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ULTRASONIC IMAGING APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic imag-
ing apparatus configured to transmit and receive ultrasonic
waves to and from a living body to obtain medical image data
and display a three-dimensional image, and more specifically,
relates to an ultrasonic imaging apparatus configured to dis-
play a three-dimensional color Doppler image of blood-flow
information.

[0003] 2. Description of the Related Art

[0004] In medical image diagnosis using an ultrasonic
imaging apparatus, an X-ray CT apparatus, an MRI apparatus
etc., in accordance with increase of the speed and perfor-
mance of the detecting function and arithmetic process of
biological information, it has become possible to perform
real-time display of displaying an image almost simulta-
neously with acquisition of image data from a subject.
[0005] In each of the image diagnosis apparatuses
described above, a plurality of different physical quantities
indicating the biological characteristics of the subject are
detected and imaged. An ultrasonic imaging apparatus has a
plurality of capturing modes, such as the B-mode method of
imaging tissue structures within a living body by using the
magnitude ofreflected waves of ultrasonic waves having been
transmitted to the subject (hereinafter referred to as “ultra-
sonic echoes”), and the color Doppler method of imaging a
blood flow or an organ movement velocity by using the ultra-
sonic Doppler effect.

[0006] Information obtained from the ultrasonic echoes in
this color Doppler method is blood-flow-velocity information
(its sign varies between the case of getting away from the
ultrasonic probe and the case of coming close to the ultrasonic
probe), power information in which velocity is differentiated
(power information indicates the volume of a blood flow per
unit time), and dispersion information in which variations in
velocity is presented as an index.

[0007] The color Doppler method includes an image dis-
play mode such as a velocity and dispersion display mode of
displaying velocity information and dispersion information
of a blood flow, and a power display mode of displaying
power information. This makes it possible to simultaneously
display the velocity information, power information, dispet-
sion information of a blood flow, etc. by displaying blood-
flow information converted into a color map, in an ultrasonic
imaging apparatus generating a two-dimensional image. For
example, by using two physical quantities as parameters,
arranging the parameters on the vertical axis and the horizon-
tal axis of a two-dimensional map, respectively, and creating
a color map corresponding to respective values thereof, a
doctor and a laboratory technician (hereinafter referred to as
an “operator”) can identify the conditions of the two change
quantities with colors.

[0008] Further, in recent years, as an ultrasonic imaging
apparatuses, a system capable of high-speed collection and
display of three-dimensional images has been rapidly devel-
oped. Thus, it has become possible to provide a diagnostic
image beyond a conventional visval field, such as a three-
dimensional image and a moving image of a three-dimen-
sional image.

[0009] Furthermore, a three-dimensional ultrasonic imag-
ing apparatus has become capable of not only forming a
three-dimensional image of a living-body histological image
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(i.e., an image produced by the B-mode method) but also
displaying a three-dimensional image by combining a three-
dimensional image of an image produced by the color Dop-
pler method (a color Doppler image) and a histological
image. In this regard, in generation of a three-dimensional
image, it is common to generate a three-dimensional image of
a histological image, and it is uncommon to generate images
of other physical parameters. However, since a color Doppler
image provides a visualized image of information on a blood
flow in a body, it is possible to display three-dimensional
information on a blood flow by displaying as a three-dimen-
sional image, which is becoming important display.

[0010] Inthe generation of a three-dimensional image, vol-
ume rendering is used. This volume rendering is as described
below. For example, slice images obtained by an ultrasonic
imaging apparatus are stacked. Next, a volume model having
a three-dimensional structure (a voxel space) is created in
which the value of each of the plurality of slice images is put
into a square called a voxel. After the angle of view is deter-
mined for this volume model, voxel tracking is executed from
an arbitrary viewpoint, and transmitted light and reflected
light are obtained based on the opacity corresponding to the
voxel value, whereby brightness is obtained. Moreover,
image information based on this brightness is projected on
pixels of a projection plane, and organs are sterically
extracted, whereby a three-dimensional image is obtained.

[0011] Here, in the ultrasonic imaging apparatus generat-
ing and displaying a three-dimensional color Doppler image,
it is preferred to three-dimensionally display the aforemen-
tioned parameters including the velocity information, power
information and dispersion information of a blood flow. In
this regard, as in the case of a two-dimensional image, it is
possibleto create a 3D color map in which colors correspond-
ing to the three parameters are set, respectively. However, for
a reason such that the human cognitive ability does not cor-
respond, it is necessary to use a color map corresponding to
two parameters in the case of displaying the values of the
parameters in colors.

[0012] In general, in the case of displaying a three-dimen-
sional image, it is necessary to project and display on a
two-dimensional projection plane so that a human can easily
perceive three-dimensionally arranged values. That is, the
greatest difference between display of a three-dimensional
image and display of a two-dimensional image is that depth
information must be visualized. Moreover, in the case of a
three-dimensional medical image, it is often necessary to
visualize three-dimensional image data of not only the sur-
face but also the inside.

[0013] In this regard, in three-dimensional imaging of tis-
sue information, data equivalent to a 2D luminance signal is
allocated to voxel data. Then, it is possible not to display a
portion with luminance lower than a certain value by setting
a threshold and transparency in accordance with the lumi-
nance, and it is possible to three-dimensionally depict a tissue
with high luminance by setting higher level of luminance to
be more opaque. In the case of applying this to the color
Doppler method, for example, it is possible to set transpar-
ency in accordance with the velocity value, and it is possible
to three-dimensionally image only a high-velocity blood
flow. However, in the case of a two-dimensional color Dop-
pler image, as described above, two parameters (e.g., the
velocity value and dispersion value, or the velocity value and
power value) may be simultaneously displayed in color. In
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this case, it is difficult to convert a 2D display image into a
three-dimensional image as it is.

[0014] Thus, atechnique has been proposed conventionally
in which setting of opacity and setting of color tone are
performed based on values of different parameters when a
three-dimensional image is generated based on ultrasonic
echoes obtained from a subject body by the color Doppler
method (for example, refer to Japanese Unexamined Patent
Application Publication JP-A 2005-143733.)

[0015] However, the conventional ultrasonic apparatus
gives one physical quantity as a parameter into one voxel data
and generates a three-dimensional image based thereon.
Then, the apparatus performs an operation of stacking three-
dimensional images generated with different parameters.
Therefore, in the conventional ultrasonic apparatus, calcula-
tion for generating a three-dimensional image is complicated
and processing is heavy, and moreover, effective use of the
respective parameters is difficult.

[0016] In addition, in a case where a parameter indicating
onephysical quantity is assigned to each of the opacity setting
and the color tone setting as in JP-A 2005-143733, each of the
physical quantities is handled separately.

[0017] Therefore, it is impossible to use a part of allowing
the operator to easily recognize the state of the subject by
associating the two parameters and displaying the values in
one color. Accordingly, it is difficult to reflect the relationship
between the two parameters. In addition, it is difficult to
display only a part conforming to the condition of the values
of the two parameters.

[0018] Therefore, it is difficult to effectively display a
three-dimensional image.

SUMMARY OF THE INVENTION

[0019] An object of the present invention is to provide an
ultrasonic imaging apparatus in which one voxel value has a
plurality of parameter values.

[0020] Further, another object of the present invention is to
provide an ultrasonic imaging apparatus configured to be
capable of easily performing setting of color tone and setting
of opacity based on two parameters among parameters indi-
cating a plurality of physical quantities in one voxel, and
display a three-dimensional image according to the display
settings.

[0021] In a first aspect of the present invention, an ultra-
sonic imaging apparatus comprises function parts described
below. A transmitter/receiver transmits and receives ultra-
sonic waves to and from a desired region of a subject via an
ultrasonic probe. A signal processor obtains a plurality of
physical quantities from signals outputted by the transmitter/
receiver having received ultrasonic echoes from the subject.
A voxel-value generator generates a voxel value containing
the plurality of physical quantities. An image generator gen-
erates a three-dimensional image by using the plurality of
physical quantities including any of velocity, power value or
dispersion of a blood flow contained in the voxel value and
sequentially executes a rendering process on each voxel. A
display controller controls a display to display a generated
three-dimensional image.

[0022] According to the first aspect, it is possible to gener-
ate a single three-dimensional image by using a plurality of
physical quantities three-contained in a voxel value. Conse-
quently, it is possible to easily generate a three-dimensional
image using a plurality of physical quantities. In addition, it is
possible to present a plurality of physical quantities used for
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diagnosis by an operator so as to be easy to perceive on a
single three-dimensional image. Accordingly, the ultrasonic
imaging apparatus according to the present invention can
contribute to effective diagnoses by doctors, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1is a block diagram of an ultrasonic imaging
apparatus according to the present invention.

[0024] FIG. 2is a view showing an example of a color-tone
table.
[0025] FIG. 3 is a view showing an example of a setting

screen for setting the opacity and threshold.

[0026] FIG. 4 is a schematic view of a map table.

[0027] FIG. 5 is a view showing an example of a setting
screen for setting the weighting of the opacity.

[0028] FIG. 6 is a flowchart of display of a three-dimen-
sional image in an ultrasonic imaging apparatus according to
a first embodiment.

[0029] FIG. 7 is a view of an example of a map table
generated by using Formula 1.

[0030] FIG. 8 is a view of an example of a map table
generated by using Formula 1.

[0031] FIG. 9 is a view of an example of a map table
generated by using Formula 1.

[0032] FIG. 10 is a view of an example of a map table
generated by using Formula 2.

[0033] FIG. 11 is a view of an example of a map table
generated by using Formula 2.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

First Embodiment

[0034] An ultrasonic imaging apparatus according to a first
embodiment of the present invention will now be described.
FIG. 1 is a block diagram showing the function of the ultra-
sonic imaging apparatus according to the present invention.

[0035] A transmitter/receiver 002 transmits ultrasonic
waves to a subject via an ultrasonic probe 001. Moreover, the
transmitter/receiver 002 receives the ultrasonic waves
reflected from the subject (hereinafter referred to as “ultra-
sonic echoes”) via the ultrasonic probe 001 and converts into
electrical signal. Then, the transmitter/receiver 002 outputs
the electrical signal obtained by the conversion to a signal
processor 003. In this embodiment, the transmitter/receiver
002 described below is used when scan for B-mode images
and scan for color Doppler images are performed. The trans-
mitter/receiver 002 collects signals for B-mode images
(B-mode signals) and signals for color Doppler images (color
Doppler signals) in a preset three-dimensional region while
repeating scan for B-mode images and scan for color Doppler
images in a fixed sequence.

[0036] The signal processor 003 has a B-mode processor
031 and a Doppler processor 032. The B-mode processor 031
images amplitude information of the echoes and generates a
B-mode image signal from an echo signal.

[0037] Specifically, the B-mode processor 031 executes a
band-pass filter process on signals sent from the transmitter/
receiver 002, detects the envelope of the outputted signal, and
executes a compression process by logarithmic transforma-
tion on the detected data.

[0038] The Doppler processor 032 generates the velocity
information, power information and dispersion information
of a blood flow by the pulse Doppler method (PW Doppler
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method) or the continuous-wave Doppler method (CW Dop-
pler method). For example, in the case of employing the pulse
Doppler method, it is possible to detect Doppler shift fre-
quency components of a certain depth by using the wave
pulse. With distance resolution, it becomes possible to mea-
sure the velocity of a tissue and a blood flow in a specific site.

[0039] The Doppler processor 032 extracts the Doppler
shift frequency components by phase detection of the
received signal in a blood-flow observation point having a
predetermined size on signals sent from the transmitter/re-
ceiver 002. Then, the Doppler processor 032 executes an FFT
process on the Dappler shift frequency components to gen-
erate a Doppler frequency distribution showing the velocity
information, power information and dispersion information
of the blood flow in the blood-flow observation point.

[0040] In the continuous-wave Doppler method, unlike in
the pulse Doppler method, not only major Doppler shift fre-
quency components obtained in the blood-flow observation
point but also all the Doppler shift frequency components in
the transmitting/receiving directions of the ultrasonic waves
are superimposed. The continuous-wave Doppler method is
superior to the pulse Doppler method in high-speed measure-
ment of a blood flow. The Doppler processor 032 extracts the
Doppler shift frequency components by phase detection of
the received signal on a sample line, which is a line for
transmitting and receiving ultrasonic waves from the blood-
flow observation position, on signals sent from the transmit-
ter/receiver 002. Then, the Doppler processor 032 executes
the FFT process on the Doppler shift frequency components
to generate Doppler frequency components showing the
velocity information, power information and dispersion
information of the blood blow on the sample line.

[0041] The signal processor 003 inputs the generated
B-mode image signal, and the velocity information, power
information and dispersion information of the blood flow,
into a voxel-value generator 004.

[0042] The voxel-value generator 004 receives the B-mode
image signal, and the velocity information, power informa-
tion and dispersion information of the blood flow, from the
signal processor 003. In order to generate a color Doppler
image, the voxel-value generator 004 obtains voxel values for
color Doppler images including three physical quantities of
the velocity information, power information and dispersion
information, corresponding to a voxel, which is a square
assigned to a three-dimensional coordinate position for trans-
formation into the coordinate in a three-dimensional region of
the subject by, for example, executing interpolation on the
velocity information, power information and dispersion
information near the voxel. This voxel value includes the
three physical quantities of the velocity information, power
information and dispersion information as parameters, and
the values of those parameters become the voxel value. This
voxel value is represented in the form of a matrix containing
the three parameters, such as (v, p, T). Here, v denotes the
value of the velocity information, p denotes the value of the
power information, and T denotes the value of the dispersion
information.

[0043] The data of this voxel value is stored, for example,
by using 6 bits for each parameter value if the voxel value is
data of 18 bits in total.

[0044] In addition, in order to generate a B-mode image,
the voxel-value generator 004 obtains a voxel value for
B-mode image corresponding to each voxel by, for example,
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executing interpolation on a B-mode image signal near the
voxel received from the signal processor 003.

[0045] Next, the voxel-value generator 004 inputs the voxel
values for color Doppler images and the voxel values for
B-mode images corresponding to the respective voxels hav-
ing been obtained, into an image generator 005.

[0046] Theimage generator 005 is composed of a CPU and
a storage region such as a memory. The storage region of the
image generator 005 stores a color-tone table in which one of
the three parameters of the velocity information, power infor-
mation and the dispersion information of the blood flow is
taken on one axis of a two-dimensional coordinates, one of
the remaining two parameters is taken on the other axis, and
colors corresponding to the respective points on the two-
dimensional coordinates are set.

[0047] Specifically, the color tone in each color-tone table
is set so that the color changes from green to yellow as the
value of the dispersion information becomes large, the color
changes from bright red to dark red as the value of the velocity
information becomes large, and the color changes from bright
blue to dark blue as the value of the power information
becomes large. An example of the color-tone table for veloc-
ity information and dispersion information is a color-tone
table 201 shown in FIG. 2. FIG. 2 is a view showing an
example of the color-tone table for velocity information and
dispersion information. The color-tone table 201 in FI1G. 2 is
a color-tone table in which the velocity information is taken
on the horizontal axis and the dispersion information is taken
on the vertical axis. In the description, the color-tone table
201 of FIG. 2 is shown in monochrome, but it is actually
colored with colors described beside the view.

[0048] The image generator 005 receives voxel values for
B-mode images from the voxel-value generator 004 to per-
form a three-dimensional rendering operation (“rendering
process™ in the present invention) based on that voxel value.
The three-dimensional rendering operation is a process of
calculating luminance for displaying a three-dimensional
image from the received voxel value (i.e., the original image
data) on a display 012 based on the viewpoint angle, the light
source, etc., or calculating the degree of display as projection
data on the screen from the transparency in the three-dimen-
sional space to create display image data. Because the data for
each B-mode image is single data, it is possible to set the
opacity according to signal intensity by setting the opacity
(transparency) on a histogram representing the distribution of
intensity of the data for B-mode images. Since the data for
B-mode images indicates the state of a tissue of a subject, it is
possible to set the three-dimensional depth and luminance
(intensity) of a tissue desired to show on the screen by setting
the opacity in the data for B-mode images.

[0049] In addition, the image generator 005 receives voxel
values for color Doppler images from the voxel-value gen-
erator 004 to perform a three-dimensional rendering opera-
tion. The following description describes a case in which the
operator inputs so as to set a velocity signal and a dispersion
signal as parameters to display three-dimensionally. Here, the
operator can select a parameter to display three-dimension-
ally by using a setting screen 300 for setting the opacity and
threshold as shown in FIG. 3.

[0050] FIG. 3 is an example of a setting screen for setting
the opacity and threshold included in a user interface 010. The
setting screen 300 is a screen displayed on a display 012 of the
user interface 010. The user interface 010 includes an input
part 011 and the display 012, and the operator uses the input
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part 011 to input while referring to the display 012. Then, as
shown in FIG. 3, the setting screen 300 has a parameter
selector 301 for selecting a parameter to three-dimensionally
display, a velocity setting part 302 that sets the threshold and
opacity for each parameter, a dispersion setting part 303, and
a power setting part 304. Here, the threshold represents the
range to display for each parameter, and a voxel having a
value of a parameter equal to or more than the threshold as a
voxel value is displayed on the display 012. The operator
selects a parameter to three-dimensionally display from the
parameter selector 301 by using the input part 011. Further,
for setting the threshold and opacity of a parameter, for
example, the operator moves a cursor 305 in the velocity
setting part 302 by using the input part 011. At this moment,
the operator moves the cursor 305 in a large-and-small range,
thereby designating the position of the cursor 305. Then, a
threshold corresponding to the position designated with the
cursor 305 is set as the threshold of velocity. This setting
method is similar to those for setting the opacity of velocity,
the threshold and opacity of dispersion, and the threshold and
opacity of power.

[0051] The image generator 005 receives an input by the
operator, and extracts velocity signals and dispersion signals
as targets to three-dimensionally display from among the
voxel values. Specifically. the image generator 005 converts a
voxel value (v, p, T) inputted from the voxel-value generator
004 into a voxel value (v, T).

[0052] Moreover, the image generator 005 receives an
input by the operator of the threshold of values and opacity of
velocity information as well as the threshold of values and
opacity of dispersion information and obtains a map table of
the thresholds and opacity. Here, the map table is a map that
represents opacity corresponding to a color tone obtained
from the combination of parameter values contained in a
voxel value. That is, one opacity is obtained for one color tone
from the map table.

[0053] Here, the map table of the opacity is an “opacity
map” ofthe present invention, and the map table of the thresh-
old is a “threshold map.” The map table of the opacity and the
map table of the threshold may be presented as a single map
table in which opacity and threshold are combined, such as a
table in which opacity is set and displayed for a voxel having
a voxel value equal to or more than a certain value (velocity
and dispersion in this embodiment).

[0054] In this embodiment, with a single map table in
which threshold and opacity are combined, threshold and
opacity are assigned to a corresponding voxel. This map table
is, for example, a map table 401 shown in FIG. 4.

[0055] FIG. 4 is a schematic view of the map table for the
thresholds and opacity. A graph in FIG. 4 is a graph in which
velocity information is taken on the X-axis, dispersion infor-
mation is taken on the Y-axis, and opacity is taken on the
Z-axis. A maximum X (velocity) value 402 and a maximum'Y
(dispersion) value 403 where the table and an XY plane
contact become thresholds. In other words, it can be said that
when the value of the opacity is minus, it exceeds the thresh-
old. This color-tone table 201 on the X-Y coordinates of this
graphin F1G. 4 is the same as the color-tone table 201 shown
in FIG. 2.

[0056] A method for creating the map table 401 will now be
specifically described. For example, assuming the voxel
opacity is H, the velocity value is v, the dispersion value is T,
the opacity of velocity (velocity emphasis coefficient) is Av,
the opacity of dispersion (dispersion emphasis coefficient) is

Jan. 15, 2009

At, the threshold of velocity is hv, the threshold of dispersion
is ht, and the weighting of velocity for dispersion (velocity
emphasis rate) is a, the opacity is expressed by Formula 1.

H=0xAvx(V-hv)2x(1-c)xAdtx(T-ht)2+ax(4v/5)x (V-

Iv+(1-o)x(At/5)x(T-ht) Formula 1

In a case where

X=(v-hv) and

Y=(T-ht),

X=0 when X<0, and

Y=0 when Y <0,

whereby the map table 401 is created.

[0057] This Formula 1 is equivalent a “formula for obtain-
ing the opacity from a plurality of parameters,” and designa-
tion of ranges of X and Y are equivalent to designation of “the
thresholds of the plurality of parameters for specifying a
range of displaying the three-dimensional image.”

[0058] Examples of the map table 401 created by the
method described above are map tables shown in F1G. 7, FIG.
8 and FIG. 9. Here, each of FIGS. 7, 8 and 9 is a view of an
example of the map table in which the thresholds of velocity
and dispersion and opacity are changed. The map table 401
that represents opacity corresponding to the color-tone table
201 is the “opacity map” and the “threshold map” of the
present invention. Each of FIGS. 7 to 9 is a graph in which
velocity is taken on the X-axis, dispersion is taken on the
Y-axis and opacity is taken on the Z-axis. The opacity is a
value represented by a ratio in which 0 is white and 1 is black.

[0059] FIG. 7 shows a map table in a case where each
parameter is set as shown in Table 1.
TABLE 1

a: velocity emphasis rate 0.5

Av: velocity emphasis coefficient 2.4

At: dispersion emphasis coefficient 2.4

hv: threshold of velocity 0.2

ht: threshold of dispersion 0.2

[0060] FIG. 8 shows a map table in a case where each
parameter is set as shown in Table 2.
TABLE 2

a: velocity emphasis rate 0.5

Av: velocity emphasis coefficient 35

At: dispersion emphasis coefficient 1.7

hv: threshold of velocity 0.3

ht: threshold of dispersion 0.1

[0061] FIG. 9 shows a map table in a case where each
parameter is set as in Table 3.
TABLE 3

a: velocity emphasis rate 0.5

Av: velocity emphasis coefficient 5.8

At: dispersion emphasis coefficient 5.7

hv: threshold of velocity 0

ht: threshold of dispersion 0

[0062] Moreover, as other examples of the map table 401,
assuming the voxel opacity is H, the velocity value is v, the
dispersion value is T, the opacity of velocity (velocity empha-
sis coefficient) is Av, the opacity of dispersion (dispersion
emphasis coefficient) is At, the threshold of velocity is hv, the
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threshold of dispersion is ht, and the weighting of velocity for
dispersion (velocity emphasis rate) is a, the opacity can be
expressed by Formula 2.

H=0xAvx(V-hv)2+(1-c)xdtx(T-ht)2 Formula 2

In a case where

X=(v-hv) and

Y=(T-ht),

X=0 when X<0 and

Y=0 when Y <0,

whereby the map table 401 is created.

[0063] This Formula 2 is equivalent to the “formula for
obtaining the opacity from a plurality of parameters,” and
designation of ranges of X and Y is equivalent to the “thresh-
olds of the plurality of parameters for specifying a range to
display the three-dimensional image.”

[0064] Examples of the map table 401 created with the
method described above include the map tables shown in FIG.
10 and FIG. 11. Here, FIG. 10 and FIG. 11 are each views of
example map tables in which the thresholds of velocity and
dispersion and opacity are changed. The map table 401 that
represents opacity corresponding to this color-tone table 201
is an “opacity map” and a “threshold map” of the present
invention.” Both FIG. 10 and FIG. 11 are graphs in which the
X-axis represents velocity, the Y-axis represents dispersion,
and the Z-axis represents opacity. The opacity is a value
represented by a ratio in which 0 is white and 1 is black.

[0065] FIG. 10 shows a map generated when each param-
eter is set as shown in Table 4.
TABLE 4

a: velocity emphasis rate 0.5

Av: velocity emphasis coefficient 1.5

At: dispersion emphasis coefficient 1.5

hv: threshold of velocity 0.2

ht: threshold of dispersion 0.2

[0066] FIG. 11 shows a map generated when each param-
eter is set as shown in Table 5.
TABLE 5

a: velocity emphasis rate 0.6

Av: velocity emphasis coefficient 1.9

At: dispersion emphasis coefficient 1

hv: threshold of velocity 0.2

t: threshold of dispersion 0.2

[0067] In this way, based on the thresholds and opacity for
aplurality of parameters inputted by the operator, a map table
of opacity and threshold satisfying the requirements is cre-
ated, so that it becomes possible to easily form a map table
with the desired opacity and threshold for each color tone in
the color-tone table.

[0068] Next, the image generator 005 first sets the velocity
information value in each voxel to 6 bits and the dispersion
information value to 6 bits. As the color tone of the voxel, with
reference to the color-tone table 201 as shown by the X- and
Y-axes of the graph in FIG. 4 (i.e., a color-tone table similar to
the color-tone table 201 in FIG. 2), a specified value is
assigned to the voxel from the combination of the velocity
information value and the dispersion information value. Spe-
cifically, for example, in a case where the voxel value is (v,
T)=(v,, T,), assuming a point 202 in FIG. 2 represents veloc-
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ity v, and a point 203 represents dispersion T, the color tone
represented at a point 204 is assigned as the color tone for the
voxel value (v, T,).

[0069] Moreover, the image generator 005 obtains values
for calculating the opacity and threshold from the voxel val-
ues and, with reference to the map table 302, obtains the
opacity corresponding to the assigned color tone.

[0070] Specifically, the image generator 005 first receives
an input of the ratio of the weighting of each parameter by the
operator using the user interface 010 and performs weighting
for the opacity and threshold for the velocity information
value and the dispersion information value contained in the
voxel value. This weighting is the “weighting in display” of
the present invention. Consequently, it is possible to deter-
mine the ratio for which parameter (physical quantity) will be
prioritized in the opacity. The ratio of velocity to dispersion is
0.8:0.2 in the following description. Here, for input of the
weighting by the operator, a setting screen 500 in which the
display 012 in the user interface 010 is displayed as shown in
FIG. 5 is used. In this setting screen 500, a cursor 501 is
placed at the position of the relevant percentage, with the
whole being treated as having the value 1, and the ratio of the
weighting of each parameter is determined with the ratio
between the right and the left corresponding to the position of
that cursor 501. FIG. 5 is a view showing an example of the
setting screen for the weighting of the opacity. Here, the
setting screen 500 is displayed on the display 012 included in
the user interface 010. FIG. 5 shows the setting screen 500 set
in such aratio that the velocity is 0.8 and the dispersionis 0.2.
For example, in a voxel value in which the velocity is 0.4 and
the dispersion is 0.6, velocity=0.4x0.8=0.32 and disper-
sion=0.6x0.2=0.12. Then, each result is added to obtain a
value (hereinafter this value is referred to as “opacity-calcu-
lation target value™) for calculating the opacity. That is, (vx0.
8, T%0.2)=(0.32, 0.12) becomes an opacity-calculation target
value in the aforementioned voxel. Then, based on this opac-
ity-calculation target value, the opacity is determined refer-
ring to the map table 401. Specifically, assuming a point 404
shown in FIG. 4 represents velocity 0.32 and a point 405
represents dispersion 0.12, a point with one color tone is
determined on the XY plane. Then, a point 406 on the map
table 401 corresponding to a point with that color tone is
obtained. Then, a value in the 7 direction of the point 406 (i.e.,
the opacity represented at a point 407) will be the opacity
assigned to the opacity-calculation target value (0.32, 0.12).
Here in this embodiment, in order to display an image that is
easy to perceive and that meets the operator’s requirements,
the weighting of the opacity for each parameter is performed.
However, it is also possible to set the opacity without per-
forming this weighting.

[0071] The image generator 005 executes a three-dimen-
sional rendering operation similar to that used for B-mode
images on voxels with a value equal to or more than the
threshold, by using the color tone and opacity for the voxel
(i.e., using a color tone with the opacity as a voxel value), and
obtains display image data.

[0072] The image generator 005 inputs the display image
data for B-mode images and the display image data for color
Doppler images obtained in the three-dimensional rendering
operation, into a display controller 006.

[0073] The display controller 006 controls to display the
display image data for B-mode images and the display image
data for color Doppler images in combination with corre-
sponding points of the two-dimensional coordinates on the
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display 012, thereby controlling the display 012 to display a
three-dimensional image in which a B-mode three-dimen-
sional image, which is a three-dimensional image of a histo-
logical image, and a color Doppler three-dimensional image,
which is a three-dimensional image of blood flow volume, are
combined.

[0074] Next, with reference to FIG. 6, the operational flow
for generating images of the ultrasonic imaging apparatus
according to this embodiment will now be explained. FIG. 6
is a flowchart of the operations for generating images of the
ultrasonic imaging apparatus according to this embodiment.
[0075] Step S001: The transmitter/receiver 002 transmits
and receives ultrasonic waves to and from a subject via the
ultrasonic probe 001 and outputs received signals to the signal
processor 003.

[0076] Step S002: The signal processor 003 executes signal
processing on the signals inputted from the transmitter/re-
ceiver 002 and calculates B-mode image signals and color
Doppler image signals. The signal processor 003 outputs the
calculated B-mode image signals and color Doppler image
signals to the voxel-value generator 004.

[0077] Step S003: The voxel-value generator 004 creates
voxel values for B-mode images having a luminance value as
values based on the B-mode image signals inputted from the
signal processor 003, and also creates voxel values for color
Doppler images containing a plurality of physical quantities
(velocity, power and dispersion of a blood flow) based on the
color Doppler image signals inputted from the signal proces-
sor 003.

[0078] Step S004: The image generator 005 receives an
input by the operator through the input part 011 to select a
parameter to use from the voxel values for color Doppler
images. Here, velocity and dispersion are selected.

[0079] Step S005: A calculator 007 receives an input by the
operator of the thresholds of velocity and dispersion and the
opacity from the user interface 010 having the screen 300
(refer to FIG. 3), and calculates the map table 401 (refer to
FIG. 4) of the opacity and thresholds for determining the
opacity of each color tone in the color-tone table 201 corre-
sponding to combinations of velocity and dispersion stored in
the storage 008. The calculator 007 causes the storage 008 to
store the map table of the opacity and thresholds having been
calculated.

[0080] Step S006: The operator sets the weighting to the
opacity of velocity and dispersion by using the user interface
010 having the setting screen 500 (refer to FIG. 5). Then, the
image generator 005 receives the weighting to the opacity of
velocity and dispersion by the operator, and executes the
weighting to the opacity on a plurality of parameters con-
tained in a voxel value having been inputted from the voxel-
value generator 004 to obtain the opacity-calculation target
value.

[0081] Step S007: The image generator 005 refers to the
color-tone table 201 of the combination of velocity and dis-
persion stored in the storage 008, and obtains the color tone of
each voxel based on the velocity and dispersion contained in
the voxel value having been inputted from the voxel-value
generator 004.

[0082] Step S008: The image generator 005 refers to the
map table 401 of the opacity and threshold, and determines
the opacity corresponding to each voxel whose voxel value
exceeds the threshold based on the obtained opacity-calcula-
tion target value.
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[0083] Step S009: The image generator 005 executes the
three-dimensional rendering operation on each voxel based
on the voxel value for B-mode image, and obtains B-mode
three-dimensional image data. Further, the image generator
005 executes the three-dimensional rendering operation on
each voxel based on the color tone and opacity of a voxel
having a voxel value for color image exceeding the threshold,
and obtains three-dimensional image data of color Doppler
image. Furthermore, the image generator 005 outputs the
B-mode three-dimensional image data and the three-dimen-
sional image data of color Doppler image that have been
obtained, to the display controller 006.

[0084] Step S010: The display controller 006 combines the
B-mode three-dimensional image data and the three-dimen-
sional image data of color Doppler image that have been
inputted from the image generator 005, and controls the dis-
play 012 to display a three-dimensional image in which a
B-mode three-dimensional image and a three-dimensional
image of a color Doppler image are combined.

(Effect)

[0085] As described above, the ultrasonic imaging appara-
tus according to this embodiment makes it possible to make a
plurality of physical quantities composing a blood-flow
image contained in a voxel value as parameters (a velocity
value and a dispersion value in this embodiment). Conse-
quently, it is possible to simultaneously handle a plurality of
parameters in one image processing, and it is possible to
easily obtain the color tone of a voxel from color-tone tables
including combinations of the respective parameters.

[0086] Moreover, as a method of setting the opacity (in-
cluding a threshold) for a voxel, it is possible to use a user
interface similar to that used in the conventional opacity
setting and threshold setting. Additionally, since the user can
set the weighting between velocity and dispersion by using a
simple user interface, it becomes possible to easily assign set
values for three-dimensional display to all color Doppler
images on a two-dimensional map.

[0087] Further, the ultrasonic imaging apparatus according
to this embodiment makes it possible to make two parameters
(e.g., velocity and dispersion) contained in two color Doppler
image voxel values.

[0088] Consequently, for example, in the case of observa-
tion of regurgitation of a blood flow in a heart, itis possible to
visualize dispersion components to easily visualize disorder
of the flow due to the regurgitation, whereby the operator can
easily grasp a three-dimensional range thereof. Moreover, the
operator can quantify the regurgitated volume by using the
velocity value of the blood flow within the range.

[0089] Furthermore, this embodiment describes the ultra-
sonic imaging apparatus that receives a voxel value contain-
ing three physical quantities from the voxel-value generator
and uses two of the three physical quantities as parameters,
but it is also possible to use only one of the physical values
contained in the voxel value having been received from the
voxel-value generator and display a three-dimensional
image. In this case, it is possible to set a color tone and
opacity, and generate a three-dimensional image using them,
in an operation as conventional.

[0090] In the above description, the ultrasonic imaging
apparatus according to this embodiment uses two parameters,
but it can also be operated in a configuration that uses two or
more parameters to obtain the opacity (e.g., a configuration
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that uses three parameters of velocity, power value and dis-
persion of a blood flow to obtain the transparency).

[0091] Further, in this embodiment, a map is created based
on a mathematical formula for obtaining opacity, and the
opacity corresponding to a parameter is obtained from the
created map, but it is also possible to configure so as to obtain
the opacity to become a voxel value directly from the math-
ematical formula. In this case, a calculator 051 included in the
image generator 005 obtains the opacity of each voxel based
on the mathematical formula for obtaining the opacity from a
plurality of parameters. Then, the image generator 005
executes rendering based on the obtained voxel value.

Second Embodiment

[0092] Next, an ultrasonic imaging apparatus according to
a second embodiment of the present invention will be
described. The ultrasonic imaging apparatus according to this
embodiment is configured to, in the ultrasonic imaging appa-
ratus according to the first embodiment, have a fixed lookup
table showing the threshold and opacity corresponding to
each color-tone table stored in the storage 008 previously.
Below, the lookup table previously stored in the storage 008
and the calculation of a voxel value to become a value for
three-dimensional rendering operation using the table will be
described. The configuration of the ultrasonic imaging appa-
ratus according to this embodiment is also shown by the block
diagram of FIG. 1, similarly to the ultrasonic imaging appa-
ratus according to the first embodiment.

[0093] The storage 008 previously stores a lookup table in
which correspondence of color tone and opacity correspond-
ing to each color-tone table (i.e., a color-tone table of velocity
and dispersion, a color-tone table of dispersion and power,
and a color-tone table of velocity and power) is described.
This lookup table is equivalent to an “opacity map” and a
“threshold map” of the present invention.

[0094] Here, in a case where the value of velocity informa-
tionisset to 6 bit and the value of dispersion information is set
to 6 bit in one voxel as in the first embodiment, there are 4,096
(64x64) patterns of combinations of color tones. Although a
lookup table having 4,096 patterns of color tones and opaci-
ties is necessary to set the opacities corresponding to all of the
color tones, it is possible to roughly grasp the condition of
each parameter expressed in a three-dimensional image with-
out making changes in transparency so precisely, and there-
fore, it is possible to set opacities each corresponding to a
package of color tones. In addition, it is very complicated to
set the correspondence of the opacity of each of the color
tones. Therefore, in this embodiment, the thresholds and
opacity are set for a 64-level scale. The scale of the opacity
and threshold may be another scale.

[0095] Theimage generator 005 receives an input from the
voxel-value generator 004, and first refers to the color-tone
table 201 stored in the storage 008 to determine the color tone
of each voxel.

[0096] Next, the image generator 005 obtains an opacity-
calculation target value for each voxel by using the weighting
of each parameter on the opacity having been inputted from
the user interface 010 by the operator.

[0097] The image generator 005 rounds the obtained opac-
ity-calculation target value so as to apply to the aforemen-
tioned lookup table of the opacity shown by the 64-level
scale, and determines the opacity of each voxel based on the
correspondence.
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[0098] In this way, in the ultrasonic imaging apparatus in
this embodiment, the color tone and opacity, which are voxel
values for performing the three-dimensional rendering opera-
tion, are obtained.

[0099] As described above, in the ultrasonic imaging appa-
ratus of this embodiment, it is possible to obtain the opacity of
each voxel by using a previously stored lookup table that
shows the correspondence of color tones and opacity. Conse-
quently, even if the operator does not set the threshold and
opacity for each parameter (physical quantity) in each time, 1t
is possible to generate a three-dimensional image that repre-
sents two parameters.

[0100] Further, because it is always represented with the
same opacity and threshold, it becomes possible to efficiently
diagnose. Moreover, because the need for calculating a map
table from the threshold and opacity for each parameter is
eliminated, the load on the ultrasonic imaging apparatus for
image processing can be reduced.

Third Embodiment

[0101] Next, an ultrasonic imaging apparatus according to
athird embodiment of the present invention will be described.
The ultrasonic imaging apparatus according to this embodi-
ment uses two of the parameters contained in the voxel value
separately to determine the color tone and set the opacity,
respectively. The configuration of the ultrasonic imaging
apparatus according to this embodiment is also similar to the
configuration shown in the block diagram of FIG. 1.

[0102] The ultrasonic imaging apparatus according to this
embodiment operates as in the first embodiment, from trans-
mission/reception of ultrasonic waves to and from a subject
by the transmitter/receiver 002 to generation of voxel values
by the voxel-value generator 004. Therefore, an operation
after the generation of the voxel values will be described
below. Moreover, in the following description, it is assumed
that the operator has set velocity as a parameter for determin-
ing a color tone and has set dispersion as a parameter for
determining opacity.

[0103] The image generator 005 receives a voxel value (v,
p, T) from the voxel-value generator 004. Next, the image
generator 005 extracts velocity v, which is the velocity con-
tained in the voxel value, as the parameter for determining
color tone, and dispersion T as the parameter for determining
opacity.

[0104] The image generator 005 refers to a previously
stored color-tone table that corresponds to changes in veloc-
ity, thereby determining a color for each voxel.

[0105] Moreover, the image generator 005 receives an
input of the opacity for dispersion by the operator, and deter-
mines the opacity of each voxel by using the opacity.

[0106] Furthermore, the image generator 005 performs the
three-dimensional rendering operation based on the obtained
color tone and opacity of each voxel to generate three-dimen-
sional image data.

[0107] The display controller 006 controls the display 012
to display a three-dimensional image based on the three-
dimensional image data received from the image generator
005.

[0108] As described above, the ultrasonic imaging appara-
tus according to this embodiment makes it possible to accel-
erate the processing by handling the respective parameters
individually. In addition, because a voxel value contains a
plurality of physical quantities, it is possible to easily select
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physical quantities as parameters, and it becomes possible to
easily display three-dimensional images desired by the opera-
tor.

What is claimed is:

1. An ultrasonic imaging apparatus comprising:

a transmitter/receiver configured to transmit and receive
ultrasonic waves to and from a desired region of a sub-
ject via an ultrasonic probe:

asignal processor configured to obtain a plurality of physi-
cal quantities including any of rate, power value and
dispersion of a blood flow from signals outputted by the
transmitter/receiver having received ultrasonic echoes
from the subject;

a voxel-value generator configured to generate a voxel
value containing the plurality of physical quantities;

an image generator configured to sequentially execute a
rendering process on each voxel by using the plurality of
physical quantities contained in the voxel value to gen-
erate a three-dimensional image; and

a display controller configured to control a display to dis-
play the generated three-dimensional image.

2. The ultrasonic imaging apparatus according to claim 1,
wherein the image generator includes a calculator configured
to calculate opacity for each voxel from the plurality of physi-
cal quantities, sets the opacity as a voxel value, and executes
a rendering process based on the voxel value.

3. The ultrasonic imaging apparatus according to claim 1,
wherein the image generator indicates each of the plurality of
physical quantities contained in the each voxel value as a
parameter, receives an input from a user interface configured
to change weighting of the plurality of parameters, changes
the weighting of the parameters in display, and executes a
rendering process based on the weighting.

4. The ultrasonic imaging apparatus according to claim 2,
wherein the calculator is configured to be capable of receiving
a mathematical formula for calculating opacity correspond-
ing to a plurality of parameters from a user interface, and
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calculates opacity for each voxel based on the mathematical
formula for calculating the opacity corresponding to the plu-
rality of parameters having been inputted from the user inter-
face.

5. The ultrasonic imaging apparatus according to claim 2,
wherein the calculator previously stores thresholds of the
plurality of parameters for specifying a range to display the
three-dimensional image, calculates opacity of the voxel
value contained in the range to display, and executes a process
not to display the voxel out of the range to display.

6. The ultrasonic imaging apparatus according to claim 2,
wherein the calculator is configured to be capable of receiving
a mathematical formula for calculating opacity correspond-
ing to a plurality of parameters from a user interface, calcu-
lates opacity of the voxel value contained in the range to
display based on thresholds of the plurality of parameters for
specifying a range to display the three-dimensional image
having been inputted from the user interface, and executes a
process not to display the voxel out of the range to display.

7. The ultrasonic imaging apparatus according to claim 1,
further comprising a storage configured to store a color-tone
table corresponding to values of two parameters of the plu-
rality of parameters contained in the voxel value,

wherein the image generator refers to the color-tone table

to set a color tone corresponding to the parameter value
contained in the each voxel value as a voxel value, and
executes the rendering process based on the color tone.

8. The ultrasonic imaging apparatus according to claim 7,
wherein:

the storage stores a previously created opacity map show-

ing opacity corresponding to each color tone of the
color-tone table; and

the image generator refers to the opacity map to set a color

tone having the opacity corresponding to the color tone
set to the each voxel value as a voxel value.
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