Nested Control of Assistive Robots through Human
SPAULDING Intent Inference -

Supportéd by NSF

Deniz Erdogmus, Gunar Schirner, Taskin Padir Cagdas Onal Paolo Bonato
Northeastern University Worcester Polytechnic Institute  Spaulding Rehabilitation Hospital Grants 1544395,
1544636, 1544815
Motivation: Goal:
* Addressing upper-limb motor impairments and functional limitations is a major focus of rehabilitation * Design and build an EEG-EMG-context fusion approach for human
interventions. intent inference that tightly integrates with an intelligent physical
* Robotics has shown its great potential for restoring or augmenting the upper limb ability of individuals. interface to allow users to control a robotic hand prosthesis.
* Intracortical arrays and peripheral nerve interfaces have been used by researchers to control these robotic
systems. Human Cyber Physical

* Only a relatively small portion of the individuals with upper limb motor impairments can benefit from
invasive neural interfaces due to other physical problems like immune system dysfunction.

* Electroencephalographic (EEG) recordings and surface electromyographic (EMG) recordings provide a
noninvasive alternative to intracortical arrays and peripheral nerve interfaces.
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* The solution needs to be a natural noninvasive physiological intent communication channel between the
human and the prosthesis.
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, events using OpenDDS for communication. ‘% with ARM Cortex-A8 1GHz
— Outer loop: human perception (measurement feedback), Carpsw D CAPPHW _ Dynamic range 187.5mV for EEG and EMG DAQ

human intent (true reference), and inferred intent with

physiology+context. Intent detection: EFEG EMG
— Inner loop: actuators, sensors, and physical world. . * Probabilistic classification: optimally * Hierarchical log-quadratic dimension ¢ Time-domain feature extraction
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* Gram matrix embedding in

, _ Riemannian manifold
Hierarchical CSP for 3 levels
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* Avg. 95% accuracy across /
subjects and 14 gestures

Motion is generated by activating the DC
motor attached to the digit finger
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 Each digit finger has a single actuated degree of freedom and a
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kinematic coupling between lower and upper parts. The thumb =~ —— .

: DR L,
has two actuated d egrees of freedom at the base and its moves as e | | ST T |
a single rigid body. . ]

 Each actuated joint is equipped with a potentiometer and it is
driven by a DC motor.
e RGB-D camera, an IMU and an IR sensor are embedded at the

Two motors are attached in a
VE B, setting where their axes are
perpendicular to each other to
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palm. Realistic simulation with V-Rep as the dynamics realize anthropomorphic
* Joint reference angles can be tracked using PID at actuated joints.  engine and a Matlab-based communication interface movement patterns
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