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AN ARTIFICIAL LARYNX

FIELD OF THE INVENTION

This invention relates to a means for compensating for the whole or a partial loss

of speech following a a surgical procedure, for example, a laryngectomy, an

accident or a congenital birth defect..

BACKGROUND TO THE INVENTION:

The ability to communicate vocally is a skill many people take for granted.

However, some people lose their ability to talk due to a surgical procedure like a

laryngectomy. A laryngectomy is an operation in which the larynx (or "voice box")

is removed from a patient due to laryngeal, oesophageal or pharyngeal cancer

[1]. A number of alternatives are available to the patient to give them a means to

communicate, however, as indicated below, none of these devices produce

natural sounding speech.

Anatomically, the larynx is part of the conducting tube that joins the pharynx and

the trachea. It has two main functions [2]:

1. to prevent food or drink from entering the trachea and lungs during

swallowing; and

2 . to produce sound.

It is made up of a number of different cartilages and muscles which hold the

larynx open during breathing and which close the laryngeal opening (glottis)

during swallowing and in speech. The epiglottis is a spoon-shaped structure that

aids in closing the glottis during swallowing. The vocal folds in the larynx are

controlled by muscles and are used in sound production [2].

A laryngectomy is a procedure used to remove the larynx. In a laryngectomy, the

entire larynx including the thyroid and cricoids cartilages is removed [3]. Once

this has been done the upper part of the trachea is attached to the front of the



neck to create a permanent opening (the tracheostome) [4]. This is illustrated in

Figure 1. The tracheostoma is mainly for breathing purposes. The laryngectomy

results in the patient being totally unable to phonate and this is due to the

complete removal of the vocal cords.

Current options for Phonation

As indicated above, there are a number of ways in which a patient can attempt to

regain his/her voice. However, Oesophageal and Tracheoesophageal speech are

the most common with Tracheoesophageal speech fast becoming considered as

the gold-standard in artificial speech production. Some of the common ways are:

1. Electrolaryngeal Speech: This involves the use of an electrolarynx, which is

a battery-powered transducer that directs a buzzing noise into the patient's

vocal tract [1]. The sound can be introduced via the neck using a handheld

device or into the oral cavity using an intra-oral device. Patients then articulate

the sound into words using their mouth. Pitch-controllable and volume-

controllable devices are available [4].This form of rehabilitation has a short

learning time and the ability to use the device immediately after the operation.

It is also readily available and has a low-cost. However, this device produces

a mechanical sound and is dependent on batteries and maintenance of the

intraoral tubes [5].

2. Pneumatic Artificial Laryngeal Speech: This device is coupled to the

tracheostoma on the patient's neck. When the patient wants to talk, air from

the lungs is sent into the device which causes a rubber reed to vibrate and

produce sound. This sound is then directed into the patient's mouth via a

plastic tube for modulation [4]. This device has a short learning time and is

low-cost but it produces a reedy sound and is conspicuous. It also requires

maintenance of the intraoral tubes. This method is generally seen as

obsolete.



3. Oesophageal Speech: This type of phonation requires no external device.

The upper part of the patient's oesophagus serves as an air reservoir. When

the patient wishes to communicate, this air is ejected from the oesophagus

causing the pharyngoesophageal segment to vibrate, thus producing sound

which the patient can modulate using their mouth [4]. This form of artificial

speech is less conspicuous than the electrolarynx. It also requires no

batteries, is not mechanical sounding, and is not manual. There is a large

variation in the success rate of this method (14-76% reported success rates

[6]) with some users abandoning the technique due to heartburn and bloating

from the swallowed air [7].

4 . Tracheoesophageal Speech: This is currently the most popular restorative

option. A hole during (primary oesophageal puncture) or after (secondary

oesophageal puncture) the laryngectomy operation is created between the

trachea and the oesophagus. A unidirectional valve is then fitted into the hole

that allows air to enter the oesophagus from the trachea. When the patient

wants to phonate, the tracheostome is blocked and air travels from the

trachea into the oesophagus. This causes vibration and a source of sound

that the patient can modulate [4].This method has a good success rate (95%

of patients achieve effective conversational speech with 88% achieving good

voice quality [8]). This method requires manual covering of stoma during

speech and regular maintenance and replacement of the prosthesis.

Despite the different options above, a significant percentage, 7-40%, of patients

never regain any form of speech [1].

A number of novel artificial larynxes have been proposed in recent literature.

Research is being done into a new vibration source for Electrolarynxs by [9]

using PZT ceramics. By studying the changes in magnetic field during speech, a

system was developed to detect words from a volunteer wearing magnets on the

lips, teeth and tongue [10].



The present invention introduces a new type of artificial larynx which overcomes

many of the disadvantages of the prior art devices. This new device will utilize

dynamic measurement of tongue position to infer intended speech, and will

transmit these signals to an electronic unit for near-real-time speech synthesis.

While a laryngectomy is by far the most common way in which humans lose their

ability to speak, an accident involving the throat can crush a larynx to such an

extent that a person in not able to communicate properly.

OBJECT OF THE INVENTION

It is an object of this invention to provide a means for compensating for the whole

or a partial loss of speech following a a su rgical procedure, for example, a

laryngectomy, or an accident.

SUMMARY OF THE INVENTION

In accordance with this invention there is provided a means for compensating for

a loss of speech comprising a sensor unit capable of sensing the position of a

user's tongue while endeavouring to articulate words and/or sounds, a

comparator connected to the sensor unit for comparing, in use, the position of the

user's tongue with a library of stored tongue positions and associated words

and/or sounds, and a loudspeaker which, should a match be found between the

sensed tongue positions and the stored tongue positions, projects a sound

associated with the stored tongue positions.

There is also provided for the comparator to include a processor which, in use,

creates words and/or sounds by selecting and, where necessary, modifying,

associated words and/or sounds which are projected by the loudspeaker.

There is also provided for the position of a user's tongue to be sensed and

monitored with a palatometer and a pseudopalate, preferably a Logometrix



pseudopalate, the palatometer having a multiplicity of, preferably in excess of

one hundred and preferably one hundred and eighteen, contact sensors which

detect the position of the user's tongue relative to the palate when endeavouring

to articulate words and/or sounds.

There is further provided for the position of the user's tongue relative to the

palate when endeavouring to articulate words and/or sounds to be reduced to

two-dimensional time-space plots which are fed into a neural network, preferably

a multi-layer perception network, for analysis training and word and/or sound

synthesis.

There is further provided for an output from a trained neural network to be sent to

a word synthesizer to produce synthesized voice patterns or speech which,

preferably, simulates a patient's original voice patterns or speech.

There is also provided for a Hidden Markov Model (HMM) to be used to

anticipate words and allow for a real-time output of words.

There is further provided for suitable algorithms to be used to achieve a

synthesized voice pattern as close as possible to a patient's original sound, for

the algorithms to utilise, in addition to an input from the HMM, other physiological

signals, preferably related to jaw movement, lip movement and inhalation and

exhalation, in synthesising a patient's voice.

BRIEF DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

The above and additional features of the invention will be described below by

way of example only and with reference to the accompanying figures in which:

Figure 1 shows the basic anatomy of a patient after a laryngectomy taken

from [ 1 1];



Figure 2 a) is a screen shot of a Logometrix system showing placement

of sensors on the LogoMetrix pseudopalate(taken from [ 1 1]);

and

b) illustrates the Logometrix system showing a pseudopalate

and a palatometer taken from [ 1 1];

Figure 3 is a space-time representation for the words "sentence", "picture"

and "very" taken from [ 1 1]; and

Figure 4 a voting and predicting scheme for words and/or sounds

DESCRIPTION OF A PREFERRED EMBODIMENT

One embodiment of the invention will now be described by way or example only.

In this embodiment a means for compensating for loss of speech, also referred to

an artificial larynx, utilizes dynamic measurement of tongue position to infer

intended speech and these signals are transmitted to an electronic unit for near-

real-time speech synthesis. The dynamic tongue measurement is achieved with

the use of a LogoMetrix Electropalatograph system consisting of a palatometer

and pseudopalate (LogoMetrix, Arizona). By using a combination of data from the

palatometer and from other biological signals, it is possible to infer what the

patient is saying.

A. The LogoMetrix Electropalatograph (EPG) System

The LogoMetrix system uses a pseudopalate to give dynamic, real-time

information about tongue-palate contact during speech. This data is collected by

the pseudopalate which has 118 gold touch sensors spread over the palate (see

Figure 2). Palate data is sampled at 100Hz. A pseudopalate is custom made for

each user's mouth thus ensuring correct fit.

B. Data Representation

Data for 50 common words were recorded using the pseudopalate system. The

pseudopalate contact patterns were then separated from the audio signal. These

signals were then formed into a 2-D space-time plot using MATLAB (see Figure



3). In this way, the dynamic nature of the signals is preserved and standard

image processing techniques can be applied.

C. Image Recognition

Using a variety of image descriptors, unique information about the 2-D space-

time images are be fed into a multi-layer perceptron (MLP) neural network [12].

This is trained to associate the various image descriptors with specific words in

the vocabulary of the system.

A voting system of Multi-Layer Perceptron neural-networks (with some

grammatical prediction) is shown in Figure 4 and this system identifies the input

word correctly 94.14% of the time, and has a rejection rate of 17.74% of the input

words (see fig 4). The image descriptors used are: pure correlation, image

properties (which uses image statistics such as area, Euler number, Centroid

position etc) and Correlation Coefficients. In this application templates of each of

the words were created by averaging a number of cases of each word together.

These templates could then be correlated against an unknown word, and the

template that has the highest correlation coefficient is assumed to be the closest

match to the unknown word. Correlation Coefficients consist of the coefficients

found by correlating each template against an unknown word.

A HMM (Hidden Markov Model) may be used in order to anticipate the words and

allow for a real-time output of the words. Other artificial intelligence and pattern

recognition techniques may also be considered.

D. Speech Synthesis

The outputs from the MLP and HMM will be sent to a word synthesizer.

Algorithms will be included to achieve a synthesized voice pattern as close to the

patient's original sound as possible. This will be done by sending other

physiological signals (such as jaw opening, lip movement etc.) to the synthesizer

to modulate the output. According to Menezes et al [13] the magnitude of jaw-

opening corresponds to increasing syllable magnitude and emphasis. In Lim et al



[14] it was shown that the fundamental frequency (Fo) in vowel production

decreases as jaw opening increases. Inhalation and exhalation may also be used

for timing. This information will all be useful in making the tone and quality of the

synthesized voice as real and lifelike as possible.

Voice morphing is the process whereby the voice of a source speaker is modified

so that it sounds like the voice of a target speaker. The Gaussian Mixture Model

(GMM) based voice morphology method laid out in [15, 16, 17] has been

implemented. With a sample of the laryngectomy-patient's pre-laryngectomy

voice, the recorded words can be morphed into the patient's voice.

It is envisaged that the above described artificial larynx will be developed into a

viable option for laryngectomy patients. The proposed device is novel because

the speech synthesis and intended speech detection are separate, thus obviating

the need to implant the sound generating part of the artificial larynx.
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CLAIMS

1. A means for compensating for a loss of speech comprising a sensor unit

capable of sensing the position of a user's tongue while endeavouring to

articulate words and/or sounds, a comparator connected to the sensor unit

for comparing, in use, the position of the user's tongue with a library of

stored tongue positions and associated words and/or sounds, and a

loudspeaker which, should a match be found between the sensed tongue

positions and the stored tongue positions, projects a sound associated

with the stored tongue positions.

2 . A means for compensating for a loss of speech as claimed in claim 1 in

which the comparator includes a processor which, in use, creates words

and/or sounds by selecting and, where necessary, modifying, associated

words and/or sounds which are projected by the loudspeaker.

3. A means for compensating for a loss of speech as claimed in claim 1 or in

claim 2 in which the means includes a palatometer and a pseudopalate for

sensing, in use, the position of a user's tongue.

4 . A means for compensating for a loss of speech as claimed in claim 3 in

which the pseudopalate is a Logometrix pseudopalate.

5 . A means for compensating for a loss of speech as claimed in claim 3 or in

claim 4 in which the palatometer has a multiplicity of contact sensors

which detect the position of the user's tongue relative to the palate when

endeavouring to articulate words and/or sounds.

6. A means for compensating for a loss of speech as claimed in claim 5 in

which the palatometer has in excess of one hundred contact sensors.



7 . A means for compensating for a loss of speech as claimed in claim 6 in

which the palatometer has one hundred and eighteen, contact sensors.

8 . A means for compensating for a loss of speech as claimed in any one of

the preceding claims in which the position of the user's tongue relative to

the palate when endeavouring to articulate words and/or sounds is

reduced to two-dimensional time-space plots which are fed into a neural

network for analysis training and word and/or sound synthesis.

9 . A means for compensating for a loss of speech as claimed in claim 8 in

which the neural network is a multi-layer perception network.

10. A means for compensating for a loss of speech as claimed in claim 8 or in

claim 9 in which an output from a trained neural network is sent to a word

synthesizer to produce synthesized voice patterns or speech.

11. A means for compensating for a loss of speech as claimed in claim 10 in

which the synthesized voice patterns or speech simulate a user's original

voice patterns or speech.

12. A means for compensating for a loss of speech as claimed in any one of

the preceding claims in which a Hidden Markov Model (HMM) is used to

anticipate words and allow for a real-time output of words.

13. A means for compensating for a loss of speech as claimed in any one of

the preceding claims in which suitable algorithms are used to achieve a

synthesized voice pattern as close as possible to a user's original sound.

14. A means for compensating for a loss of speech as claimed in claim 13 in

which the algorithms utilise, in addition to an input from the HMM, other

physiological signals to synthesise a user's voice.



15. A means for compensating for a loss of speech as claimed in claim 14 in

which the other physiological signals are related to jaw movement, lip

movement and inhalation and exhalation.
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