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(54) MEDICAL ULTRASONIC APPARATUS FOR GENERATING A MOVEMENT-AMPLIFIED IMAGE

AND METHOD OF CONTROLLING THE SAME

(57)  Amedical ultrasonic apparatus (200) comprises
an ultrasonic probe; animage processing apparatus con-
figured to generate an ultrasonic image based on the
collected ultrasonic echo signals, increase a difference
between adjacent frame images included in the ultrason-
ic image, and generate a movement-amplified image in
which a movement of interest is amplified; and a display
(410) configured to display the movement-amplified im-
age. The image processing apparatus includes a weight
applier configured to, when a difference between a first
imaginary component of a first frame image and a second
imaginary component of a second frame image, the sec-
ond frame image being adjacent to the first frame image,
is less than or equal to a first threshold value, apply a
first weight to the second imaginary component to in-
crease the difference; and to generate a corresponding
movement-amplified image where a movement of inter-
est corresponding to the increased difference is ampli-
fied.
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Description
BACKGROUND
1. Field

[0001] Exemplary embodiments relate to an image
processing apparatus which processes an image signal
to an image, and an ultrasonic apparatus including the
same and a method of controlling the same.

2. Description of the Related Art

[0002] Ultrasonic apparatuses may be apparatuses
that radiate ultrasonic waves toward a specific region in-
side a body from a surface of the body of an object and
each obtain an image of a section of a soft tissue or blood
flow using information of reflected echo ultrasonic waves
in a noninvasive manner.

[0003] The ultrasonic apparatuses may be advanta-
geous in that it they are small, cheap, can display an
image of the object in real time, and have high safety
having no exposure of X-rays. Due to these advantages,
the ultrasonic diagnostic apparatuses are being widely
used for heart, breast, abdomen, urinary organ, and ob-
stetrics diagnoses.

[0004] A doctor may diagnose a patient based on the
ultrasonic image displayed on the ultrasonic apparatus.
In this case, fine movement of the internal organ or lesion
of the patient displayed in the ultrasonic image may be
utilized as an important factor in diagnosing the condition
of the patient.

SUMMARY

[0005] Therefore, it is an aspect of the exemplary em-
bodiments to provide an image processing apparatus
which generates an image in which fine movement of an
object is amplified, and an ultrasonic apparatus including
the same and a method of controlling the same,

[0006] Additional aspects of the exemplary embodi-
ments will be set forth in part in the description which
follows and, in part, will be obvious from the description,
or may be learned by practice of the exemplary embod-
iments.

[0007] Accordingto anaspectofanexemplary embod-
iment, a medical image processing apparatus includes
a weight applier configured to, when a difference be-
tween a first imaginary component of a first frame image
and a second imaginary component of a second frame
image, the second frame image being adjacent to the
first frame image, is less than or equal to a first threshold
value, apply a first weight to the second imaginary com-
ponent to increase the difference; and an image gener-
ator configured to generate a movement-amplified image
based on the first frame image and the second frame
image to which the first weight is applied so that a move-
ment of interest corresponding to the increased differ-
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enceis amplified. The difference may include a difference
between a first imaginary component of a first pixel at a
first location on the first frame image, and a second im-
aginary component of a second pixel at a second location
on the second frame image, wherein the first location
may correspond with the second location.

[0008] The weight applier may be configured to apply
the first weight to the second imaginary component of
the second pixel if the difference is less than or equal to
the first threshold value.

[0009] The medical image processing apparatus may
further include a non-periodic region determiner config-
ured to determine a pixel having animaginary component
which is non-periodically changed for a predetermined
time as a non-periodic region, in an input image in which
a plurality of frame images including the first frame image
and the second frame image are sequentially disposed.
[0010] The non-periodic region may correspond to a
first non-periodic region in the first frame image and a
second non-periodic region in the second frame image,
and when a difference between the first imaginary com-
ponent in the first non-periodic region and the second
imaginary component in the second non-periodic region
is less than or equal to the first threshold value, the weight
applier may be configured to apply the first weight to the
second imaginary component in the second non-periodic
region.

[0011] The weight applier may be configured to apply
a second weight to the second imaginary component
when the difference is greater than or equal to a second
threshold value to decrease the difference; and the image
generator may be configured to generate the movement-
amplified image based on the first frame image and the
second frame image to which the second weight is ap-
plied, so that a movement of non-interest corresponding
to the decreased difference is reduced

[0012] The difference may include a difference be-
tween the first imaginary component of a first pixel at a
first location on the first frame image, and the second
imaginary component of a second pixel at a second lo-
cation on the second frame image, wherein the first lo-
cation may correspond with the second location.

[0013] The weight applier may be configured to apply
the second weight to the second imaginary component
of the second pixel if the difference is greater than or
equal to the second threshold value.

[0014] The medical image processing apparatus may
further include a periodic region determiner configured
to determine a pixel having an imaginary component
which is periodically changed for a predetermined time
as a periodic region, in an input image in which a plurality
of frame images including the first frame image and the
second frame image are sequentially disposed.

[0015] The periodic region may correspond to a first
periodic region in the first frame image and a second
periodic region in the second frame image, and when the
difference may include a difference between the first im-
aginary component in the first periodic region and the
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second imaginary component in the second periodic re-
gion, and the difference is greater than or equal to the
second threshold value, the weight applier may be con-
figured to apply the second weight to the second imagi-
nary component in the second periodic region.

[0016] The medical image processing apparatus may
further include a sampler configured to sample the first
imaginary component of the first frame image and the
second imaginary component of the second frame image
according to a predetermined sampling rate.

[0017] When a difference between the sampled first
imaginary component and the sampled second imagi-
nary componentis less than or equal to the first threshold
value, the weight applier may be configured to apply a
third weight corresponding to the sampling rate to the
sampled second imaginary component to increase the
difference.

[0018] Theimage generator may be configured to gen-
erate the movement-amplifiedimage using the first frame
image, the second frame image to which the first weight
is applied, the sampled first frame image, and the sam-
pled second frame image to which the third weight is
applied.

[0019] According to another aspect of an exemplary
embodiment, a medical ultrasonic apparatus includes an
ultrasonic probe configured to collect ultrasonic echo sig-
nals reflected from an object; an image processing ap-
paratus configured to generate an ultrasonic image
based on the collected ultrasonic echo signals, increase
a difference between adjacent frame images included in
the ultrasonic image, and generate a movement-ampli-
fied image in which movement of interest is amplified;
and a display configured to display the movement-am-
plified image.

[0020] When a difference between imaginary compo-
nents of the adjacent frame images included in the ultra-
sonicimage is less than or equal to a first threshold value,
the image processing apparatus may be configured to
increase the difference and generate the movement-am-
plified image.

[0021] The image processing apparatus may include
a weight applier configured to, when the difference in-
cludes a difference between a firstimaginary component
of afirstframe image and a second imaginary component
of asecond frame image adjacentto the first frame image
in the ultrasonic image, and the difference is less than or
equal to a first threshold value, apply a first weight to the
second imaginary component to increase the difference;
and an image generator configured to generate the
movement-amplified image based on the first frame im-
age and the second frame image to which the first weight
is applied so that a movement of interest corresponding
to the increased difference is amplified.

[0022] The difference may include a difference be-
tween a firstimaginary component of a first pixel at a first
location of the first frame image and a second imaginary
component of a second pixel at a second location of the
second frame image, wherein the first location may cor-
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respond to the second location.

[0023] The weight applier may be configured to apply
the first weight to the second imaginary component of
the second pixel if the difference is less than or equal to
the first threshold value.

[0024] The medical ultrasonic apparatus may further
include a non-periodic region determiner configured to
determine a pixel in which the imaginary component is
non-periodically changed for a predetermined time as a
non-periodic region, in the ultrasonic image.

[0025] The non-periodic region may correspond to a
first non-periodic region in the first frame image and a
second non-periodic region in the second frame image,
when a difference between the firstimaginary component
in the first non-periodic region and the second imaginary
componentin the second non-periodic region is less than
or equal to the first threshold value, the weight applier
may be configured to apply the first weight to the second
imaginary component in the second non-periodic region.
[0026] The weight applier may be configured to apply
a second weight to the second imaginary component
when the difference is greater than or equal to a second
threshold value to decrease the difference; and the image
generator may be configured to generate the movement-
amplified image based on the first frame image and the
second frame image to which the second weight is ap-
plied so thatthe movement of non-interest corresponding
to the decreased difference is reduced.

[0027] The difference may include a difference be-
tween a firstimaginary component of a first pixel at a first
location on the first frame image, and a second imaginary
component of a first pixel at a first location on the first
frame image, wherein the first location may correspond
with the second location.

[0028] The weight applier may be configured to apply
the second weight to the second imaginary component
of the second pixel if the difference is greater than or
equal to the second threshold value.

[0029] The medical ultrasonic apparatus may further
include a periodic region determiner configured to deter-
mine a pixel in which the imaginary component is peri-
odically changed for a predetermined time as a periodic
region, in the ultrasonic image.

[0030] The periodic region may correspond to a first
periodic region in the first frame image and a second
periodic region in the second frame image, when the dif-
ference may include a difference between a first imagi-
nary component in the first periodic region and a second
imaginary component in the second periodic region, and
the difference is greater than or equal to the second
threshold value, the weight applier applies the second
weight to the second imaginary component in the second
periodic region.

[0031] The medical ultrasonic apparatus may further
include a sampler configured to sample the first imagi-
nary component of the first frame image and the second
imaginary component of the second frame image accord-
ing to a predetermined sampling rate.
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[0032] When a difference between the sampled first
imaginary component and the sampled second imagi-
nary componentis less than or equal to the first threshold
value, the weight applier may be configured to apply a
third weight corresponding to the sampling rate to the
sampled second imaginary component to increase the
difference.

[0033] Theimage generator may be configured to gen-
erate the movement-amplifiedimage using the first frame
image, the second frame image to which the first weight
is applied, the sampled first frame image, and the sam-
pled second frame image to which the third weight is
applied.

[0034] According to yet another aspect of an exempla-
ry embodiment, a method of controlling a medical ultra-
sonic apparatus includes receiving ultrasonic echo sig-
nals reflected from an object; generating an ultrasonic
image based on the received ultrasonic echo signals;
increasing a difference between adjacent frame images
included in the ultrasonic image and generating a move-
ment-amplified image in which movement of interest is
amplified; and displaying the movement-amplified im-
age.

[0035] When the difference includes a difference be-
tween imaginary components of the adjacent frame im-
ages included in the ultrasonic image, and the difference
is less than or equal to a first threshold value, the gen-
erating of the movement-amplified image includes in-
creasing the difference and generating the movement-
amplified image.

[0036] The generating of the movement-amplified im-
age includes determining the difference as including a
difference between a first imaginary component of a first
frame image in the ultrasonic image and a second imag-
inary component of a second frame image, the second
frame image being adjacent to the first frame image;
when the difference is less than or equal to a first thresh-
old value, applying a first weight to the second imaginary
component to increase the difference ; and generating
the movement-amplified image in which movement of
interest corresponding to the increased difference is am-
plified using the first frame image and the second frame
image to which the first weight is applied.

[0037] The determining of the difference includes de-
termining a difference between a first imaginary compo-
nent of a first pixel at a first location on the first frame
image and a second imaginary component of a second
pixel at a second location on the second frame image,
wherein the first location may correspond with the second
location.

[0038] The applying of the first weight includes apply-
ing the first weight to the second imaginary component
of the second pixel if the difference is less than or equal
to the first threshold value.

[0039] The method may further include determining a
pixel in which the imaginary component is non-periodi-
cally changed for a predetermined time as a non-periodic
region, in the ultrasonic image.
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[0040] The non-periodic region may correspond to a
first non-periodic region in the first frame image and a
second non-periodic region in the second frame image,
when the difference includes a difference between the
firstimaginary component in the first non-periodic region
and the second imaginary component in the second non-
periodic region is less than or equal to the first threshold
value, the applying of the first weight includes applying
the first weight to the second imaginary component in
the second non-periodic region.

[0041] The method may furtherinclude: applying asec-
ond weight to the second imaginary component so that
the difference is decreased when the difference is greater
than orequal to a second threshold value; and generating
the movement-amplified image based on the first frame
image and the second frame image to which the second
weight is applied so that a movement of non-interest cor-
responding to the decreased difference is reduced.
[0042] The applying of the second weightincludes ap-
plying the second weight to the second imaginary com-
ponent of a pixel in which the difference is greater than
or equal to the second threshold value, among a plurality
of pixels of the second frame image.

[0043] The method may further include determining a
pixel in which the imaginary component is periodically
changed for a predetermined time as a periodic region,
in the ultrasonic image. The periodic region may corre-
spond to a first periodic region in the first frame image
and a second periodic region in the second frame image,
when the difference includes a difference between the
firstimaginary component in the first periodic region and
the second imaginary component in the second periodic
region, and the difference is greater than or equal to the
second threshold value, the applying of the second
weightincludes applying the second weight to the second
imaginary component in the second periodic region.
[0044] The method may further include sampling the
first imaginary component of the first frame image and
the second imaginary component of the second frame
image according to a predetermined sampling rate.
[0045] When a difference between the sampled first
imaginary component and the sampled second imagi-
nary componentis less than or equal to the first threshold
value, the applying of the first weight includes applying
a third weight corresponding to the sampling rate to the
sampled second imaginary component to increase the
difference.

[0046] The generating of the movement-amplified im-
age includes generating the movement-amplified image
using the first frame image, the second frame image to
which the first weight is applied, the sampled first frame
image, and the sampled second frame image to which
the third weight is applied.

[0047] According to a still further aspect of an exem-
plary embodiment, a method of processing a medical im-
age includes receiving ultrasonic echo signals reflected
from an object; generating an ultrasonic image from the
ultrasonic echo signals, the ultrasonic image including a
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first frame image and a second frame image; determining
a first component difference between a first imaginary
component of a first pixel of the first frame image and a
second imaginary component of a second pixel of the
second frame image; comparing the first component dif-
ference with a first pre-determined value; if the first com-
ponent difference is less than or equal to the first pre-
determined value, generating an amplified second frame
image by applying a first weight to the second imaginary
component; and generating a first movement-amplified
ultrasonic image from the first frame image and the em-
phasized second frame image.

[0048] The method may further include: determining a
second component difference between a third imaginary
component of a third pixel of the first frame image and a
fourth imaginary component of a fourth pixel of the sec-
ond frame image; comparing the second component dif-
ference with a second pre-determined value; if the sec-
ond component difference is greater than or equal to the
second predetermined value, modifying the amplified
second frame image by applying a second weight to the
fourth imaginary component; and generating a second
movement-amplified ultrasonicimage fromthe firstframe
image, and the modified amplified second frame image.
[0049] Generating the amplified second frame image
may include separating the second frame image into real
components of the second frame image and imaginary
components of the second frame image; generating a
real second frame image using the real components of
the second frame image, and an imaginary second frame
image using the imaginary components of the second
frame image; generating an amplified imaginary second
frame image by increasing pixel values of the imaginary
second frame image; and generating the amplified sec-
ond frame image using the real second frame image and
the amplified imaginary second frame image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] These and/or other aspects of the exemplary
embodiments will become apparent and more readily ap-
preciated from the following description, taken in con-
junction with the accompanying drawings of which:

FIG. 1is a perspective view illustrating an ultrasonic
apparatus according to one exemplary embodiment;
FIG. 2 is a diagram illustrating a control block dia-
gram of the ultrasonic apparatus according to one
exemplary embodiment;

FIG. 3isadiagramillustrating a detailed control block
diagram of a main body of an ultrasonic apparatus
according to one exemplary embodiment;

FIG. 4 is a diagram for describing an image process-
ing of an image processing apparatus according to
one exemplary embodiment;

FIG. 5isadiagramillustrating a detailed control block
diagram of a main body of an ultrasonic apparatus
according to another exemplary embodiment;
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FIG. 6 is a diagram for describing an image process-
ing of an image processing apparatus according to
another exemplary embodiment;
FIG.7isadiagramillustrating a detailed control block
diagram of a main body of an ultrasonic apparatus
according to still another exemplary embodiment;
FIG. 8 is a diagram for describing an image process-
ing of an image processing apparatus according to
the exemplary embodiment;

FIG. 9 is a flowchart illustrating a method of control-
ling an ultrasonic apparatus according to one exem-
plary embodiment;

FIG. 10 is a detailed flowchart illustrating a method
of controlling an ultrasonic apparatus according to
one exemplary embodiment;

FIG. 11 is a detailed flowchart illustrating a method
of controlling an ultrasonic apparatus according to
another exemplary embodiment;

FIG. 12 is a detailed flowchart illustrating a method
of controlling an ultrasonic apparatus according to
still another exemplary embodiment; and

FIG. 13 is a detailed flowchart illustrating a method
of controlling an ultrasonic apparatus according to
yet another exemplary embodiment.

DETAILED DESCRIPTION

[0051] Reference will now be made in detail to exem-
plary embodiments, examples of which are illustrated in
the accompanying drawings, wherein like reference nu-
merals refer to like elements throughout.

[0052] Hereinafter, an ultrasonic apparatus and a
method of controlling the same according to the exem-
plary embodiments will be described in detail with refer-
ence to the accompanying drawings.

[0053] FIG. 1isa perspective view illustrating an ultra-
sonic apparatus according to an exemplary embodiment.
FIG. 2 is a diagram illustrating a control block diagram
of the ultrasonic apparatus according to an exemplary
embodiment.

[0054] Asillustrated in FIG. 1, the ultrasonic apparatus
may include a main body M and an ultrasonic probe P.

[0055] The ultrasonic probe P is a unit which is in direct
contact with a surface of a body of an object and may
collect echo ultrasonic waves including information on
the object. To this end, the ultrasonic probe P mayinclude
a plurality of transducer elements which may convert
electrical signals into ultrasonic waves, or convert the
ultrasonic waves into the electrical signals.

[0056] The plurality of transducer elements may be ar-
ranged on one surface of the ultrasonic probe P. In some
exemplary embodiments, a probe in which the transducer
elements are one-dimensionally (1D) arranged on one
surface of the ultrasonic probe P is referred to as a 1D
array probe. The 1D array probe may include a linear
array probe in which the transducer elements are ar-
ranged in a straight line, a phased array probe, and a
convex array probe in which the transducer elements are
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arranged in a curved line.

[0057] Inother exemplary embodiments, the ultrasonic
probe P in which the transducer elements are two-dimen-
sionally (2D) arranged is referred to as a 2D array probe.
In the 2D array probe, the transducer elements may be
arranged on a plane. In some exemplary embodiments,
the transducer elements may also form a curved surface
and be arranged on one surface of the 2D array probe.
[0058] The transducer elements vibrate by a transmis-
sion signal provided from the main body M, and thus may
generate ultrasonic waves. The generated ultrasonic
waves are applied to the interior of the object. Further,
the transducer elements vibrate by echo ultrasonic
waves reflected from a specific region inside the object,
and thus may generate a reception signal corresponding
to the echo ultrasonic waves. The reception signal is
transferred to the main body M and may be used for gen-
erating an ultrasonic image.

[0059] Hereinafter, the transmission signal provided to
the ultrasonic probe P is referred to as an ultrasonic signal
and the reception signal generated by the ultrasonic
probe P is referred to as an ultrasonic echo signal.
[0060] The ultrasonic probe P may collect echo ultra-
sonic waves in real time to generate ultrasonic echo sig-
nals by a predetermined time interval. Thus, the ultra-
sonic echo signal generated by the time interval may be
abasis of aframe image included in the ultrasonicimage.
[0061] The ultrasonic probe P may be provided to com-
municate with the main body M through a cable 5. To this
end, one end of the cable 5 may be connected to the
ultrasonic probe P and a male connector 6 may be con-
nected to the other end ofthe cable 5. The male connector
6 connected to the other end of the cable 5 may be phys-
ically coupled to a female connector 7 of the main body
M, and thus, the ultrasonic probe P may be connected
to the main body M. The ultrasonic probe P may receive
the above-described ultrasonic signal from the main body
M through the cable 5 or transmit the above-described
ultrasonic echo signal to the main body M. Also, the ul-
trasonic probe P may receive a control signal from the
main body M through the cable 5 and thus may be con-
trolled by the main body M.

[0062] Specifically, when a control signal correspond-
ing to a control command input through an input 420 is
generated in the main body M, the ultrasonic probe P
may receive the control signal through the cable 5 and
thus may be controlled according to the control com-
mand. For example, when a control command that sets
a focal depth of the applied ultrasonic waves, a size or a
shape of an aperture of the ultrasonic probe P, a steering
angle, or the like is input through the input 420, the main
body M may generate a control signal corresponding to
the control command. The generated control signal may
be transferred to the ultrasonic probe P through the cable
5 to be used for beamforming.

[0063] In other exemplary embodiments, unlike in FIG.
1, the ultrasonic probe P may be wirelessly connected
to the main body M. In this case, the ultrasonic probe P
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may wirelessly receive the ultrasonic signal for applying
the ultrasonic waves from the main body M, or wirelessly
transmit the ultrasonic echo signal corresponding to the
echo ultrasonic waves received from the object Ob to the
main body M.

[0064] The ultrasonic probe P may adopt any one of
known wireless communication methods to be connect-
ed to the main body M. For example, the ultrasonic probe
P may be connected to the main body M through a wire-
less Internet access method such as wireless local area
network (WLAN), wireless fidelity (Wi-Fi), wireless broad-
band (WiBro), world interoperability for microwave ac-
cess (WiMAX), and high speed downlink packet access
(HSDPA), or a short-range communication method such
as Bluetooth, radio frequency identification (RFID), infra-
red data association (IrDA), ultra wideband (UWB), Zig-
Bee, etc.

[0065] As illustrated in FIG. 2, the main body M may
include a beamformer 100, an image processing appa-
ratus 200, a controller 300, the input 420, and a display
410.

[0066] The controller 300 may control overall opera-
tions of the ultrasonic apparatus. Specifically, the con-
troller 300 may control the operations of the beamformer
100 and the image processing apparatus 200 which are
provided inside the main body M as well as the operations
of the ultrasonic probe P, the input 420, and/or the display
410 which are connected with the main body M in wired
and wireless communications.

[0067] For example, the controller 300 may calculate
a delay profile with respect to a plurality of transducer
elements and a time delay value based on the delay pro-
file. Using the calculated time delay value, the controller
300 may control the beamformer 100 to perform beam-
forming on the ultrasonic signal. Further, the controller
300 may generate a control signal with respect to each
of components of the ultrasonic apparatus according to
a control command of a user input through the input 420
to control the ultrasonic apparatus.

[0068] The beamformer 100 may perform beamform-
ing on the ultrasonic signal so that the ultrasonic probe
P irradiates with ultrasonic waves, or on the ultrasonic
echo signal received from the ultrasonic probe P. Here,
the beamforming may refer to a method in which the ul-
trasonic waves applied to a specific point of the object
Ob or the echo ultrasonic waves reflected from the spe-
cific point are delayed to be arranged. The beamforming
is performed to correct a difference of time in which the
ultrasonic waves applied to the specific point of the object
Ob or the echo ultrasonic waves reflected from the spe-
cific point reach each of the plurality of transducer ele-
ments.

[0069] Thebeamformer 100 may include atransmitting
beamformer 110 which performs beamforming on the ul-
trasonic waves applied to the object Ob and a receiving
beamformer 120 which performs beamforming on the
collected echo ultrasonic waves.

[0070] The beamformer 100 may adopt any one of



11 EP 3 053 529 A1 12

known beamforming methods, or be applied by a com-
bination of the plural methods or selectively applied using
the known beamforming methods.

[0071] The ultrasonic echo signal that is beamformed
in the beamformer 100 may be transferred to the image
processing apparatus 200 to be described below, and
used for generating the ultrasonic image.

[0072] The display 410 may be connected to the main
body M to display the ultrasonic image generated in the
main body M. In this case, the ultrasonic image displayed
on the display 410 may be a stillimage at a specific time,
or a moving picture composed of a plurality of frame im-
ages.

[0073] Moreover, the display 410 may also display an
application related to the operations of the ultrasonic ap-
paratus. For example, the display 410 may display men-
us, instructions, or the like required for ultrasonic diag-
nosis.

[0074] The display 410 may be implemented using a
component such as a cathode ray tube (CRT), a liquid
crystal display (LCD), an electro-luminescence display
(ELD), a field emission display (FED), a plasma display,
a thin-film-transistor liquid crystal display (TFT-LCD), or
an organic light emitting diode (OLED), but is not limited
thereto.

[0075] Further, the display 410 may be designed to
two-dimensionally display the ultrasonicimage, or to pro-
vide a three-dimensional image for the user. Specifically,
the display 410 may be designed so that the user’s left
and right eyes have different images, and thus, the user
may be provided with the three-dimensional image ac-
cording to binocular parallax.

[0076] Althoughthe ultrasonic apparatusincluding one
display 410 is illustrated in FIG. 1, a plurality of displays
410 may be included therein. In this case, images dis-
played on each of the plurality of displays 410 may be
different from each other, or the images displayed on at
least two of the displays 410 may be the same.

[0077] The input 420 is connected to the main body M
and provided so as to receive commands related to the
operations of the ultrasonic apparatus. For example, the
input 420 may receive an ultrasonic diagnosis starting
command or a selection command of modes of the ultra-
sonic image.

[0078] The case in which the input 420 is connected
to the main body M with a wire is illustrated in FIG. 1.
Alternatively, it may be implemented that the input 420
transfers a control command received in a wireless com-
munication method to the main body M.

[0079] The input420 may include various components
such as a keyboard, a mouse, a trackball, a tablet PC,
or a touch screen module that may be used by the user
to input a control command. The image processing ap-
paratus 200 may process the ultrasonic echo signal that
is beamformed by the beamformer 100, generate an ul-
trasonic image of the object Ob, transfer the ultrasonic
image to the display 410, and visually provide anatomical
information of the object Ob to the user. To this end, the
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image processing apparatus 200 may be implemented
in the form of hardware such as a microprocessor, or
alternatively, in the form of software that may be per-
formed on the hardware.

[0080] Further, the image processing apparatus 200
may generate an ultrasonic image in which movement
corresponding to a frequency band of interestis amplified
or reduced. Hereinafter, such an image processing ap-
paratus 200 will be described in detail.

[0081] FIG. 3is adiagramillustrating a detailed control
block diagram of a main body M of an ultrasonic appa-
ratus according to an exemplary embodiment. FIG. 4 is
a diagram for describing an image processing of an im-
age processing apparatus 200 according to an exempla-
ry embodiment.

[0082] Theimage processingapparatus 200 according
to an exemplary embodiment may include a signal proc-
essor 210 which processes beamformer ultrasonic echo
signals, and an image processor 220 which generates a
movement-amplified image in which movement of inter-
est is amplified and/or movement of non-interest is re-
duced based on the signal-processad ultrasonic echo
signals.

[0083] The signal processor 210 may process the ul-
trasonic echo signal of an RF signal form so as to be
suitable for converting into the ultrasonic image. The sig-
nal processor 210 according to an exemplary embodi-
ment may filter the ultrasonic echo signal, demodulated
the filtered ultrasonic echo signal, and then compress
the demodulated ultrasonic echo signal.

[0084] Specifically, the signal processor 210 may per-
form filtering to remove noise which is present in the ul-
trasonic echo signal. The ultrasonic echo signal may in-
clude information on the object as well as electronic noise
generated in the process of the transmitting or receiving
the ultrasonic waves. Since the noise may form artifacts
in the ultrasonic image, the signal processor 210 may
filter only a frequency band including the information on
the object of the ultrasonic echo signal.

[0085] Next, the signal processor 210 may perform de-
modulation on the filtered ultrasonic echo signal. The sig-
nal processor 210 may adopt an envelope detection
method as a demodulation method, which performs the
demodulation by connecting maximum values of periodic
change values of the ultrasonic echo signal and repro-
ducing an envelope. Alternatively, the signal processor
210 may adopt a synchronous detection method, which
performs the demodulation by synchronizing the ultra-
sonic echo signal with a carrier wave.

[0086] After performing the demodulation of the ultra-
sonic echo signal, the signal processor 210 may com-
press the demodulated ultrasonic echo signal. A maxi-
mum/minimum amplitude rate of a signal capable of be-
ing controlled in the ultrasonic apparatus refers to a dy-
namic range, and the signal processor 210 may com-
press the ultrasonic echo signal demodulated according
to a preset dynamic range. Specifically, as a maxi-
mum/minimum amplitude rate of the demodulated ultra-
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sonic echo signal is included in the dynamic range, the
signal processor 210 may perform compression.

[0087] Contrast of the finally generated ultrasonic im-
age may be increased as the dynamic range is de-
creased. However, since a small-sized ultrasonic echo
signal not included in the dynamic range may be re-
moved, the user may set the dynamic range in consid-
eration of the above-described problem.

[0088] The image processor 220 may generate a
movement-amplified image in which movement of inter-
est is amplified and/or movement of non-interest is re-
duced based on the signal-processed ultrasonic echo
signal. To this end, the image processor 220 according
to an exemplary embodiment may include a scan con-
verter 221 which performs scan conversion on the ultra-
sonic echo signals, an image separator 222 which sep-
arates each of a plurality of frame images constituting
the ultrasonic image generated by the scan conversion
into a real component and an imaginary component, a
weight applier 223 which applies a first weight to the im-
aginary component to increase a difference between the
imaginary components of the adjacent frame images
when the difference is less than or equal to a first thresh-
old value, and applies a second weight to the imaginary
component to decrease the difference when the differ-
ence is greater than or equal to a second threshold value,
and an image generator 224 which composites the real
component and the imaginary component to which the
weight is applied to generate a movement-amplified im-
age in which movement of interest is amplified. The scan
converter 221 may perform scan conversion so that the
signal-processed ultrasonic echo signal may be dis-
played on the display 410. Specifically, the scan convert-
er 221 may dispose the signal-processed ultrasonic echo
signal on coordinates of the ultrasonic image capable of
being displayed on the display 410. Thus, a pixel value
of each of pixels of the ultrasonic image may be deter-
mined, and a value of the pixel on which the ultrasonic
echo signal is not included may be determined from ad-
jacent pixels through interpolation.

[0089] When the signal processor 210 performs signal
processing on the ultrasonic echo signals corresponding
to a plurality of frames, the scan converter 221 may per-
form scan conversion on the ultrasonic echo signals cor-
responding to the plurality of frames, and thus may gen-
erate an ultrasonic image composed of a plurality of
frame images.

[0090] Referring to FIG. 4, the signal processor 210
may process an ultrasonic echo signal ES1 correspond-
ing to a first frame and an ultrasonic echo signal ES2
corresponding to a second frame. As a result, the scan
converter 221 may perform scan conversion on a signal-
processed ultrasonic echo signal ES11 (corresponding
to the first frame) to generate a first frame image 101,
and on a signal-processed ultrasonic echo signal ES22
(corresponding to the second frame) to generate a sec-
ond frame image 102.

[0091] The image separator 222 may separate the ul-
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trasonic image generated by the scan conversion into
real components and imaginary components. Specifical-
ly, the image separator 222 may separate each of a plu-
rality of pixels constituting the ultrasonic image into the
real component and the imaginary component. There-
fore, the image separator 222 may generate a real image
composed of the separated real components and an im-
aginary image composed of the separated imaginary
components.

[0092] When the scan converter 221 generates an ul-
trasonic image composed of a plurality of frame images,
the image separator 222 may separate each of the plu-
rality of frame images into real components and imagi-
nary components. While the separated real components
may determine a brightness value of a B-MODE image
of the ultrasonic image, changes of the imaginary com-
ponents may include information on movement of the B-
MODE image.

[0093] The ultrasonic image may include speckles due
to physical characteristics of the ultrasonic waves. Thus,
when the frame image itself is amplified, the speckles
are also amplified, and thus, it may be an obstacle to
determine an anatomical structure of the object. There-
fore, as the imaginary components are separated from
the frame image, movement of interest rather than the
speckles may be amplified.

[0094] Referring to FIG. 4, when the first frame image
I01 and the second frame image 102 are generated by
the scan converter 221, the image separator 222 may
separate the first frame image 101 into a first real image
IA1 composed of first real components of the first frame
image 101 and a first imaginary image IP1 composed of
first imaginary components of the first frame image 10,
and may separate the second frame image 102 into a
second real image IA2 composed of second real com-
ponents of the second frame image 102 and a second
imaginary image IP2 composed of second imaginary
components of the second frame image 102.

[0095] The weight applier 223 may increase the imag-
inary components corresponding to the movement of in-
terest to be amplified and may decrease the imaginary
components corresponding to the movement of non-in-
terest to be reduced. To this end, the weight applier 223
may include a difference obtainer 223a, a filter 223b, and
an amplifier and reducer 223c. The difference obtainer
223a may obtain imaginary component differences be-
tween adjacent frame images. As described above, since
the imaginary component differences between the frame
images may include information on movement in the ul-
trasonic image, the difference obtainer 223a may obtain
the information on the movement in the ultrasonic image
through the imaginary component differences between
the frame images.

[0096] The difference obtainer 223a may obtain imag-
inary component differences between a plurality of pixels
constituting the adjacent frame images. Thus, the differ-
ence obtainer 223a may generate a differential image in
which each difference between the pixels constituting the
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adjacent imaginary images is a pixel value.

[0097] For example, as illustrated in FIG. 4, the differ-
ence obtainer 223a may obtain a differential image 1D
made by differences between the first imaginary image
IP1 composed of the firstimaginary components and the
second imaginary image IP2 composed of the second
imaginary components.

[0098] The filter 223b may filter only the imaginary
component differences corresponding to the movement
to be amplified or reduced. Specifically the filter 223b
may include a first filter 223b1 which filters a difference
value, which is less than or equal to the first threshold
value and selected from difference values obtained in
the difference obtainer 223a, and a second filter 223b2
which filters a difference value, which is greater than or
equal to the second threshold value and selected from
the difference values obtained in the difference obtainer
223a.

[0099] Here, the first threshold value may refer to a
maximum value of the imaginary component differences
including the information on the movement of interest to
be amplified, and the second threshold value may refer
to a minimum value of the imaginary component differ-
ences including the information on the movement of non-
interest to be reduced.

[0100] As described above, when the difference ob-
tainer 223a generates the differential image ID in which
the imaginary component difference between adjacent
frame images is a pixel value, the filter 223b may filter a
pixel value of each of pixels of the differential image 1D
and thus determine a pixel region including the filtered
imaginary components.

[0101] Referring to FIG. 4, the first filter 223b1 may
determine a region S1 composed of the pixels less than
or equal to the first threshold value in the differential im-
age ID. Further, the second filter 223b2 may determine
aregion S2 composed of the pixels greater than or equal
to the second threshold value in the differential image
ID. The determined region S1 may be a region in which
the movement of interest is displayed in the ultrasonic
image, and the determined region S2 may be a region in
which the movement of non-interest is displayed in the
ultrasonic image.

[0102] The amplifier and reducer 223c may increase
or decrease the second imaginary component having the
filtered difference value. Specifically, the amplifier and
reducer 223c may include an amplifier 223c1 which ap-
plies a first weight to the second imaginary component
so that the difference value filtered through the first filter
223b1 is increased, and a reducer 223c2 which applies
a second weight to the second imaginary component so
that the difference value filtered through the second filter
223b2 is decreased.

[0103] For example, the amplifier 223c1 may apply a
first weight a1 to the region S1 of the second imaginary
image IP2 so that the difference value between the first
imaginary component and the second imaginary compo-
nent is increased in the region S1. In this case, the first
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weight a1 may be determined according to the user’s
input or internal operations of the apparatus, equally ap-
plied according to the second imaginary components of
the plurality of pixels constituting the region S1, or differ-
ently applied according to the second imaginary compo-
nents of the plurality of pixels constituting the region S1.
[0104] Finally, the amplifier223c1 may generate a sec-
ond amplified imaginary image IP2A including the region
S 1 to which the first weight a1 is applied.

[0105] As described above, the region S1 may be a
region of interest which displays the movement to be am-
plified. Therefore, the amplifier 223c1 may apply the first
weight a1 to the second imaginary component in the re-
gion S1 to increase a difference with the first imaginary
component, and thus amplify the movement displayed in
the region of interest.

[0106] Further, the reducer 223c2 may apply a second
weight a.2 to the region S2 of the second imaginary image
IP2 so that a difference value between the firstimaginary
component and the second imaginary component is de-
creased in the region S2. In this case, the second weight
a2 may be determined according to the user’s input or
the internal operations of the apparatus, equally applied
according to the second imaginary components of the
plurality of pixels constituting the region S2, or differently
applied according to the second imaginary components
of the plurality of pixels constituting the region S2.
[0107] Finally, the reducer 223c2 may generate a sec-
ond reduced imaginary image IP2R including the region
S2 to which the second weight a2 is applied.

[0108] As described above, the region S2 may be a
region of non-interest which displays the movement to
be reduced. Therefore, the reducer 223c2 may apply the
second weight a2 to the second imaginary component
in the region S2 to decrease a difference with the first
imaginary component, and thus reduce the movement
displayed in the region of non-interest. Therefore, the
movement of the region of interest in the ultrasonic image
may be relatively and clearly recognized.

[0109] The image generator 224 may composite the
real component and the imaginary component to which
the weight is applied to generate a movement-amplified
image in which movement of interest is amplified and
movement of non-interest is reduced. To this end, the
image generator 224 may include a first compositor 224a
which composites the imaginary component to which the
first weight is applied by the amplifier 223c1 and the im-
aginary componentto which the second weight is applied
by the reducer 223c2, a second compositor 224b which
composites the imaginary component composited by the
first compositor 224a and the real component separated
by the image separator 222, and a B-MODE image gen-
erator 224c which generates a B-MODE image using a
composition result of the second compositor 224b.
[0110] Referring to FIG. 4, the first compositor 224a
may composite the second amplified imaginary image
IP2Atowhichthefirstweight a1 is applied by the amplifier
223c¢1 and the second reduced imaginary image IP2R to
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which the second weight a2 is applied by the reducer
223c2. Therefore, the first compositor 224a may gener-
ate a second composited imaginary image IP2S in which
pixel values of the region S1 are increased and pixel val-
ues of the region S2 are decreased.

[0111] The second compositor 224b may composite
the second composited imaginary image IP2S generated
by the first compositor 224a and the second real image
IA2 separated by the image separator 222. Thus, the
second compositor 224b may generate a second com-
posited frame image 1S2 in which imaginary components
of the pixel values of the region S1 are increased and
imaginary components of the pixel values of the region
S2 are decreased.

[0112] Finally, the B-MODE image generator 224c
may perform post-processing on the first frame image
101 generated by the scan converter 221 and the second
composited frame image IS2 generated by the second
compositor 224b to generate a post-processed firstframe
image 1011 and a post-processed second composited
frame image 1S22. Further, the I3-MODE image gener-
ator 224c¢ may generate a movement-amplified image in
which the post-processed first frame image 1011 and the
post-processed second composited frame image 1S22
are sequentially disposed.

[0113] Since the imaginary component difference be-
tween the region S1 of the post-processed first frame
image 1011 and the region S1 of the post-processed sec-
ond composited frame image 1S22 is increased, the B-
MODE image generator 224c may generate a move-
ment-amplified image in which movement of interest dis-
played in the region S1 is amplifed.

[0114] Further, since the imaginary component differ-
ence between the region S2 of the post-processed first
frame image 1011 and the region S2 of the post-proc-
essed second composited frame image 1S22 is de-
creased, the B-MODE image generator 224c may gen-
erate a movement-amplified image in which movement
of non-interest displayed in the region S2 is reduced.
[0115] As described above, the image processing ap-
paratus 200 which generates the movement-amplified
image by controlling the imaginary components of the
first generated ultrasonic image has been described.
Hereinafter, the image processing apparatus 200 which
generates a movement-amplified image by controlling
the imaginary components of the first generated ultra-
sonic image and a sampling image obtained by sampling
the ultrasonic image will be described with reference to
FIGS. 5 and 6.

[0116] FIG. 5is adiagram illustrating a detailed control
block diagram of a main body M of an ultrasonic appa-
ratus according to another exemplary embodiment. FIG.
6 is a diagram for describing an image processing of an
image processing apparatus 200 according to an exem-
plary embodiment.

[0117] The embodiment of FIGS. 5 and 6 shows the
case in which a sampler 225 and a third compositor 224d
are added to the embodiment of FIGS. 3 and 4. Herein-

10

15

20

25

30

35

40

45

50

55

10

after, repeated descriptions are omitted and the newly
added components will be mainly described.

[0118] Theimage processingapparatus 200 according
to an exemplary embodiment may include a signal proc-
essor 210 which processes beamformed ultrasonic echo
signals, and an image processor 220 which generates a
movement-amplified image in which movement of inter-
est is amplified and/or movement of non-interest is re-
duced based on the signal-processed ultrasonic echo
signals.

[0119] Further, the image processor 220 according to
an exemplary embodiment may include a scan converter
221 which performs scan conversion on the ultrasonic
echo signals, an image separator 222 which separates
each of a plurality of frame images constituting the ultra-
sonic image generated by the scan conversion into real
components and imaginary components, the sampler
225 which performs sampling on the separated real com-
ponents and the imaginary components according to a
predetermined sampling rate, a weight applier 223 which
applies a first weight to the imaginary component to in-
crease a difference between the imaginary components
of the adjacent frame images when the difference is less
than or equal to a first threshold value, and applies a
second weight to the imaginary component to decrease
the difference when the difference is greater than or equal
to a second threshold value, and an image generator 224
which composites the real component and the imaginary
component to which the weight is applied to generate a
movement-amplified image in which movement of inter-
est is amplified.

[0120] Referring to FIG. 6, the signal processor 210
may process an ultrasonic echo signal ES1 correspond-
ing to a first frame and an ultrasonic echo signal ES2
corresponding to a second frame. As a result, the scan
converter 221 may perform scan conversion on a signal-
processed ultrasonic echo signal ES11 (corresponding
to the first frame) to generate a first frame image 101,
and may perform scan conversion on a signal-processed
ultrasonic echo signal ES22 (corresponding to the sec-
ond frame) to generate a second frame image 102.
[0121] Theimage separator 222 may separate the first
frame image |01 into a first real image IA1 composed of
first real components of the first frame image 101 and a
first imaginary image IP1 composed of first imaginary
components of the first frame image 101, and may sep-
arate the second frame image 102 into a second real
image |IA2 composed of second real components of the
second frame image 102 and a second imaginary image
IP2 composed of second imaginary components of the
second frame image 102.

[0122] The sampler 225 may perform sampling on the
separated firstimaginary components and second imag-
inary components according to a predetermined sam-
pling rate. Artifacts such as speckles or noise are includ-
ed in the ultrasonic image, and the sampler 225 may
extract only feature points from the ultrasonic image to
remove the artifacts or noise. Using the sampled image,
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the image processing apparatus 200 may generate a
movement-amplified image in which the noise or artifacts
are removed.

[0123] Specifically, the sampler 225 may perform
down-sampling on the first real image IA1 composed of
the first real components, the first imaginary image 1P1
composed of the firstimaginary components, the second
real image 1A2 composed of the second real compo-
nents, and the second imaginary image IP2 composed
of the second imaginary components to generate an im-
age having low resolution.

[0124] For example, the sampler 225 may divide an
input image into pixel groups each composed of a plu-
rality of pixels, select pixels at a predetermined location
from the pixel groups, and then generate an outputimage
composed of the selected pixels. Since the probability in
which the pixels selected from the pixel groups become
feature points is high, the noise or artifacts may be re-
moved from the output image output from the sampler
225.

[0125] Referring to FIG. 6, the sampler 225 may per-
form sampling on the firstimaginary image IP1 according
to a predetermined sampling rate to generate a sampled
firstimaginaryimage IPS1. Inthe same manner, the sam-
pler 225 may perform sampling on the second imaginary
image IP2 according to the predetermined sampling rate
to generate a sampled second imaginary image IPS2.
[0126] Although the sampler 225 which performs sam-
pling according to one sampling rate is illustrated in FIG.
6, the sampler 225 according to an exemplary embodi-
ment may generate a plurality of sampled imaginary im-
ages having different resolutions according to a plurality
of sampling rates.

[0127] For example, the sampler 225 may generate a
Gaussian pyramid composed of the imaginary images
sampled according to the plurality of sampling rates. Al-
so, the sampler 225 may generate a Laplacian pyramid
composed of differential images of the imaginary images
constituting the Gaussian pyramid.

[0128] The difference obtainer 223a may obtain a dif-
ferential image 1D made by differences between the first
imaginary image IP1 and the second imaginary image
IP2 composed of the second imaginary components. Fur-
ther, the difference obtainer 223a may obtain a differen-
tialimage IDS made by differences between the sampled
first imaginary image IPS1 and the sampled second im-
aginary image IPS2.

[0129] Then, the first filter 223b1 may determine a re-
gion S1 composed of pixels having pixel values less than
or equal to the first threshold value in the differential im-
age ID. Further, the second filter 223b2 may determine
aregion S2 composed of pixels having pixel values great-
er than or equal to the second threshold value in the
differential image ID.

[0130] Also, the first filter 223b1 may determine a re-
gion SS1 composed of pixels having pixel values less
than or equal to the first threshold value in the sampled
differential image IDS, and the second filter 223b2 may
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determine a region SS2 composed of pixels having pixel
values greater than or equal to the second threshold val-
ue in the sampled differential image IDS.

[0131] The amplifier 223c1 may apply a first weight a1
to the region S1 of the second imaginary image I1P2. so
that the difference between the first imaginary compo-
nent and the second imaginary component is increased
in the region S1 determined by the first filter 223b1. Fur-
ther, the reducer 223c2 may apply a second weight 0.2
to the region S2 of the second imaginary image IP2 so
that the difference between the first imaginary compo-
nent and the second imaginary component is decreased
in the region S2 determined by the second filter 223b2.
[0132] Thus, the amplifier 223c1 may generate a sec-
ond amplified imaginary image IP2A including the region
S1 to which the first weight a1 is applied and the reducer
223c2 may generate a second reduced imaginary image
IP2R. including the region S2 to which the second weight
a2 is applied.

[0133] Also, the amplifier 223c1 may apply a third
weight aS1 to the region SS1 of the sampled second
imaginary image IPS2 so that the difference between the
first imaginary component and the second imaginary
component is increased in the region SS1 determined
by the first filter 223b1, and the reducer 223¢c2 may apply
a fourth weight aS2 to the region SS2 determined by the
second filter 223b2.

[0134] When the imaginary image is sampled multiple
times according to the plurality of sampling rates, the
third weight aS1 applied to the region SS1 and the fourth
weight aS2 applied to the region SS2 may be differently
determined according to the sampling rates.

[0135] Finally, the amplifier 223c1 may generate a
sampled second amplified imaginary image IPS2A to
which the third weight aS1 is applied and the reducer
223c2 may generate a sampled second reduced imagi-
nary image IPS2R to which the fourth weight aS2 is ap-
plied. Then, the first compositor 224a may composite the
second amplified imaginary image IP2A to which the first
weight a1 is applied by the amplifier 223¢1 and the sec-
ond reduced imaginary image IP2R to which the second
weight o2 is applied by the reducer 223c2. As a result,
the first compositor 224a may generate a second com-
posited imaginary image IP2S in which the pixel values
in the region S1 are increased and the pixel values in the
region S2 are decreased.

[0136] Further, the first compositor 224a may compos-
ite the sampled second amplified imaginary image IPS2A
to which the third weight o S1 is applied by the amplifier
223C1 and the sampled second reduced imaginary im-
age IPS2R to which the fourth weight aS2 is applied by
the reducer 223c2. As a result, the first compositor 224a
may generate a sampled second composited imaginary
image IPS2S in which the pixel values in the region SS1
are increased and the pixel values in the region SS2 are
decreased.

[0137] The third compositor 224d may composite the
second composited imaginary image IP2S which is com-
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posited in the first compositor 224a and the sampled sec-
ond composited imaginary image IPS2S. Specifically,
the third compositor 224d may perform up-sampling on
the sampled second composited imaginary image IPS2S
so thatthe sampled second composited imaginary image
IPS2S has the same resolution as the second compos-
ited imaginary image IP2S. Then, the third compositor
224d may composite the up-sampled second composit-
ed imaginary image IPS2S and the second composited
imaginary image IP2S.

[0138] When the imaginary image is sampled multiple
times according to a plurality of sampling rates, the third
compositor 224d may perform up-sampling on each of
the imaginary images and then composite the up-sam-
pled imaginary images so that each of the imaginary im-
ages has the same resolution as the second composited
imaginary image IP2S.

[0139] As a result, the third compositor 224d may gen-
erate a second final composited imaginary image IPS2S.
[0140] The second compositor 224b may composite
the second final composited imaginary image IPS2S gen-
erated by the third compositor 224d and the second real
image IA2 separated by the image separator 222. As a
result, the second compositor 224b may generate a sec-
ond composited frame image 1S2 in which the imaginary
components of the pixel values in the region S1 are in-
creased and the imaginary components of the pixel val-
ues in the region S2 are decreased.

[0141] Finally, the B-MODE image generator 224c
may perform post-processing on each of the first frame
image 101 generated by the scan converter 221 and the
second composited frame image 1S2 generated by the
second compositor 224b to generate a post-processed
first frame image 1011 and a post-processed second
composited frame image 1S22. Further, the B-MODE im-
age generator 224c may generate a movement-amplified
image in which the post-processed first frame image
1011 and the post-processed second composited frame
image 1S22 are sequentially disposed.

[0142] Thegenerated movement-amplifiedimage may
be an image in which movement of interest displayed in
the region S1 is amplified and movement of non-interest
displayed in the region S2 is reduced.

[0143] Further, a region of interest of the sampled im-
aginary image in addition to a region of interest of the
imaginary image of the one ultrasonicimage isincreased,
the results thereof are composited, and thus, a move-
ment-amplified image in which artifacts or noise are re-
moved may be generated.

[0144] As described above, the image processing ap-
paratus 200 which generates the movement-amplified
image by controlling the imaginary components of the
first generated ultrasonic image and the sampling image
obtained by sampling the ultrasonic image has been de-
scribed. Hereinafter, the image processing apparatus
200 which generates a movement-amplified image
based on a periodic region and a non-periodic region will
be described.
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[0145] FIG. 7 is adiagramillustrating a detailed control
block diagram of a main body M of an ultrasonic appa-
ratus according to an exemplary embodiment. FIG. 8 is
a diagram for describing an image processing of an im-
age processing apparatus 200 according to an exempla-
ry embodiment.

[0146] The embodiment of FIGS. 7 and 8 shows the
case in which a periodic/non-periodic determiner 226 is
added to the embodiment of FIGS. 3 and 4. Hereinafter,
repeated descriptions are omitted and the newly added
component will be mainly described.

[0147] Theimage processing apparatus 200 according
to an exemplary embodiment may include a signal proc-
essor 210 which processes beamformed ultrasonic echo
signals, and an image processor 220 which generates a
movement-amplified image in which movement of inter-
est is amplified and/or movement of non-interest is re-
duced based on the signal-processed ultrasonic echo
signals.

[0148] Further, the image processor 220 according to
an exemplary embodiment may include a scan converter
221 which performs scan conversion on the ultrasonic
echo signals, an image separator 222 which separates
each of a plurality of frame images constituting an ultra-
sonic image generated by the scan conversion into real
components and imaginary components, the period-
ic/non-periodic determiner 226 which determines a peri-
odic region and a non-periodic region of the ultrasonic
image, a weight applier 223 which applies a first weight
to the imaginary component to increase a difference be-
tween the imaginary components in the non-periodic re-
gion of the adjacent frame images when the difference
is less than or equal to a first threshold value, and applies
a second weight to the imaginary componentto decrease
a difference between the imaginary components in the
periodic region of the adjacent frame images when the
difference is greater than or equal to a second threshold
value, and an image generator 224 which composites
the real component and the imaginary component to
which the weight is applied to generate a movement-
amplified image in which movement of interest is ampli-
fied.

[0149] Referring to FIG. 8, the signal processor 210
may process an ultrasonic echo signal ES1 correspond-
ing to a first frame and an ultrasonic echo signal ES2
corresponding to a second frame. As a result, the scan
converter 221 may perform scan conversion on a signal-
processed ultrasonic echo signal ES11 (corresponding
to the first frame) to generate a first frame image 101,
and may perform scan conversion on a signal-processed
ultrasonic echo signal ES22 (corresponding to the sec-
ond frame) to generate a second frame image 102.
[0150] Theimage separator 222 may separate the first
frame image |01 into a first real image IA1 composed of
first real components of the first frame image 101 and a
first imaginary image IP1 composed of first imaginary
components of the first frame image 101, and may sep-
arate the second frame image 102 into a second real



23 EP 3 053 529 A1 24

image IA2 composed of second real components of the
second frame image 102 and a second imaginary image
IP2 composed of second imaginary components of the
second frame image 102.

[0151] Next, the difference obtainer 223a may obtain
a differential image ID made by differences between the
first imaginary image IP1 and the second imaginary im-
age IP2 composed of the second imaginary components.
Based on the above-described the differential image ID,
thefirstfilter 223b1 may determine aregion S1 composed
of pixels having pixel values less than or equal to the first
threshold value in the differential image 1D. Further, the
second filter 223b2 may determine a region S2 com-
posed of pixels having pixel values greater than or equal
to the second threshold value in the differential image ID.
[0152] Meanwhile, the periodic/non-periodic determin-
er 226 may determine the periodic region which displays
periodic movement for a predetermined time in the ultra-
sonic image in which the plurality of frame images are
sequentially disposed and the non-periodic region which
displays non-periodic movement.

[0153] When the object is an internal organ of human,
the organ in a normal state shows a pattern that repeats
the movement according to a predetermined cycle. For
example, when the organ is a heart, the heart may repeat
contraction and relaxation according to a predetermined
heart rate. However, the organ in an abnormal state may
have an irregular movement that does not follow the cy-
cle. Since the irregular movement is important informa-
tion when the ultrasonic diagnosis is performed on the
object, there is a need to provide that the irregular move-
ment is amplified so that the user may easily determine.
[0154] Tothisend, the periodic/non-periodic determin-
er 226 may include a periodic region determiner 226a
which determines the periodic region which displays the
periodic movement for the predetermined time in the ul-
trasonic image, and a non-periodic region determiner
226b which determines the non-periodic region which
displays the non-periodic movement for the predeter-
mined time in the ultrasonic image.

[0155] The periodic region determiner 226a may de-
termine a region in which pixel values are changed for
the predetermined time according to a constant cycle as
the periodic region, and the non-periodic region deter-
miner 226b may determine a region in which the pixel
values are changed for the predetermined time without
any constant cycle as the non-periodic region.

[0156] Referring to FIG. 8, the periodic region deter-
miner 226a may determine a region Sf in the ultrasonic
image 10 as the periodic region, and the non-periodic
region determiner 226b may determine a region Snf in
the ultrasonic image 10 as the non-periodic region.
[0157] The amplifier 223c1 may apply a first weight o1
to the region S1 of the non-periodic region Snf of the
secondimaginary image IP2 so that a difference between
the firstimaginary component and the second imaginary
component is increased in the region S1 of the non-pe-
riodic region Snf determined by the non-periodic region
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determiner 226b. Further, the reducer 223c2 may apply
asecond weight a2 to the region S2 of the periodic region
Sfofthe second imaginary image IP2 so that a difference
between the first imaginary component and the second
imaginary component is decreased in the region S2 of
the periodic region Sf determined by the periodic region
determiner 226a.

[0158] Thus, the amplifier 223c1 may generate an sec-
ond amplified imaginary image IP2A to which the first
weight a1 is applied to the region S1 of the non-periodic
region Snf, and the reducer 223c2 may generate a sec-
ond reduced imaginary image IP2R to which the second
weight a2 is applied to the region S2 of the periodic region
Sf.

[0159] Then, the first compositor 224a may composite
the second amplified imaginary image IP2A to which the
first weight a1 is applied by the amplifier 223c1 and the
second reduced imaginary image IP2R to which the sec-
ond weight a2 is applied by the reducer 223c2. As a re-
sult, the first compositor 224a may generate a second
composited imaginary image IP2S in which pixel values
of the region S1 are increased and pixel values of the
region S2 are decreased.

[0160] The second compositor 224b may composite
the second composited imaginary image IP2S generated
by the first compositor 224a and the second real image
IA2 separated by the image separator 222. Thus, the
second compositor 224b may generate a second com-
posited frame image 1S2 in which the imaginary compo-
nents of the pixel values in the region S1 of the non-
periodic region Snf are increased and the imaginary com-
ponents of the pixel values in the region S2 of the periodic
region Sf are decreased.

[0161] Finally, the B-MODE image generator 224c
may perform post-processing on the first frame image
101 generated by the scan converter 221 and the second
composited frame image IS2 generated by the second
compositor 224b to generate a post-processed firstframe
image 1011 and a post-processed second composited
frame image 1S22. Further, the B-MODE image genera-
tor 224c may generate a movement-amplified image in
which the post-processed first frame image 1011 and the
post-processed second composited frame image 1S22
are sequentially disposed.

[0162] The generated movement-amplified image may
be an image in which movement of interest displayed in
the region S1 is amplified and movement of non-interest
displayed in the region S2 is reduced.

[0163] Particularly, the image processing apparatus
200 amplifies movement of interest which is fine move-
ment of non-periodic movement, reduces movement of
non-interest which is relatively large movement of peri-
odic movement, and thus may provide the movement-
amplified image capable of further easily determining the
non-periodic movement by the user.

[0164] FIG.9isaflowchartillustrating a method of con-
trolling an ultrasonic apparatus according to an exem-
plary embodiment.
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[0165] First, the ultrasonic probe P may collect ultra-
sonic signals reflected from an object, that is, ultrasonic
echo signals (S500.) Specifically, transducers of the ul-
trasonic probe P may irradiate the object with ultrasonic
waves according to the ultrasonic signals. The transduc-
ers of the ultrasonic probe P may collect echo ultrasonic
waves reflected from the object corresponding to the ir-
radiated ultrasonic waves. The transducers which collect
the echo ultrasonic waves vibrate to generate the ultra-
sonic echo signals which are electrical signals.

[0166] Particularly, when the ultrasonic probe P irradi-
ates the object with the ultrasonic waves according to a
predetermined frame rate, the ultrasonic echo signals
may be collected according to the predetermined frame
rate corresponding to the ultrasonic waves.

[0167] Theimage processing apparatus 200 may gen-
erate an ultrasonic image composed of a plurality of
frame images based on the collected ultrasonic echo sig-
nals (S510.) Specifically, the scan converter 221 of the
image processing apparatus 200 may perform scan con-
version on the ultrasonic echo signals so as to be dis-
played on the display 410, and thus may generate the
ultrasonic image.

[0168] As described above, when the ultrasonic probe
P collects the ultrasonic echo signals according to the
predetermined frame rate, the scan converter 221 may
generate the plurality of frame images corresponding to
the predetermined frame rate, and thus may generate
the ultrasonic image composed of the plurality of frame
images

[0169] Then,theimage processing apparatus 200 may
generate a movement-amplified image in which an im-
aginary component difference between adjacent frame
images of the generated ultrasonic image is increased
and movement is amplified (S520). As described above,
since the imaginary component difference between the
frame images may include information on the movement
in the ultrasonic image, the image processing apparatus
200 may increase a value corresponding to movement
of interest of the imaginary component differences be-
tween the frame images to be amplified to generate a
movement-amplified image.

[0170] Finally, the display 410 may display the gener-
ated movement-amplified image (S530.) Specifically, the
display 410 may display the plurality of frame images in
which the imaginary component difference is increased
according to the predetermined frame rate, and thus may
provide the movement-amplified image as a moving pic-
ture including anatomical information of the object ac-
cording to time change.

[0171] Since the movement-amplified image provided
through the display 410 is provided by amplifying the
movement of interest, the user may easily and visually
determine the movement of interest and may perform
further accurate ultrasonic diagnosis based on the move-
ment of interest.

[0172] FIG. 10 is a detailed flowchart illustrating a
method of controlling an ultrasonic apparatus according
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to an exemplary embodiment.

[0173] First, the ultrasonic probe P may collect ultra-
sonic signals reflected from an object, that is, ultrasonic
echo signals (S600). Particularly, when the ultrasonic
probe P irradiates the object with ultrasonic waves ac-
cording to a predetermined frame rate, the ultrasonic
echo signals may be collected according to the prede-
termined frame rate corresponding to the ultrasonic
waves.

[0174] Theimage processing apparatus 200 may gen-
erate an ultrasonic image composed of a plurality of
frame images based on the collected ultrasonic echo sig-
nals (S610). As described above, when the ultrasonic
probe P collects the ultrasonic echo signals according to
the predetermined frame rate, the scan converter 221 of
the image processing apparatus 200 may generate the
plurality of frame images corresponding to the predeter-
mined frame rate and may finally generate an ultrasonic
image in which the plurality of frame images are sequen-
tially disposed.

[0175] Then,theimage processing apparatus 200 may
obtain a difference d between a first imaginary compo-
nent of a first frame image in the ultrasonic image and a
second imaginary component of a second frame image
adjacent to the first frame image (S620). Specifically, the
image processing apparatus 200 may obtain the imagi-
nary component difference d for each pixel between a
first imaginary image composed of the first imaginary
components of the first frame image and a second im-
aginary image composed of the second imaginary com-
ponents of the second frame image.

[0176] The image processing apparatus 200 obtains
the imaginary component difference d, and then may de-
termine whether the imaginary component difference d
is less than or equal to a predetermined first threshold
value dr1 or not (S630). Here, the first threshold value
dr1 may refer to a maximum value of the imaginary com-
ponent differences including information on the move-
ment of interest to be amplified and may be a positive
real number.

[0177] The image processing apparatus 200 may de-
termine whether the imaginary component difference d
is less than or equal to the first threshold value dr1 for
each pixel of the first imaginary image and the second
imaginary image. Thus, the image processing apparatus
200 may determine a region in which the imaginary com-
ponentdifference dis less than or equal to the first thresh-
old value dr1.

[0178] When the imaginary component difference d is
greater than the first threshold value dr1, movement cor-
responding to the imaginary component difference d may
not refer to fine movement of interest enough to require
amplification, and thus the image processing apparatus
200 may terminate the process.

[0179] Onthe other hand, when the imaginary compo-
nent difference d is less than or equal to the first threshold
value dr1, the movement corresponding to the imaginary
component difference d may refer to fine movement of
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interest that requires amplification. Therefore, the image
processing apparatus 200 may apply a first weight a1 to
the second imaginary component so that the imaginary
component difference d is increased (S640).

[0180] As described above, when the image process-
ing apparatus 200 performs the determination of the im-
aginary component difference d for each pixel, the first
weight a1 may be applied to aregion in which a difference
with the first imaginary image in the second imaginary
image is less than or equal to the first threshold value dr1.
[0181] Finally, the image processing apparatus 200
may generate a movement-amplified image using the
first frame image and the second frame image to which
the first weight a1 is applied (S650). In the image
processing apparatus 200, the first frame image and the
second frame image to which the firstweight a1 is applied
are sequentially disposed in the movement-amplified im-
age, and thus an effect in which the movement of interest
is amplified and displayed may be represented.

[0182] FIG. 11 is a detailed flowchart illustrating a
method of controlling an ultrasonic apparatus according
to another exemplary embodiment.

[0183] First, the ultrasonic probe P may collect ultra-
sonic signals reflected from an object, that is, ultrasonic
echo signals (S700). Specifically, when the ultrasonic
probe P irradiates the object with ultrasonic waves ac-
cording to a predetermined frame rate, the ultrasonic
echo signals may be collected according to the prede-
termined frame rate corresponding to the ultrasonic
waves.

[0184] Theimage processing apparatus 200 may gen-
erate an ultrasonic image composed of a plurality of
frame images based on the collected ultrasonic echo sig-
nals (S710). As described above, when the ultrasonic
probe P collects the ultrasonic echo signals according to
the predetermined frame rate, the scan converter 221 of
the image processing apparatus 200 may generate the
plurality of frame images corresponding to the predeter-
mined frame rate and may finally generate an ultrasonic
image in which the plurality of frame images are sequen-
tially disposed.

[0185] Then,theimage processing apparatus 200 may
obtain a difference d between a first imaginary compo-
nent of a first frame image in the ultrasonic image and a
second imaginary component of a second frame image
adjacent to the first frame image (S720). Specifically, the
image processing apparatus 200 may obtain the imagi-
nary component difference d for each pixel between a
first imaginary image composed of the first imaginary
components of the first frame image and a second im-
aginary image composed of the second imaginary com-
ponents of the second frame image.

[0186] The image processing apparatus 200 obtains
the imaginary component difference d, and then may de-
termine whether the imaginary component difference d
is greater than or equal to a predetermined second
threshold value dr2 (S730). Here, the second threshold
value dr2 may refer to a minimum value of the imaginary
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component differences including information on the
movement of non-interest and may be a positive real
number.

[0187] The image processing apparatus 200 may de-
termine whether the imaginary component difference d
is greater than or equal to the second threshold value
dr2 for each pixel of the first imaginary image and the
second imaginary image. Therefore, the image process-
ing apparatus 200 may determine a region in which the
imaginary component difference d is greater than or
equal to the second threshold value dr2.

[0188] When the imaginary component difference d is
smaller than the second threshold value dr2, movement
corresponding to the imaginary component difference d
may not refer to large movement of non-interest enough
to require reduction, and thus the image processing ap-
paratus 200 may terminate the process.

[0189] On the other hand, when the imaginary compo-
nent difference d is greater than or equal to the second
threshold value dr2, the movement corresponding to the
imaginary component differences d may refer to large
movement of non-interest that requires reduction. There-
fore, the image processing apparatus 200 may apply a
second weight a2 to the second imaginary component
so that the imaginary component difference d is de-
creased (S740).

[0190] As described above, the image processing ap-
paratus 200 performs the determination of the imaginary
component difference d for each pixel, the second weight
a2 may be applied to a region in which a difference with
the first imaginary image is greater than or equal to the
second threshold value dr2 in the second imaginary im-
age.

[0191] Finally, the image processing apparatus 200
may generate a movement-amplified image using the
first frame image and the second frame image to which
the second weight o2 is applied (S750). In the image
processing apparatus 200, the first frame image and the
second frame image to which the second weight a2 is
applied are sequentially disposed in the movement-am-
plified image, and thus an effect in which the movement
of non-interest is reduced and the movement of interest
is relatively amplified may be represented.

[0192] FIG. 12 is a detailed flowchart illustrating a
method of controlling an ultrasonic apparatus according
to an exemplary embodiment.

[0193] First, the ultrasonic probe P may collect ultra-
sonic signals reflected from an object, that is, ultrasonic
echo signals (S800). Particularly, when the ultrasonic
probe P irradiates the object with ultrasonic waves ac-
cording to a predetermined frame rate, the ultrasonic
echo signals may be collected according to the prede-
termined frame rate corresponding to the ultrasonic
waves.

[0194] The image processing apparatus 200 may gen-
erate an ultrasonic image composed of a plurality of
frame images based on the collected ultrasonic echo sig-
nals (S810). As described above, when the ultrasonic
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probe P collects the ultrasonic echo signals according to
the predetermined frame rate, the scan converter 221 of
the image processing apparatus 200 may generate the
plurality of frame images corresponding to the predeter-
mined frame rate and may finally generate an ultrasonic
image in which the plurality of frame images are sequen-
tially disposed.

[0195] The image processing apparatus 200 may de-
termine a pixel in which an imaginary component in the
generated ultrasonic image is non-periodically changed
for a predetermined time as a non-periodic region (S820).
As described above, movement in a normal state may
be periodic, and on the other hand movement in an ab-
normal state may be non-periodic. Since the non-periodic
movement is important information when ultrasonic di-
agnosis is performed on the object, there is a need to
provide that the non-periodic movement is amplified so
that the user may easily determine the non-periodic
movement.

[0196] Then,theimage processing apparatus 200 may
obtain a difference dnf between a first imaginary compo-
nent in a non-periodic region of a first frame image in-
cluded in the ultrasonic image and a second imaginary
component in a non-periodic region of a second frame
image adjacent to the first frame image (S830). Specifi-
cally, the image processing apparatus 200 may obtain
the imaginary component difference dnf for each pixel
between a non-periodic region of a first imaginary image
composed of the first imaginary components of the first
frame image and a non-periodic region of a second im-
aginary image composed of the second imaginary com-
ponents of the second frame image.

[0197] The image processing apparatus 200 obtains
the imaginary component difference dnf in the non-peri-
odic region, and then may determine whether the imag-
inary component difference dnfin the non-periodic region
is less than or equal to a first threshold value dr1 (S840).
Here, the first threshold value dr1 may refer to a maxi-
mum value of the imaginary component differences in-
cluding information on the movement of interest to be
amplified and may be a positive real number.

[0198] The image processing apparatus 200 may de-
termine whether the imaginary component difference dnf
in the non-periodic region is less than or equal to the first
threshold value dr1 for each pixel of the first imaginary
image and the second imaginary image. Therefore, the
image processing apparatus 200 may determine aregion
in which the imaginary component difference dnf in the
non-periodicregionis less than or equal to the first thresh-
old value dr1.

[0199] When the imaginary component difference dnf
in the non-periodic region is greater than the first thresh-
old value dr1, movement corresponding to the imaginary
component difference dnfin the non-periodic region may
not refer to fine movement of interest enough to require
amplification, and thus the image processing apparatus
200 may terminate the process.

[0200] On the other hand, when the imaginary compo-
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nent difference dnf in the non-periodic region is less than
or equal to the first threshold value dr1, the movement
corresponding to the imaginary component difference
dnfin the non-periodic region may refer to fine movement
of interest that requires amplification. Therefore, the im-
age processing apparatus 200 may apply a first weight
a1 to the second imaginary component so that the im-
aginary component difference dnf in the non-periodic re-
gion is increased (S850).

[0201] As described above, when the image process-
ing apparatus 200 performs the determination of imagi-
nary component difference dnfin the non-periodic region
for each pixel, the first weight a1 may be applied to a
region in which a difference with the firstimaginary image
in the non-periodic region of the second imaginary image
is less than or equal to the first threshold value dr1.
[0202] Finally, the image processing apparatus 200
may generate a movement-amplified image using the
first frame image and the second frame image to which
the first weight o1 is applied (S860). In the image
processing apparatus 200, the first frame image and the
second frame image to which the first weight o1 is applied
are sequentially disposed in the movement-amplified im-
age, and thus an effectin which the movement of interest
is amplified and displayed may be represented.

[0203] Specifically, the image processing apparatus
200 amplifies movement of interest which is fine move-
ment of non-periodic movement, and thus may provide
the movement-amplified image capable of further easily
determining the non-periodic movement by the user.
[0204] FIG. 13 is a detailed flowchart illustrating a
method of controlling an ultrasonic apparatus according
to an exemplary embodiment.

[0205] First, the ultrasonic probe P may collect ultra-
sonic signals reflected from an object, that is, ultrasonic
echo signals (S900). Specifically, when the ultrasonic
probe P irradiates the object with ultrasonic waves ac-
cording to a predetermined frame rate, the ultrasonic
echo signals may be collected according to the prede-
termined frame rate corresponding to the ultrasonic
waves.

[0206] The image processing apparatus 200 may gen-
erate an ultrasonic image composed of a plurality of
frame images based on the collected ultrasonic echo sig-
nals (S910). As described above, when the ultrasonic
probe P collects the ultrasonic echo signals according to
the predetermined frame rate, the scan converter 221 of
the image processing apparatus 200 may generate the
plurality of frame images corresponding to the predeter-
mined frame rate and may finally generate an ultrasonic
image in which the plurality of frame images are sequen-
tially disposed.

[0207] The image processing apparatus 200 may de-
termine a pixel in which an imaginary component in the
generated ultrasonic image is periodically changed for a
predetermined time as a periodic region (S920). As de-
scribed above, movement in a normal state may be pe-
riodic, and on the other hand movement in an abnormal
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state may be non-periodic. Since the non-periodic move-
ment is important information when ultrasonic diagnosis
is performed on the object, there is a need to provide that
the periodic movement is reduced so that the user may
easily determine the non-periodic movement.

[0208] Then,theimage processing apparatus 200 may
obtain a difference df between a first imaginary compo-
nent in a periodic region of a first frame image included
in the ultrasonic image and a second imaginary compo-
nent in a periodic region of a second frame image adja-
cent to the first frame image (S930). Specifically, the im-
age processing apparatus 200 may obtain the imaginary
component difference df for each pixel between a peri-
odic region of a first imaginary image composed of the
first imaginary components of the first frame image and
a periodic region of a second imaginary image composed
ofthe second imaginary components of the second frame
image.

[0209] The image processing apparatus 200 obtains
the imaginary component difference df in the periodic
region, and then may determine whether the imaginary
component difference df in the periodic region is greater
than or equal to a second threshold value dr2 (940). Here,
the second threshold value dr2 may refer to a minimum
value of the imaginary component differences including
information on the movement of non-interest to be re-
duced and may be a positive real number.

[0210] The image processing apparatus 200 may de-
termine whether the imaginary component difference df
in the periodic region is greater than or equal to the sec-
ond threshold value dr2 for each pixel of the first imagi-
nary image and the second imaginary image. As aresult,
the image processing apparatus 200 may determine a
region in which the imaginary component difference df
in the periodic region is greater than or equal to the sec-
ond threshold value dr2. When the imaginary component
difference df in the periodic region is smaller than the
second threshold value dr2, movement corresponding to
the imaginary component difference df in the periodic
region may not refer to large movement of non-interest
enough to require reduction, and thus the image process-
ing apparatus 200 may terminate the process.

[0211] On the other hand, when the imaginary compo-
nent difference df in the periodic region is greater than
orequaltothe second threshold value dr2, the movement
corresponding to the imaginary component difference df
in the periodic region may refer to large movement of
non-interest that requires reduction. Therefore, the im-
age processing apparatus 200 may apply a second
weight a2 to the second imaginary component so that
the imaginary component difference df in the periodic
region is decreased (S950).

[0212] As described above, when the image process-
ing apparatus 200 performs the determination of the im-
aginary component difference df in the periodic region
for each pixel, the second weight a2 may be applied to
a region in which a difference with the first imaginary
image in the periodic region of the second imaginary im-
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age is greaterthan or equal to the second threshold value
dr2.

[0213] Finally, the image processing apparatus 200
may generate a movement-amplified image using the
first frame image and the second frame image to which
the second weight o2 is applied (S960). 1n the image
processing apparatus 200, the first frame image and the
second frame image to which the second weight o2 is
applied are sequentially disposed in the movement-am-
plified image, and thus an effect in which the movement
of non-interest is reduced and the movement of interest
is relatively amplified may be represented.

[0214] Particularly, the image processing apparatus
200 reduces the movement of non-interest which is rel-
atively large movement of the periodic movement so that
the movement of interest of the non-periodic movement
is relatively amplified, and thus may provide the move-
ment-amplified image capable of further easily determin-
ing the non-periodic movement by the user.

[0215] As is apparent from the above description, ac-
cording to the image processing apparatus, and the ul-
trasonic apparatus including the same and the method
of controlling the same, fine movement of an object is
amplified, and thus, a movement-amplified image capa-
ble of easily determining a change of the object can be
provided. Therefore, the accuracy of the ultrasonic diag-
nosis can be improved.

[0216] Particularly, non-periodic movement that repre-
sents an abnormal state of the object is amplified, and
thus, the movement-amplified image capable of easily
diagnosing the abnormal state of the object can be pro-
vided for the user.

[0217] Although a few an exemplary embodiments
have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in
these embodiments without departing from the spirit and
the scope defined in the following claims and their equiv-
alents.

Claims
1. A medical ultrasonic apparatus, comprising:

an ultrasonic probe configured to collect ultra-
sonic echo signals reflected from an object;

an image processing apparatus configured to
generate an ultrasonic image based on the col-
lected ultrasonic echo signals, increase a differ-
ence between adjacent frame images included
in the ultrasonic image, and generate a move-
ment-amplified image in which a movement of
interest is amplified; and

a display configured to display the movement-
amplified image.

2. The medical ultrasonic apparatus according to claim
1, wherein, when a difference between imaginary
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components of the adjacent frame images included
in the ultrasonic image is less than or equal to a first
threshold value, the image processing apparatus is
configured to increase the difference and generate
the movement-amplified image.

The medical ultrasonic apparatus according to claim
1, wherein the image processing apparatus includes:

a weight applier configured to, when the differ-
ence comprises a difference between a first im-
aginary component of a first frame image and a
second imaginary component of a second frame
image adjacent to the first frame image in the
ultrasonic image, and the difference is less than
or equal to a first threshold value, apply a first
weight to the second imaginary component and
to increase the difference; and

an image generator configured to generate the
movement-amplifed image based on the first
frame image and the second frame image to
which the first weight is applied so that a move-
ment of interest corresponding to the increased
difference is amplified=.

The medical ultrasonic apparatus according to claim
3, wherein the difference comprises a difference be-
tween a first imaginary component of a first pixel at
afirstlocation of the first frame image and the second
imaginary component of a pixel at a same location
with the first threshold value, and applies the first
weight to the second imaginary component of a sec-
ond pixel at a second location of the second frame
image, wherein the first location corresponds to the
second location.

The medical ultrasonic apparatus according to claim
3, further comprising a non-periodic region determin-
er configured to determine a pixel in which the im-
aginary component is non-periodically changed for
a predetermined time as a non-periodic region, in
the ultrasonic image,

wherein the non-periodic region corresponds to a
first non-periodic region in the first frame image and
a second non-periodic region in the second frame
image, when a difference between the firstimaginary
component in the first non-periodic region and the
second imaginary component in the second non-pe-
riodic region is less than or equal to the first threshold
value, the weight applier is configured to apply the
first weight to the second imaginary component in
the second non-periodic region.

The medical ultrasonic apparatus according to claim
3, wherein:

the weight applier is configured to apply a sec-
ond weight to the second imaginary component
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when the difference is greater than or equal to
a second threshold value to decrease the differ-
ence; and

the image generator is configured to generate
the movement-amplified image based on the
first frame image and the second frame image
to which the second weight is applied so that the
movement of non-interest corresponding to the
decreased difference is reduced.

The medical ultrasonic apparatus according to claim
6, wherein the difference comprises a difference be-
tween a first imaginary component of a first pixel at
afirstlocation on the first frame image, and a second
imaginary component of a first pixel at a first location
on the first frame image, wherein the first location
corresponds with the second location, and is config-
ured to apply the second weight to the second im-
aginary component of the second pixel if the differ-
ence is greater than or equal to the second threshold
value.

The medical ultrasonic apparatus according to claim
6, further comprising a periodic region determiner
configured to determine a pixel in which the imagi-
nary component is periodically changed for a prede-
termined time as a periodic region, in the ultrasonic
image,

wherein the periodic region corresponds to a first
periodic region in the first frame image and a second
periodic region in the second frame image, when the
difference comprises a difference between a first im-
aginary component in the first periodic region and a
second imaginary componentin the second periodic
region, and the difference is greater than or equal to
the second threshold value, the weight applier ap-
plies the second weight to the second imaginary
component in the second periodic region.

The medical ultrasonic apparatus according to claim
3, further comprising a sampler configured to sample
thefirstimaginary component of the firstframe image
and the second imaginary component of the second
frame image according to a predetermined sampling
rate,

wherein, when a difference between the sampled
first imaginary component and the sampled second
imaginary component is less than or equal to the first
threshold value, the weight applier is configured to
apply a third weight corresponding to the sampling
rate to the sampled second imaginary component to
increase the difference, and

the image generator is configured to generate the
movement-amplified image using the first frame im-
age, the second frame image to which the first weight
is applied, the sampled first frame image, and the
sampled second frame image to which the third
weight is applied.
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A method of controlling a medical ultrasonic appa-
ratus, comprising:

receiving ultrasonic echo signals reflected from
an object;

generating an ultrasonic image based on the re-
ceived ultrasonic echo signals;

increasing a difference between adjacent frame
images included in the ultrasonic image and
generating a movement-amplified image in
which movement of interest is amplified; and
displaying the movement-amplified image.

The method according to claim 10, wherein, when
the difference comprises a differences between im-
aginary components of the adjacent frame images
included in the ultrasonic image, and the difference
is less than or equal to a first threshold value, the
generating of the movement-amplified image in-
cludes increasing the difference and generating the
movement-amplified image.

The method according to claim 10, wherein the gen-
erating of the movement-amplified image includes:

determining the difference as comprising a dif-
ference between a firstimaginary component of
a first frame image in the ultrasonic image and
a second imaginary component of a second
frame image, the second frame image being ad-
jacent to the first frame image;

when the difference is less than or equal to a
first threshold value, applying a first weight to
the second imaginary component to increase
the difference; and

generating the movement-amplified image
based on the first frame image and the second
frame image to which the first weight is applied
so that a movement of interest corresponding to
the increased difference is amplified.

The method according to claim 12, wherein the de-
termining of the difference includes determining a
difference between a firstimaginary component of a
first pixel at a first location on the first frame image
and a second imaginary componentof asecond pixel
at a second location on the second frame image,
wherein the first location corresponds with the sec-
ond location, and

the applying of the first weight includes applying the
first weight to the second imaginary component of
the second pixel if the difference is less than or equal
to the first threshold value.

The method according to claim 12, further compris-
ing determining a pixel in which the imaginary com-
ponent is non-periodically changed for a predeter-
mined time as a non-periodic region, in the ultrasonic
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15.

36

image.

wherein the non-periodic region corresponds to a
first non-periodic region in the first frame image and
a second non-periodic region in the second frame
image, when the difference comprises a difference
between the first imaginary component in the first
non-periodic region and the second imaginary com-
ponentin the second non-periodic region is less than
or equal to the first threshold value, the applying of
the first weight includes applying the first weight to
the second imaginary componentin the second non-
periodic region.

The method according to claim 10, further compris-
ing:

applying a second weight to the second imagi-
nary component so that the difference is de-
creased when the difference is greater than or
equal to a second threshold value; and
generating the movement-amplified image
based on the first frame image and the second
frame image to which the second weight is ap-
plied so that a movement of non-interest corre-
sponding to the decreased difference is re-
duced.
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