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An audio interface system for medical use.

The invention relates to an audio interface system for medical use comprising an
electronic source for audio signals, and a signal path for audio signals comprising a

headset connectable to the ears of a physician or other medical personnel.

The trained ear is used by physicians as one of the most important diagnostic tools,
both in conjunction with stethoscopes and unaided. Furthermore the ear is used in
person-to-person communication, both with patients and colleagues, and furthermore
the ear is used for telephone communication. Much of the input to the ear occurs
under adverse conditions, with various types of background noise being present. The
ear is efficient in filtering the sound impressions, and may be trained to perceive
certain phenomena in almost masking noise environments or to disregard certain
types of noise. The qualified physician will have obtained extensive training in the
use of a stethoscope, to such a degree that a particular type of stethoscope may be the
preference for performing exacting work, for the whole professional life of the
physician. The physician's ear must adapt to all the many conditions it encounters,
and the stethoscope will be removed for certain types mentioned above and replaced
for ausculation. For instance, if the physician is to listen to spectral modifications
performed by a signal processing system on a physiological sound - from heart or
lungs, he will remove the stethoscope and put on headphones. It is well-known that
aural fatigue ensues if the ear is required to strain to obtain relevant information for
extended periods of time, and e.g. mobile phone conversations via
psychoacoustically data reduced communication links, which interrupt other aural
tasks, are known to cause stress conditions affecting concentration and ultimately the

ability to distinguish between stimuli.

Much would be gained if the physician were able to keep his ears plugged by the
earpieces of the stethoscope, because that would filter out most extraneous noises,
and in particular high frequency noises. However, the chestpiece is a poor substitute
for the unaided ears as a receiver for airborne sound, and communication with others

would have to be on a "speaking tube" basis, which is entirely impractical. Also, it
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might be desirable to move the chestpiece to the receiver of a telephone when
speaking on the telephone while wearing a stethoscope, however the spectral
imbalance between the received voice and the mixture of bone-conducted own voice
with telephone receiver reproduction of the same own voice causes an unnatural
communication. However, there are many situations where it would be relevant to be
able to perform a natural conversation during ausculation, but this is currently
inhibited by bone conduction of the physician's own voice which is perceived as a

loud representation of the own voice with heavy bass emphasis

The issue becomes relevant for example when the physician is carrying out
auscultation on a patient and needs to analyse the sound further, e.g. by use of an
algorithm on his personal computer. In order to do so the physician needs to record
the auscultation signal with an electronic stethoscope, then transfer the signal to the
personal computer, then analyse the signal, and finally transfer the feature extracted
signal back to the stethoscope for proper acoustic reproduction. During the analysis
the physician may need additional patient related information and he therefore
interviews the patient, however he desires not to remove the stethoscope during this

interview as the final listening session requires its presence.

Prior art techniques have not been helpful in obtaining the advantages of using the
stethoscope as a noise-reducing sound transducer for all the necessary use of the ear

in the physician's professional day.

In relation to dedicated healthcare management systems, where the central elements
are the recording, archiving and reproduction of e.g. human auscultation sound
signals as obtained by use of a stethoscope, there has been demonstrated several
interesting solutions. For example, there exist systems that use an analogue
stethoscope with electrical signal outlet thereby enabling the registration of the signal
on a medium having an analogue electrical interface, €.g. a tape recorder, a mini-disc
or possibly on a personal computer using the sound card input facility. Typically
however, in order to enable registration and following archiving of interesting sound
signals using an analogue system, it would be required to carry around both the
stethoscope as well as the registration medium, and the registration would therefore

necessarily be synchronous in time and place. A system incorporating a local storage
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facility, e.g. realised using digital technology would overcome this fundamental
problem, as it would allow for immediate local storage thereby facilitating
asynchronous signal storage and registration. Here however, it is necessary for the
storage to have sufficient capacity: When performing auscultation, e.g. of a person's
respiratory- or cardiac function, it is typically necessary to take measurements at a
number of different locations on the person's thorax. The storage capacity should

consequently allow for a plurality of isolated recordings.

Having captured the measured signal it may be archived e.g. in the patient's file. If
the signal is captured digitally or if an analogue signal has been digitised e.g. using
the sound card of a personal computer or using equipment with similar functionality,
the digital representation of the signal may be filed electronically in an electronic
patient file. Several existing systems facilitate digital archiving of the measured
auscultation sound signals. Having obtained the digital signal it is appealing to
perform advanced digital signal analysis in order to extract specific relevant
information from the signal, thereby aiding the physician in his search for a
diagnosis. There are examples of healthcare management systems offering signal
analysis as an aid to the physician in the process of diagnosing. At some point in the
signal analysis it becomes relevant, or even necessary, for the physician to listen to
the acoustically reproduced enhanced signal. Even though modern digital signal
processing algorithms can be made highly sensitive towards specific acoustic
phenomena, such automated algorithms are not likely to exceed the capacity of the
human hearing in the sensation of weak abnormalities. The human ear and hearing
incorporate the present audible impression as well as previously acquired experience,
and furthermore the person's analytical skills, and is therefore a highly sophisticated,
sensitive, accurate and unsurpassed instrument in the signal analysis e.g. of recorded

auscultation sound signals.

In the acoustic reproduction of the signal to the physician's ears it is essentially
important to maintain a high level of quality at least as high as if the signal had been
transmitted directly through the originally recording stethoscope. These demands
effectively eliminate the usage of the conventional personal computer headset, as the
acoustic properties of such are too poor, e.g. the low frequency sensitivity is typically

so low that the reproduction of cardiac sound signals would distort completely.
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However through reproduction €.g. via the originally recording electronic
stethoscope the acoustic qualities would per definition be adequate. Also this has
been presented previously, using wire-based connections unifying the personal
computer sound card analogue output terminal to e.g. a reproducing stethoscope,
where the signal reproduces through the isolated electroacoustic headset. However
during reproduction the same problems as experienced during signal registration
occurs: The wire-based analogue reproduction system forces synchronicity between
the sound signal generation and its acoustic reproduction. Furthermore the
reproduction using only the original stethoscope's headset restricts the listener to the
use of that specific product regardless of his preferences. In a situation where a
physician requires the assistance from e.g. a colleague in narrowing down the proper
diagnosis of a patient's disease - a second opinion - he would have to rely on a person
who used the same hardware equipment, or alternatively was physically close by. He
could transmit the digital domain signal to a physically distant location but the
recipient would need to use similar hardware in order to reproduce the acoustic
signal as intended. This limitation in the presently existing systems strongly affects
the freedom of the physician to use his preferred stethoscope, furthermore it forces
him to use the specific stethoscope which exists within the frame of the system or
alternatively to use more than one type of stethoscope. If he settles for two types of
stethoscope it is highly plausible that his ability to perform state-of-the-art listening
to and diagnosing of auscultation sounds, in particular cardiac sound signals, is
significantly degraded as his auditory system would need to adapt to two different
conditions instead of one only. By settling for two different stethoscopes instead of
only one preferred type the physician's professional qualities are therefore potentially

degraded.

The reproductive subsystem of the construction described in US 5,812,678
demonstrates a way to accomplish acoustic reproduction of electronically stored
signals using a plurality of different stethoscope types. However, it does not provide
solutions ensuring that the reproduced acoustic signal maintains the necessary high
level of quality, e.g. that the critically important low frequency area of the
auscultation signal remains undistorted. The suggested reproductive subsystem in US
5,812,678 connects to the stethoscope through hand-held application of the

stethoscope bell front side towards a flat disc having an orifice through which the
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sound couples from the reproduction subsystem speaker. However, the acoustical
seal of the connection between the stethoscope bell and the speaker is vital to the
high quality sound transmission as even small leaks will cause the low frequency
content of the resulting reproduced acoustic signal to suffer a dramatical level
reduction, thereby distorting the resulting signal presented to the physician's ears.
Another problem with the necessary hand-held application of the stethoscope bell
towards the speaker system demonstrated in US 5,812,678 is that it unnecessarily
occupies at least one of the physician's hands leaving him with limited freedom to
operate e.g. a personal computer performing online signal analysis on the

auscultation signal.

According to the invention it has been found that it is possible to obtain all the
advantages of the stethoscope without the problems mentioned above in a general
interface system. Such a system is particular in that said electronic source for an
audio signal is connected to an electroacoustic transducer which is releasably
connected to the chestpiece of a stethoscope in a sealed manner in order that the

earpieces of the stethoscope convey the audio signal to the ear.

In an embodiment of the invention the signal path for the audio signals obtained in
the chestpiece is constituted by the tubing and earpieces of a conventional

stethoscope.

In a further embodiment of the invention the chestpiece is constituted by a
microphone providing an input to signal processing means in or in conjunction with
the stethoscope which provides an output signal to electroacoustic transducers in
conjunction with the earpieces of a stethoscope. This in effect means that the
electroacoustic transducer converting the electronic signal from the source is acting

upon an electronic stethoscope.

In a further embodiment of the invention the electronic representation of the audio
signal has been signal processed in order to compensate for the transfer function of
the stethoscope. This means that any impulse transfer function irregularities in a
conventional stethoscope are compensated when the stethoscope is used as a part of

the link beetween the signal source and the ear. It also means that in case an
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electronic stethoscope is in a mode which enhances certain frequency bands, the

signal is given a suitable frequency dependent pre-emphasis.

In a further embodiment of the invention the signal processing comprises a
linearising compensation of the transfer characteristics of the electroacoustic
transducer connected to the chestpiece. This means that the effect of the coupling

cavity and the resonance of a diaphragm on the chestpiece are also compensated.

In a further embodiment of the invention the signal processing ensuring proper
acoustic reproduction characteristics is able to adapt principally to all known
stethoscope types regardless of chestpiece geometries. E.g. through customisation of
the mechanical properties of the audio interface to allow for assembly with all known
stethoscope types each combination has one optimal filtering scheme that is pre-
defined in the system. This feature is extremely valuable for the distribution of the
reproduction sound signal to persons who prefer to or need to listen by the aid of a

specific stethoscope type, conventional or electronic.

In a further embodiment of the invention the linearising compensation is obtained by
feedback via a monitoring microphone mounted in conjunction with the coupling

cavity.

In a further embodiment of the invention the electronic source for audio signals is a
soundcard connected to a personal computer. This embodiment permits the reception
of audio files via data transmission networks and conversion into an audio signal
listened to by the physician by means of his stethoscope. This feature is extremely
useful for remote discussion (obtaining a "second opinion") of a particular
auscultated sound, because the physician originating the sound is able to discuss
directly with a colleague about the sound with the assurance that his colleague is

obtaining precisely the same acoustical input as himself.

In a further embodiment of the invention the electronic source for audio signals is a

receiver for telephone signals.
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In a further embodiment of the invention the audio signals are standardised
physiological signals for ausculation. This permits training and calibration of the
physician by means of signals displaying features which the physician must be able
to distinguish and identify, such signals being stored or generated in the digital
domain in a personal computer and transferred via the soundcard to the

electroacoustic transducer.

In a further embodiment of the invention the audio signals are representations of
physiological signals mixed with noise signals obtained from the environment. This
permits the training of the phycisian in diverting attention from noises such as
pumping noises, whirring noises, noises from compressors and the walking action of

surrounding persons.

In a further embodiment of the invention the releasable connection comprises elastic
clamping means. These means may be either permanently fitted on the interface unit

or on the stethoscope bell.

In a further embodiment of the invention the elastic clamping means have springs
associated with the surfaces that ensure freedom from leaks. Such springs serve the

purpose of maintaining elasticity, even if the elastic means are ageing.

In a further embodiment of the invention the elastic clamping means are fitted to an
interchangeable part of the unit, corresponding to each type of stethoscope it is
desired to interface with. This enables an interface unit to be used with a wide range
of stethoscopes, provided an adapter is used to create the freedom from leaks in the
interface. Such an adapter must not add an appreciable amount of dead air volume,

however, unless there is feedback control of the bass frequency response.
The invention will be described in greater detail in the following with reference to
the drawing, in which

Fig. 1 shows a schematic block diagram of an audio interface system according to the

invention,
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Fig. 2 shows a schematic block diagram of an audio interface system when integrated

into an interactive computer in one or more networks

Fig. 3 is a drawing of an audio interface unit for the interface system according to the

invention

Fig. 4 is a drawing of the audio interface unit cooperating with a conventional

stethoscope,

Fig. 5 shows a block diagram of the audio interface unit cooperating with an

electronic stethoscope,

Fig. 6 shows the sealed but releasable connection between the electronic transducer

unit and the chestpiece of a stethoscope.

Fig. 7 shows the simulated influence from an acoustic leak in the coupling between

the interface speaker and the stethoscope transducer.

In Fig. 1 is seen an audio interface system consisting of an amplifier A, an
electromagnetical driver 1, packing material P, the bell of a stethoscope 2, the
earpieces E of a stethoscope in conjunction with ears indicated schematically. The
packing material P is shown generalised as a material which will ensure hermetic
closure between the driver 1 in the audio interface unit and the bell 2 of the
stethoscope. The driver is preferably an electrodynamic driver, but any motor
capable of sufficient volume transport at near DC frequencies will function. Between
the bell 2 and the earpieces E there may either be an electronic unit U, preferably
with digital signal processing receiving sound from the bell by means of a
microphone and outputting signal processed audio signal to the earpieces E, or there
may simply be a piece of tubing T. In the first case we have an electronic, preferably
digital stethoscope SE, in the second case we have a conventional stethoscope SC.
The audio interface system will provide an audio output at the earpieces E when the
amplifier A is supplied with an electronic signal. In case the amplifier is part of a

soundcard in a computer, the input will be digital from the internal data bus. In case
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the amplifier is connected to a telephone or a dictaphone, the input signal will be

analogue.

In Fig. 2 is shown how the audio interface system is incorporated in a medical signal
management system. The inputting electronic stethoscope SE provides an input to
the ears of the auscultating physician, and the sounds identified (possibly extracted
from temporary storage in the electronic unit U) in the stethoscope are transmitted
via a wireless link to a computer C, such as a personal computer. This computer also
has modems for communicating with an intranet and the Internet, it has analysis soft-
and firmware, and it has a soundcard A. The soundcard is connected to the audio
interface unit 1 which is joined to an electronic stethoscope used for listening to the
output of the computer. Via the computers C1, C2, or C3 other sounds may be
obtained via the local intranet or the Internet. On the remote location of the computer
C3 it is possible to listen by means of a conventional stethoscope SC to the sounds in
C originating in the first electronic stethoscope SE mentioned above. The detailled

functioning will be given in Example 1 below.

The audio interface unit shown in Fig. 3 contains a speaker 1 held by the interface
housing 2. The slightly elastic lock 3 is intended for the secure and hermetically
sealing application of a stethoscope chestpiece onto the audio interface mounting
plate 4. This way a closed acoustic reproduction system, adequate for reproduction of
very low frequency signals - principally down to static pressures - is completed as
the speaker 1 transmits acoustic signals through the opening S. The speaker 1 is
electrically connected to the signal source by means of the wire 6. Figure 7
demonstrates the effect of introducing a tiny leak in the coupling between the speaker
and the stethoscope bell: The figure clearly demonstrates how a leak shaped as an
acoustic slit of size up to 0.6x1x1 mm (height, width and length along the direction
of sound propagation) potentially reduces the resulting sound pressure level by more
than 20 dB at 100 Hz and even more at lower frequencies. Curves are shown in thin
lines for slit heights a = 0.0mm, 0.2mm, 0.4mm, and 0.6 mm. This demonstration
stresses the importance of ensuring adequately controlled acoustic sealing application

of the stethoscope (e.g.) bell to the reproduction speaker.
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In cooperation with a conventional stethoscope, as shown in Fig. 4, the audio
interface lock 1 provides physical fixation between the interface and the stethoscope
chestpiece 2. The closed acoustic reproduction system now consists of the entire
internal stethoscope volume from the chestpiece 2 through the tube 3 to the eartips 4

which are hermetically sealing to the listener's ears.

In cooperation with an electronic stethoscope, as shown in Fig. 5, the audio interface
lock 1 provides physical interlocking between the interface and the stethoscope
chestpiece 2 holding the input transducer of the electronic stethoscope. The closed
acoustic reproduction system now consists of the narrow coupling volume between
the audio interface and the chestpiece input transducer interior and microphone 3

regardless of the remaining stethoscope system.

The illustration in Fig. 6 shows the simple release of the connection between the
audio interface 1 and the stethoscope chestpiece 2. In this preferred embodiment of
the audio interface the fixation is maintained by the lock 3 acting as a stretched
spring pressing on the upper part of the chestpiece rim 4 thereby creating a
downward force connecting the chestpiece to the audio interface. The lock being
shaped as a fork allows for easy release by horizontal sliding the two items apart

along the mounting plane surface 5 through the opening in the fork shaped lock 3.

The invention will be further described by means of the following

Example 1. The interactive use of an electronic stethoscope.

A sound is recorded via an electronic stethoscope and a data link to a PC (Fig. 2).
Here time-frequency signal processing is performed, and certain features are
enhanced. The sound is returned to a physician's conventional stethoscope by means

of the audio interface system according to the invention.

An auscultation signal is picked up and digitised into a fixed 16 bit dynamic range by
the use of a digital/electronic stethoscope. Prior to digitisation the analogue signal is
pre-emphasised, by subjecting it to time-differentiation, in order to optimise the

signal to noise ratio of the digitally represented signal. From the digital storage of the



WO 02/069804 PCT/DKO02/00135

10

15

20

25

30

11
stethoscope the signal now transfers without loss to the memory of a personal
computer using a cord-less data link, i.e. an infrared link such as e.g. the IrDA
system or a radio frequency (RF) link such as e.g. the Bluetooth system. Through
exportation of the signal to a personal computer the signal may be archived in a
database or patient file for later inspection. Furthermore the handling on a personal
computer enables specialised signal analysis that it would not be relevant to include

on the stethoscope itself.

One interesting external signal analysis operation could be to perform a special type
of windowing on a cardiac signal thereby enabling separate playback of e.g. the
isolated cardiac systole sound. By cutting out e.g. the systole and thereby separating
this segment from the dominating first and second characteristic heart sounds
perceptual masking effects arising from these may be minimised, and the physician

will more easily be able to hear the delicate details of a systolic or diastolic murmur.

Once the signal analysis is complete, the output signal must be presented to the
physician for examination by means of a stethoscope or a similar acoustic
reproduction system. The typical personal computer headsets are far from adequate
in this context as they normally fail to reproduce the very low frequencies down to
approximately 10 Hz, which are essential for the description of the human cardiac
sound. Instead the output signal may be transferred back to the storage on the
digital/electronic stethoscope, using the infrared data link, for later audible

presentation to the physician.

Alternatively the signal may be presented using the invention in conjunction with
either an electronic or a conventional stethoscope as illustrated on Figs. 2-5. In this
situation the audio interface according to the invention is driven via e.g. the headset
output terminal on personal computer sound card interface. Typically such sound
cards may deliver output voltages up to 2 V RMS which is adequate for the
reproduction of cardiac signals at amplitudes higher than 120 dB SPL.

During reproduction from the digital personal computer using the sound card and the
audio interface according to the invention, the limited dynamic range of the sound

card may degrade the signal to noise ratio of the reproduced acoustic signal thereby
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adding significant amounts of e.g. quantification noise to the signal. Especially noise
in the middle frequency region, approximately from 900 Hz to 6000 Hz where the
normal functioning ear has highest sensitivity, causes degraded sound quality as it
potentially masks delicate elements of the cardiac sound signal. To minimise noise
from the digital output stage the primary correction for the signal pre-emphasis is
realised for in the analogue domain directly at the audio interface speaker using a
first order low-pass filter. Any necessary residual correction, ensuring desired
frequency characteristic of the audio interface, is carried out using digital filtering on
the personal computer. By properly combining the choice of reproduction
stethoscope and residual digital correction filtering, the frequency characteristic of

the total reproduction system may be controlled.

Instead of enabling reproduction of the sound signal privately and solely for the same
physician who originally recorded and analysed the sound signal, the reproduction
could take place at a physically distant site, e.g. at the site of another physician
providing a second opinion to the diagnosis. For this purpose the digital domain
sound signal may be sent loss-free anywhere, e.g. using the Internet, an intranet or a
similar cable system, or a cordless transmission system. At the recipient the digital
domain signal may be subjected to further analysis or merely reproduced using the
recipient's personal computer in combination with the audio interface coupled to his

personal stethoscope.

Alternatively the signal could be distributed simultaneously to a multitude of
recipients, physically positioned locally or distant. For example, for the education of
future physicians where a lecturer demonstrates the use and benefit of the
stethoscope, he would take advantage of the capability for loss-free distribution of
the digital domain stethoscope sound signal to each student separately, who then
reproduces the signal using a local personal computer in combination with the audio
interface and his own private stethoscope. The scenario would allow the student to
obtain a high quality reproduction of the stethoscope sound signals and at the same
time permit his use of his own personal stethoscope as a reproduction medium,
thereby enabling stronger familiarisation between the student and his choice of

personal stethoscope.
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In relation to the ability of the audio interface to be highly flexible towards a
multitude of different stethoscope types, one mechanical solution (discussed below)
suggests the presence in the audio interface mechanical system of an exchangeable
member having the property of customising the interface to a specific stethoscope
type. This way the audio interface may be adapted to any given type of stethoscope
simply through the exchange of the central mechanical member. Since, however, the
proper function of the audio interface only occurs when it, in combination with the
stethoscope, offers a total reproduction system with known acoustic properties,
including the frequency characteristic from the electrical input to the acoustic output
at the listener's ears, a tuning of the residual digital filtering may be required. For this
purpose the specific exchangeable mechanical member is identified through a type of
code which is printed on its structure, easily readable for the user, who will enable
the adequate digital filtering automatically through entering this code into a
dedicated software system controlling the reproduction on the personal computer.
The system, including the mechanical elements as well as the software elements
enables, in principle, an infinite number of combinations of an audio interface and a
stethoscope, furthermore it ensures that the desired acoustic properties of the system

are present for every combination.

A key feature of the mechanical design of an audio interface according to the
invention is the ability to ensure a secure and sealed fixation onto a stethoscope when
mounted and at the same time enable for a quick attachment or release respectively.
Furthermore these properties of the audio interface should be flexible towards a
multitude of different stethoscope chestpiece shapes and geometries thereby allowing

for use in combination with many different stethoscopes, principally all known types.

In addition to the above exemplified signal analysis scheme it can be relevant to the
interpretation of the auscultation sound signals to perform different kinds of
combined audible and visual presentations of the signal. E.g. in a time/frequency plot
it is possible to place cursors both in time and frequency domain and thereby extract
features visible on the plot. These features can be replayed for perception and
education. In another approach time cursors can be placed on the time signal to
measure time length of systole, diastole and the heartbeats. These measurements are

used to calculate systole/diastole ratio, heart rate and arrhythmia parameters. In yet
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another approach automated algorithms finding systole and diastole in heart sounds
can be audited visually before a murmur finding algorithm is initiated. Murmurs will
be visualized on the screen and can be replayed for higher perception, audit and
educational purposes. Based on murmur information and other objective patient

information an expert system is able to predict possible diseases.
The mechanical construction of the electroacoustic transducer is documented in

Example 2.

The preferred mechanical design of the audio interface and its interlock, as illustrated
in Fig. 3 and Fig. 6, allows for mounting on at least three different known types of
stethoscope, of which one is a conventional acoustic type and two are electronic
stethoscope types. Common to all three is that they employ a very similar geometry
on the lower part of their respective chestpieces, at the site of interlock with the
audio interface, whereby they have the approximately same profile in these lower
extremities. The special geometry is characterised priniarily by the presence of a
waistline, a local diameter reduction of certain dimensions, especially its diameter
and elevation over the plane of the stethoscope chestpiece lower extremity where it
interconnects to the audio interface. This waistline allows for the application of
vertical downward forces pressing the stethoscope chestpiece towards the audio
interface thereby establishing a fixation between the two objects. The assembly is
illustrated in Fig. 4 where the upper figure shows the secure and sealed fixation of
the stethoscope chestpiece upon the audio interface where the lock-spring 3 applies
downward force on the chestpiece rim 4 over at least 180° of the circular chestpiece
rim. During assembly or release of the two objects slide horisontally through the

opening in the lock-spring 3 as shown in Fig. 3.

As it is crucial for the proper functioning of the audio interface that the connection to
the stethoscope chestpiece is hermetically sealed to an extent whereby the
transmission characteristic below 10 Hz is not influenced, the seal along the
chestpiece rim and the audio interface mounting plane surface is critically important.
To ensure sufficient sealing, the application force acting between the chestpiece and
the audio interface should be large and either or both of the chest piece rim and the

mounting plane surface should be slightly resilient whereby they would mutually
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adapt their shape, thereby minimising leakage. In case a soft, e.g. rubber layer, is cast
on top of the mounting plane the surface should preferably be coated with a suitable
lubricant, thereby enabling easy sliding of the chestpiece rim across the mounting
plane surface. A practical measurement on a seal obtained between an audio interface
according to the invention and a stethoscope chestpiece as shown in Fig. 4 is shown
as a heavy line curve in Fig. 7. It will be noted that there is full accord with the ideal

curve for the extreme bass frequencies.

In order for the audio interface to allow more flexibly for a larger multitude of
different chestpiece geometries, the audio interface may preferably be designed so as
to allow for a simple exchange of the lock-spring 3 as shown in Fig. 3. Thereby it is
possible to have stethoscope-specific lock-springs, and all that it is required for a
physician to make use of the audio interface, is for him to attach the proper lock-
spring on the interface housing and mount the audio interface on his specific

stethoscope chestpiece.

Another method of assembly and fixation of the audio interface onto a stethoscope
chestpiece may be via a type press-and-turn mechanism where the chestpiece, when
brought into contact with the audio interface mounting plane, through a turning
movement in the plane of the mounting plane surface of the two objects against each
other, causes the two objects to interlock to a secure and sealed connection. The
fixation would be enabled by means of a third mechanical member having the
property of enabling change of inner diameter when subjected to that specific turning
movement, of the audio interface against the chestpiece, whereby this member
effectively applies force on the outer periphery or rim of the inserted chestpiece
thereby ensuring fixation. To some extent this application force would preferably be
orientated downwards toward the audio interface mounting plane, thereby more

easily enabling a secure and sealing assembly.
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PATENT CLAIMS

1. An audio interface system for medical use comprising an electronic source
providing an electronic representation for audio signals, and a signal path for audio
signals comprising a headset connectable to the ears of a physician or other medical
personnel, characterised in thatsaid electronic source is connected to an
electroacoustic transducer which is releasably connected to the chestpiece of a
stethoscope in a sealed manner in order that the earpieces of the stethoscope convey

the audio signal to the ear.

2. An audio interface system according to claim 1,
characterised in thatthe signal path for the audio signals obtained in the

chestpiece is constituted by the tubing and earpieces of a conventional stethoscope.

3. Anaudio interface system according to claim 1,
characterised in thatthe chestpiece is constituted by a microphone
providing an input to signal processing means in or in conjunction with the
stethoscope which provides an output signal to electroacoustic transducers in

conjunction with the earpieces of a stethoscope.

4. An audio interface system according to claim 1,
characterised in thatthe electronic representation of the audio signal has
been signal processed in order to compensate for the transfer function of the

stethoscope.

5. An audio interface system according to claim 1,
characterised in thatthe signal processing comprises a linearising
compensation of the transfer characteristics of the electroacoustic transducer

connected to the chestpiece.

6. An audio interface system according to claim S,
characterised in thatthe linearising compensation is obtained by feedback

via a monitoring microphone mounted in conjunction with the coupling cavity.
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7. An audio interface system according to claim 1,
characterised in thatthe electronic source providing an electronic

representation for audio signals is a soundcard connected to a personal computer.

8. An audio interface system according to claim 1,
characterised in thatthe electronic source for audio signals is a receiver for

telephone signals.

9. A signal for use with an audio interface system according to claim 1,
characterised in thatthe audio signals are standardised physiological

signals for ausculation.

10 . A signal for use with an audio interface system according to claim 1,
characterised in thatthe audio signal is a representation of physiological

signals mixed with noise signals obtained from the environment.

11. An interface unit for an audio interface system according to claim 1,
characterised in thatthe releasable connection comprises elastic clamping

means.

12. An audio interface unit according to claim 11,
characterised in thatthe elastic clamping means have springs associated

with the surfaces that ensure tightness.

13. An audio interface unit according to claim 11,
characterised in thatthe elastic clamping means are fitted to an
interchangeable part of the unit, corresponding to each type of stethoscope it is

desired to interface with.

14. A system for recording and reproducing signals to be utilised by means
of a stethoscope, optionally comprising signal processing and/or feature extraction
means, characterised in that the recording occurs via an electronic output
from an electronic stethoscope and the reproduction occurs via an interface according

to claim 1.
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