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京都大学 博士（ 工学 ） 氏名 馬 家昕 

論文題目 

Research on Human-Machine Interfaces of Vigilance Estimation and Robot Control 

based on Biomedical Signals（生体信号に基づく覚醒度推定とロボット制御のヒュー

マン・マシン・インターフェイスに関する研究） 

（論文内容の要旨） 

 Biomedical signals, for example, blood pressure, heart rate, etc., are generated from our bodies. 

These signals show information about our health states, physical or mental activities. This thesis 

focuses on three kinds of biomedical signals: electrooculogram (EOG), electroencephalogram 

(EEG), and electromyogram (EMG), which are the electric signals generated from the eyes, the 

brain, and the muscles, respectively. Based on these biomedical signals, in this thesis it 

implements human-machine interfaces (HMI) of different functions, establishing multiple kinds 

of connections between human beings and machines. The contents of this thesis are mainly about 

three proposed human-machine interfaces: an EOG-based interface for vigilance estimation, an 

EOG/EEG hybrid interface for robot control, and an EMG-based interface for prosthesis control. 

These HMIs extract useful information from biomedical signals (EOG, EEG, and EMG), by 

which they can monitor the body states, or control the external devices. 

  

 In Chapter 1, the background of the research is introduced, which includes examples of 

traditional human-machine interface, the definitions and functions of EOG, EEG, and EMG, and 

the existing techniques of using these biomedical signals in human-machine interfaces. 

 

 In Chapter 2, an EOG-based interface for vigilance estimation is proposed. Vigilance is an 

index to measure the degree of concentration; it can be affected by monotonous task, fatigue, or 

sleepiness. This study obtains a reference of vigilance from an experiment of long-time 

monotonous task. From recorded EOG signals, about 20 EOG features related to slow eye 

movement, saccade, blink, and energy are extracted, and the correlation between the EOG 

features and the vigilance reference is examined. The results indicate that some EOG features are 

highly related to vigilance and thus are possible to be used for vigilance estimation. In addition, 

the placement of EOG electrodes is discussed for realizing an easy wearing device. 

 

In Chapter 3, an EOG/EEG hybrid interface for robot control is proposed. Two kinds of robots 

were used in this study. One is the humanoid robot NAO, the other is the mobile robot Kobuki. 

The HMI is designed to control those robots for different tasks. There are two ways of control: by 

EOG and by EEG. In EOG mode, the subject can use eye movements such as blink, wink, gaze, 

and frown to control the basic mobility of the robots. In EEG mode, the subject can send 

commands to the robot by focusing on the menu items, where the flashing items evoke potentials 

in EEG. 

 

In Chapter 4, an EMG interface for prosthesis control is proposed. This HMI allows the user to 

control prosthesis to perform four kinds of movements: open, close, pronate, and supinate. The 

input EMG signals are measured from the forearm, and processed by the nonnegative matrix 
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factorization (NMF) algorithm. Through a training process, the NMF algorithm is able to map the 

multi-channel EMG signal into the four kinds of hand/wrist movements. By this approach, 

proportional control of multiple degrees of freedom (DOF) can be realized. This means the output 

contains not only simple states of open, close, pronate, and supinate but also all the transition 

states between “open and close” and “pronate and supinate”, as well as some combination states 

like “open and pronate” and “close and supinate”. 

 

Finally, Chapter 5 is about the conclusion and the future works. 

  

 

 

 

 




