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Summary:  
  

The interface way that enables direct link between an external device and the brain is 

the Brain-computer interface system. Two systems are presented: offline and online 

systems. Comparing the performance of the various investigated machine learning 

systems, within the primary dataset it's found that SVM (4th method) and BLDA 

classifiers yield the best performance for both participants 'A' and 'B'. Dealing with 

online system, five participants were subjected to different sessions. Two classification 

methods were employed to detect the target character: (SVM) and (LDA). The 

feasibility and capability of the Emotiv Epoc neuroheadset to detect the P300 signals is 

validated by the results. 
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Abstract 

The interface way that enables direct link between an external device and the brain 

is the Brain-computer interface BCI system. This type of interface uses 

electroencephalography (EEG) which allows the recording of brain activity by focusing 

on the temporal content of the EEG. These models are event-related and are based on 

the P300 wave signal, denoted as a potential related event (ERP) aroused in the process 

of choosing a rare event. This is done using the oddball paradigm, where there is a low 

probability of obtaining a rare target and a high probability of obtaining a desired 

target. 

In particular, Brain-computer interface allows subjects in whom a degenerative 

disease has been diagnosed, such as subjects with amyotrophic-lateral sclerosis - ALS, 

non-muscular communication. In this thesis, two systems are presented: offline and 

online. 

In the presented offline BCI system, two different datasets are handled; the first 

dataset was posted freely available at 2004 and the second most recent dataset was at 

2019. First, a preprocessing step is applied on both datasets to enhance the EEG signal 

and to extract the important features before applying the proposed machine learning 

techniques; Linear Discriminant Analysis (two different approaches of LDA), Support 

Vector Machine (four different approaches of SVM), Twin Support Vector Machine 

(TSVM), linear regression (LREG), and Bayesian Linear Discriminant Analysis 

(BLDA). 

Comparing the performance of the various investigated machine learning systems, 

within the primary dataset it's found that SVM (4
th

 method) and BLDA classifiers yield 

the best performance for both participants 'A' and 'B'. BLDA yields accuracy of 98% 

and 66% for 15th and 5th sequences respectively, while for 15th and 5th sequences the 

SVM (4
th

 method) yields accuracies of 98% and 54.4%, respectively. While within the 

second dataset, it's obvious that BLDA classifier achieves accuracy of 90.115% for 

both subjects '1' and '2', which yields the best performance. 

Dealing with online system, five participants were subjected to different sessions 

of the 6x6 matrix. The rows and columns of the matrix were randomly flashed at a rate 

of 200 ms. The experiments were conducted using Emotiv Epoc neuroheadset 

interfaced with the OpenViBE platform, that is used to run the P300 speller. Two 

classification methods were employed to detect the target character: Support Vector 

Machine (SVM) and Linear discriminate analysis (LDA). 

The feasibility and capability of the Emotiv Epoc neuroheadset to detect the P300 

signals is validated by the results. Additionally, the online results show that participants 

reached accuracy up to 90% and 70% after only two training sessions for Linear 

discriminate analysis (LDA) and support vector machine (SVM) classifiers, 

respectively.   

The significance of the suggested system is to demonstrate that such a 

transportable and affordable headset might be useful to design and implement a robust 

and reliable online P300-based BCI system. The work discusses the proposed system, 

compares the classification methods performances, and considers some aspects for the 

long run work to be handled. The results show high accuracy and fewer computational 

time. 

 


