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Description
BACKGROUND
1. Field

[0001] The presentinvention relates to a three-dimen-
sional (3D) ultrasound system of scanning an object in-
side a human body and a method of operating the 3D
ultrasound system.

2. Description of the Related Art

[0002] An ultrasound system may transmit, from the
surface of a human body, an ultrasound signal toward a
predetermined portion inside the human body, for exam-
ple, a fetus, an organ, and the like, to obtain an image
associated with a section of soft tissue or the bloodstream
by using information of the ultrasound signal having been
reflected from tissue inside the body.

[0003] The ultrasound system has an advantage of be-
ing small, inexpensive, displayable in real time, and re-
liable since a subject is not exposed to an X-ray and the
like and thus, the ultrasound system is widely used to-
gether with other image diagnostic devices, such as a
computerized tomography (CT) scanner, a magnetic res-
onance image (MRI) device, a nuclear medicine device,
and the like.

[0004] A fetus having Down’s syndrome is generally
identified based on a scheme of measuring a thickness
of a nuchal translucency (NT) of the fetus. The scheme
was designed by Nicolaides, in 1992. When the fetus has
Down’s syndrome, a thick NT is observed since body
fluid is accumulated in a subcutaneous tissue of a neck.
[0005] Specifically, when the fetus has a chromosomal
anomaly or a deformity of the heart, a thick NT is often
observed. Therefore, a physician may measure a thick-
ness ofthe NT of the fetus through the ultrasound system,
and may observe the fetus using a Chorionic Villus sam-
pling scheme or an amniocentesis scheme when the
thickness is over 2.5 mm.

[0006] As another scheme of identifying Down’s syn-
drome in a fetus, an angle between the palate and the
dorsum nasi, namely, the frontmaxillary facial (FMF) an-
gle, may be measured. The FMF angle of a normal fetus
is 78.1 degrees, and a fetus having an FMF angle of 88.7
degrees has a high possibility of having Down’s syn-
drome. There are various schemes for identifying Down’s
syndrome, such as measuring the biparietal diameter
(BPD), Head Circumference (HC), Abdominal Circum-
ference (AC), Femur Length (FL), and the like. A gesta-
tional age and a weight of the fetus may be estimated
based on the schemes.

[0007] A process of obtaining an accurate sagittal view
from ultrasound data needs to be performed in advance,
to identify Down’s syndrome in the fetus by measuring
the thickness of the NT and the FMF angle between the
palate and the dorsum nasi.
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[0008] Conventionally, however, the sagittal view is
determined based on experience of the physician and
thus, the measured thickness of the NT of the fetus or
the FMF angle between the palate and the dorsum nasi
may be different from an actual thickness and an actual
angle. Accordingly, there has been a difficulty in making
an accurate diagnosis.

[0009] Reference is made to CHUNG B L et al: "The
application of three-dimensional ultrasound to nuchal
translucency measurement in early pregnancy (10-14
weeks): a preliminary study”, ULTRASOUND IN OB-
STETRICS AND GYNECOLOGY, vol. 15, no, 2, 1 Feb-
ruary 2000 (2000-02-01), pages 122-125,
XP002612511, ISSN: 0960-7692, DOI: 10.1046/J.
1469-0705.2000.00052.X.

[0010] The US2008/188748 A1 discloses methods for
prenatal screening for trisomy employ examination of the
fronto-maxillary facial (FMF) angle of a fetus. In one em-
bodiment, the methods comprise obtaining a two or three
dimensional image of a fetal face, measuring the FMF-
bone angle on the image, and comparing the measured
FMFbone angle with an FMFbone angle characteristic
of chromosomally normal fetuses, wherein a measured
FMFbone angle greater than the FMFbone angle char-
acteristic of chromosomally normal fetuses provides an
indication of an increased likelihood of the occurrence of
trisomy in the fetus. In another embodiment, the methods
comprise obtaining a two or three dimensional image of
a fetal face, measuring the FMFskin angle on the image,
and comparing the measured FMFskin angle with an
FMFskin angle characteristic of chromosomally normal
fetuses, wherein ameasured FMFskin angle greater than
the FMFskin angle characteristic of chromosomally nor-
mal fetuses provides an indication of an increased like-
lihood of the occurrence of trisomy in the fetus. In addi-
tional embodiments, both FMFbone angle and FMFskin
angle are measured and compared with values charac-
teristic of chromosomally normal fetuses.

[0011] The US 2007/081705 A1 describes a method
for segmenting and measuring anatomical structures in
fetal ultrasound images including the steps of providing
a digitized ultrasound image of a fetus comprising a plu-
rality of intensities corresponding to a domain of points
on a 3-dimensional grid, providing a plurality of classifiers
trained to detect anatomical structures in said image of
said fetus, and segmenting and measuring an anatomical
structure using said image classifiers by applying said
elliptical contour classifiers to said fetal ultrasound im-
age, wherein a plurality of 2-dimensional contours char-
acterizing said anatomical structure are detected. The
anatomical structure measurement can be combined
with measurement of another anatomical structure to es-
timate gestational age of the fetus.

SUMMARY

[0012] The invention is defined by claim 1. Regarding
the method of operating a 3D ultrasound system the in-
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vention is defined by claim 7.

[0013] Additional aspects and/or advantages will be
set forth in part in the description which follows and, in
part, will be apparent from the description, or may be
learned by practice of the embodiments.

Effect

[0014] Accordingtoembodiments, anaccurate sagittal
view may be automatically determined by three-dimen-
sional (3D) ultrasound data with respect to an object in-
side a human body.

[0015] Accordingto embodiments, whether afetus has
an abnormality may be accurately diagnosed by meas-
uring, from ultrasound data determined as a sagittal view,
athickness of an NT of the fetus oran FMF angle between
a dorsum nasi of the fetus and a palate of the fetus, when
an object is the fetus.

[0016] According to embodiments, a sagittal view may
be redetermined based on a fine movement of a fetus.
[0017] According to embodiments, a sagittal view may
be reliably determined by determining a direction of a
head of a fetus, and selecting, as a reference axis, a
location of a falx included in data where data obtained
by scanning the falx in the determined direction of the
head is outputted to be brightest

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Theseand/orotheraspects and advantages will
become apparent and more readily appreciated from the
following description of the embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a diagram illustrating an internal configura-
tion of a 3D ultrasound system according to an em-
bodiment of the present invention;

FIG. 2 is a diagram illustrating an object inside a
human body and ultrasound data generated by scan-
ning the object according to an embodiment of the
present invention;

FIG. 3 is a flowchart illustrating a 3D ultrasound sys-
tem operating method according to an embodiment
of the present invention; and

FIG. 4 is a flowchart illustrating a process of setting
a reference axis according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0019] Reference willnowbe madein detail to example
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numer-
als refer to the like elements throughout.

[0020] FIG. 1 illustrates an internal configuration of a
three-dimensional (3D) ultrasound system 100 according
to an embodiment of the present invention.

[0021] Referring to FIG. 1, the 3D ultrasound system
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100 includes a scanner 110, a processing unit 120, and
a controller 130.

[0022] The scanner 110 generates ultrasound data in-
cluding image data generated by scanning an object in-
side a human body. The object inside the human body
may be a fetus, an organ, and the like. The scanner 110
generates, as the ultrasound data, the image data gen-
erated by scanning the fetus, the organ, and the like.
[0023] As anexample of generating the ultrasound da-
ta, the scanner 110 may set a region of interest (ROI)
with respect to the object and may locate a seed in the
set ROI. In this example, when the object is the fetus,
the seed may be located adjacent to an NT of the fetus.
The scanner 110 may generate the image data by scan-
ning the object using a 3D ultrasound to generate the
ultrasound data with respect to the object. An area oc-
cupied by the object in the generated ultrasound data
may be the generated image data.

[0024] The processing unit 120 detects a center point
of the object from the generated ultrasound data, and
may generate avirtual plane on which the detected center
point is placed. The processing unit 120 generates the
virtual plane including the detected center point on the
ultrasound data and thus, may form a B-Plane. For ex-
ample, the B-Plane may be a plane displaying image
data viewed from a head of the fetus.

[0025] For example, when the object inside the human
body is the fetus, the processing unit 120 may determine,
from the generated ultrasound data, a first feature point
associated with a dorsum nasi of the fetus, may deter-
mine a second feature point associated with a palate of
the fetus based on the determined first feature point, and
may detect the center point of the object, namely, a head
of the fetus, based on the second feature point.

[0026] Specifically, the processing unit 120 may deter-
mine the first feature point associated with the dorsum
nasi of the fetus based on the seed located adjacent to
the NT of the fetus from an A-Plane, the A-Plane illus-
trating a side of the fetus, and may determine the second
feature point associated with the palate based on the first
feature point. The processing unit 120 may detect the
center point of the head of the fetus from the A-Plane
based on the first feature point and the second feature
point. A point in the ultrasound data may be determined
as the center point of the head of the fetus, and the point
may be experimentally determined, to be close to an ac-
tual center of the head, based on years of experiences
and experimentations. For example, a point located sev-
eral centimeters apartfromthe second feature point, from
among pointsincluded in avirtual line generated between
the first feature point and the second feature point.
[0027] The processing unit 120 may generate, on the
ultrasound data, the B-plane, namely, a virtual plane that
includes the detected center point of the head of the fetus
and is vertical to the A-Plane.

[0028] For reference, the processing unit 120 may ap-
proximately determine the first feature point, the second
feature point, and the center point by appropriately com-
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bining and utilizing a well-known algorithm and an image
processing with respect to the ultrasound data, and by
utilizing integrated data based on years of experiences
and experimentations.

[0029] The controller 130 rotates the ultrasound data
based on the image data included in the virtual plane to
determine a sagittal view with respect to the object. When
the B-Plane is rotated, the A-Plane being vertical to the
B-Plane may be interoperably rotated. The controller 130
may enable the A-plane to be the sagittal view based on
the rotation of the B-plane. When the object is the fetus,
the image data included in the virtual plane may be an
area corresponding to the object viewed from a direction
of the head of the fetus.

[0030] The controller 130 matches a figure corre-
sponding to the image data with the image data included
in the virtual plane, and rotates the ultrasound data to
enable an axis constituting the matched figure to be par-
allel with a predetermined reference axis.

[0031] Thereference axis is aline used as a reference
when the ultrasound data is rotated to correct the ultra-
sound data to generate the sagittal view. The 3D ultra-
sound system 100 may further include a direction iden-
tifier 160 to select the reference axis.

[0032] When the object is the fetus, the direction iden-
tifier 160 may identify a direction of the head of the fetus
from the ultrasound data. Features of the scanned fetus
may be identified from the ultrasound data including a
vague shape of the fetus, by identifying the direction of
the head of the fetus.

[0033] The direction identifier 160 may estimate the
direction of the head by scoring with respect to an FMF
angle. The direction identifier 160 may obtain a plurality
of slice data with respect to a side direction of the ultra-
sound data, and may determine the direction of the head
of the fetus based on an FMF angle of each slice data
measured by the measuring unit 150.

[0034] A process where the direction identifier 160
identifies the direction of the head may be described.
[0035] The direction identifier 160 may detect a nasal
bridge from each slice data of the A-Plane and may per-
form scoring with respect to the detected nasal bridge.

1) Top-hat Transform

[0036] The direction identifier 160 may apply a top-hat
transformto the ultrasound data to detectthe nasal bridge
and the palate.

[0037] The top-hat transform is applied to the ultra-
sound data to compensate for weak points of other
schemes utilized for restoring an original image, for ex-
ample, an edge detection scheme or a scheme of apply-
ing a threshold to the original image. When the original
image of the fetus is restored based on the edge detection
scheme, the edge detection scheme may have a weak
point in restoring a boundary of the fetus, a boundary of
the ultrasound data, and other tissues of the mother, to-
gether with an original image of the fetus. The scheme
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of applying threshold to the original image may have a
weak point of restoring an image of skin of the fetus, the
placenta of the mother, and the like which are relatively
bright compared with a background, together with the
original image of the fetus.

[0038] The direction identifier 160 may restore the im-
age of the fetus in the ultrasound data by applying top-
hat transform to the ultrasound data, to remove the ob-
structive factors. The top-hat transform may be a well-
known scheme and thus, a detailed example of using the
top-hat transform is omitted.

2) Adaptive thresholding

[0039] The direction identifier 160 may apply a thresh-
old with respect to an image generated by applying the
top-hat transform to the ultrasound data, the threshold
being generated by appropriately combining a mean and
a standard deviation of an entire image. The direction
identifier 160 may obtain, from the ultrasound data, a
thresholded image from which bright details including the
nasal bridge and the palate are extracted.

[0040] Thedirectionidentifier 160 distinguishes the na-
sal bridge and the palate from the ultrasound data by
applying top-hat transform and an adaptive threshold to
the ultrasound data.

3) Detection of Nasal Bridge Line (NBL)

[0041] The direction identifier 160 may detect a nasal
bridge line (NBL) from the thresholded image, and may
estimate the direction of the head of the fetus based on
an angle of a slope of the NBL.

[0042] For example, when the NBL of the thresholded
image may have a slope of '\', the direction identifier 160
may estimate the direction of the head of the fetus based
on the slope and an FMF angle between the NBL and
the palate, as being on the left on the A-Plane.

4) Scoring

[0043] Arms of the fetus, the placenta of the mother,
and bright regions of other tissues exist around the head
of the fetus. Therefore, when the direction of the head of
the fetus is estimated by only detecting an NBL for a A-
Plane of an initial plane, a great number of errors may
occur. A nasal bridge or a zygomatic bone is symmetrical
around a face of the fetus and thus, the direction identifier
160 may obtain plurality of slice data with respect to the
side direction of the ultrasound data based on the initial
plane, may determine an NBL for each of the plurality of
obtained slice data, and may perform scoring with re-
spect to a direction estimated from each slice data, to
detect an accurate direction of the head.

[0044] For example, when ten slice data are obtained
from the ultrasound data, the direction identifier 160 may
perform scoring with respect to the direction of the head
estimated from each slice data, as ’left : right = 7 : 3'.
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Therefore, the left having a relatively higher score may
be determined as the direction of the head of the fetus.
[0045] The controller 130 selects, as a reference axis,
a location of a falx included in a reference image having
a highest brightness intensity among reference images
obtained by scanning the falx of the fetus in the deter-
mined direction of the head. The controller 130 deter-
mines, as the reference axis used for obtaining the sag-
ittal view, the location where the reference image output-
ted to be brightest.

[0046] When the A-plane is used for a mid-sagittal
view, a falx cerebri region is evenly bright, the A-plane
showing a side of the fetus. However, when the A-Plane
is not used for mid-sagittal view, the falx cerebri region
may not evenly bright, and may have a dark region.
[0047] The controller 130 may move and rotate the ul-
trasound data based on a center of the head and may
determine a case where the falx region is brightest and
is evenly distributed, as the mid-sagittal view, namely,
the reference axis for determining the sagittal view.
[0048] The rotation of the ultrasound data performed
by the controller 130 will be described again. As another
example, the controller 130 matches a figure with image
data included in the virtual plane, and rotates the ultra-
sound data by an angle between an axis constituting the
matched figure and the predetermined reference axis.
[0049] For example, the controller 130 may determine
the figure matched with the image data as an oval. In this
example, the controller 130 may focus on, using a pre-
determined color or a predetermined line, the figure
matched with the image data to display the focused figure
on a display screen. When the figure matched with the
image data is determined as the oval, the controller 130
may display, on the display screen, information associ-
ated with at least one of a major axis, a minor axis, and
a circumference of the oval.

[0050] The controller 130 may rotate the ultrasound
data to enable the major axis of the oval to be parallel
with a reference axis of the image data, the major axis
passing a center point of the object and the reference
axis being a vertical axis or a y axis. The controller 130
may rotate the ultrasound data by an angle between the
major axis of the oval and the reference axis of the image
data.

[0051] According to an embodiment, an accurate sag-
ittal view may be automatically determined based on 3D
ultrasound data with respect to the object inside the hu-
man body.

[0052] The controller 130 may finely rotate the ultra-
sound data based on a manipulation of an operator to
redetermine the sagittal view. Accordingly, when the ob-
ject is the fetus, the controller 130 may finely rotate the
ultrasound data based on the manipulation of the oper-
ator, and the manipulation may be based on a fine move-
ment of the fetus and thus, a more accurate sagittal view
may be determined.

[0053] According to another embodiment, the 3D ul-
trasound system 100 may further include a seed setting
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unit 140 and a measuring unit 150.

[0054] When the object inside a human body is the
fetus, the seed setting unit 140 may set a seed around
the NT of the fetus in the ultrasound data, the ultrasound
data being determined as the sagittal view by performing
the rotation.

[0055] The measuring unit 150 may automatically
measure, from the ultrasound data determined as the
sagittal view, a thickness of the NT of the fetus based on
the set seed to display the measured thickness on the
display screen.

[0056] Therefore, the operator or a physician may
more accurately diagnose whether the fetus has an ab-
normality, based on the measured thickness of the NT
of the fetus. In this example, the measuring unit 150 may
focus on the NT of the fetus in the ultrasound data, using
a predetermined color or a predetermined line, and may
display the focused around the seed.

[0057] According to another embodiment, the meas-
uring unit 150 may automatically measure, from the ul-
trasound data determined as the sagittal view, an FMF
angle between the first feature point associated with the
dorsum nasi of the fetus and the second point associated
with the palate of the fetus, and may display the meas-
ured FMF angle on the display screen. Therefore, the
operator or the physician may more accurately diagnose
whether the fetus has an abnormality, based on the
measured FMF angle. In this example, the measuring
unit 150 may focus the first feature point and the second
feature point in the ultrasound data, using a predeter-
mined color or a predetermined line to display on the
display screen.

[0058] In this example, when the sagittal view is rede-
termined by finely rotating the ultrasound data based on
the manipulation of the operator, the measuring unit 150
may edit the measured thickness of the NT of the fetus,
the measured FMF angle, the circumference of the figure
matched with the image data, for example the circumfer-
ence of the oval, and the like.

[0059] Therefore, according to an embodiment, when
the object is the fetus, the thickness of the NT of the fetus
or the FMF angle between the dorsum nasi and the palate
of the fetus are measured from the ultrasound data de-
termined as the sagittal view and thus, whether the fetus
has an abnormality may be accurately diagnosed.
[0060] FIG. 2 illustrates a fetus 210 inside a human
body and ultrasound data 220 generated by scanning
the fetus 210 according to an embodiment of the present
invention.

[0061] ReferringtoFIG.2,a 3D ultrasound system may
scan the fetus 210 using a 3D ultrasound system, to gen-
erate the ultrasound data 220. In this example, an area
corresponding to the fetus 210 in the generated ultra-
sound data 220 may be image data. A seed may be lo-
cated around an NT 230 of the fetus 210.

[0062] The 3D ultrasound system may automatically
measure, from the ultrasound data 220 determined as a
sagittal view, a thickness of the NT 230 of the fetus 210
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based on a set seed, and may display the measured NT
onadisplay screen. Therefore, an operator or a physician
may more accurately diagnose whether the fetus 210
has an abnormality, based on the measured thickness
ofthe NT 230 of the fetus 210. In this example, the meas-
uring unit 150 may focus on the NT 230 of the fetus 210
in the ultrasound data 220, using a predetermined color
or a predetermined line, and may display the focused NT
230 around the seed.

[0063] FIG. 3 illustrates a 3D ultrasound system oper-
ating method according to an embodiment of the present
invention.

[0064] Accordingtoanembodiment,the 3D ultrasound
system operating method may be embodied by the 3D
ultrasound system 100. The 3D ultrasound system op-
erating method maybe described with reference to FIGS.
1 and 3.

[0065] Inoperation 310, the 3D ultrasound system 100
generates ultrasound data including image data gener-
ated by scanning an object inside a human body.
[0066] In this example, the object inside the human
body may be a fetus and an organ.

[0067] For example, the scanner 110 may set an ROI
with respect to the object, and may locate a seed in the
set ROI. When the object is the fetus, the seed may be
located around an NT of the fetus. The scanner 110 may
scan the object using a 3D ultrasound to generate ultra-
sound data. An area corresponding to the object in the
generated ultrasound data may be image data.

[0068] In operations 320 and 330, the 3D ultrasound
system 100 detects a center point of the object from the
generated ultrasound data, and the 3D ultrasound sys-
tem 100 generates, on the ultrasound data, a virtual plane
on which the detected center point is placed.

[0069] Forexample, when the objectinside the human
body is the fetus, the processing unit 120 determines,
from the generated ultrasound data, a first feature point
associated with a dorsum nasi of the fetus, determines
a second feature point associated with a palate of the
fetus based on the determined first feature point, and
detects the center point of the object based on the de-
termined second feature point, namely, a center point of
a head of the fetus.

[0070] Specifically, the processingunit 120 determines
the first feature point associated with the dorsum nasi
based on the seed located around the NT of the fetus
from the A-Plane, the A-Plane illustrating a side of the
fetus, and may determine the second feature point as-
sociated with the palate based on the first feature point.
The processing unit 120 may determine the center point
of the head of the fetus from the A-Plane, based on the
first feature point and the second feature point. The
processing unit 120 may generate the B-Plane that is a
virtual plane including the determined center point of the
head of the fetus and being vertical to the A-Plane.
[0071] For reference, the processing unit 120 may de-
termine the first feature point, the second feature point,
and the center point, using a predetermined algorithm
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and image processing with respectto the ultrasound data
or using integrated data based on years of experimenta-
tions.

[0072] In operation 340, the 3D ultrasound system 100
rotates the ultrasound data using the image dataincluded
in the virtual plane, and determines the sagittal view with
respect to the object.

[0073] The image data may be an area corresponding
to the object, for example, the fetus, in the virtual plane.
[0074] For example, the controller 130 may determine
a figure matched with the image data as an oval. In this
example, the controller 130 may focus on the figure
matched with the image data using a predetermined color
or a predetermined line to display the focused figure on
adisplay screen. When the figure matched with the image
data is determined as the oval, the controller 130 may
display, on the display screen, information associated
with at least one of a major axis, a minor axis, a circum-
ference of the oval.

[0075] The controller 130 may rotate the ultrasound
data to enable the major axis of the oval to be parallel
with a reference axis of the image data, the major axis
of the oval passing the center point of the object and the
reference axis of the image data being a vertical axis or
ay axis.

[0076] A process of setting the reference axis may be
described with reference to FIG. 4.

[0077] FIG. 4 illustrates a process of setting a refer-
ence axis according to an embodiment of the present
invention.

[0078] When an object is a fetus, the 3D ultrasound
system 100 obtains a plurality of slice data with respect
to a side direction of ultrasound data in operation 410.
The 3D ultrasound system 100 may obtain the plurality
of slice data with respect to the side direction of the ul-
trasound data based on an initial plane of A-Plane.
[0079] Inoperation 420, the 3D ultrasound system 100
measures an FMF angle between a first feature associ-
ated with a dorsum nasi of the fetus and a second feature
point associated with a palate of the fetus, with respect
to each slice data. The 3D ultrasound system 100 meas-
ures the FMF angle between a nasal bridge and a palate,
and particularly, measures a direction where the FMF
angle is formed.

[0080] In operation 430, the 3D ultrasound system 100
determines a direction of a head of the fetus based on
an FMF angle measured with respect to each slice data.
The 3D ultrasound system 100 performs scoring with re-
spectto the direction of the head determined in each slice
data, and determines a direction having a relatively high-
er score as the direction of the head of the fetus.
[0081] For example, when ten slice data are obtained
from the ultrasound data, the 3D ultrasound system 100
may perform scoring with respect to the direction of the
head estimated from each slice data, as ’left : right=7 :
3'. Therefore, the left having a relatively higher score may
be determined as the direction of the head of the fetus.
[0082] In operation 440, the 3D ultrasound system 100
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determines, as the reference axis, a location of a falx
included in a reference image having a highest bright-
ness intensity among reference images obtained by
scanning the falx of the fetus in the determined direction
of the head. The 3D ultrasound system 100 may deter-
mine, as the reference axis used for obtaining a sagittal
view, the location where the reference image is outputted
to be brightest.

[0083] Referring again to FIG. 3, the controller 130 of
the 3D ultrasound system 100 may rotate the ultrasound
data by an angle between a major axis of an oval and a
reference axis of image data, the major axis passing a
center point of the object and the reference axis being a
vertical axis or a y axis.

[0084] Accordingtoanembodiment, the 3D ultrasound
data with respect to an object inside a human body may
automatically determine an accurate sagittal view.
[0085] Inoperation 350, the 3D ultrasound system 100
finely rotates the ultrasound data based on a manipula-
tion of an operator to redetermine the sagittal view.
[0086] Therefore, when the object is the fetus, the con-
troller 130 may finely rotate the ultrasound data based
on the manipulation of the operator, and the manipulation
may be based on a fine movement of the fetus and thus,
a more accurate sagittal view may be determined.
[0087] In operation 360, when the object inside the hu-
man body is the fetus, the 3D ultrasound system 100
automatically measures, from the ultrasound data deter-
mined as the sagittal view, a thickness of an NT of the
fetus, based on a set seed, or automatically measures,
from the ultrasound data determined as the sagittal view,
an FMF angle between a first feature point associated
with a dorsum nasi of the fetus and a second feature
point associated with a palate of the fetus.

[0088] The measuring unit 150 may display the meas-
ured thickness of the NT of the fetus or the measured
FMF angle on the display screen and thus, the operator
or a physician may more accurately diagnose whether
the fetus has an abnormality, based on the measured
data.

[0089] When the sagittal view is redetermined by finely
rotating the ultrasound data based on a manipulation of
the operator, the measuring unit 150 may edit the meas-
ured thickness of the NT of the fetus, the measured FMF
angle, a circumference of a figure matched with the image
data, for example, a circumference of an oval, and the
like.

[0090] Therefore, according to an embodiment, when
the object s the fetus, the thickness of the NT of the fetus
orthe FMF angle between the dorsum nasi and the palate
of the fetus are measured from the ultrasound data de-
termined as the sagittal view and thus, whether the fetus
has an abnormality may be accurately diagnosed.
[0091] In this example, the measuring unit 150 may
focus on the NT of the fetus or the first feature point and
the second feature point in the ultrasound data, using a
predetermined color or a predetermined line and may
display the focused data around the seed.
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[0092] The method according to the above-described
embodiments of the present invention may be recorded
in non-transitory computer readable media including pro-
gram instructions to implement various operations em-
bodied by acomputer. The media may also include, alone
orincombination with the program instructions, datafiles,
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 DVDs; magneto-op-
tical media such as optical disks; and hardware devices
that are specially configured to store and perform pro-
gram instructions, such as read-only memory (ROM),
random access memory (RAM), flash memory, and the
like. Examples of program instructions include both ma-
chine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter.

Claims

1. A three-dimensional (3D) ultrasound system (100),
the system (100) comprising:

a scanner (110) configured to generate ultra-
sound data (220) including image data generat-
ed by scanning an object inside a human body;
a processor (120) configured to detect a center
point of the objectfromthe generated ultrasound
data (220), and to generate, on the ultrasound
data (220), a virtual plane on which the detected
center point is placed; and

a controller (130) configured to match, with the
image data included in the virtual plane, a figure
corresponding to the image data, to rotate the
ultrasound data (220) generated by the scanner
by an angle between an axis constituting the
matched figure and a predetermined reference
axis so as to generate a sagittal view with re-
spect to the object,

wherein, when the object is a fetus (210), the
controller (130) is configured to select, as the
reference axis, a line defined by a falx being in
areference sagittal view image having a highest
brightness intensity around a predetermined re-
gion around the center point among a plurality
of reference sagittal view images.

2. The system (100) of claim 1, wherein, when the
matched figure is an oval, the controller (130) rotates
the ultrasound data to enable a major axis of the oval
to be parallel with the predetermined reference axis.

3. The system (100) of claim 1, wherein, when the ob-
ject is a fetus (210), the processor (120) performs:

determining, from the generated ultrasound da-
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ta (220), a first feature point associated with a
dorsum nasi of the fetus (210);

determining, based on the first feature point, a
second feature point associated with a palate of
the fetus; and

detecting the center point of the object based on
the determined second feature point.

The system (100) of claim 1, wherein, when the ob-
ject is the fetus (210), the system (100) further com-
prises:

a measuring unit (150) to measure a thickness of a
nuchal translucency (NT) (230) based on the deter-
mined sagittal view.

The system (100) of claim 1, wherein, when the ob-
ject is the fetus (210), the system (100) further com-
prises:

a measuring unit (150) to measure, from the ultra-
sound data determined as the sagittal view, an angle
between a first feature point associated with a dor-
sum nasi of the fetus (210) and a second feature
point associated with a palate of the fetus (210).

The system (100) of claim 1, wherein the controller
(130) finely rotates the ultrasound data based on a
manipulation of an operator to redetermine the sag-
ittal view.

A method of operating a 3D ultrasound system (100),
the method comprising:

generating ultrasound data (220) including im-
age data generated by scanningan objectinside
a human body;

detecting a center point of the object from the
generated ultrasound data (220);

generating, on the ultrasound data (220), a vir-
tual plane on which the detected center point is
placed; and

matching, with the image data included in the
virtual plane, a figure corresponding to the im-
age data;

rotating the generated ultrasound data (220) by
an angle between an axis constituting the
matched figure and a predetermined reference
axis so as to generate a sagittal view with re-
spect to the object;

when the object is a fetus (210), selecting, as
the reference axis, a line defined by a falx being
in a reference sagittal view image having a high-
est brightness intensity around a predetermined
region around the center pointamong a plurality
of reference sagittal view images.

8. The method of claim 7, wherein, when the matched

figure is an oval, the rotating comprises:
rotating the ultrasound data (210) to enable a major

)]
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axis of the oval to be parallel with the predetermined
reference axis.

Patentanspriiche

1.

Dreidimensionales (3D) Ultraschallsystem (100),
wobei das System (100) Folgendes aufweist:

einen Scanner (110), der dafirr vorgesehen ist,
Ultraschalldaten (220) einschlieRlich durch
Scannen eines Objekts innerhalb eines
menschlichen Kérpers erzeugten Bilddaten zu
erzeugen;

einen Prozessor (120), der daflir vorgesehenist,
einen Mittelpunkt des Objekts aus den erzeug-
ten Ultraschalldaten (220) zu detektieren und
auf den Ultraschalldaten (220) eine virtuelle
Ebene zu erzeugen, auf der der detektierte Mit-
telpunkt angeordnet ist; und

ein Steuergerat (130), das daflir vorgesehen ist,
mitden in der virtuellen Ebene enthaltenen Bild-
daten eine den Bilddaten entsprechende Figur
abzugleichen bzw. diese aufeinander abzustim-
men, um die von dem Scanner erzeugten Ultra-
schalldaten (220) um einen Winkel zwischen ei-
ner die abgeglichene Figur bildende Achse und
einer vorbestimmten Referenzachse zu rotie-
ren, um eine sagittale Ansicht in Bezug auf das
Objekt zu erzeugen,;

wobei, wenn es sich bei dem Objekt um einen
Fétus (210) handelt, das Steuergerat (130) da-
fur vorgesehen ist, als die Referenzachse eine
Linie auszuwahlen, die durch eine Sichel defi-
niert ist, die in einem Referenzsagittalansichts-
bild vorhanden ist und eine héchste Helligkeits-
intensitat um einen vorbestimmten Bereich um
den Mittelpunkt unter einer Vielzahl von Refe-
renzsagittalansichtsbildern aufweist.

2. System (100) nach Anspruch 1, wobei, wenn die ab-

geglichene Figur ein Oval ist, das Steuergerat (130)
die Ultraschalldaten rotiert, um es zu ermdglichen,
dass eine Hauptachse des Ovals parallel mitder vor-
bestimmten Referenzachse ist.

System (100) nach Anspruch 1, wobei, wenn das
Objekt ein Fotus (210) ist, das Steuergerat (120) Fol-
gendes ausfihrt:

Ermitteln eines ersten Merkmalspunkts, der mit
einem knochernen Nasenriicken des Fotus
(210) in Verbindung steht, aus den erzeugten
Ultraschalldaten (220);

Ermitteln eines zweiten Merkmalspunkts, der
mit einem Gaumen des Foétus in Verbindung
steht, basierend auf dem ersten Merkmals-
punkt; und
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Detektieren des Mittelpunkts des Objekts basie-
rend auf dem ermittelten zweiten Merkmals-
punkt.

System (100) nach Anspruch 1, wobei, wenn das
Objekt der Fotus (210) ist, das System (100) des
Weiteren Folgendes aufweist:

eine Messeinheit (150), um eine Dicke einer Nacken-
falte (NT) (230) basierend auf der ermittelten sagit-
talen Ansicht zu messen.

System (100) nach Anspruch 1, wobei, wenn das
Objekt der Fotus (210) ist, das System (100) des
Weiteren Folgendes aufweist:

eine Messeinheit (150) zum Messen, aus den als die
Sagittalansicht ermittelten Ultraschalldaten, eines
Winkels zwischen einem ersten Merkmalspunkt, der
mit einem kndchernen Nasenriicken des Fotus (210)
in Verbindung ist, und einem zweiten Merkmals-
punkt, der mit einem Gaumen des Fdétus (210) in
Verbindung ist.

System (100) nach Anspruch 1, wobei das Steuer-
gerat (130) die Ultraschalldaten basierend auf einer
Handhabung einer Bedienperson fein rotiert, um die
sagittale Ansicht wieder zu ermitteln.

Verfahren zum Betreiben eines 3D-Ultraschallsys-
tems (100), wobei das Verfahren Folgendes auf-
weist:

Erzeugen von Ultraschalldaten (220) ein-
schlieRlich durch Scannen eines Objekts inner-
halb eines menschlichen Koérpers erzeugten
Bilddaten;

Detektieren eines Mittelpunkts des Objekts aus
den erzeugten Ultraschalldaten (220);
Erzeugen einer virtuellen Ebene, auf welcher
der detektierte Mittelpunkt angeordnet ist, auf
den Ultraschalldaten (220); und

aufeinander Abstimmen bzw. Abgleichen einer
den Bilddaten entsprechenden Figur mit den in
der virtuellen Ebene enthaltenen Bilddaten;
Rotieren der erzeugten Ultraschalldaten (220)
um einen Winkel zwischen einer Achse, welche
die abgeglichene Figur bildet, und einer vorbe-
stimmten Referenzachse, um eine sagittale An-
sicht in Bezug auf das Objekt zu erzeugen;
wenn das Objekt ein Fotus (210) ist, Auswahlen
einerLinie als die Referenzachse, die durch eine
Sichel definiert ist, die in einem Referenzsagit-
talansichtsbild vorhanden ist und eine héchste
Helligkeitsintensitdt um einen vorbestimmten
Bereich um den Mittelpunkt unter einer Vielzahl
von Referenzsagittalansichtsbildern aufweist.

8. Verfahren nach Anspruch 7, wobei, wenn die abge-

glichene Figur ein Oval ist, das Rotieren Folgendes
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aufweist:

Rotieren der Ultraschalldaten (210), um es zu er-
mdglichen, dass eine Hauptachse des Ovals parallel
zu der vorbestimmten Referenzachse ist.

Revendications

Systéme ultrasonique (100) tridimensionnel (3D), le
systeme (100) comprenant : un scanner (110) con-
figuré pour générer des données ultrasoniques (220)
comprenant des données d'image générées en
scannant un objet a l'intérieur d’un corps humain ;
un processeur (120) configuré pour détecter un point
central de I'objet a partir des données ultrasoniques
généreées (220), et pour générer, sur les données
ultrasoniques (220), un plan virtuel surlequel le point
central détecté est placé ; et

un contréleur (130) configuré pour faire correspon-
dre, avec les données d’image incluses dans le plan
virtuel, une figure correspondant aux données d’'ima-
ge, pour faire tourner les données ultrasoniques
(220) générées par le scanner d’un angle entre un
axe constituant la figure correspondante et un axe
de référence prédéterminé de fagon a générer une
vue sagittale par rapport a I'objet,

dans lequel, lorsque l'objet est un foetus (210), le
contréleur (130) est configuré pour sélectionner,
comme axe de référence, une ligne définie par une
structure en forme de faucille se trouvant dans une
image de vue sagittale de référence ayant une in-
tensité de luminosité la plus élevée autour d’'une ré-
gion prédéterminée autour du point central parmi
une pluralité des images de vue sagittale de réfé-
rence.

Systéme (100) selon larevendication 1, dans lequel,
lorsque la figure correspondante estun ovale, le con-
tréleur (130) fait tourner les données ultrasoniques
pour permettre a un grand axe de I'ovale d’étre pa-
rallele a I'axe de référence prédéterminé.

Systéme (100) selon larevendication 1, dans lequel,
lorsque I'objet est un foetus (210), le processeur
(120) effectue :

la détermination, a partir des données ultraso-
niques générées (220), d’un premier point ca-
ractéristique associé a un dorsum nasal du foe-
tus (210) ;

la détermination, sur la base du premier point
caractéristique, d’'un deuxiéme point caractéris-
tique associé a un palais du foetus ; et

la détection du point central de I'objet surlabase
du second point caractéristique déterminé.

4. Systeme (100) selon larevendication 1, dans lequel,

lorsque I'objet est le foetus (210), le systeme (100)
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comprend en outre :

une unité de mesure (150) pour mesurer I'épaisseur
d’une translucidité nucale (NT) (230) basée sur la
vue sagittale déterminée.

Systeme (100) selon la revendication 1, dans lequel,
lorsque l'objet est le foetus (210), le systeme (100)
comprend en outre :

une unité de mesure (150) pour mesurer, a partir
des données ultrasoniques déterminées en tant que
vue sagittale, un angle entre un premier point carac-
téristique associé a un dorsum nasal du foetus (210)
et un second point caractéristique associé a un pa-
lais du foetus (210).

Systeme (100) selon la revendication 1, dans lequel
le contréleur (130) tourne finement les données ul-
trasoniques surlabase d’une manipulation d’unopé-
rateur pour redéfinir la vue sagittale.

Procédé de fonctionnement d’un systéme ultrasoni-
que 3D (100), le procédé comprenant :

la génération de données ultrasoniques (220)
comprenant des données d'image générées en
scannant un objet a l'intérieur d’'un corps hu-
main;

la détection d’un point central de I'objet a partir
des données ultrasoniques générées (220) :

la génération, sur les données ultrasoni-
ques (220), d’'un plan virtuel sur lequel le
point central détecté est placé ; et

la mise en correspondance, avec les don-
nées d'image incluses dans le plan virtuel,
d’'une figure correspondant aux données
d’'image ;

la rotation des données ultrasoniques gé-
nérées (220) d'un angle entre un axe cons-
tituant la figure correspondante et un axe
de référence prédéterminé de maniére a
générer une vue sagittale par rapport a
I'objet ;

lorsque l'objet est un foetus (210), la sélec-
tion, comme axe de référence, d’une ligne
définie par une structure en forme de fau-
cille se trouvant dans une image de vue sa-
gittale de référence ayant une intensité de
luminosité la plus élevée autour d’'une ré-
gion prédéterminée autour du point central
parmi une pluralité d'images de vue sagit-
tale de référence.

Procédé selon la revendication 7, dans lequel, lors-
que la figure correspondante estun ovale, la rotation
comprend :

la rotation des données ultrasoniques (210) pour
permettre a un grand axe de 'ovale d’étre paralléle
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a 'axe de référence prédéterminé.
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FIG. 1
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FIG. 3
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FIG. 4
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