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XVII Congress of the International Society of Electrophysiology & Kinesiology (ISEK), Niagara Falls, Ontario, Canada, June 18-21, 2008

REAL-TIME REDUCTION OF POWER LINE INTERFERENCE IN
MULTI-CHANNEL SURFACE EMG

4""7 Tonan o Luca Mesin!, Andreas Boye?, Amedeo Troiano?!, Dario Farina?

Z

ILISIN, Dept. of Electronics, Politecnico di Torino, Torino, Italy, 2 Center for Sensory-Motor Interaction (SMI), Department of Health Science and Technology Aalborg University, Aalborg, Denmark

INTRODUCTION Electrophysiological signals are generally noisy because of their low amplitudes and the body’s susceptibility to power line interference. Hardware techniques (active electrodes, DRL

circuit, virtual ground circuit, electrode-skin impedance equalization, and guarding systems) have been proposed to reduce power line interference. Residual power line interference superimposed to the acquired

data can be removed by digital signal processing technigues. Power line interference may vary slowly in frequency within 0.2-1.0%. A new digital processing method to remove power line interference Is proposed,
which is a multi-channel modified version of the method presented in [2].
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Test of the methoc

The method was tested by adding simulated EMG signals [1] to both simulated and experimental interference (the latter acquired from a subject during rest — no EMG activity). The performance of the method was
described in terms of the Signal to Interference Ratio (SIR - expressed in dB) obtained averaging across the N channels:
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SIR = Nzl() log Ziz(n) where the energies of the signal k and of the interference k of the k" channel are evaluated summing over the simulated epoch (duration 1 s).
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The performance of the method depended on the considered power line interference. The best performance was obtained when the amplitude and the frequency of the interference did not vary in time. Time
variations of amplitude a(n) and frequency f,(n) of the interference were introduced in order to assess the conditions under which the method improves the SIR. Eight harmonics of the power line interference

were considered. Harmonics have different amplitudes, which depend on the loading of power line. A weight inversely related to the order of the harmonic h was assigned. Thus, in summary, the power line
Interference present in an arbitrary recorded channel k was described by the following equation:
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Effect of varying the amplitude of the simulated interference on simulated signal. Effect of varying the shape of the interference in different channels of simulated signals.
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Figure 2. a) Variables that are changed in this set of simulations. The interference was modeled as having a varying amplitude Figure 4. a) Power line interference in different channels when the amplitude of the ht" harmonic is G, (h) = 1+ P
A, and a fixed frequency f,. b) Effect of changing A, when f, is fixed at 0.5 Hz. Input SIR = 10 dB. where P is a Gaussian random process with zero mean and different variance in different simulations. h
b) Output SIR as a function of the variance of the process P (average across 10 realizations). Input SIR = 10 dB.

Effect of varying the frequency of the simulated interference on simulated signal. Effect of varying the inter-electrode distance (IED) on simulated signal.
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Figure 3. a) Variables that are changed in this set of simulations. It is assumed that the frequency of the interference can be Figure 5. a) Example of simulated signals with different IED (5 mm and 20 mm). The simulated interference was the
modeled as having a fixed amplitude A, and a varying frequency f; . b) Effect of changing f; when A, is fixed at 0.5 Hz. Input same in both cases. b) Effect of changing IED. By increasing IED, the surface EMG signals have a lower correlation and
SIR =10 dB. the extraction of the common mode by averaging the signals is more efficient). Input SIR = 10 dB.
Effect of varying input SIR when using simulated data added either to a simulated or to an experimental interference signal.
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Figure 6. a) Simulated and experimental power line interference signal and PSD estimates (by the Welch averaging method) in a semi-logarithmic plot. b) Application of the method to signals with different input SIR obtained adding simulated or
experimental interference to simulated EMG signals.

CONCLUSIONS

A new method to remove power line interference was applied to surface EMG signals. A multi-channel adaptive filter technique was used, with reference signal obtained by averaging across channels and tracking

the interference by a PLL. Results showed that the method improved output SIR with respect to input SIR both in the case of simulated and experimental interference. The performance improved by increasing the
number of channels.
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