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&N ABSTRACT

Disclosed are an ultrasound system of measuring a number of
ribs of a fetus and a method thereof. The ultrasound system of
measuring the number of ribs of the fetus in three dimensions
may include a setting unit that is used by a user, to set a portion
where the number of ribs is measured in an ultrasound image,
as a region of interest (ROI), a measuring unit to measure the
number of ribs in the set ROI by using an auto rib extracting
algorithm, and a display unit to display the measured number
of ribs.

200
[\/

SETTING UNIT |7 ] ~-210

MEASURING UNIT |~ {220

DISPLAY UNIT |~ ] _~-230




Patent Application Publication  Feb. 23, 2012 Sheet 1 of 7 US 2012/0046549 A1l

F1G. 1 (CONVENTIONAL ART




Patent Application Publication  Feb. 23, 2012 Sheet 2 of 7 US 2012/0046549 A1l

FIG. 2

200
[\/

SETTING UNIT |~ ] ~-210

'

MEASURING UNIT ~ 4.~ 220

l

DISPLAY UNIT |7 ] _~-230




Patent Application Publication  Feb. 23, 2012 Sheet 3 of 7 US 2012/0046549 A1l




Patent Application Publication  Feb. 23, 2012 Sheet 4 of 7 US 2012/0046549 A1l




Patent Application Publication  Feb. 23, 2012 Sheet 5 of 7 US 2012/0046549 A1l

FI1G. 5

520




Patent Application Publication  Feb. 23, 2012 Sheet 6 of 7 US 2012/0046549 A1l

FIG. 6
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ULTRASOUND SYSTEM AND METHOD OF
MEASURING FETAL RIB

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2009-0077096, filed on Aug. 20, 2009, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field

[0003] The present invention relates to an ultrasound sys-
tem and method of measuring a number of ribs of a fetus, and
more particularly, to an ultrasound system and method of
setting a portion where the number of ribs is measured as a
region of interest (ROI), measuring the number of ribs in the
set ROI, and displaying the measured number of ribs.

[0004] 2. Description of the Related Art

[0005] Generally, an ultrasound system may transmit an
ultrasound signal toward a predetermined portion inside a
body from a surface of the body, and may obtain an image of
a section of soft tissue or the bloodstream using information
of'the ultrasound signal reflected from tissue inside the body.
[0006] The ultrasound system has an advantage of being
small, inexpensive, reliable, and not exposing a subject to an
X-ray and the like, and thus, the ultrasound system is com-
monly used together with other image diagnostic devices,
such as a computerized tomography (CT) scanner, a magnetic
resonance image (MRI) device, a nuclear medicine device,
and the like. Particularly, the ultrasound system may display
an image of the inside of the body in real time, thereby being
applicable for various uses.

[0007] As the field of use of the ultrasound system expands,
the demand for quality and efficiency of the ultrasound sys-
tem grows. For example, a lesion or tissue of a patient may
need to be precisely observed when a procedure, such as a
medical checkup, a biopsy, an operation, and the like, is
performed. Accordingly, the ultrasound system may need to
obtain a three-dimensional (3D) ultrasound image.

[0008] A healthy fetus generally has twelve ribs as illus-
trated in the 3D ultrasound image of FIG. 1. When the number
ofribs is eleven, there is a higher probability that the fetus has
Down syndrome. Accordingly, the number of ribs of the fetus
is an important index for checking a probability of a disorder
in the fetus.

[0009] A conventional system may have inconvenience in
that a user calculates the number of ribs of the fetus by hand
from a rendered 3D image as illustrated in FIG. 1.

SUMMARY OF THE INVENTION

[0010] An aspect of the present invention provides an ultra-
sound system and method that accurately measures the num-
ber of ribs of a fetus in a three-dimensional (3D) ultrasound
image.

[0011] Another aspect of the present invention provides an
ultrasound system and method that displays a rib area and a
number of ribs extracted from a 3D ultrasound image.
[0012] According to an aspect of the present invention,
there is provided an ultrasound system for measuring a num-
ber ribs of a fetus, the ultrasound system including a setting
unit to set, by a user, a portion where the number of ribs is
measured as a region of interest (ROI) in an ultrasound image;
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ameasuring unit to measure the number of ribs in the set ROI,
by using an auto rib extracting algorithm; and a display unit to
display the measured number of ribs.

[0013] The measuring unit may use an auto rib extracting
algorithm which may enhance a rib image in the ROI, may
generate a binary image by extracting an area having a bright-
ness greater than or equal to a reference value from the
enhanced rib image, may classify discrete areas from the
binary image, may connect the classified discrete areas along
aprinciple axis to generate rib areas, and may count a number
of the rib areas to measure the number of ribs.

[0014] The measuring unit may enhance a picture quality or
a definition of the rib image through a rib enhancement fil-
tering process for segmentation of a ROI image.

[0015] The display unit may display the measured rib area
and the number of ribs.

[0016] According to another aspect of the present inven-
tion, there is provided a method of measuring a number ofribs
in an ultrasound system including a setting unit, a measuring
unit, and a display unit. The method may include setting, by
a user, an ROI to measure, through the setting unit, the num-
ber of ribs in an ultrasound area; measuring, by the measuring
unit, the number of ribs in the ROI, based on an auto rib
extracting algorithm; and displaying, by the display unit,
information about the measured number of ribs.

[0017] 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 prac-
tice of the embodiments.

[0018] According to the present invention, there is no need
for counting the number of ribs by hand, since the number of
ribs is automatically counted from a 3D ultrasound image,
and thus, a user’s convenience increases.

[0019] According to the present invention, there is provided
an effect of easily obtaining a rib area and a number of ribs
extracted from a 3D ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and/or other aspects and advantages will
become apparent and more readily appreciated from the fol-
lowing description of the embodiments, taken in conjunction
with the accompanying drawings of which:

[0021] FIG.1is adiagram illustrating the number of ribs of
anormal fetus in a three dimensional (3D) ultrasound image,
according to a conventional art;

[0022] FIG.2is adiagram illustrating an ultrasound system
for measuring a number of ribs of a fetus according to an
exemplary embodiment of the present invention;

[0023] FIG. 3 is a diagram illustrating an example where a
region of interest (ROI) is set to measure the number of ribs
according to an exemplary embodiment of the present inven-
tion;

[0024] FIG. 4 is a diagram illustrating an example of a
result from each operation of an auto rib extracting algorithm
according to an exemplary embodiment of the present inven-
tion;

[0025] FIG. 5 is a diagram illustrating an example of dis-
playing a measured rib area and the number of ribs according
to an exemplary embodiment of the present invention;
[0026] FIG. 6 is a flowchart illustrating a method for mea-
suring the number of ribs of a fetus according to an exemplary
embodiment of the present invention; and
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[0027] FIG. 7 is a flowchart illustrating a detailed proce-
dure for measuring the number of ribs of a fetus according to
an exemplary embodiment of the present invention.

DETAILED DESCRIPTION

[0028] Reference will now be made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. An ultrasound diagnosis
apparatus utilizing a touch interaction is described below to
explain the present disclosure by referring to the figures.
[0029] FIG. 2illustrates an ultrasound system 200 for mea-
suring the number of ribs of a fetus according to an exemplary
embodiment of the present invention.

[0030] Referring to FIG. 2, the ultrasound system 200 may
include a setting unit 210, a measuring unit 220, and a display
unit 230. A user sets, through the setting unit 210, a portion
where the number of ribs is measured in an ultrasound image,
as a region of interest (ROI).

[0031] FIG. 3 illustrates an example where a ROI 310 is set
to measure a number of ribs according to an exemplary
embodiment of the present invention;

[0032] Referring to FIG. 3, a user may set a portion where
the number of ribs is measured in a 3D ultrasound image 300
as an ROI 310, through the setting unit 210.

[0033] The measuring unit 220 may measure the number of
ribs in the set ROI 310 based on an auto rib extracting algo-
rithm. In other words, the measuring unit 220 may enhance a
rib image in the ROI 310, may generate a binary image by
extracting an area having a brightness greater than or equal to
a reference value from the enhanced rib image, may classify
discrete areas from the binary image, may connect the clas-
sified discrete areas along a principle axis to generate rib
areas, and may count a number of the rib areas to measure the
number of ribs.

[0034] FIG. 4 illustrates an example of a result from each
operation of an auto rib extracting algorithm according to an
exemplary embodiment of the present invention.

[0035] Referring to FIG. 4, the measuring unit 220 may
generate an enhanced image 420 by performing a rib
enhancement filtering process for segmentation of an ROI
image 410, as a preprocessing with respect to the ROI image
410. The enhanced image 420 is a 3D ultrasound image with
enhanced picture quality and/or definition to make arib easily
observable in the ROI image 410. That is, the measuring unit
220 may enhance the picture quality and/or definition of the
rib image through the rib enhancement filtering process for
segmentation of the ROI image 410. As an example, the
measuring unit 220 may perform the rib enhancement filter-
ing process with respect to the ROI image 410 through an
image enhancement process using various schemes, such as a
smoothing scheme, a sharpening scheme, and the like. Also,
the measuring unit 220 may generate a binary image by
extracting an area having a brightness greater than or equal to
a reference value from the enhanced rib image 420. Further,
the measuring unit 220 may generate a discrete image 430 by
classifying discrete images from the binary image. Further
still, the measuring unit 220 may generate a rib area image
440 by connecting the classified discrete areas along a prin-
ciple axis and generating rib areas. Additionally, the measur-
ing unit 220 may count a number of the rib areas, thereby
generating a result image 450 indicating a result of the num-
ber of ribs.
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[0036] The display unit 230 may display the measured
number of ribs.
[0037] FIG. 5 illustrates an example of displaying a mea-

sured rib area and a number of ribs according to an exemplary
embodiment of the present invention.

[0038] Referring to FIG. 5, the display unit 230 may dis-
play ameasured rib area 510 and a number of ribs 520 ina 3D
ultrasound image 500. As an example, the measured rib area
510 may be classified into true ribs 511 and false ribs 521.
[0039] As described above, the ultrasound system 200 may
set a portion where a number of ribs is measured in a 3D
ultrasound image, as an ROIL, may measure a number ribs in
the set ROI, and may display the measured number of ribs.
[0040] Accordingly, the ultrasound system 200 may dis-
play the extracted rib area and the number of ribs, and may
alleviate the inconvenience of counting the number of ribs,
which is one of the important indexes, by hand, thereby
increasing a user’s convenience.

[0041] FIG. 6 is a flowchart illustrating a method of mea-
suring a number of ribs of a fetus according to an exemplary
embodiment of the present invention.

[0042] Referring to FIGS. 2 to 6, in operation S610, a user
sets an ROI where a number of ribs of a fetus is measured in
an ultrasound image, through the setting unit 210. As an
example, the user may set a portion where the number of ribs
is measured in the 3D ultrasound image 300 as the ROI 310.
[0043] Inoperation 5620, the measuring unit 220 measures
the number of ribs in the ROI based on an auto rib extracting
algorithm. Hereinafter, referring to FIG. 7, the measuring of
the number of ribs of the fetus based on the auto rib extracting
algorithm, will be described in detail.

[0044] FIG. 7 illustrates a detailed procedure of measuring
anumber ofribs of a fetus according to an exemplary embodi-
ment of the present invention.

[0045] Referring to FIG. 7, in operation S710, the measur-
ing unit 220 performs preprocessing to enhance arib image in
the ROI. That is, in operation S710, the measuring unit 220
may enhance picture quality and/or definition of a 3D ultra-
sound image to clearly show a rib image included in the ROI
through the rib enhancement filtering process for segmenta-
tion of the ROI image. As an example, in operation S720, the
measuring unit 220 generates an enhanced image 420 that is
a 3D ultrasound image with enhanced picture quality and/or
definition, as a result of performing the preprocessing on the
ROI image 410, the preprocessing being the image enhance-
ment process using various schemes, such as a smoothing
scheme, a sharpening scheme, and the like.

[0046] Inoperation S720, the measuring unit 220 generates
a binary image by extracting an area having a brightness
greater than or equal to a reference value in the enhanced rib
image.

[0047] Inoperation S730, the measuring unit 220 classifies
discrete areas based on levels of areas in the binary images.
That is, in operation S730, the measuring unit 220 generates
the discrete area image 430 by classifying the discrete areas
from the binary image.

[0048] Inoperation S740, the measuring unit 220 connects
the classified discrete areas along a principle axis to generate
rib areas. That is, in operation S740, the measuring unit 220
generates arib area image 440 by linking discontinuous areas
of'the classified areas along the principle axis.

[0049] Inoperation S750, the measuring unit 220 measures
information about the number of ribs by counting a number of



US 2012/0046549 Al

the rib areas. As an example, in operation S750, the measur-
ing unit 220 measures the number of ribs by counting the rib
areas in the result image 450.

[0050] Referring back to FIG. 6, in operation 5630, the
display unit 230 displays information about the measured
number of ribs. As an example, in operation S630, the display
unit 230 displays the extracted rib area 510 and the number of
ribs 520 extracted from the 3D ultrasound image 300, as the
information about the measured number of ribs.

[0051] Accordingly, in the ultrasound system according to
an embodiment of the present invention, a method of measur-
ing a number of ribs may set a portion where the number of
ribs is measured in a 3D ultrasound image as an ROI, may
automatically measure the number of ribs in the set ROIL and
may display the measured number of ribs, thereby removing
the inconvenience of counting the number of ribs, which is
one of the important indexes, by hand. Therefore, the exem-
plary ultrasound system increases user convenience.

[0052] A method of measuring a number of ribs of a fetus
according to the above-described exemplary embodiments of
the present invention may be recorded in computer-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 instruc-
tions, data files, data structures, and the like. Examples of
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-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.

[0053] Although a few example embodiments have been
shown and described, it would be appreciated by those skilled
in the art that changes may be made in these example embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined in the claims and their
equivalents.

What is claimed is:
1. An ultrasound system for measuring a number ribs of a
fetus, the ultrasound system comprising:
a setting unit configured to set, by a user, a portion where
the number of ribs is measured as a region of interest
(ROI) in an ultrasound image;
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a measuring unit configured to measure the number of ribs

in the set ROI using an auto rib extracting algorithm; and

a display unit configured to display the measured number

of ribs.

2. The ultrasound system of claim 1, wherein the auto rib
extracting algorithm enhances a rib image in the RO, gener-
ates a binary image by extracting an area having a brightness
greater than or equal to a reference value from the enhanced
rib image, classifies discrete areas from the binary image,
connects the classified discrete areas along a principle axis to
generate rib areas, and counts a number of the rib areas to
measure the number of ribs.

3. The ultrasound system of claim 2, wherein the measur-
ing unit enhances the rib image by enhancing a picture quality
or a definition of the rib image through a rib enhancement
filtering process for segmentation of a ROI image.

4. The ultrasound system of claim 1, wherein the display
unit is configured to display the measured rib area and the
number of ribs.

5. A method for measuring a number of ribs in an ultra-
sound system including a setting unit, a measuring unit, and a
display unit, the method comprising:

setting, by a user, a ROI to measure, through the setting

unit, the number of ribs in an ultrasound area;
measuring, by the measuring unit, the number of ribs in the
ROI, based on an auto rib extracting algorithm; and
displaying, by the display unit, information about the mea-
sured number of ribs.
6. The method of claim 5, wherein the measuring com-
prises:
enhancing, by the measuring unit, a rib image in the ROI;
generating, by the measuring unit, a binary image by
extracting an area having a brightness greater than or
equal to a reference value from the enhanced rib image;

classifying, by the measuring unit, discrete areas from the
binary image based on a level of an area;

connecting, by the measuring unit, the classified discrete

areas along a principle axis to generate rib areas; and
counting, by the measuring unit, a number of the rib areas
to measure the information about the number of ribs.

7. The method of claim 6, wherein the enhancing com-
prises:

enhancing, by the measuring unit, a picture quality or a

definition of the rib image through a rib enhancement
filtering process for segmentation of an ROI image.

8. The method of claim 5, wherein the displaying com-
prises:

displaying, by the display unit, the measured rib area and

the information about the number of ribs.

9. A computer readable recoding medium configured to
store a program for implementing the method of claim 5.
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