
 

Multi-channel Wireless ECG System 
Yuliyan S. Velchev1 

Abstract – In this paper a multi-channel wireless ECG 
system is present. According to the modern concept, the 
system is built as Wireless Personal Area Network 
(WPAN), formed by intelligent wireless ECG sensors and 
a coordinator – personal computer. The system is based on 
the Bluetooth™ standard for short range communication. 
This paper describes the overall system structure as well 
as the structure of the intelligent ECG sensor (signal 
conditioning and acquisition, signal processing and 
transmission over wireless link).   
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I. INTRODUCTION 
The electrocardiogram (ECG) can be considered as simple 

but powerful non-invasive diagnostic tool in cardiology. The 
system shown in the paper introduces an improvement of 
classical ECG signal acquisition.  

Nowadays the concept for transmitting medical data 
(particularly ECG) over short-range wireless link turns into 
forming a network from intelligent wireless sensors and 
personal computer. The main advantages of this concept are: 
increased patient mobility, simultaneously monitoring of more 
patient’s ECG, possibility to make real-time analysis, 
possibility to store and forward the received ECG data using 
Internet, improved electrical safety of the patient. The 
described in this paper wireless ECG system utilizes the 
Bluetooth™ standard in order to form a wireless short-range 
personal network used to transmit the acquired ECG signal.       

II. SYSTEM STRUCTURE 
According to Figure 1, the system structure is based on 

intelligent sensors with wireless communication capabilities. 
The main part of each ECG sensor is Digital Signal Controller 
(DSC). The used signal controllers are dsPIC30f family, 
provided by Microchip Technology Inc. The built-in multi-
channel ADC provides resolution of 12-bit. It samples the 
previously amplified and filtered ECG signal. The next stage 
is signal processing. In this project an adaptive filtering and 
decimation are used. DSC communicates with Bluetooth™ 
module via asynchronous serial interface. These modules 
along with PC (equipped with Bluetooth™ communication 
capability) form the so called Piconet, limited up to 7 devices. 
The PC application used to monitor the ECG signals is 

developed using LabView™ software.  
 

 

 
Fig. 1. System structure 

 
One of the concepts in telemedicine known as “store and 

forward” is used in this project. So, this equipment is possible 
to be placed at patient’s home and using Internet the ECG data 
can be forwarded to a hospital for further analysis and 
diagnosis by medical staff.    

III. SIGNAL CONDITIONING AND ACQUISITION 

Nowadays, the experts consider that ECG systems with 9, 
12 or even 15 channels are suitable only for more complicated 
diagnosis, which is often a consequence from a relatively 
basic ECG diagnosis. The purpose of the described system is 
to help the doctor to track the patient’s heart activity for a 
long period of time using only three ECG channels. As 
mentioned above, this can give enough information for 
medical staff. 

The classic electrode placement is used (Figure 2), 
according to the well-known Enthoven’s triangle.  

 

 
Fig. 2. ECG electrode placement 
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The spectrum of the ECG signal is concentrated from DC to 
about 120Hz. Peak to peak voltage can be considered of no 
more than 3mV. The ECG amplifier must be with high input 
impedance and very high CMRR (over 100dB). In order to 
met these strong requirements an instrumentation amplifier 
INA2126 or INA2128 (made by Texas Instruments) is used as 
first stage high CMRR amplifier. Figure 3 shows the 
simplified diagram for ECG signal conditioning. The gain of 
instrumentation amplifier is limited to 10mV/mV, because of 
possible amplifier saturation, which can be caused by 
electrodes polarization or power line noise. Power supply is 
±9V (made by DC-DC conversion from the battery power). 
To achieve better CMRR, a “right leg driven” circuit is 
implemented. The common mode signal is fed back to the 
patient’s body (right leg) to minimize the power line 
interference. Also this signal is used as reference input for 
adaptive filter, discussed in the next chapter, The DC 
component is removed by high-pass first-order passive filter. 
The overall gain is set to 1V/mV, so the next stage gain is 
100mV/mV. In addition, this stage provides level shifting in 
order to match the voltage level requirements for ADC. The 
spectrum is limited to about 100Hz by low-pass active filter. 
The analog ECG signal is sampled by 12-bit ADC which is a 
peripheral part of the DSC. Sampling rate is chosen to be 
1000Hz, thus the requirements for analogue low-pass filter is 
reduced. Also the setting time of adaptive filter is minimized 
significantly. 

In future work the amplification will be made by 
Programmable Gain Amplifier (PGA), adjusted dynamically 
by DSC. In this case the gain can be increased when the 
power line noise is weak, so achieving better ADC resolution.   

 
 

 
 

Fig. 3. ECG signal conditioning 

IV. SIGNAL PROCESSING 

Despite of high CMRR amplification and “right leg driven” 
circuit implementation, the power line interference is still 
significant. To remove this component without corrupting the 
ECG signal, an adaptive filter with 32 taps is used. According 
to Figure 4 a referent signal which is derived from common 
mode voltage is used as input signal in Normalized Least 
Mean Squares (nLMS) adaptive filter. Thus, the error signal is 
actually the ECG signal with removed uncorrelated power line 
interference.  

 
 

 
 

Fig. 4. ECG signal processing 
 

The nLMS algorithm can be expressed as:  
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Where: y[n] is the output signal (“Out” in this case), x[n] is 

the input signal (“Ref” in this case), r[n] is referent signal 
(“In” in this case), mu is adapting factor, E[n] is estimated 
input signal energy, and h(n)[m] are the filter coefficients in 
time “n”. 

 
The parameters of power line noise can vary in time, so the 

adaptive filter is very suitable choice to track the eventually 
changes of these parameters.  Some other types of adaptive 
filters are experimented such as Least Mean Squares (LMS) 
and adapting by error signal sign. Achieved results (in terms 
of setting time) are worse than nLMS algorithm. The setting 
time and Signal to Noise Ratio (SNR) are in conflict for 
adaptive filters. The adaptation factor “mu” is determined 
experimentally (in this case the best results are when it is 
equal to 8). Experimental results show that in order to 
simplify the circuit, a formed square wave signal from 
common mode voltage can be used as reference for adaptive 
filter. So, instead of additional analogue channel for reference 
an external interrupt input in DSC can be used. By this way 
the performance of the adaptive filter is reduced 
insignificantly. The sampling rate is 1000Hz, which is above 
the required minimum. So, decimation by factor of 4 is 
implemented to change the sampling rate down to 250Hz. A 
FIR type low-pass digital filter with 128 taps is used along 
with decimation. The cut-off frequency for this filter is 
120Hz. All described above signal processing is in format 
1.15 (fixed point data). The software is developed with 
MPLAB C30 compiler.         
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V. WIRELESS COMMUNICATION 

In this project the Bluetooth™ v1.1 communication 
standard is met by using Class A modules, type F2M03C1 
with chip antennas. Figure 5 shows the protocol layer model 
for these modules. As can be seen the upper layer is so called 
Wireless UART (WU, SPP), which means that the user is free 
to build complicated communication software. The 
communication is simple as organizing the link over rs-232 
standard. In PC each module is associated as two virtual 
COMM ports (incoming and outgoing). The data encryption 
capabilities of Bluetooth™ standard are enabled in this project 
also.  

 

 
 

Fig. 5. F2M03C1 protocol layer model 
 

Serial communication is organized with hardware 
handshaking (RTS/CTS) and two additional digital lines (first 
of them to initiate the connection and the second to inform the 
DSC whether the connection is available). The Bluetooth™ 
module connected to PC is standard USB dongle with Serial 
Port Profile (SPP) support. 

VI. EXPERIMENTAL RESULTS 

LabView™ based software is developed to communicate 
with ECG sensors and to display the received data. Figure 6 
shows the process of ECG signal acquisition during the 
adaptation of nLMS filter. 

 

 
 

Fig. 6. ECG waveform during the nLMS filter adaptation  
 

Figure 7 shows the same ECG signal after nLMS algorithm 
has been fully adapted to the power line interference. 

 

 
 
Fig. 7. Acquired ECG waveform after nLMS filter has been fully 

adapted  
 

The experiments have confirmed that the Bluetooth™ 
wireless communication is reliable in the range up to 30m 
indoor and up to 100m in outdoor conditions.  

VII. CONCLUSION 

In this paper a multi-channel wireless ECG system is 
described. As can be seen from above, the achieved 
experimental results are satisfying.  The future work will be 
concentrated in terms to increase the number of nodes, which 
are now limited up to 7. By using next generation of DSC 
from Microchip (dsPIC33F, PIC24F) it will be possible to 
increase the number of channels and overall system 
performance, because of Direct Memory Access (DMA) 
capability. Also, it is obviously that the system needs to be 
developed by adding computer-based ECG analysis (QRS 
complex detection at next stage of development and more 
sophisticated methods in the future).     
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