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Abstract: Elderly people often have difficulties using tools in their household with
their own hands. While problems that occur due to presbyopia can be corrected
with visual aids, there is no satisfactory universal solution for helping people with
hand-related sensor or motor deficiencies. For that reason, we currently explore
possibilities tongue-controlled Human Interface Device for use with personal com-
puters: a ,jtongue mouse“. An analysis of existing approaches showed there is
currently no satisfactory, user-friendly concept. This paper provides an overview
of the current state of the art and compares the existing approaches. First, require-
ments for a tongue mouse are set and then weighted by pair-wise comparison. For
the already existing approaches, it is examined to what extent they meet the require-
ments. We find that optopalatography, piezoelectric sensors and resistopalatogra-
phy are promising methods for the creation of a tongue mouse.

1 Introduction

Figure 1 — Concept for a tongue mouse. The user can control devices with their tongue instead of using
fingers.

Elderly people often have difficulties using tools in their household with their own hands.
In Germany alone, half a million people suffer from rheumatism [1], the loss of function of one
or more limbs (175.000 at the age of 55 years or older [2]), or Parkinson’s disease with 220.000
affected patients [3]. Currently, there is no satisfactory universal solution to help people with
hand-related sensor or motor deficiencies. For that reason, we currently explore possibilities
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tongue-controlled Human Interface Device for use with personal computers: a ,,tongue mouse*.
The general idea of the tongue mouse is illustrated in Figure 1. An analysis of existing ap-
proaches showed that there is currently no satisfactory user-friendly concept. This paper gives
an overview of the current state of the art. Figure 2 shows a taxonomic tree of the different meth-
ods , which have been used in tongue-based control units in the literature. Examples of these
technologies are provided in Figure 3. According to our research, no commercially available
system has yet been introduced to the general public.
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Figure 2 — Overview of existing approaches for a tongue mouse

2 Presentation of the technologies

Electropalatography is a method for the continuous measurement of tongue-palate contacts.
The tongue contact is detected by means of a grid of electrodes (over 60 have been used
in previous devices) placed on the surface of a thin artificial palate (a pseudopalate). An
electrode attached to the user provides an alternating current signal. When the tongue
touches one of the electrodes on the palate, the circuit is closed and the tongue-electrode
contact is sent as a signal to the higher-level control system for further evaluation [4, 5, 6,
7, 8].

Piezoelectric sensors generate small charges when they are pressed. Nutt et al. [9] presented
the first tongue mouse build on this concept in 1998. It consists of 16 x 16 piezoelectric
ceramic strips. These strips are arranged in x- and y-direction. Thus, the strength and
position of the tongue movement can be measured. By moving the tongue on this sensor
field a mouse pointer can be controlled on a computer [9].

Resistopalatography systems consist of an intraoral device with force-sensitive resistance sen-
sors. The sensors measure the pressure of the tongue against the hard palate. Horne et al.
[10] developed a tongue mouse with 4 sensors to detect the direction, and a central one
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to implement the mouse click. Two years later, Horne et al. [11] improved their design
with 8 sensors for the directions and one for the click event. This device consists of
copper traces, which are covered with a polymer film layer. The resistance of the film
decreases under pressure. This reduction in electrical resistance is measured and related
to the corresponding force [10, 11].

Plastic electronics An ultra-thin array with resistive tactile sensors, which can also be used in

aqueous environments, were developed by Kaltenbrunner et al. [12]. A one mm thick
(PEN) film was used as substrate. The circuits were fabricated with a hybrid anodic alu-
mina and a phosphonic acid self-assembly monolayer (SAM)-gate dielectric, an air-stable
organic semiconductor and a parylene interlayer, separating the active matrix backplane
from the sensor layer. A use as a sensor in the mouth is presented in [12].

Inductive sensors The changes of a magnetic field caused by a moving magnet attached to or

implanted into the tongue is measured. The tongue control system is based on an intraoral
device with sensors that track the movement of a ferromagnetic tongue piercing. Struijk
[13] demonstrated the first system, in which inductors were placed on a pseudopalate. In
2009 Struijk et al. [14], Lund et al. [15] presented a further development of their system
with 18 coils. Of those 18, 10 sensors to control the keyboard were placed in the anterior
palate area and 8 sensors to control the mouth were placed in the posterior area. A clinical
evaluation of a wireless version of their system was presented by Lontis et al. [16].

Hall sensors The movement of the tongue is detected by a series of Hall sensors. They measure

the magnetic field generated by a small permanent magnet located on the tongue (pierced
or glued). The movement of the magnet on the tongue changes the magnetic field. This
change is recorded and converted into a mouse movement. Krishnamurthy and Ghovanloo
[17] demonstrated a system, where the magnetic sensors were mounted on a dental brace
and attached to the outside of the teeth. This made it possible to measure the magnetic
field from different angles. Huo et al. [18], Huo and Ghovanloo [19, 20] presented a
headset which carried the sensors. The same technique was used by Ramudu and Krishna
[21] to design a control system for wheelchairs.

Optopalatography A number of optical distance sensors are mounted on a pseudopalate and

measure the distance between the palate and the tongue. Infrared light is emitted from
the sensors, which is then diffusely reflected by the surface of the tongue. The sensors
measure the intensity of the reflected light, which is related to the distance between the
reflecting surface and the receiver [22]. This allows the position of the tongue to be
determined and its direction of movement to be deduced or even the reconstruction of
the entire tongue contour [23]. An OPG-controlled serious game to support mouth motor
exercises was developed by Preul3 et al. [24]. Saponas et al. [25] presented in 2009 his
first tongue mouse that utilized this measurement principle. A system where the optical
sensors are placed behind the teeth was demonstrated by Hashimoto et al. [26].

Headset / Mask Technologies in which sensors are used outside the mouth in the form of a
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headset or a mask. It is controlled via the tongue, which does not come into direct contact
with the sensors. Dang et al. [27] presented two systems with pressure sensors for mouse
control with the tongue. The first device was a face mask consisting of four force sensors
on the right cheek, two force sensors on the left cheek and one force sensor below the
chin. The four force sensors on the left cheek are used to control the mouse, the 5th
sensor under the chin is used to implement the mouse click or to select a function. With
the two right sensors the scrolling of the mouse can be implemented. The force sensors



measure the movement of the tongue within the mouth. The second device presented by
Dang et al. [27] is an analog joystick, as it is used in video game controllers, mounted
on a headset. On the right side is the joystick to control the mouse, on the left side a
single pressure sensor for clicking and selecting. In 2013, Menon et al. [28] presented a
technique, where optical sensors are placed on a headset.

Video analysis A video camera mounted outside the mouth films the movements of the tongue,
which needs to protrude from the mouth. Using machine vision techniques, these images
are converted into mouse movements. Liu et al. [29] and Miyauchi et al. [30] each pre-
sented a system of this type.

Pressure sensors By means of pressure sensors, outside the moth a system for recording tongue
movements is possible. Chou et al. [31] developed a system, where extra-oral pressure
sensors are placed near the mylohyoid muscle. The mylohyoid muscle stretches or shrinks
when the user moves the tongue. When the tongue is moved to the left, the left mylohy-
oid muscle will stretch and the right mylohyoid muscle will shrink. The pressure sensors
detect this change.

Glossokinetic The movements of the tongue cause artefacts that are visible in electroencephalog-
raphy (EEG). These can be measured at various points in the head area. According to
Nam et al. [32] the cause is considered to be the glossokinetic potential. They took ad-
vantage of this and developed a technique that records the tongue movement by means of
electrodes on the head [33, 34, 35]. Nguyen et al. [36] additionally measure the muscle
movements with sensors behind the ear by means of electromyography (EMG) and skin
surface deformation (SKD).

3 Evaluation

From the the presented measurement technologies, we want to identify the most promising
candidate for a tongue mouse.. In order to achieve this, requirements were formulated for the
tongue mouse, and evaluated with respect to their relative importance.

No implant The user should not have to tolerate a permanent intervention on the body, such as
piercing the tongue.

No contact with electricity The tongue should not come into direct contact with any electric
current.

Low tongue effort The tongues’ range of motion should be kept relatively low to reduce phys-
ical effort. A fatigue-free use of the tongue mouse should be guaranteed.

Low sensor size Due to the limited space within or around the oral cavity, attention should be
paid to small sensors. The sensor size should be small enough to build small devices.

Mouse cursor control It should be possible for the user to move the mouse directly in any
direction, as opposed to having a limited, discrete set of movement directions (e.g. up,
down, left, right).

High sensitivity Although the tongue can be moved almost effortlessly, it can only apply lim-
ited pressure without early fatigue. According to [37], Fux = 8.03N is the maximum
force of the tongue. In their experiments, it has been shown that this force can only be ap-
plied by a few test persons. They recommend F},,; < 0.78 N as the maximum required
tongue force.
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Figure 3 — a) Electropalatography, b) Piezoelectric sensor [9], ¢) Resistopalatography [10], d) Plastic
Electronics [12], e) Inductive sensors [14], f) Hall sensor [17], g) Optopalatography [25], h) Video
analysis [29], i) Pressure sensors in a mask [27], j) Pressure sensors on mylohyoid muscle [31], k)
Glossokinetic [36]

For oral usage The technology of choice must be applicable for intraoral operation. This
means that it must be suitable for operation in a humid, dark environment.

Low power Low energy consumption is desirable because a tongue mouse would most likely
be battery-powered and frequent change or recharging of the battery is not user-friendly.

Wireless data transfer The tongue mouse should not have any bothersome cables exiting the
user’s mouth.

Good reproducibility A high and robust reproducibility of the measurement results ensures
trouble-free working with the tongue mouse.

No response to speech If possible, the device should not respond to speech movement. Ideally,
the user should be able to speak while wearing the tongue mouse. A movement of the
cursor should not be caused by speaking.

No visibility The technology should not be visible from the outside.

Table 1 shows the pairwise comparison of the above mentioned requirements for the tongue
mouse. It shows that the requirements ,,For oral usage* and ,,No implant* receive the highest
weighting.

With these requirements, a utility analysis was carried out for the technologies mentioned.
For all the technologies considered, the established requirements were examined with regard to
their degree of fulfilment and weighted by the factor from the pairwise comparison. Factor "10"
means that the criterion is fully met. A lower factor indicates that the corresponding requirement
is met less well or not at all. Full score was given when the corresponding requirement does
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Table 1 — Pairwise comparison - each criterion is compared with each other. Each column and each row
states the respective requirements. At the crossing point of each row and column, the two requirements
are compared. If the requirements in the row is more important than the one in the column, the cell is
filled with a ,,1*, otherwise with a ,,0*. At the end of each row the corresponding total and a percentage
factor for weighting are calculated.

a) b) ¢ d e f) g h) 1) j) k) )| Sum Percentage
a) No implant 1 111 0 1 1 1 1 1 10 15 %
b) No contact with electricity 1 1.1 1 0 1 1 1 1 1 9 14 %
c¢) Low tongue effort 0 o 1 1 0 1 0 0 1 1 5 8 %
d) Low sensor size 0 1 1 1.0 1 0 0 0 1 5 8 %
e) Mouse cursor control 0O 0 O 0O 0 0 0 0 1 1 2 3%
f) High sensitivity 0 0 0 1 0 0 1 0 0 O 2 3%
g) For oral usage 1 1 1 1 1 1 1 1 1 1 11 17 %
h) Low power 0O 0 0 1 1 O 1 0 0 O 3 5%
i) Wireless transfer O 1 1 1 0 0 O 0 0 O 3 5 %
j) Good reproducibility o 1 1 1 1 0 1 1 1 7 11 %
k) No response to speech 0O o1 0 1 O 1 1 O 0 4 6 %
1) No visibility O 0 0o 01 0 1 1 O 4 6 %
Sum 65 100 %

not apply to for the technology under consideration. These entries are marked with *. All
weighted factors are summed up per technology. The sum thus obtained gives an impression
of which technologies are suitable for a tongue mouse. The analysis is presented in Table 2.
Optopalatography reaches the highest value with 8.54 points, followed by piezoelectric sensors
and Resistopalatography with 7.94 points each and video analysis with 7.86 points. These four
techniques are therefore most suitable to be used in a tongue mouse.

4 Summary

Scientists have been dealing with the topic of controlling a computer or other devices with the
tongue for some time. Over the course of the last decades, several prototypes have been de-
veloped using numerous measurement technologies to capture tongue movement. To the best
of our knowledge, none of them have been implemented in a commercially available device.
After requirements for a tongue mouse were established, they were weighted by pairwise com-
parison. For the already existing approaches, it was examined to what extent they meet the
requirements. Based on this analysis, promising methods for the creation of a tongue mouse
could be identified: optopalatography, piezoelectric sensor and resistopalatography.
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