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ABSTRACT 

 
A portable wireless system for monitoring ECG signals 
and heart rate values is proposed. The system has the 
capability of simultaneously recording ECG signals 
from multiple subjects. The wireless communication 
based on Zigbee/IEEE 802.15.4 protocol and the 
minimal form factor of the system provide hassle-free 
recording. Long-term ECG monitoring is allowed 
because of the low power consumption of the proposed 
system. Moreover, the proposed system also provides 
the detection and quick alert of irregular heart rates.  
 

1. INTRODUCTION 
 
Currently, the incidence of the cardiovascular disease 
increases with the population aging. Patients who have 
heart diseases are in the risk of sudden cardiac death. 
Electrocardiograph (ECG) is a commonly used 
physiological signal in clinical diagnosis and treatment 
of cardiovascular disease, such as cardiac dysrhythmias. 
Besides, ECG is also included in polysomnography to 
diagnose sleep disorders [1][2]. A guideline published 
by the American College of Cardiology (ACC) and the 
American Heart Association (AHA) summaries and 
recommends the usage of ambulatory 
electrocardiography [3]. There are several previous 
researches and possible solutions for portable cardiac 
monitoring and recording [4][5]. However, many 
patients with heart diseases do not wear any kind of 
cardiac monitoring devices or alarm systems since the 
daily activities are usually obstructed by the noticeable 
size and weight of devices. By using the wireless and 
wearable system, long-term continuous recording of the 
ECG signal is possible. Long-term and continuous ECG 
monitoring in daily life is expected to detect irregular 
heart rhythm and generate alarms.  
In this paper, a wireless ECG monitoring system is 
proposed, which can simultaneously monitor ECG 
signals from multiple subjects. The wireless connection 
reduces the hassle of the ECG instruments and 
eliminates the limitation of subject’s activities. The tiny 
size and light-weight of the devices improve the comfort 
and flexibility of subjects during monitoring period.  

The proposed system can also detect the irregular heart 
rhythms and generates alarms immediately. 
 

2. SYSTEM ARCHITECURE AND 
IMPLEMENTATION  

 
2.1. Hardware Architecture 
The proposed wireless ECG monitor system is 
composed of multiple ECG acquisition devices and a 
personal computer configured as a central control 
console. The ECG acquisition device is a tiny, light-
weight, battery-powered device which carried by each 
subject. It is responsible for sampling the ECG signal of 
each subject and transferring the sampled data to the 
center control console. The central control console is 
utilized for remote real-time heart rate monitoring and 
ECG data storage. The communication between ECG 
acquisition device and the central control console is 
based on a Zigbee/IEEE 802.15.4 wireless protocol 
which is widely used in low-power wireless biomedical 
researches [6]. The central control console, which was 
originally not capable of Zigbee/IEEE 802.15.4 
communication, utilizes a USB port to connect with a 
dongle which integrates a Texas Instrument CC2530 
microcontroller and a Silicon Labs CP2102 USB-to-

Fig. 1.  Block diagram of the wireless ECG monitoring 
system. 



UART bridge controller for ECG data reception. Fig. 1 
shows the block diagram of the system.  
The data acquisition device consists of two modules: an 
ECG amplification board and a microcontroller board. 
The former includes the signal processing circuits for 
ECG amplification and band-pass filtering. The latter is 
responsible for ECG signal sampling, data buffering and 
wireless transmission. Fig. 2 demonstrates the both sides 
of the ECG amplification board and the microcontroller 
board.  

For the ECG amplification board, one channel 
of ECG signal was amplified and band-pass filtered 
(1000x, 0.8-80 Hz) and then the amplified ECG was 
positively biased to the input voltage range of an ADC 
of the CC2530 chip on the microcontroller board. The 
core component of the microcontroller board is a 
CC2530 system-on-chip IC which integrates an 
Zigbee/IEEE 802.15.4 RF transceiver, an enhanced 
8051 microcontroller unit, 128 KB flash memory, 8 KB 
RAM, and other peripherals such as ADCs and timers 
[7]. The enhanced 8051 core has high performance and a 
low current consumption (8.9 mA when running at 32 
MHz). The integrated RF transceiver allows software-
controlled activation and deactivation. When the RF is 
activated, its power consumption dominates the overall 
power consumption of the CC2530 SoC (e.g., 29.6 mA 
and 28.7 mA during data transmission and reception, 
respectively, when the 8051 core idle). 

The 8051 core was programmed to control the 
sampling rate of ECG signal and the transmission rate of 
the sampled data. Timer 1 of the 8051 core was 
configured at 200 Hz as the sampling rate of the 8-bit 
ADC under a 1.15 V internal reference voltage. The 

sampled ECG data is buffered in the main memory of 
the 8051 core and the wireless transmission is 
periodically activated to transmit the data to the central 
control console when the buffer is full.  

Table I summarizes the data acquisition 
operation and the microcontroller specification of the 
data acquisition device.  

 
2.2. Software Implementation 
The software of the wireless ECG monitoring system is 
divided into two parts; one executes on the central 
control console and the other runs on the data 
acquisition device. The software executed on the central 
control console is utilized for sampled data storage and 
real-time ECG signal display while the firmware on the 
data acquisition device performs ECG signal sampling 
and sampled data transmission. Each part is described 
below in more detail. 
 
2.2.1. Data acquisition 
The data acquisition task controls the conversion of the 
ECG signals to the digital data. Timer 1 interrupt of the 
8051 core is configured for a 200 Hz sampling rate for 
the start of one A/D conversions, which takes Timer 1 
interrupt is configured for a 5-ms sampling period for 
the start of an A/D conversion, which takes 20 s for an 
8-bit resolution result. When the conversion completes, 
the result is copied to a buffer in the main memory of the 
8051 core. The sampled data in the buffer are 
transmitted to the center control console through the 
Zigbee/IEEE 802.15.4 communication when the buffer 
is full. 
 
2.2.2. Wireless data transmission 
In order to reduce the power consumption, the wireless 
transceiver in CC2530 is only activated when the 
transmission buffer is full. In the current implementation, 
the buffer size is configured to contain 200 sampled data. 
As a consequence, the wireless communication is 
activated and the buffered data are transmitted to the 
central control console based on the Zigbee/IEEE 
802.15.4 protocol every second. The RF is turned off 
immediately after transmission completion to reduce the 
current consumption. Fig. 3 demonstrates the flowchart 
of the firmware, including the task for wireless data 
transmission (left) and the Timer 1 ISR for ECG 
sampling (right).  

Fig. 2.  Both sides of the data acquisition devices: 
microcontroller board (top) and ECG amplification 
board (bottom).  
 

TABLE I 
OPERATION AND SPECIFICATION OF THE DATA ACQUISITION DEVICE 

Data Acquisition 

ADC channels: ECG x 1 
ADC conversion time: 20 μs (8-bit) 
Sampling rate: 200 Hz 
Resolution: 8 bits 
Amplifier gain:  1,000x  (0.8 – 80 Hz) 

Microcontroller 

Texas Instrument CC2530 
8051 CPU core, 32 MHz 
Flash memory: 128 KB 
SRAM:  8 KB 
2.4 GHz IEEE 802.15.4 compliant RF 
transceiver 
Timer, USART, ADC, etc 



 
2.2.3. Central control console 
A PC is utilized as a central control console for on-line 
signal monitoring and as data server for sampled data 
storage. A GUI program was developed using Python to 
display the ECG signals and store the sampled data. The 
GUI program also periodically (i.e., every 20s) 
calculates and displays the heart rate values for all the 
monitored subjects. Once the heart rate falls below a 
pre-defined threshold, the program alerts immediately by 
showing a message and playing alert sound. 
 

3. RESULTS 
 
Table II summarizes the weight and board dimensions of 
the data acquisition device, which is powered by two 1.5 
V AAA batteries. The weight of the data acquisition 

device without batteries is 4.96 g. 
 The battery life is a critical performance metric for a 
portable device. Table II presents the battery life and the 
power consumption of the data acquisition device. The 
current consumption of the data acquisition device was 
measured by using the National Instrument USB-6009 
DAQ. The battery life was examined under a free 
running test until the device ran out of power. 

Fig. 4 shows the screenshot of the GUI program running 
on the central control console. In the current 
implementation, the central control console is able to 
receive sampled data from two data acquisition device 
simultaneously. As shown in Fig. 4, the user of the GUI 
program can select a specific subject and online 
monitors his/her ECG signals and heart rates.  

Simultaneously displaying the ECG and heart rate 
information for all the subjects is also possible. 
 

4. CONCLUSION 
 
A wireless ECG monitoring system that supports multi-
subject monitoring is proposed. The system includes 
multiple tiny and light-weight data acquisition devices 
and a central control console. It has the capabilities of 
real-time heart rate monitoring and irregular heart rate 
detection. The wireless communication reduces the 
limitation and disturbance to the activities of the subjects 
during recording. Combined with the low power 
consumption, the proposed system is suitable for long-
term continuous ECG monitoring in daily life.  
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Fig. 3.  Flowchart of the wireless data transmission 
and data acquisition.  

TABLE II 
DIMENSION, WEIGHT AND CURRENT CONSUMPTION OF THE DATA 

ACQUISITION DEVICE 

 
ECG Amplification 

Board 
Microcontroller 

Board 

Dimension  
(mm x mm x mm)  27 x 24 x 6 21 x 24 x 8 

Weight (g)  2.04 2.92 

Average Current 
Consumption 
(mA) 

31.27 

Battery Life (h)  38 

Battery Weight (g)  48 (two AAA batteries) 

 

Fig. 4.  A screenshot of the GUI program. 
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