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Abstract

Recently, the research on robot manipulation technology by Brain Machine In-
terface(BMI) utilizing human brain information is developed. In this technology,
it is possible to support the machine performs motion instead of human motion
and communicate using monitor and/or sounds without action. And, for disabili-
ties whose body can not be moved, walking and object grasping are performed by
exoskeleton robot using brain information. Also, applications of rehabilitation to
move the part of paralysis by exoskeleton robot are developed, these technologies
are utilized by various devices and expected to be applied in medical, assistive and
rehabilitation fields.

To support daily life by BMIs, it is necessary to reconstruct the motion infor-
mation by measured electroencephalogram(EEG) signals. Signals for operating
the exoskeleton power assist device have been mainly acquired from force/torque
sensors and/or electromyography(EMG) sensors. Although, because it is difficult
for disabilities to sufficiently generate force and EMG, they can’t use exoskele-
ton power assist devices. Therefore, our purpose is to estimate the force/torque
information from the brain activity to help and support the human’s daily life.

At first, in this study, four different tasks corresponding to different brain exci-
tation degrees are designed. Their EEG spectra are analyzed with short-time Fast
Fourier Transform(FFT), their features of alpha and beta rhythms corresponding
to the different tasks are extracted. And, in the analysis of the left and right
difference of the brain, it was also observed that the power spectrum on the left

brain side becomes large at the task related to the movement of the left arm.



Next, a linear model between EEG and joint torque is created by the principal
component model of the obtained EEG features and the EMG related to human
motion, and the joint torque is estimated by the EEG features.

Linear models with brain waves have been used to estimate motion information
so far, but the created model is a time series linear model, it can adapt only to pe-
riodic exercise such as walking, and Many parameters were required. Furthermore,
in the conventional methods, the parameters are learned for each task, and the
accuracy of reconstruction tends to decrease when tasks different from the learned
tasks are performed. It is necessary to introduce a method of sequential updating
of parameters that is not affected by tasks. Therefore, as a method for adapting
the obtained linear model to disabilities, the teaching signals of the sequential
least squares method are generated by angle information obtained from the robot
arm to update the linear model between the EEG and the joint torques. And the
estimated EMG had high correlation with EMG measured in offline.

Finally, in order to generate a linear model between EEG and joint torques, it
was found that a feature amount having a linear relationship with the joint torque
is required from the EEG. Although it was found that the power spectrum of alpha
and beta waves is related to motion, it can not be said that the signals are in a
linear relationship. Therefore, it was difficult to obtain a convergent solution of
the linear model by the sequential least squares method. We analyze the measured
EEGs in movement to extract the relationship between EEGs and EMG signals,
and further estimate the joint torque from the EEGs. The results show that the
periodicity of alpha and beta wave variations at each measurement point have
strong associations with the subject’s movement. Based on this, we build a linear
model representing the relationship between EEGs and EMG by PCA, and the
EMG signals are successfully estimated from EEGs. This implies a great potential

to use EEGs for supporting human’s activities. Periodic changes of the power
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spectra relates to human moving at 20-25Hz in alpha band and 10-15Hz in beta
band. From these results, the linear model between the EEGs and the joint torque
which developed by principal component analysis are confirmed and it is used to

estimate the joint torque. The validity of this approach is verified by experiments.
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