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(7) ABSTRACT

The present invention provides an acceleration and enhance-
ment methods for ultrasound scatterer structure visualization.
The method includes: obtaining an ultrasonic image, calcu-
lating all values of the ultrasonic signal points in each m™
window centered at a n signal point to obtain a plurality of
original statistical values a,x,,, obtaining a plurality of m™
statistical values by averaging value of original statistical
values in the same window, calculating a plurality of m”
weighting values based on the statistical values by different
weighting formulas, multiplying each weighting value with
the original statistical values corresponding to the various
size of windows, summing up to obtain an ultrasound struc-
ture scatterer value of the n” ultrasonic signal point, and
generating an ultrasound scatterer structure image based on a
matrix of the ultrasound scatterer values. The present inven-
tion further combined interpolation method can reduce the
computation time and retain the 80% accuracy.
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ACCELERATION AND ENHANCEMENT
METHODS AND SYSTEM FOR
ULTRASOUND SCATTERER STRUCTURE
VISUALIZATION

FIELD OF THE INVENTION

[0001] The invention relates to a method and system for
ultrasound scatterer structure visualization. In particular, the
invention relates to an acceleration and enhancement method
and system for ultrasound scatterer structure visualization.

BACKGROUND OF THE INVENTION

[0002] Conventional ultrasonic B-mode images qualita-
tively describe tissue structures but are unsuitable for quan-
titative analyses of scatterer properties. The scattering phe-
nomenon is occurred when the incident wavelength is greater
than the size of the scatterer in a tissue. The generated back-
scattered signals would form speckle, which exhibits a granu-
lar pattern of white and dark spots in the ultrasonic B-mode
image. To avoid the influence of the speckle effect on the
image quality, many methods were proposed to reduce the
speckle appearance in the B-mode image. Nevertheless, due
to that the backscattered signals are actually dependent on the
shape, size, density, and other properties of the scatterers in a
tissue, the information related to the scatterers carried by both
the backscattered echoes and other weak signals might be lost
in the B-mode image.

[0003] Several years ago, the Nakagami distribution, ini-
tially proposed to describe the statistics of the radar echoes,
was applied to the statistical analysis of the ultrasonic back-
scattered signals. The Nakagami distribution has been shown
to be a general model for all scattering conditions encoun-
tered in medical ultrasound by Shankar in 2000. However, it
may be the possible causes of misdiagnosis from low image
resolution when it is applied to characterize homogeneous
tissues.

[0004] The primary object of the present invention is to
provide an acceleration and enhancement method for ultra-
sound scatterer structure visualization to enhance image and
characterize homogeneous tissues to avoid misdiagnosis.

SUMMARY OF THE INVENTION

[0005] The present invention relates to a method for ultra-
sound scatterer structure visualization. The present invention
reflects the tissue characteristics and enhances the quality and
the resolution of ultrasound scatterer structure images, in
particular for homogeneous tissues. The present invention
maintains the accuracy of the ultrasound scatterer structure
images and avoids the computation time consumption by the
interpolating method. The present invention is combined with
the weighted average technique to accelerate and enhance the
smoothness and the resolution of ultrasound scatterer struc-
ture images. The present invention also provides various
clinical information to improve diagnostic accuracy.

[0006] The present invention provides a method for ultra-
sound scatterer structure visualization. The method for ultra-
sound scatterer structure visualization in accordance with the
present invention comprises several steps. The method begins
with obtaining an ultrasonic image signal including a plural-
ity of ultrasonic signal points; each ultrasonic signal point
comprises a value. Then, a plurality of values of the ultrasonic
signal points in a first (sliding) window centered at a first
ultrasonic signal point are calculated to obtain a first original
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statistical value a, x, . A plurality of values of ultrasonic signal
points in the first window centered at a second ultrasonic
signal point are calculated to obtain a second original statis-
tical value a,x,, wherein an interval of one signal point
between the first ultrasonic signal point and the second ultra-
sonic signal point. Following the rules as has been mentioned,
a plurality of values of ultrasonic signal points in the first
window centered at an™ ultrasonic signal point are calculated
to obtain another original statistical values a x, untilto obtain
original statistical values for all ultrasonic signal points,
wherein the interval of one signal point between two adjacent
ultrasonic signal points. Then, a first statistical value based on
an average ofa total of the original statistical values a,x , a,X,
...ax, is calculated. Following the rules as has been men-
tioned, a second statistical value to a m” statistical value
based on various size of windows are calculated. A first
weighting value to a m” weighting value based on the statis-
tical values is calculated, and they are used to obtain the
weighted average of the ultrasonic backscattered statistical
values. An ultrasound scatterer structure value of the first
ultrasonic signal point is calculated by multiplying each
weighting value with the original statistical values corre-
sponding to the various size of windows and summing up.
Following the rules as has been mentioned, the ultrasound
scatterer values from the second ultrasonic signal point to the
n” ultrasonic signal point are obtained. Finally, an ultrasound
scatterer structure image is generated based on a matrix of the
ultrasound scatterer values.

[0007] The present invention also provides a system for
ultrasound scatterer structure visualization. The system for
ultrasound scatterer structure visualization includes an ultra-
sound image capturing device, a processing unit and a display
device. The ultrasound image capturing device obtains an
ultrasonic image signal, wherein the ultrasonic image signal
comprises a plurality of ultrasonic signal points; each ultra-
sonic signal point comprises a value. The processing unit
electrically connected to the ultrasonic image capturing
device is configured to calculate a plurality of values of the
ultrasonic signal points in a first window centered at a first
ultrasonic signal point to obtain a first original statistical
value a,x,; then a plurality of values of ultrasonic signal
points in the first window centered at a second ultrasonic
signal point are calculated to obtain a second original statis-
tical value a,x,, wherein an interval between the first ultra-
sonic signal point and the second ultrasonic signal point. A
plurality of values of ultrasonic signal points in the first win-
dow centered at a n ultrasonic signal point are caleulated to
obtain another original statistical values a x,. The processing
unit follows the mentioned rules until to obtain original sta-
tistical values for all ultrasonic signal points, wherein the
interval between two adjacent ultrasonic signal points. The
processing unit further calculates a first statistical value based
on an average of the original statistical values a;X, a,x, . . .
a,x,. Following the rules as has been mentioned, a second
statistical value to a m* statistical value based on various size
of windows are calculated. The processing unit calculates a
first weighting value to a m” weighting value based on the
statistical values, and they are used to obtain the average of
the ultrasonic backscattered statistical values. An ultrasound
scatterer structure of the first ultrasonic signal point is calcu-
lated by multiplying each weighting value with the original
statistical values corresponding to the various size of win-
dows and summing up. Finally, the processing unit following
the rules as has been mentioned, the ultrasound scatterer
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values from the second ultrasonic signal point to the n”
ultrasonic signal point are obtained. A display device, elec-
trically connects to the processing unit, is configured to gen-
erate an ultrasound scatterer structure image based on a
matrix of the ultrasound scatterer values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Many aspects of the disclosure can be better under-
stood with reference to the following drawings. The compo-
nents in the drawings are not necessarily to scale, emphasis
instead being placed upon clearly illustrating the principles of
the present disclosure. Moreover, in the drawings, like refer-
ence numerals designate corresponding parts throughout the
several views.

[0009] FIG. 1 a block diagram of a system for ultrasound
scatterer structure visualization according to one embodi-
ment of the invention.

[0010] FIG.2isa flowchart of exemplary steps of a method
for ultrasound scatterer structure visualization according to
one embodiment of the invention.

[0011] FIG. 3 illustrates a first ultrasonic signal point and a
first window according to one embodiment of the invention.
[0012] FIG. 4 illustrates a second ultrasonic signal point
and a first window according to one embodiment of the inven-
tion.

[0013] FIG.5illustrates a movement of the window accord-
ing to one embodiment of the invention.

[0014] FIG. 6 illustrates a first ultrasonic signal point and a
second window according to one embodiment of the inven-
tion.

[0015] FIG. 7 illustrates a second ultrasonic signal point
and a second window according to one embodiment of the
invention.

[0016] FIG. 8illustrates an interpolation method according
to one embodiment of the invention.

[0017] FIG. 9 illustrates an ultrasound scatterer structure
image according to another embodiment of the invention
when m=4.

[0018] FIG. 10 illustrates an ultrasound scatterer structure
image according to another embodiment of the invention
when m=7.

[0019] FIG. 11 illustrates an ultrasound scatterer structure
image according to another embodiment of the invention
when m=7.

[0020] FIGS. 12a to 124 illustrate an ultrasound scatterer
structure image with different window overlapping rates
according to one embodiment of the invention.

[0021] FIGS. 12e to 12g illustrate an ultrasound scatterer
structure image based on the statistical values, with different
window overlapping rates, combined an interpolation method
according to one embodiment of the invention.

[0022] FIG. 12/ to FIG. 12j depict the examples of the
ultrasound scatterer structure image based on the subtraction
of statistical values between FIG. 12¢ and FIG. 124, FIGS.
12fand 124, FIGS. 12g and 124 respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention discloses an acceleration and
enhancement method for ultrasound scatterer structure visu-
alization. It is understood that the method provides merely an
example of the many different types of functional arrange-
ments that may be employed to implement the operation of
the various components of an ultrasound device, a computer
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system connected to the ultrasound device, a multiprocessor
computing device, and so forth. The execution steps of the
present invention may include application specific software
which may store in any portion or component of the memory
including, for example, random access memory (RAM),
read-only memory (ROM), hard drive, solid-state drive, mag-
neto optical (MO), IC chip, USB flash drive, memory card,
optical disc such as compactdisc (CD) or digital versatile disc
(DVD), floppy disk, magnetic tape, or other memory compo-
nents.

[0024] Forembodiments, the computer system comprises a
display device, a processing unit, a memory, an input device
and a storage medium. The input device used to provide data
such as image, text or control signals to an information pro-
cessing system such as a computer or other information appli-
ance. In accordance with some embodiments, the storage
medium such as, by way of example and without limitation, a
hard drive, an optical device or a remote database server
coupled to a network, and stores software programs. The
memory typically is the process in which information is
encoded, stored, and retrieved etc. The processing unit per-
forms data calculations, data comparisons, and data copying.
The display device is an output device that visually conveys
text, graphics, and video information. Information shown on
the display device is called soft copy because the information
exists electronically and is displayed for a temporary period
of time. The display device includes CRT monitors, LCD
monitors and displays, gas plasma monitors, and televisions.
In accordance with such embodiments of present invention,
the software programs are stored in the memory and executed
by the processing unit when the computer system executes a
method for ultrasound scatterer structure visualization.
Finally, information provided by the processing unit, and
presented on the display device or stored in the storage
medium.

[0025] FIG. 1 is a block diagram of an acceleration and
enhancement system for ultrasound scatterer structure visu-
alization in which embodiments of the ultrasonic image sig-
nal processing techniques disclosed herein may be imple-
mented. As shown in FIG. 1, the acceleration and
enhancement system for ultrasound scatterer structure visu-
alization comprises an ultrasonic image capturing device 10,
a processing unit 30 and a display device 50.

[0026] Please refer FIG. 2; the ultrasonic image capturing
device 10 may be an ultrasound probe for executing first step
of the acceleration and enhancement method for ultrasound
scatterer structure visualization to obtain an ultrasonic image
signal (step S10). The system for ultrasound scatterer struc-
ture visualization obtains the ultrasonic image signal via the
ultrasonic image capturing device 10. The ultrasonic image
signal comprises a plurality of ultrasonic signal points (e.g,,
a, ...a,), each ultrasonic signal point comprises a value. A
matrix can be arranged by the plurality of ultrasonic signal
points.

[0027] The processing unit 30 maybe a microprocessor or a
processing unit of the computer system, electrically con-
nected to the ultrasonic image capturing device 10 configured
to calculate a first statistical value (step S20).

[0028] Please refer FIG. 3, the details for S20 is described
below. First, a first ultrasonic signal point a, is determined in
a first window x, . The values of all the ultrasonic signal points
in the first window x, centered at the first ultrasonic signal
point a, are calculated to obtain a first original statistical value
a,x,. The first window X, such as a size of a quadrilateral
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window, so called a block. The quadrilateral window is sug-
gested with a side length equal to a multiple of an incident
pulse length. The gray-scale ultrasonic image is scanned beg-
ging from upper left corner. In the begging, the quadrilateral
window is moving from a center point, for example, the first
ultrasonic signal point a, to calculate the values of all the
ultrasonic signal points in the first window x, to obtain the
original statistical value a, x,. The first window x, comprises
nine ultrasonic signal points; the original statistical values
a,x, is calculated based on the values of nine ultrasonic signal
points (a, to a,).

[0029] Theoriginal statistical value a, X, is calculated based
on different calculation methods for the values of all ultra-
sonic signal points, for example, calculating a mean, a stan-
dard deviation, a median, a mode or a percentile of all ultra-
sonic signal points.

[0030] For some embodiments, the original statistical value
a,x, reflects the statistical values for scatterer distribution
within a tissue, such as the statistical values derived from the
Nakagami model.

[0031] In accordance with one embodiment, the original
statistical value a,x, may be obtained by subtracting a mean
of the values of all ultrasonic signal points in the window x,
from a median of the values of all ultrasonic signal points in
the window then dividing it by a standard deviation of the
values of all ultrasonic signal points in the window x,, as
given by ((Median-mean)/std).

[0032] For one embodiment, the original statistical value
a,x, may be obtained by subtracting a 5th percentile of the
values of all ultrasonic signal points in the window x; from a
median of the values of all ultrasonic signal points in the
window x, then dividing it with the subtraction between a 5th
percentile of the values of all ultrasonic signal points in the
window x, and a 95th percentile of the values of all ultrasonic
signal points in the window x , as given by (Median-Percen-
tile(5))/(Percentile(95)-Percentile(5)).

[0033] Please refer FIGS. 4 and 5, after the original statis-
tical value a, x, is calculated, the block is moving at a vertical
distance d, or moving at a horizontal distance d, to a second
ultrasonic signal point a,. InFIG. 4, The distance between the
firstultrasonic signal point a, and the second ultrasonic signal
point a, may comprise one ultrasonic signal point. Further-
more, The values of all ultrasonic signal points in the first
window x, centered at the second ultrasonic signal point a,
are calculated to obtain a first original statistical value a,x,.
[0034] Accordingly, following the rules as has been men-
tioned, until all ultrasonic signal points in the whole ultra-
sonic image signal are calculated or scanned by the block to
obtain a plurality of original statistical values a,X,, a,x,, . . .
, a,_,x, for different center points with the same window.
Finally, the values of all ultrasonic signal points in the first
window x, centered at the n” ultrasonic signal point are used
to calculate an original statistical value a X .

[0035] A first statistical value w, is calculated by summing
and averaging of all original statistical values a,x,, a,X, . . .
ax;.

[0036] The processing unit 30 calculates a second statisti-
cal value w,, to the n original statistical value w,, (step S30).
Following the rules as has been mentioned, the size of the
block window x is adjusted. Please refer FIGS. 6 and 7, for
example, scanning from upper left corner of the gray-scale
ultrasonic image signal, the values of all ultrasonic signal
points in the second window x,, centered at the first ultrasonic
signal point a, are used to calculate an original statistical
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value a,X,. Furthermore, the processing unit 30 obtains a
plurality of original statistical values a,X,, 25X,, . . . a,X, with
the second window x, centered at different the ultrasonic
signal points, wherein the distance between two adjacent
center points is one ultrasonic signal point.

[0037] Accordingly, following the rules as has been men-
tioned for calculating a first statistical value w, The process-
ing unit 30 calculates a second statistical value w, by sum-
ming and averaging of the original statistical value a,x,, a,x,
... a,X, with the second window X,. And 50 on, the size of the
window x is adjusted to calculate the third statistical value w,
to the m” statistical value w,, with the third window X, to the
m” window x,,,.

[0038] Please refer FIG. 8, for example, the vertical point
distance d1 or horizontal point distance d2 can be an ultra-
sonic signal point. The present invention retains the 80%
accuracy based on the results by the larger distance than one
ultrasonic signal point. The processing unit 30 determines the
distance between the points whether larger than one ultra-
sonic signal point. For example, in FIG. 8, when the point
distance is two ultrasonic signal points, the processing unit 30
obtains the original statistical values a, X, , a;x, and asx, cen-
tered at a,, a, and a, first. Then, the original statistical values
are calculated with an interpolating method to obtain a com-
plete set of original statistical values. For example, the origi-
nal statistical values a, X, and a;x, are used with the interpo-
lating method to obtain an original statistical value a,x,, and
the original statistical values a,x; and a;x, are used with the
interpolating method to obtain the original statistical value
a,4X,. Therefore, the processing unit 30 only needs to deter-
mine half of the original statistical values and simply applies
the interpolating method to obtain the complete set of original
statistical values. The present invention does not need to
calculate all original statistical values to avoid computation
time consuming.

[0039] As discussed above, the processing unit 30 calcu-
lates a first weighting value a, to a m” weighting value o,
based on the statistical values (step S40), wherein the values
ofo,,a,. .. qa, are weighting values for the original statistical
values.

[0040] The processing unit 30 calculates an ultrasound
scatterer structure value from the first ultrasonic signal point
a, to the n” ultrasonic signal point a,. Below is the detailed
description, for the first ultrasonic signal point a,, each
weighting value o), @, . . . , o, multiplied by the original
statistical values a,x,, a,X,, . . ., a,;X,, corresponding to the
first ultrasonic signal point a, in the window. Finally, sum
them up to obtain the ultrasound scatterer structure value for
the first ultrasonic signal point a,. The ultrasound scatterer
structure value for the first ultrasonic signal point a, may be
calculated according to the following expression:

o fa X 0 R ot L+, R X,

Accordingly, following the rules as has been mentioned for
obtaining the ultrasound scatterer values for a second ultra-
sonic signal point a, to the n” ultrasonic signal, is expressed:
(0 %% +0 ¥ A%t . . 40, 1X,,), (0 *aax +

U *a3Xa+ . . . +0,, *a5X,) - . (0 Fa,x+0, Fa, X+

L0, Fax,,)
[0041] The display device 50 electrically connected to the
processing unit 30. The display device 50 such as, by way of
example and without limitation, a computer monitor, a moni-
tor for an ultrasound machine, a screen for mobile device, or
other display device. The display device 50 represents an
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ultrasound scatterer structure image base on the ultrasound
scatterer values (step S60). The ultrasound scatterer values
can be represented by using conventional color gradient.

[0042] Inaccordance with such embodiments, the process-
ing unit 30 performs different methods to calculate the
weighting value for enhancement image resolution. For such
embodiment, the processing unit 30 determines one of the
statistical values w, w, . .. w,, for a reference value. The
processing unit 30, for example, determines that the first
statistical value w is the reference value, and each statistical
values w,, w,, ... w,, divided by the reference vale to obtain
aplurality of modulation statistical values w,',w,'...w, " For
example, the first, second, and third modulation statistical
value may be calculated according to the following expres-
sions respectively:

— i — —
wy =iy, wo=wo/wy, wy=wywy,

and so forth. The weighting value a.,, ., . . . ., is calculated
by the modulation statistical value divided by a total of the
modulation statistical values. For example, the first, second,
and third modulation statistical value may be calculated
according to the following expressions respectively:
o =w(wi s wg), C = w ws L
+w,), aa=wi (w wot L +w,)

[0043] As shown in the example of FIG. 9, for example, the
statistical values are obtained by (Median-mean)/std, and the
number of the windows is 4 (m=4). The comparison value
W," 15 0.709, 1.000, 0.844 and 0.743 in sequence. The pro-
cessing unit 30 recalculates the ratios so that a total of weight-
ing value is equal to one. Finally, the weighting value o is
0.2151, 0.3034, 0.2561 and 0.2254 in sequence.

[0044] In accordance with another embodiment, the pro-
cessing unit 30 determines the weighting value o by perform-
ing a principle component analysis. A plurality of one-dimen-
sional matrixes are arranged according to the statistical values
W, W, ...w,, then the weighting values ¢, o, . . ., @, are
calculated based on the eigenvalue and the eigenvector.
Please see more details below.

[0045] The plurality of one-dimensional matrixes are
arranged according to the original statistical values, for
example, (a; X;. 8,X, ... X)), (a; X,, aX, .. . anx2), (a, X,
a,X5 . ..anx3)...(a, X, a,X .a,X,,). In the expression:

me e

Ly Ly .. Ly
b :
[/ S TR /Y

Wherein I represents the statistical values with different win-
dows as a two-dimensional matrix (g points in width, h points
in height). Two-dimensional matrix can be arranged into the
one-dimensional matrix.

[0046] The processing unit 30 calculates a correlation coef-
ficient matrix by subtracting an average value of the original
statistical values from each original statistical value and
dividing it with the standard deviation of the original statis-
tical values. The correlation coefficient matrix represents the
plurality of correlation coefficients from at least two one-
dimensional matrixes according to the following expression:
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1 Cutw2 Cwlus

CWZWI 1 CW2W3
Cuamt Cuawz 1

wherein C,,,, represents the correlation coefficients
between the first group of original statistical values (for
example, a,X,,a,X, ...a X, )in aone-dimensional matrix and
the second group of original statistical values (for example, a,
X5, 85X, . . . & X,) in another one-dimensional matrix. The
correlation coefficient may be calculated according to a for-
mula, for example, the correlation coefficient of the first
group of original statistical value matrix and the second group
of original statistical value matrix according to the following
expression:

Where x, represents an element of the first group of original
statistical value matrix, where y, represents an element of the
second group of original statistical value matrix, and where 1
is from one to n, n represents the number of elements in the
matrix.

[0047] The processing unit 30 calculates a maximum
eigenvalue A according to the correlation coefficient matrix.
The maximum eigenvalue A, may be calculated according to
the following:

1 Cutnz Cuwins 100
A=-AL =| Gy L Cuowz |[-A|0 1 0=
Ciam Cuanz 1 001

-2 Cuwz  Cwiws

I=2 Cuus
0=|Cum 1-2 Cus [=(1-1) -
Cugz 1=
Cugwt Cuawa 1 =2
Cw?.wl CW2W3 Cw2w1 1-2
(Cnz) wins
CW3W1 -2 CW3W1 CW3W2

where A is the maximum eigenvalue of A and A represents the
correlation coefficient matrix.

[0048] The processing unit 30 calculates an eigenvector for
the weighting value (a,,) according to the maximum eigen-
value. The weighting values a;, o, and o are calculated
based on the maximum eigenvalue A, the weighting value
may be calculated according to the following:

1= Cuwr Cuws [ @1
Cupt 1=4 Cups || @ [=0

Cuzwt Gz L—A llas

[0049] As shown in the example in FIG. 10, the statistical
values are calculated by (Median-mean)/std, and the number
of the window is 7 (m=7). As described above, the maximum
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eigenvalue is calculated equal to 4.651, and the eigenvector is
[0.1269, 0.3269, 0.4123, 0.4373, 0.4352, 0.4025 0.4054].
The ratios are recalculated so that a total of weighting value is
equal to one. Finally, the weighting values are 0.0498, 0.1284,
0.1619,0.1717,0.1709, 0.1581 and 0.1592, as shown in FIG.
10.

[0050] As shown in the example in FIG. 11, the m blocks
with various sizes are inputted by the user. The statistical
values are calculated with the different windows, and the
weighting values o, o, . . . @, are the reciprocal of the
number of the windows (m). The weighting value is calcu-
lated according to the following expression:

0 =0y=...=0,=1/m

The ultrasound scatterer structure value of a first ultrasonic
signal point a, is calculated according to the following
expression:

(Um*ax +Um*ax+ . .. +Um*ax,,)

Following the rules as has been mentioned, the ultrasound
scatterer structure value of the second ultrasonic signal pint a,
to the n™ ultrasonic signal pint a,, are calculated according to
the following expression:
(Um*ax +Um*ax+ . . +lUm*ax,),(/m*ax +1/
m¥axo+ .. +lm*asx,) . . (Um*a,x,+1/
m*a,xo+ .. +l/m*a,x,,)

This method is called window-modulated Compounding. As
shown in FIG. 11, which illustrates an example of an ultra-
sound scatterer statistical image based on the ultrasound scat-
terer signal, and the statistical values are derived from the
Nakagami model and the number of the windows is 7 (m=7).

[0051] To present a conclusion about the impact of distance
of ultrasonic signal point on acceleration of ultrasound scat-
terer structure visualization and quality of ultrasound scat-
terer structure visualization. For one embodiment, four dif-
ferent distances for the block movement are predetermined,
for example, an window overlapping rate is larger than 95%
(over 95), an window overlapping rate is 75% (over 75), an
window overlapping rate is 50% (over 50), and an window
overlapping rate is 25% (over 25). The window overlapping
rate with a lower value represents a larger amount of move-
ment distance.

[0052] For example, a block (12x72) is determined as the
double of transmitted pulse length. As described above, the
window overlapping rate is larger than 95% (over 95) when
the block is moving at one ultrasound signal point both in
horizontal and vertical. The window overlapping rate is 75%
when the block is moving at three ultrasonic image signal
points in horizontal and at eighteen ultrasonic image signal
points in vertical. The window overlapping rate is 50% when
the block is moving at six ultrasonic image signal points in
horizontal and at thirty six ultrasonic image signal points in
vertical. The window overlapping rate is 25% when the block
is moving at nine ultrasonic signal points in horizontal and at
fifty four ultrasonic signal points in vertical.

[0053] FIGS. 12a to 12 illustrate ultrasound scatterer
structure images based on the statistical values when the
window overlapping rate is larger than 95%, equal to 75%,
equal to 50% or equal to 25%. FIG. 12a illustrates the matrix
(244%1739) of the statistical values of the ultrasonic signal
point. FIGS. 125 to 12/ illustrates ultrasound scatterer struc-
ture images based on the lower window overlapping rate.
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However, the computation efficiency is improved compared
to FIG. 12a and the matrix size of the statistical vales is
smaller than FIG. 12a.

[0054] The complete matrix of the statistical value is
obtained with the interpolation method and its size is equal to
that of FIG. 12a (window overlapping rate larger than 95%).
The complete matrix of the statistical value can be repre-
sented by using conventional color gradient to display the
image.

[0055] As shown in FIG. 12¢ to FIG. 12g, the complete
matrixes of the statistical values in FIG. 125 to FIG. 12d are
obtained with the interpolation method and the matrix size is
equal to that of FIG. 12a. In F1G. 124, the block is moving at
one ultrasonic image signal point both in vertical and hori-
zontal to obtain best tissue characterization, so FIG. 12a is
used as reference. As shown in FIGS. 12/ to 12/, subtract the
corresponding ultrasonic signal point value in FIG. 12a from
each ultrasonic signal point value in FIGS. 12e to 12g to
obtain the error rates, which are 5.04%, 8.76% and 11.31%.
The table 1 illustrates the computation time; therefore the
present invention provides a method reduces the computation
time and retains the 80% accuracy.

TABLE 1

The computation time and error rates with
different window overlapping rates.

window overlapping rate >95% 75% 50% 25%

computation time (sec) 40.74 0.98 0.41 0.31

error rate (%) — 4.016 7.284 9.95
[0056] As described above, the present invention provides

three methods to illustrate the image resolution enhancement
based on the smoothness of amplitudes between ultrasound
statistical values.

[0057] The present invention provides an acceleration and
enhancement method and system for ultrasound scatterer
structure visualization and facilitates to evaluate distribution
of scatterers and structure, for example, in the internal of the
liver. The object of the present invention is combined with the
weighted average technique to accelerate and enhance the
smoothness and the resolution of the ultrasonic image, to
improve the quality of the ultrasonic image, and to character-
ize homogeneous tissues. Furthermore, as a fixed distance for
the block movement is more than one ultrasonic signal points,
simply apply the interpolating method to obtain the complete
set of original statistical value for maintaining the accuracy of
operation and avoiding computation time consuming. The
present invention provides variously practical clinical infor-
mation to improve diagnostic accuracy. The algorithms are
given to calculate the various types of weighting values that
provide medical professionals with more options for diagno-
sis and to improve the quality of the ultrasonic image and to
characterize homogeneous tissues.

[0058] It should be emphasized that the above-described
embodiments of the present disclosure are merely possible
examples of implementations set forth for a clear understand-
ing of the principles of the disclosure. Many variations and
modifications may be made to the above-described embodi-
ment(s) without departing substantially from the spirit and
principles of the disclosure. All such modifications and varia-
tions are intended to be included herein within the scope of
this disclosure and protected by the following claims.
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What is claimed is:
1. A method for ultrasound scatterer structure visualiza-
tion, comprising:
obtaining an ultrasonic image signal, wherein the ultra-
sonic image signal comprises a plurality of ultrasonic
signal points, each ultrasonic signal point comprises a
value;
defining a first window, wherein a central point of the first
window is a first ultrasonic signal point; calculating a
plurality of values of the ultrasonic signal points in the
first window to obtain a first original statistical value
IRSH
moving the central point of the first window to a second
ultrasonic signal point, calculating a plurality of values
of ultrasonic signal points in the first window to obtain a
second original statistical value a,x,, wherein an intet-
val between the first ultrasonic signal point and the sec-
ond ultrasonic signal point is one signal point;
calculating a plurality of values of ultrasonic signal points
in the first window centered at different ultrasonic signal
points, obtaining a n™ original statistical value a, x, until
the first window is moving throughout all ultrasonic
signal points, wherein the interval between two adjacent
ultrasonic signal points is one signal point;
calculating a first statistical value by averaging the original
statistical value s a;X, a,X, . .. a,X;;
calculating a second statistical value to a m™ statistical
value based on various size of the windows;
calculating a first weighting value to am” weighting value
based on the plurality of statistical values;
calculating an ultrasound scatterer structure value of the
first ultrasonic signal point based on multiplying each
weighting value with the original statistical values cor-
responding to the various size of windows, and summing
up;
calculating the plurality of ultrasound scatterer structure
values from the second ultrasonic signal point to the n”
ultrasonic signal point; and
generating an ultrasound scatterer structure image based
on a matrix of the ultrasound scatterer structure values.
2. The method of claim 1, wherein calculating the original
statistical values for all ultrasonic signal points further com-
prises:
calculating the original statistical values through applying
an interpolating method when the interval between two
ultrasonic signal points is more than one signal points.
3. The method of claim 1, wherein the first weighting value
to the m” weighting value are a reciprocal of the number of
windows.
4. The method of claim 1, wherein calculating the weight-
ing values further comprises:
calculating a plurality of comparison values based on the
ratio of statistical values to a reference value, wherein
the reference value is one of the statistical values, and the
first weighting value to the m® weighting value are
obtained by each comparison value divided by a sum of
the plurality of comparison values.
5. The method of claim 1, wherein calculating the weight-
ing values further comprises:
calculating a plurality of comparison values based on the
ratio of statistical values to the reference value, when the
comparison value is higher than one, subtracting com-
parison value from two to get a new comparison value,
when the comparison value less than or equal to one, the
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comparison value remains the same; wherein the first
weighting value to the m” weighting value are obtained
by each comparison value divided by the sum of the
plurality of comparison values.
6. The method of claim 1, wherein calculating the weight-
ing values further comprises:
calculating a eigenvector based on a eigenvalue of the
original statistical values derived from various size of
windows, wherein the first weighting value to the m”
weighting value are individually corresponding to the
elements of eigenvector.
7. The method of claim 6, wherein calculating the eigen-
value and the eigenvector comprises:
arranging a plurality of one-dimensional matrixes accord-
ing to the original statistical values corresponding to the
statistical values;
subtracting an average value of the original statistical val-
ues from each original statistical value, then dividing by
a standard deviation of the original statistical values;
obtaining a correlation coefficient matrix, wherein the cor-
relation coefficient matrix comprises the plurality of
correlation coefficients from any two one-dimensional
matrixes;
calculating a maximum eigenvalue based on the correla-
tion coefficient matrix; and
calculating the eigenvector for the weighting values based
on the maximum eigenvalue.
8. A system for ultrasound scatterer structure visualization,
comprising:
an ultrasound image capturing device configured to obtain
an ultrasonic image signal, wherein the ultrasonic image
signal comprises a plurality of ultrasonic signal points,
each ultrasonic signal point comprises a value;
a processing unit electrically connected to the ultrasound
image capturing device configured to:
calculate a plurality of values of the ultrasonic signal points
in a first window to obtain a first original statistical value
a,X,, wherein a central point of the first window is a first
ultrasonic signal point;
move the central point of the first window to a second
ultrasonic signal point, calculate a plurality of values of
ultrasonic signal points in the first window to obtain a
second original statistical value a,x,, wherein an inter-
val between the first ultrasonic signal point and the sec-
ond ultrasonic signal point is one signal point;
calculate a plurality of values of ultrasonic signal points in
the first window centered at different ultrasonic signal
points, then obtain a n original statistical value a,x,
until the first window is moving throughout all ultra-
sonic signal points, wherein the interval between two
adjacent ultrasonic signal points is one signal point;
calculate a first statistical value by averaging the original
statistical values a,X,, a,X,, ... a,X;;
calculate a second statistical value to a m” statistical value
based on various size of the windows;
calculate a first weighting value to a m” weighting value
based on the plurality of statistical values;
calculate an ultrasound scatterer structure value of the first
ultrasonic signal point based on multiplying each
weighting value with the original statistical values cor-
responding to the various size of windows, and summing
up; and
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calculate the plurality of ultrasound scatterer structure val-
ues from the second ultrasonic signal point to the n*
ultrasonic signal point; and

a display device electrically connected to the process

device configured to generate an ultrasound scatterer
structure image based on a matrix of the ultrasound
scatterer values.

9. The system of claim 8, wherein the processing unit
calculates the original statistical values for all ultrasonic sig-
nal points further configured to calculate the original statisti-
cal values through applying an interpolating method when the
interval between two ultrasonic signal points is more than one
signal points.

10. The system of claim 8, wherein the first weighting
value to the m™ weighting value are a reciprocal of the num-
ber of windows.

11. The system of claim 8, wherein the processing unit
further configured to calculate a plurality of comparison val-
ues based on the ratio of statistical values to a reference value,
wherein the reference value is one of the statistical values, and
the first weighting value to the m™ weighting value are
obtained by each comparison value divided by a sum of the
plurality of the comparison values.

12. The system of claim 8, wherein the processing unit
further configured to calculate a plurality of comparison val-
ues based on the ratio of statistical values to the reference
value, when the comparison value is higher than one, sub-
tracting comparison value from two to get a new comparison
value, when the comparison value less than or equal to one,
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the comparison value remains the same; wherein the first
weighting value to the m* weighting value are obtained by
each comparison value divided by the sum of the plurality of
comparison values.

13. The system of claim 8, wherein the processing unit
further configuredto calculate a eigenvector based on a eigen-
value of the original statistical values derived from various
size of windows, wherein the first weighting value to the m™
weighting value are individually corresponding to the ele-
ments of eigenvector.

14. The system of claim 8, wherein the processing unit is
further configured to calculate the eigenvalue and the eigen-
vector to:

arrange a plurality one-dimensional matrixes according to

the original statistical values corresponding to the sta-
tistical values;
subtract an average value of the original statistical values
from each original statistical value, then dividing by a
standard deviation of the original statistical values;

obtain a correlation coefficient matrix, wherein the corre-
lation coefficient matrix comprises the plurality of cor-
relation coefficients from any two one-dimensional
matrixes;

calculate a maximum eigenvalue based on the correlation

coefficient matrix; and

calculate the eigenvector for the weighting values based on

the maximum eigenvalue.
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