Non-invasive vocal-folds monitoring using
electrical imaging methods

Thomas Hézard Thomas Héli&é Boris Dovaf, Nathalie Henrich, and Malte KoB

!Institut de Recherche et Coordination Acoustique/Musiézeis, France
2Institut Jean le Rond d’Alembert=quipe LAM, Paris, France
3GIPSA-lab - Département Parole et Cognition, Grenoblan&e
“Hochschule fur Musik, Detmold, Germany

Abstract: Many methods have been considered for human larynx imagidgeapecially vocal-
folds monitoring. A widely-used non-invasive technology fvocal-folds monitoring is elec-
troglottography (EGG), a technology based on impedancesunement of the larynx. Electri-
cal impedance tomography (EIT) is another non-invasivetetal measurement method which
attempts to reconstruct the conductivity map inside anabbjét has been used in several hu-
man monitoring applications, and a theoretical study of #6fTvocal-folds monitoring has given
promising results [8] but, to our knowledge, no device haanbauilt. In our project, we aim at
developing an innovative measurement system for vocdkfahonitoring using both EGG and
EIT technologies. Two devices are currently under develammin this paper, we present a brief
review of EGG and EIT technologies (section 1), the prirespf the two new devices (section 2)
and the perspectives they offer for both medical and rekdaaicls (section 3).

1 EGG and EIT in the context of vocal-folds monitoring

1.1 ElectroGlottoGraphy

The first electroglottograph was developed by Philippe &gimofessor of biological physics at the
University of Lille, in 1957 [1]. This technology is based immpedance analysis of the larynx; two
electrodes are placed on each side of the throat, a lowsityengh-frequency modulated current
(commonly aroun® M Hz) is generated and applied to the laryngeal level, and thedapce
between the two electodes is measured. This impedance iexapgately proportionnal to the
vocal-folds contact area. Unlike many imaging technolsdMRI, X-ray, echography) EGG has
a frequency range sulfficiently large for vocal-folds monitg: from 0.2 Hz (for deglutition)
to Fq: WhererF,, ... is betweent kH z (telephone bandwidth) arith £ H z (audible bandwidth).
However, the output of this measurement system is a timeadoone-dimensionnal signal, which
does not reflect the spatial characteristics of vocal-feldsatory movement.

EGG is used in both medical and research fields. It is commasey to extract features of the
vocal-folds vibration, such as the fundamental frequetity,glottal closure or opening instant,
the glottal closed or open quotient [2] or to identify theylageal mechanism used by the speaker
or singer [3]. The principle of an EGG device and the corraedpm signals is schematically
presented in Fig. 1.

As we said, the electroglottogram is a one-dimensionnagjenad the complex laryngeal activ-
ity. Therefore, increasing the number of channels —eldese is an interesting way of improving
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Figure 1: (a) Schematic description of an EGG device. (b) E&@al (top) and its derivative
(bottom). Glottal opening and closing instants are markih vertical lines. From [2].

this non-invasive voice-measurement device. A two-chBB@G was introduced by M. Rothen-
berg in 1992 [4]. This device monitors the larynx height.iveg simultaneous access to the classic
EGG signal, to an EGG signal ponderated by laryngeal movesnand to the larynx-height track-
ing signal. In 2009, M. Kob & al. proposed an EGG with6=12 electrodes 6°=36 channels—
that would give simultaneous access to EGG signals and imertsion larynx tracking signal [5].

1.2 Electrical Impedance Tomography

Electrical impedance tomography (EIT) is a recent eleatrimaging technology with a wide
range of application, from medical monitoring to sismiciatt recording. It has firstly been
described by D.C. Barber and B.H. Brown in 1984 [6], and it lsed much research interest
since then. EIT consists in injecting a high-frequency enirinside a body with two electrodes
and measuring the resulting potential distribution (withes electrodes) at the bodys surface. The
conductivity map inside the body is recovered using recansbn algorithms. One can read [7]
for a complete review of theory, hardware and applicatidris|®.

The relevance of EIT for vocal-folds monitoring was recgstiudied [8]. According to their
preliminary results, EIT is sensitive to the vibration ottedfolds. To our knowledge, no device
using EIT for vocal-folds monitoring has been already built

2 Aninnovative project of vocal-folds monitoring system

We started a project to conceive a non-invasive vocal-foidsitoring device based on EGG and
EIT technologies. The aim of the project is to build a systdre & measure precisely the shape
and movement of vocal-folds during phonation. In the follogy two new devices are described.

2.1 Frequency-division multiplexed multi-channel EGG

An improved version of [5] is currently under developmenithwan aim to improve both the
spatial and temporal resolution. Unlike M. Kob’s device,iethuses time-division multiplexing,
our device is based on frequency-division multiplexingridey to be able to improve the temporal
resolution without decreasing the spatial resolution.nTétectrode grids are used to improve the
spatial resolution.

Fig. 2-(a) describes the general architecture of the systeath transmittef/; generates a
current at the frequencyi. and measures the corresponding voltage. Each transrsittennected



to several electrodes through an analog router. On the sitfereach receivé®,, connects several
electrodes to the ground through another analog router aadunes the current for each receiving
channel.

With such a system, the neck is equivalent to the completedapces network presented in
Fig. 2-(b). The value of each impedance can be computed fhermeasurement of the current at
each receiver and the voltage at each transmitter for eveguéncies whev < K. The glottal
activity should then be detected precisely, on the basispaframetric model of the conductivity
distribution inside the neck which has yet to be defined.

Figure 2: (a) General schematic view of the multichannel Ef&@ce (configuration and com-
mand signals imotted red measurement signals iotted greepelectrical components and wires
in black, electrodes iblug). (b) Equivalent impedances network far= N =3.

2.2 Orthogonal codes multiplexed multi-channel EIT

The second device is more inspired by the EIT technology. gdreeral schematic is the same,
presented in Fig. 2-(a). In this device, each transmifiegenerates a current at the unique carrier
frequencyf., modulates this current by a command siggdl) (a sum of orthogonal codes) and
measures the corresponding voltage. Each rec@yeayenerates a voltage at the carrier frequency
fe, modulates this voltage by a command siggjglt) (a sum of orthogonal codes) and measures
the corresponding current. Moreover, potential measuntsn@igh input impedance) modules
are added and can be connected to electrodes through anatleg router.

With this system, one code (orthogonal to the others) carffbeted to each path (one path
corresponds to one impedance in Fig. 2-(b)). The contobutif each path to the potential dis-
tribution is then measured simultaneously. Moreover, shiggem can be used as well as a classic
EIT system ¢ (t) =1, {7k }xx, disconnectedg;, (t) =0, {Rn}nzn, disconnected), as an or-
thogonal codes multiplexed multichannel EG{@;{(t) = 0},.c1,41) OF @s a device in between.
Therefore this system will be a very interesting tool foreagh, this prototype and the relevancy
of such a system will soon be tested.

This device is part of a mechatronic project conducted witidents from Mines ParisTech.
The project includes also robotic larynx with driven voéats built with conductive materials.
These larynx will be used to validate the devices beforénig$t on humans.

3 Further work and per spectives

These two devices aim at increasing both temporal and $padialution compared to existing lar-
ynx and vocal-folds monitoring systems. The ultimate gdaluch a device would be to be able to
reconstruct precisely vocal-folds shape with a sufficientfioral resolution (audible bandwidth).
These devices raise technical challenges that need cateélibs. At first, proper parametric con-



ductivity map model will be needed. Next step is the recarasion algorithms which has not been
studied yet.

It was mentioned that we plan to use grids instead of indegoenelectrodes. This gives us the
opportunity to impose constraints on the electrodes’ ikagiosition and to use many electrodes
on a small surface (several tens of electrodes on a few sgeatieneters), in other words, consider
electrodes as pixels on the skin. Note that, for a given teaipesolution, the spatial resolution
depends on the number of transmitters and receivers andribecaumber of electrodes. Never-
theless, another advantage of our devices is that timstdivimultiplexing is also possible thanks
to the analog routers.

Such a device will have many possible applications in varfald, including medical diagnosis,
research about voice production and even vocal training.
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