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(54) 3-dimensional ultrasound image provision using volume slices in an ultrasound system

(57)  Embodiments for providing a plurality of 3-di-
mensional ultrasound images by using a plurality of vol-
ume slices in an ultrasound system are disclosed. The
ultrasound system comprises: an ultrasound data acqui-
sition unit configured to transmit and receive ultrasound
signals to and from a target object to acquire ultrasound
data; a volume data forming unit configured to form vol-

FIG.6

ume data by using the ultrasound data; an user input unit
for allowing a user to input a user instruction; and a
processing unit configured to set a plurality of volume
slice regions having different widths in the volume data
in response to the user instruction and form a plurality of
3-dimensional ultrasound images by using volume slices
defined by the volume slice regions.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority from Ko-
rean Patent Application No. 10-2009-0028281 filed on
April 1, 2009, the entire subject matter of which is incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ul-
trasound systems, and more particularly to an ultrasound
system and method of providing a plurality of 3-dimen-
sional ultrasound images using volume slices.

BACKGROUND

[0003] Anultrasound system hasbecome animportant
and popular diagnostic tool since it has a wide range of
applications. Specifically, due to its non-invasive and
non-destructive nature, the ultrasound diagnostic system
has been extensively used in the medical profession. Mo-
dem high-performance ultrasound diagnostic systems
and techniques are commonly used to produce two or
three-dimensional diagnostic images of internal features
of an object (e.g., human organs).

[0004] Generally, the ultrasound system transmits ul-
trasound signals into a target object and receives echo
signals reflected from the target object. The ultrasound
system may form volume data consisting of a plurality of
frames based on the received echo signals. Convention-
ally, the conventional ultrasound system sets one region
of interest (ROI) on a plane image and forms a 3-dimen-
sional ultrasound image corresponding to the ROI. Thus,
when the undesirable 3-dimensional ultrasound image
is formed, a user should reset the ROI.

SUMMARY

[0005] Embodiments of providing a plurality of 3-di-
mensional ultrasound images by using volume slices are
disclosed herein. In one embodiment, by way of non-
limiting example, an ultrasound system may include: an
ultrasound data acquisition unit configured to transmit
and receive ultrasound signals to and from a target object
to acquire ultrasound data; a volume data forming unit
configured to form volume data by using the ultrasound
data; an user input unit for allowing a user to input a user
instruction; and a processing unit configured to set a plu-
rality of volume slice regions having different widths in
the volume data in response to the user instruction and
form a plurality of 3-dimensional ultrasound images by
using volume slices defmed by the volume slice regions.
[0006] In one embodiment, a method of providing a
plurality of 3-dimensional ultrasound images, comprises:
a) transmitting and receiving ultrasound signals to and
from a target object to acquire ultrasound data; b) forming
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volume data consisting of a plurality of sectional planes
by using the ultrasound data; c) receiving a user instruc-
tion from a user; and d) setting a plurality of volume slice
regions having different widths in the volume data in re-
sponse to the user instruction and forming a plurality of
3-dimensional ultrasound images by using volume slices
defined by the volume slice regions.

[0007] The Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key or essential features of the
claimed subject matter, 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 em-
bodiment of an ultrasound system.

FIG. 2 is a block diagram showing an illustrative em-
bodiment of an ultrasound data acquisition unit.
FIG. 3 is a block diagram showing an illustrative em-
bodiment of a processing unit.

FIG. 4 is a schematic diagram showing an example
of volume data.

FIG. 5 is a schematic diagram showing examples of
an A plane image, a B plane image and a C plane
image.

FIG. 6 is a schematic diagram showing an example
of setting a region of interest on A-C plane images
and a plurality of volume slice regions on B and C
plane images.

FIG. 7 is a schematic diagram showing an example
of a layout having a plurality of display regions.
FIG. 8 is a schematic diagram showing an example
of indicating a reference plane image, an OH view
and indices on a layout.

DETAILED DESCRIPTION

[0009] A detailed description may be provided with ref-
erence 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 of the present invention may readily sug-
gest themselves to such skilled persons having the ben-
efit of this disclosure.

[0010] FIG. 1isablock diagram showing anillustrative
embodiment of an ultrasound system. The ultrasound
system 100 may include an ultrasound data acquisition
unit 110. The ultrasound data acquisition unit 110 may
be configured to transmit ultrasound signals to a target
object and receive echo signals reflected from the target
object. The ultrasound data acquisition unit 110 may be
further configured to form ultrasound data based on the
echo signals.

[0011] Referring to FIG. 2, the ultrasound data acqui-
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sition unit 110 may include a transmit (Tx) signal gener-
ating section 111. The Tx signal generating section 111
may be configured to generate Tx pulses and apply de-
lays to the Tx pulses to form a Tx pattern thereof. The
Tx pattern may be controlled according to animage mode
such as a B-mode, an M-mode, a Doppler mode, etc.
[0012] The ultrasound data acquisition unit 110 may
further include an ultrasound probe 112. The ultrasound
probe 112 may contain a plurality of transducer elements
112 to receive the Tx pulses for conversion into ultra-
sound signals that may travel into the target object. The
ultrasound probe 112 may receive ultrasound echo sig-
nals reflected from the target object and convert them
into electrical receive signals, which may be analog sig-
nals. The ultrasound probe 112 may include a 3-dimen-
sional probe, a 2-dimensional array probe or the like.
[0013] The ultrasound data acquisition unit 110 may
further include a beam forming section 113. The beam
forming section 113 may convert the electrical receive
signals into digital signals and delay the digital signals in
consideration of distances between the transducer ele-
ments and focal points. The beam forming section 113
may further sum the delay digital signals to form receive-
focused signals.

[0014] The ultrasound data acquisition unit 110 may
further include an ultrasound data forming section 114.
The ultrasound data forming section 114 may be config-
ured to form ultrasound data based on the receive-fo-
cused signals. The ultrasound data forming section 114
may be further configured to perform a variety of signal
processing (e.g., gain adjustment, filtering, etc.) upon the
receive-focused signals.

[0015] Referring back to FIG. 1, the ultrasound system
100 may further include a volume data forming unit 120.
The volume data forming unit 120 may be configured to
form volume data based on the ultrasound data. In one
embodiment, the volume data may consist of a plurality
of frames.

[0016] The ultrasound system 100 may further include
a user input unit 130 allowing a user to input user instruc-
tions. In one embodiment, the user input unit 130 may
include at least one of a control panel, a mouse, a key-
board and the like. The user instructions may include a
first user instruction for setting a region of interest (ROI)
on each of the plurality of frames and a second user in-
struction for selecting a reference plane from the volume
data. The user instructions may further include a third
user instruction for setting a plurality of volume slice re-
gions to obtain volume slices having different depths (i.e.,
different widths) for forming a plurality of 3-dimensional
ultrasound images based on the volume slices. That is,
the plurality of volume slice regions represents a render-
ing range of different widths in the volume data. The user
instruction may further include a fourth user instruction
for setting a layout including a plurality of display regions
to display the plurality of 3-dimensional ultrasound imag-
es. A detailed description of the reference plane, the vol-
ume slice regions, the volume slices and the layout will
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follow. The user instructions may further include a fifth
user instruction for setting whether or not to indicate an
image corresponding to the reference plane (hereinafter,
referred to as a "reference plane image") and an orien-
tation help (OH) view, and also include a sixth user in-
struction for setting intervals between the plurality of vol-
ume slice regions. The user instructions may further in-
clude a seventh user instruction for setting a reference
volume slice among the plurality of volume slices.
[0017] The ultrasound system 100 may include a
processing unit 140. The processing unit 140 may be
configured to set a plurality of volume slice regions on
the reference plane image in response to the third user
instruction. The processing unit 140 may be further con-
figured to slice the volume data perpendicular to the vol-
ume slice regions to obtain the plurality of volume slices.
The processing unit 140 may form a plurality of 3-dimen-
sional ultrasound images by using the volume slices. In
one embodiment, a central processing unit or a graphic
processing unit may be adopted as the processing unit
140.

[0018] FIG. 3isablock diagram showing anillustrative
embodiment of the processing unit 140. Referring to FIG.
3, the processing unit 140 may include a firstimage form-
ing section 141. The firstimage forming section 141 may
form a plurality of images corresponding to a plurality of
planes, which are perpendicular to each other in the vol-
ume data (hereinafter, referred to as "plane images").
Fox example, as illustrated in FIG. 5, the firstimage form-
ing section 141 may form frame images corresponding
to an A plane, a B plane and a C plane set in the volume
data 210, as show in FIG. 4. In one embodiment, the
frame images corresponding to the A, B and C planes
willbe referredtoas A, Band C planeimages |5, Igand|¢.
[0019] The processing unit 140 may further include an
ROl setting section 142. The ROI setting section 142 may
be configured to set an ROI on each of the plane images
in response to the first user instruction. For example, the
ROI setting section 142 may set the ROI 310 on each of
the A to C plane images I-l¢, as illustrated in FIG. 6.
[0020] The processing unit 140 may further include a
volume slice region setting section 143. The volume slice
region setting section 143 may set a reference plane
among the plurality of A, B and C planes in response to
the second user instruction. For example, the reference
plane may be a B plane or C plane. The volume slice
region setting section 143 may further set a plurality of
volume slice regions on a reference plane image to de-
termine rendering ranges of different volume depths for
forming a plurality of 3-dimensional ultrasound images
in response to the third user instruction. For example,
the volume slice region setting section 143 may set first
to seventh volume slice regions 321-327 on the reference
plane image (B plane image or C plane image), as illus-
trated in FIG. 6. In one embodiment, the direction of the
volume depth may represent an axial direction, a lateral
direction or an elevation direction according to the se-
lected reference plane.
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[0021] Although the above embodiment has been de-
scribed that the second to fourth volume slice regions
322-324 are set on the left of the first volume slice 321
and the fifth to seventh volume slice regions 325-327 are
set on the right of the first volume slice 321, the setting
of the volume slice regions 321-327 may not be limited
thereto. The number and position of the volume slice re-
gions may be arbitrarily set according to the third user
instruction.

[0022] Further, the volume slice region setting section
143 may further adjustintervals between the volume slice
regions set on the reference plane image in response to
the sixth user instruction. The volume slice region setting
section 143 may be further configured to newly set a plu-
rality of volume slice regions in response to the seventh
user instruction. In one embodiment, if the seventh in-
struction for selecting a fourth 3-dimensional ultrasound
image 3D3,, among 3-dimensional ultrasound images
3D354-3D3,7, Which are shown in FIG. 8, is inputted, then
the volume slice region setting section 143 may set the
volume slice region corresponding to the fourth 3-dimen-
sional ultrasound image 3D3,4 as a new reference vol-
ume slice region. Further, the volume slice region setting
section 143 may set new second to fourth volume slice
regions on the left of the new reference volume slice re-
gion, as well as new fifth to seventh volume slice regions
on the right of the new reference volume slice region.
[0023] In another embodiment, if the seventh instruc-
tion for selecting a second 3-dimensional ultrasound im-
age 3D3,, among 3-dimensional ultrasound images
3D3,1-3D3,7 is inputted, then the volume slice region set-
ting section 143 may set the volume slice region corre-
sponding to the second 3-dimensional ultrasound image
3D35, as a new reference volume slice region. Further,
the volume slice region setting section 143 may set new
second to fourth volume slice regions on the left of the
new reference volume slice region, as well as new fifth
to seventh volume slice regions on the right of the new
reference volume slice region.

[0024] The processing unit 140 may further include a
second image forming section 144. The second image
forming section 144 may be configured to form 3-dimen-
sional ultrasound images by using the ROIS and the vol-
ume slices.

[0025] The processing unit 140 may further include a
layout setting section 145. The layout setting section 145
may set a layout having a plurality of display regions for
displaying the plurality of 3-dimensional ultrasound im-
age formed in the second image forming section 144 in
response to the fourth user instruction. In one embodi-
ment, if the fourth instruction for setting the layout is in-
putted, then the layout setting section 145 may set the
layout having a size of 3 3, i.e., first to ninth display re-
gions DR{-DRy, as illustrated in FIG. 7. Although the
above embodiment has been described that the layout
is set to have nine display regions, the layout may not be
limited thereto. In one embodiment, the layout setting
section 145 may set a layout to have twelve display re-
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gions (e.g., 4 3) or a layout to have twenty-four display
regions (e.g., 6 4) in response to the fourth user instruc-
tion. Further, the layout setting section 145 may auto-
matically set a layout to have predetermined numbers of
display regions.

[0026] The processing unit 140 may further include an
index setting section 146.

[0027] The index setting section 146 may be config-
ured to set indices at the respective display regions in-
cluded in the layout. Inone embodiment, the index setting
section 146 may set a first index of "0" at a display region
DRg for displaying a 3-dimensional ultrasound image
3D4,4 corresponding to the first volume slice set by the
volume slice region 321 shown in FIG. 8. The index set-
ting section 146 may set second and fourth indices of "-
1" to "-3" at display regions DR3, DR, and DR for dis-
playing 3-dimensional ultrasound images 3D355, 3D303
and 3D, corresponding to the second to fourth volume
slices set by the volume slice regions 322-324, respec-
tively. Further, the index setting section 146 may set fifth
to seventh indices of "+1" to "+3" at display regions DRy,
DRg and DRy corresponding to fifth to seventh volume
slices set by the volume slice regions 325-327, respec-
tively.

[0028] Although the above embodiment has been de-
scribed that the indices are set at the display regions
corresponding to the respective second to seventh vol-
ume slices set by the volume slice regions 322-327 with
respect to the first volume slice region 321, the setting
of the indices may not be limited thereto. In one embod-
iment, the index setting section 146 may set a first index
of "0" at the display region DRj for displaying the 3-di-
mensional ultrasound image 3D3,, corresponding to the
second volume slice 322. In such acase, the index setting
section 146 may set second to seventh indices of "1" to
"6" at the display regions DR,, DR4, DR, DR7, DRg and
DRg corresponding to the volume slices set by the volume
slice regions 323, 324, 321, 325, 326 and 327, respec-
tively.

[0029] Although the above embodiments have been
described that the indices are set by using the numerical
values, the setting of the indices may not be limited there-
to. Inone embodiment, the indices may be set by different
colors for the respective display regions.

[0030] The processing unit 140 may further include an
OH forming section 147. The OH forming section 147
may be configured to form an OH view 410, which may
3-dimensionally indicate entire contours of the volume
data and the reference plane therein, as illustrated in
FIG. 8.

[0031] The processing unit 140 may further include an
image processing section 148. The image processing
section 148 may arrange the reference plane with the
ROI set, the OH view 410 and the plurality of 3-dimen-
sional ultrasound images 3D3,4-3D357, the plurality of
volume slices at the display regions included in the layout
set in the layout setting section 145, asillustrated in FIG.
8. The image processing section 148 may further apply
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the indices to the respective display regions according
to the indices set in the index setting section 146. The
image processing section 148 may also control whether
or not to indicate the reference plane and the OH view
in the display regions in response to the fifth user instruc-
tion. The image processing section 148 may further form
position information of the plurality of volume slice re-
gions set on the reference plane image to thereby indi-
cate the position information on the display region includ-
ed in the layout.

[0032] Referring backto FIG. 1, the ultrasound system
100 may further include a display unit to display the layout
containing the 3-dimensional ultrasound images, the ref-
erence plane image and the OH view. The ultrasound
system 100 may further include a control unit 160. The
control unit 160 may be configured to control the opera-
tions of entire elements included in the ultrasound system
100. In one embodiment, the control unit 160 may control
the transmission and reception of the ultrasound signals.
The control unit 160 may further control the formation
and the display of the 3-dimensional ultrasound images.
[0033] 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, nu-
merous variations and modifications are possible in the
component parts and/or arrangements of the subject
combination arrangement within the scope of the disclo-
sure, the drawings and the appended claims. In addition
to variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims
1. An ultrasound system, comprising:

an ultrasound data acquisition unit configured
totransmit and receive ultrasound signals to and
from a target object to acquire ultrasound data;
a volume data forming unit configured to form
volume data by using the ultrasound data;

an user input unit for allowing a user to input a
user instruction; and

a processing unit configured to set a plurality of
volume slice regions having different widths in
the volume data in response to the user instruc-
tion and form a plurality of 3-dimensional ultra-
sound images by using volume slices defined
by the volume slice regions.

2. The ultrasound system of Claim 1, wherein the user
instruction includes:

a first user instruction for setting a regions of
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interest (ROI) on each of images corresponding
to planes set in the volume data, wherein the
planes are perpendicular to each other ;

a second user instruction for selecting one of
the planes as a reference plane;

a third user instruction for setting the plurality
volume slice regions for determining a plurality
of rendering ranges of different widths on a ref-
erence plane image corresponding to the select-
ed reference plane; and

a fourth instruction for setting a layout including
a plurality of display regions for displaying the
plurality of 3-dimensional images.

3. The ultrasound system of Claim 2, wherein the
processing unit includes:

a first image forming section configured to form
a plurality of plane images corresponding to the
plurality of planes set in the volume data, where-
in atleast one of the planes is orthogonal to other
planes in the volume data;

a ROI setting section configured to set the plu-
rality of ROIS on the plurality of plane images in
response to the first user instruction;

a volume slice region setting section configured
to set the reference plane among the plurality of
planes in response to the second user instruc-
tion and to set the plurality of volume slice re-
gions on the reference plane image to indicate
rendering ranges of different widths in response
to the third user instruction;

a second image forming section configured to
form the plurality of 3-dimensional ultrasound
images corresponding to the plurality of volume
slice regions by using the ROIS and the volume
slices;

a layout setting section configured to set the lay-
out having the plurality of display regions for dis-
playing the plurality of 3-dimensional ultrasound
image in response to the fourth user instruction;
an index setting section configured to setindices
to the respective display regions included in the
layout according the third and fourth user in-
structions;

and

an image processing section configured to ar-
range the plurality of 3-dimensional ultrasound
image at the display regions included in the lay-
out and

to set indices to the respective display regions
according to the indices set in the index setting
section.

4. The ultrasound system of Claim 3, wherein the indi-
ces are numerical values or colors.

5. The ultrasound system of Claim 3, wherein the
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processing unit further includes an OH forming sec-
tion configured to form an OH view 3-dimensionally
indicating entire contours of the volume data and the
reference plane set in the OH view, and wherein the
user instruction further includes a fifth user instruc-
tion for determining whether or not to indicate the
reference plane image and the OH view.

The ultrasound system of Claim 5, wherein theimage
processing section is further configured to form po-
sition information of the plurality of volume slice re-
gions set on the reference plane image to display
the position information on at least one of the display
regions included in the layout.

The ultrasound system of Claim 5, wherein the user
instruction further includes a seventh userinstruction
for selecting a reference volume slice region from
the plurality of volume slice regions, and wherein the
volume slice region setting section is further config-
ured to set a plurality of new volume slice regions
with respect to the reference volume slice region se-
lected in response to the seventh user instruction.

A method of providing a plurality of 3-dimensional
ultrasound images, comprising:

a) transmitting and receiving ultrasound signals
to and from a target object to acquire ultrasound
data;

b) forming volume data consisting of a plurality
of sectional planes by using the ultrasound data;
c) receiving a user instruction from a user; and
d) setting a plurality of volume slice regions hav-
ing different widths in the volume data in re-
sponse to the user instruction and forming a plu-
rality of 3-dimensional ultrasound images by us-
ing volume slices defmed by the volume slice
regions.

9. The method of Claim 8, wherein the user instruction

includes:

a first user instruction for a regions of interest
(ROI) on each of images corresponding to
planes set in the volume data, wherein the
planes are perpendicular to each other;

a second user instruction for selecting one of
the planes as a reference plane;

a third user instruction for setting the plurality
volume slice regions for determining a plurality
of rendering ranges of different widths on a ref-
erence plane image corresponding to the select-
ed reference plane; and

a fourth instruction for setting a layout including
a plurality of display regions for displaying the
plurality of 3-dimensional images.
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10.

1.

12,

13.

14.

The method of Claim 9, wherein the step d) includes:

forming a plurality of plane images correspond-
ing to the plurality of planes set in the volume
data, wherein at least one of the planes is or-
thogonal to other planes in the volume data;
setting the plurality of ROIS on the plurality of
plane images in response to the first user in-
struction;

setting the reference plane among the plurality
of planes in response to the second user instruc-
tion and the plurality of volume slice regions on
the reference plane image to indicate rendering
ranges of different widths in response to the third
user instruction;

forming the plurality of 3-dimensional ultrasound
images corresponding to the plurality of volume
slice regions by using the ROIS and the volume
slices;

setting the layout having the plurality of display
regions for displaying the plurality of 3-dimen-
sional ultrasoundimage inresponse to the fourth
user instruction;

setting indices to the respective display regions
included in the layout according the third and
fourth user instructions; and

arranging the plurality of 3-dimensional ultra-
sound image at the display regions included in
the layout and setting indices to the respective
display regions according to the indices set in
the index setting section.

The method of Claim 10, wherein the indices are
numerical values or colors.

The method of Claim 10, wherein the step d) includes
forming an OH view 3-dimensionally indicating entire
contours of the volume data and the reference plane
set in the volume data, and wherein the user instruc-
tion further includes a fifth user instruction for deter-
mining whether or not to indicate the reference plane
image and the OH view.

The method of Claim 9, wherein the user instruction
further includes a sixth user instruction for adjusting
intervals between the plurality of volume slice re-
gions, and wherein the step d) includes adjusting
intervals between the plurality of volume slice re-
gions in response to the sixth user instruction.

The method of Claim 9, wherein the user instruction
further includes a seventh user instruction for select-
ing a reference volume slice region from the plurality
of volume slice regions, and wherein the step d) in-
cludes setting a plurality of new volume slice regions
with respect to the reference volume slice region se-
lected in response to the seventh user instruction.
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15. The method of Claim 8, wherein the d) includes:

forming position information of the plurality of
volume slice regions set on the reference plane
image; and

displaying the position information on at least
one of the display regions in the layout.
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