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Environmental When young children learn to write a signature, their brains generate motor commands that

Engineering are different from the commands needed to do the same thing as adults. And yet, we do not

need to relearn handwriting as our bones and muscles change. Our sensory-motor is
equipped with a powerful machinery that modifies the previously acquired motor programs
S0 as to compensate for changes in the body and in the surrounding environment. The
activities of our research group are directed at understanding the biological and
computational mechanisms underlying this remarkable ability to learn and adapt. At the
same time, we wish to take advantage of this knowledge for designing new procedures and
technologies that facilitate the recovery of motor functions lost to stroke and other injuries.

Bi-Directional Brain-Machine Interfaces

We are carried out a collaborative study for the development of brain-machine interfaces
that may establish a bi-directional communication between the nervous system and external
devices. This requires decoding neural activities for extracting motor intentions and creating
patterns of stimulation that encode physical variables associated with the mechanical state
of the controlled device. A long-term goal of this study is to facilitate the neural control
through the control of the neural plasticity mechanisms that are normally allowing for motor
learning.

Body Machine Interface for Controlling Assistive Devices

Stroke and spinal cord injury survivors may experience severe difficulties in maneuvering
and steering their wheelchairs. The combination of a person's limited mobility and an
interface that requires a precise and inflexible manipulation is a source of problems. This
highlights the need for the development of control interfaces that are tailored to the specific
residual motor skills of the user. Motion tracking technology offers a convenient and flexible
way of capturing the motions of a disabled user with limited mobility, as sensors can be
placed virtually anywhere on the body and measure very small motions. We are
investigating and developing new methods for controlling assistive devices (e.g. powered
wheelchairs) using wearable sensors. Controlling the external device (wheelchair) is
practiced in a virtual reality environment, which allows the device's interface to gradually
change so as to fit with the patient's evolving skills. At the end of this process, we plan to
apply the evolved interface to the actual device (wheelchair or robot) and test the efficacy
of learning in the real-life context.



Computational primitives for sensory-motor learning

A number of electrophysiological studies have revealed a modular organization within the
structure of the spinal cord. When a small electrical stimulation is delivered to a site in the
lumbar spinal cord, a group of muscle is activated. The result of this activation is a field of
forces that tend to drive the ipsilateral hindlimb toward a stable posture. Most remarkably,
the simultaneous stimulation of multiple sites leads to a vectorial summation of the force
fields generated by each site. These studies have suggested that the brain may generate
complex motor behaviors by adding the force fields produced by multiple modules in the
spinal cord. We are developing a theory of motor control based of the superposition of
these force fields, which we consider as "motor primitives" in analogy with the language
primitives used to generate unlimited sentences out of a finite vocabulary of words.

Motor adaptation to changes in arm dynamics

To generate even the simplest movements of the arm, the brain must solve a complex
problem of dynamics. The relation between the forces generated by the muscles of the arm
and the ensuing movement is expressed by a system of complex nonlinear differential
equations. A number of studies have suggested that the brain maintains an internal
representation of this dynamical relation, not in the form of a mathematical expression but in
the form of a transformation from desired movement to corresponding command. This type
of representation has been called an "internal model". We are investigating the properties
of internal models by observing how subjects interact with a robotic manipulator that applies
a preprogrammed force field to their hand. This force fields constitutes a change in the
dynamics that the subject's motor system must represent in order to move the hand as
desired. The current experimental evidence indicate that the subjects have an accurate
representation of the dependence of the force upon the state of motion of the limb.
However, there is a surprising inability to represent correctly a perturbation that depends
explicitly upon time. We wish to pursue this analysis to understand what are the
mechanisms and the limitations of our ability to adapt to changes in limb dynamics.

The Representation of Time in the Sensory-Motor System

Advanced technology provide us with truly immersive virtual environments, including
teleoperated robotic devices. In order to control movements from a distance, the human
sensorimotor system has to overcome the effects of delay. Currently, little is known about
the mechanisms that underlie haptic estimation in delayed environments. The objective of
this study is to determine the effect of sensory and environmental delays on perception of
surfaces stiffness. The results of the experiment indicate a systematic dependence of the
estimated stiffness upon the delay between position and force. Understanding the neural
processing of temporal information has implications that go far beyond technological
application. How is time represented (if at all) in the nervous system? How does the brain
recognize that different sensory events — for example, the sound and the force impulse
generated by the impact of the hand with an object — are to be considered as simultaneous
despite different neural delays? Do we process simultaneity as an equivalence relation?
Answering these questions is critical to understand sensory-motor processing.

Understanding Force Control

When manipulating objects, we must control our hand motion as well as the interaction
forces that arise from contact with the environment. At the level of musculoskeletal
biomechanics, motions and forces are coupled by intrinsic limb impedance. However, it has
yet to be established whether at the neural level the control of motion and force are coupled
or independent. The objective of this study is to understand how the nervous system
simultaneously controls hand movements and interaction forces during active haptic
discrimination. We have found results suggesting the existence of independent neural
controllers for arm motion and interaction forces. This evidence is offered by transcranial
magnetic stimulation of posterior parietal cortex resulting in the differential disruption of the
control of motion but not of force.

A more detailed and extended list of research projects that are ongoing in the Robotics
Laboratory of the Rehabilitation Institute of Chicago can be found at
thttp://www.ric.org/research/centers/smpp/labs/robotics/Projects.aspx
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