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Increasing reliability of forensic analysis
while research on destroyed relief marking
with magneto-optical devices

While research on destroyed relief marking of metal objects using the
magneto-optical method, visualization of (invisible) fields of internal stress in the
VIN plate area is performed and then a forensic analysis of obtained instrumental
data is carried out (indirect organoleptic observation of the visualization results);
thus, forensic analysis reliability of results directly depends on sensitivity of
instruments and informativeness of instrumental data.

The main quantitative characteristic in this case is probability of correct
signal recognition (contours of marking signs) against the background of noise
(structural noise of investigated surface and the noise of the visualization method
itself) determined by the signal-to-noise ratio.

This article presents results of a comparative experimental assessment of
signal-to-noise ratio and probability of correct signal recognition while restoring
the destroyed relief markings for two complexes of magneto-optical imaging —
models of 2006 and 2018.

This article purpose is a quantitative and qualitative comparative assessment
of results of visualization of internal stresses in areas of completely removed
relief marking of metal objects. The results of successful practical research
obtained by forensic experts from different countries make it possible to assess
effectiveness and prospects of using the magneto-optical imaging method.

In a new modification of the magneto-optical complex:

e signal levelis 4.35 dB higher (contrast of reconstructed marking signs),

e 2.71 dB lower noise level (surface relief/texture and magnetic copying

noise);

e probability of correct character recognition is P> 0.995 (increased by

14.9%).
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Technical improvements in implementation of magneto-optical visualization
method made it possible to expand the range of materials for research
objects(magnetic and electrically conductive materials were investigated).

The high efficiency of method for restoring marking is illustrated by results
of forensic examinations for materials with a low level of residual stresses
(aluminum alloy, low-carbon steel) which chemical etching method did not give
results for.

The use of new modification allows examining the rust layer, up to cases of
corrosion to the entire depth of marks.

Considering non-destructive nature of magneto-optical researches,
possibility of their repeated repetition without losing object properties, this
method (in accordance with the order of application of types of studies) deserves
more attention for application.

Keywords: relief marking, magneto-optical visualization, data recovery of
remote marking, non-destructive methods.

Formulation of Research Problem. While research on destroyed relief
marking, firstly, visualization of (invisible) fields of internal stress in the VIN
plate area is performed and then a forensic analysis of obtained instrumental
data is carried out (indirect organoleptic observation of visualization results);
thus, forensic analysis reliability of results directly depends on sensitivity of
instruments and informativeness of instrumental data.

It is known from the signal theory that the probability of correct signal
recognition (marking contours) against the background of noise (structural
noise of investigated surface and the noise of the visualization method itself) is
determined by the signal-to-noise ratio.

The task of this research paper is a comparative experimental assessment of
signal-to-noise ratio and probability of correct signal recognition while restoring
the destroyed relief markings for two complexes of magneto-optical imaging:
models of 2006 and 2018.

Analysis of Essential Researches and Publications. Forensic expert
practice of using magneto-optical (hereinafter referred to as MO) devices for
the study of relief marking has been initiated recently: the first complexes were
introduced in 2000 '. Main provisions of application of such techniques in forensic
examinations are outlined in the corresponding methodology?, further integration
of theoretical foundations of this method is carried out in the research paper °.

! Crioci® MarHiTOONTHYHOTO KOHTPOITO BUpOOy : mat. 42880 Vkpaina. Ne 99074257 ;
3asBiL. 22.07.1999 p.; omy6. 15.11.2001 p., brom. Ne 10.

2 Aranmmnu 10. C., Jlessiii C. B., IIpoxopos-Jlykus I'. B. Peanu3anusi KOMIUICKCHON
METOAUKY KPUMUHAIACTUYCCKUX HCCIICJOBAaHUH HACHTU(QHUKAINOHHEIX HOMEPOB aBTO-
TPAHCIIOPTHBIX CPEACTB Ha NPOTrPAMMHO-ANINAPaTHOM ypoBHE. Kpumunaiucmuxa u cy-
oebnas sxkcnepmusa. 2003. Bemr. 51. P. 24—29.

3 Aranini FO. C. MarsitoonTuyHa Bizyali3allis MarHitorpam penbehHuX 300pakeHb
1 CTPYKTYpHHX HEOZHOPITHOCTEH IIOBEPXHEBOTO IIapy (hepOMarHiTHUX BUPOOIB : JIHC. ...
KaH[. TexH. Hayk. Kuis, 2006. 193 p.
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Over time, authors of the methodology thoroughly studied technical parameters
and tested devices, as well as performed a metrological assessment of their
main characteristics'. The next stage in the application of the new instrumental
method was the study of its potential within the framework of expert researches.
Results of the comparison of the experimental assessment of sensitivity for MO,
magnetic-powder and electrochemical methods of research on removed relief
marking are considered in a number of research papers’.

The result of these research papers® was a conclusion on certain fundamental
advantages of the MO method, among which the main ones are high sensitivity
and non-destructive nature of researches helping to effectively investigate even
such a complex substance as a layer of rust from the surface of the VIN plate area.

The result of successful approbation of MO devices and a corresponding
methodology was the introduction of this method in the forensic expert practice
of research on vehicle * marking.

The next major step in the development of MO equipment for expert
researches is the development of eddy current magnetic imaging registered
as a national patent of Ukraine and international patents. This technology has
significantly increased sensitivity and informativeness of magneto-optical
visualization as well as expanded the scope of application of the MO method,
having added to the list of studied objects not only magnetic but also electrically
conductive materials.

! Aranuau 0. C., Jlespiit C. B., MauneB A. M. DkcriepiMeHTalbHAs! OIICHKA YyB-
CTBHUTEIBHOCTH U JIOCTOBEPHOCTH MAarHUTOONITHIECKOH BU3YalIM3aI[HU PeJIbepHBIX Tpacce.
Bicnux HTYY «KIIl». Cepis npunadodyoyeanns. 2006. Bum. 32. P. 39—46 ; Ibidem.
Mertoayka HCCIeI0BaHUN CUTHAIOB U IIIyMOB ITPH MAarHUTOONTHYECKON 1e(pEKTOCKOITHH.
Yuénvie 3anucku Taspuueckoeo nayuonanvrozo ynusepcumema um. B. U. Bepnaockozo.
Cepus: @usuka. 2006. Bem. 19 (58). Ne 1. P. 23—29.

2 Ibid. CpaBHUTEIIBHBII aHAIN3 MATHUTOIIOPOIIKOBOTO U MarHUTOONITHYECKOIO Me-
TOJ0B BU3yaJIU3alllU IPOCTPAHCTBEHHOI'O PACIPEIE/ICHH MATHUTHOTO OIS [IPU UCCIe-
JIOBaHUH OCTATOUHBIX HanpspkeHui. Bicnux HTYY «KIIly. Cepis npunadodyoysanns.
2006. Bum. 31. P. 18—24 ; Ilpo 3arBepmxeHHsT [HCTPYKIIi PO IOPSIOK MTPOBEACHHS
KPUMIHATICTHYHUX JOCIHIDKEHb TPAHCIOPTHUX 3aC00iB 1 peecTparifHUX JOKYMEHTIB,
10 iX CyNpOBOKYIOTE, paniBHUKaMu Excrieprroi ciry:x6u MBC Ykpainu : Hakaz MBC
Vkpainm Big 31.05.2013 p. Ne 537. URL: https://zakon.rada.gov.ua/laws/show/z1309-13
(date accessed: 22.02.2021) ; Arammmum 1O. C., Jlessiii C. B., MauneB A. M., IIpoxo-
pos-Jlykun I'. B. CpaBHUTENbHAS OLICHKA YyBCTBUTEILHOCTH MArHUTOONITHYECKOIO, Mar-
HUTOIIOPOIIKOBOIO U AIEKTPOXUMHUYECKOTO METOJOB IIPHU UCCICAOBAHUU yNalEHHOU pe-
nmpedHOit MapkupoBku. Y. 1—3. Kpumunanucmuxa u cyoedonas skcnepmusa. 2008. Byim.
54.P. 80—119.

3 Arammu FO. C., Jlessriii C. B., MauneB A. M. CpaBHHTEIIBHBIN aHATH3 ... ; Araim-
1u 10. C., Jlessiii C. B., MauneB A. M., IIpoxopos-Jlykun I'. B. CpaBHuTenbHas OLCHKA
YYBCTBUTEIIBHOCTH ... .

* TIpo 3arBeppKeHHsT [HCTPYKIT PO MOPSIIOK TPOBEICHHS KPUMiHATICTUHYHHX J0-
CJIiKEHb TpaHCIOPTHHX 3aco0iB ... . URL: https://zakon.rada.gov.ua/laws/show/z1309-
13 (date accessed: 22.02.2021).
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The development of the theory of the magneto-optical visualization method
has contributed to the advancement of technical tools implemented in forensic
laboratories in more than 40 countries.

The Article Purpose. Research papers about technical visualization tools
used for expert researches, published predominantly in foreign publications and
are little known among Ukrainian experts.

This paper outlines results of the experimental assessment of the signal-
to-noise ratio and probability of correct signal recognition while restoring the
destroyed relief markings for two complexes of magneto-optical imaging being
checked.

New possibilities of MO technology for restoring the destroyed relief
marking of metal magnetic and electrically conductive objects are considered.

Results of expert research on restoration of destroyed relief markings on
real objects for which obtaining data on primary marking by other methods was
inefficient or impossible are presented.

Main Content Presentation. Equipment. Both comparable complexes are
guided by similar physical principles: it can be stressed that they demonstrate the
evolution of technical improvement of this type of devices.

The principle of operation of such MO devices is outlined in detail in
publications', it consists of subsequent performance of a number of operations.
Firstly, the magnetic tape (intermediate storage medium) is demagnetized. Then
the magnetic tape is placed on the studied surface and with the help of a magnetic
scanner, magnetic imaging (magnetography) is performed: record to a magnetic
tape the response of the magnetic field from the surface layers of the VIN plate
area of a metal research object. The response of the magnetic field reflects the
relief and structural inhomogeneities (in particular, the internal tension ). Then
the obtained magnetogram (magnetic tape with a copy of magnetic properties)
is placed in the MO imaging device where it is gradually read out and converted
into a visible image using a converter based on the MO Faraday effect.

The compared complexes of the MO equipment differ in structural and design
solutions, hardware components, technological sophistication of production,
software and algorithm support, what, undoubtedly, impacts main functional
characteristics.

Thus, the set of the MO equipment for research on relief marking of the
2006 model (Fig. 1) consisted of Biii-54 MO imaging device, high-frequency
bias device and a metal magnetic tape for digital recording from EII-298 alloy
(as a magnetic carrier).

! TTar. 42880 Vkpaina ; Aranigi FO. C. Maruitoontiyna Bisyauisaiis MarHiro-
rpaM ... ; Agalidi Yu., Kozhukhar P., Levyi S., Rogozhinsky Yu., Shumsky I. Eddy current
fields/magnetic recording/magneto-optic imaging NDI method. Nondestructive Testing
and Evaluation. 2012. Vol. 27. Is. 2. P. 109—119. DOI: https://doi.org/10.1080/1058975
9.2011.610453 (date accessed: 22.02.2021).
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a) Biii-54 MO imaging device b) High-frequency bias device
Fig. 1. Set of MO equipment for research
on relief marking (model of 2006)

Bii-54 MO imaging device (Fig. 1) helps to copy the visualized area with
dimensions of 150 x 22 mm, the image has a physical size of image point:
37 m. The high-frequency bias device uses a harmonic signal with a frequency
of 400 Hz and an amplitude of about 40 kA / m, which allows to increase the
sensitivity of magnetography to weak signals of internal stress fields. The type
of magnetic carrier used is a metal magnetic tape for EI1-298 TV 14-1-375-94
(bandwidth: 25.4 mm) digital recording. This type of magnetic carrier has a high
amplitude of the recorded signal, however, also has a high level of structural
noise. The set of MO equipment for research on relief marking of the 2018 model
(Fig. 2) contains Pecyna 7505m MO visualization device, Peeyra 7515m high-
frequency bias device, magnetic carrier: BASF Sm900 plastic magnetic tape for
analogue recording.

b) Pecyna 7515m high-frequency bias

a) Pezyna 7505m MO visualization ;
device

device
Fig. 2. Set of MO equipment for research
on relief marking (model dated 2018)
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Pezyna 7505m MO visualization device (Fig. 2) ensures copying of the
visualized area with dimensions of 450 x 18 mm, and the physical size of the
image point: 14 m, which is much higher than similar indicators of the previous
model.

Pecyna 7515m high-frequency bias device uses an impulse signal of
instantaneous frequency up to 1 MHz with adjustable amplitude, which allows
not only to increase the sensitivity of magnetography to weak signals of internal
stress fields but also to create eddy currents in the surface layer (skin effect),
having added to the magnetic component of the analyzed data also the electric
alone. Additionally, the use of high frequency biasing enables to study not only
magnetic materials, but also electrically conductive ones (in particular, aluminum
alloys) .

The type of the used magnetic media carrier is BASF Sm900 (magnetic tape
for polymer-based analog recording, magnetic carrier width: 25.4 mm). This
type of magnetic carrier has not only a high amplitude of a recorded signal but
also a low level of structural noise, which significantly improves the signal-to-
noise ratio for recorded magnetograms.

Experimental researches. The purpose of experimental research was to
obtain visualization of latent images of a test object (hereinafter referred to
as TO); research was conducted on two sets of MO equipment which were
compared. TO is a plate of sheet metal (Steel 45 with the thickness of 1,5 mm)
with the primary relief marking: 865 performed by the method of mechanical
stress treatment (cold stamping). The size of a mark : font Ne 6 (characters height
is 6 mm), the depth of characters relief is 0.3—0.4 mm. Conditions for changing
the VIN number (removal of markings): grinding with the removal of a metal
layer of 0.5 mm deep (it is impossible to visually determine contours of initial
characters).

The appearance of the TO surface is shown in Fig. 3a, the relief mark in the
form of a triangle on the right serves to mark the stressed side of the sample (side
with removed signs).

' Ibid; TIlat. 42880 Vkpaima ; Patent Certificate for Invention (China)
No  Z1.2009801595628, announcement date 30.07.2014 announcement number
CN102449470. Inductor of eddy currents for magnetic tape scanning and scan-
ner based thereon. Inventor: Levyi S., Agalidi Yu., Shumsky I. Forwarding letter for
the Patent Certificate Y/R: 1000364MZ-CN, O/R: PIUA1111850(YFK), filling date
01.07.2009. Patentee: Levyi S., Agalidi Yu., Shumsky I. ; Patent Certificate for Inven-
tion (EP) Ne EP2435822 Al, announcement date 04.04.2018 announcement number
09845325, 09845325.1, 2009845325, EP 2435822 A1, EP 2435822A1, EP-A1-2435822,
EP09845325, EP20090845325, EP2435822 A1, EP2435822A1. Inductor of eddy cur-
rents for magnetic tape scanning and scanner based thereon. Inventor: Levyi S., Agalidi
Yu., Shumsky I. Forwarding letter for the Patent Certificate EP20090845325 filling date
01.07.2009. Patentee: Levyi S., Agalidi Yu., Shumsky 1.
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Qualitative assessment of the obtained experimental data (Fig. 3)
indicates that there are significant differences in the results of the MO
visualization of internal stress conditioned by properties of the compared
models of complexes.

Thus, the complex of the magneto-optical model of 2006 (Fig. 3b) makes
it possible to visualize the internal stress in the area of removed 865 signs at
the level enabling to determine their original value (the image was obtained
from the results of an eddy-current scanner). At the same time, the MO image
has noticeable magnetic copying noises: black lines from the plane-parallel
movement of a scanner mark the boundaries of the width of the magnetic
imaging area. Also structural noises of the EI1-298 metal magnetic tape could
be observed: horizontal lines corresponding to the orientation of the domain
structure and formed while magnetic tape manufacture (strip roll). Besides,
a characteristic feature of high-frequency magnetic imaging is the high
sensitivity to surface defects of types of scratches: location of scratches in the
optical image (Fig. 3a) and MO image (Fig. 3b) is almost the same. However,
in this type of research (restoration of signs of primary marking) such kinds
of surface defects are uninformative: in fact, they are noises that prevent the
reading of the signal of the internal stress field. In addition, the amplitude of
the signal in gradation of brightness (Fig. 3c) looks a bit asymmetrical: the
peak brightness of white reaches 209, that is +81 for the average level (gray:
level 128), the peak of black is only 87 (or -41 from gray).

The set of MO model dated 2018 (Fig. 3d) also directly visualizes the
internal stress in the area of the removed 8635 signs, at the same time the image
has a higher quality. The MO image of this complex has no noticeable noises:
no traces of the scanner’s trajectory are visible during magnetic imaging. The
structural noises of the BASF Sm900 polymer magnetic tape are practically
invisible, what corresponds to fine graininess size (approximately 0.5 m) and
high homogenization of the magnetic substance. What is more, a characteristic
feature of eddy current magnetic imaging is low sensitivity to surface defects
such as scratches: location of big scratches in the optical image (Fig. 3a) and
MO image (Fig. 3d) is identical, but small scratches in MO image are absent:
they are filtered thanks to excitation of eddy currents in a deeper subsurface
skin layer.




[Theoryfand|kracticelofiForensiciSciencelandfGriminalistics¥23rdlissuel

A, 8 bit Signal Noise
250 | |
200 I I
I
150
100 I
50 1

A, 8 bit Signal Noise
250
200
150
160

50

e)
Fig. 3. TO with the internal stress of the metal in the area of destroyed relief
marking: a) photo of the surface; b) MO imaging and signal amplitude for the
device of 2006 model; c¢) brightness in the horizontal section for MO image b);
d) MO visualization for the device model dated 2018; e) the brightness in the
horizontal section for the MO image d)
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The above-mentioned skin effect enabled to improve the detailing of MO
image of the samples contours due to the superposition of dispersion fields from
magnetic and electrical inhomogeneities in the areas of internal stress of the
surface layer of a TO. The amplitude of the signal in the gradations of brightness
(Fig. 3d) looks symmetrical: the brightness peak of white reaches 208, or +80
as to the average level (gray: level 128), while the peak of black is 55 (or -73).

Thus, the quantitative assessment of graphs and visual assessment of images
of Fig. 3 show that the set of MO equipment of the model dated 2018 ensures
a higher level of internal stress signal (in the area of destroyed marking) and
a lower level of structural noise of a TO (in the area without marking).

Analysis of experimental data. To assess the signal-to-noise ratio and
probability of correct signal recognition, a technique' based on the study of
experimental data for signal and noise distributions was implemented: signal and
noise areas are separated by vertical dotted lines (Figs. 3c, 3e).

According to the brightness of these sections, the values of mathematical
expectation and standard deviation (for signal and noise respectively) were cal-
culated, and the amplitude values of local brightness extrema calculated as mod-
uli of deviation from the gray level were used to assess a signal and a noise.

The boundary value (decision threshold) of the correct recognition of the
internal stress signal against the background of noise was taken to be the value at
which the probability of erroneous signal detection is equal to the probability of
signal omission. The value of the quantile corresponding to the tabular values 2
for the normal distribution with parameters (0, 1) was calculated as follows:

M, —M,|
u =
? 6. .+9,
where: M, 6 — mathematical expectation and standard deviation of a signal (c)
and a noise ().

The Table 1 shows the values of mathematical expectation and standard
deviations for a signal and a noise as well as results of the probability of correct
recognition of the contours of primary (Fig. 3) markings.

Table 1
Ne .
Set of MO equipment M 0 M 0 u P
s/n w w c c P
Model dated 2006 8,1 5,6 36,5 | 21,7 | 1,04 | > 0,851
2 Model dated 2018 5,2 4,1 60,2 17,0 | 2,60 | > 0,995

Analysis of data from Table 1 demonstrates the following: the MO equipment
set of the 2018 model has significant advantages, as evidenced by a higher level

! Aramuu 10O. C., Jlewiii C. B., Maunes A. M. Meroanka HCCII€I0BaHU CUTHAIOB
Y IIYMOB ... .

2 Usuenxo I'. U., Mensenes 0. . Maremarnueckas craructuka. Mocksa, 1984.
248 p.
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of visualization quality indicators: the signal level increased by 20 lg (60.2 /
36.5) = 4.35 dB, while the noise level decreased by 20 lg (5.6 / 4.1) =2.71 dB.

The criterion of exceeding the boundary level by the instantaneous value
of the signal amplitude provides detection / recognition of symbols of removed
relief marking with a probability not worse than:

* 0,995 for the set of MO equipment of the 2018 model;

e 0,851 for the set of MO equipment of the 2006 model.

At the same time, while forensic examinations, a forensic expert assesses
results of experimental researches by a number of factors (font style and size,
nature of structural surface noise, etc.) that are poorly formalized, i.e. recognition
of primary marking by restored markings also depends on individual visual
properties, features of psychophysiological processing of visual information and
experience of forensic expert practice, etc.

The results of practical research using MO devices: “Pezyna 7505m” and
“Pezyna 7515m”. The unique characteristics of modern magneto-optical devices
enabled to implement a number of new types of research previously unavailable
or limitedly available for tools of forensic technique.

Thus, Fig. 4 demonstrates the result of a practical research on removed
relief markings on the motorcycle frame (steel structure). Marking is removed
completely, the layer of metal with relief markings is removed to a depth
exceeding the depth of relief markings; it is impossible to identify contours of
markings visually.

Peculiarities of this research are a shape and condition of the VIN plate
area (Fig. 4b): VIN plate that is placed on a cylindrical surface (which is not
convenient for most methods of trace evidence analysis); in addition, the surface
is rough, with craters from ulcerative corrosion due to previous chemical etching
(which was not effective).

Obtained results of MO visualization of internal stress fields in the area of
removed marking helped to determine absolutely all signs of primary marking.

In addition, the detailing of the MO image made it possible to specify the
method of carrying out primary marking (laser engraving) and the method of its
removal:grinding with the use of a hand tool with a small diameter work tool
(type: dremel; Fig. 4c¢).

} 7
o

a) Appearance of an object
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b) Enlarged image of the VIN plate area

¢) MO visualization of internal stress

Fig. 4. The result of a practical research on removed relief marking on the
frame of the motorcycle (ferromagnetic material: steel)

In the following example of a practical research study of remote marking,
the research object is also the motorcycle frame (Fig. 5), but the construction
material is non-magnetic (aluminum alloy).

The VIN plate area (fig. 5b) is placed on a flat surface and is not considerably
rough. Markings are also completely removed, contours of the markings cannot
be visually established.

Rk £

b) Enlarged image of the VIN plate area
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¢) MO visualization of internal stress

Fig. 5. The result of a practical research
on removed relief marking on the frame of the motorcycle
(aluminum alloy: non-magnetic, electrically conductive)

As was mentioned above, research by the magneto-optical method of
internal stresses in non-ferromagnetic electrically conductive materials became
possible only in models after 2018 (with the advent of eddy current technology
of magnetic copying). The amplitude and depth of internal stress fields for
aluminum alloys (due to significant ductility) is smaller than for steel.

However, even in this case, the result of MO visualization of internal stress
fields in the area of removed marking (Fig. 5c) allows to actually restore primary
markings. Also, the high detailing of the MO image helps to draw a conclusion
regarding the fact that laser engraving is the method of manufacturing primary
marking.

Researches which results are provided in Fig. 4 and 5, were held in one of
forensic centers of the United States with participation of a specialist from the
Pezyna company.

Subsequent researches were performed in the forensic center of Latvia; it
is interesting because the marking is damaged as a result of surface corrosion
process (Fig. 6).

a) Object appearance

’ o ( - e o i i
. o e ® “ - e

b) Enlarged image of the V

IN plate area
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¢) MO visualization of internal stresses

Fig. 6. The result of a practical research on removed relief
marking on bolt-action of the rifle

The VIN area plate is placed on the shutter of the Mosin rifle, which has
strong corrosion due to long stay under the ground (Fig. 6a, 6b), markings in the
relief surface of the corrosion layer cannot be identified.

The corrosion layer has a heterogeneous structure due uneven corrosion
process, in particular due to the dependence of the relief of the corrosion layer on
the initial surface relief and on the internal stresses of the surface layer.

As stated above, the corrosion layer is a specific data carrier, and its studies
(especially in a non-destructive manner) are now' available, as far as we know,
only by the MO method.

From forensic expert practice it is known that for cases where corrosion
penetrates to a depth greater than the depth of marking, the corrosion layer may
be the last available source of information.

According to results of researches, obtained images of the MO visualization
of internal stress fields enabled to establish all signs of primary marking (Fig.
6¢). Detailing of the MO image is sufficient to determine the method of marking
(plastic deformation, branding). There are no signs of primary marking removal.

After, results of a practical study of the removed relief marking on a container
made of a thick layer of steel (Fig. 7a) are outlined.

Marking is removed in particular areas of the VIP plate area in order to get
rid of important identification information applied by the manufacturer, as well
as in the process of maintenance and filling cycles. Markings were completely
removed, visible elements of primary marking are absent.

The surface of the container is curved, spherical, as a consequence
implementation of marking renewal methods that use liquids is hard to put into
practice.

Sizes of the VIP plate area compared to ordinary research objects (transport,
weapons) are insignificant, and the number of characters in the VIP plate area
reaches several dozen. An example of the VIP plate area is provided in Fig. 7b.

! Aramunu 1O. C., Jlessriii C. B., Tpowurkuii B. A., TToceinaiixko 0. H. Marauroornu-
geckast 1e()eKTOCKOIHUS IIPUIIOBEPXHOCTHBIX CIOEB (peppOMarHUTHEIX H3AeTHil. Texnuye-
ckas ouaznocmuka u nepaspywaiowuil konmpons. 2007. Bem. 4. P. 16—20.
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It should be emphasized that the material on which the marking is applied
(branding by impacts manually) is low-carbon non-alloy steel with high
ductility and low hardness, resulting in low residual internal stresses (this
conclusion was drawn by forensic experts based on numerous expert researches
on relief marking by impacts in different types of steel: from average carbon
to complex alloyed).

The task of restoring marking on the indicated containers is complicated
for all methods of marking restoring, as physical fundamentals of processes
used in various methods of trace evidence analysis on marking restoring are
structural heterogeneities (and, accordingly, residual stresses).

An attempt to use the method of chemical etching turned out to be ineffec-
tive for the above reasons: surface curvilinearity, size of the VIN plate area,
residual stresses.

As a result of applying magneto-optical method for visualization of the
fields of internal residual stresses, data which have identification meaning were
restored in areas with destroyed primary relief marking. Examples of restored
data are shown in Fig. 7c and 7d.

b) Enlarged image of the VIN plate area
161




Issuesfofirequlatorydlegal¥scientificdandfmethodologicalfsuppor™

¢) MO visualization 1

d) MO visualization 2

Fig. 7. The result of research on removed relief marking
on a thick-walled object (material: low-carbon non-alloyed steel)

It should be emphasized that the method of magneto-optical imaging is
non-destructive: in all studies, geometry of the objects surface remained un-
changed, without changing the residual stress fields. Thus, MO technology helps
to repeatedly study the same areas using this method, for example, to clarify the
elements of primary markings, ways to remove primary markings.

Researches carried out in indicated research papers' on the boundary sensi-
tivity of the magneto-optical method for ferromagnetic alloys show that thanks
to application of this method it is possible to restore markings after removing the
metal surface layer to a depth of 1.5 mm.

Conclusions. Comparative experimental researches are conducted on the as-
sessment of basic parameters of magneto-optical visualization of internal stress-
es of destroyed relief marking for two sets of MO complexes: models dated 2006
and 2018.

Quantitative assessment of obtained experimental data allows to provide
a numerical assessment of main indicators of image quality for comparable sets
of MO complexes. The best indicators of the 2018 model are noted in compari-
son with similar characteristics of the 2006 model:

! Agalidi Yu., Kozhukhar P., Levyi S., Turbin D. Enhanced magneto-optical imaging
of internal stresses in the removed surface layer. Nondestructive Testing and Evaluation.
2015. Vol. 30. Is. 4. P. 347—355 ; Agalidi Yu., Kozhukhar P., Levyi S., Rogozhinsky Yu.,
Shumsky I. Eddy current fields/magnetic ... . DOI: https://doi.org/10.1080/10589759.201
1.610453 (date accessed: 22.02.2021).
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« signal level is 4.35 dB higher (contrast of reconstructed marking signs);

« 2.71 dB lower noise level (surface relief/texture and magnetic copying
noise);

*  probability of correct character recognition is P> 0.995 increased by
14.9% (for the 2006 model, the indicator is P> 0.851).

Qualitative assessment of collected experimental data demonstrates that the
complex of 2018 has significant advantages over the model of 2006, which is
evidenced by a higher quality of visualization:

* improved detailing of the display of outlines of restored markings as

a result of the superposition of the scattering fields of magnetic and
electrical inhomogeneities in the area of internal stress (due to the eddy
current nature of object magnetization);

* improved distinction / contrast of restored markings against the
background of smoothed relief noise of the surface of the VIN plate
area, which is one of results of the eddy current nature of magnetization
in the subsurface skin layer;

* magnetic copying noise is significantly reduced due to the adaptive
design of the flexible emitter of the eddy current scanner and fineness of
the working layer of the polymer magnetic tape.

Results of practical researches obtained with the use of modern models of
MO equipment by forensic experts from different countries sufficiently prove the
effectiveness of MO technology for a wide range of objects with removed mark-
ing, in particular, traditionally complex for instrumental researches on plastic
aluminum alloys and low-carbon non-alloy steel (with low internal stresses),
a thick layer of corrosion on the surface of steel objects (in case of destruction of
the initial relief and, most frequently, the subsurface layer of residual stresses).
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0. C. Azanioi, O. IO. Kowenp

ixBueHHs A0CTOBIPHOCTI eKCIEPTHOT OLIHKY i Yac 0CTiIzKeHH s
3HHUIIEHOTO PeJibE(HOr0O MapKyBaHHS
MAarHiTOONTUYHUMHU MPWIAJAAMU

Mooscnugicmov 6i0HO8IEHHA OAHUX BUOATIEHO20 PENbEDHO20 MAPKYBAHHS 34~
JIedHCUMb 8I0 YYMAUBOCT IHCIMPYMEHMANbHUX 3AC00i8 00CTIONCEHHA MA BU3HA-
YAEMBbCA CNIBBIOHOULEHHAM CUSHAT/WYM.

OcmaHuiv yacom 6 excnepmuiul npakxmuyi 01s 00CAIOHCeHHA MAPKY8Aib-
HUX OaHUX Memanesux 00 €Kmie UKOPUCIMO8YIOMb MASHIMOONMUYHUL Mem OO,
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peanizayiro sKo2o 6 yill cmammi npedcmasieHo Ha NPUKIA0i 080X NOKONIHb KOM-
naeKcie, OJisi AKUX 00ci He 610 NPoedeHO KOMNIEKCHO20 NOPIBHANLHO20 AHATIZY.

Memoro cmammi € KinbKicha ma AKICHA OYIHKA pe3ylbmamis 8i3yanizayii
3ANUMUKOBUX NONIE BHYMPIUIHIX HANPYIHCEeHb OJisl KOMIIEKCI8 MACHIMOONMUYHO20
obnaonanns modeneu 2006 p. i 2018 p., a makodic npezeHmayisi NPaAKmMuYHUX
pe3yibmamie 00Ci0NCeHb, Y AKUX MPAOUYILIHI MemoOu He MAaiu YChixy.

Knrouosi cnosa: penvegpne mapryeanHs, MacHimoonmuuHa 6i3yanizayisi,
BIOHOBIEHHS OAHUX BUOANIEHO20 MAPKYBAHHS, HePYIUHIGHI MEmOoOu.

10. C. Azanuou, A. FO. Kowens
IloBbIlIEHNE TOCTOBEPHOCTH €KCIIEPTHON OLEHKHU
NP UCCJIETOBAHUM YHHUTOKEHHOH pesibe(HOH MAPKUPOBKH
MArHUTOONTHYECKUMH MpUdopamMu
Ipu uccredosanuu YHUYMONCEHHOU penbehHOU MAPKUPOBKU Memaiiude-
CKUX 00bEKMO8 ¢ NOMOWbIO MACHUMOONMUYECKO20 Memo0d GbINONHAIOM 6U-
yanuzayuro (HeBUOUMBIX) Noell BHYMPEHHE20 HANPSNCEHUS. 8 30He HOMEPHOU
NIOWAOKU, a 3amem NPoGOOsm IKCHEPMHYIO OYEHKY NOJYYEHHBIX UHCIPYMEH-
MATbHBIX OAHHBIX (Henpsamoe opeaHolenmuyeckoe HabIo0eHue 3a pe3yibma-
Mamu 8U3yAIU3AYUL);, MAKUM 00PA30M, OOCMOBEPHOCIbL IKCHEPMHOU OYEeHKU
PE3VILMAMO8 HenocpeoCmeenHo 3a8UCUm Om Yy8CMEUMEeTbHOCU NPUOOpO8
U UHPOPMAMUBHOCIU UHCIPYMEHMATbHBIX OAHHBIX.
OcHOBHOU KOMUYECMEEHHOU XAPAKMEPUCIUKOU 6 OAHHOM CyYde 6biCHLY-
naem 6eposAmMHOCMb NPABUILHO20 PACNO3ZHABAHUS CUCHANA (KOHMYPO8 3HAKOS
MAapKuposKu) Ha pone wyma (CMpyKmypHO20 Wyma UcciedyemMol no8epxXHoCmu
U WYMOB CaMOo20 Memood 6U3VAIU3AYUL), ONPedensieMds COOMHOUWEHUEM CU2-
Han/wiym.
B oannoii cmamee npedcmaeienvi pe3yiomamol CpaGHUMENIbHOU IKCNEPU-
MEHMANbHOU OYEHKU OMHOWEHUS CUSHAT/WYM U BEPOSIMHOCINU NPABUILHO2O
PACNO3HABAHUSL CUSHANLA NPU 80CCTNAHOBLEHULU YHUUMONICEHHOU pelbehHOU Map-
KUPOBKU OJ1s1 08YX KOMNIEKCO8 MACHUMOONMUYECKOU BU3YANU3AYUL — MoOenell
2006 2. u 2018 2.
Llenvio cmamou 61A€MCA  KOTUYECMEEHHAS U KAYECMBEHHAs CPAGHU-
menvHas OYeHKa pe3yNbmamos 6U3yaniu3ayuu 6HYMpeHHUX HANPIAXCeHUll Ha
VUACMKAX NOIHOCMBIO YOUNEHHOU penbehpHOU MAPKUPOSKU MeMAaLIUYeCcKUx
00vexmos. Pesyibmanmul yCReUHbIX NPAKMU4ecKux uccie008anull, noay4yeHHbix
IKCNepmamu pasHvlxX CmpaH, 0arm 803MONICHOCb OYEeHUMb IPHeKMUsHoCnb
U NEPCReKMUEHOCHb NPUMEHEHUsL MEMOo0d MACHUMOONMUYECKOU GU3YATUAYUU.
B noeoti mooupurayuu maznumoonmuueckoeo KomMniexca.
*  na 4,35 0b eviue yposenv cuenana (KOHMPACM 0CCMAHOBIEHHBIX 3HA-
KO8 MAPKUPOBKUL);

*  wna 2,71 0B Huoce yposewv wiyma (penved/paxmypa nosepxmocmu
U UYMbL MACHUMHO20 KONUPOBAHUS),

*  BEPOAMHOCMb NPAGUNILHO20 PACNO3ZHABAHUS CUMBON08 COCMABIAEm
P> 0,995 (sospocna na 14,9 %).
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Texnuueckue yco8epuencmeosaniis peanusayuu Memood MazHumoonmu-
YeCKOU BU3YANUZAYUY NO3GONUNU PACUUPUINDG OUANAZ0H MAMEPUALO8 0ObEKMO8
uccnedosanust (UCCIed06anbl MAZHUMHbLE U NEKMPONPOSOOHLLE MAMEPUATIDL).

Bovicokyio aghpexmusnocmo memooa no 60CCmMano8ieHuI0 MApKUPOSKU npo-
UTIOCMPUPOBAHO PE3VIbIMAMAMU IKCNEPMU3 05k MAMEPUATO8 C HUZKUM YPOG-
HeM OCMAMOYHbIX HANPANCEHUL (AIOMUHUCE020 CNILABA, HUZKOY2LEePOOUCTOU
cmanu), 05t KOMopvLx Memoo XUMUYECKO20 MPAGLEHUs. He Ol PE3VIbIMamos.

Hcnonvzosanue ool MoOupuKayu no3eoisem ucciedosamny Cloll picas-
YUHbL, 6NI0Mb 00 CIYYAes KOPPO3Ull HA 6CIO 21YOUHY 3HAKOS.

Yuumvisas nepaspywarowuil xapakmep MAacHUMOONMULECKUX UCCLe008d-
HULL, 603MONCHOCb UX MHO2OKPAMHO20 NOSMOPEHUsL be3 nomepu c80UCms 00b-
eKma, 3mom mMemoo (6 COOmeemcmeuu ¢ NOPSIOKOM NPUMEHEHUSL U008 UCCe)0-
6anuil) 3acayxcueaem 60IbUE20 BHUMAHUS OJIsL APUMEHEHUSL.

Knioueevie cnosa: penvepnas MapKupoexa, MASHUMOONMUYECKAs 6U3Y-
anuzayust, 60CCMAHOGLEHUE OAHHBIX YOALEHHOU MAPKUPOBKI, HEPA3PYULAIOWUE
Memoobl.
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