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INTRODUCTION

The transfer of technology from industrial countries to non-industrial
countries, as envisaged within the framework of the new international economic
order, as well as other provisions for strengthening the economies of non-
industrial countries, would be of benefit to all people in these countries,
including disabled persons.

For able-bodied people, technology makes things easier. For disabled
persons, technology makes things possible. For instance, the personal
computer (PC) lets all of us do things faster and more efficiently than we
otherwise could. Thanks to interactive TV, we are not only able to do

banking, reserve seats on flights and purchase tickets through computer
networks, but we are now able to purchase goods seen on the TV screen by
simply pressing a few keys on the remote control. Very soon, electronic mail
will become something available to everyone. This marriage of the telephone
and the computer will make it possible for employees to work at home.

But for disabled persons, the PC has a more profound significance. For
the blind person, the quadriplegic, and the victim of severe cerebral palsy,
the PC gives an access to personal accomplishment and economic independence as
well as freedom from the isolation which is often the result of disability.
Physically disabled persons can purchase goods seen on the TV screen by merely
pressing a few keys through special frequencies assigned for this purpose.

Computer and electronics applications have special advantages in
vocational preparation and subsequent rehabilitation, and facilitate the
integration of disabled persons into productive life. Various PC devices and
software, mostly from small companies,l’/ are helping disabled PC users
overcome physical handicaps. Computers talk to the blind and listen to the
commands of those who cannot otherwise manipulate keyboards. Head-mounted
switches enable severely paralysed persons to use Morse code to communicate
with the PC. And the PC, in turn, will introduce disabled persons to people,
activities, and opportunities that they could not otherwise reach.

Employment opportunities are of particular concern for disabled persons.
Employment gives disabled persons independence and productivity in their
lives, thus allowing them to maintain their human dignity. Fortunately, owing
to the advancement of new technologies (particularly computer-based
technologies), projections on the employment of disabled persons seems to be
quite optimistic, mainly for the following reasons:

1. The shift from work requiring physical strength and manual dexterity to
work requiring more intellectual skills removes major barriers for even
severely disabled persons. Although new technologies may pose a threat to
some disabled persons, such as mentally retarded persons, others will have new
opportunities.

1/ A list of companies producing technical aids for disabled persons is
provided in the annex.



2. The nature of computer and telecommunications technologies and of
informatics permits greater flexibility regarding where, when and how much
people produce. Freedom from the work-place and rigid schedules is a benefit
to people with disabilities.

3. VNew technical aids are continually being developed which reduce the impact
of disabilities dramatically, to the extent that in some cases workers are
virtually non-handicapped in the work environment.

The transfer of new technology among nations, within the context of the
World Programme of Action concerning Disabled Persons,2’/ should concentrate
on methods that are functional and related to prevailing conditions in a
particular country or region. Although new technology for preventive and
remedial control of most disabilities has been strengthened by recent progress
in bio-medical and bio-engineering research, it is still a fact that many
countries, including countries in the ESCWA region, lack the technology to
produce the technical aids required by disabled persons. New technologies
developed in industrial countries should therefore be adapted to meet the
local needs and then be transferred to the region through the training of
trainers. This process includes two levels of customization: one is usually
performed at the 1laboratory or the factory and requires technological
innovations to adapt the technology to meet local needs, and the other is
applied by the training personnel and requires some adaptation for each
individual case with regard to specific aids.

For instance, in Egypt, various agencies and Ainstitutions (both
governmental and non-governmental) are involved in the extensive task of
rehabilitation of diversified categories of disabled persons. No doubt, new
technologies and advanced technical aids for disabled persons were made
available to the institutions and agencies through international technical
cooperation programmes. However, a formal organization specifically working
on adaptation and transfer of such technologies was first established in 1974,
in close collaboration with five centres in the United States and one centre
in Yugoslavia. The purpose of this centre -- the Cairo Engineering Centre —-
is to introduce, adapt and transfer new technologies to the local needs and
assist disabled persons to integrate into society.3/

The acquisition of technological devices and the appropriate training
required for using them does not suffice in itself. Motivation should be
provided and special attention should be given at the outset in terms of
maximizing the use of these technologies regardless of various obstacles. The

2/ United Nations, World Programme of Action concerning Disabled Persons
(New York, Division for Economic and Social Information for the Centre for
Social Development and Humanitarian Affairs, DIESA, 1983).

3/ This section draws heavily on an unpublished paper prepared by Mohamed
Hashish, "Adaptation and transfer of new and appropriate technologies for the
disabled in Egypt’, IBM Cairo Scientific Centre, 1990.




educational, industrial and business sectors also play an important role in
establishing internal programmes to assist disabled persons in benefiting to
the greatest extent possible from the services which are rendered to
able-bodied persons. For instance, the banking community should set up
voice-controlled cash machines, or at least display the instructions for using
such a machine in embossed characters (Braille). These financial institutions
could allocate a small portion of their profits for acquiring devices that
would assist disabled persons in performing small tasks that are nevertheless
useful and productive.

There already exists a substantial number of technologies and technical
aids, including simple adaptations to existing equipment, which could benefit
disabled individuals of all ages in all major life activities. These technical
aids are readily available in industrial countries. The transfer of both
"low" and "high" (thus "appropriate") technologies into the ESCWA region must
therefore be promoted.

The 1981 "Arab Declaration on Action for Disabled Persons"4/ estimated
that there were 15 million disabled persons in the Arab world, an estimate
that may be well below the actual figure. Although regionally the group of
disabled persons is not negligible, their attractiveness as a consumer group
is fragmented, both by the number of countries of the region and by the
variety of their needs. Also, countries' capacity to introduce and adapt
sophisticated technologies varies from one country to another in the region,
because of differences in gross national product (GNP), social welfare
programmes and legislation. In some countries of the region plagued by
prolonged wars and armed conflicts, considerations of '"national security"”
absorb much of their concern and the greater part of their resources. And,
unfortunately, where resources are limited, support for disabled persons is
usually not given a high priority. Therefore, the application of 1low or
indigenous technologies is an alternative solution and is sometimes much more
appropriate to local needs than imported technologies. High technologies are
costly and spare parts are not readily available. And besides these
disadvantages, such aids may not be easy to maintain and may be inappropriate
for the environment. Increasing attention is now being given to the design of
simpler, less expensive devices, using local methods of production or simple
adaptation of existing technical aids. The local use of appropriate
technologies, therefore, should take into account the technical,
socio-economic and cultural conditions in the particular society.

One of the aims of this paper is to provide a brief overview of the latest
technologies for various categories of disabled persons which have been
recently developed and are available in the market. These technologies are
described in an easy-to-understand, non-technical language, with particular
emphasis on the following two major points:

4/ Economic and Social Commission for Western Asia, Developmental Social
Welfare Issues: Inter—-Regional Consultation on Developmental Social Welfare
Policies and Programmes, (E/ESCWA/14/7).




1. The current status of new technologies designed for particular
subgroups of disabled persons as well as major trends of new developments of
such technologies in industrial countries.

2. The progress that has been achieved in these technologies in the region
and/or action that needs to be taken in the near future in order to transfer
such technologies to the ESCWA region.

A few practical examples of technical innovations will be selected and
presented for each category of disabled persons (i.e. visually disabled
persons, persons with aural disabilities, and physically disabled persons).
Although the systems and devices explored here are only a small part of what
is proving to be an expanding field of achievements and technological
advances, this paper attempts to review the present, overall picture of future
projections in the field as well.

This paper also presents a few model strategies to cover the high cost of
introducing and maintaining these sophisticated devices.

In addition to considering the importance of wusing simplified "low
technologies”, a few examples of "low-tech” communication aids and other
low-cost technical aids are presented. These 1low technologies can be
introduced in countries of the region with little or no adaptation.

In conclusion, the report sums up the lessons learned from various
examples and makes several action-oriented recommendations on how "appropriate
technologies"” can best be introduced in countries of the ESCWA region in the
near future.

I. NEW TECHNOLOGIES FOR VISUALLY DISABLED PERSONS

Visually disabled persons can be divided into two broad sub-categories,
totally blind persons (including both Braille readers and non-Braille

readers), and partially visually impaired persons (large-print readers). A
variety of innovative technical aids, computer applications, and informatics
are available for both categories of visually disabled persons. Major

technical developments currently taking place in industrial countries can be
categorized as follows:

1. Computer applications and other informatics.

2. Hand-held reading-from-paper devices and other portable communication
aids.

3. Mobility aids.

4. Magnifiers, closed-circuit TV and overhead projectors for partially
blind persons.




A. Computer applications for the blind

In order to communicate with computers and other information-processing
systems, a blind person must rely on his/her other senses. Braille printing
and tactile displays use the sense of touch and synthesized speech devices
utilize the sense of hearing.

Micro-computers with enhanced peripherals such as tactile displays, Braille
printers, Braille input keyboards and speech synthesizer output devices are
providing visually disabled persons with newly acquired independence.

Blind individuals, including those who have no problem with data entry and
use a standard keyboard and those who use a tactile input keyboard, may
require alternative means of access to the output information that is normally
displayed on a monitor screen or in printed text format. The most common
alternative means of output system are Braille display/printing and
synthesized speech output. For example, a totally blind programmer may input
data by Braille or another tactile keyboard (a peripheral keyboard adapted for
data input) and generate the output with a speech synthesizer, a tactile
screen, or a Braille printer (Braille embosser). Tactile output devices have
enrolled blind persons into the PC community. There are many software
programs for Braille translation on the market. These convert texts processed
on word-processing systems or other packaged software programs into various
standard Braille texts. The user may select from various Braille printers
available in the commercial market.

For example, the "VersaBraille" system, developed by Telesensory Systems,
Inc. in Mountain View, California, is a powerful touch-oriented terminal for
blind persons. Using a specialized set of keys, the VersaBraille user can
build a new text file which is stored either on a cassette tape (VersaBraille)
or on a diskette (VersaBraille II), position himself or herself within an
existing file, and receive or transmit information over a serial data-bank
link. The VersaBraille touch-pad output device connects to a PC to convert
screen letters into Braille characters. A maximum of 20 characters pop up and
down at one time on a small window surface located on the desk top
VersaBraille machine as the blind user navigates the screen using the standard
arrow-keys.2/

Tts latest model, "VersaBraille II Plus" is a handy dual-function board.
The keyboard and Braille display on VersaBraille II Plus Model L1D
simultaneously register, process, and generate information in two modes. In
the VersaBraille mode, the L1D is a stand-alone Braille information processing
system. By merely flipping a switch, the LI1D becomes a peripheral, i.e. a
keyboard and "Braille screen" for the IBM PC and compatibles. With the
Braille keyboard and display, the user can work in Braille with popular PC
software programs. The data can then be generated as output in regular print
and/or standard Braille print.ﬁ/

5/ "VersaBraille" brochure, Telesensory Systems, Inc., Mountain View,
California, 1988.

6/ VersaBraille II Plus Systems brochure, Telesensory Systems, Inc.,
Mountain View, California, 1988.




"Visio Braille" 1is another example of a comprehensive system which
enables blind persons to operate an IBM-PC (or compatible) running on an
MS-DOS system, with a non-permanent display and a Braille terminal
connected to the PC through an RS 232 interface and a standard Braille
printer.Z/

The aforementioned Braille processing systems can be used with various
embossers. Many similar systems are available to convert texts processed on
word-processing and other PC software programs into various standard Braille
prints. The blind user may select a printer from among the compatible Braille
printer machines available in the commercial market. In printing and
publishing task operations, the use of these up-to--date computer-based Braille
embossers is revolutionary and relieves a common frustration. For example,
while a conventional Braille typewriter requires one to two hours to print one
page, centres for blind persons in both England and the United States produce
about 200 pages of Braille per hour, using these Braille processing computer
systems.§/

However, for non-English speaking countries, particularly those whose
languages are not totally phonetic,2/ the applications of Braille printing
technology are not easy. For example, in Japan whose language is not totally
phonetic, the development of a completely automated Braille processing PC
system was a long-term struggle. The Welfare System Research Association
(WESRA) says that it has recently developed a comprehensive and completely
automated Braille processing system "Hachijutten" (meaning "80 per cent").
With application of its editing function, any texts processed on a standard
word processor or scanned by an optical character reader (OCR) can be
converted into the standard Japanese Braille format with an 80 per cent
accuracy rate.

As useful as these Braille output applications are, they are not a panacea
for the entire blind population: only a very small portion of the blind
population (estimated 12.5 per cent in the United States) can read Braille.

7/ Balin Philippe, "Visio Braille: The Black Light", presented at the
International Symposium on Computers and Electronics for the Service of the
Handicapped, Baghdad, May 1987 (E/ESCWA/ID/87/WG.2/15).

8/ This section draws heavily on the paper by Nazeh Al-Qadamani, ‘'The
disabled: the blind and prospects of modern technology"” at the Conference on
the Capabilities and Needs of Disabled Persons in the ESCWA Region, Amman,
20-28 November 1989 (E/ESCWA/SD/89/WG.1/19).

9/ The Japanese language, for example, is composed of hiragana and
katakana (both phonetic codes) and kanji (Chinese characters which are
symbolic in nature).




Access has been somewhat expanded by some of the latest Optacons,lg/ which
provide access via a raised-character system, not only to the printed text,
but also to PC-stored information via its RS-232 interface.

Access has been expanded much more by the integration of speech
synthesizers into PCs to output information in an aural form and their
application in text-reading (character-recognition) devices. The latter are
passed over the printed text and feed the data into the computer system. The
output is transmitted in the form of either pronounced words, if they are

recognized, or spelt-words, if they are not recognized. Most programs can
also recite punctuation, though experienced users can turn off the punctuation
feature if it is not required to resolve ambiguity. This technology is a

powerful application for blind persons who lost their eyesight during
adulthood and who have difficulty in learning Braille.

An example of a PC-based speech synthesizer -- the development of an
operating system (0S) for a speech synthesizer -- is the "Verbal Operating
System (VOS)" from Computer Conversations in Alexandria, Ohio, which allows
users to operate most of the basic software programs such as word processing,
database, Lotus 1-2-3 and simulation programs. "Vert Systems" from
Telesensory Systems, Inc., is a full-featured software program which works
with the IBM PC and IBM-compatibles, in conjunction with a speech-synthesizer
peripheral. Most software programs work with this system and its enhanced
version "Vert Plus" allows the blind user to select a speech synthesizer from
various options, including the most widely accepted "Detalk" from Digital
Equipment Corporation.ll/ Similar developments of O0S are found in
non-English speaking environments. For example, in Japan, Fujitsu Company has
developed, in collaboration with WESRA, the special OS enhancement "OS Talk",
which is a speech-synthesized Japanese version of MS-DOS. This enables the
blind user to operate basic Japanese software programs under MS-DOS version
3.1. However, "OS Talk" requires the Fujitsu OS enhancement "Otojiro". The
overall quality of these Japanese PC-based speech synthesized outputs is
relatively high.lﬁ/

10/ The Optacon was introduced in the early 1970s by Telesensory Systems,
Inc., as a print-reading device for blind persons. It allows the blind user
to move a small scanner over a document with one hand while the index finger
of the other hand "feels" the letters as its control unit recreates the image

of the computer screen. The control unit consists of 100 vibrating rods,
which are closely packed to form a continuously alternating surface. The
Optacon's control unit does not produce Braille. It merely transforms

identical features from the PC screen into readable form.

11/ This section draws heavily on an article by Herb Brody, "The great
equalizer: PCs empower the disabled”, PC/Computing, (July 1989) pp. 83-93.

12/ "Electronics for disabled people"”, Progress Report of WESRA (Welfare
System Research Association) Tokyo, April 1990.




Some of the stand-alone text-reading machines (character-recognition
machines) such as the "Arkenstone Reader"” from Arkenstone, in Santa Clara,
California, are also sold as a complete PC peripheral for PC speech output.
However, speech-synthesizing technology is still limited by its inability to
vocalize graphic images. 1In fact, almost all PC-based adaptive equipment for
blind persons operates in the character-based DOS environment. When
integrated into a PC, it can only process information stored in the ASCII
character format.13/ Wwhen used in conjunction with a text-reading device, it
is limited by a scanner that only recognizes standard Latin characters. For
instance, as the Mackintosh uses a graphical interface, it is basically
inaccessible to blind persons. If DOS and 0S/2 emulate the Mackintosh's
graphical interface to the fullest extent, there is a fear that blind persons
might soon be shut out of the PC community as well.l4/

However, for partially blind persons, this development has no negative
implication. Several PC applications can assist users who can see the screen
but cannot visualize normal-sized text. For example, software such as Large
Print DOS from Optelec of Harvard, Massachusetts enlarges the text on a PC
screen, similar to the print in large-print books.15/

Other devices for partially sighted users allow access to graphical

interfaces. Magnification lenses, such as the Compu-Lenz from Able Tech
Connection in Kettering, Ohio, simply fit over the screen and magnify whatever
is on it -- graphics windows, icons, texts, etc.l6/

As blind persons usually retain good speech command, this can be a
powerful residual mechanism left to them as a means to input information. One
of the most innovative alternatives to a Braille keyboard of a standard
keyboard input system is a voice recognition system -- a system which can
understand and distinguish between a number of words in the user's voice
pattern and then either print the text or act on spoken commands to control
external devices.

However, at this stage, a normal microcomputer-based system can only
discriminate between 150 and 200 words. Special systems which can discriminate
up to 10,000 words have been developed by Kurzweil Company, Cambridge,
Massachusetts, but they are only available at very high cost. In order to

13/ In Japan, however, very sophisticated OCR machines, which are used in
offices for the purpose of developing databases, make it possible for the
blind user to scan not only printed characters but also the user's own
handwritten characters, upon registering the pattern of his/her writing
(matching method). The information scanned is stored in the automated
electronic character format for speech-synthesized output.

14/ H. Brody, op. cit.
15/ H. Brody, op. cit., p. 87.
16/ H. Brody, op. cit., p. 86.




produce all possible text from a limited vocabulary, individual letters,
numbers and punctuation must be assigned representative words, such as "Alpha"
for A, "Beta” for B, etc. The machine can identify the required character or
word, as long as the operator <can say them consistently using
system-recognizable pronunciation. If a series of representative words which
the user can easily utter in a consistent manner are developed, its
performance level will be maximized.l7/

In summary, the ongoing development of software and PC peripherals for the
adaptation of the PC for blind persons would include the following major steps:

1. Development of hardware devices such as:
(a) Speech-recognition device for input;
(b) Braille keyboard for input;
(¢c) Speech synthesizer for output;
(d) Braille/tactile display for output;
(e) PC magnifier output device for partially blind users;
(f) High quality OCR for both standard and non-standard characters.

2. Development of an interface that drives the specialized hardware
peripherals to work with the rest of the computer.

3. Development of software (0S enhancement) to interface between the
general-purpose standard packaged software and special peripheral devices.

4. Development of '"layering", which is the inclusion of additional levels of
software between the blind end user and the 0S or other standard, general-
purpose software. This layering method might provide immediate necessary
functional solutions for blind users today, but in the future it may adversely
impact the ease of maintaining software currency at the operating-system
level, and reduce the ability of blind users to utilize equipment at different
sites.

B. Reading-from-paper devices and other portable cpmmunication aids

Access to the computer screen and on-line networks is only part of the
overall solution for enhanced communication for blind persons. As long as
information is presented in a printed format, blind people need to use an
assisting device (preferably portable and handy) to be able to read the print

17/ This section draws heavily on a paper by Bob Allen, "Current and
future trends in computer technology for the physically disabled", presented
at the International Symposium on Computers and Electronics for the Service of
the Handicapped, Baghdad, May 1987 (E/ESCWA/ID/87/WG.2/13).
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like any sighted reader. The use of these portable communication aids in
everyday situations is also very important in order to perform the daily
activities in the manner or within the range considered normal for the
able--bodied population.

Since it was first introduced in the early 1970s, Optacon has been used by
many blind persons in over 70 countries. The control unit of Optacon
processes information received by the tiny scanner (camera) and drives the
tactile array, consisting of 100 vibrating rods. As the user runs the scanner
across the page, the pins spell out the words, character by character. It
has several advantages; it is portable, handy and less expensive. However,
as Optacon does not translate into Braille, learning to distinguish one letter
from another by touch takes practice, and even experienced blind users find
"reading" in such a manner to be a time-consuming process.

More than a decade ago, Kurzweil Company brought a revolution to the blind
community with a text-reading machine. It could read printed text and convert
it into synthetic speech. At $US 50,000 at the time, however, the Kurzweil
reading machine found a market limited to institutions or libraries. After a
decade of continuing efforts, in 1988, Kurzweil introduced a much smaller
(portable) and less expensive text-into-speech machine, "Personal Reader". A
system with a hand-held scanner is sold for less than $US 8,000. Like the
earlier Kurzweil, Personal Reader can be upgraded to eventually recognize any
typeface. It can be used with one of the most widely recognized speech
synthesizers, "Detalk", which guarantees reasonably high quality voice
output.18/ This type of speech-output device has been developed to replicate
the natural human voice, avoiding the robot-like monotonous vocal output, it
includes functions such as a dropping pitch when the blind user pauses after
punctuation marks or a slightly rising pitch to indicate a question at the end
of a statement.

A Japanese version of Personal Reader, named "Personal Reader 7315", is
available. However, the current oprice of $US 12,000 has limited its
market.19/ In principle, Kurzweil markets its system as a handy stand-alone
prackage, while other companies sell similar products as PC peripherals. The
technical details of these products were mentioned in the previous section.

18/ This section draws heavily on the article by Herb Brody, "The great
equalizer: PCs empower the disabled", PC/Computing, July 1989.

19/ "Electronics for disabled people”, Progress Report of WESRA (Welfare
System Research Association) Tokyo, April 1990.
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The "DELTA" developed by SYSTELEC Company in France, is one of these very
handy, portable text-reading machines which can be used as a computer
peripheral as well. It translates instantaneously into Braille any document
printed in standard Latin characters read by its micro-camera unit. Its
built-in processor analyses the image received by the micro-camera and
displays it on the Braille tactile display board. The AV 24 (RS 232C)
interface allows DELTA to be connected with peripheral equipment such as a
micro-computer Braille printer or a speech synthesizer. A buffer memory with
an 8,000-character capacity allows the PC to store and display characters
previously read.29/

The inexpensive and handy talking calculator with synthesized speech
output provides more independence for numerical recognition and
numeration-related daily activities, and thus increases employment
opportunities, particularly self-employment possibilities. For daily social
activities of blind persons such as shopping, it is advisable that these
portable assisting devices be provided. In this category, a synthesized
version of the fashionable, portable data memo is also available for blind
persons. In Japan, a portable data memo, "Yurika A4", with 16 data memo
functions (including mini word-processing, database, telephone directory and
schedule memo) is available in the market. It can be operated with the
Braille keyboard, and the input information can be confirmed by the built-in
speech synthesizer before being stored in the floppy disk.2l/

Another category of people associated with visual impairment are
deaf-blind persons -- persons who perceive neither light nor sound. They need
technical applications in order to communicate with able-bodied persons as
well as disabled persons with visual impairment, with hearing impairment or
with both. Among the aforementioned VersaBraille series, the "VersaBraille
MODEL P2" can be used as a Braille telephone for deaf-blind persons if it is
connected to a modem. A conventional telephone can be used when the user
calls another party who has a compatible telephone set. It consists of a
portable electronic Braille terminal with the standard six Braille Kkey
controls and a space bar with a display that has space for a maximum of 20
Braille characters (at one time, popping up and down). Deaf-blind persons can
use the Braille keyboard to input the outgoing information and touch the
Braille display .to receive the incoming information. If the incoming
information is transmitted at a higher speed than it is received, the
information can be stored on the cassette tape and later will be retrieved
onto the Braille display.Z22/

20/ Catalogue about DELTA, SYSTELEC Company in France.

21/ "Electronics for disabled people”, Progress Report of WESRA (Welfare
System Research Association) Tokyo, April 1990.

22/ International Commission on Technical Aids (ICTA) Information Centre,
Aids for the Deaf-Blind, Bromma, Sweden, April 1985.
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"Telebraille" from Synskadades Centralforbund of Finland is a similar type
of Braille telephone consisting of a Braille keyboard, a space-bar and a
Braille display presenting one Braille character at a time (the standard six
vibrating Braille reading pins). It is connected to a telephone network
parallel with the conventional telephone set. It can be used for telephone
calls directly to other subscribers who have the same "Telebraille" set. The
Brailled text is transmitted and presented character by character. Therefore,
the caller must take into consideration the receiver's reading speed and
capacity. Also, it can be used as a conversation aid for direct communication
as well as for entering or reading Braille-coded text for use with a
tape-recorder.23/

Deaf-blind persons also need to communicate with able-bodied persons for
daily communication. "Tella-Touch" from the American Foundation for the Blind
(New York) is a portable device for translating regular alphabet letters into
Braille. It makes communication possible between a deaf-blind person who can
read Braille and an able-bodied person who does not know Braille characters.
The machine has a standard keyboard with alphabet letters; therefore,
knowledge of Braille is not required. As each key for a letter of the
alphabet is depressed, the corresponding Braille symbol is raised on the
display plate on the back of the device. The deaf-blind person can hold a
finger on the display and read one Braille character at a time.Z24/

C. Mobility aids

During the last few decades, approximately 30 models of mobility aids for
blind persons have been developed (see table 1).

Sonic-Torch, Sonospect, Pathsounder, Mowat Sensor, Nottingham Obstacle
Detector and Laser Cane are all obstacle detectors which let the user know
whether or not there is an obstacle in his/her course. Sonicguide is an
environment sensor which can search for obstacles in many directions at the
same time. The disadvantage of this device is that spatial resolution is not
high and distorted images are perceived when several obstacles are displayed
at the same time. The Mowat Sensor is portable (small enough to be carried in
a pocket) and has a hand-held battery-operated orientation and navigation aid
with tactile indication. It is suitable for detecting and avoiding obstacles
on a footpath or locating specific landmarks such as gaps in a hedge or a
doorway.gé/

N
w

/ Ibid., p. 15.

N
»

/ Ibid., p. 26.

25/ This section draws heavily on a paper by Ifukube Thoru, "A design of
blind mobility aided modelled after echo location of bat" [sic], presented at
the International Symposium on Computers and Electronics for the Service of
the Handicapped, Baghdad, May 1987 (E/ESCWA/ID/87/WG.2/7). The Symposium was
held under the auspices of: ESCWA; UNESCO's Regional Office for Science and
Technology for the Arab States; the War Handicapped Welfare Council; and the
Electronics and Computers Research Centre/Scientific Research Council.
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The transmitter in the cane generates a high-frequency sound to detect
objects. When an ultrasonic beam hits an object, it is reflected to the aid
and received by the microphone. The sensor responds only to a close object
within the beam and the vibration rate increases as the blind user approaches
the object. The sensor has two detection range settings controlled by a
sliding thumb switch. On the short-range setting, which is for indoor use,
the sensor responds only to objects within a range of 1.5 metres. On the
long-range setting, it will respond to any object up to 3 metres away. These
updated sensory devices, however, must be use as a supplement to an ordinary
long cane or guide dog, as the scope of the sensor is very limited.26/

D. Magnifiers, closed-circuit television (CCTV), overhead
projectors for partially sighted persons, and other devices

People with partial vision can maximize their residual vision with various
assisting devices. The partially blind who can read text might choose one of
the following types of magnifiers: a magnifier attached to eyeglass frames; a
stand magnifier; a hand-held magnifier; telescopic aids or a television viewer
which magnifies print and projects it on to a TV screen. As a conventional
hand-held magnifier (which magnifies over 30 times) reduces field vision
tremendously, CCTV, which provides a wide range of magnification levels
(normally 3 to 45 times) and flexibility for the field of vision accordingly,
has become frequently used. There have been many enhancements of the features
of the latest models of CCTV. They have larger screens, without increasing
the overall size of the CCTV. Some CCTVs can be used as a monitor for an
image-enlarging system for PCs. Also, some models can be used with
typewriters. The typing mirror allows the blind user to view the text when it
is in the typewriter. A magnetic switch automatically engages to compensate
for the mirror's reversed image.

Better appearance is also a very important consideration, because social
stigmas can cause real psychological sufferings for disabled persons. In
California, artificial eyeballs that move like real eyes have been implanted
in 4000 people who lost their eye(s), freeing them of embarrassment from the
odd movements of traditional artificial eyes. The newest type of implant,
made of sea coral treated with chemicals, has 90 per cent of the movement of
real eyes, compared with an average of 25 per cent normal movement for older
types.gl/

E. Adaptation and transfer of new technologies
for blind persons in the ESCWA region

The aforementioned new technologies and technical aids designed for blind
persons have promoted greater equality between blind persons and sighted

persons in industrial countries. In particular, these devices allow blind
persons to have greater equality in regard to education and employment in
tasks requiring access to written information. No doubt countries of the

ESCWA region have benefited or will easily benefit from new technologies such
as mobility aids or magnifiers, as these devices require very little
adaptation or modification for local use.

27/ Jordan Times, 7 November 1991.
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However, in the field of information and computer adaptations, the aided
systems for the blind will face many difficulties in the region (and in other
Arabic-speaking countries). First of all, Arabic processing of textual and
spoken language has to overcome many technical problems including oral, spoken
and other forms of processing of the language. 1In addition, basic software
program must be arabized. It would be necessary to arabize the software
programs (OS enhancements) which interface the arabized software and
specialized peripheral devices. Finally, arabization of additional levels of
software between the end user and the standard O0S/other general-purpose
software should be concurrently promoted.

To ensure the development of efficient printing devices, the terminology
and symbols used in Arabic Braille, including the numerical symbols, should be
continuously reviewed with a view to achieving regional standardization.

In this section, a few pilot projects on such computer applications in the
ESCWA region will be briefly illustrated. As blindness is the major category
of disabled persons in the countries of the ESCWA region,gﬁ/ intensive
efforts have been made in those countries to develop computer applications in
order to help blind persons become fully integrated into income-generating and
educational activities.

1. Projects at the IBM Cairo Scientific Centre

At the IBM Cairo Scientific Centre, a rehabilitation engineering programme
was started to help Arabic-speaking blind persons through the application of
the latest computer Braille processing systems. Two Braille production
systems, one semi-automated and the other fully automated, have been developed.

(a) Semi-automated Braille text production system: This system allows the
users to input information into the computer in a normal manner through the
standard Arabic keyboard and the regular screen. However, for blind users,
the system converts the text into the Arabic version of the Braille codes and
allows for manual data entry through the standardized Arabic keyboard. The
translation process 1is either one-to-one character pattern mapping (full
spelling) or many-to-one mapping (alphabet abbreviations). Table 2 shows the
standard Arabic characters and their corresponding Braille codes;

(b) Automated Braille production systems: Another and more dynamic form of
data entry, which solves the problem of feeding the huge backlog of data
already printed, is through a computer interface of the printed text. The
Braille production process can be fully automated through the utilization of
the Optical Arabic Reading Machine (OARM). OARM is an Arabic text-reading
machine which has a high recognition rate for various fonts used in the
production of printed texts of standardized characters. Currently at the IBM
Cairo Scientific Centre, the latest development of the Arabic printed text-
recognition project has reached the recognition level of 99 per cent on the

28/ For example, 46 per cent of the total disabled population in Egypt is
visually impaired, including those with the use of only one eye, according to
the Population and Housing Census, 1976, Volume I, Central Agency for Public
Mobilization and Statistics, Cairo, 1980.
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standard character level, with the font of the IBM "Quietwriter Arabic Font”
(Yasmina). The spell-checking and assistance software (which was also
developed at the Centre) is an application that can be used in order to
enhance recognition before actually transcribing the recognized Arabic words
into Arabic Braille codes. The automated Braille system basically follows the
same production process in the semi-automated Braille production system as
mentioned above. However, the automated data entry system makes it possible
to input the large quantity of the printed texts already available.29/

2. Projects at the Regional Bureau of the Middle East Committee for the
Affairs of the Blind, Riyadh

The Regional Bureau of the Middle East Committee for the Affairs of the
Blind, located in Riyadh, Saudi Arabia has a Braille printing unit which
produces all material pertaining to educational curricula in Bahrain and the
United Arab Emirates, prints the entire Holy Quran in six volumes and
publishes periodicals for blind persons. The Bureau has also started
additional advanced research programmes within the affiliated computer centre
in order to get acquainted with new developments in the world of Braille and
to acquire appropriate state-of-the-art computer units.

Recently, the Bureau successfully introduced the Arabic version of the
Braille system, mobilizing Arabic characters. As a result, it is reported
that during the five years from 1984 to 1989, the production of the Bureau
increased 100 times over its production during the preceding five years. The
technical applications of Braille production are as follows: A sighted
operator inputs the data into the computer through the standardized Arabic
keyboard and the screen. The computer system translates the ordinary files
into Braille files, unabridged at the first level and abridged at the second
level. Braille typewriters (LED) attached to this system emboss the text from
the Braille files onto cardboard for later revision. Braille typewriters
(PED) connected to the same system emboss the text from Braille files onto
zinc plates for use in regular printing workshops. The experiment proved to be
very difficult at first. However, the Bureau continued to overcome
difficulties until it finally succeeded in implementing this Braille system
for use with Arabic.

3. Arabization projects by Telesensory Systems, Inc., Saudi Arabia

Telesensory Systems, Inc., in collaboration with the National Groups for
Computers, Saudi Arabia, has started working to arabize their "VersaBraille"”
system so that Arabic-speaking blind users can have access to the synthesized
speech output generated from a text on the screen.39/

29/ This section draws heavily on the paper by H. Abdelazem and M.
Hashish, "Automated recognition of bilingual typewritten text'", presented at
the "CompEuro '89'", Hamburg, May 1989.

30/ This section draws heavily on the paper by Nazeh Al-Qadamani, "The
disabled: the blind and prospects of modern technology", presented at the
ESCWA Conference on Capabilities and Needs of Disabled Persons in the ESCWA
Region, Amman, 20-28 November 1989 (E/ESCWA/SD/89/WG.1/19).
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4. Other ongoing pilot projects

Efforts have been made to arabize or transfer several other computer-based
technologies for the blind, among them "Mini Braille" from Petersman Company
in Germany, which is a micro-computerized Braille translation system. The
translation process is based on input of new data by a sighted operator who
can select the operation mode in more than one language (Arabiec, English,
German or French). The advantage of this system is that the text file can be
translated into the languages included. For instance, if an English line
intervenes in an Arabic text, the program translates the English line using
the Braille method and continues translating the major Arabic text. Although
the operation of this system is slightly complicated, the expedient transfer
of this machine should be promoted, considering its multi-language
advantage.él/

Regardless of these developments in the field of computer adaptations, the
aided-system technologies for blind persons in the region (and in other
Arabic-speaking countries) still face many difficulties. First of all, Arabic
processing of textual and spoken languages must overcome many technical
problems. In addition, basic software should be arabized. It 1is also
necessary to arabize the specialized 0S enhancement programs that drive the
specific hardware peripherals to interface with the Arabic software.
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II. NEW TECHNOLOGIES FOR PERSONS WITH HEARING/SPEECH IMPAIRMENTS

The technologies for this category of disabled persons are classified into
two areas based on the type of function: diagnostic,égf and therapeutic
and/or rehabilitative. In this section, several modern technologies for
therapeutic and rehabilitative purposes will be reviewed. Diagnostic devices
will not be treated in this paper.

A. Therapeutic and rehabilitative devices

In the field of rehabilitative devices, there are many new technologies,
such as tape recorders with the facility for speech compression and speech
expansion, various types of calibration equipment, and artificial electronic
larynges, canal-type hearing aids, cochlea implants and wearable vibro-tactile
aids and speech synthesizers.

One of the most significaht developments so far in this field is the
telefax machine, which allows deaf and mute persons to communicate through
telephone modems. 1In some industrial countries, the law mandates all major
public agencies (e.g. police stations, hospitals and fire stations) to be
equipped with a telefax machine. Although telefax machines were originally
developed for general use, they consequently benefited deaf and mute persons
significantly. 1In the United States, the system of Telecommunication Devices
for the Deaf (TDD) has been available since the 1960s. TDD is a portable
technical device with a small keyboard and a display of one line, to be
connected to telephone sets. The information processed through the keyboard
is transmitted to the party called and displayed on his/her screen. All major
public agencies in the United States have TDD numbers .33/

Various speech synthesizers, which can be operated through the standard
alphabet keyboard, have been developed. One type has a limited output of
vocabulary but a clear and distinguishable vocalization while the other has
unlimited vocabulary devices. Portable communication aids which have speech
aids with speech output, such as "Light Talker" or "Touch Talker" (both
manufactured by Prentke Romich, and are used in conjunction with a software
package "Minispeak") are available in the market. Touch Talker has a guarded
keypad finger operation, and Light Talker can be used in association with an
optical head pointer or switches for multiply-disabled persons. Both of these
devices have practical applications. Minispeak is the symbolic language the
mute person uses to tell Touch Talker or Light Talker what to say. The
combination of Touch Talker or Light Talker hardware with Minispeak software
makes the system powerful, because the image-type symbols of Minispeak have

32/ The available diagnostic technologies in industrial countries include
microprocessor audiometers with cathode-ray tube console (with video monitor
and printout), ERA (Evoke Response Audiometer), VRA (Visual Reinforcement
Audiometer) and various forms of sound-level metres.

33/ Asano Shiro, Takamatsu Tsurukichi & Shigeru Ohota, Shyogaisha no
Konausei wo Hirogeru Computer. April, 1990, Tokyo.
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many meanings which change according to the context in which they are used.
The symbols themselves have no fixed meaning, but only the user and the
programmer (in most cases, the same persons) need to know the meaning of the
symbols because pressing them makes the machine vocalize. As some deaf and
mute persons have multiple disabilities, Light Talker has a host of switches
which are attached to provide the fastest means of talking for those who
cannot press buttons.34/

Franklin Electronic Publishers of Mt. Holly, New Jersey markets a hand-
held talking dictionary, the thesaurus and a spelling corrector designed to
help speech- and visually-impaired persons. The "speaker" pronounces every
letter as it is typed, as well as every word and definition that appears on
the screen. In addition, for speech-impaired persons, a message key allows up
to 26 messages to be entered, stored and "spoken" at any time.

The speech synthesizer units available in the market range from an easy
pressure-sensitive voice synthesizer to a more sophisticated type which works
on phonetics typed through a keyboard for sound production. Other
sophisticated models include:

1. One which can be operated through the keyboard, equipped with visual
display and a small printer.

2. One with a keyboard, visual display, print-out and memory function.

3. The latest speech synthesizer, which can be operated through the
concept keyboard denoting symbols or expressions rather than standard
character keys.

In Japan, the most sophisticated portable speech synthesizer allows the
user to programme the most commonly used words and expressions in accordance
with his/her needs, thus ensuring a reasonably high speed of speech.

Sometimes, deaf and mute persons may wish to communicate with others
confidentially, just as voiced persons whisper when they communicate with
others. "Canon Communicator"” which was invented by Canon Corporation is a
portable ultra-mini electronic typewriter incorporating a full alphanumeric
keyboard, plus mathematical signs and punctuation marks. The user depresses
keys to create a message on a thin paper tape. The new model has a message
storage capacity of 19 characters and can be interfaced with compatible
equipment via an RS 232 interface unit. The advantage of this communication
aid is its portability, which enables the mute user to mix with the community
knowing that, despite an absence of speech, communication can be readily
effected.33/

34/ Exhibition product review of "Naidex '88", an international exhibition
of equipment and services for the disabled and elderly, London, 11-13 October
1988.

5/ Ibid., Circle Reader Service No. 35.
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one of the most significant problems in oral communication between deaf
persons and hearing persons is due to the fact that it is not easy for deaf
persons to lip-read every sound of speech. Many vowels and consonants such as
e, i, ur, m, b, p, k, 8 and ng are ambiguous when lip-reading. "Cued Speech",
which was invented at Gallauded College, Washington, D.C. (the only university
in the world for deaf persons) gives all this information clearly in face-to-
face communication.iﬁ

The development of computer applications also has had a great impact on
rehabilitation technologies for deaf and mute persons. One recent application
is the data processing and analysis of speech signals for the training of

hearing-impaired and mute persons. Hearing-impaired persons, particularly
those who were deaf at birth, may not speak properly because they cannot hear
their own voice. The IBM Centre in France has developed a system that

visualizes the user's voice with a PC. Voice parameters such as intensity and
pitch are extracted from the speech signal and displayed in graphics and
plots. This voice-training system gives feedback to pronunciation trials.

B. Adaptation and transfer of new technologies
for the deaf in the ESCWA region

The above-mentioned IBM PC-based voice-training system has been already
tested for adaptation in Arabic. The pilot project was conducted by the
Kuwait Institute for the Handicapped, in collaboration with the Kuwait Special
Institute for the Handicapped and the Kuwait TInstitute for Scientific
Research, with financial assistance from the Kuwait Federation for the
Advancement of Science. The adaptation schemes are arabization and
development of new software applications for training purposes. The project
team worked on a special scheme in arabizing the software's English text. The
first scheme included arabizing the software's English text, by using "Basic"
editor along with IBM Arabic utility software and the "Enhanced Graphic
Adapter Card". 1In addition, a few voice-controlled games have been developed.
Messages and information were written in Arabic through the Basic editor and
were stored in Basic files. At the later stage, these files were modified by
a professional editor and again stored in data in a format usable by the
system software applications. -Copies of the Arabic version of the software
applications were distributed to all users (the educators of the Kuwait
Special Institute for the Handicapped). Upon consultation with the educators,
a special application of the voice—controlled game was initiated. The game
was developed using the same voice pitch parameters, but has a different style
of character mobilization than the originally supplied voice-control games.
The pitch information of the user's voice patterns is obtained through a
microphone on the IBM-supplied speech analysis base. The voice pitch is
processed by a special software program which moves the object on the screen
in accordance with the varied levels of voice pitch. 1In order to direct the
object on a pre-designed path, the user has to exercise some control of his
voice modulation. Students develop a reasonable understanding about using the
system as a training tool for control over voice pitch and intensity and
differentiating between sustained voiced and voiceless Arabic sounds.

36/ Ibid., Circle Reader Service No. 78.
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During the second Phase of the project, voice-pitch training was
demonstrated. Three major training exercises were initiated. The first was
the distinction between the short vowels and the long ones, such as <= and 2.
The next exercise involved distinguishing between the definiteness or
indefiniteness of nouns, reflected by the ending, for example %J and %) . The
last was the distinction between words that have the same point of
articulation but differ as to voicing, such as™> and oD, It was discovered
that this voice-training system was a useful device, which to some degree
could show the user his/her voice characteristics and give a sense of the
spoken word. Also, it would provide the user with some feedback for attempts
made at pronunciation. The key success of this project is the arabization of
the software's English text, as most trainers in the Institute were more
comfortable with and competent in receiving information displayed on the
screen in Arabiec. Another important factor is that the trainers were given
sufficient training in advance 50 as to transfer this technology to their
students efficiently.il/

Also, other computer-based therapeutic devices were adopted in the
region. In 1989, IBM in the United States introduced the "Speech Viewer",
which helps speech therapists to train speech-disordered persons. By
translating sounds into visual images, it allows persons with speech disorders
to watch the images of the sounds they produce on the computer screen and
compare them with those of the speech therapists. A preliminary Arabic
version of the "Speech Viewer" has been developed and is being tested at the
IBM Cairo Scientific Centre.

A joint project of the Cairo Rehabilitation Engineering Centre, the
National Project for Rehabilitation of the Deaf and the USA-Yugoslav
Institution, was launched exclusively for rehabilitating deaf children.
International and 1local experts in the fields of medicine, phonetic
linguistics, speech therapy, social work and other related areas were involved
in the preparation and development of this programme. A child is admitted at
the age of three, when he is assigned to the appropriate group in accordance
with the degree of deafness, IQ and acquired language skill. The child spends
four hours per day in group and individual training on speech skills through
the wutilization of sound and tactile instrument techniques. In addition,
vocal, movement, drawing and music sessions are used in order to enhance the
speech skill acquisition process of the child. The project currently provides
its services to approximately 150 cases, within an age range of three to seven
years. The project administration is keen on upgrading the capabilities and
knowledge of specialists in charge of training the deaf and extending such
servi§§§ to new centres in Al-Wafaa Wa Al-Amal City in Alexandria and Port
Said.=2%

37/ This section draws heavily on Hansi Qasem and others, "Computer
application for the training of deaf children in Kuwait", International

Symposium on Computers and Electronics for the Service of the Handicapped,
ESCWA, Baghdad, May 1987 (E/ESCWA/ID/87/WG.2/2).

38/ This section draws heavily on an unpublished paper by Mohamed Hashish,
"Adaptation and transfer of new and appropriate technologies for the disabled
in Egypt," IBM Cairo Scientific Centre, Cairo, 1990.
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A significant breakthrough was witnessed in Egypt, when a computer
software program was first introduced and adopted as a means of rehabilitating
deaf and mute persons on speech in Arabic language. The new project was
launched jointly by the Ministry of Social Affairs and the IBM Cairo
Scientific Centre and aimed at introducing PC applications for speech training
for deaf children. This effort has proven a great success. Not only has the
application of special computer software helped deaf children pronounce words
and develop their own speech patterns, it has also provided a tremendous
motivation to overcome their impairment or to improve the quality of speech
(for the cases that are already trained).

Motaz Osma Talat was three years old when he was admitted to the afore-
mentioned joint rehabilitation project for deaf children (ordinary programme
on adaptation of new technologies, but not PC-based scheme) . His hearing
intensity was 50 decibels and his IQ was diagnosed at 120. After a series of
speech-training sessions, he had still not acquired the skill of producing
words. After three years of training, he was able to converse, yet he still
suffered from several distinct speech defects. He could not pronounce s, sh,
k, and r, and frequently confused m with n. He was then transferred to the
joint PC-based training course of the Ministry and the IBM Cairo Scientific
Centre. His speech defects were rehabilitated through upgraded training
involving computer application.iﬁ/

Most diagnostic aids and bio-medical therapeutic aids for deaf and mute
persons -- such as hearing aids, cochlea implants and calibration equipment --
can be used without adaptation in the region. However, good customer service
is needed to effectively transfer these technologies. For example, in Saudi
Arabia, Rajab and Silsilah (representative of Philips in Saudi Arabia) has
marketed the world's smallest in-the-ear-hearing aid. The single-touch
cordless remote control (FAROI) hearing-aid Model M30 uses inflated technology
for the first time in a hearing aid, making adjustments for sound quality and
volume convenient and less embarrassing. The M30 earpiece is filtered with a
custom-made mould prepared at Rajab & Silsilah Hearing Aid Centres in Jeddah
and Riyadh by specially trained technicians to suit the precise shape of the
user's ear.49/

On the other hand, all computer applications for deaf and mute persons
have to go through a similar type of adaptation process including
arabization. A good-quality speech synthesizer in an Arabic version is
urgently needed. The development of various speech synthesizers in Arabic
should include a sophisticated unlimited-vocabulary type, as well as a
portable touch-talk type of device.

40/ Arab News, Riyadh, 24 May 1991.



-22-

III. NEW TECHNOLOGIES FOR PHYSICALLY DISABLED PERSONS

In the overview of the progress made in the field of new technologies
which help the integration of people with physical disabilities, both the
orthopaedically and the neurologically disabled are categorized in the same
group, namely physically disabled persons. This disabled group benefits most
from these new technologies. Among the most important new technological
developments for this group are: computer applications, orthotic devices,
prosthetic devices (artificial substitutes for a malfunctioning or missing
body part), and conventional and computerized wheelchairs, and various types
of voice-controlled robots.

A. Computer applications

The adaptation of the computer for physically disabled persons involves
hardware alterations, at the input and output levels, as well as software
applications. The physically disabled can use the computer, if special input
and/or output peripheral devices are attached for user-machine communication.
The appropriate software programs are required to filter the incoming coded
information or to generate the outgoing stream of information. This must be
adapted for each particular output device. The difference between visually
impaired persons and this group is that adaptation of hardware at the input
level is much more important than at the output level for the latter, as they
are most likely able to read normal printed texts. Therefore, this section
will focus on recent innovations at the input level.

Many physically disabled users are capable of using the normal keyboard if
it can be modified slightly. 1In the United States, Congress re-authorized the
Rehabilitation Act of 1973 (Public Law 99-506), as amended, adding Section 508
on ‘"electronic equipment accessibility” to ensure that all disabled
individuals may use electronic office equipment with or without special
peripherals. Following the enactment of this law, the Department of
Education and the General Services Administration developed government agency
procurement pguidelines to ensure access to electronic office equipment by
disabled employees. In the relevant guidelines, minor adaptations for input
by disabled employees include: a serial multiple keystroke control option;
extension of the keyboard tolerances and a feature to turn off the repeat
function options; emulation of the mouse using the keyboard and/or other
suitable peripheral input devices (e.g. joy stick track ball, voice input and
touch pad).4Ll/

In Japan in 1989, the Japanese Electronic Equipment Accessibility
Guidelines were drafted by the Humanity Electronics Research Committee of
JIDEA, and the Draft Guidelines were issued by the Ministry of Trade and
Industry. The Guidelines include similar provisions such as sequential input
function, auto-repeat condition-setting function and key input finalizing
function.

41/ United States Department of Education and General Services
Administration, Access to Information Technology by Users with Disabilities:
Initial Guidelines, October 1987.
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For those with residual muscular control, less expensive lower-tech
solutions are recommended. Physically disabled people with good control of
their neck and head muscles, for instance, can use a mouthstick, which is a
piece of wood or plastic that the user can grip in his teeth to manipulate the
keyboard. Mouthsticks are inexpensive, and an experienced mouthstick user can
become almost as efficient as a one-finger typist.

Some physically disabled persons, particularly quadriplegics or victims of
cerebral palsy, lack the neck-muscle control required by the mouthstick
device. Keyboard macroprograms permit the user to modify the keyboard to
combine common commands in a single keystroke. For able-bodied users, such
macros may represent enhanced tools, but for disabled persons, they are
fundamental. Keyguard is another simple device for assisting disabled
persons. It allows people with poor arm control to rest their hands on the
keyboard without making accidental keystrokes. To push a key, the users must
poke a finger or stick through a hole in the protective shield. Special
keyboards also compensate for specific disabilities. Physically disabled
persons such as victims of cerebral palsy, who can make large movements but
lack fine motor skills, can use an oversized keyboard. The "King Keyboard"
from Technical Aids and Systems for the Handicapped, in Markham, Ontario, is
an example of an oversized keyboard. The company also provides mini-keyboard
devices for users with good manual dexterity but who have a limited range of
motion, such as victims of muscular dystrophy. They also produce highly
innovative keyboard in the form of a flat panel with a membrane surface. The
surface is flexible so that it can be configured to have between 2 and 128
keys (expanded keyboard). If the user has better motor control, the keys can
be more closely spaced and more numerously configured.ﬂg/ Though this type
of expanded keyboard cannot communicate directly with the computer terminal,
it can be configured by using an additional interface box.

In the field of '"high tech" computer applications, a head-mounted
light-pointer system is the most innovative of input devices, though
relatively slow. This device is a powerful tool for those who have no motor
control from the neck down, such as victims of Amyotrophic Lateral Sclerosis
(ALS) and for whom faster interfaces, such as voice recognition systems, would
not work. The user of a head-mounted pointing system attaches a camera to
his/her head and looks at the emulator screen, which displays a keyboard. The
display sequentially highlights letters of the alphabet. When the user holds a
gaze at a particular highlighted letter, the computer then selects that
character. After the user enters the first character, the screen offers a
list of common words that start with that letter. Some keyboard emulator
systems such as the "Words Plus Software Keyboard Emulator™ can adapt its word
list to the user's style. Words which are never used will disappear from the
list and words frequently entered will be added. "Freewheel” from Pointer
Systems in Burlington, Vermont is a similar system.—é/

42/ Herb Brody, "The great equalizer: PCs empower the disabled”,
PC/Computing, July 1989.

3/ Ibid.
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The latest computer applications designed for severely physically disabled
persons is a brain-wave interface system. The Smith-Kettlewell Eye Research
Institute, in San Francisco, is developing an interface to monitor electrical
brain waves to find out where on the screen the user is staring. The secret
is to create a checkerboard on the screen, with each square flashing on and
off, at different intervals. The interface is able to determine which section
of the screen is being gazed at by reading the user's brain waves, which will
vibrate rhythmically with the particular section of the screen being viewed.
Researchers are also developing the brain-scanning idea one step further.
Although, this project is in the development stage, the basic premise is that
brain-wave patterns are homogeneous as they react to words and ideas. These
patterns can be studied and analysed and possibly be used as a method of
communication in the future.44/

B. Prostheses and orthoses

While an amputee requires a prosthesis, a physically disabled person with
an orthopaedic impairment most likely needs an orthosis in order to fully
function in society. Advanced components and fabrication techniques have been
developed in most industrial countries. Today, rehabilitation is no longer
interpreted as merely the successful return to and full integration into the
work-place; it is measured, rather, by the resumption of activities in one's
personal 1life. Prostheses are no more purely functional substitutes for
missing extremities but they are an integral part of the overall humanization
process of disabled persons, including better appearance. Several companies
who manufacture rehabilitation aids, such as Otto Bock in Germany, have
mass-produced a wide range of high-quality prosthetic and orthotic
devices.43/

Myoelectric prostheses are very sophisticated devices for the upper-limb
amputee. The technologies of myoelectric prostheses have been developed since
the Second World Wwar, particularly in those countries which had substantial
numbers of wounded soldiers/victims. Myoelectric devices operate on the basis
that the muscle is a biological actuator which converts energy stored in
chemical substances within the body into mechanical output. Normally an
amputee who has lost his/her hand below the elbow still has the muscles which
control the functions of the hand.%8/ such persons can continue to maintain
the feelings of these muscles.

The basic principle of myoelectric control is very simple. It involves
the use of an electrical signal generated by the muscles and is similar to the
flow of energy from a battery to a motor. 1In a myoelectric prosthesis, the
control signal is subject to voluntary control. A below-elbow myoelectric
device needs five essential elements to operate: the signal source (muscle),
electrical connection to the signal source (electro-code), electronic
intervention which translates the control signal into the action (controller),

44/ Ibid.
45/ Otto Bock catalogue, Duderstadt, Germany 1989.

46/ Information obtained from the Otto Bock Myoelectric Prosthesis Manual.
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a function to store energy (battery) and a prosthesis appliance (electric
hand). Advantages of this type of prosthesis are that the movement of the
artificial legs/hands can be controlled by extensor and flexor muscles and
that no auxiliary suspension device is necessary. Also they are cosmetically
very well designed, and the grip power can be controlled by varying the muscle
contraction. However, it is necessary to ensure that the user is well trained
on the operation of the system. Adequate training can be achieved by teaching
the user how to control signal strength.il/

C. Wheelchairs and voice-controlled robots

A great variety of powered wheelchairs are available in industrial
countries. Also, numerous compact and light-weight drive motor attachments
which can be fitted to the side of a standard wheelchair are now available.
Although most powered wheelchairs are built for general outdoor use, new
features such as multi-stage gear transmissions or wide-range driving speed
make them well suited for indoor operation as well.

The currently available computerized wheelchairs are activated by either
voice control or manual controls. Speech-recognition technologies have made
some progress over the past few decades, but most of these devices have
limited capabilities. They are able to understand only a limited set of
vocabulary or simple grammatical structures. However, early models of
recognition systems with an upgraded function to discriminate a number of
words are very costly. Several speech-recognition devices have been developed
which are very effective (if the vocabulary set of the special environment is
well defined) and relatively economical. Special software applications which
increase the computer's ability to recognize patterns of human speech have
recently been introduced. The latest computerized wheelchairs actuated by
voice control can be moved, steered and raised. They also stop automatically
when the attached microcomputer senses obstacles ahead. It is therefore
necessary to revitalize research activities in the field of voice analysis and
speech recognition. Specifically, further research is required in the field
of artificial intelligence, the understanding of natural languages, and the
linguistic structure of limited-grammar languages.

The potentially most far-reaching innovation for disabled persons, which
is still under experimentation, is the voice-controlled robot. It is equipped
with a voice-recognition device which receives oral commands and translates
them into electronic commands to the robot's arms to 1lift and/or to transport
small objects. Such robots may eventually be able to serve physically disabled
persons with ALS, muscular dystrophy, cerebral palsy or other physical
impairments. This type of robot is being developed by a joint project of the
New England Medical Centre and Tufts University.iﬁ/ Also, PRAB Command in
Kalamazoo, Michigan has adapted one of its robot systems to perform simple

47/ This section draws heavily on the paper by M. Huwaish, "The use of
myoelectric prosthesis for the upper limb", presented at the International
Symposium on Computers and Electronics for the Service of the Handicapped,
Baghdad, May 1987 (E/ESCWA/ID/87/WG.2/6).

48/ New York Times, 10 August 1986.
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office functions. The robot is designed to be fully voice-controlled,
recognizing oral commands such as "Get the computer manual" or "Bring me
coffee”. Furthermore, a research unit at Carnegie Mellon University has

created a "pizzabot" which will make pizzas following the voice commands of
paraplegics, who will thus be able to operate pizza parlors.49/

D. Adaptation and transfer of new technologies for
physically disabled persons

There is no need to adapt some of the new technologies available, such as
some prosthetic devices and/or other medical aids developed for physically
disabled persons. However, technologies still need to be expediently
transferred to the ESCWA region, and their applications (e.g. customization,
maintenance, affordable prices for disabled persons) are to be promoted
further to truly meet disabled persons' needs.

The agreement for the establishment of the aforementioned Cairo
Rehabilitation Engineering Centre was concluded in collaboration with the

Rehabilitation Service Administration, Washington, D.C. The principle upon
which this centre was established was the linkage of bio-medical engineering
applications for impaired persons and rehabilitation efforts. This special

attention was motivated by the presence of a large population of vietims from
the 1973 Middle East war.29/ Case-studies and research have been conducted
concerning the paraplegics and quadriplegics. Areas of research include:

(a) Environmental control studies;

(b) Architectural barriers elimination;

(c) Use of functional electriec stimulation;

(d) Utilization of bio-feedback techniques;

(e) Lower limb prosthesis development.

Most of the above-listed projects were successfully applied in the service
of various categories of physically disabled persons, although some are still
confined to the experimental phase. However, several factors such as overly
sophisticated design and overly complicated operation and maintenance of the

adopted devices have limited to a certain extent the wider application of such
technologies.

49/ Giancarlo Masini, "Un telefono tuttofare"”, Arrivederci, vol. II, No.
23 (June 1992), pp. 79-84.

350/ This section draws heavily on an unpublished paper by Mohamed Hashish,
"Adaptation and transfer of new and appropriate technology for the disabled in
Egypt", IBM Cairo Scientific Centre, Cairo, 1990.
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Although very little or almost no adaptation is required for some physical
aids, nevertheless the issues of customization, cost, and maintenance are
important considerations. In Egypt, El-Gomhoria Factory in Ramadan City has
transferred from companies in Europe the technology to locally produce
wheelchairs, walking aids, medical beds, crutches, artificial 1limbs, hand
trappers and medical shoes. The factory procures 90 per cent of its raw
materials from the local market and keeps its price range from 30-50 per cent
of equivalent products manufactured in Europe. Their strategy 1is
labour-intensive and involves utilizing local manpower and avoiding
sub-contracts. The company has already expanded its market of selected
products to Saudi Arabia and other Gulf countries.2l/

In regard to computer applications, arabization is crucial, as Arabic is
the official and only widely understood language in the ESCWA region. The
introduction of a peripheral input device, such as a foot-operated shift
control or speech recognizer, requires specialized software with the computer.
Arabic processing must go through complete analysis in terms of oral commands,
text processing, and other forms of processing Arabic. Furthermore, for the
development of a speech recognizer, artificial-intelligence research and
linguistic research on limited-grammar language should continue to be
developed simultaneously in both industrial countries and in the ESCWA region
(in different language environments).

51/ Catalogue of El-Gomhoria Factory, Ramadan City, Egypt, and interview
with representatives from the factory.
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1IV. STRATEGIES TO TACKLE THE HIGH COST OF TECHNOLOGIES
FOR THE BENEFIT OF DISABLED PERSONS

There is no doubt that scientific and technical progress can help disabled
rersons in their education and training, and enable them to be more productive
members of society. 1In the most advanced countries, not only has legislation
been enacted to ensure equal accessibility of disabled employees to all public
buildings, but new laws have guaranteed their access to computer equipment.
Science and technology have opened up tremendous possibilities for
rehabilitating disabled persons and for integrating them fully into productive
activities. However, the question covering the high cost of these
sophisticated devices is often raised.

Although the number of disabled persons in the Arab region (10-15 million)
is substantial, it is not considered large enough (since their needs are too
individualistic) for this group to be considered an attractive consumer market
in any one single country of the region. Furthermore, the countries’ capacity
to purchase and transfer technologies varies greatly from one country to
another, because of differences in gross national product, social services,
available human resources and legislation. However, all Arab States share the
same language and some of them have quite similar conditions in the fields of
social services and manpower development. Regional cooperation should be
promoted, with a view to widening markets and thus reducing unit costs. Such
regional collaboration might make the disabled consumer group a more
interesting target for this new technology industry. Presumably, a collective
Arab or regional approach would also help avoid the duplication of efforts and
would maximize the market potential for these technologies. Examples of
similar cooperative ventures are the ongoing work in Western Europe of the
Group/European Cooperation within the Field of Scientific and Technical
Research (COST 219) on tele-informatics facilities for disabled persons and
the TIDE programme of the European Community.32/

Transfer of technologies for disabled persons should be an integral part
of all technical solutions for problems faced by the general public. Benefits
to disabled persons may also be of assistance to the general public.
Furthermore, additional enhancements are less costly if they are already
included in basic design criteria and are not added afterwards. An example in
the computer applications field are keyboard macro-programs which enable the
user to modify the keyboard to combine common commands in a single keystroke.
For able-bodied users, the macros may be merely enhanced functions, but for
physically disabled persons, they are fundamental devices.

Strategies to tackle the high cost of these new technologies can be
summarized in the following manner:

(a) To develop general-purpose technologies which also meet the special
and individual needs of disabled persons;

22/ TIDE -- Technology for the Integration of Disabled People in Europe ---
is a programme based on the proposal by the European Community Research and
Development Programme on the application of informatics and telecommunications.
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(b) To provide specially adapted interfaces to existing general purpose
technologies to meet the special needs of disabled users;

(¢) To arabize already available software programs;

(d) To widen markets and reduce unit costs through either international
or regional cooperation;

(e) To adopt alternative low-cost technologies, utilizing indigenous
materials and manpower resources.
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V. APPLICATION OF SIMPLIFIED LOW-COST TECHNOLOGIES FOR
DISABLED PERSONS

So far this paper has identified high technologies designed for disabled
persons and discussed measures for their adaptation and transfer to the ESCWA
region. As these sophisticated high technologies are mostly imported from
industrialized countries, they are costly to purchase, require complex
maintenance, lack readily available spare parts, and depend on appropriate
infrastructure. Also, adequate training for their use and maintenance is a
prerequisite for their expedient transfer. Taking into account the fact that
the majority of disabled persons in the ESCWA region do not have equal access
to education and training programmes, it is important to be aware of the
economic and technical possibilities of the countries to which the high-tech
communications technologies are transferred. Increasing attention is now
being given to the production and application of low-cost but high-quality
devices and technologies, wusing locally available materials and human
resources. This section will highlight a few examples of low-cost, simplified
technologies which could be easily applied or which have been applied in the
region.

For example, communication aids for disabled persons are usually highly
sophisticated electronic devices, frequently based on microcomputers, such as
speech recognition devices or speech synthesizers. Although the range of
their prices and enhanced functions is becoming wider, the costs for
acquisition and maintenance are still excessive.

By contrast, in the Alternative and Augmentative Communication (ACC)
system, low-tech symbolic communication systems are developed for less
educated or illiterate individuals with communication disabilities. The
Blisssymbolics System, commonly known as the Bliss System is a simple but
effective symbolic ACC system, invented by Charles Bliss. The Bliss System is
based on a semantic system, and most components have either direct or indirect
meaning. Due to its symbolic nature, it was originally invented to facilitate
effective communication between persons with different language backgrounds.
The Bliss System is composed of pictographic and ideographic components which
are organized in different combinations. The symbols are developed from
several basic geometric shapes (such as circles, triangles, hearts and
squares), and each symbol is used as a basic component for all related
meanings. For example, the basic symbol "heart" is used as a component for
all symbols regarding human feelings. The system, which was originally based
on an English-speaking environment, has been slightly modified in many
countries, and subsequently different versions, reflecting various cultural
and linguistic backgrounds, have been developed. Applications of this ACC
system range from low tech solutions, such as utilization of boards and a set
of pictographic cards, to more high-tech solutions such as development of
electronic scanners or computer software programmes.ig/

53/ This section draws heavily on a paper by M.F. Luis Azavedo, "From old
to new technologies: technical aids and the integration of disabled people",
presented at the Conference on Capabilities and Needs of Disabled Persons in
the ESCWA Region, Amman 20-28 November, 1989 (E/ESCWA/SD/89/WG.1/37).
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Pictogram Ideogram Communication (PIC) is another ACC system, which
originated in Canada. Different versions of this system -- with adaptation to
various cultural and socio—economic patterns -- have been developed in many
countries through international collaboration.

The system is composed of 400 pictographic symbols drawn over a black
background. The description of each symbol is presented on the top corner of
the symbol in order to facilitate communication with persons who are not
familiar with the system. Like any other ACC system, the applications of the
PIC system were first limited to low-tech aids such as boards of easily

"available materials. However, some computer-based applications of the PIC
system are being developed in some industrial countries.24/

In order to meet the socio-economic and climate conditions in lower-income
countries in the ESCWA region, those countries need to reduce to the minimum
level the supplies of both raw materials and finished products of technical
aids from developed countries. The major prerequisites of such low-tech aids
are low price, high durability of material, simplicity of manufacture, low
weight and improved appearance.

The technical appliances most frequently required by physically disabled
persons include braces, lower limb prostheses, corsets and other functional
aids. The World Health Organization (WHO) has promoted, within the framework
of its CBR programme, the manufacturing of low-cost orthopaedic appliances of
thermoplastic materials. According to WHO, almost all components of
prostheses or orthopaedic appliances can be made of thermoplastics such as
polpropylene, polyethylene and polyvinyl chloride (PVC). The manufacturing
procedures are very simple; only an oven and some basic tools are required.
The study undertaken by WHO shows that there are numerous advantages in using
thermoplastics in both prosthetics and orthotics. Such advantages include the
ease of handling and fabricating the appliances, the use of flexible sockets,
low weight and low cost.

Hearing-impaired adults who have not had speech training frequently do not
have equal opportunities for education and employment. A low-technology
solution, a system of generating left-hand finger moves that represent Arabic
characters (finger spelling) has been developed at the IBM Cairo Scientific
Centre. The system can be used as a means to communication between deaf and
hearing individuals. It also has a significant educational role to play; it
can be used at the early educational stage to teach Arabic characters and word
spellings. It is believed that the use of manual systems of signs and finger
spellings in conjunction with speech will enhance communication for deaf
persons .23/

4/ Ibid.

55/ This section draws heavily on the paper by Mohamed Hashish, 'Computer-
based Assistance systems for the handicapped"”, presented at the Conference on
the Capabilities and Needs of Disabled Persons in the ESCWA Region, Amman,
20--28 November 1989 (E/ESCWA/SD/1992/2, pp. 199-204).
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The two communications systems presented in this section are good examples
of low-tech solutions which allow the fuller integration of disabled persons
into daily activities. These systems can be introduced and transferred with
little or no adaptation into the ESCWA region at affordable cost. However,
applications of such communications systems also range from high-tech to

low-tech solutions -- such as from pictogram cards to computer system
applications. These systems can be adopted in accordance with the economic
and technical capabilities of a given country. Increasing attention 1is

currently being given to the development of simpler and less expensive devices
utilizing local methods of production which are more easily adaptable to any
particular country. Local production is very important, wusing locally
available materials and human resources.

To facilitate the expedient transfer of these simplified technologies,
emphasis must be given to the role of informal education and the "learning by
doing"™ approach. Such schemes may include the teaching of skills to rural
health workers by physiotherapists, orthopaedic specialists, technicians,
etc. It is also important to develop informal local back-up facilities.
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VI. CONCLUSIONS AND RECOMMENDATIONS

The evolution of various new technologies is laying the foundation for
devices which reduce the negative effect of sensory, motor and psychological
impairments. Today, humanity is reclaiming the capabilities which have been
limited by disabilities in the past. Those people with multiple disabilities
can now use computers not only to work, but also to communicate with their
friends and families.

It is important to keep in mind that although technology offers great
opportunities, it could also threaten disabled persons. Many simple
repetitive jobs, ideally suited to some categories of disabled persons, such
as the mentally retarded, have been eliminated through automation and
robotization. For instance, PCs give most users some sense of liberation, by
automating the tedious chores of information processing and management. An
effort should be made to find out whether those with cognitive limitations
such as mentally retarded persons, can enter the new-technology work
environment.

Another important issue is that technologies are progressing and changing
with such speed that what is applicable today may be out of date in the
immediate future. In introducing, adapting and transferring of new
technologies into the region, it is important to exert great efforts towards
seeking long-term and flexible (upgradable) approaches rather than short-range
solutions.

The technologies covered in this paper represent only a small portion of
the achievements currently being expanded. Research, development and
production of new technologies should be based on humanitarian needs and
values, in terms of social progress, to which the disabled could contribute
and from which they could benefit.

In the context of the United WNations Decade of Disabled Persons
(1983-1992) and the implementation of the World Programme of Action, the
United Nations Economic and Social Commission for Western Asia (ESCWA)
organized the Conference on the Capabilities and Needs of Disabled Persons in
the ESCWA Region, in collaboration with the Ministry of Social Development of
Jordan, the Regional Bureau of the Middle East Committee for the Welfare of
the Blind and the United Nations Centre for Social Development and
Humanitarian Affairs (CSDHA), and with additional financial assistance from
the Arab Gulf Programme for the United Nations Development Organizations
(AGFUND), the Organization of Petroleum Exporting Countries (OPEC) fund and
the GCovernment of the Netherlands. The Conference was held at Amman from 20
to 28 November 1989.

The Conference was attended by some 200 Arab and international experts —-
some 40 of whom were themselves disabled -- including experts participating in
their personal capacity, representatives of Governments, representatives of
Arab organizations, mass media experts and eminent personalities from the
region, in addition to representatives of members of the ESCWA Inter-
Organizational Task Force on Disability and other United Nations agencies.
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The situation regarding technologies for the benefit of disabled persons
has not changed significantly since the Conference was held in 1989.
Therefore, it is useful to cite the recommendations of the Conference29/ on
the adaptation and transfer of new technologies in the region, most of which
still need to be implemented:

(a) Advanced technologies developed in industrial countries should be
adapted to meet local needs and transferred to the region through staff
training;

(b) The use of computers should be promoted to assist the integration of
disabled persons into the community. The process may involve the adaptation
of hardware to make it accessible to various categories of disabled persons
and the development of appropriate software packages;

(c) Local production of appropriate and simplified technologies should be
encouraged for items such as wheelchairs, prosthetic devices and mobility
aids, taking into account technical, socio-economic and cultural conditions in
the society in question. Governments are urged to undertake pilot projects to
establish suitable rehabilitation industries and to set up a national delivery
system of rehabilitation aids;

(d) Urgent efforts should be made to further develop artificial
intelligence, other computer-aided systems and an Arabic speech-recognition
system. In view of the absence of Arabic language in current computer
technology and the difficulty involved, research should be undertaken to
arabize computer systems to make them compatible with programs for disabled
persons;

(e) The problem of the high cost of new technologies cannot be separated
from the cost of maintenance and service. Whenever possible, Governments
should subsidize the acquisition of these technologies. In this regard,
international and regional cooperation should be an important means for
widening markets and thus reducing the unit cost;

(f) To keep abreast of innovations, Arab experts, particularly disabled
experts, should participate in seminars, exhibits and events at both regional
and international levels.

The major guidelines on the adaptation and transfer of new technologies
summed up from the examples presented in this paper are included in the above
Conference recommendations. It is also very important to note that
already-existing indigenous technologies and their simple adaptation can
significantly promote the independence of all categories of disabled persons
in all major productive activities of life.

26/ Final Report of the Conference on the Capabilities and Needs of
Disabled ©Persons in the ESCWA Region, Amman, 20-28 November 1992
(E/ESCWA/SD/89/WG.1/38)
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Furthermore, it is very important to develop practical guidelines at the
regional level for acquisition planning and procurement to ensure the
accessibility of disabled employees to electronic office equipment, by
government agencies and private companies. The models in the United States
and Japan (the Guidelines for Implementation of Section 508 of PL 99-506 and
Japanese Electronic Equipment Accessibity Guidelines) may be wused as
references. The most important is that documentation should be made available
in an electronic format (e.g. ASCII format) suitable for computer-based
outputs. The disabled user may choose the most appropriate form of output
(e.g. speech synthesizer, Braille, large print and tactile output) in
accordance with his/her need if the documentation is available in an
electronic format. The United Nations reports on disability-related issues
should be available for wide distribution on floppy disk or cassette tape.
The development and standardization of specialized 0S and disclosing of the
connection interface of the alternative input/output devices are essential in
this regard.

Ultimately, the investment in technologies for the benefit of all
citizens, including disabled citizens, could reduce society's burden
associated with disability. Such an effort would 1lead to diminishing
expenditures for treatment, education, rehabilitation, transportation and
other services required by disabled persons. After solid regional cooperation
is achieved in the ESCWA region as well as in other regional blocks,
international cooperation going beyond cultural and socio-economic boundaries
might draw due attention.
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Table 1. Mobility aids in use
Name Developed in Developed by Obstacle detection Display method
method
Sonic 1965 Lasley Kay Transmits FM- Displays beat
Torch (England) ultrasonic bursts sound, frequency
and detects beat and detects beat of which is
sound between sounds between proportional to
emitted and emitted and the distance
reflected sounds reflected sounds of obstacle
Sonosoec 1965 Toshin Transmits Displays sound,
Electric Co. ultrasonic pulse frequency of
(Japan) and detects time which is
delay of proportional to
reflected sound time delay

Pathsounder 1966

Lindsay Russel
(UsA)

Transmits
ultrasonic pulse
and detects time
delay of
reflected sound

Displays sound
and vibration,
frequency of
which changes
at two levels
according to
time delay

Sonicguide 1969

Lasley Kay
(New Zealand)

Transmits FM-
ultrasonic bursts
and detects sound
by using two
receivers with

Displays two
beat sounds
binaurally

different

directivity
Mowat 1972 Geoff Mowat Transmits Displays sound
Sensor (New Zealand) ultrasonic pulse or vibration,

and detects time
delay of
reflected sound

frequency of
which is
proportional to
time delay

Nottingham 1974

J. Armstrong
(USA)

Transmits
ultrasonic pulse
and detects time
delay of
reflected sound

Displays sound,
frequency of
which changes at
8 levels
corresponding to
time delay

Source:

bat”, by Tohru Ifukube,

"A design of blind mobility aid modelled after echo location of

Research Institute of Applied Electricity, Hokkaido
University, Sapporo, Japan.




Source:
Hashish and O.S.
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Arabic Braille Key
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"Computer-based assistant-system for the handicapped”,
IBM Cairo-Scientific Centre.
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