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Quantification of the Human Postural Control
Using the Nonlinear Analysis of Cop Variations
during the Quiet Standing
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Abstract—The aging is an effective factor on the quality of
standing in healthy subjects. Some neural disorders, degrades the
quality of standing, so that the quality of standing in young
patient may be as well as the quality of standing in elderly
healthy subject. So in this study, the subjects were divided to five
age groups, and the age group the subject belonging to it is the
measure to quantify the quality of postural control. The subjects
were aged between 25-75 years old. The Center of Pressure (CoP)
position variations and Center of Pressure (CoP) position velocity
during the quiet standing were analyzed through the RQA
(Recurrence Quantification Analysis) method. The extracted
nonlinear features were fed to the nonlinear classifiers, and the
output of classifiers specified the age group which each subject
belongs to it. The SVM, MLP neural network, and RBF neural
network were the used classifiers. In this manner, the quality of
subject postural control could be quantified between1 to 5.
Results show the SVM classifier with polynomial kernel reached
the best performance of 97.44% accuracy.
Index terms—Quiet Standing, Quantification, Aging, RQA,
Nonlinear classification.

In the proposed approach, the nonlinear features have been
extracted using recurrence maps and SVM pattern
recognition classifiers have been used to quantify data with
similar feature spaces.

I. INTRODUCTION

II. METHODS AND MMATERIAL

Some patients with neural disorders should be continuously
health monitored by a medical doctor using drugs or
occupational therapy. Therefore, doctors should be able to
follow-up the improving process precisely. Hence a suitable
Quantified index is necessary. Quiet standing is an attractive
and effective function which can be degraded through some
neural disorders [4]. Nowadays, the Berg Balanced Scale is
widely used for measuring the quality of balance while
standing.
However this index is highly dependent on the medical
doctor’s viewpoint and therefore the Burg Balance Scale
index of a specific person may be reported different by
various doctors [6]. Since stability condition during the quiet
standing can be surveyed using analyses of CoP variations,
many researchers have scrutinized in dynamics of CoP to
quantify the quality of standing [3].Age related changes in
the central nervous system and the musculoskeletal system
can influence various functions of this control mechanism,
and, as a result, can reduce postural stability [2],[18]. Such
age-related changes in postural stability during quiet
standing have been investigated using time varying
characteristics of the center of pressure (COP) and/or the
center of mass (COM).[13] These measures have been
associated with falling in the elderly.[4] In this study a
quantification index for grading the quality of standing
based on analyses of CoP variations during the quiet
standing is presented.

A. Experimental Setup and Data Recording
The CoP can show the quality of standing solely. For
classification the main criteria has been chosen to be the age
of each subject. Although, the other parameters such as the
length of sole or the length of leg bone could be chosen but
those do not have the universality of the age. Therefore
cases were chosen from 25-75 years and divided in 5 classes
of ten years. The subjects included the 16 men and 9
females devoid any kind of heart, muscular and nervous
disease. The body mass index of each subject has been
recorded and 21 subjects had a normal BMI.

Fig. 1Keep balance during standing

Table 1 Characteristics of participants in human experiments
Group

Sex

BMI

Age

Mean

Std

A

(3/2)5

21.16

33.2

27.4

3.78

B

(2/3)5

23.2

37.6

37.6

2.07

C

(3/2)5

27.42

51.4

51.2

3.42

D

(3/2)5

25.28

58.8

58.8

2.77

E

(0/5)5

24.5

70.6

70.6

3.50

The reason for this wide range of age was to observe the
difference between classes. Subjects have been asked to
stand on the force plate (AMTI) for 120 seconds while each
foot was putted on a separate force plate. The subjects
relaxed for 2 minutes between two consecutive trials.
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Lmax=max ({li;i=1…,Nl})

(5)

Entropy (ENTR)
Entropy is a mathematical concept in quantifying nonlinear
dynamics. Entropy is amount of disorder in a signal. We
have calculated the entropy of the diametrical lines as
followed:
(6)
Laminarity (LAM)
To compute this feature the recurrence points in the vertical
direction have been calculated as percentile.
(7)
Fig. 2Subject during the experiment on the force plate

Trapping time (TT)

The force plates each have 6 outputs containing 3 forces and
3 torques in the x, y and z directions have being recorded
with 100Hz frequency sampling. The CoP variations in the
anterior-posterior plane, was calculated as bellows:

The averages of the vertical lines have been calculated.
(8)

(1)

C. Feature Selection
A statistical analysis, T-Test, is used for feature selection.
The T-Test statistical approach has been used to select the
features which are significantly different between the five
classes. The table 1 shows the result of T-Test. According to
the computed p-values, the DET, entropy, TT, L and Lmax
have been selected as the most appropriate features.

(2)
Where Mx1 and Mx2 represent the torque in the anteriorposterior direction and Fz1 and Fz2 represent the force in the
vertical direction in the two force plates.
B. Nonlinear Analysis of CoP
Using these recurrence maps not only has the ability to
visually revise the hidden patterns but also to quantify them
and find the structure variations and also the similarity
between different patterns in the datasets. This ability which
is known as the recurrence map analysis after calculating the
mean CoPwe have extracted linear and none linear features
from the datasets. The feature extraction method for the
nonlinear features is the recurrence map analysis which is a
nonlinear method used for information analysis in dynamic
systems. The nonlinear dynamic zone is a method where the
variable variations are not time dependent but dependent on
other variables. assume the system has d variables [x1 ,x2
,…,xd], this relation produces a vector [x1 ,x2 ,…,xd]. In
most physical and physiological systems it is only possible
to measure one variable. Recurrence maps can be quantified
using the recurrence quantification analysis features.

Table2. The results of T-test statistical analysis utilized for
feature selection
Feature

P

RR

0.001

DET

0.000

L

0.000

Lmax

0.024

ENTR

0.000

LAM

0.026

TT

0.251

K

0.018

S

0.036

Recurrence Rate (RR)

M

0.125

This feature shows the recurrence points in the map as
percentile and is related to the sum of correlations. For
calculating this feature the black points of the recurrence
map are counted.

VAR

0.763

MF

0.017

D. Quantification method
For quantification of human posture balance quality, a
grading strategy is design. In the designed strategy, at first
using a classification methodology, the age group which
each subject belongs to it, is specified. Then, the quality of
subject postural control was graded between1 to 5,
depending on the specified age group. The grade one shows
the best quality and the grade five shows the worst quality.

(3)
Determinism (DET)
This feature shows the ratio of the points producing the
diametrical lines to the whole points in the map. The
diametrical lines are produced of two or more points
connected in the diametrical direction.

III .RESULTS
A. Classification based on feature analyses
After feature selection, the best features were used for
classification. In the other hand, the age group of each
person was specified through computing the difference

Maximal Diagonal Line Length (Lmax)
This feature shows the length of the longest diametrical line
and is calculated as followed:
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between the computed selected feature and the obtained
mean related to each selected feature and investigate if the
calculated difference is less or more than the obtained
standard deviation related to that selected feature. Table 3
shows the archived classification results based on selected
feature analyses.
Table3.The classification accuracies related to classification
based on the analyses of selected features.
Feature
selection
DET

Percent of
accuracy
Training
81

Percent of
accuracy
Testing
80

ENTR

86

96

TT

80

96

L

98

88

Lmax

98

80

quantification methodology must be confirmed through the
grading of standing quality in persons with neural disorder.
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