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These techniguefr enhancing EPG provide sonmgsight into
ABSTRACT the dynamics of the oral cavity but they require assumptions to be

This paper describes thearly development of a device for ma@e in order .to extrapolate to Iatgrgglons of the (.)r.ad:awty
which arenot directly measured. Clinical and scientific research

measuring tongue-palate distance, contact and pressure across th ) . . .

— .~ ~~'would benefit greatljrom aninstrument which could provide an
whole ofthe hard palate. Th®ptopalatograph (OPG) is similar . "~ ~ . .
L LY ' . indication of the tongue-palate distance as welk@#act across
in principle to the Glossometer and similar in configuration to th

Electropalatograph. It uses optical fibres to relay light to andewhOIe palate.

from the palate and distance sensingacheived by measuring Consideration was given to several technologies which might
theamount of light reflectedrom the surface of theongue. This  form the basis of a device with these capabilities. Capacitive and
paper comparethe performance of an optical-fibre-based OPGpiezoelectric ultrasound techniques were examined butntiss
sensor with that of the direcBlossometer configuration and promising approach is based on optical distance sensing.

demonstrates improvements in accuracy and sensitivity.
2. OPTICAL DISTANCE SENSING

1. INTRODUCTION

The technique of measuring reflected light intensity to calculate
Electropalatography (EPG) was developed mitv@n 30years the tongue/palate distance was figsbposed in 1978 by Chuang
agoandovertheyearsits use has extenddwm the research lab andWang [4] and developed throughothe 1980's by Fletcher
into the clinic where, as a speeitferapy tool, it is used in the and McCutcheon [5].
treatment of a large variety of disordefdthough EPGhas been
demonstrably of great value, it is restricted in what it can show. If
the tongue is not touching the palate there is no indication of hay q Principle of Operation
far it is from the palate.Consequently, it is best g@roviding
feedback for obstruent, lateral, and high front vowel articulationhe technique exploits the relationship between the intensity of
Conversely, whetthe tongue is in contaatith the palate, EPG light reflectedfrom a surfaceand the distance beween the light
provides no indication of how firmlthe contact is made. Other source/sensor and the reflecting surface. A light beam radiating
articulatory measurement apparatus such afbbetromagnetic from a point sourcestrikes thediffusive surface ofthe tongue
Articulograph (EMA) andx-ray microbeam can beised to (Figure 1.). Aphotosensor directed #te surface of théongue
calculate tongue-palate distance but the measurement points @kects a proportion ofhe light scattered in itdirection. The
restricted to the midsaggittal plane. Furthermore, thesntensity of light at the surface iaversely proportional to the
techniques ar@ot suited to clinical use due to the preparation

Source™® s
time required for collecting the data. ource ensor

Some workhas been carried out toy to extract 3Dvocal tract
shapes by extending th&PG system. Twosimilar but
independent systems use digitised palate shape data dieoived
structured light to display the tongue-paletatactpattern in 3D
[1][2]. Some examplesare given in which fricativedata is
processed by generating a composite frame tf@ entire .. -
fricative, andcomputing anarea estimatdor each row of the ... Papillae
composite frame usinghe assumption of a flabngue[1]. In Muscle -.. Laminaorooria
another approach [3the combination of EPG and EMA
complement each other; providing an improved representation of Figure 1. Factors affecting light reflectefiom the
the shape anthovement othe tongue which revealdetails of translucent tongue tissue.

tongue kinematics not obtainable from EPG alone.




square of the distance to the soukcasr 1/41r¢?. The intensity of
light collected at the sensor depends on three factors:

a) The angle of divergence of the be@m

b) The angle of inclinatio that the beammakes
with the surface

c) The distance between the source and the sefsor x

The first factor is a constant for a given sensor systedncan be
accounted for apart of the calibration procedure. Tlsecond
factor is more importanand was shown by Chuang awéhang
[4]to lead to an 8% overestimation for an inclination angless
than 18. We will examine thisfactor in greaterdetail in the
Performance section othis paper. The lattefactor is not
significant if the tongue-palate distancgis greater than the
source/sensor separatiop. XThis condition is alwaygrue in
practice because the translucent nature of ttrgue tissue
permits light to be reflectefilom structures belowhe surface of
the tongue. For this reason, even if the sensor is pressed hard
the tongue the light intensity continues toise. Indeed, this

property provides a means for determining the firmness of contact

between tongue and palate.

2.2 Glossometer

Fletcher and McCutcheon modified the technology and
procedures to make the reflected light sensileyice more

practicable for experimental and clinical use and gave it the name
Glossometer. The artificial palate is thin (0.3mm) but the sensors

are 2x3x6mm andthe palatecan reach 5mm in thickness to
embed them securely. Consequenthe sensors arglaced
posterior to the alveolar ridge amgpically 4 arelocated along

the midline of the artificial palate. A calibration technique was

introduced consisting of set of spacer grida/hich clip to the
teeth and maintain theongue at a known distandeom the
palate. The calibration data is stored inoekup table on the
computer andhis mapping accounts for variations in reflectivity
of the tongue and surrounding structures such as the teeth.

Fletcher et al have useitie Glossometer to teaclowels to
profoundly hearing-impairedpeakers withsome success [6].
However,the device has ndiound wide acceptance gither the

of measuring th@olumeand shape of the intra-oral cavities and
constrictions.

The key difference between the Glossometer and the
Optopalatograph is the removal of the light emitters and receivers
from the palate and instead transmitting the light by optical fibre
to a remote distance sensing unit. This desigange removes
two of the major obstacles to the widacceptance of a light
distance sensing system as a viable cliniaad scientific
instrument. Firstly, the use of fibres results in a @gabersome
palate construction which enablesnany more measurement
points to be provided. Cruciallhis allows measurement points
off the midline thusproviding data which is unavailabléom

EMA or microbeamapparatus.Secondly, the palatecan be
manufactured with a uniform thicknesslemm compareaith
3-5mm that results from embedding the Glossometer sensor. This
reduces the articulatory adjustment required when the palate is
worn, particularly for coronabbstruents. The benefits provided

by the Optopalatograph may be summarised as follows:
into

It permits amaximunmof 70 measurement points.

The measurement points can be spread across the
whole palatal surface

The optopalate is no thicker thancanventional
electropalate (0.5-2mm)

Receiver and transmitter fibres can be positioned
closer together reducirthpe effect ofthe angle of
the reflecting surface (the tongue).

The optopalate has no electricabnnections
leading into the mouth.

Larger, more powerful remotemitters can be
used, reducing sensitivity to noise and increasing
the range.

3.1. Optical Fibres

Thekey element in the design of th@ptopalatograph ithe use
of optical fibres. The optical fibres must meet physicaival as
optical performanceriteria. They must be robust to handling;
have a small bend radius, ideally permitting & ®#@nd with

scientific or clinical fields. The midsaggital arrangement 0bmm radius so that light shines perpendicular to the palate

sensors limits the data which can be recordeth&@lossometer
andoffers no scientific advantage ovtrat which is provided by
EMA andx-ray microbeam. Iraddition, the size of the artificial
palate creates problenfgr the wearer when articulations with
narrow tongue palate constrictionsare attempted and is
consequentlybest usedfor the examination ofvowels. In its
favour, the system is considerably cheapban eitherEMA or
microbeam and is more practicable for clinical use.

3. OPTOPALATOGRAPH

The Optopalatograph is designed to combihe benefits of

surface; andhey must have aiameter smallenoughthat the
accumulation of fibres exitinghe mouth is not toogreat. A
reasonable upper limit on the diameter of fibre bundles exiting
the mouth is 2.5mm.

Glass fibres are readily available at diameterdoasas 5@m
but werefound to be todorittle. The requirements afeowever
satisfied by 0.25-0.5mm plastic optical fibwllowing for two
2.5mm bundles, one at easide of the mouth, theevice is
constrained to a maximum of 38 0.5mm fibres or 140 0.25mm
fibres or an intermediate number if mixed fibre diameters are
used. Plastic optical fibres exhibit transmission attenuation better

Electropalatography and Glossometry to produce a device capaiign 3dBfor wavelengths irthe visible to near infrarecange

(300-880nm). A morecommon source of attenuation ifrom



fractures due toough handling oabrupt bendsAlthoughthere beam spreadfj and proximity of transmitting andeceiving
is a degree of light lost, this range of plastic fibhesve been fibres (%) are constrained by physical factors unique to the OPG.
found to haveadequate transmission with bend radikofm and

protective sleeving can be used to reduce handling damage.. 1ne LED is notlimited in size and high power 5mm LEDs can be

used but, in the absense of a collimatiaygtem the diameter of
The smaller the fibre diameter the lower the light lewetéch  the fibre limits theamount of light reachinghe palate. The
must be transduced and amplified, resulting in increased noisegest practical fibre size is 0.5mm. The performance of the
levels both from ambient light sources and electrical sources. TO®G wastested using g@rototype system consisting of a 3.5cd
choice betweerD.25 and 0.5mm fibre diameter is therefore aed ALGAAS emitter 2x 400mm lengths of 0.5mm diameter
trade off between the number of measurement points and tipéastic optical fibre and a photodiodennected to a higmput
signal to noise ratio of the system. impedance linear amplifier with adjustable gain and offset.

Beam spread is dependent on the atigde the light enters the
3.2. Sensors fibre and wadound to bed = 20 for the prototype. The ends of
the fibre werehowever unpolished. linay be possible in the
future to use lenses focusthe light as a parallel beam entering
the fibre thus reducing beam spread on exit.

High intensity light emitting diode (LED) sources are uddeDs
are preferred becausieey areeasily switchedgcompactandhave
a stable and reliable level of light emissidtigh power 3.5cd
red or6cd amberAALGAS LEDs may beused to minimise Figure 3. showshe signal output vs. distance using a white

ambient light interference. blotting paper and pork muscle as reflecting surfaces. The results
IR transmitters can reach higher output levelthdfy are pulsed. show ausable range up to 40mm. There is reason to expect
at high frequencies (10kHz), improvinige signal to noise ratio improvements tehis performance if a collimating system is used
by as much as 10dB. tifiis pulsed signal is alstecoded with a
Phase-locketloop then it is possible to differentiate the ambient

iati ; ; indicati i 14 . )
radiationfrom the signal angbrovide an indicatiorthat thenoise —&— White blotting paper
level is masking the signalHowever, precautionsare still 12
necessary to minimisthe ambient light level entering the oral
cavity.

—— Pork muscle

=
o

To eliminate interferencérom other emitters, each emitter is
switched on in sequence and sgnchronywith the associated
sensor amplifier. In future systems, surrounding semsaysalso
be activated and the levels used dompensate for distance
estimation errors due to the angle of inclination of thegue
surface.

Received Signal (V)
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4. PERFORMANCE

The introduction of optical fibres as a medium for transmission of
light to andfrom a remote photoemitter/sensor arraguire a set
of operational parameters whichre quite differentfrom the

Glossometer. Intensity of light emerging from the optical fibre (I),Figure 3 Experimental distance sensing functidosreflected

light on white blotting paper and muscle tissue

Photodiode 3.5cd LED Gain  Offset g concentratehe light level entering the fibreédccuracy of the
system depends on errodsie to angle of inclination of the
reflecting surface. The translucent pork muscle is used to

Z  Optical fibres

y Amplifier simulate thetongue and, as predicted and in contrast to the
I blotting paper shows no reduction in received signal level at close
X Optical plug and socket \Voltmeter range.
TTTTA
- N Figures 4 and Show the variation in signal response as the
S YVhite paM reflecting surface is inclined at angles increasing Byid@rvals
AUPEE AN up to +/- 48 with reference to the y axis and x aréspectively.

The transmitting and receiving fibres are placed in parallel, in the
x/z plane andouching sahat the separation,xs 0.5mm centre
to centre. These graphs can be interpreted as percentage error in

Figure 2 Experimental apparatder evaluatinghe performance ~ distance using the responsarve for white blotting paper in
of an OPG sensor figure 3. In figure 4. when the axis of rotation of tledlecting
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Figure 4 The influence of parallel rotation of the reflector on
the sensor output;
source/sensor axis (c.f. Chuang and Wang Figure 4.[4])
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Figure 5 The influence of perpendicular rotation of the
reflector on the sensor output; rotating axis perpendicular to

the light source/sensor axis (cGhuang andVang Figure
5.[4])

surfacelies on the x/z plane iwhich the fibres are aligned then
the distance is estimateciccurately up to 25 and is
overestimated by 10% at %40In figure 5 when the axis of
rotation of the lies perpendicular to the x/z planewimich the

fibres are aligned then the distance is overestimated by 14% at

= +2(0 and 5% at -20

rotating axis parallel to the light

4. CONCLUSION

The data provided ithis papershowsthat the results afemote
optical distance sensing using optical fibres emenparable to
those of Chuang and/ang whomeasured reflected light using
emitters and transducers mounted directlytbe palate. The
close proximity ofthe transmitting andeceiving fibres reduces
the error in distance estimation due to angle of incidence. This
means that th©PG isless sensitive to sensor orientation. The
system is accurate toithin 10% regardless of sensor orientation
for angles of inclination up to 20i.e. +/- 0.5mm at a range of
5mm and +/- 2mm at a range of 20mm.

Further research using a full palate bapestotype is underway
to determine thaccuracy othe systembut, based on the current
comparisonthe system is expected to performleast as well as
the GlossometerHowever, withthe larger number and wider
distribution of measurement points acrale entire palate, the
OPG will provide 3D data on oralcavity configurations
unavailable from other instrumentation.

The Optopalatograph measures relative tongue position with
reference to the palate surface. This makes it compatible with
gestural analyses where thwcal tract parameters relate to
constriction size rather than absolute positiothef articulators.

It is envisagedhat theOPG may beused inconjunction with

other more accurate measurement systems such as EMA whose
datacould beused toverify and calibrate th©PG data. It may

also be used alone as a clinical tfwl providing visual feedback

in speech therapy.
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