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(57) ABSTRACT

Disclosed are a three dimensional (3D) ultrasound system
and a method of operation of the 3D ultrasound system pro-
viding a reflection angle of an ultrasonic wave beam. As an
example, the ultrasound system may include a probe to sense
an ultrasonic wave beam radiated to an object and reflected
from the object, and to form a scan region with respect to the
object, a reflection angle calculation unit to calculate a reflec-
tion angle formed by a reflection of the ultrasonic wave beam
at each spot in the scan region, and to store the calculated
reflection angle in a table, and a reflection angle display unit
to display, based on the table, the reflection angle at a first spot
where a point is designated, by interpolating using a point
designation order with respect to the scan region.
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3D ULTRASOUND SYSTEM FOR PROVIDING
BEAM DIRECTION AND METHOD OF
OPERATING 3D ULTRASOUND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0081995, filed on Aug. 24,2010, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

[0002] 1. Field of the Invention

[0003] The present invention relates to a three dimensional
(3D) ultrasound system for providing a direction of an ultra-
sonic wave beam radiated to an object in a body and reflected,
and a method of operating the 3D ultrasound system.

[0004] 2. Description of the Related Art

[0005] An ultrasound system may correspond to an appa-
ratus for transferring an ultrasonic signal from a surface of a
body to a predetermined portion in the body, that is, an object
such as a fetus or an organ, and obtaining an image about a
defect of a soft tissue or a bloodstream using information of
the ultrasonic signal reflected from a tissue in the body.
[0006] Since the ultrasound system is small in size, low in
price, capable of displaying an image in real time, and oper-
ates without exposing subjects to an X-ray, and the like, the
ultrasound system is widely used with other image diagnostic
devices such as an X-ray diagnostic device, a computerized
tomography (CT) scanner, a magnetic resonance image
(MRI) device, a nuclear medicine diagnostic device, and the
like.

[0007] An image diagnostic device of the ultrasound sys-
tem may derive an image of the tissue in the body, using the
ultrasonic signal. However, since an incidence angle and a
reflection angle of the ultrasonic signal with respect to the
tissue in the body may not be displayed, the image of the
tissue in the body may be examined based on an experience of
a tenotomist.

SUMMARY

[0008] An aspect of the present invention provides a three
dimensional (3D) ultrasound system and a method of operat-
ing the 3D ultrasound system, the 3D ultrasound system
displaying a reflection angle formed by a reflection of an
ultrasonic wave beam in a region where an object in a body is
scanned.

[0009] Another aspect of the present invention also pro-
vides a3D ultrasound system and a to method of operating the
3D ultrasound system, the 3D ultrasound system displaying a
reflection angle formed by a reflection of an ultrasonic wave
beam with respect to a spot where a point is designated, in a
scan region.

[0010] Still another aspect of the present invention also
provides a 3D ultrasound system and a method of operating
the 3D ultrasound system, the 3D ultrasound system display-
ing a reflection angle of an ultrasonic wave beam having a
relatively large beam magnitude among ultrasonic wave
beams sensed with respect to a predetermined spot in a scan
region.

[0011] A further aspect of the present invention also pro-
vides a 3D ultrasound system and a method of operating the
3D ultrasound system, the 3D ultrasound system projecting a
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scan region onto a contour line region, and displaying a
reflection angle based on a virtual contour line configuring
the contour line region.

[0012] According to an aspect of the present invention,
there is provided a 3D ultrasound system, including a probe to
sense an ultrasonic wave beam radiated to an object and
reflected from the object, and to form a scan region with
respect to the object, a reflection angle calculation unit to
calculate a reflection angle formed by a reflection of the
ultrasonic wave beam at each spot in the scan region, and to
store the calculated reflection angle in a table, and a reflection
angle display unit to display, based on the table, the reflection
angle at a first spot where a point is designated, by interpo-
lating using a point designation order with respect to the scan
region.

[0013] According to another aspect of the present inven-
tion, there is provided a method of operating a 3D ultrasound
system, the method including sensing an ultrasonic wave
beam radiated to an object and reflected from the object, and
forming a scan region with respect to the object, calculating a
reflection angle formed by a reflection of the ultrasonic wave
beam at each spot in the scan region, and storing the calcu-
lated reflection angle in a table, and displaying, based on the
table, the reflection angle at a first spot where a point is
designated, by interpolating using a point designation order
with respect to the scan region.

[0014] According to an embodiment, a reflection angle
formed by a reflection of an ultrasonic wave beam in a region,
on which an object in a body is scanned, may be displayed to
be used as a criterion for determining an availability with
respect to the scan region.

[0015] According to an embodiment, a reflection angle
formed by a reflection of an ultrasonic wave beam with
respect to a spot, on which a point is designated, in a scan
region may be displayed to be used as a criterion for deter-
mining an availability with respect to an object image.
[0016] According to an embodiment, a reflection angle of
an ultrasonic wave beam having a relatively large beam mag-
nitude among ultrasonic wave beams sensed with respect to a
predetermined spot in a scan region may be displayed to
enhance a data reliability of the reflection angle with respect
to the predetermined spot included in the scan region.
[0017] According to an embodiment, a scan region may be
projected onto a contour line region, and a reflection angle
may be displayed based on a virtual contour line configuring
the contour line region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Theseand/or other aspects, features, and advantages
of the invention will become apparent and more readily
appreciated from the following description of exemplary
embodiments, taken in conjunction with the accompanying
drawings of which:

[0019] FIG. 1 is a diagram illustrating that an ultrasound
system radiates an ultrasonic wave beam to a rectangular
object, and displays a reflection angle of a reflected ultrasonic
wave beam on a plane-shaped scan region and on a fan-
shaped contour line region, according to an embodiment of
the present invention;

[0020] FIG. 2 is a diagram illustrating that an ultrasound
system radiates an ultrasonic wave beam to an object in a
body, and displays a reflection angle of a reflected ultrasonic
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wave beam on a plane-shaped scan region and on a fan-
shaped contour line region, according to an embodiment of
the present invention;

[0021] FIG. 3 is a block diagram illustrating an internal
configuration of an ultrasound system according to an
embodiment of the present invention; and

[0022] FIG. 4 is a flowchart illustrating a method of oper-
ating an ultrasound system according to an embodiment of
the present invention.

DETAILED DESCRIPTION

[0023] Reference will now be made in detail to exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. Exem-
plary embodiments are described below to explain the present
invention by referring to the figures.

[0024] A direction of a beam will be described with refer-
ence to FIG. 1 and FIG. 2 illustrating an exemplary example
of a reflection angle with respect to an ultrasonic wave beam
reflected when an ultrasound system radiates the ultrasonic
wave beam on an object or a human body.

[0025] FIG. 1 is a diagram illustrating that an ultrasound
system radiates an ultrasonic wave beam to a rectangular
object, and displays a reflection angle of a reflected ultrasonic
wave beam on a plane-shaped scan region and on a fan-
shaped contour line region, according to an embodiment of
the present invention.

[0026] When the ultrasound system radiates the ultrasonic
wave beam to the rectangular object, the ultrasonic wave
beam may be reflected from the rectangular object to be
sensed by a probe. The ultrasonic wave beam sensed by the
probe may correspond to a beam reflected from the rectangu-
lar object at a right angle. With the ultrasonic wave beam, the
ultrasound system may form a scan region with respect to the
rectangular object.

[0027] The ultrasound system may project and display a
plane-shaped scan region onto a fan-shaped contour line
region. The ultrasound system may calculate an angle formed
by a reflection of the ultrasonic wave beam with respect to the
rectangular object in the contour line region, and may store
the reflection angle with respect to the scan region in a table.
The ultrasound system may store, in the table, a right angle
calculated as the reflection angle with respect to the rectan-
gular object.

[0028] The ultrasound system may display, based on the
table, the reflection angle at a spot designated as a point with
respect to a point designation order inputted from an interface
terminal.

[0029] FIG. 2 is a diagram illustrating that an ultrasound
system radiates an ultrasonic wave beam to an object in a
body, and displays a reflection angle of a reflected ultrasonic
wave beam on a plane-shaped scan region and on a fan-
shaped contour line region, according to an embodiment of
the present invention.

[0030] When the ultrasound system radiates the ultrasonic
wave beam to the object in the body through a probe, the
ultrasonic wave beam may be reflected from the object to be
sensed by the probe. The ultrasonic wave beam sensed by the
probe may correspond to a beam reflected from the object at
aright angle. Using the ultrasonic wave beam, the ultrasound
system may form a scan region with respect to the object in
the body.

[0031] The ultrasound system may project and display a
plane-shaped scan region onto a fan-shaped contour line
region. The ultrasound system may calculate an angle formed
by a reflection of the ultrasonic wave beam with respect to the
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object in the body in the contour line region, and may store the
reflection angle with respect to the scan region in a table. The
ultrasound system may store, in the table, a predetermined
angle calculated as the reflection angle with respect to the
object in the body.

[0032] The ultrasound system may display, based on the
table, the reflection angle at a spot designated as a point with
respect to a point designation order inputted from an interface
terminal.

[0033] An internal configuration of the ultrasound system
calculating and displaying the reflection angle will be
described below.

[0034] FIG. 3 is a block diagram illustrating an internal
configuration of an ultrasound system 300 according to an
embodiment of the present invention.

[0035] Referring to FIG. 3, the ultrasound system 300
according to an embodiment of the present invention may
include a probe 310, a reflection angle calculation unit 320, a
reflection angle display unit 350, a contour line projection
unit 330, and an availability determining unit 340.

[0036] The probe 310 may radiate an ultrasonic wave beam
to an objectin a body, and may sense an ultrasonic wave beam
reflected from the object to form a scan region with respect to
the object. The probe 310 may transfer data with respect to the
formed scan region to the reflection angle calculation unit
320.

[0037] The reflection angle calculation unit 320 may cal-
culate, with reference to the data with respect to the scan
region, the reflection angle formed by the reflection of the
ultrasonic wave beam at each spot in the scan region, and may
store the calculated reflection angle in a table. In this instance,
the reflection angle calculation unit 320 may calculate, with
respect to a predetermined spot in the scan region, the reflec-
tion angle of an ultrasonic wave beam having a relatively
large beam magnitude among ultrasonic wave beams sensed
by the probe 310.

[0038] The contour line projection unit 330 may convert
data by projecting the scan region onto a contour line region.
The contour line projection unit 330 may convert data by
projecting the data in the scan region onto a fan-shaped con-
tour line region.

[0039] The reflection angle calculation unit 320 may cal-
culate the reflection angle based on a virtual contour line via
a spot where a point is designated, among virtual contour
lines configuring the contour line region. The reflection angle
calculation unit 320 may calculate the reflection angle
between a tangent line of the virtual contour line correspond-
ing to a focal point of the sensed ultrasonic wave beam and an
extension line of a focal point of the sensed ultrasonic wave
beam.

[0040] The reflection angle display unit 350 may display a
beam image with respect to the ultrasonic wave beam having
the reflection angle as an included angle, based on a virtual
contour line via the spot where the point is designated, among
virtual contour lines configuring the contour line region.

[0041] The reflection angle display unit 350 may display,
based on the table formed by the reflection angle calculation
unit 320, the reflection angle at the spot where the point is
designated, by interpolating using a point designation order
with respect to the contour line region where the scan region
is projected.

[0042] The availability determining unit 340 may deter-
mine an availability with respect to data of the scan region
based on the reflection angle with respect to the spot where
the point is designated, based on data in a gestational age table
associated with the object. The availability determining unit
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340 may eliminate data of the scan region which differs from
a predetermined reflection angle, based on the data in the
gestational age table.

[0043] FIG. 4 is a flowchart illustrating a method of oper-
ating an ultrasound system according to an embodiment of
the present invention.

[0044] The method of operating the ultrasound system
according to an embodiment of the present invention may be
implemented by the ultrasound system 300 illustrated in FIG.
3. Hereinafter, descriptions with reference to FIG. 4 may refer
to the above descriptions of FIG. 3.

[0045] Inoperation 410, the ultrasound system may radiate
an ultrasonic wave beam to an object in a body, and may sense
an ultrasonic wave beam reflected from the object to form a
scan region with respect to the object.

[0046] The ultrasound system may calculate, with refer-
ence to data with respect to the scan region, the reflection
angle formed by the reflection of the ultrasonic wave beam at
each spot in the scan region, and may store the calculated
reflection angle in a table. In this instance, the ultrasound
system may calculate, with respect to a predetermined spot in
the scan region, the reflection angle of an ultrasonic wave
beam having a relatively large beam magnitude among ultra-
sonic wave beams sensed by a probe.

[0047] Inoperation420,the ultrasound system may convert
data by projecting the scan region onto a contour line region.
The ultrasound system may convert data by projecting the
data in the scan region onto a fan-shaped contour line region.
[0048] In operation 430, the ultrasound system may calcu-
late the reflection angle based on a virtual contour line via a
spot where a point is designated, among virtual contour lines
configuring the contour line region. The ultrasound system
may calculate the reflection angle between a tangent line of
the virtual contour line corresponding to a focal point of the
sensed ultrasonic wave beam and an extension line of a focal
point of the sensed ultrasonic wave beam.

[0049] Inoperation 440, the ultrasound system may display
a beam image with respect to the ultrasonic wave beam hav-
ing the reflection angle as an included angle, based on a
virtual contour line via the spot where the point is designated,
among virtual contour lines configuring the contour line
region.

[0050] In operation 450, the ultrasound system may dis-
play, based on the table, the reflection angle at the spot where
the point is designated, by interpolating using a point desig-
nation order with respect to the contour line region where the
scan region is projected.

[0051] The ultrasound system may determine an availabil-
ity with respect to data of the scan region based on the reflec-
tion angle with respect to the spot where the point is desig-
nated, based on data in a gestational age table associated with
the object. The ultrasound system may eliminate data of the
scan region which differs from a predetermined reflection
angle, based on the data in the gestational age table.

[0052] The above-described exemplary embodiments of
the present invention may be recorded in non-transitory com-
puter-readable media including program instructions to
implement various operations embodied by a computer. The
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
Examples of non-transitory computer-readable media
include magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD ROM disks and
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
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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.

[0053] Although a few exemplary embodiments of the
present invention have been shown and described, the present
invention is not limited to the described exemplary embodi-
ments. Instead, it would be appreciated by those skilled in the
art that changes may be made to these exemplary embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined by the claims and
their equivalents.

What is claimed is:

1. A three dimensional (3D) ultrasound system, compris-

ing:

a probe to sense an ultrasonic wave beam radiated to an
object and reflected from the object, and to form a scan
region with respect to the object;

a reflection angle calculation unit to calculate a reflection
angle formed by a reflection of the ultrasonic wave beam
at each spot in the scan region, and to store the calculated
reflection angle in a table; and

areflection angle display unit to display, based on the table,
the reflection angle at a first spot where a point is desig-
nated, by interpolating using a point designation order
with respect to the scan region.

2.The 3D ultrasound system of claim 1, wherein the reflec-

tion angle calculation unit calculates, with respect to a pre-
determined spot in the scan region, the reflection angle of the
ultrasonic wave beam having a relatively large beam magni-
tude among ultrasonic wave beams sensed by the probe.

3. The 3D ultrasound system of claim 1, further compris-

ing:

a contour line projection unit to convert data by projecting
the scan region onto a contour line region,

wherein the reflection angle calculation unit calculates the
reflection angle based on a virtual contour line via the
first spot, among virtual contour lines configuring the
contour line region.

4. The 3D ultrasound system of claim 1, further compris-

ing:

a contour line projection unit to convert data by projecting
the scan region onto a contour line region,

wherein the reflection angle display unit displays a beam
image with respect to the ultrasonic wave beam having
the reflection angle as an included angle, based on a
virtual contour line via the first spot, among virtual
contour lines configuring the contour line region.

5. The 3D ultrasound system of claim 1, further compris-

ing:

an availability determining unit to determine an availabil-
ity of the scan region according to the reflection angle
with respect to the first spot, based on a gestational age
table associated with the object.

6. A method of operating a three dimensional (3D) ultra-

sound system, the method comprising:

sensing an ultrasonic wave beam radiated to an object and
reflected from the object, and forming a scan region with
respect to the object;

calculating a reflection angle formed by a reflection of the
ultrasonic wave beam at each spot in the scan region, and
storing the calculated reflection angle in a table; and
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displaying, based on the table, the reflection angle at a first
spot where a point is designated, by interpolating using
apoint designation order with respect to the scan region.
7. The method of claim 6, wherein the calculating com-
prises calculating, with respect to a predetermined spot in the
scan region, the reflection angle of the ultrasonic wave beam
having a relatively large beam magnitude among ultrasonic
wave beams sensed by the probe.
8. The method of claim 6, further comprising:
converting data by projecting the scan region onto a con-
tour line region,
wherein the calculating comprises calculating the reflec-
tion angle based on a virtual contour line via the first
spot, among virtual contour lines configuring the con-
tour line region.
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9. The method of claim 6, further comprising:

converting data by projecting the scan region onto a con-
tour line region,

wherein the displaying comprises displaying a beam image
with respect to the ultrasonic wave beam having the
reflection angle as an included angle, based on a virtual
contour line via the first spot, among virtual contour
lines configuring the contour line region.

10. The method of claim 6, further comprising:

determining an availability of the scan region according to
the reflection angle with respect to the first spot, based
on a gestational age table associated with the object.

Ed sk sk ES Ed



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

L%
S EREESE

BEG®)

NFT—FM=4% (3D ) BERSMIDBEERENRIES L HRHUES
BRORGE A, ARG, BERSGAAEE RN , ATRUES

B MR NERSTEEERR | 3 B RN T W ay 3 6 X8 R 54
AETEET , ATUHERERNRHAEEI EHEKEHHES UL

REEERR , HFITEHNRABEFHERET , URRFAES

TR, BETEZRE  EF - RKLETRHAE. BIEAXTABKX

B RUIEEIRF# I TREREER.

ATRHS RS AH3DEEREMEEDESEREN FE

US20120053462A1 ASIHUN=!
US13/092553 i H
ZEZEZKA o4

=EMEDISON CO. , LTD.

=EMEDISON CO. , LTD.

KIM SUNG YOON

KIM, SUNG YOON

A61B8/14

patsnap

2012-03-01

2011-04-22

A61B8/0858 A61B8/0866 A61B8/0875 A61B8/14 G01515/8993 A61B8/481 A61B8/52 G0157/52034

A61B8/461 A61B8/466

1020100081995 2010-08-24 KR

Espacenet USPTO

.



https://share-analytics.zhihuiya.com/view/d59456b0-a182-4ece-8a95-d79990582a53
https://worldwide.espacenet.com/patent/search/family/045047538/publication/US2012053462A1?q=US2012053462A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120053462%22.PGNR.&OS=DN/20120053462&RS=DN/20120053462

