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Abstract. Normal human anthropometric parameters are used in the development of medical
rehabilitation techniques, in the performance of surgical techniques used for normal human
functioning. In order to perform these operations successfully, it is necessary to model normal
human physical characteristics and, based on these models, perform the operations correctly.
Normal anatomical characteristics have a positive effect on the physiological state of the person.
The relevance of the research stimulates the development of the science of valeology and increases
the relevance and practical significance of the topic. Prosthetics of organs lost in wars and accidents
are also performed on the basis of computer models. The science of digital anthropology is
modeling human anthropometrics, and practically important predictions are being made based on
this modeling. Digital anthropology is based on the research of modern technology to compile
a database of the most diverse anthropological indicators of people. Anthropology occupies
a special place in the system of scientific knowledge about the world, because it is a field of science
that studies the origin, development and role of humans in nature and society. In modern medicine,
mathematical and graphic modeling of human anatomical and anthropological indicators is required
in all fields. Anthropometric indicators of humans are taken as the basis in surgery, military science,
sports. The structure of shoulders, diaphragm, hips, face, and the age of a human being can also be
defined by these anthropometric indicators.

Annomayus. HopManpHbIE aHTPOIIOMETPUYECKUE MapaMeTPhl YEJIOBEKa MCHOJIB3YIOTCS MPH
pa3paboTKe METOJUK METUIMHCKOW peaOMIMTAIlMM, MPU BBIMIOJIHEHUH XUPYPTUYECKUX METOMAMK,
MPUMEHSEMBIX 11 HOPMAaJbHOTO ()YHKIIMOHMPOBAHMS YeloBeKa. /[ yCIEHIHOTrO BBIMOJTHEHUS
ATUX omepanuii He0OOXOAUMO MOJIEIMPOBATH HOPMAJIbHbBIE (PU3NYECKHE XapAaKTEPUCTUKU YEIIOBEKA U
Ha OCHOBE OTHX MOJENEH IPaBWIBHO BBIOIHATH onepannd. HopmanbHble aHATOMHUYECKHE
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XapaKTEePUCTUKH OKAa3bIBAIOT MOJIOKUTEIbHOE BIUSHUE HA (PU3HOIOTMYECKOE COCTOSTHUE YelIOBEKa.
AKTyallbHOCTb HCCIIEOBAaHUS CTUMYJIUPYET pa3BUTHE HAyKH BaJleOJIOTMM W  IOBBIIIAET
AKTyaJbHOCTb M MPAKTUYECKYH) 3HAYMMOCTh TeMbl. [IpoTe3npoBaHuE OpraHoB, YTPAYEHHBIX B
BOIHAaX W KaracTpodax, TaKkKe BBITIOIHIETCS HA OCHOBE KOMIIBIOTEPHBIX Mojeneld. Hayka mudposas
AQHTPOIIOJOTUSL 3aHUMAETCAd MOJECIMPOBAHMEM AHTPONOMETPUU YEJIOBEKAa, WU Ha OCHOBE 3TOTrO
MOJICIUPOBAHMSI JAENAIOTCS MPAKTUYECKU BaXKHbIE MPOTHO3bI. LludpoBas aHTpomnonorus ocHOBaHA
Ha HCCJICIOBAHWHM COBPEMEHHBIX TEXHOJIOTMHA Il COCTaBJIICHUsS ©0a3bl JAaHHBIX CaMBbIX
pa3sHOOOpa3HBIX AHTPONOIOTMYECKUX MTOKa3aTeNel Jroaei. AHTPOMOIOTHs 3aHUMAET 0c000€ MECTO
B CHCTEME HAay4YHbIX 3HAHHM O MHUpPE, MOCKOJbKY SIBISE€TCA O00JacTbl0 HAyKd, HU3ydarolleit
MIPOMCXOKICHHUE, PAa3BUTHE U POJIb YeJIOBEKa B Mpupozae U oluiecTBe. B coBpeMeHHO# MeauiinHe
MareMaTH4ecKkoe © rpaduyueckoe MOICIHPOBAHNE AHATOMHUYECKHMX U aHTPOMOJOTHYECKUX
MoKasaresieil 4elloBeKa BOCTPEOOBAaHO BO BceX 007acTAX. AHTPONOMETPUYECKHE IOKa3aTesn
yesoBeKa OepyTcsl 3a OCHOBY B XMPYpPIHM, BOGHHOM Jeine, crnopre. CTpoeHue ey, quadparmsl,
Oenep, JauIla, a TAKXKe BO3PACT YEIOBEKa MOXKHO OMPEAETUThH TAKXKe MO STUM aHTPOIIOMETPUUECKUM
ITOKAa3aTeIIsIM.

Keywords: human anthropometric parameters, simulation modeling, three-level modeling,
forensic modeling.

Knroueswie cnosa: AHTPOIIOMCTPHUICCKHE nmapaMeTphbl YCII0BCKa, HUMHUTAIIMOHHOC
MOACIHUPOBAHHUEC, TPEXYPOBHCBOC MOACIUPOBAHHUC, Cy,Z[C6HO-MeI[I/II_II/IHCKOG MOIACIHUPOBAHHC.

Man is constantly in a process of continuous development, human development passes
through several stages in the following sequence: childhood; youth; maturity; old age. The process
of growth and development are related to each other and are two interdependent indicators for
humans. Physical development is one of the most important indicators of improving human health
and age norms, so it is necessary to constantly monitor proper physical development. Specific
practical skills are required to assess correct anthropometric indicators, which should serve to raise
healthy offspring. Human anatomical and anthropometric indicators are accurately defined in 3D
modeling and applied in all areas of life. 3D modeling to protect human health allows to determine
normal and pathological conditions of internal organs. All prospects of socio-economic
development of society, including high science and standard of living, are kept at even higher level
with application of 3D modeling [1].

Anthropometric indicators of a person can be different, so the first step is to prepare
mathematical models of these indicators, and the next step is to make simulation models. The
development of computing technology has led to the emergence of high-speed computing systems.
These technologies enable simulations of cell tissue biomechanics, in which both the average
continuum tissue dynamics and the behavior of each individual cell can be evaluated. The models
are discrete, each tissue retaining its own scenario as it decomposes into cells that develop in their
own way. In this regard, new directions have emerged that study mathematical models of all
processes occurring in the human body, as well as methods of their study. It is known that
mathematical modeling is a system of mathematical expressions describing properties, connections,
structural and functional parameters of the modeling object. The elements of mathematical models
are features that describe the objects of observation. At the same time, their totality is divided into
controlled attributes, influencing the system, and attributes-reactions, characterizing the state of the
system under study. There must be a known similarity between the model and the object of interest,
which consists either in the similarity of physical characteristics of the model, or in the similarity of
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functions performed by the object and the model. Human anatomical and anthropometric indicators
are accurately defined in 3D modeling and applied in all areas of life. 3D modeling to protect
human health allows to determine normal and pathological conditions of internal organs. All
prospects of socio-economic development of society, including high science and standard of living,
are kept at even higher level with application of 3D modeling.

Anthropometric indicators of a person can be different, so the first step is to prepare
mathematical models of these indicators, and the next step is to make simulation models. The
development of computing technology has led to the emergence of high-speed computing systems.
These technologies enable simulations of cell tissue biomechanics, in which both the average
continuum tissue dynamics and the behavior of each individual cell can be evaluated. The models
are discrete, each tissue retaining its own scenario as it decomposes into cells that develop in their
own way. In this regard, new directions have emerged that study mathematical models of all
processes occurring in the human body, as well as methods of their study. It is known that
mathematical modeling is a system of mathematical expressions describing properties, connections,
structural and functional parameters of the modeling object. The elements of mathematical models
are features that describe the objects of observation. At the same time, their totality is divided into
controlled attributes, influencing the system, and attributes-reactions, characterizing the state of the
system under study. There must be a known similarity between the model and the object of interest,
which consists either in the similarity of physical characteristics of the model, or in the similarity of
functions performed by the object and the model. The main stages of mathematical modeling
include: construction of a model, assuming a set of knowledge about the primary object. First, the
main features of the event and the relationship between them at the qualitative level are determined,
then the found qualitative dependencies are composed in the language of mathematics, i.e. a
mathematical model is built; solving the mathematical problem, that is, developing algorithms and
numerical methods of solving the problem on the computer, with their help it is possible to find the
result with the required accuracy in a reasonable time; transfer of knowledge from the model to the
original; The knowledge of the; model should be adjusted to take into account the characteristics of
the original object, which were not reflected or changed in the construction of the model;
verification of model adequacy, i.e. correspondence of experimental results with theoretical results
of the model with certain accuracy; model modification is the process of complicating the model in
order to make it more adequate to reality; or simplifying it to achieve an acceptable solution.

The 3D scanner is used in the imaging of muscles, nerves, cardiovascular and other systems.
It applies special marks that are scanned into a single coordinate system, which gives a three-
dimensional image on and around the prepared material. An example of how these programs work
is the "Pirogov" hardware and software system. This is a collection of comprehensive medical
literature and textbooks. It facilitates the training of students in "Anatomy", "Topographical
Anatomy and Operative Surgery", "Pathological Anatomy" and many other subjects. This complex
operates in four modes: Review, Comparison, Diagnostics Knowledge Check. Review mode: life-
size 3D model of the human body, structure with Russian and Latin names of internal organ systems
and cues with object description. Comparison mode: three-dimensional model of paired organs,
norms and various pathologies. This mode is accompanied by a written description, demonstration
of macro and micro preparations. Diagnostic mode: designed for training doctors specializing in
functional diagnosis. Allows to study the diagnostic information in the interactive mode: CT, MRI-
axial, frontal and transverse slices; ultrasound — up to 8 positions of probe for each organ. The
study of individual diagnostic data is provided.

When working in the knowledge check mode, students have the right to create and download
tests based on the lecture material. Questions can be linked to a specific 3D model. An anatomically
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accurate, realistic 3D model of the human internal organs and skeleton is the best textured,
expanded, and animated model for any presentation or video. In this model, all organs are movable.
The animation includes: anatomically accurate movement of the thorax; respiratory organs-lungs;
movable diaphragm; beating heart; peristaltic movements of the large and small intestine;
Depending on the movement of the diaphragm all organs move realistically; bipedal and unreal
motor skeleton system. The model has high-quality textures. Materials with subsurface dispersion
effect. All models unfold accurately with non-overlapping facets. Animation, lighting setup, ss-
materials and rendering settings are provided in 3ds max 2014 format. The scene uses Vray
rendering and the free colorrect plugin. Other formats do not require plugins. Available formats: 3ds
max 2014 with vray renderer; 3ds max 2014 scanline renderer; 3DS; FBI; EDM; Cinema 4D; Light
Wave. Creating objects: The panel on the right side of the page is used to create any three-
dimensional shape. After selecting any object, click in the appropriate place in the editing area to
place it. When the model is displayed in the main editor window, there are additional tools you can
use to move or change the shape. In the "Shape" block, you can set the. Service models are very
simple, set the parameters with just a few parameters: Height — height; Weight; Chest
circumference; Waist circumference; Hip circumference; Inner seam — groin level. Three-
dimensional photogrammetry is the process of recreating a physical object to create an accurate
three-dimensional model. This method can be used to capture everything from people and historical
artifacts to airplanes, buildings and even larger objects. The possibilities of digital photogrammetry
and 3D modeling are endless - the technique is used in industrial production, engineering projects,
as well as in design, entertainment and health care. Creating a 3D model of a person can help in
diagnosing and monitoring the course of treatment. In the industrial sector, the ability to create a 3D
model avoids the additional costs of prototyping [2, 3].

Medical simulators are increasingly being used to train medical professionals in treatment and
diagnostic procedures as well as medical concepts and decision-making. Simulators are designed to
teach procedures ranging from the basics, such as blood draws, to laparoscopic surgery and trauma
treatment. They are also important for prototyping new devices to solve biomedical engineering
problems. Simulators are now being used in medicine to research and develop tools for new
treatments, cures, and early diagnosis. Many medical simulators, including computer-assisted
simulations of plastic anatomy, are available. These types of sophisticated simulations use a realistic
mannequin that can be programmed to respond to injectable drugs and create simulations of life-
threatening emergencies. Other simulations present visual components using computer graphics
techniques and present haptic components using haptic feedback devices as part of a physical
simulation procedure computed in response to user actions. Such medical simulations often use 3D
CT or MRI scans of the patient to augment reality. Some medical templates are designed to be
widely distributed (e.g., Web protocols and simulation procedures that can be viewed through
standard Web browsers). Interaction can also be established using standard computer interfaces such
as the keyboard and mouse. Another important medical application of simulation is the use of a
drug placebo, which simulates the active drug in drug efficacy trials, although the simulator has a
slightly different meaning [4].

There are free programs for creating photorealistic 3D human models for use in computer
graphics. It was developed by programmers, artists and scientists interested in 3D character
modeling. The technology was developed using MakeHuman 3D morphing technology. It works
with a standard (unique) androgynous human, which can be transformed into different characters
(male and female) by blending with linear interpolation. For example, using the four basic
morphing targets (child, teenager, young, old), all intermediate shapes can be obtained. Modern
plastic surgery MakeHuman 3D works with this modeling. Using this technology with a large
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database of morphing targets, almost any character can be reproduced. Hundreds of morphs use a
very simple graphical interface for easy access and control of the target. MakeHuman's approach is
to use architecture with common parameters such as height, weight, gender, ethnicity and
musculature (Figure 1).

The software is specifically designed to simulate virtual humans with a simple and complete
posture system that includes muscle movement simulation. The interface is easy to use with quick
and intuitive access to many of the parameters needed when simulating the human body. The
development of MakeHuman is related to a detailed technical and artistic study of the
morphological characteristics of the human body. Morphing is done by linear interpolation,
movement and rotation. With these two methods, combined with a simple form factor calculation, it
IS possible to obtain results such as simulations of muscle movement accompanied by limb rotation
[5].

The movement toward modeling human functions and abilities can also be observed today in
various technical sciences. Thus, in relation to artificial intelligence it is noted: "An important
feature of artificial intelligence is that it deals only with mechanisms of verbal competence.
Accordingly, the most important direction in the theory and practice of artificial intelligence is the
transfer of the system knowledge base of human competence. It is clear that the effectiveness of the
systems surrounding the human depends on the level and direction of the human. It should be noted
that the most important rule of conducting three-dimensional modeling is that the characteristic
features of anatomical proportions must be determined in advance, and the model must be prepared
according to this rule. To use the services of modeling a person in 3D selected as much as possible
quality photos. It is desirable to work on the photo from different sides (side, front, back), then the
3D model of the human figure will be more accurate and the 3D modeling process will take less
time (Figure 2).

Figure 1. Views of 3D human model: a) from Figure 2. 3D model of a human face
the front, b) from the side, ¢) from the side, c) from the
back

Simulation of anthropometric indicators of a person — the method of photobooths - is widely
used in modern criminalistics. The most common and accessible tool for "creating” signs of a
person's appearance is a description. The description is guided by specific rules included in the
verbal portrait method; forensic registration, search and identification [6].

The rules of description in the verbal portrait method are based on the interrelated principles
of sequence (order) and completeness (details). First, signs that characterize the general physical
elements of appearance are noted: sex, age, nationality (anthropological type), height, body
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structure, and then the anatomical signs of individual body parts. The description of the signs of
appearance is carried out according to the scheme "from the general to the particular” and "from top
to bottom". In this case in the first place the figure in general, the head in general, the face in
general, its separate elements, the neck, shoulders are described. Each of the anatomical elements is
characterized by shape, size and position, and some by color. Geometric shapes (round, oval,
rectangle, triangle, etc.) or geometric lines (straight, convex, curved, etc.) are used to describe the
shape. Description of the size of the element is given in relation to other elements of the
appearance, not necessarily. At the same time its height, length, width, number, etc. It is
characterized. The price gradation is basically three-dimensional: large, medium, small. If there is
any doubt about the size characteristic, it is indicated in two values: medium-small, large-medium
[7].

The position of the element is determined relative to the vertical and horizontal planes of the
body (horizontal, inclined, concave inward, etc.), including the mutual position (connected,
separate). Characterized by hair color (black, dark brown, light brown, russet, red, gray); eyes
(black, brown, gray, etc.) and sometimes skin color (heavily red, yellow, blue-red nose, color of
birthmark, etc.). Anatomical features are illustrated from two perspectives: front view and side view
(in full-face and right profile). The head must be in a "normal™ position, when the horizontal line
passes through the bridge of the nose, the outer corner of the eye and the upper third of the auricle
(called the French anthropological horizon). Facial muscles should be relaxed (no smiling, facial
expressions, frowning), no makeup, hair removed from forehead and ears, glasses and headgear
removed (Figure 3).

Figure 3. Forensic model of the human face, elements and features of the face

Results

For a long time, skull reconstructions were rarely performed for research purposes. This was
due to the fact that such work is labor-intensive and that anthropologists also need to know the
sculpture. Nowadays, a simpler technique has been developed. Using a set of images of facial
features, which can be determined from the skull with sufficient reliability, by studying the
anthropometric characteristics of the skull, it is possible to select from sets of images appropriate
images and make a subjective portrait from them. A cross-sectional image of the skull can be used
for control. Further improvement of skull appearance modeling technique is connected with
application of computer technologies in this area, in particular the volumetric-planar computer
method of images reproduction.
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