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COLOR FLOW IMAGING METHOD, AND
ULTRASONIC DEVICE THEREFOR

TECHNICAL FIELD

[0001] Thepresentdisclosure in some embodiments relates
to a color flow imaging method and an ultrasonic imaging
system. More particularly, the present disclosure relates to a
color flow imaging method for acquiring more accurate blood
flow information at the same frame rate by using a signal with
ensembles interpolated, and for obtaining approximately
twice the frame rate at the same pulse repetition frequency
(PRF), and to an ultrasonic imaging system therefor.

BACKGROUND

[0002] The statements in this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art.

[0003] In general, ultrasonic imaging systems are impor-
tant diagnostic systems for multi-industrial applications. In
particular, thanks to the noninvasive and nondestructive char-
acteristics to a subject, the ultrasonic imaging systems are
used all over the medical field. The ultrasonic imaging sys-
tems typically provide a BC-mode image showing the state of
blood flows or movements of the subject with the use of
Doppler effect. The BC-mode is a mode for providing both of
a gray scale B-mode image and a color flow image (that is,
C-mode image) showing the state of blood flows or move-
ments of the subject, and may provide anatomic information
along with information about the blood flows and movements
of the subject.

[0004] In order to accurately estimate blood flow informa-
tion, the ultrasonic imaging systems are required to obtain a
high frame rate by transmitting/receiving an ultrasonic wave
signal many times. In particular, in the case of echocardio-
graphy, a high frame rate is required. Thus, a method of
increasing a PRF is used instead of a method of reducing the
number of repetitions of transmission/reception of an ultra-
sonic wave signal with respect to a subject. However, the
number of repetitions of transmission/reception of the ultra-
sonic wave signal with respect to the subject is reduced in
order to maintain a high frame rate. As a result, the perfor-
mance of a filter used for removing clutter coniponents may
be degraded.

DISCLOSURE

Technical Problem

[0005] Therefore, the present disclosure has been made in
an effort to effectively resolving the above-described limita-
tions and provides a color flow imaging method for estimat-
ing accurate blood flow information by using a signal with
interpolated ensembles, and an ultrasonic imaging system
therefor.

SUMMARY

[0006] An embodiment of the present disclosure provides
an ultrasonic imaging system, including a transceiver unit, a
storage unit, a control unit and an image processor. The trans-
ceiver unit is configured to transmit an ultrasonic wave signal
for acquisition of a C-mode image to a subject and receive an
ultrasonic wave echo signal reflected from the subject. The
storage unit is configured to store the received echo signal.
The control unit is configured to output an interpolated signal
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with one or more ensembles interpolated with respect to a
scan line for acquisition of the C-mode image identified based
on the received echo signal. And the image processor is con-
figured to form the C-mode image based on the interpolated
signal and to output the C-mode image on a display unit.
[0007] Another embodiment of the present disclosure pro-
vides an ultrasonic imaging system, including a transceiver
unit, a storage unit, a control unitand an image processor. The
transceiver unit is configured to transmit an ultrasonic wave
signal for acquisition of a C-mode image to a subject and
receive an ultrasonic wave echo signal reflected from the
subject to form a received echo signal. The storage unit is
configured to store the received echo signal. The control unit
is configured to output an interpolated signal in which zero
insertion is performed on one or more ensembles of a scan
line for acquisition of the C-mode image identified based on
the received echo signal. And the image processor is config-
ured to form the C-mode image based on the interpolated
signal and output the C-mode image on a display unit.
[0008] Yet another embodiment of the present disclosure
provides an ultrasonic imaging systen, including a trans-
ceiver unit, a storage unit, a control unit and an image pro-
cessor. The transceiver unit is configured to transmit an ultra-
sonic wave signal for acquisition of a C-mode image to a
subject and receive an ultrasonic wave echo signal reflected
from the subject to form a received echo signal. The storage
unit is configured to store the received echo signal. The con-
trol unit is configured to repeat one or more ensembles one
cycle in time domain by applying a periodic extension to the
ensembles of a scan line for acquisition of the C-mode image
identified based on the received echo signal and output an
interpolated signal. And the image processor is configured to
form the C-mode image based on the interpolated signal and
output the C-mode image on a display unit.

[0009] Yet another embodiment of the present disclosure
provides an ultrasonic imaging system, including a trans-
ceiver unit, a storage unit, a control unit and an image pro-
cessor. The transceiver unit is configured to transmit an ultra-
sonic wave signal for acquisition of a C-mode image to a
subject and receive an ultrasonic wave echo signal reflected
from the subject to form a received echo signal. The storage
unit is configured to store the received echo signal. The con-
trol unit is configured to output an interpolated signal in
which a symmetric extension is applied to one or more
ensembles of a scan line for acquisition of the C-mode image
identified based on the received echo signal. And the image
processor is configured to form the C-mode image based on
the interpolated signal and output the C-mode image on a
display unit.

[0010] Yet another embodiment of the present disclosure
provides an ultrasonic imaging systeni, including a trans-
ceiver unit, a storage unit, a control unit and an image pro-
cessor. The transceiver unit is configured to transmit an ultra-
sonic wave signal for acquisition of a C-mode image to a
subject and receive an ultrasonic wave echo signal reflected
from the subject to form a received echo signal. The storage
unit is configured to store the received echo signal. The con-
trol unit is configured to output an interpolated signal in
which an anti-symmetric extension is applied to one or more
ensembles of a scan line for acquisition of the C-mode image
identified based on the received echo signal. And the image
processor is configured to form the C-mode image based on
the interpolated signal and output the C-mode image on a
display unit.
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[0011] Yet another embodiment of the present disclosure
provides a color flow imaging method, including transmitting
an ultrasonic wave signal for acquisition of a C-mode image
to a subject and receiving an ultrasonic wave echo signal
reflected from the subject to form a received echo signal;
outputting an interpolated signal with one or more ensembles
interpolated with respect to a scan line for acquisition of the
C-mode image identified based on the received echo signal;
and forming the C-mode image based on the interpolated
signal and outputting the C-mode image on a display unit.

[0012] Yet another embodiment of the present disclosure
provides a color flow imaging method, including transmitting
an ultrasonic wave signal for acquisition of a C-mode image
to a subject and receiving an ultrasonic wave echo signal
reflected from the subject to form a received echo signal;
outputting an interpolated signal in which a zero insertion is
performed on one or more ensembles of a scan line for acqui-
sition of the C-mode image identified based on the received
echo signal; and forming the C-mode image based on the
interpolated signal and outputting the C-mode image on a
display unit.

[0013] Yet another embodiment of the present disclosure
provides a color flow imaging method, including transmitting
an ultrasonic wave signal for acquisition of a C-mode image
to a subject and receiving an ultrasonic wave echo signal
reflected from the subject to form a received echo signal;
repeating one or more ensembles one cycle in time domain by
applying a periodic extension to the ensembles of a scan line
for acquisition of the C-mode image identified based on the
received echo signal and outputting an interpolated signal;
and forming the C-mode image based on the interpolated
signal and outputting the C-mode image on a display unit.

[0014] Yet another embodiment of the present disclosure
provides a color flow imaging method, including transmitting
an ultrasonic wave signal for acquisition of a C-mode image
to a subject and receiving an ultrasonic wave echo signal
reflected from the subject to form a received echo signal;
outputting an interpolated signal in which a symmetric exten-
sion is applied to one or more ensembles of a scan line for
acquisition of the C-mode image identified based on the
received echo signal; and forming the C-mode image based
on the interpolated signal and outputting the C-mode image
on a display unit.

[0015] Yet another embodiment of the present disclosure
provides a color flow imaging method, including transmitting
an ultrasonic wave signal for acquisition of a C-mode image
to a subject and receiving an ultrasonic wave echo signal
reflected from the subject to form a received echo signal;
outputting an interpolated signal in which an anti-symmetric
extension is applied to one or more ensembles of a scan line
for acquisition of the C-mode image identified based on the
received echo signal; and forming the C-mode image based
on the interpolated signal and outputting the C-mode image
on a display unit.

Advantageous Effects

[0016] According to the present disclosure as described
above, it is possible to acquire more accurate blood flow
information at the same frame rate by using a signal with
ensembles interpolated, and obtain about twice the frame rate
at the same PRF. That is, the ultrasonic imaging system gen-
erates 2n ensembles by transmitting an ultrasonic wave signal
to a subject n times and interpolating n ensembles identified
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through corresponding ultrasonic wave echo signals. There-
fore, more accurate blood flow information can be acquired at
the same PRF.

[0017] In addition, according to the present disclosure as
described above, the ultrasonic imaging system generates n
ensembles by transmitting an ultrasonic wave signal to a
subject 0/2 times and interpolating n/2 ensembles identified
after corresponding ultrasonic wave signals are received.
Therefore, it is possible to obtain the same frame rate as that
of the case when n ensembles are generated and an ultrasonic
wave signal is transmitted n times. That is, the ultrasonic
imaging system can obtain approximately twice the frame
rate while guaranteeing the same performance as that of the
case where n ensembles are generated and an ultrasonic wave
signal is transmitted n times.

DESCRIPTION OF DRAWINGS

[0018] FIG. 1isaschematic block diagram of an ultrasonic
imaging system according to at least one embodiment of the
present disclosure;

[0019] FIG.2isa flowchart of a color flow imaging method
according to at least one embodiment of the present disclo-
sure;

[0020] FIGS. 3A and 3B are exemplary diagrams of a
method for interpolating an ensemble by performing zero
insertion according to at least one embodiment of the present
disclosure;

[0021] FIG. 4 is an exemplary diagram of a method for
interpolating an ensemble by applying periodic extension
according to at least one embodiment of the present disclo-
sure;

[0022] FIGS. 5A and 5B are exemplary diagrams of a
method for interpolating an ensemble by applying symmetric
extension according to at least one embodiment of the present
disclosure; and

[0023] FIGS. 6A and 6B are exemplary diagrams of a
method for interpolating an ensemble by applying anti-sym-
metric extension according to at least one embodiment of the
present disclosure.

<Reference Signs List>

100: ultrasonic imaging system
120: transceiver unit

140: control unit

160: image processor

110: user input unit
130: storage unit
150: signal processor
170: display unit

DETAILED DESCRIPTION

[0024] Hereinafter, at least one embodiment of the present
disclosure will be described in detail with reference to the
accompanying drawings. In the following description, like
reference numerals designate like elements although the ele-
ments are shown in different drawings. Further, in the follow-
ing description of the at least one embodiment, a detailed
description of known functions and configurations incorpo-
rated herein will be omitted for the purpose of clarity and for
brevity.

[0025] Additionally, in describing the components of the
present disclosure, terms like first, second, A, B, (a), and (b)
are used. These are solely for the purpose of differentiating
one component from another, and one of ordinary skill would
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understand the terms are not to imply or suggest the sub-
stances, order or sequence of the components. Ifa component
is described as ‘connected’, ‘coupled’, or ‘linked” to another
component, one of ordinary skill in the art would understand
the components are not necessarily directly ‘connected’,
‘coupled’, or ‘linked’ but also are indirectly ‘connected’,
‘coupled’, or ‘linked’ via a third component.

[0026] In the present disclosure, a B-mode is a gray scale
image mode showing the state of blood flows or movements
of the subject, and a C-mode is a color flow image mode
showing the state of blood flows or movements of the subject.
That is, the B-mode and the C-mode are image modes that can
provide anatomic information along with information about
the blood flows and movements of the subject. Meanwhile, an
ultrasonic imaging system 100 according to at least one
embodiment of the disclosure simultaneously provides the
B-mode image and the color flow image (that is, the C-mode
image). More particularly, the ultrasonic imaging system 100
provides a BC-mode image that is a combination of the
B-mode image and the C-mode image. However, for the sake
of convenience, the following description will focus on the
ultrasonic imaging system 100 configured to form the
C-mode image.

[0027] FIG.1isa schematic block diagram of an ultrasonic
imaging system according to at least one embodiment of the
present disclosure.

[0028] The ultrasonic imaging system 100 according to at
least one embodiment of the present disclosure includes a
user input unit 110, a transceiver unit 120, a storage unit 130,
acontrol unit 140, a signal processor 150, an image processor
160, and a display unit 170. Although the vltrasonic imaging
system 100 according to at least one embodiment of the
present disclosure has been described as including only the
user input unit 110, the transceiver unit 120, the storage unit
130, the control unit 140, the signal processor 150, the image
processor 160, and the display unit 170, this is merely for
exemplary description about the technical spirit of at least one
embodiment of the present disclosure. Therefore, those
skilled in the art will appreciate that various modifications,
additions and substitutions for the components included in
the ultrasonic imaging system 100 are possible, without
departing from the essential characteristics of at least one
embodiment of the present disclosure.

[0029] The user input unit 110 receives a user instruction
generated by a user’s manipulation or input. The user input
unit 110 receives Region of Interest (ROI) setting informa-
tion. The ROI includes a color box, and the ROI setting
information includes information about the location and size
ofthe ROI. In this case, the user instruction may be a selection
instruction for selecting an image mode of the ultrasonic
imaging system 100, a setting instruction for setting the color
box in a B-mode image, and the like. Meanwhile, the user
instruction includes a setting instruction for setting
ensembles in a C-mode. In other words, the ensembles rep-
resent the number of repetitions of transmission/reception of
an ultrasonic wave signal with respect to each scan line in
order to form a C-mode image, and refers to a type of packet
number. The ensembles may be previously set to the ultra-
sonic imaging system 100 or may be manually set in response
to input of a setting instruction from the user.

[0030] In order to acquire the C-mode image, the trans-
ceiverunit 120 is configured to form a received echo signal by
transmitting an ultrasonic wave signal to the subject and then
receiving an ultrasonic wave echo signal reflected from the
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subject. Specifically, the transceiver unit 120 forms the
received echo signal by transmitting the ultrasonic wave sig-
nal to the subject and receiving the ultrasonic wave echo
signal reflected from the subject, based on a control signal
received from the control unit 140. In addition, the transceiver
unit 120 forms the received echo signal by transmitting/re-
ceiving the ultrasonic wave signal at a PRF with respect to the
RO, based on the control signal received from the control
unit 140. In this case, the received echo signal includes a
Doppler signal and a clutter signal. The Doppler signal is a
signal obtained when the ultrasonic wave signal from the
transceiver unit 120 is reflected by the blood flow. The Dop-
pler signal is relatively high in frequency but relatively weak
in intensity. The clutter signal is a signal obtained when the
ultrasonic wave signal from the transceiver unit 120 is
reflected from a cardiac wall or cardiac plate. The clutter
signal is relatively low in frequency but relatively high in
intensity.

[0031] On the other hand, the transceiver unit 120 includes
aprobe (not shown) configured to transmit/receive the ultra-
sonic wave signal, and a beamformer (not shown) configured
to perform the transmission focusing and reception focusing
of the ultrasonic wave signal. The probe includes a plurality
of one-dimensional (1D) or two-dimensional (2D) array
transducers. The probe transmits a focused ultrasonic wave
beam to a subject (not shown) along a transmission scan line
by appropriately delaying an input time of pulses input to the
respective transducers. Meanwhile, the ultrasonic wave echo
signals reflected from the subject are input to the respective
transducers with different reception times, and the respective
transducers output the input ultrasonic wave echo signals to
the beamformer. The beamformer focuses the ultrasonic
wave signals on a specific location by adjusting the driving
timings of the respective transducers within the probe when
the probe transmits the ultrasonic wave signal, and focuses
the ultrasonic wave echo signals by adding a delay time to the
respective ultrasonic wave echo signals of the probe, taking
into consideration the fact that the ultrasonic wave echo sig-
nals reflected from the subject reach the respective transduc-
ers of the probe at different times.

[0032] The storage unit 130 stores the received echo signal
formed by the transceiver unit 120. In addition, the storage
unit 130 stores a plurality of pieces of cutoff frequency infor-
mation for eliminating the clutter signal from the received
echo signal.

[0033] The control unit 140 is a controller configured to
control the overall operation of the ultrasonic imaging system
100. The control unit 140 according to at least one embodi-
ment of the present disclosure is configured to output an
interpolated signal with ensembles interpolated with respect
to a scan line for acquisition of the C-mode image identified
based on the received echo signal formed by the transceiver
unit 120. The control unit 140 controls the transceiver unit
120 such that the ensembles by the number of n are reduced
by decreasing the number of repetitions of transmission/re-
ception of the ultrasonic wave signal with respect to the scan
line for acquisition of the C-mode image by a predetermined
number of times, and enables the transceiver unit 120 to form
the received echo signal corresponding to the reduced ultra-
sonic wave signal. The control unit 140 controls the trans-
ceiver unit 120 such that the ensembles are reduced by half by
halving the number of repetitions of transmission/reception
of the ultrasonic wave signal with respect to the scan line for
acquisition of the C-mode image. Meanwhile, in a case where
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the number of repetitions of transmission/reception of the
ultrasonic wave signal with respect to the scan line for acqui-
sition of the C-mode image is set by the user input unit 110,
the control unit 140 controls the transceiver unit 120 such that
the transceiver unit 120 forms the received echo signal cor-
responding to the set ultrasonic wave signal.

[0034] The control unit 140 outputs the interpolated signal
by performing zero insertion on the reduced ensembles or the
set ensembles. Specifically, the control unit 140 outputs the
interpolated signal in which zero insertion is performed
between the respective ensembles. The control unit 140
repeats the ensembles one cycle in time domain by applying
periodic extension to the reduced ensembles or the set
ensembles and then outputs the interpolated signal. On the
other hand, if the control unit 140 repeats the ensembles one
cycle by applying the periodic extension in a state where the
ensembles have not been reduced and then outputs the inter-
polated signal, the performance can be improved about two
times at a frame rate. The control unit 140 outputs the inter-
polated signal in which symmetric extension is applied to the
reduced ensembles or the set ensembles. In this case, after
making the reduced ensembles or the set ensembles symmet-
ric, the control unit 140 repeats the symmetric ensembles one
cycle in time domain. When symmetric extension is applied,
the control unit 140 repeats the ensembles one cycle from the
second value of the values of the symmetric ensembles. The
control unit 140 outputs the interpolated signal in which
anti-symmetric extension is applied to the reduced ensembles
or the set ensembles. In this case, after making the reduced
ensembles or the set ensembles anti-symmetric, the control
unit 140 repeats the anti-symmetric ensembles one cycle in
time domain. When anti-symmetric extension is applied, the
control unit 140 performs zero insertion once between the
reduced ensembles (or the set ensembles) and the anti-sym-
metric ensembles. That is, the control unit 140 reduces the
number of repetitions of transmission/reception of the ultra-
sonic wave signal with respect to the scan line for acquisition
of the C-mode image by a predetermined number of times by
applying the zero insertion, periodic extension, symmetric
extension and anti-symmetric extension to the reduced
ensembles. In this case, the frame rate can be improved about
two times while maintaining similar performance to that
before the reduction.

[0035] On the other hand, when ROI setting information is
input from the user input unit 110, the control unit 140 may
control the transmission/reception of the ultrasonic wave sig-
nal by using the ROI setting information. In addition, the
control unit 140 repeatedly performs the transmission/recep-
tion of the ultrasonic wave signal for acquisition of the
B-mode image and the transmission/reception of the ultra-
sonic wave signal for acquisition of the C-mode image.
[0036] The signal processor 150 sets a plurality of filters
having cutoff frequencies for eliminating a clutter signal to
respective pixels within the RO, and performs clutter filter-
ing on the received echo signal from the transceiver unit 120.
Meanwhile, the signal processor 150 may perform signal
processing such as gain control in order for image optimiza-
tion of the received echo signal from the transceiver unit 120.
In addition, the signal processor 150 transmits the interpo-
lated signal to the image processor 160 after low-pass filter-
ing.

[0037] The image processor 160 is configured to form the
C-mode image based on the interpolated signal and output the
C-mode image on the display unit 170. Specifically, the image
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processor 160 forms the B-mode image or C-mode image by
using the received echo signal formed by the signal processor
150. Tn addition, the image processor 160 outputs the formed
B-mode image or C-mode image on the display unit 170.
[0038] FIG.2isa flowchart of a color flow imaging method
according to at least one embodiment of the present disclo-
sure.

[0039] The ultrasonic imaging system 100 transmits an
ultrasonic wave signal for acquisition of a C-mode image to a
subject and receives an ultrasonic wave echo signal reflected
from the subject by means of the transceiver unit 120 (5210),
and forms a received echo signal corresponding to the ultra-
sonic wave echo signal (5220). The ultrasonic imaging sys-
tem 100 outputs an interpolated signal with ensembles inter-
polated with respect to a scan line for acquisition of the
C-mode image identified based on the received echo signal
formed by the transceiver unit 120 (S230). In this case, the
ultrasonic imaging system 100 controls the transceiver unit
120 such that the ensembles by the number of n are reduced
by decreasing the number of repetitions of transmission/re-
ception of the ultrasonic wave signal with respect to the scan
line for acquisition of the C-mode image by a predetermined
number of times, and enables the transceiver unit 120 to form
the received echo signal corresponding to the reduced ultra-
sonic wave signal. That is, the ultrasonic imaging system 100
controls the transceiver unit 120 such that the ensembles are
reduced by half by halving the number of repetitions of trans-
mission/reception of the ultrasonic wave signal with respect
to the scan line for acquisition of the C-mode image. Mean-
while, when the number of repetitions of transmission/recep-
tion of the ultrasonic wave signal with respect to the scan line
for acquisition of the C-mode image is set by the user input
unit 110, the ultrasonic imaging system 100 controls the
transceiver unit 120 such that the transceiver unit 120 forms
the received echo signal corresponding to the set ultrasonic
wave signal.

[0040] The ultrasonic imaging system 100 performs zero
insertion on the reduced ensembles or the set ensembles and
then outputs the interpolated signal. The ultrasonic imaging
system 100 repeats the ensembles one cycle in time domain
by applying periodic extension to the reduced ensembles or
the set ensembles, and then outputs the interpolated signal.
The ultrasonic imaging system 100 outputs the interpolated
signal in which symmetric extension is applied to the reduced
ensembles or the set ensembles. In this case, after making the
reduced ensembles or the set ensembles symmetric, the ultra-
sonic imaging system 100 repeats the symmetric ensembles
one cycle in time domain. When symmetric extension is
applied, the ultrasonic imaging system 100 repeats the
ensembles one cycle from the second value of the values of
the symmetric ensemble. The ultrasonic imaging system 100
outputs the interpolated signal in which anti-symmetric
extension is applied to the reduced ensemble or the set
ensemble. In this case, after making the reduced ensemble or
the set ensemble anti-symmetric, the ultrasonic imaging sys-
tem 100 repeats the anti-symmetric ensembles one cycle in
time domain. When anti-symmetric extension is applied, the
ultrasonic imaging system 100 performs zero insertion once
between the reduced ensembles (or the set ensembles) and the
anti-symmetric ensembles. The ultrasonic imaging system
100 forms the C-mode image based on the interpolated signal
and outputs the C-mode image on the display unit 170 (5240).
[0041] Although steps S210 to S240 of FIG. 2 have been
described as being sequentially performed, this is only exem-
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plary description of the technical spirit of at least one embodi-
ment of the present disclosure. Those skilled in the art will
appreciate that various modifications, additions and substitu-
tions are possible, without departing from the essential char-
acteristics of at least one embodiment of the disclosure. For
example, the order of steps shown in FIG. 2 may be changed,
or one or more of steps 210 to 240 may be performed in
parallel. Therefore, the present disclosure is not limited to the
time-series order as shown in FIG. 2.

[0042] The color flow imaging method as described above
and shown in FIG. 2 may be embodied as a program stored in
a computer-readable recording medium. The computer-read-
able recording medium storing the program for realizing the
color flow imaging method according to at least one embodi-
ment of the present disclosure may be any data storage device
that can store data which can be thereafter read by a computer
system. Examples of the computer-readable recording
medium include ROMs, RAMs, CD-ROMs, magnetic tapes,
floppy disks, optical data storage devices, and carrier waves
(such as data transmission through the Internet). The com-
puter-readable recording medium may also be distributed
over network coupled to computer systems so that computer-
readable codes are stored and executed in a distributed fash-
ion. In addition, functional programs, codes, and code seg-
ments for accomplishing at least one embodiment of the
present disclosure may be easily construed by programmers
skilled in the art to which the present disclosure pertains.

[0043] FIGS. 3A and 3B are exemplary diagrams of a
method for interpolating an ensemble by performing zero
insertion according to at least one embodiment of the present
disclosure.

[0044] The ultrasonic imaging system 100 is configured to
output the interpolated signal with the ensembles by the num-
ber of n interpolated with respect to the scan line for acqui-
sition of the C-mode image identified based on the received
echo signal formed by the transceiver unit 120. Specifically,
the ultrasonic imaging system 100 controls the transceiver
unit 120 such that the (n) ensembles is reduced by decreasing
the number of repetitions of transmission/reception of the
ultrasonic wave signal with respect to the scan line for acqui-
sition of the C-mode image by a predetermined number of
times, and enables the transceiver unit 120 to form the
received echo signal corresponding to the reduced ultrasonic
wave signal. The ultrasonic imaging system 100 may control
the transceiver unit 120 such that the ensembles are reduced
by half by halving the number of repetitions of transmission/
reception of the ultrasonic wave signal with respect to the
scan line for acquisition of the C-mode image, but the present
disclosure is not limited thereto. When the number of repeti-
tions of transmission/reception of the ultrasonic wave signal
with respect to the scan line for acquisition of the C-mode
image is set by the user input unit 110, the ultrasonic imaging
system 100 controls the transceiver unit 120 such that the
transceiver unit 120 forms the received echo signal corre-
sponding to the set ultrasonic wave signal. As shown in FIG.
3A, the ultrasonic imaging system 100 is configured to output
the interpolated signal in which zero insertion is performed
on the (n) ensembles of the scan line for acquisition of the
C-mode image identified based on the received echo signal
formed by the transceiver unit 120. That is, the ultrasonic
imaging system 100 performs zero insertion on the ensembles
in time domain and then outputs the interpolated signal. As
shown in FIG. 3B, the ultrasonic imaging system 100 per-
forms zero insertion on the ensembles in frequency domain
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and then outputs the interpolated signal which has passed
through a low pass filter (LPF). Specifically, zero insertion is
performed in frequency domain with respect to ensembles
between -PRF/2 and PRF/2 to generate the frequency
domain of the ensembles at -PRF/2 and PREF/2. When the
frequency domain passes through the LPF, the frequency
domain is shown at —-PRF and PRF.

[0045] FIG. 4 is an exemplary diagram of a method for
interpolating an ensemble by applying periodic extension
according to at least one embodiment of the present disclo-
sure.

[0046] The ultrasonic imaging system 100 repeats the
ensembles one cycle in time domain by applying the periodic
extension to the reduced ensembles or the set ensembles, and
then outputs the interpolated signal. As shown in FIG. 4, the
ultrasonic imaging system 100 is configured to output the
interpolated signal in which periodic extension is performed
on the (n) ensembles of the scan line for acquisition of the
C-mode image identified based on the received echo signal
formed by the transceiver unit 120. That is, the ultrasonic
imaging system 100 repeats the ensembles one cycle in time
domain and then outputs the interpolated signal.

[0047] FIGS. 5A and 5B are exemplary diagrams of a
method for interpolating an ensemble by applying symmetric
extension according to at least one embodiment of the present
disclosure.

[0048] The ultrasonic imaging system 100 outputs the
interpolated signal in which symmetric extension is applied
to the reduced ensembles or the set ensembles. In this case,
after making the reduced ensembles or the set ensembles
symmetric, the ultrasonic imaging system 100 repeats the
symmetric ensembles one cycle in time domain. When sym-
metric extension is applied, the ultrasonic imaging system
100 repeats the ensembles one cycle from the second value of
the values of the symmetric ensembles. As shown in FIG. 5A,
the ultrasonic imaging system 100 is configured to output the
interpolated signal in which symmetric extension is pet-
formed on the (n) ensembles of the scan line for acquisition of
the C-mode image identified based on the received echo sig-
nal formed by the transceiver unit 120. That is, after making
the ensembles symmetric, the ultrasonic imaging system 100
repeats the symmetric ensembles one cycle in time domain
and then outputs the interpolated signal. As shown in FIG. 5B,
the ultrasonic imaging system 100 is configured to output the
interpolated signal in which the symmetric extension is pet-
formed on the (n) ensembles of the scan line for acquisition of
the C-mode image identified based on the received echo sig-
nal formed by the transceiver unit 120. That is, when the
symmetric extension is applied after making the ensembles
symmetric, the ultrasonic imaging system 100 repeats the
ensembles one cycle from the second value of the values of
the symmetric ensembles and then outputs the interpolated
signal.

[0049] FIGS. 6A and 6B are exemplary diagrams of a
method for interpolating an ensemble by applying anti-sym-
metric extension according to at least one embodiment of the
present disclosure.

[0050] The ultrasonic imaging system 100 outputs the
interpolated signal in which anti-symmetric extension is
applied to the reduced ensembles or the set ensembles. In this
case, after making the reduced ensembles or the set
ensembles anti-symmetric, the ultrasonic imaging system
100 repeats the anti-symmetric ensembles one cycle in time
domain. When anti-symmetric extension is applied, the ultra-
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sonic imaging system 100 performs zero insertion once
between the reduced ensembles (or the set ensembles) and the
anti-symmetric ensembles. As shown in FIG. 6A, the ultra-
sonic imaging system 100 is configured to output the inter-
polated signal in which anti-symmetric extension is per-
formed on the (1) ensembles of the scan line for acquisition of
the C-mode image identified based on the received echo sig-
nal formed by the transceiver unit 120. That is, atter making
the ensembles anti-symmetric, the ultrasonic imaging system
100 repeats the anti-symmetric ensembles one cycle in time
domain and then outputs the interpolated signal. As shown in
FIG. 6B, the ultrasonic imaging system 100 is configured to
output the interpolated signal in which the anti-symmetric
extension is performed on the (n) ensembles of the scan line
for acquisition of the C-mode image identified based on the
received echo signal formed by the transceiver unit 120. That
is, when the anti-symmetric extension is applied after making
the ensembles anti-symmetric, the ultrasonic imaging system
100 performs zero insertion once between the ensemble and
the anti-symmetric ensemble.

[0051] Inthe description above, although all of the compo-
nents of the embodiments of the present disclosure may have
been explained as assembled or operatively connected as a
unit, one of ordinary skill would understand the present dis-
closure is not limited to such embodiments. Rather, within
some embodiments of the present disclosure, the respective
components are selectively and operatively combined in any
number of ways. Every one of the components are capable of
being implemented alone in hardware or combined in part or
as a whole and implemented in a computer program having
program modules residing in computer readable media and
causing a processor or microprocessor to execute functions of
the hardware equivalents. Codes or code segments to consti-
tute such a program are understood by a person skilled in the
art. The computer program is stored in a non-transitory com-
puter readable media, which in operation realizes the embodi-
ments of the present disclosure. The computer readable media
includes magnetic recording media, optical recording media
or carrier wave media, in some embodiments.

[0052] In addition, one of ordinary skill would understand
terms like ‘include’, ‘comprise’, and ‘have’ to be interpreted
in default as inclusive or open rather than exclusive or closed
unless expressly defined to the contrary. All the terms that are
technical, scientific or otherwise agree with the meanings as
understood by a person skilled in the art unless defined to the
contrary. One of ordinary skill would understand common
terms as found in dictionaries are interpreted in the context of
the related technical writings not too ideally or impractically
unless the present disclosure expressly defines them so.
[0053] Although exemplary embodiments of the present
disclosure have been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the essential characteristics ofthe disclosure. Therefore,
exemplary embodiments of the present disclosure have been
described for the sake of brevity and clarity. Accordingly, one
of ordinary skill would understand the scope of the disclosure
is not limited by the explicitly described above embodiments
but by the claims and equivalents thereof.

CROSS-REFERENCE TO RELATED
APPLICATION

[0054] Ifapplicable, this application claims priority under
35 US.C §119(a) of Patent Application No. 10-2010-
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0113848, filed on Nov. 16, 2010 in Korea, the entire content
of which is incorporated herein by reference. In addition, this
non-provisional application claims priority in countries,
other than the U.S., with the same reason based on the Korean
Patent Application, the entire content of which is hereby
incorporated by reference.

1. An ultrasonic imaging system, comprising:

atransceiver unit configured to transmit an ultrasonic wave

signal for acquisition of a C-mode image to a subject and
receive an ultrasonic wave echo signal reflected from the
subject;

acontrol unit configured to output an interpolated signal by

interpolating ensembles of at least one scan line for
acquisition of the C-mode image identified based on the
received echo signal; and

an image processor configured to form the C-mode image

based on the interpolated signal and to output the
C-mode image on a display unit.

2. The ultrasonic imaging system of claim 1, wherein the
control unit controls the transceiver unit such that the number
of the ensembles is reduced by decreasing the number of
repetitions of transmission/reception of the ultrasonic wave
signal with respect to the scan line for acquisition of the
C-mode image by a predetermined number of times, and
enables the transceiver to form the received echo signal cor-
responding to the ultrasonic wave signal.

3. The ultrasonic imaging system of claim 2, wherein the
control unit controls the transceiver unit such that the number
of the ensembles is reduced by half by halving the number of
repetitions of transmission/reception of the ultrasonic wave
signal with respect to the scan line for acquisition of the
C-mode image.

4. The ultrasonic imaging system of claim 1, wherein the
control unit interpolates the ensembles by inserting at least
one zero between respective ensembles.

5. The ultrasonic imaging system of claim 1, wherein the
control unit interpolates the ensembles by applying a periodic
extension to the ensembles and thereby repeating the
ensembles one cycle in time domain.

6. The ultrasonic imaging system of claim 1, wherein the
control unit interpolates the ensembles by applying a sym-
metric extension to the ensembles.

7. The ultrasonic imaging system of claim 6, wherein the
control unit makes the ensembles symmetric and thereby
repeats the symmetric ensembles one cycle in time domain.

8. The ultrasonic imaging system of claim 7, wherein the
control unit repeats the symmetric ensembles except for a first
occurrence of the symmetric ensembles.

9. The ultrasonic imaging system of claim 1, wherein the
control unit interpolates the ensembles by applying an anti-
symmetric extension to the ensembles.

10. The ultrasonic imaging system of claim 9, wherein the
control unit makes the ensembles anti-symmetric and thereby
repeats the anti-symmetric ensembles one cycle in time
domain.

11. The ultrasonic imaging system of claim 10, wherein the
control unit performs zero insertion once between the
ensemble and the anti-symmetric ensemble.

12. The ultrasonic imaging system of claim 1, further com-
prising:

asignal processor configured to perform low-pass filtering

on the interpolated signal and transmit the low-pass-
filtered interpolated signal to the image processor.

13. (canceled)
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14. (canceled)

15. (canceled)

16. (canceled)

17. A color flow imaging method, comprising:

transmitting an ultrasonic wave signal for acquisition of a

C-mode image to a subject and receiving an ultrasonic
wave echo signal reflected from the subject;

outputting an interpolated signal by interpolating

ensembles of at least one scan line for acquisition of the
C-mode image identified based on the received echo
signal; and

forming the C-mode image based on the interpolated signal

and outputting the C-mode image on a display unit.

18. The color flow imaging method of claim 17, wherein
the interpolated signal is generated by inserting at least one
zero between respective ensembles.

19. The color flow imaging method of claim 17, wherein
the interpolated signal is generated by applying a periodic
extension to the ensembles.

20. The color flow imaging method of claim 17, wherein
the interpolated signal is generated by applying a symmetric
extension to the ensembles.

21. The color flow imaging method of claim 17, wherein
the interpolated signal is generated by applying an anti-sym-
metric extension to the ensembles.

22. The color flow imaging method of claim 17, further
comprising:

performing low-pass filtering on the interpolated signal to

thereby form the C-mode image based on the low-pass
filter interpolated signal.
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