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(57) ABSTRACT

Disclosed herein is an ultrasound apparatus, a control
method thereof, and a telemedicine system, the ultrasound
apparatus including an ultrasound transducer configured to
receive a reflected ultrasound signal and a signal processor
configured to generate an ultrasound image using a first
frequency band signal of the received ultrasound signal, and
to generate additional information using a second frequency
band signal of the received ultrasound signal.
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ULTRASOUND APPARATUS, CONTROLLING
METHOD THEREOF AND TELEMEDICINE
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 U.S.C. §119 to Korean Patent Applications Nos.
10-2015-0179464 and 10-2016-0038212, filed on Dec. 15,
2015 and Mar. 30, 2016, respectively, in the Korean Intel-
lectual Property Office, the disclosures of which are incor-
porated by reference herein in their entireties.

BACKGROUND

[0002] Field

[0003] Apparatuses and methods of the disclosure relate
generally to an ultrasound apparatus and a controlling
method thereof, and for example, to an ultrasound apparatus
capable of obtaining an ultrasound image and an ausculta-
tion sound at the same time, and a controlling method
thereof.

[0004] Description of Related Art

[0005] An ultrasound diagnosis system radiates ultrasound
signals being generated from a transducer of a probe to an
object, and obtains an image of inside the object using
information received in the transducer of an ultrasound
apparatus.

[0006] The ultrasound diagnosis system has non-invasive
and non-destructive characteristics, and is thus capable of
providing in real time a high resolution image of an object
for diagnosis without having to perform an incision surgery
on the object and observing the same. Due to such stability,
the ultrasound diagnosis system is in wide use in the medical
field.

[0007] The ultrasound diagnosis system may also be used
when examining hearts. When conducting an ultrasound
diagnosis on a heart, electrocardiogram (ECG) information
is further required. In the case of extracting images of a cycle
of the heart, it is difficult to understand the cycle of the heart
with only ultrasound images, and thus the ECG information
is used additionally. Accordingly, users have to go through
the inconvenience of mounting equipment for ECG mea-
surement when conducting the ultrasound diagnosis. For
example, there is the inconvenience for users to attach an
electrode for ECG measurement to a body part.

[0008] Further, conventional ultrasound apparatuses
require a sensor configuration capable of auscultating a heart
sound, and thus there occurs a problem of increased volume
and weight. Such a necessity for additional equipment acts
as an obstacle in realizing a portable or telemedicine diag-
nosis system.

SUMMARY

[0009] An example aspect of the present disclosure is to
address the aforementioned problems by providing an ultra-
sound apparatus capable of obtaining an ultrasound image
and heart sound information at the same time using a signal
received in a transducer of an ultrasound apparatus, and a
controlling method thereof.

[0010] According to an example embodiment of the pres-
ent disclosure, an ultrasound apparatus is provided including
an ultrasound transducer configured to receive a reflected
ultrasound signal; and a signal processor configured to
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generate an ultrasound image using a first frequency band
signal of the received ultrasound signal, and to generate
additional information using a second frequency band signal
of the received ultrasound signal.

[0011] According to another example embodiment of the
present disclosure, a method for controlling an ultrasound
apparatus is provided, the method including receiving a
reflected ultrasound signal; generating an ultrasound image
using a first frequency band signal of the received ultrasound
signal; and generating additional information using a second
frequency band signal of the received ultrasound signal.

[0012] According to another example embodiment of the
present disclosure, a telemedicine system is provided includ-
ing an ultrasound apparatus configured to process an ultra-
sound signal reflected in a certain position of a first user and
to transmit the processed ultrasound signal; an external
apparatus configured to photograph the first user using the
ultrasound apparatus, to generate an ultrasound image using
the ultrasound signal transmitted from the ultrasound appa-
ratus, and to display a photographed image of the first user
and the generated ultrasound image; a telemedicine appara-
tus configured to receive an input of a second user; and a
server configured to transceive data between the external
apparatus and the telemedicine apparatus, wherein the exter-
nal apparatus is configured to transmit the ultrasound image
and the photographed image of the first user to the telemedi-
cine apparatus through the server, and the telemedicine
apparatus is configured to transmit input data of the second
user regarding the received ultrasound image to the external
apparatus through the server, and the external apparatus is
configured to display the ultrasound image including the
received input data of the second user.

[0013] According to the aforementioned various example
embodiments of the present disclosure, it is possible to
obtain information on an ultrasound image and on an
auscultation sound with signals received in an ultrasound
transducer itself. Further, the ultrasound apparatus according
to the present disclosure and a controlling method thereof
requires no further equipment, and enables easy manipula-
tion, and may thus be useful in tele-medical treatments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and/or other aspects of the disclosure
will be more apparent from the following detailed descrip-
tion, taken in conjunction with the accompanying drawings,
in which like reference numerals refer to like elements, and
wherein:

[0015] FIG. 1A is a diagram illustrating an example ultra-
sound diagnosis system according to an example embodi-
ment of the present disclosure;

[0016] FIG. 1B is a diagram illustrating an example ultra-
sound diagnosis system according to another example
embodiment of the present disclosure;

[0017] FIGS. 2A and 2B are diagrams illustrating an
example of an ultrasound apparatus according to an example
embodiment of the present disclosure;

[0018] FIG. 2C is a diagram illustrating an example pot-
table ultrasound apparatus according to an example embodi-
ment of the present disclosure;

[0019] FIG. 3 is a block diagram illustrating an example
configuration of an ultrasound apparatus according to an
example embodiment of the present disclosure;
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[0020] FIGS.4A,4B,4C,5A,5B, 5C and 5D are diagrams
illustrating an example ultrasound transducer according to
an example embodiment of the present disclosure;

[0021] FIG. 6 is a block diagram illustrating an example
configuration of an ultrasound apparatus according to an
example embodiment of the present disclosure;

[0022] FIG. 7 is a diagram illustrating an example screen
where an ultrasound image and ECG information are dis-
played at the same time;

[0023] FIG. 8 is a diagram illustrating example similarities
between an ECG signal and a PCG signal;

[0024] FIG. 9 is a diagram illustrating an example screen
where an ultrasound image and heart sound information are
displayed at the same time;

[0025] FIG. 10 is a diagram illustrating example informa-
tion for extracting a heart ultrasound image of one cycle;
[0026] FIG. 11 is a diagram illustrating an example
method for displaying an ultrasound image and heart sound
information at the same time;

[0027] FIG. 12 is a diagram illustrating an example of how
a virtual ECG signal is generated using heart sound infor-
mation;

[0028] FIGS. 13 and 14 are flowcharts illustrating an
example controlling method of an ultrasound apparatus
according to various example embodiments of the present
disclosure;

[0029] FIG. 15 is a sequence diagram illustrating an
example ultrasound diagnosis system according to an
example embodiment of the present disclosure; and

[0030] FIG. 16 is a sequence diagram illustrating an
example ultrasound diagnosis system according to another
example embodiment of the present disclosure.

DETAILED DESCRIPTION

[0031] Hereinafter, various example embodiments of the
present disclosure will be described in greater detail with
reference to the accompanying drawings. In explaining the
present disclosure, when it is deemed that specific explana-
tion on a related well known technology may unnecessarily
obscure the main point of the present disclosure, detailed
explanation of the related well known technology may be
omitted. The terms hereinafter are terms defined in consid-
eration of the functions in the present disclosure, and may
thus vary depending on the user, operation and practice, etc.
Therefore, definitions should be made based on the overall
contents of the description.

[0032] Terms including numerical expressions such as a
first, a second and the like may be used to explain various
elements, but there is no limitation thereto. These terms are
used simply for the purpose of differentiating one element
from another. For example, a first element may be called a
second element, and similarly, a second element may be
called a first element instead. The term ‘and/or’ includes a
combination of a plurality of related items or one of the
plurality of related items.

[0033] The terms used in this description are intended for
explaining the example embodiments of the present disclo-
sure, and not for restricting and/or limiting the present
disclosure. A singular expression includes a plural expres-
sion unless clearly mentioned otherwise. In this description,
terms such as ‘include’ and ‘have/has’ should be construed
as designating that there are such characteristics, numbers,
operations, elements, components or a combination thereof
in the description, not to exclude the existence or possibility
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of adding one or more of other characteristics, numbers,
operations, elements, components or a combination thereof.
[0034] In the present description, an ‘ultrasound image’
may refer, for example, to an image of an object obtained
using ultrasound waves. The object may, for example, be a
human or an animal. Examples of the object include, but are
not limited to, heart, liver, lung, brain, uterus, breast,
abdominal organ and blood vessel, etc.

[0035] FIG. 1A is a diagram illustrating an example ultra-
sound diagnosis system 1000 according to an example
embodiment of the present disclosure. In the embodiment of
FIG. 1A, the ultrasound diagnosis system 1000 may include
an ultrasound apparatus 100 and an external apparatus 200.
However, the ultrasound apparatus 100 may be realized as a
single apparatus that includes a display, and may perform the
function of receiving ultrasound signals while the external
apparatus 200 performs diagnosis functions of generating
ultrasound images and the like. Since there may be such
various modified example embodiments as aforementioned,
the ultrasound diagnosis system 1000 is not limited to the
one illustrated in FIG. 1A.

[0036] The ultrasound apparatus 100 may, for example,
generate an ultrasound signal and transmit the generated
ultrasound signal to the object. Further, the ultrasound
apparatus 100 may receive a signal reflected by the object
and generate an image of the structure or shape of the object
based on the reflected signal. For example, the ultrasound
apparatus 100 may transmit an ultrasound signal from a
surface of the object to a certain area inside the body, and
obtain an image related to a layer or blood flow of a soft
tissue using information of the received ultrasound signal
(also called echo signal) reflected from a body tissue.
[0037] The ultrasound apparatus 100 according to an
example embodiment of the present disclosure may separate
a low frequency band signal using the ultrasound signal
received. The ultrasound apparatus 100 may generate an
ultrasound image using a high frequency band signal or the
reflected ultrasound signal itself. Further, the ultrasound
apparatus 100 may separate the low frequency band signal
and generate auscultation information. For examiple, in the
case of an echocardiography examination, the ultrasound
apparatus 100 may separate a low frequency band signal and
generate heart sound information from the low frequency
band signal. For example, because the heart sound informa-
tion is included in a low frequency band of 1 kHz or below.
In another example, when generating an ultrasound image of
a blood vessel, the ultrasound apparatus 100 may generate
information on a pulse cycle. In another example, when
generating an ultrasound image of a lung, the ultrasound
apparatus 100 may generate information on a respiratory
cycle.

[0038] The ultrasound apparatus 100 according to another
example embodiment of the present disclosure may generate
auscultation information without generating an ultrasound
image. For example, the ultrasound apparatus 100 realized
as a portable apparatus may operate, for example, like a
digital stethoscope. When an ultrasound image is unneces-
sary in a diagnosis, the ultrasound apparatus 100 may
optionally generate the auscultation information only. In this
example, the ultrasound apparatus 100 may avoid unneces-
sary waste of power.

[0039] Further, the ultrasound apparatus 100 may transmit
at least one of the generated ultrasound image and heart
sound information to the external apparatus 200. The ultra-
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sound apparatus 100 may communicate with the external
apparatus 200 wirelessly or using a wired connection.

[0040] The external apparatus 200 may display the ultra-
sound image and the heart sound information at the same
time if necessary. The external apparatus 200 may be
realized in various forms, and thus, is not limited to the ones
illustrated in FIG. 1A. For example, the external apparatus
200 may be a cart type apparatus 200-1 typically used in
medical institutions. In another example, the external appa-
ratus 200 may be realized as a portable smart phone 200-2,
lap-top 200-3 or the like. Further, the external apparatus 200
may be realized as a smart TV 200-4 or the like for
household usage. It will be understood that the external
apparatus 200 may be any suitable apparatus and is not
limited to the examples listed above.

[0041] FIG. 1B is a diagram illustrating an example ultra-
sound diagnosis system according to another example
embodiment of the present disclosure. In the embodiment of
FIG. 1B, the ultrasound diagnosis system 1000’ may include,
for example, an ultrasound apparatus 100, an external appa-
ratus 200, a server 300 and a telemedicine apparatus 400.

[0042] The ultrasound apparatus 100 may transmit at least
one of the ultrasound image and heart sound information to
the external apparatus 200. In another example, the ultra-
sound apparatus 100 may transmit only ultrasound measure-
ment data to the external apparatus 200, while the external
apparatus 200 generates at least one of the ultrasound image
and heart sound information. For example, the external
apparatus 200 may process the ultrasound image using an
installed telemedicine application.

[0043] The external apparatus 200 may include a camera
210. The external apparatus 200 may photograph a user of
the ultrasound apparatus 100 with the camera 210. Further,
the external apparatus 200 may display the received ultra-
sound image and the photographed image at the same time.
Further, the external apparatus 200 may transmit at least one
of the ultrasound image, the heart sound information and the
photographed image of the user of the ultrasound apparatus
100 to the server 300.

[0044] The server 300 may transmit data received from the
external apparatus 200 to the telemedicine apparatus 400 at
the doctor’s (e.g., diagnosing) side. In another example, the
external apparatus 200 may transmit the data directly to the
telemedicine apparatus 400 connected via network without
going through the server 300.

[0045] The telemedicine apparatus 400 may display at
least one of the photographed image, ultrasound image and
heart sound information received. For example, the tele-
medicine apparatus 400 may be realized as smart TV, PC,
lap-top and tablet, etc., but is not limited thereto. The
telemedicine apparatus 400 may include an inputter (e.g.,
including input circuitry) 410 and a camera 420. Further, the
telemedicine apparatus 400 may transmit the data that the
doctor input through the inputter 410 and the screen of the
doctor photographed using the camera 410 to the server 300.
The server 300 may transmit the input data and the photo-
graphed screen of the doctor to the external apparatus 200.
The external apparatus 200 may transform the displayed
ultrasound image by including the data input from the
telemedicine apparatus 400 in the displayed ultrasound
image and display the same. Further, the external apparatus
200 may display the photographed screen of the doctor
together as well.
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[0046] For example, the doctor may provide an explana-
tion using the inputter 410 realized. for example, and
without limitation, as a stylus pen on top of the ultrasound
image displayed on the telemedicine apparatus 400. The
external apparatus 200 may include such input data in the
ultrasound image and display the same together with the
ultrasound image.

[0047] FIGS. 2A and 2B are diagrams illustrating an
example concept of ultrasound apparatus 100 according to
an example embodiment of the present disclosure.

[0048] FIG. 2A is a diagram illustrating the ultrasound
apparatus 100 realized in a form generally used in medical
institutions. In this example, the ultrasound apparatus 100 of
FIG. 1 and the external apparatus 200 are connected by wire.
Using the ultrasound apparatus 100 according to the
embodiment of FIG. 2A, a patient who is the subject of
diagnosis and a user (for example, doctor, medical image
professional and clinical technologist, etc.) of the ultrasound
apparatus 100 may meet and conduct an ultrasound diag-
nosis. In the ultrasound apparatus 100, not only a display for
displaying an ultrasound image but also an inputter (e.g.,
including input circuitry) for manipulating operations on the
ultrasound image may be realized.

[0049] In another example embodiment, it is also possible
to provide perform remote treatment using the ultrasound
apparatus 100 as illustrated, for example, in FIG. 2B.
According to the example embodiment illustrated in FIG.
2B, the patient who is the subject of diagnosis may also be
the user of the ultrasound apparatus 100. The ultrasound
apparatus 100 may generate at least one of an ultrasound
image and heart sound information using the ultrasound
signal received. Further, the ultrasound apparatus 100 may
transmit at least one of the generated ultrasound image and
heart sound information generated. For example, the ultra-
sound apparatus 100 may transmit at least one of the
ultrasound image and the heart sound information to a
hospital server or another medical apparatus connected, for
example, via a picture archiving and communication system
(PACS). The patient who is the user of the ultrasound
apparatus 100 may check the ultrasound image being dis-
played on the external apparatus 200, and receive explana-
tion on the diagnosis results via communication with the
doctor.

[0050] According to an example embodiment of the pres-
ent disclosure, the external apparatus 200 may photograph
the user of the ultrasound apparatus 100 using the camera
210. Further, the external apparatus 200 may analyze the
photographed image and determine the measured body area
of the ultrasound image. When the measured body area is
determined, the external apparatus 200 may incorporate the
location information on the determined measured area in the
ultrasound image. For example, the external apparatus 200
may be configured such that the location information is
automatically tagged to the ultrasound image. In the
example embodiment of FIG. 2B, the external apparatus 200
may analyze the image of the user photographed by the
camera 210 and determine that the measured body area is the
left breast. By including such information in the ultrasound
image, it is possible to identify that the ultrasound image s,
for example, that of the heart.

[0051] FIG. 2B illustrates an example where the external
apparatus 200 is realized as a smart TV, but there is no
limitation thereto. For example, it is possible to transmit an
ultrasound signal of a high frequency band and an ultra-
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sound signal of a low frequency band received and separated
in the ultrasound apparatus 100 to a smart phone, and the
smart phone may generate an ultrasound image and heart
sound information with the ultrasound signal received
through an application for ultrasound diagnosis. Further, the
smart phone may display the generated ultrasound image
and the heart sound information and transmit the same to a
medical institution at the same time. A result of diagnosis
conducted by the medical institution may be transmitted
back to the smart phone and provided to the user together
with the ultrasound image.

[0052] The ultrasound apparatus 100 according to an
example embodiment of the present disclosure may be
realized as a portable apparatus as illustrated, for example,
in FIG. 2C. The ultrasound apparatus 100 realized as the
portable apparatus including a transducer 110 and may be
useful in remote treatments and emergency medical situa-
tions.

[0053] FIG. 3 is a block diagram illustrating an example
ultrasound apparatus 100 according to an example embodi-
ment of the present disclosure. Referring to FIG. 3, the
ultrasound apparatus 100 may include an ultrasound trans-
ducer 110, a transceiver 120 and a signal processor 130.
[0054] The ultrasound transducer 110 may emit ultrasound
waves to the object in order to obtain an image of inside the
object, and receive an ultrasound signal reflected from the
object. The ultrasound transducer 110 may include, for
example, a plurality of piezoelectric vibrators. Through the
plurality of piezoelectric vibrators, the ultrasound transducer
110 may convert an electrical signal being supplied from the
transceiver 120 into dynamic vibrational energy to generate
ultrasound waves, and convert vibrations received from
outside back into electrical signals.

[0055] The transceiver 120 may transmit the electrical
signal to the ultrasound transducer 110, and receive an
electrical signal of the ultrasound signal received from the
ultrasound transducer 110. For example, the transceiver 120
may be realized as a multi-channel transceiver that enables
signal transmission through a plurality of channels (e.g.,
transmission channels).

[0056] The signal processor 130 may use the ultrasound
signal received from the ultrasound transducer 110 to gen-
erate at least one of an ultrasound image and additional
information. For example, the signal processor 130 may
generate the ultrasound image using a signal of a first
frequency band of the ultrasound signal received. Further,
the signal processor 130 may generate additional informa-
tion using a second frequency band signal of the ultrasound
signal received. The additional information may, for
example, include heart sound information, respiratory sound
information and pulse sound information and the like
depending on the measurement object.

[0057] The signal processor 130 according to an example
embodiment of the present disclosure may separate the
received ultrasound signal into a first frequency band signal
and a second frequency band signal. For example, the signal
processor 130 may separate the received ultrasound signal
into a high frequency band signal of 3.5 MHz and a low
frequency band signal of 20~1000 Hz.

[0058] Further, the signal processor 130 may convert the
separated first frequency band signal (high frequency band
signal) into a digital signal. The signal processor 130 may
generate an ultrasound image using the converted digital
signal. For example, the signal processor 130 may generate
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a B mode (bright mode), an M mode (motion), or a D mode
(doppler mode) ultrasound image.

[0059] In another example embodiment, when generating
the ultrasound image, the signal processor 130 may omit the
operation of separating the ultrasound signal into a high
frequency band signal, and generate the ultrasound image
using the received ultrasound signal itself. That is because if
the low frequency band signal does not have a great effect,
it is efficient not to perform the frequency band separating
operation in the signal processor 130.

[0060] The signal processor 130 may, for example, per-
form a beam-forming on the separated second frequency
band signal (low frequency band signal). For example, the
signal processor 130 may perform analog beam-forming and
amplification on the second frequency band signal (low
frequency band signal). The low frequency band signal is
typically relatively weaker than the high frequency band
signal, and thus it may be desirable to perform the analog
beam-forming before converting the low frequency band
signal into a digital signal.

[0061] Further, the signal processor 130 may convert the
beam-formed second frequency band signal (low frequency
band signal) into a digital signal. The signal processor 130
may generate additional information using the converted
digital signal. For example, the additional information may
include graph information representing information on heart
sound (for example, the size of the heart sound and spec-
trum, etc.) by time.

[0062] According to the aforementioned various example
embodiments of the present disclosure, it is possible to
obtain an auscultation sound using only the ultrasound
transducer 110 without having a separate sensor or micro-
phone configured to obtain auscultation sounds. Hereinafter,
heart ultrasound waves and heart sound will be explained as
representative examples, but the present disclosure may of
course be applied to any kind of ultrasound diagnosis
method that uses ultrasound waves and auscultation sound
signals at the same time.

[0063] FIGS.4A, 4B, 4C, 5A, 5B, 5C and 5D are diagrams
illustrating examples of the ultrasound transducer 110
according to an example embodiment of the present disclo-
sure.

[0064] Referring to FIG. 4A, the ultrasound transducer
110 may include a transducer array 111 including a plurality
of conversion elements 113 for mutually converting electri-
cal signals and sound signals arranged in certain forms. For
example, the transducer array 111 may be realized in various
forms such as a piezoelectric transducer that uses the piezo-
electric effect of piezoelectric material, a capacitive micro-
machined transducer that mutually converts ultrasound
waves and electrical signals using changes in capacitance, a
magnetic micromachined transducer that mutually converts
ultrasound waves and electrical signals using changes in a
magnetic field, and an optical transducer that mutually
converts ultrasound waves and electrical signals using
changes in optical characteristics, or the like, but is not
limited thereto.

[0065] For example, the conversion elements 113 may be
formed by dividing a piezoelectric material into a plurality
of pieces. The piezoelectric material may, for example,
include a piezoelectric ceramic, a single crystalline, and
polymer compound or the like that cause the piezoelectric
phenomenon.
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[0066] The plurality of conversion elements 113 may be
arranged in various forms to form the transducer array 111.
For example, the plurality of conversion elements 113 may
be arranged in a linear array, or in a convex array, or the like.
Additionally or alternatively, the plurality of conversion
arrays 113 may be arranged in a plurality of layers (phased
array). The transducer array 111 may include a cover (not
shown) that covers the upper portion of the plurality of
arranged conversion elements 113.

[0067] The transducer array 111 may be realized, for
example, as a one dimensional array or two dimensional
array. The case where the plurality of conversion elements
113 are arranged in one dimension on a plane vertical to the
proceeding direction of the ultrasound waves is called the
one dimensional transducer array. Further, the case where
the plurality of conversion elements 113 are arranged in two
dimension on the plane vertical to the proceeding direction
of the ultrasound waves is called the two dimensional
transducer array.

[0068] The two dimensional transducer array may trans-
mit the ultrasound waves to the object along an external scan
line by appropriately delaying the input time of the signals
being input into each conversion element 113. Further, since
it is possible to obtain a three-dimensional image using a
plurality of echo signals, configuring a two dimensional
transducer array is well-suited to realizing a three dimen-
sional image.

[0069] Referring to FIG. 4A, the ultrasound apparatus 100
according to an example embodiment of the present disclo-
sure may be configured such that a portion that includes the
ultrasound transducer 110 and a portion that includes the
transceiver 120 and the signal processor 130 are detachable.
An electrical connecting or releasing of the ultrasound
transducer 110 and the signal processor 130 may be per-
formed, for example, by combining or separating a first
connector 310 and a second connector 320.

[0070] The first connector 310 may enable the electrical
signal of the ultrasound transducer 110 to be transmitted to
the transceiver 120. The first connector 310 may be disposed
in an area opposite to the area where the transducer array 111
is disposed, and a portion of the first connector 310 may be
exposed outside the transducer 110. By the exposed portion,
the first connector 310 and the second connector 320 may be
connected. The first connector 310 and the second connector
320 may include a conductive material capable of transmit-
ting signals.

[0071] FIGS. 4B and 4C illustrate examples in which the
ultrasound transducer 110 portion and the rest of the portion
including the transceiver 120 are connected in the ultrasound
apparatus 100 according to an example embodiment of the
present disclosure.

[0072] Referring to FIG. 4B, the first connector 310 may
include a plurality of protrusions (e.g., pins). Further, the
second connector 320 may include a plurality of grooves
(e.g., holes) corresponding to the plurality of protrusions of
the first connector 310. The plurality of protrusions and
grooves may each be made of a conductive material. As the
plurality of protrusions are inserted into the plurality of
grooves, the first connector 310 and the second connector
320 may be connected. In this manner, the ultrasound
transducer 110 may be electrically connected to the trans-
ceiver 120 and the signal processor 130.

[0073] In another example, as illustrated in FIG. 4C, the
first connector 310 may be realized in a plug form, and the
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second connector 320 may be realized in a jack form
configured to receive and connect to the first connector 310.
[0074] According to an example embodiment of the pres-
ent disclosure, the ultrasound transducer 110 may be real-
ized in various forms depending on the purpose of usage.
The ultrasound transducer 110 may be realized in various
forms depending on the arrangement form of the conversion
elements 113 that form the transducer array 111. Referring
to FIG. 5A, the ultrasound transducer 110 may be realized in
a linear array 110-a, convex array 110-4, or phased array
110-c. In the case of the phased array ultrasound transducer
110-¢, the plurality of conversion elements 113 may be
arranged in dual layers or multiple layers.

[0075] The user may selectively use various forms of
ultrasound transducers 110-a, 110-b, 110-c depending on the
purpose of usage of the ultrasound apparatus 100 (for
example, according to the body part that is the subject of
diagnosis).

[0076] FIG. 5B is a diagram illustrating an example in
which the ultrasound transducer 110 is realized as a linear
array ultrasound transducer 110-a according to an example
embodiment of the present disclosure. The linear ultrasound
transducer 110-a may provide a result of diagnosis on a body
part having a shallow depth in high resolution using fre-
quency of, for example, 3~8 MHz. For example, the linear
array transducer 110-a may be used in diagnosing on breasts,
thyroid and musculoskeleton system etc. However, the depth
and frequency of the diagnosis may vary depending on the
standard of the transducer.

[0077] FIG. 5C illustrates an example in which the ultra-
sound transducer 110 according to an example embodiment
of the present disclosure is realized as a convex array
ultrasound transducer 110-b. The convex array ultrasound
transducer 110-5 may observe a deep body part using the
frequency of, for example, 2~5 MHZ. For example, the
convex array ultrasound transducer 110-b may be utilized in
diagnosing abdominal parts in ob-gyn evaluations, and the
like.

[0078] FIG. 5D illustrates an example in which the ultra-
sound transducer 110 is realized as a phased array ultrasound
transducer 110-¢ according to an example embodiment of
the present disclosure. The phased array ultrasound trans-
ducer 110-c is capable of observing body parts such as those
having narrow gaps therebetween, for example, between
ribs. Further, the phased array ultrasound transducer 110-¢
may be used to diagnose hearts.

[0079] FIG. 6 is a block diagram illustrating an example
ultrasound apparatus 100 according to an example embodi-
ment of the present disclosure. Referring to FIG. 6, the
ultrasound apparatus 100 may include an ultrasound trans-
ducer 110, a transceiver 120, a signal processor 130, a
communicator (e.g., including communication circuitry)
140, a display 150, a memory 160 and an audio outputter
(e.g., including audio output circuitry) 170. However, the
ultrasound apparatus 100 according to an example embodi-
ment of the present disclosure may not necessarily include
the display 150 or the audio outputter 170. Further, the
ultrasound apparatus 100 may of course further include a
configuration not illustrated in the example embodiment of
FIG. 6.

[0080] The ultrasound transducer 110 may contact the
surface of the object and emit ultrasound waves to the
object. Further, the ultrasound transducer 110 may receive
an ultrasound signal reflected by the object.
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[0081] For example, the ultrasound transducer 110 may be
realized in a transducer array form including of a plurality of
transducers. For example, the ultrasound transducer 110 may
be a multichannel transducer. Each of the transducers may
be equipped, for example, with a piezoelectric vibrator to
generate the ultrasound waves from electrical signals, and
convert the ultrasound signals back into electrical signals.
[0082] The ultrasound transducer 110 according to an
example embodiment of the present disclosure may, for
example, be a piezo-electric transducer (PZT), but is not
limited thereto. For example, the ultrasound transducer 110
may alternatively be realized as a capacitive Micromachined
Ultrasonic Transducer (¢cMUT), or the like, but is not limited
thereto.

[0083] In the example embodiment of FIG. 6, the trans-
ceiver 120 may include, for example, a transmitter 121, a
transmission controller 123 and a receiver 125. Further, the
receiver 125 may include a TGC (Time Gain Compensating
circuit) 125-1 and a delay portion 125-3.

[0084] The transmitter 121 may supply a driving signal to
the ultrasound transducer 110. The ultrasound transducer
110 may emit ultrasound waves to the object by generating
vibrations in response to the driving signal.

[0085] The transmission controller 123 may generate a
driving signal based on the electrical signal received from
the main controller 131 of the signal processor 130. The
transmission controller 123 may convert the digital signal
received from the main controller 131 into an analog signal
and transmit the analog signal to the transmitter 121.

[0086] The transmission controller 123 may generate a
pulse for forming a transmission ultrasound signal according
to pulse repetition frequency PRF. Further, the transmitter
121 may apply a delay time for determining transmission
directionality to the pulse. Each pulse to which the delay
time is applied corresponds to each piezoelectric vibrator
forming the ultrasound transducer 110.

[0087] Based on a control of the transmission controller
123, the transmitter 121 may supply a driving signal to the
ultrasound transducer 110 at a timing corresponding to each
pulse to which the delay time is applied.

[0088] The receiver 125 may include a TGC 125-1 and a
delay portion 125-3. The time gain compensation unit
(TGC) (e.g., including time gain compensation circuitry)
125-1 may amplify the ultrasound signals received from the
ultrasound transducer 110 and compensate time gain. The
TGC is a parameter for compensating the received ultra-
sound signals (echo signals) by attenuating according to the
depth of diagnosis. When using the ultrasound signals that
passed the TGC 125-1, it is possible to generate ultrasound
images with improved screen quality even when diagnosing
deep areas.

[0089] The delay portion 125-3 may apply a delay time for
determining the reception directionality to the received
ultrasound signals (echo signals). The delay portion 125-3
may allow ultrasound data to be generated by summing the
signals to which the delay time is applied. For example, the
delay portion 125-3 may process the signals such that an
ultrasound reflectance component of a certain direction is
emphasized.

[0090] The signal processor 130 may include a main
controller 131, an image processor 133, a filter 135-1, a
beam former (e.g., including beam forming circuitry) 135-3,
and an analog to digital converter (ADC) 135-5, etc.
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[0091] The main controller 131 may control the overall
operations of the ultrasound apparatus 100. The main con-
troller 131 may load a program used as a volatile memory
(for example, RAM) from a nonvolatile memory (for
example, ROM) where the programs is stored, and execute
the program. For example, the main controller 131 may boot
the system using an operating system O/S stored in the ROM
or the like inside the signal processor 130 or the memory
160. Further, the main controller 131 may perform various
operations using various programs, applications, contents,
data and the like stored in the memory 160.

[0092] The filter 135-1 may use various filter circuitry
configured to separate the received ultrasound signal into a
high frequency band signal and a low frequency band signal.
The received ultrasound signal may include a plurality of
electrical signals converted by the plurality of piezoelectric
vibrators forming the ultrasound transducer 110. For
example, the filter 135-1 may separate the received ultra-
sound signal into a high frequency band signal and a low
frequency band signal using filter circuitry, such as, for
example, and without limitation, a high pass filter (HPF) and
a low pass filter (LPF), respectively.

[0093] Thebeam former 135-3 may include beam forming
circuitry configured to focus a predetermined low frequency
band signal of the received ultrasound signal. For example,
the beam former 135-3 may adjust the phase of each of the
plurality of electrical signals in an analog beam forming
method and focus the same into one signal. This is because
the time it takes for a reflected ultrasound signal to approach
the plurality of piezoelectric vibrators forming the ultra-
sound transducer 110 may all be different. For example, the
beam former 135-3 may apply the delay time for determin-
ing the reception directionality to the reflected ultrasound
signal. Further, the beam former 135-3 may sum each of the
signals to which the delay time is applied.

[0094] Meanwhile, the beam former 135-3 may focus a
predetermined high frequency band signal of the received
ultrasound signal. The operations of the beam former 135-3
may be the same as in focusing the low frequency band
signal. However, the beam former 135-3 may not necessarily
perform a focusing in the high frequency band.

[0095] The ADC 135-5 may convert ultrasound data of an
analog form into digital data. For example, the ADC 135-5
may perform conversion at a high speed on the ultrasound
signals of a high frequency band, but perform conversion at
a low speed on the ultrasound signals of a low frequency
band.

[0096] The image processor 133 may generate an ultra-
sound image using the ultrasound signal. The ultrasound
signal used for generating the ultrasound image may, for
example, be the received ultrasound signal itself or the
ultrasound signal of the first frequency band (for example,
the predetermined high frequency band). For example, the
image processor 133 may generate the ultrasound image
through a scan conversion process on the ultrasound signal
of the high frequency band processed into a digital signal.
The image processor 125 may generate at least one of an
image of A mode (amplitude mode), B mode (brightness
mode), C mode (color mode), D mode (doppler mode) and
M mode (motion mode).

[0097] Further, the image generator 133 may generate a
three dimensional ultrasound image, and may add additional
information to the ultrasound image in the form of a text, a
graphic, etc.
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[0098] According to an example embodiment of the pres-
ent disclosure, the signal processor 130 may generate the
additional information using a signal of the second fre-
quency band (for example, low frequency band signal). The
additional information may be graph information represent-
ing changes in the heart sound over time. The additional
information may, for example, include information repre-
senting changes in respiratory sound, pulse sound, etc.
[0099] For example, in the case where the additional
information is the heart sound information, the signal pro-
cessor 130 may detect a first heart sound corresponding to a
starting time of a contraction period of the heart and a
second heart sound corresponding to a starting time of a
relaxation period of the heart and generate the information.
Using the locations of the first heart sound and the second
heart sound on a time axis, the signal processor 130 may
extract a heart ultrasound image of, for example, one cycle.
[0100] The signal processor 130 may generate virtual
ECG information using a corresponding relationship
between the heart sound information and ECG. Explanation
of the corresponding relationship between the heart sound
information and the ECG will be explained in greater detail
below.

[0101] The communicator 140 may include various com-
munication circuitry configured to transmit at least one of
the ultrasound image and the additional information to the
external apparatus 200. The communicator 140 may trans-
mit the ultrasound image or the additional information using
a wired or wireless method.

[0102] For example, the communicator 140 may use vari-
ous wireless communication circuitry implementing various
wireless communication methods such as the near field
communication (NFC) method, the wireless LAN method,
the infrared (IR) communication method, the Zigbee com-
munication method, the WiFi method and the Bluetooth
method, etc. Further, the communicator 140 may use various
wired communication circuitry implementing various wired
communication methods such as the high definition multi-
media interface (HDMI) method, the low voltage differential
signaling (LVDS) method, the local area network (LAN)
method and the universal serial bus (USB) method, etc.
[0103] The communicator 140 may transceive data to and
from a hospital server or another medical apparatus in the
hospital through a medical image information system
(PACS). Further, the communicator 140 may, for example,
perform data communication according to a digital imaging
and communications in medicine (DICOM) standard.
[0104] The display 150 may display the ultrasound image
generated. Further, the display 150 may display various
additional information such as the heart sound information
and the ECG information that may be processed in the
ultrasound apparatus 100, together with the ultrasound
image.

[0105] The memory 160 may store various information to
be processed by the ultrasound apparatus 100. For example,
the memory 160 may store the received ultrasound signal,
the ultrasound image, the heart sound information, and the
ECG information, etc. The memory 160 refers, for example,
to a storage medium for storing various programs and the
like necessary for operating the ultrasound apparatus 100.
The memory 160 may be realized as a flash memory, a hard
disk, etc., but is not limited thereto. For example, the
memory 160 may be equipped with a ROM for storing
programs for performing operations of the ultrasound appa-
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ratus 100, and a RAM for temporarily storing the data
according to operations of the ultrasound apparatus 100.
Further, the memory 160 may be further equipped with an
electrically erasable and programmable ROM (EEPROM)
and the like for storing various reference data.

[0106] The audio outputter 170 may include various audio
output circuitry configured to output an auscultation sound
such as the heart sound generated in the ultrasound appara-
tus 100. Further, the audio outputter 170 may output guide-
line messages related to manipulating the ultrasound appa-
ratus 100. For example, in the case of a telemedicine
treatment, the user may manipulate the ultrasound apparatus
100 according to received voice guidelines explaining the
method of using the ultrasound apparatus 100 being output
from the audio output circuitry of the audio outputter 170.
[0107] The aforementioned, the ultrasound apparatus 100
may further include a user inputter (e.g., including input
circuitry, not illustrated) and a wireless discharger (not
illustrated), etc.

[0108] The user inputter may include various input cir-
cuitry configured to receive an input for controlling the
ultrasound apparatus 100 from the user. For example, the
user inputter may include various input circuitry, such as, for
example, and without limitation, a key pad, a mouse, a touch
panel, a touch screen, a track ball, and a jog switch, etc.
Further, the user inputter may be realized as a voice recog-
nition sensor, a fingerprint recognition sensor and a motion
recognition sensor, etc., but is not limited thereto

[0109] A wireless charger (not shown) may charge the
power of the ultrasound apparatus 100 using, for example, a
magnetic induction method or a self-resonant method. The
magnetic induction method refers, for example, to a tech-
nology of loading a resonant coil of a same frequency on a
charging pad or a charging object, and using resonance to
load power in a frequency. Especially, in the case where the
ultrasound apparatus 100 is realized as a portable device, the
ultrasound apparatus 100 may include a wireless charger.
However, even in the case where the ultrasound apparatus
100 is realized as a portable device, the ultrasound apparatus
100 may also be realized in other various methods such as
wired charging method, method of supplying power using
battery and the like, and thus the power charging method of
the ultrasound apparatus 100 is not limited to wireless
charging methods.

[0110] The ultrasound apparatus 100 according to an
example embodiment of the present disclosure may be used
in echocardiography examinations related to heart diseases.
In an echocardiography examination, the size and function
of the heart, thickness of the heart wall, valves of the heart,
ischemic heart disease and the like may be diagnosed. The
ultrasound apparatus 100 may, for example, use at least one
mode of B mode, M mode and D mode in order to make such
diagnoses.

[0111] B mode refers, for example, to a method for indi-
cating a reflected ultrasound signal using a brightness of a
dot. The brightness of each dot may be proportional to an
amplitude of the reflected ultrasound signal. For example,
the ultrasound apparatus 100 may generate a B mode image
using 256 or more brightness levels.

[0112] M mode is a method for indicating a distance of a
moving reflector using temporal variations.

[0113] Further, in an echocardiography examination, the
ECG may be additionally measured in all cases. FIG. 7 is a
diagram illustrating an example screen of the ultrasound
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apparatus where the ultrasound image and the ECG infor-
mation of M mode are displayed together.

[0114] The ultrasound apparatus 100 according to an
example embodiment of the present disclosure may obtain a
criteria of time axis regarding an ultrasound image using a
phonocardiogram (PCG) signal instead of the ECG signal.
As illustrated in FIG. 8, the ECG signal and the PCG signal
have a corresponding relationship. The graph at the upper
end of FIG. 8 is a graph illustrating heart sounds by time
axis. Further, the graph at the lower end of FIG. 8 is a graph
illustrating the electrocardiogram (ECG) by time axis.
[0115] There were attempts in the past as well to obtain
heart sounds taking notice of the similarities between heart
sounds and ECG. However, according to such conventional
methods, additional configurations were needed to measure
heart sounds, and there are no known attempts made to
extract heart auscultation sounds from a ultrasound signal
such as in the ultrasound apparatus 100 according to the
example embodiments of the present disclosure. For
example, in the past, attempts were made to measure heart
sounds by measuring PCG using microphones or by mea-
suring vibrations using acceleration sensors. Therefore,
since additional equipment was necessary, the conventional
methods cannot be regarded to have advantages compared to
the method of using ECG according to the present disclo-
sure.

[0116] The ultrasound apparatus 100 according to the
example embodiments of the present disclosure are different
from such conventional ultrasound apparatuses in that both
an ultrasound image and additional information (for
example, heart sound information) may be obtained using
the ultrasound signal received from the ultrasound trans-
ducer 110.

[0117] The signal processor 130 may generate additional
information (for example, heart sound information) using
the second frequency band signal of the received ultrasound
signals. For example, the second frequency band signal may
be a signal of the 20~1000 Hz frequency band, but is not
limited thereto.

[0118] In an example where the additional information is
heart sound information, a signal of a low frequency band
from which the heart sound information may be extracted
may generally have a weaker signal intensity compared to a
high frequency band signal, and thus the signal processor
130 may intensify a low frequency band signal by perform-
ing analog beam forming. Further, the signal processor 130
may convert the low frequency band signal into a digital
signal to generate heart sound information.

[0119] The ultrasound apparatus 100 according to an
example embodiment of the present disclosure may be
realized as one that includes or does not include a display
150. For example, in the case where the ultrasound appara-
tus 100 does not include a display 150, the ultrasound
apparatus 100 may transmit the generated ultrasound image
and additional information to the external apparatus 200. In
another example, in the case where the ultrasound apparatus
100 includes a display 150, the ultrasound apparatus 100
itself may display the ultrasound image and additional
information at the same time.

[0120] FIG. 9 is a diagram illustrating an example screen
in which an ultrasound M mode image and heart sound
information are displayed at the same time according to an
example embodiment of the present disclosure. In FIG. 9,
the image in the center is the ultrasound M mode image, and
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the graph by time axis at the lower end is the heart sound
information. Further, not only the ultrasound M mode image
and heart sound information, but also additional information
may be displayed together in a text form (left upper corner
of FIG. 9).

[0121] The ultrasound apparatus 100 according to an
example embodiment of the present disclosure may generate
an ultrasound image and heart sound information using only
the received ultrasound signal as illustrated in FIG. 9. A
cycle of the heart may be identified based on the heart sound
information, and thus, the ultrasound apparatus 100 may
automatically extract an image corresponding to one cycle
of the heart.

[0122] FIG. 10 is a diagram illustrating an example
method for extracting a heart ultrasound image of one cycle
in the ultrasound apparatus according to an example
embodiment of the present disclosure. Referring to FIG. 8,
the first heart sound S1 represents a starting time point of a
contraction period of the heart generated by a QRS signal of
ECG. The second heart sound S2 represents a starting time
point of a relaxation period of the heart generated by a T
signal of ECG.

[0123] For example, the first heart sound S1 section may,
for example, be an audio signal generated by a flow of blood
generated as a contraction period starts. The time point of the
first heart sound may correspond to the R peak of ECG.
Further, the second heart sound S2 section may, for example,
be an audio signal generated by a flow of blood and
opening/closing of the heart valve generated as a relaxation
period starts. The time point of the second heart sound may
correspond to the T OFF point of ECG.

[0124] Since the signal cycle of ECG and the signal cycle
of PCG are the same as the heart cycle as mentioned above,
the ultrasound apparatus 100 according to an example
embodiment of the present disclosure may extract PCG from
the ultrasound signal to substitute for ECG.

[0125] Further, the first heart sound and the second heart
sound may be used as reference points when observing heart
valves during contraction and relaxation of the heart neces-
sary in echocardiography. The first heart sound section of the
heart sound information extracted from the ultrasound appa-
ratus 100 may, for example, be the section where the heart
contracts, and thus from the ultrasound image corresponding
to the first heart sound section, a mitral valve and a tricuspid
valve may be observed. Further, the second heart sound
section of the heart sound information extracted from the
ultrasound apparatus 100 may, for example, correspond to
the section where the heart relaxes, and thus from the
ultrasound image corresponding to the second heart sound
section, an aortic valve and a pulmonary valve may be
observed.

[0126] The signal processor 130 according to an example
embodiment of the present disclosure may control the dis-
play 150 to detect the first heart sound and the second heart
sound from the heart sound information and to display
information of a time point when the first heart sound and
the second heart sound were generated.

[0127] FIG. 11 is a diagram illustrating an example
method for displaying, by the ultrasound apparatus 100, an
ultrasound image and heart sound information at the same
time, according to an example embodiment of the present
disclosure. As in the upper end screen of FIG. 11, the
ultrasound apparatus 100 may display an ultrasound image
separated by the first heart sound section and the second
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heart sound section together with the ultrasound image. In
another exaniple, the ultrasound apparatus 100 may display
all the graphs corresponding to the heart sound information
as in the lower end screen of FIG. 11, and may display the
first heart sound section and the second heart sound section
such that they are highlighted.

[0128] Main users of the ultrasound apparatus 100 may be
used to the ECG information and the ultrasound image being
displayed together. The ultrasound apparatus 100 according
to an example embodiment of the present disclosure may
convert the heart sound information into ECG information
using the information on the time point where the first heart
sound and the second heart sound are generated.

[0129] For example, the ultrasound apparatus 100 may
store a reference ECG wave form in the memory 160.
Further, the ultrasound apparatus 100 may generate a virtual
ECG wave form such that it corresponds to the heart sound
information by setting a parameter of the reference ECG
wave form. The ultrasound apparatus 100 may display the
ultrasound image and the virtual ECG wave form together.
The ultrasound apparatus 100 according to an example
embodiment of the present disclosure may provide an ultra-
sound image screen that is used to the user using PCG
corresponding to the ECG without actually measuring the
ECG.

[0130] FIG. 12 is a diagram illustrating an example of how
a virtual ECG information is generated using the heart sound
information in the ultrasound apparatus 100 according to an
example embodiment of the present disclosure. The graph at
the upper end of FIG. 12 represents the heart sound infor-
mation, and the graph located at the lower end represents the
virtual ECG information. The ultrasound apparatus 100 may,
for example, have the first heart sound correspond to R peak
and have the second heart sound correspond to the T OFF
point, thereby generating the virtual ECG information.
[0131] FIG. 13 is a flowchart illustrating an example
method of controlling the ultrasound apparatus 100 accord-
ing to an example embodiment of the present disclosure.
Referring to FIG. 13, the ultrasound apparatus 100 may
transmit an ultrasound signal to an object. Further, the
ultrasound apparatus 100 may receive an ultrasound signal
reflected by the object (S1310).

[0132] For example, the ultrasound apparatus 100 may
generate an ultrasound image of the object using a signal of
the first frequency band of the ultrasound signal received
(S1320). For example, the ultrasound apparatus 100 may
separate the high frequency band signal from the received
ultrasound signal and use the separated high frequency band
signal in generating the ultrasound image. In another
example, the ultrasound apparatus 100 may use the received
ultrasound signal itself to generate the ultrasound image.
That is because, in the case where the signal of the second
frequency band is small or weak enough to disregard,
compared to the signal of the first frequency band, a process
of separating the signal of the first frequency band may be
unnecessary.

[0133] Further, the ultrasound apparatus 100 may generate
additional information using the second frequency band
signal of the received ultrasound signal (S1330). For
example, the additional information may be graph informa-
tion representing information of heart sound by time axis.
The heart sound information may be realized in various
forms such as the size of the heart sound and spectrum
information, etc., but is not limited thereto.
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[0134] The aforementioned steps S1320 and S1330 may,
for example, be performed at the same time in parallel, or
step S1330 may be performed prior to step S1320.

[0135] FIG. 14 is a flowchart illustrating an example
method of controlling the ultrasound apparatus 100 accord-
ing to another example embodiment of the present disclo-
sure. In the example embodiment of FIG. 14, it will be
explained that the received ultrasound signal is separated
into a low frequency band and a high frequency band and
then each signal is processed in parallel, but there is no
limitation thereto.

[0136] The ultrasound apparatus 100 may transmit an
ultrasound signal to an object. Further, the ultrasound appa-
ratus 100 may receive the ultrasound signal reflected by the
object (S1410). Further, the ultrasound apparatus 100 may
separate the ultrasound signal by frequency band through a
filter (S1420). For example, the ultrasound apparatus 100
may separate the predetermined low frequency band signal
of the received ultrasound signal. The predetermined low
frequency band may be, for example, 20~1000 Hz band. The
low frequency band signal is used to generate additional
information such as the heart sound information. For
example, the additional information may be the auscultation
information on the object.

[0137] Further, the ultrasound apparatus 100 may separate
the predetermined high frequency band signal of the
received ultrasound signal through the high pass filter
(HPF). The predetermined high frequency band may be 3.5
MHz band. The high frequency band signal may be used, for
example, to generate the ultrasound image.

[0138] For example, the ultrasound apparatus 100 may
perform an analog beam forming on the ultrasound signal
(low frequency band signal) that passed the LPF (51430).
The low frequency band signal may be focused by the
analog beam forming and intensified. Further, the ultrasound
apparatus 100 may convert the focused low frequency band
signal into a digital signal through, for example, low speed
ADC (S1440). The ultrasound apparatus 100 may generate
additional information using the low frequency band signal
converted into the digital signal (S1450). For example, the
additional information may be auscultation information on
the object.

[0139] Further, the ultrasound apparatus 100 may convert
the ultrasound signal (high frequency band signal) that
passed the HPF into a digital signal through a high speed
ADC (S1460). In another example, the ultrasound apparatus
100 may perform an analog beam forming on a high
frequency band signal. However, the analog beam forming
on the high frequency band signal does not necessarily have
to be performed. The ultrasound apparatus 100 may generate
an ultrasound image using the high frequency band signal
converted into a digital signal (31470).

[0140] Such an ultrasound apparatus 100 may generate an
ultrasound image and additional information using only the
received ultrasound signal. For example, in the case where
the additional information is the heart sound information,
the ultrasound apparatus 100 may generate virtual ECG
information using the heart sound information.

[0141] The ultrasound apparatus 100 may display the
generated ultrasound image and the additional information
(S1480). When necessary, the ultrasound apparatus 100 may
change the information included in the display screen and
display the same to the user. For example, the ultrasound
apparatus 100 may display only the ultrasound image, or
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display the ultrasound image, the heart sound information
and the virtual ECG information at the same time.

[0142] FIG. 15 is a sequence diagram illustrating example
operations of an ultrasound diagnosis system according to an
example embodiment of the present disclosure. The ultra-
sound apparatus 100 according to the example embodiment
of FIG. 15 may generate only the heart sound information by
itself, and transmit the ultrasound signal processed into a
digital signal to the external apparatus 200. Further, in the
external apparatus 200, an ultrasound image may be gener-
ated using the ultrasound signal.

[0143] For example, the ultrasound apparatus 100 may
receive the ultrasound signal reflected by the object (S1510).
Further, the ultrasound apparatus 100 may generate addi-
tional information using the received ultrasound signal
(S1320). For example, the ultrasound apparatus 100 may
separate the low frequency band signal from the ultrasound
signal, and process the separated low frequency band signal
to generate heart sound information. The heart sound infor-
mation is an example of the additional information that may
be generated by the ultrasound apparatus 100 when the
object is a heart.

[0144] The ultrasound apparatus 100 may transmit the
generated additional information and the received ultra-
sound signal to the external apparatus 200 (S1530). The
external apparatus 200 may generate an ultrasound image
using the ultrasound signal received from the ultrasound
apparatus 100 (S1540). Further, the external apparatus 200
may display the generated ultrasound image together with
the received heart sound information (S1550).

[0145] The vltrasound apparatus 100 according to another
example embodiment may generate by itself both the heart
sound information and the ultrasound image. The ultrasound
apparatus 100 according to another example embodiment
may only serve the function of separating the received
ultrasound signal into a high frequency band signal and a
low frequency band signal.

[0146] FIG. 16 is a sequence diagram illustrating example
operations of the ultrasound diagnosis system according to
another example embodiment. Steps S1605, $1610 and
S1620 are the same or similar to steps S1510, S1520 and
S1530, respectively, and thus repeated explanation will be
omitted.

[0147] The external apparatus 200 may photograph the
user of the ultrasound apparatus 100 using a camera
equipped therein or connected thereto (S1615). Further, the
external apparatus 200 may generate an ultrasound image
using the received ultrasound signal (S1625). Further, the
external apparatus 200 may display the received heart sound
information together with the ultrasound image. Further, the
external apparatus 200 may display the received ultrasound
image and the photographed image at the same time
(81630). For example, the external apparatus 200 may
analyze the photographed image and determine of which
part the ultrasound measurement is being performed. Fur-
ther, the external apparatus 200 may incorporate the location
information on the determined body part measured in the
ultrasound image.

[0148] The external apparatus 200 may transmit at least
one of the ultrasound image and the photographed image of
the user of the ultrasound apparatus 100 to the server 300
(81635). The server 300 may transmit the data received from
the external apparatus 200 to the telemedicine apparatus at
the telemedicine apparatus located at the doctor’s side 400

Jun. 15,2017

(S1640). Of course, however, the external apparatus 200
may transmit the data to the telemedicine apparatus 400
connected via network without going through the server
300.

[0149] The telemedicine apparatus 400 may display at
least one of the received photographed image, the ultrasound
image and the heart sound information (S1645). Further, the
telemedicine apparatus 400 may photograph the doctor who
is the user of the telemedicine apparatus 400, and receive
data input by the doctor (S1650). The telemedicine appara-
tus 400 may transmit a screen photographed by the doctor to
the server 300 using the data that the doctor input through
the inputter and the camera (S1655). The server 300 may
transmit the input data and the photographed screen of the
doctor to the external apparatus 200 (S1660).

[0150] The external apparatus 200 may display an ultra-
sound image in which the received input data is included
(51665). The external apparatus 200 may display the pho-
tographed screen of the doctor together with the ultrasound
image.

[0151] The methods explained above may be realized in
forms of program commands that may be performed through
various computer means, and may then be recorded in
computer readable media. The computer readable media
may include a program command, data file, or data structure,
or a combination thereof. The program commands that may
be recorded in the computer readable media may be those
specially designed and configured for the present disclosure
or those well known to one skilled in the art and thus made
available. Examples of the computer readable record media
include magnetic media such as hard disks, floppy disks and
magnetic tape, optical media such as CD-ROMs and DVDs,
magneto-optical media such as floptical disks and hardware
devices such as ROMs, RAMs and floppy memory specially
configured to store and perform program commands.
BExamples of the program commands include not only
machine codes that are made by compilers but also high-
level codes that may be executed by computers using
interpreters and the like. The hardware devices mentioned
above may be configured to operate as one or more software
in order to perform the operations of the present disclosure,
and vice versa.

[0152] The foregoing example embodiments and features
are merely examples and are not to be construed as limiting
the disclosure. The present teaching can be readily applied
to other types of apparatuses. Also, the description of the
example embodiments is intended to be illustrative, and not
to limit the scope of the claims, and many alternatives,
modifications, and variations will be apparent to those
skilled in the art.

What is claimed is:

1. An ultrasound apparatus comprising:

an ultrasound transducer configured to receive a reflected
ultrasound signal; and

a signal processor configured to generate an ultrasound
image using a first frequency band signal of the
received ultrasound signal, and to generate additional
information using a second frequency band signal of
the received ultrasound signal.

2. The ultrasound apparatus according to claim 1,

wherein the signal processor includes beam former cir-
cuitry configured to focus the second frequency band
signal of the received ultrasound signal, and
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the signal processor is further configured to generate the
additional information using the second frequency
band signal focused by the beam former circuitry.

3. The ultrasound apparatus according to claim 1,

wherein the signal processor comprises:

a filter configured to separate the received ultrasound
signal into a first frequency band signal and a second
frequency band signal; and

an analog-digital converter (ADC) configured to convert
the received ultrasound signal into a digital signal.

4. The ultrasound apparatus according to claim 1,

wherein the additional information comprises graph infor-
mation representing information on heart sound by
time.

5. The ultrasound apparatus according to claim 1,

further comprising communication circuitry configured to
transmit the ultrasound image and the additional infor-
mation to an external apparatus.

6. The ultrasound apparatus according to claim 1,

further comprising a display configured to display the
ultrasound image and the additional information.

7. The ultrasound apparatus according to claim 6,

wherein, when the additional information comprises heart
sound information, the signal processor is configured to
detect a first heart sound representing a starting time
point of a contraction period of a heart and to detect a
second heart sound representing a starting time point of
a relaxation period of the heart from the heart sound
information, and to control a display to display infor-
mation at a time point where the first heart sound and
the second heart sound are generated.

8. The ultrasound apparatus according to claim 7,

wherein the signal processor is configured to convert the
heart sound information into electrocardiogram (ECG)
information using the information at a time point where
the first heart sound and the second heart sound are
generated.

9. The ultrasound apparatus according to claim 8,

wherein the signal processor is configured to control the
display to display the ultrasound image and the elec-
trocardiogram (ECG) information together.

10. The ultrasound apparatus according to claim 1,

wherein the second frequency band signal is a signal in a
range of a 20~1000 Hz frequency band.

11. A method for controlling an ultrasound apparatus, the

method comprising:

receiving a reflected ultrasound signal,

generating an ultrasound image using a first frequency
band signal of the received ultrasound signal; and

generating additional information using a second fre-
quency band signal of the received ultrasound signal.

12. The method according to claim 11,

further comprising:

separating the received ultrasound signal into a first
frequency band signal and a second frequency band
signal;

focusing the separated second frequency band signal; and

converting the focused second frequency band signal and
the separated first frequency band signal into a digital
signal.
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13. The method according to claim 11,

wherein the additional information comprises graph infor-
mation representing information on a heart sound by
time.

14. The method according to claim 11,

further comprising transmitting the ultrasound image and
the additional information to an external apparatus.

15. The method according to claim 11,

further comprising displaying the ultrasound image and
the additional information.

16. The method according to claim 15,

further comprising detecting a first heart sound represent-
ing a starting time point of a contraction period of a
heart and a second heart sound representing a starting
time point of a relaxation period of the heart, when the
additional information is heart sound information; and

displaying information on a time point where the first
heart sound and the second heart sound are generated.

17. The method according to claim 16,

further comprising converting the heart sound informa-
tion into electrocardiogram (ECG) information using
the information at a time point where the first heart
sound and the second heart sound are generated.

18. The method according to claim 17,

wherein the displaying the ultrasound image and the heart
sound information displays the ultrasound image and
the electrocardiogram (ECG) information together.

19. A telemedicine system comprising:

an ultrasound apparatus configured to process an ultra-
sound signal reflected in a certain position of a first user
and to transmit the processed ultrasound signal;

an external apparatus configured to photograph the first
user using the ultrasound apparatus, to generate an
ultrasound image using the ultrasound signal transmit-
ted from the ultrasound apparatus, and to display a
photographed image of the first user and the generated
ultrasound image;

a telemedicine apparatus configured to receive an input of
a second user; and

a server configured to transceive data between the exter-
nal apparatus and the telemedicine apparatus,

wherein the external apparatus is configured to transmit
the ultrasound image and the photographed image of
the first user to the telemedicine apparatus through the
server, and

the telemedicine apparatus is configured to transmit input
data of the second user to the external apparatus
through the server, and

the external apparatus is configured to display the ultra-
sound image including the received input data of the
second user.

20. The telemedicine system according to claim 19,

wherein the external apparatus is configured to analyze
the photographed image of the first user and to deter-
mine a measurement position, and to incorporate infor-
mation of the determined measurement position in the
ultrasound image.
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