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Annotation. The dermatoglyphic method of research, having gone through more than a century of development and transformation,
from the stage of application to the comparison of fingerprints and palms to the method of detecting susceptibility to certain diseases,
has become an integral, time-tested method in medicine. However, its main field of application is still forensic medicine, in particular,
forensic criminalistics and the identification of unknown persons. The emergence of a large number of works and new methods of
obtaining and analyzing dermatoglyphic indicators requires a systematic review and analysis in order to organize new knowledge in
this area. The analysis of literature sources indicates the rapid development and justification of the use of digital methods to obtain
dermatoglyphs of fingers and toes, palms and feet and further processing of digital images, and the use of artificial neural networks to
improve expertise to identify an unknown person.
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Currently, there is an intensification of local military
conflicts, civil wars, illegal migration, and as a result of an
increase in the number of people hiding their identities, an
increase in the number of unidentified corpses and parts
of corpses, forensic medicine requires a set of modern
reliable research methods.

One of the components of this complex is a
dermatoglyphic study, a method based on the study and
analysis of the ridge pattern of fingers and toes, palms and
feet.

From a simple method first used in 1892 by F. Galton to
compare fingerprints when using a sheet of paper and a
set of inks, this method has now become complex, studying
the frequency of patterns, ridge count, frequency of triradii,
and so on.

In addition to solving purely forensic or criminalistics
questions, dermatoglyphic methods is a powerful tool of
medical anthropology, which allows you to answer
questions about a person's predisposition to a disease,
additional diagnosis of congenital, genetic diseases and
more.

In the process of studying corpses, it is not always
possible to obtain prints of all areas of the ridge patterns of
the skin and study their many features [1], so there is a
need to predict the lost, but diagnostically significant
parameters. In situations where the parts of the body from
which the fingerprints were obtained are separated from
each other (explosive trauma, criminal dismemberment,
etc.), it is also necessary to address the issue of their
anatomical location and belonging to one person in terms
of a comprehensive approach to DVI-Interpol.

The works of domestic and foreign researchers have
obtained theoretical and practical solutions to this problem

[10, 15], proposed a number of methods and models that
can be used to detect, recognize and measure the object
represented by images. However, despite the existing
achievements in the field of image processing and
recognition, their application to solve specific practical
problems requires additional research. The development
and use of models and algorithms for the effective solution
of applied problems of image processing requires
knowledge of the subject area, the features of the tasks.

Digital camera photography is not the only modern
method of colorless dermatoglyphs. There are a large
number of applied methods for determining the relief of
the hand and foot. At the heart of their differentiation are
different physical approaches, and consequently scanners
built on them.

In recent years, artificial neural networks have become
increasingly popular, based on which identification
programs are created, including forensic [8, 13].

Analyzing all the above, we can conclude that the
problem of identifying a person using dermatoglyphic
parameters in terms of evidence-based medicine is
relevant and needs to be addressed. The accumulated
results of research in this area require a systematic analysis
in order to analyze and compile their main results.

The purpose - based on a review of modern literature,
consider the possibilities of the dermatoglyphic method
for the identification of unknown persons.

Materials and methods

In order to achieve this goal, an analysis of literature
sources in English, Russian and Ukrainian presented in
scientometric databases Google Academy, Scopus, Web
of Science for the period 2010-2020 by keywords
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"dermatoglyphics”, "identification" have been done.

Results. Discussion

One of the biggest obstacles to identifying a person is
the late absolute signs of death - destruction by animals,
mummification and decay. In particular, the latter sharply
distorts the features of the face and body and complicates
the taking of fingerprints. However, the developed new
methods allow to receive full-fledged dermatoglyphs even
in the conditions of the expressed rot. A group of researchers
tested a method of introducing a mixture of balsamic
solutions into the wrist vessels with a catheter, which
allowed to obtain dermatoglyphs in 76.75% of cases
(sample of 400 corpses) [3].

The research conducted by V. . Gunas with co-authors
[4, 5, 6] proved that the possibilities of the dermatoglyphic
method do not limit the definition of only racial and ethnic
affiliation, but also allow to identify administrative-regional
affiliation.

Also, this method allows you to obtain information about
certain features of human personality, which can be
valuable in cases where the inquiry authorities need to
establish a "psychological portrait" of the suspect [14].

Most modern research in the field of dermatoglyphics
uses digital methods to obtain dermatoglyphs, instead of
traditional ones using paint. Specially designed scanners
are usually used to obtain fingerprints and palms, and
subsequent image processing [2, 12, 15]. Thus, in a study
by L. E. Oghenemavwe with co-authors [12] was compared
the use of the method of obtaining prints using ink, adhesive
tape and digital method. The latter turned out to be the
most accurate and simplest according to the results of
statistical processing of the obtained data.

To obtain dermatoglyphs of the hands and feet, in
particular, the method of I. V. Paliychuk and L. E. Kovalchuk
is used in the modification proposed by N. M. Kozan, V. D.
Mishalov and Yu. Z. Kotsyubynska [11], where for
dermatoglyphic examination of the palms and foot use
images of the whole palm and the upper third of the plantar
surface of the foot. The obtained results are transferred to
a personal computer, where they are processed with the
help of graphic programs, studying the qualitative and
quantitative indicators of dermatoglyphs of hands and feet
(Fig. 1).

Digital images allow to obtain a clear image of the ridge
pattern of the distal phalanges of the fingers, because when
obtaining fingerprints by the traditional method, its defects
are possible (fuzzy, blurred, missing fragment), and when
counting the number of ridge and deltas you can enlarge
the image, construct vectors folds of the palms, etc.

For example, Futronic's FS80 used in the works of N. M.
Kozan [10] reads fingerprints using advanced CMOS
technology of an optical sensor to capture high-quality
images of fingerprints. The scanner can capture almost
without distortion of gray fingerprint images on a computer
for 100 ms, which allows you to use this product for any

Fig. 1. Digital photographs of dermatoglyphs of hand (a) and feet (b).

application that requires fingerprint identification.

Fig. 2 shows the dermatoglyphs of the distal phalanges
of the fingers, obtained using a scanner Futronic's FS80.

For example, in Futronic's FS80, the task of software is
to convert a bitmap image into a vector image. During this
process, there is a possibility of misinterpretation of the
pixel matrix data, so the choice of algorithm (or software)
that is suitable for processing photos with papillary pattern
is extremely important (Fig. 3).

In general, the software algorithm used to convert a
bitmap image to a vector (of varying degrees of detail) can
be implemented in different programming languages.

Today, there is a wide range of different software that
can improve image quality. The most common and powerful
tool in digital image processing is the Adobe product
package - AdobeCreativeCloud. In our work we used
Photoshop SS and lllustrator CC. These programs have a
large number of tools that can improve the image quality in
a particular case, but usually for a satisfactory result it is
necessary to use several of them: increase (decrease)
contrast, lighting, focusing and more. For these actions,
there are usually enough built-in functions in photo editors
(Fig. 4).

The purpose of improving image quality is to obtain
reliable data for further statistical processing. Researchers
solve data processing problems in different ways, but in
most cases this stage is reduced to filling the database
(array) of data, its structuring and formalization with further
processing in programs for statistical analysis.

Thus, when identifying an unknown person by
dermatoglyphic parameters, the following algorithm should
be followed:

* Obtain finger dermatoglyph images by scanning with
a scanner.

* Obtain dermatoglyphs of the palms and foot using
macro imaging of the entire palm and the upper third of the
plantar surface of the foot.
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Fig. 3. The resulting vector image obtained using the FIA.

* Transfer the received data to a personal computer,
where with the help of graphic programs to process them,
studying the qualitative and quantitative indicators of
dermatoglyphs of the hand and foot.

* Construction of a neural network. To build a new neural
network in STATISTICA, simply enter the appropriate input
into the table and select the appropriate item from the
NeuralNetworks menu.

- Neural network training. In order to train the neural
network, in addition to the input data, it is necessary to add
another category of codes, namely "train" for training and
"select" for the control subsample. After selecting the target
category (for example, Ethnic) and continuous input
variables (Al, LUI, Atdl) we get a choice between three
strategies for building models (ANS - automated neural
network, CNN-user neural network and Subsampling -
method multiple subsample). For ease of implementation,
you should choose an automated neural network. Using
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the variable NNSET set the training (train) and control
(select) sets. Next, we choose a strategy for creating
subsamples with the following input parameters: 5 random
subsamples with a relative percentage of 70-15-15 % for
training-control-test subsamples. With the activation

Fig.4. ateials pssg in Adobelllustrator C.
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functions we choose Logistic, Tanh (logistic, hyperbolic)
for the output neurons and Logistic, Tanh, Exponential
(logistic, hyperbolic, exponential) - for the hidden ones. Also
as initial parameters we specify the number of hidden
neurons - from 30 to 50, the attenuating regularization of
neuronal weights (weight decay) - from 0.001 to 0.01 (for
hidden layers), the number of networks for learning - 20. All
these data are experimentally selected and depending on
the type and the complexity of the task can vary widely, which
will depend on the tasks.

- Determination of neural network performance. After
the training, 5 models of neural networks with different
performance indicators will be obtained (percentage of
correct classification: the closer this number is to 100, the
better the model classifies the data) of training and test
performance. After obtaining the initial results, you can
choose the network with maximum learning performance
(network with MLP architecture 24-42-3: 24 input, 42 hidden,
3 output neurons). If the result does not suit you (for example,
the result obtained 85 % is quite low), it can be improved by
switching to the CNN model, where it is allowed to set the
refinement input data, namely: RBF network type (radial
basis function), 20 training networks, number of neurons
50, number of epochs 10000, interactive training for visual
analysis of errors is enabled. Such operations can be
performed until the test performance and learning
performance will not satisfy us in terms of their
performance.

¢ Selection of the resulting network. To correctly select
the resulting network, you should also pay attention not
only to the test performance, but also to the error matrix.
Analysis of the resulting neural network includes the
construction of confidence levels for all samples. We should
also emphasize the analysis of the importance (sensitivity
analysis) of variables that are part of our neural network.
For example, it will follow from the analysis that the sign of
Wr of one parameter is more important in forecasting than
other parameters. That is, in further analysis, when we
reconfigure the model, we must pay more attention to the
feature Wr. Alot of data on the quality of network classification
can be obtained from elevator maps (Liftcharts), as well as
from graphs that allow you to build a software package
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ISSN 1817-7883
elSSN 2522-9354

541

“BicHuk BiHHUUbKO20 HayioHanbHO20 MeOUYHO20 yHisepcumemy”,

2020, T. 24, Ne3



Kozan N. M., Gunas V. |., Mishalov V. D., Voloshynovich V. M., Chadyk V. O.

emany 3acmocyeaHHs1 0na 3icmasseHHs 8i0bumkie nanbuyie ma 00/10Hb 0 Memody 8USBMEHHS CXUbHOCMI 00 MuUX 4Yu [HWUX
3axeoprosaHb, cmae Heegid'eMHUM O0Ka308UM, repesipeHuUM 4acoMm MemodoM Ha 036poeHHi meduyuHu. [Mpome, A0Ci OCHOBHOK
cgheporo 3acmocysaHHs1 lio2o € cydosa meduyuHa, 30Kkpema, cydogo-meduyHa KpuMiHanicmuka i numarHs ideHmudgbikauii Hegidomux
ocib. Nosisa senukoi Kinbkocmi pobim i Hogux memodie ompuMaHHsI ma aHasnizy depmamoanighidHUX MOKa3HUKIe suMazae CUCmMeMHO-
20 oenAdy i aHanizy 3 Memoto yropsiOKyeaHHsi HO8UX 3HaHb y OaHil 2anysi. [NposedeHull aHani3 nimepamypHuUx Oxepesn eKa3ye Ha
cmpimKul po38umokK ma obrpyHmyeaHHsi 8UKOpUCMaHHs yughposux memodie 3 Memoto ompuMaHHs 0epMmamoenichie nanbyie pyk ma
Hie, a makox 0ofloHb ma cmor ma nodasnbuwo 06pobKo UUGPOBUX 306paxeHb, | BUKOPUCMAaHHS WMYYHUX HEeUPOHHUX Mepex Ors
MOKpalWeHHs ekcrnepmu3, HarnpasieHux Ha ideHmudbikauito Hegidomoi ocobu.

KnroyoBi cnoBa: depmamoerigika, ideHmucbikauis ocobu, cydosa meduyuHa.

BO3MOXHOCTU UCNONb30BAHUA AEPMATOIMU®UYECKOIoO METOOA ANA UOEHTU®UKALIMXA HEU3BECTHOI O JTULIA
(OB30P INUTEPATYPbI)

KoszaHb H. H., l'ynac B. U., Muwanoe B. [j., BonowuHoeuy B. M., Yadrk B. A.

AHHoTauus. [Jepmamoanuguyeckull Memod uccredosaHusi, npoldss 6onee Yem CmosemHI UCMOPUK passumusi u npeobpasosa-
Hul, om smarna npumeHeHusi 071 conocmaeseHus omrne4amkos nasnabyes u 1adoHel K MemoQdy 8bisierieHus1 NpedpacronoXeHHOCmuU K
mem unu uHbIM 3abosnesaHusiM, cmarsl HeombeMIeMbIM OOKa3amerlibHbIM, MPO8EPEHHbIM 8PeMEHEM CrlocObOM Ha 800PYKeHUU Medu-
yuHbl. OdHako, do cux rmop ocHO8HOU cghepoli NPUMEHeHUs1 e20 siensiemcsi cyOebHas meduyuHa, 8 YacmHocmu, cy0ebHO-MeduyuUHC-
Kasi KpuMUHanucmuka u 8ornpockl udeHmucghukayuu HeussecmHbix nuy. loseneHue 60nbwo2o Konudyecmea pabom u HO8bIX Memodo8
rnony4yeHus u aHanu3a 0epmamoenughudeckux nokasamenet mpebyem cucmemMHo20 0630pa U aHanu3a ¢ Uerbto yrnopsado4eHUs1 HO8bIX
3HaHul 8 daHHoU obracmu. MposedeHHbIl aHanu3 faumepamypHbIX UCMOYHUKO8 yKa3bigaem Ha crmpemumerbHoe passumue u obo-
CHOBaHUe UCMob308aHust Lughposbix MemModo8 C Uesbko nosrydeHuss depmMamoanughos nanbuyes pyK u Hoe, a makxe nadoHel u cmon
u rocnedyroueli obpabomkol yugposbix uzobpaxeHul, U UCMOb308aHUE UCKYCCMBEHHbIX HEUPOHHbIX cemel Or1s yry4WeHUs 3KC-
nepmu3, HarnpasneHHbIX Ha UGeHMUUKayu HeU38eCMHbIX Uy,
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