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 Abstract – A novel uninterrupted ECG mobile monitoring 
system is introduced in this paper to real-time remote monitoring 
of out-of-hospital patients, especially with high risk heart 
diseases, such as malignant ventricular arrhythmia, ventricular 
tachycardia, ventricular fibrillation, acute myocardium infection, 
etc. The developed system prototype is then presented and 
experimentally validated the preliminarily concept, which 
consists a pocket-size patient-side monitor and a monitoring 
center in Hospital to continually collect through mobile network, 
record, and automatically analyze every patient’s ECG. The 
preliminary test results indicate three-channel ECGs of the 
volunteer and his localization information can be real-timely and 
continuously monitored in the center. 

I.  INTRODUCTION 

As we known that High Risk Heart Diseases (HRHD), such 
as malignant ventricular arrhythmia, ventricular tachycardia, 
ventricular fibrillation, acute myocardium infection, etc., 
generally represent a serious threat to patients and have the 
high morbidity and high mortality. Although many early 
arrhythmias before HRHD attack pose no significant health 
threat, some can cause symptoms and be a signal for potential 
cardiac arrest of stroke [1]. Thus, the timely detection and 
effective treatment of these arrhythmias are important, 
especially for patients who have high risk heart diseases. 
However, arrhythmias frequently limited in duration and 
occurrence and cannot be detected during a route 
electrocardiography (ECG) test. Although 24-48 hours of 
Holter monitor and a longer time of 1-30 days of ambulatory 
event recorder are two wide-area alternative applications and 
more convenient for patients out of hospital, both are 
insufficient to some arrhythmias and not possible to intervene 

immediately, which sometimes can be serious and even a 
fatal. 

In recent years, real-time remote monitoring based on 
digital mobile network has received much attention. 
Currently, two available examples [2] of such systems include 
the CardioNet Mobile Cardiac Outpatient Telemetry Service  
in the U.S. and the BodyKom Series Remote Patient 
Monitoring in Sweden, which watch the heart through every 
beat and only when the PDA-based monitor terminal detects 
an abnormal rhythm it would automatically transmit patient’s 
ECG to monitoring center and alter the hospital care services. 
To some extent, these mechanisms enable remote real-time 
monitoring of patient with advantages of greater quality of life 
and lower care costs, but the incapable to asymptomatic 
patients, the shortcomings from the noncontinuous 
monitoring, and sometimes the incorrect alert of the monitor 
terminal make their commercial applications difficult, 
especially for patients with life-threatening arrhythmia.  

II. METHODS 

Actually, no study or project to date has described the long-
term monitoring of real-time and continuous ECG, 
additionally integrated with ECG intelligent analysis, early 
diagnosis, and GPS localization for out-of-hospital patients, 
especially with HRHD. In this case, a novel practical method 
[4] to real-time remote monitoring is introduced in this paper, 
as shown in Fig.1, which mainly comprises three parts: tens 
of mobile patient units designed as a pocket-size terminal with 
several vital sensors, a hospital monitoring center, and two 
such parts are connected wirelessly by a mobile network of 
GSM/GPRS. 
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Fig. 1 Uninterrupted mobile monitoring system schematic diagram 

 
Fig. 2   Costumed communication protocol based on GPRS 

 
Fig. 3 Hardware Block diagram of the embedded patient unit 

Furthermore, a set of costumed communication protocol for 
the mobile unit and the monitoring center, a prototype of the 
mobile monitor unit, are developed, which are shown in Fig.2 
and Fig. 3, respectively. 

The transmitted data between the mobile unit and 
monitoring center are defined three kinds: uninterrupted ECG 
data packaged in size of 300 bytes per package, GPS data, 
and other handshake command, as shown in Fig. 2. The 
developed prototype of the mobile patient unit comprises five 
modules such as: a hybrid main module based on an ARM 
microprocessor, a three-channel ECGs acquirer, an integrated 
GPS and GPRS module, a user interface module including an 
LCD, and a power supplying module, as shown in Fig. 3. 

III. RESULTS 

In order to validate the aforementioned concept and 
experimentally illustrate the functions of the real-time 
Uninterrupted ECG mobile monitoring, a test system using 
the developed prototype is build and a basically experiment is 
carried out on a volunteer moving along one street in 
Shanghai city of China.  

The preliminary test results indicate that three-channel 
ECGs of the volunteer and his localization are real-timely and 
continuously transmitted from the mobile unit carried by him 
to the central monitor in our laboratory through GSM/GPRS 
network, and the main clinic information are analyzed 
instantly and displayed on the monitor screen, as shown in 
Fig. 4. Although no transmission errors or intermission were 
been observed, further tests need to be carried out, leading to 
a full evaluation of the system in clinical trials, especially for 
patients who have high risk heart diseases. 

 
(a) 

 
 (b) 

Fig. 4 Experiment results shown in the central monitor: (a) ECGs monitoring, 
(b) localization management. 

IV. CONCLUSIONS 

The main contribution of the research described above is to 
present an alternative effective method to real-time remote 
monitoring of out-of-hospital patients, especially with HRHD. 
An uninterrupted ECG mobile monitoring system combining 
GSM/GPRS-based continuous and real-time data 
transmission with GPS localization is developed and basically 
validated to illustrate the concept. Due to not only real-time 
but continuous long-term telemonitoring of ECGs and 
geographic position and the functions of Real-time ECG 
analysis and early diagnosis, the proposed method and system 
in this paper is expected to overcome limitations of the 
current available telemonitoring outlined by the literature of 
the Section I., and become a powerful aid for clinicians to 
prevent morbidity, mortality, and disability with rapid 
diagnosis and effective treatment. It is should be noted that  
let the concept of real-time and continuous telemortorning 
and localization for the out-of-hospital patients with HRHD 
come into being used in industry, many further research 
works are still needed in the future. 

REFERENCES 
[1] Jiafeng Lin, et al. “A few evidence in patient’s ECG shown high risk 

existed inducing syncope or SCD,” Journal of Electrocardiology, vol. 21 
(4): 95-198 (2002). 

[2] Joshi AK, Kowey PR, Prystowsky EN, et al. “First experience with a 
Mobile Cardiac Outpatient Telemetry (MCOT) system for the diagnosis 
and management of cardiac arrhythmia,” The American Journal of 
Cardiology, vol. 95 (7): 878-81 (2005).  

[3] Zuxiang Fang, Dakun Lai, Hailang Song, et al. “Real-time remote 
portable monitoring device with automatic first-aid and localization of 
patients” China Patent. No. CN1907214  [Published] (2007) 

International Journal of Bioelectromagnetism
Vol. 9 No. 1 2007

34


