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LEARNING OBJECTIVES

ÅUnderstand assistive robotic principles as they

relate to persons with disabilities.

ÅDiscuss differences in having an integrated robot

control system versus an independent robot control

system.

ÅIdentify three characteristics of suitable candidates

for assistive robotic arms.



PREHENSION

ωAct of reaching and grasping which includes the

approach (reach), grasp, and releasing the object.



ASSISTIVE TECHNOLOGY

Promotes personal independence and increases

quality-of-life, it also helps prevent costs to society by

reducing risks of secondary conditions and reduces

caregiver costs.

Assistive technology is cost effective in that

appropriate devices can increase the capacity of both

children and adults with disabilities in the home,

workplace and community.1

1Galvin JC: Assistive technology: Federal policy and practice since 1982. TechnolDisabil1997; 6:3ï15



ROBOT

A robot is an actuated mechanism programmable

in two or more axes with a degree of autonomy,

moving within its environment, to perform intended

tasks. Autonomy in this context means the ability

to perform intended tasks based on current state

and sensing, without human intervention.
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WHAT IS ASSISTIVE ROBOTICS?

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.2

2VDLôs definition



OBJECTIVE OF ASSISTIVE ROBOTIC

ÅTo assist the user to function with a maximum of

autonomy in the environment:

ω To be autonomous in the execution of certain tasks.

ω To be autonomous at a specific working station.

ω To be able to function in daily life with less human

assistance, thereby reducing the cost for attendants.

Å To be able to function for a number of hours without

human attendance.



TASK AREAS FOR ASSISTIVE ROBOTICS

Eating & drinkingÅ

Personal hygieneÅ

Washing, shaving, makeupω

Work & leisureÅ

Computer use, video, ω

games

ÅMobility

ω Doors, windows, lift 

buttons

ÅGeneral reaching

ω Floor to shelves

***A robot is a general-purpose tool



MAIN CONFIGURATIONS TO 
ASSISTIVE ROBOTICS

ωWorkstation/fixed site

ω Feeding

ωMobile robots

ωWheelchair-mounted robotic systems



WORKSTATION ROBOTS



WORKSTATION

Firstω robotsdesignedfordisabledpeople.

Aimω :togivedisabledpeoplemoreautonomyintheir

dailywork.

Fixedω toadeskorashelf.

Programmedω togetvariousobjects,suchasa

telephone,book,etc.

Specificω type:dedicatedtoself-feedingtasks.



WORKSTATION

ωThe Heidelberg Manipulator (Germany, 1970s)

ωSpartacus Project (France, 1975)

ωAA/Regenesis Workstation Robot (Canada, 1983)

ωRAID (Britain, France, and Sweden, 1991)

ωDeVarĔProVar (USA, 1996)

ωMASTER-RAID (France, 1998)

Master-RAID

RAID



WORKSTATION
Dedicated to self-feeding

ÅHandy-I (University of Keele, UK, 1987)

ÅNeater-Eater (UK, 1988)

ÅMy Spoon (Japan, 2002)

ÅObi (USA, 2016)

Electric Neater-Eater

My Spoon

Obi



WORKSTATION

Pros Cons

Less complex Confined to one space

Less expensive Limited by the range of the arm

Reliable Not useful for ADLs 

Easier to localize Tasks limited

Program pre-define tasks



MOBILE ROBOTS



MOBILE ROBOTS

Consistsω oftworobots:amobilerobotbaseanda

robotarm.

Followω theuserôswheelchair.

Usuallyω equippedwithnavigationsystems,user

communicationinterfacesandvarioussensorsto

avoidcollisionswithobjectsandpeople.



MOBILE ROBOTS

ωMoVAR (Mobile Vocational Assistive Robot) (USA,

1986)

ωCARE-O-BOT (Germany, 1988)

ωWALKY (USA, 1995)

ωKARES (Kaist Rehabilitation Engineering service

System) (South Korea, 1998)

Care-O-Bot IVMoVAR



MOBILE ROBOT

Pros Cons

Move independently for the wheelchair Technical solution becomes much 

more complex

Move from one room to another Number of sources of errors increases 

Fetch and carry objects Risk of functional disturbances rises 

Can be shared by more than one 

person

Poor dexterity

Can be kept out of sight when not in 

use

Mainly indoor use

Ease of storage when not in use

Little interference in the physical 

environment

Can be use at home and at work



WHEELCHAIR-MOUNTED 
ROBOTIC ARM (WMRA)



WMRA

ωInstalled on a userôspower wheelchair and travels

with the user when he or she uses the power

wheelchair.

ωUses the power wheelchair on-board power supply.

ωMay be controlled through a variety of input devices.

ωAllows disabled people to feed themselves and

reach objects on the floor, on a table or above their

head.



WMRA

ωMANUSĔ iArm (Netherlands, 1984)

ωRAPTOR (USA, 2000)

ωMATS (Espagne, 2004)

ωBRIDGIT (Netherlands, 2008)

ωJACO (Canada, 2009)

RaptorMATS

Manus



WMRA

Pros Cons

Freedom of movement May reduce the mobility of the 

wheelchair

Enhances the manipulation 

capabilities of individuals with 

disabilities

Requires to always transport this 

device

Reduces dependence on human aides Sometimes can limit the user's 

accessibility

Can use his auxiliary arm to 

manipulate objects at any place in his 

home

Preprogrammed tasks are limited

Always next to the user wherever he is

Can be used outside

Multi-tasks device



POTENTIAL USERS

ωNearly 70 million people worldwide require

wheelchairs for mobility and function.3

ω3.6 million: number of people in the US over the

age of 15 who use a wheelchair. 4

ωApproximately 1.5 million people are daily user of

motorized wheelchairs in the United-States.5

ωBetween 100,000 and 500,000 could benefit from a

robotic arm based on the type and extent of their

disability.3

3 International Society of Wheelchair Professionals
4 https://www.census.gov/newsroom/facts-for-features/2015/cb15-ff10.html
5Johnson, C., Kocher, T., OôDonnell, C., Stevens, M., Weaver, A., Webb, J., é StepII Machining & Manufacturing Class. (n.d.). Final Report 

on Robotic Manipulator Project (Rep.). 

https://www.census.gov/newsroom/facts-for-features/2015/cb15-ff10.html


INDICATIONS

Muscular dystrophyÅ

Spinal cord injuryÅ

Spinal muscular Å

atrophy

Multiple sclerosisÅ

Amyotrophic lateral Å

sclerosis

ÅCerebral palsy

ÅRheumatoid arthritis

ÅPost-polio syndrome

ÅLocked-in syndrome

ÅOther severe motor

paralysis



REQUIREMENT

ωHave very limited or non-existent arm and/or hand
function.

ωUse and control an electric powered wheelchair.
ωHave sufficient learning skills to learn how to operate the

arm.
ωHave sufficient concentration, attention and judgment to

use the arm safely.
ωHave a strong will and determination to gain

independence.
ωHave sufficient visual discrimination to distinctly perceive

objects with arm reach.
ωHave no unresolved issues of self-harm or self-abuse.
ωHave no unresolved issues of violence toward

caregivers.



DESIGN CONSIDERATIONS
User Requirements

ÅIntended User

ÅAesthetics

ÅSimplicity

ÅSafety

ÅCost



DESIGN CONSIDERATIONS
Functional Requirements

ÅWeight

ÅDegrees of Freedom

ÅSystem control

ÅPower consumption

ÅPayload and Reach

ÅWidth and Force of grasp

ÅReaching speed

ÅCare and Maintenance

ÅShock Robustness

ÅSafety



MOUNTING LOCATION
Rear mount

ÅPotential benefits
ωWill not increase the width of the wheelchair when not in

use.
ωWould not create a distraction for individuals interacting

with the person.
ωWould not be a physical obstruction during transfer into and

out of the wheelchair.

ÅDrawbacks
ωMust have longer link lengths than a front- or side-mounted

design.
ωRequire greater torque from the motors and increased

loads on the bearings.
ωNo commercially available WMRAs that are mounted to the

rear of the wheelchair.



MOUNTING LOCATION
Front Mount

ÅPotential benefits
ωAllows for good manipulation of objects that are above the plane

of the wheelchair seat, and most importantly the operatorôsface
and lap.

ωOffers greater access to the operatorôsimmediate working
environment.

ωObjects in front of the chair are also readily manipulated.
ωProvides excellent accessibility to high shelves.
ωAllows the execution of various activities of daily living.

ÅLimitations
ωMakes the manipulator arm obtrusive.
ωCan create uncomfortable social tensions with people unfamiliar

with robotic technology.
ωLimited the ability of the operator to put their legs under desks,

tables, and sinks in clinical evaluations.



MOUNTING LOCATION
Side Mount

ÅPotential benefits
ωPartially hidden underneath the chair.

ωWhen the arm is not in use, can be
stowed relatively inconspicuously.

ÅDrawbacks
ωIncreases the width of the power wheelchair.

ωRequires longer link lengths than a front-mounted arm.

ωRequire larger and more powerful motors and gear-heads.



GENERAL ARMS

JACO 

(Kinova, Canada)

iARM

(Exact Dynamics,

Netherland)

JACO iARM

DOF 7 7

Weight 5.2kg 9.0kg

Payload 1.6kg 1.5kg

Max speed 15 cm/sec 15 cm/sec

Reach 90cm 90cm

Hand 3 fingers 2 fingers

Finger force 7N 20N

Control 

Interface

3D joystick,

Keyboard 

PWC control

Keypad

Joystick

PWC control

Chung, C.S., and Cooper, R.A. 2012. ñLiterature review of wheelchair-mounted robotic manipulation: user interface and end-user 

evaluation.ò Proceedings of the 12th Annual RESNA Conference, Baltimore.



JACO

From Kinova Robotics



JACO

6 Degrees of freedom

Light (5,2kg)

Payload of 1.6 kg

Simple integration

Intuitive Control

Carbon fiber structure: light and resistant

Use wheelchairôs control

Use wheelchairôs power

Long range of 90 cm

Hand with 2 or 3 fingers



JACO SAFETY FEATURES

ωIntrinsically Safe

ωProtection Zones

ωCurrent Limitations



CONTROLS



IN CLINIC 
EVALUATION 

Å Video taken at about 15 minutes

actual use time.

Å Task: Actual drink.



IN SCHOOL 
ACTIVITY

Å User with approximately 2 weeks

unguided practice.

Å Task: Self assigned.



IN HOME TRIAL 

Å First time user using 3D joystick.

Å Approx. 30 minutes use time before

the video was taken.

Å Task: Self assigned.




