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(57) ABSTRACT

Embodiments for forming multiple plane images for a target
object in an ultrasound system are disclosed. A processor
forms volume data indicative of the target object by using
ultrasound data. The processor is configured to: set a refer-
ence plane in the volume data; detect a falx contour and a
contour of a cerebrum in the reference plane and an entire
contour of the brain in the volume data; normalize the volume
data by using the falx contour, the cerebrum contour and the
entire contour of the fetal brain; and set multiple planes with
respect to the reference plane in the volume data. The proces-
sor forms plane images corresponding to the respective mul-
tiple planes by using the volume data.
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ULTRASOUND SYSTEM AND METHOD FOR
PROVIDING MULTIPLE PLANE IMAGES
FOR A PLURALITY OF VIEWS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Korean
Patent Application No. 10-2009-0083074 filed on Sep. 3,
2009, 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 an ultrasound system
and a method of providing multiple plane images for a plu-
rality of views.

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 diagnostic system has been extensively
used in the medical profession. Modern high-performance
ultrasound diagnostic systems and techniques are commonly
used to produce ultrasound images of internal features of an
object (e.g., human organs).

[0004] Recently, the ultrasound system may provide a 3-di-
mensional ultrasound image showing clinical information
such as spatial information, anatomical features and the like,
which may not be provided through a 2-dimensional ultra-
sound image. To provide the 3-dimensional ultrasound
image, the ultrasound system may transmit/receive ultra-
sound signals to/from a target object to form volume data. It
may then perform rendering upon the volume data to thereby
form the 3-dimensional ultrasound image of the target object.
[0005] Also, the ultrasound system may provide multiple
plane images corresponding to a plurality of views for diag-
nosis of the target object (e.g., fetal brain). For example, the
ultrasound system may provide plane images corresponding
to a transthalamic plane, a transventicular plane and a tran-
scerebellar plane associated with an axial view, plane images
corresponding to a transthalamic plane, a transcerebellar
plane, atranscaudate plane and a transfrontal plane associated
with a coronal view, and plane images corresponding to a
midsagittal plane, a left parasagittal plane and a right parasag-
ittal plane associated with a sagittal view.

[0006] Conventionally, the multiple planes for the respec-
tive axial view, coronal view and sagittal view may be manu-
ally defined in the volume data. Thus, since it may be difficult
to accurately define the corresponding planes in the volume
data, desirable plane images may not be provided and a rela-
tively long time to obtain the multiple plane image may be
consumed.

SUMMARY

[0007] Embodiments of providing multiple plane images
for a plurality of views in an ultrasound system are disclosed
herein. In one embodiment, by way of non-limiting example,
an ultrasound system includes: an ultrasound data acquisition
unit configured to transmit/receive ultrasound signals to/from
a target object including a brain to form ultrasound data; and
a processor configured to form volume data indicative of the
target object by using the ultrasound data. The processor
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includes: a first plane setting section operable to set a refer-
ence plane in the volume data; a contour detecting section
operable to detect a falx contour and a contour of a cerebrum
in the reference plane and an entire contour of the brain in the
volume data; a preprocessing section operable to normalize
the volume data by using the falx contour, the cerebrum
contour and the entire contour of the brain; and a second plane
setting section operable to set multiple planes with respect to
the reference plane in the volume data, wherein the processor
is further operable to form plane images corresponding to the
respective multiple planes by using the volume data.

[0008] Inoneembodiment, a method of providing multiple
plane images for a target object including a brain in an ultra-
sound system, comprises: a) forming volume data indicative
of a target object including a brain; b) setting a reference
plane in the volume data; ¢) detecting a falx contour and a
contour of a cerebrum in the reference plane and an entire
contour of the brain in the volume data; d) normalizing the
volume data by using the falx contour, the cerebrum contour
and the entire contour of the brain; e) setting multiple planes
with respect to the reference plane in the volume data; and f)
forming plane images corresponding to the respective mul-
tiple planes by using the volume data.

[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 obtaining frames.

[0013] FIG. 4 is a block diagram showing an illustrative
embodiment of a processor.

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

ment of a graphic guide.

[0016] FIG. 7 is a schematic diagram showing an illustra-
tive embodiment of setting a first transthalamic plane, a trans-
ventricular plane and a first trancerebellar plane as axial
views.

[0017] FIG. 8 is a schematic diagram showing an illustra-
tive embodiment of setting a second transthalamic plane, a
second transcerebellar plane, a transcaudate plane and a
transfrontal plane as coronal views.

[0018] FIG. 9 is a schematic diagram showing an illustra-
tive embodiment of setting a midsagittal plane, a left parasag-
ittal plane and a right parasagittal plane as sagittal views.

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
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.
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[0020] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system. The ultrasound system
100 may include an ultrasound data acquisition unit 110, a
user input unit 120, a processor 130 and a display unit 140.
[0021] The ultrasound data acquisition unit 110 may be
operable to transmit ultrasound signals to a target object and
receive ultrasound signals reflected from the target object
(i.e., echo signals) to thereby form ultrasound data corre-
sponding to a plurality of frames F,, wherein 1=i=N. Here-
inafter, one embodiment will describe a fetus as the target
object. However, the target object may not be limited thereto.
[0022] FIG. 2 is a block diagram showing an illustrative
embodiment of the ultrasound data acquisition unit 110. The
ultrasound data acquisition unit 110 may include a transmit
signal forming section 111, an ultrasound probe 112 contain-
ing a plurality of transducer elements (not shown), a beam
forming section 113 and an ultrasound data forming section
114.

[0023] The transmit signal forming section 111 may be
operable to produce transmit signals in consideration of posi-
tions of the transducer elements and predetermined focal
points for forming a plurality of frames F,, wherein 1=i=N,
as shown in FIG. 3. Although the frames F, are illustrated in a
fan shape in FIG. 3, the shape of the frames F; may not be
limited thereto. The frames F; may include brightness mode
image frames.

[0024] The ultrasound probe 112, which is coupled to the
transmit signal forming section 111, may be operable to
receive the transmit signals from the transmit signal forming
section 111 and convert them into ultrasound signals, which
may travel into the target object. The ultrasound probe 112
may be further operable to receive echo signals reflected from
the target objet to thereby form receive signals. The ultra-
sound probe 112 may include a 3-dimensional probe, a 2-di-
mensional array probe and the like.

[0025] The beam forming section 113, which is coupled to
the ultrasound probe 112, may be operable to digitize the
receive signals to obtain digital receive signals. The beam
forming section 113 may be further operable to apply delays
to the digital receive signals in consideration of positions of
the transducer elements and the focal points to thereby form
receive-focused beams.

[0026] The ultrasound data forming section 114, which is
coupled to the beam forming section 113, may be operable to
form ultrasound data indicative of the target object by using
the receive-focused beams. Further, the ultrasound data form-
ing section 114 may be operable to perform a variety of signal
processing such as gain adjustment, filtering, etc., upon the
receive-focused beams.

[0027] Referring back to FIG. 1, the user input unit 120 may
receive input information. The input information may include
information on setup of reference planes (“reference plane
setup information”). The user input unit 120 may be embod-
ied with a control panel, a mouse, a key board and the like.

[0028] The processor 130 may be operable to form volume
data by using the ultrasound data provided from the ultra-
sound data acquisition unit 110. Further, the processor 130
may be operable to set multiple sectional planes in the volume
data and form multiple plane images corresponding to the
respective section planes.

[0029] FIG. 4 is a block diagram showing an illustrative
embodiment of the processor 130. The processor 130 may
include a volume data forming section 131, a first plane
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setting section 132, a contour detecting section 133, a prepro-
cessing section 134, a second plane setting section 135 and an
image forming section 136.

[0030] The volume data forming section 131 may be oper-
able to form volume data 210 by using the ultrasound data,
which are provided from the ultrasound data acquisition unit
110, as shown in FIG. 5. The volume data may include a
plurality of voxels each having a brightness value. In FIG. 5,
numeral references 221-223 may represent a sagittal view, a
coronal view and an axial view, respectively, which are per-
pendicular to each other. Also, in FIG. 5, an axial direction
may represent a propagation direction of the ultrasound sig-
nals from a scan head of the ultrasound probe 112, a lateral
direction may represent a scanning direction of scan lines,
which may be a longitudinal direction of the transducer ele-
ments, and an elevation direction may represent a swing
direction of the transducer elements, which may be a depth
direction in a 3-dimensional ultrasound image.

[0031] The first plane setting section 132 may be operable
to set a reference plane in the volume data 210. In one
embodiment, the first plane setting section 132 may be oper-
able to set the reference plane in response to the reference
plane setup information, which may be inputted through the
user input unit 130. The reference plane may be a transtha-
lamic plane associated with the axial view (“first transtha-
lamic plane™).

[0032] The contour detecting section 133 may be operable
to detect a falx contour in the reference plane. The falx is dura
mater for separating cerebral hemispheres. The contour
detecting section 133 may be further operable to detect a
contour of a cerebrum in the reference plane. Further, the
contour detection section 133 may be operable to detect an
entire contour of a fetal brain in the volume data. The contour
detection may be achieved by using an edge mask such as
Sobel, Prewitt, Robert, Canny or the like. Also, the contour
may be detected based on eigenvalue differences using an
edge structure tensor.

[0033] The preprocessing section 134 may be operable to
normalize the volume data by using the falx contour, the
cerebrum contour and the entire contour of the fetal brain,
which are detected on the contour detecting section 133. In
one embodiment, the preprocessing unit 134 may be operable
to apply normalization reference data to the volume data for
normalization thereof. The normalization reference data may
include a graphic guide 310, as shown in FIG. 6. The graphic
guide 310 may include a first guide line 311 for matching with
the falx contour, a second guide line 312 for matching with
the cerebrum contour and a third guide line 313 for matching
with the entire contour of the fetal brain.

[0034] More particularly, the preprocessing section 134
may be operable to match the first guide line 311 in the
graphic guide 310 with the falx contour in the reference plane.
While the first guide line 311 is matched with the falx contour,
the preprocessing section 134 may be operable to compare
the second guide line 312 with the cerebrum contour and
adjust a size of the volume data to match the cerebrum con-
tour with the second guide line 312. For example, the prepro-
cessing section 134 may be operable to compare the second
guide line 312 with the cerebrum contour. If it is determined
that the cerebrum contour exceeds the second guide line 312
in at least one of axial, lateral and elevation directions, then
the preprocessing section 134 may adjust the size of the
volume data in the corresponding direction (i.e., reduction).
On the other hand, if it is determined that the cerebrum
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contour is smaller than the second guide line 312 in at least
one of axial, lateral and elevation directions, then the prepro-
cessing section 134 may adjust the size of the volume data in
the corresponding direction (i.e., enlargement).

[0035] The preprocessing section 134 may be further oper-
able to compare the third guide line 313 with the entire con-
tour of the fetal brain and adjust the size of the volume data for
matching with the third guide line 313 while the second guide
line 312 is matched with the cerebrum contour. For example,
if it is determined that the entire contour of the fetal brain
exceeds the third guide line 313 in an axial direction, then the
preprocessing section 134 may adjust the size of the volume
data in the axial direction (i.e., reduction). On the other hand,
if it is determined that the entire contour of the fetal brain is
smaller than the third guide line 313 in an axial direction, then
the preprocessing section 134 may adjust the size of the
volume data in the axial direction (i.e., enlargement).

[0036] The second plane setting section 135 may be oper-
able to set a first transthalamic plane, a transventricular plane
and a first transcerebellar plane with respect to the reference
plane in the normalized volume data 230 as axial views. In
one embodiment, the second plane setting section 135 may
set the first transthalamic plane at an identical location to the
reference plane, as shown in FIG. 7. The second plane setting
section 135 may move the reference plane in the normalized
volume data 230 in parallel to a first predetermined location to
set the transventricular plane 412. That is, the transventricular
plane 412 is set at the first predetermined location, which is
spaced away from the first transthalamic plane 411 in parallel
ata predetermined distance. The second plane setting section
135 may be operable to rotate the reference plane at a first
predetermined angle with respect to the transthalamic plane
411 to thereby set the first transcerebellar plane 413. That is,
the first transcerebellar plane 413 may be set at the location,
which is rotated at the first predetermined angle with respect
to the first transthalamic plane 411.

[0037] The second plane setting section 135 may be oper-
able to set a second transthalamic plane, a second transcer-
ebellar plane, a transcaudate plane and a transfrontal plane
with respect to the first transthalamic plane 411 in the nor-
malized volume data 230 as coronal views, as shown in FIG.
8. In one embodiment, the second plane setting section 135
may be operable to rotate the reference plane perpendicularly
in an axial direction with respect to the first transthalamic
plane 411 in the normalized volume data 230 and rotate the
reference plane, which is perpendicularly rotated, at a second
predetermined angle to thereby set the second transthalamic
plane 421. That is, the second transthalamic plane 421 may be
set at a location, which is rotated at a predetermined angle
(90°-second predetermined angle) with respect to the first
transthalamic plane 411.

[0038] The second plane setting section 135 may be oper-
able to move the reference plane in parallel to a second
predetermined location, which is spaced away from the sec-
ond transthalamic plane 421 in the normalized volume data
230 by a predetermined distance to thereby set the second
transcerebellar plane 422. That is, the second transcerebellar
plane 422 may be set at the second location, which is spaced
away from the second transthalamic plane 421 in parallel.
[0039] The second plane setting section 135 may be oper-
able to move the reference plane in parallel to a third prede-
termined location, which is spaced away from the second
transthalamic plane 421 in the normalized volume data 230
by a predetermined distance to thereby set the transcaudate
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plane 423. That is, the transcaudate plane 423 may be set at
the third predetermined location, which is spaced away from
the second transthalamic plane 421 in parallel.

[0040] The second plane setting section 135 may be oper-
able to move the reference plane in parallel to a fourth pre-
determined location, which is spaced away from the second
transcaudate plane 423 in the normalized volume data 230 by
apredetermined distance to thereby set the transfrontal plane
424. That is, the transfrontal plane 424 may be set at the fourth
predetermined location, which is spaced away from the sec-
ond transcaudate plane 423 in parallel.

[0041] The second plane setting section 135 may be oper-
able to set a midsagittal plane, a left parasagittal plane and a
right parasagittal plane with respect to the first transthalamic
plane. In one embodiment, the second plane setting section
135 may be operable to rotate the reference plane perpendicu-
larly with respect to the first transthalamic plane 411 in the
normalized volume data 230 to thereby set the midsagittal
plane 431, as shown in FIG. 9. The second plane setting
section 135 may be operable to rotate the reference plane at a
third predetermined angle with respect to the midsagittal
plane 431 to thereby set the left parasagittal plane 432. That
is, the left parasagittal plane 432 may be set at a location,
which is rotated at the third predetermined angle with respect
to the midsagittal plane 431. The second plane setting section
135 may be operable to rotate the reference plane at a fourth
predetermined angle with respect to the midsagittal plane 431
to thereby set the right parasagittal plane 433. That is, the
right parasagittal plane 433 may be set at a location, which is
rotated at the fourth predetermined angle with respect to the
midsagittal plane 431 and which is rotated at an angle (third
predetermined angle+fourth predetermined angle) with
respect to the left parasagittal plane 432.

[0042] The image forming section 136 may be operable to
form plane images corresponding to the respective multiple
planes, which are set in the second plane setting section 135,
i.e., the first transthalamic plane 411, transventricular plane
412, the first transcerebellar plane 413, the second transtha-
lamic plane 421, the second transcerebellar plane 422, the
second transcaudate plane 423, the transfrontal plane 424, the
midsagittal plane 431, the left parasagittal plane 432 and the
right parasagittal plane 433. The image forming section 136
may be further operable to perform rendering upon the vol-
ume data to form a 3-dimensional ultrasound image.

[0043] Referring back to FIG. 1, the display unit 140 may
display the multiple plane images provided from the proces-
sor 130. In one embodiment, the multiple plane images may
be displayed with being classified by views. Also, the plane
image of the first transthalamic plane, which is matched with
the graphic guide, may be displayed with other plane images.
Further, the display unit 140 may display the 3-dimensional
ultrasound image.

[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 scope of the principles of this disclosure.
More particularly, numerous variations and modifications are
possible in the component parts and/or arrangements 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.
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What is claimed is:

1. An ultrasound system, comprising:

an ultrasound data acquisition unit configured to transmit/

receive ultrasound signals to/from a target object includ-

ing a brain to form ultrasound data; and

a processor configured to form volume data indicative of

the target object by using the ultrasound data, the pro-

cessor including:

a first plane setting section configured to set a reference
plane in the volume data;

a contour detecting section configured to detect a falx
contour and a contour of a cerebrum in the reference
plane and an entire contour of the brain in the volume
data;

a preprocessing section configured to normalize the vol-
ume data by using the falx contour, the cerebrum
contour and the entire contour of the brain; and

a second plane setting section configured to set multiple
planes with respect to the reference plane in the vol-
ume data,

wherein the processor is further configured to form plane

images corresponding to the respective multiple planes

by using the volume data.

2. The ultrasound system of claim 1, wherein the processor
further includes a volume data forming section configured to
form the volume data.

3. The ultrasound system of claim 1, further comprising a
user input unit for receiving input information to set the
reference plane in the volume data.

4. The ultrasound system of claim 1, wherein the prepro-
cessing section is configured to apply normalization refer-
ence data to the volume data for normalization.

5. The ultrasound system of claim 4, wherein the normal-
ization reference data include a first guide line for matching
with the falx contour, a second guide line for matching with
the cerebrum contour and a third guide line for matching with
the entire contour of the brain.

6. The ultrasound system of claim 1, wherein the second
plane setting section is configured to:

set a first transthalamic plane by referring to the reference

plane in the normalized volume data;

move the reference plane in the normalized volume data to

a first predetermined location to set the transventricular

plane; and

rotate the reference plane at a first predetermined angle

with respect to the transthalamic plane to thereby set the

first transcerebellar plane in the normalized volume data
as axial views.

7. The ultrasound system of claim 6, wherein the second
plane setting section is further configured to:

rotate the reference plane perpendicularly in a first direc-

tion with respect to the first transthalamic plane in the

normalized volume data and then rotate the perpendicu-
larly-rotated reference plane at a second predetermined
angle to thereby set the second transthalamic plane;

move the reference plane to a second predetermined loca-
tion with respect to the second transthalamic plane in the
normalized volume data to thereby set the second tran-
scerebellar plane;

move the reference plane to a third predetermined location

with respect to the second transthalamic plane in the

normalized volume data to thereby set the transcaudate
plane; and
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move the reference plane to a fourth predetermined loca-
tion with respect to the second transcaudate plane in the
normalized volume data to thereby set the transfrontal
plane, as coronal views.
8. The ultrasound system of claim 7, wherein the second
plane setting section is further configured to:
rotate the reference plane perpendicularly with respect to
the first transthalamic plane in the normalized volume
data to thereby set the midsagittal plane;
rotate the reference plane at a third predetermined angle
with respect to the midsagittal plane to thereby set the
left parasagittal plane; and
rotate the reference plane at a fourth predetermined angle
with respect to the midsagittal plane to thereby set the
right parasagittal plane.
9. A method of providing multiple plane images for a target
object including a brain in an ultrasound system, comprising:
a) forming volume data indicative of a target object includ-
ing a brain;
b) setting a reference plane in the volume data;
¢) detecting a falx contour and a contour of a cerebrum in
the reference plane and an entire contour of the brain in
the volume data;
d) normalizing the volume data by using the falx contour,
the cerebrum contour and the entire contour of the brain;
e) setting multiple planes with respect to the reference
plane in the volume data; and
) forming plane images corresponding to the respective
multiple planes by using the volume data.
10. The method of claim 9, further comprising inputting
information to set the reference plane in the volume data.

11. The method of claim 9, wherein the step d) includes
applying normalization reference data to the volume data for
normalization.

12. The method of claim 11, wherein the normalization
reference data include a first guide line for matching with the
falx contour, a second guide line for matching with the cere-
brum contour and a third guide line for matching with the
entire contour of the brain.

13. The method of claim 9, wherein the step e) includes:

setting a first transthalamic plane by referring to the refer-
ence plane in the normalized volume data;

moving the reference plane in the normalized volume data
to a first predetermined location to set the transventricu-
lar plane; and

rotating the reference plane at a first predetermined angle
with respect to the transthalamic plane to thereby set the
first transcerebellar plane in the normalized volume
data, as axial views.
14. The method of claim 13, wherein the step e) further
includes:

rotating the reference plane perpendicularly in a first direc-
tion with respect to the first transthalamic plane in the
normalized volume data and then rotating the perpen-
dicularly-rotated reference plane at a second predeter-
mined angle to thereby set the second transthalamic
plane;

moving the reference plane to a second predetermined
location with respect to the second transthalamic plane
in the normalized volume data to thereby set the second
transcerebellar plane;
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moving the reference plane to a third predetermined loca-
tion with respect to the second transthalamic plane in the
normalized volume data to thereby set the transcaudate
plane; and

moving the reference plane to a fourth predetermined loca-
tion with respect to the second transcaudate plane in the
normalized volume data to thereby set the transfrontal
plane, as coronal views.

15. The method of claim 14, wherein the step e) further

includes:
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rotating the reference plane perpendicularly with respect to
the first transthalamic plane in the normalized volume
data to thereby set the midsagittal plane;

rotating the reference plane at a third predetermined angle
with respect to the midsagittal plane to thereby set the
left parasagittal plane; and

rotating the reference plane at a fourth predetermined angle
with respect to the midsagittal plane to thereby set the
right parasagittal plane.

* * * #* 3k
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