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Communication Method and Apparatus

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a non-lingual communication method and apparatus,
wherein a physical or physiological signal consciously created by a first subject is
detected and converted into a transmitted output signal presented to a second subject
in order to communicate information from the first subject to the second subject. The
invention further relates to rehabilitation of handicapped or otherwise disabled peo-

ple.
2. Description of the Prior art

It is well-known to use physical signals like movement of the whole body, for exam-

ple by dancing, for electronic conversion into audio-visual signals.

US Pat. No. 5, 045,687 discloses an optical instrument capable of registering a persons
movement in a defined space and converting the registered movement into musical

tones and images.

Measurement of physiological quantities as electromyographic (EMG) signals, gal-
vanic skin response (GSR), electroencephalographic (EEG) signals, skin temperature,
blood pressure, and heart rhythm (Electrocardiography or ECG) have been used in
biofeedback methods, where the subject is presented for a converted output signal in-
dicative of the actual physiological state of the subject. Thereupon, the subject is able
to change the output signal, for instance an audio-visual signal, as a response to a

change in the physiological state.
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US Pat. No. 5,662,117 discloses such a method and apparatus wherein the method is

used to teach a person to relax even in a stressing situation.

German Pat. No. DE 197 45 508 discloses a method and system where bio-electrical
signals are converted to audio-visual signals presented for two persons that are com-

peting in attaining the most relaxed state.

US Pat. No. 6,001,065 discloses a method and apparatus, where bio-electrical signals
from a subject as a person, an animal, or a plant are used to control and interact with
electronic media such as motion pictures, video games, virtual environments or secu-

rity systems.

Though Prior Art teaches measurements of physiological signals and conversion of
these signals into an audio-visual signal, none of these methods describes the use of
physiological signals as a substitution for lingual communication between people.
However, such a system would be a desirable tool for handicapped people who are
unable to speak or to form words from letters as well as others who prefer non-verbal .

communication.

It is an object of the invention to provide a method and an apparatus for non-lingual

communication between people.

Non-lingual in this context is to be understood as an exclusion of spoken or written

words.

It is a further object of the invention to provide a method and apparatus wherein a

subject’s physical and physiological signals of different nature are detected by a de-

tecting medium and converted into a variety of different output signals to be presented

to a different subject in order to communicate information from one subject to another.

It is a further object of the invention to provide a method and apparatus wherein the

sensitivity of the detecting medium is adjustable according to a predetermined map or
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is adjustable in an interactive process through an interactively learning computer in-

cluding a neural network.

SUMMARY OF THE INVENTION

A method according to the invention comprising a number of steps, wherein the first
step is selecting an input medium and an output medium from a group of selectable

input and output media having electronic means.

A number of detection methods are available to sense physical or physiological signals
or parameters. If the parameter to measure is movements of the subject, for example
movement of the body or a limb, it is possible to register this movement by an ar-
rangement where an emitted wave after reflection at the body or limb is detected by a
suitable detector. The emitted wave is for example for example an electromagnetic
wave like laser light, a sound wave, or an ultrasonic wave. Movements alter the con-
ditions for the reflection, and the change of the amplitude and phase of the reflected
wave can be related to the movement of the body or limb. Examples of applicable

electromagnetic waves are infrared light and visible light including laser light.

If movements of the body are to be detected, another possible arrangement including a
so-called dance-suit can be employed. The dance-suit is equipped with detectors that

change signal upon bending of joints like elbow and knees.

Further, a number of physiological signals are measurable. An example is temperature
of the skin of the subject’s body, breath pressure, oximetry (measurement of oxygen
content in the subject’s blood), or tremor. Other examples are electrophysiological
parameters as brain wave activity (encephalography or EEG), heart rhythm
(electrocardiography or ECG), galvanic skin response (GSR), skin conductance (SC),

or muscle tension (electromyography or EMG).

As an output media, a large number of possibilities exist. Traditionally, sound genera-

tors and image displays are most common. However, other media would be desirable
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as well, especially if the invention relates to rehabilitation of those handicapped peo-
ple that are not able to see and hear. Other possible media are vibration generators,
heating devices, and electrodes that directly excite certain nerves. Also possible as

mput and output devices are mechanical controllers for wheelchair movements.

A second step in the method is detecting by said input medium physical or physiologi-
cal signals consciously created by a first subject indicative of information to be sub-
mitted to a second subject, wherein the term ‘second subject’ is to be understood gen-

erally and includes also a group of subjects.

Generally, in biofeedback processes according to prior art, an audio-visual signal
changes in response to the change of the physiological condition of the subject. The
altering of the audio-visual signal guides indicates to the subject, whether a progress
towards a desired physiological state is attained. Thus, information is submitted to the

subject as a feedback to learn to control physiological parameters.

The aim of the invention is different and takes a step beyond prior art. According to
the invention, the change of the subject’s physiological parameters themselves are
used to express information. Thus, a handicapped who is not able to move or talk, may
be able to learn to control some of his physiological parameters in such a way that
they can be used for communication. It might even be possible that subjects with equal
or with different handicaps learn to communicate with each other using different
physiological parameters for expressing information to be communicated. In this light,
the invention is a non-lingual communication method opening the possibility for se-
verely handicapped people to communicate to the outside world in a way which has

not been possible hitherto.

Once the signal from the subject has been sensed, for example an electrophysiological
signal, this signal is converted to a transmittable signal. Usually, the detected electro-
physiological signal is an analogue signal. In order to facilitate transmission of that

signal, it is converted to a transmittable analogue signal or, preferably, a digital signal.
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The format of the digital signal is compact to reduce the amount of data to be transmit-

ted for thereby to increase the data transmission speed.

A fourth step is transmitting said transmittable signal, preferably digital data, to a data
transformer, which is functionally connected to said output media. Digital data can be
submitted without loss throughout the world by telephone lines, mobile telephone
communication systems, broadcasting networks, or by the Internet, which is advanta-
geous. A large and still increasing amount of the world’s population has got access to
the Internet, making this transmitter means a versatile tool for the communication re-

lated to this invention.

A fifth step is transforming said data to a sequence of output signals from said output
media. The transmittable signal, preferably digital data, are after transmission trans-
formed into a suitable format and transmitted to the output medium or media. How the
transmittable signal is transformed is completely independent of the input media and
only dependent on the output media. Different media require different formats. How-
ever, using digital data as the transmittable signal, where the format of the digital data
itself is known, a transformer can be designed according to every special output me-

dium.

A sixth step is presenting to said second subject said sequence of output signals for
communicating said information from said first subject to said second subject. The
output medium can be different to the input medium so that there is no limitation with
respect to the form in which the signals are sent and received. For instance, it might be
possible that the first subject communicates by GSR while the second subject receives
this information from a heating device on the skin. On the other hand, the second
subject might as an answer respond with an EEG signal which after conversion is re-

ceived by the first subject as a vibration.

According to another embodiment of the invention, the method comprises calibration

of the sensitivity of said input medium to correspond to a specific amplitude range for
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said physical or physiological signal wherein the calibration is performed according to

a predetermined map, eventually including fuzzy logic.

The calibration may alternatively be performed by the first subject or the second sub-
ject, for example by interactive changing of the map. Electronic tools for this map may
be stored in a computer or may be downloaded from the Internet. Not only the signal-
ling from the first subject to and from the second subject is comprised in the non-
lingual communication method according to the invention, but also the technical con-
figuration including the calibration may be part of the communication, enabling the
first and the second subject to optimise the system to the best possible communication

form.

Detecting signals from the first subject may involve the problem to be solved in which
the actual information is hidden in a minor part of the signal. Spastic movement of a
handicapped person’s limb may give a signal with a rather large amplitude. However,
the actual information from the handicapped person may lie in a more sophisticated
pattern of movements overlaying the spastic movement. Thus, the actual information
would in this case be an overlay signal on top of the signal with the large amplitude.
In this situation, it is necessary to teach the detector to filter the actual information
from the non informative part of the signal. In other words, a calibration has to be per-
formed in a more or less sophisticated way. How this calibration is made depends on a
map, which can be predetermined according to known factors including thresholds or
range comparisons or more sophisticated methods including complex logical algo-

rithms and a plurality of control parameters.

According to another embodiment of the invention, the calibration is performed by an
interactively learning computer including a neural network. Though learning comput-
ers, where neural networks are included, are scarcely used today, the fast development
of computers will give access to this kind of tool within short time. Using this kind of
computer in connection with the invention open a new way of calibration. Any man-
made map is dependent on the person who initially programmed the map or the rou-

tines for the map creation. However, in case a learning computer is used in connection
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with the detection of the subject’s signals, the computer may after some time of
learning during the interaction with the subject find out the optimum calibration itself
through the interaction with the subject. This may or may not involve a rather long
time for the learning process of the computer, however, a computer in contrast to a
third person is not limited by a decreasing enthusiasm due to missing results at first

stage.

The system is designed such that the interface will adapt to the intention of the user. In
this case one person may use different gestures or physiological indications than a
different person person, though their different actions may indicate the same effect.
The system thus learns the profiles of the actions of the individuals and translate them
into the intended results. This ability allows all persons of any capacity to have the

same control of a given result, whether electronic or mechanical.

In a further embodiment of the invention, the system integrates the methods of emo-
tional recognition, which is a further development of gesture recognition, recognizing
the intent of the user through learning to interpret combinations of actions and ex-

pressions for establishing an intention.

There are subjects that are handicapped in a way which basically excludes them from
communication with other people. Through history there have been reported handi-
capped people that have been regarded as having almost no substantial brain function,
while those people at a later stage recovered partly from their handicap and could
communicate to the outside world that they in fact experienced their surrounding all
the time but just were physically unable to communicate. By learning to utilise control
over physiological parameters, this kind of handicapped people may even learn to
program and interact with a learning computer through their own kind of information
signals, whereby the learning computer can be used as an interface between the sub-

ject and the outside world.

In the widest range of applications, the invention can be utilised to form a communi-

cation bridge between subjects of different kind. A completely new kind of communi-
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cation may be possible not only between human beings but also between animals,
plants and humans. The learning process may be a long lasting experimental period,
however, with help by learning computers including neural networks combined with
the creative skills from humans, the time to learn this new way of communication will
be substantially shorter than the time it took for human beings to create the first writ-

ten language.

Though the invention aims at constituting a communication tool for different kind of
subjects, preferably handicapped people in rehabilitation processes, the invention can
be used in a wider sense for a number of other purposes as well. Thus, the invention
also is usable as a playing tool, for example creation of audio-visual sequences by an
input of physical or physiological signals. The invention is further applicable as a
feedback mechanism for a person training his skills to control and change physical
factors or physiological parameters. Furthermore, the invention may be an intermedi-
ate link between a subject and an apparatus, where the apparatus is controlled through
physical or physiological signals. These applications are known from prior art in a
very limited form. However, the versatility of the present invention allows a much
wider range of physical or physiological aspects to be interrelated with a great variety

of different output media.

The invention also embraces a non-lingual communication apparatus comprising an
input medium and an output medium selected from a range of selectable input and
output media having electronic means, said input medium operable to detect physical
or physiological signals consciously created by a first subject indicative of information
to be submitted to a second subject, a converter for converting said signals into a
transmittable signal, preferably digital data, a transmitter for transmitting said trans-
mittable signal, preferably digital data, from said converter to a data transformer
which is functionally connected to said output medium, said data transformer trans-
forming said transmittable signal, preferably digital data, into control commands for
said output media, wherein said output medium generates sequence of output signals

for communicating said information from said first subject to said second subject.
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In a further embodiment of the invention the apparatus further comprises calibration

means for calibration of the sensitivity of said input medium to correspond to a spe-

cific amplitude range for said physical or physiological signal wherein said calibration

is performed according to a predetermined map or by an interactively learning com-

puter including neural network.

Though the primary object of the invention is a non-lingual communication method

and tool between subjects, the invention may also be used for

distant therapy, where a clinician is able to instruct and monitor a patient through a
communication link, as for example the Internet or wireless communications links,
in this case, the invention may be combined with a camera to monitor changes and
improvements during therapy,

body language and personal interaction training, for example of corporate leaders
or of schoolchildren in a pedagogic environment,

spectator interactivity whereas the participants in an event can interact with the
performers and/or other participants locally or at a distance,

theatrical movement, where dance or musical actions are transmitted to another
group locally or at a distance, for example through television,

personal entertainment or recreation, whereas a subject or subjects can, for exam-
ple through the Internet, interact with others through a user interface or game
controlling hardware, where the detected signal is used with a suitable transformer

to control technical and/or electronic commands for the control of an apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 shows the invention in a schematic way,

Fi1G.2

shows a set of detectors comprised by an input medium used to detect

movements.



WO 01/86406 PCT/DK01/00309

10

15

20

25

30

10

DESCRIPTION OF PREFERRED EMBODIMENT

FIG. 1 describes the communication apparatus in a schematic way. An input medium
2 detects physical or physiological signals from a first subject 1. These signals are
cbnverted into digital data in a converter 3. The converter 3 is coupled to a computer
8, where the signals are analysed and evaluated. Digital data containing information of
the signal from the first subject 1 are transmitted by a transmitter 4 to a transformer 5
coupled to an output medium 6. The digital data are transformed suitably by that trans-

former that the output medium 6 can present a signal to the second subject 7.

The input medium can be one or more detectors of like or different kind, for example a
detector that detects movement of a limb or of the whole subject 1. The output me-
dium can be one or more specific media, for ekample a sound generator. Thus, move-
ments of a limb from the first subject 1 is transformed into a sound pattern, as for ex-

ample music, to be presented to the second subject 7.

The first subject 1 could for example be a handicapped person and the second subject
7 could be a therapist or another handicapped person, family member or friend. The
terms "ﬁrst subjects’ and ‘second subject’ are to be understood generally in that the
terms also cover groups of people or even animals or plants. The invention enables the
first subject 1 to communicate with another subject 7 in a way that is adapted to his
skills. The invention can be used both ways in that a likewise communication link is

established from the second subject 7 to the first subject 1.

Once a signal from the first subject 1 is detected, the conversion of the signal into
digital data in the converter 3 is controlled by a computer 8. The converter and the
computer may be separate units, but may also be combined into one unit. The control
may preferably include a calibration of the input medium 2 such that the signal of in-

terest is detected in the most appropriate way.
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FIG. 2 shows an infrared, or alternatively ultrasound, emitter 12 and detectors 9, pref-
erably on goose neck mounts 10, which facilitates adjustment of the detectors accord-
ing to the moving part of the first subject 1, for example an eye lid. Using infrared
light as detecting radiation has the advantage that background light does not disturb
the signal, as this can be filtered from the detected signal. By limiting the emission
and detection of the radiation to a defined bandwidth, also background radiation in the
infrared regime can be reduced in order to prevent informationless contributions to

the information signal.

The emitter 12 and detectors 9 comprised by the input medium are preferred but not
limited to the type as described by DeFranco et al. in US patent No. 5 475 214. Infra-
red light is emitted by the emitter 12, scattered by the first subject 1 and then detected
by the detectors 9. In the detection of limbs moved by the first subject 1, the scattered
signal from the limb is enhanced, if the limb is provided with a reflective cover layer,
as for example described by Walter in US patent No. 5 171 624 and by Nilsen in US
patent No. 5 780 140.

Only one detector is necessary for the invention, however, the number of detectors 9 is
variable. For example, three detectors 9 can be used to detect the signal. These three
detectors 9 can then be used to control the red, green and blue components of a colour
synthesised image, for example. Alternatively, the three detectors 9 may control three
different output instruments to form music. If more detectors 9 re used, further ele-
ments can be controlled like graphic shapes or rhythm. Each detector can be assigned

to whichever parameter is required to control.

Opposite the detectors, the goose neck mounts 9 are preferably equipped with 3 pin
XLR connectors to allow for multiple extension if necessary. However, the invention

is not limited to this kind of mounts.

Once the infrared signal is detected, it is transferred to the converter, where the ana-
logue signal is converted into digital data. The input signal is, for instance, an electric

signal with a voltage between 0 and 5 V. This signal may be converted into to a digital
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signal with a range of 64 bit to ensure high dynamics. In the case of a sound generator
as the output medium 6, the digital data alternatively may be of MIDI (Musical In-
strument Digital Interface) kind. Spastic movement of a handicapped person’s limb
may give a signal with a rather large amplitude. However, the actual information from
the handicapped person may lie in a more sophisticated pattern of movements overlay-
ing the spastic movement. Thus, the actual information would in this case be an over-
lay signal on top of the signal with the large amplitude. In this situation, it is necessary
to teach the detector to filter the actual information from the non informative part of
the signal. In other words, a calibration has to be performed in a more or less sophisti-

cated way.

In the most simple arrangement, this calibration may be performed manually. Alterna-

tively, this calibration may be done in the computer after the signal conversion such

that only a certain part of the full signal is transmitted to the transformer and used for

communication to the second subject. However, the computer may control the cali-
bration at the detector as well. The sensitivity of the detector may be adjusted to filter
out parts of the signal. These calibration processes may be accomplished by prede-

termined algorithms according to a map.

However, the calibration may also be a process, where a computer is used which com-
prise neural networks and which is able to learn characteristics from the first subject 1
during the signalling process. These characteristics may be discovered by the com-
puter by including intelligent frequency and amplitude analyses. For example, charac-
teristics may be manifested by a changing frequency pattern with small amplitude on
top of a rather large signal with a more or less constant or only slowly changing fre-
quency. Using intelligent filters including Fourier analysis, the actual communicative
information in the signal can be filtered from the total signal, even though the largest

amplitude of the signal belongs to the non-informative part of the signal.

Between the converter 3 and the computer 8 data are transferred by a wired link or by
a wireless data link 11, for example a telephone connection or a Bluetooth link. Be-

tween the converter and the transformer, the transmission may be accomplished by a
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variety of wired or wireless links including for example a telephone link, a television

link, or the Internet.

The transformer 5 transforms the transmitted signal into a format suitable or the output
5 medium 6, for example a sound generator. By this embodiment of the invention, the
movement from the first subject 1 is transformed into a sound pattern presented to a
second subject 6. In principle, the sound pattern may be presented to the first subject
as a feed-back tool, eventually simultaneously with the presentation to the second

subject 6.
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CLAIMS

1. A non-lingual communication method comprising the steps of:

e selecting a input medium (2) and an output medium (6) from a group of selectable
input and output media having electronic means,

e detecting by said input medium physical or physiological signals consciously cre-
ated by a first subject (1) indicative of information to be submitted to a second
subject (7),

¢ converting said signals into a transmittable signal,

e transmitting said transmittable signal to a data transformer (5), which is function-
ally connected to said output medium (6),

o transforming said transmittable signal to a sequence of output signals from said
output medium (6),

e presenting to aid second subject (7) said sequence of output signals for communi-

cating said information from said first subject (1) to said second subject (7).

2. The method of claim 1, characterised in that said transmittable signal

comprises digital data.

3. The method of claim 1 or 2, characterised in that said input medium (2) is

selected from the group consisting of

e an infrared radiation emitter and an infrared radiation detector for detecting move-
ments,

e asound wave emitter and a reflected sound wave detector for detecting movements,

e alaser scanner and a light detector for detecting movements,

e atemperature sensor in contact with the body of the first subject,

o adetector for detecting electromyographic signals,

¢ adetector for detecting electroencephalographic parameters,

e adetector for detecting electrocardiographic signals,

e adetector for detecting galvanic skin response,

e adetector for detecting skin conductance,

e adetector for detecting breath pressure,
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e an oximeter,

and said output medium (6) is selected from the group consisting of,

sound generator,

e image display,

e vibration generator,
o light pulse emitter,
e aheating device,

e nerve exciting electrodes.

4. The method according to any of claims 1 - 3, characterised in that said
method further comprises calibration of the sensitivity of said input medium (2) to
correspond to a specific amplitude range for said physical or physiological signal

wherein the calibration is performed according to a predetermined map.

5. The method according to any of claim 1 - 4, characterised in that said
method further comprises calibration of the sensitivity of said input medium (2) to
correspond to a specific amplitude range for said physical or physiological signal,
wherein the calibration is performed by an interactively learning computer (8) includ-

ing a neural network.

6. The method according to any of claim 1 - 5, characterised in that at least
one of first (1) and second (7) subject is a handicapped person and wherein the method

is used for rehabilitation teaching.

7. Non-lingual communication apparatus comprising

e an input medium (2) and an output medium (6) selected from a range of selectable
input and output media having electronic means, said input medium (2) operable to
detect physical or physiological signals consciously created by a first subject (1)
indicative of information to be submitted to a second subject (7),

e aconverter (3) for converting said signals into a transmittable signal,

e atransmitter (4) for transmitting said transmittable signal from said converter (3) to

a data transformer (5) which is functionally connected to said output medium (6),
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said data transformer (5) transforming said transmittable signal into control com-
mands for said output medium (6), wherein said output medium (6) generates se-
quence of output signals for communicating said information from said first subject

(1) to said second subject (7).

8. The apparatus according to claim 7,characterised in that said transmittable

signal comprises digital data

9. The apparatus according to claim 7 or 8, characterised in that said appara-
tus further comprises calibration means for calibration of the sensitivity of said input
medium (2) to correspond to a specific amplitude range for said physical or physio-
logical signal, wherein said calibration is performed according to a predetermined
map, or wherein said calibration is performed by an interactively learning computer

(8) including neural network.

10. Use of an apparatus according to any of claims 7 - 9 for rehabilitation.
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