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Abstract: The aim of this theoretical study is to compare the results obtained by the confident ellipse with the postural sway identified 
during the balance test. The ability to control postural balance is an important factor of mobility starting with the performance of daily 
basic activities to competitive sports. Postural control is the ability to keep the body in an upright position and a good postural stability is 
needed during daily tasks. Postural sways in different directions, helps in maintaining the body stability. An increase of movements’ 
amplitude can lead to equilibrium loss, subsequently falling. This study intends to present a method used for the evaluation of stability 
through the confident ellipse which has been substituted with the standard ellipse. The theoretical estimation of sway area has revealed 
that the area of the confidence ellipse strongly depends on the number of points of sway. It is suggested substituting the confidence 
ellipse with the standard ellipse, which allows the comparison of data collected under different conditions of duration and frequency of 
postural sway. The results drawn from the confident ellipse, show that 95% of the figures account for statistical data, which trace the 
shift of the pressure center as a result of postural sway. 
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1. Introduction and Methodology 
 
Balance, postural control or equilibrium are definitions used 
to describe how to keep our body in un upright position and, 
when necessary adjust this position [3], [5]. Postural control 
systems contain a complex organization that controls the 
orientation and the equilibrium of the body during upright 
stance [13]. Postural stability is defined as the ability to 
maintain the positions of the body within the specific 
boundaries for which the body still correct for in order to 
remain stable [1]. A good postural stability is needed during 
daily tasks. Postural sways in different directions, helps in 
maintaining the body stability and it is calculated through the 
estimation of sway area ellipse. Sway area ellipse is 
calculated by integrating the area of COP with regard to 
reference point in mm²/sec [3]. The theoretical evaluation of 
the stability and postural sway is based on the results taken 
from confidence ellipse. A real problem in stabiliometry and 
postural balance is to quantify the oscillation of a subject 
performing balance tests in jumping Leonardo 
Mechanography force plate. The balance test intends to 
evaluate the balance ability through the projection of the 
center of pressure ( )COP in a 2D plane by force plate 

Leonardo Mechanography measurement [10]. COP  is 
simply the point location of the vertical ground reaction 
resultant force vector, which can be easily measured using a 
force platform [3], [ 7]. From the above measurements are 

obtained the stabiliometry graphs (Fig. 1), which are 
adjusted by fitting circles in the x-y plane [2], [4].  
 

 
Figure 1: The stabiliometry data of standard Ellipse Area (a) 

and relative PathLength of COP (b) 
 
These graphs show the standard ellipse area and relative path 
length in six different sequences of subject COP sway during 
10 seconds of balance test. Also, from balance tests are taken 
the images of sway area standard ellipses (Fig. 2) during 10 
seconds time. The most useful method [6], [ 8] is the 
analysis of area sway through 95% confidence ellipse, which 
is mentioned as a (1 )%  confidence ellipses in the 

postural sway. This study intends to adopt confident ellipse 
with the standard ellipse (Fig. 2) during the balance test. The 
area of the confidence ellipse is used as a measure of 
energetic expenditure of the subject to maintain his balance 
[11].  
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Figure 1: Ilustration of six images of Sway Area standard Ellipse during 10 sec. of balance test. 

 
2. Results and Discussion 
 
Prior et al [12] have shown that: “The 95 % confidence 
ellipse should enclose nearly 95 % of the COPpoint”. This 
formulation is not much correct according to reference 
because (1-α)% confidence ellipse is taken as the ellipse 
which consists of (1-α)% points of sway. The more exact 
definition is: “The 95 % confident ellipse is one which has 
the (1-α)% probability of containing the COP of sway”. 
Therefore, the area of confidence ellipse contains the COP of 
a subject with a corresponding probability [9].  
 
In order to calculate the sway parameter, the data series 
taken from the force plate measurements [10] were 
transformed in a fixed reference coordinate system which is 
coincident with the mean position of COP. If N→ represent 
the total number of data points of the COP data set, x→ 
represents the Medio-Lateral (M/L) of the COP 
displacement, whereas y→represents the Anterior-Posterior 
(A/P) of the COP displacement  

n ix x x                                    (1)  

and  

n iy y y                                   (2) 

where nx  and ny  are the desired transformed data point of 

interest. 
x   the average value of the entire M/L COP  data 
series, is determined by the equation: 
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Where ix   is the data point of interest. 

Similarly: 
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Where iy   is the data point of interest. 

The sway ranges in 2D  plane are as follow: 

 max minM/L sway range = | ( ) ( ) |n nx x              (5) 

 Where the M/L sway range is the peak to peak amplitude of 

the COP  traveled in M/L direction, ( ) maxnx  and 

( ) minnx  are respectively the highest and the lowest values 

in the M/L direction. 

 max minA/P sway range = | ( ) ( ) |n ny y              (6)  

Where the A/P sway range is the peak to peak amplitude of 

the COP  traveled in A/P direction, ( ) maxny  and 

( ) minny  are respectively the highest and the lowest values 

in the A/P direction. 
The mean velocity is the average speed that the 
COP moved, calculated by total distance traveled and 
diving by total time of test: 
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Where t   the total time duration of test.  

RMS is the root mean-square distance of the COP  data, 

which is calculated as the average distance that the COP  
travels from this mean location, which in fact is the standard 

deviation ( )xSD COP  and ( )ySD COP  displacements in 

relation to the main location 
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The 95 % confidence ellipse is a statistical measure to 
describe the area of sway. The calculation fits the major axis 
to be coincident with the primary direction of sway. Then it 
fits an ellipse to the data, such that the ellipse contains the 
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COP data points with 95 % confidence ellipse [14], [15]. 
The calculation requires follow steps: 
Firstly, the co-variance matrix of the data points is given in 
relation to the mean location of COP , accordingly to 
equations:  
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   Co-variance Matrix =
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Where x  is RMS of M/L data COP  moving away, 

calculated according to below equation:  
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While y  is RMS of A/P data COP  moving away, 

calculated according to below equation:  
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And xy   is calculated according to equation: 
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Thus, the co-variance matrix is used to calculate the 
eigenvalues, which can be calculated by solving for the two 

eigenvalues, 1  and 2 : 
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The determinant results from this equation are:  

 2 2 2 2 2 2( ) ( ) 0x y xy x y            (14) 

Two solutions 1  and 2  are the two eigenvalues. 

Multiplying each of these eigenvalues by desired confidence, 
gives the length of semi-axes of ellipse a and b. The standard 

Sway Area ellipse is computed based on MLx  and APy  

oscillation of COP  amplitudes, by considering the main 
axes of the ellipse, which contains 90% of data points, 
accordingly as in [3], [9], [14]:  

    =90%Standard Ellispe aArea b        (15) 

For a 95% confidence ellipse, the corresponding statistical 
value is 1.96. Then, the major semi-axis of ellipse is: 

 1 11.96a                          (16) 

and the minor semi-axis of ellipse is:  

 1 21.96b                         (17) 

Finally, these values 1a  and 1b , can be used to calculate the 

area (Fig. 3), accordingly to equation:  

 1 195 % confidence ellipse Area = a b        (18) 

 

 
Figure 3: Confidence ellipses for normally distributed data 

 
The assumption that the distribution of the points of the 
confidence ellipse is a normal bivariate distribution [14] is 
not showed for the points of sway. From the above equations 
of ellipse, is found that the area of the confidence ellipse 
strongly depends on the number of points of sway (it 
decreases when the number points increases). Therefore, the 
confidence ellipse does not describe the variability of the 
subject’s sample points. Thus, the area can vary not only 
according to the balance ability of the subject, but also 
according to the duration of the sampling frequency of the 
points. Based on the results taken from force plate 
measurements on test balance and comparing them to the 
theoretical evaluation of ellipse are, it is suggested 
substituting the confidence ellipse with the standard ellipse 
[9], which allows the comparison of data collected under 
different conditions of duration and frequency of postural 
sway. 
 
3. Conclusions 
 
In conclusion, since postural sway is very essential in 
identification of different pathologies which are related with 
the risk of falls, it is used as an important measure on 
balance test. Postural sways in different directions, helps in 
maintaining the body stability. An increase of movement’s 
amplitude can lead to equilibrium loss, subsequently falling. 
The theoretical estimation of sway area has revealed that the 
area of the confidence ellipse strongly depends on the 
number of points of sway. It is suggested substituting the 
confidence ellipse with the standard ellipse, which allows the 
comparison of data collected under different conditions of 
duration and frequency of postural sway. The results drawn 
from the confident ellipse, show that 95% of the figures 
account for statistical data, which trace the shift of the 
pressure center as a result of postural sway. If postural 
activity is reduced in one direction, it is compensated to the 
other direction in order to keep the balance of the human 
body over the base of support.  
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