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FIG. 9
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FIG. 10
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FIG. 11
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FIG. 12
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END
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ULTRASOUND IMAGING APPARATUS AND
METHOD USING SYNTHETIC APERTURE
FOCUSING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2014-0128280, filed on Sep. 25,2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments relate to
ultrasound imaging apparatuses and methods using synthetic
aperture focusing, and more particularly, to apparatuses and
methods for generating an ultrasound image of an object.
[0004] 2. Description of the Related Art

[0005] An ultrasound diagnostic apparatus transmits ultra-
sound signals generated by transducers of a probe to an object
and receives echo signals reflected from the object, thereby
obtaining images of the object (e.g., tomography of soft tis-
sues or blood flow). In particular, an ultrasound diagnostic
apparatus may be used for medical purposes including obser-
vation of the interval areas of an object, detection of foreign
substances, and diagnosis. Such an ultrasound diagnostic
apparatus may display information regarding an object in
real-time. Furthermore, unlike the use of X-rays, an ultra-
sound diagnostic apparatus does not involve any radioactive
exposure, thus being safe. Therefore, an ultrasound diagnos-
tic apparatus is widely used together with other types of
imaging diagnostic apparatuses, including a computed
tomography (CT) scanner, a magnetic resonance imaging
(MRI) apparatus, a nuclear medicine apparatus, etc.

[0006] The quality of an ultrasound image may be deter-
mined by resolution, a contrast, penetration, a frame rate, and
the like, and the performance thereof may vary according to
transmission/reception methods, image forming methods,
signal processing methods, and characteristics of circuits.
Among these factors, resolution is an important index for
determining the quality of an ultrasound image. Therefore,
methods and apparatuses are needed for improving the reso-
lution of an ultrasound image.

SUMMARY

[0007] Oneor more exemplary embodiments include ultra-
sound diagnostic apparatuses and methods for acquiring an
ultrasound image with increased resolution by using a probe
having a limited aperture size.

[0008] According to one or more exemplary embodiments,
ultrasound image data may be acquired by transmitting and
receiving ultrasound signals at different positions by moving
a probe with a limited aperture size. Thus, the probe with an
aperture size increased by the movement distance of the probe
may provide the same effect as a probe with a larger aperture
size in acquiring an ultrasound image.

[0009] One or more exemplary embodiments include an
ultrasound image displaying method for obtaining a high-
resolution ultrasound image by using this effect and an ultra-
sound diagnostic apparatus using the ultrasound image dis-
plaving method.

[0010] One or more exemplary embodiments include an
ultrasound image displaying method for obtaining a high-
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resolution ultrasound image by transmitting ultrasound sig-
nals at different positions by moving a probe to increase a
virtual size of the probe by the movement distance of the
probe and an ultrasound diagnostic apparatus using the ultra-
sound image displaying method.

[0011] According to one or more exemplary embodiments,
an ultrasound diagnostic apparatus includes: an ultrasound
transceiver supplying a driving signal to at least one trans-
ducer included in a probe and acquiring at least one piece of
ultrasound data corresponding to at least one ultrasound echo
signal received by the at least one transducer; a controller
performing control to acquire the at least one piece of ultra-
sound data based on at least one first ultrasound echo signal
acquired by the ultrasound transceiver in response to an ultra-
sound signal transmitted to an object by the probe at a first
position and at least one second ultrasound echo signal
acquired by the ultrasound transceiver in response to an ultra-
sound signal transmitted to the object by the probe at a second
position that is different from the first position; and an image
processor generating an ultrasound image by using the ultra-
sound data.

[0012] Thecontroller may perform control to acquire the at
least one piece of ultrasound data by synthetic aperture focus-
ing of the at least one first ultrasound echo signal and the at
least one second ultrasound echo signal.

[0013] The controller may perform control such that the
probeis formed to have a synthetic aperture corresponding to
the sum of an aperture of the probe at the first position and an
aperture of the probe at the second position.

[0014] When one of the at least one first ultrasound echo
signal and one of the at least one second ultrasound echo
signal is determined to be the same as each other, the image
processor may delete one of information about the one of the
at least of first ultrasound echo signal and information about
the one of the at least of second ultrasound echo signal.

[0015] The image processor may apply a predetermined
weight to the at least one ultrasound echo signal, which is
determined to be the same, among at least one of the at least
one first ultrasound echo signal and at least one of the at least
one second ultrasound echo signal.

[0016] The image processor may generate the ultrasound
data by applying different weights to the at least one first
ultrasound echo signal and the at least one second ultrasound
echo signal.

[0017] The image processor may generate a panoramic
image including the ultrasound data generated based on the at
least one first ultrasound echo signal and the at least one
second ultrasound echo signal.

[0018] According to one or more exemplary embodiments,
an ultrasound diagnostic method includes: transmitting and
receiving at least one ultrasound signal to and from an object
by a probe at a first position; transmitting and receiving at
least one ultrasound signal to and from the object by the probe
at a second position that is different from the first position;
and acquiring at least one piece of ultrasound data based on at
least one first ultrasound echo signal received at the first
position and at least one second ultrasound echo signal
received at the second position.

[0019] The acquiring of the at least one piece of ultrasound
data may include acquiring theat least one piece of ultrasound
data by synthetic aperture focusing of the at least one first
ultrasound echo signal and the at least one second ultrasound
echo signal.
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[0020] The acquiring of the at least one piece of ultrasound
data may include performing a calculation to acquire ultra-
sound data by using the probe formed to have a synthetic
aperture corresponding to the synthesis of an aperture of the
probe at the first position and an aperture of the probe at the
second position.

[0021] The acquiring of the at least one piece of ultrasound
data may include deleting one of information about the first
ultrasound echo signal and information about the second
ultrasound echo signal when one of the at least one first
ultrasound echo signal and one of the at least one second
ultrasound echo signal is determined to be the same as each
other.

[0022] The acquiring of the at least one piece of ultrasound
data may include applying a predetermined weight to the
ultrasound echo signal, which is determined to be the same,
among at least one of the at least one first ultrasound echo
signal and at least one of the at least one second ultrasound
echo signal.

[0023] The acquiring of the at least one piece of ultrasound
data may include acquiring the ultrasound data by applying
different weights to the at least one first ultrasound echo
signal and the at least one second ultrasound echo signal.
[0024] The acquiring of the at least one piece of ultrasound
data may include generating a panoramic image including the
ultrasound data generated based on the at least one first ultra-
sound echo signal and the at least one second ultrasound echo
signal.

[0025] According to one or more exemplary embodiments,
anon-transitory computer-readable recording medium stores
a program that performs the above ultrasound diagnostic
method when executed by a computer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and/or other aspects will become more
apparent by describing certain exemplary embodiments, with
reference to the accompanying drawings, in which:

[0027] FIG.1isablockdiagram illustrating a configuration
of an ultrasound diagnostic apparatus according to an exem-
plary embodiment;

[0028] FIG. 2 illustrates an exemplary embodiment of
dynamic transmit focusing;

[0029] FIG. 3 is a block diagram illustrating components
included in an ultrasound diagnostic apparatus according to
an exemplary embodiment;

[0030] FIGS. 4A and 4B illustrate an exemplary embodi-
ment of synthetic aperture focusing;

[0031] FIG. 5 illustrates acquiring ultrasound data by syn-
thetic aperture focusing of ultrasound signals transmitted and
received by using a probe located at different positions,
according to an exemplary embodiment;

[0032] FIG. 6 illustrates an ultrasound echo signal trans-
mitted and received at a first position or a second position,
which is determined to be the same, according to an exem-
plary embodiment;

[0033] FIG. 7 illustrates generating a panoramic image by
using ultrasound data generated at different positions via the
movement of a probe, according to an exemplary embodi-
ment;

[0034] FIG. 8isa flowchart of an ultrasound data acquiring
method using synthetic aperture focusing to acquire ultra-
sound data by transmitting and receiving ultrasound signals at
different positions via the movement of a probe, according to
an exemplary embodiment;
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[0035] FIG. 9 is a flowchart of a method of acquiring ultra-
sound data based on information about an ultrasound echo
signal other than an ultrasound echo signal, which is deter-
mined to be the same, among at least one first ultrasound echo
signal acquired in response to an ultrasound signal transmit-
ted to an object at a first position and at least one second
ultrasound echo signal acquired in response to an ultrasound
signal transmitted to the object at a second position, accord-
ing to an exemplary embodiment;

[0036] FIG. 10 is a flowchart of a method of acquiring
ultrasound data by applying a predetermined weight to infor-
mation about a first ultrasound echo signal and a second
ultrasound echo signal determined to be the same, according
to an exemplary embodiment;

[0037] FIG. 11 is a flowchart of a method of acquiring
ultrasound data by applying different weights to a first ultra-
sound echo signal and a second ultrasound echo signal,
according to an exemplary embodiment; and

[0038] FIG. 12 is a flowchart of a method of generating a
panoraniic image by using ultrasound data acquired by syn-
thetic aperture focusing of ultrasound signals transmitted and
received by using a probe located at different positions,
according to an exemplary embodiment.

DETAILED DESCRIPTION

[0039] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0040] Inthe following description, like drawing reference
numerals are used for like elements, even in different draw-
ings. The matters defined in the description, such as detailed
construction and elements, are provided to assist in a com-
prehensive understanding of the exemplary embodiments.
However, it is apparent that the exemplary embodiments can
be practiced without those specifically defined matters. Also,
well-known functions or constructions are not described in
detail since they would obscure the description with unnec-
essary detail.

[0041] As usedherein, expressions such as “atleast one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
[0042] When something “comprises” or “includes” a com-
ponent, another component may be further included unless
specified otherwise. Also, 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.

[0043] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is acquired by
using ultrasonic waves. Also, an “object” may include a per-
son or an animal, or a part of a person or an animal. For
example, the object may include organs such as a liver, a
heart, a womb, a brain, a breast, an abdomen, or the like, ora
blood vessel. Also, the object may include a phantom. The
phantom may refer to a material having a volume that is
approximately the intensity and effective atomic number of a
living thing, and may include a spherical phantom having a
property similar to a human body.

[0044] Also, a “user” may be, but is not limited to, a medi-
cal expert including a doctor, a nurse, a medical laboratory
technologist, a medial image expert, and a technician who
repairs a medical apparatus.
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[0045] FIG.1isablock diagram illustrating a configuration
of an ultrasound diagnostic apparatus 100 according to an
exemplary embodiment. The ultrasound diagnostic apparatus
100 according to an exemplary embodiment may include a
probe or probes 102, an ultrasound transceiver 110, an image
processor 120, a communicator 130, a memory 140, an input
device 150, and a controller 160, where the components
stated above may be connected to one another via buses 700.

[0046] The ultrasound diagnostic apparatus 100 may be
embodied a cart type apparatus and/or a portable apparatus.
Examples of portable ultrasound diagnostic apparatuses may
include a picture archiving and communication system
(PACS) viewer, a smart phone, a laptop computer, a personal
digital assistant (PDA), and a tablet personal computer (PC).
However, exemplary embodiments are not limited thereto.

[0047] The probe 102 transmits an ultrasound signal to an
object 101 according to a driving signal applied from the
ultrasound transceiver 110 and receives an echo signal
reflected from the object 101. The probe 102 includes a plu-
rality of transducers, and the plurality of transducers oscil-
lates according to an electrical signal transmitted thereto and
generates an ultrasound wave, that is, acoustic energy. A scan
line is defined by each of the plurality of transducers. For
example, a plurality of scan lines of linearly arranged trans-
ducers may be defined as a plurality of scan lines that are
perpendicular to the arrangement direction of transducers.
This example is described based on a two-dimensional (2D)
ultrasound image in terms of a lateral direction (x axis), that
is, the arrangement direction of transducers and an axial
direction (7 axis) constituted by scan lines, and according to
various embodiments, the scan lines may be divided intoa y
axis in addition to the x axis and the z axis, for generation of
a three-dimensional (3D) ultrasound image. The probe 102
may be connected to the main body of the ultrasound diag-
nostic apparatus 100 by wire or wirelessly. According to
exemplary embodiments, the ultrasound diagnostic apparatus
100 may include a plurality of probes 102.

[0048] A transmitter 116 supplies a driving signal to the
probe 102 and includes a pulse generator 117, a transmission
delayer 118, and a pulser 119. The pulse generator 117 gen-
erates pulses for forming transmission ultrasound waves
according to a predetermined pulse repetition frequency
(PRF), and the transmission delayer 118 applies a delay time
for determining transmission directionality to the pulses. The
pulses to which the delay time is applied correspond to a
plurality of piezoelectric vibrators included in the probe 102,
respectively. The pulser 119 applies a driving signal (or a
driving pulse) to the probe 102 at a timing corresponding to
each pulse to which the delay time is applied.

[0049] A reception unit 111 generates ultrasound data by
processing echo signals received from the probe 102 and may
include an amplifier 112, an analog-digital converter (ADC)
113, areception delayer 114, and a adder 115. The amplifier
112 amplifies echo signals in each channel, and the ADC 113
analog-digital converts the amplified echo signals. The recep-
tion delayer 114 applies delay times for determining recep-
tion directionality to the digital-converted echo signals, and
the adder 115 generates ultrasound data by summing the echo
signals processed by the reception delayer 114. Also, accord-
ing to exemplary embodiments, the reception unit 111 may
omit the amplifier 112. In other words. when the sensitivity of
the probe 102 or the capability to process bits by the ADC 113
is enhanced, the amplifier 112 may be omitted.
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[0050] The image processor 120 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 110 and displays the ultrasound image.
The ultrasound image may include not only a gray-scale
image obtained by scanning the object 101 in an amplitude
(A)mode, a brightness (B) mode, and a motion (M) mode, but
also a Doppler image representing a motion of the object 101
by using a Doppler effect. The Doppler image may include a
bloodstream Doppler image (also referred to as a color Dop-
pler image) representing a flow of blood, a tissue Doppler
image representing a motion of a tissue, and a spectral Dop-
pler image representing a movement speed of the object 101
in a waveform.

[0051] A B mode processor 124 extracts B mode compo-
nents from ultrasound data and processes the B mode com-
ponents. An image generator 121 may generate an ultrasound
image representing signal intensities as brightness based on
the B mode components extracted by the B mode processor
124.

[0052] Likewise, a Doppler processor 126 may extract
Doppler components from ultrasound data, and the image
generator 121 may generate a Doppler image representing a
motion of the object 101 as colors or waveforms based on the
extracted Doppler components.

[0053] Theimage generator 121 according to an exemplary
embodiment may generate a 3D ultrasound image through
volume-rendering of volume data and may also generate an
elasticity image that visualizes the deformation of the object
101 due to a pressure. In addition, the image generator 121
may display various additional information in or on an ultra-
soundimage by using texts and graphics. The generated ultra-
sound image may be stored in the memory 140.

[0054] A display 123 displays the generated ultrasound
image. The display 123 may display an ultrasound image,
and/or various information processed by the ultrasound diag-
nostic apparatus 100 on a screen via a graphic user interface
(GUI). The ultrasound diagnostic apparatus 100 may include
two or more displays 123 according to exemplary embodi-
ments.

[0055] The communicator 130 is connected by wire or
wirelessly to a network 170 to communicate with an external
device or a server. The communicator 130 may exchange data
with a hospital server or other medical apparatuses in a hos-
pital connected through a PACS. The communicator 130 may
perform data communication according to the Digital Imag-
ing and Communications in Medicine (DICOM) standard.
[0056] The communicator 130 may transmit and receive
data related to diagnosis of the object 101, e.g., an ultrasound
image, ultrasound data, and Doppler data of the object 101,
via the network 170 and may also transmit and receive medi-
cal images obtained by other medical apparatuses, e.g., a
computed tomography (CT) image, a magnetic resonance
imaging (MRI) image, and an X-ray image. In addition, the
communicator 130 may receive information related to diag-
nosis history or a treatment schedule of a patient from a server
and use the information to diagnose the object 101. In addi-
tion, the communicator 130 may perform data communica-
tion not only with a server or a medical apparatus in a hospital,
but also with a portable terminal of a doctor or a patient.
[0057] The communicator 130 may be connected by wire
or wirelessly to the network 170 to exchange data with a
server 172, a medical apparatus 174, or a portable terminal
176. The communicator 130 may include one or more com-
ponents that enable communication with external devices,
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and may include, for example, a short-range communicator
132, a wired communicator 134, and a mobile communicator
136.

[0058] The short-range communicator 132 refers to amod-
ule for short-range communication within a predetermined
distance. Examples of short-range communication tech-
niques according to an exemplary embodiment may include
wireless LAN, Wi-Fi, Bluetooth, Zigbee, Wi-Fi Direct
(WFD), ultra wideband (UWB), infrared data association
(IrDA), Bluetooth Low Energy (BLE), and near field com-
munication (NFC); however, exemplary embodiments are not
limited thereto.

[0059] The wired communicator 134 refers to a module for
communication using electrical signals or optical signals.
Examples of wired communication techniques according to
an exemplary embodiment may include a pair cable, a coaxial
cable, an optical fiber cable, and an Ethernet cable.

[0060] The mobile communicator 136 transmits and
receives wireless signals to and from at least one of a base
station, an external terminal, and a server on a mobile com-
munication network. Herein, the wireless signals may include
voice call signals, video call signals, or various types of data
for transmission and reception of text/multimedia messages.

[0061] The memory 140 stores various data processed by
the ultrasound diagnostic apparatus 100. For example, the
memory 140 may store medical data related to diagnosis of
the object 101, such as ultrasound data and ultrasound images
that are input or output and may also store algorithms or
programs to be executed in the ultrasound diagnostic appara-
tus 100.

[0062] The memory 140 may be embodied as any of vari-
ous storage media such as a flash memory, a hard disk drive,
and an electrically erasable programmable read-only memory
(EEPROM). The ultrasound diagnostic apparatus 100 may
utilize web storage or a cloud server that functions as the
memory 140 online.

[0063] The input device 150 refers to a means via which a
user inputs data for controlling the ultrasound diagnostic
apparatus 100. The input device 150 may include hardware
components, such as a keypad, a mouse, a touch panel, a
touch screen, a track ball, and a jog switch. However, exem-
plary embodiments are not limited thereto, and the input
device 150 may further include various other input means,
such as an electrocardiogram measuring module, a respira-
tion measuring module, a voice recognition sensor, a gesture
recognition sensor, a fingerprint recognition sensor, an iris
recognition sensor, a depth sensor, and a distance sensor.

[0064] Thecontroller 160 may control overall operations of
the ultrasonic diagnostic apparatus 100. In other words, the
controller 160 may control operations among the probe 102,
the ultrasound transceiver 110, the image processor 120, the
communicator 130, the memory 140, and the input device 150
illustrated in FIG. 1.

[0065] All or some of the probe 102, the ultrasound trans-
ceiver 110, the image processor 120, the communicator 130,
the memory 140, the input device 150, and the controller 160
may be operated by software modules. However, exemplary
embodiments are not limited thereto, and some of the above
components may be operated by hardware modules. Also, at
least one of the ultrasound transceiver 110, the image proces-
sor 120, and the communicator 130 may be included in the
controller 160; however, exemplary embodiments are not
limited thereto.
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[0066] FIG. 2 is a diagram illustrating a transmitter 250
according to an exemplary embodiment. Since a probe 210
and the transmitter 250 illustrated in FIG. 2 correspond
respectively to the probe 102 and the transmitter 116 illus-
trated in FIG. 1, redundant descriptions thereof will be omit-
ted herein.

[0067] Referring to FIG. 2, in order to focus ultrasound
signals, which are transmitted from first to Nth transducers
211 to 212 included in the probe 210, on a first focus region
220, the transmitter 250 may provide transmission signals, to
which different transmission delay times are applied, to the
first to Nth transducers 211 to 212 respectively. Herein, the
first to Nth transducers 211 to 212 have the shape of a trans-
ducer array that is arranged along one axis. In detail, a pulse
generator 260 generates transmission signals, and the gener-
ated transmission signals are transmitted to first to Nth delay
elements 241 to 242 included in a transmission delayer 240.
Different transmission delay times may be applied to first to
Nth transmission signals transmitted to the first to Nth delay
elements 241 to 242. Outputs of the first to Nth delay ele-
ments 241 to 242, to which different transmission delay times
are applied, may be transmitted through a pulser 230 to the
first to Nth transducers 211 to 212. Thus, ultrasound signals
output from the first to Nth transducers 211 to 212 may be
controlled to have the same phase based on the different
transmission delay times when reaching the first focus region
220 in the object 101, and the focusing of the ultrasound
signals on the first focus region 220 may be defined as trans-
mit focusing. However, the configurations of F1G. 2 for trans-
mit focusing are merely an exemplary embodiment, and vari-
ous modifications by those of ordinary skill in the art may also
be included in the scope of exemplary embodiments.

[0068] The transmitter 250 may correspond to the transmit-
ter 116 illustrated in FIG. 1 or may be separate therefrom. The
probe 210 may correspond to the probe 102 illustrated in FIG.
1 or may be separate therefrom. The pulse generator 260 may
correspond to the pulse generator 117 illustrated in FIG. 1 or
may be separate therefrom. The transmission delayer 240
may correspond to the transmission delayer 118 illustrated in
FIG. 1 or may be separate therefrom. The pulser 230 may
correspond to the pulser 119 illustrated in FIG. 1 or may be
separate therefrom.

[0069] A related art dynamic focusing (CDF) technique,
which constructs one scan line by performing one transmis-
sion/reception process, may obtain a focused signal in all
regions on a scan line with respect to a received beam, but
resolution is degraded in other regions because a fixed focus-
ing point is provided in transmission. On the other hand, a
synthetic aperture (SA) technique may obtain a higher-reso-
lution image than the CDF technique because it may obtain a
focused signal in all regions of transmission and reception.
[0070] Synthetic aperture focusing is a method of con-
structing each scan line by transmitting and receiving through
transducers and applying proper delay times to received sig-
nals prior to combination of the received signals. Due to the
characteristics of synthetic aperture focusing, an improve-
ment in side resolution of an ultrasound image by synthetic
aperture focusing is influenced by the size of a probe. How-
ever, the expansion of a probe size for resolution improve-
ment may be physically limited, and an increased probe size
may cause inconvenience in use. FIG. 3 illustrates an ultra-
sound diagnostic apparatus for acquiring an ultrasound image
with improved resolution by using a probe that has a limited
size when using synthetic aperture focusing.



US 2016/0089117 A1l

[0071] FIG. 3 is a block diagram illustrating components
included in an ultrasound diagnostic apparatus according to
an exemplary embodiment.

[0072] Referring to FIG. 3, an ultrasound diagnostic appa-
ratus 300 according to an exemplary embodiment includes an
ultrasound transceiver 302, a controller 305, and an image
processor 303. The ultrasound diagnostic apparatus 300 may
correspond to the ultrasound diagnostic apparatus 100 illus-
trated in FIG. 1. In detail, the ultrasound transceiver 302, the
controller 305, and the image processor 303 may correspond
respectively to the ultrasound transceiver 110, the controller
160, and the image processor 120 illustrated in FIG. 1. Thus,
redundant descriptions of the same features as in FIG. 1 will
be omitted in describing the ultrasound diagnostic apparatus
300.

[0073] The ultrasound transceiver 302 supplies a driving
signal to at least one transducer included in a probe 301 and
acquires at least one piece of ultrasound data corresponding
to at least one ultrasound echo signal received by the at least
one transducer.

[0074] Inthe ultrasound diagnostic apparatus 300, the con-
troller 305 performs control to acquire the at least one piece of
ultrasound data based on at least one first ultrasound echo
signal acquired by the ultrasound transceiver 302 in response
to an ultrasound signal transmitted to an object 101 by the
probe 301 at a first position and at least one second ultrasound
echo signal acquired by the ultrasound transceiver 302 in
response to an ultrasound signal transmitted to the object 101
by the probe 301 at a second position that is different from the
first position.

[0075] The image processor 303 generates an ultrasound
image by using the ultrasound data.

[0076] The ultrasound diagnostic apparatus 300 may
include at least one of the probe 301 and a memory 304.
[0077] The probe 301 transmits an ultrasound signal to the
object 101 and receives an ultrasound echo signal reflected
from the object 101. According to an exemplary embodiment,
the probe 301 may transmit and receive an ultrasound signal
at the first position and then transmit and receive an ultra-
sound signal at the second position that is different from the
first position. An array of transducers in the probe 301 may be
a linear array, a curvilinear array. or a convex array but is not
limited thereto. The probe 301 may correspond to the probe
102 or may be separate therefrom. The probe 301 may be
formed as a separate device without being included in the
ultrasound diagnostic apparatus 300.

[0078] The ultrasound transceiver 302 may generate a
transmission signal for triggering an ultrasound signal to be
transmitted from the probe 301 to the object 101 and may
generate ultrasound data by processing an ultrasound echo
signal received by the probe 301. Focusing may be performed
to generate the ultrasound data. That is, a transmitter 322
included in the ultrasound transceiver 302 may perform trans-
mit-focusing of an ultrasound signal, which is transmitted by
the probe 301, on the object 101 by applying a proper time
delay to a transmission signal, and a reception unit 312
included in the ultrasound transceiver 302 may perform
receive-focusing of a received ultrasound signal on a certain
point by applying a proper time delay in generating ultra-
sound data based on a received ultrasound echo signal.
According to an exemplary embodiment, the ultrasound echo
signal on which the ultrasound data is based may include an
ultrasound echo signal received by the probe 301 at the first
position and an ultrasound echo signal received by the probe
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301 at the second position that is different from the first
position, and a time delay may be applied to perform receive-
focusing of the received ultrasound echo signal on a certain
point of the object 101. The ultrasound data may be generated
based on the ultrasound echo signal with respectto a scan line
defined from the transducer in the probe 301. The ultrasound
transceiver 302 may correspond to the ultrasound transceiver
110 illustrated in FIG. 1 or may be separate therefrom.

[0079] The image processor 303 generates an ultrasound
image based on the ultrasound data generated by the ultra-
sound transceiver 302. The ultrasound image may be gener-
ated based on the ultrasound data generated by the ultrasound
transceiver 302 with respect to a scan line defined from a
reception transducer in the probe 301, and the scan line may
be a reference line of the axial direction that is perpendicular
to a reference line of the arrangement direction of transduc-
ers. According to an exemplary embodiment, the ultrasound
transceiver 302 may generate ultrasound data based on an
ultrasound echo signal reflected from the object 101 in
response to an ultrasound signal transmitted by each trans-
mission transducer of the probe 301 at the first position, and
may gererate ultrasound data based on an ultrasound echo
signal reflected from the object 101 in response to an ultra-
sound signal transmitted by each transmission transducer of
the probe 301 at the second position that is different from the
first position. A plurality of generated ultrasound echo signals
corresponding to the first position and the second position are
stored in the memory 304 and used by the image processor
303 to generate a high-resolution ultrasound image. That is,
the image processor 303 acquires ultrasound data by syn-
thetic-focusing of ultrasound echo signals acquired via the
movement of the probe 301. Since the size of an aperture is
expanded by the movement distance of the probe 301 and the
resolution of an ultrasound image is proportional to the size of
an aperture, the image processor 303 may increase the reso-
lution of an acquired ultrasound image by acquiring an ultra-
sound image by using ultrasound data that is synthetic-fo-
cused via the movement of the probe 301.

[0080] The memory 304 may store information including
the ultrasound data corresponding to the ultrasound echo
signal. According to an exemplary embodiment, the ultra-
sound data stored in the memory 304 may be used in a time
delay process by the reception unit 312, and the ultrasound
data time-delayed and stored in the memory 304 may be used
by the image processor 303 to generate an ultrasound image.

[0081] Thecontroller 305 may control the ultrasound trans-
ceiver 302 and the image processor 303 to generate an ultra-
sound image. According to an exemplary embodiment, the
controller 305 controls the ultrasound transceiver 302 to pet-
form focusing on a certain point of the object 101 by perform-
ing transmit-focusing or receive-focusing in the ultrasound
transceiver 302 when the probe 301 transmits and receives
ultrasound signals at the first position and the second position,
and controls the image processor 303 to generate an ultra-
sound image by using the ultrasound data generated by the
ultrasound transceiver 302.

[0082] Synthetic aperture focusing may be used to obtain a
high-resolution ultrasound image. By using synthetic aper-
ture focusing, high lateral resolution may be provided and the
effective depth of an image may be increased. In addition,
synthetic aperture focusing may be usefully used to improve
the lateral resolution of an image.
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[0083] Hereinafter, synthetic aperture focusing used in the
ultrasound diagnostic apparatus 300 according to an exem-
plary embodiment will be described in detail with reference
to FIGS. 4A and 4B.

[0084] FIGS. 4A and 4B illustrate an exemplary embodi-
ment of synthetic aperture focusing according to an exem-
plary embodiment.

[0085] Synthetic aperture focusing is an ultrasound imag-
ing method that generates a final ultrasound image 440 by
acquiring a plurality of ultrasound images 423, 425, and 427
based on ultrasound echo signals received respectively from a
plurality of transducers 412, 414, and 416 included in the
probe 301 and synthesizing the plurality ofultrasound images
423, 425, and 427.

[0086] Referring to FIGS. 4A and 4B, in order to perform
synthetic aperture focusing, the ultrasound transceiver 302
does not need to transmit ultrasound signals by simulta-
neously focusing the ultrasound signals on one focus at a
plurality of transducers as illustrated in FIG. 2, and may
transmit ultrasound signals not simultaneously but sequen-
tially at the transducers in the probe 301 as illustrated in FIG.
3. In detail, the transducers may transmit ultrasound signals
sequentially, for example, the second transducer 414 trans-
mits a second ultrasound signal 415 after the first transducer
412 transmits a first ultrasound signal 413. In detail, when the
probe 301 includes N transducers, the first to Nth transducers
41210 416 may transmit first to Nth ultrasound signals 413 to
417 respectively and sequentially. When each transducer
transmits an ultrasound signal, an ultrasound echo signal,
which is reflected from the object 101 whenever one ultra-
sound signal is transmitted, may be received by all of the
transducers of the probe 301. That is, when the probe 301
includes N transducers, N ultrasound echo signals related to
N ultrasound signals transmitted respectively by the N trans-
ducers (from a first ultrasound echo signal related to the first
ultrasound signal 413 transmitted by the first transducer 412
to an Nth ultrasound echo signal related to the Nth ultrasound
signal 417 transmitted by the Nth transducer 416) are
received by all of the N transducers. Ultrasound images 423,
425, and 427 may be generated based on ultrasound data that
is acquired based on the ultrasound echo signals related to the
transmitted ultrasound signals, respectively. However, the
ultrasound image generated based on each ultrasound echo
signal has low resolution because it is generated by receive-
focusing an ultrasound echo signal corresponding to an ultra-
sound signal transmitted by one transducer. Hereinafter, an
image acquired by using an ultrasound echo signal corre-
sponding to an ultrasound signal transmitted by one trans-
ducer will be referred to as a low-resolution image. A high-
resolution ultrasound image 440 may be generated by
combining or synthesizing (operation 430) a plurality of low-
resolution images acquired by ultrasound-scanning the same
object 101 by using various methods. The synthetic aperture
focusing is merely an example, and exemplary embodiments
are not limited to the synthetic aperture focusing illustrated in
FIGS. 4A and 4B.

[0087] FIG. 5 is a diagram illustrating an ultrasound imag-
ing operation using synthetic aperture focusing according to
an exemplary embodiment. In detail, FIG. 5 illustrates an
operation of generating an ultrasound image by synthetic
aperture focusing of ultrasound signals transmitted and
received by using the probe 301 located at different positions.
[0088] The ultrasound diagnostic apparatus 300 according
to an exemplary embodiment may include the controller 305
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that may perform control to acquire at least one piece of
ultrasound data by synthetic-focusing at least one first ultra-
sound echo signal acquired by locating the probe 301 at the
first position and at least one second ultrasound echo signal
acquired by locating the probe 301 at the second position. The
ultrasound diagnostic apparatus 300 according to an exem-
plary embodiment may include the controller 305 that may
perform control such that the probe 301 is formed to have a
synthetic aperture corresponding to the sum of an aperture
530 of the probe 301 at the first position and an aperture 540
of the probe 301 at the second position.

[0089] Indetail, in FIG. 5, the position of a start point of the
probe 301 changes from a first position 510 to a second
position 520. An axis parallel to the arrangement direction of
the transducers of the probe 301 is defined as an x axis, and a
direction from the probe 301 toward the object 101 (i.e., a
direction perpendicular to the x axis) is defined as a z axis;
however, exemplary embodiments are not limited thereto.
Also, in FIG. 5, the z axis represents a direction from the
surface of the object 101 toward a center thereof. A reference
point of the position of the probe 301 may be any point such
as a left end, a right end, or a center of the probe 301 (here-
inafter, it is assumed that the reference point of the position of
the probe 301 is the left end of the probe 301).

[0090] While the probe 301 is located at the first position
510, a transducer 513 transmits an ultrasound signal. An
ultrasound signal 511 transmitted at the first position 510 is
reflected from an inside 103 of the object 101 and is received
as an ultrasound echo signal 512 by a transducer 514 of the
probe 301 located at the first position 510. The transducer 514
receiving the ultrasound echo signal might be not the only
transducer receiving the ultrasound echo signal in response to
the transducer 513 transmitting the ultrasound signal, and one
or more other transducers may receive the ultrasound echo
signalin response to the transducer 513 transmitting the ultra-
sound signal.

[0091] Whilethe probe 301 is located at the second position
520 that is different from the first position 510, a transducer
523 transmits an ultrasound signal. An ultrasound signal 521
transmitted at the second position 520 is reflected from the
inside 103 of the object 101 and is received as an ultrasound
echo signal 522 by a transducer 524 of the probe 301 located
at the second position 520. For convenience, FIG. 5 illustrates
that the position of the probe 301 on the z axis at the first
position 510 is different from the position of the probe 301 on
the z axis at the second position 520. However, the position of
the probe 301 on the z axis at the first position 510 may be
identical to the position of the probe 301 on the z axis at the
second position 520, and the probe 301 may be moved only on
the x axis. In detail, the x-axis position of a transducer 525
transmitting an ultrasound signal at the second position 520
may correspond to the x-axis position of the transmission
transducer 523, and the z-axis position of the transducer 525
may correspond to the z-axis position of the transducer 513
transmitting an ultrasound signal at the first position 510.
Likewise, the x-axis position of a transducer 526 receiving an
ultrasound echo signal at the second position 520 may corre-
spond to the x-axis position of the reception transducer 524,
and the z-axis position of the transducer 526 may correspond
to the z-axis position of the transducer 514 receiving an
ultrasound echo signal at the first position 510. The trans-
ducer 524 receiving the ultrasound echo signal might be not
the only transducer receiving the ultrasound echo signal in
response to the transducer 523 transmitting the ultrasound
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signal, and one or more other transducers may receive the
ultrasound echo signal in response to the transducer 523
transmitting the ultrasound signal.

[0092] By using synthetic aperture focusing, the ultrasound
transceiver 302 may generate ultrasound data of the inside
103 of the object 101 based on the ultrasound signal trans-
mitted and received at the first position 510 and the ultrasound
signal transmitted and received at the second position 520.
For example, focusing may be performed based on the total
distance that is equal to the sum of a distance from the trans-
mission transducer to the inside 103 of the object 101 and a
distance from the inside 103 of the object 101 to the reception
transducer. A time taken from transmission to reception may
be obtained by using Equation 1 below.

_ I —ril+ I RO Equation |
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[0093] On the x axis and the z axis of FIG. 5, when, is a
vector value from a first point to the inside 103 of the object

-
101, r,(i) is a vector value from a predetermined first point to

N
the position of the ith transmission transducer, r,(j) is a vector
value from a predetermined first point to the position ofthe jth
reception transducer, and v is the speed of an ultrasound

- >
signal, Ir,—r,(i)l may be a straight distance from the transmis-
sion transducer 513 at the first position 510 to the inside 103

of the object 101 and |I;—_,),(i)| may be a straight distance from
the reception transducer 514 at the first position 510 to the
inside 103 of the object 101. Thus, t, (i, j) may be a time taken
for the ultrasound signal, which is transmitted by the ith
transmission transducer 513, to be reflected from the inside of
the object 101 and received by the jth reception transducer

514. Based on the time t,(i, j), the ultrasound data yj(r_;)
focused on the inside 103 of the object 101 located at the

>
positionr, on a plane formed by the x axis and the z axis may
be obtained by using Equation 2 below.

YR NI M@l )%, 1)) Bquation 2
[0094] Herein, y,{,(, j), i, j) denotes ultrasound data in
each reception transducer when the jth reception transducer
514 receives, after the time t,(i, j), the ultrasound echo signal
related to the ultrasound signal transmitted by the ith trans-
mission transducer 513. Also, receive-focusing may be used
by applying a proper time delay to the time t,(i, j). M denotes
the number of times an ultrasonic wave is transmitted, and N
denotes the number of transducers. a(t,(i, j), i, j) denotes a
weight function (apodization) to be applied to the ultrasound
data y,(1,@, j), i, j), which will be described later. However,
synthetic aperture focusing used in the exemplary embodi-
ments is not limited to such a method.

[0095] Thus, since the final synthetic-aperture-focused
ultrasound data is generated by using the ultrasound data
acquired by transmitting an ultrasound signal by the probe
301 at the first position 510 and transmitting an ultrasound
signal by the probe 301 at the second position that is different
from the first position, an original aperture size 530 of the
probe 301 is expanded to an aperture size 550 that is increased
by the distance from the first position 510 to the second
position 520, as illustrated in FIG. 5. That is, the probe 301
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with the aperture size 530 may provide the same effect as a
probe with the aperture size 550 when acquiring an ultra-
sound image 570. As described above, since the resolution of
an ultrasound image is proportional to the aperture size, the
resolution of an ultrasound image may be increased by
increasing the aperture size. Thus, the ultrasound diagnostic
apparatus 300 according to an exemplary embodiment may
increase the resolution of an ultrasound image by acquiring a
synthetic aperture image through an aperture that is larger
than the actual aperture of the probe 301.

[0096] FIG. 6 is a diagram illustrating an ultrasound imag-
ing operation using synthetic aperture focusing according to
an exemplary embodiment. In detail, FIG. 6 illustrates a case
where an ultrasound echo signal transmitted and received at a
first position 610 or a second position 620 is determined to be
the same, according to an exemplary embodiment. An ultra-
sound diagnostic apparatus according to an exemplary
embodiment may include the image processor 303 that may
delete one of information about a first ultrasound echo signal
and information about a second ultrasound echo signal when
atleast one first ultrasound echo signal and at least one second
ultrasound echo signal are determined to be the same. The
ultrasound diagnostic apparatus according to an exemplary
embodiment may include the image processor 303 that may
apply a predetermined weight to an ultrasound echo signal,
which is determined to be the same, among at least one of at
least one first ultrasound echo signal and at least one of at least
one second ultrasound echo signal.

[0097] When the probe 301 transmits an ultrasound signal
611 from a transducer 630 to the inside 103 of the object 101
at a first position 610, an ultrasound echo signal 621 reflected
from the inside 103 of the object 101 may be received by a
transducer 640. When the probe 301 is located at a second
position 620 that is different from the first position 610 and
transmits an ultrasound signal 612 from a transducer 650 to
the inside 103 of the object 101 and a transducer 660 receives
an ultrasound echo signal 622 related to the ultrasound signal
612, predetermined processing (e.g., leaving ultrasound data
corresponding to only one ultrasound echo signal or applying
a predetermined weight to relevant ultrasound data) may be
performed on information about the ultrasound echo signal
that is determined to have the same y,(t,(i, j), 1, j) value in
Equation 2.

[0098] FIG. 7 illustrates generating a panoramic image by
using ultrasound data generated at different positions via the
movement of the probe 301, according to an exemplary
embodiment.

[0099] In detail, while the probe 301 is located at a first
position 710, a transducer 713 transmits an ultrasound signal.
An ultrasound signal 711 transmitted at the first position 710
is reflected from the inside 103 of the object 101 and is
received as an ultrasound echo signal 712 by a transducer 714
of the probe 301.

[0100] While the probe 301 is located at a second position
720 that is different from the first position 710, a transducer
723 transmits an ultrasound signal. An ultrasound signal 721
transmitted at the second position 720 is reflected from the
inside 103 of the object 101 and is received as an ultrasound
echo signal 722 by a transducer 724 of the probe 301. For
convenience, FIG. 7 illustrates that the position of the probe
301 on the 7 axis at the first position 710 is different from the
position of the probe 301 on the z axis at the second position
720. However, it is assumed that the position of the probe 301
on the z axis at the first position 710 is identical to the position
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of the probe 301 on the 7 axis at the second position 720. Thus,
the x-axis position of a transducer 725 transmitting an ultra-
sound signal at the second position 720 may correspond to the
position of the transmission transducer 723, and the z-axis
position of the transducer 725 may correspond to the position
of the transducer 713 transmitting an ultrasound signal at the
first position 710. Likewise, the x-axis position of a trans-
ducer 726 receiving an ultrasound echo signal at the second
position 720 may correspond to the x-axis position of the
reception transducer 724, and the z-axis position of the trans-
ducer 726 may correspond to the z-axis position of the trans-
ducer 714 receiving an ultrasound echo signal at the first
position 710.

[0101] As illustrated in FIG. 7, a panoramic ultrasound
image 740 may be generated by connecting a previously-
generated ultrasound image portion 730 and an ultrasound
image portion 732 that is newly generated when the probe 301
moves from the first position 710 to the second position 720.
Image processing on a portion 731 at which two ultrasound
images 730 and 732 join or overlap may be performed by
using a panorama imaging technology; however, exemplary
embodiments are not limited thereto.

[0102] FIG. 8isa flowchart of an ultrasound data acquiring
method using synthetic aperture focusing to acquire ultra-
sound data by transmitting and receiving ultrasound signals at
different positions via the movement of the probe 301,
according to an exemplary embodiment.

[0103] The ultrasound data acquiring method according to
an exemplary embodiment may include: transmitting and
receiving at least one ultrasound signal to and from the object
101 by the probe 301 at a first position; transmitting and
receiving at least one ultrasound signal to and from the object
101 by the probe 301 at a second position that is different from
the first position; and acquiring at least one piece of ultra-
sound data based on at least one first ultrasound echo signal
received at the first position and at least one second ultra-
sound echo signal received at the second position. Also, in the
ultrasound data acquiring method according to an exemplary
embodiment, the acquiring of the at least one piece of ultra-
sound data may include acquiring the at least one piece of
ultrasound data by synthetic aperture focusing of the at least
one first ultrasound echo signal and the at least one second
ultrasound echo signal.

[0104] Indetail, in operation S810, the probe 301 transmits
and receives at least one ultrasound signal to and from the
object at the first position.

[0105] In operation S820, the probe 301 moves to the sec-
ond position that is different from the first position and trans-
mits and receives at least one ultrasound signal to and from
the object.

[0106] In operation S830, at least one piece of ultrasound
data is acquired based on the first ultrasound echo signal
acquired in operation S810 and the second ultrasound signal
acquired in operation S820. The at least one piece of ultra-
sound data may be acquired by any synthetic aperture focus-
ing. Without the need to transmit ultrasound signals from a
plurality of transducers to one focus region by simultaneous
focusing as illustrated in FIG. 2, the transducers in the probe
301 may transmit ultrasound signals sequentially as illus-
trated in FIG. 3. An ultrasound data acquiring method may be
performed based on the ultrasound imaging operation
described with reference to FIG. 5. Whether the position of
the probe 301 is changed may be determined by attaching a
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position sensor to the ultrasound diagnostic apparatus; how-
ever, exemplary embodiments are not limited thereto.
[0107] FIG. 9 is a diagram illustrating an ultrasound imag-
ing operation using synthetic aperture focusing according to
an exemplary embodiment. In detail, FIG. 9 is a flowchart of
a method of acquiring ultrasound data based on information
aboutan ultrasound echo signal other than an ultrasound echo
signal that is determined to be the same, among at least one
first ultrasound echo signal acquired in response to an ultra-
sound signal transmitted to an object at a first position and at
least one second ultrasound echo signal acquired in response
to an ultrasound signal transmitted to the object at a second
position, according to an exemplary embodiment.

[0108] Indetail, in operation S910, the probe 301 transmits
and receives at least one ultrasound signal to and from the
object at the first position.

[0109] In operation $920, the probe 301 moves to the sec-
ond position that is different from the first position and trans-
mits and receives at least one ultrasound signal to and from
the object.

[0110] In operation S930, at least one first ultrasound echo
signal acquired in operation S910 and at least one second
ultrasound echo signal acquired in operation S920 are com-
pared, and one of the ultrasound echo signals, which are
determined to be the same, is deleted. For example, when the
probe 301 moves from the first position to the second position
and transmits and receives ultrasound signals by a plurality of
transducers included in the probe 301, if the positions of the
transducers transmitting ultrasound signals are identical to
each other, acquired ultrasound echo signals may be deter-
mined to be the same. In this case, information of one of the
first ultrasound echo signal and the second ultrasound echo
signal, which are determined to be the same, may be deleted,
and ultrasound data may be generated based on the informa-
tion of the other of the first ultrasound echo signal and the
second ultrasound echo signal (operation S940).

[0111] FIG. 10 is a flowchart of a method of acquiring
ultrasound data by applying a predetermined weight to infor-
mation about a first ultrasound echo signal and a second
ultrasound echo signal determined to be the same, among at
least one of atleast one first ultrasound echo signal and at least
one of at least one second ultrasound echo signal, according
to an exemplary embodiment.

[0112] In detail, in the ultrasound diagnostic method
according to an exemplary embodiment, the acquiring of the
at least one piece of ultrasound data may include applying a
predetermined weight to the ultrasound echo signal, which is
determined to be the same, among at least one of the at least
one first ultrasound echo signal and at least one of the at least
one second ultrasound echo signal.

[0113] In operation S1010, the probe 301 transmits and
receives at least one ultrasound signal to and from the object
at the first position.

[0114] In operation S1020, the probe 301 moves to the
second position that is different from the first position and
transmits and receives at least one ultrasound signal to and
from the object.

[0115] Inoperation S1030, at least one first ultrasound echo
signal acquired in operation S1010 and at least one second
ultrasound echo signal acquired in operation S1020 are com-
pared, and one of the ultrasound echo signals, which are
determined to be the same, is deleted. For example, when the
probe 301 moves from the first position to the second position
and transmits and receives ultrasound signals by a plurality of
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transducers included in the probe 301, if the positions of the
transducers transmitting and receiving ultrasound signals are
identical to each other, some of acquired ultrasound echo
signals may be determined to be the same. In this case, a
predetermined weight may be applied to information about
the first ultrasound echo signal or information about the sec-
ond ultrasound echo signal, which are determined to be the
same as each other, and ultrasound data may be generated
based on the ultrasound echo signals to which the predeter-
mined weight have been applied (operation S1040).

[0116] According to an exemplary embodiment, an
apodization value may be used to apply a weight to ultrasound
signal information. Referring to FIG. 5, a(t,(i, j), i, j) in
Equation 2 denotes an apodization value as a weight function
to be applied to each y,(t,(i, j), 1, j) that is ultrasound signal
information in each reception transducer, when the jth recep-
tion transducer 514 receives the ultrasound echo signal
related to the ultrasound signal transmitted by the ith trans-
mission transducer 513 after the time t,(i, j) that is taken for
the ultrasound signal, which is transmitted by the ith trans-
mission transducer 513, to be reflected from the inside 103 of
the object 101 and received by the jth reception transducer
514. For example, when information about the first ultra-
sound echo signal and information about the second ultra-
sound echo signal are determined to be the same, a weight of
50% is applied to each of the information about the first
ultrasound echo signal and the information about the second
ultrasound echo signal. Thus, the sum of the information
about the first ultrasound echo signal and the information
about the second ultrasound echo signal may be used as
information about the ultrasound echo signal corresponding
to 100% of information about the ultrasound echo signal that
is not determined to be the same as the information about the
first ultrasound echo signal or the second ultrasound echo
signal. Also, by applying a proper time delay to the time t (i,
7) that is a factor determining the apodization value, a weight
may be applied in a receive focusing process. The apodization
method described as a method of applying a weight is merely
an example, and exemplary embodiments are not limited
thereto.

[0117] FIG. 11 is a flowchart of a method of acquiring
ultrasound data by applying different weights to a first ultra-
sound echo signal and a second ultrasound echo signal,
according to an exemplary embodiment.

[0118] In detail, in the ultrasound diagnostic method
according to an exemplary embodiment, the acquiring of the
at least one piece of ultrasound data may include applying
different weights to the at least one first ultrasound echo
signal and the at least one second ultrasound echo signal.
[0119] In operation S1110, the probe 301 transmits and
receives at least one ultrasound signal to and from the object
at the first position.

[0120] In operation S1120, the probe 301 moves to the
second position that is different from the first position and
transmits and receives at least one ultrasound signal to and
from the object.

[0121] Inoperation S1130, ultrasound data is generated by
applying different weights to the at least one first ultrasound
echo signal acquired in operation S1010 and the at least one
second ultrasound echo signal acquired in operation S1020.
Unlike the case of FIG. 10, whether information about the
first ultrasound echo signal and information about the second
ultrasound echo signal are the same is not determined. It is
determined whether the information about the first ultrasound
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echo signal is received at predetermined intervals. For
example, the ultrasound echo signal corresponding to the
ultrasound signal transmitted at the first position may be
determined to be the first ultrasound echo signal, and the
ultrasound echo signal related to the ultrasound signal trans-
mitted at the nth time after transmission of the ultrasound
signal may be again determined to be the first ultrasound echo
signal.

[0122] In operation S1140, ultrasound data is acquired
based on the at least one first ultrasound echo signal and the at
least one second ultrasound echo signal to which the different
weights have been applied in operation S1130.

[0123] FIG. 12 is a flowchart of a method of generating a
panoramic image by using ultrasound data acquired by syn-
thetic aperture focusing of ultrasound signals transmitted and
received by using the probe 301 located at different positions,
according to an exemplary embodiment. In detail, in the
ultrasound diagnostic method according to an exemplary
embodiment, the acquiring of the at least one piece of ultra-
sound data may include generating a panoramic image
including the ultrasound data generated based on the at least
one first ultrasound echo signal and the at least one second
ultrasound echo signal.

[0124] In operation S1210, the probe 301 transmits and
receives at least one ultrasound signal to and from the object
at the first position.

[0125] In operation S1220, the probe 301 moves to the
second position that is different from the first position and
transmits and receives at least one ultrasound signal to and
from the object.

[0126] In operation S1230, at least one piece of ultrasound
data is acquired based on the at least one first ultrasound echo
signal acquired in operation S1210 and the at least one second
ultrasound echo signal acquired in operation S1220. The at
least one piece of ultrasound data may be acquired by any
synthetic aperture focusing. Without the need to transmit
ultrasound signals from a plurality of transducers to one focus
region by simultaneous focusing as illustrated in FIG. 2, the
transducers in the probe 301 may transmit ultrasound signals
sequentially as illustrated in FIG. 3. An ultrasound data
acquiring method may be performed based on the ultrasound
imaging operation described with reference to FIG. 5.
Whether the position of the probe 301 is changed may be
determined by attaching a position sensor to the ultrasound
diagnostic apparatus; however, exemplary embodiments are
not limited thereto.

[0127] Inoperation S1240, a panoramic image is generated
based on the at least one piece ultrasound data acquired in
operation S1230. A panoramic image acquiring method may
be performed as described with reference to FIG. 7.

[0128] As described above, according to one or more of
exemplary embodimerts, it is possible to provide an ultra-
sound image that enables the user to diagnose an object by
using an improved image resolution.

[0129] The foregoing exemplary embodiments and advan-
tages are merely exemplary and are not limiting. The present
teaching can be readily applied to other types of apparatuses.
Also, the description of the exemplary embodiments is
intended to be illustrative, and not to limit the scope of the
claims, and many alternatives, modifications, and variations
will be apparent to those skilled in the art.
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What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an ultrasound transceiver configured to supply a driving
signal to at least one transducer included in a probe, and
acquire ultrasound data corresponding to a first ultra-
sound echo signal and a second ultrasound echo signal
received by the at least one transducer, in response to
transmitting a first ultrasound signal and a second ultra-
sound signal to an object, respectively;

a controller configured to perform control to acquire the
ultrasound data based on the first ultrasound echo signal
acquired in respounse to transmitting the first ultrasound
signal at a first position of the probe and the second
ultrasound echo signal acquired in response to transmit-
ting the second ultrasound signal at a second position of
the probe, the second position being different from the
first position; and

an image processor configured to generate an ultrasound
image by using the ultrasound data.

2. The ultrasound diagnostic apparatus of claim 1, wherein
the controller is configured to perform the control to acquire
the ultrasound data by synthetic aperture focusing of the first
ultrasound echo signal and the second ultrasound echo signal.

3. The ultrasound diagnostic apparatus of claim 1, wherein
the controller is configured to perform the control such that
the probe is formed to have a synthetic aperture correspond-
ing to a sum of an aperture of the probe at the first position and
an aperture of the probe at the second position.

4. The ultrasound diagnostic apparatus of claim 1, wherein
the image processor is configured to delete information of one
of the first ultrasound echo signal and the second ultrasound
echo signal, in response to determining the first ultrasound
echo signal being the same as the second ultrasound echo
signal.

5. The ultrasound diagnostic apparatus of claim 1, wherein
the image processor is configured to apply a weight to the first
ultrasound echo signal and the second ultrasound echo signal,
in response to determining the first ultrasound echo signal
being the same as the second ultrasound echo signal.

6. The ultrasound diagnostic apparatus of claim 1, wherein
the image processor is configured to generate the ultrasound
data by applying different weights to the first ultrasound echo
signal and the second ultrasound echo signal.

7. The ultrasound diagnostic apparatus of claim 1, wherein
the image processor is configured to generate a panoramic
image including the ultrasound data generated based on the
first ultrasound echo signal and the second ultrasound echo
signal.
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8. An ultrasound diagnostic method comprising:

transmitting a first ultrasound signal to an object by a probe

at a first position;

transmitting a second ultrasound signal to the object by the

probe at a second position that is different from the first
position; and

acquiring ultrasound data based on a first ultrasound echo

signal received in response to the transmitting the first
ultrasound signal at the first position and a second ultra-
sound echo signal received in response to the transmit-
ting the second ultrasound signal at the second position.

9. The ultrasound diagnostic method of claim 8, wherein
the acquiring the ultrasound data comprises:

acquiring the ultrasound data by synthetic aperture focus-

ing of the first ultrasound echo signal and the second
ultrasound echo signal.

10. The ultrasound diagnostic method of claim 8, wherein
the acquiring of the ultrasound data comprises:

performing a calculation to acquire ultrasound data by

using the probe formed to have a synthetic aperture
corresponding to a synthesis of an aperture of the probe
at the first position and an aperture of the probe at the
second position.

11. The ultrasound diagnostic method of claim 8, wherein
the acquiring the ultrasound data comprises:

deleting information of one of the first ultrasound echo

signal and the second ultrasound echo signal, in
response to determining the first ultrasound echo signal
being the same as the second ultrasound echo signal.

12. The ultrasound diagnostic method of claim 8, wherein
the acquiring of the ultrasound data comprises:

applying a weight to the first and second ultrasound echo

signals, in response to determining the first ultrasound
echo signal being the same as the second ultrasound
echo signal.

13. The ultrasound diagnostic method of claim 8, wherein
the acquiring the ultrasound data comprises:

acquiring the ultrasound data by applying different weights

to the first ultrasound echo signal and the second ultra-
sound echo signal.

14. The ultrasound diagnostic method of claim 8, wherein
the acquiring the ultrasound data comprises:

generating a panoramic image including the ultrasound

data generated based on the first ultrasound echo signal
and the second ultrasound echo signal.

15. A non-transitory computer-readable recording medium
that stores a program which, when executed by a computer,
causes the computer to perform the ultrasound diagnostic
method of claim 8.
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