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Alternative Design of Inductive Pointing Device for Oral Interface
for Computers and Wheelchairs

Eugen R. Lontis, Lotte N. S. Andreasen Struijk

Abstract— An inductive pointing device was designed and
implemented successfully in a tongue controlled oral interface.
Sensors were manufactured as an assembly of multilayer coils
in the printed circuit board technology on two pads. The sensor
pads were encapsulated together with electronics and battery in
a mouthpiece, placed in the upper palate of the oral cavity. The
PCB technology allowed surface activation of one or more
sensors by gliding over the surface of the coils assembly of a
small cylindrical unit attached to the tongue. The model
consisted of 8 sensors and allowed real time proportional
control of both speed and direction similar to a joystick.
However, the size of the oral cavity, the number and geometry
of the coil loops and characteristics of the activation unit
impose limits in designing the sensors and call for an
alternative layout design. Two alternative sensor designs are
proposed in this paper, aiming to reduce the size of the sensor
pad by one third, extending the target group, including
children, and increasing the easiness of wear of the oral
interface.

I. INTRODUCTION

Injury of the sensory-motor system in humans at the
cervical level of the spine induces a high degree of
disability. The disabled person confined to a wheelchair
requires daily assistance of a helper. Improve of quality of
life of the disabled person has been the aim of several
research teams in the last decades. Interfaces have been
developed to compensate up to a degree the lost motor
functions. Intact functionality of the brain, eyes, head, voice
and tongue has been used to provide control of assistive
devices for mobility and communication [1], [2], [3], [4].
The pointing device is most often referred as a mouse or a
mouse pad in the case of a planar design, such the one
analyzed in this paper.

A tongue controlled oral interface has been developed
based on inductive sensors [5], [6]. The printed circuit board
technology (PCB) has been chosen for manufacturing the
sensors due to the ability to replicate electrical parameters
with low tolerance, to form assembly of sensors and to easy
the integration process with the driving electronics. The
sensor consists of a sandwich structure by placing wire
windings in interconnected parallel planes forming an air-
cored coil [6]. A cylindrical activation unit activates the
sensor (Fig. 1). The activation unit has to be attached to the
tongue by gluing, for temporary use or test, or by piercing
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Figure 1. Tongue controlled oral interface. A Placement of inductive
sensors on the palate of the oral cavity and the activation unit. B
Activation unit, glued or pierced to the tongue. C Principle of
activation. Modified from [5] with permission, © 2006 IEEE.

for regular use of the system. The activation unit is a soft
ferromagnetic material that changes the inductance of the
coil when gliding at the surface of the coil. This change is
the result of the perturbation of the flux ® of the magnetic
field generated by an electric current i flowing through the
coil. The coil inductance L is defined by the ratio of the
magnetic flux to the current (1). The induced voltage U.,s in
the coil changes with inductance according to Faraday’s law
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Geometry of the sensor in relation to the size and
electrical properties of the activation unit may extend the
functionality of the sensor from a switch type for text input
to a proportional type for movement or position detection in
real time [6]. Sensors have been designed to yield a minimal
functionality and to occupy a maximal volume (i.e. minimal
size of an adult oral cavity). A full alphabet keyboard based
on a 10 sensors pad, similar to a mobile phone keypad, and a
proportional mouse based on 8 sensors pad with control of
direction and speed, similar to a joystick, have been
implemented. Previous experimental results obtained with
this oral interface have been reported [6], [7]. [8], [9].
Constraints are imposed on sensors design by the size of the
oral cavity, the number and geometry of the coil loops
forming the sensors, characteristics of the activation unit,
complexity of the functionality of interface, and nevertheless
by the limitations of the PCB technology. The paper presents
two alternative designs of a mouse pad of smaller size with a
reduced number of sensors for proportional detection of
movement or position in real time. The solutions proposed
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Figure 2. A Test board for test of the geometry'

and of the interlaced relative positioning

Keyboard mode

L2@()’ /0 10 enter /9
abcaed /1 /MODE
def /2 11 backspace
ghi /3 12UP
jkl /4 13 Delete
mnog /5 14 LEFT
pqrs /6 15 backspace
tuv /7 16 DOWN

7 wxyz /8

Mouse mode
1,4 LEFT CLICK
3, 6 RIGHT CLICK
10 MODE
11-18 Proportional
control, joystick type

©12) of inductive sensors manufactured in PCB

technology. Reprinted from [6] with permission, © 2010 Informa Ltd. United Kingdom. B Sensors layout and functionality associated for the
tongue controlled oral interface. Layout manufactured on two pads, interconnected through a flex print. Mouse Mode for proportional control of
speed and direction (left panel). Activation unit of 4 mm diameter illustrated in the center of the mouse pad. Keyboard Mode for full alphabet text
input (right panel). Selection of characters from the list associated to each sensor performed by activating the sensor for a certain time (user defined
dwell time for list scroll). Switch between Keyboard and Mouse modes performed by activating sensor number 10 for a certain time (user defined

mode time).

may be used in designing of an oral interface for persons
with a reduced volume of the oral cavity, including children.
Furthermore, the easiness to wear may be increased by a
reduced volume of the interface occupied in the oral cavity,
providing a better comfort for the user.

II. THEORETICAL BACKGROUND

A. PCB sensors for tongue controlled oral interface

Test sensors were designed in round and oval geometries
in 10 layers PCB technology, the width of the copper wire
having 120 and 100 pm (test board Fig. 2) [6]. The thickness
of the test board was 1.2 mm. An activation unit of 4 mm
diameter and 2.5 mm height made of stainless steel
SUS447J1 (. of 1500 and o of 10> S/m) was used to evaluate
activation signals measured with an RLC meter (Radiometer
Copenhagen). Round and oval sensors of the most recent
version of the tongue controlled oral interface were
manufactured in the PCB technology with 10 layers, 75 pm
width of copper wire, and a PCB board thickness of 0.8 mm
(layout and functionality showed in Fig. 2B) [8].

B. Activation of inductive sensors and the path of maximal
activation

Distribution of the magnetic field generated by the coil
depends on the coil geometry. Perturbation of the magnetic
field by the activation unit can be evaluated by measuring
the voltage induced in the coil according to Eq. (1) and (2).
Consequently, the position of the activation unit relative to
the coil can be estimated. The path of maximal activation is
defined by the segment between the edge and the center of
the coil that corresponds to the longest displacement of the
activation unit when gliding over the surface of the coil that
generates a variable signal increasing from zero to a
maximum (Fig. 3A). The variable signal generated when the
activation unit moves along this path may uniquely
characterize the position of the activation unit or may be
used in conjunction with signals from neighbor coils to
establish the position of the activation unit. A zero signal is

obtained when the activation unit is placed edge-to-edge
relative to the coil and increases as the center of the
activation unit approaches the center of the sensor. Further
move of the activation unit along the same direction would
generate a decreasing variable signal, losing the ability to
uniquely determinate the position of the activation unit in the
absence of signals from neighbor sensors. A fuzzy inference
system for detecting the position of the activation unit based
on variable signals from neighbor coils has been described
[10].

Measurements of activation signals (Fig. 3B, 3C, 3D)
show that the larger the loop and the number of loops of the
sensor the higher the activation signal. Furthermore,
elongated geometries of the loop determine a decrease of the
maximal activation, however with the benefit of a longer
path of maximal activation.

III. ALTERNATIVE LAYOUT DESIGN

Fig. 4 shows a comparison of the two layout designs
proposed in this paper with the design of the mouse pad of
the system already developed [6-15]. Proportional control
allows a fine tuning in real time of values of a variable, such
as the length or direction of a vector. The implemented
mouse pad (Fig. 4A) has been designed to combine variable
signals generated by sensors when the activation unit moves
along a direction relative to the center of the mouse pad.
Consequently, the pointer moves on the screen along that
direction, having a speed proportional to the distance
between the current position of the activation unit and the
center of the sensor, resembling the output of a standard
joystick. Eight adjacent sensors have been used to extend
the range of motion that permits a lower spatial sensitivity
allowing the user a less strict control of the tongue
movements. To reduce the number of the sensors and the
size of the sensor pad the following two layout designs that
still provide a proportional control of both speed and
direction are proposed.
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A. Interlaced 4 sensors layout design

Fig. 4B shows an example of interlaced sensors design
implemented on 10 layers with the width of the copper wire
of 100 um and pad thickness of 1.2 mm. Practice shows that
this design may be implemented using a space and a copper
wire of 75 pm width, reducing the radius of the pad by
approximately 30% as compared to the mouse pad size
shown in Fig. 4A. Furthermore, the pad thickness may be
decreased to 0.8 mm, increasing the amplitude of the
generated signals. Interlacing provides better signals from
neighbor sensors as compared to adjacent sensors, however
having a lower range of motion of the activation unit. Oval
sensors such as sensor number 5 in Fig. 2A may be used for
optimizing the output of this type of layout.

B. Two sensors layout design

Fig. 4C shows an example of a two sensors layout. The
drastic reduction in the number of sensor can no longer
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ensure a direct 2D control of direction and speed. However
by using a state machine the user can switch between linear
translation and linear rotation. The upper sensor may be used
as the active sensor whereas the lower sensor may be used as
a state shift. Introduction of an interlaced switch type of
sensor (i.e. round) may be a compromise to increase easiness
of use. However, the use of the lower sensor as an active
sensor for rotation or linear translation may be seen by some
users as unnatural. Oval sensors such as sensor number 5 in
Fig. 2A may be used interlaced for optimizing the output of
this layout design as well.

IV. DiscussION

Theoretical background and alternative design of an
inductive pointing device (i.e. a mouse pad) have been
presented. The actual implementation of the tongue control
system was primarily a compromise between the technology
available and the maximal volume that the system was
allowed to occupy in the oral cavity.
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Figure 3. Characterization of activation of test sensors (sensor number as in Fig. 2A) and sensors of the tongue control system (round  and oval
sensors from Fig. 2B). A Round 7 and oval © coil design, showing the path of maximal activation. The activation unit is illustrated in a position
generating a maximal signal. Evaluation of the path of maximal activation starts from edge-to edge position of the activation unit relative to the

sensor. B Relative activation, expressed as 100¥Ucn.active/ Uenyr for the round coils

©-©) and oval coil @ from coil center to edge-to-edge position of

the activation unit relative to the coil (x1000 gain). C Absolute variation of the induced voltage for activation of the round coils from coil center to
edge-to-edge position of the activation unit relative to the coil (x1000 gain). D Absolute variation of the induced voltage for activation of the oval
coils from edge-to-edge to edge-to-edge position of the activation unit relative to the coil along the main axis (x1000 gain).
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Figure 4. A Mouse pad implemented in the oral interface. B Proposed design with 4 interlaced sensors. C Proposed design with two sensors using
linear translation. Activation unit of 4 mm diameter relative to each layout illustrated by the round circle in the middle of the pad.

A couple of years ago, a 10 layers PCB design with width
of 100 um of the copper wire and pad thickness of 1.2 mm
was at the limit between standard and small series (i.e.
research projects) PCB manufacturing. Two years ago a 10
layer and 75 pum copper wire design with pad thickness of 0.8
mm was manufactured, not without technical difficulties
though. A high manufacturing tolerance for the width of the
line and space produced boards with a relative high
variability of impedance of sensors that required selection to
avoid additional calibration measures. Lines and spaces of 50
pm can nowadays be obtained, however this limit cannot be
further much lowered due to the increase in the sensor’s
impedance resulting in a reduced efficiency of activation.
Furthermore, the number of layers manufactured has
increased from 10 up to 20, in certain circumstances, having
a reduced thickness of the core layers by almost 60%.
Consequently a longer path of the current and building of
‘more power’ of the sensor along the height of the PCB
sandwich structure may be obtained with the benefit of
reducing the size of the planar loops. However a limit exists
as well. The planes away from the surface of activation (i.e.
the contact surface between the sensor and the activation
unit) have a lower efficiency of activation as the distance to
the activation surface increases [6].

Limits of the PCB technology may be compensated
through layout design such the proposed examples in this
paper. Further detailed analysis of optimization of alternative
layout design has to be performed. Association with
ambiguous keyboard layouts may be beneficial in reducing
the size of the oral interface.
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