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CNEKTPAJIbHBIE METOADI
B KPUMWUHAJIUCTUKE

Koamogoii HA., K.¢p.-m.H.

CnekTpa/ibHble MeToAbl MPUMEHAIOTCA B cyae6Ho-
MeAMLMHCKOM 3KCnepTu3e Npu BbisiBIeHUN

3aMbITbIX C/1€0B, a TAKXe C/1ef0B, Pacno/IoXeHHbIX
Ha NMecTpbiX, TEMHbIX M 3arpsA3HeHHbIX NpegMeTax.
OTaenbHoe HanpaB/ieHUe CocTaBasieT aKcnepTmnsa
NoAJ/IMHHOCTU NPOn3BeAeHUN NCKYCCTB (KapTuH),
KOrpa cnektpasibHble MeToAbl NO3BO/SIOT BbISBAATb
danbcndpukaumio. B ctatbe paccMaTpusaeTcs
npyUMeHeHue CreKTpasibHbIX MeTOA0B A5 3KCNepTU3bl
B KpUMMHanUcTUKe. ONUCbIBAOTCS pas/inyHble
annapaTHble CpeACcTBa 415 peanm3aumnm cnekTpaabHbIX
MeToA,0B.

PYMeHeHHe CIIeKTPa/JIbHbIX METOHOB YBeJlH-
YHBaeT BO3MOXHOCTH KPUMHHAIMCTHYECKUX
KCC/IeJOBAHUM IIPU MPOBEAEHHUU Pa3THYHBIX
BHJIOB 3KCIIepTH3:
* OKCIIepTH3e JOKYMEeHTOB,
* UJeHTUQUKALMKM Pa3JMUYHBIX BellleCTBeHHBIX
JI0Ka3aTe/IbCTB,
e D3KCIepTH3e JIeKapCTBeHHBIX, HapPKOTHUYeCKHX
Y OTPABJISAIOIIMX BeIeCTB, [UIEBbIX IIPOAYKTOB,
* OKCIIepTH3e BOJIOKOH, BOJIOC, IVIACTMACCOBBIX M3/le-
JIUH,
e OKCIIepTH3e TaKOKPACOYHBIX IIOKPHITHH,
* 3KCIepTH3e panbCUPHUKALMU HeQTEIIPOAYKTOB,
* 3Kcoepruse ¢anbCUMPUKALUU BHUHO-BOLOYHBIX
H3Je/TUH.
* D9KCIIepPTH3e JparolleHHbIX KAMHeH U U3/e/THH.
CriekTpaJibHble METOABl IIPUMEHSIOTCS IIPU IIPO-
BeleHUHU CyAeOHO-MeJUIIMHCKOM 3KCIIePTU3bI: CIIeK-
TpajibHOE OIIpele/leHHe Halu4yus IISATeH KpPOBH,
CIIePMBbI; BBISIB/IEHME 3aMBITBIX C/IeZIlOB KPOBH, a TAKXKe
C/IefIoB KPOBH Ha IIeCTPhIX, TEMHBIX M 3aIPSI3HEHHBIX
npenmeTrax. CIleKTpa/IbHble MeTOABL IT03BOJISIOT BBIS-
BUTh IIOJJIMHHOCTb IIPOM3BeJeHUH HCKYCcCTB (Kap-
THH), oTcedb QanbcuduKranuio. Ho 3Ta 3KkcIepTH3a
IIpe/iCTaBIIsieT CO60H OT/e/IbHOE HallpaB/IeHHe.

NMPNHUWUIMbI PEAJTIMU3ALUNN METOJA
CMNMEKTPAJIbHOIO AHAJIN3A

[J1s1 KpPUMUHATHUCTUYECKUX HCCIIeJOBAaHUI OOBIYHO
WCIIOB3YIOTCS CJIeAyIOlIKe CIIeKTPa/IbHble AHalla-
30HBI: YO A-ynbTpaduoneT, AAHHHbIEe BOMHBI (UV-A) -
320-400HM; BUOMMBIN gUamasold — 400-780HM; OJIMK-
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SPECTRAL METHODS
IN CRIMINALISTICS

Koltovoi N.A., Candidate of Physics and Mathematics

Spectral methods are applied in forensic medical
examination when detecting washed out traces

and traces located on multicolored, dark and dirty
objects. Separate field of study is represented by the
examination of works of art (paintings) authenticity
when the spectral methods allow detecting the
falsification. Use of spectral methods for the
examination in criminalistics is considered in the
article. Various hardware tools are described for the
implementation of spectral methods.

se of spectral methods expands the
opportunities of forensic processing when
performing the examinations of different

types:

» documentation expertise;

« identification of different material evidence;

« expertise of medicinal, narcotic and poisonous

substances, foodstuffs;

 expertise of fibers, hair, plastic products;

 expertise of paint-and-lacquer coatings;

« expertise of oil products falsification;

« expertise of falsification of wines and spirits;

 expertise of precious stones and jewelry.

Spectral methods are used during the forensic
medical examination: spectral determination of blood,
sperm stains. Detection of washed out blood traces
and blood traces located on multicolored, dark and
dirty objects. Spectral methods allow detecting the
authenticity of works of art (paintings) eliminating
the falsification. But this expertise represents the
individual field of study.

PRINCIPLES OF IMPLEMENTATION OF
SPECTRAL ANALYSIS METHOD

The following spectral ranges are usually used for
forensic processing: UV A-ultraviolet, long waves
(UV-A) - 320-400 nm; visible range - 400-780 nm;
near infrared (IR) range (IR-A, Near-IR, NWIR) -
780-1400 nm [1-6].

Two main methods of spectral analysis can be
marked out: point spectral analysis and two-
dimensional spectral analysis. In the first case,
illuminating certain point on the surface of tested
object the spectrum of radiation reflected in this point
is recorded. In the second case, the whole surface

DOI:10.22184/1993-7296.2016.59.5.76.88



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
I OPTICAL MEASUREMENTS
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

HUM uHOpakpacHul (MK) guanasox (IR-A, NearR,
NWIR) - 780-1400 M [1-6].

MOXHO BBIJEJIHTH ABA OCHOBHBIX METOJA CIIEK-
TPJIPHOTO aHa/IK3a; TOUEUYHBIM CIIeKTPA/JIbHBIM aHa-
73 U IBYMepPHBIH CIIeKTPa/IbHBIM aHa/IHU3. B mepBom
cjlydae, oCBelllasi HEKOTOPYIO TOUYKY Ha IIOBEPXHOCTHU
HCCTIelyeMoro obpeKTa, perucTpUPYIOT CIIEKTP OTpa-
SKEHHOT'O B 3TOI TOUKe H3/1y4deHHs. Bo BTOpoM ciy-
Yae OCBEINAIOT BCIO IIOBEPXHOCTh 0OBEKTA K 3aTeM
Npou3BOAST QOTOPETHUCTPALIMIO (AByMepHas peru-
CTPaLlMsl) U3J/IyUYeHHUsI, OTPaskeHHOro OT II0BEPXHOCTHU
obbeKTa.

Taxkske MeTOAbl CIIeKTPJIBHOIO aHalM3a MOKHO
pa3buTh Ha IBa KjIacca: MHKPOCIIEKTPAJIbHBIN aHa-
U3 (CIIeKTPaJIbHBIM aHalIHW3 OOBEeKTOB CTPOUTCS
110 Hab/MIOeHUSIM C IIOMOIIBIO MHKPOCKOIIA) ¥ MaKpo-
CIIeKTPaJIBHBIA aHa/IH3 (IPOBOLUTCS CIIeKTPasbHbII
aHAJIKU3 MaKpPOOOBEKTOB).

PaccMOoTpUM MeTon [ABYMEPHOIO MaKpOCIeK-
TPaJIbHOTO aHanM3a. Ilof CHeKTpaJbHBIM aHAIH30M
06BeKTOB B JaHHOM paboTe ciefyeT MOHHMATh pPery-
CTPallMIO H3/Iy4YeHUS 0OBeKTa B PA3TIHYHBIX CIIEK-
TPIBHBIX JHala3oHaX. [IpM 3TOM IHpeAronaraercs,
4YTO 0OBEKT OCBeNIAeTCs CTAaHAAPTHBIMH MCTOYHH-
KaMH cCBeTa (COMIHEYHOe OCBellleHHe, TaJIoreHOBas
WM JIIOMUHECIIeHTHAs JaMIibl). O6bIYHO perucrpa-
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Puc.1. CnexmpanbHas 4yecmeaumenbHocmb ugemHou uudpo-
80l Kamepbl
Fig. 1. Spectral sensitivity of color digital camera

of object is illuminated, and then photographic
recording (two-dimensional recording) of radiation
reflected from the object surface is performed.

Also, the methods of spectral analysis can be
divided into two classes: microspectral analysis
(spectral analysis of objects is performed on the basis
of observations using microscope) and macrospectral
analysis (spectral analysis of macro-objects is
performed).

Let us consider the method of two-dimensional
macrospectral analysis. The spectral analysis
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LM M300paskeHUs 00beKTa IIPOBOSUTCS C IIOMOIIBIO
uudpoBbix ¢oToanmapaToB. CTPyKTypa UyBCTBHU-
TeJIbHOM MaTpPHUILbl PerUCTPHUPYIOIIEro YCTPOMCTBA
TaKOBa, YTO Ha UyBCTBUTeJbHBIE J€MEHTHI B IIaX-
MAaTHOM IIOpsiJKe HaHEeCeHbI IOKPBITHS TPeX THIIOB,
IIPOIIyCKAIOIIHe LIBeTa B TPeX Pa3HBIX CIEKTPaIb-
HBIX JIMaIla30HaX: CHHEeM, KpacHOM U 3e7ieHoM. COOT-
BETCTBEHHO H300paskeHHe 0ObeKTa PerucTpUpyeTcs
B Tpex CIIeKTPasbHBIX JHalla30HaX: CHHEM, 3e/leHOM
1 KpacHoM (puc.1).

TpafMLIMOHHO MJIsl TIONy4YeHHUs H306paskeHUM
B Pa3JIMYHBIX CIIeKTPAJbHBIX AHUAIA30HAX HCIIONB-
3yI0T Y3KOIIOJIOCHBle MHTepdepeHIIMOHHbIe CBe-
TOOUIBTPBL. IIpH 3TOM co3JaTeny H3MepHUTeIbHBIX
KOMIIJIEKCOB HCIIOJIb3yIOT HECKOJIBKO CXeM II0CTpoe-
HUSI IPUOOPOB B 3aBUCHMMOCTH OT IIOJIOKEHHS CBe-
TOQUIBTPOB B 6710Ke HCTOYHHKA OCBEIIeHHUS HIIU
B peructparope usobpaskeHus. CTaHAAPTHBIN MeTO[,
PerucTpanuu u306paskeHHUH C IIOMOIIBIO LIUPPOBOro
doroammapara He IpelycMaTpUBaeT MCIIONIb30Ba-
HHUS CIIeLIUaIbHBIX CBETOQUIBTPOB HU B MCTOYHUKE,
HHU B perUCcTparTope.

Jlpyrori BapHaHT CXeMBbl IIpefIojaraer pas-
MellleHHe CIelHalbHBIX CBEeTOQUIBTPOB B 60Ke
HCTOYHHKA OCBelleHHs. Cxema peanusyeTcs n1ubo
C IIOMOIIBI0O CBETOQHIBTPOB, KOTOPbIe BBIAEJISIOT
HeoOXOAMMBIN CIIeKTPAJIbHBIN [HAIa30H B LMIMPOKO-
II0JIOCHOM M3/Ty4YeHHUH MCTOYHHKA CBeTa (COTHEeUHBIH
CBeT, JIaMIIa), 1160 C TIOMOIIBIO Y3KOIIOJIOCHBIX K31y~
yaTesiell (LIBETHBIe CBETOAUOABI). Ho myisi perucrpa-
LMK 1306paskeHHU s SKeJIaTeIbHO HCIIONb30BaTh YePHO-
benyo Kamepy.

B TpeTbeM BapHaHTe HCIIOAb3yIOT IIHPOKOIIO-
JIOCHBIM HCTOYHHK H3Jy4YeHHUs, a HeobXOoqHMBbIH
CIIeKTPaJIbHBIM [HAIa30H BBbIEASI0OT C IOMOIIBIO
CBeTOQUIIBTPA, YCTAHABIMBAEMOETO Mepesi PerUCTpH-
PYIOLIUM YCTPOMCTBOM (pHc.2). F B 3TOM clydae Tak
Ke, KaK U B IIpeJIbIAyILIeM, [/1s1 perUCTPALlMU CUTHAIA
>KeJlaTeJIbHO UCII0Nb30BaTh UePHO-Oe/lyto KaMepy.

CymecTByeT  KOHQUIypalMsi  H3MepHUTeNlb-
HOM CXeMbl, KOIJa CBeTOQUJIBTPhl YCTAaHABIHBAIOT
1 B 6JI0Ke UCTOYHHUKA U3JyYeHHUs, U IIepe]l PerUCTpHU-
PYIOIIHM YCTPOHCTBOM. Takasi KOHQUTYpaLIHS JIeSKUT
B OCHOBe IIOCTPOEHHSI YHHUBEPCAJbHBIX PETHCTPUPY-
IONMX KOMILTIEKCOB, KOTOphle CHabkeHbl Habopamu
cBeTOQHUIBTPOB (PHC.3).

Jlnsg  perucTpaliMd  MYJIbTHCIEKTPaJbHBIX
CHHMMKOB B BHJHUMOK 067acTH CIeKTpa IIpUMeHe-
HHe OOBIYHBIX LIUPPOBBIX KaMep TaK>Ke BO3MOXKHO.
Jist peructpanuu usobpaskeHun B YO- u MK-obnactu
HeoOX0MMO IIPUMEHSTh CIlel[ha/bHble KaMepbl, pas-
paboTaHHBIe 1151 PerUCTPalliK M300paskeHUH B COOT-
BETCTBYIOIIMX CIIeKTPa/IbHBIX JHaIla30HaX.
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Puc.2. Liupposas kamepa Spectrocam pupmpl Pixelteq

C Hacadkol u3 CMeHHbIX c8emoduAbmpos

Fig. 2. Digital camera Spectrocam produced by Pixelteq with
the attachment of replaceable color filters

of objects in this paper means recording of object
radiation within various spectral ranges. At the same
time, it is assumed that the object is illuminated by
standard light sources (solar illumination, halogen
or fluorescent lamps). Usually recording of object
image is performed with the help of digital cameras.
The structure of sensing array of recording device is
executed in such a way that the coatings of three types
transmitting the colors in three different spectral
ranges (blue, red and green) are applied in staggered
order on sensing elements. Respectively, the object
image is recorded within three spectral ranges: blue,
green and red (Fig. 1).

Traditionally, in order to obtain images
within different spectral ranges the narrow-band
interference filters are used. And the designers of
measurement systems use several schemes of device
arrangement depending on the color filter position in
the unit of illumination source or image detector. The
standard method of image recording with the help of
digital camera does not use the special color filters in
source or detector.

Other option of the scheme provides the allocation
of special color filters in the unit of illumination
source. The scheme is implemented using the color
filters, which emit the required spectral range in
broad-band radiation of light source (sunlight, lamp),
or using the narrow-band radiators (color light-
emitting diodes). But in order to record the image it is
desirable to use black-and-white camera.

In the third variant, broad-band light source is
used, and the necessary spectral range is detected
using the color filter installed in front of recording
device (Fig. 2). In such case, in the same manner as



I
SESSSSSSSSSSSS  OPTICAL MEASUREMENTS EGMA
I

i g

Puc.3. Pasau4Hble KoHcmpyKkuyuu
c8emoguabmpos 015 8bldeAeHUs cnex-
MPpanbHbiX UANA30HO8.

Fig. 3. Different designs of color filters
for selection of spectral ranges

CNEKTPAJIbHbIE METO/Lbl

SKCMEPTU3bl AOKYMEHTOB

CrieKTpaJIbHBI MeTOJ, II03BOJIsIeT OIIpele/IUTh, KAKKUM
criocoboM 6bLI U3rOTOBJIEH HCCIeAyeMBIH JTOKYMeHT:
C IIOMOIIIBIO TEXHOJOTHMU IOAUrpadrM, Ha KCepoKce,
Ha MaTpPUYHOM IIPHUHTepe, Ha CTPYHMHOM, Jia3epHOM
WM Cy6IMMallMOHHOM ITpHHTepe. [l 3TOro [0CTa-
TOYHO IIOBeprHYTb aHa/IK3y CTPYKTYpy pacIiipeleie-
HUS KPaCUTeIs B [IeUaTHBIX 3HAKAX.

HampumMep, Kak ollpefie/IUTh IOAJTHMHHOCTD [1e4aTH
(opuruHayIbHas Ie4aTh KM IIe4aThb, BBHIIOTHEHHas
IyTeM CKaHHUPOBAHHSI M PpaclledyaTKd Ha IBeTHOM
IpUHTepe). [IJIst 3TOro mnevyaTh pacCMaTPHUBAETCS IO,
OONBIIMM yBeTHUYeHHeM, YTO II03BOSET OTIHUYUTH
OPUTHMHAJIBHYIO IIe4aTh OT I1eYaTH, BBHIIIOJIHEHHOM
C TIOMOIIBI0 KOMIIBIOTEPHOHM BepCTKH. [le/io B TOM,
YTO PUCYHOK, II0JIyUeHHBIN Ha KOMIIBIOTEpe, COCTOUT

FULTLAY, ¥ T T v s

| P T . e e e—
BBk Sal

Puc.4. ®pazmenm 0okymeHmMa 6 0mpa>xeHHOM 8UOUMOM
(cnesa) u 8 uHppakpacHom (cnpaea) caeme

Fig. 4. Document fragment in reflected visible (on the left)
and infrared (on the right) light

in previous case, in order to record the signal it is
desirable to use black-and-white camera.

There is configuration of measurement system
when the color filters are installed in the unit of
radiation source and in front of recording device.
Such configuration is the basis of universal recording
complexes which are equipped with the sets of color
filters (Fig. 3).

In order to record the multispectral photographs
within the visible region of spectrum, use of common
digital cameras is also possible. In order to record the
images within UV and IR region, it is necessary to
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Puc.5. [leHexxHas 6aHkHOmMa 8 YP-ay4ax
Fig. 5. Banknote in UV rays

Puc.6. 1306paxkeHue deHexxHoLll Kyniopbl 8 8LUOLUMOM caeme,
npu Y®-aromuHecueHyuu u npu UK-AtomuHecueHuuu

Fig. 6. Image of banknote in visible light, UV luminescence
and IR luminescence

M3 Habopa IBeTHBIX TO4YeK. TakKUM 06pa3oM MBI
BHUJHUM MO3aHYHYIO Ile4aTh. A OPUIHMHAJbHAA I1e4aTh
IIpeJCTaBiseT cOBOM PHUCYHOK, COCTOSIIME U3 Kpacs-
IIMX YaCTHL, OHOIO I1BeTa.

JlJ1s1 BBISIBJIEHUS] M3MeHeHUL, BHeCEHHBIX B JIOKY-
MeHT YyKe IIOCJIe ero H3rOTOB/IIeHHUs (TpaBileHUe,
IOIKCKA, HCIpaBieHHe), HeobXOOHUMO PacCMOTPeTh
n3o6paskeHHe TIO03PUTENPHOr0 GpparMeHTa, MOCTPO-
eHHoe B YO- unu MKuyvyax. McmpaBineHus, BHeCeH-
Hble TI031Hee B JOKYMeHT, YeTKO IIPOSIBJISIIOTCS B 3THX
OuamnasoHax (puc.4). CIeKTpa/JbHBI MeTO[, IIpefo-
CTaB/JgeT BO3MOXKHOCTb HIeHTHPHILIUPOBATh COCTAB
YepHMJI NUINYyIeH pydKH. HccraemoBaHHe CIIeKTpa
OTpa’keHHUs C/lefid OT PydKH, 3aI0/IHeHHOU Pa3sHBIMU
10 XMMHYECKOMY COCTaBy YepHHJIAMH, IIPOBOJMTCS
Ha OCHOBe aHaJIM3a HallHCaHUs OyKB.

CrieKTpaJIbHBIK MeTO[, I103BOJISeT BBISIBUTb HaJIU-
YHe CIlelJUa/IbHBIX MeTOK, IITaMIIOB, MUKPOIIPUGTOB
U [APYIHX 3/1eMeHTOB 3aIlMTHl Ha JOKYMeHTax U LieH-
HBIX 6yMarax [7-10].

MPUMEHEHUE NK-CMNEKTPOCKOIMNN

019 OSKCNEPTU3bl JOKYMEHTOB
HK-CIIeKTPOCKOIIUS I103BOJISIeT BOCCTAHOBUTH C1abo
BHUJMMBbIe M 3aJIUTble TEKCTHl O1arofaps OTIHYUIO
CIIeKTPaTbHBIX CBOMCTB Pa3HBIX TEKCTOBBIX $parmeH-
TOB. J(pPerTUBHOCTE MeTofa MK-CIIeKTpOCKOIIHHU
OCHOBaHa Ha TOM, YTO 3Ha4YeHHU s KO3PPHLIMEHTa OTpa-
SKeHUs. [JIs Pas3sIU4YHBIX MaTepuasoB B MK-obnactu
CHUJIBHO pas/M4YaloTCs. BhIsIBJIeHHe CKPBITOIO TeKCTa
Ha JOKYMEeHTaX IIPOUCXOOHT 3a CYeT TOro, YTO Pa3jIuy-
HBIe THITBI KPACOK PA3THYAIOTCS MeKAy cobo¥ I1o CTe-
IIeHH IIOIVIOIEeHM S B oTpaskeHus HK-nmyder. ITosTomy
METOJ, MCIIO/NIb3YIOT He TOJIbKO [Jis BBISBJIEHUS CTep-
TBIX CJIeIOB, HO TaK>Ke A/l UAeHTUPHUKALIUU [IeHHBIX
6yMmar. MK-crieKTpOCKOIIM S IIPUMeHSIeTCs [J1s1 3KCIep-
TH3BI JeHeXKHBIX KYIIIOp Ha oIlpele/ieHre UX IIOIJIMH-
HOCTH IIyTeM BH3ya/lH3allMH IpaduUecKUX 3JIeMeH-
TOB, HAaHEeCEeHHBIX CIIeLIMa/IbHOM KPACKOH.
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use special cameras developed for the registration of
images within the relevant spectral ranges.

SPECTRAL METHODS

OF DOCUMENTATION EXPERTISE

Spectral method allows determining by which
method the tested document was made: using the
technology of graphic art, Xerox machine, dot-matrix
printer, inkjet, laser or sublimation printer. For this
purpose, it is sufficient to analyze the structure of dye
distribution in printed characters.

For example, how to determine the authenticity
of seal (original seal or seal applied by scanning and
printing with color printer). For this purpose, the seal
is examined with high-power magnification, and
it allows distinguishing the original seal from the
seal executed with the help of desktop publishing.
The fact is that the picture obtained on computer

Puc.7. Tenesu3suoHHas cnekmpanbHasi cucmema "xkcnepm”,
¢upma "Pacmp”, Beaukuli Hoezopod

Fig. 7. Television spectral system "Expert", "Rastr" company,
Veliky Novgorod
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Puc.8. MpozpammHo-annapamHbili meAesu3UOHHbIU Kom-
naekc "Skcnepm-K”
Fig. 8 Software and hardware television complex "Expert-K"

[1st TIony4deHHUsI CHUMKA ob6bekTa B MK Iy4yax ero
OCBeIAIOT IAMIIOH HaKQJIMBAHHU S, CO3/1aBast MOLTHBIM
noTok MK-yden. A mepep, 00BeKTUBOM LUGPOBOro
doToamnmapara pasMeIaioT CBETOQUIBTDP, OTpe3aro-
UK BUAUMBIN CBeT. ®oTorpadupoBaHUe IIPOH3BO-
OST TP 60/IBIIOL BBIIEPKKE, YTOOBI IOTYYUTD SIPKU
CHHMOK.

JMOMWHECLLIEHTHbLIE METO/ bl

A5 BbIABJIEHUA ®AJIbLUNBbLIX AEHEXXHbIX
KYTMOP

KoHeuHO, caMyI0 BBICOKYIO 3aIIUTY JeHEKHBIM KYIIIO-
paM obecrieuMBaOT ronorpaduyeckyie 3HaAKH, HAHO-

i g

consists of the set of colored dots. Thus, we see the
mosaic printing. And original seal represents the
picture consisting of coloring particles with the same
color.

In order to determine the modifications made in
the document after its execution (etching, adscript,
correction), it is required to examine the image
of suspicious fragment created in UV or IR beams.
Corrections, which were later made in the document,
are clearly seen within these ranges (Fig. 4). The
spectral method grants the opportunity to identify
the structure of pen ink. Examination of reflection
spectrum of the trace of pen filled with the inks,
which are different by the chemical structure, is
performed on the basis of analysis of lettering.

The spectral method allows determining the
presence of special marks, stamps, microfonts
and other protection elements on documents and
securities [7-10].

USE OF IR SPECTROMETRY

FOR DOCUMENTATION EXPERTISE

IR spectroscopy allows restoring dimly-visible and
spilled-on texts at the expense of differentiation of
spectral properties of different text fragments. The
efficiency of methods of IR spectroscopy is based
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Puc.9. BudeocnekmpanbHbiti kKomnapamop “Jucmex-BCK"
¢upmei "Bunduc TexHonozuu", Mocksea

Fig. 9. Video spectral comparator "Distekh-VSK" produced by
"Vildis Tekhnologii", Moscow

CHMble Ha IIOBePXHOCTb M CYMTHIBAEMBIE IIPU OIIpe-
JelleHHOM [JIMHe BOJIHBL IIOJ OIpelle/IeHHBIM YITIOM
063opa. Hcronb3oBaHUe TONOIKKCENIOB HeMOHCTPU-
PyeT 3aBUCHMOCTb SPKOCTH 3/IeMeHTa CTepeorpaMMbl
OT HaIlpaB/leHUs HabmomeHUs. Ho HaHeceHHe TroJo-
rpaduyecKUx 371eMeHTOB TpebyeT HCIIONb30BAHUS
CIIelJMaJIbHBIX Tojorpaduyeckux IpUHTepoB. Cylle-
CTByeT [OBOJIBHO IIPOCTOM TeXHOJOTMYeCKHH MeTo[,
3alMTHl KYIIOp, KOrZa B COCTaB OyMasKHOM MacCHl,
NpelHa3’Ha4yeHHOW [Js U3IOTOBJIEHHS LIeHHBIX
6yMar MM JAeHeXXHBIX KYIIOpP, BKIIOYAIOT CIelHasb
Hble BOJIOKHA WA METKH, KOTOpBIe IIPH OCBeIleHUHU

CpaBHUTENbHbIE XapaKTepUCTUKM PA3ANYHBLIX KOMMIEKCOB
Comparative characteristics of different complexes

Puc.10. Docucenter 4500 MH020QyHKUUOHAAbHbIU KOM-
naexc 08 uccaedosanus dokymeHmos. @upma Projecting,
Leeliuapus

Fig. 10. Docucenter 4500 multifunctional complex for
documentation studies, Projectina company, Switzerland

on the fact that the values of reflection factor for
various materials within IR region significantly
differ. Detection of hidden text on documents takes
place at the expense of the fact that various types of
dyes differ by the degree of absorption and reflection
of IR beams. Therefore, the method is used not only
for the detection of erased traces but also for the
identification of securities. IR spectroscopy is used for
the expertise of banknotes in order to determine their
authenticity at the expense of visualization of graphic
elements applied with special dye.

"SKcnept-K" Docucenter, Projectina, VSC-4, Foster&Freeman,
MapameTpbl KaMepbl 3A0 "3BC", Poccus LliBenuapus BennkobputaHus
Camera parameters “Expert-K" Docucenter, Projectina, VSC-4, Foster& Freeman,
CJSC"EVS", Russia Switzerland Great Britain

M306paxeHune LiBeTHOe undpposoe LiBeTHOe YepHo-benoe
Image Colored digital Colored Black-and-white
CneKTpanbHbI AnanasoH, HM 375-1050 375-1000 375-1050
Spectral range, nm
Bapmoo6be|<TMB,yBeangHwe . 12 14 6
Variable-focus lens, magnification
Yncno ceeTodubTPOB, WT 25 12 10
Number of color filters, pcs.
PerncTpaumsa BUAMMOro OTPaXKEHHOMO CBeTa N + +
Recording of visible reflected light
Perncrpauns YO-ntoMmHecLeHuum

! . + + +
Recording of UV luminescence
Pernctpauumsa NK-nioMmmHecueHuumn

! - + + +
Recording of IR luminescence
CTpMMOCTb, ponnapbl CLLUA 11500 96000 65000
Price, US dollars
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Ha4yMHAIOT JIIOMHUHECLIIMPOBaTh. MI3BeCTHO, YTO CIIEKTP
JIIOMUHeCIIeHIIUH CABUHYT B 0071aCTh O0/lee IIMHHBIX
BOJIH I10 CPaBHEHHUIO CO CBETOM 30HIHPYIOIIEro U3JIy-
yeHHUsI. [loaToMy mpu obnydeHUH YP-CBETOM TaKHe
dparMeHTH HAYHMHAIOT HM3/y4aTh CBET B BHUAKMMOM
nuarasoHe (puc.5, 6), a mpu 061y4eHHH BUANMBIM
CBETOM -~ HaUMHAIOT U3/1y4aTh B UK-nramasoHe.

YO-TIOMHUHECLIeHIINS [IPUMeHIeTCs U IJIs [IOMCKa
C/Ief0B OTIIeYATKOB IIaJIblIeB Ha IMIAAKHX [IOBEPXHO-
CTSX IIyTeM MCIIOJb30BaHHMS IIOACBETKH C IIOMOILIBIO
YO®-maMIpl U [JIS OIpele/leHHUs HaJIU4us CJIe[l0B
[10pOXa BOKPYT OrHECTPEeIbHOIO PaHeHHS Ha II0BepX-
HOCTH KOXXH.

ATMAPATYPA 011 CNEKTPAJIbHbIX
NCCNEAOBAHUI

B Poccuu ammaparypy Ajs CIIeKTPaTbHBIX HCC/IeNO-
BAaHUM BBINYCKalOT GUpMBL: "PacTp’ (Benukuit Hos-
ropon), "IBC" (Caukrt-IleTepbypr), "Crextp’ (MocKkBa),
"Bunpuc TexHonoruu' (Mocksa) (puc.7-9).

Bunasl  HcCIe[OBaHHUH, obecrieunBaeMele
TB-kom1iekcom "IkcrepT-K" 3A0 "IBC", - 310 HCCneno-
BaHUeE XapaKTepa U LIBeTa IOMUHeCLeHIIUH 065eKTOB
B YQ-0CBEIIeHUH OT BCTPOEHHBIX HMCTOYHHUKOB C LeH-
TPaJIbHOM IJIHON BOJIHBI 365 HM; CIIEKTPO30HAJIbHEIE
HCCTIe[IOBAHH S B Y3KOIIOJIOCHBIX IIOAAHATIA30HAX JJINH

=

-y =

Puc.11. Tenesu3uoHHas ayna "Budeombiwib BM-2"
Fig. 1. Television magnifier "Videomysh VM-2"

In order to obtain the object photograph within IR
rays, it is illuminated by incandescent lamp creating
the intense beam of IR rays. And the color filter,
which cuts off the visible light, is located in front
of the lens of digital camera. Photographing must
be performed with high exposure in order to obtain
bright photograph.

LUMINESCENT METHODS FOR DETECTION
OF COUNTERFEIT BANKNOTES

Of course, the higher level of protection of banknotes
is provided by holographic marks applied on the
surface and read at the certain wavelength and certain
viewing angle. Use of holo-pixels demonstrates the
dependence of brightness stereogram element on
observation direction. But application of holographic
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BonH 570, 610, 645, 695, 780, 850 1 950 HM, a Takxke
C IIOMOIIBIO 14 0Tpe3aroIuX CBeTOQUIBTPOB; UCCIeH0-
BaHHe MK-TIoOMHHeCIeHIIUHU KpaCHTeneﬁ; HCCIe10oBa-
HHe aHTHCTOKCOBCKOM JTIOMHHECLIeHIIHH.

B xomriekc “Muctex-BCK" ¢upmbr "Bunpuc Tex-
HOJIOTHH" BXOHSIT [IBe CIIeLIHaJIbHBIE LIUGPOBbIe BUE-
OKaMepkl 3,2 MJIH. IIMKCEI0B KaKhas, 16 KICTOYHUKOB
IIOACBETKHU OT 254 mo 940 HM, pas/jMYHas reoMeTpHus,
16 onTHMasbHO N0f06paHHBIX GUIBTPOB [11-18].

3a pybeskom ammapaTypy OIS CIeKTPaabHBIX
HCCTIeIOBAaHUI BBIITYCKAIOT GUPMBL: Projectina (IlIBeii-
uapus), Froster&Freeman (UK), MS MacroSystem
(Nederland), CRAIC Technologies (CIIA) (pmc.10).
CpaBHeHHe I[apaMeTpOB allllapaToB IIPUBEAEHO
B Tabinule.

KOMMNAKTHbIE CMEKTPAJIbHbIE MPUBOPDI
HexkoTopele GUPMBI BBIIIYCKAIOT KOMIIAKTHBIE IIpH-
6OpBl IS KCCIeNOBAHUS NOKYMEHTOB B Pa3/IMYHBIX
CIIeTPAJIBHBIX JHala3oHaxX. Takue IIpHUOOpPEl 0OBIYHO
Ha3bIBaIOT BHU/EO0JIYIIA, BUAEOMBIIIb (pHc.11—13).

B TeneBH3HOHHOM Jyme "Bupeomsimbp BM-2"
HCIIONIB3YIOTCSL CBETOAMOJHBle MCTOYHHUKH CBeTa:
cUHUH (470HM), 3eeHBIH (567HM), >kenTbini (590HM),
KpacHbIH (655HM), MK (810HM). MynbTHpeXXHUMHas
LIBeTHas MeralMKce/lbHas TeJleBH3MOHHas Jyla
USB 2.0 "BTII-1332" mpemHa3HaueHa [JIsl IIPOBEPKH
OOKYMeHTOB, OAHKHOT W LIeHHBIX OyMar Ha Haau-
Yhe U COOTBETCTBHE 3AIMTHBIX IIPHU3HAKOB (peybed,
MUKpOIIeYaTh, 0COBEHHOCTH JTHHUHN (GOHOBBIX CETOK
U OpHaMEeHTOB, MeTaMepHOCTb KpacuTenei, HK-,
YO-nioMUHeCIeHIIUsT GParMeHTOB M BOJIOKOH M [Ip.)
C BH3yaJM3allMell YBeJIHYeHHOIOo H300paskeHUs
Ha 3KpaHe MOHUTOpA.

OBPABOTKA

MYNbTUCMNEKTPAJIbHbIX AAHHbIX

O6paboTKa MYJIBTHUCIIEKTPATIBHBIX H300paskeHUN Tpe-
6yeT HCIIOTB30BAHHUS CIEIIHATBHOIO ITPOrPAMMHOIO
obecreyenus. Y uto ermie 6omee BasKHO, HEOOXOIHU MBI
CIIeI[MaJIbHble MeTO[bl 06PabOTKH MYJIBTHUCIIEKTPAIb-
HBIX KM300pa’keHHI. PaHee TaKue MeTOABI IIpPUMe-
HSUIUCh IIpH 06paboTKe MYJIBTUCIIEKTPAJIBHBIX KOC-
MHYeCKHX CHHMKOB. IIpoMozmenupoBaTh 06paboTKy
MY/IBTHUCIIEKTPATBHBIX JAAHHBIX MOXKHO C ITOMOIIBIO
nporpammel Photoshop. Kaskmoe niBeTHoe H306paske-
HUe COCTOMT M3 TPeX MOHOXPOMHBIX H300paskeHUH
(KaHaJIOB) - KPaCHOro, 3eJIeHOro, CHHero. IIpu obpa-
6oTKe M306paskKeHUI ONepalUM MPHUMEHSIOT OfHO-
BpeMeHHO KO BCeM TpeM KaHaJaM. Ho ¢ IOMOIIbI0
dyHknuu  "M306pakeHHe-Peryi1HpoBKa-YpoBHH"
MOKHO KOPPEeKTHPOBaTh Ka’KAbIM KaHaa He3a-
BUCHMO. OTHAEIBHO KaHAJbl MOXKHO ITPOCMOTpPETb
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Puc.12. Tenegu3uoHHas ayna "bTI1-1332"
Fig. 12. Television magnifier "BTP-1332"

elements requires the use of special holographic
printers. There is quite simple technological method
of banknote protection when the special fibers or
marks, which begin luminesce during illumination,
are included into the structure of paper stock
intended for the production of securities or banknotes.
It is well known that the luminescence spectrum is
shifted to the region of longer waves in comparison
with the light of probing radiation. Therefore, when
irradiating with UV light such fragments start
emitting the light within visible range (Fig. 5, 6) and
in case of irradiation with visible light they start
emitting within IR range.

UV luminescence is also used for the search of
traces of fingerprints on smooth surfaces at the
expense of illumination by UV lamp and detection of
traces of gunpowder around gunshot wound on skin
surface.

EQUIPMENT FOR SPECTRAL STUDIES

In Russia the equipment for spectral studies is
produced by the following companies: "Rastr'
(Veliky Novgorod), "EVS" (Saint Petersburg), "Spektr"
(Moscow), "Vildis Tekhnologii" (Moscow) (Fig. 7-9).

Types of studies supported by TV complex "Expert-K
produced by CJSC "EVS" include studies of the
character and color of luminescence of objects in UV
illumination from built-in sources with the central
wavelength of 365 nm; multispectral studies within
narrow-band subranges of wavelengths 570, 610, 645,
695, 780, 850 and 950 nm using 14 cutting color filters;
studies of IR luminescence of dyes; studies of anti-
Stokes luminescence.

The complex "Distekh-VSK" produced by "Vildis
Tekhnologii" includes two special digital video
cameras with 3.2 million pixels each, 16 illumination
sources with the wavelength of 254 to 940 nm, various
geometry, 16 optimally selected filters [11-18].

Equipment for spectral studies is also produced
abroad by the following companies: Projectina



¢ nomomplo GyHKIKUK "OKHO-KaHanel'. IIporpamma
I103BOJISIeT KaKBIK KaHaJl CKOIIUPOBATh B OT/AEIbHOE
n3obpaskeHHe 1 06pabaThIBaTh HE3aBUCUMO OT APYTHX
KaHaJIoB.

[ByMepHas crnekTpaJjibHas rmctorpamMmma

[Tpu obpaborke yepHO-OenbIX KM300paskeHHUH HCIIONb-
3yIOT THCTOTPAaMMYy pacIIpefie/leHus SpKocTH. OHa
CTPOMT 3aBUCHMOCTh YHC/JIA TOYEK B HM300paskeHHU
OT YPOBHS SIPKOCTH. IIpu 06paboTKe IIBETHBIX H30-
OpaskeHUM CTPOST TPU THCTOIPAMMEBI, IS KasKIOH
M3 Tpex BBOAHMMBIX KOMIIOHEHT (CHHeM, 3eJIeHOH,
KpacHom). IIpu o6paboTke MHOrO30HAJIbHBIX KOMIIO-
HEHT MOYKHO IIOCTPOHTb IMCTOTPAMMBI IJISI KasKIOTO
13 PETUCTPHUPYEMBIX JHUAIIa30HOB [JIMH BOJH.

3ajaya cerMeHTaLmm MHOro3oHa/bHbIX
n306pakeHumn

OmHOM M3 Ba’KHBIX 3a7a4 06PabOTKU MYIBTHCIIEK-
TPaJIbHBIX [JAaHHBIX SIBISETCS CerMeHTauus (BbLae-
neHHe oObekTa). [lJIsI CerMeHTALlUM BaskKHO CHOp-
MHPOBaThb KPUTEPHUH O6IHM30CTH MAJsSI ABYX TOYEK
n3obpaskeHus. Eciyu Mepa 61IH30CTH MeHbIe HEKOTO-
poro rmopora, TO JaHHbIe TOUKH HU300paskeHUs] OTHO-
CATCS K OMHOMY 00BeKTy. MHTEeHCHUBHOCTb 3IeMEHTa,
PaCIIONIOsKEeHHOro B CTpoke X U cronbre Y U 3aperu-

OPTICAL MEASUREMENTS ‘.@

Puc.13. KomnakmHoe ycmpolicmeo Forinst, Forensic
Instruments, maaus
Fig. 13. Compact device Forinst, Forensic Instruments, Italy

(Switzerland), Froster&Freeman  (UK), MS
MacroSystem (Nederland), CRAIC Technologies (USA)
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CTPHPOBAHHOI'O Ha JAJHMHe BOJHBI A H306paskeHUS,
omuchIBaeTcst oyHKUMern F (x, y, A). CerMeHTaLHIO
MOYKHO ITPOBOJMTDH Ha OCHOBE CIIeKTPaJbHOTO MaKCH-
MyMa. JlaHHasi Mofie/b CerMeHTAlluU XOpomio pabo-
TaeT B C/Iyyae, KOIAA Ha MYJIBTHUCIEKTPaJbHOM H30-
OpaskeHHH HMMeeTCsl HeCKOJIBKO pa3IMUuHbBIX obr1acTelt
(KOMIIOHEHT), y KasK[IOM M3 KOTOPBIX CBOM MaKCHMYyM
IorjomeHust. IIpefolokKHUM, YTO HMEeTCSI MYJIb
THUCIIeKTPaJbHOe H306paskeHHe, TO eCThb HECKOJIBKO
CHHMMKOB, IIOJIyYeHHBIX B Pa3/IMYHBIX CIIEKTPAIbHBIX
IuariasoHax (puc.14).

PaccCMOTpPUM HEKOTOPYI0 TOUKy Ha H306paske-
HUSX. [IpoaHanu3upyeM 3HaueHHe HHTEHCHUBHOCTHU
3TOM TOUKH Ha Pa3/IMYHbIX CHUMKaX. [IpHCBOMM 3TOK
TOYKe 3HaueHHe HOMepa CIIeKTPaJbHOro CHHMKA,
Ha KOTOPOM 3HaueHHe HMHTEHCHUBHOCTH TOYKHU ObLIO
MaKCHMMasbHO. IIpozieniaeM 3Ty OIepalMIo CO BCeMU
TOYKAaMH Ha H300paskeHUH. B pesynbrare IONy-
YUM CerMeHTHPOBaHHOe H306paxkeHHe. TOUKH H30-
OpakeHHsI, KOTOpble MMEIT MaKCHMyM Ha OFHOM
1 TOM >Ke CIIeKTPa/JIbHOM CHHMKe, II0/1y4aT OfHMHaKO-
Bble HOMepa. 3HA4YUT, TOUKHU C IIOXOKUMHU CIIeKTPaJib-
HBIMHU XapaKTePUCTUKAMU 6yoyT KMEeTh OMHAKOBBII
HOMep. O4YeBUIHO, YTO YHCJIO TUIIOB TOYeK (UHCIIO Cer-
MEeHTOB) He Oy[eT IpeBbIIIaTh YHC/IO CIIeKTPaJbHBIX
I 1aTa30HOB.

BbigeneHue rpaHubl

Ha MHOro3oHa/ibHOM M306pa)|(EHI/IVI

MoXHO IpHUBeCTH HeCKOJIbKO MeTOLHK OIlpefelle-
HHUS TPaHHUIIBL Clefla Ha MHOI030HaJIBHOM H306paske-
HHUU. B Ka>K[0M TouKe KOMIIOHEHTHOI0 M306paskeHHU s
BBIUMC/ISIETCSl Tepemnaj SpKOCTH, a B COCeJHHUX TOY-
KaX ~ pa3HOCTb MeX/y 3HaUeHUSIMU SPKOCTH.

IlepBast U3 HUX OIIMPAETCsl HA IIOCTPOeHUe SIPKOCT-
HOT'O MHOT030HAJ/IBHOTO M300paskeHH s Ha OCHOBe BCeX
KOMIIOHEHT. B SIpKOCTHOM H306paskeHHUH SIPKOCTb
KaKJO0M TOYKH paBHa CyMMe SPKOCTeM Bcex H306pa-
>KeHHUM. EC/IM B HEeKOTOPOM TOYKe Ileperaj sipKOCTH
6osblre Iopora, To 3T0 FPAHHUYHAS TOYKA.

ITo BTOpor MeTOAHKe Ka>KABIKM KOMIIOHEHT MHOIO-
30HAaJIBHOI'O I/1306pa)KeHI/IH dHATHU3HUDPYETCA OTAE/IbHO.
Touka cuuTaeTCs T'PAaHUYHOM, eC/IU Ilepelaf, sSIPKO-
CTUB 3TOK TO4Ke OoJbllle IIOpora. B pe3ynsTHpyloieM
1300pakeHUH TOYKAa CUYMTAETCS TPAaHUYHOM, eciIH
OHa SIB/ISIETCS TPAaHUYHOM XOTSI OBl /IS ONHOM KOM-
IIOHEHTHl. MOKHO HCII0/Ib30BaTh METOAMKY aHaJIM3a,
Korma K&}K,ZLBII;I KOMIIOHEHT MHOI'O30HAJ/IBHOI'O 1/1306pa-
SKeHHUSI aHa/IU3UpyeTcs OTAenbHO. ToUKa CUMTAeTCS
IPaHUYHOM, ecId Iepemnaj SPKOCTH B 3TOM TOUKe
6onpme mopora. B pesynasTHpyOIEM H306paskeHUH
TOYKA CUYUTAETCSI TPAHUYHOM, eC/IH OHa SIBJISIeTCs Tpa-
HHUYHOM BO BCeX KOMIIOHEHTaX.
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Confocal Image

Lambda Plane

Lambda Stack

Spectral Image Data Set (Cube)

Puc.14. Cmpykmypa myabmucnekmpanbHo20 u306pa>keHus
Fig. 14. Structure of multispectral image

(Fig. 10, 11). Comparison of equipment parameters is
given below.

COMPACT SPECTRAL DEVICES
Some companies produce compact devices for
documentation studies within different spectral
ranges. Such devices are usually called video-
magnifier, video-mouse (Fig. 11-13).

The light sources based on light emitting diodes
are used in television magnifier "Videomysh VM-2":
blue (470 nm), green (567 nm), yellow (590 nm), red
(655 nm), IR (810 nm) (see Fig. 12).

Multimode colored megapixel television
magnifier USB 2.0 "BTP-1332" is intended for the
check of documents, banknotes and securities for the
presence and compliance of security elements (relief,
microprinting, peculiarities of lines of background
grids and ornaments, metamerism of dyes, IR, UV
luminescence of fragments and fibers etc.) with the
visualization of magnified image on display screen
(see Fig. 13).

PROCESSING OF MULTISPECTRAL DATA

Multispectral data processing requires use of the
special software. And more importantly, the special
methods of multispectral image processing are
required. Earlier, such methods were used during
processing of multispectral space photographs.
Processing of multispectral data can be simulated
using the program Photoshop. Every colored image
consists of three monochromatic images (channels) -
red, green and blue. When processing the images,
operations are performed simultaneously for three
channels. But using the function "Image-Adjustment-
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TakuM 06pa3oM, METOABI CIIEKTPOCKOIIMH, BHe-
IOpeHHBbIe B IIPAKTUKY CyAeOHON 3KCIIePTU3BI, PACIIH-
PSIIOT BO3MOKHOCTH aHanu3a. [JlajpHeHIas paspa-
60TKa U BHeJpeHUe CTAaHJAPTHU3HUPOBAHHBIX METOAUK
M3MepeHHUI II03BOJIUT MKCIIOJNIb30BATh pPe3y/IbTaThl
CIIeKTPAJIPHOTO aHAJIM3a B KadeCTBe [IOKAa3aTeIbHOM
GEEISR
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Levels", each channel can be corrected independently.
Channels can be reviewed separately using the
function "Window-Channels". The program allows
copying every channel into separate image and
processing independently from other channels.

Two-Dimensional Spectral Histogram

When processing black-and-white images, the
histogram of brightness distribution is used. It
constructs the dependence of number of dots in
image on the level of brightness. When processing
colored images, three histograms are plotted, for
each one of three introduced components (blue, green,
red). When processing multi-zone components, the
histograms for each recorded range of wavelengths
can be plotted.

Task of Segmentation of Multi-Zone Images

One of important tasks of processing of
multispectral data consists in the segmentation
task (object selection). For segmentation it is
important to form the criterion of proximity for two
image points. If the measure of proximity is lower
than some threshold, then these image points refer
to one object. Intensity of the element located in
row X and column Y and recorded at the wavelength
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A of image can be described by the function F (x, vy,
). Segmentation can be performed on the basis of
spectral maximum. This model of segmentation
works well in case when there are several different
areas (components) on multispectral image, and
each area has its maximum of absorption. Let
us assume that there is multispectral image or
several photographs obtained in different spectral
ranges (Fig. 14). Let us consider some point on the
photographs. Let us analyze the value of intensity
of this point in different photographs. The number
of spectral photograph, in which the value of
point intensity was maximal, must be assigned
to this point. This operation should be performed
for all points in image. As a result, we will obtain
segmented image. Image points which have
maximum in the same spectral photograph will
be given identical numbers. Therefore, the points
with similar spectral characteristics will have the
same number. Obviously, the number of point types
(number of segments) will not exceed the number of
spectral ranges.

Boundary Detection in Multi-Zone Image
Several methods of trace boundary detection in multi-
zone image can be mentioned here. The brightness
jump is calculated in every point of component image,
and the difference between brightness values is
calculated in adjacent points.

The first one of them relies upon brightness multi-
zone imaging on the basis of all components. The
brightness of every point in brightness image is equal
to the sum of brightnesses of all images. If in some
point the brightness jump is higher than threshold
value, then this is the boundary point.

In the second method, every component of multi-
zone image is analyzed separately. The point is
considered to be boundary if the brightness jump in
this point is higher than threshold value. In resulting
image the point is considered to be boundary if it
is boundary point at least for one component. The
method of analysis when every component of multi-
zone image is analyzed separately can be used. The
point is considered to be boundary if the brightness
jump in this point is higher than threshold value. In
resulting image the point is considered to be boundary
if it is boundary point for all components.

Thus, the methods of spectroscopy used in the
practice of forensic inquiry expand the analysis
capabilities. Furtherdevelopmentand implementation
of standardized measurement methods will allow
using the results of spectral analysis in the capacity
of evidence basis.
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