BAaHHE BBICOKOCKOPOCTHOIO YCTPO-
CTBa PErUCTPALMU TaKKe IIPHUBEJIO
K CHIDKEHUIO BpeMeHU KOHTPOJIS.
CreLlHaIbHO pacCUMTaHHBIE
M M3rOTOBJIEHHblE KOMIIOHEHTBI
OIITHYECKOM CHCTeMbl ITOBBICHIH
Ka4yecTBO PErUCTPUPYEMBIX Kap-
TUH OUPPAKLIMOHHOIO pacIpese-
JIEHMsI, YTO CHU3HJIO OIIMOKH IIpH
IIPOBEJIEHUM KOHTPOJS IOAIHH-
HOCTH. OTCYTCTBHE IIOJBHKHBIX
9/IeMEeHTOB B KOMIIapaTope, KpoMe
CKAaHHUPYIOIUX 3epPKas, IOBBICHIIO

TOYHOCTD IIO3HMLMOHMPOBAHIA 30H" Puc. 11. Busyaau3sayus 0u¢pakuyuoHHbIX 0MKAUKO8

AHPYIOIETO IIy4Ka Ha HCOIeaye- Fig. 1. Visualization of diffraction responses
MoM obpaslie, YTO, B CBOIO OUepe[b,

WNOHHBIE NCTOYHKUKM
B q leHepartopsl Nnasmel
CucTembl MATAHWA NAAIMEHHBIX YCTPOUCTE

OBAacT NpHMEHEHWA:

. B-E}KWMHDE HAHECEHHE I'Iﬂldphl‘rl-lli'i = ONTHYECKWE NOKPBITHA,
nazepHan W MK onTuka, ynpouHAKIWME NOKPLITHA W APyroe
. MHKpﬂ!J'IEI'.Tp-DHHKa = NAAZMOXHMWYECKDE DCAMAEHWE W
TpaBAeHWe MOKPLITWA, MOHHOE TPABNEHKWE
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IIOBBICHJIO BEPOSITHOCTb IIPAaBHUJIPHOM HIAEHTHUPUKA-
LMK 3aIKMTHOIM TOJIOTPAaMMBI, a TakoKe MeXaHHUUYecKyIo
Ha/IeKHOCTb ITpubopa B 1ienioM. IIprMeHeHHe KOoppess-
LIMOHHBIX QU/IBTPOB B a/IFOPUTMe PACIIO3HaBaHUS [1OTTy-
YeHHOMU C To/IorpaMMBbl HHPOPMALIMK TaKKe IIOBBICHIIO
Ha/IeSKHOCTb ITPOLIecca KOHTPOJISI ITOATUHHOCTH.
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11 shows visualizations of diffraction responses - spectra
at single probing (Fig. 11a), the spectrum of a fragment
of the “Eagle” hologram (Fig. 11b), the spectrum of a frag-
ment of the “RF” hologram (Fig. 11c) and the spectrum of
the entire hologram.

CONCLUSION

In conclusion, let us highlight the main design and soft-
ware solutions implemented in the automatic diffraction
comparator for express control of the authenticity of secu-
rity holograms on documents. Galvanometric scanners are
used in the design of the device. Their use made it possible
to significantly reduce the time required to control the secu-
rity hologram with the dimensions of the passport page.
The use of a high-speed image sensor has also resulted
in reduced inspection times. Custom components of the
optical system have improved the quality of the recorded
diffraction distribution patterns, which has reduced errors
in authenticity control. The absence of moving elements
in the comparator, except for scanning mirrors, increased
the positioning accuracy of the probe beam on the sample
under study, which in turn increased the probability of
correct identification of the security hologram, as well as
the mechanical reliability of the device as the whole. The
use of correlation filters in the recognition algorithm for
information obtained from the hologram also increased the
reliability of the authenticity control process.
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