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Introduction: This study describes a methodology that was applied to the processing of noisy 

electroencephalographic (EEG) signals. The signals were recorded during a walk on a slackline at 

two different heights: 1 m (low) and 40 m (high) from the ground. Such manipulation provided us 

with an opportunity to evaluate the same motor task but at different levels of subjective risk, which 

can have a dramatic effect on the subject’s emotional and attentional state. For this reason, it was 

expected that the high-slackline condition would show some difference in relation to the low-slackline 

in spite of objectively similar motor control demands. However, EEG signals during slackline 

walking are contaminated with motion artifacts. The aim of the present work was to evaluate the best 

approach to process these signals, in order to extract relevant information from this singular protocol. 

 

Materials and Methods: EEG data from 8 trained subjects were acquired using the eegoTMsports 

(ANTneuro, Netherlands) 64-channel EEG device, a portable EEG system that is presumably less 

vulnerable to motion artifacts. There were four conditions: resting state and slackline walk for both 

low and high conditions. Parts of the data that were explicitly movement artifacts were manually 

discarded, and the remaining data were analyzed. First, a Short-Time Fourier Transform (STFT) was 

performed, with 1 s Hanning windows with 50% overlap. Second, using the transformed signal for 

every second, the spectral coherence between all pairs of electrodes was calculated using a well 

documented MATLAB function. The coherence values were then thresholded, to produce an 

adjacency matrix (relating every electrode pair) for every time point. The threshold was chosen so 

that the number of connections remained stable across all connectivity matrices. Next, the percentage 

of time in which each electrode pair was connected was computed (e.g., coherence values between 

electrodes Fp1 and Fp3 were above the threshold about 80% of the time), producing a connectivity 

matrix, or undirected-weighted graph, for every subject and every condition. From these graphs, the 

following metrics were extracted: global efficiency and transitivity. Global efficiency is the average 

of inverse shortest path length, and transitivity, also called global clustering coefficient, measures the 

ratio of triangles to triplets in the network.  

 

Results: As seen in the figure, the mean 

transitivity (over subjects) showed a significant 

change (decrease) from low to high condition in 

the low-beta EEG frequency band (p < 0.05). 

Global efficiency showed no significant changes 

between conditions for none of the frequency 

bands. 

 

Discussion and Conclusion: Lower transitivity  

in highline condition means that there were less 

local connections in relation to lowline condition. 

Other measures should be performed in order to verify this result. In the following, a vaster search of 

the various graph measures should be done for a more robust analysis. Also, an investigation of 

artifact rejection techniques, such as ICA, may also improve the processing and probably give more 

accurate measures of the signal generated by the brain itself. 
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Figure 1: Subjects mean transitivities and global efficiencies 


