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57) ABSTRACT

An ultrasound system and a method of detecting vector infor-
mation with transmission delays are disclosed. In one
embodiment, the ultrasound system includes: an ultrasound
data acquisition unit configured to set at least two focal points
and form ultrasound data corresponding to the respect two
focal points by considering transmission delays to the respec-
tive focal points; and a processor configured to form vector
information of a target object by using the ultrasound data.
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environment. That is, when expanding equations (3) and (4)
to the three-dimensional environment, the following relation-
ship may be established:

Gy ¥+ X+ 3X3 =Y 5)

[0048] In the case of the two-dimensional environment
(i.e., two-dimensional vector), at least two equations are
required to calculate the variables X, and x,. For example,
when the ultrasound signals (i.e., transmission beam) are
transmitted in the third direction D3 and the ultrasound echo
signals (i.e., reception beam) are received in the second direc-
tion D2 and a fourth direction D4 as shown in FIG. 16, the
following equations may be established:

(030 3 +H(A3p+ 00 Xo=(V3+Y5)
(03 1+00 )% +(Qap+ 0L o= (341 4) (6)

[0049] The vector X=(x,, X,) may be calculated by the two
equations (6).

[0050] Inthe meantime, when the reception beam-forming
is performed in at least two angles (i.e., at least two reception
directions), at least two equations may be obtained and rep-
resented as the over-determined problem, as shown in FIG. 6.
The over-determined problem is well known in the art. Thus,
it has not been described in detail so as not to unnecessarily
obscure the present disclosure. The over-determined problem
may be solved by a pseudo inverse method, a weighted least
square method and the like based on noise characteristics
added to the Doppler shift frequency. That is, MxN equations
may be obtained by M transmission directions and the recep-
tion beam-forming of N reception directions at every trans-
mission.

[0051] For example, the processor 130 is configured to
detect vector information by using the first Doppler mode
ultrasound data corresponding to the first focal point and the
second Doppler mode ultrasound data corresponding to the
second focal point for an arbitrary region A denoted in FIG. 4,
based on the above equations.

[0052] Alternatively, the processor 130 may be configured
to form a Doppler mode image corresponding to the region of
interest by using the vector information. The Doppler mode
image may include a vector Doppler image or a color Doppler
image. The vector Doppler image may be formed through
well-known methods. As such, detailed description thereof
will be omitted herein.

[0053] Referringto FIG. 1 again, the ultrasound system 100
may further include a storage unit 140. The storage unit 140
may be configured to store the ultrasound data (i.e., B-mode
ultrasound data and Doppler mode ultrasound data), which
are acquired by the ultrasound data acquisition unit 120.
Further, the storage unit 140 may store the vector informa-
tion. Also, the storage unit 140 may store the B-mode image
and the Doppler mode image, which are formed by the pro-
cessor 130.

[0054] The ultrasound system 100 may further include a
display unit 150. The display unit 150 may display the
B-mode image formed by the processor 130. Further, the
display unit 150 may display the Doppler mode image formed
by the processor 130.

[0055] 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
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disclosure. More particularly, numerous variations and modi-
fications are possible in the component parts and/or arrange-
ments 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:

an ultrasound data acquisition unit configured to set at least
two focal points and form ultrasound data corresponding
to the respect two focal points by considering transmis-
sion delays to the respective focal points; and

a processor configured to form vector information of a
target object by using the ultrasound data.

2. The ultrasound system of claim 1, wherein the two focal

points are set on different locations.

3. The ultrasound system of claim 1, wherein the ultra-
sound data acquisition unit is configured to:

set transmission delays corresponding to the respective at
least two focal points;

form transmission pulses corresponding to the respective at
least two focal points by considering the transmission
delays;

transmit ultrasound signals into the target object in
response to the transmission pulses and receive ultra-
sound echoes to form receive signals;

perform analog-to-digital conversion upon the receive sig-
nals to form digital signals;

perform reception beam forming upon the digital signals to
form receive-focused signals; and

form ultrasound data corresponding to the respective at
least two focal points by using the receive-focused sig-
nals.

4. The ultrasound system of claim 1, wherein the processor
is configured to form the vector information corresponding to
velocities and directions of the target object by using at least
one transmission direction and at least one reception direction
corresponding to the at least one transmission direction.

5. A method of detecting vector information, comprising:

a) setting at least two focal points;

b) forming ultrasound data corresponding to the respect
two focal points by considering transmission delays to
the respective focal points; and

¢) forming vector information of the target object by using
the ultrasound data.

6. The method of claim 5, wherein the two focal points are

set on different locations.

7. The method of claim 5, wherein the forming b) includes:

setting transmission delays corresponding to the respective
at least two focal points;

forming transmission pulses corresponding to the respec-
tive at least two focal points by considering the trans-
mission delays;

transmitting ultrasound signals into the target object in
response to the transmission pulses and receive ultra-
sound echoes to form receive signals;

performing analog-to-digital conversion upon the receive
signals to form digital signals;

performing reception beam forming upon the digital sig-
nals to form receive-focused signals; and

forming ultrasound data corresponding to the respective at
least two focal points by using the receive-focused sig-
nals.
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8. The method of claim 4, wherein the forming ¢) includes
forming the vector information corresponding to velocities
and directions of the target object by using at least one trans-
mission direction and at least one reception direction corre-
sponding to the at least one transmission direction.

#* #* * #* #*
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ULTRASOUND SYSTEM AND METHOD FOR
DETECTING VECTOR INFORMATION
USING TRANSMISSION DELAYS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Korean
Patent Application No. 10-2011-0143871 filed on Dec. 27,
2011, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to an ultra-
sound system, and more particularly an ultrasound system
and method for detecting vector information corresponding
to motions (i.e., velocities and directions) of a target object.

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 system has been extensively used in the
medical profession. Modern high-performance ultrasound
systems and techniques are commonly used to produce two-
dimensional or three-dimensional ultrasound images of inter-
nal features of target objects (e.g., human organs).

[0004] The ultrasound system may provide ultrasound
images in various modes including a brightness mode image
representing reflection coefficients of ultrasound signals
reflected from a target object (i.e., ultrasound echoes) with a
two-dimensional image, a Doppler mode image representing
velocity of a moving target object with spectral Doppler by
using a Doppler effect, a color Doppler mode image repre-
senting velocity of the moving target object with colors by
using the Doppler effect, an elastic image representing
mechanical characteristics of tissues before and after apply-
ing compression thereto, and the like.

[0005] The ultrasound system may transmit the ultrasound
signals to the target object and receive the ultrasound echo
signals from the target object to form Doppler signals corre-
sponding to a region of interest, which is set on the brightness
mode image. The ultrasound system may further form the
color Doppler mode image representing the velocities of the
moving target object with colors based on the Doppler sig-
nals. In particular, the color Doppler image may represent the
motions of the target object (e.g., blood flow) with the colors.
The color Doppler image may be used to diagnose disease of
a blood vessel, a heart and the like. However, it is difficult to
represent an accurate motion of the target object (e.g., blood
flow) since the respective colors indicated by motion values
are a function of the velocity of the target object, which moves
forward in a transmission direction of the ultrasound signals
and moves backward in the transmission direction of the
ultrasound signals.

[0006] To cope with the drawback of the color Doppler
image, a vector Doppler method capable of obtaining infor-
mation on velocities and directions of the blood flow has been
introduced. A cross beam-based method of the vector Dop-
pler method may acquire velocity magnitude components in
at least two different directions, and combine the velocity
magnitude components to detect vector information having
two-dimensional or three-dimensional direction information
and magnitude information.
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SUMMARY

[0007] An ultrasound system and a method for detecting
vector information corresponding to moving velocities and
directions of a target object by using transmission delays for
at least two focal points are provided.

[0008] Inone embodiment, there is provided an ultrasound
system including: an ultrasound data acquisition unit config-
ured to set at least two focal points in a target object and to
form ultrasound data corresponding to the respect two focal
points by considering transmission delays to the respective
focal points; and a processor configured to form vector infor-
mation of the target object by using the ultrasound data.
[0009] In another embodiment, there is provided a method
of detecting vector information including: a) setting at least
two focal points in a target object; b) forming ultrasound data
corresponding to the respect two focal points by considering
transmission delays to the respective focal points; and c)
forming vector information of the target object by using the
ultrasound data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0011] FIG.2isanexemplary diagram showing an example
of setting a region of interest on a brightness mode image.
[0012] FIG. 3 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit.

[0013] FIG.4isanexemplary diagram showing an example
of setting focal points according to one embodiment of the
present disclosure.

[0014] FIG. 5is a flowchart showing a procedure of detect-
ing vector information using transmission delays according
to one embodiment of the present disclosure.

[0015] FIG. 6 is a schematic diagram showing an example
of the transmission directions, the reception directions, the
vector information and an over-determined problem.

DETAILED DESCRIPTION

[0016] Hereinafter, embodiments of the present disclosure
will be described in detail by referring to the accompanying
drawings.

[0017] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system according to one
embodiment of the present disclosure. Referring to FIG. 1,
the ultrasound system 100 may include a user input unit 110.
[0018] The user input unit 110 may receive input informa-
tion from a user. In one embodiment, the input information
may include information for setting a region of interest. That
is, the input information may include information on size and
location of the region of interest. However, the input infor-
mation may not be limited thereto. The region of interest may
be a region to detect vector information corresponding to
motions (i.e., velocities and directions) of the target object.
The user input unit 110 may include at least one of a control
panel, atrack ball, a touch screen, amouse, a keyboard and the
like.

[0019] The ultrasound system 100 may further include an
ultrasound data acquisition unit 120. The ultrasound data
acquisition unit 120 may be configured to transmit ultrasound
signals to an object. The object may include at least one of
blood flow, blood flow wall, tissues, heart, and the like as a
target object. Also, the ultrasound acquisition unit 120 may be
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configured to receive ultrasound signal reflected from the
object (i.e., ultrasound echo) to acquire ultrasound data for
ultrasound imaging.

[0020] FIG. 3 is a block diagram showing an illustrative
embodiment of the ultrasound data acquisition unit 120
according to one embodiment of the present disclosure.
Referring to FIG. 3, the ultrasound data acquisition unit 120
may include an ultrasound probe 310.

[0021] The ultrasound probe 310 may include a plurality of
transducer elements 311 (see FIGS. 4 and 5), which are oper-
able to reciprocally convert electrical signals and ultrasound
signals. The ultrasound probe 310 is configured to transmit
ultrasound signals to the object and receive ultrasound echoes
reflected from the object to thereby output receive signals of
electrical signals, which may be analog signals. The ultra-
sound probe 310 may include at least one of a convex probe,
a linear probe and the like.

[0022] The ultrasound data acquisition 120 may further
include a transmitting section 320. The transmitting section
320 may be configured to control transmission of the ultra-
sound signals. Further, the transmitting section 320 is config-
ured to generate transmission pulses and apply delays to the
transmission pulses by considering distances from the respec-
tive transducer elements 311 to a focal point, thereby forming
transmission signals. The transmission signals may be trans-
ferred to the transducer elements 311 of the ultrasound probe
310 for excitation. The transmitting section 320 may include
a transmission pulse generator (not denoted), a memory to
store information on transmission delays (not denoted), a
transmission beam former (not denoted) and the like.

[0023] In one embodiment, the transmitting section 320
may be configured to form transmission signals to acquire a
brightness mode (B-mode) image by considering distances
from the respective transducer elements 311 to a focal point.
Herein, the transmission signals will be referred to as B-mode
transmission signals. The ultrasound probe 310 may transmit
ultrasound signals to the object in response to the B-mode
transmit signals and receive ultrasound echoes reflected from
the object, thereby outputting receive signals (hereinafter
referred to as B-mode receive signals).

[0024] Also, the transmitting section 320 may be config-
ured to form transmission signals corresponding to an
ensemble number to acquire a Doppler mode image, wherein
the transmission signals will be referred to as Doppler mode
transmission signals. The ensemble number represents the
number of times for transmitting and receiving the ultrasound
signals to and from the object. The ultrasound probe 310 may
transmit ultrasound signals to the object in response to the
Doppler mode transmission signals and receive ultrasound
echoes reflected from the object, thereby outputting receive
signals (hereinafter referred to as Doppler mode receive sig-
nals).

[0025] More particularly, the transmitting section 320 may
be configured to set at least two focal points. For example, the
transmitting section 320 is configured to set a first focal point
FP1 in a transmission direction of the ultrasound signals from
the transducer elements 311, and to set a second focal point
FP2 in an opposite transmission direction of the ultrasound
signals from the transducer elements, as shown in FIG. 4. The
transmitting section 320 may be configured to compute first
transmission delays corresponding to the first focal point FP1
by considering distances between the respect transducer ele-
ments and the first focal point FP1, as shown in FIG. 4. The
transmitting section 320 may also be configured to form first
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Doppler-mode transmission signals corresponding to the
ensemble number by applying the first transmission delays to
the transmission pulses. The ultrasound probe 310 may be
configured to transmit ultrasound signals to the object in
response to the first Doppler-mode transmission signals and
receive ultrasound echoes reflected from the target object,
thereby outputting first Doppler-mode receive signals. Fur-
ther, the transmitting section 320 may be configured to com-
pute second transmission delays corresponding to the second
focal point FP2 by considering distances between the respect
transducer elements and the second focal point FP2, as shown
in FIG. 4. The transmitting section 320 may further be con-
figured to form second Doppler-mode transmission signals
corresponding to the ensemble number by applying the sec-
ond transmission delays to the transmission pulses. The ultra-
sound probe 310 may be configured to transmit ultrasound
signals to the object in response to the second Doppler-mode
transmission signals and receive ultrasound echoes reflected
from the target object, thereby outputting second Doppler-
mode receive signals.

[0026] Although it is described in the above embodiment
that two focal points are set with respect to the transducer
elements 311, it should be noted that the number and location
of'the focal point may not be limited thereto. The focal points
may be set variously depending on the need.

[0027] Referring to FIG. 3 again, the ultrasound data acqui-
sition unit 120 may further include a receiving section 330.
The receiving section 330 may be configured to perform
analog-to-digital conversion upon the receive signals, which
are provided from the ultrasound probe 310, to form digital
signals. Further, the receiving section 330 may be configured
to perform reception beam focusing upon the digital signals
by considering the distances between the respective trans-
ducer elements 311 and the focal points, thereby forming
receive-focused signals. The receive-focusing may be per-
formed through well-known methods. As such, a detailed
description thereof will be omitted herein. The receiving sec-
tion 330 may include a receive signal amplifier (not denoted),
an analog-to-digital converter (not denoted), a memory (not
denoted) to store information on receive delays, a reception
beam former (not denoted) and the like.

[0028] In one embodiment, the receiving section 330 is
configured to perform analog-to-digital conversion upon the
B-mode receive signals to form digital signals (hereinafter
referred to as B-mode digital signals). The receiving section
330 is configured to perform reception beam forming upon
the B-mode digital signals to form B-mode receive-focused
signals.

[0029] Further, the receiving section 330 is configured to
perform analog-to-digital conversion upon the Doppler mode
receive signals to form digital signals (hereinafter referred to
as Doppler mode digital signals). The receiving section 330 is
configured to perform reception beam forming upon the Dop-
pler mode digital signals to form Doppler mode receive-
focused signals.

[0030] Forexample, the receiving section 330 is configured
to digitize the Doppler mode receive signals, which are pro-
vided from the ultrasound probe 310, to thereby form first
Doppler mode digital signals. The receiving section 330 is
configured to perform reception beam forming upon the first
Doppler mode digital signals by considering distances
between the respective transducer elements 311 and a first
focal point FP1 to form first Doppler mode receive-focused
signals. Also, the receiving section 330 is configured to digi-
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tize the Doppler mode receive signals, which are provided
from the ultrasound probe 310, to thereby form second Dop-
pler mode digital signals. The receiving section 330 is con-
figured to perform reception beam forming upon the second
Doppler mode digital signals by considering distances
between the respective transducer elements 311 and a second
focal point FP2 to form second Doppler mode receive-fo-
cused signals.

[0031] The ultrasound acquisition unit 120 may further
include an ultrasound data forming section 340. The ultra-
sound data forming section 340 is configured to form ultra-
sound data for ultrasound imaging by using the receive-fo-
cused signals, which are provided from the receiving section
330. Further, the ultrasound data forming section 340 is con-
figured to perform various signal processing necessary for
forming the ultrasound image, such as gain control, etc., upon
the receive-focused signals.

[0032] In one embodiment, the ultrasound data acquisition
unit 120 may be configured to form ultrasound data for
B-mode ultrasound imaging (hereinafter referred to B-mode
ultrasound data) by using the B-mode receive-focused sig-
nals, which are provided from the receiving section 330. The
B-mode ultrasound data may include radio frequency (RF)
data, but may not be limited thereto.

[0033] Further, the ultrasound data acquisition unit 120
may be configured to form ultrasound data for Doppler mode
ultrasound imaging (hereinafter referred to Doppler mode
ultrasound data) by using the Doppler mode receive-focused
signals, which are provided from the receiving section 330.
The Doppler mode ultrasound data may include radio in-
phase/quadrature (IQ) data, but may not be limited thereto.
[0034] For example, the ultrasound data forming section
340 is configured to form first Doppler mode ultrasound data
by using the first Doppler mode receive-focused signals,
which are provided from the receiving section 330. Further,
the ultrasound data forming section 340 is configured to form
second Doppler mode ultrasound data by using the second
Doppler mode receive-focused signals, which are provided
from the receiving section 330.

[0035] Referringto FIG. 1 again, the ultrasound system 100
may further include a processor 130. The processor 130 is
coupled to the user input unit 110 and the ultrasound data
acquisition unit 120. The processor 130 may include at least
one of a central processing unit, a microprocessor, a graphic
processing unit and the like.

[0036] FIG. 5 is a flowchart showing a process of detecting
vector information by using transmission delays according to
one embodiment of the present disclosure. Referring to FIG.
5, the processor 130 may be configured to form a B-mode
image by using the B-mode ultrasound data, which are pro-
vided from the ultrasound data acquisition unit 120, at S502.
The B-mode image may be displayed on a display unit 150.
[0037] The processor 130 is configured to set a region of
interest on the B-mode ultrasound image BI based on the
input information provided from the user input unit 110 at
S504. The ultrasound data acquisition unit 120 is configured
to set at least two focal points based on the region of interest.
The ultrasound data acquisition unit 120 is configured to
transmit ultrasound signals to an object by considering the
focal points and receive ultrasound echoes reflected from the
object to thereby acquire Doppler mode ultrasound data cor-
responding to the at least two focal points.

[0038] The processor 130 is configured to form vector
information by using the Doppler mode ultrasound data,
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which are provided from the ultrasound data acquisition unit
120, at S1506. That is, the processor 130 is configured to form
the vector information corresponding to motion of the target
object (i.e., velocities and directions) by using the Doppler
mode ultrasound data.

[0039] Generally, when the transmission direction of the
ultrasound signals is equal to the reception direction of the
ultrasound echo signals and a Doppler angle is 8, the follow-
ing relationship may be established:

Xcosf = C;f:d 0
[0040] In equation (1), X represents a reflector velocity

(i.e., velocity of target object), C, represents a sound speed in
the object, f, represents a Doppler shift frequency, and f,
represents a frequency of an ultrasound signal.

[0041] The Doppler shift frequency f, may be calculated by
a difference between a frequency of the ultrasound signals
(i.e., transmission beam) and a frequency of the ultrasound
echoes (i.e., reception beam). Also, the velocity component X
cos B[] projected to the transmission direction may be calcu-
lated by the equation (1).

[0042] Inthe meantime, when the transmission direction of
the ultrasound signals (i.e., transmission beam) is different to
the reception direction of the ultrasound echoes (i.e., recep-
tion beam), the following relationship may be established:

C 2
XcosOr + Xcosbg = ofa @

[0043] In equation (2), 6, represents an angle between a
transmission direction of the ultrasound signals (i.e., trans-
mission beam) and a flow direction of the blood flow, and 0,
represents an angle between a reception direction of the ultra-
sound echo signals (i.e., reception beam) and a flow direction
of the blood flow.

[0044] FIG. 6 is a schematic diagram showing an example
of the transmission directions, the reception directions, the
vector information and an over-determined problem. Refer-
ring to FIG. 16, when the ultrasound signals (i.e., transmis-
sion beam) are transmitted in a first direction D1 and the
ultrasound echo signals (i.e., reception beam) are received in
the first direction D1, the following relationship may be
established:

——
o, Xxay X +0 %=y =X cos 0 (3)

[0045] In equation 3, ?x)l:((xn, a,,) indicative of a unit

vector in the first direction D1, X=(x,, ) indicative of vari-
ables, and y, is calculated by equation (1).

[0046] In the meantime, when the ultrasound signals (i.e.,
transmission beam) are transmitted in a second direction D2
and the ultrasound echo signals (i.e., reception beam) are
received in a third direction D3, the following relationship
may be established:

(0 1+0131)% (00130 Ko =(2+y3)=X cOs B+X cos 03 @
[0047] Equations (3) and (4) are established under the

assumption of a two-dimensional environment. However,
equations (3) and (4) may be expanded to a three-dimensional
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