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Abstract: The paper presents mathematical 

fractal methods for calculation of the 

electrocardiogram data. Usage of fractal 

analysis on the electrocardiogram is CT 

scans of the brain and other nonlinear 

diagnostics that make conditions of the 

accurate diagnosis. We took purpose to 

execute mathematical procedure on 

electrocardiogram signal data of healthy 

Mongolian people and we considered it 

using by fractal analysis to accesses fractal 

characteristics of data on biomedical signal. 
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I.INTRODUCTION 

Sector of first priority which is 

considered as important is health sector. 

Core part of modern medical service and 

diagnosis are reliable and high quality health 

technology and medical equipment.  

For the Mongolia, it is not manufacturing 

country of medical equipment devices and it 

imports necessary healthcare technology and 

medical devices which have different 

specifications from foreign countries 

especially Russia, America, Japan, China, 

Korea and Italy etc. Thus, there is needed to 

build a mechanism of security control for 

medical devices that are used by Mongolian 

medical organizations.  The ECG from the 

medical equipment involved in the diagnosis 

and treatment is used widely in Mongolian 

medical service. For this device, its 

specification must be inspected by unified 

method of inspection in order to satisfy 

measurement uniformity. There to, there is 

need to use the device which fits with 

feature of Mongolia and shows normal 

cardiac index of healthy Mongolian person.  

We took purpose to execute mathematical 

procedure on electrocardiogram signal data 

of healthy Mongolian people and we studied 

it using by fractal analysis which accesses 

fractal characteristics of data on biomedical 

signal.    

 

The classification of nonlinear waves and 

the introduction of mathematical analysis 

methods in the field of medicine and health 

technology are very interesting trend in the 

modern research. Currently using of 

mathematical method of statistics, spectral 

and correlation analysis in bioelectric 

cardiogram and brain tomogram is 

considered inadequate because they cannot 

fully determine the entire process. So it is 

important in the current nonlinear diagnosis. 

Because the nonlinear process (biological 

and technical) in any environment (Figure1) 

leaves the trace that has a fractal structure. 

The electrocardiogram and CT scans of the 

brain are nonlinear process depending on 

many factors with complex structure. In this 

process the same signs of a whole with the 

parts and the parts with the whole confirmed 

the fractal structure of bioelectric 

cardiogram and brain tomogram. Based on 
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this study and using fractal program, a 

fractal analysis of a bio-electrocardiogram 

has been executed and used to select the data 

for relatively healthy heart. 

Considering of a biological process in terms 

of the fractal structure with the aim of its 

study and analysis of diagnosis is considered 

one of the latest innovative techniques. 

In some textbooks [1] write that linear 

processes are completely absent in the 

world. 

 

  Figure1. Nonlinear process 

Process with an uncertain decision of the 

black box of the system, which has a definite 

entrance, an indefinite output, the random 

effects from the outside and effects of 

feedback, is called nonlinear. Because the 

processes in the cardiac and cerebral systems 

are without doubt, nonlinear, then the 

electrical recording /left traces/ are also 

nonlinear.  

The records clearly show that the 

processes in the cardiac system are subject 

to non-linear law ( Figure 2) [2]. The fractal 

test has been investigating based on two 

methods: Correlation integral and Hurst. 

Therefore, the fractal method has been used 

for analysis of the registered analog 

electrical recording by its transferring into 

the digital form.  

CORRELATION INTEGRATION 

METHOD 

x ,x ,............,x      are the amplitude 

digital values of the analog 

electrocardiogram. Total length of the 

recording is marked N[3]. 

С(ε)=  (ε-(x -x ))           (1) 

C(ε)- correlation integral, ε- an average 

amplitude 

Ө(у)                                    (2) 

It is to calculate the fractal.                  

HURST METHOD 

x ,x ,............,x      are the amplitude 

digital values of the analog 

electrocardiogram. In Figure 2, recording 

length is marked as N and its 3-D model is 

shown in Figure 3. 

Physics measure unit dimension to do the 

statistics operation of exploration use 

arithmetic average by using this formula.   

    (3) 

Average quadrate deflection: 

                  (4) 

Accumulation of slewed deflection from 

average: 

    (5) 

Calculated average variance W step as : 
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   (6)    

Name max deflection value   as coast, 

max finds this formula.  

                     (7) 

 

If overall line coast : 

  (8) 

U is odds function total line : 

                       (9)     

 R - odds coast: 

 (10)        

 

The Hurst index shows accumulative 

deflection coast quadrate average deflection. 

                      (11) 

A - Constant of the current process:u  

 - the Hurst index to determine 

the fractal of the process.  

Figure2. ECG in the Fractan program 

 

Figure3. 3D  ECG 

By logarithm scale the H-Hurst index is  

                (12) 

Or               (13) 

The bioelectric cardiogram by Fractan 

program as formula data in picture2 is 

shown graphically in Figure4 and Figure5 

under calculation of Correlation and Hurst 

indexes through Fractan program.  
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       Figure4. Correlation studies 

Hurst index H is the angle tangent created by 

action of fractal function linear approach 

with a horizontal axle.  

Figure5. Hurst index 

CONCLUSION 

Studies have shown that the Hurst index in 

bio-electrocardiogram of healthy people is 

bigger than sick ones. Use of fractal analysis 

on bio-electrocardiogram, CT scans of the 

brain and other nonlinear diagnostics makes 

conditions to diagnose the disease 

accurately. Today we do not use any 

mathematical processing for 

electrocardiogram and CT scans of the brain 

in our country. Therefore, they should be use 

and apply methods of signal processing as 

soon. Today, fractal analysis method is one 

of the many innovative methods of analysis 

that widely used in medical treatment and 

diagnostic practice. 
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