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Abstract There are always interferences in environment, especially power-line interferences, when we 
collect biomedical signals such as electrocardiogram, electromyogram and electroencephalogram. Moreover, 
the noise amplitude is usually much larger than that of the physiological signals, making the subsequent signal 
analysis and processing very difficult. The conventional methods are to pass the collected signal through 
a software filter for reducing the effects of power-frequency interferences. However, it would cause the 
reduction and distortion of the target signal. In order to solve this problem, this study proposed a novel design 
of hardware circuit based on the shielding technology, which can intensively inhibit the power-frequency 
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interferences mixed in the original signal in analog front end. The experiments of both electrocardiogram and 
electromyogram acquisitions carried out on TI ADS1299 platform showed that the power-line interferences 
could be signi¿cantly suppressed when the electrode was electronically shielded. By comparing the conditions 
when the shielding layer was connected to different driving signals, it was found that the attenuation of the 
power-frequency interferences could reach as high as 35 dB when the electrode was shielded by signal itself. 
The shielding technology proposed in this study could be used in a variety of biomedical signal acquisitions to 
reduce power-frequency interferences at the initial stage, and therefore it could essentially enhance the signal 
to noise ratio of biomedical signals. 
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Fig. 1 Diagram of experimental data acquisition
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Fig. 2 Diagrams of different shielding methods

ADS1299 Arduino

MATLAB
GND

CH1
CH2
CH3
CH4

CH2

CH1

GND

(2)  B(1) 方法 A 无

CH4

CH3

From ADS1299

Bias

(4)  D(3)  C  Bias 



0 0.4 0.80.2 0.6 1.0 1.2 1.6 2.01.4 1.8

0.5

0

0.5

 (s)

 (s)

 (s)

 (s)

 (m
V

)

0 0.4 0.80.2 0.6 1.0 1.2 1.6 2.01.4 1.8

0.5

0

0.5

 (m
V

)

0 0.4 0.80.2 0.6 1.0 1.2 1.6 2.01.4 1.8

0.5

0

0.5

 (m
V

)

0 0.4 0.80.2 0.6 1.0 1.2 1.6 2.01.4 1.8

0.5

0

0.5

 (m
V

)

(4)  D

(3)  C  Bias 

(2)  B

(1) 方法 A 无

20

 MATLAB 

3 

3.1 

   1  
3  A 

 B C D 
 A  

 B C D 

   4 
 4 

 A  
50 Hz  7.7 dB  B  50 Hz 

7.1 dB  A  14.8 dB
 C  50 Hz 9.0 dB  

A  16.7 dB  D  50 Hz 
14.3 dB  A  22.0 dB

 3 

Fig. 3 Temporal waveforms of ECG signals under different shielding conditions
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Fig. 4 Amplitude spectra of ECG signals under different shielding conditions
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Fig. 5 Temporal waveforms of EMG signals under different shielding conditions

0 0.5 1.0 1.5 2.5 3.02.0

0.5

0

0.5

 (s)

 (s)

 (s)

 (s)

 (m
V

)

0 0.5 1.0 1.5 2.5 3.02.0

0.5

0

0.5

 (m
V

)

0 0.5 1.0 1.5 2.5 3.02.0

0.5

0

0.5

 (m
V

)

0 0.5 1.0 1.5 2.5 3.02.0

0.5

0

0.5

 (m
V

)

(4)  D

(3)  C  Bias 

(2)  B

(1) 方法 A 无



                   

   10 

4 

  

 ADS1299 

 35 dB

 6 

Fig. 6 Amplitude spectra of EMG signals under different shielding conditions
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