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(57) ABSTRACT

The present invention relates to an ultrasound system, which
includes: a transmit/receive unit for transmitting ultrasound
signals toward a target object having reflectors along scan
lines and receiving ultrasound echo signals reflected from the
target object to form receive signals based on the ultrasound
echo signals; a signal processing unit for forming image
signals based on the receive signals, the image signals being
indicative of locations and velocities of the reflectors in the
target object; and an image processing unit for forming a
3-dimensional image 3-dimensionally indicating the veloci-
ties of the reflectors based on the image signals.
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ULTRASOUND SYSTEM AND METHOD OF
FORMING ULTRASOUND IMAGE

[0001] The present application claims priority from Korean
Patent Application No. 10-2007-0089243 filed on Sep. 4,
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 of forming an ultrasound image.

[0004] 2. Background Art

[0005] Anultrasound 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] The ultrasound system may provide a color flow
image, which shows blood flow information. The blood flow
information may include information about a plurality of
blood flow velocities at the target object. The velocities may
be computed at the target object by using the Doppler effect.
The color flow image is an image indicating the velocities
with predetermined colors corresponding to the respective
velocities. The color flow image not only provides real-time
blood flow visualization but can also accurately delineate a
wide range of blood flow conditions, ranging from high
velocities in large vessels to minute trickles coursing through
small vessels.

[0007] The conventional ultrasound image may merely
provide the color flow image showing velocity information at
the target object without indicating velocity changes of the
reflectors in the target object. Thus, it is difficult for a user to
intuitively recognize the velocity change of the reflectors in
the target object.

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 schematic diagram illustrating an exem-
plary configuration of transducer elements and acoustic lens
as well as further showing scan lines and a coordinates sys-
tem.

[0010] FIGS.3 to 6 are exemplary diagrams showing illus-
trative embodiments of 3-dimensional images showing
velocity changes in a target object.

[0011] FIG. 7is a schematic diagram showing an example
of a display where a reference plane is set on a 3-dimensional
image.

[0012] FIG. 8is a schematic diagram showing an example
of a display where a 2-dimensional image is displayed
together with a 3-dimensional image.

DETAILED DESCRIPTION OF THE INVENTION

[0013] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system. As shown in FIG. 1, the
ultrasound system 100 may include a transmit/receive unit

Jan. 1, 2009

110, an input unit 120, a control unit 130, a signal processing
unit 140, a storage unit 150, an image processing unit 160 and
display unit 170.

[0014] The transmit/receive unit 110 may include a probe
(not shown) containing a plurality of transducer elements 112
for reciprocally converting the ultrasound signals and the
electric signals. The probe may transmit ultrasound signals
along a plurality of scan lines set in a target object and receive
ultrasound echo signals reflected from the target object under
the control of the control unit 130. The transmit/receive unit
110 may further include a transmitter and a receiver. The
transmitter may be operable to form a transmit pattern of
transmit pulses, which are applied to transducer elements,
such that the ultrasound signals generated from the transducer
elements are focused on focal points on the scan lines. The
receiver may be configured to perform receive focusing, i.e.,
apply delays to the receive signals in consideration of dis-
tances between the transducer elements and the focal points.

[0015] The input unit 120 may allow the user to input
instructions upon setup information. The setup information
may include information about an image mode of the ultra-
sound system and information about a location and a size of a
region of interest. The setup information may further include
information for setting a reference plane. The input unit 120
may be any user interface unit such as a mouse, a keyboard, a
track ball or the like.

[0016] The control unit 130 may control the transmit/re-
ceive unit 110 of the ultrasound system. For example, as for
an instruction about the image mode of the ultrasound system,
the control unit 130 may be operable to control the transmit/
receive unit 110 so that the transmit/receive unit 110 may
obtain receive signals corresponding to the inputted image
mode based on the ultrasound echo signals.

[0017] If the image mode is a B-mode, then the receive
signals may be B-mode receive signals. Also, if the image
mode is a Doppler mode, then the receive signals may be
Doppler signals. The target object may include moving
objects such as a blood flow or a heart. Further, if the setup
information upon the region of interest and a Doppler mode
are sequentially inputted while the B-mode image is dis-
played, then the transmit/receive unit 110 may obtain Dop-
pler signals based on the ultrasound echo signals. In one
embodiment, the region of interest may include a color box.
The control unit 130 may be further operable to control the
signal processing unit 140, the image processing unit 160 and
the display unit 170.

[0018] The signal processing unit 140 may perform one of
signal processing upon the receive signals. For example, ifthe
receive signals are the B-mode receive signals, then the signal
processing unit 140 may form 2-dimensional B-mode image
signals. Also, the signal processing unit 140 may perform
signal processing upon the Doppler signals to thereby form
3-dimensional color flow image signals. The 3-dimensional
color flow image signals may be indicative of a plurality of
reflector velocities at the target object. In one embodiment,
the 3-dimensional color flow image signals may be further
indicative of location information on the reflectors within the
region of interest in axial and lateral directions (2-dimen-
sional location).

[0019] In another embodiment, the B-mode image signals
may be indicative of the 2-dimensional location of the reflec-
tors and intensities of the ultrasound echo signals. The color
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flow image signals may be indicative of the 2-dimensional
location of the reflectors and the reflector velocities within the
region of interest.

[0020] The storage unit 150 may store a first mapping table
between colors and velocities, as well as a second mapping
table between colors and intensities. The storage unit 150
may further store a third mapping table between velocities
and intensities. The storage unit 150 may include any one of
non-volatile storage devices such as a flash memory, a hard
disk, a CD ROM and the like.

[0021] The image processing unit 160 may be operable to
form a 2-dimensional B-mode image based on the 2-dimen-
sional B-mode image signals. Further, the image processing
unit 160 may form a plurality of voxels V, to V,,, based on the
color flow image signals, as shown in FIG. 3. In order to form
the voxels, the image processing unit 160 may be operable to
obtain a plurality of reflector velocities based on the color
flow image signals, and then set a reference velocity from the
plurality of reflector velocities. In such a case, the reference
velocity may be an average velocity, a minimum velocity or a
maximum velocity of the plurality of reflector velocities. The
voxels may be formed to indicate the reference velocities on
a 3-dimensional space defined by the axial and lateral direc-
tions (A, L) and the reference velocity direction RS. Each of
the voxels may be indicated with 3-dimensional location (A,
L, RS). The voxels may be matched with the respective pixels
ataslice within the region of interest set on the 2-dimensional
B-mode image. Fach of the voxels may have an arbitrary
shape such as a cube. The image processing unit may be
operable to refer to the first mapping table stored in the
storage unit 150 to thereby indicate each of the voxels by a
color corresponding to the reference velocity. In one embodi-
ment, each of the voxels may be represented by, for example,
Vo(Ag, Lo, RS, Cp). A, may represent a location in an axial
direction, to may represent a location in a lateral direction,
RS may represent a reference velocity and the C, may rep-
resent a color of the corresponding voxel. The image process-
ing unit 160 may form a 3-dimensional color flow image 310
with the plurality of the voxels.

[0022] Also, the image processing unit 160 may be oper-
able to form 3-dimensional image 320 on a 3-dimensional
space defined by the axial and lateral directions (A, L) and a
color direction C, as shown in FIG. 4. In such a case, the
voxels may be formed to show colors corresponding to the
reference velocities and indicated by 3-dimensional location
(A, L, C). The image processing unit 160 may be operable to
refer to the first mapping table stored in the storage unit 150
to thereby indicate each of the voxels with a color correspond-
ing to the reference velocity. In such a case, each of the voxels
may be represented by, for example, V,(A,, Ly, C,). A, may
represent a location in an axial direction, L, may represent a
location in a lateral direction and C, may represent a color of
the corresponding voxel.

[0023] In accordance with another embodiment, the image
processing unit 160 may be operable to form the 3-dimen-
sional color flow image 330 on a 3-dimensional space defined
by the axial and lateral directions (A, L) and a current velocity
direction S, as shown in FIG. 5. In such a case, the voxels may
be formed to show colors corresponding to the current veloci-
ties of the reflectors and indicated with 3-dimensional loca-
tion (A, L, S). The image processing unit 160 may be operable
to refer to the first mapping table stored in the storage unit 150
to thereby indicate each of the voxels by a color correspond-
ing to the current velocity S. In such a case, each of the voxel
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may be represented by, for example, V,(A,. I,, Sy, Co). A,
may represent a location in an axial direction, L, may repre-
sent a location in a lateral direction, S, may represent a cur-
rent velocity and C, may represent a color of the correspond-
ing voxel.

[0024] In another embodiment, the image processing unit
160 may form the 3-dimensional color flow image 340 with
bar graphs B, to B,, on a 3-dimensional space defined by the
axial and lateral directions (A, L) and a reference velocity RS,
as shown in FIG. 6. In such a case, the bar graphs may be
formed to indicate the reference velocities. Each of the graphs
may be indicated with a color C corresponding to the refer-
ence velocity at each of the voxels. In such a case, the height
of each of the bar graphs may represent a reference velocity.
[0025] In accordance with still another embodiment, the
image processing unit 160 may be further operable to form a
3-dimensional color flow image on a 3-dimensional space
defined by the axial and lateral directions (A, L) and intensity
based on the first receive signals. The image processing unit
160 may be operable to set velocities corresponding to the
intensities within the region of interest based on the B-mode
image signals. In such a case, the image processing unit 160
may be operable to retrieve the third mapping table stored in
the storage unit 150 to set the velocities corresponding to the
respective intensifies. The image processing unit 160 may be
operable to form the 3-dimensional image constructed with a
plurality of voxels, wherein each of the voxels is indicative of
the intensity. Each of the voxels may be indicated with a color
corresponding to the intensity of each of the voxels.

[0026] The image processing unit 160 may be operable to
perform a variety of image processing upon the 3-dimen-
sional image. The image process may be operable to set a
reference plane 410 in the 3-dimensional color flow image
310 based on the reference plane setting information inputted
through the input unit 120 from the user, and then form a
reference plane image corresponding to the reference plane
410, as illustrated in FIG. 7. In accordance with one embodi-
ment, although an example of setting the reference plane on
the 3-dimensional color flow image 310 illustrated in FIG. 3
is described, it is certainly not limited thereto. The reference
plane may be set on any 3-dimensional color flow image
described in the above embodiments and the reference plane
image corresponding to the reference plane may be formed.
[0027] Further, the image processing unit 160 may be oper-
able to perform perspective projection or orthographic pro-
jection upon the 3-dimensional image to form a 3-dimen-
sional projection image in accordance with one embodiment
of the present invention.

[0028] The image processing unit 160 may be operable to
perform image processing to display a predetermined number
of 3-dimensional color flow images for a preset time through
the display unit 170 in real time. For example, a display of the
3-dimensional color flow image will be described by referring
to FIG. 9.

[0029] Ifn=1 atstep S901, then the image processing unit
160 may receive color flow image signals from the signal
processing unit 140 at step $903. In such a case, n represents
the number of displaying 3-dimensional color flow images.
The image processing unit 160 may form a 1* 3-dimensional
color flow image IM, based on the 3-dimensional color flow
image signals at step S905. The formed 3-dimensional image
IM, is displayed through the display unit 170 at step S907.
[0030] Subsequently. the image processing unit 160 may
check whether the number of the displayed 3-dimensional



US 2009/0005681 A1

color flow images is equal to or greater than a predetermined
number (e.g., 5) at step S909. If it is determined that the
number of the displayed 3-dimensional color flow images is
less than the predetermined number, then n=n+1 (S911). In
such a case, the image processing unit 160 may check
whether an instruction for stopping displaying the 3-dimen-
sional color flow images is inputted at step S915. If not, then
the step goes to the step S903. On the contrary, if it is deter-
mined that the number of the displayed 3-dimensional color
flow images is equal to or greater than the predetermined
number, then the image processing unit 160 may remove
(n-N+1)th 3-dimensional color flow image from the dis-
played 3-dimensional color flow images at step S913 and then
the process goes to the step S915.

[0031] In one embodiment, when the plurality of 3-dimen-
sional color flow images are displayed at the same time, the
previously formed 3-dimensional color flow images may be
displayed with relatively lower brightness than the currently
formed 3-dimensional color flow images by applying a pre-
determined weight. For example, when the 3-dimensional
color flow images IM, and IM, are displayed, the image
processing unit 160 may apply a first weight (e.g., 0.8) to the
3-dimensional color flow image IM,. Also, when the 3-di-
mensional color flow images IM, IM, and IM; are displayed
at the same time, the image processing unit 160 may apply a
second weight (e.g., 0.6) to the 3-dimensional color flow
image IM1 and the second weight to the 3-dimensional color
flow image IM,. The above process may be repeatedly carried
out until the instruction for stopping displaying the 3-dimen-
sional color flow images. In one embodiment, although it is
described that five 3-dimensional color flow images are dis-
played on the display unit 170 at the same time, the number of
displaying the 3-dimensional images is certainly not limited
thereto. It should be understood that the number of the 3-di-
mensional images to be simultaneously displayed and the
weight may be changed according to the necessity by those
skilled in the art.

[0032] Thedisplay unit 170 may display the 2-dimensional
image, the 3-dimensional color flow image and the reference
plane image. The display unit 170 may be operable to display
only the 3-dimensional color flow image. Also, the display
unit 170 may display the 2-dimensional image together with
the 2-dimensional image. Further, the display unit 170 may be
operable to display the 2-dimensional image, the 3-dimen-
sional color image and the reference plane image at the same
time.

[0033] As mentioned above, since the 3-dimensional color
flow image showing the velocity changes at the respective
locations in the target object is provided, the user may intu-
itively recognize the velocity changes in the target object.
[0034] In accordance with one embodiment of the present
invention, there is provided an ultrasound system, compris-
ing: a transmit/receive unit operable to transmit ultrasound
signals toward a target object having reflectors along scan
lines and receive ultrasound echo signals reflected from the
target object to form receive signals based on the ultrasound
echo signals; a signal processing unit operable to form image
signals based on the receive signals, the image signals being
indicative of locations and velocities of the reflectors in the
target object; and an image processing unit operable to form
a3-dimensional image 3-dimensionally indicating the veloci-
ties of the reflectors based on the image signals.

[0035] In accordance with another embodiment of the
present invention, there is provided a method of forming an
ultrasound image, comprising: a) transmitting ultrasound sig-
nals along scan lines set in a target object having reflectors
and receiving ultrasound echo signals reflected from the tar-
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get object to form receive signals based on the ultrasound
echo signals; b) forming image signals based on the receive
signals, the image signals being indicative of locations and
velocities of the reflectors in the target object; and ) forming
a 3-dimensional image 3-dimensionally indicating reflector
velocities based on the image signals.

[0036] 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.

[0037] 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 transmit/receive unit for transmitting ultrasound signals
toward a target object having reflectors along scan lines
and receiving ultrasound echo signals reflected from the
target object to form receive signals based on the ultra-
sound echo signals;

asignal processing unit for forming image signals based on
the receive signals, the image signals being indicative of
locations and velocities of the reflectors in the target
object; and

an image processing unit for forming a 3-dimensional
image 3-dimensionally indicating the velocities of the
reflectors based on the image signals.

2. The ultrasound system of claim 1, further comprising a
storage unit configured to a mapping table providing infor-
mation betveen colors corresponding to the respective veloci-
ties.

3. The ultrasound system of claim 2, wherein the image
processing unit is configured to:

obtain the plurality of reflector velocities based on the
image signals;

set a reference velocity from the plurality of velocities at
each of the reflectors;

form voxels to indicate 3-dimensional locations based on
the image signals and the reference velocity and indi-
cated by a color corresponding to the reference velocity
of each reflector by referring to the mapping table; and

form a 3-dimensional image with the voxels.

4. The ultrasound system of claim 2, wherein the image

processing unit is configured to:

set a reference velocity from the plurality of reflector
velocities and retrieve the mapping table to set a color
corresponding to the reference velocity;

form voxels to indicate 3-dimensional location informa-
tion based on the image signals and the color corre-
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sponding to the reference velocity and indicated by the
color corresponding to the reference velocity; and

form a 3-dimensional image constructed with a plurality of
voxels.

5. The ultrasound system of claim 2, wherein the image
processing unit is configured to form a 3-dimensional image
constructed with a plurality of voxels, wherein each of the
voxels is formed to indicate 3-dimensional location based on
the location of the reflector and a current reflector velocity
and indicated by the color corresponding to the current veloc-
ity.

6. The ultrasound system of claim 2, wherein the image
processing unit is configured to:

obtain the plurality of reflector velocities and set colors

corresponding to the reflector velocities by referring to
the mapping table; and

form a 3-dimensional image constructed with a plurality of

voxels, wherein each of the voxels is formed to indicate
3-dimensional location based on the location of the
reflector and the color corresponding to the reflector
velocity and indicated by the color corresponding to the
reference velocity.

7. The ultrasound system of claim 2, wherein the image
processing unit is configured to:

set a reference velocity from the plurality of reflector

velocities and set a color corresponding to the reference
velocity by referring to the mapping table; and

form a 3-dimensional image constructed with a plurality of

bar graphs, wherein each of the graphs is formed to
indicate 3-dimensional location based on the location
and the reference velocity of the reflector and indicated
by the color corresponding to the reference velocity.

8. The ultrasound system of claim 1, further comprising an
input unit configured to receive reference plane setup infor-
mation for setting a reference plane on the 3-dimensional
image from the user, wherein the image processing unit sets
the reference plane on the 3-dimensional image based on the
reference plane setup information and forms a reference
plane image corresponding to the reference plane.

9. The ultrasound system of claim 1, wherein the image
processing unit is configured to form the 3-dimensional
image and display a predetermined number of the 3-dimen-
sional images for a preset time through a display unit.

10. The ultrasound system of claim 1, wherein the receive
signals include first receive signals for forming a 2-dimen-
sional image and second receive signals for forming the 3-di-
mensional image corresponding to a region of interest set on
the 2-dimensional image.

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

a) transmitting ultrasound signals along scan lines set in a

target object having reflectors and receiving ultrasound
echo signals reflected from the target object to form
receive signals based on the ultrasound echo signals;

b) forming image signals based on the receive signals, the

image signals being indicative of locations and veloci-
ties of the reflectors; and

¢) forming a 3-dimensional image 3-dimensionally indi-

cating reflector velocities based on the image signals.

12. The method of claim 11, further comprising preparing
amapping table of mapping colors with the respective veloci-
ties.
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13. The method of claim 12, wherein the step c) includes:

setting a velocity from the plurality of reflector velocities in

the target object; and
forming the 3-dimensional image constructed with a plu-
rality of voxels, wherein each of the voxels is formed to
indicate 3-dimensional location based on the location
and the reference velocity of the reflector and indicated
by a color corresponding to the reference velocity by
referring to the mapping table.
14. The method of claim 12, wherein the step c) includes:
setting a reference velocity from the plurality of reflector
velocities and setting a color corresponding to the refer-
ence velocity by referring to the mapping table; and

forming the 3-dimensional image constructed with a plu-
rality of voxels, wherein each of the voxels is formed to
indicate 3-dimensional location based on the location of
the reflector and the color corresponding to the reference
velocity of the reflector and indicated by the color cor-
responding to the reference velocity.

15. The method of claim 12, wherein the step ¢) includes
forming the 3-dimensional image constructed with a plurality
of voxels, wherein each of the voxels is formed to indicate
3-dimensional location based on the location of the reflector
and a current reflector velocity and indicated by the color
corresponding to the current velocity.

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

setting a color corresponding to each of the reflector veloci-

ties by referring to the mapping table; and

forming the 3-dimensional image constructed with a plu-

rality of voxels, wherein each of the voxels is formed to
indicate 3-dimensional location based on the location of
the reflector and the color corresponding to the current
velocity and indicated by the color corresponding to the
current velocity.

17. The method of claim 12, wherein the steps ¢) includes:

setting a reference velocity from the plurality of reflector

velocities and setting a color corresponding to each of
the reflector velocities by referring to the mapping table;
and

forming a 3-dimensional image constructed with a plural-

ity of bar graphs, wherein each of the bar graphs is
formed to indicate 3-dimensional location based on the
location of the reflectors and the color corresponding to
the current velocity and indicated by the color corre-
sponding to the reference velocity.

18. The method of claim 11, further comprising:

receiving reference plane setup information for setting a

reference plane on the 3-dimensional image from the
user;

setting the reference plane on the 3-dimensional image

based on the reference plane setup information; and
forming a reference plane image corresponding to the ref-
erence plane.

19. The method of claim 11, further comprising forming
the 3-dimensional image in real time and displaying a prede-
termined number of 3-dimensional images for a preset time.

20. The method of claim 11, wherein the receive signals
include first receive signals for forming a 2-dimensional
image and second receive signals for forming the 3-dimen-
sional image corresponding to a region of interest set on the
2-dimensional image.
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