US 20120101382A1

12) Patent Application Publication (o) Pub. No.: US 2012/0101382 Al

a9y United States

KIM et al,

(43) Pub. Date: Apr. 26, 2012

(54) ULTRASOUND SYSTEM FOR ADJUSTING
ULTRASONIC BEAM DIRECTION AND
METHOD FOR OPERATING ULTRASOUND
SYSTEM

(75) Inventors: Jeong-Sik KIM, Icheon-si (KR);

Song-Yi Han, Seoul (KR)

(73) Assignee: SAMSUNG MEDISON CO.,
LTD.
(21) Appl.No:  13/092,392

(22) Filed: Apr. 22,2011
(30) Foreign Application Priority Data
Oct. 20,2010 (KR) corvcevrvcrenecenncneen 10-2010-0102649

Publication Classification

(51) Int.Cl

AGIB 8/14 (2006.01)
L2 T VI o) R 600/443
(57) ABSTRACT

Provided are an ultrasound system and a method for operating
the ultrasound system, which may calculate a direction of an
ultrasonic beam in real time and may adjust the ultrasonic
beam based on the calculation result. The ultrasound system
may include a probe to emit an ultrasonic beam to an object,
aprocessor to measure a first reflection angle of the ultrasonic
beam at a predetermined point in the object, a mapping table
to map the measured first reflection angle to the predeter-
mined point and to record mapping data, and a controller to
determine an emission angle of the ultrasonic beam to the
predetermined point based on the first reflection angle
recorded in the mapping table, and to control the probe to emit
the ultrasonic beam at the determined emission angle.
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ULTRASOUND SYSTEM FOR ADJUSTING
ULTRASONIC BEAM DIRECTION AND
METHOD FOR OPERATING ULTRASOUND
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0102649, filed on Oct. 20, 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 an ultrasound sys-

tem and a method for operating the ultrasound system, which
may calculate a direction of an ultrasonic beam in real time
and may adjust the ultrasonic beam based on a result of the
calculation.

[0004] 2. Description of the Related Art

[0005] An ultrasound system is an apparatus for transmit-
ting, from the surface of a body, an ultrasound wave signal
toward a predetermined structure, that is, an object such as a
fetus or an internal organ, inside the body, and for visualizing
a cross section of soft tissues or a blood flow using informa-
tion of an ultrasound wave echo signal reflected from the
tissues of the body.

[0006] This ultrasound system has advantages of a small
size, a low cost, a real-time display, and a high stability
without exposing patients and users to X-ray radiation and
thus, the ultrasound system is widely used along with other
diagnostic imaging systems such as an X-ray diagnosis
equipment, a computerized tomography (CT) scanner, amag-
netic resonance imaging (MRI) equipment, a nuclear medi-
cine diagnosis equipment, and the like.

[0007] Theultrasound system transmits an ultrasonic beam
toward a predetermined region in the body, and obtains and
outputs an image using an ultrasonic echo signal reflected
from the tissues of the body. When an angle of the ultrasonic
echo signal reflected from the tissues of the body is a right
angle, the obtained image is clearer. Currently, however, the
ultrasound system does not apply a direction of the ultrasonic
beam to obtain an image.

SUMMARY

[0008] An aspect of the present invention provides an ultra-
sound system and a method for operating the ultrasound
system, which may emit, to an object in a body, an ultrasonic
beam using a probe, may sense an ultrasonic echo signal
reflected from the object, may measure a reflection angle of
the ultrasonic beam in real time, and may adjust an emission
angle of the ultrasonic beam based on the reflection angle.

[0009] Another aspect of the present invention provides an
ultrasound system and a method for operating the ultrasound
system, which may calculate and display an emission angle
between a virtual line of an ultrasonic echo signal reflected
from an object at a right angle and a contour line of an output
display, thereby improving an image resolution of the object.
[0010] Still another aspect of the present invention provides
an ultrasound system and a method for operating the ultra-
sound system, which may emit, to an object, an ultrasonic
beam for each line, may arrange reflection angles of the
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ultrasonic beam in a table, and may update an angle of the
ultrasonic beam, thereby optimizing the ultrasonic beam
emission.

[0011] Yet another aspect of the present invention provides
an ultrasound system and a method for operating the ultra-
sound system, which may emit, to an object, an ultrasonic
beam of a predetermined intensity among various intensities,
and may arrange reflection angles of an ultrasonic echo signal
larger than a predetermined amount in a table, thereby
improving accuracy of table values.

[0012] According to an aspect of the present invention,
there is provided an ultrasound system including a probe to
emit an ultrasonic beam to an object, a processor to measure
a first reflection angle of the ultrasonic beam at a predeter-
mined point in the object, a mapping table to map the mea-
sured first reflection angle to the predetermined point and to
record mapping data, and a controller to determine an emis-
sion angle of the ultrasonic beam to the predetermined point
based on the first reflection angle recorded in the mapping
table, and to control the probe to emit the ultrasonic beam at
the determined emission angle.

[0013] According to another aspect of the present inven-
tion, there is provided a method for operating an ultrasonic
system including emitting an ultrasonic beam to an object by
a probe, measuring a first reflection angle of the ultrasonic
beam at a predetermined point in the object by a processor,
mapping the measured first reflection angle to the predeter-
mined point and recording mapping data by a mapping table,
and determining an emission angle of the ultrasonic beam to
the predetermined point based on the first reflection angle
recorded in the mapping table and controlling the probe to
emit the ultrasonic beam at the determined emission angle, by
a controller.

EFFECT OF THE INVENTION

[0014] According to an aspect of the present invention,
provided are an ultrasound system and a method for operating
the ultrasound system, which may emit, to an object in abody,
an ultrasonic beam using a probe, may sense an ultrasonic
echo signal reflected from the object, may measure a reflec-
tion angle of the ultrasonic beam in real time, and may adjust
an emission angle of the ultrasonic beam based on the reflec-
tion angle, thereby improving resolution of an ultrasound
image.

[0015] According to another aspect of the present inven-
tion, provided are an ultrasound system and a method for
operating the ultrasound system, which may calculate and
display an emission angle between a virtual line of an ultra-
sonic echo signal reflected from an object in a body at a right
angle and a contour line of a display outputting an ultrasound
image, thereby obtaining information for improving an image
resolution of the object.

[0016] According to still another aspect of the present
invention, provided are an ultrasound system and a method
for operating the ultrasound system, which may emit, to an
object, an ultrasonic beam for each line, may arrange reflec-
tion angles of the ultrasonic beam in a table, and may update
an emission angle of the ultrasonic beam to optimize the
ultrasonic beam emission, thereby improving resolution of an
ultrasound image.

[0017] According to yet another aspect of the present
invention, provided are an ultrasound system and a method
for operating the ultrasound system, which may emit, to an
object, an ultrasonic beam of a predetermined intensity
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among various intensities, and may arrange reflection angles
of an ultrasonic echo signal larger than a predetermined
amount in a table to improve accuracy of table values, thereby
optimizing the ultrasonic beam emission by enhancing the
accuracy of the table values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Theseand/or otheraspects, 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.11is a view illustrating an example of irradiat-
ing an ultrasonic beam to an object according to an embodi-
ment of the present invention;

[0020] FIG. 2 is a block diagram illustrating an internal
structure of an ultrasound system according to an embodi-
ment of the present invention; and

[0021] FIG. 3 is a flowchart illustrating a method for oper-
ating the ultrasound system of FIG. 2.

DETAILED DESCRIPTION

[0022] 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.

[0023] FIG. 1 is a view illustrating an example of irradiat-
ing an ultrasonic beam to an object according to an embodi-
ment of the present invention.

[0024] Theultrasound system may emit an ultrasonic beam
to an object, and may receive an ultrasonic echo signal
reflected from the surface of the object at a right angle. The
ultrasound system may emit an ultrasonic beam onto an
object having a curved surface along the line, and may receive
the ultrasonic echo signal reflected from the surface of the
object at a right angle.

[0025] The ultrasound system may calculate an emission
angle between a virtual line of the ultrasonic echo signal
reflected from the object and a contour line. The ultrasound
system may calculate an emission angle between a virtual line
of the received ultrasonic echo signal reflected from the
object and an arc-shaped contour line of an ultrasound image.
[0026] The ultrasound system may store, in a mapping
table, reflection angles corresponding to reflections of the
ultrasonic echo signal from the object. The ultrasound system
may store, in a mapping table, reflection angles of the ultra-
sonic beam reflected from the object corresponding to the
ultrasonic echo signal projected from each point of a probe.
[0027] The ultrasound system may adjust the emission
angle of the ultrasonic beam based on the mapping table, and
may project the ultrasonic beam. The ultrasound system may
adjust the emission angle of the ultrasonic beam by referring
to the mapping table storing the reflection angles of the ultra-
sonic echo signal reflected from the object at aright angle, and
may project the ultrasonic beam to the object.

[0028] FIG. 2 is a block diagram illustrating an internal
structure of an ultrasound system 200 according to an
embodiment of the present invention.

[0029] Theultrasound system 200 according to an embodi-
ment of the present invention may include a probe 210, a
processor 220, a mapping table 230, and a controller 240.
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[0030] The probe 210 may emit an ultrasonic beam to an
object in response to an emission command of an operator
using an interface. The probe 210 may emit an ultrasonic
beam to an object, and may receive the ultrasonic beam
reflected from the object. The probe 210 may transmit infor-
mation about an emission angle and a received angle of the
ultrasonic beam to the processor 220.

[0031] The processor 220 may measure a reflection angle
of the ultrasonic beam at a predetermined point in the object
based on information about the emission angle and the
received angle of the ultrasonic beam. The processor 220 may
provide the mapping table 230 with information about the
predetermined point where the reflection angle was measured
and information about the reflection angle measured at the
predetermined point.

[0032] The mapping table 230 may map the measured
reflection angle to the predetermined point and may record
mapping data. When the probe 210 emits the ultrasonic beam
to the object for each line and the processor 220 measures a
reflection angle at a line point based on information about the
emission angle of the ultrasonic beam, the mapping table 230
may arrange the reflection angles of the ultrasonic beam
measured for each line in a table.

[0033] Also, when the probe 210 emits a predetermined
intensity of the ultrasonic beam onto the object and the pro-
cessor 220 measures reflection angles of the ultrasonic echo
signal larger than a predetermined amount, the mapping table
230 may arrange the measured reflection angles of the ultra-
sonic echo signal in a table.

[0034] The controller 240 may determine an emission
angle of the ultrasonic beam to the predetermined point based
onthe reflection angle recorded in the mapping table 230. The
controller 240 may control the probe 210 to emit the ultra-
sonic beam at the determined emission angle.

[0035] The controller 240 may calculate an emission angle
between a virtual line of the ultrasonic echo signal reflected
from the object at a right angle and a contour line correspond-
ing to anarc-shaped display. The controller 240 may adjust an
emission angle so that a reflection angle of the ultrasonic
beam emitted to the predetermined point is a right angle.
[0036] The ultrasound system 200 may process the ultra-
sonic beam received in the probe 210 as a signal to generate a
high-resolution ultrasound image, and the ultrasonic beam
may be optimized through adjustment of the emission angle
by the controller 240.

[0037] FIG. 3 is a flowchart illustrating a method for oper-
ating the ultrasound system 200 of F1G. 2.

[0038] Themethod for operating the ultrasound system 200
according to an embodiment of the present invention may be
implemented by the ultrasound system 200 of FI1G. 2. Here-
inafter, the description of FIG. 3 is made with reference to
FIG. 2 for ease of description.

[0039] In operation 310, the ultrasound system 200 may
control the probe to emit an ultrasonic beam to an object in
response to an emission command of an operator using an
interface. The ultrasound system 200 may emit an ultrasonic
beam to an object through the probe, and may receive an
ultrasonic echo signal reflected from the object. The ultra-
sound system 200 may obtain information about an emission
angle and a received angle of the ultrasonic beam used to
measure a reflection angle of the ultrasonic beam.

[0040] In operation 320, the ultrasound system 200 may
measure a reflection angle of the ultrasonic beam at a prede-
termined point in the object based on information about the
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emission angle and the received angle of the ultrasonic beam.
The ultrasound system 200 may store, in the mapping table,
information about the point where the reflection angle of the
ultrasonic beam was measured and information about the
reflection angle of the ultrasonic beam measured at the point.
[0041] In operation 330, the ultrasound system 200 may
map the measured reflection angle to the point and may record
mapping data in the mapping table. When the ultrasound
system 200 emits the ultrasonic beam to the object for each
line through the probe, the ultrasound system 200 may mea-
sure a reflection angle at a line point based on information
about the emission angle of the ultrasonic beam. The uvltra-
sound system 200 may arrange the reflection angles of the
ultrasonic beam measured for each line in the mapping table.
[0042] Also, when the ultrasound system 200 emits a pre-
determined intensity of an ultrasonic beam to the object
through the probe, the ultrasound system 200 may measure
reflection angles of the ultrasonic echo signal larger than a
predetermined amount. The ultrasound system 200 may
arrange the measured reflection angles of the ultrasonic echo
signal in the mapping table.

[0043] In operation 340, the ultrasound system 200 may
determine an emission angle of the ultrasonic beam to the
point based on the reflection angle recorded in the mapping
table. The ultrasound system 200 may control the probe to
emit the ultrasonic beam at the determined emission angle.
[0044] The ultrasound system 200 may calculate an emis-
sion angle between a virtual line of the ultrasonic echo signal
reflected from the object at a right angle and a contour line
corresponding to an arc-shaped display. That is, the ultra-
sound system 200 may adjust an emission angle so that a
reflection angle of the ultrasonic beam emitted to the point is
a right angle.

[0045] In operation 350, the ultrasound system 200 may
perform signal processing of the ultrasonic echo signal
received in the probe to generate a high-resolution ultrasound
image, and the ultrasonic beam may be optimized through
adjustment of the emission angle by the controller.

[0046] 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
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.

[0047] 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-
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ments without departing from the principles and spirit of the
invention, the scope of which is defined by the claims and
their equivalents.

What is claimed is:

1. An ultrasound system for adjusting an ultrasonic beam
direction, the system comprising:

a probe to emit an ultrasonic beam to an object;

a processor to measure a first reflection angle of the ultra-

sonic beam at a predetermined point in the object;

a mapping table to map the measured first reflection angle
to the predetermined point and to record mapping data;
and

a controller to determine an emission angle of the ultra-
sonic beam to the predetermined point based on the first
reflection angle recorded in the mapping table, and to
control the probe to emit the ultrasonic beam at the
determined emission angle.

2. The system of claim 1, wherein the controller adjusts the
emission angle by the controller so that a second reflection
angle of the ultrasonic beam emitted to the predetermined
point is a right angle.

3. The system of claim 2, wherein the mapping table
updates and records the first reflection angle based on the
adjusted emission angle.

4. The system of claim 1, wherein the controller calculates
the emission angle between a virtual line of the ultrasonic
beam reflected from the object at a right angle and a contour
line, the emission angle having the same angle as the ultra-
sonic beam outputted from the probe.

5. The system of claim 1, wherein the probe emits the
ultrasonic beam to the object for each line, and

the mapping table arranges the first reflection angles of an
ultrasonic echo signal measured for each line in a table.

6. The system of claim 5, wherein the probe emits the
object with a predetermined intensity of an ultrasonic beam,
and

the mapping table arranges the first reflection angles of the
ultrasonic echo signal larger than a predetermined
amount in a table.

7. A method for operating an ultrasonic system for adjust-

ing an ultrasonic beam direction, the method comprising:
emitting an ultrasonic beam to an object by a probe;
measuring a first reflection angle of the ultrasonic beam at
a predetermined point in the object by a processor;
mapping the measured first reflection angle to the prede-
termined point, and recording mapping data, by a map-
ping table; and

determining an emission angle of the ultrasonic beam to
the predeteimined point based on the first reflection
angle recorded in the mapping table, and controlling the
probe to emit the ultrasonic beam at the determined
emission angle, by a controller.

8. The method of claim 7, further comprising:

adjusting, by the controller, the emission angle by the con-
trol so that a second reflection angle of the ultrasonic
beam emitted to the predetermined point is a right angle.

9. The method of claim 8, further comprising:

updating and recording the first reflection angle based on
the adjusted emission angle by the mapping table.

10. The method of claim 7, further comprising:

calculating the emission angle between a virtual line of an
ultrasonic echo signal reflected from the object at a right
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angle and a contour line by the controller, the emission
angle having the same angle as the ultrasonic beam
outputted from the probe.

11. The method of claim 7, further comprising:

emitting the ultrasonic beam to the object for each line by
the probe; and

arranging the first reflection angles of an ultrasonic echo
signal measured for each line in a table by the mapping
table.
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12. The method of claim 11, further comprising:

emitting a predetermined intensity of an ultrasonic beam to
the object, by the probe; and

arranging the first reflection angles of the ultrasonic beam
larger than a predetermined amount in a table, by the
mapping table.
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