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ULTRASONIC IMAGE ANALYSIS SYSTEMS
AND ANALYSIS METHODS THEREOF

TECHNICAL FIELD

[0001] This disclosure relates to ultrasonic image analysis,
and more particularly to a medical ultrasonic image analysis
system and method.

BACKGROUND

[0002] The International Agency for Research on Cancer
(IARC) affiliated with The United Nations World Health
Organization (WHO) reported that in 2008, about 12.7 mil-
lion people were diagnosed with cancer and approximately
7.6 million people died from cancer. In 2030, about 21.4
million people will be diagnosed with cancer and approxi-
mately 13.2 million people will die from cancer. Ultrasound
interventional therapy is one the fastest growing therapies
thathave a clear effect on liver cancer, lung cancer and thyroid
cancer. In China, liver cancer is one of the most common
malignancies. Three hundred thousand people die from liver
cancer each year. Among the many therapies for liver cancer,
surgical removal is one of the most common. However, 80%
of liver cancer patients may not be suitable for surgical
removal due to poor liver function and clotting mechanism
caused by liver cirrhosis, due to the location of the tumor,
and/or poor heart and kidney function. For the remaining 20%
of liver cancer patients, the recurrence rate of liver cancer may
be up to 70% even if surgical removed. However, liver cancer
cells usually may be not sensitive to radiotherapy and che-
motherapy. Therefore, various non-surgical interventional
treatments are used for liver cancer.

[0003] During tumor ablation treatment guided by ultra-
sound, ultrasound contrast imaging may be used to evaluate
the effect of the interventional therapy. At present, a main
evaluation method is to measure the long diameter of the
tumor in two-dimensional ultrasound contrast images
obtained before and after the interventional therapy. How-
ever, this method cannot ensure consistency of slices and
positions between two measurements. Especially when abla-
tion using multiple needles for large tumor is performed, a
simple long diameter measurement cannot stand for a whole
ablation area. Currently, three-dimensional ultrasound con-
trast enhancement techniques may be used to display the
individual status of each target region separately or combine
with 4D imaging to display dynamic blood perfusion modal-
ity of the target region. Other methods of evaluating the
interventional effect may be based on tomography by a
CT/MRI device. However, these methods cannot provide for
real-time evaluation of a clinical operation treatment and also
may lack a three-dimensional volumetric dosing comparison
function for the tumor before and after tumor interventional
therapy. Furthermore, usually three-dimensional contrast
images of some phase may be observed individually in a
clinic, but the precision rate is low.

SUMMARY

[0004] This disclosure provides ultrasonic image analysis
systems and methods thereof that may evaluate the therapeu-
tic effect on a patient directly and explicitly.

[0005] Embodiments of the present disclosure provide an
ultrasonic image analysis system. The system may comprise:
[0006] an image collection unit for transmitting an ultra-
sonic wave and receiving an ultrasonic echo, obtaining a first
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set of three-dimensional ultrasonic image data based on the
ultrasonic echo, transmitting an ultrasonic wave and receiv-
ing an ultrasonic echo after obtaining the first set of three-
dimensional ultrasonic image data, and obtaining a second set
of three-dimensional ultrasonic image data based on the ultra-
sonic echo; and

[0007] animage analysis unit for analyzing and registering
the first set of three-dimensional ultrasonic image data and
the second set of three-dimensional ultrasonic image data to
obtain a registration mapping relationship between the first
set of three-dimensional ultrasonic image data and the second
set of three-dimensional ultrasonic image data; and

[0008] an image display unit for displaying the first set of
three-dimensional ultrasonic image data and the second set of
three-dimensional ultrasonic image data based on the regis-
tration mapping relationship.

[0009] Insomeembodiments, theultrasonic image analysis
system also comprises an image storage unit for storing the
first set of three-dimensional ultrasonic image data, the sec-
ond set of three-dimensional ultrasonic image data and/or the
registration mapping relationship.

[0010] In some embodiments, the first set of three-dimen-
sional ultrasonic image data and the second set of three-
dimensional ultrasonic image data collected by the image
collection unit may be three-dimensional ultrasonic tissue
image data and/or three-dimensional contrast enhanced ultra-
sonic image data.

[0011] Insome embodiments, the image analysis unit may
comprise an automatic analysis sub-unit for automatically
analyzing and registering the second set of three-dimensional
image data and the first set of three-dimensional image data to
obtain the registration mapping relationship.

[0012] Insome embodiments, the image analysis unit may
comprise a semi-automatic analysis sub-unit for semi-auto-
matically analyzing and registering the second set of three-
dimensional image data and the first set of three-dimensional
image data in connection with a user interface unit and the
image display unit to obtain the registration mapping rela-
tionship.

[0013] In some embodiments, the image display unit may
also comprise:
[0014] an image reconstruction sub-unit for receiving a

selection signal for selecting a target region, using one of the
first set of three-dimensional ultrasonic image data and the
second set of three-dimensional ultrasonic image data to
reconstruct a first image of the target region, and using the
other of the first set of three-dimensional ultrasonic image
data and the second set of three-dimensional ultrasonic image
data to reconstruct a second image of the target region corre-
sponding to the first image based on the mapping registration
relationship; and

[0015] the image display unit may display the firstimage on
a first region of a display, and may display the second image
on a second region of the display.

[0016] Insomeembodiments, the first image or the second
image may be a three-dimensional image of the target region
and/or at least one section image of the target region

[0017] Embodiments of the present invention may include
an ultrasonic image analysis method. The method may com-
prise:

[0018] collecting a first set of three-dimensional ultrasonic
image data;
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[0019] collecting a second set of three-dimensional image
data after collecting the first set of three-dimensional ultra-
sonic image data;

[0020] analyzing and registering the second set of three-
dimensional ultrasonic image data and the first set of three-
dimensional ultrasonic image data to obtain a registration
mapping relationship between the first set of three-dimen-
sional ultrasonic image data and the second set of three-
dimensional image data; and

[0021] displaying the first set of three-dimensional ultra-
sonic image data and the second set of three-dimensional
ultrasonic image data based on the registration mapping rela-
tionship.

[0022] Insomeembodiments, theultrasonic image analysis
method may further comprise: storing the first set of three-
dimensional ultrasonic image data, the second set of three-
dimensional ultrasonic image data and/or the registration
mapping relationship.

[0023] Insome embodiments, the first set of three-dimen-
sional ultrasonic image data and the second set of three-
dimensional image data may be three-dimensional ultra-
sound tissue image data and/or three-dimensional contrast
enhanced ultrasonic image data.

[0024] Insomeembodiments, analyzing and registering the
first set of three-dimensional ultrasonic image data and the
second set of three-dimensional ultrasonic image data may
comprise automatically analyzing and registering the first set
of three-dimensional ultrasonic image data and the second set
of three-dimensional ultrasonic image data to obtain the reg-
istration mapping relationship.

[0025] Insomeembodiments, analyzing and registering the
first set of three-dimensional ultrasonic image data and the
second set of three-dimensional ultrasonic image data may
comprise semi-automatically analyzing and registering the
first set of three-dimensional ultrasonic image data and the
second set of three-dimensional ultrasonic image data to
obtain the registration mapping relationship.

[0026] In some embodiments, displaying the first set of
three-dimensional ultrasonic image data and the second set of
three-dimensional ultrasonic image data may comprise:

[0027] receiving a selection signal for selecting a target
region;
[0028] using one of the first set of three-dimensional ultra-

sonic image data and the second set of three-dimensional
ultrasonic image data to reconstruct a first image of the target
region;

[0029] displaying the first image on a first region of a dis-
play;
[0030] using the other of the first set of three-dimensional

image data and the second set of three-dimensional image
data to reconstruct a second image of the target region corre-
sponding to the first image based on the registration mapping
relationship; and

[0031] displaying the second image on a second region of
the display.
[0032] In some embodiments, the first image and the sec-

ond image may be a three-dimensional image of the target
region and/or at least one section image of the target region.
[0033] Embodiment of the present disclosure may also
include an ultrasonic image analysis method. The method
may comprise:

[0034] collecting a first set of three-dimensional ultrasonic
image data;
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[0035] displaying the first set of three-dimensional ultra-
sonic image data and collecting a second set of three-dimen-
sional ultrasonic image data under the guidance of the first set
of three-dimensional ultrasonic image data;

[0036] analyzing and registering the first set of three-di-
mensional ultrasonic image data and the second set of three-
dimensional ultrasonic image data to obtain a registration
mapping relationship between the first set of three-dimen-
sional ultrasonic image data and the second set of three-
dimensional ultrasonic image data; and

[0037] displaying the first set of three-dimensional ultra-
sonic image data and the second set of three-dimensional
ultrasonic image data based on the registration mapping rela-
tionship.

[0038] In some embodiments, displaying the first set of
three-dimensional ultrasonic image data and collecting the
second set of three-dimensional ultrasonic image data under
the guidance of the first set of three-dimensional ultrasonic
image data may comprise:

[0039] displaying at least one section image of the first set
of three-dimensional ultrasonic image data; and

[0040] transmitting a ultrasound wave and receiving a
ultrasound echo through an ultrasonic probe to obtain a sec-
tion image, changing a location of the ultrasonic probe, and
when the obtained section image may be similar to the at least
one section image, collecting the second set of three-dimen-
sional ultrasonic image data.

[0041] In some embodiments, displaying the first set of
three-dimensional ultrasonic image data and the second set of
three-dimensional ultrasonic image data based on the regis-
tration mapping relationship may comprise:

[0042] receiving a selection signal for selecting a target
region;
[0043] using one of the first set of three-dimensional ultra-

sonic image data and the second set of three-dimensional
ultrasonic image data to reconstruct a first image of the target
region;

[0044] displaying the first image on a first region of a dis-
play;
[0045] using the other of the first set of three-dimensional

image data and the second set of three-dimensional image
data to reconstruct a second image of the target region corre-
sponding to the first image based on the registration mapping
relationship; and

[0046] displaying the second image on a second region of
the display.
[0047] Insome embodiments, the first image or the second

image may be a three-dimensional image and/or at least one
section image of the target region.

[0048] Embodiments of the present disclosure include an
ultrasonic image analysis system and an analysis method
thereof. At least twice imaging a target region may be carried
out by using three-dimensional ultrasound contrast imaging
technology. Two sets of data of the target region may be
collected at different times. A one-to-one mapping relation-
ship of the two sets of data may be made based on image
registration technology. The status of the target regions in
different times may be displayed based on registration results.
Meanwhile, based on mapping relationships between the two
sets of data built by registration, operations such as measur-
ing, tracing, dividing, etc performed on one set of data may be
mapped to corresponding position of the other set of data to be
displayed, thus the two set of data may be compared intu-
itively and the therapeutic effect can be evaluated.



US 2016/0045186 A1l

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 11is schematic diagram of an ultrasonic image
analysis system according to the present disclosure.

[0050] FIG. 2 is an exemplary user interface displayed by
an image display unit of an embodiment of an ultrasonic
image analysis system according to the present disclosure.
[0051] FIG. 3isa first flow diagram of an ultrasonic image
analysis method according to the present disclosure.

[0052] FIG. 4 is a second brief flow diagram of an ultra-
sonic image analysis method according to the present disclo-
sure.

[0053] FIG.5is a third flow diagram of an ultrasonic image
analysis method according to the present disclosure.

DETAILED DESCRIPTION

[0054] Technical solutions will be described more clearly
and completely below in connection with the embodiments of
the present disclosure. It should be noted that similar or
identical components may be identified with same reference
numbers in the appended drawings and specification.

[0055] In clinical therapies, ultrasound may be used for
interventional treatments and observations. Thermal ablation
is one of the most widely carried out tumor interventional
therapy technologies. However, there is no effective method
for evaluating the effect of the ablation therapy in real time.

[0056] Embodiments of the present disclosure provide an
ultrasonic image analysis system method. The target region
may be imaged at least twice by using three-dimensional
ultrasound contrast imaging technology to obtain two sets of
data of the target region at different times. A one-to-one
mapping relationship of the two sets of data may be built
based on the image registration technology and status of the
target region at different times may be displayed based on
registration results. Meanwhile, based on the mapping rela-
tionships between the two sets of data built by registration,
operations such as measuring, tracing, dividing, etc., per-
formed on one set of data may be mapped to a corresponding
position of the other set of data to be displayed. Thus the two
set of data may be compared intuitively and the therapeutic
effect can be evaluated.

[0057] As illustrated in FIG. 1, in some embodiments, the
ultrasonic image analysis system may include an image col-
lection unit 101. The image collection unit 101 may transmit
ultrasonic waves and receive ultrasonic echoes through an
ultrasonic probe and process the ultrasonic echoes to obtain
three-dimensional ultrasonic image data. In some embodi-
ments, the three-dimensional ultrasonic image data collected
by the image collection unit 101 may be three-dimensional
ultrasonic tissue image data and/or three-dimensional con-
trast enhanced ultrasonic image data.

[0058] Duringthe collection of the three-dimensional ultra-
sonic image data, at least two set of three-dimensional ultra-
sonic image data (i.e. the first set of three-dimensional ultra-
sonic image data and the second set of three-dimensional
ultrasonic image data) of scanned object may be collected by
the image collection module orunit 101, which may be imple-
mented, as with the other described modules or units, using
hardware, software, or a combination thereof.

[0059] In the process of collection, various collection
angles and collection scope may used to obtain the richest
data information for the following registering operation. A
time interval between the two sets of three-dimensional ultra-
sonic image data may be established, and operations such as
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other scans or tumor ablation operations can be performed in
the time interval. During the two collections, the positions of
the patient can be kept consistent, and the directions and
positions of the ultrasonic probe can be kept consistent.
[0060] The specific contrast imaging and three-dimen-
sional ultrasonic contrast imaging processes may use known
technologies in the art, which will not be described in detail
here.

[0061] The ultrasonic image analysis system may further
include an image analysis unit 102. The image analysis umt
102 may analyze and register the first set of three-dimensional
ultrasonic image data and the second set of three-dimensional
ultrasonic image data to obtain a registration mapping rela-
tionship between the first set of three-dimensional ultrasonic
image data and the second set of three-dimensional ultrasonic
image data. The analysis and registering may be based on the
three-dimensional ultrasonic tissue image data, the three-
dimensional contrast enhanced ultrasonic image data, or
based on a combination thereof.

[0062] Insome embodiments, the image analysis unit 102
may comprise an automatic analysis sub-unit. The automatic
analysis sub-unit may automatically analyze and register the
second set of three-dimensional image data and the first set of
three-dimensional image data to obtain the registration map-
ping relationship.

[0063] Insome embodiments, the image analysis unit 102
may comprise a semi-automatic analysis sub-unit, which may
semi-automatically analyze and register the second set of
three-dimensional image data and the first set of three-dimen-
sional image data in connection with a user interface unit and
the image display unit to obtain the registration mapping
relationship.

[0064] The ultrasonic image analysis system may further
include a user interface unit 105. The user interface unit 105
may respond to inputs input by the user through external
hardware devices to the first set of three-dimensional ultra-
sonic image data and the second set of three-dimensional
ultrasonic image data.

[0065] The ultrasonic image analysis system may further
include animage display unit 103. The image display unit 103
may display the first set of three-dimensional ultrasonic
image data, the second set of three-dimensional ultrasonic
image data and the disposal result of the user interface unit
105 based on the registration mapping relationship.

[0066] Insomeembodiments, theultrasonic image analysis
system may further include an image storage unit 104. The
image storage unit 104 may store the first set of three-dimen-
sional ultrasonic image data, the second set of three-dimen-
sional ultrasonic image data and/or the registration mapping
relationship.

[0067] In some embodiments, the image display unit 103
may include an image reconstruction sub-unit. The image
reconstruction sub-unit may receive a selection signal for
selecting a target region, use one of the first set of three-
dimensional ultrasonic image data and the second set of
three-dimensional ultrasonic image data to reconstruct a first
image of the target region, and use the other of the first set of
three-dimensional ultrasonic image data and the second set of
three-dimensional ultrasonic image data to reconstruct a sec-
ond image of the target region corresponding to the first
image based on the mapping registration relationship.
[0068] The image display unit 103 may display the first
image on a first region of a display, and display the second
image on a second region of the display.
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[0069] In some embodiments, the image display unit 103
may further include an image measuring sub-unit. The mea-
suring sub-unit may measure and edit the first set of three-
dimensional ultrasonic image data, the second set of three-
dimensional ultrasonic image data and the registration
mapping relationship generated by the image analysis unit
102.

[0070] Automatic registration methods mainly include two
categories: methods based on similarity measurement
between images and methods based on mapping between
images. For methods based on different mapping methods,
they may be classified into rigid transformation (rotation and
translation, i.e. rigid registration) methods, radioactive trans-
formation (scaling, rotation and translation, i.e. radioactive
registration) methods and nonlinear transformation (building
different mapping for different parts of images, i.e. nonlinear
registration) methods. In connection with ultrasonic three-
dimensional contrast imaging, two embodiments involving
rigid registration and radioactive registration may be pro-
vided. However, the embodiments may be not limited to a
specific registration method. If two sets of contrast data may
be collected in the same depth, i.¢. the collected pixels may be
in the same scale, registration method may be limited to rigid
registration, such as rotation and translation. If depths of two
collections may be different, i.e. the collected image pixels
may be not in the same scale, two sets of data may be scaled
into the same scale by using bilinear interpolation, and then
be registered according to rigid registration.

[0071] Assuming an intensity of a pixel X, in one set of
three-dimensional ultrasonic contrast data as f{X,) and an
intensity of a pixel Y, in the other set of three-dimensional
ultrasonic contrast data as g(Y,), a mapping between the two
sets of three-dimensional contrast image data may be
expressed as:

X; = AY,, 6))
X
Xi=| |
X
1
%
Yi= y.z ,
¥
1

ayy, ara, a1z, T

az, a2, azs, T

as1, 032, 433, T3
0, 0, 0, 1

[0072] Meanwhile, a similarity measurement function of
the two sets of image data may be defined as:

E= ) If(X)-g(ax%)|

i=l... N

[0073] The similarity measurement described above may
be a typical “minimum sum of absolute difference.” An analo-
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gous definition may be “minimum sum of square difference,”
“maximum cross correlation,” and minimum absolute differ-
ence improved based on Rayleigh distributional characteris-
tics of noise of an ultrasonic wave. Meanwhile, the f(X,) and
g(Y,) in the similarity measurement function may also be
defined as size of local gradient or gray entropy of corre-
sponding data, etc.

[0074] When performing image registration, instead of the
automatic registration method described above, a semi-auto-
matic registration method, ie. an interactive registration
method associated with the user interface unit 105 and the
image display unit 103, may be used. Under an assumption of
rigid registration, a matrix of 3x3 in an upper-lift corner of a
mapping matrix A may be a symmetric orthogonal matrix.
There may be many rigid registration methods for solving the
rigid registration between two sets of three-dimensional
ultrasonic image data, and the most direct method may be
using interactive operation, i.e. selecting 4 sets or more than
4 sets of pairs of corresponding points in the two sets of
three-dimensional ultrasonic data and solving the most opti-
mum mapping matrix A by using least square fit method. It
may be also possible to select one section in each of the two
sets of three-dimensional ultrasonic image data, build a one-
to-one relationship between the two sections by using fusion
display method, and select a pair of corresponding points
which may be outside of the two sections. In some embodi-
ments, a combination of the interactive registration method
and the automatic registration method may be usedto perform
the image registration.

[0075] After the registration operation, the registration
result may be displayed based on the image display unit 103.
As illustrated in F1G. 2, the screen region of the image display
unit 103 may at least include two sub-screens to compara-
tively display the two sets of data. The displayed registration
results may be the three-dimensional ultrasound tissue image
data, the three-dimensional contrast enhanced ultrasound
image data or a combination thereof.

[0076] Theimage display unit 103 may include image mul-
tiplanar reconstruction functions, which, in connection with
the user interface unit 105, may select a target region in the
images and perform multiplanar reconstruction for the target
region. The sections reconstructed may be the three-dimen-
sional ultrasonic tissue image, and may also be three-dimen-
sional contrast enhanced ultrasonic image. The reconstructed
two sets of images may be displayed respectively on the
sub-screens. For example, the images reconstructed from the
first set of three-dimensional contrast enhanced ultrasonic
image data may be displayed on one of the sub-screens, and
the images reconstructed from the second set of three-dimen-
sional contrast enhanced ultrasonic image data, which corre-
spond to the images reconstructed from the first set of three-
dimensional contrast enhanced ultrasonic image data, may be
displayed on the other of the sub-screens. Image pixels dis-
played on the two sub-screens may have a one-to-one corre-
spondence. The images displayed on the two sub-screens may
be three-dimensional contrast enhanced ultrasonic image
data, and may also be three-dimensional ultrasonic tissue
image data, and also may be switched between these two
kinds of data.

[0077] The first set of three-dimensional ultrasonic image
data and the second set of three-dimensional image data dis-
played by the image display unit 103 may include, but not
limit to, a part, one section, or multiple sections of the first set
of three-dimensional ultrasonic image data and the second set
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of three-dimensional ultrasonic image data, and projections
of the first set of three-dimensional ultrasonic image data or
the second set of three-dimensional ultrasonic image data in a
certain direction.

[0078] In some embodiments, measurement function may
also be supported by the two sub-screens, such as distance
measurement, area measurement, crispening or tracing etc.
Linkage display may be also supported by the two displaying
sub-screen, i.e. a measuring operation being performed on
one sub-screen may be simultaneously displayed on the other
sub-screen at the same position. The linkage display may also
be disabled and the measuring operation may be performed
on one sub-screen separately. In some embodiments, one
section may be displayed on the sub-screen described above.
In some embodiments, multiple sections may be displayed on
the sub-screen, i.e., images arrayed in the same sequence may
be displayed on the two sub-screens. The user may select
different section (for example, reconstructed) on the screen of
the image displaying unit 103 to be displayed and measured.
[0079] In some embodiments, several ultrasonic image
analysis methods may be provided, which will be described in
details below.

[0080] Asillustrated in FIG. 3, an ultrasonic image analysis
method may proceed as follows.

[0081] A first set of three-dimensional ultrasonic image
data and the second set of three-dimensional ultrasonic image
data may be collected in the image collection unit 101. Spe-
cific collecting methods may be similar to a process of col-
lecting three-dimensional ultrasonic image data described
above, which will not describe in detail.

[0082] The first set of three-dimensional ultrasonic image
data and the second set of three-dimensional ultrasonic image
data may be registered to obtain a relationship between the
first set of three-dimensional ultrasonic image data and the
second set of three-dimensional ultrasonic image data. Spe-
cific registration methods of three-dimensional ultrasonic
image data may include automatic registering methods or
semi-automatic registering methods, and also may be a com-
bination of the two methods to analyze and register the two
sets of three dimensional ultrasonic image data.

[0083] The first set of three-dimensional ultrasonic image
data and the second set of three-dimensional ultrasonic image
data may be displayed in the image display module 103 based
on the registration mapping relationship.

[0084] In some embodiments, the first set of three-dimen-
sional ultrasonic image data and the second set of three-
dimensional ultrasonic image data may be displayed based on
the registration mapping relationship, which may include
steps described below.

[0085] First, selected signals of a selected target region are
received. The selected signals may be input by user though a
user interface unit 105, and also may be a system default. A
target region of interest to a user may be confirmed through
the selected signals. The target region may be a part of the first
set of three-dimensional ultrasonic image data or the second
set of three-dimensional image data. In other words, the target
region may be selected from the first set of three-dimensional
image data or the second set of three-dimensional image data.
[0086] One of the first set of three-dimensional ultrasonic
image data and the second set of three-dimensional ultrasonic
image data may be used to reconstruct a first image of the
target region to display the first image on the first region of a
display.
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[0087] The other set of three-dimensional ultrasonic image
data from the first set of three-dimensional ultrasonic image
data and the second set of three-dimensional ultrasonic image
data may be used to reconstruct a second image in a target
region corresponding to the first image based on the registra-
tion mapping relationship. It will be understood that that
because the registration mapping relationship between two
sets of three-dimensional ultrasonic image data have been
obtained already, a region corresponding to the target region
from the other three-dimensional ultrasonic image data may
be obtained and an image of the corresponding region using
the other three-dimensional ultrasonic image data may be
reconstructed, i.e. the second image of the target region cor-
responding to the first image as mentioned, and the second
image may be displayed on the second region of a display.
[0088] In some embodiments, the first image and the sec-
ond image may be a three-dimensional image and/or at least
a section image of the target region.

[0089] Asillustratedin FIG. 4, an ultrasonic image analysis
method may proceed as described below.

[0090] A first set of three-dimensional ultrasonic image
data may be collected.

[0091] The first set of three-dimensional ultrasonic image
data and collecting the second set of three-dimensional ultra-
sonic image data may be displayed under a guidance of the
first set of three-dimensional ultrasonic image data.

[0092] The first set of three-dimensional ultrasonic image
data and the second set of three-dimensional ultrasonic image
data may be registered to obtain a registration mapping rela-
tionship between the first set of three-dimensional ultrasonic
image data and the second set of three-dimensional ultrasonic
image data.

[0093] The first set of three-dimensional ultrasonic image
data and the second set of three-dimensional ultrasonic image
data may be displayed based on the registration mapping
relationship.

[0094] Insome embodiments of the present disclosure, the
first set of three-dimensional ultrasonic image data may be
displayed and the second set of three-dimensional ultrasonic
image data may be collected under a guidance of the first set
of three-dimensional ultrasonic image data, as described
below.

[0095] At least one section image of the first set of three-
dimensional ultrasonic image data may be displayed. An
ultrasound wave may be transmitted and an ultrasound echo
received through an ultrasonic probe to obtain section
images. A location of the ultrasonic probe may be changed.
When section image obtained may be similar to the at least
one section image, the method may proceed by beginning to
collect the second set of three-dimensional ultrasonic image
data.

[0096] Forexample, when the first set of three-dimensional
ultrasonic image data may be collected, target regions to be
evaluated may be involved. The first set of three-dimensional
ultrasonic image data collected may be sent to the image
display unit 103 and may be displayed in some displaying
sub-unit in a region of the display of the image display unit
103. Then the second set of three-dimensional image data
may be collected. For example, some section of the first set of
three-dimensional ultrasonic image data (i.e. a section in
some certain direction may include, but not limited to, an
axial section in the middle ofthe three-dimensional ultrasonic
image data) may be displayed in a display sub-screen. The
same section may be found by moving an ultrasonic probe
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before collecting three-dimensional ultrasonic image data the
second time, and the second set of the three-dimensional
ultrasonic image data may be collected. Positions of the ultra-
sonic probes and directions of the ultrasonic probes of two
data collections may be assured to be consistent, so to ensure
that the collecting data represent the same part of a body. Two
sets of three-dimensional data may be registered by using
image analysis registration method of the image analysis unit
102. Specifically, registration may be automatically per-
formed based on an image processing algorithm, and also
may be semi-automatically performed in connection with
manual interactive operation (i.e. interactive registration).
[0097] In some embodiments, a method of displaying the
first set of three-dimensional ultrasonic image data and the
second set of three-dimensional ultrasonic image data based
on the registration mapping relationship may be the same as
the second method mentioned above.

[0098] As illustrated in FIG. 5, an ultrasonic image analysis
method may include followings steps.

[0099] Two sets of three-dimensional ultrasonic image data
may be collected by the image collection unit 101 as
described above. Specific collection methods may be similar
to those described above, which will not be described in
detail.

[0100] The two sets of three-dimensional image data col-
lected may be registered and the registration mapping rela-
tionship may be confirmed between the two sets of three-
dimensional ultrasonic image data. Specific registration
methods of three-dimensional ultrasonic image data may use
an automatic registration mapping method or a semi-auto-
matic registration mapping method as described above, and
also may be a combination of the two methods thereof to
register the two sets of three-dimensional ultrasonic image
data, which will not be described in detail.

[0101] A target region among a set of three-dimensional
ultrasonic image data thereof may be selected, a section of the
target region may be reconstructed according to a selected
direction, and displaying the direction of the set of three-
dimensional ultrasonic image data. Based on the registration
mapping relationship of the two sets of image, a section
corresponding to the section reconstructed before may be
reconstructed among the other set of three-dimensional ultra-
sonic image data and may be displayed.

[0102] Theimage may beused to reconstruct a sub-unit, the
image data collected may be reconstructed in two collections
in the target region, the target region in three-dimensional
image data may be selected and multiplanar of the target may
be reconstructed. The image data reconstructed may have a
one-to-one correspondence. A reconstructed section may be
three-dimensional ultrasonic tissue image data or three-di-
mensional ultrasonic contrast image data. For example,
images reconstructed from the first set of three-dimensional
ultrasonic image data may be displayed in one of the display-
ing sub-screens. Images reconstructed from the second set of
three-dimensional ultrasonic image data corresponding to the
former images may be displayed in the other sub-screen.
Image pixels displayed in the two sub-screens may have a
one-to-one correspondence.

[0103] The three-dimensional ultrasonic image data may
be stored and the registration result. The three-dimensional
ultrasonic image data and the registration result may be stored
in the image storage module 104.

[0104] In some embodiments, as any ultrasonic image
analysis method described above, the three-dimensional
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ultrasonic image data may be three-dimensional ultrasonic
tissue image data or three-dimensional contrast image data,
and also may be a combination of the same.

[0105] In some embodiments, as any ultrasonic image
analysis methods described above, the image registration
may include the following: the three-dimensional ultrasonic
image data may be registered automatically and registration
results may be generated. Specific automatic analysis and
registration methods may be consistent with the automatic
registration methods described above, which will not be
described in detail.

[0106] In some embodiments, as any ultrasonic image
analysis method described above, the images registration
includes the following: the three-dimensional ultrasonic
image data may be registered semi-automatically and regis-
tration results may be generated. Specific automatic registra-
tion methods may be consistent with the semi-automatic reg-
istration methods described above, which will not be
described in detail.

[0107] In some embodiments, as any ultrasonic image
analysis method described above, the multiplanar reconstruc-
tions of the three-dimensional ultrasonic image data and reg-
istration results may be performed. Specific function of mul-
tiplanar reconstructions may be consistent with the
multiplanar reconstructions described above, which will not
be described in detail.

[0108] In some embodiments, as any ultrasonic image
analysis methods described above, the three-dimensional
ultrasonic image data and the registration results may be
measured and edit. Specific effects of measurement and edit
may be consistent with the measurement and edit described
above, which will not be described in detail.

[0109] In embodiments of the present disclosure, clinical
tumor interventional therapies may be imaged for pre-opera-
tion and post-operation at least twice by using three-dimen-
sional ultrasound contrast imaging devices. Two sets of data
of a target region may be obtained in different time. The two
set of data may be registered by using image processing
techniques. A one-to-one mapping relationship between the
two sets of data may be built by using image processing
techniques to register the two sets of data. The status of target
regions at different times based on the registration results may
be displayed based on a registration result comparison. Mean-
while, the corresponding locations of the other set of data may
be mapped to display based on the mapping relationship
between two sets of data constructed by registration, thus the
two set of data may be compared directly. Whether an abla-
tion effect region covers a whole tumor region may be evalu-
ated by calculating, tracing, dividing, etc. Thus, the two set of
data may be compared directly. The ablation effect may be
evaluated on site. If ablation may not cover the whole tumor
region, complementary needle ablation may be done on site.
Delayed time of clinical evaluation and secondary interven-
tional operation may be avoided based on CT/MRI etc.
[0110] The embodiments described above may be merely
used to illustrate the technical solutions of the present disclo-
sure, but should not be deemed as limitations to the scope of
this disclosure. It should be noted that, for those of ordinary
skill in the art, without departing from the inventive concept
of this disclosure, a number of variations and modifications
may be made, while such variations or modifications should
be deemed to be included within the scope of this disclosure.
Accordingly, the scope of protection of this disclosure should
be defined by the appended claims.
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1. An ultrasonic image analysis system, comprising:

an image collection unit which transmits an ultrasonic
wave and receives an ultrasonic echo and obtains a first
set of three-dimensional ultrasonic image data based on
the ultrasonic echo, and after obtaining the first set of
three-dimensional ultrasonic image data, transmits an
ultrasonic wave and receives an ultrasonic echo and
obtains a second set of three-dimensional ultrasonic
image data based on the ultrasonic echo;

an image analysis unit which registers the first set of three-

dimensional ultrasonic image data and the second set of
three-dimensional ultrasonic image data to obtain a reg-
istration mapping relationship between the first set of
three-dimensional ultrasonic image data and the second
set of three-dimensional ultrasonic image data; and

an image display unit which displays the first set of three-

dimensional ultrasonic image data and the second set of
three-dimensional ultrasonic image data based on the
registration mapping relationship.

2. The ultrasonic image analysis system of claim 1, further
comptrising:

an image storage unit which stores the first set of three-

dimensional ultrasonic image data, the second set of
three-dimensional ultrasonic image data and/or the reg-
istration mapping relationship.

3. The ultrasonic image analysis system of claim 1,
wherein the first set of three-dimensional ultrasonic image
data and the second set of three-dimensional ultrasonic image
data obtained by the image collection unit are three-dimen-
sional ultrasonic tissue image data and/or three-dimensional
contrast enhanced ultrasonic image data.

4. The ultrasonic image analysis system of claim 1,
wherein the image analysis unit comprises an automatic
analysis sub-unit which automatically registers the second set
of three-dimensional image data and the first set of three-
dimensional image data to obtain the registration mapping
relationship.

5. The ultrasonic image analysis system of claim 1,
wherein the image analysis unit comprises a semi-automatic
analysis sub-unit which semi-automatically registers the sec-
ond set of three-dimensional image data and the first set of
three-dimensional image data in connection with a user inter-
face unit and the image display unit to obtain the registration
mapping relationship.

6. The ultrasonic image analysis system of claim 1,
wherein the image display unit further comprises:

an image reconstruction sub-unit which receives a selec-

tion signal for selecting a target region, uses one of the
first set of three-dimensional ultrasonic image data and
the second set of three-dimensional ultrasonic image
data to reconstruct a first image of the target region, and
uses the other of the first set of three-dimensional ultra-
sonic image data and the second set of three-dimen-
sional ultrasonic image data to reconstruct a second
image of the target region corresponding to the first
image based on the mapping registration relationship;
and

the image display unit display the first image on a first

region of a display, and display the second image on a
second region of the display.

7. The ultrasonic image analysis system of claim 6,
wherein the first image and the second image are three-di-
mensional image and/or at least one section image of the
target region.
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8. An ultrasonic image analysis method, comprising:

collecting a first set of three-dimensional ultrasonic image

data;

collecting a second set of three-dimensional image data

after collecting the first set of three-dimensional ultra-
sonic image data;

registering the second set of three-dimensional ultrasonic

image data and the first set of three-dimensional ultra-
sonic image data to obtain a registration mapping rela-
tionship between the first set of three-dimensional ultra-
sonic image data and the second set of three-
dimensional image data; and

displaying the first set of three-dimensional ultrasonic

image data and the second set of three-dimensional
ultrasonic image data based on the registration mapping
relationship.

9. The ultrasonic image analysis method of claim 8, further
comprising:

storing the first set of three-dimensional ultrasonic image

data, the second set of three-dimensional ultrasonic
image data and/or the registration mapping relationship.

10. The ultrasonic image analysis method of claim 8§,
wherein the first set of three-dimensional ultrasonic image
data and the second set of three-dimensional image data are
three-dimensional ultrasound tissue image data and/or three-
dimensional contrast enhanced ultrasound image data.

11. The ultrasonic image analysis method of claim 8,
wherein registering the first set of three-dimensional ultra-
sonic image data and the second set of three-dimensional
ultrasonic image data comprises automatically registering the
first set of three-dimensional ultrasonic image data and the
second set of three-dimensional ultrasonic image data to
obtain the registration mapping relationship.

12. The ultrasonic image analysis method of claim 8,
wherein registering the first set of three-dimensional ultra-
sonic image data and the second set of three-dimensional
ultrasonic image data comprises semi-automatically register-
ing the first set of three-dimensional ultrasonic image data
and the second set of three-dimensional ultrasonic image data
to obtain the registration mapping relationship.

13. The ultrasonic image analysis method of claim 8,
wherein displaying the first set of three-dimensional ultra-
sonic image data and the second set of three-dimensional
ultrasonic image data based on the registration mapping rela-
tionship comprises:

receiving a selection signal for selecting a target region;

using one of the first set of three-dimensional ultrasonic

image data and the second set of three-dimensional
ultrasonic image data to reconstruct a first image of the
target region; and

displaying the first image on a first region of a display;

using the other of the first set of three-dimensional image
data and the second set of three-dimensional image data
to reconstruct a second image of'the target region corre-
sponding to the first image based on the registration
mapping relationship; and

displaying the second image on a second region of the

displayer.

14. The ultrasonic image analysis method of claim 13,
wherein the first image and the second image are three-di-
mensional image and/or at least one section image of the
target region.
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15. An ultrasonic image analysis method, comprising:

collecting a first set of three-dimensional ultrasonic image

data;
displaying the first set of three-dimensional ultrasonic
image data and obtaining a second set of three-dimen-
sional ultrasonic image data under a guidance of the first
set of three-dimensional ultrasonic image data;

registering the first set of three-dimensional ultrasonic
image data and the second set of three-dimensional
ultrasonic image data to obtain a registration mapping
relationship between the first set of three-dimensional
ultrasonic image data and the second set of three-dimen-
sional ultrasonic image data; and

displaying the first set of three-dimensional ultrasonic

image data and the second set of three-dimensional
ultrasonic image data based on the registration mapping
relationship.

16. The ultrasonic image analysis method of claim 15,
wherein displaying the first set of three-dimensional ultra-
sonic image data and collecting the second set of three-di-
mensional ultrasonic image data under the guidance of the
first set of three-dimensional ultrasonic image data com-
prises:

displaying at least one section image of the first set of

three-dimensional ultrasonic image data; and
transmitting an ultrasound wave and receiving an ultra-
sound echo through an ultrasonic probe to obtain section
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images, changing a location of the ultrasonic probe, and
when a section image obtained is similar to the at least
one section image, beginning to collect the second set of
three-dimensional ultrasonic image data.

17. The ultrasonic image analysis method of claim 15,
wherein displaying the first set of three-dimensional ultra-
sonic image data and the second set of three-dimensional
ultrasonic image data based on the registration mapping rela-
tionship comprises:

receiving a selecting signal for selecting a target region;

using one of the first set of three-dimensional ultrasonic

image data and the second set of three-dimensional
ultrasonic image data to reconstruct a first image of the
target region;

displaying the first image on a first region of a display;

using the other of the first set of three-dimensional image

data and the second set of three-dimensional image data
to reconstruct a second image of the target region corre-
sponding to the first image based on the registration
mapping relationship; and

displaying the second image on a second region of the

displayer.

18. The ultrasonic image analysis method of claim 17,
wherein the first image and the second image are three-di-
mensional image and/or at least one section image of the
target region.
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