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Disclosed herein are an ultrasonic imaging apparatus and an
image display method thereof. The ultrasonic imaging appa-
ratus includes an ultrasonic probe configured to transmit
ultrasonic signals toward an object and to receive ultrasonic
signals reflected by the object, a beamformer configured to
perform beamforming based on the ultrasonic signals
received by the ultrasonic probe, and an image processor
configured to generate an ultrasonic image of an examined
region within the object based on the beamforming, to extract
characteristic information which relates to the examined
region from the generated ultrasonic image, and to judge
whether or not the examined region coincides with a target
region based on the extracted characteristic information, thus
facilitating a determination as to with which region within the
object the examined region corresponds based on various
pieces of the characteristic information of the examined
region extracted via analysis of the ultrasonic image.
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ULTRASONIC IMAGING APPARATUS AND
IMAGE DISPLAY METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2013-0051532, filed on May 7, 2013 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments relate to an ultrasonic
imaging apparatus and an image display method thereof
which are usable for generating an image of the inside of an
object by using ultrasonic waves.

[0004] 2. Description of the Related Art

[0005] In general, an ultrasonic imaging apparatus collects
information regarding the inside of an object (for example, a
human body) by using ultrasonic waves, and acquires an
image of the inside of the object by using the collected infor-
mation.

[0006] In particular, the ultrasonic imaging apparatus may
collect ultrasonic waves which are reflected or generated by a
target region within the object, and acquire tomographic
images of various structures and/or tissues, for example,
tomographic images of various organs or soft tissues, within
the object, by using the collected ultrasonic waves. For this
purpose, the ultrasonic imaging apparatus may irradiate ultra-
sonic waves toward the target region within the object from
the outside of the object, and collect ultrasonic waves which
are reflected by a target point within the object.

[0007] The ultrasonic imaging apparatus generates ultra-
sonic waves of a designated frequency by using ultrasonic
transducers, etc., irradiates the ultrasonic waves of the desig-
nated frequency toward a target point, and receives ultrasonic
waves which are reflected by the target point, thus acquiring
ultrasonic signals of a plurality of channels which correspond
to the received ultrasonic waves. The ultrasonic imaging
apparatus may acquire beamformed ultrasonic signals by cor-
recting and focusing time differences among the ultrasonic
signals of the plurality of channels, and generate and acquire
ultrasonic images by using the beamformed ultrasonic signals
so that a user may confirm sectional plane images within the
object.

[0008] Such an ultrasonic imaging apparatus is small and
inexpensive, as compared to other apparatuses, may repro-
duce an image within an object in real time, and have none of
the dangers of radiation exposure, thus being widely used in
various fields, such as the medical world.

[0009] In general, a 2D ultrasonic image or a 3D ultrasonic
image of an object may be acquired through the ultrasonic
imaging apparatus. 2D ultrasonic imaging is mainly used
now, but increasingly, 3D ultrasonic imaging is being used to
perform volume quantification or accurate diagnosis and
treatment of an object. In order to acquire a 3D ultrasonic
image, ultrasonic transducers aligned in a 2D array are com-
mercially used, and many trials to reduce cost and weight
have been carried out through the use of capacitive microma-
chined ultrasonic transducers (¢MUT). Through such devel-
opment, it is predicted that use of ultrasonic imaging appara-
tuses will gradually increase.
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[0010] In order to generalize these ultrasonic imaging
apparatuses, a guide system within an ultrasonic imaging
apparatus is required in order to enable the general public to
easily use the apparatus. A sonographer, who has anatomical
knowledge and a well-honed measuring technique through
extensive experience, may easily judge to which organ or
region a 3D image of an organ expressed through ultrasonic
imaging corresponds, and thereby easily detect lesions. Con-
versely, a general user who is unfamiliar with use of the
ultrasonic imaging apparatus or ultrasonic reading may lack
fundamental anatomical knowledge regarding positions and
shapes of organs, and thus may fail to execute an ultrasonic
diagnosis or may miss important lesions, and therefor needs
to master various pieces of anatomical knowledge of respec-
tive organs in order to properly execute an ultrasonic diagno-
sis.

SUMMARY

[0011] Therefore, it is an aspect of one or more exemplary
embodiments to provide an ultrasonic imaging apparatus and
an image display method thereof which may be easily used by
a general user that lacks anatomical knowledge and/or mea-
suring techniques, as well as by a sonographer.

[0012] It is another aspect of one or more exemplary
embodiments to provide an ultrasonic imaging apparatus and
an image display method thereof which may be used to more
accurately judge to which region within an object an exam-
ined region corresponds based on various pieces of charac-
teristic information which relate to the examined region and
which are extracted via analysis of an ultrasonic image.
[0013] Additional aspects of the exemplary embodiments
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 embodiments.

[0014] Inaccordance with one aspect of one or more exem-
plary embodiments, an ultrasonic imaging apparatus includes
an ultrasonic probe configured to transmit ultrasonic signals
toward an object and to receive ultrasonic signals reflected by
the object, a beamformer configured to perform beamforming
based on the ultrasonic signals received by the ultrasonic
probe, and an image processor configured to generate an
ultrasonic image of an examined region within the object
based on a result of the beamforming, to extract characteristic
information which relates to the examined region from the
generated ultrasonic image, and to judge whether or not the
examined region coincides with a target region based on the
extracted characteristic information.

[0015] The examined region may include a region which
corresponds to a target of a diagnosis which is imaged by
using the ultrasonic probe, and the target region may include
a region which is set by a user.

[0016] The ultrasonic imaging apparatus may further
include a medical information database configured to store at
least one from among standardized ultrasonic images of a
plurality of regions within the object, standardized X-ray
images, magnetic resonance imaging (MRI) images and com-
puted tomography (CT) images of the plurality of regions
within the object, first characteristic information which
relates to the plurality of regions within the object, and second
characteristic information which relates to a plurality of
lesions and which is usable for detecting one or more lesions
which are present in the examined region within the target
object.
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[0017] The first characteristic information may include at
least one from among a shape of one or more of the plurality
of regions, a sound velocity of at least one ultrasonic wave
reflected by one or more of the plurality of regions, and a
degree of elasticity of one or more of the plurality of regions.
[0018] The imaging processor may include an image gen-
erator configured to generate at least one from among a two-
dimensional (2D) ultrasonic image and a three-dimensional
(3D) ultrasonic image of the examined region based on the
result of the beamforming, a characteristic information
extractor configured to extract third characteristic informa-
tion which relates to the examined region by performing
analysis of the generated at least one from among the 2D
ultrasonic image and the 3D ultrasonic image of the examined
region, and an examined region analyzer configured to judge
whether or not the examined region coincides with the target
region by comparing the extracted third characteristic infor-
mation which relates to the examined region with the first
characteristic information which relates to the target region
and which is stored in the medical information database.
[0019] The examined region analyzer may be further con-
figured to calculate a matching rate between the examined
region and the target region based on a result of the comparing
of the third characteristic information with the first charac-
teristic information, and to judge that the examined region
coincides with the target region if the calculated matching
rate is greater than a predetermined value.

[0020] The examined region analyzer may be further con-
figured to divide the examined region into a plurality of areas
based on the extracted third characteristic information which
relates to the examined region.

[0021] The examined region analyzer may be further con-
figured to detect at least one lesion which is present in the
examined region based on the extracted third characteristic
information which relates to the examined region.

[0022] The image processor may further include a display
image generator configured to generate a display image based
on a result of the judging as to whether or not the examined
region coincides with the target region, the examined region
divided into the plurality of areas, a result of the detecting of
the at least one lesion, and various pieces of information
which is stored in the medical information database.

[0023] The ultrasonic imaging apparatus may further
include a display component configured to display the display
image, and the display component may include a first medical
image display region configured to display at least one from
among a standardized X-ray image, an MRI image, and a CT
image of the examined region judged as the target region, a
guide image display region configured to display a guide
image so as to facilitate a use of the ultrasonic probe with
respect to the target region, a reference ultrasonic image
display region configured to display a reference ultrasonic
image of the target region so as to facilitate a comparison with
a currently acquired real-time ultrasonic image, a current
ultrasonic image display region configured to display the
currently acquired real-time ultrasonic image, and an analysis
result display region configured to display a result of the
judging performed by the examined region analyzer.

[0024] In accordance with another aspect of one or more
exemplary embodiments, an image display method which is
executable by an ultrasonic imaging apparatus which
includes an ultrasonic probe configured to transmit ultrasonic
signals toward an object and to receive ultrasonic signals
reflected by the object, a beamformer configured to perform
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beamforming based on the ultrasonic signals received by the
ultrasonic probe, and a medical information database config-
ured to store at least one from among standardized ultrasonic
images of a plurality of regions within the object, standard-
ized X-ray images, MRI images and CT images of the plu-
rality of regions within the object, first characteristic infor-
mation which relates to the plurality of regions within the
object, and second characteristic information which relates to
a plurality of lesions and which is usable for detecting one or
more lesions which are present in an examined region within
the target object, includes generating at least one from among
a 2D ultrasonic image and a 3D ultrasonic image of the
examined region within the object based on a result of the
beamforming, extracting third characteristic information
which relates to the examined region from the generated at
least one from among the 2D ultrasonic image and the 3D
ultrasonic image, and judging whether or not the examined
region coincides with a target region based on the extracted
third characteristic information.

[0025] The examined region may include a region which
corresponds to a target of diagnosis which is imaged by using
the ultrasonic probe, and the target region may include a
region which is set by a user.

[0026] The first characteristic information may include at
least one from among a shape of at least one from among the
plurality of regions, a sound velocity of at least one ultrasonic
wave reflected by at least one from among the plurality of
regions, and a degree of elasticity of at least one from among
the plurality of regions.

[0027] The judging whether or not the examined region
coincides with the target region based on the extracted third
characteristic information may include comparing the
extracted third characteristic information which relates to the
examined region with the first characteristic information
which relates to the target region and which is stored in the
medical information database.

[0028] Theimage display method may further include gen-
erating a display image based on a result of the judging
whether or not the examined region coincides with the target
region and various pieces of information stored in the medical
information database.

[0029] The image display method may further include dis-
playing the generated display image and a result of the judg-
ing whether or not the examined region coincides with the
target region.

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0031] FIG. 1 is a perspective view which illustrates an
external appearance of an ultrasonic imaging apparatus, in
accordance with one exemplary embodiment;

[0032] FIG. 2 is a control block diagram of the ultrasonic
imaging apparatus;

[0033] FIG. 3isaplan view of an ultrasonic probe shown in
FIG. 2;
[0034] FIG. 4isa view which illustrates a detailed configu-

ration of a beamformer shown in FIG. 2;

[0035] FIG. 5isa view which illustrates a detailed configu-
ration of an image processor shown in FIG. 2;

[0036] FIGS. 6,7, and 8 are views which illustrate various
examples for describing an examined region analysis process
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and a display image generation process applied to the ultra-
sonic imaging apparatus, in accordance with one or more
exemplary embodiments;

[0037] FIG. 9 is a view which exemplarily illustrates a
screen ofa display component displaying an ultrasonic image
during imaging by a user and a result of the judgment during
a diagnosis process using the ultrasonic imaging apparatus;
and

[0038] FIG. 10 is a flowchart which illustrates an image
display method of an ultrasonic imaging apparatus, in accor-
dance with one exemplary embodiment.

DETAILED DESCRIPTION

[0039] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout.

[0040] FIG. 1 is a perspective view which illustrates an
external appearance of an ultrasonic imaging apparatus, in
accordance with an exemplary embodiment.

[0041] An ultrasonic imaging apparatus is an imaging
apparatus which transmits ultrasonic waves toward a target
region within an object, for example, a human body, from the
surface of the object, receives ultrasonic waves (i.e., ultra-
sonic echo waves) reflected by the target region, and gener-
ates tomographic images of various tissues or structures
within the object by using the received ultrasonic informa-
tion. As exemplarily shown in FIG. 1, an ultrasonic imaging
apparatus 100 may include an ultrasonic probe p which is
configured to transmit ultrasonic waves toward an object, to
receive ultrasonic echo waves from the object, and to convert
the ultrasonic echo waves into electrical signals, i.e., ultra-
sonic wave signals, and a main body m which is connected to
the probe p and which includes an input unit (also referred to
herein as an “input device™) 1 and a display unit (also referred
to herein as a “display component”) d. A plurality of ultra-
sonic transducers t are arranged at the end of the ultrasonic
probe p.

[0042] FIG. 2 is a control block diagram of the ultrasonic
imaging apparatus, and FIG. 3 is a plan view of the ultrasonic
probe shown in FIG. 2.

[0043] As exemplarily shown in FIGS. 2 and 3, the ultra-
sonic probe p may include at least one ultrasonic transducer t
which is configured to generate ultrasonic waves based on an
applied voltage (or current), to transmit the generated ultra-
sonic waves toward at least one target region to within an
object ob, to receive ultrasonic echo waves reflected by the at
least one target region of the object ob, and to convert the
received ultrasonic echo waves into an electrical signal. As
exemplarily shown in FIG. 3, the at least one ultrasonic trans-
ducer t may be installed at one end of the ultrasonic probe b.
In this case, the at least one ultrasonic transducer t may be
aligned in at least one column at one end of the ultrasonic
probe p.

[0044] A “transducer” refers to a device which converts one
form of energy into another form of energy. In particular, the
ultrasonic transducer t may convert electrical energy into
wave energy, and vice versa. Therefore, the ultrasonic trans-
ducer t may perform both the function of an ultrasonic wave
generating device and the function of an ultrasonic wave
receiving device.

[0045] The ultrasonic transducer t generates ultrasonic
waves while vibrating by using a pulse signal or an alternat-
ing-current (AC) current which is applied to the ultrasonic
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transducer t based on a control signal which is outputted by an
ultrasonic wave generation control unit (also referred to
herein as an “ultrasonic wave generation controller”) 120
which is installed in the ultrasonic probe b or the main body
m. The generated ultrasonic waves are transmitted to the
target region ta within the object ob. In this case, the ultra-
sonic waves generated by the ultrasonic transducer t may be
focused and transmitted toward a plurality of target regions ta
within the object ob. In particular, the generated ultrasonic
waves may be multi-focused and transmitted toward the plu-
ral target regions ta.

[0046] The ultrasonic waves generated by the ultrasonic
transducer t are reflected by at least one target region ta within
the object ob, and the reflections return to the ultrasonic
transducer t. The ultrasonic transducer t receives ultrasonic
echo waves which are reflected by the at least one target
region ta. When the ultrasonic echo waves reach the ultra-
sonic transducer 1, the ultrasonic transducer t vibrates at a
designated frequency which corresponds to the frequency of
the ultrasonic echo waves, and outputs an AC current of the
frequency which corresponds to the vibrating frequency of
the ultrasonic transducer t. Thereby, the ultrasonic transducer
t may convert the received ultrasonic echo waves into a des-
ignated electrical signal.

[0047] Because each ultrasonic transducer t receives ultra-
sonic waves from the outside and outputs an electrical signal,
the ultrasonic probe b may output electrical signals c1 to c10
of a corresponding plurality of channels, as exemplarily
shown in FIG. 3. In this case, the number of the channels may
be, for example, 64 or 128.

[0048] Theultrasonic transducer t may include a piezoelec-
tric vibrator and/or a thin film. If an external power supply
device or an internal electricity storage device, such as, for
example, a power supply 130, such as a battery, applies an AC
current to the piezoelectric vibrator or the thin film of the
ultrasonic transducer t, the piezoelectric vibrator or the thin
film vibrates at a designated frequency based on the applied
AC current, and ultrasonic waves of a designated frequency
are generated based on the vibrating frequency. Conversely,
when ultrasonic echo waves of a designated frequency reach
a piezoelectric material or the thin film, the piezoelectric
material or the thin film vibrates based on the ultrasonic echo
waves. In particular, the piezoelectric material or the thin film
outputs an AC current of a frequency which corresponds to
the vibrating frequency.

[0049] The ultrasonic transducer t may include at least one
of, for example, a magnetostrictive ultrasonic transducer
whichuses the magnetostrictive effect of a magnetic material,
a piezoelectric ultrasonic transducer which uses the piezo-
electric effect of a piezoelectric material, and a capacitive
micromachined ultrasonic transducer (¢cMUT) which trans-
mits and receives ultrasonic waves by using vibrations of
hundreds or thousands of micromachined thin films. Alterna-
tively, the ultrasonic transducer t may include any one or more
of other kinds of transducers which may generate ultrasonic
waves based on an electrical signal or generate an electrical
signal based on ultrasonic waves.

[0050] Further, the ultrasonic transducers 1 may be config-
ured in a one-dimensional (1D) ultrasonic transducer array in
which a plurality of ultrasonic transducers t1 to t10 (with
reference to FIG. 4) are aligned one-dimensionally, i.e., in a
line, or be configured in a 2D ultrasonic transducer array in
which a plurality of ultrasonic transducers are aligned 2-di-
mensionally, i.e., in a plane.
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[0051] The main body m, as exemplarily shown in FIG. 2,
includes a system control unit (also referred to herein as a
“system controller”) 110, the ultrasonic wave generation con-
trolunit 120, the power supply 130, a beamforming unit (also
referred to herein as a “beamformer”) 140, an image process-
ing unit (also referred to herein as an “image processor”) 150,
a medical information database 160, a postprocessing unit
(also referred to herein as a “postprocessor”) 170, a storage
unit (also referred to herein as a “storage device” and/or as a
“storage”) 180, the input unit i, and the display unit d.
[0052] The system control unit 110 controls the overall
operation of the main body m. In particular, the system con-
trol unit 110 may generate designated control signals which
are directed to the ultrasonic probe p and the respective ele-
ments of the main body m, for example, the ultrasonic wave
generation control unit 120, the beamforming unit 140, the
image processing unit 150, the postprocessing unit 170, the
storage unit 180, and the display unit d, so as to control the
operation of the ultrasonic probe p and the respective ele-
ments of the main body m.

[0053] More particularly, the system control unit 110 may
generate designated control instructions which are directed to
the respective elements of the main body m in accordance
with predetermined settings or directions or instructions of a
user input which is received via the separate input unit i, thus
controlling the ultrasonic imaging apparatus 100.

[0054] The ultrasonic wave generation control unit 120
may receive designated control instructions from the system
control unit 110, generate a designated control signal based
on the received control instructions, and transmit the gener-
ated control signal to the ultrasonic transducers t of the ultra-
sonic probe p. In this case, the ultrasonic transducers t may be
operated in accordance with the received control signal and
thus generate ultrasonic waves. Further, the ultrasonic wave
generation control unit 120 may generate a control signal
which relates to the power supply 130 electrically connected
to the ultrasonic transducers t based on the received control
instructions, and transmit the generated control signal to the
power supply 130. In this case, the power supply 130, having
received the control signal, may apply an AC current of a
designated frequency to the ultrasonic transducers t based on
the control signal, so that the ultrasonic transducers t may
generate ultrasonic waves of a frequency which corresponds
to the frequency of the AC current.

[0055] The beamforming unit 140 performs beamforming
based on ultrasonic signals c1 to ¢10 of a plurality of chan-
nels, which signals are transmitted from the ultrasonic trans-
ducers t. In particular, “beamforming” refers to an increase of
the intensity of signals through superposition when the sig-
nals are transmitted and received using a plurality of trans-
ducers. More particularly, beamforming refers to an acquisi-
tion of a proper ultrasonic image of the inside of the object ob
by focusing a plurality of received signals which are input to
a plurality of channels. The detailed configuration and opera-
tion of the beamforming unit 140 will be described below in
detail with reference to FIG. 4.

[0056] The image processing unit 150 generates an ultra-
sonic image of the object, more particularly, an examined
region (i.e., aregion regarded as a target of diagnosis which is
imaged via the ultrasonic probe p, with reference to item “in”
of FIG. 6), and extracts various pieces of characteristic infor-
mation (such as, for example, the shape of the examined
region, the sound velocity of ultrasonic waves reflected by the
examined region (ultrasonic echo waves), the degree of elas-
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ticity of the examined region, and/or any other suitable char-
acteristic) which relate to the examined region by performing
an analysis of the generated ultrasonic image. Further, the
image processing unit 150 judges whether or not the exam-
ined region coincides with a target region (i.e., aregion which
is set as a target of diagnosis by a user via ultrasonic scanning)
which has previously been stored in the medical information
database 160 by comparing the extracted characteristic infor-
mation which relates to the examined region with correspond-
ing characteristic information which relates to the target
region. Moreover, the image processing unit 150 may per-
form an analysis of the examined region, which analysis may
include, for example, a division of the examined region into a
plurality of areas and/or a detection of lesions (for example,
cancerous tissues) which are present in the examined region
based on the extracted characteristic information which
relates to the examined region. Further, the image processing
unit 150 generates a display image (i.e., a resultant image)
which will be displayed on the display unit d based on a result
of the judging as to whether or not the examined region
coincides with the target region, a result of the analysis of the
examined region, and various pieces of information which are
stored in the medical information database 160. The detailed
configuration and operation of the image processing unit 150
will be described below in detail with reference to FIG. 5.

[0057] The medical information database 160 includes a
group of various pieces of information which are usable for
judging whether or not a region which corresponds to a target
of diagnosis and which is imaged by using the ultrasonic
probe p, i.e., the examined region, coincides with a target
region (i.e., a user-determined region) to be diagnosed via
ultrasonic scanning. The medical information database 160
stores standardized ultrasonic images of various regions (e.g,,
organs and/or tissues) within the object ob which may be used
as criteria in judging whether or not the examined region
coincides with the target region, and standardized X-ray
images, magnetic resonance imaging (MRI) images and com-
puted tomography (CT) images of various regions (e.g.,
organs and/or tissues) within the object ob which are acquired
via other medical imaging apparatuses than the ultrasonic
imaging apparatus 100, such as, for example, an X-ray imag-
ing apparatus, a magnetic resonance imaging (MRI) appara-
tus, a computed tomography (CT) apparatus, and/or any suit-
able apparatus. Further, the medical information database 160
may store characteristic information which relates to various
regions (such as, for example, the heart, the liver, the breasts,
the uterus, and/or any other suitable body part) within the
object ob, for example, the shapes of the various regions
within the object ob, the sound velocities of ultrasonic waves
(ultrasonic echo waves) reflected by the various regions, and
the degrees of elasticity of the various regions. Moreover, the
medical information database 160 may store characteristic
information which relates to various lesions (such as, for
example, the degrees of elasticity of cancerous tissues) in
order to detect one or more lesions which are present in
regions within the object ob.

[0058] The postprocessing unit 170 may perform various
postprocessing operations with respect to the ultrasonic
image (display image) generated by the image processing
unit 150. For example, postprocessing unit 170 may correcta
luminosity, a brightness, a contrast, or a sharpness of the
entirety or a part of the ultrasonic image so that a user may
clearly view tissues in the ultrasonic image. Further, the post-
processing unit 170 may correct the ultrasonic image based
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on user directions or instructions, and/or correct the ultra-
sonic image based on pre-defined settings.

[0059] The storage unit 180 may temporarily or non-tem-
porarily store an ultrasonic image. The ultrasonic image
stored in the storage unit 180 may include the ultrasonic
image generated by the image processing unit 170 and/or the
ultrasonic image corrected by the postprocessing unit 170.
[0060] The input unit i enables a user to input instructions
regarding the operation of the ultrasonic imaging apparatus
100, and the user may input any one or more of ultrasonic
diagnosis start instructions, mode selection instructions for
selecting one of an amplitude mode (A-mode), a brightness
mode (B-mode), a motion mode (M-mode), and/or any other
available mode, and an indication of a region which is desired
to be diagnosed (i.e., a set region or a target region) by
performing ultrasonic scanning. In particular, the input unit i
may employ any one or more of various units and/or device
via which a user may input data, directions or instructions,
such as, for example, a keyboard, a mouse, a trackball, a
tablet, and/or a touchscreen module.

[0061] The display unit d displays an ultrasonic image
which is acquired during an ultrasonic diagnosis process,
and/or a menu or guidance which may be required for per-
forming an ultrasonic diagnosis. In particular, the display unit
d may display a display image generated by the image pro-
cessing unit 150 and a result of the analysis of the examined
region. In this aspect, the display unit d may include, for
example, a cathode ray tube (CRT) and/or a liquid crystal
display (LCD).

[0062] FIG.4isa view which illustrates a detailed configu-
ration of the beamforming unit shown in FIG. 2.

[0063] The beamforming unit 140 provided in the main
body m receives ultrasonic signals ¢1 to ¢10 of a correspond-
ing plurality of channels which signals are transmitted from
the ultrasonic transducers t, focuses the received ultrasonic
signals cl to c10 of the plurality of channels, and thus outputs
beamformed ultrasonic signals. The beamformed ultrasonic
signals may form an ultrasonic image. In particular, the beam-
forming unit 140 performs beamforming of the ultrasonic
signals of the plurality of channels in order to estimate the size
of reflected waves in a specific space.

[0064] As exemplarily shown in FIG. 4, the beamforming
unit 140 may include a time difference correction unit (also
referred to herein as a “time difference corrector”) 142 and a
focusing unit (also referred to herein as a “focuser”) 144.
[0065] The time difference correction unit 142 may correct
time differences among ultrasonic signals which are output
from the respective ultrasonic transducers t1 to t10.

[0066] As described above, the ultrasonic transducer t
receives ultrasonic echo waves which are reflected by the
target region ta. Distances between the respective ultrasonic
transducers t1 to t10 which are installed at the ultrasonic
probe p and the target region ta are different, but the sound
velocity of ultrasonic waves are almost regular, even if it
varies according to media. Therefore, the respective ultra-
sonic transducers t1 to t10 receive ultrasonic echo waves
which are generated or reflected by the same target region ta
at different times. Thus, there are designated time differences
among ultrasonic signals output from the respective ultra-
sonic transducers t1 to t10, even if the respective ultrasonic
transducers t1 to t10 receive the same ultrasonic echo waves.
The time difference correction unit 142 corrects the time
differences among the ultrasonic signals output from the
respective ultrasonic transducers t1 to t10.
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[0067] 1In order to correct the time differences among the
ultrasonic signals, for example, the time difference correction
unit 142 may delay a respective transmission of each of the
ultrasonic signals c1 to ¢10 which are input to specific chan-
nels for a designated time based on predetermined settings, so
that the ultrasonic signals ¢l to ¢10 of the plurality of chan-
nels may be transmitted to the focusing unit 144 at the same
time, as exemplarily shown in F1G. 4.

[0068] The focusing unit 144 may focus the ultrasonic sig-
nals. The focusing unit 144, as exemplarily shown in FIG. 4,
may focus the ultrasonic signals of the plurality of channels,
respective time differences of which have been corrected by
the time difference correction unit 142.

[0069] The focusing unit 144 may focus the ultrasonic sig-
nals by selectively emphasizing or relatively attenuating sig-
nals of designated positions by applying designated weights,
for example, beamforming coefficients, to each of the respec-
tive input ultrasonic signals. Thereby, an ultrasonic signal
which conforms to user requirements may be generated.
[0070] Further, the focusing unit 144 may focus the ultra-
sonic signals by using a pre-defined beamforming coefficient
which is independent with respect to the ultrasonic signals.
Further, the focusing unit 144 may focus the ultrasonic sig-
nals by using a beamforming coefficient which is properly
acquired based on the input ultrasonic signals.

[0071] Theultrasonic signals which are beamformed by the
beamforming unit 140 are transmitted to the image process-
ing unit 150, as exemplarily shown in FIGS. 4 and 5.

[0072] FIG. 5isa view which illustrates a detailed configu-
ration of the image processing unit shown in FIG. 2.

[0073] As exemplarily shown in FIG. 5, the image process-
ing unit 150 provided within the main body m may include an
image generation unit (also referred to herein as an “image
generator”) 152, a characteristic information extraction unit
(also referred to herein as a “characteristic information
extractor”) 154, an examined region analysis unit (also
referred to herein as an “examined region analyzer”)156, and
a display image generation unit (also referred to herein as a
“display image generator”)158.

[0074] Theimage generation unit 152 generates at least one
of a 2D ultrasonic image and/or a 3D ultrasonic image of the
object, more particularly, an examined region (i.e., a region
which corresponds to a target of diagnosis and which is
imaged by using the ultrasonic probe p, with reference to item
“in” of FIG. 6), based on the ultrasonic signals focused
(beamformed) by the beamforming unit 140. The image gen-
eration unit 152 may generate a 2D ultrasonic image of the
examined region if the plurality of ultrasonic transducers is
aligned on the ultrasonic probe p in a 1D array, and may
generate a 3D ultrasonic image of the examined region if the
plurality of ultrasonic transducers is aligned on the ultrasonic
probe p in a 2D array.

[0075] The characteristic information extraction unit 154
extracts characteristic information which relate to the exam-
ined region by performing analysis of the 2D ultrasonic image
or the 3D ultrasonic image of the examined region generated
by the image generation unit 152. The characteristic informa-
tion which relates to the examined region may include any
one or more of the shape of the examined region, the sound
velocity of ultrasonic waves (ultrasonic echo waves) reflected
by the examined region, and/or the degree of elasticity of the
examined region. A method of extracting the characteristic
information of the examined region by performing an analy-
sis of the input 2D or 3D ultrasonic image of the examined
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region is well known to those skilled in the art, and a detailed
description thereof will thus be omitted.

[0076] The examined region analysis unit 156 judges
whether or not the examined region coincides with a target
region (i.e., a region set as a target of diagnosis by a user by
performing ultrasonic scanning) by comparing the character-
istic information (for example, the shape, the sound velocity,
the degree of elasticity, and/or any other suitable information)
which relates to the examined region extracted by the char-
acteristic information extraction unit 154 with characteristic
information which relates to the target region and which has
previously been stored in the medical information database
160. Then, the examined region analysis unit 156 calculates a
matching rate between the examined region and the target
region based on a result of comparison between the charac-
teristic information which relates to the examined region and
the characteristic information which relates to the target
region, and judges that the examined region coincides with
the target region, i.e., the examined region is the same as the
target region, if the calculated matching rate is greater than a
predetermined value (for example, 90%). In particular, the
examined region analysis unit 156 does not judge that the
examined region coincides with the target region if the match-
ing rate calculated in consideration of just one piece (for
example, shape) of characteristic information from among
various pieces of characteristic information is greater than the
predetermined value, but judges that the examined region
coincides with the target region if the matching rate calcu-
lated in consideration of at least two pieces of characteristic
information from among the various pieces of characteristic
information is greater than the predetermined value.

[0077] Further, the examined region analysis unit 156 may
divide the examined region into a plurality of areas based on
the characteristic information which relates to the examined
region and which is extracted by the characteristic informa-
tion extraction unit 154. For example, the examined region
analysis unit 156 may divide the examined region into a
plurality of areas based on a plurality of pieces of sound
velocity information (represented in a corresponding plural-
ity of ranges) which are distributed in the examined region
and which are extracted by the characteristic information
extraction unit 154, or divide the examined region into a
plurality of areas based on a plurality of pieces of elasticity
degree information (represented in a corresponding plurality
of ranges) which are distributed in the examined region and
which are extracted by the characteristic information extrac-
tion unit 154.

[0078] Moreover, the examined region analysis unit 156
may detect one or more lesions which are present in the
examined region based on the characteristic information
which relates to the examined region and which is extracted
by the characteristic information extraction unit 154. In gen-
eral, cancerous tissues have a lower degree of elasticity than
normal tissues. Therefore, the examined region analysis unit
156 may divide the examined region into a plurality of areas
based on a plurality of pieces of elasticity degree information
(represented in a corresponding plurality of ranges) which are
distributed in the examined region and which are extracted by
the characteristic information extraction unit 154, and, if
some or all of the pieces of elasticity degree information
correspond to the degree of elasticity (represented in a range)
of cancerous tissues, judge (i.e., detect) a corresponding area
as indicating a lesion (cancerous tissues) which is present in
the examined region.
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[0079] The display image generation unit 158 generates a
display image (i.e., aresultant image) which will be displayed
on the display unit d, based on a result of the judging as to
whether or not the examined region input from the examined
region analysis unit 156 coincides with the target region, a
result of the analysis by the examined region (i.e., the exam-
ined region which is divided into a plurality of areas and a
result of the detection of one or more lesions), and various
pieces of information which are stored in the medical infor-
mation database 160.

[0080] FIGS. 6,7, and 8 are views which illustrate various
examples for describing an examined region analysis process
and a display image generation process applied to the ultra-
sonic imaging apparatus, in accordance with one or more
exemplary embodiments.

[0081] FIG. 6 is a view which illustrates the examined
region analysis process and the display image generation
process if a plurality (i.e., at least two) of organs are imaged
as an examined region.

[0082] Asexemplarily shown in FIG. 6, when the examined
region “in” which is extracted by the characteristic informa-
tion extraction unit 154 within the image processing unit 150
is formed in the shape of two organs A and B (for example, in
the shape of the outline of the two organs when one organ A
overlaps with the other organ B), it is difficult to judge to
which region within the object ob the examined region “in”
corresponds, and it is also difficult to judge whether or not the
examined region “in” coincides with the target region tabased
solely upon the shape of the examined region “in”. Because
other pieces of characteristic information which relate to
respective organs in the object ob except for the shapes of the
respective organs, such as, for example, the sound velocities
and the degrees of elasticity of the respective organs, are
different, the examined region analysis unit 156 within the
image processing unit 150 may judge whether or not the
examined region “in” coincides with the target region tabased
on other pieces of characteristic information (such as, for
example, the sound velocity, the degree of elasticity, etc.) of
the examined region except for the shape of the examined
region. In the example shown in FIG. 6, the examined region
corresponds to the two organs A and B. In this case, the
examined region analysis unit 156 judges whether or not one
of the two organs A and B coincides with the target region ta
by comparing the sound velocity (and/or the degree of elas-
ticity) which corresponds to the organ A with the sound
velocity (and/or the degree of elasticity) which corresponds to
the target region ta which is input by a user, read from the
medical information database 160, and by comparing the
sound velocity (and/or the degree of elasticity) which corre-
sponds to the organ B with the sound velocity (and/or the
degree of elasticity) which corresponds to the target region ta
which is input by the user, read from the medical information
database 160. If the target region ta which is input by the user
is the organ A, the examined region analysis unit 156 com-
pares the sound velocity (and/or the degree of elasticity)
which corresponds to the organ A which is extracted by the
characteristic information extraction unit 154 with the sound
velocity (and/or the degree of elasticity) which corresponds to
the organ A which is stored in the medical information data-
base 160, calculates a matching rate of the organ A among the
two organs A and B represented as the examined region “in”
with respect to the target region ta based on a result of the
comparison, and judges whether or not the organ A repre-
sented as the examined region coincides with the target region
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ta based on the calculated matching rate of the organ A with
respect to the target region ta. [f the calculated matching rate
of the organ A represented as the examined region with
respect to the target region ta is greater than a predetermined
value and thus, it is judged that the organ A represented as the
examined region is the same as the target region, the display
image generation unit 158 generates a display image di which
will be displayed on the display unit d based on a result of the
judging which is input from the examined region analysis unit
156 and various pieces of information which relate to the
organ A and which are stored in the medical information
database 160. Because a portion of the organ A is hidden by
the organ B, as exemplarily shown in FIG. 6, it is difficult to
generate a display image of the organ A judged as the target
region ta (i.e., a display image based on the shape of the organ
A) based on the shape of the examined region “in” which is
extracted by the characteristic information extraction unit
154. Therefore, as exemplarily shown in FIG. 6, the display
image generation unit 158 may generate a display image di of
the organ A with reference to a standardized ultrasonic image
@ of the organ A, judged as the target region ta, which has
previously been stored in the medical information database
160. Alternatively, the display image generation unit 158 may
generate a display image di of the organ A with reference to
standardized X-ray images, MRI images and CT images @
of various regions (organs) within the object ob which are
acquired by using other medical imaging apparatuses than the
ultrasonic imaging apparatus 100, such as, for example, an
X-ray imaging apparatus, a magnetic resonance imaging
(MRI) apparatus, a computed tomography (CT) apparatus,
and/or any other suitable apparatus.

[0083] FIG. 7 is a view which illustrates the examined
region analysis process and the display image generation
process if one organ is imaged as an examined region and the
organ includes a plurality of areas which have different char-
acteristics.

[0084] Asexemplarily shown in FIG. 7, when the examined
region “in” which is extracted by the characteristic informa-
tion extraction unit 154 within the image processing unit 150
is formed in the shape of one organ E, and the organ E
includes a plurality of areas which have different character-
istics, such as, for example, three areas, i.¢., an area E (organ
E), anarea E1 (representing a part of the organ E), and an area
E2 (representing another part of the organ E) which respec-
tively correspond to sound velocities (and/or degrees of elas-
ticity), not only an ultrasonic image based on the overall
shape of a region judged as the target region ta but also
ultrasonic images based on the plurality of areas which have
different characteristics within the region (organ) judged as
the target region ta may be displayed to a user based on user
settings. In the example shown in FIG. 7, the examined region
analysis unit 156 judges whether or not the organ E repre-
sented as the examined region “in” coincides with the target
region ta by comparing the shape, the sound velocity, and the
degree of elasticity of the organ E which are input from the
characteristic information extraction unit 154 with the shape,
the sound velocity, and the degree of elasticity of the target
region ta which is input by the user, read from the medical
information database 160. If the target region ta which is input
by the user is the organ E, the examined region analysis unit
156 compares the shape, the sound velocity, and the degree of
elasticity of the organ E which are extracted by the charac-
teristic information extraction unit 154 with the shape, the
sound velocity, and the degree of elasticity of the organ E
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which are stored in the medical information database 160,
calculates a matching rate of the organ E with respect to the
target region ta based on a result of the comparison, and
judges whether or not the organ E coincides with the target
region ta based on the calculated matching rate of the organ E
represented as the examined region “in” with respect to the
target region ta. Further, if a user sets the display unit d via the
input unit I so that the display unit d may display not only an
ultrasonic image based on the overall shape of the region
judged as the target region ta but also ultrasonic images based
on the plurality of areas which have different characteristics
within the region (organ) judged as the target region ta, the
examined region analysis unit 156 divides the examined
region in into three areas, i.e., the area E (organ E), the area E1
(representing a part of the organ E), and the area E2 (repre-
senting another part of the organ E), based on corresponding
sound velocities (and/or corresponding degrees of elasticity).
If the matching rate of the organ E with respect to the target
region ta is greater than a predetermined value and thus, it is
judged that the organ E is the same as the target region ta, the
display image generation unit 158 generates a display image
di which will be displayed on the display unit d based on a
result of the judging which is input from the examined region
analysis unit 156 and various pieces of information which
relate to the organ E and which are stored in the medical
information database 160. Moreover, the display image gen-
eration unit 158 may generate display images di of the divided
areas E1 and E2 based on information which relates to the
examined region “in” which is divided into the plurality of
areas based on the respective sound velocities (and/or the
respective degrees of elasticity) which are input from the
examined region analysis unit 156.

[0085] FIG. 8 is a view which illustrates the examined
region analysis process and the display image generation
process if one organ is imaged as an examined region and a
lesion is present within the organ.

[0086] Asexemplarily shown in FIG. 8, when the examined
region “in” which is extracted by the characteristic informa-
tion extraction unit 154 within the image processing unit 150
is formed in the shape of one organ F, and a lesion which has
different characteristics from the characteristics of the organ
F is present in the organ F, for example, cancerous tissues
which have a different degree of elasticity from the degree of
elasticity of the organ F are present in the organ F, not only an
ultrasonic image based on the overall shape ofaregion judged
as the target region ta, but also an ultrasonic image based on
the lesion (for example, cancerous tissues) which is present in
the region (organ) judged as the target region ta, may be
displayed to a user. In the example shown in FIG. 8, the
examined region analysis unit 156 judges whether or not one
of the organ F represented as the examined region “in” coin-
cides with the target region ta by comparing the shape, the
sound velocity, and the degree of elasticity of the organ F
which are input from the characteristic information extraction
unit 154 with the shape, the sound velocity, and the degree of
elasticity of the target region ta which is input by the user, read
from the medical information database 160. If the target
region ta which is input by the user is the organ F, the exam-
ined region analysis unit 156 compares the shape, the sound
velocity, and the degree of elasticity of the organ F which are
extracted by the characteristic information extraction unit
154 with the shape, the sound velocity, and the degree of
elasticity of the organ F which are stored in the medical
information database 160, calculates a matching rate of the
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organ F with respect to the target region ta based on a result of
the comparison, and judges whether or not the organ F coin-
cides with the target region ta based on the calculated match-
ing rate of the organ F represented as the examined region
“in” with respect to the target region ta. Further, the examined
region analysis unit 156 divides the examined region in into
two areas, i.¢., the area F (representing the organ F) and the
area F1 (representing a part of the organ F) based on corre-
sponding degrees of elasticity, compares the degree of elas-
ticity of the area F1 with the standardized degree of elasticity
of cancerous tissues which is stored in the medical informa-
tion database 160, and judges whether or not the area F1
corresponds to cancerous tissues based on a result of the
comparison. If thematching rate of the organ F withrespect to
the target region ta is greater than a predetermined value and
thus it is judged that the organ F is the same as the target
region ta, and the degree of elasticity of the area F1 corre-
sponds to the standardized degree of elasticity of cancerous
tissues and thus it is judged that the area F1 corresponds to
cancerous tissues, the display image generation unit 158 gen-
erates a display image di which will be displayed on the
display unit d, i.e., the overall ultrasonic image of the organ F,
thereby visibly displaying cancerous tissues in the organ F,
based on a result of the judging which is input from the
examined region analysis unit 156 (i.e., a result of the judging
that the examined region coincides with the target region and
that a partial area of the examined region corresponds to
cancerous tissues) and various pieces of information which
relate to the organ F and which are stored in the medical
information database 160.

[0087] FIG. 9 is a view which exemplarily illustrates a
screen of the display unit displaying an ultrasonic image
during imaging by a user and a result of the judging during a
diagnosis process which is performed by using the ultrasonic
imaging apparatus.

[0088] FIG. 9 exemplarily illustrates a case in which the
heart is set as a target region (i.e., a user-set region).

[0089] Asexemplarily shown in FIG. 9, the display unitd is
divided into five regions, i.e., a first medical image display
region drl, a guide image display area dr2, a reference ultra-
sonic image display region dr3, a current ultrasonic image
display region dr4, and an analysis result display region dr5.
[0090] The first medical image display region dr1 displays
various medical images (such as, for example, X-ray images,
MRI images and CT images) which are acquired by using
other medical imaging apparatuses, such as an X-ray imaging
apparatus, a magnetic resonance imaging (MRI) apparatus, a
computed tomography (CT) apparatus, and/or any other suit-
able apparatus, and serves to help a user to more intuitively
view and understand the target region ta. Further, the first
medical image display region dr1 displays a detailed medical
image, such as a 2D or 3D image of the target region ta, as well
as the overall image of the target region ta, and thus helps a
general user, who may lack anatomical knowledge, to more
easily understand the target region ta.

[0091] The guide image display region dr2 displays the
imaging direction and how to image the target region ta by
using the ultrasonic probe p to a general user, who may lack
experience with respect to measuring techniques, as a moving
picture or a slideshow, and thus serves to help general users to
easily use the ultrasonic imaging apparatus 100.

[0092] The reference ultrasonic image display region dr3
displays a reference ultrasonic image of the target region ta
which has previously been stored in the medical information
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database 160 for ease in performing a comparison with a
current real-time ultrasonic image which is actually acquired.
[0093] Thecurrent ultrasonic image display region dr4 dis-
plays the ultrasonic image which is currently acquired in real
time by a user, simultaneously displays characteristic infor-
mation, such as the sound velocity and the degree of elasticity,
which relates to the examined region (imaged region), and
thus helps a general user to easily understand the examined
region in a manner in which regions having different sound
velocities and degrees of elasticity are expressed in different
colors or different patterns so that the shape of the examined
region may be confirmed.

[0094] The analysis result display region dr5 displays a
result of the analysis which is performed by the examined
region analysis unit 156. In particular, the analysis result
display region dr5 displays the target region ta which is set by
a user, a matching rate of the examined region “in” with
respect to the target region, and a result of the judging (i.e., a
judged region).

[0095] FIG. 10 is a flowchart which illustrates an image
display method which is executable by using an ultrasonic
imaging apparatus, in accordance with one or more exem-
plary embodiments.

[0096] As the initial conditions to describe the image dis-
play method, it is assumed that standardized ultrasonic
images of various regions (e.g., organs and/or tissues) in an
object ob and standardized X-ray images, MRI images and
CT image of the various regions (e.g., organs and/or tissues)
within the object which are acquired by using other medical
imaging apparatuses than the ultrasonic imaging apparatus
10, which may be used as references when judging whether or
not an examined region coincides with a target region, have
previously been stored in the medical information database
160. Further, it is assumed that characteristic information
which relates to the various regions (for example, the heart,
the liver, the breasts, the uterus, etc.) within the object ob,
such as, for example, the shapes of various regions within the
object ob, the sound velocities of ultrasonic waves (ultrasonic
echo waves) reflected by the various regions, and the degrees
of elasticity of the various regions, have previously been
stored in the medical information database 160. Moreover, it
is assumed that characteristic information which relates to
various lesions (for example, the degree of elasticity of can-
cerous tissues), which information may be useful for detect-
ing one or more lesions which are present in a region within
the object ob, has previously been stored in the medical infor-
mation database 160.

[0097] First, in operation 210, the system control unit 110
acquires a region to be diagnosed (i.e., a user-set region or a
target region) based on ultrasonic diagnosis start instructions
and set information which relates to an ultrasonic diagnosis,
such as, for example, mode selection instructions, from the
input unit i and via ultrasonic scanning.

[0098] Next, in operation 220, the system control unit 110
controls the ultrasonic wave generation control unit 120 and
the beamforming unit 140 so as to perform transmission and
reception of ultrasonic signals and beamforming based on the
ultrasonic diagnosis start instructions which are received via
the input unit i. In particular, the system control unit 110
transmits a control signal to the ultrasonic wave generation
control unit 120 so that the ultrasonic transducers t may
transmit ultrasonic waves toward the object. Thereafter, the
ultrasonic transducers t receive ultrasonic echo waves which
are reflected by the surface of the object ob. The received
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ultrasonic echo waves are converted into electric signals, i.e.,
ultrasonic signals, and then the ultrasonic signals are output.
If the plurality of ultrasonic transducers t1 to t10 receive the
ultrasonic echo waves, the plurality of ultrasonic transducers
tl to t10 may output ultrasonic signals c1 to c10 of a corre-
sponding plurality of channels. Time differences among the
output ultrasonic signals c1 to ¢10 of the plurality of channels
are corrected by the time difference correction unit 142 within
the beamforming unit 140, and the ultrasonic signals, time
differences of which have been corrected by the time differ-
ence correction unit 142, are focused by the focusing unit 144.
As a result, the beamformed ultrasonic signals are output.
[0099] Thereafter, in operation 230, the image generation
unit 152 within the image processing unit 150 generates at
least one of a 2D ultrasonic image and/or a 3D ultrasonic
image of the object ob, more particularly, the examined
region “in”, based on the ultrasonic signals focused (beam-
formed) by the beamforming unit 140.

[0100] Next, in operation 240, the characteristic informa-
tion extraction unit 154 within the image processing unit 150
extracts characteristic information which relates to the exam-
ined region “in” by performing an analysis of the 2D ultra-
sonic image and/or the 3D ultrasonic image of the examined
region “in” generated by the image generation unit 152. The
characteristic information which relates to the examined
region may include any one or more of the shape of the
examined region, the sound velocity of ultrasonic waves (ul-
trasonic echo waves) reflected by the examined region, and
the degree of elasticity of the examined region.

[0101] Thereafter, in operation 250, the examined region
analysis unit 156 within the image processing unit 150 com-
pares the characteristic information (for example, the shape,
the sound velocity, the degree of elasticity, etc.) which relates
to the examined region “in” and which is extracted by the
characteristic information extraction unit 154 with character-
istic information which relates to the target region ta and
which is previously stored in the medical information data-
base 160, and then, in operation 260, calculates a matching
rate of the examined region “in” with respect to the target
region ta based on a result of the comparison.

[0102] Next, in operation 270, the examined region analy-
sis unit 156 judges whether or not the calculated matching
rate of the examined region “in” with respect to the target
region ta is greater than a predetermined value. Upon judging
that the calculated matching rate of the examined region “in”
with respect to the target region ta is not greater than the
predetermined value (in accordance with a “No” result of
operation 270), the examined region analysis unit 156 returns
to operation 250, and continuously compares the character-
istic information which relates to the examined region “in”
and which is extracted by the characteristic information
extraction unit 154 with characteristic information which
relates to the target region ta and which is previously stored in
the medical information database 160.

[0103] Conversely, upon judging that the calculated match-
ing rate of the examined region “in” with respect to the target
region ta is greater than the predetermined value (in accor-
dance with a “Yes” result of operation 270), in operation 280,
the examined region analysis unit 156 judges that the exam-
ined region “in” coincides with the target region ta, i.e.,
judges the examined region “in” as the target region ta.
[0104] Upon judging that the examined region in coincides
with the target region ta, in operation 290, the display image
generation unit 158 within the image processing unit 150
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generates a display image which will be displayed on the
display unit d based on a result of the analysis by the exam-
ined region analysis unit 156 and the characteristic informa-
tion which is stored in the medical information database 160.
[0105] Thereafter, in operation 300, the system control unit
110 transmits a control signal to the display unit d so that the
display unit d may display the display image generated by the
display image generation unit 150 and the result of analysis
by the examined region analysis unit 156.

[0106] As is apparent from the above description, an ultra-
sonic imaging apparatus and an image display method thereof
in accordance with at least one exemplary embodiment may
be used in order to more accurately judge to which region
within an object an examined region corresponds based on
various pieces of characteristic information of the examined
region which are extracted as a result of an analysis of an
ultrasonic image.

[0107] Further, the ultrasonic imaging apparatus and the
image display method thereof display various medical
images (for example, any one or more of an X-ray image, an
MRI image and a CT image) acquired via other medical
imaging apparatuses, such as an X-ray imaging apparatus, a
magnetic resonance imaging (MRI) apparatus, a computed
tomography (CT) apparatus, etc., as well as the ultrasonic
image acquired by an ultrasonic probe, thus facilitating a
more intuitive understanding of the examined region by a
user.

[0108] Further, the ultrasonic imaging apparatus and the
image display method thereof display various medical
images together with a result of a judgment as to whether or
not the examined region coincides with a target region, thus
facilitating an obtaining of an image of a desired target region
by a general user lacking anatomical knowledge or measuring
techniques.

[0109] Although a few exemplary embodiments have been
shown and described, it will be appreciated by those skilled in
the art that changes may be made in these exemplary embodi-
ments without departing from the principles and spirit of the
present inventive concept, the scope of which is defined in the
claims and their equivalents.

What is claimed is:

1. An ultrasonic imaging apparatus comprising:

an ultrasonic probe configured to transmit ultrasonic sig-
nals toward an object and to receive ultrasonic signals
reflected by the object;

a beamformer configured to perform beamforming based
on the ultrasonic signals received by the ultrasonic
probe; and

an image processor configured to generate an ultrasonic
image of an examined region within the object based on
a result of the beamforming, to extract characteristic
information which relates to the examined region from
the generated ultrasonic image, and to judge whether or
not the examined region coincides with a target region
based on the extracted characteristic information.

2. The ultrasonic imaging apparatus according to claim 1,
wherein the examined region includes a region which corre-
sponds to a target of a diagnosis which is imaged by using the
ultrasonic probe, and the target region includes a region
which is set by a user.

3. The ultrasonic imaging apparatus according to claim 2,
further comprising a medical information database config-
ured to store at least one from among standardized ultrasonic
images of a plurality of regions within the object, standard-
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ized X-ray images, magnetic resonance imaging (MRI)
images and computed tomography (CT) images of the plu-
rality of regions within the object, first characteristic infor-
mation which relates to the plurality of regions within the
object, and second characteristic information which relates to
a plurality of lesions and which is usable for detecting one or
more lesions which are present in the examined region within
the target object.

4. The ultrasonic imaging apparatus according to claim 3,
wherein the first characteristic information includes at least
one from among a shape of one or more of the plurality of
regions, a sound velocity of at least one ultrasonic wave
reflected by one or more of the plurality of regions, and a
degree of elasticity of one or more of the plurality of regions.

5. The ultrasonic imaging apparatus according to claim 4,
wherein the image processor includes:

an image generator configured to generate at least one from
among a two-dimensional (2D) ultrasonic image and a
three-dimensional (3D) ultrasonic image of the exam-
ined region based on the result of the beamforming;

a characteristic information extractor configured to extract
third characteristic information which relates to the
examined region by performing analysis of the gener-
ated at least one from among the 2D ultrasonic image
and the 3D ultrasonic image of the examined region; and

an examined region analyzer configured to judge whether
or not the examined region coincides with the target
region by comparing the extracted third characteristic
information which relates to the examined region with
the first characteristic information which relates to the
target region and which is stored in the medical infor-
mation database.

6. The ultrasonic imaging apparatus according to claim 5,
wherein the examined region analyzer is further configured to
calculate a matching rate between the examined region and
the target region based on a result of the comparing of the
third characteristic information with the first characteristic
information, and to judge that the examined region coincides
with the target region if the calculated matching rate is greater
than a predetermined value.

7. The ultrasonic imaging apparatus according to claim 6,
wherein the examined region analyzer is further configured to
divide the examined region into a plurality of areas based on
the extracted third characteristic information which relates to
the examined region.

8. The ultrasonic imaging apparatus according to claim 7,
wherein the examined region analyzer is further configured to
detect at least one lesion which is present in the examined
region based on the extracted third characteristic information
which relates to the examined region.

9. The ultrasonic imaging apparatus according to claim 8,
wherein the image processor further includes a display image
generator configured to generate a display image based on a
result of the judging as to whether or not the examined region
coincides with the target region, the examined region divided
into the plurality of areas, a result of the detecting of the at
least one lesion, and various pieces of information which is
stored in the medical information database.

10. The ultrasonic imaging apparatus according to claim 9,
further comprising a display component configured to display
the display image,
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wherein the display component includes:

a first medical image display region configured to display
at least one from among a standardized X-ray image, an
MRI image, and a CT image of the examined region
judged as the target region;

a guide image display region configured to display a guide
image so as to facilitate a use of the ultrasonic probe with
respect to the target region;

a reference ultrasonic image display region configured to
display a reference ultrasonic image of the target region
so as to facilitate a comparison with a currently acquired
real-time ultrasonic image;

a current ultrasonic image display region configured to
display the currently acquired real-time ultrasonic
image; and

an analysis result display region configured to display a
result of the judging performed by the examined region
analyzer.

11. An image display method which is executable by an
ultrasonic imaging apparatus which includes an ultrasonic
probe configured to transmit ultrasonic signals toward an
objectand to receive ultrasonic signals reflected by the object,
a beamformer configured to perform beamforming based on
the ultrasonic signals received by the ultrasonic probe, and a
medical information database configured to store at least one
from among standardized ultrasonic images of a plurality of
regions within the object, standardized X-ray images, mag-
netic resonance imaging (MRI) images and computed tomog-
raphy (CT) images of the plurality of regions within the
object, first characteristic information which relates to the
plurality of regions within the object, and second character-
istic information which relates to a plurality of lesions and
which is usable for detecting one or more lesions which are
present in an examined region within the target object, the
image display method comprising:

generating at least one from among a two-dimensional
(2D) ultrasonic image and a three-dimensional (3D)
ultrasonic image of the examined region within the
object based on a result of the beamforming;

extracting third characteristic information which relates to
the examined region from the generated at least one from
among the 2D ultrasonic image and the 3D ultrasonic
image; and

judging whether or not the examined region coincides with
atarget region based on the extracted third characteristic
information.

12. The image display method according to claim 11,
wherein the examined region includes a region which corre-
sponds to a target of a diagnosis which is imaged by using the
ultrasonic probe, and the target region includes a region
which is set by a user.

13. The image display method according to claim 12,
wherein the first characteristic information includes at least
one from among a shape of at least one from among the
plurality of regions, a sound velocity of at least one ultrasonic
wave reflected by at least one from among the plurality of
regions, and a degree of elasticity of at least one from among
the plurality of regions.

14. The image display method according to claim 13,
wherein the judging whether or not the examined region
coincides with the target region based on the extracted third
characteristic information comprises comparing the extracted
third characteristic information which relates to the examined
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region with the first characteristic information which relates
to the target region and which is stored in the medical infor-
mation database.

15. The image display method according to claim 14, fur-
ther comprising generating a display image based on a result
of the judging whether or not the examined region coincides
with the target region and the various pieces of information
stored in the medical information database.

16. The image display method according to claim 15, fur-
ther comprising displaying the generated display image and a
result of the judging whether or not the examined region
coincides with the target region.

17. The image display method according to claim 12, fur-
ther comprising calculating a matching rate between the
examined region and the target region based on a result of the
comparing the third characteristic information with the first
characteristic information, and judging that the examined
region coincides with the target region if the calculated
matching rate is greater than a predetermined value.

I I T T
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