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Brain—Machine Interfaces : Principles and Clinical Application

Masayuki Hirata, M.D.?, Takufumi Yanagisawa, M.D.", Kojiro Matsushita, Ph.D.",

Hisato Sugata, Ph.D.", Morris Shayne, M.D.", Yukiyasu Kamitani, Ph.D.?, Takafumi Suzuki, Ph.D.%,
Tsuyoshi Yoshida, Ph.D.”, Fumihiro Sato, Ph.D.%, Takashi Moriwaki, M.D.V9,

Masashi Umegaki, M.D."® Youichi Saitoh, M.D.", Haruhiko Kishima, M.D.", Yu Kageyama, M.D.",
Mitsuo Kuawato, Ph.D.?, and Toshiki Yoshimine, M.D.V®

1) Department of Neurosurgery, Osaka University Medical School, 2} ATR Brain Information Communication Research Laboratory
Group, 3) National Institute of Information and Communications Technology, 4) Graduate Scheol of Advanced Sciences of Matter,
Hiroshima University, 5) Group of Electrical Engineering, Communication Engineering, Electronic Engineering, and Information
Engineering, Tohoku University, ) Medical Center for Translational Research, Osaka University Medical School

The brain—-machine interface (BMI) enables us to control machines and to communicate with others, not with
the use of input devices, but through the direct use of brain signals.

BMIs are classified into two types ' the invasive type, which uses intracranial electrodes, and the noninva-
sive type, which uses skin electrodes or near infrared spectroscopy. The invasive type is further subdivided into
two subtypes ! a less invasive type, which uses brain surface electrodes and a highly invasive type, which uses
needle microelectrodes.

Noninvasive BMIs are promising for neurorehabilitation, while invasive BMIs are promising for use as neu-
ral prostheses for severely disabled people.

The highly invasive type is characterized by high performance utilizing its detailed neural information, while
the less invasive type is characterized by high feasibility for clinical application based on long-term stability.

A fully-implantable wireless system is indispensable for the clinical application of invasive BMIs as it not
only reduces the risk of infection but it also contributes to improving convenience.
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Fig. 3 A real-time BMI system for robotic arm control

Fig. 4 Real-time control of a robotic arm
The subject voluntarily controlled grasping (right) and hand~opening (left) of the robotic arm in
real time.
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Wireless data transfer system

Fig.5 The first prototype of a fully-implantable wireless system
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