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Questions?

Whats for dinner?



Projects

• Cautions

• How much to bite off?

• Project goal

• Moving the process forward

• Think about

• Mid-term presentation and report (in 2 weeks)

• Continue to send updates, including photos



Tuesday

Peter W. Axelson, MSME, ATP, RET

Designing Beyond the Norm to Meet the 
Needs of All People



Today

Allison M. Okamura, PhD  and

David L. Jaffe, MS

Rehabilitation Robotics



Assistive Robotics
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Agenda

• What is a robot?
• What is an assistive robot?
• What is a medical therapy robot?
• Early assistive robots
• Assistive robots at VA
• Other assistive robots
• Robots in the news
• Summary

• Short break

• Movement Therapy Robots – Prof Allison M. Okamura

• Final questions



What is a robot?

What image comes to mind when you think of a robot?



Some images of robots

klaatu barada nikto

http://en.wikipedia.org/wiki/File:HONDA_ASIMO.jpg
http://en.wikipedia.org/wiki/File:FANUC_6-axis_welding_robots.jpg
http://en.wikipedia.org/wiki/File:Laproscopic_Surgery_Robot.jpg
http://en.wikipedia.org/wiki/File:Actroid-DER_01.jpg
http://en.wikipedia.org/wiki/File:SmUsingGuiaBot.jpg
http://en.wikipedia.org/wiki/File:Roomba_original.jpg
http://en.wikipedia.org/wiki/File:FRIEND-III_klein.png
http://www.google.com/imgres?imgurl=http://images.wikia.com/starwars/images/1/1a/R2d2.jpg&imgrefurl=http://starwars.wikia.com/wiki/R2-D2&usg=__jzKPgrd-7tBAW540vW5Ry2W7MGw=&h=760&w=528&sz=189&hl=en&start=2&zoom=1&tbnid=l_Q25FZH7sgYnM:&tbnh=142&tbnw=99&ei=e_8eT__bBoau2AXHzoGvDw&prev=/search%3Fq%3Dr2d2%26hl%3Den%26sa%3DX%26tbm%3Disch%26prmd%3Divns&itbs=1
http://www.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/b/b1/C3PO.jpg/220px-C3PO.jpg&imgrefurl=http://en.wikipedia.org/wiki/C-3PO&usg=__tC2zhA3SFWtc0gWsrYXJqepC63Y=&h=277&w=220&sz=24&hl=en&start=1&zoom=1&tbnid=puOi1WadQSwihM:&tbnh=114&tbnw=91&ei=pf8eT6iDAu322AXH3sGlDw&prev=/search%3Fq%3D3cpo%26hl%3Den%26sa%3DX%26tbm%3Disch%26prmd%3Divns&itbs=1
http://www.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/en/thumb/0/09/DataTNG.jpg/250px-DataTNG.jpg&imgrefurl=http://en.wikipedia.org/wiki/Data_(Star_Trek)&usg=__XHbA1phPAzaFafr2DV-HEpMTT_g=&h=305&w=250&sz=14&hl=en&start=1&zoom=1&tbnid=YUxiP40IyfRGjM:&tbnh=116&tbnw=95&ei=7AAfT5X4Cafg2QXZqb3_Dg&prev=/search%3Fq%3Dcommander%2Bdata%26hl%3Den%26sa%3DN%26tbm%3Disch%26prmd%3Divns&itbs=1


What defines a robot?

Which of these are required characteristics of a robot?

1. Ability to move – legs, wheels, fly, burrow, swim, orbit
2. Ability to sense – eyes, ears, other inputs
3. Ability to manipulate – arms, hands, fingers
4. Ability to mimic – appearance, human tasks
5. Ability to communicate – expressions, sounds, voice, digital, analog
6. Ability to think – brain, mechanical mechanism, computer, self-awareness
7. Ability to operate – remotely, program control, autonomously
8. Ability to react and respond to different situations
9. Ability to do something useful

Can a software program be considered a robot?
Is Siri a robot?



What defines a robot?

Definition from Wikipedia:

A robot is a mechanical or virtual intelligent agent that can perform tasks 
automatically or with guidance, typically by remote control. In practice a robot is 
usually an electro-mechanical machine that is guided by computer and 
electronic programming. Robots can be autonomous, semi-autonomous, or 
remotely controlled. Robots range from humanoids such as ASIMO and TOPIO to 
nano robots, swarm robots, industrial robots, military robots, mobile, and 
servicing robots. By mimicking a lifelike appearance or automating movements, 
a robot may convey a sense that it has intent or agency of its own. 



What is assistive robotics?

VDL’s definition: An assistive robot performs a physical task for 
the well-being of a person with a disability.  The task is embedded 
in the context of normal human activities of daily living (ADLs) 
and would otherwise have to be performed by an attendant.  The 
person with the disability controls the functioning of the robot. 
(2005)

Dave’s definition: An assistive robot is a device that can sense, 
process sensory information, and perform actions that benefit 
people with disabilities and seniors.



What is a movement therapy robot?

Dave’s definition: A movement therapy robot is one that is 
specifically designed to provide a diagnostic (measurement and 
assessment) or therapeutic (improvement of function) benefit.



Kinds of assistive robotics

Fixed-base robots
Workstation

• vocational, ADL
Bedside

• food, medicine, health

Mobile robots
Autonomous

• fetch & carry
• mobility support

Wheelchair
• autonomous navigation
• manipulator arm



Users of assistive robotics

Spinal cord injury:
Cerebral palsy:
Rheumatoid arthritis:
Other:

Frail elderly
ALS, MD, MS, stroke, temporary impairment, 
amputees, etc.

Prevalence Potential users
90,000 90,000

500,000 50,000
2,100,000 20,000

[Stanger CA (1996) Cawley MF, Demographics of rehabilitation robotics users. Technology 

and Disability 5, pp. 125-137.]



Early assistive robots

Rancho Golden Arm



Early assistive robots

JHU / APL Robotic Workstation



Assistive robotics at VA



VA / Stanford MoVar



DeVAR & ProVAR
Desktop Vocational Assistant Robot

Manipulator

Puma 260

mouthstick for 

human-computer 

interface



DeVAR & ProVAR
Desktop Vocational Assistant Robot



DeVAR & ProVAR
Desktop Vocational Assistant Robot



Dual-Character Interface
Joe Wagner, PhD candidate

• Pinocchio: simple-minded robot arm

• Jiminey: helpful consultant / coach

speaker

m icr o-  

phone

key boar d

ECU

st op 
sw it ch

f or ce ,  gr asp and t ouch sensor s

power 
amps GUI

Int ernet

cont roller

T T K

t r ackball

phone

/ f ax

PINOCCHIO JIMINEY

Headmast er



ProVAR Interface



Other assistive robotics



Handy-1

• CP users

• Single-switch input

• Modules for:

– Feeding

– Cosmetics

– Face-hygiene

Link

http://www.techknowlogia.org/TKL_Articles/PDF/430.pdf


MANUS Wheelchair Robot

Link

• 5-dof, belt-drives

• Grounded actuators

• Keypad / display input

http://www.exactdynamics.nl/


Raptor Wheelchair Robot

• 4-dof

• Motors in links

• No encoders

• Joystick control

• Over-torque clutches

• Commercialized 2001

• Applied Resources, Corp.



Weston Wheelchair Arm

• R&D at University of Bath, UK

• Inexpensive arm

• Also designed a workstation version

Link

http://wiki.bath.ac.uk/download/attachments/14878383/robotica.pdf?version=1&modificationDate=1190722166000


Hephaestus Navigation

• Builds on NavChair, 
University of Minnesota

• Ultrasonic, IR, and tactile 
sensors

• Add-on kit for any 
wheelchair

Link

http://136.142.142.57/~rich/research/hephaestus/index.html


SmartChair Navigation

Link

http://www.seas.upenn.edu/sunfest/docs/papers/Catherine.pdf


Wheelesley

• Eye-tracking (EOG) interface

• Single-switch scanning input

• Vision system navigation

• 12 infrared sensors

• 4 ultrasonic range sensors

• 2 shaft encoders

• Instrumented front bumper

Link

http://www.ai.mit.edu/people/holly/wheelesley/


Helpmate - Isaac

• Based on R&D platform 
“Labmate”

• Voice controlled

• Walking assist for 
elderly

• Fetch & carry robot in 
the home

LinkLink

http://www.emeraldinsight.com/journals.htm?issn=0143-991X&volume=27&issue=3&articleid=875163&show=pdf
http://www.nurseweek.com/news/features/01-02/robot.asp


Walking Assist Robot

• Guido (PamAid)

• Wheels, not motorized

• Steering motorized

• Range sensors in front

Link

http://www.rehab.research.va.gov/jour/03/40/5/rentschler.html


Robots in the news



PR2 Can Now Fetch You a Sandwich from Subway
Link

http://spectrum.ieee.org/automaton/robotics/artificial-intelligence/pr2-can-now-fetch-you-a-sandwich-from-subway


Willow Garage's PR2 robot can fold clothes, set a 
table, and bake cookies.

Link

http://articles.latimes.com/2011/sep/29/business/la-fi-robots-20110928


eLEGS: Wearable, Artificially Intelligent, Bionic Device

Link

http://www.medicaldesignbriefs.com/component/content/article/10235


Exoskeleton Technology Helps Paraplegic Student Walk Again

Link

http://www.pcworld.com/article/227919/exoskeleton_technology_helps_paraplegic_student_walk_again.html


Robosoldier

Link

http://machinedesign.com/article/robosoldier-0724


Glove that Vibrates Fingertip Could Improve One's Sense of Touch 
Link

http://www.gatech.edu/newsroom/release.html?nid=69170
http://www.gatech.edu/inc/hgImage.php?nid=69172


Ready for the robot revolution?
Link

http://www.bbc.co.uk/news/technology-15146053


Ready for the robot revolution?
Link

http://www.bbc.co.uk/news/technology-15146053


Panasonic's Hospi-Rimo robot tends to patients

Link

http://news.cnet.com/8301-17938_105-20111922-1/panasonics-hospi-rimo-robot-tends-to-patients/


Hair-washing robot leaves your locks silky-smooth
Link

http://news.cnet.com/8301-17938_105-20017581-1.html?tag=mncol;txt


Panasonic's Robotic Bed transforms into wheelchair

Link

http://news.cnet.com/8301-17938_105-10356400-1.html


Development of a Powered Transfemoral Prosthesis

Link

http://research.vuse.vanderbilt.edu/cim/research_leg.html


The Revolution Will Be Prosthetized - DARPA
Link

http://spectrum.ieee.org/robotics/medical-robots/winner-the-revolution-will-be-prosthetized


The Revolution Will Be Prosthetized – JHU/APL
Link

http://spectrum.ieee.org/robotics/medical-robots/winner-the-revolution-will-be-prosthetized/2


Giant teddy bear robot can pick you off the floor

Link

http://news.cnet.com/8301-17938_105-20086989-1/giant-teddy-bear-robot-can-pick-you-off-the-floor/


Babyloid: Therapeutic Baby Robot for the Elderly

Link

http://techcrunch.com/2011/03/01/babyloid-therapeutic-baby-robot-for-the-elderly/


Robot Helps Quadriplegic Scratch an Itch for the First Time in a Decade

Link

http://spectrum.ieee.org/automaton/robotics/medical-robots/pr2-helps-quadriplegic-scratch-an-itch-for-the-first-time-in-a-decade


Humanoid Robots: STEM Vehicles Today, Classroom Assistants Tomorrow
Link

http://thejournal.com/articles/2011/10/24/humanoid-robots-stem-vehicles-today-classroom-assistants-tomorrow.aspx


A $50,000 assistive robot can be amortized over three years if it 
replaces attendant care at $6 per hour and is used for two 4-
hour shifts per day. (2005)
[Hammel J and Symons J (1993) Evaluating reasonable accommodation in the workplace: A team approach.
Work, 3(4): pp. 12-20.]

The running costs of installation, training, customization, 
maintenance, and repair will be the dominant factor in 
determining overall cost, not the cost of the manipulator itself.

Economics of assistive robotics



Robotics Research Issues

• Importance of Multi-Disciplinary Approach

– Engineering design with only able-bodied subjects 
can lead to unexpected results and a system not 
appropriate to the intended user population of 
persons with a disability.

– Early integration with medical/rehab team shortens 
development time.



Robotics Research Issues

• Bring all professionals in at the beginning (actually, 
before the beginning) to instill sense of ownership

– PIs from Medical and Engineering domains

– Therapists as part of staffing of Center

– Ergonomics experts on-call

– People with disabilities as an integral part of project

• Ownership = championing of idea

• Conference presentations

• Publication in both clinical & engineering journals



Future of Robots in Health Care

• Economics of care
– Insistence on ‘best possible care’ 

– Consumer-centric healthcare

– Rehab being pushed into the home setting earlier

• Demographics of disability
– Aging society

– Lack of caregivers

– Better medical care means longer lives and more improvement in 
function



• Reduction in cost due to mainstreaming of robot 
technology

• Integration of advanced sensing, actuation, and 
embedded computer technology in household 
appliances

Future of Robots in Health Care



• Robots come in many forms

• Robots can be used in many ways to help people with 
disabilities

• Lots of research being done, resulting in prototypes

• Few assistive robots in common use today

• High cost and uncertain benefit are major barriers to 
their widespread adoption

Summary



Short Break


