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Introduction

1. The Symposium on Computers and Electronics for the Service of the
Handicapped was held in Baghdad from 4 to 6 May 1987. The Symposium was
co-sponsored by the Electronic and Computers Research Centre/Scientific
Research Council, the War Handicapped Welfare Council, the Economic and
Social Commission for Western Asia and the UNESCO Regional Office for Science

and Technology in the Arab States.

2. The objective of the Symposium was to acquaint concerned experts and
institutions in the Arab countries with various electronics and informatics
innovations in rehabilitation techniques for the physically handicapped, and

to enhance local capabilities to use these innovations.

3. The Symposium was held under the auspices of the Minister of Higher

Education and Scientific Research of Iraq, Mr. Samir Mohammad Abdul Wahah.

4, The opening speeches stressed that the new philosophy of rehabilitation
aims at reshaping life for the handicapped by retraining them to benefit to

the maximum from their physical, mental and social capabilities unhindered by
disability. The philosophy also aims at gaining in the society the recognition
that a disabled person is a human being with all human needs, and is entitled
to all human rights, hence the necessity to stress the importance of providing
for the handicapped productive work opportunities to enhance their integration

in the economic and social 1life of society.

5. The fast growing use of technology in various aspects related to the
handicapped was pointed out. Diagnosis, physical and psychological treatment
and therapy, etc., are relying more and more on technological advances.

New applications are developed every day in the fields of education, training,
rehabilitation, services and employment. Computer and electronics innovations
are providing added capabilities of mobility and communication, thus enhancing
the independence of the disabled and facilitating their integration in the
daily life of society around them regardless of the nature and degree of

disability.



6. Owing to the fast-moving nature of technological innovations, the need

and importance of exchanging information and experience was stressed. In

this respect, international co-operation was deemed essential; the United Nations
Decade of Disabled Persons (1983-1992) was considered an excellent umbrella

under which to channel international co-operation in this field.

7. The participation in the Symposium of experts from advanced centres
contributed greatly to the Symposium's success. Up-to-date information
circulated about innovations developed worldwide was assessed as being of
extreme importance for participants and for yarious institutions concerned

in the region. Special thanks were given to the French participants who came
as part of the continuous support and contribution which the French Service
des Industries de Communication et de Service, (SERICS), which has been

contributing to ESCWA activities in the field of micro-electronics and informatics.

8. The fruitful co-operation among the co-sponsoring agencies was deeply
appreciated and was assessed as very essential to the success of the Symposium.
The agencies were called upon to continue their co-operation in the implementation

of relevant recommendations.

9. (a) About 150 experts attended the Symposium, including speakers from
Algeria, France, Iragq, Ireland, Kuwait, Saudi Arabia, the United Kingdom

and the United States of America. The list of participants is contained in the
report of the Symposium in Arabic (See annex 111).

(b) Fifteen papers were presented covering various innovations in the
computers and electronics applications for the benefit of the handicapped,
education, training, services and employment, stressing mostly added
capabilities in mobility and communication. The list of documents is

contained in annex I.

10. In the closing session, the participants deliberated on various
proposed recommendations, adopting a few action-oriented ones that can
be implemented within the foreseeable future. The Symposium recommendations

follow.




Conclusions and recommendations

11. Taking into consideration the up-to-date information presented
during the Symposium about various innovations in the fields of
rehabilitation, education, training and employment of disabled persons,
and the added capabilities and job opportunities provided, particularly
by computers and electronics applications, the participants considered
informatics a very suitable and adaptable technology offering real
possibilities to reintegrate the handicapped in the economic and social
life of society. The following recommendations were adopted to enhance
the diffusion of computers and electronics applications for the benefit

of disabled persons in the Arab region:

(a) Further informative and training activities are necessary. It was
recommended that such activities should be organized in various Arab
countries on a regular basis, to inform concerned institutiors and decision
makers of innovations developed, and to help to prepare an environment to

adapt these innovations to meet pressing needs in the region.

(b) Computers and electronics applications offer special advantages
in rehabilitation efforts. It was recommended that full advantage should
be taken of these applications, which offer easy adaptability, added
capabilities, relative independence and real employment opportunities in
productive jobs, thus allowing for realistic possibilities to reintegrate

the handicapped in the economic and social life of society.

(c) To enhance the success and effectiveness of future activities, it
was recommended that serious efforts should be exerted to secure the active
participation of handicapped persons and concerned decision makers from
the region.

(d) It was pointed out that computer-aided learning was very effective
in that it could be adapted to the special needs of the handicapped. 1In
this respect, it was recommended the introduction of computers in special

schools and centres, should be given special importance.
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(e) Noting that a large number of disabilities require only minor
modifications, if any, on available computer equipment, and that a large
percentage of handicapped persons can be easily trained in various jobs
related to computers, the following measures were recommended:

(i) Organization of special training programmes in various
computer tasks for the handicapped, particularly for those
that can use available equipment with minor or no modifications;

(ii) Calling on governments to provide computer equipment to the
handicapped at subsidized prices;

(iii) Encouraging employers to employ trained handicapped persons
in areas suitable to their real capabilities and that are not
affected by their disabilities.

(f) Serious co-ordination and co-operation is necessary among Arab
institutions concerned with the handicapped, and between these institutions
and research centres undertaking efforts to adapt technological innovations
to the benefit of the handicapped in the region. 1In this respect, it was
recommended that regular meetings should be held among these institutions and
centres and that timely and accurate information should be circulated about
their efforts and activities, to secure co-ordination and avoid redundancies
and waste of scarce available resources.

(g) More accurate and up-to-date information is needed about the nature
of disabilitiesand about rehabilitation efforts in the region. It was
recommended that greater efforts should be made to collect and circulate
relevant statistics about the handicapped in various Arab countries.

(h) With reference to the draft project proposal prepared by ESCWA
concerning the handicapped, the following measures were recommended:

(i) A pilot regional rehabilitation centre should be established
equipped with more suitable innovations in the fields of
rehabilitation, services and training of the handicapped.

Such a centre would Have direct access to similar centres in
more advanced countries, and would provide up-to-date information,
experience and training opportunities, about innovations in

these fields to institutions concerned in the region.




(ii) The centre should be equipped with technical workshops and
should have access to production facilities, so as to adapt
innovations suitable to the needs of the handicapped in the
region, particularly since many relevant equipment parts
available in the market and/or produced in the region may
require minor or no modifications.

(iii) A feasibility study should be undertaken on the establishment
of a suitable rehabilitation industry, such as aritificial
arms or limbs, as a step towards the development of a

rehabilitation industrial base.

(i) The terminology and symbols used in Arabic Braille including the
mathematical terminology shouid be critically reviewed, so as to take into
consideration the progress -made in the field and to prepare the ground for

regional co-ordination and standardization.

10. To keep up-to-date with innovations in the field, Arab experts and
institutions concerned in the region should participate in various seminars,
exhibitions and similar activities organized worldwide. Regional and
international institutions concerned must assist in this respect, circulating
timely information on such activities and providing fellowships to Arab
participants whenever possible.

(j) The co-operation among the institutions co-sponsoring the Symposium
was much appreciated and contributed greatly to the success of the Symposium.
It was recommended that this co-operation should be continued in the implementation
of the relevant recommendations. It was also recommended that contacts with
concerned institutions in the region should be maintained and that these
institutions should be invited to participate more actively in future

events.
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Annex 11

AGENDA

Monday 4 May, at ESCWA Headquarters, Airport Road

09:00 - 10:00 Registration

10:00 - 11:00 Opening Session

The Holy Kour'an

His Excellency, The Minister of Higher Education
and Scientific Research, Mr. Samir Mohamad Abdul Wahab

ESCWA Executive Secretary, Mr. M.S. Al-Nabulsi
UNESCO Representative

Chairman, War Handicapped Welfare Council,
Dr. Raji AL-Tikriti

ESCWA Industry Division, Mr. K. Jabbar

Chairman, Organizing Committee, Mr. Munther Al-Tikriti

11:00 - 11:30 Recess

11:30 - 13:00 Work-Session I*

Pierre Courbin: "French experience in developing
computer and electronics applications for the
handicapped"

Philippe Balin: "Demonstration of the visio-braille"

Miloudi Mohamed Tahar: Transcription due Braille Arabe

Tuesday 5 May, at Ibn Al-Haytham Hall, National Research Council, Jadriah

09:00 - 10:30 Work-Session I1*

Fares K. Ajina et al: "Microprocessor based speaker
trained speech recognizer for the handicapped"

Sana'a Al-Bakri et al: "An electronic controller
for artificial leg prosthesis'.

Ayad A. Ibrahim et al: "The use of myoelectric
prosthesis for the upper limb amputation'.

10:30 - 11:00 Recess

* Paper presentation restricted to 20 min. followed by 10 min. discussion.




11:00 - 12:30

12:30 - 13:30

13:30

-9-

Work Session IIT*

- R.H. Allen : "Current and future trends in computer
technology for the physically disabled
with particular reference to the assessment and
prescription of appropriate systems'.

- Geoffry Busby: '"Computer and electronics applications
for the handicapped in Britain".

- Mrs. Lina El-Banna: "Computer and electronics
applications for the handicapped in the USA".

Special Workshop 1

Prof. Bill Leard: '"The experience of Maryland Rehabilitation
Centre".

Video films on various computer and electronics

applications at the service of the handicapped.

Wednesday 6 May: at Ibn Al-Haytham Hall, National Research Council, Jadriah

09:00 - 11:00

11:00 - 11:30

11:30 - 12:30

12:30 - 13:00
13:00

Work-Session IV*

Tohru Ifukube: "A design of blind mobility aid modelled
after echo locations of bat."”

Hani Qasem: "Computer applications for the training
of deaf children in Kuwait.

Recess

Special Workshop I1

Geoffry Busby: "The experience of the British Computer
Society's Specialist Group for the Disabled".

Closing Session, Recommendations

Video films

* Paper presentation restricted to 20 min. followed by LO min. discussion.
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Abstract

IBM-France developed a PC-based voice training system for the
training of deaf children. KISR adapted this system to the Kuwait
Special Institute for the Handicapped (KISH). The adaptation process
involved the Arabization of all software applications and the
development of new ones. The adapted system was applied at KSIH and was
evaluated for its usefulness and effectiveness as an aid for the

training of deaf children.






Introduction

Developments in microprocessor and microcomputer system
technologies have had a great impact on western societies. Many
applications that were only feasible using super computing facilities
are now running on small personal computers.

One recent application is the data processing and analysis of
speech signals using personal computers. Such an application proved to
be of some use for the training of hearing impaired and deaf children.
It is known that those children cannot speak properly simply because
they cannot hear their own voices, nor hear other people around them.
This problem is particularly true for children who are born deaf. They
face huge difficulties in understanding the people around them, learning
their own language, and expressing themselves since they have never
heard a human voice.

The 1IBM Scientific Center in France developed a system that
visualizes the child“s voice using a personal computer. Voice
parameters such as intensity and pitch are extracted from the speech
signal and displayed in color graphics and plots (Fig. 1). One can
easily distinguish between voiced and unvoiced ‘sounds by looking at the
sketch of his voice. Another interesting application is the development
of voice-controlled games. While having fun playing an amusement video
game, the deaf child is receiving training on pitch control.

The system was applied to a number of institutes for the
handicapped and was tested for its usefulness and effectiveness. It was
found that some deaf children may benefit from it in a few ways, such as
enabling them to control the intensity and the pitch of their voices.
Also, they may distinguish between voiced and unvoiced sounds with some
pronunciation assistance.

The Kuwait Institute for Scientific Research (KISR) conducted a
joint project with the Kuwai* Scientific Center (KSC) and Kuwait
Special Imstitute for the Handicapped (KSIH). The project was funded
by the Kuwai: Foundation for the Advancement of Sciences (KFAS). The
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idea was to introduce the system to KSIH, adapt it to meet our local
environment, and, finally, evaluate it for its usefulness as an aid to

training hearing impaired children at the Kuwait Special Institutes.

System Description
The system is composed of an IBM personal computer with a voice

training card. A microphone is attached to this card through a
microphone preamplifier. The system extracts acoustic information from
speech input, such as pitch and intensity, and displays them graphically
on the monitor. Following is a brief description of the five major
training programs originally supplied with the system.

*  Amplitude Adjustment "Amplit"

This program displays real-time scales of intensity (in
decibels) and signal amplitude together with messages explaining how
the potentiometer (amplifier) should be adjusted to obtain good
speech input and avoid speech saturation of the analog-to-digital
converter.

* Project Presentation

A general presentation of the research project is offered by
the program. It explains some basic facts about deafness, speech
training via visual feedback, lip-reading difficulties, cued speech,
and automatic assistance to lip-reading.

* Pitch and Intensity Graphs "Pitchint"

This program is used during speech training sessions to display
plots of pitch and intensity of the voice in real time. It can also
merge the child”s plots with those obtained from the teacher for
comparison (Fig. 2).

*  Pitch-Controlled Games "Pitgame"

These games ask the user to guide a mobile object across the
screen to reach targets while avoiding obstacles. A score is added
when a target is reached, but taken away when an obstacle is hit.
The mobile object can only move straight when the deaf child
produces a sustained vowel through the microphone. To avoid the
scattered obstacles, the child has to show some control of his voice

pitch (Fig. 3).
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Fig. 2. Graphs and plots of speech pitch and intensity using
the "Pitchint" application.




.|" lu. '" ""3;:"1
h,‘h ":.:!m{:"x' g

i hl iy

,gl'i i .,..1 i

lﬂ" " Al|

s ‘l n| Dty
|“r I'II il yl'!:E;, !
" ’ b~

L‘qh l
I i
s, i
m Jty A
,;i“l ml: ‘, ’,m;ll il
‘I . "'
ity il
Il"'} 'x]""[- I[""' ih
L A | r :

Esc= Lo 1)

application showing the

Layout of the "Pitgame"
and

moving object '"camel" obstacles "trees
targets ''grass patches

Fig. 3.



*  Acoustical Parameters Display "Dispsent”

This program can be used to acquire a short sentence (3.28
sec.) and display some of the acoustical parameters or signal
waveforms .

*  Language Selection

The user may select a language through this program for
example, English or French. Once a specific language is selected,
all successive training programs will use that language. At an
intermediate stage, the Arabic language was added to the list

enabling the use of Arabic text in system operation.

When turned on, the system will present a menu so the wuser can
select one of these listed applications. Within each application, a
help file briefly explains the functions of all the keys involved. When
the user exits from any application, the system automatically displays

the main menu for the selection of another one.

System Adaptation and Application Developments

The adaptation process started with system Arabization which was
important due to the fact that Arabic is the official language used at
KSIH. Also, most of the teachers found it more comfortable when
information related to the different software applications are displayed
in Arabic. The project team followed a special scheme in Arabizing the
software’s English text. The scheme involved the use of the BASIC
editor along with the IBM Arabic utility software and the Enhanced
Graphic Adapter Card (EGA). Messages and information were written in
Arabic through the BASIC editor and were stored in Basic files. Later
on, these files were modified by a professional editor and stored in
data files in a form that is acceptable and usable by the system’s
software application. The use of more than one editor was mainly due to
the fact that there was no Arabic editor available at that time. All
software applications were tested for their functioning and clarity.
Copies of Arabic written software applications were given to the
teachers and educators of KSIH. They were highly appreciated and fully
accepted specially by the ycung s+tudents who found the training systen

to be self explanatory.




Another major task was the development of new software applications
that meets KSIH requirement. After several meetings with KSIH directors
and educators, a decision was made to develop a new voice controlled
game (Fig. 4), The game was developed using the same voice pitch
parameters, but has different style in character mobilization than the
original supplied voice control games. It serves the same purpose of
controlling the pitch of the deaf child voice through the movement of an
object. The pitch information of the child”s voice is obtained through
a microphone by the IBM supplied speech analyzing board. These
information are processed by a special software program that leads to
the movement of a car (object) on the T. V. Screen. To drive this car
through a predesigned road, the child has to show some control of his
voice modulation. The developed voice control game was named '"'Road

Game".

System Application and Evaluation

A pilot training program was carried out at KSIH on selected groups
of students of different ages, sex, and levels of deafness. The aim of
the program was to explore the effectiveness of the deaf children
training system in Kuwait”s environment. The training experiment was
executed in two phases.

Phase 1. First Training Experiment (Feb. — May 1986)

Training Program and Execution. A group of six boys and one of six

girls were selected. Each member group was subdivided into three
subgroups, each representing an educational stage in the KSIH lower
grades . Each subgroup had two students of the same age and the same
education standards but different levels of deafness (one student
profoundly deaf and the other hearing impaired). The subgroup ages were
8, 10 and 12 years. Each subgroup was attended by the same teacher, who
was also the class teacher throughout the training period. None of the
teachers had previous experience in computers (except one teacher for a
subgroup of 12 year old boys).

The training period las*ted for approximately two and half months
during which each subgroup was exposed to the system for one hour and
twenty minutes for one day each week. This means that, for the duration

of the training program, each subgroup used the system for 14 hours.



Fig. 4.
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The training concentrated on voice pitch and intensity control and

on recognizing the difference between sustained voiced and voiceless

Arabic sounds.
Training Results and Evaluation. At the end of the training period,

staff from KSIH, KISR and KSC met to review the results of the training
and to assess the wusefulness of the system and its impact on the
selected students and their teachers.

The following criteria were established for evaluating the training
results:

* Sufficiency of teacher training and their understanding of the
system”s capabilities as a teaching aid.

* Sufficiency of student exposure time.

* Suitability of the system”s application pfograms to meet the goals
of alleviating some deaf children training problems.

* Differences between students exposed to the system and those who
were not.

* Differences between boys and girls in terms of the impact of the
system.

* Aspects of the system that were most attractive to both students and
teachers.

* Teacher”s points of view about using the system as a teaching aid.

* Teacher”s suggestions for further system enhancements.

All teachers felt that the training they received was insufficient,
particularly in areas where the system could be used as a tool for
helping the pronunciation of deaf children and that one system 1is not
enough for all students. Nevertheless, they all gained a reasonable
unders tanding about using the system as a training tool for control over
a deaf child”s voice pitch and intensity and for differentiating between
sustained voice and voiceless Arabic sounds.

It was overwhelmingly agreed that the pitch-contrcolled games helped
boys: and girls with pitch irregularity problems gain control over the
pitch of their wvoices in a reasonably short time. Control over voice
energy was ailso success ful. Some students could even recognize the

difference be*ween voice and voiceless sounds. There was a marked



difference between students exposed and those not exposed to the system.
Those exposed to the system demons trated better ability in controlling
+he pitch and loudness of their voices than those who were not. There
was no difference between boys and girls as far as the impact of the
system on them is concerned.

The features of the system that attracted both teachers and
students were the pitch-controlled games and the renewed interest and
hope the computerized facilities generated in them to face their
problems. The renewed interest, the pitch-controlled games, and the
personal qualities of the teachers helped two students aged 14 years
remarkably well; they managed to control the pitch of their voices in
just over three lessons.

Majority of the teachers believed that the system can be a useful
teaching aid. Two of them on the other hand, had the feeling that it
can only serve as an entertainment piece of equipment. In general, they
sugges ~ed to further improve the application of the system 1in order to
help them resolve some of the pronunciation difficulties encountered by
deaf Arab children. Examples of these are:

*  Lack of ability to differentiate between short and long vowels when
they appear after comsonants.
* Lack of ability to recognize Arabic consonant poses.
* Lack of ability to correctly pronounce the Arabic prefix "AL" in
different contexts.
This has led to a second phase of this application experiment.
Phase 2. Second Training Experiment (Sept. — Dec. 1986)

Training Program and Execution. After several preliminary meetings

of members from KISR, KSIH and KSC, a plan was prepared for the second
phase of this training program. Since positive results were obtained,
the voice-activated game applications were used and reapplied through
all of the training period, i.e., from October till the end of December,
1986. The "Road Game", a voice-activated game developed by KISR, was
used for the first time in the training experiment. Also, in this phase
of the experiment, more emphasis was put on training KSIH teachers to

understand and use "Pitchint" (a voice-training program). It was not




till mid—November, that a detailed training program was developed for
the application of this voice-training exercise.

"Pitchint" is an application program that combines two user~s
(child/teacher) voices in a comparative form (Fig. 2). Its primary
target is the display of the voiced/unvoiced sections of the users
speech. The deaf child can train his voice by a continual effort to
produce voice patterns similar to the ones produced by his teacher.

The group from KISR selected a set of words and letters that best
demons trate program capabilities. This 1ist was given to five teachers
(Three female and two male) for application. For a total of 12 training
sessions (40 minutes each), the teachers applied the "Pitchint" program
to their students. Each classroom contained seven students on the
average. Classes were selected from the first, fourth, sixth and
seventh grades, that is, students between the ages of seven and thirteen
years.,

Training Results and Evaluation.

The Voice-Activated Game "Pitgame". The selected group of deaf children
showed more and more interest in voice-activated game applications.
Some teachers had difficulty convincing the children to switch to
another training application within the voice-training system. Some
children showed a remarkable mastering of the game, and have competed
with each other, writing down the score, which sometimes reached full
mark. Small children, between seven and eight years, showed more
interest in the voice-activated games than in any other application.
Since they did poorly in the "Pitchint" application, one teacher
suggested that the training sessions of the young children (first and
second grades) be limited to the voice-—activated games only. Their poor
performance was mainly due to their young ages and 1lack of experience.
As for the newly developed "Road Game", the children liked its idea but
could not score well on it. They seem to lose most chances of winning
at the starting point.

The Voice Pitch Training Application, "Pitchint". An application of
the "Pitchint" program was demonstrated during the second phase of the

training of deaf children. The list of words, prepared by KISR and KSC,



showed the capabilities of this program. Three major voice training
exercises were used. The first was the distinction between the short
stressed letters and the long ones, for example ( =) and (o2 ). The
second was the short and long stresses at the end of the words, such as
({J ) and (QJ ). The third was the distinction between words that have
the same mouEh and lip movement but different pitch levels, for example,
( ’3’) and (=).

The program was applied to all students in the training experiment.
Upper grade students appreciated the "pitchint" program more than the
young ones . Traditionally, bright students showed better mastering and
controlling of the program. They need fewer trials to match their voice
pattern with that produced by the teacher. The children made a
remarkable effort to match their voice patterns with those of their
teachers and classmates. This effort to succeed was one of the positive
results of the "Pitchint" application. The winning feeling that the
child gains from the visual feedback makes him apply more effort to
produce a matched pattern. ‘Mr. Awadh Abdul-Kareem (seventh grade boy”s
teacher) stated that one of his students managed to pronounce the letter
(2) for the first time after several exercises with the programe.

Children suffering from complete deafness had less success
(sometimes none) in getting a matched pattern than those who have some
hearing. An exception to this was those who mastered some skill in lip
reading although completely deaf. The third training application, the
distinction between words with similar 1lip movement but different
pitches, was considered very difficult. 1+ was very hard, even for the
brightest child, to produce different patterns for words with similar
lip output. Also, the effect of the training session does not last long
if it is not backed up by a continual process of recap exercises. It is
only through repetition and reapplication that children can master the
production of matched patterns. Children from all over the school who
are having difficulties in pronouncing some of the Arabic letters were
picked and given extra sessions using the training system and the

assistance of their better per isrming classmates.




In general, the teachers felt positive and encouraged by the
application of the "Pitchint" program. They understood and demonstrated
some of the system”s educational concepts and applications. The idea of
the system being only an entertainment device has totally disappeared.

Although they have different opinions on how to apply it, who
should use it, and at what grade level, the teachers totally agree that

the system is a useful aid in the teaching of deaf children.

Conclusion

The voice-training system can be visualized as a tool that aids in
the training of deaf children. When evaluated under this category, it
can be considered as an advanced and effective piece of equipment. Its
unique and new style of voice training makes it interesting and fun to
work with. Although it cannot teach a child how to pronounce a word, it
can certainly show him some of its sound characteristics; a feature that
will give him some sense of that spoken word and provide him with some
feedback for his pronunciation trials. Being PC-based, it can always be
modified and provided with new training applications. This makes the

training system superior to any other dedicated speech-analyzing device.
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ABSTRACT

Above knee emputation due to accidents or war results
in a handicap which cannot be reversed in totality. Such
sub,ects have to use custom built above knee prosthetic device
as an essential replacement of amputed portion of the limb,
This is done to restore some of the most essential movements
of limb during walking and standing. In order to facilitate
the normal opefation end also to restore its cosmatic appear-
ance, the prosthetic device is expected to have a knee unit,

e shank, an ankle unit and a foot, A coordinated activity is
therefore necessary between these portions of prosthesis., A
digital electronic control scheme has therefore been proposed
so as to achieve this coardination in positional aspects of
different parts of such prosthetic unit. The control strategy
is based on close scruitiny of locomotion in normal human
beings., The necessary movements of different parts of leg

(to be replaced by artificial means) have been identified and
tabulated., This information is then simulated by using sequ-

ential digital electronic network, The output of this sequ-
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ential digital electronic network uniquely identifies every
desired state of prosthesis during locomotion. The use of
such controller would releive handicapped subject of awckward -
ness during wealking and there will not be unnecessary stress
on the remaining part of amputed limb., The energy required

in locomotion will also be less, Such controller can be mass
produced and has advantage of being compact, light in weight,
efficient and reliable, It is hoped that such a network shall
satisfy the requirments of the most needy limb handicapped

persons of the society.,

1., INTRODUCTION;

In medical terminology 'prosthetic device' is the
name given to an artificial substitute for a missing or
diseased part of netural system. Before accepting any device
as prostheses following parameters need to be given full
consideration: A

(i) Biocompatability
(ii) Incorporation

(iii) Reliability

(IV) Control constraints
(Y) Design constraints
(VI) Power sources

The direct copying of even minor parts of living
organisms appear to be neither rational nor possible consider-
ing the differences of materials and the methods of solving
problems of supply and energy conversion in living organism,

The upper and lower extremities of mammels, including
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humans, which have developed over millions of years and have
been replicated in billions of individuals are proof of their
unquestionable merits which allowed them to continue for so
long without significant change of farm. Amputations of

these extremities due to accident or war results in a handicap
which cannot be reversed in totality. The limitations result-
ing from amputatibns are obvious, An amputation through the
lower extremity makes standing and locomotion (without use of
artificial leg) difficult, and impracticable exgept for very
short periods. The loss of joints and the surrounding tissues,
and consequently loss of the ability to sense positionms,
present problem in the use of an artificial limb not commonly
recognised by many people, The sense of tauch of absent port-
ion is also lost, but in case of lower extremity amputee this
loss is not quite as important as it might seem, because the
varying pattern of the pressure occuring between the stump

and the socket indicate to some extent external loads. llost
of lower extreemity amputies cannot bear the total weight of
the body on the end of stump, Thus close cooperation of
engineers and surgeons is essential to have an acceptable

limb prostheses to benifit large number of accident or battle

casualities,

2. LIMB PROSTHESIS:-

It is desirable to articulate, shape and finish the
artificial limb in such a way as to resemble the normel
extremity as much as possible practically. However the limit-

ations of the present knowledge does not allow duplication of



all functions of normal subject. Progsthetist is therefore
constrained to limit the goal to restore some of the most
important functions., The two essential functions of the lower
extremity-support and ambulation-to some extent can be achieved
in case of unilateral amputation by the use of crutches., The
drawback in the use of crutches are that they

(i) require greater expenditure of energy;

(ii) require the use of hands; and

(1ii) offer no cosmatic restoration.

Another simple solution is peg-leg which has advant-
age of freeing hands and arms but require more energy than that
for well trained amputees using custom built artificial leg.
Comparison of expenditure of energy for different types of
prosthesis is given in Fig.l. Appreciable circumduction and

vaulting tendencies are developed by subjects using peg-leg.

3. EMG CONTROLLED A/K PROSTHESIS:-

Amputation stumps are generally classified according
to the level at which the amputation is performed. Though i%
is attempted to replace as much length as medically possible
some difficulties are encountered in fitting stumps at certain
ievels, especially when the joint is exarticulated.
Nevertheless, the longer stumps are generally stronger,
provide longer lever arms and thus permit lower unit pressures
between the stump and the socket, which is the most important
factor the level of amputation dectates in requirment of tne

artificial limb. Thus in general the design becomes more




capability of controlled movement, The overali working of

foot is such that it blocks dorsiflexion and pefmits control-
led planter flexion of ankle. If the knee joint is unclocked
ambulation can be achieved without appreciable circumduction
and vaulting. This results in less expenditure of energy and

a more graceful gait pattern.

4, PROSTHESES CONTROLLER:

The prostheses controller controls the status of
knee and ankle unit of artificial leg. It locks the knee and
ankle joints during stance phase of human locomotion. This
prevents unnecessory buckling of knee or ankle when the
subject is standing, During walking phase knee and ankle
joints must provide certain characterestic angular movement
so as to provide comfort and netural feeling to the subject,
The control strategy has to be based on close scruitiny of
locomotion in normal human beings., The angular morements of
knee and ankle in normal locomotion have therefore been
thoroughly studied, The data thus obtained is given in Fig.4
In prosthetic unit this coordinated activity at knee and
ankle joint can be achieved by different outputs received from
controller., Controller output is based on information
received by it from toe, heel and emg signal., 1In every cycle
of walking twelve stages have been identified, These twelve
stages are characterized by the angular positions of knee and

ankle. These stages are tabulated in Table I for right foot,
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complex as the level becomes higher. The problem is compbund~
ed by the fact that the higher the emputation, less is the
residual body power and fewer independent motions are availab-
le for actuation and control of prosthesis.

The typical limb prosthesis consists of mechanical compon-
ents that are mass or semimass produced by a central manufact-
urer and assembled locally to a socket custom made by a
prosthetist, Thus for an amputation throught thigh, prosthes-
is will be a foot, ankle unit, a shank and a knee unit which
is fitted in a socket made exclusively for the patient
concerned. A good deal of judgement ( based upon biomechanical
principles, experience and skill) is required in fitting and
aligning these components,

Power'for actuation and control of lower-—extremity
prosthesis is generally derived from the remaining musculoske-
letal system, generally transmitted to the device through
socket, It has been proved that after some essential training,
certain muscles can produce sufficient EMG signal for actuat~
ion of prbsthetic wnit, This emg signal is picked up by
either surface or needle electrode and processed by high
impedance amplifier, differential amplifier, rectifier, filter
& level detector.Output of level detector can be used as one
input to the gate which controls the state of A/K prosthetic
unit. Complete controller scheme for A/K prostheses is given
in Fig.2. Intended outputs at every stageoimg signal proces-
sing unit are shown in Fig. 3. The other two inputs received
by controller are from foot unit of nrostheses, This foot

can have a locking arrangement at ankle joint and can have




Table,I: TRUTH TABLE FCR LOCOMOTION FOR RIGHT FOOT,.

STAGE | CONDI- |HEEL |TOE KNEE STATUS ANKLE STATUS
PION |OUTPUT |OUTPUT [ ANGLE| BINARY ANGLE [ BIRARY
EQUIVALENT EQUIVALENT
1 FF 1 1 +22 4| 1010110 | 16 T |110000
2 FF 1 1 +17 4 { 1010001 |7 1t [000111
3 FF 1 1 +10 { | 1001010 | 4 | 000100
4 FF 1 1 +29 4 | 1011101 | 8 | |001000
5 FF 1 1 +33 4| 1100001 | 12} |001100
6 HO 0 1 +35 4| 1100011 | 14 | [001110
7 HO 0 1 +27 4] 1011011 | 10y | 001010
8 HO 0 1 +6 4| 1000110 | 5 ¢ |000101
9 TO 0 0 -6 | oooo1io | 18 { |110010
10 7O 0 0 -23 || ooro1ll | 11t |101011
L1 TO 0 0 +20 1| 1010100 {1 { |000001
12 HC 1 0 +40 1| 1101000 | O 000000

It could be seen from the truth table that position of
limb during the cycle of locomotion can be characterized by
specific angle at knee & ankle joint. This angle can be uniqu-
ely defined by six bit binary code., The digital controller uses
six stege network to obtain this code. Each stage of this
controller makes use of 4 to 5 OR gates and 5 to 6 AND gates.

A clock has been used to monitor/control the speed of locomotion,
Counters and decoders have been used to get six cycle repetative
output,

The output of controller is to be given to servomotOrs which
are provided in prostheses unit to achieve required angular
position of knee and ankle joint.

5. LABORATORY EVATUATION OF CONTROLLER

An electronic controller for artificial leg prostheses

as described above has been constructed for evaluation. The



data for control strategy as given in table I has been
obtained after &« close scruitiny of locomotion in normel
human beings. Development and design of sequential electronic
network has been facilitated by karnaugh maps constructed for
every stage. A representative map for first stage of knee
and ankle controller is given in fig.5. The detailed circuit
diagram for knee and ankle controller unit is shown in Fig.6
and Fig.7 respectively. The electronic circuit as given in
these figures has been tested under laboratory testing condit-
ions., All inputs from heel, toe and emg signal have been
simulated by appropriate power supplies. For testing, normal
speed of locomotion has been assumed as 100 steps per minute
or 75 m/min. The laboratory evaluation yeilded satisfactory

results thereby confirming the validity of controller,

6., CONCLUSION

A digital electronic control scheme has been proposed
to achieve coordinated activity of knee and ankle joint in
artificial leg prostheses unit, The control strategy is based
on close scruitiny of human locomotion., The necessary data
to achieve objective has been identified and tabulated. This
activity is then simulated by using a digital electronic
network which uniquely identifies every desired state of pros-
thesis during locomotion, Laboratory evaluation of this
controller gave satisfactory test results, The use of such
controller mey releive above knez emputed subject of ewckward-

ness during welking and the energy required in motion will be

less. The controller has advantage of being compect, light in
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weight, efficient and reliable. It is hoped that such &
network will satisfy the requirments of the most needy limb

handicapped persons of the society.
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1. ABSTRACT

A real-time isolated word speaker trained recognizer having
small Arabic vocabulary is implemented on MPF-IP microcomputer.
The supporting hardware used is composed of close-talk quality
microphone, a preamplifier,an 8-bit A/D convertor preceeded by a
band-pass filter. The recognition is made by applying a matching
technique between prestored templates and the spoken words. The
recognizer should be trained by the same person who will operate

it.



2. INTRODUCTION:

The speech can be introduced in the handicapped applications
as an attractive technique in man—-machine communications for its
special usefulness and high capacity as a buman’s output channel
There exist several handicapped applications in which small size
speaker trained vocabularies are required such as the set of
commands controlling the wheelchair movement or for telephone
dialing ... etc. These vocabularies may compose of commands 1in
Arabic language indicating possible directions of movements. In
other applications , the wvocabularies may be of numeric type
such as using voice instead of dialing in telephone calling.

Through a survey of previous researchs , it can be concluded
that the tendency is to implement only popular low cost small
size recognizers in the field of handicapped aids [1,23.

Piotrowski [3] has used spectral analysis in word recognition
systems which was based on a modified autocorrelation function
using clipping. The system operated in speaker dependent mode.
Harwin [2] evaluated the suitability of a low cost voice recogn
-ition system with special emphasis on its use by cerebral palsy
and muscular distrophy children.

In the current research , a real-time isolated word speaker
trained recognizer having small vocabulary ( about 20 Arabic
utterances ) is implemented on the MPF-IP microcomputer. The
functional stages of this recognizer, similar to the generalized
form of speech recognition systems, are constructed basically as
shown in Fig.(1) [4], that is the recognition decision is based
on a matching concept between prestored templates and the spoken
words.,

The acoustic samples are segmented into 50 msec segments to
model the speech production process as discrete time-invariant
one. The end-point detection routine is implemented to indicate
the speech/silence boudaries. Waveform crossings over specified
level thresholds are used as a reliable descriminating feature.
A Zero-crossing histogram or its counterpart for differentiated
speech (peak histogram)is applied as the feature set . A special
form of dynamic time warping will perform the dissimilarity
measurements, therm a recognition based on Nearest Neighbor Rule
is decided with the possibility of rejecting impostors or
ill-conditioned utterances.




speech
signal

feature
extraction

stage

preprocessing | degitized
and degitization

stage

reference
templates
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feature vector
test A ..
ested | comparision and|  decision
———1) classification e
feature stage
| vector

[Fig ( 1) A general speech recognizer ]



3. PEECH DEGITIZATION STAGE:

Orne of the main objectives in this resesrch 1s to minimize
the extermnal hardwsre needed, conseguently reducing the ouverall
complexity of the system. The harduare regquirement is limited to
{531 a cassette recorder or a microphone followed by a standard
low noise preamplifier to bring the acoustic signal within
acceptable voltage level., A band-pass filtering stage which is
made up by a cascade of a 100 HZ 2rd order highpass filter and a
2.4 KHz Butterworth 6th order lowpass filter, The filtering
assembly is followed by an 8-bit ADC. The sequence of acoustic
samples are transfered to the microprocessor using a polling
routine and the digitization frequency can be brought safely
down to 8 KHz without aliasing.

A speech/silence descriminating algorithm is introduced as
part of the Preprocessing stage. Since this algorithm is also
incorporated in the feature extraction stage, it is required to
simplify the technique, hence minimizing its contribution to the
total duration of the speech processing operations. A reliable
end-point detection algorithm is one of the most difficult tasks
facing a discrete word recognizer [6] . Some proposed speech
detection techniques [7] combine both the short time average
magnitude and the zero crossing rate to descriminate both high
intensity vowels and unvoiced sounds rich of high frequencies
from the background noise. Instead of the excess-level technique
applied in ref.(S), a more reliable speech detection algorithm
is implemented by applying a leve] crossing rate measurement. A
level crossing means the transition of samples between the upper
and lower thresholds. Figs.(2) & (3) demonstrate the three types
of measurements, namely the Z.C. rate, excess-level samples and
the level-crossing rate evaluated cver 5 msec segmen*s Ffor the
two digits /four/ & /six/ uttered in Arabic.

The first measurement, the Z.C. rate will estimate roughly
the speech / silence boundaries cof the utterance.Then evaluating
the excess level samples, it can be obserued that for too high
level thresholds, many speech segments at both ends of the
utterance will not be detected. On the other hand, a reliable
speech / silence classification is lost for a too small leuel
threshold.

When proper lewels are selected , the level]l - crossing
measurement offers a more reliable speech boundary detection and
better rmoise immunity as shown in Fig.(3). A flowchart of speech
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decision is extended on two consecutive segments with level
crossings exceeding a threshold value equal to S. The reason for
a two segment decision i1s to compensate for sudden disturbances
in the signal level due to impulsive noise, mouth clicks, noisy
breathing, etc.

4. FEATURE EXTRACTION TECHNIQUE:

Speech is generally a form of communication which involves
the generation and reception of a complex acoustic signal [8].
The speech at its highest level as thoughts will be converted
into many lower level forms like linguistic level, articulatory
movements, until the lowest level is reached with the acoustic
signal.The function of the feature extraction stage [9] is to
remove redunduncies and irrelevant information parameters which
simplify the classification decision to a remarkable extent. The
ideal features [5] for speech recognition would be articulatory
features describing the position of the tongue, lips, velum, jaw

+seetc. as a function of time. However measuring these features
is still impractical.

The Z.C. patterns which are some forms of frequency domain
measurements offer a real time operation and good convenience
for implementation on standard 8-bit microcomputers since they

only involve comparisons, additions and subtractions. Z.C.
techniques take their significance from the fact that certain
forms of infinitely clipped speech is highly intelligible C111].
Through a careful and large test carried out by Ainsworth £12] ,
the intelligibility for some forms of clipped speech were:

above 98% for normal and differentiated speech
above 85% for infinitely clipped speech
above 98% for differentiated then clipped speech

There exist also [13,14] many mathematical formulae relating
Z.C. patterns to the formant parameters of voiced sounds. Close
agreement between measured Z.C. rate and that calculated from
spectral data had been observed for all phonemes [13]. Also it
had been shown that [14] a feature set of a 13 - channel filter
bank giuves a vowel seperation comparable to that achieved with a
3-channel filter set followed by Z.C. circuits. Z.C.measurements
beside they are well-suited to the digital processing techniques
are virtually indeperndent on speaker volume, and apparently less
speaker dependent than spectral data.




iese sF T.0. tecrnicuess deo=lopsd so Tar in tha literaturs

s be categorized 151 anto thres maln tyeEs:

(a' auverage Z.L. rate

‘e 7.0, histograms: defined as the density of time interwvals
Fatuesn 3x1iS crossings in the time window T.

{-: ewess-trreshold duration: defined as the ratio of the sum
-f time interwals that exceesd a threshold value h to the total
duraticn of the time window T.

Since the Z.C. histograms form the basis for the other two
type, they are selected as the feature extraction technique in
this work. The process of creating a histogram is demonstrated
(5] in Fig.(5) for a 20 msec of the wvowel /8/ . The correlation
between Z.C. histograms and short time sSpectrum is consistent
{4,7]. One may relate the formant resonances in the spectral
data to the histogram peaks, however it must be noted that the
frequency axis of the spectrum plot is a reciprocal to the time
axis of the histogram.

The functional flowcharts for Z.C. & peak histograms feature
extraction techniques are depicted in Figs (6)&(7) respectively.

1t can be noted that the majority of operations involve simple
comparisons ( to locate an axis crossing ) and additions . The

algorithms include also the endpoint detection routine to locate
the final boundary of the word and an ad justable delay time for

limiting the sampling frequency to 8.5 KHz.

5. MATCHING TECHNIQUES:

The problem of time alignment is one of the fundamental
aspects in the automatic speech recognition task due to the
noncoincidence in the time scales between the tested and the
reference patterns [16]. In most cases a non linear time warping
is prefered over a simple linear registration because of the
local compressions and expansions in the time scales of the
compared patterns. The algorithms applied to model +the axis
fluctuation by a non linear time warping function are known as
dynamic time warping (DTW) or dynamic programming (DP) C173. The
DP technique is a searching method for the maximum coincidence
between timing scales under a carefully specified constraints.

The test pattern T consists of N vectors £181 and can be rep-
represented

T = T, TC2),00eey, TN D cees (1)
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-+or Ti1) 1s an  S-dimensiconal Z.C. ( or peak )
racted over a S0 msec frame.

Tre =tk refersnce vector will be expressed @
R‘S = : F\'S“l), Rsi:.?,-\.--oo. PS(MS) ::' 5=1)2poo’S o.ou(2)

Where 3 is the wocabulary size.

The problem is to find the non-linear time warping function

m = win) which minimizes the overall accumulated distance
N

Da = > D { Ttn), Rs L win) 173 cee (D)
n=1

over all possible paths of w(n) .

D represents the local distance between tested and reference
frames. The sum of absolute differences between the feature
dimensions is implemented as the local distance measure to
simplify the computation performed by the Z-80 CPU.

8
D [ T(n), R(m) ] = E lt(n,i) - l"(m,i), 0000(4)
i=1

In order to determine the best warping function w(n), several
constraints on the path must be specified [19] @

(1) end points of the path.

(2) global path constraints: i.e. the boundaries of possible
motions of wi(n) .

(3) local continuity constraints: i.e. the local possible
motions between grid points.

Also due to computation limitations , a simplified version
known as the fixed range warping function [16]1 1is applied to
constrain both the end points and the global path as illustrated
in Fig.(8).

The end point constraints ¢

U(l) 1’ 2, 3’ a

w(N) = M-3, M-2, M-1, M eeeo(5a)d

This unconstrained end points matching technigue is useful 1in
compensating for unreliable end point detections . The boundary
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constraints are expressed as ¢
INT (. m ¥ M/N ) =< m< =3+ INT ( n ¥ M/N ) ..s.(5b)

For each value of n, the lower boundary on m is found through
a lookup table, then the upper range is deduced by adding 3 to
+he lower ranrge. It is found that a range of 4 segments width
along the diagonal is sufficient to enclose the optimum warping
path while reducing the legal grid points and the overall
computation needed to 40% w. r. t. the conventional 2 / 1 slope
method .

A local continuity constraint 1s applied which avoids
exessive compression or expansion in the time scale [ 20 1 and
could be expressed as follows: »

0, 1, 2 when wi(n) # win-1)
1,2 U(n) = U(n_l) 00-0(6)

win+l) - win)

Egs(6) will restrict the min. accumulated distance at any grid
point to have the formula @

Datn,m) = D¢n,m) + min L Da(n-1,m) % g(n-1,m)
Da(n-1,m-1) , Dat(n-1,m=-2) J .... (7)
where
1 when w(n) # w(n-1)
g(n,m) = { 0000(8)
e win) = win-1)

and the final min. accumulated distance Dt is found among last
four accumulated distances

Da(N,M), Da(N,M-1), Da(N,M-2), Da(N,M-3)

The DTW algorithm illustrated in Fig. (9) for real time
operation. The execution time of a single distance measure
is within 60 msec. Consequently a complete comparison process
for the total set of reference templates needs about 1 sec . A
1 sec recognition time could be considered as real time
operaticn conly for discrete word recognition systems.

6 .REFERENCE TEMPLATES CREATION:

It is rescnable to assume that a single reference template is
sufficient to characterize a specified word in the vocabulary
since the system i1mplemented here is speaker dependent [213].
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Several techniques known as clustering technigques show a
powerful performance in selecting proper replications (tokens)
for each utterance in the vocabulary. One of the efficient

approachs is to minimize the probability of false recognitions.

Referring to Fig.(10), the probability density of tokens is

plotted versus their relative distances to a token of utterance
A. All the tokens belonging to the utterance A are Tumped 1in a

single cluster while all the remaining utterances are shown

for simplicity concentrated in the 2nd cluster B.

The ref. template for a specified word is selected as the
token which maximizes the quality ratio & [ 23 1] according to
the formula @

mo
Z Dt(Xk,Xj)
=1

s W e o o —————— — ———— 0..0(9)
mi
:Ei Dt(Xk,X1)
i=1

where mo is the cardinality of the outer cluster B, mi: that of
inner cluster A, Xk: the selected token, Xj: all the tokens of
the outer cluster, Xi: the tokens of the inner cluster.

In this work, the procedure of reference template creation
is to find a single ref. template among 7 tokens for each word.
A table is formed for the warped distances between every token
and all the remaining ones in the vocabulary. The quality ratios
are calculated according to eq. (9), then the ref. template is
selected as the token which maximizes & for any specified word.

7 .PERFORMANCE EVALUATION 3

The Z.C. measurements offers only a limited recoghition
capability due to their approximations and i1nfinitely clipping
of the acoustic signal . For the above stated reasons , the
performance test of the recognizer 1is restricted to the
following specifications ¢

(1) Isolated words
(ii) Single speaker
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{ii1) Small wocakulary: comnsists of the 10 digits, zero through
nine and the six directions of mowvement uttered 1n Arabic.

The two sets of reference templates created for both versions
of histograms are tested by 10 trials of each vocabulary word
stored in a cassete tape recorder, and the test results are
tabulated [5] in a recognition table. A sample of the output
list will look like:

—— — —— ———— ———— ————— — ——————————— ———— — —— ————— ——————————— ——————— —— —

Tested 1st Relative 2nd Relative
Utterance Candidate Distance Candidate Distance
zero zero 175H Three 258H

The recognition table forms the basis of two proposed rejection
thresholds extended on the two nearest neighbors:

(1) The first rejection concept,Tl,can be expressed as " If the
absolute difference between the relative distances to the
two nearest neighbors | Da2 - Dal, is less than T1, the
tested utterance will be rejected, otherwise it will be

assigned to the nearest neighbor .
(2) The second one, T2 , expressed as " If the value of
|Da2 - Dal| 7/ Dal is less than T2, the tested utterance
will be rejected.

The two rejection thresholds are applied on the two features

tables, for a certain value of Tl ( or T2 ) , the percentage
scores of correct recognitions,false recognitions and rejections
are collected up. If the same procedure 1is extended for a

sufficient range of T1 ( or T2) , a plot of the rejection
threshold Vs recognition scores demonstrating the performance
of the recognizer can be obtained as depicted in Figs(11)& (12).
Referring to the above figures, the rejection thresholds must be
chosen to make the best tradeoff between false recognitions and
rejections. On the other hand. one may resonabley assume that
false recognitions are more expensive than rejections. Referring
to Fig.(11), it can be noted that both types of thresholds give

comparable results. For T1 = 52, a 90% correct recognition can
be achieved with 1.5% false recognitions and 8.5% rejections .
Similar recognitions can be obtained for T2 = .12 with false

recognitions and rejections equal .625% and 8.75% respectively.

In the case of peak histogram features, a 90.6% recognition
accuracy can be achieved with false recognitions not exceeding
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.625% at T1 = 65, while for T2 = .12, a recogniticn score equal
to 92.5% has been obtained with .625% false reccgnition.

One may conclude from the illustrated results that the peak
features show a better performance compared to the Z.C. for both
types of rejection thresholds. However, only a minor improvement
has been achieved when applying the 2nd threshold T2. Also it
has been noted, when performing the test , that many false
recognitions and rejections are due to erroneous endpoints
detection which is still a difficult problem for most discrete
word speech recognition systems [6].

8. SYSTEM APPLICATIONS & DEVELOPEMENTS FOR THE HANDICAPPED AID:

The increase in popularity of low cost speech recognition
systems [1,2] has offered many useful applications for the
handicapped aids in home, education and many tasks utilizing
speaker trained, small or moderate size wvocabularies . The
microcomputer based recognizer implemented through this work
could have several applications in small size speech entry
systems . A direct application 1s to control a wheelchair
movement, for providing telephone calls instead of dialling.

For more complicated applications, large wvocabularies and
more reliable operations could be crucial requirements. Several
developments may be suggested here to increase the recognition
capability of the recognizer. A key point 1is to improve the
feature extraction technique. It had been noted when evaluating
the performance of the recognizer that each feature histogram
shows a better performance for certain classes of phonemes . By
combining the two feature sets,the performance of the recognizer
will be improved to a considerable extent. If a fast multiplier
or a bank of bandpass filters are added as supporting hardware,
a radical change in the feature extraction techniques could be
introduced. Several techniques describing accurately the
spectral information could be implemented in real time.

A reliable end point detection algorithm will eliminate most
of misclassifications due to erroneous time registration [&] .
The speech detection algorithm described in sec. (3) shows a
reliable performance for only a limited range of S / N or peak
noise level. Another proposed threshold leuvel adjusted according
to the aversge noise level will detect accurately the speech /
silence boundaries for acceptable leuvels of S / N ratio.
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Myoelectric prosthesis are highly sophisticated devices
for upper 1limb amputee which have made astonishing
progress since the 2nd World War. Our experience in
fitting this type of prosthesis in MUATH IBN AL JUMOH
ORTHOPEDIC WORKSHOP will be discussed.

The prescription of myoelectric arm and levels of
amputations wanted will be mentioned, stump specifi-
cation, measurment, fitting delivery, training,
maintenance and problems will be discussed.

1. INTRODUCTION:

The natural arm is in many ways a perfect instrument.
It embodies multiple degrees of freedom all capable of
integrated function. The control system (nerves), power
storage (muscles), actuators, provision for regeneration of
worn parts, it is manifestly unrealistic to think one could
write down all the criteria and performance specifications
of the normal arm and hope even to begin to be able to
repraduce them in a man made device.

To be acceptable prosthesis must fulfill a need or
needs of the user (such as grip force, wrist rotation for a
below—-elbow prosthesis which we are interested to present).
These are considerable grounds for belief that the BEST
PROSTHESIS IS THE ONE THAT CAN BE CONTROLLED WITHOUT HAVING
TO THINK ABOUT IT. In fact when using EMG signals which are
picked up from the wrist flexors and extensors muscles (for
below—elbow prosthesis) could be used to open and close the
electric hand.

2. THE MYOELECTRIC PROSTHESIS:

A muscle is a biological actuator used to convert
energy stored in chemical substance into mechanical output.
For below-elbow amputation we usually lose the hand but in
fact we still have the muscles which control the functions
of the hand, also and (this is the point) the subject can
have a same feeling for these muscles as before.

The concept of myoelectric control is very simple, it
involves the use of an electric signal from the muscle to
contorl the flow of energy from a battery to a motor. In a
myoelectric prosthesis, the control signal has normal
innervation and thus is the subject to voluntary control.
The motor actuates a prosthesis hand. A below-elbow



myoelectric prosthesis involves five distinct elements: the
signal source (muscle), a means of making an electrical
connection to the signal source (electrode), an electronic
system which will translate the control signal into the
desired action (controller), a means of storing energy
(battery) and a prosthesis appliance (electric hand).

2.1 THE MYOELECTRIC SIGNAL:

Very small signals are emitted from the remaining
musculature once used for prehension of the natural hand.
The origin of the myoelectric signal is the depolarization
of the cell membrane of individual muscle fibres during
contraction. The electric currents associated with this
depolarization and subsequent repolarization produce
measurable potential differences in tissues some distance
away. It is these electric potentials, rather than the
trascellular potentials, which are used in myoelectric
controls.

The smallest number of muscle fibres which can be
contracted, under normal circumstances, represents the group
which has its innervation from a single axon. This
functional unit is called a motor unit. But the electric
potentials from single motor unit have not been used widely
for myoelectric control.

When a large number of motor units are active, the
resulting "gross myoelectric potentials" has a wave form
similar to a random noise. If this wave form is analysed
will be found that the most of the energy lies in the
frequency range 30-300 Hz, and the peak-to—-peak amplitude
during voluntary contraction may range from a few microvolts
to several millivolts.

THIS SIGNAL CAN ONLY GIVE GUIDE TO THE TENSION PRODUCED
IN A MUSCLE AND NOT TO ITS LENGTH.

The electrodes serve two important functionss
A. To pick up the signal from the skin surface.

B. To amplify the signal so it can be used for
controlling the prosthesis.




2.2.1 PROBLEM-INTERFERENCE (ELECTRIC NOISE):

When working with such small signal potentials, there
is a problem of picking up interference. Speaking in terms
of micro-volts, there are constantly in the air surrounding
us, many signals having the potential of operating the
prosthesis such as : 350 cycle-power lines, motor, lights,
television and radio signals, etc.

To keep the 50 cycle noise from being a problem, there

is a filter incorporated into the circuitry of the
electrode.
Other interference is dealt with by constructing the
electrode as a differential amplifier. Each electrode is
composed of not only one amplifier, but two identical
amplifiers, corresponding to the contact points. By this way
we can select only the signal being emitted by the muscle.

When both amplifiers receive a signal simultameously,
the circuit remains in balance and the signal is not
transmitted. Only when a signal is picked up by one
amplifier, is the circuit thrown out of balance. This allows
the signal to be sent to the hand.

As the signal travels down the muscle, it will be
picked up by the first contact it reaches. If the contact is
placed so that the time differential is greatest (parallel
to the muscle fibers), the electrode is in the best position
for operation. As the electrode is rotated from this
position, the time differential decreases to where at 90
degrees the signal would hit both points simultanecusly. In
this position the electrode would not function and transmit
the signal.

For standard below-elbow fitting, the electrodes are
positioned so the extensor muscles open the hand and the
flexor muscle will close it.

Electrodes are placed on the skin where we can pick up
a maximum of signals found by EMBG training meter.

2.3 THE CONTROLLER:

A myoelectric controller is a switch which controls the
flow of current to an electric motor in accordance with the
amount of myoelectric signal. In general we cannot use the
raw myoelectric signal in the applications such as to
control the electric hand, where the controller must process
this signal to estimate the tension levels in the muscle. In
MYOBOC system a conventional process is used to determine
the mean of absclute value with a time constant of 0.2
seconds. The output of this process is compared with a



certain threshold to throw ocut the amplifier noise and then
gives a digital signal to an electronic relay which switches
on the electric hand to open or close depending on which
signal is activated.

The purpose of the battery is to store energy and make
it available to operate the prosthesis appliance as needed.

A small & volts chargeable battery is used and it is
composed of five Nickle—-cadium cells, each has a voltage of
1.2 volts, these cells will renew themselves with each
charge.

There are many types of electric hands depending on the
functions of its level of amputation and the sizes. But in
general it consists of a drive unit, &6 volts DC motor,
electronic relay, gear system and fingers. The digital
controlled signals activate the electronic to switch on the
motor, the motor drives a miniature gear system which, in
turn, moves the middle and index fingers as well as the
thumb. Thus operation of the hand is totally controlled by
the remaining arm musculature.

3. BELOW-ELBOW AMPUTATIONS:

3.1 Levels of amputations:

Very short stumps less than 4 cm from the mid
line of the elbow joint are not useful for the
mnglectric prosthesis for the following reasons:

A. The shape of the stump change
during flexion and extension.

B. The electric arm is too heavy
‘ for the muscle power which is
left.

C. The muscle area is too small
to place the surface electro-
des on.

Disarticulation in the wrist joint is
possible to fit with a special myoelectric hand.
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Amputation levels distal from wrist joint
cannot be fitted with a myo device causing a too
long prosthesis which is cosmetically
unacceptable.

An amputation level between the estimated

points are possible for fitting except if space is
needed for rotation unit.

4. EVALUATION OF UPPER EXTREMITY PROSTHESIS:

One of the basic methods of systems evaluation is the
experimental method. With such a method we can test how well
the requirements of the system have been met, by making the
system perform certain tasks related to these requirements.
From the result of such testing we can ascertain how well
the sytem performs, what faults there are in the machine
design and whether the functions have been allocated
correctly between man and machine.

The basic elements in the evaluation experiment are:

4.1 Selection of subjects:

Many variables should be considered such as age, sex,
occupation, amputation level, etc.

Age is an important factor and also the period since
amputation. The ability to deal with change of habit
patterns and behavior would be possibly associated with
this. The social role of the individual and his activities
in the society are also very important.

4.2 Training and instructions:

It is necessary to ensure that the operator has been
trained and is fully instructed to the operation of the
system. Training should be continued and this can be
achieved by training signal strength.

4.3 Testing, follow—up and checking:

The subject should be trained and tested for a normal
activity around the body, all basic grasping patterns that
are normally used in daily living, bimanual activities and
subject relevant activities. Of course it cannot be achieved
in the beginning but with time and the hard training the
individual may succeed.
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5. BELOW-ELBOW MYOELECTRIC PROSTHESIS:

A successful prosthesis management of a below-elbow
amputee with myocelectric prosthesis depends on modern design
and the utilization of advanced technology. It begins with a
diagnosis using test instrument and ends with the patient
receiving a highly functional prosthesis.

5.1 PLACEMENT OF ELECTRODES:

One of the most important thing is to find a good
muscle to control the movement provided. By using EMG
training meter we can check the signal strength from the
muscle to find the best placement of the electrodes.

5.2 CAST TAKING:

With the persons flexed %0 degrees we take some
important measurements, circumference and length of the
stump, then remark the electrode sites, the cupital fold,
' both epicondyles, the olecranon and margin of the lateral
epicondyle, moisten the rigid plaster to take the cast, wait
5 minutes to become hard then remove the mold.

5.4 EVALUATION OF THE CHECK SOCKET:

With elbow at 90 degrees put on the check socket,
evaluate range of motion, pressure on the bony prominences,
lifting comfort and suspension.

5.5 MODIFICATION OF THE POSITIVE MODEL:

Coat the mold with parting agent and fill with plaster,
remove by the negative from the positive, start to
modificate the model smoothing with sand screen, then put
the model in the heater to be dried.

5.7 PREPARING THE SOCKET FOR TRIAL FITTING:

A trial fitting is conducted by evaluating suspension,
range of motion, length, alignment and electrode site
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selection. Corrections are made to remedy problems befaore
finishing is started.

5.8 CONNECTION OF THE SOCKET AND WRIST UNIT,
COSMETIC SHAPE.

5.9 FINISHING WORK.

S5.10 DELIVERY AND FINAL CHECK OUT:

The patient is also supplied with two batteries and a
battery charger.

6. ADVANTAGES:

A. Controlled movement of the artificial hand by
contraction of the extensors and flexors muscles.

B. No auxiliary suspension device is necessary.
C. Cosmetically acceptable.

D. Compared to mechanical hand, the grip power can be
controlled by several amounts of contraction.

7. DISADVANTAGES:

A. Heavy weight, about 1 kg.
B. Charging of batteries.

C. Sensitive for distortion from electric equipments
such as TV, power lines, etc.

D. Electrodes are reacting on perspiration.

E. Delicate and need periodic checking and maintenance.
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ABSTRACT

A new model of the mobility aid for the blind was
designed by wusing a microprocessor and ultrasonic devices.
OQur mobility aid was evaluated based on psychophysical
experiments by the blind. In our model, the downsweep FM
ultrasound is emitted from a transmitter with wide dire-
ctivity to detect obstacles and the reflected ultrasounds
from obstacles are picked up by two channel receiver. The
frequency of the emitted ultrasound sweeps from 70kHz to
40kHz within 1msec, so it has almost the same character-
istics as the ultrasound which bat produces for echo-
location. The reflected ultrasound wave is prolonged about
by 50 times by wusing a microcomputer board with an A/D-
converter and two D/A converters, so that the frequency
of the prolonged wave becomes 1400Hz to 800Hz. The pro-
longed waves are displayed binaurally through 2 channel
earphone. In this method, obstacles may be perceived as
localized sound images corresponding to the direction and
the size of the obstacles. From the results of psychophys-
ical experiments, it was found that downsweep FM wultra-
sound was superior to recognize tiny obstacle compared
with other ultrasounds and the blind could recognize a
wire with 1mm diameter by using our device. It was also
proved that the blind could discriminate several obstacles
at the same time without any virtual images. Our mobility
aid modeled after bat's echo-location seems to be effective
to detect tiny and sharp obstacles placed in front of the
head.
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Since most of bats transmit downsweep frequency modulated
(FM) wultrasound for their echolocation as shown in Fig.1, this
downsweep FM sound seems to be advantageous to detect and
recognize obstacles([11],[12]. In this paper, we have designed new
mobility aid device modeled after bat's echolocation and also we
investigated what kind of roles the downsweep FM sound played to
detect and recognize obstacles.

1004 ¢ \ \ \ \ Fig.1
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2. MOBILITY AID DEVICE

Our mobility aid device consists of a microcomputer board
with 3 channel D/A converter and 2 channel A/D converter, voltage
controlled oscillator, one ultrasonic transmitter, two ultrasonic
receivers and two earphones as shown in Fig.2.

The downsweep FM ultrasound is emitted from a transmitter
with wide directivity to detect obstacles and the reflected
ultrasounds from obstacles are picked up by two channel receiver.
The frequency of the emitted ultrasound sweeps from 70kHz to
40kHz within 1msec, so it has almost the same characteristics as
the ultrasound which bat produces for echolocation.

~ Ibb v \
T0KHz 40KH; | 1400H;  800H;
F- AMP. | AD

—=]DA

V.C.O. ={DA CPU -IMEMORY

[ — o

—=1 AMP.
TRANSDUCER MP. AD EAR PHONE

Fig.2 Block diagram of our mobility aid
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The detected signals consisting of 8192 sampling points are
stored into IC memory through A/D converter with 12  bit
resolution at 2usec sampling time and then these data are
converted into prolonged wave through 2 channel D/A converter
with 12bit resolution at 100usec conversion time. Therefore,
reflected ultrasound wave 1s prolonged about by 50 times so that
the frequency of the prolonged wave becomes 800Hz to 1400Hz in
which frequency range the auditory sensitivity is very high and
the frequency difference limen is low. The prolonged waves are
displayed to Dboth ears through 2 channel earphone. In this
method, obtstacles may be perceived as localized sound images
corresponding to the direction and the size of the obstacles.

The transmitter and the receivers were designed by
Matsushita Electronic Components Co.,Ltd. and these devices have
very wide frequency Trange and wide directivity as shown in
Fig.3(a) and (b).
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These transducers are fixed on the center of the frame of an
glasses and two receivers are arranged perpendicularly as shown
in Fig.4(a) and (b). Fig.5(a) shows relative intensities of
reflected sound from a pole placed 1m apart from the receivers as
a function of direction of the pole and Fig.5(b) shows arrival
time difference of reflected sound between two receivers as a
function of direction of the pole. Thus intensity difference and
time difference produced between two receivers depend on the
direction of obstacle so that direction of sound image produced
inside of our head changes depending on the direction of obstacle

by auditory binaural function.
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3, EVALUATION METHOD OF OUR BLIND MOBILITY AID

First, discrimination ability of two poles placed in front
of a subject was evaluated according to the following
experiments.

(1) The distance(R) between the transducer and the right pole
was measured by which the left and the right poles were per-
ceived at the same distance.

(2) The distance(R) was neasured by which two poles were per-
ceived individually when the distance (R) increased.

Where, the left pole was placed 1m apart from the transducer
at an angle of 30 degree as shown in Fig.6(a). The diameter of
the right pole was fixed at 3cm, on the other hand, the diameter
of the 1left pole reduced from 30mm to Tmm. The height of Dboth
poles was 70cm. These poles were pade of acrylic resin. .

Next, discrimination ability of the right pole was evaluated
when a plate made of steel was placed perpendicularly 1im apart
from the transducer at an angle of 30 degree as shown 1in
Fig.6(Db).

(3% The distance(R) between the transducer and the pole placed
on the right hand at an angle of 30 degree was measured by
which the pole was managed to be perceived.

Where, the height and the width of the plate were 153cm and
124cm respectively. The diameter of the pole was changed as well
as the above experiments.

In these experiments, two kinds of ultrasound were used
besides downsweep FM sound to investigate which sound was most
suitabie to detect the obstacles. One 1is tae ultrasound with
50kHz constant frequency (CF) and with 1msec duration. The other
is upsweep FM sound which frequency sweeps from 4LOkHz to 70kHz
within 1msec as shown in Fig.7.

(a) _
pate |2 (®) | e
{ O Wall Q
Q | |
“\:\ \
\ 30° \
\ 30° \ 30°
/ /
/00\\/> /Q: )0;\/)
(3} /
2 \ 3\
\ / ? \
\ / \ /
\N'7 ALV 4
- §§
“{U]trasonic transducers “\U]trasonic transducer:

Fig.6 (a),(Db) Arrangement of obstacles and transducers for
psychophysical experiment as to discrimination ability of
poles
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4. EXPERIMENTAL RESULTS AND DISCUSSIONS

In the experiment(1), the distance(R) by which two poles
were perceived at the same distance increased when the diameter
of the 1left pole became less than 2mm as shown in Fig.8. 1In
another word, this result means that obstacles placed at the same
distance were perceived at almost the same distance if the size
difference between two obstacles was not so large. This phenomena
was found in the cases of upsweep FM sound and CF sound as well
as downsweep FM.

In the experiment(2), the distance(R) by which two poles
were perceived individually was about 17cm and about 30cm in the
case of FM sound and CF sound respectively as shown in Fig.9.
This means that FM sound is more advantageous to discriminate
multiple obstacles than CF sound. The distance did not depend so
much on the difference of the diameter of the left pole and no
difference was found between upsweep FM and downsweep FM.
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In the experiment(3), the distance(R) by which the pole was
managed to be perceived was about 113cm and 93cm in the cases of
FM sound and CF sound respectively when the diameter of the pole
was 35mm as shown in Fig.10. FM sound 1is also proved much better
to perceive obstacle than CF sound though no difference between
downsweep FM and upsweep FM was found when the diameter of the
pole was larger than 10mm. Downsweep FM was, however, found to be
better than upsweep FM when the diameter of the pole became less
than 5mm. Downsweep FM sound seems to be effective to perceive
tiny obstacle placed near the wall. )
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The reason why the downsweep FM was effective might be
caused by the auditory characteristics as to temporal masking.
Preceding sound is not easy to be masked by the succeeding sound
in temporal masking so that the subject can perceive the
reflected sound with high frequency component which is
advantageous to detect tiny obstacle in the case of downsweep FM.
Whether it is true or not, our mobility aid modeled after bat's
echolocation seems to be effective to detect tiny and sharp
obstacles placed in front of the head.
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1. Introduction

1.1. Scope of the paper

For most people technology makes things easier. For the
handicapped, technology makes things possible. For many years
now, computers and computer technology have been utilized to
increase the independence and improve the quality for the
handicapped individual. "The recent explosion in the
availability of personal microcomputers has perhaps no more
important benefit than in special education and rehabilitation".
(Foulds, 1982 , p.155) For the handicapped person, the micro
computer is nothing short of a miracle. (Goren, 1984, p.4) Even
if a person has use of one hand or just control of an eyelid, can
input data into a computer keyboard and communicate with
virtually anyone with little or no assistance.

"Just a few of the benefits now available include a
microcomputer aided robotic arm which permits quadriplegics to
feed themselves independently; computerized classroom management
systems that enable teachers to tailor curriculum to
individualized education plans; a talking wheel chair which helps
nonvocal persons to communicate with others...computer programs
for the immediate translation of written material into
braille..."(Nave, Browning & Carter; 1983, p.iv) and many more
devices already exist to aid the handicapped.

This paper 1is a survey of these and other similar
technological developments that assist the handicapped individual
as an instructional resource for learning and as a personal aid.
The paper attempts to focus on two aspects of the technology. The
first aspect is the input technology. The second aspect is the
output technology. We would like to point out that the scope of
the technology, available today, is considerably greater than
these two aspects and what we shall attempt to cover in this
paper is merely a select sample to demonstrate changing trends.

1.2. Handicapped person

A handicapped person, has been identified by Marariou, as
the individual who is not able to perform at the same level of
proficiency as the majority of the population due to physical,
mental and/or emotional disability (1984 p.168). The United
Nations states that the handicap is "an estimate of the loss of
opportunity with respect to educational attainment, occupational
mobility and the like, experienced by an impaired person”. (1986,

p.8)

The size of the population fitting this definition is
sizable and the type of disabilities leading to handicap are
varied, born into or acquired through trauma. Depending on how
You categorize the handicapped, this population has been
estimated between eighteen (18) and thirty (30) million people,
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for instance, in the United States. A study presented at =a
special workshop on education and employment of the handicapped
sponsored by 1Institute of Electrical and Electronic Engineers
(IEEE, 1983), referring to the same country, reports that, "...
20 million people in the US (are) affected by some sort of
physical disability and another 300,000 (are) born each year with

some degree of mental retardation...". (p.iii).
2. The computer
2.1. Impact of the microcomputer

Investigation into the wutilization of the computer for
supporting the handicapped dates back to the early Yyears of
computer development. It was recognized early, that special,
often customized, programming of the computer to make it usable
for, and by, the handicapped is needed. Microcomputers were to
perform a dual role: to help the handicapped individuals perform
tasks denied to them, and ,that, they must be physically modified
to provide access to a2ll the common general purpose software
available to any computer user.(Vanderheiden, 1982) Yet, the
majority of the software available for the handicapped has been
that which provides a specific function, rather than that which
modifies a standard program.

Time magazine (September 22, 1986) estimated that in 1986,
alone, the number of disabled Americans using computers,
principally doubled from the preceding year to 40,000 users. The
speed with which new devices, systems and software are being
generated, 1is reminiscent today, of the peak years in the
development of the personnel computers for the the general
public. The elimination of some of the technical and economic
inhibitions has made the computer more readily available to the
handicapped persons.

2.2. The benefits of the computer

vanderheiden, (1982) the present director of Trace Center
for Research and Development reminded us that,

"It would be impossible to quote an exhaustive list of the
special functions microcomputers could provide for disabled

individuals. Almost any aspect of human activity that has
been impaired could potentially be aided to some degree
through the use of microcomputers as processors,
manipulators, or controller”. (p.2)

Researchers (Gloet, 1983} Morariu, 1984; Hofmeister, 1983;
Jones, 1984; Hanley 1984; Apostoles, 1985; Jerome, 1985; Elting &
Raimondi, 1984; Goren, 1984) seem to agree that some of the
special functions that microcomputer can provide the handicapped

individual are:

1- As a special educational tool. Particular attention 1is
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given to Computer Aided Instruction (CAI) in dealing with

students requiring special attention. The slow rate of response
of severely handicapped would allow the individuals to practice
lessons independently and at their own pace. "Boring and

repetitive drill and practice routines are no longer a burden for
the teacher, and the computer never loses its temper, even with
slow learners." (Gloet, 1983, p.20) The severely handicapped, in
learning subjects as chemistry, physics, etc., would be able
to experiment and manipulate. Computers would ,also, be the
adaptive teaching gid needed to respond to a specific handicap -
as the need to see, read, write, and take notes;

2- As an effective evaluation device for the mentally
retarded;

3- As an effective communications aid for the vocally
impaired and in speech therapy;

4- As a specially designed input devices, 1like remote
keyboards and input attachments, to enable cerebral palsied and
high-level quadriplegics to access the computer;

5- As an effective office device for supporting clients and
students. The handicapped uses the computer as a productivity
tool and as a beneficiary of office automation;

6- As a rehabilitation tool. Computer programming is
offering a specially adaptive vocation for the handicapped
persons. Statistics show that many handicapped persons trained as
programmers have been able to compete well in the job market.

T- As a facility to access specialized databases for
information that otherwise might have been impossible for the
handicapped to attain. These include oral and/or Braille

databases that provide the visually impaired person with access
to daily news and information;

8- As a classroom management tool to enhance the ability of
the special education teacher. Individualized curricula
adaptations needed for the learning of the handicapped person,
are now feasible. The utilization of artificial intelligence,
especially expert systems, for instruction and diagnosis and
assessment of individual is providing the better ways for
educating and training the handicapped person;

8- As an effective aid for the individuals with severe motor
impairments in providing special devices like robotic arms and
computerized wheel chairs; and,

10- As sensing devices enabling the severely handicapped
persons, who <can only move their heads or their eyes, to have
access to and communicate with the machine.

3. Computer adaptations
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3.1. What is adaptation?

Four classes of adaptations of the general purpose computer
are possible. One, The adaptation of the computer for the
physically handicapped; two, the adaptation of the computer for
developmental handicapped; three, the adaptation of the computer
for the special education teachers; and, four, the wuse of
embedded computer systems in devices that are used for
handicapped purposes. Some physically handicapped persons develop
other forms of disabilities. They have to utilize more than one
class of technology. Considerable overlap in the technology
exists among these classes of adaptations, especially in the
software technology aspects. We are focusing in this paper on the
adaptations of the computer for the physically handicapped
persons.

The adaptation of the computer for the physically

handicapped involves, hardware and software. The hardware
adaptations are at the input and output devices 1level. The
software adaptations include several components that are

discussed below.

The adaptation of the hardware is necessary to provide the
means of communications and interface between the physically
handicapped and the computer. The physically handicapped can use
the computer, if special input and output devices, are available
to provide the means for user-machine communications.

Often the introduction of a new input or output device
involve, in addition to hardware, the development of special
software to "drive" the device. The driver software insures
proper interface of the device with the rest of the operating
environment. Other software components might also be needed. This
software is usually developed to process the information in a
manner which translates the in-flow or the outflow information
properly to interface to standard software applications.

The introduction of a peripheral, an input or an output
device, to be wused in adaptations of the computer for the
purposes of the physically handicapped, therefore, involve three

new elements. The hardware device itself (e.g. speech recognition
device for input, speech synthesizer for output, special keyboard
for input, or Braille printing device for output). The software
that "drives" (i.e. driver routines) the specialized hardware to
enable it to interface with the rest of the computer.

Often, in order to provide the handicapped computer user
with the =ability to use a standard package of software, an
additional software component is required to translate the
information. The form of the information expected by the packaged
software is different than the that produced by normal input or
output instructions addressing these devices directly. It 1is,
therefore, necessary to provide a software interface to translate
the form of information used by the devices into a form used by
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the packaged software.

3.2. Example of an Adapted system

For example, a speech recognition input device provides a
person with the ability to orally communicate, with a limited set
of commands with the computer. The input device captures the

oral communications and transforms the spoken word into an ASCII
string of coded characters for use within the computer. The
string of characters produced by the speech synthesizer might
resemble a string of characters produced by keyboard. If that is
the case, then the same string can be feed directly into a
general purpose software like a spreadsheet or a wordprocessor.
The handicapped person, that need a speech recognition device to
communicate with the computer can then access these software
packages and use them in a manner similar to a general user does,

If, as generally is the case, the coded character string
that is generated by the speech recognition device is expected to
imprecisely reflect the intention of the user, then a filtering
and feedback hardware/software (e.g. mouse emulating or keyboard
emulating devices) is needed before admitting the string into the
general purpose software. In many applications that might mean
either echoing the input into more than one form for the user to
make a judgment or using more advanced form of processing
software to filter the generated character string. The echo of
the input speech command is produced through a speech
synthesizer output device and through a Braille output machine.
(Brandenburg & Vanderheiden, 1987)

The functional software could be developed specifically for
the purposes of the handicapped. The structure of such software
usually contains the necessary component to filter the incoming
coded stream of information or generate the outgoing stream of
information in a manner which is directly adapted for the
specifics of the output devices. For example, the Kursweil
reading machine is an integrated computer system that uses
special scanners and speech generators to read printed text. The
software that drives these input devices as well as convert the
scanned characters into spoken stream of output is an integrated
software that wuses its own recognition routines and filters
(Kamensky, 1983).

4. Input devices
4.1. Keyboard adaptations

Many of the standard input devices are usable for the
purposes of the handicapped persons. They are used either with
minor modifications or with mechanical adapters that enable the
handicapped person to control and manipulate these devices. For
some handicapped persons, special input devices are created to
facilitate their communications with the computer.

Among the devices that have received considerable attention
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in the modifications is the standard keyboard. The standard
keyboard being, by far, the most popular input device was a
natural candidate for enhancement and/or modifications to meet
the needs of a sizable portion of the handicapped. Keyboards
designed with large characters, different distribution of
characters or equipped with mechanical controls are in common use
to meet the need for some of those with limb impairment or motor
system impairments. Keyguards and keylatches to inhibit the use
of some keys are, also, common. These are, usually, inexpensive
accessories or software that modify the keyboards for the
particular purposes of a handicapped person.

A technically interesting development is the foot operated
shift controls. These enable the user to use the foot to press
one of the control keys and hence use only one finger for all the
keys. Similar functions are provided by the lock control software
that modify the function of the ALT,CTRL, and ESC keys or
software that allow keyboard macros to be entered and invoked
with one key. ( Brandenburn & Vanderheiden, 1987; Gloet, 1983)

4.2. Speech recognition systems

Speech recognition technology has demonstrated considerable
progress over the past two decades. Devices and products
assembled from the current technology have limited capabilities.
These, wusually, either understand a limited set of vocabulary,
one or two voices or simple sentence structure. A new generation
of voice actuated devices was introduced in the market over the
last five years. These devices are not only economical, but,
also, effective in use if the vocabulary set of the environment
is well defined, which is the case for many applications for the
handicapped. (Design News, October 24, 1983) Dragon systems, for
example, last year introduced a software enhancement that
increases the ability of the computer to recognize human speech.
The software is good enough for limited dictations and very
effective for the command set of many Software (Wall Street
Journal, November 18,1985; Design News, October 24, 1983).

The field of voice analysis and speech recognition 1is an
active area of research. And 1in particular, artificial
intelligence research on the understanding of natural languages.
Linguistic research on the structure of the spoken language or
limited grammar languages, is also, progressing considerably. An
interesting product of such efforts is =a software product
developed by North Texas State University able to interpret the
guttural sounds of the speech-disabled persons (Datamation,
January 1, 1985). The early versions of the Fifth Generation
Computers early versions expected in the 1990s, are projected to
realize far more effective speech recognition systems.

The progress of the technology, though limited in comparison

to the aspirations and potentials of research, has yielded some
very innovative products. A Computer Aided Design ({CAD) station
using a speech recognition system to enal-le the hr .dicapped to
use the capabilities already bec 1 introduced in the market. The




-139-

workstation allows an engineer, by talking into a microphone, to
add dimensions and annotations, change drawings, and zoom out to
check the work.

*

An innovation of potentially far reaching dimensions for the
handicapped is the voice actuated robot. This robot may
eventually be able to manipulate small objects for people with
muscular dystrophy, cerebal  palsy, blindness or other
disabilities. The robot is being developed by a joint program of
the New England Medical Center and the Tufts University. ' (New
York Times, August 10, 1986). The robot is equipped with a voice
recognition device that is able to receive oral instructions and
translate them into commands to a robotic arm attached to it. The
robotic arm will be able to lift and transport small objects in
answer to the command of a person.

4.3. Sensing devices and systems

Perhaps the most innovative and striking advances are in the

field known as sensing applications. Special sensors are being
introduced which are able either to read the eye movements, read
the lip movement, or even read head movements. The obvious

implications of these technologies that sense movement is vast
for the handicapped, particularly for the severely handicapped.
Ashahel Engineering is marketing a flexible muscle movement
sensor based on piezo film that allows a handicapped person to
activate 1lights, electric typewriters and computers by minute
eyebrow or mouth movement (Modern Plastics, June 1985).

The sensing technology has expanded in a multitude of
directions vyielding systems that were not possible to imagine in
the past decade. A 1984 product is an eyeglass that help deaf

lip-read. The eyeglass is controlled by a 1-1b microcomputer,
connected to the eyeglasses with a microphone and light emitting
diodes on one of the lenses. The computer analyzes what is

received through the microphone and relays speech cues designed
to distinguish syllables or words that appear identical to a lip-
reader. The bearer then positions the cues so they appear beside
a speaker’s mouth in order to differentiate syllables and words.
(Time, September 22, 1986)

Medical Equipment Distributors have designed a Morse code

interface. The interface is activated by the user’s lips, facial
muscles or hands. (Design News, September 19, 1983) Resus, of
the Netherlands, introduced a head-movement-operated typewriter

for use by the handicapped. The device is designed to be used by
the severely impaired persons actually working as programmers.
(Electronics, May 5, 192)

5. Output devices for the handicapped

The speech synthesizer is perhaps one of the better known
devices. The generstion of speech technology is more advanced
compared to voice synthesis technology. It is possible to use
vast vocabulary in a machine stored dictionary to "read” in a
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legible manner sets of messages, commands and fairly complicated
text. Several speech s8synthesizing devices exist today in the
market that range in price from US$ 2500 - US$ 10,000. depending
on the versatility and advanced functions included in the packet.
These devices are used as a general output devices for the blind,
in therapy and in training and in education.

Blind programmers are using, today, Braille input keyboards
with a speech synthesizer for output. The programming performance
of these programmers is, on the average, highly competitive with
the general population of programmers. One software, called PC
Speak, 1is able to load in the memory. It captures the output to
the standard output device and transforms it into a spoken
output. Programmers are able not only to write programs but to
use standard packages such as wordprocessors and spreadsheet in
their work. (Goren, 1984)

Reader machines for the blind are becoming in wide wusage.
These include text readers that generate the output in voice,
such as the Kurzweil machines. (Kamentsky, 1983) A Special input
keyboard is designed to enable a blind person to control the
movement of the paper and to instruct the computer on which part
to read. The user 1listens to the output in the form of
synthesized speech. Machines that employ Braille printers and
"screens" which generate through vibrations erasable sensations
of Braille characters are also commercialized. (Brandenburg &
Vanderheiden, 1987, pp. 103-111) An associated product is the
development of the a computer terminal specifically designed for
the visually impaired persons which can be used to transfer
computerized information at a rate comparable to that of ordinary
users of terminals. (Plastics Design Forum, April, 1983)

The Blissymbole’s learning and communications is a meaning
based symbol system. The system is used to assist illiterate
handicapped individual with a speaking disability. -The system is
based on a set of graphic symbols that are wused to rapidly
develop a system of communications between the handicapped and
the computer. The handicapped uses any means of pointing to the
symbols to express himself to the machine. The Blissymbol system
is highly interactive, uses graphics and requires only software
to make the ordinary PC computer useful for establishing
communications with the reading and speech impaired system. It
can be used to eliminate illetracy as well to provide an
environment for drill and practice. (Wertz & Wertz, 1983)

An interesting innovation to make the micro computer an
effective assistant of the handicapped writer was patented in
1985. The program displays a list of words from a vast
dictionary. It allows the user to point to terms they want. The
program integrates that in the body of a text being created.
(New York Times, December 21, 1985) The system does not require a
keyboard or any hand written source for the user to write using

the computer.

6. Other technologies
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6.1. Software

The most important underlining technology that is effecting
the growth of other technologies for the handicapped is the
software technology. The software development is what is
limiting, at this moment, the utilization of far more capable
hardware devices. Regretfully, most of the available educational
software has still little advantage over a well-illustrated book.
Though, considerable effort has been spent in developing the
software that converts small PC’s into educational enhancement
devices, much remains to be accomplished to be considered good
educational software. The handicapped user who could benefit
greatly from good software is more affected by this failure of
the software developers than is the average computer wuser.
(Friedlander, 1983)

As the number, variety and complexity of programs increase,
various professional institutions and agssociations have
established some criteria to identify the 'schoolworthy’ software
products. Current criteria evaluates what is ’schoolworthy’ for
the students, in general, and not the learning disabled student,
in particular. And what might not be considered ’schoolworthy’
for the mainstream student, might be for the student with
learning disabilities ’schoolworthy’. Research, has shown, that
Computer Assisted Instruction (CAI) software that might be
labeled as dull, repetitive, unchallenging for the general
student, <can be very effective for teaching the handicapped.
(Johnson & Van Dusseldorp, 1984, p 132) While little software
has been created expressly for use of the student with special-
needs, some of the existing software, does seem to, lend itself
for use in remedial work, in individualized learning prlans, and
in one-to-one teaching.

The software technology that will enable the handicapped to
use the microcomputer as everyone else is becoming more and more
essential to help integrate the handicapped in the daily routines
of society.

6.2. Information systems for the disabled

An important development associated with the proliferation
of computers adapted to the needs of the handicapped, is the
development of databases for the handicapped. Tele-information
systems that are accessible through a personal computer are a
reality today. The computers are usually fitted with a speaking
program, like the PC Speak, described earlier.

For example, the Vu/Text is a data base which contains eight
major daily newspapers. It is also connected to a number of other
bases as an associate service. The database ©provides the
information in a text form for the general subscribers. However,
an experiment using PC Speak, was able to retrieve from the data
base and receive it in oral form. Blind reople now have the
possibility of reading daily newspapers through such a service,
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or a modified form of the service that will enable them to reach
information that, so far, has been available to the physically
able. (Goren, 1984) ABLEDATA, is another example, of a database
supported by the National Rehabilitation Center at the Catholic
University of America. It is a national computerized database
with an information network covering over 4000 commercially
available aids and equipment useful to disabled persons.(Design
News, September 19, 1983)

6.3. Artificial Intelligence and expert systems

Applied artificial intelligence work 1is effecting the
systems being developed for the handicapped. Natural language
processing is showing promise for a new voice recognition and
conversational systems. The work being conducted in robotics is
already providing for robotic arms to be used directly by the
handicapped, or robotic systems to be utilized for the support
of the handicapped. A promising product which employs some
artificial intelligence is the computerized wheel chair. The
chair is actuated by voice control or by manual controls. It can
be moved, steered, and raised using these controls. It stops
automatically when the microcomputer senses danger ahead. (Asian
Wall Street Journal, June 30, 1986).

Expert systems for special education, for evaluation and for
therapy are providing promise to drastically improve the support
to the handicapped and to improve the productivity of the

teachers and trainers. Among the expert systems addressing
learning disabilities is CLAS.LD EE and CLAS.LD MI developed by
Hofmeister and Ferrara. (Parry & Ferrara, 1984, p.10) In

response to a series of questions posed by the computer program,
the user inputs the psychological and educational information
gathered by the assessment teamn. Then the assessment information
and rule-based logic are combined to output a classification for
the student. Expert knowledge, built on the opinions of
recognized authorities in learning disabilities, with more and
more assessment, leads to finer and finer scrutiny until the
nature of the problems has been pinpointed.

7. Concluding remarks

7.1. Economics

The evolution of economic microcomputer bases systems,
advances in voice recognition, speech synthesis, natural language

recognition, robotics and expert systems are placing the
foundations of a new revolutionary devices for reducing the
effects of biological, mental and emotional disabilities.

Humanity is reclaiming the creative power persons inhibited by
the disabilities and by their talent from contributing to the

betterment of human life.

The systems and devices explored in this paper are only a
small part of what is proving to be an expanding field of
achievements and technological advances. In epite of these
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achievements these technological innovations are far from
resolving but a small part of the problems of removing the
effects of disabilities. For one things they remain costly
systems, even after +the great reduction of the cost of the
microcomputer. Often cost-effectiveness cannot be demonstrated by
purely profit based market research. Research, development and
production of these systems have to be supported on the basis of
human needs and on the basis of the limitless value to humanity
and society when disabled persons become able innovators and
producers.

7.2. Psychology

A dimension that requires attention and exploration is
that of the psychological impact. Brooks (1984) expresses that
impact in stating that,

"... although the computer offers a wonderful array of
opportunity here, it could also be perceived as a
threatening, inhuman force. Thus, the professional has a
responsibility going beyond installation of the computer-
based adaptive devices. 'They ’'should remember that there
are people who have difficulties in accepting and wutilizing
general adaptive devices. ... The sheer power of the computer
to change lives must be considered". (p.48)

7.3. The Arab countries

Computer aided systems for the handicapped in the Arab

countries face added difficulties. Arabic processing, textual,
oral and spoken language has to undergo massive analysis in terms
of oral, spoken, scanning and other forms of processing of the
language. This 1is necessary to develop systems that will aid =a

large part of the handicapped. The second complicating factor is
the customization aspects of the technology. The technology
requires two levels of customization. Customization, for one,
usually performed at the laboratory or the factory that requires
technological innovation needed to improve the ability to adapt
computer technology to meet the needs of the disabled. And, for
another, the customization applied by the trained personnel
working with the disabled that requires some adaptation for each
individual <case to access to computers or other equipment.
These two level of customization require a well developed
technical know-how base to be effective.
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Glossary
Adaptive device: A device that assists a person, usually with a
disability, to perform a task; may be custom-made to

accommodate an exceptional 1limitation.

Application Software: A program written to serve a function or
solve a problem not related to the operation of the computer
system.

Blind: A person with total loss of visual image through 1light
and shadow perception.

Legally blind: A person with best correction who can see at
20 feet what someone with normal vision can see at 200 feet.
Peripheral vision is at an angle less than 20 degrees.

Partially blind: A person with best correction who can see
at 20 feet what someone with normal vision can see between
199 and 70 feet. Peripheral vision is at an angle less than

30 degrees and images are fuzzy.

Cerebral Palsy: A neurological disorder manifesting partial
paralysis and lack of muscle coordination with symptoms of

spasticity. Visual, hearing, and speech defects may be
present.

Computer Assisted Instruction (CAI): A computer software
application in which a computer is wused to conduct

instruction using techniques such as text screens, graphics
screens, etc.

Computer Managed Instruction (CMI): A computer software
application in which a computer is used to sequence, branch,
test, prescribe, and track progress and report on branching.

Courseware: Educational applications software used for teaching
and learning.

Disability: A limitation or loss of use of a physical, mental, or
sensory body part of function, or a physical or mental
defect or impairment that a person is born with or that is
acquired by accident, injury, or disease.

Friedreich’s atazia: An inherited disease with hardening of
portions of the spinal column. It manifests itself in lack
of coordination, speech impairment, and paralysis, usually

of the legs.

Functional limitation: - Restriction of physical or mental
functions that hinder an individual’s ability for self-care.
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Handicapped: Those with significant limitations in using
specific parts of the environment.

Hardware: The actual machinery or physical parts of a computer
(mechanical, magnetic, electrical, or electronic devices.)

Input: The data that go into the computer to be processed.

Input Device: A mechanical device used to transmit the input to
the computer.

Machine Readable: Data that are directly readable by the

machine, such as from disk and tape, or documents
specifically prepared for Optical Character Recognition
(OCR) .

Manual dexterity: The ability to coordinate one’s hand or hands
to accomplish basic or specific tasks, such as collating or
dialing a telephone.

Menu: A list of the features and/or segments of a program which
is displayed on the screen and from which the wuser can
select the next program option.

Microcomputer: A computer designed primarily for use by one
person.

Monitor: Or Cathode Ray Tube (CRT). An output device that gives
a visual display of text, numbers, color and/or graphics
from a computer.

Motor control: Control of gross or fine movements, usually of
the hands, arms, and legs; seen in the ability to move
smoothly from one manual task to another and to grasp and
manipulate objects.

Muscular dystrophy: Disease characterized by progressive
deterioration of muscle.

Operating System: Software which controls the execution of
computer programs and which may provide scheduling,

input/output, control, data management, and related

services.

Output: Data that have been processed in a computer and are
transferred to an external device (e.g., printer, screen) .

Paraplegia: Paralysis of th: lege rezulting from injury to the
central nervous system; may include weakness of the arm(s).

Peripheral: Any piece of equipment, distinct from the computer
itself, that allows, the computer to communicate with the

'outside' world.

T
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Program: A logical set of instructions written in sequence to
written in a language that computer can ’'understand’ to make
the computer perform a task or solve a problem.

Quadriplegia: Paralysis of both arms and legs. Sometimes the
arms and/or hands retain some function.

Software: A (set Of) program(s) written to process data and
solve problems.

Spastic: A muscular disorder manifesting exaggerated stretch
reflexes and muscle spasms; associated with cerebral palsy.

Special Devices: Special purpose peripheral equipment.

Tacticle: Describes an object that can be perceived using the
sense of touch.

Terminal: A device, wusually equipped with a keyboard and some
kind of display, capable of sending and receiving
information over a communication channel.

Traumatic injury: The wounding of an individual by external
force, such as by an automobile accident.

User: A person or organization who utilizes the hardware and/or
software components of a computer system.

Voice Input: Voice communication with the computer system.
Voice transmission of data to be processed.

Voice Output: Audio transmission of output from the computer
system.
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Previous speakers have clearly established the premise
that technology, especially computer based technology, will
be extremely important within the labour market of the
future. As an educator at the Maryland Rehabilitation
Center, I am justly proud of the innovative approaches in
utilizing micro-technology to aid the disabled clients we
serve.

It may be advantageous to the gathering to discuss the
Maryland Rehabilitation Center. The Center, an organiza-
tional unit of the Maryland State Department of Education,
Division of Vocational Rehabilitation, provides multi-
disciplinary services to disabled persons, particularly
those who are severely disabled. The Center provides
services for handicapped persons who seek to prepare for
gainful employment. We are one of only ten comprehensive,
vocational rehabilitation centers in the United States
providing a wide range of services to disabled persons.
Included among those services are: vocational evaluationg
medical functional evaluation for the severely disabled to
determine readiness for specific vocational services;
physical restoration services; vocational skills training;
training for independant livingy and a variety of oather
medical, vocational and support services tailored to the
needs of the individual.

The Center serves persons with various disabilities
which may be the result of accidents, injury, or disease
process as well as those with emotional and devel opment
disabilities. The average age of our client group is 31
vyears of age. The client served, by major digsabilities, are
as follows:

1. Spinal Cord Injury.
2. Deaf and Hearing Impairments.
3. Orthopedic Impairments.

4. Amputations.

3. Mental/Emotional Disorders.
6. Other Disabling Conditions.
7. Blind and Visual Impairments.

The programs and services provided attempt to address
and resolve the rehabilitation problems experienced by
disabled persons. Those problems vary with the individual
and their specific disability. The services and programs are
planned and implemented to meet individualized needs
associated with defining and/or undertaking vocational
rehabilitation services. Some problems which may need to be
addressed are: medical management of the disease process;
development of independant 1living skillsg mobility or
communication techniques and skills; devel opment of
functional skills required for activities of daily living;
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development of skills required to maintain positive mental
health. Through our comprehensive services, the Center
strives to identify and help address an individual’s
specific needs in these areas s0 that vacational
rehabilitation goals can be assessed, established, and
successfully achieved whenever possible.

The Center, in existence since 1972, already knows from
the experience of the last five years that disabled people
can compete successfully for most electronically based
employment situations because specialized adaptive
technology can provide them with necessary alternative means
for accessing computers. We provide, through our Technology
Resource Office, technical support services, including
assessment services, system design, training and consulta-
tion to disabled individuals.

Individuals with motor impairments can accomplish data
entry tasks through a host of alternative techniques. A
switch can be fabricated so that it can be activated by a
specific voluntary action. Blinking eye movements and
controlled breathing are examples of methods frequently used
by severely disabled individuals to indicate the selection
of alternative choices which are displayed sequentially on a
screen. In this manner, these individuals can use " keyboard
emulation " to enter data into a computer for the creation
of files that then can be spoken by a speech synthesizer to
be used in vocal communication, or be printed as
correspondance on reports or be run as a computer program.
The expected increased use of speech recognition systems
within the school and workplace of the near future is
providing many motor impaired individuals with thoughts of
increased flexibility.

Blind individuals, on the other hand, who have no
problem with data entry when using a standard keyboard,
require means to access the information normally displayed
visually on a video screen or printed page. Braille displays
and synthesized speech systems are now becoming common. The
Center utilizes synthesized speech systems for blind clients
in vocational assessments and in the Computer Programming
Vocational Training Courses. These devices are beginning to
provide the highest level of equality between blind and
sighted clients. The devices allow the clients to compete
equally for education and employment in tasks requiring
independant access to and manipulation of alphanumeric
information. The computer neither has prejudice nor
preference as it relates to the physical characteristics of
the individual user or in the way the information is
displayed. Micro-computer, braille, and speech displays are
providing the visually impaired with newly acquired
independance.
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Dependant upon the prioritized needs of each disabled
individual, specific pieces of software and hardware should
be recommended as part of a total system. Initially, a
structured, organized method is needed to identify the most
consistent and voluntary control available for accessing a
micro-computer ( i.e., single finger typing or headstick
activation ). This evaluation should identify the client’s
residual motor copacities through a process of assessing
sample target surfaces which characterize commercially
available interface devices. Specialized design and
customization of each system is necessary at this point to
ensure provision of the exact interface system the
individual’s needs dictate.

Located within the Center’s Vocational Training
Department are various applications of main frame and micro-
computer usage to enhance the employability of our clients.
Sponsored jointly by the Center ( MRC ), The Johns Hopkins
University ( JHU ) and International Business Machines ( IBM
) clients participate in a project to select, train, and
place in employment disabled persons as computer
programmers. The projects are designed to produce qualified
business application ( COBOL ) programmers with the
knowledge and experience to become productive on the job in
a very short time. This objective is met by ensuring that
each graduate has successfully completed and tested a
significant number of practical programs during training,
and in most cases, has participated in a 4-8 week internship
in a business environment. Some employers have evaluated
these graduates as equal to college hires with a year’s
experience in programming. Upon successful completion of the
training course, the graduates receive thirty (30)
undergraduate college credits. The two principle ways these
projects differ from most other vocational rehabilitation
training efforts are (1) control is vested in a council of
responsible managers from business and industry to ensure
that the training is designed to meet current employer needs
and that the graduates meet the standards for employment
established by the community’s employers. and (2) a single
individual, the Project Director, who in this case is
myself, is responsible for ensuring that all necessary
services are provided so that the student, when he
graduates, will be ready to go on to employment. The project
has been in existence since 1976 and enjoys a 907 placement
rate of clients into employment.

The Center administers the project, arranges for
funding, provides support services to the potential
students, who may be either physically, mentally, or
emotionally disabled, and provides all peripheral hardware
and adaptive devices. The Business Advisory Council provides
guidance to project personnel, identifies technical needs,
specifies student selection criteria, participates in
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devel opment of the curriculum, evaluates student
capabilities and training effectiveness, and provides
internship training sites.

Clients entering the Center’s training programs are
tested in reading and math prior to or upon entry. A micro-
computer learning laboratory equipped with the most current
software and two computer—equipped classrooms compliment the
skills of staff members.

Those clients requiring assistance to achieve success
in their training programs are recommended for remediation
in the micro-computer learning laboratory. The features of
computer assisted instruction (CAI) which are seen as
advantageous for instruction with disabled students include
individualization and self-pacing, immediate feedback about

performance, consistent correction procedures, patient
repetition, carefully sequenced instruction, frequent
student responding, and motivation. Yet, most of the

existing software fails to provide these features in
pragrams for disabled students. Much of the software used
within the 1lab is authored by the instructor to the
specifications and requirements of the individual client.
There is a supply of prepackaged commercial software that is
utilized after careful screening and evaluation by the
remedial instructors. The combination of authored software
by the instructor and prepackaged commercial software, used
intelligently, indicates that the disabled students perform
at the level similar to that of their non-disabled peers.

Located within the Drafting Training Program is a
Computer Assisted Drafting ( CAD ) program. CAD has several
advantages for the disabled over traditional drafting
methods. The most evident advantage is an increase in
productivity, which in turn allows the disabled employee
more time to experiment and be creative. Computer Assisted
Drafting is much more precise, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>