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ULTRASOUND SYSTEM AND METHOD FOR
FORMING AN ULTRASOUND IMAGE

[0001] The present application claims priority from Korean
Patent Application No. 10-2007-0026909 filed on Mar. 20,
2007, the entire subject matter of which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention generally relates to ultra-
sound systems, and more particularly to an ultrasound system
and a method for displaying multi-planar images.

[0004] 2. Background Art

[0005] 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 fea-
tures of patients.

[0006] An ultrasound system generally uses a probe con-
taining an array of piezoelectric elements to transmit and
receive ultrasound signals. The ultrasound system forms an
image ofhuman internal tissues by electrically exciting trans-
ducer elements to generate ultrasound signals that travel into
the body. Echoes reflected from tissues and organs return to
the transducer element and are converted into electrical sig-
nals, which are amplified and processed to produce ultra-
sound data. The ultrasound data may include volume data
obtained by using a 3-dimensional probe, etc.

[0007] Generally, the ultrasound system is configured to
perform volume rendering upon the volume data to form a
3-dimensional ultrasound image. Also, the ultrasound system
may be adapted to reformat planar images by using a refer-
ence plane (e.g., sagittal plane, coronal plane or axial plane)
or an arbitrary plane set in the volume data, which is referred
to as a multi-planar reformatting (MPR) method. The MPR
method is widely used in various medical imaging fields in
addition to the ultrasound fields.

[0008] However, the MPR method is carried out by refor-
matting the planar images with planes having merely differ-
ent directions in the volume data in the conventional ultra-
sound system. Thus, it is difficult to obtain sufficient
information regarding a target object to be reformatted to
multi-planar images. As such, there is a problem in that the
target object, which exists in many planes and has un-echoic
areas (e.g., blood vessel), cannot be reformatted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram showing an ultrasound
system constructed in accordance with one embodiment of
the present invention.

[0010] FIG. 2 is a block diagram of an image processing
unit constructed in accordance with one embodiment of the
present invention.

[0011] FIG. 3 shows an exemplary 3-dimensional reference
image formed through inverse volume rendering in accor-
dance with one embodiment of the present invention.
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[0012] FIG. 4 is a schematic diagram showing a procedure
of setting a region of interest in accordance with one embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] FIG. 1 is a block diagram showing an ultrasound
system constructed in accordance with one embodiment of
the present invention. Referring to FIG. 1, the ultrasound
system 100 includes a Transmit/Receive (T/R) unit 110, a
beam former 120, a volume data forming unit 130, an image
processing unit 140, a storage unit 150, an input unit 160 and
a display unit 170.

[0014] The T/R unit 110 may be operable to transmit ultra-
sound signals to a target object and receive ultrasound echo
signals reflected from the target object to form reception
signals. The T/R unit 110 may be a probe including a plurality
of transducer elements for reciprocally converting ultrasound
signals and electrical signals. The ultrasound signals trans-
mitted from the T/R unit 110 may be propagated into the
target object along an axial direction.

[0015] The beam former 120 may be operable to focus the
reception signals by considering a distance between each
transducer element and a focal point set in the target object
and positions between the transducer elements.

[0016] The volume data forming unit 130 may be operable
to form volume data based on the focused reception signals.
The volume data may include position information corre-
sponding to pixels (or voxels) of a 3-dimensional ultrasound
image (i.e., coordinate information at a 3-dimensional coor-
dinate system) and brightness information of the pixels (or
voxels). The volume data formed in the volume data forming
unit 130 may be stored in the storage unit 150.

[0017] The image processing unit 140 may be operable to
reformat a planar image based on the volume data. As illus-
trated in FIG. 2, the image processing unit 140 may include an
inverse volume rendering unit 141, a region of interest (ROI)
setting unit 142, a position detecting unit 143 and a planar
reformatting unit 144.

[0018] Theinverse volumerendering unit 141 may be oper-
able to perform inverse volume rendering upon the volume
data by inverting gray levels of voxels contained in the vol-
ume data to thereby form a 3-dimensional reference image
310 containing the target object 320 of an un-echoic area, as
shown in FIG. 3. The un-echoic area may be an area at which
theultrasound signals are notreflected, such as a blood vessel,
pleural effusion, expansion of renal pelvis, hydrocephalic,
urethra, duodenal atresia or the like.

[0019] From a user, the input unit 160 may receive setup
information of ROI to be reformatted to the planar image
from the 3-dimensional reference image. The setup informa-
tion of ROI may include information of a start point and an
end point of the ROI to be set on the target object of the
un-echoic area in the 3-dimensional reference image 310. The
ROI setting unit 142 may be operable to set the ROI based on
the setup information of ROIL. The ROI setting unit 142 may
set the start point 411 and the end point 412 on the target
object 320 based on the setup information of the ROI. The
ROI setting unit 142 may set a first shortest line 421 connect-
ing the start point 411 to the end point 412. The ROI setting
unit 142 may detect a boundary point 441 along the first
shortest line 421 from the start point 411 to the end point 412.
It may set a first straight line 431 connecting the start point
411 to the detected boundary point 441. The boundary may be
detected by using a change of brightness with a differential
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operator. In accordance with one embodiment of the present
invention, the boundary may be detected by using an edge
mask such as Sobel, Prewitt, Robert, Laplacian of Gaussian,
Canny or the like. The ROI setting unit 142 may set a normal
line 451 to the first straight line 431 at the boundary point 441.
The normal line 451 may have a predetermined length. The
ROI setting unit 142 may compute brightness values of voxels
within a predetermined range along the normal line 451 from
the boundary point 441 and determine a direction having a
relatively larger mean brightness value. The ROI setting unit
142 may set a second straight line 432 from the first boundary
point 441 toward the determined direction at a predetermined
angle with respect to the first straight line 431. The ROI
setting unit 142 may detect a boundary point 442 along the
second straight line 432 and set a second shortest line 422
connecting the boundary point 442 to the end point 412. The
ROI setting unit 142 may repeatedly perform the above pro-
cedure until the straight line extending straight from the
boundary point is connected to the end point 412 without
passing the boundary point. The ROT setting unit 142 may set
the ROI of a curvature line shape to be reformatted to the
planar image by using curve fitting with the start point 411,
the end point 412 and a plurality of boundary points 441-446.
[0020] The user input unit 160 may further receive an
instruction for rotating the 3-dimensional reference image
310. The instruction may include information upon a view
point of the 3-dimensional reference image 310. The image
processing unit 140 may be operable to rotate the 3-dimen-
sional image to be displayed at a different view point in
response to the instruction while the ROI set on the target
object. Thus, the user may easily check whether or not the
ROl is appropriately set along the target object.

[0021] The position detecting unit 143 may be operable to
detect positions of voxels corresponding to the set ROI on the
target object in the 3-dimensional reference image 310. The
multi-planar reformatting unit 144 may be operable to detect
data corresponding to the detected positions from the volume
data, 1.e., a gray level of brightness, and reformat the detected
data to form planar image.

[0022] The storage unit 150 may be operable to store the
volume data formed in the volume data forming unit 130. The
display unit 170 may be operable to display the 3-dimen-
sional reference image and the reformatted planar image.
[0023] As described above, since the present invention
forms a 3-dimensional image containing a target object of an
un-echoic area through the inverse volume rendering method
and set the ROI along the target object to thereby reformat the
planar image, stricture or atresia of the blood vessel may be
easily observed.

[0024] In accordance with one embodiment of the present
invention, there is provided an ultrasound system for forming
an ultrasound image, comprising: a volume data acquiring
unit operable to acquire volume data by transmitting/receiv-
ing ultrasound signals to/from a target object of an un-echoic
area; and an image processing unit operable to perform
inverse volume rendering upon the volume data to form a
3-dimensional image showing the target object and set a
region of interest (ROT) on the target object in response to a
user input, the image processing unit being configured to
detect data corresponding to the ROI from the volume data
and reformat the detected data to form a planar image.
[0025] In accordance with another embodiment of the
present invention, there is provided a method of forming an
ultrasound image, comprising: a) acquiring volume data by
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transmitting/receiving ultrasound signals to/from a target
object of an un-echoic area; b) performing inverse volume
rendering upon the volume data to form a 3-dimensional
image showing the target object; ¢) setting a region of interest
(ROI) on the target object in response to a user input; and d)
reformatting data corresponding to the ROI in the volume
data to form a planar image.

[0026] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc. means
that a particular feature, structure or characteristic described
in connection with the embodiment is included in at least one
embodiment of the present invention. The appearances of
such phrases in various 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 effect
such feature, structure or characteristic in connection with
other ones of the embodiments.

[0027] 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.
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What is claimed is:

1. An ultrasound system for forming an ultrasound image,

comprising;

a volume data acquiring unit operable to acquire volume
data by transmitting/receiving ultrasound signals
to/from a target object of an un-echoic area; and

an image processing unit operable to perform inverse vol-
ume rendering upon the volume data to form a 3-dimen-
sional image showing the target object and seta region of
interest (ROI) on the target object in response to a user
input, the image processing unit being configured to
detect data corresponding to the ROI from the volume
data and reformat the detected data to form a planar
image.

2. The ultrasound system of claim 1, wherein the volume

data acquisition unit includes:

a transmit/receive unit operable to transmit the ultrasound
signals to the target object and receive the ultrasound
signals reflected from the target object to thereby output
reception signals; and

a volume data forming unit operable to form the volume
data of the target object based on the reception signals.

3. The ultrasound system of claim 1, further comprising a

user input unit operable to receive the user input including
setup information for setting a start point and an end point of
the target object on the 3-dimensional image.

4. The ultrasound system of claim 3, wherein the imaging

processing unit includes:

an inverse volume rendering unit operable to perform the
inverse volume rendering upon the volume data for
inverting a gray level of brightness of each voxel con-
tained in the volume data and forming the 3-dimensional
image based on the inverted volume data;
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a ROI setting unit operable to set the ROI on the target
object based on the setup information;

a position detecting unit operable to detect positions of
voxels corresponding to the ROI; and

a reformatting unit operable to reformat data correspond-
ing to the detected positions to the planar image with
gray levels of brightness.

5. The ultrasound system of claim 3, wherein the ROI
setting unit is configured to set a first shortest line from the
start point to the end point, detect a first boundary point of the
un-echoic area along the first shortest line for setting a first
straight line from the start point to the first boundary point,
detect a second boundary point while moving from the first
boundary point at a predetermined angle for setting a second
straight line from the first boundary point to the second
boundary point, set a second shortest lime from the second
boundary point to the end point, repeatedly perform the detec-
tion of boundary points and the setting of the straight lines and
the shortest lines until the straight line is connected to the end
point without passing a boundary point, and set the ROI based
on the start point, the end points and the detected boundary
points.

6. The ultrasound system of claim 5, wherein the ROl
setting unit sets a normal line at the boundary points and
computes mean brightness of voxels along the normal line,
the ROI setting unit being configured to set the straight line in
a direction of relatively larger mean brightness.

7. The ultrasound system of claim 5, wherein the ROI
setting unit sets the ROI of a curvature shape from the start
point, the end point and the boundary points through curve
fitting.

8. A method of forming an ultrasound image, comprising:

a) acquiring volume data by transmitting/receiving ultra-
sound signals to/from a target object of an un-echoic
area;

b) performing inverse volume rendering upon the volume
data to form a 3-dimensional image showing the target
object;

¢) setting a region of interest (ROI) on the target object in
response to a user input; and

d) reformatting data corresponding to the ROI in the vol-
ume data to form a planar image.

9. The method of claim 8, wherein the step a) includes:

transmitting the ultrasound signals to the target object;

receiving the ultrasound signals reflected from the target
object to thereby output reception signals; and
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forming the volume data of the target object based on the

reception signals.

10. The method of claim 8, further comprising receiving
the user input including setup information for setting a start
point and an end point of the target object on the 3-dimen-
sional image.

11. The method of claim 10, wherein the inverse volume
rendering is performed upon the volume data for inverting a
gray level of brightness of each voxel contained in the volume
data and forming the 3-dimensional image based on the
inverted volume data, the ROI is set on the target object based
on the setup information, and

wherein the step d) includes:

detecting positions of voxels corresponding to the RO,

and

reformatting the data corresponding to the detected posi-

tions to form the planar image with gray levels of bright-
ness.

12. The method of claim 11, wherein the step c) includes:

c1) setting a first shortest line from the start point to the end

point;

¢2) detecting a first boundary point of the un-echoic area

along the first shortest line for setting a first straight line
from the start point to the first boundary point;

¢3) detecting a second boundary point while moving from

the first boundary point at a predetermined angle for
setting a second straight line from the first boundary
point to the second boundary point;

c4) setting a second shortest lime from the second bound-

ary point to the end point;

¢5) repeatedly performing the detection of boundary points

and the setting of the straight lines and the shortest lines
until the straight line is connected to the end point with-
out passing a boundary point; and

c6) setting the ROI based on the start point, the end points

and the detected boundary points.

13. The method of claim 12, wherein the step c¢) further
includes:

setting a normal line at the boundary points and computing

a mean brightness of voxels along the normal line; and
setting the straight line in a direction of relatively larger
mean brightness.

14. The method of claim 12, wherein the ROI is set as a
curvature shape from the start point, the end point and the
boundary points through curve fitting.
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