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APPARATUS AND METHOD FOR
SUPPORTING ACQUISITION OF
AREA-OF-INTEREST IN ULTRASOUND
IMAGE

TECHNICAL FIELD

[0001] The present disclosure relates to technology per-
taining to an apparatus and a method for supporting acqui-
sition of an area-of-interest in an ultrasound image.

BACKGROUND ART

[0002] Typically, a primary screening is performed by
radiography, and a secondary diagnosis and a definite diag-
nosis are made by ultrasonography.

[0003] Mammography refers to positioning a breast
between two units of examination equipment and then
taking X-ray photographs of the breast while pressure is
applied on the breast, and typically takes two types of
photographs from top to bottom and from left to right and a
specialist reads the photographs. However, the mammogra-
phy is less efficient for young women or women with dense
breast tissue, and thus it is difficult to detect all the cancers
in time only with X-rays. Also, although a tumor or a
calcification lesion is visible in an image obtained by the
mammography, it is difficult to accurately know the relevant
area. Therefore, for surgery, it is necessary to again find the
location of the tumor through ultrasound.

[0004] Breast ultrasonography is a diagnosis method
capable of easily and rapidly acquiring images from various
angles and immediately checking the acquired images. Also,
the breast ultrasonography uses sound waves of high fre-
quency, and thus, is harmless to humans and more easily
finds a lesion than the mammography with respect to a
highly dense breast.

[0005] Typically, a primary screening is performed by the
mammography, and a secondary diagnosis and a definite
diagnosis are made by the breast ultrasonography. However,
differently from X-ray images which show even results over
all the images, in the ultrasonography, an image shown
according to a time point and an angle becomes distinctly
different depending on a probe manipulated by an ultra-
sonographer. Therefore, the ultrasonography is problematic
in that acquired images are different depending on subjec-
tivity and the degree of proficiency of the ultrasonographer.
Also, typically, the breast ultrasonography which is a sec-
ondary examination is performed by clinical judgment of a
specialist on the basis of the prior information acquired by
the mammography which is a primary examination. There-
fore, a conventional method is problematic in that it is
difficult to obtain objective and accurate results.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Problem

[0006] Proposed are an apparatus and a method for pro-
viding a guide so as to acquire a more precise area-of-
interest in an ultrasound image with respect to an area-of-
interest acquired in an X-ray image.

Technical Solution

[0007] In accordance with an aspect of the present disclo-
sure, an apparatus for supporting acquisition of an area-of-
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interest in an ultrasound image is provided. The apparatus
may include at least one processor configured to convert
coordinates of one or more areas-of-interest extracted from
a first image into coordinates on a three-dimensional (3D)
model, and collect coordinates on the 3D model of the one
or more areas-of-interest; calculate coordinates on the 3D
model corresponding to an acquired second image when the
second image is acquired, and match the second image onto
the 3D model including the collected coordinates of the
areas-of-interest; and provide guide information so as to
acquire the collected areas-of-interest in the second image,
by using a result of the matching.

[0008] At this time, the first image may correspond to a
radiographic image, and the second image may correspond
to an ultrasonographic image.

[0009] When the first image corresponds to a 3D image,
the at least one processor may convert a coordinate system
of a measurement device, that has captured the first image,
into a coordinate system of the 3D model, and thereby may
convert the coordinates of the one or more areas-of-interest
into the coordinates on the 3D model.

[0010] When the first image corresponds to two or more
2D cross-sectional images obtained by image-capturing an
identical area-of-interest, the at least one processor may
collect, as the coordinates of the area-of-interest, coordinates
of an intersection point of straight lines on the 3D model
which are respectively formed perpendicular to the cross-
sectional images corresponding to the 2D coordinates of the
area-of-interest, which is included in at least some of the two
or more 2D cross-sectional images, with the 2D coordinates
of the area-of-interest as a center.

[0011] When the first image corresponds to a 2D image
and an intersection point is not formed based on coordinates
of an area-of-interest included in at least some 2D cross-
sectional images among the one or more first images, the at
least one processor may determine, as an area-of-interest, a
predetermined area which is converted into coordinates on
the 3D model with the coordinates of the area-of-interest,
which is included in the at least some 2D cross-sectional
images, as a center.

[0012] At this time, the predetermined area may include
one or more of: straight lines which are converted into
coordinates on the 3D model and which are respectively
formed perpendicular to cross-sectional images correspond-
ing to the coordinates of the area-of-interest, which is
included in the at least some 2D cross-sectional images, with
the coordinates of the area-of-interest as the center; and an
area within a preset radius with the converted coordinates of
the areas-of-interest as a center.

[0013] Also, the apparatus may further include a display
configured to output the 3D model on a screen, and to
display the one or more areas-of-interest on the output 3D
model in a preset form including one or more of a point, a
line, a plane, and a polygon based on the collected coordi-
nates of the areas-of-interest.

[0014] The display may display the 3D model in at least
one form among preset forms including one or more of
translucency and a contour.

[0015] The at least one processor may collect area-of-
interest information including one or more of the number of
the one or more areas-of-interest, grades thereof, types
thereof, and attributes thereof, and the display may further
display the collected area-of-interest information at a pre-
determined position on the 3D model.



US 2017/0086791 A1

[0016] The at least one processor may determine whether
an area-of-interest exists which has not been acquired in the
second image among the one or more areas-of-interest,
based on the converted coordinates of the areas-of-interest
and the calculated coordinates of the second image, and may
provide the guide information to a user so as to acquire a
new second image, when it is determined that the area-of-
interest exists which has not been acquired in the second
image.

[0017] The at least one processor may display an arrow
indicating an area-of-interest which has not been acquired in
the second image, or may emphasize and display the area-
of-interest, which has not been acquired in the second
image, by using one or more of a type of an edge color of
an outline, a line type of the outline, and a line thickness of
the outline.

[0018] The guide information may include one or more
pieces of information among an order of the acquisition of
the areas-of-interest, position information of the second
image, a degree of proximity of the second image to the
areas-of-interest, a progress direction of the second image,
the number of areas-of-interest which have not been
acquired, and position information of the areas-of-interest
which have not been acquired.

[0019] In accordance with an aspect of the present disclo-
sure, a method for supporting acquisition of an area-of-
interest in an ultrasound image is provided. The method may
include converting coordinates of one or more areas-of-
interest extracted from a first image into coordinates on a
three-dimensional (3D) model, and collecting coordinates
on the 3D model of the one or more areas-of-interest;
calculating coordinates on the 3D model corresponding to an
acquired second image when the second image is acquired,
matching the second image onto the 3D model including the
collected coordinates of the areas-of-interest; and providing
guide information to a user so as to acquire the one or more
areas-of-interest in the second image, by using a result of the
matching.

[0020] The collecting of the coordinates on the 3D model
of the one or more areas-of-interest may include, when the
first image corresponds to a 3D image, converting a coor-
dinate system of a measurement device, that has captured the
first image, into a coordinate system of the 3D model, and
thereby converting the coordinates of the one or more
areas-of-interest into the coordinates on the 3D model.
[0021] The collecting of the coordinates on the 3D model
of the one or more areas-of-interest may include, when the
first image corresponds to two or more 2D cross-sectional
images obtained by image-capturing an identical area-of-
interest, collecting, as the coordinates of the area-of-interest,
coordinates of an intersection point of straight lines on the
3D model which are respectively formed perpendicular to
cross-sectional images corresponding to the 2D coordinates
of the area-of-interest, which is included in at least some of
the two or more 2D cross-sectional images, with the 2D
coordinates of the area-of-interest as a center.

[0022] The collecting of the coordinates on the 3D model
of the one or more areas-of-interest may include, when the
first image corresponds to a 2D image and an intersection
point is not formed based on coordinates of an area-of-
interest included in at least some 2D cross-sectional images
among the one or more first images, determining, as an
area-of-interest, a predetermined area which is converted
into coordinates on the 3D model with the coordinates of the
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area-of-interest, which is included in the at least some 2D
cross-sectional images, as a center.

[0023] At this time, the predetermined area may include
one or more of: straight lines which are converted into
coordinates on the 3D model and which are respectively
formed perpendicular to cross-sectional images correspond-
ing to the coordinates of the area-of-interest, which is
included in the at least some 2D cross-sectional images, with
the coordinates of the area-of-interest as the center; and an
area within a preset radius with the converted coordinates of
the areas-of-interest as a center.

[0024] Also, the method may further include outputting
the 3D model on a screen; and displaying the one or more
areas-of-interest on the output 3D model in a preset form
including one or more of a point, a line, a plane, and a
polygon based on the collected coordinates of the areas-of-
interest.

[0025] The collecting of the coordinates on the 3D model
of the one or more areas-of-interest may include collecting
area-of-interest information including one or more of the
number of the one or more areas-of-interest, grades thereof,
types thereof, and attributes thereof; and the displaying of
the one or more areas-of-interest may include further dis-
playing the collected area-of-interest information at a pre-
determined position on the 3D model.

[0026] The providing of the guide information may
include: determining whether an area-of-interest exists
which has not been acquired in the second image among the
one or more areas-of-interest, based on the converted coor-
dinates of the areas-of-interest and the calculated coordi-
nates of the second image; and providing a guide so as to
acquire a new second image, when it is determined that the
area-of-interest exists which has not been acquired in the
second image.

[0027] The providing of the guide information may
include displaying an arrow indicating an area-of-interest
which has not been acquired in the second image, or
emphasizing and displaying one or more of a type of an edge
color of an outline of the area-of-interest which has not been
acquired in the second image, a line type of the outline of the
area-of-interest, and a line thickness of the outline of the
area-of-interest.

Advantageous Effects

[0028] Support can be provided to acquire a more precise
area-of-interest in an ultrasound image with respect to an
area-of-interest acquired in an X-ray image, and thereby, an
omission can be prevented in acquiring an area-of-interest
and an effect exerted by an ultrasonographer can be reduced.
Therefore, objective and accurage results can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a block diagram illustrating an apparatus
for supporting acquisition of an area-of-interest in an ultra-
sound image according to an embodiment of the present
disclosure.

[0030] FIG. 2 illustrates an example of reading an area-
of-interest in an X-ray image.

[0031] FIG. 3A illustrates an example of converting coor-
dinates of an area-of-interest into a three-dimensional (3D)
model.
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[0032] FIG. 3B illustrates an example of matching a
second image onto a 3D model including coordinates of an
area-of-interest.

[0033] FIG. 4 illustrates an example of displaying position
information of an ultrasound image on an ultrasonographic
image and a 3D model.

[0034] FIG. 5 is a flowchart illustrating a method for
supporting acquisition of an area-of-interest in an image
according to an embodiment of the present disclosure.
[0035] FIG. 6A illustrates an example of displaying an
area-of-interest on a translucent 3D model.

[0036] FIG. 6B illustrates an example of providing guide
information on a progress direction of a second image onto
a 3D model having an area-of-interest displayed thereon.

MODE FOR CARRYING OUT THE INVENTION

[0037] Other details of embodiments are included in the
detailed description and the drawings. The advantages and
features of the present disclosure and methods of achieving
the same will be apparent by referring to embodiments of the
present disclosure as described below in detail in conjunc-
tion with the accompanying drawings. Throughout the
specification, the same or like reference numerals designate
the same or like elements.

[0038] Hereinafter, embodiments of an apparatus and a
method for supporting analysis of a 3D ultrasound image
will be described in detail with reference to the accompa-
nying drawings.

[0039] FIG. 1 is a block diagram illustrating an apparatus
100 for supporting acquisition of an area-of-interest in an
ultrasound image according to an embodiment of the present
disclosure. Referring to FIG. 1, the apparatus 100 for
supporting acquisition of an area-of-interest in an ultrasound
image may include an area-of-interest collector 110, an
area-of-interest displayer 115, an image matcher 120, and a
guider 130.

[0040] According to an embodiment of the present disclo-
sure, an X-ray image is a first image and an ultrasonographic
image is a second image, and support may be provided to
acquire an area-of-interest in the second image. An area
which is seen as a lesion area in the X-ray image may be
designated as an area-of-interest, and the area-of-interest is
read from the X-ray image. At this time, the X-ray image
may have two-dimensional (2D) or 3D coordinates.

[0041] The area-of-interest collector 110 may convert
coordinates of the area-of-interest, which is extracted from
the first image, into coordinates on a 3D model. One or more
areas-of-interest may exist, and the area-of-interest collector
110 may collect the coordinates on the 3D model of the
extracted area-of-interest.

[0042] When the first image is a 3D image, the area-of-
interest collector 110 may convert the coordinates of the
area-of-interest into coordinates on the 3D model by con-
verting a coordinate system of a measurement device, that
has captured the first image, into a coordinate system of the
3D model.

[0043] When the first image is a 2D image, the area-of-
interest collector 110 may convert 2D coordinates of an
area-of-interest, which is included in a 2D cross-sectional
image, into coordinates on a 3D model. When there are two
or more cross-sectional images obtained by image-capturing
an identical area-of-interest, the area-of-interest collector
110 may collect, as coordinates of the area-of-interest,
coordinates of an intersection point of straight lines on the
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3D model which are respectively formed perpendicular to
the cross-sectional images corresponding to the 2D coordi-
nates of the area-of-interest with the 2D coordinates of the
area-of-interest as a center.

[0044] The first image has a 2D coordinate system, and
thus lacks information of one axis among x, y, and z of a 3D
coordinate system. Accordingly, when (x1, y1) representing
the coordinates of the area-of-interest extracted from the 2D
first image are converted into coordinates of the 3D coor-
dinate system, (x1, v1, z) is obtained. (x1, y1, z) may form
a straight line which is vertical in the z-axis direction on the
x-y plane. Accordingly, the coordinates of the area-of-
interest extracted from the two or more first images obtained
by image-capturing the identical area-of-interest may be
converted into coordinates of the 3D coordinate system, an
intersection point of straight lines which are respectively
perpendicular to the cross-sectional images may be found,
and thereby, coordinates of the area-of-interest on the 3D
mode] may be calculated.

[0045] In contrast, if an intersection point is not formed
when the coordinates of the identical area-of-interest
extracted from the two or more 2D cross-sectional images
are converted into 3D coordinates, the area-of-interest col-
lector 110 may not collect exact coordinates of the area-of-
interest on the 3D model. In this case, coordinates of
areas-of-interest included in some of the cross-sectional
images are respectively converted into coordinates on the
3D model, and a predetermined area is determined as an
area-of-interest, with the converted coordinates on the 3D
model of the areas-of-interest as a center. When conversion
from 2D coordinates to 3D coordinates is performed based
on a pair of 2D coordinates extracted from the first image,
a predetermined area may also be determined as an area-
of-interest, with coordinates on the 3D model of the area-
of-interest as a center.

[0046] At this time, the predetermined area may be a
straight line formed perpendicular to one 2D cross-sectional
image, with coordinates of an area-of-interest included in the
2D cross-sectional image as a center, and may be an area
within a preset radius, with the converted coordinates of the
area-of-interest on the 3D model as a center. An example of
a preset form may variously exist. An embodiment of
collecting an area-of-interest in a case where an X-ray image
is the first image will be described with reference to FIGS.
2 and 3.

[0047] Meanwhile, the area-of-interest collector 110 may
receive, as input, information on an area-of-interest from a
user; and may receive coordinates of an area-of-interest
extracted from the first image, may read an area-of-interest
from the first image and may extract the area-of-interest, and
may calculate coordinates of the area-of-interest in the first
image. However, the present disclosure is not limited
thereto.

[0048] Also, the area-of-interest collector 110 may collect
area-of-interest information, such as the number of areas-
of-interest, a grade of an area-of-interest, a type thereof, an
attribute thereof, and the like. According to an embodiment
of the present disclosure, the area-of-interest collector 110
may further collect additional information on an area-of-
interest, such as a grade which is assigned according to the
classification of areas-of-interest in order of importance, a
type depending on a form of an area-of-interest, an attribute
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of an area-of-interest depending on prior information which
is speculated from the size, color, form, and the like of a
lesion area, and the like.

[0049] The area-of-interest displayer 115 may output a 3D
model on a screen, and may display the 3D model in a
translucent form or in the form of a contour. Also, the
area-of-interest displayer 115 may display the 3D model so
as to be proportional to a human body. The area-of-interest
displayer 115 may display an area-of-interest by using a
point, a line, a plane, a polygon, and the like on the basis of
coordinates on the 3D model of the area-of-interest. At this
time, an area-of-interest may be determined in the form of
a cylinder having a radius R, with the coordinates of the
area-of-interest converted into the 3D model as a center.
Here, only the forms of a point and a line are described, but
the areas-of-interest may be displayed in forms of a sphere
having a predetermined radius and a polygon.

[0050] Also, the area-of-interest may be emphasized and
displayed on the 3D model in such a manner as to highlight
and display the area-of-interest, to attach a marker to the
area-of-interest, or the like. In addition, the collected area-
of-interest information may be further displayed at a prede-
termined position on the 3D model.

[0051] For example, coordinates of the area-of-interest
may be displayed on the 3D model, the area-of-interest may
be emphasized and displayed by attaching a marker to the
displayed coordinates, and information on a grade, a type, an
attribute, and the like of the area-of-interest may be dis-
played together. The area-of-interest information may be
output on the 3D model, or may be output as additional
information on a screen which is distinguished from the 3D
model.

[0052] Typically, an ultrasound measurement device per-
forms a diagnosis by using a probe, and acquires, in real
time, an image obtained by image-capturing an affected area
of a patient. Accordingly, the position and direction of the
probe need to be modified in real time in order to acquire a
high-quality image for accurate treatment.

[0053] The second image may be acquired from the ultra-
sound measurement device. When the second image is
acquired, the image matcher 120 calculates coordinates on
the 3D model corresponding to the acquired second image.
Then, the image matcher 120 may match the second image
onto the 3D model including coordinates on the 3D model
of an area-of-interest. At this time, the image matcher 120
may match the acquired second image onto the 3D model,
or may match a predetermined area, which is obtained by
calculating the coordinates on the 3D model corresponding
to the acquired second image, onto the 3D model. Since the
position of the second image may be changed in real time,
the matched coordinates on the 3D model of the second
image may be newly calculated according to the position
change of the second image, and the changed position of the
second image may be reflected on the 3D model.

[0054] At this time, the coordinates on the 3D model
corresponding to the second image may be received as input
from the user, or may be received from a device that collects
the second image.

[0055] The guider 130 may provide guide information so
as to acquire the second image including the area-of-interest,
by using a result of the matching. At this time, a method for
displaying the second image and the area-of-interest may be
diversified to be capable of identifying the second image and
the area-of-interest. For example, by using the result of the
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matching, the guider 130 may dispay the acquired second
image and the collected areas-of-interest in such a manner as
to overlay the acquired second image with the collected
areas-of-interest on the 3D model. This configuration may
help to determine whether the areas-of-interest have been
acquired in the second image.

[0056] The guider 130 may determine an area-of-interest,
which has not been acquired in the second image among the
collected areas-of-interest, on the basis of the converted
coordinates of the area-of-interest and the calculated coor-
dinates of second image. When it is determined that the
area-of-interest exists which has not been acquired in the
second, the guider 130 may provide guide information to the
user so as to acquire a new second image.

[0057] Various embodiments of providing the guide infor-
mation to the user may be implemented. For example, an
area-of-interest may be marked and displayed on the 3D
model, and a determination may be made as to whether an
area-of-interest has been acquired in an acquired second
image. At this time, since the position of the second image
may be changed, a guide is provided so that the user may
change the position of the second image and may acquire an
area-of-interest.

[0058] As an example, the guider 130 may display an
arrow indicating the area-of-interest which has not been
acquired in the second image, or may emphasize and display
one or more of the type of edge color of an outline of the
area-of-interest, a line type of the outline of the area-of-
interest, and a line thickness of the outline of the area-of-
interest.

[0059] According to an embodiment of the present disclo-
sure, when the number of areas-of-interest is plural, an order
of areas-of-interest required to be acquired may be calcu-
lated according to a grade of an area-of-interest, an impor-
tance thereof, an attribute thereof, a type thereof, and the
like, and the calculated order may be provided to the user.
[0060] Also, the guide information provided to the user
may include an order of acquisition of areas-of-interest,
position information of the second image, the degree of
proximity of the second image to an area-of-interest, a
progress direction of the second image, the number of
areas-of-interest which have not been acquired, and position
information of the areas-of-interest which have not been
acquired.

[0061] The area-of-interest may be marked and displayed,
or may include additional information therein and may be
provided to the user in a state of including the additional
information; and may have the degree of proximity to an
area-of-interest according to the proximity of the second
image to the area-of-interest, a current progress direction of
the second image, and a guided progress direction of the
second image which are displayed on the area-of-interest.
Also, a determination may be made as to whether an
area-of-interest has been acquired in the second image; the
user may be provided with the number of areas-of-interest
which have not been acquired, coordinate information on an
area-of-interest required to be acquired next, and the like;
and position information of the areas-of-interest which have
not been acquired may be guided to the user.

[0062] FIG. 2 illustrates an example of reading an area-
of-interest in an X-ray image.

[0063] Referring to FIG. 2, a first image may be a 2D
cross-sectional image obtained by image-capturing a breast
by using X-rays used in a breast examination, and may be
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cross-sectional images obtained by image-capturing the
breast from left, right, top, and bottom directions. When an
area-of-interest suspected as a lesion area exists in each
cross-sectional image, the area-of-interest is extracted.
Referring to FIG. 2, the area-of-interest is read from the
X-ray image, and coordinates of the area-of-interest may be
extracted. A part indicated by a circle in the lower view may
be designated as an area-of-interest and coordinates of the
area-of-interest may be extracted with reference to a vertical
straight line and a horizontal straight line in the area-of-
interest. In this example, the X-ray image has 2D coordi-
nates, and thus, the extracted area-of-interest may also have
2D coordinates. One or more areas-of-interest may exist,
and in this example, three areas-of-interest may be extracted
from the left cross-sectional image of the breast, and one
area-of-interest may be extracted from the right cross-
sectional image of the breast.

[0064] Hereinafter, an example in which the area-of-inter-
est collector 110 illustrated in FIG. 1 converts coordinates of
an area-of-interest extracted from an X-ray image into
coordinates on a 3D model and collects coordinates on the
3D model corresponding to the area-of-interest will be
described with reference to FIG. 3A.

[0065] FIG. 3A illustrates an example of converting coor-
dinates of an area-of-interest into a three-dimensional (3D)
model.

[0066] As exemplified in FIG. 3A, when radiographic
images are collected which are obtained by image-capturing
the human body and have 2D coordinates from top to bottom
and from left to right, if an area-of-interest extracted from a
left cross-sectional image 210 from among the radiographic
images is converted into coordinates on a 3D model, the
area-of-interest may be formed on the 3D model in the form
of a straight line 260 perpendicular to the left cross-sectional
image. The area-of-interest exists on the straight line 260,
but since a pair of exact coordinates may not be recognized
on the 3D model, an area-of-interest needs to be acquired by
inspecting the entire straight line. Accordingly, an area of the
straight line on the 3D model may be determined as a new
area-of-interest.

[0067] When an identical area-of-interest exists in the left
cross-sectional image 210 and an upper cross-sectional
image 220, an intersection point may be obtained by con-
verting the identical area-of-interest into a 3D model, and
the intersection point may be collected as coordinates of the
area-of-interest on the 3D model. When the left cross-
sectional image 210 has an x-y plane and the upper cross-
sectional image 220 has an y-z plane, (x1, y1) representing
2D coordinates of an area-of-interest extracted from the left
cross-sectional image 210 and (v2, z2) representing 2D
coordinates of an area-of-interest extracted from the upper
cross-sectional image 220 may be calculated. When (x1, y1)
and (y2, z2) are converted into coordinates on the 3D model,
the coordinates of the area-of-interest extracted from the left
cross-sectional image may be converted into the straight line
260 having coordinates of (x1, y1, z). Also, the coordinates
of the area-of-interest extracted from the upper cross-sec-
tional image 220 may be converted into the straight line 250
having coordinates of (x, y2, z2). Referring to FIG. 3, an
intersection point formed by the two straight lines 250 and
260 may be determined as coordinates of an area-of-interest
301 on the 3D model. Areas-of-interest 301, 302, and 303
may be displayed in the form of including a predetermined
area on the 3D model.
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[0068] However, there may be a case where the amount of
information is insufficient, such as a case, in which an
area-of-interest is read from the left cross-sectional image
but an area-of-interest is not read from the upper cross-
sectional image, and the like. In this case, since an inter-
section point is not formed based on 2D coordinates of an
area-of-interest, coordinates of an area-of-interest included
in at least some of the 2D cross-sectional images are
converted into coordinates on the 3D model, and a prede-
termined area may be determined as an area-of-interest, with
the converted coordinates on the 3D model as a center. The
predetermined area may be an area having a radius R with
the converted coordinates as a center. Alternatively, the
predetermined area may have a form, such as a point, a line,
a plane, a polygon, a sphere, and the like which have a
predetermined area according to data preset by the user.

[0069] FIG. 3B illustrates an example of matching a
second image onto a 3D model including coordinates of an
area-of-interest. A shaded part is the 3D model. The appa-
ratus 100 for supporting acquisition of an area-of-interest in
an ultrasound image may collect coordinates of areas-of-
interest on the 3D model and may output the collected
coordinates of the areas-of-interest. In FIG. 3B, three areas-
of-interest 301, 302, and 303 are each represented in the
form of a circle. Also, the apparatus 100 may calculate
coordinates on the 3D model of the acquired second image,
and may match position information of the second image on
the 3D model to the 3D model. At this time, the position
information of the second image on the 3D model may be
matched onto the 3D model in a predetermined form rep-
resenting an image-capturing range of the second image, and
referring to FIG. 3B, may be matched onto the 3D model
having a 3D rectangular shape 310.

[0070] The guider 130 illustrated in FIG. 1 provides guide
information to the user on the basis of a result of the
matching. In an example of FIG. 3B, the acquired second
image and the collected areas-of-interest are represented in
such a manner as to overlay the acquired second image with
the collected areas-of-interest on the 3D model. Also, it can
be confirmed that in the second image 310, the two areas-
of-interest 301 and 302 have been acquired and one area-
of-interest 303 has not been acquired. The user may be
guided by the apparatus 100 for supporting acquisition of an
area-of-interest in an ultrasound image so as to acquire the
one area-of-interest 303, which has not been acquired, in the
second image 310, and may change the position of the
second image. For example, the apparatus 100 for support-
ing acquisition of an area-of-interest in an ultrasound image
may provide the user with coordinate information in a
direction in which the second image needs to progress, or
may display an area-of-interest in such a manner as to mark
and emphasize the area-of-interest. The changed position of
the second image may be recalculated by the apparatus 100
for supporting acquisition of an area-of-interest in an ultra-
sound image, and may be reflected on the 3D model.

[0071] FIG. 4 illustrates an example of displaying position
information of an ultrasound image on an ultrasonographic
image and a 3D model. The ultrasonographic image is
accurate but is used to perform an examination on only a part
of the human body rather than image-capturing the whole of
the human body, position information, and thus requires
position information on a part of the human body in which
the ultrasonographic image is captured. Referring to FIG. 4,
there are three ultrasonographic cross-sectional images cap-
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tured in directions of length 401, width 402, and verticality
403. Also, in the three ultrasonographic cross-sectional
images, an area-of-interest exists in a part represented in the
form of a circle. In FIG. 4, the two ultrasonographic cross-
sectional images 401 and 402 include one acquired identical
area-of-interest. Corresponding coordinates of the second
image on a 3D model may be calculated in the right upper
view 404, and an image-capturing range of the second image
having a rectangular shape may be displayed on the 3D
model. Coordinates of the collected area-of-interest on the
3D model are displayed on the 3D model, and in FIG. 4, the
coordinates of the collected area-of-interest are represented
in the form of a circle. Accordingly, it can be confirmed from
the right upper view 404 that the area-of-interest has been
acquired in the second image.

[0072] FIG. 5 is a flowchart illustrating a method for
supporting acquisition of an area-of-interest in an ultrasound
image according to an embodiment of the present disclosure.
Referring to FIG. 5, a description will be made of the
method for supporting acquisition of an area-of-interest in
an ultrasound image by the apparatus 100 for supporting
acquisition of an area-of-interest in an ultrasound image
according to an embodiment of FIG. 1.

[0073] First, coordinates of one or more areas-of-interest
extracted from a first image may be converted into coordi-
nates on a 3D model and the coordinates on the 3D model
of one or more areas-of-interest may be collected in opera-
tion 510, and the 3D model may be output on the screen in
operation 510. At this time, when the first image is a 3D
image, a coordinate system of a measurement device that has
captured the first image may be converted into a coordinate
system of the 3D model, and thereby, the coordinates of the
areas-of-interest may be converted into coordinates on the
3D model.

[0074] When the first image is a 2D image, 2D coordinates
of an area-of-interest included in a cross-sectional image
may be converted into coordinates on the 3D model. A
predetermined area may be determined as an area-of-inter-
est, with the converted coordinates on the 3D model as a
center. At this time, the predetermined area may be a straight
line on the 3D model formed perpendicular to a cross section
corresponding to the coordinates of the area-of-interest, with
the coordinates of the area-of-interest as a center.

[0075] When there are two or more 2D cross-sectional
images obtained by image-capturing an identical area-of-
interest, coordinates of an intersection point of straight lines
on the 3D model, which are respectively formed perpen-
dicular to the cross-sectional images, may be collected as
coordinates of the area-of-interest. When an intersection
point is not formed on the basis of 2D coordinates of the
area-of-interest, a predetermined area may be determined as
an area-of-interest with coordinates of the area-of-interest on
the 3D model, into which the coordinates of the area-of-
interest included in each 2D cross-sectional image are
converted, as a center. At this time, the predetermined area
may include one or more of areas within a preset radius with
the coordinates of the area-of-interest, which are converted
into the coordinates on the 3D model, as a center. Various
embodiments of the predetermined area may be imple-
mented, and thus, embodiments of the predetermined area
are not limited thereto.

[0076] Then, the 3D model may be output on the screen,
and the areas-of-interest may be displayed on the 3D model
by using one or more of a point, a line, a plane, and a
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polygon on the basis of the converted coordinates on the 3D
model of the one or more areas-of-interest. At this time, with
respect to the collected areas-of-interest, area-of-interest
information is collected which includes one or more of the
number of the collected areas-of-interest, grades thereof,
types thereof, and attributes thereof, and the collected area-
of-interest information may be further displayed at a prede-
termined position on the 3D model.

[0077] Next, a second image is acquired by an ultrasound
image measurement device in operation 520. When the
second image has been acquired, coordinates on the 3D
model corresponding to the acquired second image are
calculated in operation 530. Then, the second image may be
matched onto the 3D model including the collected coordi-
nates of the areas-of-interest in operation 540.

[0078] Then, by using a result of the matching, guide
information may be provided to the user so as to acquire the
collected areas-of-interest in the second image, in operation
550. At this time, as an example, in operation 560, the
areas-of-interest are marked and displayed on the 3D model,
and a determination is made as to whether the areas-of-
interest have been acquired in the second image, on the basis
of the converted coordinates of the areas-of-interest and the
calculated coordinates of the second image. When it is
determined that the areas-of-interest have not been acquired
in the second image, the user may be guided to acquire a new
second image, in operation 580.

[0079] When the areas-of-interest have been acquired in
the second image, a determination is made as to whether an
area-of-interest exists which has not been acquired, in opera-
tion 570. When the area-of-interest exists which has not
been acquired in the second image, the user may be guided
to acquire a new second image, in operation 580. Since the
position of the second image may be changed, the user may
be guided to change the position of the second image and
acquire the area-of-interest. More specifically, the guide
information provided to the user may include one or more
pieces of information among an order of acquisition of
areas-of-interest, position information of the second image,
the degree of proximity of the second image to an area-of-
interest, a progress direction of the second image, the
number of areas-of-interest which have not been acquired,
and position information of the areas-of-interest which have
not been acquired.

[0080] Also, according to an embodiment of the present
disclosure, when the number of areas-of-interest is plural, an
order of areas-of-interest required to be acquired may be
calculated according to grades of the areas-of-interest,
importances thereof, attributes thereof, types thereof, and
the like, and may be provided to the user. The areas-of-
interest may be provided to the user so as to be marked and
include coordinates or additional information, or may have
the degree of proximity of the second image to the areas-
of-interest according to the proximity of the second image to
the areas-of-interest, a current progress direction of the
second image, and a guided progress direction of the second
image, which are displayed in the areas-of-interest. Also, a
determination may be made as to whether an area-of-interest
has been acquired in the second image; the user may be
provided with the number of areas-of-interest which have
not been acquired, coordinate information on an area-of-
interest required to be acquired next, and the like; and
position information of the areas-of-interest which have not
been acquired may be guided to the user.
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[0081] FIG. 6A illustrates an example of displaying an
area-of-interest on a translucent 3D model.

[0082] The apparatus 100 for supporting acquisition of an
area-of-interest in an ultrasound image may use a visually-
distinguishable indication so as to be capable of acquiring an
area-of-interest in a second image. The 3D model having an
area-of-interest displayed thereon may be used in a breast
examination. At this time, referring to FIG. 6A, the 3D
model which coincides with a body proportion may be
displayed in a translucent form, and the area-of-interest may
be displayed to be clearly distinguished from others in a
visual manner by using a different color of the area-of-
interest. Alternatively, the area-of-interest may be displayed
on the 3D model by changing a color, or a human body may
be displayed by using an outline, and an area to be examined
and the area-of-interest may be displayed in different colors.
Alternatively, the area to be examined and the area-of-
interest may be displayed by using contours having different
colors according to the depth of the 3D model. Various
embodiments thereof may be implemented.

[0083] FIG. 6B illustrates an example in which the appa-
ratus 100 for supporting acquisition of an area-of-interest in
an ultrasound image provides guide information on a prog-
ress direction of a second image onto a 3D model having an
area-of-interest displayed thereon. The ultrasound image
measurement device performs ultrasonography in a state
where a probe is contacting the surface of the human body.
Referring to FIG. 6B, the area-of-interest is displayed on the
3D model representing breasts of a woman. When the
apparatus 100 for supporting acquisition of an area-of-
interest in an ultrasound image translucently displays the
surface of the human body as the 3D model, the area-of-
interest located inside the 3D model is projected, and thus,
the user may be provided with guide information on the
surface of the human body at which the area-of-interest is
located. At this time, an area represented by an intersection
point of horizontal and vertical straight lines may be con-
sidered as a point which needs to be examined in order to
acquire an area-of-interest, and the probe may be guided to
be capable of measuring this part. At this time, coordinates
at which the probe needs to make contact may be guided, a
progress direction of the probe may be guided, or coordi-
nates of the acquired area-of-interest and those of an area-
of-interest required to be acquired may be provided to the
user. However, this configuration is for illustrative purposes
only, and thus, the present disclosure is not limited thereto.

[0084] The apparatuses, components, and units described
herein may be implemented using hardware components.
The hardware components may include, for example, con-
trollers, sensors, processors, generators, drivers, and other
equivalent electronic components. The hardware compo-
nents may be implemented using one or more general-
purpose or special purpose computers, such as, for example,
a processor, a controller and an arithmetic logic unit, a
digital signal processor, a microcomputer, a field program-
mable array, a programmable logic unit, a microprocessor or
any other device capable of responding to and executing
instructions in a defined manner. The hardware components
may run an operating system (OS) and one or more software
applications that run on the OS. The hardware components
also may access, store, manipulate, process, and create data
in response to execution of the software. For purpose of
simplicity, the description of a processing device is used as
singular; however, one skilled in the art will appreciated that
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a processing device may include multiple processing ele-
ments and multiple types of processing elements. For
example, a hardware component may include multiple pro-
cessors or a processor and a controller. In addition, different
processing configurations are possible, such a parallel pro-
Cessors.

[0085] The processes, functions, and methods described
above can be written as a computer program, a piece of code,
an instruction, or some combination thereof, for indepen-
dently or collectively instructing or configuring the process-
ing device to operate as desired. Software and data may be
embodied permanently or temporarily in any type of
machine, component, physical or virtual equipment, com-
puter storage medium or device that is capable of providing
instructions or data to or being interpreted by the processing
device. The software also may be distributed over network
coupled computer systems so that the software is stored and
executed in a distributed fashion. In particular, the software
and data may be stored by one or more non-transitory
computer readable recording mediums. The non-transitory
computer readable recording medium may include any data
storage device that can store data that can be thereafter read
by a computer system or processing device. Examples of the
non-transitory computer readable recording medium include
read-only memory (ROM), random-access memory (RAM),
Compact Disc Read-only Memory (CD-ROMs), magnetic
tapes, USBs, floppy disks, hard disks, optical recording
media (e.g., CD-ROMs, or DVDs), and PC interfaces (e.g.,
PCI, PCl-express, Wi-Fi, etc.). In addition, functional pro-
grams, codes, and code segments for accomplishing the
example disclosed herein can be construed by programmers
skilled in the art based on the flow diagrams and block
diagrams of the figures and their corresponding descriptions
as provided herein.

[0086] While this disclosure includes specific examples, it
will be apparent to one of ordinary skill in the art that various
changes in form and details may be made in these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered in a descriptive sense only, and not for purposes
of limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects in other examples. Suitable results may
be achieved if the described techniques are performed in a
different order, and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Therefore, the scope of the
disclosure is defined not by the detailed description, but by
the claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be construed
as being included in the disclosure.

[0087] Meanwhile, the present embodiments can be
implemented in the form of computer-readable codes in a
computer-readable recording medium. The computer-read-
able recording medium includes all types of recording
devices in which data readable by a computer system are
stored.

[0088] Examples of the computer-readable recording
medium include a ROM, a RAM, a CD-ROM, a magnetic
tape, a floppy disk, an optical data storage device, and the
like, and include a medium implemented in the form of a
carrier wave (e.g., transmission through the Internet). In
addition, computer-readable recording media may be dis-
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tributed over computer systems connected by a network, so
that computer-readable codes can be stored and executed in
a distributed manner. Further, functional programs, codes
and code segments for the implementation of the embodi-
ments may be easily inferred by programmers in the art
which the present disclosure pertains to.

1. An apparatus for supporting acquisition of an area-of-
interest in an ultrasound image, the apparatus comprising:

at least one processor configured to:

convert coordinates of one or more areas-of-interest

extracted from a first image into coordinates on a
three-dimensional (3D) model, and to collect coordi-
nates on the 3D model of the one or more areas-of-
interest;

calculate coordinates on the 3D model corresponding to

an acquired second image when the second image is
acquired, and to match the second image onto the 3D
model including the collected coordinates of the areas-
of-interest; and

provide guide information so as to acquire the collected

areas-of-interest in the second image, by using a result
of the matching.
2. The apparatus of claim 1, wherein the first image
corresponds to a radiographic image, and the second image
corresponds to an ultrasonographic image.
3. The apparatus of claim 1, wherein, when the first image
corresponds to a 3D image, the at least one processor
converts a coordinate system of a measurement device, that
has captured the first image, into a coordinate system of the
3D model, and thereby converts the coordinates of the one
or more areas-of-interest into the coordinates on the 3D
model.
4. The apparatus of claim 1, wherein, when the first image
corresponds to two or more 2D cross-sectional images
obtained by image-capturing an identical area-of-interest,
the at least one processor collects, as the coordinates of the
area-of-interest, coordinates of an intersection point of
straight lines on the 3D model which are respectively
formed perpendicular to the cross-sectional images corre-
sponding to the 2D coordinates of the area-of-interest, which
is included in at least some of the two or more 2D cross-
sectional images, with the 2D coordinates of the area-of-
interest as a center.
5. The apparatus of claim 1, wherein, when the first image
corresponds to a 2D image and an intersection point is not
formed based on coordinates of an area-of-interest included
in at least some 2D cross-sectional images among the one or
more first images, the at least one processor determines, as
an area-of-interest, a predetermined area which is converted
into coordinates on the 3D model with the coordinates of the
area-of-interest, which is included in the at least some 2D
cross-sectional images, as a center.
6. The apparatus of claim 5, wherein the predetermined
area comprises one or more of:
straight lines which are converted into coordinates on the
3D model and which are respectively formed perpen-
dicular to cross-sectional images corresponding to the
coordinates of the area-of-interest, which is included in
the at least some 2D cross-sectional images, with the
coordinates of the area-of-interest as the center; and

an area within a preset radius with the converted coordi-
nates of the areas-of-interest as a center.

7. The apparatus of claim 1, further a display configured
to output the 3D model on a screen, and to display the one
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or more areas-of-interest on the output 3D model in a preset
form including one or more of a point, a line, a plane, and
a polygon based on the collected coordinates of the areas-
of-interest.

8. The apparatus of claim 7, wherein display displays the
3D model in at least one form among preset forms including
one or more of translucency and a contour.

9. The apparatus of claim 7, wherein the at least one
processor collects area-of-interest information including one
or more of the number of the one or more areas-of-interest,
grades thereof, types thereof, and attributes thereof, and the
display further displays the collected area-of-interest infor-
mation at a predetermined position on the 3D model.

10. The apparatus of claim 1, wherein the at least one
processor determines whether an area-of-interest exists
which has not been acquired in the second image among the
one or more areas-of-interest, based on the converted coor-
dinates of the areas-of-interest and the calculated coordi-
nates of the second image, and provides the guide informa-
tion to a user so as to acquire a new second image, when it
is determined that the area-of-interest exists which has not
been acquired in the second image.

11. The apparatus of claim 1, wherein the at least one
processor displays an arrow indicating an area-of-interest
which has not been acquired in the second image, or
emphasizes and displays the area-of-interest, which has not
been acquired in the second image, by using one or more of
a type of an edge color of an outline, a line type of the
outline, and a line thickness of the outline.

12. The apparatus of claim 1, wherein the guide informa-
tion comprises one or more pieces of information among an
order of the acquisition of the areas-of-interest, position
information of the second image, a degree of proximity of
the second image to the areas-of-interest, a progress direc-
tion of the second image, the number of areas-of-interest
which have not been acquired, and position information of
the areas-of-interest which have not been acquired.

13. A method for supporting acquisition of an area-of-
interest in an ultrasound image, the method comprising:

converting coordinates of one or more areas-of-interest

extracted from a first image into coordinates on a
three-dimensional (3D) model, and collecting coordi-
nates on the 3D model of the one or more areas-of-
interest;

calculating coordinates on the 3D model corresponding to

an acquired second image when the second image is
acquired,
matching the second image onto the 3D model including
the collected coordinates of the areas-of-interest; and

providing guide information to a user so as to acquire the
one or more areas-of-interest in the second image, by
using a result of the matching.

14. The method of claim 13, wherein the collecting of the
coordinates on the 3D model of the one or more areas-of-
interest comprises, when the first image corresponds to a 3D
image, converting a coordinate system of a measurement
device, that has captured the first image, into a coordinate
system of the 3D model, and thereby converting the coor-
dinates of the one or more areas-of-interest into the coordi-
nates on the 3D model.

15. The method of claim 13, wherein the collecting of the
coordinates on the 3D model of the one or more areas-of-
interest comprises, when the first image corresponds to two
or more 2D cross-sectional images obtained by image-
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capturing an identical area-of-interest, collecting, as the
coordinates of the area-of-interest, coordinates of an intet-
section point of straight lines on the 3D model which are
respectively formed perpendicular to cross-sectional images
corresponding to the 2D coordinates of the area-of-interest,
which is included in at least some of the two or more 2D
cross-sectional images, with the 2D coordinates of the
area-of-interest as a center.
16. The method of claim 13, wherein the collecting of the
coordinates on the 3D model of the one or more areas-of-
interest comprises, when the first image corresponds to a 2D
image and an intersection point is not formed based on
coordinates of an area-of-interest included in at least some
2D cross-sectional images among the one or more first
images, determining, as an area-of-interest, a predetermined
area which is converted into coordinates on the 3D model
with the coordinates of the area-of-interest, which is
included in the at least some 2D cross-sectional images, as
a center.
17. The method of claim 16, wherein the predetermined
area comprises one or more of:
straight lines which are converted into coordinates on the
3D model and which are respectively formed perpen-
dicular to cross-sectional images corresponding to the
coordinates of the area-of-interest, which 1s included in
the at least some 2D cross-sectional images, with the
coordinates of the area-of-interest as the center; and

an area within a preset radius with the converted coordi-
nates of the areas-of-interest as a center.

18. The method of claim 13, wherein the collecting of the
coordinates on the 3D model of the one or more areas-of-
interest comprises:
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outputting the 3D model on a screen; and
displaying the one or more areas-of-interest on the output
3D model in a preset form including one or more of a
point, a line, a plane, and a polygon based on the
collected coordinates of the areas-of-interest;
collecting area-of-interest information including one or
more of the number of the one or more areas-of-
interest, grades thereof, types thereof, and attributes
thereof; and
further displaying the collected area-of-interest informa-
tion at a predetermined position on the 3D model.
19. (canceled)
20. The method of claim 13, wherein the providing of the
guide information comprises:
determining whether an area-of-interest exists which has
not been acquired in the second image among the one
or more areas-of-interest, based on the converted coor-
dinates of the areas-of-interest and the calculated coor-
dinates of the second image; and
providing a guide so as to acquire a new second image,
when it is determined that the area-of-interest exists
which has not been acquired in the second image.
21. The method of claim 13, wherein the providing of the
guide information comprises displaying an arrow indicating
an area-of-interest which has not been acquired in the
second image, or emphasizing and displaying one or more of
a type of an edge color of an outline of the area-of-interest
which has not been acquired in the second image, a line type
of the outline of the area-of-interest, and a line thickness of
the outline of the area-of-interest.
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