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Abstract 

  An electroencephalogram (EEG)-based brain-computer interface (BCI) can realize a direct 

communication channel by translating human intentions into control signals. It allows 

individuals with motor disabilities to have effective way to communicate with external devices. 

A BCI based on steady-state visual evoked potential (SSVEP), which is the brain’s electrical 

response to repetitive visual stimulation, has attracted attention for its advantage of performance. 

  Although EEG-based BCIs have already been studied for several decades, there are still 

challenges to move them from a laboratory demonstration to a practical environment. A practical 

BCI system requires an asynchronous system design, which can discriminate the resting and 

working state of the system automatically, and high information transfer rate (ITR), which can be 

increased by increasing the number of commands, accuracy or communication speed. This study 

aims to implement an asynchronous BCI system using an electrooculogram (EOG)-based 

interface, and to increase the ITR by increasing the number of commands. 

  Chapter 1 describes the background and objective of this study. Chapters 2 and 3 describe the 

measurement principle of biological signals and basic signal processing theories.  

  Chapter 4 presents the voluntary eye blink detection method using EOG and switch-based 

interface using the proposed method. Although the amplitude of EOG has individual difference, 

the proposed method can detect voluntary eye blinks with robustness against the individual 

difference by employing a waveform feature of EOG during eye blinking. 

  Chapter 5 presents an approximation approach for rendering visual flickers. Although the 

number of flickering frequencies that can be presented is limited in the conventional approach, 

the proposed approach can solve this problem by approximating frequencies. As the result of 

analysis, the approximation approach can elicit SSVEPs as robust as the conventional approach.  

  Chapter 6 presents a frequency and phase approximation approach for rendering visual flickers 

and frequency-phase detection method. In addition to the frequency approximation, integrating 

frequency and phase information can further increase the number of commands. In the simulated 

online experiment, the system obtained the highest ITR ever reported in EEG-based BCIs. 

  Finally, conclusion is given in Chapter 7. 

 


