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7) ABSTRACT

An ultrasound diagnosis apparatus includes: a two-dimen-
sional (2D) transducer array in which a plurality of trans-
ducers that transmit/receive an ultrasound signal to/from an
object are arranged in two dimensions; an analog beam-
former configured to perform analog beamforming in a first
direction, and perform analog beamforming in a second
direction perpendicular to the first direction on signals
respectively received by the plurality of transducers; and a
digital beamformer configured to perform digital beamform-
ing on the signals that are analog-beamformed in the first
direction, and perform digital beamforming on the signals
that are analog-beamformed in the second direction.
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FIG. 7
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FIG. 8D
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FIG. 11A
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FIG. 11B
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FIG. 12
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ULTRASOUND DIAGNOSIS APPARATUS
AND METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0158111, filed on Nov. 11,
2015, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure relates to ultrasound diag-
nosis apparatuses and methods of operating the same, and
more particularly, to ultrasound diagnosis apparatuses
including a two-dimensional (2D) transducer array and
methods of operating the same.

[0004] 2. Description of the Related Art

[0005] Recently, various kinds of medical image appara-
tuses for visualizing information regarding biological tissue
of a human body and obtaining for the purpose of early
diagnosis of various kinds of diseases and operation thereon
are widely in use. Representative examples of the medical
image apparatuses include an ultrasound diagnosis appara-
tus, a computed tomography (CT) apparatus, and a magnetic
resonance imaging (MRI) apparatus.

[0006] Ultrasound diagnosis apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object and receive echo signals reflected from the object,
thereby obtaining at least one image of an internal part of the
object. In particular, ultrasound diagnosis apparatuses are
used for medical purposes including observation of the
interior of an object, detection of foreign substances, and
diagnosis of damage to the object. Such ultrasound diagno-
sis apparatuses provide high stability, display images in real
time, and are safe due to the lack of radioactive exposure,
compared to X-ray apparatuses. Therefore, ultrasound imag-
ing apparatuses are widely used together with other image
diagnosis apparatuses.

[0007] Meanwhile, the ultrasound diagnosis apparatus
may provide a brightness (B) mode that shows a reflective
coeflicient of an ultrasound signal reflected by an object by
using a 2D image, a Doppler mode that shows an image of
a moving object (particularly, blood flow) by using a Dop-
pler effect, an elastic mode that shows a reaction difference
between a case where compression is applied to an object
and a case where compression is not applied to the object by
using images, etc.

SUMMARY

[0008] Provided are ultrasound diagnosis apparatuses and
methods of operating the same that may receive and focus a
multi-beam in a plurality of directions with respect to signals
received by a two-dimensional (2D) transducer array.
[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0010] According to an aspect of an embodiment, an
ultrasound diagnosis apparatus includes: a two-dimensional
(2D) transducer array in which a plurality of transducers that
transmit/receive an ultrasound signal to/from an object are
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arranged in two dimensions; an analog beamformer config-
ured to perform analog beamforming in a first direction, and
perform analog beamforming in a second direction perpen-
dicular to the first direction on signals respectively received
by the plurality of transducers; and a digital beamformer
configured to perform digital beamforming on the signals
that are analog-beamformed in the first direction, and per-
form digital beamforming on the signals that are analog-
beamformed in the second direction.

[0011] The analog beamformer may include: a first analog
beamformer configured to perform the analog beamforming
in the first direction by applying a same time delay value to
transducers located at same locations in the second direc-
tion; and a second analog beamformer configured to perform
the analog beamforming in the second direction by applying
a same time delay value to transducers located at same
locations in the first direction.

[0012] The 2D transducer array may include an MxN type
2D transducer array in which M 1D transducers are arranged
in an elevation direction, and N 1D transducers are arranged
in a lateral direction, the analog beamformer may be further
configured to perform the analog beamforming in the lateral
direction on each of the M 1D transducers arranged in the
elevation direction, and perform the analog beamforming in
the elevation direction on each of the N 1D transducers
arranged in the lateral direction, and the digital beamformer
may be further configured to perform digital beamforming
on the signals that are analog-beamformed in the lateral
direction, and perform digital beamforming on the signals
that are analog-beamformed in the elevation direction.
[0013] A number of channels input to the digital beam-
former may be M+N.

[0014] The 2D transducer array may be further configured
to transmit an ultrasound signal to the object along one scan
line, and receive an ultrasound signal reflected by the object,
and the digital beamformer may be further configured to
generate a signal corresponding to a plurality of scan lines
arranged in the second direction by digital-beamforming the
signals that are analog-beamformed in the first direction, and
generate a signal corresponding to a plurality of scan lines
arranged in the first direction by digital-beamforming the
signals that are analog-beamformed in the second direction.
[0015] The apparatus may further include: an image pro-
cessor configured to generate a first ultrasound image by
using a signal that is obtained by digital-beamforming the
signals that are analog-beamformed in the first direction, and
generate a second ultrasound image by using a signal that is
obtained by digital-beamforming the signals that are analog-
beamformed in the second direction.

[0016] The first ultrasound image may include an image
corresponding to a first cross-section of the object, and the
second ultrasound image may include an image correspond-
ing to a second cross-section of the object, and the first
cross-section may be perpendicular to the second cross-
section.

[0017] The first ultrasound image and the second ultra-
sound image may include one of a brightness (B) mode
image, a color flow image, and an elastic image.

[0018] The apparatus may further include: a display con-
figured to display the first ultrasound image and the second
ultrasound image.

[0019] The display may be further configured to display at
least one of a first adjustment bar that adjusts frame rates of
the first ultrasound image and the second ultrasound image,
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and a second adjustment bar that adjusts resolutions of the
first ultrasound image and the second ultrasound image.
[0020] The apparatus may further include: an input device
configured to receive a user input that selects a region of
interest from the first ultrasound image, wherein the display
may be further configured to display the second ultrasound
image including the selected region of interest.

[0021] According to an aspect of another embodiment, a
method of operating an ultrasound diagnosis apparatus
including a two-dimensional (2D) transducer array in which
a plurality of transducers are arranged in two dimensions,
the method includes: performing analog beamforming in a
first direction, and performing analog beamforming in a
second direction perpendicular to the first direction on
signals respectively received by the plurality of transducers;
and performing digital beamforming on the signals that are
analog-beamformed in the first direction, and performing
digital beamforming on the signals that are analog-beam-
formed in the second direction.

[0022] The performing of the analog beamforming in the
first direction, and the performing of the analog beamform-
ing in the second direction perpendicular to the first direc-
tion may include: performing the analog beamforming in the
first direction by applying a same time delay value to
transducers located at a same location in the second direc-
tion; and performing the analog beamforming in the second
direction by applying a same time delay value to transducers
located at a same location in the first direction.

[0023] The 2D transducer array may include an MxN type
2D transducer array in which M 1D transducers are arranged
in an elevation direction, and N 1D transducers are arranged
in a lateral direction, the performing of the analog beam-
forming in the first direction, and the performing of the
analog beamforming in the second direction perpendicular
to the first direction may include: performing the analog
beamforming in the lateral direction on each of the M 1D
transducers arranged in the elevation direction, and perform-
ing the analog beamforming in the elevation direction on
each of the N 1D transducers arranged in the lateral direc-
tion, and the performing of the digital beamforming on the
signals that are analog-beamformed in the first direction, and
the performing of the digital beamforming on the signals
that are analog-beamformed in the second direction may
include: performing digital beamforming on the signals that
are analog-beamformed in the lateral direction, and perform-
ing digital beamforming on the signals that are analog-
beamformed in the elevation direction.

[0024] The method may further include: transmitting an
ultrasound signal to the object along one scan line, and
receiving an ultrasound signal reflected by the object,
wherein the performing of the digital beamforming on the
signals that are analog-beamformed in the first direction, and
the performing of the digital beamforming on the signals
that are analog-beamformed in the second direction may
include: generating a signal corresponding to a plurality of
scan lines arranged in the second direction by digital-
beamforming the signals that are analog-beamformed in the
first direction, and generating a signal corresponding to a
plurality of scan lines arranged in the first direction by
digital-beamforming the signals that are analog-beam-
formed in the second direction.

[0025] The method may further include: generating a first
ultrasound image by using a signal that is obtained by
digital-beamforming the signals that are analog-beam-
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formed in the first direction, and generating a second ultra-
sound image by using a signal that is obtained by digital-
beamforming the signals that are analog-beamformed in the
second direction.

[0026] The method may further include: displaying the
first ultrasound image and the second ultrasound image.
[0027] The method may further include: displaying at least
one of a first adjustment bar that adjusts frame rates of the
first ultrasound image and the second ultrasound image, and
a second adjustment bar that adjusts resolutions of the first
ultrasound image and the second ultrasound image.

[0028] The method may further include: receiving a user
input that selects a region of interest from the first ultrasound
image; and displaying the second ultrasound image includ-
ing the selected region of interest.

[0029] According to an embodiment, a multi-beam may be
implemented in the first direction and the second direction
without an error.

[0030] According to an embodiment, a multi-beam may be
implemented in the first direction and the second direction,
so that a frame rate of an ultrasound image may be increased.
[0031] According to an embodiment, a number of cables
connecting an analog beamformer with a digital beamformer
may be reduced.

[0032] According to an embodiment, an amount of opera-
tions by analog beamforming may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0034] FIG.11is a view illustrating an ultrasound diagnosis
apparatus according to an embodiment;

[0035] FIG. 2 is a block diagram illustrating an ultrasound
diagnosis apparatus according to an embodiment;

[0036] FIG. 3 is a block diagram illustrating an ultrasound
diagnosis apparatus according to an embodiment;

[0037] FIG. 41s a view illustrating a probe according to an
embodiment;
[0038] FIG. 5 is a view for explaining analog beamform-

ing according to an embodiment;

[0039] FIG. 6 is a block diagram illustrating a main body
of an ultrasound diagnosis apparatus according to an
embodiment;

[0040] FIG. 7 is a view for explaining a method of
generating an ultrasound image in an ultrasound diagnosis
apparatus according to an embodiment;

[0041] FIGS. 8A to 8D are diagrams illustrating an
example in which a first ultrasound image and a second
ultrasound image are displayed on a display according to an
embodiment;

[0042] FIG. 9 is a diagram illustrating an example in
which a user interface that adjusts a frame rate and resolu-
tion of ultrasound images is displayed on a display accord-
ing to an embodiment;

[0043] FIGS. 10A and 10B are diagrams illustrating an
example in which an ultrasound diagnosis apparatus dis-
plays a second ultrasound image including a region of
interest selected from a first ultrasound image according to
an embodiment;

[0044] FIGS. 11A and 11B are views illustrating an
example in which an ultrasound diagnosis apparatus dis-
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plays a second ultrasound image including a region of
interest selected from a first ultrasound image according to
another embodiment; and

[0045] FIG. 12 is a flowchart illustrating a method of
operating an ultrasound diagnosis apparatus according to an
embodiment.

DETAILED DESCRIPTION

[0046] The terms used in this specification are those
general terms currently widely used in the art in consider-
ation of functions regarding the inventive concept, but the
terms may vary according to the intention of those of
ordinary skill in the art, precedents, or new technology in the
art. Also, some terms may be arbitrarily selected by the
applicant, and in this case, the meaning of the selected terms
will be described in detail in the detailed description of the
present specification. Thus, the terms used herein have to be
defined based on the meaning of the terms together with the
description throughout the specification.

[0047] Throughout the specification, it will also be under-
stood that when a component “includes™ an element, unless
there is another opposite description thereto, it should be
understood that the component does not exclude another
element and may further include another element. In addi-
tion, terms such as ““. .. unit”, “ . . . module”, or the like refer
to units that perform at least one function or operation, and
the units may be implemented as hardware or software or as
a combination of hardware and software.

[0048] Throughout the specification, an “image” may
denote multi-dimensional data including discrete image ele-
ments. For example, an image may include a medical image
(an ultrasound image, a CT image, an MR image), etc. of an
object obtained by an ultrasound apparatus, a CT apparatus,
and an MRI apparatus, but is not limited thereto.

[0049] Furthermore, an “object” may be a human, an
animal, or a part of a human or animal. For example, the
object may be an organ (e.g., the liver, the heart, the womb,
the brain, a breast, or the abdomen), a blood vessel, or a
combination thereof. Also, the object may be a phantom.
The phantom means a material having a density, an effective
atomic number, and a volume that are approximately the
same as those of an organism. For example, the phantom
may be a spherical phantom having properties similar to a
human body.

[0050] An ultrasound image may denote an image
obtained by irradiating an ultrasound signal generated from
a transducer of a probe to an object and receiving informa-
tion of an echo signal reflected by the object. Also, an
ultrasound image may be implemented variously. For
example, an ultrasound image may be at least one of an
amplitude (A) mode image, a brightness (B) mode image, a
color (C) mode image, and a Doppler (D) mode image. Also,
according to an embodiment, an ultrasound image may be a
two-dimensional (2D) image or a three-dimensional (3D)
image.

[0051] Throughout the specification, a “user” may be, but
is not limited to, a medical expert, for example, a medical
doctor, a nurse, a medical laboratory technologist, or a
medical imaging expert, or a technician who repairs medical
apparatuses.

[0052] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings. In this regard, the present embodiments may
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have different forms and should not be construed as being
limited to the descriptions set forth herein.

[0053] FIG. 1isa view illustrating an ultrasound diagnosis
apparatus 100 according to an embodiment, and FIG. 2 is a
block diagram illustrating the ultrasound diagnosis appara-
tus 100 according to an embodiment. Referring to FIGS. 1
and 2, the ultrasound diagnosis apparatus 100 may include
a main body 102, and a probe 101 connected to the main
body 102.

[0054] The probe 101 according to an embodiment may
include a 2D transducer array 110 in which a plurality of
transducers are arranged in two dimensions, and an analog
beamformer 120 connected to the 2D transducer array 110.
[0055] For example, each of the plurality of transducers
included in the 2D transducer array 110 may convert an
input electric signal into an ultrasound signal, and transmit
the converted ultrasound signal to an object 10. Also, each
of the plurality of transducers may receive an ultrasound
signal reflected by the object 10, convert the received
ultrasound signal into an electric signal, and transmit the
same to the analog beamformer 120.

[0056] The analog beamformer 120 according to an
embodiment may include a first analog beamformer and a
second analog beamformer. The first analog beamformer
may perform analog beamforming on signals respectively
received by the transducers in a first direction, and the
second analog beamformer may perform analog beamform-
ing in a second direction perpendicular to the first direction.
[0057] Also, the ultrasound diagnosis apparatus 100 may
include a digital beamformer 130, an image processor 140,
and a display 150. The digital beamformer 130, the image
processor 140, and the display 150 may be included in the
main body 102, but are not limited thereto and may be
implemented as separate modules independent of the main
body 102 and detachable from the main body 102.

[0058] The digital beamformer 130 according to an
embodiment may be connected with the analog beamformer
120 included in the probe 101 by using a cable and may
receive analog-beamformed signals from the analog beam-
former 120.

[0059] For example, the digital beamformer 130 may
include a first digital beamformer and a second digital
beamformer. The first digital beamformer digital-beamforms
a signal that is analog-beamformed in the first direction, and
the second digital beamformer digital-beamforms a signal
that is analog-beamformed in the second direction.

[0060] The image processor 140 may generate an ultra-
sound image based on a beamformed signal. An ultrasound
image according to an embodiment may include a first
ultrasound image and a second ultrasound image. The first
ultrasound image may be an image generated based on
signals obtained by digital-beamforming signals that are
analog-beamformed in the first direction, and the second
ultrasound image may be an image generated based on
signals obtained by digital-beamforming signals that are
analog-beamformed in the second direction. The first ultra-
sound image and the second ultrasound image may be
images corresponding to cross-sections perpendicular to
each other.

[0061] The display 150 may display the generated first
ultrasound image and second ultrasound image. The display
150 may display not only an ultrasound image, but also
various pieces of information processed by the ultrasound
diagnosis apparatus 100 on a screen image via a graphical
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user interface (GUI). In addition, the ultrasound diagnosis
apparatus 100 may include two or more displays 150 accord-
ing to embodiments.

[0062] FIG. 3 is a block diagram illustrating an ultrasound
diagnosis apparatus 200 according to an embodiment.
[0063] Referring to FIG. 3, the ultrasound diagnosis appa-
ratus 200 may include a probe 20, an ultrasound transceiver
215, an image processor 250, a communication module 260,
a memory 280, an input device 290, and a controller 295.
The above components may be connected with each other
via a bus 285.

[0064] Meanwhile, the 2D transducer array 110 of FIG. 2
may be a component corresponding to the probe 20 of FIG.
3. The analog beamformer 120 and the digital beamformer
130 of FIG. 2 may be a component corresponding to an
ultrasound receiver 220 of FIG. 3. The image processor 140
of FIG. 2 may be a component corresponding to the image
processor 250 of FIG. 3. The display 150 of FIG. 2 may be
a component corresponding to the display 260 of FIG. 3.
Accordingly, the descriptions of the components 110, 120,
130, 140, and 150 described in FIG. 2 are equally applicable
to the corresponding components 20, 220, 250, and 260 of
FIG. 3, respectively, and repeated descriptions of FIG. 2 are
omitted.

[0065] In some embodiments, the ultrasound diagnosis
apparatus 200 may be a cart type apparatus or a portable type
apparatus. Examples of portable ultrasound diagnosis appa-
ratuses may include, but are not limited to, a picture
archiving and communication system (PACS) viewer, a
smartphone, a laptop computer, a personal digital assistant
(PDA), and a tablet PC.

[0066] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the
ultrasound transceiver 215 and receives echo signals
reflected by the object 10. The probe 20 includes a plurality
of transducers, and the plurality of transducers oscillate in
response to electric signals and generate acoustic energy,
that is, ultrasound waves. Furthermore, the probe 20 may be
connected to the main body of the ultrasound diagnosis
apparatus 200 by wire or wirelessly, and according to
embodiments, the ultrasound diagnosis apparatus 200 may
include a plurality of probes 20.

[0067] A transmitter 210 supplies a driving signal to the
probe 20. The transmitter 110 includes a pulse generator
212, a transmission delaying unit 214, and a pulser 216. The
pulse generator 212 generates pulses for forming transmis-
sion ultrasound waves based on a predetermined pulse
repetition frequency (PRF), and the transmission delaying
unit 214 delays the pulses by delay times necessary for
determining transmission directionality. The pulses which
have been delayed correspond to a plurality of piezoelectric
vibrators included in the probe 20, respectively. The pulser
216 applies a driving signal (or a driving pulse) to the probe
20 based on timing corresponding to each of the pulses
which have been delayed.

[0068] A receiver 220 generates ultrasound data by pro-
cessing echo signals received from the probe 20. The
receiver 120 may include an amplifier 222, an analog-to-
digital converter (ADC) 224, a reception delaying unit 226,
and a summing unit 228. The amplifier 222 amplifies echo
signals in each channel, and the ADC 224 performs analog-
to-digital conversion with respect to the amplified echo
signals. The reception delaying unit 226 delays digital echo
signals output by the ADC 1124 by delay times necessary for
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determining reception directionality, and the summing unit
228 generates ultrasound data by summing the echo signals
processed by the reception delaying unit 1126. In some
embodiments, the receiver 220 may not include the amplifier
222. Tn other words, if the sensitivity of the probe 20 or the
capability of the ADC 224 to process bits is enhanced, the
amplifier 222 may be omitted.

[0069] The image processor 250 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 215 and displays the ultrasound
image.

[0070] The image processor 120 extracts B mode compo-
nents from ultrasound data and processes the B mode
components. The image processor 120 may generate an
ultrasound image indicating signal intensities as brightness
based on the extracted B mode components.

[0071] The ultrasound image may be not only a grayscale
ultrasound image obtained by scanning an object in an
amplitude (A) mode, a brightness (B) mode, and a motion
(M) mode, but also a Doppler image showing a movement
of an object via a Doppler effect. The Doppler image may be
a blood flow Doppler image showing flow of blood (also
referred to as a color flow image), a tissue Doppler image
showing a movement of tissue, or a spectral Doppler image
showing a moving speed of an object as a waveform.
[0072] A B mode processor 241 extracts B mode compo-
nents from ultrasound data and processes the B mode
components. An image generator 255 may generate an
ultrasound image indicating signal intensities as brightness
based on the extracted B mode components 241.

[0073] Similarly, a Doppler processor 242 may extract
Doppler components from ultrasound data, and the image
generator 255 may generate a Doppler image indicating a
movement of an object as colors or waveforms based on the
extracted Doppler components.

[0074] According to an embodiment, the image generator
255 may generate a three-dimensional (3D) ultrasound
image via volume-rendering with respect to volume data and
may also generate an elasticity image by imaging deforma-
tion of the object 10 due to pressure.

[0075] Furthermore, the image generator 255 may display
various pieces of additional information in an ultrasound
image by using text and graphics. In addition, the generated
ultrasound image may be stored in the memory 280.
[0076] The display 260 may include at least one of a liquid
crystal display, a thin film transistor-liquid crystal display, an
organic light-emitting diode, a flexible display, a 3D display,
and an electrophoretic display.

[0077] Also, in the case where the display 260 and a user
interface form a layer structure and are configured as a
touchscreen, the display 260 may be used as not only an
output unit but also an input unit that may receive informa-
tion by a user’s touch.

[0078] The touchscreen may be configured to detect not
only a touch input location and a touched area but also a
touch pressure. Also, the touchscreen may be configured to
detect not only a real-touch but also a proximity touch.
[0079] The communication module 270 is connected to a
network 30 by wire or wirelessly to communicate with an
external device or a server. The communication module 270
may exchange data with a hospital server or another medical
apparatus in a hospital, which is connected thereto via a
PACS. Furthermore, the communication module 170 may
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perform data communication according to the digital imag-
ing and communications in medicine (DICOM) standard.
[0080] The communication module 270 may transmit or
receive data related to diagnosis of an object, e.g., an
ultrasound image, ultrasound data, and Doppler data of the
object, via the network 30 and may also transmit or receive
medical images captured by another medical apparatus, e.g.,
a computed tomography (CT) apparatus, a magnetic reso-
nance imaging (MRI) apparatus, or an X-ray apparatus.
Furthermore, the communication module 270 may receive
information about a diagnosis history or medical treatment
schedule of a patient from a server and utilizes the received
information to diagnose the patient. Furthermore, the com-
munication module 270 may perform data communication
not only with a server or a medical apparatus in a hospital,
but also with a portable terminal of a medical doctor or
patient.

[0081] The communication module 270 is connected to
the network 30 by wire or wirelessly to exchange data with
a server 32, a medical apparatus 34, or a portable terminal
36. The communication module 270 may include one or
more components for communication with external devices.
For example, the communication module 1300 may include
a local area communication module 271, a wired commu-
nication module 272, and a mobile communication module
273.

[0082] The local area communication module 271 refers to
a module for local area communication within a predeter-
mined distance. Examples of local area communication
techniques according to an embodiment may include, but are
not limited to, wireless LAN, Wi-Fi, Bluetooth, ZigBee,
Wi-Fi Direct (WFD), ultra wideband (UWB), infrared data
association (IrDA), Bluetooth low energy (BLE), and near
field communication (NFC).

[0083] The wired communication module 272 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an embodiment may include communication
via a twisted pair cable, a coaxial cable, an optical fiber
cable, and an Fthernet cable.

[0084] The mobile communication module 273 transmits
or receives wireless signals to or from at least one selected
from a base station, an external terminal, and a server on a
mobile communication network. The wireless signals may
be voice call signals, video call signals, or various types of
data for transmission and reception of text/multimedia mes-
sages.

[0085] The memory 280 stores various data processed by
the ultrasound diagnosis apparatus 200. For example, the
memory 180 may store medical data related to diagnosis of
an object, such as ultrasound data and an ultrasound image
that are input or output, and may also store algorithms or
programs which are to be executed in the ultrasound diag-
nosis apparatus 200.

[0086] The memory 280 may be any of various storage
media, e.g., a flash memory, a hard disk drive, EEPROM,
etc. Furthermore, the ultrasound diagnosis apparatus 100
may utilize web storage or a cloud server that performs the
storage function of the memory 280 online.

[0087] The input device 290 refers to a means via which
a user inputs data for controlling the ultrasound diagnosis
apparatus 50. The input device 290 may include hardware
components, such as a keypad, a mouse, a touch pad, a touch
screen, and a jog switch. Also, the input device 290 may
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recognize a user’s fingerprint by including a fingerprint
recognition sensor. The input device 290 may further include
any of various other input units including an electrocardio-
gram (ECG) measuring module, a respiration measuring
module, a voice recognition sensor, a gesture recognition
sensor, an iris recognition sensor, a depth sensor, a distance
sensor, etc. In particular, the input device 290 may include
a touchscreen in which a touchpad and the above-described
display 260 form a layered structure.

[0088] Inthis case, the ultrasound diagnosis apparatus 200
according to an embodiment may display an ultrasound
image of a predetermined mode and a control panel for an
ultrasound image on the touchscreen. Also, the ultrasound
diagnosis apparatus 200 may detect a user’s touch gesture
with respect to an ultrasound image via the touchscreen.
[0089] The ultrasound diagnosis apparatus 200 according
to an embodiment may physically include some buttons
frequently used by a user from among buttons included in a
control panel of a general ultrasound apparatus, and provide
the rest of the buttons in the form of a graphical user
interface (GUI) via the touchscreen.

[0090] The controller 295 may control all operations of the
ultrasound diagnosis apparatus 200. In other words, the
controller 295 may control operations among the probe 20,
the ultrasound transceiver 200, the image processor 250, the
communication module 270, the memory 280, and the input
device 290 shown in FIG. 3.

[0091] All or some of the probe 20, the ultrasound trans-
ceiver 215, the image processor 250, the display 240, the
communication module 270, the memory 280, the input
device 290, and the controller 295 may be implemented as
software modules. However, embodiments of the present
invention are not limited thereto, and some of the compo-
nents stated above may be implemented as hardware mod-
ules. Also, at least one of the ultrasound transmission/
reception unit 215, the image processor 250, and the
communication module 270 may be included in the control
unit 295; however, the inventive concept is not limited
thereto.

[0092] FIG. 4 is a view illustrating a probe 101 according
to an embodiment.

[0093] Referring to FIG. 4, the probe 101 according to an
embodiment may include a 2D transducer array 110, a first
analog beamformer 121, and a second analog beamformer
122.

[0094] The 2D transducer array 110 may have a form in
which a plurality of transducers transmitting/receiving an
ultrasound signal to/from an object are arranged in two
dimensions. For example, the 2D transducer array 110 may
be an MxN type 2D transducer array in which M transducers
are arranged in an elevation direction, and N transducers are
arranged in a lateral direction. In this case, M and N may be
integers equal to or greater than 1, and M and N may the
same numbers.

[0095] An electric signal may be input to each of the
plurality of transducers included in the 2D transducer array
110. When an electric signal is input, the transducers may
convert the electric signal into an ultrasound signal, and
transmit the converted ultrasound signal to an object. Also,
the transducers may receive an ultrasound signal reflected by
the object, and convert the received ultrasound signal into an
electric signal.

[0096] The first analog beamformer 121 according to an
embodiment may perform analog beamforming in the first
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direction on signals respectively corresponding to the plu-
rality of transducers. Also, the second analog beamformer
122 according to an embodiment may perform analog beam-
forming in the second direction perpendicular to the first
direction on signals respectively corresponding to the plu-
rality of transducers.

[0097] For example, in the case where the 2D transducer
array 110 is an MxN type 2D transducer array in which M
transducers are arranged in an elevation direction, and N
transducers are arranged in a lateral direction as described
above, the first direction may be the elevation direction or
the lateral direction. In the case where the first direction is
the elevation direction, the second direction may be the
lateral direction. In the case where the first direction is the
lateral direction, the second direction may be the elevation
direction. However, the inventive concept is not limited
thereto.

[0098] Meanwhile, before analog beamforming is per-
formed on signals respectively corresponding to the trans-
ducers, the signals respectively corresponding to the trans-
ducers may be transmitted to a reception signal processor
(not shown). The reception signal processor (not shown)
may perform predetermined processing on a signal received
from the transducers. For example, the reception signal
processor (not shown) may include a low noise amplifier
(LNA)(not shown) that reduces noise of an analog signal
received from the transducers, and a variable gain amplifier
(VGA)(not shown) that controls a gain value depending on
an input value. In this case, the reception signal processor
may include a time gain compensation (TGC) that compen-
sates for a gain depending on a distance from a focus point,
but is not limited thereto.

[0099] Referring to FG. 4 again, analog beamforming
according to an embodiment is described. Hereinafter, for
convenience of description, description is made on the
assumption that the 2D transducer array 110 is an MxN type
transducer array, the first direction is the elevation direction,
and the second direction is the lateral direction, but is not
limited thereto.

[0100] For example, in the case where M transducers
arranged in a line in the elevation direction are grouped as
one sub-array, the 2D transducer array 110 may include N
sub-arrays arranged in the lateral direction. Also, the ultra-
sound diagnosis apparatus 100 may further include a switch-
ing unit (not shown), and the switching unit (not shown)
may perform switching so that a signal may be received in
the first analog beamformer 121 for each sub-array (the first
to N-th sub-arrays). Accordingly, the first analog beam-
former 121 may perform analog beamforming on the N
sub-arrays on a sub-array basis.

[0101] For example, in the case where first to M-th trans-
ducers forming a first sub-array 310 receive an ultrasound
signal reflected by an object, times at which ultrasound
signals reflected by a focus point reach respective transduc-
ers differ due to a difference in a distance between each of
the transducers forming the first sub-array 310 and the focus
point. Therefore, the first analog beamformer 121 may delay
signals respectively corresponding to the first to M-th trans-
ducers by a delay time (a time delay value) calculated by
taking into account a difference in a distance between each
of the first to M-th transducers and the focus point, and then
sum the delayed signals as one signal. Accordingly, the first
analog beamformer 121 may generate an analog signal E, by
performing analog beamforming on the first sub-array 310.
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[0102] Also, the first analog beamformer 121 may gener-
ate analog signals E,, E;, . . ., E5 by performing analog
beamforming on each of the second to N-th sub-arrays in the
same method that has been performed on the first sub-array
310. The first analog beamformer 121 is a beamformer that
performs analog beamforming in the elevation direction, and
outputs N analog-beamformed signals by performing analog
beamforming on each of the N sub-arrays. Therefore, the
first analog beamformer 121 generates the analog signals E |,
R

[0103] Likewise, the second analog beamformer is a
beamformer that performs analog beamforming in the lateral
direction, and outputs M analog-beamformed signals by
performing analog beamforming on each of M sub-arrays.
[0104] In this case, time delay values respectively applied
to N sub-arrays may be the same. For example, the same
time delay value may be applied to transducers located on
the same location in the lateral direction in each of the N
sub-arrays, but is not limited thereto (the same delay value
may be applied and the same delay value may not be always
applied).

[0105] Meanwhile, in the case where N transducers
arranged in a line in the lateral direction are grouped as one
sub-array, the 2D transducer array 110 may include M
sub-arrays arranged in the elevation direction.

[0106] The switching unit (not shown) may perform
switching so that a signal may be received in the second
analog beamformer 122 for each sub-array ((N+1)-th to
(N+M)-th sub-arrays). Accordingly, the second analog
beamformer 122 may perform analog beamforming on the
M sub-arrays on a sub-array basis.

[0107] In the case where the first to N-th transducers
forming an (N+1)-th sub-array 330 receives an ultrasound
signal reflected by an object, times at which ultrasound
signals reflected by a focus point reach respective transduc-
ers differ due to a difference in a distance between each of
the transducers and the focus point.

[0108] Therefore, the second analog beamformer 122
delays signals respectively corresponding to the first to N-th
transducers by a delay time (a time delay value) calculated
by taking into account a difference in a distance between
each of the first to N-th transducers forming the (N+1)-th
sub-array 330 and the focus point, and then sums the delayed
signals as one signal. Accordingly, the second analog beam-
former 122 may generate an analog signal L, by performing
analog beamforming on the (N+1)-th sub-array 330.
[0109] Also, the second analog beamformer 122 may
generate analog signals L,, L;, . . ., L,, by performing
analog beamforming on each of (N+2)-th to (N+M)-th
sub-arrays in the same method that has been performed on
the (N+1)-th sub-array 330.

[0110] In this case, time delay values respectively applied
to the (N+1)-th to (N+M)-th sub-arrays may be the same. For
example, the same time delay value may be applied to
transducers located on the same location in the elevation
direction in each of the sub-arrays, but is not limited thereto.
[0111] The first analog beamformer 121 and the second
analog beamformer 122 according to an embodiment may
transmit (N+M) analog signals to the digital beamformer
130 via a cable having (N+M) channels.

[0112] Meanwhile, in FIG. 4, the description has been
made on the assumption that the first direction is the
elevation direction, and the second direction is the lateral
direction, but in the case where the 2D transducer array is an



US 2017/0128046 Al

MxN square type transducer array, the first direction may be
a first diagonal direction of the 2D transducer array. and the
second direction may be a second diagonal direction of the
2D transducer array. In this case, the first analog beamformer
121 may perform analog beamforming in the first diagonal
direction, and the second analog beamformer 122 may
perform analog beamforming in the second diagonal direc-
tion.

[0113] FIG. 5 is a view for explaining analog beamform-
ing according to an embodiment. In FIG. 5, for convenience
of description, description is made on the assumption that
the 2D transducer array 110 is an MxN type transducer array,
the first direction is the elevation direction, and the second
direction is the lateral direction, but is not limited thereto.

[0114] According to an embodiment, the 2D transducer
array 110 may be divided into K regions (K is an integer
greater than 1), and in each of the K regions, transducers
arranged in a line in the elevation direction may be config-
ured as one sub-array, or transducers arranged in a line in the
lateral direction may be configured as one sub-array.

[0115] Forexample, as illustrated in FIG. 5, the ultrasound
diagnosis apparatus 100 may divide the 2D transducer array
110 into four regions 410, 420, 430, and 440 and perform
analog beamforming. In this case, in the case where M/2
transducers arranged in a line in the elevation direction in the
first region 410 and the second region 420 are grouped as
one sub-array, the first region 410 and the second region 420
may include N sub-arrays arranged in the lateral direction.
As described with reference to FIG. 4, the ultrasound
diagnosis apparatus 100 may further include the switching
unit (not shown), and the switching unit (not shown) may
perform switching so that a signal may be received in the
first analog beamformer 121 for each sub-array. Accord-
ingly, the first analog beamformer 121 may perform analog
beamforming on N sub-arrays for each sub-array.

[0116] The first analog beamformer 121 may delay signals
respectively corresponding to the M/2 transducers by a time
delay value calculated by taking into account a difference in
a distance between each of the M/2 transducers forming the
sub-array 415 and the focus point, and then sum the delayed
signals as one signal. Accordingly, the first analog beam-
former 121 may generate an analog signal E, | by performing
analog beamforming on the sub-array 415. Also, the first
analog beamformer 121 may generate analog signals E,,, .
.., By, by performing analog beamforming on each of the
rest of sub-arrays included in the first region 410 and the
second region 420 by using the same method that has been
performed on the sub-array 415.

[0117] Also, in the case where M/2 transducers arranged
in aline in the elevation direction in the third region 430 and
the fourth region 440 are grouped as one sub-array, the third
region 430 and the fourth region 440 may include N sub-
arrays arranged in the lateral direction. The first analog
beamformer 121 may generate analog signals E,, Eo,, . . .
, By by equally performing analog beamforming on N
sub-arrays by using the same method as described above.

[0118] Also, in the case where N/2 transducers arranged in
a line in the lateral direction in the first region 410 and the
third region 430 are grouped as one sub-array, the first
region 410 and the third region 430 may include M sub-
arrays arranged in the elevation direction. The switching unmit
(not shown) may perform switching so that a signal may be
received in the second analog beamformer 122 for each

May 11,2017

sub-array. Accordingly, the second analog beamformer 122
may perform analog beamforming on M sub-arrays on each
sub-array basis.

[0119] The second analog beamformer 122 may delay
signals respectively corresponding to transducers (N/2 trans-
ducers) by a time delay value calculated by taking into
account a difference in a distance between each of N/2
transducers forming the sub-array 425 and the focus point,
and then sum the delayed signals as one signal. Accordingly,
the second analog beamformer 122 may generate an analog
signal L, by performing analog beamforming on the sub-
array 425. Also, the second analog beamformer 122 may
generate analog signals L,,, . . ., L, by performing analog
beamforming on each of the rest of sub-arrays included in
the first region 410 and the third region 430 by using the
same method that has been performed on the sub-array 415.
[0120] Also, in the case where N/2 transducers arranged in
aline in the lateral direction in the second region 420 and the
fourth region 440 are grouped as one sub-array, the second
region 420 and the fourth region 440 may include M
sub-arrays arranged in the elevation direction. The second
analog beamformer 122 may generate analog signals L,,,
L., ..., L, by equally performing analog beamforming
on M sub-arrays by using the same method as described
above.

[0121] As described in FIG. 5, in the case of dividing the
2D transducer array into four regions and performing analog
beamforming, an amount of operation for the analog beam-
forming may reduce compared with the case of not dividing
the region of the 2D transducer array. Also, a number of
signals generated as a result of analog beamforming
becomes two times greater than the case of not dividing the
region, so that a number of channels connecting the analog
beamformer with the digital beamformer may increase two
times.

[0122] Meanwhile, though FIG. 5 illustrates and describes
a method of dividing the 2D transducer array into four
regions and performing analog beamforming, the method is
not limited thereto, and the ultrasound diagnosis apparatus
100 according to an embodiment may divide the 2D trans-
ducer array 110 into K regions (K is an integer greater than
1), and configure transducer arrays arranged in a line in the
elevation direction as one sub-array, or configure transducer
arrays arranged in a line in the lateral direction as one
sub-array.

[0123] Also, though FIG. 5 describes dividing the 2D
transducer array 110 into regions in the lateral direction and
the elevation direction, the ultrasound diagnosis apparatus
100 according to an embodiment is not limited thereto and
may divide the 2D transducer array 110 into only one of the
lateral direction and the elevation direction and perform
analog beamforming.

[0124] FIG. 6 is a block diagram illustrating a main body
102 of an ultrasound diagnosis apparatus according to an
embodiment, and FIG. 7 is a view for explaining a method
of generating an ultrasound image in an ultrasound diagnosis
apparatus according to an embodiment.

[0125] Referring to FIG. 6, the main body 102 may
include an analog-to-digital converter (ADC) 160, a first
digital beamformer 131, a second digital beamformer 132,
and an image processor 140.

[0126] The main body 102 according to an embodiment
may be connected with the probe 101 by using a cable and
receive analog-beamformed signals. For example, the main
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body 102 may receive analog signals E,, E,, . .. , By that are
analog-beamformed in the elevation direction, and analog
signals L;, L, . . ., L, that are analog-beamformed in the
lateral direction.

[0127] The ADC 160 may convert a plurality of analog
signals generated by the analog beamformers 121 and 122
into digital signals.

[0128] The first digital beamformer 131 may receive digi-
tal signals E';, E'5, . . ., By, into which signals that are
analog-beamformed in the elevation direction have been
converted, and perform digital beamforming. The first digi-
tal beamformer 131 may delay each of the digital signals E',
E',, ..., E'y by atime delay value calculated by taking into
account a difference in a distance between each of first to
N-th sub-arrays arranged in the lateral direction and a focus
point, and then sum the delayed signals as one signal.

[0129] Inthis case, since one sub-array includes a plurality
of transducers, a distance between a sub-array and the focus
point may be calculated based on various criteria. For
example, a distance between a sub-array and the focus point
may be calculated by using one of a distance between the
focus point and a transducer located closest to the focus
point from among transducers included in the sub-array, a
distance between the focus point and a transducer located
farthest from the focus point from among the transducers
included in the sub-array, a distance between the focus point
and a transducer located in the middle of the transducers
included in the sub-array, and an average of distances
between the respective transducers included in the sub-array
and the focus point, but is not limited thereto.

[0130] The ultrasound diagnosis apparatus 100 according
to an embodiment may calculate a distance between the
sub-array and the focus point by using the same criterion and
calculate a time delay value based on the calculated result
with respect to each of a plurality of sub-arrays.

[0131] Accordingly, the first digital beamformer 131 may
generate a signal corresponding to at least one scan line
included in a first ultrasound image 501 as illustrated in FIG.
7 by digital-beamforming signals respectively correspond-
ing to sub-arrays. In this case, the first ultrasound image 501
may be a cross-sectional image perpendicular to a first
direction (for example, the elevation direction), and the at
least one scan line may be a scan line arranged in a second
direction (for example, the lateral direction).

[0132] Accordingly, the image processor 140 may genet-
ate the first ultrasound image 501 as illustrated in FIG. 7
based on signals output from the first digital beamformer
131.

[0133] Meanwhile, the ultrasound diagnosis apparatus 100
according to an embodiment may perform multi-beam
reception focusing that forms a plurality of multi-beams by
transmitting an ultrasound beam to an object one time. For
example, the 2D transducer array 110 may transmit an
ultrasound signal to an object along one scan line, and
receive an ultrasound signal reflected by the object. In this
case, the ultrasound diagnosis apparatus 100 may generate a
signal corresponding to a plurality of scan lines by using the
reflected ultrasound signal.

[0134] The first digital beamformer 131 may perform
multi-beam reception focusing in a direction (for example,
the lateral direction) perpendicular to an analog beamform-
ing direction (for example, the elevation direction) by apply-
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ing different time delay values for each of the plurality of
scan lines and performing digital beamforming when beam-
forming analog signals.

[0135] For example, in the case of forming four multi-
beams by transmitting an ultrasound beam one time, a signal
S1 corresponding to a first scan line SL1 may be generated
by respectively applying time delay values al, a2, . .., an
to signals E'}, E'5, . . ., E'y that are analog-beamformed in
the elevation direction and digital-converted, and summing
the same. Also, a signal S2 corresponding to a second scan
line SL.2 may be generated by applying time delay values b1,
b2,...,bnto the digital-converted signals E', E'5, . . ., E'y,
respectively, and summing the same. Also, a signal S3
corresponding to a third scan line SL3 may be generated by
applying time delay values cl, ¢2, . . ., cn to the digital-
converted signals E';, F',, . . ., E'y, respectively, and
summing the same, and a signal S4 corresponding to a fourth
scan line SI.4 may be generated by applying time delay
values d1, d2, . . ., do to the digital-converted signals E',,
E'5, ..., By respectively, and summing the same. In this
case, the first scan line to the fourth scan line SL.1, SL.2, SL3,
and SL.4 may be scan lines arranged in the lateral direction
as illustrated in FIG. 7.

[0136] Also, the second digital beamformer 132 may
perform digital beamforming by using a method similar to
the method used by the first digital beamformer 131. Spe-
cifically, the second digital beamformer 132 may receive
signals L', L',, . .., L', that are analog-beamformed in the
lateral direction and digital-converted, and perform digital
beamforming on the received signals. The second analog
beamformer 132 may delay digital signals I',, L', . . ., L',
by a time delay calculated by taking into account a differ-
ence in a distance between each of (N+1)-th to (N+M)-th
sub-arrays and a focus point, and then sum the delayed
signals as one signal. Since a method of calculating a
distance between the sub-array and the focus point has been
described in detail in the above, description thereof is
omitted.

[0137] The second digital beamformer 132 may generate
a signal corresponding to at least one scan line included in
a second ultrasound image 502 as illustrated in FIG. 7 by
digital-beamforming signals corresponding to the sub-ar-
rays, tespectively. In this case, the second ultrasound image
502 may be a cross-sectional image perpendicular to the
second direction (for example, the lateral direction), and the
at least one scan line may be a scan line arranged in the first
direction (for example, the elevation direction).

[0138] Accordingly, the image processor 140 may gener-
ate the second ultrasound image 502 as illustrated in FIG. 7
based on signals output from the second digital beamformer
132.

[0139] Also, the ultrasound diagnosis apparatus 100
according to an embodiment may perform multi-beam
reception focusing in the elevation direction. For example,
in the case of forming four multi-beams by transmitting an
ultrasound beam one time, a signal S5 corresponding to a
fifth scan line SL5 may be generated by respectively apply-
ing time delay values el, €2, . .., ento signals L', L',, . .
., I',, that are analog-beamformed in the lateral direction
and digital-converted, and summing the same. Also, a signal
S6 corresponding to a sixth scan line SL6 may be generated
by applying time delay values f1, f2, . . ., fn to the
digital-converted signals L', L',, . . ., L', respectively, and
summing the same. Also, a signal S7 corresponding to a
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seventh scan line SL7 may be generated by applying time
delay values gl, g2, . . ., gn to the digital-converted signals
L', LY, ..., L, respectively, and summing the same. Also,
a signal S8 corresponding to an eighth scan line SL8 may be
generated by applying time delay values h1, h2, ..., hnto
the digital-converted signals L', L', . . . , L', , respectively,
and summing the same. In this case, fifth to eighth scan lines
may be scan lines arranged in the elevation direction as
illustrated in FIG. 7.

[0140] The ultrasound diagnosis apparatus 100 according
to an embodiment may raise a frame rate while maintaining
resolution by performing multi-beam reception focusing.
Also, the ultrasound diagnosis apparatus 100 may perform
beamforming without an error by performing the multi-
beam reception focusing in a direction perpendicular to a
direction in which the analog beamforming has been pet-
formed.

[0141] FIGS. 8A to 8D are diagrams illustrating an
example in which a first ultrasound image and a second
ultrasound image are displayed on a display according to an
embodiment.

[0142] Referring to FIG. 8A, the ultrasound diagnosis
apparatus 100 may display a first ultrasound image 510 in a
first region and display a second ultrasound image 520 in a
second region.

[0143] The first ultrasound image 510 represents an image
generated based on signals that are obtained by digital-
beamforming signals that are analog-beamformed in the first
direction, and the second ultrasound image 520 represents
an image generated based on signals that are obtained by
digital-beamforming signals that are analog-beamformed in
the second direction. Accordingly, the first ultrasound image
510 and the second ultrasound image 520 are images cor-
responding to cross-sections perpendicular to each other.
Also, the first ultrasound image 510 may be an ultrasound
image corresponding to a cross-section perpendicular to the
first direction, and the second ultrasound image 520 may be
an ultrasound image corresponding to a cross-section pet-
pendicular to the second direction.

[0144] Hereinafter, for convenience of description,
description is made on the assumption that the first ultra-
sound image 510 is a cross-sectional image in the lateral
direction, and the second ultrasound image 520 is a cross-
sectional image in the elevation direction.

[0145] The ultrasound diagnosis apparatus 100 according
to an embodiment may display 1' representing the first
ultrasound image 510 is a cross-sectional image in the lateral
direction in the first region, and display ‘E’ representing the
second ultrasound image 520 is a cross-sectional image in
the elevation direction in the second region.

[0146] Each of the first ultrasound image 510 and the
second ultrasound image 520 according to an embodiment
may be one of a B mode image, a color flow image, and an
elastic image. Also, the first ultrasound image 510 and the
second ultrasound image 520 may be images of different
kinds. For example, as illustrated in FIG. 8, the first ultra-
sound image 510 may be a color Doppler image, and the
second ultrasound image 520 may be a B mode image.
[0147] The ultrasound diagnosis apparatus 100 according
to an embodiment may display icons 511 and 521 repre-
senting a B mode image, icons 512 and 522 representing a
color flow image. and icons 513 and 523 representing an
elastic image. In this case, the icons representing a B mode
image, the icons representing a color flow image, and the
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icons representing an elastic image may be displayed in
different colors. For example, the icons 511 and 521 repre-
senting a B mode image may be displayed in a first color, the
icons 512 and 522 representing a color flow image may be
displayed in a second color, and the icons 513 and 523
representing an elastic image may be displayed in a third
color.

[0148] When receiving a user input that selects one of the
displayed icons, the ultrasound diagnosis apparatus 100 may
display an image of a kind corresponding to the selected
icon. For example, when receiving a user input that selects
the second icon 512 from among the first to third icons 511,
512, and 513 displayed in the first region, the ultrasound
diagnosis apparatus 100 may display the first ultrasound
image 510 by using a color flow image corresponding to the
second icon 512. Also, when receiving a user input that
selects the fourth icon 521 from among the fourth to sixth
icons 521, 522, and 523 displayed in the second region, the
ultrasound diagnosis apparatus 100 may display the second
ultrasound image 520 by using a B mode image correspond-
ing to the fourth icon 521. In this case, the selected second
icon 512 and fourth icon 521 may be highlighted.

[0149] Referring to FIG. 8A again, the ultrasound diag-
nosis apparatus 100 may display the locations of a first
cross-section 531 corresponding to the first ultrasound
image 510 and a second cross-section 532 corresponding to
the second ultrasound image 520. For example, the ultra-
sound diagnosis apparatus 100 may display the location of
the first cross-section 531 corresponding to the first ultra-
sound image 510 and the location of the second cross-
section 532 corresponding to the second ultrasound image
520 within a 3D volume 530, representing a scannable range
by using the probe 101 according to an embodiment.
[0150] Also, the ultrasound diagnosis apparatus 100 may
display a 2D region 540 corresponding to the 3D volume
530, and display a first movement bar 541 representing the
location of the first cross-section 531 in a 1D line and a
second movement bar 542 representing the location of the
second cross-section 532 in a 1D line within the 2D region
540. Also, central reference lines may be displayed in a
horizontal direction and a vertical direction on the 2D region
540 by using a dotted line. Accordingly, a degree in which
the first cross-section 531 and the second cross-section 532
are separated from the center may be easily understood.
Also, a vertical length HO of the 2D region 540 and a
coordinate value H1 of a vertical axis of the first movement
bar 541 may be displayed in the first region in which the first
ultrasound image 510 is displayed, and a horizontal length
WO of the 2D region 540 and a coordinate value W1 of a
horizontal axis of the second movement bar 542 may be
displayed in a region in which the second ultrasound image
520 is displayed.

[0151] Also, the color of the first movement bar 541 may
be determined depending on a mode of the first ultrasound
image 510, and the color of the second movement bar 542
may be determined depending on a mode of the second
ultrasound image 520. For example, in the case where the
first ultrasound image 510 is a color flow image, the first
movement bar 541 may be displayed by using a second
color, and in the case where the second ultrasound image
520 is a B mode image, the second movement bar 542 may
be displayed by using a first color.

[0152] Also, the ultrasound diagnosis apparatus 100 may
move the first movement bar 541 up and down by receiving
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a track ball input, a touch input, an up/down key input, etc.
Also, the ultrasound diagnosis apparatus 100 may move the
second movement bar 542 left and right by receiving a track
ball input, a touch input, a left/right key input, etc. However,
an input that moves the first movement bar 541 and the
second movement bar 542 is not limited thereto.

[0153] When receiving a user input that moves the first
movement bar 541 up and down, the ultrasound diagnosis
apparatus 100 may move the first cross-section 531 in the
elevation direction in response to the received user input.
Also, when receiving a user input that moves the second
movement bar 542 left and right, the ultrasound diagnosis
apparatus 100 may move the second cross-section 532 in the
lateral direction in response to the received user input.

[0154] Accordingly, the ultrasound diagnosis apparatus
100 may display the first ultrasound image corresponding to
the moved first cross-section and the second ultrasound
image corresponding to the moved second cross-section on
the display 150.

[0155] Referring to FIG. 8B, the ultrasound diagnosis
apparatus 100 according to an embodiment may display the
2D region 540 including the first movement bar 541 and the
second movement bar 542 in a first region 551 in which the
first ultrasound image 510 is displayed, and in a second
region 552 in which the second ultrasound image 520 is
displayed. In this case, the first movement bar 541 displayed
in the first region 551 may be displayed by using a solid line,
and the second movement bar 542 may be displayed by
using a dotted line. In this case, the location of the second
movement bar 542 displayed in the first region 551 may be
fixed, and only the location of the first movement bar 541
may be changed.

[0156] Also, the second movement bar 542 displayed in
the second region 522 may be displayed by using a solid
line, and the first movement bar 541 may be displayed by
using a dotted line. In this case, the location of the first
movement bar 541 displayed in the second region 522 may
be fixed, and only the location of the second movement bar
542 may be changed.

[0157] Referring to FIG. 8C, the ultrasound diagnosis
apparatus 100 according to an embodiment may include a
first display 561 and a second display 562. The first display
561 may display the first ultrasound image 510 and the
second ultrasound image 520, and the second display 562
may display the locations of the first cross-section 531
corresponding to the first ultrasound image 510 and the
second cross-section 532 corresponding to the second ultra-
sound image 520, and display the first movement bar 541
representing the location of the first cross-section 531 and
the second movement bar 542 representing the location of
the second cross-section 532.

[0158] Referring to FIG. 8D, the ultrasound diagnosis
apparatus 100 according to an embodiment may include the
first display 561 and the second display 562. The second
display 562 may display the first ultrasound image 510 and
the second ultrasound image 520. Also, the second display
562 may display the locations of the first cross-section 531
corresponding to the first ultrasound image 510 and the
second cross-section 532 corresponding to the second ultra-
sound image 520, and display the first movement bar 541
representing the location of the first cross-section 531 and
the second movement bar 542 representing the location of
the second cross-section 532.
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[0159] In the case where one of the first ultrasound image
510 and the second ultrasound image 520 displayed in the
second display 562 is selected, the first display 561 may
display the selected image. For example, in the case where
the second ultrasound image 520 is selected, the first display
561 may display the second ultrasound image 520 on an
entire screen.

[0160] FIG. 9 is a diagram illustrating an example in
which a user interface that adjusts a frame rate and resolu-
tion of ultrasound images is displayed on a display accord-
ing to an embodiment.

[0161] Referring to FIG. 9, the ultrasound diagnosis appa-
ratus 100 may display a first ultrasound image 610 in a first
region, and display a second ultrasound image 620 in a
second region. Also, the ultrasound diagnosis apparatus 100
may display a first adjustment bar 640 that may adjust a
frame rate of the first ultrasound image 610 and the second
ultrasound image 620. In this case, the first adjustment bar
640 may move left and right within the first region 635. The
first region 635 may be divided into a left region and a right
region based on the first adjustment bar 640, and the left
region and the right region may be displayed in different
colors. Also, a frame rate of the first ultrasound image 610
and the second ultrasound image 620 may be determined
depending on the location of the first adjustment bar 640 in
the first region 635.

[0162] Forexample, in the case where the first adjustment
bar 640 is located to the right from a middle line 630 (in this
case, the left region is larger than the right region), the frame
rate of the first ultrasound image 610 may be greater than the
frame rate of the second ultrasound image 620. In contrast,
in the case where the first adjustment bar 640 is located to
the left from the middle line 630 (in this case, the left region
is less than the right region), the frame rate of the second
ultrasound image 620 may be greater than the frame rate of
the first ultrasound image 610.

[0163] Also, the frame rate FR1 of the first ultrasound
image 610 may be displayed in the left region, and the frame
rate FR2 of the second ultrasound image 620 may be
displayed in the right region. Also, colors displayed in the
left region and the right region may be determined depend-
ing on the size of the frame rates of the first ultrasound image
610 and the second ultrasound image 620. For example, in
the case where the frame rate of the first ultrasound image
610 is greater than the frame rate of the second ultrasound
image 620, the left region may be displayed in a first color,
and the right region may be displayed in a second color. In
contrast, in the case where the frame rate of the first
ultrasound image 610 is less than the frame rate of the
second ultrasound image 620, the left region may be dis-
played in the second color, and the right region may be
displayed in the first color. Also, in the case where the frame
rate of the first ultrasound image 610 is the same as the frame
rate of the second ultrasound image 620, the left region and
the right region may be displayed in a third color, but is not
limited thereto.

[0164] Also, when receiving an input that moves the first
adjustment bar 640 to the right, the ultrasound diagnosis
apparatus 100 may increase the frame rate of the first
ultrasound image 610 and reduce the frame rate of the
second ultrasound image 620 by increasing a number of
multi-beams corresponding to the first ultrasound image 610
and reducing a number of multi-beams corresponding to the
second ultrasound image 620. In contrast, when receiving an
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input that moves the first adjustment bar 640 to the left, the
ultrasound diagnosis apparatus 100 may increase the frame
rate of the second ultrasound image 620 and reduce the
frame rate of the first ultrasound image 610 by increasing a
number of multi-beams corresponding to the second ultra-
sound image 620 and reducing a number of multi-beams
corresponding to the first ultrasound image 610.

[0165] However, the frame rate is not limited thereto, and
the frame rate of the first ultrasound image 610 and the
frame rate of the second ultrasound image 620 may be
adjusted by using various methods. Also, contrary to the
above-described method, when the first adjustment bar 640
is moved to the left, the frame rate of the first ultrasound
image 610 may be increased and the frame rate of the second
ultrasound image 620 may be reduced.

[0166] Referring to FIG. 9 again, the ultrasound diagnosis
apparatus 100 may display the second adjustment bar 650
that may adjust resolution of the first ultrasound image 610
and the second ultrasound image 620. In this case, the
second adjustment bar 650 may be moved up and down
within the second region 645, and the resolution of the first
ultrasound image 610 and the second ultrasound image 620
may be determined depending on the location of the second
adjustment bar 650. For example, when the second adjust-
ment bar 650 is located in the upper portion within the
second region 645, resolution is high, and when the second
adjustment bar 650 is located in the lower portion within the
second region 645, resolution is low, but is not limited
thereto.

[0167] Also, the resolution R1 of the first ultrasound
image 610 may be displayed in a region in which the first
ultrasound image 610 is displayed, and the resolution R2 of
the second ultrasound image 620 may be displayed in a
region in which the second ultrasound image 620 is dis-
played.

[0168] Also, the ultrasound diagnosis apparatus 100 may
adjust the resolutions of the first ultrasound image 610 and
the second ultrasound image 620, respectively, by using the
second adjustment bar 650. For example, when receiving an
input that selects the first ultrasound image 610 and moves
the second adjustment bar 650 upward, the ultrasound
diagnosis apparatus 100 may raise the resolution of the first
ultrasound image 610. When receiving an input that selects
the second ultrasound image 620 and moves the second
adjustment bar 650 downward, the ultrasound diagnosis
apparatus 100 may lower the resolution of the second
ultrasound image 620.

[0169] For example, the ultrasound diagnosis apparatus
100 may raise resolution by increasing a number of scan
lines included in an ultrasound image frame, and lower
resolution by reducing a number of scan lines included in an
ultrasound image frame. However, the method of adjusting
resolution is not limited thereto, and the ultrasound diagno-
sis apparatus 100 may adjust resolution by using various
methods.

[0170] Also, referring to FIG. 9, the ultrasound diagnosis
apparatus 100 may display a first movement bar 641 and a
second movement bar 642 respectively representing the
locations of the first ultrasound image 610 and the second
ultrasound image 620. Since the first movement bar 641 and
the second movement bar 642 have been described in detail
in FIG. 8A, descriptions thereof are omitted.

[0171] FIGS. 10A and 10B are diagrams illustrating an
example in which an ultrasound diagnosis apparatus 100
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displays a second ultrasound image including a region of
interest selected from a first ultrasound image according to
an embodiment.

[0172] Referring to FIGS. 10A and 10B, the ultrasound
diagnosis apparatus 100 may display a first ultrasound image
710 in a first region and display a second ultrasound image
720 in a second region. Also, the ultrasound diagnosis
apparatus 100 may display the locations of a first cross-
section 731 corresponding to the first ultrasound image 710
and a second cross-section 732 corresponding to the second
ultrasound image 720, and display a first movement bar 741
representing the location of the first cross-section 731 and a
second movement bar 742 representing the location of the
second cross-section 732. In this case, the first movement
bar 741 may be moved up and down, and the second
movement bar 742 may be moved left and right.

[0173] Meanwhile, as illustrated in FIG. 10A, the ultra-
sound diagnosis apparatus 100 may receive a user input that
selects a region 715 of interest from the first ultrasound
image 710, and display the region 715 of interest selected by
the user input inside the first ultrasound image. In this case,
the region 715 of interest selected by the user input may be
a region not included in the second ultrasound image.
[0174] Also, the ultrasound diagnosis apparatus 100 may
display a location 735 of the selected region of interest on
the first cross-section 731 corresponding to the first ultra-
sound image 710, and display the location 735 on the first
movement bar 741. Also, the ultrasound diagnosis apparatus
100 may simultaneously display a movement direction 760
of the second movement bar 742 that allows the region of
interest to be located on the second movement bar 742. In
this case, when receiving a user input that selects a location
745 of the region of interest displayed on the first movement
bar 741, the ultrasound diagnosis apparatus 100 may move
the second movement bar 741 to the relevant location 745 as
illustrated in FIG. 10B. That is, the ultrasound diagnosis
apparatus 100 may move the second movement bar 742 so
that the location 745 of the region of interest may be located
on the second movement bar 742. Alternatively, a user may
move the second movement bar 742 to the region of interest
by dragging the second movement bar 742 in the displayed
movement direction 760, or performing a track ball input,
and a left/right key input.

[0175] When the second movement bar 742 is moved so
that the location 745 of the region of interest may be located
on the second movement bar 742, the second cross-section
732 may be also moved to the location 735 of the region of
interest. Accordingly, the ultrasound diagnosis apparatus
100 may generate a cross-sectional image in the elevation
direction including a region 755 of interest as a second
ultrasound image 750 and display the generated second
ultrasound image 750 in the second region as illustrated in
FIG. 10B.

[0176] FIGS. 11A and 11B are views illustrating an
example in which an ultrasound diagnosis apparatus 100
displays a second ultrasound image including a region of
interest selected from a first ultrasound image according to
another embodiment.

[0177] Referring to FIGS. 11A and 11B, the ultrasound
diagnosis apparatus 100 may include a first display 861 and
a second display 862. The first display 861 may display a
first ultrasound image 810 and a second ultrasound image
820. The second display 862 may display the locations of a
first cross-section 831 corresponding to the first ultrasound



US 2017/0128046 Al

image 810 and a second cross-section 832 corresponding to
the second ultrasound image 820, and display a first move-
ment bar 841 representing the location of the first cross-
section 831 and a second movement bar 842 representing the
location of the second cross-section 832.

[0178] Meanwhile, as illustrated in FIG. 11A, the ultra-
sound diagnosis apparatus 100 may receive a user input that
selects a region 815 of interest from the first ultrasound
image 810. In this case, the region 815 of interest selected
by the user input may be a region not included in the second
ultrasound image 820.

[0179] Also, a location 835 of the selected region of
interest may be displayed on the first cross-section 831 and
the first movement bar 841. In this case, when receiving a
user input that selects a location 845 of the region of interest
displayed on the first movement bar 841, the ultrasound
diagnosis apparatus 100 may move the second movement
bar 842 to the relevant location 845 as illustrated in FIG.
11B. That is, the ultrasound diagnosis apparatus 100 may
move the second movement bar 842 so that the location 845
of the region of interest may be located on the second
movement bar 842. Alternatively, a user may move the
second movement bar 842 to the region of interest by
dragging the second movement bar 842, or performing a
track ball input and a left/right key input.

[0180] When the second movement bar 842 is moved so
that the location 845 of the region of interest may be located
on the second movement bar 842, the second cross-section
832 may be also moved to the location 835 of the region of
interest. Accordingly, the ultrasound diagnosis apparatus
100 may generate a cross-section image in the elevation
direction including a region 855 of interest as a second
ultrasound image 850 and display the generated second
ultrasound image 850 on the first display 861 as illustrated
in FIG. 11B.

[0181] FIG. 12 is a flowchart illustrating a method of
operating an ultrasound diagnosis apparatus 100 according
to an embodiment.

[0182] Referring to FIG. 12, the ultrasound diagnosis
apparatus 100 according to an embodiment may include a
2D transducer array in which a plurality of transducers are
arranged in two dimensions, may analog-beamform signals
respectively corresponding to the plurality of transducers in
a first direction, and analog-beamform the signals in a
second direction perpendicular to the first direction (S1110).
[0183] For example, the ultrasound diagnosis apparatus
100 may perform analog-beamforming in the first direction
by applying the same time delay value to transducers located
on the same location in the second direction, and perform
analog-beamforming in the second direction by applying the
same time delay value to transducers located on the same
location in the first direction. In this case, the first direction
may be the elevation direction, and the second direction may
be the lateral direction.

[0184] Also, the ultrasound diagnosis apparatus 100
according to an embodiment may digital-beamform signals
that are analog-beamformed in the first direction, and digi-
tal-beamform signals that are analog-beamformed in the
second direction (S1120).

[0185] For example, the ultrasound diagnosis apparatus
100 may generate signals corresponding to a plurality of
scan lines arranged in the second direction by digital-
beamforming signals that are analog-beamformed in the first
direction. Also, the ultrasound diagnosis apparatus 100 may
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generate signals corresponding to a plurality of scan lines
arranged in the first direction by digital-beamforming sig-
nals that are analog-beamformed in the second direction.
[0186] Also, the ultrasound diagnosis apparatus 100
according to an embodiment may generate a first ultrasound
image by using a signal that is obtained by digital-beam-
forming signals that are analog-beamformed in the first
direction, and generate a second ultrasound image by using
signals that are obtained by digital-beamforming signals that
are analog-beamformed in the second direction (S1130).
[0187] For example, the first ultrasound image and the
second ultrasound image are images corresponding to cross-
sections perpendicular to each other. Also, the first ultra-
sound image may be an ultrasound image corresponding to
a cross-section perpendicular to the first direction, and the
second ultrasound image may be an ultrasound image cor-
responding to a cross-section perpendicular to the second
direction.

[0188] The ultrasound diagnosis apparatus 100 according
to an embodiment may display the first ultrasound image
and the second ultrasound image (S1140).

[0189] Forexample, each of the first ultrasound image and
the second ultrasound image may be displayed as one of a
B mode image, a color flow image, and an elastic image.
Also, the ultrasound diagnosis apparatus 100 according to an
embodiment may display the locations of a first cross-
section corresponding to the first ultrasound image and a
second cross-section corresponding to the second ultrasound
image. Also, the ultrasound diagnosis apparatus 100 may
display a first movement bar representing the location of the
first cross-section and a second movement bar representing
the location of the second cross-section. When the first
movement bar or the second movement bar moves, the
ultrasound diagnosis apparatus 100 may display the first
ultrasound image corresponding to the moved first cross-
section or the second ultrasound image corresponding to the
moved second cross-section.

[0190] The ultrasound diagnosis apparatus 100 may dis-
play a first adjustment bar that may adjust the frame rate of
the first ultrasound image and the second ultrasound image.
Also, the ultrasound diagnosis apparatus 100 may display a
second adjustment bar that may adjust the resolution of the
first ultrasound image and the second ultrasound image.
[0191] According to an embodiment, a multi-beam may be
implemented in the first direction and the second direction
without an error. According to an embodiment, a multi-beam
may be implemented in the first direction and the second
direction, so that a frame rate of an ultrasound image may be
increased. According to an embodiment, a number of cables
connecting an analog beamformer with a digital beamformer
may be reduced. According to an embodiment, an amount of
operations by analog beamforming may be reduced.
[0192] Meanwhile, the ultrasound diagnosis apparatus and
the method of operating the same according to embodiments
can also be embodied as computer readable codes on a
non-transitory computer readable recording medium. The
non-transitory computer readable recording medium is any
data storage device that can store data which can be there-
after read by a computer system. Examples of the non-
transitory computer readable recording medium include
read-only memory (ROM), random-access memory (RAM),
CD-ROMs, magnetic tapes, floppy disks, optical data stor-
age devices, and so on. The non-transitory computer read-
able recording medium can also be distributed over network
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coupled computer systems so that the computer readable
code is stored and executed in a distributive manner.
[0193] While one or more embodiments have been
described with reference to the figures, the inventive concept
is not limited to the described specific embodiments and it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope as defined by the
following claims. These modifications should not be indi-
vidually understood from the technical spirit or prospect of
the inventive concept.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

a two-dimensional (2D) transducer array in which a
plurality of transducers that transmit/receive an ultra-
sound signal to/from an object are arranged in two
dimensions;

an analog beamformer configured to perform analog
beamforming in a first direction, and perform analog
beamforming in a second direction perpendicular to the
first direction on signals respectively received by the
plurality of transducers; and

a digital beamformer configured to perform digital beam-
forming on the signals that are analog-beamformed in
the first direction, and perform digital beamforming on
the signals that are analog-beamformed in the second
direction.

2. The apparatus of claim 1, wherein the analog beam-

former comprises:

a first analog beamformer configured to perform the
analog beamforming in the first direction by applying a
same time delay value to transducers located at same
locations in the second direction; and

a second analog beamformer configured to perform the
analog beamforming in the second direction by apply-
ing a same time delay value to transducers located at
same locations in the first direction.

3. The apparatus of claim 1, wherein the 2D transducer
array comprises an MxN type 2D transducer array in which
M 1D transducers are arranged in an elevation direction, and
N 1D transducers are arranged in a lateral direction,

the analog beamformer is further configured to perform
the analog beamforming in the lateral direction on each
of the M 1D transducers arranged in the elevation
direction, and perform the analog beamforming in the
elevation direction on each of the N 1D transducers
arranged in the lateral direction, and

the digital beamformer is further configured to perform
digital beamforming on the signals that are analog-
beamformed in the lateral direction, and perform digital
beamforming on the signals that are analog-beam-
formed in the elevation direction.

4. The apparatus of claim 3, wherein a number of channels

input to the digital beamformer is M+N.

5. The apparatus of claim 1, wherein the 2D transducer
array 1s further configured to transmit an ultrasound signal to
the object along one scan line, and receive an ultrasound
signal reflected by the object, and

the digital beamformer is further configured to generate a
signal corresponding to a plurality of scan lines
arranged in the second direction by digital-beamform-
ing the signals that are analog-beamformed in the first
direction, and
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generate a signal corresponding to a plurality of scan lines
arranged in the first direction by digital-beamforming
the signals that are analog-beamformed in the second
direction.

6. The apparatus of claim 1, further comprising:

an image processor configured to generate a first ultra-

sound image by using a signal that is obtained by
digital-beamforming the signals that are analog-beam-
formed in the first direction, and generate a second
ultrasound image by using a signal that is obtained by
digital-beamforming the signals that are analog-beam-
formed in the second direction.

7. The apparatus of claim 6, wherein the first ultrasound
image comprises an image corresponding to a first cross-
section of the object, and the second ultrasound image
comprises an image corresponding to a second cross-section
of the object, and the first cross-section is perpendicular to
the second cross-section.

8. The apparatus of claim 6, wherein each of the first
ultrasound image and the second ultrasound image com-
prises one of a brightness (B) mode image, a color flow
image, and an elastic image.

9. The apparatus of claim 6, further comprising:

a display configured to display the first ultrasound image

and the second ultrasound image.

10. The apparatus of claim 9, wherein the display is
further configured to display at least one of a first adjustment
bar that adjusts frame rates of the first ultrasound image and
the second ultrasound image, and a second adjustment bar
that adjusts resolutions of the first ultrasound image and the
second ultrasound image.

11. The apparatus of claim 9, further comprising:

an input device configured to receive a user input that

selects a region of interest from the first ultrasound
image,

wherein the display is further configured to display the

second ultrasound image comprising the selected
region of interest.
12. A method of operating an ultrasound diagnosis appa-
ratus comprising a two-dimensional (2D) transducer array in
which a plurality of transducers are arranged in two dimen-
sions, the method comprising:
performing analog beamforming in a first direction, and
performing analog beamforming in a second direction
perpendicular to the first direction on signals respec-
tively received by the plurality of transducers; and

performing digital beamforming on the signals that are
analog-beamformed in the first direction, and perform-
ing digital beamforming on the signals that are analog-
beamformed in the second direction.

13. The method of claim 12, wherein the performing of
the analog beamforming in the first direction, and the
performing of the analog beamforming in the second direc-
tion perpendicular to the first direction comprises:

performing the analog beamforming in the first direction

by applying a same time delay value to transducers
located at a same location in the second direction; and
performing the analog beamforming in the second direc-
tion by applying a same time delay value to transducers
located at a same location in the first direction.

14. The method of claim 12, wherein the 2D transducer
array comprises an MxN type 2D transducer array in which
M 1D transducers are arranged in an elevation direction, and
N 1D transducers are arranged in a lateral direction,
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the performing of the analog beamforming in the first
direction, and the performing of the analog beamform-
ing in the second direction perpendicular to the first
direction comprise:

performing the analog beamforming in the lateral direc-
tion on each of the M 1D transducers arranged in the
elevation direction, and performing the analog beam-
forming in the elevation direction on each of the N 1D
transducers arranged in the lateral direction, and

the performing of the digital beamforming on the signals
that are analog-beamformed in the first direction, and
the performing of the digital beamforming on the
signals that are analog-beamformed in the second
direction comprises:

performing digital beamforming on the signals that are
analog-beamformed in the lateral direction, and per-
forming digital beamforming on the signals that are
analog-beamformed in the elevation direction.

15. The method of claim 12, further comprising;

transmitting an ultrasound signal to the object along one
scan line, and receiving an ultrasound signal reflected
by the object,

wherein the performing of the digital beamforming on the
signals that are analog-beamformed in the first direc-
tion, and the performing of the digital beamforming on
the signals that are analog-beamformed in the second
direction comprise:

generating a signal corresponding to a plurality of scan
lines arranged in the second direction by digital-beam-
forming the signals that are analog-beamformed in the
first direction, and

generating a signal corresponding to a plurality of scan
lines arranged in the first direction by digital-beam-
forming the signals that are analog-beamformed in the
second direction.
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16. The method of claim 12, further comprising:

generating a first ultrasound image by using a signal that
is obtained by digital-beamforming the signals that are
analog-beamformed in the first direction, and generat-
ing a second ultrasound image by using a signal that is
obtained by digital-beamforming the signals that are
analog-beamformed in the second direction.

17. The method of claim 16, wherein the first ultrasound
image comprises an image corresponding to a first cross-
section of the object, and the second ultrasound image
comprises an image corresponding to a second cross-section
of the object, and the first cross-section is perpendicular to
the second cross-section.

18. The method of claim 16, wherein each of the first
ultrasound image and the second ultrasound image com-
prises one of a B mode image, a color flow image, and an
elastic image.

19. The method of claim 16, further comprising:

displaying the first ultrasound image and the second
ultrasound image.

20. The method of claim 19, further comprising;

displaying at least one of a first adjustment bar that adjusts
frame rates of the first ultrasound image and the second
ultrasound image, and a second adjustment bar that
adjusts resolutions of the first ultrasound image and the
second ultrasound image.

21. The method of claim 19, further comprising;

receiving a user input that selects a region of interest from
the first ultrasound image; and

displaying the second ultrasound image comprising the
selected region of interest.
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