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DEVELOPMENT OF ANTHROPOMETRIC MEASUREMENT METHODS USING THREE-
DIMENSIONAL MODELLING

1Onexcanap POMAHIOK Makcum 3AXAPUYK
rom8591@gmail.com
mz764233@gmail.com

The current stage of technology development requires continuous improvement of analysis
and measurement methods, in particular in the field of anthropometry. One of the most important
problems in measuring the weight and mass parameters of the human body is the high accuracy and
reliability of the data obtained.

Traditional methods of anthropometry are often limited by two-dimensional approaches and
lack of detail. In this context, the use of 3D scanners capable of recording geometric features of the
body in three dimensions opens up new prospects for accurate parameter determination, which has
significant potential for development in the medical industry and related fields.

Three-dimensional human models are the most realistic, reflecting the anatomical structure,
accurately conveying the relief and colour features of the object, and can be modified to change the
appearance. A 3D human model is a multifactorial source of information about a patient, allowing to
significantly reduce the required amount of user interaction compared to existing methods.

The importance of the accuracy of the data obtained is determined by a significant contribution
to improving the reliability and objectivity of anthropometric measurements on three-dimensional
models. In the medical field, accurate data on anthropometric parameters play an important role in
the diagnosis and treatment of patients. For example, accurate determination of body volume and
mass distribution can be critical for the effective treatment of diseases associated with excess body
weight.

3D body scanners are used to determine the weight and mass characteristics of a person based
on their anthropometric parameters. This makes it possible to create a full-length model of a person's
body in 3D space. To do this, they take a set of frames and then assemble them together to create a
3D model.

To determine the mass and weight characteristics of a person using three-dimensional
modelling, it is necessary to perform non-contact measurements of some parameters on a three-
dimensional model. Therefore, we systematise methods and formulas for further calculations.

To determine the area of a human body;, it is proposed to develop a three-dimensional model
of a person using three-dimensional scanners. Next, the surface is covered by a polygonal pattern
(Figure 1), which consists in replacing the surface with polygons that are adjacent to each other
without gaps and do not overlap.

,,,,

Figure 1 - Polygonal three-dimensiona

model
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In graphics packages, triangulation is performed, the end result of which is a polygonal model
with triangles as cells. In this case, tessellation is a preparatory stage. The accuracy of the area
determination is determined by the density of the polygonal network. A polygonal network can be
expanded to a plane (Figure 2). Using image processing algorithms such as segmentation, body
structures can be extracted, creating a point cloud for further modelling.
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Figure 2 - Expanding a polygonal model on a plane

To determine the surface area, you need to determine the areas of the constituent triangles and
find their sum. This will allow you to take into account the peculiarities of the human structure and
eliminate the need to divide into male and female. Three-dimensional modelling can be effectively
used to accurately determine body volume. Slices of a three-dimensional human model can be made
using different types of planes (Figure 3).

Figure 3 - Stges of segment volume determination

The result is a body segment. The resulting top slice is triangulated to replace the segment
with triangular prisms. To do this, use vertical planes that are perpendicular to the base of the segment.
Next, the volumetric pixel method is used to determine the curved area and volume of the human
body. The extracted structures are converted into a three-dimensional point cloud, where each point
corresponds to a voxel with certain X,y,z coordinates. Information about intensity and geometric
properties, such as coordinates, is added to each point.

Suppose 1I(x,y,z) — the intensity of a point in three-dimensional space. Define the
function f(x,y,z) so that fx,y,z=1(x,y,z). This means that the value of the function corresponds to the
intensity of the point.

To obtain the function f(x) , the values on the surface of the body will be used fx,y,z. Then,
the function f(x) can be defined as:

fx=maxy,z I(x,y,z)
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To determine the curved area of a triangle, consider the function fx, which represents the
coordinates of the points of the body surface in three-dimensional space. To derive the formula for
the curved area S, consider an elementary surface segment between two neighbouring points Px,fx i
Q(x+dx, fx+dx), using the Pythagorean theorem, the length of this segment is:

dS=dx2+[f (x)dx]2

Derive the expression for the integral fx. If fx=maxy,z I(x,y,z), then f'x can be approximated
as dldx at points where Ix,y,z is the maximum. Determine the curvilinear area of one triangle using
the formula:

Area(Ti)=/[[bal+dfdx2dx

Finding the curvilinear area of one triangle on a segment of a three-dimensional model, derive
the formula for the total area of a person's body:
S=i=1nArea(Ti)

To calculate body volume, a similar approach is used, Ax - is the cross-sectional area of the body
in a plane parallel to the x-axis. Consider the segment of this section between x and x+dx. The area
of such a segment is calculated using the Pascal's formula:

dA=[R(x)]2

, Where Rx denotes the curvilinear area of all segments included in the section. Then the volume
of the human body will be calculated as:
V=mncd[R(x)]2 dx

Determining the basic formulas for calculating the area and volume of a bodly, it is necessary
to develop an algorithm for calculating the distance between two points on a three-dimensional model.
For this purpose, it is necessary to use a generalised systematisation of the parameters of three-
dimensional models.

Usually, a 3D pose is encoded as a set of common coordinates (e.g. trc files) or orientations
(e.g. bvh files, asf/amc files). The parametrization of a 3D model is based on a skeletal frame with J
joints. Therefore, to determine the distance between two points, it is necessary to determine the J
main joints and calculate the parameterisation of the resulting three-dimensional model. The
calculated parameterisation will allow you to determine the measurement accuracy and the minimum
number of joints required for the measurement.

To measure anthropometric distances on a three-dimensional model, we will use a 16-joint
skeletal model (see Figure 4), since the distance in a three-dimensional model is related only to the
configuration of the main joints of the body.
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a) 6) B)
Figure 4 - Skeleton model
a) joints and limbs, b) correlating lines c) planes
The positions of the 16 main joints are automatically determined when creating a three-
dimensional model. To calculate the distance between the joints, we use the Euclidean distance
formula:
f3J_dJ1,J2=|9192||

£1J_0J1,J2=unit(J1J2)

, Where - the corresponding joints, unit() - scales the vector to a unit length.
The extended Helen's formula is used to calculate the distance between the joint line
fJJ_dJ1,J2 and an individual joint J:
fiLdJ,LJ1J2=2*s)J1J2f1JdJ1,J2,

, Where sJJ1J2- is the area of the triangle formed by the joint positions.
To calculate the distance between a joint J and a plane PJ1J2J3, use the formula for the cross
product of two three-dimensional vectors:
fIPdJ,PJ1J2J3=f)J_0J1,J2*unit(fJJoJ1,J2*f1JoJ1,J3)

Figure 5 shows a visualisation of the above formulas.

firaUuJ2) fiy0UnJ2) firaUoLyop,) fiea U Pryyrs)

Figure 5 - Measurement visualisation

Convert the formulas of anthropometric metrics for three-dimensional models, to do this, we
define a data set that will be a matrix of points {x1,x2xn-1,xn} derived from the 3D model. To prevent
excessive deviation, care must be taken to ensure that the distance metric does not deviate too far
from the original distance metric. For this purpose, a regulariser is introduced.

Suppose that dij — is the distance L. between xi and Xj. The deviation from the original data
ratio is measured using the Mahalanobis formula:

i,jdij-dij =i, jxi-xj TXi-xj-T*r*|
, Where r is a regulariser, | is a columnar orthogonal matrix consisting of a set of joint data through
which the desired distance line passes. Then the following formula is used to find the distance
between two points on a three-dimensional model:
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dij=k=0mdE2cik,cjk+k=0mdE2cik,cjk

, where cik, cjk — three-dimensional coordinate of the 3D model, cik,cjk- three-dimensional
coordinates of the 3D model relative to the positions of the joints, dE2 — Euclidean distance between
a given point and the nearest joint.

Conclusion

The algorithms for anthropometric measurements on three-dimensional models have been
developed and presented for the first time, using advanced techniques of three-dimensional data
processing and anthropometry algorithms. The division of a three-dimensional model into a matrix
of points is proposed, which allows to achieve an increase in measurement accuracy. The formulas
for calculating the distances between two points on a three-dimensional model are obtained. For the
first time, it is proposed to perform anthropometric measurements of a three-dimensional human
model at the positions of 16 major joints. The practical significance of the work is the development
of algorithms and programs for anthropometric measurements based on theoretical research and their
integration into the professional graphics engine idx3d.
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