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Summary

Functional electrical stimulation (FES) is a promising technology for
activating muscles in spinal cord injured (SCI) patients. The objective
of our project has been to develop an intuitive user interface and con-
trol system for FES that allows high-level tetraplegic patients to
regain the use of their own arm. This work has had two primary out-
comes: contributions to the development of a technology that benefits
those with high-level SCI, and the development of biologically-in-
spired design principles for cyber-physical systems.

The project has had two main components: decoder development for

Fig. 2 - Real-time decoder development
for SCI subjects. In years 1-4, we devel-
oped, evaluated, and deployed a decoder
for reach intent for subjects with high-level
SCI. The system has been evaluated as an
interface to control a robot assistant.
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determining how the subjects wish to move their arm, and controller
development for getting the arm to the desired location (Fig. 1). We
have been using human and animal models for each of these project
components, allowing us to investigate both the practical issues rele-
vant to our current human subjects, and longer term questions de-
pendent on the development of more robust cyber-physical interfaces
for FES control. This poster summarizes progress during the course
of the project with an emphasis on the past year.

DECODER DEVELOPMENT
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The mixture model performed best for all abil-
ity levels, though user preference changed
with ability.
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Fig. 1 - Project Summary predictions
Blocks indicate main project components 5. Preference of SCI subjects varied with impairment level.
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Fig. 7 - Identification and control of a arm. While model-based robot function for controller. (B) Sample

can incorporate models built from first principles, the same is generally not true for physiologi-
cal controllers. We therefore implemented a data-based approach. (A) Structure of semi-para-
metric model. (B) Process for system identification. (C) comparison of data required to train
candidate model structures. (D) Model predictions of joint torque (bottom) during imposed
movement trajectories (top). Model provides estimates of expected mean trajectory and vari-
ance about the mean.
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Fig. 5 - A hybrid BCI for reaching
that incorporates neural estimation
of movement state. Data from
non-human primates. (A) Schematic
of controller design. (B) Time to reach
target area. (C) Time required to sta-
bilize position at target.
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Fig. 6 - Motor cortical recordings are not appropriate for controlling limb kinematics
during interaction tasks. (A) Adaptation of hand paths when reaching through a velocity-de-

pend

lent curl field. (B) Change in neural preferred directions during motor adaptation. (C) Rela-

tionship between neural changes and forces applied to the hand during reaching.

Outreach

This year, our outreach program has transitioned to running inde-
pendently at our partner school. Approximately 40 children participate in
a full-year program integrated into the existing science curriculum. This
has been made possible through partnership with an NSF-funded
Reach for the Stars program at Northwestern University.
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