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Introduction: Speech impairments can seriously hinder quality of life. Brain-computer Interfaces (BCIs) 

provide a potential solution to convert thoughts into text or audio for communication restoration. Non-

invasive neuroimaging techniques such as electroencephalography (EEG) offer a safe rehabilitation 

method [1]. However, abstract neural activities from speech and noise from scalp challenge the 

imagined speech decoding. Compared with motor imagery, a mature BCI paradigm with standard tasks 

of ‘left/right’ hand movement imagery [2], it is also crucial to find a robust paradigm for intuitive speech 

imagery (SI) BCIs with a distinct word set. 

Material, Methods and Results: 10 subjects 

with English proficiency were asked to 

imagine silently speaking 6 phonemes (/b/, 

/p/, /s/, /e/, /i:/, /u:/). 32-channel EEG 

covering the temporal and primary motor 

cortex was recorded [3]. Then, a paired two-

tailed t-test within the same subjects was 

done on EEG power and evoked potential to 

find the difference between imagined 

phonemes. We used a non-parametric 

cluster-based permutation test to reduce type 

I error for multiple comparisons problems 

[4]. Finally, binary classification tasks were 

performed for all 15 phoneme pairs. For 

each subject, we trained a CSP-SVM model 

and evaluated it with 5-fold cross-validation. 

A significant time-frequency cluster was found for class power contrast between /b/ and /u:/ within the 

frequency band from 31 to 53 Hz (p=0.026) (Fig. 1(A)), indicating the importance of the gamma band 

to distinguish between bilabial plosive and rounded vowel phonemes. A significant temporal cluster was 

also found for evoked potential contrast between /s/ and /e/ around 300ms after the event (p=0.02) (Fig. 

1(B)), showing the potential response differing between the fricative consonant and mid-front 

unrounded vowel. The subject with the best decoding accuracy reached an average accuracy of 67.14% 

on /b/ and /e/ comparison. The spectral and temporal contrast might indicate that the imagined 

articulation between consonants and vowels is more distinct and ideal for classification commands [5]. 

Conclusion: This research studied the EEG pattern of phoneme imagery and provided considerations 

for command selection for universal speech imagery paradigm optimization. We found significant 

temporal-spectral differences between some consonant-vowel pairs and the great potential of selecting 

the distinct phoneme set for reliable SI decoding performance. This ongoing work represents an 

important step towards real-time decoding with a relatively low-density EEG setup. 
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Figure 1: (A) EEG spectrogram contrast for imagined phoneme /b/ and /u:/. 

showing significant time-frequency cluster (brightened) with T-values 

maximized over the significant channels cluster (white circles). (B) EEG 

evoked potential contrast for imagined phoneme /s/ and /e/ showing 

significant time window clusters (brightened) with evoked potentials 

averaged over the significant channel clusters (white circles).
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