
  

 

Abstract— As brain-computer interface technology continues 
to advance toward practical applications, it can be extended to 
decoding and synthesizing music from mental imagery. Such a 
brain-actuated music synthesizer is envisioned to serve as a 
music composition and performance tool for musicians and 
non-musicians, as well as a potential communication and 
rehabilitation tool for the disabled. In order to decode brain 
activity during music listening, let alone generate new 
compositions directly from brain activity, a much more detailed 
knowledge of neural activations and pathways must be 
developed. To accomplish this, brain recordings with sufficient 
spatio-temporal resolution must be examined. This work 
presents preliminary results of signal characterization of 
electrocorticographic (ECoG) activity during perception of 
simple musical rhythms. 

I. INTRODUCTION & METHODOLOGY 

Brain-computer interface (BCI) research is a rapidly 
developing field with numerous recent advances in the 
understanding and decoding of a wide variety of brain activity. 
In particular, electrocorticography (ECoG) – electrical signals 
recorded directly from the cortex – has been used to decode 
motor movements, sensory responses, and even written and 
spoken language in humans [1]. Thus, it is conceivable to 
decode musical information from ECoG activity, particularly 
because some of the fundamental components of music, such 
as simple rhythms, have a repetitive structure and are 
significantly less complex than language. 

ECoG data were collected from 8 patients undergoing 
clinical epilepsy monitoring at Mayo Clinic Florida, USA. All 
electrodes were referenced to an inactive electrode, amplified, 
bandpass filtered, digitized at 1.2 kHz, and stored to disk. 
Electrode placements were based solely on the requirements 
of the clinical evaluation, without any consideration of this 
study.  

For the experiments, the subjects listened to audio tracks 
that consisted of simple beat patterns consisting of a basic 
snare and a kick drum sound created with a music sequencer. 
The subjects were instructed to mentally “follow the beat”. 
The tracks increased in rhythmic complexity over time 
intervals, based on the same fundamental beat pattern. 
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Additionally, the tracks contained random intervals of silence 
for assessing the internal beat entrainment in absence of the 
auditory stimulus. Separate trials were conducted with 
different beat patterns and tempos, and with active finger 
tapping to verify the subjects’ ability to follow the beats. Trials 
with nonmetric patterns and white noise were also conducted 
as a baseline for assessing the auditory response. 

Data analysis was based on the gamma band (70-170 Hz) 
activity that has been shown to highly correlate with a wide 
variety of tasks and function [1], particularly in a recent study 
on music listening in ECoG [2]. A common average reference 
(CAR) spatial filter was applied to remove the spatial noise 
common to all recording channels and the signals were then 
bandpass filtered in the gamma band. Logarithmic power was 
used to compute  envelope amplitude. Various comparisons 
were performed between the gamma-band envelope and the 
acoustic signal during active listening and imagery, including 
correlation of the amplitude envelopes, autocorrelation 
analysis, and a temporal analysis of the event-related 
response averaged across all corresponding beat intervals. 

II. RESULTS AND DISCUSSION 

The figure below shows representative autocorrelation 
functions for an audio track and the corresponding brain 
activity for a selected beat pattern. It is observed that the pulse 
interval of the brain activity closely matches the audio track. 
This phenomenon is observed during active listening over 
focal brain regions including the auditory and prefrontal 
cortices, and primarily over the prefrontal cortex during 
imagery during the random silence intervals, indicating that 
similar processes occur during active listening and imagery.  

 

 

REFERENCES 
[1] G. Schalk and E. C. Leuthardt, "Brain-Computer Interfaces Using 

Electrocorticographic Signals," in IEEE Reviews in Biomedical 
Engineering, vol. 4, no. , pp. 140-154, 2011. 

[2] C. Potes, A. Gunduz, P. Brunner, G. Schalk, Dynamics of 
electrocorticographic (ECoG) activity in human temporal and frontal 
cortical areas during music listening, Neuroimage, vol. 61(4), pp. 
841-8, 2012. 

Signal Characterization for a Musical Rhythm BCI 

S.A. Herff, G.D. Johnson, A.J. Milne, C. Herff, J. Kim, J.J. Shih, and D.J. Krusienski 


