
MOTIVATION 

PARTICIPANTS:  
• 9 subjects (3 male), ages 19-36 
• 8 subjects with formal music training (1-10 years) 
• 4 subjects played regularly at time of collection 

EEG ACQUISTION: 
• Continuous EEG collected using 64 + 4 EOG 

electrodes using the BioSemi system 
 
STIMULI: Music clips (~7-16s, 104-244 BPM) 

•  Patients with disorders of consciousness (coma, 
locked-in etc.) cannot communicate behaviourally, 
but may have control over their thoughts. 

•  A Brain-Computer Interface (BCI) could detect 
thought modulation, providing a way to 
communicate. 

•  Patients could imagine a particular piece of music to 
convey a thought.  

 

•  Most BCIs can only do binary (e.g., yes/no) 
responses. A music BCI could support many 
responses: one response per song.  

•  The BCI would need to reliably classify different 
imagined pieces of music.  

•  EEG may differentiate perceived melodies[1]. Here we 
test whether it can differentiate imagined melodies.  

•  To reduce training time we want to train the BCI on 
perception and test on imagination. Perception and 
imagination use similar brain structures[2][3]. 

LONG TERM GOAL: Create a music-based brain 
computer interface (BCI) that classifies EEG 
responses based on imagined music. 
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With and without lyrics 
(2 versions of each) 

Instrumental music 

3/4 
•  Chim Chim Cheree 
•  Take me out to the 

ballgame 

•  Emperor Waltz  
•  Harry Potter 

theme 

4/4 
•  Jingle Bells 
•  Mary had a little lamb 
 

•  Star Wars theme 
•  Eine Kleine 

Nachtmusic 
 

METHODS 

TASK 

Perception 

Cued Imagination 

COMPONENT ANALYSIS: 
Principle components analysis (PCA) was run on all 
concatenated raw trials for all participants. 

CLASSIFICATION: 
Used a convolutional auto-encoder (CAE) to learn 
signal components (similar to PCA) 
1.  global initialization (all subjects) 
2.  individual classifier training for each subject 

RESULTS 

Perception and imagination have similar components! 

Component activation waveforms used as features for 
classifier – Convolutional Neural Network with a single 
convolution layer 
 
Stimulus identification (12 classes) 
• 16[1x4]-convolution filters over 1 sample in all 4 
component activation channels 
• 19.5% accuracy, p=0.001 

Meter (3/4 versus 4/4) identification (2 classes) 
• 1 [16x4]-convolution filter over 250ms in all 4 
component activation channels with max-pooling over 
140ms-windows and 5x sub-sampling 
• 65.8% accuracy, p=0.05 

Take me out to the ballgame: r=0.32 

Eine kleine Nachtmusic: r=0.48 

Correlated the time courses of component 3 during 
perception and imagination.  
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Signal components (perception) 

•  Perception and imagination of music produce similar 
principle components.  

•  The component time courses do not differ enough to 
differentiate between individual stimuli. 

•  Stimuli can be classified above chance, but not 
robustly enough for a BCI.  

•  Meter can be classified above chance, but not robustly 
enough for a BCI. 

Three conditions: 
•  Cued perception: Tempo cue followed by the 

stimulus 
•  Cued imagination: Tempo cue followed by 

imagining the stimulus 
•  Uncued imagination: Visual cue followed by 

imagining the stimulus (no audio) 
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