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In studies with a quantitative approach to human walking stability, it
is essential to quantitatively know how good the balance is at a body
posture or every moment along a path. To predict and maintain a
stable situation, it is necessary to develop a method that can measure
stability and indicate the condition of dynamic balance along the path.
In this paper, a new measure of postural stability was presented called
the probability of motion realization based on the kernel density
estimation, which assigns a value to the body motion based on the
avoidance of a fall along a path. The issue of balance maintenance was
examined for a population sample using a database and a motion
capture technique for recording kinematic information of the gait
cycle, and the probability of successful balance maintenance was
calculated for the population. In addition, the probability of motion
realization was calculated through a seven-link body model in all
states for three age groups of men and women at different step
lengths. The results were compared to the margin of stability, which is
a conventional metric. The findings demonstrated that the margin of
stability may be very low for a path on which most people can
maintain their stability easily, whereas the probability of motion
realization is high.
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EXTENDED ABSTRACT

Introduction

The inability to control balance in the elderly, and considering the ageing of the
population and the increase in life expectancy worldwide, forces researchers and doctors to
discover more about how the body system works and its state at any moment in time. In
standing motion, approximately two-thirds of a person's body mass is placed at
approximately two-thirds of their total body height. Hence, this position is inherently
unstable dynamically, and it is necessary to actively control balance and posture constantly
by the central nervous system. To predict and maintain a stable dynamic state, itis necessary
to define a stability measurement method that can express the conditions and state of
dynamic balance and numerically determine the value of balance in a body position or at
any moment during a movement path.

To improve the existing stability criteria, taking into account that a person may not
always be subject to impact, small fluctuations may occur during walking, in this research, a
new criterion was introduced to calculate the probability that a person will succeed based
on the average muscle strength, to cope with fluctuations and maintain balance.

Since approximately 80% of the walking cycle is in the single support phase, solving the
dynamic equations related to the single support phase is more important, which is
investigated in this research. The probability of the success of movement implementation
for a statistical population in three different age groups and different step lengths was
calculated, and the results obtained were compared with the margin of stability criterion,
stating the strengths and weaknesses of the proposed method.

Methodology

In this research, a planar model of a human in the sagittal plane was used. This model
had seven parts. To check the state of balance during different steps, the movement pattern
of the samples was reconstructed. For this purpose, several methods were used in this study
to create a database. To create a database, movement data was taken from the walking of
several subjects. In this method, the data obtained from the walking cycle using the motion
recording technique was used.

Newton-Euler method was used to obtain the governing equations of the seven-link
model, which was used to calculate the kinetics of the problem and calculate the torques
necessary to go through the path with a certain step length in the joints.

This research proposes a new quantitative measure to express the stability of the
posture during the walking cycle. The basis of this quantitative criterion was the probability
of dynamic success in completing the flight phase without losing balance and without
starting the landing process based on kernel density estimation. In this way, every human
movement leads to the generation of paths for each of the joint variables in the wrist, knee,
and hip, which was estimated by calculating the angular displacement vector and the
angular velocity of the joints and by using the inverse dynamics of the torque necessary to
produce the required paths. Then, the desired torque was compared with the torque that
can be applied by each of the joints, and these applied torques were obtained by having the
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angular displacement and angular velocity vectors of the joints and using the model based
on Anderson's method. The goal was to obtain the probability of a person falling, or in other
words, the probability of successful execution of the movement by comparing the torque
obtained by the inverse dynamics method with the maximum range of torques that can be
applied by the person.

Results and discussion

Figure 1 shows the graph obtained for the index using the margin of stability method
and the probability of success in movement execution for the age group over 65 years old.
The margin of stability may be very small for a numerical state; while that state is very safe,
its reverse is also possible, i.e,, a high stability margin does not necessarily indicate a very
stable situation.
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Figure 1. The criterion of the margin of stability and the probability of motion realization in the age group
over 65 years old during different step lengths.

Conclusion

In this research, it was shown that in the paths where each person can maintain balance
and during short steps, the magnitude of the probability of motion realization criterion
showed a large number, but the measure of the margin of stability estimated small values
for stability. In addition, a descending trend was observed for the measure of the probability
of motion realization of the movement with increasing step length, which seems quite
logical because it is easier to maintain balance during small steps. This is despite the fact
that the criterion of the margin of stability increased and then decreased in relation to the
step length and did not create a clear relationship with the step length.
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