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Abstract: This paper presents the automation of the measurement of the main
parameters of the human body using a high-level Python programming language using
the MediaPipe and OpenCV libraries to study practically important issues in screening
the population to determine the level of health. For medical institutions and public
health authorities, anthropometric data of the population are of considerable interest,
the mass character of anthropometric studies makes it possible to compare and
evaluate the variability of the characteristics of different groups based on
measurements of a large number of individuals, as well as to establish the features of
their physical structure, which makes it possible to quantify their variability and make
it possible to constantly monitor and predict the level of public health. We propose a
method for automating the measurement of the human body in real time based on a
unified deep learning architecture, and the architecture of the model is embedded in
the structure of a neural network using artificial intelligence. The results of comparing
the values of these dimensional features taken with the help of a centimeter tape with
standards and calculated on the basis of non-contact measurements showed sufficient
accuracy. The relative error is no more than 2% by measuring the height of a person,
no more than 3.5% by weight, which is acceptable for scientific analysis and
forecasting the state of human health loss according to anthropometric data with
known methods to this day.

Keywords: pattern recognition, image processing, anthropometry, artificial
intelligence, screening examination.

Aunomauusn: B oannoti pabome npedocmasieHvl asmomamu3ayusi uzmepenue
OCHOBHBIX NAPAMEMPOE MeJld Yel08eKa ¢ UCNOTIb308AHUE 8bICOKO20 YPOBHS A3bIK NPOSPAMMUPOBAHUE
Python ¢ npumenenuem oudbruomex MediaPipe u OpenCV 011 ucciedosanus npakmuiecku adCHbIX
BONPOCO8 NPU CKPUHUH2080€ 00OCIe008AHUU HACENeHUU OJisl ONpedelenusi YPo8eHs 300po6bs. [
MEOUYUHCKUX ~ VUPENHCOCHUU U OpeaHamu 30PA80OXPAHEHUU AHMPONOMempuyeckue OaHHble
HaceneHue NPeOCmMasisiiom — 3HAYUMENbHbIU — UHMepec, MACCO8OCMb  AHMPONOMEMPUUECKUX
UCce008aHuUll NO3805IeM CPAGHUBAMb U OYEHUBANb BAPUAMUSHOCTID NPUSHAKOG PA3TUUHBIX 2PYIN
Ha 0CHOBe U3MepeHull GOIbULO2O YUCTA UHOUBUOYYMOS, A MAKICE YCMAHABIUBAMb 0COOCHHOCMU UX
Quzuyeckoco cmpoeHus, 4mMo N0360isem  0amb  KOIUYECMBEHHYIO  XAPAKMEPUCMUKY — UX
UBMEHYUBOCIU U OAIOM BO3MONCHOCTb NOCMOSIHHO CIeOUmb U NPOSHO3UPOBAMb YPOBEHb 300P06bSI
Hacenenus. Ilpednacaem memoo asmomamuszayus usMepeHus meid Yel08eKa Ha pealbHOM PeMeHU
OCHOBAH HA €OUHOU apxumexkmype 21yO0Ko20 00VUeHUsl, U apXumekmypa MOOelu 8CMOpeHd No
cmpyKmype Helpocemu ¢ UCHOIb308AHUEM UCKYCCMBEHHO20 unmeniekma. Pezyismamul cpasrenus
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BeUYUH OAHHBIX PA3MEPHBIX NPUSHAKOS, CHAMbBIX C NOMOWbIO CAHMUMEMPOBOL JIeHmbl C
CMAaHOapmamu U pacCyumaHHblX HA OCHOBE UBMEPEHHbIX OEeCKOHMAKMHbLIM CHOCOOOM NOKA3ANU
oocmamounyro mounocms. OMHOCUMENbHASL NOSPEUHOCIb COCMABIACN N0 UBMEPEHUI0 POC
yenoseka He bonee 2%, no secy ne bone 3.5% umo sensemcs OONYCmMuUMbIM 0I5l HAYHHO20 AHATU3A U
NPOSHO3UPOBAHUE COCMOSHUL YPOHU 30PA6US Hel08eKd NO AHMPONOMEMPUYECKUM OAHHbIM C
U36ECIMHBIMU MEMOOAMU HA Cell OeHb.

Knrwuesvie cnoea: pacnosmasanusi oobpazos, obpabomka uzobpadcenul,
aHmponomempusi, UCKYCCMBEHHBIU UHMEILIeKM, CKPUHUH2080€ 00CIe008AHUIL.

The volume of processed information is growing every year, which requires formalization and
subsequent algorithmization of processes that were previously performed manually. One of the key
concepts in automatic information processing is the “recognition” of objects of a certain class. When
algorithms perform recognition at the level of a human expert, automation leads to the acceleration
of data processing systems and increase their efficiency [5-6].

Of all the biometric approaches, such as recognition by fingerprints, lips, hand geometry, iris image,
voice, etc., the identification of people by facial images is the most common, as it is based on the
natural ability of a person to recognize others.

The problem of formalization and automation of the process of measuring human
anthropometric data from the image of the body, face, etc. was touched upon at the very early stages
of the development of image recognition systems (Fine's monograph - 1970). In recent years, the
number of scientific studies and publications on this topic abroad has been constantly growing, which
also indicates the relevance of this problem.

The very concept of "recognition" can be interpreted as "assigning the object under study,
given in the form of a set of observations, to one of the mutually exclusive classes." In this sense,
“pattern recognition is one of the varieties of classification,” and “in cases where each class contains
only one object, classification is equivalent to identification.” From this it follows that the recognition
of the faces of other people by a person is correctly called identification, which in this case means
“assigning the object in question ... a unique name” [2]. The concept of verification, as applied to the
case of person recognition, is even narrower - it corresponds to a particular case of identification with
two classes - “this person” and “not this person” (for example, it is required to conclude that a pair of
photographs being compared shows one person or different people).

Since there are many tasks associated with image analysis (for example, searching for faces
in a group photo, tracking lip / head movements in a video sequence, determining the emotional state
and other characteristics of a person from his image, diagnosing diseases, recognizing by face profile,
etc.) it is necessary to determine the type of data coming to the input of identification algorithms.

From the studied literature [12-17] it became clear that in the 19th and 20th centuries
anthropometry manifested itself in the measurement of weight, circumference, height and thickness
of the skin fold, which were used to identify environmental factors that affect human growth. Since
ancient anthropometric studies were a relatively modern concept, the relevant medical literature
relating to nutrition and physical growth served as a valuable theoretical source.

The great artists of the Renaissance Leonardo da Vinci created many works related to the
human body, which were designed according to rules that were considered to represent classical
anthropometric methods of measuring proportion. Leonardo da Vinci was interested in both art and
science. He recorded his measurements, notes and drawings with the attention to detail of a scientific
researcher, for the first time in history he examined the human face, head, neck and other related parts
in detail, he was interested in the proportions of the human body part which was called the "golden
section", from 1509 years were called in Europe "divine proportion" (lat. "Divina Proportione",
Italian. "Proporzione Divina") [18].

The biomedical literature of the World Health Organization (WHO) was considered one of
the best sources that represented general health conditions in society. Due to its use as a measurement
of physiological and developmental human growth, anthropometry has appeared in several clinical
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practices in which instruments such as manometer, sphygmograph, hemoglobinometer, spirometer,
etc. have been used. The need for these measurements has arisen due to the interaction between
several inextricably linked concepts, including nutrition, psychosocial stress, dietary risk factors for
health and ecology. Factors mainly related to socioeconomic status and poverty indicated that body
size was a signal for quality of life. Thus, anthropometric methods can be used as a public welfare
tool.

Modern anthropometry (from the Greek AvBpwmog - man and petpew - to measure) is one of
the main methods of anthropological research, which consists in measuring the human body and its
parts in order to establish age, gender, racial and other features of the physical structure, allowing to
give a quantitative description of their variability. Depending on the object of study, there are
somatometry (measurement of a living person), craniometry (measurement of the skull), osteometry
(measurement of the bones of the skeleton). Anthroposcopy also includes anthropometry - a
qualitative (descriptive) description of the shapes of body parts, the shape of the head, facial features,
pigmentation of the skin, hair, iris, etc.

In medicine, anthropometry is one of the fundamental methods of anthropological research,
which consists in measuring the main parameters of the human body (height, weight, percentage of
fat, hips, waist, chest, etc.) and its parts [1].

Recently, anthropometric studies have become widely used to solve practically important
issues in the screening of the population to determine the level of health. For medical institutions and
health authorities, anthropometric population data are of considerable interest, as they make it
possible to constantly monitor and predict the level of health of the population, compare and evaluate
the variability of the characteristics of different groups (racial, age, sex, etc.) based on measurements
of a large number of individuals, and also to establish the features of their physical structure, which
allows us to give a quantitative description of their variability.

Analyzing the trends in the development and application of biometric technologies, it can be
concluded that the search for solutions to such little-studied problems as verifying a person from a
photo from an identity card and identifying a person by his photo portrait by searching a database,
automating the measurement of human anthropometric data for early medical diagnosis of
pathological diseases very relevant at the moment. This work [1-4, 7-11] is devoted to the study of
algorithms for constructing systems that solve these problems.

The goal is to develop automated systems for measuring human biometric data, weight, height,
iris pattern, face images, measurement of individual parts of the human body. This is due to the fact
that at the moment the main obstacle to the further development of information environments, various
kinds of virtual services, etc. is the problem of mass screening of the population. It is expected that
the use of such systems will significantly reduce the time of a mass survey of the population and make
it possible to quickly extract a group of risks associated with the deviation of anthropometric data
from the norm, the technology for identifying the state of human health based on images is recognized
as the most acceptable for mass use, since it does not require physical contact with the device,
unobtrusive, natural and, potentially, can have a high speed.

Research methods were based on digital image processing, pattern recognition, discrete
transformations and system analysis. The experimental part of the study was based on the processing
and analysis of digital images and visual evaluation of the results. For the software implementation
of the developed algorithms, methods for creating software systems and programming in high-level
languages Python, modeling with the help of specialized libraries OpenCV and MediaPipe were used.
OpenCV is one of the most popular computer vision libraries. It was written in C and C++ and also
supports Python besides Java and MATLAB. While not the fastest library, it is easy to work with and
provides a high-level interface that allows developers to write stable code. The Python OpenCV
library is mainly for real-time computer vision. MediaPipe is an open-source cross-platform machine
learning platform used to build complex and multi-modal applied machine learning pipelines. It can
be used to build advanced machine learning models such as face recognition, multi-hand tracking,
object detection and tracking, and more. The MediaPipe basically acts as an intermediary to handle
the implementation of models for systems running on any platform, which helps the developer to

113 ActaCAMU
Ne2 (2) 2023
ISSN: 2181-4155

P




ActaCAMU K

Scientific journal MERIDIAN ¥

DIAGNOSTIC HOSPITAL

focus more on experimenting with the models than on the system. The mediapipe Pose, Hand, Face
Landmarks is one of the pipelines that contains optimized face, hand, and pose components, allowing
for holistic tracking that allows the model to simultaneously detect hand and body poses along with
face landmarks. One of the main uses of MediaPipe holistic is to detect faces and hands and extract
key points to feed into a computer vision model.
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Fig.1- Mediapipe pipelines to define hand and body poses along with facial landmarks.

The data collected in the process is subjected to variational-statistical processing and
presented in the form of tables, graphs and diagrams. The mass nature of anthropometric studies
makes it possible to compare and evaluate the variability of the characteristics of different groups
(racial, age, sex, etc.) based on measurements of a large number of individuals, as well as to establish
the features of their physical structure, which makes it possible to give a quantitative description of
their variability.

We propose a new method for estimating body size from real-time 2D human body data. The
method is based on a unified deep learning architecture that takes a single grid-structured point as
input and regresses the values for a set of predefined anthropometric measurements. The architecture
of the model is built according to the structure of the Google Net neural network. As part of the
evaluation of our method, we report three indicators:

e 1 - mean absolute error (MAE) denotes the average error between ground truth and predicted

measurements in millimeters;

e 2-mean accuracy (MT) per measurement denotes the percentage of samples in which a
particular measurement was estimated to be within a specified threshold from the
measurement's true;

e 3- mean Deviation (SD) denotes the percentage of samples evaluated by CAO (over all
measurements).

For an experimental study of the developed automation technology for measuring
anthropometric data of a person, 500 students (of which 187 were women and 313 men) of various
physiques were formed and their anthropometric parameters were measured. According to the results
of contact and non-contact measurements of anthropometric data, an assessment of the relative error
of calculations was made when measuring various dimensional features. The results of comparing the
values of these dimensional features taken with the help of a centimeter tape with standards and
calculated on the basis of non-contact measurements showed sufficient accuracy. The relative error
is no more than 2% by measuring the height of a person, no more than 3.5% by weight, which is
acceptable for scientific analysis and forecasting the state of human health loss according to
anthropometric data with known methods to this day.

The created system makes it possible to automate the mass measurement of the main
anthropometric data of respondents in real time and diagnose healthy levels using well-known
methods such as the Brock Index, Mohammed's Formula, Potton's Index, Cooper's Formula, Harris'
Formula, Muftfin's Formula, Sample. Automation of anthropometric research with intellectual filling
makes it possible to identify a risk group for further in-depth study of the state of health and saves
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time for a mass survey of the population, focusing the attention of specialists on specific respondents
who require a thorough examination and clarification of the diagnosis of the disease.
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