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The present invention provides an ultrasonic imaging system
capable of extracting structure-emphasized image data in
which the structure of a tissue in a living body is emphasized
and texture-emphasized image data in which a texture
pattern coming from properties of a tissue in a living body
is emphasized from B-mode image data, and obtaining a
synthesized image obtained by weighting and combining the
two extracted image data pieces. An ultrasonic imaging
system has: a structure extractor for extracting structure-
emphasized image data in which a structure of a tissue in the
living body is emphasized from B-mode image data of the
living body; a texture pattern extractor for extracting tex-
ture-emphasized image data in which a texture pattern
coming from properties of a tissue in the living body is
emphasized; an image synthesizer for obtaining a synthe-
sized image by weighting and combining the structure-
emphasized image data and the texture-emphasized image
data; and a display for displaying at least one of the
structure-emphasized image data, the texture-emphasized
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ULTRASONIC IMAGING SYSTEM AND
ULTRASONIC SIGNAL PROCESSING METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasonic imag-
ing system and an ultrasonic imaging method for generating
images of a living body with ultrasonic waves.

[0002] An ultrasonic imaging system used for medical
imaging diagnosis can display a tomographic image of a
tissue of a soft part in a living body, an image of a blood flow
in a living body, and the like in an almost real-time manner
on a monitor by using the ultrasonic pulse echo method so
that the images can be observed. Since a living body is not
exposed to radiation which is used in an image diagnosing
system, the ultrasonic imaging system is very safe. In
addition, the system is small in size and cheap, so that it is
used widely in the medical field.

[0003] An ultrasonic tomographic image (B-mode image)
is an image indicative of the position of a reflector estimated
from time required since ultrasonic waves are transmitted
until an echo signal is received and intensity of the echo
signal by transmitting ultrasonic waves to a living body and
receiving an echo signal reflected from a region in the living
body in which acoustic impedance changes spatially. It is
known that peculiar artifact called speckle occurs in ultra-
sonic imaging. To improve the quality of an image, it is
desirable to minimize the speckle.

[0004] Hitherto, a method and apparatus for adaptively
enhancing a B-mode image has been proposed (for example,
refer to Japanese Patent Application Laid-Open No.
11-197151). In the B-mode image enhancing apparatus, a
low pass filter which smoothes out speckle and a high pass
filter which enhances edges are placed in parallel signal
paths connected to the output of an envelope detector. The
signals in the high pass filter path are logarithmically
compressed before high pass filtering. The signals in the low
pass filter path are logarithmically compressed after low
pass filtering. Respective weighting factors are applied to
the low- and high-pass-filtered signals by an adaptive
weighting means. The weighted low- and high-pass-filtered
signals are summed and optionally input to an anti-aliasing
filter before decimation and scan conversion.

[0005] A method of extracting a microstructure in an RF
signal using statistical similarity has been proposed (for
example, refer to Kamiyama et al., “Method for extracting
micro-structure in RF signal using statistical similarity”,
Papers of Basic Technical Research of The Japan Society of
Ultrasonics in Medicine, Dec. 22, 2001, Vol. 101, No. 4, pp.
14-18). The method is characterized in that by a spatial
filtering for assigning a weight according to “similarity” in
which Rayleigh probability density is assumed on a recep-
tion signal in a sample, a o value to be referred to is
estimated, so that an influence of attenuation of a living body
or the like can be avoided.

[0006] When the method was applied by using RF signals
of a normal liver and a liver suffering cirrhosis, micro
scatterers displaying non-Rayleigh scattering could be
extracted while relatively maintaining drawing property of
image diagnosis.

[0007] In the non-patent document 1 mentioned as an
example of a conventional technique, a method of smooth-
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ing speckles by using “similarity” based on statistic in
samples and statistically extracting a signal displaying non-
Rayleigh scattering is proposed. In filtering using similarity
in the method, a matrix of (M, N) pixels having a point P,
(x, y) as a center in ultrasonic receive RF signals disposed
in a two-dimensional matrix obtained by sequentially dis-
posing one-dimensional data of scanning lines is assumed,
and a weighting factor as expressed by Equation 1 is
computed with respect to all of points P; in the matrix.

wie{1-((I-1p)/00)}
[0008] I, and I, denote amplitude values at points P, and
P, respectively, o denotes a standard deviation in a sample,
and « indicates an arbitrary filter factor. In the equation,
when the inside of {} is negative, w;=0. By using w; obtained
from Equation 1, an amplitude value at each point is
multiplexed on the amplitude value at point P, as shown by
Equation 2.

Equation 1

P =>2P;w;/Zw;

[0009] Although the filter is a smoothing filter in a broad
sense, the filter is not related to distance between pixels. By
Equation 2, the difference between amplitudes, that is, pixels
having “similarity” are averaged.

[0010] FIGS. 1(A) and 1(B) are diagrams for explaining a
problem to be solved by the invention and schematically
illustrating reflection intensity of ultrasonic wave by con-
tinuous reflectors (structures).

[0011] FIG. 1(A) is a diagram schematically showing
reflection intensity of ultrasonic waves by an interface
between a structure—1(31) and a structure—2(32) which
are continued in a living body. FIG. 1(B) is a diagram
schematically showing reflection intensity of ultrasonic
waves by an interface between a structure—3(33) and a
structure—4(34) which are continued in a living body. 51
denotes a direction along the interface of the two structures,
and 52 indicates a direction perpendicularly crossing the
interface of the two structured.

[0012] FIG.2 is a diagram for explaining a problem to be
solved by the invention and schematically illustrating reflec-
tion intensity of ultrasonic waves by point reflectors 40, 41,
42, 43, and 44 which are scattered in a living body.

[0013] Reflection in a living body can be classified into the
following two types (1) and (2).

Equation 2

[0014] (1) Reflection of ultrasonic waves by the
interface (FIG. 1) of structures such as organs, blood
vessel walls, tissues in an organ such as tumors, or
thrombi in a blood vessel which are continued at
least in one direction.

[0015] (2) Reflection by point reflectors (FIG. 2)
which are not continued but are spread in a living
body or the like.

[0016] In the following description, an image based on
reflection intensity of the reflection (1) of ultrasonic wave,
that is, an image (image in which a structure is reflected)
obtained by emphasizing and extracting the structure of a
living body tissue constructed by a set of point reflectors
which are continuously distributed in at least one direction
in the living body will be called a “structure-extracted
image” or “structure-emphasized image”. An image based
on the reflection intensity of the reflection (2) of ultrasonic
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waves, that is, an image (image in which texture of a tissue
is reflected) obtained by extracting components resulting
from a reflector constructed by a set of point reflectors which
are not continuously distributed in a living body but are
spread will be called a “texture-extracted image” or “tex-
ture-emphasized image”. A texture pattern resulting from
properties of a tissue in a living body is one of living body
information pieces and is utilized for diagnosis, as image
information indicative of the properties of a tissue.

[0017] Inthe image acquisition using ultrasonic waves, in
the case where the distribution of reflection intensity of
ultrasonic waves from reflectors changes in a range almost
equal to or smaller than width of point response function
determined by the size of an aperture of transmit/receive
wave, distance between the aperture and the reflector, and
frequency of an ultrasonic pulse, echo signals from the
reflectors interfere with each other, so that an interference
pattern is multiplexed on an actual image in which the
distribution of reflectors is reflected or the image is modu-
lated by the interference pattern. It causes a problem such
that the structure in the living body is not seen clearly.

[0018] As an attempt to make a structure in a living body
clearly seen in an ultrasonic image, a method of removing
the interference pattern has been examined. A normal linear
filter has a drawback such that when efficiency of removing
an interference pattern is increased, an edge of a structure is
made blunt.

[0019] Generally, the spatial frequency in the distribution
of reflectors in a structure is not always lower than that in the
distribution of reflectors by which texture is obtained. The
spatial frequency in the direction 52 perpendicularly cross-
ing the interface of the two structures 33 and 34 shown in
FIG. 1(B) is about the same as the spatial frequency of the
distribution of reflectors from which texture is obtained. A
change in intensity of an echo signal can occur at a high
spatial frequency in the direction along the interface of the
two structures 33 and 34. Therefore, although a B-mode
image is adaptive emphasized by using two kinds of filters
of a high-pass filter and a low-pass filter in the method
described in Patent Document 1, it is difficult to satisfy both
clear counter of a structure and removal of the interference
pattern. It is improper to use a low-pass filter to eliminate an
interference pattern from the viewpoint of picture quality.
Regarding extraction of a structure in a living body and
extraction of texture, the two kinds of filters do not corre-
spond to the functions of an accelerator and a brake.

[0020] Although the filter described in the non-patent
document 1 extracts a structure excellently, a problem
occurs such that the filter erases a texture pattern. It is
difficult to adjust the balance between extraction of a struc-
ture and extraction of a texture pattern which are mutually
contradictory only by controlling the degree of extraction of
a structure.

SUMMARY OF THE INVENTION

[0021] An object of the present invention is to provide an
ultrasonic imaging system and method capable of extracting
structure-emphasized image data in which the structure of a
tissue in a living body is emphasized and texture-empha-
sized image data in which a texture pattern coming from
properties of a tissue in a living body is emphasized from
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B-mode image data, and obtaining a synthesized image
obtained by weighting and combining the two extracted
image data pieces.

[0022] To achieve the object, the invention provides an
ultrasonic imaging system for transmitting an ultrasonic
pulse to a living body, receiving the ultrasonic pulse
reflected by the living body, and obtaining B-mode image
data of the living body, including: a structure extractor for
extracting structure-emphasized image (structure-extracted
image) data in which a structure of a tissue in the living body
is emphasized from the B-mode image data; a texture pattern
extractor for extracting texture-emphasized image (texture-
extracted image) data in which a texture pattern coming
from properties of a tissue in the living body is emphasized
from the B-mode image data; an image synthesizer for
obtaining a synthesized image by weighting and combining
the structure-emphasized image data and the texture-empha-
sized image data; a display for displaying at least one of the
structure-emphasized image data, the texture-emphasized
image data, and the synthesized image; and means by which
the operator can control the structure extractor and the
texture extractor.

[0023] As the means by which the operator can control,
the system has a parameter controller for setting parameters
for signal processing into the structure extractor, the texture
pattern extractor, and the image synthesizer on the basis of
a distribution of signal intensities of pixels in the same frame
of the B-mode image data.

[0024] The structure extractor extracts a structure of a
living body tissue constructed by a set of point reflectors
which are continuously distributed in at least one direction
in the living body. The structure extractor is constructed by
a nonlinear filter using similarity and has means for deter-
mining a region of peripheral pixels of each pixel in the
B-mode image data, and means for obtaining a function for
determining a weighting function on the basis of the differ-
ence between intensity of the each pixel and intensity of
each of the peripheral pixels. The function has a maximum
point when it is 0, and an integral value of an absolute value
of the function in a region from negative infinity to positive
infinity is finite. The weighting function for each of the
peripheral pixels is determined from differentiation of the
function. A value obtained by adding a sum of products of
the weighting function and intensity of each of the periph-
eral pixels to intensity of each of pixels of the B-mode image
data is used as signal intensity of each of pixels of the
structure-emphasized image data.

[0025] The texture pattern extractor is constructed by a
differential filter in two directions of signal intensities of
pixels in the same frame of the B-mode image data and
extracts a component coming from a reflector constructed by
a set of point reflectors which are not continuously distrib-
uted in a living body but are spread.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIGS. 1(A) and 1(B) are diagrams for illustrating a
problem to be solved by the invention and schematically
showing reflection intensity of ultrasonic waves by continu-
ous reflectors (structures).

[0027] FIG.2 is a diagram for illustrating a problem to be
solved by the invention and schematically showing reflec-
tion intensity of ultrasonic waves by reflectors which are
spread.
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[0028] FIG. 3 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a first
embodiment of the invention.

[0029] FIG. 4 is a diagram showing a modification of the
first embodiment of the invention.

[0030] FIGS. 5(A) and 5(B) are diagrams showing a target
pixel of a process of extracting a structure of a living body
tissue in a structure extractor (extractor A) of the first
embodiment of the invention and a region for calculation of
weighting value.

[0031] FIG. 6 is a flowchart of the process of extracting a
structure of a living body tissue in the structure extractor
(extractor A) of the first embodiment of the invention.

[0032] FIGS. 7(A) to 7(C) are diagrams illustrating a
weighting function of the structure extraction filter used for
the process of extracting a structure of a living body tissue
in the system of the first embodiment of the invention.

[0033] FIGS. 8(A) to 8(C) are diagrams for schematically
illustrating an image change by a process of extracting a
structure of a living body tissue, a process of extracting
texture-emphasized image data, and a process of combining
images obtained by the two extracting processes in the
system of the first embodiment of the invention.

[0034] FIG. 9 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a second
embodiment of the invention.

[0035] FIG. 10 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a third
embodiment of the invention.

[0036] FIG. 11 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a fourth
embodiment of the invention.

[0037] FIG. 12 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a fifth
embodiment of the invention.

[0038] FIG. 13 is a diagram showing-an example of the
configuration of an ultrasonic imaging system of the first
embodiment of the invention.

[0039] FIG. 14 is an external view of the ultrasonic
imaging system of the first embodiment of the invention.

[0040] FIGS. 15(A) to 15(D) are diagrams showing an
example of an image actually processed by a method of the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0041] Embodiments of the invention will be described in
detail hereinbelow with reference to the drawings.

FIRST EMBODIMENT

[0042] FIG. 3 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a first
embodiment of the invention. An ultrasonic probe 1 in which
ultrasonic elements are arranged one-dimensionally trans-
mits an ultrasonic beam (ultrasonic pulse) to a living body
(not shown) and receives an echo signal (reception signal)
reflected by the living body. A transmit signal having delay
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time adjusted to the transmit focal point is output from a
transmit beam former 3 under control of a control unit 4 and
sent to the ultrasonic probe 1 via a transmit/receive switch
5 which is under control of the control unit 4. An ultrasonic
beam (ultrasonic pulse) reflected or scattered in the living
body and returned to the ultrasonic probe 1 is converted into
an electric signal by the ultrasonic probe 1 and the electric
signal is sent as a receive signal to a receive beam former 6
via the transmit/receive switch 5.

[0043] The receive beam former 6 performs dynamic
focusing which adjusts the delay time in accordance with the
timing of reception under control of the control unit 4. The
receive beam former 6 is a complex beam former for mixing
two receive signals whose phases are shifted by 90 degrees
and outputs an. RF signal of a real part and an imaginary
part. The RF signal is detected by an envelope detector 7 and
is converted into a video signal. The video signal is input to
a scan converter 8 where it is converted into image data
(B-mode image data) The configuration described above is
the same as that of a known ultrasonic imaging system.

[0044] 1In the system of the first embodiment, image data
output from the scan converter 8 is sent to a structure
extractor (extractor A) 9 and stored in a memory and is also
sent to a texture extractor (extractor B) 10 and stored in a
memory. If there is image data of the number of scanning
lines equal to or larger than a region for calculation of
weighting value in each extractor such as the case of using
a processor which is good at performing pipeline calculation
such as a digital signal processing (DSP) chip, without
transferring all of image data of one tomographic image,
calculation of weighting and calculation of an output value
of the extractor is possible at that time point. Updating of
data to be subjected to the extracting process each time
image data on a new scanning line is obtained by acquisition
of an image with ultrasonic waves is extremely effective
means for real-time image display of the ultrasonic imaging
system.

[0045] The structure extractor (extractor A) 9 extracts the
structure of a living body tissue constructed by a set of point
reflectors continuously distributed in at least one direction in
a living body from the B-mode image data. That is, struc-
ture-emphasized image data in which the structure of a
tissue in a living body is emphasized is extracted. The
texture extractor (extractor B) 10 extracts a component
coming from the reflector constructed by a set of point
reflectors which are spread without being continuously
distributed in a living body from the B-mode image data.
That is, texture-emphasized image data in which a texture
pattern related to the properties of a tissue in a living body
is emphasized is extracted. An image synthesizer 12 com-
bines the structure-emphasized image data and the texture-
emphasized image data, thereby obtaining a synthesized
image. The synthesized image is sent to a display 13 and
displayed.

[0046] A parameter controller 11 sets parameters for signal
processing in the structure extractor (extractor A) 9, texture
extractor (extractor B) 10, and image synthesizer 12 to the
components. The parameters are input by the operator from
a user interface 2 and output from the parameter controller
11. The user interface 2 has an input knob used to set a
parameter of selecting either the structure or texture of a
tissue in a living body to be emphasized more.
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[0047] In such a manner, not only parameters of the
system but also the parameters for imaging of the operator
are set by the user interface 2. An object to be extracted
differs according to an object of diagnosis such as the
structure of an object such as the outline of a thrombus in a
blood vessel, a texture pattern in which the properties of a
liver tissue like a progress of liver cirrhosis of a liver is
reflected, both of the structure and texture like a cancer
tissue in a living body, or the like. Consequently, setting of
parameters by the operator regarding the object of imaging
is very effective.

[0048] When the target of imaging or the object of diag-
nosis is selected by the operator with the user interface 2, the
parameters of imaging such as frequency, gain, transmit
focal position, and the like are adjusted. Alternately, a
method such that, when the target of imaging or the object
of diagnosis is selected with the user interface 2, default
values of the parameter of the degree of extraction of
structure-emphasized image data and the parameter of the
degree of extraction of texture-emphasized image data are
optimized and fine adjustment is made by the operator is also
a method effective to improve ease of use of the operator.

[0049] In an example of the configuration of the system
shown in FIG. 3, parameter setting based on the B-mode
image data output from the scan converter 8 to the parameter
controller 11 and stored in the memory is also made.

[0050] The parameter controller 11 calculates statistical
information of the B-mode image data. The statistical infor-
mation is, as will be described later, a width of frequency
distribution of the luminance differences. Each of the lumi-
nance differences with respect to all of target pixels in the
extracting process is the difference between intensity (I,) of
a target pixel of the process of extracting the structure of a
living body tissue in the structure extractor (extractor A) 9
and intensity (I;) of a pixel in a region for calculation of
weighting values around the target pixel of the extracting
process (target region for calculation of weighting values
includes peripheral pixels i=1, 2, . .., i, and j=1,2,. ..
» Jmaxe OF the target pixel of the extracting process). The width
of the frequency distribution of the intensity differences is
used for setting a weighting function which will be
described later.

[0051] FIG. 4 is a diagram showing a modification of the
first embodiment of the invention illustrated in FIG. 3. In
place of outputting the B-mode image data from the scan
converter 8§ to memory in the parameter controller 11, a
video signal output from the envelope detector 7 is output to
the memory in the parameter controller 11. The parameter
controller 11 calculates statistic information of the video
signal, that is, the width of the frequency distribution of the
difference of intensity. In FIG. 4, a video signal is the video
signal output from the envelope detector 7 shown in FIG. 3.

[0052] FIGS. 5(A) and 5(B) are diagrams illustrating a
target pixel of the process of extracting a structure of a living
body tissue in the structure extractor (extractor A) 9 of the
first embodiment of the invention and a region for calcula-
tion of weighting values.

[0053] FIG. 6 is a flowchart of the process of extracting
the structure of a living body tissue in the structure extractor
(extractor A) 9 of the first embodiment of the invention.

[0054] In the memory of the structure extractor. (extractor
A) 9, as shown in FIG. 5(A), two-dimensional data obtained
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by arranging one-dimensional image data of scanning lines
1,2, ... and N each of which changes in the direction of the
time base “t” into the direction of the scanning lines is stored
as objects to be subjected to the process of extracting the
structure of a living body tissue. A region 21 for calculating
weighting value, which surrounds a target pixel (having
intensity Io) 20 of the process of extracting the structure of
a living body tissue in the structure extractor (extractor A) 9
is set.

[0055] FIG. 5(B) is an enlarged view of the region 21 for
calculation of weighting value shown in FIG. 5(A). The
region 21 for calculation of weighting values includes
peripheral pixels 22 (i,,, X, pixels having intensity I;;) of
the target pixel 20 of the extracting process, consisting of 1
pixels (i=1, 2, . . ., i )%j pixels (j=1, 2, . . ., j.y)- The
larger the region of calculation of weighting values is, the
larger the effect of the structure extracting filter is. However,
the computation speed accordingly decreases.

[0056] In place of enlarging the region for calculation of
weighting values, it is also effective to improve efficiency of
calculation by performing a decimation process (process of
binding data of a plurality of pixels continued in each of the
direction of the time base “t” and the arrangement direction
of the scan lines with two-dimensional data as a target on
which the process of extracting the structure of a living body
tissue is to be performed). After the process of extracting the
structure of a living body tissue is finished with respect to all
of pixels in the two-dimensional data obtained by the
binding addition, the number of pixels of the original
two-dimensional data before the binding addition is reset by
an interpolating operation using the two-dimensional data
obtained by the binding addition subjected to the process of
extracting the structure of a living body tissue.

[0057] The number of re-sample points in the decimation
process, i . and j_., and the shape of weighting function
is set in the parameter input step 101 in FIG. 6. In the
parameter input step 101, the width of a histogram of the
difference of intensity obtained by calculating the difference
between intensity (I,) of the target pixel of the process of
extracting the structure of a living body tissue and the
intensity (I;) of a pixel in the region for calculation of
weighting values surrounding the target pixel of the extract-
ing process with respect to all of target pixels of the
extracting process. The width of a histogram of the differ-
ence of intensities is used to set a weighting factor which
will be described later.

[0058] 1In data re-sampling step 102, data is re-sampled. In
weighting value calculation region setting step 103, pixels in
a region for calculation of weighting value determined by
the position of the target pixel of the process of extracting
the structure of a living body tissue andi___andj___ are set.
In weighting values computing step 104, calculation of
weighting values is executed on the basis of a weighting
function which will be described later. When it is determined
in weighting value calculation end determining step 105 that
the calculation has been performed on all of pixels in the
weighting value calculation region, in intensity swapping
step 106, intensity to be set for the target pixel of the
extracting process is derived. When it is determined in target
pixel computation end determining step 107 that computa-
tion has been performed on all of the pixels in the two-
dimensional data to be subjected to the process of extracting
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the structure of a living body tissue by shifting the position
of the target pixel of the extracting process, in data inter-
polating step 108, data interpolation is performed to convert
the data re-sampled in the data re-sampling step 102 and,
after that, the structure extracting process is finished in step
109.

[0059] FIGS. 7(A) to 7(C) are diagrams showing weight-
ing functions of a structure extraction filter used for the
process of extracting the structure of a living body tissue in
the system of the first embodiment of the invention. FIG.
7(A) is a diagram showing a histogram for difference of
intensity described above in a typical ultrasonic image. The
horizontal axis indicates the intensity difference (I,-I;), and
the vertical axis denotes the number of appearing times of
the intensity difference (Io-I;;).

[0060] FIG. 7(B) shows an example of a weighting func-
tion W1 that a weight decreases monotonously as the
absolute value of the intensity difference (I,-1;;) increases.
In correspondence with the value of the lateral axis (Io-I;),
a weight W1;; is calculated. As an example of the weighting
function W1, various even functions are possible such as an
even-order polynomial of Equation 1 in the non-patent
document 1, a Gaussian function, and a function like 1/(x2+
a%). However, when a filter calculation is executed by a
dedicated computing circuit in a real-time manner, the
weighting function requires higher development like an
exponential function. Further, when division is included, the
number of calculation times of the sum of products
increases. Consequently, there is the possibility that need for
the ultrasonic diagnosis of performing real-time imaging is
not satisfied.

[0061] FIG. 7(C) shows a weighting function W2 of the
structure extraction filter used in the first embodiment of the
invention. In correspondence with the value (I,-I;;) of the
lateral axis, a weighting function W2;; is calculated. The
weighting function W2 is an odd function obtained by
differentiating the function W1.

[0062] In the first embodiment, from the histogram for
difference of intensity shown in FIG. 7(A), the function W1
for determining the weighting function W2 is determined.
The function W1 has the maximum point when (I,-I;;)=0,
and an integral value of the absolute value W1 of the
functions in the range from the negative infinity to the
positive infinity is finite. 2 in the denominator of Equation
2 is for all of pixels in the region for calculating a weight
also including the target pixel of the extracting process.
However, the value of W;; varies according to pixels, so that
the value varies each time and calculation of division is
required. In the case of performing a high-speed pipeline
process in a DSP or the like, computation of division of once
requires computation of the sum of products of the number
corresponding to precision necessary for the division. Con-
sequently, to perform the process in a real-time manner as in
the ultrasonic imaging system, it is necessary to use an
algorithm which does not include division. When approxi-
mation in which the denominator can be regarded as a
constant exists, by executing multiplication of an inverse
number as division of a constant, computation time can be
shortened.

[0063] As a method for realizing it, first, as shown in
Equation 3, a part related to I, is taken out from a fraction.
When Z in the numerator in Equation 3 is regarded as a new
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weighting function, the function shown in FIG. 7(C)
becomes the new weighting function W2 which is obtained
by differentiating the function W1. Since the denominator is
a normalized factor by the sum of weighting, in the case of
the function W2 of which integral value becomes 0, neces-
sity of normalization decreases. It is predicted that even if
approximation for making the denominator regarded as a
constant is performed, influence of the approximation can be
ignored. The fact was proved by study using an actual
image. Therefore, since approximation like Equation 4 is
generally possible, division can be omitted. As W, for
example, a value proportional to i, X].... is used. If the
constant W, is multiplied with a coefficient, it is equivalent
to a calculation that the numerator is divided by the coef-
ficient. Consequently, the value of W, is not unconditionally
determined. As long as calculation is based on the idea, if
Equation 4 is not changed as a whole even when the value
of W, is changed, the result is obviously the same. Further,
as Wy, a value depending on 1 can be used (for
example, 1. 4]0

2 Wy ZWy=l, o+ Z{ (] i~1o) Wij}/Z Wy

max? ]maX

Equation 3
LWy Wil ot Wo ™ 2{ U=lo) Wy}

[0064] The function of the filter shown in Equation 4
varies according to continuity of intensity of a pixel to those
of peripheral pixels. When the difference between intensity
Ip and the intensity I;; of the peripheral pixel is small, the
weighting value is almost constant, so that the filter func-
tions as a two-dimensional low-pass filter. In the case where
a pixel having intensity I, is positioned in the interface of
two structures (tissues), the weighting values to pixels along
the interface of the two structures are large as shown in FIG.
1. In a direction 51 along the interface of two structures, the
filter functions as a one-dimensional low-pass filter. In a
direction 52 which perpendicularly crosses the interfaces of
two structures, the filter functions as an all-pass filter, so that
the sharpness of the interface does not deteriorate. As
described above, by using non-linear filters of different
functions in accordance with the shape of the distribution of
intensity of pixels, a structure in a living body can be
extracted. By executing approximation according to Equa-
tion 4, normalization performed with the sum of weighting
values becomes unnecessary and computation of multipli-
cation with a constant is sufficient. The weighting function
of FIG. 7(C) can be expressed in various forms. There is
also a method of using a table of weighting functions.

[0065] In the texture extractor (extractor B) 10 for extract-
ing texture-enhanced image data in which a texture pattern
that comes from the properties of a tissue in a living body is
emphasized, it is desirable to use a spatial differential filter
(high-pass filter in expression in frequency space) from the
viewpoint of performance and computation speed. Gener-
ally, texture emphasis is achieved by multiplying each of
two directions of the vertical and horizontal directions of
two-dimensional data on which the texture-emphasized
image data extracting process is to be performed with a
matrix [1 -1] of one row and two columns as a differential
filter. It is also effective to change the size of the differential
filter in accordance with the shape of a point response
function or change the intensity of the differential filter
between the vertical direction (direction of the scanning line
t) and the horizontal direction (direction in which the
scanning lines are arranged).

Equation 4
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[0066] FIGS. 8(A) to 8(D) are diagrams schematically
illustrating changes in an image by a process of combined
images obtained by two extracting processes of the process
of extracting the structure of a living body tissue and the
process of extracting texture-emphasized image data in the
system of the first embodiment of the invention. FIG. 8(A)
shows an original image (B-mode image), FIG. 8(B) shows
a structure-emphasized image obtained by the structure
extractor (extractor A) 9, and FIG. 8(C) shows a texture-
emphasized image obtained by the texture extractor (extrac-
tor B) 10. An example of result of application to an actual
living body will be described later (FIG. 15).

[0067] In the original image of FIG. 8(A), both the shape
of the structure and texture of a living body tissue are
unclear. By combining a structure-emphasized image (image
in which the structure of the tissue in a living body is
emphasized) of FIG., 8(B) and the texture-emphasized
image (texture-emphasized image in which a texture pattern
that comes from the properties of the tissue in a living body
is emphasized) of FIG. 8(C), an image having both char-
acteristics of the emphasized structure and texture of the
tissue in a living body is obtained.

[0068] The image synthesizer 12 also has the function of
adjusting an intensity compression curve. The structure-
emphasized image of FIG. 8(B) and the texture-emphasized
image of FIG. 8(C) are combined with the shape of a
compression curve of components emphasizing the structure
of a tissue in a living body and the shape of a compression
curve of texture components. Generally, it is difficult to
adjust two contradictory components of the components
emphasizing the structure of the tissue in a living body and
the components emphasizing the texture by using only one
original image. Particularly, it is extremely difficult in the
case where a plurality of parameters such as the compression
curves are involved in the imaging process.

[0069] The method of the present invention relates to an
imaging process performed after ultrasonic waves are trans-
mitted/received to/from a living body. Therefore, the picture
quality can be also adjusted in the form adapted to the aim
of observation of the operator by changing the parameters of
the structure emphasis and the texture emphasis on a single
tomographic image after completion of image acquisition
(that is, transmission and reception of ultrasonic waves).

[0070] Specifically, as shown in FIG. 13, an output of the
scan converter 8 is stored into an image memory 16 and
structure and texture emphasis is performed on the stored
image and the structure-emphasized image and the texture-
emphasized image are combined by the above-described
method. Since the ultrasonic imaging system is character-
ized by its real-time operation, the image memory 16 is a
moving image memory. Obviously, it is also effective to
adjust the parameters so as to be optimum to a series of
motions of the subject such as movement of the heart and
movement by breathing.

[0071] With respect to the image display method, other
than the method of displaying an output of the image
synthesizer 12, an output of the scan converter 8 can be
directly displayed or a result of emphasis before image
synthesis can be also displayed as it is. Particularly, since a
change in the picture quality exerts an influence on diagno-
sis, there is always a user’s need for comparison between a
tomographic image before the emphasizing process and a
tomographic image after the emphasizing process.
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[0072] Therefore, in addition to the configuration that one
of four kinds of image data pieces which can be input in
FIG. 13 is sclected and displayed in a whole screen, an
effective configuration of the display, which is advantageous
for the user, is that a plurality of images are displayed
simultaneously. The image display and the user interface
will be more concretely described with reference to FIG. 14
as follows.

[0073] First, the user selects an ultrasonic probe and sets
an image target region. In response to the operation, default
parameters are sct on the system side, and an output of the
scan converter is displayed as it is on the display screen 1 of
the display unit. After that, the user selects the structure-
emphasis mode by a mode selector 18 to display a structure-
emphasized image in a display screen 2 next to the output of
the scan converter of the display screen 1, and adjusts the
structure-emphasis parameters by a setting knob 17. Since
the parameter setting operation is performed easier when the
target image does not change, it is important that the picture
quality can be adjusted by using data stored in the image
memory 16. According to the parameters, width of the
weighting function is controlled and the weighting value is
controlled by using similarity. At this time, the user can also
use a known gain control knob (not shown).

[0074] After the structure emphasis parameter is deter-
mined, the texture emphasis mode is selected by the mode
selector 18 to display a texture-emphasized image in the
display screen 2 next to the output of the scan converter in
the display screen 1, and a texture emphasis parameter is
adjusted by the setting knob 17. In the case of a differential
filter of a form such that the intensity of the differential filter
is [1 -a] or [-1 a -1], the value “a” is controlled.

[0075] After the texture emphasis parameter is deter-
mined, the user selects an emphasis results combining mode
by the mode selector 18. In this mode, the output of the scan
converter and a synthesized image (which is an object image
of the invention obtained by combining a structure-empha-
sized image and a texture-emphasized image) are displayed
in the neighboring display screens land 2, and the gain curve
of each element is adjusted by the setting knob 17 so that a
portion of weak signal intensity in an image can be also
clearly seen, that is, an effective dynamic range of each
image is widened.

[0076] In the case where the user is unsatisfied with the
adjustment, the user can always return to the previous mode
by the mode selector 18 and re-adjusts the structure empha-
sis parameter and/or the texture emphasis parameter.

[0077] In the first embodiment of the invention, the degree
of emphasis of structure and texture can be independently
and arbitrary adjusted. Consequently, as if the system has
two control means such as accelerator and a brake, the
operator can easily adjust an image to meet his/her prefer-
ences.

SECOND EMBODIMENT

[0078] FIG. 9 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a second
embodiment of the invention. In the system of the second
embodiment, the control unit 4 sets parameters such as probe
parameters, image target region, and imaging parameters in
the parameter controller 11. By using not image statistical
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information but parameter values preliminarily set accord-
ing to cases such as the probe parameters, image target
region, and imaging parameters as paramelers input to the
parameter controller 11, the speed of the imaging process
can be increased.

[0079] The probe parameters include, concretely, probe
ID, center frequency used and, in the case of using a convex
probe or sector probe, deflection angle. The imaging param-
eters are, concretely, factors exerting an influence on statis-
tical information of an intensity difference between pixels of
an original image depending on whether tissue harmonic
imaging (second harmonic imaging) or compound imaging.

[0080] Since the probe parameters are important factors to
determine the shape of a point response function, it also
exerts a large influence on generation of an interference
pattern described above.

[0081] The tissue harmonic imaging is imaging for
extracting a frequency component which is twice as high as
a transmit frequency positively using nonlinear propagation
in a living body from a reception signal. The bandwidth of
the received frequency is different from that of the transmit
frequency and the shape of the point response function
changes. Particularly, generation of the nonlinear compo-
nent is proportional to the square of sound pressure. Con-
sequently, an unnecessary signal of which sound pressure is
not high enough to generate a nonlinear component such as
multiple reflection in a living body decreases in the band-
width of the double frequency of the reception signal and is
characterized in that the component of the structure of a
tissue in a living body is seen more easily. Therefore, at the
time of performing extraction (structure emphasis) of a
component emphasizing the structure of a tissue in a living
body and extraction (texture emphasis) of extracting a
texture component, a large influence is exerted on the degree
of emphasis of the two components.

[0082] Similarly, the compound imaging is an imaging
method of combining a plurality of tomographic images of
smaller variations in the structure components as compared
with variations in an interference pattern such as frequency,
deflection angle, and slice direction. As a result of the
compound imaging, the structure component is enhanced
and the texture component decreases. Depending on whether
the system enters the compound imaging mode or not, the
necessary degree of structure emphasis and that of texture
emphasis change.

THIRD EMBODIMENT

[0083] FIG. 10 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a third
embodiment of the invention. In the configuration shown in
FIG. 10, in place of outputting a video signal output from
the envelope detector 7 shown in FIG. 3 to the memory of
the parameter controller 11 in the modification of the first
embodiment shown in FIG. 4, a reception signal supplied to
the receive beam former 6 via the transmit/receive switch 5
shown in FIG. 3 is output to the memory of the parameter
controller 11. RF data output from the receive beam former
6 is sent to the structure extractor (extractor A) 9 and stored
in the memory and is also sent to the texture extractor
(extractor B) 10 and stored in the memory. The parameter
controller 11 calculates the above-described statistical infor-
mation of the RF signal, that is, the width of the histogram
of the intensity difference.
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[0084] By using the statistical information, the RF data,
and the parameters set in the parameter controller 11, the
structure extractor (extractor A) 9 extracts structure-empha-
sized image data in which the structure of a tissue in a living
body is emphasized. The texture extractor (extractor B) 10
extracts texture-emphasized image data in which a texture
pattern coming from the properties of the tissue in a living
body is emphasized in a manner similar to the first embodi-
ment. The image synthesizer 12 combines the structure-
emphasized image data and the texture-emphasized image
data, thereby obtaining synthesized image data. An output of
the image synthesizer 12 is detected by the envelope detec-
tor 7 and is converted into a video signal. The video signal
is supplied to the scan converter 8 and converted into image
data (B-mode image data) The image data of the synthesized
image is sent to the display 13 and displayed.

FOURTH EMBODIMENT

[0085] FIG. 11 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a fourth
embodiment of the invention.

[0086] In the configuration shown in FIG. 11, in place of
outputting the video signal output from the envelope detec-
tor 7 shown in FIG. 3 to the memory of the parameter
controller 11 in the modification of the first embodiment
shown in FIG. 4, the video signal input to the envelope
detector 7 shown in FIG. 3 is output to the memory of the
parameter controller 11. Envelope data output from the
envelope detector 7 is sent to the structure extractor (extrac-
tor A) 9 and stored in the memory, and is also sent to the
texture extractor (extractor B) 10 and stored in the memory.
The parameter controller 11 calculates the above-described
statistical information of envelope data, that is, the width of
the histogram of the intensity difference. By using the
statistical information and the parameters set in the param-
eter controller 11, the structure extractor (extractor A) 9
extracts structure-emphasized image data in which the struc-
ture of a tissue in a living body is emphasized. The texture
extractor (extractor B) 10 extracts texture-emphasized
image data in which a texture pattern coming from the
properties of the tissue in a living body is emphasized in a
manner similar to the first embodiment. The image synthe-
sizer 12 combines the structure-emphasized image data and
the texture-emphasized image data, thereby obtaining syn-
thesized image data. An output of the image synthesizer 12
is detected by the envelope detector 7 and is converted into
a video signal. The video signal is supplied to the scan
converter 8 and converted into image data (B-mode image
data). The image data of the synthesized image is sent to the
display 13 and displayed.

[0087] In the third and fourth embodiments, as shown in
FIGS. 10 and 11, respectively, the extracting process is
performed before execution of the process by the scan
converter 8. From the viewpoint of computation speed, it is
desirable to extract the structure-emphasized image data and
the texture-emphasized image data by using an output of the
scan converter 8 of which information amount is reduced as
much as possible. However, when considering optimization
of the filter process in accordance with the shape of the point
response function, it is more desirable to execute the process
of extracting the structure-emphasized image data and the
texture-emphasized image data before execution of the scan
by the scan converter 8.
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[0088] The structure-emphasized image data and the tex-
ture-emphasized image data is extracted by using a receive
signal in the third embodiment and by using an envelope
signal in the fourth embodiment. It is sufficient to sequen-
tially store two-dimensional data obtained by sampling the
receive signal/envelope signal corresponding to each scan-
ning line on the time base as target data from which the
structure-emphasized image data/texture-emphasized image
data is extracted as described in the first embodiment into the
memories of the structure extractor (extractor A) 9 and the
texture extractor (extractor B) 10 concurrently with execu-
tion of reception and transmission of the ultrasonic pulse.
The decimation process can be also performed in a manner
similar to the first embodiment. The further description will
not be repeated.

[0089] The point response function is considered here for
the following reason. Generation of an interference pattern
and the shape of point response function are deeply related
to each other. In the case of using a convex probe or sector
probe, after converting the two-dimensional image data
obtained by ultrasonic scanning of a radiation shape or fan
shape into two-dimensional image data in a square lattice
shape, the size and shape of the point response function
changes according to the distance from the probe to the focal
position. Since the shape of the point response function
obtained from envelope data and that of the point response
function obtained from RF data are largely different from
each other, the structure of a tissue in a living body obtained
from the RF data having a sharp point response function
shape becomes shape. However, an influence of the inter-
ference pattern is also large, so that the role of the above-
described structure extracting filter is large.

[0090] As described in the first embodiment, also in the
third and fourth embodiments, it is also effective method of
providing the RF data storing memory and the envelope data
storing memory and, after reception of ultrasonic waves for
obtaining data for a tomographic image, capable of adjusting
an image so as to be optimum to the operator.

FIFTH EMBODIMENT

[0091] FIG. 12 is a diagram showing an example of the
configuration of an ultrasonic imaging system of a fifth
embodiment of the invention. The fourth embodiment
relates to the ultrasonic imaging system for obtaining a
three-dimensional ultrasonic image of a living body. The
system of the fifth embodiment has a configuration obtained
by modifying the configuration shown in FIG. 4 and has a
rendering processor 14 for performing various known ren-
dering processes for generating data for three-dimensionally
displaying an image target region of a living body by using
an output of the image synthesizer 12. A three-dimensional
ultrasonic image of the image target region obtained by the
rendering processor 14 is displayed on a three-dimensional
(3D) display 15.

[0092] By using an ultrasonic probe in which ultrasonic
elements are arranged two-dimensionally or by mechani-
cally moving an ultrasonic probe-in which ultrasonic ele-
ments are arranged one-dimensionally in the direction per-
pendicularly crossing the beam scanning direction, an echo
signal from a living body can be collected as three-dimen-
sional data. When a signal process is performed by using an
echo signal on which the above-described interference pat-
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tern is multiplexed and the rendering process is performed,
at the time of addition (integration) in the projection direc-
tion of the three-dimensional image data, the difference
between addition (integration) in a path of a region of a large
influence of the interference pattern and addition (integra-
tion) in a path of a region of a small influence of the
interference pattern exerts an influence on the region in
which the interference pattern exists and the other region, so
that artifact occurs. Particularly, in the case of executing
surface rendering, a surface shape of a living body is
influenced by the interference pattern. In the invention,
however, as described in the first embodiment, the operator
can arbitrarily and independently adjust the degree of
emphasis with respect to extraction of structure-emphasized
image data (structure-emphasized image) and extraction of
texture-emphasized image data (texture-emphasized image)
As if the system has two control means like an accelerator
and a brake, the operator can easily adjust the emphasis of
a three-dimensional ultrasonic image in accordance with
his/her preferences. According to the fifth embodiment, the
three-dimensional ultrasonic image can be substantially
changed.

[0093] FIGS. 15(A) to 15(D) show an example of an
image actually processed by the method of the invention.

[0094] FIG. 15(A) shows an original image-which is not
yet subjected to the process of the invention. FIG. 15(B)
shows an image subjected to the structure emphasis, in
which an interference pattern is generally suppressed and the
contours of a linear structure of high intensity extending
laterally in the upper part of the image and a circular
structure in the upper right part are emphasized without
being blurred. FIG. 15(C) shows a texture-emphasized
image which plays a role of interpolating the image of FIG.
15(B). FIG. 15(D) is a synthesized image obtained by
combining the structure-emphasized image of FIG. 15(B)
and the texture-emphasized image of FIG. 15(C), in which
the structures are emphasized and texture information prop-
erly remains.

[0095] According to the invention, the balance between
extraction of a structure and extraction of a texture in a
living body can be easily adjusted. The invention can
provide the ultrasonic imaging system and method in which
the balance can be adjusted by the operator. The operator can
effectively extract information in which a structure of a
tissue of a living body of an ultrasonic image on which an
interference pattern of ultrasonic waves is multiplexed is
reflected, easily properly extract texture information, and
obtain a single ultrasonic image including information nec-
essary for diagnosis.

[0096] The foregoing embodiments can be applied to
tissue harmonic imaging and compound imaging. The
invention is not limited to the foregoing embodiments but
can be variously modified without departing from the scope
of the technical ideas.

[0097] In each of the foregoing embodiments, by a con-
figuration of storing a plurality of frames (images) of RF
signals or video signals, two synthesized images obtained
with different weighting values may be obtained and dis-
played. Thus, the user can grasp information useful for
diagnosis.
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[0098] The invention also includes the following configu-
rations.

[0099] 1. An ultrasonic imaging method for transmit-
ting an ultrasonic pulse to a living body, receiving
the ultrasonic pulse reflected by the living body, and
obtaining B mode image data of the living body,
including: a structure extracting step of extracting
structure-emphasized image data in which a struc-
ture of a tissue in the living body is emphasized from
the B-mode image data; a texture pattern extracting
step of extracting texture-emphasized image data in
which a texture pattern coming from properties of a
tissue in the living body is emphasized from the
B-mode image data; an image synthesizing step of
obtaining a synthesized image by weighting and
combining the structure-emphasized image data and
the texture-emphasized image data; and a display for
displaying at least one of the structure-emphasized
image data, the texture-emphasized image data, and
the synthesized image.

[0100] 2. The ultrasonic imaging method according
to the item 1, wherein in the structure extracting step,
a structure of a living body tissue constructed by a set
of point reflectors which are continuously distributed
in at least one direction in the living body is
extracted.

[0101] 3. The ultrasonic imaging method according
to the item 1, wherein in the texture pattern extract-
ing step, a component coming from a reflector con-
structed by a set of point reflectors which are not
continuously distributed in the living body but are
spread is extracted.

[0102] 4. The ultrasonic imaging method according
to the item 1, wherein the structure extracting step
includes: a step of determining a region of peripheral
pixels of each pixelin the B-mode image data; a step
of obtaining a function for determining a weighting
function on the basis of the difference between
intensity of the each pixel and intensity of each of the
peripheral pixels; a step of determining the weight-
ing function for each of the peripheral pixels from
differentiation of the function; and a step of using a
value obtained by adding a sum of products of the
weighting function and intensity of each of the
peripheral pixels to intensity of each of pixels of the
B-mode image data as signal intensity of each of
pixels of the structure-emphasized image data, the
function has a maximum point when it is 0, and an
integral value of an absolute value of the function in
a region from negative infinity to positive infinity is
finite.

[0103] 5. The ultrasonic imaging method according
to the item 1, further including a parameter control-
ling step of setting parameters for signal processing
in the structure extracting step, the texture pattern
extracting step, and the image synthesizing step on
the basis of a distribution of signal intensities of
pixels in the same frame of the B-mode image data.

[0104] 6. The ultrasonic imaging method according
to the item 1, wherein the texture pattern extracting
step emphasizes the texture pattern by using a dif-
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ferential filter in two directions of signal intensities
of pixels in the same frame of the B-mode image
data.

[0105] 7. An ultrasonic imaging method including: a
transmitting step of transmitting an ultrasonic pulse
from an ultrasonic probe having a plurality of ultra-
sonic elements to a living body on the basis of a
transmit signal of an ultrasonic wave output from a
transmit beam former; a transmit/receive switching
step of switching transmission and reception of the
ultrasonic wave from the ultrasonic probe; a receive
step of receiving an ultrasonic pulse reflected from
the living body by the ultrasonic probe; a step of
generating an RF signal as a receive beam signal
from a signal received by the ultrasonic probe by a
receive beam former and outputting the RF signal; a
step of detecting an envelope of the RF signal and
outputting the envelope as a video signal; a step of
inputting the video signal to a scan converter; a step
of extracting structure-emphasized image data in
which a structure of a tissue in the living body is
emphasized from an output of the scan converter; a
texture pattern extracting step of extracting texture-
emphasized image data in which a texture pattern
coming from properties of a tissue in the living body
is emphasized from an output of the scan converter;
an image synthesizing step of obtaining a synthe-
sized image by weighting and combining the struc-
ture-emphasized image data and the texture-empha-
sized image data; a parameter controlling step of
setting parameters for signal processing into the
structure extracting step, the texture pattern extract-
ing step, and the image synthesizing step; an input
step of receiving the parameters for signal processing
and setting the parameters for signal processing into
the parameter controlling step; a control step of
controlling the transmitting step, the transmit/receive
switching step, and the receiving step on the basis of
the control parameters supplied in the input step; and
a display step of displaying at least one of the
structure-emphasized image data, the texture-em-
phasized image data, and the synthesized image.

[0106] 8. The ultrasonic imaging method according
to the item 7, wherein the parameter controlling step
sets the parameters for signal processing on the basis
of the video signal.

[0107] 9. The ultrasonic imaging method according
to the item 7, wherein in the control step, information
regarding the ultrasonic probe and information
regarding an image target region in the living body
is set in the parameter controlling step.

[0108] 10. The ultrasonic imaging method according
to the item 7, further comprising a rendering step of
generating data for three-dimensionally displaying
an image target region in the living body from an
output of the image synthesizing step, wherein the
image target region in the living body is three-
dimensionally displayed in the display step.

[0109] 11. An ultrasonic imaging step including: a
transmitting step of transmitting an ultrasonic pulse
from an ultrasonic probe having a plurality of ultra-
sonic elements to a living body on the basis of a
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transmit signal of ultrasonic wave output from a
transmit beam former; a transmit/receive switching
step of switching transmission and reception of the
ultrasonic wave to/from the ultrasonic probe; a
receiving step of receiving the ultrasonic pulse
reflected from the living body by the ultrasonic
probe; a step of generating an RF signal as a receive
beam signal from a signal received by the ultrasonic
probe and outputting the RF signal by a receive beam
former; a structure extracting step of extracting
structure-emphasized image data in which a struc-
ture of a tissue in the living body is emphasized from
the RF signal; a texture pattern extracting step of
extracting texture-emphasized image data in which a
texture pattern coming from properties of a tissue in
the living body is emphasized from the RF signal; an
image synthesizing step of obtaining a synthesized
image by weighting and combining the structure-
emphasized image data and the texture-emphasized
image data; an envelope detecting step of detecting
an envelope of an output signal in the image syn-
thesizing step and outputting the envelope as a video
signal; a step of inputting the video signal to a scan
converter; a parameter controlling step of setting
parameters for signal processing in the structure
extracting step, the texture pattern extracting step,
and the image synthesizing step; an input step of
receiving the parameters for signal processing and
setting the parameters for signal processing in the
parameter controlling step; a control step of control-
ling the transmitting step, the transmit/receive
switching step, and the receiving step on the basis of
the control parameters supplied from the input unit;
and a display step of displaying at least one of the
structure-emphasized image data, the texture-em-
phasized image data, and the synthesized image.

[0110] 12. The ultrasonic imaging method according
to the item 11, wherein in the parameter controlling
step, the parameters for signal processing are set on
the basis of the receive signal.

[0111] 13 An ultrasonic imaging method including: a
transmitting step of transmitting an ultrasonic pulse
from an ultrasonic probe having a plurality of ultra-
sonic elements on the basis of a transmit signal of an
ultrasonic wave output from a transmit beam former;
a transmit/receive switching step of switching trans-
mission and reception of the ultrasonic wave to/from
the ultrasonic probe; a receiving step of receiving the
ultrasonic pulse reflected by the living body from the
ultrasonic probe; a step of generating an RF signal as
a receive beam signal from a signal received from
the ultrasonic probe and outputting the RF signal by
a receive beam former; an envelope detecting step of
detecting an envelope of the RF signal and output-
ting the envelope as a video signal; a structure
extracting step of extracting structure-emphasized
image data in which a structure of a tissue in the
living body is emphasized from the video signal; a
texture pattern extracting step of extracting texture-
emphasized image data in which a texture pattern
coming from properties of a tissue in the living body
is emphasized from the video signal; an image
synthesizing step of obtaining a synthesized image
by weighting and combining the structure-empha-
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sized image data and the texture-emphasized image
data; a step of inputting an output signal of the image
synthesizing step as a video signal to a scan con-
verter; a parameter controlling step of setting param-
eters for signal processing in the structure extracting
step, the texture pattern extracting step, and the
image synthesizing step; an input step of receiving
the parameters for signal processing and setting the
parameters for signal processing in the parameter
controlling step; a control step of controlling the
transmitting step, the transmit/receive switching
step, and the receiving step on the basis of the control
parameters supplied from the input step; and a dis-
play step of displaying at least one of the structure-
emphasized image data, the texture-emphasized
image data, and the synthesized image.

[0112] 14. The ultrasonic imaging method according
to the item 13, wherein in the parameter controlling
step, the parameters for signal processing are set on
the basis of the video signal.

[0113] 15. An ultrasonic imaging method of trans-
mitting an ultrasonic pulse to a living body, receiving
the ultrasonic pulse reflected by the living body, and
obtaining B-mode image data of the living body,
including: a structure extracting step of extracting
structure-emphasized image data in which a struc-
ture of a tissue of the living body is emphasized by
using data of the B-mode image; a texture pattern
extracting step of extracting texture-emphasized
image data in which a texture pattern coming from
properties of a tissue in the living-body is empha-
sized by using the B-mode image data in parallel
with the structure extracting step; an image synthe-
sizing step of obtaining a synthesized image by
weighting and combining the structure-emphasized
image data and the texture-emphasized image data;
and a display step of displaying at least one of the
structure-emphasized image data, the texture-cm-
phasized image data, and the synthesized image.

[0114] The present invention can provide an ultrasonic
imaging system and method capable of extracting structure-
emphasized image data in which the structure of a tissue in
a living body is emphasized and texture-emphasized image
data in which a texture pattern coming from properties of the
tissue in the living body is emphasized from B-mode image
data and obtaining a synthesized image obtained by weight-
ing and combining the extracted two image data pieces.

What is claimed is:

1. An ultrasonic imaging system for transmitting an
ultrasonic pulse to a living body, receiving the ultrasonic
pulse reflected by said living body, and obtaining B-mode
image data of said living body, comprising;

a structure extractor for extracting structure-emphasized
image data in which a structure of a tissue in said living
body is emphasized from said B-mode image data;

a texture pattern extractor for extracting texture-empha-
sized image data in which a texture pattern coming
from properties of a tissue in said living body is
emphasized from said B-mode image data;
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an image synthesizer for obtaining a synthesized image by
weighting and combining said structure-emphasized
image data and said texture-emphasized image data,
and

a display for displaying at least one of said structure-
emphasized image data, said texture-emphasized image
data, and said synthesized image.

2. The ultrasonic imaging system according to claim 1,
wherein two synthesized images to which different weights
are assigned are displayed side by side.

3. The ultrasonic imaging system according to claim 1,
wherein said structure extractor extracts a structure of a
living body tissue constructed by a set of point reflectors
which are continuously distributed in at least one direction
in said living body.

4. The ultrasonic imaging system according to claim 1,
wherein said texture pattern extractor extracts a component
coming from a reflector constructed by a set of point
reflectors which are not continuously distributed in said
living body but are spread.

5. The ultrasonic imaging system according to claim 1,
wherein said structure extractor comprises:

means for determining a region of peripheral pixels of
each pixel in said B-mode image data; and

means for obtaining a function for determining a weight-
ing function on the basis of the difference between
intensity of said each pixel and intensity of each of said
peripheral pixels,

said function has a maximum point when it is 0,

an integral value of an absolute value of said function in
a region from negative infinity to positive infinity is
finite,

said weighting function on each of said peripheral pixels
is determined from differentiation of said function, and

a value obtained by adding a sum of products of said
weighting function and intensity of each of said periph-
eral pixels to intensity of each of pixels of said B-mode
image data is used as signal intensity of each of pixels
of said structure-emphasized image data.

6. The ultrasonic imaging system according to claim 1,
further comprising a parameter controller for setting param-
eters for signal processing into said structure extractor, said
texture pattern extractor, and said image synthesizer on the
basis of a distribution of signal intensities of pixels in the
same frame of said B-mode image data.

7. The ultrasonic imaging system according to claim 1,
wherein said texture pattern extractor emphasizes said tex-
ture pattern by using a differential filter in two directions of
signal intensities of pixels in the same frame of said B-mode
image data.

8. An ultrasonic imaging system comprising:

an ultrasonic probe having a plurality of ultrasonic ele-
ments, for transmitting an ultrasonic pulse to a living
body, and receiving the ultrasonic pulse reflected by
said living body;

a transmit beam former for outputting a transmit signal of
an ultrasonic wave transmitted from said ultrasonic
probe;
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a receive beam former for generating an RF signal as a
receive beam signal from a signal received from said
ultrasonic probe and outputting the RF signal,

a transmit/receive switch for switching transmission and
reception of the ultrasonic wave to/from said ultrasonic
probe;

an envelope detector for detecting an envelope of said RF
signal and outputting the envelope as a video signal,

a scan converter to which said video signal is input;

a structure extractor for extracting structure-emphasized
image data in which a structure of a tissue in said living
body is emphasized from an output of said scan con-
verter;

a texture pattern extractor for extracting texture-empha-
sized image data in which a texture pattern coming
from properties of a tissue in said living body is
emphasized from an output of said scan converter;

an image synthesizer for obtaining a synthesized image by
weighting and combining said structure-emphasized
image data and said texture-emphasized image data;

a parameter controller for setting parameters for signal
processing into said structure extractor, said texture
pattern extractor, and said image synthesizer;

an input unit for receiving said parameters for signal
processing and setting said parameters for signal pro-
cessing into said parameter controller;

a control unit for controlling said transmit beam former,
said transmit/receive switch, and said receive beam
former on the basis of the control parameters supplied
from said input unit; and

a display for displaying at least one of said structure-
emphasized image data, said texture-emphasized image
data, and said synthesized image.

9. The ultrasonic imaging system according to claim 8§,
wherein said parameter controller sets said parameters for
signal processing on the basis of said video signal.

10. The ultrasonic imaging system according to claim 8,
wherein said control unit sets information regarding said
ultrasonic probe and information regarding an image target
region in said living body into said parameter controller.

11. The ultrasonic imaging system according to claim 8,
further comprising a rendering processor for generating data
for three-dimensionally displaying an image target region in
said living body from an output of said image synthesizer,

wherein said image target region in said living body is
three-dimensionally displayed on said display.
12. An ultrasonic imaging system comprising,

an ultrasonic probe having a plurality of ultrasonic ele-
ments, for transmitting an ultrasonic pulse to a living
body, and receiving the ultrasonic pulse reflected by
said living body;

a transmit beam former for outputting a-transmit signal of
an ultrasonic wave transmitted from said ultrasonic
probe;

a receive beam former for generating an RF signal as a
receive beam signal from a signal received by said
ultrasonic probe and outputting the RF signal;
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a transmit/receive switch for switching transmission and
reception of the ultrasonic wave to/from said ultrasonic
probe;

a structure extractor for extracting structure-emphasized
image data in which a structure of a tissue in said living
body is emphasized from said RF signal;

a texture pattern extractor for extracting texture-empha-
sized image data in which a texture pattern coming
from properties of a tissue in said living body is
emphasized from said RF signal;

an image synthesizer for obtaining a synthesized image by
weighting and combining said structure-emphasized
image data and said texture-emphasized image data;

an envelope detector for detecting an envelope of an
output signal of said image synthesizer and outputting
the envelope as a video signal;

a scan converter to which said video signal is input;

a parameter controller for setting parameters for signal
processing into said structure extractor, said texture
pattern extractor, and said image synthesizer;

an input unit for receiving said parameters for signal
processing and setting said parameters for signal pro-
cessing into said parameter controller;

a control unit for controlling said transmit beam former,
said transmit/receive switch, and said receive beam
former on the basis of the control parameters supplied
from said input unit; and

a display for displaying at least one of said structure-
emphasized image data, said texture-emphasized image
data, and said synthesized image.

13. The ultrasonic imaging system according to claim 12,
wherein said parameter controller sets said parameters for
signal processing on the basis of said receive signal.

14. An ultrasonic imaging system comprising:

an ultrasonic probe having a plurality of ultrasonic ele-
ments, for transmitting an ultrasonic pulse to a living
body, and receiving the ultrasonic pulse reflected by
said living body;

a transmit beam former for outputting a transmit signal of
an ultrasonic wave transmitted from said ultrasonic
probe;

a receive beam former for generating an RF signal as a
receive beam signal from a signal received from said
ultrasonic probe and outputting the RF signal,

a transmit/receive switch for switching transmission and
reception of the ultrasonic wave to/from said ultrasonic
probe;

an envelope detector for detecting an envelope of said RF
signal and outputting the envelope as a video signal;

a structure extractor for extracting structure-emphasized
image data in which a structure of a tissue in said living
body is emphasized from said video signal;

a texture pattern extractor for extracting texture-empha-
sized image data in which a texture pattern coming
from properties of a tissue in said living body is
emphasized from said video signal;

Apr. 15, 2004

an image synthesizer for obtaining a synthesized image by
weighting and combining said structure-emphasized
image data and said texture-emphasized image data;

a scan converter to which an output signal of said image
synthesizer is input as a video signal;

a parameter controller for setting parameters for signal
processing into said structure extractor, said texture
pattern extractor, and said image synthesizer;

an input unit for receiving said parameters for signal
processing and setting said parameters for signal pro-
cessing into said parameter controller;

a control unit for controlling said transmit beam former,
said transmit/receive switch, and said receive beam
former on the basis of the control parameters supplied
from said input unit; and

a display for displaying at least one of said structure-
emphasized image data, said texture-emphasized image
data, and said synthesized image.

15. The ultrasonic imaging system according to claim 14,
wherein said parameter controller sets said parameters for
signal processing on the basis of said video signal.

16. An ultrasonic imaging system for transmitting an
ultrasonic pulse to a living body, receiving the ultrasonic
pulse reflected by said living body, and obtaining B-mode
image data of said living body, comprising;

a structure extractor for extracting structure-emphasized
image data in which a structure of a tissue of said living
body is emphasized by using data of said B-mode
image;

a texture pattern extractor for extracting texture-empha-
sized image data in which a texture pattern coming
from properties of a tissue in said living body is
emphasized by using said B-mode image data in par-
allel with said structure extractor;

an image synthesizer for obtaining a synthesized image by
weighting and combining said structure-emphasized
image data and said texture-emphasized image data,
and

a display for displaying at least one of said structure-
emphasized image data, said texture-emphasized image
data, and said synthesized image.

17. An ultrasonic imaging system having means of trans-
mitting an ultrasonic pulse to a living body, receiving the
ultrasonic pulse reflected by said living body, and obtaining
B-mode image data of said living body, a structure extractor
for extracting structure-emphasized image data in which a
structure of a tissue in said living body is emphasized from
said B-mode image data, and a display for displaying said
structure-emphasized image data,

wherein said structure extractor comprises:

means for determining a region of peripheral pixels of
each pixel of said B-mode image data; and

means for obtaining a function for determining a
weighting function on the basis of the difference
between intensity of said each pixel and intensity of
each of said peripheral pixels,

said function has a maximum point when it is 0,
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an integral value of an absolute value of said function
in a region from negative infinity to positive infinity
is finite,

said weighting function for each of said peripheral
pixels is determined from differentiation of said
function, and

a value obtained by adding a sum of products of said
weighting function and intensity of each of said
peripheral pixels to intensity of each of pixels of said
B-mode image data is used as signal intensity of each
of pixels of said structure-emphasized image data.

18. An ultrasonic imaging system for transmitting an
ultrasonic pulse to a living body, receiving the ultrasonic
pulse reflected by said living body, and obtaining B-mode
image data of said living body, comprising;

an image memory for storing said B-mode image data;

a structure extractor for extracting structure-emphasized
image data in which a structure of a tissue in said living
body is emphasized from data in said image memory;

a texture pattern extractor for extracting texture-empha-
sized image data in which a texture pattern coming
from properties of a tissue in said living body is
emphasized from data in said image memory;

an image synthesizer for obtaining a synthesized image by
weighting and combining said structure-emphasized
image data and said texture-emphasized image data;
and

a display for displaying at least one of said structure-
emphasized image data, said texture-emphasized image
data, and said synthesized image.

19. The ultrasonic imaging system according to claim 18,
wherein said structure extractor extracts a structure of a
living body tissue constructed by a set of point reflectors
which are continuously distributed in at least one direction
in said living body.

20. The ultrasonic imaging system according to claim 18,
wherein said texture pattern extractor extracts a component
coming from a reflector constructed by a set of point
reflectors which are not continuously distributed in said
living body but are spread.

21. The ultrasonic imaging system according to claim 18,
wherein said structure extractor comprises:

means for determining a region of peripheral pixels of
each pixel of said B-mode image data; and

means for obtaining a function for determining a weight-
ing function on the basis of the difference between
intensity of said each pixel and intensity of each of said
peripheral pixels,

said function has a maximum point when it is 0,

an integral value of an absolute value of said function in
a region from negative infinity to positive infinity is
finite,

said weighting function for each of said peripheral pixels
is determined from differentiation of said function, and

a value obtained by adding a sum of products of said
weighting function and intensity of each of said periph-
eral pixels to intensity of each of pixels of said B-mode
image data is used as signal intensity of each of pixels
of said structure-emphasized image data.
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22. An ultrasonic signal processing method of transmit-
ting/receiving an ultrasonic pulse to/from a living body,
converting an obtained reflected echo signal, and performing
signal process on B-mode image data, comprising:

a structure emphasizing step of extracting structure-em-
phasized image data in which a structure of a tissue in
said living body is emphasized from said B-mode
image data;

a texture pattern emphasizing step of extracting texture-
emphasized image data in which a texture pattern
coming from properties of a tissue in said living body
is emphasized from said B-mode image data; and

an image synthesizing step of obtaining a synthesized
image by weighting and combining said structure-
emphasized image data and said texture-emphasized
image data.

23. The ultrasonic signal processing method according to
claim 22, wherein in said step of extracting a structure of a
tissue in said living body, a structure of a living body tissue
constructed by a set of point reflectors which are continu-
ously distributed at least in one direction in said living body
is extracted.

24. The ultrasonic signal processing method according to
claim 22, wherein in said texture pattern extracting step, a
component coming from a reflector constructed by a set of
point reflectors which are not continuously spread in said
living body but are spread is extracted.

25. The ultrasonic signal processing method according to
claim 22, wherein said structure extracting step includes:

a step of determining a region of peripheral pixels of each
pixel of said B-mode image data;

a step of obtaining a function for determining a weighting
function on the basis of the difference between intensity
of said each pixel and intensity of each of said periph-
eral pixels;

a step of determining said weighting function for each of
said peripheral pixels from differentiation of said func-
tion; and

a step of using a value obtained by adding a sum of
products of said weighting function and intensity of
cach of said peripheral pixels to intensity of each of
pixels of said B-mode image data as signal intensity of
each of pixels of said structure-emphasized image data,

said function has a maximum point when it is 0, and

an integral value of an absolute value of said function in
a region from negative infinity to positive infinity is
finite.

26. The ultrasonic signal processing method according to
claim 22, wherein parameters for signal processing in said
structure extracting step, said texture pattern extracting step,
and said image synthesizing step are set on the basis of a
distribution of signal intensities of pixels in the same frame
of said B-mode image data.

27. The ultrasonic signal processing method according to
claim 22, wherein said texture pattern extracting step
emphasizes said texture pattern by using a differential filter
in two directions of signal intensities of pixels in the same
frame of said B-mode image data.
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