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950BC - 700BC, The "Cairo Toe"(The University of Manchester),

Nerlich, et al., Lancet, 356: 2176-79, 2000.


https://www.theatlantic.com/technology/archive/2013/11/the-perfect-3-000-year-old-toe-a-brief-history-of-prosthetic-limbs/281653/
https://www.theatlantic.com/technology/archive/2013/11/the-perfect-3-000-year-old-toe-a-brief-history-of-prosthetic-limbs/281653/

Video courtesy:
Amii/ Chris Onciul


https://docs.google.com/file/d/1aK1ZRAzoEBpieZkWgQAO5W8fxYkq9K3_/preview

Direct brain-computer interfaces: study participant Jan Scheuermann feeding herself with a robotic limb
(University of Pittsburgh / UPMC); hitp://www.upmc.com/media/media-kit/bci/Pages/default.aspx



http://www.upmc.com/media/media-kit/bci/Pages/default.aspx
https://docs.google.com/file/d/1NXRcgPJ--MthuXJVRtR9ZT60Hu_NytLi/preview
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Brain-body-machine interfaces: “

brain-controlled muscle stimu

demonstration” Ajiboye, A Bolu

Restoration of reaching and grasping movements through

ation in a person with tetraplegia: a proof-of-concept

etal., |

"he Lancet, Volume 389, Issue 10081, 1821-1830, 2017.
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Long head of biceps

Severed branch of
musculocutaneous nerve
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e-Abutment Y A K 4 '-"' ‘ Long head
screw : N7 oy 4 - oftriceps .Neural
! interface
|Abutment // Lateral head
/ oftriceps Muscular
[/ \/ interface
/,

/ Skeletal

OrtiZ_Catalan et al” N Engl J Med Conr:ﬁmo interface
2020; 382:1732-8.

Prosthesis
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Brain-body-machine interfaces: “APL's Modular Prosthetic Limb Reaches New Levels
of Operability”(JHU Applied Physics Laboratory); https://youtu.be/-0srXvOQlu0



https://docs.google.com/file/d/1Vhu00jklF96Bif0lwSAEffPyxYX0cdV1/preview

Brain-body-machine interfaces: Baker et al., “Continuous Detection and Decoding of
Dexterous Finger Flexions With Implantable MyoElectric Sensors,” IEEE TNSRE
18(4):424-32, 2010.
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Consumer-Available BCl and BMI
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Extension

Engelbart, 1962

Serino

T 1Y
: .h. I'Vd.»ma

2019
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Amplifica

Ashby, 1956
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Tightly Coupled
Licklider, 1960
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the control pathway

MEC, 2020

Hallworth, et al.,
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Shehata, et al.,

IEEE Sig. Proc. Magazine, 2021
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the feedback path

(mechanical, auditory, visual)
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Schofield, et al., Expert Reviews of

Medical Devices, 2014.
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Marasco, et al., Science Robotics, 2021
Hebert, et al., IEEE TNSRE, 2014
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Parker, et al.,
ICORR , 2019

machine learned feedback




machine learned bidirectional coordination
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Tightly coupled interfaces require
adaptation and sculpting to individual
agents (machine and human)and their

unique flow of daily life.

h ‘A




I" = /I
Progress relies on the continual
construction of representations,

predictions, policies, and models in
tightly coupled interfaces

h ‘A



Main Considerations & Starting Points ”

Train/test or continual learning? Continual learning

Pre-trained or tabula rasa? Ne Minimize prior biases™

Relationship or a code channel? Evolving relationship

h g




Continual learning in motor prediction. Continual learning in mode switching.
Parker et al., [EEE SMC 2022 (submitted); Edwards et al., BioRob 2016.
Parker et al., ICORR 2018.

ARM
MOVEMENT

Continual learning in exoskeleton control.
Faridi et al., [CORR 2022.




Continual learning in motor prediction. Continual learning in mode switching.
Parker et al., IEEE SMC 2022 (submitted); Edwards et al., BioRob 2016.
Parker et al., ICORR 2019. Y

Predicted muscle fatigue in

wheelchair propulsion. Pilarski, et al.,
IFESS 2013.

Continual learning in exoskeleton control.
Faridi et al., [CORR 2022.




Indego

Continual
Faridi et a

Lidar-Lite
Sensors i
4

earning in exoskeleton control.
.. ICORR 2022.




Continual learning in motor prediction. Continual learning in mode switching.
Parker et al., IEEE SMC 2022 (submitted); Edwards et al., BioRob 2016.
Parker et al., ICORR 2019.

Machine Learning

System

BIOFEEDBACK DATA BIOFEEDBACK DATA

Predicted muscle fatigue in

wheelchair propulsion. Pilarski, et al.,
IFESS 2013.

PREDICTIONS

Kinetic
Recording

Fatigue

Fati
Recording | Reporting e

Forecasting

Assistive
Device

FATIGUE FEEDBACK

PHYSICAL CONTACT

Continual learning in exoskeleton control.
Faridi et al., [CORR 2022.




i)y Examples: 2011-2021

ldentifying patterns with TIDBD
GVF collections predicting surprise
LfD from a contralateral limb
Learned feedback

Learned joint synergies

RL policies from human reward

Dalrymple 2020

I Paviovian control in SCI



Constructed based on
sensorimotor interactions
with an individual and

. Examp|ES: 2011-2021 what they do, not an

objective "task”

ldentifying patterns with TIDBD
GVF collections predicting surprise
LfD from a contralateral limb
Learned feedback

Learned joint synergies

RL policies from human reward

Dalrymple 2020

I Paviovian control in SCI



Situated &
Assessable

Williams et al., “Recurrent
Convolutional Neural
Networks as an Approach to
Position-Aware Myoelectric
Prosthesis Control,” I[EEE
TBME, 2022.

Video courtesy:
Amii/ Chris Onciul


https://docs.google.com/file/d/1aK1ZRAzoEBpieZkWgQAO5W8fxYkq9K3_/preview

Continual learning is important.

A




Constructing representations,
predictions, policies, and models from
ongoing experience lets tightly couplea

interfaces align & specialize to individual
. human (or machine)agents and needs.

A




machine learned bidirectional coordination
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Continually learning
| tightly coupled
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4? GLENROSE
FOUNDATION

University
Hospital
Foundation

Post-surgery Osseointegration
Rehabilitation conducted at the
Glenrose Rehabilitation Hospital




Thank you and questions!

Jacqueline Hebert
Richard Sutton
Craig Chapman
Albert Vette
Vivian Mushahwar
Adam White
Joseph Modayil
Jason Carey
Mahdi Tavakoli
Kim Adams

Martin Ferguson-Pell
Simon Grange
Liping Qi

Matt Botvinick
Todd Murphey

K. Ming Chan

Erik Scheme
Michael Bowling
Kory Mathewson
Craig Sherstan

Claudio Castellini
Jon Sensinger
Paul Marasco
Aida Valevicius
Hiroki Tanikawa

Michael Rory Dawson

Mayank Rehani
Glyn Murgatroyd
Dylan Brenneis
Andrew Butcher
Leslie Acker
Andrew Bolt
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