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(57) ABSTRACT

The present invention relates to transmit apodization using a
sinc function in an ultrasound system. The ultrasound system
includes: a transmission unit operable to generate transmit
pulse signals with transmit apodization applied by using a
sinc function; a probe operable to generate ultrasound signals
based on the transmit pulse signals to thereby form a transmit
beam and transmit the transmit beam along a predetermined
scan line among a plurality of scan lines in a target object, the
probe being further operable to receive ultrasound echoes
reflected from the target object; and a reception unit operable
to form receive signals corresponding to a plurality of scan
lines based on the ultrasound echoes.
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FIG. 7
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TRANSMIT APODIZATION USING A SINC
FUNCTION IN AN ULTRASOUND SYSTEM

[0001] Thepresent application claims priority from Korean
Patent Application No. 10-2007-0120354 filed on Nov. 23,
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 transmit apodization
using a sinc function in an ultrasound system.

[0004] 2. Background Art

[0005] 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 has been extensively used in the medi-
cal profession. Modern high-performance ultrasound diag-
nostic systems and techniques are commonly used to produce
two or three-dimensional diagnostic images of internal fea-
tures of an object (e.g., human organs).

[0006] Generally, the ultrasound system may transmit an
ultrasound beam formed with a set of ultrasound signals to a
target object and receive ultrasound echoes reflected from the
target object. The ultrasound system may form ultrasound
images based on the received ultrasound echoes. When opet-
ated to form the ultrasound images, a frame rate is very
important for diagnosing the target object (especially moving
objects) in real time. The frame rate may be in inverse pro-
portion to the number of transmission times of the transmit
beam for obtaining one frame. That is, if the transmit beam is
transmitted at a relatively less number of transmission times,
then the frame rate may become high, However, distortion of
the ultrasound image may occur due to a low amount of data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1is a schematic diagram showing an example
of obtaining receive signals by using multi-beam receive
focusing.

[0008] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0009] FIG. 3 is a schematic diagram showing an example
of a transmit beam formed with a set of ultrasound signals
generated from a plurality of transducer elements.

[0010] FIG. 4is a schematic diagram showing examples of
a sinc function, transducer elements and transmit pulse sig-
nals in one embodiment.

[0011] FIG.5isa schematic diagram showing examples of
a sinc function, transducer elements and transmit pulse sig-
nals in another embodiment.

[0012] FIG. 6is a schematic diagram showing examples of
a sinc function, transducer elements and transmit pulse sig-
nals in yet another embodiment.

[0013] FIG. 7is a schematic diagram showing an example
of forming multi-receive beams in one embodiment.
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[0014] FIG. 8 is a schematic diagram showing examples of
a sinc function and a rectangle function obtained by Fourier
transformation of the sinc function.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Multi-beam receive focusing has been introduced to
increase the frame rate without distorting the ultrasound
image. The multi-beam receive focusing may be carried out to
form multi-receive beams corresponding to a plurality of scan
lines per transmission of the transmit beam. FIG. 1 is a sche-
matic diagram showing an example of obtaining receive sig-
nals by using multi-beam receive focusing. Referring to FIG.
1, the ultrasound system may generate ultrasound signals
based on transmit pulse signals to thereby form a transmit
beam Tx(1). Further, the ultrasound system may transmit the
transmit beam Tx(1) along a scan line S, in a target object.
The ultrasound system may receive ultrasound echoes
reflected from the target object and then form three receive
beams Rx(1, -1), Rx(1, 0) and Rx(1, 1), which correspond to
scan lines S, S, and S; based on the received ultrasound
echoes. Thereafter, in the same manner, three receive beams
Rx(2, -1), Rx(2, 0) and Rx(2, 1) corresponding to the scan
lines S,, S5 and S; may be formed in response to the trans-
mission of a transmit beam Tx(2) along the scan line Ss.
Subsequently, three receive beams Rx(3, -1), Rx(3, 0) and
Rx(3, 1) corresponding to the scan lines S, Sg and S, may
also be formed in response to the transmission of a transmit
beam Tx(3) along the scan line Sg. As such, the receive signals
corresponding to the three scan lines may be formed in
response to one transmission of the transmit beam so that the
frame rate may be increased.

[0016] In such a case, however, intensities of the receive
signals corresponding to the scan lines S,, S; and S; may be
higher than those of the receive signals corresponding to the
scanlines S, S;,S,, Sg, S, and S,. Thus, a multi-beam artifact
due to intensity changes of the receive signals may be genet-
ated in the ultrasound images.

[0017] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound system. A probe 110 may
include a plurality of transducer elements 112. Each of the
transducer elements 112 may be configured to reciprocally
convert ultrasound signals into electrical signals and vice-
versa. As illustrated in FIG. 3, the transducer elements 112
may generate ultrasound signals to thereby form an ultra-
sound transmit beam. The ultrasound transmit beam may be
transmitted to a target object in an axial direction. The trans-
ducer elements 112 may receive ultrasound echoes reflected
from the target object.

[0018] A transmission unit 120 may be configured to gen-
erate transmit pulse signals with transmit apodization
applied. In one embodiment, a sinc function may be used asa
transmit apodization function for the transmit apodization.
The generated transmit pulse signals are applied to the trans-
ducer elements 112. Further, the transmission unit 120 may
apply delays to the transmit pulse signals for the respective
transducer elements depending on the desired focal location
of the transmit beam.

[0019] FIG. 4 is a schematic diagram showing examples of
a sinc function, transducer elements and transmit pulse sig-
nals in one embodiment. As shown in FIG. 4, the transmission
unit 120 may be configured to generate the transmit pulse
signals with weighting values for adjusting phases and
widths, i.e., apodization coefficients applied based on the sinc
function 210 for the respective transducer elements 112. The
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sinc function 210 may have minus values. Thus, the weight-
ing values may include first weighting values for phase-shift-
ing the transmit pulse signals applied to transducer elements
corresponding to the minus values by 180°. Also, the weight-
ing values may include second weighting values for adjusting
widths of the transmit pulse signals based on absolute values
of the sinc function 210 corresponding to positions of the
respective transducer elements.

[0020] FIG.5isa schematic diagram showing examples of
a sinc function, transducer elements and transmit pulse sig-
nals in another embodiment. The transmission unit 120 may
be configured to generate the transmit pulse signals with
weighting values for adjusting phases and amplitudes, i.e.,
apodization coefficients applied based on the sinc function
210 for the respective transducer elements 112. The weight-
ing values may include the first weighting values for phase-
shifting the transmit pulse signals applied to transducer ele-
ments corresponding to the minus values of the sinc function
by 180°. Further, the weighting values may include third
weighting values for adjusting amplitudes of the transmit
pulse signals based on absolute values of the sinc function
210 corresponding to positions of the respective transducer
elements.

[0021] FIG. 61is a schematic diagram showing examples of
a sinc function, transducer elements and transmit pulse sig-
nals in yet another embodiment. The transmission unit 120
may be configured to generate the transmit pulse signals with
weighting values for adjusting phases, widths and ampli-
tudes, i.e., apodization coefficients applied based on the sinc
function 210 for the respective transducer elements 112. The
weighting values may include the first weighting values for
phase-shifting the transmit pulse signals applied to transducer
elements corresponding to the minus values of the sinc func-
tion 210 by 180°. Further, the weighting values may include
second and third weighting values for adjusting widths and
amplitudes of the transmit pulse signals based on absolute
values of the sinc function 210 corresponding to positions of
the respective transducer elements.

[0022] A reception unit 130 may be configured to form
receive signals corresponding to the scan lines based on the
ultrasound echoes received at the probe. FIG. 7 is a schematic
diagram showing an example of forming multi-receive beams
in one embodiment. If the transmit beams Tx(1), Tx(2), Tx(3)
... are sequentially transmitted along scan lines S,, Ss, S, .
.. from the probe 110, the reception unit 130 may form the
receive signals Rx(1, -1), Rx(1, 0), Rx(1, 1),Rx(2,-1)...in
response to the transmit beams Tx(1), Tx(2), Tx(3)....In
such a case, intensities of the receive signals may be similar to
each other, as shown in FIG. 7. The transmit beam may have
a characteristic corresponding to the Fourier transformed
transmit apodization function at a far field due to a character-
istic of an acoustic field. As the sinc function is used as the
transmit apodization function, a characteristic of a rectangle
function corresponding to the Fourier transformed sinc func-
tion may occur as shown in FIG. 8. That is, a profile of the
transmit beam may be widened by using the sinc function as
the apodization function such that the transmit beam may
cover the scan lines neighboring the transmit scan line. Thus,
the receive signals having similar intensities may be obtained
as shown in FIG. 7.

[0023] An image processing unit 140 may be configured to
form an ultrasound image of the target object based on the
receive signals corresponding to the respective scan lines.
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[0024] As mentioned above, the sinc function is used as the
apodization function in one embodiment and the intensities of
the receive signals may become similar to each other. Thus, an
ultrasound image with the multi-beam artifacts reduced may
be provided.

[0025] In accordance with one embodiment of the present
invention, there is provided an ultrasound system, compris-
ing: a transmission unit configured to generate transmit pulse
signals with transmit apodization applied by using a sinc
function; a probe configured to generate ultrasound signals
based on the transmit pulse signals to thereby form a transmit
beam and transmit the transmit beam along a predetermined
scan line among a plurality of scan lines in a target object, said
probe being further configured to receive ultrasound echoes
reflected from the target object; and a reception unit config-
ured to form receive signals corresponding to a plurality of
scan lines based on the ultrasound echoes.

[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.

What is claimed is:

1. An ultrasound system, comprising:

a transmission unit for generating transmit pulse signals
with transmit apodization applied by using a sinc func-
tion;

a probe for generating ultrasound signals based on the
transmit pulse signals to thereby form a transmit beam
and transmitting the transmit beam along a predeter-
mined scan line among a plurality of scan lines in a target
object, the probe being configured to receive ultrasound
echoes reflected from the target object; and

a reception unit for forming receive signals corresponding
to a plurality of scan lines based on the ultrasound ech-
oes.

2. The ultrasound system of claim 1, wherein the transmis-
sion unit is configured to generate the transmit pulse signals
with weighting values for adjusting phases and widths
applied based on the sinc function corresponding to positions
of the respective transducer elements.

3. The ultrasound system of claim 2, wherein the weighting
values include:
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first weighting values for phase-shifting transmit pulse sig-
nals applied to transducer elements corresponding to
minus values of the sinc function by 180°; and

second weighting values for adjusting widths of the trans-

mit pulse signals according to absolute values of the sinc
function corresponding to the respective transducer ele-
ments.

4. The ultrasound system of claim 1, wherein the transmis-
sion unit is configured to generate the transmit pulse signals
with weighting values for adjusting phases and amplitudes
applied based on the sinc function values corresponding to
positions of the respective transducer elements.

5. Theultrasound system of claim 4, wherein the weighting
values include:

third weighting values for phase-shifting transmit pulse

signals applied to transducer elements corresponding to
minus values of the sinc function by 180°; and

fourth weighting values for adjusting amplitudes of the

transmit pulse signals according to absolute values of the
sinc function corresponding to the respective transducer
elements.
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6. The ultrasound system of claim 1, wherein the transmis-
sion unit is configured to generate the transmit pulse signals
weighting values for adjusting phases, widths and amplitudes
applied based on the sinc function values corresponding to
positions of the respective transducer elements.

7. The ultrasound system of claim 6, wherein the weighting
values include:

fourth weighting values for phase-shifting transmit pulse
signals applied to transducer elements corresponding to
minus values of the sinc function by 180°;

fifth weighting values for adjusting widths of the transmit
pulse signals according to absolute values of the sinc
function corresponding to the respective transducer ele-
ments; and

sixth weighting values for adjusting amplitudes of the
transmit pulse signals according to absolute values of the
sinc function corresponding to the respective transducer
elements.
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