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(57) ABSTRACT

Provided are a three-dimensional (3D) ultrasound system and
a method for operating the 3D ultrasound system. The 3D
ultrasound system may include a display unit to form an
image with respect to an object in the body and to display the
image on a screen, and a control unit to generate a figure
template corresponding to the image, to adjust the generated
figure template based on a reference location of the image,
and to superimpose the adjusted figure template on the image
and display the resulting combination.
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ULTRASOUND SYSTEM FOR MEASURING
IMAGE USING FIGURE TEMPLATE AND
METHOD FOR OPERATING ULTRASOUND
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0046042, filed on May 17, 2010,
Korean Patent Application No. 10-2010-0046043, filed on
May 17,2010, and Korean Patent Application No. 10-2010-
0046044, filed on May 17, 2010, in the Korean Intellectual
Property Office, the disclosures of which are incorporated
herein by reference.

BACKGROUND

[0002] 1.Field of the Invention

[0003] Thepresent invention relates to a three-dimensional
(3D) ultrasound system which may automatically measure an
image of an object in the body by adjusting a figure template
corresponding to the image, and a method for operating the
3D ultrasound systen.

[0004] 2. Description of the Related Art

[0005]  An ultrasound system is an apparatus for transmit-
ting, from the surface of the body, an ultrasound wave signal
toward a predetermined structure, that is, an object such as a
fetus or an internal organ, inside the body, and for visualizing
a cross section of soft tissues or a blood flow using informa-
tion of the ultrasound wave signal reflected from the tissues of
the body. This ultrasound system has advantages of a small
size, a low cost, a real-time display, and a high stability
without exposing patients and users to x-ray radiation, and
thus, the ultrasound system is widely used along with other
diagnostic imaging systems such as an x-ray diagnosis equip-
ment, a computerized tomography (CT) scanner, a magnetic
resonance imaging (MRI) equipment, a nuclear medicine
diagnosis equipment, and the like.

[0006] When the ultrasound system measures an object in
the body, the ultrasound system forms an image of the object
by irradiating the object with an ultrasonic beam, superim-
poses a figure template corresponding to the image on the
image, and displays the resulting combination. In this
instance, the ultrasound system may adjust and display the
figure template using a combination of a trackball and a set
button controlled by a user. It is inevitable to measure the
object using the ultrasound system without intervention of the
user, which may make accurate measurement impossible.
[0007] Accordingly, there is a desire for an ultrasound sys-
tem for easily providing an accurate measurement result with
a minimum intervention of a user by automation of a series of
object measuring processes.

SUMMARY

[0008] An aspect of the present invention provides a three-
dimensional (3D) ultrasound system and a method for oper-
ating the 3D ultrasound system, which may generate a figure
template corresponding to an image, may adjust the generated
figure template to be matched with the image by rotating,
moving, or modifying the figure template based on a refer-
ence location of the image, and may display feature informa-
tion of the matched figure template, for example, biparietal
diameter (BPD), occipitofrontal diameter (OFD), head cir-
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cumference (HD), or a ratio of BPD/OFD, thereby automati-
cally providing an accurate measurement result of the image.
[0009] According to an aspect of the present invention,
there is provided a 3D ultrasound system including a display
unit to form an image with respect to an object in the body and
to display the image on a screen, and a control unit to generate
a figure template corresponding to the image, to adjust the
generated figure template based on a reference location of the
image, and to superimpose the adjusted figure template on the
image and display the resulting combination.

[0010] According to another aspect of the present inven-
tion, there is provided a method for operating a 3D ultrasound
system including forming an image with respect to an object
in the body and displaying the image on a screen, generating
a figure template corresponding to the image and adjusting
the generated figure template based on a reference location of
the image, and superimposing the adjusted figure template on
the image and displaying the resulting combination.

EFFECT OF THE INVENTION

[0011] According to an aspect of the present invention,
provided are a three-dimensional (3D) ultrasound system and
a method for operating the 3D ultrasound system, which may
generate a figure template corresponding to an image, may
adjust the generated figure template to be matched with the
image by rotating, moving, or modifying the figure template
based on a reference location of the image, and may display
feature information of the matched figure template, for
example, biparietal diameter (BPD), occipitofrontal diameter
(OFD), head circumference (HD), or a ratio of BPD/OFD,
thereby automatically providing an accurate measurement
result of the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Theseand/or other aspects, 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:

[0013] FIG. 1isablock diagram illustrating a structure of a
three-dimensional (3D) ultrasound system according to an
embodiment of the present invention;

[0014] FIG. 2is a view illustrating an example of an image
of an object displayed while being measured by the 3D ultra-
sound system according to an embodiment of the present
invention;

[0015] FIG. 3 is a view illustrating an example of adjust-
ment of a figure template in the 3D ultrasound system accord-
ing to an embodiment of the present invention;

[0016] FIG. 4isablock diagram illustrating a structure of a
3D ultrasound system according to another embodiment of
the present invention,

[0017] FIG. 51s a view illustrating an example of measure-
ment and display of a thickness of an image in the 3D ultra-
sound system according to another embodiment of the
present invention;

[0018] FIG. 6isablock diagram illustrating a structure of a
3D ultrasound system according to still another embodiment
of the present invention;

[0019] FIG. 7 is a view illustrating an example of adjust-
ment of a figure template in the 3D ultrasound system accord-
ing to still another embodiment of the present invention;
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[0020] FIG. 8 is a flowchart illustrating a method for oper-
ating the 3D ultrasound system according to an embodiment
of the present invention;

[0021] FIG. 9 is a flowchart illustrating a method for oper-
ating the 3D ultrasound system according to another embodi-
ment of the present invention; and

[0022] FIG.10isa flowchart illustrating a method for oper-
ating the 3D ultrasound system according to still another
embodiment of the present invention.

DETAILED DESCRIPTION

[0023] 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-
plary embodiments are described below to explain the present
invention by referring to the figures.

[0024] FIG. 1isablock diagram illustrating a structure of a
three-dimensional (3D) ultrasound system 101 according to
an embodiment of the present invention.

[0025] Referring to FIG. 1, the 3D ultrasound system 101
according to an embodiment of the present invention may
include adisplay unit 103, a processing unit 105, and a control
unit 107.

[0026] The display unit 103 may form an image with
respect to an object in the body, and may display the image on
a screen. Here, the object in the body may be a fetus, a blood
vessel, or an internal organ.

[0027] Forexample, the display unit 103 may setaregionof
interest (ROI), that is, an ROI in the object, may locate a seed
within the set ROI, and may form an image of the object by
irradiating the object with an ultrasonic beam.

[0028] Theprocessing unit 105 may perform a thresholding
operation on the image based on predetermined brightness
information. For example, the processing unit 105 may make
the contour of the image clear by turning the image ‘black’ or
‘white’ depending on ‘0” and ‘1 given based on predeter-
mined brightness information.

[0029] Also, the processing unit 105 may clearly distin-
guish an area to be measured in the image, by performing an
edge detecting operation or an ellipse fitting operation on the
image.

[0030] The control unit 107 may generate a figure template
corresponding to the image, for example, a circular or ellipse
template, may adjust the generated figure template based on a
reference location of the image, for example, a central point
of the image, and may superimpose the adjusted figure tem-
plate on the image and display the resulting combination.
[0031] In this instance, the control unit 107 may adjust the
generated figure template based on location information
inputted by an interface unit (not shown), for example, a point
resulted from focusing on the image, or based on a central
point of the object measured by a center extracting unit (not
shown), as the reference location. Here, when the object is a
fetus, the center extracting unit may generate a central point
of the object using a first specific point related to the ridge of
the nose of the fetus and a second specific point related to the
jawbone of the fetus, and may provide the control unit 107
with the generated central point of the object as the reference
location.

[0032] Thecontrol unit 107 may adjust the generated figure
template by rotating, moving, or modifying the figure tem-
plate based on the reference location of the image, and the
modification may change the biparietal diameter (BPD) or the

Nov. 17,2011

occipitofrontal diameter (OFD) of the figure template. For
example, the control unit 107 may finely adjust the generated
figure template to be matched with the image, by changing an
angle of the figure template through rotation of the figure
template, by changing a location of the figure template
through movement of the figure template, or by changing a
size of the figure template through a change in BPD or OFD
of the figure template.

[0033] In this instance, the control unit 107 may adjust the
generated figure template with a minimum matching energy
with the image. That is, the control unit 107 may adjust the
generated figure template to be matched with the image at the
maximum while reducing the matching energy by minimiz-
ing rotation, movement, or modification of the figure tem-
plate.

[0034] When adjustment of the figure template is com-
pleted by the control unit 107, the display unit 103 may
display at least one of BPD, OFD, head circumference (HD),
and a ratio of BPD/OFD of the adjusted figure template. For
example, when the object is a fetus, the display unit 103 may
display at least one of BPD, OFD, HD, and a ratio of BPD/
OFD of the adjusted ellipse template. Accordingly, an opera-
tor or a doctor may accurately and easily diagnose a feature of
a fetus to be measured.

[0035] FIG. 2is a view illustrating an example of an image
of an object displayed while being measured by the 3D ultra-
sound system according to an embodiment of the present
invention.

[0036] Referring to FIG. 2, the 3D ultrasound system may
form an image with respect to an object in the body and may
display the image on a screen. For example, the 3D ultrasound
system may form an image with respect to the head of a fetus,
and may display the image 201, for example, an image
viewed down from the head. In this instance, the 3D ultra-
sound system may clearly distinguish an area to be measured,
by performing a thresholding operation, an edge detecting
operation, or an ellipse fitting operation.

[0037] The 3D ultrasound system may generate a figure
template corresponding to the image, may adjust the gener-
ated figure template based on a reference location of the
image, and may superimpose the adjusted figure template on
the image and display the resulting combination. For
example, the 3D ultrasound system may generate an ellipse
template 205 corresponding to the fetal head image, may
adjust the generated ellipse template based on a central point
203 of the fetal head image, and may superimpose the
adjusted ellipse template 205 on the fetal head image and
display the resulting combination.

[0038] The 3D ultrasound system may display feature
information of the adjusted figure template. For example, the
3Dultrasound system may display at least one of BPD, OFD,
HD, and a ratio of BPD/OFD of the adjusted ellipse template
corresponding to the fetal head image.

[0039] FIG. 3 is a view illustrating an example of adjust-
ment of a figure template in the 3D ultrasound system accord-
ing to an embodiment of the present invention.

[0040] Referring to FIG. 3, the 3D ultrasound system may
form an image with respect to an object in the body, and may
display the image and a figure template corresponding to the
image on a screen. In this instance, the 3D ultrasound system
may rotate, move, or modify the figure template based on a
reference location of the image.

[0041] Forexample, the 3D ultrasound system may display
the ellipse template corresponding to the fetal head image,
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and may match the ellipse template with the fetal head image
by modifying the BPD or OFD of the ellipse template in a
lengthwise direction. Also, when an angular adjustment of the
ellipse template is needed, the 3D ultrasound system may
rotate the ellipse template to be matched with the fetal head
image more accurately.

[0042] FIG.4isablock diagram illustrating a structure of a
3D ultrasound system 401 according to another embodiment
of the present invention.

[0043] Referring to FIG. 4, the 3D ultrasound system 401
according to another embodiment of the present invention
may include a display unit403, a processing unit 405, a search
unit 407, and a control unit 409.

[0044] The display unit 403 may form an image with
respect to an object in the body, and may display the image on
a screen. Here, the object in the body may be a fetus, a blood
vessel, or an internal organ.

[0045] In this instance, the display unit 403 may extract,
from the image of the object, an image based on an inputted
seed, for example, a surrounding image relative to the seed,
and may display the extracted image. Here, when the object is
a fetus, the seed may be located near the nuchal translucency
(NT) of the fetus.

[0046] Also, the display unit 403 may extract a partial
image from the image with respect to the entire object, how-
ever the present invention is not limited in this regard. The
display unit 403 may obtain animage with respect to a portion
of the object. That is, the display unit 403 may set an ROI in
the object, may locate a seed within the set ROI, and may form
an image of a portion of the object.

[0047] Theprocessing unit 405 may perform a thresholding
operation or a multiplying operation on the extracted image
based on predetermined brightness information. For
example, the processing unit 405 may make the contour of the
extracted image clear by turning the image ‘black’ or ‘white’
depending on ‘0’ and ‘1’ given based on predetermined
brightness information through a thresholding operation.
Also, the processing unit 405 may make a bright area brighter
and a dark area darker through a multiplying operation,
thereby facilitating a search for a gradient peak of the
extracted image.

[0048] The search unit 407 may search for a zero-crossing
based on the seed, and may search for a gradient peak of the
extracted image using the found zero-crossing. Specifically,
the search unit 407 may search for a first zero-crossing in an
upper area and a second zero-crossing in a lower area based
on the seed, and may search for a first gradient peak and a
second gradient peak of the extracted image using the first
zero-crossing and the second zero-crossing, respectively.
[0049] In this instance, the search unit 407 may locate a
plurality of seeds on a horizontal line including the seeds, and
may search for a gradient peak using each of the seeds. Here,
the search unit 407 may search for a first gradient peak and a
second gradient peak of different locations for each of the
plurality of seeds.

[0050] The control unit 409 may measure a thickness of the
extracted image using the found gradient peak. In this
instance, the control unit 409 may measure a distance
between the first gradient peak and the second gradient peak
searched by the search unit 407.

[0051] Forexample, when the extracted image is the NT of
a fetus, the control unit 409 may search for a first gradient
peak and a second gradient peak along the boundary of a
transparent space located at the back of the neck of the fetus,
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and may measure a distance between the found first gradient
peak and the found second gradient peak, so that a thickness
of the NT of the fetus may be easily measured. Accordingly,
an operator or a doctor may accurately and easily diagnose
abnormalities of the fetus based on the measured NT thick-
1ess.

[0052] Also, when the first gradient peak and the second
gradient peak for each of the plurality of seeds are found, the
control unit 409 may measure a distance between the first
gradient peak and the second gradient peak, respectively.
Subsequently, the control unit 409 may determine one of a
plurality of distances, that is, one of a plurality of thicknesses
of the image, and may display the determined one on the
display unit 403, thereby providing a more accurate thickness
of the image.

[0053] For example, the control unit 409 may calculate an
average and a variation of the measured thicknesses of the
image, and may determine a maximum thickness among
thicknesses of the image smaller than the sum of the average
and the variation. Subsequently, the control unit 409 may
superimpose the determined thickness or a gradient peak
corresponding to the determined thickness on the extracted
image, and may display the resulting combination, thereby
facilitating recognition of an area where the thickness of the
image was measured.

[0054] FIG.5isaview illustrating an example for measure-
ment and display of a thickness of an image in the 3D ultra-
sound system according to another embodiment of the
present invention.

[0055] Referring to FIG. 5, the 3D ultrasound system may
form an image with respect to an object in the body, may
extract, from the image of the object, an image based on an
inputted seed, for example, a surrounding image relative to
the seed, and may display the extracted image.

[0056] For example, when the object is a fetus, the 3D
ultrasound system may form an image of the fetus, may
extract, from the image of the fetus, a surrounding image
relative to a seed located near the NT of the fetus, and may
display the surrounding image.

[0057] The 3D ultrasound system may locate a plurality of
seeds on a horizontal line including the seeds, and may search
for a gradient peak using each of the seeds. In this instance,
the 3D ultrasound system may search for a first gradient peak
and a second gradient peak of different locations for each of
the plurality of seeds, and may measure a distance between
the found first gradient peak and the found second gradient
peak.

[0058] For example, when the extracted image is the NT of
the fetus, the 3D ultrasound system may search for a first
gradient peak_#1 “501_1" located in an upper area and a
second gradient peak_#1 ‘501_2’ located in a lower area,
based on a first seed. Also, the 3D ultrasound system may
search for a first gradient peak_#2 ‘502_1’located in an upper
area and a second gradient peak_#2 *502_2"located ina lower
area, based on a second seed. Similarly to the gradient peaks
corresponding to the first and second seeds, the 3D ultrasound
system may search for a first gradient peak_#3 ‘503_1’and a
second gradient peak #3 ‘503_2" corresponding to a third
seed, and a first gradient peak_#4 ‘504_1" and a second gra-
dient peak_#4 ‘504_2’ corresponding to a fourth seed.
[0059] The 3D ultrasound system may measure a distance
between the first gradient peak and the second gradient peak
foreach of the seeds, may calculate an average and a variation
of the measured distances (for example, a first distance to a
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fourth distance), and may determine a maximum distance
among distances of the image smaller than the sum of the
average and the variation.

[0060] For example, when a distance between the first gra-
dient peak_#3 °503_1" and the second gradient peak_#3
*503_2’, that is, a third distance is determined based on the
predetermined determination condition, the 3D ultrasound
system may superimpose the third distance or the first gradi-
ent peak_#3 ‘503_1’ and the second gradient peak_#3 *503_
2’ related to the third distance on the extracted image, and
may display the resulting combination, thereby facilitating
recognition of an area where the thickness of the NT of the
fetus was measured.

[0061] FIG. 6isablock diagram illustrating a structure of a
3D ultrasound system 601 according to still another embodi-
ment of the present invention.

[0062] Referring to FIG. 6, the 3D ultrasound system 601
according to still another embodiment of the present inven-
tion may include a display unit 603, a processing unit 605, a
control unit 607, and a measuring unit 609.

[0063] The display unit 603 may form an image with
respect to an object in the body, and may display the image on
a screen. Here, the object in the body may be a fetus, a blood
vessel, or an internal organ.

[0064] Forexample, the display unit 603 may set an ROl in
the object, may locate a reference location, for example, a
seed within the set ROI, and may form an image of the object
by irradiating the object with an ultrasonic beam.

[0065] Theprocessing unit 605 may perform a thresholding
operation on the image based on predetermined brightness
information. For example, the processing unit 605 may make
the contour of the image clear by turning the image ‘black’ or
‘white’ depending on ‘0” and ‘1 given based on predeter-
mined brightness information.

[0066] The control unit 607 may generate a figure template
corresponding to the image, for example, in the shape of X’
or ‘<, the figure template including a first straight line and a
second straight line forming an angle, may adjust the gener-
ated figure template based on a reference location of the
image, and may superimpose the adjusted figure template on
the image and display the resulting combination.

[0067] In this instance, the control unit 607 may adjust the
generated figure template based on location information
inputted by an interface unit (not shown), for example, a point
resulted from focusing on the image, or based on a central
point of the object searched by a center extracting unit (not
shown), as the reference location. Here, when the object is a
fetus, the center extracting unit may generate a central point
of the object using a first specific point related to the ridge of
the nose of the fetus and a second specific point related to the
jawbone of the fetus, and may provide the control unit 607
with the generated central point of the object as the reference
location.

[0068] The control unit 607 may adjust the generated figure
template by rotating, moving, or modifying the figure tem-
plate based on the reference location of the image, and the
modification may change an angle of the figure template. For
example, the control unit 607 may elaborately adjust the
generated figure template to be matched with the image, by
changing locations of the first straight line and the second
straight line of the figure template through rotation of the
figure template, by matching a vertex corresponding to an
angle of the figure template with the reference location
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through movement of the figure template, or by changing a
size of an angle of the figure template.

[0069] For example, when the object is a fetus, the control
unit 607 may adjust the figure template to locate the first
straight line at the ridge of the nose of the fetus and by locating
the second straight line at the jawbone of the fetus, the first
straight line and the second straight line intersecting and
forming an angle. Inthis instance, the vertex corresponding to
the angle of the figure template may be located at, for
example, a point where a connecting line of the reference
location and the ridge of the nose of the fetus meets a con-
necting line of the reference location and the jawbone of the
fetus.

[0070] Inthis instance, the control unit 607 may adjust the
generated figure template with a minimum matching energy
with the image. That is, the control unit 607 may adjust the
generated figure template to be matched with the image at the
maximum while reducing the matching energy by minimiz-
ing rotation, movement, or modification of the figure tem-
plate.

[0071] When adjustment of the figure template is com-
pleted by the control unit 607, the measuring unit 609 may
measure an angle of the figure template. In this instance, when
the object is a fetus, the measuring unit 609 may measure an
angle of the figure template located at the ridge of the nose
and the jawbone of the fetus.

[0072] Also, the display unit 603 may display the angle of
the figure template measured by the measuring unit 609,
under the control of the control unit 607. In this instance, the
display unit 603 may check the measured angle of the figure
template and a predetermined angle range, and may further
display a message about the check result.

[0073] For example, when the object is a fetus, the display
unit 603 may display the angle of the figure template mea-
sured by the measuring unit 609 as a frontmaxillary facial
(FMF) angle between the ridge of the nose of the fetus and the
jawbone ofthe fetus. In this instance, the display unit 603 may
match the measured angle of the figure template with an FMF
angle range of a normal baby, and when the measured angle of
the figure template is beyond the predetermined angle range,
the display unit 609 may display a message about the check
result, for example, ‘possible Down syndrome’. Accordingly,
an operator or a doctor may diagnose the condition of the
fetus more accurately and more quickly.

[0074] FIG. 7 is a view illustrating an example of adjust-
ment of a figure template in the 3D ultrasound system accord-
ing to still another embodiment of the present invention.
[0075] Referring to FIG. 7, the 3D ultrasound system may
form an image with respect to an object in the body, and may
display the image on a screen.

[0076] The 3D ultrasound system may generate a figure
template corresponding to the image, including a first straight
line and a second straight line forming an angle, may adjust
the generated figure template based on a reference location of
the image, and may superimpose the adjusted figure template
on the image and display the resulting combination.

[0077] For example, when the object is a fetus, the 3D
ultrasound system may generate a figure template corre-
sponding to the image of the fetus in the shape of ‘<’. Sub-
sequently, the 3D ultrasound system may move the figure
template to locate a vertex corresponding to the angle of the
figure template at a point 701 where a connecting line of the
reference location and the ridge of the nose of the fetus meets
aconnecting line of the reference location and the jawbone of
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the fetus. In this instance, the 3D ultrasound system may
adjust the figure template to locate the first straight line of the
figure template at the ridge of the nose of the fetus.

[0078] Also, the 3D ultrasound system may adjust the fig-
ure template to locate the second straight line of the figure
template at the jawbone of the fetus, by increasing orreducing
the angle of the figure template.

[0079] When adjustment of the figure template is com-
pleted, the 3D ultrasound system may display the angle of the
figure template together with the figure template. In this
instance, when the angle of the figure template is 78° and an
FMF angle range of a normal baby is, for example, between
75° and 80°, the 3D ultrasound system may further display
‘no risk of Down syndrome’ as a message about the check
result because the angle of the figure template is within the
predetermined angle range.

[0080] FIG. 8 is a flowchart illustrating a method for oper-
ating the 3D ultrasound system according to an embodiment
of the present invention.

[0081] Referring to FIG. 8, the 3D ultrasound system may
form an image with respect to an object in the body and may
display the image on a screen, in operation 801.

[0082] In this instance, the 3D ultrasound system may set
an ROl in the object, may locate a seed within the set ROI, and
may form an image of the object by irradiating the object with
an ultrasonic beam.

[0083] The3Dultrasound system may perform a threshold-
ing operation on the image based on predetermined bright-
ness information. For example, the 3D ultrasound system
may make the contour of the image clear by turning the image
‘black’ or ‘white’ depending on ‘0” and ‘1’ given based on
predetermined brightness information.

[0084] Also, the 3D ultrasound system may clearly distin-
guish an area to be measured in the image, by performing an
edge detecting operation or an ellipse fitting operation on the
image.

[0085] 1In operation 803, the 3D ultrasound system may
generate a figure template corresponding to the image, for
example, a circular or ellipse template, may adjust the gen-
erated figure template based on a reference location of the
image, for example, a central point of the image, and may
superimpose the adjusted figure template on the image and
display the resulting combination.

[0086] In this instance, the 3D ultrasound system may
adjust the generated figure template based on location infor-
mation inputted by an interface unit (not shown), for example,
a point resulted from focusing on the image, or based on a
central point of the object measured by a center extracting
unit (not shown), as the reference location.

[0087] Also, the 3D ultrasound system may adjust the gen-
erated figure template by rotating, moving, or modifying the
figure template based on the reference location of the image,
and the modification may change the BPD or OFD of the
figure template. For example, the 3D ultrasound system may
elaborately adjust the generated figure template to be
matched with the image, by changing an angle of the figure
template through rotation of the figure template, by changing
a location of the figure template through movement of the
figure template, or by changing a size of the figure template
through a change in the BPD or OFD of the figure template.
[0088] The 3D ultrasound system may adjust the figure
template to be matched with the image at the maximum while
reducing the matching energy by minimizing rotation, move-
ment, or modification of the figure template.
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[0089] When adjustment of the figure template is com-
pleted, the 3D ultrasound system may display feature infor-
mation of the adjusted figure template, in operation 805.
[0090] Forexample, the 3D ultrasound system may display
at least one of BPD, OFD, HD and a ratio of BPD/OFD of the
adjusted figure template.

[0091] According to an embodiment of the present inven-
tion, the 3D ultrasound system may generate a figure template
corresponding to an image, may adjust the generated figure
template to be matched with the image by rotating, moving, or
modifying the figure template based on a reference location
of the image, and may display feature information of the
matched figure template, for example, BPD, OFD, HD, or a
ratio of BPD/OFD, thereby automatically providing an accu-
rate measurement result of the image.

[0092] FIG. 9 is a flowchart illustrating a method for oper-
ating the 3D ultrasound system according to another embodi-
ment of the present invention.

[0093] Referring to FIG. 9, the 3D ultrasound system may
form an image with respect to an object in the body, and may
display the image on a screen, in operation 901.

[0094] That is, the 3D ultrasound system may form an
image with respect to an object in the body, may extract, from
the image of the object, an image based on an inputted seed,
for example, a surrounding image relative to the seed, and
may display the extracted image. In this instance, when the
object is a fetus, the seed may be located near the NT of the
fetus.

[0095] The 3D ultrasound system may correct the extracted
image as pre-processing for accurately measuring a thickness
of the extracted image. For example, the 3D ultrasound sys-
tem may make the contour of the extracted image clear by
performing a thresholding operation or a multiplying opera-
tion on the image based on predetermined brightness infor-
mation.

[0096] In operation 903, the 3D ultrasound system may
search for a gradient peak of the image based on the inputted
seed.

[0097] Specifically, the 3D ultrasound system may search
for a zero-crossing on the extracted image based on the input-
ted seed, and may search for a gradient peak of the extracted
image using the found zero-crossing. That is, the 3D ultra-
sound system may search for a first zero-crossing in an upper
area and a second zero-crossing in a lower area based on the
seed, and may search for a first gradient peak and a second
gradient peak of the extracted image using the first zero-
crossing and the second zero-crossing, respectively.

[0098] In this instance, the 3D ultrasound system may
locate a plurality of seeds on a horizontal line including the
seeds, and may search for a gradient peak using each of the
seeds. Here, the 3D ultrasound system may search for a first
gradient peak and a second gradient peak of different loca-
tions for each of the plurality of seeds.

[0099] In operation 905, the 3D ultrasound system may
measure a thickness of the image using the found gradient
peak.

[0100] Inthisinstance, the 3D ultrasound system may mea-
sure a distance between the first gradient peak and the second
gradient peak. For example, when the extracted image is the
NT of a fetus, the 3D ultrasound system may search for a first
gradient peak and a second gradient peak along the boundary
of a transparent space located at the back of the neck of the
fetus, and may measure a distance between the first gradient
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peak and the second gradient peak, thereby easily measuring
a thickness of the NT of the fetus.

[0101] Also, when the first gradient peak and the second
gradient peak for each of the plurality of seeds are found, the
3D ultrasound system may measure a distance between the
first gradient peak and the second gradient peak, respectively.
Subsequently, the 3D ultrasound system may determine one
of a plurality of distances, that is, one of a plurality of thick-
nesses of the image and may display the determined one on a
screen, thereby providing a more accurate thickness of the
image.

[0102] For example, the 3D ultrasound system may calcu-
late an average and a variation of the measured thicknesses of
the image, may determine a maximum thickness among
thicknesses of the image smaller than the sum of the average
and the variation, and may superimpose a gradient peak cor-
responding to the determined thickness on the extracted
image and display the resulting combination.

[0103] According to an embodiment of the present inven-
tion, the 3D ultrasound system may form an image, may
search for a gradient peak of the image based on an inputted
seed, and may automatically measure a thickness of the image
using the found gradient peak, thereby easily providing an
accurate measurement result of the thickness of the image.
[0104] According to an embodiment of the present inven-
tion, the 3D ultrasound system may generate a figure template
corresponding to an image, may match the generated figure
template with the image by adjusting the figure template
based on a reference location of the image through rotation,
movement, or modification, and may display feature infor-
mation of the matched figure template, for example, BPD,
OFD, HD, and a ratio of BPD/OFD, thereby automatically
providing an accurate measurement result of the image.
[0105] FIG.10isaflowchart illustrating a method for oper-
ating the 3D ultrasound system according to still another
embodiment of the present invention.

[0106] Referringto F1G. 10, the 3D ultrasound system may
form an image with respect 1o an object in the body, and may
display the image on a screen, in operation 1001.

[0107] In this instance, the 3D ultrasound system may set
an ROI in the object, may locate a reference location, for
example, a seed within the set ROI, and may form an image of
the object by irradiating the object with an ultrasonic beam.
[0108] The3D ultrasound system may perform a threshold-
ing operation on the image based on predetermined bright-
ness information. For example, the 3D ultrasound system
may make the contour of the image clear by turning the image
‘black’ or ‘white’ depending on ‘0’ and ‘1’ given based on
predetermined brightness information.

[0109] 1In operation 1003, the 3D ultrasound system may
generate a figure template corresponding to the image, for
example, in the shape of *X’ or *<’, the figure template includ-
ing a first straight line and a second straight line forming an
angle, and may adjust the generated figure template based on
a reference location of the image.

[0110] In this instance, the 3D ultrasound system may
adjust the generated figure template based on location infor-
mation inputted by an interface unit (not shown), for example,
a point resulted from focusing on the image, or based on a
central point of the object searched by a center extracting unit
(not shown), as the reference location.

[0111]  Also, the 3D ultrasound system may adjust the gen-
erated figure template by rotating, moving, or modifying the
figure template based on the reference location of the image,
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and the modification may change an angle of the figure tem-
plate. Forexample, the 3D ultrasound system may elaborately
adjust the generated figure template to be matched with the
image, by changing locations of the first straight line and the
second straight line of the figure template through rotation of
the figure template, by matching a vertex corresponding to an
angle of the figure template with the reference location
through movement of the figure template, or by changing a
size of an angle of the figure template.

[0112] For example, when the object is a fetus, the 3D
ultrasound system may adjust the figure template to locate the
first straight line at the ridge of the nose of the fetus and to
locate the second straight line at the jawbone of the fetus, the
first straight line and the second straight line intersecting and
forming an angle. Inthis instance, the vertex corresponding to
the angle of the figure template may be located at, for
example, a point where a connecting line of the reference
location and the ridge of the nose of the fetus meets a con-
necting line of the reference location and the jawbone of the
fetus.

[0113] In this instance, the 3D ultrasound system may
adjust the generated figure template to be matched with the
image at the maximum while reducing the matching energy
by minimizing rotation, movement, or modification of the
figure template.

[0114] When adjustment of the figure template is com-
pleted, the 3D ultrasound system may measure an angle of the
figure template. In this instance, when the object is a fetus, the
3D ultrasound system may measure an angle of the figure
template located at the ridge of the nose and the jawbone of
the fetus.

[0115] In operation 1005, the 3D ultrasound system may
superimpose the adjusted figure template on the image, and
may display the resulting combination. In this instance, the
3D ultrasound system may check the measured angle of the
figure template and a predetermined angle range, and may
further display a message about the check result.

[0116] For example, when the object is a fetus, the 3D
ultrasound system may display the measured angle of the
figure template as an FMF angle between the ridge of the nose
of the fetus and the jawbone of the fetus.

[0117] Also, the 3D ultrasound system may check the mea-
sured angle of the figure template and an FMF angle range of
a normal baby, and when the measured angle of the figure
template is beyond the predetermined angle range, the 3D
ultrasound system may display a message about the check
result, for example, ‘possible Down syndrome’.

[0118] According to an embodiment of the present inven-
tion, the 3D ultrasound system may generate a figure template
corresponding to an image of an object in the body, the figure
template including a first straight line and a second straight
line forming an angle, may adjust the generated figure tem-
plate based on a reference location of the image, and may
automatically measure and display an angle of the adjusted
figure template, thereby providing an accurate measurement
result of the angle of the image.

[0119] 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
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magnetic tape; optical media such as CD ROM disks and
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. The described hardware
devices may be configured to act as one or more software
modules in order to perform the operations of the above-
described exemplary embodiments of the present invention,
or vice versa.

[0120] 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. An ultrasound system comprising:

a display unit to form an image with respect to an object in

the body and to display the image on a screen; and
a control unit to generate a figure template corresponding
to the image, to adjust the generated figure template
based on a reference location of the image, and to super-
impose the adjusted figure template on the image and
display the resulting combination.
2. The ultrasound system of claim 1, wherein the control
unit adjusts the generated figure template by rotating or mov-
ing the figure template based on the reference location of the
image, or by changing at least one of biparietal diameter
(BPD), occipitofrontal diameter (OFD), and an angle of the
figure template.
3. The ultrasound system of claim 1, further comprising:
a search unit to search for a zero-crossing on the image
based on an inputted seed and to search for a gradient
peak of the image using the found zero-crossing,

wherein the control unit measures a thickness of the image
using the found gradient peak.
4. The ultrasound system of claim 3, wherein:
the search unit searches for a first zero-crossing in an upper
area and a second zero-crossing in a lower area based on
the seed, and searches for a first gradient peak and a
second gradient peak of the image using the first zero-
crossing and the second zero-crossing, respectively, and

the control unit measures a distance between the first gra-
dient peak and the second gradient peak.

5. The ultrasound system of claim 3, wherein:

the search unit locates a plurality of seeds on a horizontal

line including the seeds, and searches for a gradient peak
using each of the seeds, and

the control unit measures a thickness of the image using

each of the gradient peaks, calculates an average and a
variation of the measured thicknesses of the image, and
determines a maximum thickness among thicknesses of
the image smaller than the sum of the average and the
variation.

6. The ultrasound system of claim 1, wherein the control
unit generates, as the figure template, a figure including a first
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straight line and a second straight line forming an angle, and
superimposes the figure on the image and displays the result-
ing combination.

7. The ultrasound system of claim 6, wherein:

when the object is a fetus, the control unit adjusts the figure

template to locate the first straight line at the ridge of the
nose of the fetus, and to locate the second straight line at
the jawbone of the fetus, the first straight line and the
second straight line intersecting and forming an angle,
and

the display unit displays the angle of the figure template

measured by a measuring unit as a frontmaxillary facial
(FMF) angle between the ridge of the nose and the
jawbone of the fetus.

8. A method for operating an ultrasound system, the
method comprising:

forming an image with respect to an object in the body and

displaying the image on a screen;

generating a figure template corresponding to the image

and adjusting the generated figure template based on a
reference location of the image; and

superimposing the adjusted figure template on the image

and displaying the resulting combination.

9. The method of claim 8, wherein the adjusting of the
generated figure template comprises adjusting the generated
figure template by rotating or moving the figure template
based on a reference location of the image, or by changing at
least one of BPD, OFD, and an angle of the figure template.

10. The method of claim 8, further comprising:

searching for a zero-crossing on the image based on an

inputted seed and searching for a gradient peak of the
image using the found zero-crossing; and

measuring a thickness of the image using the found gradi-

ent peak.

11. The method of claim 10, wherein:

the searching of the gradient peak of the image comprises

searching for a first zero-crossing in an upper area and a
second zero-crossing in a lower area based on the seed,
and searching for a first gradient peak and a second
gradient peak of the image using the first zero-crossing
and the second zero-crossing, respectively, and

the measuring of the thickness of the image comprises

measuring a distance between the first gradient peak and
the second gradient peak.

12. The method of claim 10, wherein:

the searching of the gradient peak of the image comprises

locating a plurality of seeds on a horizontal line includ-
ing the seeds, and searching for a gradient peak using
each of the seeds, and

the measuring of the thickness of the image comprises

measuring a thickness of the image using each of the
gradient peaks, calculating an average and a variation of
the measured thicknesses of the image, and determining
a maximum thickness among thicknesses of the image
smaller than the sum of the average and the variation.

13. The method of claim 8, wherein the adjusting of the
generated figure template comprises generating, as the figure
template, a figure including a first straight line and a second
straight line forming an angle, and adjusting the generated
figure.

14. The method of ¢laim 13, wherein when the object is a
fetus, the adjusting of the generated figure template com-
prises locating the first straight line at the ridge of the nose of
the fetus and locating the second straight line at the jawbone
of the fetus, the first straight line and the second straight line
intersecting and forming an angle.
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