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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD FOR CONTROLLING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of a Korean patent application filed on Jan. 7, 2015 in
the Korean Intellectual Property Office and assigned Serial
No. 10-2015-0001835, the entire disclosure of which is incor-
porated hereby incorporated by reference.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to an ultrasonic diag-
nostic apparatus and method for controlling the same, which
uses echo ultrasound signals reflected off and returning from
a subject to image an inside of the subject.

[0004] 2. Description of the Related Art

[0005] Ultrasonic diagnostic apparatuses irradiate ultra-
sound signals from the surface of a subject toward a target
region inside the body, and noninvasively obtains a cross-
sectional tomogram of a soft tissue or an image of a blood
flow using information about reflected ultrasonic signals (or
ultrasonic echo signals).

[0006] The ultrasonic diagnostic apparatus is widely used
in diagnosing diseases in the heart, abdominal region, urinary
organs, and organs unique to women, because it is small,
inexpensive, able to display images in real time, and safe
without being exposed to radiation like X-rays, as compared
to other diagnostic imaging apparatuses, such as X-ray imag-
ing devices, Magnetic Resonance Imaging (MRI) devices,
nuclear medicine diagnostic devices, etc.

[0007] The ultrasonic diagnostic apparatus may focus
ultrasound signals to be transmitted to the subject through
beamforming. Beamforming is an important factor that deter-
mines resolution, contrast, and signal to noise ratio (SNR) of
an ultrasonic image created by the ultrasonic diagnostic appa-
ratus, and thus needs to be appropriately performed to obtain
an optimum ultrasound image.

SUMMARY

[0008] The present disclosure provides an ultrasonic diag-
nostic apparatus and method for controlling the same, which
offers ultrasonic images.

[0009] In accordance with an aspect of the present disclo-
sure, an ultrasonic diagnostic apparatus is provided. The
ultrasonic diagnostic apparatus includes an ultrasonic probe
for transmitting or receiving ultrasound signals; a blood flow
detector for collecting blood flow information by detecting
blood flows in a subject; a controller for setting at least one
focal point in the blood flow of the subject based on the blood
flow information; and a beamformer for focusing the ultra-
sound signals on the at least one focal point.

[0010] Theblood flow information may include at least one
of location of blood flow and distribution of blood flow.

[0011] The blood flow detector may use the location and
distribution of blood flow detected for each scan line to create
a blood flow map.

[0012] The controller may set the at least one focal point for
each scan line.
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[0013] The beamformer may form a transmit beam such
that the ultrasound signals are focused on the at least one focal
point for each scan line.

[0014] The beamformer may form a transmit beam per
focal point, if there are multiple focal points in the same scan
line.

[0015] The controller may determine a focal region for
each scan line, in which the ultrasound signals are to be
focused, based on the at least one focal point.

[0016] The beamformer may form a transmit beam such
that the ultrasound signals are focused in the focal region
determined for each scan line.

[0017] The controller may determine a width of the trans-
mit beam to be irradiated to the scan line.

[0018] The controller may determine a focusing location
and focusing range of the transmit beam such that the width of
the transmit beam becomes minimum.

[0019] The beamformer may focus ultrasound signals
received from the subject in a synthetic aperture beamform-
ing scheme.

[0020] The ultrasonic imaging apparatus may further
include a memory for storing ultrasound signals received
from the subject, wherein ultrasound signals stored in the
memory is drawn out and subject to transmit beamforming,
such that ultrasound signals received from the subject are
focused on the at least one focal point.

[0021] The blood flow detector may detect the blood flow
location for each scan line of the ultrasound signals, and
create the blood flow map for each scan line.

[0022] The blood flow detector may detect a blood flow
location that changes according to a synthesized signal gen-
erated based on the at least one focal point, and update the
blood flow map based on the changed blood flow location.
[0023] Theblood flow detector may include a filtering unit
for using a clutter filter to eliminate clutters from a synthe-
sized signal beamformed by the beamformer; a flow detector
for converting the synthesized signal with the clutters elimi-
nated into intensity components, and calculating blood flow
intensity information for each scan line; a location searching
unit for finding the blood flow location for each scan line
based on the blood flow intensity information; and a map
manager for creating the blood flow map based on blood flow
distribution detected for each scan line.

[0024] In accordance with another aspect of the present
disclosure, a method for controlling an ultrasonic diagnostic
apparatus is provided. The method includes performing
detection of blood flow by collecting blood flow information
by detecting blood flows in a subject; setting at least one focal
point in the blood flow of the subject based on the blood flow
information; and performing beamforming by focusing the
ultrasound signals on the at least one focal point.

[0025] Setting at least one focal point in the blood flow of
the subject based on the blood flow information may include
setting the at least one focal point for each scan line of the
ultrasound signals.

[0026] Setting at least one focal point in the blood flow of
the subject based on the blood flow information may include
determining a focal region in which the ultrasound signals are
to be focused, ifthere are multiple focal points in a single scan
line, and performing beamforming may include focusing the
ultrasound signals in the focal region.

[0027] Performing beamforming may include performing
transmit beamforming to generate a transmit beam for the
ultrasound signals to be focused on the at least one focal
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point; and performing receive beamforming to focus echo
signals reflected from the subject on the at least one focal
point.

[0028] Performing transmit beamforming may include
generating the transmit beam for each focal point if there are
multiple focal points in a single scan line.

[0029] Determining a focal region in which the ultrasound
signals are to be focused may include determining a focusing
location and focusing range of the transmit beam such that a
width of the transmit beam becomes minimum.

[0030] Performing detection of blood flow may include
finding the blood flow location for each scan line of the
ultrasound signals; and creating the blood flow map for each
scan line based on the blood flow location found for each scan
line.

[0031] Other aspects, advantages, and salient features of
the disclosure will become apparent to those skilled in the art
from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses exemplary
embodiments of the disclosure

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other features and advantages of the
present disclosure will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0033] FIG. 1 is a perspective view of an ultrasonic diag-
nostic apparatus, according to an embodiment of the present
disclosure;

[0034] FIG. 2 is a control block diagram of an ultrasonic
diagnostic apparatus, according to an embodiment of the
present disclosure;

[0035] FIG. 3illustrates operation of an ultrasonic probe of
an ultrasonic diagnostic apparatus, according to an embodi-
ment of the present disclosure;

[0036] FIG. 4 is a block diagram of a beamformer of an
ultrasonic diagnostic apparatus, according to an embodiment
of the present disclosure;

[0037] FIG. 5 illustrates transmit beamforming performed
by the beamformer of FIG. 4;

[0038] FIG. 6 illustrates receive beamforming performed
by the beamformer of FIG. 4;

[0039] FIG. 7 illustrates a blood flow map created by an
ultrasonic diagnostic apparatus, according to an embodiment
of the present disclosure;

[0040] FIG. 8 is a control block diagram of a blood flow
detector, according to an embodiment of the present disclo-
sure;

[0041] FIG. 9 illustrates characteristics of a clutter filter;
[0042] FIG. 10 illustrates a diagram for explaining detec-
tion of blood flow location in scan line a of FIG. 7,

[0043] FIG. 11 illustrates a diagram for explaining detec-
tion of blood flow location in scan line b of FIG. 7,

[0044] FIG. 12 illustrates changes in blood flow over time;
[0045] FIG. 13 illustrates beamforming control based on a
blood flow map, according to an embodiment of the present
disclosure;

[0046] FIG. 14 illustrates an updated blood flow map;
[0047] FIG. 15A illustrates beamforming control based on
a blood flow map, according to another embodiment of the
present disclosure;

[0048] FIG. 15B illustrates beamforming control based on
a blood flow map, according to another embodiment of the
present disclosure;
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[0049] FIG. 16 illustrates beamforming control based on a
blood flow map, according to another embodiment of the
present disclosure;

[0050] FIG. 17 illustrates a diagram for explaining deter-
mination of transmit beam width by a controller, according to
an embodiment of the present disclosure;

[0051] FIG. 18 is a schematic diagram for explaining a
synthetic aperture beamforming scheme;

[0052] FIG. 19 is a flowchart illustrating a method for con-
trolling an ultrasonic diagnostic apparatus, according to an
embodiment of the present disclosure;

[0053] FIG. 20 is a flowchart illustrating a method for con-
trolling an ultrasonic diagnostic apparatus, according to
another embodiment of the present disclosure; and

[0054] FIG. 21 is a flowchart illustrating a method for con-
trolling an ultrasonic diagnostic apparatus, according to
another embodiment of the present disclosure.

[0055] Throughout the drawings, like reference numerals
will be understood to refer to like parts, components, and
structures.

DETAILED DESCRIPTION

[0056] Advantages, features, and methods for achieving
them will be understood more clearly when the following
embodiments are read with reference to the accompanying
drawings. The embodiments of the disclosure may, however,
be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the embodiments of the disclosure to those skilled in
the art.

[0057] FIG. 1 is a perspective view of an ultrasonic diag-
nostic apparatus, according to an embodiment of the present
disclosure, and FIG. 2 is a control block diagram of an ultra-
sonic diagnostic apparatus, according to an embodiment of
the present disclosure.

[0058] Referring to FIGS. 1 and 2, an ultrasonic diagnostic
apparatus 1 may include an ultrasonic probe 100, a main umt
10, a control panel 50, and a display unit 60.

[0059] The ultrasonic probe 100 is a device that comes in
contact with the surface of the subject (ob) for transmitting
ultrasound signals or receiving ultrasonic signals reflected
from the subject (ob). In other words, the ultrasonic probe 100
may convert ultrasound signals to at least one ultrasound
beam and transmit the ultrasound beam to the subject (ob),
and receive and output echo ultrasounds reflected from the
subject (ob).

[0060] Furthermore, the ultrasonic probe 100 may be con-
nected to the main unit of the ultrasonic diagnostic apparatus
1 via a cable 30, for receiving various signals required to
control the ultrasonic probe 100, or sending analog or digital
signals that correspond to echo ultrasound signals received by
the ultrasonic probe 100 to the main unit 10.

[0061] Although the ultrasonic probe 100 is shown in FIG.
1 to be wiredly connected, it is not limited thereto. For
example, the ultrasonic probe 100 may be implemented with
a wireless probe to exchange signals with the main unit 10
over a network formed between the ultrasonic probe 100 and
the main unit 10.

[0062] One or more female connectors 45 may be mounted
on the lower front of the main unit 10. The female connector
45 may be mechanically combined with a male connector 40
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formed at one end of the cable 30. The cable 30 may connect
the ultrasonic probe 100 and the main unit 10.

[0063] On thebottom side of the main unit 10, there may be
multiple casters 11 for mobility of the ultrasonic apparatus 1.
Using the multiple casters 11, the user may fix the ultrasonic
diagnostic apparatus 1 at a particular position or move it in a
particular direction. Such an ultrasonic diagnostic apparatus
1 may be referred to as a cart-type ultrasonic apparatus.
[0064] Alternatively, unlike what is shown in FIG. 1, the
ultrasonic diagnostic apparatus 1 may be a portable ultrasonic
apparatus that may be carried for long distance. In this case,
the portable ultrasonic apparatus may not include the caster
11. For example, the portable ultrasonic apparatus may be a
PACS viewer, a smart phone, a laptop computer, a personal
digital assistant (PDA), a tablet personal computer (PC), etc.,
but is not limited thereto.

[0065] The main unit 10 may be equipped with the control
panel 50. The control panel 50 is a part for receiving com-
mands related to operations of the ultrasound diagnostic
apparatus 1. The user may input commands to start examina-
tion, select a part to be examined, select an examination type,
select a mode for an ultrasound image to be finally output,
etc., through the control panel 50. As an example of the mode
for the ultrasound image, there may be Amplitude mode (A
mode), Brightness mode (B mode), Color Doppler mode (C
mode), Doppler mode (D mode), Elastography mode (E
mode), Motion mode (M mode), etc.

[0066] In an embodiment, the control panel 50 may be
located on the top of the main unit 10, as shown in FIG. 1. The
control panel 50 may include at least one of switches, keys, a
wheel, a joy stick, a trackball, and a knob.

[0067] The control panel 50 may further include a sub-
display 51. The sub-display 51 may be formed on one side of
the control panel 50 for displaying information about
manipulation of the vltrasonic diagnostic apparatus 1.
[0068] Forexample, the sub-display 51 may display amenu
or guideline required for setting up the ultrasonic diagnostic
apparatus 1, or display current the settings of the ultrasonic
diagnostic apparatus 1.

[0069] The sub-display 51 may be implemented with a
touch panel, in which case, the user may input a control
command by touching the sub-display 51.

[0070] The sub-display 52 may be implemented withe.g., a
Liquid Crystal Display (LCD) panel, Light Emitting Diode
(LED) panel, an Organic Light Emitting Diode (OLED)
panel, or the like.

[0071] The main unit 10 may include the display unit 60.
The display unit 60 may display ultrasound images obtained
in the process of ultrasonic diagnosis. The display unit 60
may be installed in combination with the main unit 10 as
shown in FIG. 1, or separately from the main unit 10

[0072] There may be one or more probe holders 20 around
the control panel 50 to hold the ultrasonic probe 100. Accord-
ingly, the user may keep the probe 200 in the probe holder 20
while the ultrasound diagnostic apparatus 1 is not used.
[0073] The display unit 60 may also include multiple dis-
play devices 61, 62 to display different images at the same
time. For example, the first display device 61 may display a
two dimensional (2D) ultrasound image while the second
display device 62 displays a three dimensional (3D) image.
Alternatively, the first display device 61 may display a B
mode image while the second display device 62 displaysa D
mode image.
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[0074] Each of the display devices 61, 62 may employ a
display means, such as a plasma display panel (PDP), a liquid
crystal display (LCD) panel, a light emitting diode (LED)
panel, an organic LED (OLED) panel, an active-matrix
OLED (AMOLED) panel, etc., or asound output means, such
as a speaker, but is not limited thereto.

[0075] Furthermore, as shown in FIG. 2, the ultrasonic
diagnostic apparatus 1 may include a beamformer 210 for
performing beamforming, a blood flow detector 220 for col-
lecting blood flow information, an image processor 230 for
creating ultrasound images, a storage 240 for storing data, a
communication unit 250 for communicating with external
devices, and a controller 260 for controlling the respective
components. Details of the components of the ultrasonic
diagnostic apparatus 1 in accordance with an embodiment
will now be described.

[0076] FIG. 3illustrates operation of an ultrasonic probe of
an ultrasonic diagnostic apparatus, according to an embodi-
ment of the present disclosure.

[0077] The ultrasonic probe 100 may include a transducer
array 111 comprised of a plurality of transducer elements, as
shown in FIG. 3.

[0078] The transducer elements may convert ultrasound
signals to electric signals, and vice versa. For this, the trans-
ducer elements may be implemented with magnetostrictive
ultrasonic transducers that use magnetostrictive effects of a
magnetic substance, piezoelectric ultrasonic transducers that
use piezoelectric effects of a piezoelectric material, piezo-
electric micromachined ultrasonic transducers (pMUTs), or
the like, or may also be implemented with capacitive micro-
machined ultrasonic transducers (¢cMUTSs) that transmit/re-
ceive ultrasounds using vibration of hundreds or thousands of
micromachined thin films.

[0079] The transducer array 111 may have the transducer
elements arranged linearly, or on a convex plane as shown in
FIG. 3. The transducer array 111 may be implemented to be
multi-dimensional, e.g., M*N.

[0080] Asshownin FIG. 3, a3D space subject to ultrasonic
imaging may be defined by the X-axis corresponding to axial
direction, the Y-axis corresponding to lateral direction, and
the Z-axis corresponding to elevational direction.

[0081] The ultrasonic diagnostic apparatus 1 may form a
plurality of scan lines along the axial direction to transmit or
receive ultrasound signals, and create 2D ultrasound images
based on ultrasound signals received from the subject.
[0082] Spatial resolution of a two dimensional (2D) ultra-
sound image may be determined by axial and lateral resolu-
tion. Axial resolution refers to the ability to distinguish two
objects that lie along the axis of the ultrasound beam, and the
lateral resolution refers to an ability to distinguish two objects
that lie on a line perpendicular to the axis of the ultrasound
beam.

[0083] Axial resolution is determined by the pulse width of
the transmit ultrasound signal, and a higher frequency ultra-
sound signal with a shorter pulse width yields better axial
resolution.

[0084] Since the lateral resolution and elevational resolu-
tion are determined by the width of the ultrasound beam, the
narrower the width of the ultrasound beam, the better the
lateral resolution. To improve the resolution of an ultrasound
image, the lateral resolution in particular, the beamformer
210 may focus ultrasound signals transmitted from a plurality
of transducer elements to a focal point on a scan line, thereby
increasing the resolution around the focal point. Alterna-
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tively, it may increase overall image resolution by focusing
signals on several focusing points on a single scan line while
absorbing a damage that slows down the frame rate. The
beamformer 210 may form a receive ultrasound beam with a
narrow width by focusing ultrasound signals on every imag-
ing point for imaging. As such, forming a transmit or receive
ultrasound beam to focus ultrasound signals is referred to as
beamforming.

[0085] FIG. 4 is a block diagram of a beamformer of an
ultrasonic diagnostic apparatus, according to an embodiment
of the present disclosure. FIG. 5 illustrates transmit beam-
forming by the beamformer of FIG. 4, and FIG. 6 illustrates
receive beamforming by the beamformer of FIG. 4.

[0086] The beamformer 210 performs beamforming.
Beamforming may be performed for each scan line. As shown
in FIG. 3, to obtain a 2D cross-sectional ultrasound image,
ultrasound signals need to be transmitted or received in at
least one scan line, and thus beamforming may be performed
for each scan line.

[0087] Specifically, the beamformer 210 may include a
transmitter 211 for performing transmit beamforming that
focuses ultrasounds to be transmitted to the subject ob, and a
receiver 215 for performing receive beamforming that
focuses ultrasounds reflected from the subject ob.

[0088] The transmitter 211 may form at least one transmit
beam to beirradiated to the subject ob through transmit beam-
forming. Specifically, the transmitter 211 may include a sig-
nal generator 212, and a first delayer 213.

[0089] The signal generator 212 may generate a transmit
signal, which is an ultrasound signal to be transmitted to the
subject ob. As ultrasounds to be generated by the transducer
array 111 are determined depending on the transmit signal
generated by the signal generator 212, the transmit signal may
be determined based on operating environments of the ultra-
sonic diagnostic apparatus 1, such as properties of the subject
ob, a part to be examined, purpose of examination, or the like.
The transmit signals have a form of pulses. That is, the signal
generator 212 may generate pulses with a proper frequency
and phase according to the operating environments of the
ultrasonic diagnostic apparatus 1.

[0090] The first delayer 213 may apply time delays for the
transmit signal generated by the signal generator 212 to be
focused on a focal point. In other words, the first delayer 213
may control output timing of the transmit signal so that a
transmit beam focused ona focal point may be formed. Form-
ing a transmit beam will be described in detail in connection
with FIG. 5.

[0091] As shown in FIG. 5, the distances between respec-
tive transducer elements and a focal point may be different.
Accordingly, the first delayer 213 may apply a proper time
delay to a transmit signal to be input to each transducer
element such that ultrasounds transmitted from respective
transducer elements may arrive at a focal point at the same
time. Specifically, the first delayer 213 may apply the transmit
signal late to a transducer element located near the focal
point, while applying the transmit signal early to a transducer
element located far from the focal point.

[0092] With such time delaying, ultrasounds generated
according to the transmit signals may simultaneously arrive at
the focal point. That is, with the time delay applied by the first
delayer 213, a transmit beam focused on the focal point may
be formed.
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[0093] 1Inthe meantime, as shown in FIG. 3, since a plural-
ity of scan lines are required to obtain a 2D ultrasound image,
the transmitter 211 may form a transmit beam per scan line.
[0094] The transducer array 111 may irradiated the trans-
mit beam to the subject ob, and receive echo ultrasounds
returning from the subject ob. The echo ultrasounds received
may be converted by the respective transducer elements to
electrical ultrasound signals. Such ultrasound signals con-
verted by the transducer elements may be referred to as echo
signals.

[0095] Turning back to FIG. 4, the receiver 215 may per-
form receive beamforming to output a synthetic signal.
Receive beamforming refers to superposition of echo signals
output from the transducer array 111 at a focal point. Specifi-
cally, the receiver 215 may include a pre-processor 216, a
transmit delayer 217, and a synthesizer 218.

[0096] The pre-processor 216 may pre-process echo sig-
nals. The pre-processor 216 may amplify the echo signal to
adjust a gain of the echo signal or compensate for attenuation
with respect to the depth of the subject ob. For this, the
pre-processor 216 may include a variable gain amplifier
(VGA) for controlling the gain of an input signal.

[0097] Furthermore, the pre-processor 216 may cancel
noise of the echo signal. For this, the pre-processor 216 may
include a low pass filter for canceling noise of the echo signal.
[0098] The transmit delayer 217 may apply predetermined
time delays to a plurality of echo signals to compensate for
time differences between the echo signals, and synthesize the
plurality of echo signals with time differences compensated.
Time delay and synthesis will now be described in detail in
connection with FIG. 6.

[0099] Referring to FIG. 6, the ultrasounds reflected from
the subject ob may go back to the transducer array 111. Like
the occasion where ultrasounds are transmitted to a focal
point, arrival times of echo ultrasounds returning from the
focal point may also be different depending on differences in
distance between the focal point and the respective transducer
elements. The transmit delayer 217 may then compensate for
the time differences between the plurality of echo signals by
applying appropriate delay times to the echo signals output
from the transducer elements at different times. Specifically,
the transmit delayer 217 may have an echo signal from a
transducer element near the focal point delayed long while
having an echo signal from a transducer far from the focal
point delayed short, thereby compensating time differences
between the plurality of echo signals.

[0100] The synthesizer 218 may synthesize the plurality of
echo signals with the time differences compensated. The
synthesizer 218 may apply respective weights to the echo
signals and synthesize the weighted echo signals, thereby
relatively emphasizing or attenuating a particular echo signal.
The weights may be determined in an independent beam-
forming scheme, e.g., data-independent beamforming, or
fixed beamforming, or an adaptive beamforming scheme,
e.g., data-dependant beamforming, or adaptive beamform-
ing.

[0101] The synthesizer 218 may synthesize the plurality of
echo signals and output the resultant synthesized signal. The
synthesizer 218 may demodulate and output the synthesized
signal. Specifically, the synthesizer 218 may separate and
output the synthesized signal into in-phase component sig-
nals (Isignals) and quadrature component signals (Q signals).
[0102] Inanembodiment, the beamformer 210 may output
multiple synthesized signals by performing receive and trans-
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mit beamforming for each scan line. In this regard, focal
points on which ultrasounds are to be focused may be set
differently for respective scan lines. A focal point of each scan
line may be determined based on blood flow information.
Details of the blood flow information will be described below.
[0103] Turning back to FIG. 2, the image processor 230
may create an ultrasound image based on a synthesized signal
output from the beamformer 210. For example, the image
processor 230 may create at least one of A mode images, B
mode images, C mode images, D mode images, E mode
images, and M mode images, based on the synthesized signal.
[0104] The image processor 230 may be implemented in
software, or with one or more processors. For example, the
image processor 230 may be implemented with a universal
Graphic Processing Unit (GPU). Although the image proces-
sor 230 is shown to be separated from the controller 260 in
FIG. 2, the image processor 230 and the controller 260 may be
implemented in a single unit.

[0105] A storage 240 may store various data required for
operation of the ultrasonic diagnostic apparatus 1. For
example, the storage 240 may store an operating system of the
ultrasonic diagnostic apparatus 1 or many different applica-
tions that may run in the ultrasonic diagnostic apparatus 1.
Furthermore, the storage 240 may store temporary data pro-
duced in operation of the ultrasonic diagnostic apparatus 1.
For example, the storage 240 may store ultrasound images
created by the image processor 230, or synthesized signals
output from the beamformer 210. The storage 240 may also
store blood flow information collected by the blood flow
detector 220, or a blood flow map generated based on the
blood flow information.

[0106] The storage 240 may include e.g., a high-speed ran-
dom access memory (RAM), a magnetic disk, a static RAM,
adynamic RAM, a read only memory (ROM), etc., but is not
limited thereto. Furthermore, the storage 240 may be imple-
mented in a form detachable from the ultrasonic diagnostic
apparatus 1. For example, the storage 240 may include a
compact flash (CF) card, a secure digital (SD) card, a smart
media (SM) card, a multimedia card (MMC), or a memory
stick, but is not limited thereto.

[0107] The communication unit 250 may be connected to
another device for exchanging data with the other device.
Especially, the communication unit 250 may be connected to
another device over a network for exchanging various data
required for image matching. For example, the communica-
tion unit 250 may be connected to a medical server S that
stores medical records of the subject ob and receive medical
information, such as a medical history, treatment schedule,
etc., for the subject ob, from the medical server S. The com-
munication unit 250 may also send an ultrasound image cre-
ated by the image processor 230 to the medical server S.
[0108] The communication unit 250 may communicate
data with other devices according to various wired/wireless
communication protocols, but preferably based on a Digital
Imaging and Communications in Medicine (DICOM) stan-
dard.

[0109] FIG. 7 illustrates a blood flow map created by an
ultrasonic diagnostic apparatus, according to an embodiment
of the present disclosure, FIG. 8 is a control block diagram of
a blood flow detector, according to an embodiment of the
present disclosure, and FIG. 9 illustrates characteristics of a
clutter filter.

[0110] FIG. 10 illustrates a diagram for explaining detec-
tion of blood flow location in scan line a of FIG. 7, and FIG.
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11 illustrates a diagram for explaining detection of blood flow
location in scan line b of FIG. 7.

[0111] The blood flow detector 220 may collect blood flow
information by detecting blood flows in the subject ob. The
blood flow information refers to information about location or
distribution of blood flow, that may be obtained for each scan
line.

[0112] Theblood flow detector 220 may create ablood flow
map based on the blood flow information, and manage the
blood flow map. That is, the blood flow map may be created
based on information about location or distribution of blood
flow. The ultrasonic diagnostic apparatus 1 may perform
beamforming based on the blood flow map.

[0113] Specifically, the blood flow map may have a struc-
ture corresponding to the ultrasound image created by the
ultrasonic diagnostic apparatus 1. For example, if the trans-
ducer array 111 of the ultrasonic diagnostic probe 100 has a
convex form, an ultrasound image may be created to have a
sector shape and even the blood flow map may also be created
in the same sector shape as that of the ultrasound image. An
embodiment of the blood flow detector 220 will now be
described.

[0114] Referring to FIGS. 7 to 9, the blood flow detector
220 may include a filtering unit 221, a flow detector 222, a
location searching unit 223, and a blood flow map manager
224,

[0115] The filtering unit 221 may eliminate clutter signals.
Even though the beamformer 210 focuses ultrasound signals
on the blood flow, the synthesized signal output from the
beamformer 210 may include Doppler signals reflected off
from the blood flow and clutter signals reflected off from
tissues other than the blood flow. The filtering unit 221 may
thus use a predetermined clutter filter to eliminate clutter
signals that correspond to noise.

[0116] The clutter filter may be implemented with a high
pass filter that filters out clutter signal components below a
predetermined level in movement but only passes Doppler
signals large in movement that corresponds to the blood flow.
However, the clutter filter is not limited thereto. The clutter
filter may be implemented even with an adaptive filter that
adaptively selects an optimum cut-off for an input signal.
[0117] Accordingly, the filtering unit 221 may only output
Doppler signals by excluding clutter signals from the synthe-
sized signal output from the beamformer 210. The Doppler
signals may include I signals and Q signals.

[0118] The flow detector 222 may convert the Doppler
signals output from the filtering unit 221 into intensity com-
ponents, to calculate blood flow intensity information. The
blood flow intensity information may be calculated for each
scan line. As described above, as the beamformer 210 may
output synthesized signals along the plurality of scan lines,
the flow detector 222 may also calculate blood flow intensity
information for each scan line.

[0119] Theblood flow intensity may be calculated based on
absolute values of I signals and Q signals. That is, it may be
calculated based on the following equation 1:

L M
Y5, 0= {Z Vs, 27+ Quls, 27 }
=1

[0120] where]refersto an ensemble number of the Dop-
pler signal, s refers to a number of a scan line, and z
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refers to adepthofthe scan line. The blood flow intensity

Y may thus be calculated based on absolute values of the

Tand Q signals of the Doppler signal.
[0121] Specifically, Y(s, z) refers to a blood flow intensity
that corresponds to the depth z of the s’th scan line, I(s, z)
refers to an I signal that corresponds to the depth z of the s’th
scan line of the Doppler signal with the 1 ensemble number,
and Q(s, z) refers to a Q signal that corresponds to the depth
zofthe s’thscan line of the Doppler signal with thel ensemble
number.
[0122] As such, the blood flow intensity information may
be generated depending on depth of the scan line. Specifi-
cally, the a’th scan line of FIG. 7 has blood flow intensity
information as shown in FIG. 10, and the b’th scan line of
FIG. 7 has blood flow intensity information as shown in FIG.
11.
[0123] The location searching unit 223 may find location
and distribution of blood flow based on the blood flow inten-
sity information. Specifically, the location searching unit 223
may search for where the blood flow intensity is above a
threshold, thereby finding location of blood flow for each
scan line. Information about distribution of blood flow may be
obtained based on the location of blood flow found per scan
line. The threshold may be predetermined or determined by
the user. Alternatively, the threshold may be dynamically
calculated based on the distribution of blood flow intensity
information.
[0124] Asshownin FIGS. 10 and 11, the location searching
unit 223 may find depth D1 where the blood flow intensity
appears to be greater than the threshold in the scan line a, as
alocation of blood flow, and find depths D2 and D3 where the
blood flow intensity appears to be greater than the threshold in
the scan line b, as locations of blood flow. As such, informa-
tion about distribution of entire blood flows may be obtained
by finding locations of blood flow for respective scan lines.
[0125] The blood map manager may create a blood flow
map based on the location and distribution of blood flow
found by the location searching unit 223. Specifically, the
blood flow map manager may create a blood flow map based
on the location and distribution of blood flow detected for
each scan line as shown in FIG. 7. As the location of blood
flow keep changing due to the movement of the ultrasonic
probe 100 or the movement of the subject ob, the blood flow
detector 220 may keep updating the blood flow map in the
aforementioned method for creating the blood flow map.
[0126] However, the method for creating the blood flow
map is not limited thereto. The blood flow detector 220 may
create a blood flow map based on various methods of detect-
ing flows of blood. For example, the blood flow detector 220
may create a blood flow map based on location of blood flow
found in a space domain method, a spectral domain method,
image comparison method, etc.
[0127] The space domain method is a method for detecting
movement of location of blood flow by analyzing spatial
correlation of movement of a region established as blood flow
in an ultrasound image; the spectral domain method is a
method for detecting location of blood flow by applying a
matching filter to a signal in a spectral domain; and the image
comparison method is a method for detecting location of
blood flow based on changes in ultrasound images.
[0128] Turning back to FIG. 2, the controller 260 may
control overall operation of respective components of the
ultrasonic diagnostic apparatus 1. The controller 260 may
correspond to one or more processors. The processor may be
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implemented in an array of multiple logic gates, or in a
combination of a universal microprocessor and a memory that
stores a program executable in the microprocessor.

[0129] Thecontroller 260 may control the beamformer 210
and image processor 230 to create an ultrasound image, and
control the display unit 60 to display the ultrasound image.
The controller 260 may also control the blood flow detector
220 to have the blood flow map represent the location and
distribution of blood flow in the subject ob in real time.
Although the blood flow detector 220 and the controller 260
are shown to be separate from each other in FIG. 2, the blood
flow detector 220 may be incorporated in the controller 260 or
the beamformer 210,

[0130] Especially, the controller 260 may control the beam-
former 210 to focus the ultrasound signal on the blood flow,
based on the blood flow map created in real time. Beamform-
ing control of the controller 260 will now be described in
detail.

[0131] FIG. 12 illustrates changes in blood flow over time.

[0132] As shown in FIG. 12, as the relative location of the
ultrasonic probe 100 and the blood vessel changes due to
movement of the ultrasonic probe 100 or subject ob, location
and distribution of blood flow may keep changing while an
ultrasound image is obtained. For example, blood flow of
location A may be shifted to location B due to a movement of
the ultrasonic probe 100 or subject ob.

[0133] Thus, to indicate a blood flow more clearly in the
ultrasound image, the beamformer 210 needs to be controlled
to focus the ultrasound signal to a changed location of blood
flow. For this, the controller 260 may determine a focal point
on which ultrasound signals are to be focused, based on the
blood flow map, and the beamformer 210 may perform beam-
forming for the ultrasound signals to be focused on the focal
point determined by the controller 260. Details of beamform-
ing control based on the blood flow map will now be
described with specific embodiments.

[0134] FIG. 13 illustrates beamforming control based on a
blood flow map, according to an embodiment of the present
disclosure, and FIG. 14 illustrates an updated blood flow map.

[0135] The controller 260 may determine a focal point
based on a blood flow map created by the blood flow detector
220. Specifically, the controller 260 may determine a focal
point per scan line to correspond to a blood flow location that
appears on the blood flow map.

[0136] As shown in FIG. 13, the controller 260 may deter-
mine focal point Pc of the ¢’th scan line to have depth Del in
the blood flow, and focal point Pd of the d’th scan line to have
depth Dd1 in the blood flow.

[0137] The beamformer 210 may perform transmit and
receive beamforming on the ultrasound signals for the focal
points determined by the controller 260. Specifically, the
beamformer 210 may generate a transmit beam per scan line
in order for the ultrasound signal to be focused on the focal
point in the aforementioned transmit beamforming scheme.
In other words, the beamformer 210 may generate a transmit
beam by focusing the ultrasound signal on the focal point Pc
in the ¢’th scan line, and generate a transmit beam by focusing
the ultrasound signal on the focal point Pd in the d’th scan
line.

[0138] Inthe meantime, as described above, as the location
of blood vessel keeps changing in capturing ultrasound
images, if the beamformer 210 outputs a synthesized signal
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through receive beamforming, the blood flow detector 220
may update the blood flow map as shown in FIG. 14, based on
the synthesized signal.

[0139] The controller 260 may re-determine a focal point
based on the updated blood flow map. For example, the con-
troller 260 may determine the focal point Pc of the ¢’th scan
line to have depth Dc2 in the blood flow and focal point Pd of
the d’th scan line to have depth Dd2 in the blood flow, based
on the updated blood flow map.

[0140] Once focal points are re-determined by the control-
ler 260, the beamformer 210 may generate transmit beams
with respect to the re-determined focal points.

[0141] As such, an ultrasound image that contains a clearer
blood flow image may be provided by dynamically updating
the blood flow map and dynamically changing focal points
based on the updated blood flow map. This may lead to
facilitation of examination of blood vessels of the user.
[0142] Inthe meantime, the controller 260 may display the
change of focal points in the ultrasound image as the focal
points change as described above.

[0143] FIG. 15A illustrates beamforming control based on
a blood flow map, according to another embodiment of the
present disclosure, and FIG. 15B illustrates beamforming
control based on a blood flow map, according to another
embodiment of the present disclosure.

[0144] As shown in FIGS. 15A and 15B, multiple blood
flows may be located in a single scan line. In this case, the
controller 260 may set multiple focal points in the single scan
line.

[0145] With the multiple focal points for the single scan
line, the beamformer 210 may generate multiple transmit
beams for the single scan line. The beamformer 210 may
generate a first transmit beam by focusing ultrasound signals
ona focal point P1 set at depth Dp1 as shown in FIG. 15A, and
generate a second transmit beam by focusing ultrasound sig-
nals on a focal point P2 set at depth Dp2 as shown in FIG.
15B.

[0146] Thebeamformer 210 may output a first synthesized
signal by beamforming a first echo signal that corresponds to
the first transmit beam, and output a second synthesized sig-
nal by beamforming a second echo signal that corresponds to
the second transmit beam. The image generator may create an
ultrasound image for the scan line, based on the first and
second echo signals. For example, the image generator may
create a part adjacent to the first focal point P1 based on the
first synthesized signal, and create a part adjacent to the
second focal point P2 based on the second synthesized signal.
[0147] FIG. 16 illustrates beamforming control based on a
blood flow map, according to another embodiment of the
present disclosure.

[0148] Although it has been described that the controller
260 determines focal points based on the blood flow map, the
controller 260 may determine a focal region into which ultra-
sounds are to be focused based on focal points.

[0149] As shown in FIG. 16, the controller 260 may set
multiple focal points P1, P2 based on a blood flow map. The
controller 260 may then set a focal region A based on the
multiple focal points P1, P2.

[0150] The focal region A may be set to have all the mul-
tiple focal points P1, P2. Although the focal region A is shown
to be set only by taking into account focal points P1, P2 in a
single scan line, the controller 260 may set the focal region by
using focal points in different scan lines.
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[0151] The beamformer 210 may generate a transmit beam
such that ultrasound signals may be focused in the focal
region A set by the controller 260. The ultrasonic diagnostic
apparatus 1 may increase a beamforming rate because it sets
the focal region A for performing beamforming.

[0152] FIG. 17 illustrates a diagram for explaining deter-
mination of transmit beam width by the controller 260,
according to an embodiment of the present disclosure.
[0153] The controller 260 may determine a width of trans-
mit beam for each scan line. As described above, the narrower
the width of transmit beam, the higher the resolution of the
ultrasound image. As the width of transmit beam is deter-
mined based on a focal distance and aperture size, the con-
troller 260 may determine the focal distance and aperture size
such that a sum of transmit beam widths in the location and
distribution of blood flow for each scan line is minimized.
[0154] Specifically, the controller 260 may determine a
width of transmit beam based on the following equation 2:

W=W,+Wot ... W, @

[0155] where, transmit beam width W of a scan line is a
sum of transmit beam widths W, to W, at multiple blood
flow locations (1 to n) in the same scan line, referring to
awidth of transmit beam transmitted along the scan line.
A with of transmit beam at the k’th blood flow location
is calculated in the following equation 3:

o L2 , 12-%D @)
=Tp W (Zk B 1.2/\-ZF+D2]
% 124-Zg-D
We=(1- 20} (Zk < 1.2/\-ZF+D2]
[0156] where, 7, refers to a location of the depth of the

k’th blood flow, A refers to a wavelength, D refers to an
aperture size, and Z refers to a focal distance. In equa-
tion 3, Z, and A are determined in advance, and the
transmit beam width at the k’th blood flow location is
determined based on the aperture size D and focal dis-
tance 7.
[0157] Thecontroller 260 may thus form the optimum scan
line transmit beam width W by determining the aperture size
D and focal distance 7. such that a sum of nultiple transmit
beam widths W, to W, has a minimum value.
[0158] For example, referring to FIG. 17, the width W of
transmit beam to be transmitted along the scan line is deter-
mined to be a sum of transmit beam widths W, and W at
respective blood flow locations, and the controller 260 may
determine the focal distance and aperture size such that the
transmit beam width W for the scan line is minimum.
[0159] FIG. 18 is a schematic diagram for explaining a
synthetic aperture beamforming scheme.
[0160] Althoughthe beamformer 210 has been described as
a means to focus ultrasound signals on a focal point in a
dynamic receive beamforming scheme, it is not limited
thereto. The beamformer 210 may employ many different
beamforming schemes for focusing ultrasound signals on a
focal point or in a focal region determined by the controller
260.
[0161] For example, the beamformer 210 may perform
beamforming in a synthetic aperture beamforming scheme
that performs beamforming without forming a transmit beam,
unlike the aforementioned embodiment of the beamformer
210.
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[0162] The synthetic aperture beamforming scheme may
eliminate the need of the beamformer 210 to form a transmit
beam. In the synthetic aperture beamforming scheme, the
beamformer 210 may control at least one transducer element
to transmit an ultrasound. The ultrasound transmitted from
the transducer element may be a plane wave.

[0163] The beamformer 210 may sequentially store echo
signals reflected and returning from the subject ob. The beam-
former 210 may only store echo signals output from selected
ones of the multiple transducer elements. For example, the
beamformer 210 may store a first set of echo signals ES1
generated by sequentially recording the echo signals output
from the transducer array 111.

[0164] The beamformer 210 may consecutively store sets
of echo signals ES1 to ESn while changing the transducer
elements that transmit or receive ultrasounds. After comple-
tion of storing the multiple sets of echo signals ES1 to ESn,
the beamformer 210 may draw echo signals out of the sets of
echo signals ES1 to ESn and perform beamforming on them,
such that the ultrasound signals are focused on the focal point
of each scan line.

[0165] For example, the beamformer 210 may draw out
first input echo signals for the transducer elements adjacent to
the focal point while drawing out last input echo signals for
the transducer elements far from the focal point, and perform
beamforming on them, as shown in FIG. 18.

[0166] FIG. 19 is a flowchart illustrating a method for con-
trolling an ultrasonic diagnostic apparatus, according to an
embodiment of the present disclosure.

[0167] Referring to FIG. 19, the ultrasonic diagnostic appa-
ratus 1 creates a blood flow map, in operation 510. Specifi-
cally, the ultrasonic diagnostic apparatus 1 may collect blood
flow information by detecting blood flows in the subject ob,
and create a blood flow map based on the collected blood flow
information. There are no limitations on collecting the blood
flow information. For example, the ultrasonic diagnostic
apparatus 1 may detect location and distribution of blood flow
in a space domain method, a spectral domain method, an
image comparison method, or the like. The blood flow map
may include information about multiple blood flow locations
and distributions generated along the scan line to create an
ultrasound image.

[0168] The ultrasonic diagnostic apparatus 1 sets a focal
point based on the blood flow map, in operation 520. The
focal point is set at a blood flow location that appears in the
blood flow map. As the blood flow locations are different for
the respective scan lines, different focal points may be set for
the respective scan lines. Furthermore, if there are multiple
blood flows in a single scan line, the ultrasonic diagnostic
apparatus 1 may set a focal point for each blood flow location.
[0169] Theultrasonic diagnostic apparatus 1 focuses ultra-
sound signals on the focal point and create an ultrasound
image, in operation 530. There are no limitations on beam-
forming schemes for focusing ultrasound signals.

[0170] For example, the ultrasonic diagnostic apparatus 1
may generatea transmit beam such that ultrasound signals are
focused on the focal point, irradiate the transmit beam to the
subject ob, and generate respective scan lines for the ultra-
sonic image by focusing echo signals reflected from the sub-
ject ob. The ultrasonic diagnostic apparatus 1 may create an
ultrasound image by repeating transmission and reception of
ultrasounds while alternating the scan lines.

[0171] Once multiple focal points are set for the same scan
line as described above, the ultrasonic diagnostic apparatus 1
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may generate a transmit beam for each focal point and irra-
diate the transmit beam to the subject ob. Accordingly, with
the multiple focal points in the same scan line, a transmit
beam may be irradiated on each focal point. As such, through
multiple irradiation of transmit beams, an ultrasound image
with blood flows clearly shown may be provided.

[0172] FIG. 20 is a flowchart illustrating a method for con-
trolling an ultrasonic diagnostic apparatus, according to
another embodiment of the present disclosure.

[0173] Referringto FIG. 20, the ultrasonic diagnostic appa-
ratus 1 creates a blood flow map in operation 610, and sets
focal points based on the blood flow map in operation 620.
[0174] The ultrasonic diagnostic apparatus 1 may set a
focal region, in operation 630. The ultrasonic diagnostic
apparatus 1 may set the focal region in which ultrasound
signals are to be focused, based on multiple focal points. The
focal region may be set to have a size that covers all the
multiple focal points.

[0175] The multiple focal points used for setting the focal
region may be located in the same scan line, but are not
limited thereto. For example, the focal region may be set
based on multiple focal points located in multiple scan lines
that are adjacent to each other.

[0176] The ultrasonic diagnostic apparatus 1 focuses ultra-
sound signals in the focal region and create an ultrasound
image, in operation 640. The focal region may be set differ-
ently for each scan line.

[0177] FIG. 21 is a flowchart illustrating a method for con-
trolling an ultrasonic diagnostic apparatus, according to
another embodiment of the present disclosure. Beamforming
may be dynamically controlled based on the blood flow map
obtained in real time.

[0178] AsshowninFIG. 21, the ultrasonic diagnostic appa-
ratus 1 updates the blood flow map, in operation 710. The
ultrasonic diagnostic apparatus 1 may update the blood flow
map in real time based on synthesized signals obtained by
focusing ultrasound signals on the focal points set based on
the blood flow map. Alternatively, the ultrasonic diagnostic
apparatus 1 may create an ultrasound image based on synthe-
sized signals obtained by focusing ultrasound signals on the
focal points set based on the blood flow map, and update the
blood flow map in real time based on the ultrasound image.
[0179] Theultrasonic diagnostic apparatus 1 re-sets a focal
point based on the updated blood flow map, in operation 720.
The focal point may be re-set at a blood flow location of the
subject ob that appears on the updated blood flow map. This
re-setting procedure may be performed for each scan line.
[0180] The ultrasonic diagnostic apparatus 1 obtains an
ultrasound image by beamforming such that ultrasound sig-
nals are to be focused on the re-set focal point, in operation
730. In other words, the ultrasonic diagnostic apparatus 1
obtains an ultrasonic image by focusing ultrasound signals on
the blood flow location in real time. This dynamic beamform-
ing control may enable a clearer ultrasound image to be
provided for the user.

[0181] The ultrasonic diagnostic apparatus and method for
controlling the same in accordance with the aforementioned
embodiments of the present disclosure may provide the user
with an ultrasound image with a blood flow clearly seen.
[0182] Several embodiments have been described above,
but a person of ordinary skill in the art will understand and
appreciate that various modifications can be made without
departing the scope of the present disclosure. Thus, it will be
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apparent to those ordinary skilled in the art that the true scope
of technical protection is only defined by the following
claims.

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe for transmitting or receiving ultrasound
signals;

ablood flow detector for collecting blood flow information
by detecting blood flows in a subject;

a controller for setting at least one focal point in the blood
flow of the subject based on the blood flow information;
and

abeamformer for focusing the ultrasound signals on the at
least one focal point.

2. The ultrasonic diagnostic apparatus of claim 1,
wherein the blood flow information includes at least one of
location of blood flow and distribution of blood flow.

3. The ultrasonic diagnostic apparatus of claim 2,

wherein the blood flow detector uses the location and dis-
tribution of blood flow detected for each scan line to
create a blood flow map.

4. The ultrasonic diagnostic apparatus of claim 1,

wherein the controller sets the at least one focal point for
each scan line.

5. The ultrasonic diagnostic apparatus of claim 4,

wherein the beamformer forms a transmit beam such that
the ultrasound signals are focused on the at least one
focal point for each scan line.

6. The ultrasonic diagnostic apparatus of claim 5,

wherein the beamformer forms a transmit beam per focal
point, if there are multiple focal points in the same scan
line.

7. The ultrasonic diagnostic apparatus of claim 1,

wherein the controller determines a focal region for each
scan line, in which the ultrasound signals are to be
focused, based on the at least one focal point.

8. The ultrasonic diagnostic apparatus of claim 7,

wherein the beamformer forms a transmit beam such that
the ultrasound signals are focused in the focal region
determined for each scan line.

9. The ultrasonic diagnostic apparatus of claim 1,

wherein the controller determines a width of the transmit
beam to be irradiated to the scan line.

10. The ultrasonic diagnostic apparatus of claim 9,

wherein the controller determines a focusing location and
focusing range of the transmit beam such that the width
of the transmit beam becomes minimum.

11. The ultrasonic diagnostic apparatus of claim 1,

wherein the beamformer focuses ultrasound signals
received from the subject in a synthetic aperture beam-
forming scheme.

12. The ultrasonic imaging apparatus of claim 11,

further comprising: a memory for storing ultrasound sig-
nals received from the subject,

wherein ultrasound signals stored in the memory is drawn
out and subject to transmit beamforming, such that ultra-
sound signals received from the subject are focused on
the at least one focal point.

13. The ultrasonic diagnostic apparatus of claim 3,

wherein the blood flow detector detects the blood flow
location for each scan line of the ultrasound signals, and
creates the blood flow map for each scan line.

14. The ultrasonic diagnostic apparatus of claim 3,

wherein the blood flow detector detects a blood flow loca-
tion that changes according to a synthesized signal gen-
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erated based on the at least one focal point, and updates
the blood flow map based on the changed blood flow
location.

15. The ultrasonic diagnostic apparatus of claim 3,

wherein the blood flow detector comprises

a filtering unit for using a clutter filter to eliminate clutters
from a synthesized signal beamformed by the beam-
former;

a flow detector for converting the synthesized signal with
the clutters eliminated into intensity components, and
calculating blood flow intensity information for each
scan line;

alocation searching unit for finding the blood flow location
for each scan line based on the blood flow intensity
information; and

a map manager for creating the blood flow map based on
blood flow distribution detected for each scan line.

16. A method for controlling an ultrasonic diagnostic appa-

ratus, the method comprising:

performing detection of blood flow by collecting blood
flow information by detecting blood flows in a subject;

setting at least one focal point in the blood flow of the
subject based on the blood flow information; and

performing beamforming by focusing the ultrasound sig-
nals on the at least one focal point.

17. The method of claim 16,

wherein setting at least one focal point in the blood flow of
the subject based on the blood flow information com-
prises setting the at least one focal point for each scan
line of the ultrasound signals.

18. The method of claim 16,

wherein setting at least one focal point in the blood flow of
the subject based on the blood flow information com-
prises determining a focal region in which the ultra-
sound signals are to be focused, if there are multiple
focal points in a single scan line,

wherein performing beamforming comprises focusing the
ultrasound signals in the focal region.

19. The method of claim 16,

wherein performing beamforming comprises

performing transmit beamforming to generate a transmit
beam for the ultrasound signals to be focused on the at
least one focal point; and

performing receive beamforming to focus echo signals
reflected from the subject on the at least one focal point.

20. The method of claim 19,

wherein performing transmit beamforming comprises gen-
erating the transmit beam for each focal pointifthere are
multiple focal points in a single scan line.

21. The method of claim 19,

wherein determining a focal region in which the ultrasound
signals are to be focused comprises determining a focus-
ing location and focusing range of the transmit beam
such that a width of the transmit beam becomes mini-
mum.

22. The method of claim 16,

wherein performing detection of blood flow comprises

finding the blood flow location for each scan line of the
ultrasound signals; and

creating the blood flow map for each scan line based on the
blood flow location found for each scan line.
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