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Removal of Line Noise Component from 
EEG Signal 

 

When carrying out time-frequency analysis, if one is interested in analysing frequencies above 30Hz 

(i.e. in the gamma range) it may be useful to suppress the line noise component (50Hz) without 

resorting to the use of a notch filter, which, due to its short bandwidth, can lead to  time domain 

distortions such as Gibb’s rippling  as well as phase distortions. This technique proposed by Mitra and 

Persan (1999) and Mitra and Bokil (2007) consists in the use of multi-taper decomposition to remove 

the specific line noise component while minimizing distortion in the background signal. They 

implemented this technique in the open source Chronux toolbox. Later, Mullen (2012) implemented 

this method in his cleanline EEGLAB plugin. The technique described here is based on their technique 

and can be applied to both continuous and epoched EEG signals.  

The following details the technique applied in the routine LineNoise_DPSS() function.  

Overview: 
Briefly described, this method consists in three principal stages: 

1. A sliding window is applied to data and within each window and a frequency decomposition 

is carried out using a multi-taper FFT.  

2. A time-domain representation of the line noise signal can be constructed by considering this 

sinusoidal component as a deterministic signal embedded in white noise and then carrying 

out a regression of the multi-taper transform of this sinusoid onto the multi-taper spectrum 

of the original data. The resulting regression coefficients give us both the amplitude and 

phase of the sinusoid component.  

3. While the frequency of the line noise is defined a priori (as 50Hz or 60Hz) by the user, the 

precise frequency may differ from this exact value slightly and the phase may vary as a 

function of time. To handle this, the statistical significance of the non-zero regression 

coefficient is determined using a Thompson F-test and search within a narrow-band around 

the expected frequency is carried out for the frequency with a maximum F-statistic above a 

defined significance threshold (p=0.05).  

 

Multi-taper Analysis - introduction 

Spectral analysis in its most simple form, the periodogram, suffers from two principal problems, bias 

and variance. The “bias” problem arises from the mixing of signals of different frequencies, which 
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means that, to arrive at a precise estimation of the frequency of a signal, data of infinite length is 

required. This bias can be either “Narrow Band” or “Broad Band”. Narrow band bias refers to the bias 

introduced into the spectral estimate due to the mixing of signals whose frequencies are proximate. 

The broad band bias, on the other hand, refers to the bias introduced due to the mixing of distant 

frequencies. . The use of tapers reduces the influence of distant frequencies is reduced but at the 

expense of a blurring of nearby frequencies, which effectively implies an increase in narrow-band 

bias and a reduction of the broad-band bias. However, the blurring of nearby frequencies can, and 

has been justified, by assuming that a spectrum is, in general, constant over proximate frequencies. 

The Multi-taper spectrum estimate is a linear and non-parametric technique that offers the 

possibility of overcoming both bias problems as well as that of variance. The data is multiplied by a 

series of orthogonal tapers (discrete prolate spheroidal wave functions) after which an FFT is applied. 

The discrete prolate spheroidal functions (or Slepian functions) have been chosen for their optimal 

spectral concentration properties. A particular feature of successive Slepian tapers, due to their 

orthogonal property, is that that each successive taper has one more zero-crossing than the previous 

one (figure 1). The average over individual tapered spectral estimates is then calculated giving the 

direct multi-taper estimate; this reduces the variance problem often encountered in spectral 

analysis. The more tapers included in the direct estimate, the smoother the resulting spectrum.  

The multi-taper analysis is given by the following equation: 

               
 
          , 

Where       are K orthogonal taper functions with appropriate properties, in this case, discrete 

prolate spheroidal sequences (DPSS) (Slepian and Pollak, 1961). Each kth taper has length, N, and 

frequency bandwidth parameter, W. An important characteristic of these sequences is that for a 

given bandwidth parameter, W, and taper length, N, K=2NW sequences out of a total of N each have 

their energy concentrated in the range [-W W] of frequency space. The concentration of the DPSS 

can be shifted from [-W W], centered on zero, to any centre frequency f0 – W, f0 + W by multiplying 

by           , also referred to as demodulation. The half-bandwidth, W, should be a small multiple of 

the Raleigh frequency (/N). The leading the 2NW-1 sequences are taken as the data tapers in the 

multi-tapers analysis as they have a value of approximately 1.  

 

Figure 1:  3 (2NW-1) Orthogonal Slepian 

Tapers with 0, 1 and 2 zero crossings for 

NW = 2.  
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Choice of Bandwidth 

The choice of bandwidth, W, and window length, N, is crucial and dependent on the data being 

analysed as the resulting spectral estimate is effectively over 2NW Raleigh frequencies, which implies 

that the variance is reduced by 2NW. The general rule of thumb is to fix the time bandwidth product 

(NW) to a small value (such as 3 or 4) and then vary the window length until a desired spectral 

resolution is achieved. It is important also to remember that the number of tapers applied is 

calculated as follows: 

              

And the smoothness of the estimated spectrum is a direct function of the spectral smoothness and, 

thus, the variance.  

 

a 

b 
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Figure 2: Effect of taper bandwidth on the smoothness of the spectrum and the frequency resolution. 

a. bandwidth = 2, b. bandwidth = 8 and c. bandwidth = 16.We can observe that the smoothness 

increases  and the frequency resolution decreases as a function of bandwidth. As the number of 

tapers is given by 2NW, we can say that the smoothness increases and the frequency resolution 

decreases also as a function of the number of tapers employed in the multi-taper analysis.  

 

Discontinuities at Window Overlap 

The direct estimate of the multi-spectrum does not handle the problem of side lobes generated by 

the different tapers. In the algorithm described here, a sigmoidal function (figure 2) is applied to 

smooth the discontinuity occur at the window overlap.  

 

Figure 2: Sigmoidal function showing the smoothing as a function of the smoothing factor (tau=10) and 

window overlap.   

c 
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The multi-taper FFT of this windowed signal is then calculated which yields the spectrum in figure 4.  

 

 

The presence of sinusoidal components in the original signal can be recognized as square peaks in 

the multi-taper spectral estimate. The sinusoidal component is fit to the original data using least 
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squares regression and its goodness of fit is assessed using the F-statistic. The F-statistic is computed 

as follows:  

      
        

 

                          

 

Where f0  is a line frequency of interest (ex. 50Hz),        is the average amplitude of f0  over all odd 

prolates, k is the prolate index,        is the multi-taper FFT  and               is the fitted FFT. This 

procedure is summarized in figure 5.  

 

Figure 5: Over-view of goodness of fit calculation using F-test of the fit of sinusoidal component of 

interest to original time series data using least-squares regression.  

 

So for every frequency of interest (30-80Hz) and every data channel, an F-statistic is 

calculated (figure 6), which allows us to determine those sinusoidal components with a statistically 

significant goodness of fit.  

Once the goodness of fit of the sinusoid of interest (line noise of 50Hz in this case) has been 

determined and found to be statistically significant, the sinusoid can be subtracted from the original 

contaminated time-series (figure 7).  
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Figure 6: F-statistic for frequencies 30-80Hz and electrodes Cz, POz and Pz, revealing a maximum 

goodness of fit at 50Hz.  

Figure 7: The significant line component (as isolated using the F-test) is fitted to the original time 

series. This signal will be subtracted from the original noisy time-series.  
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The script carried out this correction for each electrode and for each epoch, if the data is segmented. 

The spectrum of the original time-series before cleaning is plotted against the spectrum of the 

cleaned time-series (figure 8a and 8b).  

 

Figure 8a: Spectrum of original v. cleaned data for all 64 electrodes for a single epoch.  To view the 

spectrum of a single channel in detail, the user clicks on the window corresponding to the electrode 

of interest. 

 

Figure 8b: Comparison of frequency of spectrum of electrodes F3 (left) and Cz (right) before (blue) and 

after (green) line noise cleaning using the multi-taper technique.  
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