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IMAGE PROCESSOR, ULTRASONIC
IMAGING DEVICE, AND IMAGE
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent
Application No. 10-2013-0081650, filed on Jul. 11, 2013 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Technical Field

Systems, methods, and apparatuses consistent with exem-
plary embodiments relate to an image processor, an ultra-
sonic imaging device, and an image processing method.

2. Description of the Related Art

Devices such as an acoustic detector, an ultrasonic imag-
ing device, a sonar acoustic detector, or a radar system may
receive an external sound wave, ultrasonic wave, or elec-
tromagnetic wave, and may generate an ultrasound image or
radar image using the received sound wave, ultrasonic wave,
or electromagnetic wave.

When an image is generated using the received sound
wave, ultrasonic wave, or electromagnetic wave, the acous-
tic detector, ultrasonic imaging device, or radar may allow
collected sound wave signals, ultrasonic signals, or electro-
magnetic signals to be focused. In this case, the acoustic
detector, ultrasonic imaging device, or radar may add a
predetermined weight to each channel of the collected
signals such that a signal falling within a specific area is
emphasized and a signal falling within another area is
relatively attenuated, and may focus the ultrasonic signal.
Accordingly, it is possible to obtain an image for subject
diagnosis.

Beamforming may be used to form a beam. A data-
independent beamforming method and/or an adaptive beam-
forming method may be implemented according to charac-
teristics of a weight added to each ultrasonic signal within an
ultrasonic wave channel.

The data-independent beamforming method may use a
weight determined independently from an input ultrasonic
signal, and is also called fixed beamforming due to a fixed
weight.

The adaptive beamforming method may determine an
optimal weight according to the input ultrasonic signal. In
the adaptive beamforming method, a weight used for beam-
forming may be changed according to the input ultrasonic
signal. The adaptive beamforming is also called data-depen-
dent beamforming.

SUMMARY

According to an aspect of an exemplary embodiment,
there is provided an image processor including a signal input
unit configured to receive an input signal on a channel, a
weighting coeflicient database configured to store a weight-
ing coefficient wherein the weighting coefficient is part of a
weighting coeflicient subgroup, and a processor configured
to select the weighting coefficient subgroup from the weight-
ing coefficient database, and convert the input signal by
selecting and using the weighting coefficient from the
weighting coeflicient subgroup.
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The image processor may further include a storage con-
figured to store the weighting coefficient subgroup selected
from the weighting coeflicient database.

The storage may be a cache memory.

The processor may be further configured to store the
weighting coeflicient subgroup selected from the weighting
coeflicient database in the storage, and convert the input
signal by selecting and using the weighting coeflicient from
the weighting coeflicient subgroup stored in the storage
when image processing is performed.

The image processor may be further configured to select
the weighting coeflicient subgroup from the weighting coef-
ficient database based on at least one of an external input and
a condition.

The condition may be at least one of an image capture
mode, an image processing method, and input signal char-
acteristics.

The processor may be further configured to select the
weighting coeflicient, for input signals of some channels
among input signals of at least one channel, from the
weighting coeflicient subgroup, and convert the input sig-
nals of some channels.

According to an aspect of another exemplary embodi-
ment, there is provided an ultrasonic imaging device includ-
ing an ultrasound probe configured to receive an echo
ultrasonic wave on a channel from a subject, and convert the
received echo ultrasonic wave into an ultrasonic signal of
the channel, a weighting coeflicient database configured to
store a plurality of weighting coeflicients wherein at least
one of the plurality of weighting coefficients corresponds to
a weighting coeflicient subgroup, and an image processor
configured to select the weighting coefficient subgroup from
the weighting coeflicient database, and convert the ultra-
sonic signal by selecting and using the at least one weighting
coeflicient from the weighting coefficient subgroup.

The ultrasonic imaging device may further include a
storage configured to store the weighting coeflicient sub-
group selected from the weighting coeflicient database.

The storage may be a cache memory.

The image processor may be further configured to store
the weighting coeflicient subgroup selected from the weight-
ing coefficient database in the storage, and convert the input
signal by selecting and using the at least one weighting
coeflicient from the weighting coefficient subgroup stored in
the storage when image processing is performed.

The at least one weighting coeflicient may be at least one
of a beamforming coeflicient, a conversion filter, and a point
spread function.

The image processor may be further configured to select
at least one weighting coeflicient subgroup from the weight-
ing coeflicient database based on at least one of an external
input and a condition.

The condition may be at least one of an ultrasound image
capture mode, a beamforming method, a kind of a subject,
a frequency of an ultrasonic wave, and a focus area of an
ultrasonic wave.

The image processor may be further configured to select
at least one weighting coefficient, for input signals of some
channels among input signals of at least one channel, from
the weighting coefficient subgroup, and convert the input
signals of some channels.

According to an aspect of another exemplary embodi-
ment, there is provided an image processing method includ-
ing selecting a weighting coefficient subgroup from a
weighting coeflicient database in which the weighting coef-
ficient subgroup includes a plurality of weighting coefli-
cients configured to be used with input signals received over
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at least one channel are stored, receiving an input signal on
at least one channel, and selecting at least one weighting
coeflicient from the plurality of weighting coeflicients from
the selected weighting coeflicient subgroup and converting
the input signal of at least one channel using the at least one
weighting coeflicient.

The image processing method may further include storing
the weighting coefficient subgroup selected from the weight-
ing coefficient database at least one of temporarily and
permanently.

In the storing, the weighting coeflicient subgroup may be
stored in a cache memory.

In the selecting of the weighting coefficient subgroup, the
weighting coeflicient subgroup may be selected from the
weighting coeflicient database based on at least one of an
external input and a condition.

The weighting coeflicient may be at least one of a
beamforming coefficient, a conversion filter, and a point
spread function.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become more apparent
and more readily appreciated from the following description
of exemplary embodiments, taken in conjunction with the
accompanying drawings of which:

FIG. 1 is a diagram illustrating a configuration of an
image processor according to an exemplary embodiment;

FIG. 2 is a diagram illustrating a configuration of a
weighting coeflicient database and a storage according to an
exemplary embodiment;

FIG. 3 is a diagram illustrating an example of apodization
window usage frequency;

FIG. 4 is a flowchart illustrating an image processing
method according to an exemplary embodiment;

FIG. 5 is a perspective view of an ultrasonic imaging
device according to an exemplary embodiment;

FIG. 6 is a diagram illustrating a configuration of the
ultrasonic imaging device according to an exemplary
embodiment;

FIG. 7 is a diagram illustrating a configuration of an
ultrasound probe according to an exemplary embodiment;

FIG. 8 is a diagram illustrating a configuration of a
beamformer according to an exemplary embodiment;

FIG. 9 is a diagram illustrating a configuration of a
beamformer according to another exemplary embodiment;

FIG. 10 is a diagram illustrating a configuration of an
ultrasonic imaging device according to another exemplary
embodiment; and

FIG. 11 is a flowchart illustrating an ultrasonic imaging
device control method according to an exemplary embodi-
ment.

DETAILED DESCRIPTION

Reference will now be made in detail to the exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout.

Hereinafter, an image processor according to one or more
exemplary embodiments will be described with reference to
FIGS. 1 to 4.

FIG. 1 is a diagram illustrating a configuration of the
image processor according to the exemplary embodiment.

As illustrated in FIG. 1, the image processor may include
a signal input unit 10, a processor 20, a weighting coeflicient
database 30, a storage 31, and an output unit 40.
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The signal input unit 10 is configured to receive an input
signal input from the outside and deliver the received input
signal (x) to the processor 20. In this case, the input signal
(x) input to the signal input unit 10 may be an input signal
of at least one channel, or of a plurality of channels.

The input signal input to the signal input unit 10 may be
a signal that is obtained by converting a predetermined
sound wave or electromagnetic wave.

According to one or more exemplary embodiments, the
input signal may be a signal that is obtained by converting
an echo ultrasonic wave received from at least one target
area inside a subject. In this exemplary embodiment, the
echo ultrasonic wave may be a reflected ultrasonic wave of
an emitted ultrasonic wave off of a target area inside the
subject. Ann ultrasonic wave may be generated in at least
one target area according to a laser emitted to at least one
target area using, for example, a photoacoustic imaging
system. According to another exemplary embodiment, a
vibration elastic ultrasonic wave may be generated when
ultrasonic waves having a plurality of different frequencies
are emitted to at least one target area, and the at least one
target area or a surrounding material thereof may be vibrated
using, for example, an elastic ultrasonic wave imaging
system.

Further, according to one or more exemplary embodi-
ments, the input signal may be a signal that is obtained by
converting a received microwave (ultra high frequency, a
wavelength of 10 ¢cm to 100 cm).

After a predetermined weighting coefficient is detected or
a search score of the predetermined weighting coeflicient is
obtained, the processor 20 may convert the input signal
using the obtained predetermined weighting coefficient or
search score.

Specifically, according to an exemplary embodiment and
as illustrated in FIG. 1, the processor 20 may include a
subgroup selector 21, a coeflicient selector 22, and a con-
verter 23.

The subgroup selector 21 may select at least one subgroup
of weighting coeflicients from the weighting coefficient
database 30.

Specifically, according to a processing condition input
from a user, a pre-stored processing condition, or the input
signal (x), the subgroup selector 21 selects at least one
subgroup to be used for input signal (x) conversion from the
weighting coeflicient database 30.

In this case, the processing condition input from the user
or the pre-stored processing condition may be, for example,
an image capture mode, an image processing method, input
signal characteristics, and/or a kind of the subject. In the
case of an ultrasonic imaging device being used, the image
capture mode may include various image capture modes, for
example, an abdominal ultrasound imaging mode, a cardiac
ultrasound imaging mode, and a breast ultrasound imaging
mode. Moreover, the image processing method may be a
method of generating or processing an image based on the
input signal, for example, a beamforming method used in the
ultrasonic imaging device or sonar. In this case, the beam-
forming method may be, for example, a scan line method or
a plain wave method in the ultrasonic imaging device. The
input signal characteristics may include a focal length, a
frequency of an ultrasonic wave, a sound wave in the
ultrasonic imaging device, or sonar.

The subgroup selector 21 may select at least one subgroup
based on one processing condition or a plurality of process-
ing conditions.
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FIG. 2 is a diagram illustrating a configuration of the
weighting coeflicient database and the storage according to
an exemplary embodiment.

As illustrated in FIG. 2, the weighting coefficient database
30 may include at least one weighting coefficient. The
weighting coeflicient is a weight applied to an input signal
of each channel when input signals of a plurality of channels
input from the signal input unit 10 are converted.

The weighting coeflicient stored in the weighting coefli-
cient database 30 may be, for example, a beamforming
coeflicient, a conversion filter, or a point spread function.
The weighting coeflicient may also be a window function
used in signal processing, that is, an apodization function.

As illustrated in FIG. 2, at least one weighting coefficient
included in the weighting coeflicient database 30 may con-
figure at least one subgroup (subset, ssl to ss4).

In this case, as illustrated in FIG. 2, each subgroup may
include a plurality of weighting coeflicients such as a first
and second subgroups (ss1 and ss2), or may include a single
weighting coeflicient such as a third subgroup (ss3).

Moreover, one subgroup such as the first subgroup (ss1)
and another subgroup such as the second subgroup (ss2)
may include a weighting coefficient in common such as a
third weighting coefficient. In other words, all or some
subgroups among a plurality of subgroups of the weighting
coeflicient database 30 may include an overlapping weight-
ing coeflicient. Alternatively, each of the plurality of sub-
groups of the weighting coeflicient database 30 may include
only different non-overlapping weighting coeflicient.

Furthermore, a specific subgroup among the plurality of
subgroups, for example, a fourth subgroup (ss4) may include
all weighting coeflicients stored in the weighting coeflicient
database 30.

Each weighting coefficient of the weighting coeflicient
database 30 may be included in at least one subgroup
among, for example, the first to fourth subgroups (ss1 to
ssd). In some cases, a specific weighting coefficient among
weighting coeflicients of the weighting coefficient database
30 may not be included in any subgroups.

According to an exemplary embodiment, each subgroup
of the weighting coeflicient database 30 may be previously
defined by, for example, a user or a system designer.

In other words, the user or system designer may define at
least one subgroup including at least one weighting coefi-
cient in advance. Specifically, the user or system designer
may define at least one subgroup by selecting at least one
weighting coeflicient from among the plurality of weighting
coeflicients stored in the weighting coefficient database 30.
Alternatively, the user or system designer may define at least
one subgroup including at least one weighting coefficient,
and then build the weighting coefficient database 30 using
the defined subgroup.

The user or system designer may define at least one
subgroup using various figures that are empirically or sta-
tistically obtained, for example, weighting coeflicient usage
frequency.

Moreover, the user or system designer may define at least
one subgroup according to various environment conditions
of the input signal, for example, an ultrasound imaging
target, a depth of focus, and a beamforming method, in case
of the ultrasonic imaging device.

In this way, each subgroup of the weighting coeflicient
database 30 may be defined by the user or system designer,
and the subgroup selector 21 may select at least one sub-
group among the predefined subgroups.

According to another exemplary embodiment, each sub-
group of the weighting coefficient database 30 may be
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6

defined by the subgroup selector 21. Specifically, when the
subgroup selector 21 selects a predetermined subgroup, the
subgroup selector 21 may extract at least one weighting
coefficient from the weighting coefficient database 30, gen-
erate at least one subgroup including the at least one
extracted weighting coefficient, and select at least one sub-
group of weighting coefficients by selecting the at least one
generated subgroup.

In this case, the subgroup selector 21 may select at least
one subgroup by extracting at least one weighting coefficient
according to the user input condition, pre-stored condition,
or input signal (x).

The subgroup selector 21 may generate a subgroup of
weighting coeflicients by extracting weighting coeflicients
based on empirical or statistical figures, and then select the
generated subgroup. In this case, the empirical and statistical
figures may be, for example, usage frequency of weighting
coeflicients used in previously performed image conversion.

Moreover, in an exemplary embodiment that implements
an ultrasonic imaging device, the subgroup selector 21 may
generate at least one subgroup according to various envi-
ronmental conditions, for example, an ultrasound imaging
target, a depth of focus, and a beamforming method. In this
case, the various environmental conditions may be input by,
for example, the user or detected by sensors of the ultra-
sound imaging device.

FIG. 3 is a histogram illustrating an example of apodiza-
tion window usage frequency under constant conditions.

In FIG. 3, x-axis represents an index number to identify
a plurality of apodization windows, and y-axis represents
each usage frequency of the plurality of apodization win-
dows. According to an exemplar embodiment, a weighting
coeflicient database, similar to the weighting coeflicient data
base 30 of FIG. 2, is built with the plurality of apodization
windows illustrated on the x-axis of FIG. 3.

As shown, when an optimal apodization window is
selected in order to convert an input signal under constant
conditions, not all apodization windows are selected at a
same usage proportion. Particularly, some of the apodization
windows are frequently selected and used for input signal
conversion as illustrated in FIG. 3. As illustrated in FIG. 3,
for example, apodization windows having the index number
of 0, 10, and 100 to 112 are more frequently selected and
used as compared with the other apodization windows.

Therefore, an apodization window to be used for conver-
sion may not be detected and therefore selected from among
all apodization windows stored in the weighting coefficient
database 30. Rather, an apodization window to be used for
conversion may be detected and selected from among some
of the apodization windows, for example, apodization win-
dows included in a specific subgroup having high usage
frequency. In this case, it may be possible to detect the
optimal apodization window appropriate for input signal (x)
conversion.

The subgroup selector 21 may select at least one subgroup
including, for example, all weighting coefficients stored in
the weighting coeflicient database 30, some weighting coef-
ficients among all apodization windows, or some apodiza-
tion windows. Moreover, some weighting coefficients such
as some apodization windows are extracted, and at least one
subgroup including the some extracted apodization windows
may be selected.

As illustrated in FIG. 3, among the plurality of apodiza-
tion windows, a subgroup including a plurality of apodiza-
tion windows having the index number of 0 to 10 is a first
subgroup (ss1), a subgroup including a plurality of apodiza-
tion windows having the index number of 11 to 99 is a
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second subgroup (ss2), and a subgroup including a plurality
of apodization windows having the index number of 100 to
112 is a third subgroup (ss3). According to input or defined
conditions, or the input signal (x), usage frequency of each
apodization window within each subgroup (ss1 to ss3) may
be given as in FIG. 3.

Thus, the subgroup selector 21 may select one subgroup
which is the most frequently used among the plurality of
subgroups such as the first to third subgroups (ssl to ss3),
that is, the third subgroup (ss3).

Moreover, the subgroup selector 21 may select at least one
subgroup by extracting an apodization window having high
frequency among the plurality of apodization windows. As
illustrated in FIG. 3, for example, the third subgroup (ss3)
may be selected by extracting a plurality of apodization
windows corresponding to the third subgroup (ss3). In this
case, the at least one selected subgroup may vary according
to a type or the number of apodization windows to be
extracted.

According to the exemplary embodiment, the subgroup
selector 21 may select a plurality of subgroups. For example,
the first and third subgroups (ss1 and ss3) illustrated in FIG.
3 may be selected. In this case, a priority may be respec-
tively assigned to the selected subgroups such as the first and
third subgroups (ssl and ss3). More specifically, because
selection frequency of apodization windows in the third
subgroup (s33) is higher than that in the first subgroup (ss1),
the subgroups may be selected such that the third subgroup
(ss3) has a higher priority and the first subgroup (ss1) has a
lower priority. According to exemplary embodiments, no
additional priority is respectively assigned to each of the
subgroups such as the first and third subgroups (ss1 and ss3),
and the subgroups may be selected in random.

According to an exemplary embodiment, the subgroup
selected by, or the weighting coeflicient extracted from, the
subgroup selector 21 may be stored in the storage 31 as
illustrated in FIGS. 1 and 2.

The storage 31 temporarily or permanently stores at least
one subgroup selected by the subgroup selector 21, or at
least one weighting coeflicient extracted from the subgroup
selector 21.

According to an exemplary embodiment, the storage 31
may be implemented by, for example, an integrated circuit
memory including at least one semiconductor chip, a mag-
netic memory using a magnetic substance, or an optical
memory using a laser light.

According to an exemplary embodiment, the storage 31
may be a cache memory. Specifically, the storage 31 tem-
porarily stores predetermined data delivered from a memory
device in which the weighting coeflicient database 30 is
stored, and enables a processor to perform predetermined
data processing rapidly.

At least one subgroup or at least one weighting coefficient
stored in the storage 31 may be delivered to the coeflicient
selector 22 or the converter 23.

The coefficient selector 22 may select a weighting coef-
ficient to be used for input signal conversion. Moreover, the
coeflicient selector 22 may calculate a score of the weighting
coeflicient.

According to an exemplary embodiment, the coeflicient
selector 22 may detect and select at least one weighting
coeflicient from at least one subgroup. More specifically, the
coeflicient selector 22 may select at least one weighting
coeflicient appropriate for input signal (x) conversion among
at least one subgroup or at least one weighting coeflicient
stored in the storage 31.
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According to the exemplary embodiment, the coefficient
selector 22 may select by searching for at least one weight-
ing coefficient among at least one weighting coeflicient of at
least one subgroup according to the input signal (x). For
example, the coeflicient selector 22 may select and deter-
mine an optimal weighting coefficient to be used for input
signal (x) conversion based on the input signal (x). Accord-
ing to another exemplary embodiment, the coefficient selec-
tor 22 may select a predetermined weighting coefficient
from at least one weighting coeflicient of at least one
subgroup independently from the input signal (x).

Moreover, when a predetermined priority is assigned to
each of the plurality of subgroups, the coeflicient selector 22
may select one subgroup among the plurality of subgroups
based on the assigned priority, and search for and select an
appropriate weighting coeflicient from the selected sub-
group. When the appropriate weighting coeflicient is not
detected in the selected subgroup, a subgroup having a
subsequent priority is selected, and the appropriate weight-
ing coefficient may be detected in the selected subgroup
having the subsequent priority.

The coefficient selector 22 may select the appropriate
weighting coeflicient from at least one weighting coeflicient
included in at least one subgroup using, for example, one of
the following Equations 1 or 2.

K 1u Equation 1
ek =argmin 3 |3 wylibrlil
allwp Py
k=—K
K\ u 2 Equation 2
{we} = argmin Z >yl
allw, A=

Here, w,[i] represents at least one weighting coeflicient
stored in the storage 31, and w,_ represents a weighting
coeflicient detected by a coefficient detecting unit 22a of the
coeflicient selector 22 among at least one weighting coef-
ficient stored in the storage 31. p represents an index of each
weighting coeflicient. x ,,[i] represents an input signal (x),
and i represents an index of each channel of the input signal
(x). M represents a total number of channels of the input
signal (x). k represents an axis direction smoothing param-
eter, and K represents an upper or lower limit of the axis
direction smoothing parameter to obtain a plurality of beam-
forming coefficients that optimize beamforming calculation
results of some input signals. Here, K may include 0.

As shown in Equation 1, the coeflicient selector 22 may
detect a weighting coeflicient w . that can minimize a sum of
absolute values of the input signal (x) to which a predeter-
mined weighting coefficient is added with respect to the
input signal (x) of at least one channel. Moreover, as shown
in Equation 2, the coefficient selector 22 may detect a
weighting coeflicient w_ that can minimize a sum of absolute
values of squares of the input signal (x) to which a prede-
termined weighting coeflicient is added. In this case, the
coeflicient selector 22 may detect a weighting coeflicient w,.
that can satisfy the above Equations 1 and 2 among a
plurality of weighting coeflicients w, stored in the storage
31

The coeflicient selector 22 may select the appropriate
weighting coefficient using one of the above Equations 1 and
2. The coeflicient selector 22 may select the appropriate
weighting coeflicient using both of the Equations 1 and 2.
The weighting coeflicient w_ selected by the coefficient
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selector 22 is delivered to the converter 23 and may be used
for input signal (x) conversion.

According to another exemplary embodiment, the coef-
ficient selector 22 may calculate a search score of at least
one weighting coefficient among weighting coefficients
included in at least one subgroup.

In this case, the coeflicient selector 22 may calculate the
search score of at least one weighting coeflicient included in
at least one subgroup stored in the storage 31 using, for
example, the following Equations 3 and 4.

Ky Equation 3
0= min 13wyl
—K i=l
K \m 2 Equation 4
(52} = g Z D vl [l
=K i=1

Here, S_ represents the search score. Other than S
meanings of each letter and sign of Equations 3 and 4 are the
same as in Equations 1 and 2.

As shown in Equation 3, the search score S_ which is a
value on a left-hand side of Equation 3 represents a sum of
product of the weighting coeflicient W obtained by Equa-
tion 1 and the input signal (x) corresponding to the obtained
weighting coeflicient W, that is, a value that minimizes an
absolute value of a weighted sum of the weighting coefli-
cient W, and the input signal (x). That is, the search score
may be a value that minimizes a weighted sum of the
weighting coeflicient and the input signal, or may be defined
as a weighted sum of the input signal and the weighting
coeflicient calculated by the selected weighting coeflicient.

As shown in Equation 4, the search score S. which is a
value of a left-hand side of Equation 4 represents a sum of
squares of product of the weighting coefficient W_ obtained
by Equation 2 and the input signal (x) corresponding to the
obtained weighting coefficient W, that is, a value that
minimizes a square of an absolute value of a weighted sum
of the weighting coeflicient W_ and the input signal (x).

The coeflicient selector 22 may calculate the search score
S, using one of the above Equations 3 and 4. The coeflicient
selector 22 may use both of the Equations 3 and 4. More-
over, the coeflicient selector 22 may calculate the search
score S_ using Equation used for selecting the weighting
coeflicient. Particularly, when the weighting coefficient W_
is selected using, for example, Equation 1, the coeflicient
selector 22 may calculate the search score S_ using a
corresponding Equation, that is, Equation 3.

According to an exemplary embodiment, the coefficient
selector 22 may calculate the search score S_ of the weight-
ing coeflicient W _ of all subgroups stored in the storage 31,
and may calculate the search score S_ of the weighting
coefficient W of a specific subgroup. Moreover, according
to an exemplary embodiment, the coefficient selector 22 may
calculate the search score S, of all weighting coefficients W_
in at least one subgroup, or may calculate the search score
S, of some weighting coeflicients W_.

The above-described search score S_ may be naturally
derived from operations of calculating the weighting coef-
ficient W_ according to Equations 1 and 2. The calculated
search score S, may be delivered to the converter 23.

According to the exemplary embodiment, the converter
23 may convert the input signal (x) using at least one
weighting coeflicient selected by the coefficient selector 22.
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For example, when the input signal (x) of a plurality of
channels is input, the converter 23 may focus the input
signal (x) of a plurality of channels using the at least one
selected weighting coeflicient, and output a converted signal
(z) corresponding to the input signal (x) of a plurality of
channels.

The converter 23 may generate the converted signal (z) by
applying the weighting coeflicient to the input signal (x) of
at least one channel according to the following Equation 5.

Equation 3

Here, z[n] represents a converted signal into which the
input signal (x) is converted by the converter 23, and w
represents a weighting coefficient selected by the coefficient
selector 22. x represents the input signal. m represents an
index of each channel of the input signal. Accordingly, x, [11]
represents an input signal input through an mth channel, and
w,, [n] represents a weighting coefficient applied to the input
signal of the mth channel. M represents a total number of
channels of the input signal. n represents an index of the
input signal. For example, when the input signal is input
multiple times, n represents an index of each input signal.
Specifically, x,[n] represents an input signal of the mth
channel and input an nth time, and w,[n] represents a
weighting coefficient applied to the input signal of the mth
channel and input the nth time.

As shown in Equation 5, the converted signal (z) may be
obtained by calculating a weighted sum of the input signal
(x) and the weighting coeflicient. In this case, as described
above, the weighting coefficient may be at least one weight-
ing coefficient selected from east one subgroup stored in the
storage 31.

The converted signal (z) generated by the converter 23
may be delivered to the output unit 40.

According to another exemplary embodiment, the con-
verter 23 may display the search score calculated by the
coeflicient selector 22 as a log scale, and output the con-
verted signal (z) displayed as the log scale corresponding to
the input signal (x). For example, in case of the ultrasonic
imaging device, the converter 23 may display the search
score Sc calculated by the coeflicient selector 22 as the log
scale, and obtain an ultrasound image having a B mode
(brightness).

The output unit 40 may output the converted signal (z) to
the outside.

Hereinafter, an image processing method according to an
exemplary embodiment will be described with reference to
FIG. 4.

FIG. 4 is a flowchart illustrating an image processing
method according to an exemplary embodiment.

As illustrated in FIG. 4, in the image processing method
according to the exemplary embodiment, a predetermined
image processing condition is determined first by the user or
predefined settings (s400). Specifically, the image process-
ing condition may be input by the user through an external
input unit, or may be delivered from a separate storage. In
this case, the image processing condition may be at least one
of an image capture mode, an image processing method, and
input signal characteristics.

Based on the image processing condition, at least one
subgroup is selected from at least one weighting coeflicient
(s410). The at least one selected subgroup may include at
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least one weighting coeflicient. According to an exemplary
embodiment, based on the image processing condition, at
least one subgroup (for example a subgroup as shown in
FIG. 2 or 3, specifically, subgroups ssl to ss4) may be
selected from the weighting coefficient database 30 that is
built with at least one weighting coefficient.

The selected subgroup may be stored in a predetermined
storage (s420). In this case, the storage may be implemented
by an integrated circuit memory including at least one
semiconductor chip, a magnetic memory using a magnetic
substance, or an optical memory using a laser light. In
addition, the storage may be a cache memory that is elec-
trically connected to, for example, a central processor
(CPU).

Subsequently, the input signal may be input (s430). Alter-
natively, the input signal may be input prior to operations
s400 to sd420. When the input signal is input prior to
operation s410, at least one subgroup may be selected
according to the input signal.

At least one weighting coefficient is selected and
extracted from the selected subgroup (s440). That is, a
predetermined weighting coeflicient may be selected from at
least one weighting coeflicient in the selected subgroup. In
this case, the selected weighting coefficient may be an
appropriate weighting coeflicient for the input signal (x)
conversion. The above Equation 1 or 2 may be used to select
the appropriate weighting coeflicient.

When the appropriate weighting coeflicient is selected,
the input signal (x) may be converted using the selected
weighting coeflicient and the converted signal (z) may be
obtained (s450). Specifically, the converted signal (z) may
be obtained by a weighted sum of the selected weighting
coeflicient and the input signal (x). In this case, the above
Equation 5 may be used.

The obtained converted signal (z) may be output to the
outside (s460).

Hereinafter, an ultrasonic imaging device according to
one or more exemplary embodiments will be described with
reference to FIGS. 5 through 10.

An ultrasonic imaging device is a device that emits
ultrasonic waves toward a target area inside a subject,
collects ultrasonic waves reflected from the target area, and
then obtains tomographic images of various tissues and
structures inside the subject, for example, tomographic
images of soft tissues or images of the bloodstream, using
information on the collected ultrasonic waves.

According to an exemplary embodiment, an ultrasonic
imaging device emits a laser toward a target area inside the
subject, allows a substance of the target area inside the
subject to vibrate, receives an ultrasonic wave generated at
the substance of the target area according to substance
vibration, and obtains an ultrasound image inside the sub-
ject. Moreover, the ultrasonic imaging device emits ultra-
sonic waves having different frequencies toward a target
area inside the subject, receives a vibration wave generated
by vibrating the substance of the target area or a substance
surrounding thereof, and obtains images inside the subject.

Because such an ultrasonic imaging device may have a
smaller size and may be cheaper than other imaging devices,
and may display images in real time, it may be possible to
use in various fields such as industry or medical.

FIG. 5 is a perspective view of the ultrasonic imaging
device according to an exemplary embodiment. FIG. 6 is a
diagram illustrating a configuration of the ultrasonic imag-
ing device according to the exemplary embodiment.

As illustrated in FIGS. 5 and 6, the ultrasonic imaging
device may include an ultrasound probe (p) configured to
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emit an ultrasonic wave toward the subject, receive an
ultrasonic wave reflected at the target area inside the subject,
and convert the received ultrasonic wave into an electrical
signal, that is, an ultrasonic signal, and a main body unit (m)
configured to generate an ultrasound image based on the
ultrasonic signal output from the ultrasound probe (p).

FIG. 7 is a diagram illustrating a configuration of the
ultrasound probe according to an exemplary embodiment.

As illustrated in FIGS. 5 to 7, the ultrasound probe (p)
may include at least one ultrasonic wave element (10, tl to
t6). The ultrasonic wave element (t10) generates a prede-
termined ultrasonic wave based on an applied current, and
outputs a predetermined current according to the received
ultrasonic wave.

Specifically, the ultrasonic wave element (t10) may
vibrate at a vibration frequency corresponding to a fre-
quency of an AC current applied according to the AC current
having a predetermined frequency applied from the outside.
While the ultrasonic wave element (t10) vibrates at the
vibration frequency, an ultrasonic wave having a frequency
corresponding to the vibration frequency may be generated.
The generated ultrasonic wave may be emitted toward a
target area (ob1) inside a subject (ob).

When an ultrasonic wave having a predetermined fre-
quency generated in at least one target area (ob1) arrives, the
ultrasonic wave element (t10) may vibrate at a predeter-
mined frequency corresponding to the frequency of the
arrived ultrasonic wave. The vibrating ultrasonic wave ele-
ment (t10) outputs an AC current having a frequency cor-
responding to the vibration frequency of the ultrasonic wave
element (t10), and converts the ultrasonic wave into a
predetermined electrical signal.

According to an exemplary embodiment, each ultrasonic
wave element (110, t1 to t6) of the ultrasound probe (p) may
generate and receive an ultrasonic wave. According to
another exemplary embodiment, among ultrasonic wave
elements of the ultrasound probe (p), some ultrasonic wave
elements may only generate an ultrasonic wave, and other
ultrasonic wave elements may only receive an ultrasonic
wave.

The ultrasonic wave element (t10) may be, for example,
an ultrasonic transducer. The ultrasonic transducer is an
element that converts a predetermined form of energy into
another form of energy, for example, an electrical signal into
acoustic energy, or acoustic energy back into an electrical
signal. Examples of the ultrasonic transducer may include a
piezoelectric ultrasonic transducer using a piezoelectric
effect of a piezoelectric material, a magnetostrictive ultra-
sonic transducer that converts wave energy and electrical
energy using a magnetostrictive effect of a magnetic sub-
stance, and a capacitive micromachined ultrasonic trans-
ducer (cMUT) that transmits and receives an ultrasonic
wave using vibration of several hundreds or thousands of
micromachined thin films. Moreover, various types of trans-
ducers capable of generating an ultrasonic wave according
to an electrical signal or generating an electrical signal
according to an ultrasonic wave may be used as the above-
described ultrasonic wave element (110 or t1 through t6).

As illustrated in FIGS. 6 and 7, the ultrasound probe (p)
may include a plurality of ultrasonic receiving elements
(t10). In this case, because each ultrasonic wave element
(t10) respectively receives an ultrasonic wave, converts the
received ultrasonic wave into an electrical signal, and out-
puts the result, an ultrasonic receiving unit 120 outputs the
electrical signal of a plurality of channels (c1 to c10).

As illustrated in FIG. 6, the main body unit (m) of the
ultrasonic imaging device may include a system controller
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100, a power source 110, an image processor 200, an image
storage 300, a display unit (d), and an input unit (i).

The system controller 100 may control overall operations
of, for example, the power source 110, the image processor
200, the image storage 300, and the display unit (d), of the
ultrasonic imaging device.

The system controller 100 may control overall operations
of the ultrasonic imaging device or operations of each
component of the ultrasonic imaging device based on pre-
determined settings, generate a predetermined control com-
mand according to user instructions or commands input
through the input unit (i) that is electrically connected to the
system controller 100, and then deliver the predetermined
control command to each component of the ultrasonic
imaging device to control operations of the ultrasonic imag-
ing device.

The input unit (i) receives various pieces of data or
predetermined instructions or commands for ultrasonic
imaging device control from the user. The input unit (i) may
include a user interface, for example, a keyboard, a mouse,
a trackball, a touchscreen, or a paddle.

The input unit (i) may receive, for example, instructions,
commands, or selection for operations of the image proces-
sor 200, from the user. The input unit (i) may receive
processing conditions, for example, an image capture mode,
an image processing method, a position of focus, a fre-
quency of an ultrasonic wave to be emitted, or a kind of the
subject. In this case, the image capture mode may be an
abdominal ultrasound imaging mode, a cardiac ultrasound
imaging mode, and a breast ultrasound imaging mode. The
image processing method may be a method of focusing an
ultrasonic wave of a plurality of channels, that is, the
beamforming method. In this case, the beamforming method
may be, for example, a scan line imaging method or a plain
wave imaging method.

According to the exemplary embodiment, as illustrated in
FIG. 5, the input unit (i) may be provided in the ultrasonic
imaging device. According to another exemplary embodi-
ment, the input unit (i) may be provided in or connected to
a separate workstation that is connected to the ultrasonic
imaging device via a wired or wireless communication
network.

When the user inputs an ultrasonic wave emission initi-
ating command and a frequency of an ultrasonic wave to be
emitted through the input unit (i), the system controller 100
generates a predetermined control command based on the
ultrasonic wave emission initiating command and the input
frequency, and delivers the predetermined control command
to the power source 110.

The power source 110 may apply an AC current having a
predetermined frequency to each of the ultrasonic wave
elements (11 to t6) according to the delivered control com-
mand. Each of the ultrasonic wave elements (t1 to t6)
vibrates according to the applied AC current having the
predetermined frequency as described above, and generates
a predetermined ultrasonic wave. The generated ultrasonic
wave is reflected at the target area (obl), and the reflected
echo ultrasonic wave may be received by the ultrasonic
wave elements (t1 to t6) again. The ultrasonic wave ele-
ments (t1 to t6) that have received the reflected echo
ultrasonic wave convert the received echo ultrasonic wave
into an electrical signal, that is, the ultrasonic signal, and
output the result. In this case, as illustrated in FIG. 7, the
output ultrasonic signal may be output to a number of
channels corresponding to the number of ultrasonic wave
elements (t1 to t6) provided in the ultrasound probe (p).
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The ultrasonic signal output from the ultrasonic wave
elements (t1 to t6) may be delivered to the image processor
200.

As illustrated in FIG. 6, according to the exemplary
embodiment, the image processor 200 may include a beam-
forming coeflicient database 210, a storage 211, a subgroup
selector 220, a coefficient selector 230, and a beamformer
240.

The beamforming coeflicient database 210 may include at
least one beamforming coeflicient to be used for ultrasonic
signal beamforming. As illustrated in FIG. 2, the beamform-
ing coeflicient database 210 may include at least one sub-
group including at least one beamforming coefficient. Each
subgroup may include one beamforming coefficient or a
plurality of beamforming coeflicients. Moreover, all or some
subgroups among the plurality of subgroups may include an
overlapping beamforming coefficient, or all subgroups may
include different beamforming coeflicients. A certain sub-
group may include all beamforming coefficients of the
beamforming coefficient database 210. At least one beam-
forming coeflicient of the beamforming coeflicient database
210 may be included in at least one subgroup. In some cases,
there may be a beamforming coeflicient that is not included
in any subgroups.

According to an exemplary embodiment, each subgroup
of the beamforming coefficient database 210 may be pre-
defined by the user or the system designer. According to
another exemplary embodiment, each subgroup of the beam-
forming coefficient database 210 may be defined by the
subgroup selector 220 before beamforming is performed or
while beamforming is performed.

According to an exemplary embodiment, as illustrated in
FIG. 3, each subgroup may be defined using various figures
that are empirically or statistically obtained with respect to
beamforming coeflicients, for example, usage frequency of
beamforming coefficients. Each subgroup may be defined by
various environment conditions, for example, a subject, a
depth of focus, and a beamforming method.

The subgroup selector 220 may select at least one sub-
group from the beamforming coeflicient database 210.

According to an exemplary embodiment, the subgroup
selector 220 may select at least one subgroup predefined by
the user or the system designer, or select at least one
subgroup by extracting at least one beamforming coeflicient
from the beamforming coeflicient database 210.

According to an exemplary embodiment, the subgroup
selector 220 may select at least one subgroup according to
user input conditions, pre-stored conditions, or the ultrasonic
signal delivered from the ultrasound probe (p). For example,
when the user designates a frequency and a depth of focus
of an ultrasonic wave to be emitted through the input unit (i),
the subgroup selector 220 may select at least one subgroup
corresponding to the frequency and the depth of focus of the
ultrasonic wave to be emitted. The subgroup selector 220
may select at least one subgroup based on a single process-
ing condition or a plurality of processing conditions. The
ultrasonic wave subgroup selected by the subgroup selector
220 may be delivered to and stored in the storage 211.

When a new condition is provided, for example, when the
user changes a center frequency or a depth of focus of an
ultrasonic wave to be emitted, or an observation area
through the input unit (i), the subgroup selector 220 may
select a new subgroup. The new subgroup selected by the
subgroup selector 220 may be delivered to and stored in the
storage 211. In this case, an existing subgroup stored in the
storage 211 may be deleted from or maintained in the storage
211.



US 10,359,509 B2

15

The subgroup selector 220 may select a plurality of
subgroups. In this case, a priority may be respectively
assigned to the plurality of selected subgroups.

The storage 211 may temporarily or permanently store the
at least one subgroup selected by the subgroup selector 220.
The storage 211 may be implemented by, for example, an
integrated circuit memory, a magnetic memory, or an optical
memory. The storage may be a cache memory.

As described above, while the storage 211 stores the at
least one subgroup, when the subgroup selector 220 selects
at least one new subgroup, at least one pre-stored subgroup
and at least one newly selected subgroup may be stored
together, or only the at least one newly selected subgroup
may be stored and the at least one pre-stored subgroup may
be deleted.

According to the exemplary embodiment, the coefficient
selector 230 may select and extract at least one beamforming
coeflicient to be used for beamforming from among at least
one beamforming coefficient included in at least one sub-
group stored in the storage 211.

The coeflicient selector 230 may search for and select at
least one weighting coeflicient from at least one weighting
coeflicient of at least one subgroup. According to the exem-
plary embodiment, the coeflicient selector 230 may further
select a beamforming coeflicient appropriate for ultrasonic
signal beamforming based on the ultrasonic signal delivered
from the ultrasound probe (p). Alternatively, the coeflicient
selector 230 may select at least one predetermined weighting
coeflicient independently from the ultrasonic signal.

When a predetermined priority is assigned to each of the
plurality of subgroups, the coeflicient selector 230 may
select one subgroup from among the plurality of subgroups
based on the assigned priority, and select an appropriate
beamforming coeflicient in the selected subgroup.

The coeflicient selector 230 may select the appropriate
beamforming coefficient for ultrasonic signal beamforming
using the above Equation 1 or 2. That is, the coeflicient
selector 230 may select a beamforming coeflicient that can
minimize an absolute value, or a square value of a weighted
sum of the beamforming coefficient and the ultrasonic
signal.

The beamforming coefficient selected by the coeflicient
selector 230 may be delivered to the beamformer 240.

According to an exemplary embodiment, the coefficient
selector 230 of the image processor 200 may calculate a
predetermined search score of each beamforming coeffi-
cient. The coeflicient selector 230 may calculate the search
score of each beamforming coefficient using, for example,
the above Equation 3 or 4.

FIG. 8 is a diagram illustrating a configuration of the
beamformer according to an exemplary embodiment.

As illustrated in FIG. 8, the beamformer 240 may include
a time-difference corrector 241, and a focusing unit 242.

The time-difference corrector 241 corrects a time differ-
ence between ultrasonic signals of a plurality of channels
output from each ultrasonic wave element (t11 to t16). When
each ultrasonic wave element (t11 to t16) receives an echo
ultrasonic wave from the same target area inside the subject,
a distance between the target area and each ultrasonic wave
element (t11 to t16) is different, but a rate of the echo
ultrasonic wave is generally constant. As a result, although
the echo ultrasonic wave is reflected at the same target area
at the same time, each ultrasonic wave element (t11 to t16)
may receive the echo ultrasonic wave at a different time.
Therefore, a certain amount of time difference may exist
between ultrasonic signals output from each ultrasonic wave
element (t11 to t16). The time-difference corrector 241 may
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correct the time difference between ultrasonic signals output
from each ultrasonic wave element (t11 to t16).

For example, the time-difference corrector 241 may cor-
rect the time difference between ultrasonic signals such that
the ultrasonic signal output from each ultrasonic wave
element (t11 to t16) is delayed by a certain amount of time
and is delivered to the focusing unit 242.

The focusing unit 242 focuses the ultrasonic signal of at
least one channel, and generates and outputs a beamformed
signal (z). In this case, the focusing unit 242 may focus the
ultrasonic signal using the following Equation 6.

M-1

dlnl = ) Wl = Ay n]]

m=

Equation 6

>

Here, z[n] represents a beamformed signal. m represents
an index of each channel of the ultrasonic signal, and M
represents a total number of channels of the input signal.
x,,[n] represents an ultrasonic signal input through an mth
channel. w, [n] represents a beamforming coeflicient applied
to the ultrasonic signal of the mth channel. n represents an
index of a depth of the target area. A , is a time delay value
that is applied in the above time-difference corrector 241.

According to the exemplary embodiment, as illustrated in
FIG. 8, the focusing unit 242 receives at least one beam-
forming coefficient from the storage 211, and focuses the
ultrasonic signals using the at least one received beamform-
ing coeflicient. In this case, the at least one beamforming
coeflicient received from the storage 211 may be the beam-
forming coeflicient selected by the above coefficient selector
230. The coeflicient selector 230 may select at least one
beamforming coeflicient among at least one beamforming
coeflicient of at least one subgroup stored in the storage 211
as described above. Moreover, at least one subgroup may be
a subgroup including at least one beamforming coefficient
selected from the beamforming coeflicient database 210 by
the subgroup selector 220.

As illustrated in FIG. 8, the focusing unit 242 may focus
ultrasonic signals of all channels using the beamforming
coeflicient delivered from the storage 211. Alternatively, the
focusing unit 242 may focus ultrasonic signals of some
channels using the beamforming coeflicient delivered from
the storage 211.

In addition, the focusing unit 242 may focus the ultrasonic
signal using a single beamforming coeflicient, or a plurality
of beamforming coeflicients. Moreover, among ultrasonic
signals of a plurality of channels, ultrasonic signals of some
channels may be focused using a predetermined beamform-
ing coefficient, and ultrasonic signals of other channels may
be focused using another beamforming coeflicient.

FIG. 9 is a diagram illustrating a configuration of a
beamformer according to another exemplary embodiment.

As illustrated in FIG. 9, among ultrasonic signals of a
plurality of channels, the focusing unit 242 may use a
beamforming coeflicient delivered from the storage 211 for
ultrasonic signals of some channels, and may use a beam-
forming coefficient determined by a different way for ultra-
sonic signals of other channels. In this case, the beamform-
ing coeflicient applied to the ultrasonic signals of other
channels may be a beamforming coeflicient delivered from
another unit other than the storage 211, for example, the
beamforming coeflicient database 210.

In other words, some ultrasonic signals may be focused
using at least one beamforming coefficient included in the
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subgroup selected by the subgroup selector 220, and other
ultrasonic signals may be focused using, for example, a
predetermined beamforming coeflicient or a beamforming
coefficient calculated using the ultrasonic signal of a plural-
ity of channels. In this case, the predetermined beamforming
coefficient may be a beamforming coefficient selected from
among at least one beamforming coeflicient stored in the
beamforming coefficient database 210. Moreover, using the
above Equation 1 or 2, at least one beamforming coeflicient
is selected from the beamforming coeflicient database 210,
and then beamforming is performed by applying the at least
one selected beamforming coeflicient to other ultrasonic
signals.

Further, in an ultrasound image corresponding to the
ultrasonic signal of a plurality of channels, some areas of the
ultrasound image use at least one beamforming coefficient
included in the selected subgroup to beamform, and other
areas use a beamforming coeflicient determined by a differ-
ent way to beamform, for example, at least one beamform-
ing coefficient selected from the beamforming coeflicient
database 210.

A signal (z) beamformed by the beamformer 240 may be
used as an ultrasound image.

When the coeflicient selector 230 calculates the search
score, a predetermined ultrasound image may be obtained
without ultrasonic signal beamforming by the above beam-
former 240. More specifically, when the coeflicient selector
230 displays the search score as a log scale, an ultrasound
image having a predetermined B mode corresponding to the
ultrasonic signal may be obtained.

According to one or more of the exemplary embodiments,
as illustrated in FIGS. 8 and 9, the signal (z) beamformed by
the beamformer 240 may be delivered to a point spread
function applying unit 250. Alternatively, the beamformed
signal (z) may be delivered to an image post-processor 260,
the image storage 300, or the display unit (d).

The point spread function applying unit 250 may correct
the beamformed ultrasonic signal (z) using a point spread
function (PSF).

The point spread function may be a function representing
a relation between an ideal image and an obtained image
signal (RF image data). When an imaging device, for
example, the ultrasonic imaging device, captures a prede-
termined object, there may be a difference between the
obtained image signal and the ideal image due to technical
or physical characteristics of the imaging device, for
example, scratches of the ultrasonic wave element. The
point spread function is a function that describes such a
difference.

The point spread function applying unit 250 may apply
the point spread function, correct the beamformed ultrasonic
signal (z), and generate an ultrasound image that is similar
to or the same as the ideal image. In this case, the point
spread function to be used may be determined by the user or
the system designer in advance, or determined depending on
the input signal (x) or the beamformed signal (z).

The ultrasound image corrected by the point spread
function applying unit 250 may be delivered to the image
post-processor 260 or the display unit (d).

A predetermined filter may be additionally applied to the
beamformed ultrasonic signal or the ultrasound image to
which the point spread function is applied in order to correct
the ultrasound image.

The image post-processor 260 may perform predeter-
mined image processing for an ultrasound image generated
by an ultrasonic signal generated by the beamformer 240, an
ultrasound image obtained by the search score, or an ultra-
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sound image obtained by the point spread function applying
unit 250. For example, the image post-processor 260 may
correct, for example, brightness, luminance, contrast, or
sharpness of all or some of the ultrasound image. The image
post-processor 260 may correct all or some of the ultrasound
image according to the user instructions or commands, or
predefined settings. Moreover, the image post-processor 260
may gererate a 3D stereoscopic ultrasound image by com-
bining a plurality of ultrasound images. A synthesized ultra-
sound image on which predetermined image processing is
performed in the image post-processor 260 may be delivered
to and stored in the image storage 300, or may be displayed
to the user through the display unit (d).

The image storage 300 may temporarily or permanently
store the beamformed ultrasonic signal output from the
beamformer 240, that is, the beamformed ultrasound image,
the ultrasound image obtained by the search score, the
ultrasound image output from the point spread function
applying unit 250, or a post-processed ultrasound image that
is corrected by the image post-processor 260. The ultrasound
image stored in the image storage 300 may be delivered to
the display unit (d).

The display unit (d) may display, to the user, the beam-
formed ultrasound image output from the beamformer 240,
the ultrasound image obtained by the search score, the
ultrasound image output from the point spread function
applying unit, the post-processed ultrasound image that is
corrected by the image post-processor 260, or the image
stored in the image storage 300. According to the exemplary
embodiment, as illustrated in FIG. 5, the display unit (d)
may be a monitor device provided in the ultrasonic imaging
device. According to another exemplary embodiment, the
display unit (d) may be connected to or provided in a
separate workstation that is connected to the ultrasonic
imaging device via a wired or wireless communication
network.

FIG. 10 is a diagram illustrating a configuration of an
ultrasonic imaging device according to another exemplary
embodiment.

As illustrated in FIG. 10, according to another exemplary
embodiment of the ultrasonic imaging device, the image
processor 200 of the ultrasonic imaging device may include
a point spread function database 210. The point spread
function database 210 may include at least one point spread
fanction. In this case, the point spread function of the point
spread function database 210 may be included in at least one
subgroup. That is, the point spread function database 210
may include at least one subgroup including at least one
point spread function.

In this case, the subgroup selector 220 may select at least
one subgroup stored in the point spread function database
210, and store the selected subgroup in the storage 211. The
coeflicient selector 230 may select at least one appropriate
point spread function from the at least one subgroup stored
in the storage 211. The at least one point spread function
selected by the coeflicient selector 230 may be delivered to
the point spread function applying unit 250. The point
spread function applying unit 250 may use the at least one
delivered point spread function to obtain an ideal, or near
ideal, ultrasound image of the beamformed ultrasonic signal.

Hereinafter, an ultrasonic imaging device control method
according to an exemplary embodiment will be described
with reference to FIG. 11.

FIG. 11 is a flowchart illustrating the ultrasonic imaging
device control method according to an exemplary embodi-
ment.
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As illustrated in FIG. 11, according to an ultrasound
image processing control method, a condition for image
processing is obtained first, from a user through an input
unit, or from a separate storage (s500). In this case, the input
or obtained condition may include at least one of an ultra-
sound image capture mode, a beamforming method, a kind
of a subject, a frequency of an ultrasonic wave, and a focus
area of an ultrasonic wave. Alternatively, a plurality of
conditions may be input and/or obtained.

Subsequently, based on the image processing condition, at
least one subgroup is selected from a beamforming coefi-
cient database (s510). In this case, each subgroup may
include at least one beamforming coeflicient. When a plu-
rality of subgroups are selected, each subgroup may include
a mutually different beamforming coeflicient, or beamform-
ing coeflicients in which some beamforming coefficients are
overlapped with another subgroup.

The selected subgroup is stored in a storage such as a
cache memory (s520).

Subsequently, an ultrasound probe of an ultrasonic imag-
ing device may emit an ultrasonic wave to a target area
inside the subject (s530).

The emitted ultrasonic wave is reflected at the target area
inside the subject, the ultrasound probe receives the reflected
echo ultrasonic wave, and then converts the received echo
ultrasonic wave into an ultrasonic signal of at least one
channel and outputs the result (s540). According to the
exemplary embodiment, at least one operation of ultrasonic
wave emitting operation (s530) and ultrasonic signal output
operation (s540) may be performed prior to the above-
described operations s510 and $520.

When ultrasonic signals of a plurality of channels are
output, a time difference among the ultrasonic signals of a
plurality of channels may be corrected (s550). In this case,
the ultrasonic signal of each channel is delivered to have a
predetermined time delay so that the time difference among
the ultrasonic signals of a plurality of channels may be
corrected.

At least one beamforming coefficient to be used for
focusing the ultrasonic signal of at least one channel is
selected and extracted from the subgroup stored in the
storage (s560). According to the exemplary embodiment,
beamforming coeflicient selecting operation (s560) may be
performed subsequent to the above storing operation (s520),
or prior to time difference correcting operation of the ultra-
sonic signal (s550).

Subsequently, the ultrasonic signal of at least one channel
may be focused using the at least one beamforming coeffi-
cient selected from the subgroup (s570). According to exem-
plary embodiments, at least one beamforming coeflicient
selected from the subgroup may be applied to ultrasonic
signals of all channels input from the ultrasound probe to
focus the ultrasonic signals, or may be applied to ultrasonic
signals of some channels among ultrasonic signals of all
channels input from the ultrasound probe to focus the
ultrasonic signals. In the latter case, a separate beamforming
coeflicient may not be applied to ultrasonic signals of other
channels, a beamforming coeflicient stored in the beam-
forming coeflicient database may be applied thereto, or a
predetermined constant beamforming coefficient may be
applied thereto.

As a focusing result of the ultrasonic signals, a beam-
formed ultrasonic signal, that is, a beamformed ultrasound
image, may be obtained.

Subsequently, the point spread function or various filters
may be applied to the beamformed ultrasonic signal so that
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an ultrasound image that is similar to or the same as an ideal
image, or a filtered ultrasound image may be obtained
(s580).

Predetermined image post-processing may also be per-
formed on the obtained ultrasound image (s590). The ultra-
sound image on which image post-processing is performed
may be stored in a separate storage, or delivered to a display
unit such as a monitor device.

The beamformed ultrasound image, the ultrasound image
that is similar to or the same as the ideal image, the filtered
ultrasound image, or the image on which image post-
processing is performed may be output to a display device
such as a monitor and be presented to the user (s600).

According to the above image processor, ultrasonic imag-
ing device, and image processing method, it is possible to
perform image processing rapidly.

When image processing is performed, the optimal weight-
ing coeflicient for image processing may be searched for and
selected in a short time. Therefore, it is possible to perform
image processing rapidly.

Moreover, it is also possible to search for and select the
optimal weighting coefficient in a short time according to,
for example, a type or depth of an imaging target, and image
signal characteristics.

In addition, the ultrasonic imaging device may obtain an
appropriate beamforming coefficient for ultrasonic signal
beamforming or an appropriate point spread function for
image processing of beamformed signals at a high speed.

Accordingly, resource usage may decrease, a load of the
ultrasonic imaging device may decrease, and real time image
processing and displaying may be possible.

What is claimed is:
1. An image processing apparatus comprising:
a signal input device configured to receive an input signal
on a channel;
a weighting coeflicient database configured to store at
least one weighting coeflicient wherein the at least one
weighting coeflicient is part of a weighting coefficient
subgroup from among a plurality of weighting coefli-
cient subgroups;
a cache memory separate from the weighting coefficient
database and configured to store the plurality of weight-
ing coeflicient subgroups; and
a processor configured to:
select the plurality of weighting coefficient subgroups
from the weighting coeflicient database based on an
image processing condition, wherein the image pro-
cessing condition comprises at least one of an image
capture mode, an image processing method, and
input signal characteristics, and wherein the image
processing condition is determined according to
input from a user or predefined settings,

store the plurality of weighting coeflicient subgroups in
the cache memory,

select a weighting coeflicient subgroup from among the
plurality of weighting coeflicient subgroups stored in
the cache memory based on a priority,

select the at least one weighting coeflicient applied to
the input signal from the weighting coeflicient sub-
group, and

convert the input signal by using the at least one
weighting coeflicient selected from the weighting
coeflicient subgroup,

wherein the priority is assigned to the weighting coeffi-
cient subgroup with respect to the plurality of weight-
ing coeflicient subgroups, and
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wherein the processor is further configured to select a
subgroup having a subsequent priority, when the at
least one weighting coefficient is not detected in the
weighting, coefficient subgroup.
2. The image processing apparatus according to claim 1,
wherein the processor is further configured to store the
weighting coeflicient subgroup selected from the weighting
coefficient database in the cache memory, and convert the
input signal by selecting and using the at least one weighting
coeflicient from the weighting coefficient subgroup stored in
the cache memory when image processing is performed.
3. The image processing apparatus according to claim 1,
wherein the image processing apparatus is further config-
ured to select the weighting coefficient subgroup from the
weighting coeflicient database based on at least one of an
external input and a condition.
4. The image processing apparatus according to claim 1,
wherein the processor is further configured to select the at
least one weighting coeflicient, for input signals of some
channels among input signals of at least one channel, from
the weighting coeflicient subgroup, and convert the input
signals of some channels.
5. An ultrasonic imaging device comprising:
an ultrasound probe configured to receive an echo ultra-
sonic wave on a channel from a subject, and convert the
received echo ultrasonic wave into an ultrasonic signal
of the channel;
a weighting coeflicient database configured to store a
plurality of weighting coeflicients wherein at least one
of the plurality of weighting coeflicients corresponds to
a weighting coeflicient subgroup from among a plural-
ity of weighting coeflicient subgroups;
cache memory separate from the weighting coeflicient
database and configured to store the plurality of weight-
ing coeflicient subgroups; and
an image processor configured to:
select the plurality of weighting coefficient subgroups
from the weighting coeflicient database based on an
image processing condition, wherein the image pro-
cessing condition comprises at least one of an image
capture mode, an image processing method, and
input signal characteristics, and wherein the image
processing condition is determined according to
input from a user or predefined settings,

store the plurality of weighting coeflicient subgroup in
the cache memory,

select a weighting coeflicient subgroup from among the
plurality of weighting coefficient subgroups stored in
the cache memory based on a priority,

select at least one weighting coeflicient applied to the
ultrasonic signal from the weighting coeflicient sub-
group, and

convert the ultrasonic signal by using the at least one
weighting coeflicient selected from the weighting
coefficient subgroup,

wherein the priority is assigned to the weighting coeffi-
cient subgroup with respect to the plurality of weight-
ing coeflicient subgroups, and

wherein the image processor is further configured to
select a subgroup having a subsequent priority, when
the at least one weighting coefficient is not detected in
the weighting coefficient subgroup.

6. The ultrasonic imaging device according to claim 5,
wherein the image processor is further configured to store
the weighting coeflicient subgroup selected from the weight-
ing coefficient database in the cache memory, and convert
the input signal by selecting and using the at least one
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weighting coeflicient from the weighting coefficient sub-
group stored in the cache memory when image processing is
performed.

7. The ultrasonic imaging device according to claim 5,
wherein the at least one weighting coefficient is at least one
of a beamforming coeflicient, a conversion filter, and a point
spread function.

8. The ultrasonic imaging device according to claim 5,
wherein the image processor is further configured to select
at least one weighting coeflicient subgroup from the weight-
ing coefficient database based on at least one of an external
input and a condition.

9. The ultrasonic imaging device according to claim 8,
wherein the condition is at least one of an ultrasound image
capture mode, a beamforming method, a kind of a subject,
a frequency of an ultrasonic wave, and a focus area of an
ultrasonic wave.

10. The ultrasonic imaging device according to claim 5,
wherein the image processor is further configured to select
the at least one weighting coefficient, for input signals of
some channels among input signals of at least one channel,
from the weighting coeflicient subgroup, and convert the
input signals of some channels.

11. An image processing method comprising:

selecting a plurality of weighting coeflicient subgroups

from a weighting coeflicient database based on an
image processing condition, wherein the weighting
coeflicient subgroup comprises a plurality of weighting
coeflicients configured to be used with input signals
received over at least one channel and to be stored in
the weighing coefficient database, and wherein the
image processing condition is determined according to
input from a user or predefined settings;

storing the plurality of weighting coefficient subgroups in

a cache memory separate from the weighting coefli-
cient database;

receiving an input signal on the at least one channel;

select a weighting coeflicient subgroup among the plu-

rality of weighting coefficient subgroups stored in the
cache memory based on a priority;

selecting at least one weighting coefficient among the

plurality of weighting coefficients applied to the input
signal from the selected weighting coefficient sub-
group; and

converting the input signal of the at least one channel

using the at least one weighting coeflicient selected
from the weighting coeflicient subgroup,

wherein the image processing condition comprises at least

one of an image capture mode, an image processing
method, and input signal characteristics,

wherein the priority is assigned to the at least one weight-

ing coeflicient subgroup with respect to the plurality of
weighting coeflicient subgroups, and

selecting a subgroup having a subsequent priority, when

the at least one weighting coeficient is not detected in
the weighting coeflicient subgroup.

12. The image processing method according to claim 11,
the storing the weighting coeflicient subgroup comprising:

storing the weighting coefficient subgroup selected from

the weighting coeflicient database at least one of tem-
porarily and permanently.

13. The image processing method according to claim 11,
wherein, in the selecting of the at least one weighting
coeflicient subgroup, the at least one weighting coefficient
subgroup is selected from the weighting coeflicient database
based on at least one of an external input and a condition.
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14. The image processing method according to claim 11,
wherein the at least one weighting coefficient is at least one
of a beamforming coeflicient, a conversion filter, and a point
spread function.

15. The image processing apparatus according to claim 1,
wherein the processor selects the at least one weighting
coeflicient by determining that the at least one weighting
coefficient minimizes at least one from among a sum of
absolute values of the input signal to which a predetermined
weighting signal is added, and a sum of absolute values of
squares of the input signal to which a predetermined weight-
ing coefficient is added.

16. The image processing apparatus according to claim 1,
wherein the input signal characteristics comprise at least one
from among a focal length, a frequency of an ultrasonic
wave, and a sound wave in the input signal device.
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