
Abstract
INTRODUCTION
Brain-Computer Interface (BCI) has been noted as a new means of communication between the human brain and his 
surroundings. BCI may be regarded as an interdisciplinary field, which needs the collaboration of many engineering, 
medical and biomedical fields, ranging from Neurology to Biomedical Signal Processing and Pattern Recognition. For 
this work we have focused on the classification techniques in BCI systems.
METHODS
A well known data base has been chosen for this project. This data base which may be regarded as a bench mark for 
BCI work has been originally recorded by Keirn and Aunon. The data base consists of EEG signals recorded from 
seven individuals through six standard EEG channels, during the performance of five mental tasks. Our goal was to 
design a classifier for the discrimination of two, three, four and five different tasks.
Many methods of feature extraction were tested and several types of features such as the power densities of different 
frequency bands, asymmetry ratios of left and right hemisphere EEG channels, centroid frequencies, Wavelet 
coefficients and Principle Components of the EEG channels were investigated. These feature vectors were given to 
feature selection algorithms and a few of them were chosen for the classification task. A quadratic Bayes classifier 
was chosen for classification. The results were evaluated by the Leave-One-Out method.
RESULTS & DISCUSSION
For the two-class discrimination problem, the mean results of 97.8% Correct Classification (CC) were achieved with a 
combination of power density frequency features and asymmetry ratios, with a False Alarm (FA) below 3%. Wavelet 
coefficients and Principle Components also gave mean CC results as high as 95.2 and 94.1% respectively. 
Meanwhile three-, four-, and five-class discrimination of the mentioned mental tasks was performed with 92.7, 88.7 
and 83.4% respectively. Although the classification results of more than two classes may seem quite poor for being 
used in a BCI system, but from an Information Theoretical point of view the information transfer rate of a classifier, 
discriminating between three, four, and five classes with the mentioned accuracies is nearly the same as a two-class 
discriminator, with about 98% accuracy.
CONCLUSION
The results of this project certify the applicability of our methods for the classification of a wide range of mental tasks. 
This may be regarded as a key point in the design of real-time BCI systems. It seems that further emphasis should be 
put on other parts of a BCI system such as the definition of proper mental tasks and user-friendly interfaces of such 
systems.
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