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Description
Title of Invention: ELECTRONIC STETHOSCOPE APPARATUS,

AUTOMATIC DIAGNOSTIC APPARATUS AND METHOD
Technical Field

[1] The present invention relates to an electronic stethoscope apparatus, and more
specifically to an electronic stethoscope apparatus which detects bioacoustics by

removing noise efficiently, an automatic diagnostic device and method.

Background Art

[2] Since an electronic stethoscope apparatus uses a microphone to detect bioacoustics,
there may be a high possibility of detecting noise as well according to the sensitivity of
the microphone. Especially, this noise occurs frequently when a chest piece is rubbed
against the body, and the extraneous noise of the chest piece may be detected.

[3] This occurrence of noise affects the accuracy of diagnosis, thus a method of
removing noise properly is demanded.

(4] Meanwhile, bioacoustics has different signal features according to the body part and
it is possible to diagnose disease when analyzing these signal features. In addition, so
far, diseases have been diagnosed separately by using an ultrasonic device, a purse
wave device, and an electrocardiography device, and now it is possible to make a more
detailed diagnosis of a disease through merging several devices. Therefore, the
techniques of measuring bio acoustic and diagnosing diseases by considering in-

formation of other devices are requested.
Disclosure of Invention

Technical Problem

[5] Exemplary embodiments of the present invention overcome the above disadvantages
and other disadvantages not described above. Also, the present invention is not
required to overcome the disadvantages described above, and an exemplary em-
bodiment of the present invention may not overcome any of the problems described
above.

[6] In view of the foregoing problems, one object of the present invention is to provide
an electronic stethoscope apparatus which can remove noise properly.

[7] Another object of the present invention is to provide a technique of measuring bioa-
coustics and a technique of diagnosing diseases by considering information of other

devices.
Solution to Problem

[8] To achieve the objects, an electronic stethoscope apparatus according to one em-

bodiment of the present invention includes a bioacoustics detecting part which detects
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bioacoustics, a noise detecting part which detects noise occurred during the process of
detecting bioacoustics, and a noise removal part which outputs the bioacoustics after
removing the detected noise from the bioacoustics.

At this time, the bioacoustics detecting part may include a microphone.

In addition, the noise detecting part includes a microphone and is installed in the
chest piece of the electronic stethoscope apparatus. The noise removal part may output
the detected bioacoustics by filtering with the frequency of the noise signal detected by
the microphone.

Furthermore, the noise detecting part includes a movement sensor which senses the
movement of the electronic stethoscope apparatus. The noise removal part calculates
the noise signal by using sensing value which is output from the movement sensor and
may output the detected bioacoustics by filtering with the frequency of the noise
signal.

In addition, the electronic stethoscope apparatus according to another embodiment of
the present invention includes a bioacoustics detecting part which detects bioacoustics,
an electrocardiography signal detecting part which detects an electrocardiography
signal, and a noise removal part which uses the detected electrocardiography signal to
estimate the location of the cardiac sound from the detected bioacoustics and removes
the noise from the bioacoustics..

At this time, the electrocardiography signal detecting part may detect the feature of
the detected electrocardiography signal, and the noise removal part may estimate the
location of the cardiac sound from the detected bioacoustics by using the feature of the
detected electrocardiography signal.

Furthermore, the electronic stethoscope apparatus according to another exemplary
embodiment of the present invention includes: a bioacoustics sensing part for sensing
bioacoustics; a purse wave signal detecting part for detecting a purse wave signals; and
a purse wave velocity calculation part for measuring the purse wave transfer velocity
by using the distance and time between the first location of the sensed bioacoustics and
the second location of the detected purse wave signal.

In addition, the automatic diagnostic device according to another exemplary em-
bodiment of the present invention includes: a bioacoustics sensing part for sensing
bioacoustics; an ultrasonic image configuration part for irradiating an ultrasonic signal
onto a body part and configuring an ultrasonic image by sensing the reflected ul-
trasonic signal; and an automatic diagnostic part for diagnosing diseases by using the
sensed bioacoustics and the configured ultrasonic image.

The automatic diagnostic method according to one exemplary embodiment of the
present invention includes the steps of: sensing bioacoustics; sensing noise in the bioa-

coustics sensing process; and outputting the sensed bioacoustics after removing the
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sensed noise from the sensed bioacoustics.
At this point, the noise sensing step may be performed by using a microphone.

In addition, the microphone is mounted on a chest piece of the electronic stethoscope
apparatus, and the sensed bioacoustics may be output by filtering with a frequency of
the sensed noise signal through the microphone in the noise removing step.

Furthermore, the noise sensing step senses noise by using a movement sensor for
sensing the movement of the electronic stethoscope apparatus, and the noise removing
step may calculate a noise signal by using sensing value which is output from the
movement sensor and may output the sensed bioacoustics by filtering with the
frequency of the noise signal.

Moreover, the automatic diagnostic method according to other exemplary em-
bodiment of the present invention includes the steps of: sensing bioacoustics; detecting
an electrocardiography signal; and removing noise from the sensed bioacoustics by es-
timating the location of a heart sound from the sensed bioacoustics by using the
detected electrocardiography signal.

At this point, the electrocardiography signal detecting step may detect the features of
the detected electrocardiography signal, and the noise removing step may estimate the
location of the heart sound from the sensed bioacoustics by using the features of the
detected electrocardiography signal.

In addition, the automatic diagnostic method according to another exemplary em-
bodiment of the present invention, in the automatic stethoscope method, includes the
steps of: sensing bioacoustics; detecting a purse wave signal; and estimating a purse
wave transfer velocity by using the distance and time between the first location of the
sensed bioacoustics and the second location of the detected purse wave signal.

Furthermore, the automatic diagnostic method includes the steps of: sensing bioa-
coustics; irradiating an ultrasonic signal onto a body part and configuring an ultrasonic
image by sensing the reflected ultrasonic signal; and diagnosing diseases by using the
sensed bioacoustics and the configured ultrasonic image.

Advantageous Effects of Invention

According to various exemplary embodiments as above, the present
invention | provides the electronic stethoscope apparatus for removing noise properly.

In addition, the present invention provides the technique of estimating bioacoustics
and the technique of diagnosing diseases by also considering information of other
devices.

Brief Description of Drawings
The above and/or other aspects of the present invention will be more apparent by de-

scribing certain exemplary embodiments of the present invention with reference to the
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accompanying drawings, in which:

FIG. 1 is a block diagram illustrating a configuration of an electronic stethoscope
apparatus according to an exemplary embodiment of the present invention.

FIG. 2 to FIG. 5 are block diagrams illustrating a configuration of an electronic
stethoscope apparatus according to various exemplary embodiments of the present
invention.

FIG. 6 is a reference diagram illustrating the method of separating target bioacoustics
from bioacoustics where a plurality of source bioacoustics are synthesized.

FIG. 7 is a block diagram illustrating a configuration of an electronic stethoscope
apparatus according to other exemplary embodiment of the present invention.

FIG. 8 is a block diagram of a configuration of an electronic stethoscope apparatus
according to another exemplary embodiment of the present invention.

FIG. 9 is a block diagram illustrating a block diagram illustrating a configuration of
an electronic stethoscope apparatus according to another exemplary embodiment of the
present invention.

FIG. 10 is a reference diagram schematically illustrating an operation of an electronic
stethoscope apparatus according to another exemplary embodiment of the present
invention.

FIG. 11 is a drawing illustrating a wave form of an electrocardiography signal.

FIG. 12 is a drawing illustrating a location correlation between a stethoscope signal
and an electrocardiography signal.

FIG. 13 is a block diagram illustrating a configuration of an electronic stethoscope
apparatus according to another exemplary embodiment of the present invention.

FIG. 14 is a reference diagram schematically illustrating an operation of an electronic
stethoscope apparatus according to another exemplary embodiment of the present
invention.

FIG. 15 is a drawing illustrating wave forms of a heart sound and a purse wave.

FIG. 16 is a block diagram illustrating an operation of an electronic stethoscope
apparatus according to another exemplary embodiment of the present invention.

FIG. 17 is a reference diagram schematically illustrating an operation of an electronic
stethoscope apparatus according to another exemplary embodiment of the present
invention.

FIG. 18 is a block diagram illustrating a configuration of a remote diagnosis system
according to an exemplary embodiment of the present invention.

FIG. 19 is a flowchart illustrating a remote diagnosis method.

FIG. 20 to FIG. 23 are flowcharts of an automatic diagnostic method according to

various exemplary embodiment of the present invention.
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Best Mode for Carrying out the Invention

Mode for the Invention

Hereinafter, description will be given in detail of the present disclosure with
reference to the accompanying drawings.

FIG. 1 is a block diagram illustrating a configuration of an electronic stethoscope
apparatus100-1according to an exemplary embodiment of the present invention.

Referring to FIG. 1, the electronic stethoscope apparatus 100-1 includes a bioa-
coustics sensing part 110, a noise sensing part 120, and a noise removing part 130.

The bioacoustics sensing part 110 is for sensing bioacoustics. Specifically, the bioa-
coustics sensing part 110 uses at least one stethoscope sensor to sense various types of
bioacoustics. At this point, the bioacoustics may be at least one sound among a
pulmonary sound, a heart sound, and an abdomen sound. Specially, each bioacoustics
has different frequency features such as frequency bands and periods etc. For example,
a heart sound may have a low frequency and a pulmonary sound may have relatively a
low frequency. Also, bioacoustics sensed by the bioacoustics sensing part may be a
sound of various bioacoustics combined.

According to an exemplary embodiment of the present invention, the bioacoustics
sensing part may include: a stethoscope sensor(not illustrated); a sensor driving
part(not illustrated); an amplifying part(not illustrated); a filtering part(not illustrated);
and a A/D converting part(not illustrated). The stethoscope sensor collects bioacoustics
by physical contact or physical non-contact. Here, the stethoscope sensor is a sensor
configured to collect bioacoustics and convert into electrical signal, and a microphone
is a typical example of it. The microphone may be a microphone for physical contact
comprising an impedance matching circuit using a piezzo film. The microphone may
be mounted on a chest piece which makes physical contact for collecting bioacoustics.

More than two stethoscope sensors may be included to collect bioacoustics from
several locations.

The sensor driving part operates a stethoscope sensor and outputs a great number of
bioacoustics signals that are converted into electrical signals from the stethoscope
sensor. Therefore, the sensor driving part may include as many sensor driving module
as corresponding to the number of the stethoscope sensor.

The amplifying part amplifies each of a plurality of bioacoustics, which are output
from the sensor driving part, to reach the desired amplification gain.

The filtering part may remove a high frequency or low frequency noise from
collected bioacoustics. The function of the filtering part may be performed by a noise

removing part 130 which is to be described later.
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[54] The A/D converting part converts and outputs the bioacoustics filtered from the
filtering part or the noise removing part into digital signals.

[55] The noise sensing part 120 senses the noise generated in the bioacoustics sensing
process. The noise sensing part 120 may include a configuration similar to the
mentioned bioacoustics sensing part.

[56] That is, the noise sensing part 120 may include: a noise sensing sensor(not 1il-
lustrated); a sensor driving part(not illustrated); an amplifying part(not illustrated), a

filtering part (not illustrated); and an A/D converting part(not illustrated).

[57] The noise sensing sensor is located within or outside the chest piece and may sense a
noise.
[58] The noise sensing sensor includes a microphone and may sense such noise generated

by contacting with skin in the bioacoustics sensing process. The sensed sound may be
output after being properly processed such as amplification, filtering or A/D
conversion.

[59] The noise sensing sensor may include a movement sensor. The movement sensor
may be located mostly in the chest piece and the movement sensor senses the
movement of the chest piece in this case. For example, the movement sensor senses the
vibration of the chest piece generated in the bioacoustics measuring process.

[60] The movement sensor may be embodied as various sensors such as a gravitational
acceleration sensor, a geomagnetic sensor, and a gyro sensor etc.

[61] For example, when the movement sensor is embodied as a fluxgate geomagnetic
sensor using a fluxgate, the movement sensor includes a fluxgate core consist of high
permeable magnetic materials such as permalloy; an driving coil that wound with a
core; and a fluxgate sensor formed with detecting coil. The number of fluxgate core
may be two or three. Each fluxgate core is manufactured in mutual orthogonal form.
That is, the biaxial fluxgate sensor is embodied with X-axis and Y-axis fluxgates. The
triaxial fluxgate sensor is embodied with X-axis, Y-axis, and Z-axis fluxgates. Ac-
cordingly, the size and the direction of external magnetic field is measured by
detecting second harmonic component that is proportional to the external magnetic
field by using a detecting coil once magnetism is induced after operating signal is
allowed in each operating coil where each fluxgate core is wound. Therefore, rotation
angle and rotation direction may be sensed by comparing the direction of previously
measured magnetic field with the direction of currently measured magnetic.

[62] For another example, the movement sensor may include a gyro sensor. The gyro
sensor is a sensor for measuring how much angle has moved in one second. That is,
Coriolis force occurs when an object moves and the gyro sensor uses this formula of
Coriolis force to sense angular speed that works in inertial frame. Therefore, rotation

angle and rotation direction may be sensed.
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Meanwhile, the movement sensor may include an acceleration sensor additionally to
compensate for influence according to tilting degre. That is, the movement sensor may
calculate the exact rotation angle and rotation direction by considering even a tilt angle
such as a pitch angle and a roll angle that is measured by the acceleration sensor.

The noise removing part 130 removes the noise from the sensed bioacoustics and
outputs it.

Specifically, when the noise sensing part 120 includes a microphone, the noise
removing part 130 outputs the sensed bioacoustics by filtering with the frequency of
noise signal sensed by the microphone. The microphone senses a microphone input
background noise signal as a reference signal. Then, the noise removing part 130 uses
the reference signal to remove the background noise coming into the stethoscope
sensor with the adaptation filter.

When the noise sensing part 120 includes a movement sensor for sensing a
movement of an electronic stethoscope apparatus 100-1, the noise removing part 130
uses the sensing value which is output from the movement sensor to calculate the noise
signal and outputs the sensed bioacoustics by filtering it with the frequency of the
noise signal. When a chest piece moves to horizontal or vertical direction and makes
contact with a body, the noise is occurred accordingly and the noise sensing part 120
senses the noise. Then, the noise removing part 130 uses the movement direction and
size of the bioacoustics sensing part 110 and the interrelationship among friction noise
to remove the noise signal. The interrelation here means relationship of the size and the
features of the noise occurred according to the movement direction and the movement
size.

FIG. 2 to FIG. 5 are block diagrams illustrating a configuration of an electronic
stethoscope apparatus according to various exemplary embodiments of the present
invention.

Referring to FIG. 2, the electronic stethoscope apparatus 100-1according to an
exemplary embodiment of the present invention includes a movement sensor which
can be mounted on inner or outer surface of the chest piece. The movement sensor
senses the movement of the chest piece in the stethoscope progress and outputs the
movement data. The noise removing part 130 uses the movement data to estimate the
noise occurring area. For an exemplary embodiment, the noise data corresponding to
the accumulated movement data is stored in a storing part (not illustrated) and the
measured movement data can be mapped. The noise removing part 130 outputs the
sensed bioacoustics by filtering it with the frequency of the noise signal.

Referring to FIG. 3, the electronic stethoscope apparatus100-2 according to other
exemplary embodiment of the present invention includes a movement sensor mounted

on inner or outer surface of the chest piece, and the microphone can be located outside
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of the chest piece. In this case, the movement sensor senses the movement of the chest
piece in the stethoscope progress and outputs the movement data. The noise removing
part 130 uses the movement data to estimate the noise occurring area. The noise
removing part 130 outputs the sensed bioacoustics by filtering it with the frequency of
the noise signal. The microphone senses and outputs the noise generated in the bioa-
coustics measuring process from the outside of the chest piece. Then noise removing
part 130 outputs the sensed bioacoustics by filtering it with the frequency of the sensed
noise signal with the microphone.

Referring to FIG. 4, the electronic stethoscope apparatus 100-2 according to another
exemplary embodiment of the present invention includes a microphone mounted on
inner or outer surface of the chest piece. In this case the microphone senses and outputs
the noise generated in the bioacoustics measuring process. Then noise removing part
130 outputs the sensed bioacoustics by filtering it with the frequency of the sensed
noise signal with the microphone.

Referring to FIG. 5, the electronic stethoscope apparatus 100-5 according to another
exemplary embodiment of the present invention includes a microphone mounted on the
outer surface of the chest piece. In this case, it is similar to the above embodiment.

Human body generates bioacoustics with different characteristics from various body
parts. For example, a heart sound, a pulmonary sound, and an abdomen sound occur
around a human abdomen. In this case, when locating a sensor of a stethoscope
apparatus around the abdomen, the stethoscope apparatus senses bioacoustics syn-
thesized with a heart sound, a pulmonary sound and an abdomen sound.

Especially, when a doctor uses a stethoscope apparatus to diagnose the body
condition of a person, if the doctor cannot detect the exact target bioacoustics then
there might be a problem of making misdiagnosis since the doctor makes a diagnosis
based on the bioacoustics that is not detected properly.

Therefore, it is necessary to separate the target bioacoustics from the bioacoustics
where a plurality of source bioacoustics is synthesized for a doctor to make a diagnose
properly based on the bioacoustics.

FIG. 6 is a reference diagram illustrating the method of separating target bioacoustics
from bioacoustics where a plurality of source bioacoustics is synthesized.

Referring to FIG. 6, the present invention may detect the target bioacoustics for
diagnosis by considering the spatiality of the bioacoustics sensed by a multi
stethoscope sensor (n channel stethoscope signal and separating the source bioa-
coustics.

Whereas, the target bioacoustics may be detected by removing reference bioacoustics
sensed by the second stethoscope sensor from the bioacoustics sensed by the first

stethoscope sensor.



WO 2014/163443 PCT/KR2014/002951

[78]

[79]

[80]

[81]

[82]

[83]

[84]
[85]

[86]

[87]

[88]

[89]

[90]

FIG. 7 is a block diagram illustrating a configuration of an electronic stethoscope
apparatus 100-2 according to other exemplary embodiment of the present invention.

Referring to FIG. 7, the electronic stethoscope apparatus 100-2 according to other
exemplary embodiment of the present invention includes a bioacoustics sensing part,
110, a separation part 140, and a output part 135.

The bioacoustics sensing part 110 is already described, so the description will be
omitted.

The separation part 140 uses the spatiality of the bioacoustics to separate the sensed
bioacoustics into a plurality of source bioacoustics. At this point, the spatiality of the
bioacoustics can be a gain and delay of bioacoustics sensed through a plurality of
stethoscope sensor. That is, the separation part 140 may analyze the gain and delay of
source bioacoustics and separate a plurality of source bioacoustics from the sensed
bioacoustics.

The separation part 140 includes: a setting part 141; a estimating part 143; a
clustering part 145; a recovery part 147; and an detecting part 149.

The setting part 141 sets a signal mixing model which is reflected with spatiality of
bioacoustics. For example, the setting part 141 may set the signal mixing model as
Equation 1 below when receiving bioacoustics including two source bioacoustics from
two stethoscope sensors.

<Equation 1>
Xq () =51 (1)+s,(t)

Xy ()=ays4(t-dy)+aso(t-dy)

Here, x1 and x2 are signals received by the stethoscope sensor. s1 and s2 are the first
source bioacoustics signal and the second source bioacoustics signal. al and a2 are the
gain damping ratios of the first and second source bioacoustics signals. d1 and d2 are
the delay values of the first and the second source bioacoustics signals.

The estimating part 143 uses the signal mixing model that is set by the setting part to
estimate mixing parameter of bioacoustics signal received into each stethoscope
sensor. The mixing parameter may include the gain damping ratio (a) and delay value
(d).

The clustering part 145 clusters the mixing parameter estimated by the estimating
part 143 in the parameter space. Specifically, the clustering part 145 may cluster the
estimated mixing parameters in the parameter space having x-axis as gain damping
ratio(a) and y-axis as delay value (d).

The recovery part 147 uses the mixing parameters clustered by the clustering part

145 to convert the bioacoustics into a time domain and recover a plurality of source
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bioacoustics. For example, the recovery part 147 may convert the signal detected in the
first domain from the parameter space into the time domain and recover the signal as
the first source bioacoustics, and may convert the signal detected in the second domain
into the time domain and recover the signal as the second source bioacoustics.

The detecting part 149 detects the target bioacoustics among a plurality source bioa-
coustics recovered by the recover part 147. The target bioacoustics may be bioa-
coustics selected by the user but it is not limited to this, and may be defaulted in manu-
facturing process.

Meanwhile, the stethoscope 100-2 may further include a user input part (not il-
lustrated) for selecting the target bioacoustics which and user wants to detect.

The output part 135 may output the detected target bioacoustics. At this point, the
output part 135 may output the target bioacoustics in audio form, however, this is just
an exemplary embodiment, so the target bioacoustics may be output in video form.

By the stethoscope apparatus as described above, the user may effectively separate or
detect the target bioacoustics that the user wants to diagnose.

FIG. 8 is a block diagram of a configuration of an electronic stethoscope apparatus
100-3 according to another exemplary embodiment of the present invention.

The stethoscope apparatus 100-3 includes: a bioacoustics sensing part 110 with the
first stethoscope sensor 111 and the second stethoscope sensor 112; a detecting part
149; and an output part 135.

The bioacoustics sensing part 110 uses a plurality of stethoscope sensor to sense a
reference bioacoustics and a synthesis bioacoustics including a reference bioacoustics
and a target bioacoustics. Especially, the bioacoustics sensing part 110, as illustrated in
FIG. 8, includes the first 111 and the second 112 stethoscope sensor. The bioacoustics
sensing part 110 senses the synthesis bioacoustics that is synthesized with a reference
bioacoustics and a target bioacoustics through the first stethoscope sensor 111, and
senses the reference bioacoustics through the second stethoscope sensor 112.
Meanwhile, the method in which the bioacoustics sensing part 110 uses a plurality of
the stethoscope sensor for signal process is already described so the description will be
omitted.

The detecting part 149 uses an adaptation filter to remove the reference bioacoustics
sensed by the second stethoscope sensor 112 from the synthesis bioacoustics sensed by
the first stethoscope sensor 111 and detect the target bioacoustics. Specifically, if the
synthesis bioacoustics signal measured from the first stethoscope sensor 111 is input
into the detecting part 149 in the state where reference bioacoustics is still mixed in,
the adaptation filter of the detecting part observes the output value and changes the co-
efficient of the adaptation filter to perform feedback. With such operation, the

adaptation filter may filter the reference bioacoustics signal from the measured
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synthesis bioacoustics signal and detects the target bioacoustics.

The output part 135 outputs the target bioacoustics detected by the detecting part
149. The output part 135 may output the target bioacoustics in audio form; however,
this is just an exemplary embodiment, so the target bioacoustics may also be output in
video.

Especially, the described embodiment is useful when measuring the bioacoustics
with noise accurately. For example, the purse sound of a mother may be mixed as
noise with the heart sound of a fetus when listening to the heart sound of a fetus.
Therefore, the synthesis bioacoustics synthesized with the heart sound of a fetus and
the purse sound of a mother may be obtained by contacting the first stethoscope sensor
111 on the mother’s abdomen. Also the purse sound of a mother can be obtained as a
reference bioacoustics by contacting the second stethoscope sensor 112 on radial artery
(where you can feel purse). With the method described above, the user may listen to
the heart sound of a fetus more clearly by removing the purse sound of a mother which
is a reference bioacoustics.

The stethoscope apparatus according various exemplary embodiment of the present
invention enables automatic disease diagnosis through outputted stethoscope signals.
In addition, the accuracy of diagnosis can be higher when combining with several
medical technologies. These various exemplary embodiments are described in the
following.

FIG. 9 is a block diagram illustrating a block diagram illustrating a configuration of
an electronic stethoscope apparatus 100-4 according to another exemplary embodiment
of the present invention. FIG. 10 is a reference diagram schematically illustrating an
operation of an electronic stethoscope apparatus 100-4 according to another exemplary
embodiment of the present invention. FIG. 11 is a drawing illustrating a wave form of
an electrocardiography signal. FIG. 12 is a drawing illustrating a location correlation
between a stethoscope signal and an electrocardiography signal.

Referring to FIG. 9, the stethoscope device 100-4 according to another exemplary
embodiment of the present invention includes: a bioacoustics sensing part 110; an elec-
trocardiography signal detecting part 150; and a noise removing part 130.

The function of the bioacoustics sensing part 110 is as described above, so de-
scription is omitted.

The electrocardiography signal detecting part 150 is a configuration for detecting an
electrocardiography signal. Specifically, the electrocardiography signal detecting part
150 detects subtle electronic signal sensed from skin through a pair of electrodes
attached on the skin when the cardiac muscle depolarizes on every heartbeat. On
resting phase, each cardiac muscle cell has negative charge and it is called a membrane

potential. These negative charges are decreased due to the inflow of cations such as
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Na+ and Ca++, so the depolarization occurs and the heart contracts. During each
heartbeat, the heart provides an orderly depolarization wave form spreading out from
the signal coming out from sinoatrial node to whole ventricle. A wave form of small
voltage sensed by a pair of electrodes can be expressed on display in curve.

Within one cycle of the electrocardiography signal, P wave, Q wave, R wave, S
wave, and T wave are generally generated consecutively as illustrated in FIG. 11.

P wave indicates the contraction of an atrium and a series of P wave, R wave and S
wave (ORS complex) indicates the contraction of a ventricle, and T wave is feature of
the relaxation of a ventricle.

The electrocardiography signal detecting part 150 detects features of the QRS
complex section, P wave and T wave (S1010). The QRS complex section is an electro-
cardiography signal section between the QRS complex starting point and the QRS
complex ending point having the point where the size of the an electrocardiography
signal(voltage, y-axis) is at the peak as a center. During the process, the noise of an
electrocardiography signal is removed by itself as in FIG. 10. (This is distinguished
from the operation of the noise removing part which is described later.)

The noise removing part 130 uses the detected electrocardiography signal to estimate
the location of the heart sound from the sensed bioacoustics. Then the noise removing
part removes the noise from the sensed bioacoustics (S1020)

The noise removing part 130 may remove the noise according to the signal feature of
the bioacoustics and a respiration signal. Generally, a heart sound has feature of an
impulse signal, whereas, a breathing or noise sound has feature of a white noise. In
addition, a heart sound and a respiration signal has different frequency band, so it is
possible to detect a heart sound using a frequency filter. However, sometimes it is
possible not to remove the noise completely when detecting a heart sound, so it is
necessary to locate a heart sound more precisely. Since disease can be diagnosed
according to the location of noise generated based on the location of a heart sound.

It is possible to diagnose a disease using the above mentioned signal features of a res-
piration signal. A normal respiration signal has the feature of white noise and the size
decreases as it goes to high frequency. However, an abnormal respiration signal
includes crackle, wheezing, stridor, and pleural rub etc., and has different frequency
feature with the normal respiration signal in case of diseases related to respiration
organs.

As illustrated in FIG. 12, there is a correlation between the location of the
stethoscope signal and the electrocardiography signal. That is, the heart sound of the
stethoscope signal is located at the end part of the QRS section of the electrocar-
diography signal. Therefore, the noise removing part 130 uses the electrocardiography

signal to locate the heart sound of the stethoscope signal. Especially, when a lot of
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noise is included in the stethoscope signal, it may be difficult to locate the location of
the heart sound with the stethoscope signal itself. In this case, it may locate the
location of the heart sound of the stethoscope signal using the electrocardiography
signal.

The electronic stethoscope device 100-3 according to another exemplary em-
bodiment of the present invention may remove the noise by detecting the features of
the electrocardiography signal through the electrocardiography signal detecting part.
Then the information is used to detect features of the stethoscope signal. That is, it may
be used to remove the noise from the stethoscope signal and detect accurate features of
a heart sound or a pulmonary sound.

When auscultating a respiration signal, the noise removing part 130 filters the heart
sound from the detected bioacoustics after estimating the location of the heart sound
through the location of the features.

The electronic stethoscope apparatus similar to the above mentioned exemplary em-
bodiment may be further considered. An electronic stethoscope apparatus with a purse
wave detecting means is described in the following.

FIG. 13 is a block diagram illustrating a configuration of an electronic stethoscope
apparatus 100-5 according to another exemplary embodiment of the present invention.
FIG. 14 is a reference diagram schematically illustrating an operation of an electronic
stethoscope apparatus 100-5 according to another exemplary embodiment of the
present invention. FIG. 15 is a drawing illustrating wave forms of a heart sound and a
purse wave.

Referring to FIG. 13, the stethoscope apparatus 100-3 includes: a bioacoustics
sensing part 110; a purse wave signal detecting part 160; and a purse wave velocity
calculating part 165.

The bioacoustics sensing part 110, as mentioned above, outputs the stethoscope
signal. As mentioned above, the noise filtering is possible from the sensed bioacoustics
and features of the stethoscope signal can be detected (S1410).

The purse wave signal detecting part 160 detects a purse wave signal. The purse
wave signal detecting part 160 measures the purse wave generated as a result of the
repetition of the contraction and relaxation of a human heart from the bold vessel, and
the purse wave signal detecting part is configured with the sensor elements having
several physical features according to the measuring purpose. For example, a pressure
sensor using elements such as piezzo element generating an output signal according to
the pressure may be used. The purse wave signal detecting part 160 detects the purse
wave signal and calculates the feature location (S1420).

The purse wave velocity calculating part 165 uses the time between the first location

of the sensed bioacoustics and the second location of the detected purse wave signal to
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estimate the purse wave transfer velocity (S1430).

Referring to FIG. 15, start location time (T1) of the heart sound is estimated from the
exemplary embodiment of the present invention and the time (T2) of the incisura(v
point) location is measured from the purse wave. Then it may estimate the purse wave
transfer velocity by using both distance between the bioacoustics sensing part 110 and
the purse wave signal detecting part 160 and time difference between the start location
time(T1) of the heart sound and the time(T2) of the incisura (v point) location.

In case the purse wave transfer velocity is slow, the blood vessel can be diagnosed as
healthy. Since the wave of the purse wave is absorbed and the purse wave transfer
velocity slows down in case of having soft and elastic blood vessel. The purse wave
transfer velocity also slows down when having a big internal diameter of the blood
vessel.

The electronic stethoscope apparatus with ultrasonic detecting means is described in
the following.

FIG. 16 is a block diagram illustrating an operation of an electronic stethoscope
apparatus 100-6 according to another exemplary embodiment of the present invention.
FIG. 17 is a reference diagram schematically illustrating an operation of an electronic
stethoscope apparatus 100-6 according to another exemplary embodiment of the
present invention.

Referring to FIG. 16, the electronic stethoscope apparatus 100-6 includes: a bioa-
coustics sensing part 110; an ultrasonic image configuration part 170; and an automatic
diagnosis part 180.

The bioacoustics sensing part 110 outputs the stethoscope signal (S1710). As
mentioned above, the noise filtering is possible from the sensed bioacoustics.

The ultrasonic image configuration part 170 irradiates the ultrasonic signal onto a
body part and senses the ultrasonic echo signal reflected from the body part. For this,
the ultrasonic image configuration part includes a probe included of a transducer with a
vibrator; and a tuning coil for sensing the ultrasonic echo signal. In addition, the ul-
trasonic image configuration part includes an A/D converter for processing received
signal and a signal processing part.

The ultrasonic image configuration part 170 receives the ultrasonic signal reflected
from the body part and generates the B-mode image having a black-and-white signal or
the C-mode (color mode) image.

The B-mode(Brightness-mode) image is an image configuring the body part where
the ultrasonic is irradiated in black and white by using the ultrasonic echo signal
reflected from the body part. When having the distance to the body part on the
horizontal axis and the amplitude of the reflected echo on the vertical axis, the

amplitude can be marked by replacing it with the brightness of the dots. B-mode can be
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configured by using this method in black and white image.

On the other hand, C- mode(color Doppler mode) image is an image configuring the
body part where ultrasonic is irradiated in color by using the reflected ultrasonic echo
signal. In case the ultrasonic echo signal is received and then the frequency deviation is
occurred by the Doppler Effect, the ultrasonic image configuration part 170 may
measure the velocity of blow flow by calculating the frequency deviation. Then the C-
mode image can be configured using the same.

The automatic diagnosis part 180 performs automatic diagnosis by using the ul-
trasonic image and the bioacoustics signal. Specifically, the automatic diagnosis part
180 performs automatic diagnosis by analyzing the heart sound and the ultrasonic
image which is a cause of heart sound (S1730). For this, parameters on various
diseases are stored in advance and managed, and the disease matching the parameters
of ultrasonic image and bioacoustics signal is searched. Not only ultrasonic image, but
also the ultrasonic sound converted from the ultrasonic image can be used.

A remote diagnosis system 1000 according to various exemplary embodiment of the
present invention is described in the following.

FIG. 18 is a block diagram illustrating a configuration of a remote diagnosis system
1000 according to an exemplary embodiment of the present invention.FIG. 19 is a
flowchart illustrating a remote diagnosis method.

Referring to FIG. 18, the remote diagnosis system 1000 includes a mobile device 100
and a diagnosis server 200.

The mobile device 100 detects or measures various bio-signals (S1910). The mobile
device 100 removes and stores noise with above mentioned various method. Then the
mobile device 100 analyzes the bio-signal (S1920). The result of the diagnosis can be
displayed solely (S1930). However, the result can be displayed with the result of the
diagnosis by the server 200 (S1940). The diagnosis server 200 builds and manages the
database by individual/ by diseases after receiving bio-signal from the mobile device
100 (S1960). Then the diagnosis server generates and updates a training model for
diagnosis using the DB (S1970). The training model is used in automatic diagnosis.

The remote diagnosis can be performed by a doctor, or by an automatic diagnosis of
the diagnosis server 200. The result of the diagnosis is transmitted to the mobile device
100 (S1935). The mobile device 100 displays the result of the diagnosis.

As mentioned above, abnormal respiration signal can be detected through
stethoscope signal. Therefore, it is possible to diagnosis diseases such as bronchitis,
pulmonary edema, cardiac insufficiency, pneumonia, pulmonary infarction, and asthma
etc. In addition, it is possible to diagnosis cardiac murmur, arrhythmia, and heart rate
etc. related to heart diseases.

With electrocardiographyi, it is possible to diagnose atrial fibrillation, atrial flutter,
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ventricular tachycardia, myocardial infarction, ischemic heart disease, and valvular
heart disease (causing abnormality of blood flow) through heart rate and arrhythmia.

Arrhythmia, heart rate, Heart valve stenosis, and obstruction etc. maybe diagnosed
through ultrasonic image or sound, and it is also possible to diagnose the condition of
the blood vessel. That is, valvular heart disease, stenosis and obstruction causing ab-
normality of blood flow can be diagnosed.

Arrhythmia and heart rate can be diagnosed through the purse wave, and it is
possible to diagnose vein aging, vein elasticity, blood circulation age, artery disorder,
and peripheral vascular disorder etc.

The automatic diagnosis method according to various exemplary embodiments of the
present invention is described in the following.

FIG. 20 to FIG. 23 are flowcharts of an automatic diagnostic method according to
various exemplary embodiment of the present invention.

The automatic diagnosis method according to an exemplary embodiment of the
present invention includes the steps of sensing bioacoustics (S2010); sensing noise
generated in the bioacoustics sensing process (S2020); and outputting bioacoustics by
removing the sensed noise from the sensed bioacoustics (S2030).

The noise sensing step may perform using a microphone.

In addition, the microphone is mounted on the chest piece of the electronic
stethoscope apparatus, and the noise removing step may output the sensed bioacoustics
by filtering with the frequency of the noised signal sensed through the microphone.

Furthermore, the noise sensing step uses a movement sensor for sensing movement
of the electronic stethoscope apparatus to sense the noise, and the noise removing step
uses the sensing value which is output from the movement sensor to calculate the noise
signal and outputs the sensed bioacoustics by filtering it with the frequency of the
noise signal.

The automatic diagnosis method according to other exemplary embodiment of the
present invention includes the steps of: sensing bioacoustics (S2110); detecting electro-
cardiography signal (52120); and estimating the location of the heart sound from the
sensed bioacoustics by using the detected electrocardiography signal and of removing
the noise from the sensed bioacoustics (S2130).

At this point, the electrocardiography signal detecting step detects the features of the
detected electrocardiography signal, and the noise removing step uses the feature of the
detected electrocardiography signal to estimate the location of a heart sound from the
sensed bioacoustics.

The automatic diagnosis method according to another exemplary embodiment of the
present invention includes the steps of sensing bioacoustics (S2210); detecting a purse

wave signal (S2220); and measuring the purse wave transfer velocity by using the
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distance and time between the first location of the sensed bioacoustics and the second
location of the detected purse wave signal (S2230).

The automatic diagnosis method according to another exemplary embodiment of the
present invention includes the steps of sensing bioacoustics (S2310); configuring an ul-
trasonic image by irradiating an ultrasonic signal onto a body part and sensing the
reflected ultrasonic signal (S2320); and diagnosing disease by using the sensed bioa-
coustics and the configured ultrasonic image (S2330).

Meanwhile, the above mentioned automatic diagnosis method can be stored in non-
temporary recording media which is possible to be read on computer as a form of
program. The nontemporary readable media is not a media storing data for a brief
moment such as a register, cache etc., but a media storing data semipermanently and a
media that is readable by electronic devices. For example, CD, DVD, hard drive, Blu-
ray disk, USB, memory card, ROM.

Those skilled in the art will appreciate that various modifications, additions and sub-
stitutions are possible, without departing from essential characteristics of the
disclosure, and those modifications and additions should not be construed individually
from the technical scope or aspects of this disclosure. The scope of this disclosure is
represented in the claims, other than the foregoing descriptions, and every difference

within the equivalent range should be construed to be included in this disclosure.
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Claims

An electronic stethoscope apparatus comprising:

a bioacoustics sensing part for sensing bioacoustics;

a noise sensing part for sensing noise generated in the bioacoustics
sensing process; and

a noise removing part for removing the sensed noise and outputting the
sensed bioacoustics with the removed noise.

The electronic stethoscope apparatus according to claim 1, wherein the
bioacoustics sensing part comprises a microphone.

The electronic stethoscope apparatus according to claim 1, wherein the
noise sensing part comprises a microphone and mounted on a chest
piece of the electronic stethoscope; and

the noise sensing part outputs the sensed bioacoustics by filtering with
a frequency of a noise signal sensed by the microphone.

The electronic stethoscope apparatus according to claim 1, wherein the
noise sensing part comprises a movement sensor for sensing movement
of the electronic stethoscope, and outputs the sensed bioacoustics by
filtering with a frequency of the noise signal.

An electronic stethoscope apparatus comprising:

a bioacoustics sensing part for sensing bioacoustics;

an electrocardiography(ECG) detecting part for extracting an electro-
cardiography signal; and

a noise removing part for estimating a position of heart sound from the
sensed bioacoustics by using the extracted electrocardiography signal
and removes corresponding noise from the sensed bioacoustics.

The electronic stethoscope apparatus according to claim 5, wherein
bioacoustics sensing part extracts features of the extracted electrocar-
diography (ECG) signal;

a noise removing part estimates the position of the heart sound from the
sensed bioacoustics by using the features of extracted electrocar-
diography (ECG) signal.

An electronic stethoscope apparatus comprising:

a bioacoustics sensing part for sensing bioacoustics;

a purse wave signal detecting part for detecting a purse wave signal;
and

a purse wave velocity calculation part for measuring purse wave

transfer velocity by using distance and time between a first position of
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the sensed bioacoustics and a second position of the detected purse
wave signal.

An automatic diagnosis apparatus comprising:

a bioacoustics sensing part for sensing bioacoustics;

an ultrasonic image configuration part for irradiating ultrasonic signal
onto a body part and configuring the ultrasonic image by sensing a
reflected ultrasonic signal; and

an automatic diagnosis for diagnosing a disease by using the sensed
bioacoustics and the configured ultrasonic image.

An automatic diagnosis method comprising:

sensing a bioacoustics;

sensing a noise generated in the bioacoustics sensing process; and
removing the sensed noise from the sensed bioacoustics and outputting
the sensed bioacoustics with the removed noise.

The automatic diagnosis method according to claim 9, wherein the
noise sensing step is performed by using a microphone.

The automatic diagnosis method according to claim 10, wherein a mi-
crophone is mounted on a chest piece of the electronic stethoscope; and
the noise sensing step outputs the sensed bioacoustics by filtering with
a frequency of a noise signal sensed by the microphone.

The automatic diagnosis method according to claim 9, wherein the
noise are sensed by a movement sensor for sensing movement of the
electronic stethoscope; and

the noise signal is calculated by the sensed value outputted from the
movement sensor, the sensed bioacoustics are outputted after filtering
with a frequency of the noise signal in the noise removing step.

The automatic diagnosis method comprising:

sensing bioacoustics;

extracting an electrocardiography signal;

estimating a position of heart sound from the sensed bioacoustics by
using the extracted electrocardiography signal and removing corre-
sponding noise from the sensed bioacoustics.

The automatic diagnosis method according to claim 13, wherein
features of the extracted electrocardiography (ECQG) signal is detected
in the electrocardiography signal extracting step;

the position of the heart sound is estimated from the sensed bioa-
coustics by using the features of extracted electrocardiography signal in

the noise removing step.
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The automatic diagnosis method comprising:

sensing bioacoustics;

detecting a purse wave signal; and

measuring purse wave transfer velocity by using distance and time
between a first position of the sensed bioacoustics and a second

position of the detected purse wave signal.
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