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Surnrnary

The techniques which can possiblv be used for remotely controlled communi-
cation aids are surveyed based on open literature. These communication aids

can either help the severely handicapped person whose normal communication
ability is hindered, or serve as alternative communication means for normal
people under certain working conditions. The problems concerning the acqui-
sition of useful information on these techniques, the development of a device

using these techniques, and these techniques themselves, are presented as anal-
ysis hints. Our own development policy based on the state of the art in the
related areas and the feature of the project are also concerned.
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Introduction

For those very severely motor handicapped persons, communication is probably

more essential than for the others who can take part in other sorts of social

activities. Unfortunately, most of these persons also lost their natural means of
communication: speech. However, among this group of handicapped persons,

many remain good control of their head movements even at very advanced stage

of their disease. At that stage they usually can also move their eyes. The head

and/or eye movements are then the means on which they rely to communicate
with others, or to give motor output signal to the outside world. For decades

sincere attempts have been made to help these persons by developing head or
eye movement controlled communication aids.

In developing such an aid, we must analyze the limits of the technique used and

the limits introduced by the interactions with the human body. The operation
of this kind of communication devices will certainly include the movements

of the human body. Therefore, the features of these movements should be

analyzed. However, it only makes rigid sense when the device is operated

by the true movement of human instead of a movement of e.g. a mechanical

simulation [Demasco, 1986]. On the other hand, movements of any part of
human body are not ideally smooth or stable, e.g. they can not be described

by any simple mathematical model. A successful design of such a device should

therefore be able to avoid relying on any exact movement tracking etc. and

to bypass the irregularities of the natural process of human body movements.

Due to limits of any techniques. the sort of body movement which introduces
less irregularities should be chosen. Whether or not a particular combination of
a body movement and a well developed technique will satisfy the requirement
of a communication aid, however, can only be tested by case studies.

Although the research area of communication aids has been difficult due to its
interdisciplinary feature, the related literature can be huge. For the purpose

of our own development, we have to limit our attention to certain promising

techniques. On the other hand, the diversity of any indirect literature should

also be considered. In making this literature survey, the starting points are:

the head and eye movement controlled communication devices that have

been developed based on various techniques, either available on the mar-
ket or primitive in the laboratory.

not only the communication with other people, but also any technical

means that provide unusual eontrols of the environment, e.g. a head

movement controlled wheelchair.

l.

2.

Actually such head/eye controlled communication systems can benefit not only



the handicapped persons, but also some normal people under special working
environments. They may be busy with their both hands while they what to
input some commands to a computer system. Therefore this extra communica-

tion channel may enlarge their freedom under some working conditions. This
certainly implies a wider user group for the system to be developed.

Available Techniques

Several factors concerning the development of a feasible system would affect

the range of literature to be searched. At the beginning of this project, the
huge cost of other conventional systems was one of the major problems to
be solved. The whole system must not be too expensive, so that individual
patients can still afford it. Therefore our candidate techniques should only
be those simple ones implementable on a small system which is composed of
inexpensive components. The whole system should also be only composed of
commercially available (off-the-shelf) components or devices, so it takes less

time to develop and the future user service can be readily supported. And
above all, the technique must provide sufficient function as a communication
aid, e.g. a powerful and reliable control of the cursor movement by the head

movement. Ergonomical aspects of the system should also be considered.

In some of the literature surveyed here, the devices chosen as part of the com-

munication system are commercially avalaible, but they are also expensive. A
general drawback of using (expensive) conventional devices e.g. a TV camera,

is because the purposes of the original design may not give functions that we

need for this special application. As the result, the merit of the device is ig-

nored and wasted while our requirement is not fulfilled. The purpose of our
object is to develop a device that really helps the user to communicate, and

not just to show a possible technique based on any experimental equipments.

Therefore the use of the technique that can only be implemented on expensive

setups must be avoided.

In this survey, techniques available to our knowledge are summarized in cer-

tain detail, and are listed according to the part of body movement used, and

different physical media for transmitting the information. The aspects listed

are the working principles and configurations of the systems, as well as the
problems and promises of the performance.

l.l Head Movement Control

Natural human head movement is one of the means of giving expressions,

though sometimes not noticeable by ourselves. Its motor controlling mecha-
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nism is well developed. For the purpose of special communication aids, this
minor communication means becomes formal and necessary. Head movement

controlled aids are helpful for those remain reliable voluntary movements of
the head. Technical developments have been concerned with the link between

the control of the head movements and the control of one of the actuated

'movements' of a device.

1.1.1 Ultrasonic

In [Jaffe, 1984] the head movement is used to drive a wheelchair. The surface

of the head itself echoes the ultrasound from and to the two sensors which are

mounted on the two sides of the back support of the wheelchair and directed

at the user's head. The same sensor emits and receives the signals and the

distance from the two sensors to head can be calculated based on the flying
time. No head-set is needed. A microcomputer calculates the head position

onto a two dimensional control space corresponding to the movement of the

wheelchair. In operation, the user merely tilts his head off the vertical axis in

the forward/backward or left/right directions, like a joystick control. Two such

systems are used successfully in navigating wheelchairs (without problem).

If an attempt is made to use such technique to control a communication aid,

e.g. to generate a joystick-like signal to move the cursor on the screen, there

may be a problem of space resolution. Even with a normal hand-controlled
joystick, it is difficult to locate the cursor at precise places, or it takes a long

time to 'zero-in'. This is because that in operating a joystick, when the stick

(or the head) is tilted to a direction, the cursor is moving, and the stick must

come back to the original position to stop the cursor. On the contrary, to
control the cursor movement by a mouse is more straightforward, i.e. moving

the mouse slowly, fast or stopping it generates the corresponding movement of
the cursor. It is this essential difference between the operation of a mouse and

a joystick that determines the design of such communication systems.

The idea of controlling the cursor by mouse-like signals is implemented in an

ultrasonic head movement controlled typewriter. The View Controlled System

(VCS) from Personics together with the typewriter software developed in our
group [Heuvelmans, et.al. 1989] is a reliable system. It captures the head

movement information by calculating phase difference of the ultrasound from

the transmitter in the control unit and received in the three receivers in the

headset. This information is converted into mouse-like signal and fed into an

inexpensive Atari homecomputer (for technical details see [Wang' 1990]). By

slightly turning the head, the cursor on the screen can be moved smoothly

and accurately. One small problem is that when the head moves too fast, the

cursor does not follow any more, so that the line of view with respect to the

cursor must be readjusted.



L.L.z Light Spot

The light spot approaches have natural inspiration from the object-pointer
which is a long stick with one end fixed on the head of the patient. By substi-
tuting the stick with a beam of light projected from a small light source on the
headset, the user can point to anything by staring the light spot to the object
using his head.

In the light spot operated typewriters, a small light spot is projected on the
character panel. By slightly turning the head, the patient can select one char-
acter (or a special command) by 'staring' the light spot at a character. Each

character is associated with a photosensitive cell. The output signal after pro'
cessing by a computer drives either an electrically driven typewriter [Soede,
et.al. 1973J or an electronic typewriter [Heijden, et.al. f979] with data store

and picture screen. The spatial arrangement, i.e. the size and the spacing of
the characters on the panel are chosen so that the characters are easily read

from certain distance, and some places are left between characters for the light
spot to rest when not typing. The time required for a character to be chosen is

made adjustable, and should be long enough to prevent false typing characters

when they are only scanned over, and short enough to reinforce the typing
speed.

One major problem of such systems is that ambient light may interfere, or

even saturate the photocells. The performance concerning this aspect can be

improved by introducing photocell matrix to recognize the predefined spatial
pattern of the light spot (usually disk-like). The size and number of cells in each

matrix can be independent of the size of the character panel, but dependent

on the size of the light spot and the possible patterns of the interrupting light.
To an extreme, the whole panel can be used as well the matrix which detects

the light pattern. If the ambient light always has a homogeneous distribution,
another solution is to put an extra photocell to detect the level of the ambience

and give an offset.

More serious problem is that the character panel is not a conventional product.
The whole system is therefore both bulky and expensive. Furthermore, to drive

only a typewriter does not provide sufficient freedom of communication to the
patients. We believe, therefore, that an interface to a home computer will give

better solution.

1.1.3 Infrared

To avoid ambient light interruptions, the infrared light is a better substitution
as the source. One infrared transmitting system is designed for controlling a

wheelchair [Tew, 1988]. It uses a four-cell photodetector fabricated on a single



substrate, to determine the direction of the infrared light from a single, remote

emitter. Both the emitter and the detector are optically directed, but more

is done on the detector assembly. In front of the photocells, there is a special

designed aperture to filter the light in such a way that the photocell output
(after processing) is proportional to the orientation of the detector with respect

to the emitter. In application the emitter is mounted on the arm support of
the wheelchair and the detector is worn under one ear of the user. Evaluation
on steering wheelchairs gives good results [Tew, 1988].

The problem with such system may be that, it always requires a good starting
directing procedure (calibration). In other words, this system has a narrow
working angle, which is the sacrifice for the good proportional output.

1.L.4 Long Range Optical Pointer

The conventional lightpen is a communication means between users and com-

puters. A light pen looks like a pen, and has simple optics and a photosensitive

cell in it. When the user touches the computer screen with front end of the

lightpen, iL receiues light from a few raster scanning lines on a portion of the

screen. Because the scanning sequence of a particular computer monitor is

known, the X-Y position of the lightpen with respect of the screen can' be

calculated by timing the obtained pulses of those few scanning lines and the
video synchronizing signal. Usually the lightpen should be touched on the

screen surface or be put very close to it, to get a reliable read-out of the screen

position. Because the lightpen works based on the light it receives from the

front of the screen, it is better to setup the screen as light-background, dark-

text. This may guarantee that when the lightpen is pointing to every portion

of the screen, it receives sufficient light to detect the position.

[Gunderson, et.al. 1982] did some optical and electronic modifications on the

normal lightpen, and his 'optical pointer' can be used up to 3 feet away from
the screen. In this optical pointer, a single lens focuses an image of a portion

of the screen onto the active area of the photodiode. The electronics with
amplifier and comparator gives output of pulses. The photodiode has only a
single-valued output, therefore the spacial information concerning the screen

locations is converted into a complete time-sequence information. Further
processing gives X and Y position of the portion of the screen pointed at by

the pointer.

Detailed description of the performance of such optical pointer is not given.

Nevertheless, l,\te believe the ambient light may cause problems, if the system

is not restricted to ideal environments. This can be solved if the photocells can

give proportional outputs for big range of light intensity, or can be made so by

some automatic level control circuitry. No matter what other light reflection



will be received by the pointer, the special timing of the received scanning
pulses will always make them detectable. Before determining whether or not
to develop such system, simple test can be done to measure the reliability of
such pulses, with the existence of the screen reflection and with the persistence

of the fluorescent material inside the screen.

1.2 Eye Movement Control

Eye movement is one of the major face communication gestures. The move-

ment of the eyeball can be voluntarily controlled to direct the main field of
view. The eye blinks can be used for simple communication. For patients who

can or will only move their eyes, techniques have been developed to enhance

their ability of eye communication. Eye movement by itself is a wide research

area. Eye communication, however, is only restricted in a few aspects of the
eye movements, and attempts to avoid sophisticated formalization of the eye

movement in general.

1.2.L Infrared Detector-Contact

This approach is called 'contact' eye communication aids because part of the

device is mounted on the face of the user [Eulenberg, et.al. 1985, Ignazzi, et.al.
1984, and Yamada, et.al. 1985], mostly on the frame of a pair of spectacles.

The advantage of this set-up is that the user is free to move his head, because

the detectors have a relative fixed location to the head.

The concept is that at different direction of eye gaze (with respect to head

position fixed), due to the different colour of the iris (light colour) and sclera
(dark colour), the amount of reflection in certain field will be different. In
this technique, the eyeball(s) is illuminated by infrared LEDs (Light Emitting
Diodes) because this light source causes no harm to the eyes while prevents

the ambient light from interrupting. Various experimental systems use dif-
ferent numbers of LEDs to illuminate the eyeball and different numbers of
photosensitive cells to detect the reflection. The signals detected are used in

different ways for communication. The most direct way is to use only one [Kil-
gallon, et.al. 1987] or two [Clarkson, et.al. 1982] photocells to make an 'eye

gaze switch'. When the display monitor scans till a correct character which the

user wants to select, he looks into a certain direction to trigger the selection.

Of course the communication rate is limited by the scanning speed, although

some hierarchical arrangement of scanning can improve this.

If four photocells are used to monitor the eyeball position, the output signal

can be processed to emulate a joystick, then it is faster to select a character



from a screen with all characters. The photocells can be mounted on the four
corners of an eyeglass frame [Knysh, et.al. 1985], or some optics will direct the
reflection to the photocells mounted somewhere else [Heynen, et.al. 1985].

In a more sophisticated system, attempt was made to match each exact eyeball
position to each character on the screen [Frietman, et.al. 1984]. In this system,
one pair of silicon photocells detect the horizontal, two pairs detect the vertical
eyeball movement. Before each time the system is used, the eyeball position
in terms of signals from these photocells are calibrated and a 'look-up table'
is made. During this calibration and later use the head of the user and the
headset must be fixed towards the center of the character board one meter
away. During use the actual eyeball position is compared with the items in the
table (templates) to get a best match. The idea here is actually from pattern
recognition technique, and a good training of the system is always required.
This may cause problems for daily use of the severely handicapped users.

In order to prevent the ambient light interruption, some of these infrared sys-

tems use modulated light source to illuminate the eyeball, and at receiver side

only the modulated signal is detected.

L.2.2 Optical Fibers

[Grattan, et.al. 1984, 1986, 1987] use optical fibers mounted on the glass of the
spectacles to detect eye blinks by measuring the difference in eyeball reflections
illumination by normal visible light. The two-level blink principle implemented
with inexpensive fibers and other devices makes this technique accessible for
many users.

1.2.3 Contact Reflector

A purely optical device is designed to couple eye position to data processing

system [Hausle, 1980]. A concave reflector with an open aperture in the center
of it is mounted on the eyeball the same way as a contact lens. This reflector
is always pointing at a spot on a communication keyboard where the eye is
focusing. The keyboard is shrouded from direct room light so that the pho-
tocells associated with each character only receive the focused beam from the
reflector.

1,2.4 Corneal Reflection

When there is any light source which is not too large, there is always a reflection
on the surface of the cornea. The reflection is always a small sharp light spot



due to the spherical shape of the cornea. Techniques have been developed to
detect the eye gaze direction by detecting the location of the corneal reflection.
Because the curvature radius and center are not coincide with that of the
eyeball, when the eye moves, the reflection spot (seen from the direction of
the light source) will move, but with a smaller displacement than that of the
pupil. The displacement of corneal reflection with respect to the displacement
of the pupil is insensitive to the head movements. Therefore tracking these two
locations provide a good means of eye communication [Demasco, 1986, 1987,

Downing, 1985].

Most of corneal reflection systems are 'non-contact' (with an exception in [De-
masco, et.al. 19871) i.". the user is completely detached from the device. This
offers a more comfortable working environment. The actual devices used to
detect the reflection range from a few photocells, an array of semiconductor in
a RAM, to a complete TV camera. For example, the camera views the sub-
ject's eye to obtain an image of the eye [Friedman, 1983]. When the subject
is looking at one of the 8 display areas, the different image of the eye is cap-
tured and processed and a decision is made on which area the eye is looking
at. However, the actual image processing done here is merely the detection of
the position of the brightest area.

In principle, the up-to-date computer vision systems can give reliable image
recognition results on complicated images of the eyes. However, such algo-
rithm itself is very computing-expensive and should be implemented in a large
computer for real-time requirements. Together with TV camera and image
pre.processing unit, the whole system will be very expensive and not realistic
for use in communication aids.

1.3 Comparison of Eye and l{ead Communication

Any particular technique has a limit in the functions for a particular appli-
cation. In addition to the limit stemming from the technical concerns for
the devices developed based on the eye and head movements, there are some

limits produced by these movements themselves. The major limit with head

movement is that the patient must be able to well control his head movement.

Whether using head or eye movement, the 'line of view' is a problem to be

concerned, because the user must have a feeling that the action in the device

(".g. the cursor movement on the monitor) is controlled by him. In other
words, he must look at what he moves. In head movement controlled systems,

this is less a problem, because even if the head(set) is not pointing exactly at
the cursor, the eyes are free to move so as to gaze at, the cursor. If the shift of
the headset position is not too big, the user will not feel difficult in keeping the

line of view. This also poses less difficulties for the technical developments.



When using the eye movement, however, the eye must look exactly at what
the user wants to control. Due to either technical limit of the system, or the
possible improper operation, the 'line of view' may be lost (slightly). Then the
user may find it difficult to readjust or even to gain a reliable experience with
which to tolerate the shift. This can be explained in an example. Suppose that
the calculated user's corneal reflection is towards a location which is a little to
the right of the spot that the user is looking at. Then the system generates

a cursor at that calculated location. Therefore the user feels that the cursor
is not at the location where he gazes. This feedback will generally cause the
user to turn his eye so as to 'get control'. However, when he does this, another
calculated value will move the cursor further to the right, therefore he cannot
catch it. He would therefore either 'run after' the cursor till it reaches an edge

of the screen, or try to give up when this happens, while using the residual
sight to 'look' at the cursor. Certainly this will not be an enjoyable training.

1.4 EEG/EOG Signal Control

When the eye moves, the electrical potential on the skin sites around the eye

changes. Also there are changes in the scalp potentials (called visual evoked
potentials). Experimental systems exist which makes use of the EEG (Elec-

troEncephaloGraphy) or EOG (ElectroOculoGraphy) signals as indication of
eye position or eye movement, and use it as communication channel. Stan-

dard oculograghic devices can measure the eye movement very well, but they
are expensive. EOG signals obtained from a few skin electrodes near the eye

can be used as an indication of user's choice of a character from a scanning
character screen [Hludik, et.al. 1986, Kate, et.al. 1984, Vivaudo, et.al. 1985].

[Sutter, 1984], however, used EEG signal to determine which character (flick-
ering on the monitor) is to be selected by making a mapping between the EEG
potential distribution and the character positions on the screen. The char-
acters on the screen are flickering in a special sequence so that the selecting

speed is faster than a normal scanning mode. The performance of EEG is much

user-dependent. Therefore, it is difficult to use such ideas to develop reliable
communication aids for the disabled.

1.6 Aids for the Blind

Because the techniques used in the aids for the blind are also distance ranging
(sometimes known as obstacle detection), it is possible that some ideas or
commercial devices can be used in communication aids for the motor disabled.

In [Spungin, 1985] he reviewed the use of the 'electronic traveling aids' by

the blind, and he found that three of the aids are being actively pursued
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and refined: the Pathsounder, the Laser Cane, and the SonicGuide, all were

invented rather early.

One of the aids, the SonicGuide [Kay, 19741, uses the ultrasonic echo to locate
the objects. One transmitter and two receivers are mounted on a pair of
spectacles. Reflections are converted into audible sound in such a way that
the pitch of the echo is made proportional to the distance of the object, while
the direction is detected by the perception of the sounds in the two ears from
two channels. After some training, the user is able to identify the location,
size, and even the texture of an object. Actually the user is establishing a new

sense.

Because our purpose is different, it does not seem advisable to use such tech-
nique directly. The fundamental idea of ultrasonic localization can still be

used, and it is more convenient to use the technique in e.g. the VCS system.

1.6 Infrared Autofocus System in Cameras

Although the infrared distance ranging techniques have been used in remote
sensing, military use for long time, to implement it in a low-cost system is still
another work. Nowadays a civil-used autofocus compact camera is very cheap,

and works sufficiently fast and reliably. It seems that, not only the physics

of infrared, but also, more importantly, the modern sophisticated electronics

make some very tricky techniques possible. This is probably why it is so

difficult to find literature about such techniques.

One of the probably earliest reports is about an infrared autofocus system
designed for a movie camera IOdone, 1970]. This bulky system projects a beam

of (modulated) infrared light filtered from a lamp. Part of the reflection from
the object is collected by a concave mirror and projected to a detector mirror
which divides the light into two parts and directs them to two photoresistors.

The detector mirror is designed so that, if it is not at the same position as

the image plane, one of the two photoresistors receives more energy than the
other. This signal activates a motor which drives the detector to an equilibrium
position and the focal point is found.

Inside a modern compact camera, the autofocus system consists of only two
rather small units (about L cms each) mounted with a distance about 4 cm

from each other. Certainly some new techniques are used. However we do not
have any information about this technique, and even the product (only the

autofocus units).
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2 Development Hints on the Promising Tech-
niques

General survey on techniques of remote man-computer interface can be made
even wider than this one. However, not all of them are feasible for the purpose

of our development. Having considered various aspects and constraints of our
state, we have the hints for developing the following promising techniques.

2.L Head Movement Ultrasonic System

The ultrasonic head movement system is probably our most promising can-
didate. If we develop a system based on the system now available from Per-

sonics, we may use ne\iler components e.g. single chip processor. Besides, in
our o\ryn design at least two improvements can be motivated to make it more
user-friendly, that is, to prevent the wrong jump of the cursor upon fast head

rnovement, and to make the head-set lighter and cordless.

2,!.1 'Wrong Jump Problem

Using the Personics system with an Atari computer, a smooth head movement
of a trained user will give smooth movement of the cursor, and the user can

locate the cursor anywhere on the screen precisely. However, if the head moves

a little too fast (the user still feels it a moderate speed), or the direction of
movement changes a little abruptly, the cursor starts to jump at a unexpected

direction not according to the head movements. Although this may be reduced

by more training, the user will always feel a constraint.

According to the technical analysis of the system IWang, 1990], this shortcom-
ing may be overcome by introducing new algorithms into the software. Based

on an ergonomical concern, this technical improvement is worth trying.

2.1.2 Head-set: Lighter

The head-set of the VCS system is not heavy, but long time use may still cause

discomfort [Heuvelmans, et.al. 1989]. Now in the head-set there are three ul-
trasonic receivers and in the control unit put on top of the monitor there is one

transmitter. One immediate thought is to try to exchange the positions of the
transmitter and the receiver, therefore a single transmiter can be much more

easily placed on the head with little discomfort. However, moving the three
transducer part is not just identical to moving the one transducer part. Here

11



the transducer can be either transmitter or receiver. There is one restriction
at the first place: it is difficult to have three transmitters with one receiver.
At this single receiver it would be difficult to distinguish the signal coming
from the three transmitters, because these ultrasonic transducers (ceramic res-

onance) have such narrow working frequency ranges, that even modulation
cannot be used. Therefore, we only consider two possibility of configuration:

case 1. one transmitter on monitor and three receivers on head-set;

case 2. one transmitter on head-set and three receivers on monitor.

In order to have a clear comparison of the two configurations, a geometrical
analysis is made in [Wang, 1990] to see the control of the cursor by the angular
movement of the head (turning). The conclusion is that case I gives a more
constant and powerful control, while at a fixed working distance, case 2 also
provides good control power. The analysis also indicates that at each fixed
working distance the control power is sufficiently constant with the angle, in
both case I and case 2.

An alternative is to use smaller transducers ($t2.7mm,\dB less effective than
the óL6.2rnm one used in VCS) and careful design of the configuration of
the head-set. For example, the three small receivers can be put on a pair of
spectacles, one on the top-middle position, the others at the two lower corners.

2.L.9 Head-set: Cordless

The user may feel even more comfortable if the head-set does not have a
cord connected to the computer. If the microprocessor system does not need

any information from the transmitter, then in the one-transmitter-on-head
configuration, the headset does not need a cable connection to the control unit,
but only has to transmit constant ultrasonic signal. The remaining problem is

power consumption, because the head-set must then be powered by battery. If
such a head-set uses too much po\iler, it must use a battery put in other part
of the body (e.g. in a pocket) instead of small button cells on the headset.

2.2 Light Distribution Based

It is possible to use the distribution of light intensity of e.g. infrared LEDs
in space to detect the relative angular position between a transmitter and a
receiver. A proposed set-up is to put one LED on the head-set, and put arrays

of photosensitive diodes along edges of the monitor. As the head turns, the

different value received at each diode can be processed to make a mapping
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between each head position and each screen cursor position. To make the
head-set completely power-less, the LED can be replaced by a reflecting mirror
and the LED is put on top of the monitor. When the mirror turns, the light
distribution of the reflection will also change.

The influence of the ambient light can be solved by modulating the LED source.
However, because the light distribution of each LED will not be accurate,
and the working distance should be changeable, such system will face difficult
calibration problems. On the other hand, no literature has been found on any
light distribution based remote control systems.

The working principle is simple, therefore there is little to analyse. To approach
along this direction, we should start with tests.

2.3 Long Range Optical Pointer

Although we have not seen an optical pointer work, we saw a TV game working
under the same principle: Light Phaser. It is really possible to detect the
screen position when the optical pointer (light gun) is three feet away from the
monitor. It will not be a good candidate if this three feet is the maximum, or
the screen position cannot be detected accurately as it seemed to be. However
it is unknown if the performance can be improved by better electronics or
optics.

One disadvantage is that, to develop an optical pointer is a completely different
direction from that of the ultrasonic system, mainly because this cannot be a
mouse emulator. An optical pointer is the same as a lightpen which gives

absolute screen coordinates instead of incremental pulses. Until now we have
not got any information about electronic part of the normal lightpen system,
therefore we must develop it ourselves.

2.4 TV Camera to Locate Light Spot

Although a complete image system may not be a feasible approach for our
purpose, a TV camera can still be used in a simple way. For example, a cheap
CCD black/white camera can be used to detect only the position of the light
spot projected from a lamp on a head-set. The light spot must be firstly
projected onto a screen to form an image so that the camera can capture it.

The problem is that when the user projects the light spot on such a screen
(which must be large enough for him to see the characters on it), he must
also look at the computer monitor screen (another one!) to work with the
typewriter. The whole system will be bulky and the user will be busy.
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2.6 Comparison and Discussion

Having analysed these promising techniques and more others, a concept about
the general policy for choosing and developing communication aids has been

established. On one hand, the techniques used must be simple, so that upon
starting developing a device, its success can be predicted. On the other hand,
this success does not only rely on the physical concept involved, but also, and
more importantly, the actual technique that implements the physics.

Electronic techniques and their potential application areas have been thor-
oughly developed in the last decades. It is quite safe to say that, if a physical
concept can be used for some application of electronics, a device has already
been developed somewhere in the world. If, on the contrary, some seemingly
simple physical concepts have never been implemented in a well-functioning
system, it implies that there have been fatal difficulties and frustrations. It
can be concluded that a short term project should only start with some existing
systems (techniques) and concentrate on detailed improvements.

To be more concrete, we must also face the limit of the source of market
information. In formal literature hardly any technical details are reported on
the systems that are available on the market. However other systems are often
only at laboratory stage and it is difficult to have a complete market survey

on them. Therefore, our starting point for developing a system is an extensive
literature and market survey, but not a complete one.

There are two general remarks to be discussed and clarified, concerning the
style of operation with the system to be developed:

Discrete uersus continuous curEor mouement. To make the system sim-
pler, discrete cursor position can be considered. The cursor can then
be only positioned on exact locations of the characters or commands,
and when moving the cursor, it jumps from one such discrete position
to another. However, this will cause problem of screen feedback for the
users: when the headset only moves a little amount, the cursor does not
move at all, so the user does not know how to make a further movement
correctly. The continuous cursor movement solves this problem, and this
way emulates the mouse input directly.

Relotive displocement or absolute position ol the cursor. Signals from
some kinds of headsett (".g. the VCS system) can be converted into
mouse-like pulses so that the cursor position is changed by increments or
decrements of the coordinates. That is, the signal fed from this system

to the computer only gives the displacement of the cursor relatiue to the
previous psition of the cursor. When the 'line of view' is out of the
screen, such signal still comes in while the cursor stays at an edge of

1.

2.
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the screen. Therefore, the line of view is not alwoys precise (but can be

adjusted by a trained user easily). Signals from other kinds of headset
(".g. optical pointer), however, can be used in such a way that, each

head position is mapped, onto each exact pixel position. But such signal
cannot be fed into computer via its mouse port.

3 Conclusion

EEG and EOG based devices require complicated signal processing, are some-

how invasive to the users, and give less reliable and user dependent output.
Therefore they have not got a practical value as communication aids. Simple
signal from infrared LEDs-photocell systems can be used to drive communi-
cation devices. Exact positioning with such systems requires good calibration
and fixation of the head and the head-set (e.g. eyeglass frame). Four direction
joystick-emulation turns out as a feasible alternative.

Ultrasonic/infrared remote pointing devices in this list are good approach for
those handicapped who have residual control of their head movement. The
ultrasound is good at ranging objects because its speed is low compared with
the light speed. Three more improvements can be done for the ultrasonic VCS
system:

l. make it accept any fast head movement;

make the headset smaller, e.g. with only one transmitter in it;

make the headset cordless so that the system control becomes real remote.

To realize these improvements, both hardware and software investigations are

required.

To make such a headset even smaller, the infrared LEDs are an alternative.
However, since the light wave travels much faster than a sound signal does, the
phase detection techniques cannot be used. Even though modulation can be

applied to different transmitters, no difference can be detected in the received

signal with respect to the very small travelling distance. On the other hand,
the infrared-ranging techniques used e.g. in autofocus compact cameras are

yet unknown to us, although there should exist simple, fast and reliable tech-

niques. If such system can locate one object, two such systems must be able to
determine the angular position of the head (for e.g. horizontal movements, and

three must be sufficient for both horizontal and vertical turning movements).
Of course it is not necessary to use three such complete systems. What we

2.

3.
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need is only a simple infrared ranging technique, which can provide continu-
ously some kind of information about the relative position or distance between

the transmitter(s) and receiver(s). A signal processing algorithm implemented
in a small microprocessor based system will convert this information into either
screen cursor position or mouse incremental pulses.
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