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1
ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC IMAGE DISPLAY
METHOD

FIELD OF THE INVENTION

The present invention relates to an ultrasonic diagnostic
apparatus and an ultrasonic image display method capable of
displaying a 3-dimensional elastic image showing the hard-
ness or softness of biological tissue in an object using ultra-
sonic waves.

DESCRIPTION OF RELATED ART

An ultrasonic diagnostic apparatus transmits ultrasonic
waves to the inside of an object to be examined by an ultra-
sonic probe, and is capable of obtaining and displaying a
3-dimensional tomographic image and a 3-dimensional elas-
tic image on the basis of the reception signals received from
the biological tissue in the object.

At the time of superimposing and displaying a 3-dimen-
sional elastic image over a 3-dimensional tomographic
image, the opacity of the 3-dimensional tomographic image is
set so that the profile or volume of the hard region or soft
region in the 3-dimensional elastic image can be recognized
(for example, Patent Document 1).

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: JP-A-2008-259605

Though the technique disclosed in Patent Document 1
performs volume rendering of a 3-dimensional tomographic
image based on an opacity table in which the opacity is
defined in accordance with the feature quantity of an elastic-
ity value, the setting of opacity in the volume rendering pro-
cess of the 3-dimensional elastic image is not disclosed
therein.

Therefore, there is a possibility, at the time of constructing
a 3-dimensional elastic image by performing volume render-
ing in the line of sight, in the case that a thick region which is
not a region of interest that exists in front of the region of
interest in the line of sight, that the region of interest is hidden
behind the region other than the region of interest. For
example, in the setting of opacity that changes linearly from
the hard region which is the region of interest to the soft
region, there is a possibility that the hard region is hidden
behind the region having the average hardness which is the
region other than the region of interest.

The objective of the present invention is to provide the
ultrasonic diagnostic apparatus and the ultrasonic image dis-
play method capable of appropriately displaying a desired
region of interest in a 3-dimensional elastic image.

BRIEF SUMMARY OF THE INVENTION

In order to achieve the above-described objective, the ultra-
sonic diagnostic apparatus of the present invention com-
prises:

an ultrasonic probe provided with transducers configured
to transmit and receive ultrasonic waves;

atransmission unit configured to transmit ultrasonic waves
to an object to be examined via an ultrasonic probe;

a reception unit configured to receive the reflected echo
signals from the objective;
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2

a3-dimensional elastic image constructing unit configured
to construct a 3-dimensional elastic image by performing
volume rendering on the elastic volume data formed by the
elasticity values based on reflected echo signals; and

a display unit configured to display an 3-dimensional elas-
tic image,

wherein the 3-dimensional elastic image constructing unit
constructs a 3-dimensional elastic image by setting the opac-
ity in the volume rendering of the elastic volume data on the
basis of elasticity values.

In accordance with the present invention, it is possible to
appropriately display a desired region of interest in a 3-di-
mensional elastic image.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the general configura-
tion of the present invention.

FIG. 2 is a view showing a 3-dimensional tomographic
image constructing unit 117 and a 3-dimensional elastic
image constructing unit 118 of the present invention.

FIG. 3 shows an example of an elastic opacity table ina first
embodiment of the present invention.

FIG. 4 shows an example of the elastic opacity table in the
first embodiment of the present invention.

FIG. 5 shows a display pattern of a display unit 111 related
to the present invention.

FIG. 6 shows an example of the elastic opacity table in a
second embodiment of the present invention.

FIG. 7 is a view showing the 3-dimensional elastic image
constructing unit 118 in a third embodiment of the present
invention.

FIG. 8 shows an example of the elastic opacity table in the
third embodiment of the present invention.

FIG. 9 is a view showing the 3-dimensional elastic image
constructing unit 118 in a fourth embodiment of the present
invention.

FIG. 10 shows an example of the elastic opacity table in the
fourth embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

An ultrasonic diagnostic apparatus 100 to which the
present invention is applied will be described referring to
FIG. 1.

As shown in FIG. 1, the ultrasonic diagnostic apparatus
100 comprises an ultrasonic probe 102 configured to be used
by applying to an object 101, a transmission unit 105 config-
ured to repeatedly transmit ultrasonic waves to the object 101
via the ultrasonic probe 102 at predetermined time intervals,
a reception unit 106 configured to receive the reflected echo
signals reflected from the object 101, a transmission/recep-
tion control unit 107 configured to control the transmission
unit 105 and the reception unit 106, and a phasing and adding
unit 108 configured to perform phasing and adding on the
reflected echoes received by the reception unit 106.

The ultrasonic probe 102 is formed by a plurality of trans-
ducers arrayed therein, and has a function to transmit/receive
ultrasonic waves to the object via the transducers. The ultra-
sonic probe 102 is formed by a plurality of rectangle or
fan-shaped transducers, capable of transmitting/receiving
ultrasonic waves 3-dimensionally by mechanically vibrating
the transducers in the direction orthogonal to the array direc-
tion of the plurality of transducers. The ultrasonic probe 102
may also be provided with a plurality of transducers being
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2-dimensionally arrayed therein and a function capable of
electronically controlling transmission and reception of ultra-
sonic waves.

The transmission unit 105 generates a transmission pulse
for generating an ultrasonic wave by activating transducers of
the ultrasonic probe 102. The transmission unit 105 has a
function to set the convergent point of a transmitted ultrasonic
wave at a certain depth. Also, the reception unit 106 generates
an RF signal, i.e. a reception signal by amplifving the
reflected echo signal received by the ultrasonic probe 102 at a
predetermined gain. The ultrasonic transmission/reception
control unit 107 controls the transmission unit 105 and the
reception unit 106.

The phasing and adding unit 108 controls the phase of the
RF signal which is amplified in the reception unit 106 and
generates RF signal frame data (equivalent to RAW data) by
forming an ultrasonic beam with respect to one or plural
convergent points.

Further, the ultrasonic diagnostic apparatus 100 comprises
adatastorage unit 109 configured to store the RF signal frame
data generated in the phasing and adding unit 108, a 2-dimen-
sional tomographic image constructing unit 113 configured to
construct a 2-dimensional tomographic image on the basis of
the RF signal frame data stored in the data storage unit 109, a
tomographic volume data generating unit 115 configured to
generate tomographic volume data by performing 3-dimen-
sional coordinate conversion on the 2-dimensional tomo-
graphic image constructed by the 2-dimensional tomographic
image constructing unit 113 on the basis ofthe position where
the 2-dimensional tomographic image is obtained, a 3-dimen-
sional tomographic image constructing unit 117 configured to
construct a 3-dimensional tomographic image from tomo-
graphic volume data, a 2-dimensional elastic image con-
structing unit 114 configured to construct a 2-dimensional
elastic image on the basis of the plural sets of RF signal frame
data stored in the data storage unit 109, an elastic volume data
generating unit 116 configured to generate elastic volume
data by performing 3-dimensional coordinate conversion on
the 2-dimensional elastic image constructed in the 2-dimen-
sional elastic image constructing unit 114 on the basis of the
position where the 2-dimensional elastic image is obtained, a
3-dimensional elastic image constructing unit 118 configured
to construct a 3-dimensional elastic image from the elastic
volume data on which the coordinate conversion is pet-
formed, a synthesis processing unit 110 configured to synthe-
size a 2-dimensional tomographic image and a 2-dimensional
elastic image or a 3-dimensional tomographic image and a
3-dimensional elastic image, and a display unit 111 config-
ured to display images such as a synthetic image which is
synthesized by the synthesis processing unit 110, a 2-dimen-
sional tomographic image or a 2-dimensional tomographic
image.

Also, the ultrasonic diagnostic apparatus 100 comprises a
control unit 103 configured to control the above-described
components and an operation unit 104 configured to perform
various input to the control unit 103. The operation unit 104
comprises devices such as a keyboard or a trackball.

The 2-dimensional tomographic image constructing unit
113 executes signal processing such as gain compensation,
log compression, detection, edge enthancement or filtering by
inputting the RF signal frame data output from the data stor-
ageunit 109 on the basis of the setting condition in the control
unit 103, and constructs a 2-dimensional tomographic image.

The ultrasonic probe 2 is capable of measuring the trans-
mission/reception directions (8, ¢) at the time of transmitting
and receiving ultrasonic waves, and the tomographic volume
data generating unit 115 generates the tomographic volume
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data by executing 3-dimensional conversion on plural 2-di-
mensional tomographic images on the basis of the transmis-
sion/reception directions (6, ¢) which are equivalent to the
positions where the 2-dimensional images are obtained.

The 3-dimensional tomographic image constructing unit
117 performs volume rendering on the basis of the luminance
and the opacity of the tomographic volume data. In concrete
terms, the 3-dimensional tomographic image constructing
unit 117 is configured by a tomogrpahic opacity table creating
section 200 and a tomographic rendering calculation section
202 as shown in FIG. 2(a).

The tomographic opacity table creating section 200 creates
a tomographic opacity table in which the luminance of a
tomographic image represented by voxel values is set as the
lateral axis and the opacity is set as the vertical axis. The
tomographic rendering calculation section 202 performs vol-
ume rendering on the basis of the created tomographic opac-
ity table using the following equation for constructing a 3-di-
mensional tomographic image from the tomographic volume
data.

[Equation 1]
Cout(f)=Cout(i-1 +(a—Adout(i-1))4(1)-C(i)-SG)
Aout(i)=Aout(i-1)+(1-Aout{i-1))-4(i)

A(1)=Opacity[C(7)]

C(i) is the luminance value of the i-th voxel that exists on
the line of sight when a 3-dimensional tomographic image is
viewed from a certain point on the created 2-dimensional
projected plane. Cout(i) is the output pixel value. For
example, when luminance values of N-number of voxels are
lined up on the line of sight, the luminance value Cout(N-1)
obtained by integration from =0 to N-1 is the pixel value to
be ultimately output. Cout(i-1) represents the integrated
value up to the (i-1)-th voxel.

Also, A(i) is the opacity of the i-th luminance value that
exists on the line of sight, and is the tomographic opacity table
which takes the values of 0-1.0 as indicated in the above
equation (3). The tomographic opacity table is generated in
the tomographic opacity table creating section 200, and deter-
mines the contribution ratio on the output 2-dimensional pro-
jected plane (3-dimensional tomographic image) by referring
to the opacity based on the luminance value.

S(i) is the weighting component for shading to be com-
puted by the slope which is acquired by luminance C(i) and
the surrounding pixel values thereof. For example, when the
light source coincides with the normal line of the plane which
is centered on voxel “1”, 1.0 is given for the maximum reflec-
tion, and when the light source and the normal line are
orthogonal to each other, 0.0 is given which indicates accen-
tuation effect.

Both Cout(i) and Aout(i) have 0 as the initial value. As
shown in the above equation (2), Aout(i) is integrated each
time it passes through a voxel and converged to 1.0. Thus as
shown in the above equation (1), when integrated value Aout
(i-1) of up to the (i-1)-th opacity is about 1.0, the i-th and
sequence luminance values C(i) will not be reflected on the
output image.

The tomographic opacity table creating section 200 is
capable of imaging the tomographic volume data with high
luminance without imaging the tomographic volume data
with low luminance by, for example, setting the opacity of the
low luminance value in the tomographic opacity table as zero.
The tomographic rendering calculation section 202 perform
volume rendering on the basis of the created tomographic
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opacity table, and outputs the constructed 3-dimensional
tomographic image to the synthesis processing unit 110.

In the present embodiment, it is possible to make changes
in a tomographic opacity table. By the control of the control
unit 103 based on the operation of the operation unit 104, the
tomographic opacity table creating section 200 can make
changes in the tomographic opacity table, thereby the tomo-
graphic volume data in which the changes are made in accor-
dance with the changed tomographic opacity table can be
imaged.

The 2-dimensional elastic image constructing unit 114
measures the displacement from the plural sets of RF signal
frame data stored in the data storage unit 109. Then the
2-dimensional elastic image constructing unit 114 calculates
the elasticity value on the basis of the measured displacement,
and constructs a 2-dimensional elastic image. The elasticity
value includes elasticity information such as the strain, elas-
ticity modulus, displacement, viscosity or strain ratio.

The elastic volume data generating unit 116 executes 3-di-
mensional conversion on plural 2-dimensional elastic images
on the basis of the transmission/reception directions (6, ¢)
equivalent to the positions where the 2-dimensional elastic
images are obtained, and generates the elastic volume data.
On the elastic volume data, color values (blue, light blue,
green, yellow, red, etc.) are allotted in accordance with the
elasticity values. For example, a hard region is colored in blue
and a soft region is colored in red.

The 3-dimensional elastic image constructing unit 118
constructs a 3-dimensional elastic image by setting the opac-
ity in volume rendering of the elastic volume data on the basis
of the elasticity values. The opacity is set by the elastic opac-
ity table in which the relationship between the opacity and the
elasticity value is set. In concrete terms, the 3-dimensional
elastic image constructing unit 118 is configured by an elastic
opacity table creating section 204 and an elastic rendering
calculation section 206 as shown in FIG. 2(b).

The elastic opacity table creating section 204 creates the
elastic opacity table in which the relationship between the
opacity and the elasticity value is set. The elastic opacity table
is created for setting the opacity in the volume rendering on
the basis of the elasticity value. FIG. 3 and FIG. 4 show the
elastic opacity table to be created by the elastic opacity table
creating section 204. The relationship between the elasticity
value and the opacity is determined by the elastic opacity
table, and the contribution ratio of the elastic volume data is
set on the 2-dimensional projected plane in the display unit
111.

The elastic opacity table is formed by an opacity line 300
for setting the opacity on the basis of the elasticity value and
a guideline 302 for guiding the setting of the opacity line 300.
Also, acolorbar 304 which corresponds to the elasticity value
of the opacity table is displayed on FIG. 3 and FIG. 4.

As shown in FIG. 3, the elastic opacity table is set by the
opacity line 300 to emphasize and display the region of inter-
est (hard region) to which blue color is given based on the
elasticity value. The opacity is set by the opacity line 300 so
that the opacity of the region of interest (hard region) deter-
mined by the elasticity value becomes higher compared to the
opacity of the region other than the region of interest (stan-
dard region, soft region) to which green color or red color is
given. The standard region to be the region other than the
region of interest has the average hardness in the elastic
volume data, to which mainly green color is given. The region
other than the region of interest mainly includes the standard
region.

In the elastic opacity table, when the opacity in the opacity
line 300 of the region of interest (hard region) to which blue
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6

color is given is set as T1, T1 is set at a value which is close to
1.0 (for example, 0.7<T1<1.0). Also, when the opacity in the
opacity line 300 of the region other than the region of interest
(standard region, soft region) to which green or red is given is
setas T2, T2 is set at a value which is close to 0 (for example,
0<T2<0.5). The opacity of the opacity line 300 is set so that
opacity T2 of the region other than the region of interest will
not be zero. The purpose of this setting is to display the region
of interest (hard region) to which blue color is given rela-
tively. Also, when the opacity in the opacity line 300 of the
region between the region of interest to which light blue is
given and the region other than the region of interest is set as
T3, it is set at a value between T2 and T1 (for example,
T2<T3<T1)

In the present embodiment, further changes can be made in
the opacity of the elastic opacity table. The opacity of the
elastic opacity table can be changed by the elastic opacity
table creating section 204 under the control of the control unit
104 based on the operation in the operation unit 104.

The elastic opacity table creating section 204 makes
changes in the opacity of the opacity line 300 which is equiva-
lent to the region (the region including the standard region)
other than the region of interest to which green color, etc. is
given.

In concrete terms, when an operator moves the opacity line
300 set in the region other than the region of interest shown in
the left view of FIG. 3 in the upward direction, the elastic
opacity table creating section 204 sets the opacity of the
elastic opacity table so that the opacity of the region other
than the region of interest is at the higher level as shown in the
right view of FIG. 3. Conversely, when the operator moves the
opacity line 300 set in the region other than the region of
interest in the downward direction, the elastic opacity table
creating section 204 sets the opacity of the elastic opacity
table so that the opacity of the region other than the region of
interest is at the lower level. The guideline 302 for guiding the
setting of the opacity line 300 indicates the movable range of
the opacity line 300 (for example, 0<T2<0.5). In this manner,
the operator can set the opacity in the opacity line 300 to be set
at the region other than the region of interest (hard region).

While the opacity line 300 is represented by a straight line
in the present embodiment, it may also be represented by a
curved line. In the case that the opacity line 300 is represented
by a curved line, the elastic opacity table creating section 204
sets the opacity corresponding to the curved line in the region
(the region which includes the standard region) other than the
region of interest.

The elastic rendering calculation section 206 performs vol-
ume rendering using the elastic opacity table based on the
opacity line 300 created in the elastic opacity table creating
section 204 and the following equation.

[Equation 2]

Eout(i)=Eout(i-1)+(1-dout(i-1))-4 (i} E()-5() “

Aout(H=4out(i-)+(1-Aout(i-1))-4(}) (5

A())=Opacity[E()] (6)

E(i) is the i-th elasticity value that exists on the line of sight
in the case that a 3-dimensional elastic image is viewed from
a certain point on the created 2-dimensional projected plane.
Eout(i) is the output pixel value. For example, when elasticity
values of N-voxels are lined up in the line of sight, integrated
value Eout(N-1) in which the elasticity values of i=0-N-1 are
integrated is the pixel value to be ultimately output. Eout(i-1)
represents the integrated value up to the (i-1)-th voxel. Also,
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A(i) is the opacity of the i-th elasticity value which exists in
the line of sight, and is the elastic opacity table which is
created in the elastic opacity table creating section 204 as
shown in the equation (6).

S(i) is the weighting component for shading to be com-
puted by the slope which is acquired based on elasticity value
E@i) and the surrounding elasticity values thereof. For
example, when the light source coincides with the normal line
of the plane which is centered on voxel “i”, 1.0 is given for the
maximum reflection, and when the light source and the nor-
mal line are orthogonal to each other, 0.0 is given which
indicates accentuation effect.

Both Eout(i) and Aout(i) have 0 as the initial value. As
shown in the equation (5), Aout(1) is integrated each time it
passes through a voxel and converged to 1.0. Thus as shown
in the equation (4), when integrated value Aout(i-1) of the
opacity of up to the (i-1)-th voxel is about 1.0, the i-th and
subsequent voxel values E(1) will not be reflected on the
output image.

The synthesis processing unit 110 respectively reads out
the 3-dimensional tomographic image which is constructed
as above and a 3-dimensional elastic image, performs cumu-
lative addition by multiplying the transmission factor which
is set in the operation unit 104 on a 2-dimensional projected
plane, and creates a 3-dimensional synthetic image. The dis-
play unit 111 displays the 3-dimensional synthetic image
created in the synthesis processing unit 110.

Also, the elastic opacity table creating section 204 is
capable of setting the opacity by the opacity line 300 of the
elastic opacity table so that the region of interest (soft region)
to which red color is given based on the elasticity value is
emphasized and displayed as shown in FI1G. 4(a). The elastic
opacity table is set such that the opacity of the region of
interest determined by the elasticity value becomes higher
compared to the opacity of the region other than the region of
interest. In concrete terms, the opacity is set by the opacity
line 300 so that the region of interest (soft region) determined
on the basis of the elasticity value becomes higher compared
to the opacity of the region other than the region of interest
(standard region, hard region) to which green color or blue
color, etc. 1s given.

The elastic opacity table creating section 204 is capable of
setting the opacity of an opacity line 400 which is equivalent
to the region other than the region of interest (standard region,
hard region) to which green color or red color, etc. is given
under the control of the control unit 103 based on the opera-
tion of the operation unit 104. When the opacity line 400 set
at the region other than the region of interest is moved in the
upward direction as shown in the left view of FIG. 4(a), the
opacity of the region other than the region of interest is set at
the higher level as shown in the right view of FIG. 4(a).
Conversely, when the opacity line 400 set at the region other
than the region of interest is moved in the downward direc-
tion, the opacity of the region other than the region of interest
is set at the lower level. A guideline 402 for guiding the setting
of the opacity line 400 indicates the movable range of the
opacity line 400 (for example, 0<T2<0.5)

Also, the elastic opacity table creating section 204 is
capable of setting the opacity by an opacity line 404 of the
elastic opacity table such that the region of interest (hard
region, soft region) to which blue color or red color is given on
the basis of the elasticity value is emphasized and displayed
as shown in FIG. 4(5). The opacity is set by the opacity line
404 so that the opacity of the region of interest (hard region,
soft region) determined by the elasticity value becomes
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higher compared to the opacity of the region other than the
region of interest (standard region) to which green color, etc.
is given.

The elastic opacity table creating section 204 is capable of
setting the opacity of the opacity line 404 which is equivalent
to the region other than the region of interest (standard region)
to which green color, etc. is given, under control of the control
unit 103 based on the operation of the operation unit 104.
When the opacity line 404 set at the region other than the
region of interest shown in the left view of FIG. 4(b) is moved
in the upward direction, the opacity of the region other than
the region of interest is set at the higher level as shown in the
right view of FIG. 4(b). Conversely, when the opacity line 404
set at the region other than the region of interest is moved in
the downward direction, the opacity of the region other than
the region of interest is set at the lower level. A guideline 406
for guiding the setting of the opacity line 404 indicates the
movable range of the opacity line 404 (for example,
0<T2<0.5).

FIG. 5 shows a display pattern of the display unit 111. An
image 500, an opacity table selecting area 502, an opacity
setting area 504 and an elastic opacity table 506 are displayed
on the same screen.

The image 500 is, for example a 3-dimensional synthetic
image in which a 3-dimensional tomographic image and a
3-dimensional elastic image are synthesized, or a 3-dimen-
sional elastic image.

The opacity table selecting area 502 is for selecting the
elastic opacity table from among a plurality of opacity tables
which are stored in advance. It comprises a storage area (not
shown in the diagram) that stores a plurality of elastic opacity
tables in FIG. 3, FIGS. 4(a) and (b) that are described above.
A plurality of opacity tables are displayed on the display unit
111, and an elastic opacity table can be selected under control
of the control unit 103 based on the operation of the operation
unit 104. The elastic opacity table 506 which is selected by the
operation unit 104 is displayed. Here, the concaved elastic
opacity table in FIG. 4(b) is selected, and is displayed as
shown in 506.

The opacity setting area 504 is capable of setting the opac-
ity of the opacity line 404 which is equivalent to the region
other than the region of interest (standard region) by a
numeric setting unit or a slide bar which is equivalent to the
operation unit 104. Here, the opacity of the opacity line 404 is
set at “0.5”. The numeric or the slide bar can also indicate the
settable range of the opacity of the opacity line 400.

Since the image 500, the opacity table selecting area 502,
the opacity setting area 504 and the opacity table are dis-
played on the same screen, the operator can select the pattern
of the opacity table or set the opacity of the elastic opacity
table while observing the image 500, for constructing an
optimum image.

As described above, in accordance with the first embodi-
ment, at the time of constructing a 3-dimensional elastic
image by performing volume rendering in the line of sight
direction, even when a thick region (the region including the
standard region) other than the region of interest exists in
front of the region of interest which is the observation target
in the line of sight of the 3-dimensional elastic image, the
region of interest can be displayed without being hidden by
the region (the region including the standard region) other
than the region of interest by setting the opacity of an elastic
opacity table in accordance with the elasticity value.

For example, in the case that the region of interest is at the
deep portion in the line of sight, the region of interest can be
observed by lowering the opacity of the region (the region
including the standard region) other than the region of interest
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to make the region (the region including the standard region)
other than the region of interest which is on the near side of the
region of interest transparent.

In this manner, a region of interest which is the observation
target in a 3-dimensional elastic image can be appropriately
displayed.

Here, the second embodiment will be described referring to
FIG. 1~FIG. 6. The difference from the first embodiment is
that the opacity of the region excluding the standard region is
set by the elastic opacity table creating section 204. The
configuration other than the elastic opacity table creating
section 204 will be omitted since it is the same as the first
embodiment.

The elastic opacity table creating section 204 sets the opac-
ity by an opacity line 600 of an elastic opacity table so that the
region of interest (hard region, soft region) to which blue
color or red color is given on the basis of the elasticity value
is emphasized and displayed, as shown in the left view of FIG.
6.

Given this factor, for example in the case that the region of
interest (hard region) to which blue color is given is to be
further emphasized, the elastic opacity table creating section
204 sets the opacity of the opacity line 600 which is equiva-
lent to the region excluding the standard region to which red
color is given. In concrete terms, when the opacity line 600
which is set at the opacity of the region excluding the standard
region shown in the left view of FIG. 6 is moved in downward
direction, the opacity of the region excluding the standard
region is set lower as shown in the right view of FIG. 6.

In the present embodiment in the case that the region of
interest (soft region) to which red color is given is to be further
emphasized, the elastic opacity table creating section 204 can
also set the opacity of the opacity line 600 which is equivalent
to the region excluding the standard region to which blue
color is given.

As described above, in accordance with the present
embodiment at the time of constructing a 3-dimensional elas-
tic image by performing volume rendering in the line of sight
direction, it is possible to further emphasize and display the
region of interest which requires specific attention.

The third embodiment will be described referring to FIG.
1~FIG. 8. The difference from the first embodiment and the
second embodiment is that the opacity of the elastic opacity
table is set for every line of sight (direction) on the basis of the
number of voxels in the elastic volume data on which volume
rendering is performed. In other words, the opacity in the
elastic opacity table is set on the basis of the number of voxels
in the elastic volume data on which volume rendering is
performed.

As shown in FIG. 7, the 3-dimensional elastic image con-
structing unit 118 is formed by a visual-line setting section
700 configured to set the line of sight (direction) with respect
to the elastic volume data, a voxel counting section 702 con-
figured to count the number of voxels in the line of sight
(direction) set in the elastic volume data, an elastic opacity
table creating section 704 configured to create the elastic
opacity table based on the counted number of voxels, and an
elastic rendering calculation section 706 configured to per-
form volume rendering on the elastic volume data using the
created elastic opacity table.

The 3-dimensional elastic image constructing unit 118 in
the present embodiment will be described in concrete terms
referring to FIG. 8. In the pattern of FIG. 8(a), the visual-line
setting section 700 sets a line of sight 802 on the diagonal line
of elastic volume data 800 under control of the control unit
103 based on the operation of the operation unit 104. The
display unit 111 can display the elasticity volume data 800
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and the line of sight 802. The voxel counting section 702
counts the number of voxels in the line of sight 802 which is
set in the elastic volume data 800. The counted number of
voxels is indicated by the length of a line 806. The voxel
counting section 702 may also execute the processing for
searching a structural object that positions at the shallowest or
deepest portion in the line of sight and calculate the number of
voxels up to the target structural object.

As shown in the first embodiment, the elastic opacity table
creating section 704 first sets the opacity of the elastic opacity
table by an opacity line 808 so that the opacity of the region of
interest (hard region, soft region) to which blue color or red
color that are determined by the elasticity value is given
becomes higher conpared to the opacity of the region other
than the region of interest (standard region) to which green
color, etc. is given.

In the pattern of FIG. 8(a), since the line of sight 802 is set
on the diagonal line of the elastic volume data 800, it has the
maximum number of voxels for performing volume render-
ing. Given this factor, the elastic opacity creating section 704
sets the opacity of the elastic opacity table in accordance with
the number of voxels, so that the region of interest (hard
region, soft region) will not be hidden by the region other than
the region of interest (standard region) due to having higher
number of voxels for performing volume rendering.

In concrete terms, the elastic opacity table creating section
704, when the opacity in the opacity line 808 of the region
other than the region of interest (standard region) to which
green color is given is set as T2, sets the opacity line 808 so
that an opacity T2 of the region other than the region of
interest becomes low (for example, 0<T2<0.1). A guideline
810 is for indicating the movable range of the opacity line 808
(for example, 0<T12<0.5).

The elastic rendering calculation section 706 performs vol-
ume rendering using the elastic opacity table based on the
opacity line 808 created in the elastic opacity table creating
section 704 and the above equation (equation 2).

On the other hand, in the pattern of FIG. 8(5), the visual-
line setting section 700 sets the line of sight 802 so that the
line of sight 802 will not cross orthogonally with respect to a
side of the elastic volume data 800, under control of the
control unit 103 based on the operation of the operation umt
104. The voxel counting section 702 counts the number of
voxels in the line of sight 802 which is set in the elastic
volume data 800. The counted number of voxels is indicated
by the length of a line 814.

As in the first embodiment, the elastic opacity table creat-
ing section 704 first sets the opacity ofthe elastic opacity table
by the opacity line 808 so that the opacity of the region of
interest (hard region, soft region) to which blue color or red
color determined by the elasticity is given becomes higher
compared to the opacity of the region other than the region of
interest (standard region) to which green color, etc. is given.

In the pattern of FIG. 8(b), since the line of sight 802 is set
so that the line of sight 802 will not cross a side of the elastic
volume data 800 orthogonally, the number of voxels for per-
forming volume rendering is smaller than the pattern in FIG.
8(a). The elastic opacity creating section 704 sets the opacity
of the elastic opacity table in accordance with the number of
voxels, so that the region of interest (hard region, soft region)
will not be hidden by the region other than the region of
interest (standard region).

In concrete terms, the elastic opacity table creating section
704, when the opacity in the opacity line 808 of the region
other than the region of interest (standard region) to which
green color is given is set as T2, sets the opacity line 808 so
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that an opacity T2 of the region other than the region of
interest becomes high (for example, 0.1<T2<0.3).

The elastic rendering calculation section 706 performs vol-
ume rendering using the elastic opacity table based on the
opacity line 808 created in the elastic opacity table creating
section 704 and the above equation (equation 2).

In the third embodiment, when the number of voxels for
performing volume rendering is high, the elastic opacity table
creating section 704 sets the opacity line 808 so that the
opacity of the region other than the region of interest becomes
low. On the other hand, when the number of voxels for per-
forming volume rendering is low, the elastic opacity table
creating section 704 sets the opacity line 808 so that the
opacity of the region other than the region of interest becomes
high. In this manner, even when a 3-dimensional elastic
image is constructed by changing the line of sight (direction),
since the elastic opacity table creating section 704 counts the
number of voxels for each line of sight and arbitrarily sets the
opacity in accordance with the number of voxels for each line
of sight (direction), it is possible to display a 3-dimensional
elastic image evenly from any line of sight (direction).

The fourth embodiment will be described referring to
FIGS. 1~10. The difference between the present embodiment
and the first-third embodiments is that the cumulative opacity
of the elastic volume data in the line of sight (direction) is
analyzed and the opacity of the elastic opacity table is set on
the basis of the analyzed cumulative opacity.

As shown in FIG. 9, the 3-dimensional elastic image con-
structing unit 118 is formed by a visual-line setting section
900 configured to set the line of sight (direction) with respect
to the elastic volume data, a cumulative opacity analyzing
section 902 configured to analyze the cumulative opacity with
respect to the distance of the line of sight (number of voxels)
in the set line of sight (direction), an elastic opacity table
creating section 904 configured to create an elastic opacity
table on the basis of the analyzed cumulative opacity, and an
elastic rendering calculation section 906 configured to pet-
form volume rendering of the elastic volume data using the
created elastic opacity table.

The 3-dimensional elastic image constructing unit 118 in
the present embodiment will be described in concrete terms
referring to FIG. 10. FIG. 10 shows the cumulative opacity
with respect to the distance of the line of sight (number of
voxels) in the line of sight (direction) set in the visual-line
setting section 900. In the present embodiment, a cumulative
opacity graph 1004 is set as optimal cumulative opacity
graph, since the setting of the opacity thereof is generally
well-balanced.

The cumulative opacity analyzing section 902 analyzes the
cumulative opacity with respect to the visual-line distance
(number of voxels) in the set line of sight (direction).

Here, it is assumed that a cumulative opacity graph 1002 is
acquired as a result of analyzing the cumulative opacity in the
line of sight (direction) in the cumulative opacity analyzing
section 902. The cumulative opacity graph 1002 has a high
cumulative opacity with respect to the visual-line distance
(number of voxels), and the cumulative opacity reaches 1.0 at
the point where the visual-line distance (number of voxels)
reaches P1.

Given this factor, the elastic opacity table creating section
904 sets the opacity in the elastic opacity table so that the
cumulative opacity graph 1002 in the line of sight (direction)
becomes the optimal cumulative opacity graph 1004. In con-
crete terms, elastic opacity table creating section 904, for
example moves the opacity line 404 which is set in the region
other than the region of interest to which green color, etc. is
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given in the downward direction, and lowers the opacity ofthe
region other than the region of interest as shown in FIG. 4(5).

Also, it is assumed that a cumulative opacity graph 1006 is
acquired as a result of analyzing the cumulative opacity in the
line of sight (direction) by the cumulative opacity analyzing
section 902. The cumulative opacity of the cumulative opac-
ity graph 1006 with respect to the visual-line distance (num-
ber of voxels) is low, and the cumulative opacity reaches 1.0
at the point where the visual-line distance (number of voxels)
reaches P2. Also, the cumulative opacity of the cumulative
opacity graph 1006 reaches 0.5 at the position of a visual-line
distance (number of voxels) P1. In this case, the output elas-
ticity value becomes half the elasticity value of the elastic
volume data, and the value can be diagnosed as harder than
the actual hardness.

Given this factor, the elasticity opacity table creating sec-
tion 904 sets the opacity in the elasticity opacity table so that
the cumulative opacity graph 1006 in the line of sight (direc-
tion) becomes the optimal cumulative opacity graph 1004. In
concrete terms, for example the elastic opacity table creating
section 904 moves the opacity line 404 which is set at the
region other than the region of interest to which green color,
etc. is given toward upward direction, and sets the opacity at
a higher value than the opacity in the region other than the
region of interest, as shown in FIG. 4(b)

The elastic rendering calculation unit 906 performs vol-
ume rendering using the elasticity opacity table created in the
elastic opacity table creating section 904 the above equation
(equation 2).

In the fourth embodiment, a 3-dimensional elastic image
can be displayed evenly from any line of sight (direction), by
analyzing the cumulative opacity in the line of sight (direc-
tion) and setting the opacity of the elastic opacity table on the
basis of the analyzed cumulative opacity.

DESCRIPTION OF REFERENCE NUMERALS

100 ultrasonic diagnostic apparatus

102 ultrasonic probe

103 control unit

104 operation unit

105 transmission unit

106 reception unit

107 transmission/reception control unit

108 phasing and adding unit

109 data storage unit

110 synthesis processing unit

111 display unit

113 2-dimensional tomographic image constructing unit

115 elastic image 3-dimensional coordinate converting
unit

117 3-dimensional tomographic image constructing unit

114 2-dimensional elastic image constructing unit

116 elastic image 3-dimensional coordinate converting
unit

118 3-dimensional elastic image constructing unit

The invention claimed is:

1. An ultrasonic diagnostic apparatus comprising;

an ultrasonic probe provided with transducers for transmit-
ting/receiving ultrasonic waves;

a transmission unit configured to transmit the ultrasonic
waves to an object to be examined via the ultrasonic
probe;

areception unit configured to receive reflected echo signals
from the object;



US 9,247,922 B2

13

a processor configured to act as:

a3-dimensional elastic image constructing unit configured
to construct a 3-dimensional elastic image comprising a
region of interest and a region other than the region of
interest by performing volume rendering on elastic vol-
ume data formed by elasticity values based on the
reflected echo signals;

an elastic opacity table creating section configured to cre-
ate an elastic opacity table setting a relationship between
an opacity in the volume rendering of the elastic volume
data and an elasticity value, the region of interest having
a first opacity corresponding to a first elasticity value
range in the elastic opacity table, and the region other
than the region of interest having a second opacity cor-
responding to a second elasticity value range in the
elastic opacity table, the second elasticity value range
being a larger range than the first elasticity value range,
the elastic opacity table creating section configured to
set the first opacity of the region of interest higher than
the second opacity of the region other than the region of
interest; and

adisplay unitconfigured to display the 3-dimensional elas-
tic image and an opacity setting area for setting an opac-
ity of the region other than the region of interest relative
to the first opacity of the region of interest in accordance
with operation by an operator,

wherein

the elastic opacity table creating section is configured to, in
response to the operation by the operator on the opacity
setting area, change the second opacity to a third opacity
corresponding to the second elasticity value range in the
elastic opacity table, and

the 3-dimensional elastic image constructing unit is con-
figured to set an opacity of the 3-dimensional elastic
image depicting the region of interest and the region
other than the region of interest using the elastic opacity
table.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the display unit is configured to display, in addition
to the 3-dimensional elastic image and the opacity setting
area, the elastic opacity table.
3. The ultrasonic diagnostic apparatus according to claim
1, further comprising a 3-dimensional tomographic image
constructing unit configured to generate tomographic volume
data based on the reflected echo signals and perform volume
rendering based on a luminance and an opacity of the tomo-
graphic volume data, wherein the display unit is further con-
figured to display a 3-dimensional tomographic image.

4. An ultrasonic diagnostic apparatus comprising;

an ultrasound probe provided with transducers for trans-
mitting/receiving ultrasonic waves;

a transmission unit configured to transmit the ultrasonic
waves to an object to be examined via the ultrasonic
probe;

areceptionunit configured to receive reflected echo signals
from the object;

a processor configured to act as:

a3-dimensional elastic image constructing unit configured
to construct a 3-dimensional elastic image comprising a
region of interest and a region other than the region of
interest by performing volume rendering on elastic vol-
ume data formed by elasticity values based on the
reflected echo signals;

an opacity table selecting area configured to enable an
operator to select one of a plurality of tables that are
stored in advance, each of the plurality of tables setting
a different predetermined relationship between an opac-
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ity in the volume rendering of the elastic volume data
and an elasticity value, wherein the selected one of the
plurality of tables serves as an elastic opacity table used
to set an opacity of the region other than the region of
interest relative to an opacity of the region of interest in
accordance with operation by an operator, the region of
interest having a given opacity in the selected one of the
plurality of tables, wherein the opacity of the region of
interest is set higher than the opacity of the region other
than the region of interest in each of the plurality of
tables; and

adisplay unit configured to display the 3-dimensional elas-
tic image and the opacity table selecting area,

wherein

the 3-dimensional elastic image constructing unit is con-
figured to set an opacity of the 3-dimensional elastic
image depicting the region of interest and the region
other than the region of interest using the elastic opacity
table.

5. The ultrasonic diagnostic apparatus according to claim
4, wherein the display unit is configured to display, in addition
to the 3-dimensional elastic image and the opacity table
selecting area, the elastic opacity table.

6. The ultrasonic diagnostic apparatus according to claim
4, wherein the elastic opacity table is formed by an opacity
line for setting the opacity in accordance with the elasticity
values.

7. The ultrasonic diagnostic apparatus according to claim
4, further comprising a 3-dimensional tomographic image
constructing unit configured to generate tomographic volume
data based on the reflected echo signals and perform volume
rendering based on a luminance and an opacity of the tomo-
graphic volume data, wherein the display unit is further con-
figured to display a 3-dimensional tomographic image.

8. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe provided with transducers for transmit-
ting/receiving ultrasonic waves;

a transmission unit configured to transmit the ultrasonic
waves to an object to be examined via the ultrasonic
probe;

areception unit configured to receive reflected echo signals
from the object;

a processor configured to act as a 3-dimensional elastic
image constructing unit configured to construct a 3-di-
mensional elastic image by performing volume render-
ing on elastic volume data formed by elasticity values
based on the reflected echo signals:

the processor further configured to act as a voxel counting
section configured to count a total number of voxels
corresponding to a length of a line of sight within a
region on which the volume rendering is performed for
each line-of-sight direction of the elastic volume data on
which the volume rendering is performed,

the processor is further configured to act as an elastic
opacity table creating section configured to create an
elastic opacity table and configured to set an opacity
with respect to a region other than a region of interest in
the elastic opacity table according to an inverse relation-
ship with the total number of voxels counted for each
line-of-sight direction, wherein the opacity with respect
to the region other than the region of interest is decreased
as the total number of voxels counted for each line-of-
sight direction increases, and the opacity with respect to
the region other than the region of interest is increased as
the total number of voxels counted for each line-of-sight
direction decreases; and
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a display configured to display the 3-dimensional elastic
image; wherein

the 3-dimensional elastic image constructing unit is con-
figured to, based on the elasticity values, set an opacity
of the 3-dimensional elastic image using the elastic
opacity table, wherein in the elastic opacity table a rela-
tionship between an opacity value and an elasticity value
is set.

9. The ultrasonic diagnostic apparatus according to claim

8, wherein the elastic opacity table is set so that the region of
interest has an opacity higher than the opacity of the region
other than the region of interest.

10. The ultrasonic diagnostic apparatus according to claim
8, further comprising a 3-dimensional tomographic image
constructing unit configured to generate tomographic volume
data based on the reflected echo signals and perform volume
rendering based on a luminance and an opacity of the tomo-
graphic volume data, wherein the display unit is further con-
figured to display a 3-dimensional tomographic image.

11. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe provided with transducers for transmit-
ting/receiving ultrasonic waves;

atransmission unit configured to transmit ultrasonic waves
to an object to be examined via the ultrasonic probe;

areceptionunit configured to receive reflected echo signals
from the object;

a processor configured to act as a 3-dimensional elastic
image constructing unit configured to construct a 3-di-
mensional elastic image by performing volume render-
ing on elastic volume data formed by elasticity values
based on the reflected echo signals;

the processor configured to act as a voxel counting section
configured to execute processing for searching for a
structural object, to which the volume rendering is pet-
formed, on a line of sight, and count a total number of
voxels up to the structural object, the total number of
voxels corresponding to the length ofa line extending up
to the structural object;

the processor is further configured to act as an elastic
opacity table creating section configured to create an
elastic opacity table and configured to set an opacity
with respect to a region other than a region of interest in
the elastic opacity table according to an inverse relation-
ship with the total number of voxels counted for each
line-of-sight direction, wherein the opacity with respect
to theregion other than the region of interest is decreased
as the total number of voxels counted for each line-of-
sight direction increases, and the opacity with respect to
the region other than the region of interest is increased as
the total number of voxels counted for each line-of-sight
direction decreases; and

a display configured to display the 3-dimensional elastic
image;

wherein

the 3-dimensional elastic image constructing unit is con-
figured to, based on the elasticity values, set an opacity
of the 3-dimensional elastic image using the elastic
opacity table, wherein in the elastic opacity table a rela-
tionship between an opacity value and an elasticity value
is set.

12. The ultrasonic diagnostic apparatus according to claim
11, wherein the elastic opacity table is set so that the region of
interest has an opacity higher than the opacity of the region
other than the region of interest.

13. The ultrasonic diagnostic apparatus according to claim
11, further comprising a 3-dimensional tomographic image
constructing unit configured to generate tomographic volume

20

25

40

45

65

16

data based on the reflected echo signals and perform volume
rendering based on a luminance and an opacity of the tomo-
graphic volume data, wherein the display unit is further con-
figured to display 3-dimensional tomographic image.

14. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe provided with transducers for transmit-
ting/receiving ultrasonic waves;

atransmission unit configured to transmit ultrasonic waves
to an object to be examined via the ultrasonic probe;

areception unit configured to receive reflected echo signals
from the object; a processor configured to act as a 3-di-
mensional elastic image constructing unit configured to
construct a 3-dimensional elastic image by performing
volume rendering on elastic volume data formed by
elasticity values based on the reflected echo signals;

a processor configured to act as a 3-dimensional elastic
image constructing unit configured to construct a 3-di-
mensional elastic image by performing volume render-
ing on elastic volume data formed by elasticity values
based on the reflected echo signals;

the processor further configured to act as a cumulative
opacity analyzing section configured to analyze a cumu-
lative opacity with respect to a distance of a line of sight
foreach line-of-sight direction of the elastic volume data
on which the volume rendering is performed and deter-
mine an optimal cumulative opacity for each line-of-
sight direction based on the analysis,

the processor further configured to act as an elastic opacity
table creating section configured to create an elastic
opacity table and configured to set an opacity of a region
other than a region of interest in the elastic opacity table
for each line-of-sight direction based on the optimal
cumulative opacity determined for each line-of-sight
direction, so that the region of interest will not be hidden
by the region other than the region of interest in the
3-dimensional elastic image; and

a display configured to display the 3-dimensional elastic
image;

wherein

the 3-dimensional elastic image constructing unit is con-
figured to, based on the elasticity values, set an opacity
of the 3-dimensional elastic image using the elastic
opacity table, wherein in the elastic opacity table a rela-
tionship between an opacity value and an elasticity value
is set.

15. The ultrasonic diagnostic apparatus according to claim
14, wherein the elastic opacity table creating section is con-
figured to set the opacity so that the region of interest has an
opacity higher than the opacity of the region other than the
region of interest.

16. The ultrasonic diagnostic apparatus according to claim
14, further comprising a 3-dimensional tomographic image
constructing unit configured to generate tomographic volume
data based on the reflected echo signals and perform volume
rendering based on a luminance and an opacity of the tomo-
graphic volume data, wherein the display unit is further con-
figured to display a 3-dimensional tomographic image.

17. A method for displaying an ultrasonic image, compris-
ing:

performing, by an image processor, volume rendering on
elastic volume data formed by elasticity values based on
reflected echo signals of ultrasonic waves to display a
3-dimensional elastic image comprising a region of
interest and a region other than the region of interest;

creating, by the image processor, an elastic opacity table
setting a relationship between an opacity in the volume
rendering of the elastic volume data and an elasticity
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value, the region of interest having a first opacity corre-
sponding to a first elasticity value range in the elastic
opacity table, and the region other than the region of
interest having a second opacity corresponding to a sec-
ond elasticity value range in the elastic opacity table, the
second elasticity value range being a larger range than
the first elasticity value range, the elastic opacity table
setting the first opacity of the region of interest higher
than the second opacity of the region other than the
region of interest;

changing, by the image processor, the second opacity to a
third opacity corresponding to the second elasticity
value range in the elastic opacity table responsive to an
operation by an operator on an opacity setting area;

setting, by the image processor, an opacity of the 3-dimen-
sional elastic image depicting the region of interest and
the region other than the region of interest using the
elastic opacity table; and

displaying, by a display, at least one of the 3-dimensional
elastic image and the opacity setting area for setting an
opacity of a region other than a region of interest relative
to the first opacity of the region of interest in accordance
with operation by the operator.

18. A method for displaying an ultrasonic image, compris-

ing:

performing, by an image processor, volume rendering on
elastic volume data formed by elasticity values based on
reflected echo signals of ultrasonic waves to display a
3-dimensional elastic image comprising a region of
interest and a region other than the region of interest;

selecting, by the image processor, one of a plurality of
tables that are stored in advance, each of the plurality of
tables setting a different predetermined relationship
between an opacity in the volume rendering of the elastic
volume data and an elasticity value, wherein the selected
one of the plurality of tables serves as an elastic opacity
table used to set an opacity of the region other than the
region of interest relative to an opacity of the region of
interest according to an operator selection of the one of
the plurality of tables in an opacity table setting area,
wherein the elastic opacity table sets the opacity of the
region of interest higher than the opacity of the region
other than the region of interest;

setting, by the image processor, an opacity of the 3-dimen-
sional elastic image depicting the region of interest and
the region other than the region of interest using the
elastic opacity table; and

displaying, by a display, the 3-dimensional elastic image
and the opacity table setting area.

19. A method for displaying an ultrasonic image, compris-

ing:

performing, by an image processor, volume rendering on
elastic volume data formed by elasticity values based on
reflected echo signals of ultrasonic waves to construct a
3-dimensional elastic image, wherein constructing the
3-dimensional elastic image comprises:

counting, by the image processor, a total number of voxels
corresponding to a length of a line of sight within a
region on which the volume rendering is performed for
each line-of-sight direction of the elastic volume data on
which the volume rendering is performed,;

creating, by the image processor, an elastic opacity table
and setting an opacity with respect to a region other than
aregion of interest in the elastic opacity table according
to an inverse relationship with the total number of voxels
counted for each line-of-sight direction, wherein the
opacity with respect to the region other than the region of
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interest is decreased as the total number of voxels
counted for each line-of-sight direction increases, and
the opacity with respect to the region other than the
region of interest is increased as the total number of
voxels counted for each line-of-sight direction
decreases; and

constructing, by the image processor, the 3-dimensional
elastic image by setting an opacity using the elastic
opacity table based on the elasticity values; and

displaying the 3-dimensional elastic image.

20. A method for displaying an ultrasonic image, compris-

ing:

performing, by an image processor, volume rendering on
elastic volume data formed by elasticity values based on
reflected echo signals of ultrasonic waves to construct a
3-dimensional elastic image, wherein constructing the
3-dimensional elastic image comprises:

executing, by the image processor, processing for search-
ing for a structural object on a line of sight, and counting
a number of voxels up to the structural object, the total
number of voxels corresponding to the length of a line
extending up to the structural object;

creating, by the image processor, an elastic opacity table
and setting an opacity according to the elastic opacity
table, the elastic opacity table being configured to set an
opacity with respect to a region other than a region of
interest according to an inverse relationship with the
total number of voxels counted for each line-of-sight
direction, wherein the opacity with respect to the region
other than the region of interest is decreased as the total
number of voxels counted for each line-of-sight direc-
tion increases, and the opacity with respect to the region
other than the region of interest is increased as the total
number of voxels counted for each line-of-sight direc-
tion decreases;

and

constructing, by the image processor, the 3-dimensional
elastic image by setting an opacity using the elastic
opacity table based on the elasticity values; and

displaying the 3-dimensional elastic image.

21. A method for displaying an ultrasonic image, compris-

ing:

%)erforming, by an image processor, volume rendering on
elastic volume data formed by elasticity values based on
reflected echo signals of ultrasonic waves to construct a
3-dimensional elastic image, wherein constructing the
3-dimensional elastic image comprises:

analyzing, by the image processor, a cumulative opacity
with respect to a distance of a line of sight for each
line-of-sight direction of the elastic volume data on
which the volume rendering is performed and determin-
ing an optimal cumulative opacity for each line-of-sight
direction based on the analyzing;

setting, by the image processor, an opacity ofa region other
than a region of interest for each line-of-sight direction
based on the optimal cumulative opacity determined for
each line-of-sight direction, so that the region of interest
will not be hidden by the region other than the region of
interest in the 3-dimensional elastic image, in an elastic
opacity table in which a relationship between an opacity
in the volume rendering of the elastic volume data and an
elasticity value is set; and

constructing, by the image processor, the 3-dimensional
elastic image by setting an opacity using the elastic
opacity table based on the elasticity values; and

displaying the 3-dimensional elastic image.
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