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(54) 3D ultrasound system for intuitive displaying an abnormality of a fetus and method for
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(57)  Provided are a three-dimensional (3D) ultra-
sound system and a method for operating the 3D ultra-
sound system, which are capable of intuitively displaying
the abnormality of an object, by determining a grade, by

comparing measurement data obtained by measuring ul-
trasound data relating to the object and displaying the
measurement data in a different way based on the de-
termined grade. In the current application, the object is
a fetus and the measurement data is the NT.

FIG. 1

100
3D ULTRASOUND SYSTEM
110 120 130
SCANNING MEASURING DISPLAY
UNIT UNIT CONTROLLER
140 150
ALARM OUTPUT
UNIT DATABASE

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 444 002 A1 2

Description

CROSS-REFERENCE TO RELATED PATENT APPLI-
CATION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2010-0103448, filed on Octo-
ber 22, 2010, in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its en-
tirety by reference.

BACKGROUND

[0002] The present invention relates to a method for
intuitively checking the abnormality of an object.

[0003] Ultrasound systems transmit ultrasound sig-
nals from a surface of a human body or an animal body
towards a predetermined part within the body (i.e., an
object such as a fetus or internal organ) and use infor-
mation about ultrasound signals reflected from a tissue
within the body to obtain images related to a cross-sec-
tion of a soft tissue or blood flow. Due to its compact and
cheap design, real-time display, and high stability with
no risk of exposure to X-rays or other radiations, such an
ultrasound system has been widely used together with
other image diagnostic devices such as an X-ray diag-
nostic device, a Computerized Tomography (CT) scan-
ner, a Magnetic Resonance Image (MRI) device, and a
nuclear medicine diagnostic device,

[0004] A common method for detecting a fetus with
Down syndrome is to measure the thickness of a nuchal
translucency (NT) in the fetus using an ultrasound sys-
tem. According to this method that was devised by Nico-
laides in 1992, if it is determined that a fetus has any
abnormality, an NT thickness has increased due to sub-
cutaneous accumulation of fluid at the back of a fetal
neck.

[0005] In particular, a fetus with Down syndrome or
other chromosomal abnormalities, or heart defects may
usually have an increased NT. Thus, when a doctor
measures the thickness of a translucent space behind a
fetal neck using an ultrasound system and finds that the
thickness of the translucent space exceeds 2.5 mm, a
more accurate test, such as chorionic villus sampling or
amniocentesis, is performed to see whether a fetus has
an abnormality.

[0006] However, this approach has a problem that it is
difficult to accurately measure the thickness of an NT
because it may vary depending on an angle or measure-
ment method. Thus, a doctor is inconvenienced in having
to check whether an actual NT thickness is greater than
2.5 mm for each test before making conclusions about
the abnormality of a fetus.

SUMMARY

[0007] The present invention provides a three-dimen-
sional (3D) ultrasound system and a method for operating
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the 3D ultrasound system, which are capable of intuitively
displaying the abnormality of an object by generating
measurement data using ultrasound data relating to the
object, comparing the measurement data with reference
data, and controlling a color of the measurement data
according to the comparison result.

[0008] The presentinvention also provides a 3D ultra-
sound system and a method for operating the 3D ultra-
sound system, which allow a more intuitive display of the
degree of severity of an abnormality in an object by dis-
playing measurement data in different colors that are al-
located depending on whether a Nuchal Translucency
(NT) thickness measured on the object is in an abnormal,
warning, or normal range.

[0009] According to an aspect of the presentinvention,
there is provided a 3D ultrasound system including: a
scanning unit configured to scan an object and generate
ultrasound data; a measuring unit configured to receive
an input of a measurement point in the ultrasound data
and generate measurement data associated with the
measurement point; and a display controller configured
to compare the measurement data with reference data,
determine a grade, and display the measurement data
based on the determined grade.

[0010] Thedisplay controller may be configured to dis-
play the measurement data in a color allocated to the
determined grade.

[0011] If the object is a fetus and the measurement
pointis input with respect to a Nuchal Translucency (NT)
of the fetus, the measuring unit may be configured to
generate two measurement lines corresponding to the
NT of the fetus, measure a distance between the two
measurement lines as a measured length of the NT and
generate measurement data including the measured

length.

[0012] The reference data may include a plurality of
standard length ranges one to one corresponding to fetal
ages.

[0013] In this case, the display controller may be con-

figued to analyze an age of the fetus based on the ultra-
sound data, extract from the plurality of standard length
ranges a first standard length range corresponding to the
age that is obtained from the analysis, compare the first
standard length range with the measured length in the
measurement data and determine the grade.

[0014] Furthermore, if the reference data includes a
measurement statistical distribution for the measurement
point, the display controller may be configured to check
a point in the measurement statistical distribution at
which the measurement data is located and determine
one of an abnormal grade, a warning grade, and a normal
grade.

[0015] In this case, if the point is in a warning interval
within the measurement statistical distribution and deter-
mined to correspond to the ‘'warning grade’, the display
controller may be configured to display the measurement
data by adjusting the luminance of a color allocated to
the warning grade based on a distance between the point
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and one of abnormal and normal intervals within the
measurement statistical distribution.

[0016] The 3D ultrasound system may further include
an alarm output unit configured to output an alarm if the
point is in one of abnormal and warning intervals within
the measurement statistical distribution and determined
to correspond to one of the abnormal and warning
grades.

[0017] According to another aspect of the present in-
vention, there is provided a method for operating a 3D
ultrasound system, including: scanning an object and
generating ultrasound data; receiving an input of a meas-
urement point from the ultrasound data and generating
measurement data associated with the measurement
point; comparing the measurement data with selected
reference data and determining a grade; and displaying
the measurement data based on the determined grade.
[0018] The 3D ultrasound system and the method for
operating the 3D ultrasound system are capable of intu-
itively displaying the abnormality of an object by gener-
ating measurement data using ultrasound data relating
to the object, comparing the measurement data with ref-
erence data, and controlling a color of the measurement
data based on the comparison result.

[0019] According to an embodiment of the present in-
vention, measurement data is displayed in different
colors that are allocated depending on whether an NT
thickness measured with respect to the object is in an
abnormal, warning, or normal range, thereby allowing
more intuitive display of the degree of severity according
to the presence of abnormality in the object.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other features and advantages
of the present invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

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

FIG. 2 illustrates an example of an ROl when an
objsect is a fetus;

FIG. 3illustrates an example of displaying measure-
ment data obtained from an object ;

FIG. 4 illustrates an example of reference data in-
cluding a measurement statistical distribution; and
FIG. 5 is a flowchart illustrating a method for oper-
ating a 3D ultrasound system of FIG. 1, according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021] Hereinafter, embodiments of the presentinven-
tion will be described in detail with reference to the at-
tached drawings. The present invention is not restricted
or limited by the following embodiments. In the drawings,
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like reference numerals refer to like elements.

[0022] FIG. 1 illustrates an internal configuration of a
three-dimensional (3D) ultrasound system 100 according
to an embodiment of the present invention.

[0023] Referring to FIG. 1, the 3D ultrasound system
100 includes a scanning unit, a measuring unit 120, a
display controller 130, an alarm output unit 140, and a
database 150.

[0024] The scanning unit 110 scans an object to gen-
erate ultrasound data. More specifically, the scanning
unit 110 generates ultrasound data including image data
obtained by scanning the object within a human body or
an animal body. The object within the human body or the
animal body may be a fetus and its internal organs. In
other words, the scanning unit 110 generates ultrasound
data by scanning the fetus and its internal organs.
[0025] In order to generate ultrasound data for an ob-
ject, the scanning unit 110 may set a region of interest
(ROI) on the object and locates a seed in the ROI. The
seed may be set by an observer. Otherwise, the seed
may be automatically set based on the ROI.

[0026] When the object is a fetus, the seed may be
located near a Nuchal Translucency (NT) of the fetus.
Thereafter, the scanning unit 110 performs a 3D ultra-
sound scan on the object to generate image data such
that the ultrasound data may be generated. The image
data corresponds to a region in the ultrasound data oc-
cupied by the object.

[0027] The measuring unit 120 receives an input of a
measurement point from the ultrasound data and gener-
ates measurement data associated with the measure-
ment point. In this case, the measurement point may be
interpreted as a 'seed’.

[0028] FIG. 2 illustrates an example of an ROI when
an objsect is a fetus.

[0029] Referring to FIGS. 1 and 2, when the object is
a fetus’, the measuring unit 120 may receive as an input
a measurement point + around an NT of the fetus. The
measuring unit 120 may generate two measurement
lines 10, 20 corresponding to the NT of the fetus around
the measurement point +. The measuring unit 120 may
measure a distance between the two measurement lines
10, 20_as a measured length ML of the NT.

[0030] Thetwo measurementlines 10,20 may be gen-
erated by various methods. For one example, the meas-
uring unit 120 may recognize the NT of the fetus around
the measurement point + based on the characteristics of
the fetal NT, and generate the two measurement lines
10, 20 corresponding to the fetal NT. In this case, the
measuring unit 120 can recognize the fetal NT based on
brightness difference of pixels around the measurement
point +.

[0031] For another example, an observer, e.g., a doc-
tor, may input positions of the two measurement liens
10, 20 to generate the two measurement lines 10, 20.
[0032] However, a method for obtaining the measured
length ML according to FIG. 2 is an example, and the
measured length ML of the NT may be measured by var-



5 EP 2 444 002 A1 6

ious methods.

[0033] In this case, the measuring unit 120 generates
measurement data including the measured length ML.
[0034] A common method for detecting a fetus with
Down syndrome is to measure the thickness of an NT of
a fetus. A fetus having Down syndrome or other chromo-
somal abnormalities, or heart defects may usually have
a thick NT. Thus, when a doctor measures the thickness
of a translucent space behind a fetal neck using an ul-
trasound system and finds that the thickness of the trans-
lucent space is greater than 2.5 mm, a more accurate
test such as chorionic villus sampling or amniocentesis
is performed to check whether afetus has an abnormality.
[0035] However, because an NT thickness used in de-
tecting a fetus with Down syndrome varies depending on
the age of a fetus, it is necessary to set a standard length
range for future use so as to determine whether a fetus
has an abnormality by comparing a measured length ob-
tained by measuring an actual object with a standard
length range.

[0036] The display controller 130 compares the meas-
urement data with reference data to determine a grade
and displays the measurement data based on the deter-
mined grade. For example, the reference data may con-
tain a standard NT length range for each fetal age. In
other words, the reference data may inculde a plurality
of standard length ranges one to one corresponding to
the fetal ages.

[0037] The display controller 130 analyzes an age of
the fetus, extracts from the reference data a standard
length range corresponding to the age which is obtained
from the analysis, and compares the standard length
range with the measured length ML in the measurement
data. The display controller 130 then determines a grade
depending on whether the measured length ML is less
or greater than the standard length range, and displays
the measurement data in a color that is allocated to the
determined grade.

[0038] FIG. 3 illustrates an example of displaying
measurement data obtained from an object.

[0039] Referring to FIGS. 1 through 3, when a meas-
ured length ML in measurement data is included in a
standard length range extracted from reference data for
the age of an object, e.g., a fetus, the display controller
130 displays the measurement data (MaxNT 0.18 cm)
around a measurement point + in a green color image
210. The measured length ML that is included in the
standard length range may indicate that the fetus corre-
sponds to a ‘'normal grade’.

[0040] When the measured length ML is greater than
the standard length range extracted from reference data,
the display controller 130 displays the measurement data
(MaxNT 0.25 cm) around the measurement point + in a
red color image 220. The measured length ML that is
greater than the standard length range may indicate that
the fetus has Down syndrome and corresponds to an
"abnormal grade’. Thus, the display controller 130 may
display the measurement data (MaxNT 0.25 cm) in the
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red colorimage 220 so that a doctor may intuitively check
for the abnormality of the fetus, thereby allowing a doctor
to easily recognize the severity of the abnormality of the
fetus.

[0041] Conversely, when the measured length ML is
less than the standard length range extracted from ref-
erence data, the display controller 130 displays the
measurement data (MaxNT 0.08 cm) around the meas-
urement point + in a yellow color image 230. The meas-
ured length ML that is less than the standard length range
may indicate that the fetus corresponds to a 'warning
grade’.

[0042] When the fetus is determined to correspond to
the ’abnormal grade’ or the 'warning grade’, the alarm
output unit 140 outputs an alarm.

[0043] Inorder tofacilitate the detection of a fetus hav-
ing Down syndrome, the 3D ultrasound system 100
needs to have reference data to compare with measure-
ment data for future use. The reference data may contain
a measurement statistical distribution for the measure-
ment point. A doctor uses statistical data created from
many years of experience and experimental values to
obtain standard NT length ranges for each age level.
[0044] For example, the doctor may create statistical
data using ultrasound data obtained from fetuses for
each age level and compare ultrasound data obtained
from a fetus with statistical data in order to determine the
age of the fetus. The statistical data and the reference
data may be stored in the database 150.

[0045] Forexample, the database 150 may contain ref-
erence data and statistical data for each age level.
[0046] FIG. 4 illustrates an example of reference data
including a measurement statistical distribution.

[0047] Referring to FIGS. 1, 2 and 4, the reference
data includes the measurement statistical distributions
for each of ages where an x-axis represents an NT length
and a y-axis represents the number of objects (fetuses).
The measurement statistical distributions may vary de-
pending on ages 310 and 320. In other words, although
numeric values are not described in detail in FIG. 4, an
NT length may vary depending on ages.

[0048] Thus, the display controller 130 analyzes the
age of the fetus based on the ultrasound data, extracts
reference data corresponding to the determined age from
the database 150, and compares a standard length range
in the extracted reference data with a measured length
ML in the measurement data.

[0049] In one embodiment, the display controller 130
checks a point in the measurement statistical distribution
at which the measurement data, e.g., the measured
length ML, is located and determines one of an abnormal
grade, a warning grade, and a normal grade. When the
pointis in a normal interval (including the largest number
of objects) within the measurement statistical distribution
and the fetus is determined to correspond to a normal
grade, the display controller 130 may display the meas-
urement data in ‘green’.

[0050] Whenthe pointisinawarninginterval (including
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an increasing or decreasing number of objects) within
the measurement statistical distribution and the fetus is
determined to correspond to a warning grade, the display
controller 130 may display the measurement data in 'yel-
low’.

[0051] When the point is in an abnormal interval (with
the smallest number of objects) within the measurement
statistical distribution and the fetus is determined to cor-
respond to an abnormal grade, the display controller 130
may display the measurement data in 'red’.

[0052] Furthermore, when the point is in the warning
interval and the fetus is determined to correspond to the
‘'warning grade’, the display controller 130 may display
the measurement data by adjusting the luminance of the
color allocated to the warning grade based on a distance
between the point and one of abnormal and normal in-
tervals within the measurement statistical distribution. In
other words, when the point is located at a position in the
warning interval that is closer to one of the normal and
abnormalintervals, the display controller 130 may display
the measurement data in different colors such as dark or
light yellow.

[0053] When the point is in an abnormal or warning
interval within the measurement statistical distribution
and determined to correspond to the abnormal or warning
grade, the alarm output unit 140 outputs an alarm.
[0054] FIG. 5 is a flowchart illustrating a method for
operating the 3D ultrasound system 100 of FIG. 1, ac-
cording to an embodiment of the present invention.
[0055] Referringto FIGS. 1, 2 and 5, in operation 410,
the 3D ultrasound system 100 scans an object to gener-
ate ultrasound data. More specifically, the 3D ultrasound
system 100 scans a fetus and its internal organs as an
object to obtain image data and generates ultrasound
data including the obtained image data.

[0056] Inoperation 420, the 3D ultrasound system 100
receives an input of a measurement point + in the ultra-
sound data and generates measurement data associat-
ed with the measurement point +. For example, if the
object is a fetus and the measurement point + is input
with respect to an NT of the fetus, the 3D ultrasound
system 100 measures a measured length ML of the NT
based on the measurement point + and generates meas-
urement data including the measured length ML.
[0057] Inoperation 430, the 3D ultrasound system 100
compares the measurement data with reference data to
determine a grade and displays the measurement data
based on the determined grade. In other words, the 3D
ultrasound system 100 may display the measurement
data in a color allocated for the determined grade.
[0058] In one embodiment, the reference data may
contain standard NT lengths for each of ages. The 3D
ultrasound system 100 analyzes the age of the fetus
based on the ultrasound data, extracts from the reference
data a standard length range corresponding to the age
which is obtained from the analysis, and compares the
standard length range with the a measured length ML in
the measurement data. The age of the fetus may be an-
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alyzed by comparing statistical data stored in the data-
base 150 with the ultrasound data. The 3D ultrasound
system 100 determines a grade depending on whether
the measured length ML is less or greater than the stand-
ard length range and displays the measurement data in
a color that is allocated to the determined grade.
[0059] Alternatively, if the reference data contains a
measurement statistical distribution for the measurement
point +, the 3D ultrasound system 100 may check a point
in the measurement statistical distribution at which the
measurement data is located and determine one of an
abnormal grade, a warning grade, and a normal grade.
The 3D ultrasound system 100 may then display the
measurement data in one of red, yellow and green colors
that is allocated for the determined grade.

[0060] Forexample, if the point is in the warning inter-
val within the measurement statistical distribution and is
determined to correspond to the 'warning grade’, the 3D
ultrasound system 100 may display the measurement
data by adjusting the luminance of the color allocated to
the warning grade based on a distance between the point
and one of the abnormal and normal intervals within the
measurement statistical distribution.

[0061] Alternatively, if the point is in the abnormal or
warning interval within the measurement statistical dis-
tribution and is determined to correspond to the abnormal
or warning grade, the 3D ultrasound system 100 may
output an alarm.

[0062] Embodiments of the present invention can in-
clude a computer readable medium including program
commands for executing operations implemented
through various computers. The computer readable me-
dium can store program commands, data files, data
structures or combinations thereof. The program com-
mands recorded in the medium may be specially de-
signed and configured for the present invention or be
known to those skilled in the field of computer software.
Examples of a computer readable recording medium in-
clude magnetic media such as hard disks, floppy disks
and magnetic tapes, optical media such as CD-ROMs
and DVDs, magneto-optical media such as floptical
disks, or hardware devices such as ROMs, RAMs and
flash memories, which are specially configured to store
and execute program commands. Examples of the pro-
gram commands include a machine language code cre-
ated by a compiler and a high-level language code exe-
cutable by a computer using an interpreter and the like.
[0063] While the present invention has been particu-
larly shown in the drawings and described with reference
to specific components and exemplary embodiments
thereof, It should be understood that the exemplary em-
bodiments described therein should be considered in a
descriptive sense only and not for purposes of limitation.
It will be understood by those of ordinary skill in the art
that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.
Therefore, the scope of the invention is defined not by
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the detailed description of the invention but by the ap-
pended claims, and all differences within the scope of
the appended claims and their equivalents will be con-
strued as being included in the present invention.

Claims

1. A three-dimensional (3D) ultrasound system com-
prising:

a scanning unit configured to scan an object and
generate ultrasound data;

a measuring unit configured to receive an input
of a measurement point in the ultrasound data
and generate measurement data associated
with the measurement point; and

a display controller configured to compare the
measurement data with reference data, deter-
mine a grade, and display the measurement da-
ta based on the determined grade.

2. The system of claim 1, wherein the display controller
is configured to display the measurement data in a
color allocated to the determined grade.

3. The system of claim 1, wherein if the object is a fetus
and the measurement point is input with respect to
a Nuchal Translucency (NT) of the fetus, the meas-
uring unit is configured to generate two measure-
ment lines corresponding to the NT of the fetus,
measure a distance between the two measurement
lines as a measured length of the NT and generate
measurement data including the measured length.

4. The system of claim 3, wherein the reference data
include a plurality of standard length ranges one to
one corresponding to fetal ages,
wherein the display controlleris configued to analyze
an age of the fetus based on the ultrasound data,
extract from the plurality of standard length ranges
a first standard length range corresponding to the
age that is obtained from the analysis, compare the
first standard length range with the measured length
in the measurement data and determine the grade.

5. The system of claim 1, wherein if the reference data
includes a measurement statistical distribution for
the measurement point, the display controller is con-
figured to check a point in the measurement statis-
tical distribution at which the measurement data is
located and determine one of an abnormal grade, a
warning grade, and a normal grade.

6. The system of claim 5, wherein if the point is in a
warning interval within the measurement statistical
distribution and determined to correspond to the
‘'warning grade’, the display controller is configured
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10.

1.

to display the measurement data by adjusting the
luminance of a color allocated to the warning grade
based on a distance between the point and one of
abnormal and normal intervals within the measure-
ment statistical distribution.

The system of claim 5, further comprising an alarm
output unit configured to output an alarm if the point
is in one of abnormal and warning intervals within
the measurement statistical distribution and deter-
mined to correspond to one of the abnormal and
warning grades.

A method for operating a three-dimensional (3D) ul-
trasound system, the method comprising:

scanning an object and generating ultrasound
data;

receiving an input of a measurement point from
the ultrasound data and

generating measurement data associated with
the measurement point;

comparing the measurement data with refer-
ence data and determining a grade; and
displaying the measurement data based on the
determined grade.

The method of claim 8, wherein the displaying of the
measurement data based on the determined grade
comprises displaying the measurement data in a
color allocated to the determined grade.

The method of claim 8, wherein if the object is a fetus
and the measurement point is input with respect to
a Nuchal Translucency (NT) of the fetus, the gener-
ating of the measurement data associated with the
measurement point comprises generating two
measurement lines corresponding to the NT of the
fetus, measuring a distance between the two meas-
urement lines as a measured length of the NT and
generating measurement data including the meas-
ured length.

The method of claim 10, wherein the reference data
include a plurality of standard length ranges one to
one corresponding to fetal ages, and

wherein the displaying of the measurement data
based on the determined grade comprises:

analyzing an age of the fetus based on the ul-
trasound data,;

extracting from the plurality of standard length
ranges a first standard length range correspond-
ing to the age that is obtained from the analysis;
and

comparing the first standard length range with
the measured length in the measurement data.
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The method of claim 8, wherein when the reference
data includes a measurement statistical distribution
for the measurement point, the displaying of the
measurement data based on the determined grade
comprises checking a point in the measurement sta-
tistical distribution at which the measurement data
is located and determining one of an abnormal
grade, a warning grade, and a normal grade.

The method of claim 12, wherein if the point is in a
warning interval within the measurement statistical
distribution and determined to correspond to the
‘'warning grade’, the displaying of the measurement
data based on the determined grade comprises dis-
playing the measurement data by adjusting the lu-
minance of a color allocated to the warning grade
based on a distance between the point and one of
abnormal and normal intervals within the measure-
ment statistical distribution.

The method of claim 12, further comprising output-
ting an alarm if the point is in one of abnormal and
warning intervals within the measurement statistical
distribution and determined to correspond to one of
the abnormal and warning grades.
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FIG. 3
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FIG. 5
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