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ABSTRACT

A 3-dimensional (3D) ultrasound apparatus and a method for
operating the same are provided. A 3D ultrasound apparatus
includes a first processor, a second processor and a controller.
The first processor determines a start point from an image
data obtained by scanning an object in a human body. The
second processor extracts a top image of the object from the
image data based on the start point. The controller controls a
sagittal view of the object by rotating the image data, using
the top image.
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3D ULTRASOUND APPARATUS AND
METHOD FOR OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0051144, filed on May 31, 2010, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a 3-dimensional

(3D) ultrasound apparatus and a method for operating the
same, in which a top image of an object in a human body is
extracted from an image data based on a start point in the
image data obtained by scanning the object, and the image
data is rotated using the extracted top image, thereby auto-
matically determining a sagittal view of the object.

[0004] 2. Description of the Related Art

[0005] An ultrasound system is an apparatus that irradiates
an ultrasound signal from a surface of a human body towards
a target part, that is, an object such as a fetus, an internal
organ, and the like, under the body surface and obtains an
image of a monolayer or blood flow in soft tissue from infor-
mation in the reflected ultrasound signal. The ultrasound sys-
tem has been widely used together with other image diagnos-
tic systems such as X-ray diagnostic systems, computerized
tomography (CT) scanners, magnetic resonance image
(MRI) systems and nuclear medicine diagnostic systems
because of'its various merits such as a small size, a low price,
real-time image display, and high stability through elimina-
tion of any radiation exposure.

[0006] Also, a general method for diagnosing a Down’s
syndrome fetus is to measure the thickness of a fetus’ nuchal
translucency (NT) through the ultrasound system. The
method was developed by Nicolaides in 1992, and it has been
known that in a case where a fetus has an abnormal symptom,
body fluid is accumulated in subcutaneous tissues at the nape
of a fetus’ neck and therefore, the fetus’ NT of the fetus
becomes thick.

[0007]  Another method for diagnosing a Down’s syndrome
fetus is to measure the angle between a fetus’ maxilla and
nasal bone, that is, the frontmaxillary facial (FMF) angle, and
the like. For example, ina case where the FMF angle of a fetus
1s greater than 88.7 degrees as compared with 78.1 that is the
FMF angle of a normal fetus, it is highly likely that the fetus
has Down’s syndrome.

[0008] Therefore, in order to easily diagnose a Down’s
syndrome fetus, it is required to more easily and precisely
inspect the thickness of the fetus” NT or the angle between the
fetus’ maxilla and nasal bone.

[0009] However, since a measured value changes depend-
ing on the position or angle of a fetus, the sagittal view for the
fetus should be precisely controlled so as to properly inspect
the thickness of the fetus” NT or the angle between the fetus’
maxilla and the fetus’ nasal bone.

[0010] Accordingly, it is required to develop a technology
for precisely controlling the sagittal view for a fetus.

SUMMARY

[0011] An aspect of the present invention provides a 3-di-
mensional (3D) ultrasound apparatus and a method for oper-
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ating the same, in which a top image of an object in a human
body is extracted from an image data based on a start point in
the image data obtained by scanning the object, and the image
data is rotated using the extracted top image, thereby auto-
matically determining a sagittal view of the object.

[0012] An aspect of the present invention also provides a
3Dultrasound apparatus and a method for operating the same,
in which, in a case where an object in a human body is a fetus,
atop image of the object corresponding to a basic data on the
rotation of an image data is easily extracted from the image
data obtained by scanning the object, using the direction of
the fetus’ head, thereby rapidly controlling a sagittal view of
the object.

[0013] An aspect of the present invention also provides a
3Dultrasound apparatus and a method for operating the same,
in which a mid sagittal plane with respect to an object is
effectively detected by detecting symmetry window regions
parallel to each other by using a start point and calculating
similarity between the symmetry window regions.

[0014] According to an aspect of the present invention,
there is provided a 3D ultrasound apparatus, the apparatus
including a first processor to determine a start point from an
image data obtained by scanning an object in a human body,
a second processor to extract a top image of the object from
the image data based on the start point, and a controller to
control asagittal view of the object by rotating the image data,
using the top image.

[0015] According to another aspect of the present inven-
tion, there is provided a method for operating a 3D ultrasound
apparatus, the method including determining a start point
from animage data obtained by scanning an objectina human
body, extracting a top image of the object from the image data
based on the start point, and rotating the image data using the
top image, thereby controlling a sagittal view of the object.
[0016] According to another aspect of the present inven-
tion, there is provided a method for operating a 3D ultrasound
apparatus, the method including: determining a start point
from image data obtained by scanning an object in a human
body; and detecting a mid sagittal plane with respect to the
object from the image data by using similarity between two
symmetry window regions parallel to a reference side image
where the start point is located.

[0017] According to another aspect of the present inven-
tion, there is provided a 3D ultrasound apparatus, the appa-
ratus including: a first processor to determine a start point
from image data obtained by scanning an object in a human
body; and a controller to detect a mid sagittal plane with
respect to the object from the image data by using similarity
between two symmetry window regions parallel to a refer-
ence side image where the start point is located.

[0018] According to another aspect of the present inven-
tion, there is provided a method for operating a 3D ultrasound
apparatus, the method including: determining a start point
from image data obtained by scanning an object in a human
body; extracting a top image with respect to the object from
the image data, based on the start point; matching a template
with respect to the object indicated on an initial top image
where the start point is located; and detecting a mid sagittal
plane with respect to the object from the image data, by using
similarity between symmetry window regions obtained based
on the template and a reference side image where the start
point is located.

[0019] According to another aspect of the present inven-
tion, there is provided a 3D ultrasound apparatus, the appa-
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ratus including: a first processor to determine a start point
from image data obtained by scanning an object in a human
body; a second processor to extract a top image with respect
to the object from the image data, based on the start point, and
match a template with respect to the object indicated on an
initial top image where the start point is located; and a con-
troller to detect a mid sagittal plane with respect to the object
from the image data, by using similarity between symmetry
window regions obtained based on the template and a refer-
ence side image where the start point is located.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Theseand/or otheraspects, features, and advantages
of the invention will become apparent and more readily
appreciated from the following description of exemplary
embodiments, taken in conjunction with the accompanying
drawings of which:

[0021] FIG.1isablockdiagram illustrating a configuration
of a3-dimensional (3D) ultrasound apparatus according to an
embodiment of the present invention;

[0022] FIG. 2 is a diagram illustrating an example of an
image for each direction with respect to an object extracted in
a 3D ultrasound apparatus according to the embodiment of
the present invention;

[0023] FIG. 3 is a diagram illustrating a method for deter-
mining a start point from an image data obtained by scanning
an object, using a 3D ultrasound apparatus according to the
embodiment of the present invention;

[0024] FIG. 4 is a diagram illustrating a method for deter-
mining the direction of an object, using a 3D ultrasound
apparatus according to the embodiment of the present inven-
tion;

[0025] FIG. 5 is a diagram illustrating an example of
extracting a top image for an object as a basic data for con-
trolling a sagittal view, using a 3D ultrasound apparatus
according to the embodiment of the present invention;
[0026] FIG. 6 is a diagram illustrating an example of cor-
recting a front image for an object, using a 3D ultrasound
apparatus according to the embodiment of the present inven-
tion;

[0027] FIG. 7 is a diagram illustrating an example of con-
trolling a sagittal view by rotating an image data for an object,
using a 3D ultrasound apparatus according to the embodi-
ment of the present invention;

[0028] FIG. 8is a flowchart illustrating a method for oper-
ating a 3D ultrasound apparatus according to an embodiment
of the present invention;

[0029] FIG.9isablock diagram illustrating a configuration
of a 3D ultrasound apparatus according to another embodi-
ment of the present invention;

[0030] FIG.101is aflowchart illustrating a method for oper-
ating a 3D ultrasound apparatus according to another embodi-
ment of the present invention; and

[0031] FIGS. 11A and 11B are diagrams illustrating an
example of detecting a mid sagittal plane according to the
embodiment of the present invention.

DETAILED DESCRIPTION

[0032] Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. Exem-
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plary embodiments are described below to explain the present
invention by referring to the figures.

[0033] FIG. 1isablock diagram illustrating a configuration
of a 3-dimensional (3D) ultrasound apparatus 101 according
to an embodiment of the present invention.

[0034] Referring to FIG. 1, the 3D ultrasound apparatus
101 includes a scanner 103, a first processor 105, a second
processor 107, and a controller 113.

[0035] The scanner 103 may extract at least one of a side
image (A-plane in a side direction or a sagittal plane), a top
image (B-plane in a top direction or a transverse plane) and a
front image (C-plane in a front direction or a coronal plane)
with respect to an object in a human body from an image data
obtained by scanning the object and then may display the at
least one of the side image, the top image, and the front image
on a screen. In this instance, the scanner 103 may remove
noise from each of the side image, the top image, and the front
image so that the contours of images with respect to the object
are clearly displayed on the screen.

[0036] The first processor 105 determines a start point from
the image data obtained by scanning an object in a human
body. Here, the object in the human body may include a fetus,
an internal organ, and the like. In a case where the objectis a
fetus, the first processor 105 may extract a side image of the
fetus from the image data and identify the fetus’ nasal bone.
Then, the first processor 105 may determine a start point
using the fetus’ nasal bone.

[0037] Specifically, the first processor 105 may extract a
side image of the fetus from the image data and identify the
fetus’ nasal bone or maxilla by using the intensity of the side
image. In this instance, the first processor 105 may place a
seed at the fetus’ nuchal translucency (NT) and set a window
area based on the seed. Then, the first processor 105 may
identify a part in the window area of which the intensity is
highest as the fetus’ nasal bone or maxilla while moving the
window area upward. The intensity being the highest is a
result of bone being reflected most strongly and thus, an area
in which the bone is placed appears most bright.

[0038] The first processor 105 may identify the frontmax-
illary facial (FMF) angle between the fetus’ nasal bone and
maxilla, using the fetus’ nasal bone and maxilla.

[0039] Subsequently. the first processor 105 may determine
a virtual point as the start point. Here, the virtual point is
spaced apart upward by a selected distance, for example, 1.3
cmto 1.5 cm, from a point at which a vertical line that passes
through an end point of the fetus” nasal bone is intersected
with a horizontal line that passes through the fetus’ NT.
[0040] Alternatively, the first processor 105 may determine
the start point based on a user input externally received. In
other words, the first processor 105 may determine the start
point even via the user input selecting any one location of the
image data through any one of various types of devices, such
as a keypad, a mouse, a track ball, and a touch screen.
[0041] Thesecondprocessor 107 extracts atop image of the
object from the image data based on the start point. Specifi-
cally, the second processor includes a preprocessor 109 and a
processor 111.

[0042] Inacasewhere the object is a fetus, the preprocessor
109 may determine the direction of the fetus’ head. For
example, the preprocessor 109 moves a first virtual plane in a
side direction at a predetermined interval in a direction per-
pendicular to the first virtual plane in the side direction with
respect to the image data, thereby extracting a plurality of
image data included in the first virtual plane. Subsequently,
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the preprocessor 109 may identify the direction of the FMF
angle between the fetus” nasal bone and maxilla from the
plurality of image data included in the first virtual plane. In a
case where an amount of image data including an FMF angle
in afirst direction, for example, a left direction, is greater than
an amount of image data including an FMF angle in a second
direction, for example, a right direction, the preprocessor 109
may determine the first direction as the direction of the fetus’
head.

[0043] Theprocessor 111 moves a second virtual plane in a
top direction at a predetermined interval in the direction of the
fetus” head from the start point with respect to the image data,
thereby extracting a plurality of image data included in the
second virtual plane.

[0044] Subsequently, the processor 111 may extract any
one of the plurality of image data included in the second
virtual plane as the top image. In this instance, the processor
111 may measure the outer circumferences of images from
the image data included in the second virtual plane and may
select each image data having a larger circumference than the
mean of the measured outer circumferences for all image
data. Then, the processor 111 may extract, as the top image,
an image data having the smallest template matching among
each of the image data having a larger circumference than the
mean of the measured outer circumferences.

[0045] Forexample, ina case where the object is a fetus, the
processor 111 may measure the circumferences of ellipses
corresponding to the fetus” head from the plurality of image
data included in the second virtual plane, and extract, as the
top image, an image data having the smallest template match-
ing among image data each having a larger circumference
than the mean of the measured circumferences of the ellipses.
In this instance, the processor 111 may extract an image data
having the circumference of an ellipse, relatively highly
matched to a selected template, for example, an ellipse having
an occipitofrontal diameter (OFD) of 2.5 cm and an aspect
ratio of 1.5, as the top image.

[0046] Accordingly, the processor 111 moves the second
virtual plane in the direction of the fetus” head from the start
point, so as to more rapidly extract the top image as compared
with a case that the second virtual plane is moved with respect
to the entire fetus from the fetus” tiptoe to head.

[0047] The controller 113 may identify the fetus’ nasal
bone by using the intensity of the side image of the fetus,
extracted from the image data, and may move one side of the
image data in front and vertical directions so that the fetus’
nasal bone is placed at the highest position. In this instance,
the controller 113 controls the image of the fetus not to be
diagonally placed by moving the one side of the image data in
the front and vertical directions so that the fetus’ nasal bone is
placed at the highest position. Accordingly, the image of the
fetus can be placed bilaterally symmetric in the front image of
the fetus.

[0048] Thecontroller 113 may control a sagittal view of the
object by rotating the image data using the top image. In this
instance, the controller 113 may pass through an arbitrary
point in the second virtual plane in the top direction and rotate
the image data with respect to a virtual axis that passes
through the side image.

[0049] Thus, the controller 113 rotates the image data,
using the intensity of an image included in the side image or
the left/right matching of the appearance of an image
included in the top image, thereby automatically controlling
the sagittal view of the object.
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[0050] 1) Rotation of Image Data Using Falx Area

[0051] In acase where the object is a fetus, the controller
113 may extract a side image of the fetus from the image data
and rotate the image data so that the brightness intensity in a
falx area of the fetus, included in the side image, is largest.
[0052] Here, where the side image is a mid-sagittal, a part
of the fetus, that is, the falx area is uniformly distributed
bright. Conversely, where the side image s not a mid-sagittal,
the falx area is not uniformly bright, and a dark area appears.
[0053] Accordingly, using a characteristic of brightness as
described above, the controller 113 may rotate the image data
so that the falx area is most brightly and uniformly distributed
while moving and rotating an ultrasound data with respect to
the center of the fetus’ head.

[0054] 2) Rotation of Image Data Using Left/Right Match-
ing Degree
[0055] Thecontroller 113 may automatically control a sag-

ittal view of the object by matching a figure corresponding to
the fetus included in the top image and rotating the image data
so that the left/right matching of the matched figure is highest.
[0056] For example, in a case where the matched figure is
an ellipse, the controller 113 may vertically place the major
axis of the ellipse, and rotate the image data so that the left and
right of the ellipse are most symmetric with respect to the
major axis.

[0057] According to the present embodiment, a top image
of an object is extracted from an image data based on a start
point of the image data obtained by scanning the object in a
human body, and the image data is rotated using the extracted
top image, so that a sagittal view of the object can be auto-
matically determined.

[0058] Also, in a case where the object in the human body
is a fetus, a top image of the object corresponding to a basic
data on the rotation of the image data from the image data
obtained by scanning the object, using the direction of the
fetus” head, so that the sagittal view of the object can be
rapidly controlled.

[0059] Meanwhile, the controller 113 may match a figure or
atemplate to the top image, and detect two symmetry window
regions parallel to each other by using the matched figure or
template. Then, the controller 113 may measure similarity
between the symmetry window regions and detect a reference
side image when the similarity is highest as a mid sagittal
plane. An example of detecting a mid sagittal plane will be
described in detail later with reference to FIGS. 9 through
11B.

[0060] FIG. 2 is a diagram illustrating an example of an
image for each direction with respect to an object extracted in
a 3D ultrasound apparatus according to the embodiment of
the present invention.

[0061] Referring to FIG. 2, the 3D ultrasound apparatus
may extract a side image, a top image, or a front image from
an image data obtained by scanning an object in a human
body and may display the image on the screen.

[0062] For example, the 3D ultrasound apparatus may
extract a side image in a side direction, which displays a “first
plane’ 201, from an image data obtained by scanning an
object and display the side image in a first area 211 on the
screen. The 3D ultrasound apparatus may extract a top image
in a top direction, which displays a ‘second plane’ 203, from
the image data obtained by scanning the object, and may
display the top image in a second area 213 on the screen. The
3D ultrasound apparatus may extract a front image in a front
direction, which displays a ‘third plane’ 205, from the image
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data obtained by scanning the object, and may display the
front image in a third area 215 on the screen.

[0063] As the image data is rotated or moved based on a
selected reference, the 3D ultrasound apparatus updates the
side image, the top image, or the front image and displays the
updated image on the screen, thereby easily detecting a 3D
object.

[0064] FIG. 3 is a diagram illustrating a method for deter-
mining a start point from an image data obtained by scanning
an object, using a 3D ultrasound apparatus according to the
embodiment of the present invention.

[0065] Referring to FIG. 3, the 3D ultrasound apparatus
may extract a side image of a fetus from an image data
obtained by scanning the fetus, and may identify the fetus’
nasal bone or maxilla by using the intensity of the side image.
For example, the 3D ultrasound apparatus may identify a part
of the side image of which intensity is highest as the fetus’
nasal bone or maxilla.

[0066] In this instance, the 3D ultrasound apparatus may
determine a virtual point 307 as a start point. Here, the virtual
point 307 is spaced apart upward by a selected distance from
a point at which a vertical line 303 that passes through an end
point 301 of the fetus’ nasal bone is intersected with a hori-
zontal line 305 that passes through fetus” NT.

[0067] Alternatively, as described above with reference to
FIG. 1, the 3D ultrasound apparatus may determine the start
point according to a user input.

[0068] FIG. 4 is a diagram illustrating a method for deter-
mining the direction of an object, using a 3D ultrasound
apparatus according to the embodiment of the present inven-
tion.

[0069] Referring to FIG. 4, in a case where the object is a
fetus, the 3D ultrasound apparatus may determine the direc-
tion of fetus’ head from an image data by scanning the fetus.
[0070] For example, the 3D ultrasound apparatus moves a
first virtual plane 401 in a side direction in a direction 403
perpendicular to the first virtual plane 410 at a predetermined
interval with respect to the image data, thereby extracting a
plurality of image data included in the first virtual plane 401.
In this instance, the 3D ultrasound apparatus may apply a
top-hat transform to the image data so as to precisely and
easily extract the fetus’ nasal bone and maxilla.

[0071] Subsequently, the 3D ultrasound apparatus identi-
fies the direction of the FMF angle between the fetus’ nasal
bone and maxilla from the plurality of image data included in
the first virtual plane 401.

[0072] In a case where an amount of image data including
an FMF angle 405 in a first direction, for example, a left
direction, are greater than an amount of image data including
an FMF angle 407 in a second direction, for example, a right
direction, the 3D ultrasound apparatus may determine the first
direction as the direction of the fetus’ head. Specifically, the
3D ultrasound apparatus may provide grades as ‘left:right=7:
3” with respect to the direction of the fetus” head, estimated
based on the plurality of image data. Finally, the 3D ultra-
sound apparatus may determine the direction of the fetus’
head as the left direction to which a relatively high grade is
provided.

[0073] FIG. 5 is a diagram illustrating an example of
extracting a top image for an object as a basic data for con-
trolling a sagittal view, using the 3D ultrasound apparatus
according to the embodiment of the present invention.
[0074] Referring to FIG. 5, the 3D ultrasound apparatus
moves a second virtual plane 501 in a top direction in the
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direction 503 of fetus” head at a predetermined interval from
a start point 501 with an image data obtained by scanning a
fetus, thereby extracting a plurality of image data included in
the second virtual plane 501.

[0075] Subsequently. the 3D ultrasound apparatus mea-
sures the circumferences of ellipses corresponding to the
fetus” head from the image data included in the second virtual
plane 501, and determines an image data having a larger
circumference than the mean of the measured circumferences
of the ellipses. For example, in a case where the number of
image data included in the second virtual plane 501 is 10, the
3D ultrasound apparatus may determine four image data each
having a larger circumference than the mean of the circum-
ferences of ellipses, that is, 8.6 cm.

[0076] The 3D ultrasound apparatus may extract, as a top
image, an image data having the smallest template matching
among the image data each having a larger circumference
than the mean of the circumferences of the ellipses. For
example, the 3D ultrasonic apparatus may extract, as the top
image, one image data having a circumference highly
matched to a selected template, for example, an ellipse having
an OFD of 2.5 ecm and an aspect ratio of 1.5, among the four
image data each having a larger circumference than the mean
of the circumferences of the ellipses, that is, 8.6 cm.

[0077] Here, the 3D ultrasound apparatus may display an
ellipse template 505 on an ellipse corresponding to the fetus’
head in each of the image data, and may change the biparietal
diameter (BPD) or OFD of the ellipse template 505 so that the
ellipse template 505 is matched to the ellipse corresponding
to the fetus’ head. In this instance, the 3D ultrasound appa-
ratus may extract an image data most highly matched to the
ellipse template 505 by minimizing the change of the ellipse
template 505.

[0078] FIG. 6 is a diagram illustrating an example of cor-
recting a front image for an object, using a 3D ultrasound
apparatus according to the embodiment of the present inven-
tion.

[0079] Referring to FIG. 6, the 3D ultrasound apparatus
may extract a side image of a fetus from an image data
obtained by scanning the fetus, and move one side of the
image data in a direction 601 perpendicular to the side image
so that the fetus’ nasal bone is placed at the highest position in
the side image.

[0080] In this instance, the 3D ultrasound apparatus con-
trols the image of the fetus not to be diagonally placed by
moving the one side of the image data in the direction 601
perpendicular to the side image so that the fetus’ nasal bone is
placed at the highest position. Accordingly, the 3D ultrasound
apparatus may display a front image so that the fetus is placed
bilaterally symmetric in the front image of the fetus. That is,
the 3D ultrasound apparatus may display the front image so
that the fetus’ face, arms, and legs are placed bilaterally
symmetric in the front image.

[0081] FIG. 7 is a diagram illustrating an example of con-
trolling a sagittal view by rotating an image data for an object,
using a 3D ultrasound apparatus according to the embodi-
ment of the present invention.

[0082] Referring to FIG. 7, the 3D ultrasound apparatus
extracts a top image of an object from an image data obtained
by scanning the object and rotates the image data using the top
image, thereby controlling a sagittal view of the object.
[0083] Forexample, the 3D ultrasound apparatus may auto-
matically control a sagittal view of the object by setting a
window area 703 in the top image, and by matching a figure
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corresponding to the object included in the top image and
rotating the image data so that the left/right matching of the
matched figure is highest. That s, in a case where the figure is
an ellipse, the 3D ultrasound apparatus may vertically place
the major axis of the ellipse and rotate the image data so that
the left and right of the ellipse are most symmetric with
respect to the major axis.

[0084] In a case where the ellipse of the top image is
inclined, the 3D ultrasound apparatus controls the ellipse of
the top image not to be inclined by rotating the image data
with respect to a virtual axis 701 that passes through an
arbitrary point in the second virtual plane in the top direction
and passes the side image. Accordingly, the left/right match-
ing of the circumference of the ellipse may be increased.
[0085] FIG. 81s a flowchart illustrating a method for oper-
ating a 3D ultrasound apparatus according to an embodiment
of the present invention.

[0086] Referring to FIG. 8, in operation 801, the 3D ultra-
sound apparatus determines a start point from an image data
obtained by scanning an object in a human body.

[0087] In a case where the object is a fetus, the 3D ultra-
sound apparatus may extract a side image of the fetus from the
image data and identify the fetus’ nasal bone. Then, the 3D
ultrasound apparatus may determine a start point using the
fetus” nasal bone.

[0088] First, the 3D ultrasound apparatus may extracta side
image of the fetus from the image data and identify fetus’
nasal bone or maxilla by using the intensity of the side image.
As bone is reflected most strongly, an area in which the bone
is placed appears most bright. For this reason, the 3D ultra-
sound apparatus may identify a part of the side image of
which intensity is highest as the fetus’ nasal bone or maxilla.
[0089] Subsequently, the 3D ultrasound apparatus may
determine a virtual point as the start point. Here, the virtual
point is spaced apart upward by a selected distance, for
example, 1.3 cm to 1.5 cm, from a point at which a vertical
line that passes through an end point of the fetus” nasal bone
is intersected with a horizontal line that passes through the
fetus’ NT. In operation 803, in a case where the object is a
fetus, the 3D ultrasound apparatus deterrmines the direction of
fetus” head.

[0090] For example, the 3D ultrasound apparatus moves a
first virtual plane in a side direction at a predetermined inter-
val in a direction perpendicular to the first virtual plane with
respect to the image data, thereby extracting a plurality of
image data included in the first virtual plane.

[0091] Subsequently, the 3D ultrasound apparatus may
identify the direction of the FMF angle between the fetus’
nasal bone and maxilla from the plurality of image data
included in the first virtual plane. In a case where an amount
of image data including an FMF angle in a first direction, for
example, a left direction, are greater than an amount of image
data including an FMF angle in a second direction, for
example, a right direction, the 3D ultrasound apparatus may
determine the first direction as the direction of the fetus” head.
[0092] In operation 805, the 3D ultrasound apparatus
moves a second virtual plane in a top direction at a predeter-
mined interval in the direction of the fetus’ head from the start
point with respect to the image data, thereby extracting a
plurality of image data included in the second virtual plane.
[0093] In operation 807, the 3D ultrasound apparatus
selects one image data among the image data included in the
second virtual plane as the top image.
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[0094] 1In this instance, the 3D ultrasound apparatus mea-
sures outer circumferences of an image from the image data
included in the second virtual plane and calculates the mean
of the measured outer circumferences. The 3D ultrasound
apparatus may select each image data having a larger circum-
ference than the mean of the measured outer circumferences
for all image data and extract, as the top image, an image data
having the smallest template matching among the image data
each having a larger circumference than the mean of the outer
circumferences.

[0095] Inacase where the fetus is diagonally placed, the 3D
ultrasound apparatus may move the image data using the
fetus’ nasal bone in the side image of the fetus. That is, the 3D
ultrasound apparatus may control the fetus to be placed bilat-
erally symmetric in the front image of the fetus by moving
one side of the image data in a direction perpendicular to the
side image so that the fetus’ nasal bone is placed at the highest
position.

[0096] In operation 809, the 3D ultrasound apparatus con-
trols a sagittal view of the object by rotating the image data
using the top image. In this instance, the 3D ultrasound appa-
ratus may pass through an arbitrary point in the second virtual
plane in the top direction and rotate the image data with
respect to a virtual axis that passes through the side image.

[0097] Specifically, in a case where the object is a fetus, the
3D ultrasound apparatus may control a sagittal view of the
object by extracting a side image of the fetus from the image
data and by rotating the image data so that the brightness
intensity in a falx area of the fetus, included in the side image,
is largest.

[0098] Alternatively, in a case where the object is a fetus,
the 3D ultrasound apparatus may control a sagittal view of the
object by matching a figure corresponding to the fetus
included in a top image and rotating the image data so that the
left/right matching of the matched figure is highest.

[0099] FIG. 9isablock diagram illustrating a configuration
of a 3D ultrasound apparatus according to another embodi-
ment of the present invention. In FIG. 9, the configuration of
the controller 113 of the 3D ultrasound apparatus 101 of FIG.
1 is shown in detail.

[0100] According to the present embodiment, the control-
ler 113 for detecting a mid sagittal plane may include a top
image obtaining module 902, a symmetry window region
detecting module 904, a similarity measuring module 906,
and a mid sagittal plane detecting module 908. Hereinafter, an
example of the controller 113 detecting a mid sagittal plane
through each module will be described.

[0101] First, as described above with reference to FIGS. 1
through 8, the 3D ultrasound apparatus determines the start
point. In other words, the first processor 105 of the 3D ultra-
sound apparatus may determine the virtual point 307 in the
side image as the start point as described with reference to
FIG. 3, or may determine the start point according to the user
input.

[0102] Thestart point is a basis for the 3D ultrasound appa-
ratus to perform rotation transformation or translation trans-
formation on the image data, and may be determined to be at
any location in the object of the image data. For example, the
start point may be within a thalamus region.

[0103] Thetop image obtaining module 902 obtains the top
image used to detect the mid sagittal plane. The top image
obtaining module 902 may obtain the top image detected by
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the processor 111 of the second processor 107 described
above with reference to FIGS. 1 through 8, or may obtain a
new top image.

[0104] When the top image is obtained from the processor
111, the top image obtaining module 902 obtains the top
image selected by the processor 111 based on the description
above. Alternatively, the top image obtaining module 902
may obtain the top image including the start point determined
by the first processor 105. In other words, the top image
obtaining module 902 may obtain the top image including the
start point as a transverse plane for determining the mid
sagittal plane. Hereinafter, the top image including the start
point for determining the mid sagittal plane may bereferred to
as an initial transverse plane.

[0105] The symmetry window region detecting module
904 detects the symmetry window regions parallel to each
other by using the start point and the initial transverse plane.
In detail, the symmetry window region detecting module 904
obtains a figure or a template matching the initial transverse
plane. Ifthe top image obtaining module 902 obtained the top
image detected by the processor 111, the symmetry window
region detecting module 904 may use information about a
template used in the processor 111.

[0106] Then, the symmetry window region detecting mod-
ule 904 may obtain the side image including the start point,
and detect the two symmetry window regions parallel to the
side image by using the information about the template
matched to the initial transverse plane. Hereinafter, the side
image including the start point will be referred to as an initial
sagittal plane.

[0107] The symmetry window region detecting module
904 may detect two sagittal planes located at the same dis-
tance from the initial sagittal plane and parallel to each other
(i.e., parallel to the initial sagittal plane), wherein a region
included in the two sagittal planes is a symmetry window
region. The initial sagittal plane changes as the image data
rotates or moves, and a sagittal plane located at the same
distance from the two symmetry window regions is referred
to as a reference sagittal plane.

[0108] Meanwhile, adistance D from the reference sagittal
plane to the symmetry window region and a length W of the
symmetry window region may be determined according to a
size or length of the template matched to the top image. For
example, the symmetry window region detecting module 904
may detect the symmetry window region by using a size or
length in a major axis of the template when the template is
oval. A relationship between information about the template
and the symmetry window region will be described in detail
later with reference to FIG. 11.

[0109] The similarity measuring module 907 measures
similarity between the symmetry window regions. In other
words, the similarity measuring module 906 may measure a
similarity value indicating a degree of similarity of the sym-
metry window regions by using a similarity function for com-
paring information about pixels included in the symmetry
window regions. An example of the similarity function
includes a normalized cross correlation (NCC) function, but
the similarity measuring module 906 may use any type of
similarity function other than the NCC function.

[0110] Meanwhile, in order to improve reliability of the
similarity function, the similarity measuring module 906 may
apply a support weight map about pixels in the symmetry
window regions, along with the similarity function. The sup-
port weight map is a probability function about at least one of
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similarity consistency, distinctiveness, and proximity. In
order to reduce effects of outlier and noise that are included in
the symmetry window region but are not to be measured, the
similarity measuring module 906 may use the similarity func-
tion and the support weight map together.

[0111] In addition, when the support weight map is used,
the similarity measuring module 906 may use a radial cumu-
lative similarity (RCS) function to remove a support weight
existing outside the object in the symmetry window region.
[0112] The mid sagittal plane detecting module 908 detects
a reference sagittal plane where the similarity between the
symmetry window regions measured by the similarity mea-
suring module 906 is highest, as the mid sagittal plane. In
other words, the controller 113 may change the reference side
image (or the reference sagittal plane) according to at least
one of rotation transformation and translation transformation
of the image data, and the similarity measuring module 906
may measure similarity according to changed reference side
images. Accordingly, the mid sagittal plane detecting module
908 may analyze the result of repeatedly measured similarity,
and detect the reference sagittal plane where the similarity is
highest (i.e., where the symmetry window region is most
similar), as the mid sagittal plane.

[0113] The determining of the mid sagittal plane is an
important in analyzing the object through the image data or
volume data. According to the configuration included in the
controller 113 of the 3D ultrasound apparatus described
above, the mid sagittal plane is semi-automatically detected,
and thus the object may be easily and accurately diagnosed.
[0114] FIG. 10is a flowchart illustrating a method for oper-
ating a 3D ultrasound apparatus according to another embodi-
ment of the present invention. The method of FIG. 10 includes
operations performed in time-series by the top image obtain-
ing module 902, the symmetry window region detecting mod-
ule 904, the similarity measuring module 906, and the mid
sagittal plane detecting module 908 included in the controller
113 of FIG. 9. Accordingly, even if omitted in FIG. 10, details
described with reference to FIG. 9 are applied to the method
of FIG. 10.

[0115] 1In operation S1010, the 3D ultrasound apparatus
determines the start point. The start point may be the virtual
point which is spaced apart by a predetermined distance from
apoint at whicha vertical line that passes through an end point
of the fetus’ nasal bone is intersected with a horizontal line
that passes through the fetus” NT. Alternatively, the start point
may be determined by a user input.

[0116] In operation S1030, the 3D ultrasound apparatus
matches the template to the initial top image. In other words,
the 3D ultrasound apparatus may determine the top image
where the start point is located or the top image detected by
the processor 111 as the initial top image (i.e., the initial
transverse plane).

[0117] Then, the 3D ultrasound apparatus matches the tem-
plate to the initial top image. For example, a parametric
ellipse template may be used. A process of matching the
template to the top image by the 3D ultrasound apparatus may
include a) a denoising process as a pre-process, b) a thresh-
olding process using a top-hat filter, ¢) a process of detecting
an edge of an object (a fetus’ head), d) a template matching
process, and (3) a process of determining a parameter of the
template.

[0118] According to the present embodiment, least squares
fitting of a circle may be applied to the edge detected during
the process of detecting the object, and a random sample
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consensus (RANSAC) may be further applied to remove an
error. A modified chamfer matching technique may be
applied as an example of the template matching process, and
the parameter of the template may include a major axis radius
and a minor axis radius of the template.

[0119] In operation S1050, the 3D ultrasound apparatus
detects the symmetry window regions. As described above,
the symmetry window regions are spaced apart by the same
distance D from the reference sagittal plane, are parallel to
each other, and have the length W. The distance D and the
length W may be determined according to the parameter of
the template obtained in operation S1030, and for example,
may be represented according to Formulas 1 and 2 below.

2-LengthMaj0rAX‘S if Er <Ep, [Formula 1]
N { 2-Lengthy,,,  otherwise
. l W [Formula 2]
6
[0120] In Formulas 1 and 2, Length .4, denotes a
major axis radius of the template and Length, ., denotes an

average radius of a fetus’ head during a first trimester. E,
denotes template matching energy and E ., denotes an experi-
mentally determined value. IN other words, when the tem-
plate matching energy is sufficiently low, the parameter of the
template is reliable, but when the template matching energy is
high, the 3D ultrasound apparatus may use the average
experiment value.

[0121] The 3D ultrasound apparatus detects the two sym-
metry window regions parallel to the reference sagittal plane,
and the reference sagittal plane may be a sagittal plane where
the start point is located. The 3D ultrasound apparatus may
change the reference sagittal plane by performing rotation
transformation and translation transformation on the image
data.

[0122] In operation S1070, the 3D ultrasound apparatus
measures the similarity between the symmetry window
regions. As described above, the example of the similarity
functionincludes NCC function, and the 3D ultrasound appa-
ratus may use any type of similarity function other than the
NCC function. When the NCC function is used, a reference
sagittal plane where an NCC value is highest is the mid
sagittal plane.

[0123] Also, the 3D ultrasound apparatus may apply the
support weight map about the pixels of the symmetry window
regions along with the similarity function. The support
weight map may be applied as a weight of the similarity
function, and may be used to remove an outlier and noise.
Also, the support weight map may include a probability func-
tion related to at least one of similarity consistency, distinc-
tiveness, and proximity. The similarity consistency is a factor
indicating a changed amount of similarity in the pixels in the
symmetry window regions, and the distinctiveness is a factor
about an anatomical boundary having a strong gradient, such
as a nasal bone or a palate in the symmetry window regions.
The proximity is a factor about a distance from the center of
the symmetry window regions.

[0124] Also, if result values according to the similarity
function and support weight map unnecessarily remain out-
side the object, the 3D ultrasound apparatus may use an RCS
function to remove the result values. The RCS function may
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include an attribute similarity function using a diffusion
operator and adaptive thresholding.

[0125] In operation S1090, the 3D ultrasound apparatus
detects the mid sagittal plane. In other words, the 3D ultra-
sound apparatus may apply the similarity function while
rotating and moving the image data based on a simulated
annealing algorithm, and determine the reference sagittal
plane where the similarity is highest as the mid sagittal plane.
[0126] FIGS. 11A and 11B are diagrams illustrating an
example of detecting a mid sagittal plane according to the
embodiment of the present invention. FIG. 11A illustrates the
initial top image (the initial transverse plane), the reference
sagittal plane, and the symmetry window regions, and FIG.
11B illustrates a relationship between the mid sagittal plane
and the symmetry window regions.

[0127] InFIG. 11A, an image 1120 is the initial top image
where a start point 1122 is located. Although not shown in
FIG. 11A, the template may be matched to the top image as
described above with reference to FIG. 7.

[0128] The 3D ultrasound apparatus may detect symmetry
window regions 1126 and 1128 by using the parameter
(length of size) of the template matched to the initial top
image. The symmetry window regions 1126 and 1128 thatare
side images are displayed in lines in the top image, and are
respectively shown in images 1110 and 1130.

[0129] The 3D ultrasound apparatus may determine simi-
larity between the symmetry window regions 1126 and 1128
by using the similarity function and the support weight map,
and determine a reference sagittal plane 1124 where the simi-
larity is highest as the mid sagittal plane. In other words, the
3D ultrasound apparatus may measure the similarity while
rotating or moving the image data, and detect the highest
similarity.

[0130] In FIG. 11B, a start point 1145 is displayed in a
reference sagittal plane 1140, and two symmetry window
regions 1155 and 1165 are illustrated according to a length W
and a distance D determined from the parameter of the tem-
plate. The symmetry window regions 1155 and 1165 having
the same lengths W are parallel to each other and are spaced
apart from the reference sagittal plane 1140 by the same
distance D. The symmetry window regions 1155 and 1165
may be respectively included in side images 1150 and 1160.
[0131] According to embodiments of the present invention,
a top image of an object in a human body is extracted from an
image data based on a start point in the image data obtained by
scanning the object, and the image data is rotated using the
extracted top image, thereby automatically determining a
sagittal view of the object.

[0132] According to embodiments of the present invention,
in a case where an object in a human body is a fetus, a top
image of the object corresponding to a basic data on the
rotation of an image data is easily extracted from the image
data obtained by scanning the object, using the direction of
the fetus® head, thereby rapidly controlling a sagittal view of
the object.

[0133] The above-described exemplary embodiments of
the present invention may be recorded in non-transitory com-
puter-readable media including program instructions to
implement various operations embodied by a computer. The
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
Examples of non-transitory computer-readable media
include magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD ROM disks and
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DVDs; magneto-optical media such as optical disks; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory, and
the like. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter.

[0134] Although a few exemplary embodiments of the
present invention have been shown and described, the present
invention is not limited to the described exemplary embodi-
ments. Instead, it would be appreciated by those skilled in the
art that changes may be made to these exemplary embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined by the claims and
their equivalents.

What is claimed is:

1. A method for operating a 3-dimensional (3D) ultrasound
apparatus, the method comprising:

determining a start point from image data obtained by

scanning an object in a human body; and

detecting a mid sagittal plane with respect to the object

from the image data by using similarity between two
symmetry window regions parallel to a reference side
image where the start point is located.

2. The method of claim 1, further comprising changing the
reference side image by rotating and moving the image data
based on the start point.

3. The method of claim 1, wherein the detecting of the mid
sagittal plane comprises detecting a reference side image
where the similarity is highest as the mid sagittal plane.

4. The method of claim 1, further comprising:

matching a template with respect to the object indicated on

an initial top image where the start point is located; and
obtaining the two symmetry window regions by using at
least one of a length and a size of the template.
5. The method of claim 4, wherein the two symmetry
window regions are located in the same distance from the
reference side image, and the distance and the sizes of the two
symmetry window regions are determined based on at least
one of the length and the size of the template.
6. The method of claim 1, wherein the similarity is deter-
mined according to a similarity function based on a simulated
annealing algorithm.
7. The method of claim 1, wherein the detecting of the mid
sagittal plane comprises detecting the mid sagittal plane
based on a support weight map and a similarity function with
respect to pixels included in the two symmetry window
regions.
8. The method of claim 7, wherein the support weight map
comprises a probability function about at least one of simi-
larity consistency, distinctiveness, and proximity of the two
symmetry window regions.
9. The method of claim 8, wherein the detecting of the mid
sagittal plane comprises applying a radial cumulative simi-
larity function along with the similarity function and the
support weight map.
10. A 3D ultrasound apparatus, the apparatus comprising:
a first processor to determine a start point from image data
obtained by scanning an object in a human body; and

acontroller to detect a mid sagittal plane with respect to the
object from the image data by using similarity between
two symmetry window regions parallel to a reference
side image where the start point is located.
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11. The apparatus of claim 10, wherein the controller
changes the reference side image by rotating and moving the
image data based on the start point.

12. The apparatus of claim 10, wherein the controller
detects a reference side image where the similarity is highest
as the mid sagittal plane.

13. The apparatus of claim 10, further comprising:

a second processor to match a template to an initial top
image where the start point is located,

wherein the controller obtains the two symmetry window
regions by using at least one of a length and a size of the
template.

14. The apparatus of claim 13, wherein the two symmetry
window regions are located in the same distance from the
reference side image, and the distance and the sizes of the two
symmetry window regions are determined based on at least
one of the length and the size of the template.

15. The apparatus of claim 10, wherein the similarity is
determined according to a similarity function based on a
simulated annealing algorithm.

16. The apparatus of claim 10, wherein the controller
detects the mid sagittal plane based on a support weight map
and a similarity function with respect to pixels included in the
two symmetry window regions.

17. The apparatus of claim 16, wherein the support weight
map comprises a probability function about at least one of
similarity consistency, distinctiveness, and proximity of the
two symmetry window regions.

18. The apparatus of claim 17, wherein the controller
applies a radial cumulative similarity function along with the
similarity function and the support weight map.

19. A method for operating a 3D ultrasound apparatus, the
method comprising:

determining a start point from image data obtained by

scanning an object in a human body;

extracting a top image with respect to the object from the

image data, based on the start point;
matching a template with respect to the object indicated on
an initial top image where the start point is located; and

detecting a mid sagittal plane with respect to the object
from the image data, by using similarity between sym-
metry window regions obtained based on the template
and a reference side image where the start point is
located. ]

20. The method of claim 19, wherein the symmetry win-
dow regions are parallel to the reference side image, and are
determined by using at least one of a size and a length of the
template.

21. The method of claim 19, further comprising changing
the reference side image by rotating and moving the image
data based on the start point,

wherein the mid sagittal plane is a reference side image

where the similarity is highest, which is a result of a
similarity function based on a simulated annealing algo-
rithm.

22. The method of claim 19, wherein the detecting of the
mid sagittal plane comprises detecting the mid sagittal plane
based on a support weight map and a similarity function,
wherein the support weight map is a function about at least
one of similarity consistency, distinctiveness, and proximity
of the symmetry window regions.
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23. The method of claim 22, wherein the detecting of the
mid sagittal plane comprises applying a radial cumulative
similarity function, along with the similarity function and the
support weight map.
24. A 3D ultrasound apparatus, the apparatus comprising:
a first processor to determine a start point from image data
obtained by scanning an object in a human body;

asecond processor to extract a top image with respect to the
object from the image data, based on the start point, and
match a template with respect to the object indicated on
an initial top image where the start point is located; and

acontroller to detect a mid sagittal plane with respect to the
object from the image data, by using similarity between
symmetry window regions obtained based on the tem-
plate and a reference side image where the start point is
located.

25. The apparatus of claim 24, wherein the symmetry win-
dow regions are parallel to the reference side image, and are
determined by using at least one of a size and a length of the
template.
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26. The apparatus of claim 24, wherein the controller
changes the reference side image by rotating and moving the
image data based on the start point,

wherein the mid sagittal plane is a reference side image
where the similarity is highest, which is a result of a
similarity function based on a simulated annealing algo-
rithm.

27. The apparatus of claim 24, wherein the controller
detects the mid sagittal plane based on a support weight map
and a similarity function, wherein the support weight map is
a function about at least one of similarity consistency, dis-
tinctiveness, and proximity of the symmetry window regions.

28. The apparatus of claim 27, wherein the controller
applies a radial cumulative similarity function, along with the
similarity function and the support weight map.
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