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PREFACE 

At best, attempts to replace, simulate, or supplement normal 
body functions by artificial devices are crude and incomplete. 
No man-made system has ever captured and faithfully reproduced 
the elegant freedom of the toss of a head, a flick of the wrist, 
the subtleties of a smile, or the versatility of the human voice. 
Even with the most advanced micro-miniaturised electronic 
techniques we cannot imitate with comparable compactness 
those body actions that may be absent because of congenital 
defect, or lost through traumatic injury, illness, disease, or even 
old age. Yet while limbs and body may be paralysed and 
speech lost, brain function often remains unimpaired and mental 
ability is frequently undiminished. 

In this book we consider devices which, for the most part, have 
been designed to assist the severely disabled: those who have 
lost completely or have little movement of their arms and legs, 
and may also be without speech. These devices enable these 
handicapped people to use residual physical activities not only 
to control much of their domestic environment and equipment 
but also to communicate. Aids for the deaf and blind do not 
come within our brief, nor do routine appliances such as pros
thetic limbs, or wheelchairs, for which adequate literature exists. 

It is only during the past 10 years or so that remote-control 
devices have been specially designed to help severely disabled 
persons to gain a degree of independence- and in many 
instances to carry on a profession . Over the same period, 
constantly improving medical, nursing, and rehabilitation tech
niques have improved the life expectancies of these handicapped 
people to almost a normal life span. 

Many of the devices described aim at extending the ability of 
the severely disabled to help themselves and to reduce their 
dependence upon others. There are now many remote-control 
systems which make it possible for them to operate electrical 
appliances, such as radio and television receivers, tape recorders, 
door-opening devices, inter-communication systems, and the 
telephone. Some devices also provide ways of improving, or 
indeed giving, a method of communication where normal 
speech is impossible. 

The authors come from various countries where often they have 
worked in isolation, without knowledge of similar developments 
elsewhere in the world . Hence the reader will detect that there 
is a degree of duplication of effort. Yet each device offers 
particular useful facilities or modes of operation or taps a different 
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A general guide to aids for the severely handicapped 

System User suitability Mode of operation 

POSSUM Extreme disability: severe tetra paresis Pneumatic, mouth -operated 
(POSM) as a result of trauma, poliomyelitis, pressure switch. The system car 

multiple sclerosis, muscular also be controlled by micro-
dystrophy, myesthenia gravis, switches operated by fingers, to' 
cerebral haemorrhage, spasticity or chin, aided by splints if need 
etc. Speech disorders and by joystick and foot switch1 

PILOT Extreme disability, as for POSSUM , Light-sensitive diodes-one for 
some limitation set by physical each control function and each 
ability of user typewriter function. Diodes are 

illuminated by a hand-held or he< 
mounted light source. A micro-
switch keyboard of push-button: 
also available 

LOT Extreme disability, as for POSSUM As for PI LOT but completely lig 
and PILOT, some limitation set by activated. Light source attached 
physical ability of user pair of spectacles 

VOTEM Extreme disability but with some Voice operated using Morse coc 
voice control and sufficient or with a micro-switch device 
intelligence to learn Morse code 

Typewriter Extreme disability but with good Morse code operated by a key 
control by muscular control of the tongue and mounted in a dental palate 
dental palate key lips to work a palate key. Originally 

designed for cerebral palsied users 

Systems 7 Any disabled person able to move Capacitance transducer 
and 8 some part of his body 

GMMI Severely disabled Electromyographic potentials an 
movement of lips to operate a 
switch 

TARC Primarily for cerebral palsied Large keyboard for typewriter 
children (QWERTY arrangement) 

COM HAN DI Primarily for cerebral palsied (a) Bank of "paddle" micro-
children switches; (b} mechanical joysti c 

switch; (c) optical joystick switc 

System for Aged infirm; speech disorders, Keyboard of large labelled push 
aged infirm dysphasia, dyslexia, dysarthria; button micro-switches arranged 

dysgraphia; speech training in alphabetical order 

'Talking Ambulant patients with speech Small keyboard 
brooch' disorders, unable to articulate 

Lightwriter Speech disorders- patients unable Small keyboard 
to articulate 

Communication Extreme disability By switches to scan a seven-by 
display/print seven (49) symbol indicator dis~ 
out with memo-ry panel 

Interlock Less physically handicapped and Toggle switches or microswitch 
elderly, also useful in certain providing, in some instances, ar 
extreme disabilities increase or decrease in electrica 

power 

• 1, Alarm bell; 2, aid buzzer; 3, "intercom" microphone and loudspeaker; 4, door lock releas, 
more channels); 10, external bell; 11 , bed turning device; 12, 'Talking Book'; 13, electric fan; 
recorder; 19, typewriter; 20, calculator. 
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Patient exertion Control and/or display facilities* 

volume displacement of 2ml., or a 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 1 6, 17, 18, 
v millimetres movement and a few 19, 20. Expanded keyboard for typewriter, word and 
1mmes force to operate the micro- phrase stores for use with typewriter. Computer 
itches control, X- Y plotter, machine tool control. Display 

matrices for typewriter symbols and facilities 1- 20 

fficient head or hand movement to 1, 2, 3, 4, 5, 6, 7, 8, 9, 1 0, 11, 12, 13, 14, 1 5, 16, 
in the control matrix with a beam of 1 7, 18, 19. The control panel operates up to eight 
1t. With residual, small, coordinated devices 
;ier movement and switch-control 
>de can be used 

. 
for PI LOT 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19. Second prototype has additional facilities 
for the typewriter- 72 character "self-scan" in-line 
display and memory store, correction facilities and 
computer interface 

ility to make distinct sounds and Primarily developed for typewriter control, but can be 
memorise Morse code, or to "key " extended to provide environmental controls 
~ code 

ivement of tongue or lips giving Primarily for typewriting but environmental controls 
ficient pressure to operate a palate can be added 
itch 

1m movement with respect to the 1, 2, 3, 4, 5, 6, 7, 8, 9, 1 0, 11 , 12, 13, 14, 1 5, 16, 
nsducer surface 17, 18, 1 9. Display matrix for use with typewriter 

ntraction of muscles to generate Display matrix of an eight-by-eight array of symbols 
ctromyographic potentials from and functions 
::> sites or operation of a mouth 
itch 

ility to operate push -button 19. Keyboard coupled to solenoid actuated electric 
itches typewriter 

ility to operate switches Eight-by-eight matrix of letters and symbols for 
typewriter and environmental control facilities 

ility to operate push buttons 19. Keyboard coupled to solenoid-actuated electric 
typewriter 

ility to operate keyboard Display five characters on matrix of light-emitting 
diodes 

ility to operate keyboard Display 32 character self-scan in-line plasma display 

ility to operate micro-switches Display 16 characters "self-scan" in line with correction 
facility and option of transferring visual display to 
typewriter or computer terminal 

il ity to operate switches Any environmental facility, automatic light switch 
triggered by level of daylight, slow brightness light 
switch etc 

ctr1c lamp; 6, telev1s1on (one or more channels); 7, electric fire; 8, telephone; 9, radio (one or 
ord player; 1 5, respirator control; 16, electric blanket; 17, curtain opening device; 18, tape 
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mode of residual activity. In fact, this book stems from a 
realisation that there was duplication of effort in this very 
specialised field even in Britain . Accordingly, in July 1972, the 
Biological Engineering Society, in association with the Committee 
on Research for Aids for the Disabled (CRAD) , organised a 
symposium to bring together some of the designers and users of 
remote-control devices in Britain . Many of the papers presented 
at this symposium form the basis of chapters in this publication . 
All have been supplemented and up-dated, and 11 further con
tributions from Britain and overseas included. 

I hope that the publication of this work will increase the 
awareness of all concerned with the management of the severely 
handicapped and aid those seeking to exploit the benefits of 
current technology, of what is already availiiible, and of develop
ments being pursued in various countries. The book is directed 
at all who are concerned with the provision of facilities for 
the physically handicapped, at assessors for health services, 
physical medicine, and rehabilitation, at all concerned with the 
care of the aged, at hospital administrators and those responsible 
for contracting the supply of equipment, at workers of voluntary 
organisations who advise disabled persons, at graduates and 
postgraduates engaged in biomedical engineering research, and 
at schools and hospitals specialising in the care and education 
of disabled children . 

In Britain, the Department of Health and Social Security (DHSS) 
provides a comprehensive service for supply and maintenance of 
these aids and many hundreds of systems are at present in use. 
Tribute must be paid to the early work of Mr Reg Maling, who 
in association with Sir Ludwig Guttmann at the National Spinal 
Injuries Centre, at Stoke Mandeville Hospital, and with the 
support of a grant from the Polio Fund (now the National 
Fund for Research into Crippling Diseases), was responsible for 
the development of POSM * to a stage at which it was available 
for central supply by the DHSS. 

We open with an account of the method used in Britain to 
prescribe such devices for adults. Next, the concept and develop
ment of devices are described. Technical descriptions follow 
of systems of varying degrees of complexity, systems for 
children, and a simplified system for the aged infirm. One 
chapter records the special requirements and adaptations needed 
when children use these devices, and analyses the solution of 
particular problems associated with the care of the young. 
Simple control devices for the less severely disabled in the home 
environment are a special consideration in the concluding 
chapters, and there are accounts of the ways in which devices 
have enabled severely handicapped people to attain a degree of 
independence, to lead a fuller life, both mentally and physically, 
and even to carry on a full time profession. 

Three appendices provide a list of references to papers and books 
on the subject; a list of institutions, where R and D on aid 
devices is in progress, and others such as hospitals and schools 

• POSM is the acronym for Patient Operated Selector Mechanism
later aptly to become known as " POSSUM" from the Latin " I can " or 
" I am able". 
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where they are used for education, training, and rehabilitation, 
and a list of manufacturers of the aids. 

My thanks go to all contributors to this book for their co
operation and for the information they supplied and which is 
embodied in the appendices. Similarly, I acknowledge the help 
Miss Angela Thomas of Project Fair of the Medical Research 
Council; of the staff of BIAS for their information about manu
facturers; and of Mr David Wells of DHSS. Obviously the 
information in the appendices will be incomplete and I would 
welcome suggestions for inclusion in possible future editions 
of this book. 

Biophysics Department, 
Faculty of Medical Sciences, 
University College London, 
Gower Street, 
London WC1 

KEITH COPELAND 
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Whenever a muscle contracts, its two points of attachment are 
brought closer together. Whether or not a specific muscle 
contraction can be considered to be a useful effect depends on 
the extent to which the contraction serves a function. In fact, 
single muscle contraction seldom does. Complex body move
ments- for example, the flexure of a finger, the movement of 
an arm, or the turning of the neck- involve the coordination of, 
among other things, balance, positioning, and stabilisation . 
Here it is the synergic action of the muscle controlling these 
physiological functions that facilitates the prime movers. Such 
actions can be simulated electronically using feedbacks and 
cross- linkages; however, they will of necessity be sophisticated 
in design and costly to produce. 

There is a great need for disabled, immobile, and elderly patients 
to be able to control some aspects of their domestic environment. 
Simple electrical circuitry can provide them with remote controls 
to switch on the light, electric fans, radio, television, or talking 
book. They can be provided with an "intercom" with which 
to communicate with a visitor at the front door and thus to let 
him in by remote control. Simple circuitry at the bedside can 
enable the patient to control the curtains, to adjust the alignment 
of a special bed, to summon help with an alarm system or 
specially adapted telephone. In cases where a person is unable 
to speak or to write, a selector-type of illuminated letter board 
or phrase board may be of great help. Where it is important 
for thoughts (but not mundane routine requests) to be recorded, 
then a soleno id-actuated typewriter may be employed. 

When discussing such a system of environmental controls with 
patients they sometimes ask: "Will it enable me to boil a kettle?" 
The answer is " Of course, provided someone can fill the kettle 
and see that it is plugged in so that it can be switched on by 
remote control. " However, the end-product of this is boiling water 
and this in itself is not necessarily useful since further manoeuvres 
will be needed to fill a hot-water bottle, or to infuse tea . 

The basic difference between the person with no disabilities and 
one who is disabled is that wh ile the former can go to the controls 
that enable him to master his domestic environment, for the latter 
to achieve the same ends the controls must be brought to him. 
Even when this has been done, some means must be found to 
enable the disabled patient to activate the switch that turns 
on or off the components of his environment that he wishes to 
control. To do this, the patient must be able to produce some 
voluntary active effort. At the least, this will be the bending or 
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straightening of the tip of one digit, or the varying of the air 
pressure on a plunger switch by sucking or blowing. For the 
patient who is able to act over a variable area, a simple piano 
of switches, or a bank of switch buttons will provide a type of 
continuous selector device that brings into play various high- or 
low-voltage circuits. 

All such systems, however, require some mechanisms whereby 
the action produced by the patient can be transmitted to the 
primary low-voltage electrical site. This is normally achieved either 
by solid-state circuitry or by latching-type relays, and in so 
doing makes available for the final act of "control" power from 
the electricity grid or from low-voltage batteries. 

So far we have dealt with the problem only from the standpoint 
of simple mechanical actions produced by the patient. However, 
illness or handicap may produce further problems for him, and 
impair his ability to control with any precision certain move
ments, such as- though an extreme example- would be 
necessary in threading a needle. Wide lateral deviations may be 
produced by certain involuntary movements. It is possible to 
overcome these in part by setting vertical walls or guides between 
the banks of switches. Similarly, reciprocal movements coming 
axially from the body may be contained by horizontal guide 
walls. Many other factors, however, must be taken into con
sideration when a remote-control system is being planned for a 
patient. Some allowance must be made for his visual acuity, his 
touch sensitivity, and particularly the combined variations that 
he makes with his hands in any intention tremor. Such con
siderations may necessitate enlarging the target area of the control 
(that is, the switch top) sufficiently to make up for any deficiency 
in aim. If the disparity between the target area and the patient's 
aim becomes too great, it may be necessary to replace the 
selecting switches by an automatic selector limiting the effort 
required from the patient simply to an "on" and "off' switch. 

So far as switching is concerned, this can be effected by 
mechanical control, such as micro-switches or proximity switches 
exercising a capacity control. The transmission of the patient's 
"signal" to the first site of the servo system may be effected by 
low voltage via wires, or by inductive transmission using loop
type receivers at 35-40 kHz (it is important to restrict trans
mission to this wave band so as not to contravene Post Office 
radio regulations) . 

In the chapters of this book will be found technical descriptions 
of systems of varying degrees of complexity, information about 
the needs of disabled persons, and methods of prescription of 
apparatus. Although the book deals only with communication 
and environmental control systems to help those with physical 
deficiencies to lead fuller, more independent lives, it is essential 
when prescribing these aids not to overlook the amount of 
attendance and personal assistance which is available in each 
individual case. Neither must the desirability of structural 
alterations to a person's home be forgotten. 
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Remote control devices are an extension of a person 's physical 
capabilities; those capabilities should be exploited to the full in 
the first instance, and supplemented by the minimum of equip
ment for the tasks to be performed. 

Department of Physical Medicine 
and Rheumatology, 
Royal Hampshire County Hospital, 
Winchester 

W . RUSSELL GRANT 
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Case 
conferences 

-Organi
sation 

Course of 
the disease 

PRESCRIPTION OF REMOTE
CONTROL DEVICES FOR 
DISABLED ADULTS 
GORDON PARISH 
Passmore Edwards Medical Rehabilitation Centre, Clacton
on-Sea, Essex 

In 1966 the Ministry of Health (now the Department of Health 
and Social Security) decided that the POSSUM electronic 
selector unit should be available in Britain for prescription in 
the National Health Service. The patients would be assessed for 
POSSUM by case conferences held in their homes, or in some 
instances, in hospital-if the patient were likely to remain 
there permanently. 

In the North East Metropolitan Hospital Region, the conferences 
are supervised by the senior administrative medical officer of 
the Regional Hospital Board. The case conferences usually in
volve four to eight people, including the patient's consultant 
and family practitioner, and a regional assessor, who is required 
to submit a report on the findings of the conference to the 
Department of Health and Social Security. When the conference 
is held in the patient's home, the Medical Officer of Health is 
invited to send representatives. He may send his principal or 
assistant medical officers, or superintendent of district nurses as 
well as the district nurse attending the patient. The Director of 
Social Services is also represented because his department is 
responsible for installing the unit; and his representatives may 
include an administrative officer, a social worker or an occu
pational therapist responsible for the organisation of aids to the 
physically handicapped, and the family social worker. 

Elsewhere I have reported the medical conditions assessed by 
the first 26 case conferences in the North East Metropolitan 
Region 1 . We soon realised that an important function of these 
case conferences was a complete review of the patient's re
habilitation needs, including structural alterations to his home, 
the provision of lifts or hoists, and alterations to wheelchairs. 
During the past six years, 58 patients living in the North East 
Metropolitan Hospital Region were assessed as likely to benefit 
from the provision of POSSUM. Table 1.1 shows the diagnoses. 
The equipment was not recommended for 32 other patients for 
reasons shown in Table 1 .2. 

In the first part of the conference we are concerned to estimate 
the course of the patient's disease and its effect on his abilities. 
When these conferences started, most of our patients were 
suffering from fairly static conditions, such as the sequelae of 
poliomyelitis or a cervical cord injury. More recently, however, 
we have been assessing patients with disorders which produce 
progressive disability, such as multiple sclerosis, motor neurone 
disease and severe rheumatoid arthritis. It is important to deter
mine and to forecast, so far as possible, the rate of progress of 
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the disease. Some patients remain wheelchair-bound or confined 
to bed for many years. Others deteriorate rapidly and may die 
within months, and thus the prescription of expensive remote
control devices or other home care aids is not justified. A picture 
of the course of the disease can be gained from the approximate 
dates when the patient first required aids for walking; became 
confined to a wheelchair; lost the use of his arms for moving 
the wheelchair or for feeding and became bedfast. A history of 
frequent respiratory or urinary infections and biochemical 
evidence of renal failure reduces life expectancy considerably. 
Pressure sores do not appear to influence the course of the 
disease while they are being treated at home; they are usually 
kept under control by the district nurse until the terminal stages 
of the illness, when the patient's general condition deteriorates. 
Difficulty in swallowing saliva indicates a poor prognosis, 
especially if the patient is unable to cough up the mucus- it is 
aspirated into the lungs, and leads to terminal pneumonia. 

One of the criteria laid down by the Department of Health and 
Social Security for prescribing electronic selector devices is that 
the patients cannot be assisted by simpler means. If a patient is 
mobile in a wheelchair, even if it is electrically propelled, he 
can usually operate most domestic electrical appliances provided 
his reach is sufficient to grasp the switches. The position of the 
switches may have to be changed or the means of operation 
altered- for example, by pulling on a cord or a long lever. 
Television sets can be adapted by levers attached to the controls 
or by remote control switches. However, the patients who can 
use such devices may have difficulty in answering the door 
quickly when left alone, especially if the wheelchair jams in the 
door to the hall or against some obstacle. To forestall such 
happenings an "intercom" to the door and a simple electrically 
operated remote-control door lock release can be arranged. A 
loudspeaker telephone can be provided which is operated by two 
manual control levers, so that the patient does not have to lift 
the receiver or to dial. 

A bank of switches can be provided for immobile patients who 
spend the day sitting in an armchair or a wheelchair which 
they are unable to propel. They should have sufficient movement 
of the hand to reach the switches or be able to operate pedal 
switches with their feet. The operation of more than three devices 
from the switches is liable to result in a maze of electric leads 
creating a hazard to able persons. The aids commonly operated 
in this manner are an alarm, the telephone and the television 
set. The group of switches could be safely increased to operate 
a larger number of devices if it could be concealed, with the 
leads to the aids, in a corner of the room, and a method could 
be found of operating the switches by remote control by a single 
lead from the patient. However, in practice, an electronic selector 
mechanism is required to do this. 

The following circumstances should be considered when 
electronic selector mechanisms are being prescribed: 

( 1) The patient is so disabled that he has difficulty in reaching, 
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Table 1.1 

Diagnosis of 58 people in North East Metropolitan Hospital 
Region supplied with POSSUM 

Multiple sclerosis 
Pol iomyel it is 
Traumatic tetraplegia at C5 or C6 level 
Tetraplegia due to cervical spondylosis 
Tetraplegia following radiotherapy for brain tumour 
Syringomyelia 
Muscular dystrophy 
Rheumatoid arthritis 
Psoriatic arthropathy 
Ankylosing spondylitis 
Friedreich 's ataxia 
Peroneal muscular atrophy 
Motor neurone disease 
Arnold-Chiari syndrome 
Werdnig-Hoffman disease 
Progressive spastic paralysis 
Dermatomyositis 

Table 1 .2 

23 patients 
6 
8 
2 
1 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Reasons why Possum was not recommended in 32 patients 

Ambulant 
Self-mobile in wheelchair 
General condition deteriorating rapidly as the result of: 

Motor neurone disease 
Multiple sclerosis 
Muscular dystrophy 
Cerebellar degeneration 
Progressive transverse myelitis 

Lack of desire to increase independence 
Relatives unable to care for patient at home 
Mental confusion 
Telephone control only required 

or is unable to operate, a series of switches. 

5 patients 
6 

6 
4 
2 
1 
1 
2 
2 
2 
1 

-Hazards (2) The number of devices which the patient requires to 
control his environment could result in a profusion of electric 
leads across the room. 

The original POSSUM unit was mounted on a trolley so that it 
could be moved from room to room, but this arrangement was 
abandoned because of the strain on the leads. They are a hazard 
to children and adults may inadvertently pull on them, putting 
the patient's equipment out of action. So far as possible, 
electric wires should be concealed. As the result of their ex
perience, the manufacturers of POSSUM recommend that their 
selector unit should be installed in an enclosed cabinet. This can 
be done by mounting the indicator panel separately or by 
allowing the patient to hear the operation of the selector 
mechanism by means of an audible tone generator. 

-Alternatives (3) The patient may require to operate the selector mechanism 
from two locations by manual or pneumatic control from a 
wheelchair and also from a bed. 

17 
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Many of the patients spend part of the day or longer periods 
in bed; tetraplegic patients with loss of skin sensation may have 
to spend several days in bed to allow pressure sores to heal. 
The majority of patients supplied with POSSUM units in the North 
East Metropolitan Region can operate their aids from either their 
bedroom or the living room. Manual control switches present 
several problems when operated from a bed . If unmounted they 
may "get lost" among the bedclothes or fall off the bed on to the 
floor beyond the patient's reach. With switches mounted on a 
support over the bed, if the patient inadvertently slips they may 
get out of reach. One of my poliomyelitis patients switched off 
her rocking bed motor by accident instead of her electric blanket; 
the bed stopped in the head-down position, where she could not 
reach the switches to restart the rocking bed or to summon help. 
Fortunately her attendant was able to hear her cries for help. 
This sort of situation can be overcome by means of a flexitube 
pneumatic control attached to the head of the bed and leading 
to an electronic selector mechanism. Not only do patients with 
severe disability have more control of the head than other parts 
of the body but the pipestem at the end of the flexitube is 
near the face, so that patients are aware if they are slipping away 
from it and can summon help before they can no longer 
reach it. 

( 4) The mental stress of caring for a heavily disabled person 
will increase if the patient has to be left alone for long periods 
or is looked after by a single attendant. 

Most patients who require electronically controlled devices are 
immobile, spending the day in a chair or confined to bed . 
Where several attendants are available, environmental control 
devices may not be necessary. Commonly one finds a single 
attendant, usually the spouse, with only occasional help from 
a district nurse or home help, and sometimes with no help at all. 
These families tend to become more and more isolated, losing 
contact with neighbours and friends. The spouse will tend to 
return at frequent intervals to see if the disabled person is all 
right, and will limit the time spent away from home for shopping 
to the minimum. With the loss of outside activities the attendants 
come under increasing mental strain, especially if the disabled 
person has to be left alone while the attendant is at work. The 
husband of one of my patients telephones his wife every hour 
while he is at work. The provision of an environmental control 
unit not only allows the patient to summon help or occupy 
himself when he is left alone, but may benefit the attendant 
in reducing the mental strain imposed by the need to check the 
patient's welfare, and the guilt if this is neglected and something 
happens to the patient. We also find that the selector units 
stimulate interest outside the family, so that the family is less 
isolated and new friendships develop. 

(5) Some patients who might otherwise benefit from the pro 
vision of electronic environmental control devices are mentally 
incapable of operating the equipment or using it sensibly. 

These patients may be unable to concentrate sufficiently to 
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estimate the time interval required to operate electronic selectors. 
Occasionally a gross tremor may also prevent the use of this type 
of equipment. However, these patients may be able to operate 
one or two devices by depressing levers or a similar form of 
switch. 

The case conference method may appear to be an expensive 
method of assessing disabled persons for a single electronic unit. 
Only about half t he time of the assessment conference is devoted 
to the prescription of POSSUM, the remainder being devoted to 
the provision of other aids, which can make a considerable 
difference to the life of the patient, even if POSSUM equipment 
is not provided. The Department of Health and Social Security 
has now purchased a sufficient number of POSSUM units to have 
one or two spare ones in reserve, which can be loaned quickly 
if the need is urgent. This means that POSSUM can now be 
provided for those patients whose life expectancy is only a few 
months, and. who would have been rejected previously. 

When the case conference has decided that a patient requires 
a National Health Service environmental control unit, a second 
conference is arranged with the contractor, so that installation 
details for the unit can be worked out and the number of 
devices to be operated chosen. 

The following is a list of the aids controlled by patients in my 
own region: 

(1) Alarm bell (10) External bell 
(2) Aid buzzer ) one or (11) Bed-turning device 
(3) Intercom microphone more (12) Talking book 

and loudspeaker locations ( 13) Electric fan 
( 4) Door-lock release ( 14) Record player 
(5) Electric lamp (15) Respirator control 
(6) Television (16) Electric blanket 
(7) Electric fire (17) Window opening 
(8) Telephone device 
(9) Radio- one or more channels (18) Tape recorder 

The System 7 indicator (see Chapter 7) panel allows 10 devices 
to be selected at any one time, and the POSSUM indicator has 
11 positions available. Some aids can be substituted by 
changing the plugs, so that the same socket can be used; for 
example, an electric fire in winter and a fan in the summer. One 
of my patients has a T-piece in her pneumatic flexitube, which 
enables her to operate the POSSUM environmental control unit 
by sucking, and a Graetz dictating machine by blowing using 
five time intervals: (1) on, (2) record, (3) play back, (4) rewind, 
and (5) off. 

-Electronic When a patient is unable to speak, the simplest methods of 
corn- communication is a letter board, provided that the patient has 
munication sufficient use of his arms to point to the letters. However, 

confronted by a patient who is accomplished at using his board, 
I find I am usually overwhelmed by the speed at which he can 
spell out the letters, so that conversation can become rather 
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exhausting for any length of time. A column of common words 
for use with the letter board can make conversation smoother. 
It would be much easier for the listener if the patient could 
produce the sound of the letter or word when he touched the 
appropriate key. Production of sounds in this manner is still in the 
experimental stage and is probably too co1nplicated to be of 
practical use. A device is being developed to reproduce letters 
on a display panel attached to the patient's lapel, when the patient 
depresses buttons mounted on a miniature keyboard in his 
pocket (see Chapter 13) . This would enable an ambulant patient 
to communicate. 

At present an electric typewriter must be used to type the words, 
but if the patient has limited use of his arms some form of remote 
control is necessary. In Britain the financing of remote-control 
typewriters is complex; the local Education Authority will supply 
them as an education aid for taking notes and writing essays. 
The Department of Employment will consider the financing of 
equipment which is essential for employment. The Department of 
Health and Social Security will provide POSSUM typewriters for 
those patients who are unable to communicate verbally. In 
some patients interpersonal communication is very difficult. 
because vital words are distorted. The provision of a typewriter 
should be considered for those patients whose speech is so 
distorted that phrases have to be constantly repeated, provided 
the condition is static and that the patients can neither write 
nor use an ordinary typewriter. There remains the difficult problem 
of who should finance typewriters for patients who do not fit 
into these categories and want to use a remote-controlled type
writer for typing their personal correspondence and notes, but 
would not use the typewriter as an educational aid or for 
employment. For correspondence, the use of magnetic tape 
recordings is cheaper and quicker than the typewriter, if the 
patient has the basic environmental control unit and a tape 
recorder. 

There are several other devices, which are operated by an 
independent mechanism and are not connected to a basic en
vironmental control unit. These include the Stan more page turner 
and an electrically controlled easel for patients who paint. The 
provision of these appliances is considered by the case con
ferences for the DHSS POSSUM units and a recommendation 
made to the Local Authority Social Services representative. 

We are now at the beginning of the second decade in the 
provision of electronic aids for disabled persons. This field is still 
in its infancy. Enthusiastic patients want to operate more and 
more gadgets with their self-selector units, which means in
creasing the number of outlets. The next generation of electronic 
selectors will require about 20 outlets. Requests have been 
received for remote control devices to operate a sewing machine 
and a lawn mower-problems which should tax the engineers 
for several years! One patienHound she couldn't sit in the garden 
because she was unable to brush flies off her face. A gadget to do 
this for her should not be too difficult to design. Patients who 
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can move their arms can increase their reach by means of a 
" helping hand" device, but there are many objects which are too 
far away or even in the next room. The patient has to wait for 
what he needs until the attendant can be summoned; the 
attendant might be away from the room for several hours. There 
would seem to be a need for an aid to pick up objects at a 
distance and bring them to the patient. There might be a demand 
for similar equipment for general use. Some sort of robot device 
is indicated and, if this could be developed, in practice it might 
be possible at some date in the future to do without the 
attendant altogether! The care of a heavily disabled patient can 
place a severe strain on a spouse or relative. There are occasions 
when the spouse feels guilty if the patient is left alone for other 
than essential purposes, such as shopping. Normal leisure 
activities such as a visit to the local bar or a football match are 
given up. It should be recognised that these sacrifices enable 
many patients to be kept out of expensive hospital beds and 
remain in their own home environment. It is up to both engineers 
and doctors to respond to these acts of self-denial by doing all 
they can to enable the patients to look after their own needs. 

1 Parish, J . G. (1972) , Health Trends, 4, 15. 
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CONTROL SYSTEMS-CONCEPT 
AND DEVELOPMENT (POSSUM) 
REG MAUNG 
Maling-POSM Limited, Bicester Road, Aylesbury, 
Bucks HP19 3AS 

The National Spinal Injuries Centre, Stoke Mandeville Hospital, 
has long encouraged the spare-time activities of the League of 
Hospital Friends. These vary from letter writing on behalf of 
severely disabled patients, to advising ways in which technology 
can help solve medical problems. On a visit in August 1960 to 
Stoke Mandeville Hospital, as a member of the League, I was 
much struck by the ability of a Rhodesian tetraplegic patient 
to summon attention by means of a whistle. Especially im
pressive was the way he managed to seize the suspended 
whistle between his lips and blow. It set me musing whether he 
might not effect with his mouth a more efficient control system 
than merely blowing a whistle. Together, an engineering 
colleague and I produced a series of switches which could be 
worked by a gentle flow of air. Because they proved un
satisfactory we changed our approach to producing a switch that 
responded to direct pressure ratherthan flow. From an engineering 
standpoint, the mouth is a good pneumatic control device; the 
" average" mouth can produce a pressure of 60 mm of mercury 
and a suction of 100 mm of mercury. (These figures are for 
isometric- no flow-conditions). In practice a volume change 
of ± 1 millilitre accompanies the desired pressure change-
about 0.1 per cent of the tidal volume. We devised a switch 
using a mercury manometer (Fig. 2.1) such that when the level 
of mercury was raised to a certain point it made contact 
between two wires allowing a short pulse of electricity to pass 
to a coil of a relay to effect an on/ off action by a mechanically 
latching, or two-step relay. A second pair of wires in the 
manometer could also be brought into contact by reducing the 
pressure through suction. Initially, the device enabled the 
Rhodesian patient to control a tape recorder (he wanted to 
record for a book his experiences in Kenya during the Mau 
Mau emergency). 

We next adapted our pressure/ suction switch to control, by 
means of a telephone exchange uniselector (Fig. 2.2), on/off 
switching of any 10 electrical functions-such as those of bell, 
light, radio, page-turner, room heater, electric blanket, telephone, 
television, respirator charge etc. (Fig. 2.3) . When in October 
1960 we demonstrated the prototype control to Sir Ludwig 
Guttmann in the Occupational Therapy Department at Stoke 
Mandeville, he gave his approval for further development and 
cooperation; also he agreed that we should appraoch the General 
Post Office (now the Post Office) to assess the newly 
developed loud-speaking telephone. In November the GPO 

Post Office agreed to collaborate. Thus began a link with a most enlightened 
collaboration public organisation-a relationship that has continued over the 
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Fig. 2. 1 Original mercury manometer switch 

Fig. 2.2 Original telephone exchange uniselector 10 position control 
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Fig. 2.3 Ten-channel control panel ('External bell' channel is an extra) 

years and has resulted in the development of a number of ex
cellent telephone systems offering tu II freedom in telephone 
usage to the most severely disabled. In December that year, Mr 
Duncan Guthrie, director of the Polio Research Fund, expressed 
keen interest in the potential of the system for polio victims 
and promised a development grant from the Fund. 

The successful operation of the simple environmental contro ller 
led us to consider the possibility of operating an electric type
writer by similar means. We derived a system whereby 48 
keyboard choices were laid out in a six-by-eight grid (Fig. 2.4) , 
individual choices being made by sucking the control to select 
the " X" component (vertical column) of the grid, and then 
blowing to obtain the " Y" component (horizontal row). Release 
of the second pressure signal leads to the letter chosen being 
typed and the control returning to the starting position, ready 
for further instructions. 

We set up trials in April 1961 to assess the ability of a number 
of patients to operate the typewriter control system. Fig. 2.5 
shows a high level tetraplegic patient operating the system. 
Further demonstrations to scientific organisations confirmed the 
feasibility of the project. We now felt ready to test our patient
operated selector mechanism (POSM) in a disabled person's 
home. By now the system had been renamed POSSUM-from 
the Latin I am able. 
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In February 1 962, Mr Guthrie announced that the Polio Research 
Fund would support a prototype project if the Ministry of Health 
were willing to nominate hospitals where prototype equipment 
could be installed and evaluated. However, the trustees of the 
Fund required an assurance that the Ministry would be prepared 
to make supplies of the mechanism available if the prototype 
scheme proved successful. Such an assurance was given. The 
project began in April 1962 on a full-time basis in the new 
Electro- Mechanical Laboratory of the Research Department, the 
National Spinal Injuries Centre, Stoke Mandeville Hospital, with 
a staff of two and one occupational therapist/ secretary. 

The first task of the POSSUM team was to produce 20 pro
totypes: 10 environment controllers and 10 typewriter controllers. 
The typewriters were allocated to various hospitals throughout the 
country and, therefore, members of the team visited individual 
consultants because it was their responsibility to choose suitable 
patients. As each consultant and patient was seen, the team pro
duced a detailed specification for nominees. An analysis of these 
clearly revealed that a much more comprehensive system than 
our original environmental controllers was required. We realised 
that some 16 functions would be necessary instead of the 10 
simple on / off choices, and each of those required up to six 
detailed choices- a total of 96 possibilities. There were specific 
requirements for: a five-position control for a room heater; a 
five-position tape recorder; a house "intercom" system providing 
up to four calling positions together with the facility for calling 
all at once; and 36 control choices for radio and television. 
We completed the first working model of the control system 
in May 1963 (Fig. 2.6). 

Early work on the typewriter systems had shown that it was 
possible to design more efficient ways of using the suction/ 
pressure signals. We found that the mouth was capable of 
producing up to 10 suction / pressure cycles per second and was 
also capable of a number of suction / pressure levels. Accordingly, 
we designed several systems with which to exploit fully the 
pneumatic signals available from the mouth. The volume dis
placement needed to operate the suction pressure switches was 
less than ± 1 millilitre of air. Such a small displacement could 
be given by the mouth alone, and this meant that the equipment 
could be worked by patients receiving intermittent positive 
pressure respiration via a cuffed tracheostomy tube. It is an odd 
quirk of fortune that these patients cannot suffer any interference 
with their mouth control by the process of voluntary respiration! 
Patients without cuffed tracheostomy tubes, or who do not need 
artificial respiration, sometimes experience initial difficulty when 
they attempt to separate mouth control from ordinary breathing 
control. Here the advice of the physiotherapist or speech 
therapist can be invaluable. 

At Dr Guttmann's suggestion, a highly intelligent and capable 
traumatic tetraplegic demonstrated a POSSUM system control 
for a machine tool (Fig. 2.7) at the Ninth World Congress 
of the International Society for Rehabilitation of the Disabled, 
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held at Copenhagen in June 1963. The project won the Bell 
Grieve Memorial Award for the most significant contribution to 
rehabilitation. 

Prototypes- The last of the 20 prototype systems was installed in mid-1965. 
first First reports indicated that in all cases the equipment was making 
reports a significant improvement to both the practical control ability of 

individual patients, also to their general outlook and morale. The 
improvement in morale extended far beyond the immediate circle 
of nursing help and relatives into the wider circle of friends 
who had previously come merely to sympathise, or to encourage. 
Now they found that their disabled friend was beginning to be 
competitive with them in the control of his or her individual 
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Fig. 2.5 High -level tetraplegic patient operating typewriter control 
s ystem (Cop yright Bucks Advertiser) 

Fig. 2.6 Control system with 96 selections 
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equipment. It is the proud boast of one polio patient that with 
the equipment he can answer an incoming call on his telephone 
in 0.6 of a second- before the first ring has had time to be 
completed! This is faster than an able-bodied person can reach 
for his ordinary telephone and constitutes a state of actually 
being " better than". 

In the summer of 1965, the administrators of the Fund agreed to 
continue the work for a further year and authorised an extra 10 
controls. While the original nominations were equally shared 
between polio and traumatic lesions, it was the intention that the 
next batch of equipment should aim at widening the application 
to the other results of severe disability. At the suggestion of 
Dr Foley, the consultant neurologist to the Cheyne Walk Spastics 
Centre, Chelsea, we provided a specially designed controller for 
young spastic children to use. This system had the facility of 
allowing a pause (in case of impending spasm) on both "X" and 
" Y" selection, and the character being printed at the beginning 
of the next selection sequence. 

The research project formally ended in June 1966, but we had 
Manufacture arranged for our staff to move to a newly formed company, 

POSSUM Controls Ltd, to which the then Ministry of Health 
(now the Department of Health and Social Security) had agreed 
to award a construction contract. We continued on all aspects 
of the work as the Ministry of Health had accepted that 
inefficiency would arise if any attempt were made to divide the 
functions of design, construction, installation, and maintenance 
between existing sections of the Health Service; complete co
ordination of these functions was essential. 

Subsequent 
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possi bi I ities 
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Developments have included both increase in complexity and 
efficiency and also have explored the less involved requirements 
of the lightly handicapped. Among the more complex is a range 
of word-store typewriter control systems offering direct random 
access to typically 512 words and phrases, but which can be 
expanded to 8, 192 words and phrases. 

For the lightly handicapped, we had previously assumed that the 
average hospital or local electrician would be able to provide 
simple remote-switching devices not involving logic. This as
sumption proved incorrect, so we developed a range of simple 
systems compatible with the selector systems. Such compatibility 
is essential as about 80 per cent of disability is progressive 
and therefore an initial assessment and provision make allowance 
for any likely deterioration in the physical condition of the patient 
and hence the need to add control equipment suited to his 
diminished ability. 

Employment becomes a possibil ity if a careful choice is made of 
individual items so as to form a work system. A typical group 
wou ld comprise a tape recorder and a high-speed typewriter in 
conjunction with a loudspeaking telephone. Control over a type
writer keyboard may be generalised to control any suitable key
board whatever the final functions which may be performed. 
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Fig. 2. 7 Traumatic tetraplegic operating POSSUM system control for 
a coordinate table machine tool 

We have also developed controls that are independent of time
judgement- these apply especially to severe cerebral palsy where 
spasm makes accurate time coordination difficult or impossible. 
Furthermore, control over a keyboard is a form of coordinate 
control and increasingly machine tools are used which are based 
on coordinate tables that can be positioned accurately beneath 
the tool, rather than move the tool to the workpiece. We 
designed and produced such a machine tool control which gives 
positional control of the work table to an accuracy of ± 0 .002 in 
( ± 50 microns), also the selection of the appropriate tool in the 
multi-station turret drilling head. 

Recent developments in telephone switchboards mean that plugs 
and cords for hand operation are no longer necessary and the 
so -called "cordless" board permits all switching operations by 
means of simple keys or push buttons. This is ideal for control 
and we have carried out a feasibility study on it in conjunction 
with the Post Office and with the main suppliers of telephone 
equipment in Britain. We have also designed controls to make 
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possible the operation of powered chairs, teach ing machines, 
micro-film projectors, slide projectors, curtain and door contro ls, 
venetian blinds, and electric blankets. A considerable advantage 
is that a POSSUM control can be tailored to match, as its input, 
the precise residual function of the disabled person and, as its 
output, any suitable electro-mechanical equipment. 

Because an increasing number of the more severely paralysed 
patients spend a considerable proportion of their days in wheel
chairs, we believe it desirable that they should be free from wires 
or tubes linking the control and their wheelcha ir. Existing radio 
control systems are entirely suitable and can be applied directly 
into the control system. 

Our work has received tremendous assistance from a wide range 
of individuals, firms, and corporate bodies. But it is to the 
severely disabled themselves that the major thanks niust go; it 
was their courage in adversity which provided the determination 
to start and continue the project. 
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PATIENT INITIATED LIGHT 
OPERATED TELECONTROL 
(PILOT) 
DENNIS W . COLLINS 

Hugh Steeper Ltd, Queen Mary's Hospital, London SW15 

We have developed a system the main aim of which is to exploit 
head movement, as a control point, which is required for no 
other purpose than to place the eyes, ears, and mouth in the 
most effective position. Our Patient Initiated Light Operated 
Telecontrol (PI LOT) system is especially effective with tetraplegic 
patients because they have no other movement interfering with 
the head movement. They are able, we find, to operate the light 
source with much greater precision than those of us who have 
the full use of all our muscles. As a method of control, it is 
proving very satisfactory, in particular for typing. It encourages 
the patient to move, but is not excessively fatiguing and thus 
they can devote all their energy to concentrating on the subject 
about which they are writing . 

We devised this system specifically to encourage the severely 
handicapped to gain some measure of independence-not 
necessarily financially, but emotionally and environmentally. 
These people experience much frustration when they are left 
unattended, and it is of immense value to them to be able, for 
example, to turn the radio or television on and off. 

It is not usually necessary to teach people how to use PILOT; 
however, it is essential to assess carefully their capabilities. 
Although it is common to use the system with "light control" 
it is obvious that where there is residual, small coordinated 
finger movement, it is advantageous to use it. For this reason 
we have developed in parallel a switch control mode. 

The initial objective is to encourage patients to do something. 
The realisation that they can put their thoughts into writing 
stimulates them to attempt more ambitious projects, such as 
writing letters, articles or books. The ability of the patient to write 
down his thoughts, or personal letters, is psychologically 
therapeutic, and will keep him occupied for many hours during 
the day. 

The PI LOT system can be used either in the form of a typewriter 
or as an environmental control unit. In either case, a light source 
is controlled by the patient and a beam of light is directed on to 
a photo-electric cell panel. When used as a typewriter it com
prises a matrix of cells, each cell representing a character or 
function of the typewriter keyboard. When the light beam falls 
on a cell, the relevant circuit is activated and the typewriter 
operates (Figs. 3 .1 a and b). As an environmental control unit it 
enables the patient to switch on and off electrical appliances 
by shining the light on the corresponding cell. ( Figs. 3.2a and b) . 
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Fig. 3.1 a and b The PILOT system as a typewriter 

If so required, both systems can be operated by a mini-keybo9rd 
in place of the photo-cell panel and light source. (This is 
advantageous with, for example, multiple sclerosis patients who 
have very small but coordinated movement of the fingers of each 
hand.) The typewriter mini-keyboard comprises a matrix of micro
switches usually operated with a mouth stick. 

-Typewriter Basically, a PI LOT Typewriter system (Figs. 3.1 and 3.3) consists 
of five separate units: 

(1) A standard IBM 747 golf ball typewriter. 
(2) A power pack mounted on a skid behind the typewriter. 



a 

b 

Fig. 3.2 a and b An environmental control unit using the PILOT 
system 

(3) A bank of solenoids mounted over the keyboard of the 
typewriter which actuate the typewriter keys. 

(4) A photo-electric cell board comprising a cell for each 
keyboard function of the typewriter. 

(5) A light source and headband, or hand-held facility. 

The solenoid bank is connected to the power pack by an eight
way plug and the light source via a three-way Philips plug. 
There is a combined "on/off' switch and variable speed control 
on the power pack together with a two-amp fuse and a neon 

(continued on p. 36) 
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Fig. 3.3. IBM PILOT typewriter power unit circuit diagram 

The following supplies are used: 
T1. Supplies 50V AC supply to Rec.41 giving the 70V DC supply 

required to energise the solenoids. 
T2. 20V centre tapped rectifying transformer required to give the 

constant current source the n9cessary DC supply for the photo
cell boards. By adjusting RV2 potentiometer the DC output voltage 
to the cells can be adjusted. 

T3. Supplies the 6V AC for the light source. This voltage is adjusted 
to give the necessary 4V at the bulb by insertion of a suitable 
series resistance (1 ohm 6 W). 

The circuit has to achieve the following: (1) A light shining on any of 
the photo-cells must enable the 70V DC supply to be momentarily 
applied to the corresponding solenoid, thus printing out the letter on the 
typewriter. (2) The solenoid must not remain continuously energised 
even if the light source is held on the cell for a long time. (3) The rate 
at which the solenoid operates, if the light source is held on a cell, must 
be variable. (4) In excessively light room conditions, the cells must tend 
to become insensitive to prevent unwanted operation of the typewriter. 
The 70V DC supply is connected to and disconnected from the 
solenoids using a thyristor (SCR1 ). 

Circuit operation 
(i) When a light is shone on a photo-cell the effective resistance of the 
cell will fall, switching on thyristor SCR2. 
Effect 
Current can now flow from the 70V supply through R3, diode D6, the 
solenoid, and SCR2 to the negative line. Transistor VT3 will switch 
off. 
(ii) The voltage at the collector of VT3 , which is connected via the 
contacts of RLA relay to the base of VT2, increases until the base of 
VT2 is sufficiently positive to switch VT2 on. 
(iii) The rate at which the voltage at the base of VT2 will increase 
(i.e. at which the circuit will operate) depends on the time constant 
of R7, RV1, and C4. RV1 is the combined " on / off" and variable speed 
control switch located on the side of the power pack. 
(iv) When VT2 switches on VT1 also switches on and the voltage at the 
collector of VT1 rises rapidly (dependent on the time constant of the 
circuit) until the gate of SCR1 is sufficiently positive to turn this 
thyristor on. 
(v) Before SCR1 switches on, SCR3 is conducting and its cathode is 
at 70V. 
(vi) When SCR1 switches on, the cathode of the thyristor rises rapidly 
to 70V. This rise in voltage is transferred via C6 to the cathode of 
SCR3. 
Effect 
The cathode of SCR3 will try to rise when SCR1 switches on by a 
further 70V to 140V. 
(vii) This will make the cathode of SCR3 more positive than its anode, 
and SCR3 will switch off. 
Effect 
The cathode of this thyristor will fall towards zero volts. 
(viii) Before zero is reached SCR3 will switch on again. 
Effect 
The voltage of SCR3 will rise again to 70V. 
(ix) This voltage rise is transferred via C6 to the cathode of SCR1, 
increasing the potential at this poin.t we.JI above 70V. 

(continued on p . 37) 
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I 

Fig. 3.4 (Caption opposite) 

indicator light. The photo-electric cell panel is plugged into the 
solenoid unit with a 59-way plug. 

The typewriter system can also be used with either a miniature 
keyboard or a large keyboard, in which event the photocell 
board and light source are not used. 

Basically, the environmental control system comprises three 
separate units (Figs. 3 .2 and 3.4) . Firstly, the power pack and 
photo-cell panels. The photo-cell panels are mounted on top of 
the power pack. Each panel will control two appliances, but up to 
eight separate appliances can be used by adding further photo
cell panels. Secondly, the relay distribution box into which all 
appliances are plugged. This is connected to the power pack and 
photo-cell unit by an 18-way lead. A three-core mains lead 
connects the distribution box to the 240V household supply. 
Thirdly, a light source and headband or hand-held facility. 

The success or failure of the PILOT equipment depends largely 
on the ingenuity of the evaluator, in the first instance, in 
correctly assessing the patient's capabilities as well as the con
ditions in which the equipment will be used. Any evaluator 
who delivers the equipment should satisfy himself that it is 
working properly and that attendants, or relations, caring for 
the patient are made fully aware of the adjustment of the light 
source and the position of the fuses. A small supply of bulbs 
and fuses should be left for replacement purposes. The evaluator 
must ensure that the patient is thoroughly satisfied with the 
positioning of the photo-cell board and the typewriter, and is 
familiar with the use of the equipment, because usually such 
patients are easily frustrated . 
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Fig. 3.4. Environmental control system w~ring. 

An 18V rectifying transformer and encapsulated bridge rectifier give 
the required DC supply. This is fed directly to the 24V DC relay coils in 
the distribution box. The DC supply is also connected to the constant 
current source which is used to supply the photo-cell circuitry. 
Light source 
This is connected between the 18V and 12V tappings on the secondary 
of the rectifying transformer. The voltage is adjusted to give the correct 
value at the bulb by insertion of a suitable series resistance (1 ohm 
6W). 
The circuit has to achieve the following: 
(1) Initially, when the apparatus is first switched on, all the appliances 
will be off. (2) When a light is directed on to a photo-cell marked 
" on' ', a relay will be energised and connect the appliance to the supply. 
The relay must remain energised for as long as it is required to use the 
appliance. A light shone on the photo-cell marked " off' will de-energise 
the relay and thus disconnect the supply from the appliance. (3) In 
excessively light room conditions the circuit will tend to become insen
sitive and will cause the system to lock in whichever state the circuits 
are in, thus preventing unwanted switching off of appliances. 
Circuit operation 
(i) In the "off' condition, one side of the relay coil is connected 
directly to the positive supply. The other side of the coil is connected 
to the anode of SCR1 and because SCR1 is not conducting the relay 
will not be energised. 
(ii) A light shone on the "on" cell switches SCR1 on. 
Effect 
The relay becomes energised. 
(iii) A light shone on the 'off" cell switches SCR2 on. 
Effi:ct 
The fall in voltage at the anode of SCR2 is transferred via the 0.1 µF 
capacitor to the anode of SCR1 , switching SCR1 off. The relay will 
de-energise. 

We have now fulfilled the first two requirements of the circuit. 
Condition (3) is fulfilled, using a constant current voltage source to 
supply the photo-cells in a similar way as described in the caption to 
Fig. 3.3. 

Fig. 3.3 Caption (cont 'd) 
Effect 
As the cathode is now positive with respect to the anode, SCR1 will 
switch off and the 70V supply will be disconnected from the solenoid . 

Operations (vi) to (ix) occur in a few microseconds. Thus a voltage 
spike of well over 1 OOV is applied to the solenoid, driving the plunger 
hard against the typewriter key. 

We have now fulfilled requirements (1 )-(3) of the circuit. Condition 
(4) imposes the limitation that excessive ambient light conditions must 
not operate the circuit. This is achieved by using a constant current 
source to supply the photo-cell boards. Thus when the cells are subjected 
to dark ambient light conditions, the effective load resistance will be 
high (because the resistance of the cells is high in the dark) , and the 
voltage supplied to the cell boards will tend to rise. 

When the cells are subjected to excessively light conditions, the 
effective load resistance is low and the voltage supplied to the cell 
boards will fall, causing them to become less sensitive and reducing 
the possibility of unwanted operation of the solenoids. 
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Fig. 3.5 The evaluating equipment enables patient capabilities to be 
assessed for light source operation, and by altering the position of the 
selector switch, microswitch operation 

In order that an evaluator may a'ccurately assess the patient's 
capabilities for PI LOT, he requires a photo-cell panel, a light 
source, and a switch panel (Fig. 3.5). We have so designed-this 
equipment that it will fit easily into the assessor's briefcase. 

The photo-cell panel comprises five photo-electric cells, marked 
A to E, mounted next to a coloured bulb. The light source 
plugs into the cell panel and the equipment uses a 6V battery. 
When in use, the selector switch should be turned to position 1. 
If the light source is now shone on any cell the corresponding 
coloured lamp will light. With such apparatus it is possible to 
establish whether the patient is capable of placing, and holding, 
the light on any given spot on the photo-cell board. It is also 
advisable to take a sample keyboard blank in order to ensure 
that the patient is capable of covering the complete range of 
the keyboard with the light spo~. 

The switch panel is used by plugging the eight-way plug into 
the cell panel. There are three rows, each of five switches, and 
each row requires a different pressure to operate, and thus 
illuminate, the corresponding bulb. By selecting 2, 3, and 4 on 
the selector switch, the coloured lamps on the cell panel will 
light when the correct row of switches are pressed. These three 
rows of switches are to establish the maximum pressure the 
patient is capable of comfortably depressing, here again using 
the maximum spring pressure to encourage the patient to move 
as much as possible. 

We have devised a series of evaluation sheets on which to 
mark the result of the patient's performance during the test at 
the time of the assessment (see Figs. 3 .6, 3.7, and 3.8). · It is 
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Fig. 3.6 The patient's room conditions play a vital part in the successful 
installation of the equipment 

obviously of advantage to maintain a record of any subsequent 
improvement, or deterioration, in the patient's capabilities. 

We like to think that, for a badly handicapped person, the 
attempt to achieve some degree of independence is the first step 
towards rehabilitation . We are very conscious of the importance 
that most patients attach to being able to control their environ
ment, even to a small degree. It is obviously wrong that 
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DETAIL OF PATIENT 

Disease 

Patient's position Recumbent 

Sitting 

Bed 

Chair 

Patient's mobility 

I Describe method of indoor transport 

Patient 's control of arms, legs and head 
CP 

CP \I 
,.._____ ! 

:'t- ·~ ,____-- ' 

I 

\ 

Describe patient 's physical condition 

Fig. 3. 7 A thorough assessment and record of the patient's condition 
is essential 

someone who has lost say, 95 per cent of his mobility should 
not be given the opportunity to use the most important facility 
he has- his brain- simply because he has lost his motive power. 
We are confident that badly handicapped people should be our 
first consideration, and every effort should be made to help them. 
Facilities and money should be made available so that the most 
severely handicapped are given priority. The suggestion is 
sometimes advanced that those who are less handicapped should 
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Fig. 3.8 The patient's capabilities should be accurately recorded to 
follow future improvements or deterioration their condition 
(letters refer to controls on Fig. 3.5) 

be the first to receive help- probably based on the fact that there 
are many more partially handicapped people than severely handi 
capped ones. However we believe that the rlumbers involved are 
of secondary importance, and that everything humanly possible 
should be done to rehabilitate the severely handicapped, and by 
starting with the most complicated we can make discoveries 
which are ultimately of great value to the less handicapped. 
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A LIGHTSPOT-OPERATED 
TYPEWRITER (LOT)* 
MATHIJS SOEDE 
Laboratory of Ergonomic Psycholog y, Organisation for Health 
Research TNO, Amsterdam, The Netherlands 

HENDRIK G. STASSEN and ANTONIE VAN LUNTEREN 
Man-Machine Systems Group, Laboratory for Measurement 
and Control, Department of Mechanical Engineering, Delft 
University of Technology, Delft, The Netherlands 

WILHELMINA J. LUITSE 
Occupational Therapy Department, Rehabilitation Centre "De 
Hoogstraat", The Netherlands 

The Rehabilitation Centre " De Hoogstraat" asked Delft Uni
versity of Technology to evaluate technical and ergonomic 
aspects of the commercially available POSM (see Chapter 2) 1 ' 2 

and PILOT (see Chapter 3) 3 aids for severely handicapped 
patients. Patients control both systems by means of a matrix 
of characters. The difference in the way they select characters in 
the two systems reflects the different sort of patient that the 
designers of each system had in mind. POSM was developed 
initially for paralysed patients who could generate an output only 
by blowing into, or sucking, a mouthpiece, and thus start or stop 
a selector mechanism. PI LOT was designed for patients who 
retained some coordinated head motions and who were able to 
activate microswitches by directing a light source onto a photo-
electric cell panel. ' 

From the standpoint of man-machine interaction, we felt that for 
tetraplegic patients a system based on the design philosophy 
behind PI LOT was preferable to that behind POSM because 
during the selection of the characters the patient is not paced 
by the speed of the assistive device. We set out to develop an 
improved light-operated device. Specifically we wanted to op
timise the control panel layout and to redesign the hardware 
involved to increase the reliability of the system. The requirements 
for our improved system, which we called LOT- Lightspot
Operated Typewriter- were: 

(1) The physical effort required of the patient to work the 
device should be as little as possible, ie, the displacement of 
the lightspot over the control panel should be reduced to a 
minimum. 
(2) The mental effort required of the patient while operating 
LOT should be as low as possible. This requires a simple 
operating procedure to provide easy positioning of the light
spot on the control panel. Furthermore, it favours a system 
which does not need two simultaneous actions of the patient
viz, both positioning of the lightspot and generation of a type 
command. Finally, the operation of the system must not be 
detrimental to the remaining functions of the patient. 
(3) Undesirable movements of the head, such as spastic 
oscillations and tremors, must not lead to the LOT not 
functioning properly. 
( 4) High accelerations of the head should be avoided because 
intensive motion may lead to motion sickness. 

* This article is combined from "Lightspot operated typewriter for severely 
disabled patients", Medical and Biological Engineering, September 
1973, pp 641 - 644; and "A lightspot operated typewriter for severely 
physically handicapped patients", Ergonomics, November 1973, 
pp 829- 844. 
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appeal 

Fig. 4.1 The Lightspot-Operated Typewriter (LOT) 

To achieve these we had to optimise not only the character 
arrangement on the LOT control panel, but also its geometry and 
the generation of a type command. Our final considerations 
were that the system should be reliable and that the device should 
have aesthetic appeal. Clinical experience shows that the rate 
of acceptance of any aid by a patient is dependent on the 
aesthetics and ease with which he can use it. 

Figs. 4.1 and 4 .2 shows that our system consists of a pair of 
spectacles with a light source and optics, a control panel with a 
matrix of characters, each of which is provided with a light 
detector, an interface between the control panel and the type
writer, and an electrically driven typewriter4 ' 5 . 

The patient is provided with a pair of spectacles, fitted with 

Fig. 4.2 Block diagram of a patient operating LOT 
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Fig. 4.3 The way of optimising the character arrangement 

a light source which casts a spot on to the control panel of 
light detectors. Illumination of a light detector for longer than a 
preselected delay time automatically initiates the typing of a 
character. Shorter periods of illumination have no effect- that is 
no character is typed out. In this way the patient may move the 
spot randomly across the control panel, without typing any 
character. He can also preselect his own time delay. 

4 (1) Optimisation of the character arrangement 
on control panel 

Effort To minimise the physical effort required of the patient. it is 
necessary to arrange the characters so that for a given geometry 
of the control panel the distance travelled by the lightspot 
during typing is minimal. The distance will , of course, depend 
on the " digram" frequencies of the characters of the language 
used- ie, the frequency of occurrence of each pair of letters. For 
the Dutch language, the Mathematical Centre at Amsterdam has 
tabulated these data 6 . 

-Keyboard To achieve the best configuration we placed the three most 
con- frequent characters in the language, viz the e, space, and n, in 
figuration the centre of a rectangular matrix in an optimal way with 

reference to their digram frequencies (see Fig. 4 .3a ) . We then 
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Fig. 4.4 The control panel lay-out 
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Fig. 4.5 Patient-LOT interaction 

te xt 

placed the next six most frequent characters, viz a, t, r, d, o, and i, 
around the first three (Fig. 4.3b) . Of the 6 ! possibilities we 
derived the best arrangement for a minimal travel distance between 
two succeeding characters. We repeated the procedure for the 
next six characters- s, /, g, h, v, and m (see Fig. 4.3c; already 
nine characters had been positioned) . The 15 characters con
sidered in this way accounted for 75.3 per cent of the total 
probability of all combinations. The remaining characters we 
placed in an intuitively logical way (see Figs. 4.3d and 4.4). 

We used the same procedure for various ratios of height and 
width of the matrix element, and found that equal heights and 
widths gave the best results. For bedridden patients, rotation of 
the head spans a larger angle than does an inclination, and 
thus we made the control panel wider than it was high. From 
our calculations we found that the distance travelled in normal 
typing on our keyboard was only 1 .83 times the separation 
between the characters of the matrix. This is much more efficient 
than with a normal typewriter keyboard where the distance 
travelled in typing is at least 2.9 times the separation between 
characters. Finally, to designate the type of characters, we 
used colour codings: letters, yellow; digits, blue; punctuation 
marks, green; and operating functions (such as upper case etc), 
red. 

Coordination Another important consideration was that the muscles which 
control head movement are "coordinated" with seeing, hearing 
and perception of motion. Positioning of the lightspot over the 
control panel adds another coordination activity. Therefore, the 
head muscles have to achieve two, probably conflicting, 
goals- a visual searching activity to locate the character to be 
typed out and the control of the lightspot position (Fig. 4.5) . 

4 (2) Optimisation of the preselected time delay 
It is not possible to optimise the preselected time delay for a 
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group of patients, nor, probably, for a single patient, because 
not only do physical and mental conditions vary from patient 
to patient, but also from hour to hour. For this reason, we 
provided a variable delay, which the patient controls by illu 
minating one of two light detectors with the lightspot. In this 
way he is able at any time to adapt the typing speed to suit 
his capabilities. The preselected time delay can be varied with an 
accuracy of 10 msec in a range of 50 to 500 msec. 

4 (3) The training programme 
The loss of motor functions is rarely the only symptom of 
disability. It is therefore necessary to be acquainted with the 
patient's symptoms, functional disorders, and also to draw up 
an inventory of his remaining functions. Besides this, personal 
data such as education, previous jobs, hobbies, and interests 
are important. 

During the training programme consideration must be given to: 
(1) The patient's mental and bodily condition, which will 
vary from time to time 
(2) His visual acuity 
(3) His comfort 
(4) His acceptance of an assistive device, the training pro
gramme, the learn ing capacities. 

The goal of the training programme itself is not merely to teach 
typing per se. For patients whose typing is their only activity, 
it provides stimulation through the need to achieve: firstly, 
greater mobility, muscle tension, and coordination of muscle 
patterns; secondly, an increase in physical endurance; thirdly, the 
building up of a reflex motion pattern- typing a character involves 
the coordination of "seeing" the lightspot, "hearing" the auditory 
feedback from the typewriter, and the contraction of various 
muscles in moving the head; and fourthly, motivation and an 
increase in self - respect, and thus probably some psychosocial 
improvement. 

A normal instruction programme for typing involves a learning 
system to inculcate a large number of perceptual motor patterns, 
which have to become reflex patterns to move from one 
character to another in the most efficient way. From the stand
point of basic philosophy for a training programme, there is no 
difference between a 10-finger system for normal typing and 
LOT. If tactile and proprioceptive perception of hands and 
fingers are not available they must be replaced by the proprio
ception of neck muscles and visual perception, and this will need 
an adapted training programme. The aims of the training pro
gramme are to teach the patient: 

(1) To control his vertical and horizontal head motions as well 
as to coordinate complex head motions 
(2) To locate the characters and symbols 
(3) How to move across the control panel from one character 
to the other in the most direct way without unintentionally 
typing characters that have to be crossed 
(4) To type words, sentences and letters, etc. 
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Lesson 
No. 

3 

6 

9 

10 

11 

12 

13 

14; 15 

16- 22 

23 

Table 4.1 
Summary of the training course 

Part control Examples of words to 
panel used be typed General remarks 

XPORDHC xpordhc cdhr dorp To learn the horizontal 
(village) movements 

XPORDHC dhc egu rdde hgcu To learn to locate 
Y J T Sp E G U gort (groats) the characters 

XPORDHC zbanilq zaiq land To learn to position 
Y J T Sp E G U (country) quantiteit the lightspot 
ZBANILQ (quantity) 

XPORDHC fvsmkv lvak qfbw To learn to cross 
Y J T Sp E G U vis (fish) filosofen the elements not 
ZBANILQ vragen koffie (philosophers to be typed out 

FVSMKW ask for coffee) 

As lesson 9 hx co or djop auto Repetition of previous 
(car) koud (cold) lessons 

Whole panel lente (spring) , wekker Introduction of punctuation 
(alarm) . marks 

Whole panel de kleine klok heeft Repetition of frequently 
oak een klepel (the small used character combinations 
clock possesses a tongue) in words 

Whole panel Franse (French) Introduction operation 
functions such as capitals 

Whole panel 2 mm, 5 dagen (5 days) Introduction digits, etc. 

Whole panel Dictation 

Whole panel Typing of letters, bills, etc. 

Table 4.1 gives a summary of the training programme which we 
devised. The first lesson is based on the idea that horizontal 
movements are easier to perform than vertical ones. The next 
nine lessons introduce vertical movements; often we use words 
without any meaning such as npord dhc, etc, in order to teach 
the positioning of letters. Thereafter we teach the use of punctu
ation marks, digits, and operation functions. The instruction 
normally takes the form of dictation and lessons last about 30 
minutes initially, increasing gradually to about an hour a day. 
The special training programme for LOT consists of 23 lessons. 
Some additional lessons are necessary to teach layout. ie 
indenting and spacing. These can be taken from any official 
typing manual. After the initial 23 lessons a further 20 hours is 
needed to achieve quality and speed. 

During the first weeks of training, it is important that the patient 
be kept under surveillance, because this training is often the 
first activity that he has had following probably a long time of 
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Table 4.2 

(A) Subjects 

S1 

S2 

S3 

( B) Patients 

P1 

P2 

48 

General 

Male; 28 years old; physiotherapist and sportsman (waterpolo). His visual acu 
is good and he had some 10-finger typing experience. 

Female, 33 years old; physician and studying for rehabilitation MD. Her visual 
acuity is fair and she has some two-finger typing experience. 

Female, 49 years old; nurse. Her visual acuity is good and she had no typing 
experience. 

General Case history 

Male, 23 years old, machine August 1969 diving accident resulting in a 
fitter. Visual acuity is good quadriplegia due to a fractured neck, C4-5 
and he has no typing experience lesion. Head and shoulder girdle motions 

are good, the arm function even with aid is 
useless for operating a normal electric 
typewriter. His general condition is poor; he 
is able to control an electric wheelchair with 
a chin-steering device. 

Male, 23 years old, pipe fitter. August 1970 diving accident resulting in a 
His visual acuity is fair and he quadriplegia, C5 lesion. The head and 
has no typing experience. shoulder girdle motions are good, left arm 

function poor, but with assistive device for 
the wrist and a typing aid he is able to type 
with his arm on a normal electric typewriter. 
His general condition is fair: he is able to 
steer a wheelchair with joystick steering left· 
handedly. 

inactivity. Initially the training requires a considerable concen
tration from the patient. During this period it is more important 
to stimulate his motivation rather than to aim at increasing 
his operating speed. 

4 (4) Clinical evaluation 
We felt that prior to any clinical evaluation of the system it 
was essential to check whether the results of the optimisation 
obtained from normal subjects were the same for tetraplegic 
patients. We also wanted to know something of the physical 
and mental effort required of the patient during typing. To achieve 
this we devised several man-machine experiments, and later 
undertook actual training experiments. Table 4.2 gives personal 
data of three subjects, S1 , S2, and S3, and two patients, P1 
and P2. 

4 (5) Future trends and developments 
LOT has been in use in a rehabilitation centre in the Netherlands 
for more than two years; the first results are encouraging. The 
four patients who are now able to handle the system have 
typing speeds of about 100 characters per minute after six 
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Training Remarks 
( in horizontal) 

20 hours in Earlier word blindness gave some problems in the construction 
36 lessons of words 

33 hours in 
60 lessons 

27 hours in She has bad coordination of movements, is somewhat nervous, 
46 lessons and has no sense of rhythm. 

Training Remarks 

In horizontal position: General condition is improving, bad 
8 hours in 12 lessons; and in a knowledge of grammar and 
wheelchair: 12 hours in 15 lessons. orthography. 

In a wheelchair: 17 hours in 36 He had no problems with the training 
lessons. 

Second 
prototype 

-Memory 
facility 

of two different typewriters in the 
same period, the LOT and a normal 
electric typewri ter. 

months' training. Of even greater importance, they have found 
a new goal in their lives due to the appreciation they feel for 
having something to do; this has been beneficial to the mental 
condition of the patients. 

Presently we have a second prototype under construction and 
Fig. 4 .6 is a block diagram of it. It differs from the first in a 
number of ways: 

(1 ) A 72-character display ( Burroughs Self - Scan type) is 
added to LOT, and now sentences can be displayed before 
they are typed. 
The characters are presented in one line. Each character 
consists of a five-by-seven matrix of dots. The display is 
mounted in the upper edge of the control panel. 
(2) The last sentence presented on the character display is 
also stored in a memory, to facilitate correction of any errors 
or, if so required, to make alterations. 
(3) The correction functions provided on the control panel 
are: erase character and insert character. The considered 
character position on the display is indicated by a small lamp 
above this display. 
( 4) Due to the fact that the user does not type directly on the 
typewriter, no auditory feedback from the typewriter is 
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Fig. 4.6 Block diagram of the second prototype of LOT 

available. Therefore the acceptance of a character by the 
memory and display is accompanied by a short tone to create 
feedback to the user. 
(5) An electronic tabulator system is provided. 
(6) The typewriter used in the new system is an IBM model 
731, which is designed for operation as an input and output 
device for computers, hence it is possible to use LOT for 
computer operation. 
(7) We have added a separate remote control unit to the 
system so that a radio, a television, an automatic door 
lock, a page-turning device, etc, can be controlled. The 
unit is designed for use in conjunction with the typewriter, 
but can quite well be used without it. 
(8) The lightspot system is improved by special modulation 
techniques so that LOT is insensitive to other light sources. 
(9) The mechanical support is redesigned to meet the require
ments for clinical use-that is to say, it can be used by 
patients lying horizontally as well as those sitting in a wheel
chair. 

We anticipate that our second prototype will be available in the 
summer of 1974 as a joint project with the Medical Engineering 
Group and the Laboratory for Switching Techniques and Data
processing of the Department of Electronical Engineering. All 
the laboratories involved in this project are cooperating in the 
Centre for Medical Engineering of Delft University of Technology. 
LOT will be further evaluated by producing a series of six 
systems (including the second prototype), and by using these in 
at least three clinics in the Netherlands. The production of 
these systems has been made possible by grants from several 
organisations, foundations, and industry, and will be completed 
at the Laboratory for Measurement and Control of the Department 
of Mechanical Engineering in the beginning of 1975. The Mark 
II version of LOT is expected to cost about £4,500 ($10,000). 
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4 (6) Technical description of LOT 
For reliable operation of the LOT, a lightspot intensity of 
600 Ix is required; this implies a bright light source, which 
obviously will produce a lot of heat. Therefore the optical 
system is divided into a light source and a pointing device. 
The light source is a 150W halogen projection lamp mounted 
on the typewriter console; the pointing device is a tube with 
only one lens. The two parts are connected by means of a 
glass-fibre cable with an effective diameter of 1 .5mm (Figs. 
4.7 and 4.8). The diameter of the lightspot on the control panel 
produced in this way is about 18mm, assuming that the distance 
between the patient's head and the control panel is 1 m. 

The control panel is a matrix of coloured discs, each 18mm in 
diameter and representing a character or control function. The 

Fig. 4.8 LOT optical system 
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Fig. 4.9 Photoresistor bridge 

character arrangement is as already discussed; the pitch t between 
adjacent characters is 45mm. 

Each character has been provided with a photoresistor. which 
can be illuminated by the light coming through two 1.5mm
diameter holes in the control panel. In most cases these holes 
coincide with the black engraved signs. To avoid any mal
function it is necessary to compensate for the variations of room 
illumination. This has been realised by measuring the differences 
between the illumination of the photoresistor indicated and a 
couple of neutral photoresistors in the same panel. A lightspot 
intensity of 600 Ix is, however, well above the 50-500 Ix 
intensity of normal room illumination. The photoresistors are 
placed in a bridge circuit as shown in Fig. 4.9. The control 
panel has also been provided with two additional photoresistors. 
Illumination of one of these two photoresistors energises or 
de-energises a relay. These relays can be used to control a radio, 
an alarm bell, a tape recorder or a television receiver etc. 

Time control 
and 
interface 

Fig. 4.10 is a circuit diagram of the time-control and interface 
between the control panel and typewriter. If the k-th photo
resistor (Fig. 4.9) is illuminated, the unbalance voltage Uk will 
change the state of the Schmitt trigger T1, T2 so that transistor 
T3 will conduct and capacitor C1 will charge via the common 
resistor R14. After a delay dependent on the RC integrator 
R14, C1, the Zener diode D2 will conduct and, in turn, change 
the state of the Schmitt trigger T4, T5, which will cause the 
transistors T6 and n to conduct for a short time (dependent on 
the value of C2). Finally, the solenoid corresponding to the 
character illuminated is energised and the character typed. The 
resistor R14 can be adjusted to give a range of time delay 
between 50 and 500 ms by illuminating the appropriate 
photoresistor, and thus energising a DC motor coupled to a 
potentiometer forming part of R14. If the illumination of a 
photoresistor ceases before the state of Schmitt trigger T4, T5 
is changed, C1 will discharge via the diode D3 and transistor 
T2, so that illumination for less than the predetermined period 
will have no effect. The resistor R14 and the DC motor with the 
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Rl : lOK 

R2 : 82K 

R3 : 10 K 

R4 : 150 

R5 : 10 K 

R6 : 10 K 

R7 : 82 K 

R8 :10 K 

R9 :150 
RlO :10K 

R11 :100 K 

R12 :180 
R13 :50K 

R14:50K 

C1 : 40µF 

C2 : 10 µF 

D1 : OA202 

02: z 5,6 

D3: 0A202 

motor-control unit are common for all cha racter circuits. 

The typewriter used is an electrically driven typewriter, IBM 
model D. In order to achieve remote control of the typewriter, 
each character key and most of the function keys have been 
equipped with a solenoid . Only the operating functions-margin 
setting, tabulator setting, and ribbon positioning- are not remote 
controlled . 

1 Jenkin, R. (1967) , "POSSUM: A new communication aid," Special 
Education, 56, 9. 

2 Maling, R. G. (1968), " Control in severe disability' ', Rehabilitation, 
64. 19. 

3 Collins, D. W. (1967), "New developments", Rehabilitation, 63, 
23. 

4 Soede, M ., and Stassen, H. G. (1973), "A lightspot operated 
typewriter for severely d isabled patients, technical note". Medical and 
Biological Engineering, 641. 

5 Soede, M ., Stassen, H. G., Lunteren, A. van, and Luitse, W. J. (1973) , 
"A lightspot operated typewriter for severely physically handicapped 
patients' ', Ergonomics. 31, 829. 

6 Berckel, J . A. Th. M. van, et al. (1965) , "Formal properties of news
paper Dutch", Mathematica/ Centre Tracts 12 (Mathematical Centre, 
Amsterdam). 
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MORSE CODE AND VOICE 
CONTROL FOR THE DISABLED 
(VOTEM) 
ALAN F. NEWELL* 

Department of Electronics, University of Southampton 

With many severely disabled people, one of the few motor skills 
that remains is speech, and thus the voice provides a possible 
means with which they can control part of their environment. 
A system in which equipment can be controlled using the 
voice-the operator saying "shut the door", "ring the alarm"
is appealing; the natural extension of such a system would be 
a typewriter which would type whatever a disabled person 
dictated. Unfortunately, however, this picture is little more than a 
glorious dream. The problems of making machines that will 
recognise spoken commands have been the subject of con
siderable research during the past 25 years. A careful reading 
of the literature is most discouraging, for, although we know a 
great deal about speech, we have not progressed far towards 
building machines that will reliably recognise speech 1 . Those 
projects which have had limited success in this field have in
volved the use of complex and costly equipment2 - 6 . With 
machine recognition of speech at its present state of develop
ment, it is simply not realistic to consider it for the severely 
disabled within the foreseeable future. The use of the voice, 
however, is still appealing and may well be appropriate in some 
cases. To investigate the possibilities, I developed a Voice 
Operated Typewriter Employing Morse-code (VOTEM). 

My aim in designing the VOTEM system was to enable people to 
control "environmental equipment", including a typewriter, 
using only their voices. There was an important distinction 
that the voice be used rather than speech sounds per se: I 
accepted that it was not feasible to recognise normal speech 
with a machine and thus the operator would be constrained to 
"speak" in such a way that a simple machine could recognise 
correctly the commands given. 

Although human beings find it difficult to learn to pronounce 
speech sounds in a particular way, they usually find it easy 
to control the duration of the sounds they make. It was this fact 
that encouraged me to use the well-known Morse code so 
extensively used in radio telegraphy. Morse code is a variable 
length code, of long and short sounds, that was designed to 
match the statistics of written English. Thus an "a", which 
occurs frequently in the English language, is coded as dit-dah (a 
short sound followed by a long sound), whereas "z" is encoded 
as dah-dah-dit-dit. As the code groups are not the same length, 
there must be some way of indicating the end of code groups; 
this is done by making the silent interval at the end of code 
groups much longer than the silence between individual dits and 
dahs. 

*Formerly of Standard Telecommunications Laboratories, Harlow, Essex. 
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Silences longer than T indicate the end of a code group. Sounds 
shorter than t are classified as dit. Sounds longer than t are classified 
as dah 

VOTEM was designed to be sensitive to spoken Morse code. The 
operator says a sequence of long and short sounds into a 
microphone, which can be hung around his neck or mounted on 
a stand; when a long gap of silence occurs- indicating the end 
of a code- this sequence of sounds is decoded and the approp
riate action initiated. Fig . 5.1 shows how a typical sequence of 
sounds would be decoded by VOTEM. Operators usually use 
" dit" and "dah" as short and long sounds, but the machine 
is only sensitive to the duration of sounds and therefore any 
sounds- grunts, whistles etc, can be used. 

The speed at which VOTEM can be operated is determined 
mainly by the length of time which is taken to indicate a " long 
gap of silence' '. While an operator is learning to use VOTEM, this 
is set to a relatively large value and the codes can then be 
spoken slowly and carefully. As he becomes more proficient, the 
time period is reduced and he can then type, or control his 
environmental equipment, more quickly. 

I have provided a full technical description of VOTEM elsewhere 7 . 

Fig. 5.2 is a block diagram of the system. After a few hours' 
practi ce patients usually find it possible to type with virtually 
no mistakes at about eight words per minute and there is no 
reason why practi ce should not significantly improve this speed. 
The code is a well-known one, and in particular this means 
that much work has been done on the best ways of teaching 
and lea rning Morse code; also the code is simple and it is easy 
for the operator to learn from the typing errors he makes. 

Although VOTEM is responsive to voi ce sounds it is rema(kably 
resi stant to external noise and can be operated in conditions 
of relative ly high ambient noise. When the typewriter is switched 
off, VOTEM is a ctin~ as a simple environmental control to turn 
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switches on and off; in this state it is responsive only to long 
sequences of dits and dahs (six or more) and the operator 
can carry on normal conversations without affecting VOTEM . 
When the typewriter is switched on by a spoken Morse code 
signal VOTEM becomes responsive to short sequences of "dits" 
and " dahs" (for example, dit-dah will type an "a " ) and normal 
conversation may well cause letters to be typed out. It will still 
not respond to most environmental noises- fans, traffic etc, and 
thus it is necessary only for the typewriter to be switched off 
if the operator wishes to speak to somebody. 

Prescription of VOTEM 
(a) Voice control 

The question of whether or not a voice responsive device suits 
a particular severely disabled person depends very much on his 
residual motor movement and skills. The merits of the approach 
in relation to other machines can only be judged in the context 
of individual potential operators, and must be assessed by the 
prescribing consultant and the severely disabled person himself. 
The salient points of VOTEM as a device to assist the severely 
disabled are tabulated below to help in making comparative 
judgements. 

(i) There is no physical contact between the operator and 
the machine. This means that firstly, there is little danger of 
the operator injuring himself against the machine by un
controlled action, and, secondly, VOTEM is always ready for 
immediate use, especially in the alarm call situation- no time 
is spent trying to find a switch or pneumatic tube- which 
in some circumstances may have sl ipped out of reach . 
(ii) The transducers are unobtrusive; a simple lanyard micro 
phone can be hung round the neck or concealed in the 
clothing . 
(iii) VOTEM is responsive to any types of sound provided 
their durations are correct (for example, dit and dah, long 
and short grunts, whistles etc) . VOTEM, of course, would not 
be a suitable remote control device for people who have no 
control of thei r vocal organ. 

(b) Morse code control 
VOTEM is not restricted to voice operation and can be used with 
other input transducers which the person can operate. Thus, a 
conventional Morse key for a microswitch, or alternatively two 
microswitches (one to signal a "dit" and one a "dah " ) can be 
used to operate VOTEM . 

With long and short blows as the code symbols, a pneumatic 
tube can be used as the input transducer (or a blow to signal 
a "dit" and a suck to signal a " dah" ) . 

The difference between VOTEM and other remote control 
devices, when input signals other than voice are considered, lies 
solely in the code it uses. Again the choice of coding is one for 
the user to make. The following is a list of the important 
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Fig. 5.2 Block diagram of the voice operated typewriter 

features of Morse code: 
(i) The operator learns a code rather than an ability to control 
a light or moving lights on a display panel; the relatively costly 
display panel can thus be replaced by a sheet of paper 
with the codes written on it. 
(ii) The code is used in other fields (radio telegraphy). 
Teachers are readily available and good teaching methods 
have been developed over many years 0 . 

(iii) The code was designed to match the statistics of written 
English and is very economical for typing English (on average 
less than three operations per letter typed is required) . 
(iv) The natural pauses between letters are used to indicate 
the end of the symbol corresponding to each letter (the 
"long gap of silence"). It is possible to send Morse code at 
a fairly high speed; figures are not available for disabled 
operators but within the commercial field Morse operators 
can transmit at 20 to 25 words per minute. 
(v) Minimal control operations are required within a number 
of alternatives depending on the residual skills of the operator. 

(1) One operation, two durations (ie standard Morse key 
coding)-useful when spatial coordination is poor and only 
one key can be operated. 
(2) Two operations with the same duration (for example, 
suck="dit", blow = "dah"). 
(3) A "bug" key can be used; if this key is pressed one 
way a stream of "dits" is produced, if it is pressed the 
other way a stream of "dahs" is produced. This can be used 
to cut down the number of movements required provided 
that temporal coordination is good. 

(vi) The design of VOTEM lends itself to a unit type of 
construction. Th us, a simple environ mental control can be easily 
extended by a plug-in unit to give a typewriter control
all that the operator would need to do would be to learn 
new codes. 
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Conclusions VOTEM offers a disabled operator the option of controlling 
a typewriter and various "environmental " equipments using 
spoken Morse code. When it is not appropriate to use the voice, 
VOTEM can be used with other input transducers to provide 
the Morse code. Among the advantages of the system, the use of 
Morse code avoids expensive display panels and is a well-known 
code. This means that teaching techniques are highly developed 
and there are teachers available who have been specially 
trained to teach the use of this particular code. 
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I developed VOTEM at Standard Telecommunications Labora
tories under a normal cost sharing contract w ith the Ministry 
of Technology (now the Department of Trade and Industry ) . 
Standard Telecommunications Laboratories have licensed 
POSSUM Controls to manufacture VOTEM. It was Mr B. J . 
Halliwell who originally suggested using spoken Morse code, 
and I thank him and his colleagues for their assistance and 
suggestions during the development of VOTEM, as well as the 
many severely disabled people who gave their time in assessing 
the usefulness of the system. 

1 Hyde, S. R. (1968) , " Automatic speech recognition literatu re survey 
and discussion", GPO Research Report No. 45. 

2 Gil Ii, L. and M eo, A. R. (1967 / 8) , "Sequent ial systems for recognising 
spoken digits in real time", Acustica, 18, 1. 

3 Lindgren, N. (1965) , " M achine recognition of human language", 
IEEE Spectrum, 2, 3 and 4. 

4 Marril, T. (1961 ), "Automatic recognition of speech", IRE Trans. 
Human Factors in Electron, H FE-2, 1. 

" Olson, H. F., and Belar, H. (1956) , "Phonetic typewriter" , J. Acoust. 
Soc. Amer., 28, 6. 

6 Shearme, J . N., and Leach, P. F. (1968) , " Some experiments with a 
simple w ord recognition system", IEEE Trans A. on Audio Electro 
acoustics, AU -1 6, 2, part 11. 

7 New ell, A. F. (1970) , " Man- machine communication using spoken 
Morse code" , Intern. J. Man-machine studies, 2, 351 . 

8 Morse Code for the Radio Amateur (Radio Society of Great Britain, 
London) . 
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TYPEWRITER CONTROL BY 
DENTAL PALATE KEY 
ILKKA SAARNIO 
Research Institute for Bioengineering, Tampere, Finland 

Notwithstanding their physical limitations, many severely dis
abled patients are prevented from communicating or from living 
even partially independent lives only by the lack of suitable 
technical aids. For the intellectually normal but palsied patient, 
such aids- when they are available- prove to be of immense 
value in education, employment, and psychological well
being. In Finland, some attempts have been made to develop 
auxiliary devices for the most severely disabled. However, 
most of the devices have not effected significant results . 

In spring 1972 the Research I nsitute for Bioengineering, at 
Tampere, started a project aimed at developing a communication 
device that could be used by the most severe cases of cerebral 
palsy- but especially by an 18-year-old girl with strong com
pulsive movements of the head and limbs. Our initial task was 
to detect any functions over which she had reasonable control. 
Eventually we concluded that she had good muscular control of 
her tongue and lips. Subsequently we have found that most 
cerebral palsied patients, despite their total loss of locomotive 
power, have voluntary control over their oral muscles. 

Fig . 6.1 illustrates the operating principle of the typewriter 
control system that we have devised specifically for palsied 
patients. Because we considered mouth movements to be the 
only satisfactory means of generating control signals, we designed 
a switching device that can be attached behind the patient's 
front teeth by means of two steel clips. Our palate key (see 
Figs. 6.2 and 6.3) consists essentially of two acrylic plasti s 

Fig. 6. 1 Block diagram of the typewriter control system 
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Fig. 6.3 The key 
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Fig. 6.4 The typewriter control system 

plates which, when brought together, activate a switch. To 
ensure the safety of the patient, we placed the contacts to the 
key beyond her reach. Moreover it was necessary to protect the 
key against excessive voltages and currents. 

The encoding logic of the system has two main functions: 
(1) The generation of Morse code and the corresponding 
sound signals according to the key operation (we so devised 
our system that the speed with which single characters can 
be generated is preselected by a front panel potentiometer) . 
(2) The encoding of Morse characters to eight-bit binary 
words. 

For the output production and display, we chose the IBM 
Model 731 typewriter with Selectric as the input code. The 
necessary code conversion is performed by a ROM (Intel 1702). 

We selected Morse code as the user's code because it is easy 
to teach and to learn, and because it is well suited for use 
with the Finnish language. We applied common Morse characters 
as much as possible, and selected special easily generated and 
memorisable dot-dash combinations to control functions such as 
carriage return, upper and lower case shift etc. 

Our 18-year-old girl learnt Morse characters by means of a 
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simulating device within two weeks. Initially her typing speed 
was about 10 characters per minute. Within six months she had 
improved it to her current speed of between 50 and 60 
characters per minute. It is conceivable that with an improved 
key design, her speed could be increased even further. It is our 
experience that users of this device do not find typing a strain, 
and that between three and four hours' uninterrupted periods 
of typing are quite normal. 

It is our intention to develop further our system. Specifically 
we shall try to make it more versatile by including control 
circuits to activate a tape recorder, radio, and telephone. 
Moreover, we intend to develop several types of keys and control 
switches to suit different kinds of physical defects, and to modify 
the control system for use with conventional electric type
writers. 
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VISUAL EFFECT FROM 
MUSCULAR MOVEMENT 
(SYSTEMS 7 and 8) 
DOUGLAS STEELE 
Zambette Electronics Limited, 17 High Street, Southend-on
Sea, Essex 

Any mechanism capable of providing a wide range of handi
capped patients of various ages with some control of their 
environment must of necessity incorporate a number of special 
features in its design. Essentially it must be able to detect 
human movements varying from the flexure of a muscle to the 
extension of an arm, and to effect an electronic signal activating , 
say, a switch. I have devised a capacitance probe that will pick 
up adjacent body movement and utilise the capacitance change 
to activate electronic logic circuits. The system is able: 

(1) To pick up body movements ranging from less than 1 mm 
up to 380mm (15 inches)- or more if required- from one 
surface only of a transducer plate. (Operation of the transducer 
does not depend in any way on its distance from attachment 
to, or orientation with respect to, an earthed surface.) 
(2) To be operated without the user making physical contact 
with the transducer plate, merely for him to make some body 
movement with respect to its surface. 
(3) To operate through solids- for example, to detect the 
slight movement of a toe inside a shoe, or any form of body 
movement through the clothes of a fully dressed patient. 
(4) To provide handicapped patients with a means of con
trolling domestic units, such as a door answering and opening 
system, a telephone, an emergency alarm, a heater, a radio, 
a television set, a curtain-drawing device etc. 
(5) To be assembled and repaired easily as a series of units
plug in circuit boards and solid state logic components. 

Conductance The probe (Fig. 7.1 ), which measures 5 in x 2~ in x ~ in, can 
probe be attached to a multi-position stand with a variety of suitable 

attachments for beds, wheelchairs etc. There is no voltage at 
the probe and thus it is completely safe. It merely conveys 
capacitance changes due to nearby body movement- a finger, 
the neck, the shoulder etc- to the switching device. A hysteresis 
produces a circuit delay preventing multiple triggerings such 
as might arise with tremor. 

Applications The following case histories will provide some examples of the 
way in which the system is used: 

Case A. A 56-year-old male, paralysed from the neck down, 
but able to speak well, spends his day strapped in a wheelchair. 
Positioning the probe on a stand with the detection area some 
4 in from the side of his head and about 2 in behind his left 
ear allows him to make normal head movement and to speak. 
To operate the detector, he makes a slightly unnatural head 
movement sideways. He is now able to run a small shop near 
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Fig. 7.1a System 7, showing capacitance probe with variable support 
position 

Fig. 7. 1 b Block diagram of System 7 control 
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Colchester in Essex. 

Case B. A 10-year-old female with no arms or legs. She spends 
her day suspended in a cradle or laid in a bed. She has full 
control of her head and shoulder movements and is mentally 
alert. The probe is attached to the cradle support. When out of 
bed, the probe is set 1 mm away from her shoulder and she 
operates it by moving her shoulder up and down. When in bed, 
the probe is placed near her head. Her control is good and soon 
she will be able to use a typewriter activated by the probe. 

Case C. A 38-year-old female, who has now spent four years 
in an iron lung. Because she has controlled hand movement, 
the probe is fed into the respirator by way of a rubber sealed 
inlet. Inside, the probe rests on her hip and she is able to operate 
it by hand or by finger movement. With a reversed remote 
display, she uses a mirror to operate the various devices. 
Although the probe is completely enclosed within the iron lung, 
its stability is unchanged. 

Initially the system was a switching device providing on / off 
facilit ies for a number of mains and low-voltage supply outlets. 
The original System 7* provides a 10 channel control device and 
each channel switches a specific appliance on and off. Each 
channel has two lightst One of these is part of a "travelling 
light" system whereby each light is illuminated in sequence at 
a pre-selected rate, indicating to the user when he may select 
the service indicated. The second light operates only when a 
specific function is working. For example, while telephoning, 
this second light remains on, and when the call is over it reminds 
the user that the receiver has to be electronically replaced 
and that he can receive no further calls until the line is closed 
down. The other lights continue to "travel round", thus making 
selection easy both at night and during the day. Later we added 
a more versatile switching arrangement to enable the user to 
adjust a particular outlet-for example, to raise and lower his 
bed to his satisfaction. 

In effect, the circuit operates in a fully automatic way a series 
of lights numbered 1- 1 0, which in turn indicate the condition 
of the logic state. If the signal to the logic state is arrested, then 
there is a change in the circuit which causes that part of the logic 
to alter. This alteration is used and finally operates a change
over condition, which means that the condition is switched either 
off/ on or on / off, depending on the state before the signal 
a Iteration. 

The changed condition may be retained (for on / off use) or pulsed 
(eg for alarm) , or retained for any selected time and then 
returned to its original state (eg for typewriter control)-all 
with a single dimensional movement. With pulsed changes a 
single dimensional movement is needed for each pulse. For the 
retained change period the movement is made and held for the 
desired period after which two further movements are made to 
permit change to be completed from the switched change to the 

• System 7 is so called because it took seven years to perfect. 
t A bleep system is available for blind people. 
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second condition and finally to the off state which is as follows: 
Movement 1 holds the change state, ie from off to on. In this 
state the, say, curtain opening/ closing device comes into action 
and continues to do so as long as the condition remains. To 
stop the effect, it is necessary to change the sequence twice-
on-off/ on-off. This enables the logic to continue to the next 
stage. 

There is therefore available a continuous condition which may 
be changed by the operator at will, and each change is amplified 
via transistors which cause relays to operate. Because the 
relays can have more than one set of contacts, further ex
tension of the number of outlets is possible. Additional 
facilities can be provided that will switch other voltages (eg 
DC 6V to operate a transistor radio, DC 12V to operate 
alarms etc) or make/ break contacts which if used in the pulsed 
mode will continue to operate a further infinite number of 
associated devices. 

The most outstanding feature of System 7 is its simplicity of 
operation. It is our experience that it takes a physically handi
capped person only two minutes to understand and operate 
it. Since the units have been in production we have not had a 
single case of a patient rejecting the equipment, nor has 
there been any complaint of visual distraction even when 
watching TV in a darkened room. 

Care must be taken when System 7 is operated by a person 
for the first time in their home surroundings. The sudden ability, 
unaided, to switch on the light, TV, radio etc, can be distressing, 
unless the person has been fully prepared. It is not unusual 
for someone who has been handicapped for long to become 
emotionally disturbed for a few minutes after he has operated 
a simple device (eg lights). One has only to consider the many 
occasions that he has probably had to wait in the dark for 
someone to switch on the light, to understand the situation. 
For this reason it is best to increase the application of System 7 
by stages. Lights, TV, and a door-answering system, we find, are 
usually accepted immediately. Telephone answering, a typewriter 
facility, and other services can be introduced later on. 

For the handicapped small child the world may well appear 
normal and he will at first be happy. Gradually he comes to 
realise that he is not quite the same as the rest. What need 
is there for him to learn to walk if his legs are useless? Toys 
may not be so interesting because he cannot move his hands. 
Because he cannot write he must go to a special school. There 
he will encounter other children like himself, who gradually 
have stopped trying simply because they cannot remember 
everything. If you cannot write, you cannot learn. Nature draws 
a blanket over the whole picture, and although the handicapped 
child may fight hard to succeed, yet all the time he knows that 
he will finish up in the corner of the same room, just sitting, 
being fed, growing older, becoming more useless each day. Such 
is life for some 50,000 children in Britain alone each year for 
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whom there is no hope. System 8 is an extension of System 
7 and is intended to provide a device for teaching such children 
the art of communication. 

With young handicapped children, the System 7 detection device 
can be installed in a toy such as a teddy bear or toy car. 
Whenever the child touches the toy, or moves towards it c lose 
by, the detector responds. Thus, for example, the child can be 
taught to operate, by such movements, a light or a series of lights. 
Essentially, the child learns to relate a specific movement with 
the visual experience of a light coming on. Because it may be the 
first time that a movement has had extra significance for the 
child, his interest is aroused. To stimulate further this interest, 
the lights can be used to illuminate individual pictures, such 
as nursery rhyme characters, animals, cars etc. To meet par
ticularly difficult cases, the sensitivity of the detection unit 
can be reduced so that the child becomes profic ient at operating 
the detector at a distance and in a more conventional way. 
This is an important and necessary initial step leading on to the 
Teaching-Communication System (System 8). 

For the children who experienced difficulty in coordinating 
movement- of the hand, for example, or even a pointer probe 
held in the mouth, I designed a Primary Learner ( Fig. 7.2). 
A square frame (printed circuit board) is plugged in to the base 
of the instrument. The four squares in the frame are connected 
to four bright yellow display lights. The operator touches with 
a metal rod the individual squares and the corresponding 
yellow light then comes on. When four squares have been 
touched and all four lights are alight, a "thank you" buzzer 
sounds. The rods are of various shapes so that a suitable one 
can be selected to suit individual needs of different operators. 

Once the patient/ operator can achieve with reasonable ease the 
"thank you" stage (ie with four lights on), the timing device 
can be adjusted so that individual lights stay on for shorter 
periods. The object is to reduce progressively the " on" period of 
the lights so that the operator has to speed up his operation if 
he is to achieve the four lights on together, and the sub
sequent "thank you " buzzer. The delay time can be reduced until 
the patient becomes reliab ly proficient in the task. At this stage, 
a further set of squares is inserted into the machine- the 
squares on the second board are, however, smal ler than those 
on the first board, and so the system re-starts w ith a long 
delay time and, as required, it is gradually shortened. The same 
programme is repeated with even smaller boards and faster 
speeds. 

Spastic children who tried out the Primary Learner at some 30 
special schools all responded rapidly. In itially they became very 
bad tempered, but they soon got over this and the sense of 
achievement that they experienced seemed to instil determination 
into their actions. Children who were allowed to practise for 
short periods several times.a day, and who were mainly left to 
work it out for themselves, after initial tuition, showed the best 
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Fig. 7.2 System 8, Primary Learner 

results. The average time taken to achieve successful operation 
varied from one month to five months. 

Once the children have mastered coordination, they are moved 
on to the main System 8 Teaching Communication System. 
This is a big advance. The system now consists of a visual 
display panel which has provision for four rows, each with 10 
displays (Fig. 7.3). An assortment of detachable coloured discs, 
letters, and figures are supplied, and these can be placed in the 
system in any order or combination. 

The letters etc are illuminated in sequence- a light moves 
from letter to letter sequentially in each of the four rows, to 
eliminate delay in selection. When a letter is selected as in the 
manner described for the Primary Learner, it remains illuminated 
and the sequence of lighting the other letters continues. The 
speed at which the letters light up can be regulated to suit 
individual requirements. Using this technique, the teacher can 
draw a letter onto a pad or blackboard and the chi ld is then 
able to associate the letter drawn by the teacher with a similar 

-Recognition letter on the display panel. Thus a basic form of recognition 
is achieved, and this can be checked because the letter on the 
display remains illuminated. (Only by selecting the " reset" light 
on the visual panel can illuminated letters be cancelled out) . 
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Fig. 7.3 System 8, Teaching Communication System 

From these small beginnings the child learns to recognise the 
complete alphabet, and this he can do at a speed related to his 
capabilities. 

Because any number of letters can be used, it is possible to 
evolve some simple exercises. Where two or more letters are 
drawn by the teacher and the indicated letters are illuminated 
by the child, it follows that a basic primary reading book, with 
words such as cat, dog etc, is now within the scope of the 
child . 

The letters and figures on the display panel of the unit can be 
removed easily and this enables any display to be arranged with 
multiples of individual letters for spelling purposes. Therefore, 
words, figures, followed by simple tables etc, can also be used 
and games devised between children. The teacher can produce 
games and tests suitable for his own particular class and generally 
fashion his own educational methods. Herein is the main virtue 
of the system because in teaching handicapped children it is 
essential to be able to apply appropriate individual methods 
rather than have an arbitrary pre-determined one for them. 

Once the child can operate the display, read and write small 
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Fig. 7.4 System 8, Typewriter unit with probe 

words with the lights, complete tests, small sums etc, an electric 
typewriter can be plugged into the teaching unit, because 
effectively the child has already learned to type and this is a 
natural additional facility. The method of operation is the same as 
that with the teaching unit. Plugging in the typewriter effects 
connections that activate the power unit which operates the 
keys. When a letter is illuminated on the display panel, that 
letter (or symbol, as the case may be) is in direct control of the 
correspond ing letter on the typewriter (Fig. 7.4). Capital letters, 
key shift, backward and forward movements, turning up the 
paper etc, are all operated in this easy way. Again the speed at 
which letters are illuminated on the display panel can be 
adjusted to suit the individual speeds of operators. 
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A DETECTOR FOR VERY SMALL 
MOVEMENTS OF LIMBS AND 
DIGITS 
PERCY HAMMOND 
Warren Spring Laboratory, PO Box 20, Gunnels Wood Road, 
Stevenage, Herts. SG1 2BX 

We were asked to develop a device for the detection of finger 
and toe movements of less than 1 mm, such as are associated 
with weak muscular contractions. The device was required as 
a transducer-control apparatus for severely disabled patients. 

Several circuits have been described' - 3 whereby a small change 
in capacitance produces a change in circuit operation . The 
important criteria for the present device were that changes of 
room temperature should not affect the operation and that its 
cost should be low. Sensitivity and linearity were considered 
to be of secondary importance. 

Fig. 8.1 illustrates the arrangement of the circuit. A 500 kHz 
crystal-controlled oscillator drives a primary parallel-tuned circuit 
which is loosely coupled to a secondary circuit. The parallel 
capacitance of the latter is, in part, provided by the probe 
unit (Fig. 8.2) , which consists of a circular stainless steel plate 
mounted at the end of an insulating cylindrical body. This probe 
plate is coupled to the secondary tuned circuit through a 
capacitance and several feet of co-axial cable. When the probe 
unit is remote from earth, its fixed capacitative loading on the 
tuned circuit is provided by the parallel condenser and the 

Fig. 8. 1 Circuit arrangements (Crown copyright) 
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Fig. 8.2 The Warren Spring proximity detector (Crown copyright) 

co-axial cable. In this circumstance, the circuits are so tuned 
that the voltages across them are approximately in phase. 

If the probe plate approaches an earthed object, or one which 
provides a large capacitance to earth (for example, the human 
body) , then a change of capacitance across the secondary 
tuned circuit occurs. This capacitance change de-tunes the 
secondary circuit and consequently produces a voltage phase 
shift across it relative to the primary circuit. The phase shift 
is detected by applying the voltages across the tuned circuit 
to a logical circuit which produces a mean output voltage 
approximately linearly related to the relative phase shift. This 
voltage varies between 1 .5 V at zero phase shift condition to 
nearly zero volts when the phase shift reaches its limiting value 
of 90 degrees. The voltage is used to drive two output 
circuits: an electromagnetic relay and a voltage-controlled 
oscillator. Relay contacts close at an output voltage between 0 
and 1.5 V. The voltage-controlled oscillator produces an audio 
tone which varies over two octaves between the maximum and 
minimum output voltages. 

Applications The device can be used in two modes of operation which we 
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Fig. 8.3 Device characteristics in the "displacement" mode. The 
capacitance at the probe is given approximately by Cp = 1560pF, where 
d is in µm (Crown copyright) d 

shall refer to as "displacement" and " pressure", respectively . 
In the "displacement" mode, the probe plate is placed close to 
a conducting surface which has either a high capacity to earth 
or a direct earth connection. The probe plate and conducting 
surface are separated by a small air gap and form the capacitative 
load on the secondary tuned circuit. The curves relating air 
gap to discriminator output voltage Vo and audio-output 
frequency fo in this mode are shown in Fig . 8.3. The mid - range 
sensitivity is about 10 mV / µm or 140 mV / pF. 

For "pressure" mode operation, a thin film of insulating material 
(for example, PVC) is attached to the surface of the probe 
plate. If an earthed conducting surface less than the area of the 
probe plate is brought into contact with the insulation on the 
probe plate, then the capacitance so formed imposes a load on 
the secondary tuned circuit. The area of conducting surfaces 
governs the magnitude· of the output voltage and thus the audio 
tone, as illustrated in Fig . 8.4. 

The residu al motor activity in muscles controlling a finger, toe, 
or limb may best be utilised by operating the device in the 
" pressure" mode. For example, resting a digit lightly against the 
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Fig. 8.4 Device characteristics in the "pressure" mode. Measured with 
"Transpasea/" film (about 730 µm thick) on probe face and earthed 
brass variable area fingers (Crown copyright) 

insulated probe face will produce only a small change in the 
normal value of output voltage, insufficient to operate the 
relay. Light pressure by the digit increases the area in contact 
with the probe face. This area depends on the muscular force 
and the resilience of the tissue being compressed. The resulting 
increase in capacitance between probe plate and earth reduces 
the output voltage, and the relay operates. Alternat ively, by 
using the fall in output voltage to start or stop a pulse 
generator, the user could operate a typewriter system employing 
a coded character selection method by which the release of a 
specified number of pulses selects the desired character. 

The output of the voltage-controlled oscillator provides an 
analogue signal giving the operator audio feedback from the 
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area of his digit in contact with the probe plate. This is an 
indirect indication of the contractile force of the muscle. Several 
control channels may be provided by the audio signal, the 
limiting factor being the ability of the user to discriminate 
between different levels of muscular contraction or audible 
tones. If the output of the voltage-controlled oscillator is fed 
into a number of narrow-band filters, each driving a relay circuit 
then the user has the means to operate a number of devices 
such as a radio, heater, door lock etc. 

I am grateful for the assistance that Mr A. Sealey has provided 
in the development of this instrument. 

' Atree, V. H. (1955) , " A linear capacitance change circuit," Electronic 
Engineering, 27, (329) , 308. 

2 Dickinson, C. J. (1950) , Electrophysiological Techniques (Mono
graph). (London, Electronic Engineering). 

3 Haapanen, L. E. (1962), " A high sensitivity capacitance meter," 
Electronic Engineering, 34, (409) , 183. 



9 

Introduction 

Analogue 
input mode 

EMG input 
mode 

A TYPEWRITER OPERATED BY 
ELECTRO MYOG RAPH IC 
POTENTIALS (GMMI) 
ZOLTAN TOROK 
Warren Spring Laboratory, PO Box 20, Gunnels Wood Road, 
Stevenage, Herts. SG 1 2BX 

We have developed at this laboratory a device that provides a 
General Man-Machine Interface (GMMI) which enables an 
operator to activate a typewriter by electromyographic potentials *. 
The device, however, is more than a typewriter: it has 64 output 
channels, some of which are used to switch mains into standard 
sockets and so to control anything that is plugged into these. 
It is also more than an electromyographically (EMG) operated 
output device, because it is equipped with other input trans
ducers, such as an eight-by-eight array of photosensitive 
diodes and a number of variable resistor-type selectors. The 
basic logic-box has an input socket for two continuously 
variable signals, and another input socket for two eight-bit 
words, specifying the X and Y coordinates in an eight-by-eight 
array of the channel selected for the next operation . Selection 
of either the analogue or the discontinuous (ie digital) mode of 
input is by a switch. 

Figs. 9.1and9.2 illustrate GMMI operating in its analogue mode; 
the input device is a joystick, intended for operation by the 
patient's lips. Two variable resistors define the position of the 
mouth stick in a two-dimensional plane. Next, two analogue-to
digital converters produce the corresponding three-bit binary 
word . These are decoded so that only one of the eight elements 
constituting the rows (and also the columns) of the 64-element 
array is in the "on" state. There will be, in the array, 
therefore, one logic "and" element, which has the "on" signal 
on both its input gates, and this is used to illuminate the 
corresponding light in the display panel. Each window on this 
panel is inscribed with the corresponding typewriter function or 
external mains socket; thus, the operator does not have to learn 
a code. At this state, a bite switch may be used to type out the 
selected letter. 

The EMG mode of operation is illustrated in Fig . 9.3. 

The smallest functional part of a skeletal muscle is the motor 
unit, consisting of a single motor-nerve cell , a conducting nerve 
fibre, and some dozens or hundreds of muscle fibres. Shortening 
of these muscle fibres is accompanied by a spike-shaped 
electrical potential. When a steady force is maintained, such 
spikes are generated asynchronously at a repetition rate of, 
say, 20 Hz by a number of motor units. Gross EMG is thus a 
signal produced by summation of the activity of a number of 
motor units, and it may be picked up from the surface of the skin , 
over any functioning muscle. It is inherently a spiky signal. 

* This work was sponsored by the Department of Health and Social 
Security 
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Fig. 9.1 Schematic diagram of general man-machine interface type
writing system-using simple mouthstick as the input device (Crown 
copyright) 

The task of a skin electrode is to provide a conducting area of 
stable electrical properties (eg impedance, bias potential) between 
the skin and an electrical cable. It has its own set of problems. 
For this application the commercia lly available press-stud type 
ECG electrode proved useful. This employs a small amount of 
electrically conducting jelly between skin and metal, and is held 
in place by a disc of plastic adhesive. 

Fig. 9.4 shows how. after differential amplification (variable 

Fig. 9.2 GMMI typewriting system (Crown copyright) 
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Fig. 9.4 Signal processing in threshold unit (Crown copyright) 
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gain to x 1500) and bandpass filtering (4 to 400 Hz - 3dB 
points) , the spiky EMG signal is subjected to a variable threshold 
level to discard noise. The peaks above the threshold set are 
then converted by a Schmitt trigger into logic pulses. These 
are counted, and one of the 64 stable states of GM MI is 
selected. An eight-by-eight array of indicator lights is provided 
for the subject, each with the inscription of one typewriter 
function or mains power point. 

At this stage, GMMI is waiting for a trigger pulse. EMG from 
a second muscle is a convenient signal to use. A contact 
switch, conveniently arranged to utilise some residual movement 
of a limb, if such is available, is equally suitable. One such 
device which we have built uses body capacitance to energise 
a relay, and may have applications in its own right. 

To illustrate the sequence of operations, let us consider what 
happens when a tetraplegic person wants to type the letter 
A. He has two sets of skin electrodes attached, one set over 
the right trapezius, the other over the left biceps (Fig . 9.5) . He is 
watching the eight-by-eight array of indicator lights where, at 
rest, the empty square in the left upper corner is illuminated . 
He contracts his trapezius, and maintains this contraction until 
the light spot takes the necessary number of steps to illuminate 
the letter A. By varying the strength of the contraction, the 
subject has good control over the speed of progress of the light; 
when he relaxes his shoulder. it will remain stationary. If he 
now twitches his biceps slightly the solenoid operating the key 
fo r the letter A is energised, and the light spot is reset to the 
starting position . 

Optionally, one EMG signal may be used to select the X co
ordinate, another the Y coordinate of the light spot. Used in this 
way, only 16, not 64, EMG spikes are required to select the 
output channel that is furthest away from the starting position . 
In practice, this arrangement failed to result in a proportional 
75 per cent saving of time, because the subject's attention 
was now subdivided between the two control sites. 

To assess the speed of typing, we undertook carefully timed 
tests, with the cooperation of ten colleagues, who acted as 
subjects for between three and ten trials each. The indicator 
lights ensure that practically no letter is typed in error. The period 
of training is very short; no further significant improvements 
are likely after a few hours. Typical performance is at the rate of 
three to seven seconds per character typed. The wide variability 
that we observed from trial to trial probably reflects the subject's 
state of motivation. On this basis, better speeds may be expected 
from a disabled user than from the normal subjects used in the 
test. One tetraplegic person, after a training period of less than 
an hour, typed a sentence at a rate of about two seconds 
per character, using his partially functioning biceps. 

Typing speed is only one, easily measurable, aspect of any such 
device. When we used GM Ml in the Occupational Therapy 
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Fig. 9.5 GMMI typewriting system in use (Crown copyright) 

Department at Stoke Mandevi lle Hospital, a number of problems 
were revealed. Patients found the degree of concentration 
required for precise muscular control to be demanding. 
Muscular fatigue, however, is not a problem, because the gain 
of the low noise differential preamplifier is sufficiently high for 
low levels of muscular activity to be used. 

Problems arise when the person whose task it is to set up the 
equipment fails to realise the significance of and inter
relationships between the adiustable parameters of the EMG 
input device, ie gain, threshold, and optional use of the divide
by-four circuit in the counter. 

The history of this device spans some four years, and it is one 
of continuous development. Recently it has served as a research 
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tool for the quantitative assessment of information and flow rates 
obtainable from single motor units for the purpose of controlling 
an external device. 
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TYPING AID REMOTE 
CONTROLLED (TARC) 
OLIVER BUTLER and JOHN FOULDES 
Department of Electrical and Electronic Engineering, 
University of Sheffield 

In mid-1965 the headmaster of the Sheffield Chantrey School 
for Cerebral Palsied Children asked the staff of this department 
to look into the possibility of developing electronic devices 
which some of his physically handicapped pupils might use for 
communication. To assist the survey, a small committee was 
formed comprising representatives of the Universities of Sheffield 
and London, the Spastics Society, and the engineering industry. 
Members of the committee included psychologists and edu
cationalists with a wide understanding of the types of affliction 
from which spastics and athetoid patients suffer. A preliminary 
survey of equipment available for such purposes and of pro
jected developments in Britain and abroad revealed a critical need 
for a simple and inexpensive device that could be used by a 
large number of patients able to make at least some body 
movement, even if they were not able to control such movement 
precisely. 

Once we had appreciated fully the ergonomics of the problem, 
we found little difficulty in devising a number of alternative 
solutions. The rea l difficulty lay in asses~ing which solution 
provided the best combination of minimal initial cost with the 
necessary degree of reliability compatible with the lowest 
subsequent maintenance cost. 

Within about six months of the completion of the survey we 
had devised, constructed, and tested in the laboratory our first 
remote-controlled typing aid that actuated the keys of a normal 
typewriter. We then installed this first model of what was to 
become known as TARC (Typing Aid Remote Controlled) at 
Chantrey School for trials with children who could neither walk, 
talk, write, nor operate any form of typewriter. 

i"fhese "field" trials demonstrated that TARC had definite 
therapeutic value because it provided the children with not only 
an incentive but also the means of surmounting, for many of 
them, the apparently insuperable difficulty of progressing to a 
normal typewriter, without remote control. The first model is still 
in use at the school. Fig. 10.1 shows it being used by the 
pupil for whom it was made. The information that we gained 
from this prototype has enabled us to make several improvements 
in later models. 

As with our first model, the final prototype consists essentially 
of three basic parts. Firstly, the symbols of an enlarged key
board are arranged in the same order as those of an actual 
typewriter keyboard. Secondly, depression of keys on the large 
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Fig. 10. 1 First model of T ARC being used by pupil 

keyboard energises solenoids of an electromagnetic actuator 
block, which in turn operate the typewriter symbols. Finally, an 
electronic pulse-delay structure can be adjusted to promote 
successive improvements in the typing proficiency of the user. 

The single unit is mounted directly on the typewriter i-n order 
to encourage the feeling that it is a minor aid; however, it can 
be separately deployed for particular users. The assembly is 
designed specifically so that its basic parts allow: 

(i) No undesired operation with slumping of the user on to the 
enlarged keyboard. 
(ii) No damage due to prolonged depression of any one or more 
keys. 
(iii) No unwanted repetition of typing of the same symbol 
due to uncontrollable shaking by the user. 
(iv) No operation of other keys during the period of depression 
of the selected key. 
(v) No simultaneous operation of two or more keys. 
(vi) No damage due to excessive pressure on any key. 
(vii) No maloperation due to salivation. 

We meet criterion (i) by the simple expedient of recessing the 
keys below the surface of the enlarged keyboard. For requirement 
(ii) we arrange an initial short duration pulse of current to 
operate the actuator block with depression of the chosen key, 
after which the circuit remains inoperative until the key is fully 
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released. We achieve criteria (iii) and (iv) by the time-delay in 
the pulse circuit, which suppresses further operation of all keys, 
after the initial pulse produced by the first depression of the 
wanted key. Criterion (v) we meet by ensuring that an initial 
pulse shared by more than one key fails to provide any key with 
sufficient operating current. A robust mechanical "stop" is the 
simple solution to criterion (vi), while a waterproof sheet is the 
equally simple solution to (vii) where, of course, both are 
applied to the enlarged keyboard. 

Fig. 10.2 shows the circuitry of TARC. The "heart" of the 
equipment is the encapsulated actuator block, as can be seen 
clearly in Fig. 10.3d: an opened-up photograph of the penulti
mate model. The capacitor C in Fig. 1 0.2 is charged by way 
of a diode D and a series resistor R. A neon lamp N indicates 
that the capacitor is charged. Depression of one of the keys 
of the enlarged keyboard discharges C through the appropriate 
solenoid, the armature of which depresses the corresponding 
key of the typewriter. A resistance R · provides a long time 
constant for discharge of Censuring that after the mains supply 
is disconnected the whole device is electrically inert, should 
access be required. Resistance R can be adjusted to provide 
three different time delays in charging C. We have found that 
delays of 3, 2, and 1 second are generally acceptable; but, of 
course, they may be readily set to any other preferred value. 

One of our major considerations with TARC has been to reduce 
to a minimum both the number of possible component replace
ments and maintenance. We have moulded into the actuator 
block a printed circuit edge connector and mounted it at a 
minimal height. The actuator block is therefore now a single 
replaceable component. The keyboard switches are of a simple 
self-wiring construction, thus making them easily accessible for 
replacement by unskilled personnel. 



BUTLER and FOULDES 

Actuator 
block 

Hindered 
vision 

'Slimline' 
model 

During more than six years of continuous classroom experience 
with TARC, we have made successive improvements in the key
board, circuit, and components. An initial major disadvantage 
of the system, in common with similar devices used in Great 
Britain and abroad 1 - 3 , was the difficulty that the user had in 
seeing the typed output as it appeared on the paper. With 
the operator and typewriter in their normal and convenient 
positions, the actuator block tended to obscure the view of the 
typescript. Despite our use of solenoids of the best available 
designs, the depth of the actuator needed to provide the required 
force and travel of the armatures remained the limiting factor. 
Various possibilities of indirect viewing were considered and 
rejected because of cost and added complexity. A survey of new 
computing, data processing, and information handling systems, 
revealed no improved solenoid designs. However, a reappraisal 
of some decades of teaching research and industrial experience 
of electromechanical energy conversion, by members of this 
department, provided a simple solution to the problem. It involves 
the dual forces of electromagnetic attraction and repulsion from 
a composite armature, facilitates encapsulation, and reduces the 
height of the actuator block by approximately 50 per cent. 
Now the new solenoid has been patented by Rank R EC Ltd , 
particularly for its Talking Typewriter4 as well as for general 
industrial application. No patent nor University of Sheffield 
development charges are being included in the sale price of T ARC 
in Great Britain. It provides a "slimline" actuator block that 
allows full vision of the typing as it proceeds. 

General It is relevant to comment on aspects of the development of 
development TARC, particularly because it is exceptional that, for such a 

simple device, it should have extended over a period of seven 
years. We approached many sources for financial support during 
the first year, and happily the Rank Trust awarded a maintenance 
scholarship enabling a postgraduate student to work for two years 
under the supervision of one of us. We also received welcome 
moral, with possible financial, support, from charitable organi
sations, and a tentative offer of financial support from IBM 
(United Kingdom) ; however, we declined the financial assistance 
in view of the Rank Trust assistance. 

Manufacture Subsequent collaboration with industry in manufacturing and 
and marketing TARC has been somewhat disappointing. The main 
marketing difficulty has been to find a manufacturer with the desire 

and the ability to do more than merely to copy the prototype. 
Many of the offers that we received would have resulted in the 
final product being insufficiently engineered through cutting 
manufacturing costs to a minimum, and thus we were forced 
to decline them am icably. Finally, we accepted that manufacturing 
difficulties, industrial assembly, and the external appearance of 
TARC were problems which we had to solve from our own 
industrial experience. This we set out to do on our own 

Design definition of design:- A detailed assessment of those features 
that affect performance, followed by an evaluation of the form 
they take which, while being practical and pleasing, ensures the 
least initial and maintenance cost for the customer. 
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Fig. 10.3 T ARC with actuator block revealed 

A major objective has been to keep the cost of T ARC within 
the financial resources of an average household. In pursuing 
this objective, we have done much market research on costs of 
materials, methods of manufacture, and components. We have 
now established a collaboration with a Sheffield firm for manu-

Fig. 10.4 Final model of T ARC 
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facturing TARC. (All inquiries concerning the commercial 
model should be directed to Professor 0. I. Butler, University of 
Sheffield, Mappin Street, Sheffield S1 3JD). 

Fig. 10.4 shows our final model of TARC. In this version, it 
is possible to set the keyboard at a number of inclinations 
including the horizontal. 

A further objective has been to develop a means of communi
cation which is as similar as possible to that used by non
handicapped people. This rules out the use of any coded device 
because it would be unsuitable for use by most cerebral 
palsied patients due to the great difficulty that they have in 
maintaining the necessary degree of concentration. Moreover, 
despite its large size, the development of the keyboard as a 
simple and compact arrangement was desirable to give the user 
the feeling that it was little more than a normal typewriter. 
We hoped that such a minimal departure from a normal means 
of communication would encourage users to accept TARC, and 
for it to help them gradually to develop the skill and desire 
even to dispense with the need for such a special aid. It was 
gratifying to confirm that other users gained the same sort of 
therapeutic value from using TARC as did the user of the first 
model. 

From our experience it is the dedicated patience, guidance, 
and expertise of teachers of the physically handicapped that are 
responsible chiefly for any therapeutic results with communi
cation devices. T ARC is merely a simple tool which assists 
such attributes. We gladly acknowledge the facilities provided by 
the Departments of Electronic and Electrical Engineering, 
Mechanical Engineering, and Psychology of the University of 
Sheffield, as well as the considerable extramural professional 
and technical assistance of colleagues and industrialists. 

' Pamphlet: " Patient initiated light operated tele-control (PILOT)' ', 
(Hugh Steeper Ltd ., Roehampton, London SW15). See also Chapter 3. 

2 "New typewriter offers hopes to spastics", The Guardian, 7 February 
1967, p8. 

3 " Type-writing aid for crippled children" (A. Hartmann Maskinfabrik 
A / S, Sigurdsgade 41 , Copenhagen N. Denmark) . 

4 Pamphlet: "The Talking Typewriter" (Rank Aud io-Visual. The Rank ~ 
Organisation, PO Box 613, Woodger Road, Shepherds Bush. 
London W12). 
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A COMMUNICATIONS SYSTEM 
FOR THE HANDICAPPED 
(COM HAN DI) 
OREST Z. ROY and JEAN R. CHARBONNEAU 
National Research Council of Canada, Ottawa, Canada 

The ability to communicate is one of man's most fundamental 
needs. The loss of this ability either through a congenital 
defect or through disease is perhaps the most infuriating and 
disturbing problem faced by anyone. Our involvement with 
communication aids for the severely disabled goes back 10 
years when we first described a system 1 which was used by a 
speechless tetraplegic adult. Since then, we have modified the 
techniques to suit severely handicapped and speechless 
children . 

The children for whom we designed COM HAN DI are average 
or above average in intelligence, and range from six to nine 
years of age. Most are cerebral palsied children with varying 
degrees of spasticity, little or no fine motor control , poor head 
control , and extremely jerky and unrefined gross movements. 
Their age and the fact that they are taught the regular school 
curriculum require that the communications aid is as simple as 
possible to operate and comprehend, and that it uses standard 
letters and symbols. Thus, the child operates the input to 
COM HAN DI directly with letters of the alphabet or numbers 
through a non-coded means of address selection. Most of the 
children expressed a distaste for any transducer attached to their 
heads and all required their mouths to be clear. With these 
considerations in mind we designed the following system. 

Components The components of COM HAN DI are shown in Figs. 11 .1 and 
11 .2. It consists of input transducers, a mode selector, a visual 

Fig. 11.1 Block diagram of the COMHANDI Communications system 
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display and a teletypewriter. Basically the system uses a serial 
scan technique to arrive at any one of 64 addresses. The child 
controls the scanning direction by means of a transducer, which 
in its simplest form is a single on-off switch. 

The output of the device is in the form of printed letters or 
numbers and these are produced by a standard te letypewriter. 
The teletypewriter was chosen as the output device because it is 
inexpensive ($650) and because it could be used directly as an 
interface with a computer. These typewriters are designed for 
continuous and unattended use, they have a large and continuous 
paper supply, and are relatively free from trouble. 

The display board shown in Fig. 11 .3 is essential ly a repro
duction of the teletypewriter keyboard. Since th is display is 
portable and detachable, it can be placed next to the child for 
easy viewing. A total of 64 addresses are shown arranged in an 
eight-by-eight matrix, each address contains either a letter or 
symbol. All the addresses can be made available to the child 
or the number can be divided in two so that the child has access 
to only the first 32 (eight- by-four matrix) contain ing the alphabet 
or the next 32 containing the symbols. For the sake of clarity, 
we use a colour distinction between the alphabet and the 
symbols. The alphabet is shown on a yellow background while 
the symbols have a red background. The letters are arranged 
in alphabetical order, although any column or row can be 
transposed. We find the alphabetical order to be quite usefu l 
and simple to implement. In addition to the alphabet the first 32 
addresses contain fourtriac controlled power outlets. Each is rated 
as 11 OV at 6 amp. These are used to activate the typewriter 
itself, radios, lights, and other appliances. 

Audio and visual feedback is provided to the child by illuminating 
each address as it is turned on and simultaneously generating 
an audio tone. In effect two separate tones are provided: one 
denotes column scan and the other the row scan. 

In any aid, the object is to produce a useful device at a minimum 
cost w ithout sacrificing versatility and flexibil ity. We have 
attempted, in the design of COM HAN DI, to allow for this by 
giving the user a choice of transducers and modes of operation . 
The mode selector (see Fig. 11 .1) enables the child to use his or 
her abilities fully in the interaction with the machine. In effect, 
it enables the "teacher" to alter the degrees of automation and 
thus to control the extent to which the child is involved. 

In the most automatic mode, a single on-off switch is used as 
the transducer. In this mode the child is locked into a fixed 
scanning pattern and a home address. The home address is the 
upper left address on the display board containing the symbol 
"at". When the switch is first activated the column scan begins 
along the first row. Thus the letters A, B, C etc. are il luminated 
serially at a rate determined by the child 's reaction t ime. The 
stepping rate can be varied from one second per step to a 
quarter second per step. When the switch is released the scan 
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terminates. The second transducer activation produces a row 
scan and the letters in any one row are illuminated serially, for 
example F, N, V etc. in row seven. Release of the switch 
automatically types the letter at the illuminated address or, with 
a controlled power outlet address, turns the power on. The next 
activation of the transducer resets the COM HAN DI to the home 
address. In order to turn a controlled power outlet off, the 
address of the outlet must be revisited and the type command 
given. 

As the ch ild 's muscular control and dexterity increase more 
manually controlled functions are added and less of the set 
scanning mode used. For example, a manual-type switch enables 
any address to be activated without the necessary sequencing 
described previously. A multispace switch, carriage return and a 
space up feature enables the child to centre a composition and 
produce columns, tables etc. 

The least automatic mode available with this system is a joystick 
transducer arrangement. This transducer allows the user to take 
the shortest path to any given address, ie up-down, right-left, 
or diagonally. Thus if the joystick transducer is activated to the 
right, the scanning will go right, and keep stepping in this direction 
until the transducer is released. A similar sequence occurs to the 
left as well as in the up-down direction. 

The transducer is the interface between the child and the machine 
and as such is the most important component in the system. 
The transducers that we have found most useful are shown in 
Figs. 11.4- 11 .7. Fig. 11 .4 shows a set of mechanical paddle 
transducers. These consist of a mechanical single pole switch 
located at the base of a coloured wooden paddle. Each paddle 
is pivoted over a switch and each has a spring return to the off 
position. The tension on the spring can be adjusted to suit the 
child 's needs. These transducers are suitable for use by most 
children in a hit and hold mode. 

Fig. 11 .5 shows a set of transducers in which a light source and 
photo diode replaces the mechanical switch. These transducers 
are activated when the light beam from the light source to the 

Fig. 11.4 A set of paddle transducers 
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Fig. 11.5 A set of optical transducers 

photo diode is interrupted, such as when a finger is placed in 
the large holes shown. Because these transducers require zero 
force they are used by children with little or no holding 
strength. 

Fig. 11.6 shows the mechanical joystick transducer. This 
transducer enables the child to reach any address by the shortest 
possible path. A total of four mechanical single pole switches 
are used. These switches are mounted at right angles to each 
other, ie at the NSEW division points of a compass. As the child 
pushes the joystick away the scan goes up; if the stick is pushed 

Fig. 11.6 Mechanical joystick 
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Fig. 11. 7 Optical joystick 

to the left the scan goes left and if the joystick is pushed in 
between the scan goes diagonally. The transducer is such that 
precise position control is unnecessary- so long as t he stick is 
pushed to within ± 22.5° of centre any one of the switches 
will be activated. The manual type switch is located on top of the 
joystick and the multi space and carriage return-space up switches 
are set on the shaft. 

Fig . 11 .7 shows the optical Joystick. The operat ion of this 
transducer is equivalent to the mechanical joystick except that 
a ligh~ beam must be interrupted as previously descri bed. The 
three holes along the bottom of the joystick are for manual 
type, multispace, and carriage return -space up. 

The optical joystick uses a single light source and fou r photo 
diodes. The light source is located at the centre of t he joystick 
and the photo diodes at the compass points. The light from the 
source is coupled to the photodiodes through four shafts or holes 
which run in the NSEW direction from the centre of the joystick. 
The joystick is activated when a finger is placed in one of the 
large holes and thus interrupts the light beam. Up-down, left 
right activation is obtained by placing a finger in the north, 
south, east, west hole respectively. Diagonal scanning results 
when two holes are simultaneously obstructed. 

The circuitry for all these transducers is shown in Fig . 11 .7A. As 
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Fig. 11.8 The completed COMHANDI system 

shown, any of the transducers described can be coupled to the 
COM HAN DI through a 37 pin input connector. 

In general the optical systems can be coupled directly to the 
clocks and other activating circuitry, while the mechanical 
systems must be coupled through antibounce circuitry. We have 
not been able to find a dry mechanical switch which can be 
used directly. These switches tend to bounce when turned on or 
off and in so doing produce misfiring and unreliable operation. 
The antibounce circuit consists of two cross-coupled "nand" 
circuits ( DTL 849s) and each mechanical switch has one. The 
remaining circuitry consists of monostable multivibrators (TTL 
74121) and clocks (2N2068) . 

The complete system is shown in Fig. 11 .8. The four controlled 
outlets are mounted on the side of the teletypewriter base and 
all the necessary electronics are mounted inside the base. 
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Fig. 11.9 Constructional details of COMHANDI 

Fig. 11 .9 details the construction of the system. The triac 
switches which control the power outles are mounted on heat 
sinks as shown, while the COM HAN DI logic is mounted on 
boards within a swing -out chassis. The system uses TTL logic 
and is entirely solid state except for some of the mechanical 
transducers already described. 

The component cost of the whole system including the typewriter 
is $950. The cost of electronic components in this total is $135, 
while the switches, mounting hardware, chassis etc. is $150. 
The next version of COMHANDI will have three pri nted circuit 
boards to replace all those shown in Fig. 11.9, thus reducing 
the cost of mounting hardware, connectors etc. 

COMHANDI is being used by young disabled children as an 
instrument of communication. It is used in the regular school 
curriculum for letter and number identification as w ell as for 
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spelling, arithmetic, and general composition. Teachers who have 
used the system find it a dependable means of assessing the 
child 's comprehension and assimilation. 

COM HAN DI has enabled some severely disabled children to 
produce legible print for the first time, and those who have other 
means of communication open to them-such as an electric 
typewriter- prefer COMHANDI because they find it is less 
fatiguing, more accurate and, in most cases, faster. 

' Roy, 0 . Z., (1965), "A communication system for the handicapped", 
Med. Electron. Biol. Engng., 3, 427. 
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A cerebrovascu lar accident ( CVA) can suddenly render an 
After-effects elderly person paralysed and may leave him without speech. For 
of CVA a right-handed person, loss of speech is usually coupled with 

paralysis of the right side of the body, while the converse applies 
for a left-handed person. The functions of speech and the 
general use of a particular hand are controlled by the dominant 
hemisphere of the brain. For example, with a hemiplegia the 
lesion often affects the speech centre and there are a number of 
disabilities that may arise depending on whether information 
going into or out of the centre is affected. The effects of a 
CVA can manifest themselves in various ways, for example: 

-Dysphasia Hearing disability Receptive auditory dysphasia, or the inability 
to understand spoken words or sentences. 
Word store Nominal dysphasia, the inability to reca ll names or 
individual words. 
Talking disability Expressive dysphasia, when a person is able 
to recall what he wants to say but cannot express it , or he 
utters the wrong word. 

- Dyslexia Reading disability Receptive dyslexia, or an inability to under
stand words or sentences when they are read. 
These are disabilities that result from a hemiplegia to the 
dominant hemisphere. Other effects, external to the speech 
centre of the brain can cause speech difficulties. For example, 

-Dysgraphia dysgraphia is a defect in wh ich a person is unable to express 
himself in writing, and dysarthria is weakness, or ataxia, of the 
muscles involved in speech. 

Assessment 
of under
standing 

It is difficult to determine immediately after a CVA which 
defects have arisen. It is important therefore that appropriate 
diagnosis be attempted. The help of a speech therapist should 
be sought at an early opportunity. Until the "stroke", an elderly 
person may have been active and mentally alert. Often after 
recovery from the initial effects of the haemorrhage they will 
try desperately to talk. They usually instantly recognise friends 
and relations- even those they have not seen for a long time. 
They seem to be able to read, and may be observed to 
concentrate on, and to enioy, television programmes. Yet one 
has no real idea how much information they are absorbing. 
With an 88-year-old who had had a "stroke'' I found that a 
useful way to assess her understanding and perception was to 
show her a series of colour slides with a smal l view er. Sometimes 
I would misorientate slides 90 degrees or 180 degrees. Her 
response w as instantaneous and she recognised and corrected 
the slide position without hesitation. Similarly she immediately 
corrected the misorientation of any postcards, magazines, and 
newspapers given to her. 
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Fig. 12. 1 Simplified communication system for the aged infirm 

Her main problem was communication. With an elderly person, 
as with anyone who becomes disabled, it is essential to utilise 
and fully to exploit those capabilities that remain. The lady was 
unable to learn to write messages with her left hand although it 
was steady and had a firm grip and fine control. She was able 
with difficulty sometimes to write her name. She could recog
nise and select words written on paper, and could for the most 
part answer sensibly "yes" and "no" to questions. I decided to 
find out whether she was receptive to an alternative means of 
communication, and provided her with a small portable type
writer. However, it soon became apparent that she could not 
exert with her hand and fingers the force that was required to 
operate the machine. Again, because she had not used a type
writer before, it seemed likely that she would find the QWERTY 
arrangement of the keys confusing. 

Dis play Because the thought processes of elderly people are slowed down, 
output it is essential that when they write a letter or message they can 
requirements see each letter and word as they are being written . Thus the 
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two chief requirements of a simple "writing" communication 
system are a clearly labelled, sensibly arranged keyboard, and a 
display system that can be clearly seen by the operator, and which 
has easily discernible letters. The most suitable output displays 
for the system is something like the compact printed tape used 
with teleprinters, but with larger letters. One would like to use 
for a visual display a normal domestic television receiver, with a 
converter on which could be displayed about 10 words, but with 
character size larger than that generally available with computer 
terminal video display units. At present such converters are not 
available in a simple form, nor is it possible to obtain a simple 
compact printer. 
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Fig. 12.2 Circuit arrangement of system 

I decided to construct a keyboard of push-button micro-switches 
cou pied to a solenoid-operated electric typewriter. I had assessed 
the ability of the elderly lady to push buttons and to select 
correctly numbers and letters by means of a row of standard 
push-button micro-switches. 

The enlarged keyboard which I made using these switches is 
shown in Fig . 12.1 and the circuit in Fig . 12.2. I placed numbers 
in the top row and letters in the other three rows, and arranged 
the latter in alphabetical order. I included only one punctuation 
symbol- a full stop. The other controls that I provided were: 

Top left "Carriage return", coloured red 
Mid left "Spacer", coloured blue 
Bottom left "Shift key", in the form of a toggle switch 
Bottom right "Back space'', coloured yellow 

Because I did not consider the back spacer an essential control, 
it was placed on the bottom right which is the most inaccessible 
place for a left- handed operator. 
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Fig. 12.3 System in use 

To prevent the operator from activating more than one switch 
at a time, I made a 'Perspex' sheet with holes over the push
buttons- thus effectively recessing the keys. I found this to be 
unnecessary as the lady had a steady left hand with precise 
control of her fingers. When asked, she could select numbers 
or letters, and could type the alphabet in sequence. However, 
she did not regain her ability to compose a message. 

In principle my simple system proved partially successful. It 
suffered, however, from a number of defects: 

(1) The typeface on the typewriter was small. 
(2) The operator found it difficult to see the type on the 
carriage-way. 
(3) I was unable to devise a stand for the typewriter that I 
could orientate to the satisfaction of a paralysed person for 
both sitting in an armchair and sitting up in bed. 

Fig. 12.3 shows the general arrangement of the system. 

I believe that the simple keyboard that I have described provides 
an answer to the problem of providing a partially paralysed 
person with an aid for communication, provided it can be coupled 
to a "teleprinter-type" output, or to a visible " in-line" display 
system, or even to a domestic television receiver screen. So far 
as the television receiver display is concerned, a closed circuit 
device with a camera focused on to the paper output is probably 
the simplest and cheapest scheme. However, with the advent of 
video -discs, it should not be beyond the ability of the electronics 
industry to devise, in the near future, a video typewriter. Such 
a device might well incorporate the best features of the inter
changeable "golf-ball" typewriter and a video disc and provide 
the output to a domestic television receiver. The cost of the 
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system could be justified if it were used on a communal basis 
in hospitals or in old peoples' homes. Although I developed 
my aid to explore the communication possibilities for a particular 
person who had suffered a stroke, it could be of considerable 
help to elderly people unable to hold a pen, whose vision may be 
impaired but who otherwise have the mental ability to compose 
letters. 
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'TALKING BROOCH' 
COMMUNICATION AID 
ALAN F. NEWELL and P. JONATHAN BRUMFITT 
Department of Electronics, University of Southampton 

We have been considering the problems of those who are unable 
to communicate using speech and, as part of this work, we have 
developed an electronic communication aid which we have called 
the "Talking Brooch" 1 . This consists of a small illuminated 
display panel which is controlled by a typewriter-style keyboard. 
The operator types messages on to the keyboard and these 
appear as illuminated alphanumeric characters on a display panel. 
Fig. 13.1 shows a block diagram of the device and Fig. 13.2 
shows the prototype Talking Brooch being demonstrated. 

Fig. 13.2 shows that the display panel is fitted into a top pocket. 
The display is thus positioned close to the " talker's" face. 
When we were designing this aid we felt it important that the 
display should be so positioned, as this enabled one to look at 
the person "talking" as one would if he were using speech. This 
meant that the size of the display was strictly limited; it was, 
however, also important that the letters displayed shou ld be easy 
to read at a distance. These conflicting requirements meant that 
it was feasible to display only a few letters at a time. 

Fig. 13.2 shows that the prototype brooch has only five letters 
visible on the display at any one time. As a message is typed 
on a keyboard, however, the letters of the message move 
smoothly across the "Talking Brooch" from right to left in a similar 
way to the "newscasters" on some buildings. Fig. 13.3 is a set 
of photographs showing how the letters move across the 
display-each new letter moving in gradually from the right hand 
end of the display, displacing those already present. We have 
found that messages can be easily read on a display of this nature 
even though only a few letters are visible at any one time. 
Movement of the message across the display gives the illusion 
that more characters are being displayed and little difficulty is 

Fig. 13. 1 Block diagram of " Talking Brooch " 
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Speed 

Fig. 13.2 The "Talking Brooch" in use. The control electronics and 
battery are carried in a pocket. (Although only five letters are visible, 
larger words are easily read as they move smoothly from right to left 
across the display.) 

found in reading messages even when words containing many 
more than five letters are used. 

Preliminary reading tests, using a computer simulation, have 
shown that sentences can be read on such a display at speeds 
of between 200 and 300 words per minute. The ease of reading 
has also been indicated by the fact that small children (six to 
seven years old and of normal ability) have had no difficulty 
in reading messages conveyed using the talking brooch. 

We have found that the maximum speed at which messages can 
be read is a function of the number of characters that are 
displayed at any one time. If five characters are displayed, 
however, reading speeds greatly in excess of normal typing 
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speeds are possible; also the reading speed does not increase 
greatly as more characters are displayed. A brooch with five 
letters visible provided a suitable compromise between speed of 
communication, ease of reading and cost. It would be easy to 
increase the length of the display, but this would inevitably 
increase the size of the brooch and its costs. 

The keyboard has a standard typewriter format except that, to 
reduce size, the row of keys normally used for numerals are 
omitted. (A "shift" key has to be pressed in conjunction with 
the other keys to produce numerals and punctuation signs.) 
When a key is depressed a six-bit encoded signal representing 
the appropriate letter is transmitted to the control electronics 2 . 

The last five characters inputted are stored as six-bit binary 
numbers in the control electronics. Each six-bit number is 
converted into a seven-row by five-column matrix representation 
of the graphic symbol (see Fig . 13.2). The five letters appear 
as selectively illuminated dots on a seven by 33 matrix of light 
emitting diodes 3 (there being two blank columns between each 
letter displayed) . When a new letter is inputted at the keyboard , 
the six-bit code is transferred to the control electronics; the letters 
already displayed are made to move, to the left one column 
at a time, until the new letter is completely visible on the display; 
the display then remains static until the next key is pressed. 
The speed at which the letters move from one position to the next 
is variable and is set to be slightly in excess of the typing speed 
of the operator. The display control electronics are battery driven 
and each fits into a jacket pocket as does the rechargeable 
battery. 

Evaluation The " Talking Brooch" was designed as a substitute for the 
spoken word as a method of communication. We have found 
that it is very suitable for "conversations" between people and 
offers considerable improvements over other available tech
niques- such as pencil and paper, typewriter, or letterboard . 
The major advantages are: 

Advantages (1) The style and positioning of the display make for easy 
and natural communication. The brooch is small enough to be 
mounted near the face and thus one can continue to look at 
the person with whom one is communicating, as happens in 
spoken conversation. The added information and intimacy 
gained from "non-verbal communication"-facial expres
sions, gestures etc.- is therefore still available. This important 
characteristic of spoken conversation is lost when com
munication is attempted with a typewriter or pencil and 
paper. 
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(2) The display is easily legible at distances of up to three or 
four metres and can be read by a number of people simul
taneously. 
(3) The aid is battery powered and easily portable; it is thus 
convenient to use in almost all communication situations. 
Because it can be worn all the time, the aid can be brought 
into action at a moment's notice and the user is not inhibited 
by the need for special preparations beforehand. 
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Fig. 13.3 Smooth movement of letters across the display 

The speed with which communication can be effected with 
the brooch is entirely dependent upon the speed at which the 
operator can use the keyboard. Thus, with our typewriter style 
keyboard , speeds of about 80 words per minute are possible, 
although the display is readable at speeds greatly in excess of 
this. Message transmission could be speeded up further by dis
playing words or phrases on pressing a single key or coded set 
of keys. We are currently investigating this possibility. We are 
also looking into the use of the aid in conjunction with smaller 
keyboards and with special purpose keyboards for the physically 
handicapped. Moreover, with suitable modifications, the brooch 
could be used in conjunction with standard telephone receivers 
to form a portable telephone communication system for the deaf 
or dumb. 

We developed our aid originally for those people with language 
but who were unable to speak (for example, as a result of a 
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cerebral haemorrhage or laryngectomy). It has applications, 
however, for the deaf- either being worn by people who cannot 
articulate sufficiently well to be understood by strangers, or 
being used by the person talking_ to the deaf as an aid to lip 
reading. To use the brooch as a communication aid, the deaf 
obviously need language; it also could have a place, however, 
in the training of the deaf by exposing them to more "written" 
language that can be easily related to the spoken word . 

Our work on th is device is being supported by a grant from the 
National Fund for Research into Crippling Diseases. 

1 Newell, A. F. , Beynon, J . D. E., Brumfitt, P. J ., Hossain, K. S. (1974) , 
"An Alphanumeric Display as a Communication Aid for the Dumb", 
Med. Biol. Eng. (to be published). 

2 " Using the MM5704 keybo-ard interface in keyboard systems" 
(National Semiconductors Application Note, AN52, November 1971 ). 

3 Soshea, R. W ., et al. (1972), " Strobed LED display breaks the design 
cost barrier", Electronics, January 17, pp 64 -67. 
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LIGHTWRITER 
HARRY LOWE, TOBY CHURCHILL, TIM GOSLING, 
and DAVID BATTISON 
Engineering Department, University of Cambridge, Cambridge 

14 (1} Design for a lightwriter 
While a student, Toby Churchill contracted a viral disease, the 
effect of which was to leave him without speech and sub
stantially paralysed except for his left hand and arm. Although 
he recovered sufficiently to be able to propel himself around in a 
wheelchair, communication was a problem.His left hand was still 
shaky and his attempts to talk to people by writ ing proved 
slow and clumsy. 

The two immediate solutions to his predicament were the 
electric typewriter and the spelling card (Fig. 14.1 ) . The electric 
typewriter serves well enough at home where mains electricity is 
available but it cannot be used out of doors- for example, 
when shopping. The spelling card is portable but, as Toby soon 
discovered, many people simply cannot follow what is being said 
by means of it. The idea is to spell out letter by letter what you 
want to say pointing to each letter in turn. For short and simple 
words this is easy to follow, but anything more leaves many 
people behind. It is possible, of course, to type out before_hand 
what has to be said to make, for example, a routine purchase, 
but if any query arises it is back to the spelling card and its 
attendant difficulties. 
Fig. 14. 1 Typical spelling card design 
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From his exper ience, Toby con ceived a specif ication fo r a device 
to improve his ability to communicate. It would have to be 
portable and light enough to sit comfortably on the lap. 

-Alternatives The entry system should be a standard typewriter keyboard and 
have a volatile electronic display so that it could be read by 
people facing him in a normal friendly way rather than standing 
behind looking over his shoulder. To be portable, it would have 
to be operated by battery and a 12V system would be 
preferable so that it could be powered by the battery of a car 
or a wheelchair. 

Neon 
discharge 
display 
system 

Prototype 
Lightwriter 
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Unable to find commercially available what he wanted, Toby 
concluded that he would have to make it himself and set out to 
teach himself electronics. Confronted by the sheer enormity of 
the subject and its jargon he realised that he needed help in the 
project. Whatever device was to be built would depend largely 
on the technology available. The only viable alpha-numeric 
display devices then accessible were dot matrix arrays of light 
emitting diodes (LEDs), which were expensive and required 
complicated drive electronics for their operation . Estimates of the 
cost of designing the required apparatus ranged up to £20,000. 

After much searching for simple display systems, Toby Churchill 
found reference to the Burrough's Self - Scan panel, which is 
imported in to Britain by Walmore Electronics. It involves a neon 
discharge system for the actual visible display and Toby was 
particularly interested in the version that displayed up to 32 
characters at a time. The panel can be purchased complete with 
all the necessary drive and control electronics required for its 
operation . Apart from power supplies, it needs only six binary 
digits of standard ASCII coding, and a strobe pulse on its input 
lines, to enable each character to be displayed- its own built-in 
electronics doing everything else. 

Through an introduction by a mutual friend, the other three 
authors met Toby and became convinced of the feasibility of the 
project. A typewriter-like keyboard posed no real problem and the 
interfacing of this with the display panel soon ceased to be 
troublesome once we had found an encoder chip that generated 
the ASCII coding for each character from keyswitch closures. 

We gave ourselves three weeks to construct the prototype and 
produced a printed circuit board to accommodate the keys, the 
encoder chip, and some auxiliary logic. We set the display panel 
behind the keyboard so that it could be read by anyone facing 
the user, with a small loudspeaker at the side to produce a buzz 
whenever the user wanted to attract attention. The power supply 
used was a DC-to - DC transistor converter generating 6, 12, and 
250V from a 12V input, separately housed by attached by a 
four-way cable. We arranged that the battery could be hung on 
the back of the wheelchair, or placed on the floor. It was 
rechargeable with a capacity of 20 ampere hours giving 10- 12 
hours continuous use from a full charge. 

So successful was the prototype that Toby took it with him on 
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a camping holiday. Several other severely disabled people were 
staying at the camp, and Toby found that talking to them with the 
Lightwriter made life much easier. In all respects, the Lightwriter 
has improved the quality of life for him. He can now go shopping 
alone and explain what he wants quickly and precisely. Certainly 
it has widened his social life. He can now say "trivial" things 
to people without wasting their time- conversation in general is 
far smoother. 

Production Following the success of the prototype Lightwriter, we decided 
to make some more for sale and set up a small limited company, 
Toby Churchill Ltd, to achieve this end. As the first step towards 
a fully engineered production model, we built a second prototype. 
In this we built rechargeable batteries into the case; however, 
we soon concluded that this was not advisable because the 
overall weight of the device now made it uncomfortable to hold 
on the lap for long. An improvement was the detachable display. 
This enabled us to stand the display unit in any situation for the 
most advantageous viewing. A brief showing of the device on 
British television and then at the Eureka-Know-How exhibition 
in Brussels aroused considerable interest, and it even won several 
prizes. 

Design 
economics 

Telephone 
communi
cation 

In planning the final version of the Lightwriter, we were con
scious that it would be an expensive piece of equipment, and 
because the disabled do not usually have high earning power 
we wanted to do all we could to keep the cost down as much 
as possible. Consequently we dropped the idea of making up a 
keyboard from discrete switches soldered in place by hand and 
instead fabricated switches in situ. This method automatically 
makes the keyboard waterproof. It now resembles a spelling 
card with the various symbols printed on a flat sheet. For 
operation, it is necessary only to place a finger tip on the 
required letter or number and it is displayed. 

The final version of the Lightwriter has two printed circuit panels . 
One of them contains, and is part of, the keyboard and holds 
a few electronic components. The other panel contains the 
circuitry required to make the Lightwriter compatible with 
standard modems for telephone communication . It also enables 
two Lightwriters to be connected together by a wire link or 
alternatively for two keyboards to operate one display panel. 
This development provides an economic way in which two 
disabled persons can talk to each other. 

The need to keep the final cost of the Lightwriter to a minimum 
led us to design the device as a standard item, albeit with 
options. By this means we are able to obtain and pass on the 
cost reductions that rationalising production methods makes 
possible. Nevertheless, we appreciate that the standard layout 
of the typewriter keyboard does not suit all cases equally well. 
There are many people who cannot use their hands at all and 
for these a completely different system of entry will be required. 

What we believe is required is a standard basic system that is 
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infinitely adaptable, cheap, and simple. Now the display panel 
requires an input of six ASCII bits and in electronic terms 
each bit is either a 1 or a 0 and is represented by + 5V or OV. 
Therefore it is possible to make up a row of two-way switches 
and to use them to set up manually the ASCII code for any 
character. Then the movement of a seventh switch causes that 
character to be entered into the display. This system can be 
refined, however, to the point where only one switch is needed. 
What happens is that each movement of the switch sets up one 
bit of the ASCII code-the seventh movement, one way, will 
enter the character into the display, while the other way it will 
erase the settings ready to start again if an error has been made. 
It would also be desirable to have on display what is happening. 
One way of doing this would be to have two rows of lamps 
which indicate whether a 0 or a 1 has been entered. All that 
remains now for special manufacture is a means of operating the 
switch. One obvious way is sucking and blowing. This is of course 
a slow method of entry, and the user will have to learn the 
ASCII code but it can be displayed on a card hanging in some 
convenient place. 

14 (2) Technical description 
Functionally, the Lightwriter consists of a keyboard unit, a display 
controller, and the Burroughs "Self-Scan" display, together with 
a transmitter / receiver unit, and a data switch, which are optional. 
Fig. 14.2 shows the relationships of the various components. 
The power supply system depends on the basic power source, 
but normally takes in 12V at about 1.7 amp, converting this by 
means of a 16 kHz saturating-core square-wave oscillator into 
+ 5V and -12V for the metal-oxide-silicon (m.o.s.) logic 
components, and a + 250V for the display. 

The character information passed through the machine is in 
parallel seven-bit form, using the IS07 code (also known as 
ASCII, ANSI, etc) . Details of this code can be obtained from 
standards organisations. It was, in fact, the display that dictated 
the use of IS07-it uses the least significant six bits of the code, 
giving the "inner character set" containing the letters of the 
alphabet, numerals, punctuation, and miscellaneous symbols. 
The prototype used only these six bits, but with the idea in mind 
of adding a telephone adaptor, we saw the advantages of making 
the full seven-bit code available in principle, even if not all of it 
were used. Of particular importance is that it allows external 
signals to be in a form compatible with that now widely used for 
data communication over the public telephone network, so that 
the user is potentially in touch with a range of standard services, 
and hopefully a network of services which one day will be set up 
especially for the disabled. 

Characters are entered into the display on six wires, with data 
strobe. This gives a 64-character set. The additional functions 
of "backspace" and "clear" enter on separate wires. We believed 
it desirable to use the control codes of IS07 for these functions, 
using BS and LF respectively; also BEL is used to activate the 



Aids for the Severely Handicapped 

Fig. 14.2 Lightwriter keyboard and display panel 

Fig. 14.3 Circuit arrangement of Lightwriter 
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buzzer. The function of the display controller is to take in the full 
seven-bit code, generating a strobe signal for those characters 
which are in the inner set, and decoding BS, LF, and BEL 
from the remainder. All other characters are ignored. Also 
provided is the multivibrator which drives the loudspeaker in 
response to BEL. These functions are carried out using standard 
integrated-circuit TTL logic. 

Keyboard When the keys of the keyboard are depressed, characters are 
generated in seven-bit form. The design of this unit has been 
made immeasurably simpler by the advent of m.o.s. logic, which 
allows extremely complicated functions to be incorporated into 
a single dual-in-line (d.i.I.) package. In this case, we use a 
"keyboard encoder"; this is available in various forms from 
different manufacturers, but all function similarly. The individual 
key contacts (50 in all) are arranged on a "cross-bar" system 
on a nine by ten matrix (not all the possible positions being 
used) , and are scanned repetitively at a rapid rate by the encoder. 
When a key depression is detected the appropriate code is 
generated, together with a strobe signal. We felt it desirable to 
provide a "shift lock" key as well as the standard "shift" key, 
to allow for those users who may have difficulty in holding down 
two keys at once; this function is accomplished electronically, 
with separate logic and an indicator lamp. The keys themselves 
are at present of the sealed-reed type, having satisfactory " feel " 
for most users, but we are also investigating a new type of 
integral construction which will give a particularly light touch, 
as well as two further advantages; it enables a keyboard to be 
made of almost any size, and it gives greater protection from 
moisture, which is useful for outdoor use and for users such as 
spastics with saliva problems. 

Transmitter/ As already stated, we became aware early on that there could 
receiver be considerable value in enabling communication between two 

Lightwriters, and between one Lightwriter and an existing form 
of communications terminal, such as a teletype. There is no 
difficulty in building a data switch such that the display of one 
machine shows both its own user's typing and the signals from 
another machine, using readily available logic. This can easily 
be made to work on the "first come, first served" principle, 
allowing the users all the joys of mutual interrupting! This 

-Patient-to- could be useful, for example, in the hospital situation for 
patient patient -to-patient and patient-to-staff communication, even 

between wards, or to a centralised control point, such as in the 
new Charing Cross Hospital in Fulham, London . However, we 
particularly had in mind telephone communication for the home 
user. This last requirement dictated the use of serial transmission 
of data; serial transmission in other cases gives the bonus u~· 
simpler inter -connection, cabling being reduced from nine wires 
to three . Here again we have been fortunate in the appearance 
on the market recently of simple and relatively cheap integrated 
circuits which carry out both transmission and reception , that 
is, parallel-to-serial and serial -to-parallel conversion . For use on 
the public telephone network a "modem" (tone generator and 
detector) is necessary. These can be hired from the Post Office 
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for wmng directly into telephone circuits, but are bulky and 
somewhat expensive. The alternative is the "acoustic coupler'', 
which accepts the standard telephone handset. These have the 
advantage of portability, so that they can be used on any tele
phone- wherever the user happens to be- and also of being 
relatively cheap. We hope eventually to produce our own 
couplers; meanwhile, we have matched the interface to the Light
writer with that at present adopted in all such machines. 
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COMMUNICATION DISPLAY/ 
PRINTOUT AID WITH A MEMORY 
GEORG BRUUN, BJORN JARKLER and PETER SPELDT 
Electronics Laboratory, Technical University of Denmark, 
Lyngby 

ARNE NYBROE S0RENSEN 
Engineering Department, Copenhagen University Hospital* 

We have developed a device which enables physically handi
capped people to use an electronically controlled printer or 
typewriter. The equipment (Figs. 15.1 and 15.2) bears some 
similarity to the POSSUM Control System (see Chapter 2) 1 2 . 

The present version consists of a seven-by-seven matrix with a 
character shown in 48 of the squares, and a light turned on in 
only one of the 49 squares. The user selects the character 
to be printed by moving stepwise the light in the matrix by 
means of four keys on a keyboard. By depressing a fifth key, 
he is able to transfer the selected character to a 16-character 
cumulative display (Burroughs Self Scan Display Model 
SSD 1000-0030) . When he presses a sixth key the text on 
display is printed out. 

The user selects on a tableau the character for display. This 
is then transferred to a display complete with a memory, which 
can hold up to 16 characters. If so required, the text can be 
transferred to a printer, and the characters on the display deleted. 
The memory, the display, and the printer use the ASCII-code. 

The equipment is operated by depressing the keys on a key
board. One of the 49 squares in the light tableau will always 
be lit. Each of the 48 squares contains an alphanumeric 
character while the centre square provides a starting point. By 
means of four of the keys, the light indicator can be moved 
stepwise up/ down or right/ left within the limits of the tableau. 

Fig. 15.1 Schematic diagram of system 
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Fig. 15.2 Communication display system 

When the square with the selected character is lit, the character 
can be transferred to the display by depressing the fifth key, 
whereby the light indicator on the tableau automatically returns 
to the starting point. If the user wants to correct his text on the 
display, a second press on the display key, when the centre 
square is I it, leads to the character farthest to the right being 
deleted. Finally, by pressing the sixth key the text on the display 
is printed out. 

We have so positioned the characters on the tableau that when 
composing in Danish for 75 per cent of the selection of a 
character, the required character can be reached by pressing one 
key three times at the most or by pressing two keys once 
each 3 . The automatic return of the light indicator to the centre 
square means that each character has a certain "key-code" , and 
we believe that this leads to speedier writing. The correcting 
facility enables the user to relax when he uses the equipment 
to communicate. 

Our plans in developing further the system are firstly to provide 
keyboards that can be used for a range of patients; secondly, 
to replace the printer now in use by a data terminal; thirdly 
to add more characters to the tableau; fourthly, to investigate 
other types of display; and fifthly, to consider other principles 
in the selection of the characters on the tableau, and to relate 
them to specific sorts of disablement. 
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1 Jenkins, R., (1967) " Possum, a new communication aid", Special 
Education, 56, 9. 

2 Electronic Controls for the Disabled POSM Research Project, 
Buckinghamshire. 

3 Nyt fra Sprognaevnet, no. 4, March 1970. 
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With the general increasing awareness of the problems of the 
disabled- and in more recent years of the elderly- there have 
been dramatic developments in devices, almost exclusively of a 
sophisticated nature, which give disabled people an opportunity 

Simple aids to lead more independent lives. Most have been developed in 
the past decade or so, and all are aimed at helping the very 
severely physically handicapped. It is perhaps surprising that only 
now is a new range of aids being developed to help the less 
physically handicapped and the elderly. 

Interlock Systems evolved from the increasing awareness that 
the elderly and the less physically handicapped were becoming 
the Cinderellas of the disabled community and that there was a 
need for simple remote switching aids as separate self-contained 
systems. Besides being the first in the field, Interlock pioneered 
the scheme whereby so far as possible the disabled people 

Employment themselves are involved in the manufacture of these aids
primarily at the Princess Marina Centre for Spastics, but more 
recently at other sheltered and industrial rehabilitation work
shops for the handicapped (both mentally and physically) . 

As well as developing and manufacturing completely new aids, 
Interlock specialises in the modification or adaptation of existing, 
commercially available equipment likely to be of use to those 
with less than normal physical movement and control. 
Finally the group also acts as distributor for commercially 
available electrical and mechanical devices which manufacturers 
are not prepared to supply in small quantities to individual 
disabled people, or which are normally difficult to obtain through 
standard retail outlets. Advice on a number of lines in this range 
is available from the Disabled Living Foundation, 346 High 
Street, Kensington, which also keeps on display the Interlock 
range (with the exception of the intercom link with the front 
door). 

The policy of Interlock Systems is to provide a range of devices 
that will enable the handicapped to lead a more independent 
life at a minimal cost, and at the same time to give disabled 
people the opportunities of employment. It is essentially a mail 
order operation and is run on the basis that whoever purchases 
an Interlock aid- whether it is Social Services or a disabled 
person himself- then he has the option of a replacement or a 
refund if the device is in any way unsatisfactory. All Interlock 
devices are sent out fitted with plugs and suitably derated fuses 
on the premise that disabled and elderly people have problems 
in getting these wired up. Battery-powered devices are not 
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Fig. 16. 1 Sentinel light control 

usually sent out with batteries because they can be obtained 
easily and cheaply locally. 

My chief considerations in preparing the prototypes for the 
Interlock devices were that so far as possible local installation 
should be reduced to nothing more than plugging in the equip
ment, and that disabled people themselves could makethe devices 
or modify them. Thus I had to build a number of special 
jigs and equipment holding devices before production could 
start. 

The first priority was to enable the house-bound person to 
communicate with callers at the door, and to unlock it. The 
system had to be operated by battery and had to include a 
loudspeaker. Moreover, it was important that the hand-held 
control unit with the three push buttons- on / off, talk, and 
lock- should be sufficiently light for the patient to carry it from 
room to room and to plug it in to the appropriate connector 
box. The door-answering facility is the most expensive device 
in the Interlock range, and the only one that has to be installed 
by a technician. Besides making two-way conversation possible 
and enabling the user to unlock the door, it incorporates a 
two-tone door chime. 

Sentinel, our next development, is a completely automatic light
switch designed to operate any table or standard lamp at dusk. 
While devices operated by a time switch are commercially 
available, these need constant resetting to synchronise with dusk 
and most of them stop when the mains fail and the switching 
point is subsequently changed. The need that I wanted to meet 
was for a simple light-operated device which monitored the level 
of daylight. The unit consists of a sensitive photo-electric cell 
in a housing that can be set on the windowsill behind the 
curtain . It is connected to a special purpose 13 amp adaptor 
plug and at a pre-set level of light switches in the power for any 
lamps plugged into it (Fig. 16.1 ) . While it is of undoubted value 
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Fig. 16.2 Alarm system "Call, lock, talk"- portable alarms 

to the disabled at home, it has proved an even greater success 
with the non-disabled as a security device. Its manufacture 
for this latter larger market keeps many disabled persons em
ployed. Another unit with a similar history is Flexilight, the 
portable dimmer unit, which I developed to help multiple 
sclerotics to overcome double vision. Disabled persons frequently 
experience double vision when driving, or being driven, at night. 
Approaching headlights appear to divide from two into four. In 
the home the effect is often triggered by the switching on of a 
powerful overhead lamp. To eliminate it I devised a portable 
dimmer, again using the special purpose 13 amp type adaptor 
to achieve fine control over any table or standard lamp. Flexilight 
has also proved extremely popular with the non-disabled for use 
in living rooms, bedrooms, and nurseries. Several convalescent 
homes have installed it for use by nursing staff in the rooms 
occupied by acutely ill patients. 

Communication from room to room is catered for by a lightweight, 
battery-operated alarm- basically a door bell unit with a switch 
that can be operated by chin or hands and an intercom that 
needs no installation because it simply plugs into the power 
points. The system enables two-way conversation between the 
disabled person and whoever is looking after him, from any room 
within the house. Indeed, communication from house to house 
has been achieved with these units (Fig. 16.2). 

For single channel ("on/off') remote control over such items as 
a light, radio, or television, we have modified a commercially 
available foot switch (Fig. 16.3), again using the special purpose 
13 amp adaptor, so that any device up to 750 watts can be 
operated either by hand or foot just by pushing the large surface 
area switch (Figs. 16.4 and 16.5). For those not wishing to be 
inconvenienced with wires- the mobile wheelchair user who 
wants to control his television set ("on/off' only again) from any 
part of the room-we have modified an ultrasonic torch and 
receiver switch (Fig. 16.6). 
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Fig. 16.4 The Interlock hand/ foot switch provides easy control for 
items such as television, radio and light 

Fig. 16.5 Chin switch 
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Fig: 16.6 The Interlock Systems ultra-sonic torch gives control over 
items such as a television set without the limitation of wires. The unit 
plugs into the power and the television is plugged into the special 
adaptor-only "on/ off" control is provided 

Encouraged by the success of Sentinel and Flexilight, we are 
currently exploring what other commercial opportunities there 
may be. One such unit which looks as though it might be 
successful- again originally intended for the handicapped-is 
the four-way 13 amp extension socket and lead. It uses a 
commercially available extension socket with five metres of lead 
and a correctly wired and fused 13 amp plug. Frequently, 
disabled people live in homes with inadequate power outlets 
and they develop dangerous "Christmas tree" electrical arrange
ments with multi-adaptors etc. Similarly, to help with this type 
of situation, Interlock is making available double 13 amp 
conversion units to allow any single 13 amp flush socket to be 
converted into a double -surface type. 

To encourage the "'do-it-yourself" aid-maker, Interlock is 
prepared to supply and to obtain items that he is likely to 
require-for example, flexible microphone stands in 12 in and 
24 in lengths, sensitive pneumatic switches, plastic tubing, 
electric locks, many different types of special purpose switches, 
and self-contained luminous locators. The construction of 
-"specials can be undertaken when so required. 
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POSSUM TYPEWRITER -
CONSUMER EXPERIENCE 
NIGEL RING 
Chailey Heritage, North Chai/ey, Lewes, Sussex 

For the severely handicapped person, the inability to com 
municate through the written word may represent one of the 
biggest physical and psychological barriers to a life of indepen 
dence. Both education and employment rely heavily on the 
ability to give written expression. In education, creativity and 
rate of development require the ability to write at reasonable 
speeds if severe limitations are not be placed on the 
realisation of a child 's potential, while many areas of gainful 
employment may be opened up by an ability to converse 
through written communication. 

At Chailey Heritage, a long-stay hospital and school for physi
cally handicapped children, there is an important responsibility 
to provide both the best possible facilities for education and 
also suitable training for gainful employment, as this affects 
children up to 16 years old. The POSSUM typewriter system 
(see Chapters 1 and 2) provides considerable potential in both 
these areas, and has been i'n use for about eight years. During 
this time, 10 children and three adults have been equipped 
with such a system. 

In the provision of any equipment, it is vital that careful assess
ment is made of the child's requirements and abilities. Within 
the contexts of the education programme and of employment 
it is essential that a person is able to write independently. 
Using normal methods this may be either impossible or im
practical. For instance, it may be possible for a child to write 
holding a pencil in his mouth, or to type with a mouth stick 
(Fig. 17.1 ), but the speed of writing using these methods is such 
that creative thought may be seriously limited by the effort 
requi red and the lack of speed which can be achieved. 

The 13 fittings carried out at Chailey are summarised in Table 
17 .1. Of the five who are now of employable age, four are 
employed using a POSSUM typewriter. The fifth, a girl with 
arthrogryphosis, found that, having gained in manual dexterity 
through the use of POSSUM, she was able to transfer to a 
standard electric typewriter. Of the remainder of the series, one, 
with muscular dystrophy, died at an age when he was about 
to begin a computer course; one, an athetoid child, found that 
she could achieve no improvement in speed using a four- input 
POSSUM typewriter over that achieved using a conventional 
electric typewriter; one, an adult with multiple sclerosis, has a 
POSSUM system for social use only; two teenagers with 
arthrogryphosis (Table 17.1) and two who are thalidomide
damaged use their equipment for educational purposes, and one, 
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6 M 
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8 F 
9 M 
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11 F 
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13 M 

Fig. 17. 1 Typing with a mouth stick 

who is severely limb-deficient, used the suck/ puff system, but 
rejected it in favour of writing with a mouth-held pencil. 

Since the eight-input system allows high potential speeds, I 
consider this the most desirable model, and is the first choice 
of fitting. The splints (Fig. 17.2a,b,c) which we have made vary 

Table 17.1 

Present Disability POSSUM Usage Method of Comments 
age system contro l 

Adult Pol iomyel it is 8-input Employment Two hands 
Adult Poliomyelitis 8-input Employment One hand 
Adult Poliomyelitis 8-input Employment One hand 
Adult Arthrogryphosis ex-8-input Employment One hand Now uses 

standard 
typewriter 

Adult 4 - limb deficient 8 - input Employment Rudimentary 
hand 

Adult Muscular dystrophy 8-input Further Two hands Deceased 
education 

17 Athetoid 4-input Education One hand Rejected-
no speed 

gain 
Adult Multiple sclerosis 8-input Social One hand 
14 Arthrogryphosis 8-input Education One hand 
14 Arthrogryphosis 8 - input Education One hand 
12 Limb-deficient 8 - input Education One hand 

(thalidomide) 
13 Limb-deficient 8-input Education One hand 

(thalidomide) 
14 Limb-deficient Suck/ puff Education Mouth Rejected 
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Fig. 17.2a Schematic layout of the micro-switch array 

Fig. 17.2b Switching array for table-top use 
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Fig. 17.2c Splint switching array for a child with very limited finger 
movement 

from accurately moulded plastic hand supports, containing 
electric switches, to table-mounted support brackets, with 
switches attached. It has been found that no universal design 
or method of manufacture is practical, and satisfactory solutions 
can only be achieved after careful assessment of the range, 
strength, and independence of the fingers, assuming hand 
operation, and consideration of a number of manufacturing 
techniques. Particularly suitable if a close-fitting splint is required 
are vacuum forming, in which sheet plastic may be accurately 
formed under heat to a plaster-of-Paris model of the hand, and 
wet lay-up of reinforced plastic, such as a glass-fibre 
tomposite. Where only a locating splint for, say, the palm is 
required the skeleton of the splint may be made of wood, or 
fabricated from metal tube and sheet. 

For efficient performance, both the force for and the excursion 
of the switching motion must be closely matched to the output 
movement from the body. To assess the force and excursion 
available from the subject's fingers two procedures are usually 
adopted. First, by holding the subject's hand and asking him to 
alternately flex and extend individual fingers a useful impression 
can be formed of likely control inputs. Independence of move
ment of the individual fingers can also be assessed by this 
method. Second, having formed in one's mind a likely pattern 
of movements, force measurements are made. These can be 
obtained quite simply by using tension gauges of the type 
normally used to set-up electrical relays. With these gauges 
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Fig. 17.3 Finger pressure gauge 

pre-determined loads can be set which the subject is then asked 
to apply through a small lever (Fig. 17.3). If the lever can be 
moved this load has been overcome. Not only does this method 
provide useful measurements, but it also simulates closely the 
operation of a micro-switch, and thus establishes the movement 
as practical for the control. From these measurements a suitable 
micro-switch can be selected, there being a variety of switches 
available requiring differing loads and deflections for operation. 

To equip a patient with a typewriter system requires a capital 
expenditure of several hundred pounds, and thus careful con 
sideration must be given to the capabilities and means of the 
patient before the system is prescribed. However, although the 
psychological benefit is immeasurable in monetary terms, it must 
be clearly seen as an important part of the total programme, 
the aim of which is to enable the patient to achieve independence. 
Clearly, the financial benefit for patients who can be employed 
through the use of a POSSUM typewriter is unquestioned, 
and the capital expenditure is rapidly balanced by the saving 
which may be made in social welfare expenditure that would 
otherwise be supporting a person unable to enjoy gainful 
employment. 
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Over the past 20 years or so, public awareness has grown 
that a large group of severely handicapped people exist, thence 
to a realisation of some of their problems and, more recently, 
to a desire to do something about those problems. Much of this 
awareness stems from the work at Stoke Mandeville Hospital 
of the original POSSUM development team- of which I was a 
member. Much credit must also go to organisations such as the 
Disablement Income Group and various voluntary societies. 
Perhaps most credit, however, is due to the disabled themselves, 
who reluctantly came to the conclusion that if they were to 

Fig. 18. 1 Mrs Brenda Hansford who is severely disabled with motor 
neurone disease and unable to talk, obtains great benefit from the 
electronic typewriter control which she is using with her knees. Not only 
is it a speech substitute but it provides her with the means of earning 
a small income by typing manuscripts 
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improve their lot they would have to emerge from their shells, 
integrate with the community generally, and make their voices 
heard. 

Publicity campaigns such as that run by the Disablement Income 
Group, together with the interest shown by the media, have 
made us all more aware of our responsibilities to the less 
fortunate- members of the community who may suffer from 
either physical or mental disabilities. In this chapter I shall 
out line some of my work with the physically handicapped who, 
with unimpaired mental faculties, are likely to feel acutely the 
frustrations of a disabled body. 

By the early 1960s we began to see the contribution that the 
technologist could make to the disabled once the challenge was 
explained to him. With the steady advance of medical science, 
the physically handicapped- both children and adults- could 
expect a considerably extended life span and in many cases one 
not far short of the average for the population as a whole. 
Aids to mobility- the wheelchair-had been with us since the 
turn of the century but now we were facing an increasing 
number of severely physically handicapped- those who, at best, 
could only ever enjoy a limited mobility. What could be done to 
help them when, by virtue of the severity of their disability, they 
would probably be committed to spending the rest of their days 
within the home or, worse still, in an institution? In Britain, 
in the early 1960s, we had four separate groups designing 
systems for the severely disabled. Two were in Aylesbury, one 
in Lancashire, and another in Edinburgh. However, POSSUM 
was the only one which enjoyed the considerable financial 
support needed to develop the new type of equipment. The then 
Polio Research Fund (now known as Action for the Crippled 
Child) made a grant available for four years based upon the 
National Spinal Injuries Centre, Stoke Mandeville Hospital. 
The POSSUM group's first significant development was an en 
vironmental control-an 11 -outletselectorwhich formed the basis 
of the unit that is now available under the National Health 
Service scheme to suitable disabled people, and which sub
sequently has been issued to about 500 severely physically 
handicapped people in Britain. Then followed, in rapid succession, 
a development of a series of typewriter controls and other systems. 
In more recent years a number of other manufacturers have 
come forward with similar equipment- all aimed at helping the 
severely handicapped. Now, in 1974, there are at least seven 
different makers of typewriter and environmental control systems. 
Of these POSSUM is the best known, and enjoys advantages 
because it is the only equipment supplied-both in environmental 
control form (from 1966) and in typewriter control form 
(from 1970) by the Department of Health and Social Security 
(DHSS) . So far as the environmental control is concerned, the 
DHSS takes the view that equipment like this helps the severely 
disabled to remain at home-where they would obviously far 
rather be- and thus keep them out of increasingly expensive 
hospitals. The Department's provision of typewriters is far more 
restrictive in that it is intended for those who are unable to 
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Fig. 18.2 A happy user of the POSSUM environmental control supplied 
under the National Health Service scheme 

speak- the ability or inability to speak being, in effect, a "health" 
responsibility. 

It is perhaps disappointing that so many manufacturers have 
chosen to concentrate on the most severely handicapped, for
saking the lesser degrees of disability and the problems of the 
elderly. In 1973 Interlock started to concentrate on this gap 
(see Chapter 16). Yet without doubt, the severely handicapped 
present the greatest challenge and the greatest triumphs. 

The ways in which the severely disabled can be helped by 
electronic aids are illustrated by the following case histories: 
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Hilary Pole, severely handicapped with myasthenia gravis, is 
dependent upon a respirator and can move only one toe-yet 
she leads a mentally active life as a result of specially developed 
remote-control equipment. Although she is unable to speak and 
see, she is able to control her surroundings. She now operates 
two POSSUM typewriters-one which she uses for messages and 
the other for her confidential correspondence. She has been 
provided with a talking book. a radio which she can select 
several stations by remote control , a record player, and a loud
speaking telephone. So successful now are her abilities to 
communicate that she has been chosen on several occasions 
to edit a specialist journal for respirator users. Dorothy Clarke 
Wilson tells her story in a book entitled Hilary (Hodder and 
Stoughton) . It provides an excellent insight into how a person 
with courage can with help, rise above her disability. 

Another almost equally dramatic success is Dick Boydell, winner 
of the first Spastics Society's award for courage. He is so 
severely disabled that he is hardly able to speak. He has used a 
succession of sophisticated electronic, remote typewriter controls 
culminating in a word store that types out whole words and 
phrases. He has used this equipment to further his own education 
and, with great success, to take on computer programming 
contracts for a large motor manufacturer. 

Former ballet dancer and authoress Elizabeth Twistington 
Higgins is probably best known for the remarkable pictures 
which she paints with a brush nearly two feet long clenched 
between her teeth . She has electronic equipment with which to 
move her canvas when she is painting . Her works frequently 
feature on Christmas cards. When she developed a neck weak
ness, which restricted her painting output, her request for a 
remote-control dictation machine to enable her to write was 
passed on to the National Spinal Injuries Centre, Stoke 
Mandeville Hospital. Like so many respiratory polios (people who 
depend upon machines to breathe), Elizabeth is a strong-willed 
person. However, unlike so many in the disabled community, 
she was unhappy at being inactive and so decided to take up her 
old love- ballet. She knew that she could not dance again, but 
she wondered whether, even from her wheelchair, she could 
teach others. But to do this she needed equipment-this time 
a high quality remote-controlled tape recorder. A modified Uher 
5000 enables her to carry out this work. Elizabeth spends her 
nights in hospital in an iron lung, and her days at home where 
she works hard. Yet, whatever she does, painting or ballet, 
however, she has always to remember to breathe. Her ballet 
work she directs from her wheelchair. However, a person who has 
to remember to breathe-and even then to do it with a special 
technique known as " frog breathing'', which necessitates 
swallowing air into the lungs-is indeed handicapped. Elizabeth 
cannot leap out of her chair and demonstrate the movement 
required . She has to describe it verbally. The sessions leave her 
exhausted but she is delighted to be doing something creative. 
Many of her productions have been widely acclaimed. She 
has produced an autobiography of her life, and it is published 
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Fig. 18.3 A spastic child with limited movement in left arm only, 
using a new type two-input teaching machine at a special school 

under the title Still Life (Mowbray's). 

For those so severely disabled that they are unable to com
municate or to speak, as previous chapters have shown, an 
increasing range of equipment is becoming available-some of it 
sponsored by the Department of Health and Social Security. For 
children, disabled and frequently in a special school, electric 
typewriters-many supplied by a generous reconditioning 
scheme by IBM-electronic remote control systems such as 
Electraid*, System 8, and Pilot as well as POSSUM are available. 

Employment To help the disabled in employment there is an equally wide 
range of equipment available, some of it sponsored by the 
Department of Employment. 

Robert Bowell is a successful accountant who, through the 
Department of Employment sponsorship, is able to keep up his 
work using POSSUM equipment. He is self-employed and he 

* Electraid is a versatile new electronic system, ideal for the special 
school where a variety of disabilities require the use of one typewriter 
control. 
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Fig. 18.4 System 7 in the bedroom setting 

was one of the first to be helped under the Department of 
Employment's Disablement Resettlement Scheme. He has a rare 
type of muscular dystrophy with extremely limited finger 
movement-too limited even to operate an ordinary electric 
typewriter. It was necessary to provide a special-purpose dental 
splint, with sensitive micro-switches mounted in three dimen
sions, to link him with his equipment. Under the direction of 
Professor Berry, Bristol Dental School constructed Bowell's 
splint. From this early cooperation arose the concept and 
realisation of a mobile laboratory to undertake this type of work. 
The project, sponsored by the Cordent Dental Trust and with a 
generous grant from the Leverhulme Trust and additional 
contributions that I was able to obtain from local authorities 
and other sources, is now fully functional. It provides the vital 
link between user and equipment, irrespective of the type used. 

Employment opportunities, it is true, are restricted by they are 
there. Certainly it may necessitate selling the idea to an en 
lightened employer and in this respect the disablement resettle
ment officer has often to work hard to place his charges in 
industry. One West London solicitor, himself a respirator user, 
was helped to take up his practice again merely by being 
provided with a simple remote control dictation machine. When 
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in hospital, in the mid -1960s, he was costing the State 
more than £150 per week. Now he is making a substantial 
contribution to the State's funds through income tax on his 
earnings. Recently he, in his turn, has provided a job for a 
fellow respirator user, and the Department of Employment has 
responded by sponsoring over £500 worth of equ ipment so that 
the job can be done at home. 

A progressive condition such as multiple sclerosis- and there 
are probably as many sufferers from this disease as the rest 
oftheseverely physically handicapped community puttogether
poses an increasing challenge to the disabled person, equip
ment designer, and family alike. The rate of progress of multiple 
sclerosis is extremely variable and there is sometimes a distinct 
slowing up of the progression of the disabil ity. It is extremely 
difficult, therefore, for physicians to foretell how it will develop. 
For patients with advanced multiple sclerosis there may be 
factors which impair their general health, such as impending 
urinary infection, cardiac or respiratory disease. These are the 
sort of things that may make physicians cautious in recom
mending, and Social Service departments cautious in sponsoring, 
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aids of various kinds. All would agree, I believe, that when 
life expectancy is less than a year it is important that the 
electronic equipment is immediately available. Unfortunately, 
these demands cannot always be met by the manufacturers. 

I have been responsible for providing aids for many hundreds 
of severely physically handicapped people, particularly those 
with progressive conditions. All aids, to a greater or less extent 
enable a disabled person to lead a more independent life. This 
usually brings with it an increased peace of mind, not only to 
the disabled person but also-and which is, if anything, more 
important-to the family. To arrange sponsorship of aid devices 
for a housewife in the Midlands, unable to speak and suffering 
from a progressive motor neurone disease, it was necessary 
to be very persuasive. That was in 1967. Yet today there is no 
noticeable increase in her disability. I have found this to be the 
case in many other instances. It is a delight to visit such 
people, to see the pleasure on their faces knowing that they 
have become as independent as ingenuity will permit. 

PART II 

AIDS FOR HANDICAPPED 
CHILDREN 
NIGEL RING 
Chailey Heritage, North Chai/ey, Lewes, Sussex 

Often the cunning ideas which help to solve some of the daily 
living problems of the handicapped are not known beyond the 
centre where they were devised. We do not claim that the aids 
we have devised at Chailey Heritage are necessarily particularly 
cunning, or even original, yet they have served well the children 
in our care. 

The Chailey Go-Cart (Fig. 18.6) has received wide acceptance 
internationally, and is on the list of scheduled items in the UK 
National Health Service. It is particularly suitable for children 
up to about four years old, although we have made larger 
versions for older children. For the spina bifida child it helps 
to develop the trunk and arm muscles, while protecting the back 
and legs. For the severely limb-deficient child a version with 
large canted wheels has proved helpful (Fig. 18.7). A useful 
refinement to the Go-Cart is the brake/ clutch system. A jockey 
wheel on a lever can be pushed out of the way for free
running, be pushed forward to act as a one-way clutch for use 
on slopes, or pressed hard forward to act as a running brake. 

For the child with high calipers, a standing-chair (Fig. 18.8) 
allows him to relax without having to operate the hip and knee 
locks. By standing on the foot board he can recline into the 
chair without risk of falling. This aid has proved invaluable 
in the classroom, and also has the benefit of assisting kidney 



Fig. 18.6 

Fig. 18.8 

Fig. 18.9b 

Fig. 18.7 

Fig. 18.9a 

(All pictures in Part II 
copyright Chailey Heritage) 
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Fig. 18.10 

drainage. It can further be useful as a dressing aid by adding 
hooks as required. 

Dressing aids A vertical strut with a slide groove and mounted on a base
board forms a useful basis for a dressing aid (Fig . 18.9 a and b). 
Hooks, bars and other aids can be attached to this strut and 
adjusted to the child's requirements. For example, a cross
member with two swinging arms has proved most useful. The 
arms can be "dressed" with the clothes so that a child with little 
natural arm movement can put the clothes on easily. 
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A button hook (Fig . 18.10 bottom) is another simple device 
which, with the addition of cross-struts can be used by many 
patients with weak fingers, or short arms (such as some of the 
thalidomide-damaged group). A dressing stick with some form of 
simple clasp often is helpful. At Chailey we have used two 
types. One has a ball or roller which clamps the waist-band 
of a skirt, say, by rolling down a ramp, and is released when it 
is moved sideways. The other has a remotely operated cam 
(Figs. 18.9b and 18.11 ) . Both are suitable for pulling up socks, 
trousers and so on. 

Fig. 18.11 



Fig. 18.12a 

Fig. 18.12b 

Eating aids Among the eating aids that we have developed, the cerebral 
palsy eating aid, for use with a head stick, is found useful by a 
child with severe athetosis. By shovelling food onto the spoon, 
and pressing the back of the spoon to engage a ratchet he is 
able to feed himself. The Ontario Crippled Children's Centre, 
Canada, has further developed the idea and now has a very 
elegant version. Similar head-sticks have also been used for 
typing and controlling an,electrically-powered wheel chair. 

Toilet 

For flail upper limbs, or cases of arthrogryphosis, a rocker 
forearm support is helpful (Fig. 18.12a) . The forearm is supported 
in a gutter and can then rock on a convex surface using body 
movement. Cutlery can either be held in the hand, or attached to 
the device. For limb-deficient patients with reasonable arm 
stumps, cuffs are provided (Fig. 18.12b) . In one case, for a 
young child with a short below-elbow stump, we made a socket 
and harness with a bolt incorporated into the distal end. Cutlery 
could be attached by means of a wing nut. A simple "Terry-clip" 
was also convenient for holding rattles etc. 

Using a simple G-clamp to which short lengths of tube have 
been welded and cross-drilled to take a wing-bolt, we have the 
basis for a range of general aids such as a hair-brush holder 
(Fig. 18.10). This can be clamped to a table top or chair-back, 
and the rod bent to a suitable shape. 

Various modified sticks are suitable as toilet aids. A simple 
toothbrush can be made from a conical spring on a stick. For 
pushing/pulling zip-fasteners a double hook in combination with 
a key-ring on the zip is a simple aid (Fig. 18.11 ) . A ring or 
gutter on the end of a stick enables a boy to hold his penis 
during micturition. To assist limb-deficient girls with micturition, 
a modified plastic funnel and bottle have proved useful because 
they can be used, without removing the leg prostheses, by 
standing astride the funnel. 
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Scissors 

Pencil 
holders 
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Fig. 18.13 

It is possible for children without hands, or individual finger 
movement, to use scissors provided they are spring-loaded 
(Fig. 18.13) . By biasing the scissors open and attaching a 
stabilising plate the children can use them merely by exerting 
a downward pressure. Various simple pencil holders are easily 
made. For mouth use, a piece of Perspex drilled and moulded 
is convenient. For hands with poor grasp, the addition of an 
indoor "flight" tennis ball to the pencil holder provides a 
satisfactory solution, while the severe athetoid may have more 
success with a specially made dumbell-shaped holder. 
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Research Organisations, Schools, Training and 
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Australia 
Centre Industries, 
Spastics Centre of N.S.W., 
Allambie Heights, 
Sydney, N.S.W. 21 00. 

University of Melbourne, 
Department of Mechanical 
Engineering, 
Parkville 3052, 
Melbourne. 

Austria 
lnstitut fur Elektra und 
Biomedizinische Technik, 
Technische Hochschule Graz, 
I nffeldgasse 1 8, 
A-8010 Graz. 

Canada 
Bioengineering Institute, 
University of New Brunswick, 
Fredericton, N.B. 

Biomedical Electronics Unit, 
Earl Hall, 
Queen's University, 
Kingston, Ontario. 

Department of Rehabilitation 
Medicine, 
University of Saskatchewan, 
University Hospital, 
Saskatoon, Sask., 
S7N OW8. 

Genie Biomedical, 
Le Centre H6pitalier de l'Universite 
Laval, 
Physique Biomedicale, 
2705 Blvd. Laurier, 
Ste. - Foy, Quebec. 

Montreal Rehabilitation Institute, 
6300 Darlington Street, 
Montreal, Quebec. 

Manitoba Rehabilitation Hospital, 
Prosthetics Research and 
Development Unit, 
800 Sherbrook Street, 
Winnipeg, Manitoba, R3A IM4. 

National Research Council, 
Medical Engineering Section, 
Radio and Electrical Engineering 
Division, 
Ottawa, Ontario K1 A 9R8. 

Ontario Crippled Children's Centre, 
350 Rumsey Road, 
Toronto 17, Ontario. 

Ottawa Crippled Children's 
Treatment Centre, 
Smythe Road, 
Ottawa, Ontario. 

Shriners' Hospital, 
633 Wellington Crescent, 
Winnipeg, Manitoba. 

University of Saskatchewan, 
Department of Physics and 
Astronomy, 
Regina, S4S OAZ. 

Denmark 
Technical University of Denmark, 
Electronics Laboratory, 
Bldg. 344, 
2800 Lyngby. 

Finland 
Biotekniikan Tutkimuslaitos, 
Satamakatu 17 B, 
33200 Tampere 20. 

Germany (FDR) 
International Gesellschaft fur 
Psychophysiologie, 
Farhenpsychologie GmbH, 
5180 Eschweiler. 
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Stiftung Rehabilitation, 
Wissenschaftl. I nstitut, 
6900 Heidelberg 1. 

Italy 
Politecnico di Milano, 
Piazza Leonardo da Vinci 32, 
Milan. 

The Netherlands 
lnstitut voor Perceptie Onderzoek, 
Eindhoven. 

Sweden 
Hand i kappi nstitutet, 
Fack, S-161 03, 
Brom ma. 

United Kingdom 
Chailey Heritage Craft School, 
Chailey, 
Nr. Lewes, Sussex. 

Chantrey School, 
Sheffield, Yorkshire. 

Charlton Park School, 
Woolwich, 
London, SE7. 

Department of Health and Social 
Security, 
14 Russell Square, 
London, WC1 5EP. 

Franklin Delano School, 
Swiss Cottage, 
London, NW3. 

Liverpool Paraplegic Unit, 
Liverpool, Lancashire. 

Lodge Moor Hospital, 
Sheffield, Yorkshire. 

Margaret Barclay School, 
Mobberley, Cheshire. 

Mary Marlborough Lodge, 
The N uffield Orthopaedic Centre, 
Headington, Oxford. 

Midland Spinal Injuries Unit, 
Oswestry, 
Shropshire. 
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National Spinal Injuries Centre, 
Stoke Mandeville Hospital, 
Aylesbury, Bucks 

Passmore Edwards Medical 
Rehabilitation Centre, 
Marine Parade East 
Clacton-on-Sea, Essex. 

Department of Rheumatology and 
Rehabilitation, 
Royal Hampshire County Hospital, 
Winchester, Hants. 

Telford School, 
Manchester. 

United States 
Ampersand Group for Medical 
Engineering, 
Highland View Hospital, 
3901 Ireland Drive, 
Cleveland, Ohio 44122. 

Biomedical Engineering Program 
Teague Research Center, Room 227, 
Texas A&M University, 
College Station, Texas 77843. 

Belle Willard Elementary School , 
Fairfax, Virginia. 

Cerebral Palsy Communication 
Group, 
University of Wisconsin, 
2554 Electrical Engineering Building, 
Madison, Wisconsin 53706. 

Cybernetics Research Institute, 
2233 Wisconsin Avenue, N.W ., 
Washington, D.C. 20007. 

Department of Physical Medicine 
and Rehabilitation, 
University of Washington, 
Seattle, Washington 98105. 

Division of Rehabilitation Medicine, 
George Washington University 
Clinic, 
901 23rd Street, N.W., 
Washington D.C. 20037. 

Francis Scott Key School, 
Arlington, Virginia . 
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Hot Springs Rehabilitation Center, 
Hot Springs, 
Arkansas 71901. 

Institute of Rehabilitation Medicine, 
New York University Medical Center, 
400 East 34th Street, 
New York, New York 10016. 

Krusen Center for Research and 
Engineering, 
Moss Rehabilitation Hospital, 
12th Street and Tabor Road, 
Philadelphia, Pennsylvania 19141. 

The National Institute for 
Rehabilitation Engineering, 
Pompton Lakes, New Jersey 07442. 

Prosthetics-Orthotics Center, 
Northwestern University Medical 
School, 
401 East Ohio Street, 
Chicago, Illinois 60611 . 

Patient Engineering Service, 
Rancho Los Amigos Hospital, 
7601 East Imperial Highway, 
Downey, California 90242. 

Rehabilitation Engineering 
Office of Research and 
Demonstrations, 
Social and Rehabilitation Service, 
Room 5320, South HEW Building, 
Washington D.C. 20201. 

Research and Training Center, 
University of Alabama, 
Birmingham Center, 
720 South 20th, 
Birmingham, Alabama 35233. 

Spinal Cord Unit, 
Wesley Pavilion 
Northwestern Memorial Hospital, 
Superior Street and Fairbanks Court, 
Chicago, Illinois 60611 . 

Spinal Injury Service, 
Good Samaritan Hospital, 
1033 E. McDowell Street, 
Phoenix, Arizona 85006. 

Texas Institute for Rehabilitation 
Research, 
Texas Medical Center, 
1333 Moursund Avenue, 
Houston, Texas 77025. 

Prosthetic and Sensory Aids Service, 
Department of Medicine and Surgery, 
Veterans Administration, 
Washington, D.C. 

University of Kentucky, 
College of Engineering, 
Lexington, Kentucky 40506. 

Veterans Administration Prosthetics 
Center, 
Bioengineering Research Service, 
252 Seventh Avenue, 
New York, New York 10001 . 

Veterans Administration Central 
Office, 
Spinal Cord Injury Service, 
810 Vermont Avenue, N.W., 
Washington D.C. 20420. 

Virginia Department of 
Rehabi I itation, 
4615 W. Broad Street, 
Richmond, Virginia 23230. 

D. T. Watson Home for Crippled 
Children, 
Leetsdale, Pennsylvania. 
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Manufacturers of Control Aids 

Canada 
Canadian Penitentiary Service, 
Industries Market Development, 
Sir Wilfrid Laurier Building, 
Ottawa, Ontario, K1 A OP9. 

Homatron Ltd, 
400 de Maisonneuve, We. 
Suite 405, 
Montreal, Quebec H3A 1 L4. 

Variety Village, 
3701 Danforth Avenue, 
Scarborough, Ontario, M1 N 2G2. 

Denmark 
Firma Reva Aids (H . Nielsen), 
Sct>lvgade 32, 
Copenhagen K. 

Germany (FDR) 
Arbeitskreis fur Biophysikalische 
Prothetik ad, 
58 Wuppertal 1, 
Gartenstrasse 45, 
GH Wuppertal. 

Besam GmbH, 
Holstenstrasse 79/ 81 , 
2000 Hamburg 50. 

Firma C. Stiefenhofer KG, 
Postfach 79, 
Landsbergerstrasse 79, 
8000 Munchen 2. 

Firma Franz Baumgartner, 
Kain. 

Japan 
Omron Tateisi Electronics Company, 
Tokio. 

The Netherlands 
Foundation 'The Village (Het Dorp)', 
Arnheim. 
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Automation Equipment van den 
Hoogen BV, 
Groothandelsgebouw A 1, 
Stationsplein 45, 
Rotterdam. 

Foundation 'VLG/ AVG', 
Voorburgseweg 36, 
Leidschendam 

Rehabilitation Centre 'Helio Mare', 
Wijk aan Zee. 

Stichting Exploitatie, 
Het Dorp, 
Jachthoornlaan la, 
Arnheim. 

Sweden 
Palmstiernas Mekaniska, 
Verkstad, 
Dobelnsgatan 34C, 
S-113 52 Stockholm. 

Switzerland 
G. Hammerli, 
BI i nzernstrasse, 
CH-3098 Konlz. 

United Kingdom 
Cambridge Instrument Company Ltd, 
Chesterton Road, 
Cambridge. 

Toby Churchill Ltd, 
20 Panton Street, 
Cambridge. 

J . W. F. Electraid Systems, 
8 Bramcote Close, 
Aylesbury, Bucks. 

Maling - POSM Ltd, 
St. Andrew's Way Industrial Estate, 
Bicester Road, 
Aylesbury, Bucks. 



Aids for the Severely Handicapped 

H erga Electric Ltd, 
Northern Way, 
Bury St. Edmunds, Suffolk. 

Possum Controls Ltd, 
63 Mandeville Road, 
Aylesbury, Bucks. 

L. A. Rumble, 
30 Benton Road, 
I lford, Essex. 

Hugh Steeper Ltd, 
Queen Mary's Hospital, 
Roehampton Lane, 
London, SW1 5. 

Zambette Electronics Ltd, 
17 High Street, 
Southend-on-Sea, Essex. 

United States 
Hagman Enterprises, 
2606 E. Glenoaks, 
Glendale, California 91206. 

Orthotic Specialities, Inc, 
683 East 185th, 
Cleveland, Ohio 44119. 

Prentke Romich Company, 
2550 Kemper Road, 
Cleveland, Ohio 44120. 
and 
RD2 Box 191 
Shreve, Ohio 44676. 

Technology Utilisation Office of 
NASA, 
Washington, D.C. 
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Accidents, cerebrovascular, 99 
diving, 48 

Actuator (solenoid), 9, 33, 84, 86 
Acuity, visual, 46 
Action for the Crippled Child, 130 

(see also Polio Research Fund) 
Administrators, hospital, 10 
Alarm, 8, 9, 1 6, 1 9, 52, 54, 63 
Arnold -Chiari syndrome, 17 
Arthritis, rheumatoid, 15, 17 
Arthrogryphos is, 124, 125, 139 
Arthropathy, psoriatic, 1 7 
Assessment of patient abilities, 15, 31 , 36, 

99, 124 
Assessors, regional, 15 
Ataxia, 99 

Friedreich 's, 17 
Athetoid, 83, 124, 125, 140 
Atrophy, peroneal muscular, 17 
Authority, Local Education, 20 

Bed turning device, 8, 9, 19 
Biological Engineering Society, 10 
Blind, 7, 66 
Burrough's Self Scan display, 9, 49. 11 0, 

112, 116 
Buzzer, 19 (see also Alarm) 

Capacitance transducer, 8, 63, 72 
Case conferences, 1 5, 19 
Cerebellar degeneration, 17 
Cerebral haemorrhage, 8, 99, 1 08 

palsy, 29, 59, 83, 89, 139 
Cerobrovascular accident (CVA), 99 
Chailey Go-cart, 136 
Chailey Heritage, 124, 136, 138 
Chair, standing, 136 
Chantrey School, 83 
Cheyne Walk Spastics Centre, 28 
Children, cerebral palsied, 8, 83, 89 
Coding ASCII , 110, 112 
COMHANDI, 8, 89ff 
Committee on Research for A ids for the 

Disabled (CRAD), 10, 108, 130 
Communication, control, 13, 19, 68, 89, 

99, 104, 109, 11 6, 121 
telephone, 8, 1 9, 22, 66, 111 

Confusion, mental, 17 
Coupler, acoustic, 115 
Curtain drawing device, 8, 30, 33, 63 

Dental palate key, 8, 58ff, 134 
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Department of Employment, 20, 133, 1 34, 
135 

Department of Health and Social Security 
(DHSS) 10, 15, 16, 19, 20, 28, 130, 
133 

Dermatomyositis, 17 
Diodes, light-emitting (LED) , 9, 104, 106, 

110 
photo-sensitive, 8, 77, 92 

Disabled Living Foundation, 119 
Disablement Income Group, 129, 130 
Display, visual, 20, 49, 89, 90, 102, 104, 

109, 116 (see also Matrix) 
Door-opening device, 7, 8, 9, 16, 19, 30, 

63, 67, 120 
Dressing aids, 138 
Dysarthria, 8, 99 
Dysgraphia, 8, 99 
Dyslexia, auditory, 99 

expressive, 99 
nominal, 99 

Dystrophy, muscular, 8, 17, 124, 125, 
134 

Easel, electrically controlled, 20 
Eating aids, 139 
Elderly, 8, 99, 119 
Electraid, 1 33 
Electrode, skin, 78, 80 
Electromyographic potentials (EMG) , 8, 

77 
Employment, 28, 59, 124, 133, 134 
Environmental controls, 8, 9, 12, 1 9, 20, 

24, 25, 31 , 36, 50, 54, 62, 63, 119, 
130 

Evaluation, of patient performance, 38, 
48, 80 
of systems, 42 

Fan, electric, control, 12, 19 
Finger, control by, 8, 31 , 32, 63, 72, 

1 02, 126, 127, 128 
Fire, electric, control, 19 
Flexilight, 121 
'Frog' breathing, 132 

Gauges, tension, 127, 128 
GMMI, 8, 77ff 
Guthrie, Duncan, 24, 25 
Guttmann, Sir Ludwig, 10, 22, 25 

Haemorrhage, cerebral, 8, 99, 1 08 



Aids for the Severely Handicapped 

Health, Ministry of, 25, 28 
Heater, room, control, 22, 25 
Hemiplegia, 99 

Infections, respiratory, 16, 132, 135 
urinary, 16, 135 

Injury, to cervical cord, 15 
Intercom, 7, 12, 16, 19, 25, 121 
Interlock Systems, 8, 119ff, 1 31 

Joystick control, 8, 77, 92 
mechanical, 8, 93 
optical, 8, 95 

Keyboard, 8, 28, 29, 31 , 83, 1 00, 1 04, 
106, 1 07, 114, 117 
enlarged, 8, 9, 36, 83, 84, 101 
miniature, 8, 20, 31 , 36 

LED, see Diodes, light emitting 
Letter board, 1 2, 1 9, 20, 1 06, 109 
Leverhulme Trust, 134 
Light, electric, control, 8, 9, 12, 19, 22, 

33, 90, 120 
operated controls, 31 , 42 

Lightwriter, 8, 1 09ff 
Limbs, 7, 72 
Lips, control by, 8, 59, 77 
LOT, 8, 42ff 
Lung, iron, see Respirator 

Machine teaching, 30, 68, 133 
Machine tool coordinated control 9 25 

29 ' ' ' 

Matrix, 9, 22, 24, 25, 26, 27, 32, 33, 68 
69, 71, 77, 90, 91 , 116 
optimisation, 24, 44, 117 

Micturition aids, 139 
Ministry of Health, 15, 25, 28 
Morse code, spoken, 8, 54, 55, 56, 58, 

61 
Motor neurone disease, 1 5, 17, 129, 136 
Mouth, control by, 9, 22, 25, 59, 77, 89 

stick, 31 , 32, 77, 124, 125 
Movement, finger, 8, 31, 32, 46, 63, 66, 

72, 74, 102, 124 
hand, 9, 33, 46, 83, 89, 99, 104 109 
116 ' ' 
head, 9, 31, 42, 45, 46, 59 
knee, 129 
limb, 59, 74 
neck, 63 
shoulder, 63 
toe, 8, 63, 72, 74, 132 

Muscle contraction, 9, 12, 63, 77 
control, 59, 92 
oral, 22, 25, 59, 77 
skeletal, 77 

Muscular dystrophy, 8, 17, 124, 125, 134 
Myasthenia gravis, 8, 132 
Myelitis, progressive transverse, 17 

National Fund for Research into Crippling 
Diseases, 108 

National Health Service, 19, 130, 131 , 
136 

National Spinal Injuries Centre, Stoke 
Mandeville, 10, 22, 25 

North East Metropolitan Region, 1 5, 17, 
18 

Oscillations, crystal controlled, 72 
spastic, 42 
voltage controlled, 73, 76 

Oscillators, square wave, 112 
Outlets, power triac controlled, 90 

Page turner, 20, 22 
Palate, key, 8, 59, 61 , 134 
Palsy, cerebral, 8, 29, 59, 83, 89, 139 
Paralysis, spastic, progressive, 17 
Patient effort, 8, 9, 42 
Perception, proprioceptive, 46 
Photocell panels, 31 , 32, 33, 36, 42, 52 
Phrase store, 9 
PI LOT, 8, 31ff, 42, 133 
Poliomyelitis, 8, 17, 18, 24, 28, 125 

sequalae of, 15 
respiratory, 1 32 

Polio Research Fund, 10, 24, 25, 28, 130 
(now Action for the Crippled Child) 

POSM (POSSUM), 10, 8, 15, 17, 18, 19, 
20, 22ff, 24, 25, 28, 42, 11 6, 1 24. 
133, 135 

Primary learner, 68 
Princess Marina Centre for Spastics, 

119 
Probe plate, 63, 74 
Programme, training, 46 
Psoriatic arthropathy, 17 
Psychosocial improvement, 46, 136 
Projectors, control of, 30 

Quadriplegia, see Tetrapleg ia 

Rank Trust, 86 
Radio, control, 7, 8, 9, 1 2, 1 9, 22, 25, 

33, 62, 63, 67, 90, 132 
Reading tests, 105 
Record player, control, 8, 9, 132 
Rehabilitation, 7, 39, 41 , 129ff 
Relay, latching/ two step, 22 
Renal failure, 16 
Respirator, 19, 22, 66, 132 
Rheumatoid arthritis, 15, 17 

Schmitt trigger, 52, 80 
Scissors for the handicapped, 140 
Sclerosis, multiple, 8, 15, 17, 32, 121 , 

124, 1 25, 135 
Selector mechanism, 9, 16, 18, 1 9, 20, 

24, 25, 26, 27, 28, 32, 33, 49, 68, 
69, 71, 77, 89, 90, 91 , 102, 104, 116 
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INDEX continued 

Self Scan display, 9, 49, 11 0, 112, 116 
Sentinel, 120, 123 
Signal EMG, 77 

spiky EMG, 77, 80 
Spastic, 8, 68, 83, 89, 132 

oscillations, 42 
Spastics Society, 83, 132 
Speech, disorders, 8, 9, 99, 109, 1 30 

recognition, 54 
machine, 54 

therapist, 25, 99 
training, 8 

Spelling, 98 
card, 109 (see also Letter board) 

Spina bifida, 136 
Splint for switch array, 125ff 
Spondylosis, ankylosirig, 17 

cervical, 17 
Stoke Mandeville Hospital, 10, 22, 25, 

81 , 1 29, 1 30, 132 
Stroke, 99 
Switches, bite, 61 , 77, 134 

chin, 122 
daylight-operated, 9 
foot, 8, 16, 121 
Interlock Systems, 11 9ff 
mercury manometer, 22 
micro, 9, 32, 56, 101 , 126, 134 
mouth, 8, 9, 56, 59, 77 
pedal, 16 
pressure/ suction, 8, 18, 19, 22, 25, 42, 

125 
ultrasonic, 123 

Syringomyelia, 17 
System-7, 8, 9, 19, 63ff 
System-8, 8, 9, 68ff, 133 

Tableau, light, 116, 117 (see also Matrix 
and Selector mechanism) 

Talking Brooch, 8, 20, 104ff 
Talking book, 8, 12, 19, 132 
Talking typewriter, 86 • 
Tape recorder, control, 7, 8, 9, 19, 20, 

22, 25, 27, 28, 62, 132 
TARC, 8, 83ff 
Telephone, control, 7, 8, 9, 16, 17, 19, 

22, 24, 28, 29, 52, 62, 107, 114 
loud-speaking, 16, 28, 132 

Teletypewriter, 90, 114 
Television, control, 7, 8, 9, 16, 19, 22, 

25, 27, 31, 52, 63, 67, 99, 121 
Tetraplegia, 18, 27, 31 , 42, 48, 80 

traumatic, 17, 25 
Thalidomide, 124, 125, 138 
Therapist, occupational, 15 

speech, 25, 99 
Toe, control by, 8, 63, 72 
Toilet aids, 139 
Tongue, control by, 9, 59 
Tracheostomy, 25 
Transducer, capacitance, 8, 63 
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dental palate, 8, 59 
digit, 72 
limb, 72 
joystick, 77, 93 

optical, 95 
paddle, 92 

Typewriter, control, 8, 9, 20, 24, 31 , 
42, 54, 59, 71 , 75, 77, 83, 89, 99, 
124 

Ultrasonic torch, control by, 123 
Uniselector, 22 

Vision, double, 121 
Visual acuity, 46 

perception, 46 
Voice, 54, 55 

control, 8, 54 
VOTEM, 8, 54ff 

Wal more Electronics, 110 
Werdnig-Hoffman disease, 17 
Wheelchair, 7, 1 5, 16, 30, 109. 121 , 

130, 132 
electrically propelled, 16 
powered, 30 

Whistle, control by, 22, 55, 56 
Window opening device, 19 
Word store, 9, 28, 132 






