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(57) ABSTRACT

The present invention relates to an ultrasound system and a
method of forming an ultrasound image. The ultrasound sys-
tem includes: a transmit/receive unit operable to transmit
ultrasound signals to a target object and receive ultrasound
echo signals to form receive signals based on the received
ultrasound echo signals; a signal processing unit operable to
form Doppler signals based on the receive signals; and an
image processing unit operable to obtain information on a
plurality of blood flow velocities at the target object from the
Doppler signals, set a reference velocity, compute a disper-
sion of the plurality of the blood flow velocities with respect
to the reference velocity. and form a 3-dimensional image
indicating velocity changes at the respective locations in the
target object by using the reference velocity and the disper-
sion.

3 Claims, 4 Drawing Sheets
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1
ULTRASOUND SYSTEM AND METHOD OF
FORMING ULTRASOUND IMAGE

The present application claims priority from Korean Patent
Application No. 10-2007-0089241 filed on Sep. 4, 2007, the
entire subject matter of which is incorporated herein by ref-
erence.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to an ultrasound system and a
method of forming an ultrasound image.

2. Background Art

An ultrasound system has become an important and popu-
lar diagnostic tool due to its non-invasive and non-destructive
nature. Modern high-performance ultrasound imaging diag-
nostic systems and techniques are commonly used to produce
two- or three-dimensional images of internal features of
patients.

Generally, the ultrasound system includes a probe, a beam
former, a signal processing unit, an image processing unit and
adisplay unit. The probe, which transmits and receives ultra-
sound signals, contains a plurality of transducer elements for
reciprocally converting the ultrasound signals and the elec-
trical signals. Each of the transducer elements in the probe
may individually generate an ultrasound signal or several
transducer elements may generate ultrasound signals at the
same time. The ultrasound signals may be reflected from
discrete planes (i.e., surfaces of reflectors) of acoustic imped-
ance in the target object. The transducer elements may be
operable to convert the received ultrasound echo signals into
electrical receive signals. The beam former may be config-
ured to apply delays to the electrical receive signal by con-
sidering positions between focal points and respective trans-
ducer elements to form a receive-focused beam. The signal
processing unit performs analog-to-digital conversion,
amplification and signal processing upon the receive-focused
beam. The image processing unit may be operable to form an
ultrasound image based on the signals outputted from the
signal processing unit. The display unit may be configured to
display the ultrasound image.

The Doppler effect is used in the ultrasound system to
provide a color flow image showing velocity information of
reflectors in the target object. The color flow image not only
provides real-time blood flow visualization, but it can also
accurately delineate a wide range of blood flow conditions,
ranging from high velocities in large vessels to minute trick-
les coursing through small vessels.

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

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an illustrative embodi-
ment of an ultrasound system.

FIG. 2 is an exemplary diagram showing a 3-dimensional
image indicating velocity changes at a target object in accor-
dance with one embodiment of the present invention.

FIG. 3 is a diagram showing an example of a display where
a B-mode image and a 3-dimensional image are displayed at
the same time.
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FIG. 4 is a diagram showing an example of a display where
a reference plane is set on a 3-dimensional image in accor-
dance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is block diagram showing an ultrasound system
constructed in accordance with one embodiment of the
present invention. As shown in FIG. 1, the ultrasound system
100 includes a transmit/receive unit 110, an input unit 120, a
control unit 130, a signal processing unit 140, an image pro-
cessing unit 150 and a display unit 160.

The transmit/receive unit 110 may be operable to transmit
ultrasound signals to a target object and receive ultrasound
echo signals reflected from a target object under the control of
the control unit 130. The transmit/receive unit 110 may
include a probe (not shown) containing a plurality of trans-
ducer elements for reciprocally converting the ultrasound
signals and the electric signals. The probe may be operable to
convert the ultrasound echo signals into electrical receive
signals. 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 gen-
erated from the transducer elements are focused on focal
points. The receiver may be configured to perform receive
focusing, i.e., apply delays to the receive signals in consider-
ation of distances between the transducer elements and the
focal points.

The input unit 120 may be operable to receive setup infor-
mation from the user. The setup information may include
information about an image mode of the ultrasound system
100 and information about location and size of a color box.

The control unit 130 may be configured to control the
transmission and reception of the ultrasound signals in the
transmit/receive unit 110 so that the transmit/receive unit 110
may obtain first receive signals for a B-mode image. If the
setup information about the location and size ofthe color box
is inputted, then the control unit 130 may be operable to
control the transmission and reception of the ultrasound sig-
nals such that the transmit/receive unit 110 obtains second
receive signals for a color flow image corresponding to the
color box. The control unit 130 may be further operable to
control operations of the signal processing unit 140, the
image processing unit 150 and the display unit 160.

The signal processing unit 140 may be configured to per-
form signal processing upon the receive signals outputted
from the transmit/receive unit 110 to desirable image signals.
The signal processing unit 140 may perform signal process-
ing upon the first receive signals to thereby form B-mode
image signals. Also, the signal processing unit 140 may be
operable to perform the signal processing upon the second
receive signals to thereby form Doppler signals. The Doppler
signals may be indicative of reflector velocities at a slice
corresponding to the color box. The reflector velocities may
be indicated in axial and lateral directions.

The image processing unit 150 may be configured to form
the B-mode image based on the B-mode image signals. Fur-
ther, the image processing unit 150 may obtain a plurality of
reflector velocities based on the second image signals, set a
reference velocity from the plurality of reflector velocities,
and compute a dispersion of the plurality of reflector veloci-
ties. The image processing unit 150 may further form a 3-di-
mensional image three-dimensionally indicating velocity
changes of the reflectors at the slice corresponding to the
color box based on the reference velocity and the dispersion.
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In accordance with one embodiment of the present inven-
tion, the image processing unit 150 may set a reference blood
flow velocity from a plurality of blood flow velocities in the
axial and lateral directions, and compute a dispersion of the
blood flow velocities and the reference velocity. In such a
case, the reference blood flow velocity may be an average
velocity or a peak velocity of the plurality of blood flow
velocities. The image processing unit 150 may be operable to
form a 3-dimensional image 310 constructed with a plurality
of voxels Vto V,, as illustrated in FIG. 2. Each of the voxels
may be formed to indicate the reference velocity and the
dispersion on a 3-dimensional space configured with an axial
direction A, a lateral direction [ and a reference velocity.
Each of the voxels may be further indicative of a predeter-
mined color C corresponding to the reference velocity.

The image processing unit 150 may form a 3-dimensional
image 310 with a 3-dimensional graph in accordance with
another embodiment of the present invention. The 3-dimen-
sional graph may be constructed with a plurality of bars G, to
G,,. The bars may be indicative of dispersions D, to D, with
respect to the reference velocities MV of the respective voxels
V, to V,,. The image processing unit 150 may be operable to
compute the average velocity from a plurality of blood flow
velocities and then compute dispersion with respect to the
reference velocity. For example, when the blood flow veloci-
ties are 4 m/s, 8 m/s, 12 m/s and 16 m/s, the reference velocity
may be 10 m/s, which is the average velocity thereof. Also,
the dispersion may be 9 m/s with respect to the reference
velocity of 10 m/s. The image processing unit 130 may be
operable to form voxels based on the reference velocity of 10
m/s and a color corresponding to the reference color, and then
form a 3-dimensional graph having a height corresponding to
the dispersion (9 m/s) at top and bottom of the corresponding
voxel along an axis of the reference velocity MV. Although
the dispersion is indicated with the 3-dimensional graph in
accordance with one embodiment of the present invention, it
is certainly not limited thereto. It should be understood to a
person skilled in the art that the dispersion can be indicated
with various types.

The image processing unit 150 may be operable to perform
perspective projection or orthographic projection upon the
3-dimensional image 310 to form a 3-dimensional projection
image. The input unit 120 may be further operable to receive
setup information of a reference plane 510 to be set in the
3-dimensional image 310. The image processing unit 150
may form a 2-dimensional image corresponding to the refer-
ence plane 510 based on the setup information.

The display unit 160 may be operable to display the
B-mode image, the 3-dimensional image and the 2-dimen-
sional image. In accordance with one embodiment of the
present invention, the display unit 160 may display only the
3-dimensional image. In accordance with another embodi-
ment of the present invention, the display unit 160 may simul-
taneously display the B-mode image 320 and the 3-dimen-
sional image 310, as shown in FIG. 4. In accordance with yet
another embodiment of the present invention, the display unit
160 may display the B-mode image 320 and the 3-dimen-
sional image 310 on different screen areas.

As mentioned above, since the present invention may pro-
vide a 3-dimensional image showing velocity changes of
moving reflectors (e.g.. blood flows) in the target object, it is
helpful for the user to examine the target object through
intuitive reorganization of the velocity changes.

In accordance with one embodiment of the present inven-
tion, there is provided an ultrasound system comprising: a
transmit/receive unit operable to transmit ultrasound signals
to a target object and receive ultrasound echo signals to form
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receive signals based on the received ultrasound echo signals;
an signal processing unit operable to form Doppler signals
based on the receive signals; and an image processing unit
operable to obtain information on a plurality of blood flow
velocities at the target object from the Doppler signals, set a
reference velocity, compute a dispersion ofthe plurality of the
blood flow velocities with respect to the reference velocity,
and form a 3-dimensional image three-dimensionally indicat-
ing velocity changes at the respective locations in the target
object by using the reference velocity and the dispersion.

In accordance with another embodiment of the present
invention, there is provided a method of forming an ultra-
sound image, comprising: a) transmitting ultrasound signals
to a target object to form receive signals based on ultrasound
echo signals reflected from the target object: b) forming Dop-
pler signals based on the receive signals; and c¢) obtaining a
plurality of blood flow velocities from the Doppler signals,
setting a reference velocity, computing a dispersion of the a
plurality of the blood flow velocities and forming a 3-dimen-
sional image three-dimensionally indicating velocity
changes at the target object by using the reference velocity
and the dispersion.

Any reference in this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc. means that a
particular feature, structure or characteristic described in con-
nection 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.

Although embodiments have been described with refer-
ence 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 transmitter/receiver configured to transmit ultrasound
signals to a target object and receiving ultrasound echo
signals to form receive signals based on the received
ultrasound echo signals;

asignal processor configured to form Doppler signals for a
color box set by setup information received by an input
unit based on the receive signals and form B-mode
image signals for a B-mode image of the target object
based on the receive signals; and

an image processor configured to obtain information on a
plurality of blood flow velocities at a first region of a
slice corresponding to the color box from the Doppler
signals, set a reference velocity of the plurality of blood
flow velocities, form a 3-dimensional image including a
voxel indicative of the reference velocity in the first
region and 3-dimensional graphs indicative of a disper-
sion of the plurality of the blood flow velocities with
respect to the reference velocity, and display the 3-di-
mensional image with the B-mode image,
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wherein the voxel includes a x-coordinate value indicative

of axial location of the first region, a y-coordinate value
indicative of lateral location of the first region and a
z-coordinate value indicative of the reference velocity of
the first region, and the 3-dimensional graphs are formed 5
at a top and a bottom of a corresponding voxel along a
z-axis, and

acolor ofthe voxel is a color corresponding to the reference

velocity, the 3-dimensional graphs having a height cor-
responding to the dispersion. 10

2. The ultrasound system of claim 1, wherein the input unit
further receives setup information for setting a reference
plane on the 3-dimensional image, wherein the image proces-
sor is configured to set the reference plane on the 3-dimen-
sional image and form a 2-dimensional image corresponding 15
to the reference plane.

3. The ultrasound system of claim 1, wherein the image
processor is configured to perform a perspective projection
upon the 3-dimensional image to form a 3-dimensional pro-
jection image. 20
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