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An electroencephalography (EEG)-based brain–computer interface (BCI) is a system that 

provides a pathway between the brain and external devices by interpreting EEG. EEG-based 

BCI applications have initially been developed for medical purposes, to facilitate the return 

of patients to normal life. In addition to the initial aim, EEG-based BCI applications have also 

gained increasing significance in the non-medical domain, improving the lives of healthy 

people, for instance, by making it more efficient, and collaborative and helping them 

develop themselves. 

 

Components of a typical BCI system and its communication methods—simplified scheme [4] 

There are many challenges in EEG-based BCI development and research as the cross-subject 

classification of motor imagery data. Due to the highly individualized nature of EEG signals, it 

has been difficult to develop a cross-subject classification method that achieves sufficiently 

high accuracy when predicting the subject’s intention. In 2020, we proposed a multi-branch 

2D convolutional neural network (CNN) that utilizes different hyperparameter values for 

each branch and is more flexible to data from different subjects. Our model, EEGNet Fusion, 

achieves 84.1% and 83.8% accuracy when tested on the 103-subject eegmmidb dataset for 

executed and imagined motor actions, respectively. The model achieved statistically 

significantly higher results compared with three state-of-the-art CNN classifiers: EEGNet, 

ShallowConvNet, and DeepConvNet. However, the computational cost of the proposed 

model is up to four times higher than the model with the lowest computational cost used for 

comparison.  

In our recent studies, we further improved the model with a 5-branches 2D CNN that 

employs several hyperparameters for every branch and this network is more adaptable to 

data from various subjects. The proposed model achieved promising results on three 

publicly available datasets, the EEG Motor Movement/Imagery, the BCI Competition IV 2a, 

and the BCI Competition IV 2b dataset. The eegmmidb dataset is used for testing for actual 



and imagined motor activity and our newly proposed model, EEGNet Fusion V2, achieves 

89.6% and 87.8% accuracy, respectively. 

Moreover, the proposed model outperforms on the BCI Competition IV-2a and 2b datasets 

with an accuracy of 74.3% and 84.1% for the cross-subject classifications, respectively. 

Compared with the EEGNet, ShallowConvNet, DeepConvNet, and EEGNet Fusion, the 

proposed model’s accuracy is higher. However, the proposed model has a bit higher 

computational cost, i.e., it takes around 3.5 times more computational time per sample than 

the EEGNet Fusion. 

There may be further opportunities to explore more multi-branch designs. As EEG data is 

non-stationary, which has implications for the feature extraction process, different 

approaches can be explored to address the issue of non-stationarity. Transfer learning 

approaches can be implemented to resolve the issue of less data per subject and inter-

subject variations of the EEG-based dataset. 

Although the models were tested only on motor movement and imagery data, the 

underlying architecture is known to be well-suited for different EEG-based tasks. In the 

future, more testing of the model(s) should be done to validate its performance on a wider 

range of EEG-related areas, such as sleep stage and disorder detection or driver fatigue 

evaluation. Furthermore, the multi-branch architecture is not limited to three or five 

branches, and architectures with a higher number of branches could be explored. 
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