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 Control is one of the greatest barriers for robotic legs

» Many researchers — developing different robotic leg platforms

Greggetal. Goldfarb etal. Amesetal. Rouse/Herr Geyer et al Lenzi et al.
U-M Vanderbilt CalTech et al. CMU ' U Utah
MIT

2021 NRI & FRR Principal Investigators' Meeting

March 10-12, 2021 Contact Email: ejrouse@umich.edu | Website: www.opensourceleg.com *"fk Award Numbers 1734586, 1949346, and 1734559




NRI: FND: COLLAB AN OPEN SOURQE KOBOTIC LEG PLATFORM THAT

E]hott] Rouse (UM/Lead PI), Robert Gregg (UTD [now UM] PI) 2 . - ." . rq N
Hartmut Geyer (CMU PI), Levi Hargrove (AbilityLab Co-I) - <y

 Control is one of the greatest barriers for robotic legs

» Many researchers — developing different robotic leg platforms
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« Hinders comparisons and is very inefficient for the field
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Open-Source Robotic Leg -

Modular 2-DOF system Modular
knee ]

prosthesis

Modular 1
ankle
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Open-Source Robotic Leg

« Modular 2-DOF system Belt drive

transmissions
Drone technology
Quiet, efficient, low cost
Belt drive /
4-bar linkage

transmissions
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Open-Source Robotic Leg

] Selectable
series elastic
« Modular 2-DOF system
* Drone technology
] . Onboard
* Quiet, efficient, low cost battery / ‘[
. control Integrated
* Integrated sensing 6-axis l0ad
» Fully self-contained Onboard SEneIe
. . batter
« Series-elastic actuator v/
control L
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« SEAs have benefits and - g
drawbacks -z 8 50
| = <
» Design capable of 5

working in both configs 0 10 20

Knee angle (°)

 Adjustable series stiffness
during assembly

» New NRI focused on
torque control with PIs
Rombokas and Gregg
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BLDC Motor Characterization

‘Drone style’ motors are relatively new

Specs are difficult to find / drone

application specific
« We characterized the U8 KV100 motor

« Motor parameters / efficiency
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BLDC Motor Characterization

 ‘Drone style’ motors are relatively new

Specs are difficult to find / drone
application specific
« We characterized the U8 KV100 motor
« Motor parameters / efficiency
e Thermal modeling

* Closed loop control
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OSL Control

* Closed loop control performance

 Position, current, impedance, torque
controllers developed

e Position controller:
bandwidth 10 — 20 Hz

e Current controller:
bandwidth > 200 Hz

« Torque controller (load cell)
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TF1 we= wm TF2 s TF3

Human Subject Experiments
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Human Subject Experiments

» Testing with three below-knee people
w/ amputation (Hargrove)

 Kinetic / kinematic profiles shown
across activities

« Provide control parameters needed to
replicate results

« Unable to compare implemented
control strategies due to COVID
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Broader Impacts
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An artificially intelligent, open-
source bionic leg could change
the future of prosthetics
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Broader Impacts

Invited to present at Amazon’s 2019 S—
re:MARS conference R=: ||

On stage demonstration

amazon
S~
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Broader Impacts

 Invited to present at Amazon’s 2019
re:MARS conference

gJiscovery

CHANNEL

« On stage demonstration

« The project was featured on a new
television series

 Crash Test World with Kari Byron
(Mythbusters)

e Created educational modules in
conjunction with the show

E1F|re,r
 Soon to be hosted on Project Explorer
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Broader Impacts futururm

. . . Inspiring the next generation
 Finally, created educational materials to
foster STEM interest in grade school

students

?‘.

ELLIOTT’S TOP TIPS
FOR STUDENTS

02 Don'tbe afrsid to change your path as you

 Includes presentation for teachers and
an activity sheet for students

HOW CAN
ROBOTS HELP
US WALK?

PROSTHETIC LEGS HAVE ENABLED THOUSANDS OF PEOPLE
WITH A DISABILITY WALK, BUT ARTIFICIAL LIMBS CAN BE
STIFF AND UNCOMFORTABLE TO USE. DR ELLIOTT ROUSE, OF
THE UNIVERSITY OF MICHIGAN, IS USING ROBOTICS TO HELP
US UNDERSTAND HOW PEOPLE WALK AND DEVELOP NEW
PROSTHESES THAT CAN REACT AND ADAPT TO OUR MOTION

» Released last month (open access)

TALK LIKE A
BIOMEDICAL ENGINEER

PROSTHESIS - an arificial

 Please let me know if you know teachers
/ students who may be interested!

g
regain the abiliy to walk without any need
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collaborators that made this project possible!
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