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ULTRASOUND SYSTEM AND METHOD FOR
PROCESSING BEAM-FORMING BASED ON
SAMPLING DATA

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Korean
Patent Application No. 10-2010-0129665 filed on Dec. 17,
2010, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present invention generally relates to ultra-
sound systems, and more particularly to a beam forming
processing based on sampling data in an ultrasound system.

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 or
three-dimensional images of internal features of an object
(e.g., human organs).

[0004] The ultrasound system is configured to transmit an
ultrasound signal to a target object and receive an ultrasound
signal reflected from the target object (i.e., ultrasound echo
signal) to thereby form a receive signal. The ultrasound sys-
tem is further configured to perform an analog-to-digital con-
version upon the receive signal to form sampling data and
perform beam forming processing upon the sampling data to
thereby form receive-focused data. The ultrasound system is
further configured to form an ultrasound image by using the
receive-focused data.

[0005] As the processing speed of a central processing unit
(CPU) becomes faster, the software beam forming process-
ing, which is performed in CPU, has been adopted. Currently,
a pixel-oriented beam forming technique, which is a popular
technique among the software beam forming techniques, is
implemented by extracting sampling data corresponding to a
path length for the respective transducers for pixels of an
ultrasound image to be formed and performing beam forming
processing (i.e., summing) upon the extracted sampling data.
This pixel-oriented beam forming technique is characterized
by a low amount of computation and easy implementation.
However, in such a technique, there is a problem since a noise
pattern caused by the pixel-oriented beam forming technique
may affect the resolution of an ultrasound image.

SUMMARY

[0006] Embodiments of performing a beam forming pro-
cessing based on sampling data in an ultrasound system are
disclosed. The ultrasound system includes an ultrasound data
acquisition unit configured to form a receive signal based on
an ultrasound signal reflected from a target object, perform an
analog-to-digital conversion on the receive signal to form
sampling data, select pixels, which the respective sampling
data are used as pixel values thereof among the plurality of
pixels, cumulatively assign the corresponding sampling data
to the selected pixels and perform beam forming upon the
cumulatively assigned sampling data for the respective pixels
to form receive-focused data.
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[0007] In another embodiment, a method of forming an
ultrasound image having a plurality of pixels, comprises: a)
transmitting an ultrasound signal to a target object and receiv-
ing an ultrasound echo signal reflected from the target object
to form a receive signal by using an ultrasound probe having
a plurality of transducer elements; b) performing an analog-
to-digital conversion on the receive signal to form sampling
data; c) selecting pixels, which the respective sampling data
are used as pixel values thereof among the plurality of pixels,
and cumulatively assigning the corresponding sampling data
to the selected pixels; and d) performing beam forming upon
the cumulatively assigned sampling data for the respective
pixels to form receive-focused data.

[0008] TheSummary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the Detailed Description. This Summary is not intended to
identify key or essential features of the claimed subject mat-
ter, nor is it intended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system.

[0010] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit.

[0011] FIG. 3 is an exemplary diagram showing sampling
data and pixels of an ultrasound image.

[0012] FIGS. 4 to 7 are diagrams showing an example of
performing sampling data-oriented beam forming processing
in accordance with a first embodiment of the present inven-
tion.

[0013] FIG.8isanexemplary diagram showing an example
of setting weights in accordance with a second embodiment
of the present invention.

[0014] FIG.9isanexemplary diagram showing an example
of setting a sampling data set in accordance with a third
embodiment of the present invention.

DETAILED DESCRIPTION

[0015] Hereinafter, embodiments of the present invention
will be described by referring to the accompanying drawings.
[0016] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system. Referring to FIG. 1, the
ultrasound system 100 includes an ultrasound data acquisi-
tion unit 110, a processor 120, a storage unit 130 and a display
unit 140.

[0017] The ultrasound data acquisition unit 110 is config-
ured to transmit an ultrasound signal to a target object and
receive an ultrasound signal reflected from the target object
(i.e., ultrasound echo signal) to thereby acquire ultrasound
data.

[0018] FIG. 2 is a block diagram showing an illustrative
embodiment of the ultrasound data acquisition unit 110.
Referring to FIG. 2, the ultrasound data acquisition unit 100
may include an ultrasound probe 210, a transmit signal form-
ing section 220, a beam forming section 230 and an ultra-
sound data forming section 240.

[0019] The ultrasound probe 210 includes a plurality of
transducer elements, which are configured to perform recip-
rocal conversion between an electrical signal and an ultra-
sound signal. The ultrasound probe 210 is configured to trans-
mit an ultrasound beam along each of multiple scan lines and
receive an ultrasound echo signal from the target object to
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thereby form a receive signal. In one embodiment, the receive
signal may be an analog signal. The ultrasound probe 210
includes at least one of a convex probe, a linear probe and the
like.

[0020] The transmit signal forming section 220 is config-
ured to control transmission of the ultrasound signal. Also,
the transmit signal forming section 220 is configured to gen-
erate transmit signals to obtain an ultrasound image by con-
sidering the transducers and focal points. If the transmit sig-
nals are provided from the transmit signal forming section
220, then the ultrasound probe 210 may be operable to con-
vert the transmit signal into an ultrasound signal, which is
propagated into the target object, and receive an ultrasound
echo signal to thereby form a receive signal.

[0021] The beaming section 230 is configured to perform
analog-to-digital conversion upon the receive signal, which is
provided from the ultrasound probe 210, to form sampling
data. Also, the beam forming section 230 is further configured
to perform software beam forming upon the sampling data in
consideration of the transducer elements and focal points to
form receive-focusing data according to one embodiment of
the present invention.

[0022] According to a first embodiment of the present
invention, the beam forming section 230 is configured to
perform analog-to-digital conversion upon the receive sig-
nals, which are provided trough a plurality of channels CH,,
wherein 1=k=N, from the ultrasound probe 210 to form
sampling data S, ;, wherein i and j are a positive integer. The
sampling data S, ; may be stored in the storage unit 130. The
beam forming section 230 may determine positions of a plu-
rality of pixels of an ultrasound image to be formed. The beam
forming section 230 is configured to select pixels, which the
respective sampling data are used as pixel data thereof, based
onlocations of the transducer elements and orientations of the
respective pixels with respect to the transducer elements. That
is, the beam forming section 230 is configured to select the
pixels, which the respective sampling data are used as pixel
data thereof, during the beam forming processing, based on
the locations of the transducer elements and orientations of
the respective pixels with respect to the transducer elements.
The beam forming section 230 may be configured to assign
sampling data corresponding to the selected pixels as pixel
data in a cumulative manner.

[0023] Inoneembodiment, the beam forming section 230 is
configured to set a curve CVj 5 to select pixels, which the
sample data S ; are used as pixel data thereof, during the
beam forming processing (hereinafter, referred to as “beam
forming curve”) based on the locations of the transducer
elements and orientations of the respective pixels with respect
to the transducer elements, as shown in FIG. 4. The beam
forming section 230 is configured to select pixels P, ;, P ,,
P43, Ps4sPys, Py, Py s Pyg, Py, .. Ps yyonwhich the beam
forming curve CV ; passes among the pixels P, , of the
ultrasound image UI, wherein 1=a=M, 1=b=N. The beam
forming section 230 is configured to assign the sampling data
Se,5 to the selected pixies P |, Ps 5, Py 5, Py, Py s, Pas, Pa s
P,s. Pyo, ... Psy, as shown in FIG. 5. Thereafter, the beam
forming section 230 is configured to set a beam forming curve
CV 4 to select pixels, which the sample data S , are used as
pixel data thereof during the beam forming processing, based
onthe locations of the transducer elements and orientations of
the respective pixels with respect to the transducer elements,
as shown in FIG. 6. The beam forming section 230 is config-
ured to select pixels P, |, P3 5, Py 5, Py 3, Pygy Ps 4, Ps 5. Ps g,
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P57, Psg, Pyo, Psg, . .., P35 on which the beam forming
curve CV , passes among the pixels P, , of the ultrasound
image Ul As shown in FIG. 7, the sampling data S, , are
assigned to the pixels P, |, P; 5, Py 5, Py 5, Py 4, Ps 4, Ps 5, Ps o,
Ps ;. Psg Pag, Pso, .. ., Ps . In this way, the respective
sampling data, which are used as the pixel data, are cumula-
tively assigned to the pixels as pixel data.

[0024] The beam forming section 230 is configured to per-
form beam forming processing (i.e., summing) upon the
cumulatively assigned sampling data to the respective pixels
P,, of the ultrasound image UI to thereby form receive-
focused data.

[0025] In a second embodiment of the present invention,
the beam forming section 230 is configured to perform ana-
log-to-digital conversion upon the receive signals, which are
provided trough a plurality of channels CH,, wherein
1=k=N, from the ultrasound probe 210 to form sampling
data S, ;, wherein i and j are positive integer. The sampling
data S, ; may be stored in the storage unit 130. The beam
forming section 230 may determine locations of a plurality of
pixels of an ultrasound image to be formed. The beam form-
ing section 230 is configured to select pixels, which the
respective sampling data are used as pixel data thereof, based
onlocations of the transducer elements and orientations of the
respective pixels with respect to the transducer elements. That
is, the beam forming section 230 is configured to detect the
pixels, which the respective sampling data are used as pixel
data thereof during the beam forming process, based on the
locations of the transducer elements and orientations of the
respective pixels with respect to the transducer elements. The
beam forming section 230 may assign sampling data corre-
sponding to the detected pixels as pixel data in a cumulative
manner. The beam forming section is further configured to
determine pixels existing in the same column among the
selected pixels and set weights corresponding to the respec-
tive determined pixels. The beam forming section is further
configured to apply the weights to the respective pixels.

[0026] Inoneembodiment,the beam forming section230is
configured to set a curve CVy 5 to select pixels, which the
sample data S, are used as pixel data thereof during the
beam forming processing (hereinafter, referred to as “beam
forming curve”), based on the locations of the transducer
elements and orientations of the respective pixels of the ultra-
sound image with respect to the transducer elements, as
shown in FIG. 4. The beam forming section 230 is configured
to select pixels Py, Py 5, P, 5, Py 4, Py 5, Py, Py 7 Pyg, P,

. P; » on which the beam forming curve CVy ; passes
among the pixels P, , of the ultrasound image Ul, wherein
1=a=M, 1=b=N. The beam forming section 230 is config-
ured to assign the sampling data S ; to the selected pixels
Piis Pans Pusy Pugy Pus, Pug Pygi Pags Pao, oo Py s
shown in FIG. 5. The beam forming section 230 is configured
to determine pixels P, , and P, ,, which exist in the same
column among the selected pixels P ;, P35, P, 3, Py 4, Pys,
P46 Ps7Pag Py, ... Ps . Asillustrated in FIG. 8, the beam
forming section 230 is configured to compute distances W,
and W, from a center of each of the pixels P; , and P, ,, which
exist in the same column, to the beam forming curve CV 5
and set a first weight o, corresponding to the pixel P; , based
on the distance W, and a second weight a., corresponding to
the pixel P, , based on the distance W,. The first and second
weights o, and o, may be set to be in proportion to or in
inverse proportion to the computed distances. The beam
forming section 230 is configured to apply the first weight o,



US 2012/0157847 Al

to the sampling data S ; assigned to the pixel P; , and to apply
the second weight c., to the sampling data S ; assigned to the
pixel P, ,. The beam forming second 230 is configured to
perform the above process upon the remaining sampling data.
[0027] The beam forming section 230 is configured to per-
form beam forming processing (i.e., summing) upon the
cumulatively assigned sampling data to the respective pixels
P, of the ultrasound image UI to thereby form receive-fo-
cused data.

[0028] According to a third embodiment of the present
invention, the beam forming section 230 is configured to
perform analog-to-digital conversion upon the receive sig-
nals, which are provided trough a plurality of channels CH,,
wherein 1=k=N, from the ultrasound probe 210 to form
sampling data S, ;, wherein i and j are positive integer. The
sampling data S, ; may be stored in the storage unit 130. The
beam forming section 230 is configured to set a sampling data
set to select pixels using sampling data S, ; during a beam
forming process.

[0029] Inoneembodiment, the beam forming section 230 s
configured to set a sampling data set of S, ;, S, ,,...,S, ,
S5.158545+55,5,... S, ,(denoted by a box) to select pixels,
which the sampling data S, ; are used as pixel data thereof
during the beam forming process, as shown in FIG. 9.
[0030] The beam forming section 230 is configured to
select pixels, which the respective sample data of the sam-
pling data set are used as pixel data thereof during the beam
forming processing, based on the locations of the transducer
elements and orientations of the respective pixels of the ultra-
sound image with respect to the transducer elements. The
beam forming section 230 is further configured to cumula-
tively assign the sampling data to the selected pixels in the
same manner with the first embodiment or the second
embodiment. The beam forming section 230 is further con-
figured to perform beam forming processing upon the sam-
pling data, which are cumulatively assigned to each of the
pixels of the ultrasound image, to thereby form receive-fo-
cused data.

[0031] According to a fourth embodiment, the beam form-
ing section 230 is configured to perform down sampling upon
the receive signal, which is provided through a plurality of
channels from the probe 210, to form down-sampled sam-
pling data. As described above, the beam forming section 230
is configured to select the pixels corresponding to the respec-
tive sampling data. That is, the beam forming section 230 is
configured to select the pixels, which the respective sampling
data are used as the pixel values thereof during the beam
forming processing, based on the locations of the transducers
and the orientations of the pixels of the ultrasound image with
respect to the ultrasound probe. The beam forming section
230 is further configured to cumulatively assign the respec-
tive sampling data to the selected pixels in the same manner of
the first embodiment or the second embodiment. The beam
forming section 230 is further configured to perform beam
forming processing upon the sampling data, which are cumu-
latively assigned to the respective pixels, to form receive-
focused data.

[0032] The ultrasound data forming section 240 is config-
ured to form ultrasound data corresponding to the ultrasound
image by using the receive-focused data, which are provided
from the beam forming section 230. The ultrasound data may
be radio frequency data, however, it may be not limited
thereto. Also, the ultrasound data forming section 240 is
further configured to perform a variety of data processing
(e.g., gain adjustment, etc.), which is necessary for forming
the ultrasound data, upon the receive-focused data.
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[0033] Referring back to FIG. 1, the processor 120 is
coupled to the ultrasound data acquisition unit 110. The pro-
cessor 120 may include a central processing unit, a micropro-
cessor, a graphic processing unit and the like.

[0034] The storage unit 130 is configured to store the sam-
pling data formed in the ultrasound data acquisition unit 110.
Also, the storage unit 130 is further configured to store the
ultrasound data acquired in the ultrasound data acquisition
unit 110.

[0035] The display unit 140 is configured to display the
ultrasound image formed in the processor 120. The display
unit 140 may include a liquid crystal display, an organic light
emitting diodes and the like.

[0036] 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 for forming an ultrasound image
having a plurality of pixels, comprising:
an ultrasound data acquisition unit configured to form a
receive signal based on an ultrasound signal reflected
from a target object, perform analog-to-digital conver-
sion on the receive signal to form sampling data, select
pixels, which the respective sampling data are used as
pixel values thereof among the plurality of pixels, cumu-
latively assign the corresponding sampling data to the
selected pixels and perform beam forming upon the
cumulatively assigned sampling data for the respective
pixels to form receive-focused data.
2. The ultrasound system of claim 1, wherein the ultra-
sound data acquisition unit includes:
a transmit signal forming section configured to form trans-
mit signals to acquire the ultrasound image;
an ultrasound probe including a plurality of transducer
elements and operable to transmit an ultrasound signal
to the target object in response to the transmit signals and
output the receive signal in response to an ultrasound
echo signal reflected from the target object; and
a beam forming unit configured to perform the analog-to-
digital conversion on the receive signal to form sampling
data, select pixels, which the respective sampling data
are used as pixel values thereof among the plurality of
pixels based on locations of the respective transducer
elements and orientations of the pixels with respect to
the transducer elements, cumulatively assign the corre-
sponding sampling data to the selected pixels and per-
form beam forming upon the cumulatively assigned
sampling data for the respective pixels to form the
receive-focused data
3. The ultrasound system of claim 2, wherein the beam
forming section is configured to:
set a sampling data set to select the pixels, which the
respective sampling data are used as the pixel values
thereof among the sampling data during a beam forming
process, and
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select pixels, which the respective sampling data are used
in the sampling data as pixel values thereof among the
plurality of pixels based on locations of the respective
transducer elements and orientations of the pixels with
respect to the transducer elements.

4. The ultrasound system of claim 2, wherein the beam
forming section is configured to perform down sampling
upon the receive signal to form the sampling data with down-
sampled.

5. The ultrasound system of claim 2, wherein the beam
forming section is configured to set a beam forming curve to
select the pixels, which the respective sampling data are used
as pixel values thereof among the plurality of pixels based on
locations of the respective transducer elements and orienta-
tions of the pixels with respect to the transducer elements
during the beam forming and detect pixels through the beam
forming curve passes.

6. The ultrasound system of claim 2, wherein the beam
forming section is further configured to,

set a beam forming curve to select the pixels, which the
respective sampling data are used as pixel values thereof
among the plurality of pixels based on locations of the
respective transducer elements and orientations of the
pixels with respect to the transducer elements during the
beam forming,

select pixels on which the beam forming curve passes,

determine pixels existing in a same column among the
selected pixels,

set weights corresponding to the respective determined
pixels, and

apply the weights to the sampling data assigned to the
corresponding pixels.

7. The ultrasound system of claim 6, wherein the beam
forming section is configured to compute distances between
centers of the determined pixels the beam forming curve, and
apply the weight based on the computed distances.

8. The ultrasound system of claim 7, wherein the weights
are set in proportion to or in inverse proportion to the com-
puted distances.

9. A method of forming an ultrasound image having a
plurality of pixels, comprising:

a) transmitting an ultrasound signal to a target object and
receiving an ultrasound echo signal reflected from the
target object to form a receive signal by using an ultra-
sound probe having a plurality of transducer elements;

b) performing analog-to-digital conversion on the receive
signal to form sampling data;

c) selecting pixels, which the respective sampling data are
used as pixel values thereof among the plurality of pix-
els, and cumulatively assigning the corresponding sam-
pling data to the selected pixels; and

d) performing beam forming upon the cumulatively
assigned sampling data for the respective pixels to form
receive-focused data.
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10. The method of claim 9, wherein the step ¢) includes
selecting pixels, which the respective sampling data are used
as pixel values thereof among the plurality of pixels based on
locations of the respective transducer elements and orienta-
tions of the pixels with respect to the transducer elements, and
cumulatively assigning the corresponding sampling data to
the selected pixels

11. The method of claim 10, wherein the ¢) includes:

setting a sampling data set to select the pixels, which the

respective sampling data are used as the pixel values
thereof among the sampling data during a beam forming
process, and

selecting pixels, which the respective sampling data are

used in the sampling data as pixel values thereof among
the plurality of pixels based on locations of the respec-
tive transducer elements and orientations of the pixels
with respect to the transducer elements.

12. The method of claim 10, wherein the step b) includes
performing down sampling upon the receive signal to form
the sampling data with down-sampled.

13. The method of claim 10, wherein the step ¢) includes:

setting a beam forming curve to select the pixels, which the

respective sampling data are used as pixel values thereof
among the plurality of pixels based on locations of the
respective transducer elements and orientations of the
pixels with respect to the transducer elements during the
beam forming; and

selecting pixels on which the beam forming curve passes.

14. The method of claim 10, wherein the step ¢) includes:

cl)setting abeam forming curve to select the pixels, which

the respective sampling data are used as pixel values
thereof among the plurality of pixels based on locations
of the respective transducer elements and orientations of
the pixels with respect to the transducer elements during
the beam forming;

c2) selecting pixels on which the beam forming curve

passes;

c3) cumulatively assigning the corresponding sampling

data to the selected pixels;

c4) determining pixels existing in a same column among

the selected pixels;

c5) setting weights corresponding to the respective deter-

mined pixels, and

¢6) applying the weights to the sampling data assigned to

the corresponding pixels.

15. The method of claim 14, wherein the step ¢5) includes:

computing distances between centers of the determined

pixels the beam forming curve; and

applying the weight based on the computed distances.

16. The method of claim 14, wherein the weights are set in
proportion to or in inverse proportion to the computed
distances.
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