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Secure Device Research Center (Guest Chair)
(Mitsuo Kawato Group)

(Research Field)

Computational neuroscience; understanding the brain by creating the brain, and understanding the brain to the extent that we can

create the brain, computational models of visuo-motor integration and its application to rehabilitation, computational models of the

cerebellum and basal ganglia, humanoid robots, inverse solutions to estimate cerebral cortical activities, decoding and control of brain

information, brain machine interface, pioneering works in manipulative neurosciecne by integrating brain decoding and real-time

neurofeedback.
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Toda A, Imamizu H, Kawato M, Sato M: Reconstruction of two-dimensional
movement trajectories from selected magnetoencephalography cortical
currents by combined sparse Bayesian methods. Neurolmage, 54, 892-905
(2011).

(Current Topics)
1) Computational neuroscience

We aim to understand the brain to the extent that we can make
humanoid robots solve tasks typically solved by the human brain
I postulate that this
‘Understanding the Brain by Creating the Brain’ approach is the

by essentially the same principles.
only way to fully understand neural mechanisms in a rigorous
sense. Internal models are neural networks within the brain that
mimic input-output transformation of some dynamical processes
in the external (to the brain) world. We postulated that the
cerebellum acquires internal models of motor apparatus through
motor learning. It is now generally accepted that cerebellar
internal models are important not only for sensory-motor

integration, but also for human cognitive functions.

2) Humanoid robots development

Brain functions cannot be studied dealing with only the brain.
We also need to reproduce bodies and surrounding environments.
Then, it is obvious that robotics research is very much related. In
the past, this scientific objective of robotics to elucidate
information processing of human intelligence has not been
emphasized. Furthermore, on the contrary, this objective was
even hidden, made implicit or neglected. We have developed a
humanoid robot CB-i for computational neuroscience research.
CB-i posseses 51 degrees of freedom, hydraulic actuators for the
main joints and have many sensors (vision, audition, vestiular,

joint angle and actuator forces).

3) Brain machine interface and manipulative neuroscience
Brain machine interface is a revolutionary new interface that
can connect brains and ICT network directly while bypassing
sensors and muscles. It has much promises in future medicine and
ICT applications, but it will also play a central role in
revolutionarily advance systems neuroscience. Current system
neuroscience is a correlation study while molecular biology can
examine cause-and-effect relationships. I argue that the major
reason for this difference is that essential information can be
experimentally manipulated in molecular and cellular
neuroscience while it cannot be manipulated at the system level. |
propose a new experimental paradigm, manipulative neuroscience,
to overcome this difficulty and allow us to prove cause-and-effect

relationships even at the system level.
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