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(7) ABSTRACT

The present disclosure relates to an ultrasound elastography
system and method. The system may include a transmitting/
receiving unit which transmits ultrasound pulses to a target
and receives ultrasound echoes from the target to obtain the
ultrasound echo signals; an imaging unit which processes
the ultrasound echo signals and displays the obtained image;
and an analysis unit which detects a region of interest and a
shell region selected by an operator in the image, calculate
elasticity parameters in a reference region and the shell
region respectively, and analyzes the elasticity parameters to
obtain an analysis result.
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ULTRASOUND ELASTOGRAPHY IMAGING
SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of Patent Coop-
eration Treaty Application No. PCT/CN2015/086531, filed
Aug. 8, 2015, for “Ultrasound Elastography Imaging System
and Method,” which is incorporated herein by reference in
its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to ultrasound imag-
ing, particularly to an ultrasound elastography system and a
method thereof.

BACKGROUND

[0003] Ultrasound electrography, which relates to the elas-
ticity or hardness of tissue, has been a focus of clinic
research in the field of ultrasound imaging in recent years.
The basic principle of ultrasound elastography may be
described as follows. The target tissue may be slightly
compressed with a probe. Alternatively, a certain pressure to
the tissue may be formed with the assistance of procedures
such as the body’s own breathing or vascular pulsation.
Thereafter, two frames of ultrasound echo signals before and
after the compression may be acquired. When the tissue is
compressed, a strain along the compression direction is
produced in the tissue. If the distribution of Young’s modu-
lus is uneven in the tissue, the strain distribution in the tissue
may vary. The strain information of the tissue may be
detected through various methods, and outputted to the
display interface as elastic images. This method relies on
qualitative or quantitative techniques to display elastic
parameters in the region of interest, thereby forming an
elasticity distribution image, and distinguishes the hardness
of tissue by different gray scales or different colors in the
image.

[0004] However, in most cases, only showing the elastic
image may not fulfill the user’s needs. The user may not only
want to identify the target of interest, but also may want to
make further detailed analysis for the target of interest and
find more information therefrom. For example, in some
applications, the hardness of infiltration area around the
lesion may be one of the major objects of concern for the
user.

SUMMARY

[0005] Disclosed herein is an ultrasound elastography
system and an ultrasound elastography method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a structural schematic diagram of an
ultrasound elastography system in one embodiment;
[0007] FIG. 2 is a schematic diagram which shows the
expanding of a region of interest to obtain a shell region in
one embodiment;

[0008] FIG. 3 is a schematic diagram which shows the
expanding of a region of interest to obtain a shell region in
one embodiment;

[0009] FIG. 4 is a schematic diagram which shows a shell
region and a reference region in one embodiment;
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[0010] FIG. 5 is a schematic diagram of a histogram
obtained in the shell analysis in one embodiment; and
[0011] FIG. 6 is a structural schematic diagram of an
ultrasound elastography system in one embodiment.

DETAILED DESCRIPTION

[0012] In one embodiment, an ultrasound elastography
system may be provided. The system may include an ultra-
sound probe, a transmitting/receiving unit, an imaging unit,
and an analysis unit.

[0013] The transmitting/receiving unit may excite the
ultrasound probe to transmit ultrasound pulses to a target to
be inspected, and receive ultrasound echoes from the target
through the ultrasound probe to obtain ultrasound echo
signals. The imaging unit may process the received ultra-
sound echo signals to obtain ultrasound images of the target
and display the images obtained by the processing.

[0014] The analysis unit may detect a region of interest
and a shell region in the ultrasound image and calculate
elasticity parameters in a reference region and the shell
region, respectively, to obtain an analysis result.

[0015] The elasticity parameters may include one or more
of strain, strain ratio, strain rate, strain-time curve and
elasticity histogram statistic, or any combination thereof.
Alternatively, the elasticity parameters comprise one of
velocity of shear wave, velocity ratio of shear wave, Young’s
modulus, shear modulus, Young’s modulus ratio, shear
modulus ratio, elasticity modulus, elasticity modulus ratio,
elasticity histogram statistic, and propagation distance of
shear wave, or any combination thereof.

[0016] The shell region may be a region obtained by
subtracting the region of interest from an expanded region of
the region of interest. Alternatively, the shell region may be
a region obtained by subtracting a narrowed region of the
region of interest from the region of interest. The reference
region may be the region of interest. Alternatively, the
reference region may be a region for reference selected by
the operator in the image, or be a region preset by the
system.

[0017] In one embodiment, an ultrasound elastography
method may be provided. The method may include trans-
mitting ultrasound pulses to a target to be inspected, receiv-
ing ultrasound echoes from the target to obtain ultrasound
echo signals, processing the ultrasound echo signals to
obtain ultrasound images of the target, and displaying the
ultrasound images obtained by the processing.

[0018] The method may further include detecting a region
of interest and a shell region in the ultrasound image and
calculating elasticity parameters in a reference region and
the shell region respectively to obtain an analysis result.
[0019] The elasticity parameters may include one or more
of strain, strain ratio, strain rate, strain-time curve and
elasticity histogram statistic, or any combination thereof.
Alternatively, the elasticity parameters comprise one or
more of velocity of shear wave, velocity ratio of shear wave,
Young’s modulus, shear modulus, Young’s modulus ratio,
shear modulus ratio, elasticity modulus, elasticity modulus
ratio, elasticity histogram statistic, and propagation distance
of shear wave, or any combination thereof.

[0020] The shell region may be a region obtained by
subtracting the region of interest from an expanded region of
the region of interest. Alternatively, the shell region may be
a region obtained by subtracting a narrowed region of the
region of interest from the region of interest.
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[0021] The reference region may be the region of interest.
Alternatively, the reference region may be a region for
reference selected by the operator in the ultrasound image,
or be a region preset by the system.

[0022] In one embodiment, an ultrasound elastography
system may include an ultrasound probe, a transmitting/
receiving unit, an imaging unit and an analysis unit.
[0023] The transmitting/receiving unit may excite the
ultrasound probe to transmit ultrasound pulses to a target to
be inspected, and receive ultrasound echoes from the target
through the ultrasound probe to obtain ultrasound echo
signals. The imaging unit may process the received ultra-
sound echo signals to obtain an ultrasound image of the
target, and display the ultrasound image obtained.

[0024] The analysis unit may detect a region of interest
and a shell region in the ultrasound image and calculate
analysis parameters in a reference region and the shell
region to obtain an analysis result. The analysis parameters
may include one of area, diameter, distance and volume or
any combination thereof. Alternatively, the analysis param-
eters may include one of strain, strain ratio, strain rate,
strain-time curve and elasticity histogram statistic, or any
combination thereof. Alternatively, the analysis parameters
may include one of velocity of shear wave, velocity ratio of
shear wave, Young’s modulus, shear modulus, Young’s
modulus ratio, shear modulus ratio, elasticity modulus,
elasticity modulus ratio, elasticity histogram statistic, and
propagation distance of shear wave, or any combination
thereof.

[0025] The shell region may be a region obtained by
subtracting the region of interest from an expanded region of
the region of interest or a region obtained by subtracting a
narrowed region of the region of interest from the region of
interest.

[0026] The reference region may be the region of interest,
a region for reference selected by the operator in the
ultrasound image or a region preset by the system.

[0027] In the ultrasound elastography system and method
disclosed herein, after a user selects a region of interest in
the image, the elasticity parameter for the shell region of the
region of interest may be extracted and be compared with
elasticity parameters of other regions, providing more infor-
mation to the user.

[0028] In one embodiment, as shown in FIG. 1, an ultra-
sound elastography system may include an ultrasound
probe, a transmitting/receiving unit 11, an imaging unit 13
and an analysis unit 15. The units may be implemented using
any suitable combination of hardware, software, or firm-
ware. In one embodiment, a processor may execute instruc-
tions stored in a non-transitory computer-readable medium
to implement the systems and methods disclosed herein.
[0029] The transmitting/receiving unit 11 may excite the
ultrasound probe to transmit pulse sequences to a target 2 to
be inspected (hereinafter, referred to as the target) according
to a scan rule set by a transmission sequence controlling
unit, and receive ultrasound echoes reflected by the target 2
through the ultrasound probe to obtain ultrasound echo
signals.

[0030] The imaging unit 13 may process the received
ultrasound echo signals to obtain ultrasound images of the
target and display the images obtained by the processing. In
this embodiment, a two-dimensional image processing unit
of the imaging unit 13 may process the received ultrasound
echo signals having already been beam-formed to obtain
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two-dimensional ultrasound images of the target, and the
two-dimensional image display unit of the imaging unit 13
may display the obtained two-dimensional ultrasound
images of the target on a display device (not shown). In
another embodiment, other processing operations may also
be performed in the unit 13, such as signal amplification,
analog/digital conversion, or orthogonal decomposition, etc.
The beamforming and two-dimensional image processing
involved in the imaging unit 13 may be implemented using
related ultrasound technologies and will not described in
detail herein.

[0031] Inoneembodiment, the analysis unit 15 may detect
aregion of interest selected by an operator and a shell region
in the displayed image, calculate elasticity parameters in the
region of interest and the shell region respectively, and
analyze the elasticity parameters in the region of interest and
the shell region to obtain an analysis result. The shell region
may be a major concerned region, which may be a region in
certain range corresponding to the region of interest. For
example, it may be an infiltration area surrounding a lesion.

[0032] In the present embodiment, as shown in FIG. 2, the
shell region S may be a region obtained by subtracting the
region of interest R from an expanded region (e.g., the
region surrounded by a boundary line RL) of the region of
interest R in the image I. In other words, the region between
the boundary line RL and the boundary line SL may be
regarded as the shell region S, and the thickness of the shell
region S may be dS. In another embodiment, as shown in
FIG. 3, the shell region S may be a region obtained by
subtracting a narrowed region (e.g., the region surrounded
by a boundary line SL) of the region of interest R of the
image I from the region of interest R. In other words, the
region between the boundary line RL and the boundary line
SL may be regarded as the shell region S, and the thickness
of the shell region S may be dS. It can be seen in the FIG.
2 and FIG. 3 that the shell region may be an approximate
annular region between the boundary line RL of the region
of interest and the boundary line of the expanded or nar-
rowed region of the region of interest.

[0033] The operator may select or manually draw the
region of interest in the displayed image through an input
device connected to the system, such as a trackball, a touch
screen or a mouse. The system may provide the user a
marquee tool for selection. For example, the system may
provide the user an elliptical tool for selection. The user may
only need to determine the position and length of the long
axis and the short axis of the ellipse in order to obtain a
desired elliptical region. The drawn region may be the
region of interest. The system may also provide tools with
other shapes for selection. The selected region of interest
may be a target region with any shape and size, including
regular shapes such as circle, rectangle and ellipse, and
irregular shapes.

[0034] After the region of interest is obtained, the user
may draw the shell region. As shown in FI1G. 2 or FIG. 3, the
shell region may be a region related to the expanding or
narrowing of the region of interest. Similar to the region of
interest, the shell region may be drawn manually by the user.
Alternatively, the shell region may be drawn by the system.
For example, the system may provide an option whether the
shell region will be obtained by expanding or narrowing of
the region of interest, and provide a selectable thickness of
the shell region. The user may decide the shell region to be
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obtained by expanding or narrowing, and select the thick-
ness of the shell region. Thereafter, the system may draw the
shell region automatically.

[0035] In one embodiment, after obtaining the region of
interest and the shell region, the analysis unit may analyze
these regions, including calculating analysis parameters of
these regions. The analysis parameters to be calculated may
be the parameters desired to be analyzed according to the
user’s selection, or the parameters determined by the system
by default. The analysis parameters may be general mea-
surement parameters, such as area, diameter, distance or
volume, etc., or any combination thereof. Alternatively, the
parameters may also be the elasticity parameters related to
elasticity of the target. The elasticity parameters may include
variety of kinds according to different elastography meth-
ods. For example, in a press type elastography, the elasticity
parameters may be strain, strain ratio or strain rate, etc., or
any combination thereof. In a shear wave elastography, the
elasticity parameters may be velocity of shear wave, velocity
ratio of shear wave, Young’s modulus, shear modulus,
Young’s modulus ratio, shear modulus ratio or propagation
distance of shear wave, etc., or any combination thereof. In
the present disclosure, the analysis parameters may include
but not limited to strain and strain ratio, strain-time curve,
velocity of shear wave and velocity ratio of shear wave,
elasticity modulus and elasticity modulus ratio, and elastic-
ity histogram statistic, etc., or any combination thereof.

[0036] For example, with regard to the strain and strain
ratio, the analysis unit may calculate a mean strain of the
region of interest (that is, the region inside the drawn
boundary line of the region of interest), which is named as
StrainMean_target, and a mean strain of the shell region,
which is named as StrainMean_shell respectively, and cal-
culate a ratio between the two, which is represented by
StrainRatio=StrainMean_target/StrainMean_shell. Alterna-
tively, the ratio may also be calculated by
StrainRatio=StrainMean_shell/StrainMean_target. The ratio
can represent the degree of the elasticity difference or
hardness difference between the region of interest and the
shell region. Under a certain pressure, the greater the tissue
strain, the smaller the hardness.

[0037] Alternatively, the analysis unit may respectively
calculate the strain rates (that is, the change rate of the strain
over time) of the two regions and/or a ratio of the strain
rates.

[0038] In one embodiment, as shown in FIG. 4, the system
may additionally draw a reference region (the region
enclosed by the boundary line CL as shown in the figure),
calculate the mean strain or strain rate in the shell region 3
and the reference region, and calculate a ratio of the strains
or strain rates between the two.

[0039] With regard to the strain-time curve, the analysis
unit may respectively calculate the mean strain of the region
of interest (StrainMean_target) and the mean strain of the
shell region (StrainMean_shell) at each moment of a time
period to form two strain-time curves. By displaying the two
strain-time curves, the elasticity difference between the
region of interest and the shell region may be analyzed, and
the stability thereof within the time period may be studied.

[0040] In one embodiment, as shown in FIG. 4, the system
may draw a reference region additionally, and calculate the
strain-time curve of the shell region and the reference
region.
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[0041] With regard to the velocity of shear wave and
velocity ratio of shear wave, the analysis unit may calculate
amean velocity of shear wave in the target region of interest
represented as SpeedMean_target, and a mean velocity of
shear wave in the shell region represented as SpeedMean_
shell, and calculate a ratio named SpeedRatio between the
two. The ratio can represent the degree of the elasticity
difference or hardness difference between the target region
of interest and the shell region. Generally speaking, the
greater the shear wave velocity of tissue is, the greater the
tissue’s hardness will be.

[0042] In one embodiment, as shown in FIG. 4, the system
may draw a reference region additionally, and calculate the
velocities of shear wave and the ratio between the velocities
of shear wave in the shell region and the reference region.
[0043] With regard to the elasticity modulus and elasticity
modulus ratio, the analysis unit may calculate a mean
elasticity modulus in the region of interest which is named
as FlastoMean_target, and a mean elasticity modulus in the
shell region which is named as ElastoMean_shell respec-
tively, and calculate a ratio ElastoRatio between the two.
The ratio can represent the degree of the elasticity difference
or hardness difference between the region of interest and the
shell region. Generally, the greater the elasticity modulus of
tissue is, the greater the tissue’s hardness will be. The
elasticity modulus may include Young’s modulus and/or
shear modulus, etc.

[0044] In the press-type elastography system, the relation-
ship between the Young’s modulus E and the strain obeys
the Hooke’s law: stress=FE*strain, where stress represents a
pressure applied by the probe, and strain represents an
obtained strain.

[0045] In the shear wave elastography system, the rela-
tionship between the Young’s modulus E and the velocity of
shear wave is proximate to E=3p*Cs2, where p represents
tissue density, and Cs represents velocity of shear wave.
[0046] The relationship between the shear modulus G and
the velocity of shear wave is proximate to: G=p*Cs.
[0047] In one embodiment, as shown in FIG. 4, the system
may also draw a reference region and calculate the elasticity
modulus and elasticity modulus ratio in the shell region and
the reference region.

[0048] With regard to the elasticity histogram statistic,
since the hardness difference between tissues is represented
through gray scales or colors in the elastic image, the
distribution of gray scale or color in each local area may
represent the hardness of the tissue of the local areas from
another side.

[0049] As shown in FIG. 5, the analysis unit may calculate
the histogram statistic of the region of interest and the shell
region, respectively, and draw the results in identical or
different coordinates. The horizontal axis may represent
graph used for elastic image mapping. The vertical axis may
represent number or relative percentage of pixels counted in
the statistical region. The horizontal axis of the histogram
distribution diagram may be the graph of the current elastic
image mapping (the system can provide various kinds of
graphs for selection), the vertical axis may represent number
or relative percentage of pixels counted in the statistical
region. The narrower the range of histogram distribution
diagram, the more concentrated the distribution of hardness
of tissue in the statistical region will be. The more the
histogram distribution diagram is close to a certain color on
the horizontal axis, the more the hardness of tissue in the
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statistical region will be closer to a hardness corresponding
to this color. Besides the histogram distribution diagram, the
histogram result may include maximum value, minimum
value, mean value, and standard deviation, etc. in the
statistical sense.

[0050] In addition, as shown in FIG. 4, the system can
draw a reference region additionally and calculate the his-
togram distribution of the shell region and the reference
region.

[0051] In one embodiment, the system may further a
storage device which stores the ultrasound image obtained
by the imaging unit and/or the analysis result obtained by the
analysis unit. The storage device may be any suitable storage
device, such as any tangible, non-transitory computer-read-
able storage medium may be utilized, including magnetic
storage devices (hard disks, floppy disks, and the like),
optical storage devices (CD-ROMs, DVDs, Blu-Ray discs,
and the like). flash memory, and/or the like.

[0052] In the embodiments above, the elastic condition in
the shell region may be obtained by analyzing the elasticity
parameters of the shell region and the region of interest or
the reference region. In one embodiment, the system may
display the corresponding results according to the analysis
parameters obtained by the analysis unit. For example, when
the user choose to calculate the mean strain and ratio of the
strains in the shell region and the region of interest, the
calculated mean strain and ratio of the strains may be
displayed on the display interface. In one example, when the
user saves the current elastic image, the results of the
analysis may be saved along with the current image. The
user may also delete the current analysis results or change
the position of the display of the analysis result, or perform
other operation.

[0053] In one embodiment, an ultrasound elastography
method may be provided. The method may include the
following steps.

[0054] The transmitting/receiving unit 11 excites the ultra-
sound probe to transmit ultrasound pulses to the target to be
inspected, and receive the ultrasound echoes reflected from
the target through the ultrasound probe to obtain the ultra-
sound echo signals.

[0055] Thereafter, the imaging unit may process the
received ultrasound echo signals to obtain the ultrasound
images of the target and display the image obtained by the
processing.

[0056] The analysis unit 15 may detect a region of interest
and a shell region selected by the operator in the image,
calculate elasticity parameters in a reference region and the
shell region respectively, analyze the elasticity parameters in
the reference region and the shell region, and output analysis
results. The shell region may be a region obtained by
subtracting the region of interest from an expanded region of
the region of interest. Alternatively, the shell region may be
a region obtained by subtracting a narrowed region of the
region of interest from the region of interest. The reference
region may be the region of interest. Alternatively, the
reference region may be a detected region for reference
selected by the operator in the image, or may be a region
preset by the system.

[0057] In one embodiment, the two-dimensional image
processing unit of the imaging unit 13 may process the
received ultrasound echo signals to obtain a two-dimen-
sional images of the target, and the two-dimensional image
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display unit may display the obtained two-dimensional
images on the display device.

[0058] FIG. 6 shows the ultrasound elastography system
in one embodiment. As shown in FIG. 6, the ultrasound
elastography system may include a transmitting/receiving
unit 61, an imaging unit 63, and an analysis unit 65. The
transmitting/receiving unit 61 and the analysis unit 65 may
be similar to the transmitting/receiving unit 11 and the
analysis unit 15 in the embodiments above, respectively,
which will not be described again herein.

[0059] In the imaging unit 63, an elasticity parameter
calculation unit may process the ultrasound echo signals
having been beam-formed to obtain the elasticity parameters
representing the elasticity of the target and generate the
elastic images of the target, and the elastic image display
unit may display the obtained elastic images on a display
device. In one embodiment, other processing may also be
performed by the unit 63, such as signal amplification,
analog/digital conversion and orthogonal decomposition,
etc. In the present embodiment, selection of the region of
interest and the shell region by the analysis unit 65 is
performed on the elastic image.

[0060] In one embodiment, an ultrasound elastography
method is provided, which may be similar to the method
described in the embodiments above. The differences
include, in the present embodiment, the imaging unit 63 may
process the received ultrasound echo signals to calculate the
elasticity parameters representing the elasticity of the target
and generate the elastic images based on the elasticity
parameters, and display the elastic image.

[0061] It should be understood that in the present embodi-
ment the amount of calculation of elasticity parameters in
the region of interest in the analysis unit 65 may be
decreased.

[0062] The ultrasound elastography systems in the
embodiments above may be combined. For example, in one
embodiment, an ultrasound -elastography system may
include a transmitting/receiving unit, an imaging unit and a
analysis unit. The transmitting/receiving unit and the analy-
sis unit may be similar to the transmitting/receiving unit 11
and the analysis unit 15, or similar to the transmitting/
receiving unit 61 and the analysis unit 65. The imaging unit
may process the received ultrasound echo signals to generate
the elasticity parameters to obtain the elastic image and
generate the two-dimensional image. Thereafter, both or one
of the elastic image and the two-dimensional image may be
displayed.

[0063] In the ultrasound elastography methods or systems
of the embodiments, firstly a region of interest and a shell
region may be selected, that is, after images such as the
two-dimensional image and/or the elastic image is obtained,
the user can draw the region of interest and the shell region
according to the elastic image or the two-dimensional
image, manually or semi-automatically under system aiding.
Thereafter, analysis may be performed on the shell region.
During this process, the system may provide a series of
selectable analysis parameters, and automatically analyzes
and calculates related parameters in the shell region accord-
ing to the parameters selected by the user. Thereafter, the
analysis results of the shell region may be selectively
displayed. For example, the system may displays the analy-
sis results of the shell region according to the user’s need,
save the analysis results of the shell region together with the
elastic image, or delete certain analysis result of the shell
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region, change the position of display of the analysis results
of the shell region or perform other operations.

[0064] In the embodiments, the various units may be
implemented hardware (such as circuit, processor, FPGA,
GPU, CPU, general purpose IC, ASIC, various program-
mable devices, or other device), software, firmware and/or
the combination thereof. The various units may be separate
units. Alternatively, some of the units may be integrated in
a single device.

[0065] This disclosure has been made with reference to
various exemplary embodiments. However, those skilled in
the art will recognize that changes and modifications may be
made to the exemplary embodiments without departing from
the scope of the present disclosure. For example, various
operational steps, as well as components for carrying out
operational steps, may be implemented in alternate ways
depending upon the particular application or in consider-
ation of any number of cost functions associated with the
operation of the system, e.g., one or more of the steps may
be deleted, modified, or combined with other steps.

[0066] Additionally, as will be appreciated by one of
ordinary skill in the art, principles of the present disclosure
may be reflected in a computer program product on a
computer-readable storage medium having computer-read-
able program code means embodied in the storage medium.
Any tangible, non-transitory computer-readable storage
medium may be utilized, including magnetic storage devices
(hard disks, floppy disks, and the like), optical storage
devices (CD-ROMs, DVDs, Blu-Ray discs, and the like),
flash memory, and/or the like. These computer program
instructions may be loaded onto a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions that execute on the computer or other program-
mable data processing apparatus create means for imple-
menting the functions specified. These computer program
instructions may also be stored in a computer-readable
memory that can direct a computer or other programmable
data processing apparatus to function in a particular manner,
such that the instructions stored in the computer-readable
memory produce an article of manufacture, including imple-
menting means that implement the function specified. The
computer program instructions may also be loaded onto a
computer or other programmable data processing apparatus
to cause a series of operational steps to be performed on the
computer or other programmable apparatus to produce a
computer-implemented process, such that the instructions
that execute on the computer or other programmable appa-
ratus provide steps for implementing the functions specified.
[0067] While the principles of this disclosure have been
shown in various embodiments, many modifications of
structure, arrangements, proportions, elements, materials,
and components, which are particularly adapted for a spe-
cific environment and operating requirements, may be used
without departing from the principles and scope of this
disclosure. These and other changes or modifications are
intended to be included within the scope of the present
disclosure.

[0068] The foregoing specification has been described
with reference to various embodiments. However, one of
ordinary skill in the art will appreciate that various modifi-
cations and changes can be made without departing from the
scope of the present disclosure. Accordingly, this disclosure
is to be regarded in an illustrative rather than a restrictive
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sense, and all such modifications are intended to be included
within the scope thereof. Likewise, benefits, other advan-
tages, and solutions to problems have been described above
with regard to various embodiments. However, benefits,
advantages, solutions to problems, and any element(s) that
may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as a
critical, a required, or an essential feature or element. As
used herein, the terms “comprises,” “comprising,” and any
other variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, a method, an article, or an
apparatus that comprises a list of elements does not include
only those elements but may include other elements not
expressly listed or inherent to such process, method, system,
article, or apparatus. Also, as used herein, the terms
“coupled,” “coupling,” and any other variation thereof are
intended to cover a physical connection, an electrical con-
nection, a magnetic connection, an optical connection, a
communicative connection, a functional connection, and/or
any other connection.

[0069] Those having skill in the art will appreciate that
many changes may be made to the details of the above-
described embodiments without departing from the under-
lying principles of the invention. The scope of the present
invention should, therefore, be determined only by the
following claims.

What is claimed is:

1. An ultrasound elastography system, comprising:

an ultrasound probe;

a transmitting/receiving unit which excites the ultrasound
probe to transmit ultrasound pulses to a target to be
inspected, and receive ultrasound echoes from the
target through the ultrasound probe to obtain ultrasound
echo signals;

an imaging unit which processes the received ultrasound
echo signals to obtain an ultrasound image of the target,
and display the ultrasound image obtained; and

an analysis unit which detects a region of interest and a
shell region in the ultrasound image and calculates
elasticity parameters in a reference region and the shell
region to obtain an analysis result;

wherein the shell region is a region obtained by subtract-
ing the region of interest from an expanded region of
the region of interest or a region obtained by subtract-
ing a narrowed region of the region of interest from the
region of interest; and wherein the reference region is
the region of interest, a region for reference selected by
the operator in the ultrasound image or a region preset
by the system.

2. The system of claim 1, wherein the imaging unit

comprises:

an elasticity parameter calculation unit which processes
the received ultrasound echo signals to obtain elasticity
parameters representing elasticity of the target and
generates an elastic image of the target based on the
elasticity parameters; and

an elastic image displaying unit which displays the elastic
image.

3. The system of claim 1, wherein the imaging unit

comprises:

a two-dimensional image processing unit which processes
the received ultrasound echo signals to obtain a two-
dimensional ultrasound image of the target; and
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a two-dimensional image displaying unit which displays

the two-dimensional ultrasound image.

4. The system of claim 1, wherein the elasticity param-
eters comprise one or more of strain, strain ratio, strain rate,
strain-time curve and elasticity histogram statistic.

5. The system of claim 1, wherein the elasticity param-
eters comprise one or more of velocity of shear wave,
velocity ratio of shear wave, Young’s modulus, shear modu-
lus, Young’s modulus ratio, shear modulus ratio, elasticity
modulus, elasticity modulus ratio, elasticity histogram sta-
tistic, and propagation distance of shear wave.

6. The system of claim 1, further comprising:

a display device which displays the analysis result

obtained by the analysis unit; and/or

a storage device which stores the ultrasound image

obtained by the imaging unit and/or the analysis result
obtained by the analysis unit.

7. An ultrasound elastography method, comprising:

transmitting ultrasound pulses to a target to be inspected,

and receiving ultrasound echoes from the target to
obtain ultrasound echo signals;

processing the received ultrasound echo signals to obtain

an ultrasound image of the target and displaying the
ultrasound image; and

detecting a region of interest and a shell region selected by

an operator in the ultrasound image and calculating
elasticity parameters in a reference region and the shell
region to obtain an analysis result;

wherein the shell region is a region obtained by subtract-

ing the region of interest from an expanded region of
the region of interest or a region obtained by subtract-
ing a narrowed region of the region of interest from the
region of interest;

and wherein the reference region is the region of interest,

a region for reference selected by the operator in the
ultrasound image or a preset region.

8. The method of claim 7, wherein processing the received
ultrasound echo signals to obtain an ultrasound image of the
target and displaying the ultrasound image comprises:

processing the received ultrasound echo signals to obtain

elasticity parameters representing elasticity of the tar-
getand generates an elastic image of the target based on
the elasticity parameters; and

displaying the elastic image.

9. The method of claim 7, wherein processing the received
ultrasound echo signals to obtain an ultrasound image of the
target and displaying the ultrasound image comprises:

processing the received ultrasound echo signals to obtain

a two-dimensional ultrasound image of the target; and
displaying the two-dimensional ultrasound image.
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10. The method of claim 7, wherein the elasticity param-
eters comprise one or more of strain, strain ratio, strain rate,
strain-time curve and elasticity histogram statistic.

11. The method of claim 7, wherein the elasticity param-
eters comprise one or more of velocity of shear wave,
velocity ratio of shear wave, Young’s modulus, shear modu-
lus, Young’s modulus ratio, shear modulus ratio, elasticity
modulus, elasticity modulus ratio, elasticity histogram sta-
tistic, and propagation distance of shear wave.

12. The method of claim 7, further comprising:

displaying the analysis result; and/or

storing the ultrasound image and/or the analysis result.

13. An ultrasound elastography system, comprising:

an ultrasound probe;

a transmitting/receiving unit which excites the ultrasound
probe to transmit ultrasound pulses to a target to be
inspected, and receive ultrasound echoes from the
target through the ultrasound probe to obtain ultrasound
echo signals;

an imaging unit which processes the received ultrasound
echo signals to obtain an ultrasound image of the target,
and display the ultrasound image obtained; and

an analysis unit which detects a region of interest and a
shell region selected by an operator in the ultrasound
image and calculates analysis parameters in a reference
region and the shell region to obtain an analysis result;

wherein the shell region is a region obtained by subtract-
ing the region of interest from an expanded region of
the region of interest or a region obtained by subtract-
ing a narrowed region of the region of interest from the
region of interest;

and wherein the reference region is the region of interest,
a region for reference selected by the operator in the
ultrasound image or a region preset by the system.

14. The system of claim 13, wherein the analysis param-
eters comprise one or more of area, diameter, distance and
volume.

15. The system of claim 13, wherein the analysis param-
eters comprise one or more of strain, strain ratio, strain rate,
strain-time curve and elasticity histogram statistic.

16. The system of claim 13, wherein the analysis param-
eters comprise one or more of velocity of shear wave,
velocity ratio of shear wave, Young’s modulus, shear modu-
lus, Young’s modulus ratio, shear modulus ratio, elasticity
modulus, elasticity modulus ratio, elasticity histogram sta-
tistic, and propagation distance of shear wave.
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