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A TONGUE-OPERATED INPUT DEVICE
FOR CONTROL OF ELECTRONIC SYSTEMS

FIELD OF INVENTION
This invention relates to the field of controllers for electronic devices. More specifically,
the invention is a tongue-operated input device for control of a cursor or other input interface

used for operating a computer or other electronic systems.

BACKGROUND OF THE INVENTION

A number of input device technologies have been developed to allow individuals to
confrol electronic systems. Examples include eye tracking systems, the head-mouse, and mouth-
operated joysticks. Eye tracking systems track the gaze direction of the pupils of an individual to
control electronic systems, such as computers. However, eye tracking systems may be
prohibitively expensive (i.e., >$12,000) for most individuals to own for personal use. A head-
mouse device tracks the motion of the individual’s head in order to move a cursor on a computer
screen. However, the head-mouse may: (1) be too cumbersome fo use due to the size of the
device, (2) cause undue fatigue because of the muscular effort required to move the device, or (3)
be useless to individuals who have a limited range of motion. Mouth-operated joysticks can
allow an individual to use their mouth or tongue to operate an electronic system such as a
motorized wheelchair. However, a mouth-operated joystick can cause undue fatigue and may
not be practical for use by individuals with poor.muscle tone or spasticity.

Background art examples of mouth-based input devices for controlling electronic systems
include tongue-activated and mouth-operated devices. U.S. Patent No. 5,523,745 discloses a
tongue-activated keypad communications controller for use by disabled or other persons to
control a variety of devices. However, operation of this tongue-activated keypad may be time-
consuming and complex due to the relatively large number of keys (i.e., 9) used in operating the
device. U.S. Patent No. 6,222,524 discloses a mouth-operated input device for use with an
element to be moved on a computer. This input device includes a tongue-operated joystick and
teeth-operated switches (i.e., the individual selectively bites down with their teeth to select
different switches). However, operation of this mouth-operated device may be fatiguing,

particularly in prolonged use, due to the resistance offered by the tongue-operated joystick and
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the complexity of operation due to the requirement to selectively apply pressure by biting down
with different teeth to operate different switches.

Therefore, there is a need in the art for an input device for controlling electronic systems
that is affordable, portable, easy to use by individuals with physical limitations, and minimizes

fatigue and complexity of operation during use.

SUMMARY OF THE INVENTION

The invention is referred to as a “Mouth Mouse.” In order to alleviate the shortcomings
of other input device technologies and the background art, the present invention provides an
affordable and portable apparatus for the tongue-operated control of an electronic system. The
present invention includes a sensor-mounting device configured to reside in the mouth, a sensor
configured to interface to the tongue, and a sensor interface device. The sensor is mounted on
the sensor-mounting device and the sensor interface device couples the sensor to the electronic
system. Non-limiting examples of a sensor-mounting device include a dental retainer and a
mouth-guard. Non-limiting examples of a sensor includes pressure sensors, temperature sensors,
other types of individual sensing devices and a single surface sensing device comprising a 2-
dimensional array of miniature sensors.

In addition, the invention is a method for tongue-operated control of an electronic system
that includes receiving sensor outputs form each sensor, converting sensor outputs to sensor
signals, comparing sensor signals from each sensor with a predetermined threshold, computing a
vector sum of the sensor signals above the predetermined threshold, generating control signals
that are indicative of the magnitude and angle of the computed vector sum of the sensor signals,
and transmitting control signals or sensor signals for the control of the electronic system. Non-
limiting examples of electronic systems include computers, motorized wheelchairs, and other
remotely controlled devices and systems.

Further, the invention is a method for tongue-operated movement of an input interface
that includes receiving control signals or sensor signals, comparing sensor signals with a
predetermined threshold, computing a vector sum of the magnitude and angle data determined
from the sensor signals that exceed the predetermined threshold, generating control signals that
are indicative of the magnitude and angle of the computed vector sum of the sensor signals, and

moving the input interface at a rate related to the magnitude and in a direction related to the



WO 2004/093046 PCT/US2004/009583

angle of the vector sum. Non-limiting examples of an input interface include cursors, pointers,
arrows and other input/selection devices for remotely controlled devices and systems.

Moreover, the invention is a method for tongue-operated control of an electronic system
that includes an electronic system receiving at least one of control signals and sensor signals
computing the vector sum of the magnitude and angle data determined from the at least one of
control signals and sensor signals, moving the input interface at a rate related to the magnitude
and in a direction related to the angle of the vector sum, applying the input interface to an on-
screen program icon, and selecting the on-screen program icon. Non-limiting examples of
methods for selecting an on-screen program icon include hovering over the selection and
applying pressure to a sensor for selection.

The invention is also a system for controlling an electronic system that includes a Mouth
Mouse configured to communicate by at least one of cable, radio frequency, and infrared
communication interface, and an electronic system configured to communicate by at least one of
cable, radio frequency, and infrared c'ommunication interface, wherein the at least one of cable,
radio frequency, and infrared communication interface couples the Mouth Mouse and the
electronic system.

Advantages of the invention include relatively low cost due to simplicity of design,
inherent portability because it is located in the mouth, ease of use by individuals with physical
limitations because minimal motor skills and physical strength is involved in usage of the device,
and reduced fatigue and complexity because of the minimal number of control surfaces (i.e.,
sensors) involved in operation of the device. In addition, the tongue is an ideal control
mechanism because it can be positioned very accurately and can be used to apply force in fine
increments in controlling the device. Moreover, a user may talk while wearing the Mouth Mouse

because word pronunciation is minimally affected.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1a shows a first exemplary embodiment of the Mouth Mouse.
Fig. 1b is a schematic of an exemplary circuit for the sensor interface.
Fig. 2 shows a second exemplary embodiment of the Mouth Mouse.

Fig. 3 shows a third exemplary embodiment of the Mouth Mouse.
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Fig. 4 is an exemplary flow diagram of a method for remotely controlling an electronic
system.

Fig. § is an exemplary flow diagram of a method for moving an input interface indicator,

Fig. 6 is an exemplary flow diagram of a method for controlling an electronic system.

Fig. 7 is an exemplary screen capture of the software interface to the Mouth Mouse.

Fig. 8 is an exemplary block diagram of a system for controlling an electronic system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following detailed description of the preferred embodiments, reference is made to
the accompanying drawings that form a part hereof, and in which are shown, by way of
illustration, specific embodiments in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and structural changes may be made without
departing from the scope of the present invention.

Figure 1a shows a first exemplary embodiment of the Mouth Mouse. A sensor-mounting
device 109 contains sensor 111 and is located inside the mouth 101. The sensor-mounting device
109 is held in place by clips 113 that are hooked around individual teeth 103. The sensor-
mounting device 109 includes a top cover (not shown) to protect the electronics from moisture.
The sensor 111 has regions that represent at least the four primary directions, as indicated by the
set of co-ordinate X-Y axes 105, along which an individual would move a control signal for an
electronic system. These X-Y axes form a set of ortho-normal basis vectors that completely span
a 2-dimensional space (e.g., a computer screen) and are used to describe the movements of an
input interface. An ortho-normal basis provides a minimal set of spanning vectors for an N-
dimensional space. The tongue 107 of the individual is used to select one or more regions of the
sensor 111 as an indication of the desired rate and direction of movement for control signals that
are used to control an electronic system. The sensor interface device 114 can convert sensor
signals from the sensor 111 into control signals compatible with an electronic system to be
controlled.

Figure 1b is a non-limiting example of a drive circuit 120 that can be used in the sensor
interface device 114. The drive circuit 120 includes an amplifier 121 configured to
amplify/convert sensor outputs from the sensor 111 into sensor signals. As a non-limiting

example of a conversion, the resistance of the sensor 111, shown in Fig. 2, can be changed by
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application of pressure by the tongue 107 and a sensor signal output (i.e., Vo for the sensor
shown in Fig. 2) is produced. Sensor signals, proportional to a measure of the interface of the
tongue (i.e., applied pressure for this example) to the sensors, are produced as sensor outputs. A
drive circuit 120, analogous to that shown in Fig. 1b, would be provided for each region of the
sensor 111. The sensor interface further includes means for computing control signals from
sensor signals. Means for computing control signals include a computer, amplifier or other
electronic circuits capable of determining magnitude and angle of a vector. The sensor interface
device 114 may determine control signals from the sensor signals. The sensor interface may also
transmit either control signals or sensor signals to the electronic system by the cable 115. For
this exemplary embodiment, the sensor interface device 114 may be located either on the topside
of the sensor-mounting device 109 or at the electronic system to be controlled. Thus, either
confrol signals or sensor signals from the sensor interface device 114 are coupled to the
electronic system by the cable 115.

Figure 2 shows a second exemplary embodiment of the Mouth Mouse. A sensor-
mounting device 209 contains sensor 211 and is located inside the mouth 205. The sensor-
mounting device 209 is held in place by clips (not shown) that are hooked around individual
teeth 203. The sensor-mounting device 209 includes a top cover 204 to protect the Mouth Mouse
electronics from moisture. The sensor 211 has regions that represent at least the four primary
directions, as indicated by a set of co-ordinate X-Y axes, along which an individual would move
a control signal for an electronic system. The tongue 207 of the individual is used to select one or
more regions of the sensor 211 as an indication of the desired direction of movement for a signal
that is used to control an electronic system. A sensor interface device 201 may convert the
sensor signals from the sensor 211 into control signals compatible with an electronic system to
be controlled. A non-limiting example of the sensor interface device is shown in Fig. 1b and
above discussed. A radio frequency transmitter 202 couples the control signals or sensor signals
from the sensor interface device 201 to the electronic system. A radio frequency receiver is
located at an electronic system, such as a computer or motorized wheelchair, and receives the
signals transmitted by the radio frequency transmitter that are used to move a cursor, arrow or
other input interface.

Figure 3 shows a third exemplary embodiment of the mouth mouse. A sensor-mounting

device 303 contains sensor 305 and is located inside the mouth. The sensor-mounting device
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303 is held in place by a mouth guard 301 that will cover the teeth. The sensor-mounting device
303 includes a top cover (not shown) to protect the Mouth Mouse electronics from moistufe. As
above discussed, the tongue of the individual is used to select one or more of the regions of the
sensor 305 as an indication of the desired direction of movement for a signal that is used to
control an electronic system. A sensor interface device 314 may convert the signals from the
sensor 305 into control signals compatible with the electronic system to be controlled. A non-
limiting example of the sensor interface device is shown in Fig. 1b and above discussed. The

- control signals or sensor signals from the sensor interface device 314 are coupled to an electronic
system, such as a computer 309, by an infrared transmitter 307 located in the mouth guard 301.
The signals transmitted 308 by the infrared transmitter 307 are received by an infrared receiver
315 located at the electronic system and used to move a cursor, arrow or other input interface. In
particular, the non-limiting example in Fig. 3 shows the input interface as a cursor 311 on the
screen 313 of the computer 309.

Figure 4 is an exemplary flow diagram of a method for controlling an electronic device
when control signals or sensor signals are transmitted from an input device (e.g., the Mouth
Mouse). Sensor outputs from each sensor are received as shown in step 401. Sensor outputs are
converted to sensor signals as shown in step 402. Each of the sensor signals is compared to a
predetermined threshold (Vry) in step 403. A vector sum of the sensor signals that exceed Vg is
computed and the magnitude and angle of the vector sum are determined in step 404. Control
signals that indicate the rate and direction of movement for an input interface (e.g., a cursor,
arrow, on-screen icon) are generated from the magnitude and angle, respectively, of the vector
sum in step 405. Either control signals or sensor signals are transmitted for control of the
electronic system in step 406. Coupling of these signals to the electronic system may be by at
least one of cable, radio frequency transmission, and infrared transmission.

Figure 5 is an exemplary flow diagram of a method for moving an input interface (e.g., a
cursor, arrow, on-screen icon) when control signals or sensor signals are received at the
electronic system. In particular, sensor signals are received at step 501 and each sensor signal is
compared to a predetermined threshold (V1) in step 502. A vector sum of the sensor signals
that exceed Vry is computed and the magnitude and angle of the vector sum are determined in
step 503. Control signals that indicate the rate and direction of movement for an input interface

(e.g., a cursor, arrow, on-screen icon) are generated from the magnitude and angle of the vector
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sum in step 504. In step 505, an input interface is moved in accordance with the control signals
(i.e., magnitude of the vector sum, which determines the rate, and the angle of the vector sum,
which determines the direction). Fither sensor signals or control signals may be received for
control of the electronic system. For the case where control signals are received, only step 505
of Fig. 5 need be implemented. Reception of these control signals or sensor signal signals by the
electronic system may be by at least one of cable, radio frequency transmission, and infrared
transmission. |

Figure 6 is an exemplary flow diagram of a method for controlling an electronic system
when control signals or sensor signals are received at an electronic system. In particular, when
sensor signals are received in step 601, each sensor signal is compared to a predetermined
threshold (Vry) in step 602. A vector sum of the sensor signals that exceed Vg is computed and
the magnitude and angle of the vector sum are determined in step 603. Control signals that
indicate the rate and direction of movement for an input interface indicator (e.g., a cursor, arrow,
on-screen icon) are generated from the magnitude and angle of the vector sum in step 604. In
step 605, an input interface is moved in accordance with the control signals (i.e., the magnitude
of the vector sum, which determines the rate, and the angle of the vector sum, which determines
the direction). When the input interface reaches a final destination (e.g., hovering above a
desired program icon), it is apﬁlied to the on-screen program icon and selects the on-screen icon,
in steps 605 and 606, respectively. Non-limiting examples of program icons include keyboard
keys; WINDOWS program icons, general-purpose screen icons, WINDOWS programs, and
other well-known “point-and-click” type software applications. Either sensor signals or control
signals may be received for control of the electronic system. For the case where control signals
are received, only step 604 through step 606 of Fig. 6 need be implemented. Reception of the
control signals or sensor signals by the electronic system may be by at least one of cable, radio
frequency transmission, and infrared transmission.

Fig. 7 shows a non-limiting example of a software interface for the Mouth Mouse.
Sensor signals 701-704 are displayed numerically and active sensors are displayed graphically
705, as shown in Fig. 7. Active sensors may be indicated in green and inactive sensors (i.e.,
sensor signals < V) may be indicated in red. An arrow icon 706 can be moved to give a user

an indication that the Mouth Mouse is operating.
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Fig. 8 is an exemplar\y block diagram showing a system for controlling an electronic
system. The system includes a Mouth Mouse 801 with a sensor-mounting device (e.g., a
retainer, mouth guard) and tongue-activated sensors 811. The sensor-mounting device 809 is
secured in the mouth of the individual by clips 813. The sensors are connected to an electronic
system to be controlled (e.g., a computer 803) by the sensor interface 814. The sensor interface
device 814 may determine control signals from the sensor signals. The sensor interface may also
couple either control signals or sensor signals to the computer by at least one of cable 815, radio

frequency transmission, or infrared transmission.
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WHAT IS CLAIMED IS:
1. An apparatus for tongue-operated control of an electronic system, comprising:
a sensor-mounting device configured to reside in the mouth;
a sensor configured to interface to the tongue; and
a sensor interface device,
wherein the sensor is mounted on the sensor-mounting device and the sensor interface

device connects the sensor to the electronic system.

2. The apparatus of claim 1, wherein the sensor-mounting device is at least one of a dental

retainer and a mouthpiece.

3. The apparatus of claim 1, wherein the sensor interface device comprises:
an amplifier configured to amplify sensor signals; and

a cable configured to provide control signals to the electronic system.

4. The apparatus of claim 1, wherein the sensor interface circuit comprises:
an amplifier configured to amplify sensor signals; and
a radio transmitter configured to provide interface and control signals to the electronic

system.

5. The apparatus of claim 1, wherein the sensor interface circuit comprises:
an amplifier configured to amplify sensor signals; and
an infrared transmitter configured to provide interface and control signals to the

electronic system.

6. A method for controlling an electronic device, comprising:

measuring sensor signal voltages from each sensor;

comparing the sensor signal voltages with a predetermined threshold value to determine
each one that is greater;

computing a vector sum of the sensor signal voltages that exceeded the predeteﬁnined

threshold values and determine the magnitude and angle data;
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generating control signals that are indicative of a rate related to the magnitude and a
direction related to the angle of the computed vector sum of the sensor voltages; and

transmitting the control signals as an input for control of an electronic system.

7. A method for moving an input interface indicator, comprising;

measuring sensor signal voltages from each sensor;

comparing the sensor signal voltages with a predetermined threshold value to determine
each one that is greater;

computing a vector sum of the sensor signal voltages that exceeded the predetermined
threshold values and determine the magnitude and angle data; and

moving the input interface indicator at a rate related to the magnitude and in a direction

related to the direction of the vector sum.

8. A method for controlling an electronic system, comprising:

receiving at least one of a control signal and a sensor signal voltage signal;

computing the vector sum of the magnitude and angle data determined from the at least
one of a control signal and a sensor signal voltage signals;

moving the input interface indicator at a rate related to the magnitude and in a direction
related to the direction of the vector sum,;

applying the input interface indicator device to an on-screen program icon; and

selecting the on-screen program icon.

9, The method of claim 8, wherein the step of measuring is conducted with an A/D

converter.

10.  The method of claim 8, wherein the input interface indicator is at least one of a cursor or

an arrow.
11.  The method of claim 8, wherein the on-screen program icon is at least one of a key for an

on-screen keyboard, an icon for starting a computer program, and an icon for making a selection

in an on-screen computer program.

10



WO 2004/093046 PCT/US2004/009583

12. A system for controlling an electronic system, comprising:

a Mouth Mouse configured to communicate with at least one of a cable, radio frequency,

and infrared communication interface; and

an electronic system configured to communicate with at least one of a cable, radio

frequency, and infrared communication interface,

wherein the at least one of cable, radio frequency, and infrared communication interface

connects the Mouth Mouse and the electronic system.

11
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