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FOREWORD

These proceedings record engineering development efforts in the field of rehabilitation. They are a vital
part of the Annual Conference on Rehabilitation Engineering because they constitute a road map of
where we have been and indicate where we may be going. They permit current work to be shared with
fellow workers while it is still in formative stages and this can play a significant role in the work’s matura-
tion,

These proceedings are a continuation of the publications begun in 1974 by the Conference on Systems and
Devices for the Disabled. Documents from those conferences, along with proceedings of the 2nd In-
teragency Conference on Rehabilitation Engineering (Atlanta, 1979) and of the International Conference
on Rehabilitation Engineering (Toronto, 1980) form an almost unbroken record of activities in rehabilita-
tion engineering from the time this field began its rapid growth.

Rehabilitation Engineering is a multi-disciplinary field and investigators report their work in a wide
number of journals as well as in proceedings from many other conferences. Consequently, it is difficult to
maintain a comprehensive view of the literature of this field. This publication, because it concentrates on
rehabilitation engineering activities, can be an important reference for finding where earlier or more com-
prehensive work of the field has been published.

This is the first year the Conference and the Proceedings have been sponsored by the Rehabilitation
Engineering Society of North America (RESNA). This publication is, therefore, a milestone in the growth
of the society. It seems appropriate for RESNA to begin this new activity during 1981, The International
Year of Disabled Persons.

The conference planning committee has tried to expand the role of disabled persons in the meeting and
this publication reflects this attempt through the three introductory papers. Three diabled persons,
designated CMBES Conference Fellows through financial assistance of the Canadian Medical and
Biological Engineering Society (CMBES), have prepared special position papers for the Conference. These
papers, although not presented in the sessions, are intended to set a tone for the meeting and to give views
from the consumer side to workers in the field of Rehabilitation Engineering.

This year papers of winners of the Student Design Competition are integrated with the other papers. This
was done to permit the students to have the experience of participation in regular scientific sessions.

The number of papers related to orthotics and limb prosthetics is small this year. This is unfortunate
because these fields are progenitors of much of rehabilitation engineering and extensive collaborative ef-
forts between prosthetists, orthotists, and engineers seem important for the advancement of assistive
systems for persons with physical disability.
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POSITION PAPER (CMBES CONFERENCE FELLOW)

THE CONSUMER'S ROLE IN REHABILITATION ENGINEERING

Harvey Lauer

Blind Rehabilitation Center
Veterans Administration Hospital
Hines, Illinois

A rationale is presented for viewing techno-
logy for the disabled not as providing bonuses
but as providing tools to overcome the handicaps
resulting from social and technological change.
User involvement in rehabilitation engineering
research and development at four critical levels
is delineated. The four levels discussed are
those of naive subject, experienced user, teacher
or user/teacher, and pioneering subject or '"test
pilot." Recommendations are given for informing
consumers of research results and available
technology. Finally, a rationale is presented
for the involvement of consumer groups.

This is not an article for consumers. It is
written from the viewpoint of a lifelong consumer
and addressed to fellow professionals in rehabili-
tation engineering. I am a user, teacher, and
evaluator of communication aids for the blind in
the Veterans Administration. The version of this
article for consumers is much longer and will be
published in installments in a consumer publica-
tion.

TOY OR TOOLS?

Should technology provide bonuses to make
living more convenient, or do we need tools to re-—
duce the handicaps resulting from the use of new
technology? Our first message is this: toys are
not the problem. We need tools to cope in a world
of rapid change.

The erroneous view that all technology is
progress can cloud our historical perspective. We
can forget that the handicaps of people with a
given disability change with social and technolog-
ical change. For instance, the advent of silent
movies decreased the relative handicaps of deaf
people but increased the handicaps of blind peo-
ple. The advent of radio did the reverse. Radio
and television reduced the relative handicaps of
many physically disabled people. However, motor

vehicles had the general effect of increasing the
handicaps of people using wheelchairs. Since in-
dustry concentrates on mass markets, conscious ef-
fort should be made in our behalf to keep our re-
lative handicaps from increasing with the effects
of industrialization. The invention of the print-
ing press and linotype facilitated public educa-
tion. When literacy became common, braille became
a necessary tool. In this century, typewriters
and computers have caused the need for reading ma-
chines and special computer terminals which most
of the blind people who need them still do not
have.

Social changes also effect handicaps. It
seems probable that in the extended families and
small villages of yesteryear, the tasks of living
could be more efficiently divided according to the
abilities of people than we are able or willing to
do today. Perhaps our emphasis on independence
and isolation has caused us to think more in terms
of disability over ability. A current trend to-
ward appreciating the values of interdependence
and cooperation should result in a more rational
and symbiotic division of labor. We should dis-
cover beyond 1lip service that abilities are more
important than disabilities.

If applications of technology to our geeds
were only bonuses of an affluent society, then why
go to the trouble of working with consumers? We
can then consider research projects to be windfalls
from a rich uncle rather than commissions to ser-
vice.

Alternatively, the "bonus' is treated as a
consolation prize--something to help poor, unfor-
tunate people feel less miserable. 1In that case,
we should be grateful for devices we can use re-
gardless how useful, efficient or costly they are.
Such attitudes have resulted in disaster. All too
often, consumers have asked for and been promised
new devices which work like box cameras and re-
quire no training. Then, inadequately funded pro-
jects to develop half-baked concepts have resulted
in instruments which only the most capable, deter-
mined and desperate people among us could use.
Often such utopian forays result in broken pro-
mises and a backlash of bitter disappointment. As
projects fly apart, valuable personnel and useful
concepts are lost to the field.

Surely such disasters will be less frequent
if we approach technology as a means to reduce the
handicaps it has helped to cause. Of course, the
af fluent society has its toys which we can use
both as toys and as tools. Tape recorders and
phonographs are notable examples of toys which
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blind people need as tools. Appliance control de-
vices and digital tuning are a convenience for
many but a valuable aid for some of us who are
physically disabled. Only if we view our aids as
necessary tools can we attract competent personnel
and expect teamwork with consumers.

ROLES OF THE USER IN THE EVOLUTION OF SPECIAL
TECHNOLOGY

Is there something wrong with the way in
which we apply research technology to the needs of
the disabled? We think so, and here it is. In a
given project, users are seldom involved at all
the levels necessary for best results. Authori-
ties on techniques for conducting rehabilitation
engineering research and development recommend
user testing of prototypes, production models and
new ideas at all stages of development and deploy-
ment. Usually, however, only one or two levels of
involvement by consumers or users is recommended.
A protocol may call for training of naive subjects
and later testing of experienced subjects.

Our experience has convinced us that there
needs to be a continuum of user involvement which
can best be described by identifying four levels
or degrees. In conventional terminology, these
levels can be labeled as testing, demonstrating,
teaching and evaluation. Another way to put it is
to say that we need naive subjects, experienced
subjects, instructing subjects, and ploneering
subjects. Still another useful delineation is to
state that we need students, users, midwives, and
test pilots. However, since everyone has a veri-
table zoo inside him, it should be more fun and
more helpful to employ zoological terminology.
Without carrying these analogies too far, let us
consider for this purpose to be guinea pigs,
trained seals, work horses, and eagles.

The intelligent guinea pig is the so-called
naive subject who volunteers to try new instru-
ments or techniques. He or she does so in order
to benefit personally and also be of service. He
often takes tests designed by researchers to study
concepts. He faithfully answers questions put to
him by market researchers and evaluation research-
ers., His reading is usually limited to consumer
information about technology. There is nothing
degrading about his roles in the evaluation pro-
cess. If an instrument involving substantial
training or practice proves useful to him, it
should always be given or loaned to him. Besides
being fair to him, that practice aids greatly in
research and development. Some guinea pigs will
then develop into trained seals.

The honorable trained seal or experienced us-
er is not much like his counterpart in the zoo.

He or she knows lots more tricks and invents some
of his own. This is the experienced or resource-
ful subject--a user of prosthetic appliances or
sensory aids. He can compare models and may have
technical expertise in one area. He may serve on
consumer panels and is usually not employed as a
rehab professional. He seeks out knowledge and
reads up on his area of involvement. The trained
seal does not stop being a guinea pig but should
not be asked to supply data available only from
guinea pigs. He may be a star pupil and serve as
a demonstrator or exhibitor. All too often he or

she 1s exploited and projects suffer when unsub-
stantiated claims are made that what he does is so
easy that anyone can do it or so hard that only a
genius can do it. He also should have the use of
aids which prove helpful to him. A few trained
seals graduate to become midwives or work horses.

The noble work horse is a dedicated and pa-
tient teacher (by inclination and practice if not
also by profession). Where feasible, he teaches
others to use the skills and instruments being
evaluated. Where that is not feasible, he works
closely with those who do such teaching. He thus
helps them develop a perspective or depth not
otherwise possible. For example, every good
braille teacher has successful students who had
failed under less competent instruction. The same
can be said for reading machines and mobility aids.
Non-disabled teachers need not feel inferior to
the work horse if they are willing to gain his or
her perspective by close associations with him.

He should be consulted in the development of pro-
tocols for new projects. Even when he is not a
professional engineer, his suggestions for design
changes should be taken seriously. Even when he
is not a professional teacher, his ideas for
teaching should be seriously tried. He may be a
work horse with respect to onme type of aid, but he
keeps up with developments in research to benefit
his disability group. He keeps up with the market
place and may write for consumers. A non-disabled
person can perform many of the functions of a mid-
wife after many years of dedicated service if he
has keen abilities to learn from experience, to
empathize and a firm sense of his mission. The
work horse has expertise in one field related to
the research being done and sometimes two. Unless
he loses patience or becomes discouraged, he will
be a valuable asset. An occasional work horse,
while retaining some of the roles of a guinea pig,
trained seal and midwife, will become metamor-
phosed into a test pilot or soaring eagle.

After the manner of the mythical phoenix, the
test pilot or eagle arises from the ashes of dead
projects, but he neither rests on his laurels nor
beats dead horses. He is needed because most peo-
ple survive only one or two projects in these
fields of endeavor. The populations being served
are small and sometimes not very articulate. Re-
habilitation engineering is not like designing an
automobile in which there is plenty of living me-
mory of old models. In this field, critical human
engineering discoveries are often lost through
discouragement, job mobility, lost trust and
eratic funding. The eagle knows where to find
what has been written and remembers what has not
been written down.

The eagle is loved and respected or hated and
feared depending on the motivations and the abil-
ity to venerate or respect of his associates. He
can accomplish great good inless he loses his ob-
jectivity which is homesty or leses his own abil-
ity to venerate.

If he becomes selfish or embittered, he can
do great harm. Astrology provides a useful point
here by depicting the Scorpio options symbolical-
ly as eagle, lizzard and scorpion. A non-disabled
person can perform many of the functions of a test
pilot if he has extraordinary dedication, empathy
and skill.
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Though the eagle has a broad base of knowl-
edge and involvement, his claim to fame as a test
pilot will be focused. For example, the author
considers himself an eagle for reading machines
with audible outputs, a midwife for others like
the Optacon with its tactile output, a trained
seal for many aids including the Sonicguide mobil-
ity aid and a guinea pig for others. Remember not
to judge by the pilot's failures but by the les-
sons learned from them. One would not be wise to
select the novice pilot over the old bush pilot
only on the basis of the number of planes crashed.
Yet some developers and investigators insist on
starting from scratch. Their faith in their ob-
jectivity and creativity is so weak that they fear
they will duplicate mistakes. Their projects of-
ten abort and crash because midwives and test pi-
lots have no places in them.

Much remains to be written about this new
"ladder" of user involvement, but space permits
only a few more examples. One serious pitfall is
to try to evaluate an instrument requiring lengthy
training by gathering data only from naive and
partly-trained subjects--guinea pigs. In the
1960's, it was common to pass instruments from
hand to hand, so no one became skillful while data
was being intensively gathered. Another problem
is that after an instrument is in regular use, no
follow up is done (1). Yet, only at that time can
experienced users--trained seals--show how the in-
strument fits into their lives. In the absence of
systematic market research follow up, we must rely
on grape-vine follow up and grape-vine sharing of
the results. That process can be fast and effi-
cient or slow and distorted. A classic example of
slowness is provided by the field of education.

It took a generation of experimenting to redis-
cover the value of phonics in the teaching of
reading. Currently needed is a study of how the
Optaczon and Kurzweil reading machines are used now
that several years of experience is available.
Accurate follow up results are necessary in re-
fining candidate selection procedures and in
counseling prospective candidates.

Another mistake is to ask only guinea pigs
what they would like in a new instrument. On the
other hand, developers can take fatal short cuts
by exclusive reliance on highly-skilled users.
Valuable features may be dispensed with. For ex-
ample, our reading aids have inadequate tracking
alds probably because too much weight was given
the advice of high-performance users who had never
had a good tracking aid and who could most easily
do without one.

Sometimes teachers are poorly trained when
the experience of midwives is neglected. If we
expect users to invest large amounts of effort in
training, then teachers should be given training
in appropriate amounts and of appropriate quality.

Another mistake is to rely only on written
accounts of past projects. No historian worth his
salt would rely as fully on research reports as
some researchers do. People often avoid reporting
their mistakes which can be as important in the
evolution of technology as their successes. Some
investigators stress statistics to the point of
neglecting vital anecdotal results. Others use
anecdotal reporting to hide a failure to collect
relevant statistics. Even when the writers try to
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be thorough and truthful, thev cannot know which
factors will be important twenty years later.

Only the living memories of pioneering test pilots-
eagles--can bridge the ensuing gap.

KEEP INFORMED AND INFORM CONSUMERS

Don't just wait for the ads, and don't expect
consumers to rely on advertising alone. A state
rehab agency or a school system, for example,
needs a technical resource person on its staff at
the professional level to help keep staff members
informed and plan in-service training activities.
This is one of the author's responsibilities at the
Hines VA Blind Center. Consumer groups should have
research and technology committees to help them
keep informed of developments for their particular
disability groups. Knowledgeable committees, con-
sumers, and professionals should screen material
for publication in newsletters and organization
periodicals. Heavy sensorship is not indicated,
but without some effort at being selective, con-
sumers end up reading highly technical reports,
biased advertising, and skimpy news items. Compre-—
hensive articles on a vital category of aid such as
powered wheelchairs or speech compressors should be
commissioned when necessary.

Some of the best and worst reports on technol-
ogy are written by media people. We have found
that when researchers and exhibitors behave respon-
sibly before interviewers and cameras, accurate re-
porting nearly always results. Remember, though,
that news coverage cannot provide the depth and
detail meeded to inform consumers.

Researchers, especially those doing evaluation
research, should be excellent sources of informa-
tion on new technology (1). When they write for
research journals or make government agency reports
their material may be too technical or too detailed
for inclusion in consumer literature until it is
edited. When, however, they write for rehabilita-
tion journals, little or no editing may be required
to meet the needs of consumers. Some researchers
are prolific writers for their specialty publica-
tions but fail to communicate with other rehab pro-
fessionals and consumers. The fault also lies with
sponsoring academic and government agencies who
ought to encourage more relevant communication.

Informing consumers does not end with publish-
ing information. We need places to go to compare
and try before we buy or are issued aids such as
wheelchairs, hearing aids, low vision aids or
guide dogs. As it is, the consumer must either let
a vendor prescribe for him or go through extensive
medical and social work ups in order to try a
course of training or various prosthetic or sen-
sory aids. The former course of action is seldom
best, and the latter course is not always war-
ranted.

THE ROLE OF CONSUMER GROUPS

Here come the watchdogs! The idea of account-
ability to groups of consumers is as welcomed by
some bureaucrats and professionals as it is chill-
ing to others. The reasons for these reactions
are equally varied. Some of us welcome the col-
lective efforts of representative consumer groups
in securing funding in these times of tightening



budgets, in establishing priorities, and in en-
listing user involvement. Others, even people who
favor unions and professional organizations, re-
sent collective action of the disabled. They site
examples of uninformed and hostile groups acting
against their own best interests. Consumer groups
reacting to such negative receptions, accuse agen-
cy people of being paternalistic, lazy and
exploitative.

Speaking as one who is involved in both con-
sumerism and professionalism, the author has found
the consumer groups to have been right most often.
Consumer groups have worked very effectively for
the reform of corrupt agency practices, the elimi-
nation of discrimination, and the promotion of
worthwhile legislation.

Kenneth Jernigan, president of the National
Federation of the Blind, states that as long as
society insists on grouping us, self respecting
people with disabilities should and will organize
and work together (2). In recent years, consumer
groups have had far too little involvement in in-
novative technology for the disabled. What is
needed is better dissemination of information, a
more optimistic approach to technology on the part
of rehabilitation professionals and consumers, and
the involvement of more consumer groups such as
the fledgeling Foundation for Science and the
Handicapped (3).

Some would argue that we don't need consumer
participation because applying innovative technol-
ogy is as automatic as vending machines. The
antidote for this misconception is a study of
history. For example, a blind person, Louis
Braille, invented the application of braille to
meet the needs of blind people; and blind people
finally forced an end to the century-long conflict
over standardization of the braille code. We also
need friends among the able bodied. Warren
Bledsoe, retired educator and administrator in the
Rehabilitation Services Administration, begins his
find article: '"Braille: A Success Story' with
this statement. 'My function is to tell you
about how six 1little dots won their way in the
welter of good intentions, ambition, good will and
vanity which washed around efforts to help blind
people years ago, even as it does now'(4).

Furthermore, the effect of disabled consumers
upon the market place is attenuated or less direct
than is the case for the average consumer. This
is because public or donated money is often used
to buy the research, equipment and services we
use. That fact alone should stimulate profession-
al concern and consumer alertness.

One word summarizes this article and defines
the role of the consumer in rehabilitation
engineering. That word or concept was the key
recommendation of a recent AAAS workshop on
science and technology for the handicapped in
Boston. The word is co/invention(5).
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THE PROMISE OF REHABILITATION ENGINEERING

Margaret C. Pfrommer

Illinois Council
Congress of Organizations of the Physically Handicapped

Chicago,

The Rehabilitation Act of 1973 was the result of
the struggle of disabled consumers for what they
believed to be their proportionate space in society.
The Act created a climate of awareness in which
great needs became identifiable. Tt alseo offered
opportunities for the rehabilitation engineers to
establish themselves as wvitally important to the
fulfillment of the promise of the Rehabilitation
Act,

Rehabilitation Engineering is dedicated to improv-
ing the quality of life for persons with disabili-
ties through the utilization of technology. And it
shares a common assumption with other rehabilitation
professions that independence and employability are
not only important human aims, but sound ecconomic
goals as well. Costs must be considered with re-
spect to the money saved when the use of technical
aids permits persons with disabilities to earn
their own living and/or reduces their need for
attendant assistance.

The Kurzweil reading machine is one example of the
technical aids which are changing the lives and
opportunities for disabled persons. It converts
printed words to spoken words with the help of a
computer. Another example is the Optacon which
utilizes dynamic embossing to present letters so
that they can be felt by the fingers. Aids for
the deaf are teletype communication networks,
telephone coding units, and devices for making
captional television more practical.

There is the Auto-Con and the Tufts Interactive
Commumiicator for nonverbal persons; there are
powered wheelchairs. lifts, and vans for the
physically disabled -~ equipment which has given
new mobility particularly to persons with severe
disabilities. Environmental systems have provided
the disabled with greater control over their
immediate environment in home or work sites. We
haven't begun to experience the full impact of
computers.

The promise of Rehabilitation Engineering is indeed
great but, there are serious obstacles to its
fulfillment.

It is regretable that at the present time, too
often persons with disabilities are included in the
rehabilitation process in only two ways: (1) as
patient-clients, they are permitted to sit in on
their own conferences; (2) as evaluators of new
devices, often after a considerable investment of

Illinois

resources has been made, they are asked to put
their stamp of approval on a technical aid without
knowing its possible application to others. Fre-
quently such a person is newly disabled or lacks
knowledge of other individuals who are functicning
in a community in a variety of situations. An
experienced disabled person can help not only the
client but other members of the rehabilitation team
in evaluating the available options for a particu-
lar situation.

What 45 now being proposed £5 a comprehensive
Lnvolvement of qualified consumers Ln every phase
of the process grom planning to testing.

Qualified consumers would include those persons
with disabilities who use technical aids on a
regular basis and/or those who have been trained
as scientists. According to the RESEARCH AGENDA
ON SCIENCE AND TECHNOLOGY FOR THE HANDICAPPED
(AAAS Report, January, 1979). 'When disabled
people are regularly involved at all stages of
research, the probability of useful outcomes is
increased."

A second obstacle is that too often manufacturers
and distributors of technical aids for the disabled
do not realize what the potential market is. They
need to be made more aware of the value of techni-
cal aids for directly meeting imperative needs of
individuals with disabilities. Some commendable
efforts along this line have been made on the part
of Rehabilitation Engineering by opening and culti-
vating relationships with manufacturers and distri-
buters. When a manufacturer is favorably impressed
with the caliber of the engineer and the wvalidity
of the designs, the manufacturer may be less hesi-
tant to undertake production. He can be assured of
technical support if problems develop.

Once a manufacturer has been convinced of a genuine
need for a particular device and of the reliability
of the engineer's proposed design, themanufacturer/
distributor should assume a responsibility for &
heliable product which can be adequately maintained.
If the product is good and meets a need, it is
inevitable that the user becomes dependent upon it.
Since even the most reliable equipment breaks down,
a valuable service could be provided by foaning ok
henifing of a spare. This could prevent a complete
change of life style and avodd a shift in depen-
dency back again to human beings. Because of the
present practice of requiring full payment before

a device is ordered, another value in the provision
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of a "loaner" is that potential owners could get a
chance to thy a product before an Lnvestment 44
made.

A third obstacle is experienced by persons who
because of their economic situation do not qualify
as clients of agencies that might pay for technical
aids. Such persons may not be on Public Aid or
Social Security. They may be employed so are not
in the Vocational Rehabilitation System. Some
mechanism is needed to permit them to make term
payments for expensive devices so that the total
cost does not have to be payed on order. Long-term,
low-cost loans for technical equipment should appear
to be equal in merit to the readily available long-
term, low-cost loans for college education. People
in the financial world have yet to be approached in
an organized way on this matter.

A fourth obstacle is the lack of knowledge on the
part of prescribers and third-party payers about
technical aids and their proper applications. These
professionals need to take more responsibility for
tapping all resources in order to provide maximum
service for patient-clients consistent throughout
the country. They need to be made more aware of
the value of technical aids and to incorporate new
ideas into their practices.

There are four specific resources that could improve
services, not all of which may exist at the present
time. These include the rehabilitation or clinical
engineer, Rehabilitation Equipment Demonstration
Units, Technical Assistance for the Disabled Pro-
jects, and a Consumers Report on Technical Aids.

Although some professionals have recognized the
usefulness of engineering in the rehabilitation of
persons with disabilities, the discipline seemingly
has not been accepted as an integral part of the
rehabilitation process. Not many facilities havea
clinical engineer as part of their staff, and only
a minute number of vocational counselors avail
themselves of the services of Rehabilitation
Engineering Clinics for their more severely
disabled clients.

Greater utilization of the engineern and/or his
clinic would insure better selection by the person
of the most appropriate device for his particular
disability. The clinical engineer works with dis-
abled people to become aware of their needs and
then guides them through the maze of available aids
by means of his experience and knowledge. He then
applies the technical aid to meet those needs. He
can also provide assistance in suggesting and making
modifications (e.g., methods of control) which could
determine the difference in whether the disabled
person uses or does not use the device to its
fullest potential.

Aside from a few specially talented individuals
within the rehabilitation process, there is presently
no profession that can provide these services other
than the clinical engineer.

Rehabilitation Equipment Demonstration Units Ahowfd
be of particular interest to prescribers and thind-
party payers. These units could provide additional

assurance that the most appropriate technical aid
is selected and best possible use made of available
funds. What should be of equal importance to pro-
fessionals is that a wise choice of technical aids
and a careful expenditure of money have as an
ultimate result a better quality of life for the
disabled client.

Because of the large investment in set-up and
maintenance, a Demonstration Unit should be
located in a densely populared area and serve as
many people as possible: (1) by offering technical
assistance in the form of knowledgeable persons who
can direct potential users to appropriate technical
aids and guide them through a process of hands-on
use; (2) by providing oral and written information
on technical aids their similarities and differ-
ences, to assist in a final selection; (3) by dis-
playing a wide variety of technical aids available
for hands-on use set up in similated typical envi-
ronments; (4) by joint planning in cooperation with
all rehabilitation facilities in a particular area
so that all would fee comfortable in utilizing

this service.

In addition to demonstration units, an equally
beneficial service wouldbe the esfabfishment of
Technical Assistance for Disabled Projects (TAD).
The purpose of such projects would be to enable
disabled persons to obtain maximum benefit from
their technical aids. One aspect of such a project
would be to organize volunteers (paid or unpaid)
for the modification of home areas and/or job sites.
Such modification could include building or alter-
ing work tables, installing simple electronic
equipment such as environmental systems, changing
doorknobs, providing interior or exterior ramps.
The proposed service component could also coflect
Angormation on technical aids and on maternials fon
use in modification. In some cases, ideas and
designs might be provided for the user. Further
help might be provided by estimating costs, by
suggesting sources for funding, and by supplying
standard specifications such as size of doorways,
ramp grades, etc. Further value to all concerned
would probably lie in information obtained from
follow-up procedures; (1) to see if a particular
modification works well and could be applied to
another's need; (2) to gain new ideas; (3) to
supply information to manufacturers of technical
aids which might be helpful for their design
modifications.

The TAD Projects, as well as the Demonstration
Units could, and should, be directed and operated
by those persons who will most directly benefit -
- the consumers.

Of great value to third-party payers and prescrib-
ers as well as to users, would be a Consumers’
Report on Technical Aids, evaluations independent
of the manufacturers. The evaluation of equipment
takes on three aspects: (1) testing of engineering
performance (the technical specifications); (2)
studying a device's applicability, reliability,
serviceability, maintenance system, (3) examining
the subjective responses of the user and of
professionals involved with its application.
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Four serious obstacles to the fullfillment of the
promise of rehabilitation engineering have been
discussed and some suggestions given for their res-
olution. However, even if all these obstacles
could be overcome, the products of rehabilitation
engineering are not being used to their fullest
potential because of an inaccessible environment,
including physical, economic, and attitudinal
barriers.

For instance no matter how well a wheelchair is
designed, it cannot go up and down stairs or
through a revolving door. No matter how educa-
tionally qualified or technically equipped, many
disabled persons cannot work because of the
disincentives in the Social Security and Tax
System.

When considering attitudinal or philosophical
barriers, one has to question the rationale under-
lying many of today's health insurance programs.
Payment is readily made for medical care designed
to bring a disabled person to full functioning.
Many of the technical aids and systems proposed by
rehabilitation engineering have exactly the same
goal. Yet these aids, often prescribed outside of
a hospital setting are not subject to equal reim-
bursement. The impact of just this one practice is
tremendous, not only upon research and development,
but upon the entire process of rehabilitating
people.

The technology and other resources presently exist
which promise solution to most of the major prob-
lems of persons with disabilities. The concern of
many persons in the disabled community is that
society as a whole does not really want to solve
these problems. It is our hope that the Rehabili-
tation Engineering Society of North America (RESNA)
may be sufficiently challenged to bring about
significant change.

4th ANNUAL CONFERENCE ON REHABILITATION ENGINEERING WASHINGTON, D.C. 1981



POSITION PAPER (CMBES CONFERENCE FELLOW)

PARTIALLY UNKNOWN SYSTEMS

JOHN J.

GAVIN

Foundation for Science and the Handicapped

A deaf consumer/research scientist comments
on the application of science and technology
to the problems of the hearing impaired,

Hearing impairment as a descriptive term covers
a broad range of deficiencies including speech
problems directly related to the inability to
hear. It refers to a loss of the essentials of
communication - to one degree or another - at
three distinct levels, the symbolic (sounds of
speech and language); the signal (identifica-
tion of events in the environment); and the
primitive (recognition of "being'' in the sense
that one is part of an environment and '‘attached"
to something real) (1). For these reasons, it
has been noted that hearing loss is the most
profound psychological insult that can be in-
flicted upon humans (2).

The normal level of frustration experienced by
the deaf in a communications oriented society
can be aggravated by the realization that few of
the many advances in communications technology
have been of practical benefit. A limited num-
ber of individuals have been helped and most of
them are hearing impaired rather than deaf.
Schein and Hamilton (3) have observed, ''Too often
the brilliant engineering remains in the labor-
atory. Companion ingenuity in applying tech-
nology has not been realized."

In general, progress has been in the area of
signaling devices. A number of manufactured
items and some custom-fabricated devices which
provide visual alternatives to audio signal sys-
tems is available. It is at the symbolic

level - sounds of speech and language - that
technology has failed the deaf.

Hearing aids come in a number of shapes and forms.

Sometimes it seems most of the progress has been
in the cosmetic area because of miniaturization
of components. This has led to smaller and less
noticeable aids which many consumers prefer.

But large and significant problems remain to be
resolved before these communication devices
fulfill their promise.

Hearing aids function as amplifiers and increase
the leve]l of sound. They are not selective in
the sounds they amplify. Many users have prob-
lems with speech intellegibility as the ability
to understand the amplified sound is dependent
upon several factors which affect the signal
(speech) to noise ratio. Unless the user is
close to the speaker and the background noise is
minimal, the hearing aid is not very effective.
For the profoundly deaf aids may be of value only
to monitor personal speech quality. They are
most effective when used in connection with an
induction loop. These loops permit users with
instruments having telephone adapters to hear
speakers quite well, The signal is clear and
there is no disturbing noise.

Despite an initial lack of interest on the part
of the telecommunication industry and some tele-
phone company opposition the deaf have overcome
their basic problems with telephone communica-
tion, An electro-acoustic coupler invented by a
deaf physicist, links two teletypewriters (TTY)
through a standard telephone wire. What is typed
on one machine appears on the other - really old
technology adapted to function as an assistive
device, Product improvement does require input
from technologists. Most of the TTY's are of

the 5-bit Baudot codes and not of the 8-bit ASCII
type. Modern technology is committed to the 8
level type so the deaf cannot interface with
computers. The development of an inexpensive
5-bit to 8-bit converter would be welcomed. This
is a must in view of the growth in the use of
programmable computer terminals in which the
telephone handset is just another peripherall

The logical extension of the electro-acoustic
coupler from wired to wireless communication took
12 years (3). The TTY system has been adapted
for radio transmission. Information is converted,
using a teletypewriter, to audio tones which
correspond to digital information. The signal is
broadcast and picked up by a special receiver

and processed by an electro-acoustic coupler to
print out the message., Use is limited now.
Access to radio programming for most of us re-
mains in the future.

Other devices have also been tried and found
wanting. The Picturephone invented by the Bell
System is technically excellent but uneconomical
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as one Picturephone's video signal occupies more
line capacity than 300 regular telephone calls (3).
If present bandwidth requirements (10°Hz) could be
significantly reduced, perhaps through fiber optic
links, the ability to see as well as hear tele-
phone transmissions may become a reality.

We also have captioning of television programs.

A good deal of controversy, not necessarily con-
nected with the merits of the technology, pre-
cludes rapid development of this visual aid, There
are, of course, some major technical problems to
be resolved, but the broadcasters seem to be
lagging behind this dynamic technology because of
perceived conflicts between technical possibili-
ties and social reality. Both the hearing society
and the deaf community have asked pertinent ques-
tions. However, the adaption of videotapes and
videodiscs for deaf consumers by supplementation
with captions or signs will probably continue,
Production of special programming will be advan-
tageous to the deaf community for both entertain-
ment and educational purposes.

We need a major effort to develop educational

toys which would promote the cognitive and verbal
skills of young children. My wish list runs from
simple displays of words and images to more com-
plex graphics connecting words, images and pro-
nunciation. Such pre-school toys can partially
substitute for the lack of auditory input hearing-
impaired children need to develop language skills,

My dream is a portable speech to text computer
like is the Texas Instrument learning aid called
Speak and Spell. My version is Speak and Read,
Speech is converted in real time to a light-
emitting diode or a hard copy display - speech
recognition by machine. Some investigators do
not think it is possible to produce a system that
could understand unconstrained natural speech with
high accuracy. Others believe the necessary fun-
damental work will be available in short order.
If the microelectronics industry is successful in
it's push to create very large scale integrated
circuits (VLSI) in which hundreds of thousands

to millions of electronic components will be fab-
ricated on a single chip, then the probability
my dream will be realized approaches one. Bell

Laboratories engineers have fabricated a signal
processor (more than 45000 transistors on a single
chip) that works fast enough to synthesize and
recognize human speech in real time (4). This is
encouraging.

Science in the garb of medicine and biology has
not contributed much to improving our lot. The
detailed structure and innervation of the inner
ear has been demonstrated and the afferent and
efferent pathways identified; bioelectric phen-
omena have been interpreted and the biochemical
composition of inner ear fluids determined; some
understanding of neural encoding in the inner ear
and neural pathways to the brain have been ob-
tained. Yet the only definite applications are
effective middle ear surgery for conductive deaf-
ness; clinical measurement of acoustic impedance
of the ear as a diagnostic aid for otologic sur-

gery; and some technical and engineering develop-
ments which have led to improved hearing aids.

Cochlear implants do not do much more than provide
access to environmentai sounds and improve the
quality of speech, While the present implant

does generate sounds, speech recognition is still
beyond the forseeable future. |t would seem the
major research effort must be concerned with the
development of electronics for the implanted de-
vice. Perhaps a microprocessor could be designed
to break down the speech signal, and resynthesize
it in terms of coded electrical activity for stim-
ulation of the auditory nerve. Obviously this in-
cludes the development of suitable electrodes
which would be capable of delivering a complex,
spatially distributed spectrum of electrical
stimuli. Success is probably not around the
corner.

Perhaps | expect too much., My expectations may
go beyond what many perceive to be reasonable or
even desirable. Perhaps other things are more
important to the average deaf consumer than
science and technology - daily living for example.
But then | am not typical for not only am | a

deaf consumer but a research scientist as well.

Due to my industrial orientation and the fact

my livelihood is dependent upon my ability to
translate scientific advances into products which
society deems beneficial and my employer thinks
profitable, my input may be considerably different
and more controversial than that of my peers. |t
is not an altogether unfamiliar situation for it
essentially duplicates my continual interaction
with marketing personnel in determining consumer
interest, In this regard consumers should under-
stand important devices in science have had un-
expected origins and are not necessarily related
to intensified investigations or current tech-
nology. For example, the electronic revolution
did not arise from increased research activity

in the field of vacuum tube technology.

I, and all profoundly deaf persons, have a simple
single desire. We wish to communicate in real
time, We know that won't happen soon so things
to ease the burden will be welcomed. But non-
critical acceptance of the inability of science
and technology to provide a solution to our major

problem will result in the continual expenditure
of resources on problems that are spurious or if
real are actually trivial. We don't necessarily

want to hear, we want to interact effectively
with other human beings in the transfer of fact-
ual and abstract information which we must have
to function -and perhaps to survive,

As a consumer | do give priority to short term
projects which help. But as a research scientist
| prefer high quality multidisciplinary projects
directed toward and understanding of the basic
mechanisms of communication.

By definition rehabilitation is an increased
ability to control the negative factors of ouf
environment. In terms of deafness, this means
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communication with the environment, an information
processing system of signals through several
channels, one of which is non-functional. To un-
derstand requires an in-depth look at language
and cognitive processes by new and innovative
experimental methods. What happens when a signal
designed for two channel processing, visual and
auditory, must be interpreted through a single
channel? The degree of signal distortion and
extraneous noise generated by crowding the single
channel will have an effect on reception., Two
options are open for improved reception. We

can try to adapt the original signal for one
channel reception by either modifying it or im-
proving it's quality, and we can try to develop
alternative channels for reception. But we must
know something about the processes through which
the acoustic signal is generated and retrieved,
As the acoustic signal is a mixture of phonetic,
syntactic, semantic, and contextual information,
the problems are formidable. The development

of models of auditory, perceptual and language
processing is essential for their resolution.
Good models can advance our fundamental under-
standing of how environmental information is pro-
cessed and lead to improvement in the ability of
the deaf to communicate. We will not accomplish
this until the "unknown'' in the title of this
presentation can be changed to known.
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REHABTLITATION TECHNOLOGY AT THE GRASSRNOTS

Jim Tobias

Center for Independent Living
Berkeley, California

The concept of grassroots rehabilitation tech-
nology is discussed, with a focus on its special

characteristics , advantages and disadvantages, and
solutions to some of the problems it faces.

WHAT IS GRASSROOTS REHABILITATION TECHNOLOGY?

The main characteristic that differentiates
grassroots rehabilitation technology from the
field normally known as rehabilitation engineering
is its orientation towards the provision of direct
services rather than research. As a corollary of
this, the client is at the center of the process,
since a particular person to be served is in the
mind of the designer.

WHERE IS IT DCNE?

Grassroots rehabilitation technology (GRT)
goes on wherever there are clients: schools, in-
dependent living projects, hospitals, neighbor-
hoods. Often the sites are not directly connected
with either rehabilitation or engineering, and may
be as "humble" as someone's parage.

WHY IS IT DONE?

Out of necessity. There are huge paps in the
delivery of technical services to disabled people.
These gaps arose for many reasons, not the least
of which is the hit-or-miss way the field has
grown. Lack of funds is also a critical cause of
the shortage of services.

It might be wortlwhile to examine the two
principal roads open to someone locking for an ad-
aptive device, in order to bring into focus what
these gaps are like. Basically, there are commer-
cially available devices sold through catalogue
companies and medical supply houses, and there are
the services of Rehabilitation Engineering Centers
and similar institutions.

In the case of the former, the commercially
available aids, we run up against a number of prob-
lems. For one thing, it is difficult to inform
oneself as to the aids available; there are dozens
of companies making conflicting claims and no clear
consumer information. Expertise in the field of
catalogue aids is itself a full-time occupation,
something the average client or caseworker has
neither the time nor the inclination to do.

In addition to this, aids that are manufac~

tured are created for a mass market that often does
not exist. There is no "average' paraplegic to de-
sign for, so many standardized devices are not
suitable for manv disabled pecple. Thus, often the
very purpose of having items manufactured is self-
defeating.

The Rehabilitation Fngineering Center option
also has some problems. For cne thing, there are
not enough of them, Just a handful scattered a-
cross the coumntry is not enough to provide the
desired devices for millions of people. And they
really aren't there to provide services. We estab-
lished the Centers to do research; the services
they do provide are an adjunct to the research,
and there is a definite funding limit for services.

HOW IS IT DONE?

So clients wind up with the option of GRT,
the rubber band and paper clip option. And this
is an apt description in many ways. The practi-
tioners of GRT are most often not technically
trained, and tend to use materials that are at
hand in a makeshift way. Sometimes this works fine
and sometimes it doesn't. And there are other
factors.

ADVANTAGES AND DISADVANTAGES OF GRT

Among the advantages are two already mention-
ed: the focus on the client and the real need as
stated by that client. In addition, the cost is
generally low, as materials and labor are both
inexpensive. The system is most often low in bur-
eaucracy and high in client-involvement, which
often leads to self-help.

Uhfortunatelv, there are just as many dis-
advantages. The lack of technical sophistication
on the part of most GRT practitioners means that
some of the solutions may be unsafe or wnreliable,
and that there is a built-in bias against high
technologv. Case management is generally non-ex-
istent, so there is little planning or follow-up.
also, there is no coordination of solutions, so
that efforts to design a device in one setting are
not disseminated to others with the same problem
to solve. There is a great shortage of money for
this type of teclmical services, and a difficult
maze of repulations to thread through on the way
to getting authorized payments from public or pri-
vate institutions.
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SOME SOLUTTONS

Clearinghouse

Many people have pointed to the success of an
organization in Australia and New Zealand called
Technical Aids to the Disabled (TAD). This organ-
ization uses volunteer engineers and technicians to
design and build devices. The organization itself
serves to disseminate successful solutions on a do-
it-yourself basis. Perhaps we should have something
similar to TAD, an organization that might also de-
termine which solutions have manufacturing potent-
ial and seek capital for them.

Funding

State departments of rehabilitation should be
encouraged to pay for on-site technical services
by showing administrators the cost-effectiveness of
those services compared with commercial devices
where appropriate.

Training

Do we need rehabilitation engineers? Perhaps
we should be offering machine shop courses to oc-
cupational therapists instead, and stealing the
best bike mechanics we can and training them in the
medical aspects of disability. Most of the prob-
lems encountered in the repair of a wheelchair do
not require a thorough knowledge of the laws of
thermodynamics.

Information

Any information system that is trying to serwve
people should include large doses of do-it-yourself
designs as well as useful consumer evaluation re-
ports.

CONCLUSTON

There are presently many gaps in the delivery
of technical services to disabled people. Grass-
roots rehabilitation tectmology can help fill those
gaps if there is more encouragement on both the
organizational and financial lewels. It will re-
quire a great deal of cooperation and turf-negotia-
tion on the part of presently existing institutions
to guarantee that services are being provided in a
context that puts the client's needs first.

12
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DEVELOPMENT OF AN IN-HOSPITAL ENGINEERING SERVICE DELIVERY MODEL

Sharon L. Sanduski, Research Occupational Therapist
Serge S. Minassian, Rehabilitation Engineer

Rehabilitation Engineering Center #2
Moss Rehabilitation Hospital
Philadelphia, PA. 19141

ABSTRACT

Outpatient rehabilitation engineering delivery
programs have developed successful mechanisms for
service provision and reimbursement. However, in-
patient engineering procedures are still in the
early stages of development.

The Rehabilitation Engineering Service in
Philadelphia is one of the research projects of the
REC #2. A primary objective is to investigate and
develop appropriate delivery models for inpatient
rehabilitation populations. This paper describes
the initial phase of developing an inpatient engi-
neering service, reports the results of the past
year, and projects future directions. '

INTRODUCTION

While the rehabilitation health care team
provides effective and comprehensive treatment in
their respective fields, engineering services are
emerging with a distinct and valuable role within
the rehabilitation setting. The Rehabilitation
Engineering Service (RES) is developing importance
within Moss Rehabilitation Hospital to facilitate
the application of current science and technology
to the needs of the physically disabled. Addi-
tionally, this RES exists to assist the rehabili-
tation team in the design of functional environ-
ments and the fitting of effective devices for
their patients.

This paper briefly describes the history of
the inpatient model and the roles of the RES team.
The overall objectives are reviewed and the plan
for the first year is described. Results of a
twelve month period of inpatient RES activity is
presented and discussed. In conclusion, future
directions are projected.

BACKGROUND

The RES inpatient model originated from a
special inpatient unit known as the Research Utili-
zation Service (RUS) under the supervision of a
physiatrist. While the primary purpose of this 12-
bed unit was to utilize these patients as voluntary
research subjects, it was found that there was a
need for engineering expertise, in conjunction with
therapists, in areas of activities of daily living,
communication, mobility, and home evaluation.

In July, 1977 an engineer was assigned to
provide direct patient services to this small in-
patient unit. This in-hospital program continued

on a limited basis until 1980 when a full-time
occupational therapist was appointed to work in
direct liaison with the rehabilitation engineer.
Since that time a clinical consultation approach
has been used with the basic team consisting of an
engineer and an occupational therapist. This
arrangement enables us to conduct research and
development into engineering service delivery
models while serving as a direct link to the engi-
neering personnel and the hospital staff. Addi-
tional team members include a physiatrist, physical
therapist, orthotist/prosthetist, and additional
engineering support as needed.

The research aspect of this project was for-
mally organized in 1980 and the anticipated date
of completion of the research aspect is 1985. The
specific objectives include developing both in-
hospital and outpatient engineering programs in-
cluding prototype procedures for operation of these
programs, developing reimbursement procedures,
developing generic and custom-made equipment, as
well as establishing dissemination and training
programs for rehabilitation engineering
professionals

With regard to the inpatient engineering
model, baseline data was required for the initial
phase of this project. Specific information was
required describing the technical needs of the Moss
patients. It was decided that for a period of one
vear all referrals to the RES would be accepted
while keeping careful documentation of services
provided. At the completion of one year all hos-
pital cases would be reviewed. Table 1 presents
the one vear results of inpatient RES activity.

RESULTS

A total of 47 cases were referred from hos-
pital physicians representing 58 individual prob-
lems for engineering service solutions. Nine
diagnostic groups are represented with the largest
number of cases being cerebral trauma, spinal cord
injury, and cerebral palsy. The highest percentage
of service requests were in the areas of activities
of daily living, seating and positioning, and home
evaluations.

The area of activities of daily living had
the greatest number of requests. One device for
upper extremity dressing was custom-made. The
majority of recommendations were unusual items
that are commercially available with which the
occupational therapy department was unfamiliar.

The second largest category was seating and
positioning and represents 24% of the 58 requests.
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TABLE 1

IN-HOSPITAL ENGINEERING SERVICE FEBRUARY 1980-FEBRUARY 1981

Activities
# it of Daily Seat./ | Home | Environ. Vocational

Diagnosis Pts. Problems Living Bass Eval. | Controls | Communication | Evaluation | Recreation
Cerebral 16 20 4 2 4 4 6" 0 0
trauma

Spinal =3 16 5 5 4 1 0 1 0
cord

injury

Cerebral 8 8 3 4 0 0 0 0 1
palsy
Multiple 4 4 2 0 1 1 0 0 0
sclerosis

Cerebral 2 2 0 0 g 0 0 1 0
vascular

accident

(CVA)
Amputation 1 1 0 i 0 0 0 0 0
(BK)
Amyotrophic il 1 i 0 0 0 0 0 0
lateral

sclerosis
Werdig- 1 3 1 e 0 1 0 0 0
Hof fman

Childhood it 3 0 1 1 1 0 0 0
infection

with

osteo—
myelitis

Total 47 58 16 14 11 8 6 2 1

& 28% 24% 19% 14% 10% az 2%
%

Custom— = 1 2 — = 1 - -
made

device

Two of the fourteen cases required specially de-
signed seating systems. The remaining twelve cases
required newly developed commercial items with
which the physical therapy staff was not yet
familiar.

0f the 58 requests, 19% required home evalu-
ations. One-half of the home evaluations recom-
mended structural modifications. Structurally
involved cases required more engineering expertise
than the clinical therapy staff could typically
provide.

Developing appropriate interfaces was the
primary focus in providing environmental controls
and represented 10% of the total requests. Once
the interface was selected and the unit installed,
then the clinical therapist was involved in
training the patient in its use.

All six communication requests were for the
cerebral trauma diagnostic group. This result is

14

predictable because only those patients in this
group were non-vocal. While Moss Hospital's Cen-
ter for Communication Disorders is technically
sophisticated, the requests for adapting communica-
tion device interfaces required more technical
expertise than the speech therapy staff could
provide.

Only 3% of the requests were vocationally re-
lated. This result was expected because the pri-
mary emphasis for most inpatient treatment at Moss
is for functional independence at home. Once
discharged, vocational plans are strongly pursued
for the working-age population in conjunction with
the Bureau of Vocational Rehabilitation (BVR). It
should be noted that the RES handles a large per-
centage of Moss outpatients through BVR via a fee-
for-service arrangement with that agency.

Of the total number of requests, only one was
in the area of recreation. This represents 2% of
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the total. The service provided was for an inter-—
face for a child's electric toy.

DISCUSSION

While some of the referrals could have been
handled by appropriately trained therapists, there
appears to be a need for in-hospital engineering
expertise above and beyond the traditional disci-
plines. Examples of this are structural modifica-
tions to homes, specially-made seating inserts,
technical interfaces for communication devices,
environmental controls, and custom-made adaptive
equipment.

The experience of the past year represents a
sample of engineering cases that regularly arise in
a rehabilitation hospital. The referrals received
were generated from a small number of Moss phys-—
iatrists who are familiar with the potential of the
RES.

Future plans include educating all hospital
physicians about the engineering service and devel-
oping efficient channels for problem identification
and service provision. Attendance is necessary at
various medical rounds and clinics to facilitate
identification of patient needs that can be tech-
nically satisfied. An effective screening process
is required for referrals to avoid duplication of
services. Appropriate channels will need to be
estahlished with the therapy staff to transfer
knowledge of newly developed equipment to the
clinical setting.

Future plans include obtaining followup infor-
mation on case referrals in the form of written
questionnairés, site visits, and phone calls. De-
velopment of fee schedules within the hospital for
engineering services and equipment will be initi-
ated. Contact will be made with third party payers
to present the need for rehabilitation engineering
services within the hospital.

SUMMARY

In summary, the activity of this inpatient
rehabilitation service for the past year has been
presented. This experience suggests a role for
engineering services in the rehabilitation hospital
setting. Future directions will focus on reim-
bursement for these services while integrating them
more fully into the hospital environment.
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An Incomplete Guide to Establishing
a Rehabilitation Engineering Program

Maurice A. LeBlanc, MSME, CP

Rehabilitation Engineering Center
Children's Hospital at Stanford

ABSTRACT

This paper provides some guidelines and
references for establishing a rehabilitation
engineering program for provision of services
and conduct of research.

The Rehabilitation Engineering Center at
Children's Hospital at Stanford provides services
to over 1,000 clients a year, has three federally
funded research projects, and serves as a region-
al resource for Northern California. The Center's
program was initiated by borrowing slides from
Ontario Crippled Children's Centre (1) to help
promote the idea to the Hospital and community.
After four years of developing client services and
three years of developing a research effort,
others now are borrowing slides from us to start
programs elsewhere, therefore qualifying this

Center as an expert.

Since experts are expected to impart great
wisdom, herein are some observations for estab-
lishing a rehabilitation engineering center.
Situations may be different from place to place,
and names may be changed to protect the innocent,
but certain truths prevail.

References (2-4) explain the background and
clinical needs for centers. Reference (5) does
an excellent job of presenting important consi-
derations for setting up programs. References
(6-10) relate to the subject. Below is "every-
thing we should have known' in starting a center.

e Resist the temptation to construct a new
building while building a new program. The
tendency is to divert most of the effort into
the structure, which demands attention and
decisions, and less effort into the people
and organization, which really are what make
the program go (11).

e Determine the lay of the land in the community
while planning. Sometimes a program can be
put together using existing resources so
little ground work needs to be done, no toes
are stepped on, and the program can be inte-
grated quickly. It is more difficult to
bring new components and then make them fit.

e Establish client services first and research
second. So doing provides a hard financial

base upon which soft research support can
fluctuate and provides real, live clinical needs
on which to undertake research projects and
evaluate results.

Evaluate whether the emphasis of the center

is to be small and special or large and less
unique. The former connotes a small, highly
competent staff addressing special and difficult
client problems and "cutting-edge' research

and commonly struggling for financial solvency.
The latter connotes a large, less academic staff
addressing more standard client needs and
research but with more financial security. The
differences between the two are significant.

Develop and promote a good working relationship
between the key physician and key engineer.
Much has been said and unsaid on this subject,
but achievement of it is rare. In most cases
one leaves the other alone, or they are
frequently at odds. When it works, collabora-
tive synergism benefits individual learning

and project results.

Make allowances for future problems and make
provisions to resolve them. It is very easy
for staff members to go into a new program
looking at all the positive and idealistic
goals. When the honeymoon is over and problems
begin to surface, as they surely will, the
program needs an agreed-upon method to resolve
the difficulties other than looking for a big
fan.

Withstand the inclination to take on too much
to soon. A new program, with attendant
publicity and desires of the community, can
have unrealistic expectations heaped upon it.
Better to start with a few winners than spread
the staff too thinly and have many losers.

Conduct client services on a strict, fee-for-
service basis from the beginning with a
logical and fair fee schedule rather than
attempting to conduct services as one-of-a-kind
demonstration or proof-of-concept research
endeavors. The latter is limiting, is a grey
area legally, and lets proper funding agencies
off the hook.

Do the work first and then talk about it.

The temptation is to verbally advertise a
new program before there is really much to
show for it. This Center has found that once
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good services are heing provided, the word-of

mouth information system by clients and profes-
sionals is amazingly fast and efficient, leading

one to the conclusion that the center should
put its effort into the produet first.

Go beyond the perfunctory in getting consumer/
client input for services and research. For
services, his/her input is essential to pro-
vide the right device (12). For research, it
is more likely that the end products will be
useful if consumers are involved from iniital
need, inception of the research to be conduct-
ed, and all the way through rather than simply
being asked to evaluate it or "what do you

think" after the research project is completed.

Do not start a program in isolation. Go
borrow slides from an established center, and
while there, ask about pros and cons, methods
and procedures, problems and solutions, etc.
There is a lot to be learned from other folks
who have been there.
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THE REHABILITATION ENGINEERING SERVICE AT U.C. DAVIS

Worden Waring, Ph.D.
Dwight Patterson, B.S.M.E.

Department of Physical Medicine
and Rehabilitation
University of California, Davis

The Rehabilitation Engineering Service was
established in the School of Medicine, U.C.
Davis, to apply engineering technology to prob-
lems of individuals with neuromuscular and
musculoskeletal disabilities. The hope was to
develop it to financial independence on a fee-
for-service basis. Most of the projects in-
volved problems in independent living at work,
home, or school, in vocational needs, or in
transportation. It was found that there is a
market for this kind of service, that a larger
scale of operation would be necessary for
financial stability, but it is not known whether
or not the community resources would be ade-
quate for success on a fee-for-service basis.

INTRODUCT ION

In August, 1979, the Rehabilitation Engi-
neering Service was established in the Department
of Physical Medicine and Rehabilitation in the
School of Medicine of the University of Califor-
nia at Davis. It was funded primarily by a ''seed
money'' grant from the California State Department
of Rehabilitation. The hope was to develop it,
in three years, to financial stability on a fee-
for-service basis, and to have its services
available to clients from a wide variety of re-
ferral sources in inland northern California.
Clients with neuromuscular or musculoskeletal
disabilities would be accepted. As a project on
the University campus it would also serve as a
center for research, and as a training facility
for rehabilitation engineers.

But about a year later a drastic cut in
Federal funds to the State forced a reduction in
financing for this project. Other sources of
temporary support during the growth period were
sought, but unsuccessfully, and the lack of
support money necessitated the termination of
this Service at the end of March, 1981.

During this approximate year and a half we
developed a number of resources and procedures for
achieving our technical goals. Some of these and
some of our experiences and tentative conclusions
are presented here, as information for other in-
dividuals and groups interested in rehabilitation
engineering.

PERSONNEL

The key person in the Service is the full-
time Rehabilitation Engineer. He has a B.S. de-
gree in mechanical engineering, with interest and
experience in design engineering, including pro-
jects in private industry. He has secretarial
help, as well as guidance and assistance from the
project Director and the Chairman of the Depart-
ment of Physical Medicine and Rehabilitation.
General guidance for the Service is obtained from
an Advisory Board, meeting quarterly and consist-
ing of members from the Department of PM&R, the
California State Department of Rehabilitation, and
the consumer group, Services to Handicapped Stu-
dents, on the Davis campus. Advice is obtained
also in discussions at some of the monthly meet-
ings of the Consortium of Rehabilitation Engineer-
ing Service Providers, which meets monthly in
Sacramento and consists of representatives from
the California State Department of Rehabilitation
(rehabilitation engineers, vocational rehabilita-
tion counselors, and others), the Rehabilitation
Engineering Service at U.C. Davis, the Assistive
Device Center at California State University,
Sacramento, some consumer groups such as Resources
for Independent Living (Sacramento) and United
Cerebral Palsy of Sacramento-Yolo Counties, and
a few others.

APPROACH AND FACILITIES

Our approach is that of problem solving, a
standard engineering approach. The first step of
course is problem definition. We emphasize that
it is very important to listen, to ask questions,
to get information. Several times we have come
apparently to the end of a discussion, when it
seems that the problem is clear, but then an off-
hand remark by the client or by a family member
has changed the whole perspective - indicated
future plans, or changed the boundary conditions.
The plan for solving the problem must incorporate
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this information also. The temptation to start
designing as the client starts talking must be
vigorously resisted!

When the problem is clearly defined - what
are the goals and what are the present limitations
of the client - then a solution may be developed.
It makes sense to us, so we assume everyone has
the same common sense, to see first if some change
in the activities of the client - the way he or
she does things - can aid in the solution. Train-
ing by a therapist, teacher, or other person may
be useful. Our resources include in our own De-
partment at the UCD Medical Center in Sacramento,
physical, occupational, and speech therapies,
orthotics, and psychological, social, and voca-
tional counseling. Sometimes a therapist or
teacher is already associated with the client, and
can be used in the plan.

If such a modification of behavior is insuf-
ficient (and often we see clients only after such
modifications have been tried and found unsatis-
factory), then is there a suitable device commer-
cially available? To answer this it is important
to have a well developed library or collection of
catalogs and other manufacturers' and distribu-
tors' literature, with up-to-date price lists.

We set up such a library in our Device Develop-
ment Laboratory.

If there is no device commercially availa-
ble, is there one which can be modified to do the
job necessary? |If not, then one must be custom
designed and built. |In these cases shop facili-
ties are needed. For flexibility and quick
turnaround time, we set up in the approximately
1200 square feet of our Device Development Labo-
ratory on the Davis campus, facilities wherein we
can do mechanical and electronic fabrication our-
selves.

PROJECTS

Most of our 46 projects have been with
problems in independent living at work, home, or
school, in vocational needs, or in transportation
by van, auto, or wheelchair. We go to the loca-
tion of the problem, of course, in order to deve-
lop a realistic evaluation of the situation. This
is quite important.

Work site problems have involved accessibi-
lity, modifications of the work situation, or
equipment modifications. |In one project, a clear
Plexiglass top for a light table for drafting
was developed at our Laboratory for a young man
with one paralyzed arm. The top enabled him to
do the precision work required, and avoided the
need to buy an entire new and expensive drafting
table. This saved money for the paying agency.

In another, a fork 1ift operator had injured
his back, and the rough ride from the lift vi-
bration caused almost unbearable pain. He could
work only very short periods. The fork lift was
modified to incorporate a commercially available
shock reducing mounting for the seat. This

modification enabled him to resume working a nor-
mal work period and so to keep his job.

A woman with a progressive muscle disease
needed more independent living; less demands on
an attendant, and safer procedures in her home.
She is quadriplegic, with no use of her upper
extremities. A hospital bed desk system was
developed at our Laboratory. With a mouth stick,
she can now do typing and page turning, and with
a Sears Environmental Control Center her home
safety is greatly increased, as well as her
independence and comfort.

Another home problem involved primarily
lifting. With the parents doing it, they were.
increasingly liable to back injuries. The girl,
with cerebral palsy, needed to be lifted in and
out of the bathtub, on and off the commode, and
to be lifted and held for dressing. The bath-
room was too narrow for a commercial bath lift to
be operated safely. An overhead 1ift with a rail
was developed at our Laboratory and installed.

To hold her vertical for dressing, a special sling
was designed and built by our orthotist.

Some solutions seem as simple as a ramp, but
its shape and location has to be considered care-
fully. Or as simple as a lap tray for a wheel-
chair - but one young man had a problem from his
distorted position, high knees, the need to see
through the tray while driving his wheelchair,
and his very limited motions used for control of
the chair.

For a school child, a custom designed feeder
was developed in our Laboratory, which gives him
complete independence in feeding himself, unlike
commercially available feeders. He can select
each bite from the plate. In addition, the device
can be taken apart and carried in a knapsack; it
is quite portable.

SERVICE PROCEDURES

Table 1 outlines the sequence of our serv-
ices. When a client is about to be referred to
us, an initial quick case review (no charge),
frequently by telephone, enables us to decide
whether to accept the case or to refer it else-
where. After written authorization from the
paying party we make (for a stated charge) an
initial evaluation and submit a report, summariz-
ing the problem and the proposed solution or
solutions, with estimated costs. When written
authorization to proceed with the solution (or
selected parts) is received, we then proceed with
the work proposed.

This we find is a good scheme. There are
two places where the procedure can be stopped by
the purchaser of our services, so we do not cause
embarrassment by going ahead and starting some-
thing, and then being told to stop. We attempted.
to use also a third step, authorization for
follow-up of the service. But once a client has
received something, the paying agency is reluc-
tant to spend more money for follow-up. We
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consider it important, and fit in visits as best
we can among other activities in that geographic
area, even without payment, and also we get feed-
back by telephone.

FINANCIAL PROCEDURES

Establishing a fee schedule turned out to be
quite a headache. Discussions with others in
rehabilitation engineering and especially with
members of the Consortium meeting in Sacramento
were very helpful, both in defining how to group
activities into services offered, and in deciding
what actual charges to set. An even greater and
continuing headache was generated by the complex-
ity of the University and the Medical Center
billing and accounting procedures, the novelty of
our needs for this project, the complexities of
the Department of Rehabilitation accounting
requirements and the variety of accounting and
paying procedures among the variety of paying
sources we worked with. But after a year or so
most of these problems were worked out, and before
the end of the project, payments were beginning
to come to us through the financial pipeline.

CONCLUSI0NS

At the time of writing this summary, only a
preliminary survey of our experience has been
made. We did show a need for this kind of
technical services, and a gradual acceptance
by consumers and third party payers. Our time of
existence was too short to determine whether or
not this kind of service can be financially self-
supporting. We are agreed that it is not feasible
to operate this kind of Service with only one per-
son, the engineer, generating income for it.

Some ''‘critical mass' of personnel must be reached,
and some volume of billable work must be regularly
generated in order to cover the costs of his pro-
fessional activities, and the technical (device
fabrication), and secretarial services. Our next
step would have been to add a technician to do the
device fabrication, freeing the engineer to spend
a higher proportion of his time in the profession-
al evaluation and design activities (charged at
higher rates). Other conclusions may be suggested
by further evaluation of our experience.

TABLE 1

Sequence of Services Offered

Case Review

Initial Evaluation

Preliminary Design

Evaluation Report and Recommendations

Device Development

Fitting of Device (or other Solution of Problem)
Final Report

Fol low-Up
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REHABILITATION ENGINEERING TRAINING - A CLINICAL APPROACH

Sandi Enders, 0.T.R.

Rehabilitation Engineering Center
Children's Hospital at Stanford

ABSTRACT

Clinical rehabilitation engineering service
have been demonstrably successful. The need for
trained engineers to supply these services is
increasing. The program described here is one
approach to providing engineers with practical,
clinical experience. It also describes an alter-
native consortium approach that could be used for
training as well as building or coordinating a
services network.

INTRODUCTION

Rehabilitation Engineering is a relatively
new field, with formal education and training
programs still in the developmental stages.
Current concensus and effort in this area focus
on the belief that a rehabilitation engineer
should first be a good engineer, and then should
effect the transfer and application of academic
education and professional experience to the-
clinical setting (1). The Rehabilitation Engin-
eering Clinical Internship was established at
the Rehabilitation Engineering Center at Children's
hospital at Stanford in 1979 to facilitate the
clinical education and experience of engineers
wishing to enter the field of rehabilitation
engineering.

CLINICAL REHABILITATION ENGINEERING

Rehabilitation Engineering can be seen as a
continuum of effort:

Clinical
Service

Research &
Development

\
ot

Fd
g Rehabilitation Engineering
The past ten to fifteen years has brought a rapid
expansion in the quantity and quality of the tech-
nology available for application in rehabilitation.
The development of more effective devices and the
increased sophistication of both technology users
and providers has encouraged the clinical provi-
sion of devices on a much larger scale. Rehabil-
itation engineering now has both the supply (of
technology and the (consumer) demand for clinical
services to be a feasible self-supporting endeavor
(2).

As research is able to spinoff more of its
effort into active clinical services, the need for

clinically trained engineers increases. Current
practioners have worked predominantly in research
and demonstration efforts. They developed their
clinical expertise over many years of necessarily
limited inveolvement with active clinical popula-
tions. The new breed of clinical rehabilitation
engineer is more likely to be a daily clinician,
with less time or effort spent on the R&D side of
the continuum. These rehabilitation Engineers will
be consumers of R&D effort, and will give the

more research oriented engineers a place to send
their developments for use and evaluation. Clini-
cal rehabilitation engineering is "coming of age"
after more than a decade of planning and prepara-
tion (3).

REHABILITATION ENGTINEERING CLINICAL INTERNSHIP

In an attempt to meet the rehabilitation
engineers need for clinical expertise, a training
program was established at the REC to provide
clinical experience in various and diverse aspects
of rehabilitation engineering. The internship
program begins each October and runs for twelve
months. It is focused on patient contact in a
wide variety of settings and services. It includes:

e Six months of clinical experience at the
Rehabilitation Engineering Center, composed of
one month - Seating/Mobility Service
one month — Communication/Control Service
one month - Tissue Trauma Service
one month - Orthotics/Prosthetics Service
one month - Special Projects Service
one month - Gait Lab and survey of local re-

search Programs

e Two months of hospital experience on a rehabi-
litation unit, composed of
one month --Santa Clara Valley Medical Center
San Jose
one month — Ralph K. Davies Medical Center
San Francisco

e Two months of community experience, composed of
one month - under the direction of a rehabili-
tation engineer in private practice
one month - Independent Living Programs
Berkeley and San Francisco

e Two months special project. The last portion
of the internship focuses on designing, devel-
oping and implementing a project in an area of
special interest to the intern. Emphasis is
on synthesizing the year's experience, tying
together any loose ends and generalizing the
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problem solving process involved in the effective

delivery of rehabilitation technology.

Other areas covered in the program include:

e Orientation to the field of Rehabilitation

Engineering local, national international.

Information gathering and resource utilization

Effective written and oral communication skills

Medical aspects of disabilities

Appropriate use of medical terminology

Participation in a multidisciplinary team ap-

proach to problem solving, evaluation and treat-

ment implementation

e The economics of rehabilitation engineering ser-
vice - fee for service mechanisms, third party
payment, etc.

The REC offers no formal didactic program. Emphasis

is wholly on "hands on" clinical experience and
field work. The program is flexible in format and
every effort is made to tailor the internship to
the individual experience and needs of each parti-
cipant. Interns take an active role in planning
their programs. The engineers selected are self-
initiating and highly flexible.

BENEFITS

The engineer is employed as a full time staff
member of the REC, with a salary commensurate to
a Stanford University research assistant. The
status of "clinical intern", however, provides the
engineer with the benefit of being identified as
a learner. The person is not expected to be an
instant expert; he/she can be an observer before
being expected to perform autonomously. The intern
is rewarded for asking questions, not thought less
professional for doing so. The intern learns the
role of a clinical rehabilitation engineer, learns
to interface with service providers and with ser-
vice recipients.

This experience has shown to be a two way
street. Other rehabilitation professicnals and
consumers come to understand more clearly what
rehabilitation engineers can do for them, and how
and when to include the engineer as a team member
or consultant. The community learns to use
rehabilitation engineers effectively and jobs are
generated. An example of this is a rehabilitation
facility which, after participating in the rehabi-
litation engineering training program, has written
a rehabilitation engineer into their next budget
proposal. They have had in-house technical support
for several years, but the presence of a rehabi-
litation engineer for a month field placement,
helped them recognize the benefit and cost effec—
tiveness of supporting their own in-house clinical
rehabilitation engineer.

PROGRAM DEVELOPMENT AND ALTERNATIVES

Other REC's have shown interest in establish-
ing training programs similar to this onme. There
also has been discussion about rotating interns
among Rehabilitation Engineering Centers. Programs
will hopefully develop which will remain respon-
sive to the needs of their geographic area.

The San Francisco Bay Area is a resource rich
area for rehabilitation engineering. Children's
Hospital at Stanford, besides having these many
resources available, has the added benefit of

having a Rehabilitation Engineering Center that
was founded as service center. With over six years
of diversified service delivery history, the REC

is able to offer clinical exposure in a broad

range of experience under one roof.

In settings where this is not possible, a
consortium program could be arranged with a two-
fold purpose: (1) to provide clinical training
for rehabilitation engineers and (2) to link toget-
her specialized community programs into a coordina-
ted rehabilitation engineering network.

As proposed a Rehabilitation Engineering
Center would take the lead, acting in a coordinationm
/facilitation role. The focus on training engineers
could create non-competitive momentum for coopera-
tive comprehensive rehabilitation engineering ser—
vices within a given geographic target area.

This type of program, to be effective, must
emcompass the broadest possible continuum of clin-
ical experience. It is important for the engineer
to understand the environment and the people he/
she is designing for: to understand the physical,
environmental and psychological impact of the
different disabilities; the implications of being
disabled in an institution and in l#ving indepen-
dently; the effect a technological solution will
have on varied lifestyles.

It is especially important in any program
established along these lines to include experience
in working with all ages. Disabled children grow
up to be disabled adults; and disability is much
more prevalent in the elderly than any other age
group. The needs of children, especially the
application of technology to the education of the
handicapped child, have been repeatedly stressed
(4=-5). The experience of the Veteran's Admini-
stration, and demographic trends should alert us
to learning to meet the needs of older people.

FUTURE DIRECTIONS

The program described here is an interim so-
lution. Until formal programs are regularized and
certified by an organization such as Rehabilitation
Engineering Society of North America, it provides
immediate training at a grass roots, practical
level at a time when such training is clearly
required. It is a developing program.

Two possible directions the program may take
are a
(I) Master's Degree in Engineering from Stanford

University. Combining one year of clinical
experience with one year of academic work
tailored to the needs of the clinical
specialist, this program would be more similar

to the University of Virginia's program (6).
After the long range programs are developed and
refined, it could also evolve an
(II) Apprenticeship program. Providing a transi-

tion path into clinical rehabilitation

engineering for professionals and technicians.

This would be composed of two separate tracks.

It would be an entry point for people changing

careers.

Clinical training programs are needed in more
places around the country. Their development will
serve to build a network of clinical expertise
that can be utilized and exchanged locally, region-
ally and nationally. It could also integrate local
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geographic services and, most importantly, provide
a promise of quality rehabilitation engineering
services within a reasonable distance wherever a
disabled person lives.
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REHABILITATION ENGINEERING AT DUKE UNIVERSITY

Edwin D. Smart, M.E.
Rehabilitation Engineer

Dr. Timothy Hight
Assistant Professor

North Carolina Division of Vocational Rehabilitation
And Duke University

A mechanical engineering design course at
Duke University, in which junior or senior stu-
dents are exposed to real life handicapping con-
ditions, is described and its effects evaluated
from several viewpoints. A comparison is made
between this course and similar ones in other
educational settings. Projects are submitted
to the class by the North Carolina Division of
Vocational Rehabilitation through the Rehabil-
itation Engineer. Interaction occurs between
the students and the engineer as well as with
clients of the agency. Benefits of this course
structure are perceived from the standpoint of
Vocational Rehabilitation clients, the agency
itself, and the students.

Finally, three examples of student pro-
jects are described in text and drawings: a
jar opener, a door closer, and a camera mount
for wheelchair users.

A UNIQUE DESIGN COURSE

The application of undergraduate design
coursework to rehabilitation engineering pro-
jects has been in effect at Duke University for
several years. Under the direction of Dr. Tim-
othy Hight, Assistant Professor of Mechanical
Engineering, the students in his design classes
are encouraged to select from among problems
presented by several rehabilitation and patient
care agencies and institutiens.

The design course (ME 141) is required for
mechanical engineering students in their junior
or senior year. The students study the design
process, stimulation of creativity, and various
mechanical components throughout the course and
utilize this background during a semester long
design project. Groups of three to six students
choose between a variety of potential projects
based on a brief description of the design prob-
lem. The course culminates in a formal written
report and a public presentation of the design.

The course differs from similar projects in
other universities in two important ways. First,

few schools have an emphasis on rehabilitation
engineering projects within a mechanical engi-
neering design course. We have found the stu-
dents very receptive to these projects and the
scope and complexity of the problems are well
suited to the background and time constraints
of the course.

Second, and most significant, is the in-
volvement of undergraduates in projects with
direct client contact. This contact reinforces
the need and reality aspects of the projects,
provides direct feedback on design ideas, and
greatly increases the feeling of accomplishment
and relevance for the students.

Vocational Rehabilitation Connection

A significant number of projects are pre-
sented each semester by one of the North Caro-
lina Vocational Rehabilitation Engineers. They
are derived from problems reported by clients,
counselors, or from the engineers' own ex-
perience. Whenever possible, students receive
an opportunity to meet with clients, who serve
both as consultants and a data resource in the
design process. The engineer meets with the
students, encouraging them to take advantage of
their client interviews to obtain relevant data
and to focus on problem definition.

Client Response. In every case, our clients
have demonstrated deep interest in the students
and appreciation for their involvement. The
clients perceive the program as a positive con-
tribution from Vocational Rehabilitation al-
though they recognize that this involvement is
"extra-curricular'" on the part of the agency.

Student response. As discussed above, stu~
dent response has been gratifying. We feel that
their exposure to real life examples of severe
physical limitations, and the participation in
their reduction, developes insights of lasting
value. Will the experience influence vocational
decisions among these students? Perhaps a study
will some day answer the question.

Agency response. Through the involvement of
the agency Rehabilitation Engineer, we are able
to provide the students with information and
resources pertaining to current technology for
their projects. This is an important avenue of
information dissemination, not to mention the
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effect on project results.

The program provides the agency with an
avenue for legitimately addressing some of the
non-vocational needs of its clients without com-
promising the integrity of its vocational man-
date. TFurther, it contributes to their feelings
of self-approval by permitting them to interact
as consultants and active participants in the
rehabilitation process.

There is, of course, the possibility of more
concrete results in the form of useful designs.
Indeed, some projects have addressed important
areas in need of development, such as wheelchair
driver restraint systems.

THREE PROJECTS

While the projects suggested by other agen-
cies are generally quite specific, Vocational
Rehabilitation encourages the students to design
for the broadest possible population, even when
the project originates from a specific case.
Adaptability, adjustability, and broad anthropo-
metric tolerances are suggested. Some projects
are designed for the market place, and some for
industrial application. Three representative
projects are described below.

RUBBER LINEP
CONE TURNS FREELY

JAR
CUBBER BAsE

LEFT HAND SCREW
DRIVE ROTATES BASE

RRAICHET DRIVE

| Jar 0PENER

Jar Opener - For the Marketplace

A client reported that commercially avail-
able jar opening devices do not function well for
him. Among the design objectives selected by the
students were, 1) Easy to construct and inexpen-
sive to manufacture. 2) Low strength and dex-
terity demand, 3) Adaptable to average kitchen
environment.

The resulting design consists of a rubber
lined cone suspended over a circular rubber base
which is rotated and compressed against the jar
by means of a screw/rachet-lever system. The
gross height of the system is adjustable by
means of a telescoping tubular support. Vari-
ations in jar top diameter are accommodated by
the conical shape of the upper component. The
group fabricated a working model using wood and
other common materials. It did not work per-
fectly, but demonstrated clearly that the design

is valid and commercially feasible.

wNC EW.

—|

N/o Sw.

MoToR —= '

DooR CLOSER

Door Closer - Another Marketplace Item

Automatic door opening systems are too ex-
pensive for most homeowners, and somewhat over-—
designed for interior residential doors. A
request was submitted for a design which would
exert little resistance when pushing the door
open yet exert sufficient positive force to
close the door effectively.

In their "Introduction of Problem" the
students established that the device should be
"without....resistance when the door is opened
.+...installed easily on a conventional door....
esthetically pleasing....and as inexpensive as
possible'. The resulting device utilizes a small
electric motor which functions as a take-up reel
acting to draw the door closed by winding up a
spool of string. Resistance to unwinding was
very slight, and the necessary positive action
is established by means of floor-pad micro-
switches and a relay. A small working model
was fabricated and functioned perfectly.

VERTI1cAL ADVUST

/ Lo cCK

LOCKING PIN

LOCKING
BRAcCKET

MOUNTING BRACKET ;

CU-BotT MOUNT)

& CAMERA SUPPORT
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Camera Mount for a Wheelchair - Recreational

This project was suggested by a quadri-
plegic client who wished to recapture the
pleasure of photography, his hobby before the
accident. The students presented an excellent
summary of the client's physical capacities,
including pinch strength of 2 lbs. The follow-
ing design criteria were selected:

1. Structure must attach only to wheel-

chair.
2. Must be removable and leave no
holes.
3. Light weight.
4, Provide 4 types of camera movement.
5. Non-interfering when left on chair.
6. 'Simple (easy to fabricate).
7. Maintenance free and reliable.
8. Minimum cost.
9. Rigid.

It is interesting to read the students'
report of the design proposals considered and
discarded, including a Luxo-Lamp arm, ball-
bearing feeder, and table type support. The
final design is a '"bipod" ingeniously locked
to the wheelchair arms. It can be released to
pivet out of the way by pulling a pin. Verti-
cal adjustment was achieved by means of a
telescoping rod, while the other three move-
ments were solved by incorporating a conven-—
tional pan-head tripod attachment.

The students fabricated this device from
3/4" electrical conduit and angle iron, and
presented it to the client for his personal
use.

Conclusion. The success of this type of
program depends upon the motivation of the
educator to include rehabilitation in his
engineering curriculum and the availability
of meaningful, client related projects in the
surrounding community. At Duke University,
the involvement of a service delivery rehabil-
itation engineer is making a significant con-—
tribution to its success.
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A mass producable custom fitted
support surface ifor disabled children is
presented. The system consists of a two
dimensional matrix of modules strunyg on
Stainless steel wire., After shaping the
matrixz te the ehild the wires are
tensioned to lock the matrix in its
configuration, The JSeat is produced
external to the e¢linical setting. QOne to
two hours are requiredé for fitting and
final adjustments. The seat can easily be
adjusted as the child grows and develops.
All desired shapes have been obtained.
It is expected that these seats can be
fitted at id1solated facilities by
therapists and technicians who have
recieved minor training.

Introduction

The results of improper positioning
and supporting of disabled children care
well known. They include nonoptimal
development of neurological andg
psycological attributes as well a¢
development of physical deformities.
Improper seating is not due to lack oI
knowledge or technical expertise but due
to the monetary and time cost of
production. Efforts have been made in the
development of systems that eliminate the
time constraints, (1,2;3). Thege gystems
reguire specialized facgilities for
production which limits their clinical
application. ilodular seating bridges the
production inadecuacies but does not
provide the intimate fit necessary for the
serverely disableds In light of this our
enphasis has been in the development of a
support surface which can be mass produced
while providing a custom surface tailored
to the needs of the individual. Our
efforts with this conception were not
initially in seating, they were originally
oriented towards other aspects of
orthotics and prosthetics. In 1978 the
concept of applying an adjustable surface
to seating was initiated clincally by
Steve Cousins, (4). This system consisted
of a matrix of balls and cylinders strung
on stainless steel wire. The matrix could
be formed to £it the needs of the child in
gquestion then locked by tensioning the
wire., This matrix was upholstered by 1/4

inel:  thick shock absorbing foam and
inserted 1in an adjustable Iframe.
Improvements to the original design have

now been coupleted.

The Design
The present mabtrizxz congidgcs of a
Zingle wmodule which plidgs into

neighbouring mocules identical to itself.

Figure l: Cross section of module.

L
steel wire runs througn the matrix in two
directions, The wire i& anchorecd at one
end by a crimpec sleeve. At the other end
& reversible clamp is usged.

Presently we are using an adjustaole

frame to holé the letricies. The fraie
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members telescope to accommodate different
sizes, After fitting the seat the clamps
and ends of the wire are covered by split
polyvinal tubing. In this form the matrix
provides a sufficient surface such that
additional padding is not necessary. The
headrest and abduction pommel may be
included in the matrix or left separate.

Figure 3: The finished seat.

Fitting the Seat

The matricies are manufactured in
various sizes. The size for each child is
dependent on his hip width, his upper leg
length and the height of his axilla.
Adjustments can be made to the dimensions
of the matrix if necessary by adding or
removing modules.

When the chosen matrix is mounted in

the adjustable frame 1t 1s ready to be
fitted to the child, The fitting procedure
involves shaping the matrix to intimately
fit the ¢hild, then altering the matrix to
provide any desired position
modifications. With a moderate amount of
tension on the wires the matrix will hold
the child for short periods of time
without deforming while at the same time
permitting the matrix to be shaped by
hand. In this manner any inconsistancies
can easily be determined with the child in
the seat. The alterations are made when
the child is taken out. To insure the fit

is optimal pressure measurements are taken
at the coccyx, the left and right ischia,
and the sacrum. The optimal situation is
taken as that with an even distribution of
pressure over these four areas.
Approximately 15 minutes is necessary to
obtain an intimate £it. Once this 1is
obtained any desired positional
modifications may be made. This usually
takes approximately 30 minutes. Decisions
are made at this time in collaboration
with the therapist. Modifications that
have been made include:
- protraction of the shoulders
- extension of the lumbar region of
the spine
- forward flection of the head
- alteration of seat-floor and
seat-back angles.

Any modifications made at this time
are not final. In fact, in most instances
alterations are requested 2 or 3 weeks
later. With this system these alterations
are simple and quick to perform.

When the shape of the matrix 1is
determined the wires are tightened to lock
the matrix in its given configquration.
This process involves stretching the wire
then tightening the clamp to hold it. The
average number of wires is 65, they take
approximately 15 minutes to tension.

Next, split polyvinal tubing is
inserted over the loose ends of the wires
and the clamps to confine their sharp
edges.

The last step is to apply strapping
to meet the individuals needs. The
strapping easily attaches to the matrix
modules.

The entire procedure takes one person
anywhere from one to two hours; this is
dependent on the patient and his needs.

Results

The first question to be raised is:
how long will the matrix hold its shape?
The older version held its shape for 6 to
8 months which was sufficient. After this
period changes were necessary to
accommidate growth and developmental
changes, of the children. The expected
stability span of the present model is
double that of the earlier version. The
life time of the seats is unknown. They
can be altered and changed continually as
the child grows and develops. When the
child has ultimately outgrown the matrix,
which is expected to be two years or
longer, the seat may be handed down to &
smaller child or it may be dismantaled for
parts.
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Of the 9 children fitted with the
earlier mouel only one presented problems.
The child had a gross nip obliguity, a
large leg length discrepancy and she had
freguent strony extensor
Modifications were nccessory teo the ball
and cylinder structure to accommidate her
deformity. With the present sysbem these
modifications to accomnidat

Spasm s

g laek ©OF
symmetry are made inherent witiiin the
system. The childs extenser spasms pushed

the seat out of gshape by ing the
abductor pommnel therefore increaseing the
seat-back angle. Ultimately this was
solved by supporting under tine seat front.
A new frame for the matrix supports this
irea thus eliminating the problemn.

In the original model the upholstery
presented a problem. It became alrty. The
main soiling eliement was foed tnat had
been dropped then rubbed into the
upholstery. With time the foam cover
became ragged in appearance and began to
smell terrible. This was the most negative
aspect of the entire seat. In the present
system we have eliminated the upholstery.
The matrix is washable; its appearance can
easily be kept up and hopefully the smell
kept down. If not, a simple covering may
be necessary to keep the matrix clean. The
cover could either be washable ot
disposable.

Clinical results have been most
favorable., There has not been any problem
with tissue breakdown on any o0f the
children seated to date. The children have
all been positioned as desired. In all
instances no compromises were necessary.
Therapists, physicians, and parents have
been enthusiastic about the results. This
is to be expected since the children
fitted have gone from poor or no seating
to propor positioning and support. At
present no monitoring of the development
of scoliosis has been attempted.

There has been no direct comparision
studies between the shapeable matrix and
other seating systems. The purpose behind
the development of the shapeable matrix
was primarily to reduce the time delay in

receiving proper seating. This has the
added attraction of increasing the supply
of seating to the younger and less
affected children who have not yet
developed spinal and other deformities.
With proper support their cdevelopment may
be optimized. To meet this goal we are
presently seating 50 children in the
Vancouver area. To do this manufacturing
and distributing capabilities have been
established. The components arc mass
produced and the matricies are assembled
to fit the rough dimensions of the
individual children. This is done by a

private iirm gliniteal

operation.

separate of the

Bacit se¢at requires cpproximately
three hours of tne clinical teechnician's
time. The childaren are not seen wrior to
tdtting the Leats: The Meazurelonks
necessary to order the scat are taken by
the therapgist. The tecunicilan nay spend up
to an hour to prepare the seat tor the
fitting then up tuv btwo boure o it the
gseat, After 6 to 12 rniontus another two
hours for adjugtment will inhcrceaese the
life span of the seat & further 6 to 12
months, The small ancunt of time the
technician must spend with eagh sgeat
greatly reduces its cost.

A great adventage of this system is
that changes in the position or support of
the c¢hild ¢an ecasily be iliaue zfter the
initial fitcting. QO¥tely Lthe ofiginal
position given the sdated child is seen to
be less cthan optimal after 2 or 3 weeks of
observation. To make changes ac this tine
is simple and guick.

Fitting and adjusting the matrix 1is
not complicated. It ds foreseen that
therapists and other clinical or technical
staff would be able to fit the seats after
receiving acdequate instruction. Seats
could be ordered from & central
manufacturing firm then fitted in the
various clinical institutions regardless
of their facilities.
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MODULAR PLASTIC INSERT FOR PHYSICALLY DISABLED CHILDREN

CHRIS CONGER, B.F.A.

CENTER FOR ADAPTIVE REHABILITATION ENGINEERING (C.A.R.E.)

ABSTRACT

The development of a modular plastic seat-
ing system to accommodate the needs of physical-
ly disabled children in the age range of 1-8 has
enabled the Center for Adaptive Rehabilitation
Engineering (C.A.R.E.) to provide a more effi-
cient seating program to our clients.

INTRODUCTION

This paper is intended to outline the cri-
teria necessary to the design and development of
a postural seating system for physically dis-
abled children in the general age range of 1-8
years. This age grouping could be considered
the most dynamic and progressive age bracket in
the human life cycle, thus, requiring the es-
tablishment of unique criteria. The following
list of factors are considered to be important
issues in the development of postural seating
for this age group.

1. Growth - according to Diffrient et al (1974),

at age 2, the child has reached about ocne-
half the adult standing height. In design-
ing seating for children, adjustability
should be provided to accommodate the rapid
growth of children as well as the variations
above and below the average human factors
data.

2. The seating system must be responsive to
unique individual needs and abilities of the
child and is intended to be an integral
part of a total rehabilitation programn.

3. Young children are traditionally involved in
a variety of daily environments and educa-
tional placements. The typical classroom
activities of infant programs, pre-kinder-
garten, and kindergarten, require the de-
signed seating to be adaptable to a variety
of play, feeding, and group interaction
activities.

4. The seating system must also accommodate the
needs of parents, teachers and therapists
who assume the responsibility of secondary
users; for example, these secondary users
may be involved in transfer situations of

both child and seat insert.

5. Many children engage in play and socializa-
tion at floox level. The seat insert must be
capable of floor placement and tray attach-
ment. Refer to Figure 3.

6. The seat insert must be designed in a straight
forward manner, in order to reduce cost,
allow for modifications of the original con-
figuration, and make construction technologi-
cally incomplicated. Refer to Figures 3 & 5.

Our experiences in seating young children at
the Center for Adaptive Rehabilitation Engineer-
ing (C.A.R.E.) has led to the development of a
modular plastic seating system.

Insert Shell

The insert shell is constructed from 3/16"
thick thermoformable kydex plastic. The seat and
back are formed from a flat sheet by utilizing
a simple wooden mold and a hot air gun or strip
bender to obtain the four right angle bends to
complete the back and seat shells. Once the seat
and back are formed, they are joined together
with two high density polyethelene blocks. The
polyethelene blocks also serve as the tray
supports. It should be pointed out that because
the seat and back shell components have been
designed as separate entities, they can be pro-
vided independently from each other. This separa-
tion of seat and back shells also allows for
increases in seat depth, back height and angle
relationship by changing the position and size of
the polyethylene joining blocks. Refer to Figures

r r b

Foam Components

Postural positioning is accomplished through
the foam components which are built to measure-
ments taken during the client's seating assess-
ment. The seat foam component can be provided
with a contoured wave formation seat or removable
abduction pommell to facilitate a good base of
support. The seat can also provide varying
amounts of hip flexion. The back foam compo-
nent (s) give excellent anterior protection capa-
bilities in order to provide lateral trunk
support. Several inserts have been produced with
the ability to separate the insert at the top
of the laterals to reduce the amount of support
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being provided. Reler to Figure 3.

The Tray

The tray that is provided with the insert is
surfaced with formica and can be washed to remove
food, paint, glue and other substances that young
children use. Attachment of the tray directly
to the insert allows for its utilization outside
of the mobility base. Postural positioning may be
enhanced through the correct positioning of the
tray. Many physically disabled children may be
communicatively impaired and may use the tray as
a communication aid to display pictures, symbols
or alpha numeric information. Refer to Figure 1.

Covering Material

The material used to cover the foam components
of the insert must be urine resistant, easily
cleaned with common household products, and pro-
vide surface friction to enhance postural posi-
tioning. Most of the inserts that have been pro-
vided to date have utilized the traditional sewn
vinyl approach. In order to reduce the construc-
tion time and increase the ability to cover com-
plex curves, we have begun to use a sprayed vinyl
coating, tumble formsTH,

Othexr Options

Pelvic strapping, shoulder strapping, and a
security strap attached to the back of the insert
to enable placement of the insert into more
typical chairs all have been provided to meet
the needs of the client. 1In addition, adjustable
headrests, adjustable footrests, and anti-tipping Figure 2.
bases are available. Refer to Figures 1, 2, 3.

Figure 3.
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Figure 4.

FPigure 5.

CONCLUSION

The Center for Adaptive Rehabilitation
Engineering (C.A.R.E.) has provided 27 modular
plastic inserts for physically disabled children.
In evaluating the feedback from parents, thera-
pists, educators and follow-up assessments, we
feel that we have succeeded in meeting our design
objectives. The C.A.R.E. Program is presently
in the process of refining the modular plastic
insert in its present state as well as research-
ing new materials and processes to permit expan-
sion of the user population.
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STUDENT PAPER

A PIVOTING HEADREST TO ENHANCE THE COMMUNICATION ABILITIES
OF A SEVERELY DISABLED PERSON

Peter A. Rowe, David G. Cooper

Simon Fraser University, Department of Kinesiology

ABSTRACT

A cerebral palsy woman who is supported by a wheel-
chair in the reclined position requires a headrest for support
while permitting rotation of her head through two degrees
of freedom. As a result of her disability she has no functional
speech. Her present headrest provides several important
constraints which affect her comfort and communication.
As a consequence of these problems a headrest has been
designed which provides comfort and full support of the
head and neck while still permitting the head to pivot with
minimal resistance. The headrest incorporates a four bar
linkage system with spherical bearings. The benefits gained
by the individual include improved comfort, increased
communication abilities and enhanced body image. The
design has been developed for an individual application
but it is hoped that this design can be applied to other
situations.

INTRODLICTION

A cerebral palsy woman is confined to a wheelchair
during the day. She has no functional control of her trunk
and extremities and only limited control of her neck and
facial muscles. She has good eye control but no functional
speech. Her disability and functional deformity are such
that she requires support in a reclined position using a total
contact seat insert. The only support separate from the
insert is an airbag headrest.

Presently she has two methods of communication. One
is to indicate yes or no by movement of her eyes in response
to questions. A more sophisticated communication system
consists of directing a light beam at bliss symbols which are
on a board mounted in front of her. A high intensity light
is mounted on a cyclists helmet worn on the head. She directs
the light at the bliss board by rotating her head within the
headrest.

The above situation presents the following problems:

1. There is irritation of the skin on and around the ears
due to rubbing between the head and headrest. The skin
is red in colour, there is some swelling, and the area is
sensitive to touch.

2. Head movement is difficult for the patient and movements
are somewhat jerky in nature. Her neck muscles are too
weak to maintain smooth and continuous rotation of the
head. An additional contributing factor to resist head
movement is friction caused by the headrest and head
interface. These two factors, difficult and jerky movement,

Figure 1: Top view of Headrest Assembly

greatly reduce the ability of the patient to center the
light beam on the desired bliss symbols.

3. Interference between the headrest and head interface
separated by the helmet, decreases the stability of the

light source. This causes some difficulty with accurately

directing the light at a particular bliss symbol.
OBJECTIVES

The objective of the project was to design a headrest
that will provide full support of the head and neck while
still allowing the head to pivot with minimal resistance to
rotation, thereby eliminating the above problems.

For the health and comfort of the patient, irritation to
the skin must be eliminated. Therefore movement between
the headrest and head must be overcome.

In order to permit smooth and continuous rotation,
resistance to rotation must be minimized.
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To increase the stability of the light source the light must
be mounted in such a way that it will not interfere with head
movements while accurately following the movements of the

head.

CRITERIA

The objectives outlined were determined as the principle

criteria applied to the project. In addition, the following
criteria were also included:

For safety of the patient during transport, a locking
mechanism must be provided to maintain the headrest in
a stable position.

To avoid over rotation of the head and possible injury
to the patient, rotation stops must be incorporated at the
functional limits for head movement. These stops will limit
rotation in the transverse plane to 30 degrees on either side
of the center position.

CONSTRAINTS

The following constraints have been imposed on the
headrest design:

Attachment of the headrest to the wheelchair must
not require modification to the wheelchair or seat
insert.

The headrest must not restrict operation of the
wheelchair.

The headrest locking mechanism must be simple to
operate.

Materials used in construction of the headrest must
not cause skin irritation.

The headrest must be easy to maintain and clean.

The headrest must not interfere with transfer of the
patient into or out of the wheelchair.

The appearance of the headrest must be as attractive
as possible without substituting for function.

The overall cost of development must be kept to a
minimum.

The axis of rotation of the headrest must be located
within the head.

The head must be secure in the headrest, eliminating
the cyclists helmet.

The light source must accurately follow movements
of the head.

PROCEDURE
Phase |
— ldentify the Problem

— Define the Problem
— Search for Available Solution

PROJECT PROGRESSION
Phase |l

— Generate Possible Solutions
— Evaluate Possible Solutions
— Choose Optimal Solution
— Model Optimal Solution

— Reevaluate Above Solution

Phase |11

— Construct Prototype
— Clinical Trial Period

— Final Design Changes
— Construct Final Design
— Reporting

DISCUSSION

Several possible solutions to the problem were evaluated
using a decision matrix according to the criteria and constraints
previously outlined.

Results from the decision matrix were used to obtain the
optimal solution for the problem from the possible methods
evaluated. This solution incorporates a four bar linkage
assembly as shown in figure 1. Component lengths for the side
and base bars were determined from data which gave the least
vertical displacement of the head during rotation in the
transverse plane.

A plaster mold of the patients head was cast and from this
mold a polypropelene interface was vacuum formed. This
interface was used as the actual headrest. An insert was vacuum
formed to fit the interface and provide padding for the head.
The headrest interface was attached to the four bar linkage
system utilizing spherical bearings mounted in ends of the yoke
linkage on either side of the head. These bearings permit
smooth and continuous rotation of the head in the sagittal
plane. Rotation in the transverse plane is permited by the four
bar linkage system. Bearings are located between each of the
linkage bars to minimize resistance to rotation. According to
the criteria, rotation in the transverse plane is limited to 30
degrees on either side of the center position by a polypro-
pelene stop. For safety, a lock has been provided to maintain
the headrest in a stable position during transport of the patient.
This mechanism consists of a cross strut which locks the four
linkage assembly in a neutral position. An adjustable
ball and socket light mount is attached to the headrest inter-
face to accommaodate the light source.

The four bar linkage assembly is attached to the wheel-
chair by clamps between the base bar and the frame of the
wheelchair. There are no modifications required to the
wheelchair or seat insert and the four bar linkage assembly
does not impair proper functioning and operation of the
wheelchair.

CONCLUSION

The four bar linkage system has been evaluated through
to the clinical trial period of Phase 111. The system provides
full support to the head while permitting rotation in the
sagittal and transverse planes. Rotation is smooth and
continuous in the sagittal plane with minimal resistance and
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slight vertical displacement (%-% inch), in the transverse plane.

The single interface for the head has eliminated the need
for the patient to wear the cyclists helmet while still providing
an area for attachment of the light source. As a direct result,
irritation to the skin around the ears has been overcome and
stability of the light source has increased.

The four bar linkage system satisfies the criteria and
constraints imposed on the project and meets the objectives
of the design, providing comfort and increasing the communi-
cation abilities to the patient.
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A RIGID URETHANE FOAM CONTOUR SEAT

James P. O'Leary
Jonathan C. Bretz
Steven Gallo
Marie Thibault

Tufts University, Department of Engineering Design, Medford &
Biomedical Engineering Center, Boston, Mass.

ABSTRACT

A technique for manufacturing customized
seats, at a low cost and in a very short time is
described. The system has evolved out of work
on vacuum formed custom seating systems.

The seat described has a rigid urethane foam
structure, with the working surface lined with a
one inch polyethylene foam pad. It is formed
with a cast of the user's contours. The seat
weighs about two and one half pounds and re-
quires no hardware to interface to a standard
wheelchair.

Problems of durability, safety and appear-
ance are addressed, as well as future plans for
the system.

INTRODUCTION

The need for appropriate seating systems for
severely disabled children and adults is widely
recognized. The provision of an appropriate sup-
porting system is felt to contribute to communica-
tion, use of extremities, self-image as well as
aiding in the prevention of skin breakdown with
its inherent complications, and the retardation
of scoliosis and deformity. The level and diver-
sity of activities in this area worldwide attest to
the importance with which it is regarded.

Most customized seating systems which have
been proposed and evaluated seem to share two
major drawbacks, a high inherent cost, which
does not show promise of being significantly re-
duced by a large volume of production, and a re-
latively long gestation period, from the time the
decision to provide seating is made until the seat
is provided. The latter seems to be most sig-
nificant in the case of children whose growth rate
limits the actual time that a given seat might be
thought of as a correct fit. When the time be-
tween measurement (taken in a broad sense to
include a casting or body impression process
where this is the sizing technique) and delivery
of the unit is a significant portion of the useful
life of the seat, we have cause for serious
concern,

This paper describes an approach we have

developed to cope with these problems, Although
still in the developmental stages in some respect,
the process is currently in use with results we
find most encouraging.

Our facility has been providing a molded con-
tour seat for some time (1), This unit is manu-
factured using a combination of vacuum forming
of foam, vinyl and ABS materials, and rigid ure-
thane, expanded in place. The technique re-
quires a considerable amount of hand finishing
work, trimming, fitting of hardware for the inter-
face, etc. There is a high cost associated with
providing this device. One of our objectives is
to reduce this cost as well as the inherent delays
between the time of fitting and obtaining a body
impression and the time the unit is finally de-
livered.

The unit described here addresses both these
problems. It is provided at the time the client
is fitted. The client leaves with this seat on his
first visit, In addition, the labor and material
costs are guite low compared to the provision of
the seat we have been using.

The first seats of this type were made to cope
with only one of these problems, the inordinate
time delay. The objective was to make a seat
which could be used as an interim unit until the
finished product was ready. To do this we would
need a very inexpensive unit., Such a system has
been developed.

Although this design was not intended to re-
duce the total cost of providing a seat, but only
the time lags involved, it has shown a durability
far exceeding all expectations, and is now being
studied as the preferred product, or the product
of choice in some situations., This seems to be
particularly worth considering for children who
are in a period of fast growth, or other situations
where the fitting of contoured seating can be ex-
pected to require repeating after a comparatively
short interval.

SEATING SYSTEM

The seat provided under this system has a
central structure made from rigid urethane foam,
of two pound per cubic foot density, with the area
in contact with the user lined with a one inch lay-
er of polyethylene foam. The entire rigid
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urethane structure is encased in a clear urethane
film cover. The structure is molded to fit tight-
ly into the user's wheelchair. (See Figures 1
and 2.)

The process of manufacture starts with the
taking of a body impression. This process which
has been described previously (1) is done using a
vacuum bag or dilatancy technique. An effortis
made to hold the user in a fixed position for as
long as possible, as the position when the im-
pression is made will be the position when the
seat is finished. This must be a comfortable,
stable position. Obviously, a successful seat
can only be made from an impression of a good
body position. It would be difficult to overesti-
mate the importance of the care required at this
phase.

A shell casting (positive) of the user is made
from the vacuum bag. This is done using plaster
bandage, and requires less than thirty minutes
until a hard shell has been formed. This shell
is the surface that the seat will conform to.

To add strength to this shell, the concave
side is filled by placing it in a box and expanding
rigid urethane foam into it. This results in a
solid structure which only weighs a few pounds
but is strong enough to vacuum form over.

The layer of soft foam is now vacuum formed
over this cast. Forming is achieved after heat-
ing the foam for five to eight minutes in an oven

at 300-320° Far enheit,

The formed foam layer is temporarily at-
tached to the cast with tape in preparation for
using the foam covered cast as a mold against
which the foam structure of the temporary

EDGING

URETHANE FILM

RIGID FOAM

SOFT FOAM

The Internal Structure of the Seat.

Figure 1

(perhaps) seat can be expanded,

The rigid urethane is expanded in a clear ure-
thane film bag, restrained between the form
made up of the cast and pad, and the wheelchair
the seat will be used in. The sling seat and back
remain in the wheelchair, providing the primary
support for the seat. The urethane film bag is
slit to allow the expanding foam to contact the

ad., The expanding foam adheres to both the
orm pad and the urethane film bag, making a
single unit. The urethane film as part of the
core, provides an easily cleaned, sealed surface.
Duct tape is used to cover the edges of the foam
pad, providing a relatively neat finish.

It is necessary to carefully position the cast
relative to the chair, to make certain that the
user is seated at the proper angle in the finished
unit.

The entire unit can now be slipped in or out
of the wheelchair with a minimum of effort.
The use of the chair as part of the forming pro-
cess leads to a firm interlock, while the ure-
thane bag limits this to a manageable level.

The entire seat weighs approximately two
and one half pounds, and is quite easily moved
about.

MATERIALS

The materials used in making the seat are
all readily available in quantities which are rea-
sonable for the seating application. A little ex-
perimentation with them is in order before at-
tempting a seat, but the reasonable costs allow
this luxury.

The rigid urethane is manufactured by the
Stephen Chemical Co. of Northfield, Illinois, and
can be identified as "HC230"., It is packaged by
local distributors.

Photograph of the Completed Seat.

Figure 2
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The polyethylene foam is one inch thick
"Aliplast' distributed by Alimed, 138 Prince St.,
Boston, MA, 02113,

The urethane film bag is made for each seat
by heat sealing commercial grade urethane of
0.005 inch thickness.

SAFETY

One of the chief concerns in seating is the
safety of the product provided. If the seat is
fitted properly, there remain three possible haz-
ards which the seat may contribute. These are
toxicity, flammability, and instability.

The urethane foam being used does present a
hazard during the actual expansion process.
This must be done in a well ventilated environ-
ment and the usual precautions taken for this
kind of hazard., These materials have been in
use for some time in a number of applications and
it is felt they can be handled safely. We do not
allow casual observers or users into the area
when this work is being done. The material is
quite stable once it is formed, and is used regu-
larly in a number of consumer products. We see
no real hazard from toxicity in the completed pro-
duct.

The material is flammable, and this is of
great concern. We are currently warning users
of this hazard and looking into flame retardents
which will not adversely affect the material per-
formance.

The question of stability, that is the potential
hazard of the user falling from the seat or the
seat falling from the chair, is of great concern.
A seat belt, properly fitted and used, prevents
any problems here, but it is preferred that the
seat be formed to minimize the hazard when the
belt is not used, as so often this is allowed to
happen.

OTHER CHARACTERISTICS

The durability of the finished product has been
a most pleasant surprise to date. As was stated
earlier, the expectation was for a few weeks of
useful life, but the experience we're had has led
us to consider the design as a permanent seat.
With that change the durability requirement in-
creases considerably, and we must gain some
more long term experience before we are satis-
fied with that aspect of the system.

The seat does not have the cosmetic charac-
ter one would like to see. Again, the duration of
use expectation will determine the level of impor-
tance of this aspect. At present, we are most
concerned about the appearance of the seat gen-
uinely inhibiting its usefulness. We feel quite
strongly that a good appearanee is mandatory in
any permanent seating system we are going to
provide.

FUTURE WORK

Future evolution of the design will, of course,
depend on evaluations of our user experience.
If there appear to be no serious problems with
long term usage, we plan work in several direc~
tions.

The cosmetic problem is one that we feel can
be solved. Possible directions include the use of
an opaque colored film to replace the current
transparent material., This will allow options as
well as giving a somewhat better appearance.

We will also evaluate alternatives to the duct tape,
seeking some more pleasant visual effect.

An alternative to those would be a cover over
the entire seat. This possibility will also be
considered.

As was stated earlier, there are additives
which can be formulated into the rigid foam, to
reduce flammability. These also will affect the
strength, and durability of the structure. We
hope to evaluate alternative foam systems to find
the best compromise of durability and flammabil-
ity for this application.

SUMMARY

At this time we feel that the seating system
described here has considerable potential in
meeting the seating needs of the population we
serve., We expect to develop the system further
and hope that it will gain wide acceptance.
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STUDENT PAPER

THERAPEUTIC POSITIONING AID FOR HANDICAPPED CHILDREN
AGES ONE TO THREE

Anna E. Cronenwett, Kathleen Doyle

University of Michigan, Industrial Design

INTRODUCTION

We are students of industrial design at the University
of Michigan, Ann Arbor. This project is a six week inde-
pendent study course. We are still in the process of fabri-
cating a functional prototype, 1o be completed April 20,
1981. Through this project we had the opportunity to
work with Eva Meyer, a neuro-developmental therapist at

the Rackham School of Special Education in Ypsilanti, MI.

PROJECT BACKGROUND

Eva Meyer is one of the pioneers of neuro-develop-
mental therapy in this country. She works with children
between the ages of one and three, who have develop-
mental delays and/or orthopedic abnormalities due to
brain damage. Neuro-developmental therapy involves the
concept of early intervention, in which a child begins
therapy at an early age, in order to teach their bodies to
assume correct physical positions. This encourages their
individual abilities to develop physical control. Eva Meyer
approached us with specific therapeutic needs which she
felt were not being met by existing equipment design.

Figure: 1: Positioning Unit with Play Table

RESEARCH

The positions shown in figure A are a number of those
which equipment design would need to accomodate. The
dotted lines in figure A-1, indicate where proper support
for the child is needed. We spent the first week and a half
of this project observing Eva Meyer and her assistant in
therapy with the children, meeting with Eva Meyer to
discuss problems and ideas, and evaluating the existing
equipment and procedures. We found much of the
existing equipment to be of heavy plywood construction.
This was bulky, hard to store and oppressive looking. Also,
some of the needed body positions were notaccommodated
by the existing equipment. From observation and discussion
the importance of therapy as a positive activity for the
children became a major design criteria.

PROBLEM STATEMENT

Anna E. Cronenwett, and Kathleen Doyle will design
and fabricate a therapeutic system which will assist the
therapist in positioning handicapped children into the
following postures (see figures A-1 to A-4).

DESIGN CRITERIA

1. Design must be flexible enough to accommodate all the
different positions.

2. Design must encourage a positive involvement of the
child (potential use as a toy).

3. Design must be adjustable to accommodate different
sizes of children.

4. Design must allow for potential expansion. As
unforeseen needs come up, the system must be
readily adaptable.

5. Design must utilize safe, functional, comfortable and
pleasing materials.

6. Design must be sensitive to economic constraints of
the Rackham School of Special Education.

7. Design must provide the children with a play surface
during therapy.

8. Design must be sensitive to storage space problems.
DESIGN PROCESS

The second and third weeks of the project were spent
in rapid conceptualization, reviewing of ideas with both
Eva Meyer and Professor Montalvo and building sketch
models of the most promising ideas. Also during this time
period we became heavily involved in researching potential
materials and processes. We took advantage of numerous
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resources within the University and the Detroit — Ann Arbor
area. During the fourth week we received critical evaluation
from Eva Meyer and Professor Montalvo and the most
promising ideas were then combined into a final solution.

This final solution was further refined and modelled.
At the present time, we are involved in the process of
fabricating a functional prototype.

STATEMENT OF FINAL DESIGN

Our final solution for accommodating handicapped child-
ren in the therapeutic positions shown in figure A involves
a stacking support unit, a mat and numerous foam shapes.

DESCRIPTION OF FINAL DESIGN

1. Velcro Mat (Figure B)

In the beginning conceptualization stages one of our
initial and most promising ideas was the use of a large “pile”
velcro surface (softside), upon which other positioning aids
could be applied using hook velcro. One alternative was
having the mat itself contain the necessary foam shapes, like
a large puzzle. But we realized through discussion with our
client, that there was a need for a smooth vinyl surface to
the mat. Due to this factor, and the economic constraints
of fabricating an entire mat, we decided to take the therapist’s
existing mat (standard high density 1" thick gym mat) and
adhere the pile velcro material to one side; thus making the
mat reversible. Adhesion will be accomplished with velcro
brand adhesive, and all edges will be hand sewn for security.
The pile velcro fabric as well as the existing mat are navy
blue in color.

2. Foam Cushions (Figure C)

Realization of the velcro mat made possible creative use
of velcro applied foam shapes, for use in holding children in
the various positions. The use of velcro as a means of
adhesion allows for the secure positioning of the children,
while still using a soft giving material.

note: A 2'" X 2" square area of velcro requires a 75 Ib.
direct force (not inclusive of “‘peeling’’ the velcro)
to separate hook from pile.

Materials Used:

All of the foam cushions were formed from high density
foam, and then covered with parapack fabric. This
fabric (usually used in parachuting equipment} is light
weight, soft, very strong, water resistant and easily
cleaned. All fabric covers were sewn in such a way
that they can be easily removed from the cushions

for cleaning or replacement. We chose the primary
colors, red, yellow and blue to cover the cushions.
(Figure C illustrates all of the cushions).

Back cushion and leg supports secure the child in position
A-4 with velcroing straps. The inner structure of the back
cushion is a bent 3/16" thick piece of acrylic, which gives
needed back support. The four leg cushions are increasingly
larger in size to accommodate a variety of children. These
cushions have hook velcro on two surfaces; making the
cushions capable of being hooked down in either left or
right side lying positions to the mat. The set of cushions
shown in figure C-1 are color coded sky blue.

The system also involves a yellow head support cushion

for use in the side lying positions or other needed positions.
See figure C-2.

There are also four red triangular cushions, which are
primarily used for supporting the play table, when the child
is in the abduction position. (Figure A-3).

3. Stacking Unit (Figure D-1)

The stacking support unit breaks down into six pieces,
which can be stacked in various combinations to accommodate
different positions and different sized children. The organic
shape is based on a square and can be rotated into a variety
of configurations for the various positions. Stacking of the
modules is secured by four male-female plugs 1" in diameter.
Two of the faces of the unit are covered with red pile velcro,
indicated in figure D-1 by the dotted line areas. This pile
surface accomodates yellow hook body straps which support
the child against the unit in the various positions. The
support unit also involves a large play table (see figure D-2),
which also plugs into any module. The entire support unit
velcros down to the mat during therapy. (figure D-3)

The unit supplies support to the knee, hip and chest when
the child is in a standing position. A 4" X 24" yellow strap
gives necessary security to the child’s body.

(figure D-4) In the kneeling position the unit offers hip and
chest support.

i1

Figure 2: Abduction with Unit

(Figure D-5) The unit accommodates the child in the sitting
positions, giving back support. A yellow strap (diaper strap)
is used to keep the child’s hips and lower torso flat against
the support unit. The diaper strap velcros underneath the
support unit, comes between the child's legs and hooks to
the red pile areas on the support unit. The child’s knees can
be held out straight or in the abduction position by two
velcro yellow straps 2 X 12", which cross the child’s knees
and fasten to the pile mat.
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(Figure D-5) The red triangular cushions can then fit
between the child’s legs in the abduction position and support
the table, which is also capable of velcroing to the support
unit against the red pile area.

(Figure D-6) The supporting unit also allows for the child
strapped into the side lying position to be turned vertically
and strapped into the support unit.

The support unit could be manufactured in a variety of ways.
The stacking pieces could be made from self-skinning poly-
urethane foam. It could also be injection molded plastic
then covered with a thin skin of very dense foam (such as
aliplast). Due to economic constraints and our fabrication
limitations we chose to fabricate the prototype in the
following way:

Each of the six stacking pieces will first be cut from
dense styrofoam. Polystyrene support pieces will be heat
bent and inlayed into the styrofoam. All corner areas will
be covered with red pile velcro, over a layer of dense %"
aliplast foam. Polystyrene end caps containing the plugging
system will be adhered to top and bottom of each piece.

EXPANSION OF THE SYSTEM

One great merit of this system'is its capabilities for
expansion. Within the course of this project two such
unforeseen ‘‘expansion’’ ideas have developed. |f stacked in
the proper configuration the support unit can become a chair
(Figure D-8), or if placed on its side the unit could be
straddled by the child. Eva Meyer found this possibility
expecially useful,
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THE EFFECT OF WHEELCHAIR CUSHIONS ON RIDE

by James J. Kauzlarich, Ph.D.

Rehabilitation Engineering Center, University of Virginia

Abstract

A powered wheelchair was instrumented with an
accelerometer to study the effect of cushions on
ride comfort. A "normal" human subject found that
above 0.4-0.6 g's maximum acceleration the ride
was uncomfortable. A flexible cushion was found
to be necessary in order to reduce the maximum
acceleration of the user to a comfortable level
at wheelchair speeds above &4 km/hr (2.5 mi/hr)
while rolling over a 1/4 inch bump.

Introduction

Since most wheelchairs do not have a spring
suspension, the cushion plays an important role
in limiting the effect on the user of wheelchair
impact with bumps. Recent cushion studies have
been concerned with the effect of the cushion on
tissue breakdown which can cause decubitus ulcers
[1], on indentation load deflection capability of
polyurethane foam [2], and development of test
methods [3]. This study concerns the measurement
of maximum acceleration which a user will find
uncomfortable while riding in a powered wheelchair
and traversing sidewalk cracks or bumps.

Method

The laboratory measurements of powered
wheelchair performance were conducted on a slider
bed conveyor or wheelchair treadmill with a 36
inch wide nylon belt [4]. A 1/4 inch wood dowel
was taped to the belt to simulate a sidewalk bump.
Three or four 50 pound bags of gravel simulate
the user and were placed, front to back, on a
commercial powered wheelchair seat with various
cushions. An accelerometer was clamped to a board
which was sandwiched between the bags of gravel
with the accelerometer placed to the side of the
center of gravity of the bags. The maximum
acceleration was observed when the rear wheels
rolled over the bump, and this value was recorded
along with the belt speed and natural frequency
of the gravel bags. The natural frequency was
measured by giving the bags a sudden deflection
and calculating the natural frequency from the
accelerometer voltage trace on a storage oscillo-
scope screen.

It is the sudden shocks produced by the
impact with a bump which produce an uncomfortable
sensation for the wheelchair user. Den Hartog
[5, p. 147] discusses this phenomenon and shows
that the important measurement when assessing
comfort is the rate of change of user accelera-
tion, called jerk. However, it can be shown that
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jerk is proportional to the maximum acceleration
multiplied by the natural frequency. Linder [6]
reviews a number of studies involving the effect
of mechanical vibration on human beings and shows
that the maximum acceleration with respect to
frequency for the '"severely disturbing" threshold
level is 0.5 + .1 g's over a range of fregency
from 3 Hz to 10 Hz. The natural frequency of the
patient riding in a wheelchair is in the range of
6 to 8 Hz. The natural frequency for human body
organs is about 4.5 Hz [6], and this frequency
should be avoided when designing wheelchairs.

A preliminary study comparing the ride per-
formance of a human with the bags of gravel gave
similar results; see Figure 1.

Results

The maximum acceleration experienced by the
wheelchair load due to a 1/4 inch bump plotted
against speed is shown on Figure 1 for a number
of commercial wheelchair cushions. Most of the
tests were conducted with gravel bags for the
load. Tests with no cushion for a 150 pound
human subject compare well with the results for
150 pounds of gravel, as shown on Figure 1.

To obtain reproducible results it was nece-
ssary to carefully position the accelerometer at
the same position for each test and to be certain
that the gravel bags did not shift during the
test. Any loose wheelchair parts were tied down
to eliminate spurious accelerometer signals.
Also, the tires were inflated to the proper
pressure for each test.

The measured acceleration exhibited station-—
ary random variations on the order of 10%. A
statistical study indicated that 10 measurements
were needed for a true average as long as the
baseline reading of the accelerometer voltage
remained constant.

Discussion

All of the cushions significantly reduce the
maximum acceleration measured except the T-Foam
cushion. The T-Foam cushion distributed the load
of the seated patient much slower than all of the
other cushions, and for sudden impacts there was
almost no cushion deflection. Thus, the T-Foam
cushion acts like a board placed across the seat
so that the force transmitted to the patient when
going over a bump is about the same as when no
cushion was used.
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For riding comfort, a pillow of shredded
polyurethane foam performed as well as most of
the cushions tested in reducing the user accele-
ration due to the wheelchair riding over a bump.

Design recommendations for maximum accelera—
tion in a wheelchair are based on human opinions.
For this study a '"normal" human subject was asked
when the impact felt uncomfortable, and generally
indicated discomfort from 0.4 to .7 g's depending
on the cushion being tested. Jacobson [7]
reviewed the literature on ride comfort and
recommended that the maximum acceleration should
not exceed 0.2 g's for vehicles. Linder [6]
recommends 0.5 g's maximum.

In conclusion, the test results show that a
flexible cushion is necessary for a comfortable
ride by a "normal" subject in a E&J-3P powered
wheelchair.

It is suggested that future studies of
wheelchair ride should involve measurements of
the discomfort level of a spinal cord injured
user. Also, the determination of the effect of
springs and dampers added to a wheelchair on ride
quality would be useful for wheelchair design.
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Table 1

Cushion Name and Manufacturer

Stainless Foam Cushion
Stainless Medical Products
San Diego, California

Jobst Hydro-Float
Jobst Institute, Inc.
Toledo, Ohio

Bye-Bye Decubiti
Ken McRight Supplies, Inc.
Tulsa, Oklahoma

Bio Flote
Bio Clinic Co.
North Hollywood, California

Aqua-Seat
Aquatherm Products Corp.
Rahway, New Jersey

T-Foam
Alimed Inc.
Boston, Massachusetts

Laminair
Scimedics, Inc.
Anaheim, California

ROHO
ROHO R & D, Inc.
East St. Louis, Illinois

Shredded Urethane Foam Pillow
UVa Hospital
Charlottesville, Virginia
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THE FOAM-IN-PLACE SEATING SYSTEM RESULTS OF TOXICITY STUDIES

Douglas A. Hobson, P. Eng. & Robert Tooms, M.D.

University of Tennessee—-Rehabilitation Engineering Center
1248 LaPaloma Street, Memphis, Tennessee

ABSTRACT

The Tiniversity of Tennessee Rehabilitation
Engineering Department has developed further
the Foam-In-Place (FIP) technique first intro-
duced at Shriner's Hospital in Winnipeg,
Canada, as a possible solution to the problem
of customized seating for individuals with
severely handicapping conditions.

Essentially, this technique permits the
direct foaming of contoured seating components
using the individual himself as the mold.
Through this technique the mold-making and
fabrication steps associated with other
techniques have been bypassed. Initial
experience has also indicated that customized
foam components can be produced and interfaced
into a wheelchair in less than two hours.

Recent research efforts have focused on
the issue of potential toxic hazards associated
with the use of polyurethane materials in the
FIP seating approach. Future efforts will
emphasize the seat-user interface measurements.

INTRODUCTION

The importance of proper seating for those
confined to the seated position throughout their
daily activities has been stressed in recent
years. Much more remains to be done in terms
of designing proper seating systems and making
them available to those within the handicapped
population that so urgently need them.

The high cost of pressure sores, combined
with the interruption of the living process
associated with patients with sensation loss,
(primarily paraplegics and quadriplegics) have
inspired better solutiens to the distribution of
seating forces under areas of insensitive tissue
and bony prominences. Both standardized and
semi-custom wheelchair cushions have improved
in recent years (9). These developments have
paralleled basic studies that have provided an
understanding of the basic causes of tissue
breakdown that results from pressure sustained
above tolerable levels for excessive time periods
(2, 3, 4). The most common approach used to
avoid tissue breakdown is to distribute forces
over larger weight-bearing areas of the pelvis
and thighs using force distributing cushions of
various configurations. This approach results

in a reduction of the pressure levels applied to
the susceptible tissue areas, so that sitting may

be safely maintained over longer time periods. A
second approach, which has recieved much less
emphasis, is to allow high pressures to exist but
to permit them to be sustained only for short
periods of time. This latter approach is a
departure from the large contact area concept,
and thereby potentially permits air circulation
and related temperature/humidity control at the
tissue/seat interface (5).

In addition to the above mentioned paraplegic
and quadriplegic populations there is another
larger group of developmentally disabled indivi-
duals requiring specialized seating. This group is
comprised of severely handicapped children and
young adults with disorders resulting from
cerebral palsy, muscular dystrophy, multiple
sclerosis, and other less common neuromuscular
anomalies. These disorders often result in severe
obliquities of the pelvis, contractures of hip and
knee joints, and scoliosis of the spine. These
individuals usually have complete sensation, and
therefore comfort and maintenance of good body
alignment in the seated position is the primary
goal, rather than protection of insensitive
tissue as in the former group. To provide the
required comfort and body alignment, forces of
considerable magnitude often must be applied to
specific areas on the pelvis and trunk. To
maximize comfort, these forces must be maintained
at the lowest possible levels. Considering
these factors and the additional complications
resulting from a lack of neuromuscular control,
total contact support appears to offer the
greatest potential.

Seating for the severely handicapped cerebral
palsied and muscular dystrophy population has
traditionally involved the custom-making of
inserts which fit into a standard wheelchair
(10, 7, 1, 6, 8). The amount of customaization
achieved is related to the capabilities of the
seating technician, orthotist, or therapist
responsible for specialized seating, because of
the labor intensive nature of specialized seating,
the cost is usually high. As a result, the
services are generally available only through a
few larger rehabilitation facilities which have
sufficient volume and funding to justify the
required specialized staff and facilities. Recent
developments have indicated that approximately 50%
of children and young adults that require
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specialized seating can be accommodated by stand-
ardized components fabricated from vacuum-formable
plastic materials in standard size increments.
However, the remaining 40-50% require customized
seating to compensate for their severe deformities
or lack of neuromuscular control. It is for this
population of severely handicapped individuals

that the FIP approach has been persued at the
University of Tennessee-—Rehabilitation Engineering
Center.

FOAM-IN-PLACE TECHNIQUE

The FIP technique uses a foaming frame into
which a series of standardized seat and back molds
can be inserted. The box shaped molds are fabri-
cated from polyurethane plastic and are closed on
all sides except one. A sheet of thin latex
sheeting (5 ml) is lightly stretched over the open
side of the mold. This stretchy surface is then
in direct contact with the user during the foaming
process. Once in position in the foaming chair
and seated upon the latex skin, a two-part poly-
urethane foam (CPR 1947 N) is injected into the
front of the mold. The injection hole is then
closed off and the reaction between the two foam
components causes the foam to rise up and force
the latex skin around the shape of the user.
Within five minutes the foam gels into a soft foam
cushion and the user can then be removed from the
foaming frame after ten minutes. In the same
manner, back components can be made to contour
perfectly to the shape of the individual. (Fig. 1)
The time saving advantages are that the individual
provides the mold shape for contouring the support-
ing foam surfaces, and the polyurethane mold
provides the shape of all other surfaces of the
foam. This latter point is important since the
standardized outer shapes of the foamed components
permit rapid interfacing into wheelchairs or other
wheeled bases. That is, in addition to a series of
standardized molds which cover the range of body
sizes, there is a matching series of interfacing
receptacles that receive the final foam components,
so that they may be placed securely in a variety
of wheeled bases.

The Toxicity Issue

Toxicity, although the word itself has "lethal"
or "deadly" comnnotations, is, in face, a matter of
degree and not an absolute. It is the character-
istic of a substance to cause some degree of
injury to a living organism. The degree of injury
may range from minor (barely detectable) to lethal,
covering all mild irritations inbetween. In most
cases, toxicity is dose dependent.

As with most industrial chemicals, some
degree of hazard exists in the use, or particularly
in the misuse, of polyurethane chemicals and
components. The degree of hazard is influenced
by the physical and chemical properties of the
material and the circumstances of use or misuse.

In the use of polyurethane systems this hazard
arises principally from the isocyanate component,

and to a lesser degree from the catalysts and
other additives present in the polymer component.

Safety Issues Related To The Foam-In-Place Seating
Application

There are essentially two primary concerns
pertaining to the potential health hazard of poly-
urethanes in the Foam-In-Place application.

(1) The inhalation hazard to technician and
handicapped client from the vapors both before
and during the foaming procedures.

(2) The possible hazard of toxic agents leaching
out of the freshly polymerized foam and thereby
coming in contact with vulnerable tissue surfaces
of the seated client.

An indepth three-part study was initiated to
address these concerns. The study was comprised
of: (1) In-Vitro toxological evaluation

(2) Dermatological testing (Skin Patch)

(3) Vapor analysis
Toxological evaluations were conducted in coopera-
tion with the Department of Pharmacology-Material
Science Toxological Laboratorues at the University
of Tennessee Center for the Health Sciences. Vapor
analysis tests were undertaken in cooperation with
the Department of Pathology at the University of
Tennessee. Dermatological tests were conducted
by the Department of Dermatology at the University
of California at Los Angeles under the direction
of Dr. Marvin Rapaport.

Note: It is not within the scope of this article
to discuss in detail the testing methods
and procedures used in the toxicity studies.
A detailed preliminary report entitled
"Foam-In-Place Seating for the Severely
Disabled" is available on request from the
University of Tennessee - Rehabilitation
Engineering Center, 1248 LaPaloma Street,
Memphis, Tennessee 38114. This paper
therefore will be confined to a discussion
of the conclusions of the three-part study.

Results - Toxological Evaluation

1. All samples tested (both CPR 1947 N and
commercial samples) were cytotoxic as per the
criteria for the Tissue Culture Agar Overlay Test.
This is not surprising in that this test is
designed to detect leachable toxic substances and
is one of the most sensitive in-vitro acute
toxicity tests available., (Note: A commonly used
polyurethane wheelchair cushion was one of the
commercial samples tested)

2. The acute cytotoxicity of the CPR 1947 N
material as used in the Foam-In-Place procedure
is not statistically different than for the other
(commercial) foams tested.

3. The acute toxicity of the Foam-In-Place seat
components (latex and foam components) declines in
the first two weeks after fabrication.

4. Although the most probable components of the
foam material which would be leachable and toxic
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are the catalyst or the isocyanate monomer(s) (non-
reactive residuals), the Agar Overlay Tissue Culture
Tests does not distinguish the nature of the
leachable toxic components.

Results - Dermatological Testing

As a result of the findings of the UCLA Patch
Test combined with the clinical observations of
the University of Tennessee - Rehabilitation
Engineering Center over the past three years, it
was concluded that:

CPR 1947 N polyurethane foam material,
although showing a positive response in the
in-vitro Agar Overlay studies, does not
present an undue risk to health as a
sensitizer or an irritant when placed in
contact with human skin within one hour
after polymerization has taken place.

Results - Vapor Analysis

After testing methylene bio (4-phenylisocya-
nate) (MDI), tris (2-chloroethyl) phosphate, and
trichlorofluoromethane, for inhalation toxicity
it was concluded that:

MDI will not cause major skin or eye
irritation in the Foam-In-Place application
provided proper ventilation of the work area
is observed and safe laboratory practices are
followed. It was also concluded that as long
as good engineering practices are followed
and the Foam-In-Place technique is carried
out in a well ventilated area concentrations
of trichlorofluoromethane will pose no health
hazard to the technician or client.

Results = Foam-In-Place Clinical Trials

To date, forty subjects have received FIP
Seating Components. The distribution is:
17 Cerebral Palsy, 10 Muscular Dystrophy, 4
Myelomeningocele, and 9 others. In the other
category, three individuals were adults with
insensitive tissue and a history of tissue
breakdown problems. The approximate average
foaming time for a combined seat and back
support was 2% hours. Many of the subjects
have been using the FIP components for more
than two years with the longest in use being
40 months. In most cases the components
endured daily use for more than two years,
before a replacement was required either due
to growth or deterioration of the foam material
itself.

All subjects when given a choice desired
to have a replacement of the Foam—-In-Place
component, rather than resort to an alternate
type system. No incidence of skin or respiratory
problems was reported from the study group. The
three subjects with insensitive tissue have had
no recurrence of tissue breakdown related to the
FIP support, and have expressed a desire to
continue with the system when replacement was
required.

Future research plans call for the development
of principles for custom designing of FIP seating
supports, through the uge of laboratory instrumen-
tation that will permit the more accurate interpre-
tation of interface conditions (pressure,
temperature, humidity); particularly with reference
to supporting individuals with insensitive tissue.
A second objective will be to further refine the
existing system to facilitate the clinical
application in facilities working with the seating
needs of individuals with severe physical deformi-—
ties, primarily due to cerebral palsy.

CONCLUSIONS

The successful clinical trials to date with
the Foam-In-Place technique, the findings in the
industrial regulatory literature, the detailed
responses from the manufactures of the material,
the safety record of polyurethane materials in the
prosthetics field over the past fifteen years, in
addition to the results of the extensive
experimental studies summarized in this report,
regarding vapor inhalation and toxological evalua-
tion, all strongly support the position that
flexible polyurethane foam CPR 1947 N presents
hazards to health and safety that are within safe
limits. And these hazards are outweighted by the
potential benefits to be gained by severely
handicapped individuals requiring customized
seating devices. It can further be concluded that
if routine safety precautions are observed as
outlined above, no undue hazards to health can be
expected to occur to either personnel or clients
as a result of the application of the Foam-In-Place
system as described.
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SEATING SYSTEMS FOR BODY SUPPORT AND PREVENTION OF TISSUE TRAUMA

R. Pasillas, C.0Q.%, D. Politi, 0.T.R.%*, and T. Peérkash, M.D.+

*Rehabilitation Engineering Center
Children's Hospital at Stanford

ABSTRACT

This paper describes the present status of
"Seating Systems for Body Support and Prevention
of Tissue Trauma'" (1) designed specifically for
the spinal cord injured community, Recognizing
that a prophylactic and sound orthopedic seating
system can be devised for spinal cord injured
patients to allow greater independence and free-
dom, the investigators from the Veteran's Admini-
stration Medical Center, Palo Alto, and Children's
Hospital at Stanford have examined, developed, and
tested a number of prototype cushions, The Veter-
an's Administration Seating Interface Orthosis-
Paraplegic (VASIO-P) has proven to be the most
viable modular system so far., Twenty-three candi-
dates have been tested on the latest prototype and
are still using the cushion with favorable results,

INTRODUCTION

Within the Veteran's Administration medical
system, and for that matter the entire national
medical community, patients with quadriplegia or
paraplegia secondary to a spinal cord injury form
an important population whose long-term needs can-
not be ignored. Expenses for conservative and
surgical treatment for ischemic ulcers and bio-
mechanical deformities secondary to the spinal cord
injury are extremely high and exceed the annual
rate of injury incidence, Current cost estimates
for repair of decubiti in a single patient may
range from $10,000 to $46,000 depending on the
extent of involvement and related length of hospi-
tal stay (2). Furthermore, biomechanical deformi-
ties such as spinal curvature, pelvic obliquity,
or hip dislocations contribute to ischemic ulcer
formation as a result of poor sitting posture.

In this light, there is general agreement
that prevention of these highly debilitating medi-
cal complications is better than cure. For example,
the presence of decubiti retards the patient's
recovery process, complicates post-injury manage-
ment problems, delays discharge planning, and in
some cases may even be a cause of death., Post
discharge, the gradual increase in spinal and
pelvic malalignment secondary to inadequate body
support can predispose a person to ischemic ulcers,
affect functional capacity and increase dependency
during transfers and other activities of daily
living, For patients who must remain recumbent
for extended periods of time there are several
products used both in the home and institutional
environment that are effective in preventing

tSpinal Cord Injury Service

VA Medical Center at Stanford

ischemic ulcers, However, the cushions used by
sitting-dependent persons are less reliable,

There is no single commercially available product
that can provide both spinal/pelvic stability and
protection from ischemia, a fact particularly true
of cushions which rely on air, fluid or gel as the
supporting medium. Furthermore, all of these prod-
ucts can leak fluid and complicate patient prob-
lems,

This project proposes to develop a seating
system for spinal cord injured patients which
prevents both musculoskeletal deformities and
decubitus ulcers, This system will incorporate
interchangeable, modular components compatible
with today's standard wheelchairs. Also proposed
is an assessment worksheet for clinicians and a
protocol for prescription writing principles,

SIGNIFICANCE AND IMPACT OF INVESTIGATION

The incidence and prevalence of ischemic
ulcers among Veteran's Administration Medical
Center inpatients is yet unknown but conservative
national statistics estimate that three percent of
all inpatients are hospitalized for decubitus
ulcers (2). The 1979 Summary of Medical Programs
from the Veteran's Administration showed a daily
census of 46,563 patients (3). If the national
prevalence rate can be applied to the VA popula-
tion, then each day at least 1,397 beds are
occupied by veterans with decubitus ulcers.

Prolonged inpatient care required for treat-
ment of pressure ulceration could be eliminated
by directing attention to weight distribution
problems derived from scoliosis, pelvic obliquity
and hip dislocations and to provision of appropri-
ate trunk supports and seating systems,

Although it is difficult to quantify medical
and functional aspects of wheelchair effective-
ness, it is certain that without effective inter-
facing, the seating surface of the present day
conventional wheelchair is inadequate for the
sensory-impaired wheelchair-dependent person with
spinal cord injury. The modular components will
afford a range of seating environments integrated
with economy and ease of assembly (Figure 1),

Swearingen (4) emphasized the significance
of loading in normal subjects by observing that
approximately 507 of the body weight is supported
by only 8% of the sitting surface, and 58% of the
sitting area received pressures lower than aver-
age capillary (6.5 to 26 mm Hg). This view
points to the advantage of selective repartition-
ing of the weight to reduce pressure. This idea,
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considered "state of the art" by pioneers, is a
concept which has received considerable support
(5,6,7). 1t is obvious that the greater the flesh
thickness, the better its ability to sustain a load
by dissipating the force over a larger area (8).
Swearingen (4) showed that approximately one-third
of the body weight on the sitting surface could be
removed by the incorporation of foot and arm rests
and a back support placed at 15° to the vertical,
The proposed support system will incorporate these
concepts through provision of a lap tray with an
arm trough, leg and trunk supports and seating
cushions which comprise a total support system for
patients with high cervical lesions. These authors
believe that the support and cushion system will
repartition weight distribution and will prevent
ischemic uleceration.

BIOMECHANICS

Many wheelchair patients using conventional
seating surfaces continue to develop musculoskele-
tal deformities, such as scoliosis, because of an
imbalance of muscle power and inadequate support of
the trunk and pelvis. It is critically important
to provide support immediately post-injury. Early
in the history of developing deformities, the range
of motion diminishes and fixation may occur. Imn
this process, post—injury time becomes important,
and this data will be incorporated into the bio-
mechanical analysis worksheet. The combined
effects of gravity, ligament flexibility, muscle
weakness and imbalance of power in functional
groups of muscles contribute to a loss of truncal
stability in the spinal cord injured which results
in malalignment.

Several studies (9,10) have pointed out that
spinal rotation and curvature can be minimized by
immobilizing the spine in an extended or hyper-
extended position which interlocks the spinous
processes of the vertebra (primarily in the lumbar
spine). In this position rotational movement is
minimized, and locking of the facets in extension
prevents lateral deviation of the spinal column.

Contrary to related research activities, no
plywood was placed under the cushions as this would
not be representative of how the cushions would be
used. In fact, every attempt was made to allow
the clinical and testing atmosphere to exhibit, as
closely as practical, those variables which exist
normally in any tissue trauma clinic and later in
the home or other discharge eénvironment.

RESULTS

During the two week trial those who were in-
patients were monitored twice daily by the hospital
nursing staff for the appearance of erythemas or
other soft tissue insults, although the testing
protocol was designed to eliminate such difficul-
ties.

Each patient studied was a spinal cord injur-
ed adult male for whom commercially available wheel-
chair cushions did not provide adequate pressure
relief under the ischial tuberosities. Unlike
other studies, a rather large group of subjects
who are at high risk for tissue trauma continue to
be evaluated; most are asensory; and none have
received special training to participate in the
study. No attempt will be made to modify their

daily routine of activities.

Thus far the latest VASTO-P has fared well in
its clinical evaluations as indicated in the follow-
ing responses from seventeen patients who have used
the cushion from 4 months to a minimum of 2 weeks,

NO

POSITIVE NEGATIVE CHANGE

82% More comfortable 12% Less comfortable 6%

67% Colder 18% Hotter 716%
41% 4 sitting time 12% + sitting time 47%
53% Cleaner 6% Less clean 417
70% More practical 18% Less practical 12%

Transfers harder 18%
Worsened posture 18%
Worsened balance 247%
Harder to propel 70%
Generally less 6%
favorable

41% Transfers easier 41%

827% Improved posture 0%

70% TImproved balance 6%

18% Easier to propel 12%

827% Generally more 12%
favorable

To date the feature of the abduction pommel
has elicited a consistently negative comment, pri-
marily related to difficulties in transferring.
However, this problem will be addressed in the
final product. The difficulty may be rectified by
making the abduction pommel removable, Enough data
has been collected on patients with cervical level
lesions that further evaluation by these subjects
is no longer needed. The final step is to produce
a new prototype that may include inflatable blad-
ders instead of rigid inserts to avoid the develop-
ment of reddened areas by those who might be mal-
positioned by a hurried attendant.

As anticipated, the improvements in posture,
balance, comfort and practicality have proven to
be the most desirable features of the VASIO-P,
(Figure 2), These improvements result in greater
ease for traveling over rough terrain, wheelchair
manipulation, enhancement in two-handed and table
top activities, and the long-term benefit of deter-—
ring pelvic/spinal malalignment and related bio-
mechanical sequelae.
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PRESSURE SORE PREVENTION AND BIOMECHANICAL SUPPORT
FOR THE PARALYTIC WHEELCHATR-DEPENDENT PERSON

R. Pasillas, C.0., and J. Pacciorini, B.A.

Rehabilitation Engineering Center
Children's Hospital at Stanford

ABSTRACT

Many commercially available wheelchair cushions
are adequately designed to prevent ischemia, but
none afford body support for those individuals with
neurological, muscular, or skeletal deficiencies.
The objective of these authors is to provide
patients with a "seating interface orthosis (5TON™,
which diffuses pressure to prevent decubitus ulcers
and supports the pelvis and trunk to prevent or
arrest biomechanical malalignment. Over a one
year period, 24 patients were provided with a SIO
which incorporated the aforementioned objectives.
23 patients reacted positively to the approach.

INTRODUCTION

Two of the many problems faced by wheelchair-
dependent individuals are decubitus ulcers and
pelvic/spinal malalignment. The primary cause of

decubitus ulcers is high pressure over the bony
prominences of the sitting area. Pelvic and spinal
deformities may have a variety of causes, such as
muscular weakness, imbalance, or paralysis. An-
aesthesia affects both problems detrimentally:
it will not allow the patient to semse ischemic-
producing pressure, nor allow full proprioception
such that the patient cannot independently detect
or correct malalignment. These authors have devel-~
oped a seating system which sufficiently reduces
sitting pressures at prominent osseous sites to
prevent ischemia while maintaining a biomechanical
influence on pelvic/spinal alignment, ischial/tro-
chanteric registration, and postural balance.

Fach of the aforementioned conditions will be
examined in short discourse with specific atten-
tion paid to those aspects considered in the design
of the SIO. Following this, a brief technical des-
cription of the cushion and results of clinical
testing are presented.

BACKGROUND

Decubitus Ulcers

Central to the formation of a decubitus ulcer
(bedsore, pressure sore) is ischemia, usually in-
itiated by externally applied pressure or repet-—
itive compressive insults, which later results
in local necrosis. Of lesser importance to ulcer
formation is autolysis following disruption of the
cell membrane after a single compressive insult.
A further factor is shear, a tangential rather
than perpendicular stress. A sitting person is
vulnerable to these forces at the ischial tuber-
osities, coccyx, greater trochanters, and sacrum.

Those with sensation possess apositive neurological
feedback loop which allows them to shift their
weight and avoid ischemia. The asensory, however,
lack this loop and are not aware of the ischemic-
producing stress. The problem is further com-
pounded by spasticity, lack of muscle control, or
an imbalanced sitting posture. These ulcers are
not limited to the epidermis. In advanced states
they may progress deep to the bone and accompany-
ing septicemia, osteitis, and pyoarthritis may be
seen.

Pressure sore prevention or post-trauma man-—
agement cannot begin without a thorough assessment
of all the support surfaces to which a patient will
transfer during the course of daily activities.

In addition to the wheelchair seat, the unpadded
surfaces of the commode, shower chair, and bathtub
floor have a significant influence on initiating
soft tissue trauma. Once an insult occurs it may
later manifest as a pressure sore; or, the repair
process may be retarded with inappropriate pro-
phylaxis. The key to avoiding this cycle lies in
reduction of both magnitude and duration of the
external pressure. Seat cushions which employ air,
gel, and fluid attempt equal distribution of pres-
sure over the entire sitting area. However, the
unstable, buoyant characteristics of these cushions
may raise pressures higher than average capillary
over the ischii, coceyx, and trochanteric heads,
once active mobility is achieved. Furthermore,
over the passage of time these same characteristics
promote biomechanical deformities such as-spinal
curves, pelvic obliquity, and hip dislocations, or
make manipulation of wheelchair-controlling mouth,
head and shoulder switches difficult.

An alternative to equal distribution is "se-

lective repartitioning', where designated portions
of the sitting area receive high amounts of pres-
sure while others are subjected to lower stress
levels. In this way, the vulnerable ischial and
sacrococcygeal anatomy is apportioned minimal
stress. The bulk of the body weight is then trans-

ferred to the smoother and fleshier surfaces of

the thighs and flanks of the buttocks, where
higher levels of stress will not readily result
in ischemia. This is most easily accomplished by
use of a laminated foam cushion, which can be
sculpted to the appropriate design.

Biomechanics

Disregarding congenital deformities, skeletal
malalignment secondary to neuromuscualr deficiency
is progressive without orthotic intervention.
Conventionally, orthoses are considered for the
appendages and trunk. Rarely is a seat cushion
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considered an orthosis; however this term is fit-
ting if the cushion accomplishes an orthotic task.
In eupraxia, posture is maintained through the com-
plimentary interaction of an intact skeleten and
striated muscles, integrated with nervous control.
Loss of nervous control, muscular power, or skel-
etal integrity may lead to a variety of biomechani-
cal deformities. For instance scoliosis, when not
idiegpathic, may result from paralysis, muscular
atrophy, or an imbalance of muscle power in the
involved area of the spine. Orthotic intervention
attempts to prevent or arrest the deformity by
providing a compensatory exoskeleton for additional
support. In like manner, the permanently seated
person, especially with diagnoses such as spinal
cord injury, myelodisplasia, or multiple sclerosis,
may suffer from biomechanical deformities subsequent
to the primary diagnosis. Permanent, intimate fit-
ting devices for these patients are impractical.
A viable alternative is the incorporation of pelvic
and truncal stabilizing features into the wheel-
chair cushion.

In the sitting positiomn, the pelvis is the
primary foundation for postural control; it also
supports the weight of the trunk and upper body,
which comprises about two-thirds of the total
body weight. It is important to stabilize the
pelvis in all three planes of motion to deter bio-
mechanical deformities associated with long-term
sitting. Amputations, hip dislocations, fixed
skeletal deformities, incontinence, and weight are
other factors which dictate the final configuration
of the SI0O. Stabilization of the pelvis and trunk
in a static position is the prime concern in the
biomechanical aspects of design. For individuals
exhibiting normal sensory feedback (e.g. muscular
dystrophy, post-polio, or amyotrophic lateral scler-

osis), provision of comfort plays an important
part encouraging balanced pelvic positioning;
otherwise the patient will assume a compromising
postural attitude in an effort to avoid irritating
stimuli. Design and fabrication of the 8I0 encom-—
passes physical/occupational therapy assessment
procedures and orthotic principles.

MATERTALS AND METHODS

Over the past year the authors have developed
a cushion which is made from two commercially
available foams, not simply laminated together
but fabricated to a particular design to provide
the desired support. These authors use a combina-
tion of Ethafoam-220 (1) and Temper-foam (2) in
the fabrication of the cushion.

To relieve ischial and sacrococcygeal pres-
sures, some commercial cushions employ a simple
cutout in the perineal area, which relieves the
pressure but cannot be considered to provide
biomechanical support. The firm Ethafoam base
reflects this relief but extends the cutout area
forward to the groin to promote aeration. Bio—
mechanical support is provided by the intimate
contact afforded by contoured edges as opposed to
a simple cutout (figure 1). The undersurface is
shaped to match the sling of the wheelchair. Hip
flexion beyond 90° can be accomplished by insert-
ing a small wedge at (e.g.) 15° to horizontal.
Doing so increases pressure loading to the thighs
away from the sacroccoccygeal region and provides
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added anterior support to the trunk. The entire
process can be completed by a skilled technician
in less than 1 hour. This customizing process can
also be used to accomodate any fixed asymmetry of
the person's anatomy. Additional features, such
as abduction pommels and thigh recesses can also
be sculpted into the base design. The last step
is to overlay this base with a viscoelastic or
urethane foam (figure 2). The desired covering
material is stretch cotton velour with a draw-
string for easy application. The stretch quality
of the material minimizes tissue shear, and
the cotton fabric absorbs moisture to prevent
skin maceration

Spinal relief or lateral truncal pads can
then be added to reduce pressures in patients with
say, a gibbous posture or a laminectomy (figure 3).
As an extreme example, a spinal cord injured with
extensive skeletal deficiencies requires skillful
employment of orthotic principles in design of the
support environment, including plaster casting and
use of plastic materials. Nevertheless, selective-
ly repartitioning the ischemic-producing load still
provides the focal element for design of the SIO.

RESULTS

Effectiveness of the cushion is measured in
the following areas: deterrence of biomechanical
deformities, reduction of sitting pressures under
bony pelvic prominences, healing of pressure sores
(if any), increased sitting tolerance, and patient
comfort. 23 of 24 patients on the cushion had
favorable responses with regard to these criteria.
Of these 23 patients, 10 had spinal cord injury,

3 multiple sclerosis, and the remainder an array of
neurological, muscular, and skeletal maladies.

The one patient who rejected the cushion had a
spinal cord injury at C6, and was evaluating an
earlier design. Since that time several changes
have been incorporated and no additional problems
have been encountered. Patients were recently
interviewed within a two-week period in reference
to the above criteria. All patients who initially
reacted positively to the cushion were still using
it at the time of interview. At the time of writ-
ing patients used the cushion for a maximum of 12
months to a minimum of 1 month, with an average
use of 5.9 months. 11 of the 23 had tissue trauma
at the time of evaluation. Since then three
patients have completely healed and the remainder
showed significant improvement. In each case
pressure at the sacrococcygeal region was reduced
to near zero. 10 of the 23 had biomechanical
problems of significant magnitude to warrant
special design of the cushion. When completed,
all were supported to the satisfaction of
physicians, therapists, and most important, them—
selves. All of the 23 patients either maintained
or increased their daily sitting tolerance and
rated the cushion high in regard to comfort,
increased truncal stability, and enhancement of
postural attitude.

Though certainly not an experiment conducted
under rigidly controlled conditions, these results
are encouraging and indicate that a seating
interface orthosis can be designed to prevent
decubitus ulcers as well as provide orthopedic
advantages, regardless of the lack of biomechanical

integrity.
CONCLUSIONS

Mathematical analysis of the average sitting
contact surface area in man shows that pressure
levels (if equally distributed) cannot be reduced
to less than 47 mm Hg. (3). Further, equal pres-
sure distribution may indicate instability. To
achieve both a trauma-free sitting environment
and maintain sound musculoskeletal integrity the
principles of selective repartitioning must be
employed. The above described principles of the
SIO achieve this goal but it is stressed that
the ultimate degree of success is restrained by
the quality and completeness of the dinital needs
assessment.
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DEVELOPMENT AND EVALUATION OF THE ARROYA
DOWNHILL SKI-SLEDDING SYSTEM FOR PERSONS WITH DISABILITIES

PETER W. AXELSON

Rehabilitative Engineering Research and Development Center
at the Palo Alto Veterans Administration Medical Center

ABSTRACT

The ARROYA is a sled 1ike device contructed of
reinforced fiberglass. Stainless steel edges on
the bottom surface allow for turning and stopping
on varying terrain and in varying ski conditions.
The objective of this research is to continue the
development and evaluation of a downhill ski-
sledding system for persons who cannot use
traditional skiing equipment. Just as important,
downhill ski-sledding methodologies must be
devoloped to facilitate the successful integration
of this new sport into the existing ski population.
The ARROYA addresses the neglected recreational
needs of disabled persons who would benefit from
integration into the whole of society. The
responsible application of technology toward ski-
sled design development and the establishment of
downhill ski-sledding protocall will allow ski
programs for the disabled to offer integrative
downhill skiing to just about everyone.

NEED

The field of rehabilitation engineering has
generally ignored the recreational needs of
disabled individuals. There is a need for
equipment that will enable persons with
disabilities to participate in an able-bodied
manner in a variety of sports.

APPROACH

Downhill snow skiing is an ideal sport to allow
the integration of disabled individuals into the
mainstream of able-bodied recreational enthusiasts.
A new downhill ski-sled for the disabled has been
developed and has received preliminary field
testing by paraplegics and instructors in several
handicapped ski programs. This sled has proven to
be safe, controllable and compatible with 97% of
all ski chairlifts. An approach that unifies ski-
sled development and program integration will help
to assure participation of the disabled community
in recreational activities.

STATUS

RERanD Center Program

The Rehabilitative Engineering Research and

Development Center at the Veterans Administration
Medical Center in Palo Alto, California is
responsible for the coordination of development and
evaluation of ARROYA ski-sled prototypes. RERanD
core monies funded the construction of 15 ARROYA IV
prototypes for the 1979-80 ski season and 10 ARROYA
V prototypes for the 1980-81 ski season. RERanD
also funded three ski-sledding instructor clinics
during the 1979-80 ski season to facilitate program
evaluation.

Field Testing and Clinics

During the 1979-80 ski season, the prototype ski-
sled, ARROYA IV, was field tested at nine ski areas
including Winter Park Ski Area at Winter Park,
Colorado and Snoqualamie Ski Summit near Seattle,
Washington. Instructor clinics were also held at
each of the nine ski areas where ski programs for
the disabled are utilizing a total of twenty ARROYA
IV downhill ski-sleds. These clinics provide
instructors, disabled ski program directors and
users with knowledge on the safe operation of the
ski-sled.

User Feedback

Information gathered from instructor and user
questionnaires is facilitating the development of
a better manual for use by ski-sled instructors and
users. Questionnaire information was also used to
develop the ARROYA V ski-sled which incorporates
user feedback and suggested modifications from the
1979-80 ski season. For example, users indicated
that while turn were easy to complete, they were
difficult to initiate. This suggestion led to the
use of four edges on the ARROYA V, two forward
edges which allow skiers to initiate turns and two
rearward edges which allow completition of a turn.

Public Awareness

Demonstrations of the ARROYA ski-sled at various
instructor clinics throughout the United States and
in Norway generated very positive publicity. Each
clinic received local newspaper coverage and some
receijved television coverage. The objective of
this publicity was to make individuals aware of the
opportunity for paraplegics to use the ARROYA ski-
sled and to increase general public awareness of
the disabled community.
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disabilities. Slalom, giant slalom and freestyle
events were offered in mens and womens classes A
and B. The ARROYA was also demonstrated at the
"winter Olympics for the Disabled" in Geilo,
Norway, where it was proposed that the ski-sled be
integrated into international sports competition
for the disabled.

1981 National Handicapped Ski Championahips

Ten ARROYA V ski-sleds were used in competition at
the 1981 National Handicapped Ski Championships at
Winter Park ski area in Colorado by 35 skiers with
varying disabilities. The freestyle event was
eliminated this year. However an unofficial
downhill event was added. The competition was
close and exciting for all of the racers involved.

National Coordination

During the 1981 Nationals, a meeting was held to
exchange information and discuss the various issues
associated with downhill ski-sledding programs.
Present at the meeting were representatives from
all of the RERanD ARROYA evaluation centers and
three other ski-sledding programs. Among the
issues discussed were:

A. Tethering of ski-sledders vs. non-tethering
(Tethering is a buddy system whereby an able bodied
skier trails the ski-sled with a 1ine attached.
This is an aid to the sled skier during learning
and is often required by ski area management at all
times).

B. Ski area insurance problems as related to the
ARROYA.

C. Ski area personnel involvement with chairlift
Toading and unloading procedures.

FUTURE WORK

Continued development and evaluation of ARROYA
downhill ski-sledding systems for persons with
disabilities has been disapproved by the Veterans
Administration merit review system. Immediate
action is being taken to lTocate research oriented
manufacturers who will continue the development and
manufacture of ARROYA ski-sleds.

However, RERanD will:

A. Continue to monitor the evaluation of ARROYA V
ski-sleds.

B. Seek funding for typesetting and printing of the
ARROYA users manual.

C. Monitor the certification of Level II and III
ski-sledding instructors.

D. Monitor the certification of "advanced" ski-sled
users.

CONCLUSION

This work has benefits for both society and the
individual. Because of the low pressure situation
associated with recreation, integration of the
disabled into the able-bodied population is

facilitated. Able and disabled individuals benefit
mentally and physically from skiing activities, and
these effects can carry over into all aspects of
life. We expect to demonstrate that anyone on the
ski slopes is an able bodied skier.

The following programs are currently evaluating
ARROYA V ski-sleds which are on loan from the
Rehabilitative Engineering Research and Development

Center at the VA Medical Center, Palo Alto,
California:

Winter Park Recreational Association
Box 36

Winter Park, Colorado 80482

(303) 726-5514, ext. 179

Breckenridge Outdoor-Education Center
P.0. Box 697
Breckenridge, Colorado
(303) 453-6422

80424

Ski for A11 Foundation

Chris Colb, Executive Director
521 Wall Street, Suite 326A
Seattle, Washington 98121
(206) 623-2714

NHYSRA Lake Tahoe Chapter
Larry Young

Box 1636

Truckee, California
(916) 587-3911

95734

If you have further questions, please contact:

Peter Axelson
Rehabilitative Engineering

Research and Development Center (153)
Veterans Administration Medical Center
3801 Miranda Avenue

Palo Alto, California 94304
(415) 493-5000, ext. 4473

ARROYA V ski sleds are available for $980 from:

Beneficial Designs

5858 Empire Grade

Santa Cruz, California 95060
408-429-8447

PUBLICATIONS
Axelson, Peter W., Ski Sled for Paraplegics,

Bulletin of Prosthetics Research, Rehabilitative
Engineering Research and Development, Spring 1980.

Axelson, Peter W. and McCann, Robert E., The

Arroya, Sports n Spokes, January-February 1980.

Axelson, Peter W., Arroya, Paraplegia News,
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Stanford University Design Division, June 1979.
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DESIGN FEATURES

The ARROYA ski-sled is unique. It has many
downhill advantages over the Norwegian "Pulk", the
"Smith Sled" and other sled-1ike devices that are
available for skiers with disabilities. Most of
these other devices can be used for cross country
skiing. However, many requirements are necessary
for a device to be safe and compatible with
existing downhill ski area facilities. Ski-sledding
devices must meet criteria with regard to the
following issues:

standard chairlift loading procedures
standard chairlift unloading procedures
standard chairlift evacuation procedures
control over speed on busy ski slopes

. control over direction on busy ski slopes

[ =S I = i -]
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These five issues are of major concern to ski area
management and must be addressed in order to
assure a safe ski-sledding system that will be
permitted at a public ski area.

Chairlift Compatibility

The ARROYA ski-sled has been found to be compatible
with 97% of the chairlifts in the United States.
With the aid of an experienced 1ift crew, an able
bodied skier and an ARROYA user can load onto and
off of a chairlift without stopping the 1ift.
However, in all cases the chairlift is slowed
during the loading procedure. Each sled has a
securing mechanism which is designed for quick
connect and disconnect. In addition, each sled is
equipped with a built-in harness which enables
evacuation of the user in the event of chairlift
breakdown.

User Controlability of the ARROYA

The bottom of the ski-sled is concave and is
similar to the design of a water ski. Stainless
steel edges are attached to the inner vertical
surfaces of the concave area as shown in the
figure. These edges allow for controlled traverse
on the ski slope. Preliminary field testing has
demonstrated that users of the ski-sled have the
ability to control their turns on "intermediate"
ski slopes in a variety of snow conditions and on
"advanced" ski slopes when snow conditions are most
favorable.

Simple Design and Maintenance

A specially designed strap system secures the skier
to the sled in a way that is analagous to a
downhill skiers foot in a ski boot. A high density
contour-molded seat cushion provides good skin
protection over rough terrain. The seating system,
developed under a RERanD contract to the Childrens
Hospital at Stanford, is specifically designed to
reduce sacral pressure. The snowskirt cover is
made of nylon wet suit material and holds the skier
snugly in the sled. Thus, the skier becomes a
"part" of the sled and any movement or force
exerted by the skier translates into motion of the
sled.

Integration of the Disabled Skier with Other Skiers

Unlike many other sports and recreational
activities available to the disabled person, the
ARROYA allows a ski-sled user to interact naturally
with skiers using other types of adaptive equipment
(i.e. skies, boots, poles, etc.). This type of
interaction between ambulatory and non-ambulatory
individuals is not found in "wheelchair sports"
(many recreational activities for paraplegics and
quadriplegics tend to segregate them from their
ambulatory friends). 1In fact, able-bodied
individuals also enjoy skiing in the ski-sled. It
is therefore possible that this ski-sled will be
used by both ambulatory and non-ambulatory
individuals. Such widespread usage could produce
such a large market for ski-sleds that the cost of
a sled would be significantly reduced.

1980 National Handicapped Ski Championships

ARROYA IV downhill ski-sleds were used in
competition at the 1980 National Handicapped Ski
Championships in Colorado by 14 skiers with varying
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DEVELOPMENT AND EVALUATION OF THE ARROYA
DOWNHILL SKI-SLEDDING SYSTEM FOR PERSONS WITH DISABILITIES

PETER W. AXELSON

- ARROWA, ¢ .
DeSiN DETAILS: -

LE7. SHELL STRUCTURDL- FECTION
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STUDENT PAPER

PARAPLEGIC RECREATION AND EXERCISE VEHICLE

Craig Forsyth, Ronald Rob, Jonathan Lexier

University of Manitoba in Mechanical Engineering

ABSTRACT

The purpose of the project was to design and con-
struct a recreation and exercise vehicle for paraplegic
persons that took into account most of their physical
limitations. Heavy emphasis was placed on the design of
features being "“tailored’’ to accommodate their disability
and capabilities.

A vehicle has been designed that is both functional
and simplistic. |t incorporates special features and is
meant to be an economically viable alternative to present
vehicles on the market.

The vehicle designed, we feel, meets the needs of para-
plegic persons and is better constructed, component-wise,
than anything currently available on the Canadian market.

INTRODUCTION

Our project attempts to surmount the barriers that
paraplegics can encounter in their efforts to enjoy recreation
and exercise. These two basic human needs are traditionally
geared to using legpower and ultimately exercising the cardio-
vascular system. Many paraplegics, depending on their degree
of paraplegia, have restricted use of their legs and are, there-
fore, limited in the number of activities in which they can
participate where equipment does not necessitate the use of
one's legs. It is for these needs of recreation and exercise
that our group decided to design and construct a vehicle
for these people’s use.

Knowledge of existing vehicles aided us considerably as
the advantages and disadvantages of each could be noted.
Ratchet driven wheelchairs, wheelchairs with attachable front
wheels and hand cycles presently being manufactured in the
United States were all looked into.

We proposed to put as many of the advantages together
in one vehicle as possible, as well as our own ideas. The
styling was based on the popular ten-speed bicycle. The Para-
plegic Recreation and Exercise Vehicle (PREV) would be of a
hand powered, front wheel drive tricycle nature. Provision for
five speeds, a length of five to six feet and a weight range of
fifty-five to sixty-five pounds constituted the vehicle’s numer-
ical specifications. The idea of using this type of vehicle is a
rather imaginative one and interest has been shown on the
part of possible users. The fact that we are dealing with a
limited market points toward a cottage industry type of

product. PREV is meant to be used in the normal summer
cycling season under the same conditions as regular bicycles
by persons who have, as a minimum, upper body muscle control.

DESIGN APPROACH

Since none of the group members were knowledgeable in
the area of disabled persons, we consulted some who were. A
representative of the Canadian Paraplegic Association and mem-
bers of the Physically Handicapped Concerns on Campus group
provided us with the user specifications regarding the seat, leg
supports and foot rests. With this in mind, a set of design
criteria was established that included: (1) minimization of
weight; (2) accessibility; (3) stability; (4) utility; (5) overall
dimensions; (6) storage and transportability; (7) user comfort;
(8) aesthetics and (9) economics. These design criteria provided
the groundwork upon which the structuring of a realistic design
was based.

DESIGN FEATURES

Swivelling Mid Frame

QOur tricycle utilizes a swivelling mid frame that has been
incorporated to aid in the mounting and dismounting from the
vehicle. |n our research, we found that many of the presently
available: vehicles of this nature contained a rigid frame that
connected the entire frame structure. In our efforts to take
the paraplegic’s condition into account, we decided to depart
from this norm and use a mid frame that swivels; thus allowing
the wheelchair to be brought closer to the bike. Qurs will
swivel to either the left or right, so the user has a choice as to
how he gets on the bike. The swivelling bar will be contained
in a restrictive slot that will control the side-to-side movement
of the bar, The swivelling concept will greatly fulfill the
accessibility design criterion. A locking mechanism to constrain
the swivel frame while the vehicle is in motion has been
developed also.

Front Frame

The design of this component was made to conform as
closely as possible to those shapes found on existing bicycles.
The front frame utilizes a five-speed derailleur system that is
driven by a chain and sprocket assembly. The unique feature
of this particular drive system is that it is not the standard
circular pedal drive that is conventionally used for a hand-
driven vehicle. Qurs is a ratchet driven chain and sprocket
assembly. The hands of the rider move in essentially the
same plane, moving simultaneously in opposite directions.
One can visualize the motion by placing his arms straight out
in front of him and simultaneously pulling back on one hand
while the other moves in the forward direction. The ratchets
turn a driving sprocket and motion is transmitted to the front
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Figure 1: Vehicle without armrests

driving wheel of the bicycle via gears and chains.

Rear Frame

The last major component of the bicycle is the rear frame.
It is this section that the rear wheels fasten to and also the
section of the vehicle where constraints resulting from the design
of the previous two sections does not allow for a great deal of
originality. It must support the person using the bike and not
contribute significantly to the weight. A basic frame utilizing
twin axle support members and a rectangular seat support was
employed.

Minor Components

The seat was chosen with a special purpose in mind. It has
sides or arms that contain the rider giving a greater feeling of
security when riding the vehicle. Padding on the seat and back
could be increased according to the needs of the individual user.
Leg supports with velcro straps were chosen. These leg supports
have foot rests and foot tiedown straps which are a must for a
paraplegic because of the way their feet tend to flop forward and
hang limply if not supported properly. A lap belt to hold the
rider in would be of the quick release type used in automobiles.
Most of the other smaller components used on the vehicle, like
the caliper brake assembly and gear shifting arrangement, could
be salvaged from a ten-speed bicycle, or purchased at a bicycle
repair store.

This description basically completes the ideas conceived
thus far for the “"Paraplegic Recreation and Exercise Vehicle.”

ADDITIONAL COMMENTS ON DESIGN

The desire to design something that could be easily
reproduced by the average, machine shop oriented person
necessitated the use of various simplifying procedures. Straight
pieces of tubing were utilized as much as possible. The tubing
that was bent was done so by packing the tube with silica sand
and effectively transforming it into a “'solid’* piece of material.
Aluminum for weight savings was used where strength was not
a factor. The aluminum leg supports have since been redesigned
out of ABS pipe — molded to the contours of the human leg.
The present vehicle has an overall length of sixty-nine inches
and weight of approximately sixty-four pounds. The thirty-one
inch wheel width makes it possible to go through most standard
sized doors. A turning radius of eight feet can be achieved and
gearing ratios are being experimented with to find the optimum
range. Standardized parts and sizes were used wherever possible

to cut down on the cost. A preliminary cost estimate to

build such a vehicle would be $450.00 plus labor. However,
the cottage industry approach and purchasing materials at
quantity discounts would reduce this figure (which was arrived
at using all new retail prices), quite significantly. A guesstimate
of the labor time involved on the prototype would be in the
range of 140 — 160 hours. Average construction time could be
minimized to approximately one-quarter of this value.

CONCLUSION

In our conversations with members of the Canadian
Paraplegic Association and Physically Handicapped Concerns
on Campus, the point was made that a general nature vehicle
of this sort should not be built. It has to be designed for a
particular group with a particular use in mind. We heeded
this advice, and have designed a better vehicle, we feel, for
the purpose it is serving, that is, recreation and exercise for
the paraplegic person.

Al Sl e s
Figure 2: S—Bar mechanism which allows front of
vehicle to swing away and facilitate
mounting/dismounting.

PREV Project Team
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PARA-BIKE - A RECREATIONAL BICYCLE FQR INDIVIDUALS
WHO DO NOT HAVE THE USE OF THEIR LEGS

Douglas F.

Schwandt

Rehabilitative Engineering Research and Development Center
at the Palo Alto Veterans Administration Medical Center

ABSTRACT

The Para-Bike, a low riding bicycle for
individuals who do not have the use of their legs,
is being developed at the Rehabiljtative Engineer-
ing Research and Development (RERanD) Center,
located at the Veterans Administration Medical
Center in Palo Alto, California. As part of an
active recreational device development program at
the RERanD Center, a working prototype of the
Para-Bike has demonstrated the feasibility and
potential of a two wheel cycling alternative.

INTRODUCTION
Enjoying Life

A disabled individual is entitled to enjoy
1ife, and the rehabilitation engineering community
is in a position to help assure a fully meaningful
existence, unmitigated by disability. The Rehabil-
itative Engineering Research and Development
(RERanD) Center has approached this need with an
active program to develop recreational devices for
the disabled.

Bicycling

As a recreational activity engendering both
physical and emotional vitality, bicycling is
particularly appropirate for an individual endeav-
oring to overcome difficulties in mobility and
participation. Depending upon the interests and
specific needs of an individual, the bicycle may
be used for a wide variety of recreational and
therapeutic purposes ranging from exercise,
improvement of balance and relaxation, to the
excitement of competition, the pleasures of inter-
acting with friends, and the exploration of the
countryside and one's independence.

With the further development of the Para-
Bike, a lTow riding two-wheeled bicycle, people
without the use of their legs will have the oppor-
tunity for the first time, to share in the
physical and emotional benefits of bicycling.

Development Of "Para-Bike"

Now undergoing a testing and prototype devel-
opment phase at the RERanD Center, the Para-Bike
began as a design project for Candy Mintz and
myself in the Stanford University Design Division

Figure 1. The Tow riding two-wheeled Para-Bike
shown in action.

masters program (as a VA sponsored, RERanD Center
administered project). Professor Phillip Barkan
was the program instructor, and Professor Larry
Leifer, director of the RERanD Center, served as
faculty advisor. Biomedical engineer, Peter
Axelson, was the RERanD Center liaison on the
project. The challenge was to provide a creative
alternative in paraplegic recreational cycling.
The program culminated in a working prototype
(see Figure 1 above).

RELATED CYCLE DESIGNS ON THE MARKET
Tricycles

Hand pedaled tricycles have been around for
years, including one report of a trike custom
built in the 1920's at a bike shop in Bemidji,
Minnesota. More currently, JanssenR of Englewood,
Colorado, has heen on the market for several years
with a number of models of their Hancycle.

Several tricycles have been designed and
built by individuals initially for their own needs
and now available custom built. Bill Warner of
Brookline, Massachusetts, who has ridden hand-
powered tricycles in the International Human
Powered Vehicle Association (IHPVA) Championships
for three years in a row, is now marketing a
design with his recent improvements. Ron Grismer
of Charlo, Montana, and George Cunningham of
Seattle, Washington, have ridden trikes of their
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own design on a five day 200 mile camping trip.
Daniel Gould of Missoula, Montana, who built Ron
Grismer's tricycle, now has a custom building
service.

Wheelchair Conversion

Orthopedic Systems of Nelsonville, Ohio,
markets their Unicycle, an attachment which

converts a wheelchair into a tricycle.
FUNDAMENTALS

Bicycle vs. Tricycle or Multi-Wheeled Vehicles

The bicycle holds a very special niche among

vehicles. It is lighter more compact than vehicles
with three or four wheels.

The dynamics of a bicycle are also unique.
The bicycle becomes an extension of the rider's
motion. As Stanford Professor Thomas Kane put it
during an informal discussion with us on cycle
dynamics, a bicycle has the remarkable quality of
moving in unison with the rider, leaning into
turns. More wheels improve the stability at
slower speeds, but around curves the rider must be
fighting the vehicle's tendency to tip.

There is another characteristic specific to
the bicycle. When released while at rest, the
bicycle will fall to one side or the other. How-
ever, once rolling, the tendency to remain upright
and self steer increases with velocity.

The existing tricycles have begun to meet the
needs of the disabled cyclist, and yet the push

for a two-wheeled alternative has led to the more
exciting Para-Bike concept.

PARA-BIKE DESIGN FEATURES

The Para-Bike has reshuffled several of the
features found on standard bike designs, including
the drive mechanism and position of the cyclist.
A hand-cranked chainwheel and chain linkage to the
front wheel replace handlebars, combining the
propulsion and steering mechanisms. The pedaling
axis is offset from the steering axis to enhance
steering control. Back pedaling activates a
caliper brake on the rear wheel.

Balance And Support

The natural tendency of a bicycle to balance
and self steer diminish at slower speeds. People
who have the use of their legs may drop a foot to
help balance when coming to a stop on a standard
bicycle. On the Para-Bike, the low-slung profile
allows the rider to be within arms reach of the
ground. The rider wears protective wrist and hand
guards and comfortably uses a hand as a support
when starting or stopping (see Figure 2). As a
precaution, a spherically shaped rollerskate wheel
i§ mounted on the frame to either side of the
rider ready to touch down at the point of maximum
desirable lean. Although useful as training
wheels and convenient as a third wheel when
desired, the side wheels tend to limit the turning

Figure 2. Para-Bike at rest with the rider using
a hand for support. Side wheels are visible on
the seat frame below the rider.

radius as tighter turns may require a greater
lTean. For this reason, the side wheels may be

shed as the rider gains proficiency.

Seating

A web and cushion seating arrangement
responds to the special needs of the paraplegic,
who is highly susceptable to decubitus ulcers
caused by prolonged pressure over the coccyx and
the ischial tuberosities. Elastic material is
woven to form a mesh stretched between the tubes
of the box-Tike frame.

A cushion developed in conjunction with Stan-
ford Children's Hospital for the ARROYA (a down-
hill skiing sled, designed by Peter Axelson and
developed at the RERanD Center) is placed on top
of the elastic suspension. The cushion is shaped
to redistribute the support away from the pressure
sensitive areas.

The rider sits upright, the legs suspended in
cushioned, quick release slings from either side
of the front end of the frame.

Adjustable Steering Geometry

A first prototype (without appropriate seat-
ing) was fashioned out of discarded bicycle parts
to establish the feasibility of the low riding
concept. However, the wobbly steering tendency,
resulting from the coupled steering and pedaling,
led to the incorporation of an adjustable steer-
ing geometry on the current prototype. By allow-
ing fine tuning of the variables influencing
steering, the optimal arrangement may be
determined experimentally.

Other Features

Fashioned out of 3/4 inch thin walled, high
strength chromium-molybdenum tubing, the Para-Bike
weighs 42 pounds, which is less than the hand-
powered tricycle designs (and yet including the
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extra weight involved in the adjustable steering
apparatus). Only about 20 inches wide, doorways
are no obstacle. Built by Peter Johnson of Palo
Alto, who has designed, built and raced his own
"streamline" cycle in the IHPVA, the Para-Bike is
a showpiece of craftmanship.

PERFORMANCE AND EVALUATION

Peter Axelson, a T-10 paraplegic, was the
first individual to ride the Para-Bike, and he has
gained considerable proficiency on level terrain.
A wider gear range is needed to venture into hilly
countryside.

Initial testing has shown that the Para-Bike
gains in stability with increasing speed. How-
ever, even at lower speeds, it retains its
controllability and may be maneuvered indoors,
adding immensely to the usefulness of the device.

OQut on the bike path, the low riding charac-
teristic has another advantage. Closer to the
ground, the sensation of speed is magnified adding
to the excitement generated by the enhanced maneu-
verability of a bicycle.

Learning Phase

The learning process is characterized by an
initial awkwardness, similar to that experienced
on a standard bicycle, as the rider experiments
with the new sensations of balance and directional
control. Some coaching is helpful, as there are
techniques which facilitate a more rapid mastery
of the vehicle. However, the rider must essen-
tially train by doing, developing the control by
trial and error.

One technique which has shown considerable
value is to instruct the rider in "turning into
the fall". This action, when done smoothly,
simply reestablishes the balanced tracking of the
bicycle. As the rider's skill increases, this
balancing technique becomes automatic, and is
virtually undetectable. By using the steering to
maintain balance, the rider does not need to

depend as much upon shoulder and back muscles for

adjustments in the lean of the bicycle. This is
an important feature for the individual with more

1imited control of back muscles.

Level Of Paralysis

The extent of paralysis for which the Para-
Bike is appropriate will become more obvious with
further user evaluation, but is expected to vary
significantly with the individual. The further
development of the Para-Bike will concentrate upon
improved performance and accommodating higher
levels of paralysis.

A more comprehensive field testing program is
getting underway with the upcoming selection of an

optimal steering configuration and design of the
next prototype.

FURTHER DEVELOPMENT
Approach

Our approach is to first develop a competi-
tion prototype of the Para-Bike. The excessive
stringencies in design criteria for competition
equipment will foster rapid advances in the design
evolution, providing valuable information for the
design of a subsequent improved recreational ver-
sion. The second phase of our work will incorpo-
rate the field testing results of the first
competition and recreational prototypes into the
development of comprehensive production oriented
versions of the Para-Bike. We will work closely
with potential manufacturers of the Para-Bike to
ease the transition into the marketplace.

Current Progress

Work is underway on the first competition
version of the Para-Bike, sponsored by the
Telephone Pioneers of America - Sierra Pacific,
George S. Ladd and John I. Sabin Chapters. This
competition version, which will perform at the
IHPYA Championships, will incorporate major
changes in the frame configuration and seating. A
single large diameter tube in 1ine with the wheels
will replace the box-Tike frame which holds the
suspension seating on the current prototype,
significantly reducing the weight of the frame. A
hammock arrangement, secured from swaying and
supported at key locations will form the seat
bottom, with appropriate cushions placed on top of
the hammock.

The pedal cranks will be placed so that they
extend away from the pedaling axis in the same
direction, instead of offset by 180 as on standard
bicycles. Initial testing has demonstrated
improved steering control as propulsive thrusts
and pulls are applied symmetrical about the
steering axis.

CONCLUSION

The Rehabilitative Engineering Research and
Development Center is involved in applying recent
advances in engineering science and technology to
the direct benefit of disabled persons, in all
aspects of life. The Para-Bike, a creative
alternative in cycling for the disabled, has
demonstrated its feasibility and is under further
development at the RERanD Center.

PARA-BIKE PUBLICATIONS

Schwandt, Doug, "Para-Bike", Sports

]

n
Spokes, The Magazine for Wheelchair Sports and
Recreation, Pheonix, Arizona, November/December,
TY98U, pp- 18, 19 and 21.
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DC MOTOR CONTROL FOR REHABILITATION USE

C.G. Saunders,

B. A.Sc.

Medical Engineering Resource Unit of
The University of British Columbia

ABSTRACT

A versatile, analog DC motor controller is
described. Pulse-width modulation techni-
ques are used to provide proportional
control. A center-off facility is present.
The circuitry is adaptable at the input,
to various analog transducers, and at the
output, to different DC motors.

OBJECTIVE

National Health and Welfare, Canada have
been funding a project to design and build
an analog DC motor controller. Features
which have been deemed important are: a)
proportional control (ie. speed related to
position of a joystick), b) center-off
capability, ¢) high efficiency, d) high
reliability, and e) adaptability (to dif-
ferent joysticks and different motors)(l).

THE DESIGN

In order to operate the DC motor control
two 12V batteries are required. They
must be connected in a series configura-
tion to provide +12V, 0V, and -12V. The
following discussion assumes the use of
this power source,

500 milliamp regqulators, +5V and -5V,
power the logic circuitry. This ensures
that the performance of the motor does not
become erratic after the batteries become
discharged. A schematic of the DC motor
control circuit is given in Figure 1. The
circuit shown 1is actually half of a
circuit which has been used to drive two

motors on a wheelchair, thus explaining
the many unused pins.

In this design, a motor is driven by a
control signal and its complement. The
complementary signal, Va', is achieved by
inverting the original motor control
signal, Va. Va is a pulse-width modulated
signal determined by an LM 747 (and its
associated circuitry) from a DC level, Vj,
provided by a joystick (or other form of
analog transducer). As the joystick is
moved, Vj changes, and the pulse-width of
the motor control signal changes
proportionally. Adjusting potentiometer P2
varies the pulse-width modulation over the
range of the joystick. Thus, it is
possible to supply to the motor an average
voltage of anywhere from 6 to 24 volts
when the stick is fully forward. The LM
747 is a dual op-amp and therefore can be
used to provide two independent motor
control signals.

Different joysticks can be interfaced with
an appropriate selection of resistor R1.
The frequency of the pulse-width
modulation signal can be changed by
altering capacitor Cl.

To ensure minimum power loss while the
joystick (or other transducer) is in the
center position, the logic circuit has a
dead band facility. The quad-comparator,
LM 339, takes two voltages off potentio-
meter Pl and compares them with the
voltage level, Vj, from the joystick. The
comparison outputs are then ORed together
to provide a control signal for the CD4066
analog switch. If the joystick voltage
lies within the dead band, the analog
switch is open and no signal passes to the
motor. As soon as the joystick voltage
leaves the center-off band, then the
analog switch is closed and the pulse-
width modulated signal, Va, controls the
speed of the motor. The width of the dead
band can be varied by adjusting
potentiometer Pl.

The Qutput Amplifier

The configuration of the output amplifier
is shown in Figure 2. The circuit is sym-
metrical about the motor, except that one
side is driven by the signal Va while the
other is driven by its complement, Va'.
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Another feature of the amplifier is that
the bridge configuration of transistors
ensures that both batteries in the series
combination degrade evenly. Regardless of
which direction the motor is spinning, the
current supplied by each battery is the
same. This results in consistent behaviour
of the motor in periods of low battery
charge.

The amplifier shown was designed to have
all transistors saturated for all motor
currents up to 8 Amps. Both the 2N5883 and
the 2N5885 transistors are rated to 20
Amps and can be used efficiently at that
output if their base resistors, the 51 ohm
- 5 Watt resistors,are changed. Therefore,
the output amplifier is capable of
delivering up to 20 Amps at 24 volts,

+12v
t

2NS183
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Fig. 2
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The Output Amplifier
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EXAMPLE APPLICATION

Two current applications of the DC motor
controller include motorized wheelchairs
and motorized lifting systems.

For the powered wheelchair, two friction-
drive motors were available. Thus, two in-
dependent motor controls were needed. The
circuitry in Figures 1 and 2 was
duplicated and tests were subsequently
performed. Very little heatsinking was
required; currents up to 8 Amps resulted
in minimal heating of the transistors. The
voltage drop obtained at the motor was
23.2 V for a 24.0 V supply. The dead band
worked with no noticeable jerking of the
chair.

The controller has not been used on a
lifting jack yet. However, if the output
current requirement exceeds 8 Amps, the
base resistances of the 2N5883 and 2N5885
will have to be decreased, and some more
heatsinking will be required.

DISCUSSION

The DC motor controller described is
adaptable at both the transducer and the
motor end. Single potentiometers adjust
both the maximum voltage at the motor and
the center dead band. The attainable
overall electrical efficiency exceeds 90%.

The limitations of the controller depend
on the output requirements. Maximum
voltages ranging between 6V and 24V can be
provided. The maximum current is limited
by the rating of the transistors - 20 Amps
in this case. The critical element in
determining the efficiency of the
controller is the base resistances of the
2N5883 and 2N5885 transistors., These
resistances must be chosen so that a) the
output transistors are always saturated,
and b) the power loss in the base circuit
is minimized.

Maximizing the efficiency of the control-
ler also means a minimum of heatsinking is
required. Therefore, the physical size of
the controller can be kept very small.

The Medical Engineering Resource Unit is
currently having 25 DC motor control units
manufactured for wheelchairs. Each unit
is capable of controlling two motors
independently. Twenty will deliver up to 8
Amps comfortably, and the other five will
supply up to 14 Amps. The latter are
expected to appeal to clients who wish to
'race' their powered chairs.,
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WHEELCHAIR BATTERY CAPACITY

Vernon W. U]rich2 and James J. Kauz]arich3

University of Virginia, Rehabilitation Engineering Center
Charlottesville, Virginia

ABSTRACT:

The behavior of wheelchair batteries is being
investigated through various types of testing.
Bench tests and actual in use wheelchair tests are
presently in progress. These different tests are
being related using Miner's Rule. A development
of Miner's Rule and the testing procedures are in-
cluded. Preliminary results suggest that Miner's
Rule is applicable to battery capacity calcula-
tions.

INTRODUCTION:

A wheelchair user's daily activities often
demand more power than his chair batteries can
supply. The purpose of this project is to gain
knowledge about the behavior of batteries in
wheelchairs. A combination of computer analysis
and experimentation is being used in the investi-
gation on bench and wheelchair usage tests.

THEORY

The computer analysis is dependent on devel-
opment of an appropriate model of battery capa-
city. Batteries, beams under cyclic loading, and
ball bearing fatigue are all governed by the same
power law equation.

C2
Time = C, (Load) (T

where C, and C, are empirical constants. Equa-
tion (1), for & Pb/acid battery, appears as a
straight line on log-log graph paer as shown in
figure (1).

Miner's Rule, which was originally developed
for cummulative fatigue failure, allows equation
(1) to be applied to non-constant load conditions.
Consider a battery subjected to a given load for
a given length of time (t) which is less than the
time (T) required to deplete the battery charge
at that load. The ratio of these two times re-
presents the portion of the available battery
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BATTERY CAPACITY DATA
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Figure (1)

energy used. As the discharge continues, Miner's
Rule predicts that the sum of these ratios will be
constant for a given battery. This can be ex-
pressed mathematically as:

t.
L= (Miner's constant) (2)
i=0 T

A mean value for Miner's constant reported for the
fatigue failure of Aluminum alloy is 1.05.[2] In-
terestingly, the results of tests at the Univer-
sity of Virginia suggest that the appropriate con-
stant for Pb/acid and Ni/Cd batteries is close to
1.05. Equations (1) and (2) have been programmed
into the computer and are being applied the ex-
perimental data.
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BENCH TESTS: 5. 1978 Annual Report, University of Virginia,

Rehabilitation Engineering Center, Charlott-
esville, Virginia.

Various single load bench tests have been run
over the past two years, including both direct
current and pulse width modulated discharges. The
results, which have already been published, [7] .
show no difference in Pb/acid battery capacity be-
tween pulsed and direct current discharges, over
pulse width frequencies ranging from 50 to 2000 Hz.

Present bench testing is centered about dif-
ferent variations of a two step driving cycle. A
typical example, similar to one used by NASA, [6]
involves direct current loads of 80 watts for 1
second and 600 watts for 4 seconds, followed by 7
seconds of off time. This cycle is repeated until
the battery voltage drops below 21 volts. Data is
collected by computer and then analysed with re-
spect to Miner's Rule.

1979 Annual Report, University of Virginia,
Rehabilitation Engineering Center, Charlott-
esville, Virginia.

7. 1980 Annual Report, University of Virginia,
Rehabilitation Engineering Center, Charlott-
esville, Virginia.

WHEELCHAIR TESTS:

An instrumented wheelchair, designed and
built at the University of Virginia, Rehabilita-
tion Engineering Center, [5] is used to record
the power consumption for one charge of the batter-
ies. The present instrumentation is mounted on a
"Ro11s" chassis manufactured by Invacare, with a
drive system built by General Teleoperators, Inc.
Two Sears Diehard deep cycle utility batteries are
being used for the tests. The present study in-
volves continuous chair use within an office
building. An arbitrary route, involving different
types of floor surfaces and obstacles, was sel-
ected and the chair was driven over the course re-
peatedly until a cutoff voltage of 21 volts was
reached when traveling full speed on a level sur-
face. Each lap of the four hour test required
about five minutes to complete. Comments are re-
corded along with the data on the same tape. The
resulting data tapes are played into the computer
and analysed using Miner's Rule.

CONCLUDING REMARKS:

More bench and outdoor in use testing is
planned, therefore only preliminary conclusions
have been reached. It appears that Miners' Rule
is applicable for predicting battery capacity.
Final results and conclusions will be presented
at a later date.
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CAPACITIVE TOUCHPLATE CONTROLLER FOR POWERED MOBILITY IN SEVERE MOTOR DISABILITY

Edward Snell, C.E.T.

Rehabilitation Engineering Department
Ontario Crippled Children's Centre

ABSTRACT

A system for persons with cerebral palsy has
been developed whereby five individual capacitive
touch plates can be used as a means for control-
ling a powered wheelchair. The rugged system is
adaptable to a wide variety of individual motor
patterns and targeting capabilities. The system
philosophy, design criteria, aspects of construc—
tion and typical applications are discussed and
described.

INTRODUCTION

Commercially available electric wheelchairs
are generally joystick—controlled. Repositioning
of the joystick may be necessary to enable the
more severely handicapped person to effectively
drive a wheelchair. However, not all handicapped
individuals have the ability to control a joystick
because of lack of motor control, limited ranges
of movement or activating force levels, or combin-
ations of these factors.

A capacitive touchplate controller was desig-
ned and developed to realize the following fea—-
tures:

i) The plate is actuated by body contact and can
be made independent of applied force. Damage to
either the subject or the plate resulting from
large forces due to gross hand control will not be
incurred.

ii) The actuating target area can be adjusted to
suit the targeting ability of each intended user.
Rectangular-shaped plates have been used to date.

iii) Placement of each control plate can be easily
made to accommodate the motor patterns of each in-
dividual.

iv) The system is resistant to food spills and
saliva.

A seperate power control unit interfaces the
touchplates to the wheelchair by converting logic
levels to power signals for the motors.

CIRCUIT DESCRIPTION

A five-channel touchplate circuit was devel-
oped to provide four directional movements (for-
ward, reverse, left and right); and on/off or
speed control options.

The circuit utilizes three CMOS hex Schmitt
trigger invertors (CD 4584 or equivalent) as shown
in Figure 1. UlA is a master oscillator whose
output goes to the imput of UlB to UlF. Since
each channel operates in the same manner, a des-—
cription of only channel 1 is given.

The output of UIB feeds to the parallel com-—
bination of diode CR1 and potentiometer R2 which
form a peaking circuit with capacitance Cx presen~
ted to the touch plate. The discharge time-con-
stant of this circuit is determined by Cx and R2
where Cx is the summation of all wiring capacit-
ances and the capacitance presented by the sub-
ject's body. Hence R2 is adjusted to null out the
effects of wiring capacitances so that a logic '0'
appears at the output of U3A. The waveform shown
in Figure 2(a) can now be observed at pin 5 of
U2A. A DC offset exists due to stray capacitance
but is below the threshold of the Schmitt trigger.
Thus the output of U2A will switch with a pulse-
width proportional to the DC offset on pin 5.

The output of U2A is fed to a second peaking
circuit formed by CR4, R5, and C3 which maintain
the input of U3A above 1its threshold level at
logic "1", and hence the output of U3A is low.

When plate TCHI 1is touched, the addition of
body capacitance causes the DC offset level on pin
5 of U2A to rise above its threshold and pin 6 of
U2A to go lows. C3 1s now discharged through R5
causing the output of U3A to go high.

The output from pin 5 of U2A under these con-
ditions is shown in Figure 2(b). Interference be-
tween channels is possible due to insulation leak-
age of the cables and limits the distance between
the touch plates and the circuit board to two
feet. This distance is sufficient to permit the
circuit board to be mounted on the underside of an
individual's lap tray.
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Figure 1: Circuit diagramme of touchplate system

(4a) (B)

Figure 2: Output from pin 4 of U2A
(A) Nulling of cable capacitance
(B) Effect due to body capacitance

PHYSICAL CONSTRUCTION Positioning and physical plate size are det-
ermined by a therapist and the technologist invol-

In our experience, the majority of indivi- ved. This follows receipt of a medical prescrip-
duals requiring touchplate controllers already use tion, based on a clinical assessment of each
trays fitted to the wheelchair. Trays provided by potential user. The technique for assessment is
our Centre are made of 1/2" plywood with arborite experimental and includes use of a computer-aided
surfaces. The outer edge is trimmed with a rubber evaluation system and an assessment chair. With
moulding. Trays are custom—cut to fit each indiv- these aspects established, the plate centres are
idual's body contour and, if required, to fit the marked out on the tray and holes are drilled to
contour of a seating insert. accommodate 1/8" pop rivets. The wiring is laid

70 4th ANNUAL CONFERENCE ON REHABILITATION ENGINEERING WASHINGTON, D.C. 1981



out on the bottom side of the tray which has chan~-
nels cut into it using a router to accommodate the
leads between the touchplates, the circuit board
and the power control unit.

The plates are made from 0.04" thick stain-
less steel sheeting. All sharp edges are removed
and a centre hole for mounting is drilled. A
rivet 1is placed through the touchplate and the
tray. A lug from the connecting wire and a backup
washer are then riveted in place. The accommoda—
ting channels are then filled in with plastic wood
and sanded flush. A strain relief is provided at
the point where the cable to the power control un-—
it exits from the rear of the tray.

The touchplate circuit board is housed in an
OKW plastic case mounted on the underside of the
tray. A completed touchplate system is shown in
Figure 3.

2l

CONCLUSION

Over the past year the touchplate system has
been satisfactorily fitted to the chairs of six
children with cerebral palsy. A miniaturized ver-—
sion, as shown in Figure 4, was provided to an in-
dividual with muscular dystrophy who has limited
range of movement and force output. Touchplates
have also been provided to non-speaking children
with athetosis for the control of communication
aids. To date, maintenance has been necessary
only to effect repalrs on two output cables.
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Figure 3: Completed touchplate system
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Figure 4: Minlaturized touchplate system
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NEW DEVELOPMENTS IN PROPORTIONAL INTERFACE RESEARCH

Earl L.

Gaddis

Biomedical Engineering Center
Tufts-New England Medical Center

Although proportionally-controlled interface
systems offer many advantages for wuse with
assistive devices for severely disabled people,
they are underdeveloped and underutilized. 1In
order to take full advantage of their potential,
basic research must be coordinated with develop-
ment of simple and effective interface systems
that are designed for high quality and low-cost
production. One approach to such a program is
described.

BACKGROUND

Since disabled people are limited in their
control of the enviromment, it is important to
take full advantage of whatever controllable
movements remain. If a single movement——for
example, head, limb, or breath pressure against a
sensor—--is available, it may be used to control a
simple on-off switch. This allows the selection
of either of two output values: ON, or OFF.
However, the same pressure may be applied to a
continuously variable or proportional control,
whose output can take on any of an essentially
infinite number of different values between zero
and maximum.

For tasks involving the selection of one item
out of a 1large vrange of possibilities, a
proportional control would therefore allow a
person direct access to a large number of
different choices with a single movement,
compared to the restricted range of only two
choices offered by a switch for the same
movement .

Since non-vocal communication aids generally
operate by allowing the wuser to select the
desired choice out of a large array of items, it
would be very appropriate to use proportional
controls in this application. Yet this has very
rarely been done. Switch closures are almost
universally used instead.

In everyday practice the term "interface"
tends to be restricted almost entirely to simple
switches when evaluating severely disabled people
for assistive devices. For example, the Trace
Center's comprehensive “annotated, illustrated
profile of the different types of input
interfaces" contains only switches (3). And
CONTROLS, a "reference catalog to aid physically
limited people in the operation of assistive

devices," mentions only one control that provides
a proportional output signal: the standard E&J

joystick (4).

Even in the standard human—-factors literature,
very little attention  has been paid to
proportional control by any part of the body
other than the hand or the foot (1).

There are historical, economic and psycholo-
gical--as well as technical--reasons why propor-
tional control has not yet played a strong role
in the development of assistive devices. One major
problem is that the wide range of differences
among disabled people calls for a great deal of
customization in the matching of interfaces to
people; yet quantity production of standardized
items appears to be the only feasible way to keep
prices affordable and to make equipment available
to the people who need it (5).

In the past, proportional sensors have been
much more expensive and less readily standardized
than switches. Now, however, the commercial
availability of several families of reliable,
standardized, low-cost transducers (Hall effect,
electro-optical, and semiconductor pressure trans-
ducer ) opens up new possibilities for some exci-
ting developments in proportional systems.

THE TUFTS INTERFACE PROGRAM

A group of rehabilitation engineers and clini-
cians at Tufts-New England Medical Center's Bio-
medical Engineering Center have been working on a
program of proportional-interface research and
development, in an effort to demonstrate some of
the potential benefits of this approach. The
program includes basic research on the ability of
disabled subjects to produce and control propor-
tional output signals; careful development and
human—-factors design of several families of
interface systems suitable for eventual low-cost
manufacture; devising of new evaluation
techniques; training of «clinicians; and the
gradual evolution of entirely new families of
communication aids and other asistive devices
based on proportional control(2).

In our work so far we have defined a number
of specific projects——involving proportional in-
terface devices, techniques, or applications—-
that are of particular interest. In some cases we
have completed test models for initial
evaluation, or run pilot experiments to obtain
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preliminary data. Other projects will require
expansion of our interface staff and facilities
before they can be initiated.

Results to date will be presented at the Con-—
ference, and some of the devices already devel-
oped will be shown. Areas of current interest
include:

A. Actuators and Actuator/Transducer Systems

1. Low-profile joint position monitor for
finger movements. Extends less than 6mm (1/4")
from surface of hand and has no sharp projections,
allowing safe use by cerebral palsied children
with uncontrolled movements. For use with contin-
uous feedback.

2. Mouth control (intraoral) to provide two
independent channels of proportional output plus
one switch closure, for quadriplegics of level
Cg or below. Made entirely of acrylic and
silicone rubber, to permit wearing 24 hr/day
except during meals. Complete electrical
isolation.

3. Isometric joystick controller built into
end of wheelchair armrest. Plug-in replacement
for standard E&J joystick. Very rugged; one
moving part. Entirely contained within armrest
for protection from obstacles and weather, and to
permit passage through narrow doorways.

4. "Press—anywhere" controller for people
with cerebral palsy. Consists of a flexible strip
approximately 25mm wide x 12mm high (1" x 1/2"),
running the full length of a laptray or table
edge. Its output remains electrically centered
until a hand is placed on the strip at any point;
then any small rocking movements of the hand
produce corresponding voltage changes in two
independent channels (left/right, forward/back-
ward). Voltages are maintained as long as the
hand remains in place, but automatically reset to
neutral when the hand is lifted. Provides precise
control for people who have difficulty placing
the hand accurately, but can control it better
once the hand and arm are supported against
gravity and only the hand is being moved. Very
simple, low-cost device.

5. Low-profile fingertip "joystick" in the
form of a disc 6mm (1/4") thick, for use on
table, laptray, or armrest. Provides two channels
of proportional output; simple construction with
only one moving part. Movement required for
operation is physiologically simpler than the
motions and coordinations required for standard
or isometric joysticks.

B. Transducers
1. Isometric vs. displacement joysticks.
2. Pneumatic pressure transducers.
3. Linear Hall effect sensors.

4, Electro-optical sensors.

5 Conductive elastomer pressure sensors.

6. Fingertip touch panels (proportional X-Y
position output with only four wires).

7. Electrolytic tilt sensors (X-Y proportional
output or single channel).

8. Digital "solid-state potentiometer”
(fingertip differential-movement sensor).

C. Processing Techniques

1. Integration of transducer output.

2. Nonlinear shaping -- adjustable deadband,
rapid slewing vs. slow “inching," etc.

3. Predictive feedback.

4. "Smart" processor to compensate for daily
variations in user's range of control. Elementary
pattern recognition.

5. Special techniques for controlling several
independent channels when only one degree of
freedom is physically available.

6. Special techniques for obtaining CHARACTER
SELECT or PRINT commands when a separate switch
closure is not available. Designed to allow pro-
portional operation of a communication aid at
relatively high speed by a person with very
limited physical control.

D. Systems Using Proportional Control Inputs

1. Remote-control light pointer. X and Y con-
trol voltages from any interface allow a dis-
abled person to instantly position a light beam
anywhere on a communication board (laptray, wall,
blackboard, projected slide, etc.) or on objects
in the room. Multiple inputs allow a number of
users to carry on interactive converations; each
user's input signal automatically superimposes an
individual "signature" pattern on the light-spot,
to eliminate confusion. Extremely useful in test-
ing speed and accuracy of various interface/com-—
municator systems vs. direct pointing. Usable in
direct sunlight.

2. Expressive communicator for totally
paralyzed person, using galvanic skin response or
skin potential response to produce audible
response patterns. Could be particularly useful
immediately following brain damage due to
accident or severe stroke, when cognitive status
may be unclear and expressive ability is greatly
impaired; also for some degenerative neurological
disorders.

3. Liquid crystal display unit converts slide
projector to scanning, encoding, or direct-selec-
tion communicator. A slide of the desired letter-
board or symbol array is sandwiched together with
a special LCD unit and placed in a projector.
Proportional signals to the control box select
corresponding locations in a matrix of 16 rows x
16 columns (or 32 x 32 in the high-resolution
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model). A light grey square then appears at the
desired location on the projected image. No

moving parts.

4. One- and two—dimensional audible "dis-
plays" for training, evaluation, and normal-
feedback operation of proportional interfaces.
Useful alternative or supplement to visual dis-
play for certain disabilities.

5. Electronic musical instruments controlled
by multiple proportional channels. Allow non-
verbal expression by quadriplegics, stroke pa-
tients, amputees, and people with degenerative
conditions who have lost accustomed function;
enable acquisition of new skills and means of
expression by people with congenital disabili-
ties such as cerebral palsy. An excellent train-
ing aid (self-motivating, dintrinsically rewar—
ding) for developing comntrol skills in an immo-
bilized person, for later immediate transfer to
tasks such as wheelchair operation.

6. Low-cost linear readout display for
pneumatic—actuator systems. Provides integration
of dinput, adjustable damping, adjustable-speed
scanning, spring-return or maintained-position
modes, variable ratio of display movement to ac-
tuator travel, and other functions, without elec-—
tronics or external power. Useful for field
evaluations and for modular, low-technology com—
municators for people with reasonably good con-
trol over a single small movement but poor
pointing ability.

7. Plug-in "superpaddle" for low-cost video
game units. Converts voltage changes, obtained
from any proportional transducer, into the vary-
ing resistance required to operate the game.
Ad justments allow matching of a wide range of
transducers and different brands of video games,
and permit compensation for variations in the
user's range of motion or control. Video games
have certain advantages as a proportional-control
training aid, but cannot be controlled by a
direct voltage input.

E. Experimental Studies

1. Compare non-vocal communication rates of
CP subjects alternating between a switch-input
scanning aid and a proportional-control aid.

2. Compare speed and accuracy of small finger
movements in CP subjects with speed and accuracy
during pointing with entire hand and arm. Use
remote~control light pointer to select items on
subject's laptray letterboard in response to
signals from fingertip-position sensor; compare
speed of text transmission to the speed achieved
when the subject uses direct pointing with the
same letterboard.

3. Test comparative performance of isometric
and displacement (standard) Jjoysticks with CP
subjects, for both tracking tasks and wheelchair
control. How do results compare to existing
human-factors data for able-bodied subjects?

4. Mount standard wheelchair joystick per-
pendicular to its normal orientation (shaft hor-
izontal and pointing toward user). Test hypothe-
sis that this arrangement provides better control
for some people with CP by eliminating oscilla-
tion due to acceleration/deceleration motion
coupling, and by simplifying manipulation of the
stick.

5. Measure the extent to which immobilization
of the hand and/or arm alters the controllability
of finger movement, using both fingertip-position
sensor and joint-movement transducer. Apply re-
sults to design of finger-operated controller
built into molded handpiece.

CONCLUSION

The imaginative use of proportional output
signals and interfacing techniques makes it
possible to provide some severely physically
disabled people with faster, more flexible, or
more rewarding ways of interacting with the
people and things in their environment than they
can achieve when restricted to simple switch
closures. It also opens up a wide range of new
possibilities for the development of propor—
tionally-controlled communication aids and other
assistive devices.

The Interface group at the Tufts Biomedical
Engineering Center is actively dinvolved in a
program of research and development designed to
further explore the potential benefits of this
approach to interface design. Results to date are
very encouraging.
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TOWARD TOTAL MOBILITY: AN OMNIDIRECTIONAL WHEELCHAIR

La, W.H.T., Ph.D., Koogle, T.A., Engr.D., Jaffe, D.L.,M.S, Leifer, bl PhaD:

Rehabilitative Engineering Research and Development Center
Veterans Administration Medical Center, Palo Alto, California

ABSTRACT

Conventional powered wheelchairs allow two degrees
of freedom mobility: translation fore and aft and
rotation about a vertical axis. Based on the
push-pull principle they have 1imited mobility in
close spaces. MWheelchairs which would supply
simultaneous lateral motion are desirable. A
novel design for a chair which allows true omni-
directional motion is presented. This device is
comprised of a chassis mounted on three indepen-
dently driven wheels fixed in their orientation.
Each wheel has passive perimeter rollers. A
radio-controlled scale model and full scale test
rig are described. Plans for an attractive
prototype are also presented.

INTRODUCTION

Many disabled people depend on an externally
driven wheelchair for their mobility. The most
common designs have two driving wheels actuated
by electric motors and two caster wheels for
stability. They have Timited mobility and are
difficult to maneuver in tight spaces. Their
propulsion system is based on the push-pull
principle: steering is accomplished through
differential rotation of the driving wheels,
This method provides only two degrees of freedom
of motion: translation in the Tongitudinal
(fore-aft) direction, and rotation about a
vertical axis for steering. A wheelchair which
is also capable of simultaneous sideways motion,
i.e., translation in the Tateral (left-right)
direction would possess total freedom of motion,
or omnidirectionality on the ground. It would
greatly improve mobility especially in convention-
ally built houses, apartments and work places.
This paper describes our development of a wheel-
chair of this type.

PAST DESIGNS

Attempts at omnidirectional devices are not new.
A great variety of mobility aids for the disabled
exists. However, very few designs have true
omnidirectional capability (1). Wheels with
idle rollers were used at the Ontario Crippled
Children's Center in 1975 (2), but no further
development ensued. An electric wheelchair that
can go off in any direction starting from a
given rest position has been on the market for

a few years. The LEM Chair, distributed by
French-Italian Marketing Corp., Great Neck, New
York, is equipped with one centrally located

drive wheel connected to the seat. To select the
direction of travel, this assembly, together with
the rider is manually rotated on the vehicle base
which has four stabilizing rollers. The direction
of travel can be changed without moving the base,
thus giving the appearance of omnidirectionality.
However, the vehicle is analogous to a unicycle
and can only travel according to the orientation
of the operator, either forward or backward.

An indoor wheelchair with sideways moving capa-
bility is being developed by Finden and Lorentsen
(3). In this vehicle two independently driven
wheels are mounted on a beam that can be rotated
around the central axis into two fixed positions,
one for going forward or backwards, the other for
going sideways. In either mode, the vehicle,
stabilized by four casters, operates on the
conventional push-pull principle. This scheme
necessitates cumbersome repositioning of the drive
assembly every time sideways motion is desired.

Only two existing methods, aside from our own,
offer true omnidirectionality in an electric wheel-
chair defined for our purpose as simultaneously
and independently controllable rotation and two
translations. One design was patented by Ilon

(4) of Sweden, and the other by Ziegler (5) of
Germany. Both use four independently driven
omnidirectional wheels fixed with respect to the
frame of the vehicle.

In the Ilon scheme, the wheels are disposed in
the typical automobile geometry, one pair sharing
the front axis and the other the rear axis, the
rollers being set at an angle on the hubs. The
combined actions of all four wheels is crucial
to the course stability of the system. For
example, each wheel must rotate in an opposite
direction in relation to its neighbors in order
to effect lateral translation. Working proto-
types of this vehicle have been built and
commercial applications are planned.

In the Ziegler scheme, the wheels, which have
normally-mounted rollers, are disposed tangen-
tially with respect to the chassis, i.e., their
axes intersect at the center. A variant of this
design, 1in which the axes are very nearly vertical
was built at the Naval Ocean Systems Center by
Silva and co-workers (6). The ambulator platform,
called the Stand-Aid, is reported by Silva as
being very stable and working well. The design is
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aimed at operation on a very smooth surface,
therefore the step clearing ability is Tlimited
to about 1/4 inch.

The two truly omnidirectional designs discussed
here have been realized as prototypes and are
reported to perform satisfactorily. However, the
omnidirectional function - three degrees of free-
dom - intrinsically requires only three drive
wheels. Using four independently driven wheels to
accomplish three modes of motion is tantamount to
using four independent equations to solve for three
unknowns. Granted that the drives are effectively
coupled by the control electronics, it remains
that any imprecision in the power applied to each
motor cuts energy efficiency due to differential
conflict between the wheels. The use of a fourth
wheel and its associated circuitry therefore is
not only wasteful in terms of capital and main-
tenance costs, but it also indroduces the
potential for higher operating costs.

THE CURRENT DESIGN

At the Rehabilitative Engineering Research and
Development Center in Palo Alto, we are developing
a wheelchair based on a novel omnidirectional
mobiTity platform (7). This system, shown in
Figure 1, consists of three independently driven
wheels disposed along the sides of a triangle.
Each wheel is equipped with a number of idle
peripheral rollers which allow it to move side-
ways under an external axial force, while
retaining the abjlity to provide positive

traction in its customary direction of travel.

The combined actions of the three wheels result

in a smooth, course-stable motion of the vehicle
along any arbitrary path at any relative orienta-
tion, without the skidding of any part and
without the possibility of any direct conflict
between the actions of the wheels. Control by

the rider is accomplished with a three-axis joy-
stick. Direction of travel is selected by moving
the stick in the desired direction; speed is pro-
portional to its displacement from central posi-
tion, while pure or combined rotation is set by
correspondingly twisting it. The obvious con-
formance between joystick manipulation and wheel-
chair response makes its operation straightforward
and easy to learn. Naturally, users with special
conditions may require specially adapted input
devices. At the present time we have completed
the construction of a 1/2 scale radio controlled
model of the chair and are nearing completion of

a full scale prototype test rig based on a con-
ventional wheelchair frame. The radio controlled
scale model (Figure 1) is 16 inches wide with
eight-inch-diameter wheels. Powered with a 7.2V,
1 AH fast-charge nickel-cadmium battery, it
travels at 1.2 MPH on Tevel terrain with a range
of 1,600 ft. and stalls on an incline of 20° under
a total load of 31 1bs. The model has proved that
the concept of true omnidirectional motion is
attainable with the three wheel design. Even with
open loop control and no acceleration-Timiting it
shows good course stability. It has elicited very
positive responses from wheelchair users, engi-
neers and medical professionals to whom it has
been shown.

The full-scale test rig uses three direct-drive
servo motors and omnidirectional wheels of a
design similar to that shown in Figure 2. Seating
is accomplished through the mounting of an auto-
mobile-type bucket seat. An on-board microcomputer
processes the sensory inputs to the system, which
consist of the following signals: a three-degree-
of-freedom joystick is manipulated by the user to
produce an indication of the direction and speed
he wishes the chair tc pursue; a set of attitude
sensors provides two additional analog signals
that indicate the orientation of the inertial
frame; battery voltage and motor currents are

also monitored. The computer produces reliable
motion control of the chair with feedback Toops,
while implementing additional safeguard functions
such as joystick damping, stall current Timiting,
and stability preservation. The control system
outputs three pulse-width-modulated signals to

the power bridge circuits which drive the motors,
along with system status signals to visual and
audio indicators that inform the user of battery
condition and system malfunction or motor failure.
In addition, the on-board circuitry can shut down
the entire system in case of computer malfunction.
The operator can also quickly turn off the system
by using the on-off button on the joystick chassis.

Ore of the primary design challenges involved in
this effort is that of coming up with a wheel
design which is durable yet relatively inexpensive
to produce. This is essential if the omni-
directional chair is to be realized as a commer-
cially available device. For this reason, a
number of different wheel designs are being
investigated. The wheel design shown in Figure 2
is comprised of a central hub made of aluminum
and eight spokes constructed from high strength
aluminum extrusion. The spoke and roller assem-
blies can be easily removed independently of one
another for repair or replacement. Each roller
assembly is well supported by deep groove ball
bearings. A design which incorporates end-
supported rollers is also being evaluated on

the test rig.

We have also begun the design of a first gener-
ation prototype of the omnidirectional wheelchair.
One of the designs being considered is shown in
Figure 3. This chair will be based on a unitized
chassis of either cast aluminum or monocoque
fiberglass construction. The goal of the proto-
type will be that of a truly omnidirectional
mobility device which is of a relatively inexpen-
sive and stylistically attractive design.
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MOBILITY SYSTEMS FOR THE SEVERELY DISABLED THROUGH MODIFIED
STANDARD AUTCOMOBILES AND COMPATIBLE VARIABLE HEIGHT WHEEICHATRS

M. Y. Zarrugh and R. C. Juvinall

The Rehabilitation Engineering Center and
the Department of Mechanical Engineering and Applied Mechanics
University of Michigan, Ann Arbor MI 48109

ABSTRACT

Although at present, vans provide satisfac-
tory driving possibilities for some severely
disabled persons, the majority of these drivers
would prefer standard automobile-based systems
because of lower initial cost, ease of parking
due to smaller size and inconspicuous appearance.
Three different automobile-wheelchair systems
are considered: (1) A rear entry system for a
special reclining and height-adjustable wheel-
chair to a Dodge Omni via a feldable ramp, (2)

A system in which a modified Amigo chair gains
access through the curbside door of an X-body
automobile, and (3) A driver side entry system
for a special wheelchair into a X-car. The last
two systems are similar in entry principle. In
both, the chair is attached to the door or a
support arm extending from the car and the seat
height adjusting mechanism is used to retract
the lower section of the chair so that it fits
within the door opening. The driver-side entry
system appears to offer the best advantages and
is being fully developed.

INTRODUCTION

At present, vans provide the only commercial-
ly available driving possibility for drivers with
severe disabilities. These drivers, such as quad-
riplegics and bilateral amputees, must use wheel-
chairs and cannot transfer themselves or their
chairs into an automcbile without assistance. The
most acceptable solution to their independent
transportation problem is to allow them to enter,
egress and drive a vehicle without leaving their
wheelchair or requiring any human assistance.
Examples of the commercially available systems
are discussed by Peizer (1).

Although modified vans and associated trans-—
fer devices serve the needs of scme disabled
drivers, many would prefer the more practical and
psychologically acceptable alternative of driving
a small passenger automobile. Compared to vans,
automobiles are easier to park, more fuel effi-
cient and less conspicuous. Three autcomobile-
wheelchair systems were designed and developed.
The first system involves curbside door entry; the
second provides access through the rear hatch door
and the last is a driver-side entry system. Dev-
lopment of these systems was guided by two re—
quirements: that any special wheelchair developed

for use in the automobile must also serve as an
ordinary wheelchair and that any vehicle modifica-
tion must either be reversible or not interfere
with the normal function of the wvehicle.

The two major design problems in all three
of the systems are the limited size of the door
openings and the elevation of the floor of the car.
These problems are addressed by providing a spe-
cially designed adjustable-height wheelchair and a
suitable means of lifting the occupied wheelchair.

CURB SIDE ENTRY SYSTEM

The standard Amigo Wheelchair was modified at
Amigo Sales Corp. by the addition of a height ad-
justable mechanism. This modification allows the
occupied wheelchair to fit through the door open-
ing of a standard automobile. The height adjust-
ment feature also provides the lifting function.
As shown in Fig. 1, the chair approaches the side
of the car door which opens a full 90° by virtue
of special hinges. The chair is then maneuvered
onto a swivel arm mounted on the floor of the car
near the door. With the chair fixed to the car,
the height adjusting mechanism is operated to re-
tract the lower portion of the chair and bring it
closer to the seat. The prototype chair is com—
plete, but car modifications and integration into
the system have not been completed.

REAR ENTRY SYSTEM

This system provides automobile access for a
specially designed wheelchair through the rear
hatch door of a Dodge Omni. Transfer is accom-
plished via 56"-ramp. The ramp consists of two
hinged sections, a mounting bracket and guide links
arranged so as to form a four-bar linkage. The
ramp is deployed or retracted when the upper ramp
member is rotated. At the present the ramp is
manually actuated, but automatic power actuation
will be added if the concept proves to be suitable
for further development. The ramp is equipped
with two parallel racks that engage with two small
gears mounted concentrically with the driving rear
wheels. The rack and pinion arrangement enables
the chair to climb the relatively steep ramp (in-
itial inclination of 22°). The seat is lowered
and reclined as the chair climbs the ramp to pro-
vide head clearance at the hatch opening (Fig. 2)
Once the chair is in the car, it is guided to the
driving site by means of a track system on the
floor. Same minor difficulties were encountered
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in initial engagement of the wheelchair with the
rack and guidance of the chair both up the ramp
and inside the car.

DRIVER SIDE ENTRY SYSTEM

A compact wheelchair with adjustable seat
height was specifically designed with a small
door opening in mind. The chair (Fig. 3) is
composed of four sections: seat, footrest, cross
member with seat guides and wheel-suspension as-
sembly. A powered linear actuator (Motion Systems
Inc., 6000 rpm, 12 VDC Universal Ball Screw with
10:1 gear ratio) slides the seat along two 5/8"-
vertical guides via four linear ball bearings
(Thomson 10-ADJ rated for 320 lbs radial load
each). The guide rods are supported at their base
by the cross member. Two additional bars extend
from the top of the guide rods to the cross mem-
ber to provide lateral support of the guide rods.
The cross member and attachments are supported by
two leaf springs that provide the necessary flex-
ibility for riding on uneven terrain. The cross
menmber is shaped in such a way that the seat is
lowered to ground level between the springs and in
front of the cross member. The arm rests enclose
the springs when the seat is in its lowest posi-
tion. Two caster wheels are attached at the front
end of the leaf spring. The two 8"-driving wheels
including their drive units (Everest and Jennings
3N motor drive, part No. PDR-3N-700) are bolted
to the rear ends of the leaf springs.

The leading sequence proceeds as follows:
the driver door is opened to about 85° by means
of a linear actuator (Motion Systems.Inc., 6000
rpm, 12 VDC Universal Ball Screw with 20:1 gear
ratio) . As the wheelchair approaches the open
door, the footrest is raised so that the feet
clear the door sill and are placed inside the car.
The chair is then maneuvered into position so that
the seat section is attached to a door bracket.
The seat height adjustment actuator is operated
in a lowering mode to retract the suspension
section closer to the seat. This reduces the
overall height of the occupied chair. Once the
wheels clear the sill, the door is closed auto-
matically to bring the chair and occupant into
driving position. Near the end of the door travel,
the action of the actuator is replaced by a power
latching device (a modified Cadillac trunk clos-
ing unit with modified latch hook) which draws the
door 1.5" to a locked position.

The footrest is constructed of bent tubes
that are pinned to the seat section. Actuation
of the footrest is accomplished by two cables
pulled by screws placed inside the seat frame.
The screws are in turn rotated by a chain and
sprocket drive mounted within the backrest cavity.

This system requires modification of the door
and its hinges to reduce the excessive deflection
expected during loading. These modifications in-
volve replacing the hinges and providing an add-
itional chair support frame within the door cavity.
The frame is bolted directly to the new hinges.
This arrangement allows transferring the chair

loads directly to the hinges bypassing the door
itgself. The presence of the support frame limits
the extent of window opening.

CONCLUSIONS

Among the three different systems discussed,
the driver side entry system is the most promis-—
ing due to simplicity and minimal space needed
for transferring the wheelchair. A full passen-
ger and cargo load can be carried with the system.
The major disadvantages of the rear entry system
are difficulty in initial engagement of the chair
with the ramp and the amount of space sacrificed
for transfer and guidance equipment. The modi-
fied Amigo system for passenger side entry is
still under development and no major conclusions
can be stated in its regard.
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Fig. 1 Artist concept of the Curb Side Entry

System

4th ANNUAL CONFERENCE ON REHABILITATION ENGINEERING WASHINGTON, D.C. 1981 79



80

Fig, 2 In the Rear Entry System, the chair
is lowered and reclined as the chair
climbs the ramp to privide head clear-—
ance at the hatch opening.

\ \
e i o S

Fig. 3 Partially completed chair for the Driver
Side Entry System.
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STUDENT PAPER

MICROPROCESSOR WHEELCHAIR CONTROL:
PROGRAMMABLE WHEELCHAIR CONTROL INTERFACE

Peter Bronk

Tufts University, Engineering Design

Control of motorized, electric wheelchairs commonly processor, with all other chips in the circuit also CMOS to keep
is effected through a joystick control which responds to a total power consumption well below suggested limits for
light push in the desired direction of travel. ' Profound wheelchair accessories. (ref. 3) Digital switch input is
weakness of the arms or wrists and conditions in which accomplished through a 20-key encoder, and provisions have
fine control of movement is lost or unpredictable, such as been made for an analog multiplexer and analog-to-digital
cerebral palsy, make the wrist-actuated joystick difficult or converter to process analog signals, such as those from a
impossible to use. A number of alternative control schemes proportional pressure transducer.
have been proposed.?2"'2 Only a few of these are commer-
cially available. The chin-controlled joystick and the breath The E & J motor control logic processes input voltages
(puff-sip) control are used by high-level quadriplegics, but in a differential fashion with the speed of each motor
lack universal acceptance for functional and esthetic increasing proportionately to the difference between the
reasons. '® People with severe cerebral palsy are more two voltages going to that motor’s control logic. Direction
limited in their choices, with arm-slot control used on of the motor is determined by which voltage is more positive.'®
microswitch controlled wheelchairs. These voltages are digitally generated by digital-to-analog

converters and transmitted in the proper polarity by program-

For almost any device other than a joystick, a degree mable switches. Safe operation is ensured by the inclusion of
of customization usually is necessary to select and mount miniature relays which must be separately switch activated to
the switch system and to connect it to the driving electron- electrically connect the output voltages to the logic inputs.
ics of the wheelchair. Engineering and labor costs for
non-standardized hardware can be prohibitive: later repair The single main circuit board fits in a cabinet of dimen-
service may be difficult to obtain. One source estimates sion 8" X 8" X 3.5 which piggybacks on the motor control
that 4—5% of the wheelchairs sold every year in the U.S., box. The display used in the demonstration unit has LEDs
roughly 4000 units, are electric.’® If 20% need supple- arranged in a clock-face pattern for scanning functions. It is
mental control electronics, the national cost for customization mounted in a triangular-prism box attached to a gooseneck
could approach $1 million. bolted to the arm of the wheelchair. Rotary motion sensors

are spring mounted next to the motor controller and are

TASK SPECIFICATION driven by the inside of the belt-drive rim on the rear wheels.

All components are weather sealed. (Figure 1)
The result of an engineering study of this problem has

been the design of a modular Programmable Wheelchair SYSTEM OPERATION

Control Interface (PWCI) which will accept any common

signal input, digital or analog, and will convert the input into The first system was built as a demonstration unit; the

the operating voltages used by a popular motor control unit, operation described below can easily be changed by repro-

the Everest and Jennings 3P proportional controller. This gramming. Software control of the demonstration system is

system will extend the utility of proportional control to based on a hierarchical series of control decisions. At each

persons not now able to use it. In addition the hardware can decision locus the system task is presented to the user by a

be used in many different configurations with only program- lighted, task-labeled LED; LEDs on the clock face correspond

ming changes needed to adapt the unit to persons of different to alternative actions within each task and are lighted

functional ability. sequentially as choices. For the demonstration system, 2
switches, SELECT and RESET, are used. To make a selec-

The device is connected directly through the cable tion, SELECT is pressed; to restart the task RESET is pressed;

provided from the motor controller in place of the joystick, to get to a previous task RESET is pressed repeatedly until

with no special wiring, and can be field installed. The display the desired task is reached. (Figure 2)

unit is interactive, and customized display and input switch

configurations are achieved through software control. The The user initializes the system by selecting a display

system has sufficient capacity to permit more complex soft- scanning speed (.5 to 5 seconds between changes in the dis-

ware tasks and expanded output control facilities for chair play)'®, then the maximum forward speed (slow, medium,

recliner and other environmental control functions. fast within the range of chair speed). A WAIT STATE is
entered at this point which can be left with 2 hits on RESET

SYSTEM DESIGN (to go back to SPEED SET), or 2 hits on SELECT which
starts the display scanning for the desired direction of motion.

The system is based on the CMOS RCA 1802 micro- The WAIT STATE acts as a buffer between the two tasks;
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it can be reentered at any time and acts also to allow the power
to be left on while the user sits in the chair at rest without the
danger of activating the chair motors with a chance switch
closure. During the WAIT STATE, the “STOP" LED is
lighted.

The “SELECT" LED is lit as the direction clock face is
scanned. When the SELECT switch is hit, the LED with the
chosen direction remains lighted and a warning LED is lighted.
SELECT must now be released and hit again for motion to
commence; it must remain pressed whenever motion is desired.
The direction remains engaged until the RESET switch is hit,
at which point the display again is scanned.

The maximum voltage output to each motor, and the
polarity, are determined by the direction selected and the
preset maximum forward speed. Reverse and turns in-place
are always executed at slow speed. Release of the SELECT
switch disengages the relays and sends a zero to the digital-
to-analog converters.

SPEED AND ACCELERATION CONTROL:
OPEN LOOP, CLOSED LOOP

Two modes of speed and acceleration control have been
developed, open loop and closed loop. In both cases voltage
to the motor logic is incrementally increased at a rate directly
proportional to the forward speed previously chosen. This
feature allows a user with a slower effective reaction time to
use the system safely and it helps to avoid initiating a startle
response in hypersensitive individuals due to a jerky start.

Closed loop control necessitates the use of rotary shaft
encoders, each of which generates two channels of square wave
pulses in quadrature at a frequency proportional to the speed
of the wheel which drives it. These pulses are decoded for
speed and direction information by the processor. Above a
threshold speed, relative motion between the two wheels is
compared and compensating changes in the output voltages
are made. This feature allows the implementation of a track-
ing function in the forward mode to overcome the inherent
tendency of the wheelchair to drift on slanted terrain due to
its steering geometry. '? In addition acceleration can be
smoothed and turns made precisely. |If pulses are not received
by the processor after a certain period of time while the chair
is in motion, an error signal is given and the system reverts to
the WAIT STATE at which point components in the drive
train and sensing system may be checked for mechanical failure
or breakage.

FUTURE IMPLEMENTATIONS

At present the system is programmed for exclusively open
loop or for exclusively closed loop operation. Software
revisions will allow open loop to be selected as an override
feature. Another feature currently being implemented on the
closed loop mode is a HOLD state in which the chair motors
will be used to maintain position on an incline while another
direction setting is chosen. This will permit course corrections
on ramps and hills, which can be dangerous if the chair starts
to roll unpowered. A software technigque to be studied at a
later date is digital filtering which would allow a person whose
movements have erratic, particularly athetoid, components to
use a wrist controlled joystick safely.
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THE USE OF A MICROPROCESSOR AS A VERSATILE CONTROLLER FOR A POWERED WHEELCHATR

Lennart Philipson

Craig W. Heckathorne

Rehabilitation Engineering Program
Northwestern University Medical School
Chicago, Illinois

ABSTRACT

A microprocessor based controller for a pow-
ered wheelchair has been designed. The controller
operates from four input switches that handle
start, stop and turns of the wheelchair. An
optional feedback system allows the controller to
automatically correct deviations in azimuth when
traversing uneven and inclined surfaces and to
maintain the speed of the chair when going up
inclined surfaces. The generality of the micro-
processor based controller permits alterations in
control strategy to be made in software, elimi-
nating much of the previously necessary circuit
redesign.

INTRODUCTION

By utilizing microprocessor technology, a
wheelchair controller can be built with more
flexibility in the control scheme than is possible
with discrete logic controllers (1). The control
scheme is coded as a string of easily altered
software commands instead of hard wired logic
components. The use of large scale integrated
circuits reduces the number of physical parts and
simplifies circuit design.

The controller presented in this paper has
been programmed to handle operator inputs for
starting, stopping, and turning. With the addi-
tion of wheel displacement sensors and their
interface logic, it was possible to program the
controller to compensate for deviations in oper—
ator selected azimuth and speed caused by the
wheelchair's drive system and the terrain being
traversed.

CONTROL FEATURES

Operator Interface

The controller is designed to be operated by
four switches of almost any variety (pneumatic,
hand, foot, head, etc.) selected to suit the con-
trol sites of the user of the wheelchair. The
switch inputs can be programmed for either
latching or non—latching modes. The latching
input mode requires the user to initiate an action
with one switch and terminate it with another,
without needing to maintain the switch closure.
An example would be pneumatic control for acti-
vating the chair to move forward or reverse. In
the non-latching mode the action is maintained
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only as long as the switch is held closed by the
user. This mode is often used for hand controls
configured like a joystick (manipulandum).

The four switches control the initial direc-
tion of the chair; forward, reverse, right and
left. One switch also serves for speed selection.
By repeated activation of this switch, the user
can increase the chair's speed through four pro-
grammed speed increments.

One or more safety switches are also provided
to quickly deactivate the chair in emergency sit-
uations. These switches are independent of the
controller and will deactivate the chair even in
the event of a failure in the microprocessor.

Azimuthal Control

Alterations in the intended path of a wheel-
chair can be attributed to variances in the com-
ponents of the drive systems of the chair and the
effects of terrain on the alignment of the front
casters (2). To compensate for these deviations,
the driver must initiate corrections frequently if
traversing an inclined surface such as a sidewalk
(sloped for drainage) or a driveway.

It has been shown (2) that by forcing the
drive wheels to travel equal distances when the
operator intends to travel in a particular direc-
tion, the intended azimuth can be maintained. The
displacement of each of the drive wheels is moni-
tored by the computer which then adjusts the
torque of the motors to keep the displacements
equal. This is performed automatically whenever
the operator has issued a forward or reverse
command.

Speed Control
A wheelchair controlled by switches often has

a number of pre-set speeds that the user may
choose. The selected speed is generated by sup-
plying a certain fixed average voltage to the
motors. If the chair's controller does not
include automatic speed control, the torque pro-
duced by the motors due to the applied average
voltage will vary with the terrain. For example,
the actual speed at which the chair climbs a ramp
will be less than the speed of the chair on a
level surface at the same "speed" setting.

With speed control, the user selects the
desired speed and the controller automatically
adjusts the motor torque to maintain it. This 1is
accomplished by means of the same wheel displace-
ment feedback interface as used with the azimuthal
control.

The automatic control of speed is limited by
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the maximum output torque of the drive wheels
when going up an incline and by the braking
produced by unpowered motors when traveling down
an incline,

IMPLEMENTATION

An Everest & Jennings type 3P, 24 volt pow-
ered wheelchair was selected for implementation of
the controller. The controller uses a Motorola
6802 microprocessor and includes a peripheral
interface adapter, an EPROM for program storage,
and the attendant bus interface circuitry. The
peripheral interface adapter handles all I/0
including operator switch inputs, speed selection,
wheel displacement sensors, motor relay control,
and motor duty cycle.

The torque of the two permanent magnet drive
motors is controlled by adjusting the duty cycle
of the pulse width modulated armature current.
Each pulse has a maximum period of 3.2 msec which
is divided into 16 intervals. By selectively
controlling the number of intervals the current is
on, the torque on each drive wheel can be adjusted
to produce the desired action of the chair.

For purposes of speed and azimuthal control,
displacement of the drive wheels is detected by
optical encoders geared to each of the two wheels.
Rotation of the wheels produces a train of pulses
from each encoder, providing information on the
chair's alignment and speed.

Figure 1 shows an information flow diagram of
the controller.

MODE OPERATOR SAFETY
SELECTION SWITCHES SWITCH

MICROPROCESSOR
CONTROLLER [~

“ U

MOTOR
RELAYS o

WHEEL

SENSORS MOTORS

Fig. 1: Information flow of microprocessor-based
wheelchair controller with azimuth and
speed control.

To effect speed control, the number of pulses
from each encoder is counted during a fixed time
interval. The count is compared teo an expected
value based on the action of the chair selected by
the operator. If the actual count is not equal to
the expected value, the duty cycle of the current
to the motors is adjusted. Monitoring is per—
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formed continuously and adjustments arc made, if
necessary, every 3.2 msec as long as the chair is
in motion.

If the chair is moving forward, the operator
can increase the chair's speed by reactivating the
forward switech. With each reactivation, the con-
troller smoothly accelerates the chair to the next
speed setting.

Speed control is also provided during turns.
By monitoring the turning speed, the response of
the chair is made essentially independent of the
surface conditions.

It should be noted in all instances where
speed control is used that the maximum speed of
the chair is limited by the maximum torque which
can be produced by the motors. Therefore, the
chair may not be able to travel at the same speed
on a steep up incline as it traveled on a level
surface. In such a situation, the motors may be
full on but the torque is not sufficient to
achieve the selected speed.

The minimum speed of the chair when going
down a ramp is also limited. The E&J type 3P
chair has relays to control the polarity of drive
current. Because of this, active braking cannot
be implemented smoothly as it would involve rapid
switching of current polarity. Therefore, auto-
matic braking is limited to the drag of the drives
in an unpowered state. Consequently, speed con-
trol may not be possible on a steep down incline
if gravity overcomes the drag of the unpowered
motors. In such a case, the operator must manu-
ally brake by activating the reverse switch.

Azimuthal control also uses the encoders but
a different software counter. The pulses from the
encoder of one wheel increment the counter while
the pulses from the other encoder decrement it.
The controller checks the value of the counter
every 3.2 msec during forward or reverse actions,
and as long as it has a value of zero, the chair
is maintaining the desired azimuth. If the count
is non-zero, the drive current duty cycles are
adjusted to return the count to zero. This pro-
cedure keeps the total displacement of each wheel
equal, thus holding the chair to the original
azimuth.

The circuitry of the controller has been
implemented on a board which replaces one origi-—
nally installed in the E&J controller. If the
options of speed and azimuth control are selected,
the only additions to the chair are the encoders
and their gearing to the drive wheels.

RESULTS

The microprocessor-based controller was pro-
grammed to duplicate all of the functions avail-
able with the presently used commercial control-
ler, the NU 805B. With such programming,, the
response of the chair to operator commands was not
significantly altered. However, the micro-
processor-based controller was much more versatile
and allowed the addition of automatic speed and
azimuth correction without major redesign of the
controller,

The controller was evaluated for three months
by a member of the laboratory staff who is dis-—
abled. She had extensive experience with the
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Figure 1. System Hardware

with the outputs of the D/A converters
providing two drive signals which are,
for normal operation, equal in magnitude
but of opposite phase. The drive signals
are amplified by a darlington/power
transistor combination to produce the
needed drive current through the motor.
The polarity of the drive signals
determines the direction of the armature
current and thus the direction of the
motor. The only power source requirement
is a dual-battery system with a center
tap ground. Varistors are placed across
the motors to prevent transistor damage
due to motor transient voltages.

velocity feedback from each of the
motors is generated by a tachometer
mounted to the shaft of the motor. This
generated voltage is then input to the
computer through the A/D converter.

CONTROL STATEGIES

The utilization of a microcomputer
as the central control element allows a
wide variety of user input mediums to be
accomodated. As mentioned before, the
major portion of the interfacing required
for the different input devices may be
accomplished with software, thus allowing
for a minimal hardware system, and also
allowing for the system to Dbe easily
reconfigured to meet the neceds of any
particular user. The microcomputer also
facilitates any preprocessing that may be
necessary in order to provide acceptable
drive signals to the wheelchair's motors.

The wheelchair control system
described in this paper can presently
provide the user wth a choice of three
types of input devices as well as a
flexible preprocessing unit. The three
inputs include a standard joystick, a
specially designed digital joystick, and
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a hom contrel unit. The special
preprocessing package provides for the
filtering of the user's input in order to
eliminate "necise" due to spastic hand
movements [2].

Standard Joystick

When operated using a standard two
dimensional joystick the microcomputer
system will sample the signals generated
by the joystick, and process them so as
to produce motor drive signals which are
proportional to the desired velocity and
the cdesire¢ direction. Even in this
simple configuration the flexibility
offered by the microcomputer is apparent,
since the agcomodation of joysticks
having more than two dimensions is simply
a matter of expanding the system's soift-
ware. One application of this flexibili-
ty would be in the control of four wheel
drive chairs, where a multidimensional
joystick is utilized to control the inde-
pendently driven motors. One additional
area where the microcomputer flexibility
is advantageous is in the control of
wheelchair peripheral devices such as
manipulators and environmental control
systems., For these applications the
microcomputer is used to automatically
transfer control from the device to the
wheelchair, thus allowing a single input
medium to control several devices [31.

Digital Joysticks

The inclusion of the analog-to-
digital converter allows for the use of a
standard joystick, but since the system
is using a microcomputer it seems proper
to investigate the use of digital
transducers, thus eliminating the
conversion process. In addition to
eliminating the A/D converter, many of
the undesirable properties of
conventional joysticks may also be
eliminated, Examples of these poor
properties include the frictional wear
and the resistance to movement found in
most analog potentiometers. One likely
alternative to the analog potentiometer
is the optical shaft encoders.

As an initial investigation into the
use of digital transducers the authors
have constructed a joystick which
utilizes two incremental shaft encoders.
The use of incremental encoders was
required at this point because of the
large size and high cost of commercially
available absolute encoders. A
photograph of the resulting joystick is
shown in Figure 2. The basic operation
involves decoding the outputs of the
optical encoders to determine the
direction of shaft rotation, and then
either incrementing or decrementing the
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eight bit counters each time an output
pulse occurs. Sampling the position of
the joystick involves simply reading the
contents of each of the two counters.

Figure 2. Digital Joystick

The use of the incremental encoders
does result in one major disadvantage in
thaet possible counter errors could result
in a loss of reference and a resulting
malfunction of the system. While this
disadvantage may preclude the use of
incremental encoders in commercially
produced joysticks, it is hoped that the
digital joystick described in this paper
will provide a research tool through
which to study the feasibility of using
optical shaft encoders. Through such
research one could gain insight into the
resolution required for wheelchair
applications, and hopefully design andc
fabricate a customized absolute encoder
having a reasonable size and cost.

Input Preprocessing

One major problem encountered by
many joystick users, regardless of
whether the joystick 1is analog or
digital, is the presence of spasticity in
their hand movements. A useful technique
for eliminating this problem is to
lowpass filter the output of the joy-
stick. This process essentially extracts
the average value of the hand's oscilla-
tions and provides the system with a
useful drive signal. With the
microcomputer being used to process the
joystick signals it seems practical and
advantageous to implement the filter
digitally. This allows for the program-
mability of the filter characteristics,
thus allowing for easily tailoring the
filter to meet the needs of a particular
user.
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Deriving the filter's difference
equation begins with the desired analog
lowpass filter given by

Gi{s) =

Using standard techniques this may be
transformed into the Z domain where the
difference equation

yénT) = A = wlnhT) + A u((n-1)T)
= B s oyl {m=01)T)
where
K K T
il 2
Etan )
B = K T
5t
1 + =
Kz = 4
73
tan S =1
B =
B, = T
1 + tan 5

may be derived. T is the sampling period
and K and K, specify the filter
parameters. By varying the parameters A
and B it 1is very easy to modify the
characteristics of the lowpass digital
filter to meet the needs ©Of any
particular wuser, As you can see ‘the
filter equation is recursive and may be
very easily programmed in the
microcomputer,

Hum Control

The final input option available to
the wheelchair user is hum control [4].
This type of input enables those persons
unfortunate enough to have lost complete
use of their arms the option of
controlling the wheelchair by selectively
humming one of four possible tones,
Under the hum control option, each of the
available tones is detected by a tone
decoding circuit. The state of each of
the decoders is examined at a specified
rate by the microcomputer and the changes
in state produce corresponding motions of
the electric wheelchair. The system is
surprisingly easy to use and can be
completely adjusted to match the vocal
characteristics of the handicapped
person. The use of the microcomputer
reduces the hardware of the system while
at the same time increasing the
capabilities. For example, the
microcomputer may be used to detect tone
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sequences, tone volume, or the length of
time a tone was hummed in order to give
the user additional input variables.

MOTOR CONTROL OPTIOHNS

In addition to the wide variety of
input devices available to the user,
there is also a variety of motor drive
options available to the design engineer.
These options include both pulse width
modulated motor control and linear
continuous control, as well as the
capability for velocity feedback
compensation. In order to provide the
system with the capability for both
linear and pulse width modulated motor
control, the analog motor drive circuitry
has been designed to accept either;
therefore making the selection process
simply a matter of selecting available
software. This enables the design
engineer to easily experiment with both
options, and quickly make comparisons
concerning efficiency, wheelchair
response, and user acceptance. The motor
drive circuitry also allows for the
implementation of dynamic braking through
the independent control of each of the
power transistors.

Through the use of tachometers,
velocity feedback is also provided to the
controller. This enables the research
engineer to develop and experiment with a
wide variety of velocity control schemes.
One example of this would be the use of a
proportional-integral-derivative (PID)
controller to obtain the response
specified by the user's joystick input.
Having hardware and software of this type
available gives the engineer an extremely
valuable research tool.

FUTURE WORK

With the addition of the microcompu-
ter to the wheelchair controller, the
capabilities of the system increase dra-
matically. The intelligence offered by
the microcomputer allows the wheelchair
designer to incorporate such sophisti-
cated schemes as collision avoidance,
guidance, and battery monitoring., Two
projects presently being pursued within
the authors' laboratories include the
design of a controller capable of automa-
tically guiding the wheelchair using
visual feedback, and the design of a
microcomputer—-based system capable of
monitoring and displaying battery
condition,

CONCLUSIONS
This paper has described a

completely versatile microcomputer-based
electric wheelchair control system. The

90

system provides the user with a great
deal of flexibility by allowing a variety
of input devices and providing room for
expanding to include many more, In
addition to numerous input devices the
user also has the option of selecting a
special preprocessing package which can
help overcome any difficulties
experienced because of spastic hand
tremor.

Possibly an even more important
aspect of this controller lies in its
value to the research engineer. The
ability to change control strategies as
well as experiment with feedback control
techniques through the use of wvarious
software packages is a flexibility that
will allow the design engineer to
steadily improve on the properties of
wheelchair controllers.

While the presently available
options demonstrate the power of the
microcomputer-based system, the future
work described in this paper clearly
defines the potential of such a system.
Automatic guidance and battery monitoring
are just a few of the many possibilities

that exist.
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SMART WHEELCHAIR

David L. Jaffe

Palo Alto Veterans Administration Medical Center
Rehabilitative Engineering Research and Development Center

Abstract

To allow quadriplegics independent mobility, a *smart’
microprocessor based electric wheelchair has been
developed by Stanford University and the Palo Alto
Veterans Administration Medical Center. Ultrasound
distance ranging technology is employed to track the
user’s head position in two dimensional space. This
data is then used to determine the chair's direction
and speed. This concept of motion control has be
successfully demonstrated with a working prototype
machine. Obstacle detection, wall-following, and
cruise-control modes are other implemented features of
the current design.

Need

It is well recognized that the lack of mobility is the
most limiting disability quadriplegics face. It is
their number one priority to be able to mechanically
move around an otherwise unwilling body and to do so at
their own command. Without a means to freely do S0,
they are totally dependent on a chauffeuring aide to
push them around. A goal of independent 1iving can not
possibly be achieved without mobility.

Current Technology

The use of an electric wheelchair is the most obvious
way to provide mobility to a quadriplegic. Attempts at
making such a wheelchair compatible with the needs of
quadriplegics presently involve some type of mechanical
coupling of a speed/direction controlling unit to those
parts of the body that the user could still control. A
Jjoystick manipulated by the chin or an apparatus
attached to the headrest are two common current methods
of operating the motorized wheelchair.[1] However,
these interface devices are far from ideal, since
intimate contact with them must be maintained at all
times, and critical positioning of them is required to
accomodate the user. Limited chin extension and
marginal control of those movements aggravate the
control problem and prove frustrating to use for many.
Additionally, chair motion tends to be quite jerky due
to the acceleration feedback effect of the chair on the
user’s chin position. Other chair designs utilizing
pneumatic switches activated by the user puffing or
sipping on a plastic straw[2] suffers from similar
disadvantages as well the increased difficulty in
mastering its control.

Goal

It was the aim of five graduate Mechanical Engineering
students at Stanford University's Smart Product Design
Laboratory to develop ideas that would enable
quadriplegics to more efficiently maneuver their wheel-
chair in their 1ife-space. A totally non-contacting
scheme of user control of an electric wheelchair was
envisioned. The problems of collision with obstacles
and tracking along a straight path would also be
addressed. With funding and electronic expertise from
the Palo Alto Veterans Administration Rehabilitative
Engineering Research and Development Center, the
concept of a "smart” electric wheelchair came into
being.[3]

Solution

The prototype "Smart Wheelchair® has successfully
proved that those goals can be met. The current model
utilizes Polaroid Ultrasonic Sensor technology.[4] to
accomplish many of the objectives. On a Polaroid
camera, this type of sensor provides the subject-to-
camera distance required for focusing. A resolution of
approximately one-quarter of an inch is possible at
distances from nine inches to twenty feet. On the
‘smart” wheelchair, a modified Everest and Jenning’s
Model 3P, a pair of these sensors triangulate the
users head position. Another pair of transducers face
forward while others face to the left and right of the
chair. The function of these sensors is explained
below.

Operation

In operation, a center or rest head position is defined
in an interactive computer training session. Deviations
from this ‘origin” in both the forward-back or left-
right planes can be calculated from subsequent rangings
of the two sensors.[Figure 1] This data is then
transformed in such a manner as to provide information
needed to proportionally drive the two motors of the
chair. The magnitude of the data controls the speed and
the difference between the two motor speeds steers the
wheelchair. From the user's point of view, he directs
the motion of the chair with his head. To move the
chair forward, he would position his head forward of
the 'rest” position. Similar operations perform motion
in the remaining three directions; left pivot, right
pivot, and backwards. Since combinations of these
directions are allowed, a smooth right turn can be
accomplished by positioning the head forward and to the
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right. In effect, the user's head has become a
proportionally controlled joystick. Since very minimal
head motion is required to use this system and the
control is quite easy to learn, this unique non-
contacting scheme promises to be an ideal solution for
quadriplegic control of an electric wheelchair.

Other Modes

The additional ultrasonic sensors are used in other
operating modes. Two forward facing units detect the
presence of obstacles in the path of the chair. When
the distance between such an object and the chair
becomes less than a preprogrammed value, the chair will
slow and/or stop before colliding with it. This feature
is designed to detect a sudden opening of a door or
imminent collision with a walking person on an inter-
secting course. If the wheelchair encounters a slowly
moving person in its forward path, the chair will
*follow" it at a fixed distance.

Side sensors serve to detect walls at the right and
left of the chair, A 'follow-that-wall” mode enables
the chair to travel parallel to the chosen wall without
operator intervention. Open doorways are detected and
ignored, but a discontinuity of more than a few feet
disables this mode and returns total control to the
user. Since a solid wall is not required in this mode,
the chair will track a picket fence with equal ease.

A ‘cruise control” mode utilizes wheel speed data
obtained from two optical shaft encoders friction
coupled to the two driven wheels. At 200 milliseconds
intervals, twelve-bit binary counts (each count
representing 1/1980 of a revolution) are made in the
forward and reverse direction for each motor. This data
is then used to maintain a constant chair speed and
heading despite minor terrain changes.

Of course, there is also a mode that allows the user to
freely move his head without activating any chair
movement.

Mode Switching

Switching from one operational mode to another was
initially performed by a Centigram voice recognition
unit.[5] Although this system worked fairly well, it
could not be made easily portable. As an interim
solution, mode changes are signaled when the user
positions his head to the extreme rear and then to one
of the four gquadrants.

Hardware and Software

The p}resent hardware of the ‘smart’ wheelchair consists
of a'‘portablized” Zilog MCZ 1/05 780 microprocessor
system with 64K of memory, three parallel I/0 ports, a
serial port, two D/A convertors, and a floppy disk
system.[6] In the prototype system, Once the programs
to operate the chair have been Toaded into RAM from
disk, the floppy and CRT terminal are disconnected and
the user can drive away. The software executive is
written in BASIC with a majority of the real-time
program coded in 2300 1ines of assembly language called
from BASIC. Extensive use is also made of integer and
floating-point routines from the Zilog math package.

The use of a microprocessor allows complex control of
chair inputs and outputs, more than could be managed by
a straight analog control system. For example, the
motor speed is not permitted to change by more than a
given amount from update to update. In this manner,
acceleration Timiting is performed and jerky motions of
the chair are minimized. In a similar manner, head
position is checked for out-of-bounds conditions. If
such invalid data is aquired, it is ignored. Also, to
calibrate the head position algorithm, a "training