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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF GENERATING
ULTRASOUND IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2014-0129116, filed on Sep. 26, 2014,
and Korean Patent Application No. 10-2014-0138617, filed
on Oct. 14, 2014, in the Korean Intellectual Property Office,
the disclosures of which are incorporated herein in their
entireties by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments relate to an
ultrasound diagnostic apparatus and a method of generating
an ultrasound image.

[0004] 2. Description of the Related Art

[0005] An ultrasound diagnostic apparatus transmits ultra-
sound signals generated by a probe to an object and receives
echo signals reflected from the object, thereby obtaining
images of the internal areas of the object. In particular, an
ultrasound diagnostic apparatus may be used for various
medical purposes such as observation of the internal areas of
an object, detection of foreign substances, and assessment of
injuries. An ultrasound diagnostic apparatus may display
information regarding an object in real-time. Furthermore,
there is no risk of radioactive exposure using an ultrasound
diagnostic apparatus, unlike in the X-ray, and, thus, the ultra-
sound diagnostic apparatus is safe and widely used.

SUMMARY

[0006] According to an aspect of an exemplary embodi-
ment, a method of generating an ultrasound image includes:
transmitting an ultrasound signal to scan lines in an object;
receiving echo signals respectively corresponding to the scan
lines from the object, the echo signals forming echo signal
groups; and generating a B-flow image by partially overlap-
ping the echo signal groups that are acquired by repeatedly
performing the transmitting of the ultrasound signal and the
receiving the echo signals, wherein a single echo signal group
includes the echo signals received from the scan lines in
response to a respective transmission signal, and the B-flow
image represents a tissue component and a blood flow com-
ponent.

[0007] The transmitting of the ultrasound signal may
include transmitting an ultrasonic plane wave.

[0008] The transmitting of the ultrasound signal may
include transmitting a tilted ultrasonic plane wave.

[0009] The transmitting of the ultrasound signal may
include transmitting the ultrasound signal that is focused on a
focal point outside the B-flow image within the object.
[0010] The transmitting of the ultrasound signal may
include transmitting the ultrasound signal that is focused on a
focal point outside the object.

[0011] The generating of the B-flow image may include:
generating a first frame by using N echo signal groups; and
generating a second frame by using some of the N echo signal
groups and M echo signal groups acquired after obtaining the
N echo signal groups where N is a natural number greater than
or equal to 2, and M is a natural number less than N.

Mar. 31, 2016

[0012] A number of the N echo signal groups may be equal
to a number of ensembles corresponding to a number of
transmission/reception operations for acquiring a single
frame.

[0013] The generating of the second frame may include
generating the second frame by using N-M echo signal
groups selected from the N echo signal groups and the M echo
signal groups.

[0014] The generating of the B-flow image may include:
generating a first frame by using first through Nth echo signal
groups that are sequentially acquired; and generating a sec-
ond frame by using Nth-M through Nth+M echo signal
groups that are sequentially acquired where N is a natural
number greater than or equal to 2, and M is a natural number
less than N.

[0015] The generating of the B-flow image may include:
extracting B-flow data from the echo signals; and generating
frames that constitute the B-flow image by using the extracted
B-flow data.

[0016] The generating of the B-flow image may further
include performing decoding filtering on the B-flow data
extracted from the echo signals for each scan line, each of the
echo signals being included in each of the echo signal groups.
[0017] The decoding filtering may be performed by apply-
ing a weighted sum to the echo signals for each scan line, to
attenuate a signal corresponding to the tissue component and
increase a signal corresponding to the blood flow component,
among the echo signals.

[0018] The generating of the plurality of frames may
include: generating a scan line image for each scan line based
on a result of the decoding filtering; generating a frame from
scan line images corresponding to the scan lines, respec-
tively; and generating the B-flow image including the frames
that are sequentially acquired by repeatedly performing the
generating the scan line image and the generating the frame.
[0019] The generating of the B-flow image may further
include performing color mapping on the extracted B-flow
data, wherein the generating of the frames may include gen-
erating a color image.

[0020] The method may further include extracting B-mode
data from the echo signals and generating a B-mode image by
using the extracted B-mode data.

[0021] The method may further include displaying the
B-flow image and the B-mode image.

[0022] The transmitting of the ultrasound signal may
include transmitting an ultrasonic plane wave to a region
corresponding to a plurality of transducers by applying a
same delay time for the plurality of transducers.

[0023] The transmitting of the ultrasound signal may
include transmitting an ultrasonic plane wave to a region
corresponding to some ofa plurality of transducers, which are
arranged adjacent to one another, by applying a same delay
time for the some of the plurality of transducers which are
adjacently arranged.

[0024] According to an aspect of an exemplary embodi-
ment, an ultrasound diagnostic apparatus includes: a trans-
ceiver including a transmitter configured to transmit an ultra-
sound signal to scan lines in an object and a receiver
configured to receive echo signals respectively corresponding
to the scan lines from the object, the echo signals forming
echo signal groups; and an image processor configured to
generate a B-flow image by partially overlapping the echo
signal groups that are acquired by repeatedly transmitting the
ultrasound signal and receiving the echo signals, wherein a
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single echo signal group includes the echo signals received
from the scan lines in response to a respective transmission
signal, and the B-flow image represents a tissue component
and a blood flow component.

[0025] The transmitter may transmit the ultrasound signal
as an ultrasonic plane wave, to the object.

[0026] The transmitter may transmit the ultrasound signal
as a tilted ultrasonic plane wave, to the object.

[0027] The transmitter may transmit to the object the ultra-
sound signal that is focused on a focal point outside the
B-flow image within the object.

[0028] The transmitter may transmit to the object the ultra-
sound signal that is focused on a focal point outside the
object.

[0029] The image processor may generate a first frame by
using N echo signal groups and a second frame by using some
of the N echo signal groups and M echo signal groups
acquired after obtaining the N echo signal groups, where N is
a natural number greater than or equal to 2, and M is a natural
number less than N.

[0030] A number of the N echo signal groups may be equal
to a number of ensembles corresponding to a number of
transmission/reception operations for acquiring a single
frame.

[0031] Theimage processor may generate the second frame
by using N-M echo signal groups selected among the N echo
signal groups and the M echo signal groups.

[0032] The image processor may generate a first frame by
using first through Nth echo signal groups that are sequen-
tially acquired and a second frame by using Nth-M through
Nth+M echo signal groups that are sequentially acquired,
wherein N is a natural number greater than or equal to 2, and
M is a natural number less than N.

[0033] The image generator may include: a B-flow data
extractor for extracting B-flow data from the echo signals;
and an image generator for generating frames that constitute
the B-flow image by using the extracted B-flow data.

[0034] The image processor may further include a decod-
ing filter for performing decoding filtering on the B-flow data
extracted from the echo signals for each scan line, each of the
echo signals being included in each of the echo signal groups.
[0035] The decoding filter may perform the decoding fil-
tering by applying a weighted sum to the echo signals for each
scan line, to attenuate a signal corresponding to the tissue
component and increase a signal corresponding to the blood
flow component, among the echo signals.

[0036] Theimage processor may generate a scan line image
for each scan line based on a result of the decoding filtering,
generate a frame from scan line images corresponding to the
scan lines, respectively, and generate the B-flow image
including frames that are sequentially acquired by repeatedly
performing generating of the scan line image and generating
of the frame.

[0037] The image processor may further include a color
mapper for performing color mapping on the extracted
B-flow data, wherein the image generator generates the
frames as a color image.

[0038] Theimage processor may further include a B-mode
image generator that extracts B-mode data from the echo
signals and generates a B-mode image by using the extracted
B-mode data.

[0039] The apparatus may further include a display for
displaying the B-flow image and the B-mode image.
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[0040] The transmitter may transmit the ultrasound signal
as an ultrasonic plane wave to a region corresponding to a
plurality of transducers by applying a same delay time for the
plurality of transducers.

[0041] The transmitter may transmit the ultrasound signal
as an ultrasonic plane wave to a region corresponding to some
of a plurality of transducers, which are arranged adjacent to
one another, by applying a same delay time for the some of the
plurality of transducers which are adjacently arranged.
[0042] According to an aspect of an exemplary embodi-
ment, a non-transitory computer-readable recording medium
has recorded thereon a program for executing a method of
generating an ultrasound image, wherein the method
includes: transmitting an ultrasound signal to scan lines in an
object; receiving echo signals respectively corresponding to
the scan lines from the object, the echo signals forming echo
signal groups; and generating a B-flow image by partially
overlapping the echo signal groups that are acquired by
repeatedly performing the transmitting the ultrasound signal
and the receiving the echo signals, wherein a single echo
signal group includes the echo signals received from the scan
lines in response to a respective transmission signal, and the
B-flow image represents a tissue component and a blood flow
component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The above and/or other aspects will become more
apparent by describing certain exemplary embodiments, with
reference to the accompanying drawings, in which:

[0044] FIG. 1 is a block diagram of a configuration of an
ultrasound diagnostic apparatus according to an exemplary
embodiment;

[0045] FIG. 2 is a block diagram of a configuration of a
wireless probe according to an exemplary embodiment;
[0046] FIG. 3 is a block diagram of a configuration of an
ultrasound diagnostic apparatus according to an exemplary
embodiment;

[0047] FIG. 4isa block diagram of an ultrasound diagnos-
tic apparatus according to an exemplary embodiment;
[0048] FIG. 5 is a diagram of a probe according to an
exemplary embodiment;

[0049] FIG. 6 illustrates an implementation example of the
probe according to an exemplary embodiment;

[0050] FIGS. 7A, 7B, 7C, and 7D illustrate transmissions
of ultrasound signals according to exemplary embodiments;
[0051] FIG. 8 illustrates a B-flow image generator accord-
ing to an exemplary embodiment;

[0052] FIG. 9 illustrates a probe according to a related art;
[0053] FIGS. 10A, 10B, 10C, and 10D illustrate transmis-
sion and reception of an ultrasound signal;

[0054] FIGS. 11A, 11B, and 11C illustrate transmission
and reception of an ultrasound signal, according to an exem-
plary embodiment;

[0055] FIGS. 12A, 12B, 12C, and 12D illustrate transmis-
sion and reception of an ultrasound signal, according to an
exemplary embodiment;

[0056] FIG. 13 illustrates a plurality of frames generated
according to an exemplary embodiment;

[0057] FIG. 14 illustrates a B-flow processor according to
an exemplary embodiment;

[0058] FIG. 15 is a graph for explaining the operation of a
decoding filter according to an exemplary embodiment;
[0059] FIG. 16A illustrates a frame before undergoing
decoding filtering;



US 2016/0089108 A1

[0060] FIG.16B illustrates a frame after undergoing decod-
ing filtering according to an exemplary embodiment;

[0061] FIG. 17 is a block diagram of a B-flow processor
according to an exemplary embodiment;

[0062] FIG. 18 is a block diagram of a configuration of an
ultrasound diagnostic apparatus according to an exemplary
embodiment;

[0063] FIG. 19 is a block diagram of a configuration of an
ultrasound diagnostic apparatus according to an exemplary
embodiment;

[0064] FIG. 20 is a block diagram of a configuration of a
probe according to an exemplary embodiment;

[0065] FIG. 21 illustrates a wireless probe according to an
exemplary embodiment;

[0066] FIG. 22 illustrates a ultrasound diagnostic system
having a wireless probe according to an exemplary embodi-
ment;

[0067] FIG. 23 is a flowchart of a method of generating an
ultrasound image according to an exemplary embodiment;
[0068] FIG. 24 is a flowchart of an operation of generating
a B-flow image, according to an exemplary embodiment;
[0069] FIG. 25 is a flowchart of an operation of generating
a B-flow image, according to an exemplary embodiment;
[0070] FIG. 26 is a flowchart of an operation of generating
a B-flow image, according to an exemplary embodiment;
[0071] FIG. 27 is a flowchart of an operation of generating
a plurality of frames according to an exemplary embodiment;
and

[0072] FIG. 28 is a flowchart of a method of generating an
ultrasound image according to an exemplary embodiment.

DETAILED DESCRIPTION

[0073] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0074] 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.

[0075] Expressions such as “at least one of,” when preced-
ing a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0076] Throughout the specification, when a component
“includes” or “comprises” an element, unless there is a par-
ticular description contrary thereto, it should be understood
that the component can further include other elements, not
excluding the other elements. In addition, terms such as . ..
unit”, . . . module”, or the like refer to units that perform at
least one function or operation, and the units may be imple-
mented as hardware or software or as a combination of hard-
ware and software.

[0077] Throughout the specification, an “ultrasound
image” refers to an image of an object obtained using an
ultrasound wave. Furthermore, in the present specification, an
“object” may include a person or an animal, or a part of a
person or an animal. For example, the object may include
organs such as the liver, the heart, the womb, the brain, a
breast, and the abdomen, or a blood vessel. Furthermore, the
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“object” may include a phantom. The phantom is a material
having avolume thatis approximately close to the density and
effective atomic number of a living organism.

[0078] In the present specification, a “user” refers to a
medical professional, such as a doctor, a nurse, a medical
laboratory technologist, and a medical imaging expert, and a
technician who repairs a medical apparatus, but not limited
thereto.

[0079] FIG. 1 is a block diagram of a configuration of an
ultrasound diagnostic apparatus 1000 according to an exem-
plary embodiment.

[0080] Referring to FIG. 1, the ultrasound diagnostic appa-
ratus 1000 includes a probe or probes 20, an ultrasound trans-
ceiver 100, an image processor 200, a communicator 300, a
memory 400, an input device 500, and a controller 600, and
the components may be connected to one another via buses
700.

[0081] Theultrasound diagnostic apparatus 1000 may be a
cart type device or a portable device. Examples of portable
ultrasound diagnostic apparatuses may include a Picture
Archiving and Communications System (PACS) viewer, a
smartphone, a laptop computer, a personal digital assistant
(PDA), and a tablet personal computer (PC). However, exem-
plary embodiments are not limited thereto.

[0082] The probe 20 transmits ultrasound signals to an
object 10, based on a driving signal applied by the ultrasound
transceiver 100, and receives echo signals reflected from the
object 10. The probe 20 includes a plurality of transducers
that oscillate in response to electric signals transmitted
thereto and generate acoustic energy, i.e., ultrasound waves.
The probe 20 may be connected to a main body of the ultra-
sound diagnostic apparatus 1000 by wire or wirelessly.
[0083] A transmitter 110 supplies a driving signal to the
probe 20 and includes a pulse generator 112, a transmission
delayer 114, and a pulser 116. The pulse generator 112 gen-
erates pulses for forming transmission ultrasound waves
based on a predetermined pulse repetition frequency (PRF),
and the transmission delayer 114 applies a delay time for
determining transmission directionality to the pulses. Pulses,
to which a delay time is applied, correspond to a plurality of
piezoelectric vibrators included in the probe 20, respectively.
The pulser 116 applies a driving signal (or a driving pulse) to
the probe 20 at a timing corresponding to each pulse to which
a delay time is applied.

[0084] A receiver 120 generates ultrasound data by pro-
cessing echo signals received from the probe 20. The receiver
120 may include an amplifier 122, an analog-to-digital con-
verter (ADC) 124, a reception delayer 126, and an adder 128.
The amplifier 122 amplifies echo signals in each channel, and
the ADC 124 performs analog-to-digital conversion on the
amplified echo signals. The reception delayer 126 applies
delay times for determining reception directionality to the
analog-to-digital converted echo signals, and the adder 128
generates ultrasound data by summing the echo signals pro-
cessed by the reception delayer 126. According to exemplary
embodiments, the receiver 120 may omit the amplifier 122.
Forexample, if the sensitivity of the probe 20 or the capability
ofthe ADC 124 to process bits is enhanced, the amplifier 122
may be omitted.

[0085] The image processor 200 generates an ultrasound
image by processing ultrasound data generated by the ultra-
sound transceiver 100 and displays the ultrasound image. For
example, an ultrasound image may include a gray-scale ultra-
sound image obtained by scanning an object in an amplitude
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(A) mode, a brightness (B) mode, and/or a motion (M) mode,
and a Doppler image representing a moving object by using a
Doppler effect. The Doppler image may include a blood flow
Doppler image (also called a color Doppler image) showing a
flow of blood, a tissue Doppler image showing movement of
tissue, and a spectral Doppler image showing the speed at
which an object moves as a waveform.

[0086] A B-mode processor 212 extracts B-mode compo-
nents from ultrasound data and processes the B-mode com-
ponents. Animage generator 220 may generate an ultrasound
image in which signal intensities are represented as bright-
ness based on the extracted B-mode components.

[0087] A B-flow processor 214 extracts B-flow compo-
nents from ultrasound data. The image generator 220 may
generate an ultrasound image including a B-flow image rep-
resenting a tissue component and a blood flow component of
the object 10 based on the B-flow components extracted by
the B-flow processor 214

[0088] Similarly, a Doppler processor 216 may extract
Doppler components from ultrasound data, and the image
generator 220 may generate a Doppler image indicating
movement of an object as colors or waveforms based on the
extracted Doppler components.

[0089] In an exemplary embodiment, the image generator
220 may generate a three-dimensional (3D) ultrasound image
via volume-rendering of volume data and/or an elasticity
image which is a visual representation of the degree of defor-
mation of the object 10 due to pressure. The image generator
220 may display various additional information in an ultra-
sound image by using text and graphics. The generated ultra-
sound image may be stored in the memory 400.

[0090] A display 230 displays and outputs the generated
ultrasound image. The display 230 may also display various
information processed by the ultrasound diagnostic apparatus
1000 on a screen via a graphical user interface (GUI). For
example, the ultrasound diagnostic apparatus 1000 may
include two or more displays according to exemplary
embodiments.

[0091] The communicator 300 is connected to a network 30
by wire or wirelessly and communicates with an external
device or server. The communicator 300 may exchange data
with a hospital server or another medical device in a hospital
that is connected via a Picture Archiving and Communica-
tions System (PACS). The communicator 300 may perform
data communication according to the Digital Imaging and
Communications in Medicine (DICOM) standard.

[0092] Thecommunicator 300 may transmit or receive data
related to diagnosis of the object 10, e. g., an ultrasound
image, ultrasound data, and Doppler data of the object 10, via
the network 30. The communicator 300 may also transmit or
receive medical images obtained by other medical appara-
tuses such as a computed tomography (CT) apparatus, a mag-
netic resonance imaging (MRI) apparatus, and/or an X-ray
apparatus. The communicator 300 may receive information
related to a diagnosis history or a treatment schedule of a
patient from a server and utilize the information to diagnose
the patient, i.e., the object 10. The communicator 300 may
perform data communication with a server or a medical
device in a hospital as well as a portable terminal of a doctor
or a patient.

[0093] The communicator 300 is connected to the network
30 in a wired or wireless manner and may exchange data with
a server 32, a medical device 34, or a portable terminal 36.
The communicator 300 may include at least one component
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that enables communication with an external device, e.g., a
close-distance communicator 310, a wired communicator
320, and/or a mobile communicator 330.

[0094] The close-distance communicator 310 is a module
for performing close-distance communication with a device
that is within a predetermined distance. Examples of close-
distance communication technology include a wireless Local
Area Network (LAN), Wi-Fi, Bluetooth, ZigBee, Wi-Fi
Direct (WFD), Ultra Wideband (UWB), Infrared Data Asso-
ciation (IrDA), Bluetooth Low Energy (BLE), and Near Field
Communication (NFC), but this is not limiting.

[0095] The wired communicator 320 is a module for per-
forming communication by using an electric signal or an
optical signal by using, for example, a paired cable, a coaxial
cable, an optical fiber cable, and/or an Ethernet cable.
[0096] Themobile communicator 330 transmits or receives
wireless signals to or from at least one of a base station, an
external terminal, and a server on a mobile communication
network. Here, the wireless signals may include voice call
signals, video call signals, or various types of data for trans-
mission and reception of text/multimedia messages.

[0097] The memory 400 stores various data processed by
the ultrasound diagnostic apparatus 1000. For example, the
memory 400 may store medical data related to the diagnosis
of the object 10, such as ultrasound data and ultrasound
images that are input or output, and may also store algorithms
or programs that are executed in the ultrasound diagnostic
apparatus 1000.

[0098] The memory 400 may include various storage
media such as a flash memory, a hard disk drive, and Electri-
cally Erasable Programmable Read-Only Memory (EE-
PROM). The ultrasound diagnostic apparatus 1000 may uti-
lize web storage or a cloud server that functions as the
memory 400 online.

[0099] The input device 500 is a device via which a user
inputs data for controlling the ultrasound diagnostic appara-
tus 1000. The input device 500 may include hardware com-
ponents, such as a keypad, a mouse, a touch panel, a touch
screen, a trackball, and a jog switch. However, exemplary
embodiments are not limited thereto, and the input device 500
may further include various other input elements such as an
electrocardiogram measuring module, a respiration measur-
ing module, a voice recognition sensor, a gesture recognition
sensor, a fingerprint recognition sensor, an iris recognition
sensor, a depth sensor, a distance sensot, etc.

[0100] The controller 600 may control operations of the
ultrasound diagnostic apparatus 1000. For example, the con-
troller 600 may control operations of the probe 20, the ultra-
sound transceiver 100, the image processor 200, the commu-
nicator 300, the memory 400, and the input device 500.
[0101] All or some of the probe 20, the ultrasound trans-
ceiver 100, the image processor 200, the communicator 300,
the memory 400, the input device 500, and the controller 600
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. Further-
more, at least one of the ultrasound transceiver 100, the image
processor 200, and the communicator 300 may be included in
the controller 600, but exemplary embodiments are not lim-
ited thereto.

[0102] The ultrasound diagnostic apparatus according to
one or more exemplary embodiments may be included in an
ultrasound diagnostic system. Alternatively, the ultrasound
diagnostic apparatus may be included in the server 32, the
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medical device 34, or the portable terminal 36 connected to at
least one ultrasound diagnostic system via the network 30.
Here, the server 32, the medical device 34, or the portable
terminal 36 may be an image processing apparatus capable of
displaying, storing, or processing an ultrasound image. For
example, the ultrasound diagnostic apparatus according to
one or more exemplary embodiment may be in a form of the
server 32, the medical device 34, or the portable terminal 36,
and may be a picture archiving and communication system
(PACS) capable of displaying, storing, or processing an ultra-
sound image.

[0103] FIG. 2 is a block diagram of a configuration of a
wireless probe 2000 according to an exemplary embodiment.

[0104] Referring to FIG. 2, the wireless probe 2000
includes a plurality of transducers and may include some or
all of the components of the ultrasound transceiver 100
according to exemplary embodiments.

[0105] The wireless probe 2000 according to the present
exemplary embodiment includes a transmitter 2100, a trans-
ducer 2200, and a receiver 2300. The same descriptions as
already presented with respect to FIG. 1 are omitted. Accord-
ing to exemplary embodiments, the wireless probe 2000 may
include a reception delayer 2330 and/or an adder 2340. The
wireless probe 2000 may transmit ultrasound signals to an
object 10, receive echo signals, generate ultrasound data, and
transmit the ultrasound data wirelessly to the ultrasound diag-
nostic apparatus 1000 of FIG. 1.

[0106] FIG. 3 is a block diagram of a configuration of an
ultrasound diagnostic apparatus 1000A according to another
exemplary embodiment.

[0107] Referring to FIG. 3, the ultrasound diagnostic appa-
ratus 1000A according to the present exemplary embodiment
may include an ultrasound transceiver 100a and an image
processor 200a. The ultrasound transceiver 100¢ may include
a transmitter 110a and a receiver 120a, and the image pro-
cessor 200a may include a B-flow image generator 214a.
Since the ultrasound diagnostic apparatus 1000A is a modi-
fied example of the ultrasound diagnostic apparatus 1000 of
FIG. 1 the descriptions with respect to the ultrasound diag-
nostic apparatus 1000 may also be applied to the ultrasound
diagnostic apparatus 1000A. Thus, the ultrasound diagnostic
apparatus 1000A may further include components shown in
FIG. 1 other than the ultrasound transceiver 100a and the
image processor 200q, e.g., the display 230, the communica-
tor 300, and the memory 400.

[0108] The ultrasound transceiver 100¢ may transmit or
receive ultrasound signals to or from the object 10. The trans-
mitter 110q may transmit ultrasound signals to the object 10.
In detail, an ultrasound signal is transmitted simultaneously
to a plurality of scan lines in the object 10. The receiver 120a
may simultaneously receive a plurality of echo signals corre-
sponding to the plurality scan lines, respectively, from the
object 10.

[0109] In an exemplary embodiment, the transmitter 110a
may transmit an ultrasound signal, i.e., a plane wave, to the
object 10. In this case, since the ultrasound signal is transmit-
ted in the form of an unfocused plane wave, the ultrasound
signal is not focused on a single point in the object 10. Thus,
the ultrasound signal may be transmitted simultaneously to a
plurality of scan lines in the object 10. However, exemplary
embodiments are not limited thereto, and the ultrasound sig-
nal may have various forms to be transmitted simultaneously
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to the plurality of scan lines in the object 10, and will be
described in more detail below with reference to FIGS. 7A
through 7D.

[0110] The transmitter 110a and the receiver 120a may
perform transmission and reception operations repeatedly.
For example, the transmitter 110a may sequentially transmit
first through Nth ultrasound signals, and the receiver 120a
may sequentially receive first through Nth echo signal
groups. N is the number of ensembles corresponding to the
number of transmission/reception operations for acquiring a
single frame and is a natural number greater than or equal to
2. In an exemplary embodiment, the transmitter 110a and the
receiver 120a may perform the transmission and reception
operations N times. In this regard, the term of ‘repeatedly’
refers to N times.

[0111] The B-flow image generator 214a may generate a
B-flow image representing a tissue component and a blood
flow component by using a plurality of echo signal groups.
According to the present exemplary embodiment, the B-flow
image generator 214a may sequentially generate a plurality
of frames that constitute a B-flow image by iteratively using
some of the plurality of echo signal groups.

[0112] In an exemplary embodiment, a B-flow image may
be a black and white image in which a moving object is
brighter than a stationary object. In another exemplary
embodiment, a B-flow image may be a color image showing
different colors representing a velocity or direction of a mov-
ing object. Such a B-flow technique provides clear images of
blood vessels by reducing artificial materials within the blood
vessels, thereby facilitating accurate diagnosis of lesions
along walls of the blood vessels and/or within the blood
vessels.

[0113] In particular, the B-flow image generator 214a may
sequentially generate the plurality of frames by partially over-
lapping the plurality of echo signal groups. In an exemplary
embodiment, the B-flow image generator 214a may sequen-
tially generate first and second frames by using N echo signal
groups and M echo signal group or groups acquired after
obtaining the N echo signal groups, wherein M is a natural
number less than N, for example, 1. In detail, the B-flow
image generator 214a may generate the first frame by using
the N echo signal groups and the second frame by using some
of the N echo signal groups and by using the M echo signal
groups. For example, the B-flow image generator 214a may
generate the second frame by using N-M echo signal groups
among the N echo signal groups and the M echo signal
groups.

[0114] According to an exemplary embodiment, arbitrary
ones of the N echo signal groups may be repeatedly used to
generate the first and second frames. In another exemplary
embodiment, echo signal groups acquired later among the N
echo signal groups may be repeatedly used to generate the
first and second frames. For example, the B-flow image gen-
erator 214q may generate the first frame by using first through
Nth echo signal groups that are sequentially acquired and
generate the second frame by using Nth-M echo signal group
through Nth+M echo signal group that are sequentially
acquired.

[0115] FIG. 4 is a block diagram of a configuration of an
ultrasound diagnostic apparatus 1000B according to another
exemplary embodiment.

[0116] Referring to FIG. 4, the ultrasound diagnostic appa-
ratus 1000B according to the present exemplary embodiment
may include a probe 20, an ultrasound transceiver 100a, and
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an image processor 200a. The ultrasound transceiver 100a
may include a transmitter 110a and a receiver 120q, and the
image processor 200a may include a B-flow image generator
214a. The descriptions above with respect to the ultrasound
diagnostic apparatus 1000A may be applied to the ultrasound
diagnostic apparatus 1000B.

[0117] FIG.5isa diagram of the probe 20 in the ultrasound
diagnostic apparatus 1000B of F1G. 4, according to an exem-
plary embodiment.

[0118] Referring to FIG. 5, the probe 20 according to the
present exemplary embodiment comes in contact with a sur-
face 18 of an object 10 to transmit ultrasound signals to the
object 10 and detect echo signals reflected therefrom. The
probe 20 may include the transducer array 21 in which a
plurality of transducers 211 are arranged. Each of the trans-
ducers 211 may include a piezoelectric element that generates
an ultrasound signal from an electrical signal and detects an
echo signal. The probe 20 may include a single array probe, a
linear array probe, a curvilinear array probe, a phased array
probe, an annular array probe, and a matrix array probe
according to the arrangement of the piezoelectric elements.

[0119] The probe 20 may transmit an ultrasound signal to a
plurality of scanlines SL.1, SL.2, and SL3 through SLn (where
n is a natural number) set in the object 10 and acquire ultra-
sound image data for each of the scan lines SL1 through SLn
based on an echo signal received in response to the transmit-
ted ultrasound signal. The probe 20 may acquire data related
to a plurality of sampling points P1, P2, and P3 through Pm
(where m is a natural number) set on each of the scan lines
SL.1 through SLn from the echo signal corresponding to the
scan line. Reference numeral 11 denotes tissue, reference
numeral 13 denotes blood, and FR denotes a frame.

[0120] FIG. 6is animplementation example of the probe 20
of FIG. 5.
[0121] Referring to FIG. 6, the probe 20 may output an

ultrasound signal PW having a waveform that is not focused
on a focal point within an ultrasound image, e.g., having the
form of a plane wave. In this case, a plurality of transducers in
the transducer array 21 are simultaneously activated to output
the ultrasound signal PW having the form of a plane wave.

[0122] The operation of the ultrasound diagnostic appara-
tus 1000B will now be described in detail with reference to
FIGS. 4 through 6.

[0123] The transmitter 110a generates pulses for forming
transmission ultrasound waves based on a predetermined
PRF, determines a delay time for each of the plurality of
transducers 211 in the probe 20, and applies a driving pulse to
the plurality of transducers 211. In an exemplary embodi-
ment, the transmitter 110a may determine a same delay time
for the plurality of transducers 211 and apply a driving pulse
substantially simultaneously thereto. In another exemplary
embodiment, the transmitter 110a¢ may determine a same
delay time for some of the plurality of transducers 211, which
are arranged adjacent to one another, and apply a driving
pulse substantially simultaneously to the adjacently arranged
transducers 211. In this way, according to the present exem-
plary embodiment, the plurality of transducers 211 may be
activated substantially simultaneously to transmit an unfo-
cused ultrasound signal, i.e., a plane wave signal, to the object
10.

[0124] The probe 20 may receive a driving pulse from the
transmitter 110a, and some or all of the plurality of transduc-
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ers may be activated in response to the driving pulse, i.e., the
transducers may be activated to transmit an ultrasound signal
and detect an echo signal.

[0125] The receiver 120a may receive a plurality of echo
signals corresponding to the plurality of scan lines SL1
through SLn, and the plurality of echo signals are clustered
into one echo signal group according to an echo signal
received in response to a corresponding transmission signal.
Bach of the plurality of echo signals may include data related
to the plurality of sampling points P1 through Pm set on a
corresponding scan line.

[0126] The transmitter 110a and the receiver 120a may
perform transmission and reception operations iteratively.
For example, the transmitter 110a may sequentially transmit
ultrasound signals, and the receiver 120a may sequentially
receive echo signal groups corresponding to the respective
transmission signals.

[0127] The B-flow image generator 214a may generate a
B-flow image representing a tissue component and a blood
flow component by using a plurality of echo signal groups.
According to the present exemplary embodiment, the B-flow
image generator 214a may sequentially generate a plurality
of frames that constitute a B-flow image by iteratively using
some of the plurality of echo signal groups.

[0128] In detail, the B-flow image generator 214a com-
bines data related to a plurality of sampling points P1 through
Pm on each scan line to thereby form B-flow image data for
the scan line. For example, the B-flow image generator 214a
may combine data related to a plurality of sampling points P1
through Pm set on a first scan line SL1 to thereby form
ultrasound image data for the first scan line SL1. In this way,
the B-flow image generator 214a may generate ultrasound
image data for each of the plurality of scan lines SL.1 through
SLn and combine the generated ultrasound image data to
generate a frame FR, i.e., an ultrasound image.

[0129] FIGS. 7A through 7D illustrate transmissions of
ultrasound signals according to exemplary embodiments.
[0130] Referring to FIG. 7A, a probe 20a may outputa first
ultrasound signal 71 having a waveform that is not focused on
a focal point within an object, i.e., having the form of a plane
wave. The first ultrasound signal 71 is substantially the same
as the ultrasound signal PW shown in FIG. 6. In detail, a
plurality of transducers in the probe 20e¢ may be simulta-
neously activated to output the first ultrasound signal 71 hav-
ing the form of a plane wave. In this way, an ultrasound image,
i.e., a frame FRa, may be acquired by transmitting the first
ultrasound signal 71 to a plurality of scan lines set in the
object.

[0131] Referring to FIG. 7B, a probe 205 may output a
second ultrasound signal 72 having the form of'a plane wave
that is not focused on a focal point within an object and tilted
at a predetermined angle. In detail, a plurality of transducers
in the probe 205 may be sequentially activated to output the
second ultrasound signal 72 having the form of a plane wave
tilted at the predetermined angle. In this way, an ultrasound
image, i.e., a frame FRb, may be acquired by transmitting the
second ultrasound signal 72 to a plurality of scan lines in the
object, which are set at a predetermined steering angle.
[0132] Referring to FIG. 7C, a probe 20¢ may output a third
ultrasound signal 73 having the form of a plane wave that is
focused into a far field within an object. In detail, a plurality
oftransducers in the probe 20¢, to which different delay times
are applied, may output the third ultrasound signal 73 that is
focused on a focal point F1 outside a frame FRc. In this way,
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an ultrasound image, i.e., the frame FRc, may be acquired by
transmitting the third ultrasound signal 73 to a plurality of
scan lines set in the object.

[0133] Referring to FIG. 7D, a probe 204 may output a
fourth ultrasound signal 74 that is focused on a focal point F2
outside an object. In detail, a plurality of transducers in the
probe 204, to which different delay times are applied, may
output the fourth ultrasound signal 74 that is focused on the
focal point F2, e.g., facing a frame FRd. In this way, an
ultrasound image, i.e., the frame FRd, may be acquired by
transmitting the fourth ultrasound signal 74 to a plurality of
scan lines set outside the object.

[0134] According to the exemplary embodiments
described with reference to FIGS. 7A through 7D, the probe
20a, 205, 20c, or 20d may transmit an ultrasound signal
substantially simultaneously to a plurality of scan lines in an
object and receive a plurality of echo signals respectively
corresponding to the plurality of scan lines substantially
simultaneously from the object. Thus, the echo signals cor-
responding to the scan lines may be simultaneously received
by performing a single transmission/reception process. Thus,
the amount of time required for generating one frame may be
reduced, and a frame rate may be increased.

[0135] FIG. 8 illustrates a B-flow image generator 214a
according to an exemplary embodiment.

[0136] Referring to FIG. 8, the B-flow image generator
214a according to the present exemplary embodiment may
include a B-flow processor 2140 and an image generator
2145. The B-flow image generator 214a may be embodied in
the ultrasound diagnostic apparatuses 1000A and 1000B of
FIGS. 3 and 4.

[0137] The B-flow processor 2140 may extract B-flow data
from a plurality of echo signals simultaneously received by
the receiver 120a. In detail, the B-flow processor 2140 may
extract B-flow data for each scan line by combining data
related to a plurality of sampling points P1 through Pm on the
scan line. For example, the B-flow processor 2140 may
extract B-flow data for the first scan line SL.1 from an echo
signal corresponding to the first scan line SL1 by combining
data related to a plurality of sampling points P1 through Pm
on the first scan line SL1.

[0138] The B-flow processor 2140 may iteratively extract
B-flow data from a plurality of echo signal groups sequen-
tially received by the receiver 120a. For example, the B-flow
processor 2140 may extract first B-flow data for a first scan
line SL1 from an echo signal in a first echo signal group,
corresponding to the first scan line SL1, and combine data
related to a plurality of sampling points P1 through Pm on the
first scan line SL1. The B-flow processor 2140 may also
extract second B-flow data for a first scan line SL1 from an
echo signal in a second echo signal group, corresponding to
the first scan line SL1, by combining data related to a plurality
of sampling points P1 through Pm on the first scan line SL.1.
[0139] The image generator 2145 may generate a plurality
of frames that constitute a B-flow image by using the
extracted B-flow data. In detail, the image generator 2145
may generate a first frame from sequentially acquired first
through Nth echo signals by combining B-flow data for each
scan line. In this case, the image generator 2145 may generate
scan line images for a plurality of scan lines and combine the
generated scan line images to generate the first frame.
[0140] For example, the image generator 2145 may gener-
ate a scan line image for a first scan line SL1 by combining
first through Nth B-flow data for the first scan line SL1.
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Similarly, the image generator 2145 may generate a scan line
image for a second scan line SL.2 by combining first through
Nth B-flow data for the second scan line SL.2. The image
generator 2145 may also generate a scan line image for a third
scan line SL.3 by combining first through Nth B-flow data for
the third scan line SL3. In this way, the image generator 2145
may generate the scan line images for the first through third
scan lines SL1 through SI.3 and combine the generated scan
line images to generate a first frame.

[0141] Subsequently. the image generator 2145 may gen-
erate a second frame from sequentially acquired Nth-M
through Nth+M echo signals by combining B-flow data for
each scan line. In this way, the image generator 2145 may
generate the second frame by partially overlapping a plurality
of echo signals used to generate the first frame.

[0142] For example, the image generator 2145 may gener-
ate a scan line image for the first scan line SL.1 by combining
second through Nth+1 B-flow data for the first scan line SL.1.
Similarly, the image generator 2145 may generate a scan line
image for the second scan line SL2 by combining second
through Nth+1 B-flow data for the second scan line SL.2. The
image generator 2145 may also generate a scan line image for
the third scan line SL3 by combining second through Nth+1
B-flow data for the third scan line SL3. In this way, the image
generator 2145 may generate the scan line images for the first
through third scan lines SL.1 through SL3 and combine the
generated scan line images to generate a second frame.
[0143] FIG. 9 illustrates a probe 20' to a related art.
[0144] Referring to FIG. 9, the probe 20' may output an
ultrasound signal FW having a focused waveform. In this
case, some of a plurality of transducers in the probe 20' may
be activated, and different delay times may be applied to the
activated transducers. Thus, the probe 20' may output the
ultrasound signal FW having a focused waveform.

[0145] FIGS. 10A, 10B, 10C, and 10D illustrate transmis-
sion and reception of an ultrasound signal via the probe 20" of
FIG. 9.

[0146] Referringto FIG. 10A, a frame FR may include first
through third scan lines SL1 through SL3. For example, the
frame FR may be generated by combining ultrasound image
data for the first through third scan lines SL.1 through SL3.
However, this is only an example for convenience of expla-
nation, and the frame FR may include four or more scan lines.

[0147] Referring to FIG. 10B, the probe 20' may include a
transducer array 21', and some of a plurality of transducers in
the transducer array 21' may output an ultrasound signal FW
having a focused waveform by respectively receiving driving
pulses to which different delay times are applied.

[0148] Referring to FIG. 10C, Y-axis represents the magni-
tude of an ultrasound signal Tx being transmitted from the
probe 20" and X-axis represents time. The probe 20' may
repeat a transmission/reception process N times for each scan
line wherein N is the number of ensembles. For example, if
the number N of ensembles is 4, the probe 20' may transmit an
ultrasound signal Tx four times for each scan line.

[0149] An interval during which first through fourth ultra-
sound signals for a first scan line SL1 are transmitted, an
interval during which fifth through eighth ultrasound signals
for a second scan line SL2 are transmitted, and an interval
during which ninth through twelfth ultrasound signals for a
third scan line SL3 are transmitted are referred to as a first
interval P_SL.1, a second interval P_SL.2, and a third interval
P_SL3, respectively.
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[0150] During the first interval P_SL1, transducers corre-
sponding to the first scan line SL1 are activated to transmit an
ultrasound signal FW having a focused waveform to the first
scan line SL1. During the second interval P_SL.2, transducers
corresponding to the second scan line SI.2 are activated to
transmit an ultrasound signal FW having a focused waveform
to the second scan line SL.2. During the third interval P_SL3,
transducers corresponding to the third scan line SL3 are acti-
vated to transmit an ultrasound signal FW having a focused
waveform to the third scan line SL3.

[0151] FIG. 10D illustrates a process of receiving echo
signals over time. In this case, a0 through a3 denote echo
signals corresponding to a first scan line SL1 which are
receivedinresponse to first through fourth ultrasound signals,
respectively, b0 through b3 represent echo signals corre-
sponding to a second scan line SL2 which are received in
response to fifth through eighth ultrasound signals, respec-
tively, and c0 through ¢3 denote echo signals corresponding
to athird scan line SL.3 which are received in response to ninth
through twelfth ultrasound signals, respectively.

[0152] As described above, when the probe 20' outputs an
ultrasound signal FW having a focused waveform, N trans-
mission/reception processes corresponding to the number of
ensembles are required for each scan line to generate one
frame. Thus, the amount of time needed to generate one frame
is proportional to the product of the number L. of scan lines
and the number N of ensembles (i.e., LxN). In the present
example, to generate a single frame, the transmission/recep-
tion process needs to be performed sequentially 4 times for
each of the first through third scan lines SL1 through SL3,1.e.,
atotal of 12 times.

[0153] FIGS. 11A, 11B, and 11C illustrate transmission
and reception of an ultrasound signal via the probe 20 of FIG.
6, according to an exemplary embodiment.

[0154] Referring to FIG. 11A, the probe 20 may include the
transducer array 21, and each of a plurality of transducers in
the transducer array 21 may output an ultrasound signal PW1
having the form of an unfocused plane wave by receiving a
driving pulse to which the same delay time is applied.
[0155] Referring to FIG. 11B, the Y-axis denotes the mag-
nitude of an ultrasound signal Tx being transmitted by the
probe 20 and the X-axis denotes time. The probe 20 may
perform a transmission/reception process N times for the first
through third scan lines SL1 through SL3, to generate a
frame. In the present exemplary embodiment, the number N
of ensembles is 8, and the probe 20 may transmit an ultra-
sound signal Tx eight times for the first through third scan
lines SL1 through SL3, for example, shown in FIG. 10A.
[0156] An image quality of a region of interest (ROT) gen-
erated by using the ultrasound signal PW1 having the form of
an unfocused plane wave may be lower than an image quality
of a ROI generated by using a ultrasound signal FW having a
focused waveform of FIG. 10B. In the present exemplary
embodiment, the number N of ensembles in case of the ultra-
sound signal PW1 may be more than the number N of
ensembles in case of the ultrasound signal FW in order to
improve the image quality. Accordingly, the image quality of
the ROI generated by using the ultrasound signal PW1 may be
improved.

[0157] An interval during which first through eighth ultra-
sound signals Tx0 through Tx7 for a first frame FRO are
transmitted, an interval during which second through ninth
ultrasound signals Tx1 through Tx8 for a second frame FR1
are transmitted, and an interval during which third through
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tenth ultrasound signals Tx2 through Tx9 for a third frame
FR2 are transmitted are a first interval P_FRO, a second intet-
val P_FR1, and a third interval P_FR2, respectively.

[0158] According to the present exemplary embodiment,
since the number N of ensembles is 8, the first interval P_FR0
may include eight ultrasound signals Tx0 through Tx7. How-
ever, exemplary embodiments are not limited thereto. In other
exemplary embodiments, if the number N of ensembles is less
than 8, the first interval P_FRO may include a number of
ultrasound signals fewer than 8. If the number N of ensembles
is greater than 8, the first interval P_FR0O may include a
number of ultrasound signals greater than 8.

[0159] Inthe present exemplary embodiment, M is equal to
1, and the second interval P_FR1 may include the second
through ninth ultrasound signals Tx1 through Tx8. However,
exemplary embodiments are not limited thereto. In other
exemplary embodiments, if M is 2, the second interval P_FR1
may include third through tenth ultrasound signals Tx2
through Tx9. If M is 3, the second interval P_FR1 may
include fourth through eleventh ultrasound signals Tx3
through Tx10.

[0160] During each of the first through third intervals
P_FRO through P_FR2, the transducers in the transducer
array 21 are all activated to transmit an ultrasound signal PW1
having the form of a plane wave to the first through third scan
lines SL.1 through SL3. In this case, the first through eighth
ultrasound signals Tx0 through Tx7, the second through ninth
ultrasound signals Tx1 through Tx8, and the third through
tenth ultrasound signals Tx2 through Tx9 are used to generate
the first frame FRO0, the second frame FR1, and the third frame
FR2, respectively.

[0161] FIG. 11C illustrates a process of receiving echo
signals over time. In this case, as first through twelfth ultra-
sound signals Tx0 through Tx11 are sequentially transmitted,
first through twelfth echo signal groups Rx0 through Rx11
are sequentially received. InFIG. 11C, a0 through a11 denote
echo signals corresponding to a first scan line SL.1 which are
sequentially received, b0 through b 11 represent echo signals
corresponding to a second scan line SL.2 which are sequen-
tially received, and c0 through c11 denote echo signals cor-
responding to a third scan line SL3 which are sequentially
received.

[0162] The first echo signal group Rx0 is a group of echo
signals received in response to the first ultrasound signal Tx0
and includes echo signals a0, b0, and c0 corresponding to first
through third scan lines SL1 through SL3, respectively. The
second echo signal group Rx1 is a group of echo signals
received in response to the second ultrasound signal Tx1 and
includes echo signals al, bl, and ¢l corresponding to first
through third scan lines SL1 through SL3, respectively.
[0163] According to the present exemplary embodiment,
the receiver 120a may simultaneously receive echo signals
corresponding to a plurality of scan lines, e.g., SL1 through
SL3, in response to an ultrasound signal. The simultaneously
received echo signals at each receiver channel may constitute
a single echo signal group. Thus, the amount of time required
to generate one frame may be substantially reduced, and
accordingly, a frame rate may be substantially improved.
[0164] When the probe 20 outputs an ultrasound signal
PW1 having the form of a plane wave according to the present
exemplary embodiment, echo signals for all scan lines may be
received simultaneously via a single transmission/reception
process. Accordingly, one frame may be generated by per-
forming a transmission/reception process N times corre-
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sponding to the number of ensembles, regardless of the num-
ber L of scan lines. Thus, the amount of time needed to
generate one frame is proportional to the number N of
ensembles without regard to the number L of scan lines. In the
present exemplary embodiment, to generate a single frame,
the transmission/reception process needs to be performed 8
times simultaneously for the first through third scan lines ST.1
through SL3, i.e., a total of 8 times.

[0165] Ifthenumber of ensembles in the present exemplary
embodiment is equal to that of an ultrasound signal FW
having a focused waveform, as described above with refer-
ence to FIG. 9, the transmission of an ultrasound signal PW1
having the form of a plane wave according to the present
exemplary embodiment needs to be repeated a fewer number
of times than the transmission of an ultrasound signal FW.
Thus, a frame rate may be substantially enhanced.

[0166] Further, for the same amount of time needed to
generate a single frame by transmitting an ultrasound signal
FW, as described with reference to FIG. 9, and by transmitting
anultrasound signal PW1 according to an exemplary embodi-
ment, a much greater number of ensembles may be used in an
exemplary embodiment than that when transmitting an ultra-
sound signal FW described with reference to FIG. 9. Thus, the
quality of a B-flow image may be substantially improved.

[0167] Inthe presentexemplary embodiment, a plurality of
frames may be sequentially generated by partially overlap-
ping the plurality of echo signal groups. In particular, first
through eighth echo signal groups Rx0 through Rx7, second
through ninth echo signal groups Rx1 through Rx8, and third
through tenth echo signal groups Rx2 through Rx9 may be
used to generate the first frame FRO, the second frame FR1,
and the third frame FR2, respectively. In this case, the second
through eighth echo signal groups Rx1 through Rx7 may be
repeatedly used to generate the first and second frames FR0
and FR1. Further, the third through eighth echo signal groups
Rx2 through Rx7 may be repeatedly used to generate the first
and third frames FR0 and FR2. Thus, since the amount of time
required to generate a new frame may be substantially
reduced, a frame rate may be enhanced.

[0168] FIGS.12A, 12B, 12C, and 12D illustrate transmis-
sion and reception of an ultrasound signal via the probe 20 of
FIG. 6, according to another exemplary embodiment.

[0169] Referring to FIG. 12A, a frame FR may include first
through third scan lines SL1 through SL3. In the present
exemplary embodiment, the first and second scan lines SL1
and SL.2 may be scan lines corresponding to a ROI. Thus, an
image of the ROI may be generated by combining ultrasound
image data for first and second scan lines SL.1 and SL.2.
However, this is only an example for convenience of expla-
nation, and the ROI may include three or more scan lines.

[0170] Referring to FIG. 12B, the probe 20 may include the
transducer array 21, and some of a plurality of transducers in
the transducer array 21 corresponding to the ROI may output
an ultrasound signal PW2 having the form of an unfocused
plane wave by receiving a driving pulse to which the same
delay time is applied.

[0171] Referring to FIG. 12C, the Y-axis represents the
magnitude of an ultrasound signal Tx being transmitted by the
probe 20 and the X-axis represents time. The probe 20 may
perform a transmission/reception process N times through
each scan line. For example, if the number N of ensembles is
8, the probe 20 may transmit an ultrasound signal Tx eight
times for each scan line, to generate a frame.
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[0172] During the first through third intervals P_FRO
through P_FR2, transducers in the transducer array 21 corre-
sponding to first and second scan lines SL.1 and SI.2 are all
activated to transmit an ultrasound signal PW2 having the
form of'a plane wave to the first and second scan lines SL.1 and
SL2. In this case, the first through eighth ultrasound signals
Tx0 through Tx7, the second through ninth ultrasound signals
Tx1 through Tx8, and the third through tenth ultrasound
signals Tx2 through Tx9 are used to generate the first frame
FRO, the second frame FR1, and the third frame FR2, respec-
tively.

[0173] FIG. 12D illustrates a process of receiving echo
signals over time. In this case, as first through twelfth ultra-
sound signals Tx0 through Tx11 are sequentially transmitted,
first through twelfth echo signal groups Rx0 through Rx11
are sequentially received. In FIG. 12D, a0 through all denote
echo signals corresponding to a first scan line SL.1 which are
sequentially received, and b0 through b11 represent echo
signals corresponding to a second scan line SL2 which are
sequentially received.

[0174] The first echo signal group Rx0 is a group of echo
signals received in response to the first ultrasound signal Tx0
and includes echo signals a0 and b0 corresponding to the first
and second scan lines SL1 and SL.2, respectively, the second
echo signal group Rx1 is a group of echo signals received in
response to the second ultrasound signal Tx1 and includes
echo signals al and b1 corresponding to the first and second
scan lines SL1 and SL.2, respectively, etc.

[0175] According to the present exemplary embodiment,
the receiver 120a may simultaneously receive echo signals
corresponding to a plurality of scan lines, e.g., SL1 and SL2,
on an ROI in response to an ultrasound signal. The simulta-
neously received echo signals may be combined into a single
echo signal group. Thus, the amount of time required to
generate one frame including the ROI may be substantially
reduced, and accordingly, a frame rate may be substantially
improved.

[0176] When the probe 20 outputs an ultrasound signal
PW2 having the form of a plane wave according to the present
exemplary embodiment, echo signals for scan lines on an ROI
may be received simultaneously via a single transmission/
reception process. Accordingly, one frame may be generated
by performing a transmission/reception process N times cor-
responding to the number of ensembles, regardless of the
number L of scan lines. Thus, the amount of time needed to
generate one frame is proportional to the number N of
ensembles without regard to the number L of scan lines. Inthe
present exemplary embodiment, to generate a single frame,
the transmission/reception process needs to be performed 8
times simultaneously for the first and second scan lines SL.1
and SL2, i.e., a total of 8 times.

[0177] Inthe present exemplary embodiment, a plurality of
frames may be sequentially generated by partially overlap-
ping the plurality of echo signal groups. In particular, first
through eighth echo signal groups Rx0 through Rx7, second
through ninth echo signal groups Rx1 through Rx8, and third
through tenth echo signal groups Rx2 through Rx9 may be
used to generate the first frame FRO, the second frame FR1,
and the third frame FR2, respectively. In this case, the second
through eighth echo signal groups Rx1 through Rx7 may be
repeatedly used to generate the first and second frames FR0
and FR1. The third through eighth echo signal groups Rx2
through Rx7 may also be repeatedly used to generate the first
and third frames FR0 and FR2. Thus, since the amount of time
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required to generate a new frame may be substantially
reduced, a frame rate may be enhanced.

[0178] FIG. 13 illustrates a plurality of frames generated
according to an exemplary embodiment.

[0179] Referring to FIG. 13, first through fifth frames FR0
through FR4 are sequentially generated over time. As
described above, according to an exemplary embodiment,
some of a plurality of echo signal groups used to generate the
first frame FRO may be repeatedly used to generate the second
frame FR1, and thus, a frame rate may be improved.

[0180] As data used to generate one frame is repeatedly
used in generating a subsequent frame according to the
present exemplary embodiment, an interval FI between the
two frames may be decreased, and accordingly, an image of a
blood flow may be monitored in real-time. Thus, the quality
of a B-flow image may be further improved.

[0181] FIG. 14 illustrates a B-flow processor 2140a accord-
ing to an exemplary embodiment.

[0182] Referring to FIG. 14, the B-flow processor 2140a
according to the present exemplary embodiment may include
a B-flow data extractor 2141 and a decoding filter 2142. The
B-flow processor 2140a may be embodied in the B-flow
image generator 214a of FIG. 8.

[0183] The B-flow data extractor 2141 may extract B-flow
data from a plurality of echo signals simultaneously received
by the receiver 120a. In detail, the B-flow data extractor 2141
may extract B-flow data for each scan line by combining data
related to a plurality of sampling points P1 through Pm on the
scan line. For example, the B-flow data extractor 2141 may
extract B-flow data for a first scan line SL1 from an echo
signal corresponding to the first scan line SL1 by combining
data related to a plurality of sampling points P1 through Pm
on the first scan line SL1.

[0184] The B-flow data extractor 2141 may iteratively
extract B-flow data from a plurality of echo signal groups
sequentially received by the receiver 120a. For example, the
B-flow data extractor 2141 may extract first B-flow data for a
first scan line SL.1 from an echo signal in a first echo signal
group, corresponding to the first scan line SL1, by combining
data related to a plurality of sampling points P1 through Pm
on the first scan line SL1. The B-flow data extractor 2141 may
also extract second B-flow data for a first scan line SL1 from
an echo signal in a second echo signal group, corresponding
to the first scan line SL1, by combining data related to a
plurality of sampling points P1 through Pm on the first scan
line SL1.

[0185] The decoding filter 2142 may perform decoding
filtering on the extracted B-flow data, to attenuate a signal
corresponding to a tissue component and enhance a signal
corresponding to a blood flow component.

[0186] FIG.151sagraph for explaining the operation of the
decoding filter 2142 according to an exemplary embodiment.
[0187] Referring to FIG. 15, the ordinate represents the
magnitude of a reflected signal and the abscissa represents a
frequency. A graph of a signal 101 represents a magnitude of
a signal reflected from a tissue component (e.g., reference
numeral 11 of FIG. 5) with respect to frequency, a graph of a
signal 102 represents a magnitude of a signal reflected from a
blood flow component (e.g., reference numeral 13 of FIG. 5),
and a graph 103 represents filtering characteristics of the
decoding filter 2142.

[0188] The signal 101 from the tissue component 11 may
have a relatively high magnitude at a lower frequency while
the signal 102 reflected from the blood flow component 13
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has a relatively low magnitude at a higher frequency. For
example, the signal reflected from the blood flow compornent
13 may have a magnitude that is about Y100 to about Y1000 that
of the signal reflected from the tissue component 11. Thus, it
is difficult to recognize the blood flow component 13 in a
general B-mode image.

[0189] The decoding filter 2142 according to the present
exemplary embodiment may perform decoding filtering to
increase the magnitude of the signal 102 reflected from the
blood flow component 13 while decreasing a magnitude of
the signal 101 reflected from the tissue component 11. In
detail, the decoding filter 2142 may perform decoding filter-
ing by applying a weighted sum to a plurality of echo signals
for each scan line, to attenuate the signal 101 corresponding
to the tissue component 11 among the plurality of echo sig-
nals and increase the signal 102 corresponding to the blood
flow component 13.

[0190] For example, the decoding filter 2142 may perform
decoding filtering on a first scan line SL1 by applying differ-
ent weighting factors to the first through eighth echo signals
a0 through a7 corresponding to the first scan line SL1. The
decoding filter 2142 may also perform decoding filtering on a
second scan line SL.2 by applying different weighting factors
to the first through eighth echo signals b0 through b7 corre-
sponding to the second scan line SL.2. Similarly, the decoding
filter 2142 may perform decoding filtering on a third scan line
SL3 by applying different weighting factors to the first
through eighth echo signals c0 through ¢7 corresponding to
the third scan line SL3.

[0191] The image generator 2145 may generate scan line
images for the first through third scan lines SL1 through SL3,
respectively, based on the result of decoding filtering on the
first through third scan lines SL1 through SL.3, and combine
the generated scan line images to generate a single frame.
[0192] According to exemplary embodiments, since the
ultrasound diagnostic apparatuses 1000A and 1000B are con-
figured to simultaneously receive echo signals for a plurality
of scan lines by transmitting an ultrasound signal having the
form of a plane wave, the number of ensembles may be
increased. Accordingly, the order of the decoding filter 2142
can be increased, and thus, the resolution of a B-flow image
may be enhanced.

[0193] FIG. 16A illustrates a frame FR_BF before under-
going decoding filtering, and FIG. 16B illustrates a frame
FR_AF after undergoing decoding filtering according to an
exemplary embodiment.

[0194] Referringto FIG. 16A, in the frame FR_BF that has
not undergone decoding filtering, a tissue component 11
appears bright while a blood flow component 13 appears
dark, and thus a flow of blood cannot be observed. On the
other hand, referring to FIG. 16B, in the frame FR_AF after
undergoing decoding filtering, both a tissue component 11
and a blood flow component 13 appear bright, and thus, a flow
of blood can be observed.

[0195] FIG. 17 is a block diagram of a B-flow processor
21404 according to another exemplary embodiment.

[0196] Referring to FIG. 17, the B-flow processor 21405
according to the present exemplary embodiment may include
a B-flow data extractor 2141, a decoding filter 2142, and a
color mapper 2143. The B-flow processor 21405 may be
embodied in the B-flow image generator 214a of FIG. 8.
[0197] Further, the descriptions above with respect to the
B-flow processor 2140a of FIG. 14 may be applied to the
present exemplary embodiment. The B-flow processor 21405
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may further include the color mapper 2143 in comparison to
the B-flow processor 2140a of FIG. 14.

[0198] Thecolor mapper 2143 may perform color mapping
on B-flow data extracted by the B-flow data extractor 2141 or
the result of decoding filtering output from the decoding filter
2142. Thus, the image generator 2145 may generate a B-flow
image as a color image.

[0199] FIG. 18 is a block diagram of a configuration of an
ultrasound diagnostic apparatus 1000C according to another
exemplary embodiment.

[0200] Referring to FIG. 18, the ultrasound diagnostic
apparatus 1000C according to the present exemplary embodi-
ment may include a probe 20, an ultrasound transceiver 100a,
and an image processor 2005. The probe 20 may include a
transducer array 21, and the ultrasound transceiver 1004 may
include a transmitter 110a and a receiver 120a. The descrip-
tions above with respect to the ultrasound diagnostic appara-
tuses 1000B and 1000A may be applied to the ultrasound
diagnostic apparatus 1000C.

[0201] The probe 20 and the ultrasound transceiver 100a
may have substantially the same configurations as those
described above with respect to the ultrasound diagnostic
apparatuses 1000B and 1000A.

[0202] The image processor 2006 may include a B-mode
image generator 212a and a B-flow image generator 214a.
The B-mode image generator 2124 may extract B-mode data
from a plurality of echo signals and generate a B-mode image
based on the extracted B-mode data.

[0203] FIG. 19 is a block diagram of a configuration of an
ultrasound diagnostic apparatus 1000D according to another
exemplary embodiment.

[0204] Referring to FIG. 19, the ultrasound diagnostic
apparatus 1000D according to the present exemplary embodi-
ment may include a probe 20, an ultrasound transceiver 1004,
and an image processor 200c. The probe 20 may include a
transducer array 21, and the ultrasound transceiver 100a may
include a transmitter 110a and a receiver 120a. The descrip-
tions with respect to the ultrasound diagnostic apparatuses
10004, 10008, and 1000C may be applied to the ultrasound
diagnostic apparatus 1000D.

[0205] The probe 20 and the ultrasound transceiver 100a
may have substantially the same configurations as those

described above with respect to the ultrasound diagnostic
apparatuses 1000A, 1000B, and 1000C.

[0206] The image processor 200¢ may include a B-mode
image generator 212a, a B-flow image generator 2144, and a
Doppler image generator 216a. The B-mode image generator
212a may extract B-mode data from a plurality of echo sig-
nals and generate a B-mode image based on the extracted
B-mode data. The Doppler image generator 2164 may extract
Doppler data from a plurality of echo signals, and generate a
Doppler image based on the extracted Doppler data.

[0207] FIG. 20 is a block diagram of a configuration of a
probe 20A according to another exemplary embodiment.

[0208] Referring to FIG. 20, the probe 20A according to the
present exemplary embodiment may include a transducer
array 21, an ultrasound transceiver 22, an image processor 23,
and a communicator 24. The transducer array 21, the ultra-
sound transceiver 22, and the image processor 23 may have
substantially the same configuration as that of their counter-
parts described above. The ultrasound transceiver 22 and the
image processor 23 may be embodied in the probe 20A
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instead of an ultrasound diagnostic apparatus, in comparison
to the probe 20. Thus, the speed of signal processing may be
further increased.

[0209] The communicator 24 may transmit an echo signal
or an output of the image processor 23 to another electronic
device. Examples of the other electronic device may include
electronic devices such as ultrasound diagnostic apparatuses
1000A, 1000B, 1000C, 1000D, a server, a PC, a mobile
phone, and a tablet PC. The communicator 24 communicates
with another electronic device by wire or wirelessly. For
example, the communicator 24 may include at least one of a
close-distance communicator, a wired communicator, and a
mobile communicator.

[0210] FIG. 21 illustrates a wireless probe 20B according to
an exemplary embodiment.

[0211] Referring to FIG. 21, the wireless probe 20B
according to the present exemplary embodiment may include
a screen 210 displayed on a display panel of the wireless
probe 20B, and a transducer 220. The screen 210 may include
an ultrasound image 211 showing the scanned target object
obtained by the transducer 220 and/or a user interface screen
213. The wireless probe 20B may be connected to a medical
device via a wireless network and may transmit data to the
medical device.

[0212] Inthe present embodiment, the wireless probe 20B
may have the configuration of the probe 20A illustrated in
FIG. 20. In this case, the transducer array 21, the ultrasound
transceiver 22, the image processor 23 and the communicator
24 may be embodied in the wireless probe 20B.

[0213] FIG. 22 illustrates an ultrasound diagnostic system
3000 having a wireless probe 20C according to an exemplary
embodiment.

[0214] Referring to FIG. 22, the ultrasound diagnostic sys-
tem 3000 may include the wireless probe 20C. The wireless
probe 20C may be connected to a main body 40a, a tablet PC
404 and/or a mobile phone 40c¢ via wireless network. The
main body 40a may be implemented as a cart-type main body
or a mobile main body. Examples of the main body 40q are a
cart-type ultrasound system, a picture archiving and commu-
nication system (PACS) viewer, a laptop computer, a personal
digital assistant (PDA), or the like, but are not limited thereto.

[0215] Inthe present embodiment, the wireless probe 20C
may have the configuration of the probe 20A illustrated in
FIG. 20. The wireless probe 20C may obtain ultrasound data
by transmitting ultrasound signals to a target object and
receiving echo signals reflected from the target object. An
ultrasound image may be generated by using the obtained
ultrasound data, and the generated ultrasound image may be
transmitted to the main body 40a, the tablet PC 40¢ and/or the
mobile phone 40c. In this case, the generated ultrasound
image may be displayed on the main body 40a, the tablet PC
40¢ and/or the mobile phone 40¢. Alternatively, the wireless
probe 20C may transmit the obtained ultrasound data to the
main body 40aq, the tablet PC 40¢ and/or the mobile phone
40¢, and the main body 40a, the tablet PC 40¢ and/or the
mobile phone 40c may generate an ultrasound image by using
the transmitted ultrasound data. F1G. 23 is a flowchart of a
method of generating an ultrasound image according to an
exemplary embodiment. Referring to FIG. 23, the method
according to the present exemplary embodiment includes
operations performed by an ultrasound diagnostic apparatus
1000A, 10008, 1000C, and/or 1000D, which are described
above.



US 2016/0089108 A1

[0216] An ultrasound signal is transmitted to a plurality of
scan lines in an object (operation S100). In an exemplary
embodiment, an ultrasound signal having the form of a plane
wave may be transmitted to a region corresponding to a plu-
rality of transducers by applying the same delay time for each
of the plurality of transducers. According to another exem-
plary embodiment, an ultrasound signal having the form of a
plane wave may be transmitted to a region corresponding to
some of a plurality of transducers, which are arranged adja-
cent to one another, by applying the same delay time for each
of the adjacently arranged some of the plurality of transduc-
ers.

[0217] In an exemplary embodiment, an ultrasound signal
having the form of a plane wave may be transmitted to an
object. In another exemplary embodiment, an ultrasound sig-
nal having the form of a tilted plane wave may be transmitted
to an object. In yet another exemplary embodiment, an ultra-
sound signal that is focused on a focal point outside a B-flow
image within an object may be transmitted to the object. In yet
another exemplary embodiment, an ultrasound signal that is
focused on a focal point outside an object may be transmitted
to the object.

[0218] A plurality of echo signals corresponding to the
plurality of scan lines are received simultaneously from the
object (operation S120). In this case, the simultaneously
received echo signals may be clustered into a single echo
signal group.

[0219] A B-flow image may be generated using a plurality
of echo signal groups (operation S140). In detail, a plurality
of frames in a B-flow image may be sequentially generated by
repeatedly using all or some of the plurality of echo signal
groups.

[0220] FIG. 24 is a flowchart of operation S140 of gener-
ating a B-flow image in the method of FIG. 23, according to
an exemplary embodiment.

[0221] Referring to FIG. 24, operation S140 according to
the present exemplary embodiment may include operations
performed sequentially by the ultrasound diagnostic appara-
tuses 1000A, 1000B, 1000C, and/or 1000D.

[0222] A first frame may be generated using N echo signal
groups (operation S1400) wherein N is the number of
ensembles corresponding to the number of transmission/re-
ception operations for acquiring a single frame and is a natu-
ral number greater than or equal to 2.

[0223] A second frame is generated using some of the N
echo signal groups and M echo signal groups acquired after
obtaining the N echo signal groups (operation S1500). In
detail, the second frame may be generated using N-M echo
signal groups among the N echo signal groups and the M echo
signal groups.

[0224] In this case, the N-M echo signal groups may be
arbitrarily selected among the N echo signal groups, and M is
a natural number less than N.

[0225] FIG. 25 is a flowchart of operation S140 of the
method of FIG. 23, according to another exemplary embodi-
ment.

[0226] Referring to FIG. 25, operation S140 according to
the present exemplary embodiment may include operations
performed sequentially by the ultrasound diagnostic appara-
tuses 1000A, 1000B, 1000C, and/or 1000D of FIGS. 3,4, 18,
and 19, respectively.

[0227] A first frame is generated using sequentially
acquired first through Nth echo signal groups (operation
$1600).
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[0228] A second frame is generated using Nth-M through
Nth+M echo signal groups that are sequentially acquired
(operation $1700).

[0229] FIG. 26 is a flowchart of operation S140 of the
method of FIG. 23, according to another exemplary embodi-
ment.

[0230] Referring to FIG. 26, operation S140 according to
the present exemplary embodiment may include operations
performed sequentially by the ultrasound diagnostic appara-
tuses 1000A, 10008, 1000C, and/or 1000D of FIGS. 3, 4,18,
and 19, respectively.

[0231] B-flow data is extracted from a plurality of echo
signals (operation S1800).

[0232] A plurality of frames that constitute a B-flow image
are generated using the extracted B-flow data (operation
S1900).

[0233] In another exemplary embodiment, operation S140
may further include performing decoding filtering on B-flow
data corresponding to a plurality of echo signals for each scan
line, which are included in each of a plurality of echo signal
groups. In detail, the decoding filtering may be performed by
applying a weighted sum to a plurality of echo signals for
each scan line, to attenuate a signal corresponding to a tissue
component and increase a value of a signal corresponding to
a blood flow component.

[0234] In another exemplary embodiment, operation S140
may further include performing color mapping on the
extracted B-flow data. In this case, in operation S1900, the
plurality of frames are generated as a color image.

[0235] In another exemplary embodiment, operation S140
may further include extracting B-mode data from a plurality
of echo signals and generating a B-mode image by using the
extracted B-mode data. In another exemplary embodiment,
operation S140 may further include displaying the B-flow
image and the B-mode image.

[0236] FIG. 27 is a flowchart of operation S1900 shown in
FIG. 26 according to an exemplary embodiment.

[0237] Referring to FIG. 27, operation S1900 according to
the present exemplary embodiment may include operations
performed sequentially by the ultrasound diagnostic appara-
tuses 1000A, 1000B, 1000C, and/or 1000D of FIGS. 3, 4,18,
and 19, respectively.

[0238] Decoding filtering is performed on B-flow data cor-
responding to the plurality of echo signals for each scan line
(operation $1910).

[0239] A scan line image is generated for each scan line
based on the result of decoding filtering (operation S1920).
[0240] A frame is generated from a plurality of scan line
images for a plurality of scan lines (operation S1930).
[0241] A B-flow image is generated using a plurality of
echo signal groups (operation S1940).

[0242] FIG. 28 is a flowchart of a method of generating an
ultrasound image according to an exemplary embodiment.
Referring to FIG. 28, the method according to the present
exemplary embodiment includes operations performed by an
ultrasound diagnostic apparatus 10004, 10008, 1000C, and/
or 1000D, which are described above.

[0243] An ultrasound signal is transmitted to a plurality of
scan lines in an object (operation S200). In an exemplary
embodiment, an ultrasound signal having the form of a plane
wave may be transmitted to a region corresponding to a plu-
rality of transducers by applying the same delay time for each
of the plurality of transducers. According to another exem-
plary embodiment, an ultrasound signal having the form of a
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plane wave may be transmitted to a region corresponding to
some of a plurality of transducers, which are arranged adja-
cent to one another, by applying the same delay time for each
of the adjacently arranged some of the plurality of transduc-
ers.
[0244] In an exemplary embodiment, an ultrasound signal
having the form of a plane wave may be transmitted to an
object. In another exemplary embodiment, an ultrasound sig-
nal having the form of a tilted plane wave may be transmitted
to an object. In yet another exemplary embodiment, an ultra-
sound signal that is focused on a focal point outside a B-flow
image within an object may be transmitted to the object. In yet
another exemplary embodiment, an ultrasound signal that is
focused on a focal point outside an object may be transmitted
to the object.
[0245] A plurality of echo signals corresponding to the
plurality of scan lines are received simultaneously from the
object (operation S220). In this case, the simultaneously
received echo signals may be clustered into a single echo
signal group.
[0246] A B-flow image may be generated by partially over-
lapping a plurality of echo signal groups (operation S240). In
detail, a plurality of frames in a B-flow image may be sequen-
tially generated by repeatedly using all or some of the plural-
ity of echo signal groups.
[0247] Methods of generating an ultrasound image accord-
ing to exemplary embodiments may be implemented as a
software module or algorithm. Methods implemented as soft-
ware modules or algorithms may be stored on a computer-
readable storage medium as computer-readable codes or pro-
gram instructions that can be executed on a processor.
Examples of computer-readable storage media include mag-
netic storage media (e.g., Read-Only Memory (ROM), Ran-
dom Access Memory (RAM), floppy disks, hard disks, etc.)
and optical recording media (e.g., CD-ROMs, Digital Versa-
tile Discs (DVDs), etc.). The computer-readable storage
media can also be distributed over network-coupled computer
systems so that computer-readable codes are stored and
executed in a distributed fashion. The computer-readable
codes may be read by a computer, stored in a memory, and
executed on a processor. When the storage media are con-
nected to the ultrasound diagnostic apparatus 1000A, 1000B,
1000C, or 1000D, the ultrasound diagnostic apparatus
10004, 1000B, 1000C, or 1000D may be configured to per-
form methods of generating an ultrasound image according to
exemplary embodiments.
[0248] The foregoing exemplary embodiments and advan-
tages are merely exemplary and are not to be construed as
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
scopeofthe claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.
What is claimed is:
1. A method of generating an ultrasound image, the method
comprising:
transmitting an ultrasound signal to scan lines in an object;
receiving echo signals respectively corresponding to the
scan lines from the object, the echo signals forming echo
signal groups; and
generating a B-flow image by partially overlapping the
echo signal groups that are acquired by repeatedly per-
forming the transmitting the ultrasound signal and the
receiving the echo signals,
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wherein a single echo signal group comprises the echo
signals received from the scan lines in response to a
respective transmission signal, and

the B-flow image represents a tissue component and a

blood flow component.

2. The method of claim 1, wherein the transmitting the
ultrasound signal comprises transmitting an ultrasonic plane
wave.

3. The method of claim 1, wherein the transmitting the
ultrasound signal comprises transmitting a tilted ultrasonic
plane wave.

4. The method of claim 1, wherein the transmitting the
ultrasound signal comprises transmitting the ultrasound sig-
nal that is focused on a focal point outside the B-flow image
within the object.

5. The method of claim 1, wherein the transmitting the
ultrasound signal comprises transmitting the ultrasound sig-
nal that is focused on a focal point outside the object.

6. The method of claim 1, wherein the generating the
B-flow image comprises:

generating a first frame by using N echo signal groups; and

generating a second frame by using some of the N echo

signal groups and M echo signal groups acquired after
obtaining the N echo signal groups,

wherein N is a natural number greater than or equal to 2,

and

M is a natural number less than N.

7. The method of claim 6, wherein a number of the N echo
signal groups is equal to a number of ensembles correspond-
ing to a number of transmission/reception operations for
acquiring a single frame.

8. The method of claim 6, wherein the generating the
second frame comprises:

generating the second frame by using N-M echo signal

groups selected from the N echo signal groups and the M
echo signal groups.
9. The method of claim 1, wherein the generating the
B-flow image comprises:
generating a first frame by using first through Nth echo
signal groups that are sequentially acquired; and

generating a second frame by using Nth-M through
Nth+M echo signal groups that are sequentially
acquired,

wherein N is a natural number greater than or equal to 2,

and

M is a natural number less than N.

10. The method of claim 1, wherein the generating the
B-flow image comprises:

extracting B-flow data from the echo signals; and

generating frames that constitute the B-flow image by

using the extracted B-flow data.

11. The method of claim 10, wherein the generating the
B-flow image further comprises:

performing decoding filtering on the B-flow data extracted

from the echo signals for each scan line, each ofthe echo
signals being included in each of the echo signal groups.

12. The method of claim 11, wherein the decoding filtering
is performed by applying a weighted sum to the echo signals
for each scan line, to attenuate a signal corresponding to the
tissue component and increase a signal corresponding to the
blood flow component, among the echo signals.

13. The method of claim 11, wherein the generating the
frames comprises:
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generating a scan line image for each scan line based on a
result of the decoding filtering;

generating a frame from scan line images corresponding to
the scan lines, respectively; and

generating the B-flow image including the frames that are
sequentially acquired by repeatedly performing the gen-
erating the scan line image and the generating the frame.

14. The method of claim 10, wherein the generating the
B-flow image further comprises performing color mapping
on the extracted B-flow data, and

the generating the frames comprises generating a color
image.

15. The method of claim 1, further comprising:

extracting B-mode data from the echo signals; and

generating a B-mode image by using the extracted B-mode
data.

16. The method of claim 15, further comprising displaying

the B-flow image and the B-mode image.

17. The method of claim 1, wherein the transmitting the
ultrasound signal comprises transmitting an ultrasonic plane
wave 1o a region corresponding to a plurality of transducers
by applying a same delay time for the plurality of transducers.

18. The method of claim 1, wherein the transmitting the
ultrasound signal comprises transmitting an ultrasonic plane
wave to a region corresponding to some of a plurality of
transducers, which are arranged adjacent to one another, by
applying a same delay time for the some of the plurality of
transducers which are adjacently arranged.

19. An ultrasound diagnostic apparatus comprising:

a transceiver comprising a transmitter configured to trans-
mit an ultrasound signal to scan lines in an object and a
receiver configured to receive echo signals respectively
corresponding to the scan lines from the object, the echo
signals forming echo signal groups; and

an image processor configured to generate a B-flow image
by partially overlapping the echo signal groups that are
acquired by repeatedly transmitting the ultrasound sig-
nal and receiving the echo signals,

wherein a single echo signal group comprises the echo
signals received from the scan lines in response to a
respective transmission signal, and
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the B-flow image represents a tissue component and a

blood flow component.

20. The apparatus of claim 19, wherein the transmitter is
configured to transmit the ultrasound signal as an ultrasonic
plane wave, to the object.

21. The apparatus of claim 19, wherein the image processor
is configured to generate a first frame by using N echo signal
groups and a second frame by using some of the N echo signal
groups and M echo signal groups acquired after obtaining the
N echo signal groups,

N is a natural number greater than or equal to 2, and

M is a natural number less than N.

22. The apparatus of claim 21, wherein a number of the N
echo signal groups is equal to a number of ensembles corre-
sponding to a number of transmission/reception operations
for acquiring a single frame.

23. The apparatus of claim 21, wherein the image processor
is configured to generate the second frame by using N-M
echo signal groups selected among the N echo signal groups
and the M echo signal groups.

24. A non-transitory computer-readable recording medium
having recorded thereon a program which, when executed by
a computer, causes the computer to execute a method of
generating an ultrasound image, the method comprising:

transmitting an ultrasound signal to scan lines in an object;

receiving echo signals respectively corresponding to the
scan lines, from the object, the echo signals forming
echo signal groups; and

generating a B-flow image by partially overlapping the
echo signal groups that are acquired by repeatedly per-
forming the transmitting the ultrasound signal and the
receiving the echo signals,

wherein a single echo signal group comprises the echo
signals received from the scan lines in response to a
respective transmission signal, and

the B-flow image represents a tissue component and a
blood flow component.
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