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(57) ABSTRACT

Embodiments for enhancing an image quality of an ultra-
sound image based on entropy information in an ultrasound
system are disclosed. In one embodiment, an ultrasound data
acquisition unit acquires multiple ultrasound data, and a pro-
cessing unit forms entropy information based on the multiple
ultrasound data and adaptively perform data processing for
image enhancement upon the multiple ultrasound data based
on the entropy information. The processing unit forms mul-
tiple ultrasound images based on the multiple ultrasound data
with the data processing performed.
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ULTRASOUND IMAGE ENHANCEMENT
BASED ON ENTROPY INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Korean
Patent Application No. 10-2010-0114332 filed on Nov. 17,
2010, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ultra-
sound image, and more particularly to ultrasound image
enhancement based on entropy information 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 transmits ultrasound signals
to a target object and receives ultrasound echoes reflected
from the target object to thereby form an ultrasound image.
Recently, a variety of image processing has been adopted in
the ultrasound system to enhance an image quality of the
ultrasound image.

[0005] Meanwhile, when a scan circumstance is rapidly
changed in the target object (e.g., a contacting change of an
ultrasound probe from air to a surface of the target object and
vice versa), characteristics of input signals are also suddenly
changed, which makes the ultrasound image degraded. Thus,
it is required to adaptively enhance the image quality of the
ultrasound image.

SUMMARY

[0006] Embodiments for enhancing an ultrasound image
based on entropy information in an ultrasound system are
disclosed herein. In one embodiment, by way of non-limiting
example, an ultrasound system comprises: an ultrasound data
acquisition unit configured to perform a transmit/receive
operation including transmitting ultrasound signals to a target
object and receiving ultrasound echoes reflected from the
target object to thereby acquire multiple ultrasound data; and
a processing unit configured to form entropy information
based on the multiple ultrasound data and to adaptively per-
form data processing for image enhancement upon the mul-
tiple ultrasound data based on the entropy information, the
processing unit being further configured to form multiple
ultrasound images based on the multiple ultrasound data with
the data processing performed.

[0007] Inanother embodiment, an ultrasound system com-
prises: an ultrasound data acquisition unit configured to per-
form a transmit/receive operation including transmitting
ultrasound signals to a target object and receiving ultrasound
echoes reflected from the target object to thereby acquire
multiple ultrasound data; and a processing unit configured to
form entropy information based on the multiple ultrasound
data and to form multiple ultrasound images based on the
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multiple ultrasound data, the processing unit being further
configured to adaptively perform image processing for image
enhancement upon the multiple ultrasound image based on
the entropy information.

[0008] Infurther another embodiment, a method of enhanc-
ing an image quality of an ultrasound images, comprises: a)
performing a transmit/receive operation including transmit-
ting ultrasound signals to a target object and receiving ultra-
sound echoes reflected from the target object to thereby
acquire multiple ultrasound data; b) forming entropy infor-
mation based on the multiple ultrasound data; c¢) adaptively
performing data processing for image enhancement upon the
multiple ultrasound data based on the entropy information;
and d) forming multiple ultrasound images based on the mul-
tiple ultrasound data with the data processing performed.
[0009] The 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.3isa flowchart showing a process of enhancing
an image quality of an ultrasound image based on entropy
information according to a first embodiment.

[0013] FIG.4isa flowchart showing a process of enhancing
an image quality of an ultrasound image based on entropy
information according to a second embodiment.

[0014] FIG. 5 is a diagram showing background addition
information (i.e., entropy information and/or entropy change
information) for adaptive ultrasound image enhancement.

DETAILED DESCRIPTION

[0015] 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.

[0016] Referring to FIG. 1, an ultrasound system con-
structed in accordance with one embodiment is shown. The
ultrasound system 100 may include an ultrasound data acqui-
sition unit 110, a processing unit 120, a storage unit 130 and
a display unit 140.

[0017] The ultrasound data acquisition unit 110 may be
configured to transmit ultrasound beams to a target object and
receive ultrasound echoes reflected from the target object to
thereby form ultrasound data representative of the target
object. An operation of the ultrasound acquisition unit 110
will be described in detail by referring to FIG. 2.

[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 110
may include a transmit signal forming section 210. The trans-
mit signal forming section 210 may generate a plurality of
transmit signals. The transmit signal forming section 210 may
form a transmit pattern of the transmit signals according to
image modes such as a brightness mode, a color Doppler
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mode, a spectral Doppler mode and the like. In one embodi-
ment, the transmit pattern of the transmit signals may include
a first transmit pattern for the brightness mode. In another
embodiment, the transmit pattern of the transmit signals may
include a second transmit pattern for the brightness mode and
a third transmit pattern for the color Doppler mode. In such a
case, the second transmit pattern and the third transmit pattern
may be repeatedly formed in a sequential manner. Further, in
another embodiment, the transmit patter of the transmit sig-
nals may include a fourth transmit pattern for the brightness
mode and a fifth transmit pattern for the spectral Doppler
mode. In such a case, the fourth transmit pattern and the fifth
transmit pattern may be repeatedly formed in a sequential
manner.

[0019] The ultrasound data acquisition unit 120 may fur-
ther include an ultrasound probe 220, which is coupled to the
transmit signal forming section 210. The ultrasound probe
220 may include an array transducer containing a plurality of
transducer elements for reciprocal conversion between elec-
tric signals and ultrasound signals. The ultrasound probe 220
may be configured to transmit ultrasound signals in response
to the transmit signals. The ultrasound signals may be focused
along scan lines based on the transmit patterns of the transmit
signals, which are applied to the array transducer. In one
embodiment, the transmitted ultrasound signals may include
first ultrasound signals based on the first transmit pattern of
the transmit signals. In another embodiment, the transmitted
ultrasound signals may include second ultrasound signals
based on the second transmit pattern of the transmit signals
and third ultrasound signals based on the third transmit pat-
tern of the transmit signals. Further, in another embodiment,
the transmitted ultrasound signals may include fourth ultra-
sound signals based on the fourth transmit pattern of the
transmit signals and fifth ultrasound signals based on the fifth
transmit pattern of the transmit signals.

[0020] Theultrasound probe 220 may be further configured
to receive ultrasound echoes reflected from the target object to
thereby output receive signals. In one embodiment, the
receive signals may include first to fifth receive signals asso-
ciated with the first to fifth ultrasound signals according to the
respective embodiments. The ultrasound probe 220 may
include a convex probe, a linear probe, a three-dimensional
mechanical probe and the like.

[0021] The ultrasound data acquisition unit 120 may fur-
ther include a beam forming section 230, which is coupled to
the ultrasound probe 220. The beam forming section 230 may
be configured to digitize the receive signals into digital sig-
nals. The beam forming section 230 may be configured to
apply delays to the digital signals in consideration of dis-
tances between the elements of the ultrasound probe 220 and
focal points. The beam forming section 230 may further sum
the delayed digital signals to form receive-focused signals. In
one embodiment, the beam forming section 230 may form
first receive-focused signals based on the first receive signals.
In another embodiment, the beam forming section 230 may
form second receive-focused signals based on the second
receive signals and third receive-focused signals based on the
third receive signals. Further, in another embodiment, the
beam forming section 230 may form fourth receive-focused
signals based on the fourth receive signals and fifth receive-
focused signals based on the fifth receive signals.

[0022] The ultrasound data acquisition unit 120 may fur-
ther include an ultrasound data forming section 240, which is
coupled to the beam forming section 230. The ultrasound data
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forming section 240 may be configured to form ultrasound
data based on the receive-focused signals. The ultrasound
data forming section 240 may be further configured to per-
form a variety of signal processing, e.g., gain adjustment,
upon the receive-focused signals for ultrasound data acquisi-
tion.

[0023] Inoneembedment, the ultrasound data forming sec-
tion 240 may form first ultrasound data corresponding to a
plurality of B-mode images based on the first receive-focused
signals. The first ultrasound data may include radio frequency
(RF) data, although it is not limited thereto.

[0024] Inanother embodiment, the ultrasound data forming
section 240 may form second ultrasound data corresponding
to a plurality of B-mode images based on the second receive-
focused signals. The second ultrasound data may be RF data,
although itis not limited thereto. The ultrasound data forming
section 240 may form third ultrasound data corresponding to
aplurality of color Doppler images. The third ultrasound data
may include in-phase/quadrature (1Q) data, although the third
ultrasound data may not be limited thereto.

[0025] Further, in another embodiment, the ultrasound data
forming section 240 may form fourth ultrasound data corre-
sponding to a plurality of B-mode images based on the fourth
receive-focused signals. The fourth ultrasound data may be
RF data, although it is not limited thereto. The ultrasound data
forming section 240 may form fifth ultrasound data corre-
sponding to a plurality of spectral Doppler images. The fifth
ultrasound data may include in-phase/quadrature (IQ) data,
although the fifth ultrasound data may not be limited thereto.
[0026] Referring to FIG. 1, the processing unit 120, which
is coupled to the ultrasound data acquisition unit 110, may be
embodied with at least one of a central processing unit, a
microprocessor, a graphic processing unit and the like. How-
ever, the processing unit 120 may not be limited thereto.
[0027] FIG.3isaflowchart showinga process of enhancing
an image quality of an ultrasound image based on entropy
information according to a first embodiment. Referring to
FIG. 3, the processing unit 120 may be configured to form
entropy information based on the ultrasound data provided
from the ultrasound data acquisition unit 110, at S302. In one
embodiment, the entropy information is information quanti-
fying stochastic change degrees of corresponding informa-
tion. The entropy information may include at least 1-dimen-
sional entropy information corresponding to pixels of an
ultrasound image, 2-dimensional entropy information corre-
sponding to a two-dimensional ultrasound image and 3-di-
mensional entropy information corresponding to a 3-dimen-
sional ultrasound image. The entropy information may be
acquired by using various well-known methods. Thus, the
detailed description thereof will be omitted herein.

[0028] Inone embodiment, the processing unit 120 may be
configured to form first entropy information corresponding to
the B-mode images for each scan line or each frame based on
the first ultrasound data. The first entropy information
includes at least one of 1-dimensional entropy information
and 2-dimensional entropy information as information on a
stochastic change degree of intensities of the first ultrasound
data. The first entropy information may be stored in the stor-
age unit 130.

[0029] In another embodiment, the processing unit 120
may be configured to form second entropy information cor-
responding to the B-mode images for each scan line or each
frame based on the second ultrasound data. The second
entropy information includes at least one of 1-dimensional
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entropy information and 2-dimensional entropy information
as information on a stochastic change degree of strengthens of
the second ultrasound data. The second entropy information
may be stored in the storage unit 130. Also, the processing
unit 120 may be configured to form third entropy information
corresponding to the color Doppler image for each scan line
or each frame based on the third ultrasound data. The third
entropy information includes at least one of 1-dimensional
entropy information and 2-dimensional entropy information
as information on a stochastic change degree of frequency
shifts or strengthens of the third ultrasound data (i.e., Doppler
signals). The third entropy information may be stored in the
storage unit 130.

[0030] Further, in another embodiment, the processing unit
120 may be configured to form fourth entropy information
corresponding to the B-mode images for each scan line or
each frame based on the fourth ultrasound data. The fourth
entropy information includes at least one of 1-dimensional
entropy information and 2-dimensional entropy information
as information on a stochastic change degree of strengthens of
the second ultrasound data. The fourth entropy information
may be stored in the storage unit 130. Also, the processing
unit 120 may be configured to form fifth entropy information
corresponding to the spectral Doppler image for each scan
line or each frame based on the fifth ultrasound data. The fifth
entropy information includes at least one of 1-dimensional
entropy information and 2-dimensional entropy information
as information on a stochastic change degree of frequency
shifts or strengthens of the fifth ultrasound data (i.e., Doppler
signals). The fifth entropy information may be stored in the
storage unit 130.

[0031] Instill another embodiment, the processing unit 120
may be configured to form sixth entropy information corre-
sponding to elastic images for each scan line, each frame or
each volume based on the first ultrasound data. The first
entropy information includes at least one of 1-dimensional
entropy information and 2-dimensional entropy information
as information on a stochastic change degree of elasticity of
the first ultrasound data. The six entropy information may be
stored in the storage unit 130.

[0032] In further another embodiment, the processing unit
120 may be configured to form seventh entropy information
corresponding to 3-dimensional ultrasound images for each
scan line or each frame based on the first ultrasound data. The
seven entropy information includes at least one of 1-dimen-
sional entropy information, 2-dimensional entropy informa-
tion and 3-dimensional entropy information as information
on a stochastic change degree of strengthens of the first ultra-
sound data. The seven entropy information may be stored in
the storage unit 130.

[0033] The processing unit 120 may be configured to form
entropy change information indicative of temporal and spatial
changes based on the entropy information, at S304. In one
embodiment, the processing unit 120 may be configured to
compare i” entropy information with (i+1)” entropy infor-
mation to thereby form the entropy change information,
wherein i is an integer greater than 0. The entropy change
information may be stored in the storage unit 130.

[0034] The processing unit 120 may be further configured
to compare the entropy change information with the prede-
termined threshold at S306. If it is determined that the entropy
change information is greater than the predetermined thresh-
old, then adaptive data processing may be performed upon the
corresponding ultrasound data, at S308. On the other hand, if

May 17, 2012

it is determined that the entropy change information is equal
to or less than the predetermined threshold, then preset data
processing may be performed upon the corresponding ultra-
sound data, at S310.

[0035] In one embodiment, if entropy change information
between i?” first entropy information and (i+1)” first entropy
information is greater than the predetermined threshold, then
the processing unit 120 may be operable to adaptively adjust
coefficients of a filter for removing an afterimage of an ultra-
sound image or noise. The processing unit 120 may be oper-
able to perform filtering upon the corresponding first ultra-
sound data with the adjusted filter coefficients. On the other
hand, if the entropy change information is equal to or less than
the predetermined threshold, then the processing unit 120
may not adjust the filter coefficients and perform filtering
upon the corresponding first ultrasound data with preset filter
coefficients.

[0036] Inanother embodiment, if entropy change informa-
tion between i first entropy information and (i+1)” first
entropy information is greater than the predetermined thresh-
old, then the processing unit 120 may be operable to adap-
tively adjust coefficients of a filter for enhancing an image
quality of a color Doppler image. The processing unit 120
may be operable to perform filtering upon the corresponding
third ultrasound data with the adjusted filter coefficients. On
the other hand, if the entropy change information is equal to
or less than the predetermined threshold, then the processing
unit 120 may not adjust the filter coefficients for enhancing an
image quality of a color Doppler image and perform filtering
upon the corresponding third ultrasound data with preset filter
coefficients.

[0037] In further another embodiment, if entropy change
information between i” fourth entropy information and (i+1)
# fourth entropy information is greater than the predeter-
mined threshold, then the processing unit 120 may be oper-
able to adaptively adjust coefficients of a filter for enhancing
an image quality of a spectral Doppler image. The processing
unit 120 may be operable to perform filtering upon the cor-
responding fifth ultrasound data with the adjusted filter coef-
ficients. On the other hand, if the entropy change information
is equal to or less than the predetermined threshold, then the
processing unit 120 may not adjust the filter coefficients for
enhancing an image quality of a spectral Doppler image and
perform filtering upon the corresponding fifth ultrasound data
with preset filter coefficients.

[0038] Although the above embodiments have been
described that the data processing is performed upon the
ultrasound data by comparing the entropy change informa-
tion with the predetermined threshold, the data processing
may not be limited thereto. The data processing may be per-
formed by comparing the entropy information with a prede-
termined threshold.

[0039] The processing unit 120 may be configured to form
an ultrasound image based on the ultrasound data with pro-
cessed, at S312. Since the data processing is adaptively per-
formed according to a rapid change of input signals by using
the entropy information and/or entropy change information in
processing the ultrasound data, undesirable afterimage and
noise may be effectively reduced and the data processing
improving a signal-to-noise ratio may be performed, as illus-
trated in FIG. 5.

[0040] FIG.4isaflowchart showing a process of enhancing
an image quality of an ultrasound image based on entropy
information according to a second embodiment. Referring to
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FIG. 4, the processing unit 120 may be configured to form an
ultrasound image by using the ultrasound data provided from
the ultrasound acquisition unit 110.

[0041] In one embodiment, if the first ultrasound data are
provided form the ultrasound acquisition unit 110, then the
processing unit 120 may be configured to form the B-mode
image by using the first ultrasound data.

[0042] In another embodiment, if the second ultrasound
data are provided from the ultrasound data acquisition 110,
then the processing unit 120 may be configured to form a
B-mode image by using the second ultrasound data. Further,
if the third ultrasound data are provided from the ultrasound
data acquisition unit 110, then the processing unit 120 may be
configured to form a color Doppler image by using the third
ultrasound data.

[0043] In further another embodiment, if the fourth ultra-
sound data are provided from the ultrasound data acquisition
110, then the processing unit 120 may be configured to form
a B-mode image by using the fourth ultrasound data. Further,
if the fifth ultrasound data are provided from the ultrasound
data acquisition unit 110, then the processing unit 120 may be
configured to form a spectral Doppler image by using the fifth
ultrasound data.

[0044] In further another embodiment, if the first ultra-
sound data are provided from the ultrasound acquisition unit
110, then the processing unit 120 may be configured to form
elastic information by using the first ultrasound data and form
an elastic image based on the elastic information.

[0045] In further another embodiment, if the first ultra-
sound data are provided from the ultrasound acquisition unit
110, then the processing unit 120 may be configured to form
volume data by using the first ultrasound data and render the
volume data for a 3-dimensional image.

[0046] The processing unit 120 may be further configured
to form entropy information by using the ultrasound image
for pixels, a region having a predetermined size or frames, at
S404.

[0047] Inone embodiment, the processing unit 120 may be
configured to form first entropy information corresponding to
the B-mode image for pixels, a region having a predetermined
size or frames. The first entropy information may be stochas-
tic change information of intensities of the first ultrasound
data (i.e., ultrasound echoes reflected from the target object).
The first entropy information may include at least one of
1-dimensional entropy information and 2-dimensional
entropy information. The first entropy information may be
stored in the storage unit 130.

[0048] In another embodiment, the processing unit 120
may be configured to form second entropy information cor-
responding to the B-mode image for pixels, regions having a
predetermined size or frames. The second entropy informa-
tion may be stochastic change information of intensities of
the second ultrasound data (i.e., ultrasound echoes reflected
from the target object). The second entropy information may
be stored in the storage unit 130. Further, the processing unit
120 may be further configured to form third entropy informa-
tion corresponding to the color Doppler image for pixels,
regions having a predetermined size or frames. The third
entropy information may be frequency shift or stochastic
change information of the third ultrasound data (i.e., Doppler
signals). The third entropy information may include at least
one of 1-dimensional entropy information and 2-dimensional
entropy information. The third entropy information may be
stored in the storage unit 130.
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[0049] In further another embodiment, the processing unit
120 may be configured to form fourth entropy information
corresponding to the B-mode image for pixels, regions hav-
ing a predetermined size or frames. The fourth entropy infor-
mation may be stochastic change information of intensities of
the second ultrasound data (i.e., ultrasound echoes reflected
from the target object). The fourth entropy information may
be stored in the storage unit 130. Further, the processing unit
120 may be further configured to form fifth entropy informa-
tion corresponding to the spectral Doppler image for pixels,
regions having a predetermined size or frames. The fifth
entropy information may be frequency shift or stochastic
change information of the fifth ultrasound data (i.e., Doppler
signals). The fifth entropy information may include at least
one of 1-dimensional entropy information and 2-dimensional
entropy information. The fifth entropy information may be
stored in the storage unit 130.

[0050] In further another embodiment, the processing unit
120 may be configured to form sixth entropy information
corresponding to the elastic image for pixels, regions having
a predetermined size or frames. The sixth entropy informa-
tion may be stochastic information of elastic information. The
sixth entropy information may include at least one of 1-di-
mensional entropy information and 2-dimensional entropy
information. The sixth entropy information may be stored in
the storage unit 130.

[0051] In further another embodiment, the processing unit
120 may be configured to form seventh entropy information
corresponding to the 3-dimensional ultrasound image for
voxels, regions having a predetermined size or frames. The
seventh entropy information may be stochastic information of
intensities of first ultrasound data (i.e., ultrasound echoes
reflected from the target object). The seventh entropy infor-
mation may include at least one of 1-dimensional entropy
information, 2-dimensional entropy information and 3-di-
mensional entropy information. The seventh entropy infor-
mation may be stored in the storage unit 130.

[0052] The processing unit 120 may be configured to form
entropy change information indicative of temporal and spatial
change of the entropy based on the entropy information, at
S406. In one embodiment, the processing unit 120 may be
configured to compare the i” entropy information with the
(i+1)” entropy information to thereby form the entropy
change information. The entropy change information may be
stored in the storage unit 130.

[0053] The processing unit 120 may be configured to com-
pare the entropy change information with the predetermined
threshold, at S408. If the entropy change information is
greater than the predetermined threshold, then the processing
unit 120 may be configured to perform adaptive image pro-
cessing upon the ultrasound image, at S410. On the other
hand, if the entropy change information is equal to or less than
the predetermined threshold, then the processing unit 120
may be configured to perform preset image processing upon
the ultrasound image, at S412.

[0054] In one embodiment, if the entropy change informa-
tion obtained from the i” first entropy information and the
(i+1)” first entropy information is greater than the predeter-
mined threshold, then the processing unit 120 may be con-
figured to adaptively adjust coefficients of a filter for remov-
ing afterimage or noise of the ultrasound image and perform
filtering upon the corresponding B-mode image with the
adjusted filter coefficients. On the other hand, the entropy
change information obtained from the i?” first entropy infor-
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mation and the (i+1) first entropy information is equal to or
less than the predetermined threshold, then the processing
unit 120 may not adjust filter coefficients and perform filter-
ing upon the corresponding B-mode image with preset filter
coefficients.

[0055] Inanother embodiment, if the entropy change infor-
mation obtained from the i second entropy information and
the (i+1)” second entropy information is greater than the
predetermined threshold, then the processing unit 120 may be
configured to adaptively adjust coefficients of a filter for
enhancing an image quality of the color Doppler image and
perform filtering upon the corresponding color Doppler
image with the adjusted filter coefficients. On the other hand,
the entropy change information obtained from the i” second
entropy information and the (i+1)” second entropy informa-
tion is equal to or less than the predetermined threshold, then
the processing unit 120 may not adjust filter coefficients and
perform filtering upon the corresponding color Doppler
image with preset filter coefficients.

[0056] In further another embodiment, if the entropy
change information obtained from the i fourth entropy infor-
mation and the (i+1)” fourth entropy information is greater
than the predetermined threshold, then the processing unit
120 may be configured to adaptively adjust coefficients of a
filter for enhancing an image quality of the spectral Doppler
image and perform filtering upon the corresponding color
Doppler image with the adjusted filter coefficients. On the
other hand, the entropy change information obtained from the
i fourth entropy information and the (i+1)” fourth entropy
information is equal to or less than the predetermined thresh-
old, then the processing unit 120 may not adjust filter coeffi-
cients and perform filtering upon the corresponding spectral
Doppler image with preset filter coefficients.

[0057] Although the above embodiments have been
described that the image processing is adaptively performed
by comparing the entropy change information with the pre-
determined threshold, the image processing may not be lim-
ited thereto. The image processing of the ultrasound image
may be adaptively performed by comparing the entropy infor-
mation with a predetermined threshold.

[0058] Therefore, since the image processing is adaptively
performed according to a rapid change of input signals by
using the entropy information and/or entropy change infor-
mation in processing the ultrasound image, undesirable after-
image and noise may be effectively reduced and the image
processing improving a signal-to-noise ratio may be per-
formed,

[0059] Referring to FIG. 1, the storage unit 130, which is
coupled to the ultrasound data acquisition unit 110 via the
processing unit 120, is configured to store the ultrasound data
acquired in the ultrasound data acquisition unit 120. Also, the
storage unit 130 may be configured to store the entropy infor-
mation.

[0060] The display unit 140 may display the ultrasound
images, which have been formed in the processing unit 120.
The display unit 140 may further display the entropy infor-
mation or the entropy change information, which have been
formed in the processing unit 120. The display unit 140 may
include at least one of a cathode ray tube (CRT) display, a
liquid crystal display (LCD), an organic light emitting diode
(OLED) display and the like.

[0061] Inanther embodiment, the entropy information may
be formed based on the ultrasound data and image processing
for enhancing an image quality of an ultrasound image may
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be formed based on the entropy information. Further, gain of
a Doppler sound may be adjusted by using the entropy infor-
mation.

[0062] 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:
an ultrasound data acquisition unit configured to perform a
transmit/receive operation including transmitting ultra-
sound signals to a target object and receiving ultrasound
echoes reflected from the target object to thereby acquire
multiple ultrasound data; and
a processing unit configured to form entropy information
based on the multiple ultrasound data and to adaptively
perform data processing for image enhancement upon
the multiple ultrasound data based on the entropy infor-
mation, the processing unit being further configured to
form multiple ultrasound images based on the multiple
ultrasound data with the data processing performed.
2. The ultrasound system of claim 1, wherein the process-
ing unit is configured to:
compare neighboring entropy information to form entropy
change information, and
perform, when the entropy change information is greater
than a predetermined threshold, the adaptive data pro-
cessing upon the multiple ultrasound data.
3. The ultrasound system of claim 1, wherein the process-
ing unit is configured to:
compare the entropy information with a predetermined
threshold, and
perform, when the entropy information is greater than the
predetermined threshold, the adaptive data processing
upon the multiple ultrasound data.
4. The ultrasound system of claim 1, wherein the process-
ing unit is configured to:
form entropy information based on the multiple ultrasound
image;
compare neighboring entropy information to form entropy
change information, and
perform, when the entropy change information is greater
than a predetermined threshold, the adaptive image pro-
cessing upon the multiple ultrasound images.
5. The ultrasound system of claim 1, wherein the process-
ing unit is configured to:
compare the entropy information with a predetermined
threshold, and
perform, when the entropy information is greater than the
predetermined threshold, the adaptive image processing
upon the multiple ultrasound images.
6. An ultrasound system, comprising:
an ultrasound data acquisition unit configured to perform a
transmit/receive operation including transmitting ultra-
sound signals to a target object and receiving ultrasound
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echoes reflected from the target object to thereby acquire
multiple ultrasound data; and

a processing unit configured to form entropy information
based on the multiple ultrasound data and to form mul-
tiple ultrasound images based on the multiple ultrasound
data, the processing unit being further configured to
adaptively perform image processing for image
enhancement upon the multiple ultrasound image based
on the entropy information.

7. The ultrasound system of claim 6, wherein the process-

ing unit is configured to:

compare neighboring entropy information to form entropy
change information, and

perform, when the entropy change information is greater
than a predetermined threshold, the adaptive image pro-
cessing upon the multiple ultrasound images.

8. The ultrasound system of claim 6, wherein the process-

ing unit is configured to:

compare the entropy information with a predetermined
threshold, and

perform, when the entropy information is greater than the
predetermined threshold, the adaptive image processing
upon the multiple ultrasound images.

9. A method of enhancing an image quality of an ultra-

sound images, comprising:

a) performing a transmit/receive operation including trans-
mitting ultrasound signals to a target object and receiv-
ing ultrasound echoes reflected from the target object to
thereby acquire multiple ultrasound data;

b) forming entropy information based on the multiple
ultrasound data;

c) adaptively performing data processing for image
enhancement upon the multiple ultrasound data based
on the entropy information; and
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d) forming multiple ultrasound images based on the mul-
tiple ultrasound data with the data processing per-
formed.

10. The method of claim 9, wherein the step c) includes:

comparing neighboring entropy information to form
entropy change information, and

performing, when the entropy change information is
greater than a predetermined threshold, the adaptive data
processing upon the multiple ultrasound data.

11. The method of claim 9, wherein the step c) includes:

comparing the entropy information with a predetermined
threshold, and

performing, when the entropy information is greater than
the predetermined threshold, the adaptive data process-
ing upon the multiple ultrasound data.

12. The method of claim 9, wherein the step d) includes:

forming entropy information based on the multiple ultra-
sound images;

comparing the neighboring entropy information to form
entropy change information, and

performing, when the entropy change information is
greater than a predetermined threshold, the adaptive
image processing upon the multiple ultrasound images.

13. The method of claim 9, wherein the step d) includes:

forming entropy information based on the multiple ultra-
sound images;

comparing the entropy information with a predetermined
threshold, and

performing, when the entropy information is greater than
the predetermined threshold, the adaptive image pro-
cessing upon the multiple ultrasound images.
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