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APPARATUS FOR CLINICAL-AUDIOMETRIC INVESTIGATION

The present invention relates to an apparatus for clinical-audiometric

investigation.

In recent decades apparatuses have been developed for clinical-

audiometric tests with a view to improving the investigation process and the

detection of diseases of the tympanic membrane of the middle ear.

In general, the energy of any acoustic disturbance is completely

described by the acoustic pressure field and acoustic particle velocity, i.e. the

speed of vibration of the air caused by the small variations of atmospheric

pressure owing to the presence of the sound. The quantity of acoustic energy

transmitted and reflected can in fact be estimated with the measurement of

acoustic impedance, which can be determined as the ratio between the

acoustic pressure and the speed of vibration of the particles at a point.

In the specific case of the auditory canal, given its particular shape

structure, the air is restricted to oscillating almost only along the axis of the

canal and this makes it possible, in audiometric measurements, to

approximate the velocity vector with a monodimensional quantity.

The acoustics of the auditory canal are therefore described in terms of

pressure and velocity measured in the direction of the axis of the auditory

canal.

However, currently existing technology in the field of acoustic

impedenziometry is based on measurement of the acoustic pressure field

alone: the systems in use employ a single microphonic sensor for the

measurement of the pressure at a point, from which the acoustic particle

velocity at that point is implemented.

Moreover, at present impedenziometers take advantage of a calibration

of the hybrid type, i.e. mixed electrical and acoustic in nature, in order to

approximately and indirectly determine the velocity signal which is

calibrated by comparison with the pressure signal for known volumes of air.

The systems thus process a single signal corresponding to the response



under pressure for single exciting frequencies.

Insofar as the implementation of the velocity is accurate, such systems

exhibit the drawback of not being precise in the audiometric investigation

process.

The aim of the present invention is to provide an apparatus for

clinical-audiometric investigation which is capable of measuring energy

acoustic values precisely and reliably.

Within this aim, an object of the invention is to provide an apparatus

for clinical-audiometric investigation which is a valid tool for detecting

diseases of the tympanic membrane of the middle ear.

This aim and these and other objects which will become more apparent

hereinafter are all achieved by an apparatus for clinical-audiometric

investigation, provided with a box-like body that contains at least one audio

source of an acoustic signal and at least one detector of the return signal

detector from a measurement environment, said box-like body being

associated with at least one processing and control device, characterized in

that said return signal detector comprises a velocity sensor and a pressure

sensor which measure the acoustic velocity and pressure signals at the same

point.

Further characteristics and advantages of the invention will become

more apparent from the detailed description that follows of a preferred, but

not exclusive, embodiment of the apparatus for clinical-audiometric

investigation according to the invention, which is illustrated for the purposes

of non-limiting example in the accompanying drawings wherein:

Figure 1 is a perspective view of the apparatus according to the

invention;

Figure 2 is an enlargement of the processing and control device, with

some of its elements shown schematically and prominently.

With reference to the figures, the apparatus according to the invention,

which is generally designated with the reference numeral 10, has a box-like



body 11, which contains an audio source 12 of an acoustic signal A and a

detector 13 of the return signal B from a measurement environment 14,

which in the case shown consists of an external auditory canal.

The box-like body 11 is associated with a processing and control

device 15, which is shown in greater detail in Figure 2 .

The return signal detector 13 advantageously comprises a velocity

sensor 16 and a pressure sensor 17 which measure the acoustic velocity and

pressure signals at the same point.

In particular, the velocity sensor 16 is constituted by an acoustic

anemometer and the pressure sensor 17 is constituted by a microphone.

The box-like body 1 conveniently also comprises an adapter 20 for

coupling to the measurement environment 14, i.e. to the external auditory

canal.

In particular, the box-like body 11 is substantially cylindrical and

hollow and has the audio source 12 at one end and terminates at the other

end in the adapter 20 which is frustum-shaped.

Advantageously, the processing and control device 15 comprises a

first calculation section 18 and a second calculation section 19, which are

assigned respectively to calculating the acoustic immittance and the energy

analysis of the return signal B.

The apparatus 10 also comprises an amplifier 2 1 of the signal C in

output from the processing and control device 15 and directed toward the

audio source 12.

Conveniently, the processing and control device 15 is provided with a

digital-to-analog converter 22 of the output signal C and with an analog-to-

digital converter 23 of a first input signal D originating from the velocity

sensor 16 and of a second input signal E originating from the pressure sensor

17.

The operation of the apparatus according to the invention is as

follows.



An operator generates, by way of a data management program, a wide

band digital signal which is converted to analog by way of the digital-to-

analog converter 22, amplified, and sent, as an output signal C, to the audio

source 12, which generates the acoustic signal A that excites the auditory

canal of the ear (or in general the measurement environment 14).

The reflected acoustic energy generates a return signal B to the

detector 13 which measures, at the same point, respectively by means of the

acoustic anemometer (velocity sensor 16) and the microphone (pressure

sensor 17), the velocity and pressure fields.

The first input signal D and the second input signal E to the processing

and control device 15, which are transduced by the detector 13, are

digitalized by the analog-to-digital converter 23 and stored.

The data thus collected are ready for the subsequent processing, which

occurs by way of two mutually independent calculation sections.

The first calculation section 18 calculates the acoustic immittance, i.e.

it calculates the values that are traditionally monitored in acoustic

impedenziometry.

The second calculation section 19 calculates an energy analysis of the

two signals.

In particular this analysis consists in determining the conductance

susceptance of the energy and the distribution of their normalized values is

represented in the desired frequency band.

More specifically, from the frequency band representation of the

normalized conductance the value of the energy absorbance can be found,

which explicitly indicates the percentage of acoustic energy absorbed by the

ossicular-tympanum system for every frequency band of the audio sent to the

ear from the audio source 12.

Differently from current systems, in which, as has been described in

more detail above, the calibration is of the hybrid type and the velocity

signal is determined for single frequencies, in the proposed system the



calibration of the detector occurs only once before being assembled in the

box-like body, with a pure, wide-band acoustic method.

It should also be noted that the direct detection, at a same point, of

both pressure and velocity signals enables a more precise calculation of the

acoustic immittance and the determination of the energy absorbance.

The combination of measurements of immittance and of absorbance of

the audio make it possible to improve the investigation and possible

detection of diseases of the tympanic membrane in the middle ear.

The box-like body 11, precisely for the set audiometric purposes can

in practice be provided so as to reduce the residual volume of air contained

in the box-like body to the possible minimum. Such box-like body, in fact,

acts only as a support for the audio source 12 and detector 13 elements, and

its extension can be reduced to the minimum necessary for the mechanical

containment of the devices 12, 13, in that the volume of air of interest for the

measurement of the acoustic immittance in the audiometric field is the one

contained in the auditory canal and in the tympanic cavity.

This construction enables the reduction of residual volumes of air,

which otherwise would render the apparatus ineffective for the measurement

of any non-linear effects owing to what are called otoacoustic emissions, i.e.

acoustic signals generated by outer ciliated cells, as an expression of active

non-linear mechanisms inside the cochlea.

In practice it has been found that the invention fully achieves the

intended aim and objects by providing an apparatus for clinical-audiometric

investigation which measures acoustic energy values reliably and precisely,

thus constituting a valid tool for the diagnosis of diseases of the tympanic

membrane.

Moreover the storing of the data acquired makes it possible to also use

the apparatus for the indirect validation of other diagnostic techniques, such

as analysis of acoustic otoemissions, both those artificially stimulated with

adapted signals, and those recorded spontaneously.



Another advantage of the apparatus according to the invention is the

ability to reuse some intermediate data, which are conveniently stored during

the process of measurement, for the acoustic optimization of the response of

acoustic prostheses or in acoustic tests of test volumes or of environments or

of particular manufactured items other than the auditory canal of the human

ear.

The invention, thus conceived, is susceptible of numerous

modifications and variations, all of which are within the scope of the

appended claims. Moreover, all the details may be substituted by other,

technically equivalent elements.

In practice the materials employed, provided they are compatible with

the specific use, and the contingent dimensions and shapes, may be any

according to requirements and to the state of the art.

The disclosures in Italian Patent Application No. PD2012A000002,

from which this application claims priority, are incorporated herein by

reference.

Where the technical features mentioned in any claim are followed by

reference numerals and/or signs, those reference numerals and/or signs have

been included for the sole purpose of increasing the intelligibility of the

claims and accordingly, such reference numerals and/or signs do not have

any limiting effect on the interpretation of each element identified by way of

example by such reference numerals and/or signs.



CLAIMS

1. An apparatus (10) for clinical-audiometric investigation, provided

with a box-like body ( 11) that contains at least one audio source (12) of an

acoustic signal (A) and at least one detector (13) of the return signal (B)

from a measurement environment (14), said box-like body ( 11) being

associated with at least one processing and control device (15), said return

signal detector (13) comprising a velocity sensor (16) and a pressure sensor

(17), which measure the acoustic velocity and pressure signals at the same

point, characterized in that said signal detector (13) is arranged in the box

like body ( 11) so that it is in an intermediate position between said audio

source (12) and the measurement environment (14) from which said return

signal (B) arrives.

2. The apparatus according to claim 1, characterized in that said

processing and control device (15) comprises a first calculation section ( 18)

and a second calculation section (19), which are assigned respectively to

calculating the acoustic immittance and the energy analysis of the return

signal (B).

3. The apparatus according to claim 1, characterized in that said

velocity sensor (16) is constituted by an acoustic anemometer.

4 . The apparatus according to claim 1, characterized in that said

pressure sensor (17) is constituted by a microphone.

5. The apparatus according to claim 1, characterized in that said box¬

like body ( 11) comprises an adapter (20) for coupling to said measurement

environment (14).

6. The apparatus according to one or more of the preceding claims,

characterized in that said measurement environment (14) consists of an

external auditory canal.

7. The apparatus according to claim 1, characterized in that it

comprises an amplifier (21) of the signal (C) in output from said processing

and control device (15) and directed toward said audio source (12).



8. The apparatus according to claim 1, characterized in that said

processing and control device (15) is provided with a digital-to-analog

converter (22) of the output signal (C).

9 . The apparatus according to one or more of the preceding claims,

characterized in that said processing and control device (15) is provided with

an analog-to-digital converter (23) of a first input signal (D) that arrives from

said velocity sensor (16) and of a second input signal (E) that arrives from

said pressure sensor (17).
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