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My Marathon

‘Being Physically
Fit Is What Saved
My Life’

Engineering professor Rory Cooper
defied an infury and a pandemic
to compiete his race
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By David Lammers
It's the thought that counts
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checked into the Sheraton Hotel
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developing controls that ease the lives of people in

i

Mymwmm‘m Working at a golf course
outside of Boston, | was riding a bicycle to wark early one

Bl
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grabbed my coveralls at the ankle, and my 10-speed started to
topple. car dosed in.
ks ovr,” | hought, forgetting Yogi Berry's maxin.
Later, the doctor tokd me bow hicky | was that my rear end
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10 eat, preferably a hambary

Ahtrplywlw!hewmdmnwm 1 com-
menced to worrying: can we take care of all of these
km’l‘kmmh-\llemmmldnﬂdnmmxhnd"

And 30

'No bearded man wheeled i to ease my mind. But I re-
membered the man I'd met in a distant hamburger joint, and |

felt a bit stronger. For a moment | thought about how hacky

we are. | thought aboat how some people deal with adversity
and strive for greatness.

With human beings, most of the time it's the thought that
counts, one way o another.
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A porspective on the uliralight wheekchal revelution . ‘ “

fostering
Independence
Porficipation
ond Healthy
Aging Through

Technology

Building research capacity among people with disabilities

Technology promotes
social mobility, health,
and participation




National Council of Disability

iThe disability community@h
how being involved in the planning from day one is
critical to a successfully accessible product, regardless

of how many years in the fut
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Voice of Consumer

I Meta Analysis

PARTICIPATORY
ACTION DESIGN
AND RESEARCH

TRANSPORTATION AND
AUTOMOBILE DRIVING

AUTONOMOUS
VEHICLES/WHEELCHAIRS

POWER SOURCES

RECREATION/LEISURE




Participatory Action Design Engineering I Research (PADE -R)

Human
Machine
Interfaces

Alternative
Controls

Brain Computer
Interfaces

Graphical User
Interfaces




Participatory Action Design Engineering I Research (PADE -R)

+» Sample Tools

¢ Focus Groups

¢ Journey Mapping y ‘ 7 S )
Story Boards - ’ Standard of Care
Expert Opinion ‘ L (if applicable)
User Testing s

R/ * *
LS X g

Insurance Coverage
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A‘ ¥ \ =l ‘— J - .
User Acceptance o = (if applicable)

Regulatory '
Approval (if Community

i Participation
Story Initial User Prototype applicable) Product P

Board Dat Syst Availabl Employment
oards ata ystems vailable ot
(Capabilities) Living Healthy

User N:eedk Mock-Up Technical Data Demonstration Consumer Best Practice

Identification Systems  (Safety) Studies Trials Evidence
(Effectiveness) (Acceptance & (Policy)
Cost)
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User Perspectives on Robotic Arm Control

Interview with Current Robotic Arm Owners: JACO Robotic arm is a life-changing benefit.

Understanding control input preferences.
| feel like it's kind of hard to quantify how the arm has =

Touch Control
lown for an extended period of time, it's not really
stressful for me.

Wang, £, Styler, 8., & Ding. D. (2023). Autonomous or Manual Control? Qualitative Analysis of
things for me was when | realized that | could Control Perceptions From Current Robotic IEEE f
get Kleenex and pull out my own tissue. d H Vcoti

)

\ction:

Chung, Cheng-Shui, Styler, B. K., Wang, E., & Ding, D. (2023). Robotic Assistance in A«
4 Arms.

for Long:
RESNA Annuol Confe 2023. https:

Styler, B, Wang, £, & Ding, D. A Life-Changing Qualtative pe fi Kinova®
Jaco® Robotic Arm Owners.<Under Review>

Exploring Control Authority Preferences at the NVWG: Participants prefer to be in-control by operating
the system at all times.

Interactive Assistance Design Recommendations.

Interactive
Assistance Design
Criteria

Styler, B., Deng, W, Simmons, R, Admoni, H., Cooper, R., & Ding, D. Exploring Control
¥ Robotic A Power Wi

Users.<Under Review>




Design as Extension of Person

o Do Do Io Do

3D Scanning
3D Modeling

Athlete and Coach
Engagement

Close fit to body
Ergonomic analysis




Wheelchair Racing

Custom devices designed for
sports specific performance

High speed and Acceleration

Steering compensation for
power and turning

Close fit to body




3D Printing High Performance Parts

A PEEK (polyetheretherkeetone )
with composite based additive
manufacturing (CBAM)
process.

PEEK can be 3D printed to
make durable, lightweight and

geometrically complex carbon
fiber composite parts.

Parts can achieve tensile
strength of 205 MPa with heat
resistance to 250 Celsius.

Nylon and ABS are also
commonly used.
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f for & toilt scet wrap, as shown sn

described

DESCRIPTION

FIG. 1 is a frost porspective view of a toilet scat wrap

showing vur pw design

FIG. 2 is a frort end elevational view of the woilet seat wrap

ol FIG. 1

FIG. 3is a hack end elovational view of the toilet scat wrap

of FIG. |

FIG. 4 s 3 left side eleva
FIG. 1

FIG. 8 is & right side clevational view of the woilet seat wrap

of FIGL. |

FIG. 6 is o top plan view of the toilet scat wiap of FIG. |

and

FIG. 7 is a botom plan view of the toilet scat wrap of FIG

1

al view of the toikt seat wrap

The bruken s havieg consisient dash leglhs (dashabash:
dash) are shown on the tilet seat wrap in FIGS. 1.7 fo
ilhustrative purposcs. only and form no pan of the claime




Kirigami inspired Wheelchair

A Cutting and
folding metal to
transform
wheelchair
design for

Improved

performance at

lower cost.







Measurement and
Coaching

University of

Pittsburgh.




Wearable Monitors

SMARTWheel and Ergonomics

Activity Monitoring

Variable

Community Based
(n=52)

Basketball
(n=20)

(n=18)

Distance (meters)

2457.0 (1195.7)

2679.52 (1103.66)

2364.78 (956.35)

Velocity (m/s)

0.79(0.19)

1.48(0.13)

133 (0.25)

Stops and Starts

141.8 (60.0)

239.78 (60.61)

242 61 (80.31)

Activity Time

8.3 (3.3) Hours

30.28 (9.59) Mins

29.98 (11.79)
Mins

Data Collection
Period

24 Hours

Approx. 1 Hour

Approx. 1 Hour

JRRD.




Remote Sensing and Coaching
Intelligent Body Mass

TransKinect

Overuse pain and injury is common among WC users and linked to N
P ury & * Help people with limited mobility be weighed in bed.

weight-bearing ADLs. « Metabolic Di
TransKinect is a software application designed to analyze the quality of etabolic Disease

. . . . * Health weight maintenance
independent transfer technique with the goal of reducing UL forces. . .

. Mi £t Xbox Kinect and hine | . dels i imple GUI * Weigh multiple people.

icroso ox Kinect and machine learning models in a simple « Measure sleep length and quality.

* Scores transfer based on ergonomic and biomechanical features

Independent Kinect Sensor Machine Loarning Transter Quality
Transfer (Human Dt Coatire Classification ottt ioie
Body Movement) P Models o




Performance Improvement and Injury Reduction

Pressure Mapping Monitoring Pressure Relief Activity

Machine Learning "
ADL Dection ,’
| —

I 2 , Computer
\‘\ ¢ 7 Amplifier

Low Profile
Load Cells




Coaching Safe Seating Behavior

Smartphone-based
Virtual Seating Coach




Active Cushion (collaboration with UTARI) .
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(a) RCLI setup (b) Internal pressure (c) Interface pressure

(a) Inflated to 1.4kPa (b) Person seated




Robotic Arm Assist System

1. User moves to QR-like tag using joystick.

2. User selectscircle on touchscreenfor highlighted subtask (i. Modular software architecture to create multi-
push, pick) . . . .
step manipulation actions: Push, Pick, Pour.

-
Open Move jug to

Dispense Grasp cup. Pour kernels. Place lid
microwave. microwave.

popcorn kernels.

3. System automatically moves robot through subtask then returns Push Pick Pour Pick Push Pick

to user control.
Ding, D., Styler, B., Chung, C.-S., & Houriet, A. (2022). Development of a Vision-Guided Shared-
Control System for Assistive Robotic Manipulators. Sensors. doi:10.3390/s22124351

Flexible Control Authority: User initiated control authority at any pointin a task.

drink .
asp c v To tabh object
state /orasp cup W mam«w o table e
@ @ X ./‘0 f-' X @

I

State . - -
Estimation @ user control
for seamless [Boorsotvare
transitions. control authorty

transition

Btate Prediction







Transformative
Assistive
Technologies

University of

Pittsburgh.




Powered Personal Transfer System




Robotic Workstation




OmniBot




U.S. Patent

Fig 15A

Fig 15B

Fig 15C

Feb. 0,201

Sheet 23 of 31

US 10.912.688 B2

U.S. Patent

Fe 9, 2921

Sthowt 18 o0 31

US 10,912,688 B2






Opening Water Sports/Games/Parks to Powered
Mobility Device Users




Airline Travel

Technical Feasibility of a
Wheelchair Securement Concept
for Airline Travel

A Preliminary Assessment
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Inspiring Future Generations
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INVENTORS WITH DISABILITIES — AN OPPORTUNITY FOR
INNOVATION, INCLUSION, AND ECONOMIC DEVELOPMENT

Jonathan Duvall, Sivashankar Sivakanthan, Brandon Daveler, S. Andrea Sundaram,
and Rory A. Cooper

tnventors are frequently known 10 address
challenges they encounter in their daily bves. Foe
nentors we ies, sedving these peoblems can
Ruve 3 e changing impact not just far themuelves
bt also for others who besefit from their ingemsaity
Acconding to the LS. Centers for Discase Control and
Prevention (CDC), more than 26% of the US. pop
wlation, sbout 6

disabilities (1). The most prevalent disability type
i the US, adult popolation bty dasabwlities
(137%) (1), buat the CDC abwo classifies disabilities

(65%),
(37%). Masy invensions are created by pea
disabilities (PwD) who have, theough their imven
thons and the ressiting products, regain

previously unsvailable due to their doabdities, made

Acortnd Jemaary

othery' lives easier. and. in seme cases, have had o
mch broader at

The imventor's journey often begins with 4 edu
cation in the science, technology, enginee
mathematics (STEM) fie
10 nnovative and creative concepts (2
experience. interest. and apeitisde, s important
peovide imventon with opportanite
theis crestivity a0 ivestion. which

be trambated into

thei ingenuity end expe
o on their saccenes and failures
pitfalls. There are m
the path to inventxon, and the proc
Homwever, nearly all g
of interests and talent aboeg with the developasent of

Mdcress comespandence % Rary A Cooger, 75,0 PLY, Mamam [nginmarng Research Literatiies, S 400, 6425 Pane Arens, P, P

5004 USA -1 402 822 3790

TECHNOLOGY AND INOVATION
oy 10 1080145241 2024 241809

( ) Taylor & Francis

@ OPEN ACCESS ) oot arse

A SURVEY OF DISABILITY AND OTHER DEMOGRAPHICS OF US PATENT RECIPIENTS
Jonathan Duvall**, Brandon Daveler**, Sara Knox', and Rory A. cmru

of Pitsburgh,
Health and Rehabiltation Sc mmawnmmuus&mawmm

mem» n Usk Schoolof
Universey,

Prtsburgh, PA, USA: Swarson School of Engineering, University of Pitisburgh, Pitsburgh, PA, USA

Several

Technology, Math (STEM) felds. Inventing

Engineering, and Inventing something useful
‘obtaining a patent is considered a pinnacle of these professions. However, the der

the Science,
fupisr g
mographics of

from 2018 t0 2022

and inventor
‘accessed, compiled, and sampled, and ‘were sent 10 4,951 inventors. The results showed

and 7% had a

0%
dissbiity. Additionally, 70% had a STEM degree. This survey shows that several minority groups are
underrepresented in those receiving patents. Targeted programs utilizing frameworks such a5

on
these rumbers and bring diverse xdeas and perspectives to the STEM professions resulting in

inventions and innovations which could benefit society.

INTRODUCTION

1t is becoming clear that people with disabilities are
underrepresented in the Science, Technology,
Engincering. and Math (STEM) fields (1). Despite
accounting for 27% of the US population, only about
10% of employed scientists and engincers report having
a disability (1,2). Additionally, a 2017 US Department of
Education report found that 11.1% of the undergraduate
student population reported having a disability; com-
prising a cognitive disability at 8.5% (compared 1o 12.8%
of the US population), physical disability at 2.1% (com-

pared 10 12.1% of the US population), hearing disability
at 1.2% (compared 0 6.1% of the US population), and
vision disability at 1.1% (compared to 4.8% of the US
population) (1.3). Thus, pmpk with disabilities appear

Representatives in 2019 would require the USPTO to
gather data on the diversity of inventors (10). As of
December 2023, the bill had not been enacted into law,
Although the IDEA Act may illuminate more reliable
statistics on Inventor diversity, or lack thereof, there are
some studies which tried to predict demographics for
gender and race (11). For instance, a 2020 USPTO report
revealed a gender gap showing that only 12% of all inven-
tor-palentees are women (12). A 2018 report estimated
that Black and Hispanic college graduates were half as
likely 1o have received a patent as white college graduates
(13). However, both studies attempled o predict gender
and race from the inventors' names combined with other
various sources, 5o the accuracy may be questionable.
Other minority groups, such as the LGBTQ and disability

0 be education
which s leading to umunq«m»um-n in the §
workforce. This is a force for innovation and invention
which could benefit society (4-9).
not yet possible to know the demographics of
inventors due to the United States Patent and
Trademark Office (USPTO) not currently obtaining
i information of patent applicants or awar-
dees. The Inventor Diversity for Economic Advancement
Act (IDEA Adt) introduced in the Senate and House of

‘seem to have no. ip data at all.
Despite the underrepresentation of people with dis
abilitics (PWD) in the STEM ficlds, many notable inven-
tors have had disabilitics. A recent review highlighted
some of these Inventors, including Alexander Graham
Bell, Thomas Edison, Chicko Asakawa, and Rory
Cooper (14). All are members of the National
Inventors Hall of Fame (15,16). A large portion (16 of
the 21 inventors identified in this review) were awarded
patents for assistive technology that helped PWD.

CONTACT

foy A
42 e . S 0, P P 15206
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Psychological strategies of Veterans and service members who Disability and Rehabilitation >
participate in organized sports Volume 31, 2009 - Issue S
Sara L. Peterson (D, Justin Z. Laferrier ®©, Alicia M. Koontz (0, Hongwu Wang
Matthew Hannan @, Rory A. Cooper (@ e 0 1
P —— g ae - . o "
Siowd be o 5008 L Petarson st spelraon@paLsdy Psychosocial impact of participation in the National
Sara L. Peterson, CPO, MBA, is an instructor and certified Orthotist/Prosthetist and a Veterans Wheelchair Games and Winter sPOl-ts Clinic
doctoral student in rehabilitation science and technology at the University of Pittsburgh Michefie L Sporner, Shirley G. Fitzgerald @, PhD, Brad E. Diclanno, Diane Collins, Emily Teodorskl, Paul F. Pasquing & ..showa
She has warked in arthatice and nracthatics cince 1003 Her recparch interacte inclivde - " v

66 Download citation htps://dol.org/10.1080/09638280802030923
https://doi.org/10.3138/jmvfh.4316

- D-Scholarship ..,

Investigation of the Effects of Sport, Exercise and Recreation (SER) on

PeSposes o IR W DR e Adaptive sports & recreation
promotes mental health and

. — community integration
Physical Medicine & Rehabilitation

I [} of the Impact of Sports, Exercise, and Recreation

Participation on Psychosocial Outcomes in a Population of Veterans
with Disabilities: A Cross-sectional Study

Laferrier, Justin Z PT, PhD, OCS. SCS. ATP, CSCS; Teodorski, Emily MSW, Cooper, Rory A. PhD

o & Rehabilitation: O




eed to Expand Opportunities for Powered Device Users

Powered Soccer ST Rowan RO S

REVIEW

A review of adaptive sport opp for power

Jonathan Duvall*”, Shantanu Satpute*, Rosemarie Cooper™™ and Rory A. Cooper™”

ey Sssanh ubionted, U5 Obprtmen o Yesoss s nd Schac o ok & Obiiden Scmc, Uy o
Patiburgh, Penech. AU&AM acion Sciknce & Technokogy, Ueiversty of Pmsburgh, Asburgh, PA, USA
“Department of Bomgireering, University umm i P USk o o e v.‘mw, UPMC Hoath System and

Uniwrsky of Puegh, PREBOIGA. P USA

protliellores gl amprotcomy e by ke dncing compes
‘wheelchar usess. Al the

power e a0 instructcel matersh were
\ports exist for power wheekhas usees in the Parsympics, the Natoral

Veteran Wheekhai Games, the Invictus Games and the Warrior Games.

Results: Ueven articles ware found from Pubmed and Scopus which met the criteria, mast of which were:

foxwied on power sccer The search Kr 390N CppPOtunitics from the fowr MAjor COMEEEtons found kew

it e sarmoune v 5 powes SIS Goukd patdpet, o of mhich I & abonwy

i duriog campetn (e, echery, beaed

[ it
and for new and Inaovative spons and ks to be adopted for
ke whites 15 B4R tmons fom tot and ecoeetin.

Powered Wheelchair Field Hockey
S
e iy MOA et e o oA whA W o O
e
Chalienges such a3 insufficient technology, Lack of programs, and challenging Cassfication Categories
A e
e Sk s Aokt 3 R wd
Innovative sports and rokes 1o be adopted for athietes with complex dnablities and Nigh support
meeds 10 benefit more from sport and recreation.

Introduction satoliies in sockety (1,23-29. Stucbes seloted 1o adptive 3ports
e o Wl e ity 270 TPCImation aho sggest that there are benefty 10 employ
o poate i somaay o 2 poraoe maay Mo s (g, ent. edxation, and g DO-36). 59O and recrevton 350

help to change the perception of people with duablites. (37]
Technology phays an impertant fole n creating sports and recre-
ation opportunites (38, Pecpie with dsabibties e often drivers
of Innovation in adaptive sparts and recreation (19-46). There are
Growng opporunties and types of actwities in which people
with disabikties Can participate (384753}

The Paralymeic movement started in 1946 3nd remins 3 cata
it for growing 5ponts, rexreation, and indhasion oppotuntlcs
154573 However, few 0ppormunties exist wEhin the thousands of
adaptive 5ports nd reCreNion organisations, schoots and <olkeges

3daptive 3ports and receation aXUvEies 36 Compettions (20221
Adagkive 300t and recieation are aMONY the Mast effective
strategpes for achieving higher outcomes durieg medical rehabil
tation, foe changing perceptions of sell among people with 0
abities. a0d for promoting grestes inckiskon of pecple with

for Individusls with compiex duabliies and Ngh wipport necds
158-601. The Gescriptor “people with compiex disotiities and high
sopport neods” s adopted from the definiton wied by the
Interational Pacalympic Comeitiee, Which has. recognised the
need 1o be moee indusve of this popuiition (611 The

CONTACT Jonstian © aman Engenecrg
© 2000 i X L, W 3 L & $anc G

425 Poan Ave. St 400, Wb, 75206, PA, USA
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Transforming Clinical Education

The Caregiver
Assisted Transfer

Technique (W ot TransKinect
Instrument ) ‘

/ y \ -4 Independent 5 Machine
v g —— Transfer (Human g:;cége;':: Classification
ATT [ J Body Movement) b Models
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Community Based Support

Smart Organizational Connectivity
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Turn Adversity to Advantage
and
Action into Accomplishment




