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ULTRASOUND IMAGING APPARATUS AND
METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 62/253,230, filed on Nov. 10,
2015, in the U.S. Patent and Trademark Office, and the
benefit of Korean Patent Application No. 10-2016-0120753,
filed on Sep. 21, 2016, in the Korean Intellectual Property
Office, the disclosures of which are incorporated herein in
their entireties by reference.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure relates to ultrasound imag-
ing apparatuses and methods of operating the same, and
more particularly, to ultrasound imaging apparatuses and
methods of generating a plurality of color Doppler mode
images based on acquired ultrasound data and displaying the
generated color Doppler mode images.

[0004] 2. Description of the Related Art

[0005] Due to its non-invasive and non-destructive nature,
an ultrasound imaging apparatus has become widely used in
many medical fields that require information about the
inside of an object. The ultrasound imaging apparatus also
plays a critical role in medical diagnosis since it can provide
high-resolution images of an inner area of an object to a
medical practitioner without the need for performing a
surgical procedure to directly incise the object for observa-
tion.

[0006] An ultrasound imaging apparatus provides a
brightness (B) mode image visualizing reflection coeffi-
cients of ultrasound signals (i.e., ultrasound echo signals)
reflected from an object as a two-dimensional (2D) image,
a Doppler (D) spectrum image showing a velocity of a
moving object in the form of a Doppler spectrum by using
a Doppler effect, a color Doppler mode image showing a
velocity and a direction of a moving object in colors by
using a Doppler effect, an elasticity image visualizing a
difference between responses when compression is or is not
applied to an object as an image, etc.

[0007] In particular, an ultrasound imaging apparatus
transmits ultrasound signals to a living body at intervals of
a pulse repetition frequency (PRF) and receives ultrasound
echo signals reflected from the living body to acquire
ultrasound data corresponding to an ultrasound image. The
ultrasound data is then stored in a memory. The ultrasound
imaging apparatus may generate an ultrasound image based
on the ultrasound data stored in the memory.

SUMMARY

[0008] Provided are ultrasound imaging apparatuses and
methods of operating the same, whereby movement of and
changes in blood flow may be easily displayed by extracting
a plurality of pieces of ensemble data from among ultra-
sound data acquired from an object and generating a plu-
rality of color Doppler mode images based on the extracted
plurality of pieces of ensemble data.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.
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[0010] According to an aspect of an embodiment, an
ultrasound imaging apparatus for generating an ultrasound
Doppler image of a region of interest (ROI) of an object
includes: an ultrasound data acquisitor configured to trans-
mit ultrasound signals to the object at intervals of a pulse
repetition frequency (PRF), receive ultrasound echo signals
reflected from the object, and acquire a first ensemble
number of ensemble data by focusing and demodulating the
ultrasound echo signals; a memory configured to store the
acquired first ensemble number of ensemble data; a proces-
sor configured to selectively extract a second ensemble
number of ensemble data from among the stored first
ensemble number of ensemble data to thereby generate a
plurality of ensemble data sets and generate a plurality of
frames of color Doppler mode images respectively based on
the plurality of ensemble data sets; and a display configured
to display the plurality of frames of color Doppler mode
images.

[0011] The processor may be further configured to sequen-
tially extract the second ensemble number of ensemble data
in an overlapping manner while skipping extraction of at
least one ensemble data from among the first ensemble
number of ensemble data stored in the memory.

[0012] The second ensemble number may be less than or
equal to the first ensemble number.

[0013] The second ensemble number may be greater than
or equal to two (2).

[0014] The processor may be further configured to select
and extract each of the stored first ensemble number of
ensemble data at least once.

[0015] The processor may be further configured to per-
form clutter filtering on the acquired first ensemble number
of ensemble data before storing the first ensemble number of
ensemble data in the memory, and the memory may be
further configured to store the first ensemble number of
ensemble data that have undergone the clutter filtering.
[0016] The processor may be further configured to per-
form, after generating the plurality of ensemble data sets,
clutter filtering on the ensemble data in the plurality of
ensemble data sets to thereby produce Doppler data, calcu-
late velocity components and power components of the
Doppler data, and generate the plurality of frames of color
Doppler mode images based on the calculated velocity
components and power components, and the ensemble data
may include In-phase-Quadrature (IQ) data.

[0017] For example, the processor may create the Doppler
data before generating the plurality of ensemble data sets.
[0018] The ultrasound data acquisitor may be further
configured to acquire radio frequency (RF) data from the
ultrasound echo signals, and the processor may be further
configured to generate a single frame of a brightness (B)
mode image based on the RF data.

[0019] The processor may be further configured to arrange
the generated plurality of frames of color Doppler mode
images at equally spaced intervals along a time axis so that
each interval is equal to a frame rate at which each of the
plurality of frames of color Doppler mode images is dis-
played on the display.

[0020] According to an aspect of another embodiment, a
method of generating an ultrasound Doppler image of an
ROI of an object includes: transmitting ultrasound signals to
the object at intervals of a pulse repetition frequency (PRF),
receiving ultrasound echo signals reflected from the object,
and acquiring a first ensemble number of ensemble data by



US 2017/0128040 Al

focusing and demodulating the ultrasound echo signals;
storing the acquired first ensemble number of ensemble data;
selectively extracting a second ensemble number of
ensemble data from among the stored first ensemble number
of ensemble data to thereby generate a plurality of ensemble
data sets; and generating a plurality of frames of color
Doppler mode images respectively based on the plurality of
ensemble data sets.

[0021] The generating of the plurality of ensemble data
sets may include sequentially extracting the second
ensemble number of ensemble data in an overlapping man-
ner while skipping extraction of at least one ensemble data
from among the stored first ensemble number of ensemble
data.

[0022] The second ensemble number may be less than or
equal to the first ensemble number.

[0023] The second ensemble number may be greater than
or equal to two (2).

[0024] Each of the stored first ensemble number of
ensemble data may be selected and extracted at least once.
[0025] The method may further include performing clutter
filtering on the acquired first ensemble number of ensemble
data, wherein the storing of the acquired first ensemble
number of ensemble data may include storing the first
ensemble number of ensemble data that have undergone the
clutter filtering.

[0026] The method may further include: performing, after
the generating of the plurality of ensemble data sets, clutter
filtering on the ensemble data in the plurality of ensemble
data sets to thereby produce Doppler data; calculating veloc-
ity components and power components of the Doppler data;
and generating the plurality of frames of color Doppler
mode images based on the calculated velocity components
and power components, wherein the ensemble data may
include In-phase-Quadrature (1Q) data.

[0027] The method may further include: acquiring radio
frequency (RF) data from the ultrasound echo signals; and
generating a single frame of a brightness (B) mode image
based on the RF data.

[0028] The method may further include: arranging the
generated plurality of frames of color Doppler mode images
at equally spaced intervals along a time axis so that each
interval is equal to a frame rate at which each of the plurality
of frames of color Doppler mode images is displayed on a
display; and displaying the plurality of frames of color
Doppler mode images on the display.

[0029] According to an aspect of another embodiment, a
non-transitory computer-readable recording medium has
recorded thereon a program for executing the above-de-
scribed method on a computer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0031] FIG. 1 is a block diagram of a configuration of an
ultrasound imaging apparatus according to an embodiment;
[0032] FIG. 2 is a block diagram of a configuration of an
ultrasound data acquisitor according to an embodiment;
[0033] FIG. 3 is a diagram for explaining a method,
performed by an ultrasound imaging apparatus, of generat-
ing a color Doppler mode image based on ultrasound data
acquired from an object, according to an embodiment;
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[0034] FIG. 4 is a flowchart of a method, performed by an
ultrasound imaging apparatus, of generating a color Doppler
mode image based on ultrasound data acquired from an
object, according to an embodiment;

[0035] FIG. 5 is a diagram for explaining a method,
performed by an ultrasound imaging apparatus, of generat-
ing color Doppler mode images based on a plurality of
pieces of ensemble data, according to an embodiment;
[0036] FIG. 6 is a flowchart of a method, performed by an
ultrasound imaging apparatus, of generating color Doppler
mode images based on a plurality of pieces of ensemble
data, according to an embodiment;

[0037] FIG. 7 is a diagram for explaining a method,
performed by an ultrasound imaging apparatus, of generat-
ing color Doppler mode images based on a plurality of
pieces of ensemble data, according to an embodiment;
[0038] FIG. 8 is a flowchart of a method, performed by an
ultrasound imaging apparatus, of performing clutter filtering
on acquired ensemble data, according to an embodiment;
[0039] FIG. 9 is a diagram for explaining a method,
performed by an ultrasound imaging apparatus, of generat-
ing brightness (B) mode images and color Doppler mode
images based on ultrasound data acquired from an object,
according to an embodiment;

[0040] FIG. 10 is a diagram for explaining a method,
performed by an ultrasound imaging apparatus, of display-
ing color Doppler mode images generated based on a
plurality of pieces of ensemble data, according to an
embodiment;

[0041] FIG. 11 is a flowchart of a method, performed by
an ultrasound imaging apparatus, of displaying color Dop-
pler mode images generated based on a plurality of pieces of
ensemble data, according to an embodiment;

[0042] FIG. 12 is a block diagram of a configuration of an
ultrasound imaging apparatus according to an embodiment;
and

[0043] FIGS. 13A through 13C illustrate ultrasound imag-
ing apparatuses according to embodiments.

DETAILED DESCRIPTION

[0044] The present specification describes principles of
the present disclosure and sets forth embodiments thereof to
clarify the scope of the present disclosure and to allow those
of ordinary skill in the art to implement the embodiments.
The present embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein.

[0045] Like reference numerals refer to like elements
throughout. The present specification does not describe all
components in the embodiments, and common knowledge in
the art or the same descriptions of the embodiments will be
omitted below. The term “part” or “portion” used herein may
be implemented using hardware or software, and according
to embodiments, a plurality of “parts” or “portions” may be
formed as a single unit or element, or one “part” or “portion”
may include a plurality of units or elements. Hereinafter, the
operating principles and embodiments of the present disclo-
sure will be described in detail with reference to the accom-
panying drawings.

[0046] In the present specification, an “image” may
include a medical image obtained by a magnetic resonance
imaging (MRI) apparatus, a computed tomography (CT)
apparatus, an ultrasound imaging apparatus, an X-ray appa-
ratus, or another medical imaging apparatus.
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[0047] Furthermore, in the present specification, an
“object” may be a target to be imaged and include a human,
an animal, or a part of a human or animal. For example, the
object may include a body part (an organ, etc.) or a phantom.
[0048] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is formed by
processing ultrasound signals transmitted to and reflected
from the object.

[0049] Furthermore, in the present specification, the terms
“first”, “second”, “1-17, etc. are used to distinguish one
component, element, object, data, image, pixel, or patch
from another component, element, object, data, image, pixel,
or patch. Thus, these terms are not intended to represent the
order or priority among elements or components. Expres-
sions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not
modify the individual elements of the list.

[0050] Embodiments will now be described more fully
hereinafter with reference to the accompanying drawings so
that they may be easily implemented by one of ordinary skill
in the art. In addition, parts not related to the present
disclosure are omitted to clarify the description of the
embodiments.

[0051] FIG. 1 is a block diagram of a configuration of an
ultrasound imaging apparatus 100 according to an embodi-
ment. The ultrasound imaging apparatus 100 according to
the present embodiment may be a cart type apparatus or a
portable type apparatus. Examples of portable ultrasound
imaging apparatuses may include, but are not limited to, a
picture archiving and communication system (PACS)
viewer, a smart phone, a laptop computer, a personal digital
assistant (PDA), and a tablet personal computer (PC).
[0052] Referring to FIG. 1, the ultrasound imaging appa-
ratus 100 includes an ultrasound data acquisitor 110, a
memory 120, a processor 130, and a display 140. Through-
out the specification, including descriptions with respect to
FIG. 1, when a part “includes” or “comprises” an element,
unless there is a particular description contrary thereto, the
part may further include other elements, not excluding the
other elements. Also, the term “unit” used in the specifica-
tion means a software component or hardware component
such as a field-programmable gate array (FPGA) or an
application-specific integrated circuit (ASIC), and performs
a specific function. However, the term “unit” is not limited
to software or hardware. The “unit” may be formed so as to
be in an addressable storage medium, or may be formed so
as to operate one or more processors. Thus, for example, the
term “unit” may refer to components such as software
components, object-oriented software components, class
components, and task components, and may include pro-
cesses, functions, attributes, procedures, subroutines, seg-
ments of a program code, drivers, firmware, micro codes,
circuits, data, a database, data structures, tables, arrays, or
variables. A function provided by the components and
“units” may be associated with a smaller number of com-
ponents and “units”, or may be divided into additional
components and “units”.

[0053] The ultrasound data acquisitor 110 acquires ultra-
sound data by transmitting ultrasound signals to a moving
object, e.g., an object including blood flow, and receiving
ultrasound signals, i.e., ultrasound echo signals reflected
from the object. Referring to FIG. 2, the ultrasound data
acquisitor 110 may include an ultrasound probe 210, a
transmitter 220, a receiver 230, and an ultrasound data
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former 240. The ultrasound data former 240 will be
described in detail below with reference to FIG. 2.

[0054] The memory 120 stores ultrasound data acquired
by the ultrasound data acquisitor 110. The memory 120 may
include at least one of a volatile memory (e.g., dynamic
RAM (DRAM), static RAM (SRAM), synchronous
dynamic RAM (SDRAM), etc.), a non-volatile memory
(e.g., one time programmable ROM (OTPROM), program-
mable ROM (PROM), erasable and programmable ROM
(EPROM), electrically erasable and programmable ROM
(EEPROM), mask ROM, flash ROM, etc.), a hard disk drive
(HDD), and a solid state drive (SSD). In an embodiment, the
memory 120 may include a database.

[0055] The memory 120 may store information necessary
for distinguishing, from among Doppler signals, blood flow
signals resulting from blood flow, clutter signals caused by
movement of a vessel wall, etc., and noise based on velocity
and power components of the Doppler signals. According to
an embodiment, the memory 120 may store an ensemble
number of ultrasound data acquired by the ultrasound data
acquisitor 110. Furthermore, the memory 120 may store
ultrasound data acquired by the ultrasound data acquisitor
110 for each frame corresponding to an ultrasound image.
An ensemble number represents the number of times the
ultrasound data acquisitor 110 transmits and receives ultra-
sound signals to and from the object in order to acquire
Doppler signals corresponding to one scan line.

[0056] The processor 130 is connected to the ultrasound
data acquisitor 110 and the memory 120. For example, the
processor 130 may be implemented as at least one of a
central processing unit (CPU), a graphics processing umt
(GPU), and a microprocessor. According to an embodiment,
the processor 130 may be implemented using a hardware
component such as FPGA or ASIC.

[0057] The processor 130 may search the memory 120 and
selectively extract ultrasound data necessary for generating
an ultrasound image from the memory 120. According to an
embodiment, the processor 130 may selectively extract
some ultrasound data from among pieces of ultrasound data
acquired at intervals of a preset pulse repetition frequency
(PRF). In detail, the ultrasound data stored in the memory
120 may include N pieces of ensemble data. In this case, a
range of1 pieces of ensemble data may be set as a processing
ensemble number. Furthermore, the processor 130 may
selectively extract, from among a total ensemble number N
of ensemble data, consecutively acquired ensemble data
corresponding to a processing ensemble number i. The
processor 130 may generate a plurality of ensemble data sets
by using the extracted processing ensemble number i of
ensemble data. In an embodiment, the processor 130 may
sequentially extract the processing ensemble number 1 of
ensemble data in an overlapping manner while skipping
extraction of one ensemble data from among N pieces of
ensemble data stored in the memory 120.

[0058] In this case, the processing ensemble number i may
be an integer value that is less than the ensemble number N,
but is not limited thereto. According to an embodiment, the
processing ensemble number i may be equal to the ensemble
number N.

[0059] In an embodiment, the processor 130 may extract
each of the N ensemble number of ensemble data stored in
the memory 120 at least once. In other words, ultrasound
data stored in the memory 120 may be selected and extracted
by the processor 130 in an overlapping manner.
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[0060] The processor 130 may generate a plurality of
frames of ultrasound images, based on a plurality of
ensemble data sets generated by using extracted ensemble
data. According to an embodiment, the ultrasound data
stored in the memory 120 may include radio frequency (RF)
data and In-phase-Quadrature (IQ) data. The processor 130
may generate a brightness (B) mode image based on RF data
stored in the memory 120. Furthermore, the processor 130
may generate a plurality of frames of color Doppler mode
images using 1Q data stored in the memory 120.

[0061] The display 140 displays a plurality of frames of
ultrasound images generated by the processor 130. For
example, the display 140 may include at least one of a
cathode-ray tube (CRT) display, a liquid crystal display
(LCD), a plasma display panel (PDP), an organic light-
emitting diode (OLED) display, a field emission display
(FED), a light-emitting diode (LED) display, a vacuum
fluorescent display (VFD), a digital light processing (DLP)
display, a flat panel display (FPD), a three-dimensional (3D)
display, and a transparent display, but is not limited thereto.
According to an embodiment, the display 140 may be
formed as a touch screen including a touch interface.
[0062] According to an embodiment, the display 140 may
have a frame rate preset according to device characteristics
and display the plurality of frames of ultrasound image by
synchronizing them to the preset frame rate.

[0063] The ultrasound imaging apparatus 100 may further
include a user input device (not shown). The user input
device may receive a user’s input information. According to
an embodiment, the input information may include infor-
mation about setting a region of interest (ROI) in a B mode
image. The ROI may include a color box for obtaining a
color Doppler mode image. In an embodiment, the user
input device may include at least one of a control panel, a
trackball, a mouse, and a keyboard.

[0064] FIG. 2 is a block diagram of a configuration of the
ultrasound data acquisitor 110 according to an embodiment.
[0065] Referring to FIG. 2, the ultrasound data acquisitor
110 may include the ultrasound probe 210, the transmitter
220, the receiver 230, and the ultrasound data former 240.
[0066] The ultrasound probe 210 may include a plurality
of transducers (212 of FIG. 3) that convert electrical signals
into ultrasound signals or vice versa. The ultrasound probe
210 may produce receive signals by transmitting ultrasound
signals to an object and receiving ultrasound echo signals
reflected from the object. The receive signals may be analog
signals. The ultrasound probe 210 may include a convex
probe, a linear probe, and the like.

[0067] The transmitter 220 controls transmission of ultra-
sound signals. According to an embodiment, the transmitter
220 may produce first transmit signals for generating a B
mode image. When the first transmit signals are provided
from the transmitter 220, the ultrasound probe 210 may
convert the first transmit signals into ultrasound signals and
transmit the ultrasound signals to the object. The ultrasound
probe 210 may then receive ultrasound echo signals
reflected from the object to thereby produce first receive
signals.

[0068] Furthermore, the transmitter 220 may produce sec-
ond transmit signals for generating a color Doppler mode
image showing an ROI based on an ensemble number. When
the second transmit signals are provided from the transmitter
220, the ultrasound probe 210 may convert the second
transmit signals into ultrasound signals and transmit the
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ultrasound signals to the object. The ultrasound probe 210
may then receive ultrasound echo signals reflected from the
object to thereby produce second receive signals.

[0069] The receiver 230 produces digital signals by per-
forming analog-to-digital conversion (ADC) on receive sig-
nals provided by the ultrasound probe 210. In an embodi-
ment, the receiver 230 may produce a focused receive signal
by performing receive focusing on the digital signals.
[0070] According to an embodiment, when the first
receive signals are provided from the ultrasound probe 210,
the receiver 230 may produce first digital signals by per-
forming ADC on the first receive signals. The receiver 230
may then produce a first focused receive signal by perform-
ing receive focusing on the first digital signals. Furthermore,
when the second receive signals are provided from the
ultrasound probe 210, the receiver 230 may produce second
digital signals by performing ADC on the second receive
signals. The receiver 230 may then produce a second
focused receive signal by performing receive focusing on
the second digital signals.

[0071] The ultrasound data former 240 form ultrasound
data corresponding to an ultrasound image by using focused
receive signals which are provided from the receiver 230.
Furthermore, the ultrasound data former 240 may perform
various signal processing operations (e.g., gain control, etc.),
which are necessary for creating ultrasound data, on focused
receive signals.

[0072] According to an embodiment, when the first
focused receive signal is provided from the receiver 230, the
ultrasound data former 240 may form first ultrasound data
corresponding to a B mode image by using the first focused
receive signal. The first ultrasound data may include RF
data, but is not limited thereto. Furthermore, when the
second focused receive signal is provided from the receiver
230, the ultrasound data former 240 may create second
ultrasound data corresponding to a color Doppler mode
image by using the second focused receive signal. The
second ultrasound data may include IQ data, but is not
limited thereto.

[0073] FIG. 3 is a diagram for explaining a method,
performed by the ultrasound imaging apparatus 100, of
generating a color Doppler mode image based on ultrasound
data acquired from an object, according to an embodiment.
[0074] Referring to FIG. 3, the transmitter 220 may send
transmit signals Tx for generating an ultrasound image of an
object, and the receiver 230 may receive receive signals Rx
from the transducers 212. According to an embodiment, the
transmitter 220 may produce Doppler mode transmit signals
corresponding to an ensemble number. The transmitter 220
may transmit the Doppler mode transmit signals via inter-
leaved transmission (interleaved Tx). The receiver 230 may
receive the receive signals Rx and perform beamforming on
the receive signals Rx to thereby produce focused receive
data. Since the transmitter 220 and the receiver 230 shown
in FIG. 3 respectively correspond to the transmitter 220 and
the receiver 230 described with reference to FIG. 2, detailed
descriptions thereof will be omitted below.

[0075] The memory 120 may store a plurality of pieces of
ensemble data acquired by the receiver 230. According to an
embodiment, the plurality of pieces of ensemble data may be
transmitted based on interleaved Tx and then acquired. As
shown in FIG. 3, six (6) pieces of ensemble data may be
stored in the memory 120 after one-time receiving of
ultrasound signals. The six pieces of ensemble data includ-
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ing first through sixth ensemble data ED1 through ED6 may
each be acquired at an interval of a PRF and then stored in
the memory 120. Although FIG. 3 shows that ultrasound
data produced after one-time receiving includes six pieces of
ensemble data, this is for convenience only, and embodi-
ments are not limited thereto.

[0076] The processor 130 may selectively extract four (4)
pieces of ensemble data from among the six pieces of
ensemble data. According to an embodiment, the processor
130 may generate a plurality of ensemble data sets by
sequentially extracting four pieces of ensemble data in an
overlapping manner while skipping extraction of one
ensemble data from among the six pieces of ensemble data.
In the embodiment shown in FIG. 3, the processor 130 may
select and extract the first through fourth ensemble data ED1
through ED4 consecutively acquired and stored in the
memory 120 and combine the extracted first through fourth
ensemble data ED1 through ED4 into one group to thereby
generate a first ensemble data set ES1. The processor 130
may also select and extract the second through fifth
ensemble data ED2 through ED5 and combine the extracted
second through fifth ensemble data ED2 through ED5 into a
second ensemble data set ES2. Similarly, the processor 130
may select and extract the third through sixth ensemble data
ED3 through ED6 and combine the extracted third through
sixth ensemble data ED3 through ED6 into a third ensemble
data set ES3. In this case, the first ensemble data ED1 and
the sixth ensemble data ED6 may be selected and extracted
only once, while the second through fifth ensemble data ED2
through ED5 may be selected and extracted at least twice. In
other words, the processor 130 may select and extract at
least once some ensemble data from among ultrasound data
produced after one-time receive focusing. Although FIG. 3
shows that the processor 130 selectively extracts four pieces
of ensemble data, this is for convenience only, and embodi-
ments are not limited thereto.

[0077] The processor 130 may also generate a plurality of
frames of first through third color Doppler mode images CI1
through CI3 by respectively using the first through third
ensemble data sets ES1 through ES3. For example, the
processor 130 may perform clutter filtering on the first
through fourth ensemble data ED1 through ED4 in the first
ensemble data set ES1 to remove a clutter signal and a noise
signal and compute power and velocity components to
generate the first color Doppler mode image CI1. In the
same manner, the processor 130 may respectively generate
the second and third color Doppler mode images CI2 and
CI3 from the second and third ensemble data sets ES2 and
ES3.

[0078] The display 140 may have a preset frame rate FR
according to device characteristics. The processor 130 may
arrange an interval at which frames in the first through third
color Doppler mode images CI1 through CI3 are displayed
to be equally spaced along a time axis, so that the interval
is equal to in accordance with the preset frame rate FR for
the display 140. The display 140 may display the first
through third color Doppler mode images CI1 through CI3
at the preset frame rate FR.

[0079] In the embodiment shown in and described with
reference to FIGS. 1 and 3, the ultrasound imaging apparatus
100 may selectively extract consecutively acquired ultra-
sound data corresponding to a processing ensemble number
i from among N pieces of ensemble data produced after
one-time receiving of ultrasound signals and generate a
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plurality of color Doppler mode images. Thus, according to
the present embodiment, a color Doppler mode image may
be generated at a high frame rate, compared to conventional
imaging in which a single frame of color Doppler mode
image is obtained with one-time receive focusing of ultra-
sound signals. This high frame rate imaging according to the
embodiment may facilitate easy observation of movement of
high velocity. high pressure blood flow such as arterial blood
flow. Furthermore, according to the present embodiment,
since it is possible to display motion of a fast moving object
such as the heart wall as well as blood flow at a high frame
rate for easier observation, this high frame rate imaging is
also advantageous in a tissue Doppler image mode. How-
ever, according to the embodiment, since a single frame of
color Doppler mode image is generated by selectively
extracting only four pieces of ensemble data from among the
six pieces of ensemble data ED1 through EDS6, a signal to
noise ratio (SNR) may be lowered to a certain extent,
compared to conventional imaging.

[0080] FIG. 4 is a flowchart of a method, performed by the
ultrasound imaging apparatus 100, of generating a color
Doppler mode image based on ultrasound data acquired
from an object, according to an embodiment.

[0081] Referring to FIG. 4, the ultrasound imaging appa-
ratus 100 acquires a first ensemble number of ensemble data
at intervals of a PRF (S410). In an embodiment, the ultra-
sound imaging apparatus 100 may transmit ultrasound sig-
nals to the object at the PRF along a time axis and receive
ultrasound echo signals reflected from the object. The ultra-
sound imaging apparatus 100 may transmit and receive the
first ensemble number of ultrasound signals to and from the
object in order to acquire Doppler signals corresponding to
one scan line.

[0082] The ultrasound imaging apparatus 100 stores the
acquired first ensemble number of ensemble data (5420).
According to an embodiment, the ultrasound imaging appa-
ratus 100 may store information necessary for distinguish-
ing, among Doppler signals, blood flow signals resulting
from the object, i.e., blood flow, clutter signals caused by
movement of a vessel wall, and noise based on velocity and
power components of the Doppler signals. According to an
embodiment, the ultrasound imaging apparatus 100 may
store RF data acquired based on ultrasound echo signals.
[0083] The ultrasound imaging apparatus 100 generates a
plurality of ensemble data sets by selectively extracting a
second ensemble number of the stored first ensemble num-
ber of ensemble data (S430). In an embodiment, the second
ensemble number may be less than or equal to the first
ensemble number. According to an embodiment, the ultra-
sound imaging apparatus 100 may sequentially extract the
second ensemble number of ensemble data in an overlapping
manner while skipping extraction of at least one ensemble
data from among the ensemble data stored in operation
S420. According to an embodiment, the ultrasound imaging
apparatus 100 may extract each piece of the stored ensemble
data at least once.

[0084] The ultrasound imaging apparatus 100 generates a
plurality of frames of color Doppler mode images by respec-
tively using the plurality of ensemble data sets (S440). In an
embodiment, the ultrasound imaging apparatus 100 may
acquire ultrasound data including RF data and IQ data by
performing one-time receiving of ultrasound signals. The
ultrasound imaging apparatus 100 may generate the plurality
of frames of color Doppler mode images by using the
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plurality of ensemble data sets extracted from the IQ data
while generating a B mode image based on the RF data.
Thus, the ultrasound imaging apparatus 100 may generate a
single frame of B mode image and the plurality of frames of
color Doppler mode images by performing one-time receiv-
ing of ultrasound signals.

[0085] FIG. 5 is a diagram for explaining a method,
performed by the ultrasound imaging apparatus 100, of
respectively generating color Doppler mode images CI1
through CI3 or CI4 through CI6 based on a plurality of
pieces of ensemble data ED1 through ED6 or ED7 through
EDI12, according to an embodiment. For convenience, the
plurality of pieces of ensemble data ED1 through ED6 or
ED7 through ED12 are indicated as circles.

[0086] Referring to FIG. §, the ultrasound imaging appa-
ratus 100 may acquire N pieces of ensemble data ED1
through ED6 (ED7 through ED12) having an interval of a
PRF along a time axis. In detail, the ultrasound imaging
apparatus 100 may acquire the N pieces of ensemble data
ED1 through EDé6 from first ultrasound data that are trans-
mitted via interleaving and acquired and then acquire next N
pieces of ensemble data ED7 through ED12 from second
ultrasound data. According to an embodiment, the ultra-
sound imaging apparatus 100 may acquire B mode ultra-
sound data between acquisitions of the first and second
ultrasound data. In an embodiment, the B mode ultrasound
data may be RF data.

[0087] In the embodiment shown in FIG. 5, N denotes the
number of pieces of ensemble data in ultrasound data
produced by one-time receiving, and may be six (6). How-
ever, this is for convenience only, and embodiments are not
limited thereto. The ultrasound imaging apparatus 100 may
acquire first through sixth ensemble data ED1 through ED6
via acquisition of the first ultrasound data. The ultrasound
imaging apparatus 100 may also acquire seventh through
twelfth ensemble data ED7 through ED12 via acquisition of
the second ultrasound data. According to an embodiment,
the ultrasound imaging apparatus 100 may combine the first
through sixth ensemble data ED1 through ED6 and the B
mode ultrasound data into one group for storage. The
ultrasound imaging apparatus 100 may also combine the
seventh through twelfth ensemble data ED7 through ED12
and B mode ultrasound data into one group for storage.
[0088] The ultrasound imaging apparatus 100 may selec-
tively extract, from among the first through sixth ensemble
data ED1 through ED6, a total of four (4) pieces of ensemble
data including the first through fourth ensemble data ED1
through ED4 consecutively acquired along the time axis. In
other words, the ultrasound imaging apparatus 100 may
sequentially extract four pieces of ensemble data in an
overlapping manner while skipping extraction of at least one
ensemble data from among six pieces of ensemble data. The
ultrasound imaging apparatus 100 may combine the
extracted first through fourth ensemble data ED1 through
ED4 into a first ensemble data set ES1. Similarly, the
ultrasound imaging apparatus 100 may selectively extract
the second through fifth ensemble data ED2 through ED5
and combine them into a second ensemble data set ES2, and
extract the third through sixth ensemble data ED3 through
ED6 and combine them into a third ensemble data set ES3.
[0089] The ultrasound imaging apparatus 100 may per-
form clutter filtering to remove clutter signals and noise
signals respectively included in the first through third
ensemble data sets ES1 through ES3. After undergoing the
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clutter filtering, the first through third ensemble data sets
ES1 through ES3 may be used to form first through third
Doppler data D1 through D3, respectively.

[0090] According to an embodiment, the ultrasound imag-
ing apparatus 100 may remove a clutter signal and a noise
signal from the first ensemble data set ES1 to thereby
generate the first Doppler data D1. In the same manner, the
ultrasound imaging apparatus 100 may remove clutter sig-
nals and noise signals respectively from the first and second
ensemble data sets ES2 and ES3 to thereby generate the
second Doppler data D2 and the third Doppler data D3.
[0091] A clutter filter may be a filter used to remove clutter
signals that are low frequency Doppler signals within
ensemble data included in the first through third ensemble
data sets ES1 through ES3. According to an embodiment,
the clutter filter may be a high pass filter (HPF), and may be
implemented as a matrix infinite impulse response (IIR)
filter. However, embodiments are not limited thereto, and the
clutter filter may be implemented as a finite impulse
response (FIR) filter.

[0092] The ultrasound imaging apparatus 100 may calcu-
late power components and velocity components contained
in the first through third Doppler data D1 through D3 to
generate a plurality of frames of color Doppler mode images
CI1 through CI3. Furthermore, the ultrasound imaging appa-
ratus 100 may generate a B mode image based on acquired
RF data.

[0093] In the embodiment shown in FIG. 5, the ultrasound
imaging apparatus 100 may acquire N (i.e., six) pieces of
ensemble data ED1 through ED6 and B mode ultrasound
data via one-time receiving of ultrasound signals and gen-
erate a plurality of frames of color Doppler mode images
CI1 through CI6 based on the N pieces of ensemble data
ED1 through ED6. According to the present embodiment, it
is possible to increase a frame rate at which a color Doppler
mode image is displayed, thereby facilitating observation of
fast motion of an object such as blood flow or the heart wall.
[0094] FIG. 6 is a flowchart of a method, performed by the
ultrasound imaging apparatus 100, of generating color Dop-
pler mode images based on a plurality of pieces of ensemble
data, according to an embodiment.

[0095] Referring to FIG. 6, the ultrasound imaging appa-
ratus 100 generates a plurality of ensemble data sets by
selectively extracting a second ensemble number of
ensemble data stored in the memory (120 of FIGS. 1 and 3)
(5610). According to an embodiment, the memory 120 may
store a first ensemble number of ensemble data and RF data.
The ensemble data may include blood flow signals resulting
from an object, e.g., blood flow, clutter signals caused by
movement of a vessel wall, etc., and noise. In an embodi-
ment, the second ensemble number may be less than or equal
to the first ensemble number. The ultrasound imaging appa-
ratus 100 may sequentially extract the second ensemble
number of ensemble data in an overlapping manner while
skipping extraction of at least one ensemble data from
among the first ensemble number of ensemble data.

[0096] The ultrasound imaging apparatus 100 produces
Doppler data by performing clutter filtering on the ensemble
data in the plurality of ensemble data sets (S620). The
ultrasound imaging apparatus 100 may perform clutter fil-
tering to remove clutter signals and noise signals in the
plurality of ensemble data sets. The clutter filter may be a
HPF. For example, the clutter filter may be implemented as
a matrix IRR filter or FIR filter.
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[0097] The ultrasound imaging apparatus calculates power
components and velocity components of the Doppler data
(8630). According to an embodiment, the ultrasound imag-
ing apparatus 100 may compute power values by adding the
real part T and a square of the imaginary part Q of the
ensemble data in the plurality of ensemble data sets and
obtain velocity components by calculating an average veloc-
ity of each ensemble data. However, embodiments are not
limited thereto, and the power and velocity components of
the Doppler data may be calculated using various methods
known in the art.

[0098] The ultrasound imaging apparatus 100 generates a
plurality of frames of color Doppler mode images based on
the calculated power components and velocity components
(S640). According to an embodiment, the ultrasound imag-
ing apparatus 100 may acquire B mode ultrasound data by
performing processing such as amplification, logarithmic
compression, and envelope detection on ultrasound echo
signals reflected from the object. In this case, the ultrasound
imaging apparatus 100 may generate a B mode image based
on the acquired B mode ultrasound data.

[0099] In the embodiment shown in FIGS. 5 and 6, the
ultrasound imaging apparatus 100 may generate a plurality
of frames of color Doppler mode images and a single frame
of B mode image based on a focused receive signal produced
by one-time receiving of ultrasound signals.

[0100] FIG. 7 is a diagram for explaining a method,
performed by the ultrasound imaging apparatus 100, of
generating color Doppler mode images CI1 through CI3 or
CI4 through CI6 based on a plurality of pieces of ensemble
data ED1 through ED6 or ED7 through ED12, according to
an embodiment.

[0101] Referring to FIG. 7, the ultrasound imaging appa-
ratus 100 may acquire N pieces of ensemble data ED1
through ED6 (ED7 through ED12) having an interval of a
PRF along a time axis. In detail, the ultrasound imaging
apparatus 100 may acquire the N pieces of ensemble data
ED1 through ED6 from first ultrasound data transmitted via
interleaving and produced by receiving and then acquire
next N pieces of ensemble data ED7 through ED12 from
second ultrasound data produced by receiving. According to
an embodiment, the ultrasound imaging apparatus 100 may
acquire B mode ultrasound data between receptions of the
first and second ultrasound data.

[0102] The ultrasound imaging apparatus 100 may pro-
duce a plurality of pieces of Doppler data, i.e. N pieces of
Doppler data D1 through D6 or D7 through D12, by
respectively performing clutter filtering on the N pieces of
ensemble data ED1 through ED6 or ED7 through ED12. The
ultrasound imaging apparatus 100 may perform the clutter
filtering to remove clutter signals and noise signals respec-
tively included in the plurality of pieces of ensemble data
ED1 through ED6 and ED7 through ED12. In an embodi-
ment, a clutter filter may be HPF, and may be implemented
as a matrix type IIR filter.

[0103] After performing the clutter filtering, the ultra-
sound imaging apparatus 100 may store the N pieces of
Doppler data D1 through D6 in the memory 120. The N
pieces of Doppler data D1 through D6 stored in the memory
120 may include IQ data.

[0104] According to an embodiment, the ultrasound imag-
ing apparatus 100 may selectively extract, from among the
N pieces of Doppler data D1 through D6, a total of four (4)
pieces of Doppler data including first through fourth Dop-
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pler data D1 through D4 consecutively acquired along a time
axis. The ultrasound imaging apparatus 100 may combine
the extracted first through fourth Doppler data D1 through
D4 into a first ensemble data set ES1. Similarly, the ultra-
sound imaging apparatus 100 may selectively extract second
through fifth Doppler data D2 through D5 and combine them
into a second ensemble data set ES2. The ultrasound imag-
ing apparatus 100 may also selectively extract third through
sixth Doppler data D3 through D6 and combine them into a
third ensemble data set ES3.

[0105] Thereafter, the ultrasound imaging apparatus 100
may generate a plurality of frames of color Doppler mode
images CI1 through CI3 by using the first through third
ensemble data sets ES1 through ES3.

[0106] FIG. 8is a flowchart of a method, performed by the
ultrasound imaging apparatus 100, of performing clutter
filtering on acquired ensemble data, according to an embodi-
ment.

[0107] The ultrasound imaging apparatus acquires a first
ensemble number of ensemble data at intervals of a PRF
(S810). Since operation S810 corresponds to operation S410
described with reference to FIG. 4, a detailed description
thereof will be omitted here.

[0108] The ultrasound imaging apparatus 100 performs
clutter filtering on the acquired first ensemble number of
ensemble data (S820). The ultrasound imaging apparatus
100 may form a plurality of pieces of Doppler data by
performing the clutter filtering to remove clutter signals and
noise signals in the ensemble data.

[0109] The ultrasound imaging apparatus 100 stores the
ensemble data that have undergone the clutter filtering
(5830). According to an embodiment, the ensemble data that
have undergone the clutter filtering may include IQ data. The
embodiment shown in FIGS. 7 and 8 is different from the
embodiment shown in FIG. 5 in that the ultrasound imaging
apparatus 100 produces Doppler data by performing clutter
filtering before selectively extracting ensemble data, which
are acquired based on ultrasound echo signals reflected from
the object, and removing clutter signals and noise signals in
the ensemble data and then selectively extract the Doppler
data. Thus, descriptions of the ultrasound imaging apparatus
100 already provided above with reference to FIG. 5 will be
omitted below, and only the difference in the order of
operations, i.e., clutter filtering and selective extraction of
ensemble data, will be described.

[0110] FIG. 9 is a diagram for explaining a method,
performed by the ultrasound imaging apparatus 100, of
generating B mode images B1 and B2 and color Doppler
mode images C1 through C4 based on ultrasound data
acquired from an object, according to an embodiment.
[0111] Referring to FIG. 9, the ultrasound imaging appa-
ratus 100 may acquire ultrasound data based on ultrasound
echo signals reflected from the object and generate the B
mode images B1 and B2 and the color Doppler mode images
C1 through C4 based on the acquired ultrasound data.
According to an embodiment, the ultrasound imaging appa-
ratus 100 may generate a single frame of B mode image B1,
ie., a first B mode image B1, and a plurality of color
Doppler mode images C1 through C3, i.e., first through third
color Doppler mode images C1 through C3, based on
acquired first ultrasound data. In detail, like in the embodi-
ments shown in and described with reference to FIGS. 5
through 8, the ultrasound imaging apparatus 100 may obtain
the first B mode image B1 based on RF data included in
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ultrasound data acquired at one time and generate three
frames of color Doppler mode images including the first
through third color Doppler mode images C1 through C3 by
selectively extracting consecutive acquired ensemble data
from among a plurality of pieces of ensemble data included
in the ultrasound data.

[0112] In the embodiment shown in FIG. 9, the three
frames of first through third color Doppler mode images C1
through C3 are generated and displayed with respect to a
single frame of a B mode image B1. This method may
provide improved interconnectivity among the first through
third color Doppler mode images C1 through C3 compared
to a conventional method whereby a single frame of color
Doppler mode image is combined and displayed together
with a single frame of B mode image. Furthermore, the
ultrasound imaging apparatus 100 may provide interim
images (the second and third color Doppler mode images C2
and C3 of FIG. 9) having high reliability compared to when
using conventional frame interpolation, thereby allowing a
user to easily observe a motion of blood flow in arteries or
a motion of the heart wall.

[0113] FIG. 10 is a diagram for explaining a method,
performed by the ultrasound imaging apparatus 100, of
displaying color Doppler mode images generated based on
a plurality of pieces of ensemble data ED1 through EDS,
according to an embodiment.

[0114] Referring to FIG. 10, the ultrasound imaging appa-
ratus 100 may transmit ultrasound signals to an object and
acquire first ultrasound data T1 and second ultrasound data
T2 based on ultrasound echo signals reflected from the
object. The ultrasound imaging apparatus 100 may acquire
the first ultrasound data T1 and the second ultrasound data
T2 at intervals of a pulse frequency (PF). The ultrasound
imaging apparatus 100 may selectively extract consecu-
tively acquired three pieces of ensemble data from among
first through fourth ensemble data ED1 through ED4. For
example, the ultrasound imaging apparatus 100 may select
and extract the first through third ensemble data ED1
through ED3 or the second through fourth ensemble data
ED2 through ED4 at one time. Similarly, the ultrasound
imaging apparatus 100 may acquire fifth through eighth
ensenible data ED5 through ED8 from the second ultrasound
data T2 and selectively extract consecutively acquired three
pieces of ensemble data from among the fifth through eighth
ensemble data EDS through EDS.

[0115] The ultrasound imaging apparatus 100 respectively
combines the extracted three pieces of ensemble data into a
plurality of ensemble data sets and produces a plurality of
pieces of Doppler data D1 and D2 by removing clutter
signals and noise signals included in the plurality of
ensemble data sets via clutter filtering. Thereafter, the ultra-
sound imaging apparatus 100 may calculate power and
velocity components of the plurality of pieces of Doppler
data D1 and D2 to generate a plurality of frames of first
through fourth color Doppler mode images CI1 through CI4.
[0116] According to an embodiment, the ultrasound imag-
ing apparatus 100 may arrange the generated plurality of
frames of first through fourth color Doppler mode images
CI1 through CI4 at equally spaced intervals along a time
axis, so that each interval is equal to a frame rate at which
each of the plurality of frames of first through fourth color
Doppler mode images CI1 through CI4 is displayed on the
display (140 of FIG. 1). The display 140 of the ultrasound
imaging apparatus 100 has a preset frame rate. For example,
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if the preset frame rate is 60 Hz, the ultrasound imaging
apparatus 100 may arrange the first and second color Dop-
pler mode images CI1 and CI2 by setting an interval on the
time axis between the first and second color Doppler mode
images CI1 and CI2 to 60 Hz. In the same way, the
ultrasound imaging apparatus may respectively set intervals
between the second and third color Doppler mode images
CI2 and CI3 and between the third and fourth color Doppler
mode images C13 and CI4 to 60 Hz for arrangement. In other
words, the ultrasound imaging apparatus 100 may set a
frame rate FR of the plurality of frames of first through
fourth color Doppler mode images CI1 through CI4 to be
equal to a frame rate for the display 140 and display the
plurality of frames of first through fourth color Doppler
mode images CI1 through CI4 on the display 140 at the set
frame rate FR.

[0117] In the embodiment shown in FIG. 10, since two
frames of color Doppler mode images are generated respec-
tively from the first ultrasound data T1 and the second
ultrasound data T2, the frame rate FR of the first through
fourth color Doppler mode images CI1 through CI4 may be
double the PF. If the PF is 10 Hz, the frame rate FR of the
first through fourth color Doppler mode images CI1 through
CI4 may be set to 20 Hz. If the PF is 30 Hz, the frame rate
FR thereof may be set to 60 Hz.

[0118] In general, since a PRF is significantly greater than
a PF, if a plurality of frames of color Doppler mode images
are generated based on ultrasound data acquired via one-
time receiving, the plurality of frames of color Doppler
mode images may be displayed for a short time. According
to the embodiment shown in FIG. 10, the ultrasound imag-
ing apparatus 100 may display the plurality of frames of first
through fourth color Doppler mode images CI1 through C14
generated at intervals of a PRF at the same frame rate FR as
the preset frame rate for the display 140, thereby allowing a
user to easily observe a fast motion of blood flow or the heart
wall.

[0119] FIG. 11 is a flowchart of a method, performed by
the ultrasound imaging apparatus 100, of displaying color
Doppler mode images generated based on a plurality of
pieces of ensemble data, according to an embodiment
[0120] The ultrasound imaging apparatus 100 generates a
plurality of frames of color Doppler mode images by respec-
tively using a plurality of ensemble data sets (S1110). In an
embodiment, the ultrasound imaging apparatus 100 may
selectively extract consecutively acquired ensemble data
from among a plurality of pieces of ensemble data and
combine the extracted ensemble data respectively into a
plurality of ensemble data sets. Furthermore, the ultrasound
imaging apparatus 100 may perform clutter filtering on the
plurality of ensemble data sets and compute power and
velocity components to generate the plurality of frames of
color Doppler mode images. Descriptions thereof are
already provided above with reference to operations S410
through S440, and thus will not be repeated below.

[0121] The ultrasound imaging apparatus 100 arranges the
plurality of frames of color Doppler mode images at equally
spaced intervals along a time axis so that each interval is
equal to a frame rate at which each of the plurality of frames
of color Doppler mode images is displayed on the display
140 (S1120). The display 140 of the ultrasound imaging
apparatus 100 has a frame rate preset according to a type and
characteristics of the display 140, and the ultrasound imag-
ing apparatus 100 may set an interval on the time axis
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between adjacent ones of the plurality of color Doppler
mode images to be equal to the preset frame rate for the
display 140.

[0122] The ultrasound imaging apparatus 100 displays the
plurality of frames of color Doppler mode images on the
display 140 (S1130).

[0123] FIG. 12 is a block diagram of a configuration of an
ultrasound imaging apparatus 1000 according to an embodi-
ment. The ultrasound imaging apparatus 1000 according to
the present embodiment may include a probe 900, an ultra-
sound transceiver 1100, a controller 1200, an image proces-
sor 1300, a display 1400, a memory 1500, a communication
unit 1600, and an input device 1700.

[0124] The ultrasound imaging apparatus 1000 may be a
cart type apparatus or a portable type apparatus. Examples
of portable ultrasound imaging apparatuses may include, but
are not limited to, a smart phone including a probe and an
application, a laptop computer, a PDA, and a tablet PC.
[0125] The probe 900 may include a plurality of transduc-
ers. The plurality of transducers transmit ultrasound signals
to an object 800 based on a transmit signal applied by a
transmitter 1130. The plurality of transducers may also
receive ultrasound signals reflected from the object 800 to
produce receive signals. Furthermore, the probe 900 may be
integrally formed with the ultrasound imaging apparatus
1000 or be separate from the ultrasound imaging apparatus
1000 while being connected thereto by wire or wirelessly. In
addition, the ultrasound imaging apparatus 1000 may
include one or more probes 900 according to its imple-
mented configuration.

[0126] The controller 1200 controls the transmitter 1130 to
produce transmit signals to be applied respectively to the
plurality of transducers in consideration of locations of the
transducers 900 in the probe 900 and focal points.

[0127] The controller 1200 may perform ADC on the
receive signals received from the probe 900 and control a
receiver 1150 to create ultrasound data by summing digital
receive signals in consideration of the locations of the
plurality of transducers and focal points.

[0128] The image processor 1300 generates an ultrasound
image based on the ultrasound data created by the receiver
1150.

[0129] The display 1400 may display the generated ultra-
sound image and various pieces of information processed by
the ultrasound imaging apparatus 1000. The ultrasound
imaging apparatus 1000 may include one or more displays
1400 according to its implemented configuration. Further-
more, the display 1400 may be combined with a touch panel
to form a touch screen.

[0130] The controller 1200 may control overall operations
of the ultrasound imaging apparatus 1000 and flow of
signals among components within the ultrasound imaging
apparatus 1000. The controller 1200 may further include a
memory configured to store programs or data for performing
functions of the ultrasound imaging apparatus 1000 and a
processor configured to process the programs or data. Fur-
thermore, the controller 1200 may receive a control signal
from the input device 1700 or an external device to control
operations of the ultrasound imaging apparatus 1000.
[0131] The ultrasound imaging apparatus 1000 may
include the communication unit 1600 and be connected to
externals device such as a server, a medical apparatus, a
portable device (e.g., a smart phone, a tablet PC, or a
wearable device), etc.
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[0132] The communication unit 1600 may include at least
one component that enables communication with an external
device. For example, the communication unit 1600 may
include at least one of a local area communication module,
a wired communication module, and a wireless communi-
cation module.

[0133] The communication unit 1600 may receive a con-
trol signal and data from an external device and transmit the
received control signal to the controller 1200 so that the
controller 1200 may control the ultrasound imaging appa-
ratus 1000 according to the received control signal.

[0134] Alternatively, by transmitting a control signal to an
external device via the communication unit 1600, the con-
troller 1200 may control the external device according to the
control signal.

[0135] For example, the external device may process data
according to a control signal received from the controller
1200 via the communication unit 1600.

[0136] A program for controlling the ultrasound imaging
apparatus 1000 may be installed on the external device and
may include instructions for performing some or all of the
operations of the controller 1200.

[0137] The program may be preinstalled on the external
device, or a user of the external device may download the
program from a server providing an application for instal-
lation. The server providing an application may include a
recording medium having the program recorded thereon.

[0138] The memory 1500 may store various data or pro-
grams for driving and controlling the ultrasound imaging
apparatus 1000, input/output ultrasound data, obtained ultra-
sound images, etc.

[0139] The input device 1700 may receive user inputs for
controlling the ultrasound imaging apparatus 1000. For
example, the user inputs may include, but are not limited to,
inputs for manipulating a button, a keypad, a mouse, a
trackball, a jog switch, a knob, etc. an input for touching a
touch pad or touch screen, a voice input, a motion input, an
input of biometric information (e.g., iris recognition, finger-
print recognition, etc.), etc.

[0140] Examples of the ultrasound imaging apparatus
1000 will now be described in detail with reference to FIGS.
13A through 13C.

[0141] FIGS. 13A through 13C illustrate ultrasound imag-
ing apparatuses 1000a through 1000¢ according to embodi-
ments,

[0142] Referring to FIGS. 13A and 13B, the ultrasound
imaging apparatuses 10004 and 10005 may each include a
main display 1210 and a sub display 1220. One of the main
display 1210 and the sub display 1220 may be formed as a
touch screen. The main display 1210 and the sub display
1220 may display ultrasound images or various pieces of
information processed by the ultrasound imaging apparatus
10004 or 10005. Furthermore, the main display 1210 or the
sub display 1220 may be formed as a touch screen and
provide a graphical user interface (GUI) that receives data
for controlling the ultrasound imaging apparatus 1000a or
10005 from a user. For example, the main display 1210 may
display an ultrasound image, and the sub display 1220 may
display a control panel for controlling display of the ultra-
sound image in the form of a GUI. The sub display 1220
may receive data for controlling display of an image via the
control panel provided in the form of a GUI. The ultrasound
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imaging apparatus 1000« or 10005 may control display of
the ultrasound image on the main display 1210 based on the
received control data.

[0143] Referring to FIG. 13B, unlike the ultrasound imag-
ing apparatus 1000a, the ultrasound imaging apparatus
10005 may further include a control panel 1650. The control
panel 1650 may include buttons, a trackball, a jog switch, a
knob, etc., and receive data for controlling the ultrasound
imaging apparatus 10005 from the user. For example, the
control panel 1650 may include a time gain compensation
(TGC) button 1710, a Freeze button 1720, etc. The TGC
button 1710 is used to set TGC values according to depths
in an ultrasound image. Furthermore, when an input of the
Freeze button 1720 is detected at a corresponding time point
during capturing of an ultrasound image, the ultrasound
imaging apparatus 10005 may maintain a state in which a
frame image corresponding to the time point is displayed.

[0144] In addition, buttons, a trackball, a jog switch, a
knob, etc. included in the control panel 1650 may be
provided on the main display 1210 or sub display 1220 in the
form of a GUL

[0145] Referring to FIG. 13C, the ultrasound imaging
apparatus 1000c may be implemented as a portable type
apparatus. Examples of the portable ultrasound imaging
apparatus 1000¢ may include, but are not limited to, a smart
phone including a probe and an application, a laptop com-
puter, a PDA, and a tablet PC.

[0146] The ultrasound imaging apparatus 1000c may
include a probe 900 and a main body 1430, and the probe
900 may be connected to one side of the main body 1430 by
wire or wirelessly. The main body 1430 may include a touch
screen 1450 for displaying an ultrasound image, various
pieces of information processed by the ultrasound imaging
apparatus 1000c, a GUI, etc.

[0147] Embodiments may be implemented through non-
transitory computer-readable recording media having
recorded thereon computer-executable instructions and data.
Examples of the non-transitory computer-readable recording
media include magnetic storage media (e.g., ROM, floppy
disks, hard disks, etc.), optical recording media (e.g., CD-
ROMSs or DVDs), and transmission media such as Internet
transmission media.

[0148] While the present disclosure has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the inventive concept as defined by the following claims.
Accordingly, the above embodiments and all aspects thereof
are examples only and are not limiting.

[0149] The instructions may be stored in the form of
program codes, and when executed by a processor, generate
a predetermined program module to perform a specific
operation. Furthermore, when being executed by the pro-
cessor, the instructions may perform specific operations
according to the embodiments.

[0150] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope of the present disclosure as defined
by the following claims. Accordingly, the above embodi-
ments and all aspects thereof are examples only and are not
limiting.
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What is claimed is:

1. An ultrasound imaging apparatus configured to genet-
ate an ultrasound Doppler image of a region of an interest
(ROI) of an object, the ultrasound imaging apparatus com-
prising:

an ultrasound data acquisitor configured to transmit ultra-
sound signals to the object at intervals of a pulse
repetition frequency (PRF), receive ultrasound echo
signals reflected from the object, and acquire a first
ensemble number of ensemble data by focusing and
demodulating the ultrasound echo signals;

a memory configured to store the acquired first ensemble
number of ensemble data;

a processor configured to selectively extract a second
ensemble number of ensemble data from among the
stored first ensemble number of ensemble data to
thereby generate a plurality of ensemble data sets and
generate a plurality of frames of color Doppler mode
images respectively based on the plurality of ensemble
data sets; and

a display configured to display the plurality of frames of
color Doppler mode images.

2. The ultrasound imaging apparatus of claim 1, wherein
the processor is further configured to sequentially extract the
second ensemble number of ensemble data in an overlapping
manner while skipping extraction of at least one ensemble
data from among the first ensemble number of ensemble
data stored in the memory.

3. The ultrasound imaging apparatus of claim 1, wherein
the second ensemble number is less than or equal to the first
ensemble number.

4. The ultrasound imaging apparatus of claim 1, wherein
the second ensemble number is greater than or equal to two
@).

5. The ultrasound imaging apparatus of claim 1, wherein
the processor is further configured to select and extract each
of the stored first ensemble number of ensemble data at least
once.

6. The ultrasound imaging apparatus of claim 1, wherein
the processor is further configured to perform clutter filter-
ing on the acquired first ensemble number of ensemble data
before storing the first ensemble number of ensemble data in
the memory, and

wherein the memory is further configured to store the first
ensemble number of ensemble data that have under-
gone the clutter filtering.

7. The ultrasound imaging apparatus of claim 1, wherein
the processor is further configured to perform, after gener-
ating the plurality of ensemble data sets, clutter filtering on
the ensemble data in the plurality of ensemble data sets to
thereby produce Doppler data, calculate velocity compo-
nents and power components of the Doppler data, and
generate the plurality of frames of color Doppler mode
images based on the calculated velocity components and
power components, and

wherein the ensemble data comprise In-phase-Quadrature
(IQ) data.

8. The ultrasound imaging apparatus of claim 1, wherein
the ultrasound data acquisitor is further configured to
acquire radio frequency (RF) data from the ultrasound echo
signals, and

wherein the processor is further configured to generate a
single frame of a brightness (B) mode image based on
the RF data.



US 2017/0128040 Al

9. The ultrasound imaging apparatus of claim 1, wherein
the processor is further configured to arrange the generated
plurality of frames of color Doppler mode images at equally
spaced intervals along a time axis so that each interval is
equal to a frame rate at which each of the plurality of frames
of color Doppler mode images is displayed on the display.
10. A method of generating an ultrasound Doppler image
of a region of an interest (ROI) of an object, the method
comprising:
transmitting ultrasound signals to the object at intervals of
a pulse repetition frequency (PRF), receiving ultra-
sound echo signals reflected from the object, and
acquiring a first ensemble number of ensemble data by
focusing and demodulating the ultrasound echo signals;

storing the acquired first ensemble number of ensemble
data;

selectively extracting a second ensemble number of

ensemble data from among the stored first ensemble
number of ensemble data to thereby generate a plurality
of ensemble data sets; and

generating a plurality of frames of color Doppler mode

images respectively based on the plurality of ensemble
data sets.

11. The method of claim 10, wherein the generating of the
plurality of ensemble data sets comprises sequentially
extracting the second ensemble number of ensemble data in
an overlapping manner while skipping extraction of at least
one ensemble data from among the stored first ensemble
number of ensemble data.

12. The method of claim 10, wherein the second ensemble
number is less than or equal to the first ensemble number.

13. The method of claim 10, wherein the second ensemble
number is greater than or equal to two (2).

14. The method of claim 10, wherein each of the stored
first ensemble number of ensemble data is selected and
extracted at least once.
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15. The method of claim 10, further comprising perform-
ing clutter filtering on the acquired first ensemble number of
ensemble data,

wherein the storing of the acquired first ensemble number

of ensemble data comprises storing the first ensemble
number of ensemble data that have undergone the
clutter filtering,

16. The method of claim 10, further comprising:

performing, after the generating of the plurality of

ensemble data sets, clutter filtering on the ensemble
data in the plurality of ensemble data sets to thereby
produce Doppler data;

calculating velocity components and power components

of the Doppler data; and

generating the plurality of frames of color Doppler mode

images based on the calculated velocity components
and power components,

wherein the ensemble data comprise In-phase-Quadrature

(IQ) data.

17. The method of claim 10, further comprising:

acquiring radio frequency (RF) data from the ultrasound

echo signals; and

generating a single frame of a brightness (B) mode image

based on the RF data.
18. The method of claim 10, further comprising:
arranging the generated plurality of frames of color Dop-
pler mode images at equally spaced intervals along a
time axis so that each interval is equal to a frame rate
at which each of the plurality of frames of color
Doppler mode images is displayed on a display; and

displaying the plurality of frames of color Doppler mode
images on the display.

19. A non-transitory computer-readable recording
medium having recorded thereon a program for performing
the method of claim 10 on a computer.
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