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ULTRASOUND IMAGING APPARATUS AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0154242, filed on Nov. 7, 2014 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present disclosure relate to an
ultrasound imaging apparatus of creating ultrasound images,
and a control method thereof.

[0004] 2. Description of the Related Art

[0005] An ultrasound imaging apparatus acquires images
about the inside of an object by irradiating ultrasonic waves
generated from transducers of an ultrasound probe to the
object and receiving ultrasonic waves reflected from the
object.

[0006] The ultrasound imaging apparatus has an advantage
of high safety compared to X-ray diagnosis apparatuses, since
it does not expose patients to radiation, and an advantage that
it can display images in real time. For the advantages, the
ultrasonic imaging apparatus is widely used.

[0007] Meanwhile, a high-resolution medical imaging
apparatus means a medical imaging apparatus that can
acquire clear images of an object using X-rays, Radio Fre-
quency (RF), etc. except for ultrasonic waves.

[0008] As an example of the high-resolution medical imag-
ing apparatus, a Magnetic Resonance Imaging (MRI) appa-
ratus acquires high-resolution medical images for sections of
an object by representing the intensities of magnetic reso-
nance signals in response to RF signals generated from a
specific intensity of a magnetic field, with contrast.

[0009] As another example of the high-resolution medical
imaging apparatus, a Computerized Tomography (CT) appa-
ratus acquires section images of a human body by irradiating
X-rays to the human body at various angles and reconfiguring
X-rays transmitted through the human body through a com-
puter.

[0010] If an ultrasound image acquired by the ultrasound
imaging apparatus and a high-resolution medical image
acquired by the high-resolution medical imaging apparatus
are converted (hereinafter, referred to as image matching) and
displayed on the same coordinate system, a user can easily
understand the corresponding relation of the different images.

SUMMARY

[0011] Therefore, itis an aspect of the present disclosure to
provide an ultrasound imaging apparatus of matching an
ultrasound image of an object with a high-resolution medical
image of the object, and detecting a degree of elasticity of a
point of interest using ultrasonic waves to display an ultra-
sound elastic image together with the ultrasound image and
the high-resolution medical image.

[0012] Additional aspects of the disclosure 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 disclosure.

[0013] Inaccordance with one aspect of the present disclo-
sure, an ultrasound imaging apparatus includes: an image
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creator configured to create an ultrasound elastic image that
represents a degree of elasticity for a region of interest includ-
ing a predetermined point of interest of an object; and a
display configured to display the ultrasound elastic image
together with an ultrasound image for the object and a high-
resolution medical image matching with the ultrasound
image.

[0014] The ultrasound imaging apparatus may further
include: a connector connected to an ultrasound probe; and a
controller configured to determine an irradiation focal point
of the ultrasound probe in order to acquire the ultrasound
elastic image.

[0015] The controller may decide an offset between the
irradiation focal point and the point of interest in order to
determine the irradiation focal point.

[0016] The controller may decide the offset between the
irradiation focal point and the point of interest, based on an
amount of change in axis direction of shear waves irradiated
from the irradiation focal point.

[0017] The controller may determine, as the irradiation
focal point, a point located at the same depth as the point of
interest and spaced by the offset in a lateral direction from the
point of interest.

[0018] The controller may determine an irradiation width
of the ultrasound probe according to a predetermined number
of irradiation focal points.

[0019] The ultrasound imaging apparatus may further
include an ultrasound probe configured to irradiate a focus
beam to the irradiation focal point so as to transfer shear
waves from the irradiation focal point to the point of interest.

[0020] The high-resolution medical image may be at least
one image of a magnetic resonance image and an X-ray
image.

[0021] The ultrasound imaging apparatus may further
include: a connector connected to an ultrasound probe; a
storage in which at least one high-resolution medical image is
stored; and a controller configured to match the ultrasound
image with the high-resolution medical image.

[0022] The ultrasound imaging apparatus may further
include an input configured to receive a users input of input-
ting at least one of coordinate information and a feature point
of the ultrasound image and at least one of coordinate infor-
mation and a feature point of the high-resolution medical
image, wherein the controller matches the ultrasound image
with the high-resolution medical image, based on the user’s
input.

[0023] The connector may receive an ultrasound signal and
alocation signal of the ultrasound probe, from the ultrasound
probe, the image creator may create an ultrasound image
based on the ultrasound signal, and the controller may detect
a high-resolution medical image corresponding to the ultra-
sound image in real time, based on the location signal of the
ultrasound probe.

[0024] The display may display a predetermined color
according to a degree of elasticity of the predetermined point
of interest, as the ultrasound elastic image.

[0025] Thedisplay may display a spectral image based on a
degree of elasticity of the predetermined point of interest, as
the ultrasound elastic image.

[0026] The ultrasound imaging apparatus may further
include an input configured to receive a user’s input of setting
apoint in the ultrasound image or the high-resolution medical
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image to a point of interest, wherein the image creator creates
anultrasound elastic image for the point of interest set accord-
ing to the user’s input.

[0027] Inaccordance with one aspect of the present disclo-
sure, a control method of an ultrasound imaging apparatus
includes: creating an ultrasound image for an object; display-
ing the ultrasound image together with a high-resolution
medical image stored in advance; creating an ultrasound elas-
tic image that represents a degree of elasticity for a region of
interest including a predetermined point of interest of the
object; and displaying the ultrasound elastic image together
with the ultrasound image and a high-resolution medical
image matching with the ultrasound image.

[0028] The creating of the ultrasound elastic image may
include determining an irradiation focal point of a ultrasound
probe connected to the ultrasound imaging apparatus.
[0029] The determining of the irradiation focal point of the
ultrasound probe may include deciding an offset between the
irradiation focal point and the point of interest.

[0030] The determining of the irradiation focal point of the
ultrasound probe may include determining an irradiation
width of the ultrasound probe according to a predetermined
number of irradiation focal points.

[0031] The creating of the ultrasound elastic image may
include irradiating a focus beam to an irradiation focal point
of an ultrasound probe connected to the ultrasound imaging
apparatus so as to transfer shear waves from the irradiation
focal point to the point of interest.

[0032] The control method may further include, before dis-
playing the ultrasound elastic image, matching the ultrasound
image with the high-resolution medical image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] These and/or other aspects of the disclosure will
become apparent and more readily appreciated from the fol-
lowing description of the embodiments, taken in conjunction
with the accompanying drawings of which:

[0034] FIG. 11is a perspective view of an ultrasound imag-
ing apparatus according to an embodiment of the present
disclosure;

[0035] FIG. 2 is a control block diagram of an ultrasound
imaging apparatus according to an embodiment of the present
disclosure;

[0036] FIG. 3 is a view for describing a coordinate system
of ultrasonic waves that are irradiated from a transducer mod-
ule and a coordinate system of an object;

[0037] FIG. 4is a plane view showing an ultrasound probe
according to an embodiment of the present disclosure on the
x7 plane in a probe-based coordinate system and an object on
the yz plane in a Digital Imaging and communication in
Medicine (DICOM) coordinate system;

[0038] FIG. 5 is a view for describing a process of gener-
ating shear waves in an object;

[0039] FIG. 6 shows the yz planes of an object in the
DICOM coordinate system for describing traveling of shear
waves;

[0040] FIG. 7 is a view for describing traveling of shear
waves;
[0041] FIGS. 8 and 9 show ultrasound images, ultrasound

elastic images, and high-resolution medical images that are
displayed through a display;

[0042] FIG. 10 shows high-resolution medical images
combined into a 3Dimensional (3D) volume image;
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[0043] FIG. 11 is a view for describing a method of match-
ing a high-resolution medical image with a reference ultra-
sound image, according to an embodiment of the present
disclosure;

[0044] FIG. 12 is a view for describing a method of esti-
mating coordinate information of a reference ultrasound
image in the DICOM coordinate system, according to an
embodiment of the present disclosure;

[0045] FIG. 13 is a view for describing a method of guiding
movements of an ultrasound probe, according to an embodi-
ment of the present disclosure;

[0046] FIG. 14 shows an yz plane of an object for describ-
ing an offset between an irradiation focal point and a point of
interest;

[0047] FIG. 15 shows an xz plane of an object for describ-
ing an offset between an irradiation focal point and a point of
interest;

[0048] FIG. 16 is a view for describing the number of
irradiation focal points of a focus beam according to irradia-
tion widths of ultrasonic waves;

[0049] FIG. 17 is a flowchart illustrating a control method
of an ultrasound imaging apparatus, according to an embodi-
ment of the present disclosure; and

[0050] FIG. 18 is a flowchart illustrating a method of cre-
ating an ultrasound elastic image in an ultrasound imaging
apparatus, according to an embodiment of the present disclo-
sure.

DETAILED DESCRIPTION

[0051] Purposes, specified advantages, and new features of
the present disclosure will be apparent by referring to the
following detailed description and embodiments described
below in connection with the accompanying drawings. Also,
like reference numerals refer to like elements throughout. In
the following description, if it is determined that detailed
descriptions for related art make the subject matter of the
present disclosure obscure unnecessarily, the detailed
descriptions will be omitted. In this specification, it will be
understood that, although the terms first, second, etc. may be
used herein to describe various components, these compo-
nents should not be limited by these terms. These terms are
only used to distinguish one component from another.
[0052] Hereinafter, an ultrasound imaging apparatus and a
control method thereof according to embodiments of the
present disclosure will be described in detail with reference to
the accompanying drawings.

[0053] FIG. 1 is a perspective view of an ultrasound imag-
ing apparatus according to an embodiment of the present
disclosure, and FIG. 2 is a control block diagram of an ultra-
sound imaging apparatus according to an embodiment of the
present disclosure.

[0054] Referring to FIGS. 1 and 2, an ultrasound imaging
apparatus may include an ultrasound probe 100 to irradiate
ultrasonic waves to an object ob, to receive ultrasonic waves
reflected from the object ob, and to convert the received
ultrasonic waves into electrical signals (hereinafter, referred
to as ultrasonic signals), and a main body 200 to create ultra-
sound images based on the ultrasonic signals. The main body
200 may be a workstation including a connector 210 con-
nected to the ultrasound probe 100, a display 220 to display
ultrasound images, and an input 230 to receive a user’s
manipulations.

[0055] Hereinafter, the ultrasound probe 100 will be first
described, and the main body 200 will be described later.
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[0056] The ultrasound probe 100 may collect information
about a target region of the object ob using ultrasonic waves.
[0057] The ultrasound probe 100 may include a transducer
module 110 to generate ultrasonic waves, to irradiate the
ultrasonic waves to a target region in the object ob, and to
receive ultrasonic waves (hereinafter, referred to as reflected
ultrasonic waves) reflected from the target region, and a posi-
tion detector 120 to detect movements of the ultrasound probe
100.

[0058] The transducer module 110 may generate ultrasonic
waves according to a received pulse signal or a received
alternating current signal, and irradiate the ultrasonic waves
to the object ob. The ultrasonic waves irradiated to the object
ob may be reflected from a target region in the object ob. The
transducer module 110 may receive the ultrasonic waves
reflected from the object ob, and convert the received ultra-
sonic waves into electrical signals to generate ultrasonic sig-
nals.

[0059] More specifically, the transducer module 110 may
receive a voltage from an external power source or an internal
power source (e.g., a battery). For example, the transducer
module 110 may receive a voltage from a power source 270 in
the main body 200. If the transducer module 110 receives a
voltage, piezoelectric vibrators or thin films constituting the
transducer module 110 may vibrate.

[0060] Then, the transducer module 110 may irradiate
ultrasonic waves generated by the vibrations of the piezoelec-
tric vibrators or thin films to the object ob.

[0061] Thetransducer module 110 may irradiate ultrasonic
waves to a location corresponding to specific coordinate
information according to a user’s manipulation.

[0062] FIG. 3 is a view for describing a coordinate system
of ultrasonic waves that are irradiated from the transducer
module 110 and a coordinate system of the object ob.
[0063] As shown in (a) of FIG. 3, it is assumed a probe-
based coordinate system in which a direction from the lower
part of the ultrasound probe 100 to the upper part, which is the
direction of ultrasonic waves irradiation by the transducer
module 110, is a direction in which z-axis values increase, a
direction from the front side of the ultrasound probe 100 to the
rear side is a direction in which y-axis values increase, and a
direction from the left part of the ultrasound probe 100 to the
right part is a direction in which x-axis values increase.
[0064] The direction in which z-axis values increase may
be defined as an axis direction, the direction in which x-axis
values increase may be defined as a lateral direction, and the
direction in which y-axis values increase may be defined as an
elevation direction.

[0065] More specifically, a direction in which ultrasound
waves are irradiated vertically may be defined as an axis
direction, a direction in which a plurality of transducers are
aligned in a line may be defined as a lateral direction, and a
direction perpendicular to the axis direction and the lateral
direction may be defined as an elevation direction.

[0066] Coordinate information may be information about
at least one of a direction, a tilt angle, and a rotation angle in
a space.

[0067] Coordinate information of the ultrasound probe 100
may be acquired by the position detector 120 attached on or
provided outside the ultrasound probe 100. If coordinate
information of the ultrasound probe 100 is acquired, a con-
troller 260 which will be described later may estimate coor-
dinate information of an irradiation focal point of ultrasonic
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waves that are irradiated from the transducer module 110,
based on the coordinate information of the ultrasound probe
100.

[0068] The position detector 120 may acquire information
about a direction, a tilt angle, and a rotation angle of the
ultrasound probe 100.

[0069] More specifically, the position detector 120 may
determine an azimuth (that is, north, south, east, and west)
which corresponds to a direction of ultrasonic waves to be
irradiated and which an axis of the ultrasound probe 100
indicates.

[0070] Also, the position detector 120 may determine an
angle which corresponds to a tilt angle of ultrasonic waves to
be irradiated and which an axis of the ultrasound probe 100
forms with respect to the earth’s axis.

[0071] Also, the position detector 120 may determine an
angle which corresponds to a rotation angle of ultrasonic
waves to be irradiated and which an axis of the ultrasound
probe 100 forms with respect to a horizontal plane.

[0072] For example, in the ultrasound probe 100 as shown
in (a) of FIG. 3, the position detector 120 may determine an
azimuth (that is, north, south, east, and west) which corre-
sponds to a direction of ultrasonic waves to be irradiated and
which the z axis of the ultrasound probe 100 indicates.

[0073] Also, the position detector 120 may determine an
angle which corresponds to a tilt angle of ultrasonic waves to
be irradiated and which the y axis of the ultrasound probe 100
forms with respect to the earth’s axis.

[0074] Also, the position detector 120 may determine an
angle which corresponds to a rotation angle of ultrasonic
waves to be irradiated and which the x axis of the position
detector 100 forms with respect to the horizontal plane.

[0075] Theposition detector 120 may be a magnetic sensor,
an optical sensor, a resistive sensor, or a plastic sensor to
detect various directions, tilt angles, and rotation angles,
although it is not limited to these.

[0076] In order to describe a coordinate system of the
object ob, a coordinate system (hereinafter, referred to as a
Digital Imaging and Communication in Medicine (DICOM)
coordinate system) that is defined in the DICOM standard
will be described as an example, below.

[0077] As shown in (b) of FIG. 3, the DICOM coordinate
system may be defined by an x axis extending from the right
part of the object ob to the left part, an y axis extending from
the anterior part of the object ob to the posterior part, and a z
axis extending from the inferior part of the object ob to the
superior part.

[0078] Accordingly, coordinate information in the DICOM
coordinate system is characterized in that x-axis values
increase from the right part of the object ob to the left part,
y-axis values increase from the anterior part of the object ob
to the posterior part, and z-axis values increase from the
inferior part of the object ob to the superior part.

[0079] As another example, coordinate information can be
defined based on standard planes of the object ob.

[0080] The standard planes of the object ob may include a
coronal plane, a transverse plane, and a sagittal plane.
[0081] Coordinate information based on the standard
planes is characterized in that the coronal plane of an object is
set to the xzplane, the transverse plane of the object is set to
the xy plane, and the sagittal plane of the object is set to the yz
plane, in the DICOM coordinate system.
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[0082] 1In the following description, it is assumed that the
transducer module 110 irradiates ultrasonic waves in the
direction of the sagittal plane (that is, the yz plane) of an
object ob.

[0083] FIG.4is aplane view showing the ultrasound probe
100 according to an embodiment of the present disclosure on
the xz plane in the probe-based coordinate system and an
object on the yz plane in the DICOM coordinate system.
[0084] Thetransducer module 110 (see FIG. 3) of the ultra-
sound probe 100 may contact the surface of an object ob to
irradiate ultrasonic waves to the object ob.

[0085] The transducer module 110 may include a trans-
ducerarray 112 consisting of a plurality of transducers 111, as
shown in FIG. 4.

[0086] Each transducer 111 may include a piezoelectric
element.
[0087] The transducers 111 may irradiate ultrasonic waves

to the object ob in response to an electrical signal for acquir-
ing an “ultrasound image”, and receive reflected ultrasonic
waves from the object ob.

[0088] The transducer array 112 may be a 1Dimensional
(1D) array or a 2Dimensional (2D) array. Hereinafter, the
transducer array 112 is assumed to be a 1D array.

[0089] Transducers 111 selected by the controller 260 of
the main body 200 from among the plurality of transducers
111 may be activated. The controller 260 may change a range
(ap, see FIG. 16) of transducers 111 that are activated so as to
change a transmission/reception range of ultrasonic waves
according to the range of the activated transducers 111.
[0090] The range of transducers 111 that are activated will
be referred to as an activation range.

[0091] If the transducers 111 receive reflected ultrasonic
waves from the object ob, the piezoelectric vibrators or thin
films constituting the transducers 111 may vibrate in response
to the received ultrasonic waves. Then, the transducers 111
may generate alternating current of a frequency correspond-
ing to the vibration frequency of the piezoelectric vibrators or
thin films so as to convert the ultrasonic waves into an elec-
trical signal (that is, an ultrasound signal).

[0092] The ultrasound signal may be transferredto an
image creator 240 (see FIG. 2) through the connector 210 of
the main body 200.

[0093] Meanwhile, the transducers 111 may irradiate ultra-
sonic waves to the object ob to generate shear waves that are
transferred from an irradiation focal point to the object ob.
The ultrasonic waves that are irradiated from the transducers
111 in order to generate shear waves may have a lower fre-
quency than that of ultrasonic waves that are irradiated in
order to acquire an ultrasound image.

[0094] The ultrasonic waves that are irradiated to the irra-
diation focal point in order to generate shear waves will be
hereinafter referred to as a “focus beam”.

[0095] FIG. 5 is a view for describing a process of gener-
ating shear waves in an object ob, and FIG. 6 shows the yz
planes of an object in the DICOM coordinate system for
describing traveling of shear waves.

[0096] As shown in FIG. 5, if a focus beam is irradiated to
an object ob, a force may be applied in a depth direction to the
object ob. If the force is applied in the depth direction to the
object ob, as shown in FIG. 6, the tissue of the object ob at a
location (that is, an irradiation focal point) to which the force
is applied may move in the depth direction (for example, the
y-axis direction of the object ob) (see (a) of FIG. 6), and the
movement aspect may move in a traverse direction (for
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example, the +/- z-axis direction of the object ob) perpen-
dicular to the depth direction (see (b) and (¢) of FIG. 6). The
movement aspect of tissue moving in the traverse direction is
called shear waves.

[0097] Ifthe controller 260 of the main body 200 measures
propagation velocity of the shear waves, a shear modulus of
medium through which the shear waves are propagated can be
calculated, and the display 220 may quantitatively display
stiffness of the tissue based on the shear modulus. An image
displaying stiffness of tissue quantitatively is referred to as an
ultrasound elastic image.

[0098] The transducers 111 may irradiate a focus beam to
the irradiation focal point to generate shear waves that are
transferred from the irradiation focal point to the object ob, in
order to acquire an “ultrasound elastic image”. The irradia-
tion focal point may be a part of body tissue, such as a breast,
a liver, a kidney, and muscles.

[0099] FIG. 7 is a view for describing traveling of shear
waves.
[0100] If shear waves are generated, the transducers 111

may irradiate ultrasonic waves to ar  object ob (see (a) of FIG.
7), and receive reflected ultrasonic waves from the object ob
(see (b) of FIG. 7) to generate an ultrasound elastic signal that
1s an electrical signal corresponding to the reflected ultrasonic
waves.

[0101] If the transducers 111 receives the reflected ultra-
sonic waves from the object ob, the piezoelectric vibrators or
thin films constituting the transducers 111 may vibrate in
response to the received ultrasonic waves. Then, the trans-
ducers 111 may generate alternating current of a frequency
corresponding to the vibration frequency of the piezoelectric
vibrators or thin films to convert the ultrasonic waves into an
electrical signal (that is, an ultrasound elastic signal).

[0102] The ultrasound elastic signal may be transferred to
the image creator 240 through the connector 210 of the main
body 200.

[0103] The ultrasound probe 100 may be connected to one
end of a cable, and the other end of the cable may be con-
nected to a male connector (not shown).

[0104] The male connector connected to the other end of
the cable may be physically coupled with a female connector
(not shown) of the main body 200.

[0105] Hereinafter, components constituting the main body
200 of the ultrasound imaging apparatus will be described.
[0106] Referring againto FIGS. 1 and 2, the main body 200
may include the connector 210 connected to the ultrasound
probe 100, the display 220 to display ultrasound images, and
the input 230 to receive a user’s manipulations.

[0107] Theconnector 210 may receive an ultrasound signal
generated by the ultrasound probe 100, and transfer the ultra-
sound signal to the image creator 240. For example, the
connector 210 may receive an ultrasound signal and an ultra-
sound elastic signal generated by the ultrasound probe 100.
[0108] Also, the connector 210 may transfer a control sig-
nal generated by the controller 260 to the ultrasound probe
100.

[0109] Also, the connector 210 may connect to the power
source 270 of the main body 200 to supply a voltage for
driving the ultrasound probe 100 to the ultrasound probe 100.
[0110] The connector 210 may include one or more female
connectors (not shown) that are physically coupled with the
male connector (not shown) connected to the cable of the
ultrasound probe 100 to transmit/receive signals between the
main body 200 and the ultrasound probe 100.
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[0111] However, the connector 210 may connect the main
body 200 to the ultrasound probe 100 through a wired/wire-
less network.

[0112] The wired network may be a Local Area Network
(LAN), a Wide Area Network (WAN), or a Value Added
Network (VAN), and the wireless network may be a mobile
radio communication network, a satellite communication
network, Bluetooth, Wireless Fidelity (Wi-Fi), Near Field
Communication (NFC), Radio-Frequency Identification
(RFID), infrared Data Association (IrDA), or Zigbee.

[0113] Thedisplay 220 may display ultrasound images and
ultrasound elastic images created by the image creator 240
and high-resolution medical images stored in the storage 250
so that a user can visually examine the internal structure or
tissue of an object ob.

[0114] The user may be a person who diagnoses an object
ob using the ultrasound imaging apparatus. and may be a
medical professional, such as a doctor, a radiogical technolo-
gist, or a nurse. However, the user is not limited to them, and
may be anyone who uses the ultrasound imaging apparatus.

[0115] Thehigh-resolution medical images may have been
stored in advance in the storage 250, and may be medical
images with high resolution and high contrast, such as Mag-
netic Resonance Imaging (MRI) images, Computed Tomog-
raphy (CT) images, mammography images, X-ray images, or
Positron Emission Tomography (PET) images, except for
ultrasound images.

[0116] FIGS. 8 and 9 show ultrasound images, ultrasound
elastic images, and high-resolution medical images that are
displayed through the display 220.

[0117] Referring to FIG. 8, the display 220 may display an
ultrasound image on the left of a screen, and a high-resolution
medical image corresponding to the ultrasound image on the
right of the screen. Also, the display 220 may overlap an
ultrasound elastic image with the ultrasound image.

[0118] In this case, the display 220 may display an ultra-
sound elastic image for a predetermined Region Of Interest
(ROD) set from a predetermined point of interest.

[0119] The predetermined point of interest may be coordi-
nate information of a predetermined location of an object ob,
stored in the storage 250, or may be coordinate information of
alocation of an object ob input through the input 230 accord-
ing to a user’s manipulation.

[0120] The predetermined ROI may be a region which is
within a predetermined distance from the predetermined
point of interest.

[0121] For example, as shown in FIG. 8, if a user selects a
point in a high-resolution medical image, the display 220 may
display an ultrasound elastic image for a ROI of an object ob
that is that is within a predetermined distance from the
selected point.

[0122] Also, as shown in FIG. 9, if a user selects a point in
an ultrasound image, the display 220 may display an ultra-
sound elastic image for a ROI of an object ob that is within a
predetermined distance from the selected point.

[0123] Thedisplay 220 may display, as an ultrasound elas-
tic image, predetermined colors according to degrees of elas-
ticity (that is, shear moduli) of the individual points of the
ROL

[0124] For example, the display 220 may display a point of
alow degree of elasticity such as a tumor with red and a point
of a high degree of elasticity with blue, in an ultrasound

May 12,2016

elastic image. However, the predetermined colors are not
limited to the red and blue, and may be set to various colors
according to a user’s settings.

[0125] Also, the display 220 may display numerals repre-
senting degrees of elasticity of the individual points of'a ROI.
[0126] Thedisplay 220 may be fixed on the main body 200,
or removably coupled with the main body 200.

[0127] Although not shown in FIG. 1, a sub display to
display applications (for example, menus or guide data
needed for ultrasound diagnosis) related to operations of the
ultrasound imaging apparatus may be additionally provided.
[0128] The display 220 may display various information
related to the ultrasound imaging apparatus, and may be
implemented as a Liquid Crystal Display (LCD), a Light
Emitting Diodes (LED) display, an Organic Light Emitting
Diodes (OLED) display, an Active Matrix Organic Light
Emitting Diodes (AMOLED) display, a flexible display, or a
3D display. Also, the display 220 may be a touch screen with
both a display function and an input function.

[0129] The input 230 may receive commands or manipula-
tions related to operations of the ultrasound imaging appara-
tus, from a user.

[0130] For example, the user may input a command for
starting ultrasound diagnosis, a command for selecting a
point of interest, a command for selecting a mode for ultra-
sound images to be displayed, or information required for
image matching which will be described later, through the
input 230.

[0131] Modes for ultrasound images may include an
Amplitude mode (A-mode), a Brightness mode (B-mode), a
Doppler mode (D-mode), an Elastography mode (E-mode),
and a Motion mode (M-mode).

[0132] The input 230 may include at least one of a key-
board, a mouse, a trackball, a touch screen, a foot switch, and
a foot pedal, although it is not limited to these.

[0133] The input 230 may be mounted on the main body
200 as shown in FIG. 1, however, the input 230 may be
provided below the main body 200 if the input 230 is imple-
mented as a foot switch or a foot pedal.

[0134] Also, if the input 230 is implemented as a Graphical
User Interface (GUI) such as a touch screen, that is, if the
input 230 is implemented with software, the input 230 may be
displayed through the display 220.

[0135] Referring to FIG. 2, the main body 200 may further
include the image creator 240 to create ultrasound images and
ultrasound elastic images, the storage 250 to store high-reso-
lution medical images, the controller 260 to generate control
signals for controlling components of the main body 200 and
the ultrasound probe 100, and the power supply 270 to supply
avoltage to the main body 200 and the ultrasound probe 100.
[0136] The image creator 240 may create an ultrasound
image of an object ob, based on an ultrasound signal received
from the ultrasound probe 100 through the connector 210.
[0137] Also, the image creator 240 may create an ultra-
sound elastic image for a ROI of the object ob, based on an
ultrasound elastic signal received from the ultrasound probe
100 through the connector 210.

[0138] More specifically, the image creator 240 may
receive an ultrasound elastic signal from the activated trans-
ducers 111 of the ultrasound probe 100 to create an ultrasound
image of the object ob.

[0139] Since shear waves are propagated at high speed of
maximally about 10 m per second, the image creator 240 may
store variation of tissue in an object ob at high speed of about
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5000 Hz, using the transducer array 112 of the ultrasound
probe 100. The image creator 240 may create a B-mode
image.

[0140] The image creator 240 may calculate a disparity
image from two successive ultrasound images, detect a point
at which variation of tissue has occurred, and calculate move-
ment speed of the variation. At this time, the image creator
240 may compare two successive ultrasound images to each
other to calculate a degree of variation of scatters, thereby
detecting variation of tissue.

[0141] Successively, the image creator 240 may determine
points of shear waves in each disparity image, and measure
propagation velocity of the shear waves.

[0142] Then, the image creator 240 may calculate a shear
modulus based on the propagation velocity of the shear
waves. More specifically, the image creator 240 may calcu-
late a shear modulus by multiplying the square of the propa-
gation velocity of the shear waves by the density of medium.
[0143] The image creator 240 may calculate the shear
modulus as a degree of elasticity, and create an ultrasound
elastic image based on the degree of elasticity.

[0144] The ultrasound elastic image may include a prede-
termined color according to a degree of elasticity of a ROI, as
described above, and may be a 3D image or a spectral image
that is displayed as a waveform.

[0145] The storage 250 may store one or more high-reso-
lution medical images. The high-resolution medical images
may be various medical images, such as MRI images, CT
images, mammography images, X-ray images, or PET
images, except for ultrasound images.

[0146] The high-resolution medical images may be com-
bined into 3D volume images and stored.

[0147] FIG. 10 shows high-resolution medical images
combined into a 3D volume image.

[0148] The storage 250 (see F1G. 2) may store 3D volume
images corresponding to various regions of an object. Each
3D volume image may be created by combining one or more
section images with each other.

[0149] Also, the storage 250 may store image information
included in each high-resolution medical image. For
example, as shown in FIG. 10, the storage 250 may store
information representing that a high-resolution medical
image being a section image corresponds to the coronal plane
(that is, the yz plane) in the DICOM coordinate system obc,
and coordinate information (For example, (x1, y1, z1)) of a
specific point included in the high-resolution medical image.
[0150] Also, the storage 250 may store ultrasound images
and ultrasound elastic images created by the image creator
240, information about predetermined points of interest or
points of interest input by a user, and information about
predetermined ROIs.

[0151] Also, the storage 250 may store various information
required for controlling the ultrasound imaging apparatus.
[0152] The storage 250 may be a cache, Read Only
Memory (ROM), Programmable Read Only Memory
(PROM), Erasable Programmable Read Only Memory
(EPROM), Electrically Frasable Programmable ROM (EE-
PROM), a non-volatile memory device such as flash memory,
a volatile memory device such as Random Access Memory
(RAM), a Hard Disk Drive (HDD), or Compact Disk-ROM
(CD-ROM), although it is not limited to these.

[0153] Referring again to FIG. 2, the controller 260 may
generate control signals for controlling the components of the
ultrasound imaging apparatus.
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[0154] Hereinafter, a control method that is performed by
the controller 260 will be described.

[0155] The controller 260 may control the power source
270 to supply a voltage to the ultrasound probe 100 in order to
drive the ultrasound probe 100.

[0156] Successively, the controller 260 may determine an
activation range of the transducers 111 of the ultrasound
probe 100, and control the transducers 111 belonging to the
activation range to irradiate ultrasonic waves to an object ob.
The activation range may have been set in advance and stored
in the storage 250, or may be received from a user through the
input 230.

[0157] Then, the controller 260 may control the transducers
111 to receive reflected ultrasonic waves from the object ob.
[0158] Thereafter, the controller 260 may control the image
creator 210 to create an ultrasound image based on the ultra-
sound signals received by the transducers 111.

[0159] The “ultrasound image™ may be selected according
to a users input or a predetermined setting, and used as a
“reference ultrasound image” matching with a high-resolu-
tion medical image.

[0160] Then, the controller 260 may match the reference
ultrasound image created by the image creator 210 with a
high-resolution medical image stored in the storage 250.
[0161] FIG. 11 is aview for describing a method for match-
ing a high-resolution medical image with a reference ultra-
sound image, according to an embodiment of the present
disclosure.

[0162] In (a) and (b) of FIG. 11, the left images represent
high-resolution medical images 400 being 3D volume
images, and the right images represent reference ultrasound
images 500 being 3D volume images.

[0163] Referring to (a) of FIG. 11, the controller 260 may
acquire a high-resolution medical image 400 of an object ob
including coordinate information stored in the storage 250,
and a reference ultrasound image 500 created by the image
creator 240.

[0164] Referring to (b) of FIG. 11, the controller 260 may
estimate coordinate information of the reference ultrasound
image 500 in the DICOM coordinate system obc, according
to coordinate information of the ultrasound probe 100 input
by a user. Hereinafter, a method of estimating the coordinate
information of the reference ultrasound image 500 in the
DICOM coordinate system obe will be described in detail
with reference to FIG. 12.

[0165] FIG. 12 is a view for describing a method of esti-
mating the coordinate information of the reference ultrasound
image 500 in the DICOM coordinate system obc, according
to an embodiment of the present disclosure. In FIG. 12, the
DICOM coordinate system is used as a reference coordinate
system for matching, however, a reference coordinate system
for matching is not limited to the DICOM coordinate system.
[0166] For example, the directions of the ultrasound probe
100 may be defined in a predetermined coordinate system
100c, and the directions of an object ob may be defined in a
predetermined coordinate system obc (for example, the
DICOM coordinate system), as shown in FIG. 12.

[0167] First, a user may locate the ultrasound probe 100
such that the DICOM coordinate system obc of the object ob
is parallel to the coordinate system 100¢ of the ultrasound
probe 100¢.

[0168] Then, the user may input information about current
coordinates of the ultrasound probe 100 through the input
230.
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[0169] For example, the user may input a command for
acquiring coordinate information of the ultrasound probe 100
through the input 230.

[0170] Then, the controller 260 may control the position
detector 120 to acquire coordinate information of the ultra-
sound probe 100 at the time when the command for acquiring
coordinate information of the ultrasound probe 100 is input.
[0171] Successively, the controller 260 may estimate coor-
dinate information of a reference ultrasound image in the
DICOM coordinate system obe from the coordinate informa-
tion of the ultrasound probe 100.

[0172] For example, if the user inputs information repre-
senting that a positional relationship between the ultrasound
probe 100 and the object ob is “parallel” through the input
230, the controller 260 may determine that the coordinate
system 100¢ of the ultrasound probe 100 is identical to the
DICOM coordinate system obc, based on the coordinate
information of the ultrasound probe 100.

[0173] Accordingly, the controller 260 may determine
where the reference ultrasound image 500 is located in the
DICOM coordinate system obe and which direction the ref-
erence ultrasound image 500 has been obtained from.
[0174] In this case, since a high-resolution medical image
400 stored in the storage 250 includes coordinate information
based on the DICOM coordinate system obc, as described
above with reference to FIG. 10, the coordinate system of the
high-resolution medical image 400 may match the “coordi-
nate system” of the reference ultrasound image 500 created
by the image creator 240.

[0175] Meanwhile, in the embodiment of FIG. 12, the ultra-
sound probe 100 is located such that the DICOM coordinate
system obc of the object ob is parallel to the coordinate
system of the ultrasound probe 100, however, the user may
position the ultrasound probe 100 at another angle, and input
information about a positional relationship between the ultra-
sound probe 100 and the object ob through the input 230.
[0176] Successively, the controller 260 may match the ref-
erence ultrasound image 500 with the high-resolution medi-
cal image 400, based on the estimated coordinate information
of the reference ultrasound image 500.

[0177] The controller 260 may match the reference ultra-
soundimage 500 with the high-resolution medical image 400,
based on the users input, or automatically.

[0178] More specifically, referring again to (¢) of FIG. 11,
the user may select a first feature point 410 of the high-
resolution medical image 400 and a second feature point 510
of the reference ultrasound image 500 corresponding to the
first feature point 410, through the input 230.

[0179] More specifically, the user may select the first fea-
ture point 410 from a section image among a plurality of
section images included in the volume image of the high-
resolution medical image 400, through the input 230.

[0180] Also, the user may select the second feature point
510 from a section image among a plurality of section images
included in the volume image of the reference ultrasound
image 500, through the input 230.

[0181] Meanwhile, the user may select the first feature
point 410 and the second feature point 510 from the respec-
tive volume images (that is, the high-resolution medical
image 400 and the reference ultrasound image 500), through
the input 230, without dividing each volume image into a
plurality of section images.

[0182] Also, the second feature point 510 may be a prede-
termined point in the reference ultrasound image 500. In this
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case, the user may check the second feature point 510 dis-
played through the display 220 to select the first feature point
410 corresponding to the second feature point 510 from the
high-resolution medical image 400.

[0183] Successively, the controller 260 may match the vol-
ume image of the high-resolution medical image 400 with the
volume image of the reference ultrasound image 500 based on
the first feature point 410 and the second feature point 510.
For example, the controller 260 may determine the first fea-
ture point 410 and the second feature point 510 as the same
point in the object ob.

[0184] In the embodiment of FIG. 11, the high-resolution
medical image 400 and the reference ultrasound image 500
are volume images, however, the high-resolution medical
image 400 and the reference ultrasound image 500 may be
section images.

[0185] Also, the controller 260 may perform matching
based on additional feature points input by the user to thereby
improve accuracy of matching.

[0186] If matching is completed, the user may move the
ultrasound probe 100, and the position detector 120 may
acquire coordinate information of the ultrasound probe 100 in
real time.

[0187] Thecoordinate information acquired by the position
detector 120 may be transmitted in real time to the controller
260, and the controller 260 may trace coordinate information
of a high-resolution medical image corresponding to coordi-
nate information of an ultrasound image that is created in real
time, based on the coordinate information received from the
position detector 120.

[0188] For example, if the ultrasound probe 100 moves by
x1 in the x-axis direction from the first feature point 410 of (c)
of FIG. 11 so that an ultrasound image is created at a location
moved by x1, the controller 260 may trace a location moved
by x1 in the x-axis direction from the second feature point 510
to detect a section image of a high-resolution medical image
corresponding to the location moved by x1.

[0189] The detected high-resolution medical image and the
ultrasound image corresponding to the high-resolution medi-
cal image may be displayed in real time through the display
220.

[0190] Successively, the controller 260 may extract a point
of interest input by a user or a predetermined point of interest,
and guide movements of the ultrasound probe 100 such that
the point of interest or a ROI including the point of interest
exists within an irradiation range of the ultrasound probe 100.
[0191] The point of interest may be coordinate information
ofapredetermined location of an object ob, stored in advance,
ormay be coordinate information ofa location of an object ob
input through the input 230 according to a user’s manipula-
tion, as described above with reference to FIG. 8.

[0192] A predetermined ROl may be a region that is within
a predetermined distance from a point of interest.

[0193] FIG. 13 is a view for describing a method of guiding
movements of the ultrasound probe 100, according to an
embodiment of the present disclosure.

[0194] For example, referring to (a) of FIG. 13, if coordi-
nate information of a point of interest is (X, y,, 7;) in the
DICOM coordinate system and coordinate information of a
current irradiation focal point of the ultrasound probe 100 is
(X,s ¥ps 2,) 0 the DICOM coordinate system, the controller
260 may control the display 220 to display a marker indicat-
ing a current direction of the ultrasound probe 100 for a user,
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as shown in (b) of FIG. 13, so that coordinate information of
an irradiation focal point becomes (x,, y,, 7;) in the DICOM
coordinate system.

[0195] However, the controller 260 may control the display
220 to display, instead of displaying a marker as shown in (b)
of FIG. 13, a graph of a +/- bar shape representing an offset
from a point of interest, thereby guiding movements of the
ultrasound probe 100.

[0196] Successively, the controller 260 may determine an
irradiation focal point of a focus beam, and control the ultra-
sound probe 100 to irradiate a focus beam at the determined
irradiation focal point.

[0197] More specifically, the controller 260 may decide an
offset between an irradiation focal point and a point of interest
in order to determine an irradiation focal point of a focus
beam. Hereinafter, an offset between an irradiation focal
point and a point of interest based on the DICOM coordinate
system will be described.

[0198] FIG. 14 shows an vz plane of an object for describ-
ing an offset between an irradiation focal point and a point of
interest, and FIG. 15 shows an xz plane of an object for
describing an offset between an irradiation focal point and a
point of interest.

[0199] Ifan offset between an irradiation focal point and a
point of interest is too short, it is difficult to measure an
accurate degree of elasticity of the point of interest since
curved shear waves are transferred to the point of interest as
seen from the xz plane.

[0200] Meanwhile, if an offset between an irradiation focal
point and a point of interest is too long, a magnitude of shear
waves sufficient to measure a degree of elasticity at the point
of interest cannot be ensured due to attenuation of shear
waves.

[0201] Accordingly, referring to FIGS. 14 and 15, the con-
troller 260 may decide an offset between an irradiation focal
point and a point of interest, based on an amount of change in
the x-axis direction of shear waves generated from the irra-
diation focal point.

[0202] The controller 260 may decide an offset between an
irradiation focal point and a point of interest according to
Equation (1) below.

Fu, (Fu, u, ™ M
&= a—yz/ W +W < [1hres,

where € represents an error rate, uz represents displacement
of shear waves in the z-axis direction, and Thres represents a
predetermined threshold value.

[0203] As seen from Equation (1), the error rate is propor-
tional to an amount of change in the x-axis direction of the
shear waves, and inversely proportional to a sum of an amount
of change in the y-axis direction of the shear waves and an
amount of change in the z-axis direction of the shear waves.
[0204] The controller 260 may decide displacement of
shear waves in the z-axis direction such that the error rate is
smaller than the predetermined threshold value, and decide a
value that is greater than an offset between the displacement
and the point of interest, as an offset between the irradiation
focal point and the point of interest.

[0205] Also, the controller 260 may decide an offset
between anirradiation focal point and a point of interest based
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on a magnitude of shear waves, in order to decide an offset in
consideration of attenuation of shear waves.

[0206] Also, the controller 260 may decide a depth-direc-
tion (that is, y-axis direction) vertical line extending to a point
spaced by the decided offset from the point of interest, as a
pushing line p,.

[0207] Successively, the controller 260 may determine a
point which is located at the same depth as the point of interest
and which exists on the pushing line p,, as an irradiation focal
point.

[0208] For example, the controller 260 may determine a
point which is located at the same depth as the point of interest
in the y-axis direction in the DICOM coordinate system, and
which exists on the pushing line p;, as an irradiation focal
point.

[0209] Also, the controller 260 may determine an irradia-
tion width of the ultrasound probe 100, and set a plurality of
irradiation points.

[0210] FIG. 16 is a view for describing the number of
irradiation focal points of a focus beam according to irradia-
tion widths of ultrasonic waves.

[0211] As described above with reference to FIG. 3, the
controller 260 may select a range (that is, an activation range)
of transducers 111 that are activated, and the activation range
may vary according to a predetermined value or a users input.
[0212] The wider activation range, the wider irradiation
width ap1 of a focus beam, which is shown in (a) of FIG. 16,
and the narrower activation range, the narrower irradiation
width ap2 of a focus beam, which is shown in (b) of FIG. 16.
[0213] As the irradiation width apl of a focus beam is
wider, the focusing effect of the focus beam is higher so that
the number of irradiation focal points decreases, as shown in
(a) of FIG. 16, and as the irradiation width ap2 ofa focus heam
is narrower, the focusing effect of the focus beam is lower so
that the number ofirradiation focal points increases, as shown
in (b) of FIG. 186,

[0214] As the number of irradiation focal points is propor-
tional to the Depth of Field (DOF) of irradiation focal points,
if a user inputs a desired DOF value instead of the number of
irradiation focal points, the controller 260 may decide an

irradiation width ap of a focus beam according to Equation
(2), below.

DOF:S*(%)*ZA,

where F represents a depth of an irradiation focal point, and A
represents a wavelength of a focus beam.

[0215] Successively, the controller 260 may determine an
irradiation focal point according to a determined location and
width of the irradiation focal point, and control the ultrasound
probe 100 to irradiate a focus beam to the irradiation focal
point.

[0216] The controller 260 may control the image creator
240 to create an ultrasound elastic image based on reflected
ultrasonic waves, and control the display 220 to display an
ultrasound image, a high-resolution medical image, and an
ultrasound elastic image.

[0217] At this time, the controller 260 may calculate a
degree of elasticity of a point of interest using Equation (3)
below.



US 2016/0128674 Al

Fu (8w .\ 62u1+ #u, €
PW—#(X,}’,OW W 5z

where p represents the density of medium, | represents a
degree of elasticity, and uz represents displacement in the
z-axis direction of shear waves.

[0218] If the object ob is a human body. p may be the
density of body tissue.

[0219] Also, since an offset between an irradiation focal
point and a point of interest is decided such that an amount of
change in the x-axis direction of shear waves at the point of
interest is sufficiently small (that is, such that shear waves are
irradiated

[0220] in the form of straight lines), as described above
with reference to FIG. 15,

may be assumed to be zero.

[0221] The controller 260 may measure an amount of
change of shear waves passing through the individual points
in a ROI over time, and an amount of change of the shear
waves with respect to each axis, thereby measuring a degree
of elasticity of each point (including a point of interest).
[0222] Also, the controller 260 may include, as shown in
FIG. 2, a processor 261, ROM 263 which stores control
programs for controlling the ultrasound imaging apparatus,
and RAM 262 which stores signals or data received from
external devices or which is used as a storage space for
various tasks that are performed on the ultrasound imaging
apparatus.

[0223]  Also, the controller 260 may include a graphic pro-
cessing board (not shown) including the processor 261, the
RAM 262, or the ROM 263 on a separate circuit board elec-
trically connected to the controller 260.

[0224] Theprocessor 261, the RAM 262, and the ROM 263
may be connected to each other through internal buses.
[0225]  Also, thecontroller 260 may bea component includ-
ing the processor 261, the RAM 262, and the ROM 263.
[0226] Also, thecontroller 260 may bea component includ-
ing the processor 261, the RAM 262, the ROM 263, and a
processing board (not shown).

[0227] As such, since the ultrasound imaging apparatus
displays an ultrasound elastic image for a point of interest
together with an ultrasound image and a high-resolution
medical image matching with the ultrasound image, it is
possible to provide a user with accurate diagnosis about the
point of interest.

[0228] However, a method of matching an ultrasound
image with a high-resolution medical image is not limited to
the embodiment as described above, and may be performed in
various ways, manually, or automatically.

[0229] Also, a method of creating an ultrasound elastic
image is not limited to the embodiment described above, and
may be performed in various ways.

[0230] Hereinafter, a method of controlling the ultrasound
imaging apparatus will be described with reference to FIGS.
17 and 18.

[0231] FIG. 17 is a flowchart illustrating a control method
of the ultrasound imaging apparatus, according to an embodi-
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ment of the present disclosure, and FIG. 18 is a flowchart
illustrating a method of creating an ultrasound elastic image
in the ultrasound imaging apparatus, according to an embodi-
ment of the present disclosure.

[0232] Referring to FIG. 17, the ultrasound imaging appa-
ratus may supply a voltage to the ultrasound probe 100 (see
FIG. 2) to irradiate ultrasonic waves to an object ob, and
receive ultrasonic waves (hereinafter, referred to as reflected
ultrasonic waves) reflected from the object ob to create an
ultrasound image, in operation S1050.

[0233] Successively, the ultrasound imaging apparatus may
match the ultrasound image with a high-resolution medical
image, in operation S1100.

[0234] As an example of a method of matching an ultra-
sound image with a high-resolution medical image, there is a
method of receiving coordinate information of the ultrasound
probe 100 from a user, and receiving a second feature point of
an ultrasound image corresponding to a first feature point of
a high-resolution medical image to manually match the ultra-
sound image with the high-resolution medical image.

[0235] However, the ultrasound imaging apparatus may
match the ultrasound image with the high-resolution medical
image automatically, instead of matching the ultrasound
image with the high-resolution medical image manually
according to a user’s input.

[0236] Also, the ultrasound image and the high-resolution
medical image that match with each other may be displayed
through the display 220 for the user.

[0237] Successively, the ultrasound imaging apparatus may
extract a point of interest set by the user, or a predetermined
point of interest, in operation S1200.

[0238] Thepoint of interest may be coordinate information
of a predetermined point of the object ob, or may be coordi-
nate information of a point of the object ob input through the
input 230 according to a user’s manipulation.

[0239] If a point of interest is input according to a users
manipulation, the user may select a point of a displayed
high-resolution medical image or a point of a displayed ultra-
sound image to thereby input a point of interest.

[0240] Successively, the ultrasound imaging apparatus may
guide movements of the ultrasound probe 100 such that the
point of interest is within an ultrasound irradiation range of
the ultrasound probe 100, in operation S1300.

[0241] Forexample, the ultrasound imaging apparatus may
display a current irradiation range of the ultrasound probe 100
together with the location of the point of interest, for the user.
In this case, the user may control the ultrasound probe 100
such that the irradiation range of the ultrasound probe 100
includes the location of the point of interest, while seeing the
irradiation range of the ultrasound probe 100.

[0242] Also, the ultrasound imaging apparatus may display
a graph of a +/- bar shape representing an offset from the
point of interest, thereby guiding movements of the ultra-
sound probe 100.

[0243] Successively, the ultrasound imaging apparatus may
create an ultrasound elastic image for a ROI, in operation
S1400. At this time, the ultrasound imaging apparatus may
irradiate a focus beam for creating an ultrasound elastic
image, to the object ob, after a predetermined time period has
elapsed or according to the user’s input. An example of a
method of creating an ultrasound elastic image will be
described in detail with reference to FIG. 18, later.
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[0244] Successively, the ultrasound imaging apparatus may
display the ultrasound elastic image together with the ultra-
sound image and the high-resolution medical image, for the
user, in operation S1500.

[0245] For example, the ultrasound elastic image for the
point of interest may overlap with the ultrasound image, or
may be displayed separately from the ultrasound image and
the high-resolution medical image.

[0246] Each point of the ROI corresponding to the ultra-
sound elastic image may have a predetermined color accord-
ing to a degree of elasticity. For example, a point with a lower
degree of elasticity may be displayed with red.

[0247]  Also, the ultrasound imaging apparatus may display
numerals representing degrees of elasticity of the individual
points of the ROL

[0248] Hereinafter, a method (operation S1400) in which
the ultrasound imaging apparatus creates an ultrasound elas-
tic image will be described as an example with reference to
FIG. 18.

[0249] First, the ultrasound imaging apparatus may define a
ROI including an extracted point of interest, in operation
S1410.

[0250] The ROI may be a region which is within a prede-
termined distance from the point of interest. Also, the ROI
may be a region set by a user.

[0251] Successively, the ultrasound imaging apparatus may
determine an irradiation focal point of the ultrasound probe
100, in operation S1420.

[0252] Inorderto determine an irradiation focal point of the
ultrasound probe 100, the ultrasound imaging apparatus may
determine an offset between an irradiation focal point and the
point of interest, a depth of the irradiation focal point, and an
irradiation width of ultrasonic waves.

[0253] Forexample, the ultrasound imaging apparatus may
set a depth of an irradiation focal point to a depth of the point
of interest, decide an offset between the irradiation focal point
and the point of interest based on an amount of change of
shear waves, and decide an irradiation width of ultrasonic
waves based on the number of focal points of ultrasonic
waves or the DOF of focal points of ultrasonic waves.
[0254] According to the embodiments of the present dis-
closure as described above, a user can see an ultrasound
elastic image about abnormal lesions found in a high-resolu-
tion medical image or an ultrasound image, together with the
high-resolution medical image and the ultrasound image
matching with each other.

[0255] Also, according to the embodiments of the present
disclosure as described above, the user can see a high-reso-
lution medical image with high contrast and high resolution
together with an ultrasound elastic image providing quanti-
tative elastic values.

[0256] Meanwhile, the control method of the ultrasound
imaging apparatus as described above may be embodied as
computer-readable code in computer-readable recording
medium. The computer-readable recording medium includes
any kind of recording device that store data readable by a
computer system. For example, the computer-readable
recording medium may be ROM, RAM, a magnetic tape, a
magnetic disk, flash memory, or an optical data storage
device. In addition, the computer-readable recording medium
may be distributed to computer systems over a network, in
which computer readable codes may be stored and executed
in a distributed manner.
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[0257] The aforementioned descriptions are only for illus-
trative purposes, and it will be apparent that those skilled in
the art can make various modifications thereto without chang-
ing the technical spirit and essential features of the present
disclosure. Thus, it should be understood that the exemplary
embodiments described above are merely for illustrative pur-
poses and not for limitation purposes in all aspects. For
example, each component described as a single type can be
implemented in a distributed type, and components described
as distributed can be implemented in a combined form.
[0258] Although a few embodiments of the present disclo-
sure 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 principles and spirit
of the disclosure, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. An ultrasound imaging apparatus comprising:

an image creator configured to create an ultrasound elastic

image that represents a degree of elasticity for a region
of interest including a predetermined point of interest of
an object; and

adisplay configured to display the ultrasound elastic image

together with an ultrasound image for the object and a
high-resolution medical image matching with the ultra-
sound image.

2. The ultrasound imaging apparatus according to claim 1,
further comprising:

a connector connected to an ultrasound probe; and

a controller configured to determine an irradiation focal

point of the ultrasound probe in order to acquire the
ultrasound elastic image.

3. The ultrasound imaging apparatus according to claim 2,
wherein the controller decides an offset between the irradia-
tion focal point and the point of interest in order to determine
the irradiation focal point.

4. The ultrasound imaging apparatus according to claim 3,
wherein the controller decides the offset between the irradia-
tion focal point and the point of interest, based on an amount
of change in axis direction of shear waves irradiated from the
irradiation focal point.

5. The ultrasound imaging apparatus according to claim 3,
wherein the controller determines, as the irradiation focal
point, a point located at the same depth as the point of interest
and spaced by the offset in a lateral direction from the point of
interest.

6. The ultrasound imaging apparatus according to claim 2,
wherein the controller determines an irradiation width of the
ultrasound probe according to a predetermined number of
irradiation focal points.

7. The ultrasound imaging apparatus according to claim 2,
further comprising an ultrasound probe configured to irradi-
ate a focus beam to the irradiation focal point so as to transfer
shear waves from the irradiation focal point to the point of
interest.

8. The ultrasound imaging apparatus according to claim 1,
wherein the high-resolution medical image is at least one
image of a magnetic resonance image and an X-ray image.

9. The ultrasound imaging apparatus according to claim 1,
further comprising:

a connector connected to an ultrasound probe;

a storage in which at least one high-resolution medical

image is stored; and
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acontroller configured to match the ultrasound image with
the high-resolution medical image.
10. The ultrasound imaging apparatus according to claim
9, further comprising an input configured to receive a users
input of inputting at least one of coordinate information and a
feature point of the ultrasound image and at least one of
coordinate information and a feature point of the high-reso-
lution medical image,
wherein the controller matches the ultrasound image with
the high-resolution medical image, based on the users
input.
11. The ultrasound imaging apparatus according to claim
9, wherein the connector receives an ultrasound signal and a
location signal of the ultrasound probe, from the ultrasound
probe,
the image creator creates an ultrasound image based on the
ultrasound signal, and
the controller detects a high-resolution medical image cor-
responding to the ultrasound image in real time, based
on the location signal of the ultrasound probe.
12. The ultrasound imaging apparatus according to claim
1, wherein the display displays a predetermined color accord-
ing to a degree of elasticity of the predetermined point of
interest, as the ultrasound elastic image.
13. The ultrasound imaging apparatus according to claim
1, wherein the display displays a spectral image based on a
degree of elasticity of the predetermined point of interest, as
the ultrasound elastic image.
14. The ultrasound imaging apparatus according to claim
1, further comprising an input configured to receive a users
input of setting a point in the ultrasound image or the high-
resolution medical image to a point of interest,
wherein the image creator creates an ultrasound elastic
image for the point of interest set according to the users
input.
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15. A control method of an ultrasound imaging apparatus,
comprising:

creating an ultrasound image for an object;

displaying the ultrasound image together with a high-reso-

lution medical image stored in advance;
creating an ultrasound elastic image that represents a
degree of elasticity for a region of interest including a
predetermined point of interest of the object; and

displaying the ultrasound elastic image together with the
ultrasound image and a high-resolution medical image
matching with the ultrasound image.

16. The control method according to claim 15, wherein the
creating of the ultrasound elastic image comprises determin-
ing anirradiation focal point of a ultrasound probe connected
to the ultrasound imaging apparatus.

17. The control method according to claim 16, wherein the
determining of the irradiation focal point of the ultrasound
probe comprises deciding an offset between the irradiation
focal point and the point of interest.

18. The control method according to claim 16, wherein the
determining of the irradiation focal point of the ultrasound
probe comprises determining an irradiation width of the ultra-
sound probe according to a predetermined number of irradia-
tion focal points.

19. The control method according to claim 15, wherein the
creating of the ultrasound elastic image comprises irradiating
a focus beam to an irradiation focal point of an ultrasound
probe connected to the ultrasound imaging apparatus so as to
transfer shear waves from the irradiation focal point to the
point of interest.

20. The control method according to claim 15, before dis-
playing the ultrasound elastic image, further comprising
matching the ultrasound image with the high-resolution
medical image.
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