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(57) ABSTRACT

Embodiments for providing at least one slice image with
additional information are disclosed. In one embodiment, by
way of non-limiting example, an ultrasound system com-
prises: an ultrasound data acquisition unit configured to
acquire ultrasound data of a living body; a user input unit

(21)  Appl. No.: 13/104,506 configured to receive input information for setting at least
_ three points on a three-dimensional ultrasound image from a
(22) Filed: May 10, 2011 user; and a processing unit being configured to form the
. L L. three-dimensional ultrasound image based on the volume
(30) Foreign Application Priority Data data, set the at least three points on the three-dimensional
ultrasound image based on the input information, set at least
May 13,2010 (KR) woocovrverseen 10-2010-0044770 one slice on the three-dimensional ultrasound image based on
L . . the at least three points and form at least one slice image
Publication Classification corresponding to the at least one slice and additional infor-
(51) Imt.CL mation corresponding to positions of the at least three points
AG6IB 8/14 (2006.01) based on the volume data and the input information.
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PROVIDING AT LEAST ONE SLICE IMAGE
WITH ADDITIONAL INFORMATION IN AN
ULTRASOUND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Korean
Patent Application No. 10-2010-0044770 filed on May 13,
2010, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ultra-
sound systems, and more particularly to providing at least one
slice image with additional information in an ultrasound sys-
tem.

BACKGROUND

[0003] An ultrasound system has become an important and
popular diagnostic tool since it has a wide range of applica-
tions. Specifically, due to its non-invasive and non-destructive
nature, the ultrasound system has been extensively used in the
medical profession. Modern high-performance ultrasound
systems and techniques are commonly used to produce two-
dimensional (2D) or three-dimensional (3D) ultrasound
images of internal features of an object (e.g., human organs).
[0004] The ultrasound system may provide the 3D ultra-
sound image including clinical information such as spatial
information and anatomical figures of the target object, which
cannot be provided by the 2D ultrasound image. The ultra-
sound system may transmit ultrasound signals into a target
object and receive ultrasound echo signals reflected from the
target object. The ultrasound system may further form vol-
ume data based on the ultrasound echo signals. The ultra-
sound system may further render the volume data to thereby
form the 3D ultrasound image.

[0005] However, to find a region of interest from the 3D
ultrasound image, a user may need to rotate or move the 3D
ultrasound image. Also, it may be difficult to provide at least
one slice image including a plurality of regions of interest
from the 3D ultrasound image.

SUMMARY

[0006] Embodiments for providing a plurality of slice
images in an ultrasound system are disclosed herein. In one
embodiment, by way of non-limiting example, an ultrasound
system comprises: an ultrasound data acquisition unit config-
ured to transmit and receive ultrasound signals to and from a
living body to output ultrasound data; a user input unit con-
figured to receive input information for setting at least three
points on a three-dimensional ultrasound image from a user;
and a processing unit in communication with the ultrasound
data acquisition unit and the user input unit, the processing
unit being configured to form volume data based on the ultra-
sound data, render the volume data to form the three-dimen-
sional ultrasound image, set the at least three points on the
three-dimensional ultrasound image based on the input infor-
mation, set at least one slice on the three-dimensional ultra-
sound image based on the at least three points and form at
least one slice image corresponding to the at least one slice
and additional information corresponding to positions of the
at least three points based on the volume data and the input
information.
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[0007] In another embodiment, there is provided a method
of providing slice images with additional information, com-
prising: a) transmitting and receiving ultrasound signals to
and from a living body to output ultrasound data; b) forming
volume data based on the ultrasound data; ¢) rendering the
volume data to form the three-dimensional ultrasound image;
d) receiving input information for setting at least three points
on the three-dimensional ultrasound image from a user; e)
setting the at least three points on the three-dimensional ultra-
sound image based on the input information; f) setting at least
one slice on the three-dimensional ultrasound image based on
the at least three points; and g) forming at least one slice
image corresponding to the at least one slice and additional
information corresponding to positions of the at least three
points.

[0008] Inyetanother embodiment, there is provided a com-
puter readable medium comprising computer executable
instructions configured to perform the following acts: a)
acquiring ultrasound data of aliving body; b) forming volume
data based on the ultrasound data; ¢) rendering the volume
data to form the three-dimensional ultrasound image; d)
receiving input information for setting at least three points on
the three-dimensional ultrasound image from a user; e) set-
ting the at least three points on the three-dimensional ultra-
sound image based on the input information; f) setting at least
one slice on the three-dimensional ultrasound image based on
the at least three points; and g) forming at least one slice
image corresponding to the at least one slice and additional
information corresponding to positions of the at least three
points.

[0009] The Summary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the Detailed Description. This Summary is not intended to
identify key or essential features of the claimed subject mat-
ter, nor is it intended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0011] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit.

[0012] FIG. 3 is a schematic diagram showing an example
of acquiring ultrasound data corresponding to a plurality of
frames.

[0013] FIG. 4is a flow chart showing a process of forming
at least one slice image based on at least three points set on a
3D ultrasound image.

[0014] FIG. 5is a schematic diagram showing an example
of volume data.
[0015] FIG. 6 is a schematic diagram showing an example

of points set on the 3D ultrasound image.

[0016] FIG. 7 is a schematic diagram showing an example
of'slices set on the 3D ultrasound image.

[0017] FIG. 8 is a schematic diagram showing an example
of additional information.

[0018] FIG. 9 is a schematic diagram showing an example
of the additional information.

DETAILED DESCRIPTION

[0019] A detailed description may be provided with refer-
ence to the accompanying drawings. One of ordinary skill in
the art may realize that the following description is illustrative
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only and is notin any way limiting. Other embodiments ofthe
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

[0020] Referring to FIG. 1, an ultrasound system 100 in
accordance with an illustrative embodiment is shown. As
depicted therein, the ultrasound system 100 may include an
ultrasound data acquisition unit 110. The ultrasound data
acquisition unit 110 may be configured to transmit and
receive ultrasound signals to and from a living body, and
output ultrasound data. The living body may include a plu-
rality of target objects (e.g., blood vessels, a heart, etc.).
[0021] FIG. 2 is a block diagram showing an illustrative
embodiment of the ultrasound data acquisition unit 110.
Referring to FIG. 2, the ultrasound data acquisition unit 110
may include an ultrasound probe 210, a transmit (Tx) signal
generating section 220, a beam former 230 and an ultrasound
data forming section 240.

[0022] The ultrasound probe 210 may include a plurality of
elements (not shown) for reciprocally converting between
ultrasound signals and electrical signals. The ultrasound
probe 210 may be configured to transmit ultrasound signals to
the living body. The ultrasound probe 210 may further receive
ultrasound signals (i.e., ultrasound echo signals) from the
living body and output the received signals. The received
signals may be analog signals. The ultrasound probe 210 may
include a three-dimensional (3D) mechanical probe or a two-
dimensional (2D) array probe. However, it should be noted
herein that the ultrasound probe 210 may not be limited
thereto.

[0023] The Tx signal generating section 220 may be con-
figured to control the transmission of the ultrasound signals.
The Tx signal generating section 220 may further generate
electrical signals (“Tx signals”) in consideration of the ele-
ments and focal points. Thus, the ultrasound probe 210 may
convert the Tx signals provided from the Tx signal generating
section 220 into the ultrasound signals, transmit the ultra-
sound signals to the living body and receive the ultrasound
echo signals from the living body to thereby output the
received signals.

[0024] Inoneembodiment, the Tx signal generating section
220 may generate Tx signals for obtaining a plurality of
frames F,(1=i=N) corresponding to a three-dimensional
(3D) ultrasound image at every predetermined time, as shown
in FIG. 3.

[0025] FIG. 3 is a schematic diagram showing an example
of acquiring ultrasound data corresponding to the plurality of
frames F,(1=i=N). The plurality of frames F,(1=i=N) may
represent sectional planes of the living body (not shown).
[0026] Referring back to FIG. 2, the beam former 230 may
be configured to convert the received signals provided from
the ultrasound probe 210 into digital signals. The beam
former 230 may further apply delays to the digital signals in
consideration of the elements and the focal points to output
digital receive-focused signals.

[0027] The ultrasound data forming section 240 may be
configured to form ultrasound data corresponding to the
frames F; (1=i=N) based on the digital receive-focused sig-
nals provided from the beam former 230. The ultrasound data
forming section 240 may further perform various signal pro-
cessing (e.g., gain adjustment) upon the digital receive-fo-
cused signals.

[0028] Referring back to FIG. 1, the ultrasound system 100
may further include a user input unit 120. The user input unit
120 may be configured to receive input information for set-
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ting at least three points on the three-dimensional (3D) ultra-
sound image. The user input unit 120 may include a control
panel, a mouse or a keyboard. However, it should be noted
herein that the user input unit 120 may not be limited thereto.

[0029] The ultrasound system 100 may further include a
processing unit 130 in communication with the ultrasound
data acquisition unit 110 and the user input unit 120. The
processing unit 130 may include a central processing unit, a
microprocessor or a graphic processing unit. However, it
should be noted herein that the processing unit 130 may not be
limited thereto.

[0030] FIG.4isaflow chart showing a process of providing
slice images with additional information. The processing unit
130 may be configured to synthesize the ultrasound data
corresponding to the plurality of frames F, (1=i=N) to form
volume data VD as shown in FIG. 5, at step S402 in FIG. 4.

[0031] FIG. 5is a schematic diagram showing an example
of the volume data VD. The volume data VD may include a
plurality of voxels (not shown) having brightness values. In
FIG. 5, reference numerals 521, 522 and 523 represent an A
plane, a B plane and a C plane, respectively. The A plane 521,
the B plane 522 and the C plane 523 may be mutually
orthogonal. Also, in FIG. 5, the axial direction may be a Tx
direction of the ultrasound signals, the lateral direction may
be a longitudinal direction of the elements, and the elevation
direction may be a swing direction of the elements, i.e., a
depth direction of the 3D ultrasound image.

[0032] The processing unit 130 may be configured to per-
form a rendering upon the volume data VD to form the 3D
ultrasound image Ul as shown in FIG. 6, at step S404 in FIG.
4. The 3D ultrasound image Ul may be displayed on a display
unit 150 in FIG. 1. Thus, the user may set the at least three
points on the 3D ultrasound image UI displayed on the dis-
play unit 150 by using the user input unit 120.

[0033] Theprocessing unit 130 may be configured to set the
at least three points on the 3D ultrasound image based on the
input information provided from the user input unit 120, at
step S406 in FIG. 4. In one embodiment, the processing unit
130 may set points P, to P, on corresponding positions of the
3D ultrasound image Ul as shown in FIG. 6, based on the
input information provided from the user input unit 120. In
FIG. 6, reference numerals 10, to 10, represent the target
objects within the living body.

[0034] The processing unit 130 may be configured to set at
least one slice based on the at least three points set on the 3D
ultrasound image, at step S408 in FIG. 4.

[0035] Inone embodiment, the processing unit 130 may set
point groups from the points P, to P, that are set on the 3D
ultrasound image Ul as shown in FIG. 6, wherein each of the
point groups includes three points. That is, The processing
unit 130 may set: a first point group including points P,, P,
and P, from the points P, to P,; a second point group includ-
ing points P,, P, and P, from the points P, to P,; a third point
group including points P,, P; and P, from the points P, to P;
and a fourth point group including points P,, P, and P, from
the points P, to P,. The processing unit 130 may further set: a
first slice S, passing through the points P,, P, and P; of the
first point group; a second slice S, passing through the points
P,,P,and P, ofthe second point group; a third slice S; passing
through the points P, P, and P, of the third point group; and
afourthslice S, passing through the points P,, P, and P, of the
fourth point group on the 3D ultrasound image Ul as shown in
FIG. 7.
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[0036] The processing unit 130 may be configured to form
at least one slice image corresponding to the at least one slice
in consideration of geometry information of the at least one
slice set on the 3D ultrasound image based on the volume data
VD, at step S410 in FIG. 4.

[0037] In one embodiment, the processing unit 130 may
form a first slice image SI; corresponding to the first slice S,
in consideration of geometry information of the first slice S,
based on the volume data VD, as shown in FIG. 8. The
processing unit 130 may further form a second slice image S1,
corresponding the second slice S, in consideration of geom-
etry information of the second slice S, based on the volume
data VD, as shown in FIG. 8. The processing unit 130 may
further form a third slice image S, corresponding to the third
slice S; in consideration of geometry information of the third
slice S; based on the volume data VD, as shown in FIG. 8. The
processing unit 130 may further form a fourth slice image SI,,
corresponding to the fourth slice S, in consideration of geom-
etry information of the fourth slice S, based on the volume
data VD, as shown in FIG. 8.

[0038] The processing unit 130 may be configured to form
additional information corresponding to positions of the at
least three points, at step S412 in FIG. 4.

[0039] In one embodiment, the processing unit 130 may
form the additional information representing the at least three
points on the at least one slice image corresponding to the at
least one slice. For example, the processing unit 130 may
form first additional information 821, 822 and 823 represent-
ing the points P,, P, and P, on the first slice image SI,, second
additional information 821, 822 and 824 representing the
points P, P, and P, on the second slice image SI,, third
additional information 821, 823, and 824 representing the
points P,, P, and P, on the third slice image SI;, and fourth
additional information 822, 823 and 824 representing the
points P,, P; and P, on the fourth slice image SL,, based on the
input information provided from the user input unit 120 and
the geometry information of the first to fourth slices S, to S,,.
[0040] In another embodiment, the processing unit 130
may detect a center of the 3D ultrasound image, measure
distances between the center and each of the at least three
points, and form the additional information representing the
distances between the center and each of the at least three
points. For example, the processing unit 130 may detect the
center 910 of the 3D ultrasound image U1, as shown in FIG. 9.
The processing unit 130 may further measure a first distance
between the center 910 and the point P, a second distance
between the center 910 and the point P,, a third distance
between the center 910 and the point P, and a fourth distance
between the center 910 and the point P,. The processing unit
130 may further form first additional information 921 repre-
senting the first distance, second additional information 922
representing the second distance, third additional information
923 representing the third distance, and fourth additional
information 924 representing the fourth distance. The first to
fourth additional information 921 to 924 may be represented
as at least one of a symbol, a color, a text, a numerical value,
a brightness of the color, a diagram and the like.

[0041] Referring back to FIG. 1, the ultrasound system 100
may further include a storage unit 140. The storage unit 140
may store the ultrasound data acquired by the ultrasound data
acquisition unit 110. The storage unit 140 may further store
the volume data formed by the processing unit 130. The
storage unit 140 may further store the input information
received from the user input unit 120.
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[0042] The ultrasound system 100 may further include the
display unit 150. The display unit 150 may display the 3D
ultrasound image formed by the processing unit 130. The
display unit 150 may further display the at least one slice
image and the additional information formed by the process-
ing unit 130. The display unit 150 may include a cathode ray
tube, a liquid crystal display, an organic light emitting diode
and the like.

[0043] In another embodiment, the present invention may
provide a computer readable medium comprising computer
executable instructions configured to perform the following
acts: a) acquiring ultrasound data of a living body; b) forming
volume data based on the ultrasound data; ¢) rendering the
volume data to form the three-dimensional ultrasound image;
d) receiving input information for setting at least three points
on the three-dimensional ultrasound image from a user; e)
setting the at least three points on the three-dimensional ultra-
sound image based on the input information; f) setting at least
one slice on the three-dimensional ultrasound image based on
the at least three points; and g) forming at least one slice
image corresponding to the at least one slice and additional
information corresponding to positions of the at least three
points. The computer readable medium may comprise a
floppy disk, a hard disk, a memory, a compact disk, a digital
video disk, etc.

[0044] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, numerous variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. An ultrasound system, comprising:

an ultrasound data acquisition unit configured to transmit
and receive ultrasound signals to and from a living body
to output ultrasound data;

a user input unit configured to receive input information for
setting at least three points on a three-dimensional ultra-
sound image from a user; and

a processing unit in communication with the ultrasound
data acquisition unit and the user input unit, the process-
ing unit being configured to form volume data based on
the ultrasound data, render the volume data to form the
three-dimensional ultrasound image, set the at least
three points on the three-dimensional ultrasound image
based on the input information, set at least one slice on
the three-dimensional ultrasound image based on the at
least three points and form at least one slice image cor-
responding to the at least one slice and additional infor-
mation corresponding to positions of the at least three
points based on the volume data and the input informa-
tion.

2. The ultrasound system of claim 1, wherein the process-

ing unit is configured to:

set at least one point group from the at least three points,
wherein each of the at least one point group includes
three points from the at least three points and the at least
one slice passes the at least one point group.
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3. The ultrasound system of claim 1, wherein the process-
ing unit is configured to form the additional information
representing the positions of the at least three points on the at
least one slice image.

4. The ultrasound system of claim 1, wherein the process-
ing unit is configured to detect a center of the three-dimen-
sional ultrasound image, measure distances between the cen-
ter and each of the at least three points, and form the
additional information representing the distances.

5. Theultrasound system of claim 4, wherein the additional
information comprises at least one of a symbol, a color, a text,
a numerical value, a brightness of the color and a diagram.

6. A method of providing slice images with additional
information, comprising:

a) transmitting and receiving ultrasound signals to and

from a living body to output ultrasound data;

b) forming volume data based on the ultrasound data;

c¢) rendering the volume data to form the three-dimensional
ultrasound image;

d) receiving input information for setting at least three
points on the three-dimensional ultrasound image from a
user;

e) setting the at least three points on the three-dimensional
ultrasound image based on the input information;

1) setting at least one slice on the three-dimensional ultra-
sound image based on the at least three points; and

g) forming at least one slice image corresponding to the at
least one slice and additional information corresponding
to positions of the at least three points.

7. The method of claim 6, wherein the step f) comprises:

setting at least one point group from the at least three
points, wherein each of the at least one point group
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includes three points from the at least three points and
the at least one slice passes the at least one point group.

8. The method of claim 6, wherein the step g) comprises:

forming the additional information representing the posi-
tions of the at least three points on the at least one slice
image.

9. The method of claim 6, wherein the step g) comprises:

detecting a center of the three-dimensional ultrasound
image;

measuring distances between the center and each of the at
least three points; and

forming the additional information representing the dis-
tances.

10. The method of claim 9, wherein the additional infor-
mation comprises at least one of a symbol, a color, a text, a
numerical value, a brightness of the color and a diagram.

11. A computer readable medium comprising computer
executable instructions configured to perform following acts:

a) acquiring ultrasound data of a living body;

b) forming volume data based on the ultrasound data;

¢) rendering the volume data to form the three-dimensional
ultrasound image;

d) receiving input information for setting at least three
points on the three-dimensional ultrasound image from a
user;

e) setting the at least three points on the three-dimensional
ultrasound image based on the input information;

f) setting at least one slice on the three-dimensional ultra-
sound image based on the at least three points; and

g) forming at least one slice image corresponding to the at
least one slice and additional information corresponding
to positions of the at least three points.

Ed sk sk ES Ed



TRBR(F) ERFEREHREEEMMEENEDL —MIFEK

K (BE)S US20110282205A1 K (nE)R
RiES US13/104506 RiEHR
FRIRE(FRRAE) ZERBHRKADHE

RIB(ERR)AGE) =EMEDISON CO. , LTD.

LEEHIB(ERR)AGE) =ZEMEDISON CO. , LTD.

[#RI &8 A KIM SUNG YOON
KREBA KIM, SUNG YOON
IPCHE& A61B8/14
CPCH¥%k=
/00 G01S7/52073
i £ 1020100044770 2010-05-13 KR
SNEBEEE Espacenet USPTO
HEF)

QF T RTAED M BEERKINESAKES. E—KkEd
B, ENFERBIERG , BFERECHE  BFHRERNET , HEEN
REEHNBEERE AFAART , #EENNAFRBATE=48
FEGLREEL=AQNAAGEAEET , ATREGARELR=
SHEFEG  ETAAGREZ4BFEGLREEI=AR  HE=4
BEELREED—NMIFFRBRGRETRED =R BE T AR
BENFTRMABFEEEAEMEED —MIFN NN ED —MIFE K
MEMERED =N QI EXT MY I1E S

patsnap

2011-11-17

2011-05-10

AG61B8/469 A61B8/483 A61B8/523 G01S7/5206 G06T2219/008 G01S7/52084 G01S15/8993 GO6T19

USER
INPUT UNIT
1‘;0 /130 1?0
ULTRASOUND
DATA ACQUISITION PROCESSING DISPLAY
UNIT UNIT
UNIT
STORAGE

UNIT



https://share-analytics.zhihuiya.com/view/f900781b-5b94-4d6f-911b-a3e56a7e0748
https://worldwide.espacenet.com/patent/search/family/044344021/publication/US2011282205A1?q=US2011282205A1
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=%2220110282205%22.PGNR.&OS=DN/20110282205&RS=DN/20110282205

