
  

  

rain-computer interface (BCI) studies using noninvasive electroencephalography (EEG) have shown promising results 

by extracting control features from the movements or motor imageries of  large body parts, such as hands, arms and feet 

[1]. However, the limited number of control signals generated by these features largely confines the BCI applications to only 

simple tasks. One possible solution is to seek more control signals by decoding finer body parts. Previous study found that a 

broadband spectral feature decomposed from principal component analysis (PCA) could facilitate the decoding of individual 

finger movements from one hand using electrocorticography (ECoG) [2]. In the present study, we evaluated the efficacy of 

the same feature in the single-trial classification of individual finger movements from one hand using EEG through a 

multi-class approach, aiming to increase the number of control features for noninvasive BCIs. 

EEG data were collected from 5 subjects, when they performed flexion and extension of each individual finger from one 

hand following visually presented cues.  The one-second epochs in the middle of each movement trial were firstly extracted 

and their spectral powers were calculated using Fourier transform with 1s Hanning window. Then a spectral PCA was 

performed on the spectral data to reveal common spectral patterns from 5-finger conditions and the resting condition. The 

projection weights on single and multiple principal components (PCs) were sent to a 5-class support vector machine (SVM) 

with radial basis function (RBF) kernel for classification. To acquire statistical meaningful decoding performance, each 

dataset was randomly permuted 30 times. After each permutation, 80% of trials were used for extracting features and training 

the classifier, with the remaining trials for testing. The experimental results show both single and multiple PCs yield 

decoding accuracies higher than guess level (20%), with the 1st PC 37.6%, 2nd PC 32.2% and the first 3 PCs 45.2%, as 

illustrated in Fig. 1. And the decoding performance from multiple PCs exceeds the other two with statistical significance (p < 

0.05).  

 
Figure 1. Decoding accuracies using single and multiple PCs 

In summary, the present study demonstrated the feasibility of decoding movement of fine body parts, i.e., individual finger 

movements from one hand, using EEG through a multi-class classification approach. Our findings are promising to provide a 

pathway to expand the limited number of control features, and could facilitate the development of noninvasive BCI with 

complex applications. 
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