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(57) ABSTRACT

There are provided embodiments for performing a frame
average process based on a change of a frame rate are dis-
closed. In one embodiment, an ultrasound system comprises:
an ultrasound data acquisition unit configured to sequentially

(22) Filed: Nov. 23,2011 acquire ultrasound data corresponding to a living body; and a
processing unit configured to sequentially form a plurality of
(30) Foreign Application Priority Data ultrasound images based on the ultrasound data, estimate a
frame average coefficient corresponding to a change of a
Nov. 29,2010  (KR) cccovvvveieiinen 10-2010-0119280 frame rate based on an i”” (i is a positive integer) ultrasound
L . . image and an i frame average image, and perform a frame
Publication Classification average process between the i” frame average image and an
(51) Imt.CL (i+1)™ ultrasound image based on the frame average coeffi-

AG6IB 8/14 (2006.01) cient to form an (i+1)” frame average image.
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PERFORMING ADAPTIVE FRAME AVERAGE
PROCESS IN ULTRASOUND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Korean
Patent Application No. 10-2010-0119280 filed on Nov. 29,
2010, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ultra-
sound systems, and more particularly to performing an adap-
tive frame average process based on a change of a frame rate
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-
dimensional or three-dimensional ultrasound images of inter-
nal features of a target object (e.g., human organs).

[0004] The ultrasound system may transmit ultrasound sig-
nals to a living body and receive ultrasound signals (i.e.,
ultrasound echo signals) from the living body to form an
ultrasound image corresponding to the living body. The ultra-
sound system may further perform a frame average process
between a current ultrasound image and a previous ultrasound
image (i.e., previous frame average image) by using an infi-
nite impulse response filter to enhance quality of the ultra-
sound image (i.e., to improve a signal-to-noise ratio of the
ultrasound image).

[0005] Theultrasound system may perform the frame aver-
age process based on a fixed frame average coefficient as the
frame rate changes. However, this presents a problem since
motion blurring occurs in the frame average image when the
living body or a target object within the living body moves.
Further, an ultrasound probe contacted on a surface of the
living body is often moved.

SUMMARY

[0006] There are provided embodiments for performing an
adaptive frame average process based on a change of a frame
rate in an ultrasound system.

[0007] In one embodiment, by way of non-limiting
example, an ultrasound system comprises: an ultrasound data
acquisition unit configured to sequentially acquire ultrasound
data corresponding to a living body; and a processing unit
configured to sequentially form a plurality of ultrasound
images based on the ultrasound data, estimate a frame average
coefficient corresponding to a change of a frame rate based on
ani” (iis a positive integer) ultrasound image and an i frame
average image, and perform a frame average process between
the i”” frame average image and an (i+1)” ultrasound image
based on the frame average coefficient to form an (i+1)”
frame average image.

[0008] In another embodiment, there is provided a method
of performing an adaptive frame average process, compris-
ing: a) sequentially acquiring ultrasound data corresponding
to a living body; b) sequentially forming a plurality of ultra-
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sound images based on the ultrasound data; ¢) estimating a
frame average coefficient corresponding to a change of a
frame rate based on an i” ultrasound image and an i” (i is
positive integers) frame average image; and d) performing a
frame average process between the i” frame average image
and an (i+1)” ultrasound image based on the frame average
coefficient to form an (i+1)” frame average image.

[0009] This summary 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

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

[0011] FIG. 2 is a block diagram showing an illustrative
embodiment of an ultrasound data acquisition unit.

[0012] FIG. 3 is a schematic diagram showing the order of
acquiring ultrasound images according to a time.

[0013] FIG. 4 is a block diagram showing an illustrative
embodiment of a processing unit.

[0014] FIG. 5is schematic diagram showing an example of
the ultrasound images and frame average images.

[0015] FIG. 6 is a block diagram showing an illustrative
embodiment of a frame average processing section.

[0016] FIG. 7 is a block diagram showing an illustrative
embodiment of a coefficient estimating section.

DETAILED DESCRIPTION

[0017] A detailed description may be provided with refer-
ence to the accompanying drawings. One of ordinary skill in
the art may realize that the following description is illustrative
only and is not in any way limiting. Other embodiments ofthe
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

[0018] Referring to FIG. 1, an ultrasound system 100 in
accordance with an illustrative embodiment is shown. As
depicted therein, the ultrasound system 100 may include an
ultrasound data acquisition unit 110.

[0019] The ultrasound data acquisition unit 110 may be
configured to transmit ultrasound signals to a living body. The
living body may include target objects (e.g., heart, liver, blood
flow, etc.). The ultrasound data acquisition unit 110 may be
configured to receive ultrasound signals (i.e., ultrasound echo
signals) from the living body to acquire ultrasound data.
[0020] FIG. 2 is a block diagram showing an illustrative
embodiment of the ultrasound data acquisition unit. Refer-
ring to FIG. 2, the ultrasound data acquisition unit 110 may
include an ultrasound probe 210.

[0021] The ultrasound probe 210 may include a plurality of
elements (not shown) for reciprocally converting between
ultrasound signals and electrical signals. The ultrasound
probe 210 may be configured to transmit the ultrasound sig-
nals to the living body. The ultrasound probe 210 may be
further configured to receive the ultrasound echo signals from
the living body to output received signals. The ultrasound
probe 210 may include a convex probe, a linear probe and the
like.

[0022] The ultrasound data acquisition unit 110 may fur-
ther include a transmitting section 220. The transmitting sec-
tion 220 may be configured to control the transmission of the
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ultrasound signals. The transmitting section 220 may be fur-
ther configured to generate electrical signals (“transmitting
signals”) for obtaining an ultrasound image in consideration
of the elements and focusing points. The ultrasound image
may include a brightness mode image. However, it should be
noted herein that the ultrasound image may not be limited
thereto. The transmitting section 220 may include a transmit-
ting signal generating section (not shown), a transmitting
delay time information memory (not shown), a transmitting
beam former (not shown) and the like.

[0023] In the embodiment, the transmitting section 220
may sequentially form the transmitting signals for obtaining
each of the ultrasound images U, (iZ1), as shown in FIG. 3.
Thus, the ultrasound probe 210 may convert the transmitting
signals sequentially provided from transmitting section 220
into the ultrasound signals, transmit the ultrasound signals to
the living body and receive the ultrasound echo signals from
the living body to thereby sequentially output the received
signals.

[0024] The ultrasound data acquisition unit 110 may fur-
ther include a receiving section 230. The receiving section
230 may be configured to convert the received signals sequen-
tially provided from the ultrasound probe 210 into digital
signals. The receiving section 230 may be further configured
to apply delays to the digital signals in consideration of the
elements and the focusing points to thereby output digital
receive-focused signals. The receiving section 230 may
include an analog-to-digital convert (not shown), a receiving
delay time information memory (not shown), a receiving
beam former (not shown) and the like.

[0025] The ultrasound data acquisition unit 110 may fur-
ther include an ultrasound data forming section 240. The
ultrasound data forming section 240 may be configured to
form ultrasound data corresponding to the ultrasound image
based on the digital receive-focused signals provided from
the receiving section 230. The ultrasound data may include
radio frequency data. However, it should be noted herein that
the ultrasound data may not be limited thereto. The ultra-
sound data forming section 240 may be further configured to
perform a signal process (e.g., gain control, etc) upon the
digital receive-focused signals.

[0026] Inthe embodiment, the ultrasound data forming sec-
tion 240 may form the ultrasound data corresponding to each
of the ultrasound images UI, (iZ1) based on the digital
receive-focused signals sequentially provided from the
receiving section 230.

[0027] Referring back to FIG. 1, the ultrasound system 100
may further include a processing unit 120 in communication
with the ultrasound data acquisition unit 110. The processing
unit 120 may include a central processing unit, a micropro-
cessor, a graphic processing unit and the like.

[0028] FIG. 4 is a block diagram showing an illustrative
embodiment of the processing unit. Referring to FIG. 4, the
processing unit 120 may include an ultrasound image form-
ing section 410.

[0029] The ultrasound image forming section 410 may be
configured to sequentially form the ultrasound images UL,
(iz1) based on the ultrasound data sequentially provided
from the ultrasound data acquisition unit 110, as shown in
FIG. 5.

[0030] Theprocessing unit 120 may further include a frame
average processing section 420. The frame average process-
ing section 420 may be configured to perform a frame average
process between an ultrasound image (i.e., an (i+1)” ultra-
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sound image U, (iis a positive integer)) outputted from the
ultrasound image forming section 410 and a frame average
image (i.e., an i frame average image UI',) outputted from
the frame average processing section 420 based on a frame
average coefficient to form an (i+1)” frame average image, as
shown in FIG. 5.

[0031] FIG. 6 is a block diagram showing an illustrative
embodiment of the frame average processing section. Refer-
ring to FIG. 6, the frame average processing section 420 may
include a frame average coefficient providing section 610.
[0032] The frame average coefficient providing section 610
may be configured to provide the frame average coefficient
outputted from a coefficient estimating section 440. In the
embodiment, the frame average coefficient providing section
610 may provide a first frame average coefficient (1-ct) and a
second frame average coefficient o, as shown in FIG. 6.
[0033] The frame average processing section 420 may fur-
ther include a first multiplying section 620. The first multi-
plying section 620 may be configured to multiply input data
with the frame average coefficient provided from the frame
average coefficient providing section 610 to output first mul-
tiplying data.

[0034] Intheembodiment, the first multiplying section 620
may multiply the input data X[i] with the first frame average
coefficient (1-ct) provided from the frame average coefficient
providing section 610 to output the first multiplying data
(1-0)X[i]. The input data may be the i” ultrasound image UT,
outputted from the ultrasound image forming section 410.
[0035] The frame average processing section 420 may
include a delaying section 630. The delaying section 630 may
be configured to apply a delay to the frame average-processed
data (i.e., output data) outputted from the frame average pro-
cessing section 420.

[0036] Inthe embodiment, the a delaying section 630 may
apply the delay to the output data Y[i-1] outputted from the
frame average processing section 420. The output data Y[i’1]
may be an (i-1)"” frame average image UI',_,.

[0037] The frame average processing unit 420 may further
include a second multiplying section 640. The second multi-
plying section 640 may be configured to multiply the output
data outputted from the delay section 630 with the frame
average coefficient provided from the frame average provid-
ing section 610 to output a second multiplying data.

[0038] In the embodiment, the second multiplying section
640 may multiply the output data Y[i-1] outputted from the
delay section 630 with the second frame average coefficient o
to output the second multiplying data ccY[i-1].

[0039] The frame average processing section 420 may fur-
ther include an adding section 650. The adding section 650
may be configured to add the first multiplying data outputted
from the first multiplying section 620 and the second multi-
plying data outputted from the second multiplying section
620 to output addition data (i.e., frame average-processed
data).

[0040] Inthe embodiment, the adding section 650 may add
the first multiplying data (1-c)X[i-1] outputted from the first
multiplying section 620 and the second multiplying data
a.Y[i-1] outputted from the second multiplying section 640
to output the frame average-processed data Y[i]=aY[i-1]+
(1-0)X[i-1]. The frame average-processed data Y[i] may be
the i” frame average image UT',.

[0041] Referring back to FIG. 4, the processing unit 120
may further include a determining section 430. The determin-
ing section 430 may be configured to determine a change of a
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frame rate to output a determining result. For example, the
determining section 430 may compare a reference frame rate
with a current frame rate. If it is determined that the current
frame rate is different to the reference frame rate, then the
determining section 430 may output a first determining result
representing that the current frame rate is different to the
reference frame rate. Else if it is determined that the current
frame rate is equal to the reference frame rate, then the deter-
mining section 430 may output a second determining result
representing that the current frame rate is equal to the refer-
ence frame rate.

[0042] The processing unit 120 may further include the
coefficient estimating section 440. The coefficient estimating
section 440 may be configured to estimate the frame average
coefficient corresponding to a change of the frame rate based
on the determining result outputted from the determining
section 430. The coefficient estimating section 440 may be
further configured to provide the frame average coefficient to
the frame average processing section 420. Thus, the frame
average processing section 420 may perform the frame aver-
age process between the ultrasound image outputted from the
ultrasound image forming section 410 and the frame average
image outputted from the frame average processing section
420 based on the frame average coefficient provided from the
coefficient estimating section 440.

[0043] FIG. 7 is a block diagram showing an illustrative
embodiment of the coefficient estimating section. Referring
to FIG. 7, the coefficient estimating section 440 may include
a resampling section 710.

[0044] The resampling section 710 may be configured to
set a sampling rate corresponding to the current frame rate
based on the determining result outputted from the determin-
ing section 430. For example, the resampling section 710 may
set the current frame rate as the sampling rate of a filter.
[0045] Intheembodiment, the resampling section 710 may
set the sampling rate corresponding to the current frame rate
based on the first determining result outputted from the deter-
mining section 430. The resampling section 710 may not set
the sampling rate based on the second determining result
outputted from the determining section 430. That is, the resa-
mpling section 710 may set the sampling rate, which has been
previously set the resampling section 710, as the sampling
rate corresponding to current frame rate based on the second
determining result.

[0046] The resampling section 710 may be further config-
ured to resample the input data X[i], Y[i] based on the sam-
pling rate to output resampling data X[m], Y[m], as shown in
FIG. 7. The input data X[i] may be the i” ultrasound image
UI, outputted form the ultrasound image forming section 410.
The input data Y[i] may be the i” frame average image UT,
outputted from the frame average processing section420. The
resampling section 710 may be further configured to perform
an interpolation process upon the resampling data.

[0047] The coefficient estimating section 440 may further
include an estimating section 720. The estimating section 720
may be configured to estimate the frame average coefficient
based on the resampling data X[m], Y[m] and the output data
T[m] outputted from the coefficient estimating section 440, as
shown in FIG. 7.

[0048] For example, the estimating section 720 may esti-
mate the frame average coefficient K[m] by using equation 1
provided below. The frame average coeflicient K[m] may
represent an average value of the frame average coefficient
corresponding to each of the sample data.
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_ Y[m]-X[m] 0
Kim) = o T =X

[0049] The coefficient estimating section 440 may further
include a third multiplying section 730. The third multiplying
section 730 may be configured to multiply the frame average
coefficient outputted from the estimating section 720 with the
resampling data outputted from the resampling section 710 to
output third multiplying data.

[0050] In the embodiment, the third multiplying section
730 may multiply the frame average coefficient (1-K[m])
outputted from the estimating section 720 with the resam-
pling data X[m] outputted from the resampling section 710 to
output third multiplying data (1-K[m])X[m], as shown in
FIG. 7.

[0051] The coefficient estimating section 440 may further
include a delaying section 740. The delaying section 740 may
be configured to apply a delay to the output data outputted
from the coefficient estimating section 440. In the embodi-
ment, the delaying section 740 may apply the delay to the
output data T[m~-1] outputted from the coefficient estimating
section 440, as shown in FIG. 7.

[0052] The coefficient estimating section 440 may further
include a fourth multiplying section 750. The forth multiply-
ing section 750 may be configured to multiply the output data
outputted from the delaying section 740 with the frame aver-
age coefficient outputted from the estimating section 720.
[0053] In the embodiment, the fourth multiplying section
750 may multiply the output data T[m-1] outputted from the
delaying section 740 with the fourth frame average coeffi-
cient K[m] to output the fourth multiplying data K[m]T[m-
1].

[0054] The coefficient estimating section 440 may further
include an adding section 760. The adding section 760 may be
configured to add the third multiplying data outputted from
the third multiplying section 730 and the fourth multiplying
data outputted from the fourth multiplying section 740 to
output the output data (i.e., output data).

[0055] Inthe embodiment, the adding section 760 may add
the third multiplying data (1-K[m])X[m] provided from the
third multiplying section 730 and the fourth multiplying data
K[m]T[m-1] provided from the fourth multiplying section
740 to output the output data T[m]|=K[m]T[m-1]+(1-K[m])
X[m].

[0056] Referring back to FIG. 1, the ultrasound system 100
may further include a storage unit 130. The storage unit 130
may store the ultrasound data acquired by the ultrasound data
acquisition unit 110. The storage unit 130 may further store
the plurality of ultrasound images formed by the processing
unit 120.

[0057] The ultrasound system 100 may further include a
display unit 140. The display unit 140 may be configured to
display the ultrasound images formed by the processing unit
120. The display unit 140 may be further configured to dis-
play the frame average images formed by the processing unit
120.

[0058] 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-
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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:

an ultrasound data acquisition unit configured to sequen-
tially acquire ultrasound data corresponding to a living
body; and

a processing unit configured to sequentially form a plural-
ity of ultrasound images based on the ultrasound data,
estimate a frame average coefficient corresponding to a
change of a frame rate based on an i (i is a positive
integer) ultrasound image and an i’ frame average
image, the processing unit being further configured to
perform a frame average process between the i” frame
average image and an (i+1)™ ultrasound image based on
the frame average coefficient to form an (i+1)” frame
average image.

2. The ultrasound system of claim 1, wherein the process-

ing unit comprises:

an ultrasound image forming section configured to form
the plurality ultrasound image based on the ultrasound
data;

a determining section configured to compare a reference
frame rate and a current frame rate to output a determin-
ing result;

a coeflicient estimating section configured to output the
frame average coefficient based on the determining
result; and

a frame average processing section configured to perform
the frame average process between the i” frame average
image and the (i+1)” ultrasound image based on the
frame average coefficient.

3. The ultrasound system of claim 2, wherein the determin-

ing section is configured to:

if it is determined that the reference frame rate is different
to the current frame rate, output a first determining
result; and

if it is determined that the reference frame is equal to the
current frame rate, output a second determining result.

4. The ultrasound system of claim 2, wherein the coeffi-

cient estimating section comprises:

a resampling section configured to resample the i ultra-
sound image and the i” frame average image at a sam-
pling rate corresponding to the current frame rate based
on the determining result to form first resampling data
and second resampling data;

an estimating section configured to output the frame aver-
age coefficient based on the first resampling data and the
second resampling data;

a first multiplying section configured to multiply the frame
average coefficient with the first resampling data to out-
put first multiplying data;

a delaying section configured to apply a delay to addition
data;

a second multiplying section configured to multiply the
frame average coeflicient with the delayed addition data
to output second multiplying data; and

an adding section configured to add the first multiplying
data and the second multiplying data to output the addi-
tion data.
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5. The ultrasound system of claim 2, wherein the frame

average processing section comprises:

a third multiplying section configured to multiply the
frame average coefficient with the i” ultrasound image
to output third multiplying data;

a delaying section configured to apply a delay to the i””
frame average image;

a fourth multiplying section configured to multiply the
frame average coefficient with the delayed i” frame
average to output fourth multiplying data; and

an adding section configured to add the third multiplying
data and the fourth multiplying data to output the (i+1)”
frame average image.

6. A method of performing an adaptive frame average

process, comprising:
a) sequentially acquiring ultrasound data corresponding to

a living body;

b) sequentially forming a plurality of ultrasound images
based on the ultrasound data;
¢) estimating a frame average coefficient corresponding to

a change of a frame rate based on an i ultrasound image

and an i” (i is positive integers) frame average image;

and

d) performing a frame average process between the i””
frame average image and an (i+1)” ultrasound image
based on the frame average coefficient to form an (i+1)"”
frame average image.

7. The method of claim 6, wherein the step ¢) comprises:

cl) comparing a reference frame rate and a current frame
rate to output a determining result; and

¢2) outputting the frame average coeflicient based on the
determining result.

8. The method of claim 7, wherein the determining section

configured to:

if it is determined that the reference frame rate is different
to the current frame rate, outputting a first determining
result; and

if it is determined that the reference frame is equal to the
current frame rate, outputting a second determining
result.

9. The method of claim 7, wherein the step c2) comprises:

resampling the i? ultrasound image and the i” frame aver-
age image at a sampling rate corresponding to the cur-
rent frame rate based on the determining result to form
first resampling data and second resampling data;

outputting the frame average coefficient based on the first
resampling data and the second resampling data;

multiplying the frame average coefficient with the first
resampling data to output first multiplying data;

applying a delay to addition data;

multiplying the frame average coefficient with the delayed
addition data to output second multiplying data; and

adding the first multiplying data and the second multiply-
ing data to output the addition data.

10. The method of claim 6, wherein the step d) comprises:

multiplying the frame average coefficient with the i” ultra-
sound image to output third multiplying data;

applying a delay to the i”” frame average image;

multiplying the frame average coefficient with the delayed

i” frame average to output fourth multiplying data; and

adding the third multiplying data and the fourth multiply-
ing data to output the (i+1)” frame average image.
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