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(7) ABSTRACT

An ultrasonic imaging processing method based on RF data
includes the following steps: S1, receiving echo signals
which are obtained by sending ultrasound signals; S2, beam-
forming the echo signals; S3, obtaining the RF data of the
echo signals; and S4, directly conducting an ultrasonic imag-
ing process based on the obtained RF data in order to obtain
a target image. The ultrasonic imaging processing method
and system based on the RF data according to the present
application directly conduct ultrasonic imaging treatment
based on the obtained RF data of the echo signals in order to
obtain the target image. As a result, the system is simple and
with no loss of data information. Besides, real-time perfor-
mance and image quality of ultrasonic diagnose appliance by
using such method and system are improved.
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ULTRASONIC IMAGING PROCESSING
METHOD AND SYSTEM BASED ON RF DATA

[0001] This application claims the benefit of priority to
Chinese Patent Application No. 201410057108.4 titled
“ULTRASONIC IMAGING PROCESSING METHOD
AND SYSTEM BASED ON RF DATA”, filed with the Chi-
nese State Intellectual Property Office on Feb. 20, 2014, and
also claims the benefit of priority to Chinese Patent Applica-
tion No. 201510033038.3 titled “TIME DELAY ESTIMA-
TION METHOD AND SYSTEM OF ULTRASONIC SIG-
NALS”, filed with the Chinese State Intellectual Property
Office on Jan. 22, 2015.

BACKGROUND
[0002] 1. Technical Field
[0003] The present application relates to a field of ultra-

sound diagnostic imaging, more particularly to an ultrasonic
imaging processing method and an ultrasonic imaging pro-
cessing system based on RF (radio frequency) data.

[0004] 2. Description of the Related Art

[0005] With the development of related fields such as elec-
tronics, computers and material science, the function of ultra-
sound diagnostic apparatus has been greatly improved in
recent years. At the same time, medical ultrasound diagnosis
technology occurred several revolutionary leaps. Now, it has
become a preferred method for various clinical disease diag-
nosis and a necessary tool of ultrasound diagnosis during
ultrasound imaging. Correspondingly, B mode ultrasound
imaging, CF mode ultrasound imaging and PW mode ultra-
sound imaging etc., are those most basic and most widely
used technologies in ultrasound imaging systems. There are
many clinical applications of various modes of ultrasound
imaging, e.g., to monitor the fetus status in obstetrics, or for
valvular heart disease diagnosis in internal medicine. Ultra-
sound imaging technology has been widely studied and
applied globally. But because of constant update of ultra-
sound devices, application demands of vltrasonic inspection
and clinical diagnoses etc., continuously increased. As a
result, new content and new technologies emerge endlessly.
The existing study is unable to meet the demand for ultra-
sound imaging applications.

[0006] Traditional modes of ultrasound imaging include a
front-end processing, a middle processing and a back-end
processing, wherein the front-end processing is used to get
focused RF signals, the middle processing is used to get the
baseband signals and the back-end processing is used to dis-
play signals after being scanned and converted. Since the
back-end processing technology is only in a preliminary
development stage, and also considering the computer pro-
cessing capacity, in the existing technology, the echo signals
are divided into two I/Q signals in the middle processing, and
the echo signals are treated by desampling and dropping bitin
order to match the computer processing capacity. As a result,
the whole processing needs large hardware support, espe-
cially for the middle processing, it usually needs dedicated
chip or digital signal processor, which makes the processing
chain extremely complex. For example, FIG. 1 shows a flow-
chart of an existing processing method in the ultrasound
imaging technology. The method includes the following
steps: P1, receiving echo signals which are obtained by send-
ing ultrasound signals; P2, beamforming the echo signals; P3,
obtaining the RF data of the echo signals; P4, orthogonally
demodulating or Hibert transforming the RF data in order to
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divide the RF data into two I/O orthogonal signals; P5, treat-
ing the two I/O orthogonal signals obtained from the step P4
via baseband filtering or low-pass filtering in order to desa-
mple and drop bit of the two /O orthogonal signals; P6,
treating the two I/O orthogonal signals processed after the
step P5 via ultrasound imaging in order to obtain a target
image.

SUMMARY

[0007] Inorder to facilitate addressing the above problems,
an embodiment of the present application provides an ultra-
sonic imaging processing method and an ultrasonic imaging
processing system based on RF data, with simple structure
and without loss of data information.

[0008] An embodiment comprises an ultrasonic imaging
processing method based on RF data. The method comprises
the following steps:

[0009] S1, receiving echo signals which are obtained by
sending ultrasound signals;

[0010] S2, beamforming the echo signals;
[0011] S3, obtaining RF data of the echo signals;
[0012] S4, directly conducting an ultrasonic imaging pro-

cess based on the obtained RF data in order to obtain a target
image.

[0013] An embodiment comprises an ultrasonic imaging
processing system based on RF data. The system comprises:
[0014] an ultrasonic probe module for sending and receiv-
ing ultrasound signals;

[0015] an ultrasound echo receiving module for receiving
echo signals obtained by sending the ultrasound signals;

[0016] abeam synthesis module for beamforming the echo
signals;
[0017] a RF data transmitting and storage module for get-

ting the RF data of the echo signals;

[0018] animageprocessing module for directly conducting
ultrasonic imaging based on the obtained RF data in order to
obtain the target image.

[0019] Embodiments of the ultrasonic imaging processing
method and the ultrasonic imaging processing system based
on RF data of the present application are capable of directly
conducting ultrasonic imaging based on the obtained RF data
in order to obtain the target image, after getting the RF data of
the echo signals. Compared with the existing technology, the
system structure is simple, but without loss of data informa-
tion, which facilitates improving real-time performance and
image quality of ultrasonic diagnose, making diagnostic
information and axial resolution in more detail and clearer,
and also lowering the cost of manufacture and usage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1is a flowchart of an existing ultrasound imag-
ing processing method.

[0021] FIG. 2 is a flowchart of an ultrasonic imaging pro-
cessing method based on RF data in accordance with a first
embodiment of the present application.

[0022] FIG. 3 is a flowchart of an ultrasonic imaging pro-
cessing method based on RF data in accordance with a second
embodiment of the present application.

[0023] FIG. 4 is a module schematic diagram of an ultra-
sonic imaging processing system based on RF data in accor-
dance with a first embodiment of the present application.
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[0024] FIG. 5 is a module schematic diagram of an ultra-
sonic imaging processing systen based on RF data in accor-
dance with a second embodiment of the present application.
[0025] FIG. 6 is a flowchart of adopting EI mode process-
ing based on RF data in order to obtain the target image.
[0026] FIG. 7 is a simplified structure diagram of FIG. 6.
[0027] FIGS. 8A and 8B are zero-phase linear diagrams in
the process of adopting EI mode processing based on RF data
in order to obtain the target image of FIG. 6.

[0028] FIG. 9 is a schematic diagram showing initial delay
of multiple places of a fame signal in the process of adopting
EI mode processing based on RF data in order to obtain the
target image of FI1G. 6.

DETAILED DESCRIPTION

[0029] Detailed description of the present application will
be depicted in combination with embodiments shown in fig-
ures. It should be noted that the present application should not
be restricted to the embodiments, and modifications of struc-
ture, method and function to those of ordinary skill in the art
according to the embodiments are all included within the
protection scope of the present application.

[0030] Referring to FIG. 2 which is a flowchart of an ultra-
sonic imaging processing method based on RF data in accor-
dance with a first embodiment of the present application.
Correspondingly, the method includes the following steps:
[0031] S1, receiving echo signals which are obtained by
sending ultrasound signals;

[0032] S2, beamforming the echo signals;
[0033] S3, obtaining RF data of the echo signals;
[0034] S4, directly conducting an ultrasonic imaging pro-

cess based on the obtained RF data in order to obtain a target
image.

[0035] In the above description of the ultrasonic imaging
processing method based on RF data, the steps S1, S2 and S3
are similar to the existing technology shown in FIG. 1,
detailed description thereof will be omitted herein. The dif-
ference between the present application and the existing tech-
nology is that the present application is capable of directly
conducting ultrasonic imaging based on the obtained RF data
in order to obtain the target image. Even though the system
structure for achieving the method is simple, there is no loss
of data information in an embodiment. Besides, real-time
performance and image quality of ultrasonic diagnose using
the ultrasonic imaging processing method and the ultrasonic
imaging processing system are improved in an embodiment,
which facilitates making diagnostic information and axial
resolution in more detail and clearer, and also facilitates low-
ering the cost of manufacture and usage at the same time.

[0036] The “RF” of the RF data is an abbreviation of radio
frequency.
[0037] Detailed example embodiments of the present appli-

cation will be depicted in more detail hereinafter.

[0038] Based on the obtained RF data, the step S4 specifi-
cally includes adopting B mode processing, CF mode pro-
cessing, PW mode processing and EI mode processing in
order to obtain the target image.

[0039] The “CF” of the CF mode processing is an abbre-
viation of color flow which means blood flow imaging in
Chinese. The “PW” of the PW mode processing is an abbre-
viation of pulsed wave doppler. The “EI” of the EI mode
processing is an abbreviation of elastography which means
tissue elasticity imaging in Chinese.
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[0040] Inanembodiment of the present application, adopt-
ing B mode processing to obtain the target image includes
conducting gray scale map imaging of the obtained RF data.
Accordingly, there are two ways to use the B mode to obtain
the target image.

[0041] Thefirst way: assuming the RF signal data output by
the beam synthesis is I, the absolute value of the RF signal
data |1l is used for gray map imaging.

[0042] Thesecond way: assuming the RF signal data output
by the beam synthesis is I and then constructing I' using the
following formulas:

I=4xCos wt,

I'=4xCos(wt+¢),

Then, we can achieve the following formulas:

3 = 2ACos(wr + () Cos(®
® = 2ASin(ws + () )Sin(D

@ indicates text missing or illegiblewhen filed

And then, we can achieve the following formula from the
above one:

iglwr+ @) =3,

® indicates text missing or illegiblewhen filed

In combination with the formula:

ot +@) =@,

@ indicates text missingor illegiblewhen filed

we can achieve tg(mt). Under this condition, the mode IAl of
the RF signal data will be used for gray map imaging using the
following formula:

141=1I/Cos wzl.

[0043] According to an embodiment of the present appli-
cation, adopting CF mode processing to obtain the target
image includes adopting ButterflySearch algorithm or Cross-
Correlation algorithm directly conducting ultrasonic imaging
based on the obtained RF data in order to obtain the target
image.

[0044] The ButterflySearch algorithm of the CF mode pro-
cessing is carried out by searching along dimensions of depth
and time of the objective reflection ultrasonic signals. The
slope of butter line with maximum matching rate is corre-
sponding to the target axial movement speed.

[0045] The CrossCorrelation algorithm applied in the CF
mode processing is achieved by cross-correlation operating
the objective reflection ultrasonic signals along a depth direc-
tion. The peak position of the cross-correlation coefficient is
corresponding to shift caused by movement. Then the target
axial movement speed can be calculated. This algorithm is
mainly based on the signal time shift generated by the target
movement. In actual calculation, a cross-correlation opera-
tion will be done between two adjacent RF data within a
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sampling volume in order to calculate a speed, and then the
total calculated speeds are averaged to get a final speed for the
sampling volume.

[0046] In an embodiment of the present application, an
improved CrossCorrelation algorithm is adopted to directly
conducting ultrasonic imaging based on the obtained RF data
in order to obtain the target image.

[0047] Indetail, traditional CrossCorrelation algorithm can
only obtain time shift with integer times of the sampling
interval, which requires interpolation in order to achieve the
precise shift. There are two kinds of interpolation methods.
The first method is interpolation on RF signal in order to
upsampling. But interpolation cannot meet the real-time
requirement because of high computation complexity. The
second method is parabolic, sine or cosine interpolation on
crosscorrelation coefficient. Although this method can meet
real-time requirements, it is necessary to ensure that true
cross-correlation peak is indeed contained in the interpolation
curve, which is easily matched to an incorrect peak.

[0048] In an embodiment of the present application, if the
CrossCorrelation algorithm is adopted to directly conduct
ultrasonic imaging based on the obtained RF data in order to
obtain the target image, based on the conventional CrossCor-
relation algorithm, a limited searching scope will be defined
through prior value in order to avoid matching error peak
cross-correlation coefficient. This will simplify the computa-
tion complexity of CrossCorrelation algorithm, and facilitate
meeting the real-time requirements.

[0049] Time shift (or displacement) of a traditional RF
signal is continuous along the axial direction and the lateral
direction. So, the prior value is calculated as the shift of
previous point which is in line with the current point, or the
shift of a same location of an adjacent line corresponding to
the current point. For example, if the shift of previous point in
the same line is 2, then the shift of the current point is around
2, and cross-correlation search scope can be set between [1,
3].

[0050] In an embodiment of the present application, a
CrossCorrelation algorithm can be adopted to directly con-
duct ultrasonic imaging based on the obtained RF data in
order to obtain the target image. Besides, it is also feasible to
combine the CrossCorrelation algorithm with AutoCorrela-
tion algorithm to directly conduct ultrasonic imaging based
on the obtained RF data in order to obtain the target image.

[0051] First, a rough shift value can be calculated by using
the CrossCorrelation algorithm. The RF signal can be inter-
cepted based on the rough shift value. Then, a precise shift
value can be calculated by using the AutoCorrelation algo-
rithm. The final accurate shift value can be achieved by add-
ing these two shift values.

[0052] In combination with the above description, before
adopting the CrossCorrelation algorithm, by limiting the
cross-correlation search scope through priori values, the shift
value of previous point or adjacent point can be directly used
as rough shift value of current point. Then, the AutoCorrela-
tion algorithm is used to calculate a precise shift value. By
using this method, it is possible to minimize the calculation
complexity of the CrossCorrelation algorithm, and avoid
aliasing of precise shift value calculated by AutoCorrelation
algorithm.

[0053] In the process of calculating the precise shift value
by using the AutoCorrelation algorithm, it only needs tempo-
rarily Hilbert demodulation of the RF signal. Such process
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can be implemented at the algorithm layer, which simplifies
the system structure while avoiding data loss.

[0054] Inanembodiment of the present application, adopt-
ing PW mode processing to obtain the target image includes
adopting a ButterflySearch algorithm or CrossCorrelation
algorithm to directly conduct ultrasonic imaging based on the
obtained RF data in order to obtain the target image.

[0055] The ButterflySearch algorithm for achieving the tar-
getimage of the PW mode processing is to obtain data of each
rate component along a depth direction of the RF signal in the
sampling box and also along a slope of the velocity. The size
of the corresponding data is then calculated for spectrum
display.

[0056] In an embodiment of the present application, the
step S4 also includes adopting EI mode processing to obtain
the target image based on the obtained RF data.

[0057] It is noted that, in existing technologies, there are
multiple ways to obtain a target image by adopting the EI
mode, among which it is particularly noticeable as to time
delay estimation in the process of obtaining the target image
of the EI mode.

[0058] Currently, there are a lot of time delay estimation
methods commonly used in the EI mode processing, includ-
ing CrossCorrelation method, AutoCorrelation method, a
method combining the CrossCorrelation method and the
AutoCorrelation method, zero-phase iterative method, maxi-
mum likelihood method, and frequency domain processing
method, etc. The methods mentioned above have their own
advantages and disadvantages.

[0059] Among them, the most classic time delay estimation
algorithm is the CrossCorrelation method. The time delay is
determined by calculating the cross-correlation coefficient
between adjacent ultrasonic RF signals. It is the place where
the cross-correlation coefficient has the maximum value cor-
responds to the time delay of the signals. In using the Cross-
Correlation method, it is only feasible to get the integer mul-
tiple time delay of the sampling period through the place
where the cross-correlation coefficient has the maximum
value, because the ultrasonic signals have limited sample rate.
However, in some applications (such as shear wave elasticity
imaging or temperature monitoring), the time delay of the
ultrasonic signals is even less than one sampling period. In
order to get sub-sample time delay estimation, it is typical in
the CrossCorrelation method by using interpolation of the
ultrasonic RF signals or CrossCorrelation coefficients. It will
tend to much additional calculation by using interpolation of
the ultrasonic RF signals. So, it is necessary to exhaustively
search the signals in a given range in the CrossCorrelation
method, which is an extremely big calculation load. And,
when the signal delay is less than one sampling period, the
sub-sample time delay estimation obtained by the interpola-
tion method may have large errors.

[0060] Further, in order to reduce the calculation load ofthe
CrossCorrelation algorithm, some simplified methods such
as sum of absolute difference (SAD) and sum of squared
differences (SSD) have been proposed. Although these meth-
ods have small calculation load, they are less accurate than the
CrossCorrelation method.

[0061] Further, the AutoCorrelation method is classic delay
or phase-shift estimation algorithm which has been widely
used in the field of ultrasonic doppler, usually calculating in
the complex field. Comparing with the interpolation opera-
tion of the CrossCorrelation method, the AutoCorrelation
method does not need exhaustive search so that the calcula-
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tion load is small, and it can get the precise sub-sample time
delay estimation. However, the flaw of the AutoCorrelation
method is, when the signal delay is large (greater than half
period signal), it will cause phase winding, also called alias-
ing. In addition, for accuracy consideration, the AutoCorre-
lation method is more suitable to narrow-band signals rather
than wide-band signals.

[0062] Further, when the AutoCorrelation method based on
the parsing signal is used for time delay estimation of the
ultrasound signal, the method firstly applies Hilbert change to
the ultrasound RF signal in order to get plural domain parsing
signal. Then AutoCorrelation operation takes place regarding
the parsing signal in a given range. The maximum place of the
model of the auto-correlation coefficient corresponds to inte-
ger time delay of the sampling period. And then, sub-sample
time delay can be calculated using the phase of the maximum
place of the auto-correlation coefficient and the phase of an
adjacent front point or an adjacent rear point. The eventual
time delay can be achieved by adding them. This method
resolves the aliasing of the AutoCorrelation operation and is
suitable for any bandwidth signal. But the method needs to
process the plural domain parsing signal (including the real
part and the imaginary part), and still requires exhaustive
search of the signals within a certain range. As a result, the
calculation load is greater than the CrossCorrelation method.
The robust capability is not good because in order to get the
precise sub-sample time delay, it is necessary to precisely
calculate the integer time delay of the sampling period.

[0063] Further, regarding the method combining the Cross-
Correlation method and the AutoCorrelation method applied
for time delay estimation of ultrasonic signals, firstly, a
“rough time delay” of the method is obtained via a cross-
correlation operation, using signal half wavelength (half
cycle) as a step. Then, the AutoCorrelation operation is
adopted based on the signal reference point ofthe “rough time
delay” in order to get a “precise time delay”. Then the final
time delay will be obtained by adding the “rough time delay”
and the “precise time delay”. This method greatly reduces the
calculation load of the CrossCorrelation operation. At the
same time, this method facilitates precise estimation of the
sub-sample time delay by using AutoCorrelation operation.
As a result, this method is a practical method. However, in
actual application, an orthogonal base band signal is normally
given a down-sampling, if step length of the CrossCorrelation
operation is too big, a mutual related coefficient may miss the
real peak and then generate a pseudo peak, which means that
the value of the “rough time delay” could be totally wrong and
may eventually led to singular value of delay estimation. In
addition, ultrasound signal in human organization will con-
stantly attenuate. Signal center frequency f, will actually get
gradually reduced with depth going deeply, which will also
result in estimation error of “precise time delay”.

[0064] Further, regarding the zero phase iterative method
for time delay estimation of ultrasonic signals, its principle is
to get an initial phase by AutoCorrelation calculation of
orthogonal base signal S, and S, and get a new S'; using
interpolation method according to the S, according to the
initial phase. Then a calculation between S, and S', will be
conducted to get the phase therebetween. Then, a new S', will
be obtained by using interpolation method according to the
previously accumulated phase of S ;. The above iteration pro-
cess will be repeated until the phase between S, and S'; tends
to near zero, which is so called zero phase iterative method. It
is possible to set maximum iteration time or phase threshold.
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When the iteration time reaches the maximum value or is less
than the threshold value, the iterative process will be over. The
final phase shift will be obtained by accumulating all the
iteration phases. Zero phase iterative method solves the alias-
ing problem in AutoCorrelation method, but the method
raises an error calculation when the signal central frequency
10 gets gradually reduced with depth going deeply.

[0065] Inaddition, some other time delay estimation meth-
ods of ultrasonic signals, such as maximum likelihood
method and frequency domain processing method etc., which
arerarely used in the prior art because of big defects. Detailed
description of them is omitted herein.

[0066] Referring to FIGS. 6 and 7, in an embodiment of the
present application, the method adopting EI mode processing
to achieve target image includes the following step:

[0067] obtaining ultrasonic RF signals of the same scan
sample in different scan times. The ultrasonic RF signals
include a reference signal S, and a delay signal S,

[0068] In the current embodiment, the ultrasonic RF sig-
nals are RF data.

[0069] The target image is obtained by directly proceeding
based on the obtained RF data. So, it simplifies the time delay
estimation method of ultrasonic signals while avoiding data
information loss. As a result, real-time performance and
image quality of ultrasonic diagnose appliance by using the
proceeding method may be improved.

[0070] Further, in this embodiment, the method adopting
EI mode processing to achieve target image includes select-
ing a section containing the current position of the reference
signal S, and the delay signal S, for CrossCorrelation opera-
tion in order to get integer multiple initial delay ofthe current
location sampling period.

[0071] It is understandable that, for easy calculation and
low amount of calculation, a section containing the current
position of the reference signal S, and the delay signal S, is
usually selected for CrossCorrelation operation. Besides, in
an embodiment of the present application, the selected sec-
tion could be a signal having the current position as its center,
which will not be described in detail herein.

[0072] In the present embodiment, after conducting the
CrossCorrelation operation as to the section containing the
current position of the reference signal S, and the delay signal
S the CrossCorrelation function will be expressed as fol-
lows:

M N
Reclm,n, d) = Z Z Sem +m’, n+n1)Sym+m’ +d, n+n’)
m'=—M n'=-N

[0073] Wherein, m represents signal axis location, n repre-
sents signal horizontal location. Value range of m' is between
-M to M. Value range of n' is between —N to N. The range
between —M and M represents 2M plus one points with the
point (m, n) as a center, along the axis direction. The range
between —N and N represents 2N plus one point with the point
(m,n)asacenter, along the horizontal direction. That s to say,
the mutual window of the location (m, n) is [2M+1, 2N+1].
Wherein, d represents signal axial relative shift. R__(m, n, d)
represents a CrossCorrelation coefficient, when the signal is
located at the location (m, 1) and the axial relative shift is d.
If the maximum search range d belongs to [-D, D], after
calculating all the CrossCorrelation coefficients of the range,
assuming the maximum location of the CrossCorrelation
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coefficient is d,,, the d, T, is exactly the integer multiple initial
delay of the current location sampling period.

[0074] In an embodiment of the present application, the
method for obtaining integer multiple initial delay of the
current location sampling period can also be applied to obtain
integer multiple initial delay of the current location sampling
period of adjacent locations, which will not be depicted in
detail herein.

[0075] Normally, the CrossCorrelation operation only pro-
vides integer multiple initial delay of the current location
sampling period and does not accompany the entire process.
In order to avoid strange value of the integer multiple initial
delay of the current location sampling period, usually Cross-
Correlation operation is also applied to multiple adjacent
locations in order to get integer multiple initial delay of the
current location sampling period of the adjacent locations.
Then, a filtering process is applied regarding the obtained
multiple initial delay in order to get a middle value as the
initial time delay of the current location.

[0076] Further, in the present embodiment, the method
adopting EIl mode processing to achieve target image includes
obtaining multiple domain analytic signal of the reference
signal S and the delay signal S, by Hilbert transformation.
[0077] Inthe present embodiment, using the CS, and CS,to
represent the multiple domain analytic signals obtained by
Hilbert transformation of the reference signal S _and the delay
signal S, respectively, the AutoCorrelation function will be
expressed as follows:

M N
Ry(m, n, d) = Z Z CS,(m+m', n+ 0 )CSsm+m’ +d,n+n')
m =M »'=-N

[0078] Wherein, symbol * represents conjugate, m repre-
sents signal axis location, n represents signal horizontal loca-
tion. Value range of m' is between —M to M. Value range of n'
is between —N to N. The range between -M and M represents
2M plus one points with the point (m, n) as a center, along the
axis direction. The range between —N and N represents 2N
plus one point with the point (m, n) as a center, along the
horizontal direction. That is to say, the mutual window of the
location (m, n) is [2M+1, 2N+1]. Wherein, d represents signal
axial relative shift. R, (m, n, d) represents an AutoCorrelation
coefficient, when the signal is located at the location (m, n)
and the axial relative shift is d.

[0079] Since the center frequency of the ultrasonic signals
is slowly changing with depth going deeply, phase of partial
signal keeps linearity.

[0080] Further, in the present embodiment, the method
adopting EI mode processing to achieve target image further
includes conducting AutoCorrelation operation of the mul-
tiple domain analytic signal of the present location based on
a relative shift between the initial time delay and a second
initial time delay in order to achieve the AutoCorrelation
coefficient of at least two adjacent points. The second initial
time delay is a time delay which has an adjacent value of the
initial time delay. and is achieved by retaking an integer
multiple sampling cycle with respect to the initial time delay.
[0081] Considered the continuity in space of the ultrasound
signal delay, each calculated output time delay of the current
location can be used as an initial time delay of a next location
(axial) or an adjacent location (horizontal). As a result, fol-
low-up calculation process does not need to rely on the
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mutual related exhaustive search. It is only needed to calcu-
late the AutoCorrelation coefficients of at least two points
with respect to the initial time delay, which greatly reduces
calculation load.

[0082] In the above example, the initial time delay of the
determined location (m, n) is d,T,. In the present embodi-
ment, AutoCorrelation coefficients of the relative shift d, and
at least two adjacent points will be calculated. Take three
points for example, AutoCorrelation coefficients will be cal-
culated in turn and obtained as [R(m,n,d,~1), R(m,n,dy),
R(m,n,d,+1)].

[0083] Further, in the present embodiment, the method
adopting EI mode processing to achieve target image further
includes obtaining a phase based on the AutoCorrelation
coefficients of at least two adjacent points, and a fine time
delay by using zero-phase linear fitting method.

[0084] In an embodiment of the present application, refer-
ring to FIGS. 8A and 8B, the difference between the initial
time delay and the actual time delay is less than one sampling
period according to the zero-phase linear fitting shown in
FIG. 8A. Thedifference between the initial time delay and the
actual time delay is greater than one sampling period accord-
ing to the zero-phase linear fitting shown in FIG. 8B.

[0085] Accordingly, the phase obtained based on the Auto-
Correlation coefficients of at least two adjacent points, and
the fine time delay obtained by using zero-phase linear fitting
method specifically include:

[0086] calculating each phase according to the AutoCorre-
lation coefficients of at least two adjacent points; getting
slope and intercept of the phases of the obtained at least two
points by linear fitting operations; and taking the time delay
corresponding to the fitted linear zero phase according to the
calculated slope and the calculated intercept as the fine time
delay.

[0087] Zero-phase linear fit ensures the accuracy of the sub
sample delay so that the final time delay estimation precision
1s good. Specifically, based on phase linear characteristics of
partial signal, it is possible to conduct linear fit of the above
AutoCorrelation coefficients in order to obtain line y=kx+b.
Wherein k represents the slope, b represents the intercept, the
symbol < represents achieving phase angle which means
<(x+jy)=arctan (y/x). As a result, the intersection of the line
and the X axis represents the zero phase location, and the time
delay corresponds to the intersection is

[0088] Further, in the present embodiment, the method
adopting EI mode processing to achieve target image further
includes adding the obtained initial time delay and the
obtained fine time delay in order to get a high precision output
delay of the current location.



US 2015/0374341 Al

[0089] According to the above example, the high precision
output delay of the current location is

b

TR TetdoTs

[0090] Itisunderstandable thatin the present application, it
1s possible to use a least square method as a linear fit method,
which will not be detailed herein.

[0091] Further, under normal circumstances, it is necessary
to calculate time delays of all locations of a frame signal in an
ultrasound scanning process. The frame signal usually
includes multiple signals each of which includes time delays
corresponding to multiple locations at different depths.

[0092] Further, in the present embodiment, the method
adopting EI mode processing to achieve target image further
includes taking integer value of the sampling period as an
initial time delay of the next location based on the high
precision output delay of the current location, and then cal-
culating the time delay of the high precision output delay of
the next location using the above method. The next location is
a location corresponding to a next depth of a signal which is
in the same column of the current signal, or the same depth of
a signal of an adjacent column of the current signal.

[0093] Referring to FIG. 9, in an embodiment of the present
application that adopting EI mode processing method to
achieve target image, the initial time delay of all locations of
the column signal is obtained through CrossCorrelation
operation. In order to remove strange values, a middle value
filtering processing is further used to treat the initial time
delay of all locations of the column signal. Then, high preci-
sion output delay of all the locations of the column signal will
be calculated and obtained. As shown by the arrows of FIG. 9,
the high precision output delay of the current location will be
used as an initial time delay of a corresponding location of an
adjacent signal. Following this rule in turn, calculations will
be completed until both the left and the right reach the bound-
ary.

[0094] Further, the high precision output delays of all the
locations of the obtained frame signal are integrated in order
to form an image or achieve a new image based on the image
in subsequent processing. In a word, adopting the B mode
proceeding, the CF mode proceeding, the PW proceeding and
the EI mode processing to obtain the target image, in the
process of directly calculating and searching the RF data, it
directly conducts ultrasonic imaging based on the obtained
RF data in order to obtain the target image. Comparing with
existing technology, the present application obtains I/Q
orthogonal signal based on the processing of the RF data, and
generates the target image based on the I/Q orthogonal signal
via ultrasound imaging processing. The sampling data
obtained in such process is more accurate and the calculation
result is more accurate as well. Besides, when using the EI
mode processing to obtain target image, the EI mode has the
advantages of low calculation load and excellent robustness
capability, which has very high utility value.

[0095] Referring to FIG. 3, FIG. 3 shows a flowchart of an
ultrasonic imaging processing method based on RF data in
accordance with a second embodiment of the present appli-
cation. Accordingly, the second embodiment of the present
application is similar with the first embodiment, the main
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difference is that the method further comprises a following
step after obtaining RF data of the echo signals shown in the
step S3:

[0096] MI, pretreatment the acquired RF data and removal
of system noise in the RF data.

[0097] Accordingly, there are a lot of ways to pretreat the
acquired RF data and remove the system noise in the RF data.
In an embodiment of the present application, the following
method is adopted for removing the system noise in the RF
data.

[0098] Accordingly, noise RF signal data I, is removed
when the collection system is under a silent status. By assum-
ing that the RF signal data of the ultrasonic echo in practical
application is I, it is possible to remove the background noise
by using I minus I,.

[0099] Comparing with existing technology, the present
application, which is based on RF data ultrasound imaging
processing, directly conducts ultrasonic imaging based onthe
obtained RF data of the echo signals in order to obtain the
target image. Such method is simple while avoiding loss of
data information. Besides, real-time performance and image
quality of ultrasonic diagnose appliance using such method
are improved, which makes diagnostic information and axial
resolution in more detail and clearer, and also lowers the cost
of manufacture and usage at the same time. Referring to FIG.
4, FIG. 4 is a module schematic diagram of an ultrasonic
imaging processing system based on RF data in accordance
with a first embodiment of the present application.

[0100] Accordingly, the ultrasonic imaging processing sys-
tem based on the RF data in accordance with the first embodi-
ment of the present application includes an ultrasonic probe
module 100 for sending and receiving ultrasound signal; an
ultrasound echo receiving module 200 for receiving echo
signals obtained by sending the ultrasound signal; a beam
synthesis module 300 for beamforming the echo signals; aRF
data transmitting and storage module 400 for getting the RF
data from the echo signals; and an image processing module
500 for directly conducting ultrasonic imaging based on the
obtained RF data in order to obtain the target image.

[0101] Based on the obtained RF data, the image process-
ing module 500 is also used to directly obtain the target image
by adopting B mode processing, CF mode processing, PW
mode processing and EI mode processing.

[0102] Specifically, in an embodiment of the present appli-
cation, the image processing module 500 adopts the B mode
processing to obtain the target image. The image processing
module 500 is used for gray map imaging based on the
obtained RF data. Accordingly, there are two ways which can
be used to obtain the target image by adopting the B mode
processing.

[0103] Ina first way, assuming the RF signal data output by
the beam synthesis is I, the absolute value of the RF signal
data I1I is used for gray map imaging.

[0104] Inasecondway:assuming the RF signal data output
by the beam synthesis is I and then constructing I' using the
following formulas:

I=4xCos wt,

I'=4xCos(wr+¢).
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Then, we can achieve the following formulas:

I+7! = 2ACOS((ut+ g)Cos(g)

-1 = ZASin(wt + %ﬁ)sm(g)

And then, we can achieve the following formula from the
above one:

fors )= j%jc,g(g),

In combination with the formula:

ig(wr) + tg(?)

¢ 2

[g(wt+ ;) =

1- Ig(wt)tg(g),

we can achieve tg(mt). Under this condition, the mode IAl of
the RF signal data will be used for gray map imaging using the
following formula:

Al=1I/Cos wil.

[0105] Accordingly, in an embodiment of the present appli-
cation, the image processing module 500 adopts the CF mode
processing to obtain the target image. The image processing
module 500 is specifically applied by adopting Butterfly-
Search algorithm or CrossCorrelation algorithm to directly
conduct ultrasonic imaging based on the obtained RF data in
order to obtain the target image.

[0106] In detail, the ButterflySearch algorithm of the CF
mode processing is by searching along dimensions of depth
and time of the objective reflection ultrasonic signals. The
slope of butter line with maximum matching rate is corre-
sponding to the target axial movement speed.

[0107] The CrossCorrelation algorithm applied in the CF
mode processing is achieved by cross-correlation operating
the objective reflection ultrasonic signals along a depth direc-
tion. The peak position of the cross-correlation coefficient is
corresponding to shift caused by movement. Then the target
axial movement speed can be calculated. This algorithm is
mainly based on the signal time shift generated by the target
movement. In actual calculation, a cross-correlation opera-
tion will be done between two adjacent RF data within a
sampling volume in order to calculate a speed, and then the
total calculated speeds are averaged to get a final speed for the
sampling volume.

[0108] Accordingly, in an embodiment of the present appli-
cation, the image processing module 500 adopts the CF mode
processing to obtain the target image. The image processing
module 500 is specifically applied by adopting an improved
CrossCorrelation algorithm to directly conduct ultrasonic
imaging based on the obtained RF data in order to obtain the
target image.

[0109] Indetail, traditional CrossCorrelation algorithm can
only obtain time shift with integer times of sampling interval,
which requires interpolation in order to achieve the precise
shift. There are two kinds of interpolation methods. The first
method is to interpolation on RF signal in order to upsam-
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pling. But it cannot meet the real-time requirement because of
high computation complexity. The second method is para-
bolic, sine or cosine interpolation on crosscorrelation coeffi-
cient. Although this method can meet real-time requirements,
it is necessary to ensure that true cross-correlation peak is
indeed contained in the interpolation curve, which is easily
matched the wrong peak.

[0110] In an embodiment of the present application, if the
image processing module 500 adopts the CrossCorrelation
algorithm to directly conduct ultrasonic imaging based on the
obtained RF data in order to obtain the target image, based on
the conventional CrossCorrelation algorithm, a limited
searching scope will be defined through prior value in order to
avoid matching error peak cross-correlation coefficient. This
will simplify the computation complexity of CrossCorrela-
tion algorithm, and facilitate meeting the real-time require-
ments.

[0111] In detail, time shift (or displacement) of traditional
RF signal is continuous along the axial direction and the
lateral direction. So, prior value is calculated as the shift of
previous point which is in line with the current point, or the
shift of same location of an adjacent line corresponding to the
current point. For example, if the shift of previous point in the
same line is 2, then the shift of the current point is around 2,
and cross-correlation search scope can be set between [1, 3].

[0112] Accordingly, in an embodiment of the present appli-
cation, if the image processing module 500 adopts the Cross-
Correlation algorithm to directly conduct ultrasonic imaging
based on the obtained RF data in order to obtain the target
image, it is also feasible to combine the CrossCorrelation
algorithm with AutoCorrelation algorithm to directly conduct
ultrasonic imaging based on the obtained RF data in order to
obtain the target image.

[0113] In detail, firstly, the image processing module 500
adopts the CrossCorrelation algorithm to calculate a rough
shift value based on which the RF signal can be intercepted.
Then, a precise shift value can be calculated by using the
AutoCorrelation algorithm. The final accurate shift value can
be achieved by adding these two shift value.

[0114] Accordingly, in combination with the above
description, before the image processing module 500 adopts
the CrossCorrelation algorithm, by limiting the cross-corre-
lation search scope through priori values, the shift value of
previous point or adjacent point can be directly used as rough
shift value of current point. Then, the AutoCorrelation algo-
rithm is used to calculate a precise shift value. By using this
method, it is possible to reduce the calculation complexity of
the CrossCorrelation algorithm, and avoid aliasing of precise
shift value calculated by AutoCorrelation algorithm.

[0115] In the process of calculating the precise shift value
by using the AutoCorrelation algorithm, it only needs tempo-
rarily Hilbert demodulation of the RF signal. Such process
can be implemented at the algorithm layer, which simplify the
system structure, avoiding data loss.

[0116] Accordingly, in an embodiment of the present appli-
cation, the image processing module 500 adopting PW mode
processing to obtain the target image includes adopting a
ButterflySearch algorithm or CrossCorrelation algorithm
directly conducting ultrasonic imaging based on the obtained
RF data in order to obtain the target image.

[0117] The ButterflySearch algorithm for achieving the tar-
getimage of the PW mode processing is to obtain data of each
rate component along a depth direction of the RF signal in the
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sampling box and also along a slope of the velocity. The size
of the corresponding data is then calculated for spectrum
display.

[0118] Referring to FIGS. 6 and 7, in an embodiment of the
present application, when the method adopts EI mode pro-
cessing to achieve target image, the RF data transmitting and
storage module 400 is used to get ultrasonic RF signals of the
same scan sample in different scan time. The ultrasonic RF
signals include a reference signal S, and a delay signal S,
[0119] In the current embodiment, the ultrasonic RF sig-
nals are RF data.

[0120] The image processing module 500 is applied to
select a section containing the current position of the refer-
ence signal S, and the delay signal S, via CrossCorrelation
operation in order to obtain an integer multiple initial delay of
the current location sampling period.

[0121] It is understandable that, for easy calculation and
low amount of calculation, the image processing module 500
usually selects a section containing the current position of the
reference signal S, and the delay signal S, for CrossCorrela-
tion operation. Besides, in an embodiment of the present
application, the selected section could be a signal having the
current position as its center, which will not be described in
detail herein.

[0122] Inthe presentembodiment, after the image process-
ing module 500 conducting the CrossCorrelation operation
regarding the section containing the current position of the
reference signal S, and the delay signal S, the CrossCorre-
lation function will be expressed as follows:

M N
Rec(m, n, d) = Z Sem+m’, n+n)Sym+m’' +d, n+1n')
m'=-M n'=-N
[0123] Wherein, m represents signal axis location, n repre-

sents signal horizontal location. Value range of m'is between
-M to M. Value range of n' is between -N to N. The range
between —M and M represents 2M plus one points with the
point (m, n) as a center, along the axis direction. The range
between —N and N represents 2N plus one point with the point
(m,n)asacenter, along the horizontal direction. Thatis to say,
the mutual window of the location (m, n) is [2M+1, 2N+1].
Wherein, d represents signal axial relative shift. R _.(m, n, d)
represents a CrossCorrelation coefficient, when the signal is
located at the location (m, n) and the axial relative shift is d.
If the maximum search range d belongs to [-D, D], after
calculating all the CrossCorrelation coefficients of the range,
assuming the maximum location of the CrossCorrelation
coefficient is d, the d, T, is exactly the integer multiple initial
delay of the current location sampling period.

[0124] In an embodiment of the present application, the
method for the image processing module 500 to obtain integer
multiple initial delay of the current location sampling period
can also be applied to obtain integer multiple initial delay of
the current location sampling period of adjacent locations,
which will not be depicted in detail herein.

[0125] Normally, the CrossCorrelation operation only pro-
vides integer multiple initial delay of the current location
sampling period and does not accompany the entire process.
In order to avoid strange value of the integer multiple initial
delay of the current location sampling period, the image
processing module 500 usually conducts CrossCorrelation
operation applied to multiple adjacent locations in order to
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get integer multiple initial delay of the current location sam-
pling period of the adjacent locations. Then, a filtering pro-
cessing will be employed regarding the obtained multiple
initial delay in order to obtain amiddle value as the initial time
delay of the current location.

[0126] Further, in the present embodiment, the image pro-
cessing module 500 conducts Hilbert transformation of the
reference signal S, and the delay signal S, respectively in
order to achieve multiple domain analytic signal.

[0127] Inthe present embodiment, using the CS, and CS,to
represent the multiple domain analytic signals obtained by
Hilbert transformation ofthe reference signal S, and the delay
signal S ,, respectively, the AutoCorrelation function will be
expressed as follows:

M N
Raclm, n, d) = CS,m+m , n+n)CSy m+m' +d,n+n)

[0128] Wherein, symbol * represents conjugate, m repre-
sents signal axis location, n represents signal horizontal loca-
tion. Value range of m' is between -M to M. Value range of 1’
is between —N to N. The range between -M and M represents
2M plus one points with the point (m, n) as a center, along the
axis direction. The range between —N and N represents 2N
plus one point with the point (m, n) as a center, along the
horizontal direction. That is to say, the mutual window of the
location (m, n) is [2M+1, 2N+1]. Wherein, d represents signal
axial relative shift. R ,_(m, n, d) represents a AutoCorrelation
coefficient, when the signal is located at the location (m, n)
and the axial relative shift is d.

[0129] Since the center frequency of the ultrasonic signals
1s slowly changing with depth going deeply, phase of partial
signal keeps linearity.

[0130] Further, in the present embodiment, the image pro-
cessing module 500 conducts AutoCorrelation operation of
the multiple domain analytic signal of the present location
based on a relative shift between the initial time delay and a
second initial time delay in order to achieve the AutoCorre-
lation coefficient of at least two adjacent points. The second
initial time delay is a time delay which has an adjacent value
of the initial time delay, and is achieved by retaking an integer
multiple sampling cycle with respect to the initial time delay.

[0131] Considered the continuity in space of the ultrasound
signal delay, each calculated output time delay of the current
location can be used as an initial time delay of a next location
(axial) or an adjacent location (horizontal). As a result, fol-
low-up calculation process does not need relying on the
mutual related exhaustive search. It is only needed to calcu-
late the AutoCorrelation coefficients of at least two points
with respect to the initial time delay, which greatly reduces
calculation load.

[0132] In the above example, the initial time delay of the
determined location (m, n) is d,T,. In the present embodi-
ment, AutoCorrelation coefficients of the relative shift d, and
at least two adjacent points will be calculated. Take three
points for example, AutoCorrelation coefficients will be cal-
culated in turn and obtained as [R(m,n,d,~1), R(m,n,d,),
R(m,n,d+1)].

[0133] Further, in the present embodiment, the image pro-
cessing module 500 is used to achieve a phase based on the
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AutoCorrelation coefficients of at least two adjacent points,
and a fine time delay by using zero-phase linear fitting
method.

[0134] In an embodiment of the present application, refer-
ring to FIGS. 8A and 8B, the difference between the initial
time delay and the actual time delay is less than one sampling
period according to the zero-phase linear fitting shown in
FIG. 8A. Thedifference between the initial time delay and the
actual time delay is greater than one sampling period accord-
ing to the zero-phase linear fitting shown in FIG. 8B.

[0135] Accordingly, the phase obtained by the image pro-
cessing module 500 based on the AutoCorrelation coeffi-
cients of at least two adjacent points and the fine time delay
obtained by using zero-phase linear fitting method specifi-
cally include calculating each phase according to the Auto-
Correlation coefficients of at least two adjacent points; get-
ting slope and intercept of the phases of the obtained at least
two points by linear fitting operations; and taking the time
delay corresponding to the fitted linear zero phase according
to the calculated slope and the calculated intercept as the fine
time delay.

[0136] Zero-phase linear fit facilitates ensuring the accu-
racy of the sub sample delay so that the final time delay
estimation precision is good. Specifically, based on phase
linear characteristics of partial signal, the image processing
module 500 conducts linear fit of the above AutoCorrelation
coefficients in order to obtain line y=kx+b. Wherein k repre-
sents the slope, b represents the intercept, the symbol < rep-
resents achieving phase angle which means <(x+jy)=arctan
(y/x). As a result, the intersection of the line and the X axis
represents the zero phase location, and the time delay corre-
sponds to the intersection is

kTS

Further, the fine time delay is actually the time delay

[

[0137] Further, in the present embodiment, the image pro-
cessing module 500 is also used for adding the obtained initial
time delay and the obtained fine time delay in order to get a
high precision output delay of the current location.

[0138] According to the above example, the high precision
output delay of the current location is

b
T j TsrdoTs”

[0139] Itis understandable thatin the present application, it
is possible to use a least square method as a linear fit method,
which will not be detailed herein.

[0140] Further, under normal circumstances, it is necessary
to calculate time delays of all locations of a frame signal in an
ultrasound scanning process. The frame signal usually
includes multiple signals each of which includes time delays
corresponding to multiple locations at different depths.
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[0141] Further, the image processing module 500 takes
integer value of the sanipling period as an initial time delay of
the next location based on the high precision output delay of
the currentlocation, and then calculating the time delay of the
high precision output delay of the next location using the
above method. The next location is a location corresponding
to a next depth of a signal which is in the same column of the
current signal, or the same depth of a signal of an adjacent
column of the current signal.

[0142] Referringto FIG. 9, in an embodiment ofthe present
application, the initial time delay of all locations of the col-
umn signal is obtained through CrossCorrelation operation.
In order to remove strange values, further in adopting EI
mode processing to obtain the target image, the image pro-
cessing module 500 conducts a middle value filtering pro-
cessing to treat the initial time delay of all locations of the
column signal. Then, high precision output delay of all the
locations of the column signal will be calculated and
obtained. As shown by the arrows of F1G. 9, the high preci-
sion output delay of the current location will be used as an
initial time delay of a corresponding location of an adjacent
signal. Following this rule in turn, calculations will be com-
pleted until both the left and the right reach the boundary.

[0143] Further, the image processing module 500 is further
used to integrate the high precision output delays of all the
locations of the obtained frame signal in order to form an
image or achieve a new image based on the image in subse-
quent processing.

[0144] In a word, when the image processing module 500
adopts the B mode proceeding, the CF mode proceeding, the
PW proceeding and the EI mode processing to obtain the
targetimage, in the process of directly calculating and search-
ing the RF data, it directly conducts ultrasonic imaging based
on the obtained RF data in order to obtain the target image.
Comparing with existing technology, the present application
obtains 1/Q orthogonal signal based on the processing of the
RF data, and obtains the target image based on the I/Q
orthogonal signal via ultrasound imaging processing. The
sampling data obtained in such process is more accurate and
the calculation result is more accurate as well. Besides, when
using the EI mode processing to obtain target image, the EI
mode has the advantages of low calculationload and excellent
robustness capability, which has very high utility value.

[0145] Referring to FIG. 5, FIG. 5 shows a module sche-
matic diagram of an ultrasonic imaging processing system
based on RF data in accordance with a second embodiment of
the present application. In order that the target image obtained
based on the RF data becomes clearer, the ultrasound imaging
processing system based on the RF data shown in FIG. 5 adds
a pretreatment module 600 based on the first embodiment
shown in FIG. 4. The pretreatment module 600 is applied to
pretreat the obtained RF data and remove the system noise of
the RF data in order to eventually get a clearer and smoother
target image.

[0146] Accordingly, there are a lot of ways for the pretreat-
ment module 600 to pretreat the acquired RF data and remove
the system noise in the RF data. In an embodiment of the
present application, the following method is adopted by the
pretreatment module 600 for removing the system noise in the
RF data.

[0147] Accordingly, noise RF signal data I is removed
when the collection system is under a silent status. By assum-
ing that the RF signal data of the ultrasonic echo in practical
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applicationis1, it is possible for the pretreatment module 600
to remove the background noise by using I minus I,

[0148] According to the above description, the ultrasonic
imaging processing method and system based on RF data
according to the present application are also called RF data
platform technology. It is possible to directly conduct ultra-
sonic imaging treatment based on the obtained RF data of the
echo signals in order to obtain the target image. An embodi-
ment of the ultrasonic imaging processing system based on
RF data according to the present application is simple and
avoids loss of data information. Besides, real-time perfor-
mance and image quality of ultrasonic diagnose appliance by
using such method and system are improved, which makes
diagnostic information and axial resolution in more detail and
clearer, and also lowers the cost of manufacture and usage at
the same time.

[0149] In describing the above system, for convenient
description, the system is divided into various modules with
different functionality. Of course, in implementing the
present application, it is feasible to realize the functions of all
the modules within one or more software and/or hardware.
[0150] Itis understandable according to the above descrip-
tion that those of ordinary skill in the art can clearly under-
stand the present application can be realized by software and
required universal hardware platform. Based on such under-
standing, the essential technical solution of the present appli-
cation or the part makes contribution to the existing technol-
ogy can be expressed through software products. The
software products can be saved in media, such as ROM/RAM,
disk, and CD etc. Besides, it also possible to use a computer
equipment (such as a PC, or an information exchange server,
or a network equipment) to executive the method of each
embodiment or some parts of the embodiments of the present
application.

[0151] Theembodiments of the system described above are
only schematic, in which the modules described separately
may be or may not be physically separated. The parts for
module display may be or may not be a physical module,
which means they can be located in one place or distributed in
multiple network modules. It is possible to select part or all
modules to realize the purpose of the present application,
which is feasible for those of ordinary skill in the art to
understand and implement after reviewing the present appli-
cation.

[0152] Tt is to be understood, however, that even though
exemplary embodiments have been set out in the foregoing
description, it does not mean that each embodiment has only
one independent technical solution. The narration of the
specification is only for clear description. Those of ordinary
skill in the art should consider the specification as a whole.
Technical solutions of all the embodiments can be appropri-
ately combined to form other embodiments which are undet-
standable by those skilled in the art.

What is claimed is:
1. An ultrasonic imaging processing method based on RF
data comprising the following steps:

S1, receiving echo signals which are obtained by sending
ultrasound signals;

S2, beamforming the echo signals;

S3, obtaining the RF data of the echo signals; and

S4, directly conducting an ultrasonic imaging process
based on the obtained RF data in order to obtain a target
image.
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2. The ultrasonic imaging processing method based on RF
data as claimed in claim 1, wherein after the step S3, the
method further comprises:

pretreating the acquired RF data and removing system

noise of the RF data.

3. The ultrasonic imaging processing method based on RF
data as claimed in claim 1, wherein based on the obtained RF
data, the step S4 comprises:

adopting B mode processing, CF mode processing, PW

mode processing and EI mode processing in order to
obtain the target image.

4. The ultrasonic imaging processing method based on RF
data as claimed in claim 3, wherein the B mode processing to
obtain the target image comprises:

conducting gray scale map imaging of the obtained RF

data.

5. The ultrasonic imaging processing method based on RF
data as claimed in claim 4, wherein the gray scale map imag-
ing of the obtained RF data comprises:

when a RF signal data output by the beamforming is I,

taking an absolute value |1 of the RF signal data for the
gray scale map imaging.

6. The ultrasonic imaging processing method based on RF
data as claimed in claim 4, wherein the gray scale map imag-
ing of the obtained RF data comprises:

when the RF signal data output by the beamforming is I,

constructing I' using following formulas:

I=4xCos wt,

I'=4xCos(wr+),

then achieving following formulas:

I+1 = 2ACos(wt+ ;)Cos(g)

-r= ZASin(wH ;)sm(?)

then achieving following formula from the above formu-
las:

tfor+ 3 - j;_jjag(g),

then, in combination with a formula:

L
o 2)- 20+
1- rg(a)t)lg(z)

achieving tg(wt); wherein

under this condition, a mode 1Al of the RF signal data is
used for the gray scale map imaging using a following
formula:

|41=1I/Cos wl.

7. The ultrasonic imaging processing method based on RF
data as claimed in claim 3, wherein the CF mode processing
to obtain the target image comprises:
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adopting a ButterflySearch algorithm or a CrossCorrela-
tion algorithm to directly conduct the ultrasonic imaging
process based on the obtained RF data in order to obtain
the target image.

8. The ultrasonic imaging processing method based on RF
data as claimed in claim 7, wherein in the process of adopting
the CrossCorrelation algorithm to directly conduct the ultra-
sonic imaging process based on the obtained RF data in order
to obtain the target image, the method further comprises a
following step:

restricting search scope of the CrossCorrelation via a prior

value method in order to avoid matching an error peak of
a cross-correlation coefficient.

9. The ultrasonic imaging processing method based on RF
data as claimed in claim 7, wherein in the process of adopting
the CrossCorrelation algorithm to directly conduct the ultra-
sonic imaging process based on the obtained RF data in order
to obtain the target image, the method further comprises a
following step:

in combination with an AutoCorrelation algorithm to

directly conduct the ultrasonic imaging process based on
the obtained RF data in order to obtain the target image.

10. The ultrasonic imaging processing method based on RF
data as claimed in claim 3, wherein the PW mode processing
to obtain the target image comprises:

adopting a ButterflySearch algorithm to directly conduct

the ultrasonic imaging process based on the obtained RF
data in order to obtain the target image.

11. The ultrasonic imaging processing method based on RF
data as claimed in claim 3, wherein the El mode processing to
obtain the target image comprises:

adopting ultrasonic RF signals of a same scan sample in

different scan time,
the ultrasonic RF signals being the RF data and comprising
a reference signal S, and a delay signal S ;

selecting a segment containing a current location in the
reference signal S, and the delay signal S , for CrossCor-
relation operation in order to obtain integer multiple
initial delay of the current location of a sampling period;

conducting Hilbert transformation of the reference signal
S, and the delay signal S,, respectively, in order to
achieve multiple domain analytic signals;
respectively conducting the AutoCorrelation operation of
the multiple domain analytic signals of the current loca-
tion in order to obtain AutoCorrelation coefficients of at
least two adjacent points based on a relative shift of an
initial time delay and a second initial time delay;
the second initial time delay being a time delay which has
a value adjacent to the initial time delay, and being
achieved by retaking integer nultiple initial delay of the
sampling period with respect to the initial time delay;

obtaining a fine time delay according to an obtained phase
based on the AutoCorrelation coefficients of the at least
two adjacent points, and via a zero-phase linear fitting
method; and

adding the obtained initial time delay and the obtained fine

time delay in order to get a high precision output delay of
the current location.

12. The ultrasonic imaging processing method based onRF
data as claimed in claim 11, wherein a fame of signal com-
prises columns of signals each of which comprises time delay
estimation of multiple locations at different depths;

the EI mode processing to obtain the target image com-

prises taking integer value of the sampling period as an
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initial time delay of a next location based on the high
precision output delay of the current location, and then
calculating a high precision output delay of the next
location using the above method; and

the next location is a location corresponding to a next depth

of asignalin a same column of a current signal, or a same
depth of a signal in an adjacent column of the current
signal.

13. The ultrasonic imaging processing method based on RF
data as claimed in claim 12, wherein the EI mode processing
to obtain the target image comprises integrating the high
precision output delay of all locations of the obtained fame of
signalin order to form an image or achieve a new image based
on the image in subsequent processing.

14. The ultrasonic imaging processing method based on RF
data as claimed in claim 11, wherein selecting the segment
containing the current location in the reference signal S, and
the delay signal S , for CrossCorrelation operation in order to
obtain the integer multiple initial delay of the current location
of the sampling period concretely comprises:

obtaining integer multiple initial time delay of multiple

sampling periods according to multiple locations adja-
cent to the current location;

conducting median filtering of the obtained integer mul-

tiple initial time delay; and

taking an obtained median as the initial time delay of the

current location.

15. The ultrasonic imaging processing method based on RF
data as claimed in claim 11, wherein obtaining the fine time
delay according to the obtained phase based on the AutoCor-
relation coefficients of the at least two adjacent points, and via
the zero-phase linear fitting method comprises:

respectively calculating their own phases according to the

AutoCorrelation coefficients of the at least two adjacent
points;
obtaining slope and intercept of the phases of the obtained
at least two points by a linear fitting operation; and

calculating a time delay corresponding to a fitted linear
zero phase based on the slope and the intercept, and
taking the time delay as the fine time delay.

16. An ultrasonic imaging processing system based on RF
data, the system comprising:

an ultrasonic probe module for sending and receiving ultra-

sound signals;

an ultrasound echo receiving module for receiving echo

signals which are obtained by sending the ultrasound
signals;

a beam synthesis module for beamforming the echo sig-

nals;

a RF data transmitting and storage module for obtaining

the RF data of the echo signals; and

an image processing module for directly conducting an

ultrasonic imaging process based on the obtained RF
data in order to obtain a target image.

17. The ultrasonic imaging processing system based on RF
data as claimed in claim 16, comprising a pretreatment mod-
ule for pretreating the acquired RF data and removing system
noise of the RF data.

18. The ultrasonic imaging processing system based on RF
data as claimed in claim 16, wherein based on the obtained RF
data, the image processing module is further applied by
adopting B mode processing, CF mode processing, PW mode
processing and EI mode processing in order to obtain the
target image.
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19. The ultrasonic imaging processing system based on RF
data as claimed in claim 18, wherein when adopting the B
mode processing to obtain the target image, the image pro-
cessing module is further applied to conduct gray scale map
imaging of the obtained RF data.

20. The ultrasonic imaging processing system based on RF
data as claimed in claim 19, wherein the image processing
module conducts the gray scale map imaging of the obtained
RF data, which concretely comprises:

when a RF signal data output by the beamforming is I,

taking an absolute value |1| of the RF signal data for the
gray scale map imaging.

21. The ultrasonic imaging processing system based on RF
data as claimed in claim 19, wherein the image processing
module conducts the gray scale map imaging of the obtained
RF data concretely, which comprises:

when the RF signal data output by the beamforming is I,

constructing I' using following formulas:

I=4xCos wt,

I'=4xCos(wt+),

then achieving following formulas:

I+l = 2AC05(mt+ ;)Cos(g)

-1 = 2Asm(m + ;)sm(g)

then achieving following formula from the above formu-
las:

tlors g) - %ag(g),

then, in combination with a formula:

tg(wt) + tg(g)

1- Ig(a)t)tg(%)’

achieving tg(wt); wherein

under this condition, a mode |Al of the RF signal data is
used for the gray scale map imaging using a following
formula:

Al=1I/Cos wil.

22. The ultrasonic imaging processing system based on RF
data as claimed in claim 18, wherein when adopting the CF
mode processing to obtain the target image, the image pro-
cessing module is further applied to adopt a ButterflySearch
algorithm or a CrossCorrelation algorithm to directly conduct
the ultrasonic imaging process based on the obtained RF data
in order to obtain the target image.

23. The ultrasonic imaging processing system based on RF
data as claimed in claim 22, wherein when in the process of
adopting the CrossCorrelation algorithm to directly conduct
the ultrasonic imaging process based on the obtained RF data
in order to obtain the target image, the image processing
module is further applied to restrict search scope of the Cross-
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Correlation via a prior value in order to avoid matching an
error peak of a cross-correlation coefficient.

24. The ultrasonic imaging processing system based on RF
data as claimed in claim 22, wherein when in the process of
adopting the CrossCorrelation algorithm to directly conduct
the ultrasonic imaging process based on the obtained RF data
in order to obtain the target image, the image processing
module is further applied to directly conduct the ultrasonic
imaging process based on the obtained RF data in order to
obtain the target image in combination with an AutoCorrela-
tion algorithm.

25. The ultrasonic imaging processing system based on RF
data as claimed in claim 18, wherein when adopting the PW
mode processing to obtain the target image, the image pro-
cessing module is further applied to adopt a ButterflySearch
algorithm to directly conduct the ultrasonic imaging process
based on the obtained RF data in order to obtain the target
image.

26. The ultrasonic imaging processing system based on RF
data as claimed in claim 18, wherein when adopting the EI
mode processing to obtain the target image, the RF data
transmitting and storage module is further applied to obtain
ultrasonic RF signals of a same scan sample in different scan
time, the ultrasonic RF signals being the RF data and com-
prising a reference signal S, and a delay signal S ;

the image processing module is further applied to:

select a segment containing a current location in the refer-

ence signal S, and the delay signal S, for CrossCorrela-
tion operation in order to obtain integer multiple initial
delay of the current location of a sampling period,

conduct Hilbert transformation of the reference signal S,

and the delay signal S , respectively, in order to achieve
multiple domain analytic signals;
respectively conduct the AutoCorrelation operation of the
multiple domain analytic signals of the current location
in order to obtain AutoCorrelation coefficients of at least
two adjacent points based on a relative shift of an initial
time delay and a second initial time delay;
the second initial time delay being a time delay which has
a value adjacent to the initial time delay, and being
achieved by retaking integer multiple initial delay of the
sampling period with respect to the initial time delay;

obtain a fine time delay according to an obtained phase
based on the AutoCorrelation coefficients of the at least
two adjacent points, and via a zero-phase linear fitting
method; and

add the obtained initial time delay and the obtained fine

time delay in order to get a high precision output delay of
the current location.

27. The ultrasonic imaging processing system based on RF
data as claimed in claim 26, wherein a fame of signal com-
prises columns of signals each of which comprises time delay
estimation of multiple locations at different depths;

the image processing module is further applied to:

take integer value of the sampling period as an initial time

delay of a next location based on the high precision
output delay of the current location, and then calculate a
high precision output delay of the next location using the
above method; and

the next location is a location corresponding to a next depth

of asignal in a same column of a current signal, or a same
depth of a signal in an adjacent column of the current

signal.
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28. The ultrasonic imaging processing system based on RF
data as claimed in claim 27, wherein the image processing
module is further applied to integrate the high precision out-
put delay of all locations of the obtained fame of signal in
order to form an image or achieve a new image based on the
image in subsequent processing.

29. The ultrasonic imaging processing system based on RF
data as claimed in claim 26, wherein the image processing
module is further applied to:

obtain integer multiple initial time delay of multiple sam-

pling periods according to multiple locations adjacent to
the current location;

conduct median filtering of the obtained integer multiple

initial time delay; and

take an obtained median as the initial time delay of the

current location.

30. The ultrasonic imaging processing system based on RF
data as claimed in claim 26, wherein the image processing
module is further applied to:

respectively calculate their own phases according to the

AutoCorrelation coefficients of the at least two adjacent
points;
obtain slope and intercept of the phases of the obtained at
least two points by a linear fitting operation; and

calculate a time delay corresponding to a fitted linear zero
phase based on the slope and the intercept, and take the
time delay as the fine time delay.

I I T T
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receiving echo signals which are obtained by sending
ultrasound signals;
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beamforming the echo signals;

l s S3

obtaining the RF data of the echo signals;

I o

directly conducting an ulirasonic imaging process
based on the obtained RE data in order to obtain a

target image.
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