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Abstract

The non-invasive Electroencephalogram (EEG) signals
permit people communicating with devices and having control over
them in what is normally called a Brain-Computer Interface (BCI)
system. Nowadays, the Motor Imagery (MI) EEG-based BCI
technology is becoming favorable due to its massive applications in
both medical and non-medical implementations.

The current revolution of Deep Learning (DL) has permitted
both feature extraction and classification jointly for the analysis of
different data types. However, DL is a data learning approach that
requires a large number of training samples to train large-scale neural
networks. However, the EEG research field lacks a large amount of data
which restricts the use of DL within this field.

This research proposes a novel data augmentation method for
enlarging already available EEG datasets. The proposed Cut
Concatenate (CutCat) augmentation method generates EEG trials from
inter- and intra-subjects and trials. The method relies on cutting a
specific portion from an EEG trial and concatenating it with another
portion from another trial from the same subject or different subjects.
The method has been tested on shallow and Deep Convolutional Neural
Networks (DCNN) for the classification of motor imagery MI EEG
data. The experimental results demonstrate that the proposed
augmentation method is a promising strategy for handling the
classification of small-scale datasets. Whereas, an improvement of 14%
and 10% for both shallow and deep networks have been registered,

respectively.



Moreover, DL requires intensive matrix Multiply-And-
Accumulate (MAC) operations for a network to be trained and for an
input sample to be inferred. Also, the complexity of the trained model
is high and hence inference process could be slow. Hence, this study
aims to reduce those two complexities of computations using data
reduction and quantization techniques. Data reduction leads to a smaller
size of a training batch, thus expediting the training process.
Quantization means fewer bits are used for representing the learnable
parameters of the trained DCNN. Training elapsed time has been
reduced by about 25% with a negligible classification accuracy drop
(0.6%). Moreover, using 8-bit fixed-point data type has improved the
inference speed by 2.7x and reduced the storage memory by 75%.
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