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(57) ABSTRACT

The present invention relates to an ultrasound system and
method capable of forming a plurality of three-dimensional
ultrasound images at the time. The ultrasound system com-
prises: a volume data acquisition unit configured to transmit
ultrasound signals to a target object, receive ultrasound echo
signals reflected from the target object and acquire ultrasound
data based on the received ultrasound echo signals, the vol-
ume data acquisition unit being further configured to form a
plurality of sets of volume data based on the ultrasound data;
and a processor configured to render the plurality of sets of the
volume data to thereby form a plurality of three-dimensional
ultrasound images.
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ULTRASOUND SYSTEM AND METHOD FOR
FORMING A PLURALITY OF
THREE-DIMENSIONAL ULTRASOUND
IMAGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Korean
Patent Application No. 10-2008-0127090 filed on Dec. 15,
2008, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present invention generally relates to ultra-
sound systems, and more particularly to an ultrasound system
and method for forming a plurality of three-dimensional
ultrasound images.

BACKGROUND

[0003] Theultrasound system has become an important and
popular diagnostic tool due to its non-invasive and non-de-
structive nature. Modern high-performance ultrasound imag-
ing diagnostic systems and techniques are commonly used to
produce two or three-dimensional images of internal features
of patients (target objects).

[0004] Generally, the ultrasound system may provide the
three-dimensional ultrasound image including clinical infor-
mation such as spatial information and anatomical figures of
the target objects, which cannot be provided through the
two-dimensional ultrasound image. The ultrasound system
may transmit ultrasound signals to the target objects, receive
ultrasound echo signals reflected from the target objects and
form volume data based on the ultrasound echo signals. The
ultrasound system may further form the three-dimensional
ultrasound image including the clinical information by ren-
dering the volume data.

[0005] Generally, the conventional ultrasound system
forms only one set of volume data and renders the volume
data set to thereby form a three-dimensional ultrasound
image. That is, the conventional ultrasound system does not
provide a function of performing rendering upon at least two
or more sets of volume data. Further, a plurality of three-
dimensional ultrasound images indicative of the same or dif-
ferent objects cannot be provided at the same time.

SUMMARY

[0006] An embodiment for forming a plurality of three-
dimensional ultrasound images is disclosed herein. In one
embodiment, by way of non-limiting example, a system for
forming the plurality of three-dimensional ultrasound
images, comprises: a volume data acquisition unit configured
to transmit ultrasound signals to a target object, receive ultra-
sound echo signals reflected from the target object and
acquire ultrasound data based on the received ultrasound echo
signals, the volume data acquisition unit being further con-
figured to form a plurality of sets of volume data based on the
ultrasound data; and a processor configured to render the
plurality of sets of the volume data to thereby form a plurality
of three-dimensional ultrasound images.

[0007] 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
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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

[0008] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0009] FIG. 2 is a block diagram showing a volume data
acquisition unit located within the ultrasound system.
[0010] FIG. 3 is a block diagram showing an illustrative
embodiment of a processor.

DETAILED DESCRIPTION

[0011] 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
only and is not in any way limiting. Other embodiments ofthe
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

[0012] FIG. 1 is a bock diagram showing an illustrative
embodiment of an ultrasound system. The ultrasound system
100 may include a volume data acquisition unit 110, a
memory 120, a user interface 130, a processor 140 and a
display unit 150.

[0013] The volume data acquisition unit 110 may be con-
figured to transmit ultrasound signals to a target object (not
shown) and receive ultrasound echo signals reflected from the
target object. The volume data acquisition unit 110 may be
further configured to acquire ultrasound data based on the
received ultrasound echo signals to thereby form the volume
data.

[0014] FIG. 2 is a block diagram showing the volume data
acquisition unit 110 provided within the ultrasound system.
The ultrasound data acquisition unit 110 may include a trans-
mit (Tx) signal generating section 111, an ultrasound probe
112 including a plurality of transducer elements (not shown),
a beam former 113, an ultrasound data forming section 114
and a volume data forming section 115.

[0015] The Tx signal generating section 111 may generate
Tx signals according to an image mode set in the ultrasound
system 100. The image mode may include a brightness (B)
mode, a Doppler (D) mode, a color flow mode, etc. In one
exemplary embodiment, the B mode may be set in the ultra-
sound system 100 to obtain a B mode ultrasound image.
[0016] The ultrasound probe 112 may receive the Tx sig-
nals from the Tx signal generating section 111 and generate
ultrasound signals, which may travel into the target object.
The ultrasound probe 112 may further receive ultrasound
echo signals reflected from the target object and convert them
into electrical receive signals. In such a case, the electrical
receive signals may be analog signals. The ultrasound probe
112 may be a three-dimensional probe, a two-dimensional
probe, a one-dimensional probe or the like.

[0017] The beam former 113 may convert the electrical
receive signals outputted from the ultrasound probe 112 into
digital signals. The beam former 113 may further apply
delays to the digital signals in consideration of the distances
between the transducer elements and focal points to thereby
output receive-focused signals.

[0018] The ultrasound data forming section 114 may form
a plurality of ultrasound data by using the receive-focused
signals. In one embodiment, the plurality of ultrasound data
may be radio frequency (RF) data or IQ data. The volume data
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forming section 115 may form a plurality of sets of volume
data based on the ultrasound data.

[0019] Referring backto FIG. 1, the memory 120 may store
the plurality of sets of the volume data. In one embodiment,
by way of non-limiting examples, the memory 120 may
include at least one of a random access memory (RAM), a
hard disk drive or the like.

[0020] The user interface 130 may be operable to allow a
user to input user instructions. In one embodiment, by way of
non-limiting examples, the user interface 130 may include at
least one of a control panel (not shown), a keyboard (not
shown), amouse (not shown) or the like. The user instructions
may include first to eighth user instructions. The first user
instruction may be an instruction to select at least two sets of
volume data among the plurality of sets of the volume data
stored in the memory 120. The second user instruction may be
an instruction to set geometries of the selected sets of the
volume data. In one embodiment, the geometry may include
rotation, translation and zoom of the volume data. The geom-
etry may be identically set to the selected sets of the volume
data. The third user instruction may be an instruction to select
one of rendering methods of performing rendering upon the
selected sets of the volume data or the sets of the volume data
having the set geometry. The rendering methods may include
a ray-casting projection method, a maximum projection
method, a minimum projection method, an average projec-
tion method, etc. The fourth user instruction may be an
instruction to select colors representing the respective three-
dimensional ultrasound images. The fifth user instruction
may be an instruction to compound the plurality of three-
dimensional ultrasound images. The sixth user instruction
may be an instruction to select an application corresponding
to the type of an examining portion of the target object. The
seventh user instruction may be an instruction to select a
diagnosis mode of the ultrasound system 100. The eighth user
instruction may be an instruction to display the three-dimen-
sional ultrasound images.

[0021] The processor 140 may be operable to render the
selected sets of volume data to thereby form a plurality of
three-dimensional ultrasound images. Moreover, the proces-
sor 140 may be further operable to compound the plurality of
three-dimensional ultrasound images to thereby form a com-
pound image. In one embodiment, by way of non-limiting
examples, the processor 140 may include at least one of a
central processing unit (CPU), a graphic processing unit
(GPU) and the like.

[0022] FIG. 3 is a block diagram showing an illustrative
embodiment of the processor 140. The processor 140 may
include a volume data extracting section 141, a geometry
setting section 142, a rendering section 143, a color setting
section 144 and a compounding section 145. The processor
140 may further include a voxel interval regulating section
(not shown), which may be operable to regulate voxel inter-
vals in the plurality of volume data for accurate measurement.
[0023] The volume data extracting section 141 may be
operable to extract the at least two or more sets of the volume
data, which are selected in response to the first user instruc-
tion, from the memory 120. The geometry setting section 142
may set the geometry of the extracted sets of volume data
responsive to the second user instruction. In one embodiment,
assuming that first to fourth sets of the volume data are
extracted, the geometry setting section 142 may set the rota-
tion, translation and zoom of each of the first to fourth sets of
the volume data. In one embodiment, by way of non-limiting
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example, the geometry setting section 142 may identically set
the rotation, translation and zoom to the first to fourth sets of
the volume data.

[0024] The rendering section 143 may render the extracted
sets of the volume data or the volume data having the set
geometry responsive to the third user instruction to thereby
form the plurality of ultrasound images. In one embodiment,
by way of non-limiting example, the rendering section 143
may render the first set of the volume data by using the
ray-casting projection method to form the three-dimensional
ultrasound image. The rendering section 143 may render the
second set of the volume data by using the ray-casting pro-
jection method to form the three-dimensional ultrasound
image. The rendering section 143 may render the third set of
the volume data by using the ray-casting projection method to
form the three-dimensional ultrasound image. It may render
the fourth set of the volume data by using the ray-casting
projection method to form the three-dimensional ultrasound
image. The first to fourth sets of the volume data may be the
extracted sets of the volume data or the sets of the volume data
having the set geometry. In one embodiment, the rendering
section 143 may use an identical rendering method to perform
rendering upon the first to fourth sets of the volume data.
[0025] The color setting section 144 may be operable to set
colors corresponding to the respective three-dimensional
ultrasound images formed at the rendering section 143
responsive to the fourth user instruction. The compounding
section 145 may compound the plurality of three-dimensional
ultrasound images formed by the rendering section 143 or the
plurality of three-dimensional ultrasound images having the
set colors to thereby form the compound image responsive to
the fifth user instruction. Moreover, the compounding section
145 may set weights for adjusting transparency of the respec-
tive three-dimensional ultrasound images. The compounding
section 145 may compound the three-dimensional ultrasound
image with the transparency adjusted to thereby form the
compound image.

[0026] The display unit 150 may display the plurality of
three-dimensional ultrasound images, which are formed at
the rendering unit 143 of the processor 140, at the same time.
The display unit 150 may display the three-dimensional ultra-
sound images having the set colors at the same time. The
display unit 150 may display the compound image formed by
the compounding section 145. Moreover, the display unit 150
may display the plurality of three-dimensional ultrasound
images and the compound image at the same time.

[0027] In another embodiment, the present invention may
provide a computer readable medium, comprising instruc-
tions that, when executed by a processor performs a method
of forming a plurality of three-dimensional ultrasound
images in the ultrasound system, cause the processor to per-
form steps comprising: obtaining a plurality of ultrasound
data, forming at least two sets of volume data based on the
plurality of ultrasound data and forming a plurality of three-
dimensional ultrasound images by rendering the at least two
sets of the volume data. The computer readable medium may
include a floppy disk, a hard disk, a memory, a digital versatile
disc or the like.

[0028] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” “illustra-
tive embodiment,” etc. means that a particular feature, struc-
ture or characteristic described in connection with the
embodiment is included in at least one embodiment of the
presentinvention. The appearances of such phrases in various
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places in the specification are not necessarily all referring to
the same embodiment. Further, when a particular feature,
structure or characteristic is described in connection with any
embodiment, it is submitted that it is within the purview of
one skilled in the art to affect such feature, structure or char-
acteristic in connection with other ones of the embodiments.
[0029] 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:

a volume data acquisition unit configured to transmit ultra-
sound signals to a target object, receive ultrasound echo
signals reflected from the target object and acquire ultra-
sound data based on the received ultrasound echo sig-
nals, the volume data acquisition unit being further con-
figured to form a plurality of sets of volume data based
on the ultrasound data; and

a processor configured to render the plurality of sets of the
volume data to thereby form a plurality of three-dimen-
sional ultrasound images.

2. The ultrasound system of claim 1, further comprising:

auser interface configured to receive a first user instruction
for selecting at least two sets of the volume data among
the plurality of sets of the volume data.

3. The ultrasound system of claim 2, wherein the user
interface is further configured to receive a second user
instruction for setting geometries of the at least two sets of the
volume data, a third user instruction for selecting one of
rendering methods for performing rendering upon the
selected sets of the volume data or the sets of the volume data
having the set geometries, a fourth user instruction for select-
ing colors presented on the three-dimensional ultrasound
images and a fifth user instruction for compounding the three-
dimensional ultrasound images.

4. The ultrasound system of claim 3, wherein the processor
comprises:

avolume data extracting section configured to extract the at
least two sets of the volume data responsive to the first
user instruction;

a geometry setting section configured to set the geometries
of the at least two sets of the volume data responsive to
the second user instruction;

a rendering section configured to form the three-dimen-
sional ultrasound images by rendering the at least two
sets of the volume data having the set geometries respon-
sive to the third user instruction;

a color setting section configured to set the colors of the
three-dimensional ultrasound images responsive to the
fourth user instruction; and

a compounding section configured to compound the three-
dimensional ultrasound images formed by the rendering
section responsive to the fifth user instruction.
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5. The ultrasound system of claim 4, wherein the geom-
etries include rotation, translation and zoom of the at least two
sets of the volume data.

6. A method of forming three-dimensional ultrasound
images in an ultrasound system comprising;

a) obtaining a plurality of ultrasound data;

b) forming a plurality of sets of volume data based on the

plurality of ultrasound data; and

c¢) forming a plurality of three-dimensional ultrasound

images by rendering the plurality of sets of the volume
data.

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

cl)receiving a first user instruction for selecting the at least

two sets of the volume data;

c2) extracting the at least two sets of the volume data

responsive to the first user instruction;

c3) receiving a second user instruction for selecting one of

rendering methods to render the at least two sets of the
volume data; and

c4) forming the three-dimensional ultrasound images by

rendering the at least two sets of the volume data using
the selected rendering method.

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

cl)receiving a first user instruction for selecting the at least

two sets of the volume data;

c2) extracting the at least two sets of the volume data

responsive to the first user instruction;

c3) receiving a second user instruction for setting geom-

etries of the at least two sets of the volume data, wherein
the geometries include rotation, translation and zoom of
the at least two sets of the volume data;
c4) setting the geometries of the at least two sets of the
volume data responsive to the second user instruction;

¢5) receiving a third user instruction for selecting one of
rendering methods to render the at least two sets of the
volume data having the set geometries; and

¢6) forming the three-dimensional ultrasound images by

rendering at least two sets of the volume data having the
set geometries responsive to the third user instruction
using the selected rendering method.

9. The method of claim 8, further comprising:

¢7) receiving a fourth user instruction for selecting colors

of the three-dimensional ultrasound images;

c8) setting the selected colors to the three-dimensional

ultrasound images;

¢9) receiving a fifth user instruction for compounding the

three-dimensional ultrasound images having the set col-
ors; and

c10) compounding the three-dimensional ultrasound

images having the set colors responsive to the fifth user
instruction.

10. A computer readable medium comprising instructions
that, when executed by a processor, perform a method of
forming three-dimensional ultrasound images, comprising
steps of:

a) obtaining a plurality of ultrasound data;

b) forming at least two sets of volume data based on the

plurality of ultrasound data; and

¢) forming a plurality of three-dimensional ultrasound

images by rendering the at least two sets of the volume
data.

11. The computer readable medium of claim 10, wherein
the step ¢) comprises:
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cl) receiving a first user instruction for selecting the at least
two sets of the volume data;

c2) abstracting the at least two sets of the volume data
responsive to the first user instruction;

¢3) receiving a second user instruction for selecting one of
rendering methods to render the at least two sets of the
volume data; and

c4) forming the three-dimensional ultrasound images by
rendering the at least two sets of the volume data using
the selected rendering method.

12. The computer readable medium of claim 10, wherein

the step ¢) comprises:

cl) receiving a first user instruction for selecting the at least
two sets of the volume data;

c2) extracting the at least two sets of the volume data
responsive to the first user instruction;

¢3) receiving a second user instruction for setting geom-
etries of the at least two sets of the volume data, wherein
the geometries include rotation, translation and zoom of
the at least two sets of the volume data;

c4) setting the geometries of the at least two sets of the
volume data responsive to the second user instruction;
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¢5) receiving a third user instruction for selecting one of
rendering methods to render the at least two sets of the
volume data; and

c6) forming the three-dimensional ultrasound images by
rendering at least two sets of the volume data having the
set geometries responsive to the third user instruction
using the selected rendering method.

13. The computer readable medium of claim 12, wherein

the steps further comprises:

c7) receiving a fourth user instruction for selecting colors
of the three-dimensional ultrasound images;

c8) setting the selected colors to the three-dimensional
ultrasound images;

¢9) receiving a fifth user instruction for compounding the
three-dimensional ultrasound images having the set col-
ors; and

c10) compounding the three-dimensional ultrasound
images having the set colors responsive to the fifth user
instruction.



LT RBFROF) BERERERS N =4EFEGNTZE
NIF(2E)E US20100152585A1
HiEs US12/638701
#RIEE(EFR)AGGR) £XEYOON

EFER

LEE SUKZ
BB (E R AGR) £XYOON

BEFER

LEE SUK&
YHTHB(ERAR)AGE) £XYOON

EFER

LEE SUKZ
[¥R]% BB A KIM SUNG YOON

CHOI DO YOUNG

LEE SUK JIN
KA KIM, SUNG YOON

CHOI, DO YOUNG

LEE, SUK JIN
IPCH %S A61B8/14 GO6K9/00
CPCH%E

/52071 A61B8/14 A61B8/461
£ £ 1020080127090 2008-12-15 KR
SNERaE Espacenet USPTO
HE(R)

BERENAEZRRABERAS R — B ERNTERS N =4E~F
BEHNBERENG E. BERGEHE  hBERNET , KEENF
BEESRAEIBEANR , BEMNEGNRESANBFEERES , &
TRENBEFDRESRIEFLE , ABERNETEHEENET
BERBETERSECRELES  REENERSAREKE , MK
N ZHBERK,

patsnap

2010-06-17

2009-12-15

A61B8/00 A61B8/06 A61B8/08 A61B8/13 G01S15/8993 A61B8/467 A61B8/483 A61B8/488 G01S7

USER
INTERFACE 1?0
DISPLAY
PROCESSOR ONIT
\\‘140

MEMORY



https://share-analytics.zhihuiya.com/view/0dbde095-de1e-4164-9d01-4953a189dd59
https://worldwide.espacenet.com/patent/search/family/041716246/publication/US2010152585A1?q=US2010152585A1
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=%2220100152585%22.PGNR.&OS=DN/20100152585&RS=DN/20100152585

