NON-INVASIVE CORTICAL CONTROL OF .
REVOLUTIONARY PROSTHESES =

JOHNS HOPKINS N.V. Thakor, S. Acharya, A. Chatterjee, V. Aggarwal, H. Shin, Y. Cho, R. Rasmussen, R. Yang, W. Spier, K. Yeh
MEDICINE . A . . . . .
Department of Biomedical Engineering, Johns Hopkins University

| ntroduction | I Non-Invasive BCI Control : | Towards Integration With Higher DoF Prostheses'—

Using motor imagery and adaptive learning algorithms, we have demonstrated control of a robotic arm for simple grasping tasks. Virtual Reality Environments

{

It has been widely assumed that only invasive neural
interfaces, using electrodes directly implanted in
the brain can provide multidimensional movement
control of a robotic arm or neuroprosthetic. However,
recent advances in non-invasive brain-computer
interfaces have opened the possibility of generating
control signals for multi-dimensional prosthetic
control. In a pilot study we have demonstrated the

e P N Controlof a robotic hand using neuronalsignals
feasibility of using non-invasive EEG signals for e ok
controlling a robotic arm. wcyberkinetcsinc com

Virtual reality environments (VRE) provide
an intermediate step between theory and
clinical application. With this platform, users
can interact with virtual objects using neural
control strategies. We are currently devel-
oping a virtual prosthetic arm with multiple
degrees of freedom that will be used to test
non-invasive, multidimensional control using
a combination of BCl algorithms and

Motor imagery provides a
simple and repeatable mental
strategy, which is well mapped
to changes in spatiotemporal
features of the EEG.
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Virtual arm with multiple degrees of freedom. Using a combination of context sensitive controllers,a
fow bandwidth BC signal can achieve simple tasks like reach-grab-fetch. (Johns Hopkins University)

By engaging in selective (imagined) motor tasks,a
subject can generate a signal to move a cursor on a

Using a combination of innovative signal processing, advanced machine learning algorithms, screen or control a prosthetic arm. Since this technique context-sensitive controllers
and intelligent controllers, we propose to establish non-invasive and semi-invasive BCls as a does not require any external stimuli,and is directly :
paradigm for reliable control of prosthetic arms with multiple degrees of freedom. Due to mapped to specific mental tasks, it serves as a reliable Intelligent Local Control Strategy

their low clinical threshold for use, extensive human experimentation could augment the underlying basis for BCls.

Anintelligent controller can accept low i from a non-i BCl and output a higher
bandwidth control signal to a prosthetic hand. The controller would have built-in functionality that would
allow it to grip objects intelligently. This can be done by processing kinesthetic sensory feedback from the
prosthesis to dynamically adjust the force distribution across the fingers. Further enhancements would include
allowing the user to choose between multiple precision and power grips.

remarkable advances being made with direct neurally controlled prostheses.

Brain Computer Interfaces I—

A direct channel of communication between the brain and the external world, bypassing
normal neuromuscular pathways.
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Successful operation of a brain-computer interface involves two way adaptation. Adaptive The pace of advancement in BCl control schemes in recent years s T Movement intention Sensory Feedback Grip Control
algorithms learn the user’s EEG patterns in response to different mental states, and the user shows that sophisticated algorithms can produce control signals with Doy P L A gt
learns to encode the desired control signal in his/her EEG based on adaptive feedback. A Jarger bandwidth and greater reliabillty. Some promising avenues of £ b s
reliable BCI should not have high demands in terms of learning requirements and cognitive research include: S| | rmermann [o—
load. Mental strategies employed should produce reliable and repeatable changes in EEG. - sub-band entropy, mutual information = aaig-miE ralt Conc|u5|0n$
- source localization based algorithms Fenad mentat M
Two dimensional cursor contro} using EEG has - phase synchrony and coherence Non-invasive BCl is an exciting, viable alternative that can supplement current prosthetic control paradigms.
recently been demonstrated with precision, 1) Entropy-Based Feature Extraction
Py 3) Phase Synchrony and Coherence for BCI While rapid advances in direct neural interfaces may ultimately offer high-precision, multidimensional control of i s, non-

accuracy and speed comparable to those

reported with invasive methods in monkeys - invasive BC1is a readily accessible platform for human testing. This includes evaluating cognitive loading impact of the prosthetic limb on the

patient, understanding human learning strategies,refining local control algorithms, and assessing human factors. Non-invasive BClis a
potentially high-impact technology that could greatly accelerate the development of a revolutionary prosthetic limb.

2D cursor control i human subjects.
(Wolpawet.al,PNAS, Dec 2004) ¥
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