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Abstract—Paper describes some aspects of data processing in 
mobile heart monitoring systems. Authors highlight an important 
cardiological and social problem of arrhythmic pathologies of the 
heart and the possibilities of new medical equipment to detect the 
arrythmia. The architecture and the features of up-to-date 
monitoring systems are investigated. The specificity of long term 
ECG records is examined via the example of PAF Prediction 
Challenge Database from physionet.org. The scheme of open 
architecture modular ECG device is developed for experimental 
research of HRV analysis and arrhythmia paroxysms prediction. 
Data processing scheme that enables to design portative 
monitoring system for the detection of signs of arrhythmia and 
predict the arrhythmia paroxysm is proposed. Set of required 
ECG signal processing methods and algorithms is chosen.  

Keywords—ECG signal analysis; data processing; patient 
state estimation; cardiology; time series; prognosis 

I. INTRODUCTION 

Cardiovascular diseases is an important medical and social 
problem, because it is the first among the reasons of human 
death and physical disfunction. They can often proceed rapidly 
and result in a lethal end [1]. Nowadays most actual 
cardiovascular diseases are arterial hypertension, acute 
coronary syndrome, abnormalities of heart rhythm and 
conductivity.  

Technical equipment of medical institutions allows to 
collect and accumulate large amount of diagnostic data that 
can be used for estimation of state and prognosis of clinical 
course on the basis of modern pattern recognition and time 
series prognosis methods. 

II. THE CURRENT STATE OF THE PROBLEM 

Solving this problem is the aim of mobile (portative, 
personal) cardio monitors. These devices [2], [3] are able to 
monitor ECG signals for a long period of time and detect some 

signs of dangerous heart conditions before they can cause 
serious damage. 

Some of these systems are able to wirelessly transmit ECG 
data to a computer or medical server for the following 
professional analysis by a cardiologist.  

Common functions of the systems are heart rate 
monitoring, ECG recording and transmitting to the server. 
Main focus of the modern heart monitoring systems is given 
on heart-rate variability (HRV) analysis, but actual challenge 
is to predict a risk of arrhythmia during day-to-day activity. 

Common architecture of mobile ECG monitoring system 
[4] consists of ECG recording device, mobile computing 
device, and remote server. Among common requirements to 
mobile heart monitoring system [5] most actual is automated 
detection of signs of arrythmia (offline mode without 
connection to medical data server); 

Free movement conditions are concerned with a number of 
difficulties and limitations. Some of them are “reduced number 
of ECG leads, high level of noise and artifacts and limited time 
of autonomous device operation” [6]. Specificity of ECG 
recording in a free movement condition should be investigated 
and taken into account while designing a new system. 

III. TECHNICAL IMPLEMENTATION OF MOBILE MONITORING 

SYSTEM 

System for ECG monitoring [5] is based on the common 
architecture and consists of a portative ECG recording device and 
portable computer (smartphone or tablet) as shown in Fig. 1. 

ECG device is a main part of the system, it implements 
ECG sensing, amplifying, analog-digital converting, contact 
break detecting, wireless data transmitting and some functions 
of self-control. 

Smartphone is used as a mobile computing platform. It 
operates under control of Android OS. Specially developed 
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application is running on the smartphone. It interacts with 
ECG device, collects, store, visualize and process the ECG 
data, transmits it to the remote server or another mobile 
device. Analysis is performed to detect deviations in heart 
activity while day-to-day activity and to prognose a dangerous 
condition.  

 
Fig. 1. ECG monitoring system 

IV. THE SPECIFICITY OF CONTINIOUS ECG MONITORING 

Analysis of ECG signals recorded during long term 
continuous monitoring has a number of specific features, 
concerned with the process of obtaining them.  

Special long term ECG signals database is used for 
experimental investigations. This database consists of two-
channel ECG [7], [8]. It is available for free at physionet.org. 
This base was specially created for developing automated 
methods for predicting paroxysmal atrial fibrillation (PAF). 

ECG signal recording is accomplished during a normal 
day-to-day activity that includes episodes of physical activity 
of different intensity. These factors influence parameters of 
ECG electrodes contact with surface of the body and they can 
cause contact break.  

Fig. 2 shows the moment of interruption in a large scale. 

It can affect the following analysis such as HRV analysis and 
detection the arrhythmia. Periods of ECG signal interruption 
should be excluded from record before automated analysis. 

Another problem arises when patient contacts with 
different electrical and radio equipment, that can generate 
radio noise and add this noise to recording ECG signal. This 
noise can be constantly present or episodically present.  

Methods that are applied in stationary ECG equipment for 
filtering usually remove trend (low frequency filters 0.5- 
1 Hz), electrical network noise (rejection filter 50-60 Hz), 
muscular tremor (ant tremor filter 35 Hz). They are not able to 
remove noise and artifacts of other types. Therefore real-time 
analysis requires ECG signal filtering for reducing the 

influence of different types of noise including noise from 
undefined sources. 

 

Fig. 2. ECG interruption example 

V. DATA PROCESSING SCHEME 

ECG data processing scheme for mobile heart monitoring 
systems should include preprocessing step and analysis step 
(Fig. 3).  

Preprocessing step consists of the following operations: 
abnormalties detection for following excluding these areas 
from analysis process and filtering.  

Abnormalities detection can be implemented with the help 
of special indicators, statistical parametrical or non-
parametrical tests [9], [10]. 

Signals filtering can be implemented with the help of 
powerful methods based on the signal analysis like singular 
spectral analysis (SSA) or local approximation (LA) that allow 
to select specific features of ECG signal of concrete patient 
and use it for signal filtering. 

Analysis step includes informative ECG parameters 
analysis [11], [12]. ECG signal parameters analysis can be 
implemented with the help of intelligent algorithms developed 
on the base of pattern recognition theory.  

Algorithm of heart rate abnormalities prediction is based 
on the reconstruction of equations of distribution of heart rate 
frequency density with the help of quantile regression [13]. 
The algorithm consists of two main steps. The first step is 
learning, when ECG of the patient in “normal” condition is 
analyzed and coefficients of equations of density distribution 
of heart rate frequency are determined. It allows taking into 
account individual features of HRV of a concrete human. 
Then the algorithm predicts a distribution density of 
informative parameter for a few seconds ahead. After that 
running estimations of average of distribution and root-mean-
square deviation of heart rate are calculated and their 
belonging to prediction density distribution is determined. 
High probability of belonging of current estimations to the 
prediction density distribution points to normal state. Episodes 
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of variance point to the possibility of arrhythmic 
abnormalities.  

 

Fig. 3.  ECG processing scheme 

VI. CONCLUSION 

The result of the research is a data processing scheme that 
takes into account specificity of mobile monitoring and allows 
to increase the effectiveness of signal analysis. It enables to 
design portative monitoring system for detection of the signs 
of arrhythmia and predict the arrhythmia paroxysm. 
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