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Abstract 

The static balance is the position of the human being in which 

his body maintains an erect position, through the action of 

various muscles and articulations. The following work has the 

purpose to develop an application that analyzes the relation 

between the chest’s balancing compared to the ankle and the 

displacement of the center of pressure (CoP) in both feet. This 

is measured by using IMU type sensors and sole-pads and by 

analyzing mutual information through information theory 

techniques and statistics. 
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INTRODUCTION 

Posturography is a tool to assess the motion control of posture 

through the determination of the Center of Pressure which is 

the location of the vector of vertical forces from the reaction 

to the ground. It corresponds to the average weight in contact 

with the surface of the floor; its location under each foot is a 

reflection of the neural control of the muscles of the ankle 

[1]–[3]. According to Winter, Hobeika and Woollacott, 

balance is a complex process regulated by the nervous system 

where three systems can be differentiated (Sensory systems, 

Central Nervous System and Musculoskeletal System). 

Balance can be static or dynamic, and for Spirdurso static 

balance is understood as the postural oscillation produced 

when trying to maintain the body in the most static position 

without moving. The location and movement of the Center of 

Pressure (CoP) indicating the support point where resulting 

forces from the ground are applied. The oscillation can be 

antero-posterior or mediolateral [4],[5]. Figure 1 shows a 

neutral position in which the body keeps static balance. 

Information theory is the discipline in charge of the study and 

quantification of the processes carried out on information [6]. 

Entropy is one of these measures referring to the “measure of 

a system’s degree of disorder” [7]. Mutual information is 

measured over datasets to confirm the existence of a relation 

between them. Hence, mutual information is the amount of 

information that variable y has on variable x. If it is null, then 

the variables are statistically independent [8]. 

 

Figure 1. Neutral position [5] 

 

Medical data is analyzed by professionals comparing it to 

groups of data called ‘control group’. These data inform the 

specialist on the possible pathology and define through the 

analysis a strategy that can correct such pathology. The 

analysis of medical data leads to high computational loads 

due to the amount of information that needs to be processed. 

Selecting such relevant variables is a problem to solve so 

plenty of algorithms have been developed and improved over 

the years. Current information theory techniques are related 

to entropy and mutual information. These techniques 

significantly reduce the mentioned loads and offer higher 

efficiency and reliability in variable-selecting algorithms [9]. 

The following research proposes to use information theory 

techniques to determine the relation between two variables 

related with postural stability: the angle of displacement of 

the chest (inverted pendulum) and the CoP of the feet. It is 

intended to find a relation that defines one variable in terms 

of the other one, and then corroborate such relation through 

the calculation of the entropy and mutual information. Then, 

these data lead to a diagnosis on the patients’ equilibrium 

measured while they are in static position. 

The purpose of the project is to develop an application for the 

analyses of data obtained through sensors which measure the 

displacement angle of the chest (postural angle) while the 

person is standing still and the displacement of the Center of 

Pressure of the feet. Once the distribution of the information 

is established, the central tendency measures are defined as 

well as the level of entropy of the data and the relation 

between both variables. The entire data analysis is carried out 

through statistical and information theory techniques. The 

present research was developed by the DIGITI research group 

of the Universidad Distrital Francisco José de Caldas. 
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METHODOLOGY 

The data from CoP and chest-to-ankle angle were taken with 

the Pedar Sensole System and Technaid MCS System 

respectively. The Pedar Sensole System consists on an insole 

(or sole pad) in different sizes that measures the pressure 

applied over a division of its surface. This provides the point 

where the most pressure is applied during biped movement. 

The technical characteristics are described by the 

manufacturer in Table 1. 

Table 1. Pedar Insole Specifications [10] 

Sizes 22 – 51 (European) 

Sensor thickness 1.9 mm 

Number of sensors 84 – 99 

Pressure range 15 – 600 kPa 

Resolution 2.5 kPa 

Hysteresis < 7 % 

Change of pressure due to flexion < 20 kPa 

 

Technaid MCS System is a system for movement capture and 

analysis based in IMU (Inertial Measurement Units) which is 

an electronic device that measures speed, orientation and 

gravitational force of a device using a combination of 

accelerometers and gyroscopes. The system has a Tech-Hub 

that can connect multiple IMUs. Its characteristics are 

described in Table 2. 

Table 2. IMU Technaid MCS Specifications [11] 

Supply voltage 3.3 – 4 VDC 

Current consumed 70 mA 

Dimensions (Height x Width 

x Length) 

8 x 26 x 36 mm 

Weight 14 g 

Measuring range Gyroscopes +/- 2000 °/s 

Accelerometers +/- 39.22 – 

156.88 m/s2 

Resolution Gyroscopes 0.06 °/s 

Accelerometers 0.122 mg 

Communication CAN, USB, Bluetooth 

Sampling frequency Hasta 500 Hz 

Accuracy in static mode 0.7° RMS 

Accuracy in dynamic mode 1.0° RMS 

 

Technological proposal 

The development of the project is performed in MATLAB 

and it includes the development stages shown in Figure 2. 

 

 

Figure 2. .Block diagram 

 

The tasks of each block are described next: 

Data loading process 

As the first stage of the project, it consists on loading the data 

related to the CoP and the chest-to-ankle angle (data loaded 

from Excel previously handled by the user). 

The characteristics of the files introduced into the tool are the 

following: 

1. Files made in Excel 

2. For the data file of CoP 

2.1 The data starts on row 10. 

2.2 Columns C and D for the values of x and y in 

the left foot. 

2.3 Columns G and H for the values of x and y in 

the right foot. 

3. For the data file of angles 

3.1 The data starts on row 53. 

3.2 Columns B and C are for the values of x and y 

in the left zone. 

3.3 Columns E and F are for the values of x and y in 

the right zone 

The tool allows choosing between three comparison methods: 

1. Analyze CoP VS Angle of one patient 

2. Analyze CoP VS CoP from two different patients. 

3. Analyze Angle VS Angle from two different 

patients. 

 

Pre-processing 

The second stage of the project consists on verifying that all 

data is numerical, and has the same size, by performing the 

following tasks: 

Loading data 
process 

Pre-processing 
Original 

calculations 

Clean data 
calculations 

Detection and treatment 
of outliers 

Printing results Filing report Send results through e-
mail 
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1. Calculate the size of each column. 

2. The data inside the column which do not correspond 

to a numeric format (Blanks, letters) are replaced by 

NaN (Not a Number). 

3. Calculate the minimum size to establish the value of 

the data to be analyzed conjointly (pair of variables 

Ang-CoP that must have the same size). 

4. Define the DATA matrix with 8 columns: 4 

variables for each file (CoP, Angle), 2 for each side 

(Left and Right) and 1 per axe (x and y). 

5. Find the NaN inside the rows and columns of the 

matrix. 

6. The rows where NaN values are found, are 

eliminated since it is incorrect to analyze numerical 

data against NaN in a dataset whose values are 

captured synchronously. 

7. Separate the matrix into columns to assess the data 

individually. 

 

Original calculations 

It calculates the value of the entropy individually and both the 

conjoint entropy and mutual information conjointly. The data 

are also organized into three row-vectors. 

1. Calculate the values of individual entropy [12] for 

each variable. 

2. Store the values in HOrg which includes the entropy 

values of the variables Angle and CoP in the order 

Angles XY Right, Angles XY Left, CoP XY Right, 
CoP XY Left. 

3. Store the values of conjoint entropy [13] Ang-CoP. 

4. Store the values in Hxy which includes the values of 

the conjoint entropy Angle-CoP Right in X, Angle-
CoP Right in Y, Angle-CoP Left in X, Angle-CoP 
Left in Y. 

5. Calculate the values of mutual information [14] 

Ang-CoP in the same order described in the previous 

item. 

6. Store the values in Ixy which includes the values of 

mutual information in the same order that Hxy. 

 

Detection of Outliers 

Calculation of the atypical values of each column of the 

dataset of the independent variable (CoP). 

 

Treatment of Outliers 

With the position of outliers in each column of the 

independent variable, they are searched inside the 

independent variable (Angle) to be replaced by NaN. 

Afterwards, new column-vectors of the independent variable 

are generated by eliminating the NaN data. This is similar for 

the same size of the Ang-CoP data pair. 

 

Calculate clean data 

When the atypical data have been eliminated, then it is 

proceeded to: 

1. Calculate the values of individual entropy for each 

variable. 

2. Store the values of individual entropy in a row-

vector HProc in the same order that HOrg. 

3. Calculate the value of the conjoint entropy Ang-CoP 

in the same order described in the second point of 

the original calculations. 

4. Store the values in the vector Hxyp. 

5. Calculate the values of mutual information Ang-CoP 

in the same order described in the previous item. 

6. Store values in the vector Ixyp. 

 

Inside this block, statistical values are also calculated both for 

the original variables as well as for the processed variables. 

The statistical values are calculated and stored in row-vectors 

with the following nomenclature: 

1. x for the original independent variable (Angle). 

2. xn for the processed independent variable (Angle). 

3. y for the original dependent variable (CoP). 

4. yn for the processed dependent variable (CoP). 

 

Then, they are stored in row-vectors of size 4: 

1. Mean (mx, my, mxn, myn). 

2. Median (Q2) (mdnx, mdny, mdnxn, mdnyn). 

3. Mode (mdx, mdy, mdxn, mdyn). 

4. Standard deviation (dex, dey, dexn, deyn). 

5. Maximum value (mxx, mxy, mxxn, mxyn). 

6. Minimum value (mnx, mny, mnxn, mnyn). 

 

The linear correlation values between the variables (Ang-
CoP) Original and Processed are calculated in a similar 

fashion in corresponding vectors corrO and corrP of size 4. 

 

Printing the Results 

When all the values have been calculated, it is proceeded to 

show them in 4 tables destined for such purpose, as well as in 

three areas for charts: 

1. To see the results, it is necessary to select one of the 

four options available in the deployable menu (D. 
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Plant X., D. Plant Y. I. Plant X., I. Plant Y) 

2. According to the selected option, the value of 

Individual Entropy, Conjoint Entropy, Mutual 

Information, Correlation Coefficient, Assessed Data 

are shown in two tables to the left. 

3. In the two tables of the lower right section, the 

statistical values are shown (Maximum, Quartiles 

Q3, Q2 (Median), Mean, Quartile Q1, Minimum 

value, Mode, Standard Deviation), of the original 

and processed data. 

4. In the graphic area of the upper section, the printing 

of a dispersion diagram is shown including the 

considered variables, the data marked as outliers and 

a linear adjustment based on the processed data. 

5. In the lower graphic areas, the histograms for each 

variable can be seen, where the type of distribution 

that follows the data can be observed and the 

atypical values can be identified. 

 

Filing the Report 

A .txt file is generated where the calculated data are printed 

into a note block. 

 

Send the results via e-mail 

Matlab, through the send mail function allows to send e-mails 

through the SMTP protocol. 

 

RESULTS 

When the program is executed, the graphic user interface is 

shown in Figure 3. It is noteworthy that it is pretty intuitive 

with 5 buttons, 1 deployable menu, 4 tables and 3 areas for 

charts as well as an indicator of the task being executed. 

After the data are loaded, the Load button is deactivated to 

enable the Analyze button and when it is pressed it means that 

it is busy calculating. When the calculated data are ready, the 

Analyze option is disabled and the Save option is turned on, 

since saving can be performed without visualizing. To 

visualize, the interest area is selected from the deployable 

menu. 

From Figure 4 to 7, both the charts and the calculated 

examples can be seen.  

 

 

Figure 3 Analyzer during execution 

 

 

Figure 4. Left view in y 

 

 

Figure 5. Left view in x 

 

 

Figure 6. Right view in y 
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Figure 7. Right view in x 

 

Analysis from the Information Theory standpoint 

An analysis is performed with the data calculated and 

observed in Figures 4 to 7 and in Tables 3 to 4. 

 

Table 3. IT verification of the original data 

 XD - 

COPXD 

YD - 

COPYD 

XI - 

COPXI 

YI - 

COPYI 

H(x)  

H(y) 

10.526 - 

6.700 

10.528 – 

8.740 

10.528 – 

6.491 

10.526 – 

8.208 

H(x,y) 10.529 10.529 10.529 10.529 

I(x,y) 6.697 8.739 6.489 8.205 

 

Table 4. IT verification of the processed data 

 XD - 

COPXD 

YD - 

COPYD 

XI - 

COPXI 

YI - 

COPYI 

H(x)  

H(y) 

10.432 – 

6.385 

10.506 – 

8.693 

10.289 – 

6.012 

10.235 – 

7.605 

H(x,y) 10.435 10.507 10.291 10.238 

I(x,y) 6.382 8.692 6.010 7.602 

 

In Tables 3 and 4, from the concept of Mutual Information 

exists a relation between both variables given that I(x, y) ≠ 0 

so using a chart with a straight line tendency, a statistical 

analysis is carried out through linear regression. 

 

Statistical analysis for measuring data of CoP and postural 

angle. 

For the results shown in Figures 4, 5, 6 and 7, and according 

to the statistical analysis, it is concluded that in none of the 

four cases there is a good correlation coefficient. This is due 

to the fact that the determination coefficient for the case of 

simple linear regression corresponds to the square of the 

correlation coefficient which indicates the variation 

proportion of the CoP which is explained by the independent 

variable (Angles) and for the studied case correspond to Table 

5 and 6. 

Table 5. Verification of the linear relation from the original 

data 

 XD - 

COPXD 

YD - 

COPYD 

XI - 

COPXI 

YI - 

COPYI 

Correlation 

coefficient 

-

0.200806 

0.247653 -

0.077458 

0.302363 

Determination 

coefficient 

0.04032 

(4.03%) 

0.06133 

(6.13%) 

0.00599 

(0.59%) 

0.09142 

(9.14%) 

 

Table 6. Verification of the linear relation from the processed 

data 

 XD - 

COPXD 

YD - 

COPYD 

XI - 

COPXI 

YI - 

COPYI 

Correlation 

coefficient 

-

0.472183 

0.131194 -0.346539 0.106833 

Determination 

coefficient 

0.22295 

(22.29%) 

0.01721 

(1.72%) 

0.120089 

(12.008%) 

0.011413 

(1.14%) 

 

The analysis of the results shown in Tables 5 and 6 indicate 

that evidently there is no linear relation between such 

variables since the Angles do not significant explain the CoP 
in terms of the percentage. From the graphical point of view, 

the slope of the straight line of adjustment is not significant. 

The equation tends to the average of the dependent variable 

(𝑦 = �̅�) so the Angle variable has no linear relation with the 

variable CoP. 

 

 

Figure 8. Enabling the Send e-mail option 

 

When pressing the Send E-mail option in Figure 8, a window 

is opened in which the files are selected in the selection 

window and filled in the destination field, when pressing 

Send the send is confirmed. If no file is selected, the 

confirmation message is: “Message successfully sent without 
an attached file”. 
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Figure 9. Destination received tray 

 

 

Figure 10. Origin output tray 

 

The Hotmail receiving tray (Figure 9) and Gmail output tray 

(Figure 10) of the e-mail applications used during testing, in 

which the attached files, the header of the e-mail and the body 

of the message can be seen. 

Finally, the report generated has an appearance as the one in 

Figure 11, in which 8 columns are evidenced for individual 

assessments and the 4 columns for the conjoint assessment of 

the processed and original data respectively. 

 

CONCLUSIONS 

The variables Angle and CoP have no linear relation as 

consequence of the results, in which the determination 

coefficient is very small, so the Angle variable does not 

explain significantly the values of CoP in linear mode. 

Data processed can lead to having a better adjustment, but it 

is not always the case, compare tables 5 and 6 in columns 3 

and 5 and observe that the original data have a better 

correlation of the processed data. 

 

 

 

 

 

 

Figure 11. Filed report 
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