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Biomechanical analysis of the trajectory
of movement of the center of gravity of an athlete
iIn martial arts
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Abstract
Objective of the study was to study the essence of the process of oscillations of the athlete’s center of gravity when
moving using the “shuttle” method and to test the methodology for analyzing the movement of the center of gravity.
Methods and structure of the study. The essence of the analysis of oscillatory movements of the center of gravity is to
construct the trajectory of the athlete’s movement, as well as graphs of changes in speeds and accelerations of the center
of gravity depending on the coordinate. In this case, the graphs are plotted one below the other on the same scale of the
coordinate axis. This allows you to visually compare the features of the trajectory of the center of gravity with changes in
speed and acceleration.
Results and conclusions. Fluctuations in the center of gravity of an athlete during movement using the “shuttle” method
represent a movement of the center of gravity from one area of space to another in the forward and backward directions.
In this case, the movement trajectories differ from each other. It is advisable to describe such oscillations not by individual
parameter values, but by areas of parameter values characteristic of a specific state of the system.
The data processing technique used allows us to obtain more complete and visual information about the movement of the

athlete’s center of gravity during movement.
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Introduction. The issue of the oscillatory move-
ments of an athlete in martial arts has been practically
not considered in biomechanics, despite the fact that it
is of great importance in this type of motor activity. The
oscillatory movement of the athlete’s center of grav-
ity occurs when moving using the “shuttle” method or
when the athlete is unbalanced before throwing [3, 4].

Objective of the study was to study the essence
of the process of oscillations of the athlete’s center of
gravity when moving using the “shuttle” method and
to test the methodology for analyzing the movement
of the center of gravity.

Methods and structure of the study. To con-
duct the study, a video was taken in which an athlete
qualified as a master of sports of Russia in jiu-jitsu
performs movement using the “shuttle” method. The
video recording was divided into 40 cyclograms with
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a time interval of 0.08 s. Three separate forward and
three backward movements of the center of gravity
were considered. Each movement was considered on
a separate chart. The trajectory of movement was di-
vided into a number of parts equal to the number of
cyclograms.

The essence of the analysis technique used is to
construct the trajectory of the athlete’s center of grav-
ity, as well as graphs of changes in speeds and accel-
erations depending on the coordinate. In this case, the
graphs are plotted one below the other on the same
scale of the coordinate axis. This allows you to visu-
ally compare the features of the trajectory of the cent-
er of gravity with changes in speed and acceleration.
Previously, such a technique for analyzing oscillatory
movements was already recommended for describing
nonlinear oscillator oscillations [2].
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Research results and discussion. Figure 1
shows the trajectories of the athlete’s center of gravity
during three forward and backward movements while
moving using the “shuttle” method.
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Figure 1. Trajectories of centers of gravity during
oscillations in Cartesian coordinates (blue line — for-
ward movement, red dotted line — backward move-
ment)

In mechanics, harmonic vibrations mean vibrations
that occur according to a harmonic law:

x =A sin (wt+Q) (1)

where is a dynamic variable, is the frequency of
oscillations, is the phase of oscillations.

Also, harmonic vibrations can be described by the
equation

1 X + w2 x=0, (2)

where second derivative of the coordinate with re-
spect to time.

Nonlinear oscillations are understood as oscilla-
tions that are described by other equations. For exam-
ple, in formula 2, you can take into account quadratic
or cubic nonlinearity during oscillations by introducing
additional terms.

Figure 1 shows that the athlete’s center of gravity
moves forward and backward, but does not return to
its original position. The trajectories of movement also
differ in their shape. Common to all trajectories is the
presence of a maximum occurring approximately in
the middle of the movement. In order to characterize
any parameter that describes oscillations of the center
of gravity (the amplitude of oscillations, the initial or
final position of the center of gravity), one can use the
ranges of values within which this parameter changes.
Previously, the concepts of attractor and quasi-attrac-
tor were proposed in the scientific literature [1, 5]. In
the most general case, this is a range of values of a

quantity that correlates with a specific state of the sys-
tem.

Thus, by fluctuations in the center of gravity of
an athlete in the case of movement using the shuttle
method, we will understand the repeated movement
of the center of gravity from one finite region of space
to another, while the trajectories of movement will also
be located within a certain region of space, that is, as
arule, they will not be repeated.

The table shows the lengths of the trajectories of
movements of the center of gravity forward and back-
ward and their duration.

Length and duration of each forward movement

Movement number |Length (c.u.) | Time (s)

I movement |Forward 0,20 0,40
Back 0,15 0,36
Il movement |Forward 0,23 0,40
Back 0,14 0,36
Il movement | Forward 0,19 0,36
Back 0,16 0,48

The table data shows that the duration and length
of each forward and backward movement are not al-
ways the same. Therefore, it can be proposed to also
use ranges of values, rather than specific numerical
values, to describe the amplitude of movements and
duration.
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Figure 2. a) trajectories of the center of gravity
during movement b) speed of the center of gravity de-
pending on the coordinate c) acceleration of the cent-
er of gravity depending on the coordinate (solid line -
first forward movement, broken line - second forward
movement, dotted line - third forward movement)
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Figure 2 shows the trajectories of the athlete’s
center of gravity in the process of moving forward (Fig.
1 a), changes in speed and acceleration of the ath-
lete’s center of gravity depending on the coordinate
(Fig. 1band 1 c).

In Figure 2 you can see that the maximum speeds
and accelerations do not always correspond to the
highest point of the trajectory of the center of gravity.
However, the maximums and minimums of velocities
and accelerations, as a rule, occur at the same coor-
dinate.

Figure 3 shows the trajectories of the center of
gravity during the backward movement.
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Figure 3. a) trajectories of the center of gravity
in the process of moving backwards b) speed of the
center of gravity depending on the coordinate c) ac-
celeration of the center of gravity depending on the
coordinate (solid line - first forward movement, bro-
ken line - second forward movement, dotted line -
third forward movement)

Itis also clear that the highest point of the trajectory
does not always correspond to the maximum speed or
acceleration. The maximums and minimums of speeds
and accelerations, as a rule, also coincide.

Conclusions. Fluctuations in the center of gravity
of an athlete during movement using the shuttle meth-
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od represent a movement of the center of gravity from
one area of space to another in the forward and back-
ward directions. In this case, the movement trajecto-
ries differ from each other. It is advisable to describe
such oscillations not by individual parameter values,
but by areas of parameter values characteristic of a
specific state of the system.

In one figure, observing the scale, it is advisable to
plot the trajectory of the center of gravity, as well as
the dependence of the speed and acceleration of the
center of gravity on the coordinate. This allows you to
study the features of the movement of the center of
gravity. To describe oscillations of the center of grav-
ity, you can also use the ranges of speeds and accel-
erations.

The data processing technique used allows us to
obtain more complete and visual information about
the movement of the athlete’s center of gravity in the
process of motor activity.
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